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NOTICE

1. The information contained herein can change without notice owing to product and/or technical improvements.
Before using the product, please make sure that the information being referred to is up-to-date.

2. The outline of action and examples for application circuits described herein have been chosen as an explanation
for the standard action and performance of the product. When planning to use the product, please ensure that the
external conditions are reflected in the actual circuit, assembly, and program designs.

3. When designing your product, please use our product below the specified maximum ratings and within the
specified operating ranges including, but not limited to, operating voltage, power dissipation, and operating
temperature.

4.  Oki assumes no responsibility or liability whatsoever for any failure or unusual or unexpected operation resulting
from misuse, neglect, improper installation, repair, alteration or accident, improper handling, or unusual physical
or electrical stress including, but not limited to, exposure to parameters beyond the specified maximum ratings or
operation outside the specified operating range.

5. Neither indemnity against nor license of a third party’s industrial and intellectual property right, etc. is granted by
us in connection with the use of the product and/or the information and drawings contained herein. No
responsibility is assumed by us for any infringement of a third party’s right which may result from the use thereof.

6. The products listed in this document are intended for use in general electronics equipment for commercial
applications (e.g., office automation, communication equipment, measurement equipment, consumer electronics,
etc.). These products are not authorized for use in any system or application that requires special or enhanced
quality and reliability characteristics nor in any system or application where the failure of such system or
application may result in the loss or damage of property, or death or injury to humans.

Such applications include, but are not limited to, traffic and automotive equipment, safety devices, aerospace
equipment, nuclear power control, medical equipment, and life-support systems.

7. Certain products in this document may need government approval before they can be exported to particular
countries. The purchaser assumes the responsibility of determining the legality of export of these products and will
take appropriate and necessary steps at their own expense for these.

8.  No part of the contents contained herein may be reprinted or reproduced without our prior permission.

Copyright 2001 Oki Electric Industry Co., Ltd.



Preface
This manual describes the hardware of Oki’s original CMOS 4-bit microcontroller ML63611.

Refer to the “nX-4/250, 300 Core Instruction Manual” for details of the 4-bit CPU core nX-4/250 which is built in the
ML63611.

The manuals related to the ML63611 is shown below.

* nX-4/250, 300 Core Instruction Manual:
Describes the base architecture and instruction set of nX-4/250 core and nX-4/300 core.

*  SASMB63K User’s Manual:
Describes the structured assembler operation and assembler language specification.

e Dr.63611 User’s Manual:
Describes the hardware of the emulator.

» DT63K Debugger User’s Manual:
Describes the debugger commands and the hardware of the simulator.

+ MOGTOOL Mask Option Generator User’s Manual:
Describes the mask option settings and the generator operation.

This document is subject to change without notice.




Notation

Classification Notation Description
m Numeric value xxh, xxH Represents a hexadecimal number.
xxb Represents a binary number.
m Unit word, W 1 word = 16 bits
byte, B 1 byte = 2 nibbles = 8 bits
nibble, N 1 nibble = 4 bits
mega-, M 10°
kilo-, K 21°=1024
kilo-, k 10° = 1000
milli-, m 10°°
micro-, 1 10°®
nano-, n 10°°
second, s (lower case) second
KB 1 KB =1 kilobyte = 1024 bytes
MB 1 MB = 1 megabyte = 2% bytes
= 1,048,576 bytes
m Symbol A Note: Gives more information about mistakable items.
m Terminology “H” level Indicates high side voltage signal levels V,, and Vg as
specified by the electrical characteristics.
“L” level Indicates low side voltage signal levels V, and V,, as

m Register description

specified by the electrical characteristics.

Invalid bit : When read, a value of “1” is always obtained. Write operations are invalid.
R/W attribute : “R”indicates data can be read and “W” indicates data can be written.

bit 3

bit 2 bit 1 bit 0

PBMOD  (032H)
(RIW)! |

PB1IMOD | PBOMOD

1 1
--------- $--------4--------Bjt name
---------------------------- Invalid bit

e i  a Address
------------------------------------------------- R/W attribute

---------------------------------------------------------- Register name
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1.
1.1

1.2

Overview

Overview
The ML63611 is a CMOS 4-bit microcontroller using Oki’s original CPU core nX-4/250.

The ML63611 is provided with the mask options of eight items of selection including (1.5 V or 3.0 V) power
supply specifications and (With or Without) the regulator circuit for the LCD bias reference voltage.

When a 3.0 V power supply specificaiton is selected, the halver circuit can be used to decrease power
consumption. The halver circuit cannot be used when a 1.5 V power supply specification is selected.

When “With the regulator circuit for the LCD bias reference voltage” is selected, the LCD bias reference voltage
will be generated based on the output voltage of the regulator circuit. When “Without the regulator circuit for the
LCD bias reference voltage” is selected, the LCD bias reference voltage will be generated based on the power
supply voltage; for this reason, the LCD bias voltage decreases as the power supply voltage decreases, causing the
display density of the LCD panel to thin down.

The ML63611 has incorporated in it an 8K-word program memory, a 1K-nibble data memory, four input ports,
four output ports (only when the mask option of LCD driver pins is selected), 16 1/0 ports, a melody circuit, a
serial port, four 8-bit timers, and a 64-segment LCD driver (60 segment lines and 4 common lines, max.). (A
part of the SEG pins can also be selected as output port pins or COM pins depending on the mask option.)

A Note:

In this manual, for convenience of description, the symbols OPTION A, OPTION B, OPTION C, and OPTION D are
used in accordance with the mask option selection of a power supply specification (1.5 V or 3.0 V) and the regulator
circuit for the LCD bias reference voltage (With or Without), as shown below.

« OPTION A: 1.5V power supply specification (halver circuit disabled), without the regulator circuit for the LCD
bias reference voltage

« OPTION B: 1.5V power supply specification (halver circuit disabled), with the regulator circuit for the LCD bias
reference voltage

« OPTION C: 3.0V power supply specification (halver circuit enabled), without the regulator circuit for the LCD
bias reference voltage

 OPTION D: 3.0V power supply specification (halver circuit enabled), with the regulator circuit for the LCD bias
reference voltage

Features
The ML63611 has the following features.

a. Extensive instruction set
e 407 instructions
Transfer, rotate, increment/decrement, arithmetic operations, compare, logic operations, mask
operations, bit operations, ROM table reference, stack operations, flag operations, jump, conditional
branch, call/return, control

b. Wide variety of addressing modes
< Indirect addressing mode for 4 types of data memory with current bank register, extra bank register, HL
register and XY register
e Data memory bank internal direct addressing mode

OPTION A (C): 1.5V (3.0 V), Without regulator 1-1 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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c. Processing speed
e 2 clocks per machine cycle, with most instructions executed in 1 machine cycle
e Minimum instruction execution time: 61 ps (@ 32.768 kHz system clock)
10 us (@ 200 kHz system clock)
2.86 s (@ 700 kHz system clock)

d. Clock generator circuit
e Low-speed clock:
Crystal oscillation (32.768 kHz)
e High-speed clock:
OPTION A, OPTION B: RC oscillation (200 kHz max.)
OPTION C, OPTION D: Ceramic oscillation or RC oscillation selected with software (700 kHz max.)

e. Program memory space
e 8K words
e The basic instruction length is 16 bits per word.

f. Data memory space
¢ 1024 nibbles

g. Stack level
e Call stack level: 16
*  Register stack level: 16

h. Ports

Input port (Port 0.0 to Port 0.3):
Selectable as input with pull-up resistor/high-impedance input
Provided with the reset function that resets the system when there is a simultaneous key
depression of multiple bits (2, 3, or 4 bits).

Output port: Selectable as N-channel open drain output/CMOS output
Enabled only when the SEG pins (L32 to L35) are selected as the output port by the mask
option.

Input-output port (Port A.0 to Port A.3, Port B.0 to Port B.3, Port C.0 to Port C.3, Port E.O to Port E.3):
Selectable as input with pull-up resistor/input with pull-down resistor/high-impedance input
Selectable as P-channel open drain output/N-channel open drain output/CMOS output/high-
impedance output

Number of ports:

Input ports Output ports Input-output ports
Chip products 1 port x 4 bits 1 port x 4 bits 4 ports x 4 bits
(mask option)

i. Melody output

e Melody frequency: 529 Hz t0 2979 Hz (@ 32.768 kHz)
e Tone length: 63 varieties

e« Tempo: 15 varieties

¢ Melody data: Stored in program memory

e Buzzer driver signal output: 4 kHz (@ 32.768 kHz)

OPTION A (C): 1.5V (3.0 V), Without regulator 1-2 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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j. LCD driver
Segment-type LCD drivers built-in

The following pin modes can be specified for LO to L63 by the mask option generator setting. (Refer to the
“MOGTOOL Mask Option Generator User’s Manual”.)
“e ” in the table below indicates that that particular function can be selected.

LOto L3 L4 to L31 L32to L35 L36 to L39 L40 to L63
SEG Pins ° . . . °
COM Pins o*1 — — o1 —
Output Port Pins — — ®*2 — —

*1

*2

Can be selected as a COM pin in 1-bit unit (LO to L3, L36 to L39). A maximum of four pins can
be selected as COM pins.
Can be selected as an output port in 4-bit unit (L32 to L35).

N-channel open drain output or CMOS output can be specified for each bit.

Number of segments :
Duty :
Bias

64 (60 SEG. x 4 COM. Max.)
: 1/1 to 1/4 duty (fixed to 1/2 duty when at 1/2 bias)
. Selectable as 1/2 or 1/3 bias

OPTION B, OPTION D: Regulator circuit used (0.95/1.90/2.85 V)
OPTION A, OPTION C: Regulator circuit not used (directly connected to the power
supply voltage (1.5/3.0/4.5 V))

Frame frequency
Contrast

: 64 Hz (at 1/1, 1/2, 1/4 duty), 85.3 Hz (at 1/3 duty)
: OPTION B, OPTION D: Adjustable up to 16 levels (in steps of 0.03 V)

OPTION A, OPTION C: Adjustment not available

Display modes

k. RC oscillation type A/D converter

e 2 channels (time sharing is used)

I. System reset function

. Selectable as all-ON mode/all-OFF mode/power down mode/normal display mode

e System reset by RESET pin (2 kHz sampling function provided)
e System reset that resets the system when the combined bits (2, 3, or 4 bits) of the input port (Port 0) are

all setto a “H” level

(Whether system reset is disabled or enabled, the number of bits to be combined, and the polarity can be
specified by mask option. Refer to the “MOGTOOL Mask Option Generator User’s Manual™.)

2 bits : P0.0, PO.1
3 bits : P0.0, PO.1, PO.2
4 bits : P0.0, PO.1, PO.2, P0.3

m. Battery check

e Applies to the OPTION C and OPTION D. Does not apply to the OPTION A and OPTION B.
< Function that detects battery low voltage
e Selection of judgment voltage by software (LD1 and LDO bit settings of BLDCON)

LD1 LDO Judgment voltage (V) Accuracy (V) Comments
0 0 1.8+0.1 0.1 Ta=25°C
0 1 2.0+0.1 0.1 Ta =25°C
1 0 2.4+0.1 0.1 Ta =25°C
1 1 2.6+0.1 0.1 Ta=25°C

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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n. Timers, counters
e 8-bittimer: 4 channels
Selectable as auto-reload mode, capture mode, clock frequency measurement mode

e Watchdog timer: 1 channel

e 100 Hz timer: 1 channel
1/100 sec. measurement possible
o 15-bit TBC: 1 channel

1 Hz, 2 Hz, 4 Hz, 8 Hz, 16 Hz, 32 Hz, 64 Hz, 128 Hz signals can be read

0. Serial port
e Mode: UART mode, synchronous mode
e Communication speed in UART mode: 1200 bps, 2400 bps, 4800 bps, 9600 bps
e Clock frequency in synchronous mode: 32.768 kHz (internal clock mode); external clock frequency
e Datalength: 5 to 8 bits

p. Interrupt factors
e External interrupt (4 sources) : Selectable as rising edge/falling edge/both rising and falling edges
e Internal interrupt (14 sources) : Watchdog timer interrupt x 1
Melody end interrupt x 1
ADC interrupt x 1
Timer interrupt x 4
Serial port reception interrupt x 1
Serial port transmission interrupt x 1
1/100 timer (10 Hz) interrupt x 1
Time base interrupt x 4 (2, 4, 16, and 32 Hz)

g. Operating temperature
e -20to +70°C

r. Power supply voltage
OPTION A, OPTION B (1.5 V versions): 1.3t0 1.7 V
Note: The operation will only be at the battery voltage and no voltage halver circuit can be used.
OPTION C, OPTION D (3.0 V versions): 1.8t0 3.6 V
Note: It is possible to select by software to use the output of the halver circuit as the power supply of
the voltage regulator circuit when the battery voltage is in the range 2.4 to 3.6 V, and to use the
battery voltage itself as the power supply of the voltage regulator circuit when the battery voltage
isinthe range 1.8t0 2.4 V.
It is possible to detect whether the battery voltage is 2.4 V or 1.8 V using the BLD function.
* When the halver circuitis ON:  2.4t03.6 V
* When the halver circuit is OFF: 1.8t02.4V

s. Supply current
¢ Inthe HALT mode, with the LCD display OFF, low-speed operation, and at normal temperature:

OPTION A (1.5 V power supply specification, without the regulator circuit for the LCD bias reference
voltage): Typ. 1.06 pA, 2.4 pA Max.

OPTION B (1.5 V power supply specification, with the regulator circuit for the LCD bias reference
voltage): Typ. 1.4 pA, 2.8 pA Max.

OPTION C (3.0 V power supply specification, without the regulator circuit for the LCD bias reference
voltage): Typ. 0.53 pA, 1.2 pA Max.

OPTION D (3.0 V power supply specification, with the regulator circuit for the LCD bias reference
voltage): Typ. 0.70 pA, 1.4 pA Max.

t. Packages available
Package Product name

Chip (116-pad) ML63611-xxxWA
(Here, “xxx’ denotes the code number.)

OPTION A (C): 1.5V (3.0 V), Without regulator 1-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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1.3

Mask Options

There are eight items in the mask option of the ML63611.

Make the settings for the following items using the MOGTOOL mask option generator. Refer to the “MOGTOOL
Mask Option Generator User’s Manual” for details of the method of making the settings.

1) Selection of power supply voltage
Select a power supply specification for the power supply voltage to be used as either a 1.5 V power supply
specification (1.3 to 1.7 V) or a 3.0 V power supply specification (1.8 to 3.6 V).

A Note:

When a 1.5 V power supply specification (OPTION A and OPTION B) is selected, the halver circuit and the battery
low detect circuit cannot be used.

2) Selection of the regulator circuit for the LCD bias reference voltage
Select the LCD bias reference voltage as either the output of the regulator circuit or the power supply
voltage.

& Note:

When power is supplied from the battery:

When “Without the regulator circuit for the LCD bias reference voltage” is selected with the mask option, the LCD
bias reference voltage will be generated based on the power supply voltage. When a 1.5 V power supply
specification is selected, Vyp, will be the pin for the LCD bias reference voltage, and when a 3.0 V power supply
specification is selected, Vyp, will be the pin for the LCD bias reference voltage. In addition, the LCD bias voltage
will decrease as the power supply voltage decreases, causing the display density of the LCD panel to thin down.

When “With the regulator circuit for the LCD bias reference voltage” is selected, the display density will be kept
constant even if the battery voltage decreases.

3) Selection of the initial state of Port 0
Select the initial state of Port 0 as either “input with pull-down resistor” or “input with pull-up resistor”.
This selection determines the initial value of POPUD (POCONL1).

A Note:

This selection applies to all four bits and it is not possible to make this selection separately for each bit.

4) Selection of simultaneous key depression reset function of Port 0
Select the simultaneous key depression reset function and the number of bits (pins) that can be pressed
simultaneously.
The pins that are set according to the number of bits pressed simultaneously are fixed as follows:
2 bits: P0.0, P0.1; 3 bits: P0.0, P0.1, P0.2; 4 bits: P0.0, P0.1, P0.2, PO.3.

A Note:

The system reset mode will be entered at the second falling edge of the 1 Hz signal.

5) Selection of MDB pin output voltage level
Select whether to make the output voltage level of the melody output pin (MDB: negative logic) either Vqp
or Vs when the melody is OFF.

OPTION A (C): 1.5V (3.0 V), Without regulator 1-5 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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6) SEG/COM/PORT/DATA selection of the LCD driver pins
It is possible to make the pins LO to L3 and L36 to L39 either SEG pins or COM pins. However, it is a
maximum of four pins that can be selected as COM pins.
It is possible to make the pins L32 to L35 either SEG pins or output port pins.
The pins L4 to L31 and L40 to L63 are always SEG pins.
The segment register corresponding to the pins LO to L63 can also be used as a DATA area.

A Notes:

« When the selection is made as output port pins, the selection applies to all four bits.

* When the segment register is selected as the DATA area, the corresponding pins will still be outputting the
segment waveforms, and hence should be left open.

7)  Selection of the register address and data of the LCD driver pins
The allocation of the register address and data is set for each LCD driver pin.

A Note:

It is not possible to make multiple settings for the same address and the same bit.

8) Selection of whether or not to detect stoppage of low-speed clock oscillations
Select whether or not to detect stoppage of the low-speed clock oscillations and to transfer to the system reset
mode.

OPTION A (C): 1.5V (3.0 V), Without regulator 1-6 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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1.4 Function List

Table 1-1 lists the functions of the ML63611. The solid black circles within the chart indicate that the product has
the particular function.

Table 1-1 Function List

Function Symbol OPTIONA | OPTIONB | OPTIONC | OPTION D Re;‘)(zrgegce
Power supply voltage Voo 15V (1.3t01.7V) 3.0V (1.8t03.6V) —
STACK RAM 2-1
CaII' STACK 16 levels 2-5
Register 16 levels 2-6
Internal memory 2-7
Program memory ROM 8160 (x 16 bits) 2-7
Data memory RAM 1024 (x 4 bits) 2-8
2 kHz sampling function, simultaneous key depression
System reset generation circuit RST reset function of Port O, detection of stoppage of the low- 3-2
speed clock oscillations
Interrupt INT External: 4 sources; internal: 14 sources 4-1
Clock generator circuit 5-1
Crystal oscillation circuit (32.768 kHz)
Low-speed clock XT 32.768 KHz 5-2
. RC oscillation circuit, ceramic oscillation circuit
High-speed clock osC 5-3
200 kHz max. |700 kHz max.
Time base counter TBC 15 bits x 1 ch 6-1
Timer TIMER 8 bits x 4 ch 7-1
100 Hz timer counter 100HzTC |1ch 8-1
Watchdog timer WDT 1ch 9-1
Port 10-1
Input-only port INPUT PORT |1 port x 4 bits —
Port 0 PO 4 bits (P0.0, P0.1, P0.2, P0.3) 10-2
Output-only port OUTPUT PORT|1 port x 4 bits (selectable by mask option) —
Port LP LPO 4 bits (LP0.0, LPO.1, LPO0.2, LP0.3) 13-9
Input-output port I/O PORT |4 ports x 4 bits —
Port A PA 4 bits (PA.0, PA.1, PA.2, PA.3) 10-7
Port B PB 4 bits (PB.0O, PB.1, PB.2, PB.3) 10-11
Port C PC 4 bits (PC.0, PC.1, PC.2, PC.3) 10-19
Port E PE 4 bits (PE.O, PE.1, PE.2, PE.3) 10-27
Melody driver MELODY [529 to 2979 Hz 11-1
Serial port SIO Asynchronous (UART) or synchronous 12-1
LCD driver LCD 64 segments (60 seg. by 4 com.) 13-1
Segment register SEGREG |256 x 4 bits 13-10
Bias generator circuit BIAS 1/2 or 1/3 bias 13-12
Battery low detect circuit BLD — | — [1.8V,20V,24V,26V | 14-1
Power supply circuit (POWER) 15-1
Halver circuit ’ V/H — ] — ] . ° 15-1
Voltage regulator circuit 15-1
For internal logic circuits V/R1 . ° ° ° 15-1
For low-speed oscillation VIR2 . ° ° ° 15-1
rFeofre:_e(ri]lé)eb|as generation V/R3 . N . N 15-1
A/D converter ADC 2 channels, of RC oscillation type 16-1
OPTION A (C): 1.5V (3.0 V), Without regulator 1-7 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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1.5 Block Diagram

Block diagrams of the ML63611 are shown in Figures 1-1, 1-2, 1-3 and 1-4.

Asterisks (*) indicate port secondary functions.

CPU CORE : nX-4/250

TIMING| | cBR | [H[L || RA | [ PC F— ROM
CON-
TROL || EBR |[ X[ Y| A | A (8 KW)
BUS
CON-
RSP MIE TROL
STACK | [INSTRUCTION
CAL.S:16 levels | DECODER
REG.S:16 levels | N
k. TMOCAP/TM1CAP*
RAM — | 4 TIMER - TMOOVF/TMIOVF*
(LKN) |7 7 (=) (8-bit 4ch) £ TO2CK*
< T13CK*
INT
INT — | 2 L . RXC*
\— SIO ~—> TXC*
INT (Sync/Async) = RXD*
*
RESET — > RST 24 TBC — - TXD
T |NT®
(%] 1 MD
D A N
TSTL —o o 2(——) MELODY - VDB
TST2 — < 5
<D( 1 \
—  INPUT
HSCLK* < |N-£ 100HZTC : : INT PORT :I P0.0 to P0O.3
0SC0O—— OSC 1 1%
0SCl< | NT
1 A .| OUTPUT LP0.0 to LP0.3
1t WDT ~—  PORT C (mask option of LCD
TBCCLK* <— segments)
XTO——=  XT VIR —)PA.0 to PA.3
XT1<—] — 110 ——\PB.0 to PB.3
INT PORT —)pc.0toPC.3
Vbos cid —)PE.Oto PE.3
VDD2
Voo — BIAS | ; LCD
Cl1 — (— & —)L0to L63
c2— DSPR
—— RTO
= CRTO
Voo . -~ RSO
(open) Ve ——> CSO0
(open) HC1— V/H VIR1 Veu | = ADC <— INO
(open) HC2 — L~ RT1
INT - RS1
1% — CS1
Vss L IN1
L L vow

Figure 1-1 OPTION A Block Diagram

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Asterisks (*) indicate port secondary functions.

CPU CORE : nX-4/250

mmiNG| [ cer |[H]L][ RA | [ Pc [
| CON- ! ROM
| TROL|| EBR || x| Y || A | A (8 Kw)
BUS
CON-
RSP MIE TROL
STACK i | INSTRUCTION
CAL.S:16 levels | DECODER
REG.S:16 levels| | o
T TMOCAP/TM1CAP*
RAM o | 4L TIMER T TMOGVETMIOVE*
(1 KN) ] {=—) (8-bit, 4ch) =——T02CK*
< T13CK*
INT
INT —) | 2Y L~ RXC*
INT (Sync/Async) =— RXD*
*
RESET — > RST 4 TtBC - TXD
1 LINT
(%)) 1@ MD
D A N
TSTL—— o1 R(——) MELODY - VDB
TST2 — s
L
) INPUT
HSCLK* < ”\I{ 100HZTC : : INT PORT ::I P0.0 to P0O.3
0SCO0——> OSC 1t
0SC1 < INT
2 ) . OUTPUT LP0.0 to LPO.3
1y WDT | —  PORT / (mask option of LCD
TBCCLK* «<— segments)
XTO—— XT VIR (——)PA.0to PA3
XTl<— - — /0 ——)PB.0to PB.3
INT PORT  {——)pCc.0toPC.3
Voos — A | | 3Y —— PE.O to PE.3
VDDZ ]
VDD1 I BIAS LCD
Cc1— VIR3 . (— & ——)L0to L63
Cc2 — DSPR
— RTO
—— CRTO
Voo ‘ —— RS0
(open) Ve —> CSO0
(open) HC1—  V/H VIR1 Veu | —) ADC  k— INO
(open) HC2 — —> RT1
INT ——> RS1
Vv 17 —> CS1
F ss k— IN1
L] L . mon
Figure 1-2 OPTION B Block Diagram
OPTION A (C): 1.5V (3.0 V), Without regulator 1-9 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Asterisks (*) indicate port secondary functions.

CPU CORE : nX-4/250

_PC ’::AV ROM

TIMING|[ cBR |[H[ L || RA |
CON- :
TROL || EBR || X | Y| A | (8 KW)
BUS |
CON- | !
RSP MIE TROL ||
STACK INSTRUCTION
CAL.S:16 levels DECODER
REG.S:16 levels IN -
Lk TMOCAP/TM1CAP*
RAM o | 4L TIMER [ TMOGVRTMLIOVE*
(LKN) |7 ==} (8-bit, 4ch) —— TO2CK*
o < T13CK*
INT
INT —) | 2Y L~ RXC*
INT (Sync/Async) =—— RXD*
*
RESET — > RST £ tBC - TXD
1V LINT
n lﬁ MD
2(—) MELODY -
TSTL 1s7 BLD (@ ———~MDB
TST2 — <
<
——INPUT
HSCLK* < |N£ 100HZTC : : INT PORT ::I P0.0 to P0O.3
0SCo—— OSC 1 1t
OSCl< | INT
3 ) . OUTPUT LP0.0 to LP0.3
14 WDT —  PORT / (mask option of LCD
TBCCLK* «— segments)
XTO——> XT VIR2 ——)PA.0to PA.3
XTl<— - — /0 ——)PB.0 to PB.3
INT PORT —)pC.0toPC.3
Vops — cid ‘— ) PE.Oto PE.3
VDD2 1
VDDl - BIAS ( ) I—CD
c1—| ' I — & —)LOtoL63
Cc2 — DSPR
> RTO
—> CRTO
—— RSO
VHFL ——= CS0
HC1— V/H V/IR1 Vey — ) ADC = INO
HC2 — ——= RT1
(use/nonuse IN-{ Egi
selected by Vs 1 IN1
software) 7;
L L Mo

Figure 1-3 OPTION C Block Diagram

circuit for LCD bias

OPTION A (C): 1.5V (3.0 V), Without regulator

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Asterisks (*) indicate port secondary functions.

CPU CORE : nX-4/250

TEI\QHG‘CBRHH‘LH RA | | PC F:C ROM
TROL\EBRHX\YH A \ | (8 Kw)

MIE ;

TROL
STACK INSTRUCTION
CAL.S:16 levels DECODER
REG.S:16 levels

INT
RAM o | 4L TIMER [ IMOGVEAMIGVE:
(1 KN) ") (=) (8-bit, 4ch) —— TO2CK*
< T13CK*
INT
INT — k> RXC*
v SIO > TXC*
INT (Sync/Async) =—— RXD*
> *
RESET —= RST 4t TBC — XD
INT
2] lﬁ ~ MD
D /|
TST2 — R
<Dt PR
! ' INPUT
HSCLK* < |N£ 100HZTC : : INT PORT ::I P0.0 to P0O.3
0SCo——> 0OSC 1 kd
OSC1l<— INT
3| ) . OUTPUT — LPO0.0 to LPO.3
14 WDT —  PORT (mask option of LCD
TBCCLK* «— segments)
XTO——>  XT VIR2 ——)PA.0to PA.3
XTl<— f— 110 ‘——)PB.0to PB.3
INT PORT | —pC.0to PC.3
Vops — A A ) PE.Oto PE.3
Vopz = ! '
VDDl — BIAS LCD
c1 V/IR3 , ——N & —>L0toL63
C2 — DSPR
—— RTO
——> CRTO
——> RSO
V L ——> CSO
HC1 V/H VIR1 Veu| (&) ADC <~ INO
HC2 — —— RIT1
(use/nonuse IN-{ Egi
selected by Vss 1 IN
software) 7;
L % MON*

Figure 1-4 OPTION D Block Diagram

OPTION A (C): 1.5V (3.0 V), Without regulator 1-11 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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1.6 Pin Configuration

1.6.1 ML63611 Pin Configuration

The ML63611 chip pin configuration and pad coordinates are shown in Figures 1-5 and Table 1-2 respectively.

O NMNMTOOMNMNODOOANMSTOONOOO A N ™M
<ODOMNODAAAAAAATA"AANNNNANNNNNANMM m ™
R Y U B N R [y Y [ B B N B N R Y [ | -
LSMANTdOOODONOULSTMOANTOODON~NOINSST MANATO OO N~ O
[e)Ne)Ne)Ne)Ne)Ne)NeoNeoNeoNeoNeoNeoReoNooReol ook bl LR Ll D D Dl Dl Dl Bl (e ) (o] ©o O
OOOOOOOO000O00O0O00O0O0OO0O0OO0O0O O O
L3 96| O
L2 97| O
(1 98| O
_________ Lo 99| 0O O 25 L34
TRIMB5 100| W : 0|64 L35
TRIMB4 101| W : 0183 Yes,
. TRIVB3 102| W 3 O|gs B=-3
. TRIMDB1 103 W : & 0180 PET
. TRIMB2 104| W ' ¢ 0123 PES
TRIMB1 105 M @ S |28 Pe
© TRIMBO 106| W ' § 0|28 L3
: TRIMDB2 107| W : £ o 2 ]
© TRIM3 108| m : § o :
TRIM2 109 ® : @ o 2451 Eg-g
TRIMD 110/ W : 2 v o PB >
TRIML 111 W : 0|23 BB
TRIMO 112 W gl PB.l
---------------------- 0|51 PB.O
Vo, 113 O 0|50 PA:3
e 114 O (0.0) 0|49 PA2
oos 115 O : 0|48 PA1
1 116| O 0|47 PAO
C2 117| O 0|46 P0.3
Voy 118| O 0|45 P0.2
Ve 119 O 0|44 PO.1
Vie 120| O 0143 P0.0
HC1 121| O 0|42 MDB
HC2 122| O 0|41 MD
Ves 123| O 040 TST2
OSC1 124 O ML63611 D39 TsT1
0SCo 125 O 038 Voo
RESET 126| O 0|37 RT1
XT1 127 O (36 RS1
0|35 cs1
XT0 128 O 0|34 IN1
Voo 129 O /33 INO
OOO0OOO00OOOO000O000O0O00OOO00OOOOOd
TNNTNDON~NOD NN OMNOODOTAANMNTUDONDO OO0OHdN
A A A A AATANNNANANNANANN NOODOM
MNMAN—TO NN OLD NHOOOONOUSTNMANTODONO OO0
COOOLLOLO LWL DO SIITIITITITIITNONN®N F=NY
O

Chip Size

Chip Thickness
Coordinate Origin

Pad Hole Size

Pad Size

Minimum Pad Pitch
Number of bonding pads

5.20 mm x 5.20 mm

350 pum (typ.) (280 pum: available as required)
Chip center

80 pm x 80 um

90 pm x 90 pm

115 pym

116 (total number of pads: 129)

Notes: The chip substrate voltage is Vgs.
Do not bond pins 100 to 112 (marked by “m ). Leave them open.

Figure 1-5 ML63611 Chip Pin Configuration (Top View)

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

1-12 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Table 1-2 ML63611 Pad Coordinates

Chip center: X=0,Y=0

Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 L63 34 IN1
2 L62 35 Cs1
3 L6l 36 RS1
4 L60 37 RT1
5 L59 38 Voo
6 L58 39 TST1
7 L57 40 TST2
8 L56 41 MD
9 L55 42 MDB
10 L54 43 P0.0
11 L53 44 PO.1
12 L52 45 P0.2
13 L51 46 P0.3
14 L50 47 PA.O
15 L49 Undetermined B 48 PA.1 Undetermined B
16 L48 - 49 PA.2 -
17 L47 50 PA.3
18 L46 51 PB.O
19 L45 52 PB.1
20 L44 53 PB.2
21 L43 54 PB.3
22 L42 55 PC.0
23 L41 56 PC.1
24 L40 57 PC.2
25 L39 58 PC.3
26 L38 59 PE.O
27 L37 60 PE.1
28 L36 61 PE.2
29 RTO 62 PE.3
30 CRTO 63 Vs
31 RSO 64 L35
32 CSO0 65 L34
33 INO 66 L33
OPTION A (C): 1.5V (3.0 V), Without regulator 1-13 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Table 1-2 ML63611 Pad Coordinates (continued)

Chip center: X=0,Y=0

Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
67 L32 98 L1
68 L31 99 LO
69 L30 100 TRIMB5
70 L29 101 TRIMB4
71 L28 102 TRIMB3
72 L27 103 TRIMDB1
73 L26 104 TRIMB2
74 L25 105 TRIMB1
75 L24 106 TRIMBO No-connection
76 L23 107 TRIMDB2
77 L22 108 TRIM3
78 L21 109 TRIM2
79 L20 110 TRIMD
80 L19 111 TRIM1
81 L18 112 TRIMO
82 L17 113 Vop1
83 L16 114 Vop2
84 L15 Undetermined B 115 Voos Undetermined B
85 L14 a 116 C1 a
86 L13 117 c2
87 L12 118 Vey
88 L11 119 Vyr
89 L10 120 Ve
90 L9 121 HC1
91 L8 122 HC2
92 L7 123 Vss
93 L6 124 0oscC1
94 L5 125 0OSCo
95 L4 126 RESET
96 L3 127 XT1
97 L2 128 XTO
129 Voo
OPTION A (C): 1.5V (3.0 V), Without regulator 1-14 OPTION B (D): 1.5V (3.0 V), With regulator
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1.7 Pin Descriptions

1.7.1 Descriptions of the Basic Functions of Each Pin

The basic functions of each pin of the ML63611 are listed in Table 1-3. Use of a slash (“/”) in a pin name
indicates that the pin has a secondary function. See Table 1-4 for the secondary functions.

In the 1/O column, “—” indicates a power supply pin, “I” indicates an input pin, “O” indicates an output pin, and
“1/0” indicates an input/output pin.

Table 1-3 Pin Description (Basic Functions)

Classification Pin Pad No. I/O Function
name
Voo 38, 129 Positive power supply
Vss 63, 123 Negative power supply
Vo1 113 Power supply pins for LCD bias voltage (internally
Voos 114 generated):
A capacitor (1.0 pF) should be connected between Vpp,
v 1 and Vgg, between Vpp, and Vgg, and between Vg3 and Vgs.
bD3 5 For the OPTION A, connect Vpp; with Vpp; for the OPTION
C, connect Vpp, with Vpp.
C1 116 Capacitor connection pins for LCD bias voltage
generation:
C2 117 A capacitor (1.0 pF) should be connected between C1 and
C2.
Power supply pin for the internal regulator:
Power Supply Ve 120 . A capacitor (0.1 u_F) s_hould be connected between this pin
and Vgs. Leave this pin open for the OPTION A and
OPTION B.
Power supply pin for the voltage regulator circuit for low-
v 119 speed oscillation:
xT A capacitor (0.1 pF) should be connected between this pin
and Vgg.
Power supply pin for the voltage regulator circuit for
internal logic:
Ve 118 . .
A capacitor C, (0.1 pF) should be connected between this
pin and Vgg.
HC1 121 Capacitor connection pins for the halver circuit:
A capacitor (0.1 pF) should be connected between HC1
HC2 122 and HC2. Leave these pins open for the OPTION A and
OPTION B.
XTO 128 | Low-speed clock oscillation pins:
XT1 127 o Connect a crystal between XTO and XT1, and connect
capacitor (Cg) between XTO and Vg
OSCOo 125 | High-speed clock oscillation pins:
Ceramic oscillation or RC oscillation is selected by the
- software. In the OPTION A and OPTION B, only RC
Oscillation oscillation is available.
If ceramic oscillation is selected, connect a ceramic
0OsC1 124 (@] resonator between OSCO and OSC1, and connect
capacitor (C,o, C,;) between OSCO and Vg5 and between
OSC1 and V.
If RC oscillation is selected, connect external oscillation
resistor (Rygy) between OSCO and OSC1.
Test TST1 39 | Input pins for testing:
TST2 40 A pull-down resistor is internally connected to these pins.
OPTION A (C): 1.5V (3.0 V), Without regulator 1-15 OPTION B (D): 1.5V (3.0 V), With regulator
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification Pin Pad No. I/O Function
name
Reset input pin:
2 kHz sampling circuit is equipped.
Holding this pin to “H” level for 1 ms or more puts this
Reset RESET 126 ! device into a reset state. Then, setting this pin to “L” level
starts executing an instruction from address 0000H.
A pull-down resistor is internally connected to this pin.
MD 41 Melody output pin (non-inverted output)
Melody o Melody out.put pin (inverted outp.ut):
MDB 42 Vpp Or Vs is selectable for the pin output voltage when
melody output is turned off.
P0.0 43 4-bit input port: Pull-up resistor input, pull-down resistor
PO.1 44 input, or high-impedance input is selectable for each bit.
P0.2 45 I A system reset function is provided that resets the system
when there is a simultaneous key depression of multiple
P0.3 46 bits.
PA.O 47 4-bit input-output ports:
PA.1 48 1o In input mode, pull-up resistor input, pull-down resistor
PA.2 49 input, or high-impedance input is selectable for each bit.
PA.3 50 In output mode, P-channel open drain output, N-channel
PB.O 51 open drain output, CMOS output, or high-impedance
output is selectable for each bit.
Port PB.1 52 /o P
PB.2 53
PB.3 54
PC.0 55
PC.1 56
I/0
PC.2 57
PC.3 58
PE.O 59
PE.1 60
I/0
PE.2 61
PE.3 62

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

1-16 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification Pin Pad No. I/O Function
name
LO 99 These pins can be selected as LCD segment signal output
L1 98 pins (LO to L3) or common signal output pins by the mask
L2 97 (0] option.
The common signal can be selected from among COML1 to
L3 96 COM4.
L4 95 Output pins dedicated to the LCD segment signal (L4 to
L5 94 L31).
L6 93
L7 92
L8 91
L9 90
L10 89
L11 88
L12 87
L13 86
L14 85
L15 84
L16 83
L17 82 0
L18 81
L19 80
L20 79
LCD L21 78
L22 77
L23 76
L24 75
L25 74
L26 73
L27 72
L28 71
L29 70
L30 69
L31 68
L32/ 67 These pins can be selected as LCI? segment signal output
LPO.3 pins (L32 to L35) or output port pins (LP0.0 to LP0.3) by
L33/ the mask option.
Lro.2 | % o
L34/
LPO.1 65
L35/
LPO0.0 64
L36 28 These pins can be selected as output pins dedicated to the
L37 27 LCD segment signal (L36 to L39) or common signal output
38 26 (0] pins by the mask option.
The common signal can be selected from among COML1 to
L39 25 COM4.
OPTION A (C): 1.5V (3.0 V), Without regulator 1-17 OPTION B (D): 1.5V (3.0 V), With regulator
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification Pin Pad No. I/0 Function
name
L40 24 Output pins dedicated to the LCD segment signal (L40 to
L41 23 L63).
L42 22
L43 21
L44 20
L45 19
L46 18
L47 17
L48 16
L49 15
L50 14
L51 13

LCD L52 12 ©
L53 11
L54 10
L55 9
L56 8
L57 7
L58 6
L59 5
L60 4
L61 3
L62 2
L63 1
RTO 29 Resistance temperature sensor connection pin
(for channel 0)

CRTO 30 o ;ﬁsgfsgﬁgﬁgﬁ:sgaoc)itance temperature sensor connection
RSO 31 Reference resistor connection pin (for channel 0)
CSO 32 Reference capacitor connection pin (for channel 0)

AJD Converter INO 33 | Input pin for RC oscillator circuit (for channel 0)
IN1 34 Input pin for RC oscillator circuit (for channel 1)
Cs1 35 Reference capacitor connection pin (for channel 1)
RS1 36 N Reference resistor connection pin (for channel 1)
RT1 37 Resistance temperature sensor connection pin

(for channel 1)

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

1-18 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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1.7.2 Descriptions of the Secondary Functions of Each Pin

The secondary functions of each pin of the ML63611 are listed in Table 1-4.

