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Preface

The H85/2128 Series and H8S/2124 Series comprise high-performance microcomputers with a
32-bit H8S/2000 CPU core, and a set of on-chip supporting functions required for system
configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen
internal 16-bit genera registers with a 32-bit configuration, and a concise and optimized
instruction set. The CPU can handle a 16-Mbyte linear address space (architecturally 4 Gbytes).
Programs based on the high-level language C can aso be run efficiently.

Single-power-supply flash memory (F-ZTAT ™%*) and mask ROM versions are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications.

On-chip peripheral functions include a 16-bit free-running timer module (FRT), 8-bit timer
module (TMR), watchdog timer module (WDT), two PWM timers (PWM and PWMX), a serial
communication interface (SCI), A/D converter (ADC), and I/O ports. An 12C bus interface (11C)
can also be incorporated as an option.

An on-chip datatransfer controller (DTC) is aso provided, enabling high-speed data transfer
without CPU intervention.

The H85/2128 Series has all the above on-chip supporting functions, and can also be provided
with an 11C module as an options. The H8S/2124 Series comprises reduced-function versions, with
fewer TMR, and no PWM, |IC, or DTC modules.

Use of the H8S/2128 or H85/2124 Series enables compact, high-performance systems to be
implemented easily. The various timer functions and their interconnectability (timer connection),
plus the interlinked operation of the I°C bus interface and data transfer controller (DTC), in
particular, make these devicesideal for use in PC monitors. In addition, the combination of F-
ZTAT™ and reduced-function versionsisideal for system applications in which on-chip program
memory is essential to meet performance requirements, product start-up times are short, and
program modifications may be necessary after end-product assembly.

This manual describes the hardware of the H8S/2128 Series and H85/2124 Series. Refer to the
H8S2600 Series and H8S2000 Series Programming Manual for a detailed description of the
instruction set.

Note: * F-ZTAT™ (Flexible-ZTAT) isatrademark of Hitachi, Ltd.
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On-Chip Supporting Modules

Series

H8S/2128 Series

H8S/2124 Series

Product names

H8S/2128, 2127

H8S/2122, 2120

Bus controller (BSC)

Available (8 bits)

Available (8 bits)

Data transfer controller (DTC) Available —
8-bit PWM timer (PWM) x16 —
14-bit PWM timer (PWMX) x2 —
16-bit free-running timer (FRT) x1 x1
8-bit timer (TMR) x4 x3
Timer connection Available —
Watchdog timer (WDT) x2 x2
Serial communication interface (SCI) x2 x2
I°C bus interface (IIC) x2 (option) —

A/D converter

x8 (analog inputs)

x8 (expansion A/D inputs)

x8 (analog inputs)

x8 (expansion A/D inputs)
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Revisions and Additions in this Edition

Page Item Revisions (See Manual for Details)
— Preface Modification
On-Chip Supporting Modules
1 1.1 Overview Modification of on-chip ROM size
4,5 Table 1.1 Overview Modification of memory, products lineup
24,26  Table 1.4 Pin Functions Modification of SCI, port 4, and port 5
27 to 2.CPU Modification of TAS instruction
72 Addition of note on STM/LDM instructions
70,71  2.10 Usage Notes Addition
76 3.2.2 System Control Register (SYSCR) Moadification of bit 6; I0S enable (IOSE)
description
78 3.2.4 Serial/Timer Control Register (STCR) Modification of bit 7 to 5 description
81 3.5 Memory Map in Each Operating Mode Addition of description: “Do not ... ”
89 Table 4.1 Exception Types and Priority Modification of description
145 6.4.5 Wait Control Modification of Figure 6.7 Example of Wait
State Insertion Timing
180, 8.1 Over Viwe Table 8.1 H8/2128 Series Port Functions
183 Modification of port 2 description
Table 8.2 H8/2124 Series Port Functions
Modification of port 2 description
219 Table 9.2 PWM Timer Module Registers Addition of note 2
231 Table 10.2 Register Configuration Addition of note 2
249 11.2.4 Output Compare Register AR and AF Modification
(OCRAR, OCRAF)
265 11.3.5 Timing of Input Capture Flag (ICF) setting Modification of Figure 11.11 Setting of Input
Capture Flag (ICFA/B/C/D)
267 Figure 11.16 Input Capture Mask Signal Clearing Modification
Timing
269 Figure 11.18 FRC write-Clear Contention Modification
270 Figure 11.19 FRC write-Increment Contention Modification
271 Figure 11.20 Contention between OCR Write and Modification
Compare-match (When automatic Addition
Function Is Not Used)
272 Figure 11.21 Contention between OCRAR/OCRA Modification
write and Compare-match (When automatic
Addition Function Is Used)
288 12.2.6 Serial/Timer Control Register (STCR) Modification
290 12.2.8 Timer Connection Register S (TCONRS) Modification
291 12.2.11 Input Capture Register R, and F Addition of reference
(TICRR,TICRF)
[TMRX Additional Functions]
299 12.3.6 Input Capture Operation Addition
301 12.4 Interrupt Sources Modification of table number




Page

Item

Revisions (See Manual for Details)

Timing

302 12.5 8-Bit Timer Application Example Modification of figure number
302 12.6 Usage Notes Modification of the number for figures and
tables
311 Table 13.1 Timer Connection Input Output Pins Addition of description
323 Figure 13.2 Timing Chart for PWM decoding Modification
324 13.3.2 Clamp Waveform Generation Modification
(CL1/CL2/CL3 signal generation)
341 14.2.2 Timer Control/Status Register (TCSR) Addition of note on bhit 7
350 14.5.5 OVF Flag Clear Condition Addition
420 16.2.1 I°’C Bus Data Register (ICDR) Modification of TDRE description
431 16.2.5 I°C Bus Control Register (ICCR) Addition of bit 1 description
433 16.2.6 I°C Bus Status Register (ICSR) Addition of description
438 16.2.7 Serial/Timer Control Register Modification
444 16.3.2 Master Transmit Operation Modification
446 16.3.3 Master Receive Operation Modification
450 16.3.5 Slave Transmit Operation Modification
453 16.3.7 Automatic Switching from formatless Mode  Addition of description
to I°C Bus Format
456 16.3.9 Noise Canceller Modification of Figure 16.14 Flow Chart for
Master Transmit Mode (Example)
457 Modification of Figure 16.15 Flow Chart for
Master Receive Mode (Example)
459, 16.3.11 Initialization of Internal State Modification
460
465 16.4 Usage Note Addition of note on Start Condition Issuance
for Transmission
467 Addition of note on I°C Bus Interface Stop
Condition Instruction Issuance
493 18.1 Overview Modification
495 18.3 Operation Modification
497 19.1 Overview Modification
499 19.3 Operation Modification
511, 19.5.4 Serial/Timer Control Register (STCR) Modification of description on bit 3
512
527 19.9 Interrupt Handling When Modification
Programming/Erasing Flash Memory
528 19.10 Flash Memory Programmer Mode Modification
540 19.12 Note on Switching from F-ZTAT Version to Addition
Mask ROM Version
543 Figure 20.1 Block Diagram of Clock Pulse Modification
Generator
549 Figure 20.7 External Clock Output Setting Delay Modification




Page Item Description
551 20.9 Clock Selection Circuit Modification
557 Table 21.3 Power-Down State Registers Addition of note 2
566 Table 21.4 MSTP Bits and Corresponding On-chip Addition of description
Supporting Modules
574 21.10.1 Subactive Mode Modification
589 Figure 22.3 Output Load Circuit Modification
592 Table 22.6 Control Signal Timing Modification
606 Figure 22.21 SCK Clock Input Timing Modification
Figure 22.22 SCI Input/Output Timing
(Synchronous Mode)
609 Table 22.10 A/D Conversion Characteristics Addition of note 6
611 Table 22.12 Flash Memory Characteristics Modification
615 23 Electrical Characteristics [H8S/2124 Series] Addition
643 Appendix A Addition of note on STM/LDM instruction
713to  B.2 Register Selection Conditions Addition of condition
718
737 B.3 H'FF86,H FF87 Modification of notes
813 Table F.1 H8S/2128 Series and H8S/2124 Series Modification

Product Code Lineup
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Section1 Overview

1.1 Overview

The H85/2128 Series and H8S/2124 Series comprise microcomputers (MCUSs) built around the
H85/2000 CPU, employing Hitachi’s proprietary architecture, and equipped with supporting
modules on-chip.

The H85/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip supporting modules required for system configuration include a data transfer controller
(DTC) bus master, ROM and RAM memory, al6-hit free-running timer module (FRT), 8-bit timer
module (TMR), watchdog timer module (WDT), two PWM timers (PWM and PWMX), serial
communication interface (SCl), A/D converter (ADC), and I/O ports. An I1?C bus interface (11C)
can also be incorporated as an option.

The on-chip ROM is either flash memory (F-ZTAT ™%*) or mask ROM, with a capacity of 64 or
32 kbytes. (128 kbytes in the H85/2128 F-ZTAT) ROM is connected to the CPU viaa 16-bit data
bus, enabling both byte and word data to be accessed in one state. Instruction fetching has been
speeded up, and processing speed increased.

Three operating modes, modes 1 to 3, are provided, and there is a choice of address space and
single-chip mode or externally expanded modes.

The features of the H8S/2128 Series and H85/2124 Series are shown in Table 1.1.

Note: * F-ZTAT™ isatrademark of Hitachi, Ltd.
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Tablel.1

Iltem

Overview

Specifications

CPU

General-register architecture

0 Sixteen 16-bit general registers (also usable as sixteen 8-bit
registers or eight 32-bit registers)

High-speed operation suitable for real-time control
0 Maximum operating frequency: 20 MHz/5 V, 10 MHz/3 V
O High-speed arithmetic and logic operations
8/16/32-bit register-register add/subtract: 50 ns (20 MHz operation)
16 x 16-bit register-register multiply: 1000 ns (20 MHz operation)
32 + 16-bit register-register divide: 1000 ns (20 MHz operation)
Instruction set suitable for high-speed operation
O Sixty-five basic instructions
0 8/16/32-bit transfer/arithmetic and logic instructions

O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions

Two CPU operating modes
O Normal mode: 64-kbyte address space
0 Advanced mode: 16-Mbyte address space

Operating modes

Three MCU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal Expanded mode Disabled 8 bits 8 hits
with on-chip ROM
disabled
2 Advanced Expanded mode Enabled 8 bits 8 bits
with on-chip ROM
enabled
Single-chip mode None
3 Normal Expanded mode Enabled 8 bits 8 bits
with on-chip ROM
enabled
Single-chip mode None

Bus controller

2-state or 3-state access space can be designated for external

expansion areas

Number of program wait states can be set for external expansion areas
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Iltem

Specifications

Data transfer
controller (DTC)
(H8S/2128 Series)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one
activation source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC

16-bit free-running
timer module
(FRT: 1 channel)

One 16-bit free-running counter (also usable for external event
counting)

Two output compare outputs
Four input capture inputs (with buffer operation capability)

8-bit timer module
(2 channels: TMRO,
TMR1)

Each channel has:

.

One 8-bit up-counter (also usable for external event counting)
Two timer constant registers
The two channels can be connected

Timer connection and
8-bit timer module

(2 channels: TMRX,
TMRY)

(Timer connection and
TMRX provided in
H8S/2128 Series)

Input/output and FRT, TMR1, TMRX, TMRY can be interconnected

Measurement of input signal or frequency-divided waveform pulse
width and cycle (FRT, TMR1)

Output of waveform obtained by modification of input signal edge (FRT,
TMR1)

Determination of input signal duty cycle (TMRX)

Output of waveform synchronized with input signal (FRT, TMRX,
TMRY)

Automatic generation of cyclical waveform (FRT, TMRY)

Watchdog timer
module
(WDT: 2 channels)

Watchdog timer or interval timer function selectable
Subclock operation capability (channel 1 only)

8-bit PWM timer
module (PWM)
(H8S/2128 Series)

Up to 16 outputs

Pulse duty cycle settable from 0 to 100%

Resolution: 1/256

1.25 MHz maximum carrier frequency (20 MHz operation)

14-bit PWM timer
module (PWMX)
(H8S/2128 Series)

Up to 2 outputs
Resolution: 1/16384
312.5 kHz maximum carrier frequency (20 MHz operation)

Serial communication
interface

(SCI: 2 channels, SCIO,
SClI1)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
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Iltem

Specifications

A/D converter

* Resolution: 10 bits

» Input: 8 channels (dedicated analog input pins)
8 channels (expansion A/D input pins)

» High-speed conversion: 6.7 s minimum conversion time (20 MHz
operation)

» Single or scan mode selectable

e Sample-and-hold function

» A/D conversion can be activated by external trigger or timer trigger

I/O ports * 43 input/output pins (including 24 with LED drive capability)
* 8input-only pins
Memory * Flash memory or mask ROM

* High-speed static RAM

Product Name ROM RAM
H8S/2128 128 kbytes 4 kbytes
H8S/2122, 64 kbytes 2 kbytes
H8S/2127

H8S/2120, 32 kbytes 2 kbytes
H8S/2126

Interrupt controller

* Four external interrupt pins (NMI, IRQO to IRQ2)
« 33internal interrupt sources
* Three priority levels settable

Power-down state

* Medium-speed mode

» Sleep mode

* Module stop mode

« Software standby mode
* Hardware standby mode
» Subclock operation

Clock pulse generator

* Built-in duty correction circuit

Packages

* 64-pin plastic DIP (DP-64S)
*  64-pin plastic QFP (FP-64A)
e 80-pin plastic TQFP (TFP-80C)

I°C bus interface
(IIC: 2 channels)
(option in H8S/2128
Series)

» Conforms to Philips I°C bus interface standard
* Single master mode/slave mode

» Arbitration lost condition can be identified

» Supports two slave addresses
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Specifications

Product lineup
(preliminary)

Product Code

Mask ROM F-ZTAT™ ROM/RAM
Series Versions Versions (Bytes) Packages
H8S/2128 — HD64F2128 128 k/4 k DP-64S,
HD6432127R  — 64 k/2 k FP-64A,
TFP-80C
HD6432127RW*
HD6432126R  — 32 k/i2 k
HD6432126RW*
H8S/2124 HD6432122 — 64 k/2 k
HD6432120 — 32 k/i2 k

Note: * “W” indicates the I°C bus option.
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12 Internal Block Diagram

Aninternal block diagram of the H85/2128 Seriesis shown in figure 1.1, and an internal block
diagram of the H8S/2124 Seriesin figure 1.2.
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VSS —
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NMI —
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Figurel.1

Internal Block Diagram of H852128 Series
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VCC1 —
vCcCc2 —
VSS —
VSS —

MD1 —~
MDO —~
EXTAL —
XTAL —
STBY —
RES —
NMI —

P47/ WAIT ==
P46/3/EXCL =~
P45/AS/IOS |

P44/WR =~

P43/RD =~
P42/TRQO =~
P41/IRQT =~
P40/IRQ2/ADTRG =~

P67/TMO1/CIN7 =
P66/FTOB/TMRIL/CING =
P65/FTID/TMCI1/CINS ==
P64/FTIC/TMOO/CIN4 ==
P63/FTIB/TMRIO/CIN3 ==
P62/FTIA/CIN2/TMIY >
P61/FTOA/CIN1 ==
P60/FTCI/TMCIO/CINO =—=|

P77/AN7 =
P76/ANG =
P75/ANS =~
P74/AN4 ==
P73/AN3 ==
P72/AN2 ==
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Figurel1.2 Internal Block Diagram of H8S5/2124 Series
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13 Pin Arrangement and Functions

131 Pin Arrangement

The pin arrangement of the H8S/2128 Seriesis shown in figures 1.3 to 1.5, and the pin

arrangement of the H8S5/2124 Seriesin figures 1.6 to 1.8.
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Figure 1.3 Pin Arrangement of H85/2128 Series (DP-64S: Top View)
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Figure1.7 Pin Arrangement of H852124 Series (FP-64A: Top View)

HITACHI




—
O daN®F
OdNM< n O r~ o O SRR
e O S LK LK LK
SHANNTNOORNNNSTIINOI DO O
AAdAd A AN AA AN NNDNNNNDNNNN
pnoooQA>000>>>000>0000
OO0O0O00O000O00000000000M0M00
OO MNOWLSTOHONTdOODONN O OMN A
OO OLOOLWOOLOULOLSSTITTTITT T
P30/D0 ] 61 40 [J A15/P27/SCK1
P31/D1 ] 62 391 vcel
P32/D2 O 63 38 [0 CIN7/TMO1/P67
P33/D3 [] 64 37 [ CIN6/TMRI1/FTOB/P66
P34/D4 ] 65 36 [1 CINS5/TMCI1/FTID/P65
VSS [] 66 35[0 CIN4/TMOO/FTIC/P64
P35/D5 [ 67 341 vss
P36/D6 ] 68 33 [0 CIN3/TMRIO/FTIB/P63
P37/D7 ] 69 32 [d TMIY/CIN2/FTIAIP62
vss O 70 311 vss
P40/IRQ2/ADTRG O 71 30 0 CIN1/FTOA/P61
P41/IRQ1 O 72 291 VSS
VSS [0 73 28 [0 CINO/TMCIO/FTCI/P60
P42/IR@ O 74 27 [0 AvCC
P43/RD ] 75 26 [1 AN7/P77
VSS [ 76 251 AN6/P76
P44/WR O 77 243 vsSs
P45/AS/10S [ 78 23 1 AN5/P75
P46/g/EXCL [ 79 22 [1 AN4/P74
P47/WAIT ] 80 21 1 AN3/P73
— N M OMN~OWOO - :i' L e B B I B I I B )
oo gd Ej NN NN NN AN ERERE]
35 3[4 SIS
oo ‘% oL Too
333 x Sadq
28¢ . XL
Fxon

Figure1.8 Pin Arrangement of H85/2124 Series (TFP-80C

HITACHI

Top View)

13




132 Pin Functionsin Each Operating Mode

Tables 1.2 and 1.3 show the pin functions of the H8S/2128 Series and H8S/2124 Seriesin each of
the operating modes.

Table1l.2 HB8S/2128 SeriesPin Functionsin Each Operating Mode

Pin Name
Single-Chip Flash
Pin No. Expanded Modes Modes Memory
Program
Mode 2 (EXPE = 1) Mode 2 (EXPE =0) mer
DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE = 0) Mode
1 57 71 P40/IRQ2/ADTRG P40/IRQ2/ADTRG  P40/IRQ2/ADTRG VCC
2 58 72 P41/IRQ1 P41/IRQ1 P41/IRQ1 \Y/ele:
— — 73 VSS VSS VSS VSS
59 74 P42/IRQ0 P42/IRQ0 P42/IRQ0 VSS
4 60 75 RD RD P43 WE
— — 76 VSS VSS VSS VSS
5 61 77 WR WR P44 FA15
6 62 78 AS/IOS AS/I0S P45 FA16
7 63 79 @/P46/EXCL P46/g/EXCL P46/g/EXCL NC
8 64 80 P47/WAIT/SDAO P47/WAIT/SDAO0  P47/SDAO \Y/ele:
9 1 1 P50/TxDO P50/TxDO P50/TxDO NC
10 2 2 P51/RxDO0 P51/RxDO0 P51/RxDO0 FA17
11 3 3 P52/SCKO/SCLO P52/SCKO/SCLO  P52/SCKO/SCLO  NC
12 4 4 RES RES RES RES
13 5 5 NMI NMI NMI FA9
14 6 6 vCC2 vCC2 vCC2 vVCC
15 7 7 STBY STBY STBY \Yele!
16 8 8 VSS VSS VSS VSS
— — 9 VSS VSS VSS VSS
— — 10 VSS VSS VSS VSS
17 9 11 XTAL XTAL XTAL XTAL
— — 12 VSS VSS VSS VSS
18 10 13 EXTAL EXTAL EXTAL EXTAL
19 11 14 MD1 MD1 MD1 VSS
14
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Pin Name

Single-Chip Flash
Pin No. Expanded Modes Modes Memory
Program
Mode 2 (EXPE = 1) Mode 2 (EXPE = 0) mer
DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE = 0) Mode
— — 15 VSS VSS VSS VSS
20 12 16 MDO MDO MDO VSS
21 13 17 AVSS AVSS AVSS VSS
22 14 18 P70/ANO P70/ANO P70/ANO NC
23 15 19 P71/AN1 P71/AN1 P71/AN1 NC
24 16 20 P72/AN2 P72/AN2 P72/AN2 NC
25 17 21 P73/AN3 P73/AN3 P73/AN3 NC
26 18 22 P74/AN4 P74/AN4 P74/AN4 NC
27 19 23 P75/ANS P75/AN5 P75/ANS NC
— — 24 VSS VSS VSS VSS
28 20 25 P76/ANG P76/ANG P76/ANG NC
29 21 26 P77/AN7 P77/AN7 P77/AN7 NC
30 22 27 AVCC AVCC AVCC VCC
31 23 28 P60/FTCI/TMCIO/ P60/FTCI/TMCIO/  P6O/FTCI/TMCIO/  NC
CINO/HFBACKI/  CINO/HFBACKI/ CINO/HFBACKI/
TMIX TMIX TMIX
— — 29 VSS VSS VSS VSS
32 24 30 P61/FTOA/CIN1/ P61/FTOA/CINL/ P61/FTOA/CIN1/ NC
VSYNCO VSYNCO VSYNCO
— — 31 VSS VSS VSS VSS
33 25 32 P62/FTIA/CIN2/  P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
VSYNCI/TMIY VSYNCI/TMIY VSYNCI/TMIY
34 26 33 P63/FTIB/TMRIO/ P63/FTIB/TMRIO/  PG3/FTIB/TMRIO/  NC
CIN3/VFBACKI  CIN3/VFBACKI CIN3/VFBACKI
— — 34 VSS VSS VSS VSS
35 27 35 P64/FTIC/TMOO/ P64/FTIC/TMOO0/ P64/FTIC/TMOO0/ NC
CIN4/CLAMPO  CIN4/CLAMPO CIN4/CLAMPO
36 28 36 PG5/FTID/TMCI1/ P65/FTID/TMCI1/  P65/FTID/TMCI1/  NC
CIN5/HSYNCI CINS/HSYNCI CIN5/HSYNCI
37 29 37 P66/FTOB/TMRI1/P66/FTOB/TMRI1/  P66/FTOB/TMRI1/ NC
CIN6/CSYNCI CING/CSYNCI CIN6/CSYNCI
15
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Pin Name

Single-Chip Flash
Pin No. Expanded Modes Modes Memory
Program
Mode 2 (EXPE =1) Mode 2 (EXPE =0) mer
DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE =0) Mode
38 30 38 P67/TMOX/ P67/TMOX/TMO1/ P67/TMOL/TMOX/ VSS
TMO1/CIN7/ CIN7/HSYNCO CIN7/HSYNCO
HSYNCO
39 31 39 VCC1 VCC1 VCC1 VCC
40 32 40 Al5 A15/P27/PW15/ P27/PW15/ CE
SCK1/CBLANK SCK1/CBLANK
41 33 41 Al4d Al4/P26/PW14/ P26/PW14/ FAl4
RxD1 RxD1
42 34 42 Al13 A13/P25/PW13/ P25/PW13/ FA13
TxD1 TxD1
43 35 43 Al2 Al12/P24/PW12/ P24/PW12/SCL1 FA12
SCL1
44 36 44 All Al11/P23/PW11/ P23/PW11/SDA1  FAll
SDA1
— — 45 VSS VSS VSS VSS
45 37 46 A10 A10/P22/PW10 P22 /PW10 FA10
46 38 47 A9 A9 /P21/PW9 P21/PW9 OE
47 39 48 A8 A8 /P20 /PW8 P20/PW8 FA8
— — 49 VSS VSS VSS VSS
48 40 50 VSS VSS VSS VSS
— — 51 VSS VSS VSS VSS
49 41 52 A7 A7/P17/PW7 P17/PW7 FA7
50 42 53 A6 A6/P16/PW6 P16/PW6 FAG
51 43 54 A5 A5/P15/PW5 P15/PW5 FAS5
— — 55 VSS VSS VSS VSS
52 44 56 A4 A4/P14/PWA4 P14/PW4 FA4
53 45 57 A3 A3/P13/PW3 P13/PW3 FA3
54 46 58 A2 A2/P12/PW?2 P12/PW2 FA2
55 47 59 Al Al/P11/PW1/PWX1 P11/PW1/PWX1 FAL
56 48 60 AO AO/P10/PWO/PWXO0 P10/PWO/PWXO0 FAO
16
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Pin Name

Single-Chip Flash

Pin No. Expanded Modes Modes Memory

Program
Mode 2 (EXPE = 1) Mode 2 (EXPE =0) mer

DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE =0) Mode

57 49 61 DO DO P30 FOO
58 50 62 D1 D1 P31 FO1
59 51 63 D2 D2 P32 FO2
60 52 64 D3 D3 P33 FO3
61 53 65 D4 D4 P34 FO4
— — 66 VSS VSsSs VSS VSS
62 54 67 D5 D5 P35 FO5
63 55 68 D6 D6 P36 FO6
64 56 69 D7 D7 P37 FO7
— — 70 VSS VSS VSS VSS

17
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Table1.3 HB8S/2124 Series Pin Functionsin Each Operating Mode
Pin Name
Single-Chip Flash
Pin No. Expanded Modes Modes Memory
Program
Mode 2 (EXPE = 1) Mode 2 (EXPE =0) mer
DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE =0) Mode
1 57 71 P40/IRQ2/ADTRG P40/IRQ2/ADTRG  P40/IRQ2/ADTRG VCC
2 58 72 P41/IRQT P41/IRQT P41/IRQT \Y/ole;
— — 73 VSS VSS VSS VSS
59 74 P42/IRQ0 P42/IRQ0 P42/IRQ0 VSS
4 60 75 RD RD P43 WE
— — 76 VSS VSS VSS VSS
5 61 77 WR WR P44 FA15
6 62 78 AS/10S AS/10S P45 FA16
7 63 79 P46/a/EXCL P46/a/EXCL P46/@/EXCL NC
8 64 80 P47/WAIT P47/WAIT P47 vCC
9 1 1 P50/TxDO P50/TxDO P50/TxDO NC
10 2 2 P51/RxDO0 P51/RxDO0 P51/RxDO0 FA17
11 3 3 P52/SCKO P52/SCKO P52/SCKO NC
12 4 4 RES RES RES RES
13 5 5 NMI NMI NMI FA9
14 6 6 VCC2 VCC2 VCC2 vCC
15 7 7 STBY STBY STBY vCC
16 8 8 VSS VSS VSS VSS
— — 9 VSS VSS VSS VSS
— — 10 VSS VSS VSS VSS
17 9 11 XTAL XTAL XTAL XTAL
— — 12 VSS VSS VSS VSS
18 10 13 EXTAL EXTAL EXTAL EXTAL
19 11 14 MD1 MD1 MD1 VSS
— — 15 VSS VSS VSS VSS
20 12 16 MDO MDO MDO VSS
21 13 17 AVSS AVSS AVSS VSS
22 14 18 P70/ANO P70/ANO P70/ANO NC
18
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Pin Name

Single-Chip Flash
Pin No. Expanded Modes Modes Memory
Program
Mode 2 (EXPE = 1) Mode 2 (EXPE = 0) mer
DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE = 0) Mode
23 15 19 P71/AN1 P71/AN1 P71/AN1 NC
24 16 20 P72/AN2 P72/AN2 P72/AN2 NC
25 17 21 P73/AN3 P73/AN3 P73/AN3 NC
26 18 22 P74/AN4 P74/AN4 P74/AN4 NC
27 19 23 P75/ANS P75/ANS P75/ANS NC
— — 24 'S VSS VSsSs VSS
28 20 25 P76/ANG P76/ANG P76/ANG NC
29 21 26 P77/AN7 P77/IAN7 P77/AN7 NC
30 22 27 AvCC AvCC AvCC vCC
31 23 28 P60/FTCI/TMCIO/ P6O/FTCI/TMCIO/  PG6O/FTCI/TMCIO/  NC
CINO CINO CINO
— — 29 VSsSs VSS VSsSs VSS
32 24 30 P61/FTOA/CIN1 P61/FTOA/CIN1 P61/FTOA/CIN1 NC
— — 31 VSS VSS VSS VSS
33 25 32 P62/FTIA/CIN2/  P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
T™MIY T™MIY T™MIY
34 26 33 P63/FTIB/TMRIO/ P63/FTIB/TMRIO/  P63/FTIB/TMRIO/  NC
CIN3 CIN3 CIN3
— — 34 VSsSs VSS VSsSs VSS
35 27 35 P64/FTIC/TMOO/ P64/FTIC/TMOO/  P64/FTIC/TMOO/  NC
CIN4 CIN4 CIN4
36 28 36 P65/FTID/TMCI1/ P65/FTID/TMCI1/  P65/FTID/TMCI1/  NC
CIN5 CINS CIN5
37 29 37 P66/FTOB/TMRI1/P66/FTOB/TMRIL/  P66/FTOB/TMRI1/ NC
CING CING CING
38 30 38 P67/TMO1/CIN7 P67/TMO1/CIN7 P67/TMO1/CIN7 VSS
39 31 39 VCC1 VCC1 VCC1 vCC
40 32 40 Al5 A15/P27/SCK1 P27/SCK1 CE
41 33 41 Al4 Al4/P26/RxD1 P26/RxD1 FA14
19
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Pin Name

Single-Chip Flash
Pin No. Expanded Modes Modes Memory
Program

Mode 2 (EXPE = 1) Mode 2 (EXPE =0) mer
DP-64S FP-64A TFP-80C Mode 1 Mode 3 (EXPE = 1) Mode 3 (EXPE = 0) Mode
42 34 42 Al3 Al13/P25/TxD1 P25/TxD1 FA13
43 35 43 Al2 Al12/P24 P24 FA12
44 36 44 All Al1/P23 P23 FA1l
— — 45 VSS VSS VSS VSS
45 37 46 Al10 A10/P22 P22 FA10
46 38 47 A9 A9 /P21 P21 OE
47 39 48 A8 A8 /P20 P20 FA8
— — 49 VSS VSS VSS VSS
48 40 50 VSS VSS VSS VSS
— — 51 VSS VSS VSS VSS
49 41 52 A7 A7/P17 P17 FA7
50 42 53 A6 A6/P16 P16 FAG
51 43 54 A5 A5/P15 P15 FAS5
— — 55 VSS VSS VSS VSS
52 44 56 A4 A4/P14 P14 FA4
53 45 57 A3 A3/P13 P13 FA3
54 46 58 A2 A2/P12 P12 FA2
55 a7 59 Al Al/P11 P11 FAl
56 48 60 A0 AO/P10 P10 FAO
57 49 61 DO DO P30 FOO
58 50 62 D1 D1 P31 FO1
59 51 63 D2 D2 P32 FO2
60 52 64 D3 D3 P33 FO3
61 53 65 D4 D4 P34 FO4
— — 66 VSS VSS VSS VSS
62 54 67 D5 D5 P35 FO5
63 55 68 D6 D6 P36 FO6
64 56 69 D7 D7 P37 FO7
— — 70 VSS VSS VSS VSS
20
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1.3.3 Pin Functions

Table 1.4 summarizes the functions of the H85/2128 Series and H8S5/2124 Series pins.

Tablel.4 Pin Functions

Pin No.
Type Symbol DP-64S FP-64A TFP-80C 1/O Name and Function
Power VCC1, 14, 39 6, 31 6, 39 Input Power supply: For connection to
supply VCC2 the power supply. All VCC1 and
VCC2 pins should be connected to
the system power supply.
VSS 16, 48 8, 40 8, 9,10, |Input Ground: For connection to the
12, 15, 24, power supply (0 V). All VSS pins
29, 31, 34, should be connected to the system
45, 49, 50, power supply (0 V).
51, 55, 66,
70,73,76
Clock XTAL 17 9 11 Input  Connected to a crystal oscillator.
See section 21, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.
EXTAL 18 10 13 Input  Connected to a crystal oscillator.
The EXTAL pin can also input an
external clock. See section 21,
Clock Pulse Generator, for typical
connection diagrams for a crystal
oscillator and external clock input.
[4] 7 63 79 Output System clock: Supplies the
system clock to external devices.
EXCL 7 63 79 Input  External subclock input: Input a

32.768 kHz external subclock.
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Type

Symbol

Pin No.

DP-64S FP-64A TFP-80C

I/0

Name and Function

Operating MD1

mode
control

MDO

19 11 14
20 12 16

Input

Mode pins: These pins set the
operating mode. The relation
between the settings of pins MD1
and MDO and the operating mode
is shown below. These pins should
not be changed while the MCU is
operating.

Operating
MD1 MDO Mode Description

0 1 Mode 1  Normal
Expanded mode
with on-chip
ROM disabled

1 0 Mode 2  Advanced
Expanded mode
with on-chip
ROM enabled
Single-chip
mode

1 1 Mode 3  Normal
Expanded mode
with on-chip
ROM enabled
Single-chip
mode

System
control

|

B y)
m
w

12 4 4

Input

Reset input: When this pin is
driven low, the chip is reset.

STBY

15 7 7

Input

Standby: When this pin is driven
low, a transition is made to
hardware standby mode.

Address
bus

Al5to

40to 47, 321to 39, 40 to 44,
49to 56 41to 48 46 to 48,
52 to 54,
56 to 60

Output Address bus: These pins output

an address.

Data bus

D7 to DO

64to 57 56t049 69to 67,
6510 61

Input/
output

Data bus: These pins constitute a
bidirectional data bus.

22
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Pin No.

Type Symbol DP-64S FP-64A TFP-80C 1/O Name and Function

Bus WAIT 8 64 80 Input  Wait: Requests insertion of a wait

control state in the bus cycle when
accessing external 3-state address
space.

RD 4 60 75 Output Read: When this pin is low, it
indicates that the external address
space is being read.

WR 5 61 77 Output Write: When this pin is low, it
indicates that the external address
space is being written to.

AS/IOS 6 62 78 Output Address strobe: When this pin is
low, it indicates that address output
on the address bus is valid.

Interrupt NMI 13 5 5 Input  Nonmaskable interrupt: Requests
signals a nonmaskable interrupt.

IRQOto 1to3 57t059 71,72,74 Input Interrupt request 0 to 2: These

IRQ2 pins request a maskable interrupt

16-bit free- FTCI 31 23 28 Input  FRT counter clock input: Input pin
running for an external clock signal for the
timer (FRT) free-running counter (FRC).

FTOA 32 24 30 Output FRT output compare A output:
The output compare A output pin.

FTOB 37 29 37 Output FRT output compare B output:
The output compare B output pin.

FTIA 33 25 32 Input  FRT input capture A input: The
input capture A input pin.

FTIB 34 26 33 Input  FRT input capture B input: The
input capture B input pin.

FTIC 25 27 35 Input  FRT input capture C input: The
input capture C input pin.

FTID 36 28 36 Input  FRT input capture D input: The

input capture D input pin.

HITACHI

23



Pin No.

Type Symbol DP-64S FP-64A TFP-80C 1/O Name and Function

8-bit timer TMOO 35 27 35 Output Compare-match output: TMRO,

(TMRO, T™MO1 38 30 38 TMR1, and TMRX compare-match

TMR1, TMOX 38 30 38 output pins.

TMRX, TMCIO 31 23 28 Input  Counter external clock input:

TMRY)  tmcii 36 28 36 TMRO and TMR1 input pins for the
external clock input to the counter.

TMRIO 34 26 33 Input  Counter external reset input:

TMRI1 37 29 37 TMRO and TMR1 counter reset
input pins.

TMIX 31 23 28 Input  Counter external clock input and

T™MIY 33 25 32 reset input: TMRX and TMRY
counter clock input pins and reset
input pins.

Serial com- TxDO 9 1 1 Output Transmit data: Data output pins.
munication TxD1 42 34 42

Lrétgrlf(?ce RxDO 10 2 2 Input  Receive data: Data input pins.
sci1) RxD1 41 33 41

SCKO 11 3 3 Input/  Serial clock: Clock input/output

SCK1 40 32 40 output pins.

The SCKO output type is NMOS
push-pull only by the H8S/2128
Series and is CMOS output in the
H8S/2124 Series.
A/D AN7to 29to22 21to14 26,25, Input  Analog 7 to 0: Analog input pins.
converter  ANO 23to0 18
CINOto 31to38 23to30 28, 30, Input  Expansion A/D input: Expansion
CIN7 32to 33, A/D input pins can be connected to
35to 38 the A/D converter, but as they are
also used as digital I/0 pins,
precision falls to the equivalent of
6-bit resolution.

ADTRG 1 57 71 Input  A/D conversion external trigger
input: Pin for input of an external
trigger to start A/D conversion.
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Pin No.

Type Symbol DP-64S FP-64A TFP-80C 1/O Name and Function

A/ID AVCC 30 22 27 Input  Analog power supply: The

converter reference power supply pin for the
A/D converter.
When the A/D converter is not
used, this pin should be connected
to the system power supply (+5 V
or +3 V).

AVSS 21 13 17 Input  Analog ground: The ground pin for
the A/D converter. This pin should
be connected to the system power
supply (0 V).

PWM timer PW15to 40to 47, 32t0 39, 40to 44, Output PWM timer output: PWM timer
(PWM) PWO 49to 56 41to48 461048, pulse output pins.

52 to 54,

56 to 60
14-bit PWM PWXO0 56 48 60 Output PWMX timer output: PWM D/A
timer PWX1 55 47 59 pulse output pins.
(PWMX)
Timer VSYNCI 33 25 32 Input  Timer connection input: Timer
connection HSYNCI 36 28 36 connection synchronous signal

CSYNCI 37 29 37 input pins.

VFBACKI 34 26 33

HFBACKI 31 23 28

VSYNCO 32 24 30 Output Timer connection output: Timer

HSYNCO 38 30 38 connection synchronous signal

CLAMPO 35 27 35 output pins.

CBLANK 40 32 40

I°C bus SCLO 11 3 3 Input/  1°C clock input/output (channels

interfface  SCL1 43 35 43 output 0 and 1): I°C clock I/O pins. These

((l[®] pins have a bus drive function.

(option) The SCLO output form is NMOS
open-drain.

SDAO 8 64 80 Input/  1°C clock input/output (channels

SDA1 44 36 44 output 0 and 1): I°C clock I/O pins. These

pins have a bus drive function.
The SDAO output form is NMOS
open-drain.
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Type

Symbol

Pin No.

DP-64S FP-64A

TFP-80C

I/0

Name and Function

I/O ports

P17 to
P10

49to 56 41to 48

52 to 54,
56 to 60

Input/
output

Port 1: Eight input/output pins. The
data direction of each pin can be
selected in the port 1 data direction
register (P1DDR). These pins have
built-in MOS input pull-ups, and
also have LED drive capability.

P27 to
P20

40to 47 32to 39

40 to 44,
46 to 48

Input/
output

Port 2: Eight input/output pins. The
data direction of each pin can be
selected in the port 2 data direction
register (P2DDR). These pins have
built-in MOS input pull-ups, and
also have LED drive capability.

P37 to
P30

64 to 57 56 to 49

69 to 67,
65to 61

Input/
output

Port 3: Eight input/output pins. The
data direction of each pin can be
selected in the port 3 data direction
register (P3DDR). These pins have
built-in MOS input pull-ups, and
also have LED drive capability.

P47 to
P40

8tol 64 to 57

80 to 77,
75, 74,
72,71

Input/
output

Port 4: Eight input/output pins. The
data direction of each pin can be
selected in the port 4 data direction
register (P4DDR). (Except P46)
P47 is an NMOS push-pull output
only by the H8S/2128 Series.

P52 to
P50

11to9 3to1l

3tol

Input/
output

Port 5: Three input/output pins.
The data direction of each pin can
be selected in the port 5 data
direction register (P5DDR). P52 is
an NMOS push-pull output only by
the H8S/2128 Series and is an
CMOS output in the H8S/2124
Series.

P67 to
P60

38t031 30to 23

38 to 35,
33, 32,
30, 28

Input/
output

Port 6: Eight input/output pins. The
data direction of each pin can be
selected in the port 6 data direction
register (P6DDR).

P77 to
P70

29t022 21to 14

26, 25,
23t0 18

Input

Port 7: Eight input pins.
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Section2 CPU

21 Overview

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
genera registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

211 Features

The H8S/2000 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

General-register architecture
[0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)

Sixty-five basic instructions

0 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [@aa:8, @aa: 16, @aa:24, or @aa:32]

Immediate [#xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Memory indirect [ @@aa:8]

OooOoo0oogooOooao

16-Mbyte address space
O Program: 16 Mbytes
0 Data 16 Mbytes (4 Gbytes architecturally)
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High-speed operation

O All frequently-used instructions execute in one or two states
0 Maximum clock rate: 20 MHz

O 8/16/32-bit register-register add/subtract: 50 ns

O 8 x 8-hit register-register multiply: 600 ns

0 16 + 8-hit register-register divide: 600 ns

0 16 x 16-bit register-register multiply: 1000 ns

O 32+ 16-hit register-register divide: 1000 ns

Two CPU operating modes
O Normal mode
0 Advanced mode

Power-down state
O Transition to power-down state by SLEEP instruction
0 CPU clock speed selection

212 Differ ences between H85/2600 CPU and H85/2000 CPU

The differences between the H8S/2600 CPU and the H8S/2000 CPU are shown below.

Register configuration
The MAC register is supported only by the H8S/2600 CPU.

Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

Number of execution states
The number of execution states of the MULXU and MULXS instructions differ as follows.

Number of Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.
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213 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

More general registers and control registers
O Eight 16-bit extended registers, and one 8-hit control register, have been added.

Expanded address space
O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
O Advanced mode supports a maximum 16-Mbyte address space.

Enhanced addressing

O The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions

O Addressing modes of bit-manipulation instructions have been enhanced.
O Signed multiply and divide instructions have been added.

O Two-bit shift instructions have been added.

O Instructions for saving and restoring multiple registers have been added.
O A test and set instruction has been added.

Higher speed

0 Basic instructions execute twice as fast.

214 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

Additional control register
O One 8-hit control register has been added.

Enhanced instructions

O Addressing modes of bit-manipulation instructions have been enhanced.
O Two-bit shift instructions have been added.

O Instructions for saving and restoring multiple registers have been added.
O A test and set instruction has been added.

Higher speed
0 Basicinstructions execute twice as fast.
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2.2 CPU Operating Modes

The H85/2000 CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally the maximum total address space is 4 Gbytes, with a maximum of 16
Mbytes for the program area and a maximum of 4 Gbytes for the data ared). The mode is selected
by the mode pins of the microcontroller.

N | mod Maximum 64 kbytes for program
ormai mode and data areas combined

CPU operating modes }7

Maximum 16 Mbytes for

—{ Advanced mode | program and data areas
combined

Figure2.1 CPU Operating Modes
(1) Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-hit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
general register isreferenced in the register indirect addressing mode with pre-decrement (@—Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 hits of
effective addresses (EA) are valid.
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Exception Vector Tableand Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressiis stored per 16
bits. The configuration of the exception vector table in normal modeis shown in figure 2.2. For
details of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H0002 |
H'0003
H0004 |

H'0005 | _ (Reserved for system use)  --- .
H'0006 | I Exception

H'0007 vector table
H'0008
H'0009
H'000A
H'000B

Reset exception vector

Exception vector 1

Exception vector 2

O

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'0O0FF. Note
that this areais also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC and condition-code register (CCR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2.3. The extended control register (EXR) is hot pushed onto the
stack. For details, see section 4, Exception Handling.

\/\ \/\

SP—~| PC B SP— CCR
(16 bits) CCR*
PC

\/\ (16 bits)

(a) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure2.3 Stack Structurein Normal Mode
(2) Advanced Maode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H00000000 Reserved B
o Reset exception vector ]
H'00000003
H'00000004 | | Reserved |
H'00000007 | ]
H'00000008
71 > Exception vector table
H'0000000B | ]
(Reserved for system use)
H'0000000C | ]
H'00000010 [ ngg[ygg 777777777777777777
o Exception vector 1 o

Figure2.4 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrange is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

subroutine call, and the PC and condition-code register (CCR) are pushed onto the stack in

exception handling, they are stored as shown in figure 2.5. The extended control register (EXR) is

not pushed onto the stack. For details, see section 4, Exception Handling.

SP—

\/\

Reserved

I PC R
(24 bits)

\/\

(@) Subroutine Branch

SP—

\/_\

CCR

L _ PC I
(24 bits)

\/_\

(b) Exception Handling
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Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows amemory map of the H8S2000 CPU. The H8S2000 CPU provides linear
access to a maximum 64-kbyte address space in norma mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000

H'FFFF

H'00000000

Program area

H'00FFFFFF

Data area

Cannot be
used by the
H8S/2128
Series or
H8S/2124
Series

H'FFFFFFFF

(@) Normal Mode (b) Advanced Mode

Figure2.6 Memory Map
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2.4 Register Configuration

24.1 Overview

The CPU hastheinternal registers shown in figure 2.7. There are two types of registers. general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

ERO
ER1
ER2
ER3
ER4
ER5
ER6
ER7 (SP)

15 07 07 0
EO ROH ROL
El R1H R1L
E2 R2H R2L
E3 R3H R3L
E4 R4H R4L
ES5 R5H R5L
E6 R6H R6L
E7 R7H R7L

Control Registers (CR)

23 0
| PC |

76543210
EXR* [T|—|—[—[-[12]i1]i0|

76543210
ccr|1ulH|uUN|Z]V[c]|

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit

EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

Interrupt mask bit

ul: User bit or interrupt mask bit

Note: * Does not affect operation in the H8S/2128 Series and H8S/2124 Series.
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242 General Registers

The CPU has eight 32-bit general registers. These general registers are al functionally alike and
can be used as both address registers and data registers. When ageneral register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-hit registers or address registers, they are designated by the |etters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum of sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum of sixteen 8-
bit registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers

» 32-bit registers » 16-bit registers « 8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure2.8 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows the
stack.
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.9 Stack

243 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
and 8-bit condition-code register (CCR).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructionsis 2 bytes (one word), so the least significant
PC bit isignored. (When an instruction is fetched, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR): An 8-bit register. In the H8S/2128 Series and H8S5/2124
Series, this register does not affect operation.

Bit 7—TraceBit (T): Thisbit isreserved. In the H8S/2128 Series and H85/2124 Series, this bit
does not affect operation.

Bits 6 to 3—Reserved: These bits are reserved. They are lwaysread as 1.

Bits2to O—Interrupt Mask Bits(12to 10): These bits are reserved. In the H8S/2128 Series and
H8S/2124 Series, these bits do not affect operation.

(3) Condition-Code Register (CCR): This 8-bit register contains internal CPU status
information, including an interrupt mask hit (1) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masksinterrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The |l bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.
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Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This hit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Setto 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0
otherwise.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

» Add instructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the carry

The carry flag is also used as a bit accumulator by bit-manipulation instructions.

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, List of Instructions.

Operations can be performed on the CCR hits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

244 Initial Register Values

Reset exception handling loads the CPU’ s program counter (PC) from the vector table, clearsthe
trace bitin EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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2.5 Data For mats
The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

251 General Register Data Formats

Figure 2.10 shows the data formats in general registers.

Data Type General Register Data Format

1-bit data RnH 7 o
|7|6|5|4|3|2|1|0| Don'’t care

1-bit data R 7 0
. Dontcare  |7|6]5]4[3]2]1]0]
4-bit BCD data RnH 7 4 3 o
|Upper digit | Lower digit| Don't care

4-bit BCD data R 7 4 3 0
Don't care |Upper digit|Lower digit|
Byte data RnH 7 o
. i 4] Dontcare |
MSB Lse

Byte data rRoL 7 0

: Don't care |
MSB LSB

Figure2.10 General Register Data Formats
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Data Type General Register Data Format

Word data Rn

15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERN
31 16 15 0
MSB En Rn LSB

Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.10 General Register Data Formats (cont)

HITACHI
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252 Memory Data For mats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the addressis regarded as 0, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Address Data Format
0
1-bit data AddressL| 7|6 |54 |3|2|1|0
Byte data Address L [MSB: @ i . ISB
Word data Address2M MSB: ¢+ 1 1
Address 2M + 1 3|_s|3
Longword data Address 2N MSB: ¢+ 1 1
Address2N+1| | 1 o1
Address 2N + 2
Address 2N + 3 fLSB

Figure2.11 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H85/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV BWL 5
POP*!, PUSH** WL
LDM*®, STM*® L
MOVFPE*?, MOVTPE*? B
Arithmetic ADD, SUB, CMP, EG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

Total: 65 types

Notes: B: byte size; W: word size; L: longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP.
POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,
@-SP.
Bcc is the general name for conditional branch instructions.
Cannot be used in the H8S/2128 Series or H8S/2124 Series.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
Only registers ERO to ER6 should be used when using the STM/LDM instruction.

a s~ wDd
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26.2 Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2000 CPU
can use.

Table2.2 Combinations of Instructionsand Addressing M odes

Addressing Modes
+
o
=l 2|5 ~
Function | Instruction g ® o | g ©
© of c © < o a S o
1212 8% 55 % £ 3 &
3 - w |2 I < @ @ < =) S| ©®
# 4 ® ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL| — |BWL| — — — —
ransfer  foop pusH | — | — | — | — | — | — | — | — | —| =] =] = —|wm
IDM*3STM*® | — | — | — | — | — | — | — | — | = | = | = | = | — L
MOVFPE*?, — | = =] =] = | =] = B — | = = =] =] =
MOVTPE**
Arithmetic | ADD, CMP BWLIBWL| — | — | — | — | — | — | — | — | — | — | — | —
ADDX, SUBX | B B | —| —| —| —| —]| = —| = =] =1 = =
ADDS, SUBS | — L| —| —| =] =] =] = = =] =] =1 =1 =
INC, DEC —lBwL| — | — | — | — | = | = | = | = | = | = | — | —
DAA, DAS — | B | - -] —| —| = —| = | = | =] = =1 =
MULXU, —BwW| — | — | —| —| —| = | = | —| —| = | = | =
DIVXU
MULXS, —BW| — | — | —| —| —| = | = | = | —| = | = | =
DIVXS
NEG —lBwL| — | — | — | — | —| — | — | — | — | — | — | —
EXTUEXTS | — |wWL | — | — | — | — | — | — | — | — | = | = | — | =
TAS*? — | =B | =] = = =] =] =] =] =] =1 =1 =
Logic AND, OR, BWL|BWL| — | — | — | — | — | — | — | — | — | — | — | —
operations | XOR
NOT — | BwL| — — — — — — — — — — — —
Shift — | BwL| — — — — — — — — — — — —
Bit manipulation — B B — — — B B — B — — — —
Branch Bcc, BSR — — — — — — — — — — O O — —
JMP, JSR — | =] == = =] = O] =] = =]10| =
RTS — | - - =] = =] = = = =] =] = =10

Note: 1. Cannot be used in the H8S/2128 Series or H8S/2124 Series.
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3. Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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Addressing Modes

¥
jo
Function Instruction ] & @ o Q ®
© of c © < o a S o
gl ol gl e g Qe | 4] g
3 - w 2 I 8 8 g 3 k=) S| ®
LS 14 ® ® | ® ® ® | ® ® ® ® ® ® |
System TRAPA — — — — — — — — _ O
control RTE | I N N R R _ | =] = — | =1 O
SLEEP — — — — — — — — — — — — — O
LDC B B W w W W — W — w — — — —
STC —_ B w w W w —_ W — w —_ — —_ —_
ANDC, ORC, B — — — — — —_ — — — — — — —
XORC
NOP - - == === == =] =] =]1-=10
Block data transfer — — — — — — — — — — — — — | BW
Legend:
B: Byte
W: Word
L: Longword
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2.6.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3 is
defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERnN General register (32-bit register)
(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N (negative) flag in CCR

Z (zero) flag in CCR
V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

- Division

ad Logical AND

d Logical OR

d Logical exclusive OR

- Move

= NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-hit registers (ERO to ER7).
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Table2.3

Type

Instructions Classified by Function

Instruction

Size**!

Function

Data transfer

MOV

B/WI/L

(EAs) - Rd, Rs — (EAd)

Moves data between two general registers or between a
general register and memory, or moves immediate data

to a general register.

MOVFPE

Cannot be used in the H8S/2128 Series or H8S/2124
Series.

MOVTPE

Cannot be used in the H8S/2128 Series or H8S/2124
Series.

POP

WiL

@SP+ - Rn
Pops a general register from the stack.

POP.W Rn is identical to MOV.W @SP+, Rn.
POP.L ERn is identical to MOV.L @SP+, ERn.

PUSH

WI/L

Rn - @-SP
Pushes a general register onto the stack.

PUSH.W Rn is identical to MOV.W Rn, @-SP.
PUSH.L ERn is identical to MOV.L ERn, @-SP.

LDM+?

@SP+ - Rn (register list)
Pops two or more general registers from the stack.

STM#?

Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.

HITACHI
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Type Instruction

Size**!

Function

Arithmetic ADD
operations SUB

B/W/L

Rd +Rs - Rd, Rd*#IMM - Rd

Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)

ADDX
SUBX

Rd+Rs+C - Rd, Rd+z#IMM+*C - Rd

Performs addition or subtraction with carry on byte data
in two general registers, or on immediate data and data
in a general register.

INC
DEC

B/W/L

Rd+1 - Rd, Rd+2 - Rd

Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)

ADDS
SUBS

Rd+1 - Rd, Rd+2 - Rd, Rd+4 - Rd
Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.

DAA
DAS

Rd decimal adjust - Rd

Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-hit
BCD data.

MULXU

B/W

Rd xRs - Rd

Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x

16 bits — 32 bits.

MULXS

B/W

Rd xRs - Rd

Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.

DIVXU

B/W

Rd +Rs - Rd

Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
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Type Instruction Size**  Function
Arithmetic DIVXS B/W Rd +Rs - Rd
operations Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#MM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU W/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by padding with zeros on the left.
EXTS W/L Rd (sign extension) —» Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by extending the sign bit.
TAS B @ERd -0, 1 - (<bit 7> of @ERd)**

Tests memory contents, and sets the most significant bit
(bit 7) to 1.
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Type Instruction Size*'  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L - (Rd) - (Rd)
Takes the one's complement (logical complement) of
general register contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
A 1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
A 1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) -~ Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.
1-bit or 2-bit rotation is possible.
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Type

Instruction

Size**!

Function

Bit-
manipulation
instructions

BSET

B

1 - (<hit-No.> of <EAd>)

Sets a specified bit in a general register or memory
operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BCLR

0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BNOT

= (<bit-No.> of <EAd>) - (<hit-No.> of <EAd>)

Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.

BTST

= (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory
operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BAND

C O(<bit-No.> of <EAd>) - C

ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

BIAND

C 0~ (<bit-No.> of <EAd>) - C

ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.

BOR

C O(<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

BIOR

C 0~ (<bit-No.> of <EAd>) - C

ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.
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Type

Instruction

Size**!

Function

Bit-
manipulation
instructions

BXOR

C O (<bit-No.> of <EAd>) - C

Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.

BIXOR

C O - (<bit-No.> of <EAd>) - C

Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

BLD

(<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory
operand to the carry flag.

BILD

= (<bit-No.> of <EAd>) -~ C

Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.

The bit number is specified by 3-bit immediate data.

BST

C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.

BIST

- C - (<hit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
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Type Instruction Size**  Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High ciz=0
BLS Low or same chz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONO V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine

HITACHI
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Type

Instruction

Size**!

Function

System control
instructions

TRAPA

Starts trap-instruction exception handling.

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) - CCR, (EAs) - EXR

Moves contents of a general register or memory or
immediate data to CCR or EXR. Although CCR and EXR
are 8-bit registers, word-size transfers are performed
between them and memory. The upper 8 bits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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Type Instruction Size**  Function

Block data EEPMOQOV.B — if R4L # 0 then
transfer Repeat @ER5+ -~ @ER6+
instructions R4L-1 - R4L
UntilR4L =0
else next;
EEPMOV.W — if R4 # 0 then
Repeat @ER5+ —~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Block transfer instruction. Transfers the number of data
bytes specified by R4L or R4 from locations starting at
the address indicated by ERS5 to locations starting at the
address indicated by ERG6. After the transfer, the next
instruction is executed.

Note: 1. Size refers to the operand size.
2. Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
B: Byte
W: Word
L: Longword
3. Only registers ERO to ER6 should be used when using the STM/LDM instruction.

2.6.4 Basic Instruction Formats

The CPU instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (op field), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifies ageneral register. Address registers are specified by 3 bits, dataregisters
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

Condition Field: Specifiesthe branching condition of Bcc instructions.

Figure 2.12 shows examples of instruction formats.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm

MOV.B @(d:16, Rn), Rm, etc.

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure2.12 Instruction Formats (Examples)

265 Notes on Use of Bit-Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, carry out bit
mani pulation, then write back the byte of data. Caution is therefore required when using these
instructions on aregister containing write-only bits, or a port.

The BCLR instruction can be used to clear internal 1/0 register flagsto O. In this case, the relevant
flag need not be read beforehand if it is clear that it has been set to 1 in an interrupt handling
routine, etc.

2.7 Addressing M odes and Effective Address Calculation

271 Addressing Mode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit-manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.
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Table2.4 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xX:8/#xx: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

Register Direct—Rn: The register field of the instruction code specifies an 8-, 16-, or 32-hit
general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified
as 32-bit registers.

Register Indirect—@ERnN: Theregister field of the instruction code specifies an address register
(ERnN) which contains the address of the operand in memory. If the address is a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn): A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.

Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn:

* Register indirect with post-increment—@ERnN+
Theregister field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the register
value should be even.

* Register indirect with pre-decrement—@-ERn
Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes the address of a memory operand. The result is
also stored in the address register. The value subtracted is 1 for byte access, 2 for word access,
or 4 for longword access. For word or longword access, the register value should be even.
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Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa: 32: The instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 hits are asign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2.5 indicates the accessible absol ute address ranges.
Table25 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFF00 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

I mmediate—#xx:8, #xx: 16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-hit (#xx:16), or
32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate datain its instruction code, specifying a
vector address.

Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismode isused in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-hit PC contents to generate a branch address. Only the lower 24 bits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is—126 to +128 bytes (63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

58
HITACHI



Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be O,
so the address range is 0 to 255 (H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in
advanced mode). In normal mode the memory operand is aword operand and the branch address
is 16 bitslong. In advanced mode the memory operand is alongword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

\_/_\ \_/_\

Specified —~ Specified ~| ~ Reserved |
by @aa8 | Branch address ----- by @aa:8

\_/\

(a) Normal Mode (b) Advanced Mode

Figure2.13 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing datato be accessed or an instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

2.7.2 Effective Address Calculation

Table 2.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Table2.6 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
1 Register direct (Rn) Operand is general register
contents.
op |rm|rm
2 Register indirect (@ERnN)
31 0 31 2423 0
» General register contents p| Don't
‘ care
op r
3 Register indirect with displacement
@(d:16, ERn) or @(d:32, ERnN)
31 0
» General register contents
\ 31 2423 0
o || | as oo
31 0
Sign extension disp
4 Register indirect with post-increment or pre-decrement
* Register indirect with post-increment @ERN+
31 0 31 2423 0
. Don’t
» General register contents > Care
A
op
1,2, 0r
4
* Register indirect with pre-decrement @-ERn
31 0
General register contents
1 31 2423 0
‘A Don't
op 6—> care
Operand | Value j
Size | Added | |1 %1' or
Byte 1
Word 2
Longword 4
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Addressing Mode and Effective Address
Instruction Format Calculation Effective Address (EA)

Absolute address

@aa:8 31 2423 87 0
Don’t
op | abs care HFFFF

@aa:16

31 2423 1615 0
« | Sign
Don't
op abs exten-
care sion
@aa:24
31 2423 0
Don't
op abs care
@aa:32
op 31 2423 0
Don't
abs care
Immediate #xx:8/#xx:16/#xx:32 Operand is immediate data.
op IMM

Program-counter relative
@(d:8, PC)/@(d:16, PC)

PC contents

op disp

23 0
Sign
exten- disp 31 2423 v 0
sion
Don't
T care

61
HITACHI



Addressing Mode and Effective Address

No. Instruction Format Calculation Effective Address (EA)
8 Memory indirect @ @aa:8
* Normal mode
op abs
31 87y
H'000000 abs 31 2423 1615
Don't .
care H00
15
Memory
contents
« Advanced mode
op abs
31 87 ¢
H'000000 abs
31 31 2423
Memory contents Don't
care
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states. the reset state, exception-handling state, program
execution state, bus-rel eased state, and power-down state. Figure 2.14 shows a diagram of the
processing states. Figure 2.15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
sub-active mode, sub-sleep mode, and watch mode.

Figure2.14 Processing States
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End of bus request

Bus request
Program execution
state
SLEEP
End of bus instruction
request Bus SLEEP with
request instruction \, LSON =0,
with SSBY =0
Y LSON =0,
PSS =0,
Bus-released state SSBY =1
Request for w ‘
E)rggeg{ion exception 1 —
handiing handling Sleep mode
Interrupt
request
Exception-handling state
A External interrupt Software standby mode

RES = high

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes a watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 21, Power-Down State.

Figure2.15 State Transitions

2.8.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. All
interrupts are disabled in the reset state. Reset exception handling starts when the RES signal
changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 14,
Watchdog Timer.
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283 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.7 indicates the types of exception handling and their
priority. Trap instruction exception handling is aways accepted in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2.7 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*’ current exception-handling

sequence.

Trap instruction When TRAPA instruction  Exception handling starts when
is executed atrap (TRAPA) instruction is

Low executed.*?

Notes: 1. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

2. Trap instruction exception handling is always accepted in the program execution state.

Reset Exception Handling: After the RES pin has gone low and the reset state has been entered,
when RES goes high again, reset exception handling starts. When reset exception handling starts
the CPU fetches a start address (vector) from the exception vector table and starts program
execution from that address. All interrupts, including NMI, are disabled during reset exception
handling and after it ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When interrupt or
trap-instruction exception handling begins, the CPU references the stack pointer (ER7) and pushes
the program counter and other control registers onto the stack. Next, the CPU alters the settings of
the interrupt mask bitsin the control registers. Then the CPU fetches a start address (vector) from
the exception vector table and program execution starts from that start address.
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Figure 2.16 shows the stack after exception handling ends.

Normal mode Advanced mode
SP— CCR SP— CCR
*
CCR PC
PC (24 bits)
(16 bits)

Note: * Ignored when returning.

Figure2.16 Stack Structure after Exception Handling (Examples)

284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busis released, the CPU halts except for internal operations.

There is one other bus master in addition to the CPU: the data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
medium-speed mode, the CPU and other bus masters operate on a medium-speed clock. Module
stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down modes that use subclock input. For
details, refer to section 21, Power-Down State.
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Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
software standby bit (SSBY) in the standby control register (SBY CR) and the LSON bit in the
low-power control register (LPWRCR) are both cleared to 0. In sleep mode, CPU operations stop
immediately after execution of the SLEEP instruction. The contents of CPU registers are retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBY CR is set to 1 and the LSON bit in LPWRCR
and the PSS hit in the WDT1 timer control/status register (TCSR) are both cleared to 0. In
software standby mode, the CPU and clock halt and all MCU operations stop. Aslong as a
specified voltage is supplied, the contents of CPU registers and on-chip RAM are retained. The
I/O ports also remain in their existing states.

Har dwar e Standby Mode: A transition to hardware standby mode is made when the STBY pin
goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop. The
on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip RAM
contents are retained.

2.9 Basic Timing

29.1 Overview

The CPU isdriven by a system clock, denoted by the symbol @. The period from one rising edge
of gto the next isreferred to as a“state.” The memory cycle or bus cycle consists of one, two, or
three states. Different methods are used to access on-chip memory, on-chip supporting modules,

and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.
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Internal address bus X Address X
Read Internal read signall '\ i/
ea ! !
access 1
Internal data bus ; ( Readdata »——
Internal write signal A\ /
Write ! !
access | ‘
Internal data bus < Write data >—

Figure2.17 On-Chip Memory Access Cycle

Bus cycle

Address bus ! Unchanged

AS High
RD High
WR High
Data bus High impedance

Figure2.18 Pin Statesduring On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 bits
wide, depending on the particular internal |/O register being accessed. Figure 2.19 shows the
access timing for the on-chip supporting modules. Figure 2.20 shows the pin states.

Bus cycle

Internal address bus >< Address ><
Internal read signal N\ /

Read

access | /
Internal data bus : \ Read data >—
Internal write signal \ /

Write | \

access i f 3
Internal data bus 1 < Write data >—

Figure2.19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchgnged |
AS Hijgh
RD High
WR High
Data bus High impedance

Figure2.20 Pin Statesduring On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-hit data bus width in atwo-state or three-state
bus cycle. In three-state access, wait states can be inserted. For further details, refer to section 6,
Bus Controller.

210 Usage Notes

2.10.1 TASInstruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TASinstruction. The TAS
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4, or
ER5 is used.

2.10.2 STM/LDM Instruction

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using STM/LDM
instruction, because ER7 is the stack pointer. Two, three, or four registers can be saved /restored
by one STM/LDM instruction. The following ranges can be specified in the register list.
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Two registers: ERO—ER1, ER2—ER3, or ER4—ER5
Three registers: ERO—ER2 or ER4—ER6
Four registers: ERO—ER3

The STM/LDM instruction including ER7 is not generated by the Hitachi H8S and H8/300 series
C/C++ compilers.
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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H85/2128 Series and H8S/2124 Series have three operating modes (modes 1 to 3). These
modes enabl e selection of the CPU operating mode and enabling/disabling of on-chip ROM, by
setting the mode pins (MD1 and MDO).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

MCU CPU

Operating Operating On-Chip

Mode MD1 MDO Mode Description ROM

0 0 0 — — —

1 1 Normal Expanded mode with on-chip ROM disabled Disabled

2 1 0 Advanced Expanded mode with on-chip ROM enabled Enabled
Single-chip mode

3 1 Normal Expanded mode with on-chip ROM enabled

Single-chip mode

The CPU’ s architecture allows for 4 Gbytes of address space, but the H85/2128 Series and
H8S/2124 Series actually access a maximum of 16 Mbytes. However, as there are 16 external
address output pins, advanced mode is enabled only in single-chip mode or in expanded mode
with on-chip ROM enabled when a specific areain the external address space is accessed using
10S. The external data bus width is 8 bits.

Mode 1 is an externally expanded mode that allows access to external memory and peripheral
devices. With modes 2 and 3, operation begins in single-chip mode after reset release, but a
transition can be made to external expansion mode by setting the EXPE bit in MDCR.

The H85/2128 Series and H8S/2124 Series can only be used in modes 1 to 3. These means that the
mode pins must select one of these modes. Do not changes the inputs at the mode pins during
operation.
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312 Register Configuration

The H85/2128 Series and H85/2124 Series have a mode control register (MDCR) that indicates
the inputs at the mode pins (MD1 and MDO), a system control register (SY SCR) and bus control
register (BCR) that control the operation of the MCU, and a serial/timer control register (STCR)
that controls the operation of the supporting modules. Table 3.2 summarizes these registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R/W Undetermined H'FFC5
System control register SYSCR R/W H'09 H'FFC4
Bus control register BCR R/W H'D7 H'FFC6
Serial/timer control register STCR R/W H'00 H'FFC3

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

321 Moaode Control Register (MDCR)

Bit 7 6 5 4 3 2 1 0
EXPE — — — — — MDS1 | MDSO

Initial value —* 0 0 0 0 0 —* —*

Read/Write R/W* — — — — — R R

Note: * Determined by pins MD1 and MDO.

MDCR is an 8-bit read-only register that indicates the operating mode setting and the current
operating mode of the MCU.

The EXPE bit isinitialized in coordination with the mode pin states by areset and in hardware
standby mode.
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Bit 7—Expanded Mode Enable (EXPE): Sets expanded mode. In mode 1, this bit isfixed at 1
and cannot be modified. In modes 2 and 3, this bit has an initial value of 0, and can be read and
written.

Bit 7

EXPE Description

0 Single chip mode is selected
1 Expanded mode is selected

Bits 6 to 2—Reserved: These bits cannot be modified and are always read as 0.

Bits 1 and 0—Mode Select 1 and 0 (MDS1, MDS0): These bitsindicate the input levels at pins
MD1 and MDO (the current operating mode). Bits MDS1 and MDSO0 correspond to MD1 and
MDO. MDS1 and MDSO0 are read-only bits—they cannot be written to. The mode pin (MD1 and
MDO) input levels are latched into these bits when MDCR is read.

322 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE | INTM1 | INTMO | XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R R/W R R/W R/W R/W

SYSCR is an 8-bit readable/writable register that performs selection of system pin functions, reset
source monitoring, interrupt control mode selection, NM1 detected edge selection, supporting
module register access control, and RAM address space control.

Only hits 7, 6, 3, 1, and 0 are described here. For a detailed description of these bits, refer also to
the description of the relevant modules (bus controller, watchdog timer, RAM, etc.). For
information on bits 5, 4, and 2, see section 5.2.1, System Control Register (SY SCR).

SYSCRiisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Chip Select 2 Enable (CS2E): Specifies the location of the host interface control pin. As
these series do not include an on-chip host interface, this bit should not be set to 1.
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Bit 6—I1OS Enable (IOSE): Controls the function of the AS/TOS pin in expanded mode.

Bit 6
IOSE Description
0 The AS/IOS pin functions as the address strobe pin (AS)
(Low output when accessing an external area) (Initial value)
1 The AS/10S pin functions as the I/O strobe pin (I0S)

(Low output when accessing a specified address from H'(FF)FO00 to H'(FF)FE4F)

Bit 3—External Reset (XRST): Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow aswell as by external reset input. XRST isa
read-only bit. It is set to 1 by an external reset and cleared to 0 by watchdog timer overflow.

Bit 3

XRST Description

0 A reset is generated by watchdog timer overflow

1 A reset is generated by an external reset (Initial value)

Bit 1—Host Interface Enable (HIE): Enables or disables CPU access to on-chip supporting
function registers.

Thisbit controls CPU access to the 8-bit timer (channel X and Y data registers and control
registers (TCRX/TCRY, TCSRX/TCSRY, TICRR/TCORAY, TICRF/TCORBY,
TCNTX/TCNTY, TCORC/TISR, TCORAX, and TCORBX), and the timer connection control
registers (TCONRI, TCONRO, TCONRS, and SEDGR).

Bit 1
HIE Description
0 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF, (Initial value)

CPU access to 8-bit timer (channel X and Y) data registers and control
registers, and timer connection control registers, is permitted

1 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF,
CPU access to 8-bit timer (channel X and Y) data registers and control
registers, and timer connection control registers, is not permitted
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Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit O

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

323 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO0 — I0S1 10S0
Initial value 1 1 0 1 0 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BCR is an 8-bit readable/writable register that specifies the external memory space access mode,
and the 1/O arearange when the AS pin is designated for use as the 1/O strobe. For details on bits 7
to 2, see section 6.2.1, Bus Control Register (BCR).

BCRisinitiaized to H'D7 by areset and in hardware standby mode.

Bits1 and 0—IOS Select 1 and 0 (10S1, 10S0): These bits specify the addresses for which the
AS/TOS pin output goes low when IOSE = 1.

BCR
Bit 1 Bit 0
I0S1 I0S0 Description
0 0 The AS/10S pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FO3F
1 The AS/10S pin output goes low in accesses to addresses
H'(FF)FO00 to H'(FF)FOFF
1 0 The AS/10S pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)F3FF
1 The AS/10S pin output goes low in accesses to addresses
H'(FF)FO00 to H'(FF)FE4F (Initial value)
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324 Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
— ICX1 IICX0 IICE FLSHE — ICKS1 | ICKSO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

STCR isan 8-bit readable/writable register that controls register access, the |1 C operating mode
(when the on-chip I1C option isincluded), an on-chip flash memory (in F-ZTAT versions), and
also selectsthe TCNT input clock. For details of functions other than register access control, see
the descriptions of the relevant modules. If amodule controlled by STCR is not used, do not write
1 to the corresponding bit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
Bit 7—Reserved: Do not write 1 to this bit.

Bits 6 and 5—I°C Transfer Rate Select 1 and 0 (11CX1, I1CX0): These bits control the
operation of the IC bus interface when the on-chip 11C option isincluded. For details, see section
16.2.7, Serial/Timer Control Register (STCR).

Bit 4—I%C Master Enable (11CE): Controls CPU access to the 12C businterface data registers
and control registers (ICCR, ICSR, ICDR/SARX, and ICMR/SAR), the PWMX data registers and
control registers (DADRAH/DACR, DADRAL, DADRBH/DACNTH, and DADRBL/DACNTL),
and the SCI control registers (SMR, BRR, and SCMR).

Bit 4
IICE Description

0 Addresses H'(FF)FF88 and H'(FF)89, and H'(FF)FF8E and (Initial value)
H'(FF)FF8F, are used for SCI1 control register access

Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and
H'(FF)FFDF, are used for SCIO control register access

1 Addresses H'(FF)FF88 and H'(FF)FF89, and H'(FF)FF8E and
H'(FF)FF8F, are used for IIC1 data register and control register access
Addresses H'(FF)FFAO and H'(FF)FFAL, and H'(FF)FFA6 and
H'(FF)FFA7, are used for PWMX data register and control register
access
Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and
H'(FF)FFDF, are used for [ICO data register and control register access
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Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU accessto the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2), the power-down mode control
registers (SBY CR, LPWRCR, MSTPCRH, and MSTPCRL), and the supporting module control
register (PCSR).

Bit 3

FLSHE Description

0 Addresses H'(FF)F80 to H'(FF)F87 are used for power-down mode (Initial value)
control register and supporting module control register access

1 Addresses H'(FF)FF80 to H'(FF)FF87 are used for flash memory control

register access

Bit 2—Reserved: Do not write 1 to this bit.

Bits 1 and 0—Internal Clock Source Select 1 and O (ICK S1, ICK S0): These hits, together with
bits CKS2 to CKS0 in TCR, select the clock to be input to TCNT. For details, see section 12.2.4,
Timer Control Register (TCR).
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3.3 Operating Mode Descriptions

331 Mode 1
The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is disabled.

Ports 1 and 2 function as an address bus, port 3 function as a data bus, and part of port 4 carries
bus control signals.

3.3.2 Mode 2

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
After areset, single-chip modeis set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses. However, as these series have a maximum of 16 address outputs, an external
address can be specified correctly only when the 1/0 strobe function of the AS/IOS pin is used.

When the EXPE bit in MDCR is set to 1, ports 1 and 2 function asinput ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 function as a data bus, and part of port 4 carries bus control signals.

3.3.3 Mode 3

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled.
After areset, single-chip modeis set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses.

When the EXPE bit in MDCR is set to 1, ports 1 and 2 function asinput ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 function as adata bus, and part of port 4 carries bus control signals.

In products with an on-chip ROM capacity of 64 kbytes or more, the amount of on-chip ROM that
can be used is limited to 56 kbytes.
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34 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 4 vary depending on the operating mode. Table 3.3 shows their
functions in each operating mode.

Table3.3 Pin Functionsin Each M ode

Port Mode 1 Mode 2 Mode 3

Port 1 A P*/A P*/A

Port 2 A P*/A P*/A

Port 3 D P*/D P*/D

Port 4 P47 P*/C P*/C P*/C
P46 C*/P P*/C P*/C
P45 to P43 C P*/C P*/C
P42 to P40 P P P

Legend:

P: 1/O port

A: Address bus output

D: Data bus I/0

C: Control signals, clock I/10

*: After reset

35 Memory Map in Each Operating Mode
Figures 3.1 to 3.3 show memory maps for each of the operating modes.

The address space is 64 kbytesin modes 1 and 3 (normal modes), and 16 Mbytes in mode 2
(advanced mode).

The on-chip ROM capacity is 32 kbytes (H85/2126 and H85/2120), 64 kbytes (H85/2127 and
H85/2122), or 128 kbytes (H85/2128), but for products with an on-chip ROM capacity of 64
kbytes or more, the amount of on-chip ROM that can be used is limited to 56 kbytesin mode 3
(norma mode).

Do not access the reserved areas and register addressesin internal 1/O registers for modules which
are not supported by the product.

For details, see section 6, Bus Controller.
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0

(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
EEEE& Internal I/O registers 2 EEEE?: Internal I/O registers 2 EEEE?: Internal 1/O registers 2
H'FFO0 On-chip RAM H'FF00 On-chip RAM H'FFO00 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 ; H'FF80 !
HEFEE Internal 1/O registers 1 HEFFE Internal 1/O registers 1 HEFEE Internal 1/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H8S/2128 Memory Map in Each Operating Mode
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Notes: 1.

Mode 2/EXPE = 1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'O1FFFF

On-chip ROM

H'020000 |

space

| External address*2_|

H'FFEO80

HFFEFFF

On-chip RAM*1

External address*?2
space

H'FFFE50
HFFFEFF
H'FFFFO0
HFFFF7F
H'FFFF80

Internal I/O registers 2

On-chip RAM
(128 bytes)*1

HFFFFFF

External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
. For these models, the maximum number of external address pins is 16. An
external address can only be specified correctly for an area that uses the 1/0

Internal 1/O registers 1

strobe function.

Mode 2/EXPE =0
(advanced single-chip mode)

H'000000

H'O1FFFF

H'FFE080

H'FFEFFF

H'FFFE50
H'FFFEFF
H'FFFF00
H'FFFF7F
H'FFFF80

HFFFFFF

On-chip ROM

On-chip RAM

Internal I/O registers 2

On-chip RAM
(128 bytes)

Internal 1/O registers 1

Figure3.1 H8S/2128 Memory Map in Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0

(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
Reserved area* Reserved area* Reserved area
H'E880 ; H'E880 ; H'E880 ;
On-chip RAM* On-chip RAM* , On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
EEEE& Internal I/O registers 2 EEEE?: Internal I/O registers 2 EEEE?: Internal 1/O registers 2
H'FFO0 On-chip RAM H'FF00 On-chip RAM H'FFO00 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 ; H'FF80 !
HEFEE Internal 1/O registers 1 HEFEE Internal 1/O registers 1 HEFEE Internal 1/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 H8S/2127 and H8S/2122 Memory Map in Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM On-chip ROM
H'00FFFF H'00FFFF
Reserved area Reserved area
H'01FFFF H'01FFFF
H'020000 | External address |
space*?2
H'FFE080 H'FFE080
Reserved area*1 Reserved area
H'FFE880 H'FFE880
On-chip RAM*1 On-chip RAM
H'FFEFFF H'FFEFFF
External address
space*2
HEEEEE& Internal 1/O registers 2 HEEEEE& Internal 1/O registers 2
H'FFFF00 On-chip RAM H'FFFF00 On-chip RAM
H'FFFF7F (128 bytes)*1 H'FFFF7F (128 bytes)
H'FFFF80 . H'FFFF80 )
H'EFEEER Internal 1/O registers 1 H'EEEEFE Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An
external address can only be specified correctly for an area that uses the 1/O
strobe function.

Figure3.2 H8S/2127 and H8S/2122 Memory Map in Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0

(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
External address
space H'7FFF H'7FFF
Reserved area Reserved area
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
Reserved area* Reserved area* Reserved area
H'E880 ! H'E880 : H'E880 ’
On-chip RAM* On-chip RAM* , On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
HEE,S:E Internal I/O registers 2 HEEE?: Internal I/O registers 2 HEE,S:?: Internal I/O registers 2
H'FF00 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 . H'FF80 . H'FF80 .
HEEEF Internal 1/O registers 1 H'FEEF Internal I/O registers 1 HFEEF Internal 1/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.3 H8S/2126 and H8S/2120 Memory Map in Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM On-chip ROM
H'007FFF H'007FFF
Reserved area Reserved area
H'01FFFF H'01FFFF
H'020000 | External address |
space*2
H'FFE080 H'FFE080
Reserved area*1 Reserved area
H'FFE880 H'FFE880
On-chip RAM*1 On-chip RAM
H'FFEFFF H'FFEFFF
External address
space*?
:EEEEE& Internal I/O registers 2 EEEEEE(; Internal I/O registers 2
H'FFFFO0 On-chip RAM H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)*1 H'FFFF7F (128 bytes)
H'FFFF80 . H'FFFF80 )
H'EEEEFE Internal 1/O registers 1 H'EFEEFE Internal I/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An
external address can only be specified correctly for an area that uses the 1/0
strobe function.

Figure3.3 H8S/2126 and H8S/2120 Memory Map in Each Operating M ode (cont)
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Section 4 Exception Handling

4.1 Overview

411 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneoudly, they are accepted and processed in order of priority. Trap instruction exceptions
are accepted at all timesin the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bitsin SY SCR.

Table4.1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
A pin, or when the watchdog timer overflows.
Trace Starts when execution of the current instruction or exception

handling ends, if the trace (T) bit is set to 1. (Cannot be used
in the H8S/2128 Series and H8S/2124 Series.)

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.**

Direct transition Started by a direct transition resulting from execution of a
SLEEP instruction.

Low Trap instruction (TRAPA)*? Started by execution of a trap instruction (TRAPA).
Notes: 1. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

2. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC) and condition-code register (CCR) are pushed onto the stack.
2. Theinterrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.

413 Exception Sourcesand Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Reset

Trace (Cannot be used in the H8S/2128 Series or H8S/2124 Series)

External interrupts: NMI, IRQ2 to IRQO
Exception P Q Q

sources Interrupts Internal interrupts: interrupt sources in
on-chip supporting modules

Direct transition

Trap instruction

Figure4.1 Exception Sources
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Table4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Normal Mode

Advanced Mode

Reset

Reserved for system use

Direct transition

External interrupt ~ NMI

Trap instruction (4 sources)

Reserved for system use

External interrupt IRQO

IRQ1

IRQ2

Reserved

Internal interrupt*?

0 H'0000 to H'0001 H'0000 to H'0003
1 H'0002 to H'0003 H'0004 to H'0007
2 H'0004 to H'0005 H'0008 to H'000B
3 H'0006 to H'0007 H'000C to H'000F
4 H'0008 to H'0009 H'0010 to H'0013
5 H'000A to H'000B H'0014 to H'0017
6 H'000C to H'000D H'0018 to H'001B
7 H'000E to H'000F H'001C to H'001F
8 H'0010 to H'0011 H'0020 to H'0023
9 H'0012 to H'0013 H'0024 to H'0027
10 H'0014 to H'0015 H'0028 to H'002B
11 H'0016 to H'0017 H'002C to H'002F
12 H'0018 to H'0019 H'0030 to H'0033
13 H'001A to H'001B H'0034 to H'0037
14 H'001C to H'001D H'0038 to H'003B
15 H'0O01E to H'001F H'003C to H'003F
16 H'0020 to H'0021 H'0040 to H'0043
17 H'0022 to H'0023 H'0044 to H'0047
18 H'0024 to H'0025 H'0048 to H'004B
19 H'0026 to H'0027 H'004C to H'004F
20 H'0028 to H'0029 H'0050 to H'0053
21 H'002A to H'002B H'0054 to H'0057
22 H'002C to H'002D H'0058 to H'005B
23 H'002E to H'002F H'005C to H'005F
24 H'0030 to H'0031 H'0060 to H'0063
g O O
103 H'00CE to H'00CF H'019C to H'019F

Notes: 1. Lower 16 bits of the address.

2. For details on internal interrupt vectors, see section 5.3.3, Interrupt Exception Vector

Table.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the MCU enters the reset state. A reset
initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after areset, interrupt control mode O is set.

Reset exception handling begins when the RES pin changes from low to high.

H8S/2128 Series and H85/2124 Series MCUs can also be reset by overflow of the watchdog timer.
For details, see section 14, Watchdog Timer.

422 Reset Sequence
The MCU enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms when powering on. To
reset the chip during operation, hold the RES pin low for at least 20 states. For pin statesin areset,
see Appendix D.1, Port Statesin Each Processing State.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows:

[1] Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

[2] The reset exception vector addressis read and transferred to the PC, and program execution
starts from the address indicated by the PC.

Figures 4.2 and 4.3 show examples of the reset sequence.
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Q

RES

Internal
address bus

Internal read
signal

Internal write
signal

Internal data
bus

Vector Internal Fetch of first program
fetch  processing instruction

e

(1) Reset exception vector address ((1) = H'0000)

(2) Start address (contents of reset exception vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure4.2 Reset Sequence (Mode 3)

HITACHI
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Internal Fetch of first

Vector fetch processing program instruction

"
D7 to DO f (@) (@) — ©)|

(1) (3) Reset exception vector address ((1) = H'0000, (3) = H'0001)
(2) (4) Start address (contents of reset exception vector address)
(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure4.3 Reset Sequence (Mode 1)

423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx:32, SP).
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4.3 Interrupts

Interrupt exception handling can be requested by four externa sources (NMI and IRQ2 to IRQOQ),
and internal sources in the on-chip supporting modules. Figure 4.4 shows the interrupt sources and
the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-hit free-running timer (FRT), 8-bit timer (TMR), serial communication interface (SCl), data
transfer controller (DTC), A/D converter (ADC), 1°C bus interface (option). Each interrupt source
has a separate vector address.

NMI isthe highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NM1 and
address break to either three priority/mask levels to enable multiplexed interrupt control.

For details on interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ2 to IRQO (3)

Interrupts WDT* (2)
FRT (7)

TMR (10)
Internal SCI (8)
interrupts DTC (1)

ADC (1)

1IC (3) (option)
Other (1)

Note: Numbers in parentheses are the numbers of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates an interrupt
request at each counter overflow.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector

number from 0 to 3, as specified in the instruction code.

Table 4.3 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table4.3 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 1 — — —
1 1 1 — —
Legend:
1. Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.5 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\

SP—» CCR
CCR*
PC

(16 bits)

\/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal Mode)

SP—» CCR

,,,,,,,, PC R

\/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M ode)
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4.6 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2128 Series or H8S/2124 Series chip
assumes that the lowest address bit is 0. The stack should aways be accessed by word transfer
instruction or longword transfer instruction, and the value of the stack pointer (SP: ER7) should
always be kept even. Use the following instructions to save registers:

PUSHW Rn (or MOV.WRn, @SP)
PUSH L ERn (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

PCP.W R (or MV.W@P+ Rn)
PCP.L ERn (or MV.L @P+ ER)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an exampl e of what
happens when the SP value is odd.

CCR SP-» R1L H'FFEFFA
SP -» H'FFEFFB
PC PC H'FFEFFC
H'FFEFFD
sPw»| | 1 ]
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFEFFF

TRAPA instruction executed MOV.B R1L, @-ER7
—_— —

SP setto HFFEFFF  Data saved above SP Contents of CCR lost

Legend:

CCR: Condition-code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced
mode.

Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

H85/2128 Series and H8S/2124 Series MCUs control interrupts by means of an interrupt
controller. Theinterrupt controller has the following features:

Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR).

Priorities settable with ICR

O Aninterrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for al interrupts except NMI and address bresk.

Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.

Four external interrupt pins

O NMI isthe highest-priority interrupt, and is accepted at all times. A rising or falling edge at
the NMI pin can be selected for the NMI interrupt.

O Faling edge, rising edge, or both edge detection, or level sensing, at pins IRQ2 to IRQO
can be selected for interrupts IRQ2 to IRQO.

DTC control
O DTC activation is controlled by means of interrupts.
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51.2 Block Diagram

A block diagram of the interrupt controller is shown in Figure 5.1.

| INTM1 INTMO CPU
SYSCRY|
NMIEG ‘ L
NMI input = NMI input unit - Interrupt
request
: ——L—| IRQinputunit |——
IRQ input Qllrg;" untt Vector

number
ISCR ﬁ Priority

determination

. I, Ul
Internal interrupt | CCR

requests
SWDTEND to lICI1

ICR

Interrupt controller

Legend:

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

ICR: Interrupt control register

SYSCR: System control register

Figure5.1 Block Diagram of Interrupt Controller

513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol I/O Function

Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ2 to IRQO Input Maskable external interrupts; rising, falling, or

requests 2to 0 both edges, or level sensing, can be selected
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514 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address**
System control register SYSCR R/W H'09 H'FFC4
IRQ sense control register H ISCRH R/W H'00 H'FEEC
IRQ sense control register L ISCRL R/W H'00 H'FEED
IRQ enable register IER R/W H'F8 H'FFC2
IRQ status register ISR R/(W)*? H'00 H'FEEB
Interrupt control register A ICRA R/W H'00 H'FEES8
Interrupt control register B ICRB R/W H'00 H'FEE9
Interrupt control register C ICRC R/W H'00 H'FEEA
Address break control register ABRKCR R/W H'00 H'FEF4
Break address register A BARA R/W H'00 H'FEF5
Break address register B BARB R/W H'00 H'FEF6
Break address register C BARC R/W H'00 H'FEF7

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, for flag clearing.

5.2 Register Descriptions

521 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE | INTM1 | INTMO | XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R R/W R R/W R/W R/W

SYSCR is an 8-bit readable/writable register of which bits 5, 4, and 2 select the interrupt control
mode and the detected edge for NMI.

Only hits 5, 4, and 2 are described here; for details on the other bits, see section 3.2.2, System
Control Register (SY SCR).

SYSCRisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bits5 and 4—Interrupt Control Mode 1 and O (INTM1, INTMO): These bits select one of four
interrupt control modes for the interrupt controller. The INTM1 bit must not be set to 1.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)

Interrupts are controlled by | and Ul bits and ICR

1 1
1 0 2 Cannot be used in the H8S/2128 Series or H8S/2124 Series
1 3 Cannot be used in the H8S/2128 Series or H8S/2124 Series

Bit 2—NM|I Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 2

WDescription

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input

522 Interrupt Control Registers A to C (ICRA to ICRC)

Bit 7 6 5 4 3 2 1 0
ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICR1 ICRO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
The ICR registers are three 8-bit readable/writable registers that set the interrupt control level for
interrupts other than NM1 and address break.

The correspondence between |CR settings and interrupt sourcesis shown in table 5.3.
The ICR registers are initialized to H'00 by areset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn): Setsthe control level for the corresponding interrupt
source.

Bit n
ICRn Description
0 Corresponding interrupt source is control level O (non-priority) (Initial value)
1 Corresponding interrupt source is control level 1 (priority)

(n=71t00)
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Table5.3 Correspondence between Interrupt Sourcesand I CR Settings

Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 — — DTC Watchdog Watchdog
timer O timer 1
ICRB A/D Free- — — 8-hit 8-hit 8-hit —
converter running timer timer timer
timer channel 0 channel 1 channels
X, Y
ICRC SCI SClI — lc IIC — — —
channel 0 channel 1 channel 0 channel 1
(option)  (option)
523 IRQ Enable Register (IER)
Bit 7 6 5 4 3 2 1 0
] — \ — \ — \ — ‘ — ‘ IRQ2E’ IRQlE‘ IRQOE‘
Initial value 1 1 1 1 1 0 0 0
Read/Write R R R R R R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ2 to IRQO.

IER isinitialized to H'F8 by areset and in hardware standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2to 0—IRQ2to IRQO Enable (IRQ2E to IRQOE): These bits select whether IRQ2 to
IRQO are enabled or disabled.

Bit n
IRQNE Description

0 IRQn interrupt disabled (Initial value)
1 IRQn interrupt enabled

(n=2to00)
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524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

« |SCRH
Bit 15 14 13 12 11 10 9 8
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

« |SCRL
Bit 7 6 5 4 3 2 1 0

‘ — ] — ’IRQZSCB‘IRQZSCA‘IRQlSCB‘IRQlSCA‘IRQOSGB’IRQOSCA‘

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ISCRH and ISCRL are 8-hit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ2 to IRQO.

Each of the ISCR registersisinitialized to H'00 by areset and in hardware standby mode.
ISCRH Bits7to 0, ISCRL Bits 7 and 6—Reserved: Do not write 1 to this bit.

ISCRL Bits5to 0—IRQ2 Sense Control A and B (IRQ2SCA, IRQ2SCB) to IRQO Sense
Control A and B (IRQOSCA, IRQ0SCB)

ISCRL Bits 5to 0

IRQ2SCB to  IRQ2SCA to
IRQOSCB IRQOSCA Description

0 0 Interrupt request generated at IRQ2 to IRQO input low level
(Initial value)

Interrupt request generated at falling edge of IRQ2 to IRQO input

1 0 Interrupt request generated at rising edge of IRQ2 to IRQO input

1 Interrupt request generated at both falling and rising edges of
IRQ2 to IRQO input
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525 IRQ Status Register (I1SR)

Bit 7 6 5 4 3 2 1 0

] — \ — \ — \ — ‘ — \ IRQ2F ] IRQ1F \ IRQOF \
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R RIW)* RIWY* RI(W)*

Note: * Only O can be written, to clear the flag.

ISR is an 8-hit readabl e/writable register that indicates the status of IRQ2 to IRQO interrupt
requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 3—Reserved

Bits2to 0—IRQ2to IRQO Flags (IRQ2F to IRQOF): These bitsindicate the status of IRQ2 to
IRQO interrupt requests.

Bit n
IRQnF  Description

0 [Clearing conditions] (Initial value)
« Cleared by reading IRQnF when set to 1, then writing 0 in IRQnF
« When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
« When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA = 1)

1 [Setting conditions]

* When IRQn input goes low when low-level detection is set (IRQnSCB = IRQnSCA =
0)

* When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA =1)

* When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB = 1, IRQNSCA = 0)

* When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=2t00)
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526 Address Break Control Register (ABRKCR)

Bit 7 6 5 4 3 2 1 0
CMF — — — — — — BIE

Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — — — — R/W

ABRKCR is an 8-hit readable/writable register that performs address break control.

ABRKCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Condition Match Flag (CMF): Thisisthe address break source flag, used to indicate that
the address set by BAR has been prefetched. When the CMF flag and BIE flag are both set to 1, an
address break is requested.

Bit 7
CMF Description

0 [Clearing condition]
When address break interrupt exception handling is executed (Initial value)
1 [Setting condition]

When address set by BARA to BARC is prefetched while BIE = 1

Bits 6 to 1—Reserved: These bits cannot be modified and are always read as 0.

Bit 0—Break Interrupt Enable (BIE): Selects address break enabling or disabling.

Bit 0

BIE Description

0 Address break disabled (Initial value)
1 Address break enabled
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527 Break Address Registers A, B, C (BARA, BARB, BARC)

Bit 7 6 5 4 3 2 1 0
BARA A23 A22 A21 A20 Al19 Al18 Al7 Al6
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
BARB Al5 Al4 Al3 Al2 All Al10 A9 A8
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
BARC A7 A6 A5 A4 A3 A2 Al —
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W —

BAR consists of three 8-bit readable/writable registers (BARA, BARB, and BARC), and is used to
specify the address at which an address break is to be executed.

Each of the BAR registersisinitialized to H'00 by areset and in hardware standby mode. They are
not initialized in software standby mode.

BARA Bits7to 0—Address 23 to 16 (A23to A16)
BARB Bits 7 to 0—Address 15t0 8 (A15t0 A8)
BARC Bits7to 1—Address7to 1 (A7 to Al)

These hits specify the address at which an address break is to be executed. BAR bits A23to Al
are compared with internal address buslines A23 to A1, respectively.

The address at which the first instruction byte is located should be specified as the break address.
Occurrence of the address break condition may not be recognized for other addresses.

In normal mode, no comparison is made with address lines A23 to A16.

BARC Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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53 Interrupt Sources

Interrupt sources comprise externa interrupts (NM1 and IRQ2 to IRQO) and internal interrupts.

531 External Interrupts

There are four external interrupt sources: NMI, and IRQ2 to IRQ0. NMI, and IRQ2 to IRQO can
be used to restore the H8S/2128 Series or H85/2124 Series chip from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode and the status of the CPU interrupt mask bits. The
NMIEG hit in SY SCR can be used to select whether an interrupt is requested at arising edge or a
falling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ2to IRQO Interrupts: Interrupts IRQ2 to IRQO are requested by an input signal at pinsIRQ2
to IRQO. Interrupts IRQ2 to IRQO have the following features:

« Using ISCR, it ispossible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ2 to IRQO.

» Enabling or disabling of interrupt requests IRQ2 to IRQO can be selected with IER.

e Theinterrupt control level can be set with ICR.

« The status of interrupt requests IRQ2 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ2 to IRQO is shown in figure 5.2.

IRQNE

IRQNSCA, IRQNSCB
¢ IRQNF

IRQn interrupt
q > Edge/level }
detection circuit S Q request

IRQninput R

Clear signal

Note: n:2to 0

Figure5.2 Block Diagram of InterruptsIRQ2to IRQO
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Figure 5.3 shows the timing of IRQNF setting.

IRQnN
input pin

IRQNF |

Figure5.3 Timing of IRQNF Setting
The vector numbers for IRQ2 to IRQO interrupt exception handling are 18 to 16.

Detection of IRQ2 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. Therefore, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR bit to 0 and use the pin asan I/O pin for another function.

Asinterrupt request flags IRQ2F to IRQOF are set when the setting condition is met, regardless of
the |ER setting, only the necessary flags should be referenced.

532 Internal Interrupts

There are 32 sources for internal interrupts from on-chip supporting modules, plus one software
interrupt source (address break).

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of theseis set to
1, an interrupt request isissued to the interrupt controller.

e Theinterrupt control level can be set by means of ICR.

e TheDTC can be activated by an FRT, TMR, SClI, or other interrupt request. Whenthe DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits have no effect.

533 Interrupt Exception Vector Table

Table 5.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of ICR. The situation when two or more modules
are set to the same priority, and priorities within amodule, are fixed as shown in table 5.4.
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of Vector Address
Interrupt Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
NMI External 7 H'000E  H'00001C High
IRQO pin 16 H'0020 H'000040 ICRA7 A
IRQ1 17 H'0022  H'000044 ICRA6
IRQ2 18 H'0024  H'000048 ICRA5
Reserved — 19 H'0026  H'00004C
to to to
23 H'002E  H'00005C
SWDTEND (software DTC 24 H'0030  H'000060 ICRA2
activation interrupt end)
WOVIO (interval timer) Watchdog 25 H'0032  H'000064 ICRA1
timer O
WOVI1 (interval timer) Watchdog 26 H'0034  H'000068 ICRAO
timer 1
Address break (PC break) — 27 H'0036  H'00006C
ADI (A/D conversion end) A/D 28 H'0038  H'000070 ICRB7
Reserved — 29 H'003A  H'000074
to to to
47 H'005E  H'0000BC
ICIA (input capture A) Free-running 48 H'0060 H'0000CO ICRB6
ICIB (input capture B) timer 49 H'0062  H'0000C4
ICIC (input capture C) 50 H'0064  H'0000C8
ICID (input capture D) 51 H'0066  H'0000CC
OCIA (output compare A) 52 H'0068  H'0000D0O
OCIB (output compare B) 53 H'006A  H'0000D4
FOVI (overflow) 54 H'006C  H'0000D8
Reserved 55 H'006E  H'0000DC
Reserved — 56 H'0070  H'0000EO
to to to
63 H'007E  H'0000FC Low
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Origin of Vector Address
Interrupt Vector Normal Advanced

Interrupt Source Source Number Mode Mode ICR Priority
CMIAO (compare-match A) 8-bit timer 64 H'0080 H'000100 ICRB3 High
CMIBO (compare-match B) channel 0 65 H'0082 H'000104 A
OVIO0 (overflow) 66 H'0084 H'000108
Reserved 67 H'0086 H'00010C
CMIAL (compare-match A) 8-bit timer 68 H'0088 H'000110 ICRB2
CMIB1 (compare-match B) channel 1 69 H'008A H'000114
OVI1 (overflow) 70 H'008C H'000118
Reserved 71 H'008E H'00011C
CMIAY (compare-match A) 8-bit timer 72 H'0090 H'000120 ICRB1
CMIBY (compare-match B) channels 73 H'0092 H'000124
OVIY (overflow) Y, X 74 H'0094 H'000128
ICIX (input capture X) 75 H'0096 H'00012C
Reserved — 76 H'0098 H'000130

to to to

79 H'009E H'00013C
ERIO (receive error 0) SCI 80 H'00A0O H'000140 ICRCY
RXIO (reception completed 0) channel 0 81 H'00A2 H'000144
TXIO (transmit data empty 0) 82 H'00A4 H'000148
TEIO (transmission end 0) 83 H'00A6 H'00014C
ERI1 (receive error 1) SCI 84 H'00A8 H'000150 ICRC6
RXI1 (reception completed 1) channel 1 85 H'00AA H'000154
TXI1 (transmit data empty 1) 86 H'00AC H'000158
TEI1 (transmission end 1) 87 H'0O0AE H'00015C
Reserved — 84 H'00BO H'000160

to to to

91 H'00B6 H'00016C
[ICIO (1-byte transmission/ IIC channel 0 92 H'00B8 H'000170 ICRC4
reception completed) (option)
DDCSWI (format switch) 93 H'0O0BA H'000174
[ICI1 (1-byte transmission/ IIC channel 1 94 H'00BC H'000178 ICRC3
reception completed) (option)
Reserved 95 H'0O0BE H'00017C
Reserved — 96 H'00CO H'000180

to to to

103 H'00CE H'00019C Low
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54 Address Breaks

541 Features

With the H8S/2128 Series and H8S/2124 Series, it is possible to identify the prefetch of a specific
address by the CPU and generate an address break interrupt, using the ABRKCR and BAR
registers. When an address break interrupt is generated, address break interrupt exception handling
is executed.

This function can be used to detect the beginning of execution of abug location in the program,
and branch to a correction routine.

54.2 Block Diagram

A block diagram of the address break function is shown in figure 5.4.

BAR ABRKCR

Match
signal‘ Control lodi Address break
ontrotlogic interrupt request

Comparator

]

Internal address

Prefetch signal
(internal signal)

Figure5.4 Block Diagram of AddressBreak Function
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543 Operation

ABRKCR and BAR settings can be made so that an address break interrupt is generated when the
CPU prefetches the address set in BAR. This address break function issues an interrupt request to
the interrupt controller when the address is prefetched, and the interrupt controller determines the
interrupt priority. When the interrupt is accepted, interrupt exception handling is started on
completion of the currently executing instruction. With an address break interrupt, interrupt mask
control by the | and Ul bitsin the CPU’s CCR isineffective.

The register settings when the address break function is used are as follows.

1. Setthe break addressin bits A23to A1in BAR.

2. Setthe BIE bitin ABRKCR to 1 to enable address breaks. An address break will not be
requested if the BIE bit is cleared to O.

When the setting condition occurs, the CMF flag in ABRKCR is set to 1 and an interrupt is
requested. If necessary, the source should be identified in the interrupt handling routine.

544 Usage Notes

» With the address break function, the address at which the first instruction byte is located
should be specified as the break address. Occurrence of the address break condition may not be
recognized for other addresses.

» Innormal mode, no comparison is made with address lines A23 to A16.

e If abranch instruction (Bcc, BSR), jJump instruction (JMP, JSR), RTSinstruction, or RTE
instruction is located immediately before the address set in BAR, execution of thisinstruction
will output a prefetch signal for that address, and an address break may be requested. This can
be prevented by not making a break address setting for an address immediately following one
of these instructions, or by determining within the interrupt handling routine whether interrupt
handling was initiated by a genuine condition occurrence.

» Asan address break interrupt is generated by a combination of the internal prefetch signal and
address, the timing of the start of interrupt exception handling depends on the content and
execution cycle of the instruction at the set address and the preceding instruction. Figure 5.5
shows some address timing examples.
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» Program area in on-chip memory, 1-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction  Internal Vector  Internal Instruction
. fetch . fetch . fetch . fetch . fetch . operation. Stack save . fetch . operation. fetch

S I B
Address bus X H'0310 ><H'0312><H'0314 >< H'0316>< H'0318 >< SP-2 >< SP-4 >< H'0036 ><

NOP NOP NOP Interrupt exception handling
execution execution execution

Break request
signal

H'0310 NOP

H'0312 NOP -4—— Breakpoint NOP instruction is executed at breakpoint address H'0312 and
H'0314 NOP next address, H'0314; fetch from address H'0316 starts after
H'0316 NOP end of exception handling.

» Program area in on-chip memory, 2-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction Internal Vector Internal  Instruction
, fetch , fetch , fetch , fetch , fetch |, operation, Stack save , fetch , operation, fetch

Address bus X H'0310 ><H'0312><H'0314 >< H'0316>< H'0318 >< SP-2 >< SP-4 >< H'0036 ><

:\‘ - :\‘ -t >
NOP MOV.W Interrupt exception handling
execution execution
Break request
signal
H'0310 NOP
H:0312 MOV.W #xx:16,Rd -4—— Breakpoint MOV instruction is executed at breakpoint address H'0312,
H'0316 NOP NOP instruction at next address, H'0316, is not executed;
H'0318 NOP fetch from address H'0316 starts after end of exception handling.

» Program area in external memory (2-state access, 16-bit-bus access),
1-state execution instruction at specified break address

Instruction Instruction Instruction Internal Vector Internal
' fetch ' fetch ' fetch .operation,  Stack save ' fetch Loperation ,

Address bus X H'0310 >< H'0312 >< H'0314 >< SP-2 >< SP-4 >< H'0036 ><

NOP - Interrupt exception handling
execution
Break request
signal
H'0310 NOP
H:0312 NOP -¢—— Breakpoint  NOP instruction at breakpoint address H'0312 is not executed;
:8212 mgﬁ fetch from address H'0312 starts after end of exception handling.

