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Preface

This user’s manual describes the hardware of Oki-original CMOS 16-bit microcontrollers ML 66525 family. In addition
to this manual, Oki also provides the following manuals which should be read with regard to the ML66525 family.

nX-8/500S Core Instruction Manual
* nX-8/500S core instruction set
* Addressing modes

CC665S User’s Manual
* Optimized compiler CC665S operation
» C-language specificationsin CC665S

CL665S User's Manual
e Compiler loader CL665S operation

RTL665S Run Time Library Reference
e Cruntimelibrary explanation

MAC66K Assembler Package User's Manual
 Package overview
» RASGE6K (relocatable assembler) operation
» RASGE6K assembly language explanation

RL66K (linker) operation

LIB66K (librarian) operation

OHG66K (object converter) operation

Macroprocessor MP User’s Manual
« MP operation
« Macro language

Ultra-66K/E502 User’s Manual
» Ultra-66K (Emulator) explanation
 PathFinder-66K (Debugger) explanation

PW66K Flash Writer System User’s Manual
* PW66K Flash Writer System operation

This document is subject to change without notice.




Notation

Classification Notation Description
m Numeric value xxXH, xxhex Represents a hexadecima number
xxb Represents a binary number
m Unit Word, W 1 word = 16 bits
byte, B 1 byte = 2 nibbles = 8 bits

nibble, N 1 nibble = 4 bits

mega-, M 10°

kilo-, K 2'°=1024

kilo-, k 10° = 1000

milli-, m 10°®

micro-, i 10°°

nano-, n 107

second, s second

KB 1 KB = 1 kilobyte = 1024 bytes
MB 1 MB = 1 megabyte = 2% bytes
= 1,048,576 bytes
m Terminology “H” level The signal level of the high side of the voltage; indicates the
voltage level of V,, and Vo described in the electrical
characteristics.

“L” level The signal level of the low side of the voltage; indicates
voltage level of V,. and Vo_ described in the electrical
characterigtics.

Opcode trap Operation code trap. Occurs when an empty area that has

m Register description

Regislter name Ilnvalid bit

not been assigned an instruction is fetched, or when an
instruction code combination that does not contain an
instruction is addressed.

Fixeld bit Bit name Bit number

7 6 5 2 1 0
i ' Address: 009C [H]
ADCONOL — | SCNCO | SNEX0 |ADRUNO| |ADSNM02|ADSNM01|ASSNM00| R/W access: R/W
At reset 1 0 0 0 0 0 I
| |
[} [}
[} [}
[} [}
[} [}
[} [}
! !
Initial value when reset ~ Read/Write attribute
Invalid bit . Indicates that the bit does not exist.  Writing into this bit isinvalid.
Fixed bit : When writing, aways write the specified value. If read, the specified value will be read.

Values of fixed bits are specified as“0” or “1”.
Read/write attribute : R indicates that reading is possible and W indicates that writing is possible.
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1.2

Overview

Overview

The ML66525 family devices are high-performance 16-bit CMOS microcontrollers that utilize
the nX-8/500S, Oki’s proprietary CPU core.

Data from a personal computer with a USB connector can be automatically, quickly written or
read to and from NAND type Flash Memory via USB I/F and NAND Flash Memory I/F.

The ML66525 family devices support clock gear functions, a sub-clock and HALT/STOP
mode, which are suitable for low power applications.

The ML66525 family devices are provided with interfaces to externa devices such as a
4-channel multi-functional seria interface with internal 32-byte FIFO and a high-speed bus
interface that has separate address and data buses and does not require external address |latches.

A wide variety of internal multi-functional timers enable various timing controls such as
periodic and timed measurements.

With a 16-bit CPU core that enables high-speed arithmetic computations and a variety of bit
processing functions, these general-purpose microcontrollers are optimally suited for Digital
Audio devices such as MP3 players, voice recorders, handy games, and PC peripheral control
systems (to control devices that can be connected to USB and store data into memory).

The ML66525 family devices also include the flash ROM version device (ML66Q525B) that is
programmable with asingle 3 V power supply (2.4t0 3.6 V).
[Note]

The ML66525A and ML66Q525A are supplied as stock lasts.

Features
The ML66525 family has the following features.

Instruction set with awide variety of instructions

* Dual instruction set

* 8- and 16-bit arithmetic instructions

* Multiply and divide instructions (High speed multiplier is not provided)
* Bit manipulate instructions

* Bitlogical instructions

* ROM table reference instructions

Variety of addressing modes

* Register addressing

» Pageaddressing

» Pointing register indirect addressing
» Stack addressing

* Immediate addressing

Minimum instruction cycles

. 83nsat 24 MHz (2410 3.6 V)
. 6lpsat32.768kHz (2.4t03.6 V)
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° Clock oscillation circuits

* Mainclock: 24 MHz (max.) crystal oscillator or ceramic resonator oscillator circuit
» Subclock : 32.768 kHz crystal oscillator circuit

° Program memory (ROM)

* Interna 128 KB
e Externa 1 MB (inthe case of EAn pin activated)

° Data memory (RAM)
* Interna 6 KB + external 1016 KB

° 1/O ports
e Input ports 6 ports (secondary function is an analog input port)
¢ Output port 1 port
e 1/O ports 64 ports max. (with programmable pull-up resistors)
° Timers

» Genera-purpose auto reload timer 16 bits x 2, 8 bits x 1
» 8-bit auto reload timer that also functions as a serial communication baud rate generator x 3
» 8-bit auto reload timer that also functions as a watchdog timer x 1

° 8-bit PWM x 2
(can also be used as one 16-bit PWM)

° 8-hit serial ports

* UART/Synchronous x 2
» Synchronous x1
» Synchronouswith 32-byte FIFO x 1

° A/D converter
e 10-bit resolution, 4 channels

° USB controller

» Conformsto USB ver 1.1
»  High speed datatransfer at 12 Mbps (Full-Speed)
» 6 endpoints

Controller EP 1
Bulk/interrupt EP 3
Isochronous/bulk/interrupt 2
. Media controller
*  NAND Flash memory I/F
» ECCcircuit
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Interrupts

* Non-maskable x1
» Maskable: 6 external (5 vectors), 24 internal (23 vectors)
» Threelevelsof priority

ROM Window function

Standby modes

e HALT mode
e STOP mode

Separate power supplies
* Vpp_CORE: Core power supply (excluding the USB controller section)

e Vpp_IO: 1/0 power supply (excluding the following USB I/F pins. D+, D— and
PUCTL)

 VBUS: USB power supply (Vbus input pin)

e Vger Power supply for the 10-bit A/D converter analog section; analog
reference voltage
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° Package

+ 100-pin plastic TQFP (TQFP100-P-1414-0.50-K)
* 144-pin plastic LFBGA (P-LFBGA144-1111-0.80)
(For external dimensions, refer to Chapter 23)

Table 1-1 ML66525 Family of Products

Parameter

ML66525B

Operating temperature

-30to +70°C

Power supply voltage/maximum operating
frequency

Vpp = 2.4 t0 3.6 V/f = 24 MHz

Minimum instruction execution time

83 nsec @ 24 MHz

61 pusec @ 32.768 kHz

Internal ROM size (max. external)

128 KB (1 MB)

Internal RAM size (max. external)

6 KB (1 MB)

1/O ports

64 1/0 pins (with programmable pull-up resistors),
6 input-only pins,
1 output-only pin

Timers

8-bit auto-reload timer x 1ch

16-bit auto-reload timer x 2ch

8-bit auto-reload timer (also functions as serial communication
baud rate generator) x 3ch

8-bit auto-reload timer (also functions as watchdog timer) x 1ch

Watch timer x 1ch

8-bit PWM x 2ch (16-bit PWM x 1ch)

Serial port

Synchronous (with 32-byte FIFO) x 1ch

Synchronous (Shift register type) x 1ch

Synchronous/UART x 2ch

A/D converter

10-bit x 4ch

External interrupts

Non-maskable x 1ch,
Maskable x 7ch

USB control

Compliant with USB spec. version 1.1

High-speed transfer at 12 Mbps

Internal PLL (x 2, x 3, x 4) -> 48 MHz

Internal transceiver

Vbus detection circuit (connection to USB host : detect/non-detect)

Bus power available

EPO (IN 32 bytes, OUT 32 bytes), control transfer

EP1 (64 bytes x 2), bulk/interrupt transfer

EP2 (64 bytes x 2), bulk/interrupt transfer

EP3 (32 bytes), interrupt transfer

EP4 (64 bytes x 2), bulk/isochronous/interrupt transfer

EP5 (64 bytes x 2), bulk/isochronous/interrupt transfer

Automatic, high-speed data transfer

. ECC circuit
Media control —
Automatic, high-speed 512-byte data transfer
Interrupt priority 3 levels

Others

External bus interface (separate address and data buses)

Dual clocks function

Clock gear function

Different powers available for USB, CPU core, and I/O port

Flash ROM version

ML66Q525B




ML66525 Family User's Manual
Chapter 1 Overview

1.3 Block Diagram
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Figure 1-1 ML66525 Family Block Diagram

1-5

EAn
PSENn
RDn
WRn

DO to D7
A0 to A19

PO (8 bits)
P1 (8 bits)
P2 (4 bits)
P3 (3 bits)
P4 (8 bits)
P6 (4 bits)

P7 (2 bits)
P8 (4 bits)
P9 (1 bit)
P10 (6 bits)
P12 (4 bits)
P13 (2 bits)
P15 (4 bits)

P20 (8 bits)
P21 (5 bits)

FDO to FD7
FRDn
FWRn
FCLE
FALE
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1.4 Pin Configuration (Top View)
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VBUS——1 75 Vpo CORE
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P6_O/EXINTO —— @ P2 2/A18
P6_1/EXINT1 —— P2_1/A17
P6_2/EXINT2 =5 P2_0/A16
P6_3/EXINT3 — 70 Vi

P7_6/PWMOOUT =—— P1_7/A15
P7_7/PWM10OUT = P1 6/A14
FLAMOD = P1 5/A13
P8_0/RXD1=—=10 P1_4/A12
P8_1/TXD1=— 65 P1_3§A11
P8_2/RXC1 —— P1_2/A10
P8_3/TXC1=— P1_1/A9
GND=—— P1_0/A8
Vop_I0O=—15 P4_7IA7
P10_0/SIOCK3 == 60 P4_6/A6
P10_1/SIOI3 = P4_5/A5
P10_2/SI003 = P4_4IA4
P10_3/SIOCK4 —— P4_3/A3
P10_4/SI004 =20 P4 _2/A2
P10_5/SIOI4 —— 55 P4_1/A1
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P15 2/RXC6 —— GND
P15_3/TXC6 ——25 Vpo_lO
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o m
— o
[aEya

100-Pin Plastic TQFP

A symbol with “n” suffixed indicates an active Low pin.

Figure 1-2 ML66525 Family Pin Configuration (TQFP)

* For the external dimensions of the package, refer to Chapter 23, “Package
Dimensions”. For the connections of unused pins, refer to Section 1.5.3.
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NC | Vg to| P32 | nc | POD/ | PO/ IPIB U oo | oo | xTo | Nt | Yo- | nc [N
RDn D5 D3 |EXINT9 CORE
onp | P33/ | P3| Po_ar | PO | PO | ol oo | rear | xran | vo 10| P12 P53
WRn | PSENn| D4 D2 D1 RXC6 | TXC6
P40/ | o | Voo | PO/ | PO/ | POO/|PIBO/| o | o | gan | RESH | P15/ |P15_Y/|
A0 CORE D7 D6 DO EXINTS| RXD6 TXD6
Pa2 | o [PAV| NG e | one | one | one NG | P10_4/|P10_2/| P10 5/|
A2 AL SI004| SI003| SIOI4
P4 4/ | P45/ | P43 | |\ ne PR3 we | one |
A4 A5 | A3 SIOCK4
P4_6/ | PA_T/| PLO/ | |\ NG | vy 10| P1O-0/[PIOV/ |
A6 A7 | A8 SIOCK3 SIOI3
NG | PLU|PL2 | o N | P83 [ PeLa | ]
A9 | Al0 TXC1 | RXC1
P15/ | PL4/|PL3/ | |\ ne | P PeLor |l
A13 | A12 | Al TXD1 | RXD1
b1 7/ P7_6/ P7_7/
NC NC — NC NC | PWMO|FLAMOD PWML|E
Al5 ouT ouT
ne | PR v, | Ne NC NC | NC | NC | NC ne | P82 ne | P8 p
Al4 EXINT2 EXINT3
P21/ | P2.0/| | |P12.Y/|P12.3/|\P21 4| \(|P20 1/|P20 71| (o | PEO/| o |PEY |
A17 | Ale All | AI3 | FRB FD1 | FD7 EXINTO EXINT1
P2.3/ | P22 |\ | agnp | P2L-Y|P2L3/| o\ o | P20_2/|P20_3/|P20.5/ |, o | o | POO/ |
Al19 | Al8 FWRn | FALE FD2 | FD3 | FD5 VBUSIN
NG | Voo |P12.0/|P12 27| P21 0| P21 2/|P20_0/|P20_4/ P20 6/ | ool oo [veus | ne | a
CORE| AIO | AI2 | FRDn | FCLE | FDO | FD4 | FD6

13 12 11 10 9 8 7 6 5 4 3 2 1

A symbol with “n” suffixed indicates an active Low pin.

[Note] Don’t connect NC pins with others.

Figure 1-3 ML66525 Family Pin Configuration (LFBGA)

* For the external dimensions of the package, refer to Chapter 23, “Package
Dimensions”. For the connections of unused pins, refer to Section 1.5.3.
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1.5 Pin Descriptions

1.5.1 Description of Each Pin
Table 1-2 lists the function of each pin in the ML66525 family.

In the 1/0 column, “1” indicates an input pin, “O” indicates an output pin, and “1/O” indicates

an 1/0 pin. A symbol with “n” suffixed indicates an active Low pin.

Table 1-2 Pin Descriptions (1/3)

I Function
Classification Symbol - - -
Type Primary function Type Secondary function
Port PO_0/DO /O | 8-bit I/O port /0 External memory access
to Pull-up resistors can be data I/O port
PO_7/D7 specified for each bit.
P1_0/A8 /O | 8-bit /O port O External memory access
to Pull-up resistors can be address output port
P1_7/A15 specified for each bit.
P2_0/Al16 /O | 4-bit I/O port (0] External memory access
to Pull-up resistors can be address output port
P2_3/A19 specified for each bit.
I/O 1-bit 1/O port (0] External program memory
P3_1/PSENnN Pull-up resistors can be access read strobe output
specified for each bit. pin
1/0* | 1-bit output port (0] External data memory
P3_2/RDn access read strobe output
pin
110 1-bit I/O port (0] External data memory
P3_3/WRn Pull-up resistors can be access write strobe output
specified for each bit. pin
P4_0/A0 /O | 8-bit /O port o External memory access
to Pull-up resistors can be address output port
P4 _7/A7 specified for each bit.
P6_O/EXINTO /0 | 8-bit I/O port | External interrupt O input pin
P6_1/EXINT1 Pull-up resistors can be I External interrupt 1 input pin
P6_2/EXINT2 specified for each bit. | External interrupt 2 input pin
P6_3/EXINT3 | External interrupt 3 input pin
P7 6/PWMOOUT /O | 2-bit /O pqrt (0] PWMO output pin
— Pull-up resistors can be
P7 7/PWM1OUT specified for each bit. 0 PWM1 output pin
P8 _0/RXD1 /O | 4-bit I/O port | SIO1 receive data input pin
P8_1/TXD1 Pull-up resistors can be O | SIO1 transmit data output pin
P8_2/RXC1 specified for each bit. I/O | SIO1 receive clock I/O pin
P8 _3/TXC1 /0 SI01 transmit clock 1/O pin

* P3_2/RDn is an output-only port when used in the emulator.
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Table 1-2 Pin Descriptions (2/3)

Classification Symbol - - Function -
Type Primary function Type Secondary function
Port 1/0 1-bit 1/O port | Vbus detect input/non-detect
P9_0/VBUSIN external interrupt pin.
5V tolerant input
I/0 | 6-bit 1/O port I/0 | SIO3 transmit-receive clock
P10_0/SIOCKS Pull-up rgsistors can be 1/O pin
P10_1/SIOI3 specified for each bit. I SI03 receive data input pin
P10_2/SI003 (©) SI03 receive data input pin
1/0 S104 (with internal 32-byte
P10_3/SIOCK4 FIFO) transmit-receive clock
1/O pin
(0] S104 (with internal 32-byte
P10_4/SI004 FIFO) transmit data output
pin
| SI04 (with internal 32-byte
P10_5/SI014 FIFO)(receive data outp)lljtt pin
P12_0/AIO to | 4-bit input port | A/D converter analog input
P12 _3/AI3 port
P13_0/EXINT8 | 2-bit input port | External interrupt 8 input pin
P13_1/EXINT9 | External interrupt 9 input pin
P15_0/RXD6 /O | 4-bit I/O port | SIO6 receive data input pin
P15_1/TXD6 Pull-up resistors can be O | SIO6 transmit data output pin
P15_2/RXC6 specified for each bit. /0 | SIO6 receive clock /O pin
P15 3/TXC6 1/0 SI106 transmit clock 1/O pin
P20_0/FDO /O | 8-bit I/O port 1/0 NAND Flash Memory access
to Pull-up resistors can be data I/O port
P20_7/FD7 specified for each bit.
/O | 5-bit I/O port (0] NAND Flash Memory access
P21_0/FRDn Pull-up rgsistors can be read strobe output pi):1
P21 1/FWRN I/0 | specified for each bit. O | NAND Flash Memory access
— write strobe output pin
110 (@] NAND Flash Memory access
P2l 2/FCLE CLE strobe output pi>:1
le} o NAND Flash Memory access
P21 _S/FALE ALE strobe output pi);
110 | NAND Flash Memory access
P21_4/FRB Ready/Busy input piz
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Table 1-2 Pin Descriptions (3/3)

Classification Symbol Type Function
Power supply Voo 10 | 10 Power supply pin .
- Connect all the Vpp_lO pins.*
Vpp_ CORE | Core Power supply pin
Connect all the Vpp_ CORE pins.*
VBUS [ USB power supply pin (Vbus input pin)
GND | GND pin
Connect all the GND pins to GND.*
VRrer | Analog reference voltage pin (Connect to the Vpp_IO pin when
A/D converter is not used.)
AGND | Analog GND pin (Connect to the GND pin when A/D converter is
not used.)
Oscillation XTO | Sub-clock oscillation output pin
Connect to a crystal of f = 32.768 kHz.
XT1n O Sub-clock oscillation output pin

Connect to a crystal of f = 32.768 kHz.

The clock output is opposite in phase to XTO.

OSCo | Main clock oscillation input pin

Connect to a crystal or ceramic oscillator.

When an external clock is used, this pin is configured as a clock
input pin.

OSCin (0] Main clock oscillation output pin

Connect to a crystal or ceramic oscillator.

The clock output is opposite in phase to OSCO.

Leave this pin unconnected when an external clock is used.

USB I/F PUCTL (0] External control output pin
D+ 1/0 D+ pin
D- 1/0 D- pin
Reset RESN [ Reset input pin
Others NMI [ Non-maskable interrupt input pin
TEST | Test pin
Connect to the GND pin for normal operation.
Vim | Test pin
Connect to the GND pin for normal operation.
FLAMOD | Flash ROM programming mode input pin

When the FLAMOD pin is set to “L”, the device enters a
programming mode.

Connect to the Vpp pin when using as normal operation.

EAN | External program memory access input pin

When the EA pin is enabled (low level), the internal program
memory is masked and the CPU executes the program code in
external program memory through all address space.

* Be sure to supply power supply voltage to all the Vpp_IO and Vpp_CORE pins and
ground voltage to all the GND pins. If any of those pins has no voltage supply,
normal operation of the device is not guaranteed.
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1.5.2 Pin Configuration
A simplified pin configuration for each pin of the ML66525 family is shown in Table 1-3 and

Figure 1-4.
Table 1-3 Configuration of Each Pin
Pin name Type Pin name Type
PO_Oto PO_7 5 P9 0 6
P1 OtoP1_7 5 P10 _Oto P10_5 5
P2 O0to P2_3 5 P12 Oto P12_3 3
P31 4 P13 0, P13 1 1
P3 2,P3 3 5 P15 Oto P15_3 5
P4 OtoP4_7 5 P20.0 to P20_7 5
P6_0to P6_7 5 P21.0to P21_4 5
P7_6,P7_7 5 RESn 2
P8 _0to P8_3 5 NMI, EAn 1
Type 1 Type 4,5 Voo Voo
IN T
O @ PULL UP {
Schmitt inverter input DATA IN/
ouT
Type 2
VDD .
HiZ. CONT.
IN

Output: Push-pull output that can output
high impedance
Schmitt inverter input with Type 4 input: Schmitt inverter input (CMOS level)
pull-up resistor If both the EAn and RESn pins are at
a low level, the input is pulled-up.

Type 3 Type 5 input: Schmitt inverter input (CMOS level)
A/DON
1 Type 6 Voo
DATA IN/
ouT
— |
HiZ. CONT.

4—0@7

Output: Push-pull output that can output
high impedance
Input: 5 V tolerant Schmitt input (CMOS level).
5V input enabled.

Figure 1-4 Types of Pin Configurations
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1.5.3 Connections for Unused Pins

Table 1-4 lists the pin connections for unused pins.

Table 1-4 Connections for Unused Pins

Pin

Pin connection

PO_0to PO 7
P1 OtoP1 7
P2 _0toP2_3
P3 1toP3 3
P4 OtoP4 7
P6_0to P6_3

P7_6,P7_7
P8 0toP8 3
P9 0+

P10 0Oto P10 7

P15 Oto P15 3

P20_0to P20_7

P21 _Oto P21 _4

When a programmable pull-up resistor is set: Open

When input is set: High or Low level

When output is set: Open

P13 0,P13_1 High or Low level
P12_0to P12_3 Vrer or AGND
Vrer VDD_IO
AGND GND
NMI High or Low level
EAn High level
XTO GND*
OSCl1n, XT1n Open

*1 Since P9_0 does not have the programmable pull-up function, its pin handling should be:

When input is set:  High or Low level
When output is set:  Open

*2 If the subclock (XTO, XT1n) is not used, in addition to connecting the XTO pin to GND and

leaving XT1n unconnected, the peripheral control register (PRPHCON) must be set.

details refer to Chapter 6, “Clock Oscillation Circuit.”

For
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1.6

Basic Operational Timing

The ML66525 family is configured such that one pulse of the main clock (CLK) is one state.
In other words, one state is 41.7 ns (at 24 MHz). One instruction cycle consists of more than
one state (S1, S2, ..., Sn).

The number of states required for program execution differs depending upon the instruction.
The minimum is 2 states and the maximum is 48 states. (For details, refer to the nX-8/500S
Core Instruction Manual.)

To achieve high-speed execution of instructions, one byte of the instruction is pre-fetched.
While oneinstruction is being executed, the next instruction will be fetched.

Figure 1-5 through Figure 1-8 show basic timing examples.

If program memory is accessed externally, a number of wait cycles (0 to 3 cycles) specified by
the ROM ready control register (ROMRDY) are inserted. |f data memory is accessed
externally, 2 or 3 cycles (1 cycle = 1 state) are automatically inserted for a 1 byte read or write.
In addition, the number of wait cycles (0 to 7 cycles) specified by the RAM ready control
register (RAMRDY) will also be inserted.

For external memory access timings, refer to Chapter 16, “Bus Port Functions.”
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2.2

221

CPU Architecture

Overview

The ML66525 microcontroller family utilizes the nX-8/500S, Oki’s proprietary 16-bit CPU
core.

The nX-8/500S performs various operations mainly by using an accumulator and register set.
Almost all instructions and addressing modes are applicable both to byte-format and
word-format data. And it also has bit processing functions.

Program memory space and data memory space are separated and provided respectively.
Each can be expanded up to 1 MB. In addition, special dedicated addressing modes are
provided for some specific portion of data space such as Special Function Registers area, fixed
page area, and current page area and so on, for the purpose of efficient programming.

For further details, refer to the “nX-8/500S CPU Core Instruction Manual”.

Memory Space

Program memory space and data memory space are set independently. At reset, up to 64 KB
(max.) can be accessed for each. By changing settings of the memory size control register
(MEMSCON), located in the SFR area, the program memory space and the data memory space
can each be expanded up to 1 MB.

Memory Space Expansion

The memory size control register (MEMSCON) is located in the SFR register and specifies the
size of the memory space. The program memory space can be expanded to 1 MB by setting
the LROM bit (bit 1) to “1". The data memory space can be expanded to 1 MB by setting the
LRAM bit (bit 0) to “1".

7 6 5 4 3 2 1 0 Address: 0011 [H]

MEMSCON| — — - — — — |LROM| LRAM R/W access: R/W

At reset 1 1 1 1 1 1 0 0

Data memory space

0| 6akB
Data memory space
111mB

Program memory
0 space 64 KB

Program memory

1 space 1 MB

—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 2-1 MEMSCON Configuration
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To write to the LROM bit of MEMSCON, write “5H” and then “OAH” to the upper 4 bits of
the memory size acceptor (MEMSACP) register located in the SFR area.  Likewise, to write
to the LRAM bit of MEMSCON, first write “5H” and then “OAH” to the lower 4 bits of the
memory size acceptor (MEMSACP).

Address: 0010 [H]
MEMSACP R/\W access: W

Writing to LRAM is
enabled by writing “5H”
and “0AH” consecutively.

Writing to LROM is
enabled by writing “5H”
and “0AH” consecutively.

Figure 2-2 MEMSACP Configuration

Note: If the FJ, FCAL, or FRT instruction is executed while the LROM bit is being
reset to “0”, the opcode trap is generated and system reset will be executed.

If the LROM or LRAM bhits are set to “1”, the memory space expansion is actually enabled
after execution of the instruction that follows the LROM or LRAM bit write instruction.

Programming examples to expand the program memory space are listed below.

* SMALL memory space (64 KB program memory space, 64 KB data memory space)
MOVBMEMSACP, #05H
MOVBMEMSACP, #0AH
MOVBMEMSCON, #00H (initial value)

e« COMPACT memory space (64 KB program memory space, 1 MB data memory space)
MOVBMEMSACP, #05H
MOVBMEMSACP, #0AH
MOVBMEMSCON, #01H

 MEDIUM memory space (1 MB program memory space, 64 KB data memory space)
MOVBMEMSACP, #50H
MOVBMEMSACP, #0A0H
MOVBMEMSCON, #02H

* LARGE memory space (1 MB program memory space, 1 MB data memory space)
MOVBMEMSACP, #55H
MOVBMEMSACP, #0AAH
MOVBMEMSCON, #03H

MEMSCON can be written only once after reset (due to a RESn input, BRK instruction
execution, watchdog timer overflow, or opcode trap). Therefore, to change the memory space
model once set to the other, reset and write again to the MEM SCON.
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2.2.2 Program Memory Space

The Program Memory Space is also caled “ROM space”. A maximum of 1 MB (1,048,576
bytes) of program memory can be accessed in 64 KB (65,536 bytes) unit segments from
segment O to 15. However, if more than 64 KB (segments 1 to 15) are to be accessed, the
LROM hit of the MEMSCON (memory size control register) SFR must be set to “1”.

The code segment register (CSR) specifies the segment to be used, and the program counter
(PC) specifies the address in the segment. However, the segment to be used in the execution
of ROM table reference instructions (such as LC A, obj) and the ROM window function is
specified by the table segment register (TSR).

The 128 KB (131,072 bytes) area in segments 0 and 1 constitutes the internal ROM area and
the 64 KB areasin segments 2 to 15 from the external ROM area.

The following areas are assigned to segment O:

e Vector table area (84 bytes)
e VCAL table area (32 bytes)

In addition, the following areais assigned to each segment.

e ACAL area (2,048 bytes)

Figure 2-3 shows a memory map of the program memory space.
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0000H

0049H
004AH

0069H
006AH

0073H

Segment 0

Vector table area
(74 bytes)

Vector table area
(32 bytes)

Vector table area
(10 bytes)

0074H

OFFFH

1000H

17FFH

ACAL area
(2 KB)

1800H

FFFFH

Internal
ROM area

0000H

OFFFH

1000H

17FFH

1800H

FFFFH

Segment 1
0000H
Internal
ROM area
OFFFH
ACAL area 1000H
(2 KB)
17FFH
1800H |
FFFFH

Segment 2 to 15

ACAL area
(2 KB)

External
ROM area

Figure 2-3 Memory Map of Program Memory Space
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Accessing program memory space

Program memory space is accessed by the program counter (PC) and the code segment register
(CSR). However, when a ROM table reference instruction (such as LC A, obj) or a ROM
window function (refer to Section 4.3) is executed, program memory space is accessed
according to the contents of the table segment register (TSR) and the register specified by the
instruction.

Access of the internal ROM area and the external memory area of the program memory space
is automatically switched by internal device operation depending on the status of the EAn pin.

When a high level is input to the EAn pin, the internal ROM area is accessed if the program
address is between 0000H and 1FFFFH, and the external ROM area is accessed if the address
is between 20000H and FFFFFH. When the external ROM area is accessed, the secondary
functions of the external memory control pins (ports 0, 1, 2, 3 and 4) must be set.

The area from 0000H to 1FFFDH can be fetched by the internal program. Therefore, be
careful that the final address of instruction code does not exceed 1IFFFDH. The final address
of the table datais 1FFFFH.

When alow level isinput to the EAn pin, the external program memory areais accessed for all
program addresses.

If the external memory area of the program memory space is accessed, Port O (data input), Port
4 (addresses A0 to A7 outputs), Port 1 (addresses A8 to A15 outputs) and Port 2 (addresses

A16 to A19 outputs) operate as bus ports, and the P3_1/PSEN pin becomes active.

Vector table area

The 74-byte area of addresses from 0000H to 0049H and the 10-byte area of addresses from
006AH to 0073H in segment 0 of program memory space are used as the vector table area that
stores branch addresses for all types of resets and interrupts (29 types) as shown in Table 2-1.

If areset or interrupt occurs, the corresponding 2-byte branch address, stored in the vector table,
is loaded into the PC. (The even address contains the lower order data and the odd address
contains the upper order data) At the same time, “0” is loaded into the Code Segment
Register (CSR) and program execution starts from the loaded segment 0 address. Therefore if
a reset or interrupt occurs during execution of an instruction in segment 1 (or segment other
than 0), program control will branch to an address in segment 0.

With reasons described above, reset routine and interrupt routines must be located in segment 0.
This fact is important for medium and large memory model programming. Proper alignment
attribute must be applied to your relocatable interrupt routines.

In medium and large memory model you specified by MEMSCON setting, CPU automatically
provides extra stack area for the CSR contents. When RTI instruction is executed, CSR
contents in stack are re-stored into CSR and program execution is continued in the same
program segment.

If this areais not used as a vector table area, it can be used as anormal program area.

Table 2-1 lists the vector table addresses for each type of reset or interrupt.
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[Example]

Program starting address of 0200H due to RESnh pin input

Program address Data code

0000H 00H (lower order datafor program start address)

0001H 02H (upper order datafor program start address)

Table 2-1 Vector Table List

Vector table
starting address Interrupt or reset factor
[H]
0000 Reset by RESn pin input
0002 Reset by execution of BRK instruction
0004 Reset by overflow of watchdog timer
0006 Reset by opcode trap
0008 NMI pin input (non-maskable interrupt)
000A EXINTO pin input (external interrupt 0)
001A Timer O overflow
001C EXTINT1 pin input (external interrupt 1)
001E EXTINT2 pin input (external interrupt 2)
0020 EXTINT3 pin input (external interrupt 3)
0026 Timer 3 overflow
002A EXTINT4 pin input (Vbus detection interrupt)
002C Interrupt from USB controller
002E Interrupt from DMA controller
0030 Interrupt from Media controller
0032 Timer 7 overflow
0036 Timer 4 overflow
0038 SIO1 transmit buffer empty, transmit completion, receive completion
003A Timer 5 overflow
003E SI03 transmit/receive completion
SI01 transmit buffer empty, transmit completion, receive completion
0040 S104 transfer completion
0042 Timer 6 overflow
0044 AD conversion, select mode cancelled
0046 EXINT8/EXINTO pin inputs (external interrupts 8, 9)
0048 Real time counter output
006A PWCO overflow, PWCO and PWRO match
006C PWC1 overflow, PWC1 and PWR1 match
0072 Timer 9 overflow
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VCAL table area

The VCAL table area is assigned to the 32-byte area of program memory space in segment O
from address 004AH to 0069H and stores branch addresses for 1-byte call instructions (VCAL:
16 types).

If a VCAL instruction is executed, the next address after the VCAL instruction is saved onto
the system stack, the system stack pointer (SSP) is decremented by 2, and the corresponding
2-byte address stored in the vector table isloaded into the PC.  (The even address contains the
lower data and the odd address contains the upper data). The program begins execution from
the loaded address.

However, if the program memory space has been expanded to 1 MB, the SSP is decremented
by 4 because the CSR value is also saved at the same time that the PC is saved. Also, the
CSR is loaded with “0” at the same time as the branch address is loaded into the PC.
Therefore, if a VCAL instruction is executed in segment 1, program control will branch to a
branch address in segment O.

If the program memory space is up to 64 KB (the LROM bit of MEMSCON is “0"), execution
of aRT instruction will return program control from the subroutine branched to by the VCAL
instruction. _If the program memory spaceis 1 MB (the LROM bit is“1"), execution of a FRT
instruction returns program control from the subroutine branched to by the VCAL instruction.

If thisareais not used asthe VCAL table area, it can be used as anormal program area.

Table 2-2 liststhe VCAL vector addresses.

[Example] Program starting address of 0400H due to VCAL 4AH instruction
Program address Data code

004AH O00H (lower order datafor subroutine start address)
004BH 04H (upper order data for subroutine start address)



ML66525 Family User’s Manual
Chapter 2 CPU Architecture

(4)

Table 2-2 VCAL Vector Address List

VCAL table starting address [H] VCAL instruction
004A VCAL 4AH
004C VCAL 4CH
004E VCAL 4EH
0050 VCAL 50H
0052 VCAL 52H
0054 VCAL 54H
0056 VCAL 56H
0058 VCAL 58H
005A VCAL 5AH
005C VCAL 5CH
005E VCAL 5EH
0060 VCAL 60H
0062 VCAL 62H
0064 VCAL 64H
0066 VCAL 66H
0068 VCAL 68H

ACAL area

The 2 KB area from 1000H to 17FFH of each program segment is called ACAL area. The
subroutines located in this area can be called by 2-byte call instruction (ACAL).
ACAL isanin-segment call instruction which does not rewrite the CSR contents.

If an ACAL instruction is executed, the address following the next address after the ACAL
instruction is saved onto the system stack, the system stack pointer (SSP) is decremented by 2,
and 11-bit data included in the ACAL instruction code is loaded into the PC. Program

execution begins at the loaded address (1000 to 17FFH).
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2.2.3 Data Memory Space
A maximum of 1 MB (1,048,576 bytes) of data memory can be accessed.

The following areas are assigned to the data memory space: a special function register area
(SFR: 256 bytes), a reserved area (256 bytes), a fixed page area (FIX: 256 bytes), an internal
RAM area (4,096 bytes), a local register setting area (2,048 bytes), EXPANDED RAM area
(3,584 bytes) and an external memory area (1,040,384 bytes).

A pointing register area (PR: 64 bytes) and a specia bit addressing area (shbafix: 64 bytes) are
assigned to the fixed page area.  The ROM window setting area (2000H to OFFFFH of
segment 0, 1000H to OFFFFH of segments 1 to 15) is assigned to the external data memory
area

So that data can be exchanged between two or more data segments without changing DSR,
there is a common area that starts at data memory address OH. The SFR area, reserved area
and fixed page area always belong to the common area.

Figure 2-4 shows a memory map of the data memory space.
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0000H
00FFH
0100H

01FFH
0200H

02FFH
0300H

09FFH
0AOOH

11FFH
1200H

1BFFH
1CO0H

1FFFH
2000H

7FFFH
8000H

OFFFFH

Segment 0 Segments 1 to 15
SFR area 0000H BCB| Range of
common area

Reserved area 0 | Oto O3FFH
y y Common area 1 |0t 1FFFH
FIX area 2 | 0to 3FFFH
3 | 0to 7FFFH

03FFH

Internal Local register
RAM area  setting area
External data
memory area
OFFFH
\ 1000H A
A
Expanded RAM area
Inaccessible area

A Y 1FFFH

A A \ Y 3FFFH

Y 7FFFH

ROM window ROM window
setting area External data setting area
memory area
OFFFFH Y 4

Figure 2-4 Memory Map of Data Memory Space
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Special function register (SFR) area

The group of registers with special functions such as mode registers for internal peripheral
hardware, control registers and counters are assigned to the 256-byte area in data memory
space from 0000H to O0FFH. Refer to Chapter 22, “ Special Function Registers (SFRs)” for a
more detailed description.

Reserved area
The 256-byte data memory space from 0100H to O1FFH is reserved for future use as an
expanded SFR area. The reserved areais not available.

Internal RAM area
Internal RAM is assigned to the 4,096-byte areain data memory space from 0200H to 11FFH.

Fixed page (FIX) area
A pointing register (PR) area and a special bit addressing (sbafix) area are assigned to the
256-byte areain data memory from 0200H to 02FFH.

The pointing register areais assigned to addresses 0200H to 023FH and contains 8 sets of the
following 4 registers.

e Index register (X1, X2)
e Datapointer (DP)
» User stack pointer (USP)

All of the above are 16-bit registers. Even addresses contain lower order data and odd
addresses contain higher order data.

The special bit address area is assigned to addresses 02COH to 02FFH. SB, RB, JBR and JBS
instructions to this area can be implemented in a small number of bytes.

Figure 2-5 shows the map of the fixed page area.
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Reserved area

01FFH
A 0200H X1 A
X2
DP SCB =0
USP
0208H X1
X2 Pointing
DP SCB=1 .
USP register set
0210H X1
Fixed i |
page area i USP
0238H X1
X2 SCB=7
DP
UsP Y
0240H
02COH A This area can be used by
SBA area SB, RB, JBS, and JBR
64 bytes instructions with sba. Bit
as the object
Y Y
0300H

Figure 2-5 Map of Fixed Page Area
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(5) Local register setting area
The local register setting area is the 2 KB area of data memory from 0200H to 09FFH. Local
registers are set in 8-byte units, as specified by the lower 8 bits of LRB (LRBL).
Figure 2-6 shows the map of the local register setting area.
0000H SFR area
0100H Reserved area
4 0200H FIX area roo , 0200H | gro --R2
Internal Local register setting area: >
RAM area | 0300H Specified by 8 bits of LRBL, ER1--R% LRBL =
in 8-byte units ER2 --R4 O00H
v 0
OAOOH ER3 B~
0208H RO
' ERO--B7
LRBL =
1200H 01H
A
External | 2000H
data memory
area
LRBL =
YOFFFFFH ER3 ---59 ------ FFH
OAOOH

(6)

Figure 2-6 Map of Local Register Setting Area

External data memory area

The external memory area s the 1,040,384-byte area of data memory from 2000H to OFFFFFH.
If this external memory is to be accessed, the secondary functions of memory related pins
(ports 0, 1, 2, 3 and 4) must be set. The external memory is accessed by Port 0 (data 1/0: DO
to D7), Port 4 (address output: A0 to A7), Port 1 (address output: A8 to A15), Port 2 (address
output: A16 to A19), and the P3_3/WRn (write strobe output function) and P3_2/RDn (read
strobe output function) signals.

The 1,040,384-byte area from 2000H to OFFFFFH of data memory is the external memory area.
However, the ROM window function can be set by the ROM window setting register. If the
ROM window function is used in the specified area (address 2000H and above), instead of
accessing data in the data memory space, instructions (read operations) will access data in the
program memory space at the same address.

The ROM window function is valid if the register (ROMWIN) that enables the ROM window
function is set and the accessed (read) addressisin external data memory.
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Common area

There is a common area in the data memory space to enable the exchange of data between two
or more data segments. The common areais located at the bottom of data memory, beginning
at offset address OH in each segment. The range of the common area is determined by the
value of BCB in the PSW.

BCB BCB range of
1 0 common area
0 0 OH to 03FFH
0 1 OH to 1FFFH
1 0 OH to 3FFFH
1 1 OH to 7FFFH

EXPANDED RAM area

The EXPANDED RAM areais assigned to the 3,584-byte area of data memory from 1200H to
1FFFH. The EXPANDED RAM includes the DMA transfer buffer RAM (512 bytes x 4 banks),
USB controller register, DMA transfer register, NAND Flash Memory transfer control register,
and NAND Flash Memory I/F 1/O ports. The memory from 1COOH to 1FFFH is an
inaccessible area.

1200H Bank 0

(512 bytes)
1400H Bank 1

(512 bytes) EXPANDED
1600H Bank 2 RAM area

(512 bytes)

1800H Bank 3
(512 bytes)

1A00H



ML66525 Family User's Manual
Chapter 2 CPU Architecture

2.2.4 Data Memory Access
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Examples of memory access are presented below for the cases when an instruction performs a
byte operation and a word operation in the data memory space.

Byte operations
In the case of a byte operation, the address obtained from the instruction points to the targeted
8-bit data.

[Example] LB A, [DP]: where the contents of DP are 0335H

15 ACC 0

0332H
0333H A
0334H
0335H
0336H
0337H
0338H

Word operations

In the case of aword operation, corresponding to the address obtained from the instruction, the
address with least significant bit (LSB) set to “0” (even address) points to the lower order 8-bit
data and the address with LSB set to “1” (odd address) points to the upper order 8-bit data to
form the targeted 16-bit data.

Therefore, a targeted 16-bit data formed with upper oder 8-bit data for the odd address and
lower oder 8-bit for the even address can not be accessed. (The boundary exists between two
bytesin word operation.)

Y et such a boundary limit does not exist for the program memory space.

[Example] L A,[DP]: where the contents of DP are 0334H (or 0335H)

15 ACC 0

0331H
0332H A
0333H
0334H
0335H
0336H
0337H
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2.3 Registers

Registers are classified by function as the arithmetic register, control registers, pointing
registers, specia function registers, local registers and segment registers.

Figure 2-7 shows the configuration of each register.

Arithmetic register Control registers
15 0 15 0
| ACC | | PSW |
| PC |
| LRB |
Pointing registers
15 0 | ssp |
X1 Segment registers
X2 7 0
bP CSR
UspP TSR
DSR
Local registers Special function registers (SFRs)
7 07 0 7 07 0
R1 RO  [(ERO) 1 0
R3 R2 |[(ER1) 3 2
R5 R4 |(ER2) | |
R7 R6 (ER3)
253 252
255 254

Figure 2-7 Register Configurations

2.3.1 Arithmetic Register (ACC)

The arithmetic register is a 16-hit accumulator (ACC), central to al type of arithmetic
operations.

If atransfer or arithmetic operation is:

» aword operation, all 16 bits (bits 15 to 0) are accessed,
» abyte operation, the lower 8 bits (bits 7 to 0) are accessed, or
» anibble operation, the lower 4 bits (bits 3 to 0) are accessed.

If the targeted bit in a bit instruction is specified by ACC (such as SBR, RBR, €tc.), the upper 5
bits (bits 7 to 3) within the lower 8 bits specify the address offset, and the lower 3 bits (bits 2 to
0) specify the bit position.

ACC isassigned to the SFR area. At reset (due to a RESh input, BRK instruction execution,
watchdog timer overflow, or opcode trap), the contents of ACC become 0000H.
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2.3.2 Control Registers

@)

Control registers are a group of four 16-bit registers with dedicated functions for program
status, program sequence, local registers and stack control.

Program status word (PSW)
PSW is a 16-hit register consisting of the following.

A flag (DD) that is referenced when executing instructions

Flags (CY, ZF, HC, S, OV) that are set to “1” or reset to “0” depending upon instruction
execution results

Flags (SCBO0 to SCB2) that specify the pointing register setting

A flag (MIE) that enables (“1") or disables (“0") all maskable interrupts

Flags (BCBO, BCB1) that specify the segment O common area

Flags (FO to F2) that the user can freely utilize

A flag for use with future expanded CPU core functions. This flag (MAB) can be freely
utilized by the user.

In addition to 16-bit PSW operations, 8-bit operations can also be performed with the PSW
divided into the 8-bit units of PSWH (bits 15 to 8) and PSWL (bits 7 to 0).

Figure 2-8 shows the PSW configuration.

PSW |CY|ZF |HC|DD| S |F2 |OV|MIEMAB F1| "/ |FO| 5 777 o
Atrest 0 0O 0O 0O O 0O O O O O O O O O O O

Address: 0005 [H] Address: 0004 [H]
R/W access: RIW R/\W access: RIW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
BCB SCB

Y

< »l<
< ><

PSWH PSWL

\4

<

PSW

Figure 2-8 PSW Configuration
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The upper 8 bits of the PSW (PSWH) contain:

« aflag (DD) that is referenced when executing instructions and

« flags (CY, ZF, HC, S, OV) that are set to “1" or reset to “0” depending upon instruction
execution results.

Therefore, if the following instructions are performed on PSW or PSWH, flag operation may
change from its original function.

(i) Instructionsthat load the contents of PSW or PSWH into ACC
(contents of ZF become undefined)
(ii) Bit operation instructions on ZF
(ZF changes depending on its value immediately before execution of the bit operation
instruction.)
(iii) Increment, decrement, arithmetic, logic and compare instructions on PSW or PSWH
(The contents of PSW or PSWH immediately after instruction execution are undefined.)

If an interrupt occurs, PSW is automatically saved during interrupt processing and
automatically restored by execution of a RTI instruction.

PSW is assigned to the SFR area. At reset (due to a RESn input, BRK instruction execution,
watchdog timer overflow, or opcode trap), the contents of PSW become 0000H.

Each bit in the PSW is described below.

Bit 15: Carry flag (CY)
Thecarry flagissetto“1” if:
« carry from bit 7 occursin a byte operation,
« borrow to bit 7 occursin a byte operation,
« carry from bit 15 occurs in aword operation, or
« borrow to bit 15 occurs in aword operation

asthe result of executing an arithmetic or comparison instruction. Otherwiseitisreset to “0".
The carry flag can be set or reset directly by instructions and can be used to transmit or receive
data for bits specified by registers. In addition, the carry flag can be tested by conditional
branch instructions.

Bit 14: Zero flag (ZF)
The zero flag is set to “ 1" when:
* theresult of an arithmetic instruction is zero,
* aninstruction to load the ACC is executed and the load contents are zero, or
* ahit operation instruction is executed and the target bit is zero.
Otherwise, itisresetto “0". The zero flag can be tested by conditional branch instructions.
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Bit 13: Half carry flag (HC)
The half carry flag isset to “1” if acarry or borrow from bit 3 occurs as a result of executing
an arithmetic or comparison instruction (either a byte and word instruction). Otherwise, it
isresetto “0".

Bit 12: Data descriptor (DD)
This flag indicates the attributes of data stored in ACC.
« When DD is“1”, the 16 bits of datain ACC are determined to be valid.
« When DD is“0", the lower 8 bits of datain ACC are determined to be valid.

Instructions that reference DD when performing arithmetic or data transfer instructions with
ACC are executed as follows.

* When DD is“1", the arithmetic or transfer operation is performed in word units.

* When DD is*“0”, the arithmetic or transfer operation is performed in byte units.

DD issetto “1" or reset to “0” when a data transfer instruction to ACC is executed and when
dedicated set and reset instructions are executed.
« DD issetto “1” when executing a word-type load instruction to ACC and when executing
a SDD instruction.
» DD isreset to “0” when executing a byte-type load instruction to ACC and when executing
aRDD instruction.

If DD is modified (set or reset) while executing aload instruction to ACC or a dedicated set or
reset instruction, and if the next instruction references DD, the modified DD will be referenced.

Since DD is assigned to PSW, DD can be overwritten by instructions other than those
mentioned above. In this case, if the next instruction references DD, it will reference the state
of DD prior to modification. If DD isto be used in this manner, insert a NOP instruction after
the instruction that directly modifies the state of DD.

Bit 11: Sign flag (S)
The sign flag is set to “1” if the MSB of the result of executing an arithmetic or logic
instructionis“1”. If the MSB of theresultis“0”, thesign flag isreset to “0".

Bit 10: User flag 2 (F2)
Bit 6: User flag 1 (F1)
Bit 3: User flag 0 (FO)
These flags can be set to “1” or reset to “0” by instructions.

Bit 9: Overflow flag (OV)
The overflow flag is set to “1" if the result of executing an arithmetic instruction exceeds a
range expressed in 2's compliment format (—128 to +127 for byte operations and —32,768 to
+32,767 for word operations). Otherwise the overflow flag isreset to “0".
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Bit 8: Master interrupt enable flag (MIE)
The master interrupt enable flag enables (“1") or disables (“0") all maskable interrupts.

During a maskable interrupt transfer cycle, after this flag is saved onto the system stack as
part of PSW, it isreset to “0”, and then restored by execution of a RTI instruction. If MIE
is set to “1”, the generation of all maskable interrupts is enabled from the next instruction.
If reset to “0”, the generation of all maskable interrupts is disabled from the next instruction.

Bit 7: Product-sum function bank flag (MAB)
The ML66525 family does not have the product-sam function. This can be utilized as a user

flag.

Bit 5: Bank common base 1 (BCB1)

Bit 4: Bank common base 0 (BCBO)
These flags specify the last address of the common area between segments in data memory
space. The table below shows the relation between BCB value and selected common area.

BCB BCB range of
1 0 common area
0 0 OH to 03FFH
0 1 OH to 1FFFH
1 0 OH to 3FFFH
1 1 OH to 7FFFH

Bit 2: System control base 2 (SCB2)
Bit 1: System control base 1 (SCB1)
Bit 0: System control base 0 (SCBO)
These flags specify the pointing register (PR) set assigned to the fixed page area.

SCB o .
> 1 0 SCB pointing register set
0 0 0 PRO (0200H to 0207H)
0 0 1 PR1 (0208H to 020FH)
0 1 0 PR2 (0210H to 0217H)
0 1 1 PR3 (0218H to 021FH)
1 0 0 PR4 (0220H to 0227H)
1 0 1 PR5 (0228H to 022FH)
1 1 0 PR6 (0230H to 0237H)
1 1 1 PR7 (0238H to 023FH)
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Program counter (PC)

The PC is a 16-bit counter that stores the next address to be executed in the program segment.
The PC is normally incremented according to the number of bytes in the instruction to be
executed. If abranch instruction or an instruction that requires abranch is executed, the PC is
loaded with immediate data, register contents, etc. The CSR value does not change even if
the PC isincremented so that it overflows.

At reset (due to a RESn input, BRK instruction execution, watchdog timer overflow, or opcode
trap), or when an interrupt is generated, a value from the vector table is |oaded into the PC.

Local register base (LRB)

LRB isa16-hit register. The lower 8 bits (LRBL) specify the 2 KB data memory space from
0200H to 09FFH in 8-byte units (local register addressing). The upper 8 bits (LRBH) specify
the 64 KB data memory space in 256-byte units of the segment (segments O to 15) arbitrarily
specified by the data segment register (DSR) (current page addressing). SB, RB, JBR and
JBS instructions whose object is sba.bit can be used in the 64-byte area of the current page
from xxCOH to xxFFH.

Both LRBL (02H) and LRBH (03H) are assigned to the SFR area. At reset (due to a RESn
input, BRK instruction execution, watchdog timer overflow, or opcode trap), their value is
undefined.

Address: 0003 [H] Address: 0002 [H]
R/W access: RIW R/\W access: RIW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LRB

At reset < Undefined

\/

A

» | <
»| <

LRBH LRBL

Y

A
\4

LRB

Figure 2-9 LRB Configuration

» The 8 hits of LRBL specify the 2 KB data memory space from 0200H to 09FFH in 8-byte
units.

A

»
>

LRBL

The 8 bits of LRBL specify the 2 KB data
memory space from 0200H to 09FFH in 8-byte
units. (Value x is included in the instruction code.)

A

»
rl
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e The 8 bits of LRBH specify 64 KB of data memory space in 256-byte units.

A

»
>

LRBH

A

The 8 bits of LRBH specify the 64 KB data memory space
from 0000H to OFFFFH in 256-byte units.
(Value x is included in the instruction code.)

System stack pointer (SSP)

SSP is a 16-bit register that indicates the stack address at which to save or restore the PC,
registers, etc. while processing interrupts or executing call, push, return, or pop instructions.
SSPis automatically incremented or decremented depending upon the process to be executed.

Since save and restore operations at the address indicated by the SSP are performed in word
units, the least significant bit (LSB) of the SSP is addressed as “0”. The SFR area and the
Expanded SFR area can not be used as a stack area.

SSP (00H) is assigned to the SFR area. At reset (due to a RESn input, BRK instruction
execution, watchdog timer overflow, or opcode trap), the contents of SSP become OFFFFH.
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2.3.3 Pointing Register (PR)

The PR has 8 sets of registers.  One set consists of the following four 16-bit registers.

* Index register 1 (X1)

* Index register 2 (X2)

» Datapointer (DP)

» User stack pointer (USP)

PR is assigned to the internal RAM space from 0200H to 023FH. One of the eight register
setsis selected by SCBO to SCB2 of PSWL.

If the PR function is not used, this area can be used as normal internal RAM.

For all X1, X2, DP and USP, even addresses are the lower 8 bits and the following odd

addresses are the upper 8 hits.

01FFH Reserved area

0200H X1

X2

DP

SCB=0

USP

0208H X1

X2

DP

USP

Pointing register sets
SCB=1

0210H X1

0238H X1

SCB=7

0240H
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2.3.4 Local Registers (RO to R7, ERO to ER3)

Thelocal register Rn (n = 0to 7) is an 8-hit register and the expanded local register ERm (m =
0 to 3) is a 16-hit register. The 2 KB area in data memory space from 0200H to 09FFH is
specified in 8-byte units by the lower 8 bits of local register base (LRBL). Rn accesses 1 byte
of the specified 8 bytes according to the 3 bits of data included in the local register instruction.
(ERm accesses 2 bytes according to the 2 bits of dataincluded in the local register instruction.)

A 0200H | grq - RO________]
ERO R1
R2
ER1------ Ra T LRBL =
O00OH
ER2 ----- R
R5
ER3------ R
R7
0208H RO
EROQ ------~2 o]
R1
! LRBL =
Specified in 8-byte units | 01H
by the 8 bits of LRBL. ! !
RO to R7 is specified by . :
3 bits included in the ! |
instruction code. ERO to ' .
ER3 is specified by 2 bits | '
included in the instruction | :
code. ! |
______ R6 ________| LRBL=
2 ER3 R7 OFFH
OAOOH
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2.3.5 Segment Registers
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There are three 8-bit segment registers. the code segment register (CSR), the table segment
register (TSR) and the data segment register (DSR). These registers select segments in the
program memory space.

However, since the program memory space has only segments 0 to 15, only hits 0 to 3 are valid.
Bits4to 7 arefixed to “0”.

Code segment register (CSR)

7 6 5 4 3 2 1 0
CSR « |« | “0” | “0”

At reset 0 0 0 0 0 0 0 0

CSR specifies the segment in program memory space to which the program code currently
being executed belongs. CSR exists as an independent 8-bit register and is not assigned to the
SFR area. The CSR contents can be overwritten by FJ, FCAL, VCAL, FRT and RTI
instructions and interrupts. No other methods can be used to overwrite the contents of CSR.
FJand FCAL instructions, use branch destination addresses that are within segments 0 to 15.

Each segment is assigned an internal segment offset address of 0 to OFFFFH. The address
calculation to determine the addressed target is performed with a 16-bit offset address and any
resulting overflow or underflow is ignored so that CSR is does not change. Similarly,
overflow of the PC never updates the CSR. Therefore, without the use of the CSR overwrite
method described above, program execution does not advance beyond the code segment
boundary. The CSR value at reset is 00H.

When an interrupt occurs after program memory space has been expanded to 1 MB, both the
current CSR value and the PC are automatically saved on the stack. Executing a RTI
instruction restores the saved value to CSR. (Refer to Section 2.2.1, “Memory Space
Expansion”.)

Table segment register (TSR)

7 6 5 4 3 2 1 0

TR T T I O T T Pl

At reset 0 0 0 0 0 0 0 0

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

TSR specifies the segment in program memory to which the table data belongs. TSR is an
8-hit register and is assigned to the SFR area. The contents of TSR can be overwritten by
instructions that use SFR addressing. Data in the table segment can be accessed by using
ROM reference instructions (LC, LCB, CMPC and CMPCB). If the ROM window function
is used, RAM addressing can be utilized for this table segment. Only bits 0 to 3 of TSR are
valid. If read, avalue of “0” will be obtained for bits4 to 7.  If writing to TSR, “0” must be
written to bits4 to 7.
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24.1

Each segment is assigned an internal segment offset address of 0 to OFFFFH. The address
calculation to determine the addressed target is performed with a 16-bit offset address and any
resulting overflow or underflow is ignored, so TSR does not change. The TSR value at reset
is OOH.

Data segment register (DSR)

7 6 5 4 3 2 1 0

DSR «gr | wgn | «gn | “o" Address: 0009 [H]
R/\W access: RIW

At reset 0 0 0 0 0 0 0 0

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

DSR specifies the segment in data memory space to which the data currently in use belongs.
DSR is an 8-bit register and is assigned to the SFR area. The contents of DSR can be
overwritten by instructions that use SFR addressing. Only bits O to 3 of DSR are valid. If
read, avalue of “0” will be obtained for bits4to 7.  If writing to DSR, “0" must be written to
bits4to 7.

Addressing Modes

The ML66525 family has two independent memory spaces, the data memory space and the
program memory space. Addressing can be roughly classified into two modes, corresponding
to each memory space.

The data memory space is referred to as “RAM space”, since it normally consists of random
access memory (RAM). The addressing for this space isreferred to as“RAM addressing”.

The program memory space is referred to as “ROM space”’, since it normally consists of
read-only memory (ROM). The addressing for this space is referred to as “ROM addressing”.

ROM addressing is classified as immediate addressing contained in instruction codes, table
data addressing for data (normally read-only data) in a ROM space table, and program code
addressing for programs in the ROM space.

ROM window addressing is a unique method of addressing. It involves accessing table data
in the ROM space using the above RAM addressing methods. Data in atable segment is read
through a data segment window specified and opened by the program.

RAM Addressing
This addressing mode specifies addresses for program variablesin the RAM space.

Available addressing formats include: register addressing, page addressing, direct data
addressing, pointing register indirect addressing and special bit area addressing.
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Register addressing

A. Accumulator addressing A

B. Control register addressing PSW, LRB, SSP
C. Pointing register addressing X1, X2, DP, USP
D. Local register addressing ERn, Rn

A. Accumulator addressing

In the case of a word-format instruction, the contents of the accumulator (A) will be accessed.
In the case of byte and hit-format instructions, the lower byte of the accumulator (AL) will be
accessed.

[Word format]

L A, #1234H

ST A, VAR
[Byte format]

LB A, #12H

STB A, VAR
[Bit format]

MB C,A3

JBS A.3, LABEL
B. Control register addressing
Contents of the registers will be accessed.

SSP: System Stack Pointer

LRB: Local Register Base

PSW: Program Status Word

PSWH: Program Status Word High Byte
PSWL: Program Status Word Low Byte

C: Carry Flag
[Word format]
FILL SsP
MOV  LRB, #401H
CLR PSW
[Byte format]
CLRB PSWH
INCB PSWL
[Bit format]

MB C,BITVAR
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C. Pointing register addressing

Contents of the pointing register are accessed.

There are 8 sets of pointing registers (PRO to PR7: every 8 bytes from 200H to 23FH in data
memory). The set addressed by this mode is specified by the value of the system control base
(SCB) field in PSW.

X1: Index Register 1

X2: Index Register 2

DP: Data Pointer
The low byte of the data pointer is used only for a“JRNZ DP radr” instruction (to
maintain compatibility among nX-8/100 to nX-8/400 CPU cores).

USP:  User Stack Pointer

X1L: Index Register 1 Low Byte

X2L: Index Register 2 Low Byte

DPL: DataPointer Low Byte

USPL: User Stack Pointer Low Byte

[Word format]

L A, X1

ST AX2
MOV  DP, #2000H
CLR USP

[Byte format]
DINZ XiL,LOOP
DINZ X2L,LOOP
DINZ DPL, LOOP
DINZ USPL, LOOP
JRNZ DP, LOOP

D. Local register addressing
Contents of the local register are accessed.

There are 256 sets of local registers (every 8 bytes from 200H to 9FFH in data memory). The
set addressed by this mode is specified by the value of the low byte of the local register base
(LRB).

ERO to ER3: Expanded Local Registers
ROto R7: Local Registers
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[Word format]

L A, ERO

MOV ER2, ER1

CLR ER3
[Byte format]

LB A, RO

ADDB RL A

CMPB R2, #12H

INCB R3

ROR R4

MOVB R5, R6
[Bit format]

SB R0O.0

RB R1.7

JBRS R7.3, LABEL

Page addressing

A.
B.
C

A

SFR page addressing
FIXED page addressing
Current page addressing

. SFR page addressing

sfr Dadr
fix Dadr
off Dadr

One byte of the instruction code specifies an offset within a SFR page (data memory addresses

0 to OFFH).

Word-format, byte-format or bit-format data at the specified addressis accessed.

The operand is described using a format that has a sfr addressing descriptor. The sfr
descriptor can be omitted, however in that case, the assembler will use SFR page addressing

only when it recognizes an address within the SFR page area.

The SFR has address symbols for each type of device. These symbols are normally used for
addressing the SFR.
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[Word format]

RAM
L A sfrPO
0O000H
L AP0 : !
—>
00xxH SFR page
OOFFH [Liii111

If an odd address is specified, word-format data is accessed starting at the following even
address. (- word boundary) However, depending upon the SFR, there are some exceptions.

[Byte format]

RAM
LB A, sfr PO
e Apo 0000H m
L 00xxH SFR page
LI Lll
OOFFH 1111111
[Bit format]
SB sfrP0O 3 RAM
& P03 0000H m
00xxH | | |
| SFRpage
OOFFH 1111111

B. FIXED page addressing

One byte of the instruction code specifies an offset within a FIXED page (data memory
addresses 200H to 2FFH). Word-format, byte-format or bit-format data at the specified
address is accessed.

The operand is described using a format that has a fix addressing descriptor. The fix
descriptor can be omitted, however in that case, the assembler will use FIXED page addressing
only when it recognizes an address within the FIXED page area.
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[Word format]

L A fix FIX_VAR RAM

o o—— 0200H [1ui1i11]

L A FIX_VAR

L > 02xxH

FIXED page

O2FFH |11

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

LB A fix FIX_VAR RAM

— 0200H [1111111]

LB A, FIX_ VAR

L > 02xxH
i1l FIXED page
O2FFH |11
[Bit format]
. RAM
SB fix FIX_VAR.3
SB FIX_VAR.3 : !
02xxH ol |
—= FIXED page
Ll
O2FFH |11

C. Current page addressing

One byte of the instruction code specifies an offset within the current page (one of the 256
pages in data memory specified by the LRBH value). Word-format, byte-format or bit-format
data at the specified address is accessed.

The operand is described using a format that has an off addressing descriptor. \ can be used
instead of the off descriptor, however if bit-format data is accessed in the SBA area, operation
will be dightly different. (sbaoff Badr)
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[Word format]

RAM
L A off VAR

D S— XX00H
L AWAR , ,

——— XXxxH

Current page

XXFFH |
I NN

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

RAM
LB A, off VAR
xX00H |
LB A)\AR ! !
> 00H i Current page
XXFFH | '
Ll ltLl
[Bit format]
RAM
SB  off VAR.3
xX00H |
SB  \VAR.3 | :
XXXXH [ ol 1
=== Current page
AN
XxFFH | ;
LLLlrll

(3) Direct data addressing
Two bytes of the instruction code specify an address in the current physical segment of data
memory (address 0 to OFFFFH: 64 KB). Word-format, byte-format or bit-format data at the
specified address is accessed.

The operand is described using a format that has a dir addressing descriptor. The dir
descriptor can be omitted, however in this case, if an address in a SFR page or FIXED page is
specified, the assembler may interpret direct data addressing as SFR page addressing or FIXED
page addressing.
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[Word format]

RAM

0000H [1111111]

L3> XxxxxH 64 KB

A, dir VAR
A, VAR

FrFFH (]

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

RAM

LB A, dir VAR
e 0000H [ 1r1rii]

LB A VAR

L > xxxxH 64 KB
NEREEN

FFFFH [L00]

[Bit format]

RAM

SB dir VAR.3
IR — 0000H [ 111111]

SB VAR.3

XxxxH

] || 64 KB
NN

FFFFH (L]

(4) Pointing register indirect addressing

. DP/X1 indirect addressing [DPF], [X1]

DP indirect addressing with post increment [DP+]

DP indirect addressing with post decrement [DP

. DP/USP indirect addressing with 7-bit displacement n7[DP], n7[USP|
X1/X2 indirect addressing with 16-bit base D16[X1], D16[X2]
X1indirect addressing with 8-bit register displacement [X1+R0], [X1+A]

mmoow>»
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A. DP/X1 indirect addressing

The contents of the pointing register specify an address in the current physical segment of data
memory (address O to OFFFFH: 64 KB). Word-format, byte-format or bit-format data at the
specified address is accessed.

[DP]: DPindirect addressing
[X1]: X1indirect addressing

[Word format]

RAM
L A, [DP]
0000H
L A [X1] | :
—’ XXXXH 64 KB
i
If an odd address is specified, word-format data is accessed starting at the following even
address.
[Byte format]
LB A, [DP] RAM
‘ 0000H
LB A, [X1] : !
NN
FRFFH [
[Bit format]
SB [DP].3 RAM
RB [X1]3 | 0000H [1111111]
] ¢ 1
—’XXXXH Ll 64 BK
LIl
FRFFH (L]
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B. DPindirect addressing with post increment

The contents of the pointing register specify an address in the current physical segment of data
memory (address O to OFFFFH: 64 KB). Word-format, byte-format or bit-format data at the
specified address is accessed.

After accessing the target, the contents of the pointing register are incremented. For
word-format instructions, DP is incremented by two. For byte and bit instructions, DP is
incremented by one.

This addressing mode is used primarily to consecutively access an array of elements.

[DP+]:  DPindirect addressing with post increment

[Word format]

RAM

0000H
L A, [DP+] : i
- o1 ke

Incremented by 2
after access i i

FFFFH [t

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

RAM

LB A, [DP+] 0000H m
| DP > xxxxH 64 KB

Incremented by 1 EEENEEE

after access | '

FRFFH (]

[Bit format]
RAM
SB [DP+].3 0000H m
; 1
XXXXH ||||v| L1

64 KB

Incremented by 1 AN
after access ! i
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C. DPindirect addressing with post decrement

The contents of the pointing register specify an address in the current physical segment of data
memory (addresses 0 to OFFFFH: 64 KB). Word-format, byte-format or bit-format data at the

specified address is accessed.

After accessing the target, the contents of the pointing register are decremented.
word-format instructions, DP is decremented by two. For byte and bit instructions, DP is

decremented by one.
[DP]: DP indirect addressing with post decrement
[Word format]

RAM

0000H
L A [DP] | :
| DP > xxxxH 64 KB

Decremented by 2
after access | :

FrrFEH (]

If an odd address is specified, word-format data is accessed starting at the following even

address.

[Byte format]

RAM
0000H [ 11111]
LB A, [DP-] ; :
| DP > xxxxH 64 KB
Decremented by 1 [EENEN

after access i !

[Bit format]
RAM
SB [DP-].3 0000H m
] ¢ !
e m————vy v, B O

Decremented by 1 LLLllll
after access | !
FRFFH [
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D. DP/USP indirect addressing with 7-bit displacement

7 bits in the instruction code (bit 6 to bit 0) are used as a signed displacement (bit 6 is the sign
bit) from the pointing register contents (the base value) to specify an address in the current
physical data segment (address O to OFFFFH: 64 KB). The accessible range is —64 to +63
from the content of the pointing register. Word-format, byte-format or bit-format data at the
specified address is accessed.

Numerical expression[DP]: DP indirect addressing with 7-bit displacement
Numerical expression[USP]: USP indirect addressing with 7-bit displacement
The numerical expression has avalue in the range of —64 to +63.

DP and USP can be used as pointing registers.

[Word format]

L A 12[DP] RAM
L A 12[USP] 0000H ml
D> xooH 64 KB

DP or USP ! ‘
FrFFH (L]

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

LB A,12[DP] RAM
LB AL2[USP] 0000H m
é}—y XXXXH 64 KB
DP or USP HALLLL
FRFFH (L]
[Bit format]
SB 12[DP].3 RAM
RB 12[USP].3 0000H [ 1 i11111]
T T —
69_> xxxxH [0 64 KB
DP or USP R
FRFFH (]
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E. X1/X2 indirect addressing with 16-bit base

The contents of an index register (X1 or X2) are added to a base of two bytes in the instruction
code (D16). The value that is generated specifies an address in the current physical data
segment (address 0 to OFFFFH: 64 KB). The addition operation to generate the address is
performed in word-format (16-bit) and since overflow is ignored, the generated value is in the
range from 0 to OFFFFH. Word-format, byte-format or bit-format data at the specified
address is accessed.

Address expression[ X1]: X1indirect addressing with 16-bit base

Address expression[X2]: X2 indirect addressing with 16-bit base

The address expression has a value in the range of 0 to OFFFFH. However, the assembler
allows vaues in the range of —8000H to +OFFFFH. This means that D16 can aso be
regarded as a displacement, instead of a base address.

[Word format]

L A,1234H[X1] RAM
ST A/1234H[X?] 0000H [ 11111]
D> x0ooH 64 KB

X1 or X2 ! i
FREFH (L]

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

LB A1234H[X1] RAM
STB  A,1234H[X2] 0000H [1111111]
69—> XXXXH 64 KB
X1 or X2 Illlllll:
FRFFH (]
[Bit format]
SB  1234H[X1].3 RAM
RE  1234H[X2]3 0000H [\ 111 111]
1 | ¢ 1
EB_>XXXXH Ll 64 KB
X1 or X2 :IIIIIII:
FRFFH (1]
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F. XZ1indirect addressing with 8-bit register displacement

The contents of the low byte of the accumulator (AL) or local register 0 (RO) are added to the
pointing register contents (the base value) to generate a value that specifies an address in the
current physical data segment (address 0 to OFFFFH: 64 KB). The addition operation to
generate the address is performed in word-format (16-bit). At this time, the 8-bit
displacement obtained from the register is expanded unsigned.  Since overflow resulting from
the addition is ignored, the generated value is in the range from 0 to OFFFFH.  Word-format,
byte-format or bit-format data at the specified address is accessed.

[X1+A]: XZlindirect addressing with 8-bit register displacement (AL)
[X1+R0]: X1 indirect addressing with 8-bit register displacement (RO)

[Word format]

L A [X1+A]
L A [X1+RO] RAM
0000H
I
P> oo 64 KB
! !
FrFFH (]
If an odd address is specified, word-format data is accessed starting at the following even
address.
[Byte format]
LB A, [X1+A]
RAM
LB A, [X1+R0]
0000H [1111111]
R
O—> oot 64 KB
Ll
: :
FRFFH (]
[Bit format]
SB [X1+A].3 RAM
RB [X1+RO].3 0000H [1y11111]
—
69—>XXXXH EEEAEE 64 KB
NN
| ,
il m
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(5) Special bit area addressing

A. Fixed page SBA area addressing sbafix Badr
B. Current page SBA area addressing shaoff Badr

A. Fixed page SBA area addressing

This addressing mode specifies a bit address in the 512-bit SBA area (2COH.0 to 2FFH.7)
located in aFIXED page. Bit format data at the specified address is accessed.

This addressing mode can be written by the following 4 instructions; SB, RB, JBS and JBR.

[Bit format]

SB  sbafix 2C0OH.0

RB  sbhafix 1600H

JBS sbafix VAR, LABEL
JBR sbafix 2EFH.7

SB  2COH.0
RB  1600H
JBS VAR, LABEL RAM
JBR 2EFH.3, LABEL 02COH m
02xxH [~ 7
L11111] (FIXED page SBA area
02FFH LIl
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B. Current page SBA area addressing

This addressing mode specifies a bit address in the 512-bit SBA area (xxCOH.0 to xxFFH.7)
located in the current page.  Bit format data at the specified address is accessed.

This addressing mode can be written by the following 4 instructions: SB, RB, JBS and JBR.

[Bit format]

SB
RB
JBS
JBR

SB
RB
JBS
JBR

sbaoff 4COH.0

sbaoff 2E80H

sbaoff VAR,LABEL
sbaoff OFFFFH.3, LABEL

2C0OH.0
E%ABEL RAM
OFFFFH.3, LABEL XCOH [Lrrii]
XxxxH I::;nnl
LliliL Current page SBA area
XXFFH | 01010
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2.4.2 ROM Addressing

1)

)

This addressing mode specifies addressing for program variables in the ROM space.

Available addressing formats include: immediate addressing, table data addressing and
program code addressing.

Immediate addressing

This addressing mode specifies access for immediate data included in the instruction code.
For word-format instructions, 2 bytes (N16) of the instruction code are accessed. For
byte-format instructions, 1 byte (N8) of the instruction code is accessed.

In the word-format, expressions have values in the range of 0 to OFFFFH.  In the byte-format,
expressions have values in the range of 0 to OFFH. The assembler allows a range of signed
and unsigned expressions for immediate addressing.  The word-format range is from —8000H
to +OFFFFH and the byte-format range is from —80H to +0FFH.

[Word format]
L A, #1234H

MQV X1, #AWORD_ARRAY_BASE

[Byte format]
LB A, #12H

MQV X1, #BYTE_ARRAY_BASE

Table data addressing

This addressing mode specifies access for 64 KB in the table segment specified by TSR in
ROM memory space. This mode is used with the operands of LC, LCB, CMPC and CMPCB
instructions.

A. Direct table addressing Tadr
B. RAM addressing indirect table addressing [**]

C. RAM addressing indirect addressing with 16-bit base T16[**]

A. Direct table addressing

Two bytes of the instruction code specify an address (address 0 to OFFFFH: 64 KB) in the table
segment specified by TSR. Word-format or byte-format data at the specified address is
accessed.

This addressing mode can be written by the following 4 instructions: LC, LCB, CMP and
CMPCB.
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[Word format]
LC A, VA
CMPC A, VA

<
Py,

Py

[Byte format]
LCB A, VAR

CMPCB A,VAR

B. RAM addressing indirect table addressing

This indirect addressing mode uses the word-format data specified by RAM addressing as a
pointer to the table segment specified by TSR. Table memory can be accessed by placing a
pointer to table memory in aregister or in data memory.

This addressing mode can be written by the following 4 instructions: LC, LCB, CMPC and
CMPCB.

[Word format]
LC A [A]

CMPC A, [1234[X1]]

[Byte format]
LCB A, [ERQ]

CMPCB A, [VAR]

C. RAM addressing indirect addressing with 16-bit base

The contents of word-format data specified by RAM addressing are added to a base of two
bytes of the instruction code (D16). The value that is generated specifies an address in the
table segment specified by TSR (address 0 to OFFFFH: 64 KB). The addition operation to
generate the address is performed in word-format (16-bit) and since overflow is ignored, the
generated value is in the range from O to OFFFFH. Word-format or byte-format data at the
specified address is accessed.

This addressing mode can be written by the following 4 instructions: LC, LCB, CMPC and
CMPCB.

[Word format]
LC A, 2000H[A]
CMPC A, 2000H[1234[ X 1]]

[Byte format]
LCB A, 2000H[ERQ
CMPCB A, 2000H[VAR]
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Program code addressing
This mode specifies access for the current program code in ROM space.