Table 1-4 Pin Description (Secondary Functions)

Classification Pin name Pad No. 110 Function
PB.O/INTO 51 External O interrupt input pins:
PB.1/INTO 52 The change of input signal level causes an interrupt
PB.2/INTO 53 ' to occur.
The Port B Interrupt Enable register (PBIE) enables
PB.3/INTO >4 or disables an interrupt for each bit.
PC.0/INT1 55 External 1 interrupt input pins:
PC.1/INT1 56 The change of input signal level causes an interrupt
PC.2/INT1 57 ' to occur.
External The Port C Interrupt Enable register (PCIE) enables
Interrupt PC.3/INT1 58 or disables an interrupt for each bit.
External 2 interrupt input pin:
PE.3/INT2 62 I The change of input signal level causes an interrupt
to occur.
PO.0/INT5 43 External 5 interrupt input pins:
PO.1/INT5 44 The change of input signal level causes an interrupt
P0.2/INT5 45 ! to occur.
The Port 0 Interrupt Enable register (POIE) enables
PO.3/INTS 46 or disables an interrupt for each bit.
Capture PB.0O/TMOCAP 51 | Timer O capture trigger input pin
P PB.1/TM1CAP 52 Timer 1 capture trigger input pin
PB.0/TMOOVF 51 0 Timer 0 (TMO) overflow flag output pin
PB.1/TM10OVF 52 Timer 1 (TM1) overflow flag output pin
Timer PB.2/T02CK 53 E?Erel\r/lnze;l clock input pin for Timer 0 (TMO) and Timer
| - - - -
PB.3/T13CK 54 External clock input pin for Timer 1 (TM1) and Timer
3 (TM3)
PC.0/RXD 55 | Serial port receive data input pin
Sync serial port clock input-output pin:
Transmit sync clock input-output pin when a serial
port is used synchronously
PC.1/TXC 56 Transmit clock output when this device is used as a
master processor.
Transmit clock input when this device is used as a
i slave processor.
Serial Port I/10 - - :
Sync serial port clock input-output pin:
Receive sync clock input-output pin when a serial
port is used synchronously.
PC.2/RXC 57 Receive clock output when this device is used as a
master processor.
Receive clock input when this device is used as a
slave processor.
PC.3/TXD 58 0] Serial port transmit data output pin
PE.0O/MON 59 o Pin for monitoring the RC oscillation clock for the
A/D converter
Monitor PE 1/TBCCLK 60 o IF;ic;]w-speed oscillation clock (TBCCLK) monitoring
PE.2/HSCLK 61 o Eilr\(];h-speed oscillation clock (HSCLK) monitoring
OPTION A (C): 1.5V (3.0 V), Without regulator 1-19 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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1.7.3 Handling of Unused Pins

Table 1-5 shows how unused pins should be handled.

Table 1-5 Handling of Unused Pins

Pin Recommended pin handling

0SCO0, OSC1 Open
Ve, HC1, HC2 Open

TST1, TST2 Connect to Vg
P0.0 to P0O.3 Open
PA.0 to PA.3 Open
PB.0 to PB.3 Open
PC.0to PC.3 Open
PE.O to PE.3 Open
LO to L63 Open
MD, MDB Open
RTO, CRTO, RSO, CSO Open
INO, IN1 Open
CS1, RS1, RT1 Open

A Notes:

1. Ifapinsetas ahigh impedance input is left unconnected, the supply current may become excessive. Therefore,
it is recommended that unused input ports and input/output ports be set as inputs with either a pull-down or
pull-up resistor.

2. When test pins TST1 and TST2 are left unconnected, malfunction may result if there is a large amount of
external noise. Therefore, it is recommended to permanently connect TST1 and TST2 to V.

OPTION A (C): 1.5V (3.0 V), Without regulator 1-20 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 1 Overview

1.8 Basic Timing

1.8.1 Basic Timing of CPU Operation

The low-speed oscillation clock from the XTO0/XT1 pins or the high-speed oscillation clock from the OSC0/OSC1
pins are used without frequency division as the system clock (CLK). The system clock signal is in phase with the
signal from the XT1 pin or the OSC1 pin.

As shown in Figure 1-6, a single machine cycle is composed of two states, S1 and S2. One state is the interval
from a falling edge of CLK to the falling edge of the next CLK.

Instructions are processed in machine cycle units and each instruction is executed in 1 to 3 machine cycles.
Instructions are classified according to the number of machine cycles: 1-machine-cycle instructions (M1), 2-
machine-cycle instructions (M1 + M2), and 3-machine-cycle instructions (M1 + M2 + M3).

Most instructions are executed in 1 machine cycle.

(2 clocks) (4 clocks) (6 clocks)
1 machine cycle 2 machine cycles 3 machine cycles

Figure 1-6 Clock Configuration of Each Machine Cycle

1.8.2 Port I/O Basic Timing
Figure 1-7 shows the basic 1/O timing.

During the execution of an instruction that outputs data to a port, setting data (data A) is output at the rising edge
of the clock in the S2 state during the machine cycle of that instruction.

During the execution of an instruction that inputs data from a port, data at the input pin (data B) is captured
internally while the clock is at a “H” level in the S1 state during the machine cycle of that instruction. That data is
transferred to the accumulator at the start of the next machine cycle.

OPTION A (C): 1.5V (3.0 V), Without regulator 1-21 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Output instruction Input instruction

= I N e B e I

S1 S2 S2

=

Instruction (example)

k{_\‘

MOV obj,(dataA) f  MOVIA,obj
a

Output pin I\ (data A) : i i
Input pin : >< ddata Ij) >< :
Accumulator :X :X(data B)

Figure 1-7 Port I/O Basic Timing

A Notes:

Regarding input signals

“0” will be captured in the internal register if a “L” level is input to the input pin even once (O of Figure 1-8) during the
data capture interval.

“1” will be captured in the internal register only if a “H” level is maintained (O of Figure 1-8) throughout the data
capture interval.

Therefore, if noise occurs in the input data, implement noise reduction measures with the program and peripheral

devices.
Input instruction QOutput instruction

Accumulator

<Y A [ A S T A
i ' S1 ' S2 ' S1 S2 '
Capture signal i i i i
Input pin i i i I_I i i O i i
o A — ;
Data bus i i i :

Figure 1-8 Input Data Example

OPTION A (C): 1.5V (3.0 V), Without regulator 1-22 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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1.8.3 Interrupt Basic Timing

Figure 1-9 shows the basic interrupt timing.

As shown in the figure, when an interrupt factor is generated, the interrupt factor is sampled at the falling edge of
CLK and an interrupt request (IRQ) is set at the first half of S1.

When an interrupt condition is established and the CPU receives an interrupt, the interrupt routine will start
beginning from the next machine cycle.

M1 | M1 |

ok |

&
Interrupt factor Tl
IRQ | \

Process Main routine

PC \

S1 S2 S1

Interrupt routine

» 7

1st interrupt address

=

Figure 1-9 Interrupt Basic Timing

OPTION A (C): 1.5V (3.0 V), Without regulator 1-23 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2. CPU and Memory Spaces

2.1 Overview
The ML63611 is equipped with Oki’s original CPU core nX-4/250.
The instruction set of the nX-4/250 core consists of 407 types of instructions.

The memory space consists of a 16-bit wide program memory space and a 4-bit wide data memory space. A stack
for saving the program counter during a subroutine call or interrupt (call stack) and a stack for saving registers
during a PUSH instruction (register stack) are provided separately from the memory space.

The program memory space is used for program data, ROM table data and melody note data.

In the data memory space, special function registers (SFRs) are located in BANK 0, the LCD display register
(DSPR) in BANK 1, and data RAM in BANKS 2 to 5.

2.2 Registers
The nX-4/250 core processes data mainly with the accumulator and register set.

The register set is a programming model consisting of the HL and XY registers that store data memory addresses,
the current bank register (CBR), the extra bank register (EBR), the RA register that stores program memory
addresses, registers that control program flow, and registers that control flags and memory.

2.2.1 Accumulator (A)

The accumulator (A) is the central register for various arithmetic operations.

At system reset, the accumulator is initialized to “0”. When an interrupt occurs, a “PUSH HL” instruction can be
used if necessary to save the accumulator on the register stack. The accumulator can be restored with a “POP HL”
instruction.

3210
Accumulator
2.2.2 Flag Register

The flag register consists of 3 flags: the carry flag (C), the zero flag (Z) and the G flag (G). When an interrupt
occurs, a “PUSH HL” instruction can be used if necessary to save the flag register on the register stack. The flag
register can be restored with a “POP HL” instruction.

Flag register
2.2.2.1 Carry Flag (C)

The carry flag (C) is a 1-bit flag that is loaded with a carry during addition or a borrow during subtraction. At
system reset, the carry flag is initialized to “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 2-1 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2.2.2.2 ZeroFlag (2)

The zero flag (2) is a 1-bit flag that is set to “1” when the contents of the accumulator (A) are loaded with “OH”.
The zero flag is set to “0” when the contents of the accumulator (A) are loaded with a value other than “OH”.
However, the XCH instruction does not change the zero flag. At system reset, the zero flag is initialized to “0”.

2223 G Flag (G)

The G flag (G) changes to “1” when the HL, XY or RA registers overflow as the result of execution of a post-
increment register indirect addressing instruction or as the result of an increment instruction for the HL, XY or RA
registers. At system reset, the G flag is initialized to “0”.

2.2.3 Master Interrupt Enable Flag (MIE)
MIE (bit 0 of MIEF) is a flag that disables or enables all interrupts except for the watchdog timer interrupt.
MIEF is a 4-bit register in which bit 0 is the master interrupt enable flag (MIE).

If MIE is “0”, all interrupts are disabled. If MIE is “1”, all interrupts are enabled (with the exception of the
watchdog timer).

When any interrupt is received, MIE is cleared to “0”. MIE is set to “1” by execution of a return from interrupt
instruction (RTI instruction).

If multi-level interrupt processing is to be performed, execute a RTI instruction (MIE — “1”) during the interrupt
processing routines.

At system reset, MIE is initialized to “0”. MIEF only supports data reference (R) of data memory through
addressing instructions.

bit 3 bit 2 bit 1 bit 0
MIEF (OFFH) . . . VIE

(R)

Master Interrupt Enable Flag

0: Interrupts disabled (initial value)
1: Interrupts enabled

A Note:

When setting MIE, use “El” instructions (MIE — “1”) and “DI” instructions (MIE — “0").

OPTION A (C): 1.5V (3.0 V), Without regulator 2-2 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2.2.4 Current Bank Register (CBR), Extra Bank Register (EBR), HL Register (HL), XY Register (XY)
The CBR, EBR, HL, and XY registers are used for indirect addressing of data memory.

The CBR and EBR registers indicate the data memory bank. The HL and XY registers indicate addresses in the
bank. CBR is also used in combination with 8-bit data in the instruction code for direct addressing within the

current bank.

Figure 2-1 shows the various register combinations.

| CBR |+ H | L |
| CBR o+ X | Y |
| EBR |+ | H | L |
| EBR |+ | X | Y |
| CBR | + | Instruction code 8-bit data |
!/ A11-A8 \! !/ A7-A4 | A3-A0 !

Figure 2-1 Various Register Combinations

Allto AO in Figure 2-1 indicate data memory addresses (4K nibbles max.).

At system reset, the CBR, EBR, HL, and XY registers are initialized to “0”.

When an interrupt occurs, a “PUSH HL” or “PUSH XY™ instruction can be used if necessary to save the CBR,
EBR, HL, and XY registers on the register stack. These registers can be restored with a “POP HL” or “POP XY”

instruction.

The CBR, EBR, HL, and XY registers are assigned to special function register (SFR) addresses 0F9H to OFEH.

bit 3 bit 2 bit 1 bit 0
EBR (OFEH) €; €, € €
(RIW)
bit 3 bit 2 bit 1 bit 0
CBR (OFDH) C3 C, Cy Co
(R/W)
bit 3 bit 2 bit 1 bit 0
H (OFCH) hy h, h, ho
(R/W)
bit 3 bit 2 bit 1 bit 0
L (OFBH) ls I, ly lo
(R/W)
bit 3 bit 2 bit 1 bit 0
X (OFAH) X3 Xz Xy Xo
(R/W)
bit 3 bit 2 bit 1 bit 0
Y (OF9H) Y3 Y2 Y1 Yo
(RIW)
OPTION A (C): 1.5V (3.0 V), Without regulator 2-3 OPTION B (D): 1.5V (3.0 V), With regulator
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ML63611 User’s Manual
Chapter 2 CPU and Memory Spaces

2.2.5 Program Counter (PC)

The program counter (PC) is a counter with 16 valid bits that specifies the program memory space.

2.2.6 RA Registers (RA3, RA2, RA1, RAO0)

The RA registers are used for indirect program memory addressing (ROM table reference instructions).

Figure 2-2 shows the address configuration of the RA registers.

RA3 RA2 RA1 RAO
| A15-A12 | A11-A8 | A7-A4 | A3-AO |

I T < T 1

Figure 2-2 Address Configuration of RA3 to RAO Registers

Within the A15 to AO of Figure 2-2, Al4 to A0 indicate program memory addresses (32K words max.).

RA3 to RAQ are assigned to special function register (SFR) addresses OF2H to OF5H.

bit 3 bit 2 bit 1 bit 0
RA3 (OF5H) a;s Qg a3 ap
(RIW)
bit 3 bit 2 bit 1 bit 0
RA2 (OF4H) an a0 89 ag
(RIW)
bit 3 bit 2 bit 1 bit 0
RA1 (OF3H) a7 8s as a,
(RIW)
bit 3 bit 2 bit 1 bit 0
RAO (OF2H) as a, a; )
(RW)

At system reset, RA3 to RAO are initialized to “0”.

A Note:

When executing a ROM table reference instruction that uses RA registers, do not use addresses located in the SFR
area to transfer ROM table data to RA registers, otherwise indirect addressing of program memory will not operate

properly.

OPTION A (C): 1.5V (3.0 V), Without regulator 2-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2.2.7 Stack Pointer (SP) and Call Stack

The stack pointer (SP) is a pointer that indicates the call stack address where the program counter is saved when a
subroutine call or interrupt occurs.

The SP is a 4-bit up/down counter that is incremented during stack saves and is decremented during stack restores.
The call stack has 16 levels from address OH to address OFH. Because the hardware requires 1 level of the call
stack during program execution, only 15 levels can be used for stack saves. The contents of the call stack cannot

be read or written by the program.

Figure 2-3 shows the relation between SP and the call stack.

_____ Call stack
OFH
3 2 1 0 i
[ = I R >i 16 levels
Stack pointer |
:__ OH
15 bits

Figure 2-3 Relation between SP and Call Stack

SP is assigned to special function register (SFR) address OF7H.

bit 3 bit 2 bit 1 bit 0

SP (OF7H) SP3 SP2 SP1 SPO
(R)

At system reset, SP is initialized to “0” and points to address “OH” of the call stack. SP is a read-only register and
writes are invalid.

OPTION A (C): 1.5V (3.0 V), Without regulator 2-5 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2.2.8 Register Stack Pointer (RSP) and Register Stack

The register stack pointer (RSP) is a pointer that indicates the register stack address for saving various registers.

RSP is a 4-bit up/down counter that is incremented during stack saves (execution of PUSH instructions) and is
decremented during stack restores (execution of POP instructions).

The register stack has 16 levels from address OH to address OFH. The contents of the register stack cannot be read

or written by the program.

Figure 2-4 shows the relation between RSP and the register stack.

Register stack

OFH
3 2 1 0 l
RSP [~ > 16 levels
Register stack pointer E
OH
16 bits

Figure 2-4 Relation between RSP and Register Stack

The various registers shown in Figure 2-5 are saved onto and restored from the register stack by PUSH and POP

instructions.

“PUSH HL” and “POP HL" instruction execution
15 14 13 12 11 10 9

8

7

6

ad

GIC

z

A
!

“PUSH XY” and “POP XY” instruction execution

15 14 13 12 11 10 9

Register stack

8

7

6

EESR

CI|3R

X
!

Figure 2-5 Register Save/Restore by Execution of PUSH/POP Instructions

Register stack

RSP is assigned to special function register (SFR) address OF6H.

RSP (OF6H)
(RIW)

bit 3

bit 2

bit 1

bit 0

rsp3

rsp2

rspl

rsp0

At system reset, RSP is initialized to “0” and points to address “OH” of the register stack.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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2.3 Memory Spaces

2.3.1 Program Memory Space

The program memory space is the read-only memory that stores program data.
The program memory space has a data length of 16 bits and extends from address 0000H to address 1FFFH.

In addition to program data, the program memory can also store ROM table data and the melody data. Figure 2-6
shows the configuration of the program memory space.

%EES: Test data area @ 32 words

1FDFH

Program data
or 8160 words
ROM table data
or
Melody data

0037H| | T 4—__17

Interrupt area| 40 words
00L0H |- - oo \L

0000H

Figure 2-6 Program Memory Space Configuration

After system reset, instruction execution begins at address 0000H. The interrupt area from address 0010H to
address 0037H contains starting addresses of the interrupt processing routines that are executed when interrupts
are generated. (Refer to Chapter 4, “Interrupt”.)

ROM table data is transferred to data memory by ROM table reference instructions.
The melody data defines the tone, tone length, and end tone used in the melody circuit. After an MSA instruction
specifies the starting address, the melody data is automatically transferred to the melody circuit when a melody

data interrupt occurs. (Refer to Chapter 11, “Melody Driver”.)

Because the test data area contains program data for testing, it cannot be used as a program data area.

OPTION A (C): 1.5V (3.0 V), Without regulator 2-7 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2.3.2 Data Memory Space

The data memory space contains data RAM and special function registers (SFRs).

The data memory consists of 10 banks. One bank unit is 256 nibbles. BANK 0 is allocated as a SFR area, BANK
1 as the LCD display register, and BANK 2 and the following BANKS are data RAM.

Figure 2-7 shows the configuration of the data memory space.

5FFH

BANKS
500H|________________J
AFFH

BANK4
00H ] Data RAM area
3FFH (1024 nibbles)

BANK3
300H |- oo _____
2FFH

BANK2
200H
1FFH

Segment register for LCD*
BANK1
(256 nibbles: logical address)
100H
OFFH
SFR area

BANKO (256 nibbles)

000H

Figure 2-7 Data Memory Space Configuration

A Note:

*. The segment register for LCD is allocated in the address range from 100H to 1FFH.
The user can freely set the segment register's address and bit that correspond to each segment pin. Even
when L32 to L35, which have a port option, are used as output ports, it is possible to freely set their
corresponding address and bit.

OPTION A (C): 1.5V (3.0 V), Without regulator 2-8 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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3. CPU Control Functions

3.1 Overview

Operating states, including system reset, are classified as follows.
«  Normal operation mode
e System reset mode
e Halt mode

Figure 3-1 shows the CPU operating state transition diagram.

Normal operation HALT instruction execution

mode

Halt mode

Interrupt generated

RESET = "“H” /ET ="H"

<—— Simultaneous key depression
at Port 0

System reset mode | <—— Low-speed clock
oscillation halt detect

RESET = *“L”

Figure 3-1 Operating State Transition Diagram

The normal operation mode is the state in which the CPU executes instructions sequentially.

The system reset mode begins when a reset input causes the CPU to begin system reset processing where registers
and pins are initialized. The CPU remains in this state until instruction execution begins. After system reset
processing, instruction execution begins from address 0000H.

The halt mode is the state in which the CPU is halted (instruction execution suspended) but internal peripheral
functions continue to operate. During the halt mode, the PC is not incremented. Even upon entering the halt mode,
port and peripheral functions will not change. Transfer to the halt mode is accomplished by executing a “HALT”
instruction.

OPTION A (C): 1.5V (3.0 V), Without regulator 3-1 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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3.2

System Reset Mode (RST)

3.2.1 Transfer to and State of System Reset Mode

The ML63611 transfers to the system reset mode due to the following three causes:

(1) When the RESET pin is taken to the “H” level
When recognizing the reset signal, the signal input to the RESET signal is being sampled at 2 kHz.
Therefore, the width of the “H” level pulse applied to the RESET pin should be 1 ms or more.

(2) Detection of stoppage of the low frequency clock oscillations (mask option selection)

(3) Simultaneous key depression at the input port 0 (P0.0 to P0.3)
The system reset mode will be entered when there is a simultaneous key depression of a maximum of 4 bits
(pins) of Port 0. However, since this sampling is being made at 1 Hz, continue to press for more than about 2
to 3 seconds.
The number of bits pressed simultaneously can be selected by mask option to be 2 bits (P0.0, P0.1), 3 hits
(P0.0, P0O.1, and P0.2), or 4 bits (P0.0, P0.1, P0.2, and P0.3). For details of the mask option settings, refer to
Section 1.3, “Mask Options” and the “MOGTOOL Mask Option Generator User’s Manual”.

The following operations are performed in the system reset mode.

(1) CPUis initialized.

(2) Bias reference voltage supply (V/R1, V/R2, V/R3) is energized.

(3) AII LCD driver outputs are turned OFF and the outputs change to the Vg level.

(4) All special function registers (SFRs) are initialized. However, data RAM and the segment register for LCD
are not initialized.

After system reset processing, instruction execution begins from address 0000H.

Figure 3-2 shows the system reset generator circuit and Figure 3-3 shows the signals when a system reset is
generated.

2 kHz

l

RESET ETM sampling
circuit

VSS
Mask option
XTO[}— Low-speed Low-speed clock =
T clock generator oscillations stoppage RESETO
XT1 f]_ circuit detector circuit (Time base
counter reset)
1H
. l z Q—> RESETS
0'3[|], Input port 0 4Hz —=iR (System reset)
P0.2|_T'— simultaneous Sampling
P0.1[}— key depression PORST circuit

P0.0[|j' detection circuit
i

i
. —— Inside the IC

Figure 3-2 System Reset Generator Circuit

OPTION A (C): 1.5V (3.0 V), Without regulator 3-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 3 CPU Control Functions

RESETO .

Crystal oscillation ; 32.768 kHz

OUtpUt 125 ms

RESETS

i
|

CPU start
Figure 3-3 Signals When System Reset is Generated
Figure 3-4 shows the timing of transferring to the system reset mode when there is simultaneous key depression at

the input Port 0. When all four bits are pressed simultaneously, all of P0.0 to P0.3 go to the “H” (or the “L”) level,
and the transfer to the system reset mode is made at the second falling edge of the 1 Hz signal.

tHz — TV T T T e
P00 — | L

P0.3 | T
PORST | |
RESETO

(@) When POPUD =0
(in the case of the 4-bit simultaneous key depression detection setting)

tHz LTV T M e e r
P0.0 |
P0.1 |

RESETO

(b) When POPUD =1
(in the case of the 4-bit simultaneous key depression detection setting)

Figure 3-4  Timing of Transferring to the System Reset Mode When There Is Simultaneous Key
Depression at the Input Port

A Notes:

« A system reset is given priority over all other executions, and the executions up to that point in time will be
terminated. Therefore, the contents of the RAM and the display registers that are not initialized during the
system reset are not guaranteed.

« When transferring to the system reset mode if there is simultaneous key depression at the input port, keep the
bits pressed for more than about 2 to 3 seconds.

« When transferring to the system reset mode by taking the RESET pin to the “H” level, make sure that the width of
the RESET pulse is 1 ms or more.

OPTION A (C): 1.5V (3.0 V), Without regulator 3-3 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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3.3 Halt Mode

3.3.1 Transfer to and State of Halt Mode

Transfer to the halt mode is performed by the software when a HALT instruction is executed.
When a HALT instruction is executed, the CPU enters the HALT mode at the S2 state of the HALT instruction.
Oscillation and time base counter operation continue while in the halt mode.

If an interrupt request occurs at the same time as execution of a HALT instruction, interrupt processing has
priority and the HALT instruction will not be executed. After the HALT instruction performs the equivalent
operation of a NOP instruction, the interrupt routine is entered. When an RTI instruction is used to complete the
interrupt routine, the main routine is resumed beginning from the instruction immediately following the HALT
instruction.

Figure 3-5 shows the timing when a HALT instruction and interrupt request occur simultaneously.

HALT
S1 S2'S1 S2 S1 S2,S2 S1 S2 S1 S2 S1 S2 S1 S2
System clock

HLT (haltflag) — ) |

Interrupt request \ |
INT |

. HALT !
1 instruction
| execution
U
<~ ; - .
| (equivalent Interrupt routine ! inst'?uTC'ﬁon ! Main
 toNOP) ! ' execution ! routine

PC flow in main

routine n K_ONT) Xo------ e JRT) X 1 X n+2 X

n: HALT instruction address
(INT): Starting address of interrupt routine
(RTI): RTI instruction address

Figure 3-5 Timing of Simultaneous HALT Instruction and Interrupt Request

A Note:

While an interrupt request is generated, execution of a HALT instruction will not transfer operation to the halt mode.

OPTION A (C): 1.5V (3.0 V), Without regulator 3-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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3.3.2 Halt Mode Release

The following two methods are available to release the halt mode.

¢ Release by interrupt generation (transfer to normal operation mode)
¢ Release by RESET pin (transfer to system reset mode)

3.3.2.1 Release of Halt Mode by Interrupt

If the halt mode is to be released by an interrupt, the enable flag of the interrupt used for release must be set to “1”
prior to entering the halt mode. When the halt mode is released by an interrupt, operation transfers to the normal
operation mode.

Figure 3-6 shows the timing of transferring to the halt mode by execution of a HALT instruction and of releasing
the halt mode by an interrupt.

When the halt mode is released by an interrupt request, the first instruction immediately following the HALT

instruction is executed and then the interrupt routine is entered. When an RTI instruction is used to complete the
interrupt routine, the main routine is resumed beginning from the second instruction after the HALT instruction.

HALT
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 SI S2 S1 S2 S1 S2

System clock
HLT (halt flag) — )
Interrupt request \
INT \
oiaLT Halt mode Execution of Interrupt RTI Main
Instruction Instruction H H T H
execution immediately after routine 'nStrUCt.lon routine
PC flow in main HALT instruction execution
outine "X n+1 X (NT) X / XRTHX n+2 X

n: HALT instruction address
(INT): Starting address of interrupt routine
(RTI): RTI instruction address

Figure 3-6 Timing of Transfer to Halt Mode and Release of Halt Mode by Interrupt

A Note:

If the halt mode is to be released, set individual interrupt enable flags to “1”. If an individual interrupt enable flag is “0”,
the corresponding interrupt request signal cannot reset the HLT flag, regardless of whether the master interrupt
enable flag (MIE) is “0” or “1".

3.3.2.2 Release of Halt Mode by RESET Pin

If the RESET pin is held at a “H” level for 1 ms or more, the CPU is released from the halt mode and transfers to
the system reset mode. The CPU also transfers to the system reset mode when there is a Port 0 simultaneous key
depression (for 2 to 3 seconds) or the low-speed clock oscillation is stopped (selected by mask option).

OPTION A (C): 1.5V (3.0 V), Without regulator 3-5 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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3.3.3 Melody Data Interrupt and Halt Mode Release

The halt mode is not released by a melody data interrupt.

The melody data interrupt is different from a conventional interrupt in that the melody data interrupt is a hardware
processing interrupt used for transfer of melody data to the melody circuit. It is not dependent on the program.

When this interrupt is generated, the instruction immediately after the HALT instruction is executed, then the
melody data is transferred to the melody circuit, and the HALT instruction is executed again. This sequence is

indicated in Figure 3-7.
HALT HALT
S1 S22 S1 S2 S1 S2 S1 S2 S1 S2° S1 S2' S2 S2 S2

System Clock
HLT (halt flag) —

1 1 1
T 1 T
1 I I
1 T 1
1 1 1 1
1 1 1 1
Melody data : : : | : |
request ! ! ! , . .
| | | | | :
| | 1 1 | |
| | | | | |
1 1 [ 1 ] ) [
. HALT . "Execution of = Melody -~ HALT
instruction Halt mode instruction datay instruction Halt mode
execution immediately after transter execution
PC flow in main HALT instruction
routine N X n+l1 X(melody)Y n X n+1

n: HALT instruction address
(melody): Melody data address

Figure 3-7 Melody Data Request Interrupt Operation

3.3.4 Note Concerning HALT Instruction

As described above, the instruction immediately after the HALT instruction may be executed any number of times.
For this reason, always place an NOP instruction immediately after the HALT instruction.

(Example) .
HALT
NOP
OPTION A (C): 1.5V (3.0 V), Without regulator 3-6 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias




Chapter 4

Interrupt (INT)




ML63611 User’s Manual
Chapter 4 Interrupt (INT)

4. Interrupt (INT)

4.1 Overview

The ML63611 supports 18 interrupt factors: 4 external interrupts and 14 internal interrupts.

With the exception of the watchdog timer interrupt, interrupt enable/disable is controlled by the master interrupt
enable flag (MIE) and the individual interrupt enable registers (IEO to 1E4). Watchdog timer interrupt is a non-
maskable interrupt.

When interrupt conditions are met, the interrupt routine is executed from the interrupt start address.

Table 4-1 indicates a list of interrupt factors, and Figure 4-1 shows the interrupt control equivalent circuit.

Table 4-1 Interrupt Factors

Priority Interrupt factor Symbol Interrupt start address
1 Watchdog timer interrupt WDTINT 0010H
2 Melody end interrupt MDINT 0012H
3 External interrupt O (PB 4-bit OR input) XIOINT 0014H
4 External interrupt 1 (PC 4-bit OR input) XILINT 0016H
5 External interrupt 2 (PE.3) XI2INT 0018H
6 A/D interrupt ADINT 001AH
7 External interrupt 5 (PO 4-bit OR input) XI5INT 001EH
8 Timer 0 interrupt TMOINT 0020H
9 Timer 1 interrupt TM1INT 0022H
10 Timer 2 interrupt TM2INT 0024H
11 Timer 3 interrupt TM3INT 0026H
12 Serial port receive interrupt SRINT 0028H
13 Serial port transmit interrupt STINT 002AH
14 T10 Hz interrupt T10HzINT 002EH
15 32 Hz interrupt 32HzINT 0030H
16 16 Hz interrupt 16HzINT 0032H
17 4 Hz interrupt 4HzINT 0034H
18 2 Hz interrupt 2HzINT 0036H

If multiple interrupts are detected simultaneously, the lowest interrupt start address is given priority.

For details on interrupt operation, refer to Chapter 6 (Time Base Counter), Chapter 7 (Timers), Chapter 8 (100 Hz
Timer Counter), Chapter 9 (Watchdog Timer), Chapter 10 (Ports), Chapter 11 (Melody Driver), Chapter 12 (Serial
Port), and Chapter 16 (A/D Converter).

OPTION A (C): 1.5V (3.0 V), Without regulator 4-1 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias




Chapter 4

ML63611 User’s Manual
Interrupt (INT)

Interrupt request

Interrupt request

Master interrupt enable flag

Interrupt enable registers

} Interrupt
request

Interrupt
vector address

Priority encoder

signals registers

IRQO
WDTINT —— 'RQ0.0 QwDT

IEO

MDINT ——RQO.T  omp E0L,  evp
XIOINT ——IRQ0.2  QxI0 IE0.2,  Exi0
XILNT ——IRQ0.3  oxi1 [EQ.3,5  EXI1

IRQ1 IE1
XI2INT —— IRQLO  Qxi2 IELO, | EXi2
ADINT ——IRQLL ~ QAD IELls  EAD
xisINT —— IRQL3  Qxi5 IEL3,  EXI5

IRQ2 IE2
TMOINT —— IRQ2.0  QTMO IE2.05 . ETMO
T™MLNT ——IRQ21  oTm1 IE21lo  ETM1
TM2INT ——{IRQ2.2  QTMm2 IE22,  ETM2
TM3INT ——IRQ2.3  QTMm3 IE23,  ETM3

IRQ3 IE3
SRINT ——/RQ3.0  @sR IE3.0,  ESR
STINT ——IRQ31  qQsT IES1o  EST
T10HzINT—{IRQ3.3  Q10Hz IE3.3¢5 | E10Hz

IRQ4 IE4
32HzINT ——{ IRQ4.0  Q32Hz IE4.0,  E32Hz
16HzINT ——{IRQ4.1 161 IE4.1, | El6Hz
4HZINT ——IRQ42  Q4Hz IE4.2  E4aHz
2HZINT — IRQ43  QoH; IE4.35  E2Hz

Figure 4-1 Interrupt Control Equivalent Circuit

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
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4.2 Interrupt Registers
The following three types of registers are used to control interrupts.
(1) Master interrupt enable register (MIEF)
Interrupt enable registers (IEO to IE4)
Interrupt request registers (IRQO to IRQ4)
These registers are described below.
(1) Master interrupt enable register (MIEF)
MIEF is a 4-bit register in which bit 0 is the master interrupt enable flag (MIE).
MIE (bit 0 of MIEF) is a flag that disables or enables all interrupts except for the watchdog timer interrupt.
If MIE is “07”, all interrupts are disabled. If MIE is “1”, all interrupts are enabled (with the exception of the
watchdog timer).
When any interrupt is received, MIE is cleared to “0”. MIE is set to “1” by execution of a return from
interrupt instruction (RTI instruction).
If multi-level interrupt processing is to be performed, execute an RTI instruction (MIE —~“1”) during the
interrupt processing routines.
At system reset, MIE is initialized to “0”. MIEF only supports data reference (R) of data memory through
addressing instructions.
bit 3 bit 2 bit 1 bit 0
MIEF (OFFH) 0 0 0 MIE
orF | | ‘ |
Master Interrupt Enable Flag
0: Interrupts disabled (initial value)
1: Interrupts enabled
A Note:
When setting MIE, use “El” instructions (MIE —“1") and “DI” instructions (MIE —“0").
OPTION A (C): 1.5V (3.0 V), Without regulator 4-3 OPTION B (D): 1.5V (3.0 V), With regulator
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@

Interrupt enable registers (IEO to IE4)

IEO, IEL, IE2, IE3, and IE4 are registers that consist of 4 bits each.

A logical AND of the corresponding bits of an interrupt enable register (IEO to IE4) and an interrupt request
register (IRQO to IRQ4) determines whether or not each interrupt request is issued to the CPU. The watchdog
timer interrupt is non-maskable, and is therefore not dependent upon the interrupt enable registers (IEO to

IE4) and the master interrupt enable register (MIEF).

If multiple interrupts request the CPU at the same time, the interrupts are accepted in order of highest priority
and low priority interrupts are placed on hold (see Table 4-1 for the order of priority).

When an interrupt is received, the master interrupt enable flag (MIE) is cleared to “0”. The corresponding
bits in the interrupt enable registers (IEO to IE4) do not change.

At system reset, each bit of IEQ through 1E4 is initialized to “0”.

bit 3

bit 2

bit 1 bit O

IEO (050H) |

(RIW) EXI1

EXIO

EMD O

External interrupt 1 enable flag
0: Disable (initial value)

1: Enable

External interrupt O enable flag

0: Disable (initial value)
1: Enable
Melody end interrupt enable flag

0: Disable (initial value)
1: Enable

bit 3

bit 2

bit 1 bit 0

IE1 (051H)
|  Exs

(RIW)

EAD EXI2

External interrupt 5 enable flag
0: Disable (initial value)
1: Enable

A/D interrupt enable flag

0: Disable (initial value)
1: Enable

External interrupt 2 enable flag

0: Disable (initial value)
1: Enable

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
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bit 3

bit 2

bit 1

bit 0

IE2 (052H) |

(RW)

Timer 3 interrupt enable flag
0: Disable (initial value)
1: Enable

Timer 2 interrupt enable flag

ETM3

ETM2

ETM1

ETMO

]

0: Disable (initial value)
1: Enable
Timer 1 interrupt enable flag

0: Disable (initial value)
1: Enable

Timer O interrupt enable flag

0: Disable (initial value)
1: Enable

IE3 (053H)
(RIW) |

10 Hz interrupt enable flag
0: Disable (initial value)
1: Enable

Serial port transmit interrupt enable flag

bit 3

bit 2

bit 1

bit 0

E10Hz

EST

ESR

0: Disable (initial value)
1: Enable

Serial port receive interrupt enable flag

0: Disable (initial value)
1: Enable

bit 3

bit 2

bit 1

bit 0

IE4 (054H) |

2 Hz interrupt enable flag
0: Disable (initial value)
1: Enable

E2Hz

E4Hz

E16Hz

E32Hz

(RIW)
]

4 Hz interrupt enable flag
0: Disable (initial value)
1: Enable

16 Hz interrupt enable flag
0: Disable (initial value)
1: Enable

32 Hz interrupt enable flag
0: Disable (initial value)
1: Enable

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
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(3) Interrupt request registers (IRQO to IRQ4)

IRQO, IRQ1, IRQ2, IRQ3 and IRQ4 are registers that consist of 4 bits each.

When an interrupt request is generated, the corresponding bit of the interrupt request register is set to “1” in
the first half of the S1 state of the next instruction. So that the CPU can receive interrupt requests, set the
master interrupt enable flag (MIE) to “1” and set the appropriate flag of the corresponding interrupt enable

register (IEQ to IE4) to “1”.

The watchdog timer interrupt is non-maskable and does not depend upon the interrupt enable register or the

master interrupt enable register (MIEF).

Setting the appropriate bits of an interrupt request register to “1” allows software interrupts to be generated.

When an interrupt request is received, the corresponding bits of IRQO to IRQ4 are cleared to “0”.

At system reset, each bit of IRQO through IRQ4 is initialized to “0”.

bit 3

bit 1 bit 0

IRQO (055H) | X1

| ovmp | owbpt |

(RIW)

External interrupt 1 request flag
0: No request (initial value)
1: Request

External interrupt O request flag
0: No request (initial value)
1: Request

Melody end interrupt request flag
0: No request (initial value)
1: Request

Watchdog timer interrupt request flag
0: No request (initial value)
1: Request

bit 3: QXI1 (reQuest eXternal Interrupt 1)

The external interrupt 1 request flag.

The external interrupt 1 is assigned as the secondary function of each bit of port C (PC.0 to PC.3).
External interrupt 1 requests are generated by a 4-bit ORed input.

bit 2: QXIO0 (reQuest eXternal Interrupt 0)

The external interrupt O request flag.

The external interrupt O is assigned as the secondary function of each bit of port B (PB.0 to PB.3).
External interrupt O requests are generated by a 4-bit ORed input.

OPTION A (C): 1.5V (3.0 V), Without regulator 4-6
circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias




ML63611 User’s Manual
Chapter 4 Interrupt (INT)

bit 1:

bit O:

QMD (reQuest Melody Driver)

Melody end interrupt request flag.
Melody end interrupts are generated when the melody driver outputs the end note data
(END bit = “1").

QWDT (reQuest WatchDog Timer)

Watchdog timer interrupt request flag.

When the watchdog timer is started and then overflow occurs, an interrupt is requested. The
watchdog timer interrupt is non-maskable and does not depend upon the interrupt enable registers
or the master interrupt enable register (MIE).

External interrupt 5 request flag

bit 3 bit 2 bit 1 bit 0
Qx5 | O | o | oxiz |

IRQ1 (056H)
(RIW) |

0: No request (initial value)
1: Request
A/D interrupt request flag

0: No request (initial value)
1: Request

External interrupt 2 request flag

0: No request (initial value)
1: Request

bit 3:

bit 1:

bit O:

QXI5 (reQuest eXternal Interrupt 5)

External interrupt 5 request flag.
The external interrupt 5 is assigned as a secondary function to each bit (P0.0 to 0.3) of port 0.
An external interrupt request is generated through the 4-bit ORed input.

QAD (reQuest AD)

AJD interrupt request flag.
If the selected counter A or B overflows, an interrupt request is generated.

QXI2 (reQuest eXternal Interrupt 2)

External interrupt 2 request flag.

The external interrupt 2 is assigned as a secondary function of port E.3 (PE.3). Generation of the
external interrupt 2 is triggered by the falling edge of the 128 Hz or 4 kHz output of the time base
counter.

OPTION A (C): 1.5V (3.0 V), Without regulator 4-7 OPTION B (D): 1.5V (3.0 V), With regulator
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bit 3 bit 2 bit 1

bit O

IRQ2(057H) | QtM3 | QTM2 | QTM1L

QTMO

(RIW)
-]

Timer 3 interrupt request flag

0: No request (initial value)
1: Request

Timer 2 interrupt request flag

0: No request (initial value)
1: Request
Timer 1 interrupt request flag

0: No request (initial value)
1: Request

Timer 0 interrupt request flag

0: No request (initial value)
1: Request

bit 3: QTM3 (reQuest TiMer 3)

Timer 3 interrupt request flag.
A timer 3 interrupt request is generated whenever timer 3 overflows.

bit 2: QTM2 (reQuest TiMer 2)

Timer 2 interrupt request flag.
A timer 2 interrupt request is generated whenever timer 2 overflows.

bit 1: QTM1 (reQuest TiMer 1)

Timer 1 interrupt request flag.
A timer 1 interrupt request is generated whenever timer 1 overflows.

bit 0: QTMO (reQuest TiMer 0)

Timer O interrupt request flag.
A timer O interrupt request is generated whenever timer 0 overflows.

