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NOTES

No copying or reproduction of this document, in part or in whole, is permitted without the consent of LAPIS Semiconductor Co., Ltd.
The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing LAPIS Semiconductor 's products (hereinafter "Products"). If you wish
to use any such Product, please be sure to refer to the specifications, which can be obtained from LAPIS Semiconductor upon request.

Examples of application circuits, circuit constants and any other information contained herein illustrate the standard usage and
operations of the Products. The peripheral conditions must be taken into account when designing circuits for mass production.

Great care was taken in ensuring the accuracy of the information specified in this document. However, should you incur any damage
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dispute arising from the use of such technical information.
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The Products specified in this document are not designed to be radiation tolerant.

While LAPIS Semiconductor always makes efforts to enhance the quality and reliability of its Products, a Product may fail or
malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guard against the possibility of physical injury,
fire or any other damage caused in the event of the failure of any Product, such as derating, redundancy, fire control and fail-safe
designs. LAPIS Semiconductor shall bear no responsibility whatsoever for your use of any Product outside of the prescribed scope or
not in accordance with the instruction manual.

The Products are not designed or manufactured to be used with any equipment, device or system which requires an extremely high
level of reliability the failure or malfunction of which may result in a direct threat to human life or create a risk of human injury (such
as a medical instrument, transportation equipment, aerospace machinery, nuclear-reactor controller, fuel-controller or other safety
device). LAPIS Semiconductor shall bear no responsibility in any way for use of any of the Products for the above special purposes. If
a Product is intended to be used for any such special purpose, please contact a ROHM sales representative before purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may be controlled under the Foreign Exchange
and the Foreign Trade Law, you will be required to obtain a license or permit under the Law.
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Preface

This manual describes the operation of the hardware of the 8-bit microcontroller
ML610407/ML610408/ML610409.

The following manuals are also available. Read them as necessary.

Il nX-U8/100 Core Instruction Manual
Description on the basic architecture and the each instruction of the nx-U8/100 Core.

Bl MACUS8 Assembler Package User’s Manual
Description on the method of operating the relocatable assembler, the linker, the
librarian, and the object converter and also on the specifications of the assembler
language.

B CCus User’s Manual
Description on the method of operating the compiler.

B CCus8 Programming Guide
Description on the method of programming.

B CCuU8 Language Reference
Description on the language specifications.

B DTUS8 Debugger User’s Manual
Description on the method of operating the debugger DTUS.

M IDEUS User’s Manual
Description on the integrated development environment IDEUS.



Notation

Classification Notation Description
+ Numeric value xxh, xxH Indicates a hexadecimal number. x: Any value in the range of 0 to F
xxb Indicates a binary number; “b” may be omitted. x: AvalueOor1
¢ Unit word, W 1 word = 16 bits
byte, B 1 byte = 8 bits
nibble, N 1 nibble = 4 bits
maga-, M 10°
kilo-, K 2'°=1024
kilo-, k 10° = 1000
milli-, m 10°
micro-, i 10°®
nano-, n 10°°

second, s (lower case) second

+ Terminology “H” level, “1” level Indicates high voltage signal levels V4 and Voy as specified by the
electrical characteristics.
“L” level, “0” level Indicates low voltage signal levels V,_ and Vq_ as specified by the

electrical characteristics.

+ Register description
R/W: Indicates that Read/Write attribute. “R” indicates that data can be read and “W” indicates that data can be written.
“R/W” indicates that data can be read or written.

mmmm e m oo Invalid bit: This bit reads “0” when read. Write to this bit is ignored.
Register name

1 1
! i ! .
! . . kb bk Fommmnmomooe ~=-----5---- Bitname
. ! ! ! ! ! ! ! !
i ! ! ! ! ! ! ! !
1 1 ] ] ] 1 ] ]
: | ' | 1 | | 1 |
. ! ! ! ! ! ! ! !
| MSB_ ! ! ! ! ! ! ! | LsB
FCONO — — OUTC1 | OUTCO | OSCM1 | OSCMO | SYSC1 | sysco
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 1 0 1

--------------------------- Initial value after reset
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1. Overview

1.1 Features

This LSl is a high performance CMOS 8-bit microcontroller equipped with an 8-bit CPU nX-U8/100 and integrated with
peripheral functions such as the synchronous serial port, UART, melody driver, RC oscillation type A/D converter, and
LCD driver.

The CPU nX-U8/100 is capable of efficient instruction execution in 1-intruction 1-clock mode by 3-stage pipe line
architecture parallel processing. Additionally, it adopts the low-/high-speed dual clock system, standby mode, and process
that prohibits leak current at high temperatures, and is most suitable for battery-driven applications.

For industrial use, ML610407P/ML610408P/ML610409P with the extended operating ambient temperature ranging from
-40°C to 85°C are available.

® CPU

- 8-bit RISC CPU (CPU name: nX-U8/100)

- Instruction system: 16-bit length instruction

- Instruction set: Transfer, arithmetic operations, comparison, logic operations, multiplication/division, bit
manipulations, bit logic operations, jump, conditional jump, call return stack manipulations, arithmetic shift,
and so on

- Minimum instruction execution time
30.5 s (at 32.768 kHz system clock)
2 ps (at 500 kHz system clock)
0.5 us (at 2 MHz system clock)

® Internal memory
- Internal 16KByte maskROM (8K x 16 bits) (including unusable 1KByte TEST area)
- Internal 1KByte RAM (1024 x 8 bits)

® Interrupt controller
- 1 non-maskable interrupt source:
Internal source: 1 (Watchdog Timer)
- 27 maskable interrupt sources:
Internal source: 14 (Synchronous serial port 0, Synchronous serial port 1, Timer 0, Timer 1, Timer 2, Timer 3,
UARTO, Melody 0, RC Oscillation type A/D converter, PWMO, TBC128Hz, TBC32Hz, TBC16Hz,
TBC2Hz)
External source: 13 (P00, P01, P02, P03, P04, P50, P51, P52, P53, P54, P55, P56, P57) *
*: For P50 to P57, the interrupt sources are ORed into a single interrupt request.

® Time base counter
- Low-speed time base counter x 1 channel
Frequency compensation (Compensation range: Approx. -488ppm to +488ppm. Compensation accuracy:
Approx. 0.48ppm)
- High-speed time base counter x 1 channel

® Watchdog timer
- Non-maskable interrupt and reset
- Free running
- Overflow period: 4 types selectable (125ms, 500ms, 2s, 8s)
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® Timer
- 8 bits x 4 channels [also available is 16-bit configuration (using Timers 0 and 1, or Timers 2 and 3) x 2 channels]
- Clock frequency measurement function mode (16-bit configuration using Timers 2 and 3 x 1 channel only)

® Capture
- Time base capture x 2 channels (4096 Hz to 32 Hz)
® PWM
- Resolution 16 bits x 1 channel
® Synchronous serial port
- Master/slave selectable x 2 channels
- LSB first/MSB first selectable
- 8-bit length/16-bit length selectable
® UART
- TXD/RXD x 1 channel
- Bit length, parity/no parity, odd parity/even parity, 1 stop bit/2 stop bits
- Positive logic/negative logic selectable
- Built-in baud rate generator
® Melody driver
- Scale: 29 types (Melody sound frequency: 508 Hz to 32.768 kHz)
- Tone length: 63 types
- Tempo: 15 types
- Buzzer output mode (4 output modes, 8 frequencies, 16 duty levels)
® RC oscillation type A/D converter
- 16-bit counter
- Time division x 2 channels
® General-purpose port
- Input-only port: 5 channels (including secondary functions)
- Output-only port
ML610407: 12 channels (including secondary functions)
ML610408: 8 channels (including secondary functions)
ML610409: 4 channels (including secondary functions)
- Input/output port: 22 channels (including secondary functions)
® LCDdriver

Number of segments
ML610407: Up to 145 dots (select among 29 segments x 5 commons, 30 segments x 4 commons, 31 segments
X 3 commons, and 32 segments X 2 commons)
ML610408: Up to 165 dots (select among 33 segments x 5 commons, 34 segments x 4 commons, 35 segments
X 3 commons, and 36 segments X 2 commons)
ML610409: Up to 185 dots (select among 37 segments x 5 commons, 38 segments x 4 commons, 39 segments
X 3 commons, and 40 segments X 2 commons)
- 1/1 to 1/5 duty
- 1/2 or 1/3 bias (built-in bias generation circuit)
- Frame frequency selectable (approx. 64 Hz, 73 Hz, 85 Hz, and 102 Hz)
- Bias voltage multiplying clock selectable (8 types)
- LCD drive stop mode, LCD display mode, all LCDs on mode, and all LCDs off mode selectable
- Programmable display allocation function

® Reset
- Reset through the RESET_N pin
- Power-on reset generation when powered on
- Reset when oscillation stop of the low-speed clock is detected (Cancellation by a mask option is possible)
- Reset by the watchdog timer (WDT) overflow
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® Clock
- Low-speed clock (Operation of this LSI is not guaranteed under a condition with no supply of low-speed crystal
oscillation clock)
Crystal oscillation (32.768 kHz)
- High-speed clock
Built-in RC oscillation (500 kHz/2 MHz selectable by software)

® Power management

- HALT mode: Suspends the instruction execution by CPU (peripheral circuits are in operating states)

- STOP mode: Stops the low-speed oscillation and high-speed oscillation (Operations of CPU and peripheral
circuits are stopped.)

- High-speed clock gear: The frequency of high-speed system clock can be changed by software (1/1, 1/2, 1/4, or
1/8 of the oscillation clock)

- Block control function: Completely stops the operation of any function block circuit that is not used (resets
registers and stops clock)

®  Shipment

— Chip (Die)
ML610407-xxxWA
ML610408-xxxWA
ML610409-xxxWA
ML610407P-xxxWA
ML610408P-xxxWA
ML610409P-xxxWA

— 100-pin plastic TQFP
ML610407-xxxTBZOAAL
ML610408-xxxTBZOAAL
ML610409-xxxTBZOAAL
ML610407P-xxxTBZOAAL
ML610408P-xxxTBZOAAL
ML610409P-xxxTBZOAAL

xxx: ROM code number (xxx of the blank product is NNN)
Q: MTP version

P: Wide range temperature version (P version)

WA: Chip (Die)

TBZOAAL: TQFP

® Guaranteed Operation Range
— Operating temperature: -20°C to +70°C (P version: -40°C to +85°C)
— Operating voltage: Vpp = 1.25V to 3.6V
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1.2 Configuration of Functional Blocks

1.21  Block Diagram of ML610407/ML610408/ML 610409

CPU (nX-U8/100)
EPSW1-3 GREG | |_ELR1-3 | | ECSR1-3 |
PSW 015 | " (R | [ DSR/CSR |
Timing ALU | EA | | PC |
Controller A | ) | Program
BUS Memory
Instruction Instruction Controller (ROM)
Decoder Register 16Kbyte
Y/DD Data-bus INT
ss 2
o o d =+ SCKO*
@ SINO*
—
RE?E;_T'(\)I | RESET& 1Kbyte [* ) ssio [ Souto
TEST X2 e SCK1*
Interrupt I : . SIN1- *
XTO™ Controller SouT1
XT1** +—— INT INT
0SsC 1 $_ WDT 1 $_
C——) (== RXDO0*
LSCLK* +— UART = TXDO*
OUTCLK* +— INT
4 INT
TBC |« 1 $_
VpbL «— Power —) PWM - D\/\/VIO*
INT
INT
INO* —> |1 1%
CSO* «— Melody/ MDO*
RSO* «— Capture | ) Buzzer
RTO" +— x2 INT
RCT0* «—— RC-ADC
ROM:—— 2 INT 6 — P00 to P04
081 ——) 4% [ 8bit Timer P20 to P22, P24
RS1* +— x4 (= P30 to P35
RT1* «— | G— GPIO  |e== P40 to P47
== P50 to P53
> P60 to P67 (ML610407)
P60 to P63 (ML610408)
Display
Allocation LCD = COMO to COM4 (*1)(*2)(*3)
Driver === SEGO to SEG31 (ML610407) (*1)
Dol SEGO to SEG35 (ML610408) (*2)
) o
ISp tay SEGO to SEG39 (ML610409) (*3)
rgglosbieir LCD > Vi1, Vi2, Vis
: . BIAS e C1, C2

* Secondary function or Tertiary function

“*1”: Select among 29 segments x 5 commons, 30 segments X 4 commons, 31 segments x 3 commons, and 32 segments x 2
commons with the register

“*2”: Select among 33 segments x 5 commons, 34 segments X 4 commons, 35 segments x 3 commons, and 36 segments x 2
commons with the register

“*3”: Select among 37 segments x 5 commons, 38 segments X 4 commons, 39 segments X 3 commons, and 40 segments x 2
commons with the register

Figure 1-1 Block Diagram of ML610407/ML610408/ML610409
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1.3 Pins

1.3.1 Pin Layout

1.3.1.1  Pin Layout of ML610407 TQFP Package
. 2338883 3Y5822
003538388 NNMNNNDNMHGmD DD
AR AR AR AR AR AR A AR
RERRIRBBEE8BIBE-3RBEVBIBES
(NC) = |76 50
Vs T |77 49
P20 T3 |78 Q Q 48
P21 1|79 47
P22 1T (80 46
P24 1T (81 45
P00 T 82 44
PO1 1|83 43
P02 1 84 42
P03 1T |85 41
P04 T (86 40
P30 1 |87 39
P31 11|88 38
P34 T |89 37
P32 T |90 36
P33 1T |91 35
P35 1 (92 34
P57 T |93 33
P56 1T |94 32
P55 1T (95 31
P54 T |96 30
P53 T |97 29
vk 7 [ )&
(NC) = |99 27
(NC) == (100 26
CNOTOONO 2T NRTLONR22 IAR Y
~ ~ ~— o 0 A ~ S T N ™S
obDEETIFIFTISLESREESSSS2
&
e

—1 (NC)

—1 (NC)

—T— SEG17
—1T 1 SEG16
11 SEG15
11 SEG14
11 SEG13
—1 SEG12
—T 1 SEGM
—T1 SEG10
—T1 SEG9

—T1 SEG8

—T1 SEG7

—T SEG6

T SEG5

—T1 SEG4

—T1 SEG3

T3 COM4/SEG2
T COM3/SEG1
—T1 COM2/SEGO0
—1— COM1

1T COMO
—T1C2

T C1

1 (NC)

(NC): No Connection

Note:
The assignment of the pads P30 to P35 are not in order.

Figure 1-2 Pin Layout of ML610407 Package
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1.3.1.2

(NC): No Connection

Note:

Pin Layout of ML610408 TQFP Package

(NC) =1
Vss CI
P20 1
P21 1T
P22 1T
P24 1
P00 T
PO1
P02 T
P03 1
P04 1T
P30 T
P31 1
P34 1T
P32 1

P33 1T
P35 1T
P57 1T
P56 T
P55 1T
P54 1T
P53 1T

(NC) 1=
(NC) I
(NC) 1=

The assignment of the pads P30 to P35 are not in order.

Figure 1-3 Pin Layout of ML610408 Package

By RO R N e RIRNT SO
= R ACACAVRCRORURORUNORUNORUNORURORONONTY
ZZ(O(O(OLQLL]LL]LIJUJUJLIJUJL]JLUUJUJLUL]JL]JLUUJL]JLUZ
ARRHAAHAR AR AR AR AR AR
LTONTONDOMNOULTNONANTODDON O T ®MAN —
MNNMNNMMMMNOOOOOOOOOOLHLLLOLLOLWLWLWLWLW

76 50

77 49

15 i

79 47

80 46

81 45

82 44

83 43

84 42

85 41

86 40

87 39

88 38

89 37

90 36

91 35

92 34

93 33

94 32

95 31

96 30

97 29

N [ )&

99 27

100 26
CNOTLONEO2TNOIVONRRI TN R
P — -— Qo o4 -— ~ - N o
OB FT TIfFTSSE08EETSIST

i
i

1 (NC)

—T (NC)

— 11 SEG17
11 SEG16
1T SEG15
— 11 SEG14
— 11 SEG13
T SEG12

T SEG11
11 SEG10
T SEG9
T SEGS8
11 SEG7
1T SEG6
T SEG5

1T SEG4

1 SEG3

T COM4/SEG2
T COM3/SEG1
1T COM2/SEGO
—— COM1

—1— COMO
—1T1C2

—1T 1 C1

—1 (NC)
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1.3.1.3 Pin Layout of ML610409 TQFP Package
PRHERRNRISRAINLRIIINIZR®

BXSNCHCECACROCRONOROROROURONORONORONOURONORONORONONTY

ZZLIJLIJUJLIJLIJUJLIJLIJUJLIJLUUJLULUUJLULUUJLULUUJLUZ

ARAAARARARARARARARARARAR

RERRNRCRSEBEEIIBIcIBZBEE3IBL 5
(NC) |76 50
Vss I |77 49
P20 T |78 Q Q 48
P21 1T |79 47
P22 1|80 46
P24 —1— (81 45
P00 11 |82 44
P01 11 (83 43
P02 11 |84 42
P03 1T |85 41
P04 1T |86 40
P30 11 |87 39
P31 1|88 38
P34 11 |89 37
P32 1 |90 36
P33 —T— (91 35
P35 1|92 34
P57 1 |93 33
P56 C1— |94 32
P55 1 |95 31
P54 1/ |96 30
P53 1 |97 29
vk 7 () B
(NC) =] |99 27
(NC) T 1100 26

crNOTOoN0o 2T NOTLONRRSIAD TG

- — — Qo 2 — S N o

PRSI FIFFsLE80RR 005558

&%
i

(NC): No Connection

Note:
The assignment of the pads P30 to P35 are not in order.

—T1 (NC)
—T1 (NC)

—T SEG17
—T1 SEG16
—T1 SEG15
—T SEG14

11 SEG13
—1T 1 SEG12
T SEGM

11 SEG10
—T1 SEG9

—T1 SEG8

11 SEG7

11 SEG6

—T1 SEG5

—T SEG4

T SEG3

—T1 COM4/SEG2
T COM3/SEG1
T COM2/SEGO
T COM1

1T COMO

T C2

T C1

—1 (NC)

Figure 1-4 Pin Layout of ML610409 Package
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13.14

Note:

Vss
P20
P21
P22
P24

P00
P01
P02
P03
P04
P30
P31
P34
P32
P33
P35
P57
P56
P55
P54
P53

Pin Layout of ML610407 Chip

The assignment of the pads P30 to P35 are not in order.

Chip size: 2.26 mm x 2,17 mm

PAD count: 86 pins

Minimum PAD pitch: 80um
PAD aperture: 70umx70um

Chip thickness: 350pum

Voltage of the rear side of chip: Vss level.

Figure 1-5 Dimensions of ML610407 Chip

TOONOMNOUOTOANTOO
OONNNNNNNNNN Y —

25883 88L DinhinmmmDDDEnnnD

L0000 ad NNDNNNNDNDDNDNDNDNDD

WTONTORNO MNOUOTONTONONOW

QOO OOVOLL VLLLLLOLOVLWVLWLSITIT T

OOOOO0000 0O0000O0Oooooooood
O O | 43 SEG17
O O | 42 SEG16
| O | 41 SEG15
O 0 | 40 SEG14
O O| 39 SEG13
O 0| 38 SEG12
0 0| 37 SEGM
0 | 36 SEG10
O 0| 35 SEG9
0 0| 34 SEGS
o [ [l 0Ol33 seG?
0 0| 32 SEG6 2.17mm
0 0| 31 SEG5
0 0| 30 SEG4
0 0| 29 SEG3
0 0 | 28 COM4/SEG2
O | 27 COMS3/SEG1
O O | 26 COM2/SEGO
0 0|25 COM1
0 0| 24 como
O [] 0l 23 c2

0l 22 c1

0 o o

aNoTworoo2TNRIR SERX2RT

NEBITIPIET 8BS CZoIS0 t

foogddddddad>>Lo% XEI$>>>

=
i
X
2.26mm
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1.3.15

Note:

Vss
P20
P21
P22
P24

P00
P01
P02
P03
P04
P30
P31
P34
P32
P33
P35
P57
P56
P55
P54
P53

Pin Layout of ML610408 Chip

The assignment of the pads P30 to P35 are not in order.

Chip size: 2.26 mm x 2,17 mm

PAD count: 86 pins

Minimum PAD pitch: 80um
PAD aperture: 70umx70um

Chip thickness: 350pum
Voltage of the rear side of chip: Vss level.

Figure 1-6 Dimensions of ML610408 Chip

BTOAN TONOMNOUOTNOANT—™OO
NDMO NHONNNNNNNNNN

[N T JCIVIVIVNOIVIGIGIVIVIVIVIGIGIVIVIVI O]

@ % (0 & L0 I 1 10 0 L1 L0 (01 L L0 001 L) L0 001 L) L 0 L]

CO0LNDND NNNDNDNNDNDNDNDNNDNDND

LITONTODNDD MNOUTONTOOOOMNOW

OCOOOOWOULL LUV I S

OO0O000000 OO00dOoooooodnd
O O SEG17
g 0 SEG16
| 0 SEG15
0 0 SEG14
O 0 SEG13
O 0 SEG12
0 0 SEG11
0 0 SEG10
0 0 SEG9
0 0 SEGS
o [ ] o SEG7
0O 0O SEG6 2.17mm
0 0 SEG5
0 0 SEG4
0 0 SEG3
0 0 COM4/SEG2
0 0 COM3/SEG1
0 0 COM2/SEGO
O O COM1
O O COMO
O O Cc2

[l 0 1

o o OoOoOooad

—aNoOtworoe2TNRTD eEL2RY

NpRoTyeILer 8gde  CZe 5D N

foogddddddad>>Lo% XEI$>>>

o0
i
X
2.26mm
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1.3.16

Note:

Vss
P20
P21
P22
P24

P00
P01
P02
P03
P04
P30
P31
P34
P32
P33
P35
P57
P56
P55
P54
P53

Pin Layout of ML610409 Chip

DONOUOTON TOOONOUOTNOANT OO
MOMAMMOM NANNNNNANNNNN
[IOIOVICROIOIOVIC N OIOIGROIVIVIGICIVIOIGIOR O V)]
(L) L UL LY LY LY L) O L LY L) L) 0 L LY L) L) L) L L L
DODNDNNDD DNDNNDDDNDNDNDD DD
OTONTODN0 MNOOSTONTODDONOW T
COOOOVOLLH VOVLOLOVLOVLWOTITITITITIT
O00O000000 0oOo00o0obooo0oood
O 0| 43 SEG17
g 0| 42 SEG16
O 0| 41 SEG15
0 O | 40 SEG14
O 0| 39 SEG13
O 0| 38 SEG12
0 0| 37 SEG11
0 0| 36 SEG10
0 0| 35 SEG9
0 0| 3¢ SEGs
o [ [0 o3 sear
0O 0| 32 SEG6 2.17mm
0 0| 31 SEG5
| 1] 30 SEG4
0 0| 29 sEcs
0 0| 28 COM4/SEG2
O | 27 COMBS/SEG1
O | 26 COM2/SEGO
O | 25 COM1
0 0| 24 como
0 [] 0l 23 c2
Ol 22 c1
I o o [
—Noswornoel2ENRIR BER2QY
N539TIOIVEN 8822 £ZRIlg .
foogddddddad>>Lo% XEI$>>>
o F
o
X
2.26mm

The assignment of the pads P30 to P35 are not in order.

Chip size: 2.26 mm x 2,17 mm
PAD count: 86 pins
Minimum PAD pitch: 80 um
PAD aperture: 70 pmx70 pum
Chip thickness: 350 um
Voltage of the rear side of chip: Vss level.

Figure 1-7 Dimensions of ML610409 Chip
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1.3.1.7 Pad Coordinates of ML610407/ML610408/M610409 Chip
Table 1-1 Pad Coordinates of ML610407/ML610408/ML610409
Chip Center: X=0,Y=0
PAD Pad ML610407/8/9 PAD Pad ML610407/8/9

No. Name X (um) Y (um) No. Name X (um) Y (um)
1 P52 -853 -979 48 SEG22 520 979
2 P51 773 -979 49 SEG23 440 979
3 P50 -693 -979 50 SEG24 360 979
4 P40 613 -979 51 SEG25 280 979
5 P41 -533 -979 52 SEG26 200 979
6 P42 -453 -979 53 SEG27 120 979
7 P43 -373 -979 54 SEG28 40 979
8 P44 -293 -979 55 SEG29 -40 979
9 P45 213 -979 56 SEG30 -120 979
10 P46 -133 -979 57 SEG§11 -200 979
1 1 P47 -53 -979 58 P67 <(*2))(*3) 295 979
2 Vo 27 -979 SEG32 -
13 Vss 107 -979 59 P66 LZWS) 375 979
14 VoL 187 -979 SEG33 .
15 XTO 267 -979 60 P65 <(*2)(*3) 455 979
6 XT1 427 -979 SEG34(*1)
17 RESET N 507 -979 61 P64 s 535 979
18 TESTO 587 -979 SEG35
19 Vig 667 -979 62 P63 "”i‘i’) 615 979
20 Vio 747 -979 SEG36
21 Vis 827 -979 63 P62 ‘*“(:;) 695 979
22 C1 1024 -845 SEGQZWZ)
23 C2 1024 -765 64 P61 ¢ > 775 979
24 COMO 1024 -685 SEGI(S"?)(*Z)
25 COM1 1024 -605 P60
26 | COM2/SEGO 1024 -525 65 SEG39 ™ -855 979
27 | COMB3/SEGH1 1024 -445 66 Vss -1024 842
28 | COM4/SEG2 1024 -365 67 P20 -1024 762
29 SEG3 1024 285 68 P21 -1024 682
30 SEG4 1024 205 69 P22 -1024 602
31 SEG5 1024 -125 70 P24 -1024 522
32 SEG6 1024 -45 71 P00 -1024 422
33 SEG7 1024 35 72 P01 -1024 342
34 SEG8 1024 115 73 P02 -1024 262
35 SEG9 1024 195 74 P03 -1024 182
36 SEG10 1024 275 75 P04 -1024 102
37 SEG11 1024 355 76 P30 -1024 22
38 SEG12 1024 435 77 P31 -1024 58
39 SEG13 1024 515 78 P34 -1024 138
40 SEG14 1024 595 79 P32 -1024 218
41 SEG15 1024 675 80 P33 -1024 298
42 SEG16 1024 755 81 P35 -1024 378
43 SEG17 1024 835 82 P57 -1024 458
44 SEG18 840 979 83 P56 -1024 -538
45 SEG19 760 979 84 P55 -1024 618
46 SEG20 680 979 85 P54 -1024 698
47 SEG21 600 979 86 P53 -1024 778

(D pad for ML610407 . “? Pad for ML610408. ® Pad for ML610409.
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1.3.2  List of Pins
PIN | PAD Primary function Secondary function or Tertiary function
No. No. Pin name | I/O Function S(—E‘rcor?dary/ Pin name | 1/0 Function
ertiary
14,77 | 13,66 Vss — | Negative power supply pin — — — —
13 12 Vbp — | Positive power supply pin — — — —
Power supply pin for internal logic
15 14 Voo — | (internally generated) — — — —
Power supply pin for LCD bias
22 19 \% — | (internally generated or connected — — — —
to positive power supply pin)( R
Power supply pin for LCD bias
23 20 Vi — | (internally generated or connected — — — —
to positive power supply pin)( "
Power supply pin for LCD bias
24 21 Vis — | (internally generated) — — — —
27 22 c1 o C_apacnor cc_)nnect|on pin for LCD o . o .
bias generation
28 23 c2 o C_apacnor cc_)nnect|on pin for LCD o . o .
bias generation
20 18 TESTO I/O | Test pin — — — —
19 17 RESET_N | Reset input pin — — — —
17 15 XT0 | Low-speed clock oscillation pin — — — —
18 16 XT1 O | Low-speed clock oscillation pin — — — —
Input port,
82 71 POO/EXIO/ | External interrupt, — — — —
CAPO h
Capture 0 input
Input port,
83 72 PO1/EXI1/ | External interrupt, — — — —
CAP1 .
Capture 1 input
Input port,
84 73 PO;)/(IIED)E)IZ/ | External interrupt, — — — —
UARTO received data
85 | 74 | PogExiz | 1| | Inputport, - - - -
External interrupt
Input port,
86 75 PO4/EXI14/ | Timer O/Timer 2/PWMO external
T02POCK clock input - - - -
External interrupt
78 67 P20/LEDO O | Output port Secondary LSCLK O | Low-speed clock output
79 68 P21/LED1 O | Output port Secondary OUTCLK O | High-speed clock output
80 69 P22/LED2 O | Output port Secondary MDO O | Melody 0 output
81 70 P24/LED4 O | Output port Secondary PWMO O | PWMO output
87 | 76 P30 10 | Inputioutput port Secondary INO | ﬁgu?’gﬁ] ADCO oscillation
88 77 P31 I/0 | Input/output port Secondary CSo (0] RC type ADCO ref_eren_ce
capacitor connection pin
RC type ADCO
89 78 P34 I/O | Input/output port Secondary RCTO O | resistor/capacitor sensor
connection pin
9 | 79 P32 10 | Inputioutput port Secondary RSO o | RC type ADCO reference
resistor connection pin
RC type ADCO measurement
91 80 P33 I/O | Input/output port Secondary RTO O | resistor sensor connection
pin
92 | 81 P35 10 | Inputioutput port Secondary | RCM | o | RClypeADC oscilation
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Primary function

Secondary function or Tertiary function

PIN | PAD
No. No. Pin name I/0 Function Secon_dary Pin name | 1/0O Function
[Tertiary
Secondary — — —
5 4 P40 I/0 | Input/output port
nputoutput po Tertiary SINO || SSIO0 data input
Secondary — — _
6 5 P41 I/0O | Input/output port Tertiary SCKO /0 $SIOO synchronous clock
input/output
Secondary RXDO0O | UART data input
/ 6 P42 VO | Inputioutput port Tertiary | SOUTO | O | SSIOO data output
Secondary TXDO O | UART data output
8 7 P43 I/O | Input/output port Tertiary PWMO O | PWMO output
Input/output port, RC type ADC1 oscillation input
9 8 ToggggK 1O | Timer O/Timer 2/PWMO external | Secondary | IN1 | pin
clock input Tertiary SINO | SSIOO0 data input
Input/output port, Secondary | CS1 | O | RC ybe ADCT reference
10 9 | P45/T13CK | /O | Timer 1/Timer 3 external clock capacitor connection pin
input Tertiary SCKO /O SSIOO synchronous clock
input/output
RC type ADC1 reference
11 10 P46 I/0 | Input/output port Secondary RS1 o resistor connection pin
Tertiary SOUTO O | SSIOO0 data output
12 | 1 P47 110 | Inputioutput port Secondary |  RTA o | RC type ADCT measurement
resistor sensor connection pin
Input/output port, Secondary MDO O | Melody 0 output
4 8 PSO/EXI8 Vo External interrupt Tertiary SIN1 | SSIO1 data input
Secondary — — —
Input/output port,
3 2 P51/EXI8 I/0 External interrupt Tertiary SCKA1 /0 $SIO1 synchronous clock
input/output
Input/output port, Secondary — — —
2 ! PS2/EXI8 | 1/O External interrupt Tertiary SOUT1 O | SSIO1 data output
97 | 86 | Ps3EXIS | O | IMPutioutput port - N —
External interrupt
Input/output port, Secondary — — —
% | 8 | PS4EX8 | VO | Eyemal interrupt Tertiary | SIN1__| I | SSIOT data input
Input/output port Secondary — — —
95 84 P55/EXI8 I/0 External interrupt Tertiary SCKA1 /0 $SIO1 synchronous clock
input/output
Input/output port, Secondary — — _
%4 83 PSB/EXI8 | VO | External interrupt Tertiary SOUT1 O | SSIO1 data output
93 | 82 | ps7EXIS |10 | INPutoutput port, — — = —

External interrupt
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PIN | PAD Primary function Secondary function or Tertiary function
No. No. Pin name | I/O Function Sgrcon_dary/ Pin I/0 Function
ertiary name
29 24 COMO O | LCD common pin — — — —
30 25 COM1 O | LCD common pin — — — —
COM2/ .
31 26 SEGO O | LCD common/segment pin — — — —
COM3/ .
32 27 SEG1 O | LCD common/segment pin — — — —
COM4/ .
33 28 SEG2 O | LCD common/segment pin — — — —
34 29 SEG3 O | LCD segment pin — — — —
35 30 SEG4 O | LCD segment pin — — — —
36 31 SEG5 O | LCD segment pin — — — —
37 32 SEG6 O | LCD segment pin — — — —
38 33 SEG7 O | LCD segment pin — — — —
39 34 SEG8 O | LCD segment pin — — — —
40 35 SEG9 O | LCD segment pin — — — —
41 36 SEG10 O | LCD segment pin — — — —
42 37 SEG11 O | LCD segment pin — — — —
43 38 SEG12 O | LCD segment pin — — — —
44 39 SEG13 O | LCD segment pin — — — —
45 40 SEG14 O | LCD segment pin — — — —
46 41 SEG15 O | LCD segment pin — — — —
47 42 SEG16 O | LCD segment pin — — — —
48 43 SEG17 O | LCD segment pin — — — —
52 44 SEG18 O | LCD segment pin — — — —
53 45 SEG19 O | LCD segment pin — — — —
54 46 SEG20 O | LCD segment pin — — — —
55 47 SEG21 O | LCD segment pin — — — —
56 48 SEG22 O | LCD segment pin — — — —
57 49 SEG23 O | LCD segment pin — — — —
58 50 SEG24 O | LCD segment pin — — — —
59 51 SEG25 O | LCD segment pin — — — —
60 52 SEG26 O | LCD segment pin — — — —
61 53 SEG27 O | LCD segment pin — — — —
62 54 SEG28 O | LCD segment pin — — — —
63 55 SEG29 O | LCD segment pin — — — —
64 56 SEG30 O | LCD segment pin — — — —
65 57 SEG31 O | LCD segment pin — — — —
P67"% O | Output port — — — —
66 58 3y -
SEG32 O | LCD segment pin — — — —
P66"% O | Output port — — — —
67 59 3y -
SEG33 O | LCD segment pin — — — —
P65 O | Output port — — — —
68 60 3y -
SEG34 O | LCD segment pin — — — —
P64"?) O | Output port — — — —
69 61 3y -
SEG35 O | LCD segment pin — — — —
P63 O | Output port — — — —
70 62 T5) -
SEG36 O | LCD segment pin — — — —
P62t O | Output port — — — _
71 63 5y -
SEG37 O | LCD segment pin — — — —
P61 O | Output port — — _ —
72 64 5y -
SEG38 O | LCD segment pin — — — —
P60 O | Output port — — — —
SEG39 O | LCD segment pin — — — —

(* Internally generated, or connect to either positive power supply pin (Vpp) or power supply pin for internal logic (Vpp). For
details, see "Chapter 22 LCD Drivers."

(*) Pin for ML610407

(**) Pin for ML610408/ML610409

(**) Pin for ML610407/ ML610408

(*°) Pin for ML610409
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1.3.3 Pin Descriptions

Primary/
Pin name 1/0 Description Secondary/ Logic
Tertiary

System

RESET_N I |Reset input pin. When this pin is set to a “L” level, system reset
mode is set and the internal section is initialized. When this pin is .
set to a “H” level subsequently, program execution starts. A pull-up o Negative
resistor is internally connected.

XTO I |Crystal connection pin for low-speed clock. . .
A 32.768 kHz crystal resonator is connected to this pin. Capacitors

XT1 O |CpL and Cg_ are connected across this pin and Vss. (see appendix . -
C measuring circuit 1)

LSCLK O |Low-speed clock output. Assigned to the secondary function of the | Secondary —
P20 pin.

OUTCLK O |High-speed clock output pin. This pin is used as the secondary Secondary —
function of the P21 pin.

General-purpose input port

P00 to P04 | I |General-purpose input port. Primary Positive

General-purpose output port

P20 to P22, O |General-purpose output port.

P24 This cannot be used as the general output port when used as the Primary | Positive

secondary function.

General-purpose input/output port

P30 to P35 I/O |General-purpose input/output port.

This cannot be used as the general input/output port when used as | Primary Positive
the secondary function.

P40 to P47 I/O |General-purpose input/output port.

This cannot be used as the general input/output port when used as | Primary Positive
the secondary or tertiary function.

P50 to P57 I/O |General-purpose input/output port.

This cannot be used as the general input/output port when used as | Primary Positive
the secondary function.

P60 to P63 O |General-purpose output port. ) .
. . Primary Positive
Incorporated only into ML610407/8, and not into ML610409.
P64 to P67 O |General-purpose output port.
Incorporated only into ML610407, and not into ML610408/ Primary Positive
ML610409.

1-15



ML610407/ML610408/ML610409 User's Manual
Chapter 1 Overview

Primary/
Pin name 110 Description Secondary/ Logic
Tertiary

UART

TXDO (0] gﬁﬁggigap?:.tput pin. This pin is used as the secondary function Secondary | Positive

RXDO | |UART data input.pin. This pi.n is used as thg secondary function of Primary/ Positive
the P42 or the primary function of the P02 pin. Secondary

Synchronous serial (SSIO)

SCKO I/O |Synchronous serial clock input/output pin. This pin is used as the Tertiary —
tertiary function of the P41 or P45 pin.

SINO I |Synchronous serial data input pin. This pin is used as the tertiary Tertiary Positive
function of the P40 or P44 pin.

SOUTO O |Synchronous serial data output pin. This pin is used as the tertiary Tertiary Positive
function of the P42 or P46 pin.

SCK1 I/O |Synchronous serial clock input/output pin. Assigned to the tertiary Tertiary —
function of the P51 pin and P55 pin.

SIN1 I |Synchronous serial data input pin. Assigned to the tertiary function Tertiary Positive
of the P50 pin and P54 pin.

SOUT1 O |Synchronous serial data output pin. Assigned to the tertiary Tertiary Positive
function of the P52 pin and P56 pin.

PWM

PWMO O |PWMO output pin. This pin is used as the secondary function of the | Secondary | Positive
P24 and tertiary function of the P43 pin. Tertiary

TOP02CK O [|PWMO external clock input pin. This pin is used as the primary Primary —
function of the P04 pin and P44 pin.

External interrupt

EXI0-4 | |External maskable interrupt input pins. Interrupt enable and edge Primary Positive/
selection can be performed for each bit by software. These pins negative
are used as the primary functions of the P00 to P04 pins.

EXI8 | |External maskable interrupt input pins. Interrupt enable and edge Primary Positive/
selection can be performed for each bit by software. Assigned to negative
the primary function of the P50 to P57 pins.

Capture

CAPO | |Capture trigger input pins. The value of the time base counter is Primary Positive/
captured in the register synchronously with the interrupt edge negative

CAP1 | selected by software. These pins are used as the primary functions Primary Positive/
of the P00 pin(CAPO0) and P01 pin(CAP1). .

negative

Timer

TOP0O2CK I |External clock input pin used for both Timer 0 and Timer 2. This pin| Primary .
is used as the primary function of the P04 pin and P44 pin.

T13CK I |External clock input pin used for both Timer 1 and Timer 3. This pin| Primary .
is used as the primary function of the P45 pin.

Melody

MDO O |Melody/buzzer signal output pin. This pin is used as the secondary | Secondary | Positive/
function of the P22 and P50 pins. negative

LED drive

LEDO to LED2, | O [N-channel open drain output pins to drive LED. This pin is used as Primary Positive

LED4 the primary function of the P20 to P22 and P24 pins. Inegative
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Primary/
Pin name 110 Description Secondary/ | Logic
Tertiary

RC oscillation type A/D converter

INO I |Channel 0 oscillation input pin. This pin is used as the secondary Secondary .
function of the P30 pin.

CS0 O |Channel 0 reference capacitor connection pin. This pin is used as | Secondary .
the secondary function of the P31 pin.

RSO O |This pin is used as the secondary function of the P32 pin which is | Secondary .
the reference resistor connection pin of Channel 0.

RCTO O |Resistor/capacitor sensor connection pin of Channel 0 for Secondary
measurement. This pin is used as the secondary function of the —_
P34 pin.

RTO O |Resistor sensor connection pin of Channel 0 for measurement. Secondary .
This pin is used as the secondary function of the P33 pin.

RCM O |RC oscillation monitor pin. This pin is used as the secondary Secondary .
function of the P35 pin.

IN1 I |Oscillation input pin of Channel 1. This pin is used as the Secondary .
secondary function of the P44 pin.

CS1 O |Reference capacitor connection pin of Channel 1. This pin is used | Secondary .
as the secondary function of the P45 pin.

RS1 O |Reference resistor connection pin of Channel 1. This pin is used as| Secondary .
the secondary function of the P46 pin.

RT1 O |Resistor sensor connection pin for measurement of Channel 1. Secondary

This pin is used as the secondary function of the P47 pin.

LCD drive signal

COMO to COM4 | O |Common output pins. COM2, COM3, and COM4 can be switched — —
to SEGO, SEG1, and SEG2, respectively, through the register

setting. To change the setting, switch between COM4 and SEG2
for one pin and switch between COM3, COM4 and SEG1, SEG2

for two pins.

SEGO to O |Segment output pin. The SEG0, SEG1, and SEG2 pins are for — —
SEG31 switching the register setting with the COM2, COM3, and COM4.
SEG32 to O |Segment output pin. Incorporated into ML610408/ML610409, not — —
SEG35 into ML610407.
SEG36 to O |Segment output pin. Incorporated into ML610409, not into
SEG39 ML610407/ML610408.
LCD driver power supply
Vi1 — |Power supply pin for LCD bias (internally generated) or power — —
Vio — |supply connection pin. Depending on LCD Bias setting and Vpp _ _
Vis voltage level, Vpp or VppL or capacitor is connected. For details of — —

~ |the connection method, see Chapter 22, "LCD Drivers".
C1 — |Power supply pins for LCD bias (internally generated). Capacitor — —
Cc2 C12 (see Appendix C measuring circuit 1) is connected between C1 — _

and C2.

1-17



ML610407/ML610408/ML610409 User's Manual
Chapter 1 Overview

Primary/
Pin name 110 Description Secondary/ | Logic
Tertiary
Test
TESTO I/O |Pin for testing. A pull-down resistor is internally connected. — Positive

Power supply

Vss

Negative power supply pin.

Vbb

Positive power supply pin.

VbboL

Positive power supply pin (internally generated) for internal logic.

Capacitors Co and C1 (see Appendix C measuring circuit 1) are
connected between this pin and Vss.
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1.3.4 Handling of Unused Pins

Table 1-2 shows methods of terminating the unused pins.

Table 1-2 Termination of Unused Pins

Pin Recommended pin handling

Vi1 Open
Vi Open
Vis Open
C1,C2 Open
RESET_N Open
TESTO Vss
P00 to P04 Vbp or Vss
P20 to P22, P24 Open
P30 to P35 Open
P40 to P47 Open
P50 to P57 Open
P60 to P67 Open
COMO to COM4 Open
SEGO0 to SEG39 Open

Note:
It is recommended to set the unused input ports and input/output ports to the inputs with pull-down resistors/pull-up
resistors or the output mode since the supply current may become excessively large if the pins are left open in the high
impedance input setting.
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2. CPU and Memory Space
2.1 Overview

This LSI includes 8-bit CPU nX-U8/100 and the memory model is SMALL model.
For details of the CPU nX-U8/100, see “nX-U8/100 Core Instruction Manual”.

2.2 Program Memory Space

The program memory space is used to store program codes, table data (ROM window), or vector tables.

The program codes have a length of 16 bits and are specified by a 16-bit program counter (PC).

The ROM window area data has a length of 8 bits and can be used as table data.

The vector table, which has 16-bit long data, can be used as reset vectors, hardware interrupt vectors, and software
interrupt vectors.

The program memory space consists of one segment and has 16-Kbyte (8-Kword) capacity.

Figure 2-1 shows the configuration of the program memory space.

PC
0000H Vector Table Area
or
Program Code
OOFFH ROM Window Area
0100H
Program Code Area
or
ROM Window Area
3CO0H Test Data Area
3FFFH

8bit

Figure 2-1 Configuration of Program Memory Space
Note:
+ The 1024 bytes (512 words) from 3CO0H to 3FFFH are the test data area. From 3DE8H to 3DFFH, set the Mask ROM version
mode data programed by using the Mask ROM version emulation function of ML610Q407. For the Mask ROM version
emulation function, see “ML610Q407 user’s manual : Chapter 25 Mask ROM Version Emulation Function”.
- Set “OFFH” data (BRK instruction) in the unused area of the program memory space.
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2.3 Data Memory Space

The data memory space of this LSI consists of the ROM window area, 1KByte RAM area, and SFR area of Segment 0.
The data memory has the 8-bit length and is specified by the addressing specified by each instruction.

Figure 2-2 shows the configuration of the data memory space.

DSR: Data
address Segment 0
0000H .
ROM Window
Area
3FFFH
4000H
Unused area
DFFFH
EOOOH
RAM area
1K byte
E3FFH
E400H
Unused area
EFFFH
FOOOH
SFR Area
FFFFH
8bit

Figure 2-2  Configuration of Data Memory Space

Note:
- The contents of the RAM area are undefined at system reset. Initialize this area by software.
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2.4 Instruction Length

The length of an instruction is 16 bits.

2.5 Data Type

The data types supported include byte (8 bits) and word (16 bits).
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2.6 Description of Registers

2.6.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial
value
OFOO00H Data segment register DSR — R/W 8 O00H
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2.6.2 Data Segment Register (DSR)

Address: 0FO0O0H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
DSR — — — — DSR3 DSR2 DSR1 DSRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSR is a special function register (SFR) to retain a data segment.
Always use this register with the initial state (0). For details of DSR, see “nX-U8/100 Core Instruction Manual”.

[Description of Bits]
e DSR3-DSRO (bits 3 to 0)

DSR3 DSR2 DSR1 DSRO Description
0 0 0 0 Initial value
In other than above Prohibited
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3. Reset Function

3.1 Overview

This LSI has the five reset functions shown below. If any of the five reset conditions is satisfied, this LSI enters system

reset mode.

o Reset by the RESET_N pin

3.1.1 Features
e The RESET_N pin has an internal pull-up resistor

e The low-speed oscillation stop detection time is 19 ms (typ.)

Reset by power-on detection
Reset by the low-speed oscillation stop detection (Cancellation by a mask option is possible)
Reset by the 2" watchdog timer (WDT) overflow

Software reset by execution of the BRK instruction

e 250 ms, 1 sec, 4 sec, or 16 sec can be selected as the watchdog timer (WDT) overflow period
o Built-in reset status register (RSTAT) indicating the reset generation causes
e Only the CPU is reset by the BRK instruction (neither the RAM area nor the SFR area are reset).

3.1.2 Configuration

Figure 3-1 shows the configuration of the reset generation circuit.

RSTAT

1 Vin

| Power on reset I

RESET

'

'

1 Low-speed oscillation

: Reset when stop of the low-speed|
clock is detected

)

| WDT reset

3.1.3 List of Pins

: Reset status register

’_

RSTAT Data bus

Figure 3-1 Configuration of Reset Generation Circuit

Pin name

Input/output

Function

RESET_N

Reset input pin

3-1



ML610407/ML610408/ML610409 User's Manual
Chapter 3 Reset Function

3.2 Description of Registers

3.2.1 List of Registers

Initial
value
OF001H Reset status register RSTAT — R/W 8 —

Address Name Symbol (Byte) Symbol (Word) R/W Size

3.2.2 Reset Status Register (RSTAT)

Address: 0FO01H
Access: RIW

Access size: 8-hit
Initial value: Undefined

7 6 5 4 3 2 1 0
RSTAT — — — — — WDTR XSTR POR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 X 1

RSTAT is a special function register (SFR) that indicates the causes by which the reset is generated.
At the occurrence of reset, the contents of RSTAT are not initialized, while the bit indicating the cause of the reset is set

to ”1”. When checking the reset cause using this function, perform write operation to RSTAT in advance and initialize
the contents of RSTAT to “00H".

[Description of Bits]
e POR (bit0)
The POR bit is a flag that indicates that the power-on reset is generated. This bit is set to “1” when powered on.

POR Description
0 Power-on reset not generated
1 Power-on reset generated

e XSTR (bit1)
The XSTR bit is a flag that indicates the generation of low-speed oscillation stop detect reset. When low-speed
oscillation stops for the period specified by the low-speed oscillation stop detection time (Tstop) OF more, this bit
is set to “1”. When the low-speed oscillation stop detection reset is disabled by a mask option, it always returns
the value “0”. For the Mask-Option , see Chapter 24, “Mask Option”.

XSTR Description
0 Low-speed oscillation stop detect reset not occurred
1 Low-speed oscillation stop detect reset occurred

e WDTR (bit 2)
The WSDTR is a flag that indicates that the watchdog timer reset is generated. This bit is set to “1” when the
reset by overflow of the watchdog timer is generated.

WDTR Description
0 Watchdog timer reset not occurred
1 Watchdog timer reset occurred

Note:
No flag is provided that indicates the occurrence of reset by the RESET_N pin.
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3.3 Description of Operation

3.3.1 Operation of System Reset Mode

System reset has the highest priority among all the processings and any other processing being executed up to then is
cancelled.

The system reset mode is set by any of the following causes.

* Reset by the RESET_N pin

* Reset by power-on detection

* Reset by the low-speed oscillation stop detection (Cancellation by a mask option is possible)
« Reset by watchdog timer (WDT) overflow

« Software reset by the BRK instruction (only the CPU is reset)

In system reset mode, the following processing is performed.

(1) The power circuit is initialized. However, it is not initialized by the reset by the BRK instruction execution. For the
details of the power circuit, refer to Chapter 23, “Power Circuit”.

(2) All the special function registers (SFRs) whose initial value is not undefined are initialized. However, the
initialization is not performed by software reset due to execution of the BRK instruction. See Appendix A
“Registers” for the initial values of the SFRs.

(3) CPU is initialized.

e All the registers in CPU are initialized.

e The contents of addresses 0000H and 0001H in the program memory are set to the stack pointer (SP).

»  The contents of addresses 0002H and 0003H in the program memory are set to the program counter (PC).
However, when the interrupt level (ELEEVL) of the program status word (PSW) at reset by the BRK instruction
is 1 or lower, the contents of addresses 0004H and 0005H of the program memory are set in the program counter
(PC). For the BRK instruction, see “nX-U8/100 Core Instruction Manual”.

Note:
In system reset mode, the contents of data memory and those of any SFR whose initial value is undefined are not
initialized and are undefined. Initialize them by software.

In system reset mode by the BRK instruction, no special function register (SFR) that has a fixed initial value is
initialized either. Therefore initialize such an SFR by software.
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4. MCU Control Function

4.1 Overview

The operating states of this LSI are classified into the following 4 modes including system reset mode:

(1) System reset mode
(2) Program run mode
(3) HALT Mode
(4) STOP mode

For system reset mode, see Chapter 3, “Reset Function”.

4.1.1 Features

HALT mode, where the CPU stops operating and only the peripheral circuit is operating

STOP mode, where both low-speed oscillation and high-speed oscillation stop

Stop code acceptor function, which controls transition to STOP mode

Block control function, which power downs the circuits of unused peripherals (reset registers and stop clock
supplies)

4.1.2 Configuration

Figure 4-1 shows an operating state transition diagram.

Release reset

Program
operation

Power on

—

System reset

mode mode

Reset or BRK
instruction

Reset Interrupt

External
interrupt

STOP mode HALT Mode

Figure 4-1 Operating State Transition Diagram

4-1



ML61040/7/ML610408/ML610409 User's Manual
Chapter 4 MCU Control Function

4.2 Description of Registers

4.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OFO008H Stop code acceptor STPACP — \W 8 —
OFO009H Standby control register SBYCON — w 8 O0H
OF028H Block control register O BLKCONO — R/W 8 O0H
OF029H Block control register 1 BLKCON1 — R/W 8 O00H
OF02AH Block control register 2 BLKCON2 — R/W 8 O00H
OF02BH Block control register 3 BLKCONS3 — R/W 8 OOH
OF02CH Block control register 4 BLKCON4 — R/W 8 OOH
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4.2.2 Stop Code Acceptor (STPACP)

Address: 0FO08H

Access: W

Access size: 8-hit

Initial value:—(Undefined)

7 6 5 4 3 2 1 0
STPACP — — — — — — — _
w w w w w w W W W
Initial value - - - - - - - -

STPACP is a write-only special function register (SFR) that is used for setting a STOP mode.

When STPACP is read, “00H” is read.

When data is written to STPACP in the order of “5nH”(n: an arbitrary value) and “0AnH”(n: an arbitrary value), the stop
code acceptor is enabled. When the STP bit of the standby control register (SBYCON) is set to “1” in this state, the
mode is changed to the STOP mode. When the STOP mode is set, the STOP code acceptor is disabled.

When another instruction is executed between the instruction that writes “5nH” to STPACP and the instruction that
writes “0AnH”, the stop code acceptor is enabled after “OAnH” is written. However, if data other than “0AnH” is written
to STPACP after “5nH” is written, the “5nH” write processing becomes invalid so that data must be written again
starting from “5nH”.

During a system reset, the stop code acceptor is disabled.

Note:
The STOP code acceptor cannot be enabled on the condition of that both any interrupt enable flag and the
corresponding interrupt request flag are “1”(An interrupt request occurrence with resetting MIE flag will have the
condition).
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4.2.3 Standby Control Register (SBYCON)

Address: 0FO09H
Access: W

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0

SBYCON — — — — — — STP HLT
w w w w w w W W W
Initial value 0 0 0 0 0 0 0 0

SBYCON is a special function register (SFR) to control operating mode of MCU.

[Description of Bits]
o STP (hitl)
The STP bit is used for setting the STOP mode. When the STP bit is set to “1” with the stop code adapter
enabled by using STPACP, the mode is changed to the STOP mode. When any of the P00 to P04 interrupt
requests enabled by the Interrupt Enable Register 1 (IE1) occurs or an external 8 interrupt request enabled by the
Interrupt Enable Register 2 (IE2) occurs, the STP becomes "0" and the operation returns to the program run
mode.

e HLT (bit0)
The HALT bit is used for setting a HALT mode. When the HALT bit is set to “1”, the mode is changed to the
HALT mode. When the WDT interrupt request or enabled (the interrupt enable flag is “1”) interrupt request is
issued, the HALT bit is set to “1” and the mode is returned to program run mode.

STP HLT Description
0 0 Program run mode (initial value)
0 1 HALT Mode
1 0 STOP mode
1 1 Prohibited

Note:
The mode cannot be changed to HALT mode or STOP mode on the condition of that both any interrupt enable flag
and the corresponding interrupt request flag are “1”(An interrupt request occurrence with resetting MIE flag will
have the condition).
When a maskable interrupt source (interrupt with enable bit) occurs while the MIE flag of the program status word
(PSW) in the nX-U8/100 core is “0”, the STOP mode and the HALT mode are simply released and interrupt
processing is not performed. For details of PSW, see “nX-U8/100 Core Instruction Manual”.
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4.2.4  Block Control Register 0 (BLKCONO)

Address: 0F028H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCONO — — — — DTM3 DTM2 DTM1 DTMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONOQO is a special function register (SFR) to control each block operation.
[Description of Bits]

e DTMO (bit 0)
The DTMO bit is used to control Timer 0 operation.

DTMO Description
0 Enable operating Timer O (initial value)
1 Disable operating Timer 0

e DTML1 (bit1)
The DTML1 bit is used to control Timer 1 operation.

DTM1 Description
0 Enable operating Timer 1 (initial value)
1 Disable operating Timer 1

e DTM2 (bit2)
The DTM2 bit is used to control Timer 2 operation.

DTM2 Description
0 Enable operating Timer 2 (initial value)
1 Disable operating Timer 2

e DTMS3 (bit 3)
The DTMS3 bit is used to control Timer 3 operation.

DTM3 Description
0 Enable operating Timer 3 (initial value)
1 Disable operating Timer 3

Note:
*When any flag is set to "1" (disable operation), the function of the applicable block is reset (all registers are
initialized) and the clock supply to such block stops. When this flag is set to "1", the writing to all registers in the
applicable block becomes invalid, and thus the reading from such register becomes the initial value. When using the
function of the applicable block, ensure to reset the applicable flag of this block control register to "0" (enable
operation).
*See Chapter 9, “Timers” for detail about operation of Timer 0, Timer 1, Timer 2 and Timer 3.
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4.25 Block Control Register 1 (BLKCON1)

Address: 0F029H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON1 — DCAPR — — — — — DPWO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONL1 is a special function register (SFR) to control each block operation.

[Description of Bits]

Note:

*When any flag is set to "1" (disable operation), the function of the applicable block is reset (all registers are
initialized) and the clock supply to such block stops. When this flag is set to "1", the writing to all registers in the
applicable block becomes invalid, and thus the reading from such register becomes the initial value. When using the
function of the applicable block, ensure to reset the applicable flag of this block control register to "0" (enable

DPWO (bit 0)
The DPWO bit is used to control PWMO operation.
DPWO Description
0 Enable operating PWMO (initial value)
1 Disable operating PWMO

DCAPR (bit 6)
The DCAPR bit is used to control Capture operation.

DCAPR Description
0 Enable operating Capture (initial value)
1 Disable operating Capture

operation).
*See Chapter 8, “Capture” for detail about operation of Capture.
*See Chapter 10, “PWM” for detail about operation of PWM.
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4.2.6 Block Control Register 2 (BLKCONZ2)

Address: 0F0O2AH
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON2 — — — — — DUAO DSIO1 DSIO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCON2 is a special function register (SFR) to control each block operation.
[Description of Bits]

e DSIOO (bit 0)
The DSIOO bit is used to control the synchronous serial port O operation.

DSIO0 Description
0 Enable operating synchronous serial port 0 (initial value)
1 Disable operating synchronous serial port 0

e DSIO1 (bit1)
The DSIO1 bit is used to control the synchronous serial port O operation.

DSIO1 Description
0 Enable operating synchronous serial port 1 (initial value)
1 Disable operating synchronous serial port 1

e DUAO (bit2)
The DUAO bit is used to control UART operation.

DUAO Description
0 Enable operating UART (initial value)
1 Disable operating UART

Note:
*When any flag is set to "1" (disable operation), the function of the applicable block is reset (all registers are
initialized) and the clock supply to such block stops. When this flag is set to "1", the writing to all registers in the
applicable block becomes invalid, and thus the reading from such register becomes the initial value. When using the
function of the applicable block, ensure to reset the applicable flag of this block control register to "0" (enable
operation).
*See Chapter 13, “UART” for detail about operation of UART.
*See Chapter 12, “Synchronous Serial Port” for detail about operation of SSIO.
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4.2.7 Block Control Register 3 (BLKCON3)

Address: 0F02BH
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON3 — — — — — — — DMDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONS3 is a special function register (SFR) to control each block operation.

[Description of Bits]
e DMDO (bit 0)
The DMDO bit is used to control the Melody Driver 0 operation.

DMDO Description
0 Enable operating Melody/Buzzer (initial value)
1 Disable operating Melody/Buzzer

Note:
*When any flag is set to "1" (disable operation), the function of the applicable block is reset (all registers are
initialized) and the clock supply to such block stops. When this flag is set to "1", the writing to all registers in the
applicable block becomes invalid, and thus the reading from such register becomes the initial value. When using the
function of the applicable block, ensure to reset the applicable flag of this block control register to "0" (enable
operation).
*See Chapter 20, “Melody Driver” for detail about operation of Melody/Buzzer.

4-8



ML610407/ML610408/ML610409 User's Manual
Chapter 4 MCU Control Function

4.2.8 Block Control Register 4 (BLKCON4)

Address: 0FO2CH
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0

BLKCON4 — DLCD — — — — DRAD —
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

BLKCONA4 is a special function register (SFR) to control each block operation.
[Description of Bits]

e DRAD (bit1)
The DRAD bit is used to control the RC oscillation type A/D converter operation.