Program code addressing is used with operands for branch instructions.

A. NEAR code addressing Cadr
B. FAR code addressing Fadr

C. Relative code addressing radr

D. ACAL code addressing Cadrll
E. VCAL code addressing Vadr
F. RAM addressing indirect code addressing [**]
A. NEAR code addressing

Two bytes of the instruction code specify an address (address 0 to OFFFFH: 64 KB) in the
current code segment.

This addressing mode can be written by two instructions, Jand CAL.

[Usage example]
J 3000H
CAL LABEL

B. FAR code addressing

Three bytes of the instruction code specify an address (0:0 to F:0FFFFH: 1 MB) in the program
memory space.

This addressing mode can be written by two instructions, FJ and FCAL.

[Usage example]
FJ 1:3000H
FCAL FARLABEL

C. Relative code addressing

The sign extended value of 8 bits or 7 bits of the instruction code is added to the base value of
the current program counter (PC). The generated value specifies an address in the current
code segment (0 to OFFFFH: 64 KB). The addition operation to generate the address is
performed in word-format (16-bit) and since overflow is ignored, the generated value isin the
range from O to OFFFFH. This addressing mode can be written by an SJ instruction,
conditional branch instructions, etc.

[Usage example]

SJ LABEL
DJINZ RO, LABEL
JC LT, LABEL
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(4)

D.  ACAL code addressing

11 bits of the instruction code specify the ACAL area (1000H to 17FFH: 2 KB) in the current
code segment.

This addressing mode can be written only by an ACAL instruction.

[Usage example]
ACAL 1000H
ACAL ACALLABEL

E. VCAL code addressing

4 bits of the instruction code specify the vector table address for a VCAL instruction
(word-format data). The vector table is located at even addresses in the range of 004AH to
0069H.

This addressing mode can be written only by aVVCAL instruction.

[Usage example]
VCAL 4AH
VCAL 0:4AH
VCAL VECTOR

F. RAM addressing indirect code addressing

This indirect addressing mode uses the word-format data specified by RAM addressing as a
pointer to the code segment.  Indirect jumps and calls can be performed by placing a pointer
to code memory in aregister or in data memory.

This addressing mode can be written by two instructions, Jand CAL.

[Usage example]
J [A]
CAL 1234[X1]

ROM window addressing

This addressing mode uses RAM addressing to access table data in the ROM space.  In this
mode, data in the table segment specified by TSR is read through a data segment window
specified and opened by the program.

The ROM window area allows addressing of the data memory, however, results cannot be
guaranteed if an instruction that writes to the ROM window area is executed.
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3.2

CPU Control Functions

Overview
The ML66525 family has two CPU control functions, a standby function and a reset function.

The standby function consists of the two functions of HALT mode and STOP mode. These
functions can be used to reduce the amount of power consumed during operation. The STOP
mode has a quick activating STOP mode in which the main clock continues oscillation.

The reset function is activated by the RESn signal input, BRK (break) instruction execution, or
execution of an invalid instruction (opcode trap). In addition, reset is also activated by
overflow of the watchdog timer. Reset can minimize the effect of program errors on the
system.

Standby Functions
The ML66525 family has two types of standby functions.
» HALT mode: activated by software, clock supply to CPU is terminated

» STOP mode: activated by software, clock supply to CPU and internal peripheral modulesis
terminated

Corresponding to each of dual clocks, each of these functions has a high-speed and low-speed
mode.

Figure 3-1 shows a transition diagram of the CPU operating states. Table 3-1 lists a summary
of the standby modes.

High-speed
HALT mode

High-speed main STP=1 High-speed STOP mode

IHLT =1 clock (OSC) operation < ] (Terminate main clock oscillation: OSCS = 1)

—p| [Initial state when RESET Interrupt | (Operate main clock oscillation: OSCS = 0)

generated
(XT) selection (OSC) selection

Low-speed ‘HLT =1
HALT mode | ———»

Interrupt . generated
Subclock ¢ T Main clock

Low-speed subclock (XT) operation STP = :_| Low-speed STOP mode
(Terminate main clock oscillation: OSCS = 1) < (Terminate main clock oscillation: OSCS = 1)

Interrupt

(Operate main clock oscillation: OSCS = 0) Interrupt (Operate main clock oscillation: OSCS = 0)

generated

generated

(Notes)

» Oscillation operation or termination is for the main clock (OSC) only.
The subclock (XT) is not terminated.

¢ The initial value of OSCS (bit 3 of SBYCON) is “1".

« Stopping the main clock (OSC) with OSCS is effective when P9_0/VBUSIN is at a “L" level
for input; alternatively, when P9_0/VBUSIN is at a “H” level for input and the USB control
function is in the power down state (refer to Chapter 17).

Figure 3-1 Transition Diagram of CPU Operating States
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Table 3-1 Standby Mode Summary

Standby mode HALT mode STOP mode *1
Set conditions Bit 1 (HLT) of Bit 2 (FLT) of SBYCON | Bit 2 (FLT) of SBYCON
SBYCON is is setto “1" and bit 0 is reset to “0” and bit 0
setto “1” (STP) of SBYCON is (STP) of SBYCON is
set to “1” set to “1”
Release conditions Interrupt Interrupt Interrupt
RESnN pin RESnN pin input RESnN pin input
input
WDT
PO to P2, P4 No change High impedance No change
(primary function)
PO to P2, P4 Pull-up Pull-up Pull-up
" (secondary function)
% P6 to P21 No change High impedance *2 No change
w| P31 No change High impedance No change
'g_ (primary function)
E._ P3_1 High level High impedance High level
8 (secondary function)
P3_2,P3 3 No change High impedance No change
(primary function)
P3_2,P3 3 Pull-up High impedance Pull-up
(secondary function)
Time base counter Operate Terminate
(TBC)
«» | 8/16-bit timers Operate Terminate
& (including WDT)
‘é SI01, SI06 Operate Terminate
% SI03 Operate Operate during slave mode
GE) S|104 Operate Terminate
€| Real-time counter Operate Operate
G| A/D converter Operate Terminate
_§ PWM Operate Terminate
g_ Media control Operate Terminate
O Internal DMA Operate Terminate
control
USB control Operate Ready to operate

*1 The condition for setting the STOP mode is that the stop code acceptor (STPACP)

has already been

*2 If P10_0 is a secondary function output, then P10_2 (secondary function output)

will be high impedance. If P10_0 is not a secondary function output, then P10_2

setto “1”.

(secondary function output) will be the SIO3 data output.
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3.2.1 Standby Function Registers

Table 3-2 lists summary of the SFRsfor standby function control.

Table 3-2 Summary of SFRs for Standby Function Control

Address Name Symbol Symbol RIW 8/1§ Initial Reference
[H] (byte) (word) Operation | value [H] page
000E Stop code acceptor STPACP — \W 8 “0” 3-3
000F Standby control register SBYCON — R/W 8 08 3-4
0015% | Peripheral control register | PRPHCON — R/W 8 8C 13-2
[Notes]

1. Addresses are not consecutive in some places.
2. A star (5¢) in the address column indicates a missing bit.
3. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.

3.2.2 Description of Standby Function Registers

(1) Stop code acceptor (STPACP)
The stop code acceptor (STPACP) is configured from 8 bits and is an acceptor used to set the
STOP mode.

STPACP is set to “1” when the program writes n5H and nAH (n = 0 to F) consecutively.
After STPACP is set to “1”, setting bit O (STP) of the standby control register (SBY CON) to
“1" will change the mode to the STOP mode. At the same time the mode changes to the
STOP mode, STPACPisreset to “0”.

STPACP iswrite-only.

At reset (due to a RESn input, BRK instruction execution, watchdog timer overflow, or opcode
trap), STPACPisreset to “0".

The STPACP configuration is shown in Figure 3-2.

Address: 000E [H]
R/W access: W

STPACP | | | |

Writing to bit 0 of SBYCON
is enabled by writing “n5H”
and “nAH” sequentiaily.

Figure 3-2 STPACP Configuration
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Standby control register (SBYCON)
The standby control register (SBY CON) is an 8-bit register that sets the standby mode and the
CPU operating clock (CPUCLK).

The program can read from and write to SBY CON.

At reset (due to a RESn input, BRK instruction execution, watchdog timer overflow, or opcode
trap), SBY CON is 08H.

Figure 3-3 shows the configuration of SBY CON.

[Description of each bit]

STP (bit 0)

Setting the stop code acceptor (STPACP) to “1”, and then setting STP to “1” will change
the mode to the STOP mode. When an interrupt is generated or the RESn input causes a
reset, STPisreset to “0” and the STOP mode is released.

HLT (bit 1)

Setting HLT to “1" changesthe modeto the HALT mode. When an interrupt is generated,
the RESh input causes a reset, or overflow of the watchdog timer causes a reset, HLT is
reset to “0” and the HALT mode is released.

FLT (bit 2)
Setting FLT to “1” will cause the output ports (all pins set to output mode) to go to a high
impedance state when the STOP mode is entered.

At the input ports, a circuit operates to prevent current flow between the power supply and
GND, even if the inputs are left unconnected. Therefore, it is not necessary to fix the
input pin levels during the STOP mode. However, if the following pins are used as inputs
(regardless of whether they are primary or secondary functions), the circuit to prevent
current flow will not operate.  Thus, to prevent undefined input states, use either pull-up or
pull-down resistors (to fix the input levels) during the STOP mode.

* P6 0toP6_3,P9 0 : External interrupt pins (EXINTO to EXINT4)
« P10 O : SIO3 transmit-receive clock input pin
« P10 1 : SIO3 receive datainput pin

Using the above pins as secondary function inputs, even if the STOP mode is entered with
FLT set (*17), the STOP mode can be released by an external interrupt input or an SIO3
data reception. For details, refer to Section 3.2.4, “ Operation of Each Standby Mode,” (3)
STOP Mode.

For the ML 66525 Family, the P9_0 pin is being configured as an output Setting FLT to “1”
will cause the output ports to go to a high impedance state when the STOP mode is entered.
However, at the input ports, the circuit to prevent current flow will not operate. Since the
P9_0 pinisthe Vbus detect input pin, it should not be used as an output.

OSCS (hit 3)

During the STOP mode and when the subclock (XTCLK) has been selected as the CPU
operating clock (CPUCLK), OSCS specifies whether to terminate or continue oscillation of
the main clock (OSCCLK).
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[Note]

To stop the main clock (OSCCLK) with OSCS, the following conditions also are required.

1. When P9_0/VBUSIN is at a“L” level for input, that is, when the USB is unconnected.
Alternatively,

2. When P9_0/VBUSIN is a a “H” level for input and the USB control function is in the
power down state (refer to Chapter 17).
An attempt to terminate the main clock (OSCCLK) with OSCS will fail when the USB
control function is in operation, because a clock must be supplied to the USB control
function.

» OSTO0, OST1 (bits4 and 5)
In the cases when an interrupt causes the STOP mode to be released, and when the clock
has been changed from the subclock (XTCLK) to the main clock (OSCCLK), OSTO and
OST1 specify the oscillation stabilization time from the oscillation start of the main clock
(OSCCLK) until clock supply to the CPU. During the STOP mode, even if oscillation of
the main clock (OSCCLK) is not terminated, the settings of these bits are valid.

[Note]

Do not set OSTO or OST1 to “1”, in the case of changing to the operation mode in which
oscillation of the main clock (OSCCLK) is terminated.

For the Flash ROM version, set the oscillation stabilization time of 50 ms or more when the
STOP mode (only when oscillation of the main clock is terminated) is released.

* CLKO, CLK1 (bits6 and 7)
CLKO and CLK1 specify the clock to be used as the CPU operating clock (CPUCLK).
With consideration of the operating speed requirements of product applications, an
appropriate speed for the internal CPU clock that runs the microcontroller is selected to
reduce power consumption.
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7 6 5 4

3

2

1

SBYCON |cLk1|cLkolosT1|osToloscs| FLT | HLT | sTP |

at reset 0 0 0 0

1

0

0

0

Address: 000F [H]

R/W access: W

CPU operating state

STOP mode

CPU operating state

[l ] =[O

HALT mode

During STOP mode, output does not change

During STOP mode, high impedance output

Main clock (OSC) oscillation

Terminate main clock (OSC) oscillation

_|

Main clock oscillation

stabilization time (No. of clocks)

32768

16384

8192

Rlr|o|o|r|of |Fr|o]| |+ |o
wn

R|O|R|O|O

0

'_
~

CPU operating clock

(CPUCLK)

OSCCLK

1/2 OSCCLK

1/4 OSCCLK

RIP|IO|O|IFR|0O

R|O|Pr|O|O

XTCLK

Figure 3-3 SBYCON Configuration
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3.2.3

Examples of Standby Function Register Settings

¢« HALT mode setting

@

Standby control register (SBY CON)
Setting bit 1 (HLT) to “1” changes the mode to the HALT mode.

¢ STOP mode setting

@

@

3.2.4
@)

Stop code acceptor (STPACP)
Write n5H, nAH (n = 0to F) consecutively.

Standby control register (SBY CON)

If output ports are to be high impedance during the STOP mode, set bit 2 (FLT) to “1". |If
oscillation of the main clock (OSCCLK) is not to be terminated during the STOP mode, reset
bit 3 (OSCS) to “0”. To terminate oscillation of the main clock (OSCCLK), set bit 3 (OSCYS)
to “1” and specify with bits 4 and 5 (OSTO and OST1) the oscillation stabilization time after
the main clock resumes.  Setting bit O (STP) to “1” changes the mode to the STOP mode.

Operation of Each Standby Mode

HALT mode
Setting bit 1 (HLT) of the standby control register (SBY CON) to “1” changes the mode to the
HALT mode.

In the HALT mode, the clock (CPUCLK) supply to the CPU is terminated, but the clock
(CPUCLK) is supplied to internal peripheral modules (TBC, WDT, genera-purpose 8/16-bit
timers, seria ports, etc.) so their operation continues. Because the CPU is halted, instructions
are not executed. Instruction execution stops at the beginning of the next instruction
(following the instruction that set bit 1 (HLT) of SBYCON to “1").

HALT mode is released when any of the following occurs: an interrupt request, reset by the
RESh pin input, or reset by overflow of the watchdog timer.

When HALT mode is released due to an interrupt request, if the interrupt is non-maskable, the
HALT mode is released unconditionally, and the CPU processes the non-maskable interrupt.
In the case of amaskable interrupt, the interrupt is released when both the interrupt request flag
(IRQ bit) and the interrupt enable flag (1E bit) have been setto “1”. After the HALT modeis
released, if the master interrupt enable flag (MIE in PSW) has been set to “1”, processing of
the requested maskable interrupt is performed. If the master interrupt enable flag (MIE in
PSW) has been reset to “0”, the next instruction (following the instruction that set the HALT
mode (that set bit 1 (HLT) of SBY CON to “1")) is executed.

If the HALT mode is released by reset due to the RESnh pin input or overflow of the watchdog
timer, the CPU will perform the reset processing.
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STOP mode

Setting the stop code acceptor (STPACP) to “1” by consecutively writing n5H, nAH (where n
= 0 to F) and then setting bit O (STP) of the standby control register (SBY CON) to “1” will
change the mode to the STOP mode.

In the STOP mode, the CPU and internal peripheral modules (TBC, WDT, general-purpose
8/16-bit timers, seria ports, etc.) are halted. However, SIO3 will operate if slave mode has
been selected. Also, when dual clocks are being used, the real-time counter (RTC) will
operate as usual.

Because the clock supply to the CPU is halted, instructions are not executed. Instruction
execution stops at the beginning of the next instruction (following the instruction that set bit O
(STP) of SBYCON to “1").

The STOP mode is released when either an interrupt occurs or input to the RESnh pin causes a
reset.

When the STOP mode is released due to an interrupt request, if the interrupt is non-maskable,
the STOP mode is released unconditionally, and the CPU processes the non-maskable
interrupt.

In the case of a maskable interrupt, the interrupt is released if the interrupt request flag (IRQ
bit) and the interrupt enable flag (1E bit) have been set to “1”.

During the STOP mode, the following factors generate maskable interrupt requests.
Interrupt caused by input of the valid edge to an external interrupt pin (EXINTO to EXINT4)
Interrupt caused by completion of an SIO3 transfer (during slave mode)

Interrupt caused by real-time counter output (when dual clocks are used)

Interrupt from the USB control function
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After STOP mode is released, if the master interrupt enable flag (MIE in PSW) has been set to
“1", processing of the requested maskable interrupt is performed.

If the master interrupt enable flag (MIE in PSW) has been reset to “0”, the next instruction
(following the instruction that set the STOP mode (that set bit 0 (STP) of SBYCON to “1")) is
executed. However, if the STOP mode has been set during the processing of a non-maskable
interrupt routine, the STOP mode can be released by an interrupt request. After being
released, the next instruction in the non-maskable interrupt routine (following the instruction
that changed the mode to the STOP mode) will be executed. If interrupt priority is set (bit 7
(MIPF) of EXI2CON set to “1”) and the STOP mode is set during a high priority interrupt
routine, a low priority interrupt request can release the STOP mode. However, after release
the low priority interrupt is suspended and the next instruction in the high priority interrupt
routine will be executed.

If an interrupt request from the high-speed STOP mode (main clock oscillation terminated)
causes the STOP mode to be released, operation will continue after waiting for the oscillation
stahilization time of the main clock (OSCCLK) as set by SBYCON. The STOP mode can
also be entered while the main clock continues to oscillate (quick activating STOP mode). In
this case, when returning from the STOP mode, activation is possible without waiting for the
oscillation stabilization time of the main clock.

Figure 3-4 shows the STOP mode timing diagram.

If the STOP mode is released by reset due to the RESh pin input, the CPU will perform the
reset processing. If the RESn pin input is to be used to release the STOP mode with main
clock oscillation halted, apply a low level to the RESh pin until the main clock oscillation

stabilizes.
< STOP mode >
Main clock ] eni s
(OSCCLK) N b) \ _] 1_
M1S1 %
(Signal that indicates ————— \— u
beginning of instruction)

SBYCON.STP |

Interrupt request
(NMI, IRQ and IE)

H

> < 3>

Y

<
<

Instruct?on Dummy cycle Oscillation *Osqi_llatipn . Dummy cycle Instruc_tion
execution halted stabilization time execution
Operating state Timer operation Timer halted Timer operation
Port floating
Port output mode (when FLT = "1%) Port output mode

* QOscillation stabilization time is the time until the main clock starts oscillating, plus the time
of the number of clocks set by OSTO and OST1.

Figure 3-4 STOP Mode Timing Diagram
(When released by an interrupt)
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3.3

Reset Function

The ML66525 family isreset by the following four factors.
* Low-level input to the RESn input pin

» Execution of abreak (BRK) instruction

* Overflow of the watchdog timer (WDT)
» Opcode trap (OPTRP) due to execution of invalid instruction

Resets caused to the above four factors are processed in the same way except that the address
of the vector address to be loaded in the program counter is different.

Table 3-3 lists the vector addresses for each reset factor.
Table 3-3 Vector Address for Each Reset Factor

Reset factor Vector address [H]
Reset caused by low level input to the RESn input pin 0000
Reset caused by execution of BRK instruction 0002
Reset caused by overflow of watchdog timer 0004
Reset caused by opcode trap 0006

During the reset processing, arithmetic registers, control registers, mode registers, etc. are
initialized, and the contents of the address pointed to by the vector address is loaded into the
program counter.

For the initial values of different registers, refer to Chapter 22, “Special Function Registers
(SFRs)".

Reset has priority over all other processing (interrupt processing and instruction execution).
Since all processing is aborted, register and RAM contents at that time cannot be guaranteed.

Figure 3-5 shows an example of reset pin connection.

VDD VDD
D Rpull 0100 kQ (Vpp = 3 V)
RESNh
SW R N @O—) Reset processing circuit
_l_ C
Example of external circuit
for manual reset External | Internal

Figure 3-5 Reset Pin Connection Example
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3.3.1 Reset Operation
The device reguires self-resetting in the cases of 1) and 2) that follow:
1)
* When power-on reset is executed, or

*  When the STOP mode is released when it is so specified that the main clock oscillation will
be stopped during the STOP mode

2) When the main clock oscillation has stabilized

The figures below show the time required for alow level to be applied to the RESh pin (a high
level needs to be applied to the Vpp_CORE and Vpp_|O pins) and the operation timing at reset.
Figure 3-6 corresponds to case 1) above and Figure 3-7 case 2).

Table 3-4 shows the I/O port status during input of the reset signal.

Reset processing (11 cycles) i Program execution

oscox — sl [ [ [T UUUTUTUTULUULN

RESn Low level (longer than the
oscillation stabilization time)
Each port “— > < >
(EAN = “H") High impedance state Input port
3 cycles

Figure 3-6 Time Required for a Low Level to be Applied to the RESn Pin (1)

[Notes]

1. For the reset operation on a Flash ROM product, the processing time of a
maximum of 5 ps will be added to the internal reset processing time (11 cycles).

2. The internal state and the output state of the device at the time of power-on reset
are undefined. Be sure to reset the device after power is turned on.

3. When power is applied to, or is disconnected from, the Vpp_CORE pins, Vpp_IO
pins, and Vgee pin, apply or disconnect the power at the same time for all the pins.

Reset processing (11 cycles) i Program execution
0SCCLK U U U UL U L
RESn
Low level (more then 10 cycles)
Each port < >« >
(égn ’ic’;) High impedance state Input port
3 cycles

Figure 3-7 Time Required for a Low Level to be Applied to the RESn Pin (2)

3-11
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[Note]

For the reset operation on a Flash ROM product, the processing time of a maximum of

5 ps will be added to the internal reset processing time (11 cycles).

Table 3-4 1/O Port Status During Reset Signal Input

Low level EAn pin High level EAn pin
Name P31 P31 Other ports
Status Pulled-up High impedance High impedance
[Note]

If the EAn pin is at a low level, PO, P1, P2, P3_1 and P4 automatically change to

secondary function output states (bus port function) after reset.
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4. Memory Control Functions

4.1 Overview

There are two independent memory spaces, the program memory space and the data memory
space. The following three functions make the memory functions easier to use.

ROM Window Function : This function enables various instructions that have been stored

READY Function :

in the data memory space to also be used by the program in the
program memory space.

If both memory spaces are to be used as externa memory, this
function allows the program to insert wait cyclesinto the external
memory timing, according to the access times of the external
memory.

4.2 Memory Control Function Registers

Table 4-1 lists a summary of the SFRs for memory control functions.

Table 4-1 Summary of SFRs for Memory Control Functions

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation value [H] page

000A ¢ EXPANDED RAM . XPDRDY — R/W 8 FF 4-7
Ready Control Register

000B ROM Window Register ROMWIN — R/W 8 Undefined 4-2

0ooc + | ROM Ready Control ROMRDY | — | RW 8 8B 44
Register

000D + | RAM Ready Control RAMRDY | — | RW 8 FF 45
Register

0015 + | Peripheral Control PRPHCON | — RIW 8 8C 132
Register

[Notes]

1. Addresses are not consecutive in some places.

2. A star (37) in the address column indicates a missing bit.

3. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.
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4.3

ROM Window Function

The ROM window function reads the contents of the program memory space specified by the
ROM window register (ROMWIN), located in the SFR area, by using the same address in the
data memory space as a window.

In other words, when the ROM window function is enabled and an instruction that accesses
(reads) the data memory space is executed, instead of accessing (reading) data in the data
memory space, data will be accessed (read) at the same addresses in the segment that is
specified by TSR in the program memory space.

Compared to the number of instruction cycles to be required to access normal data memory,
accessing the ROM window once requires additional 3 cycles for a byte instruction and
additional 6 cyclesfor aword instruction.

[Note]

If the ROM window function is enabled and a write instruction is executed, that result will
not be guaranteed. However, in this case additional cycleswill not be added.

*  ROM Window Register (ROMWIN)
The ROM window register (ROMWIN) is an 8-bit register. The lower 4 bits indicate the
start address of the ROM window and the upper 4 bits indicate the end address of the ROM
window. (Bits4 and 5 of the upper 4 bits must be written as“1”s) When 64 KB of the
program memory space is represented in hexadecimal number (HEX), each of above 4-bit
registers specifies the upper 1 digit of 4 digits. If the value of the lower 4 bitsis all zeros,
the ROM window function will not operate.

Figure 4-1 shows the configuration of ROMWIN.

ROMWIN | | RS \ \ \ | Address: 0008 [H]

R/W access: RIW

At reset (W is only performed once after reset)

(undefined)

These 4 bits specify the start address
of the ROM window.

(The upper 1 digit of 4 digits when the
64 KB memory space is represented
in hexadecimal format (HEX).)

These 4 bits specify the end address
of the ROM window.

(The upper 1 digit of 4 digits when the
64 KB memory space is represented
in hexadecimal format (HEX).)

Bits 4 and 5 must be set to “1”.

Figure 4-1 ROMWIN Configuration
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If internal RAM is located in the data memory area specified as the ROM window, the data
memory’sinternal RAM will have priority.

The data memory space specified as the ROM window area cannot be used as normal external
data memory.

The ROM window start address is 2000H or above for segment 0, and 1000H or above for

segments 1 to 15. The end address can be selected among the four end addresses listed in
Table 4-2.

Table 4-2 End Address List

_ROMWIN End address [H]
Bit 7 Bit 6

0 0 3FFF

0 1 7FFF

1 0 BFFF

1 1 FFFF

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ROMWIN is undefined and the ROM window function does not operate.

ROMWIN can be written to once after reset. Additiona writing attempts will be ignored.
Therefore, after the ROM window function has been set it can only be modified after a reset.
ROMWIN can be read as many times as desired.

[Note]

Therelative sizes of the start address “X” and the end address “Y” written to ROMWIN are
not evaluated by the hardware. Therefore, be sure that X <Y within the program.
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4.4

44.1

READY Function

So that memory and general-purpose | Cs with slow access speeds can be connected externally,
wait cycles can be specified to be inserted during external memory accesses. There are two
registers that specify the number of wait cycles, the ROM ready control register (ROMRDY))
and the RAM ready control register (RAMRDY).

ROMRDY specifies wait cycles when the externa ROM mode is used for the program
memory space.

RAMRDY specifies wait cycles when the data memory space is extended externaly.
Memory can be divided into the two areas of address 0000H to 7FFFH and 8000H to FFFFH,
and wait cycles can be specified for each area.

Table 4-3 lists the number of wait cycles that can be specified for RAMRDY and ROMRDY .

Table 4-3 Wait Cycles

Control register Number of wait cycles to be inserted
ROMRDY 0to3
RAMRDY Oto7

ROM Ready Control Register (ROMRDY)

The ROM ready control register (ROMRDY) consists of two hits. ROMRDY specifies the
number of wait cycles with bits0 and 1 (ORDY 0 and ORDY 1).

ROMRDY can be read from and written to by the program. However, write operations are
invalid for bits 3 and 7. Also, if writing to bits 2, 4, 5, and 6, they must be written as “0".
When read, bits3 and 7 are dways “1” and bits 2, 4, 5, and 6 are “0".

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ROMRDY becomes 8BH and the largest number of wait cycles are set.
Therefore, three wait cycles will be added and inserted when external program memory is
accessed.

Figure 4-2 shows the configuration of ROMRDY .
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7 6 5 4 3 2 1 0
rRomroy [ — [ *0" [ o | o | — | "0 orovijoroyo]  Address: 000C [H]
At reset 1 0 0 0 1 0 1 1

Number of wait cycles to be
added and inserted during an

ORDY

1 [ O | external program memory access
0|0 0 cycles

01 1 cycle

110 2 cycles

111 3 cycles

“—"indicates a nonexistent bit.
When read, its value will be “1”.

“0” indicates that the value “0” must always
be written to this bit. When read, its value
will be “0”.

1 cycleis 1 CPUCLK.

Figure 4-2 ROMRDY Configuration

4.4.2 RAM Ready Control Register (RAMRDY)

The RAM ready control register (RAMRDY) consists of 6 hits. Bits 0 to 2 (ARDY00 to
ARDY02) of RAMRDY specify the number of wait cycles for the external RAM area from
0000H to 7FFFH. Bits 4 to 6 (ARDY 10 to ARDY 12) specify the number of wait cycles for
the external RAM area from 8000H to FFFFH. The number of wait cycles is uniform for al
segments and settings are divided into the two areas of 0000H to 7FFFH (segment 0 is 2000H
to 7FFFH) and 8000H to FFFFH.

RAMRDY can be read from and written to by the program. However, write operations are
invalid for bits3and 7. When read, bits3and 7 are always“1".

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), RAMRDY becomes FFH and the largest number of wait cycles are set.
Therefore, seven wait cycles will be added and inserted when external data memory is
accessed.

Figure 4-3 shows the configuration of RAMRDY .
[Note]

In contrast to an internal data memory access, when external data memory is accessed, 2 or
3 cycles are automatically inserted for each 1 byte access RAMRDY specifies the
number of cycles to be inserted in addition to the 2 or 3 cycles that are inserted
automatically inserted.
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7 6 5 4 3 2 1 0
RAMRDY ’ —_ ‘ARDYlZ‘ARDYll‘ARDYlO‘ e ‘ARDYOZ‘ARDYOl‘ARDYOO‘ Address: 000D [H]
R/W access: RIW

At reset 1 1 1 1 1 1 1 1

Number of wait cycles to be added
ARDYO |and inserted when accessing external
data memory 0000H to 7FFFH

0 cycles

1 cycle

2 cycles

3 cycles

4 cycles

5 cycles

6 cycles

R Rk~ |olo|o|o|N)
k| o|o|k|-|o|o| -
~|o|k|o|rlo|r|o|o

7 cycles

Number of wait cycles to be added
and inserted when accessing external
data memory 8000H to FFFFH

X
w)
<
[N

0 cycles

1 cycle

2 cycles
3 cycles

4 cycles

5 cycles

6 cycles

R (FlololoNd >
RO ok koo
=]l le] ] o))

7 cycles

“—" indicates a nonexistent bit.
When read, its value will be “1".

1 cycleis 1 CPUCLK.

Figure 4-3 RAMRDY Configuration
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4.5 EXPANDED RAM Ready Control Register (XPDRDY)
The EXPANDED RAM ready control register (XPDRDY) consists of 3 bits. Bits 0 to 2
(XRDYO to XRDY?2) of XPDRDY specify the number of wait cycles for the EXPANDED
RAM areafrom 1200H to 1FFFH.
XPDRDY can be read from and written to by the program. However, write operations are
invalid for bits3to 7. When read, bits 3to 7 are always “1".
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), RAMRDY becomes FFH and the largest number of wait cycles are set.
Therefore, seven wait cycles will be added and inserted when the EXPANDED RAM area is
accessed.
Figure 4-4 shows the configuration of XPDRDY .
7 6 5 4 3 2 1 0
— — - — — Address: 000A [H]
XPDRDY ’ ‘ ‘ ‘ ‘ ‘XRDYZ ‘ XRDY1 ‘XRDYO ‘ RIW access: RW
At reset 1 1 1 1 1 1 1 1
Number of wait cycles to be added
XRDY | and inserted when accessing
EXPANDED RAM area 1200H to
2|1|0)| 1FFFH
0[0[0 0 cycles
0/0[1 1 cycle
0j1|0 2 cycles
0l1)1 3 cycles
1/0/0 4 cycles
1/0[1 5 cycles
1/1]0 6 cycles
1111 7 cycles
“—" indicates a nonexistent bit.
When read, its value will be “1”.
1 cycleis 1 CPUCLK.
Figure 4-4 XPDRDY Configuration
[Notes]

(In the explanation below, read XRDY as (XRDY2, XRDY1, XRDYO0).)

1. When the main clock oscillates at 12 MHz: XRDY = 1H is recommended.
Set XRDY to a value from 1H to 7H if the media control function is used and data is
read.

2. When the main clock oscillates at 16 MHz: XRDY = 1H is recommended.
Set XRDY to a value from 1H to 7H. Setting to OH is disabled.

3. When the main clock oscillates at 24 MHz: XRDY = 2H is recommended.
Set XRDY to a value from 1H to 7H. Setting to OH is disabled.
In the emulator, if the media control function is used and data is read, set XRDY to
a value from 2H to 7H.
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Port Functions

Overview

The ML66525 family has 64 pins of 1/0 port, 6 pins of input-only port and 1 pin of output-only
port.

Each individua bit of al the /O ports can be specified as input or output. All I/O ports have
internal pull-up resistors that can be programmed for each individual bit. (Excluding P9_0)

If configured as inputs, the pins are high impedance inputs.  If configured as outputs, they are
push-pull outputs. In addition to the port function, some ports are assigned an internal
function (secondary function).

Table 5-1 shows port function summary.
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Table 5-1 Port Function Summary

Port name Pin Type | Number | 1/O Secondary function

Port 0 PO_Oto PO_7 A 8 I/O | External memory access DO to D7 (I/0)

Port 1 P1 OtoP1_7 B 8 I/0 | External memory access A8 to Al5 (output)

Port 2 P2 0toP2_3 B 4 I/O | External memory access A16 to A19 (output)
P3_1 B 1 I/O | External program memory access PSENnN (output)

Port 3 p3_2* F 1 I/0 | External data memory access RDn (output)
P3_3 C 1 I/O | External data memory access WRn (output)

Port 4 P4 O0toP4 7 B 8 I/0 | External memory access A0 to A7 (output)

Port 6 P6_0to P6_3 D 4 I/0 | External interrupt EXINTO to EXINT3 (input)

Port 7 pP7_6,P7_7 D 2 I/0 | PWM output PWMOOUT, PWM1OUT (output)
P8_0 D 1 I/O | SIO1 receive data input RXD1 (input)

Port 8 P8_1 D 1 I/O | SIO1 transmit data output TXD1 (output)
P8 2 D 1 I/0 | SIO1 receive clock RXC1 (1/O)
P8_3 D 1 I/O | SIO1 transmit clock TXC1 (1/O)

Port 9 P9 0,P9 1 G 2 I/O | External interrupt EXINT4, EXINTS5 (input)
P10 0 D 1 I/O | SIO3 transmit-receive clock SIOCKS3 (1/O)
P10_1 D 1 I/O | SIO3 receive data input SIOI3 (input)

Port 10 P10_2 D 1 I/O | SIO3 receive data output SIOO3 (output)
P10_3 H 1 I/O | SIO4 transmit/receive clock SIOCKA4 (1/0O)
P10 4 D 1 I/O | SIO4 transmit data output SIO0O4 (output)
P10 5 D 1 I/O | SIO4 receive data input  SIOI4 (input)

Port 12 P12 OtoP12_3 E 4 | A/D converter analog input  AlO to AI3 (input)

Port 13 P13 0, P13 1 [ 2 [ External interrupts EXINT8, EXINT9 (input)
P15 0 D 1 I/O | SIO6 receive data input RXD6 (input)

Port 15 P15_1 D 1 I/0 | SIO6 transmit data output TXD6 (output)
P15 _2 D 1 I/0O | SIO6 receive clock RXC6 (1/O)
P15 3 D 1 I/O | SIO6 transmit clock TXC6 (1/O)

Port 20 P20_0to P20_7 D 8 I/O | NAND Flash Memory Access FDO to FD7 (1/O)
P21_0 D 1 I/O | NAND Flash Memory Access FRDn (output)
P21_1 D 1 /O | NAND Flash Memory Access FWDn (output)

Port 21 p21_2 D 1 I/0 | NAND Flash Memory Access FCLE (output)
P21 3 D 1 /O | NAND Flash Memory Access FALE (output)
P21 4 D 1 I/O | NAND Flash Memory Access FRB (input)

* P3_2/RDn is an output-only port when used in the emulator.
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5.2

5.2.1

Hardware Configuration of Each Port
In the ML66525 family, corresponding to each function, there are five categories of ports.

Type A (PO)

The type A port has a secondary function and functions as an I/O pin. Depending on the state
of the port mode registers (POION) and the port secondary function control registers (POSFn),
the port configuration is switched between input, pulled-up input, output, and secondary
function I/O (external memory data |/O).

Because type A ports access external program memory as a secondary function, the port status
is determined by the status of the EAn pin (that specifies external memory access).

When reset (due to RESh input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the pin status will be as follows.

EAnR pin status Port initial status
H High impedance input port
L Secondary function I/O port

Figure 5-1 shows the type A configuration.

control

f|‘| PO n
P ' > s+ PO n
g N

[ —d >—{PosFn] ] Pull-up

[%2]
>
o
<
c
) POION
£

]

~
EA Secondary Read Secondary Secondary
function control control function output  function input

Figure 5-1 Type A Configuration
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5.2.2 Type B (P1, P2, P3_1, P4)

The type B port has a secondary function and functions asan I/O pin. Depending on the state
of the port mode registers (PmlOn) and the port secondary function control registers (PmSFn),
the port configuration is switched between input, pulled-up input, output, and secondary
function output (external memory access).

Because type B ports access external program memory as a secondary function, the port status
is determined by the status of the EAn pin (that specifies external memory access).

When reset (due to RESn input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the pin status will be as follows.

EAn pin status Port initial status
H High impedance input port
L Secondary function I/O port

Figure 5-2 shows the type B configuration.

/\IJ control
‘|»| Pm_n ] ~
«—[1Pm_n
@ ]
=} —
2 J m=1,n=0to7
E m=2,n=0to03
e m=4,n=0to7
~
L
EAN Read Secondary
control function output

Figure 5-2 Type B Configuration
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5.2.3 Type C (P3_3)

The type C port has a secondary function. Depending on the state of the port mode registers
(P3103) and the port secondary function control registers (P3SF3), the port configuration is
switched between input, pulled-up input, output, and secondary function output (external
Mmemory access).

When reset (due to RESn input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of P3103 and P3SF3 is “0” and the port will be configured as a
high impedance input port.

Figure 5-3 shows the type C configuration.

P3SF3 Pull-up
/\] control —
P3_3
P33
) ] ||
5 N n=3
©
s P3103
(]
5
1
~
Read Secondary
control function output

Figure 5-3 Type C Configuration
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5.2.4 Type D (P6, P7, P8, P10_0to P10_2, P10_4, P10_5, P15, P20, P21)

Internal bus

The type D port has a secondary functi

on. Depending on the state of the port mode registers
(PmIOn) and the port secondary function control registers (PmSFn), the port configuration is
switched between input (primary/secondary function), pulled-up input (primary/secondary

function), output, and secondary function output.

When reset (due to RESn input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of PmIOn and PmSFn is“0” and the port will be configured as a

high impedance input port.

Figure 5-4 shows the type D configuration.

‘leSFn [

J»| Pm_n ) ~
pd L
~
Jf| PmIOn
!
~
Read Secondary Secondary
control function output  function input

Figure 5-4 Type D Configuration

O0Pm_n

m=6,n=0to 3
m=7,n=6,7
m=8,n=0to3
m=9,n=0
m=10,n=0to5
m=13,n=0,1
m=15n=0to 3
m=20,n=0to 7
m=21,n=0to 4
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5.2.5 Type E (P12)

The type E port has a secondary function input, but is an input-only port that is not assigned a
port mode register (PnlO) and a port secondary function control register (PnSF).

P12 also functions as the analog input of the A/D converter.

Figure 5-5 shows the type E configuration.

14

Analog input P12 _n
ADON n=0to 3
Data bus <F
Read
control

Figure 5-5 Type E Configuration
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5.2.6 Type F (P3_2)

The type F port has a secondary function. Depending on the state of the port mode register
(P3102) and the port secondary function control register (P3SF2), the port configuration is
switched between input, pulled-up input, output, and secondary function output (external
Mmemory access).

Further, the 80 system or the 68 system can be selected for the secondary function output
depending on the state of bit 3 (STBSEL) of the internal control register (P510). (See Section
13.4.)

When reset (due to RESn input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of P3102 and P3SF2 is “0” and the port will be configured as a
high impedance input port.  Figure 5-6 shows the type F configuration.

P3SF2 Pull-up |
] control '
P3 2
P3 2
) 1 a
3 N
IS
[
5 P3102
=
]
N
L— Read RDn  P5I0 hit3 (STBSEL)
) control WRn

Secondary
function output

Figure 5-6 Type F Configuration

[Note]
The input state and the pull-up state cannot be set in the emulator.
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5.2.7 Type G (P9_0)

The type G port has a secondary function. Depending on the state of the port mode register
(P9I00) and the port secondary function control register (P9SF0), the port configuration is
switched between input (primary or secondary function) and output. This port does not have
the pull-up function.

Further, since this port has a5 V input tolerant structure, it is possible to directly input a5 Vv
signal.

When reset (due to RESn input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of POIO0 and POSFO is “0" and the port will be configured as a
high impedance input port.  Figure 5-7 shows the type G configuration.

POSFO /\I_I
P90 Ld ) ™~ P9 0

e
E 8
©
= P9I00
[J]
£

/\II 5V tolerant
input
T Read Secondary
control function input

Figure 5-7 Type G Configuration
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5.2.8 Type H (P10_3)

The type H port has a secondary function. Depending on the state of the port mode register
(P10103) and the port secondary function control register (P10SF3), the port configuration is
switched between input, pulled-up input, output, and secondary function output. Note that the
selection between input and output must be made by setting bit 5 (SCK410) of the interna
control register (P510O) apart from the port mode register (P10103).

Further, for both input and output (primary or secondary function), it is possible to switch the
polarity by bit 4 (SCK4INV) of the internal control register (P510). (See Section 13.4.)

When reset (due to RESn input, BRK instruction execution, watchdog timer overflow or an
opcode trap), theinitial value of P10103 and P10SF3is“0” and the port will be configured as a
high impedance input port.  Figure 5-8 shows the type H configuration.

P10_3 0
» ] L|>O— 1s P10 3
3 ~ —
g 0
] H1
£ terits
P10I03
1
~
0
s1 —O<]—I
Read !
control P5IO P510
bit 4 (SCK4INV) bit 5 (SCK410)
Secondary
function output

Secondary
function input

Figure 5-8 Type H Configuration
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5.2.9 Type | (P13)

The type | port has a secondary function input, but is an input-only port that is not assigned a
port mode register (PnlO) and a port secondary function control register (PnSF).

Figure 5-9 shows the type | configuration.

Data bus =

Read
control

P13 0
P13 1

Secondary
function input

Figure 5-9 Type | Configuration
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5.3 Port Registers

There are three types of port control registers in the ML66525 family.

» Port dataregisters (Pn: n=0to 4, 6 to 10, 12, 13, 15, 20, 21)

» Port mode registers (PnlO: n=0to 4, 6 to 10, 15, 20, 21)

» Port secondary function control registers (PnSF: n=0to0 4, 6 to 10, 13, 15, 20, 21)

These registers are allocated as SFRs.

Table 5-2 listsa summary of the port control SFRs.

Table 5-2 Port Control SFR Summary (1/2)
Address Symbol | Symbol 8/16 Initial Reference
[H] Name ()t/)yte) (\gvord) RIW operation | value [H] page

0018 Port 0 data register PO — R/W 8 00 5-16
0019 Port 1 data register P1 — R/W 8 00 5-18
001A¥¢ | Port 2 data register P2 — R/W 8 00 5-20
001B ¥ | Port 3 data register P3 — R/W 8 00 5-22
001C Port 4 data register P4 — R/W 8 00 5-24
001E ¥ | Port 6 data register P6 — R/W 8 00 5-26
001F % | Port 7 data register P7 — R/W 8 00 5-28
00B8 ¢ | Port 8 data register P8 — R/IW 8 00 5-30
00B9 ¥¢ | Port 9 data register P9 — R/W 8 00 5-32
00BAY< | Port 10 data register P10 — R/W 8 00 5-34
00BCYr | Port 12 data register P12 — R 8 Undefined 5-37
00BD7 | Port 13 data register P13 — R 8 Undefined 5-38
00BF ¥t | Port 15 data register P15 — R/W 8 00 5-39
1B80 Port 20 data register P20 — R/W 8 00 5-41
1B81% | Port 21 data register P21 — R/W 8 00 5-43
0020 Port 0 mode register POIO — R/W 8 00/FF 5-16
0021 Port 1 mode register P1I1O0 — R/W 8 00/FF 5-18
0022 % | Port 2 mode register P210 — R/W 8 00/0F 5-20
0023 v | Port 3 mode register P310 — R/W 8 00/02 5-22
0024 Port 4 mode register P410 — R/W 8 00/FF 5-24
0026 % | Port 6 mode register P61O — R/W 8 00 5-26
0027 ¥¢ | Port 7 mode register P710 — R/W 8 00 5-28
00CO ¥ | Port 8 mode register P8IO — R/W 8 00 5-30
00C1¥r | Port 9 mode register P9IO — R/W 8 00 5-32
00C2 ¢ | Port 10 mode register P10I10 — R/W 8 00 5-34
00C5% | Port 15 mode register P15I0 — RIW 8 00 5-39
1B82 Port 20 mode register P20I10 — R/W 8 00 5-41
1B83 % | Port 21 mode register P2110 — R/W 8 00 5-43
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Table 5-2 Port Control SFR Summary (2/2)

Address Name Symbol | Symbol RIW 8/16 Initial Reference
[H] (byte) (word) operation | value [H] page
oozg | FortO secondary function POSF | — |Rw 8 00/FF 5-16
control register
0029 Port 1 secqndary function P1SF . RIW 8 00/EF 5.18
control register
0024 v | Fort 2 secondary function P2SF | — |Rw| 8 00/0F 5-20
control register
Port 3 secondary function
002B - P3SF — R/W 8 00/02 5-22
control register
oozc | Port4 secondary function PasF | — |Rw 8 00/FF 5-24
control register
002E Port 6 seC(_)ndary function PESE . RIW 8 00 5.26
control register
002E Port 7 secqndary function P7SE . RIW 8 00 5.28
control register
00C8 Port 8 seC(_)ndary function P8SF . RIW 8 00 5-30
control register
00C9 Port 9 secc_)ndary function POSF . RIW 8 00 5.32
control register
00CA Port 10 segondary function P10SF . RIW 8 00 5.34
control register
00C7 Port 15 sec_:ondary function P15SE . RIW 8 00 5.39
control register
1B84 Port 20 segondary function P2OSE . RIW 8 00 5.41
control register
1885 Port 21 se(_:ondary function P21SE - RIW 8 00 5.43
control register
[Notes]

1. Addresses are not consecutive in some places.
2. A star (5¢) in the address column indicates a missing bit.

3. Initial values may change depending upon the status of the EAn pin (mode
registers and secondary control registers for port O to port 4). Listings are in the
order of EAn = high-level/low-level.

4. For details, refer to Chapter 22, “Special Function Registers (SFRs)".
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53.1

5.3.2

Port Data Registers (Pn: n=0to 4, 6to 10, 12, 13, 15, 20, 21)
Port dataregisters (Pn: n=0to 4, 6to 10, 12, 13, 15, 20, 21) store the port output data.

Pn registers are allocated as SFRs and when reset (due to a RESn input, BRK instruction
execution, watchdog timer overflow, or opcode trap), their value becomes O0H.

If an instruction to read Pn is executed, for ports specified as inputs, the pin status (“0” or “1")
will be read. For ports specified as outputs, the Pn status (“0” or “1”) will be read. If an
instruction to write to Pn is executed, regardless whether the port is input or output, data will
be written to Pn.  Because P12 is an input-only port, only read instructions can be executed.
If aread instruction is executed, the pin status (“0” or “1") will be read.

[Note]

If a bit specified as input by the port mode register (PnlO) is read, the pin status will be
read. When writing data to a port data register (Pn), if read-modify-write instructions such
as arithmetic, logical and bit manipulation instructions are used, the port data register (Pn)
of the bit specified as an input will be overwritten.

Port Mode Registers (PnlO: n=0to 4, 6 to 10, 15, 20, 21)

Port mode registers (PnlO : n=0t0 4, 6 to 10, 15, 20, 21) specify whether I/O ports are inputs
or outputs.

PnlO registers are allocated as SFRs and when reset (due to a RESn input, BRK instruction
execution, watchdog timer overflow, opcode trap), their value becomes 00H and all ports will
be set to the input mode. However, if the EAn pin is at a low level, ports used to access
external memory will automatically be set to the output mode.

Setting each individual bit of PnlO to “0" configures the input mode and “1” configures the
output mode.
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5.3.3 Port Secondary Function Control Registers (PnSF: n=0to 4, 6 to 10, 15, 20, 21)

Port secondary function control registers (PnSF : n = 0 to 4, 6 to 10, 15, 20, 21) specify the
secondary function output for ports.

PnSF registers are allocated as SFRs and when reset (due to RESnh input, BRK instruction
execution, watchdogtimer overflow, or opcode trap) their values become 00H and the primary
function will be selected for al ports. However, if the EAn pinisat alow level, ports used to
access external memory will automatically be configured as secondary function outputs.

When the port isin input mode, if PnSF is set to “1”, the input will be pulled-up. When the
port is in output mode, if PnSF is set to “1", the secondary function output will be selected.
The secondary function input does not depend upon PnSF, and can be read in the same manner
as the primary function input with PnlO = 0.

Table 5-3 lists the port status due to the settings of the port mode register and the port
secondary function control register.

Table 5-3 Port Settings

PnlO PnSF Function
0 0 Input (primary/secondary function)
0 1 Pulled-up input (primary/secondary function)
1 0 Output (primary function)
1 1 Output (secondary function)

If aport that is not assigned a secondary function is set to secondary function output (PnlO =1,
PnSF = 1), “0” will be output to that port.

Table 5-4 lists the values read when reading the port data register (Pn: n=0to 4, 6 to 10, 15,
20, 21) according to the settings of port mode register (PnlO) and port secondary control

register (PnSF).
Table 5-4 Port Data Register Read Data
PnlO PnSF Read data
0 * Pin status
1 0 Pn (value of port data register)
1 1 Output secondary function data

*“0”or “1,”n: 0 to 4, 6 to 10, 15, 20, 21
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5.4

PO
At reset

POIO

At reset
(EAn = H/

POSF

At reset
(EAN = H/

Port 0 (PO)

Port O is an 8-hit I/O port. Each individual bit can be specified as input or output by the port
0 mode register (POIO). When output is specified (corresponding bits of POIO = “1"), the
value of the corresponding bits in the port O data register (PO) will be output from their
appropriate pins.

In addition to its port function, PO is assigned a secondary function (external memory data 1/O).
If the secondary function is to be used, set the corresponding bits of the port 0 mode register
(POIO) and the port 0 secondary function control register (POSF) to “1”.

If the port is specified as an input (corresponding bits of POIO = “0") and the port 0 secondary
function control register (POSF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

Figure 5-6 shows the configuration of the port O data register (P0), port 0 mode register (POIO)
and the port 0 secondary function control register (POSF).

7 6 5 4 3 2 1 0
[Po_7 [Po6 [Po5[Po4a]Po3]Po2[Poi]Poo] Address: 0018 [H]
0 0 0 0 0 0 0 0 R/W access: RIW
7 6 5 4 3 2 1 0
[Poio7 [ Poios | Poios | Poio4 | Poioa | Poioz | Poiot [ Poioo Address: 0020 [H]
o1 01 01 01 01 01 01 01 RIW access: RIW
R N N N I N
7 6 5 4 3 2 1 0
XAD7 | XAD6 | XAD5 | XAD4 | XAD3 | XAD2 | XAD1 | XADO Address: 0028 [H]
POSF7 | POSF6 | POSF5 | POSF4| POSF3 | POSF2| POSF1| POSFO R/W access: RIW
0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
L ‘ 0 (Input setting) 1 (Output setting)
0 | Not pulled- Primary function PO_0 output
PuecUPl  po_o input : P
1 Pulled-up Secondary function| Data 0 I/O
0 R Primary function | PO_1 output
Not pulled-up PO_1 input : p
1| Pulled-up Secondary function| Data 1 1/0
0 | Not pulled-up ) Primary function | PO_2 output
PO_2 input -
1| Pulled-up Secondary function| Data 2 1/0
0 | Not pulled-up . Primary function | PO_3 output
PO_3 input -
1| Pulled-up Secondary function|  Data 3 I/O
0 | Not pulled- Primary function | PO_4 output
< puEecup PO_4 input - P
1 Pulled-up Secondary function| Data 4 I/O
0 | Not pulled-up Primary function | PO_5 output
PO_5 input -
1| Pulled-up Secondary function|  Data 5 I/0
0 | Not pulled-up Primary function | PO_6 output
PO_6 input -
1| Pulled-up Secondary function|  Data 6 /O
0 | Not pulled-up Primary function | PO_7 output
PO_7 input -
1 Pulled-up Secondary function| Data 7 I/O

Figure 5-6 PO, P0OIO, POSF Configuration
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Table 5-5 lists the data that is read, depending on the settings of POIO and POSF, when
executing an instruction to read PO.

At reset (due to RESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EAn pinis at a high level, PO will become a high impedance input port (POIO =
00H, POSF = 00H) and the contents of PO will be 00H. If the EAn pinis at alow level, PO
will be set as a secondary function /O port (POIO = FFH, POSF = FFH) and the contents of PO

will be O0OH.
Table 5-5 PO Read Data
POIO POSF Read data

PO 0 0 * PO_0 pin state

- 1 * Value of bit 0 of PO (port data register)
PO 1 0 * PO_1 pin state

- 1 * Value of bit 1 of PO (port data register)
PO 2 0 * PO_2 pin state

- 1 * Value of bit 2 of PO (port data register)
PO 3 0 * PO_3 pin state

- 1 * Value of bit 3 of PO (port data register)
PO 4 0 * PO_4 pin state

- 1 * Value of bit 4 of PO (port data register)
PO 5 0 * PO_5 pin state

- 1 * Value of bit 5 of PO (port data register)
PO 6 0 * PO_6 pin state

- 1 * Value of bit 6 of PO (port data register)
PO 7 0 * PO_7 pin state

- 1 * Value of bit 7 of PO (port data register)

“*” indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for
PO, depending on the settings of POIO and POSF, values will be read as listed in Table
5-5. The modified values will be written to PO (port O data register).
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55 Port1(P1)
Port 1 is an 8-bit I/O port. Each individual bit can be specified as input or output by the port
1 mode register (P11O). When output is specified (corresponding bits of P11O = “1"), the
value of the corresponding bits in the port 1 data register (P1) will be output from their
appropriate pins.
In addition to its port function, P1 is assigned a secondary function (external memory address
output). If the secondary function isto be used, set the corresponding bits of the port 1 mode
register (P110) and the port 1 secondary function control register (P1SF) to “1”.
If the port is specified as an input (corresponding bits of P11O = “0") and the port 1 secondary
function control register (P1SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.
Figure 5-7 shows the configuration of the port 1 data register (P1), port 1 mode register (P110)
and the port 1 secondary function control register (P1SF).
7 6 5 4 3 2 1 0
PL [P17[P16]PL5[P14 P13 [Pl2][PL1|P1O]| Address: 0019 [H]
At reset 0 0 0 0 0 0 0 0 R/W access: RIW
7 6 5 4 3 2 1 0
P10 [P1107 [P1i06 [P1105 [P1104 [P1i03 [P1102 [P1i01 [P1I00 | RIWAddress' L:;\i,l 4
At reset access:
(EAn = HIL) (‘)/1 C‘)/l (‘)/1 0/‘1 0/‘1 0/‘1 0/‘1 0‘/1
7 6 5 4 3 2 1 0 )
pise  |XDMI5[XDM14]XDM13]XDM12] XDMI1[XDM10] XDM9 | XOM8 Address: 0029 [H]
At reset P1SF7 |P1SF6 |P1SF5 | P1SF4|P1SF3 [P1SF2 |P1SF1 [P1SFO R/W access: RIW
(EAn=H/L) 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
0 (Input setting) 1 (Output setting)
‘ 0 | Not pulled-up P10 input Primary function P1_0 output
1| Pulled-up - Secondary function| Address 8 output
0 | Not pulled-up P1_1input Primary function P1_1 output
1| Pulled-up - Secondary function| Address 9 output
0 | Not pulled-up P12 input Primary function | P1_2 output
1| Pulled-up - Secondary function| Address 10 output
0 | Not pulled-up P1 3inout Primary function P1_3 output
1| Pulled-up —>1np Secondary function| Address 11 output
0 | Not pulled-up P1 4 inout Primary function P1_4 output
1 Pulled-up 4 1np Secondary function| Address 12 output
0 | Not pulled-up P1 5inout Primary function | P1_5 output
1 Pulled-up —> Inp Secondary function| Address 13 output
0 | Not pulled-up P1 6inout Primary function P1_6 output
1 Pulled-up o Inp Secondary function| Address 14 output
0 | Not pulled-up P17 input Primary functio.n P1_7 output
1 Pulled-up Secondary function| Address 15 output

Figure 5-7 P1, P1lO, P1SF Configuration
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Table 5-6 lists the data that is read, depending on the settings of P11O and P1SF, when
executing an instruction to read P1.

At reset (due to RESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EAn pinis at a high level, P1 will become a high impedance input port (P1I1O =
00H, P1SF = 00H) and the contents of P1 will be 00H. If the EAn pinis at alow level, P1
will be set as a secondary function output port (P11O = FFH, P1SF = FFH) and the contents of
P1 will be O0H.

Table 5-6 P1 Read Data

P1I10 P1SF Read data

P10 0 * P1_0 pin state

- 1 * Value of bit 0 of P1 (port data register)
P11 0 * P1_1 pin state

- 1 * Value of bit 1 of P1 (port data register)
P12 0 * P1_2 pin state

- 1 * Value of bit 2 of P1 (port data register)
P13 0 * P1 3 pin state

- 1 * Value of bit 3 of P1 (port data register)
P14 0 * P1 4 pin state

- 1 * Value of bit 4 of P1 (port data register)
P15 0 * P1_5 pin state

- 1 * Value of bit 5 of P1 (port data register)
Pl 6 0 * P1_6 pin state

- 1 * Value of bit 6 of P1 (port data register)
P17 0 * P1_7 pin state

- 1 * Value of bit 7 of P1 (port data register)

“*" indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P1, depending on the settings of P1IO and P1SF, values will be read as listed
in Table 5-6. The modified values will be written to P1 (port 1 data register).
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5.6 Port 2 (P2)
Port 2 isa4-bit I/O port. Each individual bit can be specified as input or output by the port 2
mode register (P210). When output is specified (corresponding bits of P210 =“1"), the value
of the corresponding bits in the port 2 data register (P2) will be output from their appropriate
pins.
In addition to its port function, P2 is assigned a secondary function (external memory address
output). If the secondary function isto be used, set the corresponding bits of the port 2 mode
register (P210) and the port 2 secondary function control register (P2SF) to “1”.
If the port is specified as an input (corresponding bits of P210 = “0") and the port 2 secondary
function control register (P2SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.
Figure 5-8 shows the configuration of the port 2 data register (P2), port 2 mode register (P210)
and the port 2 secondary function control register (P2SF).
7 6 5 4 3 2 1 0
P2 [ — [ — [ = ] = [pr2a[pPa2[pP21]P20] Address: 001A [H]
At reset 0 0 0 0 0 0 0 0 R/W access: RIW
7 6 5 4 3 2 1 0
pao [ — [ — [ — [ — [paio3[p202]P2i01] P2100] Address: 0022 [H]
At reset 0 0 o o o1 o1 o1 01 RIW access: RIW
(EANn = H/L) . ‘ ‘ ‘
7 6 5 4 3 2 1 0
poSE ‘ _ l _ ‘ _ ‘ _ ‘XDMlQlXDMls‘XDMN‘XDMlG‘ Address: 002A [H]
P2SF3|P2SF2| P2SF1| P2SFO R/W access: RIW
At reset 0 0 0 0 0/1 0/1 0/1 0/1
(BAn=HIL) ‘ 0 (Input setting) 1 (Output setting)
0 |Not pulled-up . Primary function P2_0 output
1 Pulled-up P2_Oinput Secondary function|Address 16 output
0 | Not pulled-up . Primary function | P2_1 output
1 Pulled-up P2_1input Secondary function |Address 17 output
0 | Not pulled-up P2 2 inout Primary function | P2_2 output
1 Pulled-up - p Secondary function|Address 18 output
0 | Not pulled-up P2 3 inout Primary function P2_3 output
1 Pulled-up —=1np Secondary function|Address 19 output

“—" indicates a bit that does not exist. If read, the value will be “0”.

Figure 5-8 P2, P2I0, P2SF Configuration
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Table 5-7 lists the data that is read, depending on the settings of P210 and P2SF, when
executing an instruction to read P2.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EAn pinis at a high level, P2 will become a high impedance input port (P2IO =
00H, P2SF = 00H) and the contents of P2 will be 00H. If the EAn pinis at alow level, P2
will be set as a secondary function output port (P2IO = OFH, P2SF = OFH) and the contents of
P2 will be O0H.

Table 5-7 P2 Read Data

P210 P2SF Read data

P2 0 0 * P2_0 pin state

- 1 * Value of bit 0 of P2 (port data register)
P2 1 0 * P2_1 pin state

- 1 * Value of bit 1 of P2 (port data register)
P2 2 0 * P2_2 pin state

- 1 * Value of bit 2 of P2 (port data register)
P2 3 0 * P2_3 pin state

- 1 * Value of bit 3 of P2 (port data register)

“*" indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P2, depending on the settings of P2I0 and P2SF, values will be read as listed
in Table 5-7. The modified values will be written to P2 (port 2 data register).
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5.7 Port 3(P3)
Port 3 is a 3-bit I/O port. Each individual bit can be specified as input or output by the port 3
mode register (P310).  When output is specified (corresponding bits of P3IO = “1"), the value
of the corresponding bits in the port 3 data register (P3) will be output from their appropriate
pins.
In addition to its port function, P3 is assigned secondary functions (PSENn, RDn, and WRn
outputs). If asecondary function is to be used, set the corresponding bits of the port 3 mode
register (P310) and the port 3 secondary function control register (P3SF) to “1”.
If the port is specified as an input (corresponding bits of P310 = “0") and the port 3 secondary
function control register (P3SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.
Bit 2 of port 3 isaread-only port.
Be sureto set bit 2 (PO3102) of P3IO to “1” by programming.
Figure 5-9 shows the configuration of the port 3 data register (P3), port 3 mode register (P310)
and the port 3 secondary function control register (P3SF).
7 6 5 4 3 2 1 0
P3 ‘ — ‘ — ‘ — ‘ — ‘ P33 ‘ P32 ‘ P31 ‘ — ‘ Address: 001B [H]
At reset 0 0 0 0 0 0 0 0 R/W access: RIW
7 6 5 4 3 2 1 0
pso [ — [ — [ — [ — [pso3[paioz[Paior] — | Address: 0023 [H]
At reset 0 0 0 0 0 0 0/1 0 R/W access: RIW
(EAN = HIL) ‘ ‘ ‘
7 6 5 4 3 2 1 0 dd 0028 [H]
Address: B [H
Pask ‘ — ‘ — ‘ — ‘ — Ps\‘NS'F?ZS‘ PC?SDFZ‘ PPaSsEFNl‘ — ‘ RIW access: RW
Atreset 0 0 0 0 0 0 0/1 0
(EAN = HIL) - -
0 (Input setting) 1 (Output setting)
‘ 0 | Not pulled-up P3 1 inout Primary function | P3_1 output
1 Pulled-up L inpul Secondary function| PSENn output
0 Inaccessible Primary function | P3_2 output
1 Secondary function| RDn output
0 | Not pulled-u . Primary function | P3_3 output
1 PuFI)Ied-up : P3_2input Secondary function| WRn output

“—" indicates a bit that does not exist. If read, the value will be “0”.

Figure 5-9 P3, P3IO, P3SF Configuration

[Note]
In setting bit 2 of port 3, do not select “Inaccessible”.

At reset (RESn signal input, BRK instruction execution, overflow of watchdog timer,
opcode trap), “Inaccessible” is set. Therefore, be sure to set bit 2 of P3IO to “1” by
programming.
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Table 5-8 lists the data that is read, depending on the settings of P31O and P3SF, when
executing an instruction to read P3.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EAn pinis at a high level, P3 will become a high impedance input port (P310 =

00H, P3SF = 00H) and the contents of P3 will be O0H.

If the EAn pinisat alow level, only

P3 1 will be set as a secondary function 1/0 port (P31O = 02H, P3SF = 02H) and the contents

of P3 will be O0H.
Table 5-8 Read Data
P3IO P3SF Read data
P3 1 0 * P3_1 pin state
- 1 * Value of bit 1 of P3 (port data register)
P3 2 0 * P3_2 pin state
- 1 * Value of bit 2 of P3 (port data register)
P3 3 0 * P3_3 pin state
- 1 * Value of bit 3 of P3 (port data register)
“*" indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P3, depending on the settings of P3I0 and P3SF, values will be read as listed
in Table 5-8. The modified values will be written to P3 (port 3 data register).
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5.8

P4
At reset

P410

At reset
(EAN = H/

P4SF

At reset
(EAn = H/

Port 4 (P4)

Port 4 is an 8-bit I/O port. Each individual bit can be specified as input or output by the port
4 mode register (P410). When output is specified (corresponding bits of P4IO = “1"), the
value of the corresponding bits in the port 4 data register (P4) will be output from their
appropriate pins.

In addition to its port function, P4 is assigned a secondary function (external memory address
output). If the secondary function isto be used, set the corresponding bits of the port 4 mode
register (P410) and the port 4 secondary function control register (P4SF) to “1”.

If the port is specified as an input (corresponding bits of P41O = “0") and the port 4 secondary
function control register (PASF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

Figure 5-10 shows the configuration of the port 4 data register (P4), port 4 mode register
(P410) and the port 4 secondary function control register (P4SF).

7 6 5 4 3 2 1 0
[Pa7[Pac|Pas|pPas|Pas|Paz|Pai|pPan| Address: 001C [H
0 0 0 0 0 0 0 0 R/W access: RIW
7 6 5 4 3 2 1 0
[P4107 [ P4i06 | P4i0s [ Pai04 ] P4103 ] P4102 [ P4i01 | P4100] Address: 0024 [H]
o1 o1 o1 o1 o1 o1 o1 o1 WaccessiRW
S A N I
7 6 5 4 3 2 1 0
XDM7 | XDM6 | XDMS | XDMA4| XDM3 | XDM2 | XDML| XDMO Address: 002C [H]
P4SF7 | PASF6 | PASF5 | PASF4| PASF3 | PASF2| PASF1| PASFO R/W access: RIW
0/1 0/1 01 01 0/1 0/1 0/1 0/1
L ‘ 0 (Input setting) 1 (Output setting)
0 K Primary function P4_0 output
Not pulled-up P4_0 input y ! _ P!
1 Pulled-up Secondary function | Address 0 output
- Primary function P4_1 output
0 | Not pulled-up P4_1input y ! _ P!
1 Pulled-up Secondary function | Address 1 output
- Primary function P4_2 output
0 | Not pulled-up P4_2 input y ! _2 outpui
1 Pulled-up Secondary function | Address 2 output
0 K Primary function P4_3 output
Not pulled-up P4_3 input y ! _3 outpui
1 Pulled-up Secondary function | Address 3 output
0 R Primary function P4_4 output
Not pulled-up P4_4input y ! = p!
1 Pulled-up Secondary function | Address 4 output
R Primary function P4_5 output
0 | Not pulled-up P4_5 input y ! _ p
1 Pulled-up Secondary function | Address 5 output
0 R Primary function P4_6 output
Not pulled-up P4_6 input y ! a p!
1 Pulled-up Secondary function | Address 6 output
- Primary function P4_7 output
0 | Not pulled-up P4_7input y ! _ P!
1 Pulled-up Secondary function | Address 7 output

Figure 5-10 P4, P410O, P4ASF Configuration
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Table 5-9 lists the data that is read, depending on the settings of P41O and PASF, when
executing an instruction to read P4.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EAn pinis at a high level, P4 will become a high impedance input port (P41O =
00H, PASF = 00H) and the contents of P4 will be 00H. If the EAn pinis at a low level, P4
will be set as a secondary function output port (P410 = FFH, P4SF = FFH) and the contents of
P4 will be O0H.

Table 5-9 P4 Read Data

P410 PASF Read data

P4 0 0 * P4_0 pin state

- 1 * Value of bit 0 of P4 (port data register)
pa 1 0 * P4_1 pin state

- 1 * Value of bit 1 of P4 (port data register)
pa 2 0 * P4_2 pin state

- 1 * Value of bit 2 of P4 (port data register)
Pa 3 0 * P4 _3 pin state

- 1 * Value of bit 3 of P4 (port data register)
P4 4 0 * P4 _4 pin state

- 1 * Value of bit 4 of P4 (port data register)
P4 5 0 * P4_5 pin state

- 1 * Value of bit 5 of P4 (port data register)
P4 6 0 * P4_6 pin state

- 1 * Value of bit 6 of P4 (port data register)
pa 7 0 * P4_7 pin state

- 1 * Value of bit 7 of P4 (port data register)

“*" indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P4, depending on the settings of P4IO and P4SF, values will be read as listed
in Table 5-9. The modified values will be written to P4 (port 4 data register).
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5.9

P6

At reset

P610

Port 6 (P6)

Port 6 is a 4-bit I/O port. Each individual bit can be specified as input or output by the port 6
mode register (P610O). When output is specified (corresponding bits of P6IO = “1"), the value
of the corresponding bits in the port 6 data register (P6) will be output from their appropriate
pins.

In addition to its port function, P6 is assigned a secondary function (external interrupt input).
If the secondary function input is to be used, reset the corresponding bits of the port 6 mode
register (P610) to “0” to configure the input mode (same input as the primary function input).

If the port is set as an input (corresponding bits of P6IO = “0”) and the port 6 secondary
function control register (P6SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

If port 6 is set as a secondary function output (P61On = 1, P6SFn = 1), the output will be fixed
at “0”, regardless of the value of the port 6 data register.

Figure 5-11 shows the configuration of the port 6 data register (P6), port 6 mode register
(P610) and the port 6 secondary function control register (P6SF).

7 6 4 3 2 1 0 Address: 001E [H]
[ =] =] — ] —[re3[re2][Pe1]P60] Rwaccess:RW
0 0 0 0 0 0 0

7 6 5 4 3 2 1 0 Address: 0026 [H]
[P6107 [ P6i0s [ P6105 | P6io4 | P6I03 | P6I02| P6IOL] P6IO0|  Rw access: RAW

At reset o] 0 0 0 0 0 0 0

PGSF

At reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

Address: 002E [H]
‘ — ‘ — ‘ — ‘ — ‘PGSFB‘PBSFZ‘PBSFllPGSFO‘ R/W access: RIW

0 (Input setting) 1 (Output setting)
Not pulled-up P6_0 input Primary function | P6_0 output

External interrupt 0

Pulled-up input Secondary function 0 output*

0
1
0 | Not pulled-up Exlef’falmi?;g;ptl Primary function | P6_1 output
1 Pulled-up input Secondary function| 0 output*
0
1
0
1

Not pulled-up P6_2 input Primary function | P6_2 output
External interrupt 2 - =
Pulled-up input Secondary function 0 output*

Not pulled-up P6_3 input Primary function | P6_3 output
External interrupt 3 n —
Pulled-up input Secondary function| 0 output*

0 output*: “0” is output, regardless of the value of the port data register.
“—" indicates a bit that does not exist.

Figure 5-11 P86, P610, P6SF Configuration
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Table 5-10 lists the data that is read, depending on the settings of P61O and P6SF, when
executing an instruction to read P6.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P6 will become a high impedance input port (P61O = 00H, P6SF = 00H) and the contents
of P6 will be OOH.

Table 5-10 P6 Read Data

P610 P6SF Read data

o
*

P6_0/EXINTO pin state
Value of bit 0 of P6 (port data register)
“0"

P6_0

P6_1/EXINT1 pin state
Value of bit 1 of P6 (port data register)
“0"

P6_1

P6_2/EXINT2 pin state
Value of bit 2 of P6 (port data register)
“0”

P6_2

P6_3/EXINT3 pin state
Value of bit 3 of P6 (port data register)
“0"

P6_3

Rk (olk|[k|[olkr|r|o|kr|r
Ro| *|k|o| *|k|lof| *|r|o

[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P6, depending on the settings of P610O and P6SF, values will be read as listed
in Table 5-10. The modified values will be written to P6 (port 6 data register).
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5.10

P7

At reset

P710

At reset

P7SF

At reset

Port 7 (P7)

Port 7 is a 2-bit I/O port. Each individual bit can be specified as input or output by the port 7
mode register (P710). When output is specified (corresponding bits of P710 =“1"), the value
of the corresponding bits in the port 7 data register (P7) will be output from their appropriate
pins.

In addition to its port function, P7 is assigned secondary functions (such as SIOO0 receive data
input). If a secondary function output is to be used, set the corresponding bits of the port 7
mode register (P710) and the port 7 secondary function control register (P7SF) to “1”. If a
secondary function input is to be used, reset corresponding bits of the port 7 mode register
(P710) to “0” to configure the input mode (same input as the primary function input).

If the port is set as an input (corresponding bits of P710 = “0") and the port 7 secondary
function control register (P7SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

Figure 5-12 shows the configuration of the port 7 data register (P7), port 7 mode register
(P710) and the port 7 secondary function control register (P7SF).

7 6 5 4 3 2 1 0 Address: 001F [H]
[prr]re] — ] — [ =] =] =] — ] rwaccess:Rw
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address: 0027 [H]
[prio7[prios] — [ — [ — ] — ] — ] — ] rwaccessRW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Address: 002F [H]
IPWM10OUT[PWMOOUT| .
P7SF7 | P7SF6 - - - - - R/W access: RIW
0 0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0 | Not pulled-up Primary function | P7_6 output
P7_6 input -
1| Pulled-up Secondary function| PWMO output
0 |Not pulled-up Primary function | P7_7 output
P7_7 input -
1| Pulled-up Secondary function| PWM1 output

“—" indicates a bit that does not exist. If read, the value will be “0".

Figure 5-12 P7, P710, P7SF Configuration
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Table 5-11 lists the data that is read, depending on the settings of P710 and P7SF, when
executing an instruction to read P7.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P7 will become a high impedance input port (P710 = 00H, P7SF = 00H) and the contents
of P7 will be OOH.

Table 5-11 P7 Read Data

P710 P7SF Read data

o
*

P7_5/TM3EVT pin state
Value of bit 5 of P7 (port data register)
0"

P75

P7_6 pin state
Value of bit 6 of P7 (port data register)
PWMOOUT output data

P7_6

P7_7 pin state
Value of bit 7 of P7 (port data register)
PWM1OUT output data

P77

Rlr|o|k|kr|o|k]|-
Rlo| x|k |of x|k |o

“*" indicates “0” or “1”

[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P7, depending on the settings of P7I0 and P7SF, values will be read as listed
in Table 5-11. The modified values will be written to P7 (port 7 data register).
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5.11

Port 8 (P8)

Port 8 isa 4-bit I/O port. Each individual bit can be specified as input or output by the port 8
mode register (P8IO). When output is specified (corresponding bits of P8IO = “1"), the value
of the corresponding bits in the port 8 data register (P8) will be output from their appropriate
pins.

In addition to its port function, P8 is assigned secondary functions (such as SIO1 receive data
input). If a secondary function output is to be used, set the corresponding bits of the port 8
mode register (P8IO) and the port 8 secondary function control register (P8SF) to “1”. If a
secondary function input is to be used, reset corresponding bits of the port 8 mode register
(P8IO) to “0” to configure the input mode (same input as the primary function input).

If the port is set as an input (corresponding bits of P8I0 = “0") and the port 8 secondary
function control register (P8SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

If bit 0 of port 8 is set as a secondary function output (P8IO0 = 1, P8SFO = 1), the output will
be fixed at “ 0", regardless of the value of the port 8 data register.

Figure 5-13 shows the configuration of the port 8 data register (P8), port 8 mode register
(P8I0O) and the port 8 secondary function control register (P8SF).