OPTION A (C): 1.5V (3.0 V), Without regulator 4-8 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias

circuit for LCD bias
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bit 3 bit 2 bit 1 bit 0
Q10Hz | — | @st | qsr |

IRQ3 (058H)
(RIW) |

10 Hz interrupt request flag
0: No request (initial value)
1: Request

Serial port transmit interrupt request flag
0: No request (initial value)

1: Request

Serial port receive interrupt request flag
0: No request (initial value)

1: Request

bit 3: Q10Hz (reQuest 10 Hz)
10 Hz interrupt request flag.

A 10 Hz interrupt request is generated whenever the 10 Hz carry generated by the 100 Hz timer
counter is output.

bit 1. QST
Serial port transmit interrupt request flag.
A serial port transmit interrupt request is generated when a serial port transmit operation is
completed.

bit 0: QSR

Serial port receive interrupt request flag.
A serial port receive interrupt is generated when a serial port receive operation is completed.

OPTION A (C): 1.5V (3.0 V), Without regulator 4-9 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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2 Hz interrupt request flag

bit 3 bit 2 bit 1 bit 0
IRQ4(059H) | Q2Hz | Q4Hz | Ql6Hz | Q32Hz |

(RIW)
A

0: No request (initial value)
1: Request

4 Hz interrupt request flag

0: No request (initial value)
1: Request
16 Hz interrupt request flag

0: No request (initial value)
1: Request

32 Hz interrupt request flag

0: No request (initial value)
1: Request

bit 3:

bit 2:

bitl:

bit 0:

Q2Hz (reQuest 2 Hz)

2 Hz interrupt request flag.
A 2 Hz interrupt request is generated at every falling edge of the 2 Hz output of the time base
counter.

Q4Hz (reQuest 4 Hz)

4 Hz interrupt request flag.
A 4 Hz interrupt request is generated at every falling edge of the 4 Hz output of the time base
counter.

Q16Hz (reQuest 16 Hz)
16 Hz interrupt request flag.

A 16 Hz interrupt request is generated at every falling edge of the 16 Hz output of the time base
counter.

Q32Hz (reQuest 32 Hz)
32 Hz interrupt request flag.

A 32 Hz interrupt request is generated at every falling edge of the 32 Hz output of the time base
counter.

OPTION A (C): 1.5V (3.0 V), Without regulator 4-10 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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4.3 Interrupt Sequence

4.3.1 Interrupt Processing

While MIE is “1”, operation transfers to interrupt processing when individual interrupt factors are generated.

The watchdog timer interrupt is non-maskable and regardless of the MIE flag status, operation will shift to
interrupt processing when the watchdog timer interrupt factor is generated.

The following processes are performed when an interrupt is generated.

(1) MIE and the corresponding interrupt request flag are cleared to “0”.

(2) The program counter (PC) is saved on the call stack.

(3) The call stack pointer (SP) is incremented by 1. (SP — SP+1)

(4) The starting address of the interrupt routine is loaded into the program counter (PC).

Interrupt processing is performed in 0 machine cycles.

Figure 4-2 shows the stack contents after an interrupt is generated.

1312 1110 9 8 7 6 5 43 210

SP position before interrupt —= "neuy | PC11-PC8 | PC7-PC4 |PC3-PCO | OH
SP position after interrupt ———= 1H
2H
3H
4H
' OFH
Figure 4-2 Call Stack Contents after Interrupt Generation
OPTION A (C): 1.5V (3.0 V), Without regulator 4-11 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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4.3.2 Return from an Interrupt Routine

Return from a watchdog timer interrupt routine is performed with an “RTNMI” instruction.
Return from all other interrupt routines is performed with an “RTI” instruction.

Execution of “RTI” and “RTNMI” instructions both require 1 machine cycle.

When returning from an interrupt routine, the CPU performs the following processes.

(1) The call stack pointer (SP) is decremented by 1. (SP — SP-1)
(2) MIE is setto “1” (when an “RTNMI” instruction is used, MIE is restored to its state prior to the interrupt).
(3) 1isadded to the call stack contents and that value is loaded into the program counter (PC)

A Note:

. While the MIE flag is “0” (interrupt disabled state), if a watchdog timer interrupt is processed and an “RTI”
instruction is executed, the MIE flag will be set to “1” and interrupts enabled.

. Use “RTNMI” instructions to return from watchdog timer interrupts only. Use “RTI” instructions for normal
interrupts.

4.3.3 Interrupt Hold Instructions

Interrupt requests are not received after execution of interrupt hold instruction. They are received after execution
of an instruction other than interrupt hold instructions.

The interrupt hold instructions follow.

*  ROM table reference instructions

e Stack operation instructions

e Jump instructions

e Conditional branch instructions

e Call/return instructions

e “EI” (set MIE flag) instructions, “DI” (clear MIE flag) instructions and “MSA cadr15” (start melody output)
instructions within control instructions

A Note:

If interrupt hold instructions are to be used consecutively, consider that a generated interrupt will be put on hold for a
considerable amount of time before the interrupt routine begins.

OPTION A (C): 1.5V (3.0 V), Without regulator 4-12 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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5. Clock Generator Circuit (OSC)
5.1 Overview
The ML63611 has built in it a low-speed clock generator circuit and a high-speed clock generator circuit, and the
system clock that becomes the basic operating clock of the CPU section is controlled using the frequency control
register (FCON).
The low-speed clock generator circuit is configured using a crystal oscillator circuit. A crystal unit (32.768 kHz) is
connected between the pins XTO0 and XT1, and a capacitor (5 to 25 pF) is connected between the pins XT0 and
Vgs. The output (TBCCLK) of the low-speed clock generator circuit becomes the basic operating clock for the
time base counter etc., and is used as the system clock.
In the high-speed clock generator circuit, it is possible to select by software either the ceramic oscillation mode or
the RC oscillation mode. In the OPTION A and OPTION B, however, only the RC oscillation mode is available.
For the ceramic oscillator mode, connect a ceramic unit (700 kHz max.) between the pins OSCO0 and OSC1, and
connect a capacitor C,, between the pins OSCO and Vg and a capacitor C,; between the pins OSC1 and V.
When not using the high-speed clock generator circuit, leave the pins OSCO and OSC1 open. It is possible to
select the output (HSCLK) of the high-speed clock generator circuit as the clock for the timer etc., and will be
used as the system clock.
The frequency control register (FCON) is a 4-bit special function register that selects the system clock (TBCCLK
or HSCLK) and the starting and stopping of the operation of the high-speed clock generator circuit.
During a system reset, the operation is made only of the low-speed clock generator circuit (the high-speed clock
generator circuit will be in the halted state), and TBCCLK will be selected as the system clock.
5.2 Clock Generator Circuit Configuration
Figure 5-1 shows a block diagram of the clock generator circuit.
|
! VlDDL
XTO!
] Low-speed clock output Time base clock
= i (TBCCLK)
C .
was| |
XT1 :
I Low-speed clock generator circuit
! Vo TBCCLK| .
| | o |— System clock
: HSCLK
osci! = (CLK)
High-speed clock output [ L1
— | High-speed clock
Sl 1 o (HSCLK)
‘S%_é | RC/ceramic oscillation select Clock select
wol I control
0SCOT Oscillation enable 3
: High-speed clock generator circuit
: FCON
! cconwriE LS|
I 3
! Data bus
Figure 5-1 Clock Generator Circuit Configuration
OPTION A (C): 1.5V (3.0 V), Without regulator 5-1 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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5.3 Low-Speed Clock Generator Circuit

The low-speed clock generator circuit is configured using a crystal oscillator circuit. A crystal unit (32.768 kHz) is
connected between the pins XTO0 and XT1, and a capacitor (5 to 25 pF) is connected between the pins XT0 and
Vgs. The output (TBCCLK) of the low-speed clock generator circuit becomes the basic operating clock for the
time base counter etc., and is used as the system clock.

For the crystal oscillation mode, attach an external crystal unit and a capacitor (Cg) as shown in Figure 5-2.

V
ML Ce |”
Vss T
XTO
—11— Low-speed clock
output
L (TBCCLK)
Crystal OO R
{1
xT1] L Co
T
Vss Inside the IC

External Circuit for Crystal Oscillation Mode

Figure 5-2 External Circuit for Low-Speed Clock Oscillation

A Note:

The crystal and the capacitor Cg should be connected in close proximity to the XTO and XT1 pins.

Table 5-1 shows an example external component to be attached when the low-speed side crystal oscillation mode
is selected.

Table 5-1 Example External Component for the Low-Speed Side Crystal Oscillation Mode

Cs fur Model name/Manufacturer
12 pF 32.768 kHz VT-150, VT-200/SlI
OPTION A (C): 1.5V (3.0 V), Without regulator 5-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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54 High-Speed Clock Generator Circuit
The high-speed clock generator circuit has two modes, the RC oscillation mode and ceramic oscillation mode. In
the OPTION A and OPTION B, only the RC oscillation mode is available. Oscillation modes are set by OSCSEL
(bit 2 of FCON). The oscillation frequency is a maximum of 200 kHz for the OPTION A and OPTION B, and a
maximum of 700 kHz for the OPTION C and OPTION D.

. OSCSEL =“0”": RC oscillation mode
. OSCSEL =“1": ceramic oscillation mode

If the high-speed clock is not to be used, leave the OSCO and OSC1 pins open (unconnected).
For the RC oscillation mode, attach an external resistor, Rqgy, as shown in Figure 5-3(a).

For the ceramic oscillation mode, attach an external ceramic unit and capacitors as shown in Figure 5-3(b).

0SC1]

LT
VDD

L Oscillation

Ros ' | ICOS Voo enable
!

{1 y ): J/\ . J/\ . - High-speed
0SCo ] clock output

(a) External Circuit for RC Oscillation Mode
Ceramic resonator

IK
r
L

VDD
=] H |

CLO
— | L . High-speed
0SCo clock output

Oscillation enable

L

Vss (b) External Circuit for Ceramic Oscillation Mode

Figure 5-3 External Circuits for High-Speed Clock Oscillation

A Notes:

In the OPTION A and OPTION B, only the RC oscillation mode is available.
The high-speed clock frequency of the OPTION A and OPTION B is a maximum of 200 kHz.
The high-speed clock frequency of the OPTION C and OPTION D is a maximum of 700 kHz.

OPTION A (C): 1.5V (3.0 V), Without regulator 5-3 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Table 5-2 lists typical values of oscillation frequency when the high-speed side RC oscillation mode is selected.
Table 5-3 lists example external components to be attached when the high-speed side ceramic oscillation mode is
selected.

Table 5-2 Typical Oscillation Frequencies for the High-Speed Side RC Oscillation Mode

Rosn (KQ) Voo (V) frost
400 1.3103.6 200 kHz +30%
100 1.8103.6 700 kHz +30%

Table 5-3 Example External Components for the High-Speed Side Ceramic Oscillation Mode

CLo (PF) C.. (pF) Ceramic unit
330 330 CSB200D (200 kHz)*
220 220 CSB300D (300 kHz)*
150 150 CSB500E (500 kHz)*

* Ceramic unit manufactured by Murata MFG. Co., Ltd.

OPTION A (C): 1.5V (3.0 V), Without regulator 5-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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55 System Clock Control

The system clock is the basic operation clock of the CPU.
The clock can be selected as follows with the CPUCLK (bit 0 of FCON) setting.

e CPUCLK =*0” (initial value)

The output of the low-speed clock generator circuit (TBCCLK) is the system clock.
+ CPUCLK=*1"

The output of the high-speed clock generator circuit (HSCLK) is the system clock.

When HSCLK is selected as the system clock, the high-speed clock must be in the oscillating state (ENOSC =
“1”). The low-speed clock generator circuit will continue to oscillate even when the high-speed generator circuit is
selected.

To reduce the total power consumption in applications that use the high-speed clock generator circuit, the
following clock controls are generally implemented in software.

e During normal operation, the output of the low-speed clock generator circuit (CPUCLK = “0”) should
be the system clock.

«  Only when high-speed operation is necessary should the high-speed clock oscillate (ENOSC = “1”) and
output of the high-speed clock generator circuit (CPUCLK = “1”) should be selected.

For details of the system clock select timing, refer to section 5.7, “System Clock Select Timing”.

OPTION A (C): 1.5V (3.0 V), Without regulator 5-5 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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5.6 Frequency Control Register (FCON)

FCON is a special function register (SFR) that selects the system clock.

bit 3 bit 2 bit 1 bit 0

FCON (062H) ] OSCSEL ENOSC CPUCLK
(RIW)

RC oscillation/ceramic oscillation mode select
0: RC oscillation mode (initial value)
1: Ceramic oscillation mode

High-speed clock oscillation start/stop select
0: Oscillation stop (initial value)
1: Oscillation start

System clock select
0: Low-speed clock oscillation output (initial value)
1: High-speed clock oscillation output

bit 2: OSCSEL

This bit selects the RC oscillation mode or the ceramic oscillation mode of the high-speed clock
generator circuit. At system reset, this bit is cleared to “0”, selecting the RC oscillation mode.

bit 1: ENOSC

This bit starts and stops oscillation of the high-speed clock generator circuit. At system reset, this
bit is cleared to “0”, stopping oscillation of the high-speed clock generator circuit.

bit 0: CPUCLK

This bit selects the system clock, the basic operation clock of the CPU. At system reset, this bit is
cleared to “0”, selecting output of the low-speed clock generator circuit (TBCCLK).

OPTION A (C): 1.5V (3.0 V), Without regulator 5-6 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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5.7 System Clock Select Timing
After system reset, the system clock is TBCCLK.
When high-speed operation is necessary, switch the system clock to HSCLK.

A flowchart of system clock operation is shown below.

System clock status After system reset, the low-
TBCCLK speed clock generator output

o is the system clock.
(Low-speed clock generator circuit output) Y

Software processing A Software processing

(1) High-speed clock oscillation mode select

OSCSEL (bit 2 of FCON) setting

OSCSEL =*“0": RC oscillation mode

(initial value)
OSCSEL ="“1": Ceramic oscillation mode
(2) High-speed clock oscillation stop Z (2) High-speed clock oscillation start
ENOSC (bit 1 of FCON) = “0” ENOSC (bit 1 of FCON) = “1”
ENOSC =*“0" : Stop high-speed clock oscillation ENOSC =*“0": Stop high-speed clock oscillation
(initial value) i? (initial value)
ENOSC =*“1": Start high-speed clock oscillation

\ ENOSC =*“1": Start high-speed clock oscillation

(1) Low-speed clock oscillation output select Wait:
. When RC oscillation mode selected:
CPUCLK (bit 0 of FCON) = “0”
300 ps or more

When ceramic oscillation mode selected:
10 ms or more

CPUCLK ="“0": Low-speed clock oscillation output
(initial value)

CPUCLK =*“1": High-speed clock oscillation output \_{(S) High-speed clock oscillation output select

CPUCLK (bit 0 of FCON) = “1"

CPUCLK ="“0": Low-speed clock oscillation output
(initial value)
CPUCLK =*“1": High-speed clock oscillation output

y

HSCLK
(High-speed clock generator circuit output)

OPTION A (C): 1.5V (3.0 V), Without regulator 5-7 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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When ENOSC (bit 1 of FCON) is set to “1”, oscillation starts in the mode selected by OSCSEL. At the same time,
the internal logic power supply (V) switches from the voltage regulator circuit (\V/R1) output level (approx. 1.15
V) to the Vp level. Next, if CPUCLK is set to “1”, the system clock switches from crystal oscillation output
(TBCCLK) to high-speed clock output (HSCLK).

Figure 5-4 shows the system clock select timing and status of the internal logic power supply (Vy).

Twar .

ENOSC

CPUCLK
0OscC1

System clock Low—sp(:eed clock\ / High-speed clock \ /1 Low-speed clock

. : 0.5 to 1.0 high-speed clocks 0.5 t0'1.0 low-speed clocks
Internal logic " R Voo

power supply ~77777 i
Ve / \ Approx. 1.15 V
. : (typ.)
------ e LR VAR RY}

Figure 5-4 System Clock Select Timing

In the ceramic oscillation mode, 10 ms are required from the time when ENOSC is set to “1” until the high-speed
clock generator circuit enters the oscillating state. Therefore, in this mode, when switching CPUCLK to a high-
speed setting, wait for an interval of at least T,,,+ = 10 ms after the rising edge of ENOSC.

In the RC oscillation mode, oscillation begins soon after setting ENOSC to “1”. When switching CPUCLK to a
high-speed setting, wait for an interval of at least T,y = 300 us after the rising edge of ENOSC.

When switching from the high-speed mode to the low-speed mode, set the CPUCLK bit to “0”, and sometime
after the next instruction, set the ENOSC bit to “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 5-8 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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6. Time Base Counter (TBC)

6.1

6.2

Overview

The time base counter (TBC) is a 15-bit internal counter, which generates the clock supplied to internal peripheral

functions.

The TBC clock is a time base clock (TBCCLK).

TBC outputs are used for functions such as time base interrupts and various other circuits.
TBC8-11 and TBC12-15 can be read/reset by software.

The TBC generates an interrupt request at the falling edge of 32 Hz/16 Hz/4 Hz/2 Hz output.

The TBC is initialized to 0000H at system reset.

Time Base Counter Configuration

The configuration of the time base counter (TBC) is shown in Figure 6-1.

TBCRO READ
TBCR1 READ 2 HzINT
TBCR1 WRITE 4 HZINT
TBCRO WRITE TBC15— (1 H2) h bit 3
(2H2) ] bit 2
R TBC14
K (4 Hz) ;
TBCI3— bit 1
’—c TBC12—8H2) D> bit 0
3
o]
8
©
4 .
TBC1L (;g :Z) (b1 bit3) O
TBC10 (64 HZ) ST bit2
— >R 18co (128 :|) BT bit1
TBCa—128H2) tb— bt
16 HzINT
32 HzINT
1 Hz (1/32768TBC)
2 2y (U16384TEC)
o7} (2%t 111 lmterme
8 Hz
TBC6 (512 Hz) 16 Hz (1;2048TBC)
32 Hz (1/1024TBC
TBCS (1 kHz) 84 Hz €1/512TBC))
128 Hz (1/256TBC)
RESETO TBCa—(2KH2) 256 Hz (1/128TBC)
512 Hz (1/64TBC
TBC3 (4 kHZ)| 1 kHz gl/sszcg
2 kHz (1/26TBC)
TRC2— & KHZ) 4kHz (1/BTBC)
8 kHz (1/4TBC)
TBCCLK & t1pci—(16kHZ) 16 kHz (1/2TBC)

(32.768 kHz)

Figure 6-1 Time Base Counter (TBC) Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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6.3 Time Base Counter Registers

Time base counter register 0 (TBCRO), time base counter register 1 (TBCR1)

These 4-bit special function registers (SFRs) are used to read the 1 to 8 Hz and 16 to 128 Hz outputs of the time
base counter.

A write operation to TBCRO sets both the 1 to 8 Hz and 16 to 128 Hz outputs to “0”, and a write operation to
TBCR1 sets the 1 to 8 Hz output to “0”.

bit 3 bit 2 bit 1 bit 0
TBCRO (‘zg(/’\;'/)) 16 Hz 32 Hz 64 Hz 128 Hz

bit 3 bit 2 bit 1 bit 0
TBCR1 (‘zg}\;'/)) 1Hz 2 Hz 4 Hz 8 Hz

6.4 Time Base Counter Operation

After system reset the time base counter (TBC) begins to count up from 0000H. The count is incremented at the
falling edge of the TBCCLK.

TBC 32 Hz/16 Hz/4 Hz/2 Hz outputs are used as time base interrupts. At each output falling edge, four bits of
interrupt request register 4 (IRQ4) are set to “1”, namely bit 3 (Q32Hz), bit 2 (Q16Hz), bit 1 (Q4Hz) and bit 0
(Q2Hz), requesting an interrupt to the CPU. TBC outputs are also used as clocks for various circuits.

TBC 1 to 8 Hz output and 16 to 128 Hz output can be read through the time base counter register 0/1
(TBCRO/TBCR1).

A write operation to TBCR1 sets the 1 to 8 Hz output counter to “0”, and a write operation to TBCRO sets both
the 1 to 8 Hz and 16 to 128 Hz output counters to “0”. The write data in these write operations has no significance.
For example, the “MOV TBCRO, A” instruction can be used to write, but is not dependent on accumulator content
in any way. When write is executed to TBCRO and TBCRL1 and the 1 to 8 Hz and 16 to 128 Hz counters reset,
interrupt requests are generated if 32 Hz/16 Hz/4 Hz/2 Hz outputs have been set to “1”. To disable these interrupts,
first set the master interrupt enable flag (MIE) or interrupt enable register 4 (IE4) to “0”, execute the write
operation to TBCR 0/1, and set the interrupt request flag 4 (IRQ4) to “0”.

Figure 6-2 shows interrupt generation timing and time base counter output reset timing by writing “1” to TBCRO
and TBCRL1.

OPTION A (C): 1.5V (3.0 V), Without regulator 6-2 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias
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7. Timers (TIMER)

7.1 Overview
The ML63611 has four internal 8-bit timers (0 to 3). Timers 0 and 1, or timers 2 and 3, can be used in tandem as a
16-bit timer.
Timers 0 and 1 have three operation modes: auto-reload mode, capture mode and frequency measurement mode.
Timers 2 and 3 have two modes: auto-reload and frequency measurement. Timer clock may be set to the time base
clock (TBCCLK: 32.768 kHz), the high-speed clock (HSCLK), or an external clock. When using the timers as a
16-bit timer, the overflow signals of timers 0 and 2 are used as the clocks for timers 1 and 3, respectively.
Timers can be used not only for pulse generation and time measurement, but as baud rate generators used in serial
transmission.
Timer O Timer 1 Timer 2 Timer 3
8-bit timer b b i i
16-bit timer d d
(Timer 0 overflow signal is (Timer 2 overflow signal is
used as clock for timer 1) used as clock for timer 3)
Clock TBCCLK/HSCLK/External clock (TO2CK, T13CK)
Auto-reload mode b d * *
Capture mode b i — —
Frequency measurement mode b i i i
7.2 Timer Configuration
Figures 7-1 through 7-4 show the configuration of timers 0 to 3.
Data bus ~
4 4
TMOCK .
TBECLK— ol TMOCL | TMOCH OV TMO overflow
HSCLK — ~Onti !
/ H cireuit 8 D Q TMOINT
PB.2/TO2CK[ Capture Reload
64 Hz —>| Frequency 8 TMOCK
437C —>{aontol et . — ]
TMODL | TMODH D Q N peO
:| > Capture |
'I?I\B/I.(())(/:AP L control circuit 4 4 R =
T
| TMOCAP Z RESETS
16 kHz
8kHz — g
4 kHz
2 kHz
1 kHz }—437C
512 Hz
256Hz 4
128 Hz
64 Hz

» Inside the IC

Inside the IC <«-—-———~— -

Figure 7-1 Timer 0 Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for

LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Data bus ~
4 4
T™1
TBCCLK —> TM1CK . overflow
HSCLK —>{ Control ————q TMICL ' TMICH OV D Q TMLINT
PB.3/T13CK[ ——! circuit 5 s
TMO overflow —| Capture Reload TMEK
8
PBYm— ) Capwre TMIDL  TMIDH [ D Q- s{ ]PB.1/
TM1CAP control circuit ! o 6 ] TM1OVF
4 4 I
TM1CAP ) RESETS
> Inside the IC Inside the IC <= ————— — —-—.
Figure 7-2 Timer 1 Configuration
Data bus ~
4 4
TBCCLK __] TM2CK :
HSCLKQ Control TM2CL : TM2CH oV TM2 overflow
PB.2/TO2CLK [}——{ creut D Q TM2INT
i Reload
8 TM2CK
64 Hz __.| Frequency :
t 1
437C ___| gwoenatlrs;rceirrr;iliwt TM2DL ! TM2DH D 9 TM20OVF
rQ
4 4 T
/ RESETS
> Inside the IC
Figure 7-3 Timer 2 Configuration
Data bus ~
4 4
HSCLK —>{ Control TM3CL ' TM3CH OV D Q TM3INT
PB.3/T13CK[ ————>{ ¢ircuit
TM2 overflow —;
Reload TM3CK
8
TM3DL . TM3DH D Q TM30OVF
Q
>
4 4 '.?
/ RESETS
> Inside the IC
Figure 7-4 Timer 3 Configuration
OPTION A (C): 1.5V (3.0 V), Without regulator 7-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 7 Timers (TIMER)

7.3 Timer Registers
The following four types of registers are used for timer control.
(1) Timer data registers
(TMODL, TMODH, TM1DL, TM1DH, TM2DL, TM2DH, TM3DL, TM3DH)
(2) Timer counter registers
(TMOCL, TMOCH, TM1CL, TM1CH, TM2CL, TM2CH, TM3CL, TM3CH)
(3) Timer control registers
(TMOCONO, TMOCON1, TM1CONO, TM1CON1, TM2CONO, TM2CON1, TM3CONO, TM3CON1)
(4) Timer status registers
(TMOSTAT, TM1STAT, TM2STAT, TM3STAT)
The registers are described below for each type.
(1) Timer data registers
(TMODL, TMODH, TM1DL, TM1DH, TM2DL, TM2DH, TM3DL, TM3DH)
«  During the auto-reload mode, timer data registers store the reload values.
e During the capture mode, timer data registers store the capture data.
Writing to a timer data register causes the contents of the timer counter register to be transferred to the
timer data register.
e At system reset, all valid bits are cleared to “0”.
*  Note regarding register values:
When a value is written to any timer counter register, the same value is also written to the corresponding
timer data register.
However, when writing to a timer data register, the same value is not written to the corresponding timer
counter register.
Timer O Registers
bit 3 bit 2 bit 1 bit 0
~TMODL ~ ~ (068H) TOD3 TOD2 TOD1 TODO
(Timer O lower) (R/W)
bit 3 bit 2 bit 1 bit 0
~ TMODH ~  (069H) TOD7 TOD6 TOD5 TOD4
(Timer O upper) (R/W)
Timer 1 Registers
bit 3 bit 2 bit 1 bit 0
_TMIDL (06AH) TiD3 T1D2 TiD1 T1DO
(Timer 1 lower) (R/W)
bit 3 bit 2 bit 1 bit 0
- TM1DH  (06BH) T1iD7 T1D6 T1D5 T1D4
(Timer 1 upper) (R/W)
OPTION A (C): 1.5V (3.0 V), Without regulator 7-3 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Timer 2 Registers

bit 3 bit 2 bit 1 bit 0

~TM2DL ~  (076H) T2D3 T2D2 T2D1 T2D0
(Timer 2 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM2DH (077H) T2D7 T2D6 T2D5 T2D4
(Timer 2 upper) (R/W)

Timer 3 Registers

bit 3 bit 2 bit 1 bit 0

- TM3DL  (078H) T3D3 T3D2 T3D1 T3D0
(Timer 3 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM3DH  (079H) T3D7 T3D6 T3D5 T3D4
(Timer 3 upper) (R/W)

(2) Timer counter registers
(TMOCL, TMOCH, TM1CL, TM1CH, TM2CL, TM2CH, TM3CL, TM3CH)

e 8-bit binary counter operation

e At system reset, all valid bits are cleared to “0”.

*  Note regarding register values:
When a value is written to any timer counter register, the same value is also written to the corresponding
timer data register.
However, when writing to a timer data register, the same value is not written to the corresponding timer
counter register.

Timer O Registers

bit 3 bit 2 bit 1 bit 0
~TMOCL ~  (06CH) TOC3 TOC2 ToC1 TOCO
(Timer O lower) (R/W)
bit 3 bit 2 bit 1 bit 0
- TMOCH  (06DH) ToC7 ToC6 TOC5 ToC4
(Timer O upper) (R/W)
OPTION A (C): 1.5V (3.0 V), Without regulator 7-4 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Timer 1 Registers

bit 3 bit 2 bit 1 bit 0

~TMICL (O6EH) T1C3 TiC2 T1C1 T1CO
(Timer 1 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM1CH  (06FH) T1C7 T1C6 T1C5 TiC4
(Timer 1 upper) (R/W)

Timer 2 Registers

bit 3 bit 2 bit 1 bit 0

- TM2CL (07AH) T2C3 T2C2 T2C1 T2C0
(Timer 2 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM2CH  (07BH) T2C7 T2C6 T2C5 T2C4
(Timer 2 upper) (R/W)

Timer 3 Registers

bit 3 bit 2 bit 1 bit 0

~TM3CL (07CH) T3C3 T3C2 T3C1 T3C0
(Timer 3 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM3CH  (07DH) T3C7 T3C6 T3C5 T3C4
(Timer 3 upper) (R/W)

OPTION A (C): 1.5V (3.0 V), Without regulator 7-5 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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(3) Timer control registers
(TMOCONO, TMOCON1, TM1CONO, TM1CON1, TM2CONO, TM2CON1, TM3CONO, TM3CON1)

Timer control registers select the operation mode and clock for each timer.

At system reset, all valid bits are cleared to “0”.

Note regarding register values:

When a value is written to any timer counter register, the same value is also written to the corresponding
timer data register.

However, when writing to a timer data register, the same value is not written to the corresponding timer
counter register.

Timer O Registers

To use timer 1 in combination as a 16-bit timer, set timer 1 control registers TM1CONO and TM1CONL.

bit 3 bit 2 bit 1 bit 0
TMOCONO (070H) O FMEASO TMOECAP TMORUN
o | |

Timer 0 mode select |
bit 2 bit 1 bit 0

0O 0 0 Auto-reload mode stop (initial value)

0O 0 1 Auto-reload mode operation

0O 1 0 Capture mode stop

0o 1 1 Capture mode operation

1 0 O Frequency measurement mode operation

1 0 1 Not used

1 1 O Not used

1 1 1 Not used

bit 2, 1, 0: FMEASO, TMOECAP, TMORUN

These bits select the timer 0 operation mode.

The timer O operation mode can be selected as auto-reload mode, capture mode, or frequency
measurement mode.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-6 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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bit 3 bit 2 bit 1 bit 0
TMOCONL1 (071H) O O TMOCL1 TMOCLO
(RIW)
Timer 0O clock select
bit 1 bit 0
0O 0 : TBCCLK (initial value)
0o 1 : HSCLK (high-speed clock)
1 0 External clock
1 1 Not used

bit 1, 0: TMOCL1, TMOCLO

These bits select the timer 0 clock.

The timer 0 clock can be selected as TBCCLK (low-speed clock), HSCLK (high-speed clock), or

external clock (TO2CK: secondary function of PB.2).

A Note:

If HSCLK is used as the clock, after ENOSC (bit 1 of FCON) is set to “1”, wait for the following time interval before

starting timer operation.

. Wait at least 10 ms when using ceramic oscillation.

. Wait at least 300 us when using RC oscillation.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Timer 1 Registers

bit 3 bit 2 bit 1 bit 0
TM1CONO (072H) 0 0 TM1ECAP TM1RUN
(RIW)
Timer 1 mode select
bit 1 bit 0
0O 0 : Auto-reload mode stop or 16-bit timer mode (initial value)
0o 1 Auto-reload mode operation
1 0 Capture mode stop
1 1 Capture mode operation

bit 1, 0: TM1ECAP, TM1RUN

These bits select the timer 1 operation mode.

The timer 1 operation mode can be selected as auto-reload mode, capture mode, or 16-bit timer mode.

bit 3 bit 2 bit 1 bit 0
TM1CONL1 (073H) O O TM1CL1 TM1CLO
(RIW)

Timer 1 clock select

bit 1 bit 0

0O 0 TBCCLK (initial value)

o 1 HSCLK

1 0 External clock

1 1 Timer O overflow (16-bit timer mode)

bit 1, 0: TM1CL1, TM1CLO

/N

These bits select the timer 1 clock.

The timer 1 clock can be selected as TBCCLK (low-speed clock), HSCLK (high-speed clock), external
clock (T13CK: secondary function of PB.2), or the timer 0 overflow flag.

When using as a 16-bit timer, select timer 0 overflow for the clock.

Note:

If HSCLK is used as the clock, after ENOSC (bit 1 of FCON) is set to “1”, wait for the following time interval before
starting timer operation.

Wait at least 10 ms when using ceramic oscillation.
Wait at least 300 ps when using RC oscillation.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-8 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Timer 2 Registers

To use timer 3 in combination as a 16-bit timer, set timer 3 control registers TM3CONO and TM3CONL.

bit 3 bit 2 bit 1 bit 0
TM2CONO (07EH) O FMEAS2 O TM2RUN
(RIW) | |

Timer 2 mode select |
bit 2 bit 0

0O 0 : Auto-reload mode stop (initial value)

o 1 Auto-reload mode operation

1 0 Frequency measurement mode operation

1 1 Not used

bit 2, 0: FMEAS2, TM2RUN
These bits select the timer 2 operation mode.

The timer 2 operation mode can be selected as auto-reload mode or frequency measurement mode.

bit 3 bit 2 bit 1 bit 0
TM2CON1 (07FH) O O TM2CL1 TM2CLO
(RIW)
Timer 2 clock select
bit 1 bit 0
0O 0 : TBCCLK (initial value)
0 1 HSCLK
1 0 External clock
1 1 Not used

bit 1, 0: TM2CL1, TM2CLO
These bits select the timer 2 clock.

The timer 2 clock can be selected as TBCCLK (low-speed clock), HSCLK (high-speed clock), or
external clock (TO2CK: secondary function of PB.2).

ﬁ Note:

If HSCLK is used as the clock, after ENOSC (bit 1 of FCON) is set to "1", wait for the following time interval before
starting timer operation.

. Wait at least 10 ms when using ceramic oscillation.
. Wait at least 300 ps when using RC oscillation.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-9 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Timer 3 Registers

bit 3 bit 2 bit 1 bit 0
TM3CONO (080H) 0 O O TM3RUN
(R/W)
Timer 3 mode select
0 : Auto-reload mode stop or 16-bit timer mode (initial value)
1 : Auto-reload mode operation

bit 0: TM3RUN
This bit selects the timer 3 operation mode.

The timer 3 operation mode can be selected as auto-reload mode or 16-bit timer mode.

bit 3 bit 2 bit 1 bit 0
TM3CON1 (081H) O O TM3CL1 TM3CLO
(RIW)
Timer 3 clock select
bit 1 bit 0
0O 0 : TBCCLK (initial value)
0o 1 HSCLK
1 0 : External clock
1 1 Timer 2 overflow (16-bit timer mode)

bit 1, 0: TM3CL1, TM3CLO
These bits select the timer 3 clock.

The timer 3 clock can be selected as TBCCLK (low-speed clock), HSCLK (high-speed clock), external
clock (T13CK: secondary function of PB.3), or the timer 2 overflow flag.

When using as a 16-bit timer, select timer 2 overflow for the clock.

A Note:

If HSCLK is used as the clock, after ENOSC (bit 1 of FCON) is set to “1”, wait for the following time interval before
starting timer operation.

. Wait at least 10 ms when using ceramic oscillation.
. Wait at least 300 us when using RC oscillation.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-10 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(4) Timer status registers (TMOSTAT, TM1STAT, TM2STAT, TM3STAT)

e Timer status registers read the status of each timer.
e At system reset, all valid bits are cleared to “0”.

Timer O Registers

bit 3 bit 2 bit 1 bit 0
TMOSTAT (074H) O 0 TMOCAP TMOOVF
(R)
Timer O capture flag

0: No new capture data (initial value)
1: New capture data

Timer O overflow flag

(1) Initial value] Toggles between 0 and 1 each time the timer O counter register overflows.

bit 1: TMOCAP (TiMer0 CAPture)

This bit indicates whether or not new capture data is present.

When TMOCAP = “0":
A value of “0” indicates that there has been no new capture data since system reset or since the last
time TMOCAP was read.

When TMOCAP = “1":
A value of “1” indicates that there is new capture data since system reset or since the last time
TMOCAP was read. Additional captures are disabled.

At system reset, TMOCAP is cleared to “0”.

In the capture mode, if the level of the capture input pin (PB.O/TMOCAP) changes and a capture is

generated, TMOCAP is automatically set to “1”.

If TMOSTAT is read, TMOCAP is automatically cleared to “0”.

bit 0: TMOOVF (TiMer0 OVerFlow)

This bit indicates that the timer counter register has overflowed.
This bit toggles between “0” and “1” whenever overflow occurs.
At system reset, TMOOVF is cleared to “0”.

Timer 1 Registers

bit 3 bit 2 bit 1 bit 0
TM1STAT (075H) 0 O TM1CAP TM1OVF
(R)
Timer 1 capture flag

0: No new capture data (initial value)
1: New capture data

Timer 1 overflow flag

2 Initial value] Toggles between 0 and 1 each time the timer 1 counter register overflows.
OPTION A (C): 1.5V (3.0 V), Without regulator 7-11 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 7 Timers (TIMER)

bit 1: TM1CAP (TiMerl CAPture)

This bit indicates whether or not new capture data is present.

When TM1CAP = “0":

A value of “0” indicates that there has been no new capture data since system reset or since the last time
TM1CAP was read.

When TM1CAP = “1";

A value of “1” indicates that there is new capture data since system reset or since the last time TMOCAP
was read. Additional captures are disabled.

At system reset, TM1CAP is cleared to “0”.

In the capture mode, if the level of the capture input pin (PB.L/TM1CAP) changes and a capture is
generated, TM1CAP is automatically set to “1”.

If TM1STAT is read, TM1CAP is automatically cleared to “0”.

bit 0: TM1OVF (TiMerl OVerFlow)
This bit indicates that the timer counter register has overflowed.

This bit toggles between “0” and “1” whenever overflow occurs.
At system reset, TM1OVF is cleared to “0”.

Timer 2 Register

bit 3 bit 2 bit 1 bit 0
TM2STAT (082H) O O O TM20VE
(R)

Timer 2 overflow flag

0: Initial value
1:

] Toggles between 0 and 1 each time the timer 2 counter register overflows.

bit 0: TM20OVF (TiMer2 OVerFlow)
This bit indicates that the timer counter register has overflowed.

This bit toggles between “0” and “1” whenever overflow occurs.
At system reset, TM20VF is cleared to “0”.

Timer 3 Register

bit 3 bit 2 bit 1 bit 0
TM3STAT (083H) O 0 0 TM3OVF
(R)

Timer 3 overflow flag

0O: Initial value
1:

] Toggles between 0 and 1 each time the timer 3 counter register overflows.

bit 0: TM3OVF (TiMer3 OVerFlow)

This bit indicates that the timer counter register has overflowed.
This bit toggles between “0” and “1” whenever overflow occurs.
At system reset, TM3OVF is cleared to “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-12 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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[Supplement]

Timer 0 Registers

List of Timer Registers

Name Symbol Address R/W Initial value
Timer 0 data register L TMODL 068H RIW OH
Timer O data register H TMODH 069H OH
Timer 0 counter register L TMOCL 06CH OH
Timer O counter register H TMOCH 06DH RW OH
Timer 0 control register 0 TMOCONO 070H RIW 8H
Timer 0 control register 1 TMOCON1 071H OCH
Timer O status register TMOSTAT 074H R OCH
Timer 1 Registers

Name Symbol Address R/W Initial value
Timer 1 data register L TM1DL 06AH RIW OH
Timer 1 data register H TM1DH 06BH OH
Timer 1 counter register L TM1CL 06EH RIW OH
Timer 1 counter register H TM1CH 06FH OH
Timer 1 control register 0 TM1CONO 072H RIW OCH
Timer 1 control register 1 TM1CON1 073H OCH
Timer 1 status register TM1STAT 075H R OCH
Timer 2 Registers

Name Symbol Address R/W Initial value
Timer 2 data register L TM2DL 076H RIW OH
Timer 2 data register H TM2DH 077H OH
Timer 2 counter register L TM2CL 07AH RIW OH
Timer 2 counter register H TM2CH 07BH OH
Timer 2 control register O TM2CONO 07EH RIW OAH
Timer 2 control register 1 TM2CON1 07FH OCH
Timer 2 status register TM2STAT 082H R OEH
Timer 3 Registers

Name Symbol Address R/W Initial value
Timer 3 data register L TM3DL 078H RIW OH
Timer 3 data register H TM3DH 079H OH
Timer 3 counter register L TM3CL 07CH RIW OH
Timer 3 counter register H TM3CH 07DH OH
Timer 3 control register O TM3CONO 080H RIW OEH
Timer 3 control register 1 TM3CON1 081H OCH
Timer 3 status register TM3STAT 083H R OEH

OPTION A (C): 1.5V (3.0 V), Without regulator 7-13 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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7.4

Timer Operation

7.4.1 Timer Clock

The timer clock can be selected as TBCCLK (low-speed clock: 32.768 kHz), HSCLK (high-speed clock), or an
external clock. By using timer 0 and timer 2 overflow signals as clocks for timer 1 and timer 3, respectively, the
timers can be used in pairs as 16-bit timers.