DRAD Description
0 Enable operating RC oscillation type A/D converter (initial value)
1 Disable operating RC oscillation type A/D converter

e DLCD (hit6)
The DLCD bit is used to control LCD driver operation.

DLCD Description
0 Enable operating LCD driver (initial value)
1 Disable operating LCD driver

Note:
*When any flag is set to "1" (disable operation), the function of the applicable block is reset (all registers are

initialized) and the clock supply to such block stops. When this flag is set to "1", the writing to all registers in the
applicable block becomes invalid, and thus the reading from such register becomes the initial value. When using the
function of the applicable block, ensure to reset the applicable flag of this block control register to "0" (enable
operation).

*See Chapter 22, “LCD Driver” for detail about operation of LCD driver.

See Chapter 21, “RC Oscillation Type A/D Converter” for detail about operation of RC oscillation type A/D
converter.
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4.3 Description of Operation

4.3.1 Program Run Mode

The program run mode is the state where the CPU executes instructions sequentially.

At power-on reset, low-speed oscillation stop detect reset, WDT overflow reset, or RESET_N pin reset, the CPU
executes instructions from the addresses that are set in addresses 0002H and 0003H of program memory (ROM) after the
system reset mode is released.

At reset by the BRK instruction, the CPU executes instructions from the addresses that are set in the addresses 0004H
and 0005H of the program memory after the system reset mode is released. However, when the value of the interrupt
level bit (ELEVEL) of the program status word (PSW) is 02H or higher at execution of the BRK instruction (after the
occurrence of the WDT interrupt), the CPU executes instructions from the addresses that are set in the addresses 0002H
and 0003H.

For details of the BRK instruction and PSW, see the “nX-U8/100 Core Instruction Manual” and for the reset function,
see Chapter 3, “Reset Function”.

4.3.2 HALT Mode

The HALT mode is the state where the CPU interrupts execution of instructions and only the peripheral circuits are
running.

When the HLT bit of the standby control register (SBYCON) is set to “1”, the HALT mode is set.

When a WDT interrupt request, or an interrupt request enabled by an interrupt enable register (IE1-IE7) is issued, the
HLT bit is set to “0” on the falling edge of the next system clock (SYSCLK) and the HALT mode is returned to the
program run mode released.

Figure 4-2 shows the operation waveforms in HALT mode.

System clock

SYSCLK [ [ S N I [
CPUCLK 1 | 1 1 1
SBYCON.HLT
Interrupt request A
Program run mode L HALT mode R Program run mode

Figure 4-2 Operation Waveforms in HALT Mode

Note:
Since up to two instructions are executed during the period between HALT mode release and a transition to interrupt
processing, place two NOP instructions next to the instruction that sets the HLT bit to “1”.
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4.3.3 STOP mode

The STOP mode is the state where low-speed oscillation and high-speed oscillation stop and the CPU and peripheral
circuits stop the operation.

When the stop code acceptor is enabled by writing “5nH”(n: an arbitrary value) and “0AnH”(n: an arbitrary value) to the
stop code acceptor (STPACP) sequentially and the STP bit of the standby control register (SBYCON) is set to “1”, the
STOP mode is entered. When the STOP mode is set, the STOP code acceptor is disabled.

When any of the P00 to P04 interrupt requests or an external 8 interrupt request occurs with the interrupt enabled (the
interrupt enable flag is "1"), the STP bit is set to "0", the STOP mode is released, and the mode is returned to the
program run mode.

4.3.3.1 STOP Mode When CPU Operates with Low-Speed Clock

When the stop code acceptor is in the enabled state and the STP bit of SBYCON is set to “1”, the STOP mode is entered,
stopping low-speed oscillation and high-speed oscillation.

When any of the P00 to P04 interrupt request or an external 8 interrupt request occurs with the interrupt enabled
(interrupt enabled flag is "1") state, the STP bit becomes "0" and the low-speed oscillation resumes. If the high-speed
clock was oscillating before the STOP mode is entered, the high-speed oscillation restarts. When the high-speed clock
was not oscillating before the STOP mode is entered, high-speed oscillation does not start.

When an interrupt request occurs, the STOP mode is released after the elapse of the low-speed oscillation start time
(TxrL) and the low-speed clock (LSCLK) oscillation stabilization time (8192-pulse count), the mode is returned to the
program run mode, and the low-speed clock (LSCLK) restarts supply to the peripheral circuits. If the high-speed clock
already started oscillation at this time, the high-speed clocks (OSCLK and HSCLK) also restart supply to the peripheral
circuits.

For the low-speed oscillation start time (Txt.), see Appendix C, “Electrical Characteristics”.

Figure 4-3 shows the operation waveforms in STOP mode when CPU operates with the low-speed clock.

oscillation

Low-speed Hiz waveform

oscillation waveform

TxL

LSCLK
Low-speed

oscillation

92 coun
SYSCLK oz eounts

High-speed oscillation ~,¢ijation waveform oscillation waveform
waveform !
High-speed i
HSCLK HSCLK oscillation €>\ HSCLK waveform
Maximum 1 High-speed
count oscillation
SBYCON.STP bit 16 counts
Interrupt N
request Program run mode STOP mode Program run mode

Figure 4-3  Operation Waveforms in STOP Mode When CPU Operates with Low-Speed Clock
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4.3.3.2 STOP Mode When CPU Operates with High-Speed Clock

When the CPU is operating with the high-speed clock and the STP bit of SBYCON is set to “1” with the stop code
acceptor enabled, the STOP mode is entered and high-speed oscillation and low-speed oscillation stop.

When any of the P00 to P04 interrupt request or an external 8 interrupt request occurs with the interrupt enabled
(interrupt enabled flag is "1") state, the STP bit becomes "0" and the high-speed and low-speed oscillation resumes.
When an interrupt request is issued, the STOP mode is released after the elapse of the high-speed oscillation start time
(Tre) and the high-speed clock (OSCLK) oscillation stabilization time (16-pulse count), the mode is returned to the
program run mode, and the high-speed clocks (OSCLK and HSCLK) restart supply to the peripheral circuits.

The low-speed clock (LSCLK) restarts supply to the peripheral circuits after the elapse of the low-speed oscillation start
time (Txr.) and low-speed clock (LSCLK) oscillation stabilization time (8192 count).

For the high-speed oscillation start time (Txt4) and low-speed oscillation start time (Tx.), see the “Electrical
Characteristics” Section in Appendix C.

Figure 4-4 shows the operation waveforms in STOP mode when CPU operates with the high-speed clock.

High-speed oscillation High-speed oscillation waveform ‘< High-speed oscillation waveform
waveform
&
OSCLK OSCLK waveform OSCLK waveform
.~ High-speed oscillation 16 counts
SYSCLK' HSCLK SYSCLK,HSCLK waveform @ SYSCLK,HSCLK
o Hiz
Low-speed oscillation <> < ow-speed
waveform TyrL ' 8192 counts_
Low-speed
LSCLK —I—,_|—,_|—I—_|— oscil]agon
Maximum 1
count
SBYCON.STP bit
Interrupt i
request
Program run mode STOP mode Program run mode

Figure 4-4 Operation Waveforms in STOP Mode When CPU Operates with High-Speed Clock

Note:

Since up to two instructions are executed during the period between STOP mode release and a transition to interrupt
processing, place two NOP instructions next to the instruction that sets the STP bit to “1”.
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4.3.4 Note on Return Operation from STOP/HALT Mode

The operation of returning from the STOP mode and HALT mode varies according to the interrupt level (ELEVEL) of
the program status word (PSW), master interrupt enable flag (MIE), the contents of the interrupt enable register (IEO to
IE3), and whether the interrupt is a non-maskable interrupt or a maskable interrupt.

For details of PSW and the IE and IRQ registers, see “nX-U8/100 Core Instruction Manual” and Chapter 5, “Interrupt”,
respectively.

Table 4-1 and Table 4-2 show the return operations from STOP/HALT mode.

Table 4-1 Return Operation from STOP/HALT Mode (Non-Maskable Interrupt)
ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT mode
* * — 0 Not returned from STOP/HALT mode.

After the mode is returned from STOP/HALT mode, the program
operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”. The program operation does not go to the
interrupt routine.

After the mode is returned from the STOP/HALT mode, program

0,1,2 * — 1 operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”, then goes to the interrupt routine.

Table 4-2  Return Operation from STOP/HALT Mode (Maskable Interrupt)

ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT mode
* * *
- - 0 Not returned from STOP/HALT mode.
* 0 1 1 After the mode is returned from STOP/HALT mode, the program
operation restarts from the instruction following the instruction that
2,3 1 1 1 sets the STP/HLT bit to “1”. The program operation does not go to the

interrupt routine.

After the mode is returned from the STOP/HALT mode, program
0,1 1 1 1 operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”, then goes to the interrupt routine.

Note:
«If the ELEVEL bit is OH, it indicates that the CPU is performing neither non-maskable interrupt processing nor
maskable interrupt processing nor software interrupt processing.
«If the ELEVEL bit is 1H, it indicates that the CPU is performing maskable interrupt processing or software interrupt
processing. (ELEVEL is set during interrupt transition cycle.)
«If the ELEVEL bit is 2H, it indicates that the CPU is performing non-maskable interrupt processing. (ELEVEL is set
during interrupt transition cycle.)
«If the ELEVEL bit is 3H, it indicates that the CPU is performing interrupt processing specific to the emulator. This
setting is not allowed in normal applications.
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4.3.5 Block Control Function

This LSI has a block control function, which resets and completely turns operating circuits of unused peripherals off to
make even more reducing current consumption.

For each block control register, the initial value of each flag is "0", meaning the operation of each block is enabled. When
any flag is set to "1" (Disable Operating), the function of the applicable block is reset and the clock supply to this block is
stopped. When this flag is set to "1", the writing to all registers in the applicable block becomes invalid, and thus the
reading from such register becomes the initial value. When using the function of the applicable block, ensure to reset the
applicable flag of this block control register to "0" (enable operation).

BLKCONO register: Controls (enables/disables) the operation of the Timers 0, 1, 2, and 3 circuits.
BLKCONL1 register: Controls (enables/disables) the operation of the PWMO and capture circuits.
BLKCONZ2 register: Controls (enables/disables) the operation of the UARTO, SSIO0, and SSIO1 circuits.
BLKCONS3 register: Controls (disables/enables) the operation of the melody driver O circuit.

BLKCON4 register: Controls (disables/enables) the operation of the LCD driver and RC oscillation type A/D
converter circuits.
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5. Interrupts

5.1 Overview

This LSI has 21 interrupt sources (External interrupts: 6 sources, Internal interrupts: 15 sources) and a software interrupt
(SWI).
For details of each interrupt, see the following chapters:
Chapter 7, “Time Base Counter”
Chapter 9, “Timer”
Chapter 10, “PWM”
Chapter 11, “Watchdog Timer”
Chapter 12, “Synchronous Serial Port”
Chapter 13, “UART”
Chapter 14, “Port 0”
Chapter 18, “Port 5”
Chapter 20, “Melody Driver”
Chapter 21, “RC Oscillation Type A/D Converter”

5.1.1 Features

Non-maskable interrupt source: 1 (Internal sources: 1)

Maskable interrupt sources: 27 (Internal sources: 14, External sources: 13)
Software interrupt (SWI): maximum 64 sources

External interrupts allow edge selection and sampling selection
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5.2 Description of Registers

5.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size | Initial value
OF011H Interrupt enable register 1 IE1 — R/W 8 O00OH
OF012H Interrupt enable register 2 IE2 — R/W 8 O00OH
OF013H Interrupt enable register 3 IE3 — R/W 8 O00OH
OF014H Interrupt enable register 4 IE4 — R/W 8 O00OH
OF015H Interrupt enable register 5 IE5 — R/W 8 O0OH
OF016H Interrupt enable register 6 IE6 — R/W 8 O00OH
OF017H Interrupt enable register 7 IE7 — R/W 8 O00OH
OF018H Interrupt request register 0 IRQO — R/W 8 O0OH
OF019H Interrupt request register 1 IRQ1 — R/W 8 O0OH
OFO01AH Interrupt request register 2 IRQ2 — R/W 8 00H
OF01BH Interrupt request register 3 IRQ3 — R/W 8 00H
OF01CH Interrupt request register 4 IRQ4 — R/W 8 O0OH
OF01DH Interrupt request register 5 IRQ5 — R/W 8 O0OH
OFO1EH Interrupt request register 6 IRQ6 — R/W 8 O00H
OFO1FH Interrupt request register 7 IRQ7 — R/W 8 00H
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5.2.2 Interrupt Enable Register 1 (IE1)
Address: OF011H
Access: RIW
Access size: 8-bit
Initial value: 0OH
7 6 5 4 3 2 1 0
IE1 — — — EPO4 EPO3 EPO2 EPO1 EPOO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE1 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE1 is

not reset.

[Description of Bits]
e EPOO (bit 0)

EPOO is the enable flag for the input port POO pin interrupt (POOINT).

EPOO Description
0 Disabled (initial value)
1 Enabled

e EPO1 (bit1)

EPO1 is the enable flag for the input port PO1 pin interrupt (POLINT).

EPO1 Description
0 Disabled (initial value)
1 Enabled

e EPO2 (bit 2)

EPOQ2 is the enable flag for the input port P02 pin interrupt (PO2INT).

EP02 Description
0 Disabled (initial value)
1 Enabled

e EPO3 (bit 3)

EPO3 is the enable flag for the input port P03 pin interrupt (PO3INT).

EP0O3 Description
0 Disabled (initial value)
1 Enabled

e EPO4 (bit 4)

EPO04 is the enable flag for the input port P04 pin interrupt (PO4INT).

EP04 Description
0 Disabled (initial value)
1 Enabled
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5.2.3 Interrupt Enable Register 2 (IE2)

Address: 0F012H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IE2 — — — — EP5 — ESIO1 ESIOO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE2 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE2 is
not reset.

[Description of Bits]
e ESIOO (bit 0)
ESIOOQ is the enable flag for the synchronous serial port O interrupt (SIOOINT).

ESIO0 Description
0 Disabled (initial value)
1 Enabled

e ESIO1 (bit1)
ESIOL1 is the enable flag for the synchronous serial port 1 interrupt (SIOLINT).

ESIO1 Description
0 Disabled (initial value)
1 Enabled
o EP5 (bit 3)
EP5 is the enable flag for the external 8 interrupt (PSINT).
EP5 Description
0 Disabled (initial value)
1 Enabled
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5.2.4 Interrupt Enable Register 3 (IE3)

Address: 0F013H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IE3 — — — — — — ETM1 ETMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE3 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE3 is
not reset.

[Description of Bits]
e ETMO (bit0)
ETMO is the enable flag for the timer 0 interrupt (TMOINT).

ETMO Description
0 Disabled (initial value)
1 Enabled

e ETM1 (bitl)
ETM1 is the enable flag for the timer 1 interrupt (TM1INT).

ETM1 Description
0 Disabled (initial value)
1 Enabled
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5.25

Address: 0F014H
Access: RIW

Access size: 8-bit
Initial value: 00H

Interrupt Enable Register 4 (IE4)

7 6 5 4 3 2 1 0
IE4 — — ERAD — — EMDO — EUAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE4 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE4 is
not reset.

[Description of Bits]

o EUAO (bit 0)
EUAOQ is the enable flag for the UARTO interrupt (UAOINT).

EUAO Description
0 Disabled (initial value)
1 Enabled

e EMDO (bit 2)
EMDO is the enable flag for the melody 0 interrupt (MDOINT).

EMDO Description
0 Disabled (initial value)
1 Enabled

e ERAD (bit5)
ERAD is the enable flag for the RC oscillation type A/D converter interrupt (RADINT).

ERAO Description
0 Disabled (initial value)
1 Enabled

5-6



ML610407/ML610408/ML610409 User's Manual
Chapter 5 Interrupt

5.2.6 Interrupt Enable Register 5 (IE5)

Address: 0OF015H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0

IES5 — — ETM3 ETM2 — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

IE5 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE5 is
not reset.

[Description of Bits]

e ETM2 (bit4)
ETM2 is the enable flag for the timer 2 interrupt (TM2INT).

ETM2 Description
0 Disabled (initial value)
1 Enabled

e ETMS3 (bit5)
ETM3 is the enable flag for the timer 3 interrupt (TM3INT).

ETM3 Description
0 Disabled (initial value)
1 Enabled
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5.2.7

Interrupt Enable Register 6 (IE6)

Address: 0F016H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IE6 E32H — E128H — — — — EPWO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IEG6 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE6 is
not reset.

[Description of Bits]
e EPWO (bit 0)
EPWO is the enable flag for the PWMO interrupt (PWOINT).

EPWO Description
0 Disabled (initial value)
1 Enabled

e E128H (bit5)
E128H is the enable flag for the time base counter 128 Hz interrupt (T128HINT).

E128H Description
0 Disabled (initial value)
1 Enabled

e E32H (bit7)
E32H is the enable flag for the time base counter 32 Hz interrupt (T32HINT).

E32H Description
0 Disabled (initial value)
1 Enabled
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5.2.8 Interrupt Enable Register 7 (1E7)

Address: OF017H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IE7 — — — — E2H — — E16H
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE7 is a special function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE7 is
not reset.

[Description of Bits]
e E16H (bit 0)
E16H is the enable flag for the time base counter 16 Hz interrupt (T16HINT).

E16H Description
0 Disabled (initial value)
1 Enabled

o E2H (hit 3)
E2H is the enable flag for the time base counter 2 Hz interrupt (T2HINT).

E2H Description
0 Disabled (initial value)
1 Enabled
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5.2.9 Interrupt Request Register 0 (IRQO)

Address: 0F018H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IRQO — — — — — — — QWDT
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQO is a special function register (SFR) to request an interrupt for each interrupt source.

The watchdog timer interrupt (WDTINT) is a non-maskable interrupt that do not depend on MIE. In this case, an
interrupt is requested to the CPU regardless of the value of the Mask Interrupt Enable flag (MIE).

Each IRQO request flag is set to “1” regardless of the MIE value when an interrupt is generated. By setting the IRQO
request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQO is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QWDT (bit0)
QWDT is the request flag for the watchdog timer interrupt (WDTINT).

QWDT Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQO), the interrupt shift cycle
starts after the next 1 instruction is executed.
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5.2.10 Interrupt Request Register 1 (IRQ1)
Address: OF019H
Access: RIW
Access size: 8-bit
Initial value: 0OH
7 6 5 4 3 2 1 0
IRQ1 — — — QP04 QP03 QP02 QP01 QP00
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ1 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ1 request flag is set to “1” regardless of the IE1 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE1) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ1 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ1 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QP00 (bit 0)
QPOO is the request flag for the input port POO pin interrupt (POOINT).

QP00 Description
0 No request (initial value)
1 Request

e QPO1 (bit1)
QP01 is the request flag for the input port PO1 pin interrupt (POLINT).

QP01 Description
0 No request (initial value)
1 Reguest

e QP02 (bit2)
QP02 is the request flag for the input port P02 pin interrupt (PO2INT).

QP02 Description
0 No request (initial value)
1 Request

e QP03 (bit 3)
QP03 is the request flag for the input port PO3 pin interrupt (PO3INT).

QP03 Description
0 No request (initial value)
1 Reguest

e QP04 (bit4)
QP04 is the request flag for the input port P04 pin interrupt (PO4INT).

QP04 Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ1) or to the interrupt
enable register (IE1), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.11 Interrupt Request Register 2 (IRQ2)

Address: OFO1AH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ2 — — — — QP5 — Qslo1 QSIO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ?2 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ2 request flag is set to “1” regardless of the IE2 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE2) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ2 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ2 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QSIOO0 (bit0)
QSIOO is the request flag for the synchronous serial port O interrupt (SIOOINT).

QSIO0 Description
0 No request (initial value)
1 Request

e QSIO1 (bit1)
QSI0L1 is the request flag for the synchronous serial port 1 interrupt (SIO1INT).

QSIO0 Description
0 No request (initial value)
1 Request
e QPS5 (bit 3)
QPS5 is the request flag for the external 8 interrupt (P5INT).
QP5 Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQZ2) or to the interrupt
enable register (IE2), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.12 Interrupt Request Register 3 (IRQ3)

Address: OF0O1BH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ3 — — — — — — QTM1 QTMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ3 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ3 request flag is set to “1” regardless of the IE3 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE3) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ3 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ3 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e  QTMO (bit 0)
QTMO is the request flag for the timer O interrupt (TMOINT).

QTMO Description
0 No request (initial value)
1 Request

e QTM1 (bitl)
QTML is the request flag for the timer 1 interrupt (TM1INT).

QTM1 Description
0 No request (initial value)
1 Reguest

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ3) or to the interrupt
enable register (IE3), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.13 Interrupt Request Register 4 (IRQ4)

Address: OF0O1CH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ4 — — QRAD — — QMDO — QUAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ4 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ4 request flag is set to “1” regardless of the IE4 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE4) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ4 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ4 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QUAOD (bit0)
QUAO is the request flag for the UARTO interrupt (UAOINT).

QUAO Description
0 No request (initial value)
1 Request

e QMDO (bit 2)
QMDO is the request flag for the melody 0 interrupt (MDOINT).

QMDO Description
0 No request (initial value)
1 Reguest

e QRAO (bit5)
QMDO is the request flag for the RC oscillation type A/D converter interrupt (RADINT).

QRAO Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ4) or to the interrupt
enable register (IE4), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.14 Interrupt Request Register 5 (IRQ5)

Address: 0F01DH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0

IRQ3 — — QTM3 QTM2 — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

IRQ5 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ5 request flag is set to “1” regardless of the IE3 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE5) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ5 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ5 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
o  QTM2 (bit4)
QTM2 is the request flag for the timer 2 interrupt (TM2INT).

QTM2 Description
0 No request (initial value)
1 Request

e  QTM3 (hit5)
QTMa3 is the request flag for the timer 3 interrupt (TM3INT).

QTM3 Description
0 No request (initial value)
1 Reguest

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ5) or to the interrupt
enable register (IE5), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.15 Interrupt Request Register 6 (IRQ6)

Address: OFO1EH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ6 Q32H — Q128H — — — — QPWO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ6 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ6 request flag is set to “1” regardless of the IE6 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE6) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ6 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ6 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e  QPWO (bit0)
QPWO is the request flag for the PWMO interrupt (PWOINT).

QPWO Description
0 No request (initial value)
1 Request

e QI28H (bit5)
Q128H is the request flag for the time base counter 128 Hz interrupt (T128HINT).

Q128H Description
0 No request (initial value)
1 Reguest

e Q32H (bit7)
Q32H is the request flag for the time base counter 32 Hz interrupt (T32HINT).

Q32H Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ6) or to the interrupt
enable register (IE6), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.16 Interrupt Request Register 7 (IRQ7)

Address: OFO1FH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ7 — — — — Q2H — — Q16H
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ7 is a special function register (SFR) to request an interrupt for each interrupt source.

Each IRQ7 request flag is set to “1” regardless of the IE7 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE7) is set to “1” and the master
interrupt enable flag (MIE) is set to “1”.

By setting the IRQ7 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ7 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QI16H (bit0)
Q16H is the request flag for the time base counter 8 Hz interrupt (TSHINT).

Q16H Description
0 No request (initial value)
1 Request

e  Q2H (hit 3)
Q2H is the request flag for the time base counter 2 Hz interrupt (T2HINT).

Q2H Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ7) or to the interrupt
enable register (IE7), the interrupt shift cycle starts after the next 1 instruction is executed.

5-17



ML610407/ML610408/ML610409 User's Manual
Chapter 5 Interrupt

5.3 Description of Operation

With the exception of the watchdog timer interrupt (WDTINT), interrupt enable/disable for 20 sources is controlled by
the master interrupt enable flag (MIE) and the individual interrupt enable registers (IE1 to 7). WDTINT is a
non-maskable interrupt.

When the interrupt conditions are satisfied, the CPU calls a branching destination address from the vector table
determined for each interrupt source and the interrupt shift cycle starts to branch to the interrupt processing routine.
Table 5-1 lists the interrupt sources.

Table 5-1 Interrupt Sources

Priority Interrupt source Symbol Vector table address
1 Watchdog timer interrupt WDTINT 0008H
2 POO interrupt POOINT 0010H
3 PO1 interrupt POLINT 0012H
4 P02 interrupt PO2INT 0014H
5 PO3 interrupt PO3INT 0016H
6 P04 interrupt PO4INT 0018H
7 Synchronous serial port O interrupt SIOO0INT 0020H
8 Synchronous serial port 1 interrupt SIO1INT 0022H
9 External 8 interrupt P5INT 0026H
10 Timer O interrupt TMOINT 0030H
11 Timer 1 interrupt TMLINT 0032H
12 UART 0 interrupt UAOINT 0040H
13 Melody O interrupt MDOINT 0044H
14 RC oscillatio_n type A/D converter RADINT 004AH

interrupt
15 Timer 2 interrupt TM2INT 0058H
16 Timer 3 interrupt TM3INT 005AH
17 PWMO interrupt PWOINT 0060H
18 TBC128Hz interrupt T128HINT 006AH
19 TBC32Hz interrupt T32HINT 006EH
20 TBC16Hz interrupt T16HINT 0070H
21 TBC2Hz interrupt T2HINT 0076H

Note:
- When multiple interrupts are generated concurrently, the interrupts are serviced according to this priority and
processing of low-priority interrupts is pending.
- Please define vector tables for all unused interrupts for fail safe.
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5.3.1 Maskable Interrupt Processing

When an interrupt is generated with the MIE flag set to “1”, the following processing is executed by hardware and the
processing of program shifts to the interrupt destination.

(1) Transfer the program counter (PC) to ELR1
(2) Transfer CSR to ECSR1

(3) Transfer PSW to EPSW1

(4) Setthe MIE flag to “0”

(5) Setthe ELEVEL field to*1”

(6) Load the interrupt start address into PC

5.3.2 Non-Maskable Interrupt Processing

When an interrupt is generated regardless of the state of MIE flag, the following processing is performed by hardware and
the processing of program shifts to the interrupt destination.

(1) Transfer PC to ELR2

(2) Transfer CSR to ECSR2

(3) Transfer PSW to EPSW?2

(4) Setthe ELEVEL field to “2”

(5) Load the interrupt start address into PC

5.3.3 Software Interrupt Processing

A software interrupt is generated as required within an application program. When the SWI1 instruction is performed
within the program, a software interrupt is generated, the following processing is performed by hardware, and the
processing program shifts to the interrupt destination. The vector table is specified by the SWI instruction.

(1) Transfer PC to ELR1

(2) Transfer CSR to ECSR1

(3) Transfer PSW to EPSW1

(4) Set the MIE flag to “0”

(5) Setthe ELEVEL field to*1”

(6) Load the interrupt start address into PC

Reference:
For the MIE flag, Program Counter (PC), CSR, PSW, and ELEVEL, see “nX-U8/100 Core Instruction Manual”.
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5.3.4 Notes on Interrupt Routine

Notes are different in programming depending on whether a subroutine is called or not by the program in executing an
interrupt routine, whether multiple interrupts are enabled or disabled, and whether such interrupts are maskable or
non-maskable.

Status A: Maskable interrupt is being processed

A-1: When a subroutine is not called by the program in executing an interrupt routine
A-1-1: When multiple interrupts are disabled
*Processing immediately after the start of interrupt routine execution
No specific notes.
*Processing at the end of interrupt routine execution
Specify the RTI instruction to return the contents of the ELR register to the PC and those of the EPSW
register to PSW.
A-1-2: When multiple interrupts are enabled
*Processing immediately after the start of interrupt routine execution
Specify "PUSH ELR, EPSW" to save the interrupt return address and the PSW status in the stack.
*Processing before the master interrupt enable(MIE) bit is set
Specify “RB Exx” to invalidate the accepted interrupt. (Exx: the accepted interrupt enable flag)
*Processing at the end of interrupt routine execution
Specify “DI” not to execute the same interrupt routine.
Specify “SB Exx” to validate the accepted interrupt. (Exx: the accepted interrupt enable flag)
Specify “POP  PC, PSW” instead of the RTI instruction to return the contents of the stack to PC and PSW.

Example of description: Example of description: Status
Status A-1-1 A-1-2
Intrpt_A-1-1; ; A-1-1 state Intrpt_A-1-2; ; Start
DI - Disable interrupt PUSH LREPSW & oave ELRandEPSW atthe
beginning
RB Exx ;(J;)valldate the accepted interrupt
: El ; Enable interrupt (*2)
RTI ; Return PC from ELR
; Return PSW form
EPSW
; End DI ; Disable interrupt
SB Exx ; Validate the accepted interrupt
POP PC,PSW ; Return PC from the stack
; Return PSW from the stack
; End

(*1) When multiple interrupts are enabled, please set the accepted interrupt enable flag to “0” to prevent
the occurrence of the accepted interrupt.

(*2) After enabling interrupt, not only a higher-priority interrupt than the accepted interrupt but also a
lower-priority interrupt than that occurs.
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A-2: When a subroutine is called by the program in executing an interrupt routine
A-2-1: When multiple interrupts are disabled
*Processing immediately after the start of interrupt routine execution
Specify the “PUSH LR” instruction to save the subroutine return address in the stack.
*Processing at the end of interrupt routine execution
Specify “POP LR” immediately before the RTI instruction to return from the interrupt processing after
returning the subroutine return address to LR.
A-2-2: When multiple interrupts are enabled
*Processing immediately after the start of interrupt routine execution
Specify "PUSH LR, ELR, EPSW" to save the interrupt return address, the subroutine return address, and
the EPSW status in the stack.
*Processing before the master interrupt enable(MIE) bit is set
Specify “RB Exx” to invalidate the accepted interrupt. (Exx: the accepted interrupt enable flag)
*Processing at the end of interrupt routine execution
Specify “DI” not to execute the same interrupt routine.
Specify “SB Exx” to validate the accepted interrupt. (Exx: the accepted interrupt enable flag)
Specify “POP PC, PSW, LR” instead of the RTI instruction to return the saved data of the interrupt return
address to PC, the saved data of EPSW to PSW, and the saved data of LR to LR.

Example of description: Status A-2-2

Intrpt_A-2-2; ; Start
PUSH ; Save ELR, EPSW, and LR
ELR,EPSW,LR at the beginning
RB Exx Invalidate the accepted
interrupt (*1)
El ; Enable interrupt (*2) Sub_1; ;
DI ; Disable interrupt
BL Sub_1 ; Call subroutine Sub_1 / El ; Enable interrupt
: G RT : Return PC from LR
; End of subroutine
DI ; Disable interrupt

; Validate the accepted
interrupt

POP PC,PSW,LR ; Return PC from the stack
; Return PSW from the stack
; Return LR from the stack
; End

SB Exx

(*1) When multiple interrupts are enabled, please set the accepted interrupt enable flag to “0” to prevent
the occurrence of the accepted interrupt.

(*2) After enabling interrupt, not only a higher-priority interrupt than the accepted interrupt but also a
lower-priority interrupt than that occurs.
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Status B: Non-maskable interrupt is being processed

B-1: When a subroutine is not called in an interrupt routine
*Processing immediately after the start of interrupt routine execution

Specify "PUSH ELR, EPSW" to save the interrupt return address and the PSW status in the stack.
eInterrupt routine execution end processing

Specify "POP PSW, PC" to return the contents of the stack to PC and PSW.

Example of description: Status B-1

Intrpt_C-1: ; Start the interrupt routine
PUSH ELR,EPSW ; SaTve.ELR and EPSW at the
beginning
POP PSW,PC : Return PC from the stack

; Return PSW from the stack
; Return LR from the stack
; End the interrupt routine

B-2: When a subroutine is called in an interrupt routine

*IProcessing immediately after the start of interrupt routine
Specify "PUSH ELR, LR, EPSW" to save the interrupt return address, the subroutine return address, and
the EPSW status in the stack.

eInterrupt routine end processing
Specify "POP PSW, PC, LR" to return the saved data of the interrupt return address to PC, the saved data
of EPSW to PSW, and the saved data of LR to LR.

Example of description: Status B-2

Intrpt_C-2: ; Start
PUSH ; Save ELR, EPSW, and LR at
ELR,EPSW,LR the beginning
: ﬂ Sub_1: ;
BL Sub_1 ; Call subroutine Sub_1 / :
: RT ; Return PC from LR
POP PSW,PC,LR : Return PC from the stack ; End of subroutine
; Return PSW from the stack
; Return LR from the stack
; End
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5.3.5 Interrupt Disable State

Even if the interrupt conditions are satisfied, an interrupt may not be accepted depending on the operating state. This is
called an interrupt disabled state. See below for the interrupt disabled state and the handling of interrupts in this state.

Interrupt disabled state 1:Between the interrupt shift cycle and the instruction at the beginning of the interrupt routine
When the interrupt conditions are satisfied in this section, an interrupt is generated immediately following the
execution of the instruction at the beginning of the interrupt routine corresponding to the interrupt that has already
been enabled.

Interrupt disabled state 2:Between the DSR prefix instruction and the next instruction
When the interrupt conditions are satisfied in this section, an interrupt is generated immediately after execution of
the instruction following the DSR prefix instruction.

For the DSR prefix instruction, see “nX-U8/100 Core Instruction Manual”.
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6. Clock Generation Circuit

6.1 Overview

The clock generation circuit generates and provides a low-speed clock (LSCLK), the low-speed double clock (LSCLK x
2), a high-speed clock (HSCLK), a system clock (SYSCLK), and a high-speed output clock (OUTCLK). LSCLK,
LSCLK x 2, and HSCLK are time base clocks for the peripheral circuits, SYSCLK is a basic operation clock of CPU,
and OUTCLK is a clock that is output from a port.

For the OUTCLK output port, see Chapter 15, “Port 2”.

For the STOP mode described in this chapter, see Chapter 4, "MCU Control Function."

6.1.1 Features

o Low-Speed Clock Generation Circuit: 32.768kHz crystal oscillation mode
- Capable of using the 32.768kHz double clock LSCLK x 2 (64kHz) for some peripherals

o High-speed clock generation circuit
- 500kHz/2MHz RC oscillation mode
500kHz or 2MHz RC oscillation

6.1.2 Configuration

Figure 6-1 shows the configuration of the clock generation circuit.

! Low-speed double clock

T, (LSCLK x 2)
':': Low-Speed Clock o Low-speed clock
XT1 ¢ generation circuit < (LSCLK)
= System clock
> (SYSCLK)
: OSCLK| Dividing selection High-speed clock
i |High-speed clock 11,112,1/4,1/8 - (HSCLK)
1 generation circuit
: < L—o
é Dividing selection High-speed output clock
f 1/1,1/2,1/4,1/8 (OUTCLK)
; (!

| —1 FCONO,FCON1 I—
A

Data bus

FCONO : Frequency control register 0
FCONL1 : Frequency control register 1

Figure 6-1 Configuration of Clock Generation Circuit

Note:

This LSI starts operation with the low-speed clock after power-on or a system reset. At initialization by software, set the
FCONO or FCON1 register to switch the clock to a required one. Operation of this LSI is not guaranteed under a
condition where a low-speed clock is not supplied.
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6.1.3 List of Pins

Pin name Input/o Function
utput
XTO | Pin for connecting a crystal for low-speed clock.
XT1 (0] Pin for connecting a crystal for low-speed clock.
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6.2 Description of Registers
6.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
0F002H Frequency control register 0 FCONO FCON R/W 8/16 33H
OFO003H Frequency control register 1 FCON1 R/W 8 O0H
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6.2.2 Frequency Control Register 0 (FCONO)

Address: 0F002H
Access: RIW
Access size: 8/16 bit
Initial value: 33H

7 6 5 4 3 2 1 0
FCONO — OSCM2 OouTC1 OuTCoO — — SYSC1 SYSCO
R/W R/W R/wW R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 1 1

FCONO is a special function register (SFR) to control the high-speed clock generation circuit and to select system clock.

[Description of Bits]
e SYSC1, SYSCO (bits 1, 0)
The SYSC1 and SYSCO bits are used to select the frequency of the high-speed clock (HSCLK) used for system
clock and peripheral circuits (including high-speed time base counter). OSCLK, 1/20SCLK, 1/40SCLK, or
1/80SCLK can be selected. The maximum operating frequency guaranteed for the system clock (SYSCLK) of
this LSI is 500 kHz or 2 MHz.
At system reset, 1/80SCLK is selected.

SYSC1 SYSCO Description
0 0 OSCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (initial value)

e OUTCL, OUTCO (bits 5, 4)
The OUTC1 and OUTCO bits are used to select the frequency of the high-speed output clock which is output
when the secondary function of the port is used. OSCLK, 1/20SCLK, 1/40SCLK, or 1/80SCLK can be
selected.
At system reset, 1/80SCLK is selected.

ouTC1 OouTCo Description
0 0 OSCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (initial value)

e OSCMB2 (hit 6)
This bit sets the high-speed clock oscillation frequency. 500kHz or 2MHz can be selected. This bit can be
written only when the high-speed clock oscillator circuit stops oscillating (During FCONL1 register's ENOSC bit

iS IIOII).
OSCM2 Description
0 500kHz oscillation (initial value)
1 2MHz oscillation

Note:
Internal logic voltage (Vpp. ) is changed by OSCM2 bit. Vpp, becomes Typ.1.2V when OSCM2 is set to “0” and
500kHz oscillation is selected. Vpp. becomes Typ.1.5V when OSCM2 is set to “1” and 2MHz oscillation is selected. .
Ensure to write this bit when the high-speed clock oscillator circuit stops oscillating (During FCONL1 register's
ENOSC bit is "0").
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6.2.3 Frequency Control Register 1 (FCON1)

Address: 0FO03H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
FCON1 — — — — — ENMLT ENOSC SYSCLK
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

FCONL is a special function register (SFR) to control the high-speed clock generation circuit and to select system clock.

[Description of Bits]
e SYSCLK (bit0)
The SYSCLK bit is used to select system clock. It allows selection of the low-speed clock (LSCLK) or HSCLK
(1/nOSCLK: n=1, 2, 4, 8) selected by using the high-speed clock frequency select bit (SYSCL1, 0) of FCONO.
When the oscillation of high-speed clock is stopped (ENOSC bit = “0”), the SYSCLK bit is fixed to “0” and the
low-speed clock (LSCLK) is selected for system clock.

SYSCLK Description
0 LSCLK (initial value)
1 HSCLK

e ENOSC (bit 1)
The ENOSC bit is used to select enable/disable of the oscillation of the high-speed clock oscillator circuit.

ENOSC Description
0 Stops high-speed oscillation (initial value)
1 Enables high-speed oscillation

e ENMLT (bit 2)
The ENMLT bit is used to select enable/disable of the operation of the low-speed double clock (LSCLK x 2).

ENMLT Description
0 Disables low-speed double clock operation (initial value)
1 Enables low-speed double clock operation
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6.3 Description of Operation

6.3.1 Low-Speed Clock

6.3.1.1 Low-Speed Clock Generation Circuit

Figure 6-2 shows the circuit configuration of the low-speed clock generation circuit.

For the low-speed clock generation circuit, externally provide a 32.768kHz crystal oscillator and capacitors (Cg_ and
CDL)-

In the STOP mode, Low-speed clock and Low-speed double clock oscillation are stopped.

When the ENMLT bit of FCONL1 is set to “1”, the low-speed double clock (LSCLK x 2) starts operation.

H VDDL
32.768kHz !
crystal oscillator ¢
; A — —
Control circuit STOP mode
Ca R ltDO—“—{} . Low-speed clock
(LSCLK)
Re 2x clock Low-speed double clock
— | circuit (LSCLK x 2)
c Z
v DL : L ENMLT

Figure 6-2 Circuit Configuration of 32.768 kHz Crystal Oscillation Mode

Note:
Install a crystal as close to the LSI as possible and make sure that signals causing noise and power supply wiring are
not near the crystal and its wiring.
Note that oscillation may stop due to condensation.
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6.3.1.2 Operation of Low-Speed Clock Generation Circuit

The low-speed clock generation circuit is activated by the occurrence of power ON reset.

After the power-on, it waits for the low-speed oscillation start time (Txr.) and the low-speed clock (LSCLK) oscillation
stabilization time (8192 counts). Then, the mode moves to the program run mode, the CPU starts operation, and at the
same time the low-speed clock (LSCLK) is supplied to the peripheral circuits.

The low-speed clock generation circuit stops oscillation when it shifts to the STOP mode by software. When oscillation
is resumed by releasing of the STOP mode by external interrupt, LSCLK is supplied to the peripheral circuits after the
elapse of the low-speed oscillation start period (Txr.) and low-speed clock (LSCLK) oscillation stabilization time (8192
counts). For STOP mode, see Chapter 4, “MCU Control Function”.

Figure 6-3 shows the waveforms of the low-speed clock generation circuit. For the low-speed oscillation start time
(TxrL), see Appendix C, “Electrical Characteristics”.

Power
supply Vop
RESET
Txr.: Oscillation start time Txr.: Oscillation start time
Low-Speed Clock < > <>
oscillation waveform _(—< Low-speed clock oscillation waveform Low-speed clock oscillation waveform
«—> <«
. Low-speed Low-speed
Low-speed oscillator oscillation oscillation
circuit start signal / 4096 counts 4096 counts
RESET_VRX o -
Low-speed oscillation Low-speed oscillation
LOW-SDGEd Clock 8192 counts LSCLK waveform| 8192 counts ‘MOW
LSCLK
System clock ] ——
|SYSCLK wavefornl l SYSCLK waveform
SYSCLK T
STOP| T
LSCLK supply started ~ Mode LSCLK supply started
and CPU started and CPU started
External interrupt
occurred

Figure 6-3 Operation of Low-Speed Clock Generation Circuit

Note:
After the power supply is turned on, CPU starts operation with the low-speed clock. After the STOP mode is released,
the CPU starts operation with the low-speed clock (SYSCLK bit ="0") or high-speed clock (SYSCLK bit ="1")
depending on the FCON1's SYSCLK bit.
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6.3.2 High-speed clock

The high-speed clock is supplied from the RC oscillator circuit.

6.3.2.1 High-Speed Clock Circuit

After the oscillation is enabled (ENOSC set to "1"), the high-speed clock (OSCLK) supply starts in 16 counts of the RC
oscillation clock.
Figure 6-4 shows the high-speed clock circuit configuration.

VITDL
<——STOP mode

RC Oscillator  |<—— ENOSC (Enable Oscillation)
Circuits

] 16 counts [ OSCLK (High-speed oscillation clock)

Figure 6-4 High-Speed Clock Circuit Configuration

Note:
After the system reset mode is cleared, the OSCLK becomes the oscillation stopped state because the initial ENOSC
value is "0". In the oscillation enabled (ENOSC set to "1") state, the OSCLK supply starts in 16 counts after the stop
mode is released.




ML610407/ML610408/ML610409 User's Manual
Chapter 6 Clock Generation Circuit

6.3.2.2 Operation of High-Speed Clock Generation Circuit

The high-speed clock generation circuit allows the start/stop control of oscillation by using the frequency control
registers 0 and 1 (FCONO and FCONL1).

Oscillation can be started by setting the ENOSC bit of FCONL1 to "1" after selecting a high-speed oscillation frequency
with FCONO. After the start of oscillation, HSCLK starts supply of a clock to the peripheral circuits following the elapse
of the high-speed oscillation start period (Trc) and the oscillation stabilization time of the high-speed oscillation clock
(OSCLK).

The high-speed clock generation circuit stops oscillation when it shifts to the STOP mode by software. When the STOP
mode is released by external interrupt, HSCLK supplies clocks to peripheral circuits following the elapse of the
high-speed oscillation start period (Trc) and the oscillation stabilization time of the high-speed clock (OSCLK). The
oscillation stabilization time is for 16 clocks.

Figure 6-5 shows the waveforms of the high-speed clock generation circuit.

High-speed clock
oscillation enabled —— L
Tre: High-speed oscillation start time : High- illati i
ENOSC Rg gh-sp TRC.‘ngh speed oscillation start time
High-speed —, —
9 . P . ‘ High-speed oscillation waveform ; High-speed oscillation waveform
oscillation Da— Da—
waveform High-speed oscillation 16 counts High-speed oscillation 16 counts
High-speed
gn-sp [ HSCLK waveform HSCLK waveform
clock
HSCLK Txri: Low-speed oscillation start time
Low-Speed Clock — § : —
Low-speed clock oscillation waveform ; i Low-speed clock oscillation waveform
oscillation : :
- i
waveform A A A ‘
Low-speed oscillation 8192 counts
High-speed STOP High-speed
oscillation mode oscillation
started Stop
_External Program restarted time depends
interrupt o the SYSCLK bit
occurred

Figure 6-5 Operation of High-Speed Clock Generation Circuit
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6.3.3  Switching of System Clock

The system clock can be switched between high-speed clock (HSCLK) and low-speed clock (LSCLK) by using the
frequency control registers (FCONO, FCON1).

Figure 6-6 shows the flow chart of system clock switching processing (HSCLK to LSCLK) and Figure 6-7 shows the
flow chart of system clock switching processing (LSCLK to HSCLK).

Gystem clock switching)

SYSCLK«"0" s Switches the system clock (high-speed clock to low-speed clock)

ENOSC«"0" |-

Stops high-speed oscillation

(* Not needed to stop in the case when the high-speed clock
is used by something other than the CPU)

Low-speed
operation mode

Figure 6-6 Flow of System Clock Switching Processing (HSCLK to LSCLK)

Note:
Immediately after the recovery from the STOP mode, if the system clock is switched from HSCLK to LSCLK, the
CPU becomes inactive until LSCLK starts clock supply to the peripheral circuits. Therefore, It is recommended to
switch to LSCLK after confirming that the LSCLK is oscillating by checking that the time base counter interrupt
request bit (Q128H) is “1”.

Gystem clock switchinD

Is high-speed
clock used?

Continue to use the low-speed clock (LSCLK).

ENOSC«+"1" | High-speed oscillation start
|

Wait the oscillation

stabilization time [ Twar=500us
(Twarr)

|
SYSCLK<"" |

Switches the system clock (low-speed clock to high-speed clock)

High-speed

operation mode

Figure 6-7 Flow of System Clock Switching Processing (LSCLK to HSCLK)

Note:
If the system clock is switched from a low-speed clock to a high-speed clock before the high-speed clock (HSCLK)
starts oscillation, the CPU becomes inactive until HSCLK starts clock supply to the peripheral circuits.
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6.4 Specifying Port Registers

To enable the clock output function, each related port register bit needs to be set. See Chapter 15, "Port 2" for detail
about the port registers.

6.4.1 Functioning P21 (OUTCLK) as the high-speed clock output

Set P21MD bit (bitl of P2MOD register) to “1” for specifying the high-speed clock output as the secondary function of

p21.
Register .
P2MOD register (Address: 0F214H)
name
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22MD P21MD P20MD
Setting . .
- - - - - 1
value

Set the P21C1 bit (P2CONL1 register's bit 1) to "1" and the P21CO0 bit (P2CONO register's bit 1) to "1" for specifying the
state mode of the P21 pin to CMOS output.

Register

P2CON1 register (Address: OF213H)
name

Bit

5

2

Bit name

P22C1

P21C1

P20C1

Setting
value

*

Register
name

P2CONO register (Address: 0F212H)

Bit

2

Bit name

P22C0

P21CO

P20C0

Setting
value

The P21D bit (P2D register bit 1) data can either be 0" or "1".

Register
name

P2D register (Address: 0F210H)

Bit

4

Bit name

P22D

P21D

P20D

Setting
value

*%

- : Bit that does not exist

* . Bit not related to the high-speed clock function

** - Don’t care

Note:

P21 (Port 2) is an output-only port and does not have the register to select the data direction(input or output).
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6.4.2 Functioning P20 (LSCLK) as the low-speed clock output

Set P20MD bit (bit0 of P2MOD register) to “1” for specifying the low-speed clock output as the secondary function of

p22.

Register P2MOD register (Address: OF214H)
name
Bit 5 4 2 1 0
Bit name - - P22MD P21MD P20MD
Setting . .
- - 1
value

Set the P20C1 bit (P2CONL1 register bit 0) to 1" and the P20CO0 bit (P2CONO register bit 0) to "1" for selecting the P20
pin state mode to CMOS output.

Register P2CONA register (Address: OF213H)
name
Bit 5 4 2 1 0
Bit name - - P22C1 P21C1 P20C1
Setting . .
- - 1
value
Register .
P2CONO register (Address: 0F212H)
name
Bit 5 4 2 1 0
Bit name - P22C0 P21C0 P20C0
Setting . .
- 1
value

Data of P20D hit (P2D register bit 0) does not affect to the low speed clock output function, so don’t care the data for the

function.

Register
name

P2D register (Address: 0F210H)

Bit

Bit name

P22D

P21D

P20D

Setting
value

**

- : Bit that does not exist

*: Bit not related to the low-speed clock function

** . Don’t care

Note:

P20 (Port 2) is an output-only port and does not have the register to select the data direction(input or output).
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7. Time Base Counter

7.1 Overview

This LSI includes a low-speed time base counter (LTBC) and a high-speed time base counter (HTBC) that generate base
clocks for peripheral circuits. By using the time base counter, it is possible to generate events periodically.

For input clocks, see Chapter 6, “Clock Generation Circuit”. For interrupt permission, interrupt request flags, etc.,
described in this chapter, see Chapter 5, “Interrupt”.

7.1.1 Features

e LTBC generates T32KHZ to T1HZ signals by dividing the low-speed clock (LSCLK) frequency.

e LTBC allows frequency adjustment (Adjustment range: Approx. -488ppm to +488ppm. Adjustment accuracy:
Approx. 0.48ppm) by using the low-speed time base counter frequency adjustment registers (LTBADJH and
LTBADJL).

e HTBC generates HTB1 to HTB32 signals by dividing the high-speed clock (HSCLK) frequency.

e Capable of generating 128Hz , 32Hz , 16Hz , and 2Hz interrupts.

7.1.2 Configuration

Figure 7-1 and Figure 7-2 show the configuration of a low-speed time base counter and a high-speed time base counter,
respectively.

T32KHZ
T16KHZ
T8KHZ
TAKHZ
T2KHZ
T1KHZ
T512HZ
T256HZ

T128HZ
T64HZ
T32HZ
T16HZ
T8HZ
T4HZ
T2HZ
| TiHZ

7bits-Counter LTBR
LSCLK 8bits-Counter
(32.768kHz) “F R > R !

N LTBADJL
RESET LTBDJH
(Internal signal)

LTBR Write

4 Data bus

LTBR : Low-speed time base counter register
LTBADJL : Low-speed time base counter frequency adjustment register
LTBADJH : Low-speed time base counter frequency adjustment register

Figure 7-1 Configuration of Low-Speed Time Base Counter (LTBC)
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HSCLK HTBDR
(500kHz/2MHz) —=0> 1/n-Counter |——=> HTBCLK
R .500khz to 31kHz/
RESET T 1 2MHz to 128kHz
(Internal signal) 4.8
Data bus 4

HTBDR : High-speed time base counter frequency divide register
Figure 7-2  Configuration of High-Speed Time Base Counter
Note:

The frequency of HSCLK changes according to specified data in OSCM2, SYSCL1, and SYSCO bits of Frequency control
register 0 (FONO).
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7.2 Description of Registers

7.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value

OF00AH Low-speed time base counter LTBR . RIW 8 00H
register

oFooH | High-speed time base counter HTBDR — RW | 8 00H
frequency divide register

OFQoCH | Low-speed time base counter LTBADJL RW | 816 00H
frequency adjustment register L
) Stime b LTBADJ

OFOODH ow-speed time base counter LTBADJH RW | 8 00H
frequency adjustment register H
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7.2.2 Low-Speed Time Base Counter Register (LTBR)

Address: OFOOAH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
LTBR T1HZ T2HZ T4HZ T8HZ T16HZ T32HZ T64HZ T128HZ
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

LTBR is a special function register (SFR) to read the T128HZ to T1HZ outputs of the low-speed time base counter.
The T128HZ-T1HZ outputs are set to “0” when write operation is performed for LTBR. Write data is invalid.

Note:

A TBC interrupt (128Hz interrupt, 32Hz interrupt, 16Hz interrupt, or 2Hz interrupt) may occur depending on the LTBR
write timing. Take this into consideration when programming your software by referring to "Figure 7-4  Interrupt Timing
and Reset Timing by Writing to LTBR."
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7.2.3 High-Speed Time Base Counter Divide Register (HTBDR)

Address: OFO0BH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
HTBDR — — — — HTD3 HTD2 HTD1 HTDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

HTBDR is a special function register (SFR) to set the dividing ratio of the 4-bit, 1/n counter.

[Description of Bits]
e HTD3-HTDO (bits 3-0)
The HTD3-HTDO bits are used to set the dividing ratio of the 4-bit, 1/n counter. The frequency divide ratios
selectable include 1/1 to 1/16.

Description
HTD3 HTD2 HTD1 HTDO o . Frequency of
Dividing ratio HTBCLK (*1)
0 0 0 0 1/16 (initial value) | 31kHz
0 0 0 1 1/15 33kHz
0 0 1 0 1/14 36kHz
0 0 1 1 1/13 38kHz
0 1 0 0 1/12 42kHz
0 1 0 1 1/11 45kHz
0 1 1 0 1/10 50kHz
0 1 1 1 1/9 56kHz
1 0 0 0 1/8 63kHz
1 0 0 1 1/7 71kHz
1 0 1 0 1/6 83kHz
1 0 1 1 1/5 100kHz
1 1 0 0 1/4 125kHz
1 1 0 1 1/3 167kHz
1 1 1 0 1/2 250kHz
1 1 1 1 1/1 500kHz

*1: Indicates the frequency when the high-speed oscillation clock, HSCLK, is 500 kHz.
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7.24 Low-Speed Time Base Counter Frequency Adjustment Registers L and H (LTBADJL,
LTBADJH)

Address: OFOOCH
Access: RIW
Access size: 8/16 bit
Initial value: 00H

LTBADJL LADJ7 LADJ6 LADJ5 LADJ4 LADJ3 LADJ2 LADJ1 LADJO

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Address: OFOODH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
LTBADJH — — — — — LADJS LADJ9 LADJ8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

LTBADJL and LTBADJH are special function registers (SFRs) to set the frequency adjustment values of the low-speed
time base clock.

[Description of Bits]
e LADJS, LADJ9 to LADJS (bits 2 to 0) LADJ7-LADJO (bits 7 to 0)
The LADJS and LADJ9 to LADJO bits are used to adjust frequency.
Adjustment range: approximately -488ppm to +488ppm, Adjustment accuracy: approximately 0.48ppm is
possible. See Section 7.3.3, “Low-Speed Time Base Counter Frequency Adjustment Function” for the
correspondence between the frequency adjustment values (LTBADJH, LTBADJL) and adjustment ratio.
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7.3 Description of Operation

7.3.1 Low-speed Time Base Counter

The low-speed time base counter (LTBC) starts counting from 0000H on the LSCLK falling edge after system reset.

The T128HZ, T32HZ, T16HZ, and T2HZ outputs of LTBC are used as time base interrupts and an interrupt is requested
on the falling edge of each output. Each of LTBC outputs is also used as an operation clock for peripheral circuits.

The output data of T128HZ to T1IHZ of LTBC can be read from the low-speed time base counter register (LTBR). When
reading the data, read LTBR twice and check that the two values coincide to prevent reading of undefined data during
counting.

Figure 7-3 shows an example of program to read LTBR.

LEA offset LTBR ;EA LTBR address
MARK:
L RO, [EA] ; 1st read
L R1, [EA] ; 2nd read
CMP RO, R1 ; Comparison for LTBR
BNE MARK ; To MARK when the values do not coincide

Figure 7-3 Programming Example for Reading LTBR

LTBR is reset when write operation is performed and the T128HZ to T1HZ outputs are set to “0”. Write data is invalid.
Since an interrupt occurs if a falling edge occurs in the T128Hz to T2HZ outputs during writing to LTBR, take care in
software programming.

Figure 7-4 shows interrupt generation timing and reset timing of the time base counter output by writing to LTBR.

LTBR Write

Tosenz LYYV Y IV Y Y VIV Y Y Y TV IV Y Y IV Y Y Y YV Y Y Y Y Y VIV Y
BSOSO I 720 o 20 o 20 7200 200 7 20 20 20 T2 20 200 208 o 208 o 208

T64Hz s IR ey I 11 L
v Vv

T32HZ —- Y e

T16HZ é / M

T16Hz LYY IV IV IVIV IV IV IV IV IV IV IV Y VY Y VIV YV IV Y VIV IV VIV VY
(S s e T Y e Y e Y s e Y e Y Y e e Y Y s oy N
T8HzZ

TaHz ] | I | | L 1 L | 1
v
ToHZ | ¥—u— T Y
A
T1HZ I —

“V_ Indicates interrupt timing.

Figure 7-4  Interrupt Timing and Reset Timing by Writing to LTBR
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7.3.2 High-Speed Time Base Counter

The high-speed time base counter is configured as a 4-bit 1/n counter (n = 1 to 16).

In the 4-bit 1/n counter, the divided clock (1/16 x HSCLK to 1/1 x HSCLK) selected by the high-speed time base counter

divide register (HTBDR) is generated as HTBCLK. HTBCLK is used as a timer and also as an operation clock of PWM.
Figure 7-5 shows the output waveform of HTBCLK.

High-speed
wo | LUUUULOOUULULOUUULUO UYL

1/n coun;'eTr Qgtﬁft W H H H H H H H m

High-Speed Time Base 11 1/2 1/3
Counter < >< >< >
Divide register OFH OEH X ODH
HTBDR

Figure 7-5 Output Waveform of HTBCLK
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7.3.3 Low-Speed Time Base Counter Frequency Adjustment Function

Frequency adjustment (Adjustment range: Approx. -488ppm to +488ppm. Adjustment accuracy: Approx. 0.48ppm) is
possible for outputs of TSKHZ to T1HZ of LTBC by using the low-speed time base counter frequency adjust registers
(LTBADJH and LTBADJL).

Table7-1 shows correspondence between the frequency adjustment values (LTBADJH, LTBADJL) and adjustment ratio.

Table 7-1 Correspondence between Frequency Adjustment VValues (LTBADJH, LTBADJL) and Adjustment Ratio

LADJ10-0 Hexadeci adjzrs(?[qmljeirlcritio
mal
(ppm)
1 3FFH +487.80
ol sl 2l a2l a2l 222 12] o] szFeH +487.33
olololololo]lo]lo]ol] 1] 1] oo3H +1.43
ololololo|lo]lo]lo]ol] 1] o] ooz +0.95
ololololo|lo]lo]lo]o] o] 1] oot +0.48
olololololo|lo|lo]o]| o] o] oooH 0
1|t 2222l a2l ] ]| 7FFH 0.48
1|t [ 2222222 2] o] 7FeH 0.95
1| olof]olo]o]o]o]o]o 401H -487.80
0 0o | 400H 488.28

The adjustment values (LADJ10 to LADJO) to be set in LTBADJH and LTBADJL can be obtained by using the
following equations:
Adjustment value= Frequency adjustment ratio x 2097152 (decimal)
= Frequency adjustment ratio x 200000h (hexadecimal)

Example 1: When adjusting +15.0ppm (when the clock loses)
Adjustment value= +15.0ppm x 2097152 (decimal)

+15.0x10°x2097152

+31.45728 (decimal)

01Fh (hexadecimal)

e nu

Example 2: When adjusting —25.5ppm (when the clock gains)
Adjustment value= —25.5ppm x 2097152 (decimal)

—25.5x10-6%2097152

—53.477376 (decimal)

7CCh (hexadecimal)

e n

Note:
The low-speed clock (LSCLK) and the outputs of T32KHZ and T16KHZ of LTBC are not adjusted by the frequency
adjust function.
The frequency adjustment accuracy does not guarantee the accuracy including the frequency variation of the crystal
oscillation (32.768kHz) due to temperature variations.
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7.3.4 Asignal generation for 16-bit timer 2-3 frequency measurement mode

A signal (437C) used for 16-bit timer 0-1 frequency measurement mode is generated from the output clock of the
low-speed time base counter. See Chapter 9, “Timer” for more detail about the frequency measurement mode.