7 6 5 4 3 Address: 00B8 [H]
e [ — [ — ] — ] — [re3[pPe2[Pe1]PBo] mrwaccess RwW
At reset 0 0 0 0 0 0 0 0
7 0 Address: 00CO [H]
Palo  [Psio7[Psios| — [Psio4[Psio3[Psio2] P8IOL] PBIOO| may access: RAW
At reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 )
pgsp  [TMBOUTPWHZOUT PWH4OUT] TXCL | RXCL| TXDL Address: 00C8 [H]
P8SF7 [P8SF6 P8SF4 |PasF3 | PasF2| PasF1| P850 raw access: Rw
At reset 0 0 0 0 0 0 0 0
‘ 0 (Input setting) 1 (Output setting)
" P8_0 input Pri fi i
0 | Not pulled-up S101 recgive rimary unctlgn P8_0 output
1| Pulled-up datainput  |Secondary function 0 output*
0 | Not pulled-up P8_1 input Primary function P8_1 output
1| Pulled-up Secondary function|SIO1 transmit data output
0 | Not pulled-up P8_2 input Primary function P8_2 output
SIO1 receive .
1| Pulled-up clockinput  |Secondary function|SIO1 receive clock output
0 | Not pulled-up P8_3 input Primary function P8_3 output
SIO1 transmit -
1| Pulled-up clockinput |Secondary function|sIO1 transmit clock output

0 output*: “0” is output, regardless of the value of the port data register
“—" indicates a bit that does not exist. If read, the value will be “0”.

Figure 5-13 P8, P8I0, P8SF Configuration
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Table 5-12 lists the data that is read, depending on the settings of P8IO and P8SF, when
executing an instruction to read P8.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P8 will become a high impedance input port (P8IO = 00H, P8SF = 00H) and the contents
of P8 will be OOH.

Table 5-12 P8 Read Data

P8IO P8SF Read data
0 * P8_0/RXD1 pin state
P8_0 1 0 Value of bit 0 of P8 (port data register)
1 1 ‘0"
0 * P8_1 pin state
P8 1 1 0 Value of bit 1 of P8 (port data register)
1 1 TXD1 output data
0 * P8 2/RXC1 pin state
P8 2 1 0 Value of bit 2 of P8 (port data register)
1 1 RXC1 output data
0 * P8 _3/TXC1 pin state
P8_3 1 0 Value of bit 3 of P8 (port data register)
1 1 TXC1 output data
“*" indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P8, depending on the settings of P8IO and P8SF, values will be read as listed
in Table 5-12. The modified values will be written to P8 (port 8 data register).
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5.12

P9

At reset

P9IO
At reset

POSF

At reset

Port 9 (P9)

Port 9 isa 1-bit I/O port. Each individual bit can be specified as input or output by the port 9
mode register (POIO).  When output is specified (corresponding bits of P9IO = “1"), the value
of the corresponding bits in the port 9 data register (P9) will be output from their appropriate
pins.

In addition to its port function, P9 is assigned secondary functions (such as Vbus detection
interrupt). |f asecondary function output is to be used, set the corresponding bits of the port 9
mode register (P9IO) and the port 9 secondary function control register (P9SF) to “1”. If a
secondary function input is to be used, reset corresponding bits of the port 9 mode register
(P91O) to “0” to configure the input mode (same input as the primary function input).

Bit O of port 9 cannot be pulled up.

If bits 0 to 3 of port 9 are set as secondary function outputs (P9I1On = 1, POSFn = 1), the output
will befixed at “0”, regardless of the value of the port 9 data register.

Figure 5-14 shows the configuration of the port 9 data register (P9), port 9 mode register
(P91O) and the port 9 secondary function control register (POSF).

7 6 5 4 3 2 1 0 Address: 00B9 [H]
‘ — ‘ — ‘ — ‘ — ‘ — ‘ — . — ‘ P9_0 ‘ R/W access: RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address: 00C1 [H]
‘ — ‘ — ‘ — ‘ — ‘ — ‘ — | — ‘ P9I0O0 ‘ R/W access: RIW
0 0 0 0 0 0 0
|
7 6 5 4 3 2 1 0
Address: 00C9 [H]
‘ - ‘ - ‘ - ‘ - ‘ - ‘ - . - ‘PQSFO‘ R/W access: RIW
0 0 0 0 0 0 0 0

0 (Input setting) 1 (Output setting)

P9_0 input
VBUSIN input (external

0
Not pulled-u i
1 P P g’;ﬁi’gﬁﬁg;?{,;‘;ﬂf) Secondary function 0 output*

Primary function P9_0 output

0 output*: “0” is output, regardless of the value of the port data register
“—" indicates a bit that does not exist. If read, the value will be “0".

Figure 5-14 P9, P90, P9SF Configuration
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Table 5-13 lists the data that is read, depending on the settings of POIO and POSF, when
executing an instruction to read P9.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P9 will become a high impedance input port (P91O = 00H, POSF = 00H) and the contents

of P9 will be OOH.
Table 5-13 P9 Read Data
P9IO POSF Read data
0 * P9_0/VBUSIN pin state
P9 0 1 0 Value of bit 0 of P9 (port data register)
1 1 “0"
“* indicates “0” or “1”

[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P9, depending on the settings of P9IO and P9SF, values will be read as listed
in Table 5-13. The modified values will be written to P9 (port 9 data register).
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5.13

P10

Atreset

P10I10
At reset

P10SF

Atreset

Port 10 (P10)

Port 10 isa 6-bit I/0O port. Each individual bit can be specified as input or output by the port
10 mode register (P1010).  When output is specified (corresponding bits of P101O = “1"), the
value of the corresponding bits in the port 10 data register (P10) will be output from their
appropriate pins.

In addition to its port function, P10 is assigned secondary functions (such as SIO3
transmit-receive clock 1/0). If a secondary function output is to be used, set the
corresponding bits of the port 10 mode register (P10I1O) and the port 10 secondary function
control register (P10SF) to “1". If a secondary function input is to be used, reset
corresponding bits of the port 10 mode register (P1010) to “0” to configure the input mode
(same input as the primary function input).

If the port is set as an input (corresponding bits of P10IO = “0") and the port 10 secondary
function control register (P10SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

If bits 1, 3, 4, and 5 of port 10 are set as secondary function outputs (P1010On = 1, P10SFn = 1),
the output will be fixed at “0", regardless of the value of the port 10 data register.

Figure 5-15 shows the configuration of the port 10 data register (P10), port 10 mode register
(P1010) and the port 10 secondary function control register (P10SF).

7 6 5 4 3 2 1 0 Address: 00BA [H]
[ — | — [rwo5]ri04]pr10_3[P10_2]P101[P10.0] R access:RW
0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address: 00C2 [H]
[ — [ — Jp1oio5[p10i04]p10103]P10102]P10101[P10I00]  RAW access: RW
o]
! 6 > 4 3 2 ! 0 Addi 00CA [H]
ress:
SI003 ISIOCK3
‘ — ‘ — ‘PlOSFS‘PlOSF4‘PlOSF3‘pIOSFZlPlOSFlleSFO‘ RIW access: RIW
0 0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0 | Not pulled-up | _P10_0 input Primary function P10_0 output
SIO3 transmit- - -
1| Pulled-up |receive clock input| Secondary function| 5% ransmiecetve
0 N P10_1 input i i
Not pulled-up S103 recone Primary function P10_1 output
1 Pulled-up datainput | Secondary function 0 output*
0 | Not pulled-up P10_2 input Primary function P10_2 output
1 Pulled-up Secondary function |SIO3 transmit data output
0 | Not pulled-up | P10_3 input Primary function P10_3 output
SI04 transmi/ " SI0% transmivieceive
1| Pulled-up |receive clock input| Secondary function Clock outout
0 - Primary function P10_4 output
Not pulled-up P10_4 input y ! _4 outpu
1 Pulled-up Secondary function | SIO4 receive data output
0 | Not pulled-up | P10.Sinput | Primary function P10_5 output
SI04 receive _
1 Pulled-up datainput | Secondary function 0 output*

0 output*: “0" is output, regardless of the value of the port data register.

“—" indicates a bit that does not exist.

Figure 5-15 P10, P1010O, P10SF Configuration

If read, the value will be “0".
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Table 5-14 lists the data that is read, depending on the settings of P10I1O and P10SF, when
executing an instruction to read P10.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P10 will become a high impedance input port (P1010 = 00H, P10SF = 00H) and the
contents of P10 will be O0H.

Table 5-14 P10 Read Data

P10I10 P10SF Read data

P10_0

o

* P10_0/SIOCKS3 pin state
Value of bit 0 of P10 (port data register)
SIOCK3 output data

P10_1

P10_1/SIOI3 pin state
Value of bit 1 of P10 (port data register)
“0"

P10_2

P10_2 pin state
Value of bit 2 of P10 (port data register)
SI003 output data

P10_4

P10_4 pin state
Value of bit 4 of P10 (port data register)
SI004 output data

P10 5

P10_5 pin state
Value of bit 5 of P10 (port data register)
“0"

Rlk|olkr|k|o|lkR|r|Ook|R|O|R |~
R|lo| *|r|o| *|k|o| *|[k|o]| x|k |O

“*” indicates “0” or “1”

[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P10, depending on the settings of P10I0 and P10SF, values will be read as
listed in Table 5-14. The modified values will be written to P10 (port 10 data
register).

However, regarding the P10_3/SIOCK4 pin, the output setting of the pin also requires the
setting using bit 5 (SCK410) of the internal control register (P510). In other words, when
using P10_3 as an output (primary or secondary function), it is required to set SCK4lO to “1”
in addition to setting P1010O3to “1".

Further, the polarity of the P10_3/SIOCK4 pin can be selected for both input and output using
bit 4 (SCK4INV) of the internal control register (P510). The polarity of the P10_3/SIOCK4
pin will be positive when SCK4INV is set to “0", and negative when SCK4INV issetto “1".

When aread instruction is executed for P10_3, the content of the data that is read out is given
in Table 5-15 depending on the settings of P10103, P10SF3 or SCK410, and SCK4INV. The
shaded portions are the modes that are not normally set.
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Table 5-15 P10_3 Read Data

P10104 P10SF4 | SCK4IO | SCK4INV Read data 1/0 Polarity
0 * 0 0 State of P10_3/SIOCK4 pin Input Positive
0 * 0 1 Inverted state of P10_3/SIOCK4 pin | Input | Negative
0 * 1 0 State of P10_3/SIOCK4 pin Input Positive
0 * 1 1 Inverted state of P10_3/SIOCK4 pin | Input | Negative
1 0 0 0 State of P10_3/SIOCK4 pin Input Positive
1 0 0 1 Inverted state of P10_3/SIOCK4 pin | Input | Negative
P10 3 1 0 1 0 Val_ue of bit 3 of P10_3 (port data output | Positive
register)
Inverted value of bit 3 of P10_3 .
1 0 1 1 (port data register) - Output | Negative
1 1 0 0 State of P10_3/SIOCK4 pin Input Positive
1 1 0 1 Inverted state of P10_3/SIOCK4 pin | Input | Negative
1 1 1 0 SIOCK4 output data Output | Positive
1 1 1 1 Inverted data of SIOCK4 output Output | Negative

“*” indicates “0” or “1”
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5.14 Port 12 (P12)

P12

Port 12 is a 4-bit input-only port. Therefore, there is no mode register or secondary function
control register.

The pin status can be read by the port 12 data register (P12).

In addition to its port function, a secondary function (analog input for A/D converter) is
assigned to P12 (same input as the primary function input).

There are no pulled-up inputs at port 12.

Figure 5-16 shows the configuration of the port 12 data register (P12). Table 5-16 lists the
P12 read data.

7 6 5 4 3 2 1 0 Address: 00BC [H]
| — | — | — | — [Pi23|pi22[P12.1|P12.0]  RAWaccess:R

“—" indicates a bit that does not exist.

Figure 5-16 P12 Configuration

Table 5-16 P12 Read Data

Read data
P12 0 P12_0/AIO pin state
P12 1 P12_1/Al1 pin state
P12 2 P12_2/AI2 pin state
P12_3 P12_3/AI3 pin state
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5.15 Port 13 (P13)

P13

Port 13 is a 2-bit input-only port. Therefore, there is no mode register or secondary function
control register.

The pin status can be read by the port 13 data register (P13).

In addition to its port function, a secondary function (external interrupt 8/9) is assigned to P13
(same input as the primary function input).

There are no pulled-up inputs at port 13.

Figure 5-17 shows the configuration of the port 13 data register (P13). Table 5-17 lists the
P13 read data.

7 6 5 4 3 2 1 Y Address: 00BD [H]
| — | — | — | — | — | — |P13—1‘P13—0| R/W access: R

“—" indicates a bit that does not exist.

Figure 5-17 P13 Configuration

Table 5-17 P13 Read Data

Read data
P13_0 P13_0/external interrupt 8 pin
P13_1 P13_1/external interrupt 9 pin
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5.16

P15

At reset

P1510

At reset

P15SF

At reset

Port 15 (P15)

Port 15 isa4-bit 1/0O port. Each individual bit can be specified as input or output by the port
15 mode register (P1510). When output is specified (corresponding bits of P1510 =“1"), the
value of the corresponding bits in the port 15 data register (P15) will be output from their
appropriate pins.

In addition to its port function, P15 is assigned secondary functions (such as SIO6 receive data
input). If a secondary function output is to be used, set the corresponding bits of the port 15
mode register (P1510) and the port 15 secondary function control register (P15SF) to “1”. If
a secondary function input is to be used, reset corresponding bits of the port 15 mode register
(P1510) to “0” to configure the input mode (same input as the primary function input).

If the port is set as an input (corresponding bits of P1510 = “0") and the port 15 secondary
function control register (P15SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

If bit O of port 15 is set as a secondary function output (P15100 = 1, P15SFO = 1), the output
will be fixed at “0", regardless of the value of the port 15 dataregister.

Figure 5-18 shows the configuration of the port 15 data register (P15), port 15 mode register
(P1510) and the port 15 secondary function control register (P15SF).

7 6 5 Address: 00BF [H]
[ — [ = [ = ] — [r153[p15.2[P15.1[P15.0] Raw access: RwW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address: 00C5 [H]
[ — [ = [ = [ — [ris10gP15102P15101[P15100] gy access: RAW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TXC6 [ TXC6 [ TXD6 [, Address: 00C7 [H]
B B B " |P15SF3| P15SF2/P15SF1] RIW access: RIW
0 0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0 | Not pulled-up | P15_0input Primary function P15_0 output
SIO6 receive -
1 Pulled-up data input Secondary function 0 output*
0 | Not pulled-up P15_1 input Primary functio.n P15_1 output
1 Pulled-up Secondary function|SIO6 transmit data output
0 | Not pulled-up | P15 2input | Primary function P15_2 output
SIO6 receive n
1| Pulled-up clock input | Secondary function|sios receive clock output
- P15_3 input i i
0 | Not pulled-up S|067ran§mit Primary function P15_3 output
1 Pulled-up clockinput | Secondary function| SIO6 transmit clock output

0 output*: “0” is output, regardless of the value of the port data register
“—" indicates a bit that does not exist. If read, the value will be “0”.

Figure 5-18 P15, P15I0, P15SF Configuration




ML66525 Family User’s Manual
Chapter 5 Port Functions

Table 5-18 lists the data that is read, depending on the settings of P1510 and P15SF, when
executing an instruction to read P15.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P15 will become a high impedance input port (P1510 = 00H, P15SF = 00H) and the
contents of P15 will be O0H.

Table 5-18 P15 Read Data

P15I0 P15SF Read data
P15_0/RXD6 pin state

Value of bit 0 of P15 (port data register)
0"

P15_1 pin state

Value of bit 1 of P15 (port data register)
TXD6 output data

P15_2/RXC1 pin state

Value of bit 2 of P15 (port data register)
RXC6 output data

P15_3/TXC6 pin state

Value of bit 3 of P15 (port data register)
TXC6 output data

o
*

P15_0

P15_1

P15 2

P15_3

Rlr|o|r|[r|[or|r|o|r|r
RO *x|FR|O| *|FR|O| x|, |O

“*” indicates “0” or “1”

[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P15, depending on the settings of P15I0 and P15SF, values will be read as
listed in Table 5-18. The modified values will be written to P15 (port 15 data
register).
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5.17

P20

At reset

P2010

At reset
(EAN = HI/

P20SF
At reset

Port 20 (P20)

Port 20 isan 8-bit I/0O port. Each individua bit can be specified as input or output by the port
20 mode register (P2010). When output is specified (corresponding bits of P201O = “1"), the
value of the corresponding bits in the port 20 data register (P20) will be output from their
appropriate pins.

In addition to its port function, P20 is assigned a secondary function (external NAND Flash
memory data I/0). If the secondary function is to be used, set the corresponding bits of the
port O mode register (P2010) and the port 20 secondary function control register (P20SF) to
" 1” X

If the port is specified as an input (corresponding bits of P20IO = “0") and the port 20
secondary function control register (P20SF) is set to “1”, the pin inputs corresponding to those
bitswill be pulled-up.

Figure 5-19 shows the configuration of the port 20 data register (P20), port 20 mode register
(P2010) and the port 20 secondary function control register (P20SF).

7 6 5 4 3 2 1 0 Address: 1B80 [H]
[P20_7[P20_6 [P20_5 [P20_4 [P20_3[P20_2[ P20_1] P20 0] R access: RAW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address: 1B82 [H]
[P20107]P20106 P20105[P20104]P20103[P20102]P20101[P20I00] Ay access: RAW
0/1 0/1 o/1 o/1 0/1 0/1 0/1 0/1
S E N N A N
7 6 5 4 3 2 1 0
Address: 1B84 [H]
P20SF7|P20SF6|P20SF5(P20SF4|P20SF3|P20SF2|P20SF1jP20SFO
R/W access: RIW
0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
0 (Input setting) 1 (Output setting)
0 | Not pulled-up P20_0 input Primaryfunctio‘n P20_0 output
1 Pulled-up Secondary function| F data 0 /O
0 | Not pulled-up P20_1 input Primary funcli0‘n P20_1 output
1| Pulled-up Secondary function| F data 1 /O
0 | Not pulled-up P20_2 input Primaryfunctign P20_2 output
1| Pulled-up Secondary function| F data 2 I/O
0 | Not pulled-up P20_3 input Primary functio.n P20_3 output
1 Pulled-up Secondary function| F data 3 I/O
0 | Not pulled-up P20_4 input Primaryfunclién P20_4 output
1 Pulled-up Secondary function| F data 4 I/0
0 | Not pulled-up P20_5 input Primary functio.n P20_5 output
1 Pulled-up Secondary function| F data 5 I/O
0 | Not pulled-up P20_6 input Primary functio.n P20_6 output
1 Pulled-up Secondary function| F data 6 I/O
0 | Not pulled-up P20_7 input Primary function | P20_7 output
1 Pulled-up Secondary function| F data 7 /O

Figure 5-19 P20, P20I0O, P20SF Configuration
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Table 5-19 lists the data that is read, depending on the settings of P20I1O and P20SF, when
executing an instruction to read P20.

At reset (due to RESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EAn pinis at ahigh level, P20 will become a high impedance input port (P20I10 =

00H, P20SF = 00H) and the contents of PO will be O0H.

If the EAnpinisat alow level, P20

will be set as a secondary function /O port (P2010 = FFH, P20SF = FFH) and the contents of

P20 will be O0H.
Table 5-19 P20 Read Data
P2010 P20SF Read data
" -
P20_0 0 P20_0 pln.state :
1 * Value of bit 0 of PO (port data register)
" -
P20 1 0 P20_1 pln.state :
- 1 * Value of bit 1 of PO (port data register)
" -
P20 2 0 P20_2 pln.state '
- 1 * Value of bit 2 of PO (port data register)
" -
P20 3 0 P20_3 pln‘state :
- 1 * Value of bit 3 of PO (port data register)
P20_4 0 P20_4 pln‘state :
1 * Value of bit 4 of PO (port data register)
" -
P20_5 0 P20_5 p|n.state :
1 * Value of bit 5 of PO (port data register)
" -
P20_6 0 P20_6 p|n.state :
1 * Value of bit 6 of PO (port data register)
" -
P20 7 0 P20_7 pln.state :
- 1 * Value of bit 7 of PO (port data register)
“*” indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for
P20, depending on the settings of P2010 and P20SF, values will be read as listed in
Table 5-19. The modified values will be written to P20 (port 20 data register).
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5.18

P21

At reset

P2110

Atreset

P21SF

At reset

Port 21 (P21)

Port 21 isa5-bit I/0O port. Each individual bit can be specified as input or output by the port
21 mode register (P2110). When output is specified (corresponding bits of P2110 = “1"), the
value of the corresponding bits in the port 21 data register (P8) will be output from their
appropriate pins.

In addition to its port function, P21 is assigned secondary functions (such as external NAND
Flash memory RDn, WRn output). [f a secondary function output is to be used, set the
corresponding bits of the port 21 mode register (P2110) and the port 21 secondary function
control register (P21SF) to “1". If a secondary function input is to be used, reset
corresponding bits of the port 21 mode register (P2110) to “0” to configure the input mode
(same input as the primary function input).

If the port is set as an input (corresponding bits of P2110 = “0") and the port 21 secondary
function control register (P21SF) is set to “1”, the pin inputs corresponding to those bits will be
pulled-up.

If bit 4 of port 21 is set as a secondary function output (P21100 = 1, P21SFO0 = 1), the output
will be fixed at “0", regardless of the value of the port 21 data register.

Figure 5-20 shows the configuration of the port 21 data register (P21), port 21 mode register
(P2110) and the port 21 secondary function control register (P21SF).

7 6 5 4 3 2 1 0 Address: 1B81 [H]
[ — | — [ — [ra1afpa13[pai 2][P211[P210] R access: RW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address: 1B83 [H]
[ — [ = [ — [peuioa]pauiosfpauioz[P2uio1[P21i00] R access: RW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Address: 1B85 [H]
‘ — ‘ — ‘ — lPZlSFA‘PZlSF3‘ P21$F2lP215F1‘P21SFO‘ RIW access: RIW
0 0 0 0 0 0 0 0
‘ 0 (Input setting) 1 (Output setting)
0 - Primary function P21_0 output
Not pulled-up P21 0 input y : _0 outpu
1 Pulled-up Secondary function FRDn output
0 - Primary function
Not pulled-up P21_1 input y ! P21_1 output
1 Pulled-up Secondary function FWRn output
0 - Primary function P21 2 output
Not pulled-up P21_2 input y ! _2 outpu
1 Pulled-up Secondary function [SIO1 receive clock output
- Primary function
0 | Not pulled-up P21_3input y ! P21_3 output
1 Pulled-up Secondary function FCLE output
O | Not pulled-up | P21_4 input | Primary function P21_4 output
1| Pulled-up FRB input [secondary function 0 output*

0 output*: “0" is output, regardless of the value of the port data register.
“—"indicates a bit that does not exist. If read, the value will be “0".

Figure 5-20 P21, P2110, P21SF Configuration
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Table 5-20 lists the data that is read, depending on the settings of P2110 and P21SF, when
executing an instruction to read P21.

At reset (due to aRESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P21 will become a high impedance input port (P2110 = 00H, P21SF = 00H) and the
contents of P21 will be O0H.

Table 5-20 P21 Read Data

P2110 P21SF Read data
P21 0 0 * P21_0/RXD1 pin state
- 1 * Value of bit 0 of P21 (port data register)
P21 1 0 * P21_1 pin state
- 1 * Value of bit 1 of P21 (port data register)
P21 2 0 * P21_2/RXC1 pin state
- 1 * Value of bit 2 of P21 (port data register)
P21 3 0 * P21_21/TXC1 pin state
- 1 * Value of bit 3 of P21 (port data register)
0 * P21_4 pin state
P21_4 1 Value of bit 4 of P21 (port data register)
1 1 TM4O0UT output data
“*" indicates “0” or “1”
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed
for P21, depending on the settings of P2110 and P21SF, values will be read as
listed in Table 5-20. The modified values will be written to P21 (port 21 data
register).
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6. Clock Oscillation Circuit
6.1 Overview
The ML66525 family has two systems of internal clock oscillation circuits, OSC and XT.
Four types of clocks can be selected as the CPU operating clock (CPUCLK): OSCCLK (main
clock), frequency divided clocks (1/20SCCLK, 1/40SCCLK), and XTCLK (subclock). The
current consumed during operation can be reduced by changing the clock in response to the
operating conditions. XT is used mainly for the rea-time counter. Externally generated
clocks can be input directly to both OSC and XT.
6.2 Clock Oscillation Circuit Configuration
Figure 6-1 shows the configuration of the clock oscillation circuit.
P9_0
fmmm e ,LJ Internal
1USB Function '
s e |
| 1 P510 bit 1
: or : SBYCON l i P5I0 bit 2
| |Suspend/Resume| |
i | detect circuit |
E ! — Clock control circuit OSCCLK
E i 1/2_frequency |H 5 = CPUCLK
| USBCLK  |! 8 MediaCLK
1 ' 1/4_frequency | &
! : J DMACLK
! PLL ! XTCLK
b (X2IX3IxX4) [ —
| ‘ ! T To real-time counter
et Bttt I ’OSC oscillation Circuit‘ ’XT oscillation circuit PRPHCON
P5IO
bit 7/bit 6 Internal

Lo L]
OSCOE{ D{OSCln XTOE{ D{XTln
o ro

Crystal or ceramic Crystal oscillator
oscillator (32.768 kHz)

OSCCLK:  Main clock

XTCLK: Subclock (32.768 kHz)
CPUCLK: CPU operating clock

MediaCLK: Clock for Media control function
DMACLK:  Clock for internal DMA function
USBCLK: Clock for USB function (48 MHz)
SBYCON: Standby control register
PRPHCON: Peripheral control register

P5I0: Internal control register
OSCTEST: Oscillation test register

Figure 6-1 Clock Oscillation Circuit Configuration
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6.3 Clock Oscillation Circuit Registers

Table 6-1 listsa summary of the SFRsfor clock oscillation circuit control.

Table 6-1 Summary of SFRs for Clock Oscillation Circuit Control

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page
000F Standby control register SBYCON — R/W 8 08 3-4
0015%¢ | Peripheral control register PRPHCON — R/W 8 8C 13-2
[Notes]

1. A star (5¢) in the address column indicates a missing bit.
2. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.

6.4 OSC Oscillation Circuit

The OSC oscillation circuit generates the main clock pulse (OSCCLK).
and other required elements are connected to OSCO and OSC1n.

A crystal oscillator

Figure 6-2 shows the configuration of the OSC oscillation circuit.
example connection of an OSC crystal oscillation circuit.

Figure 6-3 shows an

Internal

Oscillation
control circuit

L

: D

OSCl1n [F ¢

OSCCLK

>

0SCco [

L
—/\/\—4

Figure 6-2 OSC Oscillation Circuit Configuration
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ML66525 family

ﬁ
o
LT

Figure 6-3 OSC Crystal Oscillation Circuit Connection Example

[Notes]

1. The values of CO, C1 and Rd must be set based on the specifications of the
external crystal (XTAL) after performing sufficient evaluations.

2. Instead of XTAL, a ceramic resonator may be used.

3. Depending upon the frequency band used, additional components (not shown)
may be required.

Table 6-2 shows examples of circuit constants in the case of using a ceralock of Murata MFG.

make.
Table 6-2 Examples of Circuit Constants
Recommended constants Operating conditions
Frequency Product number co C1 Rd Power supply voltage | Temperature range
[pF] [PF] [Q] range [V] [°C]
12.00M CSTLA12MOT58-B0 (100) | (100) 0 241036
CSTCV12M0T54J-R0 (22) (22) 470
16.00M CSTLS16M0X55-B0 (30) (30) 47 271036
CSACV16M0X55J-R0 33 33 47 —30to +70
CSTLS24M0X54-B0 (22) (22) 47
24.00M CSACW24M0X53-R0 22 22 47 2.7t03.6
CSACW24MOX13xxx-R0* | 22 22 47
[Notes]
1. Products with their product numbers beginning with CST have load capacitors CO and
C1 built in.

2. xxx denotes a custom number.

“*" indicates an oscillator with high accuracy for USB use.

4. That the operating condition for frequencies of 16 and 24 MHz is rated as 2.7 to 3.6 V
means that there is no such constant as can cover the entire range from 2.4 to 3.6 V.

When the device is operated at a voltage less than 2.7 V, set the constants by using a
printed circuit board for an application product.

w
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If the main clock pulse (OSCCLK) isto be supplied externally, connect it directly to the OSCO
pininput. Leavethe OSC1n pin open (unconnected).

Figure 6-4 shows an example connection when the OSC clock is input externally.

Microcontroller

OSCO
External clock———— ]

Open——— |

OSCin

Figure 6-4 Connection Example for External OSC Clock Input

[Note]

If an external clock is to be used for operation, keep the clock pulse width as
specified by the AC characteristics.

The standby control register (SBY CON) can be set to halt the OSC oscillation circuit. When
resuming oscillation of the OSC oscillation circuit from a halted state, the main clock pulse
(OSCCLK) will be transmit after waiting for the oscillation stabilization time, the number of
clock cycles specified by OSTO and OST1 (bits 4 and 5) of SBYCON. Because the
oscillation stabilization time differs depending upon the oscillator used, externally mounted
components, and the frequency band, first verify the actual oscillation stabilization time by
using a circuit board for an application product, and then set SBY CON with the wait time until
suitable oscillation stabilization is achieved.
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6.5

XT Oscillation Circuit

The XT oscillation circuit generates the subclock pulse (XTCLK). A crystal oscillator of
32.768 kHz and other required elements are connected to XTO and XT1n.

To reduce power consumption, the XT oscillation circuit operates at a voltage level that is
regulated internally. Before an externa clock is to be input, set EXTXT (bit 4) of the
periphera control register (PRPHCON) to “1" (see page 13-1). This switches the internally
regulated voltage to Vpp and turns OFF the oscillation feedback resistors.

Figure 6-5 shows the configuration of the XT oscillation circuit. Figure 6-6 shows an
example connection of the XT crystal oscillation circuit.

Internal Voo
1

Regulator circuit

il d> XTCLK

XTO[ ]

XTln[E

— A\ \—e
*

* |f the EXTXT flag of PRPHCON is set to “1”, feedback resistors are OFF.

Figure 6-5 XT Oscillation Circuit Configuration

Microcontroller

C2 XTO
————{]

XTAL
L] oy

C3 XT1n

L

Figure 6-6 XT Crystal Oscillation Circuit Connection Example
[Notes]

1. The values of C2, C3 and Rd must be set based on the specification of the
external XTAL (32.768 kHz).

2. Because the XT oscillation circuit was designed to be connected to an
extremely low power crystal, there may not be any oscillation if another type of
crystal is connected.
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If the subclock pulse (XTCLK) isto be supplied externally, connect it to the XTO pin input and
leave the XT1n pin open (unconnected).

Figure 6-7 shows an example connection when the XT clock isinput externally.

Microcontroller

XTO
External clock————— |

Open———1 ]
XT1n

Figure 6-7 Connection Example for External XT Clock Input

[Note]

Before an external clock is to be used in the XT oscillation circuit, set EXTXT (bit 4)
of PRPHCON to “1”.

The XT oscillation circuit cannot be halted by the program. Because there is no circuit to
control the oscillation stabilization time, from the time when power is turned on until overflow
of the real-time counter causes bit 12 (RTC12) to be set, do not select the subclock (XTCLK)
as the CPU operation clock (CPUCLK).

If the subclock (XTCLK) is not used, fix the XTO pin at GND level and set EXTXT (bit 4) of
PRPHCON to “1".
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6.6

PLL Circuit

The PLL circuit generates the clock (48 MHz) inside the USB macro by frequency
multiplication of the output clock from the main clock oscillator circuit.

The multiplication factor should be selected by setting bit 7 and bit 6 (FSEL1, FSELO) of the
internal control register (P510) as shown below so that the clock inside the USB macro
becomes 48 MHz. (See Section 13.4.)

When the main clock frequency is 24 MHz, (FSEL1, FSELO) = (0, 0)
When the main clock frequency is 12 MHz, (FSEL1, FSELO) = (0, 1)
When the main clock frequency is 16 MHz, (FSEL1, FSELO) = (1, 0)

Further, in order to use the clock (48 MHZz) generated by frequency multiplication by the PLL
circuit inside the USB macro, it is required to set bit 5 (PLL Enable) of the system control
register (SY SCON) in the USB macro to “1”. If this setting is not made, the main clock will
be used as it is inside the USB macro and the USB functions will not operate correctly. (See
Chapter 17.)

In order to power down the PLL circuit, either —
1) set the oscillation test register (OSCTEST) inside the USB macro to PLL power-down, or
2) use the function inside the USB macro of detecting the suspend conditions and

automatically powering down the PLL circuit. Further, when the resume conditions are
detected, it is possible to automatically return the PLL to normal operation.
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7.2

Time Base Counter (TBC)

Overview

The ML66525 family has an 8-bit internal time base counter (TBC) to generate a reference
clock for internal peripheral modules.

The front stage of the TBC has an auto-reload type 4-bit 1/n counter. Base clocks can be
generated for internal peripheral from the wide-ranging CPUCLK frequency.

Time Base Counter (TBC) Configuration
Figure 7-1 shows the TBC configuration.
TBCCLK TBCOVF
CPUCLK 1/n (4 bits) | IT Blc (18 bl'ts)l | ——feauency
X X
X|X | -
<|x4l33 3088 8 8
O O|0I0|O|O|alm e R
OO0 mm| ||~ < ©
00O —|k| || ] o
F [FFElOo|lN| S| NWn o o
N YR e dd d X
— ||| | | | A — —
PWM O OO
Slo3 O O O
Sl04 O Ol10 |0
16-bit timer 0 O|OC|l1OlO|J]O|O|O
8-bit timer 3/BRG o|lo[O]O O O
8-bit timer 4/BRG O|lO|0|0O O O
8-bit timer 5/BRG O|l|O|10O| O O O
8-bit timer 6/WDT OXNON EON O NOH RO NON NGO
16-bit timer 7 O|l|O|lO0OlO|JO O[O0
8-bit timer 9 OO0 0O O O

Figure 7-1 TBC Configuration



ML 66525 Family User’s Manual

Chapter 7 Time Base Counter (TBC)

7.3 Time Base Counter Registers

Table 7-1 listsa summary of SFRsfor time base counter control.

Table 7-1 Summary of SFRs for Time Base Counter Control

Address Name Symbol Symbol RIW 8/16_ Initial Reference
[H] (byte) (word) Operation | value [H] page
0060 | TBC clock divider register | TBCKDVR R/W 8/16 FO 7-3
0061 ¥ | TBC clock dividing — TBCKDV | R 16 FO 7-2
counter
[Notes]

7.4

7.4.1
@)

1. A star (%) in the address column indicates a missing bit.
2. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.

1/n Counter

To generate base clocks for interna peripheral modules from the wide ranging CPUCLK
frequency, the ML66525 family is equipped with a 4-bit auto-reload timer into which
CPUCLK isinput.

This 1/n counter consists of a 4-bit counter (TBC clock dividing counter) and a 4-bit register
that stores the reload value (TBC clock divider register).

Description of 1/n Counter Registers

TBC clock dividing counter (TBCKDV upper 8 bits)

The TBC clock dividing counter (upper 8 bits of TBCKDV) is a 4-bit counter and its input is
CPUCLK. When the counter overflows it is loaded with the contents of the TBC clock
divider register (TBCKDVR).

The TBC clock dividing counter (upper 8 bits of TBCKDV) can be accessed only in word
sized units. The value of the TBC clock dividing counter is read from the four bits of bit 8
through bit 11. If the upper 4 bits are read, a value of “1” will always be obtained. The
TBC clock divider register (TBCKDVR) isread from the lower 8 bits of TBCKDV.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the upper 8 bits of TBCKDV become FOH.

Figure 7-2 shows the configuration of the upper 8 bits of TBCKDV.
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15 14 13 12 11 10 9 8 Address: 0061 [H]
TBCKDV ’ — ‘ _ ‘ _ ‘ _ ‘ ‘ ‘ ‘ R/W access:ﬁ(word access only)

At reset 1 1 1 1 0 0 0 0

Count value of the 1/n
counter can be read

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 7-2 Configuration of Upper 8 Bits of TBCKDV

(2) TBC clock divider register (TBCKDVR)
The TBC clock divider register (TBCKDVR) consists of 4 bits.  This register stores the value
to be reloaded into the TBC clock dividing counter.

TBCKDVR can be read from or written to by the program. However, write operations are not
valid for bits 4 through 7.  If read, bits 4 through 7 are always “1”".

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TBCKDV R becomes FOH.

[Note]

When reset, the 1/n counter divides CPUCLK by 16 and 1/16CPUCLK is supplied to TBC
as TBCCLK. Therefore, after writing areload value to TBCKDVR, there may be at most
adelay of 16 CPUCLK pulses before the start of the division operation (as per the written
value).
Figure 7-3 shows the configuration of TBCKDVR. Table 7-2 lists the correspondence
between TBCKDVR settingsand TBCCLK.

7 6 5 4 3 2 1
mBeckovR | — | — [ — | — ] \ \
At reset 1 1 1 1 0 0 0 0

0
‘ ‘ Address: 0060 [H]
R/W access: RIW

Write/read reload value

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 7-3 TBCKDVR (Lower 8 Bits of TBCKDV) Configuration
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Table 7-2 Correspondence between TBCKDVR Settings and TBCCLK

Value of TBCKDVR settings [H] TBCCLK
FO 1/16 CPUCLK
F1 1/15 CPUCLK
F2 1/14 CPUCLK
F3 1/13 CPUCLK
F4 1/12 CPUCLK
F5 1/11 CPUCLK
F6 1/10 CPUCLK
F7 1/9 CPUCLK
F8 1/8 CPUCLK
F9 1/7 CPUCLK
FA 1/6 CPUCLK
FB 1/5 CPUCLK
FC 1/4 CPUCLK
FD 1/3 CPUCLK
FE 1/2 CPUCLK
FF 1/1 CPUCLK

7.4.2 Example of 1/n Counter-related Register Settings

7.5

» TBC clock divider register (TBCKDVR)
This register stores the reload value to the TBC clock dividing counter. When reset
(RESn signal input, execution of a BRK instruction, overflow of the watchdog timer,
opcode trap), the reload value becomes FOH, and TBCCLK becomes CPUCLK divided by
16 (/16CPUCLK). If TBCCLK issetto /1CPUCLK, the reload value becomes FFH.

Time Base Counter (TBC) Operation

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the time base counter (TBC) is reset to “0". Thereafter, as long as the
original oscillation (CPCLK) supply is not halted, operation will continue by TBCCLK that
has been divided by the front stage 1/n counter.

Overflow of TBC is divided further by a frequency divider circuit, and supplied to the
general-purpose 8-bit timer 6 (that a so functions as the watchdog timer).
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8. General-Purpose 8/16-Bit Timers

8.1 Overview

The ML66525 family has the following internal general -purpose timers. two 16-bit auto-reload
timers (timers O and 7), one 8-bit auto-reload timers (timer 9), three 8-bit auto-reload timers
that also function as serial communication baud rate generators (timers 3,4 and 5), and an 8-bit
auto-rel oad timer that also functions as a watchdog timer (timer 6).

8.2 General-Purpose 8-Bit/16-Bit Timer Configurations

Table 8-1 lists a summary of the function of each general-purpose timer. Circles (O) within
the table indicate that a function can be selected. Dashes (—) indicate that the function
cannot be selected.

Table 8-1 Timer Configurations and Functions

Timer . External Timer PWM clock Baud rate Watchdog

name 8/16 bits | Auto-reload event input output output generator timer
Timer 0 16 O — — — — —
Timer 3 8 O — — — O (Sl06) —
Timer 4 8 O — — — O (S101) —
Timer 5 8 O — — — O (SI03, 4) —
Timer 6 8 O — — — — O
Timer 7 16 O — — — — —
Timer 9 8 O — — O — —
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8.3 General-Purpose 8-Bit/16-Bit Timer Registers
Table 8-2 listsa summary of SFRsfor the control of general-purpose 8-bit and 16-bit timers.

Table 8-2 Summary of SFRs for General-Purpose 8-Bit/16-Bit Timer Control

Address Name Symbol | Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page
0062 | General-purpose 16-bit timer O . ™oc | rw 16 Undefined g-4
0063 | counter
0064 Geheral-purpose 16-bit timer O . TMOR RIW 16 Undefined 8-4
0065 |register
0066+ General-pgrpose 16-bit timer O TMOCON . RIW 16 70 8-4
control register
0070 | General-purpose 8-bit timer 3 counter | TM3C — R/W 8 Undefined 8-10
0071 | General-purpose 8-bit timer 3 register | TM3R — R/W 8 Undefined 8-10
0072+ Ger_leral-purpose 8-bit timer 3 control TM3CON . RIW 8 70 8-10
register
0074 | General-purpose 8-bit timer 4 counter | TM4C — R/W 8 Undefined 8-16
0075 | General-purpose 8-bit timer 4 register | TM4R — R/W 8 Undefined 8-16
0076+ Ger_1era|—purpose 8-bit timer 4 control TMACON . RIW 8 70 8-16
register
0078 | General-purpose 8-bit timer 5 counter | TM5C — R/W 8 Undefined 8-22
0079 | General-purpose 8-bit timer 5 register | TM5R — R/W 8 Undefined 8-22
007A Ger_leral-purpose 8-bit timer 5 control TM5CON . RIW 8 70 8-22
register
007C | General-purpose 8-bit timer 6 counter | TM6C — R/W 8 Undefined 8-28
007D | General-purpose 8-bit timer 6 register | TM6R — R/W 8 Undefined 8-28
007E+¢ Geperal-purpose 8-bit timer 6 control TMBCON . RIW 8 10 8-29
register
00CC | General-purpose 8-bit timer 9 counter | TM9C — R/W 8 Undefined 8-37
00CD | General-purpose 8-bit timer 9 register | TM9R — R/W 8 Undefined 8-37
00CE+ Ger_]eral—purpose 8-bit timer 9 control TMICON . RIW 8 70 8-37
register
) i e
00DO0 | General-purpose 16-bit timer 7 . ™7e | rw 16 Undefined 8-43
00D1 |counter
D2 - -bit ti
00 Ger_1era| purpose 16-bit timer 7 . TM7R RIW 16 Undefined 8-43
00D3 |register
00D4% General-pgrpose 16-bit timer 7 TM7CON o RIW 8 70 8-43
control register
[Notes]

1. Addresses are not consecutive in some places.

2. A star (5¢) in the address column indicates a missing bit.

3. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.
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8.4 TimerO
Timer Oisa 16-bit auto-reload timer.

8.4.1 Timer 0 Configuration
Figure 8-1 shows the timer O configuration.

TBCCLK —>
1/2 TBCCLK—>
. OVF

1/4 TBCCLK—> 5 TMOC (16 bits) Interrupt request

1/8 TBCCLK—> §
1/16 TBCCLK—>{ & A h
1/32 TBCCLK—> D Q TMOOUT
1/64 TBCCLK— TMOR (16 bits) &CK onH

TMOCON

TMOC: General-purpose 16-bit timer O counter

TMOR: General-purpose 16-bit timer O register
TMOCON: General-purpose 16-bit timer 0 control register
TMOOUT: Timer 0 output

Figure 8-1 Timer 0 Configuration
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8.4.2 Description of Timer 0 Registers

1)

)

©)

General-purpose 16-bit timer 0 counter (TMOC)

The general-purpose 16-bit timer 0 counter (TMOC) is a 16-bit up-counter.  When this counter
overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 16-bit timer O register (TMOR).

TMOC can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TMOC are undefined.

[Note]

Writing a timer value to TMOC causes the same value to also be written to the
general-purpose 16-bit timer O register (TMOR).

General-purpose 16-bit timer O register (TMOR)
The general-purpose 16-bit timer O register (TMOR) consists of 16 bits. This register stores
the value to be reloaded into the general-purpose 16-bit timer O counter (TMOC).

TMOR can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TMOR are undefined.

General-purpose 16-bit timer 0 control register (TMOCON)

The general-purpose 16-bit timer O control register (TMOCON) consists of 5 bits. Bits0to 2
(TMOCO to TMOC2) of TMOCON select the timer 0 count clock, bit 3 (TMORUN) starts or
halts the counting, and bit 7 (TMOOUT) specifies the initial timer output level (High or Low)
at start-up.  And each time TMOC overflows, the content of bit 7 (TMOOUT) is reversed.

TMOCON can be read from and written to by the program. However, write operations are
invalid for bits4to 6. If read, avalue of “1” will always be obtained for bits 4 to 6.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TMOCON becomes 70H.
Figure 8-2 shows the TMOCON configuration.

[Note]

Just before TMOC overflows, if an SB, RB, XORB or other read-modify-write instruction is
performed on TMOCON, then TMOOUT may not operate correctly.
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v 6 5 4 3 2 1 Address: 0066 [H]
TMOCON [moou] — | — [ — [rmorun| TmMoc2| TMoct| TMoco] raw access: RAW
At reset 0 1 1 1 0 0 0 0
TMOC

>T110 Timer O count clock
0(0|0 TBCCLK
0|01 1/2 TBCCLK
0(1]|0 1/4 TBCCLK
0|11 1/8 TBCCLK
1|00 1/16 TBCCLK
1|01 1/32 TBCCLK
11110 1/64 TBCCLK
1111 Unsettable

Timer 0 halts counting

| O

Timer 0O starts counting

Low level output

1| High level output

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 8-2 TMOCON Configuration

[Note]
Do not select “Unsettable” for timer O count clock.
If you select “Unsettable”, timer O will not operate normally.
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8.4.3 Example of Timer O-related Register Settings

1)

)

®)

General-purpose 16-bit timer 0 counter (TMOC)

Set the timer value that will be valid at the start of counting. When writing to TMOC, the
same value will also be simultaneously and automatically written to the general-purpose 16-bit
timer O register (TMOR).

General-purpose 16-bit timer 0 register (TMOR)

This register sets the value to be loaded after general-purpose 16-bit timer O counter (TMOC)
overflows. If the timer value (TMOC) and the reload value (TMOR) are identical, this register
will automatically be set just by setting TMOC. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 16-bit timer 0 control register (TMOCON)

Bits 0 to 2 (TMOCO to TMOC?2) of this register set the count clock for timer 0. If TMOOUT
(timer output) is to be used, specify the initia value with bit 7 (TMOOUT). If bit 3
(TMORUN) is set to “1”, timer O will begin counting. If reset to “0”, timer O will halt
counting.
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8.4.4 Timer 0 Operation

When the TMORUN bit is set to “1”, timer O will begin counting upward, running on the count
clock selected by TMOCON. When TMOC overflows, an interrupt request is generated, the
contents of TMOR are loaded into TMOC and the TMOOUT output is inverted. The initial
value of the TMOOUT is specified by bit 7 (TMOOUT) of TMOCON. This operation is
repeated until the TMORUN bit is reset to “0”. Figure 8-3 shows an operation example (for
settings of 1/n counter frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK 1 1 = =
(1/4 TBCCLK)
TMOR 0055H
TMOC FFFEH >< FFFFH >< 0055H >< 0056H X
Overflow signal s
TMOOUT <
A

Interrupt request generated

Figure 8-3 Timer 0 Operation
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8.4.5 Timer O Interrupt

When a timer O interrupt factor occurs, the interrupt request flag (QTMOQV) is set to “1”.
The interrupt request flag (QTMOOQV) is located in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETMOOV).
enable flag (ETMOQV) is located in interrupt enable register 1 (IEL).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POTMOOV and
P1TMOQV). The interrupt priority setting flags are located in interrupt priority control
register 2 (1P2).

Table 8-3 lists the vector address of the timer O interrupt factor and the interrupt processing
flags.

Table 8-3 Timer 0 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer O 001A QTMOOV ETMOOV | P1TMOOV | POTMOOV
Symbols of reglsters.that contain interrupt IRO1 IE1 P2
processing flags
| Reference page 15-13 15-18 15-23

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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85 Timer 3

Timer 3 is an 8-bit auto-reload timer that has a function for a serial communication baud rate
generator for SIO6.

8.5.1 Timer 3 Configuration
Figure 8-4 shows the timer 3 configuration.

TBCCLK —> o
1/2 TBCCLK—>| TM3C (8 bits) Ve Interrupt request
1/4 TBCCLK—>{ & h
(0]
1/8 TBCCLK—> 03) D Q TM30UT
1/256 TBCCLK—> TM3R (8 bits)
Baud rate for

———— SI06 (UART/Sync)
TM3CON

TM3C: General-purpose 8-bit timer 3 counter

TM3R: General-purpose 8-bit timer 3 register

TM3CON: General-purpose 8-bit timer 3 control register
TM3OUT: Timer 3 output

Figure 8-4 Timer 3 Configuration
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8.5.2 Description of Timer 3 Registers

1)

)

®)

General-purpose 8-bit timer 3 counter (TM3C)

The general -purpose 8-bit timer 3 counter (TM3C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 8-bit timer 3 register (TM3R). TM3C can also be used as a baud rate
generator for SIO6.

TM3C can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM3C are undefined.

[Note]
Writing a timer value to TM3C causes the same value to also be written to the
general-purpose 8-bit timer 3 register (TM3R).

General-purpose 8-bit timer 3 register (TM3R)
The general-purpose 8-bit timer 3 register (TM3R) consists of 8 bits.  This register stores the
value to be rel oaded into the general-purpose 8-hit timer 3 counter (TM3C).

TM3R can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM3R are undefined.

General-purpose 8-bit timer 3 control register (TM3CON)

The general-purpose 8-bit timer 3 control register (TM3CON) consists of 5 bits. Bits0to 2
(TM3CO0 to TM3C2) of TM3CON select the timer 3 count clock, bit 3 (TM3RUN) starts or
halts the counting, and bit 7 (TM30OUT) specifies the initial timer output level (High or Low)
at start-up. And each time TM3C overflows, the content of bit 7 (TM3OUT) is reversed.

TM3CON can be read from and written to by the program. However, write operations are
invalid for bits4to 6. If read, avalue of “1” will always be obtained for bits 4 to 6.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM3CON becomes 70H.

Figure 8-5 shows the TM3CON configuration.
[Note]

Just before TM3C overflows, if an SB, RB, XORB or other read-modify-write instruction is
performed on TM3CON, then TM30OUT may not operate correctly.
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7 6 5 4 3 2 L 0 Address: 0072 [H]
TM3CON [rmsou] — | — | — frmsruN Tmsce] TMac1] TM3CO| raw access: RAW
At reset 0 1 1 1 0 0 0 0
TM3C .
Timer 3 count clock

2(11]0
0|00 TBCCLK
0|01 1/2 TBCCLK
0|10 1/4 TBCCLK
0|11 1/8 TBCCLK
1/0|0 1/32 TBCCLK
1/0(1 1/256 TBCCLK
1(1|0 Unsettable
1111 Unsettable

o

Timer 3 halts counting
Timer 3 starts counting

=

Low level output
1| High level output

“

—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 8-5 TM3CON Configuration

[Note]

Do not select “Unsettable” for timer 3 count clock.

If you select “Unsettable”, timer 3 will not operate normally.
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8.5.3 Example of Timer 3-related Register Settings

1)

)

®)

General-purpose 8-bit timer 3 counter (TM3C)

Set the timer value that will be valid at the start of counting. When writing to TM3C, the
same value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 3 register (TM3R).

General-purpose 8-bit timer 3 register (TM3R)

This register sets the value to be loaded after general-purpose 8-bit timer 3 counter (TM3C)
overflows. If the timer value (TM3C) and the reload value (TM3R) are identical, this register
will automatically be set just by setting TM3C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 3 control register (TM3CON)

Bits 0 to 2 (TM3CO to TM3C2) of this register specify the count clock for timer 3. |If
TM3OUT (timer output) is to be used, specify the initial value with bit 7 (TM3OUT). If bit 3
(TM3RUN) is set to “1”, timer 3 will begin counting. If reset to “0”, timer 3 will halt
counting.
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8.5.4 Timer 3 Operation

When the TM3RUN bit is set to “1”, timer 3 will begin counting upward, running on the count
clock selected by TM3CON. When TM3C overflows, an interrupt request is generated, the
contents of TM3R are loaded into TM3C and the TM3OUT output is inverted. The initial
value of the TM3OUT is specified by bit 7 (TM3OUT) of TM3CON. This operation is
repeated until the TM3RUN bit isreset to “0”. Overflow of TM3C can be used as a baud rate
generator for SIO6. Figure 8-6 shows an operation example (for settings of 1/n counter
frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK ] ] ] ]
(1/4 TBCCLK)

TM3R 55H

55H X 56H ><:

TM3C FEH X FFH

Overflow signal [ Kk
A

(S106 baud rate)
TM30UT

Interrupt request generated

Figure 8-6 Timer 3 Operation Example
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8.5.5 Timer 3 Interrupt

When a timer 3 interrupt factor occurs, the interrupt request flag (QTM30V) is set to “1”.
The interrupt request flag (QTM3Q0V) is located in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETMOOV).
enable flag (ETMOQV) is located in interrupt enable register 1 (IEL).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POTM30V and
P1TM30V). The interrupt priority setting flags are located in interrupt priority control
register 3 (1P3).

Table 8-4 lists the vector address of the timer 3 interrupt factor and the interrupt processing
flags.

Table 8-4 Timer 3 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer 3 0026 QTM30V ETM30V | P1TM30V | POTM30V
Symbols of reglsters.that contain interrupt IRO1 IE1 P3
processing flags
| Reference page 15-13 15-18 15-24

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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8.6 Timer4

Timer 4 is an 8-bit auto-reload timer that has functions for timer output and a seria
communication baud rate generator for SIO1.

8.6.1 Timer 4 Configuration
Figure 8-7 shows the timer 4 configuration.

TBCCLK —>

1/2 TBCCLK—> TMA4C (8 bits) ove Interrupt request

1/4 TBCCLK—> S h
(5]

1/8 TBCCLK—> % D Q TM4OUT
n

1/32 TBCCLK—> | CK Qn|—
1/256 TBCCLK—] TM4R (8 bits)
Baud rate for SIO1

———— (UART/SYNC)
TM4CON

TMA4C: General-purpose 8-bit timer 4 counter

TM4R: General-purpose 8-bit timer 4 register

TM4CON: General-purpose 8-bit timer 4 control register
TM4OUT: Timer 4 output

Figure 8-7 Timer 4 Configuration
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8.6.2 Description of Timer 4 Registers

1)

@)

®)

General-purpose 8-bit timer 4 counter (TM4C)

The genera -purpose 8-bit timer 4 counter (TM4C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 8-bit timer 4 register (TM4R). TM4C can also be used as a baud rate
generator for SIO1.

TMA4C can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM4C are undefined.

[Note]

Writing a timer value to TM4C causes the same value to also be written to the
general-purpose 8-bit timer 4 register (TM4R).

General-purpose 8-bit timer 4 register (TM4R)
The general-purpose 8-bit timer 4 register (TM4R) consists of 8 bits.  This register stores the
value to be reloaded into the general-purpose 8-bit timer 4 counter (TM4C).

TM4R can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM4R are undefined.

General-purpose 8-bit timer 4 control register (TM4CON)

The general-purpose 8-bit timer 4 control register (TM4CON) consists of 5 bits. Bits 0 to 2
(TM4CO0 to TM4C2) of TM4CON select the timer 4 count clock, bit 3 (TM4RUN) starts or
halts the counting, and bit 7 (TM40OUT) specifies the initial timer output level (High or Low)
at start-up. And each time TM4C overflows, the content of bit 7 (TM4OUT) is reversed.

TMA4CON can be read from and written to by the program. However, write operations are
invalid for bits4to 6. If read, avalue of “1” will always be obtained for bits 4 to 6.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM4CON becomes 70H.

Figure 8-8 shows the TM4CON configuration.
[Note]

Just before TM4C overflows, if an SB, RB, XORB or other read-modify-write instruction is
performed on TM4CON, then TM4OUT may not operate correctly.
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1/256 TBCCLK
Prohibited setting
Prohibited setting

v 6 5 4 8 2 1 0 Address: 0076 [H]

T™4CcON frvaou] — | — | — [m4ruN TMace] Tvaci] TMACO]  Raw access: RIW

At reset 0 1 1 1 0 0 0 0
T™4C | _

Timer 4 count clock

2110
0(0|0 TBCCLK
0(0|1 1/2 TBCCLK
ol1]o0 1/4 TBCCLK
0|11 1/8 TBCCLK
1100 1/32 TBCCLK
101
110
1011

o

Timer 4 halts counting
Timer 4 starts counting

[N

0| Low level output
1| High level output

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 8-8 TM4CON Configuration

[Note]

Do not select a timer 4 count clock setting that is prohibited. If a “prohibited
setting” is selected, timer 4 will not operate properly.
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8.6.3 Example of Timer 4-related Register Settings

1)

)

®)

General-purpose 8-bit timer 4 counter (TM4C)

Set the timer value that will be valid at the start of counting. When writing to TM4C, the
same value will also be written simultaneously and automatically to the general-purpose 8-bit
timer 4 register (TM4R).

General-purpose 8-bit timer 4 register (TM4R)

This register sets the value to be loaded after general-purpose 8-bit timer 4 counter (TM4C)
overflows. If the timer value (TM4C) and the reload value (TM4R) are identical, this register
will automatically be set just by setting TM4C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 4 control register (TM4CON)

Bits 0 to 2 (TM4CO0 to TM4C2) of this register specify the count clock for timer 4. |If
TMA4OUT (timer output) is to be used, specify the initial value with bit 7 (TM40UT). If bit 3
(TM4RUN) is set to “17, timer 4 will begin counting. If reset to “0”, timer 4 will halt
counting.
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8.6.4 Timer 4 Operation

When the TM4RUN bit is set to “1”, timer 4 will begin counting upward, running on the count
clock selected by TMACON. When TMA4C overflows, an interrupt request is generated, the
contents of TM4R are loaded into TM4C and the TM4OUT output is inverted. The initial
value of the TM4OUT is specified by bit 7 (TM40OUT) of TM4CON. This operation is
repeated until the TM4RUN bit isreset to “0”.  Overflow of TM4C can be used as a baud rate
generator for SIO1. Figure 8-9 shows an operation example (for settings of 1/n counter
frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK
TM count CLK |_|
(1/4 TBCCLK)
TM4R 55H

TM4C FEH X FFH

55H X 56H o

Overflow signal

TM40UT

N
(SIO1 baud rate) <
A

Interrupt request generated

Figure 8-9 Timer 4 Operation Example
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8.6.5 Timer 4 Interrupt

When a timer 4 interrupt factor occurs, the interrupt request flag (QTM4QV) is set to “1”.
The interrupt request flag (QTM40QV) is located in interrupt request register 2 (IRQ2).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM40V).
enable flag (ETM40QV) islocated in interrupt enable register 2 (IE2).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POTM40V and
P1TM4QV). The interrupt priority setting flags are located in interrupt priority control
register 5 (1P5).

Table 8-5 lists the vector address of the timer 4 interrupt factor and the interrupt processing
flags.

Table 8-5 Timer 4 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer 4 0036 QTM40V ETM40V | P1TM40V | POTM40V
Symbols of reglsters.that contain interrupt IRQ2 IE2 P5
processing flags
| Reference page 15-14 15-19 15-26

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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8.7 Timer5
Timer 5 is an 8-bit auto-reload timer that has a function for a serial communication baud rate
generator for SIO3 and SIO4.

8.7.1 Timer 5 Configuration
Figure 8-10 shows the timer 5 configuration.

TBCCLK —>

; OVF
1/2 TBCCLK—>{ > TM5C (8 bits)

— Interrupt request
1/4 TBCCLK—>

1/8 TBCCLK—>1 [D Q TM50UT

1/32 TBCCLK—> {—C K on|
1/256 TBCCLK—> TMSR (8 bits)

— 172
TM5CON

TMS5C: General-purpose 8-bit timer 0 counter

TM5R: General-purpose 8-bit timer O register

TM5CON: General-purpose 8-bit timer 0 control register
TM5O0OUT: Timer 5 output

1/2: 1/2 dividing circuit

Selector

Baud rate for SIO3 and SI04 (SYNC)

Figure 8-10 Timer 5 Configuration
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8.7.2 Description of Timer 5 Registers

1)

@)

®3)

General-purpose 8-bit timer 5 counter (TM5C)

The general -purpose 8-bit timer 5 counter (TM5C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 8-bit timer 5 register (TM5R). TM5C can also be used as a baud rate
generator for SIO3 and SIO4.

TM5C can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), contents of TM5C are undefined.

[Note]
Writing a timer vaue to TM5C causes the same value to aso be written to the
general-purpose 8-bit timer 5 register (TM5R).

General-purpose 8-bit timer 5 register (TM5R)
The general-purpose 8-bit timer 5 register (TM5R) consists of 8 bits.  This register stores the
value to be reloaded into the general -purpose 8-bit timer 5 counter (TM5C).

TMB5R can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM5R are undefined.

General-purpose 8-bit timer 5 control register (TM5CON)

The general-purpose 8-bit timer 5 control register (TM5CON) consists of 5 bits. Bits0to 2
(TM5CO to TM5C2) of TM5CON select the timer 5 count clock, bit 3 (TM5RUN) starts or
halts the counting, and bit 7 (TM50UT) specifies the initial (when activated) timer output
level (“H” or “L” level). The contents of bit 7 (TM50UT) are inverted each time TM5C
overflows.

TM5CON can be read from and written to by the program. However, write operations are
invalid for the upper 4 hits. If read, a value of “1" will aways be obtained for bits 4 to 6.
The value read from bit 7 is undefined.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM5CON are 70H.

Figure 8-11 shows the TM5CON configuration.
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7 6 5 4 3 2 1 0 Address: 007A [H]
TMSCON [msou — [ — [ — [rwsruN Twiscz] TMsc1] TMSCO|  raw access: RIW
At reset 0 1 1 1 0 0 0 0
TM5C .
Timer 5 count clock

2110
0|00 TBCCLK
001 1/2 TBCCLK
010 1/4 TBCCLK
0[1|1 1/8 TBCCLK
1|00 1/32 TBCCLK
1/{0]|1 1/256 TBCCLK
1(1|0 Inaccessible
1111 Inaccessible

0| Timer 5 halts counting
1| Timer 5 starts counting

0| “L”level output
“H” level output

[y

“—" indicates a nonexistent bit.

When read, its value will be “1".
“Undefined” indicates a nonexistent bit.

For programming purposes, assume that
the value of this bit is always indeterminate.

Figure 8-11 TM5CON Configuration

[Note]
Do not select “Inaccessible” for timer 5 count clock.

If you select “Inaccessible”, timer 5 will not operate normally.
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8.7.3 Example of Timer 5-related Register Settings

1)

)

®)

General-purpose 8-bit timer 5 counter (TM5C)

Set the timer value that will be valid at the start of counting. When writing to TM5C, the
same value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 5 register (TM5R).

General-purpose 8-bit timer 5 register (TM5R)

This register sets the value to be loaded after general-purpose 8-bit timer 5 counter (TM5C)
overflows. If the timer value (TM5C) and the reload value (TM5R) are identical, this register
will automatically be set just by setting TM5C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 5 control register (TM5CON)

Bits 0 to 2 (TM5CO to TM5C2) of this register specify the count clock for timer 5. |If
TM50UT (timer output) is used, bit 7 (TM50UT) specifies the initial value. If bit 3
(TM5RUN) is set to “17, timer 5 will begin counting. If reset to “0”, timer 5 will halt
counting.
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8.7.4 Timer 5 Operation

When the TM5RUN bit is set to “1”, timer 5 will begin counting upward, running on the count
clock selected by TM5CON. When TM5C overflows, an interrupt request is generated and
the contents of TM5R are loaded into TM5C, and TM50UT is inversely output. Bit 7
(TM50UT) of TM5CON specifies the initial value of TM50UT output. This operation is
repeated until the TM5RUN bit isreset to “0”.  Overflow of TM5C can be used as a baud rate
generator for SIO3 and SIO4. Figure 8-12 shows an operation example (for settings of 1/n
counter frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK
TM count CLK

(1/4 TBCCLK)
TM5R 55H
TM5C FEH >< FFH >< 55H >< 56H X
Overflow signal L
(Baud rate for SIO3, 4) <
TM50UT
A

Interrupt request generated

Figure 8-12 Timer 5 Operation Example
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8.7.5 Timer 5 Interrupt

When a timer 5 interrupt factor occurs, the interrupt request flag (QTM50V) is set to “1”.
Theinterrupt request flag (QTM50V) islocated in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM50V).
enable flag (ETM50V) is located in interrupt enable register 3 (IE3).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POTM50V and
P1TM50V). The interrupt priority setting flags are located in interrupt priority control
register 6 (1P6).

Table 8-6 lists the vector address of the timer 5 interrupt factor and the interrupt processing
flags.

Table 8-6 Timer 5 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer 5 003A QTM50V ETM50V | P1TM50V | POTM50V
Symbols of reglsters.that contain interrupt IRQ3 IE3 IP6
processing flags
| Reference page 15-15 15-20 15-27

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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8.8 Timer6

Timer 6 is an 8-bit auto-reload timer that has two operating modes, auto-reload timer mode and
watchdog timer (WDT) mode. If the counter overflows during the WDT mode, the system

will be reset.
8.8.1 Timer 6 Configuration

Figure 8-13 shows the timer 5 configuration.

1/8 TBCCLK—> OVF

1/16 TBCCLK—> TM6C (8 bits)

1/32 TBCCLK—>
1/64 TBCCLK—>
1/128 TBCCLK—>
1/256 TBCCLK—>
1/1024 TBCCLK—>
1/4096 TBCCLK—>

TM6C: General-purpose 8-bit timer 6 counter

TM6R: General-purpose 8-bit timer 6 register
TM6CON: General-purpose 8-bit timer 6 control register
MODWDT: WDT mode setting signal

Selector

TMB6R (8 bits)

Figure 8-13 Timer 6 Configuration

Ci:>%lnterrupt request

$ Reset request

MODWDT Software alternates

writing n3H and nCH
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8.8.2 Description of Timer 6 Registers

1)

)

General-purpose 8-bit timer 6 counter (TM6C)
The general-purpose 8-bit timer 6 counter (TM6C) is an 8-bit up-counter.

* During auto-reload timer mode
When an interrupt request is generated due to overflow of the counter, the contents of
general-purpose 8-bit timer 6 register (TM6R) are loaded into TM6C.

* During WDT mode
Counter overflow causes the system to be reset. When starting or initializing WDT, a
specia write operation to TM6C is necessary (so that WDT will not be easily initialized by
an out-of-control program). The count value can be read during WDT operation, but once
WDT is started, it is not possible to write to TM6C.

At reset (due to a RESn input, BRK instruction execution, watchdog timer overflow, or opcode
trap), the contents of TM6C are undefined.
[Note]
Writing atimer value to TM6C causes the same value to be aso written to general-purpose
8-bit timer 6 register (TM6R).

General-purpose 8-bit timer 6 register (TM6R)
The general-purpose 8-bit timer 6 register (TM6R) consists of 8 bits.  This register stores the
value to be rel oaded into the general-purpose 8-hit timer 6 counter (TM6C).

During the auto-reload timer mode, the program can read from and write to TM6R. During
the WDT mode, TM6R is read-only.

At reset (due to a RESh input, BRK instruction execution, watchdog timer overflow, or opcode
trap), the contents of TM6R are undefined.
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®)

General-purpose 8-bit timer 6 control register (TM6CON)
The general-purpose 8-bit timer 6 control register (TM6CON) consists of 7 bits.

During the auto-reload timer mode, the program can read from and write to TM6CON.
However, write operations are invalid for bits 4 to 6. If read, a value of “1" will aways be
obtained for bit 4.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM6CON becomes 10H.

Figure 8-14 shows the TMB6CON configuration.
[Description of each bit]

e WDTCOto WDTC2 (bitsOto 2)
WDTCO to WDTC2 specify the count clock for timer 6.

e ATMRUN (hit 3)
During the auto-reload timer mode, ATMRUN specifies whether the count is running or
halted.
During the WDT mode, the value that has been written will be read.

* WDTRUN (bit 5)
This read-only flag is read as “1” during counting in the WDT mode. With thisflag, it is
possible to determine whether the count operation in the WDT mode has started.

¢ WDTLDE (hit 6)
During the WDT mode, WDT is initialized within a fixed period by loading the value of
TM6R into TM6C. This load operation (WDT initiaization) is performed by alternately
writing “n3H” and “nCH” (where nis an arbitrary value from 0 to F) to TM6C.

WDTLDE is aread-only flag used during initialization to determine whether the next value
to be written to TM6C will be “n3H” or “nCH”.

« MODWDT (bit 7)
This bit specifies the timer 6 operating mode (auto-reload timer mode or WDT mode).

[Note]

Before setting MODWDT to “1” to enter the WDT mode, set the WDT overflow period
with TM6C, TM6R and TM6CON (WDTCO to WDTC2). It isnot possible to modify the
period once MODWDT is set to “1” and the WDT mode is entered. (Writes become
invalid).

Since MODWDT is located within TM6CON, byte instructions can be used to
simultaneously write to MODWDT and WDTCO through WDTC2.
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7 6 5 4 3 2 1 0 Address: 007E [H]
TM6CON  [vopwor|worioe[wotrRuN  —  [aTMRUN] worca| wotct| wotco] R access: RIW

At reset 0 0 0 1 0 0 0 0

WDTC
1

Timer 6 count clock

1/8 TBCCLK

1/16 TBCCLK

1/32 TBCCLK

1/64 TBCCLK

1/128 TBCCLK

1/256 TBCCLK

1/1024 TBCCLK

PP |PIP|IOO|O|O|N
PP |O|IO|FR | |O|O
RPIO|IRP|IO|FRP|O|,|O|O

1/4096 TBCCLK

Timer 6 halts counting

| O

Timer 6 starts counting

0 (WDT count halted (read-only)

1 |WDT count in progress (read-only)

Initialize by writing n3H (read-only)

1 | Initialize by writing nCH (read-only)

Auto-reload timer mode

| O

WDT mode

“—" indicates a nonexistent bit.
When read, its value will be “1".

Figure 8-14 TM6CON Configuration
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8.8.3 Example of Timer 6-related Register Settings

» Auto-reload timer mode settings

1)

@)

®)

General-purpose 8-bit timer 6 counter (TM6C)

Set the timer value that will be valid at the start of counting. When writing to TM6C, the
same value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 6 register (TM6R).

General-purpose 8-bit timer 6 register (TM6R)

This register sets the value to be loaded after general-purpose 8-bit timer 6 counter (TM6C)
overflows. If the timer value (TM6C) and the reload value (TM6ER) are identical, this register
will automatically be set just by setting TM6C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 6 control register (TM6CON)

Bits 0 to 2 (WDTCO to WDTC?2) of this register specify the count clock for timer 6. If bit 3
(ATMRUN) is set to “1”, timer 6 will begin counting. If reset to “0”, timer 6 will halt
counting.

« Watchdog timer (WDT) mode settings

1)

)

©)

General-purpose 8-bit timer 6 register (TM6R)
This register sets the value to be loaded into general-purpose 8-bit timer 6 counter (TM6C).

General-purpose 8-bit timer 6 control register (TM6CON)
(i) Specify the count clock for timer 6 with bits 0 to 2 (WDTCO to WDTC2) of thisregister.

(ii) Set bit 7 (MODWNDT) to “1” to enter the WDT mode.

(Settings (i) and (ii) can be performed simultaneously by using a byte instruction such as
MOVB.)

General-purpose 8-bit timer 6 counter (TM6C)
Write the WDT activation code, “n3H”, to start WDT counting.

(At thistime, the contents of TM6C are not modified. “n3H” isonly used to activate WDT.)

Thereafter, WDT is initidlized by aternately writing “nCH” and “n3H” before overflow.
WDTLDE (bit 6) of TM6CON can be read to determine whether the value to be written for the
next initialization is“nCH” or “n3H". “WDT initialization” is defined as loading the value of
TM6R into TM6C. (nisan arbitrary valuefromOto F.)
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8.8.4 Timer 6 Operation
¢ Auto-reload timer mode

When the MODWNDT bit in TMBCON is reset to “0", the mode changes to the auto-rel oad
timer mode. If the ATMRUN bit is set to “1”, timer 6 will begin counting upward, running
on the count clock selected by TM6CON. When TM6C overflows, an interrupt request is
generated and the contents of TM6R are loaded into TM6C. This operation is repeated until
the ATMRUN bit isreset to “0”.  Figure 8-15 shows an operation example (for settings of 1/n
counter frequency division ratio 1/1 and 1/8 TBCCLK).

CPUCLK

TM count CLK
(1/8 TBCCLK) [ [1 [ [1
TM6R 55H
TM6C FEH >< FFH >< 55H >< 56H X
Overflow signal M
A

Interrupt request generated

Figure 8-15 Timer 6 Operation (During Auto-Reload Timer Mode)

¢ Watchdog timer (WDT) mode

When the MODWNDT bit in TM6CON is set to “1”, the mode changes to the WDT mode.
Once the WDT mode is set, it is not possible to return to the auto-reload timer mode until the
system is reset. In the WDT mode, writing “n3H” to TM6C will cause the WDT count
operation to begin. Thereafter, alternately writing “nCH” and “n3H" by the program will
cause the contents of TM6R to be loaded into TM6C and initialize WDT.

If WDT initialization is not implemented within the fixed amount of time set by the count
clock and the reload value, then TM6C will overflow and the system will bereset. To process
a system reset, the branch address (2 bytes) stored in addresses 0004 to 0005 (vector address
for reset by WDT) is loaded into the program counter.

The time (tWDT) until TM6C overflows can be expressed by the below equation, where f
[MHZ] is the fundamental clock (CPUCLK), T is the TM6C count clock (divided value of
TBCCLK), n is the divisor for the 1/n counter at the TBC front stage, and R is the value of
TM6R.

twor = (Uf) x T xnx (256—R) [us] (R: Oto 255)

Figure 8-16 shows timing diagrams of an out-of-control program and detection by WDT.
Figure 8-17 shows an exampl e of an out-of-control program.
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Direction of program execution

»

TM6C Write n3H Write nCH Write n3H Write nCH
contents WDT starts TM6R - TM6C TM6R - TM6C TM6R - TM6C
. | ! I
| i i i
OVF fp----=====---- [~====m==mmm-- b A -——-

i | |
: |
! |
!
|
i
i
!

TM6R t
<— Within —> < Within ><—— Within——>

tWDT tWDT tWDT

(a) Correct program execution

Direction of program execution

»

TM6C Write n3H Write nCH
contents WDT starts TM6R - TM6C
: |
| |
OVF f---m=m=mmmmmmf==-3 ) mmmmmmo- IL ——————————————————————————————

TM6C overflows
(System reset by WDT)

TM6R :/ ¢

<« tWDT —>

(b) Program runs out-of-control

Figure 8-16 Timing Diagram of Out-of-Control Program Detection
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WDT initialization by
writing nCH to TM6C

WDT initialization by
writing nCH to TM6C

————>

WDT initialization by
writing n3H to TM6C

WDT initialization by
writing n3H to TM6C

(a) Execution of writing nCH only (b) Execution of writing n3H only

—— Abnormal program running

WDT initialization by
writing nCH to TM6C

————— Normal program running

»
>

WDT initialization by
writing n3H to TM6C

(c) No writing to TM6C

Figure 8-17 Example of Out-of-Control Program Detection
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8.8.5 Timer 6 Interrupt (During Auto-Reload Timer Mode)

When a timer 6 interrupt factor occurs (during the auto-reload timer mode), the interrupt
request flag (QTM60V) is set to “1". The interrupt request flag (QTM60V) is located in
interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM60OV).
enable flag (ETM60V) islocated in interrupt enable register 3 (IE3).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POTM60V and
P1TM60QV). The interrupt priority setting flags are located in interrupt priority control
register 7 (1P7).