If the high-speed clock (HSCLK) is to be used, after setting ENOSC (bit 1 of FCON), wait at least 10 ms in the
ceramic oscillation mode or 300 ps in the RC oscillation mode before operating the timer.

The external clock is input to a port assigned as a secondary function port. In the case of timers 0 and 2,
PB.2/T02CK is used as the input pin for the external clock. In the case of timers 1 and 3, PB.3/T13CK is used as
the input pin for the external clock. Since the external clock is sampled by the system clock (CLK), the high- and
low-levels of the external clock should be longer than 1 cycle of the system clock (CLK).

7.4.2 Timer Data Registers

TMODL, TMODH, TM1DL, TM1DH, TM2DL, TM2DH, TM3DL and TM3DH are 4-bit registers.

In the auto-reload mode, the timer data registers save values that are reloaded into the timer counter registers when
the timer counter registers overflow.

In the capture mode, the timer data registers save the value of the timer counter registers when a capture signal is
input. Each timer data register can be read/written by software. Writing to timer data registers does not change the
contents of the timer counter registers.

7.4.3 Timer Counter Registers

TMOCL and TMOCH, TM1CL and TM1CH, TM2CL and TM2CH, and TM3CL and TM3CH are 8-bit binary
counters that are incremented at the falling edge of the timer clock.

Each timer counter register can be read/written by software. However, if the CPU clock and timer clock are
different, values that are read or written during the count operation cannot be guaranteed. If an external clock is
used as the timer clock, reading/writing is always possible.

When a value is written to any timer counter register, the same value is also written to the corresponding timer
data register.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-14 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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7.4.4 Timer Interrupt Requests and Overflow Flags

Timers generate timer interrupt requests when the timer counter register overflows. The overflow flag toggles
between “1” and “0” at each overflow. The output of the overflow flag of timers 0 and 1 can be output to
secondary port functions PB.0O/TMOOVF and PB.1/TM10OVF pins.

Figure 7-5 indicates the operation timing for timer counter register overflow. Table 7-1 lists timer interrupts.

Timer clock 82 / ‘ / \ /
T™MOCH, TMOCL | FE f FF f, 10 f 11 D[X FE ), 10 1
i 5y |
o’ « o’

TMODH, TMODL 10 N
49

TMOINT .
TMOOVE | «

Figure 7-5 Timer Counter Register Overflow Timing (for Timer 0)

o

Table 7-1 List of Timer Interrupts

IRQ flag IE flag Interrupt
Interrupt factor Symbol
(IRQ2) (IE2) vector address
Timer O interrupt TMOINT QTMO ETMO 0020H
Timer 1 interrupt TMLINT QTM1 ETM1 0022H
Timer 2 interrupt TM2INT QTM2 ETM2 0024H
Timer 3 interrupt TM3INT QTM3 ETM3 0026H

When the master interrupt enable flag (MIE) is set to “1” with the interrupt enable flags (ETMO0-3) set to “1”, and
a timer overflow occurs, a CPU interrupt request is generated.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-15 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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7.4.5 Auto-Reload Mode Operation

Timers 0 to 3 can be used as auto-reload mode timers. The setup method is as follows.

e Timer 0: Set FMEASO (bit 2 of TMOCONO) to “0”, and set TMOECAP (bit 1 of TMOCONO) to “0”.
e Timer 1: Set TM1ECAP (bit 1 of TM1CONO) to “0".

e Timer 2: Set FMEAS?2 (bit 2 of TM2CONO) to “0”.

e Timer 3: No setup needed.

In the auto-reload mode, each time the timer counter register overflows, the timer data register value is reloaded
into the timer counter register, and counting begins from the value. Setting the RUN bits (TMORUN, TM1RUN,
TM2RUN, TM3RUN) for each timer control register to “1” will restart the count, and resetting to “0” stops the
count.

In the 16-bit timer mode for timers 0 and 1 the TM1RUN bit is disabled, and start/stop is controlled with the
TMORUN bit. In the 16-bit timer mode for timers 2 and 3 the TM3RUN bit is disabled, and start/stop is controlled
with the TM2RUN bit.

Figure 7-6 shows auto-reload mode timing for pulse generation when timers 0 and 1 are used as a 16-bit timer.

0 ]
H ! !
FFFF(--)
BFFF |-
TM1CH, TM1CL
TMOCH, TMOCL
534F 1 -----
0000 i
m%gﬂ’ m%g'[ X 1 534F XBFFFHX 534F XBFFFHX
! 1 1 O
! O O <~
TMORUN
TMLINT I | ] |
O
TM1OVF
(PB.1 output) I
Figure 7-6 Auto-Reload Mode Timing
OPTION A (C): 1.5V (3.0 V), Without regulator 7-16 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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The operation procedures are as follows.

O

O

O

O

Set PB.1 to the output mode (TM1OVF) secondary function.

Write 534FH to the timer data and timer counter registers.
TM1DH = TM1CH =5H (bits 15-12)

TM1DL = TM1CL = 3H (bits 11-8)

TMODH = TMOCH = 4H (bits 7-4)

TMODL = TMOCL = FH (bits 3-0)

If TMOCON and TM1CON are set to auto-reload mode and TMORUN is set to “1”, the timer counter register
will start to count from 534FH.

Before the timer counter register overflows, write the next reload value BFFFH to the timer data register.
When the timer counter register overflows, BFFFH is set to the timer counter register, timer interrupt
TMIINT is generated and timer 1 overflow flag TM1OVF toggles. The timer counter register continues to
count up from BFFFH.

Before the timer counter register overflows, write the next reload value 534FH to the timer data register.
When the timer counter register overflows, 534FH is set to the timer counter register, timer interrupt
TMIINT is generated and timer 1 overflow flag TM1OVF toggles. The timer counter register resumes
counting from address 534FH.

Repeat steps O through 0. This allows a user-defined pulse to be output from PB.1/TM10OVF.

Halt the count by resetting TMORUN to “0”.

Figure 7-7 shows TMORUN count start/halt timing.

Selected clock BB
0
TMORUN

Timer clock ?2

TimerCOU_nter M ><M+1><M+228N—4><N—3><N—2><N—1>< N
register

Figure 7-7 TMORUN Count Start/Halt Timing

When TMORUN s set to “1”, the timer counter starts to count from the second falling edge of the selected clock.
When TMORUN is reset to “0”, the counter stops counting at the falling edge of the selected clock which appears
immediately after the TMORUN falling edge.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-17 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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7.4.6 Capture Mode Operation

Timer 0 and timer 1 can be used as capture mode timers.

In a capture mode, a change in the capture input (PB.0/TMOCAP, PB.1/TM1CAP) level during operation of the
timer counter register triggers loading of the value of the timer counter register into the timer data register.

Methods to set the capture mode for each timer are listed below.

e Timer 0: Set TMOECAP (bit 1 of TMOCONO) to “1”, and set FMEASO (bit 2 of TMOCONO) to “0”.
e Timer 1: Set TM1ECAP (bit 1 of TM1CONO) to “1”.

In the capture mode, reloading the timer data register data into the timer counter register is inhibited, and when the
timer counter register overflows, counting is restarted from 00H.

When a capture occurs, the capture flags (TMOCAP, TM1CAP) of the timer status registers (TMOSTAT,
TMI1STAT) are set to “1”.  Additional captures are disabled while the capture flags are “1”. The capture flags are
assigned to bit O of the timer status registers, and are automatically cleared to “0” when the timer status registers
are read.

If both the TM1CL1 and TM1CLO bits of the timer 1 control register 1 (TM1CONZ1) are set to “1” and timer O
overflow is selected as the clock, the 16-bit capture mode will be set. In this case, the PB.O/TMOCAP pin is the
capture trigger input.

Figure 7-8 shows the timer O capture mode timing for pulse width measurement.

TMOCH, TMOCL

0 :
! ! | 1 l
TMODH, TMODL >< 00OH A\ 50H X  FOH >< 60H >< EOH
o : 0 b B
TMORUN - ! 5 : L
TMOECAP : : |
TMOINT ] ] ol
PB.O/TMOCAP input U H-p v i V-0
TMOCAP 1" [ ] [
XIOINT ] | | iy
Lo | o | 3 |
| | | |
Figure 7-8 Capture Mode Timing
OPTION A (C): 1.5V (3.0 V), Without regulator 7-18 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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The operation procedure is listed below.

O

O

O

O

Set PB.0O/TMOCAP to input mode, and enable XIOINT and TMOINT.

Clear all bits of the timer counter registers and timer data registers to zero.

Set TMOCONO to the capture mode, and set TMORUN to “1” to begin upward counting.

If the PB.O/TMOCAP input changes, the TMOCH/TMOCL value is captured by TMODH/TMODL and
TMOCAP is set to “1” (first capture). The CPU detects this through XIOINT and reads the values of
TMODH/TMODL.

After the TMODH/TMODL read is complete, TMOCAP is cleared to “0” to wait for the next capture.

If the PB.O/TMOCAP input changes, repeat operations [ and [I (second capture).
The high-level pulse width t1 of the PB.0 input can be determined as follows.
tl = (FOH = 50H) x to « tok: TMCLK cycle

TMOINT is generated when the timer counter register overflows. When overflow occurs, the timer counter
register changes from FFH to 00H and continues upward counting.

If the PB.O/TMOCAP input changes, repeat operations [0 and [ (third capture). Because the counter
overflows once during the interval between the second capture and the third capture, the low-level pulse
width t2 of the PB.0 input can be determined as follows.

t2 = (60H — FOH + 100H) X to «

While TMOCAP = “1”, there is no capture even when PB.0/TMOCAP changes.

Figure 7-9 shows the capture timing and Figure 7-10 shows the capture signal (CAPT) generator circuit.

Timer clock

PB.0/TMOCAP input i\W ||
TMOCH, TMOCL —_ X m_gh + 1Xm + 2Xm + 3Xm + 4Ym + 5Xm + 6)m + 7Xm + 8X_
[

TMODH, TMODL W m% 1
W
Capture signal ’|<
(CAPT) !
TMOCAP |
TMOSTAT READ N

Figure 7-9 Capture Timing

OPTION A (C): 1.5V (3.0 V), Without regulator 7-19 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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| O ) cwr

PB.O/TMOCAP input ————D Q D Q
Timer clock L
TMOECAP
TMOCAP D Q

=]

g

Figure 7-10 Capture Signal (CAPT) Generator Circuit

A Note:

Set the pulse width of the capture trigger signal to be input to more than or equal to two cycles of the timer clock.
Typical examples of valid pulse widths of the trigger signal are shown below.

« When a low-speed clock (32.768 kHz) is used as the timer clock, a pulse width of 62 ps or more is required.
* When a high-speed clock (2 MHz) is used as the timer clock, a pulse width of 1 pus or more is required.

« When an external clock is used as the timer clock, a pulse width of more than or equal to two cycles of the
external clock is required.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-20 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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7.4.7 Frequency Measurement Mode Operation

The frequency measurement mode is used to measure the frequency of the RC oscillator clock, which has wide
product variation.

Timers 0 and 1, and timers 2 and 3 can be used in the frequency measurement mode. These timers are set as
follows for the frequency measurement mode:

 Timer 0:

e Timer 1:
e Timer 2:
* Timer 3:

Set FMEASO (bit 2 of TMOCONO) to “1”, and set TMOECAP (bit 1 of TMOCONO) and
TMORUN (bit 0 of TMOCONO) to “0”.

Set TMLECAP (bit 1 of TM1CONO) and TMLRUN (bit 0 of TM1CONO) to “0”.

Set FMEAS?2 (bit 2 of TM2CONO) to “1”, and set TM2RUN (bit 0 of TM2CONO) to “0”.

Set TM3RUN (bit 0 of TM3CONO) to “0”.

The count obtained in the frequency measurement mode can be used to determine the auto-reload mode timer data
register value, thereby making the timer overflow to generate various signals with required cycles. During serial
transmission, the timer 3 interrupt signal (TM3INT) is used as the baud rate clock.

Figure 7-11 indicates frequency measurement mode timing when timers 2 and 3 are used as a 16-bit timer.

TM3DH, TM3DL
TM2DH, TM2DL -

(H)
FFFE|

TM3CH
TM3CL
TM2CH 0
TM2CL

0000

O

PP po S S s B
437C [ ﬂ l |-
FMEAS?2 |

[El 437/32768 s RI:I

Figure 7-11 Frequency Measurement Mode Timing

The operation sequence for Figure 7-11 is as follows.

O Timer 3 control registers 0 and 1 (TM3CONO, TM3CONL1) are set for 16-bit timer mode, and the timer
counter and timer data register are cleared to “0”. Enable the high-speed clock by the frequency control
register (FCON) and the timer clock is set to HSCLK.

O Wait 10 ms or more in the ceramic oscillation mode or 300 ps or more in the RC oscillation mode after
starting the high-speed clock and set FMEAS?2 to “1” to enter the frequency measurement mode.

00 When FMEAS?2 is “1”, the counter starts at the 64 Hz falling edge.

0 When the 437C signal is “1”, FMEAS?2 is reset to “0”, and the counter stops at the falling edge of the next
clock. The 437C signal is a pulse signal which rises in 437/32768 second after the 64 Hz falling edge.

O  Timer counter register value N1 is read.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-21 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Assuming that the ceramic oscillation clock is exactly 700 kHz, value N1 read from the timer counter register is:

N1 = 700000 x 437/32768
= 9335 (decimal)
= 2477 (hexadecimal)
=0010 0100 0111 0111 (binary)

(truncated)
Because 437/32768 second is equivalent to 128 clocks at 9600 Hz (more precisely, 9598 Hz), a division of the
count by 128 provides the frequency ratio (N2) between 700 kHz and 9600 Hz. Because 128 = 27, that can be
determined by merely truncating the righthand seven digits of N1 (binary), yielding
N2 = 9335/128 = 001001000 (binary)

= 48 (hexadecimal)

=72 (decimal)
This indicates that 9600 Hz is about 72 times the cycle of 700 kHz, which means that the timer data register

should be set to FFB8H so that the counter overflows every 72 counts of the 700 kHz clock in auto-reload mode.
As a result, overflow produces a TM3INT cycle trygnt OF

trmaint = 1/700000 x 72 = 0.102857 ms (9722 Hz)
In the same way, assuming that RC oscillation clock is 600 kHz due to manufacturing variation, we get
N1 = 600000 x 437/32768 = 8001 (decimal)
= 1F41 (hexadecimal)
=0001 1111 0100 0001 (binary)
(truncated)
Truncating the righthand seven digits of N1 (binary), we get
N2 =8001/128 = 000111110 (binary)
= 3E (hexadecimal)
= 62 (decimal)

Set the timer data register to FFC2H so that the counter overflows every 62 counts of the 600 kHz clock in auto-
reload mode. As a result, overflow produces a TM3INT cycle trygnt OF

tryans = 1/600000 x 62 = 0.10333 ms (9677 Hz)

In this way the frequency measurement mode can be applied to generate TM3INT signals with precision cycles.
These TM3INT signals can be supplied to the serial port as a baud rate clock.

Changing the value of N2 makes it possible to generate baud rates of 4800 Hz, 2400 Hz or user-defined rates.
The precision of the generated baud rate clock is within +2% for 9600 Hz, and within +1% for 4800 Hz or lower.

OPTION A (C): 1.5V (3.0 V), Without regulator 7-22 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Figure 7-12 illustrates the operation of baud ratae clock for an RC oscillator clock frequency of 600 kHz.

(H)
FFFFT

FFC2

TM3CH
TM3CL
TM2CH
TM2CL

0000

TM3DH, TM3DL
TM2DH, TM2DL

TM3INT | | I | | ]

(9677 Hz)
0.10333 ms

Figure 7-12 Baud Rate Clock Generation

FFC2

OPTION A (C): 1.5V (3.0 V), Without regulator 7-23 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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8. 100 Hz Timer Counter (100HzTC)

8.1 Overview

The 100 Hz timer counter has a circuit that divides the TBC6 output (512 Hz) of the time base counter to generate
a 10 Hz interrupt. The 100 Hz timer consists of a 5/6-base counter and two decimal counters.

8.2 100 Hz Timer Counter Configuration

Figure 8-1 indicates the configuration of the 100 Hz timer counter.

T100CR

T10HzINT
T10CR

Decimal counter
R

|

Decimal counter
R

512 Hz ij 5/6-base counter
R
ECNT |>—

T10CR WRITE jD
T100CR WRITE

T10CR READ

4-bit latch

Data

0H>% bit0 | pus

T100CR READ

Figure 8-1 100 Hz Timer Counter Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias




ML63611 User’s Manual
Chapter 8 100 Hz Timer Counter (100HzTC)

8.3 100 Hz Timer Counter Registers
(1) 100 Hz timer counter control register (TL00CON)

This is a 4-bit special function register (SFR) controlling the 100 Hz timer counter.

bit 3 bit 2 bit 1 bit 0
T100CON (066H) 0 0 0
(RIW) ECNT

Count start/stop select
0 : Count stop (initial value)
1: Count start

bit 0: ECNT
This bit controls count start/stop for the 100 Hz timer counter internal counter. Count starts when
set to “1”. At system reset the value is reset to “0” and counting is stopped.

(2) 100 Hz counter register (T100CR)
This is a 4-bit special function register (SFR) to read the 100 Hz counter of the 100 Hz timer counter. The
content of the T100CR is latched by a 4-bit latch in TLOCR read operation, so the value of the TL00CR must
always be read after reading T10CR.

When data is written in TL00CR, both T100CR and T10CR are reset to “0”.

bit 3 bit 2 bit 1 bit 0

T100CR (064H) 100C3 100C2 100C1 100C0
(RIW)

(3) 10 Hz counter register (T10CR)
A 4-bit special function register (SFR) to read the 10 Hz counter in the 100 Hz timer counter.

When data is written in TI0CR, both T100CR and T10CR are reset to “0”.

bit 3 bit 2 bit 1 bit 0
T10CR (065H) 10C3 10C2 10C1 10C0
(R/W)
OPTION A (C): 1.5V (3.0 V), Without regulator 8-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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8.4 100 Hz Timer Counter Operation

The 100 Hz timer counter begins counting when bit 0 (ECNT) of the 100 Hz timer counter control register
(T100CON) is set to “1”. The 512 Hz output of the time base counter is divided into 100 Hz by the 5/6-base
counter.

The 100 Hz signal is input to the 100 Hz counter (T100CR) and the carry output of that counter is input to the 10
Hz counter (T10CR). The T10HzINT signal, which is the carry output (10 Hz) of the T100CR 100 Hz counter,
also generates an interrupt request, setting bit 3 (Q10Hz) of interrupt request registers 3 (IRQ3) to “1”.

If either T100CR or T10CR is written to, both are reset to “0”. The write data used has no significance. For
example, the “MOV T100CR,A” instruction is not dependent on the contents of the accumulator.

If T10CR is read, the contents of TI00CR at that time are latched to the 4-bit latch. Therefore, the contents of
T100CR at the time T10CR is read can be read correctly.

OPTION A (C): 1.5V (3.0 V), Without regulator 8-3 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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9. Watchdog Timer (WDT)

9.1 Overview
The watchdog timer is a circuit to detect CPU malfunction. The WDT consists of a 9-bit watchdog timer counter

(WTDC) counting the 256 Hz output of the TBC7 of the time base counter (TBC), and a watchdog timer control
register (WDTCON) to start and clear WDTC.

9.2 Watchdog Timer Configuration

Figure 9-1 shows the configuration of the watchdog timer.

WDTCON
| == ]
i Internal pointer |
| T Q I
WDTCON —>j I
WRITE - :
I R !
! i !G_— QWDACK
! ! (internal reception signal)
I I
- 4 “5H” detection i RESETS
. and latch _‘ . (system reset)
I I
| |
| |
i . .
| |
: 4 “ " . :
| OAH” detection !
I I
| |
| i
I |
Data bus w
L[> [~ WDTINT
WDTC (interrupt request)

256 Hz
(from time base counter)  Watchdog timer counter

Figure 9-1 Watchdog Timer Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator 9-1 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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9.3 Watchdog Timer Control Register (WDTCON)
The watchdog timer control register (WDTCON) is a 4-bit write-only special function register (SFR) used to
start/clear the watchdog timer counter (WDTC).
bit 3 bit 2 bit 1 bit 0
WDTCON (09FH) d3 d2 d1 do
W)
9.4 Watchdog Timer Operation
At system reset, WDTC (watchdog timer counter) stops counting.
WDTC begins counting by writing “5H” to WDTCON (watchdog timer control register) while the internal pointer
is “0”, and then writing “0AH” (while the internal pointer is “1”).
The internal pointer is cleared to “0” at system reset or when WDTC overflows, and toggles every time a write
operation to WDTCON is performed.
After WDTC is activated, WDTC is cleared by writing “5H” to WDTCON while the internal pointer is “0”, and
then writing “0AH” while the internal pointer is “1”. When WDTC overflows (1FFH - 000H), a watchdog timer
interrupt request (WDTINT) is generated. WDTINT cannot be disabled by the software (non-maskable interrupt)
and has the highest level of interrupt priority.
The WDTC overflow cycle (T) is given by:
- 128x512 _,
32768 (Hz)
The minus deviation (t) of the WDTC overflow cycle is given by:
_ 128 _ .
t= 32768 (Hz) o approximately 3.9 ms
Therefore, the WDTC clear cycle (Ct) can be computed as follows.
Ct=T-t=2s-39ms=1.9961s
If 32.768 kHz is to be used as the low-speed clock, the software must be programmed to clear WDTC within
1.9961 s.
If the CPU malfunctions due to a power failure or other factor and the WDTC cannot be cleared normally, WDTC
will overflow and WDTINT will be generated. Program the watchdog timer interrupt routine to handle recovery
operations by returning to the normal routine.
& Note:
The watchdog timer cannot detect all operating faults. If the CPU malfunctions but WDTC can still be cleared, a fault
will not be detected.
OPTION A (C): 1.5V (3.0 V), Without regulator 9-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Figure 9-2 shows a flowchart of watchdog timer processing.

Q System reset

Write “5H”
to WDTCON

Write “OAH”
to WDTCON

Write “5H”
to WDTCON

Processing

Write “OAH”
to WDTCON

Processing

--- WDT operation is stopped

Internal pointer “0”

- -~ Internal pointer “0” - “1”

-~~~ WDT operation is started
Internal pointer “1” - “0”

--- Internal pointer “0” - “1”

-~~~ WDTC is cleared
Internal pointer “1” - “0”

Processing
time should not
exceed 1.9961 s

Figure 9-2 Watchdog Timer Processing Flowchart

OPTION A (C): 1.5V (3.0 V), Without regulator 9-3

circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Figure 9-3 shows the timing chart for watchdog timer operation.

0 Fault occurrence
System reset |_| !

\ O O 0o O 0o o 0O

Data: 5 A 5 A 5 5 A 5

woTcoN % T ] T |

write signal ! ! ! ! ! oo |

I I | l | l l l O l

Internal pointer | | ] L] Overflow
Watchdog timer counter P
(WDTC) content \Z
19t020s
WDTINT Start ]

(interrupt request signal)

(Interrupt request)

Figure 9-3 Watchdog Timer Operation Timing Chart

The watchdog timer operating sequence is listed below.

0 System reset clears the internal pointer and WDTC.

O  Write “5H” to WDTCON. (Internal pointer 0 - 1)

O  Write “OAH” to WDTCON to start WDTC. (Internal pointer 1 - 0)

O  Write “5H” to WDTCON. (Internal pointer 0 - 1)

O  Write “OAH” to WDTCON to clear WDTC. (Internal pointer 1 - 0)

O  Write “5H” to WDTCON. (Internal pointer 0 - 1)

O After a fault occurs, “5H” is written to WDTCON but is not accepted since the internal pointer is “1”.
(Internal pointer 1 0)

O  “OAH” is written to WDTCON, but since the internal pointer is “0” and the write of “5H” in step O was not
accepted, WDTC will not be cleared. (Internal pointer 0 1)

O Because WDTC was not cleared, overflow of WDTC will generate the watchdog timer interrupt WDTINT.
At this time, the internal pointer is cleared to “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 9-4 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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10.

Ports (INPUT, /O PORT)

10.1 Overview

10.2

The ML63611 has built in it a 4-bit input-only port (Port 0) and 8-bit 1/0 ports (Port A, Port B, Port C, and Port
E).

Port 0 has the three modes of input with pull-up resistor, input with pull-down resistor, and high impedance, one
of which can be selected by software. Further, there are the functions of external 5 interrupt and of transfer to
system reset due to simultaneous key depression.

The pairs Port A and Port B, and Port C and Port E have the input modes of input with pull-up resistor, input with
pull-down resistor, and high impedance, or the output modes of P-channel open drain output, N-channel open
drain output, CMOS output, and high impedance, and in each case, one of the modes can be selected by software.
In addition, Port B has the external 0 interrupt function and Port C has the external 1 interrupt function.

Port E has the function of RC oscillator clock output for an A/D converter, the low-speed oscillation clock output
function, the high-speed oscillation clock output function, and the external 2 interrupt function.

Ports List

The ports of the ML63611 are shown in Table 10-1.

Table 10-1 Ports List

Port 1/0 Function Page

Basic function: Input-only port

Port 0 Simultaneous key depression reset function 10-2
Secondary function: External 5 interrupt (4-bit OR input)
Basic function: I/O port

PortA | 1/O - 10-7
Secondary function: None
Basic function: 1/0O port

PortB | I/O 10-11

Secondary function: External O interrupt (4-bit OR input)

Basic function: 1/0O port

Secondary function: Serial port receive data input pin (PC.0/RXD)

PortC | 1/0 Synchronous serial port clock I/O pin (for transmission)(PC.1/TXC)
Synchronous serial port clock I/O pin (for reception)(PC.2/RXC)
Serial port transmit data output pin (PC.3/TXD)

External 1 interrupt (4-bit OR input)

10-19

Basic function: 1/0O port

Secondary function: Output pin of RC oscillation clock for an A/D converter (PE.O/MON)
PortE | I/O Low-speed oscillation clock output pin (PE.1/TBCCLK) 10-27
High-speed oscillation clock output pin (PE.2/HSCLK)
External 2 interrupt (PE.3/INT2)

OPTI

ON A (C): 1.5V (3.0 V), Without regulator 10-1 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 10 Ports (INPUT, 1/0 PORT)

10.3  Port 0 (P0.0-P0.3)

The ML63611 has Port 0, a 4-bit input-only port.

Apart from the input port function, Port 0 has the functions of external interrupts and the function of transfer to
system reset due to simultaneous key depression.

10.3.1 Port 0 Configuration

For the input port functions, there are the input modes of input with pull-up resistor, input with pull-down resistor,
and high impedance, which can be selected by the Port 0 control registers 0/1 (POCONO and POCON1). Among
the external interrupt functions, the external 5 interrupt function has been assigned to this port which detects the
OR result of the four input bits. It is possible to set the interrupt enabling and disabling for each bit using the Port

0 interrupt enable register (POIE).

The function of transfer to system reset due to simultaneous key depression is the function of transferring to the
system reset mode when there is simultaneous key depression of 2 bits, 3 bits, or 4 bits, as specified by the mask
option, for a period of more than about 2 to 3 seconds. For details, see Section 3.2, “System Reset Mode (RST)”.

Figure 10-1 shows the configuration of port 0.

Pull-up/
pull-down
control

VDD
I_
S
VSS
P0.0-P0.3 [ I
Figure 10-1

10.3.2 Port 0 Registers

o>

L% P0.0-P0.3

Data bus
POCONO 4
POCON1
'4
b
Read POD
h= ’

(to external interrupt 5
control circuit)

Input-Only Port (Port 0) Configuration

The following registers are used to control port 0:

(1) Port 0 data register (POD)

(2) Port 0 control registers 0/1 (POCONO, POCON1)
(3) Port 0 interrupt enable register (POIE)

(1) Port 0 data register (POD)

POD is a 4-bit read-only special function register (SFR) used to read the pin level of each bit of port 0.

bit 3 bit 2 bit 1 bit 0
POD (OO?H; P03 P02 PO1 P00
R
| | | |
Pin level of each bit of port 0 |
0: “L” level (initial value)
1: “H” level
OPTION A (C): 1.5V (3.0 V), Without regulator 10-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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(2) Port 0 control registers 0/1 (POCONO, POCON1)

POCONO and POCONL are 4-bit special function registers (SFRs) that select pull-up or pull-down resistors
and select the external interrupt sampling frequency of Port 0 secondary function.

At system reset, all the input modes for the four bits of POCONO are set to the input mode set by the mask
option, and 128 Hz is selected as the external interrupt sampling frequency (however, all the bits enters the
interrupt disabled state).

bit 3 bit 2 bit 1 bit 0

POCONO ((()1?\;; PO3MD P0O2MD PO1MD POOMD
R

Port 0.3 input mode selectgl

0: Input with pull-up/pull-down resistor (initial value)
1: High impedance input

Port 0.2 input mode select

0: Input with pull-up/pull-down resistor (initial value)
1: High impedance input

Port 0.1 input mode select

0: Input with pull-up/pull-down resistor (initial value)
1: High impedance input

Port 0.0 input mode select

0: Input with pull-up/pull-down resistor (initial value)
1: High impedance input

bit 3 bit 2 bit 1 bit 0

POCON1 (011H) 0 0 POPUD POF
(RIW)

Port 0 pull-up/pull-down resistor mode select

0: Inputs with pull-down resistors (initial value)
1: Inputs with pull-up resistors

External interrupt sampling frequency select

0: 128 Hz sampling (initial value)
1: 4 kHz sampling

bit 1: POPUD

This bit is used to select pull-up or pull-down resistors when any of the port 0 pins are selected by
POCONO as an input with pull-up/pull-down resistor.

Setting POPUD to “0” selects pull-down resistors, and setting to “1” selects pull-up resistors.

Individual specification of pull-down or pull-up resistors for the pins of port 0.0 to 0.3 is not
possible.

A Note:

Use the mask option to specify the initial value at system reset of POPUD.

OPTION A (C): 1.5V (3.0 V), Without regulator 10-3 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(3) Port 0 interrupt enable register (POIE)

POIE is a 4-hit special function register (SFR) that enables/disables individual bits when port 0 is used as an
external interrupt.

At system reset, all bits in the port interrupt enable register are cleared to “0” and port 0 is initialized to the
interrupt disabled state.

bit 3 bit 2 bit 1 bit 0

POIE (012H) PO3IE PO2IE PO1IE POOIE
(R/W)

Port 0.3 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

Port 0.2 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

Port 0.1 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

Port 0.0 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

OPTION A (C): 1.5V (3.0 V), Without regulator 10-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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10.3.3 Port 0 External Interrupt Function (External Interrupt 5)

Port 0 has external interrupt 5 allocated as secondary function. Individual bits can be enabled/disabled for external
interrupt 5.

External interrupt generation for each input of port 0 is triggered by the falling edge of either the 128 Hz or 4 kHz
sampling clock from the time base counter.

After the port level changes, interrupt request signal XISINT is output and external interrupt 5 request flag (QXI15)
is set. The maximum time delay from the change in port level until setting QXI5 is one cycle of the sampling
clock (128 Hz or 4 kHZ).

Because the port 0 external interrupt 5 is set by a level change at any of the port 0 inputs, each bit of the port must
be read to determine which bit of port 0 generated the interrupt.

The interrupt vector address for external interrupt 5 is 001EH.

Figure 10-2 shows an equivalent circuit of external interrupt 5 control.

POIE

PO-OD__)D——O’?:C POOIE

P0.1 D—jD__o PO1IE

,?, Level change |
PO.ZD—jD o _ PO2IE detection circuit
PO.3|:»—jI>__§;C PO3IE

128 Hz
4kHz — Sampling signal To interrupt
POCON1 IRO1 IE1 priority encoder
POPUD - IRQL.3 IE1.3 circuit
POF QXI5 0 LEXB|
XISINT

Figure 10-2 Equivalent Circuit of External Interrupt 5 Control

Figure 10-3 shows the timing for generation of external interrupt 5.
(@) POPUD = “0” (initial value: inputs with pull-down resistors) setting

e When all P0.0 to PO.3 inputs are at a “L” level
External interrupt 5 is generated when any port 0 input changes to a “H” level.

e When any of P0.0 to PO.3 inputs is at a “H” level
External interrupt 5 is generated when all the port 0 inputs change to a “L” level.

(b) POPUD = “1” (inputs with pull-up resistors) setting

e When all P0.0 to P0.3 inputs are at a “H” level
External interrupt 5 is generated when any port 0 input changes to a “L” level.

* When any of P0.0 to PO.3 inputs is at a “L” level
External interrupt 5 is generated when all the port 0 inputs change to a “H” level.

OPTION A (C): 1.5V (3.0 V), Without regulator 10-5 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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128 Hz or / 2 :
4 kHz

. : ))
1 1 ¢
P0.0 J | :
5 : )
PO.1 ! !
I 1 ))
1 [ LR
P0.2 X | l |
1 1 ))
. . S |
P0.3 ! !
XISINT 3

PO0.0

QXI5 —,—;F‘

(2) When POPUD = “0"

128 Hz or : )
4 kHz

PO.1

)
{

)
{

P0.2

)
{

PO0.3

)

(

)

{

)

¢

)

(
XISINT —,—‘ 2
QXI5 —,—N_|

(b) When POPUD = “1”

)
{

)
{

Figure 10-3 Interrupt Generation Timing of External Interrupt 5

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

10-6

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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10.4  Port A (PA.0-PA.3)

The ML63611 has Port A, a 4-bit input/output port.

10.4.1 Port A Configuration

The circuit configuration for port A is shown in Figure 10-4.

i

Output
port
control

4

Data bus
PAD 4
PADIR
PACONO
PACON1

i

i

Pull-up/
pull-down
control

VDD

VSS
PA.0-PA.3 [}

VDD

VSS

Figure 10-4 Input/Output Port A Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

10-7

OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias
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10.4.2 Port A Registers
(1) Port A data register (PAD)

PAD is a 4-bit special function register (SFR) used to set the output values for the port.

When a bit in the port direction register (PADIR) is set to “1” to select the output mode, the content of the
corresponding bit in the port data register (PAD) is output to the port (port A).

When a bit in the port data register (PAD) is read with the corresponding port direction register bit set to
output, the value of the bit in the port data register is read.

When a bit in the port data register (PAD) is read with the corresponding port direction register bit set to “0”
(input mode), the level of the corresponding pin is read.

e PortA

bit 3

bit 2

bit 1 bit 0

PAD (00AH)

PA3

PA2

PA1 PAO

(RIW)

Port A input/output data

At system reset all bits in the port A data register are set to “0”. When data is written to the port A data
register, the actual pin change timing is at the rising edge of the system clock for state 2 of the write

instruction.

Figure 10-5 shows port A change timing.

Write instruction

CLK

S1

S2

Port A Old data

>< New data

Figure 10-5 Port A Change Timing

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

10-8

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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(2) Port A direction register (PADIR)

PADIR is a 4-bit special function register (SFR) which specifies the port input/output direction for each bit.
Pins corresponding to PADIR bits set to “0” are input, and those corresponding to bits set to “1” are output.

At system reset all bits in PADIR are set to “0”, and port A is initialized to input mode.

e PortA
bit 3 bit 2 bit 1 bit 0
PADIR (02CH) PA3DIR PA2DIR PALDIR PAODIR
(RA) | | | |

Port A input/output setting |
0: Input (initial value)

1: Output

OPTION A (C): 1.5V (3.0 V), Without regulator 10-9 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(3) Port A control registers 0/1 (PACONO, PACON1)
PACONO and PACONL are 4-bit special function registers (SFRs) used to select port input/output mode.
The input mode may be pull-down resistor input, pull-up resistor input or high-impedance input.

The output mode may be CMOS output, N-channel open drain output, P-channel open drain output or high-
impedance output.

* PortA
bit 3 bit 2 bit 1 bit 0
PACONO (02AH) PA1IMD1 PA1MDO PAOMD1 PAOMDO
(R/W) |—4,
Port A.1 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 0 Input with pull-down resistor (initial value) 0 0 1 CMOS output (initial value)
1  O: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0:P-channel open drain output
1 1:High-impedance output
Port A.0 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 0 Input with pull-down resistor (initial value) O 0 : CMOS output (initial value)
1  O: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0:P-channel open drain output
1 1:High-impedance output
bit 3 bit 2 bit 1 bit O
PACON1 (02BH) PA3MD1 PA3MDO PA2MD1 PA2MDO
(R/W) ]
Port A.3 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 0 Inputwith pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 0: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0:P-channel open drain output
1 1:High-impedance output
Port A.2 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 0 Inputwith pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 O: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0:P-channel open drain output
1 1:High-impedance output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-10 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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10.5 Port B (PB.0-PB.3)

The ML63611 has Port B, a 4-bit input/output port.

10.5.1 Port B Configuration

As its 1/O port functions, port B has the input mode that can be pull-up resistor input, pull-down resistor input, or
high-impedance input and the output mode that can be P-channel open drain output, N-channel open drain output,
CMOS output, or high-impedance output. These modes are selected by the port B control registers 0/1 (PBCONO,
PBCONL1).

An external 0 interrupt is assigned as an external interrupt function. External O interrupts are detected through a 4-
bit OR input. Enabling or disabling interrupts can be specified for each bit by the port B interrupt enable register
(PBIE).

The circuit configuration for port B is shown in Figure 10-6.

Voo Data bus
Output PBD
port PBDIR 4
control PBCONO
PBCON1
PBMOD
4 Vss 2
PB.0-PB.3 [ |- TMOOVF
TM1OVF
Voo (from timer
Pull-up/ 0, 1 circuits)
p
pull-down
control
—
4
PB.0-PB.3
Vss (to external interrupt O

control circuit)

TMOCAP, TM1CAP,
TO2CK, T13CK
(to timer 0-3 circuits)

Figure 10-6 Input /Output Port (Port B) Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator 10-11 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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10.5.2 Port B Registers

The following registers are used to control port B:

)

(1) Port B data register (PBD)

(2) Port B direction register (PBDIR)

(3) Port B control registers 0/1 (PBCONO, PBCON1)
(4) Port B mode register (PBMOD)

(5) Port B interrupt enable register (PBIE)

Port B data register (PBD)
PBD is a 4-bit special function register used to set the output values for port B.

When a bit in the port B direction register (PBDIR) is set to “1” to select the output mode, the content of the
corresponding bit in the port B data register is output to the port B.

When a bit in the port B data register is read with the corresponding PBDIR bit set to output, the value of the
bit in the port B data register is read.

When a bit in the port B data register is read with the corresponding PBDIR bit set to “0” (input mode), the
level of the corresponding pin of port B is read.

bit 3 bit 2 bit 1 bit O

PBD (00BH) PB3 PB2 PB1 PBO
(RW) | | | |

Port B output data |

At system reset all bits in the port B data register (PBD) are set to “0”. When data is written to the port B
data register, the actual pin change timing is at the rising edge of the system clock for state 2 of the write
instruction.

Figure 10-7 indicates port B change timing.

Write instruction

S1 S2
CLK
Port B Old data >< New data
Figure 10-7 Port B Change Timing
OPTION A (C): 1.5V (3.0 V), Without regulator 10-12 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(2) Port B direction register (PBDIR)

PBDIR is a 4-bit special function register (SFR) which specifies the port input/output direction for each bit.
Pins corresponding to PBDIR bits set to “0” are input, and those corresponding to PBDIR bits set to “1” are
output.