Figure5.5 Examplesof AddressBreak Timing
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55 Interrupt Operation

551 Interrupt Control Modesand Interrupt Operation

Interrupt operationsin the H8S5/2128 Series and H85/2124 Series differ depending on the interrupt
control mode.

NMI and address break interrupts are accepted at all times except in the reset state and the
hardware standby state. In the case of |RQ interrupts and on-chip supporting modul e interrupts, an
enable bit is provided for each interrupt. Clearing an enable bit to 0 disables the corresponding
interrupt request. Interrupt sources for which the enable bits are set to 1 are controlled by the
interrupt controller.

Table 5.5 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in ICR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR.

Table55 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Register Mask Bits Description

0 0 0 ICR | Interrupt mask control is
performed by the | bit
Priority can be set with ICR

1 1 ICR I, Ul 3-level interrupt mask control
is performed by the | and Ul
bits

Priority can be set with ICR
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Figure 5.6 shows a block diagram of the priority decision circuit.

| Ul
ICR
Interrupt
Interrupt ——._| acceptance control Default priority Vector
source — | and 3-level mask 3 determination 3 number
control

Interrupt control modes
Oand1

Figure5.6 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control and 3-Level Control: Ininterrupt control modes 0 and 1,
interrupt acceptance control and 3-level mask control is performed by means of the | and Ul bitsin
CCR, and ICR (control level).

Table 5.6 shows the interrupts selected in each interrupt control mode.
Table5.6 InterruptsSelected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode I ul Selected Interrupts

0 0 * All interrupts (control level 1 has priority)
1 * NMI and address break interrupts

1 0 * All interrupts (control level 1 has priority)
1 0 NMI, address break interrupts, and control

level 1 interrupts

1 NMI and address break interrupts

Legend:
*: Don't care
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Default Priority Determination: The priority is determined for the selected interrupt, and a

vector number is generated.

If the same valueis set for ICR, acceptance of multiple interruptsis enabled, and so only the

interrupt source with the highest priority according to the preset default priorities is selected and

has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.

Table 5.7 shows operations and control signal functionsin each interrupt control mode.
Table5.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance Control

HITACHI

Interrupt Setting 3-Level Control Default Priority
Control Mode INTM1 INTMO | Ul ICR Determination T (Trace)
0 0 0 (0] IM — PR (0] —
1 1 (0] M M PR (o) —
Legend:

O: Interrupt operation control performed

IM: Used as interrupt mask bit
PR: Sets priority

—: Not used
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55.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR, and ICR. Interrupts are enabled when the | bit is cleared to O,
and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5.7 shows a flowchart of the interrupt acceptance operation in this case.

1

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

The bit isthen referenced. If the | bit is cleared to 0, the interrupt request is accepted. If the |
bitisset to 1, only NMI and address break interrupts are accepted, and other interrupt requests
are held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Next, thel bitin CCRisset to 1. Thisdisables al interrupts except NMI and address break.

A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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1

| Program execution state |

.|

Interrupt generated?

ending

1

| Save PC and CCR |

1

| |

1

| Read vector address |

1

|Branch to interrupt handling routine|

Figure5.7 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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55.3 Interrupt Control Mode 1

Three-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bitsin the CPU’s CCR, and ICR.

« Control level O interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

e Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H'00
areset in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 interrupts are set to control level 1 and
other interrupts to control level 0), the situation is as follows:

 Whenl =0, al interrupts are enabled

(Priority order: NMI > IRQ2 > address break > IRQ0 > IRQL1 ...)
« Whenl =1and Ul =0, only NMI, IRQ2, and address break interrupts are enabled
e Whenl =1and Ul =1, only NMI and address break interrupts are enabled

Figure 5.8 shows the state transitions in these cases.

10

'}

) Only NMI, address break,
Allinterrupts enabled l-1,Ul-0 and IRQ2 interrupts enabled

10 ul-o0
Exception handling execution Exception handling execution
orl<1,Ul-1 orul-1

Only NMI and address break
interrupts enabled

Figure5.8 Exampleof State Transitionsin Interrupt Control Mode 1
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Figure 5.9 shows a flowchart of the interrupt acceptance operation in this case.

1.

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

The bit isthen referenced. If the | bit is cleared to O, the Ul bit has no effect.

An interrupt request set to interrupt control level O is accepted when the | bit is cleared to O. If
thel bit isset to 1, only NMI and address break interrupts are accepted, and other interrupt
requests are held pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to
interrupt control level 0, and is accepted if the | bitis cleared to O, or if the | bit isset to 1 and
the Ul bit is cleared to 0.

When both the | bit and the Ul bit are set to 1, only NMI and address break interrupts are
accepted, and other interrupt requests are held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Next, the | and Ul bitsin CCR are set to 1. Thisdisables al interrupts except NMI and address
break.

A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Y

| Program execution state |

o

Interrupt generated?

Control level 1
interrupt?
Yes

Hold pending

A

| Save PC and CCR |

1

| l—1,U 1 |

1

| Read vector address |

|Branch to interrupt handling routine|
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554 Interrupt Exception Handling Sequence

Figure 5.10 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.10 Interrupt Exception Handling
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555 Interrupt Response Times

The H85/2128 Series and H8S/2124 Series are capable of fast word access to on-chip memory,
and high-speed processing can be achieved by providing the program areain on-chip ROM and
the stack areain on-chip RAM.

Table 5.8 shows interrupt response times—the interval between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The symbols used in table
5.8 areexplained in table 5.9.

Table5.8 Interrupt Response Times

Number of States

No. Item Normal Mode Advanced Mode

1 Interrupt priority determination** 3 3
Number of wait states until executing 1to 19+2-S, 1to 19+2-S,
instruction ends*?

3 PC, CCR stack save 2:S, 2:S,

4 Vector fetch S, 2-S,

5 Instruction fetch** 2:S, 2:S,

6 Internal processing** 2 2

Total (using on-chip memory) 11t0 31 12 to 32

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table5.9 Number of Statesin Interrupt Handling Routine Execution

Object of Access

External Device

8-Bit Bus
Symbol Internal Memory  2-State Access 3-State Access
Instruction fetch S, 1 4 6+2m

Branch address read S,

Stack manipulation Sy

Legend:
m: Number of wait states in an external device access
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5.6 Usage Notes

56.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if aninterrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
reguest of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 5.11 shows an example in which the CMIEA bit in 8-bit timer register TCR is cleared to 0.

TCR write cycle by CPU CMIA exception handling

-y .y

Internal

address bus TCR address ><

Internal
write signal

CMIEA

CMFA

CMIA
interrupt signal

x

Figure5.11 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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5.6.2 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, al interrupts, including NMI, are disabled and the next instruction is
always executed. When the | bit or Ul bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

5.6.3 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPM OV .B instruction, an interrupt request (including NM1) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case isthe address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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57 DTC Activation by Interrupt

57.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

¢ Interrupt request to CPU
e Activationrequest to DTC
« Both of the above

For details of interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller.

5.7.2 Block Diagram

Figure 5.12 shows a block diagram of the DTC and interrupt controller.

DTC activation

Interrupt request vector

request Selection nu?nber

circuit
IRQ
interrupt ﬂ S_eleclt
signal .
9 Clear signal Control logic bTC
| Interrupt source| DTCER
On-chip clear signal Clear signal
supporting
module
DTVECR
I
SWDTE .

clear signal CPU interrupt
request vector

oot number

Determ_mz_;\tlon of CPU
priority -
Interrupt controller I, Ul

Figure5.12 Interrupt Control for DTC
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5.7.3 Operation
Theinterrupt controller has three main functionsin DTC control.

Selection of Interrupt Source: It is possibleto select DTC activation request or CPU interrupt
request with the DTCE bit of DTCERA to DTCERE inthe DTC.

After aDTC datatransfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC performs the specified number of data transfers and the transfer counter reaches O,
following the DTC data transfer the DTCE bit is cleared to 0 and an interrupt request is sent to the
CPU.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 7.3.3, DTC Vector Table,
for the respective priorities.

Operation Order: If the same interrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.10 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE bit of DTCERA to DTCERE in the DTC and the DISEL bit of MRB
inthe DTC.

Table5.10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A x
1 O A

Legend

A: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O: The relevant interrupt is used. The interrupt source is not cleared.
x: The relevant bit cannot be used.
*: Don't care

Usage Note: SCI, 1IC, and A/D converter interrupt sources are cleared when the DTC reads or
writes to the prescribed register, and are not dependent upon the DISEL bit.
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Section 6 Bus Controller

6.1 Overview

The H85/2128 Series and H8S/2124 Series have a built-in bus controller (BSC) that allows
external address space bus specifications, such as bus width and number of access states, to be set.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU and data transfer controller (DTC).

6.1.1 Features
The features of the bus controller are listed below.

* Basic businterface
0 2-state access or 3-state access can be selected
O Program wait states can be inserted

e Burst ROM interface
0 External space can be designated as ROM interface space
O 1-state or 2-state burst access can be selected

e Idlecycleinsertion

O Anidlecycle can beinserted when an external write cycle immediately follows an external
read cycle

e Busarbitration function
O Includes abus arbiter that arbitrates bus mastership between the CPU and DTC



6.1.2 Block Diagram

Figure 6.1 shows ablock diagram of the bus controller.

External bus control signals Internal
Bus controller control signals
— Bus mode signal
‘ ‘ WSCR |
BCR
Internal
_ data bus
WAIT > Wait controller
l«—— CPU bus request signal
«—— DTC bus request signal
Bus arbiter

= CPU bus acknowledge signal
—» DTC bus acknowledge signal

Figure6.1 Block Diagram of Bus Controller




6.1.3 Pin Configuration
Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol 1/0 Function

Address strobe AS Output Strobe signal indicating that address output on
address bus is enabled (when IOSE bit is 0)

I/O select 10S Output I/0 select signal (when IOSE bit is 1)

Read RD Output Strobe signal indicating that external space is
being read

Write WR Output Strobe signal indicating that external space is
being written to, and that data bus is enabled

Wait WAIT Input Wait request signal when external 3-state access

space is accessed

6.1.4 Register Configuration
Table 6.2 summarizes the registers of the bus controller.

Table6.2 BusController Registers

Name Abbreviation R/W Initial Value Address*
Bus control register BCR R/W H'D7 H'FFC6
Wait state control register WSCR R/W H'33 H'FFC7

Note: * Lower 16 bits of the address.



6.2 Register Descriptions

6.2.1 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO0 — 10S1 10S0
Initial value 1 1 0 1 0 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BCR is an 8-hit readable/writable register that specifies the external memory space access mode,
and the extent of the I/O area when the /O strobe function has been selected for the AS pin.

BCRisinitialized to H'D7 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Idle Cyclelnsert 1 (I1CIS1): Reserved. Do not write O to this bit.

Bit 6—Ildle Cyclelnsert O (1CIS0): Selects whether or not a one-state idle cycleisto be inserted
between bus cycles when successive external read and external write cycles are performed.

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether external space is designated as a burst
ROM interface space. The selection applies to the entire external space .

Bit 5

BRSTRM Description

0 Basic bus interface (Initial value)
1 Burst ROM interface

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycles for the burst ROM
interface.



Bit 4
BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bit 2—Reserved: Do not write O to this bit.

Bits1 and 0—IOS Select 1 and 0 (10S1, 10S0): Seetable 6.4.

6.2.2 Wait State Control Register (WSCR)

Bit 7 6 5 4 3 2 1 0
RAMS | RAMO ABW AST WMS1 | WMSO0 WC1 WCO0
Initial value 0 0 1 1 0 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

WSCR is an 8-bit readable/writable register that specifies the data bus width, number of access
states, wait mode, and number of wait states for external memory space. The on-chip memory and
internal 1/O register bus width and number of access states are fixed, irrespective of the WSCR
settings.

WSCRisinitialized to H'33 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—RAM Select (RAM S)/Bit 6—RAM Area Setting (RAMO): Reserved hits.

Bit 5—BusWidth Control (ABW): Specifies whether the external memory space is 8-bit access
space or 16-hit access space.

However, a 16-bit access space cannot be specified for these series, and therefore 0 should not be
written to this bit.



Bit 5

ABW Description

0 External memory space is designated as 16-bit access space (A 16-bit access space
cannot be specified for these series)

1 External memory space is designated as 8-bit access space (Initial value)

Bit 4—Access State Control (AST): Specifies whether the external memory space is 2-state
access space or 3-state access space, and simultaneously enables or disables wait state insertion.

Bit 4
AST Description
0 External memory space is designated as 2-state access space
Wait state insertion in external memory space accesses is disabled
1 External memory space is designated as 3-state access space (Initial value)

Wait state insertion in external memory space accesses is enabled

Bits 3 and 2—Wait Mode Select 1 and 0 (WM S1, WM S0): These bits select the wait mode
when external memory space is accessed while the AST bit is set to 1.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Program wait mode (Initial value)
1 Wait-disabled mode

1 0 Pin wait mode
1 Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WC1, WCOQ): These bits select the number of program wait
states when external memory space is accessed while the AST bit isset to 1.

Bit 1 Bit 0

WC1 WCO0 Description

0 0 No program wait states are inserted
1 1 program wait state is inserted in external memory space accesses

1 0 2 program wait states are inserted in external memory space accesses
1 3 program wait states are inserted in external memory space accesses

(Initial value)




6.3 Overview of Bus Control

6.3.1 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and wait mode and number of program wait states.

The bus width and number of access states for on-chip memory and internal |/O registers are
fixed, and are not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with the ABW bit. A 16-bit access space
cannot be specified for these series.

Number of Access States. Two or three access states can be selected with the AST hit.

When 2-state access space is designated, wait insertion is disabled. The number of access states on
the burst ROM interface is determined without regard to the AST bit setting.

Wait Mode and Number of Program Wait States: When 3-state access space is designated by
the AST bit, the wait mode and the number of program wait states to be inserted automaticaly is
selected with WM S1, WM S0, WC1, and WCO. From 0 to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

Bus Specifications (Basic Bus Interface)

Access Program
ABW AST WMS1 WMSO WC1 WCO Bus Width  States Wait States
0 0 — — — — Cannot be used in the H8S/2128 Series or
H8S/2124 Series.
1 0 — — — — 8 2 0
1 0 1 — — 8 3 0
—* —* 0 0 3 0
1 1
1 0 2
1 3

Note: * Except when WMS1 =0 and WMSO0 =1



6.3.2 Advanced M ode

The H85/2128 and H8S/2124 have 16 address output pins, so there are no pins for output of the

upper address bits (A 16 to A23) in advanced mode. H'FFFO00 to H'FFFE4F can be accessed by

designating the AS pin as an 1/O strobe pin. The accessible external space is therefore H'FFF000
to H'FFFE4F even when expanded mode with ROM enabled is selected in advanced mode.

Theinitial state of the external spaceis basic bus interface, three-state access space. In ROM-
enabled expanded mode, the space excluding the on-chip ROM, on-chip RAM, and internal 1/0
registersis external space. The on-chip RAM is enabled when the RAME bit in the system control
register (SY SCR) is set to 1; when the RAME bit is cleared to 0, the on-chip RAM is disabled and
the corresponding space becomes external space.

6.3.3 Normal Mode

Theinitia state of the external memory space is basic bus interface, three-state access space. In
ROM -disabled expanded mode, the space excluding the on-chip RAM and internal /O registersis
external space. In ROM-enabled expanded mode, the space excluding the on-chip ROM, on-chip
RAM, and internal 1/O registersis externa space. The on-chip RAM is enabled when the RAME
bit in the system control register (SY SCR) is set to 1; when the RAME hit is cleared to O, the on-
chip RAM isdisabled and the corresponding space becomes external space.

6.3.4 I/0 Select Signal

In the H85/2128 Series and H85/2124 Series, an /0 select signal (IOS) can be output, with the
signal output going low when the designated external spaceis accessed.

Figure 6.2 shows an example of 10S signal output timing.

Bus cycle

T T T3

Address bus >< External address in 10S set range A




Enabling or disabling of IOS signal output is controlled by the setting of the IOSE bit in SY SCR.
In expanded mode, this pin operates as the AS output pin after a reset, and therefore the |OSE bit
in SY SCR must be set to 1 in order to use this pin as the IOS signal output. See section 8, 1/0
Ports, for details.

The range of addresses for which the IOS signal is output can be set with bits |0S1 and 10S0 in
BCR. TheIOS signal address ranges are shown in table 6.4.

Table6.4 IOS Signal Output Range Settings

I0S1 10S0 10S Signal Output Range
0 0 H'(FF)F000 to H'(FF)FO3F
1 H'(FF)F000 to H'(FF)FOFF
1 0 H'(FF)F000 to H'(FF)F3FF
1 H'(FF)F000 to H'(FF)FE4F (Initial value)

6.4 Basic BusInterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with the AST bit, and the WMS1, WM S0, WC1, and WCO
bits (see table 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

These series only have an upper data bus, and only 8-bit access space alignment is used. In these
series, the upper data bus pins are designated D7 to DO.

8-Bit Access Space: Figure 6.3 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amount of
data that can be accessed at one time is one byte: aword accessis performed as two byte accesses,
and alongword access, as four byte accesses.



Upper data bus Lower data bus
D15 D8, D7 DO,

BytESiZE |“““‘|

Word i 1st bus cycle | : : : : : : :
rasee [ ondbuseypole [ ]

[ 1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle
| 4th bus cycle

Figure6.3 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space (Cannot be Used in the H85/2128 Series or H8S5/2124 Series): Figure 6.4
illustrates data alignment control for the 16-bit access space. With the 16-bit access space, the
upper data bus (D15 to D8) and lower data bus (D7 to DO) are used for accesses. The amount of
data that can be accessed at one time is one byte or one word, and alongword access is executed
as two word accesses.

In byte access, whether the upper or lower databusis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size  « Even address L ]
Byte size * Odd address | —— |

Word size |wwwwwH|HHH‘|

Longword 1st bus cycle
size

2nd bus cycle

Figure6.4 Access Sizesand Data Alignment Control (16-Bit Access Space)




6.4.3 Valid Strobes
Table 6.5 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

These series only have an upper data bus, and only the RD and HWR signals are valid. In these
series, the HWR signal pin is designated WR.

Table6.5 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (D15 to D8)* (D7 to DO)*?
8-bit access space Byte Read — RD Valid Port, etc.
Write — HWR*? Port, etc.
16-bit access space Byte Read Even RD Valid Invalid
(Cannot be used in Odd Invalid Valid
the H8S/2128 Series Write Even  HWR Valid Undefined
or H8S/2124 Series) — - -
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Undefined: Undefined data is output.
Invalid: Input state; input value is ignored.

Port, etc.: Pins are used as port or on-chip supporting module input/output pins, and not as
data bus pins.

1. The pin names in these series are D7 to DO.
2. The pin name in these series is WR.
3. There are no lower data bus pins in these series.



6.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 6.5 shows the bus timing for an 8-bit 2-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used.

Wait states cannot be inserted.

These series have no lower data bus (D7 to DO) pins or LWR pin. In these series, the upper data
bus (D15 to D8) pins are designated D7 to DO, and the HWR signal pin is designated WR.

re—————— Bus cycle

T i T

Address bus

AS/IOS (I0SE = 1)

AS/10S (I0SE = 0)

Read D15 to D8

D7 to DO

I
)

Write

D15 to D8 —<  Valid >7

Figure6.5 BusTiming for 8-Bit 2-State Access Space




8-Bit 3-State Access Space: Figure 6.6 shows the bus timing for an 8-bit 3-state access space.
When an 8-hit access space is accessed, the upper haf (D15 to D8) of the data busis used.

Wait states can be inserted.

These series have no lower data bus (D7 to DO) pins or LWR pin. In these series, the upper data
bus (D15 to D8) pins are designated D7 to DO, and the HWR signal pin is designated WR.

- Bus cycle -

Read D15 to D8

Write

Figure6.6 BusTimingfor 8-Bit 3-State Access Space




6.4.5 Wait Control

When accessing external space, the MCU can extend the bus cycle by inserting one or more wait
states (T,,). There are three ways of inserting wait states. program wait insertion, pin wait insertion
using the WAIT pin, and a combination of the two.

Program Wait Mode

In program wait mode, the number of T, states specified by bits WC1 and WCO are always
inserted between the T, and T states when external space is accessed.

Pin Wait Mode

In pin wait mode, the number of T,, states specified by bits WC1 and WCO are always inserted
between the T, and T, states when external spaceis accessed. If the WAIT pinislow at thefall of
ginthelast T, or T,, state, another T,, state isinserted. If the WAIT pinisheld low, T,, states are
inserted until it goes high.

Pin wait mode is useful for inserting four or more wait states, or for changing the number of T,
states for different external devices.

Pin Auto-Wait M ode

In pin auto-wait mode, if the WAIT pinislow at the fall of the system clock in the T, state, the
number of T, states specified by bits WC1 and WCO are inserted between the T, and T, states
when external spaceis accessed. No additional T, states are inserted even if the WAIT pin
remains low. Pin auto-wait mode can be used for an easy interface to low-speed memory, simply
by routing the chip select signal to the WAIT pin.

Figure 6.7 shows an example of wait state insertion timing.



By program wait By WAIT pin

Ty T Tw Tw Tw T3
i: =i< >l >l - - =i
= i
|
WAIT
Address bus :>< ><i
AS (IOSE =0)
RD F
Read
Data bus { Read data >—
WR
Write
Data bus 4< Write data >>

Note: l indicates the timing of WAIT pin sampling using the g clock.

Figure6.7 Exampleof Wait State Insertion Timing

The settings after areset are: 3-state access, insertion of 3 program wait states, and WAIT input
disabled.




6.5 Burst ROM Interface

6.5.1 Overview

With the H8S/2128 Series and H85/2124 Series, external space area 0 can be designated as burst
ROM space, and burst ROM interfacing can be performed.

External space can be designated as burst ROM space by means of the BRSTRM bit in BCR.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.5.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the AST bit. Also, when the AST bit is set to 1, wait state insertion is possible.
One or two states can be selected for the burst cycle, according to the setting of the BRSTS1 bit in
BCR. Wait states cannot be inserted.

When the BRSTSO0 bit in BCR is cleared to 0, burst access of up to 4 wordsis performed; when
the BRSTSO bit is set to 1, burst access of up to 8 words is performed.

The basic access timing for burst ROM spaceis shown in figure 6.8 (a) and (b). The timing shown
in figure 6.8 (a) isfor the case where the AST and BRSTS1 bits are both set to 1, and that in figure
6.8 (b) isfor the case where both these bits are cleared to 0.

Full access Burst access
T, ‘ T, ‘ T3 T, ‘ T, Ty ‘ T,
(I ~ (I il
[
\/
Address bus >< Only lower ad;j\ress changed

AS/I0S (IOSE = 0)

RD

Data bus —< Read data >—< Read data >—< Read data




Full access Burst access

T Tz T T

: ( \/ ) :
Address bus ><On|y lower address changed
/\

AS/IOS (IOSE = 0)

RD

Data bus 4< Read data ><Read data><Read data>i

Figure 6.8 (b) Example of Burst ROM Access Timing (When AST = BRSTS1=0)

6.5.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 6.4.5, Wait
Contral.

Wait states cannot be inserted in a burst cycle.




6.6 Idle Cycle

6.6.1 Operation

When the H8S/2128 Series or H8S/2124 Series chip accesses external space, it can insert a 1-state
idle cycle (T,) between bus cycles when awrite cycle occursimmediately after aread cycle. By
inserting anidle cycleit is possible, for example, to avoid data collisions between ROM, with a
long output floating time, and high-speed memory, /O interfaces, and so on.

If an external write occurs after an external read whilethe ICISO bitin BCRissetto 1, anidle
cycleisinserted at the start of the write cycle. Thisis enabled in advanced mode and normal
mode.

Figure 6.9 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycleisinserted, and adata collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T LERP

Address bus j X X: Address busj \ X:

(U
-

Data bus :)—(

Long output
floating time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.9 Exampleof Idle Cycle Operation




6.6.2 Pin Statesin Idle Cycle
Table 6.5 shows pin statesin an idle cycle.

Table6.5 Pin Statesin Idle Cycle

Pins Pin State

A15 to A0, IOS Contents of next bus cycle
D7 to DO High impedance

AS High

RD High

WR High

6.7 Bus Arbitration

6.7.1 Overview
The H85/2128 Series and H8S/2124 Series have a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and the DTC, which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
beginsits operation.

6.7.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
both bus masters, the bus request acknowledge signal is sent to the one with the higher priority.
When a bus master receives the bus request acknowledge signal, it takes possession of the bus

until that signal is canceled.

The order of priority of the bus mastersis asfollows:

(High) DTC > CPU (Low)



6.7.3 Bus Transfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the busto the DTC. Thetiming for transfer of the busis as follows:

e Thebusistransferred at abreak between bus cycles. However, if abus cycle is executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations.

See appendix A.5, Bus States during Instruction Execution, for timings at which the busis not
transferred.

e If the CPU isin sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC does not release the bus until it has completed a series of processing operations.



Section 7 Data Transfer Controller [H85/2128 Series]
Provided in the H8S/2128 Series; not provided in the H8S5/2124 Series.

7.1 Overview

The H85/2128 Series includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

711 Features

» Transfer possible over any number of channels
O Transfer information is stored in memory
O One activation source can trigger a number of data transfers (chain transfer)

e Widerange of transfer modes
O Normal, repeat, and block transfer modes available

O Incrementing, decrementing, and fixing of transfer source and destination addresses can be
selected

» Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified

e Transfer can be set in byte or word units

* A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends
O Aninterrupt request can be issued to the CPU after all specified data transfers have ended

e Activation by software is possible

e Maodule stop mode can be set

O Theinitia setting enables DTC registers to be accessed. DTC operation is halted by setting
modul e stop mode
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7.1.2 Block Diagram

Figure 7.1 shows ablock diagram of the DTC.

The DTC' sregister information is stored in the on-chip RAM*. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c |
o |
T
< wllx B £ |
InterruptD 5ol - 2| ele| K I
request O=0|> g |z <|< ul
n nollo c5 c S|<|n0jn Q9
Lo o altding D
g2 | © </0|O >
=0 o [T
c= = x .
© |
[8)
'_
O 3 U
CPU interrupt Internal data bus
request
Legend:

MRA, MRB: DTC mode registers A and B

CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register

DAR: DTC destination address register
DTCERA to DTCERE: DTC enable registers Ato E
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC
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7.13 Register Configuration

Table 7.1 summarizesthe DTC registers.

Table7.1 DTC Registers

Name Abbreviation R/W Initial Value  Address**

DTC mode register A MRA —*2  Undefined —x3

DTC mode register B MRB —*2  Undefined —*3

DTC source address register SAR —*2  Undefined —x3

DTC destination address register DAR —*2  Undefined —*3

DTC transfer count register A CRA —*2  Undefined —*3

DTC transfer count register B CRB —*2  Undefined —x3

DTC enable registers DTCER** R/W  H'00 H'FEEE to H'FEF2

DTC vector register DTVECR** R/W  H'00 H'FEF3

Module stop control register MSTPCRH R/W  H'3F H'FF86
MSTPCRL RW  HFF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Registers within the DTC cannot be read or written to directly.

3. Allocated to on-chip RAM addresses H'ECO00 to H'EFFF as register information.They
cannot be located in external memory space.

When the DTC is used, do not clear the RAME bit in SYSCR to 0.

4. The H8S/2124 Series does not include an on-chip DTC, and therefore the DTCER and

DTVECR register addresses should not be accessed by the CPU.

HITACHI
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7.2 Register Descriptions

721 DTC Mode Register A (MRA)

Bit 7 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz

Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — _

MRA is an 8-hit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SM0): These hits specify whether SAR is
to be incremented, decremented, or left fixed after adata transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by 1 when Sz = 0; by 2 when Sz = 1)
1 SAR is decremented after a transfer

(by 1 when Sz = 0; by 2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM 1, DM 0): These hits specify whether
DAR isto be incremented, decremented, or |eft fixed after a data transfer.

Bit 5 Bit 4

DM1 DMO Description

0 — DAR is fixed

1 0 DAR is incremented after a transfer
(by 1 when Sz = 0; by 2 when Sz = 1)

1 DAR is decremented after a transfer

(by 1 when Sz = 0; by 2 when Sz = 1)
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Bits3and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 —

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
sideis set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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722  DTC ModeRegister B (MRB)

Bit 7 6 5 4 3 2 1 0
CHNE | DISEL — — — — — —

Initial value Unde- Unde- Unde- Unde- Unde-  Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — —

MRB isan 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. In chain transfer,
multiple data transfers can be performed consecutively in response to asingle transfer request.
With datatransfer for which CHNE is set to 1, there is no determination of the end of the specified
number of transfers, clearing of the interrupt source flag, or clearing of DTCER.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DI SEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after adata transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: Inthe H85/2128 Series these bits have no effect on DTC operation, and
should always be written with O.

156
HITACHI



7.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value  Unde- Unde- Unde- Unde- Unde- - - Unde-Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

Read/write - - = = — --- - - = - —

SAR isa24-bit register that designates the source address of datato be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0
Initial value  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-

fined fined fined fined fined fined fined fined fined fined
Read/write - = = = — --- - = = - -

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

7.25 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value  Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — @ — @ — @ — @ — @ — @ — @ — - — = —

-« CRAH —»=-«————— — CRAL —M»

CRA isa16-hit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA register functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time dataiis transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, CRA is divided into two parts: the upper 8 bits (CRAH)
and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL functions as an 8-
bit transfer counter (1 to 256). CRAL is decremented by 1 every time dataistransferred, and the
contents of CRAH are transferred when the count reaches H'00. This operation is repeated.
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7.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value  Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — @ — @ — @ — @ — @ — @ — @ — = = = =

CRB isa16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

727  DTC Enable Registers (DTCER)

Bit 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise five 8-bit readable/writable registers, DTCERA to DTCERE,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bitn

DTCEn Description

0 DTC activation by interrupt is disabled (Initial value)
[Clearing conditions]
¢ When data transfer ends with the DISEL bit set to 1
* When the specified number of transfers end

1 DTC activation by interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified humber of transfers have not ended
(n=7100)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bitsis shown in table 7.4, together with the vector number
generated by the interrupt controller in each case.
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For DTCE hit setting, read/write operations must be performed using bit-manipulation instructions
such as BSET and BCLR. For theinitia setting only, however, when multiple activation sources
are set at onetime, it is possible to disable interrupts and write after executing a dummy read on
the relevant register.

7.2.8 DTC Vector Register (DTVECR)

Bit 7 6 5 4 3 2 1 0
SWDTE | DTVEC6| DTVEC5|DTVEC4|DTVEC3|DTVEC2 |DTVEC1|DTVECO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/I(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * A value of 1 can always be written to the SWDTE bit, but O can only be written after 1
is read.

DTVECR is an 8-hit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Specifies enabling or disabling of DTC
software activation. To clear the SWDTE bit by software, read SWDTE when set to 1, then write O
in the bit.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have
not ended

1 DTC software activation is enabled

[Holding conditions]

* When data transfer ends with the DISEL bit setto 1
* When the specified number of transfers end

» During software-activated data transfer

Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO0): These bits
specify avector number for DTC software activation.

The vector addressis H'0400 + (vector number) << 1 (where << 1 indicates a 1-bit |eft shift). For
example, if DTVEC6 to DTVECO = H'10, the vector address is H'0420.
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7.29 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTPS | MSTPS | MSTP7 | MSTP6 | MSTPS | MSTP4 | MSTP3 | MSTP2 | MSTPL | MSTPO
Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR, comprising two 8-bit readable/writable registers, performs modul e stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, the DTC operation stops at the end of the bus cycle
and atransition is made to module stop mode. Note that 1 cannot be written to the MSTP14 bit
when the DTC is being activated. For details, see section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

M STPCRH Bit 6—Module Stop (M STP14): Specifies the DTC module stop mode.

MSTPCRH

Bit 6

MSTP14  Description

0 DTC module stop mode is cleared (Initial value)
1 DTC module stop mode is set
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7.3 Operation

731 Overview

When activated, the DTC reads register information that is aready stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makesit possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makesit possible to
perform a number of transfers with a single activation.

Figure 7.2 shows aflowchart of DTC operation.

Start

Y
Read DTC vector

Next transfer

\

Read register information

Y

Data transfer

v

Write register information

-

;

No

Transfer counter =

or DISEL = 1?2 Yes
Y
Clear activation flag Clear DTCER
End Interrupt e>_<ception
handling

Figure7.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,

decremented, or left fixed.

Table 7.2 outlines the functions of the DTC.

Table7.2 DTC Functions
Address Registers
Transfer Transfer
Transfer Mode Activation Source Source Destination
* Normal mode * IRQ 24 bits 24 bits
O One transfer request transfers one « FRTICI, OCI
byte or one word «  8-bit timer CMI
0 Memory addresses are incremented e SCITXl or RXI
or decremented by 1 or 2 « A/D converter ADI
O Up to 65,536 transfers possible . lCICI
* Repeat mode . Software

O One transfer request transfers one
byte or one word

0 Memory addresses are incremented
or decremented by 1 or 2

0 After the specified number of transfers
(1 to 256), the initial state resumes and
operation continues

* Block transfer mode

0 One transfer request transfers a block
of the specified size

0 Block size is from 1 to 256 bytes or
words

0 Up to 65,536 transfers possible

O A block area can be designated at either
the source or destination
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7.3.2 Activation Sources

The DTC operates when activated by an interrupt or by awriteto DTVECR by software (software

activation). An interrupt request can be directed to the CPU or DTC, as designated by the

corresponding DTCER hit. The interrupt request is directed to the DTC when the corresponding

bit is set to 1, and to the CPU when the bit is cleared to 0.

At the end of one data transfer (or the last of the consecutive transfers in the case of chain transfer)

the interrupt source or the corresponding DTCER bit is cleared. Table 7.3 shows activation
sources and DTCER clearing.

Theinterrupt source flag for RX10, for example, isthe RDRF flag in SCIO0.

Table7.3 Activation Sourcesand DTCER Clearing

When DISEL Bit Is 0 and When DISEL Bit Is 1 or
Activation Specified Number of Transfers Specified Number of Transfers
Source Have Not Ended Have Ended
Software SWDTE bit cleared to O * SWDTE bit held at 1
activation ¢ Interrupt request sent to CPU
Interrupt « Corresponding DTCER bit « Corresponding DTCER bit cleared
activation held at 1 to 0

< Activation source flag cleared e Activation source flag held at 1

to 0 e Activation source interrupt request
sent to CPU

Figure 7.3 shows a block diagram of activation source control. For details see section 5, Interrupt

Controller.
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Source flag cleared

Clear
control
Clear
A
DTCER
Clear request
Select
\ Y
On-chip -
supporting = DTC
=}
module 3]
‘©
. - c
IRQ interrupt ™ o
Interrupt °
()
request T -
DTVECR m » Interrupt controller CPU

Interrupt mask

Figure7.3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC is activated in accordance with the default priorities.

7.33 DTC Vector Table
Figure 7.4 shows the correspondence between DTC vector addresses and register information.

Table 7.4 shows the correspondence between activation sources, vector addresses, and DTCER
bits. When the DTC is activated by software, the vector address is obtained from: H'0400 +
DTVECR[6:0] << 1 (where << 1 indicates a 1-bit |eft shift). For example, if DTVECR isH'10, the
vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.
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Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEsS

Origin of Vector Vector
Interrupt Source Interrupt Source  Number  Address DTCE*  Priority
Write to DTVECR Software DTVECR H0400+ — High
(Decimal DTVECR A
indication) [6:0] << 1
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEAS
IRQ3 19 H'0426 DTCEA4
ADI (A/D conversion end) A/ID 28 H'0438 DTCEA3
ICIA (FRT input capture A) FRT 48 H'0460 DTCEA2
ICIB (FRT input capture B) 49 H'0462 DTCEAl1
OCIA (FRT output compare A) 52 H'0468 DTCEAO
OCIB (FRT output compare B) 54 H'046A DTCEB7
CMIAO (TMRO compare-match A) TMRO 64 H'0480 DTCEB2
CMIBO (TMRO compare-match B) 65 H'0482 DTCEB1
CMIAL (TMR1 compare-match A) TMR1 68 H'0488 DTCEBO
CMIB1 (TMR1 compare-match B) 69 H'048A DTCECY
CMIAY (TMRY compare-match A) TMRY 72 H'0490 DTCEC6
CMIBY (TMRY compare-match B) 73 H'0492 DTCECS
RXI0 (reception completed 0) SClI channel 0 81 H'04A2 DTCEC2
TXIO (transmit data empty 0) 82 H'04A4 DTCEC1
RXI1 (reception completed 1) SClI channel 1 85 H'04AA DTCECO
TXI1 (transmit data empty 1) 86 H'04AC DTCED7
[ICIO (1ICO 1-byte transmission/ 1ICO (option) 92 H'04B8 DTCEDA4
reception completed)
[ICI1 (IIC1 1-byte transmission/ 1IC1 (option) 94 H'04BC DTCED3
reception completed) Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with O.
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DTC vector Register information / L ]
— Register information
address start address

Chain transfer
~N_ ~N_

Figure7.4 Correspondence between DTC Vector Address and Register Information

734 L ocation of Register Information in Address Space
Figure 7.5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (vector address contents). In chain transfer, locate the register
information in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFECQ0 to H'FFEFFF).

/\/
Lower address
0 1 2 3
Register information —=| MRA SAR
start address MRB DAR Register information
. CRA CRB
Chain transfer
= MRA SAR ) ) )
Register information
MRB DAR for 2nd transfer
CRA CRB in chain transfer
4 bytes
/\/

Figure7.5 Location of DTC Register Information in Address Space
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7.35 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt can be requested.

Table 7.5 lists the register information in normal mode and figure 7.6 shows memory mapping in

normal mode.

Table7.5 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register A CRA Transfer count
DTC transfer count register B CRB Not used

N N

SAR —» > <— DAR
Transfer
~ ~
Figure7.6 Memory Mappingin Normal Mode
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7.3.6 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial address register state specified by the transfer counter and repeat area resumes and transfer
is repeated. In repeat mode the transfer counter does not reach H'00, and therefore CPU interrupts
cannot be requested when DISEL = 0.

Table 7.6 lists the register information in repeat mode and figure 7.7 shows memory mapping in
repeat mode.

Table7.6 Register Information in Repeat M ode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer count
DTC transfer count register B CRB Not used

Me N Me N

SAR or DAR or
DAR ™ Repeat area <:> - SR

Transfer

mm

Figure7.7 Memory Mappingin Repeat Mode
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7.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is specified as a block area.

Theblock sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified in the block areais restored. The other address register is
successively incremented or decremented, or |eft fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 7.7 lists the register information in block transfer mode and figure 7.8 shows memory
mapping in block transfer mode.

Table7.7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size count

DTC transfer count register B CRB Transfer counter
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. First block

B N
SAR or B N B DAR or
DAR ™ <:> Block area - 5AR

- - Transfer [~

B n ~_ @

Nth block
J\
Figure7.8 Memory Mapping in Block Transfer Mode
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7.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consecutively in
response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 7.9 shows memory mapping for chain transfer.

T~

Source

o~ o~
. . . ) Destination
Register information
CHNE =1
DTC vector Register information f
address start address [
Register information
CHNE =0
7 Source
/\/ /\/

N S
A Destination

Figure7.9 Memory Mappingin Chain Transfer

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL hit to 1, and the interrupt
source flag for the activation source is not affected.
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739 Operation Timing

Figures 7.10 to 7.12 show examples of DTC operation timing.

° JyyuruyvyyuryyL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

-~
e O OO e OO0
- -

Transfer Transfer
information read information write

Figure7.10 DTC Operation Timing (Normal Mode or Repeat M ode)

0 Juygyyyrryyrrr UYL
DTC activation

request / \

DTC request / \

Data transfer

Vector read

piess O OO0 REEE0O00

-y -
Transfer Transfer
information read information write

Figure7.11 DTC Operation Timing (Block Transfer Mode, with Block Size of 2)
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o Juuyyrryryiryuvyyyuy i

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure7.12 DTC Operation Timing (Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7.8 lists execution phases for asingle DTC data transfer, and table 7.9 shows the number of
states required for each execution phase.

Table7.8 DTC Execution Phases

Register Information Internal
Vector Read Read/Write Data Read Data Write Operation
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table7.9 Number of States Required for Each Execution Phase

On- On-
Chip Chip Internal I/O
Object of Access RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8
Access states 1 1 2 2 2 3
Execution Vector read S, — 1 — — 4 6+2m
phase
Register S, 1 — — — — —
information
read/write
Byte data read Sk 1 1 2 2 2 3+m
Word data read Sy 1 1 4 2 4 6+2m
Byte data write S, 1 1 2 2 2 3+m
Word data write S, 1 1 4 2 4 6+2m
Internal operation S, 1 1 1 1 1 1

The number of execution states is calculated from the formula below. Note that > means the sum
of al transfers activated by one activation event (the number for which the CHNE bit is set to one,
plus1).

Number of execution states =1-S,+2(J-S,+ K-Sy +L-S)+ M-S,

For example, when the DTC vector address table islocated in on-chip ROM, normal mode is set,
and datais transferred from the on-chip ROM to an internal 1/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawriteis 10 states.
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7311 Proceduresfor Usingthe DTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:

1.

2.

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bit in DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE hit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:

1.

2.

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 in the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one datatransfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to O. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bitisheld at 1 and a CPU interrupt is requested.
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7.3.12 Examplesof Useof theDTC

Normal Mode: An exampleis shown in which the DTC is used to receive 128 bytes of datavia
the SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), norma mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.
3. Set the corresponding bitin DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RXI) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flagin SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to O.

6. When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bhit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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Softwar e Activation: An exampleis shown in which the DTC is used to transfer a block of 128
bytes of data by means of software activation. The transfer source addressis H'1000 and the
destination address is H'2000. The vector number is H'60, so the vector addressis H'04CO0.

1. Set MRA to incrementing source address (SM1 =1, SMO = 0), incrementing destination
address (DM 1 =1, DMO = 0), block transfer mode (MD1 =1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

2. Set the start address of the register information at the DTC vector address (H'04CO0).

3. Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

4. Write 1 to the SWDTE hit and the vector number (H'60) to DTVECR. The write datais H'EO.

5. Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

6. If thewrite was successful, the DTC is activated and a block of 128 bytes of datais transferred.

7. After thetransfer, an SWDTEND interrupt occurs. Theinterrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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7.4 Interrupts

Aninterrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adatatransfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software-activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bhit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bitisheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE bit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.5 Usage Notes

Module Stop: When the MSTP14 bit in MSTPCR isset to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written in the MSTP14 bit whilethe DTC is
operating. When the DTC is placed in the module stop state, the DTCER registers must all bein
the cleared state when the MSTP14 bit is set to 1.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are al located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to 0.

DTCE Bit Setting: For DTCE bit setting, read/write operations must be performed using bit-
mani pulation instructions such as BSET and BCLR. For theinitia setting only, however, when
multiple activation sources are set at onetime, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.
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Section 8 1/0 Ports

8.1 Overview

The H85/2128 Series and H8S/2124 Series have six 1/0O ports (ports 1 to 6), and one input-only
port (port 7).

Tables 8.1 and 8.2 summarize the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only port) and data registers (DR) that store output data.

Ports 1 to 3 have a built-in MOS input pull-up function. Ports 1 to 3 have aMOS input pull-up
control register (PCR), in addition to DDR and DR, to control the on/off status of the MOS input
pull-ups.

Ports 1 to 6 can driveasingle TTL load and 30 pF capacitive load. All the I/O ports can drive a
Darlington transistor when in output mode. Ports 1 to 3 can drive an LED (10 mA sink current).

In the H8S/2128 Series, P52 in port 5 and P47 in port 4 are NMOS push-pull outputs.

Note that the H8S/2124 Series has subset specifications that do not include some supporting
modules. For differencesin pin functions, see table 8.1, H85/2128 Series Port Functions, and table
8.2, H85/2124 Series Port Functions.
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Table8.1

H85/2128 Series Port Functions

Expanded Modes

Single-Chip Mode

Mode 2, Mode 3

Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE = 0)
Port 1 < 8-bit I/O P17 to P10/ Lower When DDR =0  1/O port also functioning
port A7 to A0/ address (after reset): as PWM timer output
« Built-in PW7 to PWO/ output input port (PW7 to PWO, PWX1,
MOS input PWX1, PWX0 (A710A0)  \yhenDDR =1: PWXO0)
pull-ups lower address
* LED drive output (A7 to
capability AO0) or PWM
timer output
(PW7 to PWO,
PWX1, PWX0)
Port 2 < 8-bit I/O P27/A15/PW15/  Upper When DDR =0  1/O port also functioning
port SCK1/CBLANK  address (after reset): as PWM timer output
 Built-in P26/A14/PW14/ output input port, SCI1  (PW15 to PW8), SCI1
MOS input Ryp1 (A15to A8) /O pins (TxD1, I/O pins (TxD1, RxD1,
pull-ups RxD1, SCK1) or SCK1) and timer
« LED drive P25/A13/PW13/ timer connection  connection output
capabiity Ot output (CBLANK), I°C bus
P24/A12/PW12/ (CBLANK) interface 1 (option) 1/0
SCL1 When DDR = 1:  Pins (SCL1, SDA1), and
P23/A11/PW11/ upper address /O port
SDAl1 output (A15 to
A8), PWM timer
P22/A10/PW10 output (PW15 to
P21/A9/PW9 PW12), SCI1
P20/A8/PWS8 /O pins (TxD1,
RxD1, SCK1) or
timer connection
output
(CBLANK), or
output ports
(P27 to P24)
Port 3 * 8-bit I/O P37 to P30/ Data bus input/output (D7 to I/O port
port D7 to DO DO0)
* Built-in
MOS input
pull-ups
« LED drive
capability
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Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE = 0)
Port 4 < 8-bitl/O P47/WAIT/SDAO I/O port also functioning as I/0 port also functioning
port expanded data bus control as I°C bus interface 0
input (WAIT) and I°C bus (option) input/output
interface O (option) (SDAO0)
input/output (SDAOQ)
P46/a/EXCL When DDR  When DDR = 0 (after reset): input port or
= 0: input EXCL input
port or When DDR = 1: @ output
EXCL input
When DDR
=1 (after
reset): @
output
P45/AS/10S Expanded data bus control I/O port
P44/WR output (AS/IOS, WR, RD)
P43/RD
P42/IRQO I/O port also functioning as external interrupt input (IRQO,
P41/TRQ1 IRQ1)
P40/IRQ2/ I/O port also functioning as external interrupt input (IRQ2),
ADTRG and A/D converter external trigger input (ADTRG)
Port5 « 3-bit I/O P52/SCKO/SCLO  I/O port also functioning as SCIO input/output (TxDO,
port P51/RxDO RxDO0, SCKO0) and I°C bus interface 0 (option) input/output
(SCLO)
P50/TxD0O
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Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE = 0)
Port 6 ¢ 8-bit I/O P67/TMOX/ I/0 port also functioning as FRT input/output (FTCI, FTOA,
port TMO1/CIN7/ FTIA, FTIB, FTIC, FTID, FTOB), 8-bit timer 0 and 1
HSYNCO input/output (TMCIO, TMRIO, TMOO, TMCI1, TMRI1,
P66/ETOB/ TMOL1), 8-hit timer X and Y input/output (TMOX, TMIX,
TMRI1/CING/ TMIY), timer connection input/output (HSYNCO, CSYNCI,
CSYNCI HSYNCI, CLAMPO, VFBACKI, VSYNCI, VSYNCO,
HFBACKI), and expansion A/D converter input (CIN7 to

P65/FTID/TMCI1/ CINO)
CIN5/HSYNCI
P64/FTIC/TMOO0/

CIN4/CLAMPO

P63/FTIB/TMRIO/
CIN3/VFBACKI

P62/FTIAITMIY/
CIN2/VSYNCI

P61/FTOA/CIN1/
VSYNCO

P6O/FTCI/TMIX/
TMCIO/CINO/
HFBACKI

Port 7 * 8-bit input
port

P77/AN7
P76/ANG
P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO

Input port also functioning as A/D converter analog input
(AN7 to ANO)
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Table8.2 H852124 SeriesPort Functions
Expanded Modes Single-Chip Mode
Mode 2, Mode 3 Mode 2, Mode 3
Port  Description Pins Mode 1 (EXPE =1) (EXPE =0)
Port1 *8-bit /O P17 to P10/ Lower When DDR =0  1/O port
port A7 to AO address (after reset):
* Built-in output (A7 to input port
MOS input AQ) When DDR = 1:
pull-ups lower address
* LED drive output (A7 to
capability A0)
Port2 *8-bit /O P27/A15/SCK1  Upper When DDR =0  I/O port also functioning
port P26/A14/RxD1 address (after reset): as SCI1 I/O pins (TxD1,
« Built-in P25/A13/TxD1 output (A15 input port or RxD1, SCK1)
MOS input P24/A12 to A8) SCI1 I/O pins
pull-ups  P23/A11 (TxD1, RxD1,
« LED drive P22/A10 SCK1)
capability ~P2L/A9 When DDR = 1:
P20/A8 upper address
output (A15 to
A8), SCI1 I/0
pins (TxD1,
RxD1, SCK1) or
output ports
(P27 to P24)
Port 3 * 8-bit I/O P37 to P30/ Data bus input/output (D7 to 1/0 port
port D7 to DO DO)
* Built-in
MOS input
pull-ups
* LED drive
capability
Port 4 « 8-bit1/O PA7/WAIT I/O port also functioning as 1/0 port
port expanded data bus control
input (WAIT)
P46/a/EXCL When DDR  When DDR = 0 (after reset): input port or
=0: input EXCL input
port or When DDR = 1: g output
EXCL input
When DDR
=1 (after
reset): @
output
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Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE = 0)
Port 4 « 8-bit /O P45/AS/10S Expanded data bus control /O port
port P44/WR output(AS/10S, WR, RD)
P43/RD
P42/IRQO I/O port also functioning as external interrupt input (IRQO,
P41/TRQ1 IRQT)
P40/IRQ2/ 1/O port also functioning as I/O port also functioning
ADTRG external interrupt input (IRQ2), as external interrupt
and A/D converter external input (IRQ2) and A/D
trigger input (ADTRG) converter external
trigger input (ADTRG)
Port5 * 3-bit /O P52/SCKO I/O port also functioning as SCIO0 input/output (TxDO,
port P51/RxDO RxDO0, SCKO)
P50/TxD0
Port 6 < 8-bit I/O P67/TMO1/CIN7 1/O port also functioning as FRT input/output (FTCI, FTOA,
port P66/ETOB/ FTIA, FTIB, FTIC, FTID, FTOB), 8-bit timer 0 and 1
TMRI1/CING input/output (TMCIO, TMRIO, TMOO, TMCI1, TMRI1,

P65/FTID/TMCI1/
CINS

P64/FTIC/TMOO0/
CIN4

P63/FTIB/TMRIO/
CIN3

P62/FTIAITMIY/
CIN2

P61/FTOA/CIN1

P60/FTCI/TMCIO/
CINO

TMOL1), 8-bit timer Y input (TMIY), and expansion A/D
converter input (CIN7 to CINO)

Port 7 * 8-bit input

port

P77/AN7
P76/ANG
P75/AN5S
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO

Input port also functioning as A/D converter analog input
(AN7 to ANO)

184

HITACHI



8.2 Port 1

821 Overview

Port 1 isan 8-bit I/O port. Port 1 pins also function as address bus output pins as 8-bit PWM
output pins (PW7 to PWQ) (H85/2128 Series only), and as 14-bit PWM output pins (PWX1 to
PWX0) (H8S/2128 Series only). Port 1 functions change according to the operating mode. Port 1
has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.1 shows the port 1 pin configuration.

Port 1 pins Pin functions in mode 1
[ P17/A7/PW7 A7 (Output)
e P16/A6/PW6 A6 (Output)
—w P15/A5/PW5 A5 (Output)
Portl [ ™ P14/A4/PW4 A4 (Output)
e P13/A3/PW3 A3 (Output)
—s P12/A2/PW2 A2 (Output)
s P11/A1/PW1/PWX1 Al (Output)
le—= P10/A0/PWO/PWXO0 A0 (Output)

Pin functions in modes 2 and 3 (EXPE = 1)

A7 (Output)/P17 (Input)/PW7 (Output)

A6 (Output)/P16 (Input)/PW6 (Output)

A5 (Output)/P15 (Input)/PW5 (Output)

A4 (Output)/P14 (Input)/PW4 (Output)

A3 (Output)/P13 (Input)/PW3 (Output)

A2 (Output)/P12 (Input)/PW2 (Output)

Al (Output)/P11 (Input)/PW1 (Output)/PWX1 (Output)
A0 (Output)/P10 (Input)/PWO (Output)/PWXO0 (Output)

Pin functions in modes 2 and 3 (EXPE = 0)
P17 (1/0)/PW7 (Output)

P16 (I/0)/PW6 (Output)

P15 (1/0)/PW5 (Output)

P14 (1/0)/PW4 (Output)

P13 (I/0)/PW3 (Output)

P12 (1/0)/PW2 (Output)

P11 (1/0)/PW1 (Output)/PWX1 (Output)

P10 (1/0)/PWO (Output)/PWXO0 (Output)

Figure8.1 Port 1 Pin Functions

185
HITACHI




822 Register Configuration
Table 8.3 showsthe port 1 register configuration.

Table8.3 Port 1 Registers

Name Abbreviation R/W Initial Value Address’
Port 1 data direction register P1DDR w H'00 H'FFBO
Port 1 data register P1DR R/W H'00 H'FFB2
Port 1 MOS pull-up control P1PCR R/W H'00 H'FFAC
register

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1LDDR)

Bit 7 6 5 4 3 2 1 0
P17DDR| P16DDR|P15DDR|P14DDR|P13DDR|P12DDR |P11DDR|P10DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w W w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PADDR cannot be read; if it is, an undefined value will be returned.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in atransition to
software standby mode.

e Model
The corresponding port 1 pins are address outputs, regardless of the PLDDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

e Modes2and 3(EXPE=1)

The corresponding port 1 pins are address outputs or PWM outputs when P1DDR bits are set
to 1, and input ports when cleared to O.

P10 and P11 can be designated as PWM X outputs regardless of PLDDR, but to ensure normal
execution of external space accesses, this designation should not be used.

e Modes2and 3 (EXPE =0)

The corresponding port 1 pins are output ports or PWM outputs when PIDDR bitsare set to 1,
and input ports when cleared to 0.

P10 and P11 can be designated as PWM X outputs regardless of PIDDR.
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Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR

Initial value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).
If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read directly,
regardless of the actual pin states. If aport 1 read is performed while PLDDR bits are cleared to O,
the pin states are read.

P1DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 1 MOS Pull-Up Control Register (P1PCR)

Bit 7 6 5 4 3 2 1 0
P17PCR| P16PCR|P15PCR|P14PCR|P13PCR|P12PCR | P11PCR|P10PCR

Initial value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

P1PCR is an 8-hit readable/writable register that controls the port 1 built-in MOS input pull-ups
on abit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a PLIPCR hit is set to 1 while the
corresponding PLDDR bit is cleared to O (input port setting).

P1PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.2.3 Pin Functionsin Each M ode

Mode 1: In mode 1, port 1 pins automatically function as address outputs. The port 1 pin functions
are shown in figure 8.2.

—— A7 (Output)
— A6 (Output)
—» A5 (Output)
Portl [ ™ A4 (Output)
—» A3 (Output)
— A2 (Output)

— Al (Output)

— A0 (Output)

Figure8.2 Port 1 Pin Functions (Mode 1)

Modes 2 and 3 (EXPE = 1): In modes 2 and 3 (when EXPE = 1), port 1 pins function as address
outputs, PWM outputs, or input ports, and input or output can be specified on a bit-by-bit basis.
When abit in PLDDR is set to 1, the corresponding pin functions as an address output or PWM
output, and when cleared to 0, as an input port. P10 and P11 can be designated as PWM X outputs
regardless of PIDDR, but to ensure normal execution of external space accesses, this designation
should not be used.

The port 1 pin functions are shown in figure 8.3.

When P1IDDR =1 When P1IDDR =1
and PWOERA =0 When P1DDR =0 and PWOERA =1
— A7 (Output) P17 (Input) PW?7 (Output)
[— A6 (Output) P16 (Input) PW®6 (Output)
— A5 (Output) P15 (Input) PWS5 (Output)
S A4 (Output) P14 (Input) PW4 (Output)
— A3 (Output) P13 (Input) PW3 (Output)
—> A2 (Output) P12 (Input) PW2 (Output)
—> Al (Output)/PWX1 (Output) P11 (Input)/PWX1 (Output) PW1 (Output)/PWX1 (Output)
—> A0 (Output)/PWXO0 (Output) P10 (Input)/PWXO0 (Output) PWO (Output)/PWXO0 (Output)

Figure8.3 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 1))
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Modes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 1 pins function as PWM

outputs or 1/O ports, and input or output can be specified on a bit-by-bit basis. When abit in
P1DDR isset to 1, the corresponding pin functions as a PWM output or output port, and when
cleared to O, as an input port. P10 and P11 can be designated as PWM X outputs regardl ess of

P1DDR.

The port 1 pin functions are shown in figure 8.4.

Port 1

P1n: Input pin when P1DDR =0,

output pin when P1DDR =1

and PWOERA =0

—= P17 (I/O)
~—» P16 (1/0)
—» P15 (I/O)
~—= P14 (I/O)
~— P13 (1/O)
~—» P12 (1/0)
P11 (I/0)/PWX1 (Output)
P10 (I/0)/PWX0 (Output)

When P1DDR =1
and PWOERA =1

PW7 (Output)
PW6 (Output)
PWS5 (Output)
PW4 (Output)
PW3 (Output)
PW2 (Output)

PW1 (Output)/PWX1 (Output)
PWO (Output)/PWXO0 (Output)

8.24 MOS Input Pull-Up Function

Port 1 has a built-in MOS input pull-up function that can be controlled by software. This MOS

Figure8.4 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 0))

input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-

bit basis.

When a P1DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P1PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior stateis retained in software standby mode.

Table 8.4 summarizes the MOS input pull-up states.
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Table84 MOSInput Pull-Up States (Port 1)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off:On when P1DDR = 0 and P1PCR = 1, otherwise off.

8.3 Port 2

8.3.1 Overview

Port 2 isan 8-bit 1/O port. Port 2 pins also function as address bus output pins, 8-bit PWM output
pins (PW15 to PW8) (H85/2128 Series only), the timer connection output pin (CBLANK)
(H8S/2128 Series only), 1C1 1/0O pins (SCL1, SDA1) (option in H8S/2128 Series only), and SCI1
1/0 pins (SCK1, RxD1, TxD1). Port 2 functions change according to the operating mode. Port 2
has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.5 shows the port 2 pin configuration.
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Port 2

Port 2 pins
P27/A15/PW15/SCK1/CBLANK
P26/A14/PW14/RxD1
P25/A13/PW13/TxD1
P24/A12/PW12/SCL1
P23/A11/PW11/SDA1
P22/A10/PW10

P21/A9/PW9

P20/A8/PW8

Pin functions in mode 1
A15 (Output)

A14 (Output)

A13 (Output)

A12 (Output)

A11 (Output)

A10 (Output)

A9 (Output)

A8 (Output)

Pin functions in modes 2 and 3 (EXPE = 1)

A15 (Output)/P27 (Input)/PW15 (Output)/SCK1(l/O)/CBLANK (Output)

Al14 (Output)/P26 (Input)/PW14 (Output)/RxD1 (Input)
A13 (Output)/P25 (Input)/PW13 (Output)/TXxD1 (Output)
A12 (Output)/P24 (Input)/PW12 (Output)/SCL1 (1/O)
A11 (Output)/P23 (Input)/PW11 (Output)/SDA1 (I/O)
A10 (Output)/P22 (Input)/PW10 (Output)

A9 (Output)/P21 (Input)/PW9 (Output)

A8 (Output)/P20 (Input)/PW8 (Output)

Pin functions in modes 2 and 3 (EXPE = 0)

P27 (1/0)/PW15 (Output)/SCK1(l/O)/CBLANK (Output)
P26 (1/0)/PW14 (Output)/RxD1 (Input)

P25 (1/0)/PW13 (Output)/TxD1 (Output)

P24 (1/0)/PW12 (Output)/SCL1 (1/O)

P23 (I/0)/PW11 (Output)/SDA1 (I/O)

P22 (1/0)/PW10 (Output)

P21 (I/0)/PW9 (Output)

P20 (1/0)/PW8 (Output)

Figure8.5 Port 2 Pin Functions
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832 Register Configuration
Table 8.5 shows the port 2 register configuration.

Table85 Port 2 Registers

Name Abbreviation R/W Initial Value Address’
Port 2 data direction register P2DDR w H'00 H'FFB1
Port 2 data register P2DR R/W H'00 H'FFB3
Port 2 MOS pull-up control P2PCR R/W H'00 H'FFAD
register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0
P27DDR | P26DDR| P25DDR| P24DDR|P23DDR |P22DDR | P21DDR |P20DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

P2DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be returned.

P2DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in atransition to
software standby mode.

e Model
The corresponding port 2 pins are address outputs, regardless of the P2DDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

* Modes2and 3 (EXPE=1)
The corresponding port 2 pins are address outputs or PWM outputs when P2DDR bits are set
to 1, and input ports when cleared to 0. P27 to P24 are switched from address outputs to output
ports by setting the IOSE bit to 1.
P27 to P23 can be used as an on-chip supporting module output pin regardless of the P2DDR
setting, but to ensure normal access to external space, P27 should not be set as an on-chip
supporting module output pin when port 2 pins are used as address output pins.

e Modes2and 3 (EXPE =0)
The corresponding port 2 pins are output ports or PWM outputs when P2DDR bitsare set to 1,
and input ports when cleared to 0.

192
HITACHI



P27 to P23 can be used as an on-chip supporting modul e output pin regardless of the P2DDR
Setting.

Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR

Initial value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P27 to P20).
If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read directly,
regardless of the actual pin states. If aport 2 read is performed while P2DDR bits are cleared to O,
the pin states are read.

P2DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 2 MOS Pull-Up Control Register (P2PCR)

Bit 7 6 5 4 3 2 1 0
P27PCR| P26PCR| P25PCR| P24PCR |P23PCR |P22PCR | P21PCR|P20PCR

Initial value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

P2PCR is an 8-hit readable/writable register that controls the port 2 built-in MOS input pull-ups
on abit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a P2PCR hit is set to 1 while the
corresponding P2DDR bit is cleared to O (input port setting).

P2PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.3.3 Pin Functionsin Each M ode

Mode 1: In mode 1, port 2 pins automatically function as address outputs. The port 2 pin functions
are shown in figure 8.6.

— A15 (Output)
— Al4 (Output)
—» A13 (Output)
— Al2 (Output)
—» All (Output)
— A10 (Output)

Port 2

— A9 (Output)

— A8 (Output)

Figure8.6 Port 2 Pin Functions (Mode 1)

Modes 2 and 3 (EXPE = 1): In modes 2 and 3 (when EXPE = 1), port 2 pins function as address
outputs, PWM outputs, or 1/0O ports, and input or output can be specified on a bit-by-hit basis.
When abit in P2DDR is set to 1, the corresponding pin functions as an address output or PWM
output, and when cleared to 0, as an input port. P27 to P24 are switched from address outputs to
output ports by setting the IOSE bit to 1. P27 to P23 can be used as an on-chip supporting module
output pin regardless of the P2DDR setting, but to ensure normal access to external space, P27
should not be set as an on-chip supporting module output pin when port 2 pins are used as address
output pins.

The port 2 pin functions are shown in figure 8.7.

When P2DDR =1 When P2DDR =1
and PWOERB =0 When P2DDR =0 and PWOERB =1
(=—= A15 (Output)/P27 (Output) P27 (Input)/SCK1 (I/O)/CBLANK (Output) PW15 (Output)/SCK1 (I/O)/CBLANK (Output)
r— A14 (Output)/P26 (Output) P26 (Input)/RxD1 (Input) PW14 (Output)/RxD1 (Input)
r-— A13 (Output)/P25 (Output) P25 (Input)/TxD1 (Output) PW13 (Output)/TxD1 (Output)
port2 [ ™ A12 (Output)/P24 (Output) P24 (Input)/SCL1 (I/O) PW12 (Output)/SCL1 (1/0)
[<—» A1l (Output) P23 (Input)/SDAL (I/O) PW11 (Output)/SDAL1 (1/O)
[=—w» A10 (Output) P22 (Input) PW10 (Output)
r~— A9 (Output) P21 (Input) PW9 (Output)
r«— A8 (Output) P20 (Input) PW8 (Output)

Figure8.7 Port 2 Pin Functions (Modes2 and 3 (EXPE = 1))
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Modes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 2 pins function as PWM
outputs, the timer connection output (CBLANK), I1C1 1/0O pins (SCL1, SDA1), SCI1 /O pins
(SCK1, RxD1, TxD1), or I/O ports, and input or output can be specified on a bit-by-bit basis.
When ahit in P2DDR is set to 1, the corresponding pin functions as a PWM output or output port,
and when cleared to 0, as an input port. P27 to P23 can be used as an on-chip supporting module
output pin regardless of the P2DDR setting.

The port 2 pin functions are shown in figure 8.8.

P2n: Input pin when P2DDR =0,

output pin when P2DDR =1 When P2DDR =1
and PWOERB =0 and PWOERB =1
~—» P27 (I/0)/SCK1 (I/O)/CBLANK (Output) PW15 (Output)/SCK1 (I/O)/CBLANK (Output)
~— P26 (I/0)/RxD1 (Input) PW14 (Output)/RxD1 (Input)
~— P25 (1/0)/TxD1 (Output) PW13 (Output)/TxD1 (Output)
port2 [ ™ P24 (1/0)/SCL1 (1/O) PW12 (Output)/SCL1 (I/O)
~—» P23 (I/0)/SDAL (1/O) PW11 (Output)/SDA1 (1/O)
~—w P22 (1/0) PW10 (Output)
~— P21 (1/0) PW?9 (Output)
~— P20 (1/0) PW8 (Output)

Figure8.8 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 0))

834 MOS Input Pull-Up Function

Port 2 has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P2DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P2PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior stateis retained in software standby mode.

Table 8.6 summarizes the MOS input pull-up states.
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Table8.6 MOSInput Pull-Up States (Port 2)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off:On when P2DDR = 0 and P2PCR = 1, otherwise off.

8.4 Port 3

84.1 Overview

Port 3 isan 8-bit 1/O port. Port 3 pins also function as data bus I/O pins. Port 3 functions change
according to the operating mode. Port 3 has a built-in MOS input pull-up function that can be
controlled by software.

Figure 8.9 shows the port 3 pin configuration.

Pin functions in modes Pin functions in modes
Port 3 pins 1,2 and 3 (EXPE =1) 2 and 3 (EXPE =0)
«—» P37/D7 D7 (1/0) P37 (1/0)
—» P36/D6 D6 (1/0) P36 (1/0)
~—» P35/D5 D5 (1/0) P35 (1/0)
port3 [+ P34/D4 D4 (1/0) P34 (1/0)
- P33/D3 D3 (1/0) P33 (1/0)
~—» P32/D2 D2 (1/O) P32 (1/0)
~—» P31/D1 D1 (I/0) P31 (/0)
~—» P30/D0 DO (1/0) P30 (1/0)

Figure8.9 Port 3 Pin Functions
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84.2 Register Configuration
Table 8.7 shows the port 3 register configuration.

Table8.7 Port 3 Registers

Name Abbreviation R/W Initial Value Address*
Port 3 data direction register P3DDR w H'00 H'FFB4
Port 3 data register P3DR R/W H'00 H'FFB6
Port 3 MOS pull-up control P3PCR R/W H'00 H'FFAE
register

Note: * Lower 16 bits of the address.

Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0
P37DDR| P36DDR| P35DDR|P34DDR|P33DDR [P32DDR | P31DDR|P30DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W w W W w W

P3DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 3. P3DDR cannot be read; if it is, an undefined value will be returned.

P3DDRisinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

* Modesl, 2, and 3 (EXPE=1)
The input/output direction specified by P3DDR isignored, and pins automatically function as
datal/O pins.

After areset, and in hardware standby mode or software standby mode, the data /O pins go to
the high-impedance state.

« Modes 2 and 3 (EXPE = 0)

The corresponding port 3 pins are output ports when P3DDR bits are set to 1, and input ports
when cleared to O.
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Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0
P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit readable/writable register that stores output data for the port 3 pins (P37 to P30).
If aport 3read is performed while PBDDR bits are set to 1, the P3DR values are read directly,
regardless of the actual pin states. If aport 3 read is performed while P3DDR hits are cleared to O,
the pin states are read.

P3DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 3MOS Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0
P37PCR| P36PCR| P35PCR| P34PCR|P33PCR |P32PCR | P31PCR|P30PCR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P3PCR is an 8-hit readable/writable register that controls the port 3 built-in MOS input pull-ups
on abit-by-bit basis.

In modes 2 and 3 (when EXPE = 0), the MOS input pull-up is turned on when a P3PCR hit is set
to 1 while the corresponding P3DDR hit is cleared to O (input port setting).

P3PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.
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84.3 Pin Functionsin Each Mode

Modes 1, 2, and 3 (EXPE = 1): Inmodes 1, 2, and 3 (when EXPE = 1), port 3 pins automatically

function as data |/O pins. The port 3 pin functions are shown in figure 8.10.

Port 3

D7 (1/0)
D6 (1/0)
D5 (1/0)
D4 (1/0)
D3 (1/0)
D2 (1/O)
D1 (1/0)
DO (1/0)

Figure8.10 Port 3 Pin Functions (Modes 1, 2, and 3 (EXPE = 1))

Modes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 3 functions as an 1/0 port,

and input or output can be specified on a bit-by-bit basis. When abit in P3DDR is set to 1, the
corresponding pin functions as an output port, and when cleared to 0, as an input port.

The port 3 pin functions are shown in figure 8.11.

Port 3

P37 (1/O)
P36 (I/O)
P35 (I/O)
P34 (1/O)
P33 (I/O)
P32 (I/O)
P31 (1/0)
P30 (I/O)

Figure8.11 Port 3 Pin Functions (Modes 2 and 3 (EXPE = 0))
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8.4.4 MOS Input Pull-Up Function

Port 3 has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3 (when EXPE = 0), and can be specified as on
or off on a bit-by-bit basis.

When a P3DDR bhit is cleared to 0 in mode 2 or 3 (when EXPE = 0), setting the corresponding
P3PCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior stateis retained in software standby mode.

Table 8.8 summarizes the MOS input pull-up states.

Table8.8 MOSInput Pull-Up States (Port 3)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2, 3 (EXPE =1) Off Off Off Off
2,3(EXPE=0) Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P3DDR = 0 and P3PCR = 1; otherwise off.
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85 Port 4

85.1 Overview

Port 4 isan 8-bit I/O port. Port 4 pins also function as the IRQO to IRQ2 input pins, A/D converter

externa trigger input pin (ADTRG), 11CO0 I/O pin (SDAO) (option in H8S/2128 Series only),

clock (@) output pin. In the H8S/2128 Series, P47 is an NMOS push-pull output. SDAO isan

NMOS open-drain output, and has direct bus drive capability.

Figure 8.12 shows the port 4 pin configuration.

Port 4 pins

= P47/WAIT/SDAO
.= P46/g/EXCL
= P45/AS/I0S
Port 4 ~—= P44WR
== P43/RD

= P42/IRQO

= P41/IRQ1

e P40/IRQ2/ADTRG

Pin functions in modes 1, 2 and 3 (EXPE = 1)
WAIT (Input)/P47 (1/0)/SDAO (1/O)

@ (Output)/P46 (Input)/EXCL (Input)

AS (Output)/I0S (Output)

WR (Output)

RD (Output)

P42 (1/0)/IRQO (Input)

P41 (/0)/IRQ1 (Input)

P40 (I/0)/IRQ2 (Input)/ADTRG (Input)

Pin functions in modes 2 and 3 (EXPE =0)
P47 (I/O)/SDAO (I/O)

P46 (Input)/g (Output)/EXCL (Input)

P45 (1/0)

P44 (1/0)

P43 (1/0)

P42 (1/0)/IRQO (Input)

P41 (/O)/IRQ1 (Input)

P40 (1/0)/IRQ2 (Input)/ADTRG (Input)

Figure8.12 Port 4 Pin Functions
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852 Register Configuration
Table 8.9 summarizes the port 4 registers.

Table8.9 Port 4 Registers

Name Abbreviation R/W Initial Value Address™
Port 4 data direction register PADDR w H'40/H'00*? H'FFB5
Port 4 data register P4DR R/W H'00 H'FFB7

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port 4 Data Direction Register (P4ADDR)

Bit 7 6 5 4 3 2 1 0
\ P47DDR‘ P46DDR’ P45DDR‘ P44DDR‘ P43DDR’ P42DDR‘ P41DDR‘ P40DDR’

Mode 1

Initial value 0 1 0 0 0 0 0 0

Read/Write W W W W W W W w
Modes 2 and 3

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W w W W w "

PADDR isan 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 4. PADDR cannot be read; if it is, an undefined value will be returned.

PADDR isinitialized to H'40 (mode 1) or H'00 (modes 2 and 3) by areset and in hardware standby
mode. It retains its prior state in software standby mode.

* Modesl, 2, and 3 (EXPE=1)
Pin P47 functions as a bus control input (WAIT), 11CO 1/O pin (SDAOQ), or /O port, according
to the wait mode setting. When P47 functions as an 1/0 port, it becomes an output port when
PA7DDR is set to 1, and an input port when PA7DDR is cleared to O.
Pin P46 functions as the g output pin when P46DDR is set to 1, and as the subclock input
(EXCL) or an input port when P46DDR is cleared to O.
Pins P45 to P43 automatically become bus control outputs (AS/IOS, WR, RD), regardless of
the input/output direction indicated by P45DDR to P43DDR.
Pins P42 to P40 become output ports when P42DDR to PAODDR are set to 1, and input ports
when P42DDR to PAODDR are cleared to O.
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« Modes 2 and 3 (EXPE = 0)

When the corresponding PADDR hits are set to 1, pin P46 functions as the @ output pin and
pins P47 and P45 to P40 become output ports. When P4ADDR bits are cleared to O, the
corresponding pins become input ports.

Port 4 Data Register (P4DR)

Bit 7 6 5 4 3 2 1 0

| PA7DR | P46DR | P45DR | P44DR | P43DR | P42DR | P41DR | P4ODR |
Initial value 0 —* 0 0 0 0 0 0
Read/Write  R/W R RW RW RW RW RW RW

Note: * Determined by the state of pin P46.

PADR is an 8-bit readable/writable register that stores output data for the port 4 pins (P47 to P40).
With the exception of P46, if aport 4 read is performed while PADDR hits are set to 1, the PADR
values are read directly, regardless of the actual pin states. If aport 4 read is performed while
PADDR bits are cleared to 0, the pin states are read.

PADR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

8.5.3 Pin Functions

Port 4 pins also function as the IRQO to IRQ2 input pins, A/D converter input pin (ADTRG), 11CO
1/0 pin (SDAO), subclock input pin (EXCL), bus control signal 1/0 pins (AS/IOS, RD, WR,
WAIT), and system clock (@) output pin. The pin functions differ between the mode 1, 2, and 3
(EXPE = 1) expanded modes and the mode 2 and 3 (EXPE = 0) single-chip modes. The port 4 pin

functions are shown in table 8.10.
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Table8.10 Port 4 Pin Functions

Pin

Selection Method and Pin Functions

PA7/WAIT/SDAO  The pin function is switched as shown below according to the combination of
operating mode, bit WMS1 in WSCR, bit ICE in ICCR of IICO, and bit P47DDR.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

mode

WMS1 0 1 —

ICE 0 1 — 0 1

P47DDR 0 1 — — 0 1 —

Pin function | P47 P47 SDAO | WAIT P47 P47 SDAO
input | output | I/O pin | input input | output | I/O pin

pin pin pin pin pin

In the H8S/2128 Series, when this pin is set as the P47 output pin, it is an
NMOS push-pull output. SDAO is an NMOS open-drain output, and has direct
bus drive capability.

P46/a/EXCL The pin function is switched as shown below according to the combination of
bit EXCLE in LPWRCR and bit P46DDR.
P46DDR 0 1
EXCLE 0 1 0
Pin function P46 input pin EXCL input pin @ output pin
When this pin is used as the EXCL input pin, P4A6DDR should be cleared to O.
P45/AS/10S The pin function is switched as shown below according to the combination of
operating mode, bits IOSE in SYSCR, and bit PA5DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
P4A5DDR — 0 1
IOSE 0 1 — —
Pin function AS 108 P45 P45
output pin output pin input pin output pin
P44/WR The pin function is switched as shown below according to the combination of
operating mode, and bit P44DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
P44DDR — 0 1
Pin function WR P44 P44
output pin input pin output pin
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Pin Selection Method and Pin Functions

|
|

P43/RD/IOR The pin function is switched as shown below according to the combination of
operating mode, and bit P43DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE=1)
P43DDR — 0 1
Pin function RD output pin P43 input pin P43 output pin
P42/IRQ0 P42DDR 0 1
Pin function P42 input pin P42 output pin
TRQO input pin
When bit IRQOE in IER is set to 1, this pin is used as the IRQO input pin.
P41/IRQT P41DDR 0 1
Pin function P41 input pin P41 output pin
IRQT input pin

When bit IRQ1E in IER is set to 1, this pin is used as the IRQ1 input pin.

P40/IRQ2/ADTRG

P40DDR 0 1

Pin function P40 input pin P40 output pin
IRQ2 input pin, ADTRG input pin
When the IRQ2E bit in IER is set to 1, this pin is used as the IRQ2 input pin.

When TRGS1 and TRGSO bit in ADCR of the A/D converter are both set to 1,
this pin is used as the ADTRG input pin.
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8.6 Port 5

8.6.1 Overview

Port 5isa 3-bit I/O port. Port 5 pins aso function as SCI0 1/O pins (TxDO0, RxDO0, SCKO0), and the
I1CO 1/O pin (SCLO) (option in H8S/2128 Series only). In the H8S/2128 Series, P52 and SCKO are
NMOS push-pull outputs, and SCLO is an NMOS open-drain output. Port 5 pin functions are the

samein al operating modes.

Figure 8.13 shows the port 5 pin configuration.

Port 5 pins

«—» P52 (1/0)/SCKO (I/0)/SCLO (I/0)
PortS |e—» P51 (1/0)/RxDO (Input)
~— P50 (1/0)/TxDO0 (Output)

Figure8.13 Port 5 Pin Functions

8.6.2 Register Configuration
Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5 Registers

Name Abbreviation R/W Initial Value Address*
Port 5 data direction register P5DDR w H'F8 H'FFB8
Port 5 data register P5DR R/W H'F8 H'FFBA

Note: * Lower 16 bits of the address.

206
HITACHI




Port 5 Data Direction Register (PSDDR)

Bit 7 6 5 4 3 2 1 0

— — — — — P52DDR | P51DDR|P50DDR
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — W w W

P5DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 5. PSDDR cannot be read; if it is, an undefined value will be returned. Bits 7 to 3 are
reserved.

Setting a PSDDR bit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PSDDRisinitialized to H'F8 by areset and in hardware standby mode. It retains its prior state in
software standby mode. As SCIO isinitialized, the pin states are determined by the [1CO ICCR,
P5DDR, and P5DR specifications.

Port 5 Data Register (P5DR)

Bit 7 6 5 4 3 2 1 0

— — — — — P52DR | P51DR | P50DR
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P52 to P50).
If aport 5 read is performed while PSDDR bits are set to 1, the PSDR values are read directly,
regardless of the actual pin states. If aport 5 read is performed while PSDDR bits are cleared to O,
the pin states are read.

Bits 7 to 3 are reserved; they cannot be modified and are always read as 1.

P5DR isinitialized to H'F8 by areset and in hardware standby mode. It retains its prior statein
software standby mode.
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8.6.3 Pin Functions

Port 5 pins aso function as SCI0 /O pins (TxDO, RxDO, SCK0) and the I1CO I/O pin (SCLO). The
port 5 pin functions are shown in table 8.12.

Table8.12 Port 5 Pin Functions

Pin Selection Method and Pin Functions
P52/SCKO/SCLO  The pin function is switched as shown below according to the combination of
bits CKE1 and CKEO in SCR, bit C/A in SMR of SCIO0, bit ICE in ICCR of IICO,
and bit P52DDR.
ICE 0 1
CKE1l 0 1 0
C/IA 0 1 — 0
CKEO 0 1 — — 0
P52DDR 0 1 — — — —
Pin function P52 P52 SCKO SCKO SCKO SCLO
input pin |output pin |output pin|output pin| input pin | 1/O pin
When this pin is used as the SCLO I/O pin, bits CKE1 and CKEO in SCR of
SCI0 and bit C/A in SMR of SCIO0 must all be cleared to 0.
SCLO is an NMOS open-drain output, and has direct bus drive capability.
In the H8S/2128 Series, when set as the P52 output pin or SCKO output pin,
this pin is an NMOS push-pull output.
P51/RxDO0 The pin function is switched as shown below according to the combination of
bit RE in SCR of SCIO0 and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P51 input pin P51 output pin RxD input pin
P50/TxD0 The pin function is switched as shown below according to the combination of
bit TE in SCR of SCIO0 and bit PSODDR.
TE 0 1
P50DDR 0 1 —
Pin function P50 input pin P50 output pin TxDO output pin
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8.7 Port 6

8.7.1 Overview

Port 6 isan 8-hit I/O port. Port 6 pins a so function as the 16-bit free-running timer (FRT) I/O pins
(FTOA, FTOB, FTIA to FTID, FTCI), timer 0 and 1 (TMRO, TMR1) 1/O pins (TMCIO, TMRIO,
TMOO, TMCI1, TMRI1, TMO1), timer X (TMRX) 1/0 pins (TMOX, TMIX) (H85/2128 Series
only), thetimer Y (TMRY) input pin (TMI1Y), timer connection /O pins (CSYNCI, HSYNCI,
HSYNCO, HFBACKI, VSYNCI, VSYNCO, VFBACKI, CLAMPO) (H85/2128 Series only), and
expansion A/D converter input pins (CIN7 to CINQ). Port 6 pin functions are the samein all

operating modes.

Figure 8.14 shows the port 6 pin configuration.

Port 6 pins

Port 6

~—» P67 (I/0)/TMOX (Output)/TMO1 (Output)/CIN7 (Input)/HSYNCO (Output)

~—» P66 (I/0)/FTOB (Output)/ TMRI1 (Input)/CING (Input)/CSYNCI (Input)

= P65 (I/0)/FTID (Input)/ TMCI1 (Input)/CIN5 (Input)/HSYNCI (Input)

~—» P64 (I/O)/FTIC (Input)/ TMOO (Output)/CIN4 (Input)/CLAMPO (Output)

~—» P63 (I/O)/FTIB (Input)/TMRIO (Input)/CIN3 (Input)/VFBACKI (Input)

~—» P62 (I/O)/FTIA (Input)/CIN2 (Input)/VSYNCI (Input)/TMIY (Input)

= P61 (I/0)/FTOA (Output)/CIN1 (Input)/VSYNCO (Output)

~— P60 (I/O)/FTCI (Input)/ TMCIO (Input)/CINO (Input)/HFBACKI (Input)/TMIX (Input)

Figure8.14 Port 6 Pin Functions

8.7.2 Register Configuration
Table 8.13 shows the port 6 register configuration.

Table8.13 Port 6 Registers

Name Abbreviation R/W Initial Value Address*
Port 6 data direction register P6DDR w H'00 H'FFB9
Port 6 data register P6DR R/W H'00 H'FFBB

Note: * Lower 16 bits of the address.
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Port 6 Data Direction Register (P6DDR)

Bit 7 6 5 4 3 2 1 0
P67DDR| P66DDR| P65DDR|P64DDR|P63DDR |P62DDR | P61DDR [P60DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write W w W W W W W W

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 6. PBDDR cannot be read; if it is, an undefined value will be returned.

Setting a PEDDR hit to 1 makes the corresponding port 6 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PEDDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
P67DR | P66DR | P65DR | P64DR | P63DR | P62DR | P61DR | P60DR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PEDR is an 8-bit readable/writable register that stores output data for the port 6 pins (P67 to P60).
If aport 6 read is performed while PBDDR bits are set to 1, the P6DR values are read directly,
regardless of the actual pin states. If aport 6 read is performed while PEDDR bits are cleared to O,
the pin states are read.

PEDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.7.3

Pin Functions

Port 6 pins also function as the 16-bit free-running timer (FRT) 1/O pins (FTOA, FTOB, FTIA to
FTID, FTCI), timer 0and 1 (TMRO, TMR1) I/O pins (TMCIO, TMRIO, TMOOQ, TMCI1, TMRI 1,
TMOL1), timer X (TMRX) 1/O pins (TMOX, TMIX), thetimer Y (TMRY) input pin (TMIY),
timer connection 1/0O pins (CSYNCI, HSYNCI, HSYNCO, HFBACKI, VSYNCI, VSYNCO,
VFBACKI, CLAMPO), and expansion A/D converter input pins (CIN7 to CINO). The port 6 pin

functions are shown in table 8.14.

Table8.14 Port 6 Pin Functions

Pin

Selection Method and Pin Functions

P67/TMOL/TMOX/
CIN7/HSYNCO

The pin function is switched as shown below according to the combination of
bits 0S3 to OS0 in TCSR of TMR1 and TMRX, bit HOE in TCONRO of the
timer connection function, and bit P67DDR.

HOE 0 1

TMRX: All 0 Not all 0 —

0S3to 0

TMR1: All 0 Not all 0 — —

0S3t00

P67DDR 0 1 — — —

Pin function P67 P67 TMO1 TMOX HSYNCO
input pin | output pin | output pin | output pin | output pin

CIN7 input pin

It can always be used as the CIN7 input pin.

P66/FTOB/TMRI1/

CING6/CSYNCI

The pin function is switched as shown below according to the combination of
bit OEB in TOCR of the FRT and bit P66DDR.

OEB 0 1
P66DDR 0 1 —
Pin function P66 input pin P66 output pin FTOB output pin

TMRI1 input pin, CSYNCI input pin, CIN6 input pin

This pin is used as the TMRI1 input pin when bits CCLR1 and CCLRO are both
setto 1 in TCR of TMR1.

It can always be used as the CSYNCI or CING6 input pin.
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Pin

Selection Method and Pin Functions

P65/FTID/TMCI1/
CIN5/HSYNCI

P65DDR

0

1

Pin function

P65 input pin

P65 output pin

FTID input pin, TMCI1 input pin, HSYNCI input pin,
CIN5 input pin

This pin is used as the TMCI1 input pin when an external clock is selected with
bits CKS2 to CKSO0 in TCR of TMRL1.

It can always be used as the FTID, HSYNCI or CINS5 input pin.

P64/FTIC/TMOO0/
CIN4/CLAMPO

The pin function is switched as shown below according to the combination of
bits OS3 to OS0 in TCSR of TMRO, bit CLOE in TCONRO of the timer
connection function, and bit P64DDR.

CLOE 0 1
0S3t00 AllO Not all 0 —
P64DDR 0 1 — —
Pin function | P64 input pin | P64 output pin TMOO CLAMPO
output pin output pin
FTIC input pin, CIN4 input pin
This pin can always be used as the FTIC or CIN4 input pin.
P63/FTIB/TMRIO/ | P63DDR 0 1
CIN3/VFBACKI Pin function P63 input pin P63 output pin
FTIB input pin, TMRIO input pin, VFBACKI input pin,
CIN3 input pin

This pin is used as the TMRIO input pin when bits CCLR1 and CCLRO are both
setto 1 in TCR of TMRO.

It can always be used as the FTIB, VFBACKI or CIN3 input pin.

P62/FTIA/CIN2/ P62DDR 0 1
VSYNCITMIY Pin function P62 input pin P62 output pin
FTIA input pin, VSYNCI input pin, TMIY input pin, CIN2 input pin
This pin can always be used as the FTIA, TMIY, VSYNCI or CIN2 input pin.
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Pin

Selection Method and Pin Functions

P61/FTOA/CIN1/

The pin function is switched as shown below according to the combination of

VSYNCO bit OEA in TOCR of the FRT, bit VOE in TCONRO of the timer connection
function, and bit P61DDR.
VOE 0 1
OEA 0 1 0
P61DDR 0 1 — —
Pin function | P61 input pin | P61 output pin FTOAO VSYNCO
output pin output pin
CIN1 input pin
When this pin is used as the VSYNCO pin, the OEA bit in TOCR of the FRT
must be cleared. This pin can always be used as the CIN1 pin.
P60/FTCI/TMCIO/ | P6ODDR 0 1
CINO/HFBACKI/ | pin function P60 1/O pin P60 output pin

TMIX

FTCI input pin, TMCIO input pin, HFBACKI input pin,
CINO input pin, TMIX input pin

This pin is used as the FTCI input pin when an external clock is selected with
bits CKS1 and CKSO0 in TCR of the FRT.

It is used as the TMCIO input pin when an external clock is selected with bits
CKS2 to CKSO0 in TCR of TMRO.

It can always be used as the TMIX, HFBACKI, CINO input pin.
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8.8 Port 7

8.8.1 Overview

Port 7 isan 8-bit input port. Port 7 pins aso function as the A/D converter analog input pins (ANO
to AN7). Port 7 functions are the samein all operating modes.

Figure 8.15 shows the port 7 pin configuration.

Port 7 pins

«—— P77 (Input)/AN7 (Input)
~—— P76 (Input)/AN6 (Input)
~—— P75 (Input)/AN5 (Input)
~—— P74 (Input)/AN4 (Input)
~—— P73 (Input)/AN3 (Input)
~—— P72 (Input)/AN2 (Input)
~—— P71 (Input)/AN1 (Input)
~—— P70 (Input)/ANO (Input)

Port 7

Figure8.15 Port 7 Pin Functions
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8.8.2 Register Configuration

Table 8.16 shows the port 7 register configuration. Port 7 is an input-only port, and does not have
adata direction register or data register.

Table8.16 Port 7 Registers

Name Abbreviation R/W Initial Value Address*
Port 7 input data register P7PIN R Undefined H'FFBE
Note: * Lower 16 bits of the address.
Port 7 Input Data Register (P7PIN)
Bit 7 6 5 4 3 2 1 0
P77PIN | P76PIN | P75PIN | P74PIN | P73PIN | P72PIN | P71PIN | P70PIN
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by the state of pins P77 to P70.

When a P7PIN read is performed, the pin states are always read.

8.8.3 Pin Functions

Port 7 pins also function as the A/D converter analog input pins (ANO to AN7).

HITACHI
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Section 9 8-Bit PWM Timers [H85/2128 Series]

9.1 Overview

The H8/2128 Series has an on-chip pulse width modulation (PWM) timer module with sixteen
outputs. Sixteen output waveforms are generated from a common time base, enabling PWM
output with a high carrier frequency to be produced using pulse division. The PWM timer module
has sixteen 8-bit PWM data registers (PWDRS), and an output pulse with a duty cycle of 0 to
100% can be obtained as specified by PWDR and the port data register (P1DR or P2DR).

911 Features

The PWM timer module has the following features.

*  Operable at amaximum carrier frequency of 1.25 MHz using pulse division (at 20 MHz
operation)

» Duty cyclesfrom 0 to 100% with 1/256 resolution (100% duty realized by port output)

» Direct or inverted PWM output, and PWM output enable/disable control
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9.1.2 Block Diagram

Figure 9.1 shows a block diagram of the PWM timer module.

Internal
data bus

P10/PWO ~— - : Comparator 0 <——1 PWDRO ———> |Module
P11/PW1 < - | Comparator 1 k——{ pwpry || |da@bus
P12/PW2 — - : Comparator2 <——1 PWDR2 —
P13/PW3 < < —| Comparator 3 K| PWDR3 [
P14/PW4 <— - —| Comparator 4 K——| PWDR4 [(——
P15/PW5 ~——— g < r—| Comparator 5 —— PWDR5 [
P16/PW6 -—— 8 [ — Comparator6 K| PWDR6 K g
— 1 (]
P17/PW7 - 3 = — Comparator 7 K———| PWDR7 [ _—— ks
5 ' ] S I e -
P20/PW8 ~—— ; - +— Comparator8 <——1 PWDRS - "
P2LPWY - = |= +— Comparator9 K——] PWDR9 K @
a 1
P22/PW10 ~— g - +— Comparator 10K PWDR10 [
P23/PW1l - O | : Comparator 11 k—— PWDR11 <——
P24/PW12 <—| - +~— Comparator 12K PWDR12 [
P25/PW13 ~—— - —| Comparator 13K PWDR13 [
P26/PW14 <—i| - ~— Comparator 14| PWDR14 [
P27/PW15 <—| - —| Comparator 15K PWDR15 fo
- |
PWDPRB PWDPRA | TCNT |<— Clock - PWSL
PWOERB PWOERA selection PCSR
P2DDR P1DDR ?
P2DR P1DR
2/16
2/8
Legend: z/zﬂm
PWSL: PWM register select 1
PWDR:  PWM data register Internal clock

PWDPRA: PWM data polarity register A
PWDPRB: PWM data polarity register B
PWOERA: PWM output enable register A
PWOERB: PWM output enable register B
PCSR: Peripheral clock select register
P1DDR:  Port 1 data direction register
P2DDR:  Port 2 data direction register
P1DR: Port 1 data register

P2DR: Port 2 data register

Figure9.1 Block Diagram of PWM Timer Module
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913 Pin Configuration
Table 9.1 shows the PWM output pin.

Table9.1 Pin Configuration

Name Abbreviation /0

Function

PWM output pin 0 to 15 PWO0 to PW15 Output

PWM timer pulse output O to 15

9.14 Register Configuration
Table 9.2 lists the registers of the PWM timer module.

Table9.2 PWM Timer Module Registers

Name Abbreviation R/W Initial Value Address*!
PWM register select PWSL R/W H'20 H'FFD6
PWM data registers 0 to 15 PWDRO to R/W H'00 H'FFD7
PWDR15
PWM data polarity register A PWDPRA R/W H'00 H'FFD5
PWM data polarity register B PWDPRB R/W H'00 H'FFD4
PWM output enable register A PWOERA R/W H'00 H'FFD3
PWM output enable register B PWOERB R/W H'00 H'FFD2
Port 1 data direction register P1DDR W H'00 H'FFBO
Port 2 data direction register P2DDR W H'00 H'FFB1
Port 1 data register P1DR R/W H'00 H'FFB2
Port 2 data register P2DR R/W H'00 H'FFB3
Peripheral clock select register PCSR R/W H'00 H'FF82*2
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. Some of the 8-bit PWM timer registers are assigned to the same addresses as other
registers. Register selection is performed with the FLSHE bit in the serial/timer control

register (STCR).
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9.2 Register Descriptions

921 PWM Register Select (PWSL)

Bit 7 6 5 4 3 2 1 0

‘ PWCKE‘ PWCKS‘ — ‘ — ‘ RS3 ‘ RS2 ‘ RS1 ‘ RSO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

PWSL is an 8-bit readable/writable register used to select the PWM timer input clock and the
PWM dataregister.

PWSL isinitialized to H'20 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 and 6—PWM Clock Enable, PWM Clock Select (PWCKE, PWCKYS): These hits,
together with bits PWCKA and PWCKB in PCSR, select the internal clock input to TCNT in the
PWM timer.

PWSL PCSR
Bit 7 Bit 6 Bit 2 Bit 1
PWCKE PWCKS PWCKB PWCKA  Description
0 — — — Clock input is disabled (Initial value)
1 0 — — @ (system clock) is selected
1 0 0 2/2 is selected
1 @/4 is selected
1 0 2/8 is selected
1 2/16 is selected

The PWM resolution, PWM conversion period, and carrier frequency depend on the selected
internal clock, and can be found from the following equations.

Resolution (minimum pulse width) = 1/internal clock frequency
PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period

Thus, with a 20 MHz system clock (@), the resolution, PWM conversion period, and carrier
frequency are as shown below.
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Table9.3

Internal Clock

PWM Conversion

Resolution, PWM Conversion Period, and Carrier Frequency when g=20 MHz

Frequency Resolution Period Carrier Frequency
[} 50 ns 12.8 ps 1250 kHz

a/2 100 ns 25.6 ps 625 kHz

a/4 200 ns 51.2 us 312.5 kHz

2/8 400 ns 102.4 ps 156.3 kHz

/16 800 ns 204.8 ps 78.1 kHz

Bit 5—Reserved: Thisbit isawaysread as 1 and cannot be modified.

Bit 4—Reserved: Thishit is aways read as 0 and cannot be modified.

Bits 3to 0—Register Select (RS3 to RS0): These bits select the PWM data register.

Bit 3 Bit 2 Bit 1 Bit 0
RS3 RS2 RS1 RSO Register Selection
0 0 0 0 PWDRO selected
1 PWDR1 selected
1 0 PWDR2 selected
1 PWDRS selected
1 0 0 PWDRA4 selected
1 PWDRS selected
1 0 PWDR6 selected
1 PWDRY7 selected
1 0 0 0 PWDRS selected
1 PWDR9 selected
1 0 PWDR10 selected
1 PWDR11 selected
1 0 0 PWDR12 selected
1 PWDR13 selected
1 0 PWDR14 selected
1 PWDR15 selected
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9.2.2 PWM Data Registers (PWDRO to PWDR15)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWDR is an 8-bit readable/writable register that specifies the duty cycle of the basic pulseto
be output, and the number of additional pulses. The value set in PWDR correspondstoaOor 1
ratio in the conversion period. The upper 4 bits specify the duty cycle of the basic pulse as 0/16 to
15/16 with aresolution of 1/16. The lower 4 bits specify how many extra pulses are to be added
within the conversion period comprising 16 basic pulses. Thus, a specification of 0/256 to 255/256
is possible for 0/1 ratios within the conversion period. For 256/256 (100%) output, port output
should be used.

PWDR isinitialized to H'00 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

9.23 PWM Data Polarity Registers A and B (PWDPRA and PWDPRB)

PWDPRA
Bit 7 6 5 4 3 2 1 0

‘ 0s7 ‘ 0S6 ‘ 0S5 ‘ 0s4 ‘ 0S3 ‘ 0Ss2 ‘ 0s1 ‘ 0Ss0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PWDPRB
Bit 7 6 5 4 3 2 1 0

‘ 0Ss15 ‘ 0s14 ‘ 0sS13 ‘ 0s12 ‘ 0Os11 ‘ 0Ss10 ‘ 0S9 ‘ 0S8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWDPR is an 8-hit readabl e/writable register that controls the polarity of the PWM output.
Bits OS0 to OS15 correspond to outputs PWO to PW15.
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PWDPR isinitialized to H'00 by areset and in hardware standby mode.

0os Description

0 PWM direct output (PWDR value corresponds to high width of output)

(Initial value)

PWM inverted output (PWDR value corresponds to low width of output)

9.24 PWM Output Enable Registers A and B (PWOERA and PWOERB)

PWOERA
Bit

Initial value
Read/Write

PWOERB
Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0

‘ OE7 ‘ OE6 ‘ OE5 ‘ OE4 ‘ OE3 ‘ OE2 ‘ OEl OEO ‘
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0

‘ OE15 ‘ OE14‘ OE13 ‘ OE12 ‘ OE11 ‘ OE10 ‘ OE9 OE8 ‘
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Each PWOER is an 8-bit readable/writable register that switches between PWM output and port
output. Bits OE15 to OEO correspond to outputs PW15 to PWO. To set apin in the output state, a

setting in the port direction register is also necessary. Bits PL7DDR to PIODDR correspond to

outputs PW7 to PWO, and bits P27DDR to P20DDR correspond to outputs PW15 to PW8.

PWOER isinitialized to H'00 by areset and in hardware standby mode.

DDR OE Description

0 0 Port input (Initial value)
1 Port input

1 0 Port output or PWM 256/256 output
1 PWM output (0 to 255/256 output)
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9.25 Peripheral Clock Select Register (PCSR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ PWCKB ‘ PWCKA‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — R/W R/W —

PCSR is an 8-bit readable/writable register that selects the PWM timer input clock.
PCSR isinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2 and 1—PWM Clock Select (PWCKB, PWCKA): Together with bits PWCKE and
PWCKSin PWSL, these bits select the internal clock input to TCNT in the PWM timer. For
details, see section 9.2.1, PWM Register Select (PWSL).

Bit 0—Reserved: Do not set this bit to 1.

9.2.6 Port 1 Data Direction Register (P1LDDR)

Bit 7 6 5 4 3 2 1 0
‘Pl?DDR‘ PlGDDR‘ PlSDDR‘ P14DDR‘ P13DDR ‘ P12DDR ‘ P11DDR‘P10DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w W w W W w W

P1DDR isan 8-bit write-only register that specifies the input/output direction and PWM output for
each pin of port 1 on abit-by-bit basis.

Port 1 pins are multiplexed with pins PWO to PW7. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on PIDDR, see section 8.2, Port 1.
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927 Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0

‘ P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P22DDR ‘ P21DDR ‘ PZODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W w w W

P2DDR is an 8-bit write-only register that specifies the input/output direction and PWM output for
each pin of port Jon a bit-by-bit basis.

Port 2 pins are multiplexed with pins PW8 to PW15. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on P2DDR, see section 8.3, Port 2.

9.28 Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0

‘ P17DR ‘ PlGDR‘ P15DR ‘ P14DR ‘ P13DR ‘ P12DR ‘ P11DR ‘ P10DR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0sS=1).

For details on P1DR, see section 8.2, Port 1.

9.29 Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

‘ P27DR ‘ P26DR‘ P25DR ‘ P24DR ‘ P23DR ‘ P22DR ‘ P21DR ‘ P20DR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0sS=1).

For details on P2DR, see section 8.3, Port 2.
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9.210 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 hit is set to 1, 8-bit PWM timer operation is halted and atransition is made to
module stop mode. For details, see section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

M STPCRH Bit 3—Module Stop (M STP11): Specifies PWM module stop mode.

MSTPCRH

Bit 3

MSTP11 Description

0 PWM module stop mode is cleared

1 PWM module stop mode is set (Initial value)
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9.3 Operation

931 Correspondence between PWM Data Register Contents and Output Waveform

The upper 4 bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16, as shown in table 9.4.

Table9.4 Duty Cycle of Basic Pulse

Upper 6 Bits Basic Pulse Waveform (Internal)

0123456789 ABCDETFDO
000000

000001

000010

000011

000100

000101

000110

000111

111000

111001

111010

111011

111100

111101

111110

111111

T Do

EE[[[[[_ LILILL LI
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The lower 4 bits of PWDR specify the position of pulses added to the 16 basic pulses, as shown in
table 9.5. An additional pulse consists of a high period (when OS = 0) with awidth equal to the
resolution, added before the rising edge of a basic pulse. When the upper 4 bits of PWDR are
0000, there is no rising edge of the basic pulse, but the timing for adding pulses is the same.

Table9.5 Position of Pulses Added to Basic Pulses

Basic Pulse No.

Lower4Bits 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0000

0001 Yes
0010 Yes Yes
0011 Yes Yes Yes
0100 Yes Yes Yes Yes
0101 Yes Yes Yes Yes Yes
0110 Yes Yes Yes Yes Yes Yes
0111 Yes Yes Yes Yes Yes Yes Yes
1000 Yes Yes Yes Yes Yes Yes Yes Yes
1001 Yes Yes Yes Yes Yes Yes Yes Yes Yes
1010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1100 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1101 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1110 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1111 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No additional pulse

»{ ’« Resolution width

Additional pulse provided

L Additional pulse

Figure9.2 Example of Additional Pulse Timing (When Upper 4 Bits of PWDR = 1000)
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Section 10 14-Bit PWM D/A

10.1 Overview

The H85/2128 Series and H8S/2124 Series have an on-chip 14-bit pulse-width modulator (PWM)

with two output channels.

Each channel can be connected to an external low-pass filter to operate as a 14-bit D/A converter.

Both channels share the same counter (DACNT) and control register (DACR).

10.1.1  Features
The features of the 14-bit PWM D/A are listed below.
» The pulseis subdivided into multiple base cycles to reduceripple.

» Two resolution settings and two base cycle settings are available

The resolution can be set equal to one or two system clock cycles. The base cycle can be set
equal to T x 64 or T x 256, where T isthe resolution.

» Four operating rates
The two resolution settings and two base cycle settings combine to give a selection of four
operating rates.
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10.1.2  Block Diagram

Figure 10.1 shows a block diagram of the PWM D/A module.

Internal clock
[

a/2

Y ; _
clock | Businterface |
Clock selection oc W
Basic cycle
<>
<>

Internal data bus

compare-match A

A

Fine-adjustment

Comparator |
PWX0 ~-— pulse addition A y

N
A DADRA

A

Basic cycle
PWX1 - compare-match B

pu
Fine-adjustment Comparator ]
pulse addition B B

Control logic m

S|

DADRB

A

Basic cycle overflow DACNT

DACR

Module data bus

Legend:

DACR: PWM D/A control register ( 6 bits)
DADRA: PWM D/A data register A (15 bits)
DADRB: PWM D/A data register B (15 bits)
DACNT: PWM D/A counter (14 bits)

Figure10.1 PWM D/A Block Diagram

10.1.3  Pin Configuration

Table 10.1 lists the pins used by the PWM D/A module.