Table 8-7 lists the vector address of the timer 6 interrupt factor and the interrupt processing
flags.

Table 8-7 Timer 6 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer 6 0042 QTMB0V ETM60OV | P1TM60OV | POTM60V
Symbols of reglsters_that contain interrupt IRQ3 IE3 P7
processing flags
| Reference page 15-15 15-20 15-28

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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8.9 Timer9
Timer 9 isan 8-bit auto-reload timer.

8.9.1 Timer 9 Configuration
Figure 8-18 shows the timer 9 configuration.

TBCCLK —>
1/2 TBCCLK—> OVF

TMOC (8 bits)
1/4 TBCCLK—>

1/8 TBCCLK—>
1/32 TBCCLK—>
1/256 TBCCLK—=>

Selector

TMOR (8 bits)

1

TM9C: General-purpose 8-bit timer 9 counter

TM9R: General-purpose 8-bit timer 9 register

TM9CON: General-purpose 8-bit timer 9 control register
TMOOUT: Timer 9 output

—>CK Qn—

Interrupt request

[ D Q TM9OUT

Clock output
for PWM

Figure 8-18 Timer 9 Configuration
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8.9.2 Description of Timer 9 Registers

1)

@)

®)

General-purpose 8-bit timer 9 counter (TM9C)

The general -purpose 8-bit timer 9 counter (TM9C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 8-bit timer 9 register (TM9R). This counter can also be used as a clock for
PWM.

TMOC can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM9C are undefined.

[Note]

Writing a timer value to TM9C causes the same value to also be written to the
general-purpose 8-bit timer 9 register (TM9R).

General-purpose 8-bit timer 9 register (TM9R)
The general-purpose 8-bit timer 9 register (TM9R) consists of 8 bits.  This register stores the
value to be rel oaded into the general-purpose 8-bit timer 9 counter (TM9C).

TMO9R can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM9R are undefined.

General-purpose 8-bit timer 9 control register (TM9CON)

The general-purpose 8-bit timer 9 control register (TM9CON) consists of 5 bits. Bits0to 2
(TM9CO to TM9C2) of TM9CON select the timer 9 count clock, bit 3 (TM9RUN) starts or
halts the counting, and bit 7 (TM90OUT) specifies the initial timer output level (High or Low)
at start-up. And each time TMOC overflows, the content of bit 7 (TM9OUT) is reversed.

TMOCON can be read from and written to by the program. However, write operations are
invalid for bits4to 6. If read, avalue of “1” will always be obtained for bits 4 to 6.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM9CON becomes 70H.

Figure 8-16 shows the TM9CON configuration.
[Note]

Just before TM9C overflows, if an SB, RB, XORB or other read-modify-write instruction is
performed on TM9OCON, then TMOOUT may not operate correctly.




ML66525 Family User’s Manual
Chapter 8 General-Purpose 8/16-Bit Timers

! 6 5 4 3 2 1 0 Address: 00CE [H]
TMICON fimoou] — | — [ — [rmoruN TMC2[ TMICI[ TMICO]  maw access: RV
At reset 0 1 1 1 0 0 0 0
TMOC )

21110 Timer 9 count clock
0o|0|0 TBCCLK
0|0|1 1/2 TBCCLK
0[1|0 1/4 TBCCLK
0j1(1 1/8 TBCCLK
1|00 1/32 TBCCLK
1|01 1/256 TBCCLK
11110 Unsettable
1111 Unsettable
0| Timer 9 halts counting
1| Timer 9 starts counting
0| Low level output
1| High level output

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 8-19 TM9CON Configuration

[Note]

Do not select “Unsettable” for timer 9 count clock.

If you select “Unsettable”, timer 9 will not operate normally.
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8.9.3 Example of Timer 9-related Register Settings

1)

)

®)

General-purpose 8-bit timer 9 counter (TM9C)

Set the timer value that will be valid at the start of counting. When writing to TM9C, the
same value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 9 register (TM9R).

General-purpose 8-bit timer 9 register (TM9R)

This register sets the value to be loaded after general-purpose 8-bit timer 9 counter (TM9C)
overflows. If the timer value (TM9C) and the reload value (TM9R) are identical, this register
will automatically be set just by setting TM9C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 9 control register (TM9CON)

Bits 0 to 2 (TM9CO to TM9C2) of this register specify the count clock for timer 9. |If
TMOOUT (timer output) is to be used, specify the initial value with bit 7 (TM9OUT). If bit 3
(TMORUN) is set to “17, timer 9 will begin counting. If reset to “0”, timer 9 will halt
counting.
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8.9.4 Timer 9 Operation

When the TMORUN bit is set to “1”, timer 9 will begin counting upward, running on the count
clock selected by TMO9CON. When TMOC overflows, an interrupt request is generated, the
contents of TM9R are loaded into TM9C and the TM9OOUT output is inverted. The initial
value of the TMOOUT is specified by bit 7 (TM9OUT) of TM9CON. This operation is
repeated until the TMORUN bit isreset to “0".  Overflow of TM9C can be used as the clock
output for PWM. Figure 8-20 shows an operation example (for settings of 1/n counter
frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK ] ] ] ]
(1/4 TBCCLK)
TM9R 55H
TMOC FEH >< FFH >< 55H >< 56H X
Overflow signal M K
(Clock output for PWM) <
TMOOUT
A

Interrupt request generated

Figure 8-20 Timer 9 Operation Example
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8.9.5 Timer 9 Interrupt

When a timer 9 interrupt factor occurs, the interrupt request flag (QTM9QV) is set to “1”.
The interrupt request flag (QTM9QV) is located in interrupt request register 4 (IRQ4).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM90V). The interrupt
enable flag (ETM9QV) islocated in interrupt enable register 4 (IE4).

Three levels of priority can be set with the interrupt priority setting flags (POTM90OV and
P1TM9QV). The interrupt priority setting flags are located in interrupt priority control
register 9 (1P9).

Table 8-8 lists the vector address of the timer 9 interrupt factor and the interrupt processing
flags.

Table 8-8 Timer 9 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer 9 0072 QTMI0OV ETMO0OV | P1TM90OV | POTM90OV

Symbols of registers that contain interrupt

processing flags IRQ4 IE4 IP9

| Reference page 15-16 15-21 15-30

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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8.10 Timer 7
Timer 7 isa 16-bit auto-reload timer.

8.10.1 Timer 7 Configuration
Figure 8-21 shows the timer 7 configuration.

TBCCLK —>f
1/2 TBCCLK—>

. OVF
1/4 TBCCLK—> TM7C (16 bits) Interrupt request

1/8 TBCCLK—>
1 h
D Q TM70UT

1/16 TBCCLK—>
TM7R (16 bits) ——CK opl—

Selector

1/32 TBCCLK—>
1/64 TBCCLK—>
1/128 TBCCLK—>

TM7CON

TM7C: General-purpose 16-bit timer 7 counter

TM7R: General-purpose 16-bit timer 7 register
TM7CON: General-purpose 16-bit timer 7 control register
TM7O0OUT: Timer O output

Figure 8-21 Timer 7 Configuration
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8.10.2 Description of Timer 7 Registers

1)

)

®)

General-purpose 16-bit timer 7 counter (TM7C)

The general-purpose 16-bit timer 7 counter (TM7C) is a 16-bit up-counter.  When this counter
overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 16-bit timer 7 register (TM7R).

TM7C can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM7C are undefined.

[Note]

Writing a timer value to TM7C causes the same value to also be written to the
general-purpose 16-bit timer 7 register (TM7R).

General-purpose 16-bit timer 7 register (TM7R)
The general-purpose 16-bit timer 7 register (TM7R) consists of 16 bits. This register stores
the value to be reloaded into the general -purpose 16-bit timer 7 counter (TM7C).

TM7R can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM7R are undefined.

General-purpose 16-bit timer 7 control register (TM7CON)

The general-purpose 16-bit timer 7 control register (TM7CON) consists of 5 bits. Bits0to 2
(TM7CO0 to TM7C2) of TM7CON select the timer O count clock, bit 3 (TM7RUN) starts or
halts the counting, and bit 7 (TM70UT) specifies the initial timer output level (High or Low)
at start-up. And each time TM7C overflows, the content of bit 7 (TM70UT) is reversed.

TM7CON can be read from and written to by the program. However, write operations are
invalid for bits4to 6. If read, avalue of “1” will aways be obtained for bits 4 to 6.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM7CON becomes 70H.

Figure 8-2 shows the TM7CON configuration.
[Note]

Just before TM7C overflows, if an SB, RB, XORB or other read-modify-write instruction is
performed on TM7CON, then TM70UT may not operate correctly.
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! 6 5 4 3 2 1 0 Address: 0066 [H]
TM7CON [mrout], — | — [ — [rmrrun Tm7c2[ TM7ca[ TM7CO]  paw access: RIW
At reset 0 1 1 1 0 0 0 0
TM7C )
2111 0 Timer 7 count clock
0[{0|0 TBCCLK
0|01 1/2 TBCCLK
0/1]|0 1/4 TBCCLK
0|11 1/8 TBCCLK
1/0]0 1/16 TBCCLK
1/0|1 1/32 TBCCLK
1110 1/64 TBCCLK
1|11 1/128 TBCCLK
0| Timer 7 halts counting
1| Timer 7 starts counting
Low level output

1| High level output

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 8-22 TM7CON Configuration
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8.10.3 Example of Timer 7-related Register Settings

1)

)

®)

General-purpose 16-bit timer 7 counter (TM7C)

Set the timer value that will be valid at the start of counting. When writing to TM7C, the
same value will also be simultaneously and automatically written to the general-purpose 16-bit
timer 7 register (TM7R).

General-purpose 16-bit timer 7 register (TM7R)

This register sets the value to be loaded after general-purpose 16-bit timer 7 counter (TM7C)
overflows. If the timer value (TM7C) and the reload value (TM7R) are identical, this register
will automatically be set just by setting TM7C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 16-bit timer 7 control register (TM7CON)

Bits 0 to 2 (TM7CO to TM7C2) of this register set the count clock for timer 7. If TM70UT
(timer output) is to be used, specify the initia value with bit 7 (TMOOUT). If bit 3
(TM7RUN) is set to “1”, timer O will begin counting. If reset to “0”, timer 7 will halt
counting.
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8.10.4 Timer 7 Operation

When the TM7RUN bit is set to “1”, timer O will begin counting upward, running on the count
clock selected by TM7CON. When TM7C overflows, an interrupt request is generated, the
contents of TM7R are loaded into TM7C and the TM70UT output is inverted. The initial
value of the TM70UT is specified by bit 7 (TM70UT) of TM7CON. This operation is
repeated until the TM7RUN bit is reset to “0”. Figure 8-3 shows an operation example (for
settings of 1/n counter frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK
(1/4 TBCCLK)
TM7R 0055H
TM7C  FFFEH X FFFFH  {  0055H X  0056H X
Overflow signal L
TM70UT <
A

Interrupt request generated

Figure 8-23 Timer 7 Operation
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8.10.5 Timer 7 Interrupt

When a timer 7 interrupt factor occurs, the interrupt request flag (QTM7QV) is set to “1”.
The interrupt request flag (QTM7Q0V) islocated in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM70V).
enable flag (ETM7QV) islocated in interrupt enable register 1 (IEL).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POTM70V and
P1ITM7QV). The interrupt priority setting flags are located in interrupt priority control
register 2 (1P2).

Table 8-9 lists the vector address of the timer 7 interrupt factor and the interrupt processing
flags.

Table 8-9 Timer 7 Vector Address and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of timer 7 0032 QTM70V ETM70V | P1TM70V | POTM70V
Symbols of reglsters.that contain interrupt IRQ2 IE2 P5
processing flags
| Reference page 15-14 15-19 15-26

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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9. Real-Time Counter (RTC)

9.1 Overview
The ML66525 family contains one internal 15-bit real-time clock counter (RTC).

The real-time counter runs on the clock obtained from the oscillation circuit (32.768 kHz)
connected to the XT pins. Interrupt requests at 1, 0.5, 0.25, and 0.125 seconds can be
obtained from the output of the real-time counter.

Counting continues even when in a standby state (STOP and HALT modes). The STOP and
HALT modes can be released by the real -time counter interrupt.

9.2 Real-Time Counter Configuration
Figure 9-1 shows the real-time counter configuration.

Bit 11 (0.125 s)

Bit 12 (0.25 s)

<]
Bit 13 (0.5 s) % —— QRTC
n
Bit 14 (1 s)
0 14
XT XTCLK
Oscillation q RTCC
circuit R
XT0 RTCCON
XTn
o — To CPUCLK selector
XTCLK: Real-time counter clock (32.768 kHz)
32.768 kHz RTCC: Real-time counter (15 bits)
crystal RTCCON: Real-time counter control register
oscillator QRTC: Real-time counter interrupt
XTO0, XTn: 32.768 kHz oscillator connection pins for real-time counter

Figure 9-1 Real-Time Counter Configuration
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9.3 Real-Time Counter Control Register (RTCCON)
The real-time clock control register (RTCCON) consists of 4 bits. All real-time counter
settings are performed with RTCCON.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), RTCCON becomes FOH.

Figure 9-2 shows the RTCCON configuration.
[Description of each bit]

e RTCCL (bit0)
This bit is used to reset the rea-time counter. If RTCCL is set to “1”, the real-time
counter will be reset to “0”. When the real-time counter is reset, RTCCL is also
simultaneously reset to “0”.

e RTCIE (bit 1)
This bit enables or disables the real-time counter interrupt.

* SELRTIO, SELRTI1 (bits 2 and 3)
These bits select the interrupt cycle for the real-time counter interrupt.

7 6 5 4 3 2 1 0
RTccon | — | — | — | — [setrmiaseLrTIo] RTCIE [RTCCL] Address: 0013 [H]
R/W access: R/IW
At reset 1 1 1 1 0 0 0 0

l 0 [Real-time counter operation in progress

1 |Reset real-time counter

0 | Disable real-time counter interrupt

1 | Enable real-time counter interrupt

SELRTI Real-time counter
110 interrupt cycle
0olo0 1s
ol1 0.5s
1o 0255
111 0.125s

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 9-2 RTCCON Configuration
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9.4
@)

)

9.5

Example of Real-Time Counter Register Settings

Peripheral Control Register (PRPHCON)

If the real-time counter isto run on an external clock input to the XTO pin (instead of the clock
from the XT oscillation circuit), set bit 4 (EXTXT) to “1". Thereafter, an external clock can
be input to the XTO pin.

Real-Time Counter Control Register (RTCCON)

To reset the real-time counter, set bit 0 (RTCCL) to “1". If the real-time interrupt is to be
used, specify the real-time counter interrupt request cycle with bits 2 and 3 (SELRTIO and
SELRTI1) and set bit 1 (RTCIE) to “1” to enable the interrupt.

Real-Time Counter Operation

The real-time counter counts upward at the falling edge of XTCLK (XT clock). The output of
real-time counter bits 11 through 14, as selected by bits 2 and 3 (SELRTIO and SELRTI1) of
the real-time counter control register (RTCCON), generate real-time counter interrupt requests.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the real-time counter is reset to “0”". The real-time counter can also be
reset to “0” by setting the RTCCL bit of RTCCON to “1".
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9.6 Real-Time Counter Interrupt

When the real-time counter interrupt factor occurs, the interrupt request flag (QRTC) is set to
“1". Theinterrupt request flag (QRTC) islocated in interrupt request register 3 (IRQ3).

Interrupt can be enabled or disabled by the interrupt enable flag (ERTC). Theinterrupt enable
flag (ERTC) islocated in interrupt enable register 3 (1E3).

Three levels of priority can be set with the interrupt priority setting flags (PORTC and PIRTC).
The interrupt priority setting flags are located in interrupt priority control register 7 (1P7).

Table 9-1 lists the vector address of the rea-time counter interrupt factor and the interrupt
processing flags.

Table 9-1 Real-Time Counter Vector Address and Interrupt Processing Flags

Interrupt factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Real-time counter output
(Cycle: 0.125 10 1 5) 0048 QRTC ERTC P1RTC PORTC
Symbols of reglsters.that contain interrupt IRO3 IE3 P7
processing flags
| Reference page 15-15 15-20 15-28

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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10.
10.1

10.2

PWM Function

Overview

The ML66525 family contains 2 channels of PWM (Pulse Width Modulation) function that can
vary the duty with a fixed cycle. The resolution of each channel of PWM output is 8 bits.
Use of this function as 1 channel of PWM with 16-bit resolution is also possible.  When used
as a 16-bit PWM, a high-speed mode is available that does not degrade the resolution of PWM
output.

PWM Configuration

The ML66525 family has two sets of 8-bit PWMs (8-bit PWMO and 8-bit PWM1). These can
be cascaded and used as 16-bit PWM (16-bit mode).

Figure 10-1 shows the PWM configuration.

High-speed mode
circuit

: —=>{] PWMOOUT (P7_6)
0

1/1 CPUCLK—
1/2 TBCCLK—
1/4 TBCCLK
Timer 9 OVF——

Selector

oo PWINTO

—>{] PWM10OUT (P7_7)

1/1 CPUCLK—
1/2 TBCCLK—
1/4 TBCCLK—

Selector

PWINT1

PWCY0, PWCY1: PWM cycle register (8 bits)
PWCO0, PWC1: PWM counter (8 bits)

PWRO, PWR1: PWM register (8 bits)
PWMOOUT, PWM1OUT: PWM output pin
PWMINTO, PWMINTL: Interrupt request

Figure 10-1 PWM Configuration

10-1
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10.3 PWM Register
Table 10-1 lists a summary of SFRsfor PWM control.

Table 10-1 Summary of SFRs for PWM Control

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page
PWM regi PWR

0090 register 0 9 | pwro1 | RIW 8/16 00 10-4

0091 PWM register 1 PWR1 00

0094 PWM cycle reg!ster 0 PWCYO0 PWCY RIW 8/16 00 10-3

0095 PWM cycle register 1 PWCY1 00

0096 PWM counter 0 PWCO PWC RIW 8/16 00 10-3

0097 PWM counter 1 PWC1 00

0098 PWM control register 0 PWCONO — R/W 8 00 10-4

00997 | PWM control register 1 PWCON1 — R/W 8 FE 10-6

[Notes]

1. Addresses are not always consecutive.
2. A star (3¢) in the address column indicates a missing bit.
3. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.

10-2
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10.3.1 Description of PWM Registers

1)

)

PWM counters (PWCO0, PWC1)
The PWM counters (PWCO, PWCL1) are 8-hit up-counters. When overflow occurs, the value
in PWM cycle registers (PWCY 0, PWCY C1) isloaded into PWC0 and PWCL1.

PWCO0 and PWC1 can be read from and written to by the program. PWCO and PWC1 can
also be accessed as 16-bit PWC. During a 16-bit access, PWCL is the upper 8 bits and PWCO
isthe lower 8 bits of PWC.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCO and PWC1 become O0H.

[Note]

Writing a count value to PWCO causes the same value to also be written to PWM cycle
register 0 (PWCYO0). Similarly, writing a count value to PWC1 causes the same value to
also be written to PWM cycleregister 1 (PWCY 1).

PWM cycle registers (PWCYO0, PWCY1)
The PWM cycle registers (PWCY 0, PWCY 1) are 8-bit registers that set the PWM cycle.

PWCY0 and PWCY 1 can be read from and written to by the program. PWCYO0 and PWCY 1
can aso be accessed as 16-bit PWCY. During a 16-bit access, PWCY 1 is the upper 8 bits and
PWCY 0 isthe lower 8 bits of PWCY .

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCY 0 and PWCY 1 become O0H.

[Note]

The cycle set in PWCY 0 must be longer than the duty value set by PWRO. Also, the cycle
set in PWCY 1 must be longer than the duty value set by PWR1 and PWR3.

During the 16-bit mode, the cycle set in PWCY must be longer than the duty value set in
PWROL.

10-3
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®)

(4)

PWM registers (PWRO0 and PWR1)

The PWM registers (PWRO0 and PWR1) are 8-hit registers that set the duty value. The duty
value setting for PWRO is limited to within the cycle range set by PWCYO0. Also, the duty
value setting for PWR1 and PWR3 islimited to within the cycle range set by PWCY 1.

PWRO0 and PWR1 can be read from and written to by the program. PWRO0 and PWR1 can
also be accessed as the 16-bit PWRO1. During a 16-bit access, PWRL1 is the upper 8 bits and
PWRO is the lower 8 bits of PWROL.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWRO0 and PWR1 become O0H.

[Note]

During the 16-bit mode, the duty value set by PWROL1 is limited to within the cycle range
set by PWCY.

PWM control register 0 (PWCONO)

The PWM control register 0 (PWCONO) consists of 8 bits. PWCONO starts and stops the
PWM counters (PWCO, PWC1), selects the counter clock, and specifies the interrupt factor of
PWINTO and PWINTL1.

PWCONO can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCONO becomes O0H.

Figure 10-2 shows the PWCONO configuration.

10-4
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7 6 5 4 3 2 1 0
PWCONO ’PWClOV‘ PWCKll‘PWCKlO‘PWlRUN‘PWCOOV‘ PWCKOl‘PWCKOO‘PWORUN‘ R/WAddressE %(;\5/9\;3 [H]
At reset 0 0 0 0 0 0 0 0 access.
’ 0 Stop PWCO

1 Operate PWCO

PWCKO _

11 0 PWCO input clock

0 | 0 |1/2 CPUCLK

0 1 |1/2 TBCCLK

1 0 | 1/4 TBCCLK

1 1 | TM9 overflow

0 | PWINTO = PWCO0 and PWRO match
1 |PWINTO = PWCO overflow

Stop PWC1
1 | Operate PWC1
PWCK1 .
PWC1 input clock

1 0

0 0 |1/1 CPUCLK

0 1 |1/2 TBCCLK

1 0 | 1/4 TBCCLK

1 | 1 | PWCO overflow (16-bit mode)
0 | PWINT1 = PWC1 and PWR1 match

[Eny

PWINT1 = PWC1 overflow

Figure 10-2 PWCONO Configuration

10-5
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(5) PWM control register 1 (PWCON1)
The PWM control register 1 (PWCON1) consists of 1 bit. PWCONL register is used to select
norma mode or high-speed mode of PWM. If bit 0 (PWHSM) is set to “1”, the mode
changes to high-speed mode. High-speed mode can only be used during the 16-bit mode.

PWCON can be read from or written to by the program. However, write operations are
invalid for bits 1 through 7.  If read, avalue of “1” will always be obtained for bits 1 through
7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCON1 becomes FEH.

Figure 10-3 shows the PWCONL1 configuration.

7 6 5 4 3 2 1
pweont| — | — | — | — | — | — | — |pwhsM Address:0099 [H]
At reset 1 1 1 1 1 1 1 0 R/W access: RIW

‘ 0 |Normal mode
1 |High-speed mode

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 10-3 PWCONL1 Configuration

[Note]
High-speed mode is only valid when 16-bit PWM is used.

10-6
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10.3.2 Example of PWM-related Register Settings
» 8-bit PWM settings

1)

)

®)

(4)

©)

Port 7 mode register (P710)
If PWMOOUT is to be used, set hit 6 (P7106) to “1” to configure the port as an output.  If
PWM1OUT isto be used, set bit 7 (P7107) to “1” to configure the port as an output.

Port 7 secondary function control register (P7SF)

If PWMOOUT is to be used, set bit 6 (P7SF6) to “1" to configure the port as a secondary
function output.  If PWM1OUT isto be used, set bit 7 (P7SF7) to “1" to configure the port as
a secondary function output. When the PWM function does not operate, this port is fixed at
“1.

PWM counters (PWCO, PWC1)
Set these counters with the value at which to start counting.  Writing to PWCO0 and PWCL1
causes the same value to be simultaneously and automatically written to PWCY 0 and PWCY 1.

PWM cycle registers (PWCYO0, PWCY1)
If PWMOOUT isto be used, set the PWM cyclein PWCYO0. If PWM1OUT isto be used, set
the PWM cyclein PWCY 1.

PWM registers (PWRO0 and PWR1)

If PWMNOUT are to be used, set the desired output duty value in PWRn (where n = 0 and 1).
Set a value for PWRO that is larger than the value of PWCYO0. Set avaue for PWR1 that is
larger than the value of PWCY 1.

10-7
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(6)

PWM control register 0 (PWMCONO)

If PWMOOUT isto be used, set the count clock for PWM counter O (PWCO) with bits 1 and 2
(PWCKO00, PWCKO0L), and specify the interrupt factor that will initiate a PWINTO interrupt
request with bit 3 (PWCOOV). If bit 0 (PWORUN) is set to “1”, the PWM counter 0 (PWCO)
begins counting. If reset to “0” the counting is halted.

If PWM1OUT isto be used, set the count clock for PWM counter 1 (PWC1) with bits 5 and 6
(PWCK10, PWCK11), and specify the interrupt factor that will initiate a PWINT1 interrupt
request with bit 7 (PWC10V). If bit 4 (PW1RUN) isset to “1”, the PWM counter 1 (PWC1)
begins counting. If reset to “0” the counting is halted.

[Equation to Calculate 8-Bit PWM Cycle]
fipwmg = PWCLK/(256 — PWCYn) frwmg @ PWM cycle[HZ]

PWCLK : PWM input clock frequency [HZ]
PWCYn : Vaueof PWCYO0 or PWCY 1 (8 hits)

¢ 16-bit PWM settings

@)

@)

®)

(4)

®)

Port 7 mode register (P710)
If PWM1OUT isto be used, set bit 7 (P7107) to “1” to configure the port as an output.

Port 7 secondary function control register (P7SF)
If PWM1OUT is to be used, set bit 7 (P7SF7) to “1" to configure the port as a secondary
function output. When the PWM function does not operate, this port isfixed at “1”.

PWM counters (PWCO0, PWC1)
Set these counters with the value at which to start counting.  Writing to PWC causes the same
value to be simultaneously and automatically written to PWCY .

PWM cycle register (PWCY)
Set the PWM cyclein PWCY.

PWM registers (PWRO01)
If PWM1OUT is to be used, set the desired output duty value in PWRO1. Set a value for
PWROL1 that islarger than the value of PWCY.

10-8
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(6) PWM control register 0 (PWMCONO)

Setting both bits 5 and 6 (PWCK10 and PWCK11) to “1" cascades the two counters (16-bit
mode) so that overflow of PWM counter 0 (PWCO) is the clock input to PWM counter 1
(PWC1), thereby forming 16-bit PWM counter (PWC). Bits 1 and 2 (PWCKO00 and
PWCKO01) specify the count clock. Bits 3 and 7 (PWCOOV and PWC10V) specify the
interrupt factor for PWINTO and PWINT1 interrupt requests. Leaving bit 4 (PW1RUN) set to
“1" alows starting and stopping during the 16-bit mode to be controlled with only bit O
(PWORUN).

(7) PWM control register 1 (PWMCON1)
Bit 0 (PWHSM) specifies normal 16-bit mode or high-speed mode. During the high-speed
mode, starting and stopping can be controlled with only bit 4 (PW1RUN) of PWCONO.

[Equation to Calculate 16-Bit PWM Cycle]

f(PWMlB) =PWCL K/(65536 - PVVCY) f(PWM16) . PWM CyCIe [HZ]
PWCLK : PWM input clock frequency [HZ]
PWCY : Vaueof PWCY (16 bits)

10.4 PWM Operation
10.4.1 PWM Operation During 8-Bit Mode

During the 8-bit mode, PWM output can use the two output pins of PWMOOUT and
PWM1OUT.

The output from the PWMnOUT pin (when n = 0 and 1) goes to the High level the moment the
corresponding pin (P7_6 and P7_7) is configured as a secondary function output.

PWM is started by setting the corresponding RUN bit (PWORUN, PW1RUN) to “1”.  When
the corresponding RUN bit becomes 1, PWCO and/or PWC1 begin counting, at the same time
the output flip-flop is set to “1”. PWCO0 and PWC1 continue to count upward. When their
value matches the contents of the corresponding PWRnN, an interrupt request is generated, the
output flip-flop isreset to “0”, and aLow level is output from the PWMnOUT pin. If PWCO
and PWCL1 overflow, the output flip-flop is set to “1”, and the PWMnOUT pin outputs a High
level. Also, the value of PWCYO0 and PWCY 1 isloaded into PWCO and PWC1. Theresfter,
until the RUN hit is reset to “0”, this operation will repeat and the duty controlled waveform
will be output from the PWMnOUT pin. When the RUN bit is reset to “0”, a High level is
output to the PWMnOut pin.

[Note]
Depending upon the count clock selected for PWCO and PWC1, immediately after PWM is
started, the PWM output duty may be shortened (for one cycle only).

If the value of PWCO and PWCL1 is 00H, and the value of the corresponding PWRn is O0H,
the duty output is 1/256. Increasing the value of PWRn increases the output duty (High
level). If the value of PWRn is FFH, the output is 256/256 or 100% duty. To redize
0/256 or 0% duty, use the port 1 primary function since 0% duty cannot be realized with the
PWM function.

Figure 10-4 shows an example of PWM output operation.

10-9
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10.4.2 PWM Operation During 16-Bit Mode
During the 16-bit mode, PWM output can use the one output pin of PWM10OUT.

The output from the PWM1OUT pin goes to the High level the moment P7_7 is configured as
a secondary function output.

PWM is started by first setting PW1RUN to “1”, and then by setting PWMORUN to “1”
When the RUN bit becomes 1, PWC begins counting, the output flip-flop is simultaneously set
to“1”". PWC continues to count upward. When its value matches the contents of PWRO0L, a
PWINT1 interrupt request is generated, the output flip-flop is reset to “0”, and a Low level is
output from the PWM1OUT pin. If PWC overflows, the output flip-flop is set to “1”, and the
PWM1OUT pin outputs a High level. Also, the value of PWCY is loaded into PWC.
Thereafter, until the RUN bit is reset to “0”, this operation will repeat and the duty controlled
waveform will be output from the PWM1OUT pin.  When the RUN bit isreset to “0”, aHigh
level is output to the PWM1OUT pin.

However, even in the 16-bit mode, a PWINTO interrupt is generated when the value of PWCO
(lower 8 bits of PWC) matches that of PWRO (lower 8 bits of PWR01), and an interrupt
request (PWINTO) is generated when PWCO overflows.

[Note]

Depending upon the count clock selected for PWC, immediately after PWM is started, the
PWM output duty may be shortened (for one cycle only).

If the value of PWC is 0000H, and the value of PWRO01 is 0000H, the duty output is
1/65536. Increasing the value of PWRO1 increases the output duty (High level). If the
value of PWRO01 is FFFFH, the output is 65536/65536 or 100% duty. To redize 0/65536
or 0% duty, use the port 1 primary function since 0% duty cannot be realized with the
PWM function.

Figure 10-4 shows an example of PWM output operation. Figure 10-5 shows an example of
the timing at which PWM output changes.

10-10
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PWC contents

PWCY contents ——
Value of (PWR-PWCY)——<——>

RUN bit J :
PWMoutput | : ! | ! !
waveform | : ! ! i :
: A i |
RUN bit is set E PWC overflows ! PWC overflows
A A A

PWC =PWR -

Figure 10-4 Example of PWM Output Operation

cuck [T LU LU UL L L
PWM clock 1/4 CPUCLK J_x ’—‘ ’—‘ FLL
L

PWC contents | 100H | 100H 102H

PWRn contents 100H

PWC and PWRn matching signal I ‘

Change in PWM output pin \

Figure 10-5 Example of PWM Output Change Timing
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10.4.3 PWM Operation During High-Speed Mode

During the 16-bit mode, setting bit 0 (PWHSM) of PWCONL1 to “1” changes the mode to the
high-speed mode. In the high-speed mode, as shown in Figure 10-6, overflow of the upper 8
bits of PWC cause the lower 8 bits of PWC to be incremented. The contents of PWC and
PWR are compared, and aHigh level is output while PWC < PWR.

< 1 cycle :i
FFH !

Contents of PWC (upper 8 bits)
O0H

01H X 02H GCX FDH X FEH X FFH >

AR

B TY N A ——
el

PWM output.ﬂ ﬂ H H H H
Y Yy AR A

PWC value when PWM output  0000H, 0001H, 0002H, 0003H OOFDH OOFEH OOFFH
changes to a High level 0100H 0101H 0102H

Contents of PWR

Contents of PWC (lower 8 bits){ 00H X

Duty 2/65536 2/65536 2/65536 1/65536 1/65536 1/65536 1/65536

Figure 10-6 PWM Output Waveform During High-Speed Mode

The PWM output in the norma 16-bit mode is 1 pulse per cycle as specified by PWCY.
Therefore, when PWCY is 0000H (longest cycle), the PWM output is approximately 366 Hz
(for amain clock of 24 MHz). In the high-speed mode, a maximum of 256 pulses are output
in the cycle specified by PWCY.  The PWM output can achieve the high-speed of 93.75 kHz
(for amain clock of 24 MHz). With 256 pulses, because the sum of High and Low intervals
is the same as for the 16-bit mode, there is no change in PWM resol ution.

Figure 10-7 shows an example of PWM output during the high-speed mode when PWCY is
0000H (longest cycle).
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PWM Register value
15141312111098 76543210 1/65536

00000000 00000000 —
1/65536 1/65536

00000000 00000001 — H
1/65536 1/65536 1/65536 1/65536 1/65536 1/65536

-256 pulses total-

00000000 112111111 — H
2/65536 1/65536 1/65536 1/65536 1/65536 1/65536

00000001 00000000 —

i 3/65536 3/65536 2/65536 2165536 2/65536 2/65536
00000010 00000001 —|
65279/65536 U 255/ L
11111111 11111101 — 65536
65535/65536 L
11111111 11111110
65536/65536

11111111 11111111

Figure 10-7 Example of PWM Output During High-Speed Mode
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10.5 PWM Interrupts

When each PWM interrupt factor occurs, the corresponding interrupt request flag is set to “1”.
Interrupt request flags are located in interrupt request register 4 (IRQ4).

Interrupts can be enabled or disabled by the interrupt enable flag corresponding to each
interrupt factor. The interrupt enable flags are located in interrupt enable register 4 (IE4).

Three levels of priority can be set with the interrupt priority setting flag corresponding to each
interrupt factor. The interrupt priority setting flags are located in interrupt priority control
register 8 (1P8).

Table 10-2 lists the vector address of each PWM interrupt factor and the interrupt processing
flags.

Table 10-2 PWM Vector Addresses and Interrupt Processing Flags

Interruot factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Overflow of PWCO 006A QPWMO EPWMO P1PWMO | POPWMO
Match of PWCO0 and PWRO
Overflow of PWC1 006C QPWM1 EPWM1 P1PWM1 | POPWM1
Match of PWC1 and PWR1

Symbols of registers that contain interrupt

processing flags IRQ4 IE4 P8

| Reference page 15-16 15-21 15-29

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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11. Serial Port Functions

11.1 Overview

The ML66525 family contains four built-in serial port channels: UART/Synchronous receiver
transmitter serial ports SIO1 and SIO6, universal synchronous receiver transmitter serial port
SI03, and synchronous receiver transmitter serial port with 32-byte FIFO SIO4.

11.2 Serial Port Configuration
Figure 11-1 shows the configuration of the serial ports.

BRG ——»{ | TXD6 (P15_1)
. TXC6 (P15_2)

Timer 3 SI06 (UART/SYNC) [+ U —

( ) ( ) ~«——{ |RXD6 (P15_3)

~«——={ |RXC6 (P15_0)

- ——— [ ] TXD1 (P8_1)
. «——»[ | TXC1 (P8_3)
Timer 4 3
(Timer 4) SI01 (UART/SYNC) < []RXD1(P8_0)
e——»[ |RXC1 (P8_2)

Y

Y

BRG _
(Timer 5) - ——»{ ] SI003 (P10_2)
SIO3 (SYNC) ~«——{ ]SIOI3 (P10_1)
1/4 TBCCLK < »{]SIOCK3 (P10_0)
1/16 TBCCLK |—>
1/64 TBCCLK
BRG _
(Timer 5) i = |SI004 (P10_4)

SI04 (32-byte FIFO SYNC) «——{]SI0I4 (P10_5)

1/1 OSCCLK g -« | SIOCK4 (P10_3)
1/2 OSCCLK

1/4 OSCCLK
1/8 OSCCLK
1/2 TBCCLK

1/4 TBCCLK
1/8 TBCCLK

Figure 11-1 Serial Port Configuration
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11.3 Serial Port Registers
Table 11-1 listsa summary of SFRsfor control of the serial port functions.

Table 11-1 Summary of SFRs for Serial Port Function Control

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page

0084 % | SIO1 transmit control ST1CON — | rRw 8 04 11-16
register

0085 SIO1 receive control register | SR1CON — R/W 8 00 11-18

ooge | SIO1 transmitreceive buffer | gpye | | Ry 8 Undefined |  11-22
register

0087 ¥¢ | SIO1 status register S1STAT — R/W 8 00 11-20

008A¥c | SIO3 control register SIO3CON — R/W 8 80 11-41

008B SI03 register SIO3R — R/W 8 Undefined 11-43

008Cv¢ | SIO4 control register SIO4CON — R/W 8 80 11-48

008D FIFO control register FIFOCON — R/W 8 F1 11-50

ooge | S'04 serialinput FIFO data SIN4 — R 8 Undefined |  11-52
register

oogr | S04 serial output FIFO SOUT4 - W 8 Undefined |  11-52
data register

00F4 % | S106 transmit control ST6CON | — | RwW 8 04 11-4
register

00F5 SI106 receive control register | SR6CON — R/W 8 00 11-6

ooFe | SIO8 ransmitreceive buffer | ggpe || Raw 8 Undefined |  11-10
register

00F7 ¥t | SIO6 status register S6STAT — R/W 8 00 11-8

[Notes]

1. Addresses are not consecutive in some places.

2. A star (5¢) in the address column indicates a missing bit.

3. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.
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11.4 SIO6

The SIO6 has a UART mode and a synchronous mode. Timer 3 is used as a baud rate
generator exclusively for SIO6.

[Note]

In the ML66525A/ML66Q525A, timer 4 is used as a baud rate generator exclusively for
SIO6.

Table 11-2 lists specifications of SIO6.
Table 11-2 SIO6 Specifications

UART mode Synchronous mode
Data length Selectable as 7 or 8 bits Selectable as 7 or 8 bits
Parity Odd, even, none
Error service Parity, overrun, framing Overrun
Stop bit Selectable as 1 or 2 bits
Factors that generate Transmit buffer empty, transmit Transmit buffer empty, transmit
interrupt requests complete, receive complete complete, receive complete
Full-duplex communication Possible Possible
. . Both transmission and reception data Both transmission and reception data
Transmit-receive buffer
are double buffered are double buffered
Max. communication
speed (f = 24 MHz) 1.5 Mbps 6 Mbps
LSB first LSB first
Other An external clock can be used for the Master mode/slave mode
UART baud rate

11.4.1 SIO6 Configuration
Figure 11-2 shows the SIO6 configuration.

2 Internal bus B
BRG i 1
(Timer 3) | S6BUF |[sT6CON|[ S6STAT] | S6BUF |[SR6CON]|[S6STAT |
imer
1n [ Transmission control circuit [|”] T ™™ Reception control circuit

T ! !

Transmit shift register r*’ Receive shift register ‘

»]TXD6 (P15_1)
OTXxCe (P15_3)
CJRXD6 (P15_0)
~[JRXC6 (P15_2)

BRG: Baud rate generator (timer 3) 1/n: 1/n frequency dividing counter
S6BUF: Transmit-receive buffer register TXD6: SIO6 transmit data output pin (P15_1)

ST6CON: SIO6 transmit control register
SR6CON: SIO6 receive control register
S6STAT: SIO6 status register

TXC6: SIO6 transmit clock 1/0 pin (P15_3)
RXD6: SIO6 receive data input pin (P15_0)
RXC6: SIO6 receive clock I/O pin (P15_2)

Figure 11-2 SIO6 Configuration
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11.4.2 Description of SIO6 Registers

1)

SI06 transmit control register (ST6CON)
The SIO6 transmit control register (ST6CON) is a 7-bit register that controls operation of
SIO6 transmission.

ST6CON can be read from and written to by the program. However, write operations are
invalid for bit 2. If read, avaue of “1” will always be obtained for bit 2.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ST6CON becomes 04H, the data length for SIO6 transmission is 8-bits, 2
stop bits are selected and the mode changes to UART mode with no parity.

The baud rate source is the same for transmission and reception. It is set by the receive
control register (SR6CON) to be described later.

[Note]

If ST6CON is to be modified, make those changes after transmission is complete. If
ST6CON is modified before transmission is completed, the current transmission and future
transmissions will not be executed correctly.

Figure 11-3 shows the ST6CON configuration.
[Description of each bit]

* ST6MOD (bit 0)
ST6MOD specifies the transmission mode (UART or synchronous).

» ST6LN (bit 1)
ST6LN specifies the SIO6 transmit data length.

e ST6STB/STESLV (bit 3)
During the UART mode, ST6STB specifies the SIO6 stop bit length.
During the synchronous mode, ST6SLV specifies master or slave operation.

e ST6PEN (bit 4)
ST6PEN specifies whether there is parity during SIO6 transmission. (Only valid during
the UART mode)

e ST60DD (bit 5)
ST60DD specifies the parity bit logic during SIO6 transmission. (Only valid during the
UART mode)

« TR6MIE (bit 6)
TR6MIE specifies whether to use the SIO6 transmit buffer empty signal as an interrupt
request signal.

* TR6NIE (bit 7)
TR6NIE specifies whether to use the SIO6 transmit complete signal as an interrupt request
signal.
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7 6 5 4 3 2 1 0
STGSTB‘ _ ‘ ‘ 4 Address: 00F4 [H]
i1t'6(30|t\| ’TRGNIE’TRGMIE‘STGOD#ST6PEN‘STGSL\/ STBLN ST6MOD| |\ ccess: RIW
reset o 0 0 0 0 1 0 0
‘ 0 | UART mode
1 | Synchronous mode
0 | 8-bit transmit data length
1| 7-bit transmit data length
UART mode 0| 2 stop bits
(ST6STB) 1| 1 stop bit
Synchronous mode | O | Master mode transmission
(ST6SLV) 1| Slave mode transmission
UART mode 0 | No parity

1 | Parity

UART mode 0 | Even parity
1| Odd parity

0 | Transmit buffer empty interrupt request disabled

1 | Transmit buffer empty interrupt request enabled

Transmit complete interrupt request disabled

R |O

Transmit complete interrupt request enabled

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 11-3 ST6CON Configuration
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@)

SIO6 receive control register (SR6CON)
The SIO6 receive control register (SR6CON) is an 8-bit register that controls operation of
SIO6 reception.

SR6CON can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SRECON becomes 00H and SIO6 reception is disabled.

[Note]

If SR6CON is to be modified, first reset SR6REN (bit 7) to “0” and then implement the
change. If SR6CON is modified before SR6REN (bit 7) is reset to “0”, the current
reception and future receptions will not be executed correctly.

Figure 11-4 shows the SR6CON configuration.

[Description of each bit]

» SR6MOD (hit 0)
ST6MOD specifies the SIO6 reception mode (UART or synchronous).

* SR6LN (bit 1)
SR6LN specifies the SIO6 receive data length.

» S6EXC (bit 2)
SB6EXC specifies the baud rate clock to be used by SIO6 during the UART mode. (This
clock is the same for both transmission and reception. The shift clock has a frequency
1/16th of the clock specified here.)

» SR6SLV (bit 3)
During the synchronous mode, ST6SLV specifies master or slave operation of SIO6.
(Only valid during the synchronous mode)

» SR6PEN (bit 4)
SR6PEN specifies whether there is parity during SIO6 reception. (Only valid during the
UART mode)

» SR60DD (hit 5)
SR60DD specifies the parity bit logic during SIO6 reception. (Only valid during the UART
mode)

* RCB6IE (bit 6)
RC6IE specifies whether to use the SIO6 receive complete signal as an interrupt request
signal.

» SR6REN (bit 7)
SR6REN enables or disables SIO6 reception.
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7 6 5 4 3 2 1 0
Address: 00F5 [H]
SR6CON ’SRBREN‘ RC6IE ‘SRGODD‘SRGPEN‘SRGSLV‘ S6Exc\ SR6LN \SRGMOD‘ R/W access: RIW
At reset 0 0 0 0 0 0 0 0

‘ 0 | UART mode
1 | Synchronous mode

8-bit receive data length
1| 7-bit receive data length

UART mode 0 | Timer 3 overflow

1 | External input

Synchronous mode | o | Master mode reception
1 | Slave mode reception

UART mode 0 | No parity
1| Parity

UART mode 0 | Even parity
1| Odd parity

O |Receive complete interrupt request disabled

[N

Receive complete interrupt request enabled

SI06 reception disabled
1 | SIOG6 reception enabled

Figure 11-4 SROCON Configuration
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®)

SIO6 status register (S6STAT)

The SIO6 status register (S6STAT) consists of 6 bits.  Bits 0 through 2 save the SIO6 status
(normal or error) after reception is completed.  Bits 3 through 5 save the status of SIO6 at the
start and completion of transmission and reception. However bits 0 through 2 are updated
after the reception is completed.

S6STAT can be read from and written to by the program. However, write operations are
invalid for bits6and 7.  If read, avalue of “0” will always be obtained for bits 6 and 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SGSTAT becomes O0H.

Figure 11-5 shows the S6STAT configuration.
[Description of each bit]

+ FERRS (bit 0)
If the stop bit in the data received by SIO6 is “0”, FERRG is set to “1” (framing error).
Thishit isonly valid during the UART mode.

» OERRS® (bit 1)
When the SIO6 reception is complete, if the previously received data has not been read by
the program, OERR6 is set to “1” (overrun error).

* PERRG6 (bit 2)
If the parity bit in the data received by SIO6 does not match the parity of the data, PERR6
issetto“1” (parity error). Thishitisonly valid during the UART mode.

* TR6EMP (bit 3)
If the SIO6 transmit buffer empty signal is generated, TRGEMP isset to “1".

* TR6END (bit 4)
If the SIO6 transmit complete signal is generated, TRGEMD isset to “1”.

* RC6END (bit 5)
If the SIO6 receive complete signal is generated, RC6END issetto “1”.

[Note]

Once each bit of S6STAT is set to “1”, the hardware does not reset the bits to “0".
Therefore, reset the bitsto “0” with the program.
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! 6 S 4 3 2 1 0 Address: 00F7 [H]
S6STAT [ — | — [rceEnD[TReEND [TReEMP | PERR6|OERRE| FERRE|  RAW access: RIW
At reset 0 0 0 0 0 0 0 0

‘ 0 | No framing error
UART mode| 1 | Framing error

No overrun error

1 | Overrun error

UART mode| 0 | No parity error
1 | Parity error

Transmit buffer empty signal not generated

1 [Transmit buffer empty signal generated

Transmit complete signal not generated

1 |Transmit complete signal generated

0 |Receive complete signal not generated

1 |Receive complete signal generated

!

‘—" indicates a nonexistent bit.
When read, its value will be “0”.

Figure 11-5 S6STAT Configuration
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(4) SIOG6 transmit-receive buffer register (S6BUF)
The SIO6 transmit-receive buffer register (S6BUF) is an 8-bit register that stores the transmit
and receive data for seria port transmission and reception. Because S6BUF has a duplex
configuration for transmission and reception, it operates as a transmission buffer when written
to, and as a reception buffer when read from.
After the transmit data has been written to S6BUF, the transmit data is transferred to the
transmit shift register and the transmit buffer empty signal is generated. At that time, SIO6
will begin transmission.
After reception is complete, the contents of the receive shift register are transferred to S6BUF
and at that time, the receive complete signal is generated. The contents of S6BUF are saved
until the next reception is completed.
During a 7-bit data reception, bit 7 of S6BUF is“1”, and the 7 bits from bit O through bit 6 are
the reception data.
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of S6BUF is undefined.

(5) SIO6 transmit shift register, receive shift register
The transmit shift register and receive shift register are 8-bit shift registers that perform the
actual shifting operation during transmission and reception.
The transmit shift register and receive shift register cannot be read from or written to by the
program.
Table 11-3 lists SIO6 transmit-receive frame lengths.

Table 11-3 SIO6 Transmit-Receive Frame Lengths
STGPE?\ITGCON/SS?'S&OS’\‘IFGMOD Transmit/Receive Frame Length _
SR6PEN|ST6STB SRELN |SREMOD . 1, 2, 3, 4,5 6, 7, 8, 9,610, 11, 12 [bif

0 0 0 0 sTART] 8-bit data sToP|sTOP

0 0 1 0 ‘START‘ 7-bit data ‘STOP\STOP

0 1 0 0 [START] 8-bit data sTOP

0 1 1 0 ‘START‘ 7-bit data ‘STOP

1 0 0 0 sTART] 8-bit data PARITY|STOP[STOP
1 0 1 0 START] 7-bit data [PARTY|STOP|STOP

1 1] 0o [sTarT 8-bit data [ParmySTOP

1 1 1 0 \START\ 7-bit data \PARIM STOP

— 1 — 1 o0 1 \ 8-bit data |

_ _ 1 1 ‘ 7-bit data ‘
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11.4.3 Example of SIO6-related Register Settings
11.4.3.1 UART Mode Settings

e Transmit settings

1)

@)

®)

(4)

®)

Port 15 mode register (P1510)

If TXD6 (transmit data output) is to be used, set bit 1 (P15101) to “1” to configure that port as
an output. If the baud rate clock is to be input externally, reset bit 2 (P15102) to “0" to
configure that port as an input.

Port 15 secondary function control register (P15SF)

If TXD6 (transmit data output) is to be used, set bit 1 (P15SF1) to “1” to configure that port as
a secondary function output. If the baud rate clock is to be input externaly, specify with bit 2
(P15SF2) whether the input will be pulled-up.

SI06 transmit control register (ST6CON)

Reset bit 0 (ST6MOD) to “0” to change the mode to UART mode.  Specify the transmit data
length with bit 1 (ST6LN). Specify the stop bit length with bit 3 (ST6STB). Specify
whether there is parity with bit 4 (ST6PEN). If parity is selected, specify the parity bit logic
with bit 5 (ST60DD). With bit 6 (TR6MIE), specify whether interrupt requests are enabled
or disabled when a transmit buffer empty signal occurs. With bit 7 (TR6NIE), specify
whether interrupt requests are enabled or disabled when a transmit complete signal occurs.

S106 receive control register (SR6CON)
Specify with bit 2 (SBEXC) whether the baud rate clock isinternal (overflow output of timer 3)
or external (RXC6).

SI06 transmit-receive buffer register (S6BUF)
Transmission is started by writing the transmit datato S6BUF.

¢ Receive settings

1)

)

Port 15 mode register (P1510)

If RXD6 (receive datainput) is to be used, reset bit 0 (P15100) to “0” to configure that port as
an input. If the baud rate clock is to be input externally, reset bit 2 (P15102) to “0" to
configure that port as an input.

Port 15 secondary function control register (P15SF)
Specify with bit 1 (P15SF0) whether the RXD6 pin will be pulled-up. If the baud rate clock
isto beinput externally, specify with bit 2 (P15SF2) whether the input will be pulled-up.
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®)

SIO6 receive control register (SR6CON)

Reset bit 0 (SR6MOD) to “0” to change the mode to UART mode. Specify the receive data
length with bit 1 (SR6LN). Specify with bit 2 (SBEXC) whether the baud rate clock is
internal (overflow output of timer 3) or external (RXC6). Specify whether thereis parity with
bit 4 (SR6PEN). If parity is selected, specify the parity bit logic with bit 5 (SR60DD).
With bit 6 (RC6IE), specify whether interrupt requests are enabled or disabled when areceive
complete signal occurs. If bit 7 (SR6REN) is set to “1”, reception is enabled and the
reception operation is performed when data arrives.

11.4.3.2 Synchronous Mode Settings

¢ Transmit settings

@)

)

®3)

4)

Port 15 mode register (P1510)

If TXD6 (transmit data output) is to be used, set bit 1 (P15101) to “1” to configure that port as
anoutput. If the transmit clock isto be output externally (master mode), set bit 3 (P15103) to
“1" to configure that port as an output. If the baud rate clock is to be input externaly (dave
mode), reset bit 3 (P15103) to “0” to configure that port as an input.

Port 15 secondary function control register (P15SF)

If TXD6 (transmit data output) is to be used, set bit 1 (P15SF1) to “1” to configure that port as
a secondary function output. If the transmit clock is to be output externally (master mode), set
bit 3 (P15SF3) to “1" to configure that port as a secondary function output. If the baud rate
clock isto be input externally (slave mode), specify with bit 3 (P15SF3) whether the input will
be pulled-up.

SI06 transmit control register (ST6CON)

Set bit 0 (ST6MOD) to “1” to specify the mode to synchronous mode. Specify the transmit
data length with bit 1 (ST6LN). Specify master or slave mode transmission with bit 3
(ST6STB). With bit 6 (TRE6MIE), specify whether interrupt requests are enabled or disabled
when a transmit buffer empty signal occurs. With bit 7 (TR6NIE), specify whether interrupt
reguests are enabled or disabled when atransmit complete signal occurs.

SI06 transmit-receive buffer register (S6BUF)
Transmission is started by writing the transmit datato S6BUF.
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* Receive settings

1)

@)

®)

Port 15 mode register (P1510)

If RXD6 (receive datainput) is to be used, reset bit 0 (P15100) to “0” to configure that port as
an input. If the transmit clock is to be output externally (master mode), set bit 2 (P15102) to
“1” to configure that port as an output. If the transmit clock is to be input externaly (save
mode), reset bit 2 (P15102) to “0” to configure that port as an input.

Port 15 secondary function control register (P15SF)

Specify with bit 0 (P15SFO) whether the RXD6 pin will be pulled-up. If the transmit clock is
to be output externally (master mode), set bit 2 (P15SF2) to “1” to configure that port as a
secondary function output. If the transmit clock is to be input externally (slave mode),
specify with bit 2 (P15SF2) whether the input will be pulled-up.

SI06 receive control register (SR6CON)

Set bit 0 (SR6MOD) to “1” to specify the mode to synchronous mode. Specify the receive
data length with bit 1 (SR6LN). Specify the master or slave mode with bit 3 (SR6SLV).
With bit 6 (RC6IE), specify whether interrupt requests are enabled or disabled when areceive
complete signal occurs. If bit 7 (SR6REN) is set to “1”, reception is enabled and the
reception operation is performed when data arrives.

11.4.3.3 Baud Rate Generator (Timer 3) Settings

1)

@)

If overflow of timer 3 is selected for use as the baud rate clock, implement the following
settings.

General-purpose 8-bit timer 3 counter (TM3C)

Set the timer value that will be valid at the start of counting. When writing to TM3C, the
same value will also be simultaneoudly and automatically written to the general-purpose 8-bit
timer 3 register (TM3R).

General-purpose 8-bit timer 3 control register (TM3CON)

Bits 0 to 2 (TM3CO0 to TM3C2) of this register specify the count clock for timer 3. If bit 3
(TM3RUN) is set to “1", timer 3 will begin counting. If reset to “0", timer 3 will halt
counting.

[Equation to Calculate Baud Rate]

B = f(rmg X 1/(256 — D) x 1/n B : baud rate [bps]
frmg) @ timer 3input clock frequency [HZ]
D: reload value (0 to 255)
n: 16 for the UART mode
4 for the synchronous mode
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11.4.4 SIOG6 Interrupt

When any SIO6 interrupt factor occurs, the interrupt request flag (QSIO6) issetto “1”. The
interrupt request flag (QSIO6) islocated in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO6).
enable flag (ESIOB6) is located in interrupt enable register 3 (IE3).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POSIO6 and P1S| O6).
The interrupt priority setting flags (POSIO6 and P1SIO6) are located in interrupt priority
control register 6 (1P6).

Table 11-4 lists the vector address of the SIO6 interrupt factors and the interrupt processing

flags.

Table 11-4 SIO6 Vector Address and Interrupt Processing Flags

Interrupt factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
SI06 transmit buffer empty
signal is generated
SIO6 transmit complete signal 003E QSIO6 ESIO6 P1SI06 | POSIO6
is generated
SIO6 receive complete signal
is generated
Symbols of reglsters_that contain interrupt IRQ3 IE3 IP6
processing flags
| Reference page 15-15 15-20 15-27

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing

Functions”.
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11.5 SIO1

The SIO1 has a UART mode and a synchronous mode. Timer 4 is used as a baud rate
generator exclusively for SIO1.

Table 11-5 lists specifications of SIO1.

Table 11-5 SIO1 Specifica

tions

UART mode Synchronous mode
Data length Selectable as 7 or 8 bits Selectable as 7 or 8 bits
Parity Odd, even, none
Error service Parity, overrun, framing Overrun
Stop bit Selectable as 1 or 2 bits

Factors that generate
interrupt requests

Transmit buffer empty, transmit
complete, receive complete

Transmit buffer empty, transmit
complete, receive complete

Full-duplex communication

Possible

Possible

Transmit-receive buffer

Both transmission and reception data
are double buffered

Both transmission and reception data
are double buffered

Max. communication speed
(f = 24 MHz)

1.5 Mbps

6 Mbps

Other

LSB first
An external clock can be used for the
UART baud rate

LSB first
Master mode/slave mode

11.5.1 SIO1 Configuration
Figure 11-6 shows the SIO1 configuration.

\

Internal bus

BRG

| S1BUF |[sT1CON|[ S1STAT]

(Timer 4)

| S1BUF |[SR1CON|[S1STAT]

1/n

. . . . T
Transmission control circuit

T !

Transmit shift register i

1/n

Reception control circuit

f

LGL Receive shift register

OTXD1 (P8_1)
OTXC1 (P8_3)

OORXD1 (P8_0)

BRG: Baud rate generator (timer 4)
S1BUF: Transmit-receive buffer register
ST1CON: SIO1 transmit control register
SR1CON: SIO1 receive control register
S1STAT: SIOL1 status register

RXD1: SIO
RXC1: SIO

~JRXC1 (P8_2)

1/n: 1/n frequency dividing counter
TXD1: SIO1 transmit data output pin (P8_1)
TXC1: SIO1 transmit clock I/O pin (P8_3)

1 receive data input pin (P8_0)
1 receive clock 1/O pin (P8_2)

Figure 11-6 SIO1 Configuration
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11.5.2 Description of SIO1 Registers

1)

SI01 transmit control register (STLCON)
The SIO1 transmit control register (ST1CON) is a 7-bit register that controls operation of
SIO1 transmission.

ST1CON can be read from and written to by the program. However, write operations are
invalid for bit 2. If read, avaue of “1” will always be obtained for bit 2.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), STLICON becomes 04H, the data length for SIO1 transmission is 8-bits, 2
stop bits are selected and the mode changes to UART mode with no parity.

The baud rate source is the same for transmission and reception. It is set by the receive
control register (SR1CON) to be described later.

[Note]

If STICON is to be modified, make those changes after transmission is complete. If
ST1CON is modified before transmission is completed, the current transmission and future
transmissions will not be executed correctly.

Figure 11-7 shows the STICON configuration.
[Description of each bit]

» STIMOD (hit 0)
STIMOD specifies the transmission mode (UART or synchronous).

e STILN (bit 1)
ST1LN specifiesthe SIO1 transmit data length.

e STASTB/ST1SLV (bit 3)
During the UART mode, ST1STB specifies the SIO1 stop bit length.
During the synchronous mode, ST1SLV specifies master or slave operation.

» STI1PEN (bit 4)
ST1PEN specifies whether there is parity during SIO1 transmission. (Only valid during
the UART mode)

+ ST10DD (bit 5)
ST10DD specifies the parity bit logic during SIO1 transmission. (Only valid during the
UART mode)

« TRIMIE (bit 6)
TRIMIE specifies whether to use the SIO1 transmit buffer empty signal as an interrupt
request signal.

* TRINIE (bit 7)
TRINIE specifies whether to use the SIO1 transmit complete signal as an interrupt request
signal.

11-16



ML66525 Family User's Manual
Chapter 11  Serial Port Functions

7 6 5 4 3 2 1 0
ST1CON ’TRlNIE‘TRlMIE STloDD|ST1PEN‘§’H§I\?‘ — ‘STlLN ‘STIMOD‘ RNvAggégzzf g?\?v‘l H]
Atreset 0 0 0 0 0 1 0 0
‘ 0 [UART mode
1 |Synchronous mode
0 |8-bit transmit data length
1 |7-bit transmit data length
UART mode 0 |2 stop bits
(ST1STB) 1 |1 stop bit
Synchronous mode | 0 |Master mode transmission
(ST1SLV) 1 [Slave mode transmission
UART mode 0 |No parity
1 |Parity
UART mode 0 | Even parity
1| Odd parity

O [Transmit buffer empty interrupt request disabled

1 [Transmit buffer empty interrupt request enabled

0 |Transmit complete interrupt request disabled

1 [Transmit complete interrupt request enabled

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 11-7 ST1CON Configuration
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@)

SIO1 receive control register (SR1CON)
The SIOL1 receive control register (SR1ICON) is an 8-bit register that controls operation of
SIO1 reception.

SR1CON can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SRICON becomes 00H and SIO1 reception is disabled.

[Note]

If SR1ICON is to be modified, first reset SRIREN (bit 7) to “0” and then implement the
change. If SRICON is modified before SRIREN (bit 7) is reset to “0”, the current
reception and future receptions will not be executed correctly.

Figure 11-8 shows the SR1ICON configuration.
[Description of each bit]

* SRIMOD (hit 0)
STIMOD specifies the reception mode (UART or synchronous).

e SRILN (bit 1)
SRI1LN specifiesthe SIO1 receive data length.

* SI1EXC (bit2)
S1EXC specifies the baud rate clock to be used by SIO1 during the UART mode. (This
clock is the same for both transmission and reception. The shift clock has a frequency
1/16th of the clock specified here.)

* SRISLV (hit 3)
During the synchronous mode, ST1SLV specifies master or slave operation of SIOL.
(Only valid during the synchronous mode)

» SRI1PEN (bit 4)
SR1PEN specifies whether there is parity during SIO1 reception. (Only valid during the
UART mode)

» SR10DD (hit 5)
SR10DD specifies the parity bit logic during SIO1 reception. (Only valid during the UART
mode)

+ RCIIE (bit 6)
RC1IE specifies whether to use the SIO1 receive complete signal as an interrupt request
signal.

* SRIREN (bit 7)
SR1REN enables or disables SIO1 reception.
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7 6 5 4 3 2 1 0
Address: 0085 [H]
SR1CON ’SRlREN‘ RC1IE \SRloDD\SRlpEN\SRlsLV\ SlEXC‘ SR1LN ‘SRlMOD‘ RMW access: RW
At reset 0 0 0 0 0 0 0 0
’ 0 |UART mode
1 |Synchronous mode
0 (8-bit receive data length
1 |7-bit receive data length
UART mode 0 |Timer 4 overflow
1 [External input
Synchronous mode | O [Master mode reception

1 |Slave mode reception

UART mode 0 |No parity
1 |Parity
UART mode 0 | Even parity
1 | Odd parity

Receive complete interrupt request disabled

1 |Receive complete interrupt request enabled

0 [SIOL1 reception disabled

1 |SIO1 reception enabled

Figure 11-8 SR1CON Configuration
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®)

SIO1 status register (S1STAT)

The SIO1 status register (SLSTAT) consists of 6 bits.  Bits 0 through 2 save the SIO1 status
(normal or error) after reception is completed.  Bits 3 through 5 save the status of SIO1 at the
start and completion of transmission and reception. However bits 0 through 2 are updated
after the reception is completed.

SISTAT can be read from and written to by the program. However, write operations are
invalid for bits6and 7.  If read, avalue of “0” will always be obtained for bits 6 and 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SISTAT becomes O0H.

Figure 11-9 shows the SISTAT configuration.
[Description of each bit]

+ FERR1 (bit 0)
If the stop bit in the data received by SIO1 is “0”, FERR1 is set to “1” (framing error).
Thishit isonly valid during the UART mode.

* OERRL (bit 1)
When the SIO1 reception is complete, if the previously received data has not been read by
the program, OERR1 is set to “1" (overrun error).

* PERRL1 (hit 2)
If the parity bit in the data received by SIO1 does not match the parity of the data, PERR1
issetto“1” (parity error). Thishitisonly valid during the UART mode.

* TRIEMP (bit 3)
If the SIO1 transmit buffer empty signal is generated, TRIEMPissetto“1".

* TRI1END (bit 4)
If the SIO1 transmit complete signal is generated, TRIEMPissetto“1”.

« RCIEND (bit 5)
If the SIO1 receive complete signal is generated, RC1IEND issetto “1”.

[Note]

Once each bit of SISTAT is set to “1”, the hardware does not reset the bits to “0".
Therefore, reset the bitsto “0” with the program.
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7 6 5 4 3 2 1 0 Add - 0087 [H
SI1STAT [ — | — |RCIEND|TRIEND|TRIEMP| PERR1[ OERR1| FERR1| RIW acéggg: RIW [H]
At reset 0 0 0 0 0 0 0 0

‘ 0 [No framing error
UART mode| 1 |Framing error

0 |No overrun error
1 |Overrun error

UART mode| 0 |No parity error
1 |Parity error

O |Transmit buffer empty signal not generated

1 | Transmit buffer empty signal generated

0 | Transmit complete signal not generated

1 [Transmit complete signal generated

0 |Receive complete signal not generated

1 |Receive complete signal generated

“—" indicates a nonexistent bit.
When read, its value will be “0".

Figure 11-9 S1STAT Configuration
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(4) SIO1 transmit-receive buffer register (S1BUF)
The SIO1 transmit-receive buffer register (SLBUF) is an 8-bit register that stores the transmit
and receive data for seria port transmission and reception. Because SIBUF has a duplex
configuration for transmission and reception, it operates as a transmission buffer when written
to, and as a reception buffer when read from.
After the transmit data has been written to S1IBUF, the transmit data is transferred to the
transmit shift register and the transmit buffer empty signal is generated. At that time, SIO1
will begin transmission.
After reception is complete, the contents of the receive shift register are transferred to SIBUF
and at that time, the receive complete signal is generated. The contents of SIBUF are saved
until the next reception is completed.
During a 7-bit data reception, bit 7 of SIBUF is“1”, and the 7 bits from bit O through bit 6 are
the reception data.
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of S1IBUF is undefined.
(5) SIO1 transmit shift register, receive shift register
The transmit shift register and receive shift register are 8-bit shift registers that perform the
actual shifting operation during transmission and reception.
The transmit shift register and receive shift register cannot be read from or written to by the
program.
Table 11-6 lists SIO1 transmit-receive frame lengths.
Table 11-6 SIO1 Transmit-Receive Frame Lengths
ST1CON/SR1CON ; .
Transmit/Receive Frame Length )
SRIPEN|STISTE SRiiN SRiMoD| L 1., 2, 3, 4, 5, 6, 7, 8, 9,10, 11, 12, [bif
0 0 0 0 sTART] 8-bit data STOP[STOP
0 0 1 0 sTART] 7-bit data 'sToP|sTOP
o | 10| o [sarT] 8-bit data jsTop
0 1 1 0 jsarT] 7-bit data |sToP
1 0 0 0 ‘START‘ 8-bit data ‘PARITY‘ STOP‘ STOP
1 0 1 0 [START] 7-bit data PARITY|STOP[STOP
1 1 0 0 ‘START‘ 8-bit data ‘PARITY‘ STOP
1 1 1 0 ‘START‘ 7-bit data ‘PARITY‘STOP
— | — o0 1 | 8-bit data |
— — 1 1 \ 7-bit data \
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11.5.3 Example of SIO1-related Register Settings
11.5.3.1 UART Mode Settings

e Transmit settings

1)

@)

®)

(4)

®)

Port 8 mode register (P8IO)
If TXD8 (transmit data output) is to be used, set bit 1 (P8101) to “1” to configure that port as
an output. If the baud rate clock is to be input externaly, reset bit 2 (P8IO2) to “0” to
configure that port as an input.

Port 8 secondary function control register (P8SF)

If TXD1 (transmit data output) is to be used, set bit 1 (P8SF1) to “1” to configure that port asa
secondary function output. If the baud rate clock is to be input externally, specify with bit 2
(P8SF2) whether the input will be pulled-up.

SI01 transmit control register (STLCON)

Reset bit 0 (STIMOD) to “0” to change the mode to UART mode.  Specify the transmit data
length with bit 1 (ST1LN). Specify the stop bit length with bit 3 (ST1STB). Specify
whether there is parity with bit 4 (STIPEN). If parity is selected, specify the parity bit logic
with bit 5 (ST10DD). With bit 6 (TRIMIE), specify whether interrupt requests are enabled
or disabled when a transmit buffer empty signal occurs. With bit 7 (TRINIE), specify
whether interrupt requests are enabled or disabled when a transmit complete signal occurs.

SI01 receive control register (SR1CON)
Specify with bit 2 (SLEXC) whether the baud rate clock isinternal (overflow output of timer 4)
or external (RXC1).

SIO1 transmit-receive buffer register (S1BUF)
Transmission is started by writing the transmit datato SIBUF.

¢ Receive settings

1)

)

Port 8 mode register (P8I0)
If RXD1 (receive datainput) is to be used, reset bit 0 (P8100) to “0” to configure that port as
an input. If the baud rate clock is to be input externally, reset bit 2 (P8I0O2) to “0” to
configure that port as an input.

Port 8 secondary function control register (P8SF)
Specify with bit 1 (P8SFO) whether the RXD1 pin will be pulled-up. If the baud rate clock is
to be input externally, specify with bit 2 (P8SF2) whether the input will be pulled-up.
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®)

SIO1 receive control register (SR1CON)

Reset bit 0 (SRIMOD) to “0” to change the mode to UART mode. Specify the receive data
length with bit 1 (SR1LN). Specify with bit 2 (SIEXC) whether the baud rate clock is
internal (overflow output of timer 4) or external (RXC1). Specify whether thereis parity with
bit 4 (SR1IPEN). If parity is selected, specify the parity bit logic with bit 5 (SR10DD).
With bit 6 (RC1IE), specify whether interrupt requests are enabled or disabled when areceive
complete signal occurs. If bit 7 (SR1IREN) is set to “1”, reception is enabled and the
reception operation is performed when data arrives.

11.5.3.2 Synchronous Mode Settings

¢ Transmit settings

@)

)

®3)

(4)

Port 8 mode register (P8IO)

If TXD1 (transmit data output) is to be used, set bit 1 (P8I0O1) to “1” to configure that port as
an output. If the transmit clock is to be output externally (master mode), set bit 3 (P810O3) to
“1" to configure that port as an output. If the baud rate clock is to be input externaly (dave
mode), reset bit 3 (P8103) to “0” to configure that port as an input.

Port 8 secondary function control register (P8SF)

If TXD1 (transmit data output) is to be used, set bit 1 (P8SF1) to “1” to configure that port asa
secondary function output. If the transmit clock isto be output externally (master mode), set bit
3 (P8SF3) to “1” to configure that port as a secondary function output.  If the baud rate clock
is to be input externally (slave mode), specify with bit 3 (P8SF3) whether the input will be
pulled-up.

SIO1 transmit control register (ST1CON)

Set bit 0 (STIMOD) to “1” to specify the mode to synchronous mode. Specify the transmit
data length with bit 1 (ST1LN). Specify master or slave mode transmission with bit 3
(ST1STB). With bit 6 (TRIMIE), specify whether interrupt requests are enabled or disabled
when a transmit buffer empty signal occurs. With bit 7 (TRINIE), specify whether interrupt
reguests are enabled or disabled when atransmit complete signal occurs.

SIO1 transmit-receive buffer register (S1BUF)
Transmission is started by writing the transmit datato SIBUF.
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* Receive settings

1)

@)

®)

Port 8 mode register (P810)

If RXD1 (receive datainput) is to be used, reset bit 0 (P8100) to “0” to configure that port as
an input. If the transmit clock is to be output externaly (master mode), set bit 2 (P8102) to
“1” to configure that port as an output. If the transmit clock is to be input externaly (save
mode), reset bit 2 (P8102) to “0” to configure that port as an input.

Port 8 secondary function control register (P8SF)

Specify with bit 0 (P8SFO) whether the RXD1 pin will be pulled-up. If the transmit clock is
to be output externally (master mode), set bit 2 (P8SF2) to “1” to configure that port as a
secondary function output. If the transmit clock is to be input externally (slave mode),
specify with bit 2 (P8SF2) whether the input will be pulled-up.

SI01 receive control register (SR1CON)

Set bit 0 (SRIMOD) to “1” to specify the mode to synchronous mode. Specify the receive
data length with bit 1 (SR1ILN). Specify the master or slave mode with bit 3 (SR1SLV).
With bit 6 (RC1IE), specify whether interrupt requests are enabled or disabled when areceive
complete signal occurs. If bit 7 (SR1IREN) is set to “1”, reception is enabled and the
reception operation is performed when data arrives.

11.5.3.3 Baud Rate Generator (Timer 4) Settings

1)

@)

If overflow of timer 4 is selected for use as the baud rate clock, implement the following
settings.

General-purpose 8-bit timer 4 counter (TM4C)

Set the timer value that will be valid at the start of counting. When writing to TM4C, the
same value will also be simultaneoudly and automatically written to the general-purpose 8-bit
timer 4 register (TM4R).

General-purpose 8-bit timer 4 control register (TM4CON)

Bits 0 to 2 (TM4CO to TM4C2) of this register specify the count clock for timer 4. If bit 3
(TM4RUN) is set to “1", timer 4 will begin counting. If reset to “0", timer 4 will halt
counting.

[Equation to Calculate Baud Rate]

B =f(rma X /(256 —D) x 1/n B : baud rate [bps]
frmay @ timer 4 input clock frequency [HZ]
D: reload value (O to 255)
n: 16 for the UART mode
4 for the synchronous mode
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11.5.4 SIO1 Interrupt

When any SIO1 interrupt factor occurs, the interrupt request flag (QSIOL) issetto “1”. The
interrupt request flag (QSIO1) islocated in interrupt request register 2 (IRQ2).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIOL).

enable flag (ESIO1) islocated in interrupt enable register 2 (IE2).

The interrupt

Three levels of priority can be set with the interrupt priority setting flags (POSIO1 and P1SO1).
The interrupt priority setting flags (POSIO1 and P1SIO1) are located in interrupt priority
control register 5 (1P5).

Table 11-7 lists the vector address of the SIO1 interrupt factors and the interrupt processing

flags.

Table 11-7 SIO1 Vector Address and Interrupt Processing Flags

Interrupt factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
SIO1 transmit buffer empty
signal is generated
SIO1 transmit complete signal 0038 Qsio1 ESIO1 P1SI01 POSIO1
is generated
SIO1 receive complete signal
is generated
Symbols of reglsters_that contain interrupt IRQ2 IE2 IP5
processing flags
| Reference page 15-14 15-19 15-26

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing

Functions”.
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11.6 SIO6, SIO1 Operation
11.6.1 Transmit Operation

* UART mode
Figure 11-10 shows the timing diagram of operation during UART transmission.

The clock pulse from the baud rate generator (timer 3 for SIO6 and timer 4 for SIO1) or from
an external input is divided by 16 to generate the transmit shift clock.

If an external clock isto be used with the UART mode, input the clock to the receive clock 1/0O
pin (RXCL1, 6) for SIOL, 6. The externally input clock is processed as shown in figure 11-11,
and isinput to the 1/n dividing counter (1/16 dividing counter) as the baud rate clock.

In synchronization with the transmit shift clock that has been generated, the transmission
circuit controls transmission of the transmit data.

The SnBUF write signal (a signal that is output when an instruction to write to SnBUF is
executed, for example “STB A, SnBUF") acts as atrigger to start transmission.

One CPU clock after the write signal is generated, transmit datain SnBUF is set in the transmit
shift register. At this time, synchronized to the signal indicating the beginning of an
instruction (M1S1), atransmit buffer empty signal is generated.