At system reset all bits in the port B direction register are reset to “0”, and port B is initialized to input mode.

bit 3 bit 2 bit 1 bit 0
PBDIR (030H) PB3DIR PB2DIR PB1DIR PBODIR
(RA) | | | |
Port B input/output setting |
0: Input (initial value)
1: Output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-13 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(3) Port B control registers 0/1 (PBCONO, PBCON1)
PBCONO and PBCONL are 4-bit special function registers (SFRs) used to select port input/output mode.
The input mode can be pull-down resistor input, pull-up resistor input or high-impedance input.

The output mode can be CMOS output, N-channel open drain output, P-channel open drain output or high-
impedance output.

At system reset all bits in PBCONO and PBCONL1 are set to “0”, and port B is initialized to pull-down
resistor input mode and CMOS output mode.

bit 3 bit 2 bit 1 bit 0
PBCONO (02EH) PB1MD1 PB1MDO PBOMD1 PBOMDO
(R/W)

Port B.1 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 0 Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)

1 0: Input with pull-up resistor 0 1 :N-channel open drain output

x 1 : High-impedance input 1 0: P-channel open drain output

1 1:High-impedance output

Port B.0 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0

0 0:Input with pull-down resistor (initial value) 0 0:CMOS output (initial value)

1 0: Input with pull-up resistor 0 1 :N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1:

1 High-impedance output
bit 3 bit 2 bit 1 bit 0
PBCONL1 (02FH) PB3MD1 PB3MDO PB2MD1 PB2MDO
(RIW)
Port B.3 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 0 Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 0: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1 1:High-impedance output
Port B.2 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 0 Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 O: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1 1:High-impedance output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-14 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(4) Port B mode register (PBMOD)

PBMOD is a 4-bit special function register (SFR) used to select the sampling frequency when port B is used
as an external interrupt. It is also used to select port B secondary functions other than external interrupt.

The external interrupt sampling frequency can be selected as either 128 Hz or 4 kHz.

At system reset all the valid bits in PBMOD are initialized to “0”.

Port B secondary functions are indicated in Table 10-2.

Table 10-2 Port B Secondary Functions

Port Secondary function Description
PB.O TMOCAP Timer O capture input
PB.1 TM1CAP Timer 1 capture input
PB.2 T02CK Timer 0, timer 2 external clock input
PB.3 T13CK Timer 1, timer 3 external clock input
PB.O TMOOVF Timer 0 overflow flag output
PB.1 TM10VF Timer 1 overflow flag output
PB.O
PB.1 .
B2 INTO External interrupt O
PB.3
bit 3 bit 2 bit 1 bit O
PBMOD (032H) PBF 0 PB1MOD PBOMOD

(RIW)

External interrupt sampling frequency select

1: 4 kHz sampling

Port B.1 pin function select

0: 128 Hz sampling (initial value)

Port B.0 pin function select

0: Input/output function (initial value)
1: Timer 1 overflow flag output (TM1OVF) function
(Goes into output mode irrespective of PB1DIR)

0: Input/output port function (initial value)
1: Timer 0 overflow flag output (TMOOVF) function
(Goes into output mode irrespective of PBODIR)

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

10-15

OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias
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(5) Port B interrupt enable register (PBIE)

PBIE is a 4-bit special function register (SFR) that enables/disables individual bits when port B is used as an
external interrupt input.

At system reset, all bits in PBIE are cleared to “0” and port B is initialized to the interrupt disabled state.

bit 3 bit 2 bit 1 bit 0

PBIE (031H) PB3IE PB2IE PBLIE PBOIE
(RW)

Port B.3 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

Port B.2 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

Port B.1 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

Port B.0 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

OPTION A (C): 1.5V (3.0 V), Without regulator 10-16 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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10.5.3 Port B External Interrupt Function (External Interrupt 0)

Port B has external interrupt O allocated as secondary function. Individual bits can be enabled/disabled for
external interrupt 0.

External interrupt generation for port B is triggered by the falling edge of the 128 Hz or 4 kHz time base counter,
which is the sampling clock.

After the port level changes, the interrupt request signal (XIOINT) is output, and the interrupt request flag (QX10)
is set. The maximum delay for this sequence is one cycle of the sampling clock (128 Hz or 4 kHz).

Because the port B external interrupt is set by a level change at any of the port B inputs, each bit of the port must
be read to determine which bit of port B generated the interrupt.

The interrupt start address for external interrupt 0 is 0014H.

Figure 10-8 shows the equivalent circuit for external interrupt O control.

PBCONO, PBCON1
PBIE

PB.O[J—
PBOMD1 :)D © o-PBOIE

PB.1[] PBIMDL ]D 0 - PBLIE IRQO IEO to interrupt priority
IRQO.2 IE0.2 encoder
Level change |XIOINT oXI0 o EXIO
PB-ZD_PBZMDl D o  PB2IE detect circuit go >

PRa————
PB3MD1 ;,;c PB3IE

128 Hz

4 kHz
PBMOD

PBF

Figure 10-8 External Interrupt 0 Control Equivalent Circuit

Figure 10-9 shows the external interrupt O generation timing.

() PBOMD1 to PB3MDL1 = “0” (initial value: inputs with pull-down resistors or high impedance input)
setting

*  When all PB.0 to PB.3 inputs are at a “L” level
External interrupt O is generated when any port B input changes to a “H” level.

e When any of PB.0 to PB.3 inputs is at a “H” level
External interrupt O is generated when all the port B inputs change to a “L” level.

(b) PBOMD1 and PB1MD1 = “0” and PB2MD1 and PB3MD1 = “1” (PB.0 and PB.1 selected as inputs with
pull-down resistors or high impedance input; PB.2 and PB.3 selected as inputs with pull-up resistors or
high impedance input) setting

e When both PB.0 and PB.1 inputs are at a “L” level AND both PB.2 and PB.3 inputs are at a “H”
level
External interrupt O is generated when either PB.0 or PB.1 input changes to a “H” level
(alternatively, when either PB.2 or PB.3 input changes to a “L” level).

e When either PB.0 or PB.1 input is at a “H” level OR either PB.2 or PB.3 input is ata “L” level
External interrupt O is generated when both PB.0 and PB.1 inputs change to a “L” level AND both
PB.2 and PB.3 inputs change to a “H” level.

OPTION A (C): 1.5V (3.0 V), Without regulator 10-17 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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128 Hz or ’
4 kHz [

JU L L

‘ 1 ))
PB.0 | f :()
PB.1 | -
o <
PB.2 | |
l l v
PB.3 | |
XIOINT )

128 Hz or )
4 kHz '

QXI0 —,—?§—|

(a) When PBOMD1 to PB3MD1 = “0”

. 1 )) . :
PO | i ; L
l ; b l l
PB.1 | ;
PB.2 L 2 | | |
PB.3 : | ) | i
. | ¢ ! .
XIOINT )

QXI0

—

(b) When PBOMD1 and PB1MD1 = “0” and PB2MD1 and PB3MD = “1”

Figure 10-9 Interrupt Generation Timing of External Interrupt 0

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

10-18

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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10.6 Port C (PC.0-PC.3)

The ML63611 has Port C, a 4-bit input/output port.

10.6.1 Port C Configuration

The circuit configuration for port C is shown in Figure 10-10.

Voo Data bus
Output PCD
port PCDIR 4
control PCCONO
PCCON1
— PCMOD

4 VSS 3
PC.o-PC.3 [ &o—% TXC, RXC, TXD

(from serial port)
% VDD
Pull-up/

pull-down
control
—

4

PC.0-PC.3
Vss (to external interrupt 1

control circuit)

3

RXD, TXC, RXC
(to serial port circuits)

Figure 10-10 Input /Output Port (Port C) Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator 10-19 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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10.6.2 Port C Registers

)

@

Port C data register (PCD)
PCD is a 4-bit special function register used to set the output values for port C.

When a bit in the port C direction register (PCDIR) is set to “1” to select the output mode, the content of the
corresponding bit in the port C data register is output to the port C.

When a bit in the port C data register is read with the corresponding PCDIR bit set to output, the value of the
bit in the port C data register is read.

When a bit in the port C data register is read with the corresponding PCDIR bit set to “0” (input mode), the
level of the corresponding pin of port C is read.

bit 3 bit 2 bit 1 bit 0

PCD (00CH) PC3 PC2 PC1 PCO
(RAW) | ] ] ]

Port C output data

At system reset all bits in the port C data register (PCD) are set to “0”. When data is written to the port C
data register, the actual pin change timing is at the rising edge of the system clock for state 2 of the write
instruction.

Figure 10-11 indicates port C change timing.

Write instruction

S1 S2

CLK

Port C Old data >< New data

Figure 10-11 Port C Change Timing

Port C direction register (PCDIR)

PCDIR is a 4-bit special function register (SFR) which specifies the port input/output direction for each bit.
Pins corresponding to PCDIR bits set to “0” are input, and those corresponding to PCDIR bits set to “1” are
output.

At system reset all bits in the port C direction register are reset to “0”, and port C is initialized to input mode.

bit 3 bit 2 bit 1 bit 0
PCDIR (035H) PC3DIR PC2DIR PC1DIR PCODIR
(RN | | | |
Port C input/output setting |
0: Input (initial value)
1: Output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-20 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(3) Port C control registers 0/1 (PCCONO, PCCON1)
PCCONO and PCCONL1 are 4-bit special function registers (SFRs) used to select port input/output mode.
The input mode can be pull-down resistor input, pull-up resistor input or high-impedance input.

The output mode can be CMOS output, N-channel open drain output, P-channel open drain output or high-
impedance output.

At system reset all bits in PCCONO and PCCONL1 are set to “0”, and port C is initialized to pull-down
resistor input mode and CMOS output mode.

bit 3 bit 2 bit 1 bit 0
PCCONO (033H) PC1MD1 PC1MDO PCOMD1 PCOMDO
(R/W)

Port C.1 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 0 : Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)

1 0: Input with pull-up resistor 0 1 :N-channel open drain output

x 1 : High-impedance input 1 0: P-channel open drain output

1 1:High-impedance output

Port C.0 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0

0 0 Inputwith pull-down resistor (initial value) 0 0:CMOS output (initial value)

1 0: Input with pull-up resistor 0 1 :N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1:

1 High-impedance output
bit 3 bit 2 bit 1 bit 0
PCCONL1 (034H) PC3MD1 PC3MDO PC2MD1 PC2MDO
(RIW)
Port C.3 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 0 : Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 0: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1 1:High-impedance output
Port C.2 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 0 Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 O: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1 1:High-impedance output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-21 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(4) Port C mode registers 0/1 (PCMODO, PCMOD1)

PCMODO and PCMOD1 are 4-bit special function registers (SFRs) used to select the sampling frequency
when ports are used for external interrupt, and to select secondary functions other than external interrupt.

The external interrupt sampling frequency is either 128 Hz or 4 kHz.
At system reset all Ithe valid bits in the PCMODO0 and PCMODL1 are initialized to “0”.

Port C secondary functions are indicated in Table 10-3.

Table 10-3 Port C Secondary Functions

Port Secondary function Description
PC.0 RXD Serial port receive data input
PC.1 TXC Serial port transmit clock 1/0
PC.2 RXC Serial port receive clock 1/0
PC.3 TXD Serial port transmit data output
PC.0
PC.1 )
5C2 INT1 External interrupt 1
PC.3
OPTION A (C): 1.5V (3.0 V), Without regulator 10-22 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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bit 3 bit 2 bit 1 bit 0
PCMODO (037H)
O g O
(RIW) PCF
External interrupt sampling frequency select
0: 128 Hz sampling (initial value)
1: 4 kHz sampling
bit 3 bit 2 bit 1 bit 0
PCMOD1 (038H) PC3MOD PC2MOD PC1MOD PCOMOD

(RIW)

Port C.3 pin function select
0: Input/output port function (initial value)
1. Serial port transmit data output (TXD) function (goes into output mode irrespective of PC3DIR)

Port C.2 pin function select
0: Input/output port function (initial value)

1. Serial port receive clock input/output (RXC) function (switching of input/output mode

depends on SRCLK bit of serial port receive control register SRCONL1. It is performed irrespective of PC2DIR)

Port C.1 pin function select
0: Input/output port function (initial value)

1. Serial port transmit clock input/output (TXC) function (switching of input/output mode

depends on STCLK bit of serial port transmit control register STCONL. It is performed irrespective of PC1DIR)

Port C.0 pin function select
0: Input/output port function (initial value)
1. Serial port receive data input (RXD) function (goes into input mode irrespective of PCODIR)

OPTION A (C): 1.5V (3.0 V), Without regulator 10-23 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(5) Port C interrupt enable register (PCIE)

PCIE is a 4-bit special function register (SFR) that enables/disables individual bits when port C is used as an
external interrupt input.

At system reset, all bits in PCIE are cleared to “0” and port C is initialized to the interrupt disabled state.

bit 3 bit 2 bit 1 bit 0

PCIE (036H) PC3IE PC2IE PC1IE PCOIE
(RW)

Port C.3 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

Port C.2 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

Port C.1 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

Port C.0 interrupt enable/disable select

0: Interrupt disabled (initial value)
1: Interrupt enabled

OPTION A (C): 1.5V (3.0 V), Without regulator 10-24 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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10.6.3 Port C External Interrupt Function (External Interrupt 1)

Port C has external interrupt 1 allocated as secondary function. Individual bits can be enabled/disabled for
external interrupt 1.

External interrupt generation for port C is triggered by the falling edge of the 128 Hz or 4 kHz time base counter,
which is the sampling clock.

After the port level changes, the interrupt request signal (XILINT) is output, and the interrupt request flag (QXI11)
is set. The maximum delay for this sequence is one cycle of the sampling clock (128 Hz or 4 kHz).

Because the port C external interrupt 1 is set by a level change at any of the port C inputs, each bit of the port
must be read to determine which bit of port C generated the interrupt.

The interrupt start address for external interrupt 1 is 0016H.

Figure 10-12 shows the equivalent circuit for external interrupt 1 control.

PCCONO, PCCON1
PCIE

PC.O[
PCOMD1 :)D j’:o PCOIE

PeAl oo > 7%0% IRQO IE0 to interrupt priority
IE03
Level change |xI1INT | 'RQO-3 > _EXI1| encoder
ang oxi1 o
ey D Oi O_PCZ'EJQ detect circut &

Pead———
PC3MD1 ;,;c PC3IE

128 Hz

4 kHz
PCMOD

PCF|

Figure 10-12 External Interrupt 1 Control Equivalent Circuit

Figure 10-13 shows the external interrupt 1 generation timing.

() PCOMD1 to PC3MD1 = “0” (initial value: inputs with pull-down resistors or high impedance input)
setting

*  When all PC.0 to PC.3 inputs are at a “L” level
External interrupt 1 is generated when any port C input changes to a “H” level.

e When any of PC.0 to PC.3 inputs is at a “H” level
External interrupt 1 is generated when all the port B inputs change to a “L” level.

(b) PCOMD?1 and PC1MD1 =*“0” and PC2MD1 and PC3MD1 = “1” (PC.0 and PC.1 selected as inputs with
pull-down resistors or high impedance input; PC.2 and PC.3 selected as inputs with pull-up resistors or
high impedance input) setting

*  When both PC.0 and PC.1 inputs are at a “L” level AND both PC.2 and PC.3 inputs are at a “H”
level
External interrupt 1 is generated when either PC.0 or PC.1 input changes to a “H” level
(alternatively, when either PC.2 or PC.3 input changes to a “L” level).

OPTION A (C): 1.5V (3.0 V), Without regulator 10-25 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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e When either PC.0 or PC.1 input is at a “H” level OR either PC.2 or PC.3 input is ata “L” level
External interrupt 1 is generated when both PC.0 and PC.1 inputs change to a “L” level AND both
PC.2 and PC.3 inputs change to a “H” level.

128 Hz or ?2
4 kHz '
PC.0

—~~
~

S |

PC.1 | | | | ]

o ¢ |

pC.2 a | :

o 2 |

PC.3 | | | | i
XI1INT

))
10
QX1 —,—N_I
(@) When PCOMD1 to PC3MD1 =*“0"
128 Hz or ?2
4 kHZ ! 1
PC.0

PC.1

PC.2 )0 |
e

PC3 L |
(¢

XILINT '—‘ 2 '—‘
QXI1 —,—n_|

(b) When PCOMD1 and PC1MD1 = “0" and PC2MD1 and PC3MD = “1"

Figure 10-13 Interrupt Generation Timing of External Interrupt 1

OPTION A (C): 1.5V (3.0 V), Without regulator 10-26 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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10.7  Port E (PE.O-PE.3)

The ML63611 has Port E, a 4-bit input/output port.

Apart from the input/output port function, Port E has the functions of external interrupts, the function of RC
oscillator clock output for an A/D converter, the low-speed clock output function, and the high-speed clock output
function.

10.7.1 Port E Configuration

For the input port functions, there are the input modes of input with pull-up resistor, input with pull-down resistor,
and high impedance, or the output modes of P-channel open drain output, N-channel open drain output, CMOS
output, and high impedance, and one of the modes can be selected by the Port E control registers (PECONO and
PECON1).

The external 2 interrupt has been assigned to PE.3.
The function of RC oscillator clock output for an A/D converter, the low-speed clock output function, and the
high-speed clock output function have been assigned to PE.O, PE.1, and PE.2, respectively. These functions can be

selected by the Port E mode register (PEMOD).

The circuit configuration for port E is shown in Figure 10-14.

Voo Data bus
Output PED
port PEDIR 4
control PECONO
PECON1
— PEMOD
4 Vss 3
PE.O-PE.3 [] MON (from A/D
converter circuit),
Voo TBCCLK (from low-
speed oscillation circuit),
Pull-up/ HSCLK (from high-
pull-down speed oscillation circuit)
control
—

1
N———> PE3

Vss (to external 2 interrupt
control circuit)

Figure 10-14 Input/Output Port (Port E) Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator 10-27 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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10.7.2 Port E Registers
(1) Port E data register (PED)

@

PED is a 4-bit special function register used to set the output values for port E.

When a bit in the port E direction register (PEDIR) is set to “1” to select the output mode, the content of the
corresponding bit in the port E data register is output to the port E.

When a bit in the port E data register is read with the corresponding PEDIR bit set to output, the value of the
bit in the port E data register is read.

When a bit in the port E data register is read with the corresponding PEDIR bit set to “0” (input mode), the
level of the corresponding pin of port E is read.

bit 3 bit 2 bit 1 bit 0
PE3 PE2 PE1 PEO

Port E output data |

PED (00EH)
(RIW)

At system reset all bits in the port E data register (PED) are reset to “0”. When data is written to the port E
data register, the pin change timing is at the rising edge of the system clock for state 2 of the write
instruction.

Figure 10-15 indicates port E change timing.

Write instruction

S1 S2

CLK

Old data >< New data

Port E

Figure 10-15 Port E Change Timing

Port E direction register (PEDIR)

PEDIR is a 4-bit special function register (SFR) which specifies the port input/output direction for each bit.
Pins corresponding to PEDIR bits set to “0” are input, and those corresponding to PEDIR bits set to “1” are
output.

At system reset all bits in the port E direction register are set to “0”, and port E is initialized to input mode.

bit 3 bit 2 bit 1 bit 0
PEDIR (03FH) PE3DIR PE2DIR PE1DIR PEODIR
(RN | | | |
Port E input/output setting |
0: Input (initial value)
1: Output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-28 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(3) Port E control registers 0/1 (PECONO, PECON1)
PECONO and PECONL are 4-bit special function registers (SFRs) used to select port input/output mode.
The input mode can be pull-down resistor input, pull-up resistor input or high-impedance input.

The output mode can be CMOS output, N-channel open drain output, P-channel open drain output or high-
impedance output.

At system reset all bits in PECONO and PECON1 are set to “0”, and port E is initialized to pull-down resistor
input mode and CMOS output mode.

bit 3 bit 2 bit 1 bit 0
PECONO (03DH) PE1MD1 PE1MDO PEOMD1 PEOMDO
(R/W)

Port E.1 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 0 Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)

1 0: Input with pull-up resistor 0 1 :N-channel open drain output

x 1 : High-impedance input 1 0: P-channel open drain output

1 1:High-impedance output

Port E.O input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0

0 0:Input with pull-down resistor (initial value) 0 0:CMOS output (initial value)

1 0: Input with pull-up resistor 0 1 :N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1:

1 High-impedance output
bit 3 bit 2 bit 1 bit 0
PECON1 (03EH) PE3MD1 PE3MDO PE2MD1 PE2MDO
(RIW)
Port E.3 input/output mode select I:’—l
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 0 Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 0: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1 1:High-impedance output
Port E.2 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 0 : Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 O: Input with pull-up resistor 0 1:N-channel open drain output
x 1 : High-impedance input 1 0: P-channel open drain output
1 1:High-impedance output
OPTION A (C): 1.5V (3.0 V), Without regulator 10-29 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(4) Port E mode register (PEMOD)

PEMOD is a 4-hit special function register (SFR) used to select the sampling frequency when PE.3 is used as
an external interrupt. It is also used to select port E secondary functions other than external interrupt.

The external interrupt sampling frequency can be selected as either 128 Hz or 4 kHz.
At system reset all bits in PEMOD are initialized to “0”.

Port E secondary functions are indicated in Table 10-4.

Table 10-4 Port E Secondary Functions

Port Secondary function Description
PE.O MON RC oscillation clock output for an A/D converter
PE.1 TBCCLK Low-speed oscillation clock output
PE.2 HSCLK High-speed oscillation clock output
PE.3 INT2 External interrupt 2
bit 3 bit 2 bit 1 bit 0
PEMOD (((J;‘r?\z; PEF PE2MOD PE1MOD PEOMOD

External interrupt sampling frequency select
0: 128 Hz sampling (initial value)
1: 4 kHz sampling

Port E.2 pin function select
0: Input/output port function (initial value)

1: High-speed oscillation clock output (HSCLK)
(Goes into output mode irrespective of PE2DIR.)

Port E.1 pin function select

0: Input/output port function (initial value)

1: Low-speed oscillation clock output (TBCCLK)
(Goes into output mode irrespective of PE1DIR.)

Port E.O pin function select

0: Input/output port function (initial value)
1: RC oscillation clock for an A/D converter (MON)
(Goes into input mode irrespective of PEODIR.)

OPTION A (C): 1.5V (3.0 V), Without regulator 10-30 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 10 Ports (INPUT, 1/0 PORT)

10.7.3 Port E.3 External Interrupt Function (External Interrupt 2)

Port E.3 has external interrupt 2 allocated as secondary function.

External interrupt generation for PE.3 is triggered by the falling edge of the 128 Hz or 4 kHz time base counter,
which is the sampling clock.

After the port level changes, the interrupt request signal (XI2INT) is output, and the interrupt request flag (QX12)
is set. The maximum delay for this sequence is one cycle of the sampling clock (128 Hz or 4 kHz).

The interrupt start address for external interrupt 2 is 0018H.

Figure 10-16 shows the equivalent circuit for external interrupt 2 control.

IRQ1 IE1 to interrupt priority
PE 30— Level change | Xi2INT |IRQLO 0o | ETG, Exip eE”COder
’ detect circuit
128 Hz
4 kHz
PEMOD
PEF

Figure 10-16 External Interrupt 2 Control Equivalent Circuit

Figure 10-17 shows the external interrupt 2 generation timing.

g T UL
]

~~
—~

PE.3

~L

—~
~

~L

XI2INT

()
X2 —— )—|—)(\_

Figure 10-17 External Interrupt 2 Generation Timing

OPTION A (C): 1.5V (3.0 V), Without regulator 10-31 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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11. Melody Driver (MELODY)

11.1 Overview

The ML63611 has an internal melody circuit and buzzer circuit.

While automatically reading melody data in ROM (program memory) as specified by an MSA instruction, the
melody circuit outputs a melody signal via the MD and MDB pins.

The output voltage level of the MDB pin when the melody is OFF can be selected as either Vpp or Vg using the
mask option. Refer to Section 1.3, “Mask Options” and the “MOGTOOL Mask Option Generator User’s Manual”
for details.

The melody circuit can select 29 different tones, 63 different tone lengths, and 15 different tempos.

The buzzer circuit has four different buzzer output modes at a frequency of 4 kHz. The buzzer driver signal is
output via the MD and MDB pins.

Melody output is a higher priority operation than buzzer output.

11.2  Melody Driver Configuration

The melody driver configuration is shown in Figure 11-1.

Melody data request ~Melody data

14
Melody end interrupt MD
request Melody circuit
MSA instruction ————= Buzzer circut — MDB

4 4

TEMPO MDCON

4 4
Data bus S S

Figure 11-1 Melody Driver Configuration
OPTION A (C): 1.5V (3.0 V), Without regulator 11-1 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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11.3 Melody Driver Registers

(1) Tempo Register (TEMPO)

TEMPO is a 4-bit special function register (SFR) that sets the tempo of the melody driver.

bit 3 bit 2 bit 1 bit 0
TEMPO (096H) TMP3 TMP2 TMP1 TMPO
(RW) | | | |
Melody tempo select
bit 3 bit 2 bit 1 bit 0
0 0 0 0:/J =480 (initial value)
0 0 0 1:J) =480
0 0 1 0:J=32
0 0 1 1:J) =240
0 1 0 0:J=192
0 1 0 1:J=160
0 1 1 0:J 0137
0o 1 1 1:J)=120
1 0 0 0:J 0107
1 0 0 1:)=96
1 0 1 o0:J)087
1 0 1 1:)=80
1 1 0 0:J)074
1 1 0 1:)069
1 1 1 0:/)=64
1 1 1 1:)=60

(2) Melody Driver Control Register (MDCON)

MDCON is a 4-bit special function register (SFR) that controls output of the melody driver.

bit 3

bit 2

bit 1 bit 0

MDCON (097H) MSE

EMBD

MBM1 MBMO

(RIW)
Melody status flag —,

0 : Melody stopped (initial value)
1 : Melody output

Buzzer output ON/OFF control

0 : Buzzer output OFF (initial value)
1 : Buzzer output ON

Buzzer mode select

I

bit 1 bit 0
0 0: Intermittent tone 1 (initial value)
0 1: Intermittenttone 2
1 0: Singletone
1 1: Continuous tone

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

11-2

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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bit 3: MSF

This flag indicates the melody output status.

When an MSA instruction starts the melody, MSF is set to “1”. After output of the last melody
data (END bit is “1”), MSF is cleared to “0”.

Setting MSF to “0” during melody output will forcibly stop the melody output. If forcibly stopped,
the melody output cannot be restarted at the address at which it was stopped.

At system reset, MSF is cleared to “0”.

A Note:

If MSF (bit 3 of MDCON) is set to “0” to stop melody output forcibly, it is required to set the stop address on the
ROM table to the end-data address (8000H). In this case, set MSF to “0” after writing the melody end data
that consists of two words of melody (silence with the END bit being “1”) data. If this programming is not
executed, melody output may not be stopped even if MSF is set to “0”. Example programming is shown
below.

;* P ro g ram p art***********

DI ; 0. Disable master interrupt (MIE).

MSA MDSTOP_DATA ; 1. Write melody end data to the melody circuit.
MOV A, #0 ; 2. Set the MSF to “0".

MOV MDCON,A ;

MOV A, #1101b ; 3. Clear melody end interrupt request (QMD).
AND IRQO, A ;

El ; 4. Enable master interrupt (MIE).

;*ROM table data part****
;*Provide two words of melody data so that a melody will always be terminated even if a melody
;*request is issued twice.

MDSTOP_DATA:

DW  8000H ; Silence data 1
DW 8000H : Silence data 2

In the Dr.63611 In-Circuit Emulator, melody output will be stopped only by setting MSF to “0”; writing melody
end data is not needed.

bit 2: EMBD

This bit turns the buzzer output ON or OFF.

At system reset, EMBD is cleared to “0” and buzzer output is turned OFF.

In the single tone output mode, setting EMBD to “1” turns ON the buzzer output. After the
second falling edge of the 32 Hz output, EMBD is cleared to “0” and buzzer output is turned OFF.
If melody output is started during buzzer output, EMBD is cleared to “0” and the buzzer output is
turned OFF.

OPTION A (C): 1.5V (3.0 V), Without regulator 11-3 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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bit1, 0: MBM1, MBMO

These bits select the buzzer output mode.
Output of two types of intermittent tones, a single tone or a continuous tone can be selected.
At system reset, MBM1 and MBMO are cleared to “0”, selecting output of intermittent tone 1.

Buzzer output mode Waveform
Intermittent tone 1 Intermittent tone waveform synchronized to 8 Hz output of time
base counter
Intermittent tone 2 Intermittent tone waveform synchronized to the logical AND of

8 Hz signal output and a “L” level of 1 Hz signal output of the
time base counter

Single tone Single tone waveform beginning when EMBD s set to “1” until
second falling edge of 32 Hz output of time base counter
Continuous tone Continuous tone waveform that is constant while EMBD is “1”

Figure 11-2 shows the output waveforms of the melody driver output pins.

Cycle specified by tone code

MD output

MDB output

Output state No output state Output state

Figure 11-2 Output Waveforms of Melody Driver Output Pins

11.4  Melody Circuit Operation

After the melody tempo is set in the tempo register (TEMP), execution of an MSA instruction will start operation
of the melody circuit.

The melody circuit outputs melody data while automatically reading melody data in ROM (program memory) as
specified by an MSA instruction. When the last melody data is read (END bit is “1”), the melody circuit
generates a melody end interrupt request. At this time, if an MSA instruction is executed, after the last melody
data is output, melody output will continue from the melody data specified by the MSA instruction. If an MSA
instruction is not executed, the melody output will stop after the last melody data is output.

MSF (bit 3 of MDCON) is a flag indicating the melody output status. When MSF is “1”, the melody is being
output, and when “0”, the melody is stopped. Setting MSF to “0” during melody output will forcibly stop the
melody output. If it is required to stop melody output forcibly, describe the program according to the “Note” on
page 11-3. If forcibly stopped, the melody output cannot be restarted at the address at which it was stopped.

OPTION A (C): 1.5V (3.0 V), Without regulator 11-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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11.4.1 Tempo Data

Tempo data defines the basic tone length. Tempo data is set in the tempo register (TEMPO).

The tempos (number of counts per minute) set by TEMPO are shown in Table 11-1.

Table 11-1 Melody Tempo

TEMPO

TP3-0 TP3 TP2 TP1 TPO Tempo
OH 0 0 0 0 J =480
1H 0 0 0 1 J =480
2H 0 0 1 0 J =320
3H 0 0 1 1 J =240
4H 0 1 0 0 J =192
5H 0 1 0 1 J =160
6H 0 1 1 0 J 0137
7H 0 1 1 1 J =120
8H 1 0 0 0 J 0107
9H 1 0 0 1 J =96
AH 1 0 1 0 J 087
BH 1 0 1 1 J =80
CH 1 1 0 0 J 074
DH 1 1 0 1 J 069
EH 1 1 1 0 J =64
FH 1 1 1 1 J =60

OPTION A (C): 1.5V (3.0 V), Without regulator 11-5 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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11.4.2 Melody Data
Melody data is 14-bit format data in the program ROM defining tone, tone length and end tone.

The melody data format is indicated in Figure 13-3.

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO

END|O* | L5 | L4 | L3 | L2 | L1 | LO | O* | N6 | N5 | N4 | N3 | N2 | N1 | NO

| | | | J
End bit Tone length code Tone code
* Bits 14 and 7 may be either “0” or “1".

Figure 11-3 Melody Data Format

(1) Tone code
The tone code is set in bits 6 through O of the melody data. The frequencies that can be output by the
melody circuit are defined as:

65536
(N+2)

The relation between N and tone code bits is:

Hz (where N is an integer from 4 to 127)

N = 2°N6 + 2°N5 + 2*N4 + 2°N3 + 22N2 + 2'N1 + 2°NO

If N6 through N2 are all set to “0”, there is no melody output for the time specified by the tone length code.
Values for N1 and NO are irrelevant.

Table 11-2 indicates the relations between tones and tone codes.

Table 11-2 Tone and Tone Code Correspondence

Tone Frequency Tone code
(Hz) N6 N5 N4 N3 N2 N1 NO N6—-NO
ct 529 1 1 1 1 0 1 1 7BH
Cist 560 1 1 1 0 0 1 1 73H
D! 590 1 1 0 1 1 0 1 6DH
Dis? 624 1 1 0 0 1 1 1 67H
E! 662 1 1 0 0 0 0 1 61H
F! 705 1 0 1 1 0 1 1 5BH
Fist 745 1 0 1 0 1 1 0 56H
G* 790 1 0 1 0 0 0 1 51H
Gist 840 1 0 0 1 1 0 0 4CH
Al 886 1 0 0 1 0 0 0 48H
Ais? 936 1 0 0 0 1 0 0 44H
B! 993 1 0 0 0 0 0 0 40H
c? 1057 0 1 1 1 1 0 0 3CH
Cis? 1111 0 1 1 1 0 0 1 39H
D? 1192 0 1 1 0 1 0 1 35H
OPTION A (C): 1.5V (3.0 V), Without regulator 11-6 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Table 11-2 Tone and Tone Code Correspondence (continued)

T Frequency Tone code
one
(Hz) N6 N5 N4 N3 N2 N1 NO N6—-NO
Dis? 1260 0 1 1 0 0 1 0 32H
E? 1338 0 1 0 1 1 1 1 2FH
F2 1394 0 1 0 1 1 0 1 2DH
Fis? 1490 0 1 0 1 0 1 0 2AH
G? 1560 0 1 0 1 0 0 0 28H
Gis? 1680 0 1 0 0 1 0 1 25H
A? 1771 0 1 0 0 0 1 1 23H
Ais? 1872 0 1 0 0 0 0 1 21H
B? 1986 0 0 1 1 1 1 1 1FH
c3 2114 0 0 1 1 1 0 1 1DH
D3 2341 0 0 1 1 0 1 0 1AH
Dis® 2521 0 0 1 1 0 0 0 18H
E® 2621 0 0 1 0 1 1 1 17H
Fis® 2979 0 0 1 0 1 0 0 14H

(2) Tone length code

The tone length code is set in melody data bits 13 through 8.

Table 11-3 indicates the relation between tone length and tone length code (L5 to LO).

The tone length that is set during execution of the MSA instruction is shorter by approximately 1 to 3 ms.

When all bits are set to “0”, the tone length will be the same as the minimum tone length (the tone length

with only LO set to “1”).

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

11-7

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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®)

Table 11-3 Tone Length and Tone Length Code Correspondence

Tone Tone length code

length L5 L4 L3 L2 L1 LO L5-LO
J 1 1 1 1 1 1 3FH
J. 1 0 1 1 1 1 2FH
J 0 1 1 1 1 1 1FH
'b 0 1 0 1 1 1 17H
'% 0 0 1 1 1 1 OFH
'& 0 0 1 0 1 1 0BH
ﬁ 0 0 0 1 1 1 07H
ﬁ 0 0 0 1 0 1 O5H
ﬁ 0 0 0 0 1 1 03H
ﬁ 0 0 0 0 1 0 02H
ﬁ 0 0 0 0 0 1 01H

Tone lengths specified by the tone length code and the tempo data are expressed by the following:

1.953125 x (TP + 1) x (L + 1) ms (where TP is an integer from 1 to 15, and L is an integer from
110 63)

TP is a value set in the tempo register (TEMPO), and has the following bit correspondence:
TP = 2°TP3 + 2°TP2 + 2'TP1 + 2°TPO
L is set by the tone length code, and has a bit correspondence with the tone length code as:

L =255 + 24L4 + 2813 + 2212 + 2'L.1 + 2°LO

END bit

The END bit is set in bit 15 of the melody data. When the output of the last melody data is started (END bit
is “1”), the melody circuit generates a melody end interrupt request, and stops the melody after the last
melody data is output.

OPTION A (C): 1.5V (3.0 V), Without regulator 11-8 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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11.4.3 Melody Circuit Application Example

An example melody is shown in Figure 11-4.

Table 11-4 lists the note codes for the melody shown in Figure 11-4.

=120

vy

)

[
S

Y@
7

Figure 11-4 Example Melody

Table 11-4 Note Code Table

Note code
Note 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
END| —* | L5 L4 L3 L2 L1 LO | — | N6 | N5 | N4 | N3 | N2 | N1 | NO

Hex

G? 0 0 1 0 1 1 1 1 0 0 1 0 1 0 0 0 2F28H

D? 0 0 0 0 1 1 1 1 0 0 1 1 0 1 0 1 OF35H

G? 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 OF28H

— 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0700H

D? 0 0 0 0 0 1 1 1 0 0 1 1 0 1 0 1 0735H

G? 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 OF28H

— 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0700H

A? 0 0 0 0 0 1 1 1 0 0 1 0 0 0 1 1 0723H

B? 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 3F1FH

Q70| [ A | A

G? 1 0 1 1 1 1 1 1 0 0 1 0 1 0 0 0 BF28H

* Bits 14 and 7 may be “0” or “1”, but in this example they are shown as “0".

OPTION A (C): 1.5V (3.0 V), Without regulator 11-9 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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11.5 Buzzer Circuit Operation

When EMBD (bit 2 of MDCON) is set to “1”, a buzzer driver signal is sent to the melody driver output pins (MD,
MDB).

Four buzzer output modes can be selected by MBML1 (bit 1 of MDCON) and MBMO (bit 0 of MDCON): two
types of intermittent tones, a single tone, or a continuous tone output. The buzzer output frequency is 4 kHz and
has a 50% duty ratio.

In the intermittent tone 1 mode, a waveform synchronized to the 8 Hz output of the time base counter is output.

In the intermittent tone 2 mode, a waveform synchronized to the logical AND of 8 Hz signal output and a “L”
level of 1 Hz signal of the time base counter is output.

In the single tone mode, output starts in synchronization with the rising edge of EMBD. At the second falling
edge of the 32 Hz output of the time base counter, EMBD is cleared to “0” and output is stopped.

In the continuous tone mode, output is continued while EMBD is “1”.
While the melody is being output (MSF (bit 3 of MDCON) = “1”), the buzzer output is turned OFF. If melody
output is started during buzzer output, EMBD is cleared to “0”, the buzzer output is stopped, and melody output is

given priority.

Figure 11-5 shows the output waveforms of each mode. Shaded sections indicate the 4 kHz output frequency.

OPTION A (C): 1.5V (3.0 V), Without regulator 11-10 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(a) MBM1 = “0", MBMO = “0” (intermittent tone 1)

Iz

(0]
Output MD o

(b) MBM1 = “0", MBMO = “1" (intermittent tone 2)

EMBD

32 Hz

(c) MBM1 =“1", MBMO = “0" (single tone)

EMBD ; -

OuputMp oy I
utput MD -

(d) MBM1 = “1", MBMO = “1” (continuous tone)

Figure 11-5 Buzzer Driver Output Waveforms in Each Output Mode

OPTION A (C): 1.5V (3.0 V), Without regulator 11-11 OPTION B (D): 1.5V (3.0 V), With regulator
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12. Serial Port (SIO)

12.1 Overview

The ML63611 has a built-in serial communication port (serial port) for either synchronous or asynchronous
communication.

The serial port implements the send and receive circuits in independent circuits, making it possible to send and
receive simultaneously.

The send and receive modes can be UART mode (asynchronous communication mode) or synchronous mode
(synchronous communication mode).

In synchronous mode an internal clock mode generates the shift clock internally, and an external clock mode
receives an external shift clock.

Table 12-1 shows the serial port modes.

Table 12-1 Serial Port Modes

Mode Baud rate
é UART mode Can be set to a user-specified value
g with timers 2, 3 (TM2, 3)
& | Synchronous | Internal clock mode 32.768 kHz
‘§_ mode External clock mode From external clock
_T:u * 9600 bps
& é UART mode " 4800 bps
o » 2800 bps
'g » 1200 bps
8:) Synchronous | Internal clock mode 32.768 kHz
mode External clock mode From external clock

12.2  Serial Port Configuration

Figure 12-1 indicates the serial port configuration.

The serial port consists of the send/receive clock generator circuits, the send/receive control registers, the buffer
registers to store send/receive data, send/receive data transfer shift registers, and the send/receive status registers.