Table10.1 Input and Output Pins

Channel Name Abbr. 1/0 Function

A PWM output pin 0 PWXO0 Output PWM output, channel A
B PWM output pin 1 PWX1 Output PWM output, channel B
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10.1.4 Register Configuration

Table 10.2 lists the registers of the PWM D/A module.

Table10.2 Register Configuration

Name Abbreviation R/W Initial value Address**
PWM D/A control register DACR R/W H'30 H'FFAQ*?
PWM D/A data register A high DADRAH R/W H'FF H'FFAQ*?
PWM D/A data register A low DADRAL R/W H'FF H'FFA1*?
PWM D/A data register B high DADRBH R/W H'FF H'FFAG**
PWM D/A data register B low DADRBL R/W H'FF H'FFAT7*?
PWM D/A counter high DACNTH R/W H'00 H'FFAG*?
PWM D/A counter low DACNTL R/W H'03 H'FFAT7*2
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. The 14-bit PWM timer registers are assigned to the same addresses as other registers.
Register selection is performed with the IICE bit in the serial/timer control register
(STCR). DADRAH and DACR, and DADRB and DACNT, have the same address.
Switching is performed with the REGS bit in DACNT or DADRB.

10.2  Register Descriptions

10.21 PWM D/A Counter (DACNT)

Bit (CPU)
BIT (Counter)

Initial value
Read/Write

[ DACNTH P DACNTL |
| 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0 |
7 6 5 4 3 2 1 0 8 9 10 11 12 13 — —

— |REGS
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW — R/W

DACNT isa 14-bit readable/writable up-counter that increments on an input clock pulse. The
input clock is selected by the clock select bit (CKS) in DACR. The CPU can read and write the
DACNT value, but since DACNT isa 16-bit register, data transfers between it and the CPU are
performed using atemporary register (TEMP). See section 10.3, Bus Master Interface, for details.
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DACNT functions as the time base for both PWM D/A channels. When a channel operates with
14-bit precision, it usesall DACNT bits. When a channel operates with 12-bit precision, it uses the
lower 12 (counter) bits and ignores the upper two (counter) bits.

DACNT isinitialized to H'0003 by areset, in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode, and by the PWME bhit.

Bit 1 of DACNTL (CPU) isnot used, and isawaysread as 1.

DACNTL Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS it specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)

10.2.2 D/A Data Registers A and B (DADRA and DADRB)

DADRH DADRL
- > >‘
Bit (CPU) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit (Data) 13 12 11 10 9 8 7 6 5 4 3 2 1 0o — —
DADRA DA13|DA12|DA11{DA10| DAY | DA8 | DA7 | DA6 | DA5 | DA4 | DA3| DA2| DA1| DAO|CFS| —

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW —

DADRB DA13|DA12|DA11|DA10| DAY | DA8 | DA7 | DA6 | DA5 | DA4 | DA3| DA2| DAL | DAO | CFS |[REGS
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

There are two 16-bit readable/writable D/A dataregisters: DADRA and DADRB. DADRA
corresponds to PWM D/A channel A, and DADRB to PWM D/A channel B. The CPU can read
and write the PWM D/A dataregister values, but since DADRA and DADRB are 16-hit registers,
data transfers between them and the CPU are performed using atemporary register (TEMP). See
section 10.3, Bus Master Interface, for details.

The least significant (CPU) bit of DADRA isnot used and is alwaysread as 1.

DADRisinitialized to H'FFFF by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.
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Bits 15to 3—PWM D/A Data 13to 0 (DA13 to DAO): The digital value to be converted to an
analog valueis set in the upper 14 bits of the PWM D/A dataregister.

In each base cycle, the DACNT value is continually compared with these upper 14 bitsto
determine the duty cycle of the output waveform, and to decide whether to output a fine-
adjustment pulse equal in width to the resolution. To enable this operation, the data register must
be set within arange that depends on the carrier frequency select bit (CFS). If the DADR value is
outside this range, the PWM output is held constant.

A channel can be operated with 12-bit precision by keeping the two lowest data bits (DAO and
DA1) cleared to 0 and writing the data to be converted in the upper 12 bits. The two lowest data
bits correspond to the two highest counter (DACNT) bits.

Bit 1—Carrier Frequency Select (CFS)

Bit 1
CFS Description
0 Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD
1 Base cycle = resolution (T) x 256 (Initial value)

DADR range = H'0103 to H'FFFF

DADRA Bit 0—Reserved: This bit cannot be modified and is alwaysread as 1.

DADRB Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS hit specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)

10.23 PWM D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0
TEST | PWME — — OEB OEA oS CKS

Initial value 0 0 1 1 0 0 0 0

Read/Write R/W R/W — — R/W R/W R/W R/W
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DACR is an 8-bit readable/writable register that selects test mode, enables the PWM outputs, and
selects the output phase and operating speed.

DACRisinitialized to H'30 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 7—Test Mode (TEST): Selects test mode, which isused in testing the chip. Normally this bit
should be cleared to O.

Bit 7

TEST Description

0 PWM (D/A) in user state: normal operation (Initial value)
1 PWM (D/A) in test state: correct conversion results unobtainable

Bit 6—PWM Enable (PWME): Starts or stops the PWM D/A counter (DACNT).

Bit 6

PWME Description

0 DACNT operates as a 14-bit up-counter (Initial value)
1 DACNT halts at H'0003

Bits 5 and 4—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 3—Output Enable B (OEB): Enables or disables output on PWM D/A channel B.

Bit 3

OEB Description

0 PWM (D/A) channel B output (at the PWX1 pin) is disabled (Initial value)
1 PWM (D/A) channel B output (at the PWX1 pin) is enabled

Bit 2—Output Enable A (OEA): Enables or disables output on PWM D/A channel A.

Bit 2

OEA Description

0 PWM (D/A) channel A output (at the PWXO pin) is disabled (Initial value)
1 PWM (D/A) channel A output (at the PWXO pin) is enabled
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Bit 1—Output Select (OS): Selects the phase of the PWM D/A output.

Bit 1

(O] Description

0 Direct PWM output (Initial value)
1 Inverted PWM output

Bit 0—Clock Select (CKYS): Selects the PWM D/A resolution. If the system clock (@) frequency
is 10 MHz, resolutions of 100 ns and 200 ns can be selected.

Bit O

CKs Description

0 Operates at resolution (T) = system clock cycle time (t.,.) (Initial value)
1 Operates at resolution (T) = system clock cycle time (t,,.) x 2

10.24 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14{MSTP13[MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTPS | MSTP4 | MSTP3 [ MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W RW RW RW RW R/W RW RW RW RW RW RW RW RW R/W

MSTPCR comprises two 8-hit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 bit is set to 1, 14-bit PWM timer operation is halted and a transition is made to
modul e stop mode. For details, see section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

M STPCRH Bit 3—Module Stop (M STP11): Specifies PWM X module stop mode.

MSTPCRH

Bit 3

MSTP11  Description

0 PWMX module stop mode is cleared

1 PWMX module stop mode is set (Initial value)
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10.3 BusMaster Interface

DACNT, DADRA, and DADRB are 16-hit registers. The data bus linking the bus master and the
on-chip supporting modules, however, isonly 8 bits wide. When the bus master accesses these
registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written and read as follows (taking the example of the CPU interface).

*  Write

When the upper byte is written, the upper-byte write datais stored in TEMP. Next, when the
lower byte iswritten, the lower-byte write data and TEMP value are combined, and the
combined 16-bit value is written in the register.

* Read
When the upper byte isread, the upper-byte valueis transferred to the CPU and the lower-byte

value istransferred to TEMP. Next, when the lower byteis read, the lower-byte value in
TEMP istransferred to the CPU.

These registers should always be accessed 16 bits at atime using an MOV instruction (by word
access or two consecutive byte accesses), and the upper byte should always be accessed before the
lower byte. Correct datawill not be transferred if only the upper byte or only the lower byteis
accessed. Also note that a bit manipulation instruction cannot be used to access these registers.

Figure 10.2 shows the data flow for accessto DACNT. The other registers are accessed similarly.
Example 1. Writeto DACNT

MOV. WRO, @DACNT ; Write RO contentsto DACNT
Example 2: Read DADRA

MOV. W @ADRA, RO ; Copy contents of DADRA to RO

Table10.3 Read and Write Access Methodsfor 16-Bit Registers

Read Write
Register Name Word Byte Word Byte
DADRA and DADRB Yes Yes Yes X
DACNT Yes X Yes X

Notes: Yes: Permitted type of access. Word access includes successive byte accesses to the
upper byte (first) and lower byte (second).

x:  This type of access may give incorrect results.
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Upper-Byte Write

CPU interface
(H'AA)
Upper byte

Module data bus

TEMP
(HAA)

UT1 4

DACNTH | DACNTL
¢ ) ¢ )

Lower-Byte Write

” Bus
CPU interface
(H'57)
Lower byte

Module data bus

DACNTH | DACNTL
(H'AA) (H'57)

Figure10.2 (a) Accessto DACNT (CPU WritesH'AA57 to DACNT)
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Upper-Byte Read

interface

Module data bus

(H'AA)
Upper byte
TEMP
(H'57)
NS
DACNTH DACNTL
(H'AA) (H'57)

Lower-Byte Read

CPY -' intsrllfzce
(H'57)
Lower byte

Module data bus

TEMP
(H'57)

UTT

DACNTH | DACNTL
¢ ) ¢ )

Figure10.2 (b) Accessto DACNT (CPU Reads H'AA57 from DACNT)
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104  Operation

A PWM waveform like the one shown in figure 10.3 is output from the PWM X pin. When OS =

0, the value in DADR correspondsto the total width (T, ) of the low (0) pulses output in one

conversion cycle (256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 1, the output

waveform isinverted and the DADR value corresponds to the total width (T, of the high (1)

output pulses. Figure 10.4 shows the types of waveform output available.

1 conversion cycle
(T x 214 (= 16384))

I
Basic cycle
(T x 64 or T x 256)

Y

‘4—»
t
T: Resolution

m
T =3 t , (when OS =0)
n=1

(When CFS =0, m = 256; when CFS = 1, m = 64)

LT L

Figure10.3 PWM D/A Operation

Table 10.4 summarizes the relationships of the CKS, CFS, and OS hit settings to the resolution,
base cycle, and conversion cycle. The PWM output remains flat unless DADR contains at least a

certain minimum value. Table 10.4 indicates the range of DADR settings that give an output

waveform like the onein figure 10.3, and lists the conversion cycle length when low-order DADR

bits are kept cleared to 0, reducing the conversion precision to 12 bits or 10 hits.
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Table10.4 Settings and Operation (Exampleswhen g= 10 MHz)

Fixed DADR Bits

Bit Data
Resolution Base Conversion T, (if OS =0) Precision Conversion
CKS T (us) CFS Cycle (us) Cycle (us) Ty, (ifOS=1) (Bits) 3 2 1 0 Cycle* (us)
0 01 0 64 1638.4 1. Always low (or high) 14 1638.4
(DADR = H'0001 to
H'03FD)
2. (Datavalue) x T 12 0 0 409.6
(DADR = H'0401 to
H'FFFD)
10 000 0 1024
1 25.6 1638.4 1. Always low (or high) 14 1638.4
(DADR = H'0003 to
H'00FF)
2. (Datavalue) x T 12 0 0 409.6
(DADR = H'0103 to
H'FFFF)
10 000 0 1024
1 0.2 0 12.8 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0001 to
H'03FD)
2. (Datavalue) x T 12 0 0 819.2
(DADR = H'0401 to
H'FFFD)
10 0 0 0 0 204.8
1 51.2 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0003 to
H'00FF)
2. (Datavalue) x T 12 0 0 819.2
(DADR = H'0103 to
H'FFFF)
10 0 0 0 0 204.8

Note: * This column indicates the conversion cycle when specific DADR bits are fixed.
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1. OS=0 (DADR correspondsto T,)

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

tyy tr tr255 tr256
e I | ~f - ~f - ~t - ~t -
t1 to tL3 t 255 t 256
tg =t =tz =" =toss = tps = T x 64

tigtto+ttig+ - +toss+tiogs =T,

Figure10.4 (1) Output Waveform

b. CFS=1[basecycle=resolution (T) x 256]

1 conversion cycle

tyy tro 5 ti63 Y64

o o o R R
ta t 63 t 64

tg =t =tz =" =tz =tis =T x 256
gtttz +lez+ttiga=TL

Figure10.4 (2) Output Waveform
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2. OS=1 (DADR correspondsto T})

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

51 |7 Y255 tto56

marovs B s B s B v B
thg tr2 th3 ti255 thi256
g =t =t3 = = loss = lose = T X 64
g+t +tyg + - - -+ tpss t+ tose = Th
Figure10.4 (3) Output Waveform
b. CFS=1[base cycle=resolution (T) x 256]
1 conversion cycle

tr tr t63 t64

1 e e g
tha th2 ths tHes tHea
ty =t =tz =" =tz =tes =T x 256

typ it gz + -+ theg + tyes = Ty

Figure10.4 (4) Output Waveform
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Section 11 16-Bit Free-Running Timer

111 Overview

The H85/2128 Series and H8S/2124 Series have a single-channel on-chip 16-bit free-running
timer (FRT) module that uses a 16-hit free-running counter as atime base. Applications of the
FRT module include rectangul ar-wave output (up to two independent waveforms), input pulse
width measurement, and measurement of external clock periods.

1111 Features

The features of the free-running timer module are listed below.

» Sdlection of four clock sources

O The free-running counter can be driven by an internal clock source (2/2, @/8, or @/32), or an
external clock input (enabling use as an external event counter).

« Two independent comparators
0 Each comparator can generate an independent waveform.

» Four input capture channels
O The current count can be captured on the rising or falling edge (selectable) of an input
signal.
O Thefour input capture registers can be used separately, or in a buffer mode.

» Counter can be cleared under program control
O The free-running counters can be cleared on compare-match A.

» Seven independent interrupts

O Two compare-match interrupts, four input capture interrupts, and one overflow interrupt
can be requested independently.

» Specia functions provided by automatic addition function
O The contents of OCRAR and OCRAF can be added to the contents of OCRA automatically,
enabling a periodic waveform to be generated without software intervention.
O The contents of ICRD can be added automatically to the contents of OCRDM x 2, enabling
input capture operations in thisinterval to be restricted.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the free-running timer.

External Internal
clock source clock sources OCRA R/F (HIL)
—————— a2
2/8 '
FTCI ﬁ r /32 ‘
Clock select Clock OCRA (H/L)
* Compare- '
match A Comparator A
FTOA ~— Overflow i ‘
FRC (H/L) @
FTOB ——| 8
T Internal
<1 £ K databus
C Comparator B o
ompare- 2
match B ‘
OCRB (H/L) E
8
Control 1 S
logic Input capture 2
ETIA -— ICRA (H/L) >§
=  ICRB(HIL) =
FTIB —»
o ICRC (HIL) >
FTIC L w|  ICRD (HL) >
FTID —=
t———»ICID Interrupt signals
-——»0CIA
—— = 0CIB
——————————=FovVI
Legend:
OCRA, B: Output compare register A, B (16 bits) TIER: Timer interrupt enable register (8 bits)
FRC: Free-running counter (16 bits) TCR: Timer control register (8 bits)
ICRA, B, C, D: Input capture register A, B, C, D (16 bits) TOCR: Timer output compare control
TCSR: Timer control/status register (8 bits) register (8 bits)

Figure11.1 Block Diagram of 16-Bit Free-Running Timer

244
HITACHI




11.1.3 Input and Output Pins

Table 11.1 lists the input and output pins of the free-running timer module.

Table11.1 Input and Output Pins of Free-Running Timer Module

Name Abbreviation  1/0 Function

Counter clock input FTCI Input FRC counter clock input
Output compare A FTOA Output Output compare A output
Output compare B FTOB Output Output compare B output
Input capture A FTIA Input Input capture A input
Input capture B FTIB Input Input capture B input
Input capture C FTIC Input Input capture C input
Input capture D FTID Input Input capture D input

HITACHI
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11.1.4 Register Configuration

Table 11.2 lists the registers of the free-running timer module.

Table11.2 Register Configuration

Name Abbreviation R/W Initial Value  Address**
Timer interrupt enable register TIER R/W H'01 H'FF90
Timer control/status register TCSR R/(W)**  H'00 H'FF91
Free-running counter FRC R/W H'0000 H'FF92
Output compare register A OCRA R/W H'FFFF H'FF94*3
Output compare register B OCRB R/W H'FFFF H'FF94*3
Timer control register TCR R/W H'00 H'FF96
Timer output compare control TOCR R/W H'00 H'FF97
register
Input capture register A ICRA R H'0000 H'FF98**
Input capture register B ICRB R H'0000 H'FF9A**
Input capture register C ICRC R H'0000 H'FF9C**
Input capture register D ICRD R H'0000 H'FFOE
Output compare register AR OCRAR R/W H'FFFF H'FF98**
Output compare register AF OCRAF R/W H'FFFF H'FF9A**
Output compare register DM OCRDM R/W H'0000 H'FF9C**
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87
Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 1 are read-only; only 0 can be written to clear the flags.
Bit O is readable/writable.
3. OCRA and OCRB share the same address. Access is controlled by the OCRS
bit in TOCR.
4. ICRA, ICRB, and ICRC share the same addresses with OCRAR, OCRAF, and
OCRDM. Access is controlled by the ICRS bit in TOCR.
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11.2  Register Descriptions

11.21  Free-Running Counter (FRC)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ReadWritt RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

FRC is a 16-bit readable/writable up-counter that increments on an internal pulse generated from a
clock source. The clock source is selected by bits CKS1 and CKS0in TCR.

FRC can aso be cleared by compare-match A.
When FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in TCSR is set to 1.

FRC isinitialized to H'0000 by areset and in hardware standby mode.

11.2.2  Output Compare RegistersA and B (OCRA, OCRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Iniialvalte 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

OCRA and OCRB are 16-hit readable/writable registers, the contents of which are continually
compared with the value in the FRC. When a match is detected, the corresponding output compare
flags (OCFA or OCFB) issetin TCSR.

In addition, if the output enable bit (OEA or OEB) in TOCR is set to 1, when OCR and FRC
values match, the logic level selected by the output level bit (OLVLA or OLVLB) in TOCR is
output at the output compare pin (FTOA or FTOB). Following areset, the FTOA and FTOB
output levels are O until the first compare-match.

OCRisinitialized to H'FFFF by areset and in hardware standby mode.
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11.2.3 Input Capture RegistersA to D (ICRA to ICRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0
ReadWrte R R R R R R R R R R R R R R R R

There are four input capture registers, A to D, each of which isa 16-bit read-only register.

When the rising or falling edge of the signal at an input capture input pin (FTIA to FTID) is
detected, the current FRC value is copied to the corresponding input capture register (ICRA to
ICRD). At the same time, the corresponding input capture flag (ICFA to ICFD) in TCSR is set to
1. The input capture edge is selected by the input edge select bits (IEDGA to IEDGD) in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, and made to
perform buffer operations, by means of buffer enable bits A and B (BUFEA, BUFEB) in TCR.

Figure 11.2 shows the connections when ICRC is specified asthe ICRA buffer register (BUFEA =
1). When ICRC is used as the ICRA buffer, both rising and falling edges can be specified as
transitions of the external input signal by setting IEDGA |IEDGC. When IEDGA = IEDGC,
either therising or falling edge is designated. Seetable 11.3.

Note: The FRC contents are transferred to the input capture register regardless of the value of the
input capture flag (ICF).

IEDGA BUFEA IEDGC

Edge detect and

ETIA >— capture signal .
generating circuit

ICRC ICRA FRC

Figure11.2 Input Capture Buffering (Example)
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Table11.3 Buffered Input Capture Edge Selection (Example)

IEDGA IEDGC Description

0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
1 Captured on both rising and falling edges of input capture A (FTIA)

1 0
1 Captured on rising edge of input capture A (FTIA)

To ensure input capture, the width of the input capture pulse should be at least 1.5 system clock
periods (1.58). When triggering is enabled on both edges, the input capture pulse width should be
at least 2.5 system clock periods (2.59).

ICR s initialized to H'0000 by areset and in hardware standby mode.

11.24  Output Compare Registers AR and AF (OCRAR, OCRAF)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Iniialvalte 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

OCRAR and OCRAF are 16-hit readable/writable registers.

When the OCRAMS hit in TOCR is set to 1, the operation of OCRA is changed to include the use
of OCRAR and OCRAF. The contents of OCRAR and OCRAF are automatically added
alternately to OCRA, and the result is written to OCRA. The write operation is performed on the
occurrence of compare-match A. In the first compare-match A after the OCRAMS bit isset to 1,
OCRAF is added.

The operation due to compare-match A varies according to whether the compare-match follows
addition of OCRAR or OCRAF. The value of the OLVLA bitin TOCR isignored, and 1 is output
on a compare-match A following addition of OCRAF, while 0 is output on a compare-match A
following addition of OCRAR.

When the OCRA automatically addition function is used, do not set internal clock @/2 as the FRC
counter input clock together with an OCRAR (or OCRAF) value of H'0001 or less.

OCRAR and OCRAF areinitialized to H'FFFF by areset and in hardware standby mode.
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11.25  Output Compare Register DM (OCRDM)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvaue o0 o o ©o0 O O O O O O O O 0O O o0 O
Read/Write R R R R R R R R RW RW RW RW RW RW RW RW

OCRDM is a 16-hit readabl e/writable register in which the upper 8 bits are fixed at H'00.

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000,
the operation of ICRD is changed to include the use of OCRDM. The point at which input capture
D occursistaken asthe start of amask interval. Next, twice the contents of OCRDM s added to
the contents of ICRD, and the result is compared with the FRC value. The point at which the
values match is taken as the end of the mask interval. New input capture D events are disabled
during the mask interval.

A mask interval is not generated when the ICRDMS hit is set to 1 and the contents of OCRDM are
H'0000.

OCRDM isinitialized to H'0000 by areset and in hardware standby mode.

11.2.6 Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ — ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

TIER is an 8-bit readable/writable register that enables and disables interrupts.
TIER isinitialized to H'01 by areset and in hardware standby mode.

Bit 7—Input Capture Interrupt A Enable (ICIAE): Selects whether to request input capture
interrupt A (ICIA) when input capture flag A (ICFA) in TCSRisset to 1.

Bit 7

ICIAE Description

0 Input capture interrupt request A (ICIA) is disabled (Initial value)
1 Input capture interrupt request A (ICIA) is enabled
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Bit 6—Input Capture Interrupt B Enable (I CIBE): Selects whether to request input capture
interrupt B (ICIB) when input capture flag B (ICFB) in TCSR isset to 1.

Bit 6

ICIBE Description

0 Input capture interrupt request B (ICIB) is disabled (Initial value)
1 Input capture interrupt request B (ICIB) is enabled

Bit 5—Input Capture Interrupt C Enable (ICICE): Selects whether to request input capture
interrupt C (ICIC) when input capture flag C (ICFC) in TCSR is set to 1.

Bit 5

ICICE Description

0 Input capture interrupt request C (ICIC) is disabled (Initial value)
1 Input capture interrupt request C (ICIC) is enabled

Bit 4—Input CaptureInterrupt D Enable (ICIDE): Selects whether to request input capture
interrupt D (ICID) when input capture flag D (ICFD) in TCSR is set to 1.

Bit 4

ICIDE Description

0 Input capture interrupt request D (ICID) is disabled (Initial value)
1 Input capture interrupt request D (ICID) is enabled

Bit 3—Output Compare Interrupt A Enable (OCIAE): Selects whether to request output
compare interrupt A (OCIA) when output compare flag A (OCFA) in TCSRisset to 1.

Bit 3

OCIAE Description

0 Output compare interrupt request A (OCIA) is disabled (Initial value)
1 Output compare interrupt request A (OCIA) is enabled

Bit 2—Output Compare Interrupt B Enable (OCIBE): Selects whether to request output
compare interrupt B (OCIB) when output compare flag B (OCFB) in TCSRisset to 1.

Bit 2

OCIBE Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)
1 Output compare interrupt request B (OCIB) is enabled
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Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects whether to request a free-running
timer overflow interrupt (FOV1) when the timer overflow flag (OVF) in TCSRis set to 1.

Bit 1

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 0—Reserved: Thisbit cannot be modified and is alwaysread as 1.

11.2.7 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘ CCLRA ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RIW)* RIW)* RIW)* R/(W)* RIW)* RIW)* R/W

Note: * Only O can be written in bits 7 to 1 to clear these flags.

TCSR isan 8-bit register used for counter clear selection and control of interrupt request signals.
TCSRisinitialized to H'00 by areset and in hardware standby mode.
Timing is described in section 11.3, Operation.

Bit 7—Input Capture Flag A (ICFA): This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture signal. When BUFEA = 1, ICFA indicates that
the old ICRA value has been moved into ICRC and the new FRC value has been transferred to
ICRA.

ICFA must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 7

ICFA Description

0 [Clearing condition] (Initial value)
Read ICFA when ICFA = 1, then write 0 in ICFA

1 [Setting condition]
When an input capture signal causes the FRC value to be transferred to
ICRA
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Bit 6—Input Capture Flag B (ICFB): This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture signal. When BUFEB = 1, ICFB indicates that
the old ICRB value has been moved into ICRD and the new FRC value has been transferred to
ICRB.

ICFB must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 6

ICFB Description

0 [Clearing condition] (Initial value)
Read ICFB when ICFB = 1, then write 0 in ICFB

1 [Setting condition]

When an input capture signal causes the FRC value to be transferred to ICRB

Bit 5—Input Capture Flag C (ICFC): This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture signal. When BUFEA = 1, on occurrence of the
signal transition in FTIC (input capture signal) specified by the IEDGC bit, ICFC is set but datais
not transferred to ICRC. Therefore, in buffer operation, ICFC can be used as an external interrupt
signal (by setting the ICICE bit to 1).

|CFC must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 5

ICFC Description

0 [Clearing condition] (Initial value)
Read ICFC when ICFC = 1, then write 0 in ICFC

1 [Setting condition]

When an input capture signal is received

Bit 4—Input Capture Flag D (ICFD): This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture signal. When BUFEB = 1, on occurrence of the
signal transition in FTID (input capture signal) specified by the IEDGD bit, ICFD is set but datais
not transferred to ICRD. Therefore, in buffer operation, ICFD can be used as an external interrupt
by setting the ICIDE bit to 1.

ICFD must be cleared by software. It is set by hardware, however, and cannot be set by software.
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Bit 4
ICFD Description

0 [Clearing condition] (Initial value)
Read ICFD when ICFD = 1, then write 0 in ICFD

1 [Setting condition]
When an input capture signal is received

Bit 3—Output Compare Flag A (OCFA): This status flag indicates that the FRC value matches
the OCRA value. Thisflag must be cleared by software. It is set by hardware, however, and
cannot be set by software.

Bit 3

OCFA Description

0 [Clearing condition] (Initial value)
Read OCFA when OCFA = 1, then write 0 in OCFA

1 [Setting condition]

When FRC = OCRA

Bit 2—Output Compare Flag B (OCFB): This status flag indicates that the FRC value matches
the OCRB value. This flag must be cleared by software. It is set by hardware, however, and cannot
be set by software.

Bit 2

OCFB Description

0 [Clearing condition] (Initial value)
Read OCFB when OCFB = 1, then write 0 in OCFB

1 [Setting condition]

When FRC = OCRB

Bit 1—Timer Overflow Flag (OVF): This status flag indicates that the FRC has overflowed
(changed from H'FFFF to H'0000). This flag must be cleared by software. It is set by hardware,
however, and cannot be set by software.
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Bit 1
OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]
When FRC changes from H'FFFF to H'0000

Bit 0—Counter Clear A (CCLRA): This bit selects whether the FRC is to be cleared at compare-
match A (when the FRC and OCRA values match).

Bit 0

CCLRA Description

0 FRC clearing is disabled (Initial value)
1 FRC is cleared at compare-match A

11.28 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0

‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ CKs1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCR is an 8-bit readable/writable register that selects the rising or falling edge of the input capture
signals, enables the input capture buffer mode, and selects the FRC clock source.

TCRisinitialized to H'00 by areset and in hardware standby mode

Bit 7—Input Edge Select A (IEDGA): Selectstherising or falling edge of the input capture A
signa (FTIA).

Bit 7

IEDGA Description

0 Capture on the falling edge of FTIA (Initial value)
1 Capture on the rising edge of FTIA

Bit 6—Input Edge Select B (IEDGB): Selects therising or falling edge of the input capture B
signa (FTIB).

255
HITACHI



Bit 6
IEDGB Description

0 Capture on the falling edge of FTIB (Initial value)

1 Capture on the rising edge of FTIB

Bit 5—Input Edge Select C (IEDGC): Selectstherising or falling edge of the input capture C
signa (FTIC).

Bit 5

IEDGC Description

0 Capture on the falling edge of FTIC (Initial value)
1 Capture on the rising edge of FTIC

Bit 4—Input Edge Select D (IEDGD): Selectstherising or falling edge of the input capture D
signal (FTID).

Bit 4

IEDGD Description

0 Capture on the falling edge of FTID (Initial value)
1 Capture on the rising edge of FTID

Bit 3—Buffer Enable A (BUFEA): Selects whether ICRC isto be used as a buffer register for
ICRA.

Bit 3

BUFEA Description

0 ICRC is not used as a buffer register for input capture A (Initial value)
1 ICRC is used as a buffer register for input capture A

Bit 2—Buffer Enable B (BUFEB): Selects whether ICRD isto be used as a buffer register for
ICRB.

Bit 2

BUFEB Description

0 ICRD is not used as a buffer register for input capture B (Initial value)
1 ICRD is used as a buffer register for input capture B
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Bits 1 and 0—Clock Select (CKS1, CKS0): Select external clock input or one of three internal
clock sources for the FRC. External clock pulses are counted on the rising edge of signalsinput to
the external clock input pin (FTCI).

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @/2 internal clock source (Initial value)
1 2/8 internal clock source

1 0 2/32 internal clock source
1 External clock source (rising edge)

11.29 Timer Output Compare Control Register (TOCR)

Bit 7 6 5 4 3 2 1 0
‘ICRDMS‘OCRAMS‘ ICRS ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OoLVLB ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TOCR is an 8-bit readable/writable register that enables output from the output compare pins,
selects the output levels, switches access between output compare registers A and B, controls the
ICRD and OCRA operating mode, and switches access to input capture registers A, B, and C.

TOCR isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Input Capture D Mode Select (ICRDMS): Specifies whether ICRD is used in the normal
operating mode or in the operating mode using OCRDM.

Bit 7
ICRDMS  Description

0 The normal operating mode is specified for ICRD (Initial value)

1 The operating mode using OCRDM is specified for ICRD

Bit 6—Output Compare A Mode Select (OCRAM S): Specifies whether OCRA is used in the
normal operating mode or in the operating mode using OCRAR and OCRAF-.
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Bit 6
OCRAMS Description

0 The normal operating mode is specified for OCRA (Initial value)

1 The operating mode using OCRAR and OCRAF is specified for OCRA

Bit 5—Input Capture Register Select (ICRS): The same addresses are shared by ICRA and
OCRAR, by ICRB and OCRAF, and by ICRC and OCRDM. The ICRS bit determines which
registers are selected when the shared addresses are read or written to. The operation of ICRA,
ICRB, and ICRC is not affected.

Bit 5

ICRS Description

0 The ICRA, ICRB, and ICRC registers are selected (Initial value)
1 The OCRAR, OCRAF, and OCRDM registers are selected

Bit 4—Output Compar e Register Select (OCRS): OCRA and OCRB share the same address.
When this address is accessed, the OCRS hit selects which register is accessed. This bit does not
affect the operation of OCRA or OCRB.

Bit 4
OCRS Description

0 The OCRA register is selected (Initial value)

1 The OCRB register is selected

Bit 3—Output Enable A (OEA): Enables or disables output of the output compare A signal
(FTOA).

Bit 3

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bit 2—Output Enable B (OEB): Enables or disables output of the output compare B signal
(FTOB).
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Bit 2

OEB Description
0 Output compare B output is disabled (Initial value)
1 Output compare B output is enabled

Bit 1—Output Level A (OLVLA): Selectsthelogic level to be output at the FTOA pinin
response to compare-match A (signal indicating a match between the FRC and OCRA values).
When the OCRAMS hit is 1, this bit isignored.

Bit 1

WDescription

0 0 output at compare-match A (Initial value)
1 1 output at compare-match A

Bit 0—Output Level B (OLVLB): Selectsthelogic level to be output at the FTOB pinin
response to compare-match B (signal indicating a match between the FRC and OCRB values).

Bit 0

WDescription

0 0 output at compare-match B (Initial value)
1 1 output at compare-match B

11.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14{MSTP13[MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 [ MSTP2 | MSTP1 | MSTPO

Intalvalue o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
MSTPCR, comprising two 8-bit readable/writabl e registers, performs modul e stop mode control.

When the MSTP13 bit is set to 1, FRT operation is stopped at the end of the bus cycle, and
module stop mode is entered. For details, see section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.
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MSTPCRH Bit 5—Module Stop (M STP13): Specifiesthe FRT module stop mode.

Bit 5

MSTPCRH Description

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)

11.3  Operation

11.3.1 FRC Increment Timing

FRC increments on a pulse generated once for each period of the selected (internal or external)
clock source.

Internal Clock: Any of threeinternal clocks (@/2, 2/8, or @/32) created by division of the system
clock (@) can be selected by making the appropriate setting in bits CKS1 and CKS0 in TCR.
Figure 11.3 shows the increment timing.

il o
FRC input 4,—\ ,—\—
clock ()()

FRC N-1 >GS N X N+t

Figure11.3 Increment Timing with Internal Clock Source

External Clock: If external clock input is selected by bits CKS1 and CKS0in TCR, FRC
increments on the rising edge of the external clock signal.

The pulse width of the external clock signal must be at least 1.5 system clock (@) periods. The
counter will not increment correctly if the pulse width is shorter than 1.5 system clock periods.

Figure 11.4 shows the increment timing.
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(I:El)c(ntfliri]:::)ut pin (6 |
T
FRC N % >< N+ 1 %

Figure11.4 Increment Timing with External Clock Source

11.3.2  Output Compare Output Timing

When a compare-match occurs, the logic level selected by the output level bit (OLVLA or
OLVLB) in TOCR is output at the output compare pin (FTOA or FTOB). Figure 11.5 shows the
timing of this operation for compare-match A.

FRC N X N+1 ) Vo X N+ 1

OCRA N W NN

Compare-match A
signal o
)]
k l Clear*
0
OLVLA |

K‘ («
)T

Output compare A

output pin FTOA

<

Note: * Vertical arrows ( l ) indicate instructions executed by software.

Figure11.5 Timing of Output Compare A Output

261
HITACHI




11.3.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 11.6 shows the timing of this
operation.

’ S
Compare-match A
signal l

FRC N >< H'0000

Figure11.6 Clearing of FRC by Compare-Match A

11.34 Input Capturelnput Timing

Input Capture lnput Timing: Aninternal input capture signal is generated from the rising or
falling edge of the signal at the input capture pin, as selected by the corresponding IEDGx (x = A
to D) bit in TCR. Figure 11.7 shows the usual input capture timing when the rising edgeis
selected (IEDGx = 1).

o EpEnEnENEnEnE RN
Input capture
input pin
Input capture ,—\
signal (
)]

Figure11.7 Input Capture Signal Timing (Usual Case)

If the upper byte of ICRA/B/C/D is being read when the corresponding input capture signal
arrives, the internal input capture signal is delayed by one system clock (@) period. Figure 11.8
shows the timing for this case.
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Input capture
input pin

Input capture
signal

ICRA/B/C/D read cycle

'

'

'
(C L
)]

Figure11.8 Input Capture Signal Timing (Input Capture Input when ICRA/B/C/D isRead)

Buffered Input C
ICRB.

apture Input Timing: ICRC and ICRD can operate as buffers for ICRA and

Figure 11.9 shows how input capture operates when ICRA and ICRC are used in buffer mode and
IEDGA and IEDGC are set to different values (IEDGA =0 and IEDGC =1, or IEDG A = 1 and

IEDGC = 0), so th

at input capture is performed on both the rising and falling edges of FTIA.

FTIA

.

Input capture
signal ( -

((
)7
FRC n X n+1 . N XN+1
: \
ICRA M n . n N
))
55
ICRC m XAM ” M YSn
)]

Figure11.9 Buffered Input Capture Timing (Usual Case)
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When ICRC or ICRD is used as a buffer register, itsinput capture flag is set by the selected
transition of itsinput capture signal. For example, if ICRC is used to buffer ICRA, when the edge
transition selected by the IEDGC bit occurs on the FTIC input capture line, ICFC will be set, and
if the ICIEC hit is set, an interrupt will be requested. The FRC vaue will not be transferred to
ICRC, however.

In buffered input capture, if the upper byte of either of the two registers to which datawill be
transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input signal arrives,
input capture is delayed by one system clock () period. Figure 11.10 shows the timing when
BUFEA = 1.

Read cycle:
CPU reads ICRA or ICRC

FTIA
Input capture ' [
signal :

Figure11.10 Buffered Input Capture Timing (Input Capture Input when ICRA or ICRC is
Read)

11.35 Timing of Input Capture Flag (ICF) Setting

Theinput capture flag ICFx (x = A, B, C, D) isset to 1 by the internal input capture signal. The
FRC value is smultaneoudly transferred to the corresponding input capture register (ICRx). Figure
11.11 shows the timing of this operation.
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Input capture
signal

ICFA/B/C/D

FRC

ICRA/B/CID

=l D

N

X N

Figure11.11 Setting of Input Capture Flag (ICFA/B/C/D)

11.3.6  Setting of Output Compare Flags A and B (OCFA, OCFB)

The output compare flags are set to 1 by an internal compare-match signal generated when the
FRC vaue matches the OCRA or OCRB value. This compare-match signal is generated at the last
state in which the two values match, just before FRC increments to a new value.

Accordingly, when the FRC and OCR values match, the compare-match signal is not generated
until the next period of the clock source. Figure 11.12 shows the timing of the setting of OCFA

and OCFB.
o S T O O I O O O B O
FRC N >< N+1
OCRA or OCRB N

Compare-match
signal

OCFA or OCFB

]

;

Figure11.12 Setting of Output Compare Flag (OCFA, OCFB)
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11.3.7  Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 11.13 shows the timing of this operation.

o L

FRC H'FFFF >< H'0000

Overflow signal

OVF |

Figure11.13 Setting of Overflow Flag (OVF)

11.3.8 Automatic Addition of OCRA and OCRAR/OCRAF

When the OCRAMS bit in TOCR is set to 1, the contents of OCRAR and OCRAF are
automatically added to OCRA alternately, and when an OCRA compare-match occurs awriteto
OCRA is performed. The OCRA write timing is shown in figure 11.14.

° i L

FRC N >< N+1
OCRA N >< N+A
OCRAR, F A

Compare-match
signal

Figure11.14 OCRA Automatic Addition Timing
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11.39 ICRD and OCRDM Mask Signal Generation

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000, a
signal that masks the ICRD input capture function is generated.

The mask signal is set by the input capture signal. The mask signal setting timing is shown in
figure 11.15.

The mask signal is cleared by the sum of the ICRD contents and twice the OCRDM contents, and
an FRC compare-match. The mask signal clearing timing is shown in figure 11.16.

° S v I

Input capture ,—\
signal \

Input capture
mask signal

Figure11.15 Input Capture Mask Signal Setting Timing

° i L

FRC N X N+1

ICRD +
OCRDM x 2 N

Compare-match
signal

Input capture
mask signal

Figure11.16 Input Capture Mask Signal Clearing Timing
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114  Interrupts

The free-running timer can request seven interrupts (three types): input capture A to D (ICIA,
ICIB, ICIC, ICID), output compare A and B (OCIA and OCIB), and overflow (FOVI). Each
interrupt can be enabled or disabled by an enable bit in TIER. Independent signals are sent to the
interrupt controller for each interrupt. Table 11.4 lists information about these interrupts.

Table11.4 Free-Running Timer Interrupts

Interrupt Description DTC Activation Priority
ICIA Requested by ICFA Possible High
ICIB Requested by ICFB Possible A

ICIC Requested by ICFC Not possible

ICID Requested by ICFD Not possible

OCIA Requested by OCFA Possible

ocCiB Requested by OCFB Possible

FOVI Requested by OVF Not possible Low

11.5 Sample Application

In the example below, the free-running timer is used to generate pulse outputs with a 50% duty
cycle and arbitrary phase relationship. The programming is as follows:

* TheCCLRA bitin TCSRisset to 1.

» Each time a compare-match interrupt occurs, software inverts the corresponding output level
bitin TOCR (OLVLA or OLVLB).

FTOB

Figure11.17 Pulse Output (Example)
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11.6  Usage Notes

Application programmers should note that the following types of contention can occur in the free-
running timer.

Contention between FRC Writeand Clear: If aninternal counter clear signal is generated
during the state after an FRC write cycle, the clear signal takes priority and the writeis not
performed.

Figure 11.18 shows this type of contention.

FRC write cycle

Ty T2
e

5 |
Address >< FRC address >< ><

Internal write
signal

Counter clear
signal

FRC N >< H'0000

Figure11.18 FRC Write-Clear Contention
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Contention between FRC Write and Increment: If an FRC increment pulse is generated during
the state after an FRC write cycle, the write takes priority and FRC is not incremented.

Figure 11.19 shows this type of contention.

FRC write cycle

o |
Address >< FRC address >< ><

Internal write signal

FRC input clock

FRC N ></r M
K Write data

Figure11.19 FRC Write-Increment Contention
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Contention between OCR Write and Compare-Match: If acompare-match occurs during the
state after an OCRA or OCRB write cycle, the write takes priority and the compare-match signal
isinhibited.

Figure 11.20 shows this type of contention.

If automatic addition of OCRAR/OCRAF to OCRA is selected, and a compare-match occursin
the cycle following the OCRA, OCRAR, and OCRAF write cycle, the OCRA, OCRAR, and

OCRAF write takes priority and the compare-match signal is inhibited. Consequently, the result of
the automatic addition is not written to OCRA. The timing is shown in figure 11.21.

OCRA or OCRB write cycle

Ty T2

° L
Address >< OCR address ><
Internal write signal
FRC N >< N+1
OCR N >< o M

K Write data
Compare-match T
signal R W

Inhibited

Figure11.20 Contention between OCR Write and Compare-Match
(When Automatic Addition Function |s Not Used)
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OCRAR (OCRAF
Address >< add(ress )>< ><

Internal write signal

OCRAR (OCRAF) odpata X NewData
Inhibited —

Compare-match \

signal ; :

FRC N >< N+1

OCRA N .

No automatic addition, as compare-match
signal is inhibited

Figure11.21 Contention between OCRAR/OCRAF Write and Compare-Match
(When Automatic Addition Function Is Used)

Switching of Internal Clock and FRC Operation: When the internal clock is changed, the
changeover may cause FRC to increment. This depends on the time at which the clock select bits
(CKS1 and CKS0) are rewritten, as shown in table 11.5.

When an internal clock is used, the FRC clock is generated on detection of the falling edge of the
internal clock scaled from the system clock (@). If the clock is changed when the old sourceis high
and the new sourceislow, asin case no. 3 in table 11.5, the changeover isregarded asafalling
edge that triggers the FRC increment clock pulse.

Switching between an internal and external clock can also cause FRC to increment.
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Table11.5 Switching of Internal Clock and FRC Operation

Timing of Switchover by

No. Means of CKS1 and CKSO0 BitsFRC Operation

1 Switching from
low to low

Clock before
switchover

Clock after
switchover

FRC clock

FRC

1]

CKS bit rewrite

2 Switching from
low to high

Clock before
switchover

Clock after
switchover

FRC clock

FRC

I —

3 Switching from
high to low

Clock before
switchover

Clock after

switchover

FRC clock

FRC

1 |

N X N+l§X

CKS bit rewrite

N+ 2 X

4 Switching from
high to high

Clock before

switchover

Clock after

switchover

FRC clock

FRC

B I S Y B

N+1 X

X

CKS bit rewrite

Note: * Generated on the assumption that the switchover is a falling edge; FRC is incremented.
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Section 12 8-Bit Timers

121 Overview

The H85/2128 Series and H8S5/2124 Seriesinclude an 8-bit timer module with two channels
(TMRO and TMR1). Each channel has an 8-bit counter (TCNT) and two time constant registers
(TCORA and TCORB) that are constantly compared with the TCNT value to detect compare-
matches. The 8-bit timer module can be used as a multifunction timer in a variety of applications,
such as generation of a rectangular-wave output with an arbitrary duty cycle.

The H85/2128 Series also has two similar 8-bit timer channels (TMRX and TMRY), and the
H8S/2124 Series has one (TMRY). These channels can be used in a connected configuration using
the timer connection function. TMRX and TMRY have greater input/output and interrupt function
related restrictions than TMRO and TMR1.

12.1.1 Features

» Selection of clock sources

0 TMRO, TMRZ: The counter input clock can be selected from six internal clocks and an
external clock (enabling use as an external event counter).

O TMRX, TMRY: The counter input clock can be selected from three internal clocks and an
external clock (enabling use as an external event counter).

» Selection of three ways to clear the counters
0 The counters can be cleared on compare-match A or B, or by an external reset signal.

» Timer output controlled by two compare-match signals

O Thetimer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to be used for various applications, such as the generation of
pulse output or PWM output with an arbitrary duty cycle.

(Note: TMRY does not have atimer output pin.)

» Cascading of the two channels (TMRO, TMR1)

[0 Operation as a 16-bit timer can be performed using channel 0 as the upper half and channel
1 asthe lower half (16-bit count mode).

0 Channel 1 can be used to count channel 0 compare-match occurrences (compare-match
count mode).

e Multiple interrupt sources for each channel

0 TMRO, TMR1, TMRY: Two compare-match interrupts and one overflow interrupt can be
requested independently.
O TMRX: Oneinput capture source is available.
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12.1.2 Block Diagram
Figure 12.1 shows ablock diagram of the 8-bit timer module (TMRO and TMR1).

TMRX and TMRY have asimilar configuration, but cannot be cascaded. TMRX also has an input
capture function. For details, see section 13, Timer Connection.

External clock Internal clock
sources sources
TMRO TMR1 TMRX TMRY
TMCIO 2/8, /2 218, @2 [} /4
TMCI1 2164, 9/32 /64, 2/128 212 /256
/1024, 3/256 2/1024, 3/2048 ol4 /2048
' Clock 1
Clock 0
Clock select
- | TCORAO TCORAL

T Compare-match Al . K) K)

Compare-match A0 | Comparator AO Comparator Al

TMOQ ~—— Overflow 1 (ﬁ (ﬁ 5

TMRIO —» Overflow 0 R =R

CIearO/ Clearl/ ‘ ‘

Compare-match B1
Compare-match BO | Comparator BO Ii' Comparator B1 |

TMO1 ~= Control logic
TMRI1 — (W (W

| TcorBo [ TcomB1 K
o tesmo [ Tesrn K
| Ttero ] TRt K

Internal bus

— CMIAO
— CMIBO

—0VIo

——=CMIAL

————————=CMIB1

E— O AV/ ¥ §

Interrupt signals

Figure12.1 Block Diagram of 8-Bit Timer Module
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12.1.3

Pin Configuration

Table 12.1 summarizes the input and output pins of the 8-bit timer module.

Table12.1 8-Bit Timer Input and Output Pins

Channel Name Symbol* 1/0 Function

0 Timer output TMOO Output  Output controlled by compare-match
Timer clock input  TMCIO Input External clock input for the counter
Timer reset input  TMRIO Input External reset input for the counter

1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock input  TMCI1 Input External clock input for the counter
Timer resetinput  TMRI1 Input External reset input for the counter

X Timer output TMOX Output  Output controlled by compare-match
Timer clock/ HFBACKI/TMIX Input External clock/reset input for the
reset input (TMCIX/TMRIX) counter

Y Timer clock/reset  VSYNCI/TMIY  Input External clock/reset input for the

input

(TMCIY/TMRIY)

counter

Note: * The abbreviations TMO, TMCI, and TMRI are used in the text, omitting the channel number.

Channel X and Y 1/O pins have the same internal configuration as channels 0 and 1, and
therefore the same abbreviations are used.
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12.1.4 Register Configuration
Table 12.2 summarizes the registers of the 8-bit timer module.

Table12.2 8-Bit Timer Registers

Channel Name Abbreviation*®* R/W Initial value  Address**
0 Timer control register 0 TCRO R/W H'00 H'FFC8
Timer control/status register 0 TCSRO R/(W)**> H'00 H'FFCA
Time constant register AO TCORAO R/W H'FF H'FFCC
Time constant register BO TCORBO R/IW H'FF H'FFCE
Time counter 0 TCNTO RIW H'00 H'FFDO
1 Timer control register 1 TCR1 RIW H'00 H'FFC9
Timer control/status register 1 TCSR1 RI(W)** H'10 H'FFCB
Time constant register A1 TCORA1 RIW H'FF H'FFCD
Time constant register B1 TCORB1 R/W H'FF H'FFCF
Timer counter 1 TCNT1 R/IW H'00 H'FFD1
Common Serial/timer control register STCR R/W H'00 H'FFC3
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL RIW H'FF H'FF87
Timer connection register S TCONRS R/W H'00 H'FFFE
X Timer control register X TCRX RIW H'00 H'FFFO
Timer control/status register X TCSRX R/I(W)** H'00 H'FFF1
Time constant register AX TCORAX R/W H'FF H'FFF6
Time constant register BX TCORBX R/W H'FF H'FFF7
Timer counter X TCNTX R/IW H'00 H'FFF4
Time constant register C TCORC R/W H'FF H'FFF5
Input capture register R TICRR R H'00 H'FFF2
Input capture register F TICRF R H'00 H'FFF3
Y Timer control register Y TCRY R/W H'00 H'FFFO
Timer control/status register Y TCSRY R/(W)** H'00 H'FFF1
Time constant register AY TCORAY R/IW H'FF H'FFF2
Time constant register BY TCORBY R/W H'FF H'FFF3
Timer counter Y TCNTY RIW H'00 H'FFF4
Timer input select register TISR R/W H'FE H'FFF5

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written in bits 7 to 5, to clear these flags.

3. The abbreviations TCR, TCSR, TCORA, TCORB, and TCNT are used in the text,
omitting the channel designation (0, 1, X, or Y).
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Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the upper 8 bits
for channel 0 and the lower 8 bits for channel 1, so they can be accessed together by word access.
(Accessisnot divided into two 8-bit accesses.)

Certain of the channel X and channel Y registers are assigned to the same address. The TMRX/Y
bit in TCONRS determines which register is accessed.

12.2  Register Descriptions

1221 Timer Counter (TCNT)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvabe 0 O O O O O O O O O O O O O o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNTX, TCNTY
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each TCNT isan 8-hit readable/writable up-counter.

TCNTO and TCNT1 comprise asingle 16-hit register, so they can be accessed together by word
access.

TCNT increments on pulses generated from an internal or external clock source. This clock source
is selected by clock select bits CKS2 to CKS0 in TCR.

TCNT can be cleared by an external reset input signal or compare-match signal. Counter clear bits
CCLR1 and CCLRO in TCR select the method of clearing.

When TCNT overflows from H'FF to H'00, the overflow flag (OVF) in TCSRisset to 1.

The timer counters are initialized to H'00 by areset and in hardware standby mode.
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12.2.2 Time Constant Register A (TCORA)

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaglue 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORAX, TCORAY
Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCORA isan 8-hit readable/writable register.

TCORAO and TCORA1 comprise asingle 16-bit register, so they can be accessed together by
word access.

TCORA iscontinually compared with the valuein TCNT. When a match is detected, the
corresponding compare-match flag A (CMFA) in TCSR is set. Note, however, that comparison is
disabled during the T2 state of a TCORA write cycle.

The timer output can be freely controlled by these compare-match signals and the settings of
output select bits OS1 and OS0 in TCSR.

TCORA isinitialized to H'FF by areset and in hardware standby mode.
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12.2.3 Time Constant Register B (TCORB)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvglue 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORBX, TCORBY
Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCORSB is an 8-hit readable/writable register. TCORBO and TCORB1 comprise asingle 16-bit
register, so they can be accessed together by word access.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding compare-match flag B (CMFB) in TCSR is set. Note, however, that comparison is
disabled during the T2 state of a TCORB write cycle.

The timer output can be freely controlled by these compare-match signals and the settings of
output select bits OS3 and OS2 in TCSR.

TCORB isinitialized to H'FF by areset and in hardware standby mode.

12.2.4  Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
CMIEB | CMIEA OVIE CCLR1 | CCLRO | CKS2 CKS1 CKSO0
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCR is an 8-bit readable/writable register that selects the clock source and the time at which
TCNT iscleared, and enables interrupts.

TCRisinitialized to H'00 by areset and in hardware standby mode.

For details of the timing, see section 12.3, Operation.
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Bit 7—Compare-Match Interrupt Enable B (CMIEB): Selects whether the CMFB interrupt
request (CMIB) is enabled or disabled when the CMFB flagin TCSRisset to 1.

Note that a CMIB interrupt is not requested by TMRX, regardless of the CMIEB value.

Bit 7

CMIEB Description

0 CMFB interrupt request (CMIB) is disabled (Initial value)
1 CMFB interrupt request (CMIB) is enabled

Bit 6—Compare-Match Interrupt Enable A (CMIEA): Selects whether the CMFA interrupt
request (CMIA) is enabled or disabled when the CMFA flagin TCSRisset to 1.

Note that a CMIA interrupt is not requested by TMRX, regardless of the CMIEA value.

Bit 6

CMIEA Description

0 CMFA interrupt request (CMIA) is disabled (Initial value)
1 CMFA interrupt request (CMIA) is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether the OVF interrupt request
(OVI) isenabled or disabled when the OVF flagin TCSR is set to 1.

Note that an OV interrupt is not requested by TMRX, regardless of the OVIE value.

Bit 5

OVIE Description

0 OVF interrupt request (OVI) is disabled (Initial value)
1 OVF interrupt request (OVI) is enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select the method by which
the timer counter is cleared: by compare-match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared on compare-match A

1 0 Cleared on compare-match B
1 Cleared on rising edge of external reset input
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Bits2to 0—Clock Select 2to 0 (CKS2 to CK S0): These bits select whether the clock input to
TCNT isan interna or external clock.

Theinput clock can be selected from either six or three clocks, all divided from the system clock
(9). Thefaling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

Some functions differ between channel 0 and channel 1, because of the cascading function.

TCR

STCR

Bit2 Bitl BitO

Bitl BitO

Channel CKS2 CKS1 CKSO

ICKS1 ICKSO Description

0 0

Clock input disabled (Initial value)

2/8 internal clock source, counted on the falling edge

@/2 internal clock source, counted on the falling edge

0
0
0

o || O

2/64 internal clock source, counted on the falling
edge

2/32 internal clock source, counted on the falling
edge

2/1024 internal clock source, counted on the falling
edge

2/256 internal clock source, counted on the falling
edge

Counted on TCNT1 overflow signal*

Clock input disabled (Initial value)

2/8 internal clock source, counted on the falling edge

2/2 internal clock source, counted on the falling edge

O/ o0 |O|F

R|lO|O|O| O

Ok, | P, |O|O

2/64 internal clock source, counted on the falling
edge

2/128 internal clock source, counted on the falling
edge

2/1024 internal clock source, counted on the falling
edge

/2048 internal clock source, counted on the falling
edge

Counted on TCNTO compare-match A*
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TCR STCR
Bit2 Bitl Bit0 Bitl BitO

Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description

X

0 0 — — Clock input disabled (Initial value)

— — Counted on g internal clock source

— — 2/2 internal clock source, counted on the falling edge

— — @/4 internal clock source, counted on the falling edge

Clock input disabled

— — Clock input disabled (Initial value)

— — @/4 internal clock source, counted on the falling edge

oO/o|o|r,r|O|lO|O|O
Rl OO |O|F, |k, |O
O/Rr| O|O|FL,r|O|PR

— — 2/256 internal clock source, counted on the falling
edge

o
=
[EnY
|
I

2/2048 internal clock source, counted on the falling
edge

— — Clock input disabled

Common

External clock source, counted at rising edge

— — External clock source, counted at falling edge

RPlRr|Rk|R
|k |lO|O
mlo|lr|O
|
I

— — External clock source, counted at both rising and
falling edges

Note: * If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the
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12.25 Timer Control/Status Register (TCSR)

TCSRO

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ADTE 0S3 0S2 0OS1 0S0

Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/W)* RMW RW  R/W RW  RMW

TCSR1

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — 0S3 0Ss2 0s1 0OS0

Initial value 0 0 0 1 0 0 0 0

Read/Write R/(W)*  R/I(W)* R/(W)* — R/W R/W R/W R/W

TCSRX

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICF 0S3 0Ss2 0Os1 0S0

Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* RIW)* RIW)* RIW)* RW  RMW RW  RMW

TCSRY

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ICIE 0S3 0S2 0OS1 0S0

Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/IW)* RMW RW  RW RW  RMW

Note: * Only O can be written in bits 7 to 5, and in bit 4 in TCSRX, to clear these flags.

TCSR is an 8-bit register that indicates compare-match and overflow statuses (and input capture
statusin TMRX only), and controls compare-match output.

TCSRO, TCSRX, and TCSRY areinitialized to H'00, and TCSR1 isinitialized to H'10, by areset
and in hardware standby mode.

Bit 7—Compare-Match Flag B (CM FB): Status flag indicating whether the values of TCNT and
TCORB match.
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Bit 7
CMFB Description

0 [Clearing conditions] (Initial value)
+ Read CMFB when CMFB = 1, then write 0 in CMFB
¢ When the DTC is activated by a CMIB interrupt

1 [Setting condition]
When TCNT = TCORB

Bit 6—Compare-match Flag A (CMFA): Status flag indicating whether the values of TCNT and
TCORA match.

Bit 6
CMFA Description
0 [Clearing conditions] (Initial value)

* Read CMFA when CMFA = 1, then write 0 in CMFA
e When the DTC is activated by a CMIA interrupt

1 [Setting condition]
When TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]
When TCNT overflows from H'FF to H'00

TCSRO

Bit 4—A/D Trigger Enable (ADTE): Enables or disables A/D converter start requests by
compare-match A.

Bit 4

ADTE Description

0 A/D converter start requests by compare-match A are disabled (Initial value)
1 A/D converter start requests by compare-match A are enabled
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TCSR1
Bit 4—Reserved: Thisbit cannot be modified and is always read as 1.
TCSRX

Bit 4—Input Capture Flag (ICF): Statusflag that indicates detection of arising edge followed
by afalling edge in the external reset signal after the ICST bit in TCONRI has been set to 1.

Bit 4

ICF Description

0 [Clearing condition] (Initial value)
Read ICF when ICF = 1, then write 0 in ICF

1 [Setting condition]
When a rising edge followed by a falling edge is detected in the external reset signal
after the ICST bit in TCONRI has been setto 1

TCSRY

Bit 4—Input CaptureInterrupt Enable (ICIE): Selects enabling or disabling of the interrupt
request by ICF (ICIX) when the ICF bitin TCSRX isset to 1.

Bit 4

ICIE Description

0 Interrupt request by ICF (ICIX) is disabled (Initial value)
1 Interrupt request by ICF (ICIX) is enabled

Bits 3to 0—Output Select 3to 0 (OS3to OS0): These bits specify how the timer output level is
to be changed by a compare-match of TCOR and TCNT.

0S3 and OS2 select the effect of compare-match B on the output level, OS1 and OS0 select the
effect of compare-match A on the output level, and both of them can be controlled independently.

Note, however, that priorities are set such that: trigger output > 1 output > 0 output. If compare-
matches occur simultaneously, the output changes according to the compare-match with the higher
priority.

Timer output is disabled when bits OS3 to OS0 are dll 0.

After areset, the timer output is O until the first compare-match occurs.
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Bit 3 Bit 2

0s3 0S2 Description

0 0 No change when compare-match B occurs (Initial value)
1 0 is output when compare-match B occurs

1 0 1 is output when compare-match B occurs
1 Output is inverted when compare-match B occurs (toggle output)

Bit 1 Bit O

Os1 0OS0 Description

0 0 No change when compare-match A occurs (Initial value)
1 0 is output when compare-match A occurs

1 0 1 is output when compare-match A occurs
1 Output is inverted when compare-match A occurs (toggle output)

12.2.6  Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
— IICX1 1ICX0 IICE FLSHE — ICKS1 | ICKSO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

STCR isan 8-bit readable/writable register that controls register access, the |1C operating mode
(when the on-chip 11C option isincluded), and on-chip flash memory (in F-ZTAT versions), and
also selectsthe TCNT input clock.

For details on functions not related to the 8-bit timers, see section 3.2.4, Serial/Timer Control
Register (STCR), and the descriptions of the relevant modules. If amodule controlled by STCR is
not used, do not write 1 to the corresponding bit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
Bit 7—Reserved: Do not write 1 to this bit.

Bits6 and 5—I1°C Transfer Rate Select 1 and O (11CX1, 11CX0): These bits control the
operation of the I’C bus interface when the I1C option isincluded on-chip. For details see section
16.2.7, Serial/Timer Control Register (STCR).
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Bit 4—I1°C Master Enable (11CE): Controls CPU access to the 12C bus interface data and control
registers, PWMX data and control registers, and SCI control registers. For details see section
3.2.4, Seria /Timer Control Register (STCR).

Bit 3—Flash Memory Control Register Enable (FLSHE): Controls CPU access to the flash
memory control registers, power-down state control registers, and peripheral module control
registers. For details see section 3.2.4, Serial /Timer Control Register (STCR).

Bit 2—Reserved: Do not write 1 to this bit.

Bits 1 and 0—Internal Clock Select 1 and O (ICK S1, ICK S0): These bits, together with bits
CKS2to CKS0in TCR, select the clock to be input to TCNT. For details, see section 12.2.4,
Timer Control Register.

12.2.7 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE INTM1 | INTMO XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R R/W R R/W R/W R/W

Only hit 1 isdescribed here. For details on functions not related to the 8-bit timers, see sections
3.2.2and 5.2.1, System Control Register (SY SCR), and the descriptions of the relevant modules.

Bit 1—Host Interface Enable (HIE): Controls CPU accessto 8-bit timer (channel X and Y) data
registers and control registers, and timer connection control registers.

Bit 1

HIE Description

0 CPU access to 8-bit timer (channel X and Y) data registers and control (Initial value)
registers, and timer connection control registers, is enabled

1 CPU access to 8-bit timer (channel X and Y) data registers and control registers, and

timer connection control registers, is disabled
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12.28 Timer Connection Register S(TCONRYS)

Bit 7 6 5 4 3 2 1 0
TMRX/Y | ISGENE [HOMOD1HOMODO[VOMOD1VOMODO|CLMOD1{CLMODO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCONRS is an 8-hit readable/writable register that controls access to the TMRX and TMRY
registers and timer connection operation.

TCONRS sinitialized to H'00 by areset and in hardware standby mode.

Bit 7—TMRX/TMRY Access Select (TMRX/Y): The TMRX and TMRY registers can only be
accessed when the HIE bit in SY SCR is cleared to 0. In the H8S/2128 Series, some of the TMRX
registers and the TMRY registers are assigned to the same memory space addresses (H'FFFO to
H'FFF5), and the TMRX/Y bit determines which registers are accessed. In the H85/2124 Series,
thereis no control of TMRY register access by this bit.

Bit 7 Accessible Registers

TMRX/Y H'FFFO HFFF1 HFFF2 HFFF3 HFFF4 HFFF5 HFFF6 HFFF7
0 TCRX TCSRX TICRR TICRF TCNTX TCORC TCORAX TCORBX
(Initial value) (TMRX) (TMRX) (TMRX) (TMRX) (TMRX) (TMRX) (TMRX) (TMRX)
1 TCRY TCSRY TCORAY TCORBY TCNTY TISR

(TMRY) (TMRY) (TMRY) (TMRY) (TMRY) (TMRY)

12.29 Input Capture Register (TICR) [TMRX Additional Function]

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

TICR isan 8-bit internal register to which the contents of TCNT are transferred on the falling edge
of external reset input. The CPU cannot read or writeto TICR directly.

The TICR function is used in timer connection. For details, see section 13, Timer Connection.
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12.210 Time Constant Register C (TCORC) [TMRX Additional Function]

Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCORC is an 8-bit readable/writable register. The sum of the contents of TCORC and TICR is
continually compared with the value in TCNT. When a match is detected, a compare-match C
signal is generated. Note, however, that comparison is disabled during the T2 state of a TCORC
write cycle and a TICR input capture cycle.

TCORC isinitialized to H'FF by areset and in hardware standby mode.

The TCORC function is used in timer connection. For details, see section 13, Timer Connection.

12.2.11 Input Capture RegistersR and F (TICRR, TICRF) [TMRX Additional Functions]

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R

TICRR and TICRF are 8-hit read-only registers. When the ICST bitin TCONRI is set to 1,
TICRR and TICRF capture the contents of TCNT successively on therise and fall of the external
reset input. When one capture operation ends, the ICST bit is cleared to 0.

TICRR and TICRF are each initialized to H'00 by areset and in hardware standby mode.

The TICRR and TICRF functions are used in timer connection. For details, see 12.3.6 Input
Capture Operation and section 13, Timer Connection.
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12.2.12 Timer Input Select Register (TISR) [TMRY Additional Function]

Bit 7 6 5 4 3 2 1 0
— — — — — — — IS

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

TISR isan 8-hit readable/writable register that selects the external clock/reset signal source for the
counter.

TISRisinitialized to H'FE by areset and in hardware standby mode.
Bits 7 to 1—Reserved: Do not write O to these hits.

Bit 0—Input Select (1S): Selectstheinterna synchronization signal (1VG signal) or the timer
clock/reset input pin (VSYNCI/TMIY (TMCIY/TMRIY)) asthe external clock/reset signal source
for the counter.

Bit 0

IS Description

0 IVG signal is selected (H8S/2128 Series) (Initial value)
External clock/reset input is disabled (H8S/2124 Series)

1 VSYNCI/TMIY (TMCIY/TMRIY) is selected
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12.2.13 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP12 bit or MSTP8 hit is set to 1, 8-bit timer operation is halted on channels0 and 1
or channels X and Y, respectively, and a transition is made to module stop mode. For details, see
section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

M STPCRH Bit 4—M odule Stop (M STP12): Specifies 8-hit timer (channel 0/1) module stop
mode.

MSTPCRH

Bit 4

MSTP12 Description

0 8-bit timer (channel 0/1) module stop mode is cleared

1 8-bit timer (channel 0/1) module stop mode is set (Initial value)

M STPCRH Bit 0—M odule Stop (M STP8): Specifies 8-bit timer (channel X/Y) and timer
connection module stop mode.

MSTPCRH

Bit 0

MSTP8 Description

0 8-bit timer (channel X/Y) and timer connection module stop mode is cleared

1 8-bit timer (channel X/Y) and timer connection module stop mode (Initial value)

is set
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123  Operation

12.3.1 TCNT Incrementation Timing
TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Aninternal clock created by dividing the system clock (@) can be selected by
setting bits CKS2 to CKS0 in TCR. Figure 12.2 shows the count timing.

. e e 1 e e e

((
| o

Internal clock —|

TCNT input

( ((
clock ; {

(( ((
TCNT N-1 X N i X N+1
)] )]

Figure12.2 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
TCR: at therising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at asingle
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 12.3 shows the timing of incrementation at both edges of an external clock signal.
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External clock
input pin { |

TCNT input

clock { —
f f

TCNT N-1 X . N X 7 N+t
)] ))

Figure12.3 Count Timing for External Clock Input

12.3.2 Compare-Match Timing

Setting of Compare-Match Flags A and B (CMFA, CMFB): The CMFA and CMFB flagsin

TCSR are set to 1 by a compare-match signal generated when the TCOR and TCNT values match.

The compare-match signal is generated at the last state in which the match is true, just before the

timer counter is updated.

Therefore, when TCOR and TCNT match, the compare-match signal is not generated until the

next incrementation clock input. Figure 12.4 shows this timing.

° B O

TCNT N X N+1

TCOR N

Compare-match ,—l
signal

\

CMF |

Figure12.4 Timing of CMF Setting
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Timer Output Timing: When compare-match A or B occurs, the timer output changes as

specified by the output select bits (OS3 to OS0) in TCSR. Depending on these bits, the output can
remain the same, be set to 0, be set to 1, or toggle.

Figure 12.5 shows the timing when the output is set to toggle at compare-match A.

0 e A
Compare-match A .
) \

signal \
(
)

Timer output |
pin

Figure12.5 Timing of Timer Output

Timing of Compare-Match Clear: TCNT is cleared when compare-match A or B occurs,

depending on the setting of the CCLR1 and CCLRO bitsin TCR. Figure 12.6 shows the timing of
this operation.

g S T
Compare-match
signal

AN

TCNT N X

H'00

Figure12.6 Timing of Compare-Match Clear
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12.3.3 TCNT External Reset Timing

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The width of the clearing pulse must be at least 1.5 states. Figure
12.7 shows the timing of this operation.

o S O B

External reset |
input pin

Clear signal

TCNT N-1 X N X H00

Figure12.7 Timing of Clearing by External Reset I nput

12.34 Timing of Overflow Flag (OVF) Setting

OVFin TCSR is set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
12.8 shows the timing of this operation.

d 2 e
TCNT HFE X H'00

Overflow signal

\

OVF

Figure12.8 Timing of OVF Setting
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12.35 Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCRO or TCR1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer can be used (16-bit timer
mode) or compare-matches of 8-bit channel 0 can be counted by the timer of channel 1 (compare-
match count mode). In this case, the timer operates as described below.

16-Bit Count M ode: When bits CKS2 to CKS0 in TCRO are set to B'100, the timer functionsas a
single 16-bit timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8
bits.

e Setting of compare-match flags
0 TheCMFflagin TCSRO is set to 1 when a 16-bit compare-match occurs.
0 TheCMFflagin TCSR1isset to 1 when alower 8-bit compare-match occurs.

« Counter clear specification
O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare-match,
the 16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare-match
occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter clear
by the TMRIO pin has also been set.
O The settings of the CCLR1 and CCLRO bitsin TCR1 are ignored. The lower 8 bits cannot
be cleared independently.

e Pinoutput
O Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO isin accordance with
the 16-bit compare-match conditions.

O Control of output from the TMOL pin by bits OS3 to OS0 in TCSR1 isin accordance with
the lower 8-bit compare-match conditions.

Compare-Match Count Mode: When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts
compare-match A’sfor channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clearing are in accordance with the
settings for each channel.

Usage Note: If the 16-bit count mode and compare-match count mode are set simultaneously, the
input clock pulsesfor TCNTO and TCNT1 are not generated and thus the counters will stop
operating. Simultaneous setting of these two modes should therefore be avoided.
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12.3.6  Input Capture Operation

TMRX hasinput capture registers(TICR,TICRR, TICRF). Using TICRR and TICRF, capture
operation is performed at once and narrow pulse width can be measured under the control of ICST
bit in TCONRI register in timer connection.

When TMRIX detects rising edge and falling edge sequentially after ICTST is set to 1, current
values of TCNT registers are transferred to TICRR and TICRF, and ICST hit iscleared to O.

Input signal to the TMRIX is switched by setting other bitsin TCONRI register.

(2) Input capture input timing
Figure 12.9 shows the operation timing when input capture function is enabled.

o L L LI LT LT LT LTI
TMRIXJ j

Input capture
signal .

TCNTX n >< n+1 N >< N+1

-
TICRR M >< n n

TICRF m m >< N

Figure 12.9 Timing of I nput Capture Operation

If aninput capture input occurs at the time when TICRR or TICRF isread, input capture signdl is
delayed one system clock(¢) period.
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TICRR, TICRF read cycle

T1 T2

oL L L L

TMRIX

Input capture
signal

Figure 12.10 Timing of Input Capture Signal (Input Capture Input Occurs When TICRR or

TICRF is Read)

(2) Selection of input capture input signal
Input signal to the TMRIX is switched by the setting of the bitsin TCONRI register in timer

connection.

Figure 12.11 and figure 12.12 shows the input capture signal selection.

For details, see 13.2.1 Timer Connection Register | (TCONRI)

TMRX
TMIX pin Polarity
inversion
Signal TMRIX
selection
TMRI1 pin _Polarity
inversion
TMCI1 pin Polarity
inversion
HFINV, SIMOD1, ICST
HIINV SIMODO
Figure 12.11 Input Capture Signal Selection
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Table 12.3 Input Capture Signal Selection

TCONRI
Bit 4 Bit 7 Bit 6 Bit 3 Bit 1
ICST SIMOD1  SIMODO HFINV HIINV Description
0 — — — — Input capture function is not used
1 0 0 0 — Input signal at the TMIX pin is
selected
1 — Inverted signal of the TMIX pin input
is selected
1 — 0 Input signal at the TMRI1 pin is
selected
— 1 Inverted signal of the TMRI1 pin
input is selected
1 1 — 0 Input signal at the TMCI1 pin is
selected
— 1 Inverted signal of the TMCI1 pin

input is selected

124  Interrupt Sources

The TMRO, TMR1, and TMRY 8-bit timers can generate three types of interrupt: compare-match
A and B (CMIA and CMIB), and overflow (OVI). TMRX can generate only an ICIX interrupt. An
interrupt is requested when the corresponding interrupt enable bit isset in TCR or TCSR.
Independent signals are sent to the interrupt controller for each interrupt. It is also possibleto
activate the DTC by means of CMIA and CMIB interrupts from TMRO, TMR1 and TMRY .

An overview of 8-bit timer interrupt sourcesis given in tables 12.4 to 12.6.

Table12.4 TMROand TMR1 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible *

ovi Requested by OVF Not possible Low

Table125 TMRX 8-Bit Timer Interrupt Source

Interrupt source Description DTC Activation

ICIX Requested by ICF Not possible
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Table12.6 TMRY 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible %

ovi Requested by OVF Not possible Low

125 8-Bit Timer Application Example

In the example below, the 8-bit timer is used to generate a pul se output with a selected duty cycle,
as shown in figure 12.12. The control bits are set as follows:

« InTCR, CCLR1isclearedto 0 and CCLRO is set to 1 so that the timer counter is cleared by a
TCORA compare-match.

¢ InTCSR, bits OS3 to OO are set to B'0110, causing 1 output at a TCORA compare-match and
0 output at a TCORB compare-match.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.

Figure12.12 Pulse Output (Example)

126  Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer module.

302
HITACHI




12.6.1 Contention between TCNT Write and Clear

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the clear

takes priority, so that the counter is cleared and the write is not performed. Figure 12.13 shows this

operation.

TCNT write cycle by CPU
T T,

T
’ B T e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure12.13 Contention between TCNT Write and Clear

HITACHI
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12.6.2 Contention between TCNT Write and | ncrement

If atimer counter clock pulseis generated during the T2 state of a TCNT write cycle, the write
takes priority and the counter is not incremented. Figure 12.14 shows this operation.

TCNT write cycle by CPU
LE T,

T
; B R s N S R

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< P

Counter write data

Figure12.14 Contention between TCNT Write and Increment
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12.6.3 Contention between TCOR Write and Compare-Match

During the T2 state of a TCOR write cycle, the TCOR write has priority even if acompare-match
occurs and the compare-match signal is disabled. Figure 12.15 shows this operation.

With TMRX, an ICR input capture contends with a compare-match in the same way aswith a
write to TCORC. In this case, the input capture has priority and the compare-match signal is
inhibited.

TCOR write cycle by CPU
T T,

D
’ B e e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< P

Compare-match signal ' AN

Inhibited

Figure12.15 Contention between TCOR Write and Compare-Match
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12.6.4 Contention between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance with
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 12.7.

Table12.7 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

12.6.5 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 12.8 showsthe
relationship between the timing at which theinternal clock is switched (by writing to the CKS1
and CK S0 hits) and the TCNT operation

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseis detected. If clock switching causes a change from high to low level, as shown in no. 3in
table 12.8, aTCNT clock pulse is generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

Erroneous incrementation can also happen when switching between internal and external clocks.
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Table12.8 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Switching from low Clock before J |
to low** switchover

Clock after
switchover

TCNT clock

TCNT N X

N+ 1 X

CKS bit rewrite

2 Switching from low Clock before | | |
to high*? switchover J

Clock after
switchover

TCNT clock

TCNT N X N+1 X

N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

3 Switching from high Clock before
to low*? switchover _| |

Clock after
switchover

TCNT clock

TCNT

CKS bit rewrite

4 Switching from high Clock before
to high switchover | | |

Clock after
switchover

TCNT clock

TCNT N X N+1 X N+2 X

CKS bit rewrite

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.
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Section 13 Timer Connection [H85/2128 Series]

Provided in the H8S/2128 Series; not provided in the H8S5/2124 Series.

13.1 Overview

H8S/2128 Series allows interconnection between a combination of input signals, the input/output
of the single free-running timer (FRT) channel, and the three 8-bit timer channels (TMR1, TMRX,
and TMRY). This capability can be used to implement complex functions such as PWM decoding
and clamp waveform output. All the timers are initially set for independent operation.

13.1.1 Features

The features of the timer connection facility are asfollows.

Five input pins and four output pins, al of which can be designated for phase inversion.
Positive logic is assumed for al signals used within the timer connection facility.

An edge-detection circuit is connected to the input pins, simplifying signal input detection.
TMRX can be used for PWM input signal decoding.

TMRX can be used for clamp waveform generation.

An externa clock signal divided by TMRL1 can be used as the FRT capture input signal.
Aninternal synchronization signal can be generated using the FRT and TMRY .

A signal generated/modified using an input signal and timer connection can be selected and
output.
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Block Diagram

13.1.2

Figure 13.1 shows a block diagram of the timer connection facility.
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Figure13.1 Block Diagram of Timer Connection Facility
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13.1.3

Input and Output Pins

Table 13.1 lists the timer connection input and output pins.

Table13.1 Timer Connection Input and Output Pins

Input/

Name Abbreviation Output Function
Vertical synchronization VSYNCI Input Vertical synchronization signal
signal input pin input pin

or FTIA input pin/TMIY input pin
Horizontal synchronization HSYNCI Input Horizontal synchronization signal
signal input pin input pin

or FTID input pin/TMCI1 input pin
Composite synchronization CSYNCI Input Composite synchronization signal
signal input pin input pin

or TMRI1 input pin/FTOB output

pin
Spare vertical synchronization VFBACKI Input Spare vertical synchronization
signal input pin signal input pin

or FTIB input pin/TMRIO input pin
Spare horizontal HFBACKI Input Spare horizontal synchronization
synchronization signal input signal input pin
pin or FTCl input pin/TMCIO input

pin/TMIX input pin
Vertical synchronization VSYNCO Output Vertical synchronization signal
signal output pin output pin

or FTOA output pin
Horizontal synchronization HSYNCO Output Horizontal synchronization signal
signal output pin output pin

or TMOL1 output pin/TMOX output

pin
Clamp waveform output pin CLAMPO Output Clamp waveform output pin

or TMOO output pin/FTIC input pin
Blanking waveform output pin  CBLANK Output Blanking waveform output pin

HITACHI
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13.1.4 Register Configuration

Table 13.2 lists the timer connection registers. Timer connection registers can only be accessed
when the HIE bit in SYSCRis 0.

Table13.2 Register Configuration

Name Abbreviation R/W Initial Value Address**
Timer connection register | TCONRI R/W H'00 H'FFFC
Timer connection register O TCONRO R/W H'00 H'FFFD
Timer connection register S TCONRS R/W H'00 H'FFFE
Edge sense register SEDGR R/(W)*?  H'00*3 H'FFFF
Module stop control register MSTPRH R/W H'3F H'FF86
MSTPRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 2: Only 0 can be written to clear the flags.
3. Bits 1 and 0: Undefined (reflect the pin states).

13.2 Register Descriptions

13.21 Timer Connection Register | (TCONRI)

Bit 7 6 5 4 3 2 1 0
SIMOD1 | SIMODO| SCONE ICST HFINV | VFINV HIINV VIINV
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCONRI is an 8-bit readable/writable register that controls connection between timers, the signal
source for synchronization signal input, phase inversion, etc.

TCONRL1 isinitialized to H'00 by areset and in hardware standby mode.
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Bits 7 and 6—Input Synchronization Mode Select 1 and 0 (SIMOD1, SIMODO): These bits
select the signal source of the IHI and IVI signals.

Bit 7 Bit 6 Description

SIMOD1  SIMODO Mode IHI Signal IVI Signal

0 0 No signal (Initial value) HFBACKI input VFBACKI input
1 S-on-G mode CSYNCI input PDC input

1 0 Composite mode HSYNCI input PDC input
1 Separate mode HSYNCI input VSYNCI input

Bit 5—Synchronization Signal Connection Enable (SCONE): Selects the signal source of the
FRT FTI input and the TMR1 TMCILTMRI1 input.

Bit 5 Description
SCONE Mode FTIA  FTIB  FTIC FTID TMCI1 TMRI1
0 Normal connection (Initial value) FTIA  FTIB  FTIC FTID TMCI1 TMRI1
input  input  input input  input  input
1 Synchronization signal VI TMO1 VFBACKI [HI IHI \Y|
connection mode signal signal input signal signal inverse

signal

Bit 4—Input Capture Start Bit (ICST): The TMRX external reset input (TMRIX) is connected
to the IHI signal. TMRX hasinput capture registers (TICR, TICRR, and TICRF). TICRR and
TICRF can measure the width of a short pulse by means of a single capture operation under the
control of the ICST bit. When arising edge followed by afalling edge is detected on TMRIX after
the ICST bit is set to 1, the contents of TCNT at those points are captured into TICRR and TICRF,
respectively, and the ICST bit is cleared to O.

Bit 4

ICST Description

0 The TICRR and TICRF input capture functions are stopped (Initial value)
[Clearing condition]
When a rising edge followed by a falling edge is detected on TMRIX

1 The TICRR and TICRF input capture functions are operating

(Waiting for detection of a rising edge followed by a falling edge on TMRIX)

[Setting condition]
When 1 is written in ICST after reading ICST =0
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Bits 3 to O—Input Synchronization Signal Inversion (HFINV, VFINV, HIINV, VIINV):
These bits select inversion of the input phase of the spare horizontal synchronization signal
(HFBACKI), the spare vertical synchronization signal (VFBACKI), the horizontal
synchronization signal and composite synchronization signal (HSYNCI, CSYNCI), and the
vertical synchronization signal (VSYNCI).

Bit 3
HFINV Description
0 The HFBACKI pin state is used directly as the HFBACKI input (Initial value)
1 The HFBACKI pin state is inverted before use as the HFBACKI input
Bit 2
VFINV Description
0 The VFBACKI pin state is used directly as the VFBACKI input (Initial value)
1 The VFBACKI pin state is inverted before use as the VFBACKI input
Bit 1
HIINV Description
0 The HSYNCI and CSYNCI pin states are used directly as the HSYNCI

and CSYNCI inputs (Initial value)
1 The HSYNCI and CSYNCI pin states are inverted before use as the HSYNCI and

CSYNCI inputs
Bit 0
VIINV Description
0 The VSYNCI pin state is used directly as the VSYNCI input (Initial value)
1 The VSYNCI pin state is inverted before use as the VSYNCI input
13.2.2 Timer Connection Register O (TCONRO)

Bit 7 6 5 4 3 2 1 0
HOE VOE CLOE | CBOE | HOINV | VOINV | CLOINV |CBOINV
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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TCONRO is an 8-hit readable/writable register that controls output signal output, phase inversion,
efc.

TCONRO isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 4—Output Enable (HOE, VOE, CLOE, CBOE): These hits control
enabling/disabling of horizontal synchronization signal (HSY NCO), vertical synchronization
signal (VSYNCO), clamp waveform (CLAMPO), and blanking waveform (CBLANK) output.
When output is disabled, the state of the relevant pin is determined by the port DR and DDR, FRT,
TMR, and PWM settings.

Output enabling/disabling control does not affect the port, FRT, or TMR input functions, but some
FRT and TMR input signal sources are determined by the SCONE bit in TCONRI.

Bit 7

HOE Description

0 The P67/TMO1/TMOX/CIN7/HSYNCO pin functions as the (Initial value)
P67/TMOL/TMOX/CIN7Y pin

1 The P67/TMO1/TMOX/CIN7/HSYNCO pin functions as the HSYNCO pin

Bit 6

VOE Description

0 The P61/FTOA/CIN1/VSYNCO pin functions as the P61/FTOA/CIN1 pin (Initial value)

1 The P61/FTOA/CIN1/VSYNCO pin functions as the VSYNCO pin

Bit 5

CLOE Description

0 The P64/FTIC/CIN4/CLAMPO pin functions as the P64/FTIC/CIN4 pin  (Initial value)

1 The P64/FTIC/CIN4/CLAMPO pin functions as the CLAMPO pin

Bit 4

CBOE Description

0 The P27/A15/PW15/CBLANK pin functions as the P27/A15/PW15 pin  (Initial value)

1 In mode 1 (expanded mode with on-chip ROM disabled):

The P27/A15/PW15/CBLANK pin functions as the A15 pin

In modes 2 and 3 (modes with on-chip ROM enabled):
The P27/A15/PW15/CBLANK pin functions as the CBLANK pin
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Bits 3to 0—Output Synchronization Signal Inversion (HOINV, VOINV, CLOINV,
CBOINV): These hits select inversion of the output phase of the horizontal synchronization signal
(HSYNCO), the vertical synchronization signa (VSYNCO), the clamp waveform (CLAMPO),
and the blank waveform (CBLANK).

Bit 3
HOINV Description
0 The IHO signal is used directly as the HSYNCO output (Initial value)
1 The IHO signal is inverted before use as the HSYNCO output
Bit 2
VOINV Description
0 The IVO signal is used directly as the VSYNCO output (Initial value)
1 The IVO signal is inverted before use as the VSYNCO output
Bit 1
CLOINV Description
0 The CLO signal (CL1, CL2, CL3, or CL4 signal) is used directly as the  (Initial value)
CLAMPO output
1 The CLO signal (CL1, CL2, CL3, or CL4 signal) is inverted before use as
the CLAMPO output
Bit 0
CBOINV  Description
0 The CBLANK signal is used directly as the CBLANK output (Initial value)
1 The CBLANK signal is inverted before use as the CBLANK output
13.2.3 Timer Connection Register S(TCONRYS)
Bit 7 6 5 4 3 2 1 0
TMRX/Y | ISGENE|HOMOD1HOMODQVYOMOD1VOMODO|CLMOD1{CLMODO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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TCONRS is an 8-hit readable/writable register that selects 8-bit timer TMRX/TMRY access and
the synchronization signal output signal source and generation method.

TCONRSisinitialized to H'00 by areset and in hardware standby mode.

Bit 7—TMRX/TMRY Access Select (TMRX/Y): The TMRX and TMRY registers can only be
accessed when the HIE bit in SY SCR is cleared to 0. In the H8S/2128 Series, some of the TMRX
registers and the TMRY registers are assigned to the same memory space addresses (H'FFFO to
H'FFF5), and the TMRX/Y bit determines which registers are accessed. In the H85/2124 Series,
thereis no control of TMRY register access by this bit.

Bit 7

TMRX/Y Description

0 The TMRX registers are accessed at addresses H'FFFO to H'FFF5 (Initial value)
1 The TMRY registers are accessed at addresses H'FFFO to H'FFF5

Bit 6—Internal Synchronization Signal Select (ISGENE): Selectsinternal synchronization
signals (IHG, IVG, and CL4 signals) as the signal sources for the IHO, IVO, and CLO signals.

Bits 5 and 4—Horizontal Synchronization Output Mode Select 1 and 0 (HOMOD1,
HOMODO): These hits select the signal source and generation method for the IHO signal.

Bit 6 Bit 5 Bit 4
ISGENE VOMOD1 VOMODO Description
0 0 0 The IHI signal (without 2fH modification) (Initial value)
is selected
1 The IHI signal (with 2fH modification) is selected
1 0 The CL1 signal is selected
1
1 0 0 The IHG signal is selected
1
1 0
1
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Bits 3 and 2—Vertical Synchronization Output Mode Select 1 and 0 (VOMOD1, VOMODOQ):
These bits select the signal source and generation method for the IVO signal.

Bit 6 Bit 3 Bit 2
ISGENE VOMOD1 VOMODO Description
0 0 0 The IVI signal (without fall modification (Initial value)
or IHI synchronization) is selected
1 The IVI signal (without fall modification, with IHI
synchronization) is selected
1 0 The VI signal (with fall modification, without IHI
synchronization) is selected
1 The IVI signal (with fall modification and IHI
synchronization) is selected
1 0 0 The IVG signal is selected
1
1 0
1

Bits 1 and 0—Clamp Waveform Mode Select 1 and 0 (CLMOD1, CLMODQ): These hits
select the signal source for the CLO signal (clamp waveform).

Bit 6 Bit 1 Bit 0
ISGENE CLMOD1 CLMOD2 Description
0 0 0 The CL1 signal is selected (Initial value)
1 The CL2 signal is selected
1 0 The CL3 signal is selected
1
1 0 0 The CL4 signal is selected
1
1 0
1
318

HITACHI



13.24 Edge Sense Register (SEDGR)

Bit 7 6 5 4 3 2 1 0

VEDG | HEDG | CEDG | HFEDG | VFEDG | PREQF | IHI VI
Initial value 0 0 0 0 0 0 —*2 —*2
Read/Write  R/W)~ RIW)  RIW)  RAW)  RAW)  R(W) R R

Notes: 1. Only O can be written, to clear the flags.
2. The initial value is undefined since it depends on the pin states.

SEDGR is an 8-bit readable/writable register used to detect arising edge on the timer connection
input pins and the occurrence of 2fH modification, and to determine the phase of the IVl and [HI

signals.

The upper 6 bits of SEDGR are initialized to 0 by areset and in hardware standby mode. The

initial value of the lower 2 bits is undefined, since it depends on the pin states.

Bit 7—VSYNCI Edge (VEDG): Detects arising edge on the VSYNCI pin.

HITACHI

Bit 7
VEDG Description
0 [Clearing condition] (Initial value)
When 0 is written in VEDG after reading VEDG =1
1 [Setting condition]
When a rising edge is detected on the VSYNCI pin
Bit 6—HSYNCI Edge (HEDG): Detects arising edge on the HSYNCI pin.
Bit 6
HEDG Description
0 [Clearing condition] (Initial value)
When 0 is written in HEDG after reading HEDG = 1
1 [Setting condition]
When a rising edge is detected on the HSYNCI pin
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Bit 5—CSYNCI Edge (CEDG): Detects arising edge on the CSYNCI pin.

When a rising edge is detected on the VFBACKI pin

Bit 5

CEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in CEDG after reading CEDG =1

1 [Setting condition]
When a rising edge is detected on the CSYNCI pin

Bit 4—HFBACKI Edge (HFEDG): Detects arising edge on the HFBACKI pin.

Bit 4

HFEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in HFEDG after reading HFEDG = 1

1 [Setting condition]
When a rising edge is detected on the HFBACKI pin

Bit 3—VFBACKI Edge (VFEDG): Detects arising edge on the VFBACKI pin.

Bit 3

VFEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in VFEDG after reading VFEDG = 1

1 [Setting condition]

Bit 2—Pre-Equalization Flag (PREQF): Detects the occurrence of an IHI signal 2fH

modification condition. The generation of afalling/rising edge in the IHI signal during a mask
interval is expressed as the occurrence of a 2fH modification condition. For details, see section
13.3.4, IHI Signal 2fH Modification.

Bit 2

PREQF Description

0 [Clearing condition] (Initial value)
When 0 is written in PREQF after reading PREQF = 1

1 [Setting condition]
When an IHI signal 2fH modification condition is detected

320

HITACHI



Bit 1—IHI Signal Level (IHI): Indicates the current level of the IHI signal. Signal source and
phase inversion selection for the IHI signal depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or negative, then maintain the IHI signal at positive
phase by modifying TCONRI.

Bit 1

IHI Description

0 The IHI signal is low
1 The IHI signal is high

Bit 0—IVI Signal Level (IVI): Indicates the current level of the IVI signal. Signal source and
phase inversion selection for the IVI signal depends on the contents of TCONRI. Read this hit to
determine whether the input signal is positive or negative, then maintain the 1V1 signal at positive
phase by modifying TCONRI.

Bit 0

I\/I—Description

0 The IVI signal is low
1 The IVI signal is high

13.25 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR, comprising two 8-bit readable/writable registers, performs modul e stop mode control.
When the MSTP13, MSTP12, and MSTP8 bits are set to 1, the 16-bit free-running timer, 8-bit
timer channels 0 and 1 and channels X and Y, and timer connection, respectively, halt and enter
module stop mode at the end of the bus cycle. See section 21.5, Module Stop Mode, for details.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.
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M STPCRH Bit 5—Module Stop (M STP13): Specifies FRT module stop mode.

MSTPCRH

Bit 5

MSTP13  Description

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)

M STPCRH Bit 4—Module Stop (M STP12): Specifies 8-bit timer channel 0 and 1 module stop
mode.

MSTPCRH

Bit 4

MSTP12  Description

0 8-bit timer channel 0 and 1 module stop mode is cleared

1 8-bit timer channel 0 and 1 module stop mode is set (Initial value)

M STPCRH Bit 0—M odule Stop (M STP8): Specifies 8-hit timer channel X and Y and timer
connection module stop mode.

MSTPCRH

Bit 0

MSTP8 Description

0 8-bit timer channel X and Y and timer connection module stop mode is cleared

1 8-bit timer channel X and Y and timer connection module stop mode is  (Initial value)
set

13.3  Operation

1331 PWM Decoding (PDC Signal Generation)

The timer connection facility and TMRX can be used to decode a PWM signal in which 0 and 1
are represented by the pulse width. To do this, asigna in which arising edge is generated at
regular intervals must be selected as the IHI signal.

The timer counter (TCNT) in TMRX is set to count the internal clock pulses and to be cleared on
the rising edge of the external reset signal (IHI signal). The value to be used as the threshold for
deciding the pulse width iswritten in TCORB. The PWM decoder contains a delay latch which
uses the IHI signal as data and compare-match signal B (CMB) as a clock, and the state of the [HI
signal (the result of the pulse width decision) at the compare-match signal B timing after TCNT is
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reset by the rise of the IHI signal is output as the PDC signal. The pulse width setting using
TICRR and TICRF of TMRX can be used to determine the pulse width decision threshold.
Examples of TCR and TCORB settings are shown in tables 13.3 and 13.4, and the timing chart is
shownin figure 13.2.

Table13.3 Examplesof TCR Settings

Bit(s) Abbreviation Contents Description

7 CMIEB 0 Interrupts due to compare-match and overflow
are disabled

6 CMIEA 0

5 OVIE 0

4and 3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge of the
external reset signal (IHI signal)

2t00 CKS2 to CKSO 001 Incremented on internal clock: g

Table13.4 Examplesof TCORB (Pulse Width Threshold) Settings

2:10 MHz @: 12 MHz @: 16 MHz @: 20 MHz
H'07 0.8 us 0.67 us 0.5 us 0.4 us
H'OF 1.6 ys 1.33 ps 1ps 0.8 us
H'1lF 3.2 s 2.67 ps 2us 1.6 pys
H'3F 6.4 us 5.33 us 4 us 3.2 us
H7F 12.8 s 10.67 ps 8 us 6.4 s

Determination of IHI signal

IHI signal _,_| state at compare-match | |—|
‘ i ‘ . | v

PDC signal ‘ |
TCNT l ! i 3 !
TCORB /’ /\ /\
(threshold) J ; | \ ‘I ‘ | i

Counter reset  Counter cleared IHI signal state at 2nd compare-match

by IHI signal by TCNT overflow is not determined

Figure13.2 Timing Chart for PWM Decoding
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13.3.2 Clamp Waveform Generation (CL1/CL 2/CL 3 Signal Generation)

The timer connection facility and TMRX can be used to generate signals with different duty cycles
and rising/falling edges (clamp waveforms) in synchronization with the input signal (IHI signal).
Three clamp waveforms can be generated: the CL1, CL2, and CL3 signals. In addition, the CL4
signal can be generated using TMRY .

The CL1 signal rises simultaneously with the rise of the IHI signal, and when the CL1 signal is
high, the CL2 signal rises simultaneously with the fall of the IHI signal. The fall of both the CL1
and the CL 2 signal can be specified by TCORA.

Therise of the CL3 signal can be specified as simultaneous with the sampling of the fall of the IHI
signal using the system clock, and the fall of the CL3 signal can be specified by TCORC. The CL3
signal falls at the rise of the IHI signal.

TCNT in TMRX is set to count internal clock pulses and to be cleared on the rising edge of the
external reset signal (IHI signal).

The value to be used asthe CL1 signa pulse width iswritten in TCORA. Write avalue of H'02 or
morein TCORA when internal clock gis selected asthe TMRX counter clock, and avalue or

H'01 or more when @/2 is selected. When internal clock @is selected, the CL1 signal pulse width is
(TCORA set value + 3 £ 0.5). When the CL2 signal is used, the setting must be made so that this
pulse width is greater than the IHI signal pulse width.

The value to be used as the CL 3 signal pulse width iswritten in TCORC. The TICR register in

TMRX captures the value of TCNT at the inverse of the external reset signal edge (in this case, the
falling edge of the IHI signal). The timing of the fall of the CL3 signal is determined by the sum of
the contents of TICR and TCORC. Caution isrequired if the rising edge of the IHI signal precedes
the fall timing set by the contents of TCORC, since the IHI signal will cause the CL3 signal to fall.

Examples of TMRX TCR settings are the same as those in table 13.3. The clamp waveform timing
charts are shown in figures 13.3 and 13.4.

Since therise of the CL1 and CL2 signalsis synchronized with the edge of the IHI signal, and
their fall is synchronized with the system clock, the pulse width variation is equivalent to the
resolution of the system clock.

Both the rise and the fall of the CL3 signal are synchronized with the system clock and the pulse
width isfixed, but thereis avariation in the phase relationship with the IHI signal equivalent to
the resolution of the system clock.
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IHIsignal [ ] [ ] | L] |—|

CL1 signal m | ‘ | ‘ ,_
CL2 signal |_| |_| |_|

132;\4’ A d e AV

Figure13.3 Timing Chart for Clamp Waveform Generation (CL1 and CL2 Signals)

IHI signal ‘ ‘ ' ' '
CL3 signal |_| '_| '_| |_|
TCNT . | o | |
TICR+TCORC — — ‘
TR o | T =

Figure13.4 Timing Chart for Clamp Waveform Generation (CL 3 Signal)

13.3.3 Measurement of 8-Bit Timer Divided Waveform Period

The timer connection facility, TMR1, and the free-running timer (FRT) can be used to measure the
period of an IHI signal divided waveform. Since TMRL1 can be cleared by arising edge of inverted
IVI signal, therise and fall of the IHI signal divided waveform can be virtually synchronized with
the 1VI signal. This enables period measurement to be carried out efficiently.

To measure the period of an IHI signal divided waveform, TCNT in TMRL is set to count the
external clock (IHI signal) pulses and to be cleared on the rising edge of the external reset signal
(inverted 1V1 signal). The value to be used as the division factor iswritten in TCORA, and the
TMO output method is specified by the OS bitsin TCSR. Examples of TMR1 TCR and TCSR
settings are shown in table 13.5, and the timing chart for measurement of the IVI signal and IHI
signal divided waveform periodsis shown in figure 13.5. The period of the IHI signal divided
waveformis given by (ICRD(3) —ICRD(2)) x the resolution.
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Table13.5 Examplesof TCR and TCSR Settings

Register Bit(s) Abbreviation Contents  Description
TCR in TMR1 7 CMIEB 0 Interrupts due to compare-match
and overflow are disabled
6 CMIEA
5 OVIE

4and 3 CCLR1, CCLRO 11

TCNT is cleared by the rising edge
of the external reset signal (inverted
IVI signal)

2to0 CKS2to CKSO

101

TCNT is incremented on the rising
edge of the external clock (IHI
signal)

TCSRiNnTMR1 3to0 OS3to OSO

0011

1001

Not changed by compare-match B;
output inverted by compare-match A
(toggle output): division by 512

or
when TCORB < TCORA, 1 output
on compare-match B, and 0 output
on compare-match A: division by
256

TCRin FRT 6 IEDGB

0/1

0: FRC value is transferred to ICRB
on falling edge of input capture input
B (IHI divided signal waveform)

1: FRC value is transferred to ICRB
on rising edge of input capture input
B (IHI divided signal waveform)

land 0 CKS1, CKSO

01

FRC is incremented on internal
clock: 2/8

TCSR in FRT 0 CCLRA

FRC clearing is disabled
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IVI signal [ ] [ ]

IHI signal e I E—
divided 1 ! ! '_l
waveform ! ! i
3 3 3 ICRB(4) !
| . ICRB(@) /
ICRB(2) |
ICRB(1) |
FRC — |
ICRB ——

Figure13.5 Timing Chart for Measurement of VI Signal and
IHI Signal Divided Waveform Periods

13.3.4 IHI Signal and 2fH Modification

By using the timer connection FRT, even if thereis a part of the IHI signal with twice the
frequency, this can be eliminated. In order for this function to operate properly, the duty cycle of
the IHI signal must be approximately 30% or less, or approximately 70% or above.

The 8-bit OCRDM contents or twice the OCRDM contents can be added automatically to the data
captured in ICRD in the FRT, and compare-matches generated at these points. The interval
between the two compare-matchesis called a mask interval. A value equivalent to approximately
1/3 the IHI signal period iswritten in OCRDM. ICRD is set so that capture is performed on the
rise of the IHI signal.

Since the IHI signal supplied to the IHO signal selection circuit is normally set on the rise of the
IHI signal and reset on the fall, its waveform is the same as that of the original 1HI signal. When
2fH modification is selected, IHI signal edge detection is disabled during mask intervals. Capture
isalso disabled during these intervals.

Examples of FRT TCR settings are shown in table 13.6, and the 2fH modification timing chart is
shown in figure 13.6.
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Table13.6 Examplesof TCR, TCSR, TCOR, and OCRDM Settings

Register Bit(s) Abbreviation Contents Description

TCR in FRT 4 IEDGD 1 FRC value is transferred to ICRD on
the rising edge of input capture input
D (IHI signal)

land 0 CKS1, CKSO 01 FRC is incremented on internal clock:
/8
TCSR in FRT 0 CCLRA 0 FRC clearing is disabled

TCOR in FRT 7 ICRDMS 1 ICRD is set to the operating mode in
which OCRDM is used

OCRDMIinFRT 7to0 OCRDM7 to O H'01 to H'FF Specifies the period during which
ICRD operation is masked

IHI signal
(without 2fH _l'l_l'l_l'l_l'l_l'l_l_Ll_Ll_Ll_Ll'l_I'l_l'l_l'l_l'l_l'l_

modification)

IHI signal | | |
(with 2fH ‘ n n ‘ U U 1 n 1
modification) ! ]
Mask interval | [ T [ [ N WA M1

ICRD + OCRDM x 2 |

ICRD + OCRDM
FRC
ICRD

Figure13.6 2fH Modification Timing Chart
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13.35 IVI Signal Fall Maodification and IHI Synchronization

By using the timer connection TMR1, the fall of the VI signal can be shifted backward by the
specified number of IHI signal waveforms. Also, the fall of the VI signal can be synchronized
with therise of the IHI signal.

To perform 8-bit timer divided waveform period measurement, TCNT in TMR1 is set to count
external clock (IHI signal) pulses, and to be cleared on the rising edge of the external reset signal
(inverse of the IVI signal). The number of IHI signal pulses until thefall of the VI signal is
written in TCORB.

Sincethe IVI signal supplied to the IVO signal selection circuit is normally set on therise of the
VI signal and reset on the fall, its waveform is the same as that of the original 1V1 signal. When
fall modification is selected, areset is performed on a TMR1 TCORB compare-match.

Thefall of the waveform generated in this way can be synchronized with the rise of the IHI signal,
regardless of whether or not fall modification is selected.

Examples of TMR1 TCORB, TCR, and TCSR settings are shown in table 13.7, and the fall
modification/IHI synchronization timing chart is shown in figure 13.7.

Table13.7 Examplesof TCORB, TCR, and TCSR Settings

Register Bit(s) Abbreviation  Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMR1 overflow are disabled
6 CMIEA 0
5 OVIE
4and3 CCLR1, 11 TCNT is cleared by the rising edge of the
CCLRO external reset signal (inverse of the 1VI
signal)
2t00 CKS2to CKSO 101 TCNT is incremented on the rising edge of
the external clock (IHI signal)
TCSRin 3to0 0OS3to OSO 0011 Not changed by compare-match B; output
TMR1 inverted by compare-match A (toggle
output)
or
1001 when TCORB < TCORA, 1 output on
compare-match B, 0 output on compare-
match A
TOCRB in TMR1 H'03 Compare-match on the 4th (example) rise

(example) of the IHI signal after the rise of the
inverse of the IVI signal
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IHI signal N n_ . n n U U U |'| |'| |'| |'| |'|

IVI signal (PDC signal) |

IVO signal
(without fall modification, |
with IHI synchronization)

IVO signal
(with fall modification,
without IHI synchronization)

IVO signal ‘ ‘ ‘
(with fall modification oo [

and IHI synchronization) L,_,_,il4—’—/
L2
1o
TCNT o, TCNT = TCORB (3)

Figure13.7 Fall Modification/IHI Synchronization Timing Chart

13.3.6 Internal Synchronization Signal Generation (IHG/IVG/CL4 Signal Generation)

By using the timer connection FRT and TMRY, it is possible to automatically generate internal
signals (IHG and IV G signals) corresponding to the IHI and IVI signals. Asthe IHG signal is
synchronized with the rise of the IV G signal, the IHG signal period must be made a divisor of the
IVG signal period in order to keep it constant. In addition, the CL4 signal can be generated in
synchronization with the IHG signal.