After the transmit data is set (after the fall of the data transfer signal to the transmit shift
register), synchronized to the falling edge of the next transmit shift clock, the start bit is output
from the transmit data output pin (TXDn). Thereafter, as specified by STnCON, the transmit
data (LSB first), parity bit, and finally the stop bit are output to complete the transmission of
one frame.

At this time, if the next transmit data has not been written to SnBUF, a transmit complete
signal is generated in synchronization with M1S1, and the transmission is completed.

Because generation of the transmit shift clock is always unrelated to writes to SnBUF, from the
time when transmit data is written to SnBUF until the start bit is output, there is a delay of a
maximum of 16 baud rate clocks.

Because each of SIO6 and SIO1 has SnBUF and the transmit shift register which are designed
in a duplex construction, during a transmission it is possible to write the next transmit data to
SnBUF. If SnBUF is written to during a transmission, after the current one frame
transmission is completed, the next transmit data will be automatically set in the transmit shift
register, and the data transmission will continue.  After one frame of datais transmitted, if the
next data to be transmit has been written to SnBUF, the transmit complete signal will not be
generated.

Figure 11-14 shows the timing diagram of operation during continuous transmission.
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* Synchronous mode

[Master mode]
Figure 11-12 shows the timing diagram of operation during master mode transmission.

The clock pulse from the baud rate generator (timer 3 for SIO6 and timer 4 for SIO1) is divided
by 4 to generate the transmit shift clock.

In synchronization with the transmit shift clock that has been generated, the transmission
circuit controls transmission of the transmit data.

The SnBUF write signal (the signal that is output when an instruction to write to SnBUF is
executed, for example “STB A, SIBUF") acts as atrigger to start transmission.

One CPU clock after the write signal is generated, transmit datain SIBUF is set in the transmit
shift register. At this time, synchronized to the signal indicating the beginning of an
instruction (M1S1), atransmit buffer empty signal is generated.

After the transmit data is set (after the fall of the data transfer signal to the transmit shift
register), synchronized to the falling edge of the next transmit shift clock, the externa output
clock begins to be output from the transmit clock I/0O pin (TXCn). At the same time, transmit
datais output L SB first from the transmit data output pin (TXDn). Thereafter, as specified by
STnCON and synchronized to the transmit shift clock, transmit data is output to complete the
transmission of one frame.

At this time, if the next transmit data has not been written to S1IBUF, a transmit complete
signal is generated in synchronization with M1S1, and the transmission is completed.

TXDn changes at the falling edge of TXCn. Therefore, at the receive side, TXDn is fetched
at therising edge of TXCn.

Because generation of the transmit shift clock is aways unrelated to writes to SnBUF, from the
time when transmit data is written to SnBUF until the first data is output, there is a delay of a
maximum of 4 baud rate clocks.

Because SIO6 and SIO1 has SnBUF and the transmit shift register which are designed in a
duplex construction, during a transmission it is possible to write the next transmit data to
SnBUF. If SnBUF is written to during a transmission, after the current one frame
transmission is completed, the next transmit data will be automatically set in the transmit shift
register, and the data transmission will continue.  After one frame of datais transmitted, if the
next data to be transmit has been written to SnBUF, the transmit complete signal will not be
generated.

Figure 11-14 shows the timing diagram of operation during continuous transmission.
[Note]

During continuous transmission, there is a time lag of 1 bit between the current data
transmission and the next data transmission, in which to set the next data. During this
interval, TXDn isforced to aHigh level.
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[Slave mode]
Figure 11-13 shows the timing diagram of operation during slave mode transmission.

In the dave mode, the transmit clock is input from the transmit clock 1/0 pin (TXC1). This
external input clock is detected with the edge of CPU clock to generate the transmit shift clock.

In synchronization with the transmit shift clock that has been generated, the transmission
circuit controls transmission of the transmit data.

The SnBUF write signal (the signal that is output when an instruction to write to SnBUF is
executed, for example “STB A, SIBUF") acts as atrigger to start transmission.

One CPU clock after the write signal is generated, transmit datain SnBUF is set in the transmit
shift register. At this time, synchronized to the signal indicating the beginning of an
instruction (M1S1), atransmit buffer empty signal is generated.

After the transmit data is set (after the fall of the data transfer signal to the transmit shift
register), synchronized to the falling edge of the next transmit shift clock, the transmit data is
output LSB first from the transmit data output pin (TXDn). Thereafter, as specified by
ST1CON and synchronized to the transmit shift clock, transmit data is output to complete the
transmission of one frame.

At this time, if the next transmit data has not been written to SIBUF, a transmit complete
signal is generated in synchronization with M1S1, and the transmission is completed.

TXDn changes at the falling edge of the transmit shift clock that has been generated from the
detected edge of the externally input TXCn. Therefore, at the receive side, TXDn is fetched
at the rising edge of TXCn.

Because SIO6 and SIO1 have S1IBUF and the transmit shift register which are designed in a
duplex construction, during a transmission it is possible to write the next transmit data to
SnBUF. If SnBUF is written to during a transmission, after the current one frame
transmission is completed, the next transmit data will be automatically set in the transmit shift
register, and the data transmission will continue.  After one frame of datais transmitted, if the
next data to be transmit has been written to SnBUF, the transmit complete signal will not be
generated.

Figure 11-14 shows the timing diagram of operation during continuous transmission.
[Notes]

1. During continuous transmission, thereis atime lag of 2 CPU clocks between the current
data transmission and the data next transmission, in which to set the next data. During
thisinterval, TXDn is forced to a High level. If an external clock is supplied, insert a
margin of 2 or more CPU clocks between the current data transmission and the next data
transmission.

2. If atransmission error occurs that causes an external input clock to halt halfway through
the transmission, it is possible to clear the SnBUF data by first setting bit 3 (STnSLV)
of STNCON to “0” (master mode), then transmitting 8 bits of data. The transmission
by an external input clock can be resumed by setting bit 3 (SThSLV) of STnCON to “1”
after transmitting the 8 bits of data.
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11.6.2 Receive Operation

* UART mode
Figure 11-15 shows the timing diagram of operation during UART reception.

The clock pulse from the baud rate generator (timer 3 for SIO6 and timer 4 for SIO1) or from
an external input is divided by 16 to generate the transmit shift clock.

If an external clock is to be used with the UART mode, input the clock to the receive clock
input pin (RXCn) for SIOn.  The externally input clock is processed as shown in figure 11-11,
and isinput to the 1/n (1/16 dividing) dividing counter as the baud rate clock.

The 1/16 dividing circuit remains halted in its reset state until reception begins. The 7th, 8th
and 9th pulses of the 1/16 divider (values 6, 7 and 8 of the baud rate (1/16) counter in figure
11-15) become the sampling clock for the receive data input pin (RXDn). The 10th pulse
(value 9 of the baud rate (1/16) counter in figure 11-15) becomes the receive shift clock.

In synchronization with the receive shift clock, the reception circuit controls reception of the
receive data.

A change in the receive data input pin (RXDn) from a High to Low level triggers the reception
operation to start (at thistime, SRNREN (bit 7) of SRNCON should be “1").

If the input signal to the receive data input pin (RXDn) is detected to have changed from a
High to Low level, the 1/16 dividing counter that had been halted in its reset state now begins
to operate. The start hit (L level) is sampled at the three sampling clocks of the 7th, 8th, and
9th pulses from the 1/16 dividing counter. If the start bit is at a Low level for two or more
samples, it isjudged to be valid. If not, the start bit is judged invalid, reception operation is
initialized and then halted.

In a similar manner, receive data is sampled at the 7th, 8th, and 9th pulses from the 1/16
dividing counter. Datathat is judged valid is shifted by the 10th clock, or in other words, by
the receive shift clock, into the receive shift register as receive data Thereafter, data
reception continues as specified by SRNCON. The first stop bit (the 1st bit in the case of 2
stop bits) is received and the reception of one frame is compl eted.

At thistime, if the received stop bit is“0”, aframing error isissued. If the parity isincorrect,
a parity error isissued. And, if the previoudy received data has not been read, an overrun
error isissued (the previously received datawill be overwritten).

However, at this time, the status register (SnSTAT) is not be updated of the detected error.
Later, the contents of the receive shift register are transferred to SnBUF, a receive complete
signal is generated in synchronization with M1S1 that indicates the beginning of the next
instruction, and at the same timing, the status register (SnSTAT) is updated by the receive
complete signal and each error signal.  The series of receptions is completed.
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* Synchronous mode

[Master mode]
Figure 11-16 shows the timing diagram of operation during master mode reception.

The clock pulse from the baud rate generator (timer 3 for SIO6 and timer 4 for SIO1) isdivided
by 4 to generate the external output clock. The3rd pulse of the 1/4 divider (value 2 of the
baud rate (1/4) counter in figure 11-16) becomes the sampling clock for the receive data input
pin (RXDn). The 4th pulse (value 3 of the baud rate (1/4) counter in figure 11-16) becomes
the receive shift clock.

In synchronization with the receive shift clock, the reception circuit controls reception of the
receive data.

The falling edge of the receive shift clock immediately after SRNREN (bit 7) of SRNCON is set
to “1” triggers the reception operation to start and the external output clock is output from the
receive clock 1/0 pin (RXCn). At the next receive shift clock, receive data that was sampled
at the prior sampling clock is shifted into the receive shift register.

At the falling edge of the external output clock, the transmit side transmits data. That datais
shifted into the receive side at the falling edge of the transmit shift clock. Receive data is
sampled only once.  Thereafter, data reception continues as specified by SRNCON.  After the
last receive shift clock is output, the contents of the receive shift register are transferred to
SnBUF, and a receive complete signal is generated in synchronization with M1S1, the signal
that indicates the beginning of an instruction. At thistime, an overrun error will be generated
if the previously received data has not been read (the previously received data will be
overwritten).

Finally, SRNnREN of SRnCON is automatically cleared to “0” to complete the reception series.

[Slave mode]
Figure 11-17 shows the timing diagram of operation during slave mode reception.

In the dave mode, the receive clock is input externally (from the receive clock I/O pin
(RXC1)). This externa input clock is detected with the edge of CPU clock to generate the
receive shift clock.

In synchronization with the receive shift clock that has been generated, the reception circuit
controls receiving the receive data

Reception operation is triggered to begin when SRnREN (bit 7) of SRNnCON is set to “1” and
the external input clock isinput to the receive clock 1/0 pin (RXCL).

While the external input clock is at a Low level, the value of the receive datainput pin (RXD1)
is sampled. The sampled receive data is shifted into the receive shift register at the next
receive shift clock. Thereafter, data reception continues as specified by SRNCON.  After the
last receive data is shifted in, the contents of the receive shift register are transferred to SnBUF,
and a receive complete signal is generated in synchronization with M1S1, the signa that
indicates the beginning of an instruction. At this time, an overrun error will be generated if
the previously received data has not been read (the previously received data will be
overwritten). This completes a one frame reception.

In the slave mode, SRNREN is not automatically cleared to “0" after completing the reception.
If the receive shift clock continues to be input, the receive operation will restart.

[Note]
If areceive error occurs that causes an external input clock to halt halfway through the
reception, it is possible to clear the SnBUF data by setting bit 7 (SRNnREN) of SRNnCON to
“0" (SIOn reception disabled). The reception by an external input clock can be resumed
by setting bit 7 (SRNREN) of SRNnCON to “1” (SIOn reception enabled).
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11.7 SIO3

SIO3 is an 8-bit serial port used for clocked synchronous communication.
the clock (internal or external clock) specified by the SIO3 control register (SIO3CON), SIO3
simultaneously transmits and receives 8 hits of data. When transmission and reception are
complete, a transmit-receive interrupt is requested. Operation of a master mode that can
generate the shift clock internally and supply it externally, and a slave mode that can receive an

externally supplied

With the dave mode, the external clock input enables 8 bits of data to be transmitted and
received, even when the CPU isin the STOP mode. At such atime, the CPU’s STOP mode

shift clock are possible.

may be released by atransmit-receive complete interrupt request.

11.7.1 SIO3 Configur

ation

Figure 11-18 shows the SIO3 configuration.

D Ql=OSI003 (P10_2)

0JSIOI3 (P10_1)

2 Internal bus 2
i |
o ... siosr
CK ro CK
4 TBCCLK~ abitshi] |SFToK | ||
counter
1/64 TBCCLK—>)Selector Control circuit
1/2 TM50VF —
SFT3SLV %

-

——{1SIOCK3 (P10_0)

SIO3CON: SI
SIO3R: SIO3

O3 control register
register (8 bits)

SFTCLK: shift clock
SFT3SLV: SIO3 master/slave mode switch
SIO003: SIO3 transmit data output pin (P10_2)

SIOI3: SIO3 r

eceive data input pin (P10_1)

SIOCKa3: SI03 transmit-receive clock 1/0O pin (P10_0)

Figure 11-18 SIO3 Configuration
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11.7.2 Description of SIO3 Registers

1)

SI03 control register (SIO3CON)
The SIO3 control register (SIO3CON) is an 8-bit register that controls SIO3 operation.

SIO3CON can be read from and written to by the program. However, bits 3 through 6 are
read-only and write operations are invalid.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SIO3CON becomes 80H, the SIO3 operating mode changes to the master
mode and the shift clock becomes 1/4 TBCCLK.

[Note]

If SIO3CON is to be modified, make those changes after transmission and reception are
complete. If SIO3CON is modified before transmission and reception are completed, the
current transmission and reception will not be executed correctly.

Figure 11-19 shows the SIO3CON configuration.
[Description of each bit]

e SFT3CKO, SFT3CK1 (bits0 and 1)
During the master mode, SFT3CKO0 and SFT3CK1 specify the shift clock. In the dave
mode, these bits are invalid.

e SFT3SLV (bit 2)
SFT3SLV specifies master or slave operation of SIO3.  In the master mode, the shift clock
is output from the SIOCK3 pin. In the slave mode, the shift clock is input to the SIOCK3
pin.

* S3BUSY (bit 3)
When SIO3 data transmission and reception begins (data write to SIO3R), S3BUSY is
automatically set to “1". When transmission and reception are completed, it is
automatically reset to “0".

» SFT3CTO0to SFT3CT2 (bits 4 though 6)
SFT3CTO to SFT3CT2 read the value of the 3-bit counter during SIO3 data transmission
and reception. This can be used to determine which bit is currently being transmitted or
received. SFT3CTOto SFT3CT2 areread-only. Write operations are invalid.
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! 6 > 4 3 2 ! 0 Address: 008A [H]
SIO3CON| —  [sFractz|sFracTi|sFracto| s3susy|sFrasiv]srrackisFracks]  Raw access: RAW
Atreset 0 0 0 0 0 0 0
STF3CK

170 Shift clock
0|0 1/4 TBCCLK
0|1 1/16 TBCCLK
110 1/64 TBCCLK
111 1/2 of timer 5 overflow
0 | Master mode
1| Slave mode
0| Transmit-receive idle
1| Transmit-receive in progress

%Value of 3-bit shift counter (000b to 111b)

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 11-19 SIO3CON Configuration
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)

SIO3 register (SIO3R)
The SIO3 register (SIO3R) is an 8-bit shift register that performs the shift operations during
transmission and reception.

Writing 8-bit datato SIO3R starts transmission and reception of SIO3.

SIO3R can be read from and written to by the program. Read the received data before
transmission and reception of the next data begins.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of SIO3R is undefined.

[Note]
* Inthe dave mode, write to SIO3R while the SIOCK3 pinisat aHigh level.

» |If new data is written to SIO3R during transmission and reception, the data currently being
transmitted and received will be destroyed.

e Because writing to SIO3R triggers transmission and reception, write dummy data if only
reception is to be performed.

11.7.3 Example of SIO3-related Register Settings

¢ Transmit-receive settings

@)

)

®3)

(4)

Port 10 mode register (P1010)

If the master mode is to be used, set bit 0 (P10100) to “1” to configure that port as an output.
If the slave mode is to be used, reset bit 0 (P10100) to “0” to configure that port as an input.
Reset bit 1 (P10101) to “0” to configure that port as an input.  Set bit 2 (P10102) to “1” to
configure that port as an output.

Port 10 secondary function control register (P10SF)

If the master mode is to be used, set bit 0 (P1OSFO) to “1” to configure that port as a secondary
function output.  If the lave mode is to be used, specify with bit 0 (P1LOSFO) whether that port
is to be pulled-up. Specify with bit 1 (P10SF1) whether the SIOI3 pin is to be pulled-up.
Set bit 2 (P10SF2) to “1” to configure that port as a secondary function outpuit.

SI03 control register (SIO3CON)
Specify the SIO3 shift clock with bits 0 and 1 (SFT3CKO, SFT3CK1). Select master mode or
slave mode with bit 2 (SFT3SLV).

S103 register (SIO3R)
In the case of transmission, write the data to be transmit. For reception, write dummy data.
Transmission and reception will begin after datais written to SIO3R.
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» Baud rate generator (Timer 5) settings

@)

)

If 1/2 of timer 5 overflow has been selected for use as the baud rate clock, implement the
following settings.

General-purpose timer 5 counter (TM5C)

Set the timer value that will be valid at the start of counting. When writing to TM5C, the
same value will also be ssimultaneously and automatically written to the general-purpose 8-hit
timer 5 register (TM5R).

General-purpose 8-bit timer 5 control register (TM5CON)

Bits 0 to 2 (TM5CO0 to TM5C2) of this register specify the count clock for timer 5. If bit 3
(TM5RUN) is set to “17, timer 5 will begin counting. If reset to “0”, timer 5 will halt
counting.

[Equation to calculate baud rate]

B = f(tms) X 1/(256 — D) x 1/2 B : baud rate [bps]
frms) @ timer 5input clock frequency [HZ]
D: reload value (O to 255)

11.7.4 SIO3 Operation

Transmission and reception are started by writing 8-bit data to the SIO3 register (SIO3R).
After the transmission and reception of 8 bits of data are complete, a transmit-receive complete
interrupt request is generated and the operation is complete.

In the master mode, the clock selected by bits 0 and 1 (SFT3CKO, SFT3CK1) of SIO3CON is
the shift clock.  The shift clock is output from the SIOCK3 pin.

In the slave mode, the shift clock is input to the SIOCK3 pin.  If 8 or more consecutive clock
pulses are input, the clock beginning with the 9th pulse will be ignored.

In both the master and slave modes, synchronized with the falling edge of the shift clock, SIO3
outputs shift-out data from the SIOO3 pin. Synchronized with the rising edge of the shift
clock, shift-in dataisinput to the SIOI3 pin.

It is assumed that externa devices change the shift-in data at the falling edge of the clock and
fetch the shift-out data at the rising edge of the clock.

When transmission and reception are started (data is written to SIO3R), the BUSY flag of
SIO3CON isset to “1”. When 8 bits of data have been transmitted and received, the BUSY
flag is automatically cleared to “0". When transmission and reception are completed, an
interrupt is generated in synchronization with the first state of the next instruction (M1S1).

Figure 11-20 shows the timing of SIO3 operation.
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WSIO3R

BUSY

SIOCK3

SIOI3 pin !

(V)

I~

SIO3R X

—
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Y
SI0O03 pin X

00 o1 02

Y
=
- ]
N
<t - g
w

06
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\‘
o

Shift counter 0

I N R

Transmit-receive

=

complete interrupt
request (M1S1)

Figure 11-20 SIO3 Timing Diagram

Table 12-8 lists the output pin state immediately after being set as a secondary function output
at reset and the state during the interval between two transmit-receive operations (interval
beginning at the completion of an 8-bit data transmission and reception until the next data is

written to SIO3R).
Table 11-8 Output Pins
. Interval between two
Pin name Value at reset . . .
transmit-receive operations
SIOCK3 “H” “He
SI003 Undefined Last data of the previous
transmission and reception
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11.7.5 SIO3 Interrupt
When the SIO3 interrupt factor occurs, the interrupt request flag (QSIO3) isset to “1". The
interrupt request flag (QSIO3) islocated in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO3). The interrupt
enable flag (ESIO3) islocated in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POSIO3 and P1S O3).
The interrupt priority setting flags (POSIO3 and P1SIO3) are located in interrupt priority

control register 6 (1P6).
Table 11-9 lists the vector address of the SIO3 interrupt factor and the interrupt processing
flags.

Table 11-9 SIO3 Vector Address and Interrupt Processing Flags

Interrupt factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
SIO3 transmit-receive 003E QsIo3 ESIO3 P1SI03 POSIO3
complete signal is generated
Symbols of reglsters_that contain interrupt IRQ3 IE3 IP6
processing flags
| Reference page 15-15 15-20 15-27

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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11.8 SIO4

SIO4 is an 8-bit auto transfer serial port used for clocked synchronous communication.
Synchronized to the clock specified by the SIO4 control register (SIO4CON), SIO4
continuoudly transmits and receives 8 bits of data LSB first. The maximum communication

speed is 25 Mbps. When transmission and reception are complete, a transmit-receive
interrupt is requested.

11.8.1 SIO4 Configuration
Figure 11-18 shows the SIO4 configuration.

SIOI4 input—» Reception R 5
Data bus— SOUT E
Write pointer .
i
RESN
’32‘31‘30‘ ‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘
[32-Byte FIFO]
Read pointer -
T
RESN Y
Data bus<+— SIN 5
ISIO04 output-e—Transmission R| g
&
Slave/Master
SIOCK4 (Slave)
SIOCK4
(Master)
1/1 OSCCLK
1/2 OSCCLK
1/4 OSCCLK —
1/8 0SCCLK — §
1/2 TBCCLK d
1/4 TBCCLK ]
1/8 TBCCLK
1/2 Timer 5 OVF
Control circuit  K———
TEN FLAG

Transfer end
M1-S1 —\—D— QSI04 set

SIO4CON: SI04 control register

FIFOCON: FIFO control register

SIN4: S104 serial input FIFO data register

SOUT4: SI04 serial output FIFO data register
SIOCKA4: SIO4 transmit-receive clock input pin (P10_3)
SI004: SI04 transmit data output pin (P10_4)

SI0I4: SIOA4 receive data input pin (P10_5)

Figure 11-21 SIO4 Configuration
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11.8.2 Description of SIO4 Registers

1)

S104 control register (SIO4CON)
The SIO4 control register (SIO4CON) is an 8-bit register that controls SIO4 operation.

SIO4CON can be read from and written to by the program. However, write operations are
invalid for bit 7. If read, avalue of “1” will always be obtained for bit 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SIO4CON becomes 80H.

Figure 11-22 shows the SIO4CON configuration.
[Description of each bit]

»  SI04C0 to SI04C2 (bitsO to 2)
During the master mode, SIO4CO0 to SIO4C2 select SIO4 clock.  In the slave mode, these
bits areinvalid.
» SIO4SL (bit 3)
SIO4SL specifies master or slave operation of SIOA4.
» TEN4 (bit 4)
When TEN4 is set to “1”, transmission and reception begin. When transmission and
reception are completed, it is automatically reset to “0”.
* ICK4 (bit 5)
|CK4 specifies whether there isa SIO4 interval clock. (Only valid during the master mode)
* BUSY4 (bit 6)
BUSY 4 indicates atransfer operation status.
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! 6 5 4 3 2 1 0 Address: 008C [H]

SI04coN [ — [BUSY4] IcK4 | TEN4 [sloast]sioac2]sioacisioacd  raw access: RW

At reset 1 0 0 0 0 0 0 0
slo4c

SI04 count clock

2[1]o
o|ofo 1/1 OSCCLK
o|of1 1/2 OSCCLK
ol1|o0 1/4 OSCCLK
ol1|1 1/8 OSCCLK
1]/0]o0 1/2 TBCCLK
1/0]1 1/4 TBCCLK
1/1]0 1/8 TBCCLK
1]1]1 1/2 TM50VF
0 | Master mode

1 | Slave mode

0 | Transfer end

1 | Transfer start

No interval

1 | 1 frame interval

No transfer operation

1 | Transfer operation in progress

“—" indicates a nonexistent bit.
When read, its value will be “1".

Figure 11-22 SIO4CON Configuration

[Note]

The maximum communication speed is 2.5 Mbps. Adjust the setting value of the
S104 count clock.
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@)

FIFO control register (FIFOCON)
The FIFO control register (FIFOCON) controls operation of the FIFO registers that are internal
to SI04 and SIO5.

FIFOCON can be read from and written to by the program. However, write operations to bits
0,1,2,and4to 7 areinvalid.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of FIFOCON becomes F1H.

Figure 11-23 shows the FIFOCON configuration.

[Description of each bit]

EMPA4 (bit 0)

EMPA4 indicates the empty status of the SIO4's FIFO register. Due to SRES operation and
at reset, the FIFO is cleared and enters the empty state.  If al datain the FIFO register is
read, the empty stateis entered.

FUL4 (bit 1)

FUL4 indicates the full status of the SIO4's FIFO register. If 32 bytes of data are
completely stored in the FIFO register, the FIFO full state (FUL = 1) is entered.

OREA4 (bit 2)

ORE4 indicates the overflow status of the SIO4’s FIFO register (only valid during the slave
mode). After completing reception of the number of bytes that were written to the FIFO
register before the transfer, if an external clock isinput, ORE4 isset to “1". In this case,
because the FIFO register contents cannot be guaranteed, it is necessary to transfer the data
again. OREA4 can bereset to “0” by setting SRE4 (bit 3) to “1”.

SREA4 (bit 3)

SRE4 initializes SIO4. If SRE4 issetto“1”, SIO4 will beinitialized. After initialization,
SRE4 is automatically reset to “0”.
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7 6 5 4 3 2

1 0

FIFOCON| — | — | — | — [SRES4 ORE4] FUL4 [EMP4|

At reset 1 1 1 1 0 0

0 1

Address: 008D [H]

R/W access: R/IW

Normal

SIO4 FIFO empty state

Normal

SI04 FIFO full state

Normal

S104 overflow error generated

Normal

Figure 11-23 FIFOCON Configuration
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®)

(4)

Serial input FIFO data register (SIN4)
The serial input FIFO data register (SIN4) is used to read 8-hit data received from the SIO pin.
Since SIN4 is read-only, do not attempt to write to this register.

When 1 byte of received data has been gathered in the shift register, it is automatically loaded
into the FIFO register. When transfer of the specified number of bytes is complete, an
interrupt is generated.  After the interrupt is generated, by reading SIN4, data can be read in
order from the earliest received data.  Because incorrect transmission or reception will occur
if SIN4 is read during seria transmission or reception, do not attempt to read SIN4 while a
transmission or reception is in progress.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of SIN4 are undefined.

Serial output FIFO data register (SOUT4)
The serial output FIFO data register (SOUT4) is used to write the 8-bit serial data to be output
from the SIOO4 pin.  Since SOUT4 iswrite-only, do not attempt to read this register.

After data written to the SOUT4 register has been stored in the FIFO register, the start of
transmission or reception causes that data to be sequentially loaded into a shift register.

Because incorrect transmission or reception will occur if SOUT4 is written to during serial
transmission or reception, do not attempt to write to SOUT4 while a transmission or reception
isin progress.

When reset (RESn signa input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of SOUT 4 are undefined.

(5) Internal Control Register (P510)
7 6 5 4 3 2 1 0
F ELl‘F EL ‘SCK4IO‘SCK4INV‘STBSEL‘MECKEN‘UDCKEN‘USBRST‘ Address: 0025 [H]
PSIO’ S SELO R/W access: RIW
at reset 0 0 0 0 0 0 0 0

0 | P10_3/SIOCK4 : positive polarity
1| P10_3/SIOCK4 : negative polarity

0| P10_3/SIOCK4 : input
1| P10_3/SIOCK4 : output

Refer to Section 13.4 for details.
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11.8.3 Example of SIO4-related Register Settings

» Master mode settings

1)

@)

®)

(4)

Port 10 mode register (P1010)

If SIOCK4 (clock output) is to be used, set both bit 3 (P10103) and bit 5 (SCK410) of the
internal control register (P510) to “1” to configure the port as an output. Also if SIOO4
(transmit data output) is to be used during transmission, set bit 4 (P10104) to “1” to configure
the port as an output, and if SIOI4 (receive datainput) is to be used during reception, reset bit 5
(P10105) to “0” to configure the port as an input.

Port 10 secondary function control register (P10SF)

If SIOCK4 (clock output) is to be used, set bit 3 (P10103) to “1” to configure the port as a
secondary function output. Also, if SIOO4 (transmit data output) is to be used during
transmission, set bit 4 (P10SF4) to “1” to configure the port as a secondary function output,
and if SIOI4 (receive data input) is to be used during reception, reset bit 5 (P10SF5) to “0” to
configure the port as a secondary function input.

Serial output FIFO data register (SOUT4)
Write transmit datato SOUT4 (serial output FIFO data register).

[Note]

Writing to SOUT4 register and reading SIN4 are disabled during transmission or reception.
It is necessary to write dummy data of transmission bytes beforehand for only reception,
and it is necessary to read dummy data for transmission bytes after transmission only for
transmission.

S104 control register (SIO4CON)

Set SIO4 clock with bits 0 to 2 (SIO4CO0 to SIO4C2). Reset bit 3 (SIO4SL) to “0” to set
master mode. Specify whether there is an interval clock with bit 5 (ICK4). Transmission
and reception are started by setting bit 4 (TEN4) to “1”.
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» Slave mode settings

1)

@)

®)

4)

Port 10 mode register (P1010)

If SIOCK4 (clock output) is to be used, reset both bit 3 (P10103) and bit 5 (SCK410) of the
internal control register to “0” to configure the port asan input.  Also, if SIOO4 (transmit data
output) is to be used during transmission, set bit 4 (P10104) to “1” to configure the port as an
output, and if SIOI4 (receive data input) is to be used during reception, reset bit 5 (P10105) to
“0” to configure the port as an input.

Port 10 secondary function control register (P10SF)

If SIOCK4 (clock output) is to be used, reset bit 3 (P10103) to “0” to configure the port as a
secondary function input. Also, if SIOO4 (transmit data output) is to be used during
transmission, set bit 4 (P10SF4) to “1” to configure the port as a secondary function output,
and if SIOI4 (receive data input) is to be used during reception, reset bit 5 (P1L0SF5) to “0” to
configure the port as a secondary function input.

Serial output FIFO data register (SOUT4)
Write transmit datato SOUT4 (serial output FIFO data register).

[Note]
Writing to SOUTA4 register is disabled during transmission or reception. It is necessary to
write dummy data of transmission bytes beforehand for only reception.

S104 control register (SIO4CON)

SIO4 clock settings and specification of whether thereis an interval clock with bit 5 (ICK4) are
invalid. Set bit 3 (SIO4SL) to “1” to set slave mode.  Transmission and reception are started
by setting bit 4 (TEN4) to “1”.

11-54



ML66525 Family User's Manual
Chapter 11  Serial Port Functions

11.8.4 SIOA4 Interrupt

When the SIO4 interrupt factor occurs, the interrupt request flag (QSIO4) isset to “1". The
interrupt request flag (QSIO4) islocated in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO4). The interrupt
enable flag (ESIO4) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POSIO4 and P1S|O4).
The interrupt priority setting flags (POSIO4 and P1SIO4) are located in interrupt priority
control register 6 (1P6).

Table 11-10 lists the vector address of the SIO4 interrupt factor and the interrupt processing
flags.

Table 11-10 SIO4 Vector Address and Interrupt Processing Flags

Interrupt factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
Sl04 transmit-receive 0040 QSIO4 ESIO4 P1SI04 POSIO4
complete signal is generated

Symbols of registers that contain interrupt
processing flags
| Reference page 15-15 15-20 15-27

IRQ3 IE3 IP6

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.
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11.8.5 SIO4 Operation

SIO4 can select the master mode or slave mode, and can transfer a maximum of 32-byte
transmit data continuously.

In the master mode, the clock selected by bits 2 to 0 of SIO4CON is S04 clock. The SIO4
clock is output from the SIOCK4 pin.

In the slave mode, the clock input from the SIOCK4 pin is the SIO4 clock.

In both the master and slave modes, synchronized with the falling edge of the SIO4 clock,
SIO4 outputs serial-out data from the SIOO4 pin.  Synchronized with the rising edge of the
SIO4 clock, serial-in datais input from the SIOI4 pin.

It is assumed that external devices change the serial-in data at the falling edge of the SIO4
clock and fetch the serial-out data at the rising edge of the SIO4 clock. Communication is
executed in an LSB first mode.

Transfer operation is started by setting bit 4 (TEN4) of SIO4CON to “1” after writing transmit
datato FIFO. When transfer is completed, bit TEN4 is reset to “0” and interrupt request flag
(QSIO4) isset to “1” at the beginning of the next instruction (M1S1).

If bit TEN4 is reset to “0” during transfer, transmission and reception are immediately
interrupted and SIO4 isinitialized. The contents previously transferred are not assured. In
the slave mode, set bit TEN4 to “1” when the SIOCK4 pin is at a high level to start transfer.

Figure 11-24 shows the timing of SIO4 operation during continuous transmission.
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12.
12.1

12.2

A/D Converter Functions

Overview

The ML66525 family has an internal 4-channel A/D converter with 10-bit resolution.
The A/D converter can operate in a select mode that converts one selected channel.

A successive comparison method with a sample and hold function is used to convert analog
guantities to digital quantities.

A/D Converter Configuration
Figure 12-1 shows the A/D converter configuration.

AGND Vpgee
AIO[}——m
AlL[ F—
Al2 ]—>
ADROO
Al?)D_» Analog A/D converter F: ADRO1
selector | circuit 't: ADRO02
ADRO3
A/D control circuit — Interrupt
request
ADINTO ADCONOH
) Internal bus (

AlO to AlI3: analog input pins (P12_0 to P12_3)
ADROO to ADRO03: A/D result register (10 bits)
ADINTO: A/D interrupt control register O
ADCONOH: A/D control register OH
ADCONOL: A/D control register OL

AGND: analog GND pin

Vrer: analog reference voltage pin

Figure 12-1 A/D Converter Configuration
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12.3 A/D Converter Registers
Table 12-1 listsa summary of SFRsfor control of the A/D converter.

Table 12-1 Summary of SFRs for A/D Converter Control

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page

009D« | A/D control register OH ADCONOH — R/W 8 80 12-3
00gE 3 | A/ interrupt control ADINTO — | rRW 8 FO 125

register 0
00AO0 —

A/D result register 00 ADROO R 16 Undefined 12-6
00A1 —
00A2 . —

A/D result register 01 ADRO1 R 16 Undefined 12-6
00A3 —
00A4 . —

A/D result register 02 ADRO02 R 16 Undefined 12-6
00A5 —
00A6 ) —

A/D result register 03 ADRO3 R 16 Undefined 12-6
00A7 —

[Notes]

1. Addresses are not consecutive in some places.
2. Astar (%) in the address column indicates a missing bit.

3. Do not write to ADROO through ADRO3. If written to, the contents of all the
registers from ADROO through ADR0O3 may be overwritten.

4. For details, refer to Chapter 22, “Special Function Registers (SFRs)".
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12.3.1 Description of A/D Converter Registers

1)

A/D control register OH (ADCONOH)
ADCONOH is a5-hit register that mainly controls the select mode of the A/D converter.

ADCONOH can be read from and written to by the program. If bits 2 and 3 are to be written
to, avalue of “0" must be written; if bit 7 isto be written to, avalue of “1" must be written.  If
read, bits 2 and 3 are always“0” and bit 7 isalways“1".

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ADCONOH becomes 80H.

Figure 12-2 shows the ADCONOH configuration.
[Description of each bit]

« ADSTMO00 and ADSTMOL1 (bitsO and 1)
ADSTMO00 and ADSTMOL1 specify the A/D conversion channel of the select mode.
Change the A/D conversion channel of the select mode while the A/D converter is halted.
Changes of the conversion channel of the select mode are valid only when STSO (bit 4) is
“0".

o STSO (bit 4)
STS0 starts and stops A/D conversion in the select mode.
If set to “1”, A/D conversion will begin. If reset to “0”, the conversion will be halted.
When A/D conversion in the select mode is completed, STSO is automatically reset to “0”
by the hardware.

+ ADTMOO0, ADTMO01, ADTMO2 (bits 5, 6 and 7)
ADTMO00 and ADTMO1 specify the number of clocks reguired for the A/D conversion of 1
channel.
Select an appropriate number of A/D conversion clocks based on the impedance of the
analog input signal source and the frequency of the source.
For further details, refer to Section 12.5, “Notes Regarding Usage of A/D Converter”.
During A/D conversion, changes to the number of clocks will be ignored.
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7 6 5 4 3 2 1 0 Add - 009D [H
ADCONOH [ADTM02[ADTM01]ADTMO0] STSO | “0" | “0" [apsTwozaDsTvI0| vy acégig; RAW (Ml

At reset 0 0 0 0 0 0 0 0

ADSTMO
110

A/D select channel

0 chO
1 chl
0
1

ch2
ch3

Rl |O|O

o

Stop select mode A/D conversion
Operate select mode A/D conversion

=

DTMO Number of A/D conversion
clocks for 1 channel
(when f = 24 MHz)

1536 CPUCLK (64 pis)
1024 CPUCLK (42.7 ps)
768 CPUCLK (32 pis)
512 CPUCLK (21.3 ps)
384 CPUCLK (16 ps)
256 CPUCLK (10.7 us)

192 CPUCLK (8 us)
128 CPUCLK (5.3 ps)

=

Rl |r|r|o|lo|lo|o|d|>
r|lk|o|lo|r|r|o|o
rlo|r|o|r|o|r|o|o

“0” indicates that this bit must be written as “0”.
When read, its value will be “0”.

Figure 12-2 ADCONOH Configuration

12-4



ML66525 Family User's Manual
Chapter 12 A/D Converter Functions

(2) A/D interrupt control register (ADINTO)
ADINTO is a 2-bit register that mainly controls the generation of interrupt requests by the A/D
converter.

ADINTO can be read from and written to by the program. However, write operations are
invalid for bits 4 through 7. When writing to bits 0 and 2, be sure to write “0” to these hits. If
read, a value of “0” will always be obtained for bits 0 and 2 and a value of “1” will always be
obtained for bits 4 through 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ADINTO becomes FOH.

Figure 12-3 shows the ADINTO configuration.
[Description of each bit]

* INTSTO (bit 1)
INTSTO indicates whether A/D conversion in the select mode is complete.
When INTSTO is “1”, then A/D conversion is complete. INTSTO must be reset to “0” by
the program.
» ADSTIEO (bit 3)
ADSTIEOQ enables or disables interrupt requests when A/D conversion is completed in the

select mode.

7 6 5 4 3 2 1 0
ADINTO[ — [ — | — [ — JeosTEq <o [INTSTO 0" | Address: 009E [H]
At reset 1 1 1 1 0 0 0 0 R/W access: RIW

O |A/D conversion in select mode is not complete:

[

A/D conversion in select mode is complete

0 |Disable interrupts from INTSTO
1 |Enable interrupts from INTSTO

“—" indicates a nonexistent bit.
When read, its value will be “1”.
“0” indicates that this bit must be written as “0”.
When read, its value will be “0".

Figure 12-3 ADINTO Configuration
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(3) AJD result registers (ADROO to ADRO03)
A/D result registers (ADR0OO to ADRO3) consist of 10 bits and store the A/D conversion
results.
A/D result registers (ADROO to ADRO03) can only be read in word access operations by the
program.
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ADRQO to ADRO3 is undefined.
Figure 12-4 shows the configuration of the A/D result registers (ADROO to ADRO3).
R/W access: R (word access only)
Address [H] 7 6 5 4 3 2 1 0
00A6 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 bit0 : LSB
00A4 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
00A3 — — — — — — bit9 bit8
ADROL 5002 | bir7 bit6 bit5 bit4 bit3 bit2 bitl bit0
00A1 — — — — — — bit9 bit8
APROD 75000 | bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

“—"indicates a nonexistent bit. When read, its value will be “0.”

Figure 12-4 A/D Result Registers (ADR0O to ADR07) Configuration

[Note]

Do not write to the A/D result registers (ADROO to ADRO03). If written to, all the
registers from ADROO to ADRO3 may be overwritten.

12.3.2 Example of A/D Converter-related Register Settings

1)

@)

A/D interrupt control register (ADINTO)

Specify that the AD conversion in the select mode is not complete by resetting bit 1 (INTSTO)
to “0". With bit 3 (ADSTIEQ), enable or disable the generation of interrupts when A/D
conversion is completed in the select mode (INTSTO).

A/D control register OH (ADCONOH)

Specify the A/D conversion channel with bits 0 to 2 (ADSTMO00 to ADSTMO02).  With bits 5,
6 and 7 (ADTMO00, ADTMO01, ADTMO02), specify the number of clocks required for the A/D
conversion per channel.  Set bit 4 (STS0) to “1” to start the A/D conversion. If reset to “0”,
the A/D conversion can be stopped before completion.
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12.4 A/D Converter Operation

While the A/D converter is stopped and also during the STOP mode, the circuitry is controlled
so that there is no current flow between Vger and AGND. Therefore, it is not necessary to
turn off the Vrer supply externally when it isnot in use.

12.5 Notes Regarding Usage of A/D Converter
12.5.1 Considerations When Setting the Conversion Time

Figure 12-5 shows an equivalent circuit of the analog input section of the A/D converter.

Because a successive comparison method with a sample and hold function is used in the
converter, the internal sampling capacitor must be charged or discharged within a fixed
sampling time to reach a voltage level that corresponds to the required precision.

The number of clocks required for the A/D conversion of 1 channel can be specified with
ADTMO00, ADTMO01 and ADTMO2 of the A/D control register OH (ADCONOH).

Table 12-2 lists the clock allocation for the A/D conversion processes of 1 channel. Because
the actual sampling time is determined by the operating frequency of the microcomputer,
actual sampling times can be computed from the numeric valuesin this table.

Input resistor

R-IN
Analog input pins (AIO to AI3) D—W\/T»To A/D conversion circuit
C
J: Sampling capacitor
R-IN 02 kQ
C 064 pF

Figure 12-5 Equivalent Circuit of Analog Input Section

Table 12-2 Clock Allocation in A/D Conversion Processes

ADTMO Number of clocks for A/D Number of clocks required by each process
2 1 0 conversion of 1 channel Sampling A/D conversion Other
1 0 0 384 233 80 71
1 0 1 256 155 54 47
1 1 0 192 116 41 35
1 1 1 128 77 28 23
0 0 0 1536 935 314 287
0 0 1 1024 623 210 191
0 1 0 768 467 158 143
0 1 1 512 311 106 95
Unit: CPUCLK
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The following factors affect the conversion precision of the A/D converter.

1) Signal source impedance of theanaloginput -  depends upon external circuit
2) Samplingtime - depends upon ADTMQ0, ADTMO01 and ADTMO2 settings
3) Actual precision of the A/D converter (comparator, RC precision, etc.)

The overall precision of the A/D converter is determined by the precision during sampling
(items 1 and 2 above) and the actual precision of the A/D converter.

In consideration of the precision during sampling (dependent upon the signal source
impedance), it is desirable to set a long sampling time. If the sampling time is short, it is
difficult to maintain precision. In practica applications, set the conversion clock (sampling
time) and design external circuitry that will satisfy the optimum requirements for “conversion
time” and “ conversion precision”.
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12.5.2 Noise-Suppression Measures

Based on the voltage difference between the anal og reference voltage (Vger) pin and the analog
ground (AGND), the A/D converter in the ML66525 family converts an analog voltage at the
analog input pin into digital data. Because this type of A/D converter does not have a
reference voltage source inside the microcomputer, “stability” and *“noise-suppression
measures’ for Vger and AGND are important.

As noise-suppression measures, insert a bypass capacitor between the analog reference voltage
(Vrer) pin and the analog ground (AGND) pin. Also, connect the analog ground (AGND) to
astable GND on the circuit board.

If the digital and analog layouts can be separated on the circuit board, separate the circuit into a
digita system (Vpp/GND) and an analog system (Vge/AGND). Connect bypass capacitors
to each system to reduce the circulation of GND noise in the digital system. Divide the
circuit board into separate GND planes for the digital and analog systems, and then connect
each GND plane to a common location where there is a stable GND supply.

In addition to inserting a bypass capacitor of 10 to 47 uF or larger between Vgegr and AGND,
the stability of Vrer can be maintained by connecting a 0.01 to 0.1 pF high-pass capacitor in
parallel. Because the Vger Voltage supply is used to avoid the effect of digital noise on the
comparator used in A/D conversion, adding a high-pass capacitor is effective in reducing Vrer
fluctuations.

Figure 12-6 shows an example of noise-suppression measures.

Main clock
i jL_L oscillator side
GIESBwL (VS Voo
£ Veer ) e Lo
Analog Cl; ¥CO Oscillation _77'_ ;
IanIt circuit GND
Analog system GND plane = —AGND ——
- V,
= 77;!:' GND DD —ml— CO
g 2
O =0
Y
/ Digital system GND plane
1-PIN C0:0.01t0 0.1 pF

C1: 10 to 47 uF or larger

Figure 12-6 Example of Noise-Suppression Measures
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12.6 A/D Converter Interrupt

When each of A/D converter interrupt factors occurs, the interrupt request flag (QAD) is set to
“1". Theinterrupt request flag (QAD) islocated in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (EAD). The interrupt enable
flag (EAD) islocated in interrupt enable register 3 (1E3).

Three levels of priority can be set with the interrupt priority setting flags (POAD and P1AD).
The interrupt priority setting flags (POAD and P1AD) are located in interrupt priority control
register 7 (1P7).

Table 12-3 lists the vector address of the A/D converter interrupt factors and the interrupt
processing flags.

Table 12-3 A/D Converter Vector Address and Interrupt Processing Flags

Interrut factor Vector Interrupt Interrupt Priority level
P address [H] request enable 1 0
A/ID cqnversmn of the select 0044 QAD EAD P1AD POAD
mode is complete

Symbols of registers that contain interrupt
processing flags

| Reference page 15-15 15-20 15-28

IRQ3 IE3 IP7

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”.

12-10



Chapter 13

Peripheral Functions



ML66525 Family User's Manual
Chapter 13  Peripheral Functions

13.
13.1

13.2

Peripheral Functions

Overview

The ML66525 family has the following functions to service peripheral 1Cs. an external
XTCLK input control function. This function can be specified with the peripheral control
register (PRPHCON).

In addition, the ML66525 has an internal control register (P510O) to control the internal USB
controller, internal DMA controller, and internal Media controller.

The ML66525 family has Vpp_10, Vpp_ CORE, and VBUS as the power supply pins, that is, it
has three separate power supplies.

External XTCLK Input Control Function

Because XT oscillation operates on an internaly regulated voltage, an external CLK cannot
normally be input to the oscillation pin.  However, if bit 4 (EXTXT) of the periphera control
register (PRPHCON) is set to “1”, the internally regulated voltage is switched to Vpp and the
oscillation feedback resistor is turned off, enabling the input of an external XTCLK (Vpp level)
to the XT pin.
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13.3 Peripheral Control Register (PRPHCON)
The periphera control register (PRPHCON) consists of 1 bit.

If bit 4 (EXTXT) of PRPHCON s set to “1”, an externa clock can be input to the XT
oscillation circuit.

PRPHCON can be read from and written to by the program. However, write operations are
invalid for bits 2, 3and 7. When writing to bits 0, 1, 5, and 6, be sure to write “0" to these
bits. If read, avalue of “0” will be always obtained for these bits and avaue of “1” will always
be obtained for bits 2, 3and 7.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PRPHCON becomes 8CH.

Figure 13-1 shows the PRPHCON configuration.

7 6 5 4 3 2 1 Address: 0015 [H
PRPHCON[ — | 0" | 0" [EXTXT] — | — | 0" | 0" ] ppracress: 000> M)
At reset 1 0 0 0 1 1 0 0

o

XT self-oscillation (low voltage operation)

[y

External XT (Vpp level input)

“—" indicates a nonexistent bit.
When read, its value will be “1”.
“0” indicates that this bit must be written as “0”.
When read, its value will be “0”.

Figure 13-1 PRPHCON Configuration
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13.4 Internal Control Register (P510)
Theinternal control register (P510) consists of 8 bits.

P510 can be read or written by software.

At reset (RESh signal input, BRK command execution, overflow of watchdog timer, operation
code trap), P510 is O0H.

Figure 13-2 shows the P51 O configuration.

[Description of each bit]

FSELO, FSEL1 (bits 6 and 7)

Multiplication select flags for PLL in the USB macro. (0, 0) = x2, (0, 1) = x4, (1,0) = x3,
(1, 1) = prohibited

SCK4I0 (bit 5)

1/0 switching flag for P10_3/SIOCK4 pin. I/O switching by P10103 is also required.

“0" =input, “1" = output

SCKA4INV (bit 4)

Polarity select flag for P10_3/SIOCK4 pin. “0” = positive polarity, “1" = negative polarity
STBSEL (bit 3)

80 system/68 system select flag for secondary function output of P3 2/RDn. “0” = 80
system, “1” = 68 system

MECKEN (bit 2)

Clock supply select flag for Media control block.

“0" = clock supply, “1" = clock stop

UDCKEN (hit 1)

Clock supply select flag for the internal DMA controller.

“0" = Suppliesclock. Theinternal DMA control function operates.

“1" = Stops clock supply. The internal DMA control function stops operating and the
CPU can no longer control the registers for USB control (see pages 17-20 and 17-21).

[Note]
To control the registers for USB control, UDCKEN must be set to “0” in advance.

USBRST (bit 0)
Hardware reset control flag for the USB macro.
“0" = USB reset, “1" = USB reset release

[Note]
The reset period must be at least 0.84 ps.
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6 5 4 3 2 1 0
Address: 0025 [H]
P510 ’FSELllFSELOISCK4IO‘SCK4INV‘STBSEL ‘MECKEN‘UDCKEN‘USBRST‘ RIW access: RIW
at reset 0 0 0 0 0 0 0 0
‘ 0| USB reset
1| USB reset release

o

Clock supply to internal DMA controller: supply

[y

Clock supply to internal DMA controller: stop

o

Clock supply to Media controller: supply

[N

Clock supply to Media controller: stop

RDn signal: 80-system timing

1 | RDn signal: 68-system timing

S104 clock: positive polarity

1| SIO4 clock: negative polarity

0| SIO4 clock: input

S104 clock: output

FSEL

110 Clock supply to USB controller
0| 0 | External oscillator x 2 clocks
0| 1 | External oscillator x 4 clocks
1| 0| External oscillator x 3 clocks
1|1 | Inaccessible

Figure 13-2 P5IO Configuration
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13.5 Three Separate Power Supplies

With the use of individual power supplies for Vpp_|O, Vpp_ CORE, and VBUS, the ML 66525
family devices can operate under low supply current.

When connected to the USB
When the device is connected to the USB, the USB power supply (5 V) is used and the power
to the system is only supplied to the I/O port section, thereby decreasing the supply current.

|j+ System
_ power supply

@)

3.0V

a

Peripheral
LSl device|

5V 3.3V 2.7V
use power 5 2 2V

usB
unit

ML66525B/ML66Q525B

F

110
port

CPU
core

When not connected to the USB
When the device is not connected to the USB, the power is supplied from the system power
supply to the CPU core on alow voltage, thereby decreasing the supply current.

]

)

3.0V

24V
Regulator — P
X X r

USB
unit

ML66525B/ML66Q525B

F

110
port

4_

Peripheral
LS| device

+ System
— power supply

CPU
core

[Note]

Supply current will increase if connections as in the above two figures are made in the
ML66525A/ML66Q525A.

So, in the ML66525A/ML66Q525A, when power is supplied to the CPU core and the 1/0 port section,
make a circuit connection so that the power will aso be supplied to the USB unit, as shown in the
figures below.

5V 36V 33V 3.0V
USB power——| Regulator
supply _1y _} {_ r + System power
_ supply
UsB CPU 1/0 Peripheral
unit core port | [*™|LSI device
ML66525A/ML66Q525A
—{ Reqtor_ b=
egulator f <
x f ' . f + System power
_ supply
USB CPU 1’0 Peripheral
unit core port [ [*™|LsI device
ML66525A/ML66Q525A
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14. External Interrupt Functions
14.1 Overview
The ML66525 family is equipped with 8 external interrupt inputs that can be classified into 2
categories. One category is maskable interrupts, of which there are 7 (EXINTO to EXINTS3,
EXINTS8, EXINTY9). The other category is non-maskable interrupts, and thereis 1 (NMI).
EXINTO to EXINT3, EXINTS, and EXINT9 are assigned as secondary functions of ports P6_0
toP6_3, P13 0,and P13 1. EXINT4isassigned to P9 _0/VBUSIN. [If EXINTOto EXINT4
areto be used, configure the corresponding ports as inputs of secondary functions.
NMI hasits own dedicated pin.
Asfor internal interrupt causes, EXINTS is assigned as the USB controller interrupt, EXINT6
as the interna DMA controller interrupt, and EXINT7 as the internal Media controller
interrupt.
14.2 External Interrupt Registers
Table 14-1 listsa summary of SFRsfor the control of external interrupts.
Table 14-1 Summary of SFRs for External Interrupt Control
Address Symbol Symbol 8/16 Initial Reference
[H] Name (byte) (word) RIW Operation | value [H] page
0058 Extgrnal Interrupt Control EXIOCON . RIW 8 00 14-2
Register 0
0059 Exte_rnal Interrupt Control EXI1CON . RIW 8 00 14-3
Register 1
005A7 | Externalnterrupt Control |- gy ooy — | rRW 8 0C/4C 14-4
Register 2
00587 Exte_rnal Interrupt Control EX8ICON . RIW 8 00 145
Register 8
[Notes]

1. A star () in the address column indicates a missing bit.

2. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.
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14.2.1 Description of External Interrupt Registers
(1) External interrupt control register 0 (EXIOCON)

The external interrupt control register O (EXIOCON) consists of 8 bits and sets external
interrupts EXINTO to EXINT3. For each external interrupt setting, EXIOCON specifies the

valid edge (falling edge, rising edge, or both edges) or the interrupt input invalid.

EXI0CON can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), EXIOCON becomes O0OH.
Figure 14-1 shows the configuration of EXIOCON.

7 6 5 4 3 2 1 0 .
Address: 0058 [H]
EXIOCON |EX3M1EX3M0[EX2M1/EX2MO[ EXIMIEXIMO[EXOMIEXOMO|  raw access: RIW
At reset 0 0 0 0 0 0 0 0
EXOM
0 EXINTO valid edge
1|0
0|0 Interrupt input invalid
0|1 Falling edge
1|0 Rising edge
11 Both edges
EX1IM
EXINT1 valid edge
1|0
0|0 Interrupt input invalid
0|1 Falling edge
1|10 Rising edge
11 Both edges

EX2M

EXINT2 valid edge

Interrupt input invalid

Falling edge

Rising edge

=R =
P Ok, |O|O

Both edges

EX3M

EXINT3 valid edge

Interrupt input invalid

Falling edge

Rising edge

Rk |o|lo|r
R lo|r|o]|o

Both edges

Figure 14-1 EXIOCON Configuration
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(2) External interrupt control register 1 (EXILCON)

The external interrupt control register 1 (EXI1CON) consists of 8 bits and sets Vbus detection
interrupt (EXINT4), internal USB controller interrupt (EXINTS), internal DMA interrupt

(EXINT®6), and internal Media controller interrupt (EXINT7)

For each interrupt setting, EXI1CON specifies the valid edge (falling edge, rising edge, or both

edges) or the interrupt input invalid.
EXI11CON can be read from and written to by the program.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), EXI1CON becomes O0OH.

Figure 14-2 shows the configuration of EXI11CON.

7 6 5 4 3 2 1 0
EXILCON [EX7M1[EX7MO[EX6M1/EX6MO[EXSM1/EXEMOJEX4M1|EX4MO)
At reset 0 0 0 0 0 0 0 0

Address: 0059 [H]

R/\W access: R/IW

EX4M

EXINT4 (Vbus detection/non-

1

0

detection external interrupt)
valid edge

Interrupt input invalid

Falling edge

Rising edge

Rk |O |O

R O |k |O

Both edges

5M

Valid edge for

USB controller interrupt

Interrupt input invalid

Falling edge

Rising edge

= |O |~ O |O

Both edges (setting disabled)

6M

Valid edge for

internal DMA controller interrupt

Interrupt input invalid

Falling edge

Rising edge (setting disabled)

= |O |+ |0 |Oo

Both edges (setting disabled)

™

Valid edge for
internal Media controller interrupt

Interrupt input invalid

Falling edge (setting disabled)

Rising edge

= O |~k |O|O

Both edges (setting disabled)

Figure 14-2 EXI1CON Configuration

[Notes]

1. For the valid edge for USB controller interrupt, specify “falling edge” when bit 4 of the POLSEL
register (address 1A30H) is “0”, and specify “rising edge” when bit 4 of the POLSEL register is “1".

2. Specify “falling edge” for the valid edge for internal DMA controller interrupt.

3. Specify “rising edge” for the valid edge for Media controller interrupt.
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(3) External interrupt control register 2 (EXI2CON)
The externa interrupt control register 2 (EXI2CON) consists of 6 bits. The externa
interrupts EXINT8 and EXINT9 are set by bits 0 and 1 (EX8MO and EX8M1). Bits4 and 5
(NMIMO and NMIM1) specify the valid edge for NMI. Bit 7 (MIPF) enables or disables
priority control for all maskable interrupts. Bit 6 (NMIRD) monitors the NMI pin.
EXI12CON can be read from and written to by the program. However, write operations to the
lower 4 bits and bit 6 are invaid. If read, bits 0 and 1 will aways be “0”, and bits 2 and 3
will be“1". The NMI pin level is read from bit 6 (NMIRD). This bit can be conveniently
used by the program to read the pin level during an NMI routine.
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), EXI2CON becomes OCH if the NMI pin is at a low level, or 4CH if the
NMI pinisat ahigh level.
Figure 14-3 shows the configuration of EXI12CON.
! 6 5 4 3 2 1 0 Address: 005A [H]
EXI2CON | MIPF [NMIRD[NMIMINMIMO] — | — [EXBMI[EX8MO|  maw access: RIW
At reset 0 0/1 0 0 1 1 0 0
EX8M _
ar EXINT8/EXINTO valid edge
0|0 Not permitted
0|1 Falling edge
1|0 Rising edge
111 Both edges
’\;_MIM NMI valid edge
0| * Falling edge
1|0 Rising edge
11 Both edges
0 | NMI pin at LOW level
1 [ NMI pin at HIGH level
0 | Disable IP priority
1 | Enable IP priority

“—" indicates a nonexistent bit.
If bits 0 and 1 are read, their value will be “0".
If bits 2 and 3 are read, their value will be “1”.

“*” indicates a “0” or “1”.

Figure 14-3 EXI2CON Configuration
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(4) External interrupt control register 8 (EX8ICON)
The external interrupt control register 8 consists of 2 bits.

Bit 0 (EX18S) of EX8ICON enables or disables external interrupt 8.
Bit 1 (EX19S) of EX8ICON enables or disables external interrupt 9.
EX8ICON can be read from or written to by software.

When writing to bits 2 to 7, be sure to write “0” to these hits. If read, a value of “0” will be
always obtained for bit 2 through bit 7.

At reset (RESn signal input, BRK instruction execution, overflow of watchdog timer, opcode
trap), EX8ICON is O0H.

Figure 14-4 shows the configuration of EX8ICON.

7 6 5 4 3 2 1 0 Address: 0058 [H]
exgicoN| 'o' | ‘o0 | *or [ o0 | '0r | ‘0" [Exios[Exi8S]  rw access: Rw
At reset 0 0 0 0 0 0 0 0
0 | EXINTS8 invalid
1 | EXINTS valid
0 | EXINT9 invalid
1 [ EXINTO valid
“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.
Figure 14-4 EX8ICON Configuration
[Note]

If both EXINT8 and EXINT9 are enabled and then an interrupt has occurred, it is
necessary to determine which interrupt has occurred by checking the port state. If
it is found that a pulse-like signal caused the interrupt at EXINT8 or EXINT9 or both,
EXINT8 and EXINT9 cannot be enabled concurrently to be used as external
interrupts.
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14.2.2 Example of External Interrupt-related Register Settings

1)

)

®)

(4)

®)

(6)

Port 6 mode register (P610)
If EXINTO to EXINTS3 are to be used, reset the corresponding bits 0 to 3 (P6100 to P6I1O3) to
“0” to configure those ports as inputs.

Port 6 secondary function control register (P6SF)
If EXINTO to EXINT3 are to be used, enable or disable pull-up resistors with the
corresponding bits 0 to 3 (P6SFO to P6SF3).

External interrupt control register O (EXIOCON)

If EXINTO is to be used, specify the valid edge with bits 0 and 1 (EXOMO, EXOM1). If
EXINTL, EXINT2 and/or EXINT3 are to be used, specify a valid edge for each with bits 2 and
3 (EX1IMO, EX1M1), bits4 and 5 (EX2MO0, EX2M1), and bits 6 and 7 (EX3MO0, EX3M1).

External interrupt control register 8 (EX8ICON)
If EXINT8 isto be used, set bit 0 (EXI8S) to“1”.
If EXINT9 isto be used, set bit 1 (EXI9S) to “1".

External interrupt control register 1 (EXILCON)
If EXINT8 and EXINT9 are to be used, specify the valid edge with bits 0 and 1 (EX8MO,
EX8M1).

External interrupt control register 2 (EXI2CON)
Specify the NMI valid edge with bits4 and 5 (NMIMO, NMIM1). If interrupt priority isto be
used, set bit 7 (MIPF) to “1".
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14.3 EXINTO to EXINTO Interrupts

When a valid edge is input to each externa interrupt input pin, the corresponding interrupt
request flag isset to “1”. The interrupt request flags are located in interrupt request registers
0to 3 (IRQO to IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag that corresponds to each pin
input. Theinterrupt enable flags are located in interrupt enable registers 0 to 3 (IEO to IE3).

Three levels of priority can be set with the interrupt priority setting flags that correspond to
each pin input. The interrupt priority setting flags are located in interrupt priority control
registers 0, 2, 4 and 7 (IPO, 1P2, P4 and 1P7).

Table 14-2 lists the vector addresses for each pin input of EXINTO to 9 and the interrupt
processing flags.

*n (n = 1to 12) in the table indicates the register in which each flag is allocated.

Table 14-2 EXINTO to EXINT9 Vector Addresses and Interrupt Processing Flags

Interrupt factor Vector Interrupt Interrupt Priority level
address [H] request enable 1 0
(Eef('t';'rTn(;lpi'n“t;’:fu“;t 0 000A [ QINTO *1] [ EINTO *“] [ P1INTO POINTO *7]
'éi't';';zﬁ'n”t;fu“;t " 001C  antt A | entt )| punma POINT1 *)
EXINT2 pin input 001E QINT2 EINT2 P1INT2 POINT2
(external interrupt 2)
EXINT3 pin input
(extemalpimerfupt3) 0020 L onts JI{ Emts I PuNTs POINT3 )
(E\;:)Il’:ISTgeteCt interrupt) 002A 4 QINT4 *} 4 EINT4 *B ﬂD].lNT4 POlNT4}\
EXINTS (internal USB 002C QINTS EINTS P1INTS POINTS
controller interrupt)
EXINT6
(Internal DMA controller 002E QINT6 EINT6 P1INT6 POINT6
interrupt)
EXINT7
(Internal Media controller 0030 QINT7 EINT7 P1INT7 POINT7
interrupt) . I\ ) \ /
EXINTS, 9 *10] [ i ][ *12]
(External interrupts 8, 9) 0046 [ QINTS EINTS PLINT8 | POINT8
IRQO * IEO0 ** IPO 7
Symbols of registers that contain interrupt IRQ1L * IE1 *° P2 8
processing flags IRQ2 **° IE2 *° IP4 9
IRQ3 *¥ IE3 *1 IP7 12
15-12 15-17 15-22
Reference page 15-13 15-18 15-23
15-14 15-19 15-25
15-15 15-20 15-28

For further details regarding interrupt processing, refer to Chapter 15, “Interrupt Processing
Functions”’.
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15. Interrupt Processing Functions

15.1 Overview

The ML66525 family has 31 types of interrupts (7 externa and 24 internal). These are
assigned to 23 vectors. One of the externa interrupts is a non-maskable interrupt. Three
levels of priority can be set for maskable interrupts.

Table 15-1 listsinterrupts and their corresponding vector addresses.

Table 15-1 Interrupts and Their Corresponding Vector Addresses

vector Interrupt
address [H]

0008 NMI pin input (non-maskable interrupt)

000A EXINTO pin input (external interrupt 0)

001A Timer O overflow

001C EXTINT1 pin input (external interrupt 1)

001E EXTINT2 pin input (external interrupt 2)

0020 EXTINT3 pin input (external interrupt 3)

0026 Timer 3 overflow

002A EXTINT4 pin input (external interrupt 4, Vbus detection use only)
002C Internal USB controller interrupt

002E Internal DMA controller interrupt

0030 Internal Media controller interrupt

0032 Timer 7 overfolw

0036 Timer 4 overflow

0038 SI01 transmit buffer empty, transmit completion, receive completion
003A Timer 5 overflow

003E SI03 transmit/receive completion

SI01 transmit buffer empty, transmit completion, receive completion

0040 S104 transfer completion

0042 Timer 6 overflow

0044 A/D conversion, select mode cancelled

0046 EXINT8/EXINTO pin inputs (external interrupts 8,9)

0048 Real-time counter output (cycle: 0.125 to 1 second)

006A PWCO overflow, PWCO0 and PWRO match

006C PWC1 overflow, PWC1 and PWR1 match

0072 Timer 9 overflow
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15.2 Interrupt Function Registers

Table 15-2 lists a summary of SFRsfor interrupt processing.

Table 15-2 Summary of SFRs for Interrupt Processing

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page
0004 PSWL 00
Program status word PSW R/W 8/16 2-17
0005 PSWH 00
005A 7 | EXternal interrupt control EXI2CON | — | RW 8 0C/4C 14-4
register 2
00305 | Interrupt request register 0 IRQO — R/W 8 00 15-12
00317 | Interrupt request register 1 IRQ1 — R/W 8 00 15-13
00325¢ | Interrupt request register 2 IRQ2 — R/W 8 00 15-14
0033 % | Interrupt request register 3 IRQ3 — R/W 8 00 15-15
005C+¢ | Interrupt request register 4 IRQ4 — R/W 8 EO 15-16
0034 %7 | Interrupt enable register 0 IEO — R/W 8 00 15-17
00357 | Interrupt enable register 1 IE1 — R/IW 8 00 15-18
0036 ¥ | Interrupt enable register 2 IE2 — R/W 8 00 15-19
00375 | Interrupt enable register 3 IE3 — R/W 8 00 15-20
005D | Interrupt enable register 4 IE4 — R/W 8 EO 15-21
0038 % Intgrrupt priority control PO . RIW 8 00 15-22
register 0
003A Inte_rrupt priority control P2 . RIW 8 00 15-23
register 2
003B 4 Inte_rrupt priority control P3 . RIW 8 00 15-24
register 3
003G+ Inte_rrupt priority control P4 . RIW 8 00 15-25
register 4
003D Intgrrupt priority control P5 . RIW 8 00 15-26
register 5
003E 4 Intgrrupt priority control 1P6 . RIW 8 00 15-27
register 6
003F % Intgrrupt priority control P7 . RIW 8 00 1528
register 7
005E 3 Intgrrupt priority control P8 . RIW 8 00 15-29
register 8
005E 3¢ Inte_rrupt priority control P9 . RIW 8 FC 15-30
register 9
[Notes]

1. Addresses may not be consecutive in some places.

2. A star () in the address column indicates a missing bit.

3. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.
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15.3 Description of Interrupt Processing
15.3.1 Non-Maskable Interrupt (NMI)
The non-maskable interrupt (NMI) is an external interrupt that cannot be masked.

When the valid edge specified by bits4 and 5 (NMIMO, NMIM1) of EXI2CON is detected, the
CPU immediately transfers processing to the non-maskable interrupt.

However, the one exception occurs after reset (RESn signal input, execution of a BRK
instruction, overflow of the watchdog timer, opcode trap), where the non-maskable interrupt is
masked until execution of the first instruction is complete. This function is intended to
prevent loss of program control after reset in the case where the non-maskable interrupt occurs
before the system stack pointer (SSP) is set with a value (when the SSP is undefined).
Therefore, operated as part of the above NMI function, set an appropriate value in SSP with the
“first instruction after reset”.

[Related information reference guide]
NMI settings ... page 14-4

When the non-maskable interrupt (NMI) occurs, a sequence such as listed below is
automatically processed by the hardware and the first instruction of the NMI routine is
executed. 14 cycles are used to transfer to the NMI routine.

» Savethe program counter (PC)

» Savethe accumulator (ACC)

» Savethelocal register base (LRB)

e Savethe program status word (PSW)

» Reset the non-maskable interrupt request flag

» Disable maskable interrupts

» Disable multiple interrupts by the non-maskable interrupt

» Load the program counter with the value that has been written to the NMI routine vector
table (0008H, 0009H)

Use an RTI instruction at the end of the NMI routine.

When an RTI instruction is executed, the hardware automatically processes a sequence such as
listed below to complete the NMI routine. 12 cycles are used to return from the NMI routine.

* Restore the program status word (PSW)

» Restorethe local register base (LRB)

* Restore the accumulator (ACC)

» Restore the program counter (PC)

» Enable maskableinterrupts

* Enable multiple interrupts by the non-maskable interrupt

Figure 15-1 shows examples of saving and restoring the PC, ACC, LRB and PSW.
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[Note]

If the program memory space has been expanded to 1 MB, in addition to the above
processing, the code segment register (CSR) will be saved and restored.
case, 17 cycles will be used to transfer to the NMI routine, and 14 cycles to return

from the NMI routine.

In this

* Interrupt processing example (for a 64 KB program memory space)

07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH

GSP). 07FFH

(before saving)

ﬁ O7F7H

07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
07FFH

(before execution of
RTI instruction)

PSWL

PSWH

LRBL

LRBH

ACCL

ACCH

PCL

(after saving)

07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH

PCH | GSP)- 07FFH

PSWL
PSWH
LRBL
LRBH
ACCL
ACCH
PCL
PCH

(after execution of
RTI instruction)

* Interrupt processing example (for a program memory space greater than 64 KB)

07F4H
07F5H
07F6H
07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
O07FEH

GsSP).. 07FFH

(before saving)

07F4H

GsP).. 07F5H

07F6H
07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
07FFH

(before execution of

PSWL
PSWH

LRBL

LRBH
ACCL

ACCH
CSR
Undefined
PCL

(after saving)

RTI instruction)

07F4H
07F5H
07F6H
07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH

PCH | GSP).. 07FFH

PSWL
PSWH
LRBL

LRBH
ACCL

ACCH
CSR
Undefined
PCL
PCH

(after execution of

RTI instruction)

SSP: System Stack Pointer

Figure 15-1 Examples of Saving and Restoring the PC, ACC, LRB and PSW
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15.3.2 Maskable Interrupts

1)

)

®)

(4)

Maskable interrupts are generated by various interrupt factors such as built-in internal
peripheral hardware, external interrupt inputs, etc.

The control of maskable interruptsis performed by the following.

» Interrupt request registers (IRQO to IRQ4)

» Interrupt enable registers (IEO to | E4)

* Master interrupt enable flag (MIE)

* Master interrupt priority flag (MIPF)
 Interrupt priority control registers (1P0 to 1P9)

Interrupt request registers (IRQO to IRQ4)

Interrupt request registers (IRQs) are set to “1” when each interrupt source generates an
interrupt signal.  If an interrupt is received, the registers are automatically reset to “0” while
transferring to the interrupt processing routine.  1RQ bits can also be set to “1” or “0” by the
program.

Interrupt enable registers (IEO to IE4)

Interrupt enable registers (IEs) individually enable or disable the generation of interrupts.
When an IE bit is “0", generation of the corresponding interrupt is disabled. When an |E bit
is“1”, generation of the corresponding interrupt is enabled.

Master interrupt enable flag (MIE)
The master interrupt enable flag (MIE) is a 1-bit flag located in the program status word (PSW).

MIE enables or disables generation of all the maskable interrupts.
MIE =*“0" All maskable interrupts are disabled (regardless of I1E)

MIE="1" Maskable interrupts are enabled (only those interrupt factors enabled by
IE)

[Related information reference guide]

Program status word (PSW) ... Page 2-17

Master interrupt priority flag (MIPF)
The master interrupt priority flag (MIPF) is a 1-bit flag located in the external interrupt control
register 2 (EXI2CON). MIPF enables or disables priority for all the maskable interrupts.

MIPF = “0" Priority control disabled (regardless of IP, interrupts controlled by MIE and IE
only)

MIPF =“1" Priority control enabled (3 levels of priority control according to I P setting)

[Related information reference guide]
External interrupt control register 2 (EXI2CON) ... Page 14-4
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®)

Interrupt priority control registers (IPO, IP2 to IP9)

Interrupt priority control registers (IPs) specify the priority of maskable interrupts.  The 2-bit
specification (P1xxx, POxxx) for each interrupt indicates 3 levels of priority (where xxx is an
abbreviation for each interrupt factor). For further details regarding priority control, refer to
Section 15.3.3, “Priority Control of Maskable Interrupts’.

Priority is specified as shown below.

P1xxx POxxx Priority
0 0 Level 0  (low)
0 1 Level 1 7
1 * Level 2 (high)

(* indicates either “0” or “1”)
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Figure 15-2 shows a block diagram of the control for maskable interrupts. IRQ bits are
indicated as QxxXx, |E bits as Exxx, and IP bits as POxxx, P1xxx for each interrupt factor.

In some cases, several maskable interrupts correspond to the same interrupt vector.  For those
interrupts, within each function block there is aflag to enable or disable multiple interrupts and
an interrupt request flag to verify (by polling) which interrupt was generated.

[1 interrupt vector for each interrupt]

Interrupt

[ Exoc ][ ME_|[MIPF ][ PLooc ][ PO | controller
Interrupt \‘(: 0 o : | ﬁ b
source . L
LVO
NP

[1 interrupt vector for 2 interrupts]

i Interrupt
Y Interrupt ! troll
source ! | Exxx || MIE || MIPF || P1xxx || POxxx | controter
i A A S L
! oLV
Z interrupt , LVO
source | NP

The control in the above enclosed area exists in each function block.

Figure 15-2 Maskable Interrupt Control Block Diagram
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Table 15-3 lists the vector address and bit symbol for each maskable interrupt.

If multiple maskable interrupts are generated simultaneously, the lower vector address (in the
order of Table 15-3) is given priority and processed. Similarly, for interrupts that have been
enabled, if the priority level is set and priority control enabled (MIPF = “1"), when multiple
maskable interrupts with the same priority are generated simultaneously, the lower vector
addressis given priority and processed.