TBC

16KHz
8KHz

4KHz

2KHz
1KHz

o
512Hz
—

256Hz
128Hz
64Hz

Decoder

437c (supplied to Timers 2 and 3)

LSCLK

Figure 7-6  Configuration of Frequency Measurement Mode Clock (437c) Generation Circuit
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8. Capture
8.1 Overview

This LSI has two channels of capture circuits that capture the TAKHZ to T32HZ signals of the low-speed time base
counter (LTBC) to the capture data register at the occurrence of POO and P01 interrupts. The circuits capture timings at
which each interrupt occurred, based on the time from the time base counter. It can also read out the TAKHZ to T32HZ
signals of the low-speed time base counter (LTBC) at any timing.

For the external interrupt (POOINT, POL1INT) from the POO or PO1 pin, see Chapter 5, "Interrupt" and Chapter 14, "Port
0"

8.1.1 Features
e Time base capture x 2 channels (4096Hz to 32Hz)

8.1.2 Configuration

Figure 8-1 shows the configuration of the capture
circuit.

( T4KHZ
T2KHZ
T1KHZ

LTBC T512HZ

T256HZ

T128HZ

T64HZ

\  T32HZ ° °

LSCLK
(32.768kHz) ¥
Capture
POLINT ——> N N
POOINT —>| Contoroller CAPR1 r CAPRO CAPTB

Interrupt request |
signal

CAPSTAT]

CAPCON CP1F| |CPOF

Write CAPR1 1
Write CAPRO
Data bus

CAPCON : Capture control register
CAPSTAT : Capture status register

CAPRO : Capture data register 0
CAPR1 : Capture data register 1
CAPTB . Capture time base data register

Figure 8-1 Configuration of Capture Circuit

8.1.3 List of Pins

Pin name 110 Function
Capture 0 input pin

POO/CAPO | P putp ) .
Used as the secondary function of the P0OO pin.
Capture 1 input pin

PO1/CAP1 I P PUutp

Used as the secondary function of the P01 pin.
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8.2 Description of Registers

8.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) | R/W | Size | Initial value
OF090H Capture control register CAPCON — R/W 8 O00H
OF091H Capture status register CAPSTAT — R 8 OOH
OF092H Capture data register O CAPRO — R/W 8 O0OH
OF093H Capture data register 1 CAPR1 — R/W 8 OOH
OF094H Capture time base data register CAPTB — R 8 Undefined
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8.2.2 Capture Control Register (CAPCON)

Address: 0F090H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
CAPCON — — —_ — — — ECAP1 ECAPO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPCON is a special function register (SFR) to control the capture circuit.

[Description of Bits]

o ECAPO (bit

0)

The ECAPO bit is used to start or stop the operation of capture 0.

ECAPO Description
0 Stops the capture 0 operation. (initial value)
1 Starts the capture O operation.
o ECAPI1 (bit 1)
The ECAPL1 bit is used to start or stop the operation of capture 1.
ECAP1 Description
0 Stops the capture 1 operation. (initial value)
1 Starts the capture 1 operation.
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8.2.3 Capture Status Register (CAPSTAT)

Address: 0F091H
Access: R

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0

CAPSTAT — — —_ — — — CAPF1 CAPFO
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

CAPSTAT is a read-only, special function register (SFR) to indicate a state of the capture circuit.

[Description of Bits]
o CAPFO (bit 0)
The CAPFO bit is the flag to indicate whether data is captured in capture data register 0 (CARPO) or not. When the
CAPFO bit is set to "1", it indicates that data is captured in capture data register 0 (CAPRO).
When the CAPFOQ bit is set to "1", the next capture operation is stopped. So perform the write operation to capture
data register 0 (CAPRO) to clear the CAPFO bit to "0".

CAPFO Description
0 No capture 0 latch (initial value)
1 Capture 0 latch

e CAPF1 (bit1)
The CAPF1 bit is the flag to indicate whether data is captured in capture data register 0 (CARP1) or not. When the
CAPFO bitis set to "1", it indicates that data is captured in capture data register 0 (CAPR1).
When the CAPF1 bit is set to "1", the next capture operation is stopped. So perform the write operation to capture
data register 1 (CAPR1) to clear the CAPFO bit to "0".

CAPF1 Description
0 No capture 1 latch (initial value)
1 Capture 1 latch
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8.2.4 Capture Data Register 0 (CAPRO0)

Address: 0F092H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
CAPRO CPO7 CP0O6 CPO05 CP04 CPO3 CP02 CPO1 CPO0O0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPRQO is a register in which capture data is stored.

The T4KHZ to T32HZ signals of the low-speed time base counter (LTBC) are captured when the P00 interrupt request
is generated with the CAPFO flag (bit 0 of the CAPSTAT register) set to "0".

Writing to CAPRO sets the CAPFO flag of CAPSTAT to "0". The value of CAPRO does not change even if data is
written to it.

8-5



ML610407/ML610408/ML610409 User's Manual
Chapter 8 Capture

8.2.5 Capture Data Register 1 (CAPR1)

Address: 0F093H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
CAPR1 CP17 CP16 CP15 CP14 CP13 CP12 CP11 CP10
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPRL is a register in which capture data is stored.
The T4KHZ to T32HZ signals of the low-speed time base counter (LTBC) are captured when the PO1 interrupt request
is generated with the CAPF1 flag (bit 1 of the CAPSTAT register) set to "0".

Writing to CAPR1 sets the CAPF1 flag of CAPSTAT to "0". The value of CAPR1 does not change even if data is
written to it.

8-6



ML610407/ML610408/ML610409 User's Manual
Chapter 8 Capture

8.2.6 Capture Time Base Data Register (CAPTB)

Address: 0F094H
Access: R

Access size: 8-bit
Initial value: Undefined

7 6 5 4 3 2 1 0
CAPTB CPTB7 CPTB6 CPTB5 CPTB4 CPTB3 CPTB2 CPTB1 CPTBO

R R R R R R R R R
Initial value X X X X X X X X

CAPTB is a special function register (SFR) to read the T4AKHZ to T32HZ outputs of the low-speed time base counter
(LTBC). The initial value varies depending on the state of the T4AKHZ to T32HZ outputs of the low-speed time base
counter (LTBC) at the timing when this register is read. When reading the data, read this register twice and check that
the two values coincide to prevent reading of undefined data during counting.
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8.3 Description of Operation

The capture circuit starts the capture operation by setting the ECAPO or ECAPL bit of the capture control register
(CAPCON).

When the input trigger from the P00 or PO1 pin selected by the external interrupt control register 0 or 1 (EXICONO or
EXICONL) is generated and the POO or P01 interrupt request flag (QP0O0 or QP01) is set to “1”, the T4AKHZ to T32HZ
signals of the low-speed time base counter (LTBC) are captured in the capture data register 0 or 1 (CAPRO or CAPR1)
on the next low-speed clock (LSCLK) falling edge and the at the same time, the capture flag (CAPFO or CAPF1) of the
capture status register (CAPSTAT) is set to “1”.

When the capture flag (CAPFO, CAPF1) is “1”, the following capture operation stops.

The value, once captured by software into the capture data register 0 or 1 (CAPRO, CAPRL1), is read to the CPU. Then,
in preparation for the next capture operation, the writing operation is performed to the applicable capture data register 0

or 1 (CAPRO, CAPR1)(write data is meaningless), the capture flag (CAPFO, CAPF1) is cleared to "0", then the next POO
or PO1 interrupt is waited.

Figure 8-2 shows the timing of the capture operation.

Systemolock ) [7) [ 4 LML L LML L
SYSCLK
(
SO n i [ S 2 I I O
(32.768kHz)
LTBC
(TAKHZ to T32HZ) — - N+l @ 0 X
‘.‘ «
P00 and P01 pins g 7
QPO0, QPO1 4
Interrupt request flag
v
CAPRO, CAPR1 XX X N+l ) N+1
CAPFO, CAPF1 j b
Write CAPRO, 1
(Writing & ,_
operation)

Figure 8-2 Timing Diagram of Capture Operation

Note:

When CPU is operating on the high-speed clock (HSCLK), check that the capture flag (CAPFO, CAPF1) is set to "1"
after the POO or P01 interrupt request is generated and then read capture data register 0 or 1 (CAPRO, CAPR1).
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9. Timer

9.1 Overview

This LSI includes 4 channels of 8-bit timers.

9.1.1 Features

e The timer interrupt (TMnINT) is generated when the values of timer counter register (TMnC, n=0 to 3) and timer
data register (TMnD) coincide.

o A timer configured by combining timer 0 and timer 1 or timer 2 and timer 3 can be used as a 16-bit timer.

e For the timer clock, the low-speed clock (LSCLK), high-speed time base clock (HTBCLK), or external clock can
be selected.

e A 16bit-timer 2 & 3 has clock frequency measurement mode, which can count HTBCLK and generates the
timer interrupt (TM3INT) when the count ends.
Using the count data to know the frequency by software can determine more accurate baud-rate.

9.1.2 Configuration

Figure 9-1 shows the configuration of the timers.

TMnCONO : Timer control register 0
TMNnCONL1 : Timer control register 1
TMmD, TMnD : Timer data register
TMmC, TMnC : Timer counter register

TMNINT
' Matched A
! Write TMnC n=0-3
' Comparator
i LSCLK—>! 1\ncoNo | 1ne T® T8
HTBCLK — TnCK —
Externa| C|0Ck M TMnCON1 >0 TMnC TMnD
P04/TO2POCK | ‘ . / ]
P44/T02POCK Data bus
P45/T13CK
(@) In 8-bit Timer Mode (Timers 0 to 3)
: TMmINT
| Write TMnC Matched {n,m} = {0,1},{2,3}
Write TMmC Comparator
E y
| 116 ¢16
| ~ 8 T8
i T 8 T8
; LSCLK 2] TMnCONO | Tnek y
! HTBCLK R R
External clockt—— 5| TMNCON1 [ ~9 TMnC [ TMmC TMnD TMmD
PO4/T02POCK | ) [ v N A
P44/TO2POCK!  Read TMnC TMmC latch N N
~ 8
Data bus v = 1 A2 4

(b) In 16-bit Timer Mode (Timers 0 to 3)
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Low-speed time base counter (LTBC)

| 16KHz

Count ﬁgKHZ 436¢ycl

- ounter cycle

: 4KHz Y

i at

: 2KHz

; 32KHz

. 1KHz

: ————>|Decoder DQ

; 512Hz

: . >

' 256Hz

: —

5 128Hz

: —>

: = 64H

; ﬁ TM3NT

; Write TM2C

E Write TM3C

64Hz | [437cC 8

: LSCLK —> TocK Y v

: TM2CONO

: HTBCLK — L SR R
External clockd TM2CON1 = T™M2C [P% TM3C
P04/T02POCK [ . |
P44/T02POCK§ Read TM2C TM3C latch

\\ 8
Data bus / \

(c) Frequency measurement mode with 16 bit timer(Timer2 to 3)

Figure 9-1 Timer Configuration

9.1.3 List of Pins

Pin name 110 Function

External clock input pin
P04/T02P0OCK | 8bit timer mode : used for timer0 or timer2
16bit timer mode : used for timer0 to timerl or timer2 to timer3.

External clock input pin
P44/T02P0OCK | 8bit timer mode : used for timer0 or timer2
16bit timer mode : used for timer0 to timerl or timer2 to timer3.

External clock input pin
P45/T13CK |

8bit timer mode : used for timerl or timer3
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9.2 Description of Registers

9.2.1 List of Registers
Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OFO030H Timer O data register TMOD — R/W 8/16 OFFH
OF031H Timer O counter register TMOC R/W 8 O00H
OF032H Timer O control register 0 TMOCONO R/W 8/16 O00H
OF033H Timer O control register 1 TMOCON1 TMOCON R/W 8 O00H
OF034H Timer 1 data register TM1D . R/W 8/16 OFFH
OF035H Timer 1 counter register T™M1C R/W 8 O00H
OF036H Timer 1 control register 0 TM1CONO MICON R/W 8/16 O00H
OF037H Timer 1 control register 1 TM1CON1 R/W 8 O00H
OF038H Timer 2 data register TM2D TM2DC R/W 8/16 OFFH
OFO039H Timer 2 counter register TM2C R/W 8 O00H
OFO03AH Timer 2 control register 0 TM2CONO TM2CON R/W 8/16 OAOH
OF03BH Timer 2 control register 1 TM2CON1 R/W 8 O00H
OFO03CH Timer 3 data register TM3D S R/W 8/16 OFFH
OFO3DH Timer 3 counter register TM3C R/W 8 O00H
OFO3EH Timer 3 control register 0 TM3CONO TM3CON R/W 8/16 O00H
OFO3FH Timer 3 control register 1 TM3CON1 R/W 8 O00H

9-3



ML610407/ML610408/ML610409 User's Manual
Chapter 9 Timer

9.2.2 Timer 0 Data Register (TMOD)

Address: 0FO30H
Access: RIW
Access size: 8-bit
Initial value: OFFH

7 6 5 4 3 2 1 0
TMOD TOD7 TOD6 TODS TOD4 TOD3 TOD2 TOD1 TODO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMOD is a special function register (SFR) to set the value to be compared with the timer 0 counter register (TMOC)
value.

Note:
Set TMOD when the timer stops(When TOSTAT bit of TMOCONL1 register is “0”).
When “00H” is written in TMOD, TMOD is set to “01H".
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9.2.3 Timer 1 Data Register (TM1D)

Address: 0F034H
Access: RIW
Access size: 8-bit
Initial value: OFFH

7 6 5 4 3 2 1 0
TM1D T1D7 T1D6 T1D5 T1D4 T1D3 T1D2 TiD1 T1DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TM1D is a special function register (SFR) to set the value to be compared with the value of the timer 1 counter register
(TM1C).

Note:
Set TM1D when the timer stops(When T1STAT bit of TM1CONL1 register is “0”).
When “00H” is written in TM1D, TM1D is set to “01H".
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9.24 Timer 2 Data Register (TM2D)

Address: 0FO38H
Access: RIW
Access size: 8-bit
Initial value: OFFH

7 6 5 4 3 2 1 0
TM2D T2D7 T2D6 T2D5 T2D4 T2D3 T2D2 T2D1 T2D0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TM2D is a special function register (SFR) to set the value to be compared with the value of the timer 2 counter register
(TM20C).

Note:
Set TM2D when the timer stops(When T2STAT bit of TM2CONL1 register is “0”).
When “00H” is written in TM2D, TM2D s set to “01H".
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9.25 Timer 3 Data Register (TM3D)

Address: 0FO3CH
Access: RIW
Access size: 8-bit
Initial value: OFFH

7 6 5 4 3 2 1 0
TM3D T3D7 T3D6 T3D5 T3D4 T3D3 T3D2 T3D1 T3DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMS3D is a special function register (SFR) to set the value to be compared with the value of the timer 3 counter register
(TM3C).

Note:
Set TM3D when the timer stops(When T3STAT bit of TM3CONL register is “0”).
When “00H” is written in TM3D, TM3D is set to “01H”.
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9.2.6 Timer 0 Counter Register (TMOC)

Address: 0FO31H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
T™MOC TOC7 TOC6 TOCS TOC4 TOC3 TOC2 TOC1 TOCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOC is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TMOC is performed, TMOC is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order TMOC or high-order TM1C, both the low-order and the high-order are set to “0000H”.

During timer operation, the TMOC content may not be read depending on the conditions of the timer clock and the
system clock.

Table 9-1 shows whether a TMOC read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 9-1 TMOC Read Enable/Disable during Timer Operation

Timer clock System clock )
TMOC read enable/disable
TOCK SYSCLK
LSCLK LSCLK Read enabled.
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read TMOC twice and check that the
results match.
HTBCLK LSCLK Read disabled.
HTBCLK HSCLK Read enabled.
External clock LSCLK Read disabled.
HSCLK
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9.2.7 Timer 1 Counter Register (TM1C)

Address: 0FO35H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
T™M1C T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 TiC1 T1CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMI1C is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM1C is performed, TM1C is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode, if write operation is performed to either the low-order TMOC or high-order TM1C, both the low
order and the high order are set to “0000H”.

When reading TM1C in 16-bit timer mode, be sure to read TMOC first since the count value of TM1C is stored in the
TM1C latch when TMOC is read.

During timer operation, the TM1C content may not be read depending on the conditions of the timer clock and the
system clock.

Table 9-2 shows whether a TM1C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 9-2 TMI1C Read Enable/Disable during Timer Operation

Timer clock System clock .
TM1C read enable/disable
T1CK SYSCLK
LSCLK LSCLK Read enabled.
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read TM1C twice and check that the
results match.
HTBCLK LSCLK Read disabled.
HTBCLK HSCLK Read enabled.
LSCLK )
External clock Read disabled.
HSCLK
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9.2.8 Timer 2 Counter Register (TM2C)

Address: 0FO39H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
T™M2C T2C7 T2C6 T2C5 T2C4 T2C3 T2C2 T2C1 T2CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM2C is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM2C is performed, TM2C is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order TM2C or high-order TM3C, both the low order and the high order are set to “0000H”.

During timer operation, the TM2C content may not be read depending on the conditions of the timer clock and the
system clock.

Table 9-3 shows whether a TM2C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 9-3 TM2C Read Enable/Disable during Timer Operation

Timer clock System clock )
TM2C read enable/disable
T2CK SYSCLK
LSCLK LSCLK Read enabled.
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read TM2C twice and check that the
results match.
HTBCLK LSCLK Read disabled.
HTBCLK HSCLK Read enabled.
LSCLK )
External clock Read disabled.
HSCLK
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9.2.9 Timer 3 Counter Register (TM3C)

Address: 0FO3DH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TM3C T3C7 T3C6 T3C5 T3C4 T3C3 T3C2 T3C1 T3CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMB3C is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM3C is performed, TM3C is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order (TM2C) or high-order (TM3C), both the low order and the high order are set to “0000H".

When reading TM3C in 16-bit timer mode, be sure to read TM2C first since the count value of TM3C is stored in the
TM3C latch when TM2C is read.

During timer operation, the TM3C content may not be read depending on the conditions of the timer clock and the
system clock.

Table 9-4 shows whether a TM3C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 9-4 TM3C Read Enable/Disable during Timer Operation

Timer clock System clock .
TM3C read enable/disable
T3CK SYSCLK
LSCLK LSCLK Read enabled.
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read TM3C twice and check that the
results match.
HTBCLK LSCLK Read disabled.
HTBCLK HSCLK Read enabled.
LSCLK
External clock Read disabled.
HSCLK
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9.2.10  Timer 0 Control Register 0 (TMOCONO)

Address: 0FO32H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TMOCONO — — — — — TO1M16 TOCS1 TOCSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOCONO is a special function register (SFR) to control the Timer 0.
Rewrite TMOCONO while the timer 0 is stopped (TOSTAT of the TMOCONL1 register is “0”).

[Description of Bits]
e TOCS1, TOCSO (bits 1, 0)
The TOCS1 and TOCSO bits are used for selecting the operation clock of timer 0. LSCLK, HTBCLK, or the
external clock (P04/T02POCK, P44/T02P0OCK) can be selected by these bits.

TOCS1 TOCSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 External clock (P04/T02P0OCK)
1 1 External clock (P44/T02P0OCK)

e TO01M16 (bit 2)
The T01M16 bit is used for selecting the operating mode of timer 0 and timer 1.
In 8-bit timer mode, each of timer 0 and timer 1 operates independently as a 8-bit timer.
In 16-bit timer mode, timer 0 and timer 1 are connected and they operate as a 16-bit timer.
In 16-bit timer mode, timer 1 is incremented by a timer 0 overflow signal.
A timer 0 interrupt (TMOINT) is not generated.

TO1M16 Description
0 8-bit timer mode (initial value)
1 16-bit timer mode
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9.2.11 Timer 1 Control Register 0 (TM1CONO)

Address: 0FO036H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TM1CONO — — — — — — T1CS1 T1CSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM1CONO is a special function register (SFR) to control the Timer 1.
Rewrite TM1CONO while the timer 1 is stopped (TLSTAT of the TM1CONL1 register is “0”).

[Description of Bits]
e TI1CS1, T1CSO (bits 1, 0)
The T1CS1 and T1CSO bits are used for selecting the operation clock of timer 1. LSCLK, HTBCLK, or the
external clock (P45/T13CK) can be selected by these bits.
In cases where the 16-bit timer mode has been selected by setting TO1M16 of TMOCON to “1”, the values of
T1CS1 and T1CSO are invalid.

T1CS1 T1CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited
1 1 External clock (P45/T13CK)
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9.2.12 Timer 2 Control Register 0 (TM2CONO0)

Address: 0FO3AH
Access: RIW

Access size: 8-bit
Initial value: AOH

7 6 5 4 3 2 1 0

TM2CONO | T2FMA7 | T2FMA6 | T2FMA5 | T2FMA4 | T23MFM | T23M16 T2CS1 T2CS0O

R/W R R R R R/W R/W R/W R/W
Initial value 1 0 1 0 0 0 0 0

TM2CONO is a special function register (SFR) to control the Timer 2.
Rewrite TM2CONO while the timer 2 is stopped (T2STAT of the TM2CONL1 register is “0”).

[Description of Bits]
e T2CS1, T2CSO (bits 1, 0)
The T2CS1 and T2CS0 bits are used for selecting the operation clock of timer 2. LSCLK, HTBCLK, or the
external clock (P04/T02POCK, P44/T02P0OCK) can be selected by these bits.

T2CS1 T2CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 External clock (P04/T02P0OCK)
1 1 External clock (P44/T02P0OCK)

e T23MFM, T23M16 (bit 3, 2)
The T23MFM bit and T23M16 bit is used for selecting the operating mode of timer 2 and timer 3..
In 8-bit timer mode, each of timer 0 and timer 1 operates independently as a 8-bit timer.
In 16-bit timer mode, timer 2 and timer 3 are connected and they operate as a 16-bit timer.
In 16-bit timer mode, timer 3 is incremented by a timer 2 overflow signal.
A timer 2 interrupt (TM2INT) is not generated.
In 16-bit timer frequency measurement mode, timer 2 and timer 3 are connected and they operate as a 16-bit
clock counter to measure the frequency.
A timer 2 interrupt (TM2INT) is not generated.

When this LSI does not have the frequency measurement function (T2FMA7 to T2FMAJS bit values are not
IllOlOll),

the T23MFM bit is read-only and the readout is always "0" regardless of the write access value.

T23MFM T23M16 Description
0 0 8-bit timer mode (initial value)
0 1 16-hit timer mode
1 0 Prohibited
1 1 16-bit timer frequency measurement mode

e T2FMATY to T2FMA4 (bit 7 to 4)
T2FMAT to T2FMAA4 are read-only registers that show whether the frequency measurement function is
provided.
The readout is always "0A".

T2FMA7 | T2FMA6 | T2FMAS | T2FMA4 Description
1 0 1 0 The frequency measurement mode is available
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9.2.13 Timer 3 Control Register 0 (TM3CONO0)

Address: OFO3EH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TM3CONO — — — — — — T3CS1 T3CSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM3CONO is a special function register (SFR) to control the Timer 3.
Rewrite TM3CONO while the timer 3 is stopped (T3STAT of the TM3CONL1 register is “0”).

[Description of Bits]
e T3CS1, T3CSO (bits 1, 0)
The T3CS1 and T3CSO bits are used for selecting the operation clock of timer 3. LSCLK, HTBCLK, or the
external clock (P44/T13CK) can be selected by these bits.
In cases where the 16-bit timer mode has been selected by setting T23M16 of TM2CON to “1”, the values of
T3CS1 and T3CSO are invalid.

T3CS1 T3CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited
1 1 External clock (P45/T13CK)
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9.2.14 Timer 0 Control Register 1 (TMOCON1)

Address: 0F033
Access: RIW
Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TMOCON1 TOSTAT — — — — — — TORUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOCONL is a special function register (SFR) to control the Timer 0.

[Description of Bits]
e TORUN (bit 0)
The TORUN bit is used for controlling stop/start of timer 0.

TORUN Description
0 Stops counting.
1 Starts counting.

e TOSTAT (bit7)
The TOSTAT bit is used for indicating “counting stopped”/”counting in progress” of timer 0.

TOSTAT Description
0 Counting stopped.
1 Counting in progress.
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9.2.15 Timer 1 Control Register 1 (TM1CON1)

Address: 0FO37H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TM1CON1 T1STAT — — — — — — T1RUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM1CONL1 is a special function register (SFR) to control the Timer 1.

[Description of Bits]
e TI1RUN (bit 0)
The T1RUN bit is used for controlling count stop/start of timer 1.

In 16-bit timer mode, be sure to set this bit to “0”. Regardless of the TIRUN value, the Timer 1 counts up
by the Timer 0 overflow signal.

T1RUN Description
0 Stops counting.
1 Starts counting.

e TISTAT (bit7)
The T1STAT bit is used for indicating “counting stopped”/”counting in progress” of timer 1.
In 16-bit timer mode, this bit will read “0”.

T1STAT Description
0 Counting stopped.
1 Counting in progress.
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9.2.16 Timer 2 Control Register 1 (TM2CON1)

Address: 0FO3BH

Access: R/W

Access size: 8-bit
Initial value: O0OH

TM2CON1
R/W

Initial value

7 6 5 4 3 2 1 0

T2STAT — — — — — — T2RUN
R R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

TM2CONL is a special function register (SFR) to control the Timer 2.

[Description of Bits]

e T2RUN (bit 0)

The T2RUN bit is used for controlling stop/start of timer 2.

Setting the T2RUN bit can force cancel the counting in the 16-bit timer frequency measurement mode.
In that case, TM3INT does not occur.

T2RUN Description
0 In timer mode: Stops counting.  In frequency measurement mode: Stops measurement
1 In timer mode: Starts counting.  In frequency measurement mode: Starts measurement
T2STAT (bit7)

The T2STAT bit is used for indicating “counting stopped”/”counting in progress” of timer 2.

T2STAT Description
0 In timer mode: Count halted.  In frequency measurement mode: Measurement halted
1 In timer mode: Counting in progress.  In frequency measurement mode: Measuring

9-18



ML610407/ML610408/ML610409 User's Manual
Chapter 9 Timer

9.2.17 Timer 3 Control Register 1 (TM3CON1)

Address: OFO3FH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
TM3CON1 T3STAT — — — — — — T3RUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM3CONL is a special function register (SFR) to control the Timer 3.

[Description of Bits]
e T3RUN (bit 0)
The T3RUN bit is used for controlling stop/start of timer 3.
In 16-bit timer mode and 16-bit timer frequency measurement mode, be sure to set this bit to “0”. Regardless of
the T3RUN value, the Timer 3 counts up
by the Timer 2 overflow signal.
In 16-bit timer frequency measurement mode, be sure to set this bit to “0” also.

T3RUN Description
0 Stops counting.
1 Starts counting.

e T3STAT (bit7)
The T3STAT bit is used for indicating “counting stopped”/”counting in progress” of timer 3.
In 16-bit timer mode and 16-bit timer frequency measurement mode, this bit will return “0”.

T3STAT Description
0 Counting stopped.
1 Counting in progress.
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9.3 Description of Operation

9.3.1 Timer mode operation

The timer counters (TMnC) are set to an operating state (TNSTAT are set to “1”) on the first falling edge of the timer
clocks (TnCK) that are selected by the Timer 0 to 3 control register 0 (TMnCONO) when the TnRUN bits of timer 0 to 3
control register 1 (TMnCONL1) are set to “1” and increment the count value on the 2nd falling.

When the count value of TMO to TM3C and the timer 0 to 3 data register (TMnD) coincide, timer 0 to 3 interrupt
(TMnINT) occurs on the next timer clock falling edge, TMnC are reset to “00H” and incremental counting continues.

When the TnRUN bits are set to “0”, TMnC stop counting after counting once the falling of the timer clock (TnCK).
Confirm that TMnC has been stopped by checking that the TnSTAT bit of the Timer 0-3 control register 1 (TMnCON1)
is “0”.

When the TnRUN bits are set to “1” again, TMn restart incremental counting from the previous values.

To initialize TMnC to “00H”, perform write operation in TMnC.

The timer interrupt period (Tty) is expressed by the following equation.

TMnD +1
TnCK (Hz)

Trm = (n=003)

TMnD:  Timer O to 3 data register (TMnD) setting value (01H to OFFH)
TnCK:  Clock frequency selected by the Timer 0 to 3 control register 0 (TMnCONO)

After the TNRUN bits are set to “1”, timers are synchronized by the timer clock and counting starts so that an error of a
maximum of 1 clock period occurs until the first timer interrupt. The timer interrupt periods from the second time are
constant.

Figure 9-2 shows the operation timing diagram of Timer 0 to 3.
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Figure 9-2 Operation Timing Diagram of Timer 0 to 3

Note:
Even if “0” is written to the TNRUN bits, counting operation continues up to the falling edge (the timer O to 3 status
flag (TnSTA) is in a “1” state) of the next timer clock pulse. Therefore, the timer 0 to 3 interrupt (TMnINT) may
oceur.
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9.3.2 16-bit timer frequency measurement mode operation

The frequency measurement mode in 16-bit timer 2&3, is used to count the frequency of 500kHz RC oscillation clock
which typically has temperature variation and production tolerance.

Using the frequency measurement mode can make better accuracy for uart baud-rate clock or timer function.
(1) Reading the count data, calculating and setting it to uart communication baud-rate registers, can make more accurate
baud-rate clock.

(2) Reading the count data, calculating and setting it to a timer data register, can make more accurate timing in normal
timer mode.

Figure 9-3 shows the operation timing in frequency measurement mode.

{TM3C,TM2C}
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T23MFM |

T23M16 ___|
T2RUN ©)] |
T2STAT | |

s L S e I e e e
437C ” H ] ” ”

>

- 437/32768S H

TM3INT

Figure 9-3  Operation Timing in frequency measurement mode

(1) High-speed clock (HSCLK, HTBCLK) has to be in oscillating state by controlling with FCONn registers. And also
select 1/1 divide ratio of the high-speed time base counter by setting HTBDR (High-speed Time Base counter Divide
Register) register to OFH.

(2) Reset both T2RUN bit (bit0 of TM2CON1 register) and T3RUN bit (bit0 of TM3CONL register) to “0” to stop the
timer. And then, check both T2STAT bit (bit7 of TM2CONL1 register) and T3STAT bit (bit7 of TM3CONL1 register) are
“0” for making certain the timer stops.

(3) Set T23MFM bit (bit3 of TM2CONO register) to “1” (Frequency measurement mode), set T23M16 bit (bit2 of
TM2CONO register) to “1” (16bit mode) and set T2CS1-0 bits(bit1/0 of TM2CONO register) to “01”(HTBCLK mode).

(4) Set “FFH” to both TM2D register and TM3D register.
(5) Clear both TM2C register and TM3C register to “00H”.

(6) Set T2RUN bit (bit0 of TM2CONL1 register) to “1” to start counting the timer.
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(7) When (T23MFM bit == "1") and (TM23M16 bit == "1") and (T2RUN bit =="1"),
the count up starts with the falling of the 64Hz clock signal.

(8) The count-up stops at the falling edge of the next timer clock (HTBCLK) after 437C signal becomes “1”.
Also, at the same time, T2RUN bit and T2STAT bit become “0” and the interrupt signal TM3INT activates.
The 437C signal is the pulse signal that rises in 437/32768 seconds after the falling of the 64Hz signal.

(9) After checking T2STAT bit or TM3INT interrupt occurs, read out the data (N1) of TM2C register and TM3C
register.

For example of utilizing N1, 9600Hz timer interrupt is generated.

Assuming a low-accuracy high-speed clock (HTBCLK) is exactly 600kHz, then the count value N1 is:
N1 = 600000 x 437 / 32768
= 8001 (Decimal)
= 1F41 (Hexadecimal)
=0001 1111 0100 0001 (Binary)

Because 437/32768 seconds are equivalent to 128 clocks at 9600 Hz (more precisely, 9598 Hz),
dividing the count value NI by 128 provides the frequency ratio (N2) between the HTBCLK and 9600 Hz.
Because 128 = 27, this calculation can be solved by truncating the right-hand seven digits of N1 (Binary), that is:
N2 = 8001(Decimal) / 128 (Decimal)
=0001 1111 O (Binary)
=3E (Hexadecimal)
=62 (Decimal)

This indicates that 9600Hz is about 62 times the cycle of HTBCLK.
Therefore, for an operation in the timer mode where the timer data register is set to
3EH — 1 = 3DH to overflow the counter every 62 counts of the HTBCLK clock,
the TMnINT interrupt signal cycle tTMnINT is:

tTMnINT =1/ 600000 x 62 = 0.10333ms(9677Hz)
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9.3.3 16-bit timer frequency measurement mode application for setting uart baud-rate

For example, when the target baud-rate is 9600bps and the clock is HSCLK(500kHz), the UARTO baud-rate register
(UAOBRTH, UAOBRTL) should be set as:
UAOBRTH, UAOBRTL = 500000/9600 — 1 = 51 (decimal) = 33 (hexadecimal) (See Section 14.3.2.)

However, actual 500kHz RC oscillation clock has temperature variation and production tolerance, the calculation by
using the fixed value of 500kHz cannot make accurate baud-rate. To compensate it, count the frequency in the frequency
measurement mode to set the baud-rate again before operating UART communication.

After finishing the clock count in the frequency measurement mode, assuming HTBCLK is 451kHz, data of TM2C
register and TM3C register will be:
N1 = 451000 x 437 / 32768
= 6014 (Decimal)
= 177E (Hexadecimal)
=1011101111110 (Binary)
As (437 / 32768) sec is equivalent to 128 clocks at 9600Hz (more precisely, 9598Hz), a division of the count (N1) by
128 equals frequency ratio (N2) between the frequency of HTBCLK and 9600Hz. For the calculation, the accuracy of
baud-rate depends on truncating (1) or rounding (2) the data.

UARTO baud rate registers H and L are:
UAOBRTH, UAOBRTL = (frequency ratio between HTBCLK clock and baud rate) - 1 = (N1/128)-1 = N2 -1
(See Section 14.3.2.)

(D Round data in calculation
N1=1011101111110 (binary)
N2 = 101111 (binary) = 47 (decimal) = 2F (hexadecimal)
Set N2-1 (= 2E) to UAOBRTH and UAOBRTL registers. In this case, the actual baud-rate will be 9595.744681.. [bps],
so the accuracy = ((9595.744681/9600) -1)* 100= -0.04..[%].

@ Truncate data in calculation (the accuracy of baud-rate becomes worse)
N1=1011101111110 (binary)
N2 = 101110 (binary) = 46 (decimal) = 2E (hexadecimal)
Set N2-1 (= 2D) to UAOBRTH and UAOBRTL registers. In this case, the actual baud-rate will be 9804.347826.. [bps],
so the accuracy = ((9804.347826/9600) -1)* 100= 2.12..[%].

Table 9-5 shows the baud rate and accuracy (theoretical) when the baud rate clock is set to 500KHz. Table 9-6 shows the
baud rate and accuracy (theoretical) when the baud rate clock is set to 2MHz.

Table 9-5 Baud Rate and Accuracy (theoretical) for Baud Rate Clock Set to 500KHz

Baud-rate[bps]

Data setting to UAOBRTH register and UAOBRTH register

Theoretical
accuracy

300 Round off {N1/4 (2bit right-shift) } - (minus) 1. less than +2%
600 Round off {N1/8 (3bit right-shift) } - (minus) 1.

1200 Round off {N1/16 (4bit right-shift) } - (minus) 1.

2400 Round off {N1/32 (5bit right-shift) } - (minus) 1.

4800 Round off {N1/64 (6bit right-shift) } - (minus) 1.

9600 Round off {N1/128 (7bit right-shift) } - (minus) 1.

19200 Round off {N1/256 (8bit right-shift) } - (minus) 1. +2% to 2.5%
38400 Round off {N1/512 (9bit right-shift) } - (minus) 1. more than £2.5%
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Table 9-6 Baud Rate and Accuracy (theoretical) for Baud Rate Clock Set to 2MHz

Baud-rate[bps] Data setting to UAOBRTH register and UAOBRTH register ;2§Srr:g;/:al
300 Round off {N1/4 (2bit right-shift) } - (minus) 1. less than +2%
600 Round off {N1/8 (3bit right-shift) } - (minus) 1.

1200 Round off {N1/16 (4bit right-shift) } - (minus) 1.

2400 Round off {N1/32 (5bit right-shift) } - (minus) 1.

4800 Round off {N1/64 (6bit right-shift) } - (minus) 1.

9600 Round off {N1/128 (7bit right-shift) } - (minus) 1.

19200 Round off {N1/256 (8bit right-shift) } - (minus) 1.

38400 Round off {N1/512 (9bit right-shift) } - (minus) 1.
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9.4 Operating Timers by External Clock Inputs

When the external clock is selected as the operation clock for the Timer O (8-bit timer mode), operate it by inputting the
clock from the P04 or with the P44 set to the 1st function. When the external clock is selected as the operation clock for
the Timer 1 (8-bit timer mode), operate it by inputting the clock with the P45 set to the 1st function. When the external
clock is selected as the operation clock for the Timer 2 (8-bit timer mode), operate it by inputting the clock from the P04
or with the P44 set to the 1st function. When the external clock is selected as the operation clock for the Timer 3 (8-bit
timer mode), operate it by inputting the clock with the P45 set to the 1st function.

When the external clock is selected as the operation clock for the Timers 0 and 1 set to the 16-bit timer mode, operate
them by inputting the clock from the P04. When the external clock is selected as the operation clock for the Timers 2 and
3 set to the 16-bit timer mode, operate them by inputting the clock with the P44 set to the 1st function.

Set the external clock frequency to a value below the operating frequency (fop) in "Appendix C Electrical
Characteristics."

9.4.1 Operating Timer 0 (8-Bit Timer Mode) by External Clock (P04/T02P0CK)
Select the external clock(P04/T02POCK) and timerQ (8-bit mode) in the TMOCONO register, And input the operation
clock for the Timer 0 from the P04 pin.

9.4.2 Operating Timer 0 (8-Bit Timer Mode) by External Clock (P44/T02P0CK)

Set the P44MD1 bit (P4AMOD1 register's bit 4) to "0" and the P44MDO bit (PAMODO register's bit 4) to "0" for
specifying the P44 to the 1st function.

Register PAMOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting . N . 0 . . . .
value
Register .
P4AMODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40OMDO
Setting . * * 0 * * * *
value
Set the P44DIR bit (P4DIR register’s bit 4) to "1" for specifying the state mode of the P44 pin to input.
Register .
PADIR register (Address: OF221H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting . N . 1 . . . .
value

Select the external clock(P44/T02POCK) and timerQ (8-bit mode) in the TMOCONO register, and input the operation clock for
the Timer O from the P44 pin.
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9.4.3 Operating Timer 1 (8-Bit Timer Mode) by External Clock (P45/T13CK)

Set the P45MD1 bit (P4AMOD1 register's bit 5) to "0" and the P45MDO bit (P4AMODO register's bit 5) to "0" for
specifying the P45 to the 1st function.

Register PAMOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting . N 0 . . . R .
value
Register .

P4AMODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0

Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO

Setting

* * o * * * * *
value

Set the P45DIR bit (P4DIR register's bit 5) to "1" for specifying the state mode of the P45 pin to input.

Register P4DIR register (Address: 0F221H)
name
Bit 7 6 5 4 3 2 1 0

Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR

Setting

* * 1 * * * * *
value

Select the external clock(P45/T13CK) and timer1 (8-bit mode) in the TMOCONO and TM1CONO register, and input the
operation clock for the Timer 1 from the P45 pin.
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9.4.4 Operating Timer 2 (8-Bit Timer Mode) by External Clock (P04/T02P0CK)
Select the external clock(P04/T02POCK) and timer2 (8-bit mode) in the TM2CONO register, and input the operation
clock for the Timer 2 from the P04 pin.

9.45 Operating Timer 2 (8-Bit Timer Mode) by External Clock (P44/T02P0CK)

Set the P44MD1 bit (P4AMOD1 register's bit 4) to "0" and the P44MDO bit (PAMODO register's bit 4) to "0" for
specifying the P44 to the 1st function.

Register P4MOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Settlng * * * 0 * * * *
value
Register .

P4AMODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40OMDO
Setting . N . 0 . . R .
value

Set the P44DIR bit (P4DIR register's bit 4) to "1" for specifying the state mode of the P44 pin to input.

Register P4DIR register (Address: 0F221H)

name

Bit 7 6 5 4 3 2 1 0
Bitname | P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P4ODIR
Settlng * * * 1 * * * *
value

Select the external clock(P44/T02POCK) and timer2 (8-bit mode) in the TM2CONO register, and input the operation
clock for the Timer 2 from the P44 pin.
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9.4.6 Operating Timer 3 (8-Bit Timer Mode) by External Clock (P45/T13CK)

Set the P45MD1 bit (P4AMOD1 register's bit 5) to "0" and the P45MDO bit (P4AMODO register's bit 5) to "0" for
specifying the P45 to the 1st function.

Register PAMOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting . N 0 . . . R .
value
Register .

P4AMODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0

Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO

Setting

* * o * * * * *
value

Set the the P45DIR bit (P4DIR register's bit 5) to "1" for specifying the state mode of the P45 pin to input.

Register P4DIR register (Address: 0F221H)
name
Bit 7 6 5 4 3 2 1 0

Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR

Setting

* * 1 * * * * *
value

Select the external clock(P45/T13CK) and timer3 (8-bit mode) in the TM3CONO register, and input the operation clock
for the Timer 3 from the P45 pin.
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9.4.7 Operating Timer 0 and Timer 1 (16-Bit Timer Mode) by External Clock (P04/T02P0CK)
Select the external clock(P04/T02POCK) and Timers 0 and 1 (16-bit mode) in the TMOCONO register, and input the
operation clock for the Timers 0 and 1 (16-bit mode) from the P04 pin.

9.4.8 Operating Timer 0 and Timer 1 (16-Bit Timer Mode) by External Clock (P44/T02P0CK)

Set the P44MD1 bit (P4AMOD1 register's bit 4) to "0" and the P44MDO bit (PAMODO register's bit 4) to "0" for
specifying the P44 to the 1st function.

Register P4MOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Settlng * * * 0 * * * *
value
Register .

P4AMODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40OMDO
Setting . N . 0 . . R .
value

Set the P44DIR bit (P4DIR register's bit 4) to "1" for specifying the state mode of the P44 pin to input.

Register P4DIR register (Address: 0F221H)

name

Bit 7 6 5 4 3 2 1 0
Bitname | P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P4ODIR
Settlng * * * 1 * * * *
value

Select the external clock(P44/T02POCK) and Timers 0 and 1 (16-bit mode) in the TMOCONO register, and input the
operation clock for the Timers 0 and 1 (16-bit mode) from the P44 pin.
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9.4.9 Operating Timer 2 and Timer 3 (16-Bit Timer Mode) by External Clock (P44/T02P0CK)

Set the P44MD1 bit (P4AMOD1 register's bit 4) to "0" and the P44MDOQ bit (PAMODO register's bit 4) to "0" for
specifying the P44 to the 1st function.

Register PAMOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting . N . 0 . . R .
value
Register .
P4AMODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
Setting . * * 0 * * * *
value
Set the P44DIR bit (P4DIR register’s bit 4) to "1" for specifying the state mode of the P44 pin to input.
Register .
PADIR register (Address: OF221H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting . N . 1 . . R .
value

Select the external clock(P44/T02POCK) and Timers 2 and 3 (16-bit mode) in the TM2CONO register, and input the

operation clock for the Timers 2 and 3 (16-bit mode) from the P44 pin.
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10. PWM

10.1 Overview

This LSI includes one channel of 16-bit PWM (Pulse Width Modulation).
The PWM output (PWMO) is assigned to the tertiary function of the P43 (Port 4) or the secondary function of the P24
(Port 2). For the functions of Port 4 and Port 2, see Chapter 17, “Port 4” and Chapter 15, “Port 2”.

10.1.1 Features

o Capable of generating and externally outputting a PWM signal at a cycle ranging from 2000ns (@HTBCLK =
500kHz) to 2s (@LSCLK = 32.768kHz)(*)

e The output logic of the PWM signal can be switched to the positive or negative logic.

e At the coincidence of PWM signal period, duties, and period & duty, a PWM interrupt (PWOINT) occurs.

o For the PWM clock, a low-speed clock (LSCLK), a high-speed time base clock (HTBCLK), and an external clock

are available.

(*) For HSCLK 2MHz, the cycle ranges from 500ns (@HTBCLK=2MHz) to 2s (@LSCLK=32.768kHz).

10.1.2 Configuration
Figure 10 - 1 shows the configuration of the PWM circuit.

PONEG ————— =
POFLG ) >————>0 pazipwmo

S ! P24/PWMO
' Write PWOCH :
| Write PWOCL ’ Output control | PWQINT :
5 circuit :
E Cycle TDuty
Matched Matched

Comparator| |Comparator

N T\ A

~N ~

T 16 ~ 16 ~ 16

H#S&{Ej PWOCONO %GIER PWOCH/Q —%|PWO/IFBUFHPWOIIFBUF|

External clock t—————| PWOCON1
: A
POAITOZPOCK | pead pwoct —f | PWOCH | PWOPHIL | | PwoDHIL |
P44/T02POCK ! atc Y A
: L8 |8 4\3 +8 8 \s8
Data bus A 4 A2 4
PWOPL : PWMO period register L
PWOPH : PWMO period register H
PWOPBUF  : PWMO period buffer
PWODL : PWMO duty register L
PWODH : PWMO duty register H
PWODBUF : PWMO duty buffer
PWOCL : PWMO counter register L
PWOCH : PWMO counter register H

PWOCONO : PWMO control register 0
PWOCON1 : PWMO control register 1

Figure 10-1 Configuration of PWM Circuit
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10.1.3 List of Pins

Pin name Input/output Function
PWMO external clock input pin
P04/T02POCK I ) ) )
Used for the primary function of the P04 pin.
PWMO external clock input pin
P44/T02POCK ) ) )
Used for the primary function of the P44 pin.
PWMO output pin
P43/PWMO o] . . :
Used for the tertiary function of the P43 pin.
PWMO output pin
P24/PWMO o] i .
Used as the secondary function of the P24 pin.
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10.2 Description of Registers
10.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W | Size | Initial value
OFOAQH PWMO period register L PWOPL PWOP R/W | 8/16 OFFH
OFOA1H PWMO period register H PWOPH R/W 8 OFFH
OFOA2H PWMO duty register L PWODL PWOD R/W | 8/16 O0H
OFOA3H PWMO duty register H PWODH R/W 8 O00H
OFOA4H PWMO counter register L PWOCL PWOC R/W | 8/16 O0H
OFOAS5H PWMO counter register H PWOCH R/W 8 O0H
OFOAGH PWMO control register 0 PWOCONO PWOCON R/W | 8/16 O0H
OFOA7H PWMO control register 1 PWOCON1 R/W 8 40H
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10.2.2 PWMO Period Registers (PWOPL, PWOPH)

Address: 0FOAOH
Access: RIW
Access size: 8-hit
Initial value: OFFH

7 6 5 4 3 2 1 0
PWOPL | POP7 POP6 POP5 POP4 POP3 POP2 POP1 POPO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: 0OFOA1H
Access: RIW
Access size: 8-bit
Initial value: OFFH
7 6 5 4 3 2 1 0
PWOPH POP15 POP14 POP13 POP12 POP11 POP10 POP9 POP8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

PWOPH and PWOPL are special function registers (SFRs) to set the PWMO periods.

Note:

When PWOPH or PWOPL is set to “0000H”, the PWMO period buffer (PWOPBUF) is set to “0001H”.
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10.2.3 PWMO Duty Registers (PWODL, PWO0ODH)

7 6 5 4 3 2 1 0
PWODL POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OFOA2H
Access: R/IW
Access size: 8-bit
Initial value: 00H
7 6 5 4 3 2 1 0
PWODH POD15 POD14 POD13 POD12 POD11 POD10 POD9 PODS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OFOA3H
Access: RIW

Access size: 8-bit
Initial value: O0OH

PWODH and PWODL are special function registers (SFRs) to set the duties of PWMO.

Note:

For the PWODH and PWODL, set data smaller than for the PWOPH and PWOPL.
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10.2.4 PWMO Counter Registers (PWOCH, PWO0CL)

7 6 5 4 3 2 1 0
PWOCL POC7 POC6 POC5 POC4 POC3 PoC2 POC1 POCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OFOA4H
Access: R/IW
Access size: 8-bit
Initial value: 00H
7 6 5 4 3 2 1 0
PWOCH POC15 P0OC14 POC13 P0OC12 POC11 POC10 POC9 POCS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OFOA5H
Access: RIW

Access size: 8-bit
Initial value: O0OH

PWOCL and PWOCH are special function registers (SFRs) that function as 16-bit binary counters.
When data is written to either PWOCL or PWOCH, PWOCL and PWOCH is set to “0000H”. The data that is written is

meaningless.

When data is read from PWOCL, the value of PWOCH is latched. When reading PWOCH and PWOCL, use a word type
instruction or pre-read PWOCL.

The contents of PWOCH and PWOCL during PWM operation cannot be read depending on the combination of the PWM

clock and system

clock.

Table 10-1 shows PWOCH and PWOCL read enable/disable for each combination of the PWM clock and system clock.

Table 10-1 PWOCH and PWOCL Read Enable/Disable during PWMO Operation

PWM clock System clock )
PWOCH and PWOCL read enable/disable
POCK SYSCLK
LSCLK LSCLK Read enabled.
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PWOCH or PWOCL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled.
HTBCLK HSCLK Read enabled.
LSCLK i
External clock Read disabled.
HSCLK
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10.2.5 PWMO Control Register 0 (PWOCONO)

7 6 5 4 3 2 1 0
PWOCONO — — — PONEG POIS1 POISO POCS1 POCSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OFOA6H
Access: R/W

Access size: 8-bit
Initial value: OOH

PWOCONO is a special function register (SFR) to control PWM.

[Description of Bits]
e POCS1, POCSO (bits 1, 0)
The POCS1 and POCSO bits are used to select the PWMO operation clocks. LSCLK, HTBCLK, or the external clock
(P44/T02POCK) can be selected by these bits.

POCS1 POCSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 External clock (P04/T02P0OCK)
1 1 External clock (P44/T02P0OCK)

e  POIS1, POISO (bits 3, 2)
The POIS1 and POISO bits are used to select the point at which the PWMO interrupt occurs. “When the periods coincide”,
“when the duties coincide”, or “when the periods and duties coincide” can be selected.

POIS1 POISO Description
0 0 When the periods coincide. (Initial value)
0 1 When the duties coincide.
1 * When the periods and duties coincide.

e PONEG (bit 4)
The PONEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWMO
output is “1”, and when the negative logic is selected, the initial value of PWMO output is “0”.

PONEG Description
0 Positive logic (initial value)
1 Negative logic
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10.2.6  PWMO Control Register 1 (PWOCON1)
7 6 5 4 3 2 1 0
PWOCON1 | POSTAT POFLG — — — — — PORUN
R/W R R/W R/W R/W R/W RIW R/W R/W
Initial value 0 1 0 0 0 0 0 0
Address: OFOA7H
Access: RIW

Access size: 8-bit
Initial value: 40H

PWOCONTL1 is a special function register (SFR) to control PWMO.

[Description of Bits]
e PORUN (bit 0)
The PORUN bit is used to control count stop/start of PWMO.

PORUN Description
0 Stops counting. (Initial value)
1 Starts counting.

o POFLG (bit 6)
The POFLG bit is used to read the output flag of PWMO.

This bit is set to “1” when write operation to PWOCH or PWOCL is performed.

POFLG Description
0 PWMO output flag = “0”
1 PWMO output flag = “1” (initial value)

e POSTAT (bit7)

The POSTAT bit indicates “counting stopped or “counting in progress” of PWMO.

POSTAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.
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10.3 Description of Operation

The PWMO counter registers (PWOCH, PWOCL) are set to an operating state (POSTAT s set to “1”) on the first falling
edge of the PWM clock (POCK) that are selected by the PWMO control register 0 (PWOCONO) when the PORUN bit of
PWMO control register 1 (PWOCONL1) is set to “1” and increment the count value on the 2nd falling edge.

When the count value of PWMO counter registers and the value of the PWMO duty buffer (PWODBUF) coincide, the
PWM flag (POFLG) is set to “0” on the next timer clock falling edge of POCK.

When the PWOCH and PWOCL count values match the PWMO period buffer value, the POFLG becomes "1" at the next
POCK falling edge and the PWOCH and PWOCL are reset to 0000H to continue incremental counting. At the same time,
the value of the PWMO duty register (PWODH, PWODL) is transferred to the PWMO duty buffer (PWODBUF) and the
value of PWMO period register (PWOPH, PWOPL) to the PWMO period buffer (PWOPBUF).

When the PORUN bit is set to “0”, PWMO counter registers stop counting after counting once the falling of the PWM
clock (POCK). Confirm that PWOCH and PWOCL are stopped by checking that the PNSTAT bit of the PWMO control
register 1 (PWOCONL1) is “0”. When the PORUN bit is set to “1” again, PWMO counter registers restarts incremental
counting from the previous value on the falling edge of POCK.

To initialize PWMO counter registers to “0000H”, perform write operation in either of PWOCH or PWOCL. At that time,
POFLG is also set to “1”.

When data is written in the PWMO duty register (PWODH, PWODL) during count stop (PORUN is in a “1” state), the
data is transferred to the PWMO duty buffer (PWODBUF) and when data is written in the PWMO period register
(PWOPH, PWOPL), the data is transferred to the PWMO period buffer (PWOPBUF).

The PWM clock, the point at which an interrupt of PWMO occurs, and the logic of the PWM output are selected by
PWMO control register 0 (PWOCNO).

The period of the PWMO signal (Trwp) and the first half duration (Trwp) of the duty are expressed by the following

equations.
o PWOP + 1
PP POCK (Hz)
o PWOD + 1
WD POCK (Hz)

PWOP: PWMO period registers (PWOPH, PWOPL) setting value (0001H to OFFFFH)
PWOD: PWMO duty registers (PWODH, PWODL) setting value (0000H to OFFFEH)
POCK: Clock frequency selected by the PWMO control register 0 (PWOCONO)
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After the PORUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.
Figure 10-2 shows the operation timing of PWMO.

pock [V [V TV TV T ﬁﬂﬂﬂﬂﬁmﬂﬂﬂ

PORUN
§ §
POSTAT
Write PWOCH H
Write PWOCL sf, «
PWOCH/L XXXX 0000 o001 )0002 }fzFFFY8000)(8001 {8002 X{{A000 {A000) 0000} 0001
PWODHIL ) 8000 X 7 .\ 7im ni
PWODBUF __ X 8000 IS 8000 & 8000 7777
PWOPHI/L X A000 X BBBB ) BBBB \ BBBB ¢
3 \
PWOPBUF ___ X A000 \ A00O (™ Ao00 BBBB
PWOINT . i «
Dl
POFLG «
PWMO* (Positive «
logic) —————J %ﬁ
PWMO* (Negative N )
logic) )
TPWD («
7
« Tewe «
2 )

Figure 10-2 (1/2) Operation Timing Diagram of PWMO

pock [V [V TV VIV TV TV Vv ey v

PORUN I J

POSTAT

PWOCH/L )2000)2001{2002)2003 2004 X2005) 2006 X 2007 X 2008
POFLG

Figure 10-2 (2/2) Operation Timing Diagram of PWMO

Note:
Even if “0” is written to the PORUN bit, counting operation continues up to the falling edge (the PWMO status flag
(POSTAT) is in a “1” state) of the next PWM clock pulse. Therefore, the PWMO interrupt (PWOINT) may occur.
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10.4 Specifying port registers

To output the PWM waveform, the applicable bit of each related port register needs to be set. See Chapter 17, “Port 4”
and Chapter 15, “Port 2” for detail about the port registers.
10.4.1 Functioning the P43 pin (PWMO0) as the PWM output

Set P43MD1 bit (bit3 of P4AMODL1 register) to “1” and set P43MDO bit (bit3 of P4AMODO register) to “0”, for specifying
the PWM output as the tertiary function of P43.

Register name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * * 1 * * *
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Setting value * * * * 0 * * *

Set the P43C1 bit (P4CON1 register bit 3) to "1", the P43CO0 bit (PACONO register bit 3) to "1", and the P43DIR bit
(PADIR register bit 3) to "0" for selecting the state mode of the P43 pin used for the PWM to CMOS output.

Register name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * 1 * * *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value * * * * 1 * * *
Register name P4DIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * * * * 0 * * *

The P43D bit (P4D register bit 3) data can either be 0" or "1".

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * *k * * *

* : Bit not related to the PWM function
** - Don’t care
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10.4.2 Functioning the P24 pin (PWMO0) as the PWM output
Set the P24MD bit (P2MOD register bit 4) to "1" for specifying the PWM as the secondary function of the P24.

Register name P2MOD register (Address: 0F214H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - P24MD - P22MD P21MD P20MD
Setting value - - - 1 * * * *

Set the P24C1 bit (P2CONL register's bit 4) to "1" and the P24C0 bit (P2CONO register's bit 4) to "1" for specifying the
state mode of the P24 pin used for the PWM to CMOS output.

Register name P2CONL1 register (Address: O0F213H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - P24C1 - P22C1 P21C1 P20C1
Setting value - - - 1 * * * *
Register name P2CONO register (Address: 0F212H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - P24C0 - P22C0 P21C0 P20C0
Setting value - - - 1 * * * *

The P24D bit (P2D register bit 4) data can either be 0" or "1".

Register name P2D register (Address: 0F210H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - P24D - P22D P21D P20D
Setting value - - - *k * * * *

- : Bit that does not exist
* : Bit not related to the PWM function
** - Don’t care
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10.4.3 Operating PWMO with External Clock (P04/T02P0CK)

Set the PO4EQ bit (EXICONO register's bit 4) to "0" and the PO4E1 bit (EXICONL1 register's bit 4) to "0" for specifying
the P04 external interrupt to Disable.

Register name EXICONO register (address: 0F020H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - PO4EQ PO3EO PO2EO PO1EO POOEO
Setting value * * * 0 * * * *
Register name EXICONL1 register (address: OF021H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - PO4E1 PO3E1 PO2E1 PO1E1 POOE1
Setting value * * * 0 * * * *

Set the P04CO0 bit (POCONO register's bit 4) to "0" and the PO4C1 bit (POCONL1 register's bit 4) to "0" for specifying the
state mode of the P04 pin to high-impedance input.

Register name POCONO register (Address: 0F206H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - P04CO PO3CO P0O2CO PO1CO PO0OCO
Setting value * * * 0 * * * *
Register name POCONL1 register (Address: 0F207H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - PO4C1 PO3C1 P02C1 PO1C1 POOC1
Setting value * * * 0 * * * *

Set the POCS1 bit (PWOCONO register's bit 1) to "1" and the POCSO bit (PWOCONO register's bit 0) to "0".

Register name PWOCONO register (address: OFOA6H)
Bit 7 6 5 4 3 2 1 0
Bit name — — — PONEG POIS1 POISO POCS1 POCSO0
Setting value * * * * * * 1 0

Input the operation clock for the PWMO from the P04 pin.
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10.4.4 Operating PWMO with External Clock (P44/T02P0CK)

Set the P44MD1 bit (PAMODLI register's bit 4) to "0" and the P44MDO bit (PAMODO register's bit 4) to "0" for
specifying the P44 to the primary function.