The contents of OCRA in the FRT are updated by the automatic addition of the contents of
OCRAR or OCRAF, aternately, each time a compare-match occurs. A value corresponding to the
Ointerval of the IVG signal iswritten in OCRAR, and a value corresponding to the 1 interval of
the IVG signal iswritten in OCRAF. The IVG signal is set by a compare-match after an OCRAR
addition, and reset by a compare-match after an OCRAF addition.

The IHG signal isthe TMRY 8-hit timer output. TMRY is set to count internal clock pulses, and
to be cleared on TCORA compare-match, to fix the period and set the timer output. TCORB is set
S0 asto reset the timer output. The IV G signa is connected asthe TMRY reset input (TMRI), and
therise of the IVG signal can be treated in the same way as a TCORA compare-match.

The CL4 signal is awaveform that rises within one system clock period after the fall of the IHG
signal, and hasa 1 interval of 6 system clock periods.

Examples of settings of TCORA, TCORB, TCR, and TCSR in TMRY, and OCRAR, OCRAF,
and TCRin the FRT, are shown in table 13.8, and the IHG signal/IVG signal timing chart is
shown in figure 13.8.
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Table13.8 Examplesof OCRAR, OCRAF, TOCR, TCORA, TCORB, TCR, and TCSR

Settings
Register Bit(s) Abbreviation  Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMRY overflow are disabled
6 CMIEA 0
5 OVIE 0
4and3 CCLR1, 01 TCNT is cleared by compare-match A
CCLRO
2t00 CKS2 to CKSO 001 TCNT is incremented on internal clock:
ol4
TCSRin 3to0 0S3to OS0 0110 0 output on compare-match B
TMRY 1 output on compare-match A
TOCRA in H'3F IHG signal period = g x 256
TMRY (example)
TOCRB in H'03 IHG signal 1 interval = g x 16
TMRY (example)
TCR in FRT land 0 CKS1, 01 FRC is incremented on internal clock: 2/8
CKSO0
OCRAR in FRT H7FEF IVG signal O IVG signal period =
(example) interval = g x 262144 (1024
2 x 262016 times IHG signal)
OCRAF in FRT H'000F IVG signal 1
(example) interval = g x 128
TOCRINFRT 6 OCRAMS 1 OCRA is set to the operating mode in

which OCRAR and OCRAF are used
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IVG signal

| 1 OCRA (4) =
! | 1 OCRA (3) +
| ' OCRA (3) = OCRAR
| ' OCRA (2) +
| OCRA(2)= | OCRAF
' OCRA (1) +
OCRA (1) =: OCRAR
OCRA (0) +
OCRAF
OCRA /
FRC
6 system clocks 6 system clocks 6 system clocks

- - -

g;ﬁal |_| |_| |_|

ls?g% al

TCORA 3 3 :

TCORB

TCNT

Figure13.8 1VG Signal/lHG Signal/CL 4 Signal Timing Chart
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13.3.7 HSYNCO Output

With the HSY NCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IHI signal source and the waveform required by external
circuitry. The meaning of the HSY NCO output in each mode is shown in table 13.9.

Table13.9 Meaning of HSYNCO Output in Each Mode

Mode IHI Signal  IHO Signal Meaning of IHO Signal
No signal HFBACKI IHI signal (without =~ HFBACKI input is output directly
input 2fH modification)

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HFBACKI input
CL1 signal HFBACKI input 1 interval is changed before output
IHG signal Internal synchronization signal is output

S-on-G CSYNCI IHI signal (without ~ CSYNCI input (composite synchronization signal)

mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of CSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal CSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Composite HSYNCI IHI signal (without ~ HSYNCI input (composite synchronization signal)
mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of HSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal HSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Separate  HSYNCI IHI signal (without  HSYNCI input (horizontal synchronization signal) is
mode input 2fH modification) output directly

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HSYNCI input (horizontal
synchronization signal)

CL1 signal HSYNCI input (horizontal synchronization signal) 1
interval is changed before output

IHG signal Internal synchronization signal is output
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13.3.8 VSYNCO Output

With the VSY NCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IVI signal source and the waveform required by external
circuitry. The meaning of the VSYNCO output in each mode is shown in table 13.10.

Table 13.10 Meaning of VSYNCO Output in Each Mode

Mode IVI Signhal  IVO Signal Meaning of IVO Signal
No signal VFBACKI IVI signal (without fall VFBACKI input is output directly
input modification or IHI

synchronization)
IVI signal (without fall Meaningless unless VFBACKI input is
modification, with IHI synchronized with HFBACKI input
synchronization)
IVI signal (with fall VFBACKI input fall is modified before output
modification, without IHI
synchronization)
IVI signal (with fall VFBACKI input fall is modified and signal is
modification and IHI synchronized with HFBACKI input before
synchronization) output
IVG signal Internal synchronization signal is output

S-on-G PDC signal 1VI signal (without fall CSYNCI/HSYNCI input (composite

mode or modification or IHI synchronization signal) vertical
composite synchronization) synchronization signal part is separated
mode before output
IVI signal (without fall CSYNCI/HSYNCI input (composite
modification, with IHI synchronization signal) vertical
synchronization) synchronization signal part is separated, and
signal is synchronized with CSYNCI/HSYNCI
input before output
IVI signal (with fall CSYNCI/HSYNCI input (composite
modification, without IHI  synchronization signal) vertical
synchronization) synchronization signal part is separated, and
fall is modified before output
IVI signal (with fall CSYNCI/HSYNCI input (composite
modification and IHI synchronization signal) vertical
synchronization) synchronization signal part is separated, fall is
modified, and signal is synchronized with
CSYNCI/HSYNCI input before output
IVG signal Internal synchronization signal is output
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Mode IVI Signal  IVO Signal Meaning of IVO Signal

Separate  VSYNCI IVI signal (without fall VSYNCI input (vertical synchronization signal)
mode input modification or IHI is output directly
synchronization)
IVI signal (without fall Meaningless unless VSYNCI input (vertical
modification, with IHI synchronization signal) is synchronized with
synchronization) HSYNCI input (horizontal synchronization
signal)
IVI signal (with fall VSYNCI input (vertical synchronization signal)

modification, without IHI  fall is modified before output
synchronization)

IVI signal (with fall VSYNCI input (vertical synchronization signal)
modification and IHI fall is modified and signal is synchronized with
synchronization) HSYNCI input (horizontal synchronization

signal) before output

IVG signal Internal synchronization signal is output

13.3.9 CBLANK Output

Using the signals generated/sel ected with timer connection, it is possible to generate a waveform
based on the composite synchronization signal (blanking waveform).

One kind of blanking waveform is generated by combining HFBACKI and VFBACKI inputs,
with the phase polarity made positive by means of bits HFINV and VFINV in TCONRI, with the
IVO signal.

The composition logic is shown in figure 13.9.

HFBACKI input (positive)

VFBACKI input (positive) ® \
L‘ - - CBLANK signal
Falling edge sensmgF Reset o (positive)
l—{ Rising edge sensing |7 Set
IVO signal (positive) ®
Figure13.9 CBLANK Output Waveform Generation
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Section 14 Watchdog Timer (WDT)

141 Overview

These series have an on-chip watchdog timer/watch timer with two channels (WDTO, WDT1).
The WDT outputs an overflow signal if a system crash prevents the CPU from writing to the timer
counter, allowing it to overflow. At the same time, the WDT can also generate an internal reset
signal or internal NMI interrupt signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer mode, an interval timer interrupt is generated each time the counter overflows.

1411 Features

» Switchable between watchdog timer mode and interval timer mode
O WOVI interrupt generation in interval timer mode

e Internal reset or internal interrupt generated when the timer counter overflows
0 Choice of internal reset or NMI interrupt generation in watchdog timer mode

» Choiceof 8 (WDTO) or 16 (WDT1) counter input clocks
O Maximum WDT interval: system clock period x 131072 x 256
0 Subclock can be selected for the WDT1 input counter
Maximum interval when the subclock is selected: subclock period x 256 x 256
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14.1.2

Figures 14.1 (a) and (b) show block diagrams of WDTO and WDT1.

Block Diagram

WOVI
(interrupt request
signal)

Internal NMI
interrupt request
signal*2

-
I
I
I
I
I
I
M

Internal reset «——|

signal*1

Legend:

TCSR: Timer control/status register
Timer counter

TCNT:

Notes: 1.

Interrupt
control

Reset
control

Overflow Clock

Clock

select

l——3/512
l—— /2048
l——2/8192
/32768

Internal clock

source

| TCNT |<—>|

)

e /131072
Bus |

Module bus

interface

For the internal reset signal, the reset of the WDT that overflowed first has priority.

2. The internal NMI interrupt request signal can be output independently by either WDTO or
WDT1. The interrupt controller does not distinguish between NMI interrupt requests

from WDTO and WDT1.

Internal bus
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

WOV | 302 Bousl2
(interrupt request «——| <+ 0/64 Bsupld
signal) i «—2/128 Ze I8
! Interrupt 2/512 SUB!
Internal NMI ; control | Overflow Clock Clock ooag 2sus/16
(interrupt request = ~ select 2 Fsup/32
signal)*2 : Reset 3 9/8192 gue/64
| control +——9/32768 e 1n/128
‘ «—o/131072  °%®
Internal reset -—— s o/1510/2 Bsup/256
signal*t | Internal clock !
! I source |
| 3 0
I | >
| | TCNT |<—>| TCSR | P
: g
: R
3 Bus L=
! Module bus interface D
. WDT oo
Legend:
TCSR: Timer control/status register
TCNT:  Timer counter
Notes: 1. For the internal reset signal, the reset of the WDT that overflowed first has priority.
2. The internal NMI interrupt request signal can be output independently by either WDTO or
WDT1. The interrupt controller does not distinguish between NMI interrupt requests
from WDTO and WDT1.
Figure14.1 (b) Block Diagram of WDT1
14.1.3 Pin Configuration
Table 14.1 describes the WDT input pin.
Table14.1 WDT Pin
Name Symbol I/0 Function
External subclock input pin  EXCL Input WDT1 prescaler counter input clock
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1414 Register Configuration

The WDT has four registers, as summarized in table 14.2. These registers control clock selection,
WDT mode switching, the reset signal, etc.

Table14.2 WDT Registers

Address**!

Channel  Name Abbreviation R/W Initial Value  Write** Read
0 Timer control/status  TCSRO R/(W)*®  H00 H'FFA8 H'FFA8

register O

Timer counter 0 TCNTO R/W H'00 H'FFA8 H'FFA9
1 Timer control/status TCSR1 R/(W)**  H00 H'FFEA H'FFEA

register 1

Timer counter 1 TCNT1 R/W H'00 H'FFEA H'FFEB
Common  System control SYSCR R/W H'09 H'FFC4 H'FFC4

register

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 14.2.4, Notes on Register Access.
3. Only 0 can be written in bit 7, to clear the flag.

142  Register Descriptions

1421 Timer Counter (TCNT)

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCNT isan 8-hit readable/writable* up-counter.

When the TME bitissetto 1in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the TCNT value overflows (changes
from H'FF to H'00), the OVF flag in TCSR is set to 1, and an internal reset, NMI interrupt, interval
timer interrupt (WOV1), etc., can be generated, according to the mode selected by the WT/IT bit
and RST/NMI bit.

TCNT isinitialized to H'00 by areset, in hardware standby mode, or when the TME bit is cleared
to 0. It isnot initialized in software standby mode.
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Note: * The method of writing to TCNT is more complicated than for most other registers, to
prevent accidental overwriting. For details see section 14.2.4, Notes on Register Access.

14.2.2 Timer Control/Status Register (TCSR)

e TCSRO
Bit 7 6 5 4 3 2 1 0
OVF WT/IT TME RSTS |RST/NMI| CKS2 CKS1 CKSO0
Initial value 0 0 0 0 0 0 0 0

Read/Writte  R/(W)* RMW RW RW RW  RW RW  RW

Note: * Only O can be written, to clear the flag.

e TCSR1
Bit 7 6 5 4 3 2 1 0
OVF WT/IT TME PSS |RST/NMI| CKS2 CKS1 CKSO0
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W
Note: * Only 0 can be written, to clear the flag.

TCSR is an 8-bit readable/writable* register. Its functions include selecting the clock sourceto be
input to TCNT, and the timer mode.

TCRisinitialized to H'00 by areset and in hardware standby mode. It is not initialized in software
standby mode.

Note: * The method of writing to TCSR is more complicated than for most other registers, to
prevent accidental overwriting. For details see section 14.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF
to H'00.

Bit 7

rDescription

0 [Clearing conditions]
e Write 0 in the TME bit (Initial value)
¢ Read TCSR when OVF = 1*, then write 0 in OVF

1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
(When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.)

Note: * When OVF flag is polled and the interval timer interrupt is disabled, OVF = 1 must be read
at least twice.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as a watchdog timer or

interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
(WOVI) when TCNT overflows. If used as awatchdog timer, the WDT generates areset or NMI
interrupt when TCNT overflows.

Bit 6
WTAT Description
0 Interval timer: Sends the CPU an interval timer interrupt request (WOVI)
when TCNT overflows (Initial value)
1 Watchdog timer: Generates a reset or NMI interrupt when TCNT
overflows

Bit 5—Timer Enable (TME): Selectswhether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

TCSRO Bit 4—Reset Select (RSTS): Reserved. This bit should not be set to 1.
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TCSR1 Bit 4—Prescaler Select (PSS): Selects the input clock source for TCNT in WDT1. For
details, see the description of the CKS2 to CKS0 bits below.

TCSR1

Bit 4

PSS Description

0 TCNT counts g-based prescaler (PSM) divided clock pulses (Initial value)
1 TCNT counts gSUB-based prescaler (PSS) divided clock pulses

Bit 3—Reset or NM | (RST/NMI): Specifies whether an internal reset or NMI interrupt is
requested on TCNT overflow in watchdog timer mode.

Bit 3

RST/NMI Description

0 An NMl interrupt is requested (Initial value)
1 An internal reset is requested

Bits2to 0—Clock Select 2t0 0 (CKS2 to CK S0): These bits select an internal clock source,
obtained by dividing the system clock (@), or subclock (gSUB) for input to TCNT.

* WDTO input clock selection

Bit 2 Bit 1 Bit 0 Description
CKS2 CKS1 CKSO Clock Overflow Period* (when g =20 MHz)
0 0 0 @/2 (Initial value) 25.6 us
1 /64 819.2 ps
1 0 /128 1.6 ms
1 /512 6.6 ms
1 0 0 /2048 26.2ms
1 /8192 104.9 ms
1 0 2/32768 419.4 ms
1 /131072 1.68s
Note: * The overflow period is the time from when TCNT starts counting up from H'00 until overflow
occurs.
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« WDT1 input clock selection

Bit 4 Bit 2 Bit 1 Bit 0 Description
Overflow Period* (when g =20 MHz
PSS CKS2 CKS1 CKSO Clock and gSUB = 32.768 kHz)
0 0 0 0 @/2 (Initial value) 25.6 ps
1 /64 819.2 us
1 0 /128 1.6 ms
1 /512 6.6 ms
1 0 0 2/2048 26.2 ms
1 /8192 104.9 ms
1 0 /32768 419.4 ms
1 /131072 1.68s
1 0 0 0 aSUB/2 15.6 ms
1 gSUB/4 31.3ms
1 0 2SUB/8 62.5 ms
1 #SUB/16 125 ms
1 0 0 @SUB/32 250 ms
1 gSUB/64 500 ms
1 0 #SUB/128 1ls
1 aSUB/256 2s
Note: * The overflow period is the time from when TCNT starts counting up from H'00 until overflow

occurs.

14.23 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE | INTM1 | INTMO | XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R R/W R R/W R/W R/W

Only bit 3 is described here. For details on functions not related to the watchdog timer, see
sections 3.2.2 and 5.2.1, System Control Register (SY SCR), and the descriptions of the relevant
modules.
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Bit 3—External Reset (XRST): Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow in addition to external reset input. XRST isa
read-only bit. It is set to 1 by an external reset, and when the RST/NMI hit is 1, is cleared to 0 by
an internal reset due to watchdog timer overflow.

Bit 3
XRST Description
0 Reset is generated by an internal reset due to watchdog timer
overflow
1 Reset is generated by external reset input (Initial value)

14.24 Noteson Register Access

The watchdog timer’'s TCNT and TCSR registers differ from other registersin being more difficult
to write to. The procedures for writing to and reading these registers are given below.

Writingto TCNT and TCSR (Example of WDTO0): These registers must be written to by aword
transfer instruction. They cannot be written to with byte transfer instructions.

Figure 14.2 shows the format of datawritten to TCNT and TCSR. TCNT and TCSR both have the
same write address. For awriteto TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awrite to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFFA8 H'SA Write data
TCSR write
15 8 7 0
Address: H'FFA8 | H'AS | Write data |

Figure14.2 Format of Data Written to TCNT and TCSR (Example of WDTOQ)

Reading TCNT and TCSR (Example of WDTO0): These registers are read in the same way as
other registers. The read addresses are H'FFA8 for TCSR, and H'FFA9 for TCNT.

345
HITACHI




14.3  Operation

1431 Watchdog Timer Operation

To usethe WDT as awatchdog timer, set the WT/IT and TME bitsin TCSR to 1. Software must
prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. This ensuresthat TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system crash or other error, an
internal reset or NMI interrupt request is generated.

When the RST/NMI hit is set to 1, the chip is reset for 518 system clock periods (518 @) by a
counter overflow. Thisisillustrated in figure 14.3.

When the RST/NMI bit cleared to 0, an NMI interrupt request is generated by a counter overflow.

Aninternal reset request from the watchdog timer and reset input from the RES pin are handled
viathe same vector. The reset source can be identified from the value of the XRST bit in SY SCR.

If areset caused by an input signal from the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the XRST bit in SYSCRisset to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
handled via the same vector. Simultaneous handling of awatchdog timer NM1 interrupt request
and an NMI pininterrupt request must therefore be avoided.

TCNT value

Overflow

I et 2 AN

L
//I
H'00 = Time
4 N 4 boxt
WT/T=1 HOO written OVF = 1* WT/IT =1 H'00 written

TME =1 to TCNT TME=1 toTCNT

Internal reset signal

518 system clock periods
WT/IT: Timer mode select bit
TME: Timer enable bit
OVF: Overflow flag
Note: * Cleared to 0 by an internal reset when OVF is set to 1. XRST is cleared to 0.

Figure 14.3 Operation in Watchdog Timer Mode
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14.3.2 Interval Timer Operation

To usethe WDT asan interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
Aninterval timer interrupt (WOVI) is generated each time TCNT overflows, provided that the
WNDT is operating as an interval timer, as shown in figure 14.4. This function can be used to
generate interrupt requests at regular intervals.

TCNT count

A
HEE Overflow Overflow Overflow Overflow

H'00 % ‘ ¢ ‘ ‘ = Time
WT/AT =0 WoVvI WOVI WOVI WOVI
TME =1
Legend:
WOVI: Interval timer interrupt request generation
Figure14.4 Operationin Interval Timer Mode
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14.3.3 Timing of Setting of Overflow Flag (OVF)

The OVF bitin TCSRisset to 1if TCNT overflows during interval timer operation. At the same
time, aninterval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 14.5.

If NMI request generation is selected in watchdog timer mode, when TCNT overflows the OVF
bitin TCSR is set to 1 and at the same time an NMI interrupt is requested.

e T LT LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal)

)
\«

OVF

((
)

Figure14.5 Timing of OVF Setting

144  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOV1).
Theinterval timer interrupt is requested whenever the OVF flag isset to 1 in TCSR. OVF must be
cleared to 0 in the interrupt handling routine. When NM I interrupt request generation is selected in
watchdog timer mode, an overflow generates an NMI interrupt request.
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145 Usage Notes

1451 Contention between Timer Counter (TCNT) Writeand I ncrement

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 14.6 shows this operation.

TCNT write cycle

Address ><

Internal write signal

TCNT input clock

TCNT N >< M
b4

Counter write data

Figure14.6 Contention between TCNT Write and I ncrement

1452 Changing Value of CKS2to CK S0

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the value of bits CKS2 to CKS0.

145.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.
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1454 Counter Valuein Transitions between High-Speed M ode, Subactive M ode, and
Watch Mode

If the mode is switched between high-speed mode and subactive mode or between high-speed
mode and watch mode when WDT1 is used as areatime clock counter, an error will occur in the
counter value when the interna clock is switched.

When the mode is switched from high-speed mode to subactive mode or watch mode, the
increment timing is delayed by approximately 2 or 3 clock cycles when the WDT1 control clock is
switched from the main clock to the subclock.

Also, since the main clock oscillator is halted during subclock operation, when the modeis
switched from watch mode or subactive mode to high-speed mode, the clock is not supplied until
internal oscillation stabilizes. Asaresult, after oscillation is started, counter incrementing is
halted during the oscillation stabilization time set by bits STS2 to STS0in SBYCR, and thereisa
corresponding discrepancy in the counter value.

Caution is therefore required when using WDT1 as the realtime clock counter.

No error occursin the counter value while WDT1 is operating in the same mode.

1455 OVF Flag Clear Condition

To clear OVF flag in WOV handling routine, read TCSR when OV F=1, then write with 0 to
OVF, as stated above. When WOV I is masked and OVF flag is poling, if contention between
OVF flag set and TCSR read is occurred, OVF=1 is read but OVF can not be cleared by writing
with 0 to OVF.

In this case, reading TCSR when OVF=1 two times meet the requirements of OV F clear condition.
Please read TCSR when OV F=1 two times before writing with 0 to OVF.

LOOP BTST. B #7, @CSR ; OVF flag read
BEQ LOOP ; if OVF=1l, exit from | oop
MOV. B @CSR, ROL ; OVF=1 read again

MOV. W #H A521, R0 ; OVF flag clear
MOV. W RO, @CSR ; :
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151

Section 15 Serial Communication Interface (SCI)

Overview

These series are equipped with a serial communication interface (SCI) with two independent
channels. The SCI can handle both asynchronous and clocked synchronous serial communication.
A function is also provided for serial communication between processors (multiprocessor
communication function).

1511

Features

SCI features are listed below.

* Choice of asynchronous or synchronous serial communication mode
Asynchronous mode

O

Seria data communication is executed using an asynchronous system in which
synchronization is achieved character by character

Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables seria data
communication with a number of processors

O Choice of 12 seria datatransfer formats
Data length: 7 or 8 bits
Stop bit length: 1 or 2 bits
Parity: Even, odd, or none
Multiprocessor bit: lorO
O Receive error detection: Parity, overrun, and framing errors
O Break detection: Break can be detected by reading the RxD pin level
directly in case of aframing error
Synchronous mode
O Seria datacommunication is synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function

One serid datatransfer format
Data length: 8 hits
Receive error detection: Overrun errors detected
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Full-duplex communication capability

O The transmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

O Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

L SB-first or MSB-first transfer can be selected

O Thisselection can be made regardless of the communication mode (with the exception of 7-
bit data transfer in asynchronous mode)*

Note: * LSB-first transfer is used in the examples in this section.

352

Built-in baud rate generator allows any bit rate to be selected

Choice of seria clock source: internal clock from baud rate generator or external clock from
SCK pin

Capability of transmit and receive clock output
O TheP 27/SCK1is CMOS type output

O The P 52/SCKO pinisan NMOS push-pull type output in the H8S/2128 series and a CMOS
output in the H85/2124 series (when the P52/SCK 0 pin is used as an output in the
H8S/2128 series, external pull-up resistor must be connected in order to output high level)

Four interrupt sources

O Four interrupt sources (transmit-data-empty, transmit-end, receive-data-full, and receive
error) that can issue requests independently

O The transmit-data-empty interrupt and receive-data-full interrupt can activate the data
transfer controller (DTC) to execute data transfer
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15.1.2  Block Diagram

Figure 15.1 shows a block diagram of the SCI.

[}
Q
£ Internal
Module data bus % data bus
m
rRorR | [ TR SCMR | BRR
Al i SSR -
RO~ RsrR | [] Tsr SCR Baud rate  |<— /4
] SMR generator | z/16
Transmission/
TXD — reception control -—2/64
Parity generation | 4 { Clock L
Parity check
SCK External clock
L = TEI
= TXI
= RXI
Legend: > ERI
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
SCMR:  Serial interface mode register
BRR: Bit rate register
Figure15.1 Block Diagram of SCI
15.1.3 Pin Configuration
Table 15.1 shows the serial pins used by the SCI.
Table15.1 SCI Pins
Channel  Pin Name Symbol* 1/O Function
0 Serial clock pin 0 SCKO 1/0 SCIO0 clock input/output
Receive data pin O RxDO Input SCIO receive data input
Transmit datapin0  TxDO Output SCI0 transmit data output
1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmitdatapin1  TxD1 Output SCI1 transmit data output

Note: * The abbreviations SCK, RxD, and TxD are used in the text, omitting the channel number.
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15.1.4 Register Configuration

The SCI hasthe internal registers shown in table 15.2. These registers are used to specify
asynchronous mode or synchronous mode, the data format, and the bit rate, and to control the
transmitter/receiver.

Table15.2 SCI Registers

Channel  Name Abbreviation R/W Initial Value Address**
0 Serial mode register 0 SMRO R/W H'00 H'FFD8*?
Bit rate register 0 BRRO R/W H'FF H'FFD9*?
Serial control register 0 SCRO R/W H'00 H'FFDA
Transmit data register O TDRO R/W H'FF H'FFDB
Serial status register 0 SSRO R/(W)** H84 H'FFDC
Receive data register 0 RDRO R H'00 H'FFDD
Serial interface mode register 0 SCMRO R/W H'F2 H'FFDE**®
1 Serial mode register 1 SMR1 R/W H'00 H'FF83*®
Bit rate register 1 BRR1 R/W H'FF H'FF89**
Serial control register 1 SCR1 R/W H'00 H'FF8A
Transmit data register 1 TDR1 R/W H'FF H'FF8B
Serial status register 1 SSR1 R/(W)** H'84 H'FF8C
Receive data register 1 RDD1 R H'00 H'FF8D
Serial interface mode register 1 SCMR1 R/W H'F2 H'FF8E**
Common  Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.

3. Some serial communication interface registers are assigned to the same addresses as
other registers. In this case, register selection is performed by the IICE bit in the serial
timer control register (STCR).
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152 Register Descriptions

15.21 Receive Shift Register (RSR)

Bit 7 6 5 4

Read/Write — — — —

RSR isaregister used to receive seria data.

The SCI sets seria datainput from the RxD pinin RSR in the order received, starting with the
LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, itis

transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

15.2.2 Receive Data Register (RDR)

Bit 7 6 5 4
Initial value 0 0 0 0
Read/Write R

RDR isaregister that stores received serial data.

When the SCI has received one byte of seria data, it transfers the received seria datafrom RSR to
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabl ed.

Since RSR and RDR function as a double buffer in this way, continuous receive operations can be

performed.

RDR is aread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep

mode, and module stop mode.

HITACHI
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15.2.3  Transmit Shift Register (TSR)

Bit I 6 5 4 3 2 1 0

Read/Write — — — — — — — _

TSR isaregister used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit datafrom TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSRis set to 1.

TSR cannot be directly read or written to by the CPU.

15.24 Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
TDR is an 8-hit register that stores datafor seria transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR to TSR and
starts seria transmission. Continuous serial transmission can be carried out by writing the next
transmit datato TDR during serial transmission of the datain TSR.

TDR can be read or written to by the CPU at al times.

TDRisinitidized to H'FF by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.
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1525 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0
CIA CHR PE OJE STOP MP CKS1 | CKSO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SMR is an 8-bit register used to set the SCI’ s serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.

SMRiisinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and modul e stop mode.

Bit 7—Communication M ode (C/A): Selects asynchronous mode or synchronous mode as the
SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
synchronous mode, a fixed data length of 8 bitsis used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and LSB-first/MSB-
first selection is not available.

Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit additionis
performed in transmission, and parity bit checking in reception. In synchronous mode, or when a
multiprocessor format is used, parity bit addition and checking is not performed, regardless of the
PE bit setting.
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Bit 5

PE Description
0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting isinvalid in synchronous mode, when parity
bit addition and checking is disabled in asynchronous mode, and when a multiprocessor format is
used.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity*?

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.

In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is odd.

In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.

Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hit setting is only valid in asynchronous mode. If synchronous mode is set the STOP
bit setting isinvalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit** (Initial value)
1 2 stop bits*?2

Notes: 1. In transmission, a single 1 bit (stop bit) is added to the end of a transmit character
before it is sent.

2. Intransmission, two 1 bits (stop bits) are added to the end of a transmit character
before it is sent.

358
HITACHI



In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1, itistreated asastop bit; if itisO, it istreated as the start bit of the next transmit
character.

Bit 2—Multiprocessor M ode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it isinvalid in synchronous mode.

For details of the multiprocessor communication function, see section 15.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CK S0): These hits select the clock source for the
baud rate generator. The clock source can be selected from g, @/4, @/16, and @/64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the hit rate register setting, and the baud rate, see
section 15.2.8, Bit Rate Register.

Bit 1 Bit 0

CKs1 CKSO Description

0 0 @ clock (Initial value)
1 @/4 clock

1 0 /16 clock
1 /64 clock

15.26  Serial Control Register (SCR)

Bit 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR isaregister that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.
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SCR can be read or written to by the CPU at all times.

SCRisinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit-data-empty interrupt
(TXI) request generation when serial transmit datais transferred from TDR to TSR and the TDRE
flagin SSRissetto 1.

Bit 7

TIE Description

0 Transmit-data-empty interrupt (TXI) request disabled* (Initial value)
1 Transmit-data-empty interrupt (TXI) request enabled

Note: * TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to 0, or clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive-data-full interrupt (RX1)
request and receive-error interrupt (ERI) request generation when seria receive datais transferred
from RSR to RDR and the RDRF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
disabled* (Initial value)

1 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
enabled

Note: * RX| and ERI interrupt request cancellation can be performed by reading 1 from the RDRF,
FER, PER, or ORER flag, then clearing the flag to 0, or clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disablesthe start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled** (Initial value)
1 Transmission enabled*?

Notes: 1. The TDRE flag in SSR is fixed at 1.

2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transmission format before setting the TE
bitto 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE—Description

0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode.

SMR setting must be performed to decide the reception format before setting the RE bit
to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when receiving with the MP bit in SMR
setto 1.

The MPIE bit setting is invalid in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
¢  When the MPIE bit is cleared to 0
e When data with MPB = 1 is received

1 Multiprocessor interrupts enabled*

Receive interrupt (RXI) requests, receive-error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR , is not
performed. When receive data with MPB = 1 is received, the MPB bit in SSR is set to 1, the
MPIE bit is cleared to 0 automatically, and generation of RXIl and ERI interrupts (when the
TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit-end interrupt
(TEI) request generation if thereis no valid transmit datain TDR when the MSB is transmitted.
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Bit 2

TEIE Description
0 Transmit-end interrupt (TEI) request disabled* (Initial value)
1 Transmit-end interrupt (TEI) request enabled*

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing it
to 0 and clearing the TEND flag to 0, or clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEQ hits determines whether the SCK pin functions as an /O port, the seria clock output pin, or
the serial clock input pin.

The setting of the CKEO hit, however, is only valid for internal clock operation (CKE1 =0) in
asynchronous mode. The CKEO bit setting isinvalid in synchronous mode, and in the case of
external clock operation (CKEL = 1). The setting of bits CKE1 and CKEO must be carried out
before the SCI’ s operating mode is determined using SMR.

For details of clock source selection, see table 15.9 in section 15.3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as I/O port**
Synchronous mode Internal clock/SCK pin functions as serial clock
output**
1 Asynchronous mode Internal clock/SCK pin functions as clock output*?
Synchronous mode Internal clock/SCK pin functions as serial clock
output
1 0 Asynchronous mode External clock/SCK pin functions as clock input*®
Synchronous mode External clock/SCK pin functions as serial clock
input
1 Asynchronous mode External clock/SCK pin functions as clock input*®
Synchronous mode External clock/SCK pin functions as serial clock
input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.
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15.2.7  Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0
TDRE RDRF | ORER FER PER TEND MPB MPBT

Initial value 1 0 0 0 0 1 0 0

Read/Write  R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: Only 0 can be written, to clear the flag.

SSR is an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor bits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSRisinitialized to H'84 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

e When 0 is written in TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR

1 [Setting conditions] (Initial value)
*  When the TE bitin SCRis 0
¢ When data is transferred from TDR to TSR and data can be written to TDR
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Bit 6—Receive Data Register Full (RDRF): Indicates that the received dataiis stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)

¢ When 0 is written in RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR
1 [Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR
Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.

Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written in ORER after reading ORER =1

1 [Setting condition]

When the next serial reception is completed while RDRF = 1*?

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
2. The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.
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Bit 4—Framing Error (FER): Indicates that a framing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)**
When 0 is written in FER after reading FER =1

1 [Setting condition]
When the SCI checks the stop bit at the end of the receive data when reception ends,
and the stop bit is 0 *?

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.

Bit 3—Parity Error (PER): Indicatesthat a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written in PER after reading PER =1

1 [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In synchronous mode, serial transmission cannot be continued, either.
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Bit 2—Transmit End (TEND): Indicatesthat thereisno valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

e When 0 is written in TDRE after reading TDRE = 1
¢ When the DTC is activated by a TXI interrupt and writes data to TDR

1 [Setting conditions] (Initial value)
e When the TE bitin SCRis 0
«  When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (MPB): When reception is performed using a multiprocessor format
in asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is aread-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.

Bit 0—M ultiprocessor Bit Transfer (MPBT): When transmission is performed using a
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT hit setting is invalid when a multiprocessor format is not used, when not transmitting,
and in synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

366

HITACHI



15.2.8 Bit Rate Register (BRR)

Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-bit register that sets the serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKS0 in SMR.

BRR can be read or written to by the CPU at all times.

BRRisinitialized to H'FF by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and modul e stop mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 15.3 shows sample BRR settings in asynchronous mode, and table 15.4 shows sample BRR
settings in synchronous mode.
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Table15.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

Operating Frequency g (MHz)

@ =2 MHz g =2.097152 MHz @ =2.4576 MHz 2 =3 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 -0.04 1 174 —-0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 000 1 155 0.16
300 0 207 016 O 217 021 O 255 000 1 77 0.16
600 0 103 016 O 108 021 O 127 000 O 155 0.16
1200 0 51 0.16 O 54 -0.70 0 63 0.00 O 77 0.16
2400 0 25 0.16 0 26 114 0 31 0.00 O 38 0.16
4800 0 12 016 O 13 -2.48 0 15 000 O 19 —-2.34
9600 — — — 0 6 -248 0 7 0.00 O 9 -2.34
19200 — — — — — — 0 3 0.00 O 4 -2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —
Operating Frequency g (MHz)
g = 3.6864 MHz 2 =4 MHz 2 =4.9152 MHz 2 =5 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 070 2 70 003 2 86 031 2 88 -0.25
150 1 191 000 1 207 016 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 016 1 127 0.00 1 129 0.16
600 0 191 000 O 207 016 O 255 000 1 64 0.16
1200 0 95 000 O 103 016 O 127 000 O 129 0.16
2400 0 47 0.00 O 51 0.16 O 63 0.00 O 64 0.16
4800 0 23 0.00 O 25 0.16 O 31 0.00 O 32 -1.36
9600 0 11 000 O 12 016 O 15 000 O 15 1.73
19200 0 5 0.00 — — — 0 7 0.00 O 7 1.73
31250 — — — 0 3 0.00 O 4 -1.70 0 4 0.00
38400 0 2 0.00 — — — 0 3 000 O 3 1.73
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Operating Frequency g (MHz)

2 =6 MHz 2 = 6.144 MHz @ = 7.3728 MHz 2 = 8 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 016 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 000 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 016 O 159 000 O 191 000 O 207 0.16
2400 0 77 016 O 79 000 O 95 000 O 103 0.16
4800 0 38 016 O 39 0.00 O 47 0.00 O 51 0.16
9600 0 19 -2.34 0 19 000 O 23 000 O 25 0.16
19200 0 9 -234 0 9 000 O 11 000 O 12 0.16
31250 0 5 0.00 O 5 240 — — — 0 7 0.00
38400 0 4 -2.34 0 4 000 O 5 0.00 — — —
Operating Frequency g (MHz)

g = 9.8304 MHz 2 =10 MHz g =12 MHz g =12.288 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 000 1 129 016 1 155 016 1 159  0.00
1200 0 255 000 1 64 016 1 7 016 1 79 0.00
2400 0 127 000 O 129 016 O 155 016 O 159  0.00
4800 0 63 000 O 64 016 O 77 016 O 79 0.00
9600 0 31 000 O 32 -1.36 0 38 016 O 39 0.00
19200 0 15 000 O 15 173 0 19 -234 0 19 0.00
31250 0 9 -1.70 0 9 000 O 11 000 O 11 2.40
38400 0 7 000 O 7 173 0 9 -2.34 0 9 0.00
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Operating Frequency g (MHz)

2 =14 MHz @ =14.7456 MHz 2 =16 MHz @ =17.2032 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 016 2 111 0.00
600 1 181 016 1 191 0.00 1 207 016 1 223 0.00
1200 1 90 016 1 95 000 1 103 016 1 111 0.00
2400 0 181 016 O 191 000 O 207 016 O 223  0.00
4800 0 90 0.16 O 95 0.00 O 103 016 O 111 0.00
9600 0 45 —-093 0 47 000 O 51 016 O 55 0.00
19200 0 22 -093 0 23 0.00 O 25 0.16 O 27 0.00
31250 0 13 0.00 O 14 -1.70 0 15 0.00 O 16 1.20
38400 — — — 0 11 000 O 12 016 O 13 0.00

Operating Frequency g (MHz)

@ =18 MHz @ =19.6608 MHz @ =20 MHz
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 031 3 88 -0.25
150 2 233 0.16 2 255 0.00 3 64 0.16
300 2 116 0.16 2 127 0.00 2 129 0.16
600 1 233 016 1 255 0.00 2 64 0.16
1200 1 116 016 1 127 0.00 1 129 0.16
2400 0 233 016 O 255 000 1 64 0.16
4800 0 116 016 O 127 0.00 O 129 0.16
9600 0 58 -0.69 0 63 000 O 64 0.16
19200 0 28 102 0 31 0.00 O 32 -1.36
31250 0 17 0.00 O 19 -1.70 0 19 0.00
38400 0 14 -2.34 0 15 000 O 15 1.73
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Table15.4

BRR Settingsfor Various Bit Rates (Synchronous M ode)

Operating Frequency g (MHz)

Bit Rate g =2MHz g =4 MHz g =8 MHz 2 =10 MHz g =16 MHz g =20 MHz
(bits/s) n N n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 — —
25k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10k 0 49 0 99 0 199 0 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50 k 0 9 0 19 0 39 0 49 0 79 0 99
100 k 0 4 0 9 0 19 0 24 0 39 0 49
250 k 0 1 0 3 0 7 0 9 0 15 0 19
500 k 0 0* 0 1 0 3 0 4 0 7 0 9
1M 0 0* 0 1 0 3 0 4
25M 0 0* 0 1
5M 0 o*

Note: As far as possible, the setting should be made so that the error is no more than 1%.

Legend:

Blank: Cannot be set.
—: Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.
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The BRR setting is found from the following equations.

Asynchronous mode:

- ® 6
“eaxzrixg 0T

Synchronous mode:

_ % 6
N=—F—  x10°-1
8X22n_1><B x 10

Where B: Bit rate (bits/s)

: BRR setting for baud rate generator (0 N 255)

Operating frequency (MHz)

Baud rate generator input clock (n=0to 3)

(See the table below for the relation between n and the clock.)

a8 Z

SMR Setting
n Clock CKS1 CKSO0
0 a 0 0
1 /4 0 1
2 /16 1 0
3 /64 1 1

The bit rate error in asynchronous maode is found from the following equation:

@ x 10°
%N+1)XB><64><22”1

O
Error (%) = 1 % 100
O
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Table 15.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 15.6
and 15.7 show the maximum bit rates with external clock input.

Table15.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

2 (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table15.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

2 (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
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Table15.7 Maximum Bit Rate with External Clock Input (Synchronous M ode)

2 (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3

15.29 Serial Interface Mode Register (SCMR)

Bit 7 6 5 4 3 2 1 0
— — — — SDIR SINV — SMIF

Initial value 1 1 1 1 0 0 1 0

Read/Write — — — — R/W R/W — R/W

SCMR is an 8-hit readable/writable register used to select SCI functions.

SCMRiisinitialized to H'F2 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—Data Transfer Direction (SDIR): Selects the serial/parallel conversion format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first
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Bit 2—Data Invert (SINV): Specifiesinversion of the datalogic level. The SINV bit does not
affect thelogic level of the parity bit(s): parity bit inversion requires inversion of the O/E bit in
SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

Bit 1—Reserved: This bit cannot be modified and is always read as 1.

Bit 0—Serial Communication I nterface Mode Select (SMIF): Reserved bit. 1 should not be
written in this bit.

Bit 0

SMIF Description

0 Normal SCI mode (Initial value)
1 Reserved mode

15.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 [ MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 [ MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W RW RW R/W RW R/W RW RW RW RW RW RW RW RW R/W

MSTPCR, comprising two 8-bit readable/writable registers, performs modul e stop mode control.
When bits MSTP7 and MSTP6 are set to 1, SCI0 and SCI 1 operation, respectively, stops at the
end of the bus cycle and atransition is made to module stop mode. For details, see section 21.5.,
Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—Module Stop (M STP7): Specifies the SCIO module stop mode.

Bit 7
MSTP7 Description

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

Bit 6—Module Stop (M STP6): Specifies the SCI1 module stop mode.

Bit 6

MSTP6 Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)

15.3 Operation

15.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or synchronous mode and the transmission format is made using SMR
as shown in table 15.8. The SCI clock is determined by a combination of the C/A bitin SMR and
the CKE1 and CKEOQ bitsin SCR, as shown in table 15.9.

Asynchronous Mode
» Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception

» Choice of internal or external clock as SCI clock source
O Wheninternal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

O When external clock is selected:
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A clock with afrequency of 16 times the bit rate must be input (the built-in baud rate
generator is not used)

Synchronous Mode
» Transfer format: Fixed 8-bit data
» Detection of overrun errors during reception

» Choice of interna or external clock as SCI clock source
O Wheninternal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
O When external clock is selected:
The built-in baud rate generator is not used, and the SCI operates on the input serial clock

Table15.8 SMR Settingsand Serial Transfer Format Selection

SMR Settings SCI Transfer Format
Multi-
Bit7 Bit6 Bit2 BitS Bit3 Data processor Parity  Stop Bit
C/IA CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bitdata Yes No 1 bit
_ 1 mode (multi- 2 bits
1 — 0 processor 7-bit data 1 bit
format)
— 1 2 bits
1 — — — — Synchronous mode 8-bitdata No None
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Table15.9 SMR and SCR Settingsand SCI Clock Sour ce Selection

SMR SCR Setting SCI Transfer Clock
Bit 7 Bitl BitO Clock
C/A CKE1l CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous  Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Synchronous Internal Outputs serial clock
1 mode
1 0 External Inputs serial clock
1

15.3.2 Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and followed by one or two stop bits indicating the end of communication.
Serial communication is thus carried out with synchronization established on a character-by-
character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 15.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission line is usually held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally one or two stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with afrequency of 16 timesthe
length of one bit, so that the transfer datais |atched at the center of each bit.
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Idle state
(mark state)

1 LSB MSB 1

seriall g | po | p1 | D2 | D3| D4 | D5 | D6 | D7 oL | 1 1
data

Start Parity| Stop bit(s)

bit Transmit/receive data bit

1 bit 7 or 8 bits 1 bit, lor

ornone 2 bits
One unit of transfer data (character or frame)

Figure15.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format: Table 15.10 shows the data transfer formats that can be used in
asynchronous mode. Any of 12 transfer formats can be selected by settingsin SMR.

Table 15.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR PE MP stop | 1| 2|3 |4|5|6| 7|89 101112
0 0 0 0 ’ S ‘ 8-bit data ’STOP
0 0 0 1 ’ S ‘ 8-bit data ’STOP‘STOP
o 1 0 o0 s | 8-bit data | P |stop
0 1 0 1 ’ S ‘ 8-bit data ’ P ‘STOPlSTOP
1 0o 0 o0 s | 7-bit data |sTop
1 0 0 1 ’ S ‘ 7-bit data ‘STOP’STOP
1 1 0 0 ’ S ‘ 7-bit data ‘ P ’STOP
1 1 o0 1 s | 7-bit data | P |stop|sTop
0 — 1 0 ’ S ‘ 8-bit data ’MPB‘STOP
0 — 1 1 ’ S ‘ 8-bit data ’MPB‘STOPlSTOP
1 — 1 0 ’ S ‘ 7-bit data ‘MPB’STOP
1 — 1 1 ’ S ‘ 7-bit data ‘MPB’STOP‘STOP
Legend:
S: Start bit

STOP: Stop bit

P:

Parity bit

MPB: Multiprocessor bit
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Clock: Either an internal clock generated by the built-in baud rate generator or an external clock
input at the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A
bitin SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see
table 15.9.

When an external clock isinput at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this caseis equal to the bit rate, and the phase is such that the
rising edge of the clock is at the center of each transmit data bit, as shown in figure 15.3.

gy

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 1

1 frame

— o
-

Figure15.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations

SCI Initialization (Asynchronous M ode): Before transmitting and receiving data, first clear the
TE and RE hitsin SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to O, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.

382
HITACHI




Figure 15.4 shows a sample SCI initialization flowchart.

< Start initialization >
| Clear TE and RE bits in SCR to 0 |

Set CKE1 and CKEQO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(1]

(2]
(2]

(3]
(3]

1-bit interval elapsed?

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE,
and MPIE bits

<Initialization completed>

(4]

No

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
TEIE, and MPIE, and bits TE and
RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the
bit rate to BRR. This is not
necessary if an external clock is
used.

Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Figure15.4 Sample SCI Initialization Flowchart
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Serial Data Transmission (Asynchronous Mode): Figure 15.5 shows a sample flowchart for
serial transmission.

The following procedure should be used for serial datatransmission.

| Initialization | 1] [1] SCl initialization:
‘ The TxD pin is automatically

< . > designated as the transmit data
Start transmission .
output pin.

}<— After the TE bit is set to 1, one

| Read TDRE flag in SSR | 2] frame of 1s is output and
transmission is enabled.

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSRto 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- [3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC is

activated by a transmit-data-empty
interrupt (TXI) request, and data is
written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDRto 1

PE—

Clear TE bitin SCR to 0 |

<End>

Figure15.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit data empty interrupt (TXI) is generated.
The serial transmit datais sent from the TxD pin in the following order.

a. Start bit:
One 0-bit is outpuit.
b. Transmit data:
8-bit or 7-bit dataiis output in LSB-first order.
c. Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

d. Stop hit(s):
One or two 1-hits (stop hits) are output.
e. Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

3. The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the datais transferred from TDR to TSR, the stop bit is sent,
and then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuously. If the TEIE bitin SCRisset to 1 at this
time, a TEI interrupt request is generated.
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Figure 15.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit « bit  bit  bit " bt bit 1
) )
0o | po | D1 p7 |01 | 1 | o | Do | D1 D7 | on Idle state
(« (« (mark state)
) )
(
)
TDRE («
A A R A
TEND ( («
)) )) A
TXI interrupt Data written to TDR and TXI interrupt
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt handling routine request generated
1 frame
Figure15.6 Example of Operation in Transmission in Asynchronous Mode
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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Serial Data Reception (Asynchronous Mode): Figure 15.7 shows a sample flowchart for serial

reception.

The following procedure should be used for serial data reception.

| Initialization | [1]
\

C Start reception >

-
-

Read ORER, PER, and
FER flags in SSR

[2]

Yes

PERCFERCORER= 1?
(3]

Read RDRF flag in SSR | [4]

No

Yes

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

(5]

Clear RE bitin SCRto 0

<End>

(1]

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

[2] [3] Receive error handling and

< Error handling >

(Continued on next page)

[4]

[5]

break detection:

If a receive error occurs, read the
ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
handling, ensure that the ORER,
PER, and FER flags are all
cleared to 0. Reception cannot
be resumed if any of these flags
are setto 1. In the case of a
framing error, a break can be
detected by reading the value of
the input port corresponding to
the RxD pin.

SCI status check and receive
data read :

Read SSR and check that RDRF
=1, then read the receive data in
RDR and clear the RDRF flag to
0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

Serial reception continuation
procedure:

To continue serial reception,
before the stop bit for the current
frame is received, read the
RDRF flag, read RDR, and clear
the RDRF flag to 0. The RDRF
flag is cleared automatically
when the DTC is activated by an
RXI interrupt and the RDR value
is read.

Figure15.7 Sample Serial Reception Data Flowchart
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(3]

C Error handling >

No
ORER =17

Yes

Overrun error handling

-
-

Yes
Break?

No
Y

Framing error handling | | Clear RE bitin SCRto 0

-

No
PER =17

Yes

Parity error handling

|
|

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure15.7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

1. The SCI monitors the transmission line, and if a 0 stop bit is detected, performsinternal
synchronization and starts reception.

2. Therecelved datais stored in RSR in LSB-to-MSB order.

3. The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

O Parity check:

The SCI checks whether the number of 1 bitsin the receive data agrees with the parity
(even or odd) set in the O/E bit in SMR.

O Stop hit check:
The SCI checks whether the stop bit is 1.
If there are two stop bits, only the first is checked.

O Status check:

The SCI checks whether the RDRF flag is O, indicating that the receive data can be
transferred from RSR to RDR.

If all the above checks are passed, the RDRF flag is set to 1, and the receive datais stored in
RDR.

If areceive error* is detected in the error check, the operation is as shown in table 15.11.

Note: * Subsequent receive operations cannot be performed when areceive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be
cleared to O.

4. |If the RIE bit in SCR is set to 1 when the RDRF flag changes to 1, areceive-data-full interrupt
(RXI) regquest is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive-error interrupt (ERI) request is generated.
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Table 15.11 Receive Errorsand Conditionsfor Occurrence

Receive Error Abbreviation  Occurrence Condition Data Transfer
Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRissetto 1 RDR
Framing error FER When the stop bit is 0 Receive data is transferred
from RSR to RDR
Parity error PER When the received data differs  Receive data is transferred

from the parity (even or odd) set from RSR to RDR
in SMR

Figure 15.8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit (( bit  bit  bit " bit  bit 1
)) ))
o | po| b1 b7 o1 | 1| o | po| D1 p7 | o | 0 [ldlestate
(« ( (mark state)
) )
RDRF ( (
)) J y ))
FER (« (
)] ) A
RXI interrupt RDR data read and RDRF
request flag cleared to 0 in RXI ERI interrupt request
generated interrupt handling routine generated by framing
error
1 frame
Figure15.8 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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15.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using a
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of this function enables data transfer to be performed among a number of processors
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique ID code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a0 multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose ID matches then receives the data sent next. Stations whose ID does
not match continue to skip the data until data with a 1 multiprocessor bit is again received. In this
way, data communication is carried out among a number of processors.

Figure 15.9 shows an example of inter-processor communication using a multiprocessor format.
Data Transfer Format: There are four data transfer formats.

When a multiprocessor format is specified, the parity bit specificationisinvalid.

For details, see table 15.10.

Clock: See the section on asynchronous mode.
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Transmitting
station
Y Serial communication line
! 1 1 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID =04)
Serial
data | | Ho1 HAA
(MPB =1) (MPB =0)
ID transmission cycle: Data transmission cycle:
receiving station data transmission to
specification receiving station specified
by ID
Legend:

MPB: Multiprocessor bit

Figure15.9 Example of Inter-Processor Communication Using M ultiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

Data Transfer Operations

Multiprocessor Serial Data Transmission: Figure 15.10 shows a sample flowchart for
multiprocessor serial data transmission.

The following procedure should be used for multiprocessor serial datatransmission.
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| Initialization |
\

< Start transmission >

| Read TDRE flag in SSR |

No

Yes

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to O

All data transmitted?

Read TEND flag in SSR

Break output?

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRt0 0

<End>

(2]

(2]

(3]

(1]

(2]

(3]

(4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bit is set to 1, one
frame of 1s is output and
transmission is enabled.

SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bit in SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DTC is activated by a transmit-
data-empty interrupt (TXI)
request, and data is written to
TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set the port DDR to
1, clear DR to 0, then clear the
TE bit in SCR to 0.

Figure15.10 Sample Multiprocessor Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit-data-empty interrupt (TXI) is generated.
The serial transmit datais sent from the TxD pin in the following order.

a  Start bit:
One 0-bit is output.
b. Transmit data:
8-bit or 7-bit dataiis output in LSB-first order.
c. Multiprocessor bit
One multiprocessor bit (MPBT value) is output.
d. Stop hit(s):
One or two 1-hits (stop hits) are output.
e. Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

3. The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, the stop bit is sent, and
then serial transmission of the next frameis started.
If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuously. If the TEIE bitin SCRisset to 1 at this
time, atransmit-end interrupt (TEI) request is generated.
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Figure 15.11 shows an example of SCI operation for transmission using a multiprocessor format.

Multi-
proce- Multi-
Start Data ssor Stop Start Data proces- Stop
1 bit (« bit  bit bit (« sor bit bit 1
) )
0 | DO | D1 p7|o1| 1| 0o |Do| D1 D7 | o/ | 1 |Idlestate
(« ( (mark state)
) )
(«
)
TDRE «
A / ) A
TEND (« («
) ) i
TXI interrupt Data written to TDR TXI interrupt )
request and TDRE flag cleared to request generated TEl interrupt
generated 0 in TXI interrupt handling request generated
routine
1 frame

Figure15.11 Example of SCI Operation in Transmission
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)

Multiprocessor Serial Data Reception: Figure 15.12 shows a sample flowchart for
multiprocessor serial reception.

The following procedure should be used for multiprocessor serial data reception.
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| Initialization | 1]
\

( Start reception >

| Read MPIE bit in SCR | [2]

\
| Read ORER and FER flags in SSR |

FERCOORER = 17?
No

Read RDRF flag in SSR [3]

No
Yes

Read receive data in RDR

This station's ID?

Yes

—
e}

Read ORER and FER flags in SSR

Yes
FEROORER = 1?
No

Read RDRF flag in SSR [4]

*

Read receive data in RDR

All data received?

Clear RE bitin SCRto 0

<End>

y

/

(5]

(1]

(4]

(5]

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

ID reception cycle:
Set the MPIE bit in SCR to 1.

SCI status check, ID reception
and comparison:

Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.
If the data is not this station’s ID,
set the MPIE bit to 1 again, and
clear the RDRF flag to 0.

If the data is this station’s ID,
clear the RDRF flag to 0.

SCI status check and data
reception:

Read SSR and check that the
RDRF flag is set to 1, then read
the data in RDR.

Receive error handling and break
detection:

If a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After
performing the appropriate error
handling, ensure that the ORER
and FER flags are both cleared
to 0.

Reception cannot be resumed if
either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

( Error handling )

(Continued on
next page)

Figure15.12 Sample Multiprocessor Serial Reception Flowchart

396

HITACHI




(5] < Error handling >

ORER =17

Yes

Overrun error handling

-

Yes

No

A
Framing error handling | | Clear RE bitin SCR to 0

| ‘
- |t

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure15.12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 15.13 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit [« MPB  bit bit (« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state

((
J)

4 (mark state)

MPIE
RDRF [« [«
)] / / ) ]
RDR X D1
value
MPIE=0 RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated handling routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit [« MPB it bit (« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 4 (mark state)
MPIE | («
) i
RDRF [« [«
)) / / )
RDR X X
value ID1 D2 Data2
MPIE=0 RXl interrupt RDR data read and Matches this station’s ID, MPIE bit setto 1
request RDREF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt  data is received in RXI
interrupt) handling routine interrupt handling routine
generated
(b) Data matches station’s ID
Figure 15.13 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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15.3.4  Operation in Synchronous Mode

In synchronous mode, datais transmitted or received in synchronization with clock pulses, making
it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of acommon clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 15.14 shows the general format for synchronous serial communication.

One unit of transfer data (character or frame)

* - Lot *
Serial E’_
clock
LSB MSB
Serial - - - - - - - -
G A B|IO><B|t1><B|12><B|t3><B|t4><B|t5><B|t6><B|t7 A
Don'’t care Don't care

Note: * High except in continuous transfer

Figure 15.14 Data Format in Synchronous Communication

In synchronous serial communication, data on the transmission line is output from one falling edge
of the seria clock to the next. Dataiis guaranteed valid at the rising edge of the serial clock.

In synchronous serial communication, one character consists of data output starting with the LSB
and ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In synchronous mode, the SCI receives data in synchronization with the rising edge of the serial
clock.
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Data Transfer Format: A fixed 8-bit dataformat is used.
No parity or multiprocessor bits are added.

Clock: Either an internal clock generated by the built-in baud rate generator or an external serial
clock input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the
CKE21 and CKEQ bitsin SCR. For details on SCI clock source selection, see table 15.9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. To perform receive
operations in units of one character, select an external clock as the clock source.

Data Transfer Operations

SCI Initialization (Synchronous Mode): Before transmitting and receiving data, first clear the
TE and RE bitsin SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to O, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not change the
settings of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

Figure 15.15 shows a sample SClI initialization flowchart.
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< Start initialization >

| Clear TE and RE bits in SCRto 0 |
\

Set CKE1 and CKEDO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(2]

(3]

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

No

(4

(1]

(2]

(3]

(4]

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to 0.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the bit
rate to BRR. This is not necessary if an
external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bitin SCR to 1.

Also set the RIE, TIE, TEIE, and MPIE
bits.

Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Note: In simultaneous transmitting and receiving, the TE and RE bits should both be
cleared to 0 or set to 1 simultaneously.

Figure15.15 Sample SCI Initialization Flowchart
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Serial Data Transmission (Synchronous Mode): Figure 15.16 shows a sample flowchart for

serial transmission.

The following procedure should be used for serial data transmission.

| Initialization | [1]
\
( Start transmission >
o
| Read TDRE flag in SSR | 2]
No
Yes

Write transmit data to TDR and
clear TDRE flag in SSR to O

All data transmitted?

K]

Read TEND flag in SSR

No

Clear TE bitin SCRto 0

<End>

(1]

(2]

(3]

SCl initialization:
The TxD pin is automatically
designated as the transmit data output

pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
interrupt (TXI) request and data is
written to TDR.

Figure15.16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1.

4.

The SCI monitorsthe TDRE flag in SSR, and if it is O, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at thistime, a transmit-data-empty interrupt
(TXI) is generated.

When clock output mode has been set, the SCI outputs 8 seria clock pulses. When use of an
external clock has been specified, datais output synchronized with the input clock.

The serial transmit datais sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag isset to 1, the TEND flagin SSRis set to 1, the MSB (bit 7) is sent, and the
TxD pin maintains its state.

If the TEIE bitin SCRis set to 1 at thistime, atransmit-end interrupt (TEI) request is
generated.

After completion of seria transmission, the SCK pin is held in a constant state.

Figure 15.17 shows an example of SCI operation in transmission.

Transfer direction

Serial clock m m

Serial data Bit0>< Bit 1 ><:Z X Bit7 X Bito >< Bit1><j X Bit6>< Bit 7
(C
))

TDRE .
1 A ) A —
TEND
(( ((
) )] A
TXI interrupt Data written to TDR  TXI interrupt TEl interrupt
request generated  and TDRE flag request generated request generated

cleared to 0 in TXI
interrupt handling routine

1 frame

Figure15.17 Example of SCI Operation in Transmission
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Serial Data Reception (Synchronous Mode): Figure 15.18 shows a sample flowchart for seria
reception.

The following procedure should be used for serial data reception.

When changing the operating mode from asynchronous to synchronous, be sure to check that the
ORER, PER, and FER flags are all cleared to O.

The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor receive
operations will be possible.
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[1] [1] SCl initialization:

| Initialization | et .
| The RxD pin is automatically
C Start " > designated as the receive data
art reception input pm

[2] [8] Receive error handling:

| Read ORER flag in SSR | [2] If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error

[3] handling, clear the ORER flag to
0. Transfer cannot be resumed if

No < Error handling > the ORER flag is set to 1.
(4]

SCI status check and receive

data read:

Read SSR and check that the

RDRF flag is set to 1, then read

the receive data in RDR and

No clear the RDRF flag to O.
Transition of the RDRF flag from
0 to 1 can also be identified by

Yes an RXI interrupt.

(Continued below)

Read RDRF flag in SSR | [4]

[5] Serial reception continuation
procedure:
To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
[5] reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC is
| Clear RE bit in SCR to 0 | activated by a receive-data-full
interrupt (RXI) request and the
RDR value is read.

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

<End>

[3] < Error handling >

| Overrun error handling

| Clear ORER flag in SSRto 0

<End>

Figure 15.18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.
1. The SCI performsinternal initialization in synchronization with serial clock input or output.

2. Thereceived datais stored in RSR in L SB-to-MSB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive datais stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 15.11.

Neither transmit nor receive operations can be performed subsequently when a receive error
has been found in the error check.

3. If the RIE bitin SCRis set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER flag changesto 1, areceive-error
interrupt (ERI) request is generated.

Figure 15.19 shows an example of SCI operation in reception.

Serial §
clock
Serial : : - - - ; ;
Serl D COSNCD COCIVE
RDRF

A
ORER

'y

RXI interrupt request | RDR data read and RXl interrupt request ~ ERI interrupt request
generated RDRF flag cleared to 0 generated generated by overrun
in RXI interrupt handling error
routine
1 frame o

Figure15.19 Example of SCI Operation in Reception

Simultaneous Serial Data Transmission and Reception (Synchronous M ode): Figure 15.20
shows a sample flowchart for simultaneous serial transmit and receive operations.

The following procedure should be used for simultaneous serial datatransmit and receive
operations.
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(1]

| Initialization | [1]
\
( Start transmission/reception >

>

| Read TDRE flag in SSR | [2]

(2]

No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

(3]

—_——————————————————

Read ORER flag in SSR |

[3]
Error handling >[4]

Read RDRF flag in SSR | [4]

No

Yes [5]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

(5]

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to
0, then set both these bits to 1 simultaneously.

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the
RxD pin is designated as the
receive data input pin, enabling
simultaneous transmit and receive
operations.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Transition of the TDRE flag from 0
to 1 can also be identified by a TXI
interrupt.

Receive error handling:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
handling, clear the ORER flag to O.
Transmission/reception cannot be
resumed if the ORER flag is set to
1.

SCI status check and receive data
read:

Read SSR and check that the
RDRF flag is set to 1, then read the
receive data in RDR and clear the
RDRF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR and clear the
TDRE flag to O.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
DTC is activated by a receive-data-
full interrupt (RXI) request and the
RDR value is read.

Figure15.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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15.4  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrupt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TXI)
request. Table 15.12 shows the interrupt sources and their relative priorities. Individua interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRisset to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform data transfer. The TDRE flag is cleared to 0 automatically when data transfer is
performed by the DTC. The DTC cannot be activated by a TEI interrupt request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flagin SSRisset to 1, an ERI interrupt request is generated. An RXI interrupt can
activate the DTC to perform datatransfer. The RDRF flag is cleared to 0 automatically when data
transfer is performed by the DTC. The DTC cannot be activated by an ERI interrupt request.

Table 15.12 SCI Interrupt Sources

Interrupt
Channel Source Description DTC Activation  Priority*
0 ERI Receive error (ORER, FER, or PER) Not possible High
RXI Receive data register full (RDRF) Possible 4
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible
1 ERI Receive error (ORER, FER, or PER) Not possible
RXI Receive data register full (RDRF) Possible
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible Low

Note: * The table shows the initial state immediately after a reset. Relative channel priorities can be
changed by the interrupt controller.

The TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bitisset to 1. The
TEND flag is cleared at the same time as the TDRE flag. Consequently, if aTEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt will have priority for acceptance,
and the TDRE flag and TEND flag may be cleared. Note that the TEI interrupt will not be
accepted in this case.
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155 Usage Notes
The following points should be noted when using the SCI.

Relation between Writesto TDR and the TDRE Flag: The TDRE flag in SSR is a status flag
that indicates that transmit data has been transferred from TDR to TSR. When the SCI transfers
datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to 0, the data stored in TDR will be lost since it has
not yet been transferred to TSR. It is therefore essential to check that the TDRE flagissetto 1
before writing transmit datato TDR.

Operation when Multiple Receive Errors Occur Simultaneously: If anumber of receive errors
occur at the same time, the state of the status flagsin SSR is as shown in table 15.13. If thereisan
overrun error, datais not transferred from RSR to RDR, and the receive dataislost.

Table 15.13 State of SSR Status Flagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer
RDRF ORER FER PER RSR to RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Qverrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X QOverrun error + framing error +

parity error

Notes: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.

Break Detection and Processing: When aframing error (FER) is detected, a break can be
detected by reading the RxD pin value directly. In a break, the input from the RxD pin becomes all
0Os, and so the FER flag is set, and the parity error flag (PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flagiscleared to O, it will be set to 1 again.

Sending a Break: The TxD pin has adual function as an I/O port whose direction (input or
output) is determined by DR and DDR. This feature can be used to send a break.
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Between serial transmission initialization and setting of the TE bit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Consequently, DDR and DR for the port corresponding to the TxD pin should first be set to 1.

To send abreak during serial transmission, first clear DR to O, then clear the TE bit to 0.

When the TE bit is cleared to 0, the transmitter isinitialized regardless of the current transmission
state, the TxD pin becomes an 1/0 port, and O is output from the TxD pin.

Receive Error Flags and Transmit Operations (Synchronous M ode Only):

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit iscleared to 0.

Receive Data Sampling Timing and Reception Margin in Asynchronous M ode;
In asynchronous mode, the SCI operates on a base clock with afrequency of 16 times the transfer
rate.

In reception, the SCI samples the falling edge of the start bit using the base clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 8th pulse of the
base clock. Thisisillustrated in figure 15.21.

16 clocks

————————————————————————————————————————————————— =
8 clocks
0 7 15/ 0 7 150
Internal base Iﬂ
clock

Receive data _rl ‘
(RxD) !

w B

Synchronization .
sampling timing !

Data sampling . .
timing H H

Figure15.21 Receive Data Sampling Timing in Asynchronous M ode
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Thus the receive margin in asynchronous mode is given by equation (1) below.

M= 0.5—i - (L-0.5)F -
[o5-5)--o09

|ID-0.5|
2N N

(L+F)|x100% o 1)

Where M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)
D: Clock duty (D =0to 1.0)

L: Framelength (L =9to 12)

F

. Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in equation (1), areceive margin of 46.875% is given by
equation (2) below.

WhenD =0.5and F=0,

2x16
= 46.875% @)

M = (0.5 - ) x 100%

However, thisis only atheoretical value, and amargin of 20% to 30% should be allowed in
system design.

Restrictionson Use of DTC

»  When an external clock sourceis used as the seria clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the DTC. Misoperation may occur
if the transmit clock isinput within 4 clock cycles after TDR is updated. (Figure 15.22)

* When RDRisread by the DTC, be sure to set the activation source to the relevant SCI receive-
data-full interrupt (RXI).

SCK :

' LSB

Serial data >< po X b1 X p2 X b3 X pa X o5 X pe X b7 X

Note: When operating on an external clock, set t > 4 states.

Figure 15.22 Example of Synchronous Transmission by DTC
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Section 16 1°C Bus Interface (11C) [H8S/2128 Series Option]

A two-channel 12C bus interface is available as an option in the H85/2128 Series. The I°C bus
interface is not available for the H8S/2124 Series. Observe the following notes when using this
option.

1. For mask-ROM versions, aW is added to the part number in products in which this optional
function is used.

Example: HD6432127RWF

2. The product number isidentical for F-ZTAT versions. However, be sure to inform your
Hitachi sales representative if you will be using this option.

16.1 Overview

A two-channel 12C bus interface is available for the H85/2128 Series as an option. The I°C bus
interface conforms to and provides a subset of the Philips I°C bus (inter-1C bus) interface
functions. The register configuration that controls the 12C bus differs partly from the Philips
configuration, however.

Each I°C bus interface channel uses only one data line (SDA) and one clock line (SCL) to transfer
data, saving board and connector space.

16.1.1 Features

» Selection of addressing format or non-addressing format
O 12C bus format: addressing format with acknowledge bit, for master/d ave operation
O Seria format: non-addressing format without acknowledge bit, for master operation only

+ Conformsto Philips I°C bus interface (1°C bus format)

» Two ways of setting slave address (1°C bus format)

« Start and stop conditions generated automatically in master mode (12C bus format)
« Selection of acknowledge output levels when receiving (12C bus format)

» Automatic loading of acknowledge bit when transmitting (1°C bus format)

« Wait function in master mode (12C bus format)

A wait can be inserted by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait can be cleared by clearing the interrupt flag.
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« Wait function in slave mode (I°C bus format)

A wait request can be generated by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait request is cleared when the next transfer becomes possible.

e Threeinterrupt sources

0 Datatransfer end (including transmission mode transition with I2C bus format and address
reception after loss of master arbitration)

O Address match: when any slave address matches or the general call addressisreceived in
slave receive mode (12C bus format)

0 Stop condition detection
» Selection of 16 internal clocks (in master mode)

» Direct busdrive (with SCL and SDA pins)

O Two pins—P52/SCL0 and P47/SDAO0—(normally NMOS push-pull outputs) function as
NMOS open-drain outputs when the bus drive function is selected.

O Two pins—P24/SCL 1 and P23/SDA1—(normally CMOS pins) function as NMOS-only
outputs when the bus drive function is selected.

+  Automatic switching from formatless mode to 1°C bus format (channel 0 only)
O Formatless operation (no start/stop conditions, non-addressing mode) in slave mode
O Operation using acommon data pin (SDA) and independent clock pins (VSYNCI, SCL)
O Automatic switching from formatless mode to I°C bus format on the fall of the SCL pin

16.1.2 Block Diagram
Figure 16.1 shows a block diagram of the I°C bus interface.

Figure 16.2 shows an example of 1/O pin connections to external circuits. Channel 0 1/0 pins and
channel 1 1/0 pins differ in structure, and have different specifications for permissible applied
voltages. For details, see section 22, Electrical Characteristics.
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Formatless dedicated
clock (channel 0 only)

'

:
ICCR -
SCL o~=—s Clock
L control
Noise -
canceler - ICMR - -
+»-| Bus state
decision \ _
1St v
circuit ICSR B 3
L. Arbitration g
decision o
circuit ICDRT - g
SDA =1 Ouput dta |- !
circuit ICDRS |
ICDRR -
Noise
canceler
Address
comparator
SAR, SARX -
=| Interrupt __Interrupt
Legend: ™ generator request
ICCR: I%C bus control register
ICMR: 12C bus mode register
ICSR: I2C bus status register
ICDR: I2C bus data register
SAR: Slave address register
SARX: Slave address register X
PS: Prescaler

Figure16.1 Block Diagram of |2C Bus Interface
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Vce

VCC
SCL SCL
SCLn {}
SCL oyt 4'
SDA SDA
SDA;, =~
SDA —
out Iij | - |<
? 3 ? 3
(Master) SCL, SCL i,
H8S/2138 Series chip SCL oy — SCL oot —
SDA ;, SDA i,
SDA out 4' SDA out 4'
(Slave 1) (Slave 2)

16.1.3

Input/Output Pins

Table 16.1 summarizes the input/output pins used by the I°C bus interface.

Figure 16.2 12C BusInterface Connections (Example: H852128 Series Chip as M aster)

Table16.1 12C Bus|Interface Pins

Channel Name Abbreviation I/0 Function

0 Serial clock SCLO le] IICO serial clock input/output
Serial data SDAO I/0 IICO serial data input/output
Formatless VSYNCI Input IICO formatless
serial clock serial clock input

1 Serial clock SCL1 I/0 IIC1 serial clock input/output
Serial data SDA1 I/0 IIC1 serial data input/output

Note: In the text, the channel subscript is omitted, and only SCL and SDA are used.
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16.1.4

Register Configuration

Table 16.2 summarizes the registers of the 1°C businterface.

Table16.2 Register Configuration

Channel Name Abbreviation R/W Initial Value Address**
0 IC bus control register ICCRO R/W H'01 H'FFD8
I°C bus status register ICSRO R/W H'00 H'FFD9
IC bus data register ICDRO R/W — H'FFDE*?
I°C bus mode register ICMRO R/W H'00 H'FFDF*?
Slave address register SARO R/W H'00 H'FFDF**
Second slave address SARXO R/W H'01 H'FFDE*?
register
1 I°C bus control register ICCR1 R/W H'01 H'FF88
I°C bus status register ICSR1 R/W H'00 H'FF89
IC bus data register ICDR1 R/W — H'FF8E*?
I°C bus mode register ICMR1 R/W H'00 H'FF8F*?
Slave address register SAR1 R/W H'00 H'FF8F**
Second slave address SARX1 R/W H'01 H'FF8E*?
register
Common  Serial/timer control STCR R/W H'00 H'FFC3
register
DDC switch register DDCSWR R/W H'OF H'FEE6
Module stop control MSTPCRH R/W H'3F H'FF86
register
MSTPCRL R/W H'FF H'FF87
Notes: 1. Lower 16 bits of the address.
2. The register that can be written or read depends on the ICE bit in the I°C bus control

register. The slave address register can be accessed when ICE = 0, and the I°C bus

mode register can be accessed when ICE = 1.
The I°C bus interface registers are assigned to the same addresses as other registers.

Register selection is performed by means of the IICE bit in the serial/timer control

register (STCR).
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16.2 Register Descriptions

16.2.1 1°C BusData Register (ICDR)

Bit 7 6 5 4 3 2 1 0
‘ ICDR7 ‘ ICDR6 ‘ ICDR5 ‘ ICDR4 ‘ ICDR3 ‘ ICDR2 ‘ ICDR1 ‘ ICDRO ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
« |ICDRR
Bit 7 6 5 4 3 2 1 0
‘ ICDRR?‘ ICDRRG‘ ICDRRS‘ ICDRR4‘ ICDRR3 ‘ ICDRR2 ‘ ICDRRl‘ ICDRRO‘
Initial value — — — — — — — —
Read/Write R R R R R R R R
e |CDRS
Bit 7 6 5 4 3 2 1 0
‘ ICDRS7 ‘ ICDRS6‘ ICDRRS‘ ICDRS4‘ ICDRS3 ‘ ICDRS2 ‘ ICDRSl‘ ICDRSO0 ‘
Initial value — — — — — — — —
Read/Write — — — — — — — —
e |CDRT
Bit 7 6 5 4 3 2 1 0
‘ ICDRT7 ‘ ICDRT6‘ ICDRTS‘ ICDRT4‘ ICDRT3 ‘ ICDRT2 ‘ ICDRT1 ‘ ICDRTO ‘
Initial value — — — — — — — —
Read/Write W w w W w w W w

« TDRE, RDRF (internd flags)

Bit — —
‘ TDRE ‘ RDRF ‘
Initial value 0 0
Read/Write — —
418
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ICDR is an 8-bit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. ICDR is divided internally into a shift
register (ICDRS), receive buffer (ICDRR), and transmit buffer (ICDRT). ICDRS cannot be read or
written by the CPU, ICDRR isread-only, and ICDRT iswrite-only. Data transfers among the three
registers are performed automatically in coordination with changesin the bus state, and affect the
status of internal flags such as TDRE and RDRF.

If IC isin transmit mode and the next dataisin ICDRT (the TDRE flag is 0) following
transmission/reception of one frame of data using ICDRS, data is transferred automatically from
ICDRT to ICDRS. If IIC isin receive mode and no previous dataremainsin ICDRR (the RDRF
flag is 0) following transmission/reception of one frame of data using ICDRS, data istransferred
automatically from ICDRS to ICDRR.

If the number of bitsin aframe, excluding the acknowledge bit, is less than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when ML S = 1. Receive data bits read from the LSB
side should be treated as valid when MLS = 0, and bits read from the MSB side when MLS = 1.

ICDR is assigned to the same address as SARX, and can be written and read only when the ICE
bitissetto 1in ICCR.

The value of ICDR isundefined after areset.

The TDRE and RDRF flags are set and cleared under the conditions shown below. Setting the
TDRE and RDRF flags affects the status of the interrupt flags.
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TDRE Description
0 The next transmit data is in ICDR (ICDRT), or transmission cannot (Initial value)
be started

[Clearing conditions]
e When transmit data is written in ICDR (ICDRT) in transmit mode (TRS = 1)

* When a stop condition is detected in the bus line state after a stop condition is
issued with the 1°C bus format or serial format selected

» When a stop condition is detected with the 1°C bus format selected
¢ Inreceive mode (TRS =0)

(A 0 write to TRS during transfer is valid after reception of a frame containing an
acknowledge bit)

1 The next transmit data can be written in ICDR (ICDRT)
[Setting conditions]
¢ Intransmit mode (TRS = 1), when a start condition is detected in the bus line state
after a start condition is issued in master mode with the 1°C bus format or serial
format selected
« At the first setting to the transmit mode (TRS = 1) (first transmit mode setting only)
after switching from I°C bus mode to the formatless mode.
¢ When data is transferred from ICDRT to ICDRS
(Data transfer from ICDRT to ICDRS when TRS =1 and TDRE =0, and ICDRS is
empty)
« when detecting a start condition and then switching from slave receive mode (TRS
= 0) state to transmit mode (TRS = 1) (first transmit mode switching only).
RDRF Description
0 The data in ICDR (ICDRR) is invalid (Initial value)
[Clearing condition]
When ICDR (ICDRR) receive data is read in receive mode
1 The ICDR (ICDRR) receive data can be read
[Setting condition]
When data is transferred from ICDRS to ICDRR
(Data transfer from ICDRS to ICDRR in case of normal termination with TRS =0 and
RDRF = 0)
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16.2.2 Slave Address Register (SAR)

Bit 7 6 5 4 3 2 1 0

‘ SVAG6 ‘ SVA5 ‘ SVA4 ‘ SVA3 ‘ SVA2 ‘ SVA1l ‘ SVAO ‘ FS ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SAR isan 8-bit readable/writable register that stores the slave address and selects the
communication format. When the chip isin slave mode (and the addressing format is selected), if
the upper 7 bits of SAR match the upper 7 bits of the first frame received after a start condition,
the chip operates as the slave device specified by the master device. SAR is assigned to the same
address as ICMR, and can be written and read only when the ICE bit isclearedto 0in ICCR.

SARisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 1—Slave Address (SVA6 to SVAQ): Set aunique addressin bits SVA6 to SVAO,
differing from the addresses of other slave devices connected to the 1°C bus.

Bit 0—Format Select (FS): Used together with the FSX bit in SARX and the SW bit in
DDCSWR to select the communication format.

 12C busformat: addressing format with acknowledge bit

» Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

e Formatless mode (channel 0 only): non-addressing format with or without acknowledge bit,
slave mode only, start/stop conditions not detected

The FS hit also specifies whether or not SAR slave address recognition is performed in Slave
mode.
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DDCSWR SAR SARX

Bit 6 Bit 0 Bit 0
SW FS FSX Operating Mode
0 0 0 I°C bus format
» SAR and SARX slave addresses recognized
1 I°C bus format (Initial value)

* SAR slave address recognized
» SARX slave address ignored
1 0 I°C bus format
» SAR slave address ignored
» SARX slave address recognized

1 Synchronous serial format
* SAR and SARX slave addresses ignored

1 0 0 Formatless mode (start/stop conditions not detected)
1 » Acknowledge bit used
1 0
1 Formatless mode* (start/stop conditions not detected)

* No acknowledge bit

Note: * Do not set this mode when automatic switching to the I°C bus format is performed by means
of the DDCSWR setting.

16.2.3  Second Slave Address Register (SARX)

Bit 7 6 5 4 3 2 1 0

‘ SVAX6 ‘ SVAXS‘ SVAX4 ‘ SVAX3 ‘ SVAX2 ‘ SVAX1 ‘ SVAX0 ‘ FSX ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SARX is an 8-hit readable/writable register that stores the second slave address and selects the
communication format. When the chip isin slave mode (and the addressing format is selected), if
the upper 7 bits of SARX match the upper 7 bits of the first frame received after a start condition,
the chip operates as the slave device specified by the master device. SARX is assigned to the same
address as ICDR, and can be written and read only when the ICE bitiscleared to 0in ICCR.

SARX isinitialized to H'01 by areset and in hardware standby mode.

Bits 7 to 1—Second Slave Address (SVAX6 to SVAXO0): Set aunique addressin bits SVAX6 to
SVAXO, differing from the addresses of other slave devices connected to the I°C bus.
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Bit 0—Format Select X (FSX): Used together with the FS bit in SAR and the SW bit in
DDCSWR to select the communication format.

» 1°C busformat: addressing format with acknowledge bit

e Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

» Formatless mode: non-addressing format with or without acknowledge bit, slave mode only,
start/stop conditions not detected

The FSX bit aso specifies whether or not SARX slave address recognition is performed in slave
mode. For details, see the description of the FS bit in SAR.

16.24 1°C BusMode Register (ICMR)

Bit 7 6 5 4 3 2 1 0

‘ MLS ‘ WAIT ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘ BC2 ‘ BC1 ‘ BCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ICMR is an 8-bit readable/writable register that selects whether the MSB or LSB is transferred
first, performs master mode wait control, and selects the master mode transfer clock frequency and
the transfer bit count. ICMR is assigned to the same address as SAR. ICMR can be written and
read only when the ICE bitissetto 1in ICCR.

ICMR isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—M SB-First/L SB-First Select (ML S): Selects whether datais transferred M SB-first or
LSB-first.

If the number of bitsin aframe, excluding the acknowledge bit, is less than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when MLS = 1. Receive data bits read from the LSB
side should be treated as valid when MLS = 0, and bits read from the MSB side when MLS = 1.

Do not set this bit to 1 when the 12C bus format is used.

Bit 7

MLS Description

0 MSB-first (Initial value)
1 LSB-first
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Bit 6—Wait Insertion Bit (WAIT): Selects whether to insert await between the transfer of data
and the acknowledge bit, in master mode with the 1°C bus format. When WAIT is set to 1, after
the fall of the clock for the final data bit, the IRIC flagissetto 1 in ICCR, and await state begins
(with SCL at the low level). When the IRIC flag is cleared to 0 in ICCR, the wait ends and the
acknowledge bit istransferred. If WAIT is cleared to O, data and acknowledge bits are transferred
consecutively with no wait inserted.

ThelRIC flag in ICCR is set to 1 on completion of the acknowledge bit transfer, regardless of the
WAIT setting.

The setting of this bit isinvalid in slave mode.

Bit 6

WAIT Description

0 Data and acknowledge bits transferred consecutively (Initial value)
1 Wait inserted between data and acknowledge bits
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Bits5to 3—Serial Clock Select (CKS2 to CKS0): These bits, together with the [ICX 1 (channel
1) or 1CXO0 (channel 0) bit in the STCR register, select the seria clock frequency in master mode.
They should be set according to the required transfer rate.

STCR
Bit50r6 Bit5 Bit4 Bit3 Transfer Rate
g = g = g = g= g=
IICX CKS2 CKS1 CKSO Clock 5 MHz 8 MHz 10 MHz 16 MHz 20 MHz
0 0 0 0 2/28 179 kHz 286 kHz 357 kHz 571 kHz* 714 kHz*
1 @/40 125kHz 200kHz 250kHz 400 kHz 500 kHz*
1 0 2148 104 kHz 167 kHz 208 kHz 333 kHz 417 kHz*
1 /64 78.1kHz 125kHz 156 kHz 250 kHz 313 kHz
1 0 0 2/80 62.5kHz 100kHz 125kHz 200kHz 250 kHz
1 2/100 50.0kHz 80.0kHz 100kHz 160 kHz 200 kHz
1 0 9/112 44.6kHz 71.4kHz 89.3kHz 143 kHz 179 kHz
1 9/128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz
1 0 0 0 /56 89.3kHz 143 kHz 179kHz 286 kHz 357 kHz
1 2/80 62.5kHz 100kHz 125kHz 200 kHz 250 kHz
1 0 2/96 52.1kHz 83.3kHz 104kHz 167 kHz 208 kHz
1 2/128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz
1 0 0 9/160 31.3kHz 50.0kHz 62.5kHz 100 kHz 125 kHz
1 2/200 25.0kHz 40.0kHz 50.0kHz 80.0kHz 100 kHz
1 0 @/224 22.3kHz 35.7kHz 44.6kHz 71.4kHz 89.3 kHz
1 9/256 19.5kHz 31.3kHz 39.1kHz 625kHz 78.1kHz

Note: * Outside the I°C bus interface specification range (normal mode: max. 100 kHz; high-speed

mode: max. 400 kHz).
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Bits 2 to 0—Bit Counter (BC2 to BCO): Bits BC2 to BCO specify the number of bitsto be
transferred next. With the I2C bus format (when the FS bit in SAR or the FSX bit in SARX is0),
the datais transferred with one addition acknowledge bit. Bits BC2 to BCO settings should be
made during an interval between transfer frames. If bits BC2 to BCO are set to a value other than
000, the setting should be made while the SCL lineislow.

The bit counter isinitialized to 000 by areset and when a start condition is detected. The value
returns to 000 at the end of a data transfer, including the acknowledge bit.

Bit 2 Bit 1 Bit 0 Bits/Frame
BC2 BC1 BCO Synchronous Serial Format I°C Bus Format
0 0 0 8 9 (Initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
16.25 1°C BusControl Register (ICCR)
Bit 7 6 5 4 3 2 1 0
‘ ICE ‘ IEIC ‘ MST ‘ TRS ‘ ACKE ‘ BBSY ‘ IRIC ‘ SCP ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/IW R/W R/W R/IW R/W R/W R/(W)* w

Note: * Only O can be written, to clear the flag.

ICCR is an 8-hit readable/writable register that enables or disablesthe I°C bus interface, enables or
disables interrupts, selects master or slave mode and transmission or reception, enables or disables
acknowledgement, confirms the 12C bus interface bus status, issues start/stop conditions, and
performs interrupt flag confirmation.

ICCR isinitialized to H'01 by areset and in hardware standby mode.
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Bit 7—I°C Bus Interface Enable (ICE): Selects whether or not the I?C bus interface isto be
used. When ICE is set to 1, port pins function as SCL and SDA input/output pins and transfer
operations are enabled. When ICE is cleared to 0, 12C bus interface module functions are halted
and itsinternal states are cleared.

The SAR and SARX registers can be accessed when ICE is0. The ICMR and ICDR registers can
be accessed when ICE is 1.

Bit 7
ICE Description
0 I2C bus interface module disabled, with SCL and SDA signal pins (Initial value)
set to port function
I°C bus interface module internal state initialization
SAR and SARX can be accessed
1 I°C bus interface module enabled for transfer operations (pins SCL and SCA are driving

the bus)
ICMR and ICDR can be accessed

Bit 6—I1°C Bus Interface Interrupt Enable (IEIC): Enables or disables interrupts from the I°C
bus interface to the CPU.

Bit 6

WDescription

0 Interrupts disabled (Initial value)
1 Interrupts enabled

Bit 5—Master/Slave Select (M ST)

Bit 4—Transmit/Receive Select (TRS)

MST selects whether the 12C bus interface operates in master mode or slave mode.
TRS sdlects whether the 12C bus interface operates in transmit mode or receive mode.

In master mode with the I2C bus format, when arbitration islost, MST and TRS are both reset by
hardware, causing atransition to slave receive mode. In slave receive mode with the addressing
format (FS = 0 or FSX = 0), hardware automatically selects transmit or receive mode according to
the R/W bit in the first frame after astart condition.

Modification of the TRS bit during transfer is deferred until transfer of the frame containing the
acknowledge bit is completed, and the changeover is made after completion of the transfer.

MST and TRS select the operating mode as follows.
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Bit 5 Bit 4
MST TRS Operating Mode
0 0 Slave receive mode (Initial value)
1 Slave transmit mode
1 0 Master receive mode
1 Master transmit mode
Bit 5
MST Description
0 Slave mode (Initial value)
[Clearing conditions]
1. When 0 is written by software
2. When bus arbitration is lost after transmission is started in 1°C bus
format master mode
1 Master mode
[Setting conditions]
1. When 1 is written by software (in cases other than clearing condition 2)
2. When 1 is written in MST after reading MST = 0 (in case of clearing condition 2)
Bit 4
TRS Description
0 Receive mode (Initial value)
[Clearing conditions]
1. When 0 is written by software (in cases other than setting condition
3)
2. When 0 is written in TRS after reading TRS = 1 (in case of clearing
condition 3)
3. When bus arbitration is lost after transmission is started in 1°C bus
format master mode
4. When the SW bit in DDCSWR changes from 1 to O
1 Transmit mode
[Setting conditions]
1. When 1 is written by software (in cases other than clearing conditions 3 and 4)
2. When 1 is written in TRS after reading TRS = 0 (in case of clearing conditions 3
and 4)
3. When a1 is received as the R/W bit of the first frame in I°C bus format slave mode
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Bit 3—Acknowledge Bit Judgement Selection (ACKE): Specifies whether the value of the
acknowledge bit returned from the receiving device when using the 1°C bus format is to be ignored
and continuous transfer is performed, or transfer is to be aborted and error handling, etc.,
performed if the acknowledge bit is 1. When the ACKE hit is 0, the value of the received
acknowledge bit is not indicated by the ACKB bit, which is aways 0.

In the H8S/2128 Series, the DTC can be used to perform continuous transfer. The DTC is
activated when the IRTR interrupt flag is set to 1 (IRTR is one of two interrupt flags, the other
being IRIC). When the ACKE bit is 0, the TDRE, IRIC, and IRTR flags are set on completion of
data transmission, regardless of the value of the acknowledge bit. When the ACKE bit is 1, the
TDRE, IRIC, and IRTR flags are set on completion of data transmission when the acknowledge
bit is 0, and the IRIC flag alone is set on completion of data transmission when the acknowledge
bitis 1.

When the DTC is activated, the TDRE, IRIC, and IRTR flags are cleared to O after the specified
number of data transfers have been executed. Consequently, interrupts are not generated during
continuous data transfer, but if data transmission is completed with a 1 acknowledge bit when the
ACKE hitisset to 1, the DTC is not activated and an interrupt is generated, if enabled.

Depending on the receiving device, the acknowledge bit may be significant, in indicating
completion of processing of the received data, for instance, or may be fixed at 1 and have no
significance.

Bit 3

ACKE Description

0 The value of the acknowledge bit is ignored, and continuous transfer (Initial value)
is performed

1 If the acknowledge bit is 1, continuous transfer is interrupted

Bit 2—BusBusy (BBSY): The BBSY flag can be read to check whether the 1°C bus (SCL, SDA)
isbusy or free. In master mode, this bit is also used to issue start and stop conditions.

A high-to-low transition of SDA while SCL is high is recognized as a start condition, setting
BBSY to 1. A low-to-high transition of SDA while SCL is high is recognized as a stop condition,
clearing BBSY to 0.

To issue astart condition, write 1 in BBSY and 0in SCP. A retransmit start conditionisissued in
the same way. To issue a stop condition, use aMOV instruction to write 0 in BBSY and 0 in SCP.
It is not possible to write to BBSY in slave mode; the I2C bus interface must be set to master
transmit mode before issuing a start condition. MST and TRS should both be set to 1 before
writing 1in BBSY and 0 in SCP.
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Bit 2
BBSY Description

0 Bus is free (Initial value)

[Clearing condition]
When a stop condition is detected

1 Bus is busy
[Setting condition]
When a start condition is detected

Bit 1—I%C Bus Interface Interrupt Request Flag (IRIC): Indicates that the 1°C bus interface
has issued an interrupt request to the CPU. IRIC is set to 1 at the end of a data transfer, when a
slave address or general call address is detected in slave receive mode, when bus arbitration is lost
in master transmit mode, and when a stop condition is detected. IRIC is set at different times
depending on the FS bit in SAR and the WAIT bit in ICMR. See section 16.3.6, IRIC Setting
Timing and SCL Control. The conditions under which IRIC is set also differ depending on the
setting of the ACKE bitin ICCR.

IRIC is cleared by reading IRIC after it has been set to 1, then writing O in IRIC.

When the DTC isused, IRIC is cleared automatically and transfer can be performed continuously
without CPU intervention.

Bit 1
IRIC Description
0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRIC after reading IRIC = 1
2. When ICDR is written or read by the DTC
(When the TDRE or RDRF flag is cleared to 0)
(This is not always a clearing condition; see the description of DTC operation for
details)
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Bit 1
IRIC

Description

Interrupt requested

[Setting conditions]
* 1°C bus format master mode
1. When a start condition is detected in the bus line state after a start condition is

5.

issued
(when the TDRE flag is set to 1 because of first frame transmission)

When a wait is inserted between the data and acknowledge bit when WAIT =1

. At the end of data transfer

(when a wait is not inserted (WAIT = 0), at the rise of the 9th transmit/receive

clock pulse, or, when a wait is inserted (WAIT = 1), at the fall of the 8th
transmit/receive clock pulse)

When a slave address is received after bus arbitration is lost
(when the AL flag is setto 1)

When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

« |°C bus format slave mode

1.

4.

When the slave address (SVA, SVAX) matches
(when the AAS and AASX flags are set to 1)

and at the end of data transfer up to the subsequent retransmission start
condition or stop condition detection
(when the TDRE or RDRF flag is set to 1)

When the general call address is detected
(when FS = 0 and the ADZ flag is set to 1)

and at the end of data transfer up to the subsequent retransmission start
condition or stop condition detection
(when the TDRE or RDRF flag is set to 1)

When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

When a stop condition is detected
(when the STOP or ESTP flag is set to 1)

« Synchronous serial format, and formatless mode

1.

2.
3.
Except for above, when the condition to set the TDRE or RDRF internal flag to 1 is

At the end of data transfer
(when the TDRE or RDRF flag is set to 1)

When a start condition is detected with serial format selected
When the SW bit is set to 1 in DDCSWR

generated.
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When, with the 12C bus format selected, IRIC is set to 1 and an interrupt is generated, other flags
must be checked in order to identify the source that set IRIC to 1. Although each source has a
corresponding flag, caution is needed at the end of atransfer.

When the TDRE or RDRF interna flag is set, the readable IRTR flag may or may not be set. The
IRTR flag (the DTC start request flag) is not set at the end of a data transfer up to detection of a
retransmission start condition or stop condition after a slave address (SVA) or general call address
match in I°C bus format dave mode.

Even when the IRIC flag and IRTR flag are set, the TDRE or RDRF internal flag may not be set.
TheIRIC and IRTR flags are not cleared at the end of the specified number of transfersin
continuous transfer using the DTC. The TDRE or RDRF flag is cleared, however, since the
specified number of ICDR reads or writes have been completed.

Table 16.3 shows the relationship between the flags and the transfer states.

Table16.3 Flagsand Transfer States

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB State

10 1/0 O 0 0 0 0 0 0 0 0 Idle state (flag
clearing required)
1 1 0 0 0 0 0 0 0 0 0 Start condition
issuance
1 1 1 0 0 1 0 0 0 0 0 Start condition
established
1 10 1 0 0 0 0 0 0 0 0/1 Master mode wait
1/0 1 0 0 1 0 0 0 0 0/1 Master mode
transmit/receive end
1/0 1 1/0 1/0 0 Arbitration lost
1 0 0 0 0 0 1 0 0 SAR match by first
frame in slave mode
0 0 1 0 0 0 0 0 1 1 0 General call
address match
0 1 0 0 0 1 0 0 0 0 SARX match

10 1 0 0 0 0 0 0 0 0/1 Slave mode
transmit/receive end
(except after SARX

match)
0 1/0 1 0 0 1 1 0 0 0 0 Slave mode
transmit/receive end
0 1 1 0 0 0 1 0 0 0 1 (after SARX match)
0 10 O 1/0 1/0 0 0 0 0 0 0/1 Stop condition
detected

432
HITACHI



Bit 0—Start Condition/Stop Condition Prohibit (SCP): Controls the issuing of start and stop
conditions in master mode. To issue a start condition, write 1in BBSY and 0 in SCP. A retransmit
start condition isissued in the same way. To issue a stop condition, write 0 in BBSY and 0 in SCP.
Thishitisalwaysread as 1. If 1 iswritten, the datais not stored.

Bit 0

SCP Description

0 Writing 0 issues a start or stop condition, in combination with the BBSY flag

1 Reading always returns a value of 1 (Initial value)

Writing is ignored

16.2.6  1°C Bus Status Register (ICSR)

Bit 7 6 5 4 3 2 1 0
‘ ESTP ‘ STOP ‘ IRTR ‘ AASX ‘ AL ‘ AAS ‘ ADZ ‘ ACKB ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write RI(W)*  R/(W)* R/(W)* R/(W)* R/I(W)* R/(W)* R/(W)* R/W
Note: * Only O can be written, to clear the flags.

ICSR is an 8-bit readable/writable register that performs flag confirmation and acknowledge
confirmation and control.

ICSRisinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Error Stop Condition Detection Flag (ESTP): Indicates that a stop condition has been
detected during frame transfer in 12C bus format slave mode.

433
HITACHI



Bit 7
ESTP Description

0 No error stop condition (Initial value)

[Clearing conditions]
1. When 0 is written in ESTP after reading ESTP =1
2. When the IRIC flag is cleared to O

1 « In I°C bus format slave mode
Error stop condition detected
[Setting condition]
When a stop condition is detected during frame transfer
¢ In other modes
No meaning

Bit 6—Normal Stop Condition Detection Flag (STOP): Indicates that a stop condition has been
detected after completion of frame transfer in 1°C bus format slave mode.

Bit 6

STOP Description

0 No normal stop condition (Initial value)
[Clearing conditions]
1. When O is written in STOP after reading STOP =1
2. When the IRIC flag is cleared to O

1 « InI°C bus format slave mode

Normal stop condition detected

[Setting condition]

When a stop condition is detected after completion of frame transfer
* In other modes

No meaning

Bit 5—I%C Bus Interface Continuous Transmission/Reception I nterrupt Request Flag
(IRTR): Indicates that the 1°C businterface has issued an interrupt request to the CPU, and the
source is completion of reception/transmission of one frame in continuous transmission/reception
for which DTC activation is possible. When the IRTR flagissetto 1, the IRIC flag isalso setto 1
at the sametime.

IRTR flag setting is performed when the TDRE or RDRF flagissetto 1. IRTR is cleared by
reading IRTR after it has been set to 1, then writing 0in IRTR. IRTR is also cleared automatically
when the IRIC flag is cleared to 0.
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Bit 5

IRTR Description

0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRTR after reading IRTR =1
2. When the IRIC flag is cleared to O

1 Continuous transfer state

[Setting condition]
» In I°C bus interface slave mode

When the TDRE or RDRF flag is set to 1 when AASX =1
e In other modes

When the TDRE or RDRF flag is setto 1

Bit 4—Second Slave Address Recognition Flag (AASX): In I2C bus format slave receive mode,
thisflagis set to 1if the first frame following a start condition matches bits SVAX6 to SYAX0in

SARX.

AASX iscleared by reading AASX after it has been set to 1, then writing 0in AASX. AASX is
also cleared automatically when a start condition is detected.

Bit 4
AASX Description
0 Second slave address not recognized (Initial value)
[Clearing conditions]
1. When 0 is written in AASX after reading AASX =1
2. When a start condition is detected
3. In master mode
1 Second slave address recognized

[Setting condition]
When the second slave address is detected in slave receive mode while FSX =0

Bit 3—Arhbitration Lost (AL): Thisflag indicates that arbitration was lost in master mode. The
I2C bus interface monitors the bus. When two or more master devices attempt to seize the bus at
nearly the sametime, if the 12C bus interface detects data differing from the data it sent, it sets AL
to 1 to indicate that the bus has been taken by another master.
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AL iscleared by reading AL after it has been set to 1, then writing 0 in AL. In addition, AL is
reset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.

Bit 3

AL Description

0 Bus arbitration won (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0O is written in AL after reading AL =1

1 Arbitration lost

[Setting conditions]

1. If the internal SDA and SDA pin disagree at the rise of SCL in master transmit
mode

2. If the internal SCL line is high at the fall of SCL in master transmit mode

Bit 2—Slave Address Recognition Flag (AAS): In 12C bus format slave receive mode, thisflag is
set to 1if thefirst frame following a start condition matches bits SVA6 to SVAQ in SAR, or if the
general call address (H'00) is detected.

AASiscleared by reading AAS after it has been set to 1, then writing 0 in AAS. In addition, AAS
isreset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.

Bit 2
AAS Description
0 Slave address or general call address not recognized (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in AAS after reading AAS = 1
3. In master mode
1 Slave address or general call address recognized
[Setting condition]
When the slave address or general call address is detected in slave receive mode
while FS =0
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Bit 1—General Call Address Recognition Flag (ADZ): In I°C bus format slave receive mode,
thisflagis set to 1 if the first frame following a start condition is the general call address (H'00).

ADZ iscleared by reading ADZ after it has been set to 1, then writing 0 in ADZ. In addition, ADZ
isreset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.

Bit 1
ADZ Description
0 General call address not recognized (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in ADZ after reading ADZ = 1
3. In master mode
1 General call address recognized

[Setting condition]

When the general call address is detected in slave receive mode while FSX = 0 or
FS=0

Bit 0—Acknowledge Bit (ACKB): Stores acknowledge data. In transmit mode, after the
receiving device receives data, it returns acknowledge data, and this datais|oaded into ACKB. In
receive mode, after data has been received, the acknowledge data set in this bit is sent to the
transmitting device.

When this bit is read, in transmission (when TRS = 1), the value loaded from the bus line
(returned by the receiving device) isread. In reception (when TRS = 0), the value set by internal
softwareis read.

When this bit is written to, the set value of the acknowledge data sent in reception is rewritten
regardless of the value of TRS. Asthe value |oaded from the receive device is unchanged, careis
required when using a bit manipulation instruction to modify this register.

Bit 0

ACKB Description

0 Receive mode: 0 is output at acknowledge output timing (Initial value)
Transmit mode: Indicates that the receiving device has acknowledged the data (signal
is 0)

1 Receive mode: 1 is output at acknowledge output timing

Transmit mode: Indicates that the receiving device has not acknowledged the data
(signal is 1)
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16.2.7  Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ IICX1 ‘ IICX0 ‘ IICE ‘ FLSHE ‘ — ‘ ICKS1 ‘ ICKSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

STCR is an 8-hit readable/writable register that controls register access, the I°C interface operating
mode (when the on-chip I1C option isincluded), and on-chip flash memory (F-ZTAT versions),
and selects the TCNT input clock source. For details of functions not related to the 12C bus
interface, see section 3.2.4, Serial/Timer Control Register (STCR), and the descriptions of the
relevant modules. If amodule controlled by STCR is not used, do not write 1 to the corresponding
bit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
Bit 7—Reserved: This bit must not be set to 1.

Bits 6 and 5—I2C Transfer Select 1 and O (I11CX1, 11CX0): These hits, together with bits CKS2
to CKS0 in ICMR, select the transfer rate in master mode. For details, see section 16.2.4, 1°C Bus
Mode Register (ICMR).

Bit 4—I%C Master Enable (11CE): Controls CPU access to the 12C bus interface data and control
registers (ICCR, ICSR, ICDR/SARX, ICMR/SAR), PWMX data and control registers, and SCI
control registers.

Bit 4

IICE Description

0 CPU access to 1°C bus interface data and control registers is disabled  (Initial value)
CPU access to SCI control registers is enabled

1 CPU access to 1°C bus interface data and control registers is enabled

CPU access to PWMX data and control registers is enabled

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU accessto the flash
memory control registers, power-down state control registers, and peripheral module control
registers. For details see section 3.2.4, Serial /Timer Control Register (STCR).

Bit 2—Reserved: This bit must not be set to 1.

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICK S1, ICSK0): These hits, together with
bits CKS2 to CKS0 in TCR, select the clock input to the timer counters (TCNT). For details, see
section 12.2.4, Timer Control Register.
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16.2.8 DDC Switch Register (DDCSWR)

Bit 7 6 5 4 3 2 1 0

‘ SWE ‘ SW ‘ IE ‘ IF ‘ CLR3 ‘ CLR2 ‘ CLR1 ‘ CLRO ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W RW  R/(W)*1  W*2 W2 W*2 W2

Notes: 1. Only 0 can be written, to clear the flag.
2. Always read as 1.