Table 15-3 Vector Addresses and Bit Symbols for Maskable Interrupts

Vector Priority level
Interrupt Interrupt
No. Interrupt factor address
H] request enable 1 0
1 | EXINTO pin input (external interrupt 0) 000A QINTO EINTO P1INTO POINTO
2 Timer 0 overflow 001A QTMOOV ETMOOV P1TMOOV | POTMOOV
3 | EXINTL1 pin input (external interrupt 1) 001C QINT1 EINT1 P1INT1 POINT1
4 | EXINT2 pin input (external interrupt 2) 001E QINT2 EINT2 P1INT2 POINT2
5 | EXINT3 pin input (external interrupt 3) 0020 QINT3 EINT3 P1INT3 POINT3
6 Timer 3 overflow 0026 QTM30V ETM30V P1TM30V | POTM30OV
7 | EXINT4 input (Vbus detect interrupt) 002A QINT4 EINT4 P1INT4 POINT4
EXINTS input
8 (internal USB controller interrupt) 002¢ QINTS EINTS PLINTS POINTS
EXINT6 input
9 (internal DMA controller interrupt) 002E QINT6 EINT6 PLINT6 POINTG
EXINT7 input
10 (internal Media controller interrupt) 0030 QINTY EINT7 PLINTY POINT?
11 | Timer overflow 0032 QTM70V ETM70V P1TM70V | POTM70V
12 | Timer 4 overflow 0036 QTM40V ETM40V P1TM40V | POTM40OV
13 | SIO1 transmit buffer empty, transmit 0038 Qslo1 ESIO1 P1SIO1 | POSIOL
complete, receive complete
14 | Timer 5 overflow 003A QTM50V ETM50V P1TM50V | POTM50V
SI03 transmit-receive complete 003E QSIO3 ESIO3 P1SIO3 POSIO3
15 i i
SIO6 transmit puffer empty, transmit 003E QSI06 ESIOB P1SIO6 POSIOB
complete, receive complete
16 | SIO4 transfer complete 0040 QINT8 EINT8 P1INT8 POINT8
17 | Timer 6 overflow 0042 QTM60V ETM60V P1TM60V | POTM60OV
One cycle of A/D conversion scan
18 | channels complete, A/D conversion 0044 QAD EAD P1AD POAD
select mode complete
19 | EXINTE/EXINTO pin input 0046 QINT8 EINT8 P1INT8 POINTS
(external interrupts 8, 9)
20 | Realtime counter output 0048 QRTC ERTC P1RTC PORTC
(interval: 0.125to 1 s)
21 iwgg overflow, match of PWCO and 006A QPWMO | EPWMO | PIPWMO | POPWMO
22 Ewgi overflow, match of PWC1 and 006C QPWM1 | EPWM1 | PIPWM1 | POPWM1
23 | Timer 9 overflow 0072 QTM90V ETMO0OV | P1TM90OV | POTM90OV
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When a maskable interrupt occurs, a sequence such as listed below is automatically processed
by the hardware and the first instruction of the maskable interrupt routine is executed. 14
cycles are used to transfer to the maskable interrupt routine.

» Savethe program counter (PC)

» Savethe accumulator (ACC)

» Savetheloca register base (LRB)

* Savethe program status word (PSW)

* Reset the IRQ that initiated the maskable interrupt process

* Reset MIE in PSW (resetting MIE to “0” disables reception of all maskable interrupts)

» Disable reception of interrupts with the same or lower interrupt priority level (if MIPF = 1)
» Load the program counter with the value that has been written to the vector table

Use an RTI instruction at the end of the maskable interrupt routine.

When an RTI instruction is executed, the hardware automatically processes a sequence such as
listed below to complete the maskable interrupt routine. 12 cycles are used to return from the
maskabl e interrupt routine.

» Enable reception of interrupts with the same or lower interrupt priority level (if MIPF = 1)
» Restore the program status word (PSW) (set MIE to “1")

» Restorethelocal register base (LRB)

e Restore the accumulator (ACC)

» Restore the program counter (PC)

Figure 15-1 shows examples of saving and storing the PC, ACC, LRB and PSW.
[Note]

If the program memory space has been expanded to 1 MB, in addition to the above
processing, the code segment register (CSR) will be saved and restored. In this case, 17
cycles will be used to transfer to the maskable interrupt routine, and 14 cycles to return
from the maskabl e interrupt routine.
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15.3.3 Priority Control of Maskable Interrupts

1)

@)

The ML66525 family can set 3 levels of priority for each maskable interrupt factor, resulting in
easy to realize control of multiple interrupts.  Priority control in actual programs is described
below.

Basic interrupt control

When a maskable interrupt occurs, since the reception of other maskable interrupts is
automatically disabled (MIE = “0"), other interrupts (except for nonmaskable interrupts and
reset processing) will not occur within the interrupt processing routine. If another maskable
interrupt is generated during execution of the interrupt routine, that interrupt will wait for
processing. In such a case, immediately after processing of the first interrupt is completed,
processing of the interrupt that has been waiting will begin. (See Figure 15-3.) If severa
interrupts are awaiting processing, the interrupt vector with the lowest address will be
processed first. (See Table 15-3.)

Multiple interrupt control

During execution of an interrupt routine, other maskable interrupts may be enabled. Thisis
known as “multiple interrupt control”. Multiple interrupt control is carried out by enabling
multiple interrupt (MIE = “1") within the maskabl e interrupt routine when a maskable interrupt
occurs.

The following two methods exist for multiple interrupt control.
(i) Contral by IE flags
(i) Control by MIPF (Master Interrupt Priority Flag)

(i) Contral by IE flags

In the interrupt processing routine, only those | E flags that correspond to the multiple interrupt
factors to be enabled are set to “1”. Multiple interrupts from other factors are disabled by
setting their 1E flagsto “0”.

Next, by setting the MIE flag to “1” within the interrupt processing routine, the reception of
multiple interrupts for the enabled interrupt factors enabled by setting the |E flags to “1” will
begin. (SeeFigure 15-4.)

If an interrupt occurs for which the corresponding IE flag is “0” while another interrupt is
being processed, the interrupt will wait until the interrupt process being executed is completed
and the program changesits IE flag to “1”.

(i) Control by MIPF (Master Interrupt Priority Flag)

In addition to the control of (i) above, by setting MIPF to “1”, the priority of maskable
interrupts can be controlled by the hardware. Of the enabled interrupt factors specified with
IE = “1", multiple interrupts are enabled only for those interrupt factors whose priority is
higher than that of the interrupt currently being processed. (If MIPF = “0", then al interrupt
factors with | E specified as“1” will be enabled for multiple interrupts.)

If interrupts are generated having the same or lower priority than that of the interrupt process
currently being executed, those interrupts will wait until completion of the interrupt process
currently being executed. After completion of the interrupt process, if severa interrupts are
waiting, they will be executed in order of highest priority. However, if there are severa
interrupts with the same priority level, the interrupt with the lowest vector address will be
processed first. (See Table 15-3.)
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Main program flow

Interrupt request A occurs (IRQ =1, IE=1)
MIE - “0”
Interrupt processing routine A

Interrupt request B occurs (IRQ =1, IE=1)

Interrupt wait

Interrupt processing routine B

MIE _ “17

Figure 15-3 Fundamental Interrupt Control

Main program flow
Interrupt request A occurs (IRQ =1, IE = 1)
Interrupt request B occurs (IRQ =1, IE =1)
MIE - “0”
Interrupt processing routine A
MIE - “1”
MIE - “0”

/ Interrupt processing routine B

MIE - “1”

MIE - “1”

Figure 15-4 Multiple Interrupt Control
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15.4 IRQ, IE and IP Register Configurations for Each Interrupt

Each interrupt factor has its own interrupt request register (IRQO to IRQ4), interrupt enable
register (IEO to I1E4) and interrupt priority control register (1P0 to 1P9).

These registers are allocated as a group of interrupt processing registers, independent from the
group of operation and control registers for each internal peripheral module.

The configurations of each interrupt processing register are presented below, showing which
bits of which registers are allocated as the IRQ, |1E and IP flags for each interrupt factor. At
the end of chapters describing internal peripheral modules, a reference page is listed for the
interrupt processing registers of that module.

15.4.1 Interrupt Request Registers (IRQO to IRQ4)

1)

6
IRQO ] ‘0" \ “‘0” \
Atreset O 0

Interrupt request register 0 (IRQO)
Interrupt request register 0 (IRQO) consists of 1 bit. The bitisset to “1” by external interrupt
0 (bit 0).

IRQO can be read or written by the program. However, if writing to bits 1 through 7, always
write those bitsas“0”.  If read, avalue of “0” will always be obtained for bits 1 through 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IRQO becomes O0H.

Figure 15-5 shows the configuration of IRQO.

0
Address: 0030 [H]
INTO
Q 0 ‘ R/W access: RIW

7

1
T
0

o|o|o
AR
o|o|w
o|g|N

‘ 0 |No interrupt request from external interrupt O

1 |Interrupt request from external interrupt O

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-5 IRQO Configuration
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(2) Interrupt request register 1 (IRQ1)
Interrupt request register 1 (IRQ1) consists of 5 bits. Bits are set to “1” corresponding to
overflow of timer O (bit 0), external interrupts 1 to 3 (bits 1 to 3), overflow of timer 3 (bit 6),
and SIO0 transmit buffer empty/transmit complete/receive complete (bit 7).

IRQ1 can be read or written by the program. However, if writing to bits 4, 5 and 7, always
write those bitsas“0”.  If read, avalue of “0" will always be obtained for bits4, 5 and 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IRQ1 becomes O0H.

Figure 15-6 shows the configuration of IRQ1.

7 6 5 4 3 2 1 _
Ro1 [0 fowsov] "o | 0" [QINT3[QINT2[QiNT1]omvooy] | Address: 0TS [H]
Atreset O 0 0 0 0 0 0 0 '

‘ 0 [No request from timer 0 overflow interrupt

1 |Request from timer 0 overflow interrupt]

0 [No interrupt request from external interrupt 1

1 [Interrupt request from external interrupt 1

0 |No interrupt request from external interrupt 2

1 (Interrupt request from external interrupt 2

0 [No interrupt request from external interrupt 3

1 [Interrupt request from external interrupt 3

0 [No request from timer 3 overflow interrupt.

1 |Request from timer 3 overflow interrupt

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-6 IRQ1 Configuration
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(3) Interrupt request register 2 (IRQ2)

Interrupt request register 2 (IRQ2) consists of 7 bits. Bits are set to “1” corresponding to
Vbus detect interrupt (EXINT4, bit 0), internal USB controller interrupt (EXINT5, bit 1),
internal DMA controller interrupt (EXINT6, bit 2), internal Media controller interrupt
(EXINT7, bit 3), overflow of timer 4 (bit 6), and SIO1 transmit buffer empty/transmit

complete/receive complete (bit 7).

IRQ2 can be read or written by the program. However, if writing to bit 5, always write this

bitas“0".

If read, avalue of “0” will always be obtained for bit 5.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IRQ2 becomes O0H.

Figure 15-7 shows the configuration of IRQ2.

7 6 5 4

3

2

1

0
IRQ2 |QSIO1[QTM40V] *0" [QTM7OV[QINT7| QINT6|QINT5[QINT4] &
0

Atreset O 0 0 0

0

0

0

Address: 0032 [H]

/W access: RIW

No interrupt request from Vbus detection

Interrupt request from Vbus detection

0 |No interrupt request from internal USB controller

Interrupt request from internal USB controller

0 |No interrupt request from internal DMA controller

Interrupt request from internal DMA controller

No interrupt request from internal Media controller

Interrupt request from internal Media controller

0 |No request from timer 7 overflow interrupt

Interrupt request from timer 7 overflow interrupt

0 |No request from timer 4 overflow interrupt

Request from timer 4 overflow interrupt

No request from SIO1 transmit buffer empty/
transmit complete, receive complete interrupt

Figure 15-7

1

Request from SIO1 transmit buffer empty/
transmit complete, receive complete interrupt

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

IRQ2 Configuration
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(4) Interrupt request register 3 (IRQ3)
Interrupt request register 3 (IRQ3) consists of 7 bits. Bits are set to “1” corresponding to
overflow of timer 5 (bit 0), SIO3/SIO6 transmit-receive completion (bit 2), SIO4
transmit-receive completion (bit 3), overflow of timer 6 (bit 4), A/D conversion
complete/select mode complete (bit 5), external interrupt 8/9 (bit 6) and real-time counter
output (bit 7).

IRQ3 can be read or written by the program. However, if writing to bit 1, always write this

bitas“0".

If read, avalue of “0” will always be obtained for bit 1.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IRQ3 becomes O0H.

Figure 15-8 shows the configuration of IRQ3.

7

6

5

4

3

2

1

0

IRQ3 |QRTC

QINT8

QAD

QTMBOV

Qslo4

QSI03]]
QsIO6

aqy

QTM50V|

Atreset 0

0

0

0

0

0

0

0

Address: 0033 [H]
R/W access: RIW

0 |No request from timer 5 overflow interrupt

1| Request from timer 5 overflow interrupt

O [No request from SIO3/SIO6 transmit-receive complete interrupt

1 |Request from SIO3/SIO6 transmit-receive complete interrupt

0 | No request from SIO4 transmit-receive completion

1 | Request from SIO4 transmit-receive completion

0 |No request from timer 6 overflow interrupt

1| Request from timer 6 overflow interrupt

No request from A/D conversion complete interrupt

1 |Request from A/D conversion complete interrupt

0 | Norequest from external interrupt 8/9

1| Request from external interrupt 8/9

0 [No request from real-time counter output interrupt

Figure 15-8

15-15

1 |Request from real-time counter output interrupt

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

IRQ3 Configuration
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(5) Interrupt request register 4 (IRQ4)

Interrupt request register 4 (IRQ4) consists of 3 bits. Bits are set to “1” corresponding to
overflow of PWCO/matching of PWCO and PWRO (bit 0), overflow of PWC1l/matching of

PWC1 and PWRL1 (bit 1), and overflow of timer 9 (bit 4).

IRQ4 can be read or written by the program. However, writes to bits 5 through 7 are invalid.
If read, avalue of “1” will always be obtained for bits 5 through 7.

If writing to bits 2 and 3, always write these bitsas “0”.

When read, avalue of “0” will always be obtained for bits 2 and 3.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IRQ4 becomes EOH.
Figure 15-9 shows the configuration of IRQ4.

! 6 5 4 3 2 1 0 Address: 005C [H]
IRQ4 ’ — ‘ — ‘ — ‘QTMQOV‘ ‘0 ‘ 0" ‘QPWMI{QPWM(# RIW access: RIW
At reset 1 1 1 0 0 0 0 0
0 No request from PWCO0 overflow/PW CO
and PWRO matching interrupt
1 Request from PWCO overflow/PW CO

and PWRO matching interrupt

No request from PWC1 overflow/PWC1
and PWR1 matching interrupt

Request from PWC1 overflow/PWC1
and PWR1 matching interrupt

0

No request from timer 9 overflow interrupt

1

Request from timer 9 overflow interrupt

“—" indicates a non-existent bit.

When read,

its value will be “1".

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-9 IRQ4 Configuration
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15.4.2 Interrupt Enable Registers (IEO to IE4)

(1) Interrupt enable register 0 (IEQ)
Interrupt enable register O (IEQ) consists of 1 bit. The generation of interrupts is enabled by
setting the bit for externa interrupt O (bit O) to “1”.

IEO can be read or written by the program. However, if writing to bits 2 through 7, always
write those bitsas“0”.  If read, avalue of “0" will always be obtained for bits 2 through 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), |EO0 becomes O0H.

Figure 15-10 shows the configuration of |EO.

7 6 5 4 3 2 1 0 ,
g0 [0 [0 [ 0 [0 [ 0 [ 0 | 0 [ENT0] o w1
At reset 0 0 0 0 0 0 0 0

‘ 0 Disable external interrupt O
1 Enable external interrupt O

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-10 IEO Configuration
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(2) Interrupt enable register 1 (IE1)

Interrupt enable register 1 (IE1) consists of 5 bits. The generation of interrupts is enabled by
setting bitsto “1” corresponding to overflow of timer O (bit 0), external interrupts 1 to 3 (bits 1

to 3), overflow of timer 3 (bit 6).

IE1 can be read or written by the program. However, if writing to bits 4, 5 and 7, always
write those bitsas“0”.  If read, avalue of “0" will always be obtained for bits4, 5 and 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), |E1 becomes O0H.
Figure 15-11 shows the configuration of |E1.

7 6 5 4 3 2 1 0
— — — Address: 0035 [H]
IE1 ’ 0 ‘ETMSOV‘ 0 ‘ 0 ‘ E|NT3‘ EINT2 ‘ EINT1 ‘ETMOOV‘ R/W access: RIW
At reset 0 0 0 0 0 0 0 0
‘ 0 | Disable timer 0 overflow interrupt
1| Enable timer O overflow interrupt
0 Disable external interrupt 1
1 Enable external interrupt 1
0 Disable external interrupt 2
1 Enable external interrupt 2
Disable external interrupt 3
1 Enable external interrupt 3
0 | Disable timer 3 overflow interrupt
1| Enable timer 3 overflow interrupt

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-11 IE1 Configuration
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(3) Interrupt enable register 2 (IE2)
Interrupt enable register 2 (IE2) consists of 7 bits. The generation of interrupts is enabled by
setting bits to “1” corresponding to Vbus detect interrupt (EXINT4, bit 0), internal USB
controller interrupt (EXINTS, bit 1), internal DMA controller interrupt (EXINTS, bit 2), and
internal Media controller interrupt (EXINT7, bit 3), overflow of timer 7 (bit 4), overflow of
timer 4 (bit 6), and SIO1 transmit buffer empty/transmit compl ete/receive complete (bit 7).

IE2 can be read or written by the program. However, if writing to bit 5, always write those
bitsas“0”. If read, avaue of “0” will always be obtained for bit 5.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), |E2 becomes 00H.

Figure 15-12 shows the configuration of IE2.

7 4 2 1
6 5 3 0 Address: 0036 [H]
IE2 [Esio1 [eTmaov] ‘0" [ETM7OV|EINT7 | EINT6 [EINT5 [EINT4 | mav access: RIW
Atreset o 0 0 0 0 0 0 0
‘ 0 Disable Vbus detect interrupt
1 Enable Vbus detect interrupt

Disable internal USB controller interrupt

Enable internal USB controller interrupt

0 | Disable internal DMA controller interrupt

Enable internal DMA controller interrupt

Disable internal Media controller interrupt

Enable internal Media controller interrupt

Disable timer 7 overflow interrupt

Enable timer 7 overflow interrupt

0 Disable timer 4 overflow interrupt

Enable timer 4 overflow interrupt

Disable SIO1 transmit buffer empty/transmit
0 complete, receive complete interrupt

Enable SIO1 transmit buffer empty/transmit

1 complete, receive complete interrupt

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-12 IE2 Configuration
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(4) Interrupt enable register 3 (IE3)

IE3

At reset

Interrupt enable register 3 (IE3) consists of 7 bits. The generation of interrupts is enabled by
setting bits to “1” corresponding to overflow of timer 5 (bit 0), SIO3/SIO6 transmit-receive
completion (bit 2), overflow of timer 6 (bit 4), A/D conversion complete (bit 5), external
interrupt 8/9 (bit 6), and real-time counter output (bit 7).

IE3 can be read or written by the program. However, if writing to bit 1, always write this bit

as“0".

If read, avalue of “0” will aways be obtained for bit 1.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), |E3 becomes 00H.

Figure 15-13 shows the configuration of 1E3.

7

6

5

4

3

2

0

ERTC

EINT8

EAD

ETM60V|

ESIO4

ESIO3/
ESIO6

ETM50V|

0

0

0

0

0

0

0

Address: 0037 [H]
R/W access: RIW

Disable timer 5 overflow interrupt

Enable timer 5 overflow interrupt

0 | Disable SI03/SIO6 transmit-receive complete interrupt

Enable SIO3/SIO6 transmit-receive complete interrupt

0 |Disable SIO4 transmit-receive complete interrupt

Enable SIO4 transmit-receive complete interrupt

Disable timer 6 overflow interrupt

Enable timer 6 overflow interrupt

Disable A/D conversion complete interrupt

Enable A/D conversion complete interrupt

Disable external interrupt 8/9

Enable external interrupt 8/9

0

Disable real-time counter output interrupt

Figure 15-13
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“0”

1

Enable real-time counter output interrupt

indicates that a value of “0” must be written.

If read, a value of “0” will be obtained.

IE3 Configuration
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(5) Interrupt enable register 4 (IE4)
Interrupt enable register 4 (IE4) consists of 3 bits. The generation of interrupts is enabled by
setting bits to “1” corresponding to overflow of PWCO/matching of PWCO and PWRO (bit 0),
overflow of PWCLl/matching of PWC1 and PWR1 (bit 1), and overflow of timer 9 (bit 4).
IE4 can be read or written by the program. However, writes to bits 5 through 7 are invalid.
If read, avalue of “1” will always be obtained for bits 5 through 7.
If writing to bits 2 and 3, always write these bitsas “0”.
If read, avalue of “0” will aways be obtained for bits 2 and 3.
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), |E4 becomes EOH.
Figure 15-14 shows the configuration of |E4.
7 6 5 4 3 2 1 0
Address: 005D [H]
E4a | — | — [ — Emoeov] o | ‘o [EPwMiEPWMO|  taw access RIW
At reset 1 1 1 0 0 0 0 0
Disable PWCO overflow/PWCO
0 and PWRO0 matching interrupt
Enable PWCO overflow/PWCO
1 and PWRO0 matching interrupt
Disable PWC1 overflow/PWC1
0 and PWR1 matching interrupt
Enable PWC1 overflow/PWC1
1 and PWR1 matching interrupt
0 Disable timer 9 overflow interrupt
1| Enable timer 9 overflow interrupt

“—" indicates a non-existent bit.

When read, its value will be “1”.

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

Figure 15-14 IE4 Configuration
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15.4.3 Interrupt Priority Control Registers (IPO, IP2 to IP9)
(1) Interrupt priority control register 0 (IP0)

Interrupt priority control register O (1P0) consists of 2 bits and specifies the interrupt priority

for external interrupt O (bits 0 and 1).

IPO can be read or written by the program. However, if writing to bits 2 through 7, always
write those bitsas“0”.  If read, avalue of “0" will always be obtained for bits 2 through 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), 1PO becomes O0OH.
Figure 15-15 shows the configuration of |PO.

Address: 0038 [H]

7 6 5 4 3 2 1 0
IPO ] “Q” \ 0 \ 0 \ 0 \ 0 \ “Q” \ PllNTO‘ POINTO‘ R oaes
Atreset O 0 0 0 0 0 0 0 '

INTO ) o
p1/PO External interrupt O priority
0|0 Level O

1

Level 1

1 *

Level 2

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

“*” indicates a “0” or “1”.

Figure 15-15 PO Configuration
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(2) Interrupt priority control register 2 (IP2)
Interrupt priority control register 2 (IP2) consists of 8 bits and specifies interrupt priority for
overflow of timer O (bits O and 1), external interrupts 1 (bits 2 and 3), external interrupt 2 (bits
4 and 5) and external interrupt 3 (bits 6 and 7).

IP2 can be read or written by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P2 becomes O0OH.

Figure 16-17 shows the configuration of |P2.

7 6 5 4 3 2 1 0
IP2  [PLINT3[POINT3| P1INT2| POINT2] PLINT1] POINTZpP1TMOOVPOTMOOV] Address: 003A [H]
R/W access: RIW
At reset 0 0 0 0 0 0 0 0
TMOO! Timer O overflow interrupt
P1/Po priority
0|0 Level 0
1 Level 1
1|* Level 2
INT1 ) o
p1lPo External interrupt 1 priority
0|0 Level 0
1 Level 1
1~ Level 2
INT2 ) )
P1PO External interrupt 2 priority
0|0 Level 0
1 Level 1
1| * Level 2
INT3 ) o
p1lPO External interrupt 3 priority
0|0 Level 0
1 Level 1
1|* Level 2

“*" indicates a “0” or “1".

Figure 15-16 IP2 Configuration
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(3) Interrupt priority control register 3 (IP3)
Interrupt priority control register 3 (IP3) consists of 2 hits and specifies interrupt priority for
overflow of timer 3 (bits4 and 5).

IP3 can be read or written by the program. However, if writing to bits O through 3, 6 and 7,
always write those hits as “0”. If read, a value of “0” will always be obtained for bits 0
through 3, 6 and 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P3 becomes O0OH.

Figure 15-17 shows the configuration of IP3.

7 6 5 4 3 2 1
IP3 ’ “Qr ‘ “Qn ‘PlTMSOV‘POTM3OV‘ “Qn ‘ 0 ‘ 0 ‘ ‘ Address: 0038 [H]
R/W access: RIW
At reset 0 0 0 0 0 0 0
[TM30V|  Timer 3 overflow interrupt
P1[Po priority
0|0 Level O
1 Level 1
1|* Level 2

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

“*" indicates a “0” or “1".

Figure 15-17 IP3 Configuration
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(4)

IP4

At reset

Interrupt priority control register 4 (IP4)

Interrupt priority control register 4 (1P4) consists of 8 bits and specifies interrupt priority for
Vbus detect interrupt (bits O and 1), internal USB controller interrupt (bits 2 and 3), internal
DMA controller interrupt (bits 4 and 5), and internal Media controller interrupt (bits 6 and 7).

IP4 can be read or written by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P4 becomes OOH.

Figure 15-18 shows the configuration of 1P4.

7 6 5 4 3 2 1 0
’PllNT?‘ POINT?‘ P1INT6‘ POINT6‘ PlINTS‘ POINTS‘ P1|NT4\ POINT4‘ Address: 003C [H]
R/W access: RIW
0 0 0 0 0 0 0 0
INT4
Vbus detect interrupt priority
P1|PO
0|0 Level 0
0|1 Level 1
1)* Level 2
INTS Internal USB controller
P1|PO interrupt priority
0|0 Level 0
1 Level 1
1> Level 2
INT6 Internal DMA controller
P1|PO interrupt priority
0|0 Level O
1 Level 1
1= Level 2
INT7 Internal Media controller
P1|PO interrupt priority
0|0 Level 0
1 Level 1
1) Level 2

“*” indicates a “0” or “1”.

Figure 15-18 P4 Configuration
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®)

IP5

At reset

Interrupt priority control register 5 (IP5)

Interrupt priority control register 5 (IP5) consists of 6 bits and specifies interrupt priority for
overflow of timer 7 (bits 0 and 1), overflow of timer 4 (bits 4 and 5) and SIO1 transmit buffer
empty/transmit complete/receive complete (bits 6 and 7).

IP5 can be read or written by the program. However, if writing to bits 2 and 3, always write
those bitsas“0". If read, avalue of “0” will always be obtained for bits 2 and 3.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P5 becomes O0OH.

Figure 15-19 shows the configuration of IP5.

7 6 5 4 3 2 1 0

’PlSIOl‘POSIOl‘PlTM4OV‘POTM40V‘ “Q ‘ “Qr ‘PlTM7OV‘POTM7OV‘ Address: 003D [H]
R/W access: RIW
0 0 0 0 0 0 0 0

TM70 Ti 7 " . o
imer 7 overflow interrupt priorit
P1[PO ptpriorty
olo

Level O
1 Level 1
1|* Level 2
M40 Timer 4 overflow interrupt priority|
P1|P
0|0 Level O
1 Level 1
1= Level 2
sio1 SIO1 transmit buffer

empty/transmit complete, receive

P1P complete interrupt priority
0|0 Level 0

1 Level 1
1= Level 2

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

“*” indicates a “0” or “1".

Figure 15-19 IP5 Configuration
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(6)

IP6

At reset

Interrupt priority control register 6 (IP6)

Interrupt priority control register 6 (IP6) consists of 6 bits and specifies interrupt priority for
overflow of timer 5 (bits 0 and 1) and SIO3/SIO6 transmit-receive completion (bits 4 and 5)
SIO4 transmit-receive complete (bits 6 and 7).

IP6 can be read or written by the program. However, if writing to bits 2 and 3, always write

those bitsas “0”.

If read, avalue of “0” will always be obtained for bits 2 and 3.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P6 becomes O0OH.

Figure 15-20 shows the configuration of |P6.

7 6 5 4 3 2 1 0
POSIO3/| ., wpyn Address: 003E [H]
P1TM50V|POTM50V|
P1SI04|P0OSIO4| P1SIO3 (505106 0 0 RAW access: RW
0 0 0 0 0 0 0 0
TM50V] . o
Timer 5 overflow interrupt priority|
P1|PO
0|0 Level 0
1 Level 1
1] * Level 2

SIO3|  sI103/S106 transmit-receive
P1{PO complete interrupt priority

00 Level 0

1 Level 1
1|* Level 2
SI04 SI04 transmit-receive
P1|/PO complete interrupt priority
o0 Level 0

1 Level 1
1> Level 2

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

“*" indicates a “0” or “1".

Figure 15-20 IP6 Configuration
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(@)

IP7

At reset

Interrupt priority control register 7 (IP7)

Interrupt priority control register 7 (IP7) consists of 8 bits and specifies interrupt priority for
overflow of timer 6 (bits 0 and 1), A/D conversion complete (bits 2 and 3), external interrupt

8/9 (bits 4 and 5) and real-time counter output (bits 6 and 7).
IP7 can be read or written by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), 1P7 becomes O0OH.
Figure 15-21 shows the configuration of IP7.

7 6 5 4 3 2 1 0
[P1RTC|PORTC| P1INTS| POINTS| P1AD | POAD [PrTMe0v]POTMEOV] Address: 003F [H]
R/W access: R/W
0 0 0 0 0 0 0 0
TM60OV| . ) o
Timer 6 overflow interrupt priority|
P1|PO
00 Level 0
0 Level 1
1(* Level 2
AD A/D conversion
P1lPO complete interrupt priority
00 Level 0
01 Level 1
1|~ Level 2
INT8 ) o
External interrupt 8/9 priority
P1|PO
0|0 Level 0
01 Level 1
1= Level 2
RTC Real-time counter
P1|PO output interrupt priority
0|0 Level 0
01 Level 1
1)* Level 2

“*" jndicates a “0” or “1".

Figure 15-21 IP7 Configuration
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(8) Interrupt priority control register 8 (IP8)
Interrupt priority control register 8 (IP8) consists of 4 bits and specifies interrupt priority for
overflow of PWCO/matching of PWCO and PWRO (bits 0 and 1) and overflow of
PWCLl/matching of PWC1 and PWR1 (bits 2 and 3).

IP8 can be read or written by the program.
If writing to bits 4 through 7, always write these bitsas“0".
If read, avalue of “0” will always be obtained for bits 4 through 7 .

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P8 becomes O0OH.

Figure 15-22 shows the configuration of |P8.

7 6 5 4 3 2 1 0
P8 “y» “qr . wyn Address: 005E [H]
’ 0 ‘ 0 ‘ 0 ‘ 0 ‘PlPWMl‘POPWMl‘PlPWMO‘ POPWMO‘ RIW access: RW
At reset 0 0 0 0 0 0 0 0
PWMO|PWCO overflow/PWCO and PWRO
P1|PO matching interrupt priority
00 Level 0
0|1 Level 1
* Level 2

PWM1|pwcC1 overflow/PWC1 and PWR1
P1|PO matching interrupt priority

0|0 Level 0
01 Level 1
1|* Level 2

“0” indicates that a value of “0” must be written.
If read, a value of “0” will be obtained.

“*" indicates a “0” or “1”.

Figure 15-22 IP8 Configuration
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(9) Interrupt priority control register 9 (IP9)
Interrupt priority control register 9 (IP9) consists of 2 bits and specifies interrupt priority for
the overflow of timer 9 (bits 0 and 1).

IP9 can be read or written by the program. However, writes to bits 2 through 7 are invalid.  If
read, avalue of “1" will always be obtained for bits 2 through 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), 1P9 becomes FCH.

Figure 15-23 shows the configuration of |P9.

! 6 5 4 8 2 1 0 Address: 005F [H]
IP9 ’ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘PlTMQO\/‘POTMQOV‘ RIW access: RW
At reset 1 1 1 1 1 1 0 0
TMO0V . L
p1lPO Timer 9 overflow interrupt priority|
0|0 Level O
1 Level 1
1| * Level 2

“—" indicates a nonexistent bit.
When read, its value will be “1”.

“*" indicates a “0” or “1".

Figure 15-23 P9 Configuration
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16 Bus Port Functions

16.1 Overview

The ML66525 family can externally expand program memory (usually ROM) up to a
maximum of 1 MB and data memory (usually RAM) up to a maximum of 1 MB.

Bus ports (A0 to A19, DO to D7) and control signals (PSENn, RDn, WRn) are used to access
the external program memory and external data memory.

Bus ports are assigned as the secondary functions of port 0 (P0O), port 1 (P1), port 2 (P2) and
port 4 (P4). The 20 address (AO to A19) lines and 8 data (DO to D7) lines of the bus are
separate.  Unnecessary upper addresses can be reset as normal 1/0 ports.

PSENnN (P3_1) is used as a strobe signal to read the external program memory. RDn (P3_2)
and WRn (P3_3) are used as read and write strobes for external data memory.

16.2 Port Operation
16.2.1 Port Operation When Accessing Program Memory

When accessing internal program memory (addresses OH to 1FFFFH with the EAn pin at a
high level), PO, P1, P2, P3 1 and P4 operate as |/O ports.

When accessing external program memory (the EAn pin at alow level or addresses 20000H to
FFFFFH with the EAn pin at a high level), PO operates as the program data input port, P1, P2,
and P4 operate as address output ports, and P3_1 operates as the PSENn output port.

If the EAn pinisat alow level, PO, P1, P2, P3_1 and P4 are automatically switched (secondary
function control registers and mode registers are set) to bus port and control signal functions
(hereafter referred to as bus port functions) when reset (RESn signal input, execution of a BRK
instruction, overflow of the watchdog timer, opcode trap). If the EAn pin is at a high level,
before external program memory is accessed, it is necessary to switch to bus port functions by
setting secondary function control registers and mode registers.

Of the ports that are automatically set as bus port functions when the EAn pinisat alow level,
if upper address or other output is unnecessary, then after reset, those ports can be operated as
1/O ports by resetting their secondary function control register.

Table 16-1 lists the operation of PO, P1, P2, P3_1 and P4 during a program memory access.
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Table 16-1 PO, P1, P2, P3_1 and P4 Operation During Program Memory Access

Memory to be Address PO operation P1, P2’. P4 P3_1 operation
accessed operation
Internal program When EAn = H, 1/0 port
prog OH to 1FFFFH P
After set as After set as After set as
When EAn = H, secondary function secondary function secondary function
20000H to FFFFFH output, program output, address output, PSENNn
External program data i
ata input output output
When EAn =L, .
OH to FEFEEH Program data input Address output PSENN output

[Note]
When PO, P1, P2 and P4 are set as secondary function outputs, each of these
ports enters a pulled-up state while external program memory is not accessed.

16.2.2 Port Operation When Accessing Data Memory

When accessing internal data memory (addresses OH to 1FFFH), PO, P1, P2, P3 2, P3 3 and
P4 operate as |/O ports.

When accessing external data memory (addresses 2000H to FFFFFH), set ports PO, P1, P2,
P3 2, P3_3 and P4 to their secondary functions so that PO operates as a data |/O pin, P1, P2,
and P4 operate as address output pins, and P3_2 and P3_3 operate as RDn and WRn output
pins.

If the EAn pinisat alow level, PO, P1, P2 and P4 are automatically set as bus ports (secondary
function control registers and mode registers are set) when reset (RESn signal input, execution
of a BRK instruction, overflow of the watchdog timer, opcode trap). Because P3 2 and P3_3
are automatically set as input ports instead of RDn and WRn output pins, before external data
memory is accessed, they must be set as secondary function outputs.

Of the ports that are automatically set as bus port functions when the EAn pinisat alow level,
if upper address or other output is unnecessary, then after reset, those ports can be operated as
1/O ports by resetting their secondary function control register.

Table 16-2 lists the operation of PO, P1, P2, P3_2, P33 and P4 during a data memory access.

Table 16-2 PO, P1, P2, P3_2, P3_3 and P4 Operation During Data Memory Access

Data to be . P1, P2, P4 P3_2,P3 3
Address PO operation . .
accessed operation operation
Internal data OH to 1FFFH 1/O port
After set as After set as After set as
secondar secondal secondar
External data 2000H to FFFFFH function outgut*, function outrgut*, function outgut*,
data /0 address output RDn and WRn output
* If the EAn pin is at a low level, PO, P1, P2 and P4 are automatically set as secondary function outputs
when reset.
[Note]

When PO, P1, P2 and P4 are set as secondary function outputs, each of these
ports enters a pulled-up state while external data memory is not accessed.
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16.3 External Memory Access
16.3.1 External Program Memory Access

A program memory space of 1 MB maximum (00000H to OFFFFFH) can be accessed with the
16-bit program counter (PC) and 4-bit code segment register (CSR). When the EAn pin is set
to a high level, program addresses from 20000H to FFFFFH access externa program memory.
When the EAn pin is set to a low level, program addresses from 00000H to FFFFFH access
external program memory.

If the EAn pin is set to a high level and external program memory is to be used from 20000H
to FFFFFH, then PO, P1, P2 and P4 must be set as secondary function outputs. In addition,
P3_1 (PSENnN output) must also be set as a secondary function output.

Figure 16-1 shows an example connection of external program memory (ROM).

External ROM

Microcontroller (1 MB max.)
DO to D7 (PO_0 to PO_7)K 00 to 07
A0 to A19 (P4 0to P4 7,
P1_0toP1_7, | A0 to AL9
P2_0to P2_3)
(P3_1) PSENN >C OEn
/77177—() CEn

Figure 16-1 External ROM Connection Example
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16.3.2 External Data Memory Access

A data memory space of 1 MB maximum (0000H to FFFFFH) can be accessed with the 16-bit
RAM address pointer (RAP) and 4-bit data segment register (DSR). Data addresses from
0000H to 1FFFH access internal data memory. Data addresses from 2000H to FFFFFH
access external datamemory. External data memory is accessed in 8-bit (byte) units.

If external data memory isto be used, PO must be set as a secondary function output (memory
data 1/0). Also, corresponding to the memory address, P1, P2 and P4 must be set as
secondary function outputs (address outputs). In addition, P3_2 and P3_3 must be set as
secondary function outputs (WRn and RDn outputs).

If the EAn pinis at alow level, PO, P1, P2 and P4 automatically become secondary function
outputs.

If necessary, place external pull-up resistors to connect to the WRn and RDn pins.

Figure 16-2 shows an example connection of external data memory (RAM).

) External RAM
Microcontroller (1 MB max.)

DO to D7 (PO_0 to PO_7)K. 100 to 107

AO to A19 (P4_O'to P4 7,

P1 0to P17, D1 AO to A19
P2 0to P2_3)
(P3_2) RDn g OEn
(P3_3) WRn—* g WEN
%‘ L —9 >>—qCEn
V,

DD

Figure 16-2 External RAM Connection Example
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16.4 External Memory Access Timing

16.4.1 External Program Memory Access Timing

Figures 16-3 and 16-4 show the timing for accessing external program memory.

For external memory with slow access times, a function is available to insert wait cycles (see
Use this function to match the access time of the externa
memory to beused. The ROMRDY register specifies the number of wait cyclesto insert.

Section 4.4, “READY Function”).

For actual AC characteristics, refer to Chapter 21, “Electrical Characteristics’.

CPUCLK

P3_1/PSENnN

AO to A19
(P4 Oto P4 7,
P1 0to P17,
P2 0to P2_3)

DO to D7
(PO_0Oto PO_7)

PCO to 19 ><

PCO

to 19

PCOto 19 >< PCO to 19

INSTO to 7

INSTO to 7

INSTO to 7

Figure 16-3 External Program Memory Access Timing (No Wait Cycles)

CPUCLK

P3_1/PSENn

A0 to A19
(P4_0toP4_7,
P1 0toP1_7,
P2_0to P2_3)

DO to D7
(PO_0'to PO_7)

\

PCO

to 19 PCOto 19

\ INSTO to 7

Wait cycles inserted as
specified by ROMRDY
Two wait cycles are inserted
in this example.

Figure 16-4 External Program Memory Access Timing (2 Wait Cycles)
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16.4.2 External Data Memory Access Timing

Figures 16-5 and 16-6 show the timing for accessing data program memory.

For external memory with slow access times, a function is available to insert wait cycles (see

section 4.4, “Ready Function”).

Use this function to match the access time of the external

memory to be used. Compared to internal data memory accesses, when accessing external
data memory, 2 or 3 wait cycles are automatically inserted for each 1 byte access. The

RAMRDY register specifies the number of wait cycles to insert in addition to the 3 to 4 cycles

that are automatically inserted.
For actual AC characteristics, refer to Chapter 21, “Electrical Characteristics’.

CPUCLK _I

P3_2/RDn

A0 to A19
(P4_0to P4 7,
P1 Oto P17,
P2 0to P2_3)

DO to D7
(PO_0 to PO_7)

P3_3/WRn

AO to A19
(P4 Oto P4 7,
P1 0to P17,
P2_0to P2_3)

DO to D7
(PO_0'to PO_7)

RAPO to 19 ><

RAPO to 19

>7

{ Din0to7 Din0Oto 7

RAPO to 19 ><

RAPO to 19

>7

< DoutOto 7 >—<

DoutOto 7 )7

Figure 16-5 External Data Memory Access Timing (Word Access: No Wait Cycles)
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CPUCLK _I r

P3_2/RDn

AO to A19
(P4_0to P4_7,
P1_0toP1_7, RAPO o 19

P2_0to P2_3)

DO to D7 .
(PO_0 to PO_7) \Din0to7

[

P3_3/WRn

AO to A19
(P4_0to P4_7,
P1_0to P1_7, RAPO to 19

P2_0to P2_3)

DO to D7
(PO_0to PO_7)

—

DoutOto 7 |

Wait cycles inserted as
specified by RAMRDY
Two wait cycles are inserted
in this example.

Figure 16-6 External Data Memory Access Timing (Byte Access: 2 Wait Cycles)
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16.4.3 On the P3_2/RDn Pin

The P3 2/RDn pin can be set to be either 80-system-compatible or 68-system-compatible
using bit 3 (STBSEL) of theinternal control register (P510).

This pin will be 80-system-compatible when STBSEL is “0" and 80-system-compatible when
STBSEL is“1".

In the case of both 80- and 68-system-compatible modes, it is required to set both the
P3_2/RDn and P3_2/WRn pins to secondary function output.

1) 80 system compatible (when STBSEL is“0")

The read strobe signal (RDn) and the write strobe signal (WRn) are output individually
from separate pins.

eruei ] | ] | LT
RAPO to 19 >7

(Ei_g :8 Ei_;, - RAPO to 19 }??

P2 0to P2 _3)

P3_2/RDn

P3_3/WRn

(PO oltjfngg D7§ @ « M—

2) 68 system compatible (when STBSEL is*1") |
The read strobe signal (RDn) and the write strobe signal (WRn) are both output from P3_2.

The judgment of the state of whether the signal is a read strobe or a write strobe should be
made by a signal obtained by decoding the address.

crveu ] || ] | LT
RAPO to 19 >7

croorit———  mwown )

P2_0to P2_3)

%

P3_2/RDn

%

P3_3MWRn

(PO OItD(?IE’(()) D77) { Din0to 7} 1% Dout 0 to D—

Read/write %
decode signal Read Write
(Example: A16)

[Note]

In this case, even the P3 3/WRn signal, which is useless in the
68-system-compatible mode, will also be output.
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16.5 Notes Regarding Usage of Bus Port Function
16.5.1 Dummy Read Strobe Output

The instruction code of the nX-8/500S uses 8 bits as its basic unit and consists of 1 to 6 bytes.
Instructions are classified as NATIVE instructions for commonly performed operations or as
COMPOSIT instructions to realize a wide range of addressing. NATIVE instructions consist
of 1to 4 bytes and are used to achieve high coding and processing efficiency.

COMPOSIT instructions consist of a 1 to 3 byte address field (PREFIX) and a 1 to 3 byte
operation field (SUFFIX). The PREFIX and SUFFIX are combined to realize a wide range of
addressing.

If instructions accompanying a write to external data memory are to be executed, an
unnecessary RDn signal (dummy RD) will be output before the actual access (WRn signal) _if
some of those instructions are COMPOSIT instructions (this is limited to cases where the
PREFIX specifies an external data memory areq). For byte and bit accesses, a dummy RD
signal is output once. For word accesses, adummy RD signal is output twice.

Some considerations must be exercised in cases where the above-mentioned read strobe affects
the internal operation of peripheral devices.

Using the bus port function, the specific example of connecting and accessing the 8251 serial
interface LS| chip as a peripheral device will be described.

[Example]

When the microcomputer writes to the transmit buffer of the 8251, if COMPOSIT instructions
are used with the above conditions, output of the dummy read strobe will cause data in the
receive buffer to beread. If receive data exists in the receive buffer, the 8251 will determine
that the CPU has finished reading data, and the receive ready output signal will be reset.

Some considerations must be exercised in cases where peripheral devices operate differently
when read and write operations are performed at the same address.

These types of problems can be avoided by using NATIVE instructions.

For example, a dummy strobe is not output if load and store instructions (L, LB, ST, STB) are
used to read from and write to the accumulator (ACC). (If programming in C language, these
sections can be written as assembler functions.)

If general-purpose memory (RAM or ROM) is connected to a bus port, the problems described
above should not occur. Problems only occur if a connected peripheral device (functional
device) is accessed using COMPOSIT instructions as described above and the read strobe
affects the internal operation of the peripheral device.

Connect peripheral devices to bus ports based on an understanding of the operation described
herein and the function and operation of peripheral devices.

Tables 16-3 and 16-4 list PREFIX and SUFFIX combinations (instructions) that output a
dummy RD when an external data memory areais accessed.

In the tables, PREFIX addressing isinserted at the “*” in the SUFFIX column.
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Instructions (Byte/Bit Manipulations) in Which a Dummy RD Occurs Once

(PREFIX and SUFFIX Combinations)

PREFIX
* Instruction code
Rn 68+n
[X1] BO
[DP] B2
[DP-] Bl
[DP+] B3
_I_ off B5
dir B7
N16[X1] B8
N16[X2] B9
n7[DP] 9B
n7[USP] 9B
[X1+A] BA
[X1+RO] BB

Instructions (Word Manipulations) in Which a Dummy RD Occurs Twice

(PREFIX and SUFFIX Combinations)

Table 16-3

SUFFIX
Instruction symbol | Instruction code
SB * 08+bit
RB * 00+bit
SBR * B8
RBR * B9
TBR * CA
MB *.bit, C 18+hit
MBR *.bit, C BB
MBR C, *.hit BA
MOVB *A AA
MOVB *#N8 AB
CLRB * Cc7
FILLB * D7
Table 16-4

SUFFIX
Instruction Instruction code
symbol
MOV * A AA
MOV *#N16 AB
CLR * Cc7
FILL * D7

PREFIX

Instruction code

*
—I— ERnN

[X1]
[DP]
[DP-]
[DP+]
off

dir
N16[X1]
N16[X2]
n7[DP]
n7[USP]
[X1+A]
[X1+RO]

64+n
A0
A2
Al
A3
A5
A7
A8
A9
8B
8B
AA
AB
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16.5.2 External Bus Access Timing

The ML66525 family employs a high-speed separate address and data bus type for externa
bussing.

If the ML66525 family runs at high speed, the read and write strobe signals may be in their
logically active states before the address outputs are changed and then set up. Care must be
taken for AC characteristics when peripheral devices, such as general-purpose SRAMs, whose
address outputs have to be set up on the rising edge of the WRn signal, are connected using the
bus port function.

Refer to the AC characteristics (Section 21, Electrical Characteristics) for operating
frequencies to be used.

The AC characteristic values are given under the conditions listed below:

e Load capacitor C_ =50 pF

e Measurement point for AC timing V,./V,y =0.8 V/2.0V
e Ambient temperature Ta=-30to +70°C

e Power supply voltage Vpp =2.4t03.6 V

In order to set up the address value before the WRn signal is made to its logically active state
under the above conditions, the following operating frequency should be provided:

e f=125MHzorlessfor Vpp =2.4t03.6 V

The upper limits of operating frequencies will actually be varied according to conditions (load
capacitance and supply voltages on the printed circuit boards) of products to which the
ML 66525 family isto be applied.

The contents described above should be considered to connect the peripheral devices, such as
general-purpose SRAMs.
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17.
17.1

17.2

USB Control Function

Overview

Universal Serial Bus (USB) controller includes a USB serial interface engine, USB transceiver,
FIFOs, control/status registers, application interface circuit, and oscillation circuit.

USB controller supports four types of data transfer such as control transfer, bulk transfer,
interrupt transfer and isochronous transfer, and also supports six endpoints.

Features

USB1.1 compliant

Supports full-speed (12 Mbps).

Supports four types of transfer: control transfer: bulk transfer, interrupt transfer, and
isochronous transfer.

Endpoints: 6 endpoints

Control EP 1

Bulk/interrupt EP 3

I sochronous/bulk/interrupt EP 2

Built-in FIFO for data storage

A two-layer configuration of FIFO for each of EP1, EP2, EP4, and EP5

DMA transfer is possible (EP1, EP2, EP4, and EP5).

Supports bus-powered device.

The suspend condition is automatically detected and the low-power mode is activated.
Normal operation is automatically restarted when the resume condition is detected.
Built-in USB transceiver circuit
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17.3 Functional Descriptions

1731

17.3.2

USB Interface

The following functions are bases for a USB protocol. Therefore, the application can process a
lot of its own functions.

Bit synchronization

Encoding and decoding NRZI signals.

Generating and detecting Sync bytes.

Bit stuffing

Generating and checking CRCs (CRC5, CRC16).

Encoding and decoding PID (packet identifier).

1. Decoding token.

2. Encoding and decoding handshake.

Generating and detecting SOP.

Enpacket (packing) and depacket (unpacking)

Comparing device addresses.

Storing 8-byte setup data from a host into the setup register.
Transmitting datain transmit FIFO.

Storing receive data into receive FIFO of the corresponding endpoint.

USB Transfer Modes

Supports four kinds of transfer modes such as control transfer mode, interrupt transfer mode,
bulk transfer mode, and isochronous transfer mode, which are specified by USB Standards.

@

(b)

(©)

(d)

The control transfer mode is used to receive and respond to configurations and commands
from a host, and to exchange status information between the host and peripherals.

The bulk transfer mode is used to transfer alot of data in the limited service period when
the band width of USB bus becomes sufficient.

Theinterrupt transfer mode is used to transfer asmall amount of datawith lessfrequency in
the limited service period.

Theisochronous transfer mode is used to continuously transfer audio data, moving pictures
data and other data.
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17.3.3 Endpoints and FIFOs

Depending on the register setting, SEP mode or 6EP mode can be selected. S5EP mode has five
end points and 6EP mode six. Although the transfer mode that can be used by EPO isfixed, it is
possible to select either the bulk transfer mode or the interrupt transfer mode for the end points
EP1, EP2, and EP3, and one of the modes of isochronous, bulk, or interrupt transfer can be
selected for EP4 and EP5. In addition, it is possible to selectively set the direction of data

transfer for EP1 to EP5.
End FIFO Capacity (bytes) Transfer
. Remarks
Point 5EP mode ‘ 6EP mode mode
Reception 32
EPO o Control transfer
Transmission 32
Bulk/interrupt transfer  |DMA Data Transfer
EP1 64x2 (INJOUT) Possible
Bulk/interrupt transfer  |DMA Data Transfer
EP2 64x2 (INJOUT) Possible
Bulk/interrupt transfer
EP3 32 (IN/OUT)
Isochronous/bulk/
EP4 128x2 64x2 interrupt transfer gc,\)l':it[))lzta Transfer
(IN/OUT)
Isochronous/bulk/
EP5 — 64x2 interrupt transfer ggl’;g:ta Transfer
(IN/OUT)

Note 1: EP3 permits rate feedback data sequence toggling.

Note 2: EP1, EP2, and EP3 are all mutually independent, and can be assigned for bulk
transfer or interrupt transfer individually. It is possible to set the maximum
packet size up to 64 bytes (32 bytes for EP3) during both bulk transfer and
interrupt transfer.

Note 3: Itis possible to set EP4 and EP5 to one of the modes of isochronous transfer,
bulk transfer, and interrupt transfer. The maximum packet size can be up to 64
bytes when these end points are set to bulk transfer.

Note 4: The choice between EP5 mode and EP6 mode is specified with the D2 bit of
the SYSCON register.

Note 5:

When EP5 and EP6 are used for isochronous transfer, the maximum packet
size for EP4 is 128 bytes in SEP mode. EP5 cannot be used in 5EP mode.
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17.3.4 Operation of Control Transfer

(@

(b)

(©)

Setup stage

The setup token and 8 bytes of setup data are transmitted from the host. USB controller
decodes the setup token, and automatically stores the 8 bytes of setup data in the setup
register. When this is completed normally, USB controller returns ACK to the host. The
8-byte setup datais the standard request code defined in Section 9.3 of the USB Standards,
or a code of the requests unique to each device class, etc. The request is decoded on CPU
side.

Data stage

If the request specified by the 8-byte setup data is also accompanied by transfer of
parameter data from the host to the device, the transfer is a control write transfer, and the
OUT token and the data packet are transmitted from the host. When these are received
normally, USB controller stores the parameter data in the EPO receive FIFO and returns
ACK to the host.

If the request is accompanied by transfer of parameter data from the device to the hogt, the
transfer is a control read transfer, and when the host sends the IN token, USB controller
sends the parameter data that was already stored beforehand in the EPO transmit FIFO by
CPU. When the host receives this normally, it returns an ACK to USB controller. On the
other hand, in the case of reguests that do not contain any parameter data that needs to be
transmitted or received, this data stage will not be present and the processing proceeds
directly to the status stage from the setup stage.

Status stage

The status stage is a stage intended for reporting the status of the result of executing a
request from the device to the host. During a control write transfer or a control transfer
without data, the IN token is sent by the host, and USB controller returns a response to it.
During a control read transfer, the OUT token and data of zero length are sent by the host,
and USB controller returns aresponseto it.

During the above control transfers, CPU need only read from or write to the 8-byte setup
registers mapped at 00h to 07h, the EPO transmit FIFO mapped at 70h, and the EPO receive FIFO
mapped at 78h according to the interrupt cause, and all other operations will be carried out
automatically by USB controller.
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17.3.5 Data Packet Transmission and Reception Procedure During Bulk Transfer
and Interrupt Transfer Modes

The transfer of data is the major function in all types of transfer modes other than the control
transfer mode. When carrying out transfer of data packets between USB controller and the host,
the following packet communication is carried out viathe USB bus for the data transfer of each
packet.

(@) Token packet transfer (IN token or OUT token) from the host to USB controller.

(b) Datapacket transfer in the desired direction (from the host to the device or from the device
to the host).

() Transfer of handshake packet in a direction opposite to that of the data packet.

When packet transfer is completed normally, an ACK packet is returned in step (c) and the
operation proceeds to the next packet transfer.

USB controller requests CPU to transmit or receive a packet of data. The interrupt cause will be
“packet ready” . The transmit packet ready interrupt is one that requests that the packet of datato
be transmitted be written in the transmit FIFO, and the receive packet ready interrupt is one that
requests CPU to read out the data that has been received and stored in the receive FIFO.

The above procedures of transferring one packet of data are explained below for transmission
and reception separately.

1) During transmission

CPU writes one packet of data that has to be transmitted in the transmit FIFO of the
corresponding EP in USB controller, and sets to “1” the transmit packet ready bit of the
corresponding EP status register of USB controller. When the host transmits the IN token
packet to USB controller specifying the communication method, etc., USB controller
transmits to the host the data packet stored in the above transmit FIFO. When the host
receives one data packet normaly, it returns the ACK packet to USB controller.
Conseguently, USB controller resets the transmit packet ready bit, thereby completing the
transfer of one data packet over the USB bus. When the transmit packet ready bit is reset,
USB controller gives arequest to CPU in terms of atransmit packet ready interrupt thereby
prompting CPU to write the next packet of datato be transmitted.

2) During reception

The host sends to USB controller an OUT token followed by a data packet. USB controller
stores the received data packet in the receive FIFO of the corresponding EP. When it is
confirmed that all the data packets have been accumulated and that there is no error, USB
controller returns an ACK packet to the host. At the same time, the receive packet ready bit
of the corresponding EP status register will also be set to “1” and arequest issent to CPU in
terms of an interrupt. Upon receiving this interrupt, CPU reads out the received data from
USB controller and resets the receive packet ready bit.
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17.3.6 Data Packet Transmission and Reception Procedure During Isochronous
Transfer Mode

Transfer of data is the major function in the isochronous transfermode. When carrying out
isochronous transfer between USB controller and the host, the following packet communications
are carried out viathe USB bus for the data transfer of each packet.

(8) Token packet transfer (IN token or OUT token) from the host to USB controller.

(b) Data packet transfer in the desired direction (from the host to the device or from the device
to the host).

In the isochronous transfer mode, there is no handshaking that reports whether or not the packet
transfer was done normally.

The interrupt cause is SOF. Upon receiving this interrupt, CPU writes the packet data into the
transmit FIFO of the EP set for transmission (1SO IN) in the isochronous transfer mode, or reads
out datafrom the receive FIFO of the EP set for reception (1SO OUT) in the isochronous transfer
mode.

The above procedures of transferring one packet of data are explained below for transmission
and reception separately.

1) During transmission

The EP for 1SO IN has atwo-layer FIFO configuration. One FIFO is used for storing the
packet data that is written in by the MCU via the local bus. The other FIFO is used for
transmitting the stored data to the USB bus when an IN token isreceived. Theroles of the
two FIFOs are interchanged when an SOF packet is received.

Upon receiving an SOF interrupt, CPU writes the data to be transmitted during the next
frame into the corresponding transmit FIFO of the EP of USB controller. When the host
transmits an IN token packet, USB controller transmits to the host the packet datawrittenin
the transmit FIFO during one frame before the current frame.

2) During reception

The EPfor ISO OUT has atwo-layer FIFO configuration. One FIFO isused for storing the
packet data that is output to the local bus when the MCU reads the received packet data.
The other FIFO is used for storing the packet data received from the USB bus. The roles of
the two FIFOs are interchanged when an SOF packet is received.

Upon receiving an SOF interrupt, CPU reads out the data that has been received during the
previous frame from the corresponding receive FIFO of the EP of USB controller. When
the host transmits an OUT token and a data packet to USB controller, USB controller stores
that received data packet in the receive FIFO, and that data packet is read out by CPU
during the next frame.
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17.3.7 Packets and Packet Sizes

USB controller packs the transmit data into packets and unpacks (restores to the original form)
the received data. The packed data that is recognized by the software client is a set of data
consisting of one or more packets, and thisis called an 1/O request (IRP).

Among the severa packetsin an IRP, all the packets other than the last packet are transferred
with the maximum packet size. Only thelast packet can be transferred asa“ short packet”, that is,
a packet whose size isless than the maximum packet size.

/0 Request Packet (IRP)

/ AN
Packet Packet Packet Packet
000
1 2 n-1 n
1 Packet
m bytes

Maximum packet size

USB controller has payload registers corresponding to each end point, and it is possible to set the
maximum packet size for each end point in theseregisters. The maximum packet size should be
within the capacity of the corresponding FIFO, and can be set as follows:

(1) EPO Receive packet size can be 32 bytes or less;

(2) EPO Transmit packet size can be 32 bytes or less;

(3) EP1 Transmit/receive packet size can be 64 bytes or less;
(4) EP2 Transmit/receive packet size can be 64 bytes or less;
(5) EP3 Transmit/receive packet size can be 32 bytes or less;
(6) EP4 Transmit/receive packet size can be 64 bytes or less;
(7) EP5 Transmit/receive packet size can be 64 bytes or less;

On the USB bus, the separation between successive packets is distinguished by appending a
specia signal condition called EOP (End of Packet) at the end of each packet. The appending of
EOP during transmission and the detection and removal of EOP during reception are carried out
by USB controller automatically.

(1) Atthetime of transmission, the packet is deemed to have ended when CPU has completed
writing the required number of bytes of datain the transmit FIFO and has then asserted the
transmit packet ready bit. (The actual addition of EOP is executed at the time of
transmitting the data over the USB bus after waiting for the IN token from the host.) The
packet will be a short packet if the transmit packet ready bit is asserted after writing data
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with less number of bytes than the maximum packet size. In particular, by asserting the
transmit packet ready bit without writing any data, it is possible to form a null packet whose
datalength is zero.

(2) At the time of reception, when an EOP is detected in the received data string, USB
controller2 recognizes it as the end of the received packet and asserts the receive packet
ready bit. The number of bytes in the received packet is counted automatically by the
receive byte count register (Note 1) corresponding to that end point.

Note 1: Receive byte count register address: 58h to 5Dh and 74h to 75h.

17.3.8 Interrupts
The interrupt causes are the following:

(@) Setup ready for the 8-byte setup data
(b) EPO receive packet ready

(c) EPO transmit packet ready

(d) EP1 transmit/receive packet ready
(e) EP2 transmit/receive packet ready
(f) EP3transmit/receive packet ready
(g) EP4 transmit/receive packet ready
(h) EP5 transmit/receive packet ready
(i) SOF

(j) USB Busreset assert

(k) USB Busreset de-assert

()  Suspend

(m) Awake

The CPU can identify the contents of the interrupt by reading out the interrupt status register 1
(INTSTATL) and the interrupt status register 2 (INTSTAT2). These interrupts can also be
masked dynamically by making individual settings in the interrupt enable register 1
(INTENBL1) and the interrupt enable register 2 (INTENBL2).

The causes of the interrupts, their setting and resetting conditions, and the responses to them are
described below.

The functions of the setup ready bit and the packet ready bit can, in some situations, be different
from those described here because of some special automatic operations done by USB controller.
Please see the descriptions of the registers EPOSTAT to EPSSTAT for more details of such
functions.
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(1) Setup ready interrupt

Operation

Source of operation

Description (conditions, responses, etc.)

Setup ready interrupt
generation

USB controller

The setup ready bit (D2 of EPOSTAT) is asserted when
the 8-byte setup control data is received normally and
has been stored in the set of setup registers.

An interrupt is generated at this time if D1 of INTENBL1
has been asserted.

- The firmware can now read the set of setup registers.

End of setup ready
interrupt

CPU (firmware)

After making the firmware read the 8-byte setup data,
write a “1” in bit D2 of EPO status register (EPOSTAT).
This causes the interrupt to be de-asserted.

The interrupt will not be de-asserted If a new 8-byte
setup data is received during this period. In this case,
discard the setup data that was being read at that time
and read the new 8-byte setup data.

(2) EPO Receive packet ready interrupt

Thisisused mainly during the reception of a data packet in a control write transfer.

Operation

Source of operation

Description (conditions, responses, etc.)

EPO Receive packet
ready interrupt
generation

USB controller

The EPO receive packet ready bit (DO of EPOSTAT) is
asserted during a control write transfer when the
processing has changed from the setup stage to the
data stage, and USB controller has detected EOP of the
data packet and has stored the data without error in the
EPO receive FIFO. The end of a packet is recognized
when an EOP has arrived in the cases of both full
packets and short packets.

An interrupt is generated at this time, if the EPO receive
packet ready interrupt enable bit (D6 of INTENBL1) has
been asserted.

(EOP: End of packet)

End of EPO receive
packet ready interrupt

CPU (firmware)

In the case of EPO reception, after the number of bytes
of the EPO receive FIFO data indicated by the EPO
receive byte count register (EPORXCNT) has been
read, write a “1” to the EPO receive packet ready bit (bit
DO of EPOSTAT). (This status is reset when a “1” is
written in this bit.)

Note: A short packet is a packet with a number of bytes less than the maximum packet size.
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(3) EPO Transmit packet ready interrupt

Thisis used mainly during the transmission of a data packet in a control read transfer.

Operation Source of operation Description (conditions, responses, etc.)
EPO Transmit packet |USB controller The EPO transmit packet ready bit (D1 of EPOSTAT) is
ready interrupt de-asserted during a control read transfer when the
generation processing has changed from the setup stage to the

data stage, and it is possible to write the transmit data
to the FIFO.

At this time, an interrupt is generated if the EPO
transmit packet ready interrupt enable bit (bit D7 of
INTENBL1) has been asserted.

For the second and subsequent packets, in addition to
this condition, before the interrupt is generated, it is
necessary for an ACK response to come from the host
for the packet that has just been sent.

End of EPO transmit
packet ready interrupt

CPU (firmware)

In the case of EPO transmission, after the one packet
of the EPO transmit data has been written in
EPOTXFIFO, write a “1” into the EPO transmit packet
ready bit (bit D1 of EPOSTAT). This puts USB
controller in a state in which it can transmit the data
(that is, it can transmit the data packet when an IN
token arrives), and the internal interrupt signal is
de-asserted at the same time.

Even when the number of bytes in the write data is
less than the maximum packet size, it is possible to
transmit the data by writing a “1” into the transmit
packet ready status bit. This makes it possible to
transmit a short packet.
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(4) Receive packet ready interrupts (EP1, EP2, EP3, EP4 bulk, EP5 bulk)

These interrupts are generated when the respective EP has received an appropriate data
packet from the USB bus and CPU can read that data.

Operation

Source of operation

Description (conditions, responses, etc.)

Receive packet ready
interrupt generation

USB controller

The receive packet ready bit (DO) of the corresponding
EP status register (EPnSTAT) is asserted during data
reception when the EOP of the data packet has been
received and the data has been stored without error in
the corresponding FIFO. The end of a packet is
recognized when an EOP has arrived in the cases of
both full packets and short packets.

An interrupt is generated at this time, if the
corresponding receive packet ready interrupt enable bit
has been asserted.

(EOP: End of packet)

End of receive packet
ready interrupt

CPU (firmware)

After the number of bytes in the receive FIFO data
(EPnFIFO) indicated by the corresponding receive
byte count register (EPnRXCNT) has been read, write
a “1” into the receive packet ready bit DO of the
corresponding EP status register (EPnSTAT). (This
status is reset when a “1” is written in this bit.)
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(5) Transmit packet ready interrupts (EP1, EP2, EP3, EP4 bulk, EP5 bulk)

Theseinterrupts are generated when it is possible for CPU to write the data packet to be sent
to the USB bus from the corresponding EP.

Operation

Source of operation

Description (conditions, responses, etc.)

Transmit packet ready
interrupt generation

USB controller

(1) In the case of bulk transfer and interrupt transfer

When the respective EP has been set for
transmission, the transmit packet ready bit of the
corresponding EP (bit D1 of EPnSTAT) is
de-asserted when it is possible to write the
transmit data into the FIFO.

At this time, an interrupt is generated if the
corresponding EP transmit packet ready interrupt
enable bit of INTENBL1 has been asserted.

For the second and subsequent packets, in
addition to this condition, before the interrupt is
generated, it is necessary for an ACK response to
come from the host for the packet that has just
been sent.

End of transmit packet
ready interrupt

CPU (firmware)

In the case of bulk transfer and interrupt transfer

After the one packet of the corresponding EP
transmit data has been written in EPnTXFIFO,
write a “1” into the corresponding transmit packet
ready bit (bit D1 of EPnSTAT). This puts USB
controller in a state in which it can transmit the
data and the internal interrupt signal is
de-asserted at the same time.

Even when the number of bytes in the write data
is less than the maximum packet size, it is
possible to end the pocket transmission by writing
a “1” into the transmit packet ready status bit.
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(6) SOF Interrupt

Operation Source of operation Description (conditions, responses, etc.)
SOF Interrupt USB controller When an SOF packet is detected on the USB bus.
generation

End of SOF interrupt

CPU (firmware)

When a “1” is written in the corresponding bit of the
interrupt status register 2 (INTSTAT2).

(7) USB Busreset assert interrupt

Operation

Source of operation

Description (conditions, responses, etc.)

USB Bus reset assert
interrupt generation

USB controller

The ML66525 automatically detects the condition
when the SEO state continues for 2.5 us or longer at
the D+ and D- pins.

- Carry this out by firmware processing for bus reset.

End of USB bus reset
assert interrupt

CPU (firmware)

When a “1” is written in the corresponding bit of the
interrupt status register 2 (INTSTAT2).

(8) USB Busreset de-assert interrupt

Operation

Source of operation

Description (conditions, responses, etc.)

USB Bus reset
de-assert interrupt
generation

USB controller

When there is a recovery to the J state from the SEOQ
state of 2.5 us or longer at the D+ and D— pins.

- Carry this out by firmware processing for bus reset
release.

End of USB bus reset
de-assert

CPU (firmware)

When a “1” is written in the corresponding bit of the
interrupt status register 2 (INTSTAT2).
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(9) Suspend state interrupt

Operation

Source of operation

Description (conditions, responses, etc.)

Suspend state
interrupt generation

USB controller

When the idle condition persists for 3 ms or more at
the D+ and D- pins.

- The internal oscillations in USB controller are
stopped automatically when the idle condition
continues for an additional 2 ms after this interrupt has
been generated. The firmware can take steps to put
the device in the power save mode.

End of suspend state
interrupt

CPU (firmware)

When a “1” is written in the corresponding bit of the
interrupt status register 2 (INTSTAT2).

(10) Awake interrupt

Operation

Source of operation

Description (conditions, responses, etc.)

Awake interrupt
generation

USB controller

When the Resume signal (the SEO state of about 1344
ns immediately after the K state) is detected at the D+
and D— pins.

End of awake interrupt

CPU (firmware)

When a “1” is written in the corresponding bit of the
interrupt status register 2 (INTSTAT2).
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17.3.9 Internal DMA (Direct Memory Access)

Itispossibleto carry out 8-bit wideinternal DMA transfer for the bulk transfer of EP1, EP2, EP4,
and EP5, and for the isochronous transfer of EP4 and EP5.

It is possible to carry out internal DMA transfers over two channels, Channel 0 and Channel 1.
Both demand transfer and single transfer are supported. The settings of the internal DMA
transfer mode and parameters are done using the DMA control register and the DMA interval
register described later in this manual.

In the demand transfer mode, the DREQ signal is asserted when the reading or writing of a data
packet becomes possible. The DREQ signal is de-asserted when the transfer of al the data of the
receive packets is completed by the internal DMA controller. Therefore, other devices cannot
access the local bus during DMA transfer.

On the other hand, in the single transfer mode, the DREQ signal is de-asserted at the end of
transfer of the number of bytes of one transfer, and the other devices can access the local bus
during this period.

17.3.10 Power-down

When the USB controller detects a suspended state on the USB bus, it automatically stops the
PLL and the USB control function enters the power-down state. At thistime, if OSCS (bit 3 of
SBYCON) is“1" and the CPU is either in the STOP mode or operating under the subclock, the
OSC oscillation circuit stops (see Chapter 3). When the resume signal is detected on the USB
bus, the OSC oscillation circuit is activated even if the CPU is in the STOP mode or operating
under the subclock, and the PLL circuit is enabled at the sametime, so that the power-down state
of the USB control function is released.

Writing a“1” and a“0" to the OSCTEST register bit 2 and bit 1 respectively forces the USB
control function to enter a power-down state. Power saving can be made real when the USB bus
is unconnected (USB not used).
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17.3.11 Operation of 2-Layer Structure FIFO During Bulk Transfer

The FIFOs of EP1 and EP2 have a 64 bytes x 2-layer structure. Also, when EP4 is assigned for
bulk transfer, its FIFO also has a 64-bytes x 2-layer structure. As a consequence, these FIFOs
can temporarily store a maximum of 128 bytes of bulk transfer data.

(1) 2-Layer reception operation (“O” indicates the assert condition and “x” indicates de-assert

condition)
EPn
Layer A |Layer B .
Inthe case of 1-2-3-4-.5a-6 Layer A Layer B receive
PKT PKT
Inthe case of 1-2-.3-4_.5b-6 64 bytes 64 bytes PKT
RDY RDY
RDY
Start storing data in layer A of reception - X X X
2 | Data of one packet has been stored. — O X @)
3 Start reception and storing of data in # o « o
layer B.
4 | Local MCU starts reading layer A. — O X O
When the storing of packet in layer B is
5a | completed following the completion of h O @) O
reading layer A.
When the reading of packet in layer A is
5b | completed following the completion of [ X X X
storing data in layer B.
From 5a: Layer A has become empty.
6 y Py x o | o
From 5b: Layer B has become full.
7 | Starting reading layer B also. - X O O

*  When one packet of receive datais stored in layer A of the FIFO and EOP isreceived, USB
controller asserts the EPn packet ready bit and also theinternal interrupt signal. This makesit
possible for CPU to read the receive data.

» Subsequently, data can be received from the host, and USB controller switches the FIFO for
storing to layer B.

*  When one packet of data described above has been read from layer A of the FIFO, make CPU
reset the EPn receive packet ready bit (by writing a“1” into bit DO of EPnSTAT).

» At the time the EPn receive packet ready bit isreset, if the reception of layer B has not been
completed, USB controller resets the EPn receive packet ready bit.

* However, if the reception of layer B has been completed at the time the EPn receive packet
ready bit isreset, USB controller rejects the request from CPU to reset the EPn receive packet
ready bit, and continues to maintain the assert state of the EPn receive packet ready bit. (See
Note below.)

[Note]

The interrupt signal is de-asserted once at the time the EPn receive ready bit isreset. Then a
switch will be made to layer B status in a maximum of 6 cycles (1 cycle=1 CPUCLK) and, if
thereis areceive packet in layer B, the EPn receive interrupt will be generated again.

If layer B FIFO is to be read more than once in succession, read it by interrupt detection after
the EPn receive packet ready bit isreset or read it after confirming that the EPn interrupt status
bit of the interrupt status register 1 (INTSTAT1) is“1”.
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(2) 2-Layer transmission operation (“O” indicates the assert condition and “x” indicates

de-assert condition)

EPn
Layer A |Layer B )
Inthe case of 1-2-3-4-.5a-6 Layer A Layer B transmit
PKT PKT
Inthe case of 1-2-3-4-.5b-6 64 bytes 64 bytes PKT
RDY RDY
RDY
Layer A and layer B are both empty. X X X
The local MCU starts writing into layer A. - X X X
Writing of one packet is completed. _ O X X
4 The data of layer A is transmitted and 0 " "
the next packet is written in layer B.
When layer A has become empty after _
oa the writing in layer B is completed. O O O
When the writing in layer B has been
5b | completed after layer A has become ] X X X
empty.
From 5a: Layer A has become empty.
6 X @) X
From 5b: Layer B has become full.
7 | Transmission of layer B is also started. - X O X

If the EPn transmit packet ready interrupt enable bit of INTENBL1 has been asserted, the
transmit FIFO is empty, and EPn transmit packet ready hit is de-asserted, the EPn transmit
packet ready interrupt is asserted. This makes it possible to write the transmit data into the
EPn transmit FIFO.

When the data of one packet is written in layer A FIFO, make CPU set the transmit packet
ready bit (D1 of EPnSTAT) to “1”". By setting the transmit packet ready bit to “1”, it
becomes possible to transmit data to the host. At thistime, since layer B is still empty, the
assert state of the interrupt is maintained (see Note below), thereby indicating that the next
packet data can be written. In this case, although bit D1 of EPnSTAT remains in the “0”
condition, USB controller recognizes that transmission is possible from layer A and starts
transmission when an IN token is received from the host.

Itis possible for CPU to write the next packet of transmit data in the layer B FIFO while the
datain layer A is being transmitted over the USB bus.

When the writing of the data to be transmitted in layer B has been completed, CPU sets the
transmit packet ready bit to “1”. Atthistime, if the transmission of layer A data has not been
completed (that is, the ACK message is received from the host and the transmit packet ready
bit is reset), the interrupt is de-asserted. (The local MCU cannot yet write the subsequent
packet.)

If the layer A becomes empty before layer B goes into the transmit enable condition and
transmission is carried out normally, the ACK response is received from the host. The CPU
can write datainto layer A FIFO after writing into layer B FIFO.

Thetransmission of datain layer A is continued from the state 5a, and when layer A becomes
empty and the transmission is completed normally, the ACK response is received from the
host, thereby prompting CPU to write datainto layer A.

[Note]

If the transmit packet ready bit isset to “1”, theinterrupt signal is de-asserted once, theniitis
asserted again in amaximum 6 cycles (1 cycle =1 CPUCLK).
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17.3.12
1

2)

Error Processing and Retry Operation
Error processing during transmission

When an error such asa CRC error is detected in the data transmitted by USB controller, the
host will not send the ACK packet, and hence USB controller does not reset the transmit
packet ready status, but waits while retaining the current packet of data. The current packet
of datais transmitted again when the next IN token is received from the host.

Error processing during reception

When an error is detected in the data received over the USB bus, USB controller does not
assert the interrupt signal to CPU and will also not send any message to the host (leading to a
timeout condition).