Register name P4MODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * 0 * * * *
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Setting value * * * 0 * * * *

Set the P44C1 bit (P4CONL register's bit 4) to "0", the P44C0 bit (P4CONO register's bit 4) to "0", and the P43DIR bit
(PADIR register's bit 3) to "1" for specifying the state mode of the P44 pin to high-impedance input.

Register name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * 0 * * * *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40CO
Setting value * * * 0 * * * *
Register name P4DIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * * * 1 * * * *

Set the POCS1 bit (PWOCONO register's bit 1) to "1" and the POCS0 bit (PWOCONO register's bit 0) to "1".

Register name PWOCONO register (address: OFOA6H)
Bit 7 6 5 4 3 2 1 0
Bit name — — — PONEG POIS1 POISO POCS1 POCSO0
Setting value * * * * * * 1 1

Input the operation clock for the PWMO from the P44 pin.
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11. Watchdog Timer

11.1 Overview

This LSI incorporates a watchdog timer (WDT) that operates at a system reset unconditionally (free-run operation) in
order to detect an undefined state of the MCU and return from that state.

If the WDT counter overflows due to the failure of clearing of the WDT counter within the WDT overflow period, the
watchdog timer requests a WDT interrupt (non-maskable interrupt). When the second overflow occurs, the watchdog
timer generates a WDT reset signal and shifts the mode to a system reset mode.

For interrupts see Chapter 5, “Interrupt,” and for WDT interrupt see Chapter 3, “Reset Function”.

11.1.1 Features

Non-maskable interrupt

Free running (cannot be stopped)

One of four types of overflow periods (125ms, 500ms, 2s, and 8s) selectable by software
Reset generated by the second overflow

11.1.2 Configuration

Figure 11-1 shows the configuration of the watchdog timer.

WDT r
WDT counter | in?grsrﬁrot — eset

T256HZ ———>> R T control WDTINT
Non-maskable interrupt
WDT overflow
< RESET S
WDTCON System reset
“SAH" “0A5H” 5= QﬁWDP
WDTMOD Perform —> Perform Sp on
detection detection
A A /]\ A
T WDTCON Write
y Data bus

WDTCON : Watchdog timer control register
WDTMOD : Watchdog timer mode register

Figure 11-1 Configuration of Watchdog Timer
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11.2 Description of Registers

11.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W | Size | Initial value
OFOOEH Watchdog timer control register WDTCON — R/W 8 O00H
OFOOFH Watchdog timer mode register WDTMOD — R/W 8 02H
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11.2.2 'Watchdog Timer Control Register (WDTCON)

Address: OFOOEH
Access: W

Access size: 8-bit
Initial value: OOH

7 6 5 4 3 2 1 0

WDTCON d7 dé ds d4 d3 d2 d1 WDP/dO
RIW R/W RIW RIW R/W RIW R/W R/W RIW

Initial value 0 0 0 0 0 0 0 0

WDTCON is a special function register (SFR) to clear the WDT counter.
When WDTCON is read, the value of the internal pointer (WDP) is read from bit 0.

[Description of Bits]
e WDP/dO (hit 0)
The value of the internal pointer (WDP) is read from this bit. The WDP is reset to “0” at the system reset or WDT
counter overflow and is inverted every writing to WDTCON.

e d7-d0 (bits 7-0)
This bit is used to write data to clear the WDT counter. The WDT counter can be cleared by writing "5AH" with
the internal pointer (WDP) is "0", then writing "0A5H" with the WDP "1".

Note:

When the WDT interrupt (WDTINT) occurs by the first WDT counter overflow, the counter and the internal pointer
(WDP) are initialiaed for a half cycle of low speed clock (about 15us). During the time period that they are initialized,
writing to WDTCON is disable and the logic of WDP does not change. Therefore, in the case of that you have
program codes handle to clear the WDT when the first overflow WDT interrupt occurs and also the codes run at
high-speed system clock, please check the WDP gets reversed after writing to WDTCON to see if the writing was
surely successful. For example of the program code, see Section 11.3.1, "Handling example when you do not want to
use the watch dog timer".
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11.2.3 Watchdog Timer Mode Register (WDTMOD)

Address: OFOOFH
Access: W

Access size: 8-bit
Initial value: 02H

7 6 5 4 3 2 1 0
WDTMOD — — — — — — WDT1 WDTO
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 0 0 0 0 0 0 1 0

WDTMOD is a special function register to set the overflow period of the WDT counter.

[Description of Bits]
e WDT1-0 (bits 1-0)
These bits are used to select an overflow period of the watchdog timer.
The WDT1 and WDTO bits set an overflow period (Twov) of the WDT counter. One of 125ms, 500ms, 2s, and 8s
can be selected.

WDT1 WDTO Description
0 0 125ms
0 1 500ms
1 0 2s (initial value)
1 1 8s
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11.3 Description of Operation

The WDT counter starts counting after the system reset has been released and the low-speed clock oscillation start..
The WDT counter can be cleared by writing "5AH" with the internal pointer (WDP) is "0", then writing "0A5H" with
the WDP "1".

The WDP is reset to “0” at the system reset or WDT counter overflow and is inverted every writing to WDTCON.
When the WDT counter cannot be cleared within the WDT counter overflow period (Twov), @ watchdog timer interrupt
(WDTINT) occurs. If the WDT counter is not cleared even by the software processing performed following the
watchdog timer interrupt and overflow occurs again, WDT reset occurs and the mode shifts to a system reset mode.

For the overflow period (Twoy) of the WDT counter, one of 125ms, 500ms, 2s, and 8s can be selected by the watchdog
mode register (WDTMOD).

Clear the WDT counter within the clear period of the WDT counter (Twc,) shown in Table 11-1.

Table 11-1 Clear Period of WDT Counter

WDT1 WDTO Twov Twel
0 0 125ms Approxi. 121ms
0 1 500ms Approx. 496 ms
1 0 2000ms Approx. 1996 ms
1 1 8000ms Approx. 7996 ms

11-5



ML610407/ML610408/ML610409 User's Manual

Chapter 11

Watchdog Timer

Figure 11-2 shows an example of watchdog timer operation.

Low-Speed Program
Clock Occurrence of Start
Oscillation abnormality
RESET_S { @wbTmoD WDTMOD
System reset | Setting J/ Setting
® o ® ® @
. Data: 5A A5 5A 5A AS 5A A5
WDTCON Write
WDTP
Internal pointer $ Overflow
WDT counter il T
] \
WDTINT ®Occurrence of WDTINT
) —| ®@Occurrence of WDT reset
WDT interrupt
WDT reset
TWOV TWOV
Overflow period Overflow period

@ Q@ 0O ©

©

Note:

Figure 11-2 Example of Watchdog Timer Operation

The WDT counter starts counting after the system reset has been released and the low-speed clock oscillation
start.

The overflow period of the WDT counter (Twov) is set to WDTMOD.

“5AH” is written to WDTCON. (Internal pointer 0 to 1)

“0OA5H” is written to WDTCON and the WDT counter is cleared. (Internal pointer 1 to 0)

“5AH” is written to WDTCON. (Internal pointer 0 to 1)

When “5AH” is written to WDTCON after the occurrence of abnormality, it cannot be accepted as the internal
pointer is set to “1”. (Internal pointer 1 to 0)

Although “0A5H” is written to WDTCON, the WDT counter is not cleared since the internal pointer is “0” and
the writing of “5SAH” is not accepted in ®. (Internal pointer 0 to 1)

The WDT counter overflows and a watchdog timer interrupt request (WDTINT) is generated. In this case, the
WDT counter and the internal pointer (WDP) are initialiaed for a half cycle of low speed clock (about 15.26us).
If the WDT counter is not cleared even by the software processing performed following a watchdog timer
interrupt and the WDT counter overflows again, WDT reset occurs and the mode is shifted to a system reset
mode.

-In STOP mode, the watchdog timer operation also stops.
-In HALT mode, the watchdog timer operation does not stop. When the WDT interrupt occurs, the HALT mode is

rel

eased.

-The watchdog timer cannot detect all the abnormal operations. Even if the CPU loses control, the watchdog timer
cannot detect the abnormality in the operation state in which the WDT counter is cleared.
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11.3.1 Handling example when you do not want to use the watch dog timer

WDT counter is a free-run counter that starts count-up automatically after the system reset released and the low-speed
clock (LSCLK) starts oscillating. If the WDT counter gets overflow, the WDT non-maskable interrupt occurs and then a
system reset occurs. Therefore, it is needed to clear the WDT counter even if you do not want to use the WDT as a
fale-safe function.

See following example programming codes to clear the WDT counter in the interrupt routine.

Example programming code:

__DIQ); /I Disable multi-interrupts
do
{
WDTCON = 0x5a;
} while(WDP 1= 1)
WDTCON = 0xab;
__EIQ;
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12 Synchronous Serial Port

12.1 Overview

This LSI includes two channels of 8/16-bit synchronous serial ports (SS10). It can also be used to control the device
incorporated with the SPI interface by using one GPIO as the chip enable pin.

When the synchronous serial port is used, the tertiary functions of Port 4 or the tertiary functions of Port 5 must be set.
For the tertiary function setting of Port 4, see Chapter 17, "Port 4." For the tertiary function setting of Port 5, see Chapter
18, "Port 5."

12.1.1 Features

e Master or slave selectable
e MSB first or LSB first selectable
e 8-bit length or 16-bit length selectable fro the data length

12.1.2 Configuration

Figure 12-1 shows the configuration of the synchronous serial port.

SIOO0INT
P41/SCKO
P45/SCKO
PA40/SINO Shift register
P44/SINO ) e 8bits/16bits ——> P42/SOUTO0
1\ \l, P46/SOUTO
T32KHZ —> Send register Receive register
to Control SIOOTRH,L SIOORCH,L
T128HZ —> P
TBC | 1/4 HSCLK —>| _o""
to SIO0CON —%| LSB/MSB control |
1/64 HSCLK —>| SIOOMODO jt
P41/SCKO ——>| SIOOMOD1
P45/SCKO —> | SIO0BUFH, SIO0BUFL |
A N \
Data bus 2 2
Synchronous Serial Port 0 (SSI00)
SIO1INT
P51/SCK1
P55/SCK1
P50/SIN1 Shift register
P54/SIN1 ~— >0 8bits/16bits P52/SOUT1
T \l' P56/SOUT1
T32KHZ —> Send register | | Receive register
letgHz Control | | SIO1TRH,L SIO1RCH,L
TBC | 1/4 HSCLK —>| _&"eut 1
to SIO1CON %| LSB/MSB control |
1/64 HSCLK —>| SIOIMODO jt
P51/SCK1 —>| SIOIMOD1
P55/SCK1 —> | SIO1BUFH, SIO1BUFL |
N 4 N
Data bus - A4 Y

Synchronous Serial Port 1(SSIO1)
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SIOOBUFL, SIO1BUFL : Serial port transmit/receive buffer L
SIO0BUFH, SIO1BUFH : Serial port transmit/receive buffer H
SIO0CON, SIO1CON : Serial port control register

SIO0MODO, SIO1IMODO: Serial port mode register 0
SIO0MOD1, SIO1IMOD1: Serial port mode register 1

12.1.3 List of Pins

Figure 12-1 Configuration of Synchronous Serial Port

Pin name /0 Function
P40/SINO | Received data input.
P44/SINO Used for the tertiary function of the P40 and P44 pins.
P41/SCKO /o Synchronous clock input/output.
P45/SCKO Used for the tertiary function of the P41 and P45 pins.
P42/SOUTO N Transmitted data output.
P46/SOUTO Used for the tertiary function of the P42 and P46 pins.
P50/SIN1 Received data input.
P54/SIN1 Used for the secondary function of the P50 pin and P54 pin.
P51/SCK1 /o Synchronous clock input/output.
P55/SCK1 Used for the secondary function of the P51 pin and P55 pin.
P52/SOUT1 o Transmitted data output.
P56/SOUT1 Used for the secondary function of the P52 pin and P56 pin.
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12.2 Description of Registers
12.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) | R/W Size Initial value
O0F280H Serial port O transmit/receive buffer L SIOOBUFL SIO0BUF R/W 8/16 OOH
OF281H Serial port 0 transmit/receive buffer H SIO0BUFH R/W 8 OOH
OF282H Serial port 0 control register SIO0CON — R/W 8 OOH
OF284H Serial port 0 mode register O SIOOMODO SIOOMOD R/W 8/16 OOH
OF285H Serial port 0 mode register 1 SIOOMOD1 R/W 8 OOH
0F288H Serial port 1 transmit/receive buffer L SIO1BUFL SI01BUF R/W 8/16 OOH
O0F289H Serial port 1 transmit/receive buffer H SIO1BUFH R/W 8 OOH
OF28AH Serial port 1 control register SIO1CON — R/W 8 O0H
0F28CH Serial port 1 mode register O SI01MODO SI0IMOD R/W 8/16 OOH
OF28DH Serial port 1 mode register 1 SI01IMOD1 R/W 8 OOH
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12.2.2 Serial Port 0 Transmit/Receive Buffers (SIOOBUFL and SIOOBUFH)

Address: 0F280H
Access: RIW

Access size: 8 bits/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIO0OBUFL SO0B7 S0B6 S0B5 S0B4 S0B3 S0B2 SO0B1 S0BO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F281H
Access: RIW
Access size: 8-bit
Initial value: 00H
7 6 5 4 3 2 1 0
SIOOBUFH S0B15 S0B14 S0B13 S0B12 S0B11 S0B10 S0B9 S0B8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO0BUFL and SIOOBUFH are special function registers (SFRs) to write transmitted data and to read received data of
the synchronous serial port 0.

When data is written in SIOOBUFL and SIOOBUFH, the data is written in the transmit registers (SIO0TRL and
SIO0TRH). When data is read from SIOOBUFL and SIOOBUFH, the contents of the receive registers (SIOORCL and
SIOORCH) are read.
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12.2.3 Serial Port 1 Transmit/Receive Buffers (SIO1BUFL and SIO1BUFH)

Address: 0F288H
Access: RIW

Access size: 8 bits/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SI01BUFL S1B7 S1B6 S1B5 S1B4 S1B3 S1B2 S1B1 S1B0O
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F289H
Access: RIW
Access size: 8-bit
Initial value: 00H
7 6 5 4 3 2 1 0
SIO1BUFH S1B15 S1B14 S1B13 S1B12 S1B11 S1B10 S1B9 S1B8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO1BUFL and SIO1BUFH are special function registers (SFRs) to write transmitted data and to read received data of
the synchronous serial port 1.

When data is written in SIO1BUFL and SIO1BUFH, the data is written in the transmit registers (SIO1TRL and
SIO1TRH). When data is read from SIO1BUFL and SIO1BUFH, the contents of the receive registers (SIO1RCL and
SIO1RCH) are read.
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12.2.4 Serial Port 0 Control Register (SIOOCON)

Address: 0F282H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
SIO0CON — — — — — — — SOEN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO0CON is a special function register (SFR) to control the synchronous serial port 0.

[Description of Bits]
e SOEN (bit 0)
The SOEN bit is used to specify start of synchronous serial communication. Writing a “1” to SOEN starts

8-/16-bit data communication. The SOEN bit is set to “0” automatically when 8-/16-bit data communication is
terminated.

The SOEN bit is set to “0” at a system reset.

SOEN Description
0 Stops communication. (Initial value)
1 Starts communication

12.2.5 Serial port 1 control register (SIOLCON)

Address: 0F28AH
Access: RIW

Access size: 8-hit
Initial value: 00H

7 6 5 4 3 2 1 0
SIO1CON — — —_ — — — — S1EN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO1CON is a special function register (SFR) to control the synchronous serial port 1.

[Description of Bits]
e SI1EN (bit 0)
The S1EN bit is used to specify start of synchronous serial communication. Writing a “1” to S1EN starts

8-/16-bit data communication. The S1EN bit is set to “0” automatically when 8-/16-bit data communication is
terminated.

The S1EN bit is set to “0” at a system reset.

S1EN Description
0 Stops communication. (Initial value)
1 Starts communication
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12.2.6 Serial Port 0 Mode Register 0 (SIOOMODOQ)

Address: 0F284H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
SIO0OMODO — — — — SOLG SOMD1 SOMDO SODIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO0MODO is a special function register (SFR) to set mode of the synchronous serial port 0.

[Description of Bits]

Note:

SODIR (bit 0)
SODIR is the bit for selecting LSB first or MSB first.
SODIR Description
0 LSB first (initial value)
1 MSB first

SOMD1 and SOMDO (bits 2 and 1)

The SOMD1 and SOMDO bits are used to select the transmit/receive mode of the synchronous serial port 0. The

Receive mode, Transmit mode, or Transmit/Receive mode is selectable.

SOMD1 SOMDO Description
0 0 Stops transmission/reception (initial value)
0 1 Receive mode
1 0 Transmit mode
1 1 Transmit/receive mode
SOLG (bit 3)

SOLG is the bit that specifies the transmit/receive buffer bit length. Either 8-bit length or 16-bit length can be

selected.
The SOLG bit is set to “0” at a system reset.

SOLG Description
0 8-bit length (initial value)
1 16-bit length

*Do not change any of the SIOOMODO register settings during transmission/reception.
*When the synchronous serial port 0 is used, the tertiary functions of Port 4 must be set. For the tertiary functions of
Port 4, see Chapter 17, “Port 4”.
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12.2.7 Serial Port 1 Mode Register 0 (SIO1MODO0)

Address: 0F28CH
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
SI0O1MODO — — — — S1LG S1MD1 S1MDO S1DIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO1MODO is a special function register (SFR) to set mode of the synchronous serial port 1.

[Description of Bits]
e SIDIR (bit0)
S1DIR is the bit for selecting LSB first or MSB first.

S1DIR Description
0 LSB first (initial value)
1 MSB first

e SIMD1 and SIMDO (bits 2 and 1)
The SIMD1 and SIMDO bits are used to select the transmit/receive mode of the synchronous serial port 1. The
Receive mode, Transmit mode, or Transmit/Receive mode is selectable.

S1MD1 S1MDO Description
0 0 Stops transmission/reception (initial value)
0 1 Receive mode
1 0 Transmit mode
1 1 Transmit/receive mode

o SI1LG (bit3)
S1LG is the bit that specifies the transmit/receive buffer bit length. Either 8-bit length or 16-bit length can be
selected.
The S1LG bit is set to “0” at a system reset.

S1LG Description
0 8-bit length (initial value)
1 16-bit length

Note:
*Do not change any of the SIO1MODO register settings during transmission/reception.

*When the synchronous serial port 1 is used, the tertiary functions of Port 5 must be set. For the tertiary functions of
Port 5, see Chapter 18, “Port 5”.
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12.2.8 Serial Port 0 Mode Register 1 (SIOOMOD1)

Address: 0F285H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
SIOOMOD1 — — SONEG SOCKT — SO0CK2 SO0CK1 SO0CKO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO0MOD1 is a special function register (SFR) to set mode of the synchronous serial port 0.

[Description of Bits]
e SOCK?2 to SOCKO (bits 2 to 0)
The SOCK2 to SOCKO bits are used to select the transfer clock of the synchronous serial port. When the internal
clock is selected, this LSI is set to master mode and when the external clock is selected, it is set to slave mode.

SO0CK2 SO0CK1 SO0CKO Description
0 0 0 32 KHz (initial value)
0 0 1 16KHz
0 1 0 1/4 HSCLK
0 1 1 1/8 HSCLK
1 0 0 1/16 HSCLK
1 0 1 1/32 HSCLK
1 1 0 External clock 0 (P41/SCKO)
1 1 1 External clock 0 (P45/SCKO0)

e  SOCKT (bit 4)
The SOCKT bit is used to select the phase of the transfer clock output.

SOCKT Description
0 Clock type 0: Output at the “H” level by default (initial value).
1 Clock type 1: Output at the “L” level by default.

e SONEG (bit5)
The SONEG bit is used to select the positive or negative logic of the transfer clock output.

SONEG Description
0 Positive logic (initial value)
1 Negative logic
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12.2.9 Serial Port 1 Mode Register 1 (SIO1MOD1)

Address: 0F28DH
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
SIO1MOD1 — — SINEG S1CKT — S1CK2 S1CK1 S1CKO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO1MOD1 is a special function register (SFR) to set mode of the synchronous serial port 1.

[Description of Bits]
e S1CK?2 to S1ICKO (bits 2 to 0)
The S1CK2 to S1CKO bits are used to select the transfer clock of the synchronous serial port. When the internal
clock is selected, this LSI is set to master mode and when the external clock is selected, it is set to slave mode.

S1CK2 S1CK1 S1CKO Description
0 0 0 32 KHz (initial value)
0 0 1 16KHz
0 1 0 1/4 HSCLK
0 1 1 1/8 HSCLK
1 0 0 1/16 HSCLK
1 0 1 1/32 HSCLK
1 1 0 External clock 1 (P51/SCK1)
1 1 1 External clock 1 (P55/SCK1)

e SICKT (bit4)
The S1CKT bit is used to select the phase of the transfer clock output.

S1CKT Description
0 Clock type 0: Output at the “H” level by default (initial value).
1 Clock type 1: Output at the “L” level by default.

e SINEG (bit5)
The SINEG bit is used to select the positive or negative logic of the transfer clock output.

SINEG Description
0 Positive logic (initial value)
1 Negative logic

12-10



ML610407/ML610408/ML610409 User's Manual
Chapter 12 Synchronous Serial Port

12.3 Description of Operation

12.3.1 Transmit Operation

When “1” is written to the SnMD1 bit and "0" is written to the SAMDO bit of the serial port mode register (SIOnMODO),
this LSI is set to the transmit mode.

When transmitted data is written to the serial port transmit/receive buffer (SIOnBUFL, "H") and the SnEN bit of the
serial port control register (SIONCON) is set to “1”, transmission starts. When transmission of 8/16-bit data terminates, a
synchronous serial port interrupt (SIONINT) occurs and the SnEN bit is set to “0”.

The transmitted data is output from the Port 4's tertiary function (P42/SOUTO, P46/SOUTO) or from the Port 5's tertiary
function (P52/SOUT1, P56/SOUT1).

When an internal clock is selected in the serial port mode register (SIOnMOD1), the LSl is set to a master mode and
when an external clock (SCKn) is selected, the LSI is set to a slave mode.

The serial port mode register (SIONMODO) enables selection of MSB first/LSB first.

The transmitted data output pin (SOUTn) and the transfer clock input/output pin (SCKn) need to be set to the tertiary
function for the Port 4 or to the tertiary function for the Port 5.

The transmission operation waveforms of the synchronous serial port (8-bit length, LSB first) are shown in Figures 12-2
to 12-5, for the clock type 0 (positive logic), clock type 0 (negative logic), clock type 1 (positive logic), and clock type 1
(negative logic), respectively.

SnEN ‘

SCKn O O A R B
SIONTRH,L X___©O  Transmitted data
SOUTN 10X1X2X3X4X5X6X7
SIONINT L1

Figure 12-2 Transmit Operation Waveforms of Synchronous Serial Port for Clock Type 0 (Positive Logic)
(8-bit length, LSB first, n =0, 1)

SnEN |
son m&
SIONTRH,L X___ £ Transmitted data
SOUTn i0)(1><2>(3><4>(5>(6><7
SIONINT L1

Figure 12-3 Transmit Operation Waveforms of Synchronous Serial Port for Clock Type 0 (Negative Logic)
(8-bit length, LSB first, n =0, 1)

SnEN |
SCKn J_\_I_\_I_\_I_\_I_\_I_Mt
SIONTRH,L X 0O Transmitted data
SouUTn 0o X 1 X2 X3 X4 X5 X6 X7
SIONnINT L____

Figure 12-4 Transmit Operation Waveforms of Synchronous Serial Port for Clock Type 1 (Positive Logic)
(8-bit length, LSB first, n =0, 1)
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SnEN |
SCKn T_I_\_I_\_I_\_I_\_I_\_I_\_I_\Jﬁ
SIONTRH,L X_ 0 Transmitted data
SOUTn 0o X 1 X2 X3 Xa X5 X6 1)
SIONINT L1

Figure 12-5 Transmit Operation Waveforms of Synchronous Serial Port for Clock Type 1 (Negative Logic)
(8-bit length, LSB first, n =0, 1)
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12.3.2 Receive Operation

When “0” is written to the SnMD1 bit and “1” is written to the SnMDO bit of the serial port mode register (SIOnMODO),
this LSI is set to a receive mode.

When the SnEN bit of the serial port control register (SIONCON) is set to “1”, reception starts. When reception of
8/16-bit data terminates, a synchronous serial port interrupt (SIOnINT) occurs and the SnEN bit is set to “0”.

The received data is input from the tertiary function pins (P40/SINO or P44/SINO) or the tertiary function pin (P50/SIN1,
P54SIN1) of GPIO.

When an internal clock is selected in the serial port mode register (SIOnMOD?1), the LSI is set to a master mode and
when an external clock (SCKn) is selected, the LSl is set to a slave mode.

The serial port mode register (SIONMODO) enables selection of MSB first/LSB first.

The received data input pin (SINn) and the transfer clock input/output pin (SCKn) need to be set to the tertiary function
for the Port 4 or to the secondary function for the Port 5.

The receive operation waveforms of the synchronous serial port (8-bit length, MSB first) are shown in Figures 12-6 to
12-9, for the clock type 0 (positive logic), clock type 0 (negative logic), clock type 1 (positive logic), and clock type 1
(negative logic), respectively.

SnEN Q t

SCKn [ U O B B
SINN 7 X 6 X 5 X 4 X 3 X 2 X 1 X090
Shift register X7X6X5X4X3X2X1(/o
SIONRCH L Received data
SIONINT [

Figure 12-6 Receive Operation Waveforms of Synchronous Serial Port for Clock Type 0 (Positive Logic)
(8-bit length, MSB first)

nEN | |
I )

SINN 7 X 6 X 5 X 4 X3 X2 X1 X090
Shift register X7X6X5X4X3X2X1(/0
SIONRCH, L Received data
SIONINT L1

Figure 12-7 Receive Operation Waveforms of Synchronous Serial Port for Clock Type 0 (Negative Logic)
(8-bit length, MSB first)
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SnEN | |
SCKn __T_l_J_7__f_I_J_T__f_l_J_T__r_l_J_4E :::
SINn 7 X6 X5 X4 X3 X2 X1 XPo
Shift register X7X6X5X4X3X2X1(/Xo
SIONRCH,L \)( Received data
SIONINT I

Figure 12-8 Receive Operation Waveforms of Synchronous Serial Port for Clock Type 1 (Positive Logic)
(8-bit length, MSB first)

SnEN ‘
SCKn —\_l_\_l_\_l_\_l_\_l_\_l_\_l_\j

SINn 7 X6 X5 X4 X3 X2 X1 X0po
Shift register X7X6X5X4X3X2X1(/Xo
SIONRCH,L \X Received data
SIONINT [

Figure 12-9 Receive Operation Waveforms of Synchronous Serial Port for Clock Type 1 (Negative Logic)
(8-bit length, MSB first)

Note:
When the SOUTO pin is set to the tertiary function output in receive mode, a “H” level is output from the SOUTO
pin.
When the SOUT1 pin is set to the tertiary function output in receive mode, a “H” level is output from the SOUT1
pin.
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12.3.3 Transmit/Receive Operation

When “1” is written to the SnMD1 bit and "1" is written to the SAMDO bit of the serial port mode register (SIOnMODO),
this LSI is set to the transmit/receive mode.

When the SnEN bit of the serial port control register (SIONCON) is set to “1”, transmission/reception starts. When
transmission/reception of 8/16-bit data terminates, a synchronous serial port interrupt (SIOnINT) occurs and the SnEN
bit is set to “0”.

The received data is input from the tertiary function pins (P40/SINO or P44/SINO) or the tertiary function pin (P50/SIN1,
P54SIN1) of GPIO, and the transmitted data is output from the tertiary function pins (P42/SOUTO or P46/SOUTO) or the
tertiary function pin (P52/SOUT1) of GPIO.

When an internal clock is selected in the serial port mode register (SIOnMOD1), the LSl is set to a master mode and
when an external clock (SCKn) is selected, the LSl is set to a slave mode.

The serial port mode register (SIONMODO) enables selection of MSB first/LSB first.

The received data input pin (SINn), the transmitted data output pin (SOUTn), and the transfer clock input/output pin
(SCKn) need to be set to the tertiary function for the Port 4 or to the secondary function for the Port 5.

Figure 12-10 shows the transmit/receive operation waveforms of the synchronous serial port (16-bit length, LSB first,
clock types 0, positive logic).

SnEN | o |

SCKn T B e I
SIONTRH.L X___© Transmitted data
SOuUTn 0o X 1 X 2 X 3 X 12 X13 X 14X 15
SINn o X 1 X 2 X3 X 12 X138 X 1 X015
Shift register X o X1 X 2 X3 X2 X 13X 14(/ 15
SIONRCH,L L Received data
SIOnINT L1

Figure 12-10 Transmit/Receive Operation Waveforms of Synchronous Serial Port
(16-bit Length, LSB First, Clock Type 0, Positive Logic))
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12.4 Specifying port registers

To enable the SSIO(SSIO0, SS101) function, the applicable bit of each related port register needs to be set. See Chapter
17, "Port 4" and Chapter 18 "Port 5" for detail about the port registers.

12.4.1 Functioning P42 (SOUTO: Output), P41 (SCKO: Input/output), and P40 (SINO: Input) as
the SS100/ “Master mode”

Set the P42MD1 to P40MD1 bits (P4AMODL1 register bits 2 to 0) to “1” and the P42MDO0 to P40MDO bits (P4AMODO
register bits 2 to 0) to “0” for selecting the SSIO as the tertiary function of the P42, P41 and P40.

Register name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | PA5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * * * 1 1 1
Register name P4MODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4AOMDO
Setting value * * * * * 0 0 0

Set P42C1-P41MCL1 bits(bit2-bitl of PACONL1 register) to “1”, set P42C0-P41C0 bits(bit2-bitl of PACONO register) to
“1”, and set P42DIR-P41DIR bits(bit2-bitl of PADIR register) to “0” for selecting the state mode of the P42 and P41
pins to CMOS output. Set the P40DIR bit (P4DIR register bit 0) to “1” for selecting the P40 as an input pin.

The set value ($) is arbitrary for the P40C1 and P40CO bits. Select an arbitrary state mode depending on the state of the
external circuit to which the P40 pin is connected.

Register name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * * 1 1 $
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value * * * * * 1 1 $
Register name P4DIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * * * * * 0 0 1

The data of the P42D to P40D bits (P4D register bits 2 to 0) can either be "0" or "1".

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * * *k *k ok

* : Bit not related to the SSIOO0 function
**: Don’t care $: Optional
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12.4.2 Functioning P42 (SOUTO: Output), P41 (SCKO: Input/output), and P40 (SINO: Input) as
the SS100/ ”’Slave mode”

Set the P42MD1 to P4A0MD1 bits (PAMODL register bits 2 to 0) to “1” and the P42MDO0 to P40OMDO bits (P4AMODO
register bits 2 to 0) to “0” for selecting the SSIO as the tertiary function of the P42, P41 and P40. They are the same
setting as those in the case of master mode.

Register name P4MODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P4A5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting value * * * * * 1 1 1
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Setting value * * * * * 0 0 0

Set the P42C1 bit (P4CON1 register bit 2) to "1", the P42CO0 bit (PACONO register bit 2) to "1", and the P42DIR bit
(PADIR register bit 2) to 0" for selecting the P42 pin state mode to CMOS output.

Set P41DIR to P40DIR bits (P4DIR register bit 1 to 0) to “1” for specifying the P41 and P40 as input pins.

The set value ($) is arbitrary for the P41C1 to P40C1 bits and for the P41C0 to P40CO bits. Select an arbitrary input
mode depending on the state of the external circuit to which the P41 or P40 pin is connected.

Register name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * * 1 $ $
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value * * * * * 1 $ $
Register name P4DIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * * * * * 0 1 1

The data of the P42D to P40D bits (P4D register bits 2 to 0) can either be "0" or "1".

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * * *k *k ok

* : Bit not related to the SSIOO0 function
**: Don’t care $: Optional
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12.4.3 Functioning P46 (SOUTO: Output), P45 (SCKO: Input/output) and P44 (SINO: Input) as
the SSIO0/ ”Master mode”

Set P46MD1-P44MD1 bits(bit6-bit4 of PAMODL1 register) to “1” and set PA6MDO0-P44MDO(bit6-bit4 of PAMODO
register) to “0”, for specifying the SSIOO0 as the tertialy function of P46, P45 and P44. Set PAOMDL1 bit(bit0 of
P4AMODL1) to “0”, and set P40 to be primaly or secondary function as not to be SSIO function.

Register name P4MODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting value * 1 1 1 * * * 0
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
Setting value * 0 0 0 * * * *

Set P46C1-P45MC1 bits(bit6-bit5 of PACONL1 register) to “1”, set P46C0-P45C0 bits(bit6-bit5 of PACONO register) to
“1”, and set P46DIR-P45DIR bits(bit6-bit5 of PADIR register) to “0” for selecting the state mode of the P46 and P45
pins to CMOS output. Set P44DIR bit(bit4 of PADIR register) to “1” for specifying the P44 as an input pin.

The set value ($) is arbitrary for the P44C1 and P44CO bits. Select an arbitrary state mode depending on the state of the
external circuit to which the P44 pin is connected.

Register name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * 1 1 $ * * * *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40CO
Setting value * 1 1 $ * * * *
Register name PADIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * 0 0 1 * * * *

The P46D to P44D bits (P4D register bits 6 to 4) data can either be "0" or "1" (hot need to be set).

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * ok - - * * * *

* . Bit not related to the SSIOO0 function
**: Don’t care $: Optional
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12.4.4 Functioning P46 (SOUTO: Output), P45 (SCKO: Input/output) and P44 (SINO: Input) as
the SS100/ ”’Slave mode”

Set PA6MD1-P44MD1 bits(bit6-bit4 of P4AMODL1 register) to “1” and set P46MDO0-P44MDO(bit6-bit4 of P4AMODO
register) to “0”, for specifying the SSIOO0 as the tertialy function of P46, P45 and P44. Set PAOMDL1 bit(bit0 of
P4AMOD1) to “0”, and set P40 to be primaly or secondary function as not to be SSIO function. They are the same setting
as those in the case of master mode.

Register name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4OMD1
Setting value * 1 1 1 * * * 0
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
Setting value * 0 0 0 * * * *

Set P46C1 bit(bité of PACONL register) to “1”, set P46CO bit(bit6 of PACONO register) to “1”, and set P46DIR bit(bit6
of PADIR register) to “0” for selecting the P46 pin state mode to CMOS output.

Set P45DIR-P44DIR bits(bit5-4 of P4DIR register) to “1” for specifying the P45 and P44 as input pins.

The set value ($) is arbitrary for the P45C1 to P44C1 bits and for the P45C0 to P44CO0 bits. Select an arbitrary input
mode depending on the state of the external circuit to which the P45 or P44 pin is connected.

Register name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * 1 $ $ * * * *
Register name PACONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value * 1 $ $ * * * *
Register name P4DIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * 0 1 1 * * * *

The P46D to P44D bits (P4D register bits 6 to 4) data can either be "0" or "1" (not need to be set).

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * *k *k *k * * * *

* : Bit not related to the SSIOO0 function
**: Don’t care $: Optional
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12.4.5 Functioning P52 (SOUT1: Output), P51 (SCK1: Input/output), and P50 (SIN1: Input) as
the SS101/ “Master mode”

Set the P52MD1 to P50MD1 bits (P5SMODL register bits 2 to 0) to "1", and set the P52MDO0 to P5S0MDO bits (P5MODO
register bits 2 to 0) to "0" for specifying the SSIO1 as the secondary function of the P52, P51, and P50.

Register name P5MODL1 register (address: 0F22DH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MD1 | P55MD1 | P54MD1 — P52MD1 | P51MD1 | P50MD1
Setting value * * * * * 1 1 1
Register name P5MODO register (address: 0F22CH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MDO | P55MDO | P54MDO — P52MDO | P51MDO | P50MDO
Setting value * * * * * 0 0 0

Set the P52C0 to P51CO0 bits (P5CONO register bits 2 to 1) to "1", and the P52DIR to P51DIR bits (P5DIR register bits 2
to 1) to "0" for selecting the P52 and P51 pin state mode to CMOS output. Set the P5SODIR bit (P5DIR register bit 0) to

“1” for selecting the P50 as an input pin.
The set value ($) is arbitrary for the PSUD and P50CO bits. Select an arbitrary state mode depending on the state of the

external circuit to which the P50 pin is connected.

Register name P5CONL register (address: 0F22BH)
Bit 7 6 5 4 3 2 1 0
Bit name — — — — — — — P5UD
Setting value * * * * * * * $
Register name P5CONO register (address: OF22AH)
Bit 7 6 5 4 3 2 1 0
Bit name P57CO P56C0O P55C0 P54C0 P53C0 P52C0 P51C0 P50C0
Setting value * * * * * 1 1 $
Register name P5DIR register (address: 0F229H)
Bit 7 6 5 4 3 2 1 0
Bit name P57DIR | P56DIR | P55DIR | P54DIR | P53DIR | P52DIR | P51DIR | P50DIR
Setting value * * * * * 0 0 1

The P52D to P50D bits (P5D register bits 2 to 0) data can either be "0" or "1" (hot need to be set).

Register name P5D register (address: 0F228H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D P52D P51D P50D
Setting value * * * * * ok ok ok

* . Bit not related to the SSIO1 function
**: Don’t care $: Optional

12-20



ML610407/ML610408/ML610409 User's Manual
Chapter 12  Synchronous Serial Port

12.4.6 Functioning P52 (SOUT1: Output), P51 (SCKL1: Input/output), and P50 (SIN1: Input) as
the SS101/ ”’Slave mode™

Set the P52MD1 to P50MD1 bits (P5SMOD1 register bits 2 to 0) to "1", and set the P52MDO0 to P5SOMDO bits (P5MODO0
register bits 2 to 0) to "0" for specifying the SSIO as the tertialy function of the P52, P51, and P50. They are the same
setting as those in the case of master mode.

Register name P5MODL1 register (address: 0F22DH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MD1 | P55MD1 | P54MD1 — P52MD1 | P51MD1 | P50MD1
Setting value * * * * * 1 1 1
Register name P5MODO register (address: 0F22CH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MDO0O | P55MDO | P54MDO — P52MDO | P51MDO | P50MDO
Setting value * * * * * 0 0 0

Set the P52C0 bit (P5CONO register bit 2) to "1", and the P52DIR bit (P5DIR register bit 2) to "0" for selecting the P52
pin state mode to CMOS output.

Set P51DIR to P50DIR bits (P5DIR register bits 1 to 0) to “1” for selecting the P51 and P50 as input pins.

The set value ($) is arbitrary for the P5UD bits and for the P51C0 to P50CO bits. Select an arbitrary input mode
depending on the state of the external circuit to which the P51 or P50 pin is connected.

Register name P5CONL1 register (address: OF22BH)
Bit 7 6 5 4 3 2 1 0
Bit name — — — — — — — P5UD
Setting value * * * * * * * $
Register name P5CONO register (address: 0F22AH)
Bit 7 6 5 4 3 2 1 0
Bit name P57C0O P56C0O P55C0 P54C0 P53CO0 P52C0 P51C0 P50CO
Setting value * * * * * 1 $ $
Register name P5DIR register (address: 0F229H)
Bit 7 6 5 4 3 2 1 0
Bit name P57DIR | P56DIR | P55DIR | P54DIR | P53DIR | P52DIR | P51DIR | P50DIR
Setting value * * * * * 0 1 1

The P52D to P50D bits (P5D register bits 2 to 0) data can either be "0" or "1" (hot need to be set).

Register name P5D register (address: 0F228H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D P52D P51D P50D
Setting value * * * * * * * -

* : Bit not related to the SSIO1 function
**: Don’t care $: Optional
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12.4.7 Functioning P56 (SOUT1: Output), P55 (SCK1: Input/output), and P54 (SIN1: Input) as
the SS101/ “Master mode”

Set the P56MD1 to P54MD1 bits (PSMODL register bits 6 to 4) to "1", and set the P56MDO to P54MDO bits (P5MODO
register bits 6 to 4) to "0" for specifying the SSIO1 as the secondary function of the P56, P55, and P54.

Register name P5MODL1 register (address: 0F22DH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MD1 | P55MD1 | P54MD1 — P52MD1 | P51MD1 | P50MD1
Setting value * 1 1 1 * * * *
Register name P5MODO register (address: 0F22CH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MDO | P55MDO | P54MDO — P52MDO | P51MDO | P50MDO
Setting value * 0 0 0 * * * *

Set the P56C0 to P55CO0 bits (P5CONO register bits 6 to 5) to "1", and the P56DIR to P55DIR bits (P5DIR register bits 6
to 5) to "0" for selecting the P56 and P55 pin state mode to CMOS output. Set the P54DIR bit (P5DIR register bit 4) to

“1” for selecting the P54 as an input pin.
The set value ($) is arbitrary for the PSUD and P54C0 bits. Select an arbitrary state mode depending on the state of the

external circuit to which the P54 pin is connected.

Register name P5CONL register (address: 0F22BH)
Bit 7 6 5 4 3 2 1 0
Bit name — — — — — — — P5UD
Setting value * * * * * * * $
Register name P5CONO register (address: OF22AH)
Bit 7 6 5 4 3 2 1 0
Bit name P57CO P56C0O P55C0 P54C0 P53C0 P52C0 P51C0 P50C0
Setting value * 1 1 $ * * * *
Register name P5DIR register (address: 0F229H)
Bit 7 6 5 4 3 2 1 0
Bit name P57DIR | P56DIR | P55DIR | P54DIR | P53DIR | P52DIR | P51DIR | P50DIR
Setting value * 0 0 1 * * * *

The P56D to P54D bits (P5D register bits 6 to 4) data can either be "0" or "1" (hot need to be set).

Register name P5D register (address: 0F228H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D P52D P51D P50D
Setting value * ok - - * * * *

* . Bit not related to the SSIO1 function
**: Don’t care $: Optional
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12.4.8 Functioning P56 (SOUT1: Output), P55 (SCKL1: Input/output), and P54 (SIN1: Input)
as the SS101/ ”’Slave mode”

Set the P56MD1 to P54MD1 bits (PSMODL register bits 6 to 4) to "1", and set the P56MDO to P54MDO bits (P5MODO
register bits 6 to 4) to "0" for specifying the SSIO as the tertialy function of the P52, P51, and P50. They are the same
setting as those in the case of master mode.

Register name P5MODL1 register (address: 0F22DH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MD1 | P55MD1 | P54MD1 — P52MD1 | P51MD1 | P50MD1
Setting value * 1 1 1 * * * 1
Register name P5MODO register (address: 0F22CH)
Bit 7 6 5 4 3 2 1 0
Bit name — P56MDO | P55MDO | P54MDO — P52MDO | P51MDO | P50MDO
Setting value * 0 0 0 * * * *

Set the P56CO0 bit (P5CONO register bit 6) to "1", and the P56DIR bit (P5DIR register bit 6) to "0" for selecting the P56
pin state mode to CMOS output.

Set P55DIR to P54DIR bits (P5DIR register bits 5 to 4) to “1” for selecting the P55 and P54 as input pins.

The set value ($) is arbitrary for the P5UD bits and for the P55C0 to P54C0 bits. Select an arbitrary input mode
depending on the state of the external circuit to which the P55 or P54 pin is connected.

Register name P5CONL1 register (address: 0F22BH)
Bit 7 6 5 4 3 2 1 0
Bit name — — — — — — — P5UD
Setting value * * * * * * * $
Register name P5CONO register (address: 0F22AH)
Bit 7 6 5 4 3 2 1 0
Bit name P57C0 P56C0 P55C0 P54C0 P53C0 P52C0 P51C0 P50C0
Setting value * 1 $ $ * * * *
Register name P5DIR register (address: OF229H)
Bit 7 6 5 4 3 2 1 0
Bit name P57DIR | P56DIR | P55DIR | P54DIR | P53DIR | P52DIR | P51DIR | P50DIR
Setting value * 0 1 1 * * * *

The P56D to P54D bits (P5D register bits 6 to 4) data can either be "0" or "1" (not need to be set).

Register name P5D register (address: 0F228H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D P52D P51D P50D
Setting value * o *x *x * * * *

* : Bit not related to the SSIO1 function
**: Don’t care $: Optional
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13. UART

13.1 Overview

This LSI includes 1 channel of UART (Universal Asynchronous Receiver Transmitter) which is an asynchronous serial

interface.

For the input clock, see Chapter 6, “Clock Generation Circuit”.
The use of UART requires setting of the secondary functions of Port 4. For the secondary functions of Port 4, see Chapter

17, “Port 4”.

13.1.1 Features

13.1.2 Configuration

5-bit/6-bit/7-bit/8-bit data length selectable.
Odd parity, even parity, or no parity selectable.
1 stop bit or 2 stop bits selectable.

Provided with parity error flag, overrun error flag, framing error flag, and transmit buffer status flag.
Positive logic or negative logic selectable as communication logic.
LSB first or MSB first selectable as a communication direction.
Communication speed: Settable within the range of 200bps to 38400bps.
Built-in baud rate generator.

Figure 13-1 shows the configuration of the UART.

——> P43/TXDO0

———— > UAOINT

P02/RXDO0O _\
P42/RXDO ———— f Shift Register
—> 0>
LSCLK ——> UART
Band Rate
LSCLK x2 > G Controller
HSCLK N enerator N T
UAOCON
UAOBRTH,L UAOMODO.1 UAOBUF UAOSTAT
! ! ’ |
Data bus
UAOBUF : UARTO transmit/receive buffer
UAOBRTH,L : UARTO baud rate H and L are:
UAOCON : UARTO control register
UAOMODO,1  : UARTO mode registers 0 and 1
UAOSTAT : UARTO status register

Figure 13-1 Configuration of UART
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13.1.3 List of Pins

Pin name I/0 Function

UARTO data input pin

P0O2/RXDO0O | . . .
Used for the primary function of the P02 pin.
UARTO data input pin

P42/RXDO0 | . .
Used for the secondary function of the P42 pin.
UARTO data output pin

P43/TXDO @) . .
Used for the secondary function of the P43 pin.
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13.2 Description of Registers
13.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
OF290H UARTO transmit/receive buffer UAOBUF - R/W 8 O0OH
0F291H UARTO control register UAOCON - R/W 8 OOH
0F292H UARTO mode register 0 UAOMODO UAOMOD R/W 8/16 O00H
0F293H UARTO mode register 1 UAOMOD1 R/W 8 O00H
0F294H UARTO baud rate register L UAOBRTL R R/W 8/16 OFFH
OF295H UARTO baud rate register H UAOBRTH R/W 8 OFH
0F296H UARTO status register UAOSTAT - R/W 8 OOH
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13.2.2 UARTO Transmit/Receive Buffer (UAOBUF)

Address: 0F290H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAOBUF UoB7 UoB6 UoB5 uoB4 uoB3 uoB2 uoB1 uoBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOBUF is a special function register (SFR) to store the transmitted/received data of the UART.

In transmit mode, write transmission data to UAOBUF. To transmit the data consecutively, confirm the UOFUL flag of the
UARTO status register (UAOSTAT) becomes "0", then write the next transmitted data to the UAOBUF. Any value written
to UAOBUF can be read.

In receive mode, since data received at termination of reception is stored in UAOBUF, read the contents of UABUF using
the UARTO interrupt at termination of reception. At continuous reception, BAOBUF is updated whenever reception
terminates. Any write to BAOBUF is disabled in receive mode.

The bits, which are not required when any of the 5- to 8-bit data length is selected, become invalid in transmit mode and
are set to “0” in receive mode.

Note:
For operation in transmit mode, be sure to set the transmit mode (UAOMODO and UAOMOD?1) before setting the
transmitted data in UAOBUF.
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13.2.3 UARTO Control Register (UAOCON)

Address: 0F291H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAOCON — — — — — — — UOEN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOCON is a special function register (SFR) to start/stop communication of the UART.

[Description of Bits]
e UOEN (bit 0)
The UOEN bit is used to specify the UART communication operation start. When UOEN is set to “1”, UART
communication starts. In transmit mode, this bit is automatically set to “0” at termination of transmission. In
receive mode, receive operation is continued. To terminate reception, set the bit to “0” by software.

UOEN Description
0 Stops communication. (Initial value)
1 Starts communication
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13.2.4 UARTO Mode Register 0 (UAOMODO)

Address: 0F292H
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAOMODO - — UORSS UORSEL — UOCK1 UOCKO uolo
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOMODO is a special function register (SFR) to set the transfer mode of the UART.

[Description of Bits]
e UOIO (hit0)
The UOIO bit is used to select transmit or receive mode.

uoIo Description
0 Transmit mode (initial value)
1 Receive mode

e UOCK1, UOCKO (bits 2, 1)
The UOCK1 and UOCKO bits are used to select the clock to be input to the baud rate generator of the UARTO.

UOCK1 UOCKO Description
0 0 LSCLK (initial value)
0 1 LSCLK x2
1 * HSCLK

e UORSEL (bit 4)
The UORSEL bit is used to select the received data input pin for the UARTO.

UORSEL Description
0 Selects the P02 pin. (Initial value)
1 Selects the P42 pin.

e UORSS (bit5)
UORSS is the bit that selects the UARTO received data input sampling timing.

UORSS Description
0 Value set in the UAOBRTH and UAOBRTL registers/2 (initial value)
1 Value set in the UAOBRTH and UAOBRTL registers/2-1

Note:
«Always set the UAOMODO register while communication is stopped, and do not rewrite it during communication.
*When specifying LSCLK X 2 for the clock, enable the operation of the low-speed double clock by setting bit 2
(ENMLT) of the frequency control register 1 (FCON1) to “1”.
*When selecting the P42 pin as the received data input pin, it is necessary to configure settings for the Port 4
secondary functions. For the secondary functions of Port 4, see Chapter 17, “Port 4”.
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13.2.5 UARTO Mode Register 1 (UAOMOD1)

Address: 0F293H
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAOMOD1 - UODIR UONEG UOSTP UOPT1 UOPTO UOLG1 UOLGO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOMODL is a special function register (SFR) to set the transfer mode of the UART.

[Description of Bits]
e UOLGI, UOLGO (bits 1, 0)
The UOLG1 and UOLGO bits are used to specify the data length in the communication of the UART.

UOLG1 UOLGO Description
0 0 8-bit length (initial value)
0 1 7-bit length
1 0 6-bit length
1 1 5-bit length

e UOPTL1, UOPTO (bits 3, 2)
The UOPT1 and UOPTO bits are used to select “even parity”, odd parity”, or “no parity” in the communication of

the UART.
UOPT1 UOPTO Description
0 0 Even parity (initial value)
0 1 Odd parity
1 * No parity bit

e UOSTP (bit 4)
The UOSTP bit is used to select the stop bit length in the communication of the UART.

UOSTP Description
0 1 stop bit (initial value)
1 2 stop bits
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e UONEG (bit5)
The UONEG bit is used to select positive logic or negative logic in the communication of the UART.

UONEG Description
0 Positive logic (initial value)
1 Negative logic

e UODIR (bit 6)
The UODIR bit is used to select LSB first or MSB first in the communication of the UART.

UODIR Description
0 LSB first (initial value)
1 MSB first

Note:
Always set the UAOMODL register while communication is stopped, and do not rewrite it during communication.
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13.2.6 UARTO Baud Rate Registers L, H (UAOBRTL, UAOBRTH)

Address: 0F294H
Access: RIW
Access size: 8/16 bit
Initial value: OFFH

7 6 5 4 3 2 1 0
UAOBRTL UOBR7 UOBR6 UOBR5 UOBR4 UOBR3 UOBR2 UOBR1 UOBRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: 0F295H
Access: RIW
Access size: 8-bit
Initial value: OFH
7 6 5 4 3 2 1 0
UAOBRTH — — — — UOBR11 UOBR10 UOBR9 UOBRS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 1 1 1 1

UAOBRTL and UAOBRTH are special function registers (SFRs) to set the count value of the baud rate generator which
generates baud rate clocks.
For the relationship between the count value of the baud rate generator and baud rate, see Section 13.3.2, “Baud Rate”.

Note:
Always set the UAOBRTL and UAOBRTH registers while communication is stopped, and do not rewrite them during
communication.
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13.2.7 UARTO Status Register (UAOSTAT)

Address: 0F296H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAOSTAT - — - — UOFUL UOPER UOOER UOFER
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOSTAT is a special function register (SFR) to indicate the state of transmit or receive operation of the UART.
When any data is written to UAOSTAT, all the flags are initialized to “0”.

[Description of Bits]
e UOFER (bit 0)
The UOFER bit is used to indicate occurrence of a framing error of the UART.
When an error occurs in the start or stop bit, the UOFER bit is set to “1”. This bit is updated each time reception
is completed.
The UOFER bit is fixed to “0” in transmit mode.

UOFER Description
0 No framing error (initial value)
1 With framing error

e UOOER (bit1)
The UOOER bit is used to indicate occurrence of an overrun error of the UART.
If the received data in the transmit/receive buffer (UAOBUF) is received again before it is read, this bit is set to
“1”. Even if reception is stopped by the UOEN bit and then reception is restarted, this bit is set to “1” if the
previously received data is not read. Therefore, make sure that data is always read from the transmit/receive
buffer even if the data is not required.
The UOOER bit is fixed to “0” in transmit mode.

UOOER Description
0 No overrun error (initial value)
1 Overrun error

e UOPER (hit 2)
The UOPER bit is used to indicate occurrence of a parity error of the UART.
When the parity of the received data and the parity bit attached to the data do not coincide, this bit is set to “1”.
UOPER is updated whenever data is received.
The UOPER bit is fixed to “0” in transmit mode.

UOPER Description
0 No parity error (initial value)
1 Parity error
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UOFUL (bit 3)

The UOFUL bit is used to indicate the state of the transmit/receive buffer of the UART.
When the transmitted data is written in UAOBUF in transmit mode, this bit is set to “1” and when this transmitted
data is transferred to the shift register, this bit is set to “0”. To transmit the data consecutively, confirm the

UOFUL flag becomes "0", then write the next transmitted data to the UAOBUF.
The UOFUL bit is fixed to “0” in receive mode.

UOFUL Description
0 There is no data in the transmit/receive buffer. (Initial value)
1 There is data in the transmit/receive buffer.
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13.3 Description of Operation

13.3.1 Transfer Data Format

In the transfer data format, one frame contains a start bit, a data bit, a parity bit, and a stop bit. In this format, 5 to 8 bits
can be selected as data bit. For the parity bit, “with parity bit”, “without parity bit”, “even parity”, or “odd parity” can be
selected. For the stop bit, “1 stop bit” or “2 stop bits” are available and for the transfer direction, “LSB first” or “MSB

first” are available for selection. For serial input/output logic, positive logic or negative logic can be selected.
All these options are set with the UARTO mode register (UAOMOD1).
Figure 13-2 and Figure 13-3 show the positive logic input/output format and negative logic input/output format,

respectively.

K 1 frame >{
Start ity| Stop ! Sto
Tl 2 3 a4 | s |6 |7 | g |PaiySlop.Sop
bit bit | bit | bit
‘ i
Data bit i
I
*1 frame «Data bit length ... 8 to 5 bits variable
Max. ... 12 bits - . . -
Min. .. 7 bits «Parity bit ... With or without parity bit selectable
o Odd or even parity selectable
«Stop bit ... 1 or 2 stop bits selectable
Figure 13-2 Positive Logic Input/Output Format
L 1 frame N
I~ ]
[}
Start Parity| Stop ! Stop
e | L2 2 8T bit | bit | bit
Data bit g
+1 frame _ «Data bit length ... 8 to 5 bits variable
ms\x' "'71Eigts «Parity bit ... With or without parity bit selectable
Odd or even parity selectable

«Stop bit ... 1 or 2 stop bits selectable

Figure 13-3 Negative Logic Input/Output Format
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13.3.2 Baud rate

Baud rates are generated by the baud generator.

The baud rate generator generates a baud rate by counting the clock selected by the baud rate clock selection bits
(UOCK1, UOCKO) of the UARTO mode register 0 (UAOMODO). The count value of the baud rate generator can be set by
writing it in the UARTO baud rate register H or L (UAOBRTH, UAOBRTL). The maximum count is 4096.

The setting values of UAOBRTH and UAOBRTL are expressed by the following equation.

Clock frequency (Hz)

UAOBRTH, L= Baud rate (bps)

—1

Table 13-2 lists the count values for typical baud rates.

Table 13-2 Count Values for Typical Baud Rates

Baud rate generator
] Baud rate generator counter value
Clock selection Error
Baud rate - 0
Baud rate Count Period of [%]
UOCK1 | UOCKO . UAOBRTH | UAOBRTL
Clock value one bit
1200bps 32.768kHz 0 0 27 Approximately 824us O00OH 1AH 1.1
32.768kHz 0 0 14 Approximately 427us O00H ODH -2.5
2400bps
65.536kHz 0 1 27 Approximately 412us O00H 1AH 11
32.768kHz 0 0 7 Approximately 214us O00H 06H -2.5
65.536kHz 0 1 14 Approximately 214us O00H ODH -2.5
4800bps 500kHz 104 | Approximately 208us 00H 67H 0.2
1 * i
2MHz 417 Approximately 01H AOH 0.1
208.5us
65.536kHz 0 1 7 Approximately 107us O00H 06H -2.5
9600bps 500kHz L 52 Approximately 104us O0H 33H 0.2
%
2MHz 208 Approximately 104us O0H CFH 0.2
19200bps 2MHz 1 * 104 Approximately 52us 00H 67H 0.2
38400bps 2MHz 1 * 52 Approximately 26us O00H 33H 0.2
Note:

When using 65.536KHz (LSCLK X 2) for the baud rate generator input clock, enable the operation of the low-speed
double clock by setting bit 2 (ENMLT) of the frequency control register 1 (FCON1) to “1”.

When the baud rate clock generator input clock selection is set to 500kHz or 2MHz, an error of 500kHz+25% or
2MHz£25% may occur. To set the baud rate with accuracy, set the baud rate generator counter value by referring to
the frequency measurement modes for Timers 2 and 3 (Sections 9.3.3).

Internal logic voltage (Vpp. ) is changed by OSCMZ2 bit. Vpp_ becomes Typ.1.2V when OSCM2 is set to “0” and
500kHz oscillation is selected. Vpp, becomes Typ.1.5V when OSCM2 is set to “1” and 2MHz oscillation is selected. .
Ensure to write this bit when the high-speed clock oscillator circuit stops oscillating (During FCONL1 register's
ENOSC bit is "0").
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13.3.3 Transmitted Data Direction

Figure 13-4 shows the relationship between the transmit/receive buffer and the transmitted/received data.

Data length: 8 bits

LSBreception —[" ;087 | voss | uoss | uosa | uoss | uos2 | uos1 | uoso [ .
MSB reception <—j <— MSB reception

LSB reception

Data length: 7 bits

LSB reception =" ;086 | Uoss | UoB4 | UOB3 | UOB2 | LoB1 | woso [ > LSBreception
MSB reception <— <—  MSB reception
UOBY7 is “0” at completion of
Data length: 6 bits
LSB reception —> —> LSB reception

MSE reception <_| U0BS | UOB4 | UOB3 | UOB2 | UOBL | U0BO | =\ on  til

UOB7 and UOB6 are “0” at completion

Data length: 5 bits

LSB reception —[" ;05,4 [ uos | UoB2 | UoB1 | Uoso [ >  -SBreception
MSB reception <—j <— MSB reception

U0B7, UOB6, and UOBS are “0” at
completion of reception.

Figure 13-4 Relationship between Transmit/Receive Buffer and Transmitted/Received Data

Note:
When the TXDO pin is set to serve the secondary function output in receive mode, "H" level is output from the TXDO
output.
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13.3.4 Transmit Operation

Transmission is started by setting the UOIO bit of the UARTO mode register 0 (UAOMODO) to “0” to select transmit
mode and setting the UOEN bit of the UARTO control register (UAOCON) to “1”.
Figure 13-5 shows the operation timing for transmission.