DDCSWR is an 8-hit readable/writable register that controls the I1C channel 0 automatic format
switching function and I1C internal latch clearance.

DDCSWRisinitialized to H'OF by areset and in hardware standby mode.

Bit 7—DDC Mode Switch Enable (SWE): Selects the function for automatically switching 11C
channel 0 from formatless mode to the 1°C bus format.

Bit 7

SWE Description

0 Automatic switching of lIC channel 0 from formatless mode to I1°C bus  (Initial value)
format is disabled

1 Automatic switching of IIC channel 0 from formatless mode to 1°C bus

format is enabled

Bit 6—DDC Mode Switch (SW): Selects either formatless mode or the IC bus format for [1C
channel 0.

Bit 6

SW Description

0 IIC channel 0 is used with the I°C bus format (Initial value)
[Clearing conditions]
1. When 0O is written by software
2. When a falling edge is detected on the SCL pin when SWE =1

1 IIC channel 0 is used in formatless mode

[Setting condition]
When 1 is written in SW after reading SW =0

Bit 5—DDC Mode Switch Interrupt Enable Bit (I1E): Enables or disables an interrupt request to
the CPU when automatic format switching is executed for 11C channel 0.
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Bit 5

IE Description
0 Interrupt when automatic format switching is executed is disabled (Initial value)
1 Interrupt when automatic format switching is executed is enabled

Bit 4—DDC Mode Switch Interrupt Flag (IF): Flag that indicates an interrupt request to the
CPU when automatic format switching is executed for 11C channel 0.

Bit 4

IF Description

0 No interrupt is requested when automatic format switching is executed (Initial value)
[Clearing condition]
When 0 is written in IF after reading IF = 1

1 An interrupt is requested when automatic format switching is executed

[Setting condition]
When a falling edge is detected on the SCL pin when SWE =1

Bits3to 0—IIC Clear 3to 0 (CLR3to CLRO): These bits control initialization of theinterna
state of 11C0O and 11C1.

These bits can only be written to; if read they will always return avalue of 1.

When awrite operation is performed on these bits, a clear signal is generated for the internal latch
circuit of the corresponding module(s),and the internal state of the I1C module(s) isinitialized.

The write data for these bitsis not retained. To perform 11C clearance, bits CLR3 to CLRO must
be written to simultaneously using an MOV instruction. Do not use a bit manipulation instruction
such as BCLR.

When clearing is required again, all the bits must be written to in accordance with the setting.

Bit 3 Bit 2 Bit 1 Bit 0
CLR3 CLR2 CLR1 CLRO Description
0 0 — — Setting prohibited
1 0 0 Setting prohibited
1 IICO internal latch cleared
1 0 IIC1 internal latch cleared
1 IICO and IIC1 internal latches cleared
1 — — — Invalid setting
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16.2.9 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP4 or MSTP3 hit is set to 1, operation of the corresponding I1C channel is halted at
the end of the bus cycle, and atransition is made to module stop mode. For details, see section
21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

MSTPCRL Bit 4—Module Stop (M STP4): Specifies |1C channel 0 module stop mode.

MSTPCRL

Bit 4

MSTP4 Description

0 IIC channel 0 module stop mode is cleared

1 IIC channel 0 module stop mode is set (Initial value)

M STPCRL Bit 3—Module Stop (M STP3): Specifies |1C channel 1 module stop mode.

MSTPCRL

Bit 3

MSTP3 Description

0 IIC channel 1 module stop mode is cleared

1 IIC channel 1 module stop mode is set (Initial value)
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16.3 Operation

16.3.1  1?C BusData Format

The I12C businterface has serial and 12C bus formats.

The I°C bus formats are addressing formats with an acknowledge bit. These are shown in figures

16.3 (8) and (b). Thefirst frame following a start condition always consists of 8 hits.

[1C channel 0 only is capable of formatless operation, as shown in figure 16.4.

The serial format is a non-addressing format with no acknowledge bit. Thisis shown in figure

16.5.
Figure 16.6 shows the I°C bustiming.

The symbolsused in figures 16.3 to 16.6 are explained in table 16.4.

(a) 12C bus format (FS = 0 or FSX = 0)

si sta |rw| A | pata | A | |aa| P |
} E ! | L | L n | L | }<L><i>\ transfer bit count
1 (n=1t08)
m
transfer frame count
(m=1)
(b) 12C bus format (start condition retransmission, FS = 0 or FSX = 0)
| s| sta |rw| a| pata | [AA] s | sia [rW| A | pata | [AA] P |
1 7 L1 1 nl o1 1 7 1 1 n2 | 1
I T = 1 I I I [ [
1 ml 1 m2
transfer bit count (n1 and n2 = 1 to 8)
transfer frame count (m1 and m2 = 1)
Figure 16.3 12C Bus Data For mats (1°C Bus For mats)
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IICOonly, FS=0o0r FSX =0
DATA | A | DATA | A r ________ AA
8 1 T,

\é» transfer bit count (n = 1 to 8)

\ \ |
1 m transfer frame count (m = 1)

Note: This mode applies to the DDC (Display Data Channel) which is a PC monitoring
system standard.

Figure16.4 Formatless

FS=1land FSX=1

S | DATA DATA | :III
1

| 8 . n_ 1 n: transfer bit count
| | =~ (m=1t8
1 m .
m: transfer frame count
(m=1)

Figure 16,5 12C BusData Format (Serial Format)

son OO /N O OO

|
S SLA RW A DATA A DATA AA P

Figure 16.6 12C BusTiming

443
HITACHI



Table16.4 1%C BusData Format Symbols

Legend

S Start condition. The master device drives SDA from high to low while SCL is high

SLA Slave address, by which the master device selects a slave device

RIW Indicates the direction of data transfer: from the slave device to the master device
when R/W is 1, or from the master device to the slave device when R/W is 0

A Acknowledge. The receiving device (the slave in master transmit mode, or the master
in master receive mode) drives SDA low to acknowledge a transfer

DATA Transferred data. The bit length is set by bits BC2 to BCO in ICMR. The MSB-first or
LSB-first format is selected by bit MLS in ICMR

P Stop condition. The master device drives SDA from low to high while SCL is high

16.3.2 Master Transmit Operation

In I2C bus format master transmit mode, the master device outputs the transmit clock and transmit
data, and the slave device returns an acknowlede signal.

The

transmission procedure and operations by which datais sequentially transmitted in

synchronization with ICDR write operations, are described below.

(1]
(2]
(3]
(4]
(5]

(6]

444

Set the ICE bitin ICCR to|. Set bits MLS, WAIT, and CKS2 to CKS0 in ICMR, and bit 1ICX
in STCR, according to the operation mode.

Read the BBSY flag to confirm that the busis free.

Set the MST and TRS bitsto 1 in ICCR to select master transmit mode.

Write 1 to BBSY and 0 to SCP. This switches SDA from high to low when SCL is high, and
generates the start condition.

When the start condition is generated, the IRIC and IRTR flags are set to 1. If the IEIC bit in
ICCR has been set to |, an interrupt request is sent to the CPU.

Write datato ICDR (slave address + R/W)

With the 12C bus format (when the FS bit in SAR or the FSX bit in SARX is 0), the first frame
data following the start condition indicates the 7-bit slave address and transmit/receive
direction.

Then clear the IRIC flag to indicate the end of transfer.

Writing to ICDR and clearing of the IRIC flag must be executed continuously, so that no
interrupt isinserted.

If aperiod of timethat is equal to transfer one byte has elapsed by the timethe IRIC flag is
cleared, the end of transfer cannot be identified.
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(8]

(9]

The master device sequentially sends the transmit clock and the data written to ICDR with the
timing shown in figure 16.7. The selected slave device (i.e. , the slave device with the
matching slave address) drives SDA low at the Sth transmit clock pulse and returns an
acknowledge signal.

When one frame of data has been transimitted, the IRIC flag is set to 1 at the rise of the Sth
transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

Read the ACKB bit to confirm that ACKB is0. When the slave device has not returned an
acknowledge signal and ACKB remains 1, execute the transmit end processing described in
step [12] and perfrom transmit operation again.

Write the next data to be transmitted in ICDR. To indicate the end of data transfer, clear the
IRIC flag to O.

As described in step [6] above, writing to ICDR and clearing of the IRIC flag must be
executed continuously so that no interrupt isinserted.

The next frame is transmitted in synchronization with the internal clock.

[10] When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th

transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

[11] Read the ACKB hit of ICSR. Confirm that the slave device has returned an acknowledge

signal and ACKB is 0. When more data is to be transmitted, return to step [9] to execute next
transmit operation. If the slave device has not returned an acknowledge signal and ACKB is 1,
execute the transmit end processing described in step [12].

[12] Clear the IRIC flag to 0. Write BBSY and SCP of ICCR to 0. By doing so, SDA is changed

from low to high while SCL is high and the transmit stop condition is generated.
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Start condition

generation
SCL
(master output)
SDA —\
(master output) —
Slave address —  R/W |[7] «— Datal —
SDA A
(slave output) [5]
IRIC
IRTR \
ICDR Xaddress + RIW XDatal |
Note: Data write
timing in ICDR "
ICDR Writing
- bl
ICDR Writing enable
prohibited
User processing [4] Write BBSY =1  [6] ICDR write [6] IRIC clear [9] ICDR write
and SCP =0 [9] IRIC clear
(start condition
issuance)

Figure16.7 Example of Master Transmit Mode Operation Timing
(MLS=WAIT =0)

16.3.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data, and returns an
acknowledge signal. The slave device transrnits data.

The receive procedure and operations by which datais sequentially received in synchronization
with ICDR read operations, are described below.

[1] Clear the TRSbit of ICCR to 0 and switch from transmit mode to receive mode. Set the
WAIT bit to 1 and clear the ACKB bit of ICSR to 0 (acknowledge data setting).

[2] When ICDR isread (dummy data read), reception is started and the receive clock is output,
and datais received, in synchronization with the internal clock. To indicate the wait, clear the
IRIC flagto O.

Reading from ICDR and clearing of the IRIC flag must be executed continuously so that no
interrupt isinserted.

If aperiod of timethat is equal to transfer one byte has elapsed by the time the IRIC flag is
cleared, the end of transfer cannot be identified.

[3] ThelRICflagissetto 1 at thefall of the 8th clock of a one-frame reception clock. At this
point, if the IEIC bit of ICCR isset to 1, an interrupt request is generated to the CPU.
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SCL isautomatically fixed low in synchronization with the internal clock until the IRIC flag
iscleared. If thefirst frame is the final reception frame, execute the end processing as
described in [10].

[4] Clear theIRIC flag to O to release from the wait state.
The master device outputs the 9th receive clock pulse, sets SDA to low, and returns an
acknowledge signal.

[5] When one frame of data has been transmitted, the IRIC and IRTR flags are set to 1 at the rise
of the 9th transmit clock pulse.
The master device continues to output the receive clock for the next receive data.

[6] Readthe ICDR receive data.

[7] Clear the IRIC flag to indicate the next wait.
From clearing of the IRIC flag to completion of data reception as described in steps [5], [6],
and [7], must be performed within the time taken to transfer one byte because releasing of the
wait state as described in step [4] (or [9]).

[8] ThelRICflagissettol atthefall of the 8th receive clock pulse. SCL is automatically fixed
low in synchronization with the internal clock until the IRIC flag is cleared. If thisframeis
the final reception frame, execute the end processing as described in [10].

[9] Clear theIRIC flag to O to release from the wait state. The master device outputs the 9th
reception clock pulse, sets SDA to low, and returns an acknowledge signal.
By repeating steps [5] to [9] above, more data can be received.

[10] Set the ACKB hit of ICSR to 1 and set the acknowledge data for the final reception.
Set the TRS hit of ICCR to 1 to change receive mode to transmit mode.

[11] Clear the IRIC flag to release from the wait state.

[12] When one frame of data has been received, the IRIC flag is set to 1 at the rise of the 9th
reception clock pulse.

[13] Clear the WAIT bit of ICMR to O to cancel wait mode. Read the ICDR receive data and clear
theIRIC flag to O.
Clear the IRIC flag only when WAIT = 0.
(If the stop-condition generation command is executed after clearing the IRIC flag to 0 and
then clearing the WAIT bit to 0, the SDA lineisfixed low and the stop condition cannot be
generated.)

[14] Write 0 to BBSY and SCP. This changes SDA from low to high when SCL is high, and
generates the stop condition.
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Master transmit mode Master receive mode

(mastircémpu,) _/—9\_ 1S 2\/3\ /4 /s5\ /6 7/ 8 o\ _/ 1\ /2 3\ /a\ /5
D ENEHEN D

SDA
(slave output)
[5147 Data 2
SDA A /

\/
S R 1 1
—

(master output)
Y Y

_|\ A l—l\

IRTR
ICDR X Data 1
User processing  [1] TRS cleared to 0 [2] ICDR read [2] IRIC clearance [4] IRIC clearance [6] ICDR read [7] IRIC clearance
WAIT setto 1 (dummy read) (Data 1)
ACKB cleared to 0
Figure16.8 (a) Example of Master Receive Mode Operation Timing
(MLS=ACKB=0,WAIT =1)
SCL
(master output) _/_8\ 9 1 2 3 4 5 6 7 8 9 1 2

SDA { Bito -Bit7 -Bi'[6
(slave output)
Data 2P 44— Data3——————— P 1 5] ~¢— Data4—

8] [5]
SDA \ A J A /

(master output)
"y Y Y

b il

Data 2 X Data 3

T T

[9] IRIC Clearance [6] ICDR read [7] IRIC clearance
(Data 3)

ICDR Data 1

>

User processing  [9] IRIC clearance [6] ICDR read [7] IRIC clearance
(Data 2)

Figure16.8 (b) Exampleof Master Receive Mode Operation Timing
(MLS=ACKB =0, WAIT = 1) (cont)

16.34 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The reception procedure and operationsin slave
receive mode are described below.
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[1] Set the ICE bitin ICCRto 1. Setthe MLSbitin ICMR and the MST and TRS bitsin ICCR
according to the operating mode.

[2] When the start condition output by the master deviceis detected, the BBSY flag in ICCR is set
to L.

[3] When the slave address matches in the first frame following the start condition, the device
operates as the slave device specified by the master device. If the 8th data bit (R/W) is 0, the
TRSbit in ICCR remains cleared to 0, and slave receive operation is performed.

[4] At the 9th clock pulse of the receive frame, the slave device drives SDA low and returns an
acknowledge signal. At the sametime, the IRIC flagin ICCR issetto 1. If the IEIC bitin
ICCR has been set to 1, an interrupt request is sent to the CPU. If the RDRF internal flag has
been cleared to 0, it is set to 1, and the receive operation continues. If the RDRF internal flag
has been set to 1, the slave device drives SCL low from the fall of the receive clock until data
isread into ICDR.

[5] Read ICDR and clear the IRIC flag in ICCR to 0. The RDRF flag is cleared to 0.

Receive operations can be performed continuously by repeating steps [4] and [5]. When SDA is
changed from low to high when SCL is high, and the stop condition is detected, the BBSY flagin
ICCRiscleared to O.

Start condition
generation

SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2

SCL
(slave output)

SDA _\ /<Bit7><Bit6XBit5XBit4XBit3XBitZXBitIX-BitO/ {Bit7 XBit6 X

(master output) —
-4——— Slave address —— » R/W -¢—Datal —

SDA
(slave output)

(4]
LA/
RDRF
/
IRIC Interrup} request
generation

ICDRS X Address + RIW \
ICDRR X Address + RAW |
User processing [5] ICDR read  [5] IRIC clear

Figure16.9 Example of Slave Receive Mode Operation Timing (1) (MLS=ACKB =0)
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SCL
(master output)

SCL
(slave output)
SDA - - . . - . . R R R
(master output) Bt 1 )(Bit0 ) Bit 7 ) Bit 6 X Bit5 { Bit4 X Bit3 X Bit2 X Bit1 ) Bit0
— Datal—m | 4 - Data 2 | 4
SDA
(slave output) \l A / \ A/
RDRF
v \j
IRIC Interrupt —I Interrupt
request request
generation generation
ICDRS Data 1 >< \ Data 2
ICDRR X paat1 \ X Data 2
User processing [5] ICDR read [5] IRIC clear

Figure16.10 Example of Slave Receive M ode Operation Timing (2) (MLS=ACKB =0)

16.35 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. The transmission procedure and operations
in slave transmit mode are described below.

[1] Setthe ICE bitin ICCRto 1. Setthe MLShitin ICMR and the MST and TRS bitsin ICCR
according to the operating mode.

[2] When the dave address matches in the first frame following detection of the start condition,
the slave device drives SDA low at the 9th clock pulse and returns an acknowledge signal. At
the sametime, the IRIC flagin ICCR isset to 1. If the IEIC bitin ICCR hasbeen setto 1, an
interrupt request is sent to the CPU. .If the 8th data bit (R/'W) is 1, the TRS bit in ICCR is set to
1, and the mode changes to slave transmit mode automatically. The TDRE internal flag is set
to 1. Theslave devicedrives SCL low from the fall of the transmit clock until ICDR datais
written.

[3] After clearing the IRIC flag to O, write datato ICDR. The TDRE internal flag is cleared to O.
The written datais transferred to ICDRS, and the TDRE internal flag and the IRIC and IRTR
flagsare set to 1 again. After clearing the IRIC flag to O, write the next datato ICDR. The
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slave device sequentially sends the data written into ICDR in accordance with the clock output
by the master device at the timing shown in figure 16.11.

[4] When one frame of data has been transmitted, the IRIC flag in ICCR is set to 1 at therise of
the 9th transmit clock pulse. If the TDRE internal flag has been set to 1, this slave device
drives SCL low from the fall of the transmit clock until dataiswrittento ICDR. The master
device drives SDA low at the 9th clock pulse, and returns an acknowledge signal. Asthis
acknowledge signal is stored in the ACKB bit in ICSR, this bit can be used to determine
whether the transfer operation was performed normally. When the TDRE internal flag is 0, the
datawritten into ICDR istransferred to ICDRS, transmission is started, and the TDRE internal
flag and the IRIC and IRTR flags are set to 1 again.

[5] To continue transmission, clear the IRIC flag to 0, then write the next datato be transmitted
into ICDR. The TDRE internal flagis cleared to 0.

Transmit operations can be performed continuously by repeating steps[4] and [5]. To end
transmission, write H'FF to ICDR to release SDA on the slave side. When SDA is changed from
low to high when SCL is high, and the stop condition is detected, the BBSY flagin ICCR s
cleared to O.

Slave receive mode | Slave transmit mode

[
-

SCL
(master output)

scL
(slave output) i/
?sli';\/eoutput) \ |a/ \(it 7Y Bit6 Y Bit5 ) Bita ) Bit3 ) Bit2 Y Bit1 Y Bit0 \(Bit7XBite><

Data 1 - -a— Data 2 —
SDA [2 A

(master output) R/W, : A/

\j

TDRE J—\ —L

i Y 3
IRIC Interrupt - Interrupt Interrupt
request ! request request
generationﬂ generation generation/l

ICDRT /E Data 1 X Data 2 ><:
AN A
ICDRS PlX Data 1 ¥ paaz |

| /

User processing [3] IRIC [3] ICDR write [3] ICDR write [5] IRIC [5] ICDR write
clearance clear

Figure16.11 Example of Slave Transmit Mode Operation Timing (MLS = 0)
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16.3.6 IRIC Setting Timing and SCL Control

Theinterrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR, the
FShitin SAR, and the FSX bit in SARX. If the TDRE or RDRF internal flagissetto 1, SCL is
automatically held low after one frame has been transferred; this timing is synchronized with the
internal clock. Figure 16.12 showsthe IRIC set timing and SCL control.

(@) When WAIT =0, and FS = 0 or FSX = 0 (12C bus format, no wait)

scL 7 8 9 SN T 1

SDA 7 X 8 >\\A 1

IRIC ]
g

User processing Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

(b) When WAIT = 1, and FS = 0 or FSX = 0 (I2C bus format, wait inserted)

SCL / N / ) / )
8 : . 9 . ) . . 1

? b
User processing Clear Clear Write to ICDR (transmit)

IRIC IRIC orread ICDR (receive)

(c) When FS =1 and FSX =1 (synchronous serial format)

SCL 7 8 N 1
SDA 7 D% 1
IRIC |

User processing Clear IRIC Write to ICDR (transmit)

or read ICDR (receive)

Figure16.12 IRIC Setting Timing and SCL Control
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16.3.7  Automatic Switching from Formatless Modeto |2C Bus For mat

Setting the SW bit to 1 in DDCSWR enabl es formatless mode to be selected as the 11CO operating
mode. Switching from formatless mode to the I°C bus format (slave mode) is performed
automatically when afalling edge is detected on the SCL pin.

The following four preconditions are necessary for this operation:

« A common data pin (SDA) for formatless and I1°C bus format operation
» Separate clock pins for formatless operation (VSYNCI) and I1°C bus format operation (SCL)

» Afixed 1level for the SCL pin during formatless operation (the SCL pin does not output alow
level)

» Settings of bits other than TRSin ICCR that allow 1?C bus format operation

Automatic switching is performed from formatless mode to the 12C bus format when the SW bit in
DDCSWR is automatically cleared to O on detection of afalling edge on the SCL pin. Switching
from the I12C bus format to formatless mode is achieved by having software set the SW hit in
DDCSWRto 1.

In formatless mode, bits (such as MSL and TRS) that control the 12C bus interface operating mode
must not be modified. When switching from the 1°C bus format to formatless mode, set the TRS
bit to 1 or clear it to 0 according to the transmit data (transmission or reception) in formatless
mode, then set the SW bit to 1. After automatic switching from formatless mode to the 1°C bus
format (slave mode), in order to wait for slave address reception, the TRS bit is automatically
cleared to O.

If afalling edge is detected on the SCL pin during formatless operation, the I°C bus interface
operating mode is switched to the I2C bus format without waiting for a stop condition to be
detected.
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16.3.8 Operation UsingtheDTC

The I°C bus format provides for selection of the slave device and transfer direction by means of

the slave address and the R/W bit, confirmation of reception with the acknowledge bit, indication
of the last frame, and so on. Therefore, continuous data transfer using the DTC must be carried out
in conjunction with CPU processing by means of interrupts.

Table 16.5 shows some examples of processing using the DTC. These examples assume that the
number of transfer data bytes is known in slave mode.

Table16.5 Examplesof Operation Usingthe DTC

Master Transmit

Iltem Mode

Master Receive
Mode

Slave Transmit
Mode

Slave Receive
Mode

Slave address +
R/W bit
transmission/
reception

Transmission by
DTC (ICDR write)

Transmission by
CPU (ICDR write)

Reception by
CPU (ICDR read)

Reception by CPU
(ICDR read)

Dummy data

Processing by

read CPU (ICDR read)

Actual data Transmission by  Reception by Transmission by  Reception by DTC
transmission/ DTC (ICDR write) DTC (ICDR read) DTC (ICDR write) (ICDR read)
reception

Dummy data — — Processing by —

(H'FF) write DTC (ICDR write)

Last frame Not necessary Reception by Not necessary Reception by CPU
processing CPU (ICDR read) (ICDR read)

Transfer request 1st time: Clearing

Not necessary

Automatic clearing
on detection of end
condition during
transmission of

dummy data (H'FF)

Not necessary

processing after by CPU

last frame 2nd time: End

processing condition issuance
by CPU

Setting of Transmission:

number of DTC
transfer data
frames

Actual data count

+ 1 (+1 equivalent
to slave address +
R/W bits)

Reception: Actual
data count

Transmission:
Actual data count
+ 1 (+1 equivalent
to dummy data
(H'FF))

Reception: Actual
data count
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16.3.9 Noise Canceler

Thelogic levels at the SCL and SDA pins are routed through noise cancelers before being latched
internally. Figure 16.13 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

C C
SCL or
SDA input —™ D Q =D Q = Match Internal
signal — ™ SCLor
9 Latch Latch - detector SDA
signal

System clock
! period !

I —— ]
| |

Sampling | |_| |_| |_|
clock

Figure 16.13 Block Diagram of Noise Canceler

16.3.10 Sample Flowcharts

Figures 16.14 to 16.17 show sample flowcharts for using the 1°C bus interface in each mode.
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| Initialize

| ] [1] Initialize

| [2] Test the status of the SCL and SDA lines.

Set MST =1 and
TRS=1inICCR

[3] Select master transmit mode.

Write BBSY =1
and SCP =0in ICCR

[4] Start condition issuance

Read IRIC in ICCR

| ] [5] Wait for a start condition generation

[6] Set transmit data for the first byte (slave

address + R/W).

(After writing ICDR, clear IRIC

- immediately)

[7] Wait for 1 byte to be transmitted.

[8] Test the acknowledge bit, transferred from
slave device.

[ Master receive mode ||

| Write transmit data in ICDR

| [9] Set transmit data for the second and

subsequent bytes.

| Clear IRIC in ICCR

| (After writing ICDR, clear IRIC
m immediately)

Read IRIC in ICCR

[10] Wait for 1 byte to be transmitted.

[ Read ACKB in ICSR

End of transmission
or ACKB =1?,

[11] Test for end of transfer

Clear IRIC in ICCR

| [12] Stop condition issuance

Write BBSY =0
and SCP =0in ICCR

End

456

Figure16.14 Flowchart for Master Transmit Mode (Example)
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[[ Master receive mode |
[ settrs - oiniccR___|
[ setwar - 1inICMR | | [2] Select receive mode
| |
| |
| |

I
Set ACKB =0in ICSR
I
Read ICDR
I
Clear IRIC in ICCR

[2] Start receiving. The first read is a dummy
read. After reading ICDR, please clear
IRIC immediately.

| Read IRIC in ICCR | "] [3] Wait for 1 byte to be received.
(8th clock falling edge)

[4] Clear IRIC to trigger the 9th clock.
(to end the wait insertion)

[5] Wait for 1 byte to be received.
(9th clock rising edge)

| Read ICDR | ] [6] Read the received data.

I
[ cearRiCiniccR | | | [7] ClearIRIC

Read IRIC in ICCR

[8] Wait for the next data to be received.
(8th clock falling edge)

[ cearlRiciniccR | || @ CearrRCc
L 7 (to end the wait insertion)
| Set ACKB =1in ICSR | ] [10] Set ACKB = 1 so as to return no

I acknowledge, or set TRS = 1 so as not

- i lock.
| SetTRS = 1 in ICCR | to issue extra clocl
I

[ clearRiciniccR | | [11] ClearIRIC
I (to end the wait insertion)

Read IRIC in ICCR

[12] Wait for 1 byte to be received.

[ setwar=oinicMr | | [13] SetwAIT=o0.
I Read ICDR.
| | Clear IRIC.
Read ICDR (Note: After setting WAIT = 0, IRIC

‘ should be cleared to 0)
| Clear IRIC in ICCR |

Write BBSY =0 [14] Stop condition issuance.
and SCP =0in ICCR

End

Figure16.15 Flowchart for Master Receive M ode (Example)
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| Initialize

Set MST =0
and TRS = 0in ICCR

| Set ACKB =0 in ICSR

Jw

[2]

|General call address processingl |

* Description omitte

| Slave transmit mode | |

| Read ICDR

| Clear IRIC in ICCR

Read IRIC in ICCR

|  setAckB=1inICSR

| Read ICDR

| Clear IRIC in ICCR

Read IRIC in ICCR

| Read ICDR

| Clear IRIC in ICCR

End

] [3]

[4]

s
e

[7]

Select slave receive mode.

Wait for the first byte to be received (slave
address).

Start receiving. The first read is a dummy read.
Wait for the transfer to end.

Set acknowledge data for the last receive.
Start the last receive.

Wait for the transfer to end.

Read the last receive data.

Figure16.16 Flowchart for Slave Receive M ode (Example)
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| | Slave transmit mode | |

|
|  CleariRICinicCR |

|
| Write transmit data in ICDR | ] [ [1] Settransmit data for the second and
[ subsequent bytes.

| Clear IRIC in ICCR | [2] Wait for 1 byte to be transmitted.

[3] Test for end of transfer.

| 7 [4] Select slave receive mode.
2 [5] Dummy read (to release the SCL line).
| Clear IRIC in ICCR |
|  ReadACKBInICSR | |[3]
End
of transmission
(ACKB = 1)?
| setTRs=oiniccR | | [l
| Read ICDR | | 5]

|  ClarlRICinICCR |

End

Figure16.17 Flowchart for Slave Transmit Mode (Example)

16.3.11 Initialization of Internal State

The lIC has afunction for forcibleinitialization of itsinternal stateif adeadlock occurs during
communication.

Initialization is executed (1) in accordance with the setting of bits CLR3 to CLRO in the
DDCSWR register or (2) by clearing the ICE bit. For details of CLR3 to CLRO hit settings, see
section 16.2.8, DDC Switch Register (DDCSWR).

(1) Scopeof Initialization
Theinitialization executed by this function covers the following items:
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* TDRE and RDRF internal flags
« Transmit/receive sequencer and internal operating clock counter

« Internal latchesfor retaining the output state of the SCL and SDA pins (wait, clock, data
output, etc.)

The following items are not initialized:

» Actual register values (ICDR, SAR, SARX, ICMR, ICCR, ICSR, DDCSWR, STCR)

« Internal latches used to retain register read information for setting/clearing flagsin the ICMR,
ICCR, ICSR, and DDCSWR registers

* Thevalueof the ICMR register bit counter (BC2 to BCO)

» Generated interrupt sources (interrupt sources transferred to the interrupt controller)

(2) Noteson Initialization

* Interrupt flags and interrupt sources are not cleared, and so flag clearing measures must be
taken as necessary.

» Basicaly, other register flags are not cleared either, and so flag clearing measures must be
taken as necessary.

*  Wheninitidization is performed by means of the DDCSWR register, the write data for bits
CLR3to CLRO isnot retained. To perform |1C clearance, bits CLR3 to CLRO must be written
to simultaneously using an MOV instruction. Do not use a bit manipulation instruction such as
BCLR. Similarly, when clearing is required again, al the bits must be written to
simultaneously in accordance with the setting.

« If aflag clearing setting is made during transmission/reception, the I1C module will stop
transmitting/receiving at that point and the SCL and SDA pinswill be released. When
transmission/reception is started again, register initialization, etc., must be carried out as
necessary to enable correct communication as a system.

The value of the BBSY bit cannot be modified directly by this module clear function, but since the
stop condition pin waveform is generated according to the state and release timing of the SCL and
SDA pins, the BBSY hit may be cleared asaresult. Similarly, state switching of other bits and
flags may also have an effect.

To prevent problems caused by these factors, the following procedure should be used when
initializing the 11C state.

(1) Executeinitialization of the internal state according to the setting of bits CLR3 to CLRO or by
means of the ICE hit.

(2) Execute a stop condition issuance instruction (write 0 to BBSY and SCP) to clear the BBST bit
to 0, and wait for two transfer rate clock cycles.

(3) Re-execute initialization of the internal state according to the setting of bits CLR3 to CLRO or
by means of the ICE bit.

(4) Initialize (re-set) the [1C registers.
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16.4  Usage Notes

In master mode, if an instruction to generate a start condition isimmediately followed by an
instruction to generate a stop condition, neither condition will be output correctly. To output
consecutive start and stop conditions, after issuing the instruction that generates the start
condition, read the relevant ports, check that SCL and SDA are both low, then issue the
instruction that generates the stop condition. Note that SCL may not yet have gone low when
BBSY iscleared to O.

Either of the following two conditions will start the next transfer. Pay attention to these

conditions when reading or writing to ICDR.

O Write accessto ICDR when ICE = 1 and TRS = 1 (including automatic transfer from
ICDRT to ICDRS)

0 Read accessto ICDR when ICE = 1 and TRS = 0 (including automatic transfer from
ICDRSto ICDRR)

Table 16.6 shows the timing of SCL and SDA output in synchronization with the internal
clock. Timings on the bus are determined by the rise and fall times of signals affected by the
bus load capacitance, series resistance, and parallel resistance.

Table16.6 1%°C BusTiming (SCL and SDA Output)

Item Symbol Output Timing Unit Notes
SCL output cycle time tseo 28t to 256t ns Figure 22.25
SCL output high pulse width tscino 0.5tgc 0 ns (reference)
SCL output low pulse width tsciio 0.5t5c 0 ns
SDA output bus free time tauro 0.5tg, o — 1t ns
Start condition output hold time tstano 0.5tg o — 1t ns
Retransmission start condition output  tgraso 1tscio ns
setup time
Stop condition output setup time tstoso 0.5tgq o + 2t ns
Data output setup time (master) tspaso Ltge0— 3ty ns
Data output setup time (slave) e, — (Bt Or
12t,.*)
Data output hold time tsparo 3ty ns

Note: * 6t_. when IICX is 0, 12t_. when 1.

cyc CcyC

SCL and SDA input is sampled in synchronization with the internal clock. The AC timing
therefore depends on the system clock cyclet,,, as shown in I°C Bus Timing in section 22,
Electrical Characteristics. Note that the 12C bus interface AC timing specifications will not be
met with a system clock frequency of lessthan 5 MHz.
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The 1°C bus interface specification for the SCL risetimet, is under 1000 ns (300 ns for high-
speed mode). In master mode, the 12C bus interface monitors the SCL line and synchronizes
one bit at atime during communication. If t, (the time for SCL to go from low to V,,,) exceeds
the time determined by the input clock of the IC bus interface, the high period of SCL is
extended. The SCL risetime is determined by the pull-up resistance and load capacitance of
the SCL line. To insure proper operation at the set transfer rate, adjust the pull-up resistance
and load capacitance so that the SCL rise time does not exceed the values given in the table
16.7 below.

Table16.7 Permissible SCL Rise Time (tg) Values

Time Indication

I°C Bus
teye Specification g = 9= 9= 2= ag=

IICX Indication (Max.) 5MHz 8 MHz 10 MHz 16 MHz 20 MHz

0 7.5t Normal mode 1000 ns 1000ns 937ns 750ns 468ns 375ns
High-speed 300 ns 300ns 300ns 300ns 300ns 300ns
mode

1 17.5t,,  Normal mode 1000 ns 1000 ns 1000 ns 1000 ns 1000 ns 875ns
High-speed 300 ns 300ns 300ns 300ns 300ns 300ns
mode

The I°C bus interface specifications for the SCL and SDA rise and fall times are under 1000 ns
and 300 ns. The I°C businterface SCL and SDA output timing is prescribed by t,., as shownin
table 16.6. However, because of the rise and fall times, the I°C bus interface specifications may
not be satisfied at the maximum transfer rate. Table 16.8 shows output timing cal culations for
different operating frequencies, including the worst-case influence of rise and fall times.

tauro failsto meet the 12C bus interface specifications at any frequency. The solution is either
(a) to provide coding to secure the necessary interval (approximately 1 us) between issuance of
a stop condition and issuance of a start condition, or (b) to select devices whose input timing
permits this output timing for use as slave devices connected to the I°C bus.

tseL Lo iN high-speed mode and te .o iN Standard mode fail to satisfy the 12C businterface
specifications for worst-case calculations of tg/ty. Possible solutions that should be
investigated include (@) adjusting the rise and fall times by means of a pull-up resistor and
capacitive load, (b) reducing the transfer rate to meet the specifications, or (c) selecting devices
whose input timing permits this output timing for use as slave devices connected to the 12C

bus.
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Table16.8 1%C Bus Timing (with Maximum Influence of tg/t)

Time Indication (at Maximum Transfer Rate) [ns]

I°C Bus
te /ts Specifi-
toye Influence cation @ = g = g = g = 2=
Item Indication (Max.) (Min.)) 5MHz 8MHz 10 MHz 16 MHz 20 MHz
tscino 0.5t , Standard  —-1000 4000 4000 4000 4000 4000 4000
(—ts) mode
High-speed —-300 600 950 950 950 950 950
mode
teo  0.5teo Standard  —250 4700 4750 4750 4750 4750 4750
(—tsr) mode
High-speed —-250 1300 1000** 1000*' 1000*' 1000*' 1000**
mode
tauro 0.5t o— Standard  —1000 4700 3800** 3875*' 3900*' 3938*' 3950**
1t mode
(%) High-speed —300 1300  750** 825*' 850! 888** 900
mode
tsrano 0.5t o— Standard  -250 4000 4550 4625 4650 4688 4700
1t mode
ts)  High-speed —250 600 800 875 900 938 950
mode
tsraso 1tseo Standard ~ —1000 4700 9000 9000 9000 9000 9000
(—ts,) mode
High-speed —-300 600 2200 2200 2200 2200 2200
mode
tsroso  0.5tsq o+ Standard  —1000 4000 4400 4250 4200 4125 4100
2t mode
(ts) High-speed —300 600 1350 1200 1150 1075 1050
mode
tsonso 1tee o*® — Standard  —1000 250 3100 3325 3400 3513 3550
(master) 3t mode
<)  High-speed —300 100 400 625 700 813 850
mode
tsonso 1tee, *®— Standard  -1000 250 1300 2200 2500 2950 3100
(slave) 12t,.** mode
(ts) High-speed —300 100 —1400** -500** —200** 250 400
mode
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Time Indication (at Maximum Transfer Rate) [ns]

I’C Bus
te/ts Specifi-
toye Influence cation @= 2= g = 2= 2=
Item Indication (Max.) (Min.)) 5MHz 8MHz 10 MHz 16 MHz 20 MHz
tsoano 3t Standard O 0 600 375 300 188 150
mode
High-speed 0 0 600 375 300 188 150
mode

Notes: 1. Does not meet the 1°C bus interface specification. Remedial action such as the following

is necessary: (a) secure a start/stop condition issuance interval; (b) adjust the rise and
fall times by means of a pull-up resistor and capacitive load; (c) reduce the transfer rate;
(d) select slave devices whose input timing permits this output timing.

The values in the above table will vary depending on the settings of the [ICX bit and bits
CKSO0 to CKS2. Depending on the frequency it may not be possible to achieve the
maximum transfer rate; therefore, whether or not the I°C bus interface specifications are
met must be determined in accordance with the actual setting conditions.

2. Value when the IICX bit is set to 1. When the IICX bit is cleared to 0, the value is (ts., —
6t.,.).

3. Calculated using the I°C bus specification values (standard mode: 4700 ns min.; high-
speed mode: 1300 ns min.).

Note on ICDR Read at End of Master Reception

To halt reception at the end of areceive operation in master receive mode, set the TRS bit to 1
and write 0 to BBSY and SCPin ICCR. This changes SDA from low to high when SCL is
high, and generates the stop condition. After this, receive data can be read by means of an
ICDR read, but if dataremainsin the buffer the ICDRS receive data will not be transferred to
ICDR, and so it will not be possible to read the second byte of data.

If it is necessary to read the second byte of data, issue the stop condition in master receive
mode (i.e. with the TRS bit cleared to 0). When reading the receive data, first confirm that the
BBSY hit in the ICCR register is cleared to 0, the stop condition has been generated, and the
bus has been released, then read the ICDR register with TRS cleared to 0.

Note that if the receive data (ICDR data) isread in the interval between execution of the
instruction for issuance of the stop condition (writing of 0 to BBSY and SCP in ICCR) and the
actual generation of the stop condition, the clock may not be output correctly in subsequent
master transmission.

Clearing of the MST bit after completion of master transmission/reception, or other
maodifications of I1C control bitsto change the transmit/receive operating mode or settings,
must be carried out during interval (@) in figure 16.18 (after confirming that the BBSY bit has
been cleared to 0 in the ICCR register).
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Stop condition Start condition

Y@
SDA Bit 0 A T ) /|:
SCL 8 9
Internal cIockJ | | | |

BBSY bit |

l_l_‘

Master receive mode

— >

: ICDR reading ! :

i prohibited | *
Execution of stop Confirmation of stop Start condition
condition issuance condition generation issuance
instruction (0 read from BBSY)
(O written to BBSY
and SCP)

Figure 16.18 Pointsfor Attention Concerning Reading of Master Receive Data

* Notes on Start Condition Issuance for Retransmission
Figure 16.19 shows the timing of start condition issuance for retransmission, and the timing for
subsequently writing data to ICDR, together with the corresponding flowchart. After
retransmission start condition issuance is done and determined the start condition, write the
transmit datato ICDR, as shown below.
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[1] Wait for end of 1-byte transfer

[2] Determine wheter SCL is low

[3] Issue restart condition instruction for transmission

[4] Determine whether start condition is generated or not

[5] Set transmit data (slave address + R/W)

Note: Program so that processing instruction from [3] to [5] is

Yes

Write BBSY=L, executed continuously.

SCP=0 (ICSR)

[4]
<o

Yes

[3]

| Write transmit data to ICDR | [5]

Start condition
(retransmission)

SCL 9 } 4| I_

SDA  ACK | / bit 7 [

f Data output
IRIC | ‘

T [5] ICDR write (next transmit data)
[4] IRIC determination
[3] Start condition instruction issuance

[2] Determination of SCL=Low
[1] IRIC determination

Figure16.19 Flowchart and Timing of Start Condition Instruction | ssuance for
Retransmission
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» Note on I°C Bus Interface Stop Condition Instruction Issuance
If the rise time of the 9th SCL clock exceeds the specification because the bus |oad capacitance
islarge, or if there is aslave devices of the type that drives SCL low to effect await, after
rising of the 9th SCL clock, issue the stop condition after reading SCL and determining it to be
low, as shown below.

9th clock High period secured
VIH ; 1
scL ____ &F——— : L

[ As waveform rise is late, ] v
SCL is detected as low A A

SDA J |
Stop condition generation
IRIC |

[2] Stop condition instruction issuance
[1] Determination of SCL=Low

Figure16.20 Timing of Stop Condition | ssuance
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Section 17 A/D Converter

171 Overview

The H85/2128 Series and H8S/2124 Series incorporate a 10-bit successive-approximations A/D
converter that allows up to eight analog input channels to be selected.

In addition to the eight analog input channels, up to 8 channels of digital input can be selected for
A/D conversion. Since the conversion precision falls to the equivalent of 6-bit resolution when
digital input is selected, digital input isideal for use by a comparator identifying multi-valued
inputs, for example.

1711 Features

A/D converter features are listed below.

* 10-bit resolution

» Eight (analog) or 8 (digital) input channels

» Settable analog conversion voltage range

0 Theanaog conversion voltage range is set using the analog power supply voltage pin
(AVcc) asthe analog reference voltage

» High-speed conversion
O Minimum conversiontime: 6.7 ps per channel (at 20 MHz operation)

e Choice of single mode or scan mode
O Single mode: Single-channel A/D conversion
0 Scanmode: Continuous A/D conversion on 1 to 4 channels

e Four dataregisters
0 Conversion results are held in a 16-bit data register for each channel

» Sample and hold function

* Threekinds of conversion start
O Choice of software or timer conversion start trigger (8-bit timer), or ADTRG pin

» A/D conversion end interrupt generation

O AnA/D conversion end interrupt (ADI) request can be generated at the end of A/D
conversion
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17.1.2  Block Diagram

Figure 17.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
(0]
Q
8
9]
[%2]
%] >
c [}
i)
g
AVCC — X <|ao|o|o e
=2l B\ 5(E(8) |8lg|
10-bit D/A Kl1g2[a|alala ala
o0 | <|<| < <| <
AVSS | Z
@
Q
(5]
jun
a
ANO —»
AN1 ——» P ‘ *
AN2 —= = [° o1 . o/8
AN3 — = 3 1 1 o
= | ¥ i Comparator Control circuit
AN4 — = | !
AN 2 peand. s
ample-and-
ANG/CINO to CIN7 ——| hold F(;ircuit 2
AN7 —»
J
ADI interrupt
signal
ADTRG
Conversion start
trigger from 8-bit
timer
Legend:
ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D
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17.1.3  Pin Configuration

Table 17.1 summarizes the input pins used by the A/D converter.

The AVCC and AV SS pins are the power supply pins for the analog block in the A/D converter.

Table17.1 A/D Converter Pins

Pin Name Symbol /0 Function

Analog power supply pin AVCC Input Analog block power supply

Analog ground pin AVSS Input Analog block ground and A/D conversion
reference voltage

Analog input pin 0 ANO Input Analog input channel 0

Analog input pin 1 AN1 Input Analog input channel 1

Analog input pin 2 AN2 Input Analog input channel 2

Analog input pin 3 AN3 Input Analog input channel 3

Analog input pin 4 AN4 Input Analog input channel 4

Analog input pin 5 AN5 Input Analog input channel 5

Analog input pin 6 ANG6 Input Analog input channel 6

Analog input pin 7 AN7 Input Analog input channel 7

A/D external trigger input pin ~ ADTRG Input External trigger input for starting A/D
conversion

Expansion A/D input pins CINO to Input Expansion A/D conversion input (digital

Oto7 CIN7 input pin) channels 0 to 7
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17.1.4 Register Configuration
Table 17.2 summarizes the registers of the A/D converter.

Table17.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address**
A/D data register AH ADDRAH R H'00 H'FFEO
A/D data register AL ADDRAL R H'00 H'FFE1
A/D data register BH ADDRBH R H'00 H'FFE2
A/D data register BL ADDRBL R H'00 H'FFE3
A/D data register CH ADDRCH R H'00 H'FFE4
A/D data register CL ADDRCL R H'00 H'FFE5
A/D data register DH ADDRDH R H'00 H'FFE6
A/D data register DL ADDRDL R H'00 H'FFE7
A/D control/status register ADCSR R/(W)*?  H'00 H'FFE8
A/D control register ADCR R/W H'3F H'FFE9
Module stop control register MSTPCRH R/W H'3F H'FF86

MSTPCRL R/W H'FF H'FF87
Keyboard comparator control KBCOMP R/W H'00 H'FEE4
register

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written in bit 7, to clear the flag.

17.2  Register Descriptions

1721 A/D Data Registers A to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — |

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ReadWrite R R R R R R R R R R R R R R R R

There are four 16-bit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.
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The 10-bit data resulting from A/D conversion is transferred to the ADDR register for the selected
channel and stored there. The upper 8 bits of the converted data are transferred to the upper byte
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits5to 0 are always read as 0.

The correspondence between the anal og input channels and ADDR registersis shown in table
17.3.

The ADDR registers can always be read by the CPU. The upper byte can be read directly, but for
the lower byte, data transfer is performed via atemporary register (TEMP). For details, see section
17.3, Interface to Bus Master.

The ADDR registers are initialized to H'0000 by areset, and in standby mode, watch mode,
subactive mode, subsleep mode, and module stop mode.

Table17.3 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS ADDRB
AN2 ANG or CINO to CIN7 ADDRC
AN3 AN7 ADDRD

17.2.2  A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
ADF ADIE ADST SCAN CKS CH2 CH1 CHO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written in bit 7, to clear the flag.

ADCSR is an 8-hit readable/writable register that controls A/D conversion operations.

ADCSR isinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.
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Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7
ADF Description
0 [Clearing conditions] (Initial value)

*  When 0 is written in the ADF flag after reading ADF = 1
*  When the DTC is activated by an ADI interrupt and ADDR is read
1 [Setting conditions]

e Single mode: When A/D conversion ends
e Scan mode: When A/D conversion ends on all specified channels

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

ADIE Description

0 A/D conversion end interrupt (ADI) request is disabled (Initial value)
1 A/D conversion end interrupt (ADI) request is enabled

Bit 5—A/D Start (ADST): Selects starting or stopping of A/D conversion. Holds avalue of 1
during A/D conversion.

The ADST bit can be set to 1 by software, atimer conversion start trigger, or the A/D external
trigger input pin (ADTRG).

Bit 5

ADST Description

0 A/D conversion stopped (Initial value)
1 Single mode: A/D conversion is started. Cleared to 0 automatically when conversion

on the specified channel ends

Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to O by software, a reset, or a
transition to standby mode or module stop mode

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 17.4, Operation, for single mode and scan mode operation. Only set the SCAN
bit while conversion is stopped.
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Bit 4

SCAN Description
0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKYS): Setsthe A/D conversion time. Only change the conversion time
while ADST =0.

Bit 3

CKSs Description

0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Bits 2 to 0—Channel Select 2to 0 (CH2 to CHO): Together with the SCAN bit, these bits select
the analog input channel(s).

One analog input channel can be switched to digital input.

Only set the input channel while conversion is stopped.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 AN5 AN4, AN5
1 0 ANG6 or CINO to CIN7  AN4, AN5, AN6 or
CINO to CIN7
1 AN7 AN4, AN5, AN6 or
CINO to CIN7
AN7

475
HITACHI



17.2.3 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0

TRGS1 | TRGSO — — — — — —
Initial value 0 0 1 1 1 1 1 1
Read/Write R/W R/W — — — — — —

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion operations.

ADCRisinitialized to H'3F by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGSL, TRGS0): These bits select enabling or
disabling of the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGSO
while conversion is stopped.

Bit 7 Bit 6

TRGS1 TRGSO Description

0 0 Start of A/D conversion by external trigger is disabled (Initial value)
1 Start of A/D conversion by external trigger is disabled

1 0 Start of A/D conversion by external trigger (8-bit timer) is enabled
1 Start of A/D conversion by external trigger pin is enabled

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.
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17.24 Keyboard Comparator Control Register (KBCOMP)

Bit 7 6 5 4 3 2 1 0
] IrE \ IrCKSZ‘ IrCKS1 \ |rc:|<so‘ KBADE’ KBCHZ‘ KBCHl‘ KBCHO‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
KBCOMP is an 8-bit readable/writable register that selects the CIN input channels for A/D
conversion.

KBCOMP isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 to 4—Reserved

Bit 3—Keyboard A/D Enable: Selects either analog input pin (AN6) or digital input pin (CINO
to CIN7) for A/D converter channel 6 input. If digital input pins are selected, input on A/D
converter channel 7 will not be converted correctly.

Bits2to 0—Keyboard A/D Channel Select 2to 0 (KBCH2 to KBCHO): These hits select the
channelsfor A/D conversion from among the digital input pins. Only set the input channel while
A/D conversion is stopped.

Bit 3 Bit 2 Bit 1 Bit 0

A/D Converter A/D Converter
KBADE KBCH2 KBCH1 KBCHO Channel 6 Input Channel 7 Input
0 — — — ANG6 AN7

1 0 0 0 CINO Undefined
1 CIN1 Undefined
1 0 CIN2 Undefined
1 CIN3 Undefined
1 0 0 CIN4 Undefined
1 CIN5 Undefined
1 0 CIN6 Undefined
1 CIN7 Undefined
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17.25 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initalvalue o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W RW RW RW RMW RW RW RW RW RMW RW RW RW RW RMW R/W
MSTPCR, comprising two 8-hit readabl e/writable registers, performs modul e stop mode control.

When the MSTP9 hit in MSTPCR is set to 1, A/D converter operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or writtento in
module stop mode. For details, see section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

M STPCRH Bit 1—Module Stop (M STP9): Specifiesthe A/D converter module stop mode.

MSTPCRH

Bit 1

MSTP9 Description

0 A/D converter module stop mode is cleared

1 A/D converter module stop mode is set (Initial value)
478

HITACHI



17.3 Interfaceto BusMaster

ADDRA to ADDRD are 16-hit registers, but the data bus to the bus master is only 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byteis
accessed viaatemporary register (TEMP).

A dataread from ADDR is performed as follows. When the upper byte is read, the upper byte
valueistransferred to the CPU and the lower byte valueis transferred to TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading ADDR, aways read the upper byte before the lower byte. It is possible to read only
the upper byte, but if only the lower byte isread, incorrect data may be obtained.

Figure 17.2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ) Bus interface

(H'AA)
TEMP
(H'40)
ADDRnNH ADDRNL
(HAA) (H'40) (= AtoD)

Lower byte read

Bus master . Module data bus
4= Bus interface

(H'40)
TEMP
(H'40)
ADDRNH ADDRnNL
(HAA) (H'40)
(n=AtoD)

Figure17.2 ADDR Access Operation (Reading H'AA40)
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174  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes:. single mode and scan mode.

1741 SingleMode (SCAN =0)

Single mode is selected when A/D conversion is to be performed on a single channel only. A/D
conversion is started when the ADST hit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends.

On completion of conversion, the ADF flagisset to 1. If the ADIE bitisset to 1 at thistime, an
ADI interrupt request is generated. The ADF flag is cleared by writing O after reading ADCSR.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
17.3 shows atiming diagram for this example.

1. Singlemodeisselected (SCAN = 0), input channel AN1 is selected (CH1 =0, CHO = 1), the
A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result is transferred to ADDRB. At the same time the
ADF flagis set to 1, the ADST bit iscleared to 0, and the A/D converter becomesidle.

3. Since ADF =1and ADIE =1, an ADI interrupt is requested.

4. The A/D interrupt handling routine starts.

5. Theroutine reads ADCSR, then writes 0 to the ADF flag.

6. The routine reads and processes the conversion result (ADDRB).

7. Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is set to 1,
A/D conversion starts again and steps 2 to 7 are repeated.
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| Set*

ADIE A/D—, I_
conversion | Set | Ser
starts L
ADST
; | Clear* } Cleart
ADF / \> /
State of channel 0 (ANO) ¢ idle [ [
State of channel 1 (AN1) | idle [AID conversion 154, Idle [ AD conversion 2°4, Idie
State of channel 2 (AN2) | Idie ] \

/ /

State of channel 3 (AN3) |

Idle

/

ADDRA

[
\ L Read conversion result \

| Read conversion result

ADDRB

X A/D conversion result 1 X

A/D conversion result 2

ADDRC

ADDRD

Note: * Vertical arrows ( |) indicate instructions executed by software.

Figure17.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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17.4.2  Scan Mode (SCAN = 1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit isset to 1 by software, or by timer or external trigger input, A/D conversion starts on the
first channel in the group (ANO when CH2 = 0; AN4 when CH2 = 1). When two or more channels
are selected, after conversion of the first channel ends, conversion of the second channel (AN1 or
AND) startsimmediately. A/D conversion continues cyclically on the selected channels until the
ADST bit is cleared to 0. The conversion results are transferred for storage into the ADDR
registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST hit to 1 to start A/D conversion again. The ADST bit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 17.4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group O is selected (CH2 = 0), analog input channels
ANOto AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1)

2. When A/D conversion of the first channel (ANO) is completed, the result istransferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion of al the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANOQ) starts again. If the ADIE bit isset to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

5. Steps2to 4 are repeated as long asthe ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bitissetto 1, A/D conversion
starts again from the first channel (ANO).
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| Continuous A/D conversion execution |
1

i Set*t | Clear*
ADST
| Clear*1
ADF L
A/D conversion time
]
State of channel 0 (ANO) [ 1dle [ AID conversion 14 Idle [ AID conversion 44 [ Idle ]
State of channel 1 (AN1) | Idle YA/D conversion 2§, I({e{: YAJD conversion 5*2__Idle ]
State of channel 2 (AN2) | Idle YAID conversion 3 Idle ]
State of channel 3 (AN3) [ I Tdle \\ ( ]
\ Transfer / \
ADDRA A/D conversion result 1 X__AJD conversion result 4
ADDRB X l\ A/D conversion result 2
ADDRC X A/D conversion result 3
ADDRD
Notes: 1. Vertical arrows (| ) indicate instructions executed by software.
2. Data currently being converted is ignored.
Figure17.4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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17.4.3  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 17.5 showsthe A/D
conversion timing. Table 17.4 indicates the A/D conversion time.

Asindicated in figure 17.5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. Thetotal conversion
time therefore varies within the ranges indicated in table 17.4.

In scan mode, the values given in table 17.4 apply to the first conversion time. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS=1.

Address

SO

Write signal

Input sampling
timing

ADF

tp tspL

CONV

Legend:

(2): ADCSR write cycle

(2): ADCSR address

tp: A/D conversion start delay
tspL:  Input sampling time
tcony: A/D conversion time

Figure17.5 A/D Conversion Timing
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Table17.4 A/D Conversion Time (Single M ode)

CKS =0 CKS=1
Item Symbol Min Typ Max  Min Typ Max
A/D conversion start delay ty 10 — 17 6 — 9
Input sampling time tepL — 63 — — 31 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are the number of states.

1744 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bitsare setto 11 in
ADCR, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTRG pin sets
the ADST hitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as when the ADST hit is set to 1 by software. Figure 17.6 shows the timing.

Internal trigger signal

ADST

A/D conversion

»
I

Figure17.6 External Trigger Input Timing

175 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt

reguest can be enabled or disabled by the ADIE bit in ADCSR.
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176  Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins:

1. Anaog input voltage range

The voltage applied to the ANn analog input pins during A/D conversion should be in the
rangeAVg ANn AV . (n=0to7).

2. Digital input voltage range
The voltage applied to the CINn digital input pins should beintherange AVg CINNn AV
andVg CINn Vi (n=0to7).

3. Relation between AV ., AV and Ve, Vg

Astherelationship between AV, AVgsand Ve, Vs, S&t AV = V. If the A/D converter is
not used, the AVCC and AV SS pins must on no account be |eft open.

If conditions 1 to 3 above are not met, the reliability of the device may be adversely affected.

Notes on Board Design: In board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or are in close proximity should be avoided as far as possible. Failure to do so
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANO to AN7), and analog
power supply (AVCC) by the analog ground (AV SS). Also, the analog ground (AVSS) should be
connected at one point to a stable digital ground (V SS) on the board.

Notes on Noise Countermeasures: A protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pins (ANO to AN7) should be
connected between AVCC and AV SS as shown in figure 17.7.

Also, the bypass capacitors connected to AV CC and the filter capacitor connected to ANO to AN7
must be connected to AVSS.

If afilter capacitor is connected as shown in figure 17.7, the input currents at the analog input pins
(ANOto AN7) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, asin scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(R,,), an error will arise in the analog input pin voltage. Careful consideration is therefore required
when deciding the circuit constants.
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/\/

O— . (] avec
. ANO to AN7
T 0.1 pFT
O e . « || Avss

/\_/

Notes: Figures are reference values.
1.

10 pF 0.01 pF

2. Rjy: Input impedance

Figure17.7 Example of Analog I nput Protection Cir cuit

Table17.5 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * When V.. =4.0Vto 5.5V and g <12 MHz

10 kQ
ANO to To A/ID
AN7 converter

I 20 pF

Note: Figures are reference values.

Figure17.8 Analog Input Pin Equivalent Circuit
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A/D Conversion Precision Definitions: H85/2128 Series and H85/2124 Series A/D conversion
precision definitions are given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage val ue B'0000000000 (H'000) to
B'0000000001 (H'001) (seefigure 17.10).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'111111111 (H'3FF) (see
figure 17.10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (seefigure 17.9).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

Absolute precision

The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —»
H'3FF — characteristic
H'3FE [
H'3FD [
H'004 — }
H'003 —
H'002 |~ L Quantization error
H'001 —
H000 “——— f—

1 2 1022 1023 FS
1024 1024 1024 1024

Analog
input voltage

Figure17.9 A/D Conversion Precision Definitions (1)
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Digital output Full-scale error

Ideal A/D conversion
characteristic

/"L— Nonlinearity
error

-—-— Actual A/D conversion

characteristic

FS

Analog

Offset error input voltage

Figure17.10 A/D Conversion Precision Definitions (2)
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Permissible Signal Source lmpedance: H85/2128 Series and H8S/2124 Series analog input is
designed so that conversion precision is guaranteed for an input signal for which the signal source
impedanceis10k (Vcc=4.0t05.5V,wheng 12 MHz or CKS = 0) or less. This specification
is provided to enable the A/D converter’s sample-and-hold circuit input capacitance to be charged
within the sampling time; if the sensor output impedance exceeds 10k (Vcc=4.0t05.5V,

when g 12 MHz or CKS = 0), charging may be insufficient and it may not be possible to
guarantee the A/D conversion precision.

However, if alarge capacitance is provided externally, the input load will essentially comprise
only the internal input resistance of 10 k , and the signal source impedance isignored.

But since alow-pass filter effect is obtained in this case, it may not be possible to follow an analog
signal with alarge differential coefficient (e.g., 5 mV/usec or greater).

When converting a high-speed analog signal, alow-impedance buffer should be inserted.

I nfluences on Absolute Precision: Adding capacitance results in coupling with GND, and
therefore noisein GND may adversely affect absolute precision. Be sure to make the connection to
an electrically stable GND such as AV ..

Careisalso required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

H8S/2128 Series or
H8S/2124 Series | A/D converter

chi i ircui
Sensor output p equivalent circuit
impedance,
up to 10 kQ 10 kQ

Sensor input ——AA l .
; Low-pass ! 20 pF
! filter —WT : 15 pF J'T ;
1 Cto 0.1 pF !
Figure17.11 Example of Analog Input Circuit
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Section 18 RAM

18.1 Overview

The H85/2128 has 4 kbytes of on-chip high-speed static RAM, and the H85/2127, H8S/2126,
H85/2122 and H8S/2120 have 2 kbytes. The on-chip RAM is connected to the bus master by a 16-
bit data bus, enabling both byte data and word data to be accessed in one state. This makesiit
possible to perform fast word data transfer.

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SY SCR).

18.1.1 Block Diagram

Figure 18.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bhits)

H'FFE080 H'FFE081
H'FFE082 H'FFE083
H'FFE084 H'FFE085
HFFEFFE HFFEFFF
H'FFFFO0 HFFFFOL
HFFFF7E HFFFF7F

Figure18.1 Block Diagram of RAM (H85/2128)

493
HITACHI




18.1.2 Register Configuration
The on-chip RAM is controlled by SY SCR. Table 18.1 shows the register configuration.

Table18.1 Register Configuration

Name Abbreviation R/W Initial Value Address*

System control register SYSCR R/W H'09 H'FFC4

Note: * Lower 16 bits of the address.

18.2 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE INTM1 | INTMO | XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R R/W R R/W R/W R/W

The on-chip RAM is enabled or disabled by the RAME hit in SY SCR. For details of other bitsin
SYSCR, see section 3.2.2, System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
494

HITACHI



18.3 Operation

18.3.1 Expanded Mode (Modes1, 2, and 3 (EXPE = 1))

When the RAME bit is set to 1, accesses to H85/2128 addresses H'(FF)EO080 to H'(FF)EFFF and
H'(FF)FFOO to H'(FF)FF7F, and H8S/2127, H85/2126, H8S/2122, and H8S/2120 addresses
H'(FF)E880 to H'(FF)EFFF and H'(FF)FFO0 to H'(FF)FF7F, are directed to the on-chip RAM.
When the RAME bit is cleared to 0, accesses to addresses H'(FF)EO80 to H'(FF)EFFF and
H'(FF)FFOO0 to H'(FF)FF7F, are directed to the off-chip address space.

Since the on-chip RAM is connected to the bus master by a 16-bit data bus, it can be written to
and read in byte or word units. Each type of accessis performed in one state.

Even addresses use the upper 8 bits, and odd addresses use the lower 8 bits. Word data must start
at an even address.

18.3.2 Single-Chip Mode (Modes 2 and 3 (EXPE = 0))

When the RAME hit is set to 1, accesses to H85/2128 addresses H'(FF)E080 to H'(FF)EFFF and
H'(FF)FF0O0 to H'(FF)FF7F, and H85/2127, H8S/2126, H8S/2122, and H8S/2120 addresses
H'(FF)E880 to H'(FF)EFFF and H'(FF)FFO0 to H'(FF)FF7F, are directed to the on-chip RAM.
When the RAME hit is cleared to O, the on-chip RAM is not accessed. Undefined values are read
from these hits, and writing isinvalid.

Since the on-chip RAM is connected to the bus master by a 16-bit data bus, it can be written to
and read in byte or word units. Each type of accessis performed in one state.

Even addresses use the upper 8 bits, and odd addresses use the lower 8 bits. Word data must start
at an even address.
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Section 19 ROM

19.1 Overview

The H85/2128 F-ZTAT has 128 kbytes of on-chip flash memory, the H8S52127 and H85/2122
have 64 kbytes of on-chip mask ROM, and the H8S5/2126 and H8S/2120 have 32 kbytes of on-
chip mask ROM. The ROM is connected to the bus master by a 16-bit data bus. The CPU accesses
both byte and word data in one state, enabling faster instruction fetches and higher processing
speed.

The mode pins (MD1 and MDO) and the EXPE hit in MDCR can be set to enable or disable the
on-chip ROM.

The flash memory versions of the H8S/2128 can be erased and programmed on-board as well as
with a general-purpose PROM programmer.

19.1.1 Block Diagram

Figure 19.1 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'O1FFFE H'O1FFFF

Figure19.1 ROM Block Diagram (H85/2128)
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19.1.2 Register Configuration

The H85/2128 Series and H8S/2124 Series on-chip ROM is controlled by the operating mode and
register MDCR. The register configuration is shown in table 19.1.

Table19.1 ROM Register

Register Name Abbreviation R/W Initial Value Address*

Mode control register MDCR R/W  Undefined H'FFC5
Depends on the operating mode

Note: * Lower 16 bits of the address.

19.2  Register Descriptions

19.21 Mode Control Register (MDCR)

Bit 7 6 5 4 3 2 1 0

‘ EXPE ‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS1 ‘ MDSO0 ‘
Initial value —* 0 0 0 0 0 —* —*
Read/Write R/W* — — — — — R R

Note: * Determined by the MD1 and MDO pins.

MDCR is an read-only 8-bit register used to set the H8S/2128 Series or H8S/2124 Series operating
mode and monitor the current operating mode.

The EXPE bit isinitialized in accordance with the mode pin states by areset and in hardware
standby mode.

Bit 7—Expanded M ode Enable (EXPE): Sets expanded mode. In mode 1, EXPE isfixed at 1
and cannot be modified. In modes 2 and 3, EXPE has an initial value of 0 and can be read or
written.

Bit 7

EXPE Description

0 Single-chip mode selected
1 Expanded mode selected
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Bits 6 to 2—Reserved: These bits cannot be modified and are always read as 0.

Bits 1 and 0—Mode Select 1 and 0 (MDS1, MDS0): These bits indicate values that reflects the
input levels of mode pins MD1 and MDO (the current operating mode). Bits MDS1 and MDSO
correspond to pins MD1 and M DO, respectively. These are read-only bits, and cannot be modified.
When MDCR isread, the input levels of mode pins MD1 and MDO are latched in these bits.

19.3 Operation

The on-chip ROM is connected to the CPU by a 16-hit data bus, and both byte and word datais
accessed in one state. Even addresses are connected to the upper 8 bits, and odd addresses to the
lower 8 bits. Word data must start at an even address.

The mode pins (MD1 and MDO) and the EXPE bit in MDCR can be set to enable or disable the
on-chip ROM, as shown in table 19.2.

In normal mode, the maximum amount of ROM that can be used is 56 kbytes.

Table19.2 Operating Modesand ROM

Operating Mode Mode Pins  MDCR
MCU Operating CPU Operating
Mode Mode Description MD1 MDO EXPE On-Chip ROM
Mode 1 Normal Expanded mode with on-chip 0 1 1 Disabled
ROM disabled
Mode 2 Advanced Single-chip mode 1 0 0 Enabled*
Advanced Expanded mode with on-chip 1
ROM enabled
Mode 3 Normal Single-chip mode 1 0 Enabled
Normal Expanded mode with on-chip 1 (max. 56 kbytes)
ROM enabled

Note: * 128 kbytes in the H8S/2128, 64 kbytes in the H8S/2127 and H8S/2122 and 32 kbytes in the
H8S/2126 and H8S/2120.
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194  Overview of Flash Memory

19.4.1 Features

The features of the flash memory are summarized below.

Four flash memory operating modes
O Program mode

0 Erase mode

O Program-verify mode

0 Erase-verify mode

Programming/erase methods

The flash memory is programmed 32 bytes at atime. Erasing is performed by block erase (in
single-block units). When erasing multiple blocks, the individual blocks must be erased
sequentially. Block erasing can be performed as required on 1-kbyte, 8-kbyte, 16-kbyte, 28-
kbyte, and 32-kbyte.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 32-byte programming,
equivalent to 300 ps (typ.) per byte, and the erase timeis 100 ms (typ.) per block.

Reprogramming capability
The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

O User program mode

Automatic bit rate adjustment

With datatransfer in boot mode, the hit rate of the H8S/2128 Series chip can be automatically
adjusted to match the transfer bit rate of the host.

Protect modes

There are three protect modes, hardware, software, and error protect, which allow protected
status to be designated for flash memory program/erase/verify operations.

Programmer mode

Flash memory can be programmed/erased in programmer mode, using a PROM programmer,
aswell asin on-board programming mode.
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19.4.2 Block Diagram

Internal address bus

Internal data bus (16 bits)

|

< >|FLMCR1}* i .
. Bus interface/controller Operzétlng ~— Mode pins
< >[FLMCR2 mode
* O O

A

<> EBR1
< >l EBR2 [

Module bus

Flash memory
(128 kbytes)

Legend:

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

Note: * These registers are used only in the flash memory version. In the mask ROM version,
aread at any of these addresses will return an undefined value, and writes are invalid.

Figure19.2 Block Diagram of Flash Memory
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19.4.3 Flash Memory Operating M odes

Mode Transitions: When the mode pins are set in the reset state and a reset-start is executed, the
MCU enters one of the operating modes shown in figure 19.3. In user mode, flash memory can be
read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and programmer
mode.

MD1 = 1 Reset state

User mode with RES=0
on-chip ROM

enabled

RES =0 *2

SWE =0

SWE =1

Programmer
mode

User
program mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is
not accessing the flash memory.
1. MDO=MD1=0,P42=0,P41=P40=1
2. MD1=MD0=0,P42=P41=P40=1

Figure19.3 Flash Memory Mode Transitions
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On-Board Programming M odes

Boot mode

1.

Initial state

The flash memory is in the erased state when the
device is shipped. The description here applies to
the case where the old program version or data
is being rewritten. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program
New application
program

H8S/2128 Series chip

Flash memory RAM

Application program
(old version)

Flash memory initialization
The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash
memory erasure is performed, without regard to
blocks.

Host

Programming control
program
New application
program

H8S/2128 Series chip

Flash memory RAM

. Boot program area

Flash memory
erase

2. SCIl communication check

When boot mode is entered, the boot program in
the H8S/2128 Series chip (originally incorporated
in the chip) is started, an SCI communication
check is carried out, and the boot program
required for flash memory erasing is
automatically transferred to the RAM boot
program area.

Host
Programming control
program

New application
program

H8S/2128 Series chip

N SCI
Boot program \
Flash memory RAM

Boot program area

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM by SCI communication is
executed, and the new application program in the
host is written into the flash memory.

H8S/2128 Series chip

Ty
RAM

Flash memory

Programming
control program

New application
program

N Program execution state

Figure19.4 Boot Mode
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User program mode

1. Initial state . Programming/erase control program transfer
(1) The program that will transfer the executes the transfer program in the flash
programming/ erase control program to on-chip memory, and transfers the programming/erase
RAM should be written into the flash memory by control program to RAM.
the user beforehand.

(2) The programming/erase control program
should be prepared in the host or in the flash
memory.
Host Host
Programming/ T
erase control program L |
New application ) New application
program program
H8S/2128 Series chip H8S/2128 Series chip
Flash memory RAM Flash memory RAM 1
Transfer program Transfer program
erase control program
Application program Application program
(old version) (old version)

3. Flash memory initialization . Writing new application program
The programming/erase program in RAM is Next, the new application program in the host is
executed, and the flash memory is initialized (to written into the erased flash memory blocks. Do
H'FF). Erasing can be performed in block units, not write to unerased blocks.
but not in byte units.

Host Host
New application ) i””””””””j}
program I !
H8S/2128 Series chip H8S/2128 Series chip
SCI SCI
_
Flash memory RAM Flash memory RAM
Transfer program Transfer program
\erase control program L\ erase control program
Flash memory New application
erase program
& Program execution state
Figure19.5 User Program Mode (Example)
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Differences between Boot M ode and User Program Mode

Boot Mode User Program Mode
Entire memory erase Yes Yes
Block erase No Yes
Programming control program* Program/program-verify Erase/erase-verify

Program/program-verify

Note: * To be provided by the user, in accordance with the recommended algorithm.

Block Configuration: The flash memory is divided into two 32-kbyte blocks, two 8-kbyte blocks,
one 16-kbyte block, one 28-kbyte block, and four 1-kbyte blocks.

Address H'00000 | 1 kbyte

1 kbyte
1 kbyte
1 kbyte

28 kbytes

16 kbytes

8 kbytes
8 kbytes

128 kbytes

32 kbytes

32 kbytes

Address H'1FFFF -

Figure19.6 Flash Memory Block Configuration
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19.4.4  Pin Configuration

The flash memory is controlled by means of the pins shown in table 19.3.

Table19.3 Flash Memory Pins

Pin Name Abbreviation /0 Function

Reset RES Input Reset

Mode 1 MD1 Input Sets MCU operating mode

Mode 0 MDO Input Sets MCU operating mode

Port 42 P42 Input Sets MCU operating mode when MD1 = MDO =0
Port 41 P41 Input Sets MCU operating mode when MD1 = MDO =0
Port 40 P40 Input Sets MCU operating mode when MD1 = MDO = 0
Transmit data TxDO Output  Serial transmit data output

Receive data RxDO Input Serial receive data input

1945 Register Configuration

The registers used to control the on-chip flash memory when enabled are shown in table 19.4.
In order for these registers to be accessed, the FLSHE bit must be set to 1 in STCR.

Table19.4 Flash Memory Registers

Register Name Abbreviation R/W Initial Value ~ Address**
Flash memory control register 1 FLMCR1*® R/W*®  HS80 H'FF80*?
Flash memory control register 2 FLMCR2*® R/W*®  H00** H'FF81*2
Erase block register 1 EBR1*® R/W*®  H00** H'FFg82**
Erase block register 2 EBR2*® R/W*®  HO00** H'FF83*?
Serial/timer control register STCR R/W H'00 H'FFC3
Notes: 1. Lower 16 bits of the address.
2. Flash memory registers share addresses with other registers. Register selection is
performed by the FLSHE bit in the serial/timer control register (STCR).
3. In modes in which the on-chip flash memory is disabled, a read will return H'00, and
writes are invalid.
4. When the SWE bit in FLMCRL is not set, these registers are initialized to H'00.
5. FLMCR1, FLMCR2, EBR1, and EBR2 are 8-bit registers. Only byte accesses are valid
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195 Register Descriptions

1951 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2

] FWE \ SWE ‘ — ] — ‘ EV ] PV \ E ‘ P \
Initial value 1 0 0 0 0 0 0
ReadWrite R RIW — — RW RW  RW  RW

FLMCRL1 isan 8-bit register used for flash memory operating mode control. Program-verify mode
or erase-verify modeis entered by setting SWE to 1 and setting the corresponding bit. Program
mode is entered by setting SWE to 1, then setting the PSU bit in FLMCR2, and finally setting the
P bit. Erase mode is entered by setting SWE to 1, then setting the ESU bit in FLMCR2, and finally
setting the E bit. FLMCRL1 isinitialized to H'80 by areset, and in hardware standby mode,
software standby mode, subactive mode, subsleep mode, and watch mode. When on-chip flash
memory is disabled, aread will return H'00, and writes are invalid.

Writesto the EV and PV bitsin FLMCR1 are enabled only when SWE = 1; writes to the E bit
only when SWE = 1, and ESU = 1; and writes to the P bit only when SWE =1, and PSU = 1.

Bit 7—Flash Write Enable Bit (FWE): Controls programming and erasing of on-chip flash
memory. This bit cannot be modified and is alwaysread as 1.

Bit 6—Software Write Enable Bit (SWE): Enables or disables flash memory programming.
SWE should be set before setting bits ESU, PSU, EV, PV, E, P, and EB9 to EBO, and should not
be cleared at the same time as these bits.

Bit 6

SWE Description

0 Writes disabled (Initial value)
1 Writes enabled

Bit 5 and 4—Reserved: These bits cannot be modified and are always read as 0.

507
HITACHI



Bit 3—Erase-Verify (EV): Selects erase-verify mode transition or clearing. Do not set the SWE,
ESU, PSU, PV, E, or P bit at the same time.

Bit 3
EV Description
0 Erase-verify mode cleared (Initial value)

Transition to erase-verify mode
[Setting condition]
When SWE =1

Bit 2—Program-Verify (PV): Selects program-verify mode transition or clearing. Do not set the
SWE, ESU, PSU, EV, E, or P bit at the sametime.

Bit 2

PV Description

0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When SWE = 1

Bit 1—Erase (E): Selects erase mode transition or clearing. Do not set the SWE, ESU, PSU, EV,
PV, or P bit at the sametime.

Bit 1
E Description
0 Erase mode cleared (Initial value)
1 Transition to erase mode
[Setting condition]
When SWE =1,and ESU =1
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Bit 0—Program (P): Selects program mode transition or clearing. Do not set the SWE, PSU,
ESU, EV, PV, or E bit at the same time.

Bit O

P Description

0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When SWE =1,and PSU =1

19.5.2 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0

] FLER \ — ‘ — ] — ‘ — ] — \ ESU ‘ PSU \
Initial value 0 0 0 0 0 0 0 0
Read/Write R — — — — — R/W R/W

FLMCR2 is an 8-bit register that monitors the presence or absence of flash memory program/erase
protection (error protection) and performs setup for flash memory program/erase mode. FLMCR2
isinitialized to H'00 by areset, and in hardware standby mode. The ESU and PSU bits are cleared
to 0 in software standby mode, subactive mode, subsleep mode, and watch mode.

When on-chip flash memory is disabled, aread will return H'00 and writes are invalid.

Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-
protection state.

Bit 7

FLER Description

0 Flash memory is operating normally (Initial value)
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset, hardware standby mode

1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See section 19.8.3, Error Protection
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Bits 6 to 2—Reserved: These bits cannot be modified and are always read as 0.

Bit 1—Erase Setup (ESU): Preparesfor atransition to erase mode. Set this bit to 1 before setting

the Ebitto 1 in FLMCR1. Do not set the SWE, PSU, EV, PV, E, or P bit at the same time.

Bit 1

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When SWE =1

Bit 0—Program Setup (PSU): Prepares for atransition to program mode. Set this bit to 1 before
setting the P bit to 1 in FLMCR1. Do not set the SWE, ESU, EV, PV, E, or P bit at the same time.

Bit 0
PSU Description
0 Program setup cleared (Initial value)
1 Program setup
[Setting condition]
When SWE =1
1953 EraseBlock Registers1and 2 (EBR1, EBR2)
Bit 7 6 4 3 2 1 0
EBRL | — | — | — | — — | — | EBo | EB8 |
Initial value 0 0 0 0 0 0 0
Read/Write — — — — — R/W* R/W*
Bit 7 6 4 3 2 1 0
EBR2 | EB7 | EB6 = EB5 | EB4 | EB3 | EB2 | EBl | EBO |
Initial value 0 0 0 0 0 0 0
Read/Write  R/W* R/W R/W R/W R/W R/W R/W

Note: * In normal mode, these bits cannot be modified and are always read as 0.

EBR1 and EBR? are registers that specify the flash memory erase area block by block; bits 1 and
0in EBR1 and bits 7 to 0 in EBR2 are readable/writable bits. EBR1 and EBR2 are each initialized
to H'00 by areset, in hardware standby mode, software standby mode, subactive mode, subsleep
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mode, and watch mode, when the SWE hit in FLMCR1 is not set. When abit in EBR1 or EBR2 is
set to 1, the corresponding block can be erased. Other blocks are erase-protected. Set only one bit
in EBR1 or EBR2 (more than one bit cannot be set). When on-chip flash memory is disabled, a
read will return H'00, and writes areinvalid.

The flash memory block configuration is shown in table 19.5.

Table19.5 Flash Memory Erase Blocks

Block (Size) 128-kbyte Versions Address

EBO (1 kB) H'(00)0000 to H'(00)03FF
EB1 (1 kB) H'(00)0400 to H'(00)07FF
EB2 (1 kB) H'(00)0800 to H'(00)OBFF
EB3 (1 kB) H'(00)0CO00 to H'(00)0FFF
EB4 (28 kB) H'(00)1000 to H'(00)7FFF
EB5 (16 kB) H'(00)8000 to H'(00)BFFF
EB6 (8 kB) H'(00)C000 to H'(00)DFFF
EB7 (8 kB) H'00E000 to H'O0FFFF
EB8 (32 kB) H'010000 to H'017FFF
EB9 (32 kB) H'018000 to H'01FFFF

1954  Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
] — \ lICX1 \ IICX0 \ IICE ‘FLSHE’ — \ ICKSl‘ ICKSO‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W

STCR isan 8-bit readable/writable register that controls register access, the 11C operating mode

(when the on-chip 11C option isincluded), and on-chip flash memory (in F-ZTAT versions), and
also selectsthe TCNT input clock. For details on functions not related to on-chip flash memory,

see section 3.2.4, Serial/Timer Control Register (STCR), and descriptions of individual modules.
If amodule controlled by STCR is not used, do not write 1 to the corresponding bit.

STCRisinitiaized to H'00 by areset and in hardware standby mode.

Bit 7—Reserved: Do not write 1 to this bit.
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Bits 6 and 5—I2C Transfer Rate Select 1 and 0 (I11CX1, 11CX0): These bits control the
operation of the I°C bus interface. For details see section 16.2.7, Serial/Timer Control Register
(STCR).

Bit 4—I2C Master Enable (11 CE): Controls CPU access to the I1°C bus interface data and control
registers, PWMX data and control registers, and SCI control registers. For details see section
3.2.4, Serial /Timer Control Register (STCR).

Bit 3—Flash Memory Control Register Enable (FL SHE): Setting the FLSHE hit to 1 enables
read/write access to the flash memory control registers. If FLSHE is cleared to 0, the flash
memory control registers are deselected, and CPU access to the power-down state control registers
and peripheral module control registersis selected. In this case, the flash memory control register
contents are retained.

Bit 3
FLSHE Description

0 In address area H'(FF)F80 to H'(FF)FF87, power-down state control (Initial value)
registers and peripheral module control registers are accessed

Flash memory control registers deselected

1 In address area H'(FF)F80 to H'(FF)FF87, flash memory control registers are
accessed

Power-down state registers and peripheral module control registers are deselected

Bit 2—Reserved: Do not write 1 to this bit.

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICK S1, | CK S0): These bits control 8-bit
timer operation. For details see section 12.2.4, Timer Control Register (TCR).
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19.6  On-Board Programming Modes

When pins are set to on-board programming mode, atransition is made to in which
program/erase/verify operations can be performed on the on-chip flash memory. There are two on-
board programming modes: boot mode and user program mode. The pin settings for transition to
each of these modes are shown in table 19.6. For a diagram of the transitions to the various flash
memory modes, see figure 19.3.

Only advanced mode setting is possible for boot mode.

In the case of user program mode, user program mode is established in advanced mode or normal
mode, depending on the setting of the MDO pin. In normal mode, only programming of a 56-kbyte
area of flash memory is possible.

Table19.6 Setting On-Board Programming M odes

Mode Pin
Mode Name CPU Operating Mode MD1 MDO P42 P41 P40
Boot mode Advanced mode 0 0 1* 1* 1*
User program mode Advanced mode 1 0 — — —
Normal mode 1 — — —

Note: * Can be used as I/O ports after boot mode is initiated.

19.6.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the
host beforehand. The channel 0 SCI to be used is set to asynchronous maode.

When areset-start is executed after the H8S/2128 Series MCU' s pins have been set to boot mode,
the boot program built into the MCU is started and the programming control program prepared in
the host is serially transmitted to the MCU viathe SCI. In the MCU, the user program received via
the SCI iswritten into the user program areain on-chip RAM. After the transfer is completed,
control branches to the start address of the user program area and the user program execution state
is entered (flash memory programming is performed).

The transferred user program must therefore include coding that follows the programming
algorithm given later.

The system configuration in boot mode is shown in figure 19.7, and the boot program mode
execution procedure in figure 19.8.
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Write data reception

H8S/2128 Series chip

Flash memory
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» RxDO

TxDO
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SCIO0
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On-chip RAM
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Set pins to boot program mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate

MCU measures low period
of H'00 data transmitted by host

MCU calculates bit rate and
sets value in bit rate register

After bit rate adjustment, transmits
one H'00 data byte to host to
indicate end of adjustment

Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits

one H'55 data byte
I

After receiving H'55,
MCU transfers part of boot
program to RAM

Check flash memory data, and
if data has already been written,
erase all blocks

After confirming that all flash
memory data has been erased,
MCU transmits one H'AA data
byte to host

Host transmits number
of user program bytes (N),
upper byte followed by lower byte
I

MCU transmits received
number of bytes to host as verify

data (echo-back)

n=1

[

<

Host transmits user program
sequentially in byte units

MCU transmits received user
program to host as verify data

(echo-back)
\

Transfer received programming

control program to on-chip RAM

EXEN

End of transmission

Transmit one H'AA data byte to host,
and execute programming control
program transferred to on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations

are halted.

Figure19.8 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment

Start| o | b1 | b2 | b3 | Da | D5 | D6 | D7 | SP
bit bit
Low period (9 bits) measured (H'00 data) High period

(1 or more bits)

Figure19.9 RxDO Input Signal when Using Automatic SCI Bit Rate Adjustment

When boot mode is initiated, the H852128 Series MCU measures the low period of the
asynchronous SCI communication data (H'00) transmitted continuously from the host. The SCI
transmit/receive format should be set as follows: 8-bit data, 1 stop bit, no parity. The MCU
calculates the bit rate of the transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host should
confirm that this adjustment end indication (H'00) has been received normally, and transmit one
H'55 byte to the MCU. If reception cannot be performed normally, initiate boot mode again
(reset), and repeat the above operations. Depending on the host’ s transmission bit rate and the
MCU'’s system clock frequency, there will be a discrepancy between the bit rates of the host and
the MCU. To ensure correct SCI operation, the host’ s transfer bit rate should be set to (2400,
4800, or 9600) bps.

Table 19.7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the MCU'’ s bit rate is possible. The boot program should be executed within this
system clock range.

Table19.7 System Clock Frequenciesfor which Automatic Adjustment of H852128 Series
Bit Rateis Possible

System Clock Frequency for which Automatic Adjustment

Host Bit Rate of H8S/2128 Series Bit Rate is Possible
9600 bps 8 MHz to 20 MHz
4800 bps 4 MHz to 20 MHz
2400 bps 2 MHz to 18 MHz

On-Chip RAM Area Divisionsin Boot Mode: In boot mode, the 128-byte area from H'(FF)FF00
to H'(FF)FF7F isreserved for use by the boot program, as shown in figure 19.10. The areato
which the programming control program istransferred is the 3968-byte area from H'(FF)EO80 to
H'(FF)EFFF. The boot program area can be used when the programming control program
transferred into RAM enters the execution state. A stack area should be set up as required.
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H'(FF)E080

Programming
control program
area
(3,968 bytes)

H'(FF)EFFF

H'(FF)FFO0 Boot program
area*

H'(FF)FE7F (128 bytes)

Note: * The boot program area cannot be used until a transition is made to the execution state
for the programming control program transferred to RAM. Note that the boot program
remains stored in this area after a branch is made to the programming control program.

Figure19.10 RAM Areasin Boot Mode
Notes on Use of Boot Mode:

»  When the chip comes out of reset in boot mode, it measures the low period of the input at the
SCI’s RxDO pin. The reset should end with RxDO high. After the reset ends, it takes about 100
states for the chip to get ready to measure the low period of the RxDO input.

* Inboot mode, if any data has been programmed into the flash memory (if all dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such asthe first time on-board programming is performed, or if the program activated in user
program mode is accidentally erased.

* Interrupts cannot be used while the flash memory is being programmed or erased.

e The RxDO0 and TxDO lines should be pulled up on the board.

» Before branching to the programming control program (RAM area address H'(FF)E080), the
chip terminates transmit and receive operations by the on-chip SCI (channel 0) (by clearing the
RE and TE bitsin SCR to 0), but the adjusted bit rate remains set in BRR. The transmit data
output pin, TxDO, goes to the high-level output state (P50DDR = 1, PSODR = 1).
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The contents of the CPU’ sinternal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the programming control program.
In particular, since the stack pointer (SP) is used implicitly in subroutine cals, etc., a stack area
must be specified for use by the programming control program.

Theinitial values of other on-chip registers are not changed.

« Boot mode can be entered by making the pin settings shown in table 19.6 and executing a
reset-start.

When the chip detects the boot mode setting at reset release**, P42, P41, and P40 can be used
as1/O ports.

Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the mode pin and executing reset release**. Boot mode can also be cleared by aWDT overflow
reset.

The mode pin input levels must not be changed in boot mode.

« If the mode pin input levels are changed (for example, from low to high) during areset, the
state of ports with multiplexed address functions and bus control output pins (AS, RD, WR)
will change according to the change in the microcomputer’ s operating mode* 2.

Therefore, care must be taken to make pin settings to prevent these pins from becoming output
signal pins during areset, or to prevent collision with signals outside the microcomputer.

Notes: 1. Mode pin input must satisfy the mode programming setup time (t,ps = 4 states) with
respect to the reset release timing.

2. Ports with multiplexed address functions will output alow level asthe address signal if
astate in which the mode pin setting is for mode 1 is entered during areset. In other
modes, the port pins go to the high-impedance state. The bus control output signals will
output a high level if a state in which the mode pin setting is for mode 1 is entered
during areset. In other modes, the port pins go to the high-impedance state.

19.6.2  User Program Mode

When set to user program mode, the chip can program and erase its flash memory by executing a
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board supply of programming data, and storing a
program/erase control program in part of the program area as necessary.

To select user program mode, select a mode that enables the on-chip flash memory (mode 2 or 3).
In this mode, on-chip supporting modules other than flash memory operate as they normally
would in mode 2 and 3.

The flash memory itself cannot be read while the SWE bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory.
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Figure 19.11 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the transfer program (and the
program/erase control program
if necessary) beforehand

MD1, MDO = 10, 11
Reset-start

Y

Transfer program/erase control
program to RAM

Y

Branch to program/erase control
program in RAM area

A

Execute program/erase control
program (flash memory rewriting)

Y

Branch to flash memory application
program

Note: The watchdog timer should be activated to prevent overprogramming or overerasing due
to program runaway, etc.

Figure19.11 User Program Mode Execution Procedure
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19.7  Programming/Erasing Flash Memory

In the on-board programming modes, flash memory programming and erasing is performed by
software, using the CPU. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes can be made by
setting the PSU and ESU bitsin FLMCR2, and the P, E, PV, and EV bitsin FLMCRL.

The flash memory cannot be read while being programmed or erased. Therefore, the program that
controls flash memory programming/erasing (the programming control program) should be
located and executed in on-chip RAM or external memory.

Notes: 1. Operation isnot guaranteed if setting/resetting of the SWE, EV, PV, E, and P bitsin
FLMCR1, and the ESU and PSU bitsin FLMCR?2, is executed by a program in flash
memory.

2. Perform programming in the erased state. Do not perform additional programming on
previously programmed addresses.

19.71  Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 19.12 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program data reliability. Programming should be carried out 32 bytes at a
time.

Thewait times (X, Y, z, , B3, V, €, n) after setting/clearing individua bits in flash memory control
registers 1 and 2 (FLMCR1, FLMCR2) and the maximum number of writes (N) are shown in table
22.12 in section 22.5, Flash Memory Characteristics.

Following the elapse of (x) ps or more after the SWE bit is set to 1 in flash memory control
register 1 (FLMCR1), 32-byte program datais stored in the program data area and reprogram data
area, and the 32-byte data in the reprogram data area written consecutively to the write addresses.
The lower 8 bits of the first address written to must be H'00, H'20, H'40, H'60, H'80, H'A0, H'CO,
or H'EOQ. Thirty-two consecutive byte data transfers are performed. The program address and
program data are latched in the flash memory. A 32-byte data transfer must be performed even if
writing fewer than 32 bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, etc.
Set avalue greater than (y + z + a + 3) usasthe WDT overflow period. After this, preparation for
program mode (program setup) is carried out by setting the PSU bit in FLMCR2, and after the
elapse of (y) us or more, the operating mode is switched to program mode by setting the P bit in
FLMCRL. Thetime during which the P bit is set is the flash memory programming time. Make a
program setting so that the time for one programming operation is within the range of (z) us.
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19.7.2  Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of a given programming time, the programming mode is exited (the P bit in
FLMCRL iscleared, then the PSU bit in FLMCR2 is cleared at least (o) ps later). The watchdog
timer is cleared after the elapse of (3) ps or more, and the operating mode is switched to program-
verify mode by setting the PV bit in FLMCRL. Before reading in program-verify mode, a dummy
write of H'FF data should be made to the addresses to be read. The dummy write should be
executed after the elapse of (y) us or more. When the flash memory isread in this state (verify data
isread in 16-bit units), the data at the latched addressisread. Wait at least (g) ps after the dummy
write before performing this read operation. Next, the originally written datais compared with the
verify data, and reprogram data is computed (see figure 19.12) and transferred to the reprogram
data area. After 32 bytes of data have been verified, exit program-verify mode, wait for at least
(n) ps, then clear the SWE bit in FLMCRL. If reprogramming is necessary, set program maode
again, and repeat the program/program-verify sequence as before. However, ensure that the
program/program-verify sequence is not repeated more than (N) times on the same bits.
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Perform programming in the erased state.

[ Set SWE bit in FLMCR1 | Do not perform additional programming
1 on previously programmed addresses.
| Wait (x) ps | *5
I
Store 32-byte program data in program | .,
data area and reprogram data area
)
I n=1 |
¥
| |
¥
Write 32-byte data in RAM reprogram data. |
area consecutively to flash memory E'E
[ Enable WDT |
¥
[ Set PSU bit in FLMCR2 |
1
| Wait (y) ps | *5
)
| Set P bit in FLMCR1 | Start of programming
)
[ Wait (z) s | +s
)
| Clear P bit in FLMCR1 | End of programming
) )
| Wait (a) ps | Notes: 1. Data transfer is performed by byte transfer. The lower
L *5 8 bits of the first address written to must be H'00, H'20, H'40,
H'60, H'80, H'AO, H'CO, or H'EQ. A 32-byte data transfer
| Clear PSU bit in FLMCR2 | must be performed even if writing fewer than 32 bytes;
! in this case, H'FF data must be written to the extra addresses.
- 2. Verify data is read in 16-bit (word) units.
Wi * | " . .
| ait (B) s | 5 3. If a bit for which programming has been completed in the 32-byte
programming loop fails the following verify phase, additional
| Disable WDT | programming is performed for that bit.
] 4. An area for storing program data (32 bytes) and reprogram data
| Set PV bit in FLMCR1 | (32 byte_s) must be provide_d in RAM. The contents of the latter
are rewritten as programming progresses.
- 5. See section 22.5, Flash Memory Characteristics, for the values
| Walt (y) s | +s ofX, Y,z a, B Y, &N, and N.
v )
Ny - Program  Veri Reprogram
| H'FF dummy write to verify address | Datg Data:y Datpa 9 Comments
- . 0 0 1 Reprogramming is not
| Wait () ps | 5 performed if program data
and verify data match
| Read verify data | *2 0 1 0 Programming incomplete;
reprogram
[ncrement agaress | —
Program data = 1 0 1 -
verify data? L
— 1 1 1 Still in erased state;
no action
| Reprogram data computation | *3
i
| Transfer reprogram data to reprogram | 4 RAM
data area
Program data storage
area (32 bytes)
[
| Wait (n) ps | *5 Reprogram data storage
area (32 bytes)
— e My e
OK OK
[ Clear SWE bit in FLMCR1 | | Clear SWE bit in FLMCR1 |

End of programming Programming failure

Figure 19.12 Program/Program-Verify Flowchart
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19.7.3 Erase Mode

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 19.13.

Thewait times(x, v, z, a, B, v, €, n) after setting/clearing individual bitsin flash memory control
registers 1 and 2 (FLMCRL, FLMCR?2) and the maximum number of erases (N) are shown in table
22.12 in section 22.5, Flash Memory Characteristics.

To perform data or program erasure, make a 1 hit setting for the flash memory areato be erased in
erase block register 1 or 2 (EBR1 or EBR?2) at least (x) us after setting the SWE bit to 1 in flash
memory control register 1 (FLMCRL1). Next, the watchdog timer is set to prevent overerasing in
the event of program runaway, etc. Set avalue greater than (y + z + a + 3) msasthe WDT
overflow period. After this, preparation for erase mode (erase setup) is carried out by setting the
ESU bit in FLMCR2, and after the elapse of (y) us or more, the operating mode is switched to
erase mode by setting the E bit in FLMCR1. The time during which the E bit is set is the flash
memory erase time. Ensure that the erase time does not exceed (z) ms.

Note:  With flash memory erasing, preprogramming (setting all datain the memory to be erased
to 0) is not necessary before starting the erase procedure.

19.74 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the erase time, erase mode is exited (the E bit in FLMCRL1 is cleared, then the
ESU bit in FLMCR2 iscleared at least (o) ps later), the watchdog timer is cleared after the elapse
of (B) us or more, and the operating mode is switched to erase-verify mode by setting the EV bit
in FLMCRL. Before reading in erase-verify mode, a dummy write of H'FF data should be made to
the addresses to be read. The dummy write should be executed after the elapse of (y) ps or more.
When the flash memory isread in this state (verify datais read in 16-bit units), the data at the
latched addressisread. Wait at least (€) us after the dummy write before performing this read
operation. If the read data has been erased (all 1), adummy write is performed to the next address,
and erase-verify is performed. If the read data has not been erased, set erase mode again, and
repeat the erase/erase-verify sequence in the same way. However, ensure that the erase/erase-
verify sequence is not repeated more than N times. When verification is completed, exit erase-
verify mode, and wait for at least (n) us. If erasure has been completed on all the erase blocks,
clear the SWE bit in FLMCRL1. If there are any unerased blocks, make a 1 bit setting in EBR1 or
EBR?2 for the flash memory areato be erased, and repeat the erase/erase-verify sequence in the
same way.
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Set SWE bit in FLMCR1
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Wait (x) ps
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v

Set ESU bit in FLMCR2

¥

Wait (y) pus
¥

Set E bit in FLMCR1

¥

Wait (z) ms

¥

Clear E bit in FLMCR1

[

Wait (o) ps

L]

Clear ESU bit in FLMCR2

[

Wait (B) ps
[2

Disable WDT

[

Set EV bit in FLMCR1

¥

Wait (y) ps

| Set block start address to verify addressl

v

| H'FF dummy write to verify address |
¥

Wait (€) ps
¥

Increment |

Read verify data

address

*2

Start of erase

*2

Halt erase

*2

*2

*2

*2

*3
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nen+l

Verify data = all 1?
OK

Last address of block?
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Clear EV bit in FLMCR1

Clear EV bit in FLMCR1 |

¥

¥

Wait (n) ps

Wait (n) ps |

d of

erasing of all erase
blocks?

*2

OK

Clear SWE bit in FLMCR1

Clear SWE bit in FLMCR1

End of erasing

Notes:

. Preprogramming (setting erase block data to all 0) is not necessary.
. See section 22.5, Flash Memory Characteristics, for the values of x, y, z, a, B, y, €, n, and N.
. Verify data is read in 16-bit (W) units.

Set only one bit in EBR1or EBR2. More than one bit cannot be set.

. Erasing is performed in block units. To erase a number of blocks, the individual blocks must be erased sequentially.
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19.8 Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

19.8.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Hardware protection is reset by settings in flash memory control registers 1
and 2 (FLMCRL, FLMCR2) and erase block registers 1 and 2 (EBR1, EBR2). (Seetable 19.8.)

Table19.8 Hardware Protection

Functions
Item Description Program Erase
Reset/standby + Inareset (including a WDT overflow reset) Yes Yes

protection and in hardware standby mode, software
standby mode, subactive mode, subsleep
mode, and watch mode, FLMCR1, FLMCR2,
EBR1, and EBR2 are initialized, and the
program/erase-protected state is entered.

« In areset via the RES pin, the reset state is
not entered unless the RES pin is held low
until oscillation stabilizes after powering on.
In the case of a reset during operation, hold
the RES pin low for the RES pulse width
specified in the AC Characteristics section.

19.8.2  Software Protection

Software protection can be implemented by setting the SWE bit in FLMCR1 and erase block
registers 1 and 2 (EBR1, EBR2). When software protection isin effect, setting the P or E bit in
flash memory control register 1 (FLMCRL) does not cause a transition to program mode or erase
mode. (Seetable 19.9.)
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Table19.9 Software Protection

Functions

Item Description Program Erase
SWE bit protection  « Clearing the SWE bit to 0 in FLMCR1 sets ~ Yes Yes

the program/erase-protected state for all

blocks.

(Execute in on-chip RAM or external

memory.)
Block specification  «  Erase protection can be set for individual ~ — Yes
protection blocks by settings in erase block registers

1 and 2 (EBR1, EBR2).

» Setting EBR1 and EBR2 to H'00 places all
blocks in the erase-protected state.

19.8.3 Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bitissetto 1 in
FLMCR2 and the error protection stateis entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P or E bit. However,
PV and EV bit setting is enabled, and a transition can be made to verify mode.

FLER bit setting conditions are as follows:

*  When flash memory is read during programming/erasing (including a vector read or instruction
fetch)

« Immediately after exception handling (excluding areset) during programming/erasing

e When a SLEEP instruction (transition to software standby, sleep, subactive, subsleep, or watch
mode) is executed during programming/erasing

*  When the busis released during programming/erasing
Error protection isreleased only by areset and in hardware standby mode.

Figure 19.14 shows the flash memory state transition diagram.
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Normal operation mode
Program mode

RES =0o0r STBY =0

Erase mode
RD VE PR ER FLER =0

RD VF PRER FLER =0

Reset or standby
(hardware protection)

Error
occurrence*!

Legend:

. Error protection mode
Error protection mode Software
P standby mode (software standby)
—_—
-

RD VF"4 PRERFLER =1

N RES =06
Error occurrence X STBY =0 FLMCR1, FLMCR2,
(software standby)*2 EBR1, EBR2

initialization state

RD VFPRER FLER =1

FLMCR1, FLMCR2 (except FLER
bit), EBR1, EBR2 initialization state*3

Software standby
mode release

RD:
VF:
PR:
ER:

Memory read possible
Verify-read possible
Programming possible
Erasing possible

RD:

VF:

PR:
ER:

Memory read not possible
Verify-read not possible
Programming not possible
Erasing not possible

Notes: 1.

2.

When an error occurs other than due to a SLEEP instruction, or when a SLEEP
instruction is executed for a transition to subactive mode
When an error occurs due to a SLEEP instruction (except subactive mode)

3. Except sleep mode
4. VF in subactive mode

Figure19.14 Flash Memory State Transitions

19.9 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including NMI, should be disabled when flash memory is being programmed or
erased (when the P or E bit is set in FLMCR1), and while the boot program is executing in boot
mode*?, to give priority to the program or erase operation. There are three reasons for this:

1. Aninterrupt during programming or erasing might cause a violation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

2. Intheinterrupt exception handling sequence during programming or erasing, the vector would
not be read correctly*?2, possibly resulting in MCU runaway.

3. If aninterrupt occurred during boot program execution, it would not be possible to execute the
normal boot mode sequence.
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For these reasons, in on-board programming mode al one there are conditions for disabling
interrupts, as an exception to the general rule. However, this provision does not guarantee normal
erasing and programming or MCU operation. All interrupt requests, including NMI, must
therefore be disabled inside and outside the MCU when programming or erasing flash memory.
Interrupts are also disabled in the error-protection state while the P or E bit remains set in
FLMCRL.

Notes: 1. Interrupt requests must be disabled inside and outside the MCU until the programming
control program has completed initial programming.
2. Thevector may not be read correctly in this case for the following two reasons:

e |If flash memory is read while being programmed or erased (whilethe P or E bit is
setin FLMCRY), correct read data will not be obtained (undetermined values will
be returned).

e |f theinterrupt entry in the vector table has not been programmed yet, interrupt
exception handling will not be executed correctly.

19.10 Flash Memory Programmer Mode

19.10.1 Programmer M ode Setting

Programs and data can be written and erased in programmer mode as well as in the on-board
programming modes. In programmer mode, the on-chip ROM can be freely programmed using a
PROM programmer that supports Hitachi microcomputer device types with 128-kbyte on-chip
flash memory. Flash memory read mode, auto-program mode, auto-erase mode, and status read
mode are supported. In auto-program mode, auto-erase mode, and status read mode, a status
polling procedure is used, and in status read mode, detailed internal signals are output after
execution of an auto-program or auto-erase operation.

Table 19.10 shows writer mode pin settings.

Table 19.10 Programmer Mode Pin Settings

Pin Names Setting/External Circuit Connection

Mode pins: MD1, MDO Low-level input to MD1, MDO

STBY pin High-level input (Hardware standby mode not set)
RES pin Power-on reset circuit

XTAL and EXTAL pins Oscillation circuit

Other setting pins: P47, P42, P41,  Low-level input to p42, p67, high-level input to P47, P41, P40
P40, P67

528
HITACHI



19.10.2 Socket Adaptersand Memory Map

In programmer mode, a socket adapter is mounted on the PROM programmer to match the
package concerned. Ensure that the socket adapter is obtained from a writer manufacturer
supporting the Hitachi microcomputer device type with 128-kbyte on-chip flash memory.

Figure 19.15 shows the memory map in programmer mode. For pin namesin programmer mode,
see section 1.3.2, Pin Functions in Each Operating Mode.