When the timeout condition is generated, the host recognizes that an error has occurred, and

can take measures such asre-transmitting the data, etc. Inaddition, since no interrupt request
is generated, CPU will not read the erroneous data.
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17.3.13 D+ Pull-up Control

Immediately after the power is switched on, the device may not be able to receive the token sent
from the host because the preparations at the firmware level have not been completed. In this
case, until theinitialization at the firmware level is completed, the D+ line of the USB connector
(the D—line in the case of alow speed device) is turned off, and the external 1.5 kQ pull-up
resistor isturned on after the initialization has been completed.
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17.4 Registers for USB Control Functions

[Note]
1. When the registers for USB control given below are controlled by the CPU, the UDCKEN bit
of the P51 0 register must be set to “0” in advance (see page 13-3).

2. When the registers for USB control given below are controlled by the CPU, bit 7 of the
INTSTAT register must be set to “1” in advance (see page 19-7).

Table 17-1 shows alist of the specia function registers (SFRs) for the USB control functions.
Table 17-1 List of SFRs for the USB Control Functions (1/2)

Category Address Register name Symbol | Symbol RIW 8/1§ Initial  |Reference
[H] (byte) (word) Operation | value [H] page
1A70 |EPO transmit FIFO EPOTXFIFO — W 8 00 17-22
1A78 |EPO receive FIFO EPORXFIFO — R 8 Undefined | 17-22
1A79 |EP1 transmit/receive FIFO EP1FIFO — R/W 8 Undefined | 17-23
FIFO 1A7A |EP2 transmit/receive FIFO EP2FIFO — R/W 8 Undefined | 17-23
1A7B |EPS3 transmit/receive FIFO EP3FIFO — R/W 8 Undefined | 17-24
1A7C |EP4 transmit/receive FIFO EP4FIFO — R/W 8 Undefined | 17-24
1A7D |EPS5 transmit/receive FIFO EPSFIFO — R/wW 8 Undefined | 17-25
1A00 |bRequest type setup register |bmRequestType| — R 8 00 17-26
1A01 |bRequest setup register bRequest — R 8 00 17-26
1A02 |wValueLSB setup register wValueLSB — R 8 00 17-27
1A03 |wValueMSB setup register wValueMSB — R 8 00 17-27
1A04 |windexLSB setup register windexLSB — R 8 00 17-28
1A05 |windexMSB setup register windexMSB — R 8 00 17-28
1A06 |wLengthLSB setup register wLengthLSB — R 8 00 17-29
1A07 |wLengthMSB setup register | wLengthMSB — R 8 00 17-29
Common | 1A20 |Device address register DVCADR — R/W 8 00 17-32
1A21 |Interrupt status register 1 INTSTAT1 — R 8 00 17-33
1A22 |Interrupt status register 2 INTSTAT2 — R/W 8 00 17-34
1A24 |Interrupt enable register 1 INTENBL1 — R/W 8 01 17-35
1A25 |Interrupt enable register 2 INTENBL2 — R/W 8 00 17-36
1A2D |Frame number LSB register FRAMELSB — R 8 00 17-37
1A2E |Frame number MSB register | FRAMEMSB — R 8 00 17-37
1A2F |[System control register SYSCON — R/W 8 00 17-38
1A30 |Polarity selection register POLSEL — R/W 8 00 17-39
1A10 |DMAO control register DMAOCON — R/W 8 00 17-30
DMA 1A11 |DMAO interval register DMAOINTVL — R/W 8 00 17-31
1A12 |DMAA1 control register DMA1CON — R/W 8 00 17-30
1A13 |DMA1 interval register DMA1INTVL — R/W 8 00 17-31
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Table 17-1 List of SFRs for the USB Control Functions (2/2)

Category Address Register name Symbol | Symbol RIW 8/1 6. Initial | Reference
[H] (byte) (word) Operation | value [H] page
1A40 |EPO configuration register EPOCONF — R/W 8 00 17-40
1A41 |EP1 configuration register EP1CONF — R/W 8 00 17-41
1A42 |EP2 configuration register EP2CONF — R/W 8 00 17-41
1A43 |EP3 configuration register EP3CONF — R/W 8 00 17-41
1A44 |EP4 configuration register EP4CONF — R/W 8 00 17-42
1A45 |EP5 configuration register EP5CONF — R/W 8 00 17-42
1A48 |EPO control register EPOCONT — R/W 8 Undefined| 17-43
1A49 |EP1 control register EP1CONT — R/W 8 00 17-44
1A4A |EP2 control register EP2CONT — R/W 8 00 17-44
1A4B |EPS3 control register EP3CONT — R/W 8 00 17-44
1A4C |EP4 control Register EP4CONT — R/W 8 00 17-44
1A4D |EPS5 control register EP5CONT — R/W 8 00 17-44
1A50 |EPO payload register EPOPLD — R 8 00 17-45
1A51 |EP1 payload register EP1PLD — R/W 8 00 17-45
EP 1A52 |EP2 payload register EP2PLD — R/W 8 00 17-45
Support | 1A53 |EP3 payload register EP3PLD — R/W 8 00 17-46
1A54 |EP4 payload register EP4PLD — R/W 8 00 17-47
1A55 |EP5 payload register EP5PLD — R/W 8 00 17-47
1A58 |EPO receive byte count register EPORXCNT — R 8 00 17-48
1A59 |EP1 receive byte count register EP1RXCNT — R 8 00 17-48
1A5A |EP2 receive byte count register EP2RXCNT — R 8 00 17-48
1A5B |EP3 receive byte count register EP3RXCNT — R 8 00 17-49
1A5C |EP4 receive byte count register EP4RXCNT — R 8 00 17-49
1A5D |EPS5 receive byte count register EP5RXCNT — R 8 00 17-49
1A60 |EPO status register EPOSTAT — R 8 00 17-50
1A61 |EP1 status register EP1STAT — R 8 00 17-53
1A62 |EP2 status register EP2STAT — R 8 00 17-53
1A63 |EPS3 status register EP3STAT — R 8 00 17-54
1A64 |EP4 status register EP4ASTAT — R 8 00 17-53
1A65 |EPS5 status register EP5STAT — R 8 00 17-53
) 1A39 |Packet error register 1 PKTERR — R 8 00 17-55
Option 1A3A |OSC test OSCTEST — R/W 8 00 17-56
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17.4.1 Description of Registers for USB Control Functions

(1)

EPO transmit FIFO (EPOTXFIFO)

Address 1A70
Access type w
D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X X
After a bus reset X X X X X X X X
Definition EPO Transmit data

)

The EPO transmit data can be written in by writing to the address 1A 70h.
The transmit data to the host in the data stage during a control read transfer is stored in

EPOTXFIFO. When an EPO transmit packet ready interrupt request, writes the transmit data to
the address 1A 70h.

It is possible to write the packet data successively by writing continuously.
The EPOTXFIFO is cleared under the following conditions.

1. When an ACK signal isreceived from the host for the data transmission from EPO
2. When a setup packet is received

EPO receive FIFO (EPORXFIFO)

Address 1A78
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X X
After a bus reset X X X X X X X X
Definition EPO Receive data

The receive data from the host computer in the data sate during a control Write transfer is stored
in EPORXFIFO.

The EPO receive data can be read out through reading the address 1A 78h when an EPO receive

packet ready interrupt request. It is possible to read successively the datain the packet by reading
continuougly.

The EPORXFIFO is cleared under the following conditions:
1. When the local MPU resets the EPO receive packet ready bit.
2. When a setup packet is received.
3. When a“0” iswritten in the stall bit.
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(3) EP1FIFO (EP1FIFO)
Address 1A79
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X X
After a bus reset X X X X X X X X
Definition EP1 Transmit data or EP1 receive data

It is possible to specify the direction of transfer of EP1 by setting the EP1 configuration register
EP1CONF. The FIFO address of EP1 is the same in both the transmit direction and the receive

direction.

When EPICONF (D7) = 0, EP1 isin the receive direction and EP1FIFO is in the read-only

stete.

When EP1CONF (D7) = 1, EP1 isin the transmit direction and EP1FIFO isin the write-only

stete.

When set for transmission, al bytes of EP1FIFO can be cleared by clearing EP1FIFO

(writing a“1” into EP1ICONT (D2)).

(4) EP2FIFO (EP2FIFO)
Address 1A7A
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X X
After a bus reset X X X X X X X X
Definition EP2 Transmit data or EP2 receive data

It is possible to specify the direction of transfer of EP2 by setting the EP2 configuration register
EP2CONF. The FIFO address of EP2 is the same in both the transmit direction and the receive

direction.

When EP2CONF (D7) = 0, EP2 isin the receive direction and EP2FIFO is in the read-only

stete.

When EP2CONF (D7) = 1, EP2 isin the transmit direction and EP2FIFO isin the write-only

stete.

When set for transmission, all bytes of EP2FIFO can be cleared by clearing EP2FIFO (writing a

“1” into EP2CONT (D2)).
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(5) EP3FIFO (EP3FIFO)

Address 1A7B
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X X
After a bus reset X X X X X X X X
Definition EP3 Transmit data or EP3 receive data

Itis possible to specify the direction of transfer of EP3 by setting the EP3 configuration register
EP3CONF. The FIFO address of EP3 is the same in both the transmit direction and the receive

direction.

When EP3CONF (D7) = 0, EP3 isin the receive direction and EP3FIFO is in the read-only

stete.

When EP3CONF (D7) = 1, EP3 isin the transmit direction and EP3FIFO isin the write-only

stete.

When set for transmission, all bytes of EP3FIFO can be cleared by clearing EP3FIFO (writing a

“1” into EP3CONT (D2)).

(6) EP4 FIFO (EP4FIFO)
Address 1A7C
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X X
After a bus reset X X X X X X X X
Definition EP4 Transmit data or EP4 receive data

It is possible to specify the direction of transfer of EP4 by setting the EP4 configuration register
EPACONF. The FIFO address of EP4 isthe same in both the transmit direction and the receive

direction.

When EPACONF (D7) = 0, EP4 isin the receive direction and EPAFIFO is in the read-only

stete.

When EPACONF (D7) = 1, EP4 isin the transmit direction and EPAFIFO isin the write-only

state.

When set for transmission, al bytes of EPAFIFO can be cleared by clearing EPAFIFO (writing a

“1” into EPACONT (D2)).
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(7)

EP5 FIFO (EP5FIFO)

Address

1A7D

Access type

R/W

D7 D6 D5 D4 D3 D2 D1 DO

After a reset X X X X X X X X

After a bus reset X X X X X X X X
Definition EP5 Transmit data or EP5 receive data

In USB controller, by making a setting of the system control register, it is possible to select either
the 5EP mode with the number of EPs being 5 or the 6EP mode with the number of EPs being 6.
In the 5EP mode, only EPO to EP4 are present and EP5 will not be present. In the EP6 mode, all
end points EPO to EP5 will be valid.

It is possible to specify the direction of transfer of EP5 by setting the EP5 configuration register
EP5CONF. The FIFO address of EP5 is the same in both the transmit direction and the receive

direction.

When EPSCONF (D7) = 0, EP5 isin the receive direction and EPSFIFO is in the read-only

state.

When EPSCONF (D7) = 1, EP5 isin the transmit direction and EPSFIFO isin the write-only

stete.

When set for transmission, all bytes of EP5SFIFO can be cleared by clearing EPSFIFO (writing a

“1” into EPSCONT (D2)).
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(8) bmRequestType setup register (omRequestType)

Address 1A00
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition Type Receiving side definitions
0 = Device
1 = Interface
2 = End point
3 = Others

4 to 31 = Reserved

0 = Standard
1 =Class

2 =Vendor

3 = Reserved

Data transfer direction 0 = From the host to the device

1 = From the device to the host

During the setup stage of control transfer based on arequest from the host, the 8-byte setup data
transmitted by the host is automatically received and is stored in the 8 registers including this
register. The formats of these data items are defined in Section 9.3 of the USB Standards.

(9) DbRequest setup register (bRequest)

Address

1A01

Access type

D7 D6 D5 D4 D3 D2 D1 DO
After a reset X X X X X X X
After a bus reset X X X X X X X X
Definition Request code

During the setup stage of control transfer based on arequest from the host, the 8-byte setup data
transmitted by the host is automatically received and the second byte is stored in this register.
The content of the request code is defined in Section 9.3 of the USB Standards and in the related

standards.
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(10) wValueLSB setup register (wValueLSB)

Address 1A02
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0
Definition wValuelLSB

During the setup stage of control transfer based on a request from the host, the 8-byte setup data
transmitted by the host is automatically received and the third byte is stored in thisregister. This

is the lower-order byte of the two-byte data.

(11) wValueMSB setup register (wValueMSB)

Address 1A03
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition wValueMSB

During the setup stage of control transfer based on arequest from the host, the 8-byte setup data
transmitted by the host is automatically received and the fourth byte is stored in this register.
Thisisthe higher-order byte of the two-byte data.

17-27



ML66525 Family User’s Manual
Chapter 17 USB Control Function

(12) windexLSB setup register (windexLSB)

Address 1A04
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0
Definition windexLSB

During the setup stage of control transfer based on a request from the host, the 8-byte setup data
transmitted by the host is automatically received and the fifth byteis stored in thisregister. This

is the lower-order byte of the two-byte data.

(13) windexMSB setup register (windexMSB)

Address 1A05
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition windexMSB

During the setup stage of control transfer based on arequest from the host, the 8-byte setup data
transmitted by the host is automatically received and the sixth byteis stored in thisregister. This
is the higher-order byte of the two-byte data.
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(14) wLengthLSB setup register (wLengthLSB)

Address

1A06

Access type

D7 D6 D5 D4 D3 D2 D1 DO

After a reset 0 0 0 0 0 0

After a bus reset 0 0 0 0 0 0
Definition wlLengthLS

During the setup stage of control transfer based on a request from the host, the 8-byte setup data
transmitted by the host is automatically received and the seventh byte is stored in this register.
Thisisthe lower-order byte of the two-byte data.

(15) wLengthMSB setup register (wLengthMSB)

Address 1A07
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition wLengthMSB

During the setup stage of control transfer based on arequest from the host, the 8-byte setup data
transmitted by the host is automatically received and the eighth byte is stored in this register.
Thisisthe higher-order byte of the two-byte data.
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(16) DMADO, 1 control registers (DMAOCON/DMA1CON)

Address 1A10, 1A12
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset The previous value is retained
Definition | | | | o | | o

LDMA Enable

0 = DMA Disabled
1= DMA Enabled

DMA Byte count
0 = The number of bytes is not
inserted
1 = The data of the number of
bytes is inserted in the
leading byte of the transfer
data.

DMA Transfer mode
0 = Single transfer mode
1 = Demand transfer mode (recommended)

EP Specification
Specifies the target EP for the DMA transfer
0=EP1,1=EP2,2=EP4, 3=EP5 (*1)

DMA Interrupting (*2)
0 = Normal operation
1 =The DREQ is de-asserted

*1: When the EP specifications for the DMA channels 0 and 1 both have the same values,
DREQO, DREQ1 and DACKO, DACK1 will respectively be equivalent.

*2: The settings of all bits other than bit D7, that is, of bits DO to D6 should be completed at
the time of initialization (at the latest, before a token packet for EP1 to Ep5 arrives),
and should not be altered thereafter. Write a “1” to D7 in order to temporarily stop
DMA transfer in the middle. When the transfer is restarted by writing a “0” to D7, it is
possible to restart the transfer from the byte (or word) next to the one at which the
transfer was interrupted.

[Notes]
1. When writing data to bits D1 and D3, always write a “0”.

2. IfaNULL packet has been received with DMA enabled, carry out a dummy read for
one cycle from FIFO (EP1FIFO if EP1 is being used).
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(17) DMAQO interval register (DMAOINTVL)

Address 1A11
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0

After a bus reset

The previous value is retained

Definition

Interval time

This specifiesthe interval in the single DMAO transfer mode, that is, the time duration after the
end of DMA transfer of the previous byte (or the previous word) until DREQ is asserted again.

Thetimefor 1 bit is84 ns (12 MHz, period of one-cycle).
Interval time = (DREQ enable time) + 84xn (ns)

(18) DMA1 interval register (DMA1INTVL)

Address 1A13
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0

After a bus reset

The previous value is retained

Definition

Interval time

This specifiesthe interval in the single DMAL1 transfer mode, that is, the time duration after the
end of DMA transfer of the previous byte (or the previous word) until DREQ is asserted again.

Thetimefor 1 bit is84 ns (12 MHz, period of one-cycle).
Interval time = (DREQ enable time) + 84xn (ns)
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(19) Device address register (DVCADR)

Address 1A20
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 Device address (R/W)

The device address given by a SET_ADDRESS request from the host is written in this register.
Thereafter, USB controller judges the specified address in the token from the host, and this
device will process only the token packets sent to this device address.

Bit D7 isfixed at “0”, and even if a“1” iswritten, it will be ignored.
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(20) Interrupt status register 1 (INTSTAT1)

Address

1A21

Access type

D7

D6

D5

D4

D3

D2

D1

DO

After a reset 0

0

0

After a bus reset

0

Definition

[Note]

(ep2_pry)

(ep3_pry)

L Setup ready

interrupt status
(stup_ry)

EP1 packet ready
interrupt status

(ep1_pry)

L EP2 packet ready interrupt status

L EP3 packet ready interrupt status

EP4 packet ready interrupt status

(ep4_pry)

EP5 packet ready interrupt status (ep5_pry)

EPO receive packet ready interrupt status (epOrx_pry)

EPO transmit packet ready interrupt status (epOtx_pry)

When isochronous transfer has been set in the EP4 or EP5 configuration register, the
EP4 or EP5 packet ready interrupt status will always be fixed at “0”.
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(21) Interrupt status register 2 (INTSTAT2)

Address 1A22
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 0 0

SOF Interrupt status
(sof)

USB Bus reset assert
interrupt status (busrst_ass)

USB Bus reset de-assert

interrupt status (busrst_des)

Device suspend state interrupt status
(suspend)

Device awake state interrupt status
(awake)

The status bit becomes “1” when the corresponding interrupt is generated.

The status is cleared when a“1” iswritten in that status bit itself.
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(22) Interrupt enable register 1 (INTENBL1)

Address

1A24

Access type

R/W

D7

D6

D5

D4

D3

D2 D1 DO

After a reset

0

0

0

0 0 1

After a bus reset

The previous value is retained

Definition

|

[ ]

|

[ ]

(ep2_pry)

(ep3_pry)

LSetup ready

interrupt enable
(stup_ry)

EP1 packet ready
interrupt enable

(ep1_pry)

L EP2 packet ready interrupt enable

—— EP3 packet ready interrupt enable

EP4 packet ready interrupt enable

(ep4_pry)

EPS5 packet ready interrupt enable (ep5_pry)

EPO receive packet ready interrupt enable (epOrx_pry)
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(23) Interrupt enable register 2 (INTENBL2)

Address 1A25
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset The previous value is retained
Definition o [ o [ o ] | | | \

SOF Interrupt enable
(sof)

| USB Bus reset assert
interrupt enable (busrst_ass)

USB Bus reset de-assert

interrupt enable (busrst_des)

Device suspend state interrupt enable
(suspend)

Device awake state interrupt enable
(awake)
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(24) Frame number LSB register (FRAMELSB)

Address

1A2D

Access type

D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0

Definition

Frame number LSB

This is valid when containing an end point in the isochronous transfer mode. When a start of
frame (SOF) packet is transmitted by the host, USB controller automatically writes into the
FRAMEL SB and FRAMEMSB registers.

(25) Frame number MSB register (FRAMEMSB)

Address

1A2E

Access type

D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 0 0 0 Frame number MSB

This is valid when containing an end point in the isochronous transfer mode. When a start of
frame (SOF) packet is transmitted by the host, USB controller automatically writes into the
FRAMELSB and FRAMEMSB registers.
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(26) System control register (SYSCON)

D7 D6 D5 D4 D3 D2 D1 DO

After a reset 0 0 0 0 0 0 0 0

After a bus reset The previous value is retained 0
Definition o | o | | | | |

Address: 1A2F[H]
R/W Access : RIW

Software reset:

Power-down mode:

EP mode:

Pull-up control:

Remote wakeup:

PLL enable:

LSoftware reset

Power-down mode
(R/W) (power)

mode.

L__EP Mode (R/W) (ep_mod)
0 = EPO to EP5
1=EPO to EP4

Pull-up control (R/W) (plup)
Remote wakeup (R/W)
PLL Enable (pll_enable)

Write-only bit. Even when this bit is read out, it will be fixed at “0”. A system
reset isexecuted when a“1” iswritten in thisbit. Thisisfunctionally equivalent to
ahardware reset. However, thisbit itself will always remain “0".

Read/Write bit. When this bit is “0”, the oscillations will not be stopped even
during the suspend mode. When this bit is made “1”, the oscillations will be
stopped in the suspend mode and the device goes into the power save mode.

Read/Write bit. The 6EP mode is selected when this bit is 0 and the 5EP mode is
selected when this bitis“1”.

When thishitis“1”, theinternal switch becomes ON and the PUCTL pinispulled
up to the Vcc level. When this bit is“0”, the internal switch is made OFF and the
PUCTL pin goes into the Hi-Z output.

A remote wakeup is executed when a“1” iswritten in this bit. However, this bit
itself will alwaysremain“0".

Thishitisfor enabling theinternal PLL. Be sureto set thishit to“1" before USB
communication. If thishitis“0", theinternal PLL circuit isnot used and the USB
control function operates under 2-divided clock input to the OSCO pin, so that
USB communication is not made properly.
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(27) Polarity selection register (POLSEL)

Address 1A30
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset The previous value is retained
Definition o [ o [ o ] | | | \

LDREQO polarity
0 = Active Low
1 = Active High

DACKO polarity
0 = Active High
1 = Active Low

DREQ1 polarity
0 = Active Low
1 = Active High

DACKA1 polarity
0 = Active High
1 = Active Low

Interrupt polarity
0 = Active Low
1 = Active High

[Note]

When using as normal operation mode, please keep initial value (All data is “0”).
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(28) EPO configuration register (EPOCONF)

Address 1A40
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0
Definition 0 0 0 0 0 0 0
Transfer type (read only)
00 = Control transfer
L—— Configuration bit (read only)
Transfer type: Although these bits indicate the type of transfer, since EPO has been fixed for

Configuration hit:

control transfer in USB controller, this value is always fixed at 00h.
The configuration bit of EPO becomes“1” after a USB bus reset.

When this bit is “1", the data transmitted by the host to the end point can be
received and also data can be transmitted from the end point to the host. When this
bitis“0”, thisLSI will not respond to any transaction targeting this end point.
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(29) EPH1, 2, 3 configuration registers (EP1, 2, 3CONF)

Address 1A41 to 1A43
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 0 0 0
Transfer type
10 = Bulk transfer
11 = Interrupt transfer
Configuration bit
Transfer direction
0 = Reception,
1 = transmission
Transfer type: These bitsindicate the type of transfer.

Configuration bit:

Transfer direction:

When a Set Configuration request to make that EP activeisreceived from the host,
writea“1” into this bit during the status stage in the control transfer mode.

Data transmission and reception can be made between the host and the EP when
thisbit is“1”. When this bitis“0”, this LSl will not respond to the transactions
targeted at that EP.

Set the direction of data transfer using this bit.
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(30) EP4, 5 configuration registers (EP4, 5CONF)

Address 1A44, 1A45
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0
Definition 0

Transfer type:
Configuration bit:

Transfer direction:

[Note]

Transfer type

These bits indicate the type of transfer.

10 = Bulk transfer
11 = Interrupt transfer
01 = Isochronous transfer

Configuration bit

Transfer direction

0 = Reception,
1 = transmission

When a Set Configuration request to make that EP active is received from the host,
write a “1” into this bit during the status stage in the control transfer mode.

Data transmission and reception can be made between the host and the EP when
this bit is “1”. When this bit is “0”, this LSI will not respond to the transactions

targeted at that EP.
Set the direction of data transfer using this bit.

In the isochronous transfer operation, if using only EP4 (5EP mode), do not use EP5 (do
not write values other than 00h into the EP5 configuration register).
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(31) EPO control register (EPOCONT)

Address 1A48
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 X 0 0 X 0
After a bus reset X 0 X
Definition 0 0 0 0
LStaII bit
(R/W)
Data sequence toggle bit
(reception)
Data sequence toggle bit
(transmission)
Stall hit: During EPO reception (data stage of a control write transfer), if a packet

Data sequence toggl e hits:

with a number of bytes exceeding the maximum packet size specified in
EPOPLD is received (or if the EOP packet is missing), USB controller
automatically setsthisbitto“1”. Inorder to conformto the Protocol Stall
of USB Rev. 1.1, thisbit isreset automatically to “ 0" when asetup packet
is received.

USB controller automatically carries out synchronization using the data
sequence toggle mechanism. Further, any write operation to these bits
(D4 and D1) will be invalid.
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(32) EPH1, 2, 3, 4, 5 control registers (EP1, 2, 3, 4, 5CONT)

Address 1A49 to 1A4D
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0
Definition 0 0 0 0
LStaII bit
(R/W)
Data sequence toggle bit
(R/Reset)
FIFO Clear (R/Reset)
Rate feedback (R/W)
Stall bit: During EPO reception (data stage of a control write transfer), if a packet

Data sequence toggle bit:

FIFO Clear:

Rate feedback:

with a number of bytes exceeding the maximum packet size specified in
EPOPLD is received (or if the EOP packet is missing), USB controller
automatically setsthisbit to“1”.

A reset will be made when a “1” is written in this bit. At the time of
initializing the EP, reset the toggle bit of the data packet by writing a“1” to
this bit, and specify PID of DATAO (this bit too will become “0").
Thereafter, the synchronization operation using the data sequence toggle
mechanism will be made automatically.

The EP will be valid only when it has been set for transmission by the EP
control register. When a“1” iswritten in this bit, the transmit FIFO of that
EP will be cleared. (However, thisbit itself will remain “0”.)

Thisbit isvalid only in the case of EP3. This bit will befixed at “0” in all
other EPs.
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(33) EPO payload register (EPOPLD)

Address 1A50
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 1 0 0 0 0 0
After a bus reset 0 0 1 0 0 0 0 0
Definition 0 0 1 0 0 0 0 0

Maximum packet size: Since the FIFO of EPOin USB controller has a size of 32 bytes, write 20h into

the byte bM axPacketSize0 of the device descriptor. The maximum packet size
isfixed at 32 bytesin this EPOPLD register. When a packet with more than 32
bytesisreceived, the stall bit in the EPO status register is asserted and the stall
handshake is returned to the host.

(34) EP1, 2 payload registers (EP1, 2PLD)

Maximum packet size

Address 1A51, 1A52
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 Maximum packet size (R/W)

Maximum packet size: Write in this register from the CPU the vaue of the descriptor

wMaxPacketSize of the end point selected by the Set_Configuration request
fromthe host. Thesize of all packets other than a short packet is specified here
in units of abyte.

When the EP has been assigned for reception, if a data packet with a number of
bytes exceeding the maximum packet size specified in thisregister isreceived,
the receive packet ready status bit is not asserted, but the stall bit is set in EOP
and the stall handshake is returned to the host.

On the other hand, when the EP has been assigned for transmission, the
transmit packet ready bit is set automatically when writing by the DMA
controller of data with the maximum packet size specified in this register is
completed. The content of this register is don't care during non-DMA
transmission of data
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(35) EP3 payload register (EP3PLD)

Address 1A53
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 0

Maximum packet size
(R/W)

Maximum packet size:  Write in this register the value of the descriptor wM axPacketSize of the end

point selected by the Set Configuration request from the host. The size of all
packets other than a short packet is specified here in units of a byte. Set 20h
(32 bytes) or less because the FIFO sizeis 32 bytes.
When EP3 has been assigned for reception, if a data packet with a number of
bytes exceeding the maximum packet size specified in thisregister isreceived,
thereceive packet ready hit is not asserted, but the stall bit isset in EOP and the
stall handshake is returned to the host.

There is no need to use this register when EP3 has been assigned for
transmission.
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(36) EP4, 5 payload registers (EP4, 5PLD)

Address 1A54, 1A55

Access type Read/Write

D7 D6 D5 D4 D3 D2 D1 DO

After a reset

0 0 0 0 0 0 0 0

After a bus reset

0 0 0 0 0 0 0 0

Definition

Maximum packet size (R/W)

Maximum packet size:

Write in this register the value of the descriptor wMaxPacketSize of the
end point selected by the Set_Configuration request from the host. The
maximum packet size is specified in units of abyte.

When the EP has been assigned for reception, if a data packet with a
number of bytes exceeding the maximum packet size specified in these
registers is received, the receive packet ready bit is not asserted, but the
stall bit is set in EOP and the stall handshake is returned to the host.

On the other hand, when the EP has been assigned for transmission, the
transmit packet ready hit is set automatically when writing by the DMA
controller of datawith the maximum packet size specified inthisregisteris
completed.
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(37) EPO receive byte count register (EPORXCNT)

Address 1A58
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0
Definition 0 0 Receive byte count (R)

USB controller automatically counts the number of bytesin the packet being received. Although
the counting is done only up to the number of bytes equal to the maximum packet size specified
in the payload register in the case of afull packet, the count will be less than that size in the case
of ashort packet. Refersto thisvalue and reads out the data of one packet from the EPO Receive

FIFO.
The EPORXCNT register is cleared under the following conditions.

1. When the EP receive packet ready bit is reset.
2. When a setup packet is received.
3. When a*0" iswritten into the stall bit.

(38) EP1, 2 receive byte count registers (EP1, 2RXCNT)

Address 1A59, 1A5A
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 Receive byte count (R)

USB controller automatically counts the number of bytesin the packet being received. Although
the counting is done only up to the number of bytes equal to the maximum packet size specified
in the payload register in the case of afull packet, the count will be lessthan that size in the case
of a short packet. Refers to this value and reads out the data of one packet from the EP1/2

Receive FIFO.

Thisregister will be invalid when the transfer direction of the EP is set for transmission.

The EP1,2RXCNT register is cleared under the following conditions.

1. When an OUT token isreceived for the EP.
2. When the EP receive packet ready bit is reset.

3. When a“0" iswritten into the stall bit.
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(39) EP3 receive byte count register (EP3RXCNT)

Address 1A5B
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 0 Receive byte count (R)

USB controller automatically counts the number of bytesin the packet being received. Although
the counting is done only up to the number of bytes equal to the maximum packet size specified
in the payload register in the case of afull packet, the count will be less than that size in the case
of ashort packet. Refersto thisvalue and reads out the data of one packet from the EP3 Receive
FIFO.

Thisregister will be invalid when the transfer direction of the EP is set for transmission.
The EP3RXCNT register is cleared under the following conditions.

1. When an OUT token isreceived for EP3.
2. When the EP receive packet ready bit is reset.
3. When a“0” iswritten into the stall bit.

(40) EP4, 5 receive byte count registers (EP4, 5RXCNT)

Address 1A5C, 1A5D
Access type R
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition Receive byte count LSB (R)

USB controller automatically counts the number of bytesin the packet being received. Although
the counting is done only up to the number of bytes equal to the maximum packet size specified
in the payload register in the case of afull packet, the count will be less than that size in the case
of a short packet. Refers to this value and reads out the data of one packet from the EP4/5
Receive FIFO.

Thisregister will be invalid when the transfer direction of the EP is set for transmission.

The EP4,5RXCNT register is cleared under the following conditions.

1. When an OUT token is received for the EP.
2. When the EP receive packet ready bit is reset.
3. When a“0" iswritten into the stall bit.
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(41) EPO status register (EPOSTAT)

Address 1A60
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0
Definition 0 0 0
LEPO receive packet
ready (R/Reset)
EPO transmit packet ready
(R/Set)
Setup ready
(R/Reset)
EPO stage (R)
00 = Default state
01 = Data stage
10 = Data stage completed state
Setup ready: This bit is set to “1” automatically when a setup packet normally arrives in the

EPO transmit packet
ready bit (D1):

8-byte setup register, and the EPO Receive FIFO islocked.

If INTENBL1(0) is asserted, theinterrupt is also asserted automatically when this
bitissetto“1”. Writea“1” into this bit after reading out the 8-byte setup data.

When thisis performed, the setup ready bit isreset and the internal interrupt signal

also is de-asserted. During a control write transfer, the packet ready bit of EPO is
reset simultaneously and the lock condition isreleased, and it becomes possible to
receive packets by EPO during the data stage. The register will not changeevenif a

“0” iswritten in this bit.

Writing when D1 = 1 setsthishit to “1”. The asserting and de-asserting conditions

are described below.
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Bit name Asserting condition Operation when asserted
EPO transmit packet ready When this bit is set to “1” Data can be transmitted from EPO.
(b1)
Bit name De-asserting condition Operation when de-asserted
EPO transmit packet ready 1. When an ACK is received from EPO is locked. That is, an NAK is
(D1) the host for data transmission automatically returned when an IN
2. When a setup packet is received | token is sent from the host.

EPO receive packet ready bit (D0): Writing when D1 = 1 sets this bit to “0”. The asserting and
de-asserting conditions are described below.

Bit name Asserting condition Operation when asserted
EPO receive packet ready (DO)| 1. When data is received by EPO EPO is locked (an NAK is
and stored in FIFO automatically returned when a data

2. When a setup packet is received | packet is received from the host).
during control Read transfer or
control Write transfer

Bit name De-asserting condition Operation when de-asserted

EPO receive packet ready (DQO)| 1. When this bit is reset (a “1” is EPO can receive data.
written in this bit)

2. When the setup ready bit is reset
during control Write transfer
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EPO Stage (D5, D4): These bits indicate the stage transition during control transfer.
The flowchart of the stage transition is shown below.

Hardware Reset *1
USB Bus Reset

@t State

Condition 1

Y

Data %@:

Condition 2 Condition 3

\ Condition 1

_ Datastage

Completed State

Condition 1: Reception of a setup packet of control READ transfer or control WRITE
transfer.

Condition 2: Reception of a setup packet of control transfer without data.

Condition 3: Reception of a token (IN/OUT) of a direction opposite to the data flow in

the data stage.

*1 A hardware reset on the USB core is controlled by bit 0 (USBRST) of the internal control
register (P510), not by the external reset input pin (RESn). (See Section 13.4.)

When reset (n signal input, execution of a BRK instruction, overflow of the watchdog
timer, or opcode trap), USBRST, the hardware reset control flag for the USB core, is set
to “0” to reset the USB core. It is therefore required to release the reset state of the USB
core by setting USBRST to “1” by the firmware.
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(42) EP1, 2, 4, 5 status registers (EP1, 2, 4, 5STAT)

Address 1A61, 1A62, 1A64, 1A65

Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition

LEP Receive packet
ready (Read/Reset)

EP Transmit packet ready
(Read/Set)

This register is valid only when the corresponding EP has been set for bulk or interrupt transfer.
EP1, 2, 4, 5 Receive packet ready bit (DO0):

This bit can be made “0” by writing a “1” into bit DO. The asserting and de-asserting conditions of this
bit are as given below. The FIFOs of EP1, EP2, EP4, and EP5 have a 2-layer structure and also there are
independent packet ready bits for layer A and layer B. The switching between these two layers is done
automatically by USB controller.

Bit name Asserting condition Operation when asserted
EP1 Receive packet When an error-free packet is Can read the EP1 Receive FIFO. EP1 is locked
ready (DO) received in either layer A or in the condition in which data packets have been
layer B. received by both layer A and layer B.
Bit name De-asserting condition Operation when de-asserted
EPO receive packet When the bits of both layer A Reception can be made by EP1 when the bit of
ready (DO) and layer B are reset (when a either layer A or layer B has been reset.
“1” is written in).

[Note]

This bit is automatically de-asserted when received data in both layer A and layer B has all been
transferred by the DMA controller. (This bit is cleared automatically.)

EP1, 2, 4, 5 Transmit packet ready bit (D1):

This bit can be made “1” by writing a “1” into bit D1. The asserting and de-asserting conditions of this
bit are as given below. The FIFO of EP1 has a 2-layer structure and also there are independent packet
ready bits for layer A and layer B. The switching between these two layers is done automatically by
USB controller.

Bit name Asserting condition Operation when asserted
EP1 Transmit packet | When the bits of both layer A and layer | Transmission can be made from EP1 when
ready (D1) B are set to “1". either layer A or layer B has been asserted.

[Note]

This bit is automatically asserted when as much data as the number of bytes specified by EP1, EP2,
EP4, EP5 and PLD has been transferred into both layer A and layer B by the DMA controller. (This bit
is set to “1” automatically.)

Bit name De-asserting condition Operation when de-asserted
EP1 Transmit packet | When an ACK message is received EP1 is locked when transmit data has not
ready (D1) from the host for the data transmission | been prepared for both layer A and layer B.
to either layer A or layer B.

[Note]
If this bit is set to “1” without writing data to the FIFO, a NULL packet will be transmitted.

17-53



ML66525 Family User’s Manual
Chapter 17 USB Control Function

(43) EP3 status register (EP3STAT)

Address 1A63
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0 0 0
Definition 0 0 0 0 0

LEPS Receive packet
ready (Read/Reset)

EP3 Transmit packet ready
(Read/Set)

This register is valid only when EP3 has been set for bulk or interrupt transfer.
EP3 Receive packet ready bit (D0):

This bit can be made “0” by writing a “1” into bit DO. The asserting and de-asserting conditions of this
bit are as given below.

Bit name Asserting condition Operation when asserted
EP3 Receive packet ready (D0) | When an error-free packet is EP3 is locked.
received.
Bit name De-asserting condition Operation when de-asserted
EP3 Receive packet ready (D0) | When this bit is reset . (written a “1” | Reception can be made by EP3.
in)

EP3 Transmit packet ready bit (D1):

This bit can be made “1” by writing a “1” into this bit. The asserting and de-asserting conditions of this
bit are as given below.

Bit name Asserting condition Operation when asserted
EP3 Transmit packet ready (D1) | When this bit is set to “1”". Transmission can be made from
EP3.
Bit name De-asserting condition Operation when de-asserted
EP3 Transmit packet ready (D1) | When an ACK message is received | EP3 is locked.
from the host for the data
transmission from EP3.
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(44)

Packet error register (PKTERR)

Address

1A39

Access type

D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 0

Definition

LBit stuff error

Data CRC error

Address CRC error

PID error

Each of the above bits is asserted when the corresponding error occurs, and is de-asserted when

SOP is received.

The error information is reported by this register. There is no particular need to access this
register other than for testing during development or for developing a product for making reports
of measurement of error occurrence frequency.
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(45) OSC test register (OSCTEST)

Address 1A3A
Access type R/W
D7 D6 D5 D4 D3 D2 D1 DO
After a reset 0 0 0 0 0 0 0 0
After a bus reset 0 0 0 0 0 The previous value is
retained
Definition 0 0 0 0 0 | | o

Power down control

Power down enable
control

Power down control:

Writing a “0” to this bit puts the OSC oscillation circuit and PLL into power-down mode
forcibly.

Writing a“1” to this bit enables the OSC oscillation circuit and PLL.
[Note]

This bit setting is valid when bit 2 (power down enable control) isset to “1”.

Power down enable control:
Writing a“1” to this bit enables the setting of power down control (bit 1).
Writing a“0” to this bit disables the setting of power down control (bit 1).

[Note]

This power-down setting can stop the OSC oscillation circuit only when OSCS (bit 3 of
SBYCON) is“1” and the CPU is either in the STOP mode or operating under the subclock
(XTCLK).

If OSCSis“1” but the CPU is not in the STOP mode, or if OSCSis*“1” but the CPU is not
operating under the subclock (X TCLK), the OSC oscillation circuit does not stop, because a
clock must be supplied to the CPU. (See Chapter 3.)
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17.5 USB Transceiver
17.5.1 Overview of USB Transceiver Circuit

The USB transceiver uses a differential input/output circuit with D+ as the positive logic signal
and D- as the negative logic signal.

The input circuit is provided with adifferential input receiver of the sense amplifier type and a
single-end receiver of TTL Schmitt trigger input.

17.5.2 Method for and Notes on Connecting the USB Cable to USB Terminal (D+/D-)

(1)

™~ —o

()

@)

This section explains how to connect the USB cable to USB termina (D+/D-) and notes on the
connection.

The section also shows recommended values for external parts. Evaluate the values with the
printed circuit board for an application product well before setting them.

Length of the wiring between the USB connector and USB terminal (D+/D-)

USB connector Rpu Microcontroller

USB cable

Rs

Rs

|« >
b >

[Recommended value] Wiring length: Up to 5 cm

External series resistor

The external series resistor Rs is necessary between the USB connector and USB terminal
(D+/D-).

[Recommended value] Rs =22 Q (Precision: 5%, Watt: 1/8 W)

Pull-up resistor on the D+ line (high-speed data transfer)
The value of the pull-up resistor Rpu on the D+ lineto transfer data at a high speed isasfollows:
[Recommended value] Rpu = 1.5 kQ (Precision: £5%, Watt: 1/8 W)
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(4)

Procedure required if the USB cable has not been connected

If the USB cable has not been connected (in other words, the USB terminal (D+/D-) isfloating),
through-current may flow to the single-end receiver of the USB receiver. In this case, take the
following procedure:

When self-power supply is used:

The USB termina (D+/D-) floats and through-current flows to the input gate of the single-end
receiver of the USB transceiver in the following condition:

The USB block does not use power supplied through the USB cable. Instead, it uses self-power
supply as the power supply (VBUS).

In this case, connect a pull-down resistor to the D+ and D- lines each to prevent the
through-current.

(*1) S S S _;_
i 5 P
USB connector Rpu Z Q o
USB cable 2
Rs m

=~_ 0 =T

Rs Microcontroller
<:I Rpd
Rpd

[Recommended value] Rpd =470 kQ (Precision +5%, Watt: 1/8 W)

*1 If the USB cable has not been connected, the pull-up resistor Rpu needs to be
disconnected from the power supply.
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When power is supplied through the cable:

If the USB block uses the power supply (VBUS) through the USB cable, the USB terminal
(D+/D-) floats while the USB cable is not connected. In this case, power is not supplied to the
USB transceiver (and the USB control function block), and through-current is not generated at
the input gate of the single-end receiver. Thus, the D+ and D- lines do not need the pull-down

resistor Rpd.
Regulator )-‘ J‘ ’L
< < < T
AL x5
USB 8 S
USB cable connector A
Rs m

. :| AN/ D+
AN/ D-
: Rs Microcontroller

17.6 Notes on Using the USB
17.6.1 Detecting Connected/Disconnected State of USB Cable

To detect whether or not the USB cable is connected, input the power supplied through the USB
cableto P9_0. Power of 5V can beinput directly to P9_0.

If the USB cable has not been connected, P9_0 floats and through-current flows to the input gate
of P9 0. To prevent the through-current, connect the external pull-down resistor Rygygn t0

P9_0.
Power supplied through
the USB cabl
e cable — P9 0

R Microcontroller
VBUSIN

usSB

USB cable connector

Rs
o B | O S
QAR D-

: Rs

[Recommended valug] Rygygn =1 MQ

While the USB cable is connected, current always flows to the pull-down resistor Rygygn. In
consideration of the current, evaluate the value with the printed circuit board of an application
product well.
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17.6.2 Examples of Control of Registers for USB Control
(1) Case 1: Upon power-on reset

To stop operation of the USB and internal DMA controller, the CPU controls registers for USB
control before stopping the clock of the DMA controller.

|| Power-On Reset

After power-on reset, clock is supplied to the DMA controller
(UDCKEN = “0").

Release USB reset
(P5IO bit 0 = “1”)

'

Put the USB control function
into power-down mode CPU controls registers for USB control

(OSCTEST = “04h”)

v

Stop the clock of the DMA
controller
(UDCKEN = “17)
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)

Case 2: At the time USB communication is started

To operate the USB and internal DMA controller, the CPU controls registers for USB control
after supplying clock to the DMA controller.

USB Cable Connected

v

Execute USB reset
(P5IO bit 0 = “1"—“0"—"1")

v

Supply clock to the DMA
controller
(UDCKEN = “0")

v

Initialize the USB control
function

!

Pull up D+ pin
(SYSCON bit 3 =“1")
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(3) Case 3: Atthe time USB communication is terminated

To stop operation of the USB and internal DMA controller, the CPU controls registers for USB
control before stopping the clock of the DMA controller.

|| USB Cable Disconnected ||

v :

Release D+ pin pulled-up state
(SYSCON bit 3 = “0”)

L > CPU controls registers for USB control

Put the USB control function
into power-down mode
(OSCTEST = “04h”)

Stop the clock of the DMA
controller
(UDCKEN = “17)
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18.

Media Control Function

18.1 Overview

18.2

A media control circuit is built in this device so that high speed data transfer can be made to
the external NAND flash memory.

This circuit allows data to be written into or read from the external NAND flash memory in
units of one byte, and the use of data transfer memory (buffer RAM) allows data to be written
into or read from in units of multiple bytes.

The memory space for data transfer is present in the expanded RAM area (address 1200H to
19FFH) and is divided into the four banks 0 to 3 of 512 bytes each.

Registers for Media Control Functions
Table 18-1 lists a summary of the SFRs for the media control functions.
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Table 18-1 Summary of SFRs for the Media Control Functions

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (BYTE) (WORD) operation| Value[H] page

1B04 | Media sequencer control register MSCTRL — R/W 8 00 18-3
1B06* | Media sequencer wait register MSWAIT — R/W 8 00 18-7
1B08* | Media sequencer status register MSSTS — R 8 1E 18-8
1BOA* | Media sequencer error status register | MSERR — R 8 00 18-9
1BOC | Media command register MMCMD — W 8 0 18-10
1BOE |Media address register MMADR — w 8 0 18-10
1B10 |Media data register MMDATA — R/W 8 0 18-11
1B12* | Media select register MMSEL — R/W 8 00 18-11
1B14 —
1815 ECCI1 Line parity register ECC1LP R 16 FFFF 18-12
1B16 . . . —
1817 ECC2 Line parity register ECC2LP R 16 FFFF 18-12
1B18* . . —
1B19 ECC1 Column parity register ECCI1CP R 16 003F 18-13
1B1A* . . —
1B1B ECC2 Column parity register ECC2CP R 16 003F 18-13
1B1C* . . —
1B1D ECC1 Error pointer register ECC1ERR| R 16 0000 18-14
1B1E* . ) —
1BLF ECC2 Error pointer register ECC2ERR | R 16 0000 18-14
1B20 FHDO

Redundancy part reserved data 1 HREV1 | RIW 8/16 0000 18-15
1B21 |register FHD1
1B22 FHD2

Rec_iundancy part reserved data 2 HREV2 |RW 8/16 0000 18-15
1B23 |register FHD3
1B24 FHD4

Redundancy part data/block status HSTATS | R/W 8/16 0000 18-16
1B25 |register FHD5
1B26 FHD6

Rec_lundancy part block address 1 HBADRL | R/W 8/16 0000 18-17
1B27 |register FHD7
1B28 . . FHD8

Redundancy part ECC2-High register HECC2H | RIW 8/16 0000 18-18
1B29 FHD9
1B2A - FHD10

Redundancy part ECC2-Low/block HECC2LA | RIW 8/16 0000 18-19
1B2B |address 2 register EHD11
1B2C -Hi FHD12

Redundancy part ECC1-High/block HECCIHA | RIW 8/16 0000 18-20
1B2D |address 2 register FHD13
1B2E . FHD14

Redundancy part ECC1-Low register HECCI1L |R/W 8/16 0000 18-21
1B2F FHD15

[Notes]

1. Addresses are not consecutive in some places.

2. An asterisk in the address column indicates a missing bit.

3. For details, refer to Chapter 22 “Special Function Registers (SFRs)".

4. The redundancy NPart registers (FHDO to FHD15) correspond to the redundancy part of
the SmartMedia™ physical format. Refer to “SmartMedia™ Physical Format” for the data
format of the redundancy part.
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18.2.1 Description of the Registers for the Media Control Functions

(1) Media sequencer control register (MSCTRL)
This register specifies the operation of the media sequencer.

Bit 0 shows start of data transfer, bit 1 shows data transfer direction, bits 2 and 3 show Data
length (the number of data bytes transferred between the media sequencer and the RAM), bits 4
and 5 show presence or absence of read/write of the redundancy part, bit 6 shows ECC Enabled
or disabled, and bit 7 shows Parity enabled or disabled (control of the parity bit of the block
address during the SmartMedia format of the redundancy part).

MSCTRL can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), MSCTRL becomes 00H.

Figure 18-1 shows the MSCTRL configuration.

7 6 5 4 3 2 1 0

Address : 1B04[H]

MSCTRL ‘PARITY‘ E ‘HEAD1|HEAD ‘DLENl‘DLEN ‘ DIR I TARTI
sC ce 0 0 s R/W access : R/W

At reset 0 0 0 0 0 0 0 0

‘ 0 Invalid

Start data transfer*1

Read out
Write in

00 | 512 bytes

01 | 256 bytes (the first 256 bytes)
10 | 256 bytes (the last 256 bytes)
11 | O bytes (The RAM is not used)

The redundancy part is read or
00 | written (using the SmartMedia™
physical format)*2

The redundancy part is read or
written (no format)

10 | The redundancy part is not read or
11 | written

01

ECC Enabled (The ECC is
0 | transmitted during a write, or is
checked during a read)

1 | ECC Disabled

Parity enabled

0 | (The parity is transmitted during a
write, or is checked during a read)

1 | Parity disabled

Figure 18-1 MSCTRL Configuration
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Start of datatransfer

*1 When a*“1” is written, the data transfer is started. Writing a “0” is invalid. Start data
transfer after confirming that the sequencer is stopped by reading the media sequencer
status register (MSSTS). The operation is unpredictable if bit 0 (START) is set to “1”
while the sequencer is operating. When read its value will be “0”.

*2 When bits 4 and 5 (HEADO, 1) are set to 00h, during a write operation, the fixed value
FFFFFFFFN is written in the reserved area and the fixed value 00010b is written to the
first 5 bits of the block address area according to the redundancy part format of
SmartMedia™. Also, the same value as the block address area 1 is written in the block
addressarea2. No control is carried out during aread operation.

[Note]

When “Parity enabled” is set, a parity check that differs from the one described in SMIL
(SmartMedia Interface Library) Version 1.00 will be performed. If conforming to SMIL
Version 1.00 is required, set the bit to “Parity disabled” and generate a parity bit by
firmware to write to the redundancy part.
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For reference, the SmartMedia™ physical format is shown in Figure 18-2. For details, refer to
the SmartMedia™ standards.

528 bytes

256 bytes 256 bytes 16 bytes

Data area-1 Data area-2 Header area

- 4 bytes B. B 2 bytes 3 bytes 2 bytes 3 bytes
Data | Block | Block address Block address
Reserved status | status area-1 ECC area-2 area-2 ECC area-1

Figure 18-2 SmartMedia™ Physical Format

The different modes of datatransfer for the sequencer and the purposes of using them are given
below.

1) Datatransfer mode 1 (MSCTRL register: HEAD = 00b, DLEN = 00b)
Normal datatransfer (read/write) in the SmartMedia format.

512 bytes 16 bytes

Data Header

» Datatransfer memory: 512 bytes transferred
+ Redundancy part processing: Read/write is done according to the SmartMedia™
physical format.

Figure 18-3 Data Transfer Mode 1

2) Datatransfer mode 2 (MSCTRL register: HEAD = 01b, DLEN = 00b)
Normal datatransfer (read/write).

512 bytes 16 bytes

Data Header

» Datatransfer memory: 512 bytes transferred
* Redundancy part processing: Read/write is done without recognizing the format.

Figure 18-4 Data Transfer Mode 2

3) Datatransfer mode 3 (MSCTRL register: HEAD = 1xb, DLEN = 00b)
Data read for debugging.
512 bytes
Data 2«

» Datatransfer memory: 512 bytes transferred
* Redundancy part processing: None

Figure 18-5 Data Transfer Mode 3
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4) Datatransfer mode 4 (MSCTRL register: HEAD = 1xb, DLEN = 01b or 10b)
Dataread for debugging (reading Data Area 1 or Data Area 2).

256 bytes

=
Data —l

» Datatransfer memory: 256 bytes transferred
» Redundancy part processing: None

Figure 18-6 Data Transfer Mode 4

5) Datatransfer mode 5 (MSCTRL register: HEAD = 00b, DLEN = 11b)
Normal redundancy part read in the SmartMedia format.

16 bytes

‘ Header

« Datatransfer memory: 0 bytes transferred
+ Redundancy part processing: Reading is done by recognizing the SmartMedia™
physical format.

Figure 18-7 Data Transfer Mode 5

6) Datatransfer mode 6 (MSCTRL register: HEAD = 01b, DLEN = 11hb)
Normal reading of the redundancy part.

16 bytes

‘ Header

» Datatransfer memory: 0 bytes transferred
» Redundancy part processing: Reading is done without recognizing the format.

Figure 18-8 Data Transfer Mode 6
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(2) Media sequencer wait register (MSWAIT)
Thisregister controls the wait function of the media sequencer.

Bits 0 and 1 sets the wait function when the sequencer reads data from the flash memory and
bits 2 and 3 sets the wait function when the sequencer writes data to the flash memory.

MSWAIT can be read from and written to by the program. However, write operations are
invalid for bits 5 to 7. Also, if writing to bit 4, it must be written as“0". If read, avalue of “0”
will always be obtained for bits4 to 7.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), MSWAIT becomes 00H.

Figure 18-9 shows the MSWAIT configuration.

7 6 5 4 3 2 1 0

Address : 1BO06[H]

MSWAIT ‘ - ‘ - ‘ - | “0" ‘WAITWZ‘WAITWl‘WAITRZ‘WAITRl‘
R/W access: R/W

At reset 0 0 0 0 0 0 0 0

‘ 0 | No wait

Insert a wait
0 No wait

1 | Insert a wait

0 No wait

1 | Insert a wait

0 No wait

1 Insert a wait

Figure 18-9 MSWAIT Configuration

When WAITW1 and WAITW2 are both set to “1”, the write wait becomes “2"; when
WAITR1 and WAITR2 are both set to “1”, the read wait becomes “2".

For the details of the wait function, refer to Section 18.3.
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®)

Media sequencer status register (MSSTS)
This register indicates the state of the media sequencer.

Bit O indicates the sequencer operation has been completed, bit 1 indicates Media Sequencer
Ready/Busy, bit 2 indicates that no ECC error was detected, bit 3 indicates that no parity error
was detected, bit 4 indicates the ready or busy state of the flash memory that has been
connected.

The bits other than bit 0 (MSCOMP) can only be read by the program. Write operations to the
bits other than bit O are invalid. If read, avalue of “0” will always be obtained for bits5to 7.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of MSSTS becomes 1EH.

Figure 18-10 shows the MSSTS configuration.

7 6 5 4 3 2 1 0

MSSTS ‘ - ‘ - ‘ - |MRDY ‘PRTYOK‘ECCOK‘MSRDY’MSCOMP’ Address :  1B08[H]

R/W access: RI/(W)

At reset 0 0 0 1 1 1 1 0

‘ 0 | Sequencer operation not completed

1 | Sequencer operation completed*

Sequencer busy

1 | Sequencer ready

ECC error

1 No ECC error

Parity error
1 | No parity error

Flash memory busy

1 | Flash memory ready

Figure 18-10 MSSTS Configuration

* Sequencer operation completed

When bit 0 (MSCOMP) is set to “17, it indicates that the sequencer operation has been
completed and the interrupt signal to the CPU (interrupt from the internal Media contoller) has
been asserted.

Writing a“1” to bit O clears the interrupt, but writing a“0” does not.

[Notes]

1: The result of parity checking of the block address area when reading the redundancy
part in the SmartMedia format.
However, in SMIL (SmartMedia Interface Library) Version 1.00, a method is written
that the parity bit for the block address includes a fixed value 00010b and that even
parity for the entire block address area is to be generated. In this case, it is necessary
to generate a parity bit by firmware and write to the redundancy part.

2: Theresult of ECC operation mentioned here is based on the SmartMedia specifications.
According to the ECC specifications, the situations of wrong correction, wrong
detection, or non-detection of errors can occur.
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(4) Media sequencer error status register (MSERR)
This register indicates the error information of the media sequencer.

Bits O to 3 indicate the result of ECC operation. Bits 4 and 5 indicate the result of parity
checking when the redundancy part is the SmartMedia format.

MSERR can only be read by the program. Write operations are invalid. If read, a value of “0”
will always be obtained for bits6 and 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of MSERR becomes O0H.

Figure 18-11 shows the MSERR configuration.

7 6 5 4 3 2 1 0

Address : 1BOA[H]
R/W access: R

MSERR ‘ - ‘

PAR2ERR|PAR1ERR|ECC2COR(ECC2UNC|ECC1COR[ECC1UNC|

At reset 0 0 0 0 0 0 0 0

Indicates that an error of two or more bits
occurred in the Data Area 1 (Refer to
Note).

Indicates that a correctable one bit error
occurred in the Data Area 1 (Refer to
Note).

Indicates that an error of two or more bits
occurred in the Data Area 2 (Refer to
Note).

Indicates that a correctable one bit error
occurred in the Data Area 2 (Refer to
Note).

Indicates that a parity error occurred in
the Block Address Area 1 when the
redundancy part in the SmartMedia
format was read.

Indicates that a parity error occurred in
the Block Address Area 2 when the
redundancy part in the SmartMedia
format was read.

Figure 18-11 MSERR Configuration

[Note]

The result of ECC operation mentioned here is based on the SmartMedia specifications.
According to the ECC specifications, the situations of wrong correction, wrong detection,
or non-detection of errors can occur.
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(5) Media command register (MMCMD)
Thisregister is used for writing a command to the external NAND flash memory setting CLE =

land ALE=0.
MMCMD can only be written by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of MMCMD is undefined.

Figure 18-12 shows the MM CMD configuration.

7 6 5 4 3 2 1 0
| ‘ Address : 1BOC[H]
R/W access: W

wiewo | [ | | [ ]

At reset

Flash memory command write

The data is written into the external NAND

flash memory as a command.

At the beginning of operation, the settings

CLE =1 and ALE = 0 are made.

At the end of operation, the setting CLE =1
will be maintained.

Figure 18-12 MMCMD Configuration

(6) Media address register (MMADR)
This register is used for writing an address to the flash external NAND memory setting CLE =

Oand ALE=0.
MMADR can only be written by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of MMADR is undefined.

Figure 18-13 shows the MMADR configuration.

7 6 5 4 3 2 1 0
| ‘ Address : 1BOE[H]
R/W access: W

ok | | [ | | [ |

At reset

Flash memory address write

The data is written into the flash external
NAND memory as an address.

At the beginning of operation, the settings
CLE =0 and ALE =1 are made.

At the end of operation, the setting ALE = 1
will be maintained.

Figure 18-13 MMADR Configuration
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@)

wosta | [ | | [ [ | |

Media data register (MMDATA)
This register is used for writing data into the external NAND flash memory or for reading out
data from the external NAND flash memory.

MMDATA can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), MMDATA is undefined.

Figure 18-14 showsthe MMDATA configuration.

7 6 5 4 3 2 1 0

‘ Address : 1B10[H]
R/W access: R/W

At reset

8)

MMSEL ‘ - l - | - | - l - ‘ - IFALEIFCLEI

Flash memory data

During read: The data is written into the
external NAND flash memory.

During write: The data is read from the external
NAND flash memory.

At the beginning of operation, the settings CLE
=0 and ALE = 0 are made (Refer to Note).

Figure 18-14 MMDATA Configuration

[Note]
Since the clearing of CLE and ALE cannot be done in time for the read signal during a
read operation, it is necessary to clear both CLE and ALE to O before starting the
operation.

Media selector register (MMSEL)

Thisregister is used for controlling the CLE and ALE signals of the NAND flash memory.

Bit 0 is control of the CLE signal of the flash memory and bit 1 is control of the ALE signal of
the NAND flash memory.

MMSEL can be read from and written to by the program. Howeve, write operations are invalid
for bits2to 7. If read, avaue of “0” will aways be obtained for bits2 to 7.

When reset (RESn signa input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), or at the time of starting the sequencer MM SEL becomes 00H.

Figure 18-15 shows the MM SEL configuration.

7 6 5 4 3 2 1 0

Address : 1B12[H]
R/W access: R/W

At reset 0 0 0 0 0 0 0 0

‘ 0 |CLE=0

1 |CLE=1
0 | ALE=0
1 |ALE=1

Figure 18-15 MMSEL Configuration
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(9) ECCL1 line parity register (ECC1LP)
This register stores the line parity of ECC1.

ECCI1LP can only be read by the program. Write operations are invalid.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ECC1L P becomes FFFFH.

Figure 18-16 shows the ECC1LP configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

ecewe | | | | L[ PP LT ]
Atreset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Address : 1B14[H] | Line parity of ECC1
R/W access: R I

Figure 18-16 ECCI1LP Configuration

(10) ECC2 line parity register (ECC2LP)
This register stores the line parity of ECC2.

ECC2LP can only be read by the program. Write operations are invalid.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ECC2L P becomes FFFFH.

Figure 18-17 shows the ECC2L P configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

eccae| | | | [ [ I[P ]]
Atreset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Address :  1B16[H] | Line parity of ECC2
R/W access: R |

Figure 18-17 ECC2LP Configuration
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(11) ECC1 column parity register (ECC1CP)
This register stores the column parity of ECCL1.

ECCI1CP can only be read by the program. Write operations are invaid. If read, avalue of “0”
will always be obtained for bits 6 to 15.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ECC1CP becomes 003FH.

Figure 18-18 shows the ECC1CP configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

eccace | |- [-[-[-[-]-]-]T [ [ [ ][]

At reset o o o o0 o o o o o o 1 1 1 1 1 1

Address : 1B18[H] | | | | | |

R/W access: R
4{ Column parity of ECC1

Figure 18-18 ECCL1CP Configuration

(12) ECC2 column parity register (ECC2CP)
This register stores the column parity of ECC2.

ECC2CP can only be read by the program. Write operations are invalid. If read, avalue of “0”
will always be obtained for bits 6 to 15.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ECC2CP becomes 003FH.

Figure 18-19 shows the ECC2CP configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

ecczep | | [ [ [-[-[-J-]-]-]T [ [ [ ][]

At reset o o o o0 o o o o o o 1 1 1 1 1 1

Address : 1B1A[H] | | | | | |
R/W access: R
4‘ Column parity of ECC2

Figure 18-19 ECC2CP Configuration
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(13) ECCL1 error pointer register (ECC1ERR)
This register stores the pointer to the result of error detection of ECCL.

ECCI1ERR can only be read by the program. Write operations are invalid. If read, a value of
“0” will always be obtained for bits 11 to 15.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ECC1ERR becomes 0000H.

Figure 18-20 shows the ECC1ERR configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

eceerr - [ |- [-|-[ [ [ [ [ [ [ [ [ ][]
Atrest O 0O O O O O O O O O O O O O O O

Address : 1B1C[H] 4( Byte pointer ‘
R/W access: R P

{ Bit pointer l

Figure 18-20 ECCI1ERR Configuration

(14) ECC2 error pointer register (ECC2ERR)
Thisregister stores the pointer to the result of error detection of ECC2.

ECC2ERR can only be read by the program. Write operations are invalid. If read, a value of
“0" will always be obtained for bits 11 to 15.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ECC2ERR becomes 0000H.

Figure 18-21 shows the ECC2ERR configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

ecczere| - |- [ |- [-[ [ L LI LT L[] |
Atrest O O 0O O 0O O O O O O O O O O 0 O

Address : 1B1E[H] |

Byte pointer
R/W Access: R ’ yte p

I Bit pointer

Figure 18-21 ECCZ2ERR Configuration
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(15) Redundancy part reserved data 1 register (HREV1)
When the sequencer reads the redundancy part, the bytes 512 and 513 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 512
and 513 of the redundancy part are set beforehand in this register.
This corresponds to the reserved data in the SmartMedia format.  When the sequencer writes
data in the SmartMedia format (when bits 4 and 5 (HEADO, 1) of the MSCTRL register are
both set to “0"), afixed value of FFFFh iswritten into thisregister.
HREV 1 can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HREV 1 becomes 0000H.
Figure 18-22 shows the HREV 1 configuration.

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

weeve | | | [ PP

At reset o o o0 o o0 o o0 o o o o o o o o o

Address :  1B20[H] Redundancy part
R/W access: R/W reserved data 1

Redundancy part
reserved data 1

Figure 18-22 HREV1 Configuration

(16) Redundancy part reserved data 2 register (HREV2)
When the sequencer reads the redundancy part, the bytes 512 and 513 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 512
and 513 of the redundancy part are set beforehand in this register.
This corresponds to the reserved data in the SmartMedia format. When the sequencer writes
data in the SmartMedia format (when bits 4 and 5 (HEADO, 1) of the MSCTRL register are
both set to “0”), afixed value of FFFFh iswritten into this register.
HREV 2 can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HREV 2 becomes 0000H.
Figure 18-23 shows the HREV 2 configuration.

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

weve | | [ [ L[]

At reset o o o0 o o0 o O o o o o o o o o o

Address : 1B22[H] Redundancy part reserved

R/W access: R/W data 1

Redundancy part reserved
data 1

Figure 18-23 HREV2 Configuration
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(17) Redundancy part data/block status register (HSTATS)
When the sequencer reads the redundancy part, the bytes 516 and 517 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 516
and 517 of the redundancy part are set beforehand in this register.

This corresponds to the block status and the data status in the SmartMedia format.
HSTATS can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HSTATS becomes 0000H.

Figure 18-24 showsthe HSTATS configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

wwrs| | [ [ [ [T T T[] []
Atrest O O O O O O O O O O O o0 o

Address : 1B24[H]
R/W access : R/W

Data status
Block status

Figure 18-24 STATS Configuration
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(18) Redundancy part block address 1 register (HBADR1)
When the sequencer reads the redundancy part, the bytes 518 and 519 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 518
and 519 of the redundancy part are set beforehand in this register.

This corresponds to the block address 1 in the SmartMediaformat. During a write operation,
the parity generated from the block address (BA1ADH/BA1ADL) is written to the bit 8.  If
during a read operation the parity generated from the block address (BA1ADH/BA1ADL) is
different from the value of the bit 8, the PARITY bit of the MSSTS register is set to 1.

When the sequencer writes data in the SmartMedia format (when bits 4 and 5 (HEADQO, 1) of
the MSCTRL register are both set to “0"), afixed value of 00010b is written into the block
address 1.

HBADR1 can be read from and written to by the program.
When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HBADR1 becomes 0000H.

Figure 18-25 shows the HBADR1 configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

werors | | | | [ [ L]
Mreset. 0 0O 0 0 O 0 0 O 0 O O 0 O O 0 O

Address :  1B26[H] Block address 1 High
R/W access: R/W (block address BA[9:7])

l Block address 1

Block address 1
(even parity bit)

Block address 1 Low
(block address BA[6:0])

Figure 18-25 HBADR1 Configuration
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(19) Redundancy part ECC2-High register (HECC2H)
When the sequencer reads the redundancy part, the bytes 520 and 521 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 520
and 521 of the redundancy part are set beforehand in this register.

This corresponds to the high-order two bytes of the ECC code of Data Area 2 in the
SmartMedia format.

HECC2H can be read from and written to by the program.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HECC2H becomes 0000H.

Figure 18-26 shows the HECC2H configuration.

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

wecew| | | | [ [ LT
Mresst. 0 0 O 0 0O O 0 O O 0 O O O O O O

Address : 1B28[H] 4‘ ECC2 Code 1 I
R/W access : R/W =

| ECC2 Code 2 ‘

Figure 18-26 HECC2H Configuration
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(20) Redundancy part ECC2-Low/block address 2 register (HECC2LA)
When the sequencer reads the redundancy part, the bytes 522 and 523 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 522
and 523 of the redundancy part are set beforehand in this register.

This corresponds to the lower one byte of the ECC code of Data Area 2 and the high-order one
byte of the block address 2 in the SmartMedia format. When writing the redundancy part in
the SmartMedia format, the contents of this register will be ignored (block address 2 will have
the same value as that of block address 1).

HECC2LA can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HECC2LA becomes 0000H.

Figure 18-27 shows the HECC2LA configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

veccaa| | | [ [ L[ [T T[T [ [ ]|
Atreset 0 O O O O O O O O O o o o o o o

Address : 1B2A[H] - ECC2 Code 3 |
R/W access: R/W

Block address 2 High
(block address BA[9:7])

I Block address 2 |

Figure 18-27 HECC2LA Configuration
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(21) Redundancy part ECC1-High/block address 2 register (HECC1HA)
When the sequencer reads the redundancy part, the bytes 524 and 525 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 524
and 525 of the redundancy part are set beforehand in this register.

This corresponds to the low-order one byte of the block address 1 and the uppermost one byte
of the ECC code of Data Area 1 in the SmartMedia format. When writing the redundancy
part in the SmartMedia format, the contents of this register will be ignored (block address 2
will have the same value as that of block address 1).

HECC1HA can be read from and written to by the program.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HECC1HA becomes O000H.

Figure 18-28 shows the HECC1HA configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

vecewal [ [ | [ [ [ [ [ [T ][] []]
Atrest O O O O O O O O O O o o o o o0 o

Address : 1B2C[H] Block address 2
R/W access: R/W (even parity bit)

Block address 2 Low
(Block address BA[6:0])

[
| ECC1 Code 1

Figure 18-28 HECC1HA Configuration
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(22) Redundancy part ECC1-Low register (HECC1L)
When the sequencer reads the redundancy part, the bytes 526 and 527 of the redundancy part
are stored in thisregister.  Also, when the sequencer writes the redundancy part, the bytes 526
and 527 of the redundancy part are set beforehand in this register.

This corresponds to the low-order two bytes of the ECC code of Data Area 1 in the
SmartMedia format. When writing the redundancy part in the SmartMedia format, the
contents of this register will be ignored.

HECCIL can be read from and written to by the program.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), HECC1L becomes 0000H.

Figure 18-29 shows the HECCLL configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

vecew | | [ [ ][ [ [T T[T T[] 1]]

At reset o o o o0 o o o o o o o o o o o o

Address : 1B2E[H]
R/W access : R/W —‘ ECC1 Code 2 ‘

| ECC1 Code 3 |

Figure 18-29 HECCIL Configuration

18-21



ML66525 Family User’s Manual
Chapter 18 Media Control Function

18.3 Wait Function

It is possible to specify the method of outputting the flash memory control signal during data
transfer using the sequencer, depending on the operating frequency or the specifications of the
external NAND flash memory to be connected. This specification of the outputting method is
done using bits 0, 1, 2 and 3 (WAITR1, 2 and WAITW1, 2) of the media sequencer wait
register (MSWAIT).

18.3.1 Wait Functions during Write Operations

(1) No write wait (MSWAIT register: WAITW1 = Ob, WAITW2 = 0Ob)
Figure 18-30 shows the data write timing in the case of no write wait.

In the case of no write wait, the write operation is done in one cycle of two clocks.

| |
MediaCLK

o

|

|
P21 _1/FWRn

—

| |

| |
P20 00 P20 7 —F  DATA pata .
FDO to FD7 i i

Figure 18-30 Data Write Timing in the Case of No Write Wait
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(2) Write wait 1 (MSWAIT register: WAITW1 = 1b, WAITW2 = 0b)
Figure 18-31 shows the data write timing in the case of write wait 1.

In the case of write wait 1, the write operation is done in one cycle of three clocks.

MediaCLK

P21_1/FWRn

P20 010 P20 7/ — | DATA DATA 4
FDO to FD7 | |

Figure 18-31 Data Write Timing in the Case of Write Wait 1

(3) Write wait 2 (MSWAIT register: WAITW1 = Xb, WAITW2 = 1b)
Figure 18-32 shows the data write timing in the case of write wait 2.

In the case of write wait 2, the write operation is done in one cycle of three clocks.

MediaCLK

P21_1/FWRn

P20_0to P20_7/ —— DATA DATA C
FDO to FD7 I I

Figure 18-32 Data Write Timing in the Case of Write Wait 2
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18.3.2 Wait Functions during Read Operations

(1) No read wait (MSWAIT register: WAITR1 = Ob, WAITR2 = 0Ob)
Figure 18-33 shows the data read timing in the case of no read wait.

In the case of no read wait, the read operation is done in one cycle of two clocks. The
sequencer reads data at the falling edge of the clock.

MediaCLK

P21_0/FRDn

P20_010P20_7/ ————DATA > DATA

FDO to FD7 |

Figure 18-33 Data Read Timing in the Case of No Read Wait

(2) Read wait 1 (MSWAIT register: WAITR1 = 1b, WAITR2 = 0Ob)
Figure 18-34 shows the data read timing in the case of read wait 1.

In the case of read wait 1, the read operation is done in one cycle of three clocks. The
sequencer reads data at the falling edge of the clock.

MediaCLK

P21_0/FRDn

P20 0to P20 7/ — DATA DATA —
FDO to FD7 !

Figure 18-34 Data Read Timing in the Case of Read Wait 1
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(3) Read wait 2 (MSWAIT register: WAITR1 = Xb, WAITR2 = 1b)
Figure 18-35 shows the data read timing in the case of read wait 2.

In the case of read wait 2, the read operation is done in one cycle of three clocks. The
sequencer reads data at the falling edge of the clock.

MediaCLK

P21_0/FRDn

FDO to FD7 |

Figure 18-35 Data Read Timing in the Case of Read Wait 2
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19. Internal DMA Control Function

19.1 Overview

A memory for data transfer and DMA for data transfer are used for the transfer of data between
the USB control circuit and the media control circuit.

The memory space for data transfer (Buffer RAM) is present in the expanded RAM area
(address 1200H to 19FFH) and is divided into the four banks O to 3 of 512 bytes each.

Figurel9-1 shows a memory map of the data transfer memory space.

1200H — —
(512 bytes)
1400H Bank 1
512 bytes) Expanded
1600H Bank 2 RAM aroa
(512 bytes)
1800H Bank 3
(512 bytes)
1A00H

Figure 19-1 Memory Map of Data Transfer Memory Space

The following four types of data transfer are available.

(1) From the USB section to the memory for data transfer
(2) From the memory for data transfer to the USB section
(3) From the media control section to the memory for data transfer
(4) From the memory for data transfer to the media control section
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19.2 Registers for the Internal DMA Control Function

Table 19-1 lists a summary of the SFRs for the internal DMA control function.

Table 19-1 Summary of SFRs for the Internal DMA Control Function

Address Symbol Symbol 8/16 Initial Reference
Name R/W ) value
[H] (BYTE) (WORD) operation H] page

1A80

o rceg":‘;re‘f' 0 current address — CHOADDRESS |RIW | 16 0000 | 193

1A82

e ig":‘s”tgf' 1 current address — CHIADDRESS |[RIW | 16 0000 | 193

1A84

oo ::;Z?sntr;?l 0 current word count — CHOWDCNT |RMW | 16 0000 | 194

1A86

T ig?;gf' 1 current word count — CHIWDCNT |RW| 16 0000 | 194

1A88* |Mode register MODE — R/W 8 00 19-5

1A8A* |Channel 0 mask register CHOMSK — R/W 8 01 19-6

1A8C* |Channel 1 mask register CH1IMSK — R/W 8 01 19-6

1A90* |Interrupt status register INTSTAT — R/W 8 00 19-7

1A92* |Interrupt enable register INTENBL — R/W 8 00 19-8

1A94* |DREQ monitor register DREQMON - R 8 U?];ddef' 19-9

1AAQ* |Option register OPTION — R/W 8 00 19-10

1AA2* |Channel O packet size register CHOPKTSZ — R/W 8 00 19-11

1AA4* |Channel 1 packet size register CH1PKTSZ — R/W 8 00 19-11

1an+ | Channel 0 maximum packetsize | ¢, oy oy sz — RW| 8 00 | 1912
register

1apgs |Channel 1 maximum packet size | o\, pyrsy — RW| 8 0 | 1912
register

1ABO* f:::t”ree;?s{gft byte detection | chorxCNT — RW| 8 0 | 1913

1aBp |Channel 1 firstbyte detection | oy pyeny — RW| 8 00 | 1913
count register

1B00* |USB bank register UBANK — R/W 8 00 19-14

1B02* |Media bank register MBANK — R/W 8 00 19-15

[Notes]

1. Addresses are not consecutive in some places.

2. An asterisk in the address column indicates a missing bit.
3. For details, refer to Chapter 22 “Special Function Registers (SFRs)".
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19.2.1 Description of the Registers for the Internal DMA Control Function

(1) Current address registers (CHOADDRESS/CH1ADDRESS)
Each channel has a 9-bit current address register which stores the transfer address during DMA
transfer and isincremented by 1 at every DMA cycle.