PC.0/RXD is the send serial data input pin, PC.3/TXD is the send serial data output pin, PC.1/TXC is the serial
send clock 1/0 pin, and PC.2/RXC is the serial receive clock I/O pin. Set 1/0 and secondary functions with the
port control registers as needed for each communication mode.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-1 OPTION B (D): 1.5V (3.0 V), With regulator
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Figure 12-1 Serial Port Configuration
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12.3  Serial Port Registers

(1) Send control registers 0/1 (STCONO, STCON1)

STCONO and STCONL1 are 4-bit special function registers (SFRs) to control the serial port send operation.
STCONO and STCONL1 are initialized to “0” at system reset.

Stop bit length select —I

0: 1 stop bit (initial value)
1: 2 stop bits

Send data length select

bit2 bitl Datalength
0 0 : 5 bits (initial value)

0 1 : 6bhits
1 0 : 7hits
1 1 : 8hbhits

Send mode select

bit 3 bit 2 bit 1 bit 0
STCONO (0A6H) STSTB STL1 STLO STMOD
RIW
(RIW) .

0 : UART mode (initial value)
1 : Synchronous mode

bit 3: STSTB (Serial Transmission STop Bit)

This bit specifies stop bit length. Valid only when bit 0 is “0” (UART mode).

bit 2, 1: STL1 (Serial Transmission Length select bit 1),
STLO (Serial Transmission Length select bit 0)

These bits specify the send data length.

bit 0: STMOD (Serial Transmission MODe bit)

This bit specifies the serial port send operation mode.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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bit 2

bit 1 bit 0

bit 3
STCONL1 (0A7H)

STPOE

STPEN STCLK

STLMB
(RIW)

LSB/MSB head select 4,

0 : Start from LSB (initial value)
1: Start from MSB

Odd/even parity select

0 : Odd parity (initial value)
1: Even parity

Parity set

0 : No parity bit (initial value)
1 : Parity bit

Send external/internal clock select

0 : External clock mode (initial value)
1: Internal clock mode

bit 3: STLMB (Serial Transmission Least significant bit first or Most significant Bit first)

This bit specifies either LSB first or MSB first for send data.

bit 2: STPOE (Serial Transmission Parity Odd or Even number bit)

This bit specifies whether the parity bit is even or odd. Valid only when bit 1 is “1” (parity bit).

bit 1: STPEN (Serial Transmission Parity ENable bit)
This bit specifies whether or not a parity bit is added.

bit 0: STCLK (Serial Transmission CLock select bit)

This bit specifies the external/internal send clock for synchronous mode. Valid only when
STMOD (bit 0 of STCONO) is “1” (synchronous mode).

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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O]

©)

Send buffer registers (STBUFL, STBUFH)

bit 3 bit 2 bit 1 bit 0
STBUFL (0A4H)
TB3 TB2 TB1
(RMW) TBO
bit 3 bit 2 bit 1 bit 0
STBUFH (0A5H)
TB7 TB6 TB5
(RW) TB4

STBUFL and STBUFH are 4-bit special function registers (SFRs) that set send data for serial port send
operation.

LSB/MSB selection (described later) allows the data send direction (LSB or MSB first) to be specified. Both
STBUFL and STBUFH are initialized to “0” at system reset.

Send operation begins when send data is set to STBUFH. Be sure to set send data to STBUFL before
setting data to STBUFH.

Also set the baud rate and send mode before beginning send operation.

If send operation is already under way when send data is set to STBUFH, send for the new data begins when
the prior send has ended, and at the same time an interrupt request signal (STINT) is generated. In the STINT
interrupt routine the program should first write the send data to STBUFL and STBUFH to assure no pauses
in the send sequence.

Send register

The send register is a shift register that handles the shift operation in send. At system reset it is cleared to
00H. The send register cannot be directly accessed from the CPU.

The hardware send flow is indicated in Figure 12-2, to explain the timing for transfer of data from
STBUFL/H to the send register.

First set the send mode and baud rate. When send data is set to STBUFH, the status (SSTAT) buffer full flag
(BFULL) is set to “1”, and unless send operation is already under way the content of STBUFL/H is
transferred to the send register and send operation begins. When send operation begins the BFULL flag is
reset to “0”, and the next send data can be set to STBUFL/H.

If prior data send operation is not complete, the send data is held in STBUFL/H until send is completed. In

this case BFULL remains set to “1”. When the prior send operation is complete the send data will be
transferred from STBUFL/H to the send register, and send begins.

A Note:

When BFULL is “1” it is possible to set data to STBUFL/H, but prior data set to STBUFL/H that is being held
there is overwritten and lost. Always set data after verifying that the BFULL flag is “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-5 OPTION B (D): 1.5V (3.0 V), With regulator
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( START )

Has send data been written to
STBUFH ?

Yes

BFULL ~*1”

Is interrupt generated
or BFULL = 0?

No

for 12-clock periods (6 instructions)
delay 16 psec at 700 kHz, when the CPU is
operating at high speed

STBUFL/H to send register

BFULL ~*0”

Start send

STINT generated

Figure 12-2 Hardware Send Operation Flow

OPTION A (C): 1.5V (3.0 V), Without regulator 12-6 OPTION B (D): 1.5V (3.0 V), With regulator
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(4) Receive control registers 0/1 (SRCONO, SRCON1)

SRCONO and SRCONL1 are 4-bit special function registers (SFRs) controlling serial port receive operation.

SRCONO and SRCONL1 are initialized to “0” at system reset.

Receive disable/enable select J
0 : Receive disable (initial value)
1 : Receive enable

Receive data length select
bit2 bitl Datalength
0 0 : 5 bits (initial value)

0 1 : 6bits
1 0 : 7hits
1 1 : 8hbhits

bit 3 bit 2 bit 1 bit 0
SRCONO (0AAH) SREN SRL1 SRLO SRMOD
(RIW)
L

Receive mode select
0 : UART mode (initial value)
1: Synchronous mode

bit 3: SREN (Serial Reception ENable bit)

This bit specifies receive operation disable/enable. After receive is enabled in the synchronous
mode, this bit is reset to “0” after receiving one frame of data. In the UART mode it does not

change.

bit 2, 1: SRL1 (Serial Reception Length select bit 1),
SRLO (Serial Reception Length select bit 0)

These bits specify the receive data length.

bit 0: SRMOD (Serial Reception MODe bit)

This bit specifies the serial port receive operation mode.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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bit 3 bit 2 bit 1 bit 0

SRCON1 EO?/E;)H) SRLMB SRPOE SRPEN SRCLK
R

LSB/MSB head select 4,

0 : Start at LSB (initial value)
1: Start at MSB

Odd/even parity select
0 : Odd parity (initial value)
1: Even parity

Parity set
0 : No parity bit (initial value)
1 : Parity bit

Receive external/internal clock select

0 : External clock mode (initial value)
1 : Internal clock mode

bit 3: SRLMB (Serial Reception Least significant bit first or Most significant Bit first)
This bit specifies either LSB first or MSB first for receive data.
bit 2: SRPOE (Serial Reception Parity Odd or Even number bit)
This bit specifies whether the parity bit is even or odd. Valid only when bit 1 is “1” (parity bit).
bit 1: SRPEN (Serial Reception Parity ENable bit)
This bit specifies whether or not a parity bit is added.
bit 0: SRCLK (Serial Reception CLocK select bit)

This bit specifies the external/internal receive clock for synchronous mode. Valid only when
SRMOD (bit 0 of SRCONO) is “1” (synchronous mode).

OPTION A (C): 1.5V (3.0 V), Without regulator 12-8 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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®)

(6)

Receive register

The receive register is the shift register that handles shift operation at receive. It is initialized to 00H at
system reset. It cannot be directly accessed by the CPU. When a receive operation is complete, the data read
into the receive register is transferred to SRBUFL/H, and at the same time the receive interrupt request signal
(SRINT) is generated.

Receive buffer registers (SRBUFL, SRBUFH)

bit 3 bit 2 bit 1 bit 0

SRBUFL (0A8H) RB3 RB2 RB1 RBO
(R)

bit 3 bit 2 bit 1 bit 0

SRBUFH (0ASH) RB7 RB6 RB5 RB4
(R)

SRBUFL and SRBUFH are 4-bit special function registers (SFRs) used to hold the received data in serial
port reception. SRBUFL and SRBUFH are initialized to “0” at system reset.

When receive operation is completed the contents of the receive register are sent to SRBUFL/H, and the
receive interrupt request (SRINT) is generated. The contents of SRBUFL/H are held until the next receive
operation is completed.

If data from a prior receive operation is in SRBUFL/H and new data is received, an overrun error will result.
When an overrun error is generated, new received data cannot be loaded into SRBUFL/H.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-9 OPTION B (D): 1.5V (3.0 V), With regulator
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(7) Receive baud rate setting register (SRBRT)

SRBRT is a 4-bit special function register (SFR) used to set the receive baud rate for serial port receive
operation in UART mode.

SRBRT is initialized to OCH at system reset.

bit 3 bit 2 bit 1 bit 0

SRBRT (0ACH) 0 0 BRT1 BRTO
(R/W)

Receive baud rate setting

bit1 bit0 Baud rate
0 0 : 1200 bps (initial value)
0 1 : 2400 bps
1 0 : 4800 bps
1 1 : 9600 bps

bit 1, 0: BRT1 (Baud RaTe select bit 1), BRTO (Baud RaTe select bit 0)

These bits set the receive baud rate.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-10 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(8) Serial port status register (SSTAT)

SSTAT is a 4-bit special function register (SFR) used to indicate the status of serial port send/receive.

SSTAT is initialized to “0” at system reset.

SSTAT is a read-only register, and the content is reset every time it is read.

SSTAT (0ADH) BFULL PERR OERR FERR

Send buffer status fIag;l

bit 3 bit 2 bit 1 bit 0

R

0 : Send buffer empty (initial value)
1 : Send buffer full

Parity error flag
0 : No parity error (initial value)
1 : Parity error

Overrun flag

0 : No overrun error (initial value)
1 : Overrun error

Framing error

0 : No framing error (initial value)
1: Framing error

circuit for LCD bias circuit for LCD bias

bit 3: BFULL (send Buffer FULL flag)
This bit is enabled in both UART and synchronous modes, and is set to “1” when send data is set
to STBUFL/H in the send mode, and reset to “0” when the send data is transferred to the send
register.
When BFULL is set to “1” and send data is set (written) to STBUFL/H, the previous data set to
those registers is overwritten and lost.  Always set data only after verifying that the BFULL flag
iS LLO”.

bit 2: PERR (Parity ERRor flag)
This bit is enabled in both UART and synchronous modes, and is set to “1” when the parity for
the received data does not match the parity bit attached to the data.

bit 1: OERR (Overrun ERRor flag)
This bit is enabled in both UART and synchronous modes, and is set to “1” when data reception is
completed and the data received the previous time has still not been transferred to the CPU. In this
case, the new data cannot be transferred to SRBUFL/H.

bit 0: FERR (Framing ERRor flag)
This is only enabled in the UART mode and is set to “1” in the following instances.
(1) when a “1” is detected in start bit sampling
(2) when a “0” is detected in stop bit sampling
In either case a receive interrupt request signal (SRINT) is generated.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-11 OPTION B (D): 1.5V (3.0 V), With regulator
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12.4  Serial Port Operation Description

12.4.1 Data Format
(1) UART mode

The data format for the UART mode is shown in Figure 12-3.

SRCONO0/1 and STCONO/1 can be set to specify a data bit length of 5 to 8 bits. The parity bit can be
enabled/disabled. If enabled it can be set to even or odd. Stop bit length can be set to 1 or 2 bits.

The combination of these parameters gives a range of from 7 to 12 bits for send/receive data frames.

1 frame
= !
Start Parity | Stop | Stop
bit 1 2 3 4 5 6 7 8 bit | bit | bit

Data bit
¢ 1 frame « Data bit length: 5 to 8 bits, variable
MAX ...... 12 bits * Parity bit: enable/disable
MIN ....... 7 bits Odd/even select

* Stop bits: 1 or 2 stop bits select

Figure 12-3 UART Mode Data Format

(2) Synchronous mode
The data format for the UART mode is shown in Figure 12-4.

SRCONO0/1 and STCONO/1 can be set to specify a data bit length of 5 to 8 bits. The parity bit can be
enabled/disabled, and if enabled can be set to even or odd.

The combination of these parameters gives a range of from 5 to 9 bits for send/receive data frames.
L 1 frame =

Parity
1 2 3 4 5 6 7 8 bit

Data bit
e 1 frame « Data bit length: 5 to 8 bits, variable
MAX ....... 9 bits * Parity bit: enable/disable
MIN ........ 5 bits Odd/even select

Figure 12-4 Synchronous Mode Data Format

OPTION A (C): 1.5V (3.0 V), Without regulator 12-12 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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12.4.2 Send Operation Description

The serial port send circuit has a two-stage configuration. This consists of the send register and the send buffer
register (STBUFL/H), so it is possible to set send data to STBUFL/H while sending the previous data. When the
BFULL flag of the serial port status register (SSTAT) is 1, however, it indicates that STBUFL/H send data has not
yet been transferred to the send register.  Always verify that the BFULL flag is 0 before transferring data.

(1) UART mode
The UART mode is specified by setting STMOD (bit 0 of STCONO) to “0”. Figure 12-5 is the UART mode
send timing chart. The UART mode send procedure is described below. The send baud rate is set first, then
the timer, and then the send format (data bit length, parity bit, etc.) in STCONO and STCON1. The TM3INT
signal supplied from timers 2 and 3 is the baud rate clock.
O Setsend data to STBUFL/H.

O The send data is transferred from STBUFL/H to the send register, and send operation begins. At the
same time the serial port send interrupt request (STINT) is generated.

O Verify that BFULL = “0”, then after a delay of 16 psec, set the next send data to STBUFL/H.

O When send operation is complete, the send data set to STBUFL/H is transferred to the send register, and
send operation begins. At the same time the serial port send interrupt request (STINT) is generated.

Repeat operation [ the required number of times.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-13 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(2) Synchronous internal clock mode

The synchronous internal clock mode is selected by setting STMOD (bit 0 of STCONO) to “1”, and STCLK
(bit 0 of STCONL1) to “1”.

Figure 12-6 is the send timing chart for the synchronous internal clock mode.
The synchronous internal clock send procedure is described below.

First the send format (data bit length, parity bit, etc.) is set to STCONO and STCONL1.

O Setsend datato STBUFL/H.

O The send data is transferred from STBUFL/H to the send register, and send operation begins. At the
same time the interrupt request signal (STINT) is generated.

O Check that BFULL = “0”, then set the next send data to STBUFL/H.

O When the send operation is complete, the send data set to STBUFL/H is transferred to the send register,
and the send operation begins. At the same time, the serial port send interrupt signal (STINT) is
generated.

Repeat step 0 the required number of times.
In the synchronous internal clock mode the send baud rate is fixed at the crystal oscillation frequency, that is,

the frequency (32.768 kHz) of the time base clock (TBCCLK).

After data is set to STBUFH, the send clock (TXCO) generates between 2 and 3.5 clocks of the TBCCLK
source, and a send operation starts.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-15 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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(3) Synchronous external clock mode

The synchronous external clock mode is selected by setting STMOD (bit 0 of STCONO) to “1”, and STCLK
(bit 0 of STCONL1) to “0”.

Figure 12-7 is the send timing chart for the synchronous external clock mode.
The synchronous external clock send procedure is described below.

First set the send format (data bit length, parity bit, etc.) to STCONO and STCONL1.

O Setsend datato STBUFL/H.

O The send data is transferred from STBUFL/H to the send register, and at the same time the interrupt
request signal (STINT) is generated.

O Send operation is started by the send shift clock (TXCI).
O Check that BFULL = *“0”, then set the next send data to STBUFL/H.

O When the send operation is complete, the send data set to STBUFL/H is transferred to the send register.
At the same time, the serial port send interrupt signal (STINT) is generated.

Repeat step 0 the required number of times.
In the synchronous external clock mode the send baud rate is determined by the input shift clock (TXCI).

To send data continuously, keep an interval of at least 3.5 clocks (approx. 107 ps) of TBCCLK for one frame
of clocked (TXCI) send data.

OPTION A (C): 1.5V (3.0 V), Without regulator 12 -17 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Figure 12-7 Send Timing Chart for Synchronous External Clock Mode

circuit for LCD bias
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12.4.3 Receive Operation Description
(1) UART mode

The UART mode is specified by setting SRMOD (bit 0 of SRCONO) to “0”. Figure 12-8 is the UART mode
receive timing chart. The UART mode receive procedure is described below.

First set the receive baud rate in the receive baud rate setting register (SRBRT). Supported baud rates for
UART mode receive are 1200, 2400, 4800, and 9600 bps.

Set the receive format (data bit length, parity bit, etc.) in SRCONO and SRCONL1.

O Set SREN (bit 3 of SRCONO) to “1” to enable receive.
0 At the negative edge of the receive data (RXD) start bit, receive operation will start.
O Receive operation ends.

If a framing or overrun error occurs the FERR or OERR flag of the status register (SSTAT) will be set
to “1”.

O Received data is transferred to SRBUFL/H.
If a parity error occurs, the PERR flag of the status register (SSTAT) is set to “1”.
O The serial port receive interrupt request (SRINT) is generated.
Receive data is received until receive is disabled (SREN = “0”). When receive is ended, reset the receive

enable/disable flag (SREN) to “0”.

The receive data sampling clock (SRSMPL) is based on the low-speed clock supply, not on the high-speed
clock. This allows receive operations to be executed while in the energy-saving mode.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-19 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias
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(2) Synchronous internal clock mode

The synchronous internal clock mode is selected by setting SRMOD (bit 0 of SRCONO) to “1” and SRCLK
(bit 0 of SRCONL1) to “1”.

Figure 12-9 is the receive timing chart for the synchronous internal clock mode.
The synchronous internal clock receive procedure is indicated below.

First set the receive format (data bit length, parity bit, etc.) in SRCON1 and SRCONO.

O Set SREN (bit 3 of SRCONO) to “1” (receive enable).

O 3to 4 BRTC clock cycles later the receive shift clock (RXCO) is generated, and the receive operation
starts.

(The shift clock is supplied from the PC.2/RXC pin.)

O At the positive edge of RXCO the data received from the PC.0O/RXD pin is written to the receive
register.

O Receive operation ends.
If an overrun error occurs the OERR flag in status register (SSTAT) is set to “1”.
O Received data is transferred to SRBUFL/H.
If a parity error occurs, the PERR flag of status register (SSTAT) is set to “1”.
0 The serial port receive interrupt request signal (SRINT) is generated.
O At the negative edge of SRINT, SREN is reset to “0”.

Repeat step [ required number of times. In the synchronous internal clock mode the receive baud rate is
fixed to TBCCLK.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-21 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Figure 12-9 Synchronous Internal Clock Mode Receive Timing Chart

OPTION B (D): 1.5V (3.0 V), With regulator
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OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias
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(3) Synchronous external clock mode

The synchronous external clock mode is selected by setting SRMOD (bit 0 of SRCONO) to “1” and SRCLK
(bit 0 of SRCONL1) to “0”.

Figure 12-10 is the receive timing chart for the synchronous external clock mode.
The synchronous external clock receive procedure is indicated below.

First set the receive format (data bit length, parity bit, etc.) in SRCON1 and SRCONO.

O Set SREN (bit 3 of SRCONO) to “1” (receive enable).

O At the positive edge of the receive shift clock input through PC.2/RXC pin, the receive data from
PC.0/RXD pin is written to the receive register.

O Receive operation ends.
If an overrun error occurs the OERR flag in status register (SSTAT) is set to “1”.
O Received data is transferred to SRBUFL/H.
If a parity error occurs, the PERR flag of status register (SSTAT) is set to “1”.
0 The serial port receive interrupt request signal (SRINT) is generated.
O Atthe negative edge of SRINT, SREN is reset to “0”.
Repeat step O the required number of times.
In the synchronous external clock mode the receive baud rate is determined by the external clock (RXCI).

Allow at least five clocks (approx. 153 us) of TBCCLK between the time the receive is enabled (SREN =
“1”) and the time the external clock (RXCI) is input.

OPTION A (C): 1.5V (3.0 V), Without regulator 12-23 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Figure 12-10 Synchronous External Clock Mode Receive Timing Chart

OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

12-24

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias
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12.5 Send/Receive Data LSB/MSB First Select

Either LSB first or MSB first for send can be selected by setting STLMB (bit 3 of STCONL1).

Either LSB first or MSB first for receive can be selected by setting SRLMB (bit 3 of SRCONL1).

12.5.1 Selecting Send Data LSB/MSB First

Set STLMB (bit 3 of STCONL1) to “0” to select LSB first for send.

The correspondence between LSB first send data and the send buffer register bit is shown in Figure 12-11. In this

case, the LSB is TBO (bit 0 of STBUFL).

Set STLMB to “1” to send the MSB first.

The correspondence between MSB first send data and the send buffer register bit is shown in Figure 12-12. In this

|:> Send direction

case, the MSB is TB7 (bit 3 of STBUFH).

[Send data length]

(Send first)

8 7 6 5 4 3 2 1

8 bits -~~~ -oo- TB7 | TB6 | TBS | TB4 | TB3 | TB2 | TBL | TBO
7 6 5 4 3 2 1

7 bits -----mmeeoeeooos TB6 | TB5 | TB4 | TB3 | TB2 | TBL | TBO
6 5 4 3 2 1

B bits -~ TB5 | TB4 | TB3 | TB2 | TB1 | TBO
5 4 3 2 1

S TB4 | TB3 | TB2 | TB1 | TBO

Figure 12-11 Correspondence Between LSB First Send Data and Send Buffer Register

[Send data length] I:> Send direction (Send first)

8 7 6 5 4 3 2 1

8 bits ~-------------- TBO | TB1 | TB2 | TB3 | TB4 | TB5 | TB6 | TB7
7 6 5 4 3 2 1

7bits ~m-mmmmm e TB1 | TB2 | TB3 | TB4 | TB5 | TB6 | TB7
6 5 4 3 2 1

6 hits ~---mmm oo TB2 | TB3 | TB4 | TB5 | TB6 | TB7
5 4 3 2 1

5 hits -t mmmmemmemeseoooooooo TB3 | TB4 | TB5 | TB6 | TB7

Figure 12-12 Correspondence Between MSB First Send Data and Send Buffer Register

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

12-25

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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12.5.2 Selecting Receive Data LSB/MSB First
When the LSB is first in receive data, set SRLMB (bit 3 of SRCON1) to “0”.

If the MSB is first, set SRLMB to “1”.

The correspondence between receive data and SRBUFL/H bits for LSB first receive is shown in Figure 12-13, and
for MSB first receive in Figure 12-14.

[Receive data length] (Receive first) <:| Receive direction
1 2 3 4 5 6 7 8
8 bits --------------- RBO RB1 RB2 RB3 RB4 | RB5 RB6 RB7
1 2 3 4 5 6 7
) RB7 not fixed
7 bits --------------- RBO RB1 RB2 RB3 RB4 RB5 RB6 . )
in this case
1 2 3 4 5 6 ]
RB6, RB7 not fixed
6 bits --------------- RBO RB1 RB2 RB3 RB4 RB5 . .
in this case
1 2 3 4 5
. RB5, RB6, RB7 not fixed
5bits --------------- RBO | RB1 | RB2 | RB3 | RB4 | .
in this case

Figure 12-13 Correspondence Between LSB First Receive Data and Receive Buffer Register

[Receive data length] (Receive first) <::| Receive direction
1 2 3 4 5 6 7 8
8 bits ~-------------- RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO
1 2 3 4 5 6 7
. RBO not fixed
7 bits --------------- RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 ) )
in this case
1 2 3 4 5 6
) RBO, RB1 not fixed
6 bits --------------- RB7 | RB6 | RB5 | RB4 | RB3 | RB2 . .
in this case
1 2 3 4 5
5 bits - ------------ RB7 | RB6 | RB5 | RB4 | RB3 | D0 RBL RB2 notfixed
in this case

Figure 12-14 Correspondence Between MSB First Receive Data and Receive Buffer Register

OPTION A (C): 1.5V (3.0 V), Without regulator 12 -26 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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13. LCD Driver (LCD)

13.1 Overview

The ML63611 has built in it a segment type LCD driver (LCD) with 64 outputs.

The LCD driver section consists of a segment register, the display control register 0 (DSPCONO), the display
control register 1 (DSPCONL1), the display contrast register (DSPCNT), the LCD driver circuits for 64 outputs,
and the bias generator circuit (BIAS).

The OPTION B and OPTION D use a voltage regulator circuit for the LCD, but the OPTION A and OPTION C
do not use a voltage regulator.

The segment register is a register that can be used by selecting with the mask option. Even when using the
segment register as the data area, it is necessary to specify that segment register in the mask option table. The
pins of the part of the segment register used as the data area will still be outputting the segment waveforms, and
hence should be left open. The allocation of the segment drivers of the different bits of the segment register can
be specified freely by the mask option. For details of the mask option settings, refer to Section 1.3, “Mask
Options” and the “MOGTOOL Mask Option Generator User’s Manual”.

DSPCONQO is the register for selecting the bias mode, power down mode, all-ON mode, and the display mode.
DSPCONL1 is the register for selecting the duty ratio (1/1 to 1/4).

DSPCNT is the register for selecting the contrast value. However, this will not be effective in the OPTION A
and OPTION C.

The LCD driver circuits consist of the segment driver circuits and the common driver circuits, with a total of 64
outputs LO to L63. Among these driver circuits, a total of 64 circuits, LO to L3 and L36 to L39, can be selected
to be COM pins (COM1 to COM4) by making mask option settings for each bit. In addition, the four bits L32 to
L35 can be selected to form an output port in 4-bit unit. The relationship among the duty ratio, bias value, and
the maximum number of segments is as follows:

During 1/4 duty and 1/3 bias: 240 segments
During 1/2 duty and 1/2 bias: 124 segments

The OPTION B and OPTION D use a voltage regulator circuit (V/R3) that generates the bias generation reference
voltage for the LCD driver. BIAS is a circuit that multiplies the output voltage (Vpp; = 0.95 V) of V/R3 and
generates the different bias voltages when external capacitors are connected.

The OPTION A and OPTION C do not use the voltage regulator circuit (V/R3) that generates the bias generation
reference voltage for the LCD driver. BIAS is a circuit that multiplies the power supply voltage and generates
the different bias voltages when external capacitors are connected. In the OPTION A, short the pin Vpp,; 10 Vpp;
in the OPTION C, short the pin Vpp, t0 Vpp.

A Note:

The OPTION B and OPTION D can keep the display density of the LCD panel constant even if the battery voltage
decreases, while in the case of the OPTION A and OPTION C the display density thins down as the battery voltage
decreases.

OPTION A (C): 1.5V (3.0 V), Without regulator 13-1 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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13.2  LCD Driver Configuration
Figure 13-1 shows the LCD driver configuration of the OPTION B and OPTION D; Figure 13-2, the LCD driver

configuration of the OPTION A; and Figure 13-3, the LCD driver configuration of OPTION C. Figures 13-4,
13-5, and 13-6 show the peripheral circuits of the LCD driver and segment register.

Internal data bus

)

Mask option DSPCONO/1, DSPCNT

—

Voltage regulator

Segment register imi ircui
g g Timing generator circuit circuit for LCD

Inside the IC
A

(—

i

i

LCD driver circuit (64 lines) Y Bias generator circuit |
(BIAS) i

|

i

i

i

N1
é é J&émmm

LO L64 Cl C2 Voo Voos Voos

Figure 13-1 OPTION B and OPTION D LCD Driver Configuration

11

Internal data bus

Mask option DSPCONO/1, DSPCNT
Segment register Timing generator circuit
Inside the IC
A
|
i
LCD driver circuit (64 lines) Y Bias generator circuit |
\,— (BIAS) i
T T T T |
!
0 O ~-O---O-O---L3-L -~
LO L64 Cl C2 Vpp| Voos Voos Vool Vs
I_|
Figure 13-2 OPTION A LCD Driver Configuration
OPTION A (C): 1.5V (3.0 V), Without regulator 13-2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Internal data bus

—)

Mask option

—

Segment register

(—

DSPCONO0/1, D

SPCNT

Timing generator circuit

—=

LCD driver circuit (64 lines)

Inside the IC
A

/\_

Bias generator circuit

(BIAS)

TIILIL L

C1 Cc2 VDDl VDDZ VDD3 VDD

Figure 13-3 OPTION C LCD Driver Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-3

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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L4 to L31, L40 to L63 (SEG-only pins)

7

Vops = ouT
Vooz LCD driver
VDDl
VSS— C D
®LCD (frame clock) ] ﬁ
Common cMa -
timing CM3
signal CM2
CcMm1
—D Q —D Q— —D Q —D Q
L L L L
B% :: it :: it :: it :: it Segment
Data bus | DI HF i m m i o i i register bit
70 select
SS
WRAM
SYSCLK % - - - -
ERAM —
BANK1 —
MA7 . fit fit fit fit ]
N I I I I
.[_‘>° il I il il
MAS T, i i i i
MA4 . i i i i Segment
1[I 10l 1[I 1[I H
Lo i H i i register
MA3 —¢ i I I I address
> il il il i select
MA2 * 1l 11 1l 1l
. [> © i i i i
AT I I I I
A S ! ] ! !
Figure 13-4 LCD Driver and Segment Register
(Circuit configuration of SEG-only pins L14 to L31 and L40 to L63)
OPTION A (C): 1.5V (3.0 V), Without regulator 13-4 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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LO to L3, L36 to L39 (SEG or COM pins)

7

Vobs ouT
Vooz LCD driver
VDDl
Vi c D
®LCD (frame clock) ]
Common cMa i
timing CM3
signal CM2
CM1
—D Q| D Q —1D Q| —D Q|
L L L L
D3
D2
Data bus |: D1 Segment
Do register bit
select
Common “qn ; ;
output select ‘0" i
WRAM
SYSCLK % - - -
ERAM —]
BANK1 —
MA7 * fit fit fit fit -]
> i i i i
MAS T T~ i i i i
MA5 —¢ } i i i i
MA4 —¢ i i i i Segment
> i i i i register
MA3 T—‘>c ili i 1l 1l address
MA2 —o i il i i select
I 11 I I
MAL —e D i i i i
> i i i i
MAQ ih il ih ih
T_DO ] ] ] ] ]

Figure 13-5 LCD Driver and Segment Register
(Circuit configuration of COM select pins LOto L3 and L36 to L39)

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-5

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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L32 to L35 (SEG or output port pins)

7

Voos = ouT
\\;DDZ LCD driver — Voo
DSD; | c D PORT/SEG

PLCD (frame clock)

Output port
select

(mask option) T - - -
o
Common cMa
timing CM3
signal | CM2
CM1
—iD Q—o —D Q—< —iD Q—o —D Q—o
L L L L
D3 —i: it i i it it it i Segment
Data bus [ BT — It it i i i it It register bit
DO —t t il '~-' i s R * select
VSS
WRAM
SYSCLK :E'DD
ERAM —
BANK1 —
MA7 —¢ Fi fit Fi Fi .
> i i i i
MAC T, i i i i
. 1[i 11 1[i 1[i
MAS T, i i i i
- 11 i 11 11 Segment
MA4 —¢ [ i I if il register
MA3 * il it il il address
[: Il Il Il Il
. i Hi Hi T select
A2 TS I I I I
N — ea | |
TS i I i i ]
Figure 13-6 LCD Driver and Segment Register
(Circuit configuration of Output port select pins L32 to L35)
OPTION A (C): 1.5V (3.0 V), Without regulator 13-6 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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13.3

LCD Driver Registers

(1) Display control register 0 (DSPCONO)

DSPCONQO is a 4-bit special function register (SFR) controlling LCD driver operation.

LCD bias select

0 : 1/3 bias (initial value)
1:1/2 bias

LCD power down mode

bit 3 bit 2 bit 1 bit O

DSPCONO EO?\(/)VF)') | BiseL | PDwN ALLON LCDON
R

0 : Normal operation mode (initial value)
1 : Power down mode

All-ON mode

0 : Normal operation mode (initial value)
1: All-ON mode

LCD display select

0 : All OFF (initial value)
1 : Normal operation mode

bit 3:

bit 2:

BISEL

This bit selects 1/3 or 1/2 bias.
At system reset it is “0”, selecting 1/3 bias.

PDWN

This bit selects the LCD power down mode. When PDWN is set to “1”, the bias generation circuit
stops its voltage lowering/raising operation and pins LO to L63 are all set to the Vg level,
reducing supply current. At system reset it is cleared to “0”.

bit1: ALLON
When ALLON is set to “1” all segment drivers are turned on. The ALLON bit has priority over
the LCDON bit. At system reset it is cleared to “0”.
bit 0: LCDON
When the LCDON bit is set to “1”, the display data in the display register is output to the segment
drivers. At system reset it is cleared to “0”, and all segment drivers are turned off.
OPTION A (C): 1.5V (3.0 V), Without regulator 13-7 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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(2) Display control register 1 (DSPCON1)

DSPCONL1 is a 4-bit special function register (SFR) used to select the LCD driver duty.

At system reset, bits 0 and 1 of DSPCONL1 are initialized to “0”.

bit 3 bit 2 bit 1 bit 0
DSPCONL1 (091H
((R/W)) [ — _ | o1 | b0 |

Duty select
bit1 bit0

0 0 : 1/4 duty (initial value)

0 1 : 1/1duty

1 0 : 1/2duty

1 1 : 1/3duty

A Note:

When 1/2 duty is selected, select 1/2 bias with the display control register 0.

(3) Display contrast register (DSPCNT)

DSPCNT is a 4-bit special function register (SFR) used to adjust display contrast.

At system reset, each bit of DSPCNT is initialized to “0”.
This adjustment function is disabled in the OPTION A and OPTION C.

bit 3 bit 2 bit 1 bit 0
DSPCNT (092H)
i | oN3 | CN2 | oL GNO
Contrast select |
bit 3 bit 2 bit 1 bit 0

0 O 0 O Light (initial value)

0 O 0 1

0 O 1 0

0 O 1 1

0 1 0 O

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 O

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 O

1 1 0 1

1 1 1 0

1 1 1 1 Dark Note: This function is not available in the OPTION A

and OPTION C.
OPTION A (C): 1.5V (3.0 V), Without regulator 13-8 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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(4) LPO control register (LPOCON)

LPOCON is a 4-bit special function register (SFR) used to determine the output mode when pins L32 to L35
are selected as output port pins by the mask option.

At system reset LPOCON is initialized to “0”.

bit 3

bit 2

bit 1 bit 0

LPOCON (046H) [ | poMD3 | LPOMD2

LPOMD1 LPOMDO

0 : CMOS output (initial value)
1 : N-channel open drain output

(RIW)
L32/LP0.3 pin output mode select J

L33/LP0.2 pin output mode select

0 : CMOS output (initial value)
1 : N-channel open drain output

L34/LPO0.1 pin output mode select

0 : CMOS output (initial value)
1 : N-channel open drain output

L35/LP0.0 pin output mode select

0 : CMOS output (initial value)
1 : N-channel open drain output

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-9

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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13.4  LCD Driver Operation

The LCD driver outputs LCD driving waveforms based on the data written to the segment register.

Use the mask option to specify the assignment of segment register address and bit and to select the segment driver
and common driver.

One segment driver is assigned to four segments of the segment register. For 1/4 duty, all the four segments are
used; for 1/3 duty, three segments are used; and for 1/2 duty, two segments are used.

The display duty is selected from 1/1 to 1/4 using DSPCON1. The frame frequency for each duty ratio is indicated
in Table 13-1. Depending on the duty selected, the common signal (COM1 to COM4) is generated, and data
written in synchronization with that common signal to the segment register is output to the segment driver. The
segment driver uses bit 0 (ALLON) and bit 1 (LCDON) of the display control register 0 (DSPCONO) to control all
OFF and all ON modes.

Table 13-1 Frame Frequency for Each Duty

DSPCON1
Duty Frame frequency
DT1-0 DT1 DTO
OH 0 0 1/4 64 Hz
1H 0 1 1/1 64 Hz
2H 1 0 1/2 64 Hz
3H 1 1 1/3 85.3 Hz

When PDWN (bit 2 of DSPCONO) is set to “1”, the LCD power down mode is enabled. In the LCD power-down
mode the bias generation circuit operation stops, and the LO to L63 pins are all output at the Vg4 level to reduce
supply current.

BISEL (bit 3 of DSPCONO) selects 1/2 or 1/3 bias. When 1/2 duty is selected, select 1/2 bias with the display
control register 0.

DSPCNT controls the LCD contrast of 16 tones. However, the adjustable range of the contrast varies depending
on the battery voltage.

The contrast adjustment is disabled in the OPTION A and OPTION C.

A Note:

When the LCD driver is not used, select the power-down mode and set all the bits of the display control register
(DSPCNT) to “0” to save the supply current.

OPTION A (C): 1.5V (3.0 V), Without regulator 13-10 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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13.5  Output Port Selection by Mask Option

The four pins L32 to L35 of the LCD driver can be selected by mask option setting to form an output port in 4-bit

unit.

When these pins are specified as an output port, one bit of the segment register will be allocated to one pin of the

port.

Figure 13-7 shows an example of the equivalent circuit when the pins L32 to L35 are allocated collectively as an
output port. In this case, the output voltage level will be V, for the “H” level output and Vg for the “L” level

output.

The output mode can be selected to be either N-channel open drain output or CMOS output using the register

LPOCON.
Data bus
_____________ !
!
4 VDD :
i
i
3 N T :
P ::l L32/LP0.3
N !
: 1> []L33/LPO.2
Segment | i
: register ] [ ]134/LPO.1
N !
° 1> (7] L35/LP0.0
|
| |
Read/Write :
Inside the IC --———— i

Figure 13-7  Equivalent Circuit When the LCD Driver Pins L32 to L35 Are Assigned as Output

Port Pins

For details of the method of assigning the bits of the segment register for the output pins, and of specifying the
output port, refer to the “MOGTOOL Mask Option Generator User’s Manual”.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-11

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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13.6  Bias Generator Circuit (BIAS)

The bias generator circuit (BIAS) for the LCD driver in the OPTION B and OPTION D generates the different
bias voltages, when external capacitors are connected, by multiplying the constant voltage output (Vpp, = 0.95 V)
of the voltage regulator circuit for the LCD.

Further, in the OPTION A and OPTION C, the bias generator circuit (BIAS) generates the different bias voltages,
when external capacitors are connected and the pin Vpp, (Vpp; for the OPTION A) is shorted to Vpp, by
multiplying the power supply voltage Vpp.

(1) The configuration of the bias generator circuit of the OPTION B and OPTION D is shown in Figure 13-8.

Voo L (OPTION B: 1.5V, OPTION D: 3.0 V)

VDD

circuit for LCD

I | r-|
I
|
Cs || Voos 1 (2.85V) 1 kHz
H IT' Bias (from time base counter)
C \Y/ i 1.9V
2 H DD2 ¢ ( ) gecril:acﬁttor
C, | Voos é (0.95V) (0.95V) | Voltage regulator
|
i
Vss 1 (0V)
T
i
c1 4
C, — T
2T c2 4
.
!
: VDD3 X
i Vppe | To LCD driver
I DD1
|
iML63611
' Inside the IC

Figure 13-8 Configuration of the Bias Generator Circuit of the OPTION B and OPTION D
(Cll CZ! C3| C]_Z = 0.1 uF)

A Note:

When not using the LCD driver, the four capacitors C,, C,, C;, and C,, are not necessary. Leave the pins Vpp,,

Vo2 Vops, C1, and C2 open.

Further, when using the LCD driver at 1/2 duty, the capacitor C, is not necessary. Leave the pin Vyp, open in

this case.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-12

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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(2) Figure 13-9 shows the OPTION A bias generator configuration.

VDD

{3

1 kHz

1 Voo (15V)
'
i
C3 |LVDD3 '_|_| (45V)
11 1
! Bias
C \Y/ 3.0V
e N ( ) generator
i circuit
VDDH:j (15 V)
i
V i
SS D (0 V)
|
i
c1 L
C, = T
2T c2 A4
(-
|
i
i
i
i
i ML63611
' Inside the IC

(from time base counter)

Vbos .
Vppe | To LCD driver

DD1

Figure 13-9 Configuration of the Bias Generator Circuit of the OPTION A
(Cz, C5, C, = 0.1 pF)

A Note:

If the LCD driver is not used, capacitors C,, C,, and C,, are not necessary. Leave each of the Vyp;, Vo2, Vobpss

C1, and C2 pins open.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-13

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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(3) Figure 13-10 shows the OPTION C bias generator configuration.