MCU mode H8S/2128 Programmer mode

H'000000 H'00000

On-chip
ROM area

H'OLFFFF H'1FFFF

Figure19.15 Memory Map in Programmer Mode

19.10.3 Programmer Mode Operation

Table 19.11 shows how the different operating modes are set when using programmer mode, and
table 19.12 lists the commands used in programmer mode. Details of each mode are given below.

» Memory Read Mode
Memory read mode supports byte reads.

e Auto-Program Mode
Auto-program mode supports programming of 128 bytes at atime. Status polling is used to
confirm the end of auto-programming.

» Auto-Erase Mode
Auto-erase mode supports automatic erasing of the entire flash memory. Status polling is used
to confirm the end of auto-erasing.

» Status Read Mode
Status polling is used for auto-programming and auto-erasing, and normal termination can be
confirmed by reading the FOB6 signal. In status read mode, error information is output if an
error occurs.
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Table19.11 Settingsfor Each Operating Modein Programmer Mode

Pin Names
Mode CE OE WE FOOto FO7 FAOto FA17
Read L L H Data output  Ain
Output disable L H H Hi-z X
Command write L H L Data input Ain*?
Chip disable** H X X Hi-z X
Legend:
H: High level
L: Low level

Hi-z: High impedance
X: Don't care

Notes: 1. Chip disable is not a standby state; internally, it is an operation state.
2. Ain indicates that there is also address input in auto-program mode.

Table19.12 Programmer Mode Commands

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode  Address Data Mode  Address Data
Memory read mode 1+n Write X H'00 Read RA Dout
Auto-program mode 129 Write X H'40 Write WA Din
Auto-erase mode 2 Write X H'20 Write X H'20
Status read mode 2 Write X H71 Write X H'71

Legend:
RA: Read address
PA: Program address

Notes: 1. In auto-program mode, 129 cycles are required for command writing by a simultaneous
128-byte write.

2. In memory read mode, the number of cycles depends on the number of address write
cycles (n).
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19.10.4 Memory Read Mode

» After the end of an auto-program, auto-erase, or status read operation, the command wait state
is entered. To read memory contents, a transition must be made to memory read mode by
means of acommand write before the read is executed.

» Command writes can be performed in memory read mode, just as in the command wait state.
»  Once memory read mode has been entered, consecutive reads can be performed.
» After power-on, memory read mode is entered.

Table19.13 AC Characteristicsin Memory Read Mode
(Conditions: V. =5.0V +£10%, V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle Lo 20 ps

CE hold time teen 0 ns

CE setup time tooe 0 ns

Data hold time tan 50 ns

Data setup time tes 50 ns

Write pulse width toep 70 ns

WE rise time t, 30 ns

WE fall time t, 30 ns

Command write Memory read mode

FA17 to FAO >< Address stable

1

FO7 to FOO Data

Note: Data is latched on the rising edge of WE.

Figure19.16 Memory Read Mode Timing Waveforms after Command Write
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Table19.14 AC Characteristicswhen Entering Another Mode from Memory Read Mode
(Conditions: V. =5.0V +10%, V=0V, T, = 25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle toc 20 Us
CE hold time teen 0 ns
CE setup time toes 0 ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Write pulse width tyep 70 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
Memory read mode | Other mode command write

FAL17 to FAO >< Address stable ><

FO7 to FOO Data

Note: Do not enable WE and OE at the same time.

Figure19.17 Timing Waveformswhen Entering Another Mode from Memory Read Mode

532
HITACHI




Table19.15 AC Characteristicsin Memory Read Mode
(Conditions: Vo =5.0V £10%, V=0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Access time tace 20 ps
CE output delay time t. 150 ns
OE output delay time toe 150 ns
Output disable delay time tyr 100 ns
Data output hold time ton 5 ns

FA17 to FAO 3< Address stable >< Address stable ><

CE B s o

OE 3 = Toce = S VL
WE - - e : w4 VIH
: tace 1 o : Ton
FO7 to FOO < Data | > < Data | >

Figure 19.18 Timing Waveformsfor CE/OE Enable State Read

FA17 to FAO 3< Address stable >< Address stable ><

tacc

CE % :\ tee ; § Xi j\ tee ! Ai

BE : | S— B ——— [
OE 1 1 \ toe | L | |\ foe ‘ |

WE | | o ‘ . VH
| tace ! 1 :tdq } g |
FO7 to FOO < Data | >> < Data : >—
: ton ‘ Tt

Figure19.19 Timing Waveformsfor CE/OE Clocked Read
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19.10.5 Auto-Program Mode

AC Characteristics

Table 19.16 AC Characteristicsin Auto-Program Mode

(Conditions: V¢

=50V +10%, V& =0V, T, = 25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle toc 20 Us
CE hold time teen ns
CE setup time toes ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Write pulse width tyep 70 ns
Status polling start time tusts 1 ms
Status polling access time topa 150 ns
Address setup time ts 0 ns
Address hold time tan 60 ns
Memory write time t e 1 3000 ms
WE rise time t, 30 ns
WE fall time t; 30 ns
FAL7 to FAO ¢ Address ><
o ' tcen 3 tas tahi
cE \__Tf A\ /]
— e — ‘ ‘ — ‘ ‘
Do e L : ! Lo ! !
oE | | T . S
il o P T 1 taxee
\: wep: | | ! | | : : ! !
W '\ oo ) Data transfer h A ! !
WE oo 01 | 1\—/1 1 byte to 128 bytes u bwsts Tspa ! !
O b I 1 lwite (1t03000ms) | !
gt Rt | | | | Programming operation | ! !
FO7 f P ! T\ /—\end identification s\i‘gial}/—w\_l_
= — — — |
gs ! ! !
: :tdhl Programming normal i i
FO6 /T \ /T \ /—\end identification signal ! ; I
Programming wait ‘ ‘ ‘ ‘
FO7 to FOO (a0 (pata) (pata) {ooto5=0

Figure19.20 Auto-Program Mode Timing Waveforms
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Notes on Use of Auto-Program Mode

In auto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers.

A 128-byte data transfer is necessary even when programming fewer than 128 bytes. In this
case, H'FF data must be written to the extra addresses.

The lower 8 bits of the transfer address must be H'00 or H'80. If avalue other than an effective
addressisinput, processing will switch to amemory write operation but awrite error will be
flagged.

Memory address transfer is performed in the second cycle (figure 19.20). Do not perform
transfer after the second cycle.

Do not perform a command write during a programming operation.

Perform one auto-programming operation for a 128-byte block for each address.
Characteristics are not guaranteed for two or more programming operations.

Confirm normal end of auto-programming by checking FO6. Alternatively, status read mode
can aso be used for this purpose (FO7 status polling uses the auto-program operation end
identification pin).

The status polling FO6 and FO7 pin information is retained until the next command write.
Until the next command write is performed, reading is possible by enabling CE and OE.

19.10.6 Auto-Erase Mode

AC Characteristics

Table 19.17 AC Characteristicsin Auto-Erase Mode

(Conditions: Ve = 5.0V £10%, V& =0V, T, = 25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle Lo 20 ps
CE hold time toen 0 ns
CE setup time tooe 0 ns
Data hold time tan 50 ns
Data setup time Ty 50 ns
Write pulse width toep 70 ns
Status polling start time Lests 1 ms
Status polling access time topa 150 ns
Memory erase time erase 100 40000 ms
WE rise time t, 30 ns
WE fall time t, 30 ns
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FA17 to FAO

et toxtc | tests | } |
lwep!l | |
T T | ' terase (100 to 40000 ms) | N
; - | | ! :
v tgs ! ' Erase end identification !

_/
Erase normal end !
_/

confirmation signalm
q
)
I

FO6

! ; signal . ) : 3
For Y S
__/

Taom) " ‘ -
FO7 to FOO H 20;, H 20;, <§‘ FOO to FO5=0 >—(

s

Figure19.21 Auto-Erase Mode Timing Waveforms
Notes on Use of Auto-Erase-Program Mode

e Auto-erase mode supports only entire memory erasing.

» Do not perform a command write during auto-erasing.

« Confirm normal end of auto-erasing by checking FOB6. Alternatively, status read mode can aso
be used for this purpose (FO7 status polling uses the auto-erase operation end identification
pin).

» The status polling FO6 and FO7 pin information is retained until the next command write.
Until the next command write is performed, reading is possible by enabling CE and OE.

19.10.7 Status Read Mode

» Status read mode is used to identify what type of abnormal end has occurred. Use this mode
when an abnormal end occurs in auto-program mode or auto-erase mode.

e Thereturn code isretained until acommand write for other than status read modeis
performed.
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Table19.18 AC Characteristicsin Status Read M ode

(Conditions: V. =5.0V £10%, V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle ot 20 ps
CE hold time teon ns
CE setup time toes ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Write pulse width toep 70 ns
OE output delay time t,, 150 ns
Disable delay time tr 100 ns
CE output delay time tee 150 ns
WE rise time t, 30 ns
WE fall time t; 30 ns
FA17 to FAO
- U n U e O U S S S
1 . S ok e B N
OF T T S T S : /A
OE N T S \ ‘ i ;
b twepr boontwepll I ! | !
o e i s : ! Lo
Tt Co tp Y " oot | | | | |
| .‘ et I I I
lgs itas | 1 i
| ' - | I
1 tan .ty | |
FO7 10 700 {(rm) {w72) {__paa J}——

Note: FO2 and FO3 are undefined.

Figure 19.22
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Table19.19 Status Read M ode Return Commands

Pin Name FO7 FO6 FO5 FO4 FO3 FO2 FO1 FOO
Attribute Normal Command Program- Erase — — Program- Effective
end error ming error  error ming or address error
identification erase count
exceeded
Initial value 0 0 0 0 0 0 0 0
Indications Normal Command Program- Erase — — Count Effective
end: 0 error: 1 ming error: 1 exceeded: 1 address
Abnormal  Otherwise: 0 €" 1 Otherwise: 0 Otherwise: 0 &MOT" 1
end: 1 Otherwise: 0 Otherwise: 0

Note: FO2 and FO3 are undefined.

19.10.8 StatusPoalling

« The FO7 status polling flag indicates the operating status in auto-program or auto-erase mode.

» The FOB6 status polling flag indicates a normal or abnormal end in auto-program or auto-erase
mode.

Table19.20 Status Polling Output Truth Table

Internal Operation

Pin Names in Progress Abnormal End — Normal End
FO7 0 1 0 1
FO6 0 0 1 1
FOO to FO5 0 0 0 0

19.10.9 Programmer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the programmer mode
setup period. After the programmer mode setup time, atransition is made to memory read mode.

Table19.21 Command Wait State Transition Time Specifications

Item Symbol Min Max Unit Notes
Standby release (oscillation tosct 20 — ms

stabilization time)

PROM mode setup time tomy 10 — ms

V. hold time tgun 0 — ms
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| | | )7  Command  \ . |
=== | ; 'Memory read 'Auto-program mode 'waitstate |\ Donteare \
RES ‘ ! 'mode 'Auto-erase mode ' Normal/ ! ‘
| | } Command wait . abnormal end | |
| | | state | | identification | |

f

Command accepted

Figure19.23 Oscillation Stabilization Time and Programmer M ode Setup and
Power Supply Fall Sequence

19.10.10 NotesOn Memory Programming

*  When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming.

e When performing programming using programmer mode on a chip that has been
programmed/erased in an on-board programming mode, auto-erasing is recommended before
carrying out auto-programming.

Notes: 1. Theflash memory isinitially in the erased state when the device is shipped by Hitachi.
For other chips for which the erasure history is unknown, it is recommended that auto-
erasing be executed to check and supplement the initialization (erase) level.

2. Auto-programming should be performed once only on the same address block.

19.11 Flash Memory Programming and Erasing Precautions

Precautions concerning the use of on-board programming mode and writer mode are summarized
below.

Use the specified voltages and timing for programming and erasing: Applied voltagesin
excess of the rating can permanently damage the device. For a PROM programmer, use Hitachi
microcomputer device Types with 128-kbyte on-chip flash memory that support a5.0 V
Programmer voltage.

Do not select the HN28F101 setting for the PROM programmer, and only use the specified socket
adapter. Incorrect use will result in damaging the device.

Powering on and off: When applying or disconnecting V<, fix the RES pin low and place the
flash memory in the hardware protection state.

The power-on and power-off timing requirements should also be satisfied in the event of a power
failure and subsequent recovery.
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Use therecommended algorithm when programming and erasing flash memory: The
recommended algorithm enables programming and erasing to be carried out without subjecting the
deviceto voltage stress or sacrificing program data reliability. When setting the P or E bit in
FLMCRL, the watchdog timer should be set beforehand as a precaution against program runaway,
etc.

Do not set or clear the SWE bit during program execution in flash memory: Clear the SWE
bit before executing a generated or reading data in flash memory. When the SWE bit is set, datain
flash memory can be rewritten, but flash memory should only be accessed for verify operations
(verification during programming/erasing).

Do not useinterrupts while flash memory isbeing programmed or erased: All interrupt
reguests, including NMI, should be disabled when programming or erasing flash memory to give
priority to program/erase operations.

Do not perform additional programming. Erase the memory before reprogramming: In on-
board programming, perform only one programming operation on a 32-byte programming unit
block. In programmer mode, too, perform only one programming operation on a 128-byte
programming unit block. Programming should be carried out with the entire programming unit
block erased.

Befor e programming, check that the chip is correctly mounted in the PROM programmer:
Overcurrent damage to the device can result if the index marks on the PROM programmer socket,
socket adapter, and chip are not correctly aligned.

Do not touch the socket adapter or chip during programming: Touching either of these can
cause contact faults and write errors.

19.12 Noteon Switching from F-ZTAT Version to Mask ROM Version

The mask ROM version dose not have the internal registers for flash memory control that are
provided inthe F-ZTAT version. Table 19.22 liststhe registers that are present in the F-ZTAT
version but not in the mask ROM version. If aregister listed in table 19.22 isread in the mask
ROM version, an undefined value will be returned. Therefore, if application software devel oped
onthe F-ZTAT version is switched to amask ROM version product, it must be modified to ensure
that the registersin table 19.22 have no effect.
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Table 19.22 RegistersPresent in F-ZTAT Version but Absent in Mask ROM Version

Register Abbreviation Address
Flash memory control register 1 FLMCR1 H'FF80
Flash memory control register 2 FLMCR2 H'FF81
Erase block register 1 EBR1 H'FF82
Erase block register 2 EBR2 H'FF83

HITACHI

541



542
HITACHI



Section 20 Clock Pulse Generator

20.1 Oveview

The H85/2128 Series and H8S/2124 Series have a built-in clock pulse generator (CPG) that
generates the system clock (g), the bus master clock, and internal clocks.

The clock pulse generator consists of an oscillator circuit, a duty adjustment circuit, clock
selection circuit, medium-speed clock divider, bus master clock selection circuit, subclock input
circuit, and waveform shaping circuit.

20.1.1  Block Diagram

Figure 20.1 shows a block diagram of the clock pulse generator.

EXTAL — Dut
. buty Medium-speed
Oscillator|—  adjustment |- clock divider >~
XTAL —| circuit Clock o/2 to 8/32 | Bus Imakster
selection (f O‘i.
circuit selection
circuit
ﬂSUB’ o
Waveform
Subclock ]
EXCL 1 input circuit [ | SN@PINg 1
p circuit System clock Internal clock Bus master clock
To @ pin To supporting To CPU, DTC
modules
Y

WDT1 count clock

Figure20.1 Block Diagram of Clock Pulse Generator

20.1.2 Register Configuration

The clock pulse generator is controlled by the standby control register (SBY CR) and low-power
control register (LPWRCR). Table 20.1 shows the register configuration.
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Table20.1 CPG Registers

Name Abbreviation R/W Initial Value Address*
Standby control register SBYCR R/W H'00 H'FF84
Low-power control register LPWRCR R/W H'00 H'FF85

Note: * Lower 16 bits of the address.

20.2  Register Descriptions

20.2.1  Standby Control Register (SBYCR)

Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STS1 | STSO | — | SCK2 | SCK1 | SCKO |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW  RW — RW  RW  RW

SBYCR is an 8-hit readable/writable register that performs power-down mode control.

Only hits 0 to 2 are described here. For a description of the other bits, see section 21.2.1, Standby
Control Register (SBYCR).

SBYCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 2 to 0—System Clock Select 2to 0 (SCK 2 to SCKO0): These bits select the bus master clock
for high-speed mode and medium-speed mode.

When operating the device after atransition to subactive mode or watch mode bits SCK2 to SCK0O
should all be cleared to O.

Bit 2 Bit 1 Bit 0
SCK2  SCK1 SCKO Description

0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is /2
1 0 Medium-speed clock is g/4
1 Medium-speed clock is 2/8
1 0 0 Medium-speed clock is 8/16
1 Medium-speed clock is 2/32
1 - J—
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20.2.2 Low-Power Control Register (LPWRCR)

Bit 7 6 5 4 3 2 1 0
| DTON | LSON | NESEL | EXCLE| — | — | — | — |

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W — — — —

LPWRCR is an 8-bit readable/writable register that performs power-down mode control.

Only bit 4 is described here. For a description of the other bits, see section 21.2.2, L ow-Power
Control Register (LPWRCR).

LPWRCR isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 4—Subclock Input Enable (EXCLE): Controls subclock input from the EXCL pin.

Bit 4

WDescription

0 Subclock input from EXCL pin is disabled (Initial value)
1 Subclock input from EXCL pin is enabled

20.3 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

20.3.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the examplein figure
20.2. Select the damping resistance Rq according to table 20.2. An AT-cut parallel-resonance
crystal should be used.

Cu
EXTAL T [ .

—
XTAL —f\/\/yi| W
| Rg Cez

Ci1=C,=10to 22pF

Figure20.2 Connection of Crystal Resonator (Example)
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Table20.2 Damping Resistance Value

Frequency (MHz) 2 4 8 10 12 16 20

Ry (Q) 1k 500 200 0 0 0 0

Crystal resonator: Figure 20.3 shows the equivalent circuit of the crystal resonator. Use a crystal
resonator that has the characteristics shown in table 20.3 and the same frequency as the system
clock (2).

L Rs
XTAL EXTAL

AT-cut parallel-resonance type

o—+
&) —

Figure20.3 Crystal Resonator Equivalent Cir cuit

Table20.3 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 20
Rs max (Q) 500 120 80 70 60 50 40
C, max (pF) 7 7 7 7 7 7 7

Note on Board Design: When acrystal resonator is connected, the following points should be
noted.

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 20.4.

When designing the board, place the crystal resonator and its |oad capacitors as close as possible
tothe XTAL and EXTAL pins.
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Avoid —— Signal A Signal B
} } H8S/2128 Series or

| | H8S/2124 Series

| | chip

[ ‘ : XTAL

i i EXTAL

Figure20.4 Exampleof Incorrect Board Design

20.3.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin figure
20.5. If the XTAL pinisleft open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock isheld high in standby mode, subactive mode,
subsleep mode, and wach mode.

EXTAL J_|_|_|_|_|_ External clock input

XTAL Open

(a) XTAL pin left open

EXTAL ; J_|_|_|_|_|_ External clock input
XTAL

(b) Complementary clock input at XTAL pin

Figure20.5 External Clock Input (Examples)
External Clock: The external clock signal should have the same frequency as the system clock

(2).
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Table 20.4 and figure 20.6 show the input conditions for the external clock.
Table20.4 External Clock Input Conditions

Vee=27t055V V. =5.0V +10%

Iltem Symbol Min Max Min Max Unit Test Conditions
External clock tg,, 40 — 20 — ns Figure 20.6
input low pulse
width
External clock t.,, 40 — 20 — ns
input high pulse
width
External clock tg,, — 10 — 5 ns
rise time
External clock tg, — 10 — 5 ns
fall time
Clock low te 0.4 0.6 0.4 0.6 toe @ >5MHz Figure 22.4
pulse width
80 — 80 — ns 2 <5 MHz
Clock high ten 0.4 0.6 0.4 0.6 to. g>5MHz
pulse width
80 — 80 — ns 2 <5 MHz

texH texe

EXTAL

Figure20.6 External Clock Input Timing

Table 20.5 shows the external clock output settling delay time, and figure 20.7 shows the external
clock output settling delay timing. The oscillator and duty adjustment circuit have a function for
adjusting the waveform of the external clock input at the EXTAL pin. When the prescribed clock
signal isinput at the EXTAL pin, internal clock signal output is fixed after the elapse of the
external clock output settling delay time (toext)- ASthe clock signal output is not fixed during the
toext period, the reset signal should be driven low to maintain the reset state.
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Table20.5 External Clock Output Settling Delay Time

Conditions: Ve = 27V 1055V, AV = 27V 1055V, Vg = AV =0V

Item Symbol Min Max Unit Notes
External clock toexs™ 500 — us Figure 20.7
output settling

delay time

Note: * t,.,; includes RES pulse width (tzesy)-

Vee i

STBY VIH_T

E. L AVAVAVAVAVAVAVAY

(internal or external)

RES

g

))

*
toexT

Note: * tpeyt includes RES pulse width (tresw)-

Figure20.7 External Clock Output Settling Delay Timing
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204  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system clock (g).

20.5 Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate @/2, @/4, /8, @/16, and &/32
clocks.

20.6 BusMaster Clock Selection Circuit

The bus master clock selection circuit selects the system clock (@) or one of the medium-speed
clocks (212, a4, @18, @/16, or @/32) to be supplied to the bus master, according to the settings of
bits SCK2 to SCK0in SBYCR.

20.7  Subclock Input Circuit
The subclock input circuit controls the subclock input from the EXCL pin.

I nputting the Subclock: When a subclock is used, a 32.768 kHz external clock should be input
from the EXCL pin. In this case, clear bit PA6DDR to 0 in PADDR and set bit EXCLE to 1 in
LPWRCR.

The subclock input conditions are shown in table 20.6 and figure 20.8.
Table20.6 Subclock Input Conditions

Vee=2.7t055V

Item Symbol Min Typ Max Unit Test Conditions
Subclock input low pulse  tg, — 15.26 — ps Figure 20.8
width

Subclock input high pulse tgyc — 15.26 — ps

width

Subclock input rise time  tgq, — — 10 ns

Subclock input fall time  tg ¢ — — 10 ns
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tExcLH texcLL

EXCL

I |
] ! ! I,
texcr— ™ ™ == texeur

Figure20.8 Subclock Input Timing

When Subclock isnot Needed: Do not enable subclock input when the subclock is not needed.

20.8  Subclock Waveform Shaping Cir cuit

To eliminate noise in the subclock input from the EXCL pin, this circuit samplesthe clock using a
clock obtained by dividing the g clock. The sampling frequency is set with the NESEL bit in
LPWRCR. For details, see section 21.2.2, Low-Power Control Register (LPWRCR). Theclock is
not sampled in subactive mode, subsleep mode, or watch mode.

20.9 Clock Selection Circuit
This circuit selects the system clock used inside the MCU.

When returning from high-speed mode, medium-speed mode, sleep mode, the reset state, or
standby mode, the X TAL/EXTAL pin clock generated by the oscillator is selected as the system
clock.

In subactive mode, subsleep mode, and watch mode, the subclock input from the EXCL pinis
selected as the system clock. In this case, modules and functions including the CPU, TMRO/1,
WDTO0/1, ports, and interrupts operate on gSUB, and the count clocks for the timers are also
scaled from gSUB.
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Section 21 Power-Down State

211 Oveview

In addition to the normal program execution state, the H8S/2128 Series and H85/2124 Series have
a power-down state in which operation of the CPU and oscillator is halted and power dissipation
is reduced. Low-power operation can be achieved by individually controlling the CPU, on-chip
supporting modules, and so on.

The H85/2128 Series and H8S/2124 Series operating modes are as follows:

High-speed mode
Medium-speed mode
Subactive mode

Sleep mode

Subsleep mode

Watch mode

Module stop mode
Software standby mode
Hardware standby mode

© © N 0k wDdPE

Of these, 2 to 9 are power-down modes. Sleep mode and subsleep mode are CPU modes, medium-
speed mode is a CPU and bus master mode, subactive mode is a CPU, bus master, and on-chip
supporting module mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). Certain combinations of these modes can be set.

After areset, the MCU isin high-speed mode and module stop mode (excluding the DTC).

Table 21.1 showstheinternal chip states in each mode, and table 21.2 shows the conditions for
transition to the various modes. Figure 21.1 shows a mode transition diagram.
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Table21.1 HB8S/2128 Series and H85/2124 Series Internal Statesin Each Mode

High- Medium- Module Software Hardware
Function Speed Speed Sleep Stop Watch Subactive Subsleep Standby Standby
System clock Function- Function- Function- Function- Halted Halted Halted Halted Halted
oscillator ing ing ing ing
Subclock input Function- Function- Function- Function- Function- Function- Function- Halted Halted
ing ing ing ing ing ing ing
CPU Instruc-  Function- Medium- Halted Function- Halted Subclock Halted Halted Halted
operation tions ing speed ing operation
Registers Retained Retained Retained Retained Undefined
External  NMI Function- Function- Function- Function- Function- Function- Function- Function- Halted
interrupts ing ing ing ing ing ing ing ing
IRQO
IRQ1
IRQ2
On-chip DTC Function- Medium- Function- Function- Halted Halted Halted Halted Halted
supporting ing speed ing ing/halted (retained) (retained) (retained) (retained) (reset)
module (retained)
operation WDT1 Function- Function- Function- Function- Subclock Subclock Subclock Halted Halted
ing ing ing ing operation operation operation (retained) (reset)
WDTO Halted
TMRO, 1 Function- ("ét@ined)
ing/halted
FRT (retained) Halted  Halted
TMRX, Y (retained) (retained)
Timer
connec-
tion
1co
lIC1
SCIO0 Function- Halted Halted Halted Halted
ing/halted (reset) (reset) (reset) (reset)
scit (reset)
PWM
PWMX
A/D
RAM Function- Function- Function- Function- Retained Function- Retained Retained Retained
ing ing ing (DTC) ing ing
110 Function- Function- Function- Function- Retained Function- Retained Retained High
ing ing ing ing ing impedance
Note: “Halted (retained)” means that internal register values are retained. The internal state is
“operation suspended.”
“Halted (reset)” means that internal register values and internal states are initialized.
In module stop mode, only modules for which a stop setting has been made are halted
(reset or retained).
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Reset state -t

Program-halted state

Hardware

STBY pin = high
RES pin = low
RES pin = high
Program execution state

High-speed

mode
(main clock)

SCK2 to SCK2 to \ SLEEP
S ' instruction

- : External
Medium-speed vinterrupt™

mode

(main clock)

CKO=0| [SCKO#0 !

SLEEP instruction SLEEP instruction Interrupt’?,

SSBY=1,PsS=1, | |ssBY=1,Pss=1, |LSONbit=0

DTON=1,LSON=0 DTON=1,LSON=1 E

Clock switching Clock switching ' SLEEP

exception handling exception handling :: .
Tinstruction

after oscillation
setting time

(STS2 to STSO) Interrupt™?,

' LSONbit=1
SLEEP instruction

Subactive mode

standby mode

SSBY =0,LSON =0

Sleep mode
(main clock)

SSBY =1
PSS=0,LSON=0

Software
standby mode

SSBY =1
PSS=1,DTON=0

Watch mode
(subclock)

SSBY =0
PSS=1,LSON=1

(subclock)

Subsleep mode

' Interrupt™2

= Transition after exception handling

Notes:

(subclock)

D : Power-down mode

When a transition is made between modes by means of an interrupt, transition cannot be made

on interrupt source generation alone. Ensure that interrupt handling is performed after accepting

the interrupt request.

« From any state except hardware standby mode, a transition to the reset state occurs whenever

RES goes low.

« From any state, a transition to hardware standby mode occurs when STBY goes low.

* When a transition is made to watch mode or subactive mode,

*1 NMI, IRQO to IRQ2, and WDT1 interrupts

high-speed mode must be set.

*2 NMI, IRQO to IRQ2, and WDTO interrupts, WDT1 interrupt, TMRO interrupt, TMR1 interrupt

*3 All interrupts
*4 NMI, IRQO to IRQ2

Figure21.1 Mode Transitions
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Table21.2 Power-Down Mode Transition Conditions

Control Bit States
at Time of Transition

State before

State after Transition

State after Return

Transition SSBY PSS LSON DTON by SLEEP Instruction by Interrupt
High-speed/ 0 * 0 * Sleep High-speed/
medium-speed medium-speed
0 * * _ _
1 0 0 * Software standby High-speed/
medium-speed
1 0 1 * — —
1 1 0 0 Watch High-speed
1 1 1 0 Watch Subactive
1 1 0 1 — —
1 1 1 1 Subactive —
Subactive 0 0 * * — —
0 1 0 * — —
0 1 1 * Subsleep Subactive
1 0 * * _ —
1 1 0 0 Watch High-speed
1 1 1 0 Watch Subactive
1 1 0 1 High-speed —
1 1 1 1 — —
*: Don't care
—: Do not set.
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2111 Register Configuration

The power-down state is controlled by the SBY CR, LPWRCR, TCSR (WDT1), and MSTPCR
registers. Table 21.3 summarizes these registers.

Table21.3 Power-Down State Registers

Name Abbreviation R/W Initial Value Address**

Standby control register SBYCR R/W H'00 H'FF84*2

Low-power control register LPWRCR R/W H'00 H'FF85**

Timer control/status register TCSR R/W H'00 H'FFEA

(WDT1)

Module stop control register MSTPCRH R/W H'3F H'FF86*2
MSTPCRL R/W H'FF H'FF87*2

Notes: 1. Lower 16 bits of the address.

2. Some power-down state registers are assigned to the same address as other registers.
In this case, register selection is performed by the FLSHE bit in the serial timer control
register (STCR).

21.2 Register Descriptions

21.21 Standby Control Register (SBYCR)

Bit 7 6 5 4 3 2 1 0
SSBY STS2 STS1 STSO — SCK2 SCK1 | SCKO

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W — R/W R/W R/W

SBYCR is an 8-hit readable/writable register that performs power-down mode control.

SBYCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Softwar e Standby (SSBY): Determines the operating mode, in combination with other
control bits, when a power-down mode transition is made by executing a SLEEP instruction. The
SSBY setting is not changed by a mode transition due to an interrupt, etc.
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Bit 7
SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction in (Initial value)
high-speed mode or medium-speed mode

Transition to subsleep mode after execution of SLEEP instruction
in subactive mode

1 Transition to software standby mode, subactive mode, or watch mode after execution
of SLEEP instruction in high-speed mode or medium-speed mode

Transition to watch mode or high-speed mode after execution of SLEEP instruction in
subactive mode

Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the time the MCU
waits for the clock to stabilize when software standby mode, watch mode, or subactive mode is
cleared and atransition is made to high-speed mode or medium-speed mode by means of a
specific interrupt or instruction. With crystal oscillation, refer to table 21.4 and make a selection
according to the operating frequency so that the standby time is at least 8 ms (the oscillation
settling time). With an external clock, any selection can be made.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states (Initial value)
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states*

Note: * This setting must not be used in the flash memory version.

Bit 3—Reserved: This hit cannot be modified and is always read as 0.
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Bits2to 0—System Clock Select (SCK2 to SCK0): These bits select the clock for the bus
master in high-speed mode and medium-speed mode. When operating the device after atransition

to subactive mode or watch mode, bits SCK2 to SCK0 should all be cleared to 0.

Bit 2 Bit 1 Bit O

SCK2 SCK1 SCKO Description
0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is @/2
1 0 Medium-speed clock is g/4
1 Medium-speed clock is /8
1 0 0 Medium-speed clock is 2/16
1 Medium-speed clock is /32
1 — —
21.22 Low-Power Control Register (LPWRCR)
Bit 7 6 5 4 0
DTON LSON | NESEL | EXCLE —
Initial value 0 0 0 0 0
Read/Write R/W R/W R/W R/W —

LPWRCR is an 8-bit readable/writable register that performs power-down mode control.

LPWRCR isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in

software standby mode.

Bit 7—Direct-Transfer On Flag (DTON): Specifies whether a direct transition is made between
high-speed mode, medium-speed mode, and subactive mode when making a power-down
transition by executing a SLEEP instruction. The operating mode to which the transition is made
after SLEEP instruction execution is determined by a combination of other control bits.
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Bit 7
DTON Description

0 When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, software standby mode, or watch mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode (Initial value)

1 When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made directly to subactive mode*, or a transition is made to sleep mode
or software standby mode

When a SLEEP instruction is executed in subactive mode, a transition is made directly
to high-speed mode, or a transition is made to subsleep mode

Note: * When a transition is made to watch mode or subactive mode, high-speed mode must be
set.

Bit 6—L ow-Speed On Flag (L SON): Determines the operating mode in combination with other
control bits when making a power-down transition by executing a SLEEP instruction. Also
controls whether atransition is made to high-speed mode or to subactive mode when watch mode
iscleared.

Bit 6
LSON Description
0 When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, software standby mode, or watch mode*
When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode, or directly to high-speed mode
After watch mode is cleared, a transition is made to high-speed mode (Initial value)
1 When a SLEEP instruction is executed in high-speed mode a transition is made to

watch mode or subactive mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode

After watch mode is cleared, a transition is made to subactive mode

Note: * When a transition is made to watch mode or subactive mode, high-speed mode must be
set.

Bit 5—Noise Elimination Sampling Frequency Select (NESEL): Selectsthe frequency at which
the subclock (SUB) input from the EXCL pin is sampled with the clock () generated by the
system clock oscillator. When g =5 MHz or higher, clear thisbit to 0.
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Bit 5
NESEL Description

0 Sampling at g divided by 32 (Initial value)

1 Sampling at g divided by 4

Bit 4—Subclock Input Enable (EXCLE): Controls subclock input from the EXCL pin.

Bit 4

EXCLE Description

0 Subclock input from EXCL pin is disabled (Initial value)
1 Subclock input from EXCL pin is enabled

Bits 3 to 0—Reserved: These bits cannot be modified and are always read as 0.

21.2.3 Timer Control/Status Register (TCSR)

TCSR1
Bit 7 6 5 4 3 2 1 0
OVF WTIT TME PSS |RST/NMI| CKS2 CKS1 | CKSO
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only O can be written in bit 7, to clear the flag.

TCSR1 is an 8-hit readable/writable register that performs selection of the WDT1 TCNT input
clock, mode, etc.

Only hit 4 is described here. For details of the other bits, see section 14.2.2, Timer Control/Status
Register (TCSR).

TCSRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 4—Prescaler Select (PSS): Selectsthe WDT1 TCNT input clock.

This bit also controls the operation in a power-down mode transition. The operating mode to
which atransition is made after execution of a SLEEP instruction is determined in combination
with other control bits.
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For details, see the description of Clock Select 2 to 0 in section 14.2.2, Timer Control/Status
Register (TCSR).

Bit 4
PSS Description
0 TCNT counts g-based prescaler (PSM) divided clock pulses
When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode or software standby mode (Initial value)
1 TCNT counts gSUB-based prescaler (PSM) divided clock pulses

When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, watch mode*, or subactive mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode, watch mode, or high-speed mode

Note: * When a transition is made to watch mode or subactive mode, high-speed mode must be
set.

21.2.4 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14{MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTPS | MSTP4 | MSTP3 [ MSTP2 | MSTP1 | MSTPO

Initalvalue o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RMW RMW RMW RW RW RMW RW RW RW RW RW RW RW RW RW RW
MSTPCR comprises two 8-bit readable/writable registers that perform module stop mode control.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTRCRH and M STPCRL Bits 7 to 0—Module Stop (MSTP 15to MSTP 0): These bits
specify module stop mode. See table 21.3 for the method of selecting on-chip supporting modules.

MSTPCRH, MSTPCRL

Bits 7to 0

MSTP15 to MSTPO Description

0 Module stop mode is cleared (Initial value of MSTP15, MSTP14)
1 Module stop mode is set (Initial value of MSTP13 to MSTPO)
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21.3 Medium-Speed Mode

When the SCK2 to SCKO bitsin SBYCR are set to 1 in high-speed mode, the operating mode
changes to medium-speed mode at the end of the bus cycle. In medium-speed mode, the CPU
operates on the operating clock (a/2, a/4, a/8, @16, or @/32) specified by the SCK2 to SCKO hits.
The bus master other than the CPU (the DTC) also operates in medium-speed mode. On-chip
supporting modules other than the bus masters always operate on the high-speed clock (2).

In medium-speed mode, a bus access is executed in the specified number of states with respect to
the bus master operating clock. For example, if @/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal 1/O registersin 8 states.

Medium-speed modeis cleared by clearing all of bits SCK2 to SCK0 to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBY CR and the LSON bit in LPWRCR
are cleared to 0, atransition is made to sleep mode. When sleep mode is cleared by an interrupt,
medium-speed mode is restored.

If aSLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, and the LSON bit in
LPWRCR and the PSS bit in TCSR (WDT1) are both cleared to 0, atransition is made to software
standby mode. When software standby mode is cleared by an external interrupt, medium-speed
modeis restored.

When the RES pin is driven low, atransition is made to the reset state, and medium-speed modeis
cleared. The same appliesin the case of areset caused by overflow of the watchdog timer.

When the STBY pinisdriven low, atransition is made to hardware standby mode.

Figure 21.2 shows the timing for transition to and clearance of medium-speed mode.
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Medium-speed mode

a,

supporting module
clock
Bus master clock

Internal address < SBYCR >< >< >< SBYCR >< >< >
bus

Internal write signal

Figure21.2 Medium-Speed Mode Transition and Clearance Timing
21.4  Sleep Mode

2141 Seep Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR and the LSON bit in LPWRCR
are both cleared to 0, the CPU enters sleep mode. In sleep mode, CPU operation stops but the
contents of the CPU’ sinternal registers are retained. Other supporting modules do not stop.

2142 Clearing Sleep Mode

Sleep mode is cleared by any interrupt, or with the RES pin or STBY pin.

Clearing with an Interrupt: When an interrupt request signal isinput, sleep modeis cleared and
interrupt exception handling is started. Sleep mode will not be cleared if interrupts are disabled, or
if interrupts other than NMI have been masked by the CPU.

Clearing with the RES Pin: When the RES pinisdriven low, the reset state is entered. When the
RES pin isdriven high after the prescribed reset input period, the CPU begins reset exception
handling.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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215 Module Stop Mode

2151 Module Stop Mode
Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and a transition is made to module stop mode. The CPU continues operating
independently.

Table 21.4 shows MSTP bits and the corresponding on-chip supporting modules.

When the corresponding MSTP bit is cleared to 0, module stop mode is cleared and the module
starts operating again at the end of the bus cycle. In module stop mode, the interna states of
modules other than the SCI, A/D converter, 8-bit PWM module, and 14-bit PWM module, are
retained.

After reset release, all modules other than the DTC are in modul e stop mode.

When an on-chip supporting module isin module stop mode, read/write access to its registersis
disabled.
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Table21.4 MSTP Bitsand Corresponding On-Chip Supporting M odules

Register Bit Module
MSTPCRH  MSTP15 —
MSTP14* Data transfer controller (DTC)
MSTP13  16-bit free-running timer (FRT)
MSTP12  8-bit timers (TMRO, TMR1)
MSTP11*  8-bit PWM timer (PWM), 14-bit PWM timer (PWMX)
MSTP10* —
MSTP9 A/D converter
MSTPS8 8-bit timers (TMRX, TMRY), timer connection
MSTPCRL MSTP7 Serial communication interface 0 (SCI0)
MSTP6 Serial communication interface 1 (SCI1)
MSTP5*  —
MSTP4* I°C bus interface (IIC) channel O (option)
MSTP3* I°C bus interface (IIC) channel 1 (option)
MSTP2*  —
MSTP1* —
MSTPO* —

Note: Bit 15 must not be setto 1. Bits 10, 5, 2, 1, and 0 can be read or written to, but do not
affect operation.

* Must be set to 1 in the H8S/2124 Series.

2152 Usage Note

If thereis conflict between DTC module stop mode setting and a DTC bus request, the bus request
has priority and the MSTP bit will not be set to 1.

Write 1 to the MSTP bit again after the DTC bus cycle.

When using an H85/2124 Series MCU, the MSTP bits for nonexistent modules must be set to 1.
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21.6  Software Standby Mode

21.6.1 Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR isset to 1, the LSON bit in
LPWRCR iscleared to 0, and the PSS hit in TCSR (WDTL) is cleared to O, software standby
mode is entered. In this mode, the CPU, on-chip supporting modules, and oscillator all stop.
However, the contents of the CPU’sinternal registers, RAM data, and the states of on-chip
supporting modules other than the SCI, PWM, and PWM X, and of the I/O ports, are retained.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

21.6.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pin IRQO, IRQ1, or
IRQ?2), or by means of the RES pin or STBY pin.

Clearing with an Interrupt: When an NMI, IRQO, IRQ1, or IRQ2 interrupt request signal is
input, clock oscillation starts, and after the elapse of the time set in bits STS2 to STS0 in SY SCR,
stable clocks are supplied to the entire chip, software standby mode s cleared, and interrupt
exception handling is started.

Software standby mode cannot be cleared with an IRQO, IRQ1, or IRQ2 interrupt if the
corresponding enable bit has been cleared to 0 or has been masked by the CPU.

Clearing with the RES Pin: When the RES pin is driven low, clock oscillation is started. At the
same time as clock oscillation starts, clocks are supplied to the entire chip. Note that the RES pin
must be held low until clock oscillation stabilizes. When the RES pin goes high, the CPU begins
reset exception handling.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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21.6.3  Setting Oscillation Settling Time after Clearing Softwar e Standby M ode
Bits STS2 to STS0 in SBY CR should be set as described below.

Using a Crystal Oscillator: Set bits STS2 to STSO so that the standby timeis at least 8 ms (the
oscillation settling time).

Table 21.5 shows the standby times for different operating frequencies and settings of bits STS2 to
STSO.

Table21.5 Oscillation Settling Time Settings

20 16 12 10 8 6 4 2
STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit

O ©0 0  8l92states 041 051 065 08 1.0 13 20 41 ms
16384 states 082 1.0 13 16 20 27 41

1 0 32768 states 1.6 20 27 33 41 55 16.4
1 65536 states 33 41 55 6.6 16.4 328
1 0 0 131072 states 6.6 | 8.2 /10.9] [13.1| 16.4 21.8 32.8 655
1 262144 states 164 218 26.2 328 436 656 1312
1 0 Reserved — — — — — — — — us
1 16 states* 08 10 13 16 20 27 40 80
I:]: Recommended time setting *: Don't care

Note: * This setting must not be used in the flash memory version.

Using an External Clock: Any value can be set. Normally, use of the minimum timeis
recommended.

21.6.4 Software Standby Mode Application Example

Figure 21.3 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SY SCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.
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exception (power-down state)
handling

NMIEG =1

SSBY =1

SLEEP instruction

|
Oscillation
settling time
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NMI exception
handling

Figure21.3 Software Standby Mode Application Example

2165 UsageNote

In software standby mode, 1/0O port states are retained. Therefore, thereis no reduction in current
dissipation for the output current when a high-level signal is outpuit.

Current dissipation increases while waiting for oscillation to settle.
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217 Hardware Standby Mode

21.7.1 Hardware Standby Mode
When the STBY pinisdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power dissipation. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD1 and MDO) while the chip isin hardware standby
mode.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin islow, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillation settles (at |east 8 ms—the oscillation
settling time—when using a crystal oscillator). When the RES pin is subsequently driven high, a
transition is made to the program execution state via the reset exception handling state.
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21.7.2 Hardware Standby Mode Timing

Figure 21.4 shows an example of hardware standby mode timing.

When the STBY pinisdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high,
waiting for the oscillation settling time, then changing the RES pin from low to high.

oseittor | | | [ ||| ]]]]] ; AT
J
RES l

srev | ]

Oscillation Reset exception
settling time  handling

Figure21.4 Hardware Standby Mode Timing
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21.8 Watch Mode

21.8.1 Watch Mode

If a SLEEP instruction is executed in high-speed mode or subactive mode when the SSBY in
SBYCRissetto 1, the DTON bit in LPWRCR is cleared to 0, and the PSS bit in TCSR (WDT1)
isset to 1, the CPU makes a transition to watch mode.

In this mode, the CPU and all on-chip supporting modules except WDT1 stop. Aslong asthe
prescribed voltage is supplied, the contents of some of the CPU’ sinternal registers and on-chip
RAM are retained, and 1/0 portsretain their states prior to the transition.

2182 Clearing Watch Mode

Watch mode is cleared by an interrupt (WOVI1 interrupt, NMI pin, or pin IRQO, IRQ1, or IRQ?2),
or by means of the RES pin or STBY pin.

Clearing with an Interrupt: When an interrupt request signal isinput, watch mode is cleared and
atransition is made to high-speed mode or medium-speed mode if the LSON bit in LPWRCR is
cleared to O, or to subactive mode if the LSON bit is set to 1. When making atransition to high-
speed mode, after the elapse of the time set in bits STS2 to STS0in SBYCR, stable clocks are
supplied to the entire chip, and interrupt exception handling is started.

Watch mode cannot be cleared with an IRQO, IRQ1, or IRQ2 interrupt if the corresponding enable
bit has been cleared to 0, or with an on-chip supporting module interrupt if acceptance of the
relevant interrupt has been disabled by the interrupt enable register or masked by the CPU.

See section 21.6.3, Setting Oscillation Settling Time after Clearing Software Standby Mode, for
the oscillation settling time setting when making a transition from watch mode to high-speed
mode.

Clearing with the RES Pin: See“Clearing with the RES Pin” in section 21.6.2, Clearing
Software Standby Mode.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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219 Subsleep Mode

2191 Subsleep Mode

If a SLEEP instruction is executed in subactive mode when the SSBY in SBYCR iscleared to O,
the LSON hit in LPWRCR is set to 1, and the PSS bit in TCSR (WDT1) is set to 1, the CPU
makes a transition to subsleep mode.

In this mode, the CPU and all on-chip supporting modules except TMRO, TMR1, WDTO, and
WDT1 stop. Aslong as the prescribed voltage is supplied, the contents of some of the CPU’s
internal registers and on-chip RAM are retained, and 1/0 ports retain their states prior to the
transition.

21.9.2 Clearing Subsleep Mode

Subsleep modeis cleared by an interrupt (on-chip supporting module interrupt, NMI pin, or pin
IRQO, IRQ1, or IRQ2), or by means of the RES pin or STBY pin.

Clearing with an Interrupt: When an interrupt request signal isinput, subsleep mode is cleared
and interrupt exception handling is started. Subsleep mode cannot be cleared with an IRQO to
IRQ2 interrupt if the corresponding enable bit has been cleared to 0, or with an on-chip supporting
module interrupt if acceptance of the relevant interrupt has been disabled by the interrupt enable
register or masked by the CPU.

Clearing with the RES Pin: See*“Clearing with the RES Pin” in section 21.6.2, Clearing
Software Standby Mode.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode
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21.10 Subactive Mode

21.10.1 Subactive Mode

If a SLEEP instruction is executed in high-speed mode when the SSBY bit in SBYCR, the DTON
bit in LPWRCR, and the PSS bit in TCSR (WDTL1) are al set to 1, the CPU makes a transition to
subactive mode. When an interrupt is generated in watch mode, if the LSON bit in LPWRCR is
set to 1, adirect transition is made to subactive mode. When an interrupt is generated in subsleep
mode, atransition is made to subactive mode.

In subactive mode, the CPU performs sequential program execution at low speed on the subclock.
In this mode, all on-chip supporting modules except TMRO, TMR1, WDTO, and WDT1 stop.

When operating the device in subactive mode, bits SCK2 to SCK0 in SBY CR must all be cleared
to 0.

21.10.2 Clearing Subactive Mode

Subsleep mode is cleared by a SLEEP instruction, or by means of the RES pin or STBY pin.

Clearing with a SLEEP Instruction: When a SLEEP instruction is executed while the SSBY bit
in SBYCRissetto 1, the DTON bit in LPWRCR is cleared to 0, and the PSS bit in TCSR
(WDT1) isset to 1, subactive mode is cleared and atransition is made to watch mode. When a
SLEEP instruction is executed while the SSBY bit in SBY CR is cleared to O, the LSON bit in
LPWRCR isset to 1, and the PSS hit in TCSR (WDTL1) isset to 1, atransition is made to subsleep
mode. When a SLEEP instruction is executed while the SSBY hitin SBYCR isset to 1, the
DTON bit isset to 1 and the LSON bit is cleared to 0 in LPWRCR, and the PSS bit in TCSR
(WDT1) isset to 1, atransition is made directly to high-speed mode.

Fort details of direct transition, see section 21.11, Direct Transition.

Clearing with the RES Pin: See*“Clearing with the RES Pin” in section 21.6.2, Clearing
Software Standby Mode.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode
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21.11 Direct Transition

21.11.1 Overview of Direct Transition

There are three operating modes in which the CPU executes programs: high-speed mode, medium-
speed mode, and subactive mode. A transition between high-speed mode and subactive mode
without halting the program is called a direct transition. A direct transition can be carried out by
setting the DTON bit in LPWRCR to 1 and executing a SLEEP instruction. After the transition,
direct transition exception handling is started.

Direct Transition from High-Speed Modeto Subactive Mode: If aSLEEP instruction is
executed in high-speed mode while the SSBY hit in SBY CR, the LSON bit and DTON bit in
LPWRCR, and the PSS bitin TSCR (WDT1) are al set to 1, atransition is made to subactive
mode.

Direct Transition from Subactive Modeto High-Speed Mode: If aSLEEP instruction is
executed in subactive mode while the SSBY bit in SBYCR isset to 1, the LSON bit iscleared to O
and the DTON hitisset to 1 in LPWRCR, and the PSS bit in TSCR (WDT1) is set to 1, after the
elapse of thetime set in bits STS2 to STS0 in SBY CR, atransition is made to directly to high-
speed mode.
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Section 22 Electrical Characteristics

[H8S/2128 Series, H8S/2128 F-ZTAT]

22.1  Absolute Maximum Ratings

Table 22.1 lists the absolute maximum ratings.

Table22.1 Absolute Maximum Ratings

Item Symbol Value Unit

Power supply voltage Ve -0.3t0 +7.0 \%

Input voltage (except ports 6, V., —0.3t0 V. +0.3 \%

and 7)

Input voltage (CIN input not Vi, -0.3to V.. +0.3 \

selected for port 6)

Input voltage (CIN input selected V,, Lower voltage of —0.3 to V. +0.3 and \%

for port 6) AV +0.3

Input voltage (port 7) Vi, —-0.3t0 AV +0.3 \Y,

Analog power supply voltage AV . -0.3to +7.0 \Y

Analog input voltage Vo —0.3t0 AV, +0.3 \%

Operating temperature Tonr Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C

Operating temperature Toor Regular specifications: 0 to +75 °C

(Flas_h memory programming/ Wide-range specifications: 0 to +85

erasing)

Storage temperature Ty -55 to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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22.2 DC Characteristics

Table 22.2 lists the DC characteristics. Table 22.3 lists the permissible output currents.

Table22.2 DC Characteristics (1)

Conditions: Ve = 5.0V + 10%, AV *L = 5.0V + 10%, Ves = AV* = 0V,

T,=-20to +75°C*8 (regular specifications),

T, =—40to +85°C*8 (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt P67 to P60*>*°, (1) V. 1.0 — — \Y,
. . T 7~ —*3
trigger input IRQ2 to IRQO = _ _ Ve x0.7 V
voltage
V"=V, 04 — — \
Input high  RES, STBY, 2 VvV, Vee— 0.7 — V103 V
voltage NMI, MD1, MDO
EXTAL Ve X0.7 — V403 V
Port 7 2.0 — AV . +0.3 V
Input pins 2.0 — Ve +0.3 V
except (1) and
(2) above
Input low RES, STBY, (3) V. -0.3 — 0.5 \Y,
voltage MD1, MDO
NMI, EXTAL, -0.3 — 0.8 \Y,
input pins except
(1) and (3)
above
Output high  All output pins Vou Vee—05 — — \Y, lon = =200 pA
voltage (except P47, and
4
P52*%) 35 - Vo I, =-1mA
P47, P52** 25 — — \Y, low =—1 mMA
Output low  All output pins Vo, — — 0.4 \% lo. = 1.6 MA
voltage Ports 1 to 3 — — 10 V1, =10mA
Input RES O,.0 — — 10.0 MA  V,=05to
leakage V=05V
current STBY, NMI, MD1, — — 10 A
MDO
Port 7 — — 1.0 HA V,=0.5to
AV, -05V
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Item Symbol Min Typ Max Unit Test Conditions
Three-state Ports 1to 6 0.0 — — 1.0 pA  V,=05t0
leakage V=05V
current
(off state)
Input Ports 1to 3 5 50 — 300 HA V,=0V
pull-up
MOS
current
Input RES 4) C, — — 80 pF V,=0V
capacitance f=1MHz
NMI — _ 50 pF T,=25°C
P52, P47, — — 20 pF
P24, P23
Input pins — — 15 pF
except (4) above
Current Normal operation lec — 70 90 mA =20 MHz
s
dissipation*” gieen mode — 55 75 mA  f=20 MHz
Standby mode*’ — 0.01 5.0 HA T,<50°C
— — 20.0 MHA  50°C<T,
Analog During A/D Al — 15 3.0 mA
power conversion
supply Idle — 001 5.0 WA AV =
current 20V1t055V
Analog power supply voltage** AV 4.5 — 5.5 \Y, Operating
2.0 — 5.5 \Y, Idle/not used
RAM standby voltage Ve 2.0 — — \%

Notes: 1. Do not leave the AVCC, and AVSS pins open even if the A/D converter is not used.
Even if the A/D converter is not used, apply a value in the range 2.0 V to 5.5 V to AVCC

by connection to the power supply (V..), or some other method.

2. P67 to P60 include supporting module inputs multiplexed on those pins.

w

IRQ2 includes the ADTRG signal multiplexed on that pin.

4. Inthe H8S/2128 Series, P52/SCKO0/SCLO and P47/SDAOQ are NMOS push-pull outputs.
An external pull-up resistor is necessary to provide high-level output from SCLO and
SDAO (ICE =1).
In the H8S/2128 Series, P52/SCKO0 and P47 (ICE = 0) high levels are driven by NMOS.
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. The upper limit of the port 6 applied voltage is V.. + 0.3 V when CIN input is not

selected, and the lower of V. + 0.3 V and AV, + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

. Current dissipation values are for V,, min = V.. — 0.5 V and V,. max = 0.5 V with all

output pins unloaded and the on-chip pull-up MOSs in the off state.

. The values are for Vg, € Ve <4.5V, V,, min =V, x0.9,and V, max=0.3 V.
. For flash memory program/erase operations, the applicable range is T, = 0 to +75°C

(regular specifications) or T, = 0 to +85°C (wide-range specifications).
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Table22.2 DC Characteristics (2)

Conditions: Vo =4.0V t05.5V*8 AV *1=40V 1055V, V=AV 1 =0V,
T,=-20to +75°C*® (regular specifications),
T, =-40to +85°C*® (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt P67 to P60*>*°, (1) V, 1.0 — — \Y, Vee =
trigger input IRQ2 to IRQO*® VE _ _ V. x07 V 45V1t055V
voltage ! «<
V"=V, 04 — — \Y
\A 0.8 — — \Y, Ve <45V
\A — — Ve X0.7 V
V"=V, 0.3 — — \Y
Input high  RES, STBY, 2 Vv, Vee =07 — Ve 103V
voltage NMI, MD1, MDO
EXTAL Vee Xx0.7 — Ve 0.3V
Port 7 2.0 — AV . +0.3V
Input pins 2.0 — V103 V
except (1) and
(2) above
Input low RES, STBY, (3) V. -0.3 — 0.5 \Y,
voltage MD1, MDO
NMI, EXTAL, -0.3 — 0.8 \Y,

input pins except
(1) and (3) above

Output high All output pins Vou Vee—05 — — \Y, loy =—200 pA
voltage (except P47, and 3.5 — — vV loy = =1 MA,
P52+ Vo=
45Vto55V
3.0 - — v loy =—1 MA,
Ve <45V
P47, P52** 2.0 — — \% loy =—1 MA
Output low  All output pins Voo — — 0.4 \Y, lo. = 1.6 MA
voltage Ports 1 to 3 — — 10 VI, =10mA
Input RES 0,0 — — 10.0 MA  V,=05t0
leakage  STRY, NMI, MD1, — — 10 pA Ve =05V
current MDO
Port 7 — — 1.0 HA V,=0.5to
AV, - 05V
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Item Symbol Min Typ Max Unit Test Conditions
Three-state Ports 1to 6 0.0 — — 1.0 HA V,=0.5to
leakage V=05V
current

(off state)

Input Ports 1to 3 —lp 50 — 300 HA V,=0V,

pull-up V=45V to

MOS 55V

current 30 — 200 LAV, =0V,

Ve <45V
Input RES 4 cC, — — 80 pF V,=0V,
capacitance f=1 MHz,
NMI — — 50 pF T.=25°C
P52, P47, — — 20 pF
P24, P23
Input pins — — 15 pF
except (4) above

Current Normal operation lec — 55 75 mA f=16 MHz

o

dissipation*” gjeen mode — 42 62 mA  f=16 MHz

Standby mode*’ — 0.01 5.0 HA T,<50°C
— — 20.0 HA 50°C < T,

Analog During A/D Al — 15 3.0 mA

power conversion

supply Idle — 001 5.0 LA AV =

current 20Vt055V

Analog power supply voltage** AV . 4.0 — 5.5 \% Operating

2.0 — 5.5 \% Idle/not used

RAM standby voltage Vieau 2.0 — — \%

Notes: 1. Do not leave the AVCC, and AVSS pins open even if the A/D converter is not used.
Even if the A/D converter is not used, apply a value in the range 2.0 V to 5.5 V to AVCC
by connection to the power supply (V.c), or some other method.

2. P67 to P60 include supporting module inputs multiplexed on those pins.

3. IRQ2 includes the ADTRG signal multiplexed on that pin.

4. Inthe H8S/2128 Series, P52/SCKO/SCLO and P47/SDAO are NMOS push-pull outputs.
An external pull-up resistor is necessary to provide high-level output from SCLO and
SDAO (ICE = 1).
In the H8S/2128 Series, P52/SCKO0 and P47 (ICE = 0) high levels are driven by NMOS.

5. The upper limit of the port 6 applied voltage is V.. + 0.3 V when CIN input is not
selected, and the lower of V. + 0.3 V and AV.. + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.
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. Current dissipation values are for V,;, min = V.. — 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up MOSs in the off state.

. The values are for Vg, £ Ve <4.0V, V,, min =V, x 0.9, and V, max=0.3 V.

. For flash memory program/erase operations, the applicable ranges are V.. = 4.5V to
5.5V and T, =0 to +75°C (regular specifications) or T, = 0 to +85°C (wide-range
specifications).
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Table22.2 DC Characteristics (3)

Conditions (Mask ROM version):

Ve =AV* =0V, T,= 2010 +75°C

(Flash memory version):

Ve = AVt =0V, T,= 20 t0 +75°C*®

Ve =27V 1055V, AV .+ =27V 1055V,

Vee=30V 1055V, AV *1=3.0V 1055V,

Item Symbol Min Typ Max Unit Test Conditions
Schmitt P67 to P60*>*°, (1) V, Vee 0.2 — — Y
. . TS, e g
trigger input IRQ2 to IRQO e _ _ Ve x0.7 V
voltage
V"=V V. x0.05 — — \Y
Input high  RES, STBY, 2 Vv, Vee x09 — Ve 0.3V
voltage NMI, MD1, MDO
EXTAL Vee X0.7 — Ve 40.3 V
Port 7 Ve x0.7 — AV . +0.3V
Input pins Ve 0.7 — Ve +0.3 V
except (1) and
(2) above
Input low RES, STBY, 3) V. -0.3 — Ve x01 V
voltage MD1, MDO
NMI, EXTAL, -0.3 — Ve X0.2 V Ve <4.0V
input pins except
00V e
40Vto55V
Output high All output pins Vou Vee—-05 — — \% loy = =200 pA
voltage except P47, and _
9 ész*‘g Vee—10 — — Vo I, =-1mA
(Ve <4.0V)
P47, P52** 1.0 — — \Y low =—1 mA
Output low  All output pins Voo — — 0.4 \% lo, =1.6 MA
voltage Ports 1to 3 — — 10 VI, =5mA
(Ve <4.0V),
lo. =10 mA
4.0V<V, <
5.5V)
Input RES O,.0 — — 10.0 MA  V,=05to
leakage  STRY NMI, MD1, — — 10 pA Ve — 05V
current MDO
Port 7 — — 1.0 HA V,=05to
AV, —-05V
584

HITACHI



Item Symbol Min Typ Max Unit Test Conditions

Three-state Ports 1to 6 0.0 — — 1.0 pA  V,=05t0
leakage V=05V
current
(off state)
Input Ports 1to 3 I 10 — 150 HA V,=0V,
pull-up V=27V 10
MOS 3.6V
current
Input RES 4 cC, — — 80 pF V,=0V,
capacitance f=1 MHz,
NMI — — 50 pF  1a=25°C
P52, P47, — — 20 pF
P24, P23
Input pins — — 15 pF
except (4) above
Current Normal operation lee — 40 52 mA =10 MHz
s
dissipation*” gjeen mode — 30 42 mA =10 MHz
Standby mode*’ — 0.01 5.0 HA T,<50°C
— — 200 MA  50°C<T,
Analog During A/D Al — 15 3.0 mA
power conversion
supply Idle — 001 50 HA AV =
current 20V1055V
Analog power supply voltage** AV . 2.7 — 5.5 \% Operating
2.0 — 5.5 \Y, Idle/not used
RAM standby voltage Veau 2.0 — — \%

Notes: 1. Do not leave the AVCC, and AVSS pins open even if the A/D converter is not used.

Even if the A/D converter is not used, apply a value in the range 2.0 V to 5.5 V to AVCC
by connection to the power supply (V..), or some other method.

2. P67 to P60 include supporting module inputs multiplexed on those pins.

TRQ2 includes the ADTRG signal multiplexed on that pin.

4. Inthe H8S/2128 Series, P52/SCKO0/SCLO and P47/SDAOQ are NMOS push-pull outputs.
An external pull-up resistor is necessary to provide high-level output from SCLO and
SDAO (ICE =1).

In the H8S/2128 Series, P52/SCKO0 and P47 (ICE = 0) high levels are driven by NMOS.

w
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. The upper limit of the port 6 applied voltage is V.. + 0.3 V when CIN input is not

selected, and the lower of V. + 0.3 V and AV, + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

. Current dissipation values are for V,, min = V.. — 0.5 V and V,. max = 0.5 V with all

output pins unloaded and the on-chip pull-up MOSs in the off state.

. The values are for Vg, £ Ve < 2.7V, V,, min =V, x0.9,and V, max=0.3 V.
. For flash memory program/erase operations, the applicable range is V.. = 3.0 V to

3.6VandT,=0to +75°C.
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Table22.3 Permissible Output Currents

Conditions; Vo =4.0t05.5V, V=0V, Ta=-20to +75°C (regular specifications),

Ta=-40to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output SCL1, SCLO, SDAL1, lol — — 20 mA
low current (per pin)  SDAO
Ports 1, 2, 3 — — 10 mA
Other output pins — — 2 mA
Permissible output Total of ports 1, 2,and 3 3 I, — — 80 mA
low current (total) Total of all output pins, — — 120 mA
including the above
Permissible output All output pins —lon — 2 mA
high current (per pin)
Permissible output Total of all output pins > —loy — 40 mA

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 22.3.

2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the

output line, as show in figures 22.1 and 22.2.

Table22.3 Permissible Output Currents (cont)

Conditions; Vo =2.7t055V, V=0V, Ta=-20t0 +75°C

Item Symbol Min Typ Max Unit
Permissible output SCL1, SCLO, SDAL1, lol — — 10 mA
low current (per pin)  SDAO
Ports 1, 2, 3 — — 2 mA
Other output pins — — 1 mA
Permissible output Total of ports 1, 2, and 3 3 I, — — 40 mA
low current (total) Total of all output pins, — — 60 mA
including the above
Permissible output All output pins —lon — 2 mA
high current (per pin)
Permissible output Total of all output pins > —loy — 30 mA

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 22.3.

2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the

output line, as show in figures 22.1 and 22.2.
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Table22.4 BusDrive Characteristics
Conditions, Vo =2.7t055V,V=0V, Ta=-20t0 +75°C

Applicable Pins: SCL1, SCLO, SDA1, SDAO (bus drive function sel ected)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt trigger Vi Ve x03 — — \% Ve=27Vto55V
input voltage
A — — Ve X 0.7 Vee=27V1055V
V"=V V,x005 — — Vee=27Vto55V
Input high voltage  V, Ve x0.7 — Veet05 V Vee=27V1t055V
Input low voltage A -0.5 — Ve x0.3 V,=27Vto55V
Output low voltage V. — — 0.8 \Y lo. =16 MA,
Vec=45Vto55V
— — 0.5 loo =8 mMA
— — 0.4 lo, =3 mA
Input capacitance  C,, — — 20 pF V, =0V, f=1MHz,
T,=25°C
Three-state leakage | I | — — 1.0 A V,=05t0V.,.—-05V
current (off state)
SCL, SDA output  t, 20+0.1Cb — 250 ns Vee=27V1055V
fall time
H8S/2128 Series or
H8S/2124 Series
chip o
Port ;
TIT
Darlington pair
Figure22.1 Darlington Pair Drive Circuit (Example)
588
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H8S/2128 Series or
H8S/2124 Series
chip
600 Q
ANAN
Ports 1to 3
LED

Figure22.2 LED Drive Circuit (Example)

22.3 AC Characteristics

Figure 22.3 shows the test conditions for the AC characteristics.

C =30 pF: All ports
Chip output O ‘ . <« R =2.4kQ
pin Ry =12 kQ

I/O timing test levels
* Low level: 0.8V
c ; Ry * High level: 2.0V

Figure22.3 Output Load Circuit
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2231 Clock Timing

Table 22.5 shows the clock timing. The clock timing specified here covers clock (@) output and
clock pulse generator (crystal) and external clock input (EXTAL pin) oscillation settling times.
For details of external clock input (EXTAL pinand EXCL pin) timing, see section 20, Clock
Pulse Generator.

Table22.,5 Clock Timing

Condition A: Vo =5.0V = 10%, Vg =0V, =2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V. =4.0V 1055V, V=0V, g=2 MHzto maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V to55V*, V=0V, g=2 MHz to maximum operating frequency,
T,=-20t0 +75°C

Condition A Condition B Condition C

20 MHz 16 MHz 10 MHz Test
Item Symbol Min Max Min  Max Min  Max Unit Conditions
Clock cycle time toe 50 500 62.5 500 100 500 ns Figure 22.4
Clock high pulse ten 17 — 20 — 30 — ns Figure 22.4
width
Clock low pulse te 17 — 20 — 30 — ns
width
Clock rise time ter — 8 — 10 — 20 ns
Clock fall time ter — 8 — 10 — 20 ns
Oscillation settling  togc; 10 — 10 — 20 — ms  Figure 22.5
time at reset Figure 22.6
(crystal)
Oscillation settling  togc, 8 — 8 — 8 — ms
time in software
standby (crystal)
External clock toexr 500 — 500 — 500 — Us
output stabilization
delay time

Note: * For the low-voltage F-ZTAT version, V.. =3.0 Vto 5.5 V.
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ten tes
y I\
S N e
tor | e

Figure22.4 System Clock Timing

YV VVVVVVL AN,
tbExT tDEXT
—s ¢

Vee _]
o | | L

%
§
:

Figure22.5 Oscillation Settling Timing

NMI

RQI ’
(i=0,1,2) 3_\

toscz

Figure22.6 Oscillation Setting Timing (Exiting Softwar e Standby M ode)
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2232 Control Signal Timing

Table 22.6 shows the control signal timing. The only external interrupts that can operate on the
subclock (g =32.768 kHz) are NMI and IRQO, 1, and IRQ2.

Table22.6 Control Signal Timing

Condition A: V. =5.0V = 10%, Vg =0V, g = 32.768 kHz, 2 MHz to maximum operating
frequency, T, =—20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V=40V 1t055V,V=0V, g=32.768 kHz, 2 MHz to maximum operating
frequency, T, =—20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionC: V=27V 1t055V* V=0V, g=32.768 kHz, 2 MHz to maximum operating
frequency, T,=—-20to +75°C

Condition A Condition B Condition C

20 MHz 16 MHz 10 MHz Test
Item Symbol Min Max Min  Max Min  Max Unit Conditions
RES setup time tress 200 — 200 — 300 — ns Figure 22.7
RES pulse width tresw 20 — 20 — 20 — teye
NMI setup time tams 150 — 150 — 250 — ns Figure 22.8
(NMI)
NMI hold time tain 10 — 10 — 10 — ns
(NMI)
NMI pulse width tamw 200 — 200 — 200 — ns
(exiting software
standby mode)
IRQ setup time tras 150 — 150 — 250 — ns
(IRQ2 to IRQO)
IRQ hold time tiron 10 — 10 — 10 — ns
(IRQ2 to IRQO)
IRQ pulse width trow 200 — 200 — 200 — ns

(IRQ2 to IRQO)
(exiting software
standby mode)

Note: * For the low-voltage F-ZTAT version, V.. =3.0Vto 5.5 V.
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tRESS tRESS

S

tRESW

|

0
m
[72)

Figure22.7 Reset Input Timing

tamis tNMIH
NMI >< ><
7
tamiw
- \
IRQi >< ><
(i=21t00) i n d
IRQW
‘ tiros tirQH ‘
Edge input
tiros
IRQ
Level input

Figure22.8 Interrupt Input Timing
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2233 BusTiming

Table 22.7 shows the bus timing. Operation in external expansion mode is not guaranteed when
operating on the subclock (g = 32.768 kHz).

Table22.7 BusTiming

Condition A: V. =5.0V £ 10%, Vg =0V, g= 2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)
ConditionB: V=4.0V 1055V, V=0V, g=2MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)
ConditionC: V=27V to55V*, V=0V, g=2 MHz to maximum operating frequency,
T,=-20to +75°C
Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Address tao — 20 — 30 — 40 ns  Figure 22.9
delay time to
Address ths 05x — 05x — 05x — ns figure 22.13
setup time t,.—15 ty. — 20 t,. —30
Address tan 05x — 05x — 05x — ns
hold time t,. — 10 ty. —15 t,. — 20
CS delay teso — 20 — 30 — 40 ns
time (I0S)
AS delay taso — 30 — 45 — 60 ns
time
RD delay trsos — 30 — 45 — 60 ns
time 1
RD delay trso2 — 30 — 45 — 60 ns
time 2
Read data tros 15 — 20 — 35 — ns
setup time
Read data tron 0 — 0 — 0 — ns
hold time
Read data tacer — 1.0 x — 1.0 x — 1.0 x ns
access time 1 ty. — 30 t,. —40 t,. — 60
Read data taccs — 1.5x — 15x% — 15x% ns
access time 2 tye — 25 tye — 35 t,. — 50
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Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Read data taccs — 2.0 x — 2.0 x — 2.0 x ns  Figure 22.9
access time 3 t,. —30 t,. —40 t,. — 60 to
Read data  t,., — 25x  — 25x  — 25x ns fgure22.13
access time 4 ty. —25 t,.—35 t.,. — 50
Read data taces — 3.0 x — 3.0 x — 3.0 x ns
access time 5 t,. —30 t,. —40 t,. — 60
WR delay twror — 30 — 45 — 60 ns
time 1
WR delay twroa — 30 — 45 — 60 ns
time 2
WR pulse tywswe 1.0x  — 1.0x — 1.0x  — ns
width 1 ty. — 20 t,. — 30 t.,. — 40
WR pulse tusws 15x — 15x — 1.5x — ns
width 2 ty. — 20 t,. —30 t,. —40
Write data twop — 30 — 45 — 60 ns
delay time
Write data twos 0 — 0 — 0 — ns
setup time
Write data twon 10 — 15 — 20 — ns
hold time
WAIT setup  tyrs 30 — 45 — 60 — ns
time
WAIT hold torm 5 — 5 — 10 — ns
time

Note: * For the low-voltage F-ZTAT version, V.. =3.0Vto 5.5 V.
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A15 to AD,
10s*

RD
(read)

D7 to DO
(read)

WR

(write)

D7 to DO
(write)

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

T1 T,

IV /L
tap
A X
N 7
tesp tas taH
tasD tasp
4
\ /
tRSI?l tacc2 trsp2
N /S
bas| /
taccs trps|  [troH
y N
\(
twrp2 twrp2
tas & tAH
! [~
twop  wswi twpH

—— —
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T, T, T3

o / \ / / \
|
tAp
Al5 to AO, >< ’><
10S* - 7
tCSD tAS tAH
tasp tasp
AS* \ T
tRS‘Dl tacca trsp2
R p ./
RD tas \L /
(read)
taccs trRDs LRDH
D7 to DO ’>7
(read) \
twrp1 twrp2
WR /
(write) \ ,( tan
|
twpop twos twswz twoH

|| - R E—
D7 to DO
(write)

Note: * AS and 10S are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure22.10 Basic Bus Timing (Three-State Access)
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A15 to AO, >< ><
1OS*

E*

RD
(read)

D7 to DO
(read)

WR
(write)

D7 to DO
(write)

twrs| [twrH twrs| |twrH

WAIT

/N

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure22.11 Basic Bus Timing (Three-State Access with One Wait State)
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T, T,orTs T T,

tAD

A15 to AO, ><
10S*

K [\
.

tas tAH
tasD tasp

—= \ y
AS*
—\—V \V—/
)
trRsp2
RD /
(read)

taces FRDS troH

et

D7 to DO
(read)

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure22.12 Burst ROM Access Timing (Two-State Access)
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T]_ T2 or T3 Tl

A15 to AO, ><
10S*

trRsp2
I}

RD /17

(read)

tacct tros tR‘DH
D7 to DO 7
(read) \

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure22.13 Burst ROM Access Timing (One-State Access)
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2234 Timing of On-Chip Supporting Modules

Tables 22.8 and 22.9 show the on-chip supporting module timing. The only on-chip supporting
modules that can operate in subclock operation (g = 32.768 kHz) are the 1/0 ports, external
interrupts (NMI and IRQO, 1, and IRQ2), the watchdog timer, and the 8-bit timer (channels 0 and
1).

Table22.8 Timing of On-Chip Supporting Modules

Condition A: V. =5.0V *+10%, V=0V, g=32.768 kHz**, 2 MHz to maximum operating
frequency, T, =—-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V=4.0V 1055V, V=0V, g=32.768 kHz*, 2 MHz to maximum operating
frequency, T, =—-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V t055V*4 V=0V, g=32.768 kHz**, 2 MHZz to maximum
operating frequency, T,=-20to +75°C

Condition A Condition B Condition C

20 MHz 16 MHz 10 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
I/0 Output data delay t,; — 50 — 50 — 100 ns Figure
ports  time 22.14

Input data setup  tppg 30 — 30 — 50 —

time

Input data hold torn 30 — 30 — 50 —

time
FRT Timer output delay tq;op — 50 — 50 — 100 ns Figure

time 22.15

Timer input setup  t;s 30 — 30 — 50 —

time

Timer clock input  te;g 30 — 30 — 50 — Figure

setup time 22.16

Timer  Single  trroum 15 — 15 — 15 — toye

clock edge

pulse  gotnh ¢ 25 — 25 — 25 —

. FTCWL . . .
width edges
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Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Test
Item Symbol Min Max Min Max Min Max Unit Conditions
TMR  Timer output trvon — 50 — 50 — 100 ns Figure
delay time 22.17
Timer reset input  toyss 30 — 30 — 50 — Figure
setup time 22.19
Timer clock input  t;y,cs 30 — 30 — 50 — Figure
setup time 22.18
Timer Single | S 15 — 15 — 15 — toye
clock edge
pulse  goth t 25 — 25 — 25 —
. TMCWL " . .
width edges
PWM, Pulse output towon — 50 — 50 — 100 ns Figure
PWMX delay time 22.20
SCI Input  Asynchro- tg, 4 — 4 — 4 — t,. Figure
clock nous 22.21
cycle  synchro- 6 — 6 — 6 —
nous
Input clock pulse  tggy 04 0.6 0.4 0.6 04 0.6 tseye
width
Input clock rise tsewr — 15 — 15 — 15 toye
time
Input clock fall tsckr — 15 — 15 — 15
time
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Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Test

Item Symbol Min Max Min Max Min Max Unit Conditions
SCI Transmit data  t;,, — 50 — 50 — 100 ns Figure

delay time 22.22

(synchronous)

Receive data texs 50 — 50 — 100 — ns

setup time

(synchronous)

Receive data taxn 50 — 50 — 100 — ns

hold time

(synchronous)
A/D Trigger input trres 30 — 30 — 50 — ns Figure
converter setup time 22.23

Notes: 1. Only supporting modules that can be used in subclock operation
2. For the low-voltage F-ZTAT version, V.. =3.0Vt0o 5.5V
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tprs | | tPRH

1
Ports 1to 7 3
(read) ><

trwp

Ports 1to 6 f
(write)

K

Figure22.14 1/O Port Input/Output Timing

: N\

trToD
—
$5
FTOA, FTOB ><
S 55
tris
rett—
(C
FTIA, FTIB, ’7
FTIC, FTID

Figure22.15 FRT Input/Output Timing

:

trres
— -
'
FTCl \ {
g

]

trrewL trTewH

-

Figure22.16 FRT Clock Input Timing
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trmop

TMOO0, TMO1
TMOX

Figure22.17 8-Bit Timer Output Timing

i AR
TMCIO, TMCI1
TMIX, TMIY

trmes trmes

—- —-1

f

trmewL trmewH

Figure22.18 8-Bit Timer Clock Input Timing

o

trvrs
TMRIO, TMRI1
TMIX, TMIY

Figure22.19 8-Bit Timer Reset Input Timing

tpwob

PW15 to PWO,
PWX1, PWX0

Figure22.20 PWM, PWM X Output Timing
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‘ tscrw tsckr tscks

SCKO, SCKL/—\ ) \
i \

y

tScyc
Figure22.21 SCK Clock Input Timing

SCKO, SCK1 ) /‘—\_/1

trxp
TxDO, TxD1 >< ><
(transmit data)

trxs| |tRxH

|| ||

(ecetve cata X X X X

Figure22.22 SCI Input/Output Timing (Synchronous M ode)

trrRes

ADTRG

Figure22.23 A/D Converter External Trigger Input Timing
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Table22.9 1°C BusTiming

Conditions; V=27V 1055V, V=0V, g=5 MHz to maximum operating frequency,
T,=-20t0+75°C

Item Symbol  Min Typ Max Unit Test Conditions Notes
SCL clock cycle  tg, 12 — — toye Figure 22.24
time

SCL clock high  tg., 3 — — toye

pulse width

SCL clock low tect 5 — — toye

pulse width

SCL, SDA input  tg, — — 7.5* toye

rise time

SCL, SDA input  tg — — 300 ns

fall time

SCL, SDA input  tg, — — 1 toye

spike pulse

elimination time

SDA input bus taur 5 — — toye

free time

Start condition toran 3 — — toye

input hold time

Retransmission  tg, 3 — — toye

start condition

input setup time

Stop condition tsros 3 — — toye

input setup time

Data input setup  tgpas 0.5 — — toye

time

Data input hold  tg,,, 0 — — ns

time

SCL, SDA C, — — 400 pF

capacitive load

Note: * 17.5t,,. can be set according to the clock selected for use by the 1°C module. For details,

cyc

see section 16.4, Usage Notes.

HITACHI
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r—tspan

\

SDAQO,
SDA1
SCLO,
SCL1

Note: * S, P, and Sr indicate the following conditions.

S: Start condition
P: Stop condition

Sr: Retransmission start condition

Figure 22.24 12C BusInterface Input/Output Timing (Option)
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224  A/D Conversion Characteristics
Tables22.10 and 22.11 list the A/D conversion characteristics.

Table 22.10 A/D Conversion Characteristics
(AN7 to ANO Input: 134/266-State Conver sion)

Condition A: Vc=5.0V £ 10%, AV.=5.0V £ 10%
Vs =AV =0V, g=2 MHz to maximum operating frequency,
T,=-20t0 +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: Vo =4.0Vt055V,AV, =40V to55V
Vs =AV =0V, =2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V t05.5V*® AV =27V to55V**°
V¢ =AVg =0V, g=2 MHz to maximum operating frequency,
T,=-20t0 +75°C

Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time*®  — — 6.7 — — 8.4 — — 13.4 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10%3 — — 10%3 — — 10%! kQ
source
impedance 5x4 5x4 5*2
Nonlinearity error — — +3.0 — — +3.0 — — +7.0 LSB
Offset error — — 35 — — 35 — — 7.5 LSB
Full-scale error — — 3.5 — — 3.5 — — 7.5 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy — — — +4.0 — — +4.0 — — +8.0 LSB

Notes: 1. When4.0V <AV . <55V
2. When2.7V <AV, <40V
When conversion time = 11. 17 pus (CKS = 1 and g < 12 MHz, or CKS = 0)
When conversion time < 11. 17 pus (CKS = 1 and g > 12 MHz)
For the low-voltage F-ZTAT version, V.. =3.0Vto 55V and AV.,.=3.0Vto55V.
At the maximum operating frequency in single mode

o gk~ w
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Table22.11 A/D Conversion Characteristics
(CIN7 to CINO Input: 134/266-State Conversion)

Condition A: Vc=5.0V £ 10%, AV.=5.0V £ 10%
Vs =AV =0V, g=2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: Vc=4.0Vto55V,AV =40V to55V
Vs =AV =0V, =2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V t055V*® AV =27V to55V*°
Vs =AVg =0V, g=2 MHz to maximum operating frequency,
T,=-20t0+75°C

Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time*®  — — 6.7 — — 8.4 — — 13.4 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10*3 — — 10*3 — — 10*! kQ
source
impedance 5x4 5x4 5*2
Nonlinearity error — — +5.0 — — +5.0 — — +11.0 LSB
Offset error — — 5.5 — — 5.5 — — 115 LSB
Full-scale error — — 5.5 — — 5.5 — — +11.5 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy — — — +6.0 — — +6.0 — — +12.0 LSB

Notes: 1. When4.0V <AV . <55V

2. When2.7V <AV, <40V
When conversion time = 11. 17 pus (CKS = 1 and g < 12 MHz, or CKS = 0)
When conversion time < 11. 17 ps (CKS = 1 and g > 12 MHz)

2 L

At the maximum operating frequency in single mode
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225 Flash Memory Characteristics
Table 22.12 shows the flash memory characteristics.
Table 22.12 Flash Memory Characteristics

Conditions (5 V version): V=50V % 10%, V=0V, T,= 0to +75°C (regular specifications),
T,= 0to +85°C (wide-range specifications)

Conditions for low-voltage version:V=3.0V t03.6 V,V,=0V, T,=0to +75°C
(Programming/erasing operating temperature)

Test
Item Symbol Min Typ Max Unit Condition
Programming time*'*** tP — 10 200 ms/
32 bytes
Erase time*"*3*> tE — 100 1200 ms/
block

Reprogramming count Nuwec — — 100 Times
Programming Wait time after X 10 — — us

SWE-bit setting**

Wait time after y 50 — — us

PSU-bit setting**

Wait time after z 150 — 200 us

P-bit setting* " **

Wait time after a 10 — — Us

P-bit clear**

Wait time after B 10 — — us

PSU-bit clear**

Wait time after % 4 — — us

PV-bit setting**

Wait time after € 2 — — us

dummy write**

Wait time after n 4 — — us

PV-bit clear**

Maximum N — — 1000 Times  z =200 pus

programming

count* x4*3
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Test

Item Symbol Min Typ Max Unit Condition
Erase Wait time after X 10 — — us
SWE-bit setting**
Wait time after y 200 — — us
ESU-bit setting**
Wait time after z 5 — 10 ms
E-bit setting* ***®
Wait time after a 10 — — us
E-bit clear**
Wait time after B 10 — — us
ESU-bit clear**
Wait time after % 20 — — us
EV-bit setting**
Wait time after € 2 — — us
dummy write**
Wait time after n 5 — — us
EV-bit clear**
Maximum erase N — — 120 Times z=10ms
count* 1* 87
Notes: 1. Set the times according to the program/erase algorithms.

2. Programming time per 32 bytes (Shows the total period for which the P-bit in the flash
memory control register (FLMCR1) is set. It does not include the programming
verification time.)

3. Block erase time (Shows the total period for which the E-bit in FLMCRL1 is set. It does
not include the erase verification time.)

4. Maximum programming time (tP (max) = wait time after P-bit setting (z) x maximum
programming count (N))

5. Number of times when the wait time after P-bit setting (z) = 200 ps.

The number of writes should be set according to the actual set value of z to allow
programming within the maximum programming time (tP).

6. Maximum erase time (tE (max) = Wait time after E-bit setting (z) x maximum erase
count (N))

7. Number of times when the wait time after E-bit setting (z) = 10 ms.

The number of erases should be set according to the actual set value of z to allow
erasing within the maximum erase time (tE).
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226  Usage Note

The F-ZTAT and mask ROM versions have been confirmed as fully meeting the reference values
for electrical characteristics shown in this manual. However, actual performance figures, operating
margins, noise margins, and other properties may vary due to differences in the manufacturing
process, on-chip ROM, layout patterns, etc.

When system evaluation testing is carried out using the F-ZTAT version, the same evaluation tests
should also be conducted for the mask ROM version when changing over to that version.
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Section 23 Electrical Characteristics [H85/2124 Series]

23.1 Absolute Maximum Ratings
Table 23.1 lists the absolute maximum ratings.

Table23.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Input voltage (except ports 6, V., —0.3t0 V. +0.3 \%
and 7)
Input voltage (CIN input not Vi, -0.3to V.. +0.3 \
selected for port 6)
Input voltage (CIN input selected V,, Lower voltage of —0.3 to V. +0.3 and \%
for port 6) AV +0.3
Input voltage (port 7) Vi, —-0.3t0 AV +0.3 \Y,
Analog power supply voltage AV . -0.3to +7.0 \Y
Analog input voltage Vo —0.3t0 AV, +0.3 \%
Operating temperature Tonr Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature Ty -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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23.2 DC Characteristics

Table 23.2 lists the DC characteristics. Table 23.3 lists the permissible output currents.
Table23.2 DC Characteristics (1)

Conditions; Ve = 5.0V # 10%, AV *1 =50V * 10%, Vs = AV* 1 =0V,

T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt P67 to P60*>**, (1) V. 1.0 — — \Y,
. . T 7~ —*3
trigger input IRQ2 to IRQO = _ _ Ve x0.7 V
voltage
V"=V, 04 — — \Y,
Input high  RES, STBY, 2 VvV, Vee— 0.7 — V103 V
voltage NMI, MD1, MDO
EXTAL Ve X0.7 — V403 V
Port 7 2.0 — AV . +0.3 V
Input pins 2.0 — Ve +0.3 V
except (1) and
(2) above
Input low RES, STBY, (3) V. -0.3 — 0.5 \Y,
voltage MD1, MDO
NMI, EXTAL, -0.3 — 0.8 \Y,
input pins except
(1) and (3)
above
Output high All output pins Vou Vee—05 — — \Y, lon = =200 pA
voltage 3.5 — — \% low = =1 MA
Output low  All output pins A" — — 0.4 \Y, lo. = 1.6 MA
voltage  ports 110 3 — — 10 Vo I, =10mA
Input RES a0 — — 10.0 MA  V,=05t0
leakage Ve —05V
current STBY, NMI, MD1, — — 10 A
MDO
Port 7 — — 1.0 HA V,=0.5to
AV, -05V
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Item Symbol Min Typ Max Unit Test Conditions
Three-state Ports 1to 6 0.0 — — 1.0 pA  V,=05t0
leakage V=05V
current

(off state)

Input Ports 1to 3 5 50 — 300 HA V,=0V

pull-up
MOS
current
Input RES 4) C, — — 80 pF V,=0V
capacitance f=1MHz
NMI — _ 50 pF T,=25°C
P52, P47, — — 20 pF
P24, P23
Input pins — — 15 pF
except (4) above

Current Normal operation lec — 70 90 mA =20 MHz

e

dissipation*” gjeen mode — 55 75 mA  f=20 MHz

Standby mode**® — 0.01 5.0 HA T,<50°C
— — 20.0 MHA  50°C<T,

Analog During A/D Al — 15 3.0 mA

power conversion

supply Idle — 001 5.0 WA AV =

current 20V1t055V

Analog power supply voltage** AV 4.5 — 5.5 \Y, Operating

2.0 — 5.5 \Y, Idle/not used

RAM standby voltage Ve 2.0 — — \%

Notes: 1. Do not leave the AVCC, and AVSS pins open even if the A/D converter is not used.
Even if the A/D converter is not used, apply a value in the range 2.0 V to 5.5 V to AVCC
by connection to the power supply (V..), or some other method.

2. P67 to P60 include supporting module inputs multiplexed on those pins.

3. IRQ2 includes the ADTRG signal multiplexed on that pin.

4. The upper limit of the port 6 applied voltage is V. + 0.3 V when CIN input is not
selected, and the lower of V.. + 0.3 V and AV.. + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

5. Current dissipation values are for V,, min =V — 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up MOSs in the off state.

6. The values are for Vg, < Ve <45V, V,, mn=V,x0.9,and V, max =0.3 V.
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Table23.2 DC Characteristics (2)

Conditions; V=40V 1055V, AV *'=40V 1055V, V=AV =0V,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt P67 to P60*>**, (1) V, 1.0 — — \Y Vee =
trigger input IRQ2 to IRQO** E _ _ V. x07 V 45V1t055V
voltage ! <
V"=V, 04 — — \
\A 0.8 — — \Y Ve <45V
AV — — Vee X0.7 V
V"=V, 0.3 — — \Y
Input high  RES, STBY, 2 VvV, Vee— 07 — Ve 103V
voltage NMI, MD1, MDO
EXTAL Vee X0.7 — Ve 40.3  V
Port 7 2.0 — AV . +0.3V
Input pins 2.0 — V103 V
except (1) and
(2) above
Input low RES, STBY, (3) V. -0.3 — 0.5 \Y
voltage MD1, MDO
NMI, EXTAL, -0.3 — 0.8 \Y

input pins except
(1) and (3) above

Output high All output pins Vou Vee—05 — — \% loy =—200 pA
voltage 3.5 R — v loy = =1 MA,
Vo=
45Vto55V
3.0 S — \Y lon =—1 MA,
Ve <45V
Output low  All output pins Vo, — — 0.4 \% loo = 1.6 MA
voltage Ports 1 to 3 — — 10 VI, =10mA
Input RES a..d — — 10.0 HA V,=0.5to
leakage  STRY NMmI, MDL, — — 10 pA V=05V
current MDO
Port 7 — — 1.0 HA V,=05to
AV, - 05V
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Item Symbol Min Typ Max Unit Test Conditions
Three-state Ports 1to 6 0.0 — — 1.0 A V,=05to
leakage V—-05V
current

(off state)

Input Ports 1to 3 5 50 — 300 HA V,=0V,

pull-up V=45V to

MOS 55V

current 30 — 200 A V. =0V,

Ve <45V
Input RES 4 cC, — — 80 pF V,=0V,
capacitance f=1 MHz,
NMI — — 50 pF T.=25°C
P52, P47, — — 20 pF
P24, P23
Input pins — — 15 pF
except (4) above

Current Normal operation lec — 55 75 mA f=16 MHz

A

dissipation*” gjeen mode — 42 62 mA  f=16 MHz

Standby mode*® — 0.01 5.0 LA T,<50°C
— — 20.0 HA 50°C < T,

Analog During A/D Alee — 15 3.0 mA

power conversion

supply Idle _ 001 5.0 HA AV =

current 20V1055V

Analog power supply voltage** AV . 4.0 — 55 \% Operating

2.0 — 5.5 \% Idle/not used

RAM standby voltage Veau 2.0 — — \Y,

Notes: 1. Do not leave the AVCC, and AVSS pins open even if the A/D converter is not used.
Even if the A/D converter is not used, apply a value in the range 2.0 V to 5.5 V to AVCC
by connection to the power supply (V..), or some other method.

2. P67 to P60 include supporting module inputs multiplexed on those pins.

3. IRQ2 includes the ADTRG signal multiplexed on that pin.

4. The upper limit of the port 6 applied voltage is V. + 0.3 V when CIN input is not
selected, and the lower of V. + 0.3 V and AV, + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

5. Current dissipation values are for V,, min = V.. — 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up MOSs in the off state.

6. The values are for Vg, < Ve <4.0V,V,, mn=V.,x0.9,and V, max=0.3 V.
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Table23.2 DC Characteristics (3)

Conditions: V=27V 1055V, AV *'1=27Vto55V,
Vg =AV =0V, T,=-20to +75°C

Item Symbol Min Typ Max Unit Test Conditions
Schmitt P67 to P60*>**, (1) V, Vee 0.2 — — Y
. . TS, e g
trigger input IRQ2 to IRQO e _ _ Ve x0.7 V
voltage
V"=V V. x0.05 — — \Y
Input high  RES, STBY, 2 Vv, Vee x09 — Ve 0.3V
voltage NMI, MD1, MDO
EXTAL Vee X0.7 — Ve 40.3 V
Port 7 Ve x0.7 — AV . +0.3V
Input pins Ve 0.7 — Ve +0.3 V
except (1) and
(2) above
Input low RES, STBY, 3) V. -0.3 — Ve x01 V
voltage MD1, MDO
NMI, EXTAL, -0.3 — Ve X0.2 V Ve <4.0V
input pins except
(1) and (3) 0.8 Vo V=
above 40V1055V
Output high All output pins Vou Vee—-05 — — \% loy = =200 pA
voltage Vee—10 — — Vo I, =-1mA
(Ve <4.0V)
Output low  All output pins Vo, — — 0.4 \% lo. = 1.6 MA
voltage Ports 1 to 3 — — 10 VI, ,=5mA
(Ve <4.0V),
lo. =10 mA
(4.0V<V, <
5.5V)
Input RES 0,0 — — 10.0 HA  V,=05t0
leakage  STRY, NMI, MD1, — — 10 LA Ve =05V
current MDO
Port 7 — — 1.0 A V,=0.5to
AV, -05V
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Item Symbol Min Typ Max Unit Test Conditions
Three-state Ports 1to 6 0.0 — — 1.0 pA  V,=05t0
leakage V—05V
current
(off state)
Input Ports 1to 3 5 10 — 150 HA V,=0V,
pull-up V=27V 10
MOS 3.6V
current
Input RES 4) C, — — 80 pF V,=0V,
capacitance f=1 MHz,
NMI — — 50 pp 1a=25°C
P52, P47, — — 20 pF
P24, P23
Input pins — — 15 pF
except (4) above

Current Normal operation lec — 40 52 mA =10 MHz

e

dissipation*” gjeen mode — 30 42 mA  f=10 MHz

Standby mode**® — 0.01 5.0 MA  T,<50°C
— — 20.0 HA  50°C<T,

Analog During A/D Al — 15 3.0 mA

power conversion

supply Idle — 001 5.0 WA AV =

current 20V1t055V

Analog power supply voltage** AV . 2.7 — 5.5 \Y, Operating

2.0 — 55 \Y, Idle/not used

RAM standby voltage Veau 2.0 — — \%

Notes: 1. Do not leave the AVCC, and AVSS pins open even if the A/D converter is not used.
Even if the A/D converter is not used, apply a value in the range 2.0 V to 5.5 V to AVCC
by connection to the power supply (V..), or some other method.

2. P67 to P60 include supporting module inputs multiplexed on those pins.

3. IRQ2 includes the ADTRG signal multiplexed on that pin.

4. The upper limit of the port 6 applied voltage is V. + 0.3 V when CIN input is not
selected, and the lower of V.. + 0.3 V and AV.. + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

5. Current dissipation values are for V,, min =V — 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up MOSs in the off state.

6. The values are for Vg, < Ve <2.7V, V,, min =V, x0.9,and V, max =0.3 V.
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Table23.3 Permissible Output Currents

Conditions; Vo =4.0t05.5V, V=0V, Ta=-20to +75°C (regular specifications),
Ta=-40to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1, 2, 3 lou — — 10 mA
low current (per pin)  Other output pins — — 2 mA
Permissible output Total of ports 1, 2,and 3 3 I, — — 80 mA

low current (total) Total of all output pins, — — 120 mA

including the above

Permissible output All output pins —loy — — 2 mA
high current (per pin)

Permissible output Total of all output pins S—loy — — 40 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 23.3.

2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the
output line, as show in figures 23.1 and 23.2.

Table23.3 Permissible Output Currents (cont) —Preliminary —

Conditions; V. =2.7t05.5V, V=0V, Ta=-20to +75°C

Item Symbol Min Typ Max Unit
Permissible output Ports 1, 2,3 lo — — 2 mA
low current (per pin)  Other output pins — — 1 mA
Permissible output Total of ports 1, 2, and 3 3 I, — — 40 mA

low current (total) Total of all output pins, — — 60 mA

including the above

Permissible output All output pins —lon — — 2 mA
high current (per pin)

Permissible output Total of all output pins S—loy — — 30 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 23.3.

2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the
output line, as show in figures 23.1 and 23.2.
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H8S/2128 Series or
H8S/2124 Series
chip

Port

Darlington pair

Figure23.1 Darlington Pair Drive Circuit (Example)

H8S/2128 Series or
H8S/2124 Series
chip
600 Q
ANAN
Ports 1to 3
LED

Figure23.2 LED Drive Circuit (Example)

23.3 AC Characteristics

Figure 23.3 shows the test conditions for the AC characteristics.

Vee
RL
C =30 pF: All ports
Chip output O : ‘ -« R =2.4kQ
pin Ry =12 kQ

1/0 timing test levels
e Lowlevel: 0.8V
c ; Ry * High level: 2.0V

Figure23.3 Output Load Circuit
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2331 Clock Timing

Table 23.5 shows the clock timing. The clock timing specified here covers clock (@) output and
clock pulse generator (crystal) and external clock input (EXTAL pin) oscillation settling times.

For details of external clock input (EXTAL pinand EXCL pin) timing, see section 20, Clock
Pulse Generator.

Table23.5 Clock Timing

Condition A: Vo =5.0V = 10%, Vg =0V, =2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V. =4.0V 1055V, V=0V, g=2 MHzto maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V t055V, V=0V, g=2MHzto maximum operating frequency,
T,=-20t0 +75°C

Condition A Condition B Condition C

20 MHz 16 MHz 10 MHz Test
Item Symbol Min Max Min  Max Min  Max Unit Conditions
Clock cycle time toe 50 500 62.5 500 100 500 ns Figure 23.4
Clock high pulse ten 17 — 20 — 30 — ns Figure 23.4
width
Clock low pulse te 17 — 20 — 30 — ns
width
Clock rise time ter — 8 — 10 — 20 ns
Clock fall time ter — 8 — 10 — 20 ns
Oscillation settling  togc; 10 — 10 — 20 — ms  Figure 23.5
time at reset Figure 23.6
(crystal)
Oscillation settling  togc, 8 — 8 — 8 — ms
time in software
standby (crystal)
External clock toexr 500 — 500 — 500 — Us

output stabilization
delay time
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Figure23.4 System Clock Timing

YV VVVVVVL AN,
tbExT tDEXT
—s ¢

Vee _]
o | | L

%
§
:

Figure23.5 Oscillation Settling Timing

NMI

RQI ’
(i=0,1,2) 3_\

toscz

Figure23.6 Oscillation Setting Timing (Exiting Softwar e Standby M ode)
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23.3.2 Control Signal Timing

Table 23.6 shows the control signal timing. The only external interrupts that can operate on the
subclock (g =32.768 kHz) are NMI and IRQO, 1, and IRQ2.

Table23.6 Control Signal Timing

Condition A: V. =5.0V = 10%, Vg =0V, g = 32.768 kHz, 2 MHz to maximum operating
frequency, T, =—20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V=40V 1t055V,V=0V, g=32.768 kHz, 2 MHz to maximum operating
frequency, T, =—20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionC: V=27V 1t055V,V=0V, g=32.768 kHz, 2 MHz to maximum operating
frequency, T,=—-20to +75°C

Condition A Condition B Condition C

20 MHz 16 MHz 10 MHz Test
Item Symbol Min Max Min  Max Min  Max Unit Conditions
RES setup time tress 200 — 200 — 300 — ns Figure 23.7
RES pulse width tresw 20 — 20 — 20 — teye
NMI setup time tams 150 — 150 — 250 — ns Figure 23.8
(NMI)
NMI hold time tain 10 — 10 — 10 — ns
(NMI)
NMI pulse width tamw 200 — 200 — 200 — ns
(exiting software
standby mode)
IRQ setup time tras 150 — 150 — 250 — ns
(IRQ2 to IRQO)
IRQ hold time tiron 10 — 10 — 10 — ns
(IRQ2 to IRQO)
IRQ pulse width trow 200 — 200 — 200 — ns

(IRQ2 to IRQO)
(exiting software
standby mode)
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tRESS tRESS

S

tRESW

|

0
m
[72)

Figure23.7 Reset Input Timing

tamis tNMIH
NMI >< ><
7
tamiw
- \
IRQi >< ><
(i=21t00) i n d
IRQW
‘ tiros tirQH ‘
Edge input
tiros
IRQ
Level input

Figure23.8 Interrupt Input Timing
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2333 BusTiming

Table 23.7 shows the bus timing. Operation in external expansion mode is not guaranteed when
operating on the subclock (g = 32.768 kHz).

Table23.7 BusTiming

Condition A: V. =5.0V £ 10%, Vg =0V, g= 2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V=4.0V 1055V, V=0V, g=2MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V t055V,V=0V, g=2MHzto maximum operating frequency,
T,=-20t0 +75°C

Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
Address tao — 20 — 30 — 40 ns  Figure 23.9
delay time to
Address ths 05x — 05x — 05x — ns figure 23.13
setup time t,.—15 ty. — 20 t,. —30
Address tan 05x — 05x — 05x — ns
hold time t,. — 10 ty. —15 t,. — 20
CS delay teso — 20 — 30 — 40 ns
time (I0S)
AS delay taso — 30 — 45 — 60 ns
time
RD delay trsos — 30 — 45 — 60 ns
time 1
RD delay trso2 — 30 — 45 — 60 ns
time 2
Read data tros 15 — 20 — 35 — ns
setup time
Read data tron 0 — 0 — 0 — ns
hold time
Read data tacer — 1.0 x — 1.0 x — 1.0 x ns
access time 1 ty. — 30 t,. —40 t,. — 60
Read data taccs — 1.5x — 15x% — 15x% ns
access time 2 ty. — 25 t,. —35 t,. — 50
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Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Read data taces — 2.0 x — 2.0 x — 2.0 % ns  Figure 23.9
access time 3 t.,.—30 t,. —40 ty. — 60 to
Read data  t,, — 25x  — 25x  — 2.5 x ns figure 23.13
access time 4 ty. —25 t,. —35 ty. — 50
Read data taces — 3.0 x — 3.0 x — 3.0 x ns
access time 5 t,. —30 t,. —40 ty. — 60
WR delay twros — 30 — 45 — 60 ns
time 1
WR delay tymos — 30 — 45 — 60 ns
time 2
WR pulse twswi 1.0x — 1.0x — 1.0x  — ns
width 1 ty. — 20 t,. — 30 t,. —40
WR pulse tyswa 1.5x — 15x — 15x — ns
width 2 ty. — 20 t,. —30 t,. —40
Write data twob — 30 — 45 — 60 ns
delay time
Write data twos 0 — 0 — 0 — ns
setup time
Write data twon 10 — 15 — 20 — ns
hold time
WAIT setup  tyrs 30 — 45 — 60 — ns
time
WAIT hold torm 5 — 5 — 10 — ns
time
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A15 to AD,
10s*

RD
(read)

D7 to DO
(read)

WR

(write)

D7 to DO
(write)

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

T1 T,

IV /L
tap
A X
N 7
tesp tas taH
tasD tasp
4
\ /
tRSI?l tacc2 trsp2
N /S
bas| /
taccs trps|  [troH
y N
\(
twrp2 twrp2
tas & tAH
! [~
twop  wswi twpH

—— —
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T, T, T3

o / \ / / \
|
tAp
Al5 to AO, >< ’><
10S* - 7
tCSD tAS tAH
tasp tasp
AS* \ T
tRS‘Dl tacca trsp2
R p ./
RD tas \L /
(read)
taccs trRDs LRDH
D7 to DO ’>7
(read) \
twrp1 twrp2
WR /
(write) \ ,( tan
|
twpop twos twswz twoH

|| - R E—
D7 to DO
(write)

Note: * AS and 10S are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure23.10 Basic Bus Timing (Three-State Access)
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A15 to AO, >< ><
1OS*

E*

RD
(read)

D7 to DO
(read)

WR
(write)

D7 to DO
(write)

twrs| [twrH twrs| |twrH

WAIT

/N

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure23.11 Basic Bus Timing (Three-State Access with One Wait State)
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T, T,orTs T T,

tAD

A15 to AO, ><
10S*

K [\
.

tas tAH
tasD tasp

—= \ y
AS*
—\—V \V—/
)
trRsp2
RD /
(read)

taces FRDS troH

et

D7 to DO
(read)

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure23.12 Burst ROM Access Timing (Two-State Access)
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T]_ T2 or T3 Tl

A15 to AO, ><
10S*

trRsp2
I}

RD /17

(read)

tacct tros tR‘DH
D7 to DO 7
(read) \

Note: * AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure23.13 Burst ROM Access Timing (One-State Access)
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23.34 Timing of On-Chip Supporting Modules

Tables 23.8 and 23.9 show the on-chip supporting module timing. The only on-chip supporting
modules that can operate in subclock operation (g = 32.768 kHz) are the 1/0 ports, external
interrupts (NMI and IRQO, 1, and IRQ2), the watchdog timer, and the 8-bit timer (channels 0 and
1).