CHOADDRESS/CH1ADDRESS can be read from and written to by the program. However,
write operations are invalid for bits 9 to 15. If read, a value of “0” will always be obtained for
bits 9 to 15.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CHOADDRESS/CH1ADDRESS becomes 0000H.

Figure 19-2 and 19-3 show the CHOADDRESS and CH1ADDRESS configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CHOADDRESS

Atrest o0 0o o0 ©0o O O O O O O O O O O 0 O

Address : 1A80[H] | | | | | | | | |
R/W access: R/W

Channel 0 current address value

Figure 19-2 CHOADDRESS Configuration

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CH1ADDRESS | - - - - -

At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address : 1A82[H]

R/W access : R/W

Channel 1 current address value

Figure 19-3 CH1ADDRESS Configuration
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(2) Current word count registers (CHOWDCNT/CH1IWDCNT)
Each channel has a 10-bit current word count register which stores the current number of
transfers completed during DMA transfer and is decremented by 1 at every DMA cycle.

A terminal count condition is generated when the word count value changes from 0001H to
0000H. At thistime, the TC (Terminal Count) interrupt is asserted, and at the same time, that
channel will be masked automatically.

CHOWDCNT/CHIWDCNT can be read from and written to by the program. However, write
operations are invalid for bits 10 to 15. If read, a value of “0” will aways be obtained for bits
10to 15.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CHOWDCNT/CHIWDCNT becomes 0000H.

Figure 19-4 and 19-5 show the CHOWDCNT and CH1WDCNT configuration.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CHOWDCNT | - - - - -

At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address : 1A84[H] | | | | | | | | | |
R/W access : R/W

Channel 0 current word count value

Figure 19-4 CHOWDCNT Configuration

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CHIWDCNT

At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address : 1A86[H] | | | | | | | | | |
R/\W access : R/W

Channel 1 current word count value

Figure 19-5 CH1WDCNT Configuration
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®)

MODE

At reset

Mode register (MODE)
Each channel has a mode register with the following two bits.

Bits 0 and 1 specify the transfer direction (USB - the buffer RAM or the buffer RAM -
USB), and bits 2 and 3 specify the highest-order address value of the buffer RAM to which
DMA transfer is provided. The bits 2 and 3 are available when both bits 0 and 1 of the USB
bank register (UBANK) are set to 1s.

MODE can be read from and written to by the program. However, write operations are invalid
for bits4 to 7. If read, avalue of “0” will always be obtained for bits4 to 7.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), MODE becomes 00H.

Figure 19-6 shows the MODE configuration.

0

Address : 1A88[H]
R/W access : R/W

The transfer direction of Channel 0 is from the
USB to the buffer

The transfer direction of Channel 0 is from the
buffer to the USB

The transfer direction of Channel 1 is from
the USB to the buffer

The transfer direction of Channel 1 is from
the buffer to the USB

The highest-order address value of the buffer
RAM to which DMA transfer is provided using
Channel 0

The highest-order address value of the buffer
RAM to which DMA transfer is provided using
Channel 1

Figure 19-6 MODE Configuration
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(4) Mask registers (CHOMSK/CH1MSK)
Each channel has a 1-bit mask bit, which controls the enabling and disabling of DMA transfer.
Each mask bit is set automatically either when that channel reaches the terminal count or when
the transfer of a short packet is done with the option register as described later set.

CHOMSK/CHIMSK can be read from and written to by the program. However, write
operations areinvalid for bits 1 to 7. If read, avalue of “0” will always be obtained for bits 1 to
7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CHOM SK/CH1IMSK becomes 01H.

Figure 19-7 and 19-8 show the CHOM SK and CH1IMSK configuration.

7 6 5 4 3 2 1 0
Address : 1A8A[H]
CHOMSK N - - - - - B R/W access : R/W
At reset 0 0 0 0 0 0 0 1
0| Channel 0 transfer enabled
1| Channel 0 transfer disabled
Figure 19-7 CHOMSK Configuration
7 6 5 4 3 2 1 0
Address : 1A8CI[H]
CHIMSK - - - - - - N R/\W access: R/W
At reset 0 0 0 0 0 0 0 1
0| Channel 1 transfer enabled
1| Channel 1 transfer disabled
Figure 19-8 CH1MSK Configuration
[Note]

If a NULL packet has been received with DMA enabled, carry out a dummy read for
one cycle from FIFO (EP1FIFO if EP1 is being used).
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Interrupt status register (INTSTAT)
Thisregister is used for the CPU to read the status of the DMA controller.

The bits 0 and 1 indicate whether the corresponding channel has reached the TC (terminal
count) condition or not, and are set when the terminal count condition has been reached (When
thereis atransition of the word count value from 0001H to 0000H).

The bits 2 and 3 indicate that a short packet has been received in the EP of the corresponding
channel. These bits are set when all the data of the short packet has been transferred to the
buffer RAM.

The bit 7 is set to “1” when the mask registers of both channels have been set to “1” and aso
the DMA transfer has been stopped. In this condition, the access from the CPU to the
registers of the USB controller becomes enabled.

In the case of bits 0 to 3, the corresponding interrupt request can be cleared by writing 1s to
these bits. The interrupt request cannot be cleared by writing Os to these bits.

In order to clear the interrupt request of hit 7, bit 7 of the interrupt enable register INTENBL)
must beresettoa“0”.

INTSTAT can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, avalue of “0” will always be obtained for bits 4 to 6.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), INTSTAT becomes 00H.

Figure 19-9 shows the INTSTAT configuration.

7 6 5 4 3 2 1 0
Address : 1A90[H]

INTSTAT ‘ ‘ - ‘ - ‘ - | ‘ ‘ | ‘ R/W access : R/W
At reset 0 0 0 0 0 0 0 0

No request from channel O TC interrupt
1 | Request from channel O TC interrupt

No request from channel 1 TC interrupt
1 | Request from channel 1 TC interrupt

No request from channel O short packet
interrupt

Request from channel 0 short packet
interrupt

No request from channel 1 short packet
interrupt

Request from channel 1 short packet
interrupt

No request from DMA transfer stop
interrupt

Request from DMA transfer stop
interrupt

Figure 19-9 INTSTAT Configuration
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(6) Interrupt enable register (INTENBL)
INTENBL can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, avalue of “0” will always be obtained for bits 4 to 6.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), INTENBL becomes O0OH.

Figure 19-10 shows the INTENBL configuration.

‘ Address : 1A92[H]

INTENBL ‘ ‘ - ‘ - ‘ - | ‘ ‘ | R/W access : R/W

At reset 0 0 0 0 0 0 0 0

0 | Channel 0 TC interrupt disabled

Channel 0 TC interrupt enabled

0 | Channel 1 TC interrupt disabled

Channel 1 TC interrupt enabled

0 | Channel 0 short packet interrupt disabled

Channel 0 short packet interrupt enabled

0 | Channel 1 short packet interrupt disabled

Channel 1 short packet interrupt enabled

0 | DMA transfer stop interrupt disabled

DMA transfer stop interrupt enabled

Figure 19-10 INTENBL Configuration

[Note]
To enable interrupts during DMA transfer, set to “0” (disabled) the corresponding
bit of the interrupt enable register 1 (INTENBL1) of the EP to be the object of the
DMA transfer.
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(7) DREQ monitor register (DREQMON)
This register indicates the DREQ input signal condition for each channel.

The DREQ 0 (1) input signal resets bit O (1) to 0 when the data transfer request occurs for the
DMA controller from the USB controller.

DREQMON can only be read by the program. Write operations are invalid. If read, a value of
“0" will always be obtained for bits2to 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of DREQMON is undefined.

Figure 19-11 shows the DREQMON configuration.

7 6 5 4 3 2 1 0

Address : 1A94[H]
INTENBL ‘ - ‘ - | - ‘ - ‘ - ‘ - ‘ ‘ ‘ R/W access: R

At reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Channel 0 data transfer
request occurred

No request for channel 0
data transfer

Channel 1 data transfer
request occurred

No request for channel 1
data transfer

Figure 19-11 DREQMON Configuration
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orton | - [ |- ]-[-]-]

Option register (OPTION)

The short packet reception detection function of this option register can be used in combination
with a specific setting of the DMA control register within the USB controller (the mode in
which the “Byte count (packet size)” isinserted at the beginning of aDMA transfer).

When the short packet reception detection function has been enabled, the first byte of each
received packet during the DMA transfer will not be transferred to the RAM, but will be stored
in the packet size register (CHOPKTSZ/CH1PKTSZ). A short packet is judged to have been
received when this value is less than the value that has previously been set in the maximum
packet size register (CHOMXPKTSZ/CHIMXPKTSZ).

When all the data of a short packet has been transferred to the buffer RAM, a short packet
interrupt is generated and that channel will be masked automatically.

OPTION can be read from and written to by the program. However, write operations are
invalid for bits 1 to 7. If read, avalue of “0” will always be obtained for bits 1 to 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), OPTION becomes O0H.

Figure 19-12 shows the OPTION configuration.

| ‘ Address : 1AAO[H]
R/W access: R/W

At reset 0 0 0 0 0 0 0 0

0 | Short packet reception detection

disabled

1 | Short packet reception detection enabled

Figure 19-12 OPTION Configuration

[Note]
When specified as “Short packet reception detection enabled,” set the value of the
first byte detection counter register (CHORXCNT/CH1RXCNT) to OOH each time a
short packet interrupt occurs.
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(9) Packet size registers (CHOPKTSZ/CH1PKTSZ)
The packet size of the packet that has been received in the EP for each channel is automatically
stored into these registers.

CHOPKTSZ/CH1PKTSZ can be read from and written to by the program. However, write
operations are invalid for bit 7. If read, avalue of “0” will always be obtained for bit 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CHOPKTSZ/CH1PKTSZ becomes O0H.

Figure 19-13 and 19-14 show the CHOPKTSZ and CH1PKTSZ configuration.

7 6 5 4 3 2 1 0

CHOPKTSz‘ ] ‘ ‘ ‘ | ‘ ‘ | ‘ Address :  1AA2[H]

R/W access: R/W

At reset 0 0 0 0 0 0 0 0

| Channel 0 packet size

Figure 19-13 CHOPKTSZ Configuration

7 6 5 4 3 2 1 0

CH1PKTsz‘ - ‘ ‘ ‘ | ‘ ‘ | ‘ Address : 1AA4[H]
R/W access: R/W

At reset 0 0 0 0 0 0 0 0

l Channel 1 packet size

Figure 19-14 CH1PKTSZ Configuration
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(10) Maximum packet size registers (CHOMXPKTSZ/CH1IMXPKTSZ)
The normal setting is 64 bytes (the largest size of a packet for bulk transfer).

CHOMXPKTSZ/CHIMXPKTSZ can be read from and written to by the program. However,
write operations are invalid for bit 7. If read, avalue of “0” will always be obtained for bit 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CHOMXPKTSZ/CH1IMXPKTSZ becomes O0H.

Figure 19-15 and 19-16 show the CHOMXPKTSZ and CHIMXPKTSZ configuration.

7 6 5 4 3 2 1 0
‘ | Address : 1AAB[H]

CHOMXPKTSZ | - ‘ ‘ ‘ ‘ ‘ |
R/W access: R/W
At reset 0 0 0 0 0 0 0 0
I Channel 0 maximum packet size
Figure 19-15 CHOMXPKTSZ Configuration
7 6 5 4 3 2 1 0
CHIMXPKTSZ ‘ _ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ Address : 1AA8[H]
R/W access: R/W
At reset 0 0 0 0 0 0 0 0

l Channel 1 maximum packet size

Figure 19-16 CH1MXPKTSZ Configuration
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(11) First byte detection count registers (CHORXCNT/CH1RXCNT)
When specified as “shortpacket reception detection enabled” (bit 0 of the OPTION register =
“1"), this register isincremented by 1 during each DMA cycle (including when the packet size
is read from the USB controller). If a short packet interrupt request is generated with “short
packet reception detection enabled” specified, be sure to set the value of this register to O0H.
When specified as “short packet reception detection disabled”, this register has no effect. So
ignore thisregister in that case.

When the value of thisregister is O0H, the byte transferred next is taken as the packet size (that
is, the first byte of the packet). When the value in this register is the same as the value in the
maximum packet size register described above, the next byte is taken as the last byte in the
packet, and when the transfer of that byte has been completed, the value in this register will be
reset to OOH. When a write operation is made to this register, the register value becomes “0”
irrespective of the value of the input data.

CHORXCNT/CHIRXCNT can be read from and written to by the program. However, write
operations areinvalid for bit 7. If read, avalue of “0” will always be obtained for bit 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CHORXCNT/CH1RXCNT becomes 00H.

Figure 19-17 and 19-18 show the CHORXCNT and CH1RXCNT configuration.

7 6 5 4 3 2 1 0
| ‘ Address : 1ABO[H]
R/W access: R/W

ciorxent| - | [ | | [ ]

At reset 0 0 0 0 0 0 0 0

I Channel 0 first byte detection counter

Figure 19-17 CHORXCNT Configuration

7 6 5 4 3 2 1 0

‘ Address : 1AB2[H]

cirxent| - | [ ] | [ [ ]
R/W access: R/W

At reset 0 0 0 0 0 0 0 0

| Channel 1 first byte detection counter

Figure 19-18 CH1RXCNT Configuration

19-13



ML66525 Family User’s Manual
Chapter 19 Internal DMA Control Function

(12) USB bank register (UBANK)

The bank to be used during the data transfer between the USB and the RAM is specified by the

USB bank register.

It is possible to specify “Bank 07, or “Bank 1", or “Bank 0 and Bank 1" using the USB bank

register.

UBANK can be read from and written to by the program. However, write operations are
invalid for bits2to 7. If read, avalue of “0” will always be obtained for bits2 to 7.

When reset (RESh signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), UBANK becomes O0H.
Figure 19-19 shows the UBANK configuration.
[Note]

When UBANK > 11, Bank 1 are assigned for the data transfer between the USB and the
RAM; however, it is bits 2 and 3 of the mode register (MODE) that specify which bank is

to be used for the actual data transfer.

Address : 1BOO[H]

R/W access : R/W

The RAM is not used for the transfer of
data between the USB and the RAM.

Bank 0 is used for the transfer of data
between USB and RAM.

Bank 1 is used for the transfer of data
between USB and RAM.

vean | [ -] -[-[-] [ |
Atreset O O O O O O O O
00
01
10
11

Both Bank 0 and Bank 1 are used for the
transfer of data between USB and RAM.

Figure 19-19 UBANK Configuration
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(13) Media bank register (MBANK)

The bank to be used during the data transfer between the media and the RAM is specified by
the media bank register. It is possible to specify from Bank O to Bank 3 in the media bank

register.

MBANK can be read from and written to by the program. However, write operations are
invalid for bits 3to 7. If read, avalue of “0” will always be obtained for bits 3to 7.

When reset (RESn signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), MBANK becomes O0H.
Figure 19-20 shows the MBANK configuration.
[Note]

The banks specified by the USB bank register and the media bank register cannot be
accessed from the CPU. Also, when the same bank is specified in both the USB bank
register and the media bank register, the specification in the USB bank register will be

given priority.

veank | - | - |- -] | | |
At reset o o o o o o o o

Address : 1BO02[H]

R/W access: R/W

001

Use bank 0 for data transfer between the
media and the RAM.

010

Use bank 1 for data transfer between the
media and the RAM.

011

Use bank 2 for data transfer between the
media and the RAM.

100

Use bank 3 for data transfer between the
media and the RAM.

Others

The RAM is not used for transferring RAM
data between the media and the RAM.

Figure 19-20 MBANK Configuration
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19.3 Example of Short Packet Reception Control by Internal DMA

Following is an example of flow of short packet reception control by internal DMA.

1. [Initial setting

Set the USB control registers as follows:

DVCADR = 0000_0011

EP2CONF = 0001_0010

EP2PLD = 0100_0000

DMAOCON =0011 0101 ... Set the register value so that a packet length
will beinserted in the leading byte.

Set theinternal DMA control registers as follows:
UBANK = 0000_0011

CHOWDCNT =10 0000_0000 ......... Set the number of bytes for one DMA
transfer to 512 bytes.

INTENBL = 0000_1111

OPTION =0000_0001 ... Set the short packet reception detection
function ON.

CHOMXPKTSZ = 0100_0000

2. Activate DMA transfer.
CHOMSK = 0000 0000

3. EP2receives packet.
A DMA transfer from the FIFO of EP2 to the buffer RM is carried out automatically.

4. EP2 receives ashort packet.
A short packet interrupt occurs when the DMA transfer is completed.
At thistime, CHOM SK becomes 0000_0001 and the DMA transfer stops.

5. Short packet interrupt is cleared.
INTSTAT = 0000_0100

6. Size of the short packet is verified.

CHOPKTSZ isread.

If the sizeis 0 bytes (NULL packet), processing shiftsto step 7.

If thesizeisin therange of 1 to 63 bytes, processing shiftsto step 8.

7. Exception handling
EP2FIFO is read only once.

8. Thefirst byte detection count register is reset.
Write an arbitrary value to CHORXCNT.

9. Restart DMA transfer.
CHOMSK = 0000_0000

10. After step 9, steps 3to 9 are repeated.
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20.
20.1

20.2

Flash Memory

Overview

A flash ROM version of the ML66525 family devices is available. It is equipped with an
electrically programmable non-volatile memory (flash memory) as the internal program
memory. With three types of flash memory programming modes, the flash ROM version can
be programmed even after being installed in a system.

The flash ROM version available is the ML66Q525B, which operateson 2.4t0 3.6 V.

Features

Power supply voltage
ML66Q525B (2.4t0 3.6 V operation) ... Can be programmed with a single 2.4 to 3.6 V
power supply.

Programming modes

Flash memory has the following three programming modes.

» Pardlel mode ... Can be programmed with a Minato Electronics PROM writer.
e Seria mode ... Can be programmed with a flash memory writer.

e User mode ... Can be programmed by program execution.

Programming blocks
Flash memory is programmed in blocks of 128-byte units.

Auto-erase function
Since an auto-erase function is provided to automatically erase the block to be written to prior
to programming, it is unnecessary to erase flash memory before programming.

Programming Time
Programming time for the flash memory is listed below.
* Programming (128-byte unit) ... Approx. 50 ms (at 2.4t0 3.6 V)

Write protect function
Flash memory has a built-in power-on write protect function that automatically disables
programming for approximately 20 ms after power is turned on.

In addition, there is an acceptor function to prevent incorrect programming in the user mode
due to arunning of out-of-control program.

Security function

Flash memory has a built-in security function that disables reading of contents of memory
externally and/or programming externaly. The security function is set in the serial mode, but
once the security function is set, contents of memory cannot be externaly read from or
programming cannot be performed externally, in any programming mode.

The security function cannot be set in the parallel mode or in the user mode.
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20.3 Programming Modes

1)

)

®)

Flash memory has the following three programming modes. Since an auto-erase function is
provided for all the programming modes, it is not necessary to erase the flash memory prior to
programming.

Figure 20-1 shows a block diagram of the flash memory programming modes.

Parallel mode
Programming in this mode is performed with a Minato Electronics PROM writer. A specia
program to write to flash memory is unnecessary.

In the parallel mode, connect Oki Electronics' flash memory program conversion adapter
(model no. MTP66525) to Minato Electronics Co.-make 1893 (ver. 1.20d or later) or 1931 (ver.
1.20d or later) writer and then perform the programming.

Serial mode

Programming in this mode is performed with a general-purpose flash memory writer. A
specia program to write to flash memory is unnecessary. Flash memory can be programmed
by a single microcontroller or after it is mounted on a printed circuit board.

In the seridl mode, connect a flash memory writer (model no. PW66K) or a flash
microcontroller programmer (model no. AF200) manufactured by Y DC Corporation to the two
microcontroller pins (P7_6, P7_7), the FLAMOD pin, and Vpp and GND pins, and then
perform the programming. Programming is performed while the microcontroller is in the
reset or stop mode.

User mode

In this mode, instead of using a programming writer, programming is performed by executing a
program that writes to flash memory. Programming can be performed after the device is
mounted on the circuit board.

In the user mode, programming is performed by executing a write program already stored
(using either the serial mode or parallel mode) in flash memory of the microcontroller.

* Flash memory

N 1

(1) Parallel Minato “-make program conversion Parallel <:>
mode writer adapter interface

MTP66525

PW66K or
AF200°
flash micro- Memory Elash

(2) Serial controller Serial as
mode programmer interface<:> control <:>mem0ry
manufactured circuit

by YDC™

Writer is
! unnecessary. |

(3) User i (Memoryis ) CPU

mode ! programmed ! Pe"pherals<:> cpPU <::>interface<:>
iby execution of!
iwrite program.)
_______________ Flash ROM

*1: Minato Electronics Co., Ltd.
*2: YDC is YDC Corporation.
*3: AF200 is a trademark of YDC.

Figure 20-1 Block Diagram of Programming Modes
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20.4 Parallel Mode
20.4.1 Overview of the Parallel Mode

Programming in the parallel mode is performed with a PROM. The writing and reading of
programs is performed by connecting Oki Electric’s flash memory program conversion adapter
(MTP66525) to a Minato Electronics-make writer 1893 (ver. 1.20d or later) or 1931 (ver. 1.20d
or later). Figure 20-2 shows a connection diagram.  Since an auto-erase function is provided,
flash memory does not have to be erased prior to programming.

[Note]
The security function cannot be set in the parallel mode.
20.4.2 PROM Writer Setting
For setting the PROM writer, Refer to the PROM writer manual.

For writing, be sure to use the device code ML66Q525, which has been registered exclusively
for the ML66Q525B. Do not use the Silicon Signature mode, which automatically assigns a
devicecodewhenan LS| isinserted. Refer to the PROM writer manual for details.

20.4.3 Flash Memory Programming Conversion Adapter
Use Oki Electric’s flash memory program conversion adapter (M TP66525).

Flash ROM

Minato Electronics-make PROM writer

Figure 20-2 Parallel Mode Connection Diagram
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20.5 Serial Mode
20.5.1 Overview of the Serial Mode

Programming in the serial mode is performed with a general-purpose seria writer. Programs
can be written or read by a single microcontroller or after it is mounted on a printed circuit
board.

In the serial mode, the writing and reading of programs is performed by connecting a flash
memory writer (PW66K) or a flash microcontroller programmer (AF200) manufactured by
Y DC, to the two microcontroller pins (P7_6, P7_7), the FLAMOD pin, and Vpp and GND pins.
Programming and reading are performed while the microcontroller isin the reset. Since an
auto-erase function is provided, flash memory does not have to be erased prior to
programming.

20.5.2 Serial Mode Settings

1)

The serial mode is set automatically by connecting the flash microcontroller programmer to the
specific pins and then executing a programming or read operation. When writing or reading
is complete, the serial mode setting is released.

Pins used in serial mode
Table 20-1 lists the pins used in the serial mode.

The seriadl mode can only be set while the CPU isin reset. The GND level is input to the
FLAMOD pin to set the serial mode. Vpp is connected to monitor Vpp of the user system.

Table 20-1 List of Pins Used in Serial Mode

Pin name Flash memory function
P7_6 FLACK (serial clock input)
P7_7 FLADAT (serial data 1/0)
FLAMOD FLAMOD (high voltage input to set serial mode)
Vob User system Vpp monitor
GND Ground

[Note]

The PW66K/AF200 are provided with a pin to which a voltage higher than the
power supply (approx. 9 V) is applied during the serial mode, for writing to other
Flash ROM.

Be sure to do connection correctly.
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(2) Serial mode connection circuit
In the serial mode, the flash memory writer (PW66K) or the flash microcontroller programmer
(AF200) must be connected to the P7_6, P7_7, FLAMOD, Vpp and GND pins of the flash
ROM version in the user system.  In addition, install a switch in the user system to cut off the
user system during programming and reading in the serial mode.

Figure 20-3 shows serial mode connection circuit example 1.

Flash ROM version /SWitch
O

(FLACLK)P7 6| —————0

O

(FLADAT) P7_7|——————0

FLAMOD*

RESN —%7‘7

Vbp

To user system

GND
I

N/

- * |t is required to make a reset on the
To flash microcontroller programmer

flash microcontroller programmer
and set the FLAMOD pin to a “L”
level for input.

Figure 20-3 Serial Mode Connection Circuit Example 1

If not possible to install a switch in the user system, do not use pins P7_6 and P7_7 with the
user system and connect them only to the flash microcontroller programmer.  Also, connect
each of the P7_6 and P7_7 pins through aresistor of approximately 100 kQ to Vpp.

Figure 20-4 shows serial mode connection circuit example 2.
[Note]

Programming and reading in the serial mode are only available while the microcontroller is
in the reset. To execute the programming/reading, apply “L” level to the RESn pin. In
addition, it is required to make a reset on the flash microcontroller programmer and make a
connection so that a“L” level will be applied to the FLAMOD pin.
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Flash ROM version

(FLACLK) P7_6

(FLADAT) P7_7 AAA—

Approx. 100 kQ

FLAMOD

RESN

Vbp To user application
system

GND

®)

(4)

To flash microcontroller programmer
Figure 20-4 Serial Mode Connection Circuit Example 2

Serial mode programming method
Programming in the serial mode is performed with the use of a flash memory writer (PW66K)
or aflash microcontroller programmer (AF200) .

The procedure for programming with the flash microcontroller programmer is shown below.
Refer to the PW66K and AF200 User's Manuals for details of the flash microcontroller
programmer.

1) Connect the flash microcontroller programmer to the P7_6, P7_7, FLAMOD, Vpp and
GND pins of the flash ROM version.
2) Set the microcontroller to the reset. (Apply a“L” level to the RESn pin.)
The flash microcontroller will generate a protocol error if other than reset is set.
3) Make a reset on the flash microcontroller programmer and apply a “L” level to the
FLAMOD pin.
4) Perform the programming or read operation with the flash microcontroller programmer.
The serial mode has been set by the settings of 2) and 3).
5) Verify that operation of the flash microcontroller programmer has been completed
correctly.
6) Release reset on the flash microcontroller programmer (FLAMOD = “pulled-up” level) and
on the microcontroller (RESn = “pulled-up” level).
The serial mode is released automatically.
7) Release reset on the microcontroller (RESn = *pulled-up” level).
The microcontroller runs the program that has been written.

Setting of security function
The security function can be set or reset in the serial mode. For the setting method, refer to the
User’s Manual for the flash microcontroller programmer.

When the security function is set, the flash memory outputs Os, for external reading, throughout
its entire area and programming are disabled, in al programming modes.

[Note]
Do not repeat security function resetting one after another: Each time the security
function is reset, all the sectors are erased and the endurance of the flash ROM decreases.
Moreover, the reliability becomes lower when data is written next time.
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20.6 User Mode
20.6.1 Overview of the User Mode

Instead of using a programming writer, programming in the user mode is performed by
executing a program on the user's system to write to flash memory. Programming can be
performed even after the microcontroller is mounted on a circuit board in the user’'s system.
Since an auto-erase function is provided, flash memory does not have to be erased prior to
programming.

The user mode executes a program to write to flash memory. The program is prepared to
contain commands to execute the write operation and the 1/0O method of data to be written.
The program must be written (using either the serial mode or parallel mode) to flash memory
in advance.

Figure 20-5 shows a block diagram of the user mode.

[Note] The security function cannot be set in the user mode.

N

CPU

1I 1
128 KB interface

flash C‘?””Qt'
memory circui
6 KB RAM Peripheral
Data 1/0
< ) (can be set
< 300H to 37FH by program)

Flash ROM version

Figure 20-5 User Mode Block Diagram

20.6.2 User Mode Programming Registers

The ML66Q525B has internal special function registers (SRFs) for programming with the user
mode. Programming in the user mode is performed by controlling the following registers: the
flash memory control register (FLACON), the flash memory address register (FLAADRS) and
the flash memory acceptor (FLAACP).

Table 20-2 lists a summary of the SFRs for the user mode.

20-7



ML66525 Family User’s Manual
Chapter 20 Flash Memory

Table 20-2 Summary of SFRs for User Mode

Address Name Symbol Symbol RIW 8/16 Initial Reference
[H] (byte) (word) Operation | value [H] page
00FO0v¢ | Flash memory acceptor FLAACP — W 8 “0” 20-9
00F1# | Fash memory control FLACON — RIW 8 66/E6 20-9
register
00F2¢ | Flash memory address — FLAADRS | RIW 16 Undefined 20-8
00F3 | register —

[Notes]
1. Astar (3¢) in the address column indicates a missing bit.

2. For details, refer to Chapter 22, “Special Function Registers (SFRs)”.

20.6.3 Description of User Mode Registers

(1) Flash memory address register (FLAADRS)
Bits 3 to 12 (FA7 to FA16) of the FLAADRS register set the flash memory address to be
programmed.

Figure 20-6 shows the configuration of FLAADRS.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLAADRS’ — ‘ — I — ‘ FA16‘ FAlSI FAlA‘ FAlS‘ FAlZ‘ FA11 ‘ FA10 ‘ FA9 ‘ FA8 ‘ FA7 ‘ — ‘ — ‘ — ‘
At reset 1 1 1  Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 1 1 1

B s s Q-

FA16 to 7
16{15{14/13]12|11|10
0({0|0|0|0Of0O]|O
0/0(0]|0|0|0]|O
0{0|{0|0|0|0]|O

Programming address

0000H to 007FH
0080H to OOFFH
0100H to 017FH

o |O |o |©
= |O |O [
O |k |O (N

1/1(1(1|1|1]1|1]0|1]| 1FES8OH tol1FEFFH
1/1(1(1|1)1|1|1|1|0]| 1FFOOH to 1FF7FH
1|1]1|1|1|1|1]|1|1]|1| 1FF80Hto 1FFFFH

“—" indicates a nonexistent bit.
When read, its value will be “1”.

Figure 20-6 FLAADRS Configuration

20-8



ML66525 Family User's Manual
Chapter 20 Flash Memory

(2) Flash memory acceptor (FLAACP)
FLAACP is an acceptor used when data is to be set in the flash memory control register.
FLAACP is st to “1" when the program writes n5H, nAH (n = 0 to F) consecutively.
Programming the flash memory resets FLAACP to “0”.

Figure 20-7 shows the FLAACP configuration.

FLAACP’7‘6‘5‘4‘3‘2‘1‘0‘

Address: 00FO0 [H]
R/W access: W

Consecutive writing of n5H, nAH
enables writing to FLACON

Figure 20-7 FLAACP Configuration

(3) Flash memory control register (FLACON)
FLACON is a4-bit register that controls programming and operation of the flash memory.

Figure 20-8 shows the FLACON configuration.

6 5 4 3 2 1
Address: 00F1 [H]
FLACON ’MCPMOD‘ — ‘ — ‘FCLKl‘FCLKO‘ — ‘ — ‘ PRG ‘ RIW access: RIW
At reset 0/1 1 1 0 0 1 1 0

‘ 0 | Programming completed

1| Programming request

FCLK Flash memory transfer clock
110

0|0 1/16 OSCCLK

01 1/8 OSCCLK

10 * 1/4 OSCCLK

Mask ROM version
Flash ROM version

“—" indicates a nonexistent bit.
When read, its value will be “1”.

“*” indicates a “0” or “1”.

Figure 20-8 FLACON Configuration

Writes to bits 0, 3, and 4 (PRG, FCLKO, FCLK1) of FLACON are valid after consecutively
writing n5H, nAH (n = 0 to F) to FLAACP so that the flash memory acceptor is set to “1".
FLAACP is reset to “0” after the flash memory is programmed. To reprogram the flash
memory, it is necessary to once again set the flash memory acceptor to “1”. Also, while the
security isbeing set, it is not able to writeto bits 0, 3, and 4 of the FLACON.

Bit 7 (MCPMOD) of the FLACON isread-only. The write operation isignored.
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[Description of each bit]

* PRG (bit 0)

If PRG (bit 0) of FLACON is set to “1” and bit 1 (HLT) of the standby control register
(SBYCON) isset to “1”, at the beginning of the next instruction, the CPU will enter the HALT
mode and data at internal RAM addresses 300H through 37FH will be transferred to the flash
memory. Then, aflash memory block will be cleared by the auto-erase function and the write
operation performed.

When the HALT mode is released by a Timer O interrupt, this bit is reset to “0”. Prior to
programming, set the address to be written in FLAADRS and the data to be written in interna
RAM addresses 300H to 37FH.

[Notes]

* |If aninterrupt other then Timer O interrupt occurs during programming of the flash memory,
the interrupt is processed. However, the flash memory area will be incorrectly
programmed. Also, the CPU program will get out of control after the interrupt is
processed.

» |If reset isinitiated by input to the RESNh pin during programming of the flash memory, the
reset is processed. However, the flash memory area that was in the process of being
programmed will be incorrectly programmed. |If reset is initiated during programming,
reprogram the flash memory area that was in the process of being programmed.

Figure 20-9 shows the relationship between internal RAM and flash memory.

Internal RAM Flash memory
200H
0000H
300H
128 bytes
37FH
128 KB

flash memory

Data from internal RAM
1FFFH addresses 300H to 37FH

128 bytes " is programmed to the address
specified by FLAADRS.

1FFFFH

Figure 20-9 Relation between Internal RAM and Flash Memory
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FCLKO, FCLK1 (bits 3,4)

FCLKO (bit 3) and FCLK1 (bit 4) of the FLACON register are bits that set the clock that
transfers data from internal RAM addresses 300H through 37FH to flash memory. At
reset, since both FCLKO and FCLK1 become “0”, 1/16CLK will be selected as the transfer
clock.

MCPMOD (bit 7)

MCPMOD (bit 7) of FLACON is ahit that is used to know whether the on-chip memory is
Mask ROM or Flash ROM.

When “0” isread, the on-chip memory is Mask ROM.

When “1” isread, it is Flash memory.

Thisbit isread-only. The write operation isignored.
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20.6.4 User Mode Programming Example

(1) User mode programming flowchart example
Figure 20-10 shows a flowchart for user mode programming of flash memory.

Since an auto-erase function is prepared, flash memory does not have to be erased prior to

programming.
< Start )
Set the CPU operating clock 1) Write a "0” and a “1" to bit 7 and bit 6 of the standby control register
1) to 1/2 OSCCLK (SBYCON) respectively.
Set the programming address 2) Set FLAADRS with the upper 10 bits (FA7 to FA16) of the address
2) in FLAADRS desired to write to in 128-byte units.
Set programming data in internal 3) Using serial I/O or external memory access, set the programming
3)| RAM addresses 300H to 37FH data in internal RAM addresses 300H through 37FH.

| 4) Write the consecutive values of n5H, nAH (n = 0 to F) to FLAACP to
4) Set the flash memory acceptor set the flash memory acceptor to “1”.  After completion of flash

memory programming, the flash memory acceptor is reset to “0” by a
| 16-bit timer 0 interrupt.

5) Set the program (PRG) flag of FLACON. A 16-bit timer O interrupt

5) Set the PRG flag causes the PRG flag to be reset to “0".
Write the count value into the 6) Since the flash memory programming time is managed by the 16-bit
6) 16-bit timer 0, enable 16-bit timer O interrupts only. Disable all the other
| interrupts.
7 Set the microcontroller to 7) The microcontroller enters the HALT mode at the beginning of the
the HALT mode next instruction.

. . 8) When the CPU enters the HALT mode, data in internal RAM
8) Programming execution addresses 300H through 37FH is transferred to the flash memory,
I and programming (with the auto-erase function) is performed.

Release the HALT mode by 9) After completion of flash memory programming, release the HALT
9) a 16-bit timer O interrupt mode by a 16-bit timer 0 interrupt.

10) Verify the programmed data

Return the CPU operating clock | 11) Return the CPU operating clock to the clock used by the program.
to the original state

(Note) It is impossible to write data or verify the written data using an
< Programming complete )

10) Verify that data has been written to the flash memory. ROM table
reference instructions may be used to verify the data.

11

~

external program.

Figure 20-10 Programming Flowchart Example
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(2) User mode programming program example
Listed below is an example program that programs data to flash memory addresses 5500H
through 557FH (128 bytes) and then verifies the data of those 128 bytes.

It is assumed that the data to be programed has already been stored in internal RAM addresses

300H through 37FH.

MOVB SBY CON,#40H Set the CPU operating clock to 1/2 OSCCLK.

MOV FLAADRS#0550H Set the start address (5500H) for programming.

MOVB FLAACP,#05H

MOVB FLAACP#0AH Set the flash memory acceptor.

MOVB FLACON,#11H Set the PRG flag.

MOV TMOC,#6700H Set the timer start value for the timer O to start
counting.

MOV TMOR,#0000H Write the timer O reload value.

MOVB TMOCON,#08H Make timer O start counting. Selected counted
clock =“TBCCLK”"

RB QTMOOV Clear timer O interrupt request.

MOVB IE1,#01H Enable timer O interrupts.

SB SBYCON.1 Set the HLT flag.

NOP At the beginning of the instruction, the CPU enters
the HALT mode and programming begins. The
HALT mode is released by timer O interrupt.

MOV DP,#300H Set the internal RAM addressin DP.

MOV ERO,#5500H Set the flash memory addressin ERO.

SDD Set the data descriptor.

LOOFP:

LC A, [ERQ] Load flash memory datainto the accumulator.

CMP A, [DP+] Compare accumulator and internal RAM data, then
increment the internal RAM address by +2.

JC NE,ERR If they are not equal, jump to the error routine.

ADDB RO,#02H Increment the flash memory address by +2.

JBR R0.7,LOOP If verification of the 128 bytesis not complete, jump
to LOOP.

ERR: Perform error processing.

[Note]

It is impossible to write data or verify the written data using an external program.
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®)

Timer O counter count start value
The time of writing datain the flash memory must be controlled by the 16-bit timer O counter.

The flash memory data write timeis up to 50 ms (at 2.4 to 3.6 V) for every 128 bytes. Seta
timer value for starting counting of the timer O counter so that the period from the time the
HALT mode is entered after the PRG flag is set to “1” (start of write) to the time the HALT
mode is released by timer O interrupt (end of write) is 50 ms or longer.

(Equation for calculating the overflow time of the timer O counter)

The time (tTMQ) to when the timer O counter overflowsis calculated from:
tTMO = (1/f) x T x N x (65536 — TMOC) [ps] (TMOC: 0 to 65535)

where

f = Frequency (MHZz) of the basic clock (CPUCLK)

T = Count clock of the timer O counter (divide value of TBCCLK)

N = Divide value of the 1/n counter

TMOC = Count starting value of the timer O counter

Table 20-2 lists TMOC starting values to set a flash memory data write time of 50 ms or longer
when OSCCLK is 24 MHz.

Table 20-2 Set Values for Flash Memory Data Write Time (OSCCLK = 24 MHz)

CPUCLK N Count clock selected TMOC start value [H]
1 1/16 TBCCLK 6D80
2 1/8 TBCCLK 6D80
1/2 OSCCLK 3 1/4 TBCCLK 3CAO0
5 1/2 TBCCLK 1590
10 TBCCLK 1590
1 1/8 TBCCLK 6D80
1/4 OSCCLK 2 1/4 TBCCLK 6D80
3 1/2 TBCCLK 3CAO0
5 TBCCLK 1590

[Note]

Do not set CPUCLK of 1/1 OSCCLK for writing in the User mode. If set, the CPU
control will run out of control after awriteis completed.
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20.6.5 Notes on Use of User Mode

20.7
@)

@)

Note the following items when generating a program to be used with the user mode.

 If aninterrupt other than Timer O interrupt occurs during programming of the flash memory,
the interrupt is processed. However, the flash memory area will be incorrectly
programmed. Also, the CPU program will get out of control after the interrupt is
processed.

e |If resetisinitiated by input to the RESnh pin during programming of the flash memory, the
reset is processed. However, the flash memory area that was in the process of being
programmed will have been incorrectly programmed. If reset is initiated during
programming, reprogram the flash memory area that was in the process of being
programmed.

» Do not program to the flash memory area that contains the programming program being
executing. (After programming is completed, the CPU program control will run out of
control.)

*  When the flash memory is programmed in the user mode while the watchdog timer (WDT)
isrunning, the WDT is designed to stop the count clock during HALT modeisin progress.

e After programming of the flash memory in the user mode, the flash memory is changed
from programming mode to read mode. To read data from the first flash memory, set
CPUCLK = 1/2 OSCCLK in advance before programming of the flash memory in the user
mode.

(If CPUCLK = 1/1 OSCCLK, the CPU program control will run out of control after
programming is completed.)

» Development tools (emulator) cannot evaluate programming or erasing.

Notes on Program

Programming of flash memory immediately after power-on

Programming to flash memory is automatically disabled for approximately 20 ms (for 2.4 to
3.6 V devices) after power is turned on. Therefore, if flash memory is to be programmed
immediately after power is turned on, wait for the above time by guaranteeing a power-on reset
time.

When the supply voltage drops

If the supply voltage drops to a value below the guaranteed value (2.4 V) during programming
to the flash memory, data may not be programmed correctly. So take care that the supply
voltage during programming does not drop below the guaranteed value. After programming,
be sure to check the data in the flash memory to see if data has been programmed correctly.
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21. Electrical Characteristics

21.1 Absolute Maximum Ratings

Parameter Symbol Condition Rated value Unit
Vpp_ CORE
Digital power supply po— GND =AGND =0V
voltage Voo_lO Ta=25°C —0310+4.6 v
VBUS
Other than P9_0 -0.3t0 Vpp_IO +0.3 \
Input voltage V, -
P9 0 (5 V tolerant input) -0.3to +0.6 \%
Output voltage Vo —0.3t0 Vpp_IO +0.3 \%
Analog reference voltage Vrer -0.3to +4.6 \%
Analog input voltage Vai —0.3 t0 Vgrer \%
o Ta =70°C 100-pin TQFP 680 mw
Power dissipation Po
per package | 144-pin LFBGA 595 mw
Storage temperature Tste — —50 to +150 °C
21.2 Recommended Operating Conditions
Parameter Symbol Condition Range Unit
Digital power supply Vop_CORE fosc <24 MHz
voltage Voo_ 10 Voo CORE < Vpp_IO 241036 v
Analog reference voltage VRer Vpp_CORE < Vger 2.410 3.6 \%
Analog input voltage Vai — AGND to Vger \%
VBUS input voltage VBUS — 3.0t0 3.6 \%
Memory hold voltage VooH fosc = 0 Hz 2.0t0 3.6 \%
USB is used 12,16, 24
. fosc - MHz
Operating frequency USB is unused 21024
fxr — 32.768 kHz
Ambient temperature Ta — -30to +70 °C
MOS load 20 —
P7,P10_0to P10_2 6 —
Fan out N TTL PO, Eé EEZE Ez P4,
load T 1 —
P10_3to P10_5, P15,
P20, P21
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21.3 Allowable Output Current Values

(Voo_lO=2.4103.6 V, Ta = -30 to +70°C)

Sum total of all output pins

Parameter Pin Symbol Min. Typ. Max. Unit
“H” output pin (1 pin) All output pins lon — — -10
“H” output pins (sum total) | Sum total of all output pins > lon — — -70
“L” output pin (1 pin) All output pins lov — — 10
Sum total of PO, P3
Sum total of P1, P2, P4 35 mA
“L” output pins (sum total) Sum total of P6, P7, P8, P9 > oL — —
Sum total of P10, P15
Sum total of P20, P21 70
160

[Note]

Connect all Vpp_CORE and Vpp_lO pins to the power supply voltage and all GND pins to the ground
voltage. If there is a pin or pins that are not connected to the power supply voltage or ground voltage,

the device cannot be guaranteed for normal operation.

21.4 Internal Flash ROM Programming Conditions

Parameter Symbol Condition Rating Unit
Supply voltage Voo_CORE Vpo_CORE < Vpp_ IO 241036 \Y
Vpp_I1O
. During Read -30to +70 °C
Ambient temperature Ta - uring e - o
During Programming +0 to +50 °C
Endurance CEP — 100 Cycles
Blocks size — — 128 bytes
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21.5 DC Characteristics
21.5.1 DC Characteristics (Except USB port)
(VDD_CORE = VDD_IO = VRger = 2.410 3.6 V, GND =AGND =0 V, Ta= -30to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
“H” input voltage *1 v 0.80 Vpp — 5.5
“H” input voltage " 080Vop | — | Vop+0.3
“L” input voltage \/n — -0.3 — 0.2Vpp
lo = —400 pA Vpp— 0.4 — —
“H” output voltage *2 S i B0
V. |o =-2.0mA Vpp— 0.8 — —
OH
lo =—200 pA Vpp— 0.4 — — \Y
“H” output voltage *3 ° = eo
lo==1.0 mA Vpp— 0.8 — —
lo =3.2mA — — 0.5
“L” output voltage *2 = L
v lo =5.0 mA — — 0.9
. o lo=1.6 mA — — 0.5
L” output voltage *3
lo=2.5mA — — 0.9
Input leakage current  *4, *6 — — 1/-1
Input current *5 IIH/IIL V| = VDD/O \Y — — 1/-90 I.IA
Input current *7 — — 15/-15
Output leakage current *2, *3 lo Vo = Vpp/0 V — — +10 HA
Pull-up resistance Rpui Vi=0V 40 100 200 kQ
Input it C — 5 —
Nput capacitance ' fosc = 1 MHz, Ta = 25°C pF
Output capacitance Co — 7 —
During A/D operation — 1.8 5 mA
Analog reference supply current Irer -
When A/D is stopped — — 5 HA
Vpp = VDD_|O

*1. Applicable to P9_0 (5 V tolerant input)

*2. Applicable to P7 and P10_0 to P10_2

*3. Applicable to PO, P1, P2, P3, P4, P6, P8, P9, P10_3 to P10_5, P15, P20 and P21
*4. Applicable to P12 and P13

*5. Applicable to RESn and FLAMOD

*6. Applicable to EAn, NMI, and TEST

*7. Applicable to OSCO
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Supply current

¢ Mask ROM version
(Voo_CORE = Vpp_10 = Veer = 2.4 10 3.6 V, VBUS = 3.0 t0 3.6 V, GND = AGND = 0 V, Ta = —30 to +70°C)

Mode Symbol Condition Min. | Typ. | Max. | Unit Applicable
power supply
fosc = 24 MHz, No load — 28 60
- i mA
CPU operation fosc = 24 MHz, DMA/media 18 | 50 Voo CORE
lop control stopped. No load
mode fur = 32.768 kHz, DMA/medi * Voo 1O
XT = 9Z. z, media
control stopped. Noload *1 B 100 | 300 WA
Setting of 48 MHz for
USB operation mode lgus multiplication selection. — 25 45 mA VBUS
No Load
fosc = 24 MHz, DMA/media Vppo_ CORE
HALT mode loon control stopped. No load - 9 18 | mA + Vpp_l1O
XT is used
— 15 160
OSCis *2 Voo CORE
STOP mode Ioos . - MA
stopped *1 | XTis notused + Vpp_lO
2 — 10 | 150
Suspend state
S d t | . . — 1 100 A VBUS
uspend curren SUSP | OSC is stopped, XT is not used *1 W

The values in the Typ. Columm indicate reference values at 25°C and 3.0 V (The VBUS currents
indicate values at 3.3 V).
*1: The temperature condition ranges from —30 to +50°C
*2:  Ports configured to be inputs should be connected to Vpp_IO or 0 V. No load should be applied to

other ports.

¢ Flash ROM version
(Voo CORE = Vpp_10 = Vrer = 2.4 10 3.6 V, VBUS = 3.0 t0 3.6 V, GND = AGND = 0 V, Ta = —30 to +70°C)

OSC is stopped, XT is not used *1

Mode Symbol Condition Min. | Typ. | Max. | Unit Applicable
power supply
fosc = 24 MHz, No load — 28 60
= i A
_ fosc = 24 MHz, DMA/media 18 50 m Voo, CORE
CPU operation mode lop control stopped. No load +Von 10
DD.
fxr = 32.768 kHz, DMA/media -
control stopped. No load *1 - 100 300 WA
Setting of 48 MHz for
USB operation mode lsus multiplication selection — 25 45 mA VBUS
No Load
fosc = 24 MHz, DMA/media Vpp_CORE
HALT mode oo control stopped. No load - 10 20 | mA + Vpp_ 1O
OSCis XTisused *2 — 15 160 Vpp_ CORE
STOP mode | A v
P | stopped *1 | XTisnotused *2 | — 10 | 150 | ¥ + Vpp_IO
Suspend state, D+/D- fixed
Suspend current lsusp P — 1 100 HA VBUS

The values in the Typ. Columm indicate reference values at

indicate values at 3.3 V).
*1: The temperature condition ranges from —30 to +50°C
*2:  Ports configured to be inputs should be connected to Vpp_IO or 0 V. No load should be applied to

other ports.

21-4

25°C and 3.0 V (The VBUS currents




ML66525 Family User's Manual
Chapter 21  Electrical Characteristics

21.5.2 DC Characteristics (USB port)

(VBUS = 3.0 10 3.6 V, Ta = 30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit Appgi(;able

Differential input sensitivity Vi |(D+) — (D-)] 0.2 — —
Differential common mode range Vem Includes Vp, 0.8 — 25 \% D+, D-

Single ended receiver threshold Vse 0.8 — 2.0
15 kQ to GND 2.8 — — Y D+, D-

“H” output voltage Vou lon =100 pA | VBUS - 0.2 — —
\Y PUCTL

IOH =4 mA 2.4 [— J—
“L” output voltage VoL 15kQto 3.6V — — 0.3 Vv D+, D—-
Vo = VBUS/0 V — — +10 D+, D-

Output leakage current lo HA

Vo = VBUS/0 V — — +10 PUCTL
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21.6 AC Characteristics
21.6.1 AC Characteristics (Except USB port)

(1) Externa program memory control
(VDD_CORE = VDD_IO = VREF =2.4t03.6 V, GND =AGND =0 V, Ta=-30to +70°C)
Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 24 MHz 41.67 —
Clock pulse width (HIGH level) town 16.25 —
Clock pulse width (LOW level) towL 16.25 —
PSENN pulse width tew (2 + 2n)te— 25 —
PSEN i |t — 55
n pulse dglay time PD Voo CORE = ns
Address setup time tas C\ = 50 pF 2tp— 25 —
Address hold time tan t P -10 —
Instruction setup time tis 40 —
Instruction hold time tin 0 —
Read data access time tacc — (3 + 2n)te— 50
(Note) t@= tcyc/2
N =0 to 3 (n wait cycles inserted)
< feye |
N/ VNN
<—>
Lawn tomL
PSENnN
Z(
) |
too -\ P tow -
A0 to A19 { PCO to 19
tas ‘g' tan
DO to D7 INSTO to 7
tacc ts Bl

Bus timing during no wait cycle time
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(2) Externa data memory control
(VDD_CORE = VDD_IO = VREF =2.4t03.6 V, GND =AGND =0 V, Ta=-30to +70°C)
Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 24 MHz 41.67 —
Clock pulse width (HIGH level) town 16.25 —
Clock pulse width (LOW level) towL 16.25 —
RDn pulse width trw (2 + 2n)tp— 25 —
WRn pulse width tww (2 + 2n)tp— 25 —
RDn pulse delay time tro — 55
WRn pulse delay time two — 55 ns
Address setup time tas C_ =50 pF to—20 —
Address hold time tan to—20 —
Read data setup time trs 40 —
Read data hold time trH 0 —
Read data access time tacc — (3 + 2n)te— 50
Write data setup time tws 2to— 30 —
Write data hold time twh to—6 —
(Note) te= teyc/2
N =0 to 7 (n wait cycles inserted)
tcyc
—
CPUCLK \ 2N M
Lo | towe
RDn /
\ /
tRD '\ tRW
AO to A19 { RAPO to 19 >7
tAS tAH
DO to D7 DINO to 7
tacc trs Y tr
WRnN
\ J
two N tww
AO to A19 RAPO to 19 @—
tas fan
DO to D7 { pouroto7 p—0——
tWS tWH

Bus timing during no wait cycle time
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(3) Serid port control
1. Seria port 1, 6 (SIOL, 6)
Master mode (Clock synchronous seria port)

(Vopo_CORE = Vpp_lO = Vger =2.410 3.6 V, GND = AGND =0V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time toye fosc = 24 MHz 41.67 —
Serial clock cycle time tscke 4 teye —
Output data setup time tsTvxs 2tp—10 — ns
Output data hold time tsTMXH C_. =50 pF 5tp— 20 —
Input data setup time tsrvixs 21 —
Input data hold time tsrRMXH 0 —

(Note) tp= teyc/2

cyc

CPUCLK

TXC/IRXC /_\—/é—\—/' \
- tSCKC o
SDOUT
(TXD)
L tSTM)(H > ) tSTMXS
I
(RXD) ‘
| s

tSRMXS tSRMXH
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Slave mode (Clock synchronous seria port)

VDD_CORE = VDD_IO = VREF =2.4t03.6 V, GND =AGND =0 V, Ta=-30to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 24 MHz 41.67 —
Serial clock cycle time tscke Ateye —
Output data setup time tsTvxs 2to— 30 — ns
Output data hold time tsTmxH C. =50 pF 4tg—20 —
Input data setup time tsrmxs 21 -
Input data hold time tsrmxH 7 —

(Note) te= tcyc/2

cyc

CPUCLK

TXCIRXC /—\—/‘—\—/ \
tseke

SDOUT

(TXD)

tsmxn N tsrmxs
- I: >
SDIN
(RXD)
|~ e————————|

tSRMXS tSRMXH
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2. Serid port 4 (SIO4)
Master mode (Clock synchronous serial port)

(Voo CORE = Vpp_lO = Vgegr =2.410 3.6 V,

GND =AGND =0V, Ta=-30to +70°C)

Parameter Symbol Condition Min. Max. Unit

Cycle time toye fosc = 24 MHz 41.67 —

Serial clock cycle time tscke 400 —

Output data setup time tsTMxs 190 — ns
Output data hold time tsTMXH C_ =50 pF 130 —

Input data setup time tsrmxs 21 —

Input data hold time tsrmxH 0 —

t(:yc
CPUCLK

TXCIRXC /—\—/l—\—/

tSCKC

SDOUT
(TXD)

tsmxH _ tstimxs
D 1T
SDIN 3\
(RXD) /
| > |-<>
tSRMXS tSRMXH
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Slave mode (Clock synchronous seria port)

(VDD_CORE = VDD_IO = VREF =2.4t03.6 V, GND =AGND =0 V, Ta=-30to +70°C)

Parameter Symbol Condition Min. Max. Unit

Cycle time teye fosc = 24 MHz 41.67 —

Serial clock cycle time tscke 400 —

Output data setup time tstmxs 70 — ns
Output data hold time tsTvxH C_ =50 pF 180 —

Input data setup time tsrmxs 21 —

Input data hold time tsRMXH 7 —

tcyc
CPUCLK

TXCIRXC /—\—/‘—\—/‘ \
tSCKC
SDOUT
(TXD) ><
t 7 t
STMXH T\ | STMXS
SDIN
(RXD)
| ————|
tsrmxs  Tsrwxn

Measurement points for AC timing (except the serial port)

Vpp 1O
bb— 0.44Vps 10 0.44Vp, 1O
><i 0.16Vpp_ |0 0.16Vpy O j<
0 V DD__ DD__!

Measurement points for AC timing (the serial port)

Vpp 1O ;\ <
DD— 0.8Vpp_ 10 0.8Vpp_IO
:iﬁ 0.2Vpp_IO 0.2V IO
oV = ==
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21.7 A/D Converter Characteristics

(Ta = -30 to +70°C, Vrer = 2.4 10 3.6 V, AGND = GND =0 V)

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n Refer to measurement — 10 — Bit
Linearity error E. circuit 1 — — +3
Differential linearity error Ep Analog input source — — +2
Zero scale error Ezs impedance — — +3

LSB
Full-scale error Ers Ri<5kQ — — -3
Cross talk Ecr Refer to _mee_tsurement . . +1
circuit 2
Conversion time tcony Set accordlggtg) ADTM set 16 — 3906.3 ps/ch
Reference v V.. 10 O+3V
voltage REF DD_—
01_L 47 _1* B I
WFE | HF 0.1 |47
R,
uF MF
» AlO to AI3
AGND GND aov
Analog input
O —

R, (impedance of analog input source) <5 kQ
C, 00.1 yF

Measurement Circuit 1
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5 kQ Cross talk is the difference
AIO between the A/D conversion
results when the same
Analog input N analog input is applied to
—— 0.1pF AIO through AI3 and the A/D
conversion results of the
! to circuit to the left.
T — Al3

Vger OF AGND

Measurement Circuit 2

Definition of Terminology

1.

Resolution
Resolution is the value of minimum discernible analog input.
With 10 bits, since 2'° = 1024, resolution of (Vger — AGND) + 1024 is possible.

Linearity error

Linearity error is the difference between ideal conversion characteristics and actual
conversion characteristics of a 10-bit A/D converter (not including quantization error).
Ideal conversion characteristics can be obtained by dividing the voltage between Vger and
AGND into 1024 equal steps.

Differential linearity error

Differential linearity error indicates the smoothness of conversion characteristics. |dedly,
the range of analog input voltage that corresponds to 1 converted bit of digital output is
1LSB = (Vrer — AGND) + 1024. Differential error is the difference between thisideal bit
size and bit size of an arbitrary point in the conversion range.

Zero scae error
Zero scale error is the difference between ideal conversion characteristics and actual
conversion characteristics at the point where the digital output changes from 000H to 001H.

Full-scale error

Full-scale error is the difference between ideal conversion characteristics and actual
conversion characteristics at the point where the digital output changes from 3FEH to
3FFH.
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22. Special Function Registers (SFRs)

22.1 Overview
The 256-byte area of addresses 0000H to OOFFH in data memory is the special function

22.2

register (SFR) area.

The SFR areais aregister group that includes special function registers such as the following.

Peripheral hardware mode registers
Arithmetic register (ACC)
Control registers (PSW, LRBL, LRBH, SSP)

List of SFRs

Tables 22-1 and 22-2 list the SFRs. Termsin the tables are defined as follows:

* Address[H]:
e Function:

» Byte, Word:

e Bit Symboal:

Addresses are expressed in hexadecimal format.

The register is named after the SFR function.

Symbol

Symbol

Blank

This symbol indicates an /O function register.
Each symbol indicates whether access is by byte or word.

A dash indicates that the function cannot be accessed by that
unit.

This symbol indicates an /O function register.
In some cases there are two bit symbols, however there is no
difference in function.

The /O register is also assigned to this bit.
However, since individual access of thisbit is either
unnecessary or not possible, no bit symbol is needed.

If writing to this bit, aways write a value of “0".

Even when writing a byte or word that includes this bit, write
thisbit as“0".

Thisbit alwaysreadsas“0".
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1

@

)

Undefined

« 8/16:

8/16:
8:
16:

e Initial value [H]:

» Reference page:

[Note]

If writing to this bit, dways write avalue of “1”.

Even when writing a byte or word that includes this bit, write
thishitas“1".

Thisbit alwaysreadsas“1”.

All writes to this bit are ignored.
Thisbit alwaysreadsas*“1".

All writes to this bit are ignored.
This bit always readsas“0”.

Thisindicates a bit that does not support the I/0 function.
Programming should be done on the assumption that the
value of this bit is aways undefined.

Operation of this bit when an in-circuit emulator is used may
differ from operation when an actual chip (such as MASK or
OTP versions) is used.

This indicates whether the specified SFR can be read (R) or
written (W).

Both read and write are possible

Read-only

Write-only

This indicates the unit of bit access for the specified SFR.
Both 8-bit and 16-bit access are possible

Only 8-bit accessis possible

Only 16-bit accessis possible

This indicates the contents of each SFR at reset (RESnh signal
input, execution of a BRK instruction, overflow of the
watchdog timer, or an opcode trap). Values are expressed in
hexadecimal format.

Thisindicates the page on which the configuration of each
SFR is described.

Do not perform the following operation on SFRs.

1

o 0o~ WDN

. Write operations on read-only SFRs

. Read operations on write-only SFRs

. 16-bit operations on 8-bit SFRs

. 8-bit operations on 16-bit SFRs

. Operation on addresses that are not allocated as registers
. Operations in the area for emulator use
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Table 22-1 SFR List (1/5)
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22 On 8 M — | dovswaw 10)daooe az1s AlowsN| 0T00
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The meanings other than symbolsin the Bit Symbol column are described below.

Blank

@

©)

1
0

An 1/O function register is assigned to this bit. However, a bit symbol is not needed for this
bit because this bit does not have to be accessed in bits or cannot be accessed in bits.

An /O function register is not assigned to thisbit. The write operationisignored. “1” is
always read from this bit.

Any write operation to this bit isignored. “0” isawaysread from thisbit. “0" isread from
bits 10 to 15 of ADROO to ADRO?7.

Be sureto write “1” to this bit.

Be sureto write “0” to this bit.

Initial value [H]

*1)
(*2)
*3)

*4)

This value indicates the content of each SFR at reset (RESn signal input, BRK instruction
execution, overflow of watchdog timer, or opcode trap).
Thisvalue is expressed in hexadecial numbers.

Be sureto write “1” to bits 5 and 4 of ROMWIN.
Be sureto write “0” to bits 6 to 4 of ROMRDY.

Each flag of P510 has the following functions. Thisis not the mode register for 1/O switching
of port 5.

FSEL1 (bit 7), FSELO (bit 6):

These are flags for multiplication selection of PLL in the USB macro.

(0,0) =x4, (0, 1) =x8, (1, 0) =x6, (1, 1) = prohibited

SCK410 (bit 5):

This is an 1/0 switching flag for P10_3/SIOCK4 pin. It is also required to do 1/O switching
through P10103. “0” = input, “1” = output

SCK4INV (bit 4):

Thisisapolarity selection flag for P10_3/SIOCK4 pin. “0" = positive, “1” = negative
STBSEL (bit 3):

This is an 80-system/68-system selection flag for secondary function output of P3_2/RDn pin.
“0” = 80-system, “1" = 68-system

MECKEN (bit 2):

Thisisaclock supply selection signal for Media control block.

“0" = clock supply, “1" = clock stop

UDCKN (bit 1):

Thisisaclock supply selection signal for USB DMA controller.

“0" = clock supply, “1" = clock stop

USBRST (bit 0):

Thisisahardware reset control signal for USB macro.

“0" =USB reset, “1" = USB reset released

Bit 6 (NMIRD) of EXI2CON is aread-only bit. The write operation to this bit isignored. “0”
isread from this bit.
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(*5) Bits6 (WDTLDE) and 5 (WDTRUN) of TM6CON are read-only bits.
The write operation to these bits are ignored.

(*6) Bit 2 (ORE4), bit 1 (FUL4) and bit 0 (EMP4) of FIFOCON are read only.
The write operation to these bitsisignored.

(*7) Bit7(MCPMOD) isof FLACON isaread-only bit.
The write operation to this bit is ignored.
“0” isread for Mask ROM version and “1” isfor Flash-ROM version.

¥  Thisregister isused only for Flash-ROM version (ML66Q525A). For details, refer to
Chapter 20, “Flash Memory”.
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Table 22-2 SFRs for Expanded RAM Area (1/4)
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Table 22-2 SFRs for Expanded RAM Area (2/4)
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Table 22-2 SFRs for Expanded RAM Area (3/4)
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Table 22-2 SFRs for Expanded RAM Area (4/4)
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23. Package Dimensions

(Unit: mm)
TQFP100-P-1414-0.50-K \
] @) ®
RAARAAAARARARARARAARAARARAAR
g0
ol=| =
ol o g
5|8 =
o3 =
oo =
(@0 =
8
ELELEELEREEELEEEEE EEELLE) %3
INDEX MARK [ ® 5
Mirror finish o 1vp. 0.2218:%@’%‘ == oo
L y0~10°
0.17+ 0.05 rel 7
% a8 T 0.5: 0.2
,,,,,,,,,, o 0.6 TYP.
SEATING PLANE
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating (=5um)
Oki Electric Industry Co.,Ltd. Package weight (g) 0.55TYP.
Rev. No./Last Revised 4/Oct. 28, 1996

Notes for Mounting the Surface Mounting Type Package

The TQFP is a surface mount type package and is very susceptible to heat in
reflow mounting and to humidity absorbed in storage. Therefore, before you do
reflow mounting, contact Oki's responsible sales person on the product name,
package name, pin number, package code and desired mounting conditions
(reflow method, temperature and times).
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(Unit: mm)
P-LFBGA144-1111-0.80 \
[o]
1.0 0380
o 5
S [0 20[S[A]
B -f
doddoodoooo0o0] 3
0000009000000 |12
0000009000000 |11
[B] [60000660060006 |10
0000 0000 |9
) 0000 0000 |8
=2 5668 5
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0000 0000 |5
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0000009000000 |3
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*——eomooo 00000Q]1
T NMHKJHGFEDCBA
x4 ~
INDEX_MARK alos | _ IOEX TARK
Q <
A S $05:01
J @ [lro0@ISiAS
i=o10]s]
Package material Epoxy resin
Ball material Sn/Pb
Oki Electric Industry Co.,Ltd. Package weight (g) 0.30 TYP.
Rev. No./Last Revised 1/Aug. 25, 1999

Notes for Mounting the Surface Mounting Type Package

The P-LFBGA is a surface mount type package and is very susceptible to heat in
reflow mounting and to humidity absorbed in storage. Therefore, before you do
reflow mounting, contact Oki's responsible sales person on the product name,
package name, pin number, package code and desired mounting conditions
(reflow method, temperature and times).
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Revision History

Document - Page .
No. Date Pre\_/l_ous Curr_ent Description
Edition Edition
PEUL66525-01 | Dec. 2000 - - Preliminary edition 1
PEUL66525-02 | May 2001 - - Preliminary edition 2
- - Final Edition
1-1 1-1 Changed the device name from
ML66Q525 to ML66Q525A.
1-1 1-1 gﬂ-gfnle a change of description in Sec.
1-4 1-4 Made changes in Table 1-1.
1-10 1-10 Made a few corrections in Table 1-1.
1-10 1-10 Corrected the note contents.
1-12 1-12 \C;g:jlg(e)cli:{tgfe pin symbol Vpp to
31 31 gzg::tlly3 f:zh.anged the note contents in
3-2 3-2 Added a few items to Table 3-1.
3.2 32 g_olr.rected a reference number in Table
3-5 3-5 Changed the note contents.
3-11 311 Ilr\(/lezgteoapglrw:tri]gﬁ to the description of
3-11 3-11 Made a few corrections in Fig. 3-6.
FEUL66525-01 | Feb. 8, 2002 3-11 311 Added a description to the note for Fig.
3-6.
4-7 4-7 Added a note.
5.2 5.2 Egt gn asterisk against pin symbol
5-2 5-2 Made a change of I/O attribute.
5-2 5-2 Added a note.
6-3 6-3 Added Table 6-2 and notes.
6-3 6-4 Moved Fig. 6-3 and Notes to page 6-4.
6-4 6-4 Partly corrected the text.
6-5 6-5 Modified Fig. 6-6 and partly changed
the note contents.
7-3 7-3 Made a minor correction in Fig. 7-3.
10-9 10-9 Made changes in Sec. 10.4.1.
10-10 10-10 Made changes in Sec. 10.4.2.
11-29 11-29 Added one item to the notes.
R-1
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Document - Page _
No. Date Pre\_/l_ous Curr_ent Description
Edition Edition
11-36 11-36 Added a note.
11-47 11-47 Added a description to Sec. 11.8.
11-49 11-49 Added a note.
11-50 11-50 Partly changed the contents of item (2).
123 12-3 (I\E/I;:dhebci:th"iamges in the "Description of
12-4 12-4 Made corrections to Fig. 12-2.
12-6 12-6 Made changes in item (2).
12-7 12-7 Made changes in Sec. 12.5.1.
12-8 12-8 Partly changed the contents of item 2).
14-1 14-1 Made changes in Sec. 14.1.
14-3 14-3 Made changes in Fig. 14-2.
14-3 14-3 Added notes.
14-4 14-4 Modified Fig. 14-3.
14-5 14-5 Added a note.
15-10 15-10 Partly changed the contents of item (2).
FEUL66525-01 | Feb. 8, 2002 15-11 15-11 Made a minor correction to Fig. 15-3.
16-2 16-2 Added two note items.
16-3 16-3 Modified the ground symbol.
16-4 16-4 Made a minor correction to Fig. 16-2.
17-3 17-3 Made changes in Sec. 17.3.3.
17-5 17-5 Made a few corrections in Sec. 17.3.5.
17-7 17-7 Partly corrected the contents of item (1).
17-8 17-8 Made a few corrections in item (1).
17-12 17-12 Corrected a description in the table.
17-15 17-15 Made changes in Sec. 17.3.10.
a0 | wras | peteden e by (s n e
17-16 17-16 Made corrections in item (1).
17-16 17-16 Added a note.
17-17 17-17 Made corrections in item (2).
17-17 17-17 Added a note.
17-33 17-33 Made changes in item (20).
17-38 17-38 Zzér)tly changed the contents of item
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Document - Page I
No. Date Pre\_n_ous Curr.ent Description
Edition Edition
17-42 17-42 Added an explanation to item (30).
17-46 17-46 Partly corrected the contents of item (35).
17-47 17-47 Partly corrected the contents of item (36).
17-50 17-50 Made a few corrections in item (41).
17-51 17-51 Partly corrected the contents of item (41).
17-52 17-52 Esl:trlél.corrected the description in the
17-53 17-53 Added two note items.
17-53 17-53 Partly corrected the contents of item (42).
17-54 17-54 Partly corrected the contents of item (43).
17-56 17-56 Made changes in item (45).
17-56 17-56 Added a note.
17-57 17-57 Made changes in Sec. 17.5.2.
17-58 17-58 Made a change of description in the figure.
17-59 17-59 miigsrggénge of description in each of
17-59 17-59 Deleted an extra pin symbol (P9_0).
18-4 18-4 Added a note.
FEUL66525-01 | Feb. 8, 2002 18-8 18-8 Added explanation to the note contents.
18-22 18-22 Corrected a symbol in Fig. 18-30.
18-23 18-23 fg_r:;;cted a symbol in Fig. 18-31 and
18-24 18-24 Corrected a symbol in Fig. 18-33 and
18-34.
18-25 18-25 Corrected a symbol in Fig. 18-35.
19-8 19-8 Added a note.
20-1 20-1 t((:)hl\e/llrli%%%ngeSi?wce name from ML66Q525
20-3 20-3 ti)hai%%%?fsi?VICE name from ML66Q525
20-3 20-3 Made changes in Sec. 20.4.2.
20-5 20-5 Made changes in Fig. 20-3.
20-5 20-5 Made changes to the note contents.
20-6 20-6 Made changes in item (3).
20-6 20-6 Added a note.
20-15 20-15 Partly changed the contents of Sec. 20.6.5.
20-15 20-15 gg.%r.]ged the contents of item (2) in Sec.
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Document Page
No Date Previous | Current Description
' Edition Edition
Title Title
page of page of | Deleted "(Preliminary)" from the fitle.
chap. chap.
21-1 21-1 {iDt(laeleted (Preliminary)" from the chapter
21-2 21-2 Deleted "ML66525/Q525".
21-3 21-3 Deleted "ML66525/Q525".
Changed the device names ML66525 and
21-4 21-4 ML66Q525 to ML66525A and ML66Q525A
respectively.
21-4 21-4 Made corrections in the note contents.
21-6 21-6 Deleted "ML66525/Q525".
21-7 21-7 Deleted "ML66525/Q525".
21-8 21-8 Deleted "ML66525/Q525".
FEUL66525-01 Feb. 8, 2002 21-9 21-9 Deleted "ML66525/Q525".
21-10 21-10 Deleted "ML66525/Q525".
21-11 21-11 Deleted "ML66525/Q525".
21-12 21-12 Deleted "ML66525/Q525".
22-3 22-3 Partly corrected the contents of the table.
22-4 22-4 Partly corrected the contents of the table.
22-5 22-5 Added a reference number.
22-6 22-6 Partly corrected the contents of the table.
297 29.7 Made a change of reference number in the
table.
22-9 22-9 Made changes in the note contents.
) ) Changed the device name from ML66Q525
22-9 22-9 to ML66Q525A.
23-2 23-2 Corrected the product name.
1-1 1-1 Changed the device name from
ML66Q525A to ML66Q525B.
1-1 1-1 Added “Note”.
Changed the device names ML66525A
1-4 1-4 and ML66Q525A to ML66525B and
FEUL66525-02 | July 26, 2002 ML66Q525B respectively.
Corrected the description of the secondary
1-8 1-8 function of P3_2 and P3_3 in Table 1-2
273).
1-10 1-10 gallgt)ly corrected the contents of Table 1-2
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Document Page
No Date Previous | Current Description
' Edition Edition

1-12 1-12 Corrected the description of Vrer pin

connection in Table 1-4.
2-4 2-4 Modified Figure 2-3.

11-3 11-3 Added “Note”.

13-3 13-3 Made additions and changes to the
description of UDCKEN and USBRST.

13-5 13-5 Added “Note”.

17-19 17-19 Made changes in Sec. 17.3.13.

17-20 17-20 Added “Notes”.

1r-22 17-22 Changed “a hardware reset” to “a reset” in

10 10 Sec. 17.4.1
17-56 17-56 T
17-30 17-30 Added one item to the “Note”.
FEUL66525-02 | July 26, 2002 17-44 17-44 Made changes in item (32).

17-52 17-52 Made an addition to the explanation of “*1”.

17-53 17-53 Added “Note”.

17-59 17-59 Modified the figure at the top of the page.

17-60
17-60 to Added Sec. 17.6.2.
17-062

19-6 19-6 Added “Note”.

19-10 19-10 Added “Note”.

19-16 19-16 Added Sec. 19.3.
Changed the device name from

20-1 20-1 ML66Q525A to ML66Q525B.
Changed “ML66525A" and “ML66Q525A"

21-4 21-4 to “Mask ROM version” and “Flash ROM
version” respectively.




NOTICE

1

The information contained herein can change without notice owing to product and/or technical
improvements. Before using the product, please make sure that the information being referred to is
up-to-date.

The outline of action and examples for application circuits described herein have been chosen as an
explanation for the standard action and performance of the product. When planning to use the product,
please ensure that the external conditions are reflected in the actual circuit, assembly, and program designs.

When designing your product, please use our product below the specified maximum ratings and within the
specified operating ranges including, but not limited to, operating voltage, power dissipation, and operating
temperature.

Oki assumes no responsibility or liability whatsoever for any failure or unusual or unexpected
operation resulting from misuse, neglect, improper installation, repair, alteration or accident,
improper handling, or unusual physical or electrical stressincluding, but not limited to, exposure to
parameters beyond the specified maximum ratings or operation outside the specified operating
range.

Neither indemnity against nor license of a third party’s industrial and intellectual property right, etc. is
granted by us in connection with the use of the product and/or the information and drawings contained
herein. No responsibility is assumed by us for any infringement of a third party’s right which may result
from the use thereof.

The products listed in this document are intended for use in general electronics equipment for commercia
applications (e.g., office automation, communication equipment, measurement equipment, consumer
electronics, etc.). These products are not authorized for use in any system or application that requires
special or enhanced quality and reliability characteristics nor in any system or application where the failure
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