When the UOEN bit is set to “1” (®), the baud rate generator generates an internal transfer clock of the baud rate set and
starts transmission.

The start bit is output to the TXDO pin by the falling edge of the internal transfer clock (®). Subsequently, the transmitted
data, a parity bit, and a stop bit are output.

When the start bit is output (@), a UARTO interrupt is requested. In the UARTO interrupt routine, the next data to be
transmitted is written to the transmit/receive buffer (UAOBUF).

When the next data to be transmitted is written to the transmit/receive buffer (UAOOBUF), the transmit buffer status flag
(UOFUL) is set to “1” (®) and a UARTO interrupt is requested on the falling edge of the internal transfer clock (@) after
transmission of the stop bit. If the UARTO interrupt routine is terminated without writing the next data to the
transmit/receive buffer, the UOFUL bit is not set to “1” (®) and transmission continues up to the transmission of the stop
bit, then the UOEN bit is reset to “0” and a UARTO interrupt is requested.

The valid period for the next transmit data to be written to the transmit/receive buffer is from the generation of an
interrupt to the termination of stop bit transmission. (®)

13-15



ML610407/ML610408/ML610409 User's Manual

Chapter 13 UART

(©)] ®

< <

poliad ajqeus alMm Jayng aAIedalIWLISURI | v‘ poliad ajgeus alum Jayng aAISdaIIWSURL | J
® ® ® © ©
L ! ! 14

—

1N4don

s _ (

L

INIOVN

ndino

sos [sws| 2 Y[ ¢ & | 0 fums | aosfums] 2 (2] 1[0

vels K

iplinipfnipiniginipinininly

] NN

0axit

L]

500]2
Iajsuel) jeusalu|

|

NN NN elep pug y elep 1sT

N30N

lreuis 18s N30N

dndovn

uononisul
189S N3oN

ATOSAS
320]0 WalsAs

uonanasul
aluM 4NgovN

Figure 13-5 Operation Timing in Transmission
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13.3.5 Receive Operation

Select the received data pin using the UORSEL bit of the UARTOUARTO mode register 0 (UAOMODO). Select the
receive mode by setting the UOIO bit of the UARTO mode register 0 (UAOMODO) to "1". Then, set the UOEN bit of the
UARTO control register (UAOCON) to "1" to start receiving data.

Figure 13-6 shows the operation timing for reception.

When receive operation starts, the LS| checks the data sent to the input pin RXDO and waits for the arrival of a start bit.
When detecting a start bit (®), the LSI generates the internal transfer clock of the baud rate set with the start bit detect
point as a reference and performs receive operation.

The shift register shifts in the data input to RXD on the rising edge of the internal transfer clock. The data and parity bit
are shifted into the shift register and 5- to 8- bit received data is transferred to the transmit/receive buffer (UAOBUF)
concurrently with the fall of the internal transfer clock of 3.

The LSI requests a UARTO interrupt on the rising edge of the internal transfer clock subsequent to the internal transfer
clock by which the received data was fetched (®) and checks for a stop bit error and a parity bit error. When an error is
detected, the LSI sets the corresponding bit of the UARTO status register (UAOSTAT) to “1”.

Parity error : SOPER =“1"
Overrunerror  :SOOER =“1”
Framing error  : SOFER =“1"

As shown in Figure 13-6, the rise of the internal transfer clock is set so that it may fall into the middle of the bit interval
of the received data.

Reception continues until the UOEN bit is reset to “0” by the program. When the UOEN bit is reset to “0” during
reception, the received data may be destroyed. When the UOEN bit is reset to “0” during the “UOEN reset enable period”
in Figure 13-6, the received data is protected.
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13.3.5.1 Detection of Start Bit

The Start bit is sampled using the baud rate generator clock (LSCLK, LSCLK x 2, HSCLK) selected by the UOCK1 and
UOCKO bits of the UARTN mode register 0 (UAOMODO). Therefore, the start bit detection may be delayed for one cycle
of the baud rate generate clock at the maximum.

Figure 13-7 shows the start bit detection timing.

RXDO

Baudrategenerator A A A A A A A 4
Sampling by clock

\_Y_)

Maximum one-cycle delay

Start bit

Figure 13-7 Start Bit Detection Timing (Positive Logic)

13.3.5.2 Sampling Timing

When the Start bit is detected, the received data that was input to the RXDO is sampled almost at the center of the baud
rate, then loaded to the shift register.

The loading sampling timing of this shift register can be adjusted for one clock of the baud rate generator clock, using the
UORSS bit of the UARTO mode register 0 (UAOMODO).

Figure 13-8 shows the relationship between the UORSS bit and the sampling timing.

Count value =7

0 2.3 6 0 2.3 6

Baud rate generator clock muwmwm_ﬂ_ﬂmmﬂ_ﬂw

A A A A
Sampling Timing ' '

AN !

UnRSS=1 UnRSS=0

(1) When the baud rate generator count value is "7" (odd)

Count value = 8

0 23 70 23 7
Baud rate generator clock Mmmm_ﬂ_ﬂmmm_ﬂﬂ
RXDO
A A A A
Sampling Timing V. '\ |

UORSS=1 UORSS=0

(2) When the baud rate generator count value is "8" (even)
Figure 13-8 Relationship between UORSS Bit and Sampling Timing
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13.3.5.3 Receive Margin

If there is an error between the sender baud rate and the baud rate generated by the baud rate generator of this LSI, the
error accumulates until the last stop bit loading in one frame, decreasing the receive margin. This receive margin needs to
be fully considered, particularly when the baud rate generator clock uses a lower frequency such as LSCLK and LSCLK x
2 to realize a higher bit rate (e.g., 4800bps, 9600bps).

Figure 13-9 shows the baud rate errors and receive margin waveforms.

Ideal waveform (RXDO) _I Start | | | | | | | Stioip L
sederbaudratels | sen [ [ [ T T T e
oy o L L[ L [ [ Tl

o M M M M M M \
Sampling Timing E E E E ﬂ E\ E Ti‘
0

UORSS=1 UORSS=

Figure 13-9 Baud Rate Error and Receive Margin

Note:
In system designing, ensure a sufficient receive margin considering the baud rate difference between sender and

receiver, start bit detection delay, distortion in receive data, and influence of noise.
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13.4 Specifying port registers

To enable the UART function, the applicable bit of each related port register needs to be set. See Chapter 17, “Port 4”
and Chapter 14, “Port 0” for detail about the port registers.

13.4.1 Functioning P43(TXD0) and P42(RXD0) as the UART

Set P43MD1-P42MD1 bits(bit3-bit2 of PAMOD1 register) to “0” and set P43MDO0-P42MDO(bit3-bit2 of P4AMODO
register) to “1”, for specifying the UART as the secondary function of P43 and P42.

Register name P4MODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * * 0 0 * *
Register name P4MODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4A0OMDO
Setting value * * * * 1 1 * *

Set the P43C1 bit (P4CONL register's bit 3) to "1", the P43C0 bit (P4CONO register's bit 3) to "1", and the P43DIR bit
(P4DIR register's bit 3) to "0" for specifying the state mode of the P43 pin to CMOS output.

Set P42DIR bit (bit2 of P4DIR register) to “1” for specifying the P42 as an input pin.

The set value ($) is arbitrary for the P42C1 and P42CO bits. Select an arbitrary input mode depending on the state of the
external circuit to which the P42 pin is connected.

Register name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * 1 $ * *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46C0 P45C0 P44CO0 P43C0 P42CO0 P41CO P40CO0
Setting value * * * * 1 $ * *
Register name P4DIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting value * * * * 0 1 * *
The P43D to D42D hits (P4D register bits 3 to 2) data can either be "0" or "1" (not need to be set).
Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * *x *x * *

*: Bit not related to the UART function
**: Don’t care $: Optional

[Note:]
The receive pin (RXD) is selected by UORSEL bit (bit4 of UAOMODO register). The initial value "0" selects the P02
and the value "1" selects the P43.
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13.4.2 Functioning P43(TXD0) and PO2(RXD0) as the UART

Set P43MD1 bit (bit3 of PAMOD1 register) to “0” and set P4A3MDO(bit3 of PAMODO register) to “1”, for specifying the
UART as the secondary function of P43.

Register name P4AMODL1 register (Address: OF225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4AOMD1
Setting value * * * * 0 $ * *
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4AOMDO
Setting value * * * * 1 $ * *

Set the P43C1 bit (P4ACONL register's bit 3) to "1", the P43CO0 bit (P4CONO register's bit 3) to "1", and the P43DIR bit
(P4DIR register's bit 3) to "0" for specifying the state mode of the P43 pin to CMOS output.

Register name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * 1 * * *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40CO
Setting value * * * * 1 * * *
Register name PADIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR | P46DIR | P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40DIR
Setting value * * * * 0 * * *

The P43D bit (P4D register bit 3) data can either be "0" or "1" (not need to be set).

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * ** * * *
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The P02 pin is an input-only pin and does not need input/output selection by the register. The set value ($) is arbitrary for
the P02C1 and P02CO bits. Select an arbitrary input mode depending on the state of the external circuit to which the P02
pin is connected.

Register name POCONL1 register (Address: 0F207H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - PO3C1 P0O2C1 PO1C1 POOC1
Setting value - - - - * $ * *
Register name POCONO register (Address: 0F206H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - PO3CO P02CO PO1CO PO0OCO
Setting value - - - - * $ * *

The P02D bit (POD register bit 2) data can either be "0" or "1" (not need to be set).

Register name POD register (Address: 0F204H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - PO3D P02D PO1D POOD
Setting value - - - - * ** * *

- : Bit that does not exist
* : Bit not related to the UART function
**: Don’t care $: Optional

Note:
*The receive pin (RXD) is selected by UORSEL bit (bit4 of UAOMODO register). The initial value "0" selects the P02
and the value "1" selects the P43.
*Even if the P42 pin is selected as RXDO by the P42MD1, P42MDO0, P42C1, P42CO0, and P42IDR bits, the P02 pin will
be selected as RXDO when the UORSEL bit of the UAOMODO register is "0".
*P02(Port 0) is an input-only port, does not have registers that can select data direction(input or output) or
mode(primary or secondary function).
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14. Port0

14.1 Overview

This LSI includes the 5-bit, input-only Port 0 (P00 to P04).

14.1.1 Features

All bits support a maskable interrupt function.

Allows selection of interrupt disabled mode, falling-edge interrupt mode, rising-edge interrupt mode, or
both-edge interrupt mode for each bit.

Allows selection of with/without interrupt sampling for each bit. (Sampling frequency: T16KHZ)

Allows selection of high-impedance input mode, input mode with a pull-down resistor, or input mode with a
pull-up resistor for each bit.

The P00 and P01 pins can be used as the trigger input pins of the capture circuit and the P02 pin can be used as
the RXDO input pin of UARTO.

The P04 pin can be used as an external clock (T02POCK) input pin for the timers and the PWM.

14.1.2 Configuration

Figure 14-1 shows the configuration of Port 0.

Voo Data bus
F— Pull-up
Voo Pull-down [<— ggggm(l) <
1 Controller
POO to P04 & [ rop
EXICONO
EXICON1 >
Vss \r EXICONZ2
— Interrupt 5
Controller POOINT to PO4INT
A Sampling Clock
T16KHZ
% RXDO0.TO2POCK
POD - Port 0 data register

POCONQO: Port 0 control register 0
POCONL1.: Port 0 control register 1
EXICONO : External interrupt control register 0
EXICON1 : External interrupt control register 1
EXICON2 : External interrupt control register 2

Figure 14-1 Configuration of Port 0

14.1.3 List of Pins

Pin name 110 Function

POO/EXIO/CAPO

Input port, External O interrupt, Capture O trigger signal input

PO1/EXI1/CAP1

Input port, External 1 interrupt, Capture 1 trigger signal input

I
I
PO2/EXI2/RXDO0O I Input port, External 2 interrupt, UARTO data input (RXDO)
|
I

PO3/EXI3 Input port, External 3 interrupt
PO4/EXI4/ Input port, external 4 interrupt, external clock input (TO2POCK) to
TO2POCK Timer O, Timer 2, and PWMO
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14.2 Description of Registers

14.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W | Size Initial value
OF204H | Port 0 data register POD — R 8 Depends on pin state
OF206H | Port 0 control register O POCONO POCON R/W | 8/16 O0OH
OF207H | Port 0 control register 1 POCON1 R/W 8 O0OH
OF020H | External interrupt control register 0 EXICONO — R/W 8 OOH
O0F021H | External interrupt control register 1 EXICON1 — R/W 8 O0OH
OF022H | External interrupt control register 2 EXICON2 — R/W 8 O0OH
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14.2.2 Port 0 Data Register (POD)

Address: 0F204H

Access: R

Access size: 8-hit

Initial value: Depends on pin state

7 6 5 4 3 2 1 0

POD — — — P04D PO3D P02D PO1D POOD
R R R R R R R R R
Initial value 0 0 0 X X X X X

POD is a special function register (SFR) to only read the pin level of Port 0.

[Description of Bits]
e P04D to POOD (bits 4 to 0)
The P04D to POOD bits are used to read the pin level of Port 0.

P04D Description
0 P04 pin input: “L” level
1 P04 pin input: “H” level

PO3D Description
0 PO3 pin input: “L” level
1 P03 pin input: “H” level

P0O2D Description
0 P02 pin input: “L” level
1 P02 pin input: “H” level

PO1D Description
0 PO1 pin input: “L” level
1 PO1 pin input: “H” level

POOD Description
0 POO pin input: “L” level
1 POO pin input: “H” level

14-3



ML610407/ML610408/ML610409 User's Manual
Chapter 14 Port 0

14.2.3 Port 0 Control Registers 0, 1 (POCONO, POCONL1)

Address: 0F206H
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
POCONO — — — P04CO P0O3CO P02CO PO1CO POOCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F207H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
POCON1 — — — P04C1 P0O3C1 P02C1 PO1C1 PO0OC1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

POCONO and POCONZ1 are special function registers (SFRs) to select the input mode of Port 0.

[Description of Bits]
e P04CO to POOCO, P04C1 to POOC1 (bits 4 to 0)
The P04CO0 to POOCO bits and the PO4C1 to POOC1 bits are used to select high-impedance input mode, input
mode with a pull-down resistor, or input mode with a pull-up resistor. The POnCO bit and the POnC1 bit
determine the input mode of POn (Example: When P02CO0 = “0” and P02C1 = “1”, P02 is in input mode with a
pull-up resistor).

P04C1-PO0C1 | P04CO0-P0O0OCO Description
0 0 High-impedance input mode (initial value)
0 1 Input mode with a pull-down resistor
1 0 Input mode with a pull-up resistor
1 1 High-impedance input mode
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14.2.4 External Interrupt Control Registers 0, 1 (EXICONO, EXICON1)

Address: 0F020H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
EXICONO — — — PO4EO PO3EO PO2EO PO1EO POOEO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F021H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
EXICON1 — —_ —_ PO4E1 PO3E1 PO2E1 PO1E1 POOE1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

EXICONO and EXICONL are special function registers (SFRs) to select an interrupt edge of Port 0.

[Description of Bits]
e PO4EO to POOEO, PO4E1 to POOEL (bits 4 to 0)
The PO4EOQ to POOEO bits and the PO4E1 to POOE1 bits are used to select interrupt disabled mode, falling-edge
interrupt mode, rising-edge interrupt mode, or both-edge interrupt mode. The POnEO bit and the POnE1 bit
determine the interrupt mode of POn (Example: When PO2EO = “0” and PO2E1 = “1”, P02 is in rising-edge
interrupt mode).

PO4E1-POOE1 | PO4EOQ-POOEQ Description
0 0 Interrupt disabled (initial value)
0 1 Falling-edge interrupt mode
1 0 Rising-edge interrupt mode
1 1 Both-edge interrupt mode
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14.2.5 External Interrupt Control Register 2 (EXICON2)

Address: 0F022H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
EXICON2 — — — P04SM PO3SM P02SM PO1SM POOSM
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

EXICONS2 is a special function register (SFR) to select whether the Port 0 interrupt is with sampling or without
sampling.

[Description of Bits]
e P04SM to POOSM (bits 4 to 0)
The P0O4SM to POOSM bits are used to select detection of signal edge for Port 0 interrupts with or without
sampling. The sampling clock is T16KHZ of the low-speed time base counter (LTBC).

P04SM Description
0 Detects the input signal edge for a P04 interrupt without sampling (initial
value).
1 Detects the input signal edge for a P04 interrupt with sampling.
PO3SM Description
0 Detects the input signal edge for a P03 interrupt without sampling (initial
value).
1 Detects the input signal edge for a P03 interrupt with sampling.
P02SM Description
0 Detects the input signal edge for a P02 interrupt without sampling (initial
value).
1 Detects the input signal edge for a P02 interrupt with sampling.
PO1SM Description
0 Detects the input signal edge for a PO1 interrupt without sampling (initial
value).
1 Detects the input signal edge for a PO1 interrupt with sampling.
POOSM Description
0 Detects the input signal edge for a P00 interrupt without sampling (initial
value).
1 Detects the input signal edge for a POO interrupt with sampling.

Note:
In STOP mode, since the 16 kHz sampling clock stops, no sampling is performed regardless of the values set in
POOSM to PO4SM.
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14.3 Description of Operation

For each pin of Port 0, the setting of the Port 0 control registers 0 and 1 (POCONO and POCONL1) allows selection of
high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor.
High-impedance input mode is selected at system reset.

The pin level of Port 0 can be read by reading the Port 0 data register (POD).

14.3.1 External Interrupt/ Secondary Function

The Port 0 pins (P00, P01, P02, P03, P04) can be used for POO to P04 interrupts (POOINT to PO4INT). The P00 to P04
interrupts are maskable and interrupt enable or disable can be selected. For interrupts, see Chapter 5, "Interrupt."”

The P00 and P01 pins can be used as the trigger input to the capture circuit, the P02 pin as the RXDO input to the
UARTO, and the P04 pin as the external clock input to the timers and the PWM.

For the capture function, see Chapter 8, "Capture.” For the UART function, see Chapter 13, "UART." For the timer
function, see Chapter 9, "Timer." For the PWM function, see Chapter 10, "PWM."

14.3.2 Interrupt Request

When an interrupt edge selected with the external interrupt control register 0, 1, or 2 (EXICONO, EXICON1, or
EXICON2) occurs at a Port 0 pin, any of the maskable P00 to P04 interrupts (POOINT to PO4INT) occurs.

Figure 14-2 shows the P00 to P04 interrupt generation timing in rising-edge interrupt mode, in falling-edge interrupt
mode, and in both-edge interrupt mode without sampling and the POO to P04 interrupt generation timing in rising-edge
interrupt mode with sampling.

svsew ][ § 3 [ L L LT L]

POn pin

PONINT i\ «
Interrupt request ——(
QPON S

(a) When Falling-Edge Interrupt Mode without Sampling is Selected

SYSCLK Nl
POn pin « |
) 1

PONINT /]\

I
7

Interrupt request —
QPON 5
(b) When Rising-Edge Interrupt Mode without Sampling is Selected

POn pin

)

PONINT i\ | « /]\ :
Interrupt request ——€ | —
QPON g

(c) When Both-Edge Interrupt Mode without Sampling is Selected
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T16KHZ |, | |

POn pin

PONINT

Interrupt request

QPON

(d) When Rising-Edge Interrupt Mode with Sampling is Selected

Figure 14-2 P00 to P04 Interrupts Generation Timing

n=0,123,4
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15. Port?2

15.1 Overview

This LSl includes 4-bit Port 2 (P20 to P22, and P24) dedicated to output.

Port 2 can output low-speed clock (LSCLK), high-speed clock (OUTCLK), melody, and PWM waveform as a secondary
function. For the clock output, see Chapter 6, "Clock Generation Circuit." For the Melody 0 (MDO) output, see Chapter
20, "Melody Driver." For the PWM (PWMO) output, see Chapter 10, "PWM."

15.1.1 Features

e Allows direct LED drive.

o Allows selection of high-impedance output mode, P-channel open drain output mode, N-channel open drain
output mode, or CMOS output mode for each bit.

o Allows output of low-speed clock (LSCLK), high-speed clock (OUTCLK), Melody 0 (MDO), and PMW
waveform (PWMO) as a secondary function.

15.1.2 Configuration

Figure 15-1 shows the configuration of Port 2.

Data bus
P2MOD
Vo P2CONO [¢€—>
v P2CON1
D
- Port2 P2D |&e—>
P20 to P22.P24 © Output
— Controller [< . LSCLK
Vss ) OUTCLK
MDO
Vss PWMO
P2D . Port 2 data register
P2CONO: Port 2 control register 0
P2CONL1.: Port 2 control register 1
P2MOD  : Port 2 mode register
Figure 15-1 Configuration of Port 2
15.1.3 List of Pins
Pin name 1/0 Primary function Secondary function
P20/LEDO/LSCLK (0] Output port Low-speed clock output (LSCLK)
P21/LED1/OUTCLK (0] Output port High-speed clock output (OUTCLK)
P22/LED2/MDO (0] Output port Melody 0 output (MDO)
P24/LED4/PWMO (0] Output port PWMO output (PWMO)
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15.2 Description of Registers

15.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size Initial value
OF210H Port 2 data register P2D — R/W 8 OOH
0F212H Port 2 control register 0 P2CONO P2CON R/W 8/16 O00H
0F213H Port 2 control register 1 P2CON1 R/W 8 O00H
0F214H Port 2 mode register P2MOD — R/W 8 OOH
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15.2.2 Port 2 Data Register (P2D)

Address: 0F210H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P2D — — — P24D — P22D P21D P20D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2D is a special function register (SFR) to set the output value of the Port 2. The value of this register is output to Port 2.
The value written to P2D is readable.

[Description of Bits]
e P24D (bits 4 to 0)
The P24D and P22D to P20D bits are used to set the output value of the Port 2 pin.

P24D Description
0 Output level of the P24 pin: "L"
1 Output level of the P24 pin: "H"

P22D Description
0 Output level of the P22 pin: "L”
1 Output level of the P22 pin: "H”

P21D Description
0 Output level of the P21 pin: "L”
1 Output level of the P21 pin: "H”

P20D Description
0 Output level of the P20 pin: "L”
1 Output level of the P20 pin: "H”
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15.2.3 Port 2 Control Registers 0, 1 (P2CONO, P2CON1)

Address: 0F212H
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P2CONO — — — P24CO — P22C0 P21CO P20CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F213H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
P2CON1 — — —_ P24C1 — pP22C1 P21C1 P20C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2CONO and P2CON1 are special function registers (SFRs) to select the output state of the output pin Port 2.

[Description of Bits]

e P24C0, P22CO0 to P20C0, P24C1, P22C1 to P20C1 (bits 4 and 2 to 0)

The P24C0, P22C0 to P20C0, P24C1, and P22C1 to P20C1 bits are used to select high-impedance output mode,

P-channel open drain output mode, N-channel open drain output mode, or CMOS output mode.
To directly drive LEDs, select N-channel open drain output mode.

P24C1 P24C0 Description
0 0 P24 pin: In high-impedance output mode (initial value)
0 1 P24 pin: In P-channel open drain output mode
1 0 P24 pin: In N-channel open drain output mode
1 1 P24 pin: In CMOS output mode
P22C1 P22C0 Description
0 0 P22 pin: In high-impedance output mode (initial value)
0 1 P22 pin: In P-channel open drain output mode
1 0 P22 pin: In N-channel open drain output mode
1 1 P22 pin: In CMOS output mode
P21C1 P21CO0 Description
0 0 P21 pin: In high-impedance output mode (initial value)
0 1 P21 pin: In P-channel open drain output mode
1 0 P21 pin: In N-channel open drain output mode
1 1 P21 pin: In CMOS output mode
P20C1 P20C0 Description
0 0 P20 pin: In high-impedance output mode (initial value)
0 1 P20 pin: In P-channel open drain output mode
1 0 P20 pin: In N-channel open drain output mode
1 1 P20 pin: In CMOS output mode
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15.2.4 Port 2 Mode Register (P2MOD)

Address: 0F214H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P2MOD — — — P24MD — P22MD P21MD P20MD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2MOD is a special function register (SFR) to select the primary function or the secondary function of Port 2.

[Description of Bits]
e P24MD (bit 4)
The P24MD bit is used to select the primary function or the secondary function of the P24 pin.

P24MD Description
0 General-purpose output port function (initial value)
1 PWMO output function

e P22MD (bit 2)
The P22MD bit is used to select the primary function or the secondary function of the P22 pin.

P22MD Description
0 General-purpose output port function (initial value)
1 Melody 0 (MDOQ) output function

e P21IMD (bit 1)
The P21MD bit is used to select the primary function or the secondary function of the P21 pin.

P21MD Description
0 General-purpose output port function (initial value)
1 High-speed clock (OUTCLK) output function

e P20MD (bit 0)
The P20MD bit is used to select the primary function or the secondary function of the P20 pin.

P20MD Description
0 General-purpose output port function (initial value)
1 Low-speed clock (LSCLK) output function

Note:

® P2 (Port 2) is an output-only pin and does not have the register to select the data direction(input or output).

® The output characteristics of the P2 pins (P20, P21, P22, and P24) are VOL1 and VOH1 (described in "Appendix C
Electrical Characteristics™) when each bit (P20MD, P21MD, P22MD, and P24MD) of the corresponding P2MOD
register is "1" (melody/buzzer is selected as the secondary function) and are VOL2 and VOH2 when each bit is "0".
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15.3 Description of Operation

15.3.1 Output Port Function

For each pin of Port 2, any one of high-impedance output mode, P-channel open drain output mode, N-channel open
drain output mode, and CMOS output mode can be selected by setting the Port 2 control registers 0 and 1 (P2CONO and
P2CONL1). At a system reset, high-impedance output mode is selected as the initial state.

Depending of the value set in the Port 2 data register (P2D), a “L” level or “H” level signal is output to each pin of Port
2.

15.3.2 Secondary Function

Low-speed clock (LSCLK) output, High-speed clock (OUTCLK) output, melody 0 (MDO) output, and PWM 0 output
are assigned to Port 2 as a secondary function. The secondary function can be used by setting the P24MD and P22MD to
P20MD bits of the Port 2 mode register (P2MOD) to “1”.
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16. Port3

16.1 Overview

This LSI includes Port 3 (P30 to P35), which is a 6-bit input/output port.

Furthermore, the oscillation pins (INO, CS0, RS0, RT0, RCTO, and RCM) for the RC-ADC (Channel 0) are provided as
the secondary function mode.

For the RC-ADC, see Chapter 21, “RC Oscillation Type A/D Converter”.

16.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for
each bit in input mode.

e The oscillation pins (INO, CS0, RSO, RT0, RCTO, and RCM) for the RC-ADC (Channel 0) are available as the
secondary function mode.

16.1.2 Configuration

Figure 16-1 shows the configuration of Port 3.

Voo
F——  Pull-up Data bus
Pull-down
1 Controller
v Ves T P3DIR
P P3MODO [€—>
Voo l P3CONO,1
F— Port3 |« P3D |«—>|
P30to P35 [ Output 5 Output for RC-ADC
1 Controller " (CS0, RSO, RTO, RCTO, RCM)
6
Vss
@ L o Inputfor RC-ADC
Vss (INO)
P3D : Port 3 data register
P3DIR : Port 3 direction register
P3CONQO: Port 3 control register 0
P3CONL1: Port 3 control register 1
P3MODOQ : Port 3 mode register O
Figure 16-1 Configuration of Port 3
16.1.3 List of Pins
Pin name I/O Primary function Secondary function
P30/INO I/0 Input/output port | Oscillation waveform input pin for RC-ADCO
Reference capacitor connection pin for
P31/CS0O I/0 Input/output port RC-ADCO
P32/RS0O I/O Input/output port | Reference resistor connection pin for RC-ADCO
Resistor sensor connection pin for measurement
P33/RTO I/O Input/output port for RC-ADCO
Resistor/capacitor sensor connection pin for
P34/RCTO 1/0 Input/output port measurement for RC-ADCO
P35/RCM I/O Input/output port | RC oscillation monitor pin for RC-ADCO
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16.2 Description of Registers
16.2.1 List of Registers

Address Name Symbol (Byte) [ Symbol (Word) | R/W | Size Initial value
0F218H Port 3 data register P3D — R/W 8 O0H
0F219H Port 3 direction register P3DIR — R/W 8 O0H
OF21AH Port 3 control register 0 P3CONO —— R/W | 8/16 O00OH
OF21BH Port 3 control register 1 P3CON1 R/W 8 OOH
OF21CH Port 3 mode register 0 P3MODO — R/W 8 OOH

16-2



ML610407/ML610408/ML610409 User's Manual
Chapter 16 Port 3

16.2.2 Port 3 Data Register (P3D)

Address: 0F218H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P3D — — P35D P34D P33D P32D P31D P30D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3D is a special function register (SFR) to set the value to be output to the Port 3 pin or to read the input level of the Port
3. In output mode, the value of this register is output to the Port 3 pin. The value written to P3D is readable.

In input mode, the input level of the Port 3 pin is read when P3D is read. Output mode or input mode is selected by using
the port direction register (P3DIR) described later.

[Description of Bits]
e P35D to P30D (bits 5 to 0)
The P35D to P30D bits are used to set the output value of the Port 3 pin in output mode and to read the pin level
of the Port 3 pin in input mode.

P35D Description

0 Output or input level of the P35 pin: "L”

1 Output or input level of the P35 pin: "H”
P34D Description

0 Output or input level of the P34 pin: "L”

1 Output or input level of the P34 pin: "H”
P33D Description

0 Output or input level of the P33 pin: "L”

1 Output or input level of the P33 pin: "H”
P32D Description

0 Output or input level of the P32 pin: "L”

1 Output or input level of the P32 pin: "H”
P31D Description

0 Output or input level of the P31 pin: "L”

1 Output or input level of the P31 pin: "H”
P30D Description

0 Output or input level of the P30 pin: "L”

1 Output or input level of the P30 pin: "H”
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16.2.3 Port 3 Direction Register (P3DIR)

Address: 0F219H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P3DIR — — P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3DIR is a special function register (SFR) to select the input/output mode of Port 3.

[Description of Bits]
e P35DIR to P30DIR (bits 5 to 0)
P35DIR to P30DIR are the bits for setting the input/output direction of the Port 3 pins.

P35DIR Description
0 P35 pin: Output (initial value)
1 P35 pin: Input

P34DIR Description
0 P34 pin: Output (initial value)
1 P34 pin: Input

P33DIR Description
0 P33 pin: Output (initial value)
1 P33 pin: Input

P32DIR Description
0 P32 pin: Output (initial value)
1 P32 pin: Input

P31DIR Description
0 P31 pin: Output (initial value)
1 P31 pin: Input

P30DIR Description
0 P30 pin: Output (initial value)
1 P30 pin: Input
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16.2.4 Port 3 Control Registers 0, 1 (P3CONO, P3CONL1)

Address: 0F21AH
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P3CONO — — P35C0 P34C0O P33C0 P32C0 P31CO P30CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F21BH
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
P3CON1 —_ — P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3CONO and P3CONL1 are special function registers (SFRs) to select input/output state of the Port 3 pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the P3DIR

register.

[Description of Bits]

e P35C1to P30C1, P35C0 to P30CO (bits 5 to 0)
P35C1 to P30C1 and P35C0 to P30CO are the bit bits for selecting the high-impedance output, P-channel open
drain output, N-channel open drain output, or CMQOS output in output mode and for selecting the
high-impedance input, input with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P35 pin

When output mode is selected (P35DIR bit
=0")

When input mode is selected (P35DIR bit
=41")

P35C1 P35C0 Description
0 0 P35 pin: High-impedance output (initial | P35 pin: High-impedance input
value)
1 P35 pin: P-channel open drain output P35 pin: Input with a pull-down resistor
0 P35 pin: N-channel open drain output P35 pin: Input with a pull-up resistor
1 P35 pin: CMOS output P35 pin: High-impedance input

Setting of P34 pin

When output mode is selected (P34DIR bit
= llOH)

When input mode is selected (P34DIR bit
= nlll)

P34C1 P34CO0 Description
0 0 P34 pin: High-impedance output (initial | P34 pin: High-impedance input
value)
1 P34 pin: P-channel open drain output

P34 pin: Input with a pull-down resistor

P34 pin: N-channel open drain output

P34 pin: Input with a pull-up resistor

P34 pin: CMOS output

P34 pin: High-impedance input
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Setting of P33 pin

When output mode is selected (P33DIR bit
= )

When input mode is selected (P33DIR bit
= nlll)

P33C1 P33CO0 Description
0 0 P33 pin: High-impedance output (initial | P33 pin: High-impedance input
value)
1 P33 pin: P-channel open drain output P33 pin: Input with a pull-down resistor
0 P33 pin: N-channel open drain output P33 pin: Input with a pull-up resistor
1 P33 pin: CMOS output P33 pin: High-impedance input

Setting of P32 pin

When output mode is selected (P32DIR bit
= Holl)

When input mode is selected (P32DIR bit
= Hlll)

P32C1 P32C0 Description
0 0 P32 pin: High-impedance output (initial | P32 pin: High-impedance input
value)
1 P32 pin: P-channel open drain output P32 pin: Input with a pull-down resistor
P32 pin: N-channel open drain output P32 pin: Input with a pull-up resistor
1 P32 pin: CMOS output P32 pin: High-impedance input

Setting of P31 pin

When output mode is selected (P31DIR bit
=40")

When input mode is selected (P31DIR bit
=17

P31C1 P31C0 Description
0 0 P31 pin: High-impedance output (initial | P31 pin: High-impedance input
value)
1 P31 pin: P-channel open drain output P31 pin: Input with a pull-down resistor
0 P31 pin: N-channel open drain output P31 pin: Input with a pull-up resistor
1 P31 pin: CMOS output P31 pin: High-impedance input

Setting of P30 pin

When output mode is selected (P30DIR bit
=40")

When input mode is selected (P30DIR bit
=1")

P30C1 P30CO Description
0 0 P30 pin: High-impedance output (initial | P30 pin: High-impedance input
value)
1 P30 pin: P-channel open drain output P30 pin: Input with a pull-down resistor

P30 pin: N-channel open drain output

P30 pin: Input with a pull-up resistor

P30 pin: CMOS output

P30 pin: High-impedance input
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16.2.5 Port 3 Mode Register 0 (P3MODO0)

Address: 0F21CH
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P3MODO — — P35MDO | P34MDO | P33MDO | P32MDO | P31MDO | P30MDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3MODO is a special function register (SFR) to select the primary function or the secondary function of Port 3.

[Description of Bits]

e P35MDO (bit 5)

The P35MDO bit is used to select the primary or secondary function of the P35 pin.

P35MDO Description
0 General-purpose input/output mode (initial value)
1 RC oscillation monitor pin for RC-ADC

e P34MDO (bit 4)

The P34MDO bit is used to select the primary function or the secondary function of the P34 pin.

P34MDO Description
0 General-purpose input/output mode (initial value)
1 Resistor/capacitor sensor connection pin for measurement for RC-ADC
(channel 0)

e P33MDO (bit 3)

The P33MDO bit is used to select the primary or secondary function of the P33 pin.

P33MDO Description
0 General-purpose input/output mode (initial value)
1 Resistor/capacitor sensor connection pin for measurement for RC-ADC
(channel 0)

e P32MDO (bit 2)

The P32MDO bit is used to select the primary or secondary function of the P32 pin.

P32MDO Description
0 General-purpose input/output mode (initial value)
1 Reference resistor connection pin for RC-ADC (channel 0)

e P31MDO (bit 1)

The P31MDO bit is used to select the primary or secondary function of the P31 pin.

P31MDO Description
0 General-purpose input/output mode (initial value)
1 Reference capacitor connection pin for RC-ADC (channel 0)
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e P30MDOQO (bit 0)
The P30MDO bit is used to select the primary or secondary function of the P30 pin.

P30MDO Description
0 General-purpose input/output mode (initial value)
1 RC oscillation waveform input pin for RC-ADC (channel 0)

Note:
When using the RC-ADC as the secondary function, set the P3DIR, P3CONO, and P3CONL registers to bring each
pin state to high-impedance input (same for when using the RC oscillation monitor function).
Pull-up or Pull-down input makes drawing the current.
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16.3 Description of Operation

16.3.1 Input/Output Port Functions

For each pin of Port 3, either output or input is selected by setting the Port 3 direction register (P3DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 3 control registers 0 and 1 (P3CONO and P3CONL1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 3 control registers 0 and 1 (P3CONO and P3CON1).

At a system reset, high-impedance output mode is selected as the initial state.

In output mode, “L” or “H” level is output to each pin of Port 3 depending on the value set by the Port 3 data register
(P3D).

In input mode, the input level of each pin of Port 3 can be read from the Port 3 data register (P3D).

16.3.2 Secondary Function

The secondary function is assigned to Port 3 as the RC-ADC (channel 0) oscillation pins (INO, CS0, RSO, RTO, CRTO,

RCM). Each of them can be used as the secondary function by setting the P35MDO to P30MDO bits of the port 3 mode
register (P3MODO).

Note:

-All the Port 3 pins except P35/RCM are configured as pins dedicated to the RC-ADC function during A/D conversion.
Therefore, if there is any unused pin, that pin cannot be used as its primary function during A/D conversion. For the
RC-ADC, see Chapter 21, “RC Oscillation Type A/D Converter”.
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17. Port4

17.1 Overview

This LSl includes Port 4 (P40 to P47) which is an 8-bit input/output port.

This Port 4 can have the UART, RC-ADC, synchronous serial port, and PWM output functions as the secondary and
tertiary functions.

For the UART, see Chapter 13, "UART." For the RC-ADC, see Chapter 21, "RC Oscillation Type A/D Converter." For
the synchronous serial port, see Chapter 12, "Synchronous Serial Port." For the PWM, see Chapter 10, "PWM."

17.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for
each bit in input mode.

e The P44 pin can be used as the external clock input pin for the Timer 0 and Timer 2 and the PWMO. The P45 pin
can be used as the external clock input pin for the Timer 1 and Timer 3.

e The UART pins (RXDO0, TXDO0), RC-ADC (channel 1) oscillation pins (IN1, CS1, RS1, RT1), synchronous serial
port pins (SINO, SCKO, SOUTO0), and PWM output pin (PWMO) can be used as the secondary functions.

17.1.2 Configuration

Figure 17-1 shows the configuration of Port 4.

VDD
F— Pull-up Data bus
Pull-down
1 Controller
v Ves T P4DIR
D P4AMODO,1 >
Voo l P4CONO,1
Output for UART (TXDO)
I Port4 | paD || Output for RC-ADC (CS1, RS1, RT1)
P40 to P47 L Output 7 Output for SIO (SCKO, SOUTO)
F—{ Controller " Output for PWM (PWMO)
8
Vss 6 Input/Output for UART (RXDO)
Vss @ "7 Input for RC-ADC (IN1)

Input for SIO (SINO, SCKO0)
Input for timer/PWM
(TO2POCK, T13CK)

P4D : Port 4 data register
PADIR : Port 4 direction register
PACONQO: Port 4 control register 0
PACONL.: Port 4 control register 1
PAMODO : Port 4 mode register O
PAMOD1 : Port 4 mode register 1

Figure 17-1 Configuration of Port 4
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17.1.3 List of Pins

Pin name 110 Primary function Secondary function Tertiary function
P40/SINO 1/0 Input/output port — SSIO0 data input pin
P41/SCKO Vo Input/output port — ;ﬁloo clock input/output
P42/RXD0/SOUTO 110 Input/output port [ UARTO data input pin SSIO0 data output pin
P43/TXD0O/PWMO 110 Input/output port | UARTO data output pin PWMO output pin
Input/output port,
P44/ TOPO2CK Timer0/Timer2/ RC oscillation waveform input pin for . )
| I
/IN1/SINO 0| PwMo extemal | Rc-ADCL SSI00 data input pin
clock input
Input/output port,
P45/ T13CK 1o Timer 1/ Timer 3 | Reference capacitor connection pin for SSIO0 clock input/output
/CS1/SCKO external clock RC-ADC1 pin
input
P46/RS1/SOUTO Vo Input/output port Reference resistor connection pin for SSIO0 data output pin
RC-ADC1
PA7/RT1 110 Inputioutput port Resistor sensor connection pin for .

measurement for RC-ADC1
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17.2 Description of Registers

17.2.1 List of Registers

Address Name Symbol (Byte) [ Symbol (Word) | R/W | Size Initial value
0F220H Port 4 data register P4D — R/W 8 OOH
OF221H Port 4 direction register P4DIR — R/W 8 O0H
0F222H Port 4 control register 0 P4CONO A R/W | 8/16 O0OH
0F223H Port 4 control register 1 P4CON1 R/W 8 OOH
0F224H Port 4 mode register 0 P4AMODO PAMOD R/W | 8/16 O00H
OF225H Port 4 mode register 1 P4AMOD1 R/W 8 O0OH
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17.2.2 Port 4 Data Register (P4D)

Address: 0F220H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P4D P47D P46D P45D P44D P43D P42D P41D P40D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P4D is a special function register (SFR) to set the value to be output to the Port 4 pin or to read the input level of the Port
4. In output mode, the value of this register is output to the Port 4 pin. The value written to P4D is readable.

In input mode, the input level of the Port 4 pin is read when P4D is read. Output mode or input mode is selected by using
the port direction register (P4DIR) described later.

[Description of Bits]
e P47D to P40D (bits 7 to 0)
The P47D to P40D bits are used to set the output value of the Port 4 pin in output mode and to read the pin level
of the Port 4 pin in input mode.

P47D Description

0 Output or input level of the P47 pin: "L”

1 Output or input level of the P47 pin: "H”
P46D Description

0 Output or input level of the P46 pin: "L”

1 Output or input level of the P46 pin: "H”
P45D Description

0 Output or input level of the P45 pin: "L”

1 Output or input level of the P45 pin: "H”
P44D Description

0 Output or input level of the P44 pin: "L”

1 Output or input level of the P44 pin: "H”
P43D Description

0 Output or input level of the P43 pin: "L”

1 Output or input level of the P43 pin: "H”
P42D Description

0 Output or input level of the P42 pin: "L”

1 Output or input level of the P42 pin: "H”
P41D Description

0 Output or input level of the P41 pin: "L”

1 Output or input level of the P41 pin: "H”
P40D Description

0 Output or input level of the P40 pin: "L”

1 Output or input level of the P40 pin: "H”
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17.2.3  Port 4 Direction Register (P4DIR)

Address: 0F221H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P4DIR P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PADIR is a special function register (SFR) to select the input/output mode of Port 4.

[Description of Bits]
e P47DIR to P40DIR (bits 7 to 0)
P47DIR to P40DIR are the bits for selecting the input/output mode of the Port 4 pins.

P47DIR Description
0 P47 pin: Output (initial value)
1 P47 pin: Input

P46DIR Description
0 P46 pin: Output (initial value)
1 P46 pin: Input

P45DIR Description
0 P45 pin: Output (initial value)
1 P45 pin: Input

P44DIR Description
0 P44 pin: Output (initial value)
1 P44 pin: Input

P43DIR Description
0 P43 pin: Output (initial value)
1 P43 pin: Input

P42DIR Description
0 P42 pin: Output (initial value)
1 P42 pin: Input

P41DIR Description
0 P41 pin: Output (initial value)
1 P41 pin: Input

P40DIR Description
0 P40 pin: Output (initial value)
1 P40 pin: Input
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17.2.4 Port 4 Control Registers 0, 1 (P4ACONO, PACON1)

Address: 0F222H
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P4CONO P47CO P46CO P45C0 P44CO0 P43C0 P42CO P41CO P40CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F223H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
P4CON1 P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PACONO and PACONL1 are special function registers (SFRs) to select input/output state of the Port 4 pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the PADIR

register.

[Description of Bits]
e P47C1 to P40C1, P47C0 to P40CO (bits 7 to 0)

P47C1 to P40C1 and P47C0 to P40CO are the bits for selecting the high-impedance output, P-channel open
drain output, N-channel open drain output, or CMQOS output in output mode and for selecting the
high-impedance input, input with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P47 pin When output mode is selected (P47DIR

When input mode is selected (P47DIR bit =

bit = “0”) “1”)
P47C1 P47CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P46 pin When output mode is selected (P46DIR

When input mode is selected (P46DIR bit =

bit = “0”) “1”)
P46C1 P46CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of P45 pin

When output mode is selected (P45DIR
bit = “0”)

When input mode is selected (P45DIR bit =
lllﬂ)

P45C1 P45C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P44 pin

When output mode is selected (P44DIR
bit = “07)

When input mode is selected (P44DIR bit =
“1")

P44C1 P44C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P43 pin

When output mode is selected (P43DIR
bit = “07)

When input mode is selected (P43DIR bit =
“17)

P43C1 P43C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P42 pin

When output mode is selected (P42DIR
bit = “0")

When input mode is selected (P42DIR bit =
uln)

P42C1 P42CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P41 pin

When output mode is selected (P41DIR
bit = “0")

When input mode is selected (P41DIR bit =
lllﬂ)

P41C1 P41CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P40 pin

When output mode is selected (P40DIR
bit = “07)

When input mode is selected (P40DIR bit =
“1")

P40C1 P40CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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17.2.5 Port 4 Mode Registers 0, 1 (P4AMODO0, P4AMOD1)

Address: 0F224H
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P4AMODO P47MDO P46MDO P45MDO P44MDO P43MDO P42MDO P41MDO P40MDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F225H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
P4AMOD1 P47MD1 P46MD1 P45MD1 P44MD1 P43MD1 P42MD1 P41MD1 P40MD1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PAMODO and PAMOD1 are special function registers (SFRs) to select the primary, secondary, or tertiary function of

Port 4.

[Description of Bits]
e P47MD1, P47MDO (bit 7)
The P47MD1 and P47MDO bits are used to select the primary or secondary function of the P47 pin.

P47MD1 | P47MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Resistor sensor connection pin for measurement for RC-ADC (channel
)
0 Prohibited
1 Prohibited

e P46MD1, P46MDO (bit 6)
The P46MD1 and P46MDO bits are used to select the primary, secondary, or tertiary function of the P46 pin.

P46MD1 | P46MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Reference resistor connection pin for RC-ADC (channel 1)
1 0 SI00 data output pin
1 1 Prohibited

e P45MD1, P45MDO (bit 5)
The P45MD1 and P45MDO bits are used to select the primary, secondary, or tertiary function of the P45 pin.

P45MD1 | P45MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Reference capacitor connection pin for RC-ADC (channel 1)
1 0 SI00 clock input/output pin
1 1 Prohibited
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e P44MD1, P44MDO (bit 4)
The P44MD1 and P44MDO bits are used to select the primary, secondary, or tertiary function of the P44 pin.

P44MD1 | P44MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 RC oscillation waveform input pin for RC-AD (channel 1)
1 0 SIO0 data input pin
1 1 Prohibited

e P43MD1, P43MDO (bit 3)
The P43MD1 and P43MDO bits are used to select the primary, secondary, or tertiary function of the P43 pin.

P43MD1 | P43MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data output pin
1 0 PWMO output pin
1 1 Prohibited

e P42MD1, P42MDO (bit 2)
The P42MD1 and P42MDO bits are used to select the primary, secondary, or tertiary function of the P42 pin.

P42MD1 | P42MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data input pin
1 0 SI100 data output pin
1 1 Prohibited

e P41MD1, P41MDO (bit 1)
The P41MD1 and P41MDO bits are used to select the primary or tertiary function of the P41 pin.

P41MD1 | P41MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SI100 clock input/output pin
1 1 Prohibited

e P40MD1, PAOMDO (bit 0)
The PAOMD1 and PA0OMDO bits are used to select the primary or tertiary function of the P40 pin.

P40MD1 | PAOMDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SIO0 data input pin
1 1 Prohibited

Note:
When the pin is set to "Prohibited" and the output mode is selected (by the Port 4 control register), the Port 4
output pin state is fixed as follows regardless of the data of the port data register P4D:

When high-impedance output is selected: Output pin is high-impedance
When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"
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When using the RC-ADC as the secondary function, set the P4ADIR, PACONO, and PACONL registers to bring each
pin state to high-impedance input. Pull-up or Pull-down input makes drawing the current.

When using the P44 pin as SIO0 data input, set the P40 pin not to be thertialy function in the PAMODO and
PAMODLI registers.
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17.3 Description of Operation

17.3.1 Input/Output Port Functions

For each pin of Port 4, either output or input is selected by setting the Port 4 direction register (P4DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 4 control registers 0 and 1 (P4CONO and PACONL1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 4 control registers 0 and 1 (P4CONO and PACON1).

At a system reset, high-impedance output mode is selected as the initial state.

In output mode, “L” or “H” level is output to each pin of Port 4 depending on the value set by the Port 4 data register
(P4D).

In input mode, the input level of each pin of Port 4 can be read from the Port 4 data register (P4D).

17.3.2 Secondary and Tertiary Functions

The secondary and tertiary functions are assigned to Port 4 as the UARTO pins (RXDO0, TXD0), RC-ADC (channel 1)
oscillation pins (IN1, CS1, RS1, RT1), synchronous serial port 0 pins (SINO, SCKO, SOUT), and the PWM output pin
(PWMO). These pins can be used in a secondary or tertiary function mode by setting the P47MDO to P40MDO bits and
the P47MD1 to PAOMDL1 bits of the Port 4 mode registers (P4MODO, PAMOD1).

Note:

The P44 to P47 pins of Port 4 are configured as pins dedicated to the RC-ADC function during A/D conversion.
Therefore, if any of them is unused, it cannot be used as the primary function (or as the port). For the RC-ADC, see
Chapter 21, “RC Oscillation Type A/D Converter”.
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18. Port5

18.1 Overview

This LSl includes Port 5 (P50 to P57) which is an 8-bit input/output port.

18.1.1 Features

o Allows selection of N-channel open drain output or CMOS output for each bit in the output mode.

o Allows selection of high-impedance input or input with a pull-down/pull-up resistor for each bit in the input
mode.

o Allows selection of interrupt disabled or interrupt enabled for each bit in the input mode.

e The synchronous serial port pins (SIN1, SCK1, SOUT1) and the Melody 0 (MDO) are available as the secondary
and tertiary function.

18.1.2 Configuration

Figure 18-1 shows the configuration of Port 5.

VDD
—— Pull-up _
Pull-down Data bus
1 Controller
§ T P5DIR

Voo Vss P5CONO,1|_
v P5MODO
v PSMOD1 | 4 Output for SIO (SCK1, SOUT1)
%II— Port5 P '

8 Melody output (MDO)
P50 to P57 Output |« PSD
El— Controller —
Vs g| PS5ISEL |<—>
2
Vss @ » Input for SIO (SIN1, SCK1)
S Interrupt —> External 8 interrupt (P5INT)
Controller P
A Sampling Clock
T16KHZ
P5D : Port 5 data register
P5DIR : Port 5 direction register

P5CONO: Port 5 control register 0
P5CONL1: Port 5 control register 1
P5MODO0 : Port 5 mode register O
P5MOD1 : Port5 mode register 1
P5ISEL : Port 5 interrupt mode register

Figure 18-1 Configuration of Port 5
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18.1.3 List of Pins

Pin name Input/output Primary function Secondary Function Tertiary Function

110 Input/output port, Melody 0 output SSIO1 data input

P50/EXI8/MDO/SIN1 External 8 interrupt

/0 Input/output port, — SSI01 synchronous clock input/output

P51/EXI8/SCK1 External 8 interrupt

P52/EXI8/SOUTL 110 Input/outpu_t port, — SSIO1 data output
External 8 interrupt
P53/EXI8/MDO o Inputoutput port, - -
External 8 interrupt
PS4/EXIS 1o Input/outpu_t port, — SSIO1 data input
External 8 interrupt
P55/EXI/SINL e Input/output port, — SSI01 synchronous clock input/output

External 8 interrupt

/0 Input/output port, — SSIO1 data output

P56/EXI8/SCK1 External 8 interrupt

/0 Input/output port, — _

P57/EXI8/SOUT1 External 8 interrupt
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18.2 Description of Registers
18.2.1 List of Registers

Address Name Symbol (Byte) [ Symbol (Word) | R/W | Size Initial value
0F228H Port 5 data register P5D — R/W 8 OFFH
0F229H Port 5 direction register P5DIR — R/W 8 O0H
OF22AH Port 5 control register 0 P5CONO PSCON R/W | 8/16 OOH
OF22BH Port 5 control register 1 P5CON1 R/W 8 O00H
OF22CH Port 5 mode register 0 P5MODO PEMOD R/W 8/16 O0OH
OF22DH Port 5 mode register 1 P5MOD1 R/W 8 O0OH
OF22EH Port 5 interrupt mode register P5ISEL — R/W 8 O0H
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18.2.2 Port 5 Data Register (P5D)

Address: 0F228H
Access: RIW
Access size: 8-hit
Initial value: OFFH

7 6 5 4 3 2 1 0
P5D P57D P56D P55D P54D P53D P52D P51D P50D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

P5D is a special function register (SFR) to set the value to be output to the Port 5 pin or to read the input level of the Port 5. In output
mode, the value of this register is output to the Port 5 pin. The value written to P5D is readable.

In input mode, the input level of the Port 5 pin is read when P5D is read. Output mode or input mode is selected by using the port
direction register (P5DIR) described later.

[Description of Bits]
e P57D to P50D (bit 7 to 0)
The P57D to P50D bits are used to set the output value of the Port 5 pin in output mode and to read the pin level
of the Port 5 pin in input mode.

P57D Description

0 Output or input level of the P57 pin: "L"

1 Output or input level of the P57 pin: "H"
P56D Description

0 Output or input level of the P56 pin: "L"

1 Output or input level of the P56 pin: "H"
P55D Description

0 Output or input level of the P55 pin: "L"

1 Output or input level of the P55 pin: "H"
P54D Description

0 Output or input level of the P54 pin: "L"

1 Output or input level of the P54 pin: "H"
P53D Description

0 Output or input level of the P53 pin: "L"

1 Output or input level of the P53 pin: "H"
P52D Description

0 Output or input level of the P52 pin: "L"

1 Output or input level of the P52 pin: "H"
P51D Description

0 Output or input level of the P51 pin: "L"

1 Output or input level of the P51 pin: "H"
P50D Description

0 Output or input level of the P50 pin: "L"

1 Output or input level of the P50 pin: "H"
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18.2.3  Port 5 Direction Register (P5DIR)

Address: 0F229H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
P5DIR P57DIR P56DIR P55DIR P54DIR P53DIR P52DIR P51DIR P50DIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P5SDIR is a special function register (SFR) to select the input/output mode of Port 5.

[Description of Bits]
e P57DIR to P50DIR (bit 7 to 0)
The P57DIR to P50DIR pins are used to set the input/output direction of the Port 5 pin.

P57DIR Description
0 P57 pin: Output (initial value)
1 P57 pin: Input

P56DIR Description
0 P56 pin: Output (initial value)
1 P56 pin: Input

P55DIR Description
0 P55 pin: Output (initial value)
1 P55 pin: Input

P54DIR Description
0 P54 pin: Output (initial value)
1 P54 pin: Input

P53DIR Description
0 P53 pin: Output (initial value)
1 P53 pin: Input

P52DIR Description
0 P52 pin: Output (initial value)
1 P52 pin: Input

P51DIR Description
0 P51 pin: Output (initial value)
1 P51 pin: Input

P50DIR Description
0 P50 pin: Output (initial value)
1 P50 pin: Input
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18.2.4 Port 5 Control Registers 0 and 1 (P5CONO and P5SCONL1)

Address: 0F22AH
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P5CONO P57CO P56CO0 P55C0 P54C0 P53C0 P52C0 P51CO0 P50CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F22BH
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
P5CON1 — — — — — — — P5UD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P5CONO and P5CONL1 are special function registers (SFRs) to select input/output state of the Port 5 pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the P5SDIR
register.

[Description of Bits]
o P57C0 to P50CO0 (bit 7 to 0)
P57CO0 to P50CO are the bits that select N-channel open drain output or CMOS output in the output mode, and
high-impedance input or input with a pull-down or pull-up resistor in the input mode.

Setting of P57 pin

When output mode is selected (P57DIR
bit = "0")

When input mode is selected (P57DIR bit
="1")

P57CO0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output High-impedance input

Setting of P56 pin

When output mode is selected (P56DIR bit
="0")

When input mode is selected (P56DIR bit
="1"

P56C0 Description
0 N-channel open drain output (initial value) Input with a pull-down or pull-up resistor
1 CMOS output High-impedance input

Setting of P55 pin

When output mode is selected (P55DIR
bit = "0")

When input mode is selected (P55DIR bit
="1")

P55CO0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output High-impedance input

Setting of P54 pin

When output mode is selected (P54DIR
bit ="0")

When input mode is selected (P54DIR bit
= lllll)

P54CO0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output High-impedance input

18-6




ML610407/ML610408/ML610409 User's Manual
Chapter 18 Port 5

Setting of P53 pin

When output mode is selected (P53DIR
bit ="0")

When input mode is selected (P53DIR bit
= lllll)

P53CO0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output

High-impedance input

Setting of P52 pin

When output mode is selected (P52DIR
bit = "0")

When input mode is selected (P52DIR bit
="1")

P52CO0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output

High-impedance input

Setting of P51 pin

When output mode is selected (P51DIR
bit = "0")

When input mode is selected (P51DIR bit
="1")

P51C0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output

High-impedance input

Setting of P50 pin

When output mode is selected (P50DIR
bit = "0")

When input mode is selected (P50DIR bit
="1")

P50CO0 Description
0 N-channel open drain output (initial value) | Input with a pull-down or pull-up resistor
1 CMOS output High-impedance input
P5UD (bit 0)

P5UD is the bit that selects input with a pull-up resistor or input with a pull-down resistor when the input with a

pull-down or pull-up resistor is selected.

Setting of each port 5 pin

When the input with a pull-down or pull-up resistor mode is selected
(P5nDIR bit ="1", P5nCO0 = "0")
(n=0,1,2,3,4,5,6,7)

P5UD Description
0 Input with a pull-up resistor (initial value)
1 Input with a pull-down resistor
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18.2.5 Port 5 Mode Register 0 and 1 (P5MODO0 and P5SMOD1)

Address: 0F22CH
Access: RIW
Access size: 8/16-bit
Initial value: OOH

7 6 5 4 3 2 1 0
P5MODO — P56MDO P55MDO P54MDO — P52MDO P51MDO P50MDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F22DH
Access: RIW
Access size: 8-bit
Initial value: 00H
7 6 5 4 3 2 1 0
P5MOD1 — P56MD1 P55MD1 P54MD1 — P52MD1 P51MD1 P50MD1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P5MODO0 and PSMOD1 are special function registers (SFRs) to select the primary function or the secondary function of
Port 5.

[Description of Bits]
e P56MD1, P56MDO (bit 6)
The P56MD1 and P56MDO bit is used to select the primary, secondary, or the tertiary function of the P56 pin.

P56MD1 P56MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SSIO1 data output
1 1 Prohibited

e P55MD1,P55MDO (bit 5)
The P55MD1 and P55MDO bit is used to select the primary, secondary, or the tertiary function of the P55 pin.

P55MD1 P55MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SSIO01 synchronous clock input/output
1 1 Prohibited

e P54MD1, P54MDO (bit 0)
The P54MD1 and P54MDO bit is used to select the primary, secondary, or the tertiary function of the P54 pin.

P54MD1 P54MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Melody O output
1 0 SSI01 data input
1 1 Prohibited
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e P52MD1, P52MDO (bit 2)
The P52MD1 and P52MDO bit is used to select the primary, secondary, or the tertiary function of the P52 pin.

P52MD1 P52MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SSIO1 data output
1 1 Prohibited

e P51MD1,P51MDO (bit 1)
The P51MD1 and P51MDO bit is used to select the primary, secondary, or the tertiary function of the P51 pin.