Table23.8 Timing of On-Chip Supporting Modules

Condition A: Vo =5.0V = 10%, Vg =0V, g=32.768 kHz*, 2 MHz to maximum operating
frequency, T, =—-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: V,=4.0V1t055V,V,=0V, g= 32768 kHz*, 2 MHz to maximum operating
frequency, T, =—-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V 1t055V,V=0V, g=32.768 kHz*, 2 MHz to maximum operating
frequency, T, =—-20to +75°C

Condition A Condition B Condition C

20 MHz 16 MHz 10 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
I/0 Output data delay t,; — 50 — 50 — 100 ns Figure
ports  time 23.14

Input data setup  tppg 30 — 30 — 50 —

time

Input data hold torn 30 — 30 — 50 —

time
FRT Timer output delay tq;op — 50 — 50 — 100 ns Figure

time 23.15

Timer input setup  t;s 30 — 30 — 50 —

time

Timer clock input  te;g 30 — 30 — 50 — Figure

setup time 23.16

Timer  Single  trroum 15 — 15 — 15 — toye

clock edge

pulse  gotnh ¢ 25 — 25 — 25 —

. FTCWL . . N
width edges
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Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Test
Item Symbol Min Max Min Max Min Max Unit Conditions
TMR  Timer output trvon — 50 — 50 — 100 ns Figure
delay time 23.17
Timer reset input  toyss 30 — 30 — 50 — Figure
setup time 23.19
Timer clock input  t;ycs 30 — 30 — 50 — Figure
setup time 23.18
Timer Single | S 15 — 15 — 15 — toye
clock edge
pulse goy ¢ 25 — 25 — 25 —
. TMCWL " . .
width edges
SCI Input  Asynchro- tg, 4 — 4 — 4 — t,. Figure
clock nous 23.20
cycle Synchro- 6 — 6 — 6 —
nous
Input clock pulse  tggy 04 0.6 04 0.6 04 0.6 tseye
width
Input clock rise tscur — 15 — 15 — 15 toye
time
Input clock fall tsckr — 15 — 15 — 15
time
Transmit data trvo — 50 — 50 — 100 ns Figure
delay time 23.21
(synchronous)
Receive data setuptg,s 50 — 50 — 100 — ns
time (synchronous)
Receive data hold tg,, 50 — 50 — 100 — ns
time (synchronous)
A/D Trigger input setup tizgs 30 — 30 — 50 — ns Figure
con- time 23.22

verter

Note: * Only supporting modules that can be used in subclock operation
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Tl T2
|

Y U s ey

ters | | tPRH

Ports1to 7 3
(read) ><

trwp

Ports 1 to 6 f
(write)

~

Figure23.14 1/0O Port Input/Output Timing

: N\

trToD

FTOA, FTOB

trmis

FTIA, FTIB,
FTIC, FTID (

Figure23.15 FRT Input/Output Timing

- ./ /" AN

trres
— -]
CC
s 07
FTCI \ { \
(C
)T
f-y————————————————————————————————— |
trrewL trTewH

Figure23.16 FRT Clock Input Timing
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trmop

TMOO0, TMO1

Figure23.17 8-Bit Timer Output Timing

N\

trmes

—-t

TMCIO, TMCI1,
T™IY

/

! trmewL ! trmewH

Figure23.18 8-Bit Timer Clock Input Timing

trvrs

TMRIO, TMRIZ,
T™IY

Figure23.19 8-Bit Timer Reset Input Timing

tsciw tsckr tscks

|t

SCKO, SCK1

tSt:yt:

Figure23.20 SCK Clock Input Timing
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SCKO, SCK1 7 /m

trxp
TxDO, TxD1 >< ><
(transmit data)

trxs| |tRxH

| ||

(ecenve cata) X X X X

Figure23.21 SCI Input/Output Timing (Synchronous M ode)

trres

ADTRG

Figure23.22 A/D Converter External Trigger Input Timing
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23.4 A/D Conversion Characteristics
Tables 23.9 and 23.10 list the A/D conversion characteristics.

Table23.9 A/D Conversion Characteristics
(AN7 to ANO Input: 134/266-State Conver sion)

Condition A: Vc=5.0V £10%, AV.=5.0V £ 10%
Vs =AV =0V, g=2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: Vc=4.0Vto55V,AV =40V to55V
Vs =AV =0V, =2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V 1t055V,AV, =27V t055V
Vs =AVg =0V, g=2 MHz to maximum operating frequency,
T,=-20t0+75°C

Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time*®>  — — 6.7 — — 8.4 — — 134 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10*3 — — 10*3 — — 10*! kQ
source
impedance 5x4 5x4 5*2
Nonlinearity error — — +3.0 — — +3.0 — — +7.0 LSB
Offset error — — 35 — — 35 — — 7.5 LSB
Full-scale error — — +3.5 — — +3.5 — — 7.5 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy = — — +4.0 — — +4.0 — — +8.0 LSB

Notes: 1. When4.0V <AV . <55V
2. When2.7V <AV, <40V
3. When conversion time = 11. 17 us (CKS =1 and g < 12 MHz, or CKS = 0)
4. When conversion time <11. 17 ps (CKS =1 and g > 12 MHz)
5. At the maximum operating frequency in single mode
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Table 23.10 A/D Conversion Characteristics
(CIN7 to CINO Input: 134/266-State Conver sion)

Condition A: Vc=5.0V £ 10%, AV.=5.0V £ 10%
Vs =AV =0V, g=2 MHz to maximum operating frequency,
T,=-20t0 +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

ConditionB: Vo =4.0Vt055V,AV =40V to55V
Vs =AV =0V, =2 MHz to maximum operating frequency,
T,=-20to +75°C (regular specifications),
T, =-40to +85°C (wide-range specifications)

ConditionC: V=27V 1t055V,AV, =27V to55V
Vs =AVg =0V, g=2 MHz to maximum operating frequency,
T,=-20t0 +75°C

Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time*®  — — 6.7 — — 8.4 — — 134 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10%3 — — 10%3 — — 10%! kQ
source
impedance 5x4 5x4 5*2
Nonlinearity error — — 5.0 — — 5.0 — — +11.0 LSB
Offset error — — 55 — — 55 — — *11.5 LSB
Full-scale error — — 5.5 — — 5.5 — — 115 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy — — — 6.0 — — 6.0 — — +12.0 LSB
Notes: 1. When4.0V <AV . <55V

2. When2.7V<AV.,.<4.0V

3. When conversion time = 11. 17 us (CKS =1 and @ < 12 MHz, or CKS =0)

4. When conversion time <11. 17 ps (CKS =1 and g > 12 MHz)

5. At the maximum operating frequency in single mode
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235 UsageNote

The specifications of the H85/2128 F-ZTAT version and H85/2124 Series mask ROM version
differ in terms of on-chip module functions provided and port (P47, P52) output specifications.
Also, whilethe FZTAT and mask ROM versions both satisfy the electrical characteristics shown
in this manual, actual electrical characteristic values, operating margins, noise margins, and other
properties may vary due to differences in manufacturing process, on-chip ROM, layout patterns,
etc.

When system evaluation testing is carried out using the H85/2128 F-ZTAT version, the above
differences must be taken into consideration in system design, and the same evaluation testing
should also be conducted for the mask ROM version when changing over to that version.
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Appendix A Instruction Set

Al Instruction

Operation Notation

Rd General register (destination)**

Rs General register (source)**

Rn General register**

ERnN General register (32-bit register)

MAC Multiply-and-accumulate register (32-bit register)*?

(EAd) Destination operand

(EASs) Source operand

EXR Extend register

CCR Condition code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

- Division

O Logical AND

O Logical OR

O Exclusive logical OR

- Transfer from left-hand operand to right-hand operand, or transition from left-
hand state to right-hand state

- NOT (logical complement)

() <> Operand contents

:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length
Notes: 1. General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
2. MAC instructions cannot be used in the H8S/2128 Series and H8S/2124 Series.
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Condition Code Notation

Symbol Meaning

! Changes according operation result.
* Indeterminate (value not guaranteed).
0 Always cleared to 0.

Always set to 1.

— Not affected by operation result.
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TableA.1 Instruction Set

1. DataTransfer Instructions

Addrgssmg Mode and Condition Code No. of*1
Instruction Length (Bytes) States
+
&
Mnemonic ué) Operation -
S0 |~ I{H{N|[Z|V|c| -] 8
EIE 2 o] g5
o |« Tlolu|l S sl 13
N Xl e =2l 8= S|
ZREANACHCHCICICICIN Z| <
MOV MOV.B #xx:8,Rd 2 #xx:8 -~ Rd8 —— —
MOV.B Rs,Rd Rs8 - Rd8 —|— —
MOV.B @ERs,Rd @ERs - Rd8 — = —

MOV.B @(d:16,ERs),Rd

@(d:16,ERs) - Rd8

MOV.B @(d:32,ERs),Rd

@(d:32,ERs) - Rd8

MOV.B @ERs+,Rd

@ERs - Rd8,ERs32+1 ~ ERs32

MOV.B @aa:8,Rd @aa:8 - Rd8 —|— —
MOV.B @aa:16,Rd @aa:16 -~ Rd8 —|— —
MOV.B @aa:32,Rd @aa:32-Rd8 —|— —
MOV.B Rs,@ERd Rs8 - @ERd —

MOV.B Rs,@(d:16,ERd)

Rs8 - @(d:16,ERd)

MOV.B Rs,@(d:32,ERd)

Rs8 - @(d:32,ERd)

MOV.B Rs,@-ERd

ERd32-1 - ERd32,Rs8 - @ERd

MOV.B Rs,@aa:8 Rs8 - @aa:8 —|— —
MOV.B Rs,@aa:16 Rs8 - @aa:16 —|— —
MOV.B Rs,@aa:32 Rs8 - @aa:32 —|— —

MOV.W #xx:16,Rd

#xx:16 -~ Rd16

MOV.W Rs,Rd

Rs16 - Rd16

MOV.W @ERs,Rd

@ERs - Rd16

MOV.W @(d:16,ERs),Rd

@(d:16,ERs) - Rd16

MOV.W @(d:32,ERs),Rd

@(d:32,ERs) - Rd16

MOV.W @ERs+,Rd

@ERSs - Rd16,ERs32+2 - ERs32

MOV.W @aa:16,Rd

@aa:16 -~ Rd16

MOV.W @aa:32,Rd

@aa:32 - Rd16

MOV.W Rs,@ERd

Rs16 ~ @ERd

MOV.W Rs,@(d:16,ERd)

Rs16 - @(d:16,ERd)

MOV.W Rs,@(d:32,ERd)

Rs16 - @(d:32,ERd)

MOV.W Rs,@-ERd

ERd32-2 - ERd32,Rs16 -~ @ERd

MOV.W Rs,@aa:16

Rs16 - @aa:16

Dl |l |lolololololololololololololololololololololololo|o
Dl |olo|lolololololololololololololololololololololololo|o
c|lo|lololojlo|lojlo|lojlojlojlojlolojlojlojlojlolojlojlojlojlo|lo|lo|lo|lo|o|o| O
AlWlWlO|lWIN|dMO|W O|WIN|[FLINI_M N OQR[AO[WINI”M I OCONI W GO[WIN|[F|F

s|ls|s|ls|s|s|s|s|s|s|s|s|s|S|v|w|v| 0|0 @ | W | 0| ®W| 0| ®W| 0| w| o | w|w

MOV.W Rs,@aa:32 6 Rs16 - @aa:32 —|—
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Addressing Mode and

Condition Code

No. of

Instruction Length (Bytes) States™!
P
Mnemonic = g Operation -
< 5::4 E 9 g HIN|z|V|C g %
Bzl c|uB|¥ 82O 5|2
ZREIACIEECIEIECEEIEHE Z | <
MOV MOV.L #xx:32,ERd L |6 #xx:32 - Rd32 —|—|t|30|— 3
MOV.L ERs,ERd L 2 ERs32 - ERd32 —|—|?|3|0|— 1
MOV.L @ERs,ERd L 4 @ERs - ERd32 —|—13]tl0|— 4
MOV.L @(d:16,ERs),ERd | L 6 @(d:16,ERs) - ERd32 —|—|t|3/0|— 5
MOV.L @(d:32,ERs),ERd | L 10 @(d:32,ERs) ~ ERd32 —|—|33l0|—| 7
MOV.L @ERs+,ERd L 4 @ERs - ERd32,ERs32+4 -, ERs32 e N 5
MOV.L @aa:16,ERd L 6 @aa:16 - ERd32 —|—|t|3/0|— 5
MOV.L @aa:32,ERd L 8 @aa:32 - ERd32 —|—13]tl0|— 6
MOV.L ERs, @ERd L 4 ERs32 - @ERd —|—|t|t]l0]|— 4
MOV.L ERs,@(d:16,ERd) | L 6 ERs32 - @(d:16,ERd) —|—|23/3]l0|—| s
MOV.L ERs,@(d:32,ERd) | L 10 ERs32 - @(d:32,ERd) —|—=13]tl0|— 7
MOV.L ERs,@-ERd L 4 ERd32-4 . ERd32,ERs32 -~ @ERd — =130 — 5
MOV.L ERs,@aa:16 L 6 ERs32 - @aa:16 —|—|t|30|— 5
MOV.L ERs,@aa:32 L 8 ERs32 - @aa:32 —|—|tl1s10]|— 6
POP POP.W Rn W 2 |@SP-Rn16,SP+2-SP — =312/ 0]|— 3
POP.L ERN L 4 | @SP - ERN32,SP+4 - SP —|—|t|3l0|— 5
PUSH PUSH.W Rn W 2 |SP-2-SP,Rn16 - @SP —|—|?|7|0|— 3
PUSH.L ERn L 4 | SP-4 - SP,ERn32 - @SP —|—|t|30|— 5
LDM** LDM @SP+,(ERm-ERn) L 4 |(@SP - ERn32,SP+4 - SP) —|—|—|—|—|—|79/11[1]
Repeated for each restored register.
STM** | STM (ERm-ERn),@-SP L 4 |(SP-4 - SP,ERN32 . @SP) —|—|—|—|—|—|71911 [1]
Repeated for each saved register.
MOVFPE |MOVFPE @aa:16,Rd Cannot be used with the H8S/2128 Series and H8S/2124 Series. [2]
MOVTPE |MOVTPE Rs,@aa:16 2]
646

HITACHI




2. Arithmetic Instructions

t
Mnemonic s % Operation -
BlxlcluZ4 glgo 5|3
CREIEACICIEECIEHE] Z| <
ADD ADD.B #xx:8,Rd B |2 Rd8+#xx:8 - Rd8 S O O o o o 1
ADD.B Rs,Rd B 2 Rd8+Rs8 - Rd8 O O O B 1
ADD.W #xx:16,Rd w |4 Rd16+#xx:16 - Rd16 B 3 Ol ol ol o 2
ADD.W Rs,Rd w 2 Rd16+Rs16 - Rd16 B | O O O 1
ADD.L #xx:32,ERd L |6 ERd32+#xx:32 - ERd32 3 o ol o o 3
ADD.L ERs,ERd L 2 ERd32+ERs32 - ERd32 —|E e 1
ADDX ADDX #xx:8,Rd B |2 Rd8+#xx:8+C - Rd8 —| 3|t 1
ADDX Rs,Rd B 2 Rd8+Rs8+C - Rd8 —| Tt T T 1
ADDS  |ADDS #1,ERd L 2 ERd32+1 - ERd32 ——|=|=]=]—= 1
ADDS #2,ERd L 2 ERd32+2 - ERd32 —|—|=|=]=]— 1
ADDS #4,ERd L 2 ERd32+4 . ERd32 — = |=|=]=]|= 1
INC INC.B Rd B 2 Rd8+1 - Rd8 — =1t — 1
INC.W #1,Rd w 2 Rd16+1 - Rd16 ——=13 3= 1
INC.W #2,Rd w 2 Rd16+2 - Rd16 — =7 = 1
INC.L #1,ERd L 2 ERd32+1 - ERd32 — =172 1
INC.L #2,ERd L 2 ERd32+2 - ERd32 —|—=1T 3= 1
DAA DAA Rd B 2 Rd8 decimal adjust - Rd8 e R O N 1
SuB SUB.B Rs,Rd B 2 Rd8-Rs8 - Rd8 — e 1
SUB.W #xx:16,Rd w |4 Rd16-#xx:16 - Rd16 B i) ON ol ROl o 2
SUB.W Rs,Rd w 2 Rd16-Rs16 - Rd16 —EB |t ee 1
SUB.L #xx:32,ERd L |6 ERd32-#xx:32 - ERA32 — | t7? 3
SUB.L ERs,ERd L 2 ERd32-ERs32 — ERd32 —a e 1
SUBX  |SUBX #xx:8,Rd B |2 Rd8-#xx:8-C . Rd8 —| el 1
SUBX Rs,Rd B 2 Rd8-Rs8-C - Rd8 —| 3ttt 1
SUBS  |SUBS #1,ERd L 2 ERd32-1 - ERd32 — = |=|=]=]|= 1
SUBS #2,ERd L 2 ERd32-2 . ERd32 ——|=|=]=]—= 1
SUBS #4,ERd L 2 ERd32-4 - ERd32 —|—|=|=]=]—= 1
DEC DEC.B Rd B 2 Rd8-1 - Rd8 — =17 —= 1
DEC.W #1,Rd w 2 Rd16-1- Rd16 — =17 —= 1
DEC.W #2,Rd w 2 Rd16-2 - Rd16 =13 Y= 1
DEC.L #1,ERd L 2 ERd32-1 - ERd32 — =1t —= 1
DEC.L #2,ERd L 2 ERd32-2 . ERd32 —|—=13 Y= 1

HITACHI

647



Addressing Mode and

Condition Code

No. of

Instruction Length (Bytes) States*!
+
j=
Mnemonic % Operation -
g= D HIN|z|Vv|Cc| = | 8§
cliijg| &g 5| g
@ | » Clolulglsl® E|l g
N X g |Wi= ) 8= S| 3
ZREIACIEECIEIECEEIEHE Z | <
DAS DAS Rd B 2 Rd8 decimal adjust - Rd8 — | * 1= 1
MULXU |MULXU.B Rs,Rd 2 Rd8xRs8 - Rd16 (unsigned — == === 12
multiplication)
MULXU.W Rs,ERd w 2 Rd16xRs16 - ERd32 (unsigned — == —=—|— 20
multiplication)
MULXS |MULXS.B Rs,Rd B 4 Rd8xRs8 - Rd16 (signed — === 13
multiplication)
MULXS.W Rs,ERd W 4 Rd16xRs16 - ERd32 (signed — === 21
multiplication)
DIVXU |DIVXU.B Rs,Rd B 2 Rd16+Rs8 - Rd16 — =16l [ —|—| 12
(RdH: remainder, RdL: quotient)
(unsigned division)
DIVXU.W Rs,ERd W 2 ERd32+Rs16 — ERd32 —|—1[6]][7]| —|— 20
(Ed: remainder, Rd: quotient)
(unsigned division)
DIVXS DIVXS.B Rs,Rd B 4 Rd16+Rs8 - Rd16 — | —8]|[7|—|— 13
(RdH: remainder, RdL: quotient)
(signed division)
DIVXS.W Rs,ERd w 4 ERd32+Rs16 - ERd32 — =Bl [M—|— 21
(Ed: remainder, Rd: quotient)
(signed division)
CMP CMP.B #xx:8,Rd B |2 Rd8-#xx:8 —1 1t 1
CMP.B Rs,Rd B 2 Rd8-Rs8 . o ol ol ol o 1
CMP.W #xx:16,Rd W |4 Rd16-#xx:16 —IBI st 2
CMP.W Rs,Rd w 2 Rd16-Rs16 3ol Mol ol o 1
CMP.L #xx:32,ERd L |6 ERd32-#xx:32 —1M st 3
CMP.L ERs,ERd L 2 ERd32-ERs32 —IE 1l 1
NEG NEG.B Rd B 2 0-Rd8 - Rd8 N o T ol ol 1
NEG.W Rd W 2 0-Rd16 -~ Rd16 —1 1t 1
NEG.L ERd L 2 0-ERd32 - ERd32 R o ol ol ol o 1
EXTU EXTU.W Rd w 2 0 - (<bits 5 to 8> of Rd16) —|—|0|t|0|— 1
EXTU.L ERd L 2 0 - (<bits 31 to 16> of ERd32) —|—]o|3l0|— 1
EXTS EXTS.W Rd w 2 (<bit 7> of Rd16) —|—13]3l0|— 1
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - —|—|t|tl0|— 1
(<bits 31 to 16> of ERd32)
TAS TAS @ERd*3 B 4 @ERd-0 -~ CCR set, (1) - — =1t 0]|— 4
(<bit 7> of @ERd)
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Addressing Mode and . No. of
Condition Code *
Instruction Length (Bytes) States™!
+
&
Mnemonic %) Operation =
gl= c I|HIN|Z|V|Cc| | 8
c|fi| g g ot g §
o Elsiw| 8o E| S
Rxlc|u2|Y 2o 513
ZREIACHCHCICHECIR z| <
MAC MAC @ERN+,@ERmM+ Cannot be used with the H8S/2128 Series and H8S/2124 Series. [2]
CLRMAC |[CLRMAC
LDMAC |LDMAC ERs,MACH
LDMAC ERs,MACL
STMAC |STMAC MACH,ERd
STMAC MACL,ERd
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3. Logic Instructions

s e nd conaion cose | 10,2,
P2
Mnemonic - 5 Operation -
c E % g 5 H|{N|Z|V|C g %
Rxglc|us glzle 513
ZREIACIECIEICEEICH z| <
AND AND.B #xx:8,Rd B |2 Rd8#xx:8 - Rd8 —|—=Itlslo|—] 1
AND.B Rs,Rd B 2 Rd8CRs8 - Rd8 —|— 1 110|— 1
AND.W #xx:16,Rd W | 4 Rd16[#xx:16 - Rd16 — =131 0]|— 2
AND.W Rs,Rd w 2 Rd1600Rs16 - Rd16 —|— i Tlo|— 1
AND.L #xx:32,ERd L |6 ERd32[#xx:32 - ERd32 —|—|31310]|— 3
AND.L ERs,ERd L 4 ERd32[ERs32 - ERd32 —|— 1 tlo|— 2
OR OR.B #xx:8,Rd B |2 Rd8[#xx:8 - Rd8 —|—|tl1s10]|— 1
OR.B Rs,Rd B 2 Rd8CRs8 - Rd8 — =313/ 0]|— 1
OR.W #xx:16,Rd W | 4 RA16[#xx:16 — Rd16 —|—|tl1s10]|— 2
OR.W Rs,Rd w 2 Rd16Rs16 - Rd16 —|—=1t|slo|—| 1
OR.L #xx:32,ERd L |6 ERd320#xx:32 - ERd32 —|—|t|3l0]|— 3
OR.L ERs,ERd L 4 ERd32[ERs32 - ERd32 — =313/ 0]|— 2
XOR XOR.B #xx:8,Rd B |2 Rd80#xx:8 - Rd8 —|— i 110|— 1
XOR.B Rs,Rd B 2 Rd8CRs8 - Rd8 — =131 0]|— 1
XOR.W #xx:16,Rd W | 4 Rd160#xx:16 — Rd16 —|— 1 110|— 2
XOR.W Rs,Rd W 2 Rd16[JRs16 — Rd16 —|—|31310]|— 1
XOR.L #xx:32,ERd L |6 ERd320#xx:32 -~ ERd32 —|— i Tlo|— 3
XOR.L ERs,ERd L 4 ERA320ERs32 — ERd32 —|—Itl3lo|—] 2
NOT NOT.B Rd B 2 - Rd8 - Rd8 —|—=1tl|slo|—| 1
NOT.W Rd w 2 - Rd16 - Rd16 —|—1tlslo|—] 1
NOT.L ERd L 2 - ERd32 - ERd32 — =131 0]|— 1
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4, Shift Instructions

Mnemonic

Instruction Length (Bytes)

Addressing Mode and

#XX
Rn

@ERnN

@(d,ERn)

@-ERn/@ERN+

@aa

@(d,PC)
@@aa

Operation

Condition Code

No. of
States™®

Normal

Advanced

SHAL

SHAL.B Rd

SHAL.B #2,Rd

SHAL.W Rd

>

>

<

>

SHAL.W #2,Rd

SHAL.L ERd

SHAL.L #2,ERd

C MSB = LSB

> [«

>

SHAR

SHAR.B Rd

SHAR.B #2,Rd

SHAR.W Rd

SHAR.W #2,Rd

SHAR.L ERd

SHAR.L #2,ERd

MSB ——» LSB C

SHLL

SHLL.B Rd

SHLL.B #2,Rd

SHLL.W Rd

-0

SHLL.W #2,Rd

SHLL.L ERd

SHLL.L #2,ERd

C MSB —~—— LSB

SHLR

SHLR.B Rd

SHLR.B #2,Rd

SHLR.W Rd

SHLR.W #2,Rd

SHLR.L ERd

SHLR.L #2,ERd

MSB — |SB C

ROTXL

ROTXL.B Rd

ROTXL.B #2,Rd

ROTXL.W Rd

ROTXL.W #2,Rd

ROTXL.L ERd

ROTXL.L #2,ERd

rlrls|lgs|lw|lo|r|r|s|lS|lo|o|r|{r|S|S|o|lo|r|r|S|S|o|lo|lr|r|S|S|w|wm]| Size

NN INININ NN ININ NN IN N[NNI IN NN NN N INDIN N[N DN

C MSB —~— LSB

Dl o |lo|lololo|lo|lololololololololololololololololololololo]|o

Dl o |lo|lololo|lololo|lololololololololololololololololololo|o
Dl o |lo|lololo|lolololololololololololololololololololololo|o

o|lojlojojlolojlojojlololojlojlojlolojojojlo|lo|]o|o|o|oOo| o

L R R R R R R R R R R G G R R R R S R R R R G
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Mnemonic

Size

Addressing Mode and
Instruction Length (Bytes)

#xXX
Rn

@ERN

@(d,ERN)

@-ERN/@ERN+

@aa

@(d,PC)
@@aa

Operation

Condition Code

No. of
States™!

Normal
Advanced

ROTXR

ROTXR.B Rd

ROTXR.B #2,Rd

>

ROTXR.W Rd

ROTXR.W #2,Rd

ROTXR.L ERd

ROTXR.L #2,ERd

MSB —— LSB

C

-

> |«

>

ROTL

ROTL.B Rd

ROTL.B #2,Rd

ROTL.W Rd

ROTL.W #2,Rd

C

ROTL.L ERd

ROTL.L #2,ERd

MSB <—— LSB

b3

<

> |«

>

ROTR

ROTR.B Rd

ROTR.B #2,Rd

> [«

ROTR.W Rd

ROTR.W #2,Rd

ROTR.L ERd

ROTR.L #2,ERd

rlrls|s|o|o|r|r|S|S|o|lo|r|r|S|S|o|®

NN N[NNI IN NN N[NNI IN N[N DN

MSB — LSB

L

C

>

> [«

>
o|lo|o|lo|o|lo|o|lo|lo|o|o|o|lo|o|o|o|o|o
>

>

Dl o |olololololololololololololo|o

<

G G R R R R R R R R R R S
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5. Bit Manipulation Instructions

Addressing Mode and " No. of
t *
Instruction Length (Bytes) Condition Code | g o671
+
=t
Mnemonic % Operation =
= —~ 193
&z O I/HIN|Z|V|C s |8
x W Qg £ I
o | nzlul8zsle S| >
N |3 c Sl |s |2 o | Tt
ZREICHSHCHCHCHCIN z| <
BSET BSET #xx:3,Rd B 2 (#xx:3 of Rd8) ~ 1 — === == 1
BSET #xx:3,@ERd B 4 (#xx:3 of @ERd) - 1 — === == 4
BSET #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) ~ 1 —|—|—=|—|—|— 4
BSET #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) 1 —|—=|—=|—=—|— 5
BSET #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) ~1 —|—=|—=|—=|—|— 6
BSET Rn,Rd B 2 (Rn8 of Rd8) 1 — == === 1
BSET Rn,@ERd B 4 (Rn8 of @ERd) -1 — === == 4
BSET Rn,@aa:8 B 4 (Rn8 of @aa:8) ~1 —|—=|—|——|— 4
BSET Rn,@aa:16 B 6 (Rn8 of @aa:16) ~ 1 — == === 5
BSET Rn,@aa:32 B 8 (Rn8 of @aa:32) -1 — === == 6
BCLR BCLR #xx:3,Rd B 2 (#xx:3 of Rd8) ~ 0 — === == 1
BCLR #xx:3,@ERd B 4 (#xx:3 of @ERd) -0 — === —|— 4
BCLR #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) -0 —|—=|—|——|— 4
BCLR #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) -0 — === —|— 5
BCLR #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) -0 —|—=|—|—|—|— 6
BCLR Rn,Rd B 2 (Rn8 of Rd8) -0 —|—|=]—|—|— 1
BCLR Rn,@ERd B 4 (Rn8 of @ERd) -0 ——|—|—|—|— 4
BCLR Rn,@aa:8 B 4 (Rn8 of @aa:8) -0 —|—=|—|——|— 4
BCLR Rn,@aa:16 B 6 (Rn8 of @aa:16) -0 —|—|—]—|—|— 5
BCLR Rn,@aa:32 B 8 (Rn8 of @aa:32) -0 —|— == == 6
BNOT BNOT #xx:3,Rd B 2 (#xx:3 of Rd8) — [ (#xx:3 of Rd8)] —|—|=|—|=|— 1
BNOT #xx:3,@ERd B 4 (#xx:3 of @ERd) [~ (#xx:3 — === == 4
of @ERd)]
BNOT #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) — [~ (#xx:3 — === == 4
of @aa:8)]
BNOT #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) — [~ (#xx:3 — == === 5
of @aa:16)]
BNOT #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) — [ (#xx:3 —|—=|—=|—=|—|— 6
of @aa:32)]
BNOT Rn,Rd B 2 (Rn8 of Rd8) [~ (Rn8 of Rd8)] — == === 1
BNOT Rn,@ERd B 4 (Rn8 of @ER) [~ (Rn8 of @ERd)] | —|— | —|—|—|— 4
BNOT Rn,@aa:8 B 4 (Rn8 of @aa:8) [~ (Rn8 of @aa:8)] | —|—|—|—|—|— 4
BNOT Rn,@aa:16 B 6 (Rn8 of @aa:16) — [~ (Rn8 —|—=|—=|—=—|— 5
of @aa:16)]
BNOT Rn,@aa:32 B 8 (Rn8 of @aa:32) — [~ (Rn8 — === == 6
of @aa:32)]
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Addressing Mode and

Condition Code

No. of

Instruction Length (Bytes) States*!
3
Mnemonic . 5 Operation -
< E % g p HIN|Z|V|C g %
Byl |uzY gZe 5|32
[ EINAICHCICICICIC] z| <
BTST BTST #xx:3,Rd B 2 = (#xx:3 of Rd8) - Z — ==t == 1
BTST #xx:3,@ERd B 4 - (#xx:3 of @ERd) -~ Z — ==t == 3
BTST #xx:3,@aa:8 B 4 - (#xx:3 of @aa:8) - Z — ==t |=]= 3
BTST #xx:3,@aa:16 B 6 - (#xx:3 of @aa:16) - Z — ==t == 4
BTST #xx:3,@aa:32 B 8 - (#xx:3 of @aa:32) - Z — ==t == 5
BTST Rn,Rd B 2 - (Rn8 of Rd8) -~ Z — ==t == 1
BTST Rn,@ERd B 4 - (Rn8 of @ERd) - Z — == 3|=|— 3
BTST Rn,@aa:8 B 4 - (Rn8 of @aa:8) -2 — ==t |=]= 3
BTST Rn,@aa:16 B 6 - (Rn8 of @aa:16) - Z e e T e 4
BTST Rn,@aa:32 B 8 - (Rn8 of @aa:32)-Z — ==t == 5
BLD BLD #xx:3,Rd B 2 (#xx:3 of Rd8) - C — = === 1
BLD #xx:3,@ERd B 4 (#xx:3 of @ERd) -~ C —|—|— -7 3
BLD #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) - C — = === 3
BLD #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) - C — | — === 4
BLD #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) - C — = === 5
BILD BILD #xx:3,Rd B 2 = (#xx:3 of Rd8) - C — = === 1
BILD #xx:3,@ERd B 4 - (#xx:3 of @ERd) -~ C —|—|—=|—=]=12 3
BILD #xx:3,@aa:8 B 4 - (#xx:3 of @aa:8) - C — = === 3
BILD #xx:3,@aa:16 B 6 = (#xx:3 of @aa:16) - C — = === 4
BILD #xx:3,@aa:32 B 8 - (#xx:3 of @aa:32) -~ C — | — === 5
BST BST #xx:3,Rd B 2 C - (#xx:3 of Rd8) el et et Rt Rt 1
BST #xx:3,@ERd B 4 C - (#xx:3 of @ERd) — === —|— 4
BST #xx:3,@aa:8 B 4 C - (#xx:3 of @aa:8) —|—|—|——|— 4
BST #xx:3,@aa:16 B 6 C - (#xx:3 of @aa:16) el et et Rt Rt 5
BST #xx:3,@aa:32 B 8 C - (#xx:3 of @aa:32) — === —|— 6
BIST BIST #xx:3,Rd B 2 = C - (#xx:3 of Rd8) el el el el e 1
BIST #xx:3,@ERd B 4 - C - (#xx:3 of @ERd) el et et Rt Rt 4
BIST #xx:3,@aa:8 B 4 - C - (#xx:3 of @aa:8) — === 4
BIST #xx:3,@aa:16 B 6 - C - (#xx:3 of @aa:16) — === |—|— 5
BIST #xx:3,@aa:32 B 8 - C - (#xx:3 of @aa:32) el et et Rt Rt 6
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Addressing Mode and

Condition Code

No. of

Instruction Length (Bytes) States™!
£
Mnemonic . E Operation -
i ﬁ % g , HIN|Z|V]|C s %
Blxlc|luBY g 2o S| 3
B EANACHCHCHCICIRE] zZ | <
BAND  |BAND #xx:3,Rd B 2 CO(#xx:3 of Rd8) ~ C S R R i 1
BAND #xx:3, @ERd B 4 CO (#xx:3 of @ERd) -~ C S N R R 3
BAND #xx:3,@aa:8 B 4 CO (#xx:3 of @aa:8)-C —|—|=|=—=12 3
BAND #xx:3,@aa:16 B 6 CO (#xx:3 of @aa:16) -~ C e e el el e 4
BAND #xx:3,@aa:32 B 8 CO (#xx:3 of @aa:32) - C e e el 1 5
BIAND BIAND #xx:3,Rd B 2 CO[~ (#xx:3 of Rd8)] - C e el e e e 1
BIAND #xx:3,@ERd B 4 CO[- (#xx:3 of @ERd)] - C S R R - 3
BIAND #xx:3,@aa:8 B 4 CO[~ (#xx:3 of @aa:8)] - C — === 3
BIAND #xx:3,@aa:16 B 6 CO[~ (#xx:3 of @aa:16)] - C —|—|=|=—=2 4
BIAND #xx:3,@aa:32 B 8 CO[- (#xx:3 of @aa:32)] - C —|—|=|=—=2 5
BOR BOR #xx:3,Rd B 2 CO (#xx:3 of Rd8) -~ C —|—|—=]=—2 1
BOR #xx:3,@ERd B 4 CO(#xx:3 of @ERd) -~ C e el e e e 3
BOR #xx:3,@aa:8 B 4 CO(#xx:3 of @aa:8) -~ C —|—|=|=—=1 3
BOR #xx:3,@aa:16 B 6 CO (#xx:3 of @aa:16) - C —|—|=|=—=2 4
BOR #xx:3,@aa:32 B 8 CO (#xx:3 of @aa:32) - C —|—|=|=—=2 5
BIOR BIOR #xx:3,Rd B 2 CO[- (#xx:3 of Rd8)] ~ C —|— === 1
BIOR #xx:3,@ERd B 4 CO[~ (#xx:3 of @ERd)] - C N R R R 3
BIOR #xx:3,@aa:8 B 4 CO[~ (#xx:3 of @aa:8)] - C —|—|=|=—=2 3
BIOR #xx:3,@aa:16 B 6 CO[~ (#xx:3 of @aa:16)] - C —|—|=|=—=1 4
BIOR #xx:3,@aa:32 B 8 CO[~ (#xx:3 of @aa:32)] - C —|—|=|=—=2 5
BXOR BXOR #xx:3,Rd B 2 CO (#xx:3 of Rd8) - C e el el e e 1
BXOR #xx:3,@ERd B 4 CO (#xx:3 of @ERd) - C —|—|=|=—=1 3
BXOR #xx:3,@aa:8 B 4 CO (#xx:3 of @aa:8) - C —|—|=|==2 3
BXOR #xx:3,@aa:16 B 6 CO (#xx:3 of @aa:16) - C Rl el el e 4
BXOR #xx:3,@aa:32 B 8 CO (#xx:3 of @aa:32)»C —|—|=|=—=1 5
BIXOR BIXOR #xx:3,Rd B 2 CO [~ (#xx:3 of Rd8)] - C —|—|=|=—=2 1
BIXOR #xx:3,@ERd B 4 CO [ (#xx:3 of @ERd)] - C e el el el e 3
BIXOR #xx:3,@aa:8 B 4 CO [~ (#xx:3 of @aa:8)] -~ C — === 3
BIXOR #xx:3,@aa:16 B 6 CO [~ (#xx:3 of @aa:16)] - C —|—|=|=—=2 4
BIXOR #xx:3,@aa:32 B 8 CO [~ (#xx:3 of @aa:32)] - C e el e e 5

HITACHI

655



6. Branch Instructions

e e e
2

Mnemonic . 5 Operation -

PIAEEREE ElS

ZREIACIEEIEICEECH zZ| <
Bcc BRA d:8(BT d:8) — 2 if condition is true then | Always ——|—|——|— 2
BRA d:16(BT d:16) — 4 e|s::e;sc+d === s
BRN d:8(BF d:8) — 2 Never == =] = 2
BRN d:16(BF d:16) — 4 — === —|— 3
BHI d:8 — 2 Ccz=0 == =|=] 2
BHI d:16 — 4 —|—|=|=]=|=] 3
BLS d:8 — 2 crz=1 = === 2
BLS d:16 — 4 — | —|—=|=|—=|— 3
BCC d:8(BHS d:8) — 2 c=0 =] === 2
BCC d:16(BHS d:16) — 4 —|—|—=|=]=|=] 3
BCS d:8(BLO d:8) — 2 c=1 === —=]= 2
BCS d:16(BLO d:16) — 4 —|—|—=|=]=|=] 3
BNE d:8 — 2 7=0 = === 2
BNE d:16 — 4 =] =] =|—| 3
BEQ d:8 — 2 Z=1 — == === 2
BEQ d:16 — 4 == == 3
BVC d:8 — 2 V=0 — | — =] === 2
BVC d:16 — 4 === 3
BVS d:8 — 2 V=1 =] =]=]=] 2
BVS d:16 — 4 —|—|=|=]=|=] 3
BPL d:8 — 2 N=0 — === == 2
BPL d:16 — 4 == === 3
BMI d:8 — 2 N=1 = === 2
BMI d:16 - 4 — | — === 3
BGE d:8 — 2 NOV=0 R U DU U N 2
BGE d:16 — 4 ——|—=|=|=|—| 3
BLT d:8 — 2 NOV=1 == === 2
BLT d:16 — 4 | =] =] == 3
BGT d:8 — 2 ZONOV)=0 |—|—|—|—|—|—| 2
BGT d:16 — 4 = === 3
BLE d:8 — 2 ZONOV)=1 | —|—|—|—|—|— 2
BLE d:16 — 4 = === 3
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Addressing Mode and

Condition Code

No. of

Instruction Length (Bytes) States™!
+
&
Mnemonic w Operation .
& %‘ O & HIN|Z|vic| |8
glulEg%e £|8
S lglc|uSY 2O 5132
REIFAECEECECEEEIR zZ| <
JMP JMP @ERnN — 2 PC ~ERn — === == 2
JMP @aa:24 — 4 PC-aa:24 — === == 3
JMP @@aa:8 — 2 PC - @aa:8 —|—|—|—|—|—| 4 |5
BSR BSR d:8 — 2 PC- @-SP,PC - PC+d:8 —|—|—|—|—|— 3 | 4
BSR d:16 — 4 PC - @-SP,PC - PC+d:16 —|—|—|—|—=|—| 4 |5
JSR JSR @ERn — 2 PC- @-SP,PC ~ERN —|—|—|—|—|—| 3 | 4
JSR @aa:24 — 4 PC- @-SP,PC —aa:24 —|—|—|—|—|—| 4 |5
JSR @@aa:8 — 2 PC - @-SP,PC - @aa:8 —|—|—|—|—|—| 4 | 6
RTS RTS — 2 |PC-@SP+ —|—|—=|—=|—|—| 4 |5
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7. System Control Instructions

Addressing Mode and Condition Code No. of
Instruction Length (Bytes) States™!
+
j=
Mnemonic g) Operation -
=4 — 173
Sl€E Ol o LIHIN|Zvic) 5| 8
gyl Qg £l
Q| x nizlu 8=l S| >
NS e = A = °
ZREIACIEECIEICEECH z| <
TRAPA | TRAPA #xx:2 — PC- @-SP,CCR-@-SP, 1|—|—|—|—|—|7[918 9]
EXR - @-SP,<vector>- PC
RTE RTE — EXR — @SP+,CCR - @SP+, Il 500
PC - @SP+
SLEEP |SLEEP — Transition to power-down state — == === 2
LDC LDC #xx:8,CCR B |2 #xx:8 -~ CCR ol ol ol ol ol B 1
LDC #xx:8,EXR B |4 #xx:8 - EXR — === == 2
LDC Rs,CCR B 2 Rs8 - CCR TITITITITe 1
LDC Rs,EXR B 2 Rs8 - EXR — === 1
LDC @ERs,CCR w 4 @ERs-CCR o IOR HoN HoN o i 3
LDC @ERs,EXR w 4 @ERs - EXR == —=|=]|=| 3
LDC @(d:16,ERs),CCR | W 6 @(d:16,ERs) -~ CCR ol o o o 4
LDC @(d:16,ERs),EXR w 6 @(d:16,ERs) - EXR = === 4
LDC @(d:32,ERs),CCR | W 10 @(d:32,ERs) - CCR ol ol Bl ol ol 6
LDC @(d:32,ERs),EXR | W 10 @(d:32,ERs) -~ EXR —| == ==|— 6
LDC @ERs+,CCR w 4 @ERs - CCR,ERs32+2 - ERs32 ol O ROl Rl Il 4
LDC @ERs+EXR w 4 @ERs - EXR,ERs32+2 -, ERs32 — = |=|==]= 4
LDC @aa:16,CCR w 6 @aa:16 - CCR 0NN BN N Ao Ol 4
LDC @aa:16,EXR w 6 @aa:16 - EXR e e e e 4
LDC @aa:32,CCR w 8 @aa:32 - CCR 0N NN B Ao Il 5
LDC @aa:32,EXR w 8 @aa:32 - EXR — = === 5
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Addressing Mode and

Condition Code

No. of

Instruction Length (Bytes) States™!
P
Mnemonic - & Operation -
c E % 9 5 HIN|z|V|C g %
BlxlcluZ|4lglgo 5|3
ZREIACECIECIEIECIEHEEN zZ| <
sTC STC CCR,Rd B 2 CCR-Rd8 —=|=|=|=]=] 1
STC EXR,Rd B 2 EXR - Rd8 === == 1
STC CCR,@ERd w 4 CCR- @ERd — === == 3
STC EXR,@ERd w 4 EXR - @ERd == === 3
STC CCR,@(d:16,ERd) | W 6 CCR - @(d:16,ERd) == =] 4
STC EXR,@(d:16,ERd) | W 6 EXR - @(d:16,ERd) —|—=|=|—=|=|=| &
STC CCR,@(d:32,ERd) | W 10 CCR- @(d:32,ERd) —|—]=|=|—|—| &
STCEXR,@(d:32,ERd) | W 10 EXR - @(d:32,ERd) — = |=|=|=|=] &
STC CCR,@-ERd w 4 ERd32-2 . ERd32,CCR - @ERd — === == 4
STC EXR,@-ERd W 4 ERd32-2 - ERd32,EXR - @ERd — === == 4
STC CCR,@aa:16 w 6 CCR- @aa:16 — = === 4
STC EXR,@aa:16 w 6 EXR - @aa:16 — === == 4
STC CCR,@aa:32 w 8 CCR- @aa:32 ——|—|——|— 5
STC EXR,@aa:32 w 8 EXR - @aa:32 —|—=|—|——|— 5
ANDC  |ANDC #xx:8,CCR B |2 CCR¥#xx:8 - CCR R ol R R
ANDC #xx:8,EXR B |4 EXRO#xx:8 - EXR — === 2
ORC ORC #xx:8,CCR B |2 CCR[#xx:8 - CCR Ol O o BN 1
ORC #xx:8,EXR B |4 EXRO#xx:8 - EXR — = === 2
XORC  |XORC #xx:8,CCR B |2 CCRO#xx:8 - CCR R R R R
XORC #xx:8,EXR B |4 EXRO#xx:8 - EXR — | —|—|=—|— 2
NOP NOP — 2 |PC-PC+2 — === —|— 1
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8. Block Transfer Instructions

Addr§55|ng Mode and Condition Code No. of*1
Instruction Length (Bytes) States
+
=4
Mnemonic N % Operation -
=t — Q
nr-;ﬁE 8% IHNZVC§§
3 s|UESe 5|2
N | %W | s S| o5
ZREIACIEHEICEEIEH zZ| <
EEPMOV |[EEPMOV.B — 4 |if R4L£0 —|—|—|—|—|—| 4+2n"2
Repeat @ER5 -~ @ER6
ER5+1 - ER5
ER6+1 - ER6
R4L-1-R4L
Until R4L=0
else next;
EEPMOV.W — 4 |if R4z0 —|—|—|—|—|—| 4+2n"2
Repeat @ER5 -~ @ER6
ER5+1 - ER5
ER6+1 - ER6
R4-1-R4
Until R4=0
else next;

Notes: 1. The number of states is the number of states required for execution when the
instruction and its operands are located in on-chip memory.

2. nis the initial value set in R4L or RA4.
3. Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
4. Only registers ERO to ER6 should be used when using the STM/LDM instruction.

[1] 7 states when the number of saved/restored registers is 2, 9 states when 3, and 11
states when 4.

[2] Cannot be used with the H8S/2128 Series and H8S/2124 Series.

[3] Setto 1 when there is a carry from or borrow to bit 11; otherwise cleared to 0.

[4] Setto 1 when there is a carry from or borrow to bit 27; otherwise cleared to 0.

[5] If the result is zero, the previous value of the flag is retained; otherwise the flag is
cleared to 0.

[6] Setto 1 if the divisor is negative; otherwise cleared to 0.

[7] Setto 1 if the divisor is zero; otherwise cleared to 0.

[8] Setto 1 if the quotient is negative; otherwise cleared to 0.

[9] When EXR is valid, the number of states is increased by 1.
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Instruction Codes

A2

Instruction Codes

TableA.2

dsip 0 {1 8 s | — (9T:p 49) 9T:p NHg
_ dsip T v | — (8:p 49) 8:p Nyg
dsip 0 i o0 8 s | — (9T:p 19) 9T:p vud
_ dsip o v |- @plE)gpvag|  oog
0 iNWio| 9 | L sqe 0 € v 9 | g zeeer®' exx# ANV
0 {NWIo| 9 | L sqe 0 T v 9 | g 9TeR® e:XX# ANVE
0 iNWEO| 9 L sqe 3 L | g 8@ e:Xx# ANVE
0 iNWEO| 9 L 0 i{p@io| O L | g pY3@ e:xXx# ANVE
POl 9 L |9 py‘eXx# ANVE|  aNva
NI _ 9 {0 1 ¥ T 0o | g UX3'8:Xx# DANY
WII 9 o |8 Y0D'8Xx# OANY|  OANV
9 0 E| T 0 |1 py3'sy3 TANY
P20l 9 v L] pY3‘ZEXX# TANY
pi sl 9 9 | M py‘sd M'ANV
pi 9 6 Lo m PYOT:XX# M'ANY
pi sl 9 T |49 py'sy g'aNy
ININI pi 3 |9 py‘g:Xx# 9'ANY anv
pii sl 3 0o | g py‘sy xaav
NINI pi 6 |9 py'gxx# Xaav|  xaav
p12ioi 6 a o |1 py3‘y# Saav
peioi 8 q o |1 py3‘z# saav
p12iol 0 q o |1 py3‘T#SAQv| saav
pivioisiiT| Vv 0o |1 py3‘sy3 Taav
NI pRiol T v L] py3‘zeXx# 1'aav
pi sl 6 0 | Mm py‘sd M'aav
NI pi T 6 Lo m pYOTXX# M'AAY
pi sl 8 0o | g pd'sy g'aav
ININI pi 8 | g py‘g:xx# 9'aav aav
°o1Ag y10T | @149 Ye °14g yi1g a1hg Y1z a1Ag Y19 21kg Yig akg yw | e1hg pig 814g puz 91Ag 1T uon
9zl 2IUOWBUN .o::.mc_

Tewso4 uopaNnsu|
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dsip o | 4 8 s | — 9T:p 319
_ dsip E| v | — 8:p37g
dsip 0 i 3 8 s | — 9T:p 199
_ dsip 3 v | — 8:p 199
dsip 0o i a 8 s | — 9T:p L78
_ dsip a v | — 8:p 119
dsip 0 i 0 8 5 | — 9T:p 399
_ %,_v 2 v | — 8:p 399
dsip 0 i g 8 s | — 9T:p ING
_ dsip 9 v | — 8:p INg
dsip 0 iV 8 s | — 9T:p 1dg
_ %,_u v v | — 8:p 1dg
dsip 0 i 6 8 s | — 9T:p SAG
_ %,,_u 6 v | — 8:p SAg
dsip 0o i 8 8 s | — 9T:p ONd
_ %,_c 8 v | — 8:p OAG
dsip 0 i L 8 s | — 9T:p O34
_ %,_c L v | — 8:p 039
dsip 0 i 9 8 s |— 9T:p INg
_ dsip 9 v | — 8:p aNg
dsip 0 i S 8 s | — (9T:p 019) 9T:p SO9
_ dsip S v | — (8:p 019) 8:p SO9
dsip o v |8 G |— (91:p SHa) 9T:p 008
_ dsip v v | — (8:p SHa) 8:p 008
dsip 0 | ¢ 8 s | — 9T:p S1g
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Operation Code Map

A3

Table A.3 shows the operation code map.

TableA.3 Operation Code Map (1)

'S3U8S YZTZ/S8H pue SalIds 8¢TZ/S8H dYl YIM pash 8q jouued » 9J0N

AOW 4
anv 3
HOX a
4o 5
xans g
dWo v
Xaav 6
aav 8
EyS— 7>o_zn_mm @ev @wi o [0T8_~[aNviE_—Teoxie_—oig )
&D_m.w 19eL oS ANVE HOXE " MO8) 519 | yi08 | LONE | i3s8
AOW Qe AOW o OGNV | ¥OX | ¥O 9
use s dwe @EV | yaval | 31y | wsa | SL | NXAIQ | NXINW | NXAID | XTI | §
I 7 198 7 11 | 398 | g 7 1dg 7 sng | ong | 38 | ana | sos | oog | s1@ | mHE | Nug | wvug | v
£
FAOW
z
@ev @¢ev | @ev @) ev @ev | @¢ev | @¢ev | @¢cv
diqeL | X8Ns dino slqel | sigel ans siger | ANV | ¥OX | ¥O | "Gge; | Siger | eiger | eiger | T
@¢ev @¢ev | @¢ev OVAdL~|OVALS @ev
QeY | xaav AOW eV | @ey aav oa1 | oanv | owox | owo RTELTREST @Y | don | o
4 3 a o) g v 6 8 L 9 5 v € z T o |yt
18 | He | W | AV
“T SI Hg JO g JUeoIUBIS 1S0W USYM UonoNINSu| —
a1Aq pug a1Aq 1T :9p03 UoNONNSU|
*0 SI Hg 0 31 JuedIUBIS 1SOW USYM LoRINASU| —

675

HITACHI



TableA.3 Operation Code Map (2)
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TableA.3 Operation Code Map (3)
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TableA.3 Operation Code Map (4)
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A4 Number of States Required for Execution

The tables in this section can be used to cal culate the number of states required for instruction
execution by the H8S/2000 CPU. Table A.5 shows the number of instruction fetch, data
read/write, and other cycles occurring in each instruction, and table A.4 shows the number of
states required per cycle according to the bus size. The number of states required for execution of
an instruction can be calculated from these two tables as follows:

Number of states = | xS, +JxS; + Kx S, +L xS +MxS,+ N xS
Examples of Calculation of Number of States Required for Execution

Examples: Advanced mode, external address space designated for the program area and stack area,
on-chip supporting modules accessed in two states with 8-bit bus width, external devices accessed
in three states with one wait state and 8-bit bus width.

1. BSET #0,@FFFFC7:8

Fromtable A5, 1=L=2andJ=K=M=N=0
From table A.4,S,=8and S, =2
Number of states =2 x8 + 2 x2 =20

2. JSR @@30

Fromtable A5, 1=J=K=2andL=M=N=0
From table A4, S, =S=5,=8
Number of states =2 x8+2x8+2x8 =48
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TableA.4 Number of Statesper Cycle

Access Conditions

On-Chip External Device
Supporting Module 8-Bit Bus 16-Bit Bus*
Execution State On-Chip 8-Bit 16-Bit 2-State 3-State 2-State 3-State
(Cycle) Memory Bus Bus Access Access Access Access
Instruction fetch 1 4 2 4 6 +2m 2 3+m
S,
Branch address fetch
S,
Stack operation
Sk
Byte data access 2 2 3+m
SL
Word data access 4 4 6 +2m
SM
Internal operation 1 1 1 1 1 1 1
SN
Legend:

m: Number of wait states inserted into external device access

Note: * Cannot be used in the H8S/2128 Series and H8S/2124 Series.
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Table A.5 Number of Cyclesper Instruction

Instruction Mnemonic

Instruction  Address Stack
Read Operation
K

Fetch
|

Branch

J

Byte Data
Access

L

Internal
Operation

ADD

ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS

ADDS #1/2/4,ERd

ADDX

ADDX #xx:8,Rd
ADDX Rs,Rd

AND

AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC

ANDC #xx:8,CCR
ANDC #xx:8,EXR

BAND

BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

[ S S

Bcc

BRAd:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCCd:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

NN NN RN RNNRNMNNDNDMNRNDNDNDONDNDPRPRIN R[N O FPNRRIRPR PRI, ® RPN PR P
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Instruction Mnemonic

Branch

Instruction  Address

Fetch Read
| J

Byte Data
Access

L

Internal
Operation
N

Bcc

BGT d:8

BLE d:8

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

B R R R R R R R R R R R R R R R

BCLR

BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd

BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

N N NN

N N NN

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

AW N N P | WO N DN EFP B WO DNDNDEFEP|INDNDNDNDDNDDNDDNDDNDDNDDNDDNDNDNDNDNDNDNDNDNDDNDNDNDNDNDNDN

R R R R
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Instruction

Mnemonic

Instruction  Address  Stack
Read Operation
K

Fetch
|

Branch

J

Byte Data  Word Data Internal
Access Access Operation

L M N

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

A

BIOR

BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

A

BIST

BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

N N NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

A

BLD

BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

A

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd

BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

AW NN P B ODNMNDND PR ODNMDNDPRPRPIBA ODNMDNDERP|[A2R ODNMDNDERP[(AE ONMDNDPERP[A_E ONDDNPRP

N N NN

N N NN
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Instruction

Mnemonic

Branch
Instruction
Fetch Read
| J

Address

Stack
Operation
K

Byte Data  Word Data Internal
Access Access Operation
L M N

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

R R R R

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8
BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd

BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

N N NN

N NN

BSR

BSR d:8 Normal

Advanced

BSR d:16 Normal

Advanced

N [P [N

BST

BST #xx:3,Rd

BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

N N NN

BTST

BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd

BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

AW N N P B WO DNDNPRFP| A O DNMNDNDERPINDINMNIDINDNIE2R ODNMDNDPEP BB ODDMDNDPIAAODNMMDNDPRP

bR R R

B R R R
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Instruction

Mnemonic

Branch
Instruction  Address  Stack Byte Data  Word Data Internal
Fetch Read Operation  Access Access Operation
| J K L M N

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8

BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

1
2
2
3
4

A

CLRMAC

CLRMAC

Cannot be used with the H8S/2128 Series and H8S/2124 Series.

CMP

CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

DAA

DAARd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2,Rd
DEC.L #1/2,ERd

DIVXS

DIVXS.B Rs,Rd
DIVXS.W Rs,ERd

11
19

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

11

EEPMOV

EEPMOV.B
EEPMOV.W

2n+2 *?

2n+2 *?

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP

JMP @ERn
JMP @aa:24

JMP @@aa:8 Normal

Advanced

1
1
2
1
3
1
1
1
1
1
1
2
2
1
1 19
2
2
1
1
1
1
1
1
1
2
2
2
2
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Branch
Instruction  Address  Stack Byte Data  Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction Mnemonic | J K L M N

JSR JSR @ERN Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

N R [N [P N |

Advanced

LDC LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR

LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR
LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

L e e T e e O =
=

LDM** LDM.L @SP+, (ERn-ERn+1)
LDM.L @SP+, (ERn-ERn+2)

2
2
2
2
2
2
1
2
1
1
2
2
LDC @(d:16,ERs),CCR 3
3
5
5
2
2
3
3
4
4
2
2
LDM.L @SP+, (ERn-ERN+3) 2

LDMAC LDMAC ERs, MACH Cannot be used with the H8S/2128 Series and H8S/2124 Series.
LDMAC ERs, MACL

MAC MAC @ERn+, @ERmM+

MOV MOV.B #xx:8,Rd
MOV.B Rs,Rd
MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd

I N
N
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Instruction Mnemonic

Instruction  Address  Stack
Read Operation
J K

Fetch
|

Branch

Byte Data
Access

Word Data
Access

M

Internal
Operation

N

MOV

MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd

MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd
MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
MOV.L ERs,ERd

MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)
MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:32

3
1
2
4
1
1
2
3
2
1
1
2
4
1
2
3
1
2
4
1
2
3
3
1
2
3
5
2
3
4
2
3
5
2
3
4

N N

[ = T T = T T =Y = S S S =

N N N N N NN N DN DN DNDNDN

HITACHI

687



Instruction

Mnemonic

Branch

Instruction  Address  Stack

Fetch
|

Read Operation
J K

Byte Data
Access
L

Word Data
Access
M

Internal
Operation
N

MOVFPE

MOVFPE @:aa:16,Rd

MOVTPE

MOVTPE Rs,@:aa:16

Cannot be used with the H8S/2128 Series and H8S/2124 Series.

MULXS

MULXS.B Rs,Rd

11

MULXS.W Rs,ERd

19

MULXU

MULXU.B Rs,Rd

11

MULXU.W Rs,ERd

19

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR .B #xx:8,Rd
OR .B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC

ORC #xx:8,CCR
ORC #xx:8,EXR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

N BN

[ N N

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

P R R R R R[N RPINEIN RN RN R R[RP R RIRP[RPr R RRLR[RLINMIN

688

HITACHI



Branch

Instruction  Address Stack Internal
Fetch Read Operation Operation
Instruction Mnemonic | J
ROTR ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd

ROTR.L #2,ERd

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3 **

RTS

RTS Normal

Advanced

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

P R R R R RP[R R R P R RI[NINMVINRP PR P R P RPR(RPR R P P R R[(RPR P R R R R
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Branch

Instruction  Address  Stack Byte Data  Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction Mnemonic | J K L M N
SHLL SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd

SHLL.L #2,ERd

SHLR SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP SLEEP

STC STC.B CCR,Rd
STC.B EXR,Rd
STC.W CCR,@ERd
STC.W EXR,@ERd
STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)
STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

L e e = T = W =R S
=

STM** STM.L (ERn-ERn+1),@-SP
STM.L (ERn-ERn+2),@-SP
STM.L (ERn-ERn+3),@-SP

SuUB SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

P W R N RN NNIAE DA ®ONNOC OO ®®NNRRIR|[RP R R R R R|[R R R R B R
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Branch

Instruction  Address Stack Byte Data Internal
Fetch Read Operation  Access Operation
Instruction Mnemonic | J K L N
SUBS SUBS #1/2/4,ERd 1
SUBX SUBX #xx:8,Rd 1
SUBX Rs,Rd 1
TAS TAS @ERd*? 2 2
TRAPA TRAPA #x:2  Normal 2 1 2/3 ** 2
Advanced 2 2 2/3 ** 2
XOR XOR.B #xx:8,Rd 1
XOR.B Rs,Rd 1
XOR.W #xx:16,Rd 2
XOR.W Rs,Rd 1
XOR.L #xx:32,ERd 3
XOR.L ERs,ERd 2
XORC XORC #xx:8,CCR 1
XORC #xx:8,EXR 2
Notes: 1. 2 when EXR is invalid, 3 when valid.
2. When n bytes of data are transferred.
3. Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
4. Only registers ERO to ER6 should be used when using the STM/LDM instruction.

HITACHI
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A5  BusStatesDuring Instruction Execution

Table A.6 indicates the types of cycles that occur during instruction execution by the CPU. See
table A.4 for the number of states per cycle.

How to Read the Table:

Order of execution

Y

Instruction 1 2 3 4 5 6 7 8
JMP@aa:24 R:W 2nd Internal R:W EA
operation
2 state

A

A {
End of instruction

Read effective address (word-size read)

No read or write

Read 2nd word of current instruction
(word-size read)

Legend

R:B Byte-size read

R:W Word-size read

W:B Byte-size write

W:wW Word-size write

‘M Transfer of the bus is not performed immediately after this cycle
2nd Address of 2nd word (3rd and 4th bytes)

3rd Address of 3rd word (5th and 6th bytes)

4th Address of 4th word (7th and 8th bytes)

5th Address of 5th word (9th and 10th bytes)

NEXT Start address of instruction following executing instruction
EA Effective address

VEC Vector address

692
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Figure A.1 shows timing waveforms for the address bus and the RD, WR signals during execution
of the above instruction with an 8-bit bus, using three-state access with no wait states.

a

N M EEE M

High level
| - |
R:W 2nd Internal RW EA
| operation |
R N i — - -
Fetching Fetching Fetching Fetching
3rd byte 4th byte 1st byte of 2nd byte of
of instruction of instruction branch instruction  branch instruction

FigureA.1 AddressBus, RD, WR Timing
(8-Bit Bus, Three-State Access, No Wait States)

HITACHI

693




Table A.6 Instruction Execution Cycle

Instruction 1 2 3 4 5
ADD.B #xx:8,Rd R:W NEXT
ADD.B Rs,Rd R:W NEXT
ADD.W #xx:16,Rd |R:W 2nd |R:W NEXT
ADD.W Rs,Rd R:W NEXT
ADD.L #xx:32,ERd [R:W 2nd |R:W 3rd |R:W NEXT
ADD.L ERs,ERd R:W NEXT
ADDS #1/2/4,ERd |R:W NEXT
ADDX #xx:8,Rd R:W NEXT
ADDX Rs,Rd R:W NEXT
AND.B #xx:8,Rd R:W NEXT
AND.B Rs,Rd R:W NEXT
AND.W #xx:16,Rd |R:W 2nd |R:W NEXT
AND.W Rs,Rd R:W NEXT
AND.L #xx:32,ERd |[R:W 2nd |R:W 3rd |R:W NEXT
AND.L ERs,ERd R:W2nd |R:W NEXT
ANDC #xx:8,CCR |R:W NEXT
ANDC #xx:8,EXR |R:W 2nd |R:W NEXT
BAND #xx:3,Rd R:W NEXT
BAND #xx:3,@ERd |R:W 2nd |R:B EA R:W:M
NEXT
BAND #xx:3,@aa:8 |R:W 2nd |R:B EA R:W:M
NEXT
BAND #xx:3, RW2nd |RW3rd |R:BEA R:W:M
@aa:16 NEXT
BAND #xx:3, RW2nd |RW3rd |R:W4th |R:BEA R:W:M
@aa:32 NEXT
BRA d:8 (BT d:8)|R:W NEXT|R:W EA
BRN d:8 (BF d:8)|R:W NEXT|R:W EA
BHI d:8 R:W NEXT|R:W EA
BLS d:8 R:W NEXT|R:W EA
BCC d:8 (BHS d:8)|R:W NEXT|R:W EA
BCS d:8 (BLO d:8)|R:W NEXT|R:W EA
BNE d:8 R:W NEXT|R:W EA
BEQ d:8 R:W NEXT|R:W EA
BVC d:8 R:W NEXT|R:W EA
BVS d:8 R:W NEXT|R:W EA
BPL d:8 R:W NEXT|R:W EA




Instruction 1 2 3

BMI d:8 R:W NEXT|R:W EA

BGE d:8 R:W NEXT|R:W EA

BLT d:8 R:W NEXT|R:W EA

BGT d:8 R:W NEXT|R:W EA

BLE d:8 R:W NEXT|R:W EA

BRA d:16 (BT d:16)|R:W 2nd |Internal R:W EA
operation,
1 state

BRN d:16 (BF d:16)|R:W 2nd |Internal R:W EA
operation,
1 state

BHI d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BLS d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BCC d:16 R:W 2nd |Internal R:W EA

(BHS d:16) operation,
1 state

BCS d:16 R:W 2nd |Internal R:W EA

(BLO d:16) operation,
1 state

BNE d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BEQ d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BVC d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BVS d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BPL d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BMI d:16 R:W 2nd |Internal R:W EA
operation,
1 state

BGE d:16 R:W 2nd |Internal R:W EA
operation,

1 state




Instruction 1 2 3 4 5 6
BLT d:16 R:W 2nd |Internal R:W EA
operation,
1 state
BGT d:16 R:W 2nd |Internal R:W EA
operation,
1 state
BLE d:16 R:W 2nd |Internal R:W EA
operation,
1 state
BCLR #xx:3,Rd R:W NEXT
BCLR #xx:3,@ERd |[R:W 2nd |R:B:M EA |R:W:M W:B EA
NEXT
BCLR #xx:3,@aa:8 |[R:W 2nd |R:B:M EA |[R:W:M W:B EA
NEXT
BCLR#xx:3,@aa:16|R:W 2nd |R:W 3rd R:B:M EA |R:W:M W:B EA
NEXT
BCLR#xx:3,@aa:32|R:W 2nd |R:W 3rd R:W 4th R:B:M EA |R:W:M W:B EA
NEXT
BCLR Rn,Rd R:W NEXT
BCLR Rn,@ERd R:W2nd |R:B:M EA |R:W:M W:B EA
NEXT
BCLR Rn,@aa:8 R:W2nd |R:B:M EA |R:W:M W:B EA
NEXT
BCLR Rn,@aa:16 |R:W2nd |[R:W 3rd R:B:M EA |R:W:M W:B EA
NEXT
BCLR Rn,@aa:32 |R:W2nd |R:W3rd |R:W4th |R:B:MEA |R:W:M W:B EA
NEXT
BIAND #xx:3,Rd R:W NEXT
BIAND #xx:3, R:W2nd |R:BEA R:W:M
@ERd NEXT
BIAND #xx:3, R:W2nd |R:BEA R:W:M
@aa:8 NEXT
BIAND #xx:3, R:wW2nd |R:W3rd |R:BEA R:W:M
@aa:16 NEXT
BIAND #xx:3, R:W2nd |R:W 3rd R:W 4th R:B EA R:W:M
@aa:32 NEXT
BILD #xx:3,Rd R:W NEXT
BILD #xx:3,@ERd |[R:W2nd |R:BEA R:W:M
NEXT
BILD #xx:3,@aa:8 |[R:W2nd |R:BEA R:W:M
NEXT
BILD #xx:3,@aa:16 |[R:W 2nd |R:W 3rd R:B: EA R:W:M

NEXT




Instruction 1 2 3 4 5 6
BILD #xx:3,@aa:32 |R:W 2nd |R:W 3rd R:W 4th R:B EA R:W:M
NEXT
BIOR #xx:3,Rd R:W NEXT
BIOR #xx:3,@ERd |[R:W2nd |R:BEA R:W:M
NEXT
BIOR #xx:3,@aa:8 |[R:W2nd |R:BEA R:W:M
NEXT
BIOR #xx:3,@aa:16|R:W 2nd |R:W 3rd R:B EA R:W:M
NEXT
BIOR #xx:3,@aa:32|R:W 2nd |R:W 3rd R:W 4th R:B EA R:W:M
NEXT
BIST #xx:3,Rd R:W NEXT
BIST #xx:3,@ERd |[R:W 2nd |R:B:M EA |R:W:M W:B EA
NEXT
BIST #xx:3,@aa:8 |R:W2nd |R:B:M EA |R:W:M W:B EA
NEXT
BIST #xx:3,@aa:16 |R:W 2nd |R:W 3rd |R:B:M EA |[R:W:M W:B EA
NEXT
BIST #xx:3,@aa:32 |[R:W 2nd |R:W 3rd |R:W 4th R:B:M EA |R:W:M W:B EA
NEXT
BIXOR #xx:3,Rd R:W NEXT
BIXOR #xx:3, R:wW2nd |R:B EA R:W:M
@ERd NEXT
BIXOR #xx:3, R:wW2nd |R:BEA R:W:M
@aa:8 NEXT
BIXOR #xx:3, R:W2nd |R:W 3rd R:B EA R:W:M
@aa:16 NEXT
BIXOR #xx:3, R:W 2nd |R:W 3rd R:W 4th R:B EA R:W:M
@aa:32 NEXT
BLD #xx:3,Rd R:W NEXT
BLD #xx:3,@ERd |[R:W2nd |R:BEA R:W:M
NEXT
BLD #xx:3,@aa:8 |[R:W2nd |R:BEA R:W:M
NEXT
BLD #xx:3,@aa:16 |R:W 2nd |R:W 3rd R:B EA R:W:M
NEXT
BLD #xx:3,@aa:32 |R:W 2nd |R:W 3rd R:W 4th R:B EA R:W:M
NEXT
BNOT #xx:3,Rd R:W NEXT
BNOT #xx:3,@ERd |[R:W 2nd |R:B:M EA |R:W:M W:B EA

NEXT




Instruction 1 2 3 4 5 6
BNOT #xx:3,@aa:8 |R:W 2nd |R:B:M EA |R:W:M W:B EA
NEXT
BNOT #xx:3, R:W2nd |R:W 3rd R:B:M EA |R:W:M W:B EA
@aa:16 NEXT
BNOT #xx:3, R:W2nd |R:W 3rd R:W 4th R:B:M EA |R:W:M W:B EA
@aa:32 NEXT
BNOT Rn,Rd R:W NEXT
BNOT Rn,@ERd R:W2nd |R:B:M EA |R:W:M W:B EA
NEXT
BNOT Rn,@aa:8 R:W2nd |R:B:MEA |R:W:M W:B EA
NEXT
BNOT Rn,@aa:16 |R:W2nd |R:W3rd |R:B:MEA |[R:W:M W:B EA
NEXT
BNOT Rn,@aa:32 [R:W2nd |R:W3rd |R:W 4th R:B:M EA |R:W:M W:B EA
NEXT
BOR #xx:3,Rd R:W NEXT
BOR #xx:3,@ERd |[R:W2nd |R:BEA R:W:M
NEXT
BOR #xx:3,@aa:8 |[R:W2nd |R:BEA R:W:M
NEXT
BOR #xx:3,@aa:16 |[R:W 2nd |R:W 3rd |R:B EA R:W:M
NEXT
BOR #xx:3,@aa:32 |[R:W 2nd |R:W 3rd R:W 4th R:B EA R:W NEXT
BSET #xx:3,Rd R:W NEXT
BSET #xx:3,@ERd |R:W 2nd |R:B:M EA |R:W:M W:B EA
NEXT
BSET #xx:3,@aa:8 |[R:W 2nd |R:B:M EA |[R:W:M W:B EA
NEXT
BSET #xx:3, R:wW2nd |R:W3rd |R:B:MEA [R:W:M W:B EA
@aa:16 NEXT
BSET #xx:3, R:W2nd |R:W 3rd R:W 4th R:B:M EA |R:W:M W:B EA
@aa:32 NEXT
BSET Rn,Rd R:W NEXT
BSET Rn,@ERd R:W2nd |R:B:M EA |R:W:M W:B EA
NEXT
BSET Rn,@aa:8 R:W2nd |R:B:M EA |R:W:M W:B EA
NEXT
BSET Rn,@aa:16 |R:W 2nd |R:W 3rd R:B:M EA |R:W:M W:B EA
NEXT
BSET Rn,@aa:32 |R:W2nd |R:W 3rd R:W 4th R:B:M EA |R:W:M W:B EA

NEXT




Instruction 1 2 3 4 5 6
BSR Advanced | R:W NEXT|R:W EA W:W:M W:wW
d:8 Stack (H) |Stack (L)
BSR Advanced |R:W 2nd |Internal RWEA |W:W:M W:wW
d:16 operation, Stack (H) |Stack (L)
1 state
BST #xx:3,Rd R:W NEXT
BST #xx:3,@ERd |R:W 2nd |R:B:M EA |R:W:M W:B EA
NEXT
BST #xx:3,@aa:8 |R:W2nd |R:B:MEA |R:W:M W:B EA
NEXT
BST #xx:3,@aa:16 |R:W 2nd |R:W 3rd R:B:M EA |R:W:M W:B EA
NEXT
BST #xx:3,@aa:32 |R:W 2nd |R:W 3rd |R:W 4th R:B:M EA |RIW:M W:B EA
NEXT
BTST #xx:3,Rd R:W NEXT
BTST #xx:3,@ERd [R:W 2nd |R:B EA R:W:M
NEXT
BTST #xx:3,@aa:8 |[R:W 2nd |R:B EA R:W:M
NEXT
BTST #xx:3, R:W2nd |R:W 3rd R:B EA R:W:M
@aa:l6 NEXT
BTST #xx:3, R:W2nd |R:W 3rd R:W 4th R:B EA R:W:M
@aa:32 NEXT
BTST Rn,Rd R:W NEXT
BTST Rn,@ERd R:Ww2nd |R:BEA R:W:M
NEXT
BTST Rn,@aa:8 R:W2nd |R:BEA R:W:M
NEXT
BTST Rn,@aa:16 |[R:W2nd |R:W3rd |R:BEA R:W:M
NEXT
BTST Rn,@aa:32 |[R:W2nd |R:W3rd |R:W 4th R:B EA R:W:M
NEXT
BXOR #xx:3,Rd R:W NEXT
BXOR #xx:3,@ERd |[R:W 2nd |R:B EA R:W:M
NEXT
BXOR #xx:3,@aa:8 | R:W 2nd |R:B EA R:W:M
NEXT
BXOR #xx:3, R:W2nd |R:W 3rd R:B EA R:W:M
@aa:16 NEXT
BXOR #xx:3, R:W2nd |R:W 3rd R:W 4th R:B EA R:W:M
@aa:32 NEXT

CLRMAC

Cannot be used in the H8S/2128 Series and H8S/2124 Series




Instruction 1 2 3 4 5 6

CMP.B #xx:8,Rd R:W NEXT
CMP.B Rs,Rd R:W NEXT]
CMP.W #xx:16,Rd |R:W 2nd |R:W NEXT
CMP.W Rs,Rd R:W NEXT
CMP.L #xx:32,ERd |[R:W 2nd |R:W 3rd |R:W NEXT|
CMP.L ERs,ERd R:W NEXT
DAA Rd R:W NEXT
DAS Rd R:W NEXT]
DEC.B Rd R:W NEXT
DEC.W #1/2,Rd R:W NEXT
DEC.L #1/2,ERd R:W NEXT]
DIVXS.B Rs,Rd R:W 2nd |R:W NEXT]|Internal operation, 11 states
DIVXS.W Rs,ERd |R:W 2nd |R:W NEXT]|Internal operation, 19 states
DIVXU.B Rs,Rd R:W NEXT | Internal operation, 11 states ‘
DIVXU.W Rs,ERd |R:W NEXT]| Internal operation, 19 states
EEPMOV.B R:W 2nd |R:B EAs*! |R:B EAd*'|R:B EAs*? |W:B EAd*? R:W NEXT
EEPMOV.W R:W 2nd |R:B EAs*' |R:B EAd*!|R:B EAs*? |W:B EAd*?|R:W NEXT
EXTS.W Rd R:W NEXT — Repeated n times ** -
EXTS.L ERd R:W NEXT
EXTU.W Rd R:W NEXT]
EXTU.L ERd R:W NEXT
INC.B Rd R:W NEXT
INC.W #1/2,Rd R:W NEXT]
INC.L #1/2,ERd R:W NEXT
JMP @ERN R:W NEXT|R:W EA
JMP @aa:24 R:W 2nd |Internal R:W EA

operation,

1 state
JMP Advanced | R:W NEXT|R:W:M R:W aa:8 |Internal R:W EA
@@aa:8 aa:8 operation,

1 state

JSR Advanced |R:W NEXT|R:W EA  |W:W:M wW:w
@ERnN Stack (H) |Stack (L)
JSR Advanced |R:W 2nd | Internal RWEA |W:W:M W:w
@aa:24 operation, Stack (H) |Stack (L)

1 state
JSR Advanced | R:W NEXT|R:W:M R:Waa:8 |W:W:M W:w R:W EA
@@aa:8 aa:8 Stack (H) |Stack (L)




Instruction 1 2 3 4 5 6
LDC #xx:8,CCR R:W NEXT
LDC #xx:8,EXR R:W2nd |R:W NEXT
LDC Rs,CCR R:W NEXT
LDC Rs,EXR R:W NEXT
LDC @ERs,CCR |R:W2nd |R:W NEXT|R:W EA
LDC @ERs,EXR R:W 2nd |R:W NEXT|R:W EA
LDC@(d:16,ERs), |R:W 2nd |R:W 3rd R:W NEXT|R:W EA
CCR
LDC@(d:16,ERs), |R:W2nd |R:W 3rd R:W NEXT|R:W EA
EXR
LDC@(d:32,ERs), |[R:W2nd |R:W 3rd R:W 4th R:W 5th R:W NEXT|R:W EA
CCR
LDC@(d:32,ERs), |[R'W2nd |RW3rd |R:W4th |R:W5th |R:W NEXT R:W EA
EXR
LDC @ERs+,CCR |[R:W 2nd |R:W NEXT|Internal R:W EA
operation,
1 state
LDC @ERs+,EXR |R:W 2nd |R:W NEXT|Internal R:W EA
operation,
1 state
LDC @aa:16,CCR |R:W 2nd |R:W 3rd R:W NEXT|R:W EA
LDC @aa:16,EXR |R:W2nd |R:W 3rd |R:W NEXT|R:W EA
LDC @aa:32,CCR |R:W2nd |R:W 3rd R:W 4th R:W NEXT|R:W EA
LDC @aa:32,EXR |R:W2nd |R:W 3rd R:W 4th R:W NEXT|R:W EA
LDM.L @SP+, R:W2nd |R:W:M Internal R:W:M R:W
(ERn-ERN+1)*° NEXT operation, |Stack (H) |Stack (L)
1 state *3 *3
LDM.L @SP+, R:W2nd |R:W:M Internal R:W:M R:W
(ERN-ERN+2) *° NEXT operation, |Stack (H) |Stack (L)
1 state *3 *3
LDM.L @SP+, R:W2nd |R:W:M Internal R:W:M R:W
(ERN-ERN+3) *° NEXT operation, |Stack (H) |Stack (L)
1 state *3 *3

LDMAC ERs,MACH

LDMAC ERs,MACL

Cannot be used in the H8S/2128 Series and H8S/2124 Series

MAC @ERnN+,

@ERmM+

MOV.B #xx:8,Rd R:W NEXT

MOV.B Rs,Rd R:W NEXT

MOV.B @ERs,Rd |R:W NEXT|R:B EA

MOV.B R:W 2nd |R:W NEXT|R:B EA

@(d:16,ERs),Rd




Instruction 1 2 3 4 5
MOV.B R:W 2nd |R:W 3rd R:W 4th R:W NEXT|R:B EA
@(d:32,ERs),Rd
MOV.B @ERs+,Rd |R:W NEXT]| Internal R:B EA

operation,
1 state
MOV.B @aa:8,Rd |R:W NEXT|R:B EA
MOV.B @aa:16,Rd [R:W 2nd |R:W NEXT|R:B EA
MOV.B @aa:32,Rd |[R:W 2nd |R:W 3rd R:W NEXT|R:B EA
MOV.B Rs,@ERd |R:W NEXT|W:B EA
MOV.B Rs, R:W 2nd |R:W NEXT|W:B EA
@(d:16,ERd)
MOV.B Rs, R:wW2nd |R:W3rd |R:W4th |R:W NEXT|W:BEA
@(d:32,ERd)
MOV.B Rs,@-ERd |R:W NEXT]|Internal W:B EA
operation,
1 state
MOV.B Rs,@aa:8 |R:W NEXT|W:B EA
MOV.B Rs,@aa:16 |[R:W 2nd |R:W NEXT|W:B EA
MOV.B Rs,@aa:32 |[R:W 2nd |R:W 3rd |R:W NEXT|W:B EA
MOV.W #xx:16,Rd |R:W 2nd |R:W NEXT
MOV.W Rs,Rd R:W NEXT
MOV.W @ERs,Rd |R:W NEXT|R:W EA
MOV.W R:W 2nd |R:W NEXT|R:W EA
@(d:16,ERs),Rd
MOV.W R:W2nd |R:W3rd |R:W4th |R:W NEXT|R:W EA
@(d:32,ERs),Rd
MOV.W @ERs+,Rd|R:W NEXT]| Internal R:W EA
operation,
1 state
MOV.W @aa:16,Rd|R:W 2nd |R:W NEXT|R:W EA
MOV.W @aa:32,Rd|R:W 2nd |R:W 3rd R:W NEXT|R:B EA
MOV.W Rs,@ERd |R:W NEXT|W:W EA
MOV.W Rs, R:W 2nd |R:W NEXT|W:W EA
@(d:16,ERd)
MOV.W Rs, R:wW2nd |R:W3rd |R:W4th |R:W NEXT|W:W EA
@(d:32,ERd)
MOV.W Rs,@-ERd | R:W NEXT]| Internal W:W EA
operation,
1 state
MOV.W Rs,@aa:16 |R:W 2nd |R:W NEXT|W:W EA
MOV.W Rs,@aa:32|R:W 2nd |R:W 3rd R:W NEXT|W:W EA




Instruction 1 2 3 4 5 6 7

MOV.L #xx:32,ERd |R:W 2nd |R:W 3rd R:W NEXT
MOV.L ERs,ERd R:W NEXT
MOV.L @ERs,ERd |R:W 2nd |R:W:M R:W:M EA |R:W EA+2

NEXT
MOV.L R:W2nd |R:W:M 3rd|R:W NEXT|R:W:M EA |R:W EA+2
@(d:16,ERs),ERd
MOV.L R:W2nd |R:W:M 3rd| R:W:M 4th| R:W 5th  |R:W NEXT|R:W:M EA |R:W EA+2
@(d:32,ERs),ERd
MOV.L @ERs+, R:W2nd |R:W:M Internal R:W:M EA |R:W EA+2
ERd NEXT operation,

1 state

MOV.L @aa:16, R:W 2nd |R:W:M 3rd|R:W NEXT|R:W:M EA |R:W EA+2
ERd
MOV.L @aa:32, R:W 2nd |R:W:M 3rd|R:W 4th R:W NEXT|R:W:M EA |R:W EA+2
ERd
MOV.L ERs,@ERd |R:W 2nd |R:W:M W:W:M EA|W:W EA+2

NEXT
MOV.L ERs, R:W 2nd |R:W:M 3rd | R:W NEXT|W:W:M EA|W:W EA+2
@(d:16,ERd)
MOV.L ERs, R:W 2nd |R:W:M 3rd|R:W:M 4th |R:W 5th R:W NEXT|W:W:M EA|W:W EA+2
@(d:32,ERd)
MOV.L ERs,@-ERd|R:W 2nd |R:W:M Internal W:W:M EA|W:W EA+2

NEXT operation,

1 state

MOV.L ERs, R:W 2nd |R:W:M 3rd | R:W NEXT|W:W:M EA|W:W EA+2
@aa:l6
MOV.L ERs, R:W 2nd |R:W:M 3rd|R:W 4th R:W NEXT|W:W:M EA|W:W EA+2
@aa:32
MOVFPE Cannot be used in the H8S/2128 Series and H8S/2124 Series
@aa:16,Rd
MOVTPE
Rs,@aa:16
MULXS.B Rs,Rd R:W 2nd |R:W NEXT]|Internal operation, 11 states
MULXS.W Rs,ERd |R:W 2nd |R:W NEXT/|Internal operation, 19 states
MULXU.B Rs,Rd R:W NEXT]| Internal operation, 11 states ‘
MULXU.W Rs,ERd |R:W NEXT]| Internal operation, 19 states
NEG.B Rd R:W NEXT
NEG.W Rd R:W NEXT
NEG.L ERd R:W NEXT
NOP R:W NEXT
NOT.B Rd R:W NEXT
NOT.W Rd R:W NEXT




Instruction 1 2 3 4 5

NOT.L ERd R:W NEXT

OR.B #xx:8,Rd R:W NEXT

OR.B Rs,Rd R:W NEXT

OR.W #xx:16,Rd R:W 2nd |R:W NEXT

OR.W Rs,Rd R:W NEXT

OR.L #xx:32,ERd |R:W 2nd |R:W 3rd R:W NEXT

OR.L ERs,ERd R:W 2nd |R:W NEXT

ORC #xx:8,CCR R:W NEXT

ORC #xx:8,EXR R:W 2nd |R:W NEXT

POP.W Rn R:W NEXT]| Internal R:W EA
operation,
1 state

POP.L ERn R:W2nd |R:W:M Internal R:W:M EA |R:W EA+2
NEXT operation,

1 state

PUSH.W Rn R:W NEXT|Internal W:W EA
operation,
1 state

PUSH.L ERNn R:W 2nd |R:W:M Internal W:W:M EA|W:W EA+2
NEXT operation,

1 state

ROTL.B Rd R:W NEXT

ROTL.B #2,Rd R:W NEXT

ROTL.W Rd R:W NEXT

ROTL.W #2,Rd R:W NEXT

ROTL.L ERd R:W NEXT

ROTL.L #2,ERd R:W NEXT

ROTR.B Rd R:W NEXT

ROTR.B #2,Rd R:W NEXT

ROTR.W Rd R:W NEXT

ROTR.W #2,Rd R:W NEXT

ROTR.L ERd R:W NEXT

ROTR.L #2,ERd R:W NEXT

ROTXL.B Rd R:W NEXT

ROTXL.B #2,Rd R:W NEXT

ROTXL.W Rd R:W NEXT

ROTXL.W #2,Rd  |R:W NEXT

ROTXL.L ERd R:W NEXT




Instruction 1 2 3 4 5 6

ROTXL.L #2,ERd |R:W NEXT

ROTXR.B Rd R:W NEXT

ROTXR.B #2,Rd R:W NEXT

ROTXR.W Rd R:W NEXT

ROTXR.W #2,Rd  |R:W NEXT

ROTXR.L ERd R:W NEXT

ROTXR.L #2,ERd |R:W NEXT

RTE R:W NEXT|R:W R:wW R:W Internal R:W **
Stack Stack (H) |Stack (L) |operation,
(EXR) 1 state

RTS Advanced | R:W NEXT|R:W:M R:W Internal R:w **
Stack (H) |Stack (L) |operation,

1 state

SHAL.B Rd R:W NEXT

SHAL.B #2,Rd R:W NEXT

SHAL.W Rd R:W NEXT

SHAL.W #2,Rd R:W NEXT

SHAL.L ERd R:W NEXT

SHAL.L #2,ERd R:W NEXT

SHAR.B Rd R:W NEXT

SHAR.B #2,Rd R:W NEXT

SHAR.W Rd R:W NEXT

SHAR.W #2,Rd R:W NEXT

SHAR.L ERd R:W NEXT

SHAR.L #2,ERd R:W NEXT

SHLL.B Rd R:W NEXT

SHLL.B #2,Rd R:W NEXT

SHLL.W Rd R:W NEXT

SHLL.W #2,Rd R:W NEXT

SHLL.L ERd R:W NEXT

SHLL.L #2,ERd R:W NEXT

SHLR.B Rd R:W NEXT

SHLR.B #2,Rd R:W NEXT

SHLR.W Rd R:W NEXT

SHLR.W #2,Rd R:W NEXT

SHLR.L ERd R:W NEXT

SHLR.L #2,ERd R:W NEXT




Instruction 1 2 3 4 5 6
SLEEP R:W NEXT]| Internal
operation
‘M

STC CCR,Rd R:W NEXT
STC EXR,Rd R:W NEXT
STC CCR,@ERd R:W 2nd |R:W NEXT|W:W EA
STC EXR,@ERd |R:W 2nd |R:W NEXT|W:W EA
STC CCR, R:W 2nd |R:W 3rd R:W NEXT|W:W EA
@(d:16,ERd)
STC EXR, R:W2nd |R:W 3rd R:W NEXT|W:W EA
@(d:16,ERd)
STC CCR, R:wW2nd |R:W3rd |R:W4th |R:W5th |R:W NEXT|W:W EA
@(d:32,ERd)
STC EXR, R:W2nd |R:W 3rd R:W 4th R:W 5th R:W NEXT|W:W EA
@(d:32,ERd)
STC CCR,@-ERd |R:W 2nd |R:W NEXT]|Internal W:W EA

operation,

1 state
STC EXR,@-ERd |R:W 2nd |R:W NEXT]|Internal W:W EA

operation,

1 state
STC CCR,@aa:16 |R:W2nd |R:W 3rd R:W NEXT|W:W EA
STC EXR,@aa:16 |R:W2nd |R:W 3rd R:W NEXT|W:W EA
STC CCR,@aa:32 |[R'W2nd |R:W3rd |R:W4th |R:W NEXT/W:W EA
STC EXR,@aa:32 |R:W2nd |R:W 3rd R:W 4th R:W NEXT|W:W EA
STM.L R:W 2nd |R:W:M Internal W:W:M W:w
(ERN-ERN+1), NEXT operation, |Stack (H) |Stack (L)
@-SP*? lstate  [*° *3
STM.L R:W2nd |R:W:M Internal W:W:M W:W
(ERn-ERN+2), NEXT operation, |Stack (H) |Stack (L)
@-SP*° lstate  [*° *3
STM.L R:W 2nd |R:W:M Internal W:W:M W:wW
(ERN-ERN+3), NEXT operation, |Stack (H) |Stack (L)
@-SP*® lstate  [*? *3

STMAC MACH,ERd

STMAC MACL,ERd

Cannot be used in the H8S/2128 Series and H8S/2124 Ser

ies

SUB.B Rs,Rd

R:W NEXT

SUB.W #xx:16,Rd

R:W 2nd

R:W NEXT

SUB.W Rs,Rd

R:W NEXT]

SUB.L #xx:32,ERd

R:W 2nd

R:W 3rd

R:W NEXT

SUB.L ERs,ERd

R:W NEXT




Instruction 1 2 3 4 5 6 7 8 9

SUBS #1/2/4,ERd |R:W NEXT

SUBX #xx:8,Rd R:W NEXT

SUBX Rs,Rd R:W NEXT
TAS @ERd*® R:W 2nd |R:W NEXT|R:B:M EA |W:B EA
TRAPA |Advanced | R:W NEXT|Internal W:w W:w W:wW R:W:M R:wW Internal RW *7
#x:2 operation, |Stack (L) |Stack (H) |Stack VEC VEC+2 operation,
1 state (EXR) 1 state

XOR.B #xx8,Rd R:W NEXT

XOR.B Rs,Rd R:W NEXT

XOR.W #xx:16,Rd |R:W 2nd |R:W NEXT

XOR.W Rs,Rd R:W NEXT

XOR.L #xx:32,ERd |[R:\W 2nd |R:W 3rd |R:W NEXT

XOR.L ERs,ERd R:W2nd |R:W NEXT

XORC #xx:8,CCR |R:W NEXT

XORC #xx:8,EXR |R:W 2nd |R:W NEXT

Reset |Advanced |[R:W:M R:W Internal R:W *°

excep- VEC VEC+2 operation,

tion 1 state

handling

Interrupt | Advanced |[R:W *° |Internal w:w w:w W:w R:W:M R:W Internal R:W *7
excep- operation, |Stack (L) |Stack (H) |Stack VEC VEC+2 operation,

tion 1 state (EXR) 1 state

handling

Notes: 1. EAs is the contents of ER5. EAd is the contents of ERG6.

2. EAs is the contents of ER5. EAd is the contents of ER6. Both registers are incremented
by 1 after execution of the instruction. n is the initial value of R4L or R4. If n = 0, these
bus cycles are not executed.

3. Repeated two times to save or restore two registers, three times for three registers, or
four times for four registers.

4. Start address after return.
Start address of the program.

6. Prefetch address, equal to two plus the PC value pushed onto the stack. In recovery
from sleep mode or software standby mode the read operation is replaced by an
internal operation.