VDD

-
i
i
II Voo ﬁ (3.0V)
i
Cs || Voos 1_,-'I:F(‘]'-F) V) 1 kHz
I i Bias (from time base counter)
V, i (3.0V
DDZ_qj ( ) generator
! circuit
C. || Vo [ (15V)
' T
i
Vss ‘j V)
|
i
c1 4
c 1 'T'
21 c2 4
i
| Vops .
: Voo, | To LCD driver
i DD1
|
I ML63611
' Inside the IC

Figure 13-10 Configuration of the Bias Generator Circuit of the OPTION C

A Note:

(Cy, G5, C1, = 0.1 pF)

If the LCD driver is not used, capacitors C,, C,, and C,, are not necessary. Leave each of the Vyp;, Vpp2: Vobss

C1, and C2 pins open.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-14

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Table 13-2 OPTION B Display Contrast Adjusting Voltages (Vpp;)

(Ta=25°C, Vgs = 0 V)

DSPCNT Vpp; Voltage (V)

CN3-0 CN3 CN2 CN1 CNO Min. Typ. Max. Contrast
OH 0 0 0 0 0.90 0.95 1.00 Light
1H 0 0 0 1 0.93 0.98 1.03
2H 0 0 1 0 0.96 1.01 1.06
3H 0 0 1 1 0.99 1.04 1.09
4H 0 1 0 0 1.02 1.07 1.12
5H 0 1 0 1 1.05 1.10 1.15
6H 0 1 1 0 1.08 1.13 1.18
7H 0 1 1 1 1.11 1.16 1.21
8H 1 0 0 0 1.14 1.19 1.24 Dark

Table 13-3 OPTION D Display Contrast Adjusting Voltages (Vpp:)
(Ta=25°C, Vs = 0 V)
DSPCNT Vpp; Voltage (V)

CN3-0 CN3 CN2 CN1 CNO Min. Typ. Max. Contrast
OH 0 0 0 0 0.90 0.95 1.00 Light
1H 0 0 0 1 0.93 0.98 1.03 A
2H 0 0 1 0 0.96 1.01 1.06
3H 0 0 1 1 0.99 1.04 1.09
4H 0 1 0 0 1.02 1.07 1.12
5H 0 1 0 1 1.05 1.10 1.15
6H 0 1 1 0 1.08 1.13 1.18
7H 0 1 1 1 1.11 1.16 1.21
8H 1 0 0 0 1.14 1.19 1.24
9H 1 0 0 1 1.17 1.22 1.27
OAH 1 0 1 0 1.20 1.25 1.30
OBH 1 0 1 1 1.23 1.28 1.33
OCH 1 1 0 0 1.26 1.31 1.36
ODH 1 1 0 1 1.29 1.34 1.39
OEH 1 1 1 0 1.32 1.37 1.42 M
OFH 1 1 1 1 1.35 1.40 1.45 Dark

OPTION A (C): 1.5V (3.0 V), Without regulator 13-15 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Table 13-4 OPTION B and OPTION D Display Contrast Adjusting Voltages (Vpp2: Vops)

(Vss=0V)
Voltage (V)
BISEL Mode Power supply -
Min. Typ. Max.
Y Typ.-0.3 2 X Vpp,* Typ. + 0.3
0 1/3 bias DD2 yp DD1 yp
Vops Typ.—-0.4 3 X Vpp,* Typ. +0.4
Vv Typ.—-0.2 Voo Typ. + 0.2
1 1/2 bias DD2 yp DD1 yp
Vo3 Typ.-0.3 2 X Vpp* Typ. +0.3
*:Indicates the typical Vpp, value in Table 13-2.
Table 13-5 OPTION A Display Contrast Adjusting Voltages (Vpp1, Vobz Vobs)
(Vss=0V)
Voltage (V)
BISEL Mode Power supply -
Min. Typ. Max.
Vo1 Typ.—-0.1 Voo Typ. +0.1
0 1/3 bias Vop2 Typ.—0.2 2 xVpp Typ. + 0.2
Vo3 Typ.-0.3 3 xVpp Typ. +0.3
Vo1 Typ. - 0.1 Vo Typ. +0.1
1 1/2 bias Vb2 Typ.-0.1 Voo Typ. +0.1
Vo3 Typ.—0.2 2 xVpp Typ. +0.2
Table 13-6 OPTION C Display Contrast Adjusting Voltages (Vpp1; Vobz: Vobs)
(Vss=0V)
Voltage (V)
BISEL Mode Power supply -
Min. Typ. Max.
Vop1 Typ.—0.1 1/2 x Vpp Typ. +0.1
0 1/3 bias Vb2 Typ.-0.1 Voo Typ. +0.1
Vops Typ.—0.2 3/2 x Vpp Typ. + 0.2
Vop1 Typ.-0.1 1/2 x Vg Typ. +0.1
1 1/2 bias Vb2 Typ.-0.1 Voo Typ. + 0.1
Voos Typ.-0.1 Voo Typ. + 0.1

A Notes:

The contrast adjusting voltages in the OPTION B and OPTION D are in the following range:

« OPTIONB

(Example) Battery voltage =1.3t0 1.7 V

« OPTIOND
When the halver circuit is used:

(Example) Battery voltage =2.4V ...
Battery voltage =3.0V .....
Battery voltage = 3.2V ...

...... 0.95V min. to 1.19 V max.

0.95 V min. to 1.00 V max.
0.95 V min. to 1.30 V max.
0.95V min. to 1.40 V max.

When the halver circuit is not used (battery voltage = 1.8 to 2.4 V):

0.95 V min. to 1.40 V max.

« Contrast adjusting is not available in the OPTION A and OPTION C.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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13.7  LCD Driver Output Waveform

Figures 13-11 (a) and 13-11 (b) show the output waveforms for 1/4 duty and 1/3 bias, and Figures 13-12 (a) and
13-12 (b) show the output waveforms for 1/3 duty and 1/3 bias.

Frame frequency 64 Hz

COoM1

COM2

COM3

COoM4

Figure 13-11 (a) 1/4 Duty, 1/3 Bias Common Output Waveform

OPTION A (C): 1.5V (3.0 V), Without regulator 13-17 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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COM1 series:
COM2 series:
COMS3 series:
COM4 series:

COM1 series:
COM2 series:
COMS3 series:
COM4 series:

COML1 series:
COM2 series:
COMS3 series:
COM4 series:

COM1 series:
COM2 series:
COMS3 series:
COM4 series:

COM1 series:
COM2 series:
COMS3 series:
COM4 series:

COM1 series:
COM2 series:
COMS3 series:
COM4 series:

COM1 series:
COM2 series:
COMS3 series:
COM4 series:

OFF
OFF
OFF
OFF

ON
OFF
OFF
OFF

OFF
ON

OFF
OFF

OFF

OFF
ON

ON
OFF

ON
ON

ON
ON
ON
ON

Frame frequency 64 Hz

VDD3

VDDZ

VDDl

VDD3

VDDZ

VDDl

VDD3

VDDZ

VDDl

VDD3

VDDZ

VDDl

VDD3

VDDZ

VDDl

VDD3

VDDZ

VDDl

VDD3

VDDZ

VDDl

Figure 13-11 (b) 1/4 Duty, 1/3 Bias Segment Output Waveform

OPTION A (C): 1.5V (3.0 V), Without regulator 13-18
circuit for LCD bias

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Frame frequency 85.3 Hz

CcoM1

ComM2

COM3

Figure 13-12 (a) 1/3 Duty, 1/3 Bias Common Output Waveform

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

13-19

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Frame frequency 85.3 Hz
1 2 3 1 2 3
seg n
COML1 series: OFF Voos
COM2 series: OFF Vo2
COMS series: OFF Voo1
VSS
seg n
COML1 series: ON Vobs
COM2 series: OFF Vo2
COM3 series: OFF Voo1
VSS
seg n
COML1 series: OFF Vobs
COM2 series: ON Vob2
COMS3 series: OFF Voo1
VSS
seg n
COML1 series: ON Voos
COM2 series: ON Vo2
COM3 series: OFF Vo1
VSS
seg n
COML1 series: OFF Voos
COM2 series: OFF Voa
COMS3 series: ON Voo1
Vss
seg n
COML1 series: ON Vons
COM2 series: OFF Vo2
COMS series: ON Voo
Vss
seg n
COML1 series: OFF Voos
COM2 series: ON Vo2
COMS3 series: ON Vo1
Vss
seg n
COML1 series: ON Voos
COM2 series: ON Vo2
COMS3 series: ON Vo1
Vss

Figure 13-12 (b) 1/3 Duty, 1/3 Bias Common Output Waveform

OPTION A (C): 1.5V (3.0 V), Without regulator 13-20 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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14. Battery Low Detect Circuit (BLD)
14.1  Overview
The OPTION C and OPTION D have an internal battery low detect circuit (BLD).

The battery low detect circuit detects when the battery voltage (supply voltage Vpp) falls below the judgment
voltage value. Four levels of judgment voltage can be selected by the BLDCON bits.

Judgment voltage values (Ta =25°C): 1.8 +0.1V,2.0+0.1V,24+0.1V, 2.6 +0.1V

A Note:

. Does not apply to the OPTION A and OPTION B.
*  When verifying BLD operation, the operation must be verified with an evaluation sample device.

14.2  Battery Low Detect Circuit Configuration

The battery low detect circuit consists of a judgment circuit and a judgment voltage select circuit. Figure 14-1
shows the circuit configuration.

Data bus

Vpp ———>
Judgment circuit BLDE
ENBL

Read BLDCON

BLDCON

Q 10

Judgment voltage
select circuit

Figure 14-1 Battery Low Detect Circuit

OPTION A (C): 1.5V (3.0 V), Without regulator 14-1 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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14.3  Judgment Voltage

The value of the judgment voltage is selected by the software by setting the LD1 (bit 1 of BLDCON) and LDO (bit
0 of BLDCON) bits.

Table 14-1 lists judgment voltage and precision values.

Table 14-1 Judgment Voltage

LD1 LDO Judgment voltage (V) Precision (V) Remarks
0 0 1.8 0.1 Ta =25°C
0 1 2.0 0.1 Ta=25°C
1 0 2.4 0.1 Ta =25°C
1 1 2.6 0.1 Ta =25°C

14.4  Battery Low Detect Circuit Register

«  Battery low detect control register (BLDCON)
BLDCON is a 4-hit special function register (SFR) that controls the battery low detect circuit.

Judgment result flag

bit 3 bit 2 bit 1 bit 0
BLDCON (094H) | BLDF | ENBL LD1 LDO

(RIW) | [

0: Higher than judgment value (initial value)
1: Lower than judgment value

Battery low detect circuit ON/OFF control

0: Battery low detect circuit OFF (initial value)
1: Battery low detect circuit ON

Judgment voltage select

bit1 bit0
0 0 :1.8+0.1V (initial value)
0 1 :20x01V
1 0 :24x0.1V
1 1 :26x01V
bit 3: BLDF
This flag indicates the judgment result of the battery low detect circuit.
This bit is set to “1” when Vp, is lower than the judgment voltage selected by LDO and LD1, and
is set to “0” when Vpp, is higher. This bit is “0” when the BLD circuit stops operation.
This bit is read-only and writes are invalid.
bit 2: ENBL

This bit turns the battery low detect circuit ON or OFF.

When ENBL is set to “1”, the battery low detect circuit is ON. When ENBL is set to “0”, the
battery low detect circuit is OFF.

At system reset, this bit is cleared to “0”.

bit 1, 0: LD1, LDO

These bits select the judgment voltage.
At system reset, these bits are cleared to “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 14-2 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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14.5 Battery Low Detect Circuit Operation

The battery low circuit is turned ON or OFF by ENBL (bit 2 of BLDCON), and outputs to BLDF (bit 3 of
BLDCON) the result of a comparison with the judgment voltage.

ENBL is the enable control bit for the battery low detect circuit. Setting ENBL to “1” turns ON the battery low
detect circuit. Setting ENBL to “0” turns OFF the battery low detect circuit and BLD current supply drops to zero.

BLDF is the judgment result flag. If BLDF is “1”, the power supply voltage is lower than the judgment voltage. If
BLDF is “0”, the power supply voltage is higher than the judgment voltage. BLDF is valid when ENBL is “1”.

The judgment circuit of the battery low detect circuit requires time to become stable. Therefore, after setting
ENBL to “1”, wait at least 1 ms before reading BLDF. No load should be applied to the power supply voltage
during the detection.

Figure 14-2 shows an example operation timing.

S

. Set ENBL Read BLDF Reset ENBL
Operation
0 0 0] 0
ENBL | : :
Judgment voltage Vss :/ [ vemp : :\
vemp ! ! :
BLDF (1 o 0 : |

BLD stabilization time
(wait at least 1 ms)

Figure 14-2 Operation Timing Example

Figure 14-2 shows the following operations.
O ENBL issetto “1” to turn ON the BLD.

O Operation starts with no load applied to power supply system and waits for BLD stabilization time
interval (at least 1 ms).

O Judgment result flag (BLDF) is read.

O ENBL is cleared to “0”.

OPTION A (C): 1.5V (3.0 V), Without regulator 14-3 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15. Power Supply Circuit (POWER)

15.1 Overview

In the different voltage regulator circuits of the OPTION C and OPTION D, the battery voltage (Vpp) ™ is halved
to generate the voltage Ve, which is then used to generate internally the different driving voltages. By using the
output voltage of this halver circuit™, it is possible to drive the internal circuit operations at half the battery
voltage, thereby suppressing the supply current. However, the battery voltage is connected directly to the power
supply of the high-speed clock generator circuit.

In the different voltage regulator circuits of the OPTION A and OPTION B, the battery voltage is connected
directly to the power supply line and the different driving voltages are generated internally from this voltage.

The following three voltage regulator circuits are incorporated in the OPTION B and OPTION D:

(1) VIR1: Outputvoltage=1.15V
... The voltage regulator circuit generating the power supply voltage (V) for the CPU, ROM, RAM,
and other internal logic circuits.
(2) VIR2: Output voltage =0.7 V
... The voltage regulator circuit generating the power supply voltage (V) for the low-speed clock
generator circuit.
(3) VIR3: Output voltage =0.95V
... The voltage regulator circuit generating the reference voltage (Vpp;) for the LCD bias generator
circuit.

The following two voltage regulator circuits are incorporated in the OPTION A and OPTION C:

(1) VIR1: Outputvoltage =1.15V
... The voltage regulator circuit generating the power supply voltage (V) for the CPU, ROM, RAM,
and other internal logic circuits.
(2) VIR2: Outputvoltage=0.7 V
... The voltage regulator circuit generating the power supply voltage (Vy;) for the low-speed clock
generator circuit.

A Note:

*1: The power supply voltage (Vpp) supplied from outside should be within the following recommended ranges:
OPTION A and OPTION B: Vpp =1.3t0 1.7V
OPTION C and OPTION D: Vp, =1.8t0 3.6 V

*2:  The halver circuit can be used in OPTION C and OPTION D (but cannot be used in OPTION A and OPTION B).

15.1.1 Precautions in Using the Halver Circuit

The halver circuit can be used in OPTION C and OPTION D. The halver circuit can operate when Vpp is 2.4 to
3.6 V. Depending on the battery load of the application system being used, it is possible to select by software to
supply either the output voltage of the halver circuit or the battery voltage to the different voltage regulator
circuits. It is possible to suppress the supply current during operation by efficiently using the halver circuit
output voltage.

The software setting should be made so that the output voltage of the halver circuit is supplied to the different
voltage regulator circuits during normal load, and the battery voltage is supplied to the different voltage regulator
circuits during heavy load (such as when the backlight is lit).

Normal load is when Vp is 2.4 to 3.6 V, and heavy load is when Vp, is less than 2.4 V.

Further, it is possible to select by software a judgment threshold voltage of 2.6 V, 2.4 V, 2.0 V, or 1.8 V for the
BDL (battery low detection) function.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-1 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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15.2

Power Supply Circuit Related Register

The halver control register (VHCON) is used to control the power supply circuit.

Halver control register (VHCON)
VHCON is a 4-bit special function register (SFR) that specifies whether the output voltage of the halver circuit
is used or whether the battery voltage is used as the voltage supplied to the internal different voltage regulator

This register is available in the OPTION C and OPTION D (but not in the OPTION A and OPTION B, where
the halver circuit cannot be used).

Halver circuit control

bit 3 bit 2 bit 1 bit 0
VHCON (095H) | 0 0 O | vH |
(R/W)

0: Halver circuit OFF
1: Halver circuit ON (initial state)

bit0: VH

At system reset, VH is set to “1”. At this time, the halver circuit enters an operating state and
the output voltage (half the battery voltage) of the halver circuit will be supplied to the internal
different voltage regulator circuits.

When VH is set to “0”, the halver circuit stops operating and the battery voltage will be supplied
to the internal different voltage regulator circuits.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-2 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15.3  Power Supply Circuit Configuration

15.3.1 OPTION A Power Supply Circuit Configuration

The power supply section of the OPTION A consists of the voltage regulator circuit (V/R1) for internal logic
power supply and the voltage regulator circuit (\V/R2) for the low-speed clock generator circuit.

The OPTION A does not have the voltage regulator circuit (V/R3) for the LCD bias generation reference voltage.
Since the power supply voltage is used as the LCD bias generation reference voltage, Vpp, has to be shorted to

Voo

The OPTION A power supply circuit configuration is shown in Figure 15-1.

-
i
i
Vop 15V
1.3t01.7V D_E' 0.1 uF
v !
HE G Open
HC2 m Open
HC1 m Open
i
i
Vops - C; 1.0 pF
|._| 1
Vo2 DCZ Hl.OpF
Vob1 |—'—|
L
c2
LI
c1 L Cu TLOWF
T
i
i
XTO [;" Ce |
XT1 -, 2 5to25pF
4‘:'_3-,2_.768 kHz

|
Vit 4 Cxr ,,0.1uF
|._, 1T

/0}'; Fixed in the hardware
oy )
Ve Halver circuit
1/2Vpp
LCD bias circuit
VIR2 Vxr |  Low-speed clock
0.7V generator circuit
V/R1

—_— \\ /
ENOSC (bit 1 of FCON) = “1” T

1.15V ENOSC (bit 1 of FCON) = “0”
J_ //i \\\ VCHI

i
i
i
Internal logic circuits (ROM, RAM, CPU, etc.)| |
i
i

A 4

High-speed clock generator circuit | osc1 — = C.

ML63611

Ven | Cen ,, 0.1 pF
[
30 pF
OSCO Co |
B & S
______ Vss  ~4Ceramic resonator

L

Figure 15-1 OPTION A Power Supply Circuit Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

15-3

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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15.3.2 Operation of the OPTION A Power Supply Circuit

The battery voltage (Vpp) is supplied to the different voltage regulator circuits (V/R1 and VV/R2) of the OPTION A.
The output voltages of the voltage regulator circuits are used as the internal logic power supply (V) and the
power supply voltage (V) for the low-speed clock generator circuit. Further, the battery voltage is connected
directly to the power supply of the high-speed clock generator circuit.

The output voltage of the voltage regulator V/R1 is supplied as the power supply (V) for the internal logic
circuits during low-speed clock operation.

The output voltage of the voltage regulator circuits V/R2 and V/R3 are always supplied respectively as the power
supply voltage (V) for the low-speed clock generator circuit and the reference voltage (Vpp,) for the LCD bias
generator circuit.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-4 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15.3.3 OPTION B Power Supply Circuit Configuration

The power supply section of the OPTION B consists of the voltage regulator circuit (V/R1) for internal logic

power supply, the voltage regulator circuit (V/R2) for th
and the voltage regulator circuit (\V/R3) for the LCD bias

e power supply of the low-speed clock generator circuit,
generation reference voltage.

The OPTION B power supply circuit configuration is shown in Figure 15-2.

Voo 1.5V
_ 1.3t01.7V CV 0.1 puF
/L Fixed in the hardware : ———9
o Vv i
\\T,x HE m Open
Vie Halver circuit HC2 E Open
1/2Vpp HC1 m Open
i
i
Voos 4 C; |, 1.0pF
IT, 1
Vooz 4 C, |\ 10pF
|*| 1
VIR3 Vooy »| LCD bias circuit Voos E C, 10pF
0-85VI " 0.95 Vv min, o T
1.19 V max. 1
_l_ c1 ﬁ Cy, TLOWF
T
i
i
XTO Ce
VIR2 Vxr |  Low-speed clock I:yj I 5 10 25 bF [
0.7V generator circuit XT1 D P
i 32.768 kHz
J__ Vxr ™ Cxr 1 0.1 pF
- |?, 1T
Ve | Con , 0.1 pF
VIR1 (A=
1.15V ENOSC (bit 1 of FCON) =*“0" :
il i Vo N i
L | 7 Internal logic circuits (ROM, RAM, CPU, etc.)| |
- - ! 30 pF
ENOSC (bit 1 of FCON) = “1” 0SCo D! Co |
» High-speed clock generator circuit | osCc1 — = Cu
M
________________________ VSS ﬁCeramic resonator|
a
!
ML63611 : 4

Figure 15-2 OPTION B Power S

upply Circuit Configuration

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

15-5

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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15.3.4 Operation of the OPTION B Power Supply Circuit

The battery voltage (Vpp) is supplied to the different voltage regulator circuits (V/R1, V/R2, and V/R3) of the
OPTION B. The output voltages of the voltage regulator circuits are used as the internal logic power supply
(Vcn), the power supply voltage (V) for the low-speed generator circuit, and the reference voltage (Vpp,) for the
LCD bias generator circuit. Further, the battery voltage is connected directly to the power supply of the high-
speed clock generator circuit.

The output voltage of the voltage regulator V/R1 is supplied as the power supply (V) for the internal logic
circuits during low-speed clock operation.

The output voltage of the voltage regulator circuits V/R2 and V/R3 are always supplied respectively as the power
supply voltage (V) for the low-speed clock generator circuit and the reference voltage (Vpp,) for the LCD bias
generator circuit.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-6 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15.3.5 OPTION C Power Supply Circuit Configuration

The power supply section of the OPTION C consists of the halver circuit, the voltage regulator circuit (V/R1) for
internal logic power supply and the voltage regulator circuit (V/R2) for the power supply of the low-speed clock
generator circuit.

The OPTION C does not have the voltage regulator circuit (V/R3) for the LCD bias generation reference voltage.
Since the power supply voltage is used as the LCD bias generation reference voltage, the pin Vpp, has to be
shorted to Vpp.

The OPTION C power supply circuit configuration is shown in Figure 15-3.

1
!
|
Voo 3.0V
] | .- During heavy load 1.8t03.6V DE 0.1 uF
Software selectlon//'ol«\: \(/V|Y|h(%?t \6081‘:\/ a(B: (t)oN?: \6) : == o
0?\ Y Vie 1 Cye  O1yF
AL LT 1T
Ve Halver circuit HC2 BC 1
i« 1/2V T Chio==0.1 pF
During normal load eP HC1 E T
(when Vg, =2.410 3.6 V) i
VH (bit 0 of VHCON) = “1” i
Voos 4 Cs |, 1.0pF
|._| 1
Vo 4
LT
LCD bias circuit Voos E C, ,,10pF
c2
1
c1 T Cie TLOWF
T
|
i
XT0 Cs
VIR2 Var | Low-speed clock I:v:l X 5 t0 25 pF|
0.7V generator circuit im_‘r P
i 32.768 kHz
JT— Vit D Cyr i 0.1 pF
Ven i Ceq ,, 0.1 uF
VIR1 E‘. !
1.15V ENOSC (bit 1 of FCON) = “0" :
1 i Ve o !
L | + Internal logic circuits (ROM, RAM, CPU, etc.)| |
= \\Ii_// : 30 pF
ENOSC (bit 1 of FCON) = “1” : C
— ; High d clock tor circuit 252 CLO [
» High-speed clock generator circui T =
gn-sp g 0OSC1 L1 |
________________________ VSS ,-_|Ceramic resonator
-
|
ML63611 : €L

Figure 15-3 OPTION C Power Supply Circuit Configuration

A Note:

When operating with the high-speed clock, first set VH (bit 0 of VHCON) to “0” and then set ENOSC (bit 1 of
FCON) to “1".

If VH is the “1” state, the halver circuit output voltage (V) becomes the power supply (V) for the internal logic
circuits and the operation will not be made properly.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-7 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15.3.6 Operation of the OPTION C Power Supply Circuit

The output voltage (1/2 V) of the halver circuit is supplied to the different voltage regulator circuits (V/R1 and
V/R2) of the OPTION C. The output voltages of the voltage regulator circuits are used as the internal logic
power supply (V) and the power supply voltage (Vy;) for the low-speed generator circuit.  Further, the battery
voltage is connected directly to the power supply of the high-speed clock generator circuit.

The software setting should be made so that the output voltage of the halver circuit is supplied to the different
voltage regulator circuits during normal load, and the battery voltage is supplied directly to the different voltage
regulator circuits during heavy load.

During normal load (Vpp = 2.4 to 3.6 V), use the halver circuit by setting VH (bit 0 of VHCON) to “1”, and
during heavy load (Vpp = less than 2.4 V), disable the halver circuit by setting VH to “0”. When the halver
circuit is not being used, the battery voltage will be supplied directly to the different voltage regulator circuits.
By setting the judgment threshold voltage to 2.4 V using the BLD function, it is possible to detect the battery
voltage during heavy load.

The output voltage of the voltage regulator V/R1 is supplied as the power supply (V) for the internal logic
circuits during low-speed clock operation.  Further, during high-speed clock operation, it is possible to directly
connect the battery voltage in the hardware to the power supply by setting ENOSC (bit 1 of FCON) to “1”.

The output voltage of the voltage regulator circuit V/R2 is always supplied as the power supply voltage (Vy;) for
the low-speed clock generator circuit.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-8 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15.3.7 OPTION D Power Supply Circuit Configuration

The power supply section of the OPTION D consists of the halver circuit, the voltage regulator circuit (V/R1) for
internal logic power supply, the voltage regulator circuit (V/R2) for the power supply of the low-speed clock
generator circuit, and the voltage regulator circuit (V/R3) for the LCD bias generation reference voltage.

The OPTION D power supply circuit configuration is shown in Figure 15-4.

-
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ML63611 : L

Figure 15-4 OPTION D Power Supply Circuit Configuration

A Note:

When operating with the high-speed clock, first set VH (bit 0 of VHCON) to “0” and then set ENOSC (bit 1 of
FCON) to “1”.

If VH is the “1” state, the halver circuit output voltage (V) becomes the power supply (V) for the internal logic
circuits and the operation will not be made properly.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-9 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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15.3.8 Operation of the OPTION D Power Supply Circuit

The output voltage (1/2 Vpp) of the halver circuit is supplied to the different voltage regulator circuits (V/R1,
V/R2, and V/R3) of the OPTION D. The output voltages of the voltage regulator circuits are used as the internal
logic power supply (V) the power supply voltage (Vy;) for the low-speed clock generator circuit, and the
reference voltage (Vpp,) for LCD bias generator circuit.  Further, the battery voltage is connected directly to the
power supply of the high-speed clock generator circuit.

The software setting should be made so that the output voltage of the halver circuit is supplied to the different
voltage regulator circuits during normal load, and the battery voltage is directly supplied to the different voltage
regulator circuits during heavy load.

During normal load (Vpp = 2.4 to 3.6 V), use the halver circuit by setting VH (bit 0 of VHCON) to “1”, and
during heavy load (Vpp = less than 2.4 V), disable the halver circuit by setting VH to “0”. When the halver
circuit is not being used, the battery voltage will be supplied directly to the different voltage regulator circuits.

By setting the judgment threshold voltage of the BLD function to 2.4 V, it is possible to detect the battery voltage
during heavy load.

The output voltage of the voltage regulator V/R1 is supplied as the power supply (VH) for the internal logic
circuits during low-speed clock operation.  Further, during high-speed clock operation, it is possible to directly
connect the battery voltage in the hardware to the power supply by first setting VH to “0” and then setting
ENOSC (bit 1 of FCON) to “1”.

The output voltages of the voltage regulator circuits V/R2 and VV/R3 are always supplied respectively as the power
supply voltage (V) for the low-speed clock generator circuit and the reference voltage (Vpp,) for the LCD bias
generator circuit.

OPTION A (C): 1.5V (3.0 V), Without regulator 15-10 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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16. A/D Converter (ADC)

16.1 Overview

The ML63611 has a built-in 2-channel RC oscillation method A/D converter. The A/D converter is composed of
a 2-channel oscillation circuit, Counter A (CNTAO to 4) which is a 4.8-digit decade counter, Counter B (CNTBO
to 3) which is a 14-bit binary counter and A/D converter control registers 0 and 1 (ADCONO, ADCON1).

By counting oscillation frequencies due to resistance or capacitance connected to the RC oscillation circuit, the
A/D converter converts resistance values or capacitance values to corresponding digital values. By using a
thermistor or a humidity sensor as a resistance, a thermometer or a hygrometer can be constructed. By applying
sensors to the 2-channel RC oscillation circuit, it is also possible to extend measurement ranges or measurement at

two places.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

16-1

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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16.2  A/D Converter Configuration
Figure 16-1 shows the A/D converter configuration.

<CNTB> 14-stage binary counter

T T T
BO + B1 + B2 ' B3
OSCCLK L H 1/21 1 Differ- | OVFB
| | | entiation
a0-3 1+ a4-7 ! a8-l1ll 1 al2-13 T
4 4 4 2 CLK
<CNTA> 4.8-digit decade counter
System clock (CLK) AO | AL ! A2 ! A3 ! A4
(32.768 kHz —'tD_O> ' 110 x 8) ! Differ-
entiation
/700 kHz) a0-3 | a47 | ag11 ! al2-15! al6-18 ¥
z
g 4 4 4 4 3 CLK
O
S Synchro- 1
nization
CLK

N

Interrupt request
ADINT

RESETS

<ADCONO>

Internal data bus 8

OSCCLK

RC oscillator section

<CROSCO0>

MON

CROSC
monitor

Inside the IC

<CROSC1>

Figure 16-1 Layout of A/D Converter

PE.O

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

16 -2

OPTION B (D):

1.5V (3.0 V), With regulator
circuit for LCD bias
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16.3  Operation of A/D Converter

As shown in Figure 16-1, the RC oscillation circuit can be made by connecting resistors and capacitors to each
pin.

Counter A (CNTAO to 4) is a 4.8-digit decade counter (1/(10* x 8)) to count the system clock (CLK) which is the
time reference and can count up to a maximum of 79,999.

Counter B (CNTBO to 3) is a 14-stage binary counter to count the oscillation clock (OSCCLK) of the RC
oscillation circuit and can count up to a maximum of 16,383.

Both Counter A and Counter B have the overflow flags (OVFA and OVFB) and overflow output generates the
AJD converter interrupt request (ADINT). ADINT due to overflow of either Counter A or Counter B is selected
by Bit 1 (SADI) of the A/D converter control register 0 (ADCONO). By resetting SADI to “0”, overflow of
Counter A is selected and by setting SADI to “1”, overflow of Counter B is selected. The vector address of
ADINT is at address 02FH.

Bit 0 (EADC) of ADCONO is a bit to select operation/halt of the A/D conversion. By resetting EADC to “0”, the
RC oscillation is halted and no counting is performed. By setting EADC to “1”, the RC oscillation is begun and
counting of the RC oscillation clock and the system clock is started.

Bit 2 (STV) is used for setting the internal power supply voltage (V) as the power supply voltage in order to
enable the operation of Counter A and Counter B. However, carry out the setting of this bit only after setting the
halver circuit to “disabled”.

Set EADC to “1” after waiting for about 120 ps (2 clock periods of the low-speed clock) after setting STV to “1”.
Note that Counter A is likely to operate improperly if the RC oscillator circuit is made to operate when the
internal power supply has not become stable.

Various oscillation mode of the RC oscillation part is performed by the A/D converter control register 1
(ADCON1). The RC oscillation clock can be monitored by outputting to PE.O in secondary function.

OPTION A (C): 1.5V (3.0 V), Without regulator 16-3 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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16.3.1 RC Oscillation Circuit

The A/D converter of the RC oscillation method performs A/D conversion by digitizing the oscillation frequency
ratio of a reference resistance (or capacitance) to a resistance sensor, such as thermistor sensor (or capacitance
sensor).

By taking the ratio of oscillation frequencies of the reference to the sensor, it is possible to A/D convert the
characteristics of a sensor itself by canceling error factors intrinsic to the RC oscillation circuit. Consequently, it is
necessary to oscillate the reference side and the sensor side with the same oscillation circuit and a pair of the
reference side and the sensor side is usually used.

Table 16-1 shows the oscillation mode by Bits 3 to 0 (OM3 to OMO) of the A/D converter control register
(ADCON1). Figures 16-2 to 16-5 show the layout and values of the OM3 to OMO bits.

Table 16-1 Oscillation Mode by OM3 to OMO Bits

Mode ADCON1 CROSCO output pins CROSC.:l
" output pins Mode
' OM3 | OM2 | OM1 | OMO | RSO RTO | CRTO | CSO RS1 RT1
0 0 0 0 0 7 7 7 7 7 7 'INO external clock
input mode
1 0 0 0 1 1/0 z z 0/1 z z |RSOCSO
oscillation
RTO-CSO
2 .
0 0 1 0 z 10 z o z z oscillation CRQSC_:O
RT. CSO oscillation
3 0 0 1 1 z z 1/0 0/1 z z 017 mode
oscillation
4 0 1 0 0 1/0 z 0/1 Z z z |RSO-CTO
oscillation
RS1-CS1
5 0 1 0 1 Z Z Z Z 1/0 Z oscillation CRQSQl
RT1.CS1 oscillation
6 0 1 1 0 z z z z z 1/0 -~ |mode
oscillation
- 0 1 1 1 7 7 7 7 7 7 '|N1 external clock
input mode
8 1 — — — z z z z z z (unavailable)
Note:  Z: High-impedance output
1/0, 0/1: Active output
—: Arbitrary
OPTION A (C): 1.5V (3.0 V), Without regulator 16-4 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Modes No.0 and No.7 in Table 16-1 measure the external clock which is input to the INO pin or the IN1 pin by
halting the operation of the RC oscillation circuit.

As shown in Table 16-1, no two oscillation circuits can operate simultaneously. This prevents interference to the
oscillation operation when two are operated simultaneously.

The relation between oscillation frequency (foscci k), capacitance value (C), and resistance value (R) is expressed
by the following:
1
foscok tosccik = Koscak * C * R

where toscek IS the period of the oscillation frequency, Kosecik 1S @ proportionality constant and CeR is product of
Csor C;and Rgor R, The value of kogec « Varies slightly depending on Vi (power supply voltage), RI, C and
R and its standard values are listed in Table 16-2.

Table 16-2 Standard Value of kogeo x Of RC Oscillation Circuit

Voo (V) RIn (kQ) CSn, CTn (pF) RSn, RTn (kQ) Koscak (TYp-)
3 10 820 100 2.1
820 10 2.4
15 10 820 100 2.1
820 10 2.3

Note: n=0,1,0-1

OPTION A (C): 1.5V (3.0 V), Without regulator 16-5 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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RSO

RSO

RTO ¢

A

— A R0

OM3 | OM2 | OM1 | OMO Oscillation mode
0 0 0 1 Oscillation with reference resistance RSO
and CSO
0 0 1 0 Oscillation with sensor RTO and CSO

Figure 16-2 Measurement of CROSCO by a Resistance Sensor

CS0O ¢———{ }—— cso
RIO INO
RSO M RSO

RTO »—@— RTO
RT,, »—y&— CRTO
CSO¢—— —— Cso

RIO

INO

OM3 OoM2 OoM1 OMO Oscillation mode
0 0 0 1 Oscillation with reference resistance RSO
and CSO
0 0 1 0 Oscillation with sensor RTO and CSO
0 0 1 1 Oscillation with reference resistance RT,,

and CSO

Figure 16-3 Measurement of CROSCO by a Resistance Sensor
(when two-point adjustment with two reference resistances)

RSO

A

RSO

cT0 ¢—— 5— CRTO
CS0 ¢———H—— €S0

RIO

INO

OoM3 OoM2 oMm1 OMO Oscillation mode
Oscillation with RS0 and reference
0 0 0 1 .
capacitance CS0O
0 1 0 0 Oscillation with RS0 and sensor CTO

RS1

AR

RS1

RT1 ._@_ RT1

CS1 ¢&—}—— Cs1

RI1

ﬁ Note:

Unused pins should be left open.

IN1

Figure 16-4 Measurement of CROSCO by a Capacitance Sensor

OM3 OoM2 OoM1 OMO Oscillation mode
0 1 0 1 Oscillation with reference resistance RS1
and CS1
0 1 1 0 Oscillation with sensor RT1 and CS1

Figure 16-5 Measurement of CROSC1 by a Resistance Sensor

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

16 -6

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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16.3.2 Counter A/B Reference Mode

The conversion operation of the A/D converter is performed by one of the following two modes.

« Counter A Reference Mode (SADI hit of ADCONO = 0)
This is the mode to set gate time by the system clock (CLK) and Counter A, to count the RC oscillation clock
(OSCCLK) by Counter B with the gate time and to output contents of Counter B as a digital value.
The digital value is proportional to the RC oscillation frequency.

« Counter B Reference Mode (SADI bit of ADCONO = 1)
This is the mode to set gate time by the RC oscillation clock (OSCCLK) and Counter B, to count the system
clock (CLK) by Counter A with the gate time and to output contents of Counter A as a digital value.
The digital value is inversely proportional to the RC oscillation frequency.

(1) Operation of Counter A Reference Mode
Figure 16-6 shows the operating timing of Counter A reference mode.

Counter A reference mode is performed by the following procedure: (refer to Figure 16-6)

O  Subtract “nAQ0” (the count value) from the maximum value +1 (80,000) and set that value to Counter A
(CNTA4 to 0). Here, the product of the count value, “nAQ”, and the period of CLK indicates the gate
time.

Counter A ~ (80,000 — nAQ)

O Clear Counter B (CNTB3 to 0) to 0000H.
Counter B — 0000H

O  Set the bits OM3 to OMO0 of ADCONL to a necessary oscillation mode (refer to Table 16-1).

O  Set the internal power supply as the power supply voltage by first setting the halver circuit to “turned
OFF” (set bit 0 of VHCON to “0”) and then writing “4H” to ADCONO (STV =1). Inthe OPTION A
and OPTION B, the setting of VHCON is not required.

O  Write ADCONO to “5H” (STV =1, SADI = 0, EADC = 1) after waiting for about 120 ps.

A Note:

The order of O to O is arbitrary.

After setting STV (bit 2 of ADCONO) to “1”, wait for about 120 ps and then set EADC to “1”. In the OPTION A and
OPTION B, the setting of VHCON is not required.

By 0, A/D conversion starts.

Counter A starts counting the system clock (CLK) when EADC is set to “1” and the CRON signal that
synchronizes with the falling of the system clock is set to “1”.  When Counter A overflows, the EADC bit is
automatically reset (1) and the counting is finished. At the same time, the A/D converter interrupt request
signal (ADINT) becomes “1” to generate the A/D converter interrupt request (O).

When the CRON signal is set to “1”, the RC oscillation is started and Counter B starts counting the RC
oscillation clock (OSCCLK). When Counter A overflows and the EADC bit is automatically reset, the
counting of counter B is finished.

The last count value of “nB0” at Counter B is the count value of OSCCLK during the gate time
“nAOets sc < and is expressed by

nBO (JnA0D :SYSA O foscerk

OSCCLK

OPTION A (C): 1.5V (3.0 V), Without regulator 16-7 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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where tgysc « 1S the period of CLK and tygcc « IS the period of OSCCLK.