P51MD1 P51MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SSI01 synchronous clock input/output
1 1 Prohibited

e P50MD1, P50MDO (bit 0)
The P50MD1 and P50MDO bit is used to select the primary, secondary, or the tertiary function of the P50 pin.

P50MD1 P50MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Melody 0 output
1 0 SSIO1 data input
1 1 Prohibited

Note:
When the pin is set to "Prohibited" and the output mode is selected (by the Port 5 control register), the Port 5
output pin state is fixed as follows regardless of the data of the port data register P5D:

When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"

When using the P54 pin as SIO1 data input, set the P50 pin not to be thertialy function in the PSMODO and
P5MODL1 registers.
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18.2.6 Port 5 Interrupt Mode Register (P5ISEL)

Address: 0F22EH
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
PSISEL P571S P561S P55IS P541S P53IS P521S P511S P50IS
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PSISEL is a special function register (SFR) to select the pin used for the Port 5 external interrupt (P5INT).

[Description of Bits]
e P57IS to P50IS (bit 7 to 0)
P571S to P50IS are the bits that select to disable or enable the interrupt of each pin on the Port 5.

P57IS Description
0 P57 external interrupt disabled (initial value)
1 P57 external interrupt enabled

P561S Description
0 P56 external interrupt disabled (initial value)
1 P56 external interrupt enabled

P55IS Description
0 P55 external interrupt disabled (initial value)
1 P55 external interrupt enabled

P541S Description
0 P54 external interrupt disabled (initial value)
1 P54 external interrupt enabled

P53IS Description
0 P53 external interrupt disabled (initial value)
1 P53 external interrupt enabled

P52IS Description
0 P52 external interrupt disabled (initial value)
1 P52 external interrupt enabled

P51IS Description
0 P51 external interrupt disabled (initial value)
1 P51 external interrupt enabled

P50IS Description
0 P50 external interrupt disabled (initial value)
1 P50 external interrupt enabled
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18.3 Description of Operation

18.3.1 Input/Output Port Functions

For each pin of Port 5, either output or input is selected by setting the Port 5 direction register (P5DIR).

In the output mode, set the Port 5 control register 0 (P5CONO) to select either N-channel open drain output mode or
CMOS output mode.

In the input mode, set the Port 5 control registers 0 and 1 (P5CONO and PSCON1) to select any of high-impedance input
mode, input mode with a pull-down resistor, or input mode with a pull-up resistor.

At the system reset, N-channel open drain output mode is selected as the initial state.

In output mode, the "L" or "H" level is output to each pin of Port 5 depending on the value set by the Port 5 data register
(P5D).

In input mode, the input level of each pin of Port 5 is read from the Port 5 data register (P5D).

18.3.2 Secondary and Tertiary Functions

The Port 5 is assigned with the pins for Melody 0 (MDO) output as the secondary function and the pins for Synchronous
serial port 1 (SIN1, SCK1, SOUT1) as the tertiary function. Each of them can be used as the secondary or tertiary
function by setting the P57MD1 to P50MD1 and P57MDO to P5S0MDO bits of the port mode register 1(P5MOD1) and 0
(P5MODO).

18.3.3 External Interrupt

Each of the Port 5 pins (P50 to P57) can be used as the external 8 interrupt (P5INT). Each interrupt is maskable and
selectable to be disabled or enabled. For details of interrupts, see Chapter 5, “Interrupts”.
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18.3.4 Interrupt Request

The maskable external 8 interrupt (P5INT) occurs when each of the Port 5 pins has an interrupt edge.
Figure 18-2 shows the external 8 interrupt (P5INT) generation timing in case P5UD bit of PSCONL register is “1”.
Figure 18-3 shows the external 8 interrupt (P5INT) generation timing in case P5UD bit of PSCONL register is “0”.

Note:
- The external 8 interrupt (P5INT) is fixed to both-edge interrupt with sampling.
In STOP mode, since the 16 kHz sampling clock stops, no sampling is performed.
- Depending on the P5n pin state, the External 8 Interrupt Request flag (IRQ2's bit 3) may be set to "1" when the
PSISEL setting is changed. Therefore, change the P5ISEL setting when the Master Interrupt Enable (MIE) flag is "0",
then reset the External 8 Interrupt Request flag to "0" by software before setting the MIE to "1". For interrupts, see
Chapter 5, "Interrupts."

T6KHZ ~ | | | 2 B2 B R | s
sse | [ LT LT LTV T L LI LT LT Ll LAY T
P50 pin | » | |
P51 pin » |
P52 pin » |
P53 pin li % L
P54 pin [ n |
P55 pin R |
P56 pin | » |
P57 pin B R
P5INT «
1)
Interrupt % ‘
request
QP5

With sampling, both-edge interrupt

Figure 18-2 External 8 Interrupt Generation Timing (P5UD = 1)
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TIKHZ | | 2 2 B2 B | R
sse | [T LT LT VT L LI LT LT LT LAY T
P50 pin | « | 3
U
P51pi
pin ¢ J
P52 pin « J
7
P53 pin | « J
77
P54 pin | « ]
77
P55 pin « J
7
P56 pin « B
7
P57 pin j «
77
PSINT «
1)
Interrupt 4,—%
request
QP5

With sampling, both-edge interrupt

Figure 18-3 External 8 Interrupt Generation Timing (P5UD = 0)
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19. Port6

19.1 Overview

ML610407 Includes Port 6 (P60 to P67) which is an 8-bit output port.
ML610408 Includes Port 6 (P60 to P63) which is a 4-bit output port.
ML610409 This function is not included.

19.1.1 Features

o Allows selection of N-channel open drain output or CMOS output for each bit.

19.1.2 Configuration

Figure 19-1 shows the configuration of Port 6.

VDD
VDD
8 %I}— Port6
P60 to P67 [ Output
7}%“— Controller
Vss
VSS
P6D : Port 6 data register

P6CONO: Port 6 control register 0

19.1.3 List of Pins

Data bus

7G>
e r_Jes

Figure 19-1 Configuration of Port 6

Pin name Output Function
P60 @) Output port
P61 @) Output port
P62 0] Output port
P63 @) Output port
P64 @) Output port
P65 @) Output port
P66 0] Output port
P67 @) Output port
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19.2 Description of Registers
19.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W | Size Initial value
i OFFH
O0F230H Port 6 data register P6D — R/W 8 “2)
OOFH
0F232H Port 6 control register 0 P6CONO — R/W 8 OOH

Dijnitial value for ML610407, 2 initial value for ML610408
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19.2.2 Port 6 Data Register (P6D)

Address: 0F230H
Access: RIW
Access size: 8-hit
Initial value: OFFH

7 6 5 4 3 2 1 0

P6D P67D P66D P65D P64D P63D P62D P61D P60D

RIW R/wW® R/wW® RW) R/wW® R/wW® R/wW® RwW® R/W
Initial value 10 10 10 10 10 10 10 10

P6D is a special function register (SFR) to set the output value of the Port 6 pins. The value of this register is output to
Port 6. The value written to P6D is readable.
(*)For ML610Q408, P67D to P64D always returns the value “0”.

ML610Q409 does not have this register, and P67D to P60D always returns the value “0”.

[Description of Bits]
e P67D to P60D (bit 7 to 0)
The P67D to P60D bits are used to set the output value of the Port 6 pins.

P67D Description
0 Output level of the P67 pin: "L"
1 Output level of the P67 pin: "H"

P66D Description
0 Output level of the P66 pin: "L"
1 Output level of the P66 pin: "H"

P65D Description
0 Output level of the P65 pin: "L"
1 Output level of the P65 pin: "H"

P64D Description
0 Output level of the P64 pin: "L"
1 Output level of the P64 pin: "H"

P63D Description
0 Output level of the P63 pin: "L"
1 Output level of the P63 pin: "H"

P62D Description
0 Output level of the P62 pin: "L"
1 Output level of the P62 pin: "H"

P61D Description
0 Output level of the P61 pin: "L"
1 Output level of the P61 pin: "H"

P60D Description
0 Output level of the P60 pin: "L"
1 Output level of the P60 pin: "H"
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19.2.3 Port 6 Control Register 0 (P6CONO0)

Address: 0F232H
Access: RIW

Access size: 8-hit
Initial value: OOH

P6CONO P67CO P66CO P65C0O P64CO P63CO P62CO P61CO P60CO

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PBCONO is a special function registers (SFR) to select input/output state of the Port 6 pin.
For ML610408, P67CO0 to P64C0 always returns the value “0”.
[Description of Bits]

e P67CO0 to P60CO (bit 7 to 0)
P67CO0 to P60CO are the bits that select either N-channel open drain output or CMOS output.

P67CO Description
0 N-channel open drain output (initial value)
1 CMOS output

P66CO Description
0 N-channel open drain output (initial value)
1 CMOS output

P65CO Description
0 N-channel open drain output (initial value)
1 CMOS output

P64CO Description
0 N-channel open drain output (initial value)
1 CMOS output

P63C0 Description
0 N-channel open drain output (initial value)
1 CMOS output

P62CO Description
0 N-channel open drain output (initial value)
1 CMOS output

P61CO Description
0 N-channel open drain output (initial value)
1 CMOS output

P60CO Description
0 N-channel open drain output (initial value)
1 CMOS output
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19.3 Description of Operation

19.3.1 Output Port Function

For each of the Port 6 pins, N-channel open drain output mode or CMOS output mode can be selected by setting the Port
6 control register 0 (P6CONO).

At the system reset, N-channel open drain output mode is selected as the initial state.

Depending on the value set in the Port 6 data register (P6D), a "L" level or "H" level signal is output to each pin of Port
6.
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20. Melody Driver

20.1 Overview

This LSI includes one channel of the melody driver.

To use the melody driver, the secondary function of Port 2 or Port 5 should be set. For the secondary function of Port 2,
see Chapter 15, "Port 2". For the secondary function of Port 5, see Chapter 18, "Port 5".For the clock to be used in this
block, see Chapter 6, "Clock Generation Circuit".

20.1.1 Features

¢ In melody output mode, 29 scales (melody audio frequency: 508Hz to 32.768kHz), 63 tone lengths, and 15
tempos) are available.
e In buzzer output mode, 4 output modes, 8 frequencies, and 15 duties can be set.

20.1.2 Configuration

Figure 20-1 shows the configuration of the melody driver.

LSCLK X 2 *
MDOINT
Tempo Tone length N Scale generation Melody interrupt
generation circuitl9 generation circuit circuit/
Buzzer mode Duty Buzzer output -—>0 p22/MDO
selection circuit selection circuit circuit
j | A T P50/MDO
|Tone length buffer| | Scale buffer |
/
CC_’”“’_?' Tempo Codes Tor&e Iaength Scale Codes
circui odes
MDOCON MDOTMP MDOLEN MDOTON
A A A A
y

Data bus

MDOCON : Melody 0 control register
MDOTMP : Melody 0 tempo code register
MDOTON : Melody 0 scale code register
MDOLEN : Melody 0 tone length code register

Figure 20-1 Configuration of Melody Driver

20.1.3 List of Pins

Pin name I/0 Function
Melody 0 signal output pin
Used as the secondary function of the P22 pin.

P22/MDO 0}

Melody 0 signal output pin

P50/MDO 0] . )
Used for the secondary function of the P50 pin.
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20.2 Description of Registers

20.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size Initial value
OF2COH | Melody 0 control register MDOCON — R/W 8 00H
OF2C1H | Melody 0 tempo code register MDOTMP — R/W 8 00H
OF2C2H | Melody 0 scale code register MDOTON MDOTL R/W 8/16 O00H
OF2C3H | Melody 0 tone length code register | MDOLEN R/W 8 00H
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20.2.2 Melody 0 Control Register (MDOCON)

Address: OF2COH
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
MDOCON — — — — — — BZMD MORUN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOCON is a special function register (SFR) to control the melody and the buzzer.

[Description of Bits]
e BZMD (bitl)
The BZMD bit is used to select melody mode or buzzer mode.

BZMD Description
0 Melody mode (initial value)
1 Buzzer mode

e  MORUN (bit 0)
The MORUN bit is used to control start/stop of the MDO output.

MORUN Description
0 Stops MDO output. (Initial value)
1 Starts MDO output.

Note:
For melody output, use the low-speed double clock (LSCLK x 2).

Enable the low-speed double clock by setting bit 2 (ENMLT) of frequency control register 1 (FCON1) to “1” and

then start melody output by setting MORUN to “1”.
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20.2.3 Melody 0 Tempo Code Register (MDOTMP)

Address: OF2C1H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
MDOTMP — — — — MOTM3 MOTM2 MOTM1 MOTMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOTMP is a special function register (SFR) to set the tempo code of a melody when melody mode is selected and the
output mode of a buzzer sound waveform when buzzer mode is selected.

[Description of Bits]
e MOTMS3, MOTM2, MOTM1, MOTMO (bits 3-0)

When melody mode is selected (BZMD bit = “0”)
MOTM3 MOTM2 MOTM1 MOTMO Description

0 0 0 0 & =480 (initial value)
0 0 0 1 ;=480
0 0 1 0 & =320
0 0 1 1 &=240
0 1 0 0 ,=192
0 1 0 1 & =160
0 1 1 0 ;=137
0 1 1 1 5=120
1 0 0 0 I =107
1 0 0 1 ;=96
1 0 1 0 ;=87
1 0 1 1 ;=80
1 1 0 0 ;=74
1 1 0 1 ;=69
1 1 1 0 J; =64
1 1 1 1 I =60

When buzzer mode is selected (BZMD bit = “1”)

MOTM3 MOTM2 MOTM1 MOTMO Description

* * 0 0 Intermittent sound 1 output (initial value)
* * 0 1 Intermittent sound 2 output
* * 1 0 Single sound output
* * 1 1 Continuous sound output
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20.2.4 Melody 0 Scale Code Register (MDOTON)

Address: OF2C2H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
MDOTON — MOTNG MOTN5 MOTN4 MOTN3 MOTN2 MOTN1 MOTNO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOTON is a special function register (SFR) to set the scale code of a melody when melody mode is selected and a
buzzer output frequency when buzzer mode is selected.

[Description of Bits]
e MOTN6, MOTN5, MOTN4, MOTN3, MOTN2, MOTN1, MOTNO (bits 6-0)

When melody mode is selected (BZMD bit = “0”)

Description

MOTN6~0 -
Sets the corresponding scale code.

For scale codes, see Section 20.3.4, "Scale Codes".

When buzzer mode is selected (BZMD bit = “1”)
MOTN6~3 MOTNZ2 MOTN1 MOTNO Description

* 0 0 0 4.096 kHz (initial value)

* 0 0 1 2.048kHz

* 0 1 0 1.365kHz

* 0 1 1 1.024kHz

* 1 0 0 819Hz

* 1 0 1 683Hz

* 1 1 0 585Hz

* 1 1 1 512Hz

Note: In buzzer mode, the MOTNG6 to MOTNS3 bits are not used (Don't care).
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20.2.5 Melody 0 Tone Length Code Register (MDOLEN)

Address: OF2C3H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
MDOLEN — — MOLN5 MOLN4 MOLN3 MOLN2 MOLN1 MOLNO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOLEN is a special function register (SFR) to set the tone length code of a melody when melody mode is selected and
buzzer output duty when buzzer mode is selected.

[Description of Bits]
e  MOLN5, MOLN4, MOLN3, MOLN2, MOLN1, MOLNO (bits 5-0)

When melody mode is selected (BZMD bit = “0”)

Description

MOLN5~0

Sets the corresponding tone length code.

For tone length codes, see Section 20.3.3, "Tone Length Codes".

When buzzer mode is selected (BZMD bit = “1”)

MOLN5~4 MOLN3 MOLN2 MOLN1 MOLNO Description
* 0 0 0 0 1/16 DUTY (initial value)
* 0 0 0 1 1/16DUTY
* 0 0 1 0 2/16DUTY
* 0 0 1 1 3/16DUTY
* 0 1 0 0 4/16DUTY
* 0 1 0 1 5/16DUTY
* 0 1 1 0 6/16DUTY
* 0 1 1 1 7/16DUTY
* 1 0 0 0 8/16DUTY
* 1 0 0 1 9/16DUTY
* 1 0 1 0 10/16DUTY
* 1 0 1 1 11/16DUTY
* 1 1 0 0 12/16DUTY
* 1 1 0 1 13/16DUTY
* 1 1 1 0 14/16DUTY
* 1 1 1 1 15/16DUTY

Note: In buzzer mode, the MOLN5 to MOLN4 bits are not used (Don't care).
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20.3 Description of Operation
20.3.1 Operation of Melody Output

Melody is output in the following procedure.

(1) Select melody mode by setting the BZMD bit of the melody 0 control register (MDOCON) to “0”.

(2) Set a melody tempo in the melody 0 tempo code register (MDOTMP).

(3) Set atone length code in the melody 0 tone length code register (MDOLEN).

(4) Set ascale code in the melody 0 scale code register (MDOTON).

(5) Set bit 2 (ENMLT) of the frequency control register 1(FCONL1) to “1” to enable the low-speed double clock.

(6) When the MORUN bit of the melody 0 control register (MDOCON) is set to “1”, the tone length code and scale code
are transferred to the tone length buffer and scale buffer and melody output is started from the MDO pin. At the same
time, a melody 0 interrupt (MDOINT) is requested. When an interrupt occurs and program is passed to the interrupt
routine, the interrupt request flag is cleared.

The melody 0 signal output pin (MDO) is assigned as the secondary function of Port 2 or Port 5. For the secondary

function of Port 2 or Port 5, see Chapter 15, "Port 2" or Chapter 18, "Port 5".

In the software processing after melody 0 interrupt, the tone length code and the scale code of the note that are output

next are set to MDOLEN and MDOTON, respectively. When there is no next note to be output, rest data “00H” is set in

MDOTON, the MORUN bit is set to “0” by the software processing after the next melody 0 interrupt, and melody output

is terminated.

By setting the MORUN bit to “0”, melody can be terminated forcibly during melody output.

Figure 20-2 shows the operation waveform of the melody driver.

(

MORUN g
MDOINT AL M M ()(7 ML M

mgg'lfgm XX X 1st sound X 2nd sound X3rd sound DS Final soundX Rest data
Tone length/Scale buffer XX X 1st sound X 2nd sound)( 3rd soundjg X Final sound )LRest data

Melody output waveform 2nd sound 3rd sound %

MDO* |1st sound waveforml waveform waveform | Final sound waveform |

Figure 20-2  Operation Waveform of Melody Driver
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20.3.2 Tempo Codes

A tempo code is set in the melody 0 tempo code register (MDOTEM).

Table 20-1 shows the correspondence between tempos (number of counts for one minute) and tempo codes.

The tempo when all the bits are set to "0" is equal to the shortest tone length (the tempo when the only MOTPO bit is set
tO lllll).

Table 20-1  Correspondence between Tempos and Tempo Codes

Tempo Tempo code (MDOTMP)
MoTP3 | MOTP2 | MOTP1 | MOTPO | MOTP3~0
J = 480 0 0 0 0 OH
J = 480 0 0 0 1 1H
J = 320 0 0 1 0 2H
J = 240 0 0 1 1 3H
J = 192 0 1 0 0 4H
J = 160 0 1 0 1 5H
J = 137 0 1 1 0 6H
J = 120 0 1 1 1 7H
J = 107 1 0 0 0 8H
J =% 1 0 0 1 9H
J =87 1 0 1 0 AH
J =8 1 0 1 1 BH
J =74 1 1 0 0 CH
J =69 1 1 0 1 DH
J =64 1 1 1 0 EH
J =60 1 1 1 1 FH
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20.3.3 Tone Length Codes

A tone length code is set in the melody 0 tone length code register (MDOLEN).

Table 20-2 shows the correspondence between tone lengths and tone length codes.

The tone length when all the bits are set to "0" is equal to the shortest tone length (the tone length when the only MOLNO
bit is set to "1").

Table 20-2  Correspondence between Tone Lengths and Tone Length Codes
Tone Tone length code (MDOLEN)
length MOLNS | MOLN4 | MOLN3 | MOLN2 | MOLN1 | MOLN1 | MOLN5~0

J 1 1 1 1 1 1 3FH
J_ 1 0 1 1 1 1 2FH
J 0 1 1 1 1 1 1FH
J,\ 0 1 0 1 1 1 17H
J\ 0 0 1 1 1 1 OFH
‘B 0 0 1 0 1 1 0BH
ﬁ 0 0 0 1 1 1 07H
ﬁ 0 0 0 1 0 1 05H
ﬁ 0 0 0 0 1 1 03H
ﬁ 0 0 0 0 1 0 02H
‘S 0 0 0 0 0 1 01H

The tone length set by a tone length code and a tempo code is expressed by the following equation.

Tone length = 1.953125 x (TP + 1) x (LN + 1) ms where TP is an integer of 1 to 15, and LN is an integer of 1 to
63.

The bit correspondence between TP and tempo codes is expressed by the following equation.
TP = 2°MOTP3 + 2°MOTP2 + 2'MOTP1 + 2°MOTPO
The bit correspondence between LN and tone length codes is expressed by the following equation.

LN = 2°MOLNS5 + 2*MOLN4 + 2°MOLN3 + 22MOLN2 + 2'MOLN1 + 2°MOLNO

20-9



ML610407/ML610408/ML610409 User's Manual
Chapter 20 Melody Driver

20.3.4 Scale Codes

A scale code is set in the melody 0 scale code register (MDOTON).
In the melody driver, a frequency that can be output is expressed by the following equation.

65536 Hz (where TN is an integer of 4 to
(TN+1) 127.)

The bit correspondence between TN and scale codes is expressed by the following equation.
TN = 2°MOTNG + 2°MOTNS + 2*MOTN4 + 2°MOTN3 + 2°MOTN2 + 2'MOTN1 + 2°MOTNO

Table 20-3 shows the correspondence between scales and scale codes.
When the MOTNG6 to MOTN2 bits are set to "0", scale becomes a rest. The rest length is set by the tone length code

(MDOLEN).
Table 20-3  Correspondence between Scales and Scale Codes
Frequency Scale code (MDOTON)
Scale (Hz) MOTN6 | MOTN5 | MOTN4 | MOTN3 | MOTN2 | MOTN1 | MOTNO | MOTN6~0
c' 529 1 1 1 1 0 1 1 7BH
Cis' 560 1 1 1 0 1 0 0 74H
D' 590 1 1 0 1 1 1 0 6EH
Dis' 624 1 1 0 1 0 0 0 68H
E’ 662 1 1 0 0 0 1 0 62H
F' 705 1 0 1 1 1 0 0 5CH
Fis' 745 1 0 1 0 1 1 1 57H
G' 790 1 0 1 0 0 1 0 52H
Gis' 840 1 0 0 1 1 0 1 4DH
A’ 886 1 0 0 1 0 0 1 49H
Ais’ 936 1 0 0 0 1 0 1 45H
B’ 993 1 0 0 0 0 0 1 41H
c? 1057 0 1 1 1 1 0 1 3DH
Cis? 1111 0 1 1 1 0 1 0 3AH
D? 1192 0 1 1 0 1 1 0 36H
Dis? 1260 0 1 1 0 0 1 1 33H
E? 1338 0 1 1 0 0 0 0 30H
F? 1394 0 1 0 1 1 1 0 2EH
Fis? 1490 0 1 0 1 0 1 1 2BH
G? 1560 0 1 0 1 0 0 1 29H
Gis? 1680 0 1 0 0 1 1 0 26H
A? 1771 0 1 0 0 1 0 0 24H
Ais? 1872 0 1 0 0 0 1 0 22H
B? 1986 0 1 0 0 0 0 0 20H
c? 2114 0 0 1 1 1 1 0 1EH
D? 2341 0 0 1 1 0 1 1 1BH
Dis® 2521 0 0 1 1 0 0 1 19H
E® 2621 0 0 1 1 0 0 0 18H
Fis® 2979 0 0 1 0 1 0 1 15H
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20.3.5 Example of Using Melody Circuit

Figure 20-3 shows an example of a melody notation, and Table 20-4 shows note codes of melody examples.

JlZO
)

pS ki |
D+ ¢ i) 1 - &

Figure 20-3 Example of Melody Notation

Table 20-4 Note Codes of Melody Examples

Note code
Note MDOLEN MDOTON Hexade
514|321 |0]|6|5]|4|3|2]1]|o0]| cma

G? 1 0 1 1 1 1 0 1 0 1 0 0 0 2F28H

D? 0 0 1 1 1 1 0 1 1 0 1 0 1 OF35H

GGlo|lo|1|1]1|1]0o|1]0o|1]|]o01] 0] o]l oFsH

— 0 0 0 1 1 1 0 0 0 0 0 0 0 [ 0700H

0735H

G? 0 0 1 1 1 1 0 1 0 1 0 0 0 | OF28H

— 0 0 0 1 1 1 0 0 0 0 0 0 0 [ 0700H

AAlololo|]1|1]1lo]1]o]|]o]o0o]| 1] 1] o0723H

B? 1 1 1 1 1 1 0 0 1 1 1 1 1 3F1FH

G? 1 1 1 1 1 1 0 1 0 1 0 0 0 3F28H
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o
o
o
o
o
o
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20.3.6 Operations of Buzzer Output

A buzzer sound is output in the following procedure.

(1) Select a buzzer mode by setting the BZMD bit of the melody 0 control register (MDOCON) to “1”.

(2) Select a buzzer output mode using the melody 0 tempo code register (MDOTMP).

(3) Select a duty of the High level width of the buzzer output waveform using the melody 0 tone length code register
(MDOLEN).

(4) Set the buzzer output frequency in the melody 0 scale code register (MDOTON).

(5)Set bit 2 (ENMLT) of the frequency control register 1(FCON1) to “1” to enable the low-speed double clock.

(6) When the MORUN bit of the melody 0 control register (MDOCON) is set to “1”, the waveform equivalent to the
buzzer sound that is set from the MDO pin is output.

Figure 20-4 shows the output waveform of each buzzer output mode.

MDOCON.MORUN

we) L L L L
Buzzer output waveform I . . . . . .
MDO*

(1/4) Intermittent sound 1 output waveform

MDOCON.MORUN

SRpS [ I O I
| L
EEEN

(2/4) Intermittent sound 2 output waveform

T1HZ

Buzzer output waveform
MDO*

.

J
]

MDOCON.MORUN

e ipicix/ipinininipixininl
Buzzer output waveform ‘

(3/4) Single sound output waveform

MDOCON.MORUN E |—
Buzzer output waveform _ _
MDo*

(4/4) Continuous sound output waveform

Figure 20-4 Output Waveform of Each Buzzer Output Mode
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20.4 Specifying Port Registers

To enable the melody or buzzer function, the applicable bit of each related port register needs to be set. See Chapter 15,
"Port 2" for detail about the port registers.

20.4.1 Functioning P22 Pin (MDO: Output) as the Melody or Buzzer Output

Set the P22MD bit (P2MOD register bit 2) to “1” for selecting the melody or buzzer output as the secondary function of
the P22.

Register
name

Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22MD P21MD P20MD

Setting
value

P2MOD register (Address: 0F214H)

Set the P22C1 bit (P2CONL register bit 2) to “1” and the P22CO0 bit (P2CONO register bit 2) to “1” for selecting the P22
pin state mode to CMOS output.

Register P2CON1 register (Address: 0F213H)
name
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22C1 P21C1 P20C1
Setting . .
- - - - - 1
value
Register P2CONO register (Address: 0F212H)
name
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22C0 P21CO P20C0
Setting . .
- - - - - 1
value

Data of P22D bit (P2D register bit2) does not affect to the melody or buzzer function, so don’t care the data for the
function.

Register
name

Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22D P21D P20D

Setting
value

P2D register (Address: 0F210H)

*% * *

- : Bit that does not exist
*: Bit not related to the Melody function
** . Don’t care

Note:

® P2 (Port 2) is an output-only pin and does not have the register to select the data direction(input or output).

® The P22 pin output characteristics are VOL1 and VOH1 (described in Appendix C, "Electrical Characteristics")
when the P22MD bit is "1"
(melody/buzzer is selected as the secondary function), and VOL2 and VOH2 when the bit is "0".

20-13



ML610407/ML610408/ML610409 User's Manual
Chapter 20 Melody Driver

20.4.2 Functioning P50 Pin (MDO: Output) as the Melody or Buzzer Output

Set the P50MD1 bit (P5MOD1 register bit 0) to “0” and the PSOMDO bit (P5MODO register bit 0) to “1” for selecting the
melody or buzzer output as the secondary function of the P50.

Register P5MOD1 register (address: 0F22DH)
name
Bit 7 6 5 4 3 2 1 0
Bit name - P56MD1 | P55MD1 | P54MD1 - P52MD1 | P51MD1 | P50MD1
Setting . . . . . .
- 1
value
Register .
P5MODO register (address: 0F22CH)
name
Bit 7 6 5 4 3 2 1 0
Bit name - P56MDO | P55MDO | P54MDO - P52MDO | P51MDO | P50MDO
Setting . . . . . .
- 1
value

Set the the P50CO bit (P5CONO register bit 0) to “1” for selecting the P50 pin state mode to CMOS output. Set the
P50DIR bit (P5DIR register bit 0) to “0” for selecting the P50 as an output pin. The PSUD bit (PSCONL1 register bit 0)
data can either be "0" or "1".

Register

P5CON1 register (address: OF22BH)
name

Bit

Bit name

P5UD

Setting
value

Register
name

P5CONO register (address: OF22AH)

Bit

5

4

3

2

Bit name

P57C0

P56CO0

P55C0

P54C0

P53C0

P52C0

P51CO0

P50CO

Setting
value

*

*

*

*

Register
name

P5DIR register (address: 0F229H)

Bit

7

6

5

4

3

2

1

0

Bit name

P57DIR

P56DIR

P55DIR

P54DIR

P53DIR

P52DIR

P51DIR

P50DIR

Setting
value

*

*

*

*

*

*

*

0
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The P50D bit (P5D register bit 0) data can either be "0" or "1".

Register P5D register (address: OF228H)
name
Bit 7 6 5 4 3 2 1 0
Bitname | P57D P56D P55D P54D P53D P52D P51D P50D
Setting i i i i . . . -
value

- : Bit that does not exist
*: Bit not related to the Melody function
**: Don’t care
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21. RC Oscillation Type A/D Converter

21.1 Overview

This LSI has a built-in 2-channel RC oscillation type A/D converter (RC-ADC).

The RC-ADC converts resistance values or capacitance values to digital values by counting the oscillator clock whose
frequency changes according to the resistor or capacitor connected to the RC oscillator circuits. By using a thermistor or
humidity sensor as a resistor, a thermometer or hygrometer can be formed.

In addition, a different sensor for each of the two channels of RC-ADC’s RC oscillator circuit can be used to broaden
RC-ADC applications; for example, the converter can be used for expansion of measurement range or measurement at
two points.

For input clocks, see Chapter 6, “Clock Generation Circuit”.

21.1.1 Features

e 2-channel system by time division

21.1.2 Configuration

The RC-ADC consists of two RC oscillator circuits to form two channels, Counter A (RADCAO and RADCAL) and
Counter B (RADCBO0 and RADCBL) as 16-bit binary counters, and an RC-ADC control circuit (RADCON, RADMOD).
Figure 21-1 shows the configuration of the RC-ADC.

N N
Clock ’ ’
LSO —> cor?tcr:ol BSCLK 16bits OVFA
2 T i Interrupt RADINT
HSCLK S| circuit binary counter contropl
j\Counter A (RADCAOQ and
T RADCA1)
N A
P35/RCM RCCLK , |
P32/RS0 ; oscillation binary counter OVFB
P31/CS0 <—(RCOSCO0)|<—* /\Counter B (RADCBO and
P30/INO0 —> o RADCB1)
RC-ADC
P47/RT1 < RC control circuit
P46/RS1 <— g
p45/CcS1 < oscillation (RADCON)
P44/IN1 —>|(RCOSCH1) (RADMOD)
N
Data bus \

RADMOD : RC-ADC mode register

RADCON : RC-ADC control register
RADCAO~1: RC-ADC Counter A register
RADCBO0~1: RC-ADC Counter B register

Figure 21-1 Configuration of RC-ADC
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21.1.3 List of Pins

Pin name 1/0 Function
Channel 0 oscillation input pin.
P30/INO | ) )
Used for the secondary function of the P30 pin.
Channel 0 reference capacitor connection pin.
P31/CS0O o i )
Used for the secondary function of the P31 pin.
Channel 0 reference resistor connection pin.
P32/RS0 o ) )
Used for the secondary function of the P32 pin.
Pin for connection with a resistive sensor for measurement on
P33/RTO o] Channel 0.
Used for the secondary function of the P33 pin.
Pin for connection with a resistive/capacitive sensor for
P34/RCTO (0] measurement on Channel 0.
Used for the secondary function of the P34 pin.
RC oscillation monitor pin.
P35/RCM O i )
Used for the secondary function of the P35 pin.
Channel 1 oscillation input pin.
P44/IN1 | . :
Used for the secondary function of the P44 pin.
Channel 1 reference capacitor connection pin.
P45/CS1 O . .
Used for the secondary function of the P45 pin.
Channel 1 reference resistor connection pin.
P46/RS1 O ) )
Used for the secondary function of the P46 pin.
Pin for connection with a resistive sensor for measurement on
P47/RT1 (0] Channel 1.
Used for the secondary function of the P47 pin.
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21.2 Description of Registers
21.2.1 List of Registers

Address Name Symbol(Byte) | Symbol (Word) R/W Size | Initial value
OF300H | RC-ADC Counter A register 0 RADCAO — R/W 8 O00H
0F301H | RC-ADC Counter A register 1 RADCA1 — R/W 8 O00H
0F304H | RC-ADC Counter B register 0 RADCBO — R/W 8 O00H
0F305H | RC-ADC Counter B register 1 RADCB1 — R/W 8 O00H
OF308H | RC-ADC mode register RADMOD — R/W 8 O00H
OF309H | RC-ADC control register RADCON — R/W 8 O00H
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21.2.2 RC-ADC Counter A Registers (RADCAO0-1)

Address: 0F300H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
RADCAO RAA7 RAAG6 RAA5 RAA4 RAA3 RAA2 RAA1 RAAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F301H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
RADCA1 RAA15 RAA14 RAA13 RAA12 RAA11 RAA10 RAA9 RAA8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADCAOQ and RADCAL1 are special function registers (SFRs) for reading from and writing to the Counter A of the
RC-ADC. RADCAO and RADCAZ1 are 16-bit binary counters.

Note:
After writing data into the RC-ADC counter A register, be sure to read it to check that the data has been written
correctly.
When A/D conversion starts after data is written, the value that has been written is read during A/D conversion
(RARUN =1).
When A/D conversion terminates (RARUN = 0), the count value is read.
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21.2.3 RC-ADC Counter B Registers (RADCBO0-1)

Address: 0F304H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
RADCBO RAB7 RAB6 RAB5 RAB4 RAB3 RAB2 RAB1 RABO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F305H
Access: RIW
Access size: 8-bit
Initial value: OOH
7 6 5 4 3 2 1 0
RADCB1 RAB15 RAB14 RAB13 RAB12 RAB11 RAB10 RAB9 RAB8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADCBO0 and RADCB1 are special function registers (SFRs) for reading from and writing to the Counter B of the
RC-ADC. RADCBO0 and RADCBL are 16-bit binary counters.

Note:
After writing data into the RC-ADC counter B register, be sure to read it to check that the data has been written
correctly.
When A/D conversion starts after data is written, the value that has been written is read during A/D conversion
(RARUN =1).
When A/D conversion terminates (RARUN = 0), the count value is read.
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21.2.4 RC-ADC Mode Register (RADMOD)

Address: 0F308H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
RADMOD RACK2 RACK1 RACKO RADI OoM3 OoM2 OoM1 OMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADMOD is a special function register (SFR) used to select the A/D conversion mode of the RC-ADC.

[Description of Bits]
e OMB3-0 (bits 3 to 0)
The OM3-0 bits are used to select an oscillation mode for the RC oscillator circuits.

OM3 OM2 OM1 OMO Description
0 0 0 0 INO pin external clock input mode (initial value)
0 0 0 1 RSO0-CS0 oscillation mode
0 0 1 0 RT0-CSO oscillation mode
0 0 1 1 RT,.4—CSO0 oscillation mode
0 1 0 0 RSO0-CTO oscillation mode
0 1 0 1 RS1-CS1 oscillation mode
0 1 1 0 RT1-CS1 oscillation mode
0 1 1 1 IN1 pin external clock input mode
1 i * * Prohibited
e RADI (bit4)

The RADI bit is used to choose whether to generate the RC-ADC interrupt request signal (RADINT) by an
overflow at Counter A or Counter B.

RADI Description
0 Generates an interrupt request by Counter A overflow (initial value).
1 Generates an interrupt request by Counter B overflow.

e RACK?2-0 (bits 7 to 5)
The RACK2 to RACKO bits are used to select the base clock of Counter A (BSCLK).

RACK2 RACK1 RACKO Description
0 0 0 LSCLK (initial value)
0 0 1 LSCLKx2
0 1 0 HSCLK
0 1 1 1/2HSCLK
1 0 0 1/4HSCLK
1 0 1 1/8HSCLK
1 1 * Setting prohibited (no clock is supplied)

Note:
When specifying LSCLK x 2 for the base clock, enable the operation of the low-speed double clock by setting bit 2
(ENMLT) of the frequency control register 1 (FCONL1) to “1”.
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21.2.5 RC-ADC Control Register (RADCON)

Address: 0F309H
Access: RIW

Access size: 8-hit
Initial value: OOH

7 6 5 4 3 2 1 0
RADCON — — — — — — — RARUN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADCON is a special function register (SFR) used to control A/D conversion operation of the RC-ADC.

[Description of Bits]
¢ RARUN (bit 0)
The RARUN bit is used to start or stop A/D conversion of the RC-ADC. When RARUN is set to “1”, A/D
conversion starts and when set to “0”, A/D conversion stops. If Counter A or Counter B overflows with
RARUN set to “1”, the bit is automatically reset to “0”.
RARUN is set to “0” at system reset.

RARUN Description
0 Stops A/D conversion (initial value).
1 Starts A/D conversion.
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21.3 Description of Operation

Counter A (RADCAO0 and RADCAL) is a 16-bit binary counter for counting the base clock (BSCLK), which is used as
the standard of time. Counter A can count up to OFFFFH.

Counter B (RADCBO0 to RADCBL) is a 16-bit binary counter for counting the oscillator clock (RCCLK) of the RC
oscillator circuits. Counter B can count up to OFFFFH.

Counters A and B are provided with overflow flags (OVFA and OVFB, respectively). Each overflow output results in
generation of an RC-ADC interrupt request signal (RADINT). Use the RADI bit of the RC-AC mode register
(RADMOD) to select whether to generate an overflow interrupt by an overflow on Counter A or Counter B: setting
RADI to “0” specifies Counter A overflow and setting it to “1” specifies Counter B overflow.

The RARUN bit of the RC-AD control register (RADCON) is used to start or stop RC-ADC conversion operation.
When RARUN is set to “0”, the oscillator circuits stop, so that counting will not be performed. When RARUN is set to
“1”, RC oscillation starts, when the RC oscillator clock (RCCLK) and the base clock (BSCLK) start counting through
Counter B and Counter A.

The RC oscillation section has a total of eight types of oscillation modes based on the two oscillator circuits of RCOSCO
and RCOSC1, and mode selection is made by the RC-ADC mode register (RADMOD).

P30-34, P44-47, and P35 must be configured as their secondary function input or output when using 1) the RC
oscillator circuit RCOSCO, 2) the RC oscillator circuit RCOSC1, and 3) the RC monitor pin (RCM) that outputs RC
oscillation waveforms, respectively. For the RC oscillator circuit configuration, see "21.1.2  Configuration." For the
secondary functions of Port 3, see Chapter 16, “Port 3.” For the secondary functions of Port 4, see Chapter 17, “Port 4.”

21.3.1 RC Oscillator Circuits

RC-ADC performs A/D conversion by converting the oscillation frequency ratio between a reference resistor (or
capacitor) and a resistive sensor (or capacitive sensor) such as a thermistor to digital data.

By making RC oscillation occur both on the reference side and on the sensor side with the reference capacitor the error
factor that the RS oscillator circuit itself is eliminated, thereby making it possible to perform the A/D conversion of the
characteristics of the sensor itself.

Also, by calculating the ratio between the oscillation frequency on the reference side and that on the sensor side and then
calculating the correlation between the calculated ratio and temperatures that the sensor characteristics have in advance,
a temperature can be obtained based on that calculated ratio.

Table 21-1 lists the eight types of oscillation modes, one of which is selected by the RC-ADC mode register
(RADMOD) OM3-0 bits.

Table 21-1  Oscillation Modes from Which Selection Is Made by OM3-0 Bits

Mode RADMOD RCOSCO output pin RCOSCH1 output
No pin Mode
' OM3 | OM2 | OM1 | OMO | RSO | RTO |CRTO| CSO | RS1 | RT1 | CS1
0 0 0 0 0 Z Z Z Z Z Z Z INO external clock input mode
1 oo o |1 |m|z|z]|m]|z]|z|z RS0-CSO
oscillation
RT0-CSO
2 0 0 ! 0 z 110 z on z z z oscillation RCOSCO0
3 0 0 1 1 7 z 10 0/1 7 7 7 RTU_I1—C.SO oscillation mode
oscillation
4 0 1 0 0 1/0 4 01 z z 4 z RS(.)_C.TO
oscillation
RS1-CS1
5 0 ! 0 ! z z z z 1/0 z on oscillation RCOSC1
6 0 1 1 0 7 7 7 7 7 110 0/1 RT1.—C.S1 oscillation mode
oscillation
7 0 1 1 1 z Z z z z z z IN1 external clock input mode
8 1 * * * z 4 4 z 4 4 z (Prohibited)
Note) * : Indicates arbitrary.
z : Indicates high-impedance output.
1/0, 0/1 : Indicates active output.
(Prohibited) : The oscillator clock is not supplied even by setting the RARUN bit to “1” or by starting A/D conversion.
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In Table 21-1, mode No.0 and mode No.7 are modes where external clocks to be input to the INO or IN1 pin are used for
measurement with the RC oscillator circuit stopped.

As shown in Table 21-1, the two oscillator circuits, RCOSC0 and RCOSC1, are so specified that they cannot operate
concurrently in order to prevent interference in oscillation from occurring when they oscillate concurrently.

The relationship between an oscillation frequency frccLk and an RC constant is expressed by the following equation:

1

F =  treck = Krcck  *ReC
RCCLK

where trceLk IS the period of the oscillator clock, krecyk the proportional constant, and R x C the product of capacitances
CS, CT, (CS+CVR) and (CT+CVR) and resistances RS and RT. The value of krcck slightly changes depending on the
value of the supply voltage VDD, RI, R, or C.

Table 21-2 lists the typical krccpk values.

Table 21-2  Typical Values of the Proportional Constant krcepk 0f RC Oscillator Circuits

Vop (V) | CSn, CTn (pF) CVRn(pF) RSn, RTn (kQ) Krcewk (Typ.)
3 560 820 10 1.26
560 820 100 1.24
3 560 820 15 1.25
560 820 105 1.24
1.5 560 820 15 1.26
560 820 105 1.22
Note) n=0,1

Note:

Out of the Port 3 and Port 4 pins, pins that are to be used for the RC-ADC function must be configured as secondary
function input or output using the mode register (P3MODO0, PAMODO, PAMODJ) of the corresponding port.

All the Port 3 pins except P35/RCM (see Section 21.1.3, “List of Pins”) are configured as pins dedicated to the RC-ADC
function during A/D conversion. Therefore, all the Port 3 pins except P35 cannot be used as their primary functions in
oscillation mode No. 0, 1, 2, 3 or 4, which is selected by the RADMOD register. In the same way, the P44 to P47 pins of
Port 4 cannot be used as their primary functions in oscillation mode No. 5, 6 or 7.

Figures 21-2 to 24-5 show the oscillator circuit configurations, the modes of oscillation for each configuration, and the
OM3-0 bit settings.

RCTO
OM3 | OM2 | OM1 | OMO oscillation mode
RT0 —EWWAS— RTO 0 0 0 1 Oscillates with the reference
RS0 ¢—AM— RSO resistor RS0 and CS0
Oscillates with the sensor
©S01 Cs0 0 1 0 | 1 1 0 r7oandCso
INO

Figure 21-2  When RCOSCO Is Used for Measurement with One Resistive Sensor

Note:
The unused pin RCTO shown in Figure 21-2 is configured as a pin dedicated to the RC-ADC function during A/D
conversion; therefore, during A/D conversion, RCTO cannot be used as a primary function port (P34).
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RTo4

RTO ¢
RSO ¢
CSO0¢

__fﬁkﬁp__

—

RCTO
RTO
RSO
CSso
INO

OM3 | OM2 | OM1 | OMO oscillation mode
0 0 0 1 OS(_:iIIates with the reference
resistor RS0 and CS0
0 0 1 0 Oscillates with the sensor
RTO and CS0O
0 0 1 1 Oscillates with the reference

resistor RTy.4 and CSO

Figure 21-3 When RCOSCO Is Used for Measurement with One Resistive Sensor

CTO0

RSO
CSO0¢

| —

Note:

The unused pin RTO shown in Figure 21-4 is configured as a pin dedicated to the RC-ADC function during A/D

RCTO

RTO
RSO
Cso
INO

(Two points are adjusted with two reference resistors)

OM3 | OM2 | OM1 | OMO oscillation mode
0 0 0 1 OS(_:iIIates with the reference
resistor RS0 and CS0
0 1 0 0 Oscillates with the sensor

RS0 and CTO

Figure 21-4 'When RCOSCO Is Used for Measurement with One Capacitive Sensor

conversion; therefore, during A/D conversion, RTO cannot be used as a primary function port (P33).

RT1 —AA—

Rs1 $—AT—
cs1 11—

RT1
RS1

CS1
IN1

Figure 21-5

OM3 | OM2 | OM1 | OMO oscillation mode
0 1 0 1 OS(_:iIIates with the reference
resistor RS1 and CS1
0 1 1 0 Oscillates with the sensor

RT1 and CS1

When RCOSCI1 Is Used for Measurement with One Resistive Sensor
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21.3.2 Counter A/Counter B Reference Modes

There are the following two modes of RC-ADC conversion operation:

«Counter A reference mode (RADMOD RADI = “0")
In this mode, a gate time is determined by Counter A and the base clock (BSCLK), which is used as the time reference,
then the RC oscillator clock (RCCLK) is counted by Counter B within the gate time to make the content of Counter B
the A/D conversion value.
The A/D conversion value is proportional to RC oscillation frequency.

*Counter B reference mode (RADMOD RADI = “1”)
In this mode, a gate time is determined by Counter B and the RC oscillator clock (RCCLK), and the base clock
(BSCLK), which is used as the time reference, is counted by Counter A within the gate time to make the content of
Counter A the A/D conversion value.
The /D conversion value is inversely proportional to RC oscillation frequency.

(1) Operation in Counter A reference mode

Figure 21-6 shows the operation timing in Counter A reference mode.
Following is an example of operation procedure in Counter A reference mode:

@ Preset to Counter A (RADCA1 and RADCAO) the value obtained by subtracting the count value “nA0” from the
maximum value + 1 (10000H). The product of the count value “nA0” and the BSCLK clock cycle indicates the
gate time.

@ Preset “0000H” to Counter B (RADCB1 and RADCBO).

® Set the OM3-OMO bits of RADMOD to desired oscillation mode. (See Table 21-1.)

@ Set the RADI bit of RADMOD to “0” to specify generating of an interrupt request signal by Counter A overflow.

® Set the RARUN bit of RADCON to “1” to start A/D conversion.

Counter A starts counting of the base clock (BSCLK) when RARUN is set to “1” and the RCON signal (signal
synchronized with the fall of the base clock) is set to “1”. When Counter A overflows, the RARUN bit is automatically
reset to “0” (®) and counting is terminated. At the same time, an RC-ADC interrupt request (RADIN) occurs ().

When the RCON signal is set to “1”, the RC oscillator circuit starts operation and Counter B starts counting of the RC
oscillator clock (RCCLK). When the RARUN bit is reset to “0” due to overflow of Counter A, RC oscillation stops and

Counter B stops counting.
The final count value “nB0” of Counter B is the RCCLK count value during the gate time “nA0 X tgscLk” and is
expressed by the following expression:

NBO =  nAQ. —BSCK freoik
trecLk

where tgsc k indicates the BSCLK period and trcc k the RCCLK period. That is, “nB0” is a value proportional to the RC
oscillation frequency freci.
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©

!
RARUN | [ ®

tescLk
Sy
BSCLK
s
RCON '
° L)
. ! > Overflow
Counter A (10000H —nAO0) ‘ (+1) ‘ (+2) ‘ (+3) ‘ QROFFFCH OFFFDH  |OFFFEH | OFFFFH 0000H
) i
! Gate time !
:r nAO tsscLk i
E tRCCLK E
CR osdillator circuit , H
Input waveform MRM
INO/IN1 , '
ST S T e A e A e AN e A e A e
@ ! :
= a
Counter B 0000H ‘ 0001H ‘ 0002H ‘ 82 ‘ nB0O -2 ‘ nB0 — 1 nBO
E Lo
K NBO-trceLk 2
RADINT ) L
¢ @
nAO: Reference count value (Interrupt request)

nB0: Measurement count value

Figure 21-6  Operation Timing in Counter A Reference Mode
(2) Operation in Counter B reference mode

Figure 21-7 shows the operation timing in Counter B reference mode.
Following is an example of operation procedure in Counter B reference mode:

@ Preset to Counter B (RADCB1 and RADCBO) the value obtained by subtracting the count value “nB1” from the
maximum value + 1 (10000H). The product of the count value “nB1” and the RCCLK clock cycle indicates the gate
time.

@ Preset “0000H” to Counter A (RADCA1 and RADCADO).

® Set the OM3-OMO bits of RADMOD to desired oscillation mode. (See Table 21-1.)

@ Set the RADI bit of RADMOD to “1” to specify generating of an interrupt request signal by Counter B overflow.

® Set the RARUN bit of RADCON to “1” to start A/D conversion.

When the RARUN bit is set to “1” and the RCON signal (signal synchronized with the fall of the base clock) is set to”1”,
the RC oscillator circuit starts operation and Counter B starts counting of the RC oscillator clock (RCCLK). When
Counter B overflows, the RARUN bit is automatically reset (®) and conversion operation terminates. At the same time,
an RC-ADC interrupt request (RADINT) occurs. (@)

When the RCON signal is set to “1”, Counter A starts counting of the base clock (BSCLK). When the RARUN bit is
reset due to overflow of Counter B, Counter A stops counting.

The final count “nA1” of Counter A is the CLK count value during the gate time “nB1 X trecik” and is expressed by the
following expression:

nA1 = nBfe —RCK 1
tescLk freck
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That is, “nAL1” is a value inversely proportional to the RC oscillation frequency frccik.

|
7
®
RARUN J tescLk
3
BSCLK
? |
RCON
cf ! ! \
Counter A 0000H 0001H  P002H 0003H 88 nA1-3|nA1-2 |nA1-1 nA1 \
i i
e 3
:“ NA1-tgscik 4: i
i tRCCLK E
RC oscillator circuit E E
Input waveform MW%
INO/IN1 : /
]
RCCLK A S T S S A A R A /
I

<—0O

L Overflow
Counter B (10000H — nB1) (+1) (+2) ?OFFFDH OFFFEHH OFFFFHH 0000H
! .
1
3 nB1-trccLk a
' Gate time !
RADINT )
(4 @
nA1: Measurement count value (Interrupt request)

nB1: Reference count value

Figure 21-7 Operation Timing in Counter B Reference Mode
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21.3.3 Example of Use of RC Oscillation Type A/D Converter

This section describes the method of performing A/D conversion for sensor values in Counter A and B reference modes
by taking temperature measurement by a thermistor as an example.
Figure 21-8 shows the circuit configuration of 1-thermistor RC oscillator circuit using RCOSCO.

Thermistor RTO —AN\S>— RTO

Reference resistor 0—5%— RSO
CSo¢ — CS0

INO

Figure 21-8 Configuration of 1-Thermistor RC Oscillator Circuit Using RCOSCO

Figure 21-9 shows the temperature characteristics of the thermistor resistance RTO.

=

&« 2

2 RTO = (T) o

g >

g §

L T

5 )

@ o nTO = K-RTO

£ = K+(T)

[0}

s

Temperature T RTO
Figure 21-9 Temperature Characteristics of Figure 21-10 A/D Conversion
Thermistor Characteristics (Ideal characteristics when nTO is proportional to

RTO)
RTO is expressed as a function of temperature T by the following equation:

RTO = f(T)

Figure 21-10 shows the ideal characteristics of A/D conversion with the assumption that RTO is an analog quantity. In
the ideal characteristics, the A/D conversion value nTO will purely depend on RTO only. Assuming that nTO is
proportional to RTO, let proportional constant be K, then nTO has the following relationship with temperature T:

nT0O = KeRTO =  Kef(T) ...ExpressionA

Therefore, temperature T can be expressed as a digital value by performing the conversion processing that accords with
the characteristics shown in Figure 21-9 for nTO by software.

To convert from an RTO value to a digital value, the ratio is used between a) the oscillation frequency by the thermistor
connected to the RTO pin and the capacitor connected to the CSO pin and b) the oscillation frequency by the reference
resistor (which ideally should have no temperature characteristics) connected to the RSO pin and the capacitor connected
to the CSO pin. This is for making the conditions other than resistance equal to eliminate the error factor in oscillation
characteristics.

As shown in Figures 21-9 and 21-11, the RTO value depends on temperature T and the RSO value is assumed to be
constant regardless of temperature T. It is ideal if the characteristics of the oscillation frequency fosc to temperature T
using these resistances will be like the solid lines in Figures 21-12 and 21-13; however, in reality, it would appear that
they will be like the dotted lines due to error factors such as IC temperature characteristics.

Since the condition of frcek (RTO) and that of frcok (RSO) are the same except for the resistances, the error ratios are
almost the same; therefore, errors can almost be eliminated by using the ratio between frcc k (RT0) and freek (RSO).
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The ratio between frcek (RTO) and freok (RSO) is equivalent to the above-mentioned A/D conversion value nTO that
should ideally depend only on RTO.

frooe Includ due to factors oth
ncludes errors due to factors other
(RTO) than RTO
(] \
D |
[i4 !
8
c
8
0
8 >
[}
e /& Ideal
o
X2 freLk(RS0) = 1
& R kR coLk- (CSO+CVR)-RTO
Temperature T Temperature T
Figure 21-11 Temperature Characteristics of Figure 21-12 Oscillation Characteristics of

Reference Resistor Thermistor

fRCLK

(RS0) Includes errors due to factors

other than RTO
e s /Ideal
1
froow(RS rccwk (CS0+CVR)-RSO

Temperature T

Figure 21-13 Oscillation Characteristics of Reference Resistor

Figure 21-14 shows, as an example of method, a timing chart of one cycle of conversion from analog value RTO to a
digital value, that is, A/D conversion.

Basically, one A/D conversion cycle must consist of two steps, as shown in Figure 21-14. The reason for requiring two
steps is that the reference resistor and the thermistor must first be oscillated separately and then the ratio between the
oscillation frequencies of them is used, as described above.

In the example below, operation for these two steps is performed using the following combination:

*First step = RC oscillation with RS0 in Counter A reference mode
*Second step = RC oscillation with RTO in Counter B reference mode

Besides this, there would be several possible A/D conversion methods.

In the above method, the operation time (gate time) for the second step fluctuates depending on the value of thermistor
RTO. To avoid the fluctuation of the operation time, using a method that uses the following combination is
recommended:

*First step = RC oscillation with RS0 in Counter B reference mode
*Second step = RC oscillation with RTO in Counter A reference mode

AJD conversion procedure is explained below by taking Figure 21-14 as an example.
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<First Step> <Second Step>

[
|

1
1
1
1
)
|
1
Base clock 32.768 kHz )
BSCLK :
1
® !
1
(bits 4-0) !
® (c) i o (f)
RADCON !
bit 0 0OH 01H (ERAD=1) 00H 01H (ERAD=1) 00H
(bit 0)
1
. nAO'tBSCLK=nBO'tRCCLK(RSO)\} : L nBO-tRCCLK(RT0)=nA1-tBsaLK
\ \ ' \ A
CR oscillating 0.366 sec i
tat : -
(CF\’SOaSZO) Stop ‘ Oscillates with RSO ‘ Stop ‘ Oscillates with RS0 ‘ Stop
(Counter A reference mode) : (Counter B reference mode)
® i
/ — Overflow
CNTA1-0 OFB50H (Increments by BSCLK) ‘ 0000H ‘ (Increments by BSCLK) ‘ nA1
T
1
©) : Overflow
1
Il N
(Increments by (Increments by
CNTB1-0 0000H ‘ RCCLK (RS0)) ‘ nBO | ‘ RCCLK (RT0)) 0000H
T
1
! 10000H - nBO
P
@ (d)
. 1
RC-ADC interrupt request ﬂ INT generated ﬂ INT generated
RADINT '
® ! (©)
1
)
HLT i \—

—
o
~

(e)
)
Note) nA0=4B0H, tsyscik=1/32768 Hz; @ to ®@: Software processing; (a) to (f): Hardware processing

Figure 21-14 Timing Chart for 1 Cycle of A/D Conversion (Example)

<First step>

@®  Set the base clock to 32.768 kHz. (Write “00H” in FCONO.)
@ Preset “10000H — nAQ0” in Counter A.
® Preset “0000H” in Counter B.
@ Write “01H” in RADMOD to select Counter A reference mode and the oscillation mode that uses reference
resistance RSO.
®  Write “01H” in RADCON to start A/D conversion operation.
® Write “1” in the HLT bit of SBYCON to set the device to HALT mode.
Note:

In this example, nAQ is set to 4BOH because the gate time “nA0 X tgsc k™ in oscillation mode with reference resistor RSO is set to
0.366 second. The value of nAO is related to how much the margin of the quantization error of the A/D conversion is: the greater
the nAO value is, the smaller the margin of error becomes.

To reduce noise contamination to the RC oscillator circuit caused by CPU operation, it is recommended to constantly put the
device into HALT mode during operation of RC oscillation.

From this point of time, the RC oscillator circuit (RCOSCO0) continues oscillation for about 0.366 second with the
reference resistance RS0. Then, when Counter A overflows, the RADINT signal is set to “1” and an RC-ADC interrupt
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request is generated. (Section (a)). Also, the generation of interrupt request releases HALT mode (section (b)) and at the
same time, A/D conversion operation stops. (Section (c), RARUN bit = "0"). At this time, Counter A is set to “0000H”.
The content of Counter B at this time is expressed by the following expression:

tascLk ,
nBO = nAQe —————— ... Expression B
trcoLk(RS0) P

That completes the operations in First Step.
<Second step>

@® Calculate “10000H — nB0” from the content of Counter B “nB0” and set the obtained value in Counter B.
At this point, Counter A needs to be cleared; however, no processing is required since the counter is already set to
“0000H".
@ Write “12H” in RADMOD to select Counter B reference mode and the oscillation mode that uses thermistor RTO.
®  Write “01H” in RADCON to start A/D conversion operation.
@  Write “1” in the HLT bit of SBYCON to set the device to HALT mode.

The RC oscillator circuit (RCOSCO) oscillates with thermistor RTO from this point until Counter B overflows. This period
is equal to the product of “nB0” obtained in the First Step and the oscillation period tgcck (RTO) using RTO.

When Counter B overflows, the RADINT signal is set to “1” and an RC-ADC interrupt request is generated. (Section (d)).
Also, the generation of interrupt request releases HALT mode (section (e)) and at the same time, A/D conversion operation
stops. (Section (f), RARUN bhit ="0").