7. Start address of the interrupt-handling routine.
8. Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
9. Only registers ERO to ER6 should be used when using the STM/LDM instruction.

o




Appendix B Internal I/0O Registers

B.1 Addresses

Register Module  Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HEC00 MRA SM1 SMO DML DMO MDL  MDO DTS sz DTC 16/32*
:-(I)'EFFF SAR

MRB CHNE DISEL — — — — — —

DAR

CRA

CRB
HFEE4 KBCOMP IrE IFCKS2 IrCKS1 IrCKSO KBADE KBCH2 KBCHL KBCHO  Expansion 8

AID

HFEE6 DDCSWR SWE  SW IE IF CLR3 CLR2 CLRl CLRO 1ICo 8
HFEES ICRA ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICRL  ICRO Interrupt 8
HFEE9 ICRB ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICRL  ICRO controller
HFEEA ICRC ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICRL  ICRO
HFEEB ISR — — — — — IRQ2F  IRQLF  IRQOF
HFEEC ISCRH  — — — — — — — —
HFEED ISCRL  — — IRQ2SCB IRQ2SCA IRQ1SCB IRQLSCA IRQOSCB IRQOSCA
HFEEE DTCERA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEAL DTCEA0 DTC 8
HFEEF DTCERB DTCEB7 DTCEB6 DTCEB5 DTCEB4 DTCEB3 DTCEB2 DTCEBL DTCEBO
HFEFO DTCERC DTCEC7 DTCEC6 DTCEC5 DTCEC4 DTCEC3 DTCEC2 DTCECL DTCECO
HFEF1 DTCERD DTCED7 DTCED6 DTCED5 DTCED4 DTCED3 DTCED2 DTCED1 DTCEDO
HFEF2 DTCERE DTCEE7 DTCEE6 DTCEE5 DTCEE4 DTCEE3 DTCEE2 DTCEEL DTCEEO
HFEF3 DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVECL DTVECO
HFEF4 ABRKCR CMF  — — — — — — BIE Interrupt 8
HFEF5 BARA  A23 A22 A21 A20 A19 A18 AL7 A16 controller
HFEF6 BARB  A1l5 Al4 A13 A12 Al1 A10 A9 A8
HFEF7 BARC A7 AB A5 A4 A3 A2 Al —
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Register Module  Bus

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width

H'FF80 FLMCR1 FWE SWE — — EV PV E P FLASH 8

H'FF81 FLMCR2 FLER — — — — — ESU PSU

HFF82 PCSR — — — — — PWCKB PWCKA — PWM 8
EBR1 — — — — — — EB9 EB8 FLASH 8

H'FF83 EBR2 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

HFF84 SBYCR SSBY STS2 STS1 STSO — SCK2 SCK1 SCKO SYSTEM 8

HFF85 LPWRCR DTON LSON NESEL EXCLE — — — —

HFF86 MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP11 MSTP10 MSTP9 MSTP8

HFF87 MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTP1 MSTPO

HFF88 SMR1 C/A CHR PE O/E STOP MP CKs1 CKSO0 SCi1 8
ICCR1 ICE IEIC MST TRS ACKE BBSY IRIC SCP lic1

HFF89 BRR1 SCi1 8
ICSR1 ESTP STOP IRTR AASX AL AAS ADZ ACKB lic1

HFF8A SCR1 TIE RIE TE RE MPIE TEIE CKE1 CKEO SCi1 8

HFF8B TDR1

HFF8C SSR1 TDRE RDRF ORER  FER PER TEND MPB MPBT

HFF8D RDR1
HFF8E SCMR1  — — — — SDIR SINV — SMIF
ICDR1 ICDR7 ICDR6 ICDR5 ICDR4 ICDR3 ICDR2 ICDR1 ICDRO liIc1 8

SARX1 SVAX6 SVAX5 SVAX4 SVAX3 SVAX2 SVAX1 SVAX0 FSX

HFF8F ICMR1 MLS WAIT CKS2 CKS1 CKSO BC2 BC1 BCO

SAR1 SVA6 SVAS5 SVA4 SVA3 SVA2 SVA1 SVAO FS

HFF90 TIER ICIAE ICIBE ICICE ICIDE OCIAE OCIBE OVIE —_ FRT 16
HFF91 TCSR ICFA ICFB ICFC ICFD OCFA OCFB OVF CCLRA

HFF92 FRCH

HFF93 FRCL

HFF94 OCRAH

OCRBH

HFF95 OCRAL

OCRBL

HFF96 TCR IEDGA IEDGB IEDGC IEDGD BUFEA BUFEB CKS1 CKSO0

HFF97 TOCR ICRDMS OCRAMS ICRS OCRS OEA OEB OLVLA OLVLB

H'FF98 ICRAH

OCRARH
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Register Module  Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FF99 ICRAL FRT 16

OCRARL
H'FF9A ICRBH

OCRAFH
H'FF9B ICRBL

OCRAFL
H'FF9C ICRCH

OCRDMH 0 0 0 0 0 0 0 0
H'FFOD ICRCL

OCRDML
H'FF9E ICRDH
H'FFOF ICRDL
H'FFAO DADRAH DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6 PWMX 8

DACR TEST PWME — — OEB OEA oS CKS
H'FFA1 DADRAL DA5 DA4 DA3 DA2 DA1 DAO CFS —

H'FFA6 DADRBH DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6

DACNTH
H'FFA7 DADRBL DA5 DA4 DA3 DA2 DA1 DAO CFS REGS

DACNTL — REGS
H'FFA8 TCSRO OVF WT/T TME RSTS RST/NMI CKS2 CKS1 CKSO0 WDTO 16

TCNTO

(write)

H'FFA9 TCNTO

(read)

H'FFAC P1PCR P17PCR P16PCR P15PCR P14PCR P13PCR P12PCR P11PCR P10PCR Ports 8
H'FFAD P2PCR P27PCR P26PCR P25PCR P24PCR P23PCR P22PCR P21PCR P20PCR
H'FFAE P3PCR P37PCR P36PCR P35PCR P34PCR P33PCR P32PCR P31PCR P30PCR
H'FFBO P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR
H'FFB1 P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR
H'FFB2 P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR
H'FFB3 P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR
H'FFB4 P3DDR P37DDR P36DDR P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR
H'FFB5 P4DDR  P47DDR P46DDR P45DDR P44DDR P43DDR P42DDR P41DDR P40DDR
H'FFB6 P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR
H'FFB7 P4DR P4A7DR P46DR P45DR P44DR P43DR P42DR P41DR  P40DR
H'FFB8 P5DDR  — — — — — P52DDR P51DDR P50DDR
H'FFB9 P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR
H'FFBA P5DR — — — — — P52DR P51DR  P50DR
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Register Module  Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HFFBB P6DR P67DR P66DR P65DR P64DR P63DR P62DR P6IDR P60DR  Ports 8
HFFBE P7PIN  P77PIN P76PIN P75PIN P74PIN P73PIN P72PIN P71PIN P70PIN
HFFC2 IER — — — — — IRQ2E  IRQLE  IRQOE Interrupt 8

controller
HFFC3 STCR Ics IICX1  ICX0  IICE FLSHE — ICKS1  ICKSO System 8
HFFC4 SYSCR CS2E  I0SE  INTM1 INTMO XRST NMIEG HIE RAME
HFFC5 MDCR  EXPE  — — — — — MDS1  MDSO
HFFC6 BCR ICISL  ICISO  BRSTRM BRSTS1 BRSTSO — I0S1  10S0 Bus 8
HFFC7 WSCR  RAMS RAMO ABW  AST WMS1 WMSO WC1  WCO controller
H'FFC8 TCRO CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1  CKSO TMRO, 16
HFFC9 TCR1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1  CKSO TMR1
HFFCA TCSRO CMFB CMFA  OVF ADTE  0S3 0s2 0s1 0S0
HFFCB TCSR1 CMFB CMFA  OVF — 0s3 0s2 os1 0S0
HFFCC TCORAO
HFFCD TCORA1
H'FFCE TCORBO
HFFCF TCORB1
H'FFDO TCNTO
HFFD1 TCNT1
HFFD2 PWOERB OE15 OEl4 OE13 OE12 OEl1l OE10  OE9 OES PWM 8
HFFD3 PWOERA OE7 OE6 OE5 OE4 OE3 OE2 OE1 OEO
HFFD4 PWDPRB OS15 0S14 0S13 0S12 0Sl11  0S10  0S9 0ss8
HFFD5 PWDPRA OS7 0s6 0S5 0S4 0s3 0s2 os1 0s0
HFFD6 PWSL  PWCKE PWCKS — — RS3 RS2 RS1 RSO
H'FFD7 PWDRO

to

PWDR15
HFFDS SMRO  C/A CHR PE OfE STOP  MP CKS1  CKSO sclo 8

ICCRO  ICE IEIC MST TRS ACKE BBSY IRIC scp 11Co
H'FFD9 BRRO Sclo

ICSRO ESTP STOP IRTR  AASX AL AAS ADZ ACKB 1Co
H'FFDA SCRO TIE RIE TE RE MPIE  TEIE  CKE1l  CKEO sclo
H'FFDB TDRO
HFFDC SSRO TDRE RDRF ORER FER PER TEND  MPB MPBT
H'FFDD RDRO
HFFDE SCMRO — — — — SDIR  SINV  — SMIF

ICDRO  ICDR7 ICDR6 ICDR5 ICDR4 ICDR3 ICDR2 ICDR1 ICDRO 1Co

SARXO  SVAX6 SVAX5 SVAX4 SVAX3 SVAX2 SVAXL SVAXO0 FSX
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Register Module  Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HFFDF ICMRO  MLS WAIT  CKS2 CKSL CKSO  BC2 BC1 BCO 11Co 8

SARO SVA6 SVA5 SVA4 SVA3 SVA2 SVAL SVAO FS
HFFEO ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AID 8
HFFEL ADDRAL AD1 ADO — — — — — —

HFFE2 ADDRBH ADY ADS AD7 AD6 AD5 AD4 AD3 AD2
HFFE3 ADDRBL AD1 ADO — — — — — —
HFFE4 ADDRCH AD9 ADS AD7 ADG AD5 AD4 AD3 AD2
HFFE5 ADDRCL AD1 ADO — — — — — —
HFFE6 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
HFFE7 ADDRDL AD1 ADO — — — — — —
HFFES ADCSR ADF ADIE  ADST SCAN  CKS CH2 CH1 CHO
HFFE9 ADCR  TRGS1 TRGSO — — — — — —
HFFEA TCSRL OVF  WTAT TME PSS RST/NMI CKS2  CKS1  CKSO WDTL 16
TCNT1
(write)
HFFEB TCNT1

(read)

HFFFO TCRX  CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1  CKSO TMRX 8

TCRY CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKSL  CKSO TMRY
HFFF1 TCSRX CMFB CMFA  OVF ICF 0s3 os2 os1 0s0 TMRX

TCSRY CMFB CMFA  OVF ICIE 0s3 0s2 os1 0s0 TMRY
HFFF2 TICRR TMRX

TCORAY TMRY
HFFF3 TICRF TMRX

TCORBY TMRY
HFFF4 TCNTX TMRX

TCNTY TMRY
HFFF5 TCORC TMRX

TISR — — — — — — — IS TMRY
HFFF6 TCORAX TMRX
HFFF7 TCORBX
HFFFC TCONRI SIMOD1 SIMODO SCONE ICST  HFINV  VFINV  HINV  VINV Timer 8
HFFFD TCONRO HOE  VOE  CLOE CBOE HOINV VOINV CLOINV CBOINY  comnection
HFFFE TCONRS TMRX/Y ISGENE HOMOD1 HOMODO VOMOD1 VOMODO CLMOD1 CLMODO
HFFFF SEDGR VEDG HEDG CEDG HFEDG VFEDG PREQF IHI WY
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B.2 Register Selection Conditions
Lower Register  H8S/2128 Series Register Selection H8S/2124 Series Register Selection Module
Address Name Conditions Conditions Name
H'EC00 MRA RAME =1 in SYSCR — DTC
:fIJ'EFFF SAR
MRB
DAR
CRA
CRB
H'FEE4 KBCOMP No conditions No conditions Expansion
A/D
H'FEE6 DDCSWR MSTP4 =0 — 1ICO
H'FEE8 ICRA No conditions No conditions Interrupt
H'EEE9 ICRB controller
H'FEEA ICRC
H'FEEB ISR
H'FEEC ISCRH
H'FEED ISCRL
HFEEE DTCERA No conditions — DTC
H'FEEF DTCERB
H'FEFO DTCERC
H'FEF1 DTCERD
HFEF2 DTCERE
H'FEF3 DTVECR
H'FEF4 ABRKCR No conditions No conditions Interrupt
HEEF5 BARA controller
H'FEF6 BARB
H'FEF7 BARC
H'FF80 FLMCR1 FLSHE =1inSTCR FLSHE = 1in STCR Flash
HFF81 FLMCR2 memory
H'FF82 PCSR FLSHE =0in STCR — PWM
EBR1 FLSHE = 1in STCR FLSHE = 1in STCR Flash
memory
H'FF83 EBR2 FLSHE = 1in STCR FLSHE = 1in STCR Flash
memory
H'FF84 SBYCR FLSHE =0in STCR FLSHE = 0in STCR System
HFF85 LPWRCR
H'FF86 MSTPCRH
H'FF87 MSTPCRL
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Lower  Register H8S/2128 Series Register Selection H8S/2124 Series Register Module Name
Address Name Conditions Selection Conditions
H'FF88 SMR1 MSTP6=0, IICE=0 in STCR MSTP6=0, IICE=0 in STCR SCI1
ICCR1 MSTP3=0, IICE=1 in STCR — liIc1
H'FF89 BRR1 MSTP6=0, IICE=0 in STCR MSTP6=0, IICE=0 in STCR SCI1
ICSR1 MSTP3=0, IICE=1 in STCR — lci
H'FF8A SCR1 MSTP6=0 MSTP6=0 SCI1
H'FF8B TDR1
H'FF8C SSR1
H'FF8D RDR1
H'FFBE SCMR1 MSTP6=0, IICE=0 in STCR MSTP6=0, IICE=0 in STCR
ICDR1 MSTP3=0, IICE=1in STCR ICE=1inICCR1 — lci
SARX1 ICE=0inICCR1
H'FF8F ICMR1 ICE=1inICCR1
SAR1 ICE=0inICCR1
HFF90 TIER MSTP13 =0 MSTP13 =0 FRT
HFF91 TCSR
H'FF92 FRCH
H'FF93 FRCL
H'FF94 OCRAH OCRS =0in TOCR OCRS =0in TOCR
OCRBH OCRS =1in TOCR OCRS =1in TOCR
H'FF95 OCRAL OCRS =0in TOCR OCRS =0in TOCR
OCRBL OCRS =1in TOCR OCRS =1in TOCR
HFF96 TCR
H'FF97 TOCR
H'FF98 ICRAH ICRS =0in TOCR ICRS =0in TOCR
OCRARH ICRS =1in TOCR ICRS =1in TOCR
H'FF99 ICRAL ICRS =0in TOCR ICRS =0in TOCR
OCRARL ICRS =1in TOCR ICRS =1in TOCR
H'FF9A  ICRBH ICRS =0in TOCR ICRS =0in TOCR
OCRAFH ICRS =1in TOCR ICRS =1in TOCR
H'FF9B ICRBL ICRS =0in TOCR ICRS =0in TOCR
OCRAFL ICRS =1in TOCR ICRS =1in TOCR
H'FF9C ICRCH ICRS =0in TOCR ICRS =0in TOCR
OCRDMH ICRS =1in TOCR ICRS =1in TOCR
H'FF9D ICRCL ICRS =0in TOCR ICRS =0in TOCR
OCRDML ICRS =1in TOCR ICRS =1in TOCR
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Lower Register  H8S/2128 Series Register Selection H8S/2124 Series Register Selection Module
Address Name Conditions Conditions Name
HFF9E ICRDH MSTP13=0 MSTP13 =0 FRT
H'FFO9F ICRDL
H'FFAO DADRAH MSTP11=0,lICE=1inSTCR REGS=0 — PWMX
in DACNT/
DADRB
DACR REGS =1
in DACNT/
DADRB
H'FFA1 DADRAL MSTP11=0,lICE=1inSTCR REGS=0 — PWMX
in DACNT/
DADRB
H'FFA6 DADRBH MSTP11=0,lICE=1inSTCR REGS=0
in DACNT/
DADRB
DACNTH REGS =1
in DACNT/
DADRB
H'FFA7 DADRBL REGS =0
in DACNT/
DADRB
DACNTL REGS =1
in DACNT/
DADRB
H'FFA8 TCSRO No conditions No conditions WDTO
TCNTO
(write)
H'FFA9 TCNTO
(read)
HFFAC P1PCR No conditions No conditions Ports
H'FFAD P2PCR
H'FFAE P3PCR
H'FFBO P1DDR
H'FFB1 P2DDR
H'FFB2 P1DR
HFFB3 P2DR
H'FFB4 P3DDR
H'FFB5 P4DDR
HFFB6 P3DR
H'FFB7 P4DR
H'FFB8 P5DDR
HFFB9 P6DDR
H'FFBA P5DR
H'FFBB P6DR
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Lower  Register H8S/2128 Series Register Selection H8S/2124 Series Register Selection Module
Address Name Conditions Conditions Name
H'FFBE P7PIN No conditions No conditions Ports
H'FFC2 IER No conditions No conditions Interrupt
controller

HFFC3 STCR No conditions No conditions System
H'FFC4 SYSCR
H'FFC5 MDCR
H'FFC6 BCR Bus
HEEC7 WSCR controller
HFFC8 TCRO MSTP12 =0 MSTP12 =0 TMRO,
HFFC9  TCR1 TMRL
H'FFCA TCSRO
H'FFCB TCSR1
H'FFCC TCORAO
HFFCD TCORA1
H'FFCE TCORBO
H'FFCF TCORB1
H'FFDO TCNTO
H'FFD1 TCNT1
H'FFD2 PWOERB No conditions — PWM
H'FFD3 PWOERA
H'FFD4 PWDPRB
H'FFD5 PWDPRA
H'FFD6 PWSL MSTP11=0
H'FFD7 PWDRO to

15
H'FFD8 SMRO MSTP7 =0, IICE=0in STCR MSTP7 =0, ICE=0in STCR SCI0

ICCRO MSTP4 =0, IICE =1in STCR — lco
H'FFD9 BRRO MSTP7 =0, IICE=0in STCR MSTP7 =0, IICE=0in STCR SCIO0

ICSRO MSTP4 =0, IICE=1in STCR — lIcCo
H'FFDA SCRO MSTP7 =0 MSTP7 =0 SCI0
H'FFDB TDRO
H'FFDC SSRO
H'FFDD RDRO
H'FFDE SCMRO MSTP7 =0, IICE=0in STCR MSTP7 =0, lIICE=0in STCR

ICDRO MSTP4=0,IICE=1inSTCR ICE=1 — lICO

in ICCRO
SARXO ICE=0
in ICCRO
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Lower Register  H8S/2128 Series Register Selection H8S/2124 Series Register Selection Module
Address Name Conditions Conditions Name
H'FFDF ICMRO MSTP4=0,lICE=1inSTCR ICE=1 — IICo
in ICCRO
SARO ICE=0
in ICCRO
H'FFEO ADDRAH MSTP9=0 MSTP9 =0 A/D
HFFE1 ADDRAL
H'FFE2 ADDRBH
H'FFE3 ADDRBL
HFFE4 ADDRCH
H'FFE5 ADDRCL
H'FFE6 ADDRDH
HFFE7 ADDRDL
H'FFE8 ADCSR
H'FFE9 ADCR
HFFEA TCSR1 No conditions No conditions WDT1
TCNT1
(write)
H'FFEB TCNT1
(read)
HFFFO TCRX MSTP8 =0, HIE=0in SYSCR TMRX/Y=0 — TMRX
in TCONRS
TCRY TMRX/Y =1 MSTP8 =0, HIE =0in SYSCR TMRY
in TCONRS
HFFF1 TCSRX MSTP8 =0, HIE=0in SYSCR TMRX/Y =0 — TMRX
in TCONRS
TCSRY TMRX/Y =1 MSTP8 =0, HIE =0 in SYSCR TMRY
in TCONRS
HFFF2 TICRR MSTP8 =0,HIE=0in SYSCR TMRX/Y =0 — TMRX
in TCONRS
TCORAY TMRX/Y =1 MSTP8 =0, HIE =0in SYSCR TMRY
in TCONRS
HFFF3 TICRF MSTP8 =0, HIE=0in SYSCR TMRX/Y=0 — TMRX
in TCONRS
TCORBY TMRX/Y =1 MSTP8 =0, HIE =0in SYSCR TMRY
in TCONRS
H'FFF4 TCNTX MSTP8 =0, HIE=0in SYSCR TMRX/Y =0 — TMRX
in TCONRS
TCNTY TMRX/Y =1 MSTP8 =0, HIE =0 in SYSCR TMRY
in TCONRS
HFFF5 TCORC MSTP8 =0,HIE=0in SYSCR TMRX/Y =0 — TMRX
in TCONRS
TISR TMRX/Y =1 MSTP8 =0, HIE =0in SYSCR TMRY
in TCONRS
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Lower  Register H8S/2128 Series Register Selection H8S/2124 Series Register Selection Module
Address Name Conditions Conditions Name
H'FFF6 TCORAX MSTP8=0,HIE=0in SYSCR TMRX/Y=0 — TMRX
m in TCONRS
H'FFFC TCONRI MSTP8 = 0, HIE =0 in SYSCR — Timer
m connection
H'FFFE TCONRS
H'FFFF  SEDGR
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B.3 Functions
Register Register Address to which the Name of
acronym name register is mapped on-chip
supporting
module
DACR—D/A Control Register H'FFFA D/A Converter
Bit
numbers
Bit 7 6 5 4 3 2 1 0
Initial bit — |pacer|pmoko| bre | — | — | — [ — [ — |+—_
values Initial value 0 0 0 1 1 1 1 1 Names of the
Read/Write  R/W RW  RW — — — — — bits. Dashes
T T (—) indicate
reserved bits.
D/A enabled
DAOE1 | DAOEO | DAE Conversion result
Possible types of access 0 0 * Channel 0 and 1 D/A conversion disabled Eull name
R Read onIy 1 0 Channel 0 D/A conversion enabled of bit
- Channel 1 D/A conversion disabled
W | Write only 1 Channel 0 and 1 D/A conversion enabled *\
R/W | Read and write 1 0 0 | Channel 0 D/A conversion disabled L
Channel 1 D/A conversion enabled Dfe;crlptlc_)ns
1 Channel 0 and 1 D/A conversion enabled of bit settlngs
1 * Channel 0 and 1 D/A conversion enabled
D/A output enable 0
0 | Analog output DAQ disabled
1 | Channel 0 D/A conversion enabled.
Analog output DAO enabled
D/A output enable 1
0 | Analog output DAL disabled
1 | Channel 1 D/A conversion enabled.
Analog output DAL enabled
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MRA—DTC Mode Register A

Bit

Initial value
Read/Write

720

DTC

H'ECO0-H'EFFF
7 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz
Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

>

DTC data transfer size

0 | Byte-size transfer

1 | Word-size transfer

DTC transfer mode select

area or block area

0 | Destination side is repeat

or block area

1 | Source side is repeat area

DTC mode
0 | 0 | Normal mode
1 | Repeat mode
1 | O |Block transfer mode
1

Destination address mode

0

— | DAR is fixed

1

DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)

Source Address Mode

0

— | SAR is fixed

1

0 | SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1 | SAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)
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MRB—DTC Mode Register B H'ECO0-H'EFFF DTC

Bit 7 6 5 4 3 2 1 0

CHNE DISEL — — — —
Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Initial value
Read/Write = — — — — — — —
DTC interrupt select
0 | After a data transfer ends, the CPU interrupt is
disabled unless the transfer counter is 0
1 | After a data transfer ends, the CPU interrupt is
enabled
DTC chain transfer enable
0 | End of DTC data transfer
1 | DTC chain transfer
SAR—DTC Source Address Register H'ECO0-H'EFFF DTC
Bit 23 22 21 20 19 4 3 2 1 0

Initial value  Unde- Unde- Unde- Unde- Unde- --- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

Read/Write @— — — — —
Specifies DTC transfer data source address
DAR—DTC Destination Address Register H'ECO0-H'EFFF DTC
Bit 23 22 21 20 19 4 3 2 1 0

Initial value  unde- Unde- Unde- Unde- Unde- --- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

Read/Write @— — — — —

Specifies DTC transfer data destination address
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CRA—DTC Transfer Count Register A H'ECO0-H'EFFF DTC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — - - - - - - - - — — —
4——— CRAH —#®»=«——— CRAL ——»
|
Specifies the number of DTC data transfers
CRB—DTC Transfer Count Register B H'ECO0-H'EFFF DTC
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — —

Specifies the number of DTC block data transfers
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KBCOM P—K eyboard Comparator Control Register H'FEE4 COMP

Bit 7 6 5 4 3 2 1 0
’ ITE ‘ IrCKS2 ‘ IrCKS1 ‘ IrCKSO ‘ KBADE ‘ KBCH2 ‘ KBCH1 ‘ KBCHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/IW R/W R/IW R/IW R/IW R/W R/IW RIW

Reserved bits

Keyboard comparator control ——

Bit3 | Bit3 | Bit3 | Bit3 | A/Dconverter | A/D converter
KBADE | KBCH2 | KBCH1 | KBCHO | channel 6 input | channel 7 input
0 — — — AN6 AN7
1 0 0 0 CINO Undefined

1 CIN1

1 0 CIN2

1 CIN3

1 0 0 CIN4
1 CIN5S

1 0 CING

1 CIN7
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DDCSWR—DDC Switch Register

724

DDC Mode switch enable

Bit

Initial value
Read/Write

I

H'FEEG6
7 6 5 4 3 2 1
| SWE | SW | IE | IF | CLR3 | CLR2 | CLR1 | CLRO |
0 0 0 0 1 1 1 1
RwW RwW RIW R/(W)*1  W*2 W2 W2 W2
IIC clear bits ——m—————
Bit 3 | Bit 2 | Bit 1 | Bit 0 o
CLR3|CLR2|CLR1|CLRO Description
0 0 — | — | Setting prohibited
1 0 0 | Setting prohibited
1 | 1ICO internal latch cleared
1 0 | lIC1 internal latch cleared
1 |1ICO and IIC1 internal latches cleared
1 — — | — | Invalid setting

DDC mode switch interrupt flag

0

No interrupt is requested when automatic
format switching is executed

[Clearing condition]

When 0 is written in IF after reading IF = 1

An interrupt is requested when automatic
format switching is executed

[Setting condition]

When a falling edge is detected on the
SCL pin when SWE =1

DDC mode switch interrupt enable bit

0

Interrupt when automatic format switching is executed
is disabled

Interrupt when automatic format switching is executed
is enabled

DDC mode switch

0

IIC channel 0 is used with the 12C bus format

[Clearing conditions]

* When 0 is written by software

« When a falling edge is detected on the SCL pin when SWE =1

IIC channel 0 is used in formatless mode
[Setting condition]
When 1 is written in SW after reading SW =0

0

Automatic switching of 1IC channel 0 from formatless mode

to 12C bus format is disabled

Automatic switching of 1IC channel 0 from formatless mode

to 12C bus format is enabled

Notes: 1. Only O can be written, to clear the flag.

2. Always read as 1.
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| CRA—Interrupt Control Register A

Bit

Initial value

H'FEES Interrupt Controller
ICRB—Interrupt Control Register B H'FEE9 Interrupt Controller
ICRC—Interrupt Control Register C H'FEEA Interrupt Controller
7 6 5 4 3 2 1 0
ICR7 ICR6 ICRS ICR4 ICR3 ICR2 ICR1 ICRO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Read/Write

Interrupt control level

0 | Corresponding interrupt source is control level 0 (non-priority)

1 | Corresponding interrupt source is control level 1 (priority)

Correspondence between Interrupt Sources and ICR Settings

) Bits
Register
7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 — — DTC Watchdog | Watchdog
timer O timer 1

ICRB A/D Free- — — 8-bit timer | 8-bit timer | 8-bit timer | —

converter | running channel 0 | channel 1 | channels

timer X, Y

ICRC SCI SCI — lIC IIc — — —

channel 0 | channel 1 channel 0 | channel 1

(option) | (option)
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725



| SR—IRQ Status Register H'FEEB Interrupt Controller

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
— — — — — IRQ2F | IRQLF | IRQOF
0 0 0 0 0 0 0 0

RIW)*  RIW)*  RIW)*  RAW)* RIW)* RIW)* RIW)* RI(W)*

IRQ2 to IRQO flags

0 | [Clearing conditions]

e When 0 is written in IRQnF after reading IRQnF =1

* When interrupt exception handling is executed while low-level detection
is set (IRQnNSCB = IRQNSCA = 0) and IRQn input is high

* When IRQn interrupt exception handling is executed while falling, rising,
or both-edge detection is set (IRQNSCB = 1 or IRQNSCA = 1)

1 | [Setting conditions]

* When IRQn input goes low while low-level detection is set
(IRQNSCB = IRQNSCA = 0)

* When a falling edge occurs in IRQn input while falling edge detection is
set (IRQNSCB =0, IRQNSCA =1)

« When a rising edge occurs in IRQn input while rising edge detection is
set (IRQNSCB = 1, IRQnSCA = 0)

« When a falling or rising edge occurs in IRQn input while both-edge
detection is set (IRQNSCB = IRQNSCA = 1)

(n=2t00)

Note: * Only O can be written, to clear the flag.
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| SCRH—IRQ Sense Control Register H

H'FEEC

Interrupt Controller

ISCRL—IRQ Sense Control Register L H'FEED Interrupt Controller
ISCRH
Bit 15 14 13 12 11 10 9 8
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved
ISCRL
Bit 7 6 5 4 3 2 1 0
— — | IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
IRQ2 to IRQO sense control A and B
ISCRL bits 5-0
IRQ2SCB- | IRQ2SCA- Description
IRQOSCB IRQOSCA
0 0 Interrupt request generated by low level
of IRQ2-IRQO input
1 Interrupt request generated by falling edge
of IRQ2-IRQO input
1 0 Interrupt request generated by rising edge
of IRQ2-IRQO input
1 Interrupt request generated by rising and
falling edges of IRQ2—-IRQO input

HITACHI
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DTCER—DTC Enable Register H'FFEE toH'FFF2 DTC

Bit 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

DTC activation enable

0 | DTC activation by interrupt is disabled

[Clearing conditions]

* When data transfer ends while the DISEL bit is 1

* When the specified number of transfers are completed

1 | DTC activation by interrupt is enabled

[Maintenance condition]

When the DISEL bit is 0 and the specified number of transfers
have not been completed

DTVECR—DTC Vector Register H'FEF3 DTC
Bit 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVEC5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/W R/W R/W R/W R/W R/IW R/W

Sets vector number for DTC software activation

DTC software activation enable

0 | DTC software activation is disabled

[Clearing condition]

When the DISEL bit is 0 and the specified number of transfers have
not been completed

1 | DTC software activation is enabled

[Maintenance conditions]

¢ When data transfer ends while the DISEL bit is 1

* When the specified number of transfers are completed
« During data transfer activated by software

Note: * A value of 1 can always be written to the SWDTE bit, but 0 can only be written
after 1 is read.
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ABRKCR—Address Break Control Register H'FEF4 Interrupt Controller

Bit 7 6 5 4 3 2 1 0
CMF — — — — — — BIE

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W — — — — — — R/W

Break interrupt enable j

0 | Address break disabled

1 | Address break enabled

Condition match flag

0 | [Clearing condition]
When address break interrupt exception handling is executed

1 | [Setting condition]
When address set by BARA-BARC is prefetched while BIE = 1

HITACHI
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BARA—Break Address Register A H'FEF5 Interrupt Controller

BARB—Break Address Register B H'FEF6 Interrupt Controller
BARC—Break Address Register C H'FEF7 Interrupt Controller
Bit 7 6 5 4 3 2 1 0
BARA A23 A22 A21 A20 Al9 Al8 Al7 Al6
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bit

BARB
Initial value
Read/Write

Bit

BARC
Initial value
Read/Write

730

Specifies address (bits 23-16) at which address break is to be generated

7 6 5 4 3 2 1 0
Al15 Al4 Al3 Al12 All A10 A9 A8
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

Specifies address (bits 15-8) at which address break is to be generated

7 6 5 4 3 2 1 0
A7 A6 A5 A4 A3 A2 Al —
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W —

Specifies address (bits 7-1) at which address break is to be generated
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Bit

Initial value
Read/Write

FLMCR1—Flash Memory Control Register 1 H'FF80 Flash Memory
7 6 5 4 3 2 1 0
FWE SWE — — EV PV
1 0 0 0 0 0 0 0
R R/W — — R/W R/W R/W R/W
Program
0 | Program mode cleared
1 | Transition to program mode
[Setting condition]
When SWE =1, and PSU =1
Erase
0 | Erase mode cleared
1 | Transition to erase mode
[Setting condition]
When SWE =1,and ESU =1
Program-verify
0 | Program-verify mode cleared
1 | Transition to program-verify mode
[Setting condition]
When SWE =1
Erase-verify
0 | Erase-verify mode cleared
1 | Transition to erase-verify mode
[Setting condition]
When SWE =1
Software write enable
0 | Writes disabled
1 | Writes enabled
Reserved
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FLM CR2—Flash Memory Control Register 2 H'FF81 Flash Memory
Bit 7 6 4 3 2 1 0
FLER — — — — ESU PSU
Initial value 0 0 0 0 0 0 0

Read/Write R

Flash memory error

R/W

T

Program setup bit

0

Program setup cleared

1

Program setup
[Setting condition]
When SWE =1

Erase setup bit

0 | Erase setup cleared

1 | Erase setup
[Setting condition]
When SWE =1

0 | Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]

Reset or hardware standby mode

1 | An error has occurred during flash memory programming/erasing
Flash memory program/erase protection (error protection) is enabled
[Setting condition]

See section 19.8.3, Error Protection
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Bit

Initial value
Read/Write

PWM

PCSR—Peripheral Clock Select Register H'FF82
7 5 4 3 2 1
— — — — — PWCKB | PWCKA
0 0 0 0 0 0
— — — — — R/IW R/W
PWM clock select
PWSL PCSR
Bit 7 Bit 6 Bit 2 Bit 1 Description
PWCKE | PWCKS | PWCKB | PWCKA
0 — — — Clock input disabled
1 — — g (system clock) selected

0 0 2/2 selected
1 2/4 selected

1 0 2/8 selected
1 2/16 selected

HITACHI
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EBR1—Erase Block Register 1
EBR2—Erase Block Register 2

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

H'FF82 Flash Memory
H'FF83 Flash Memory
7 6 5 4 3 2 1 0
— — — — — — EB9 EB8
0 0 0 0 0 0 0 0
— — — — — — R/W* R/W*
7 6 5 4 3 2 1 0
EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
0 0 0 0 0 0 0 0
R/W* R/IW R/W RIW R/W RIW R/W R/W

Note: * In normal mode, a read will return 0, and writes are invalid.
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Erase Blocks

Block (Size)
128-kbyte versions

Addresses

EBO (1 kbyte)

H'(00)0000—H'(00)03FF

EB1 (1 kbyte)

H'(00)4000—H'(00)07FF

EB2 (1 kbyte)

H'(00)8000—H'(00)OBFF

EB3 (1 kbyte)

H'(00)CO00—H'(00)OFFF

EB4 (28 kbytes)

H'(00)1000—H'(00)7TFFF

EB5 (16 kbytes)

H'(00)8000~H'(00)BFFF

EB6 (8 kbytes)

H'(00)CO00—H'(00)DFFF

EB7 (8 kbytes)

H'00EO000-H'00FFFF

EB8 (32 kbytes)

H'010000-H'017FFF

EB9 (32 kbytes)

H'018000-H'01FFFF
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SBY CR—Standby Control Register H'FF84 System

Bit 7 6 5 4 3 2 1 0
SSBY STS2 STS1 STSO — SCK2 SCK1 | SCKO

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W — R/W R/W R/W

]

System clock select2to0 ———————

0 0 0 Bus master is in high-speed mode
1 Medium-speed clock = @/2
1 0 Medium-speed clock = g/4
1 Medium-speed clock = @/8
1 0 0 Medium-speed clock = g/16
1 Medium-speed clock = @/32
1 _ —

Standby timer select 2 to 0

0 0 0 Standby time = 8192 states
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states*

Note: * This setting must not be used in the flash memory version.

Software standby

0

Transition to sleep mode on execution of SLEEP instruction in high-speed mode
or medium-speed mode
Transition to subsleep mode on execution of SLEEP instruction in subactive mode

Transition to software standby mode, subactive mode, or watch mode on execution
of SLEEP instruction in high-speed mode or medium-speed mode

Transition to watch mode or high-speed mode on execution of SLEEP instruction in
subactive mode

HITACHI

735



L PWRCR—L ow-Power Control Register H'FF85 System

Bit

Initial value
Read/Write

736

7 6 5 4 3 2 1 0
DTON LSON | NESEL | EXCLE — — — —
0 0 0 0 0 0 0 0
R/W R/IW R/W R/W — — — —

Subclock input enable
0 | Subclock input from EXCL pin disabled
1 | Subclock input from EXCL pin enabled

Noise elimination sampling frequency select
0 | Sampling at g divided by 32

1 | Sampling at g divided by 4

Low-speed on flag

0

* Transition to sleep mode, software standby mode, or watch
mode* on execution of SLEEP instruction in high-speed mode or
medium-speed mode

Transition to watch mode, or direct transition to high-speed mode,
on execution of SLEEP instruction in subactive mode

Transition to high-speed mode after watch mode is cleared

Transition to watch mode or subactive mode* on execution of
SLEEP instruction in high-speed mode

Transition to subsleep mode or watch mode on execution of
SLEEP instruction in subactive mode

» Transition to subactive mode after watch mode is cleared

Note: * When a transition is made to watch mode or subactive mode,

high-speed mode must be set.

Direct transfer on flag

0

* Transition to sleep mode, software standby mode, or watch mode*
on execution of SLEEP instruction in high-speed mode or
medium-speed mode

* Transition to subsleep mode or watch mode on execution of
SLEEP instruction in subactive mode

« Direct transition to subactive mode*, or transition to sleep mode or
software standby mode, on execution of SLEEP instruction in

hi

« Direct transition to high-speed mode, or transition to subsleep mode,
on execution of SLEEP instruction in subactive mode

gh-speed mode or medium-speed mode

Note: * When a transition is made to watch mode or subactive mode,

high-speed mode must be set.
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M STPCRH—M odule Stop Control Register H H'FF86 System

MSTPCRL—M odule Stop Control Register L H'FF87 System
MSTPCRH MSTPCRL
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15(MSTP14|MSTP13|MSTP12|MSTPLL{MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTPS | MSTPS | MSTP4 | MSTP3 | MSTP2  MSTP1 | MSTPO
Initialvalue 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Module stop
0 | Module stop mode cleared

1 | Module stop mode set

The correspondence between MSTPCR bits and on-chip supporting modules is shown below.

Register Bit Module
MSTPCRH | MSTP15 | —
MSTP14* | Data transfer controller (DTC)
MSTP13 | 16-bit free-running timer (FRT)
MSTP12 | 8-bit timers (TMRO, TMR1)
MSTP11*| 8-bit PWM timer (PWM), 14-bit PWM timer (PWMX)
MSTP10*| —
MSTP9 A/D converter
MSTP8 8-bit timers (TMRX, TMRY), timer connection
MSTPCRL | MSTP7 Serial communication interface 0 (SCI0)
MSTP6* | Serial communication interface 1 (SCI1)
MSTP5* | —
MSTP4* | I12C bus interface (IIC) channel O (option)
MSTP3* | I2C bus interface (IIC) channel 1 (option)
MSTP2* | —
MSTP1* | —
MSTPO* | —

Note: Bit 15 must not be setto 1. Bits 10, 5, 2, 1, and 0 can be read or written to, but do not
affect operation.
* Must be set to 1 in the H8S/2124 Series.
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SMR1—Serial Mode Register 1 H'FF88 SCl1
SMRO—Serial Mode Register 0 H'FFD8 SCI0
Bit 7 6 5 4 3 2 1 0
C/A CHR PE O/E STOP MP CKS1 | CKSO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Clock select 1 and 0
0| 0 | @clock
1 | @/4 clock
1|0 | @/16 clock
1 | 9/64 clock
Multiprocessor mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected
Stop bit length
0 | 1 stop bit
1| 2 stop bits
Parity mode
0 | Even parity
1 | Odd parity

Parity enable

0

Parity bit addition and checking disabled

1

Parity bit addition and checking enabled

Character length

0 | 8-hit data

1 | 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7)
of TDR is not transmitted, and the choice of
LSB-first or MSB-first mode is not available.

Communication mode

0

Asynchronous mode

1

Synchronous mode
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|CCR1—I*C Bus Control Register 1 H'FF88 I1C1

| CCRO—I?C Bus Control Register 0 H'FFD8 11CO
Bit 7 6 5 4 3 2 1 0
ICE IEIC MST TRS ACKE BBSY IRIC SCP
Initial value 0 0 0 0 0 0 0 1

Read/Write ~ R/W RW  RW RW RW  RW  RI(W)*

T T T T T %

Start condition/stop condition
prohibit

0 | Writing issues a start or stop
condition, in combination
with the BBSY flag

1 | Reading always returns a
value of 1; writing is ignored

I2C bus interface interrupt request flag

0 | Waiting for transfer, or transfer in
progress

1 | Interrupt requested

Note: For the clearing and setting
conditions, see section 16.2.5,
12C Bus Control Register (ICCR).

Bus busy

0 | Busis free

[Clearing condition]

When a stop condition is detected

12C bus interface interrupt

enable
0 | Interrupt requests 1 | Busis busy
disabled [Setting condition]

When a start condition is detected

1 | Interrupt requests
enabled Acknowledge mode select

0 | Acknowledge bit is ignored and transfer is
performed continuously

12C bus interface enable 1 | When acknowledge bit is 1, continuous

0 | Module is non-operational (SCL/SDA transfer is discontinued

pin has port function)
SAR and SARX can be accessed

1 | Module is enabled for transfer operations 0 | 0| Slave receive mode

(SC/SDA pin in bus drive state) 1 | Slave transmit mode

ICMR and ICDR can be accessed 1| 0 | Master receive mode
1

Master/slave select (MST), transmit/receive select (TRS)

Master transmit mode

Note: For details, see section 16.2.5, 12C Bus Control

Note: * Only O can be written, to clear the flag. Register (ICCR).
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BRR1—Bit Rate Register 1 H'FF89 SCl1
BRRO—BIt Rate Register 0 H'FFD9 SCI0
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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|CSR1—I°C Bus Status Register 1 H'FF89 11C1
| CSRO—I2C Bus Status Register 0 H'FFD9 11CO
Bit 7 6 5 4 3 2 1 0
ESTP STOP IRTR AASX AL AAS ADZ ACKB
Initial value 0 0 0 0 0 0 0 0
Read/Write R/(W)*!1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W)*1 R/W

— |

Acknowledge bit

0 | Receive mode: 0 is output at
acknowledge output timing
Transmit mode: indicates that
the receiving device has
acknowledged the data (0 value)

1 | Receive mode: 1 is output at
acknowledge output timing
Transmit mode: indicates that
the receiving device has not
acknowledged the data (1 value)

General call address recognition flag*2

0 | General call address not recognized

1 | General call address recognized

Slave address recognition flag*2

not recognized

0 | Slave address or general call address

-

recognized

Slave address or general call address

Avrbitration lost flag*2

0

Bus arbitration won

1

Bus arbitration lost

Second slave address recognition flag*2

0 | Second slave address not recognized

1 | Second slave address recognized

12C bus interface continuous transmission/reception interrupt request flag*2

0 | Waiting for transfer, or transfer in progress

1 | Continuous transfer state

Normal stop condition detection flag*2

0 | No normal stop condition

1 | In12C bus format slave mode: Normal stop condition detected
In other modes: No meaning

Error stop condition detection flag*2

0 | No error stop condition

1 | InI2C bus format slave mode: Error stop condition detected
In other modes: No meaning

Notes: 1. Only 0 can be written, to clear the flag.
2. For the clearing and setting conditions, see section 16.2.6, I2C Bus Status Register (ICSR).
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SCR1—Serial Control Register 1 H'FF8A SCl1
SCRO—Serial Control Register 0 H'FFDA SCIO0
Bit 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1l CKEO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Transmit interrupt enable

0 | Transmit data empty interrupt
(TXI) request disabled

1 | Transmit data empty interrupt
(TXI) request enabled

Receive interrupt enable

0 | Receive data full interrupt (RXI)
request and receive error interrupt
(ERI) request disabled
1 | Receive data full interrupt (RXI)
request and receive error interrupt
(ERI) request enabled
742
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Clock enable 1 and 0
0|0

Asynchronous
mode

Internal clock/SCK pin
functions as 1/0 port

1 | Synchronous
mode

Internal clock/SCK pin
functions as serial clock output

0 | Asynchronous
mode

Internal clock/SCK pin
functions as clock output

1 | Synchronous Internal clock/SCK pin

mode functions as serial clock output
1| 0 | Asynchronous | External clock/SCK pin
mode functions as clock input

1 | Synchronous
mode

External clock/SCK pin
functions as serial clock input

0 | Asynchronous
mode

External clock/SCK pin
functions as clock input

External clock/SCK pin
functions as serial clock input

1 | Synchronous
mode

Transmit end interrupt enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupts disabled (normal reception performed)

[Clearing conditions]
* When the MPIE bit is cleared to 0
* When data with MPB = 1 is received

Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in

SSR are disabled until data with the multiprocessor bit set to
1is received

Receive enable

0 | Reception disabled

1 | Reception enabled

Transmit enable

0

Transmission disabled

1

Transmission enabled
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RDR1—Receive Data Register 1 H'FF8D SCil
RDRO—Receive Data Register 0 H'FFDD SCI0
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R
Stores serial receive data
TDR1—Transmit Data Register 1 H'FF8B SCil
TDRO—Transmit Data Register 0 H'FFDB SCIO0
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Stores serial transmit data
743

HITACHI



SSR1—Serial Status Register 1 H'FF8C SCI1
SSRO—Serial Status Register 0 H'FFDC SCI0
Bit 7 6 5 4 3 2 1 0
TDRE RDRF | ORER FER PER TEND MPB MPBT
Initial value 1 0 0 0 0 1 0 0
Read/Write  R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Multiprocessor bit transfer

0 | Data with a 0 multiprocessor
bit is transmitted

1 | Data with a 1 multiprocessor
bit is transmitted

Multiprocessor bit

o

bit is received

[Clearing condition]
When data with a 0 multiprocessor

1 | [Setting condition]

bit is received

When data with a 1 multiprocessor

Transmit end

o

[Clearing conditions]

writes data to TDR

* When 0 is written in TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and

[N

[Setting conditions]
« When the TE bit in SCR is 0

a 1-byte serial transmit character

« When TDRE = 1 at transmission of the last bit of

Parity error

0 | [Clearing condition]

When 0 is written in PER after reading PER = 1

1 | [Setting condition]

When, in reception, the number of 1 bits in the receive
data plus the parity bit does not match the parity setting
(even or odd) specified by the O/E bit in SMR

Framing error

0

[Clearing condition]
When 0 is written in FER after reading FER = 1

[iN

[Setting condition]

When the SCI checks whether the stop bit at the end of the receive

data is 1 when reception ends, and the stop bit is 0

Overrun error

0 | [Clearing condition]
When 0 is written in ORER after reading ORER = 1

[

[Setting condition]
When the next serial reception is completed while RDRF = 1

Receive data register full

o

[Clearing conditions]
« When 0 is written in RDRF after reading RDRF = 1
» When the DTC is activated by an RXI interrupt and reads data from RDR

-

[Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit data register empty

0 | [Clearing conditions]

* When 0 is written in TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and writes data to TDR

[

[Setting conditions]
« When the TE bit in SCR is 0

* When data is transferred from TDR to TSR and data can be written in TDR
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SCMR1—Serial Interface Mode Register 1 H'FF8E SCil
SCMRO—Serial Interface Mode Register 0 H'FFDE SCI0
Bit 7 6 5 4 3 2 1 0
— — — — SDIR SINV — SMIF
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W 7R/W7 — R/W
Serial communication
interface mode select
0 | Normal SCI mode
1 | Setting prohibited
Data invert —————

0 | TDR contents are transmitted as they are
TDR contents are stored in RDR as they are

1 | TDR contents are inverted before being transmitted
Receive data is stored in RDR in inverted form

Data transfer direction

0

TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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|CDR1—I%C Bus Data Register 1 H'FF8E [ci
| CDRO—I°C Bus Data Register 0 H'FFDE [1CO

Bit 7 6 5 4 3 2 1 0
ICDR7 | ICDR6 | ICDR5 | ICDR4 | ICDR3 | ICDR2 | ICDR1 | ICDRO
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ICDRR

Bit 7 6 5 4 3 2 1 0
ICDRR7 | ICDRR6| ICDRR5| ICDRR4 | ICDRR3 [ ICDRR2 | ICDRR1 | ICDRRO

Initial value — — — — — — — —

Read/Write R R R R R R R R

ICDRS

Bit 7 6 5 4 3 2 1 0
ICDRS7 | ICDRS6| ICDRS5 | ICDRS4 | ICDRS3 | ICDRS2 | ICDRS1 | ICDRSO0

Initial value — — — — — — — —

Read/Write — — — — — — — —

ICDRT

Bit 7 6 5 4 3 2 1 0
ICDRT7 | ICDRT6| ICDRT5 | ICDRT4 | ICDRT3 | ICDRT2 | ICDRT1 | ICDRTO

Initial value — — — — — — — —

Read/Write W W W W W W w W

TDRE, RDRF (internal flags)

Bit — —
TDRE RDRF

Initial value 0 0

Read/Write — —

Note: For details, see section 16.2.1, 12C Bus Data Register (ICDR).
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SARX1—Second Slave Address Register 1 H'FF8E 11C1
SAR1—Slave Address Register 1 H'FF8F I1C1
SARX0—Second Slave Address Register 0 H'FFDE 11CO
SARO—Slave Address Register 0 H'FFDF 11CO

SAR

Bit 7 6 5 4 3 2 1 0

SVAG6 SVA5 SVA4 SVA3 SVA2 SVAl SVAO FS
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Slave address

Format select

SARX

Bit 7 6 5 4 3 2 1 0
SVAX6 | SVAX5 | SVAX4 | SVAX3 | SVAX2 | SVAX1 | SVAXO0 FSX

Initial value 0 0 0 0 0 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Second slave address

Format select

DDCSWR SAR SARX
Bit 6 Bit 0 Bit 0 Operating Mode
sw FS FSX
0 0 0 12C bus format
¢ SAR and SARX slave addresses recognized
1 12C bus format
« SAR slave address recognized
* SARX slave address ignored
1 0 12C bus format
¢ SAR slave address ignored
¢ SARX slave address recognized
1 Synchronous serial format
¢ SAR and SARX slave addresses ignored
1 0 0 Formatless mode (start/stop conditions not
1 detected)
1 0 « Acknowledge bit present
1 Formatless mode*
(start/stop conditions not detected)
« No acknowledge bit

Note: * Do not select this mode when automatic switching to the 12C bus format is

performed by means of a DDCSWR setting.
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ICMR1—I?C Bus Mode Register 1 H'FF8F 11C1
ICMRO—I2C Bus Mode Register 0 H'FFDF 11CO
Bit 7 6 5 4 3 2 1 0
MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Bit counter
BC2 BC1 BCO Synchronous 12C bus
serial format format
0 0 0 8 9
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
Transfer clock select
IICX CKS2 CKS1 CKSO0 Clock
0 0 0 0 /28
1 /40
1 0 /48
1 2/64
1 0 0 /80
1 /100
1 0 /112
1 /128
1 0 0 0 /56
1 2/80
1 0 /96
1 /128
1 0 0 /160
1 /200
1 0 /224
1 /256
Wait insertion bit
0 | Data and acknowledge transferred consecutively
1 | Wait inserted between data and acknowledge
MSB-first/LSB-first select*
0 | MSB-first
1| LSB-first
Note: * Do not set this bit to 1 when using the 12C bus format.
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TIER—Timer Interrupt Enable Register

Bit

Initial value
Read/Write

H'FF90 FRT
7 6 5 4 3 2 1 0
ICIAE ICIBE ICICE ICIDE | OCIAE | OCIBE OVIE —
0 0 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W R/W —
Timer overflow interrupt
enable

0 | OVF interrupt request
(FOVI) is disabled

1 | OVF interrupt request
(FOVI) is enabled

Output compare interrupt B enable

0

OCFB interrupt request (OCIB)
is disabled

OCFB interrupt request (OCIB)

is enabled

Output compare interrupt A enable

0 | OCFA interrupt request (OCIA)
is disabled

1 | OCFA interrupt request (OCIA)
is enabled

Input capture interrupt D enable

0 | ICFD interrupt request (ICID) is disabled

1 | ICFD interrupt request (ICID) is enabled

Input capture interrupt C enable

0

ICFC interrupt request (ICIC) is disabled

1

ICFC interrupt request (ICIC) is enabled

Input capture interrupt B enable

0

ICFB interrupt request (ICIB) is disabled

1

ICFB interrupt request (ICIB) is enabled

Input capture interrupt A enable

0

ICFA interrupt request (ICIA) is disabled

1

ICFA interrupt request (ICIA) is enabled

HITACHI
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TCSR—Timer Control/Status Register H'FF91 FRT
Bit 7 6 5 4 3 2 1 0
ICFA ICFB ICFC ICFD OCFA | OCFB OVF | CCLRA
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/I(W)* R/(W)* RI(W)* R/(W)* R/I(W)* R/I(W)* R/W

] | |

Timer over

Counter clear A

0 | FRC clearing is
disabled

-

FRC is cleared at
compare match A

flow

0 | [Clearing condition]
When 0 is written in OVF after
reading OVF =1

1 | [Setting condition]
When the FRC value overflows
from H'FFFF to H'0000

Output compare flag B

0 | [Clearing condition]

When 0 is written in OCFB after reading OCFB = 1

=

[Setting condition]
When FRC = OCRB

Output compare flag A

0 | [Clearing condition]

When 0 is written in OCFA after reading OCFA = 1

[N

[Setting condition]
When FRC = OCRA

Input capture flag D

0 | [Clearing condition]

When 0 is written in ICFD after reading ICFD = 1

[y

[Setting condition]

When an input capture signal is generated

Input capture flag C

0 | [Clearing condition]
When 0 is written in ICFC after reading ICFC = 1
1 | [Setting condition]

When an input capture signal is generated

Input capture flag B

0 | [Clearing condition]
When 0 is written in ICFB after reading ICFB = 1
1 | [Setting condition]

When an input capture signal causes the FRC value to be transferred to ICRB

Input capture flag A

When an input capture signal causes the FRC value to be transferred to ICRA

0 | [Clearing condition]
When 0 is written in ICFA after reading ICFA =1
1 | [Setting condition]

Note: * Only O can be written in bits 7 to 1, to clear the flags.
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FRC—Free-Running Counter H'FF92 FRT

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvauke 0 O0 O O0 O O O O O O O O O o o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Count value
OCRA/OCRB—Output Compar e Register A/B H'FF94 FRT
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvagoe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Constantly compared with FRC value; OCF is set when OCR = FRC
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TCR—Timer Control Register

6

H'FF96 FRT

4 3 2 1 0

IEDGB | IEDGC | IEDGD | BUFEA | BUFEB | CKS1 | CKSO

Bit 7
IEDGA
Initial value 0

Read/Write R/W

0

0 0 0 0 0

R/IW R/W R/W R/W R/W R/W R/W

Clock select -

0 | 0 | Internal clock:
counting on @/2

1 | Internal clock:
counting on @/8

1| 0| Internal clock:
counting on /32

1 | External clock:

counting on
rising edge
Buffer enable B
0 | ICRD is not used as ICRB buffer
register
1 | ICRD is used as ICRB buffer
register

Buffer enable A
0 | ICRC is not used as ICRA buffer register
1 | ICRC is used as ICRA buffer register

Input edge select D
0 | Capture at falling edge of input capture input D

1 | Capture atrising edge of input capture input D

Input edge select C

0

Capture at falling edge of input capture input C

1

Capture at rising edge of input capture input C

Input edge select B

0 | Capture at falling edge of input capture input B

1 | Capture at rising edge of input capture input B

Input edge select A

0 | Capture at falling edge of input capture input A

1 | Capture at rising edge of input capture input A
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TOCR—Timer Output Compare Control Register  H'FF97 FRT

Bit

Initial value
Read/Write

6

5 4 3 2 1 0

ICRDMS | OCRAMS| ICRS OCRS OEA OEB OLVLA | OLVLB

0

0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

il |

Output level B

0 | O output at compare
match B

1 | 1 output at compare
match B

Output level A
0 | 0 output at compare match A

1 | 1 output at compare match A

Output enable B
0 | Output compare B output disabled

1 | Output compare B output enabled

Output enable A
0 | Output compare A output disabled

1 | Output compare A output enabled

Output compare register select
0 | OCRA register selected
1 | OCRB register selected

Input capture register select

0

ICRA, ICRB, and ICRC registers selected

1

OCRAR, OCRAF, and OCRDM registers selected

Output compare A mode select

0 | OCRA set to normal operating mode

1 | OCRA set to operating mode using OCRAR and OCRAF

Input capture D mode select

0

ICRD set to normal operating mode

1

ICRD set to operating mode using OCRDM
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OCRAR—Output Compar e Register AR H'FF98 FRT
OCRAF—Output Compare Register AF H'FFOA FRT

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Used for OCRA operation when OCRAMS =1 in TOCR
(For details, see section 11.2.4, Output Compare Registers
AR and AF (OCRAR, OCRAF).)

OCRDM—OQutput Compare Register DM H'FFOC FRT

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue 0 O0 O O O O O O O O O O O O O O
Read/Wrte R R R R R R R R R/WR/WR/WR/WR/W R/WR/W R/W

Used for ICRD operation when ICRDMS =1 in TOCR
(For details, see section 11.2.5, Output Compare Register
DM (OCRDM).)

|CRA—Input Capture Register A H'FF98 FRT

| CRB—Input Capture Register B H'FFOA FRT

| CRC—Input Capture Register C H'FF9C FRT

| CRD—Input Capture Register D H'FFOE FRT
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalue O O©0 O O O O O O O O O O O o0 o0 o
Read/Write R R

Stores FRC value when input capture signal is input
(ICRC and ICRD can be used for buffer operation.

For details, see section 11.2.3, Input Capture Registers
Ato D (ICRA to ICRD).)
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Bit (CPU)

DADRAH—PWM (D/A) Data Register AH H'FFAO PWM X
DADRAL—PWM (D/A) Data Register AL H'FFA1 PWM X
DADRBH—PWM (D/A) Data Register BH H'FFAG6 PWM X
DADRBL—PWM (D/A) Data Register BL H'FFA7 PWM X
‘ DADRH ‘ DADRL ‘
‘4 =‘= =‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit (data) 13 12 11 10 9 8 7 6 5 4 3 2 1 o — —
DADRA DA13|DA12| DA11|DA10| DAY | DAS|DA7 |DAG | DAS | DA4| DA3| DA2| DAL| DAO|CFS| —
Intialvalue 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW R/W R/W RW R/W R/W RW RW RW R/W RW RW RIW RW —
DADRB DAL3| DA12| DA11| DAL0| DAY | DAS| DA7 | DAG | DAS | DA4| DA3| DA2| DAL| DAO|CFS |REGS

Initial value 1 1 1 1 1 1 1

1

1

1

1

1

1

1

1

1

Read/Write rw R/W R/W RW RW RIW RW RMW RMW RW RMW RMW RW RMW RMW RIW

Register select (DADRB only)

0 | DADRA and DADRB can be accessed

1 | DACR and DACNT can be accessed

Carrier frequency select

Operates on basic cycle = resolution (T) x 64

DADR value range is H'0401 to H'FFFD

Operates on basic cycle = resolution (T) x 256

DADR value range is H'0103 to H'FFFF

D/A conversion data

HITACHI
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DACR—PWM (D/A) Control Register H'FFAO PWMX
Bit 7 6 5 4 3 2 1 0
TEST | PWME — — OEB OEA (OF] CKS
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W
Clock select
0 | Operates at resolution (T) =
system clock cycle (teyc)
1 | Operates at resolution (T) =
system clock cycle (teyc) * 2
Output select
0 | PWM direct output
1 | PWM inverted output
Output enable A
0 | PWM (D/A) channel A output
(PWXO output pin) disabled
1 | PWM (D/A) channel A output
(PWXO0 output pin) enabled
Output enable B
0 | PWM (D/A) channel B output
(PWX1 output pin) disabled
1 | PWM (D/A) channel B output
(PWX1 output pin) enabled
PWM enable

Test

0 | DACNT operates as 14-bit up-counter

1 | Stop at DACNT = H'0003

mode

0

PWM (D/A) in user state, normal operation

1

PWM (D/A) in test state, correct conversion results unobtainable
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DACNTH—PWM (D/A) Counter H

Bit (CPU)
Bit (counter)

Initial value
Read/Write

H'FFA6

PWMX
DACNTL—PWM (D/A) Counter L H'FFA7 PWMX
‘ DACNTH ‘ DACNTL ‘
‘4 =‘< =‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7 6 5 4 3 2 1 0 8 9 10 11 12 13 — —
— |REGS
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W RW — w

Register select

0

DADRA and DADRB can be accessed

1

DACR and DACNT can be accessed

Up-counter
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TCSRO—Timer Control/Status Register 0 H'FFAS8 wWDTO
Bit 7 6 5 4 3 2 1 0
OVF | WTAT | TME | RSTS |RST/NMI| CKS2 | CKS1 | CKSO
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/W R/W R/W R/W R/W R/W R/W
Clock select2t0 0 J
CKS2 | CKS1 | CKSO Clock
0 0 0 a/2
1 /64
1 0 /128
1 | @/512
1 0 0 | /2048
1 /8192
1 0 /32768
1 | @/131072
Reset or NMI
0 | NMl interrupt requested
1 | Internal reset requested
Reserved

Timer enable

0 | TCNT is initialized to H'00 and halted

1 | TCNT counts

Timer mode select

0 | Interval timer mode: Interval timer interrupt request (WOVI)
sent to CPU when TCNT overflows

1 | Watchdog timer mode: Reset or NMI interrupt request sent

to CPU when TCNT overflows

Overflow flag

0

[Clearing conditions]
* When 0 is written in the TME bit
* When 0 is written in OVF after reading TCSR when OVF = 1

[Setting condition]
When TCNT overflows from H'FF to H'00
When internal reset request is selected in watchdog timer mode,
OVF is cleared automatically by an internal reset after being set

Note: * Only O can be written, to clear the flag.
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TCNTO—Timer Counter 0 H'FFA8 (W), H'FFA9 (R) WDTO

TCNT1—Timer Counter 1 H'FFEA (W), H'FFEB (R) WDT1
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0

Read/Write ~ R/W R/W R/W R/W R/W R/W R/W R/W

Up-counter
P1PCR—Port 1 MOS Pull-Up Control Register H'FFAC Port 1
Bit 7 6 5 4 3 2 1 0
P17PCR| P16PCR|P15PCR|P14PCR|P13PCR |P12PCR | P11PCR|P10PCR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Control of port 1 built-in MOS input pull-ups

P2PCR—Port 2 MOS Pull-Up Control Register H'FFAD Port 2
Bit 7 6 5 4 3 2 1 0
P27PCR | P26PCR| P25PCR | P24PCR|P23PCR |P22PCR | P21PCR|P20PCR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Control of port 2 built-in MOS input pull-ups

P3PCR—Port 3 MOS Pull-Up Control Register H'FFAE Port 3
Bit 7 6 5 4 3 2 1 0
P37PCR| P36PCR|P35PCR|P34PCR|P33PCR |P32PCR | P31PCR|P30PCR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Control of port 3 built-in MOS input pull-ups
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P1DDR—Port 1 Data Direction Register H'FFBO Port 1

Bit 7 6 5 4 3 2 1 0
P17DDR| P16DDR|P15DDR|P14DDR|P13DDR|P12DDR |P11DDR|P10DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W \ W W

Specification of input or output for port 1 pins

P2DDR—Port 2 Data Direction Register H'FFB1 Port 2
Bit 7 6 5 4 3 2 1 0
P27DDR | P26DDR| P25DDR| P24DDR|P23DDR |P22DDR | P21DDR |P20DDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w w w w

Specification of input or output for port 2 pins

P1DR—Port 1 Data Register H'FFB2 Port 1
Bit 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 1 pins

P2DR—Port 2 Data Register H'FFB3 Port 2
Bit 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 2 pins

760
HITACHI



P3DDR—Port 3 Data Direction Register H'FFB4 Port 3

Bit 7 6 5 4 3 2 1 0
P37DDR| P36DDR| P35DDR | P34DDR|P33DDR|P32DDR | P31DDR|P30DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write W W \W W W w W W

Specification of input or output for port 3 pins

P4DDR—Port 4 Data Direction Register H'FFB5 Port 4
Bit 7 6 5 4 3 2 1 0
P47DDR | P46DDR|P45DDR| P44DDR|P43DDR (P42DDR | P41DDR|P40DDR
Mode 1
Initial value 0 1 0 0 0 0 0 0
Read/Write w W w W w w w
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W
Specification of input or output for port 4 pins
P3DR—Port 3 Data Register H'FFB6 Port 3
Bit 7 6 5 4 3 2 1 0
P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 3 pins

PADR—Port 4 Data Register H'FFB7 Port 4
Bit 7 6 5 4 3 2 1 0
P47DR | P46DR | P45DR | P44DR | P43DR | P42DR | P41DR | P40ODR
Initial value 0 —* 0 0 0 0 0 0
Read/Write R/W R R/W R/W R/W R/W R/W R/W

Stores output data for port 4 pins

Note: * Determined by state of pin P46.
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P5DDR—Port 5 Data Direction Register H'FFB8 Port 5

Bit 7 6 5 4 3 2 1 0

— — — — — P52DDR | P51DDR|P50DDR
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w W W

Specification of input or
output for port 5 pins

P6DDR—Port 6 Data Direction Register H'FFB9 Port 6
Bit 7 6 5 4 3 2 1 0
P67DDR| P66DDR| P65DDR | P64DDR |P63DDR |P62DDR | P61DDR|P60DDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w w w

Specification of input or output for port 6 pins

P5DR—Port 5 Data Register H'FFBA Port 5
Bit 7 6 5 4 3 2 1 0
— — — — — P52DR | P51DR | P50DR
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Stores output data for port 5 pins

P6DR—Port 6 Data Register H'FFBB Port 6
Bit 7 6 5 4 3 2 1 0
P67DR | P66DR | P65DR | P64DR | P63DR | P62DR | P61DR | P60DR
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 6 pins
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P7PIN—Port 7 Input Data Register H'FFBE Port 7

Bit 7 6 5 4 3 2 1 0
P77PIN | P76PIN | P75PIN | P74PIN | P73PIN | P72PIN | P71PIN | P70PIN

Initial value —* —* —* —* —* —* —* —*

Read/Write R R R R R R R R

Port 7 pin states

Note: * Determined by state of pins P77 to P70.

|[ER—IRQ Enable Register H'FFC2 Interrupt Controller
Bit 7 6 5 4 3 2 1 0
— — — — — IRQ2E | IRQ1E | IRQOE
Initial value 1 1 1 1 1 0 0 0
Read/Write R R R R R R/W R/W R/W

IRQ2 to IRQO enable
0 | IRQn interrupt disabled
1 | IRQn interrupt enabled

(n=0to02)
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STCR—Serial Timer Control Register H'FFC3 System

Bit 7 6 5 4 3 2 1 0
| — | IICX1 | IICX0 | IICE |FLSHE| — | ICKS1 | ICKSO |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

|

Internal clock source
select*!

Reserved

Flash memory control register enable

0 | CPU access to power-down state control registers and
some peripheral module control registers is enabled

1 | CPU access to flash memory control registers is enabled

I2C master enable

0 | CPU access to SCI0 and SCI1 control registers is
disabled

1 | CPU access to I12C bus interface data, PWMX
data register and control registers is enabled

I2C transfer rate select 1 and 02
Reserved

Notes: 1. Used for 8-bit timer input clock selection. For details, see section 12.2.4, Timer
Control Register (TCR).

2. Used for I2C bus interface transfer clock selection. For details, see section 16.2.4,
I2C Bus Mode Register (ICMR).
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SYSCR—System Control Register H'FFC4 System

Bit 7 6 5 4 3 2 1 0
CS2E IOSE | INTM1 | INTMO | XRST | NMIEG HIE RAME
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R R/W R R/W R/W R/W
———
RAM Enable

0 | On-chip RAM is disabled
1 | On-chip RAM is enabled

Host interface enable

0 | Access to 8-bit timer (channel
X and Y) data registers and
control registers, and timer
connection control registers is
disabled

1 | Access to 8-bit timer (channel
X and Y) data registers and
control registers, and timer
connection control registers
is enabled

NMI edge select
0 | Falling edge

1 | Rising edge

External reset
0 | Reset generated by watchdog timer overflow

1 | Reset generated by an external reset

Reserved Interrupt control mode select
0 | 0 | Interrupt control mode O

1 | Interrupt control mode 1

I0OS enable —

0 | AS/IOS is address strobe pin
(low output in external area access)

1 | AS/IOS is I/O strobe pin
(low output when accessing specified address from H'(FF)FO00 to H(FF)FE4F)
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MDCR—M ode Control Register

Bit

Initial value
Read/Write

H'FFC5 System
7 6 4 3 2 1 0
EXPE — — — — MDS1 | MDSO
—x 0 0 0 0 — —*
RIW* — — — — R R

Expanded mode enable

0 | Single-chip mode selected

1 | Expanded mode selected

Note: * Determined by pins MD1 and MDO.
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BCR—Bus Control Register H'FFC6

Bit

Initial value
Read/Write

Bus Controller

7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO0 — I0S1 10S0
1 1 0 1 0 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
10S select

I0S1|10S0| Addresses for which AS/IOS pin
output goes low when IOSE =1
0 0 | Low in accesses to addresses
H'(FF)F000 to H'(FF)FO3F
1 | Low in accesses to addresses
H'(FF)FO00 to H'(FF)FOFF
1 0 | Low in accesses to addresses
H'(FF)F000 to H'(FF)F3FF
1 | Low in accesses to addresses
H'(FF)F000 to H'(FF)FE4F
Burst cycle select 0
0 | Max. 4 words in burst access
1 | Max. 8 words in burst access
Burst cycle select 1
0 | Burst cycle comprises 1 state
1 | Burst cycle comprises 2 states
Burst ROM enable
0 | Basic bus interface
Reserved

1 | Burst ROM interface

Idle Cycle Insert O

0 | Idle cycle not inserted in case of successive
external read and external write cycles
1 | Idle cycle inserted in case of successive

external read and external write cycles
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Bit

Initial value
Read/Write

WSCR—Wait State Control Register H'FFC7 Bus Controller
7 6 5 4 3 2 1 0
RAMS | RAMO ABW AST WMS1 | WMSO0 WC1 WCO
0 0 1 1 0 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Wait count 1 and OJ
0 0 | No programmable
waits inserted
1 |1 programmable
wait state inserted
in external memory
space access
1 0 |2 programmable
wait states inserted
in external memory
space access
1 |3 programmable
wait states inserted
Reserved in external memory
space access
Wait mode select 1 and 0
0 0 | Programmable wait mode
1 | Wait disabled mode
1 0 | Pin wait mode
1 | Pin auto-wait mode
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Access state control

0

External memory space designated as 2-state

access space

Wait state insertion in external memory space

access is disabled

External memory space designated as 3-state

access space

Wait state insertion in external memory space

access is enabled

Bus width control

0 | External memory space designated as 16-bit access space

1 | External memory space designated as 8-bit access space
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TCRO—Timer Control Register 0 H'FFC8 TMRO
TCR1—Timer Control Register 1 H'FFC9 TMR1
TCRX—Timer Control Register X H'FFFO TMRX
TCRY—Timer Control Register Y H'FFFO TMRY
Bit 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKS1 CKSO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W RIW
Clock select 2to 0
Channel Bit2 | Bitl | Bit0 Description
CKS2|CKS1 |CKS0
Counter clear 1 and 0 0 0 0 0 | Clock input disabled
0 | 0 | Clear is disabled 1*1| Internal clock: counting at falling edge of /8
1 | Clear by compare Internal clock: counting at falling edge of @/2
match A 1 0*1| Internal clock: counting at falling edge of @/64
10 ::nI:tirhbg compare Internal clock: counting at falling edge of @/32
— 1*1| Internal clock: counting at falling edge of 8/1024
1 | Clear by rising edge - -
of external reset input Internal clock: counting at falling edge of /256
1 0 0 | Counting at TCNT1 overflow signal*2
1 0 0 0 | Clock input disabled
Timer overflow interrupt enable 1*1| Internal clock: counting at falling edge of 2/8
0 | OVF interrupt request (OVI) is disabled Internal clock: counting at falling edge of @/2
1 | OVF interrupt request (OVI) is enabled 1 01| Internal clock: counting at falling edge of @/64
Internal clock: counting at falling edge of /128
1*1 | Internal clock: counting at falling edge of #/1024
Compare match interrupt enable A Internal clock: counting at falling edge of /2048
0 | CMFA interrupt request (CMIA) is disabled 1 0 0 | Count at TCNTO compare match A*2
1 | CMFA interrupt request (CMIA) is enabled X 0 0 0 | Clock input disabled
1 | Internal clock: counting on @
Compare Match Interrupt Enable B 1 0 | Internal clock: counting at falling edge of @/2
0 | CMFB interrupt request (CMIB) is disabled 1 | Internal clock: counting at falling edge of a/4
1 | CMFB interrupt request (CMIB) is enabled 1 0 0 | Clock input disabled
Y 0 0 0 | Clock input disabled
1 | Internal clock: counting at falling edge of /4
1 0 | Internal clock: counting at falling edge of #/256
1 | Internal clock: counting at falling edge of 8/2048
1 0 0 | Clock input disabled
All 1 0 1 | External clock: counting at rising edge
1 0 | External clock: counting at falling edge
1 | External clock: counting at both rising and falling
edges

Notes: 1. Selected by ICKS1 and ICKSO0 in STCR. For details, see section 12.2.4,
Timer Control Register (TCR).

2. If the clock input of channel 0 is the TCNT1 overflow signal and that of
channel 1 is the TCNTO compare match signal, no incrementing clock is
generated. Do not use this setting.
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TCSRO—Timer Control/Status Register 0 H'FFCA TMRO

TCSRO
Bit 7 6 5 4 3 2 1 0

CMFB | CMFA OVF ADTE 0OS3 0S2 OS1 (ON]¢}
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)*  R/(W)* R/(W)* R/W R/W R/W R/W R/W

— ]
Output select 1 and 0
0 0 | No change at compare match A

0 output at compare match A

1
1 0 |1 output at compare match A
1

Output inverted at compare
match A (toggle output)

Output select 3 and 2

0

0

No change at compare match B

0 output at compare match B

1 output at compare match B

1
0
1

Output inverted at compare
match B (toggle output)

A/D trigger enable

0 | A/D converter start requests by compare match A
are disabled

1 | A/D converter start requests by compare match A
are enabled

Timer overflow flag

0 | [Clearing condition]
When 0 is written in OVF after reading OVF = 1

1 | [Setting condition]
When TCNT overflows from H'FF to H'00

Compare match flag A

0 | [Clearing conditions]
* When 0 is written in CMFA after reading CMFA = 1
* When the DTC is activated by a CMIA interrupt

1 | [Setting condition]
When TCNT = TCORA

Compare match flag B

0

[Clearing conditions]
* When 0 is written in CMFB after reading CMFB = 1
« When the DTC is activated by a CMIB interrupt

[Setting condition]
When TCNT = TCORB

Note: * Only 0 can be written in bits 7 to 5, to clear the flags.
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TCSR1—Timer Control/Status Register 1 H'FFCB TMR1

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — 0S3 0Ss2 0s1 0S0

Initial value 0 0 0 1 0 0 0 0

Read/Write  R/(W)*  R/(W)* R/(W)* — R/W R/W R/W R/W

Output select 1 and O
0 0 | No change at compare match A

0 output at compare match A

1
1 0 | 1 output at compare match A
1

Qutput inverted at compare
match A (toggle output)

Output select 3 and 2
0 0 | No change at compare match B

0 output at compare match B

1
1 0 | 1 output at compare match B
1

Output inverted at compare
match B (toggle output)

Timer overflow flag

0 | [Clearing condition]
When 0 is written in OVF after reading OVF =1

1 | [Setting condition]
When TCNT overflows from H'FF to H'00

Compare match flag A

0 | [Clearing conditions]
e When 0 is written in CMFA after reading CMFA = 1
« When the DTC is activated by a CMIA interrupt

1 | [Setting condition]
When TCNT = TCORA

Compare match flag B

0 | [Clearing conditions]
* When 0 is written in CMFB after reading CMFB = 1
« When the DTC is activated by a CMIB interrupt

1 | [Setting condition]
When TCNT = TCORB

Note: * Only O can be written in bits 7 to 5, to clear the flags.
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TCORAO—Time Constant Register A0 H'FFCC TMRO
TCORA1—Time Constant Register Al H'FFCD TMR1
TCORBO—Time Constant Register BO H'FFCE TMRO
TCORB1—Time Constant Register B1 H'FFCF TMR1
TCORAY—Time Constant Register AY H'FFF2 TMRY
TCORBY—Time Constant Register BY H'FFF3 TMRY
TCORC—Time Constant Register C H'FFF5 TMRX
TCORAX—Time Constant Register AX H'FFF6 TMRX
TCORBX—Time Constant Register BX H'FFF7 TMRX

TCORAO TCORA1

TCORBO TCORB1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Compare match flag (CMF) is set when TCOR and TCNT values match

TCORAX, TCORAY
TCORBX, TCORBY

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W

Compare match flag (CMF) is set when TCOR and TCNT values match

TCORC

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W

Compare match C signal is generated when sum of TCORC and TICR
contents match TCNT value
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TCNTO—Timer Counter O H'FFDO TMRO

TCNT1—Timer Counter 1 H'FFD1 TMR1

TCNTX—Timer Counter X H'FFF4 TMRX

TCNTY—Timer Counter Y H'FFF4 TMRY
TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 4 3 2 1 0

Initial value 0 0 0 0 0 0

0 0

0 O

0 0 O 0 o

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNTX, TCNTY

Up-counter

Bit 7 6 5 4 2 1 0
I ]
Initial value 0 0 0 0 0 0 0
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W
|
Up-counter
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Bit
PWOERA
Initial value
Read/Write
Bit
PWOERB
Initial value

PWOERA—PWM Output Enable Register A H'FFD3 PWM
PWOERB—PWM Output Enable Register B H'FFD2 PWM
7 6 5 4 3 2 1 0
OE7 OEG6 OE5 OE4 OE3 OE2 OE1l OEO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
OE15 OE14 | OE13 OE12 OE1l1 OE10 OE9 OES8
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Read/Write

Switching between PWM output and port output

DDR OE Description
0 0 Port input
1 Port input
1 0 Port output or PWM 256/256 output
1 PWM output (0 to 255/256 output)

Bit
PWDPRA
Initial value
Read/Write
Bit
PWDPRB
Initial value

PWDPRA—PWM Data Polarity Register A H'FFD5 PWM
PWDPRB—PWM Data Polarity Register B H'FFD4 PWM
7 6 5 4 3 2 1 0
0s7 0S6 0S5 0S4 0S3 0Ss2 os1 0S0
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
0S15 0S14 | 0OS13 0S12 | OS11 | OS10 0Ss9 0S8
0 0 0 0 0 0 0 0
R/IW R/IW R/W R/W R/W R/W R/W R/W

Read/Write
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PWM output polarity control

0

PWM direct output (PWDR value corresponds to high width of output)

1

PWM inverted output (PWDR value corresponds to low width of output)

HITACHI



PWSL—PWM Register Select

Bit

Initial value
Read/Write

PWM clock enable, PWM clock select

H'FFD6 PWM
7 6 5 4 3 2 1 0
PWCKE | PWCKS — — RS3 RS2 RS1 RSO
0 0 1 1 0 0 0 0
R/W R/W — — R/W R/W R/W R/W

Register Select —

0/0|0]|0

PWDRO selected

PWDR1 selected

PWDR?2 selected

PWDR3 selected

PWDRA4 selected

PWDRS5 selected

PWDRS6 selected

PWDRY7 selected

PWDRS selected

PWDR9 selected

PWDR10 selected

PWDR11 selected

PWDR12 selected

PWDR13 selected

PWDR14 selected

N
o
o
Rr|lo|lr|lOo|lrRr|lO|R|O|lrR|O|R|O|FR|O|R

PWDR15 selected

PWSL PCSR
Bit 7 Bit 6 Bit 2 Bit 1 Description
PWCKE | PWCKS |PWCKB|PWCKA
0 — — — Clock input disabled
1 0 — — @ (system clock) selected
0 0 @/2 selected
1 o/4 selected
1 0 2/8 selected
1 2/16 selected
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PWDRO to PWDR15—PWM Data Registers H'FFD7 PWM

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Specifies duty factor of basic output pulse and number of additional pulses

ADDRAH—A/D Data Register AH H'FFEO A/D Converter
ADDRAL—A/D Data Register AL H'FFE1 A/D Converter
ADDRBH—A/D Data Register BH H'FFE2 A/D Converter
ADDRBL—A/D Data Register BL H'FFE3 A/D Converter
ADDRCH—A/D Data Register CH H'FFE4 A/D Converter
ADDRCL—A/D Data Register CL H'FFES A/D Converter
ADDRDH—A/D Data Register DH H'FFE6 A/D Converter
ADDRDL—A/D Data Register DL H'FFE7 A/D Converter

B ADDRH D ADDRL N

Bit | 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0 |

AD9|AD8|AD7|AD6|AD5(AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | —
Initial value 0 0 0 0 O 0 0 0 0 0O O 0 0 0 O 0
Read/Write R R R R R R R R R R R R

Stores A/D data

Correspondence between analog input channels and ADDR registers

Analog Input Channel .
A/D Data Register
Group O Group 1
ANO AN4 ADDRA
AN1 AN5 ADDRB
AN2 ANG6 or CINO-CIN7 ADDRC
AN3 AN7 ADDRD
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ADCSR—A/D Control/Status Register H'FFE8 A/D Converter

Bit 7 6 5 4 3 2 1 0
ADF ADIE ADST SCAN CKS CH2 CH1 CHO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/I(W)* R/W R/W R/W R/W R/W R/W R/W

— ]

Scan mode
0 | Single mode

1 | Scan mode

A/D start
0 | A/D conversion stopped

1 | « Single mode: A/D conversion is started. Cleared to 0 automatically
when conversion on the specified channel ends

« Scan mode: A/D conversion is started. Conversion continues
consecutively on the selected channels until ADST is cleared to
0 by software, a reset, or a transition to standby mode or module
stop mode

A/D interrupt enable
0 | A/D conversion end interrupt (ADI) request disabled

1 | A/D conversion end interrupt (ADI) request enabled

A/D end flag
0 | [Clearing conditions]
« When 0 is written to ADF after reading ADF =1
* When the DTC is activated by an ADI interrupt, and ADDR is read
[Setting conditions]
« Single mode: When A/D conversion ends
« Scan mode: When A/D conversion ends for all specified channels

[y

Note: * Only O can be written, to clear the flag.
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Channel select
selecton| _selecton Descrpton
CH2 CH1 | CHO Single mode Scan mode
0 0 0 ANO ANO
1 AN1 ANO, AN1
1 0 AN2 ANO, AN1, AN2
1 AN3 ANO, AN1, AN2, AN3
1 0 0 AN4 AN4
1 AN5 AN4, AN5
1 0 ANG or CINO-7 | AN4, AN5, AN6 or CINO-7
1 AN7 AN4, AN5, AN6 or CINO-7,
AN7
Clock select
0 | Conversion time = 266 states (max.)
1 | Conversion time = 134 states (max.)
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ADCR—A/D Control Register H'FFE9 A/D Converter

Bit

Initial value
Read/Write

778

7 6 5 4 3 2 1 0
TRGS1 | TRGSO — — — — — —
0 0 1 1 1 1 1 1
R/W R/W — — — — — —

Timer trigger select

0

0 | A/D conversion start by external trigger is disabled

A/D conversion start by external trigger is disabled

1
0 | A/D conversion start by external trigger (8-bit timer) is enabled
1

A/D conversion start by external trigger pin is enabled
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Bit

Initial value
Read/Write

TCSR1—Timer Control/Status Register 1 H'FFEA WDT1
7 6 5 4 3 2 1 0
OVF | WTAT | TME PSS |RST/NMI| CKS2 | CKS1 | CKSO
0 0 0 0 0 0 0 0

RIW)1  R/W RIW R/W RIW R/W R/W RIW
Clock select 2 to 0 J
PSS |CSK2|CSK1 |CSKO Clock
0 0 0 0 a/2
1 /64
1 0 /128
1 /512
1 0 0 /2048
1 /8192
1 0 /32768
1 /131072
1 0 0 0 @SUB/2
1 aSUB/4
1 0 2SUB/8
1 2SUB/16
1 0 0 2SUB/32
1 2SUB/64
1 0 #SUB/128
1 #SUB/256
Reset or NMI
0 | NMIl interrupt requested
1 | Internal reset requested
Prescaler select™2
0 | TCNT counts on a g-based prescaler (PSM) scaled clock
1 | TCNT counts on a gSUB-based prescaler (PSS) scaled clock
Timer enable
0 | TCNT is initialized to H'00 and halted
1 | TCNT counts
Timer mode select
0 | Interval timer mode: Interval timer interrupt request (WOVI)
sent to CPU when TCNT overflows
1 | Watchdog timer mode: Reset or NMI interrupt request sent
to CPU when TCNT overflows
Overflow flag
0 | [Clearing conditions]

« When 0 is written in the TME bit
* When 0 is written in OVF after reading TCSR when OVF = 1

[Setting condition]
When TCNT overflows from H'FF to H'00

When internal reset request is selected in watchdog timer mode, OVF is cleared

automatically by an internal reset after being set

Notes: 1. Only 0 can be written, to clear the flag.
2. For operation control when a transition is made to power-down mode, see section 21.2.3, Timer Control/Status Register (TCSR).
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TCSRX—Timer Control/Status Register X H'FFF1 TMRX
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICF 0S3 0S2 Os1 0S0
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)*  R/(W)* R/(W)* R/(W)* R/W R/W R/W R/W

Output select 1 and 0

]

0

0 | No change at compare match A

0 output at compare match A

1
1 0 |1 output at compare match A
1

Output inverted at compare
match A (toggle output)

Output select 3 and 2
0 0 | No change at compare match B

0 output at compare match B

1
1 0 |1 output at compare match B
1

Output inverted at compare
match B (toggle output)

Input capture flag

0 | [Clearing condition]
When 0 is written in ICF after reading ICF = 1

1 | [Setting condition]

When a rising edge followed by a falling edge is
detected in the external reset signal after the
ICST bitis setto 1 in TCONRI

Timer overflow flag

0

[Clearing condition]
When 0 is written in OVF after reading OVF = 1

[Setting condition]
When TCNT overflows from H'FF to H'00

Compare match flag A

0 | [Clearing conditions]
« When 0 is written in CMFA after reading CMFA = 1
* When the DTC is activated by a CMIA interrupt

1 | [Setting condition]
When TCNT = TCORA

Compare match flag B

0

[Clearing conditions]

* When 0 is written in CMFB after reading CMFB = 1
« When the DTC is activated by a CMIB interrupt

[Setting condition]
When TCNT = TCORB

Note: * Only O can be written in bits 7 to 4, to clear the flags.
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Bit

Initial value

TCSRY—Timer Control/Status Register Y H'FFF1 TMRY
7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICIE 0S3 0S2 0os1 0S0
0 0 0 0 0 0 0 0
RI(W)*  RI(W)* R/(W)* R/W RIW RIW RIW RIW

Read/Write

]

Output select 1 and 0

0 0 | No change at compare match A
1 |0 output at compare match A
1 0 |1 output at compare match A
1 | Output inverted at compare
match A (toggle output)

Output select 3 and 2

0 0 | No change at compare match B
1 |0 output at compare match B
1 0 | 1 output at compare match B
1 | Outputinverted at compare
match B (toggle output)

Input capture interrupt enable

ICF interrupt request (ICIX) is disabled

ICF interrupt request (ICIX) is enabled

Timer overflow flag

0 | [Clearing condition]
When 0 is written in OVF after reading OVF =1

1 | [Setting condition]
When TCNT overflows from H'FF to H'00

Compare match flag A

0 | [Clearing conditions]
* When 0 is written in CMFA after reading CMFA = 1
« When the DTC is activated by a CMIA interrupt

1 | [Setting condition]

When TCNT = TCORA

Compare match flag B

0 | [Clearing conditions]

* When 0 is written in CMFB after reading CMFB =1
* When the DTC is activated by a CMIB interrupt

1 | [Setting condition]
When TCNT = TCORB

Note: * Only 0 can be written in bits 7 to 5, to clear the flags.
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TICRR—Input Capture Register R H'FFF2 TMRX
TICRF—Input Capture Register F H'FFF3 TMRX
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R
Stores TCNT value at fall of external trigger input
TISR—Timer Input Select Register H'FFF5 TMRY
Bit 7 6 5 4 3 2 1 0
— — — — — — — IS
Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — R/W
Input select

0 | IVG signalis selected (H8S/2128 Series)

External clock/reset input is disabled (H8S/2124 Series)

1 | VSYNCL/TMIY (TMCIY/TMRIY) is selected
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Bit

Initial value
Read/Write

TCONRI—Timer Connection Register | H'FFFC Timer Connection
7 6 5 4 3 2 1 0
SIMOD1| SIMODO| SCONE | ICST HFINV | VFINV HIINV | VIINV
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
\

]

Input synchronization signal inversion

Input synchronization
signal inversion

0 | The VSYNCI pin state
is used directly as
the VSYNCI input

1 | The VSYNCI pin state
is inverted before use
as the VSYNCI input

0 | The HSYNCI and CSYNCI pin states are used
directly as the HSYNCI and CSYNCI inputs

1| The HSYNCI and CSYNCI pin states are inverted
before use as the HSYNCI and CSYNCI inputs

Input synchronization signal inversion

0 | The VFBACKI pin state is used directly as the VFBACKI input

1 | The VFBACKI pin state is inverted before use as the VFBACKI input

Input synchronization signal inversion

0 | The HFBACKI pin state is used directly as the HFBACKI input

1 | The HFBACKI pin state is inverted before use as the HFBACKI input

Input capture start bit

0 | The TICRR and TICRF input capture functions are stopped

[Clearing condition]

When a rising edge followed by a falling edge is detected on TMRIX

1 | The TICRR and TICRF input capture functions are operating
(Waiting for detection of a rising edge followed by a falling edge on TMRIX)

[Setting condition]

When 1 is written in ICST after reading ICST =0

Synchronization signal connection enable

SCONE Mode FTIA FTIB FTIC FTID | TMCI1 | TMRI1
Normal FTIA FTIB FTIC FTID TMCI1 | TMRI1
connection input input input input input input
Synchronization | VI TMO1 | VFBACKI | IHI IHI VI
signal connec- | signal signal | input signal | signal | inverse
tion mode signal
Input synchronization mode select 1 and 0
SIMOD1 | SIMODO Mode IHI signal VI signal
0 0 No signal HFBACKI input VFBACKI input
1 S-on-G mode CSYNCI input PDC input
1 0 Composite mode HSYNCI input PDC input
1 Separate mode HSYNCI input VSYNCI input
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TCONRO—Timer Connection Register O H'FFFD Timer Connection
Bit 7 6 5 4 3 2 1 0
HOE VOE CLOE | CBOE | HOINV | VOINV | CLOINV |CBOINV
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W

R/W R/W R/W R/W

Output synchronization
signal inversion

0 | The CBLANK signal is
used directly as the
CBLANK output

1 | The CBLANK signalis
inverted before use as
the CBLANK output

Output synchronization signal inversion
0 | The CLO signal (CL1, CL2, CL3,

or CL4 signal) is used directly as

the CLAMPO output

1 | The CLO signal (CL1, CL2, CL3,

or CL4 signal) is inverted before

use as the CLAMPO output

Output synchronization signal inversion

0 | The IVO signal is used directly as
the VSYNCO output

1 | The IVO signal is inverted before
use as the VSYNCO output

Output synchronization signal inversion

0 | The IHO signal is used directly as the HSYNCO output

1 | The IHO signal is inverted before use as the HSYNCO output

Output enable

0 | The P27/A15/PW15/CBLANK pin functions as the P27/A15/PW15 pin

1 | In mode 1 (expanded mode with on-chip ROM disabled): The P27/A15/
PW15/CBLANK pin functions as the A15 pin

In modes 2 and 3 (expanded modes with on-chip ROM enabled): The P27/
A15/PW15/CBLANK pin functions as the CBLANK pin

Output enable

0 | The P64/FTIC/CIN4/CLAMPO pin functions as the P64/FTIC/CIN4 pin

1 | The P64/FTIC/CIN4/CLAMPO pin functions as the CLAMPO pin

Output enable

0 | The P61/FTOA/CIN1/VSYNCO pin functions as the P61/FTOA/CIN1 pin

1 | The P61/FTOA/CIN1/VSYNCO pin functions as the VSYNCO pin

Output enable

0 | The P67/TMO1/TMOX/CIN7/HSYNCO pin functions as the P67/TMO1/TMOX/CIN7 pin

1 | The P67/TMOL/TMOX/CIN7/HSYNCO pin functions as the HSYNCO pin
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TCONRS—Timer Connection Register S H'FFFE Timer Connection
Bit 7 6 5 4 3 2 1 0
TMRX/Y | ISGENE | HOMOD1| HOMODO|VOMOD1 |VOMODO | CLMOD1 | CLMODO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clamp waveform mode select 1 and 0

]

ISGENE |CLMOD1|CLMODO Description
0 0 0 The CL1 signal is selected
1 The CL2 signal is selected
1 0 The CL3 signal is selected
1
1 0 0 The CL4 signal is selected
1
1 0
1

Vertical synchronization output mode select 1 and 0

ISGENE VOMOD1VOMODO Description
0 0 0 The IVI signal (without fall modification
or IHI synchronization) is selected
1 The VI signal (without fall modification,
with IHI synchronization) is selected
1 0 The IVI signal (with fall modification,
without IHI synchronization) is selected
1 The VI signal (with fall modification and
IHI synchronization) is selected
1 0 0 The IVG signal is selected
1
1 0
1
Horizontal synchronization output mode select 1 and 0
ISGENE HOMOD1|HOMODO Description
0 0 0 The IHI signal (without 2fH modification) is selected
1 The IHI signal (with 2fH modification) is selected
1 0 The CLI signal is selected
1
1 0 0 The IHG signal is selected
1
1 0
1

8-bit timer access select

Internal synchronization signal select

0 | The TMRX registers are accessed at addresses H'FFFO to H'FFF5

1 | The TMRY registers are accessed at addresses H'FFFO to H'FFF5
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SEDGR—Edge Sense Register H'FFFF Timer Connection
Bit 7 6 5 4 3 2 1 0
VEDG HEDG | CEDG | HFEDG | VFEDG | PREQF IHI VI
Initial value 0 0 0 0 0 0 —2 —2
. *1 *1 *1 *1 *1 *1
Read/Write  R/(W)~ R/W)~ R/(W)~ RI(W)~ R/I(W)~ R/(W) R R
IVI signal level J
0 | The IVI signal is low
1| The IVIsignal is high
IHI signal level
0 | The IHI signal is low
1 | The IHI signal is high
Pre-equalization flag
0 | [Clearing condition]
When 0 is written in PREQF after
reading PREQF = 1
1 | [Setting condition]
When an IHI signal 2fH modification
condition is detected
VFBACKI edge
0 | [Clearing condition]
When 0 is written in VFEDG after reading VFEDG = 1
1 | [Setting condition]
When a rising edge is detected on the VFBACKI pin
HFBACKI edge
0 | [Clearing condition]
When 0 is written in HFEDG after reading HFEDG = 1
1 | [Setting condition]
When a rising edge is detected on the HFBACKI pin
CSYNCI edge
0 | [Clearing condition]
When 0 is written in CEDG after reading CEDG = 1
1 | [Setting condition]
When a rising edge is detected on the CSYNCI pin
HSYNCI edge
0 | [Clearing condition]
When 0 is written in HEDG after reading HEDG = 1
1 | [Setting condition]
When a rising edge is detected on the HSYNCI pin
VSYNCI edge

0 | [Clearing condition]
When 0 is written in VEDG after reading VEDG = 1

[y

[Setting condition]
When a rising edge is detected on the VSYNCI pin

Notes: 1. Only O can be written, to clear the flags.
2. The initial value is undefined since it depends on the pin states.
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Appendix C /O Port Block Diagrams

C.l Port 1 Block Diagram

Mode 2, 3
T EXPE
Mode 1 6 E%
Reset
|
R
p Q"
P1nPCR ° "
¢ R
RP1P ] < -
WP1P - @
Hardware o £
standby Reset g E
| o] B
G R 5 £
Q D g
P1nDDR =
§
WP 8-hitPWM
J ~ PWM output enable
~ PWM output
Reset | | | | t---mmmomm-
Pln ‘
R
Q D
P1nDR
¢
WP1 (14-bit PWM_
~ PWX0, PWX1 output
— Output enable

I
| |

WP1P: Write to PIPCR
WP1D: Write to PIDDR
WP1: Write to port 1
RP1P: Read P1PCR
RP1: Read port 1
n=0orl

FigureC.1 Port 1 Block Diagram (Pins P10 and P11)
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Mode 2, 3
T EXPE
Mode 1 d C%
Reset
|
R
T]ID oo
P1nPCR - "
§ 2|3
RP1P ! < P
WP1P g @
Hardware - |8 g
standby Mode 1 Reset g 3
‘ Q E
R £ £
Q D L
P1nDDR =
¢
W 8-bit PWM ___
- PWM output enable
~ PWM output
Pin ~ J Re‘set ,,,,,,,,,,,,,
R
Q D
P1nDR
¢
WP1
’\r@ RP1
N
L~ L~
WP1P: Write to PIPCR
WP1D: Write to PIDDR
WP1: Write to port 1
RP1P: Read P1PCR
RP1: Read port1
n=2to7
FigureC.2 Port 1 Block Diagram (Pins P12 to P17)
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C.2 Port 2 Block Diagrams

Mode 2, 3
EXPE

CEH

Mode 1 6
Reset
|
R
" "o

P2nPCR
C

RP2P !
WP2P
Hardware -

standby Mode 1 Reset
|

Internal data bus

R
Q D
P2nDDR
C

Internal address bus

I
Wp2D 8-bit PWM

~ PWM output enable

~ PWM output
Reset | | | | t----mmmmmn
L

R
Q D
P2nDR

¢

WP2

S (CL RP2

WP2P: Write to P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2P: Read P2PCR
RP2: Read port 2
n=0to2

Figure C.3 Port 2 Block Diagram (Pins P20 to P22)
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Hardware

standby
Mode 2, 3
T EXPE
Mode 1 @ E%
Reset
|
b (= Q "o
P23PCR " ”
& 23
RP2P
] %]
Hardware wp2p 5 g
tandb: - o
° g Reset o 3
| I =
R c c
Q D - g
Mode 1 P23DDR =
C
T
" wpep 8-bit PWM_
‘ ~ PWM output enable
~ PWM output
P+ Reset [P p -
P23 d ‘
N =
Q D
P23DR
o e
T
Wp2 e
SDAL1 output
Transmit enable

VY

SDAL input

(@— RP2

WP2P: Write to P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2P: Read P2PCR
RP2: Read port 2

Notes: 1. Output enable signal
2. Open-drain control signal

FigureC.4 Port 2 Block Diagram (Pin 23)
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Mode 2, 3

EXPE
I0SE
|
Mode 1 d dﬁ
Reset
\
R
EP = ‘ Q "o
P24PCR " "
§ 22
RP2P

© [
Hardware WP2P g g
—_ o
standby Rocet E S
L —_
R g |
Q D - 5}
Mode 1 P24DDR =

§

" e BhitPWM
~ PWM output enable
~ PWM output

P ‘ Reset ;WM output
< ‘
— R
= o R b
v P24DR
\
WP2 IJCJ_ 777777777
SCL1 output
Transmit enable

(@i— RP2

VYV

WP2P: Write to P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2P: Read P2PCR
RP2: Read port 2

Notes: 1. Output enable signal
2. Open-drain control signal

FigureC.5 Port 2 Block Diagram (Pin 24)
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Mode 2, 3
1 EXPE
Mode 1 d @
Reset
|
R
P Q D
PZSCF:’CR 2 P
Hardware RP2P T ﬁ ﬁ
standby WP2P 5 g
—_ =}
Reset ] 3
Mode 1 F‘z 5 =
c ft
U Q D BRE]
P25DDR =
¢
Weep BHtPWM
- PWM output enable
3 PWM output
J Reset | | | | Feeeeeeeee o
P2n < :
Q D
P25DR
¢
WP2 scr
- Output enable
: Serial transmit data
(C}C:— RP2
N
L L
WP2P : Write to P2PCR
WP2D : Write to P2DDR
WP2 : Write to port 2
RP2P : Read P2PCR
RP2 : Read port 2
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FigureC.6 Port 2 Block Diagram (Pin P25)
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Mode 2, 3
EXPE
I
Mode 1 d @
Reset
|
R
P Q D
P26(|‘;’CR é é
RP2P
o %]
Hardware wp2p g 3
standb = 3
Y Reset E B
) =
Mode 1 R .g g
Q D - ]
P26DDR £
&
Wezo BbtPWM
= PWM output enable
J ~ PWM output
~ Reset
|
Q D
P26DR
C
T
WP2
sclL .
+ Input enable
(@t— RP2
N !
L~ W L !
. Serial receive data
WP2P : Write to P2PCR R
WP2D : Write to P2DDR

WP2 : Write to port 2
RP2P :Read P2PCR
RP2 : Read port 2

FigureC.7 Port 2 Block Diagram (Pin P26)
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Mode 2, 3

EXPE
IOSE
T
Mode 1 d E‘j
Reset
|
R
Ele | Q D
P27PCR
c g g
RP2P ‘ 2 2
WP2P [ P
Hardware - |8 o
—_ K=}
standby Mode 1 Re‘set S g
e R 2 s
. Q D =5
P27DDR 1S
¢
WP2D
8-bitPw™M
~ PWM output enable
~ PWM output
P27 P Reset LT o
|
o— R
Q D
| P27DR
¢
Mode 2, 3 WP2 ,Timer connection
— CBLANK
— CBLANK output
i enable
-
> sc
- - Input enable
*—— RP2 r Clock output
~ Output enable
[> | L~ | )
» Clock input
WP2P: Write to P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2P: Read P2PCR
RP2: Read port 2
FigureC.8 Port 2 Block Diagram (Pin P27)
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C3

Port 3 Block Diagram

»————Mode 2, 3
EXPE

Reset
|

EF—GH ‘ Q "o

P3nPCR
c

RP3P ‘
Hardware Wp3P

standby
Reset

P3nDR

WP3

RP3
[: External address (ead

L~

WP3P: Write to P3PCR
WP3D: Write to P3DDR
WP3:  Write to port 3
RP3P: Read P3PCR
RP3: Read port 3
n=0to7

Internal data bus

FigureC.9 Port 3 Block Diagram
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C4 Port 4 Block Diagrams

Reset

P40

Q D
P40DDR
C

I
WP4D

Reset
|

JAN

fasal

R
Q D
P40DR
C

I
WP4

gCt RPa

Internal data bus

A/D converter

>
BN

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4

>

)———= IRQ2input
IRQ2 enable

Figure C.10 Port 4 Block Diagram (Pin P40)
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Reset

Internal data bus

Q D
P4nDDR
C

T
WP4D

P4n

JAN

4|>
WP4D: Write to PADDR
WP4:  Write to port 4

RP4: Read port 4
n=1lor2

g@ RP4
>

D

IRQ1 input
IRQO input
IRQ1 enable
IRQO enable

FigureC.11 Port 4 Block Diagram (Pins P41, P42)
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Mode 2, 3 |
EXPE R

EXPE P4nDDR

Internal data bus

Bus controller

RD output

. gCli RPa

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=3t05

- WR output
I AS/IOS output
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FigureC.12 Port 4 Block Diagram (Pins P43 to P45)
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—Q

r—Reset
Mode 1

Hardware
standby
S R
Q D
P46DDR
(‘:
WP4D

Subclock input
enable

Internal data bus

@ output

P46 <

RP4
L~

N

» Subclock input

$
"0

WP4D: Write to PADDR
RP4: Read port 4

Figure C.13 Port 4 Block Diagram (Pin P46)
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[%2]
>
o
8
Re‘set 8
R g
Q D 3
P47DDR £
¢
WP4D . Bus controller
~ Input enable
*1 ﬂ EXPE !
Reset ;
L -
R ; AIT input
Q D L.
. P47DR
:
2 ' wha Neo
—SDAO output
:I [ ~ Transmit enable
*— RP4 |
> L~ :
4ﬂ> = SDAO input

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4

Notes: 1. Output enable signal
2. Open drain control signal

FigureC.14 Port 4 Block Diagram (Pin P47)
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C5 Port 5 Block Diagrams

Reset

Internal data bus

Q D
P50DDR
C

I
WP5D SCio

Reset | | T
|

R
Q D
P50DR

PR I
. JCLRPS

L~

WP5D: Write to PSDDR
WP5:  Write to port 5
RP5:  Read port 5

FigureC.15 Port 5Block Diagram (Pin P50)
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P51

Reset

Q D
P51DDR
C

I
WP5D

Internal data bus

Reset

JA

P51DR

WP5

(C'Q— RP5

4|>

802

WP5D: Write to PSDDR ' data
WP5:  Writetoports T
RP5:  Read port 5

Figure C.16 Port 5Block Diagram (Pin P51)

HITACHI




Internal data bus

Reset
|
R
Q D
P52DDR
¢
WP5D SClo.
 Input enable
. — Clock output
' ‘ — Output enable
‘ Re‘set = Clock input
R 1| |t
Q D
P52DR
N Cc
2 \ 1Ico
WP5 | | | 7T
SCLO output
Transmit enable

’\F@ RP5

—

v v

WP5D: Write to PSDDR
WP5:  Write to port 5
RP5:  Read port 5

Notes: 1. Output enable signal
2. Open drain control signal

FigureC.17 Port 5Block Diagram (Pin P52)
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C.6  Port 6 Block Diagrams

Hardware 2]
standby <
Reset 8
4<:FJ | g
R —_
Q D g
P6nDDR g
C ]
[
WP6D
Reset
!
R
P6n < Q D
P6nDR
¢ 16-bit FRT
WP6 1 FTClinput
.. FTIA input
" FTIB input
' FTID input
'\T@ RP6 . .
Timer connection
—{> 1> 8-bit timers Y, X
1 HFBACKI input, TMIX input,
* VSYNCI input, TMIY input,
' VFBACKI input
AID converter_
:~ Analog input
WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6
n=0,2735
Figure C.18 Port 6 Block Diagram (Pins P60, P62, P63, P65)
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Hardware B
o
standby Reset g
\ 3
R —_—
M o "o g
P61DDR g
C —_
[ .
WP6D 16Dt FRT
L FTOA output
Output enable
Reset
L
R
Q D
P61DR
C
\ ,Timer connection
wp6 ~ VSYNCO output

Output enable

s (CL RPG

A/D converter

WP6D: Write to PEBDDR
WP6:  Write to port 6
RP6: Read port 6

FigureC.19 Port 6 Block Diagram (Pin P61)
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Hardware
standby Reset

Internal data bus

T
WP6D Timer connection

‘ — CLAMPO output

— Qutput enable

. JCIL RPs

16-bit FRT

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6

Figure C.20 Port 6 Block Diagram (Pin P64)
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Hardware
standby Reset

Internal data bus

P66DDR
Cc

l
WP6D 16-bit FRT

‘ ; FTOB output

— Qutput enable
Reset
|
R

Q D
P66DR

WP6

. g@ RP6

A/D converter

WP6D: Write to PEDDR
WP6:  Write to port 6
RP6: Read port 6

FigureC.21 Port 6 Block Diagram (Pin P66)
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Hardware
standby

Internal data bus

8-bit timer X

3 TMOX output

Reset
|

R
Q D
P67DR
C

WP6

(CIQ— RP6

— Output enable

A/D converter

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6
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Figure C.22 Port 6 Block Diagram (Pin P67)
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C.7 Port 7 Block Diagrams

W4

P7n

V3
3
|
Internal data bus

A/D converter

RP7: Read port 7
n=0to7

Figure C.23 Port 7 Block Diagram (Pins P70 to P77)
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Appendix D Pin States

D.1 Port Statesin Each Processing State
TableD.1 1/O Port Statesin Each Processing State
Hardware Software Sub- Program
Port Name  MCU Operating Standby  Standby Watch Sleep sleep  Subactive Execution
Pin Name Mode Reset Mode Mode Mode Mode Mode Mode State
Port 1 1 L T keep* keep*  keep* keep* A7 to AO A7 to A0
AT10 A0 2,3(EXPE=1) T Address Address
output/ output/
input port input port
2,3 (EXPE =0) 1/0 port 1/0 port
Port 2 1 L T keep* keep*  keep* keep* Al15to A8 Al5 to A8
ALS10A8 3 (ExpE=1) T Address Address
output/ output/
input port input port
2,3 (EXPE =0) 1/0 port 1/0 port
Port 3 1 T T T T T T D7 to DO D7 to DO
D7oD0 5 3 (ExpE=1)
2,3 (EXPE =0) keep keep keep keep 1/0 port 1/0 port
Port 47 1 T T T/keep T/keep T/keep T/keep WAIT/ WAIT/
WAIT 2,3 (EXPE = 1) 1/0 port 1/0 port
2,3 (EXPE =0) keep keep keep keep 1/0 port 1/0 port
Port 46 1 Clock T [DDR=1]H EXCL [DDR=1] EXCL EXCLinput Clock output/
2 output [DDR=0] T input clock input _EXCL input/
EXCL output input port
2,3(EXPE=1) T [DDR=0]T
2,3 (EXPE =0)
Port45t043 1 H T H H H H AS,WR,RD AS,WR, RD
AS, WR, RD 2,3(EXPE=1) T
2,3 (EXPE =0) keep keep keep keep 1/0 port 1/0 port
Port42t040 1 T T keep keep keep keep 1/0 port 1/0 port
2,3 (EXPE=1)
2,3 (EXPE =0)
Port 5 1 T T keep keep keep keep 1/0 port 1/0 port
2,3 (EXPE=1)
2, 3 (EXPE = 0)
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Hardware Software Sub- Program
Port Name  MCU Operating Standby  Standby Watch Sleep sleep  Subactive Execution
Pin Name Mode Reset Mode Mode Mode Mode Mode Mode State
Port 6 1 T T keep keep keep keep 1/0 port 1/0 port
2,3 (EXPE =1)
2, 3 (EXPE = 0)
Port 7 1 T T T T T T Input port Input port
2,3 (EXPE =1)
2, 3 (EXPE = 0)
Legend:
H: High
L: Low
T: High-impedance state
keep: Input ports are in the high-impedance state (when DDR = 0 and PCR = 1, MOS input pull-
ups remain on).

Output ports maintain their previous state.

Depending on the pins, the on-chip supporting modules may be initialized and the 1/O port
function determined by DDR and DR used.

DDR: Data direction register

Note: * In the case of address output, the last address accessed is retained.
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

E.1l Timing of Transition to Hardwar e Standby Mode

(1) Toretain RAM contents with the RAME bit set to 1 in SY SCR, drive the RES signal low 10
system clock cycles beforethe STBY signal goes low, as shown in figure E.1. RES must
remain low until STBY signal goes low (minimum delay from STBY low to RES high: O ns).

STBY

RES

FigureE.1 Timing of Transition to Hardware Standby Mode

(2) Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, or when RAM contents do
not need to be retained, RES does not have to be driven low asin (1).

E.2 Timing of Recovery from Hardwar e Standby M ode

Drive the RES signal low at least 100 ns before STBY goes high to execute a reset.

STBY

t>100 ns tosc

l-—————— -

RES .

FigureE.2 Timing of Recovery from Hardware Standby Mode
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Appendix F Product Code Lineup

TableF.1 HB8S/2128 Seriesand H8S/2124 Series Product CodeLineup — Preliminary —
Package
(Hitachi
Product Package
Product Type Code Mark Code Code)
H8S/2128 F-ZTAT Standard product HD64F2128 HD64F2128PS20 64-pin shrink
Series version (5 VI4 V version) DIP (DP-64S)
HD64F2128FA20 64-pin QFP
(FP-64A)
HD64F2128TF20 80-pin TQFP
(TFP-80C)
Low-voltage version HD64F2128V  HD64F2128VPS10 64-pin shrink Under
(3 V version) DIP (DP-64S) development
HD64F2128VFA10 64-pin QFP
(FP-64A)
HD64F2128VTF10 80-pin TQFP
(TFP-80C)
H8S/2127 Mask ROM Standard product HD6432127R  HD6432127R(***)PS 64-pin shrink
version (5 V version, 4 V version, DIP (DP-64S)
8V version) HD6432127R(***)FA  64-pin QFP
(FP-64A)
HD6432127R(***)TF  80-pin TQFP
(TFP-80C)
Version with on-chip HD6432127RW HD6432127RW(***)PS64-pin shrink
I2C bus interface DIP (DP-64S)
(35\>/ version, 4V version, HD6432127RW(***)FA64-pin QFP
version) (FP-64A)
HD6432127RW(***)TF 80-pin TQFP
(TFP-80C)
H8S/2128 H8S/2126 Mask ROMStandard product HD6432126R  HD6432126R(***)PS 64-pin shrink
Series version (5 V version, 4 V version, DIP (DP-64S)
3V version) HD6432126R(***)FA  64-pin QFP
(FP-64A)
HD6432126R(***)TF 80-pin TQFP
(TFP-80C)
Version with on-chip HD6432126RW HD6432126RW(***)PS64-pin shrink
I°C bus interface DIP (DP-64S)
(350/ version, 4V version, HD6432126RW(***)FA64-pin QFP
version) (FP-64A)
HD6432126RW(***)TF 80-pin TQFP
(TFP-80C)
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Package

(Hitachi
Product Package
Product Type Code Mark Code Code) Notes
H8S/2124 H8S/2122 Mask ROMStandard product HD6432122 HD6432122(***)PS  64-pin shrink
Series version (5 V version, 4 V version, DIP (DP-64S)
3 V version) HD6432122(***)FA  64-pin QFP
(FP-64A)
HD6432122(***)TF  80-pin TQFP
(TFP-80C)
H8S/2120 Mask ROMStandard product HD6432120  HD6432120(***)PS  64-pin shrink
version (5 V version, 4 V version, DIP (DP-64S)
3 V version) HD6432120(***)FA  64-pin QFP
(FP-64A)
HD6432120(***)TF  80-pin TQFP
(TFP-80C)
Note: (***)is the ROM code.
The F-ZTAT version of the H8S/2128 has an on-chip 1°C bus interface as standard.
The F-ZTAT 5 V/4 V version supports the operating ranges of the 5 V version and the 4 V
version.
The operating range of the F-ZTAT low-voltage version will be decided later.
The above table includes products in the planning stage or under development. Information
on the status of individual products can be obtained from Hitachi's sales offices.
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Appendix G Package Dimensions

Figures G.1, G.2 and G.3 show the package dimensions of the H8S5/2128 Series and H85/2124
Series.

Unit: mm
57.6
64 58.5 Max 33
x
]
o=
SlE
@) =
1 1.0 32
é
1.46 Max = 19.05
8 ————\
ﬁ : '
gls 0.257 gz I
T I S g 0° — 15°
o o
Hitachi Code DP-64S
JEDEC —
EIAJ Conforms
Weight (reference value)| 8.8 g

FigureG.1 Package Dimensions (DP-64S)
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17.2+03 Unit: mm
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Figure G.2 Package Dimensions (FP-64A)
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