This completes the operations in Second Step.

The content of Counter A at this time becomes the A/D conversion value nAl, which is expressed by the following
expression:

trecLk(RTO)

nA1 = nBO-
tBSCLK

... Expression C

From expressions B and C, nAl is expressed by the following expression:

treck(RTO)

nA1 = nAQ-
treck(RS0)

... Expression D

where treek (RSO) is the oscillator clock period by reference resistor RS0 and trcck (RTO) the oscillator clock period
by thermistor RTO.

Since the oscillation period is expressed by "trccrk = Krecik X R X C*, treerk (RSO) and treerk (RTO) are expressed by
the following expressions:

trecik (RSO) kRCCLK‘(CSO+CVR)°RSO
... Expression E

trcok (RTO) = Kgrcok*(CSO0+CVR)*RTO

When expression E is substituted for expression D, nAl will be:

_ RTO
nA1 = nAO0 RSO
Since “nA0” (*4BOH” in this example) and RSO are constants whose values are fixed, “nAl1” is a digital value
proportional to RTO. This very “nAl” corresponds to “nTO” in expression A.

That concludes the description of the A/D conversion method using a thermistor. “nA1” that has been obtained must
further be converted to a value such as a temperature indication value for thermometer by program according to the
temperature-to-resistance characteristics of the thermistor.
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21.3.4 Monitoring RC Oscillation

The RC oscillator clock (RCCLK) can be output using the secondary function of the P35 pin of Port 3. See Chapter 20,
“Port 3,” for the details of the secondary function of P35.

Monitoring RC oscillation is useful for checking the characteristics of the RC oscillator circuit. That is, the relationship
between a sensor, such as a thermistor, and the oscillation frequency can be measured. For instance, the coefficient for
conversion from the above-described nAl value to a temperature indication value can be obtained by checking the
relationship between the ambient temperature of a thermistor-incorporated RC oscillator circuit, the oscillation frequency
with thermistor RTO, and the oscillation frequency with reference resistor RSO.

Note:

P35 (RCM) is a monitor pin for oscillation clock. The Channel 0 and Channel 1 share the monitor pin.

Please use P35 (RCM) for the evaluation purpose and disable the output while operating in an actual application to
minimize the noise.
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21.4 Specifying Port Registers

To enable the RC-ADC function, the applicable bit of each related port register needs to be set. See Chapter 16, “Port 3”
and Chapter 18, “Port 4” for detail about the port registers.

21.4.1 Functioning P35(RCM), P34(RCTO), P33(RTO), P32(RS0), P31(CS0) and P30(INO) as the
RC-ADC(Ch0)

Set P35MDO0-P30MDO(bit5-bit0 of P3MODO register) to “1”, for specifying the RC-ADC as the secondary function of
P35, P34, P33, P32, P31 and P30.

Register P3MODO register (Address: OF21CH)

name

Bit 7 6 5 4 3 2 1 0
Bitname | P37MDO | P36MDO | P35MDO | P34MDO | P33MDO | P32MDO | P31MDO | P30MDO
Setting i ) 1 1 1 1 1 1
value

Set the P34C1 to P30C1 bits (P3CONL register bits 4 to 0) to “0”, the P34C0 to P30CO0 bits (P3CONO register bits 4 to
0) to “0”, and the P34DIR to P30DIR bits (P3DIR register bits 4 to 0) to “1” for selecting the state mode of the P34, P33,
P32, P31, and P30 to high-impedance input. The P34C1-P30C1 bit and P34C0-P30CO0 bit can be set to all “1” instead of
all “0” to select the high-impedance inputs.

Set the P35C1 bit (P3CONL register bit 5) to “1”, the P35C0 bit (P3CONO register bit 5) to “1”, and the P35DIR bit
(P3DIR register bit 5) to “0” for selecting the P35 state mode to CMOS output.

Register P3CON1 register (Address: 0F21BH)
name
Bit 7 6 5 4 3 2 1 0
Bit name P37C1 P36C1 P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
Setting i ) 1 0 0 0 0 0
value
Regi .
egister P3CONO register (Address: 0F21AH)
name
Bit 7 6 5 4 3 2 1 0
Bit name P37CO0 P36CO P35C0 P34CO0 P33CO0 P32CO0 P31CO P30CO
Setting - - 1 0 0 0 0 0
value
Register .
P3DIR register (Address: 0F219H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P37DIR P36DIR P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
Setting i ) 0 1 1 1 1 1
value

Data of P35D-P30D bits (bit5-0 of P3D register) do not affect to the RC-ADC function, so don’t care the data for the

function.

Register
name

P3D register (Address: 0F218H)

Bit

4

3

Bit name

P37D

P36D

P35D

P34D

P33D

P32D

P31D

P30D

Setting
value

*%*

*%

*%

*%

*%

*%

- : Bit that does not exist

21-19




ML610407/ML610408/ML610409 User's Manual
Chapter 21 RC Oscillation Type A/D Converter

* : Bit not related to the RC-ADC function
** - Don’t care

21.4.2 Functioning P47(RT1), P46(RS1), P45(CS1) and P44(IN1) as the RC-ADC(Chl)

Set P47MD1-P44MD1 bits(bit7-bit4 of PAMODL1 register) to “0” and set P47MD0-P44MDO(bit7-bit4 of PAMODO
register) to “1”, for specifying the RC-ADC as the secondary function of P47, P46, P45 and P44,

Register P4MOD1 register (Address: OF225H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4OMD1
Setting 0 0 0 0 . . . .
value
Register .

P4MODO register (Address: 0F224H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4OMDO
Setting 1 1 1 1 . . . .
value

Set the P47C1 to P44C1 bits (P4CONL register bits 7 to 4) to “0”, the P47C0 to P44CO0 bits (P4CONO register bits 7 to
4) to “0”, and the PA7DIR to P44DIR bits (PADIR register bits 7 to 4) to “1” for selecting the state mode of the P47, P46,
P45, and P44 to high-impedance input. The P47C1-P44C1 bit and P47C0-P44CO0 bit can be set to all “1” instead of all
“0” to select the high-impedance inputs.

Register P4CONA register (Address: OF223H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting 0 0 0 0 . . . .
value
Register .
P4CONO register (Address: 0F222H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40CO
Setting 0 0 0 0 . . . .
value
Register .
P4DIR register (Address: 0F221H)
name
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting 1 1 1 1 . . . R
value

Data of P47D-P44D bits (bit7-4 of P4D register) do not affect to the RC-ADC function, so don’t care the data for the

function.
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Register P4D register (Address: OF220H)
name
Bit 7 6 5 4 3 2 1 0
Bitname | PA47D P46D P45D P44D P43D P42D P41D P40D
Setting *% *% *% *% * * * *
value

* : Bit not related to the RC-ADC function
** - Don’t care

Note:

Status of output pins P31-P34 and P45-P47 changes according to the RC oscillation mode specified by OM0-OM3 bit of
RADMOD register.
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22. LCD Driver

22.1 Overview

This LSI includes LCD drivers that display the contents that are set in the display register.
For the ML610407/408/409, the numbers of commons and segments and the maximum number of dots are as shown in
Table 22-1.

Table 22-1 Numbers of Commons/Segments anq Maximum Number of Dots for ML610407/8/9
Product name : |
(ML610...) 407 ! 408 ! 409
Number of 2com-32seg | 2com-36seg | 2com-40seg
commons/segments | 3com-31seg : 3com-35seg | 3com-39seg
(changeable by | 4com-30seg | 4com-34seg | 4com-38seg
software) 5com-29seq ' 5com-33seg | 5com-37seg
Maximum number 145 ; 165 ; 185
of dots E E

The LCD display function consists of four blocks as shown in Figure 22-1;
1. Display registers

2. Display allocation

3. Display control

4.  Driver

Display allocation Driver

Display registers . | i ] \
playred Allocation COM driver co:vl ]

DSPR27 register pin i
DSPR26

1 Allocation | SEG driver I N >

1 - )

' I Registers 1 SEG pin LCD

1 A B I

| 0 Panel

! Bias
DSPRO02 Voltage multiplying
DSPRO1 clock
DSPRO0O Duty

Select by DASN bit (DSPMOD1 regilster) Display control

Figure 22-1 Configuration of LCD Display Function

The display registers are used to store the contents to be displayed as bit patterns.
The bit pattern storage method depends on the specification of the LCD panel to be used (display pattern and assignment of
the COM pin and SEG pin) and the setting of the display allocation circuit.

The display allocation block controls mapping of the display register for the LCD common/segment.

Using the display allocation registers A and B or not using them is selectable. When using them (Set DASN bit of
DSPMODL1 register to “1”), the segment mapping of the display register can be specified in bit units by programming
according to the contents of display allocation registers A and B. Therefore, the display register array can be changed in
flexible and simplify the software process for display (This function is defined as the programmable display allocation
function in the User's Manual). Also, the data specified to the registers A and B can be easily prepared by using LAPIS
Semiconductor LCD allocation Tool.

When the display allocation registers A and B are not used (set the DSPMOD1 register's DASN bit to "0"), the display
content is controlled only with the display registers.

The display control circuit generates LCD drive waveforms according to the characteristics of the LCD.
A bias, a bias voltage multiplying clock, a duty, and a frame frequency suitable for the LCD panel can be selected.
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A) When not using Programmable display allocation function (DASN bit of DSPMODL register is “0™)

Suitable for the dot matrix type LCD panel whose common/segment array is approximated to the bit array of the display

register.

Figure 22-2 shows an example of the correlation between the display registers and the dot matrix type LCD image.

b b bb b b b b c ccCc¢cCcc¢c
[ T T TR T T B OO0 O0OO0Oo
t t tt t t t t MMMMM
7 6 54 3 2 10 4 3 2 10
DSPR27 cEGao ITTTTE -
DSPR26 - SEG38
Fixed
H display allocation :
Display : ;
i Dot Matrix LCD
registers :
DSPR4 >  SEG4 |
DSPR3 »  SEG3 I
DSPR2 >  SEG2
DSPR1 >  SEG1
DSPRO > SEGO I

Figure 22-2 Example of Correlation between Display Registers and Dot Matrix Type LCD Image

B) When using Programmable display allocation function (DASN bit of DSPMOD1 register is “1”)

The programmable display allocation function is suitable for the LCD panel of segment type or character type whose
common/segment array is restricted by the design or wiring. The display allocation registers A and B can be used to
programmatically specify the display register bit-by-bit. This allows the display registers to be arrayed flexibly and thus
makes the display processing in the software easier. The content of the display allocation register A (DSmCn) specifies
the addresses of the display registers (DSPROO0 to 27) to be output to the common "n" of the segment "m." The content of
the display allocation register B (DSmCnB) specifies the bits of the display registers (DSPROQO0 to 27) to be output to the
common "n" of the segment "m."

Figure 22-3 shows an example of the correlation between the display registers and the dot matrix type LCD image when
the programmable display allocation is used.

~N e~ — O
o~ — o
o~ —
N~ -
W~ — o
N~ — T
= - — O
o~ — o
)

o O Mmwm
AOMW®
N M;m
ommwm

DSPR27
DSPR26

Programmable
display
allocation

Display
reqgisters

DSPRO04
Unused

4AH:AG: 4F: 4E:4D: AC: 4B: 4A

DSPR02
DSPRO1
DSPRO0O

2H
1H

OoH

2G: 2F: 2E: 2D: 2C: 2B: 2A
1G: 1F: 1E:1D: 1C: 1B: 1A
0G: OF: OE: OD: OC: 0B: OA

DSPR bit Symbol on panel COM SEG
DSPR4 6 4G 1 7
DSPRO 2 0C 3 0
DSPRO 1 0B 4 0
DSPRO 0 0A 4 1

Figure 22-3  An example of correlation between display registers and segment type LCD
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22.1.1 Features
The LCD drivers are applicable to various types of LCD panels.

e ML610409: 185 dots max. (37 segments x 5 commons)
e ML610408: 165 dots max. (33 segments x 5 commons)
e ML610407: 145 dots max. (29 segments x 5 commons)
e 1/1 to 1/5 duty

e 1/2 or 1/3 bias (built-in bias generation circuit)

o Frame frequency selectable (4 types)

e Bias voltage multiplying clock selectable (8 types)

o Programmable display allocation function

The programmable display allocation function facilitates software display processing. By using “ALL LCDs on mode” and
“ALL LCDs off mode”, LCD panel inspection processing software can be easily created.

22.1.2 Configuration of the LCD Drivers

Figure 22-4 shows the configuration of the LCD drivers and the bias generation circuit.

COMO --- COM1~4 SEGO --- SEG39-~36

m n
i Ll Lh

T A

Bias Common Segment
generation Driver Driver

C12 I—DCZ— circuit 1

\4

— L > 5| Display allocation
5 - control circuit

Vop Voo ’I‘ 1\

) '_ 3 DSPMODO
Voltage BIASCON DSPMOD1 DSPRO00 — DSMC
"LW ‘—"—[?VDL regulator DSPCON DSPR27 mn

circuit N N N A
EVss |

4 \

Data bus

BIASCON : Bias circuit control register

DSPMODO : Display mode register 0

DSPMOD1 : Display mode register 1

DSPCON : Display control register

DSmCn : Allocation register (m=01t039,n=01t0 4)
DSPRO0O0 - DSPR27: Display registers

Figure 22-4 Configuration of LCD Drivers and Bias Generation Circuit
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22.1.3 Configuration of the Bias Generation Circuit

The bias generation circuit generates LCD drive voltages (V4 to V) by multiplying the power supply voltage (Vpp) or

the voltage (Vppy) generated by the voltage regulator circuit with the capacitor (Cy,).

When a system reset starts the bias generation circuit operation stops.

Figure 22-5-1 and 22-5-2 show the configuration of the bias generation circuit.

C, .C2 .
T
- C1
T
Cey, . Vis Bias generation s
. Voojlll ﬂVLz circuit
e Ca I %VLI
E Vss ]
‘ VDD = 1.6 to 3.6V, without LCD
Cua | 1 C2 PR
g
T
Vooi| . Vis Bias generation E
| ol . .
Ch LV circuit
— o E——<—]
Ca | i Vi
——21| 0
E Vss ]
VDD = 2.4 to 3.6V, without LCD
Ci2 | .-. c2
| p— A —
oo
Cc ,_LVL:; Bias generation
1T L —>
« Cb | ¢xLz circuit
I:I‘ L1
. Vbp ) l_ _E:VDD |
Voltage regulator
® cl | |_“—|?VDDL— circuit
ﬁ Vss |

VDD = 1.25 to 3.6V, with LCD regulator

Bias circuit ON selected
(BSON)

To LCD driver
(VL1C Vi)

Bias circuit ON selected
(BSON)

To LCD driver
(Vi1 to Vi)

Bias circuit ON selected
(BSON)

To LCD driver
(V|_1 to VL3)

Figure 22-5-1 Configuration of Bias Generation Circuit (1/3 Bias)
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Ci | E?cz
g

Voo L Vis Bias g.ene.rat|on 3
T Vi, circuit
Ca E \Y
: L1
E Vss |
VDD = 2.4 to 3.6V, without LCD
Co, . cC2 s
I .
B
Cc | Vis Bias generation
K F Vi circuit
<
+0 Vi 5
Vb '_ Voo
o—— —1
g ]
Voltage regulator
0—CI| I—"—DVDDL—— circuit
Vss J

VDD = 1.25 to 3.6V, with LCD regulator

<« Bias circuit ON selected

(BSON)

To LCD driver
(V|_1 to VL3)

Bias circuit ON selected
(BSON)

To LCD driver
(Vi1 to Vi)

Figure 22-5-2 Configuration of Bias Generation Circuit (1/2 Bias)
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22.1.4 List of Pins

Pin name Input/output Function ML610407 | ML610408 | ML610409
Vit . gef](;\r/\;(i;j)upply pin for LCD bias (internally ° ° °
Vis . gef](;\r/\;(i;j)upply pin for LCD bias (internally ° ° °
Vis . gef](;\r/\;(i;j)upply pin for LCD bias (internally ° ° °
c1 — Capagitor connection pin for LCD bias ° ° °

generation
c2 — Capagitor connection pin for LCD bias ° ° °
generation

COMO (0] LCD common pin ) o )
CcoMm1 (0] LCD common pin ) o )
COM2/SEGO o LCD common/segment pin ° [ )
COMB3/SEG1 o LCD common/segment pin ° [ )
COM4/SEG2 o LCD common/segment pin ° [ )
SEG3 @) LCD segment pin ) [ )
SEG4 (0] LCD segment pin ) [ )
SEG5 @) LCD segment pin ° [ )
SEG6 @) LCD segment pin ) [ )
SEG7 @) LCD segment pin ) [ )
SEGS8 @) LCD segment pin ) [ )
SEG9 @) LCD segment pin ) [ )
SEG10 @) LCD segment pin ) [ )
SEG11 @) LCD segment pin ) [ )
SEG12 @) LCD segment pin ) [ )
SEG13 @) LCD segment pin ) [ )
SEG14 @) LCD segment pin ) [ )
SEG15 @) LCD segment pin ) [ )
SEG16 @) LCD segment pin ) [ )
SEG17 @) LCD segment pin ) [ )
SEG18 @) LCD segment pin ° [ )
SEG19 @) LCD segment pin ) [ )
SEG20 @) LCD segment pin ) [ )
SEG21 @) LCD segment pin ) [ )
SEG22 @) LCD segment pin ) [ )
SEG23 @) LCD segment pin ) [ )
SEG24 @) LCD segment pin ) [ )
SEG25 @) LCD segment pin ) [ )
SEG26 @) LCD segment pin ) [ )
SEG27 @) LCD segment pin ) [ )
SEG28 @) LCD segment pin ) [ )
SEG29 @) LCD segment pin ) [ )
SEG30 @) LCD segment pin ) [ )
SEG31 @) LCD segment pin ) [ )
SEG32 @) LCD segment pin [ )
SEG33 @) LCD segment pin [ )
SEG34 @) LCD segment pin [ )
SEG35 @) LCD segment pin [ )
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Pin name Input/output Function ML610407 | ML610408 | ML610409
SEG36 @) LCD segment pin )
SEG37 @) LCD segment pin )
SEG38 @) LCD segment pin )
SEG39 @) LCD segment pin )
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22.2 Description of Registers
22.2.1 List of Registers

Address Name Symbol (Byte) Symbol RW | size Initial
(Word) value
OFOFOH Bias circuit control register BIASCON — R/W 8 38H
OFOF2H Display mode register 0 DSPMODO0 DSPMOD R/W | 8/16 O00OH
OFOF3H Display mode register 1 DSPMOD1 R/W 8 O00H
OFOF4H Display control register DSPCON — R/W 8 O00H
OF100H ) . ) . DSPR0O0O i
Display register 00 to Display register 27 — R/W 8 Undefined
to OF127H to DSPR27
OF400H DSOCOA i
— R/W 8 Undefined
to OF427H to DS39C0A
OF440H DSOC1A .
— R/W 8 Undefined
to OF467H to DS39C1A
OF480H ) . . DSO0C2A i
Display allocation register A — R/W 8 Undefined
to OF4A7H to DS39C2A
OF4COH DSOC3A i
— R/W 8 Undefined
to OF4E7H to DS39C3A
OF500H DSO0C4A i
— R/W 8 Undefined
to OF527H to DS39C4A
OF600H DSO0CO0B i
— R/W 8 Undefined
to OF627H to DS39C0B
0F640H DS0C1B i
— R/W 8 Undefined
to OF667H to DS39C1B
0F680H ) . . DS0C2B i
Display allocation register B — R/W 8 Undefined
to OF6A7H to DS39C2B
OF6COH DSO0C3B i
— R/W 8 Undefined
to OF6E7H to DS39C3B
OF700H DS0C4B i
— R/W 8 Undefined
to OF727H to DS39C4B
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22.2.2 Bias Circuit Control Register 0 (BIASCON)

Address: OFOFOH
Access: RIW

Access size: 8-bit
Initial value: 38H

7 6 5 4 3 2 1 0

BIASCON — — BSEL1 BSELO BSN2 BSN1 BSNO —
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 1 1 1 0 0 0

BIASCON is a special function register (SFR) to control the bias generation circuit.

[Description of Bits]
e BSN2-BSNO (bit3to 1)
The BSN2 to BSNO bits are used to select a clock for multiplying the bias voltage in the bias generation circuit.
LSCLK to 1/128LSCLK can be selected.

BSN2 BSN1 BSNO Description
0 0 0 1/1 LSCLK (32kHz)
0 0 1 1/2 LSCLK (16kHz)
0 1 0 1/4 LSCLK (8kHz)
0 1 1 1/8 LSCLK (4kHz)
1 0 0 1/16 LSCLK (2 kHz) (initial value)
1 0 1 1/32 LSCLK (1kHz)
1 1 0 1/64 LSCLK (512H2)
1 1 1 1/128 LSCLK (256H2)

e BSEL (bit5t04)
The BSEL bit is used to set the bias in the bias generation circuit.
1/2 bias or 1/3 bias can be selected.

BSEL1 BSELO Description
0 0 1/3 bias
0 1 Setting prohibited
1 0 Setting prohibited
1 1 1/2 bias (initial value)
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22.2.3 Display Mode Register 0 (DSPMODO)

Address: OFOF2H
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
DSPMODO — FRM1 FRMO — — DUTY2 DUTY1 DUTYO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPMODO is a special function register (SFR) to control the display mode of the LCD drivers.

[Description of Bits]
e DUTY2to DUTYO (bit 2 to 0)
The DUTY?2 to DUTYO bits are used to specify the duty in 5 steps (1/1 to 1/5). The numbers of
commons/segments are determined according to the duty setting.

Product (ML610...) Common to all products 407 | 408 | 409
DUTY2 DUTY1 DUTYO Duty Number of commons/segments
0 0 0 1/1 duty (initial value) 2¢-32s 2¢-36s 2c¢-40s
0 0 1 1/2 duty 2¢-32s 2c-36s 2¢-40s
0 1 0 1/3 duty 3c-31s 3c-35s 3c-39s
0 1 1 1/4 duty 4c-30s 4c-34s 4c-38s
1 * * 1/5 duty 5¢-29s 5¢-33s 5¢-37s

¢ FRM1-FRMO (bit 6, 5)
The FRM1 to FRMO bits are used to select a frame frequency of the LCD drivers.
The reference frequency of a frame frequency (LLSCLK = 32.768 kHz) is selectable from 64 Hz, 73 Hz, 85 Hz,

or 102 Hz.
FRM1 FRMO Description
0 0 Reference frequency: 64 Hz (initial value)
0 1 Reference frequency: 73 Hz
1 0 Reference frequency: 85 Hz
1 1 Reference frequency: 102 Hz

The frame frequency for each duty is listed in Table 22-2.

Table 22-2  Frame Frequency for Each Duty

Frame frequency [HZ]
Duty Reference Reference Reference Reference
frequency frequency: frequency: frequency:
64Hz 73 Hz 85 Hz 102 Hz
1/1 duty 64.00 73.14 85.33 102.40
1/2 duty 64.00 73.14 85.33 102.40
1/3 duty 64.25 73.31 85.33 103.04
1/4 duty 64.00 73.14 85.33 102.40
1/5 duty 64.25 73.64 86.23 102.40
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22.2.4 Display Mode Register 1 (DSPMOD1)

Address: OFOF3H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
DSPMOD1 — — — — — DASN — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPMODL is a special function register (SFR) to control the display mode of the LCD drivers.
Use DSPMODL to select to use or unuse the programmable display allocation function for the display registers.

[Description of Bits]
e DASN (bit2)
The DASN bit is used to control the operation of the programmable display allocation function.
See Sections 22.2.6, 22.2.7, and 22.3.3 for the programmable display allocation function.

DASN Description
0 Not use Programmable display allocation function (initial value)
1 Use Programmable display allocation function
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22.2.5 Display Control Register (DSPCON)

Address: OFOF4H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
DSPCON — — — — — — LMD1 LMDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPCON is a special function register (SFR) to control the LCD drivers.

[Description of Bits]
e LMD1-LMDO (bit 1, 0)

The LMD1 and LMDO bits are used to select an LCD display mode.
LCD stop mode, all LCDs off mode, LCD display mode, and all LCDs on mode can be selected.
In LCD stop mode, V¢ level is output to all the common drivers and segment drivers. The charge and discharge
current to and from the display panel can be stopped.
In all LCDs off mode, off waveform is output to all the segment drivers irrespective of the contents of the display
registers.
In LCD display mode, the contents of the display registers are output to each segment driver.
In all LCDs on mode, on waveform is output to all the segment drivers irrespective of the contents of the display

registers.
LMD1 LMDO Description
0 0 LCD stop mode (initial value)
0 1 All LCDs off mode
1 0 LCD display mode
1 1 All LCDs on mode
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22.2.6 Display Allocation Register A (DSOCOA to DS39C4A)

Address: OF400H to OF427H, 0F440H to 0F467H, OF480H to OF4A7H, OF4COH to OF4E7H, OF500H to OF527H
Access: RIW

Access size: 8-bit

Initial value: Undefined

7 6 5 4 3 2 1 0

DSmCnA — — ab a4 a3 a2 al a0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 X X X X X

DSmCnA (m=0 to 39, n = 0 to 4) are special function registers (SFRs) that are used for the programmable display
allocation function.

Each valid bit of DSmCnhA becomes undefined at system reset.

Table 22-3 shows a list of the display allocation register A.

[Description of Bits]
e abtoal (hit5to0)
The a5 to a0 bits of DSmCnA (m = 0 to 39, n = 0 to 4) are used to select the addresses of the display registers
(DSPROO to 27) that are output to common n of segment m.
Set DSmCnA when the DASN bit of the display mode register 1 (DSPMOD1) is “0”. When the DASN bit is “1”,
access from the CPU is invalid.
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Table 22-3 Display Allocation Register A

Segment | Common Rﬁgr'ier Address | bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0 | R/W
SEGO COMO | DSOCOA | OF400H | — | — | — | a4 | a3 | a2 | aL | a0 | RW
SEG1 COMO | DSICOA | OF401H | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEG2 COMO | DS2COA | OF402H | — | — | — | a4 | a3 | a2 | aL | a0 | RW
SEG3 COMO | DS3COA | OF403H | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEG39 | COMO | DS39COA | OF427H | — | — | — | a4 | a3 | a2 | a1 | a0 | RW
SEGO COML | DSOCIA | OF440H | — | — | — | a4 | a3 | a2 | aL | a0 | RW
SEG39 | COMLl | DS39CIA | OF467H | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEGO COM2 | DSOC2A | OF480H | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEG39 | COM2 | DS39C2A | OF4A7TH | — | — | — | a4 | a3 | a2 | a1 | a0 | RW
SEGO COM3 | DSOC3A | OF4COH | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEG39 | COM3 | DS39C3A | OF4E7TH | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEGO COM4 | DSOC4A | OF500H | — | — | — | a4 | a3 | a2 | al | a0 | RW
SEG39 | COM4 | DS39C4A | OF527H | — | — | — | a4 | a3 | a2 | a1 | a0 | RW
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22.2.7 Display Allocation Register B (DS39C4B to DS49C7B)

Address: OF600H to 0F627H, OF640H to 0F667H, OF680H to OF6A7H, OF6COH to OF6E7H, OF700H to OF727H
Access: RIW

Access size: 8-bit

Initial value: Undefined

7 6 5 4 3 2 1 0

DSmCnB — — — — — b2 bl b0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 X X X

DSmCnB (m= 0 to 39, n = 0 to 4) are special function registers (SFRs) to store segment allocation data.
Each valid bit of DSmCnB becomes undefined at system reset.
Table 22-4 shows a list of the display allocation register B.

[Description of Bits]
e b2-b0 (bit 2 to 0)
The b2 to b0 bits of DSmCnB (m = 0 to 39, n = 0 to 4) are used to set the bits of the display registers (DSPR00
to 27) that are output to common n of segment m.
Set DSmCnB when the DASN bit of the display control register 0 (DSPCONO) is "0".
When the DASN bit is “1”, access from the CPU is invalid.

o
N
[og
H
o
o

Description

Selects hit 0
Selects hit 1
Selects hit 2
Selects hit 3
Selects hit 4
Selects hit 5
Selects bhit 6
Selects hit 7

P[P |k |k |O 0|0 |0
P[P |O|0|Fk |k |O|0
ROk |O|Fk|[O|F|O
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Table 22-4 Display Allocation Register B

Segment | Common Rﬁgr'ier Address | bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0 | R/W
SEGO COMO | DSOCOB | OF600H | — | — | — | — | — | b2 | bl | b0 | RW
SEG1 COMO | DS1COB | OF601H | — | — | — | — | — | b2 | b1 | b0 | RW
SEG2 COMO | DS2COB | OF602H | — | — | — | — | — | b2 | b1 | bO | RW
SEG3 COMO | DS3COB | OF603H | — | — | — | — | — | b2 | b1 | b0 | RW
SEG39 | COMO | DS39COB | OF627H | — | — | — | — | — | b2 | b1 | b0 | RW
SEGO COML | DSOCIB | OF640H | — | — | — | — | — | b2 | bl | bO | RW
SEG39 | COM1 | DS39CIB | OF667H | — | — | — | — | — | b2 | bl | b0 | RW
SEGO COM2 | DSoc2B | oF680H | — | — | — | — | — | b2 | b1 | b0 | RW
SEG39 | COM2 | DS39C2B | OF6ATH | — | — | — | — | — | b2 | bl | b0 | RW
SEGO COM3 | DSOC3B | OF6COH | — | — | — | — | — | b2 | bl | b0 | RW
SEG39 | COM3 | DS39C3B | OF6E7TH | — | — | — | — | — | b2 | bl | b0 | RW
SEGO COM4 | DSOCaB | OF700H | — | — | — | — | — | b2 | b1 | bO | RW
SEG39 | COM4 | DS39C4B | OF727H | — | — | — | — | — | b2 | b1 | b0 | RW
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22.2.8 Display Registers (DSPRO00 to DSPR27)

Address: OF100H to OF127H
Access: RIW

Access size: 8-bit

Initial value: Undefined

7 6 5 4 3 2 1 0

DSPRxx c7 c6 c5 c4 c3 c2 cl c0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value X X X X X X X X

DSPRxx (xx = 00 to 27H) are special function registers (SFRs) to store display data.

Each valid bit of DSPRxx becomes undefined at system reset.

The display registers that are not used for LCD display can be used for data memories.

Set data in DSPRxx before setting LCD display mode.

The c4 to c0 values are used when the programmable display allocation function is not used.

[Description of Bits]
e c7tocO(bit7to0)
The ¢7 to c0 bits are used to set display data.

c7~c0 Description
0 off waveform
1 on waveform
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Table 22-5 List of Display Registers

Register |\ jdress | COTESPONAING |\ Lo | pite | bits | bita | bit3 | bit2 | bitd | bito | Rw
name Segment
DSPROO | OF100H SEGO <7 | 6 | c5 | ¢4 | o3| c2 | cL | c0| RW
DSPROI | OF101H SEG1 7 | 6 | o5 | ca4 | 3| c2 | cl | co| rRW
DSPRO2 | OF102H SEG2 7 | 6 | o5 | ¢4 | 3| c2 | cl]| co| RW
DSPRO3 | OF103H SEG3 o7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPRO4 | OF104H SEG4 7 | 6 | o5 | ¢4 | 3| c2 | cl]| co| RW
DSPRO5 | OF105H SEG5 o7 | 6 | o5 | ca4 | 3| c2 | cl | co| RW
DSPRO6 | OF106H SEG6 7 | 6 | c5 | ¢4 | 3| c2 | cl | co| RW
DSPRO7 | OF107H SEG7 o7 | 6 | o5 | ca4 | 3| c2 | cl | co| rRW
DSPRO8 | OF108H SEG8 7 | 6 | o5 | ¢4 | 3| c2 | cl]| co| RW
DSPRO9 | OF109H SEG9 o7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPROA | OF10AH SEG10 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPROB | OF10BH SEGI11 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPROC | OF10CH SEG12 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPROD | OF10DH SEG13 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPROE | OF10EH SEG14 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPROF | OF10FH SEG15 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPRI0 | OF110H SEG16 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRI1 | OF111H SEG17 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPR12 | OF112H SEG18 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRI3 | OF113H SEG19 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPR14 | OF114H SEG20 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRI5 | OF115H SEG21 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPR16 | OF116H SEG22 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR17 | OF117H SEG23 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPR18 | OF118H SEG24 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRI9 | OF119H SEG25 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPRIA | OF11AH SEG26 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRIB | OF11BH SEG27 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRIC | OF11CH SEG28 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPRID | OF11DH SEG29 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
DSPRIE | OF11EH SEG30 <7 | 6 | c5 | ¢4 | 3| c2 | cl | co| RW
DSPRIF | OF11FH SEG31 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR20 | OF120H SEG32 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR21 | OF121H SEG33 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR22 | OF122H SEG34 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR23 | OF123H SEG35 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR24 | OF124H SEG36 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR25 | OF125H SEG37 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR26 | OF126H SEG38 <7 | 6 | o5 | ¢4 | 3| c2 | cl | co| RW
DSPR27 | OF127H SEG39 7 | 6 | o5 | ¢4 | 3| c2 | cl | co| rRW
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22.3 Description of Operation

22.3.1 Operation of LCD Drivers and Bias Generation Circuit

Figure 22-6 shows the operation of the LCD drivers and the bias generation circuit.

® © O

®@e

Internal BIAS ON Signal

Reset
RESET_N

LCD bias voltage
Vi~Vis Generation of LCD bias voltage

LMD1, LMDO

Common output
COMO~COM4 Vss Common Output Waveforms

Segment output
SEGO~SEG39 Vss Segment Output Waveform

T T g

0} @O®06

Figure 22-6 Operation of LCD Drivers and Bias Generation Circuit

System reset causes the bias generation circuit and the LCD drivers to stop operation and Vss level to be output to
each of the common and segment pins.

By using the bias circuit control register (BIASCON), select 1/2 bias or 1/3 bias and select the bias voltage
multiplying clock.

When the programmable display allocation function is used, set LCD allocation data in the display allocation
registers (DSOCO to DS39C4).

Set a frame frequency and a duty by using the display mode register 0 (DSPMODO0). When using the
programmable display allocation function, set the DSPMODL1 register's DASN bit to"1". When not using the
programmable display allocation function, set the DSPMOD1 register's DASN bit to"0".

Set display data in the display registers (DSPR00 to DSPR27).

On the display control register (DSPCON), set the LMD1 and LMDO bits to the display mode. (Display
waveform is output to each segment pin.)
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22.3.2 Segment Mapping When the Programmable Display Allocation Function is Not Used

The following shows the segment map of the display registers (DSPRO0O0 to 27) when the programmable display allocation
function is not used (DSPMOD1 register's DASN bit = "0"):

[}

™ % — o

] Q O] ]

L L L 1]

1 T T 7
DSPR27[4] DSPR26[4]; | DSPRO1[4] | DSPROO[4] | <— cOM4
DSPR27[3]: DSPR26[3]; ~ ----- | DSPRO1[3] | DSPROO[3] | <— cOM3
DSPR27[2]} DSPR26[2]; ~ ----- | DSPRO1[2] | DSPROO[2] | <— COM2
DSPR27[1]: DSPR26[1];, ~  ----- | DSPRO1[1] | DSPROO[1] | <— COM1
DSPR27[0]; DSPR26[0)} ~ ----- : DSPRO1[0] ; DSPROO[0] | <— COMO

For ML610409

o 5 3 3

D D 0 0

P 1 1
DSPR23[4]; DSPR22[4]! | DSPRO1[4] | DSPROO[4] | <— cOM4
DSPR23[3]: DSPR22[3]; ~ ----- | DSPRO1[3] | DSPROO[3] | <— cOM3
DSPR23[2]} DSPR22[2]} ~ ----- | DSPRO1[2] | DSPROO[2] | <— COM2
DSPR23[1]: DSPR22[1};, ~  ----- | DSPRO1[1] | DSPROO[1] | <— COM1
DSPR23[0]; DSPR22[0)} ~ ----- : DSPRO1[0] ; DSPROO[0] | <— COMO

For ML610408

o & 3 3

0 0 . i

[ T
DSPR1F[4] DSPRIE[4] DDSPRO1[4]; DSPRO0[4] | <— COM4
DSPRIF[3} DSPRIE[3 ~ ----- | DSPRO1[3] | DSPROO[3] | <— cOM3
DSPRIF[2] DSPRIE[2} ~  ----- | DSPRO1[2] | DSPROO[2] | <— COM2
DSPRIF[1]; DSPRIE[1} ~  ----- | DSPRO1[1] | DSPROO[1] | <— COM1
DSPRIF[0} DSPRIE[O} ~  ----- : DSPRO1[0] ; DSPROO[0] | <— COMO

For ML610407
Figure 22-7 Segment Map Configuration Diagram
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22.3.3 Segment Mapping When the Programmable Display Allocation Function is Used

When the programmable display allocation function is used (DASN bit of DSPMOD1 register is "1"), the segment map
of the display registers (DSPROQO0 to 27) can be programmatically changed using the display allocation registers (DSmCn:
m=0to039,n=0to4).

Figure 22-8 shows the configuration when using the programmable display allocation function.

Display allocation register A Display allocation register B
OF527H | DS39C4A |e--- SEG39-COM4 mapping specification ---# DS39C4B OF727H

0F526H | DS38C4A [e--- SEG38-COM4 mapping specification ---# DS38C4B | oEF726H

________________________________ —> SEG39
OF402H | DS2COA [«--- SEG2-COMO mapping specification---+ DS2COB | 0F602H I —» SEG38
OF401H D_SleA l¢--- SEG1-COMO mapping specification +_D_SlC_0I§_ OF601H , ,
OF400H DSOCOA [e--- SEGO-COMO mapping specification ---+ DS0COB OF600H ; ;
Specify the display | Segment ' '
6 Specify the display  Display registers 3 reatersoi priver : :
[~ register's address ! !
DSI;’RZ? . . l" . L, SEG2
> (o} \ > elector \
DSPROO 8 1 > SEGl
—> SEGO

Data bus 4

Figure 22-8 Configuration When Using the Programmable Display Allocation Function

In the display allocation register A (DSmCnA: m =0 to 39, n = 0 to 4), set the address (00H to 27H) of the display
register (DSPROO to DSPR27) that is output to the common n of the segment n. In display allocation register B
(DSmCnB: m =0to 39, n = 0 to 4), set the bits of the display register (DSPR0O0 to DSPR27) that is output to the common
n of the segment m.

For instance, to display bit 6 of display register 13 (DSPR13) to the common 3 of the segment 6, set as follows.

b7 b6 b5 b4 b3 b2 bl boO b7 b6 b5 b4 b3 b2 bl boO
Ds6C3A | * | *|oJ1]o]Jo]1]1] psec3aB|*|*|*|*|*]1]1]0]
(OF4C6H) ‘_ _/ (OF6C6H) ‘_ /

Address specification of display register Bit specification of display register

"*" indicates an arbitrary value.

[Note]
- Set display allocation data to display allocation registers when the DASN bit of display mode register 1 (DSPMOD1) is
"0". When the DASN bit is “1”, access from the CPU is invalid.
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22.3.4 Common Output Waveforms

Figure 22-9 shows the common output waveform at 1/5 duty (5 commons) and 1/3 bias.

Frame frequency
About 64Hz/73Hz/85Hz/102Hz

COMO

com1

COom2

COM3

COM4

Figure 22-9 Common Output Waveform at 1/5 Duty (5 Commons) and 1/3 Bias
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Figure 22-10 shows the common output waveform at 1/5 duty (5 commons) and 1/2 bias.

COMO

com1

COom2

COoM3

Com4

Frame frequency

About 64Hz/73Hz/85Hz/102Hz

Figure 22-10 Common Output Waveform at 1/5 Duty (5 Commons) and 1/2 Bias
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22.3.5 Segment Output Waveform

Figure 22-11 shows the segment output waveform at 1/5 duty (5 commons) and 1/3 bias.

Frame frequency
About 64Hz/73Hz/85Hz/102HZ
0 1 2 3 4 0 1 2 3 4
Data 0 0 0 0 0 0 0 0 0 0
""" Vi3
SEGn Viz
Vi1
""" Vss
Data 1 0 0 0 0 1 0 0 0 0
Vis
Vi2
SEGn
Vi
Vss
Data 0 1 0 0 0 0 1 0 0 0
Vi3
SEGn Viz
Vi1
Vss
Data 1 1 0 0 0 1 1 0 0 0
Vis
Vi2
SEGn
Vi
Vss
[
(] [] []
(]
Data 0 1 0 1 0 0 1 0 1 0
""" Vi3
SEGn Viz
Vi1
Vss
(]
0. [ .
[]
Data 1 0 1 1 1 1 0 1 1 1
Vis
""" Vi2
SEGn
Vi
Vss
Data 0 1 1 11 0 1 11
: Vi3
SEGn Viz
""" Vi1
Vss
Data | 1 1 1 1 1 1 1 1 1 1
Vis
""" Vi2
SEGn
Vi
Vss

Figure 22-11 Segment Output Waveform at 1/5 Duty (5 Commons) and 1/3 Bias
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Figure 22-12 shows the segment output waveform at 1/5 duty (5 commons) and 1/2 bias.

Frame frequency
About 64Hz/73Hz/85Hz/102Hz
0 1 2 3 4 0 1 2 3 4
Data 0 0 0 0 0o 0 0 0 0 0
""" Vis
SEGn Vi1
Vss
Data 1 0 0 0 0 1 0 0 0 0
Vis
SEGn Vi
Vss
Data 0 1 0 0 0 0 1 0 0 0
Vis
SEGn Vit
Vss
Data 1 1 0 0 0 1 1 0 0 0
Vis
SEGn Vi
Vss
(]
(] [ []
(]
Data 0 1 0 1 0 0 1 0 1 0
""" Vis
SEGn Vit
Vss
[}
[] [] (]
[]
Data 1 0 1 1 1 1 0 1 1 1
Vis
SEGn Vi
Vss
Data 0 1 1 1 1 0 1 1 1 1
Vis
SEGn Vit
Vss
Data 1 1 1 1 1 1 1 1 1 1
Vis
SEGn Vi
Vss

Figure 22-12 Segment Output Waveform at 1/5 Duty (5 Commons) and 1/2 Bias
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23. Power Supply Circuit

23.1 Overview

This LSI includes a voltage regulator circuit for internal logic (VRL).

The VRL outputs the operating voltage, Vpp, of the internal logic circuit, program memory, RAM, low-speed

oscillation, etc.

For the circuit configuration of the power supplies for LCD (V3 to V3), see Chapter 22, “LCD Driver”.

23.1.1 Features

e The VRL outputs the operating voltage, Vppy, of the internal logic circuit, program memory, RAM, low-speed

oscillation, etc.

23.1.2 Configuration

Figure 23-1 shows the configuration of the power supply circuit.

Vpp = 1.25 to 3.6V (when HSCLK set to 500kHz)
1.80 to 3.6V (when HSCLK set to 2MHZz)

i

Port T

.l ~ Voo .
el T} l
Voltage regulator
circuit for logic
VRL
V
« Cl I - /ooL l
XTOO—— Low_-”sp_eed Logic
; oscillation L
XTLE—— " circuit circuit
rt VSS

High-speed
oscillation circuit
(CR oscillator
circuit)

i General-purpose

GPIO | port

Figure 23-1 Configuration of Power Supply Circuit

23.1.3 List of Pins

Pin name 110 Function

VDDL

Positive power supply pin for the internal logic circuits
The Vpp, voltage becomes approximately 1.2 V at a system reset. At
a system reset, the oscillation frequency of the high-speed oscillation
circuit (CR oscillator circuit) is set to 500kHz. When the oscillation
frequency of the high-speed oscillator circuit (CR oscillation circuit) is
set to 2MHz, the Vpp, voltage becomes approximately 1.5V.
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24. Mask Option

24.1 Overview

In this LSI, the low-speed oscillation stop detection enable/disable is selected as a mask option.

The low-speed oscillation stop detection enable/disable is decided by the test area data of the program memory space
when the LSI is manufactured.

For the Mask-Option, see Chapter 3, “Reset Function”.

For the test area data of the program memory space, see Chapter 2, “CPU and Memory Space”.

For the Mask ROM version emulation function, see “ML610Q407 user's manual : Chapter 25 Mask ROM Version
Emulation Function”.

24.1.1 Features

e The low-speed oscillation stop detection enable/disable is selected as a mask option.
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Address Name S()ér;tt;c))l ?\XZE;;' R/W Size \Ilr;:lt:fg
OFOO00H Data segment register DSR — R/W 8 OOH
OF001H Reset status register RSTAT — R/W 8 Undefined
OF002H Frequency control register O FCONO FCON R/W 8/16 33H
OF003H Frequency control register 1 FCON1 R/W 8 00H
OF008H Stop code acceptor STPACP — w 8 Undefined
OF009H Standby control register SBYCON — W 8 00H
OFO00AH Low-speed time base counter register LTBR — R/W 8 00H
OFOOBH ;i&z:f:;:tg:ne base counter frequency HTBDR — R/W 8 O00H
OFOOCH Loyv-speed timg base counter frequency LTBADJIL RIW 8/16 00H
adjustment register L
- LTBADJ
OFOODH :msstﬁqe:ri trg?s?eiss counter frequency LTBADJH RIW 8 00H
OFOOEH Watchdog timer control register WDTCON — R/W 8 OOH
OFOOFH Watchdog timer mode register WDTMOD — R/W 8 02H
OF011H Interrupt enable register 1 IE1 — R/W 8 OOH
OF012H Interrupt enable register 2 IE2 — R/W 8 O00H
OF013H Interrupt enable register 3 IE3 — R/W 8 O00H
OF014H Interrupt enable register 4 IE4 — R/W 8 O00H
OF015H Interrupt enable register 5 IES — R/W 8 OOH
OF016H Interrupt enable register 6 IE6 — R/W 8 O00H
OF017H Interrupt enable register 7 IE7 — R/W 8 OOH
OF018H Interrupt request register 0 IRQO — R/W 8 O00OH
OF019H Interrupt request register 1 IRQ1 — R/W 8 OOH
OFO01AH Interrupt request register 2 IRQ2 — R/W 8 O00H
OF01BH Interrupt request register 3 IRQ3 — R/W 8 O0H
OF01CH Interrupt request register 4 IRQ4 — R/W 8 00H
OF01DH Interrupt request register 5 IRQ5 — R/W 8 O0H
OFO1EH Interrupt request register 6 IRQ6 — R/W 8 O00H
OFO1FH Interrupt request register 7 IRQ7 — R/W 8 O00H
OF020H External interrupt control register O EXICONO — R/W 8 O00H
OF021H External interrupt control register 1 EXICON1 — R/W 8 O00H
0F022H External interrupt control register 2 EXICON2 — R/W 8 00H
0F028H Block control register O BLKCONO — R/W 8 O0H
OF029H Block control register 1 BLKCON1 — R/W 8 00H
OF02AH Block control register 2 BLKCON2 — R/W 8 O00H
OF02BH Block control register 3 BLKCON3 — R/W 8 00H
OF02CH Block control register 4 BLKCON4 — R/W 8 OOH
OFO030H Timer O data register TMOD — R/W 8/16 OFFH
OF031H Timer 0 counter register TMOC R/W 8 O00H
O0F032H Timer 0 control register O TMOCONO TMOCON R/W 8/16 00H
OF033H Timer 0 control register 1 TMOCON1 R/W 8 O00H
OF034H Timer 1 data register TM1D ———— R/W 8/16 OFFH
OFO035H Timer 1 counter register TM1C R/W 8 O00H
OF036H Timer 1 control register 0 TM1CONO TM1CON R/W 8/16 O00H
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Address Name S()ér;tt;c;l ?\yvrgfdo)l R/W Size \Ilr;tljael
OF037H Timer 1 control register 1 TM1CON1 R/W 8 O0OH
OF038H Timer 2 data register TM2D TM2DC R/W 8/16 OFFH
OF039H Timer 2 counter register TM2C R/W 8 O00H
OFO03AH Timer 2 control register O TM2CONO TM2CON R/W 8/16 O00H
OF03BH Timer 2 control register 1 TM2CON1 R/W 8 O00H
OF03CH Timer 3 data register TM3D TM3DC R/W 8/16 OFFH
OFO03DH Timer 3 counter register TM3C R/W 8 O0H
OFO3EH Timer 3 control register O TM3CONO TM3CON R/W 8/16 O00H
OFO3FH Timer 3 control register 1 TM3CON1 R/W 8 O0H
OF090H Capture control register CAPCON — R/W 8 O00H
OF091H Capture status register CAPSTAT — R 8 OOH
0F092H Capture data register 0 CAPRO — R/W 8 O0H
OF093H Capture data register 1 CAPR1 — R/W 8 O0H
0F094H Capture time base data register CAPTB — R 8 Undefined
OFOAQH PWMO period register L PWOPL PWOP R/W 8/16 OFFH
OFOA1H PWMO period register H PWOPH R/W 8 OFFH
OFO0A2H PWMO duty register L PWODL PWOD R/W 8/16 OOH
OF0A3H PWMO duty register H PWODH R/W 8 OOH
OFO0A4H PWMO counter register L PWOCL PWOC R/W 8/16 O0OH
OFOA5H PWMO counter register H PWOCH R/W 8 O00H
OFOAGH PWMO control register 0 PWOCONO PWOCON R/W 8/16 O00H
OFOAT7H PWMO control register 1 PWOCON1 R/W 8 40H
OFOFOH Bias circuit control register BIASCON — R/W 8 38H
OFOF2H Display mode register 0 DSPMODO DSPMOD R/W 8/16 O00H
OFOF3H Display mode register 1 DSPMOD1 R/W 8 O0H
OFOF4H Display control register DSPCON — R/W 8 O00H
OF100H Display register 00 DSPRO0 — R/W 8 Undefined
OF101H Display register 01 DSPRO1 — R/W 8 Undefined
0F102H Display register 02 DSPR02 — R/W 8 Undefined
OF103H Display register 03 DSPRO03 — R/W 8 Undefined
0F104H Display register 04 DSPR04 — R/W 8 Undefined
OF105H Display register 05 DSPRO05 — R/W 8 Undefined
OF106H Display register 06 DSPRO06 — R/W 8 Undefined
OF107H Display register 07 DSPRO7 — R/W 8 Undefined
OF108H Display register 08 DSPR08 — R/W 8 Undefined
OF109H Display register 09 DSPR09 — R/W 8 Undefined
OF10AH Display register 0A DSPROA — R/W 8 Undefined
OF10BH Display register OB DSPROB — R/W 8 Undefined
OF10CH Display register 0C DSPROC — R/W 8 Undefined
OF10DH Display register 0D DSPROD — R/W 8 Undefined
OF10EH Display register OE DSPROE — R/W 8 Undefined
OF10FH Display register OF DSPROF — R/W 8 Undefined
OF110H Display register 10 DSPR10 — R/W 8 Undefined
OF111H Display register 11 DSPR11 — R/W 8 Undefined
OF112H Display register 12 DSPR12 — R/W 8 Undefined
OF113H Display register 13 DSPR13 — R/W 8 Undefined
O0F114H Display register 14 DSPR14 — R/W 8 Undefined
OF115H Display register 15 DSPR15 — R/W 8 Undefined
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Address Name S()ér;tt;c;l ?\yvrgfdo)l R/W Size \Ilr;tljael
OF116H Display register 16 DSPR16 — R/W 8 Undefined
OF117H Display register 17 DSPR17 — R/W 8 Undefined
OF118H Display register 18 DSPR18 — R/W 8 Undefined
OF119H Display register 19 DSPR19 — R/W 8 Undefined
OF11AH Display register 1A DSPR1A — R/W 8 Undefined
OF11BH Display register 1B DSPR1B — R/W 8 Undefined
OF11CH Display register 1C DSPR1C — R/W 8 Undefined
OF11DH Display register 1D DSPR1D — R/W 8 Undefined
OF11EH Display register 1E DSPR1E — R/W 8 Undefined
OF11FH Display register 1F DSPR1F — R/W 8 Undefined
OF120H Display register 20 DSPR20 — R/W 8 Undefined
OF121H Display register 21 DSPR21 — R/W 8 Undefined
0F122H Display register 22 DSPR22 — R/W 8 Undefined
OF123H Display register 23 DSPR23 — R/W 8 Undefined
0F124H Display register 24 DSPR24 — R/W 8 Undefined
OF125H Display register 25 DSPR25 — R/W 8 Undefined
OF126H Display register 26 DSPR26 — R/W 8 Undefined
OF127H Display register 27 DSPR27 — R/W 8 Undefined
0F204H Port 0 data register POD — R 8 Undefined
0F206H Port O control register 0 POCONO POCON R/W 8/16 O00H
0F207H Port O control register 1 POCON1 R/W 8 O00H
OF210H Port 2 data register P2D — R/W 8 O00H
0F212H Port 2 control register 0 P2CONO PICON R/W 8/16 O00H
0F213H Port 2 control register 1 P2CON1 R/W 8 O0H
0F214H Port 2 mode register P2MOD — R/W 8 O0H
0F218H Port 3 data register P3D — R/W 8 O0H
0F219H Port 3 direction register P3DIR — R/W 8 O00H
OF21AH Port 3 control register 0 P3CONO R/W 8/16 O00H
OF21BH Port 3 control register 1 P3CON1 P3CON R/W 8 OOH
OF21CH Port 3 mode register 0 P3MODO — R/W 8 O00H
0F220H Port 4 data register P4D — R/W 8 O00H
0F221H Port 4 direction register P4DIR — R/W 8 O00H
0F222H Port 4 control register 0 P4CONO PACON R/W 8/16 O00H
0F223H Port 4 control register 1 P4CON1 R/W 8 O00H
0F224H Port 4 mode register 0 P4MODO PAMOD R/W 8 O00H
0F225H Port 4 mode register 1 P4AMOD1 R/W 8 O00H
0F228H Port 5 data register P5D — R/W 8 FFH
0F229H Port 5 direction register P5DIR — R/W 8 O00H
OF22AH Port 5 control register 0 P5CONO PSCON R/W 8/16 O00H
OF22BH Port 5 control register 1 P5CON1 R/W 8 O00H
OF22CH Port 5 mode register 0 P5MODO PSMOD R/W 8 O00H
OF22DH Port 5 mode register 1 P5MOD1 R/W 8 O0H
OF22EH Port 5 interrupt mode register P5ISEL — R/W 8 O00H
FFH®™
OF230H | Port 6 data register P6D — RIW N
0F232H Port 6 control register 0 ‘¥ P6CONO — RIW 8 O0OH
0F280H Serial port 0 transmit/receive buffer L SIO0BUFL SIO0BUE R/W 8/16 O00H
0F281H Serial port 0 transmit/receive buffer H SIO0BUFH R/W 8 O00H
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0F282H Serial port 0 control register SIO0CON — R/W 8 O0OH
0F284H Serial port 0 mode register O SIOOMODO SI00MOD R/W 8/16 O00H
0F285H Serial port 0 mode register 1 SIOOMOD1 R/W 8 O00H
0F288H Serial port 1 transmit/receive buffer L SIO1BUFL SIO1BUF R/W 8/16 O00H
0F289H Serial port 1 transmit/receive buffer H SIO1BUFH R/W 8 O0OH
OF28AH Serial port 1 control register SIO1CON — R/W 8 O00H
OF28CH Serial port 1 mode register 0 SI01MODO0 SIO1IMOD R/W 8/16 OOH
OF28DH Serial port 1 mode register 1 SI01IMOD1 R/W 8 O00H
OF290H UARTO transmit/receive buffer UAOBUF — R/W 8 O00H
0F291H UARTO control register UAOCON — R/W 8 O00H
0F292H UARTO mode register 0 UAOMODO UAOMOD R/W 8/16 O00H
OF293H UARTO mode register 1 UAOMOD1 R/W 8 O00H
0F294H UARTO baud rate L is: UAOBRTL UAOBRT R/W 8/16 OFFH
0F295H UARTO baud rate register H UAOBRTH R/W 8 OFH
0F296H UARTO status register UAOSTAT — R/W 8 O00H
OF2COH Melody 0 control register MDOCON — R/W 8 O00H
OF2C1H Melody 0 tempo code register MDOTMP — R/W 8 O0H
OF2C2H Melody 0 scale code register MDOTON MDOTL R/W 8/16 O0H
OF2C3H Melody 0 tone length code register MDOLEN R/W 8 O0H
OF300H RC-ADC Counter A register 0 RADCAO — R/W 8 O00H
OF301H RC-ADC Counter A register 1 RADCA1 — R/W 8 O00H
O0F304H RC-ADC Counter B register 0 RADCBO — R/W 8 O00H
OF305H RC-ADC Counter B register 1 RADCB1 — R/W 8 O00H
OF308H RC-ADC mode register RADMOD — R/W 8 O0H
OF309H RC-ADC control register RADCON — R/W 8 O00H
OF400H Display allocation register A DSO0COA — R/W 8 Undefined
OF401H Display allocation register A DS1CO0A — R/W 8 Undefined
0F402H Display allocation register A DS2C0A — R/W 8 Undefined
O0F403H Display allocation register A DS3C0A — R/W 8 Undefined
O0F404H Display allocation register A DS4C0A — R/W 8 Undefined
OF405H Display allocation register A DS5C0A — R/W 8 Undefined
O0F406H Display allocation register A DS6CO0A — R/W 8 Undefined
OF407H Display allocation register A DS7CO0A — R/W 8 Undefined
O0F408H Display allocation register A DS8COA — R/W 8 Undefined
OF409H Display allocation register A DS9COA — R/W 8 Undefined
OF40AH Display allocation register A DS10COA — R/W 8 Undefined
OF40BH Display allocation register A DS11COA — R/W 8 Undefined
OF40CH Display allocation register A DS12CO0A — R/W 8 Undefined
OF40DH Display allocation register A DS13C0A — R/W 8 Undefined
OF40EH Display allocation register A DS14COA — R/W 8 Undefined
OF40FH Display allocation register A DS15C0A — R/W 8 Undefined
OF410H Display allocation register A DS16COA — R/W 8 Undefined
OF411H Display allocation register A DS17COA — R/W 8 Undefined
OF412H Display allocation register A DS18COA — R/W 8 Undefined
O0F413H Display allocation register A DS19CO0A — R/W 8 Undefined
OF414H Display allocation register A DS20CO0A — R/W 8 Undefined
OF415H Display allocation register A DS21CO0A — R/W 8 Undefined
OF416H Display allocation register A DS22C0A — R/W 8 Undefined
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OF417H Display allocation register A DS23C0A — R/W 8 Undefined
OF418H Display allocation register A DS24CO0A — R/W 8 Undefined
OF419H Display allocation register A DS25C0A — R/W 8 Undefined
OF41AH Display allocation register A DS26C0A — R/W 8 Undefined
OF41BH Display allocation register A DS27CO0A — R/W 8 Undefined
OF41CH Display allocation register A DS28C0A — R/W 8 Undefined
OF41DH Display allocation register A DS29C0A — R/W 8 Undefined
OF41EH Display allocation register A DS30C0A — R/W 8 Undefined
OF41FH Display allocation register A DS31CO0A — R/W 8 Undefined
OF420H Display allocation register A DS32C0A — R/W 8 Undefined
OF421H Display allocation register A DS33C0A — R/W 8 Undefined
OF422H Display allocation register A DS34CO0A — R/W 8 Undefined
OF423H Display allocation register A DS35C0A — R/W 8 Undefined
OF424H Display allocation register A DS36C0A — R/W 8 Undefined
OF425H Display allocation register A DS37CO0A — R/W 8 Undefined
OF426H Display allocation register A DS38C0A — R/W 8 Undefined
OF427H Display allocation register A DS39C0A — R/W 8 Undefined
OF440H Display allocation register A DSOC1A — R/W 8 Undefined
OF441H Display allocation register A DS1C1A — R/W 8 Undefined
OF442H Display allocation register A DS2C1A — R/W 8 Undefined
OF443H Display allocation register A DS3C1A — R/W 8 Undefined
OF444H Display allocation register A DS4C1A — R/W 8 Undefined
OF445H Display allocation register A DS5C1A — R/W 8 Undefined
OF446H Display allocation register A DS6C1A — R/W 8 Undefined
OF447H Display allocation register A DS7C1A — R/W 8 Undefined
OF448H Display allocation register A DS8C1A — R/W 8 Undefined
OF449H Display allocation register A DS9C1A — R/W 8 Undefined
OF44AH Display allocation register A DS10C1A — R/W 8 Undefined
OF44BH Display allocation register A DS11C1A — R/W 8 Undefined
OF44CH Display allocation register A DS12C1A — R/W 8 Undefined
OF44DH Display allocation register A DS13C1A — R/W 8 Undefined
OF44EH Display allocation register A DS14C1A — R/W 8 Undefined
OF44FH Display allocation register A DS15C1A — R/W 8 Undefined
OF450H Display allocation register A DS16C1A — R/W 8 Undefined
OF451H Display allocation register A DS17C1A — R/W 8 Undefined
OF452H Display allocation register A DS18C1A — R/W 8 Undefined
OF453H Display allocation register A DS19C1A — R/W 8 Undefined
OF454H Display allocation register A DS20C1A — R/W 8 Undefined
OF455H Display allocation register A DS21C1A — R/W 8 Undefined
OF456H Display allocation register A DS22C1A — R/W 8 Undefined
OF457H Display allocation register A DS23C1A — R/W 8 Undefined
OF458H Display allocation register A DS24C1A — R/W 8 Undefined
OF459H Display allocation register A DS25C1A — R/W 8 Undefined
OF45AH Display allocation register A DS26C1A — R/W 8 Undefined
OF45BH Display allocation register A DS27C1A — R/W 8 Undefined
OF45CH Display allocation register A DS28C1A — R/W 8 Undefined
OF45DH Display allocation register A DS29C1A — R/W 8 Undefined
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OF45EH Display allocation register A DS30C1A — R/W 8 Undefined
OF45FH Display allocation register A DS31C1A — R/W 8 Undefined
0F460H Display allocation register A DS32C1A — R/W 8 Undefined
OF461H Display allocation register A DS33C1A — R/W 8 Undefined
O0F462H Display allocation register A DS34C1A — R/W 8 Undefined
OF463H Display allocation register A DS35C1A — R/W 8 Undefined
OF464H Display allocation register A DS36C1A — R/W 8 Undefined
OF465H Display allocation register A DS37C1A — R/W 8 Undefined
OF466H Display allocation register A DS38C1A — R/W 8 Undefined
OF467H Display allocation register A DS39C1A — R/W 8 Undefined
0F480H Display allocation register A DSO0C2A — R/W 8 Undefined
OF481H Display allocation register A DS1C2A — R/W 8 Undefined
0F482H Display allocation register A DS2C2A — R/W 8 Undefined
O0F483H Display allocation register A DS3C2A — R/W 8 Undefined
0F484H Display allocation register A DS4C2A — R/W 8 Undefined
OF485H Display allocation register A DS5C2A — R/W 8 Undefined
0F486H Display allocation register A DS6C2A — R/W 8 Undefined
OF487H Display allocation register A DS7C2A — R/W 8 Undefined
0F488H Display allocation register A DS8C2A — R/W 8 Undefined
O0F489H Display allocation register A DS9C2A — R/W 8 Undefined
OF48AH Display allocation register A DS10C2A — R/W 8 Undefined
OF48BH Display allocation register A DS11C2A — R/W 8 Undefined
OF48CH Display allocation register A DS12C2A — R/W 8 Undefined
OF48DH Display allocation register A DS13C2A — R/W 8 Undefined
OF48EH Display allocation register A DS14C2A — R/W 8 Undefined
OF48FH Display allocation register A DS15C2A — R/W 8 Undefined
0F490H Display allocation register A DS16C2A — R/W 8 Undefined
OF491H Display allocation register A DS17C2A — R/W 8 Undefined
0F492H Display allocation register A DS18C2A — R/W 8 Undefined
O0F493H Display allocation register A DS19C2A — R/W 8 Undefined
0F494H Display allocation register A DS20C2A — R/W 8 Undefined
OF495H Display allocation register A DS21C2A — R/W 8 Undefined
0F496H Display allocation register A DS22C2A — R/W 8 Undefined
OF497H Display allocation register A DS23C2A — R/W 8 Undefined
0F498H Display allocation register A DS24C2A — R/W 8 Undefined
O0F499H Display allocation register A DS25C2A — R/W 8 Undefined
OF49AH Display allocation register A DS26C2A — R/W 8 Undefined
OF49BH Display allocation register A DS27C2A — R/W 8 Undefined
OF49CH Display allocation register A DS28C2A — R/W 8 Undefined
OF49DH Display allocation register A DS29C2A — R/W 8 Undefined
OF49EH Display allocation register A DS30C2A — R/W 8 Undefined
OF49FH Display allocation register A DS31C2A — R/W 8 Undefined
OF4AOQH Display allocation register A DS32C2A — R/W 8 Undefined
OF4A1H Display allocation register A DS33C2A — R/W 8 Undefined
OF4A2H Display allocation register A DS34C2A — R/W 8 Undefined
OF4A3H Display allocation register A DS35C2A — R/W 8 Undefined
OF4A4H Display allocation register A DS36C2A — R/W 8 Undefined
OF4A5H Display allocation register A DS37C2A — R/W 8 Undefined
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OF4A6H Display allocation register A DS38C2A — R/W 8 Undefined
OF4A7H Display allocation register A DS39C2A — R/W 8 Undefined
OF4COH Display allocation register A DSO0C3A — R/W 8 Undefined
OF4C1H Display allocation register A DS1C3A — R/W 8 Undefined
OF4C2H Display allocation register A DS2C3A — R/W 8 Undefined
OF4C3H Display allocation register A DS3C3A — R/W 8 Undefined
OF4C4H Display allocation register A DS4C3A — R/W 8 Undefined
OF4C5H Display allocation register A DS5C3A — R/W 8 Undefined
OF4C6H Display allocation register A DS6C3A — R/W 8 Undefined
OF4CT7H Display allocation register A DS7C3A — R/W 8 Undefined
OF4C8H Display allocation register A DS8C3A — R/W 8 Undefined
OF4C9H Display allocation register A DS9C3A — R/W 8 Undefined
OF4CAH Display allocation register A DS10C3A — R/W 8 Undefined
OF4CBH Display allocation register A DS11C3A — R/W 8 Undefined
OF4CCH Display allocation register A DS12C3A — R/W 8 Undefined
OF4CDH Display allocation register A DS13C3A — R/W 8 Undefined
OF4CEH Display allocation register A DS14C3A — R/W 8 Undefined
OF4CFH Display allocation register A DS15C3A — R/W 8 Undefined
OF4DOH Display allocation register A DS16C3A — R/W 8 Undefined
OF4D1H Display allocation register A DS17C3A — R/W 8 Undefined
OF4D2H Display allocation register A DS18C3A — R/W 8 Undefined
OF4D3H Display allocation register A DS19C3A — R/W 8 Undefined
OF4D4H Display allocation register A DS20C3A — R/W 8 Undefined
OF4D5H Display allocation register A DS21C3A — R/W 8 Undefined
OF4D6H Display allocation register A DS22C3A — R/W 8 Undefined
OF4D7H Display allocation register A DS23C3A — R/W 8 Undefined
OF4D8H Display allocation register A DS24C3A — R/W 8 Undefined
OF4D9H Display allocation register A DS25C3A — R/W 8 Undefined
OF4DAH Display allocation register A DS26C3A — R/W 8 Undefined
OF4DBH Display allocation register A DS27C3A — R/W 8 Undefined
OF4DCH Display allocation register A DS28C3A — R/W 8 Undefined
OF4DDH Display allocation register A DS29C3A — R/W 8 Undefined
OF4DEH Display allocation register A DS30C3A — R/W 8 Undefined
OF4DFH Display allocation register A DS31C3A — R/W 8 Undefined
OF4EOH Display allocation register A DS32C3A — R/W 8 Undefined
OF4E1H Display allocation register A DS33C3A — R/W 8 Undefined
OF4E2H Display allocation register A DS34C3A — R/W 8 Undefined
OF4E3H Display allocation register A DS35C3A — R/W 8 Undefined
OF4E4H Display allocation register A DS36C3A — R/W 8 Undefined
OF4E5H Display allocation register A DS37C3A — R/W 8 Undefined
OF4E6H Display allocation register A DS38C3A — R/W 8 Undefined
OF4E7H Display allocation register A DS39C3A — R/W 8 Undefined
OF500H Display allocation register A DSO0C4A — R/W 8 Undefined
OF501H Display allocation register A DS1C4A — R/W 8 Undefined
0F502H Display allocation register A DS2C4A — R/W 8 Undefined
OF503H Display allocation register A DS3C4A — R/W 8 Undefined
0F504H Display allocation register A DS4C4A — R/W 8 Undefined
OF505H Display allocation register A DS5C4A — R/W 8 Undefined
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OF506H Display allocation register A DS6C4A — R/W 8 Undefined
OF507H Display allocation register A DS7C4A — R/W 8 Undefined
OF508H Display allocation register A DS8C4A — R/W 8 Undefined
OF509H Display allocation register A DS9C4A — R/W 8 Undefined
OF50AH Display allocation register A DS10C4A — R/W 8 Undefined
OF50BH Display allocation register A DS11C4A — R/W 8 Undefined
OF50CH Display allocation register A DS12C4A — R/W 8 Undefined
OF50DH Display allocation register A DS13C4A — R/W 8 Undefined
OF50EH Display allocation register A DS14C4A — R/W 8 Undefined
OF50FH Display allocation register A DS15C4A — R/W 8 Undefined
OF510H Display allocation register A DS16C4A — R/W 8 Undefined
OF511H Display allocation register A DS17C4A — R/W 8 Undefined
OF512H Display allocation register A DS18C4A — R/W 8 Undefined
OF513H Display allocation register A DS19C4A — R/W 8 Undefined
0F514H Display allocation register A DS20C4A — R/W 8 Undefined
OF515H Display allocation register A DS21C4A — R/W 8 Undefined
OF516H Display allocation register A DS22C4A — R/W 8 Undefined
OF517H Display allocation register A DS23C4A — R/W 8 Undefined
OF518H Display allocation register A DS24C4A — R/W 8 Undefined
OF519H Display allocation register A DS25C4A — R/W 8 Undefined
OF51AH Display allocation register A DS26C4A — R/W 8 Undefined
OF51BH Display allocation register A DS27C4A — R/W 8 Undefined
OF51CH Display allocation register A DS28C4A — R/W 8 Undefined
OF51DH Display allocation register A DS29C4A — R/W 8 Undefined
OF51EH Display allocation register A DS30C4A — R/W 8 Undefined
OF51FH Display allocation register A DS31C4A — R/W 8 Undefined
OF520H Display allocation register A DS32C4A — R/W 8 Undefined
OF521H Display allocation register A DS33C4A — R/W 8 Undefined
0F522H Display allocation register A DS34C4A — R/W 8 Undefined
O0F523H Display allocation register A DS35C4A — R/W 8 Undefined
0F524H Display allocation register A DS36C4A — R/W 8 Undefined
OF525H Display allocation register A DS37C4A — R/W 8 Undefined
0F526H Display allocation register A DS38C4A — R/W 8 Undefined
OF527H Display allocation register A DS39C4A — R/W 8 Undefined
OF600H Display allocation register B DS0COB — R/W 8 Undefined
OF601H Display allocation register B DS1C0B — R/W 8 Undefined
0F602H Display allocation register B DS2C0B — R/W 8 Undefined
OF603H Display allocation register B DS3C0B — R/W 8 Undefined
0F604H Display allocation register B DS4C0B — R/W 8 Undefined
OF605H Display allocation register B DS5C0B — R/W 8 Undefined
OF606H Display allocation register B DS6C0B — R/W 8 Undefined
OF607H Display allocation register B DS7C0B — R/W 8 Undefined
OF608H Display allocation register B DS8CO0B — R/W 8 Undefined
OF609H Display allocation register B DS9CO0B — R/W 8 Undefined
OF60AH Display allocation register B DS10C0B — R/W 8 Undefined
OF60BH Display allocation register B DS11C0B — R/W 8 Undefined
OF60CH Display allocation register B DS12C0B — R/W 8 Undefined
OF60DH Display allocation register B DS13C0B — R/W 8 Undefined
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OF60EH Display allocation register B DS14C0B — R/W 8 Undefined
OF60FH Display allocation register B DS15C0B — R/W 8 Undefined
OF610H Display allocation register B DS16C0B — R/W 8 Undefined
OF611H Display allocation register B DS17C0B — R/W 8 Undefined
0F612H Display allocation register B DS18C0B — R/W 8 Undefined
0F613H Display allocation register B DS19C0B — R/W 8 Undefined
0F614H Display allocation register B DS20C0B — R/W 8 Undefined
OF615H Display allocation register B DS21C0B — R/W 8 Undefined
OF616H Display allocation register B DS22C0B — R/W 8 Undefined
OF617H Display allocation register B DS23C0B — R/W 8 Undefined
0F618H Display allocation register B DS24C0B — R/W 8 Undefined
OF619H Display allocation register B DS25C0B — R/W 8 Undefined
OF61AH Display allocation register B DS26C0B — R/W 8 Undefined
OF61BH Display allocation register B DS27C0B — R/W 8 Undefined
OF61CH Display allocation register B DS28C0B — R/W 8 Undefined
OF61DH Display allocation register B DS29C0B — R/W 8 Undefined
OF61EH Display allocation register B DS30C0B — R/W 8 Undefined
OF61FH Display allocation register B DS31C0B — R/W 8 Undefined
0F620H Display allocation register B DS32C0B — R/W 8 Undefined
OF621H Display allocation register B DS33C0B — R/W 8 Undefined
0F622H Display allocation register B DS34C0B — R/W 8 Undefined
0F623H Display allocation register B DS35C0B — R/W 8 Undefined
0F624H Display allocation register B DS36C0B — R/W 8 Undefined
0F625H Display allocation register B DS37C0B — R/W 8 Undefined
0F626H Display allocation register B DS38C0B — R/W 8 Undefined
OF627H Display allocation register B DS39C0B — R/W 8 Undefined
0F640H Display allocation register B DS0C1B — R/W 8 Undefined
OF641H Display allocation register B DS1C1B — R/W 8 Undefined
0F642H Display allocation register B DS2C1B — R/W 8 Undefined
0F643H Display allocation register B DS3C1B — R/W 8 Undefined
0F644H Display allocation register B DS4C1B — R/W 8 Undefined
OF645H Display allocation register B DS5C1B — R/W 8 Undefined
OF646H Display allocation register B DS6C1B — R/W 8 Undefined
OF647H Display allocation register B DS7C1B — R/W 8 Undefined
0F648H Display allocation register B DS8C1B — R/W 8 Undefined
0F649H Display allocation register B DS9C1B — R/W 8 Undefined
OF64AH Display allocation register B DS10C1B — R/W 8 Undefined
OF64BH Display allocation register B DS11C1B — R/W 8 Undefined
OF64CH Display allocation register B DS12C1B — R/W 8 Undefined
OF64DH Display allocation register B DS13C1B — R/W 8 Undefined
OF64EH Display allocation register B DS14C1B — R/W 8 Undefined
OF64FH Display allocation register B DS15C1B — R/W 8 Undefined
OF650H Display allocation register B DS16C1B — R/W 8 Undefined
OF651H Display allocation register B DS17C1B — R/W 8 Undefined
0F652H Display allocation register B DS18C1B — R/W 8 Undefined
OF653H Display allocation register B DS19C1B — R/W 8 Undefined
0F654H Display allocation register B DS20C1B — R/W 8 Undefined
OF655H Display allocation register B DS21C1B — R/W 8 Undefined
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OF656H Display allocation register B DS22C1B — R/W 8 Undefined
OF657H Display allocation register B DS23C1B — R/W 8 Undefined
OF658H Display allocation register B DS24C1B — R/W 8 Undefined
OF659H Display allocation register B DS25C1B — R/W 8 Undefined
OF65AH Display allocation register B DS26C1B — R/W 8 Undefined
OF65BH Display allocation register B DS27C1B — R/W 8 Undefined
OF65CH Display allocation register B DS28C1B — R/W 8 Undefined
OF65DH Display allocation register B DS29C1B — R/W 8 Undefined
OF65EH Display allocation register B DS30C1B — R/W 8 Undefined
OF65FH Display allocation register B DS31C1B — R/W 8 Undefined
0F660H Display allocation register B DS32C1B — R/W 8 Undefined
OF661H Display allocation register B DS33C1B — R/W 8 Undefined
0F662H Display allocation register B DS34C1B — R/W 8 Undefined
0F663H Display allocation register B DS35C1B — R/W 8 Undefined
0F664H Display allocation register B DS36C1B — R/W 8 Undefined
OF665H Display allocation register B DS37C1B — R/W 8 Undefined
OF666H Display allocation register B DS38C1B — R/W 8 Undefined
OF667H Display allocation register B DS39C1B — R/W 8 Undefined
OF680H Display allocation register B DS0C2B — R/W 8 Undefined
OF681H Display allocation register B DS1C2B — R/W 8 Undefined
0F682H Display allocation register B DS2C2B — R/W 8 Undefined
0F683H Display allocation register B DS3C2B — R/W 8 Undefined
0F684H Display allocation register B DS4C2B — R/W 8 Undefined
OF685H Display allocation register B DS5C2B — R/W 8 Undefined
0F686H Display allocation register B DS6C2B — R/W 8 Undefined
OF687H Display allocation register B DS7C2B — R/W 8 Undefined
0F688H Display allocation register B DS8C2B — R/W 8 Undefined
OF689H Display allocation register B DS9C2B — R/W 8 Undefined
OF68AH Display allocation register B DS10C2B — R/W 8 Undefined
OF68BH Display allocation register B DS11C2B — R/W 8 Undefined
OF68CH Display allocation register B DS12C2B — R/W 8 Undefined
OF68DH Display allocation register B DS13C2B — R/W 8 Undefined
OF68EH Display allocation register B DS14C2B — R/W 8 Undefined
OF68FH Display allocation register B DS15C2B — R/W 8 Undefined
OF690H Display allocation register B DS16C2B — R/W 8 Undefined
OF691H Display allocation register B DS17C2B — R/W 8 Undefined
0F692H Display allocation register B DS18C2B — R/W 8 Undefined
0F693H Display allocation register B DS19C2B — R/W 8 Undefined
0F694H Display allocation register B DS20C2B — R/W 8 Undefined
OF695H Display allocation register B DS21C2B — R/W 8 Undefined
0F696H Display allocation register B DS22C2B — R/W 8 Undefined
OF697H Display allocation register B DS23C2B — R/W 8 Undefined
0F698H Display allocation register B DS24C2B — R/W 8 Undefined
OF699H Display allocation register B DS25C2B — R/W 8 Undefined
OF69AH Display allocation register B DS26C2B — R/W 8 Undefined
OF69BH Display allocation register B DS27C2B — R/W 8 Undefined
OF69CH Display allocation register B DS28C2B — R/W 8 Undefined
OF69DH Display allocation register B DS29C2B — R/W 8 Undefined
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OF69EH Display allocation register B DS30C2B — R/W 8 Undefined
OF69FH Display allocation register B DS31C2B — R/W 8 Undefined
OF6A0H Display allocation register B DS32C2B — R/W 8 Undefined
OF6A1H Display allocation register B DS33C2B — R/W 8 Undefined
OF6A2H Display allocation register B DS34C2B — R/W 8 Undefined
OF6A3H Display allocation register B DS35C2B — R/W 8 Undefined
OF6A4H Display allocation register B DS36C2B — R/W 8 Undefined
OF6A5H Display allocation register B DS37C2B — R/W 8 Undefined
OF6A6H Display allocation register B DS38C2B — R/W 8 Undefined
OF6A7H Display allocation register B DS39C2B — R/W 8 Undefined
OF6COH Display allocation register B DS0C3B — R/W 8 Undefined
OF6C1H Display allocation register B DS1C3B — R/W 8 Undefined
OF6C2H Display allocation register B DS2C3B — R/W 8 Undefined
OF6C3H Display allocation register B DS3C3B — R/W 8 Undefined
OF6C4H Display allocation register B DS4C3B — R/W 8 Undefined
OF6C5H Display allocation register B DS5C3B — R/W 8 Undefined
OF6C6H Display allocation register B DS6C3B — R/W 8 Undefined
OF6C7H Display allocation register B DS7C3B — R/W 8 Undefined
OF6C8H Display allocation register B DS8C3B — R/W 8 Undefined
OF6C9H Display allocation register B DS9C3B — R/W 8 Undefined
OF6CAH Display allocation register B DS10C3B — R/W 8 Undefined
OF6CBH Display allocation register B DS11C3B — R/W 8 Undefined
OF6CCH Display allocation register B DS12C3B — R/W 8 Undefined
OF6CDH Display allocation register B DS13C3B — R/W 8 Undefined
OF6CEH Display allocation register B DS14C3B — R/W 8 Undefined
OF6CFH Display allocation register B DS15C3B — R/W 8 Undefined
OF6DOH Display allocation register B DS16C3B — R/W 8 Undefined
OF6D1H Display allocation register B DS17C3B — R/W 8 Undefined
OF6D2H Display allocation register B DS18C3B — R/W 8 Undefined
OF6D3H Display allocation register B DS19C3B — R/W 8 Undefined
OF6D4H Display allocation register B DS20C3B — R/W 8 Undefined
OF6D5H Display allocation register B DS21C3B — R/W 8 Undefined
OF6D6H Display allocation register B DS22C3B — R/W 8 Undefined
OF6D7H Display allocation register B DS23C3B — R/W 8 Undefined
OF6D8H Display allocation register B DS24C3B — R/W 8 Undefined
OF6D9H Display allocation register B DS25C3B — R/W 8 Undefined
OF6DAH Display allocation register B DS26C3B — R/W 8 Undefined
OF6DBH Display allocation register B DS27C3B — R/W 8 Undefined
OF6DCH Display allocation register B DS28C3B — R/W 8 Undefined
OF6DDH Display allocation register B DS29C3B — R/W 8 Undefined
OF6DEH Display allocation register B DS30C3B — R/W 8 Undefined
OF6DFH Display allocation register B DS31C3B — R/W 8 Undefined
OF6EOH Display allocation register B DS32C3B — R/W 8 Undefined
OF6E1H Display allocation register B DS33C3B — R/W 8 Undefined
OF6E2H Display allocation register B DS34C3B — R/W 8 Undefined
OF6E3H Display allocation register B DS35C3B — R/W 8 Undefined
OF6E4H Display allocation register B DS36C3B — R/W 8 Undefined
OF6ES5H Display allocation register B DS37C3B — R/W 8 Undefined
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OF6E6H Display allocation register B DS38C3B — R/W 8 Undefined
OF6E7H Display allocation register B DS39C3B — R/W 8 Undefined
OF700H Display allocation register B DS0C4B — R/W 8 Undefined
OF701H Display allocation register B DS1C4B — R/W 8 Undefined
OF702H Display allocation register B DS2C4B — R/W 8 Undefined
OF703H Display allocation register B DS3C4B — R/W 8 Undefined
OF704H Display allocation register B DS4C4B — R/W 8 Undefined
OF705H Display allocation register B DS5C4B — R/W 8 Undefined
OF706H Display allocation register B DS6C4B — R/W 8 Undefined
OF707H Display allocation register B DS7C4B — R/W 8 Undefined
OF708H Display allocation register B DS8C4B — R/W 8 Undefined
OF709H Display allocation register B DS9C4B — R/W 8 Undefined
OF70AH Display allocation register B DS10C4B — R/W 8 Undefined
OF70BH Display allocation register B DS11C4B — R/W 8 Undefined
OF70CH Display allocation register B DS12C4B — R/W 8 Undefined
OF70DH Display allocation register B DS13C4B — R/W 8 Undefined
OF70EH Display allocation register B DS14C4B — R/W 8 Undefined
OF70FH Display allocation register B DS15C4B — R/W 8 Undefined
OF710H Display allocation register B DS16C4B — R/W 8 Undefined
OF711H Display allocation register B DS17C4B — R/W 8 Undefined
OF712H Display allocation register B DS18C4B — R/W 8 Undefined
OF713H Display allocation register B DS19C4B — R/W 8 Undefined
OF714H Display allocation register B DS20C4B — R/W 8 Undefined
OF715H Display allocation register B DS21C4B — R/W 8 Undefined
OF716H Display allocation register B DS22C4B — R/W 8 Undefined
OF717H Display allocation register B DS23C4B — R/W 8 Undefined
OF718H Display allocation register B DS24C4B — R/W 8 Undefined
OF719H Display allocation register B DS25C4B — R/W 8 Undefined
OF71AH Display allocation register B DS26C4B — R/W 8 Undefined
OF71BH Display allocation register B DS27C4B — R/W 8 Undefined
OF71CH Display allocation register B DS28C4B — R/W 8 Undefined
OF71DH Display allocation register B DS29C4B — R/W 8 Undefined
OF71EH Display allocation register B DS30C4B — R/W 8 Undefined
OF71FH Display allocation register B DS31C4B — R/W 8 Undefined
OF720H Display allocation register B DS32C4B — R/W 8 Undefined
OF721H Display allocation register B DS33C4B — R/W 8 Undefined
0F722H Display allocation register B DS34C4B — R/W 8 Undefined
OF723H Display allocation register B DS35C4B — R/W 8 Undefined
0F724H Display allocation register B DS36C4B — R/W 8 Undefined
OF725H Display allocation register B DS37C4B — R/W 8 Undefined
OF726H Display allocation register B DS38C4B — R/W 8 Undefined
OF727H Display allocation register B DS39C4B — R/W 8 Undefined

Y ML610407 and ML610408 have this register, but ML610409 does not have it.

2 nitial value for ML610407
3 Initial value for ML610408
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Package material Epoxy resin
Lead frame material 42 alloy
Lead finish Sn/ 2Bi
. Solder thickness More than 5um
LAPIS Semiconductor Co. Ltd. Package weight (g) -
Rev. No./Last Revised 3/ Nov.11,2012

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.

Therefore, before you perform reflow mounting, contact ROHM’s responsible sales person for the product name, package name,
pin number, package code and desired mounting conditions (reflow method, temperature and times).
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® Absolute Maximum Ratings

(Vss= OV)
Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vbp Ta=25°C -0.3to +4.6 \Y,
Power supply voltage 2 VoL Ta=25°C -0.3t0 +3.6 \%
Power supply voltage 3 Vi Ta=25°C -0.3t0 +2.0 \Y,
Power supply voltage 4 Vi Ta=25°C -0.3t0 +4.0 \%
Power supply voltage 5 Vi3 Ta=25°C -0.3t0 +6.0 \Y,
Input voltage ViN Ta=25°C -0.3 to Vpp+0.3 \Y,
Output voltage Vour Ta=25°C -0.3to Vpp+0.3 \%
output current 1 louT1 Port 3 to 6, Ta=25°C -12to +11 mA
Output current 2 louTt2 Port 2, Ta=25°C -12to +20 mA
Power dissipation PD Ta=25°C 0.9 w
Storage temperature Tstc — -55to +150 °C
®Recommended Operation Condition
(Vss= OV)
Parameter Symbol Condition Range Unit
. without P version -20to +70
Operating temperature Tor °C
P version -40 to +85
for=30k to 625kHz 1.25t0 3.6
Operating voltage Vob \%
for=30k to 2.5MHz 1.8t03.6
Operating frequency " Vpp=1.25to 3.6V 30k to 625k Hy
(CPU) oF Vpp=1.8 to 3.6V 30k to 2.5M
Low-speed crystal L - 32.768k Hz
oscillation frequency
Low-speed crystal CoL — 3to0 18
oscillation pF
external capacitance CoL — 3t018
Vpp pin external . o o/ +1
capacitance Cv 1.0+£30% to 2.2+30%
VppL pin external . 0 )
capacitance CL 0.47+£30% to 2.2+30% uF
V1,2 or3 pin external . o
capacitance Cabe 0.1:30% Wk
Pin-to-pin (C1 to G2) o — 0.47£30% uF
external capacitance

*#!: Please select as Cy is larger than Cy or same as C.
*2: When the load of VDD is small and the power rise time is too short, it may happen that the power-on reset is not
generated. In this case please select C; with larger capacitance
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®(perating Conditions of Flash Memory

(Vss= OV)
Parameter Symbol Condition Range Unit
Operating temperature Top At write/erase 0to +40 °C
Vbp At write/erase 2.75t03.6
Operating voltage VoL At write/erase”’ 251t02.75 \Y,
Vpp At write/erase 7.7108.3
Rewrite count Cep — 80 cycles
Data retention Yor — 10 years

- When writing to and erasing on the flash Memory, the voltage in the specified range needs to be supplied to the Vpp. pin.
The Vep pin has an internal pull-down resistor.

®DC Characteristics (1/5)

(Vop=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

i Measur
Parameter Symbol Condition - Rating Unit | ement
Min. Typ. Max. circuit
=050 Typ. Typ.
Vop=125 | 1825°C 0% | 990 | qgy | KHZ
to 3.6V 5 Typ. Typ.
* 500 kH
500kHz/2MHz RC frc -25% +25% z
oscillation frequency ke Typ. Typ.
Vpp=1.8 to Ta=25°C a0% | 20 | 440y | MHZ
3.6V " Typ. Typ.
25% 2.0 +25% MHz
Low-speed crystal T . . 06 5 s
oscillation start time*? XTL : 1
500kHz/2MHz RC T - . . 3 s
oscillation start time RC H
Low-speed oscillation stop
detect time 1 Ts'rop — 12 16.4 41 ms
Reset pulse width PrsT — 200 — —
Reset noise elimination us
pulse width PrRsT - - - 0.3
Power-on reget ggnerated Tror . . . 10 ms
power rise time

*!: When low-speed crystal oscillation stops for a duration more than the low-speed oscillation stop detect time, the system is reset

to shift to system reset mode.

*2: 32.768kHz crystal resonator DT-26 (Load capacitance 6pF) (made by KDS:DAISHINKU CORP.) is used (Cg =Cp =6pF).
*3: Recommended operating temperature (Ta=-20 to 70°C, Ta=-40 to 85°C for P version)

®Reset

RESET N

VDD

VIL1

Prst

RESET_N pin reset

Power on reset
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®DC Characteristics (2/5)

(Vop=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

i Measur
Parameter Symbol Condition Vi R_l?;l‘:g NVox Unit 2?:3:
fop=30k to 625kH 1.1 1.2 1.3
VDDL voltage VDDL op 0 z V
fop=30k to 2.5MHz 1.35 15 1.65
VboL
temperature AVppL Vpp=3.0V — -1 — mV/°C 1
deviation *'
VppL voltage _
dependency *' AVooL - 5 20 mviV

*!: The maximum Vpp, voltage becomes the Vpp voltage level when the Vpp, voltage determined by the temperature and voltage
deviations mathematically exceeds the Vpp voltage.
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®DC Characteristics (3/5)
(Vop=3.0V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

i Measur
Parameter Symbol Condition - Rating Unit ement
Min. Typ. Max. cirouit
CPU: In STOP state. Ta=25°C — 0.4 0.8
Supply current 1 IDD1 Low-speed/High-speed oscillation: = MA
stopped. — — 6.5
CPU: In HALT state. Tam25°C
(LTBC, WDT: Operating)****. a= - 0.9 1.8
Supply current 2 IDD2 High-speed 500kHz/2MHz MA
oscillation: Stopped. *5 _ _ 75
LCD/BIAS circuits: Operating *°
CPU: In 32.768kHz operating
state *1+3 Ta=25°C — 4.0 7.5 1
Supply current 3 IDD3 High-speed 500kHz/2MHz MA
oscillation: Stopped, *5 — — 11.0
LCD/BIAS circuits: Operating *2
CPU: In 500kHz RC operating Ta=25°C — 60 80
Supply current ' 1ppg.1 state. - bA
LCD/BIAS circuits: Operating.*? - - 90
Supply current IDD4-2 CPU: In 2MHz RC operating state. | Ta=25°C — 240 300 A
4-2 LCD/BIAS circuits: Operating.* *5 — — 320 W

*': When the CPU operating rate is 100% (no HALT state).
*2 All SEGs: off waveform, No LCD panel load, 1/3 bias, 1/3 duty, Frame frequency: Approx. 64 Hz, Bias voltage multiplying clock:
1/128 LSCLK (256Hz)

*3 . 32.768KHz crystal resonator DT-26 (Load capacitance 6pF) (made by KDS:DAISHINKU CORP.) is used (Cs =Cp =6pF)

*4 - Significant bits of BLKCONO to BLKCON4 registers are all “1” except DLCD bit on BLKCONA4.

*5

: Recommended operating temperature (Ta=-20 to 70°C, Ta=-40 to 85°C for P version)
*5LCD stop mode, 1/3 bias, Bias voltage multiplying clock: 1/128 LSCLK (256Hz)
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®DC Characteristics (4/5)
(Vpbp=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

Ratin Measur
Parameter Symbol Condition Mi T g M Unit ement
n. yp. ax. circuit
Output voltage 1 _ - Voo _ —
(P20 to P22, P24 VoH IOH1=-0.5mA, Vpp=1.8 to 3.6V 05
(N-channel open Voo
drain output IOH1=-0.03mA, Vpp=1.25 to 3.6V 03 | — —
mode is not
selected)) IOL1=+0.5mA, Vpp=1.8 to 3.6V — — 0.5
(P30 to P35)
(P40 to P47) VOLA1
(g;%otfppg)).z I0L1=+0.1mA, Vpp=1.25 to 3.6V — | — | o3
(P60 to P67) "
Output voltage 2
(P20 to P22, P24
(N;jcrzian”gﬁi;upte” VOL2 I0L2=+5mA, Vop=1.8 to 3.6V — | — o5 | v | 2
mode is
selected))
VOH3 IOH3=-0.05mA, VL1=1.2V _\(/)L; — —
VOML3 IOML3=+0.05mA, VL1=1.2V — — Viz
Output voltage 3 +0.2
(éCE%'\(;'? t‘; ;‘)).1 VOML3S IOML3S=-0.05mA, VL1=1.2V - | -
(0] =U.
*2
(SEGO0 1035 " | yoLm3 IOLM3=+0.05mA, VL1=1.2V — — Vit
(SEGO to 39) +0.2
VOLM3S IOLM3S=-0.05mA, VL1=1.2V _\(/)Hz — —
VOL3 IOL3=+0.05mA, VL1=1.2V — — 0.2
Output leakage
(P20 to P22,P24) |  |00OH VOH=Vpp (in high-impedance state) — — 1
(P30 to P35)
(P40 to P47) 7 3
(P50 to P57) o
(P60 to P63)? I00L VOL=Vss (in high-impedance state) -1 — —
(P60 to P67)"
Input current 1 11H1 VIH1=Vpp — — 1
(RESET_N)
(TEST1_N) 11L1 VILA1 =VSS -600 -300 -2
Input current 2 1IH2 VIH2=Vpp 2 300 600
(TESTO) 1IL2 VIL2=Vss -1 — —
V|H3=VDD, VDD=1 8to 3.6V 2 30 200
143 (when pulled-down)
VIH3=Vpp, Vpp=1.25 to 3.6V 4
"szt current)3 (when pulled-down) 0.01 30 200 hA
P00 to P04 VIL3=Vss, Vpp=1.8 to 3.6V
(P30 to P35) L3 (when pulled-up) -200 -30 2
(P40 to P47) VIL3=Vss Vpp=1.25 to 3.6V 200 | 30 | -001
(P50 to P57) (when pulled-up) ]
IIH3Z VIH3=Vpp (in high-impedance state) — — 1
L3z VIL3=Vss (in high-impedance state) -1 — —

*1: Characteristics for ML610407.
*2: Characteristics for ML610408.
*3: Characteristics for ML610409.
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®DC Characteristics (5/5)
(Vpbp=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

Ratin Measur
Parameter Symbol Condition ) g Unit ement
Min. Typ. Max. circuit
Input voltage 1 07
(RESET_N) VIHA1 _ . . Voo
(TESTO, xV/pp
TEST1_N) y 5
(P00 to P04) _ 0.3
(P30 to P35) Vpp=1.8 to 3.6V 0 Voo
(P40 toP47) | VI Iy
(P50 to P57) Vbp=1.25 to 3.6V 0 — Voo
Input pin
capacitance 5
(POO to P04) CIN Vf- 1_05k(')*nz]v . .
rms— - - -
(P30 to P35) TazoseC

(P40 to P47)
(P50 to P57)
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®Measuring circuit

Measuring circuit 1

CoL
||
T XTO
CoL -
—| |L XT1
32.768kHz
crystal
7) resonator
v
VDD

VDDL

Vi Vi Vi

F
|_

|

Cc2
L,
c1—1
Cv
C.
Vss Ca,Cb,Cc
C12

4
o—ll—@

1k

1 2.2uF
1 0.1uF
1 0.47uF

32.768kHz crystal resonator

: DT-26 (Load capacitance 6pF)

(Made by KDS:DAISHINKU CORP.)

Cu
CGL, CDL . 6pF
Measuring circuit 2
(Note 2)
VIH o
——-o
- ol i
' 3 C '
i he] —~ '
Note )| 1 | € 2| CV)
L e sl i 7
b3 5|
VIL o : L
VDD VDDL VL1 VL2 VL3 VSS

(Note 1) Input logic circuit to determine the specified measuring conditions.
(Note 2) Repeats for the specified output pin
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Measuring circuit 3

(Note 2)
VIH o
—o
- ol
il =} S- :
(Note 1) . 2 R A
N 2|
VIL o : L
Voo Voo Vir Vo Vi Vss

(Note 1) Input logic circuit to determine the specified measuring conditions.
(Note 2) Repeats for the specified output pin

Measuring circuit 4

(Note 1)
——o
o— | N
. ol
bl B S|
A 5 £l
1k I
o— ——-o
Voo Voou Vi Vo Vi Vss
(Note 1) Repeats for the specified input pin
Measuring circuit 5
VIH o .
——o E
' ' Q
1 1 <
' ' Q
- g | g
MNotet] | | € gl P
o | o
aE S8
' : 2
: b g
VIL o S
Voo Voou Ve Vo Vi Vss

LL 111
L 1]

(Note 1) Input logic circuit to determine the specified measuring conditions.
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® AC Characteristics (External Interrupt)
(Vop=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

. Rating .
Parameter Symbol Condition Unit
Min. Typ. Max.
Ext lint t disabl Interrupt: Enabled (MIE = 1),
xierna Igeerirg':’p sable TnuL CPU: NOP operation 76.8 — 106.8 us
System clock: 32.768kHz

N N

(Rising-edge interrupt mode)

thuL

(Falling-edge interrupt mode)

P00 to P04,
P50 to P57

.

(Both-edge interrupt mode)

O AC Characteristics (UART)

oL

thuL

N

(Vop=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

. Rating )
Parameter Symbol Condition Unit
Min. Typ. Max.
Transmit baud rate trerT — — BRT*' — s
_ BRT*' . BRT*'
Receive baud rate trBRT — BRT* s
-3% +3%

*!- Baud rate period (including the error of the clock frequency selected) set with the UART baud rate register (UAOBRTL,H) and
the UART mode register 0 (UAOMODO).

trerr

TXDO*

¢

trerT

RXDO*

pe

X

*: Indicates the secondary function of the port.
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® AC Characteristics (Synchronous Serial Port)
(Vbp=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

. Rating .
Parameter Symbol Condition Unit
Min. Typ. Max.
SCLK input cycle In the 500kHz os?illa.tion mode:2 10 — — us
tscve In the 2MHz oscillation mode*
(slave mode) 1 — — us
Vpp=1.8 to 3.6V
SCLK output cycle 1
tscve — — | SCLK* — s
(master mode)
. . In the 500kHz oscillation mode*? 4 — — us
SCLK input pulse width — 3
tsw In the 2MHz oscillation mode*
(slave mode) 0.4 — — us
Vpp=1.8 to 3.6V
SCLK output pulse width t SCLK*' | SCLK*' | SCLK*'
— S
(master mode) W x0.4 x0.5 x0.6
In the 500kHz oscillation mode*? 500
SOUT output delay time i Output load 10pF
ns
(slave mode) S In the 2MHz oscillation mode** 240
Output load 10pF
In the 500kHz oscillation mode*? 500
SOUT output delay time ) Output load 10pF
ns
(master mode) ° In the 2MHz oscillation mode** 240
Output load 10pF, Vpp=1.8 to 3.6V
SIN input
setup time tss — 80 — — ns
(slave mode)
SIN input In the 500kHz oscillation mode*? 500 — —
setup time tss In the 2MHz oscillation mode** 240 ns
(master mode) Vpp=1.8 to 3.6V o o
) In the 500kHz oscillation mode*? 300 — —
SIN input t In the 2MHz oscillati de*®
* ns
hold time SH n the z oscillation mode 80 . .

Vpbp=1.8 to 3.6V

*: Clock cycle selected with SOCK3-0 of the serial port 0 mode register (SIOOMOD1)

*2: \When 500kHz oscillation is selected with RCM of the frequency control register 0 (FCONO)

*3: When 2MHz oscillation is selected with RCM of the frequency control register 0 (FCONO)

SCLKn* N\

tscve

tsw tSW

SOUTn*

S
X

tss tsH

<>

SINn*

X

*: Indicates the tertiary function of the port (n=0, 1)
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®AC CHARACTERISTICS (RC Oscillation A/D Converter)
Condition for Vpp=1.8 to 3.6V
(Vop=1.8 t0 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

o Rating .

Parameter Symbol Condition Min. Typ. Max. Unit
Oscillation resistor RSROT& ?k‘.ﬂo CS0, CT0, CS1>740pF 1 — — kQ
Oscillation frequency fosc1 Res.istor for osc.:illa.tion=1kQ 457.3 525.2 575.1 kHz
Vop = 3.0V fosca Resistor for oscillation=10kQ 5348 | 58.18 | 62.43 kHz
foscs Resistor for oscillation=100kQ 5.43 5.89 6.32 kHz

RS to RT oscillation Kf1 RTO, RT0-1, RT1=1kQ 7.972 9.028 9.782 —
frequency ratio Kf2 RTO, RTO-1, RT1=10kQ 0.981 1 1.019 —
Vop = 3.0V Kf3 RTO0, RT0-1, RT1=100kQ 0.099 | 0.101 | 0.104 —

*!: Kfx is the ratio of the oscillation frequency by the sensor resistor to the oscillation frequency by the reference resistor on the
same conditions.

Kix = foscx(RT0-CS0 oscillation) foscx(RT0-1-CS0 oscillation) fosex(RT1-CS1 oscillation)

foscx(RS0-CS0 oscillation) ,  foscx(RS0-CSO0 oscillation) ,  foscx(RS1-CS1 oscillation)
(x=1,2,3)
7'; CVRO
1 .
RTO, RTO-1, RT1: 1kQ/10kQ/100kQ
- RS0, RS1: 10kQ
81‘2 3 Lo CS0, CTO, CS1: 560pF
-|-o 2 CVRO, CVR1: 820pF
VIH | INOCSO rcTO0 RSO RTO IN1 CS1RS1RT1
c RCM —> Frequency measurement (foscx)
Note 1)) | | &
=1
' Q.
L E
ViL 5 ] Voo Voou Vss
Fl J»
CVT CLT 7

*1: Input logic circuit to determine the
specified measurina conditions.

Appendix C-11



ML610407/ML610408/ML610409 User's Manual
Appendix C Electrical Characteristics

Condition for Vpp=1.25 to 3.6V
(Vpp=1.25 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

- Rating .

Parameter Symbol Condition Min. Typ. Max. Unit
Oscillation resistor RSROTS’_ ?k‘.ﬂo CS0, CT0, CS1>740pF 1 — — kQ
Oscillation frequency fosc1 Resistor for oscillation=6kQ 81.93 93.16 101.2 kHz
Voo = 1.5V fosc2 Resistor for oscillation=15kQ 35.32 38.75 41.48 kHz
foscs Resistor for oscillation=105kQ 5.22 5.65 6.03 kHz

RS to RT oscillation Kf1 RTO, RT0-1, RT1=1kQ 2.139 2.381 2.632 —
frequency ratio ' Kf2 RTO, RTO-1, RT1=10kQ 0.973 1 1.028 | —
Voo = 1.5V Kf3 RTO, RTO0-1, RT1=100kQ 0.142 | 0.147 | 0.152 —
Osscillation frequency fosci Res.istor for oscl:illa.tion=6kQ 85.28 94.58 103.3 kHz
Voo = 3.0V fosca Res'lstor for osc'lllajuon=15kQ 35.72 38.87 | 41.78 kHz
foscs Resistor for oscillation=105kQ 5.189 5.622 6.012 kHz

RS to RT oscillation Kf1 RTO, RT0-1, RT1=1kQ 2.227 2.432 2.626 —
frequency ratio ' Kf2 RTO, RT0-1, RT1=10kQ 0.982 1 1.018 —
Vop = 3.0V Kf3 RTO, RTO-1, RT1=100kQ 0.141 | 0.145 | 0.149 —

*!: Kfx is the ratio of the oscillation frequency by the sensor resistor to the oscillation frequency by the reference resistor on the
same conditions.

Kfx = foscx(RTO-CSO0 oscillation) foscx(RT0-1-CS0 oscillation) foscx(RT1-CS1 oscillation)

foscx(RS0-CSO0 oscillation) ,  foscx(RS0-CSO oscillation) , foscx(RS1-CS1 oscillation)
(x=1,2,3)
,7|; —__ CVRO —__ CVR1
g ?( =< RTO, RTO-1, RT1: 1k Q/10k Q/100k Q
= RAO, RAO-1, RA1: 5k Q
o L lo lo - L= L_ RSO0, RS1: 15k Q
— =B =L b CS0, CTO, CS1: 560pF
04 CVRO, CVR1: 820pF
VIH INO CSO RCTO RSO RTO IN1 CS1RS1 RT1
O
RCM ——> Frequency measurement (foscx)
' c
(Note 1 E E‘
I =]
Ll a
=
VIL e Voo Voou Vss

o1l
11 !

*1: Input logic circuit to determine the
specified measurina conditions.

Note:

*Please have the shortest layout for the common node (wiring patterns which are connected to the external capacitors, resistors and INO/IN1
pin), including CVRO/CVRI1. Especially, do not have long wiring between INO/IN1 and RS0/RS1. The coupling capacitance on the wires

may occur incorrect A/D conversion. Also, please do not have signals which may be a source of noise around the node.

*When RTO/RT1 (Thermistor and etc.) requires long wiring due to the restricted placement, please have Vss(GND) trace next to the signal.

*Please make wiring to components (capacitor, resistor, and so on) necessary for objective measurement. Wiring to reserved components may

affect to the A/D conversion operation by noise the components itself may have.
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Appendix D Application Circuit Example

LCD
LED SEGOt039 COMOto 4
P20
c2
P21 1 c1o
Buzzer poa o1 ]—
Cc
AN P22 Vis ——
-e- |
776 il Viz [, Ca
—0 0— P00 Vi, | 30V
i
$—0 66— Po1 v T
i DD
¢——O0 60— P02 1
i ¥
—0 0— P03
i
o o P04 ML610409 TESTO
cvro[ Jcso P30/INO
;7_- ———|— P31/CS0 Vool |
Vv 1
—{ P34/RCTO ss
RTO ;;CL
+—WA—— P32/RTO
RS0 | P3RS0 =y
o—— P35/RCM RESET N ———0
cvra] P44/IN1 Jr
$cs7 1 Pasics1 xT0 —¢—
& 4w PaciRTL = Cou | 32.768kHz
RTL crystal resonator
ST PATIRS1 XT1 ——]
N~ O 1 < M N + O CDL
0N w W w 0N www
[a N a I a e [ a N s A

 Key Matrix -

Figure D-1 ML610409 Application Circuit Diagram
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Appendix E Check List

This Check List has notes to prevent commonly-made programming mistakes and frequently overlooked or misunderstood
hardware features of the MCU. Check each note listed up chapter by chapter while coding the program or evaluating it using the
MCU.

Chapter 1 Overview
«About unused pins
[ 1Please confirm how to handle the unused pins(Refer to Section 1.3.4 in the user’s manual).

Chapter 2 CPU and Memory Space

*Program Memory size

[ 115,360 Byte (0:0000H to 0:3BFFH)

eData RAM size

[ 11024 Byte (0:E000H to 0:E3FFH)

*Unused area

[ ] Please fill test area 0:3CO0HO0:3FFFH with BRK instruction code “OFFH” (Refer to a startup file “S61040XSW.asm” for programming in
the source code).

[ 1 For fail safe in your system, please fill unused program memory area (your program code does not use) with BRK instruction code
“OFFH”. We will fill the area with the code “OFFH” at LAPIS Semiconductor’s factory programming.

*RAM initialization

[ ] The hardware reset does not initialize RAM. Please initialize RAM by the software.

Chapter 3 Reset

*Reset activation pulse width

[ 1 Minimum 200us (Refer to Appendix C-2 in the user's manual)

*Power-on reset occurrence power rise time

[ ] Maximum 10ms (Refer to Appendix C-2 in the user's manual)

*Reset status flag

[ 1No flag is provided that indicates the occurrence of reset by the RESET_N pin (Refer to section 3.2.2. in the user's manual).
*BRK instruction reset

[ 1 Insystem reset by the BRK instruction, no special function register (SFR) is initialized either. Therefore initialize the SFRs
by your software (see Section 3.3.1 in the User's Manual).

Chapter 4 MCU Control Function

*STOP mode

[ ] When the MIE flag is "0", the stop code acceptor (STPACP) cannot be enabled under the condition where both the interrupt enable and
request flags become "1" (Refer to Sections 4.2.2 and 4.2.3. in the user's manual).

[ 1Place two NOP instructions next to the instruction that sets the STP bit to "1" (Refer to Section 4.3.3. in the user's manual).

*HALT mode

[ 1Place two NOP instructions next to the instruction that sets the HLT bit to "1" (Refer to Section 4.3.2. in the user's manual).
*BLKCON register

[ ] BLKCON registers enable or disable corresponsive each peripheral (Refer to Section 4.2.4 - 4.2.8. in the user’s manual).

[ 1 When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset) and
operating clocks for the peripherals stop.

Chapter 5 Interrupts

*Unused interrupt vector table

[ ] Please define all unused interrupt vector tables for fail safe.

*Non-maskable interrupt

[ ] The watchdog timer interrupt (WDTINT) is a non-maskable interrupt that does not depend on MIE flag (Refer to Sections 5.2.9. and
5.3 in the User's Manual).
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Chapter 6 Clock Generation Circuit
eInitial System clock
[ 1Atpower up or system reset, the 32.768kHz crystal oscillation clock oscillates to be supplied to CPU as the system clock.
«Switching high-speed clock operation mode to low-speed clock operation mode
[ 1 When switching the high-speed clock to the low-speed clock after the recovery from the STOP mode, make sure the low-speed clock is
oscillating checking to see the low-speed time base counter's Q128H bit becomes "1".
*Switching high-speed clock operation mode to another high-speed clock operation mode
[ ] When switching the high-speed clock mode, the clock must be first switched back to low clock before switching to other high-speed
clock (Refer to Section 6.2.2.).
*Port secondary function setting
[ ] Specify the secondary function for the port 2 when driving a clock to the pin(Refer to Section 6.4 in the user’s manual).

Chapter 7 TBC (Time Base Counter)

*HTBCLK

[ ] When using the HTBCLK for a timer or the PWM, set an arbitrary dividing ratio in the high-speed side time base counter frequency
divide register (HTBDR register) (see Section 7.2.3. in the User's Manual).

*How to read LTBC

[ ] Read consecutively LTBC(Low-speed Time Base Counter) twice until the last data coincides the previous data to prevent reading of
uncertain data while counting up the clock (Refer to Section 7.3.1 in the user's manual).

Chapter 9 Timer
*How to read the timer counter registers
[ ] Check notes for reading the timer counter registers while counting up (Refer to Sections 9.2.4 to 9.2.5 in the user's manual).

Chapter 10 PWM

*Pins used

[ ]The P24 or P43 pin is used

*How to read the PWM counter registers

[ ] Check notes for reading the PWM counter registers while the PWM is operating (Refer to Section 10.2.4. in the user's manual).
*Port secondary and tertiary function setting

[ 1 When using the P24, set it as the secondary function. When using the P43, set it as the tertiary function (see Sections 15.2.4 and 17.2.5 in
the User's Manual).

Chapter 11 WDT

*Overflow period

Clear WDT during the selected overflow period:

[ ]125ms, [ 1500ms, [ 12s, [ 18s

*WDP

[ ] Check the WDP content before writing to the WDTCON register, then determine writing whether "5AH" or "0A5H" (Refer to Section
11.2.2. in the user’s manual).

Chapter 12 SSIO

*Pins used

[ ]P40(SINO), P41(SCKO0) and P42(SOUTO) are used, or P44(SINO), P45(SCKO0) and P46(SOUTO) are used.
[ ] Usethe P50 (SIN1), P51 (SCK1), and P52 (SOUT1) pins.

*Port secondary and tertiary function setting

[ ] Specify the secondary Function for the port(Refer to Section 12.4 in the user’s manual).

Chapter 13 UART

*Pins used

[ ]1PO2(RXDO0) and P43(TXDO0) areused, or [ ]P42(RXDO0)and P43(TXDO) are used.
[ ] Select the P02 or P42 for RXDO by specifying UORSEL bit of UAOMODO register.
*Port secondary function setting

[ ] Specify the secondary Function for the port(Refer to Section 13.4 in the user’s manual).

Chapters 14 to 19 Port

*Pin Handling

[ ] Don’t leave Hi-impedance Input ports in floating state.

*Port secondary Function

[ ] Specify properly PnCONO/1 and PnMODO/1 registers for each port.
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Chapter 20 Melody Driver

*Enabling the LSCLK x 2

[ ]Set ENMLT bit of FCONL1 register to “1” to enable the low-speed double clock (LSCLK x 2) before stating the melody or buzzer
outputs.

*Port secondary function setting

[ ] Specify the secondary Function for the port(Refer to Section 20.4 in the user’s manual).

Chapter 21 RC oscillation type A/D converter

ecounter register

[ ] Reading the counter register A or B during the A/D conversion, returns the data written before starting the A/D conversion.
Oscillation monitor pin

[ ]1P35/RCM pin is a monitor pin for oscillation clock. The channel 0(P34-P30) and channel 1(P47-P44) share the monitor pin.

[ ]Please use P35/RCM for the evaluation purpose and disable the output while operating in an actual application to minimize the noise.
<Port secondary function setting

[ ] Specify the secondary Function for the port(Refer to Section 21.4 in the user’s manual).

[ 1All the Port 3 pins except P35/RCM are configured as pins dedicated to the RC-ADC function during A/D conversion(Refer to Section
21.3.1. in the user’s manual).

Chapter 22 LCD driver
*Bias

[ 11/2biasor[ ]1/3bias
*Duty

[ ]1/1to 1/5 Duty
*COM/SEG

[ 1 ML610407: 2COM x 32SEG
[ 1 ML610407: 3COM x 31SEG
[ 1 ML610407: 4COM x 30SEG
[ 1 ML610407: 5COM x 29SEG

1 ML610408: 2COM x 36SEG
] ML610408: 3COM x 35SEG
] ML610408: 4COM x 34SEG
] ML610408: 5COM x 33SEG

———

] ML610409: 2COM x 40SEG
] ML610409: 3COM x 39SEG
] ML610409: 4COM x 38SEG
] ML610409: 5COM x 37SEG

———
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*External capacitor

(1/3 bias, VDD = 1.6 to 3.6V, LCD without regulator)

[ ]1Ca=0.1uF (for VL1 pin),[ ] Cc = 0.1uF (for VL3 pin)
[ ]1C12 =0.47uF (for C1 pin to C2 pin)

(1/3 bias, VDD = 2.4 to 3.6V, LCD without regulator)

[ ]1Ca=0.1uF (for VL1 pin),[ ] Cb =0.1uF (for VL2 pin)
[ ]1C12=0.47uF (for C1 pin to C2 pin)

(1/3 bias, VDD = 1.2 to 3.6V, LCD with regulator)

[ 1Cb=0.1uF (for VL2 pin), [ ] Cc =0.1uF (for VL3 pin)
[ ]1C12 =0.47uF (for C1 pin to C2 pin)

(1/2 bias, VDD = 1.6 to 3.6V, LCD without regulator)
[ ]Ca=0.1uF (for VL1 pin)

[ ]1C12=0.47uF (for C1 pin to C2 pin)

(1/2 bias, VDD = 1.25 to 3.6VLCD, with regulator)

[ ]1Cc=0.1uF (for VL3 pin)

[ ]1C12 =0.47uF (for C1 pin to C2 pin)

Chapter 23 Power Supply Circuit
*External capacitor
[ ]1CL=0.47uF (for VDDL pin)

Appendix A SFR (Specific Function Registers)
eInitial value
[ ] Please confirm there are some SFRs have undefined initial value at reset (Refer to Appendix A in the user’s manual).

Appendix C Electrical Characteristics

*Operating temperature

[ ]-20°Cto+70°C

[ ]-40°C to +85°C

*Operating voltage vs Operating frequency

[ ] Please confirm the operating conditions.
[ ]+1.25V to +3.6V (32.768kHz: Low-speed crystal oscillation clock operation)
[ ]1+1.25V to +3.6V (32.768kHz to 500kHz: Low-speed crystal oscillation clock or built-in RC oscillation clock)
[ ]+1.80V to +3.6V (32.768kHz to 2MHz: Low-speed crystal oscillation clock or built-in RC oscillation clock)
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Page
Document No. Date Previous | Current Description
Edition Edition
FEUL610409-01 Jan. 21, 2011 - - Formally edition 1.0
FEUL610409-02 Mar.29,2011 - 20-23 The com waveform at 1/2 bias was added.
— 20-25 The seg waveform at 1/2 bias was added.
C-4 C-4 The supply current was changed.
FEUL610409-03 May.20,2011 C-4 C-4 Correct the supply current.
FEUL610409-04 Oct.19,2011 1-1,4 1-1,4 Remove On-chip ICE.
1-3 1.3 Change the product name of the TQFP version
TBZO03A as TBZOAL.
1-12 1-12 Correct the note number of VL1 and VL2
1-14 1-14 Correct the note (*2) to (*5).
1-16 1-16 Correct the pin name P54 as P55 in the description of
SCK1.
Correct the pin name SEGO0-SEG23, SEG24-SEG27,
1-17 1-17 SEG28-SEG31 as SEGO0-SEG31, SEG32-SEG35,
SEG36-SEG39.
6-8 6-8 Remove about “F” version.
6-12 6-12 Correct P22D as P20D.
9-25,29 9-25,29 | Correct P43DIR as P44DIR.
9-26 9-26 Correct P45/T13P0CK as P45/T12CK.
10-9 10-9 Correct the left side of second equation Tpwp as
Tewo.
14-6 14-6 Correct the pin names in the table.
22-20 22-20 Correct the bit number of SEG38 for ML610409.
E-1 E-1 Correct the section number 5.2.8 as 5.2.9.
FEUL610409-05 Mar.27,2012 5-20, 5-20, The example of multiple interrupt was written in
5-21, 5-21, detail.
C-1,C-7 C-1,C-7 | The value of capacitor CL was changed to 2.2uF.
FEUL610409-06 Jul.18,2012 1-19, 1-19, The termination of the TESTO was changed from
D-1 D-1 OPEN to VSS
C-1 C-1 The notes about Cy, C. were added.
1-3, 1-3, The package dimension was changed.
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