In other words, “nB0” is directly proportional to the RC oscillation frequency (fosceix)-

tSYSCLK

CLK

-

CRON D—|
i

™
O\

1 Overflow

Counter A (80000 — nA0Q)

(+1)

(+2)

(+3)

Sﬁ9996

79997

79998 | 79999 00000

INO/IN1

tOSCCLK

RC oscillation
circuit input 1
waveform

Gate time

NAD * tsyscik

!

osccu<§|l|l|
o

»

B

Counter B 0000H 0001H 0002H SS nBO-2 | nBO-1 nBO

i I

1 ] 1

I I 1

i‘ NBO * tosceik =i i

1 | 1

ADINT {5 U L
Interrupt request
nAO: reference count value
nBO: measured count value
Figure 16-6 Operating Timing of Counter A Reference Mode

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias
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(2) Operation of Counter B Reference Mode

Figure 16-7 shows the operating timing of Counter B reference mode.

Counter B reference mode is performed by the following procedure: (refer to Figure 16-7)

O  Subtract “nB1” (the count value) from the maximum value +1 (4000H) and set the result to Counter B
(CNTB3 to 0). Here, the product of the count value, “nB1”, and the period of OSCCLK denotes the
gate time.

Counter B ~ (4000 - nB1)

O Clear Counter A (CNTA4 to 0) to 0000H.
Counter A —~ 0000H

O  Set the bits OM3 to 0 of ADCONL1 to a necessary oscillation mode (refer to Table 16-1).

O  Set the internal power supply as the power supply voltage by first setting the halver circuit to “turned
OFF” (set bit 0 of VHCON to “0”) and then writing “4H” to ADCONO (STV =1). Inthe OPTION A
and OPTION B, the setting of VHCON is not required.

O  Write ADCONO to “5H” (STV =1, SADI = 0, EADC = 1) after waiting for about 120 ps.

A Note:

The order of O to O is arbitrary.

After setting STV (bit 2 of ADCONO) to “1”, wait for about 120 us and then set EADC to “1”. In the OPTION A and

OPTION B, the setting of VHCON is not required.

By 0, A/D conversion starts.

Counter B starts counting the RC oscillation clock (OSCCLK) when the EADC bit is set to “1” and the
CRON signal (signal that synchronizes with the falling of the system clock) is set to “1”.  When Counter B
overflows, the EADC bit is automatically reset ({I) and the conversion is finished. At the same time, the
AJD converter interrupt request signal (ADINT) becomes “1” to generate the A/D converter interrupt request

).

When the CRON signal is set to “1”, Counter A starts counting the system clock (CLK). When Counter B
overflows and the EADC bit is automatically reset, the counting of counter A is finished.

The last count value of “nAl” at Counter A is the count value of SYSCLK during the gate time
“nBletoscck” and is expressed by

nAl OnBl- ;OSCCLK d !

SYSCLK fOSCCLK

In other words, “nAl1” is inversely proportional to the RC oscillation frequency (fosc).

OPTION A (C): 1.5V (3.0 V), Without regulator 16-9 OPTION B (D): 1.5V (3.0 V), With regulator
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Figure 16-7 Operating Timing of Counter B Reference Mode
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16.3.3 Example of Usage of A/D Converter

The method to perform A/D conversion of sensor values by using Counter A reference mode and Counter B
reference mode is explained by taking temperature measurement with a thermistor as an example.

Figure 16-8 shows the layout of RC oscillation circuit.

Reference ML63611 series
resistance

RSO RSO

Thermistor Q & RTO
RTO

CSO ¢—— —— Cso

RIO INO

Figure 16-8 Layout of RC Oscillation Circuit of a Thermistor Using CROSCO

Figure 16-9 shows the temperature characteristics of the resistance value, RTO, of the thermistor.

o
e o
@ e
o RTO = f(T) c
c [}
8 3
2 g
g s
S =y
% Q
£
(0]
ey
|_
Temperature T RTO
Figure 16-9 Temperature Characteristics Figure 16-10 A/D Conversion
of Thermistor Characteristics

(Ideal characteristics when nTO is
proportional to RTO)
RTO is expressed as a function of temperature T as
RTO="f(T)
Figure 16-10 shows the ideal characteristics of A/D conversion taking RTO as an analog quantity and it is ideal
that the A/D conversion value nTO depends solely on RTO. Assuming that nTO is proportional to RTO, the value

of nTO is expressed by temperature T and the proportionality constant K as

nT0=KeRTO=Kef(T) —---- equation (a)

OPTION A (C): 1.5V (3.0 V), Without regulator 16-11 OPTION B (D): 1.5V (3.0 V), With regulator
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Consequently, by performing conversion processing corresponding to the characteristics shown by Figure 16-9 to
NnTO, it is possible to express temperatures by digital values.

The conversion method from an analog value of RTO to a digital value of nTO is now explained.

To convert RTO to a digital value, the ratio of oscillation frequencies of RTO to RSO (ideal if independent of
temperature) is used. This is to cancel the error factors of the oscillation characteristics.

As shown in Figures 16-9 and 16-11, RTO depends on temperature T and RSO is always constant regardless of
temperature T. The oscillation characteristics, fosc-T, using these resistances is ideal if the solid lines of Figures
16-12 and 16-13 can be realized. However, in reality, the dotted lines are obtained due to error factors of the
temperature characteristics of the 1C and others. Since the conditions of fosc(RTO) and fos(RS0) are about the
same except the resistance, their error should be similar with each other and consequently, if the ratio of one to the
other is taken, the error should be canceled.

The ratio of f,sc(RT0) to f,sc(RSO) corresponds to the A/D conversion value of nTO which, ideally, depends
solely on RTO.

f With error due to factors
osc other than RTO

(RTO) \ y

Reference resistance value RS0

Ideal
fosc (RSO) = 1
osc ~ Koscax * €S0 » RTO
Temperature T Temperature T
Figure 16-11 Temperature Characteristics Figure 16-12 Oscillation Characteristics
of Thermistor of Thermistor

fosc With error due to factors other than RS0
(RS0)

1
oscek ®* CS0 « RSO

Ideal fosc (RSO) = K

Temperature T

Figure 16-13 Oscillation Characteristics of Reference Resistance

OPTION A (C): 1.5V (3.0 V), Without regulator 16-12 OPTION B (D): 1.5V (3.0 V), With regulator
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Figure 16-14 shows the timing chart for one cycle of conversion to digital values from the RTO values, i.e. one
cycle of A/D conversion.

One cycle of A/D conversion needs to be composed of two steps shown in Figure 16-14 because the reference
resistance and the thermistor must be oscillated independently when taking the ratio of them.

In this example, those two steps are taken by the following combination:

First step = RC oscillation by RSO with Counter A reference mode
Second step = RC oscillation by RTO with Counter B reference mode

Various other methods are possible besides the one above.

In the above method, the operating time by the second step varies by the value of thermistor RT0. However, if it is
necessary to avoid such variation, the following combination is recommended:

First step = RC oscillation by RSO with Counter B reference mode
Second step = RC oscillation by RTO with Counter A reference mode

In the following, the procedure of A/D conversion will be explained taking Figure 16-14 as an example.

OPTION A (C): 1.5V (3.0 V), Without regulator 16-13 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias
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Figure 16-14 Timing Chart of One Cycle of A/D Conversion

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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<First Step>
O Set the system clock to 32.768 kHz (write OH to FCON), if using High-speed clock as system clock.

0O Set “80,000 — nAQ0” to Counter A.

A Note:

nAOQ is taken as 12,000 in order to set the gate time nAO - tg s « Of Oscillation mode of the reference resistance
RSO0 as 0.366 second. The value of nAO depends on the size of quantum error of A/D conversion and the larger
nAO, the smaller the error.

O Clear Counter B to “0000H”.
O Write “1H” to ADCON1 and set it to oscillation mode with reference resistance RSO.
O  Write “4H” to ADCONO to set the internal power supply voltage as the power supply voltage.

O  Wait for about 120 ps, then write “5H” to ADCONO to start operation of Counter A reference mode.

A Note:

The order of O to O is arbitrary.

For step [0, set STV (bit 2 of ADCONO) to “1” after setting the halver circuit to “turned OFF" (set bit 0 of VHCON to
“0"). Next, wait for about 120 ps and then set EADC to “1”. In the OPTION A and OPTION B, the setting of
VHCON is not required.

0O  Execute the HALT instruction to enter the halt mode.

A Note:

By selecting halt mode, noise to the RC oscillation circuit may be reduced. In regular usage, halt mode is
recommended during RC oscillation operation.

The RC oscillation circuit (CROSCO) continues oscillation with reference resistance RSO for about 0.366 second
at this time and when Counter A overflows, the ADINT signal is set to “1” and the A/D converter interrupt request
is generated ([a]). By the generation of the interrupt request, halt mode is released ([b]) and the A/D conversion
operation is stopped ([c]; the EADC bit = 0). At this moment, Counter A is in 00000 state.

The contents of Counter B are expressed as
t .
NBO=nAQe —SYSCLK __ ____. equation (b
tosccv (RSO) auation (b)

<Second Step>

O Calculate “4000H — nB0” by the contents “nB0” of Counter B and set that value to Counter B.

A Note:

Although clearing of Counter A is needed, additional processing is not necessary as it is already in “00000” state.

O Write “2H” to ADCONL1 and start oscillation mode with thermistor RTO.

OPTION A (C): 1.5V (3.0 V), Without regulator 16-15 OPTION B (D): 1.5V (3.0 V), With regulator
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O Write “7H” to ADCONO and start A/D conversion in Counter B reference mode.

A Note:

Since the setting of STV = 1 has already been made in the preprocessing, there is no need to wait for 120 ps.
@ Execute the HALT instruction to enter the halt mode.

The RC oscillation circuit (CROSCO) oscillates with thermistor RTO from this time until overflow of Counter B.
This period is equivalent to product of “nB0” from first step and toscc « (RTO) due to RTO.

When Counter B overflows, the ADINT signal is set to “1” and the A/D converter interrupt request is generated
([d]). By the generation of the interrupt request, halt mode is released ([e]) and the A/D conversion operation is
stopped ([f]; the EADC bit = “0”). The contents of Counter A becomes the A/D conversion value of nAl and is
expressed by the following:

nAl =nB0 e losce (RTO) equation (c)

SYSCLK

By equations (b) and (c), nAl is expressed as

_ t (RTO) .
NAl =nAQe-OSCCLK A~ ~7  __ ... equation (d
tosccur (RS0) quation (d)

where toscek (RSO) is the period of the oscillation clock by reference resistance RS0 and tygec « (RTO) is the
period of the oscillation clock by thermistor RTO.

The oscillation period is expressed ideally as

tosceLk (RSO) = Koseerk ® CSO ¢ RSO
----- equation (e)
tosceik (RTO) = Koseerk * €S0 » RTO

By substituting equation (e) to equation (d), nAl is expressed as

RTO
RSO

As “nA0” (12,000 in this example) and RSO are fixed constants, “nAl1” becomes a digital value proportional to
RTO. This “nAl” is equivalent to “nT0” in equation (a).

nAl =nA0

The obtained “nAl1” must be further converted to a temperature display value depending on the temperature-
resistance characteristics of the thermistor in a program.

OPTION A (C): 1.5V (3.0 V), Without regulator 16 -16 OPTION B (D): 1.5V (3.0 V), With regulator
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16.3.4 RC Oscillation Monitor

By setting Bit 0 (MON) of the Port E mode register (PEMOD) to “1”, the RC oscillation clock (OSCCLK) can be

output to PE.O.

The RC oscillation monitor is useful when checking the characteristics of the RC oscillation circuit. For instance,
it is possible to measure the relationship between sensors such as a thermistor and an oscillation frequency. For
example, by examining the relationship between ambient temperature of a thermistor built-in RC oscillation
circuit and oscillation frequencies of the thermistor RTO and the reference resistance RSO, it is possible to obtain
the conversion coefficient from the value of nA1 to the temperature display values.

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

16-17
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16.4

Registers Related to A/D Converter

(1) AJD converter control register 0 (ADCONO)

The A/D converter control register 0 (ADCONO) is a 4-bit special function register (SFR) that selects
start/stop of RC oscillation of the A/D converter and the A/D converter interrupt by Counter A or Counter B.

A/D converter operation standby bit (switching of internal power supply) J

bit 3 bit 2 bit 1 bit O

ADCONO (0BAH) 0 STV SADI
EADC
(RIW)

0: Regulator voltage (initial value)
1: Power supply voltage

Selection of A/D interrupt

0: Interrupt request by Counter A overflow (initial value)
1: Interrupt request by Counter B overflow

Selection of A/D conversion start/stop

0: Stop of RC oscillation (initial value)
1: RC oscillation start

bit 2: STV

This bit is used for setting the internal power supply as the power supply voltage in order to enable the
operation of Counter A and Counter B. However, carry out the setting of this bit only after setting the
halver circuit to “turned OFF”.

Wait for about 120 ps before starting RC oscillation. Note that Counter A or Counter B may operate
improperly if the RC oscillator circuit is made to operate when the internal power supply has not
become stable. When this bit is “0”, the RC oscillator circuit does not operate.

bit 1: SADI

This bit selects the A/D converter interrupt request (ADINT) by overflow of either Counter A or
Counter B. By resetting SADI to “0”, the interrupt request by overflow of Counter A is selected and
by setting SADI to “1”, the interrupt request by overflow of Counter B is selected. At system reset,
SADI is reset to “0”.

bit 0: EADC

This bit selects start/stop of conversion of the A/D converter. When set to “1”, A/D conversion is
started and when reset to “0”, A/D conversion is stopped. When either Counter A or Counter B
overflows while EADC is set to “1” to start counting, the EADC bit is set to “0” automaticaly.
Consequently, EADC indicates that the measurement is in progress. At system reset, the EADC bit is
reset to “0” and the system is in stop state.

When the STV bit is “0”, A/D conversion is not started.

OPTION A (C): 1.5V (3.0 V), Without regulator 16-18 OPTION B (D): 1.5V (3.0 V), With regulator
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(2) AJD converter control register 1 (ADCON1)
The A/D converter control register 1 (ADCONL) is a 4-bit special function register (SFR) to select oscillation
mode of the RC oscillation circuit.

bit 3 bit 2 bit 1 bit O

ADCON1 (0BBH) OM3 omM2 OM1 OMO
(RIW)

Selection of oscillation mode

bit3 bit2 bitl bit0
0 0 0 0 : INO pin external clock input mode (initial value)

0 0 0 1: RSO0-CSO0 oscillation mode

0 0 1 0: RTO-CSO oscillation mode

0 0 1 1: RT,,;-CSO 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 - - —: Unavailable

OPTION A (C): 1.5V (3.0 V), Without regulator 16-19 OPTION B (D): 1.5V (3.0 V), With regulator
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(3) A/D converter counter A registers (CNTAOQ to 4)
The A/D converter counter A registers (CNTAO to 4) are 4-bit special function registers (SFRs) to read/write
the Counter A.

ﬁ Note:

CNTAO to CNTA3 are decimal counters and can handle only data from OH to 9H.

bit 3 bit 2 bit 1 bit 0
CNTAO (0BOH) a3 a2 al a0
(R/W) | |
Bits 0 to 3 of Counter A |
bit 3 bit 2 bit 1 bit 0
CNTAL (0B1H) a7 a6 a5 ad
(RIW)

Bits 4 to 7 of Counter A |

bit 3 bit 2 bit 1 bit 0
CNTA2 (0B2H) a1l 210 29 8
(RIW)

Bits 8 to 11 of Counter A |

bit 3 bit 2 bit 1 bit 0

CNTA3 (0B3H) al5 als al3 al2
(RIW)

Bits 12 to 15 of Counter A |

bit 3 bit 2 bit 1 bit 0
— al8 al7 al6

CNTA4 (0B4H)
(RIW)

Bits 16 to 18 of Counter A |

OPTION A (C): 1.5V (3.0 V), Without regulator 16 -20 OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias circuit for LCD bias




ML63611 User’s Manual
Chapter 16 A/D Converter (ADC)

(4) AJ/D converter counter B registers (CNTBO to 3)
The A/D converter counter B registers (CNTBO to 3) are 4-bit special function registers (SFRs) to read/write

the Counter B.

bit 3 bit 2 bit 1 bit 0
CNTBO (0B6H) b3 b2 b1l bo
o C | |
Bits 0 to 3 of Counter B |
bit 3 bit 2 bit 1 bit 0
CNTBL1 (0B7H) b7 b6 b5 ba
(R/W) | |
Bits 4 to 7 of Counter B |
bit 3 bit 2 bit 1 bit 0
CNTB2 (0B8H) b1l b10 b9 bs
(R/W) ’ |
Bits 8 to 11 of Counter B |
bit 3 bit 2 bit 1 bit 0
CNTB3 (0B9H) _ _ b13 b
12
(RIW)
Bits 12 and 13 of Counter B

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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Tables 16-3 and 16-4 list A/D converter-related registers and pins.

Table 16-3 List of A/D Converter-Related Registers

Register name Symbol Address Read/Write Value at system reset
A/D converter control register 0 ADCONO OBAH R/W 8H
A/D converter control register 1 ADCON1 0BBH R/W OH
A/D converter counter A register O CNTAO OBOH R/W OH
A/D converter counter A register 1 CNTA1 OB1H R/W OH
A/D converter counter A register 2 CNTA2 0B2H R/W OH
A/D converter counter A register 3 CNTA3 0B3H R/W OH
A/D converter counter A register 4 CNTA4 OB4H R/W 8H
A/D converter counter B register O CNTBO OB6H R/W OH
A/D converter counter B register 1 CNTB1 0B7H R/W OH
A/D converter counter B register 2 CNTB2 0OB8H R/W OH
A/D converter counter B register 3 CNTB3 OB9H R/W OCH

Table 16-4 List of A/D Converter-Related Pins

Pin name Pad No. 1/0 Function

RTO 29 (0] Resistance sensor connection pin to measure Channel 0
CRTO 30 o cstzir']srt]aer;c(:)e/capacitance sensor connection pin to measure
RSO 31 (0] Reference resistance connection pin for Channel 0

CS0 32 (0] Reference capacitance connection pin for Channel 0

INO 33 I Oscillation input pin for Channel 0

RT1 37 (0] Resistance sensor connection pin to measure Channel 1
RS1 36 (0] Reference resistance connection pin for Channel 1

Csi1 35 (0] Reference capacitance connection pin for Channel 1

IN1 34 I Oscillation input pin for Channel 1

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias
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Appendix A
Appendix A List of Special Function Registers
The Special Function Registers of the ML63611 are listed in Table A.
“—" indicates an invalid bit.
Table A Special Function Register List
Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit O R/W | at system
reset
Port 0 data register POD 000H P03 P02 P01 P00 R | Undefined
001H
Reserved to
009H
Port A data register PAD 00AH PA3 PA2 PAl PAO R/W OH
Port B data register PBD 00BH PB3 PB2 PB1 PBO R/W OH
Port C data register PCD 00CH PC3 PC2 PC1 PCO R/W OH
Reserved OODH
Port E data register PED O0OEH PE3 PE2 PE1 PEO R/W OH
Reserved O0OFH
Port 0 control register 0 POCONO | 010H PO3MD P02MD PO1MD POOMD | R/W OH
Port O control register 1 POCON1 | 0O11H — — POPUD POF R/W OCH
Port 0 interrupt enable register POIE 012H PO3IE PO2IE POlIE POOIE R/W OH
013H
Reserved to
029H
Port A control register 0 PACONO | 02AH PA1IMD1 | PAIMDO | PAOMD1 | PAOMDO | RIW OH
Port A control register 1 PACON1 | 02BH PA3MD1 | PASMDO | PA2MD1 | PA2MDO | R/IW OH
Port A direction register PADIR 02CH PA3DIR | PA2DIR | PAIDIR | PAODIR | RIW OH
Reserved 02DH
Port B control register O PBCONO | 02EH PB1MD1 | PB1IMDO | PBOMD1 | PBOMDO | R/W OH
Port B control register 1 PBCON1 | 02FH PB3MD1 | PB3MDO | PB2MD1 | PB2MDO | R/W OH
Port B direction register PBDIR 030H PB3DIR PB2DIR PB1DIR PBODIR | RIW OH
Port B interrupt enable register| PBIE 031H PB3IE PB2IE PB1IE PBOIE R/W OH
Port B mode register PBMOD 032H PBF — PB1MOD | PBOMOD | R/W 4H
Port C control register 0 PCCONO | 033H PC1MD1 | PC1MDO | PCOMD1 | PCOMDO | R/W OH
Port C control register 1 PCCON1 | 034H PC3MD1 | PC3MDO | PC2MD1 | PC2MDO | R/W OH
Port C direction register PCDIR 035H PC3DIR | PC2DIR | PC1DIR PCODIR | RW OH
Port C interrupt enable register| PCIE 036H PC3IE PC2IE PC1IE PCOIE R/W OH
Port C mode register 0 PCMODO| 037H — — — PCF R/W OEH
Port C mode register 1 PCMOD1| 038H | PC3MOD | PC2MOD | PCIMOD | PCOMOD | R/W OH
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 1 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias
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Table A Special Function Register List (continued)

Initial value
Register name Symbol |Address| bit3 bit 2 bit 1 bit 0 R/W | at system
reset
039H
Reserved to
03CH
Port E control register 0 PECONO | 03DH |PE1MD1 | PEIMDO | PEOMD1 | PEOMDO | R/W OH
Port E control register 1 PECON1 | 03EH |PE3MD1| PE3MDO | PE2MD1 | PE2MDO | R/W OH
Port B direction register PEDIR 03FH | PE3DIR | PE2DIR | PE1DIR | PEODIR | R/W OH
Port E mode register PEMOD | 040H PEF PE2MOD [PE1IMOD | PEOMOD | R/W OH
041H
Reserved to
045H
LPO control register LPOCON | 046H |LPOMD3 | LPOMD2 |LPOMD1 | LPOMDO | R/W OH
047H
Reserved to
04FH
Interrupt enable register 0 IEO 050H EXI1 EXIO EMD — R/W 1H
Interrupt enable register 1 IE1 051H EXI5 — EAD EXI2 R/W 4H
Interrupt enable register 2 IE2 052H ETM3 ETM2 ETM1 ETMO R/W OH
Interrupt enable register 3 IE3 053H E10Hz — EST ESR R/W 4H
Interrupt enable register 4 IE4 054H E2Hz E4Hz E16Hz E32Hz R/W OH
Interrupt request register 0 IRQO 055H QXI1 QXI0 QMD QWDT R/W OH
Interrupt request register 1 IRQ1 056H QXI5 — QAD QXI2 R/W 4H
Interrupt request register 2 IRQ2 057H QTM3 QTM2 QTM1 QTMO R/W OH
Interrupt request register 3 IRQ3 058H Q10Hz — QST QSR R/W 4H
Interrupt request register 4 IRQ4 059H Q2Hz Q4Hz Q16Hz | Q32Hz R/W OH
05AH
Reserved to
05FH
Time base counter register 0 TBCRO 060H 16Hz 32Hz 64Hz 128Hz R/W OH
Time base counter register 1 TBCR1 061H 1Hz 2Hz 4Hz 8Hz R/W OH
Frequency control register FCON 062H — OSCSEL | ENOSC | CPUCLK | R/W 8H
Reserved 063H
100 Hz timer counter register T100CR | 064H 100C3 100C2 100C1 100CO0 R/W | Undefined
10 Hz timer counter register T10CR 065H 10C3 10C2 10C1 10C0 R/W OH
100 Hz timer counter control register| TL00CON | 066H — — — ECNT R/W OEH
Reserved 067H
Timer 0 data register L TMODL 068H TOD3 TOD2 TOD1 TODO R/W OH
Timer 0 data register H TMODH 069H TOD7 TOD6 TODS TOD4 R/W OH
Timer 1 data register L TM1DL 06AH T1D3 T1D2 T1D1 T1DO R/W OH
Timer 1 data register H TM1DH 06BH T1D7 T1D6 T1D5 T1D4 R/W OH
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 2 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Table A Special Function Register List (continued)
Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit 0 R/W | at system
reset
Timer O counter register L TMOCL 06CH TOC3 TOC2 TOC1 TOCO R/W OH
Timer 0 counter register H TMOCH 06DH TOC7 TOC6 TOC5 TOC4 R/W OH
Timer 1 counter register L TM1CL 06EH T1C3 T1C2 TiC1 T1CO R/W OH
Timer 1 counter register H TM1CH 06FH T1C7 T1C6 T1C5 T1C4 R/W OH
Timer O control register 0 TMOCONO| 070H — FMEASO | TMOECAP [ TMORUN | R/W 8H
Timer 0 control register 1 TMOCON1| 071H — — TMOCL1 | TMOCLO | RW OCH
Timer 1 control register 0 TM1CONO| 072H — — TM1ECAP | TM1RUN | R/W OCH
Timer 1 control register 1 TM1CON1| 073H — — TM1CL1 | TM1CLO | RW OCH
Timer O status register TMOSTAT | 074H — — TMOCAP |[TMOOVF| R OCH
Timer 1 status register TM1STAT | 075H — — TM1CAP |TM1OVF| R OCH
Timer 2 data register L TM2DL 076H T2D3 T2D2 T2D1 T2D0 R/W OH
Timer 2 data register H TM2DH 077H T2D7 T2D6 T2D5 T2D4 R/W OH
Timer 3 data register L TM3DL 078H T3D3 T3D2 T3D1 T3DO R/W OH
Timer 3 data register H TM3DH 079H T3D7 T3D6 T3D5 T3D4 R/W OH
Timer 2 counter register L TM2CL 07AH T2C3 T2C2 T2C1 T2CO R/W OH
Timer 2 counter register H TM2CH 07BH T2C7 T2C6 T2C5 T2C4 R/W OH
Timer 3 counter register L TM3CL 07CH T3C3 T3C2 T3C1 T3CO R/W OH
Timer 3 counter register H TM3CH 07DH T3C7 T3C6 T3C5 T3C4 R/W OH
Timer 2 control register 0 TM2CONO | O7EH — FMEAS2 — TM2RUN | R/W OAH
Timer 2 control register 1 TM2CON1| O7FH — — TM2CL1 | TM2CLO | RIW OCH
Timer 3 control register 0 TM3CONO| 080H — — — TM3RUN | R/W OEH
Timer 3 control register 1 TM3CON1| 081H — — TM3CL1 | TM3CLO | RIW OCH
Timer 2 status register TM2STAT | 082H — — — TM20VF| R OEH
Timer 3 status register TM3STAT | 083H — — — TM30OVF| R OEH
084H
Reserved to
08FH
Display control register 0 DSPCONO| 090H BISEL PDWN ALLON | LCDON | RW OH
Display control register 1 DSPCON1| 091H — — DT1 DTO R/W OCH
Display contrast register DSPCNT | 092H CN3 CN2 CN1 CNO R/W OH
Reserved 093H
Battery low detect control register | BLDCON | 094H BLDF ENBL LD1 LDO R/W OH
Halver control register VHCON 095H — — — VH R/W OFH
Tempo register TEMPO 096H TMP3 TMP2 TMP1 TMPO | RIW OH
Melody driver control register MDCON 097H MSF EMBD MBM1 MBMO | R/W OH
098H
Reserved to
09EH
Watchdog timer control register | WDTCON | 09FH d3 d2 di do w —
O0AOH
Reserved to
0A3H
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 3 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Table A Special Function Register List (continued)

Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit 0 R/W | at system
reset
Serial port send buffer L STBUFL | 0A4H TB3 B2 TB1 TBO R/W OH
Serial port send buffer H STBUFH | OA5H TB7 TB6 TB5 TB4 R/W OH
Serial port send control register 0 STCONO | OA6H STSTB STL1 STLO | STMOD | RIW OH
Serial port send control register 1 STCON1 | OA7H | STLMB | STPOE | STPEN | STCLK | RIW OH
Serial port receive buffer L SRBUFL | 0A8H RB3 RB2 RB1 RBO R OH
Serial port receive buffer H SRBUFH | 0A9H RB7 RB6 RB5 RB4 R OH
Serial port receive control register 0 | SRCONO | OAAH SREN SRL1 SRLO | SRMOD | RIW OH
Serial port receive control register 1 | SRCON1 | OABH | SRLMB | SRPOE | SRPEN | SRCLK | R/W OH
izr;:tle;:ort receive baud rate setting SRBRT | OACH L . BRT1 BRTO | RW OCH
Serial port status register SSTAT | OADH | BFULL PERR | OERR | FERR R OH
OAEH
Reserved and
O0AFH
A/D converter counter A register O CNTAO 0BOH CA3 CA2 CAl CAO R/W OH
A/D converter counter A register 1 CNTA1 0B1H CA7 CA6 CA5 CA4 R/W OH
A/D converter counter A register 2 CNTA2 0B2H CAll CAl0 CA9 CA8 R/W OH
A/D converter counter A register 3 CNTA3 0B3H CA15 CAl14 CA13 CA12 | RIW OH
A/D converter counter A register 4 CNTA4 0B4H — CA18 CAl7 CAl6 | RIW 8H
Reserved 0B5H
A/D converter counter B register O CNTBO 0B6H CB3 CcB2 CB1 CBO R/W OH
A/D converter counter B register 1 CNTB1 OB7H cB7 CB6 CB5 CB4 R/W OH
A/D converter counter B register 2 CNTB2 0B8H CB11 CB10 CB9 CB8 R/W OH
A/D converter counter B register 3 CNTB3 0B9H — — CB13 CB12 | RIW OCH
A/D converter control register 0 ADCONO | OBAH — STV SADI EADC | RIW 8H
A/D converter control register 1 ADCON1| OBBH OM3 OoM2 OoM1 OMO R/W OH
0BCH
Reserved to
OF1H
RA register 0 RAO OF2H a3 a2 al a0 R/W OH
RA register 1 RA1 OF3H a7 ab ab a4 R/W OH
RA register 2 RA2 OF4H all alo a9 a8 R/W OH
RA register 3 RA3 OF5H als al4d al3 al2 R/W OH
Register stack pointer RSP OF6H rsp3 rsp2 rspl rsp0 R/W OH
Stack pointer SP OF7H sp3 sp2 spl sp0 R OH
Reserved OF8H
Y register Y OF9H y3 y2 yl y0 R/W OH
X register X OFAH x3 X2 x1 x0 R/W OH
L register L OFBH 13 12 11 0] R/W OH
H register H OFCH h3 h2 hl hO R/W OH
Current bank register CBR OFDH c3 c2 cl cO R/W OH
Extra bank register EBR OFEH e3 e2 el e0 R/W OH
Master interrupt enable flag register | MIEF OFFH — — — MIE R OEH
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 4 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix B Input/Output Circuit Configuration

(1) 1/0 Port (PA.0-PA.3, PB.0-PB.3, PC.0-PC.3, PE.O-PE.3)

(2) Input Port (P0.0-P0.3)

——=<— Pul

[-up/pull-down control

~—Qutput data

Voo Gate
|——control
circuit
Ii
V.
SS V

DD

/V

Schmitt trigger input

=inside the IC

—— Pull

| Schmitt trigger input

= inside the IC

4@0—> Input data

Output control

-up/pull-down control

Input data

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix - 5

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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(3) Low-Speed Oscillation Circuit

VXT

XTOI#—% CMOS input

»Time base clock
(TBCCLK)

Oscillation start

i VDD

0oSsco | CMOS input
|

OSCllJ_'l -
e > inside the IC

(5) RESET, TST1, and TST2 Inputs

» High-speed clock
(HSCLK)

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix — 6

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Appendix C Peripheral Circuit Examples

LCD
15V
(| v LO-L31% .
I
c, ]I Io'l uE oD L36-L63 s Lo
C 15 pF ] Ceraric resonator
= T XT0 osc1—+—]
Crystal [J C
XT1 w =
L32 (LP0.3) [
Open HC1 L33 (LP0.2) |-
L34 (LP0.1) |- v
Open HC2 L35 (LP0.0) |- b0
Open Ve PO.*C:% ‘T
Cs | 10pF P0.2 o ©
[ Vops PO.1 O_I—C
AP Ve eaen OO °
A PB.3 @/\7‘
Cr, (OPTION A) PB.2 &2
Lo | PB.1 S
) C2 PB.O ©
C
XT _I ILO.l uF Vi Eﬁ% B
Cecn I I 0.1 pF Ven Eﬁ% B
" s
- PC.1l-
MDB PCO
L PE.3[
5 o RESET PE2r
PEOL
TST1 INOL
] TST2 CSO|-
CRTO|
RTO[
Vss RSO
4 IN1F-
= CS1|-
RT1
RS1}|-

*1  When LO to L3 are made COM pins, L4 to L31 and L36 to L63 are made SEG pins, and L32 to L35 are made

port pins

*2  When POPUD = “0” (input with pull-down resistor) and the function of a reset due to simultaneous key

depression of four bits are specified using the mask option

. Ceramic oscillation is selected for high-speed oscillation.
. C, is an IC power supply bypass capacitor.
»  Capacitance values for C,, C;, Cy,, Cyr, Ccy, and Cg are only for reference.

Figure C-1 OPTION A Peripheral Circuit Example

OPTION A (C): 1.5V (3.0 V), Without regulator

circuit for LCD bias

Appendix — 7

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias




ML63611 User’s Manual

Appendix C

*1  When LO to L3 are made COM pins and L4 to L63 are made SEG pins

*2  When POPUD = “0” (input with pull-down resistor) and the function of a reset due to simultaneous key
depression of four bits are specified using the mask option

. Ceramic oscillation is selected for high-speed oscillation.
. C, is an IC power supply bypass capacitor.
. Capacitance values for C,, C,, C;, C,,, Cyy, Ccy, and Cg are only for reference.

Figure C-2 OPTION B Peripheral Circuit Example

LCD
1.5V -
,| LO-L63"
bl Voo
lC 01pF] 0sc0
Cs | A5 pF_ % Rosn
I XT0 osc1
Crystal ]
XT1
Open ——yc1 Vop
Open —— *2 .
P HC2 P0.3 g o
Open Ve P0.2 o,
PO.1 5o
C3 11l 1.0 HF v P0.0 o O
C, | 10 we |2 ol
2| ="V PB.3 ®
DD2 /\ﬂ
CoyLOpF |y, ML63611 PB.2 0
Cu, (OPTION B) PB.1 &
F—{c1 PB.0 ®
P o2 PA3
Cxr | 0.1pF v PA2|-
il xT PA.Ll-
Cen I I 0.1 yF Veu PA.O}
PC.3|-
P el
= PC.O[
L PE.1l
o o RESET PEO
[]TSTL INO—
sm 5o
RTO|-
Vee RSO
L IN1H
= CS1-
RT1|-
RS1|

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix — 8

OPTION B (D):

1.5V (3.0 V), With regulator
circuit for LCD bias
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LCD
3V -
'l v LO-L31 .
1! oD L36-L63 Lo
Cy 0.1 pyF
] I 0SCo—¢—
C 15 pF ] Ceraric resonator
G
1 pl XT0 osc1——]
Crystal (] c
xT L32 (LP0.3) S
Cor Lo 1 o Ht L33 (LP0.2) |-
T K L34 (LP0.1) -
HC2 L35 (LP0.0) - o0
*2
Cue {} OLUE v, P0.3 5o
= | 1O pF Voos P0.2 O_I_C
H PO.1 5o
Vob2 P0.0 o o
C, | 10pF ML63611
i Vob1 PB.3 @
Ci, (OPTION C) PB.2 el
F—ct PB.1 el
1.0 yF : ]
C2 PB.O ©
c
XT _I ILO.l uF Vi Eﬁ% B
Cox { O.LUF v, PA1l-
PAO|-
v bel
= PCIF
MDB PC.OF
PE.3|
5o RESET EE:E -
TST1 Nk
s S
RTO|-
Vss RSO
1 INL-
= CS1r
RT1|-
RS1|

*1  When LO to L3 are made COM pins, L4 to L31 and L36 to L63 are made SEG pins, and L32 to L35 are made
port pins

*2  When POPUD = “0” (input with pull-down resistor) and the function of a reset due to simultaneous key
depression of four bits are specified using the mask option

. Ceramic oscillation is selected for high-speed oscillation.

. C, is an IC power supply bypass capacitor.
. Capacitance values for C,, C;, C,,, Cyr, Cey Chizs Crs and Cg are only for reference.

Figure C-3 OPTION C Peripheral Circuit Example

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix — 9 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias
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LCD
3V "
L v LO-L63™ .
LA DD Lo
Cy 0.1 uF
= 0SCco—¢—
] Cerarpic resonator
Cs 15 pF
b 1 XTO osc1 l|
Crystal [J C, =+
XT1 -
T HC1 V
Ciiz —=0.1 pF R0
IR HC2 2 .
P0.3 5o
Cre I} Q.1 YF fy, P0.2 °,©
PO.1 o ©
C .

. 1' IL 1.0 yF Voos P0.0 o_l—c
C, H 1.0 yF Vooa bE.3 m"ﬂ
G I I 1.0 yF Vo1 ML63611 PB.Z %Aﬂ

' vl
Ci (OPTION D) PB.1 @/\7‘
I:i F—c1 PB.O ®
P c2 PA.3
Cxr _I ILO.l uF Vi Eﬁ% B
Cen I I 0.1 pF Veu PA:OZ
PC.3-
v el
= pCOl
MDB PE3L
L PE.2-
5o RESET PELIL
TST1 INO—
[ 1sr S0
RTO
Ves RSO
IN1—
CS1H
RT1+
RS1+

*1  When LO to L3 are made COM pins and L4 to L63 are made SEG pins
*2  When POPUD = “0” (input with pull-down resistor) and the function of a reset due to simultaneous key

depression of four bits are specified using the mask option

. Ceramic oscillation is selected for high-speed oscillation.
. C, is an IC power supply bypass capacitor.
. Capacitance values for C,, C,, C;, C,5, Cy1, Cchy C12r Cye, @nd Cg are only for reference.

Figure C-4 OPTION D Peripheral Circuit Example

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix — 10

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Appendix D Instruction List
The format used in the list of instructions is indicated below.
INSTRUCTION CODE FLAG
MNEMONIC OPERATION wic 1514/1312|1110/9|8|7|6|5|4/3/2|1|0|Z2|C|G
Flags marked with (V)
are affected by
instruction execution,
and those that are not
affected with a dash.
Indicates the instruction code
content.
For a 2-word long instruction, the
first row shows the first word, and
the second row the second word.
Indicates the number of
machine cycles needed to
execute the instruction.
Indicates the instruction word
length.
Indicates the instruction
function.
Indicates the short-form
name for the instruction.
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 11 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias circuit for LCD bias
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Transfer Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C

15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G

MOV direct,A direct - A 11| 1]{2]{0|0|ry|rolf|re|r|re|r|t|r|t|n|f|—|—|—
MOV [HL],A [HL] « A 1|/1|/o|o|o|o|o|1|0|0|O|O|2|O|O|O|O]|O|—|—|—
MOV [XYLA [XY] <« A 1{1|/0|o0flo|0|O0f1]|0|O|O|O|2|2]|0|O|0O]|O|—|—|—
MOV E:[HL],A EJHL] « A 1|/1|/o|o|o|o|o|1|0|O0|O|O|O|O|O|O|O|O|—|—|—
MOV E:[XY],A E:[XY] « A 1{1|/0|0flo0|0|Of1]|0|O|0|O|O|21]|0|O|0]|O|—|—|—
MOV [HL+],A [HL] « AJHL « HL+1 1({1|/0|0fo|0o|Of1]|0|O|0|O|2|O0|1|O|0]|O|—|—]|V
MOV [XY+],A [XY] « A, XY « XY +1 1{1]/o0|o|ojofo|1|ofo|o|of1|2|2]ofO|O|—|—|V
MOV E:[HL+],A E:[HL] « A,HL « HL+1 1({1|/0|0flo|0o|Of1]|0|O|0O|O|O|O|1|O|0]|O|—|—]|V
MOV E:[XY+],A EIXY] « A, XY « XY +1 1{1]/o0|o|o|ofo|1|ofo|0|o|O|1]|21]|0|O|O|—|—|V
MOV \cur #i4 CurA — i4 (2|0 2[00 ig|iy|iy|ig|rs|relrs|ra|ralra|ra|re|V|—|—
MOV [HL],#i4 [HL],A —~ i4 1|1|o|ojo|ojo|r|r|o|o|2|2|O]ig|i|i]|i|V]|—]|—
MOV [XY],#i4 [XY]A ~ i4 1|1|o|ojof|ojo|r|r|o|o|2|2|2]ig|i|i]|ic|V]|—]|—
MOV E:[HL]#i4 E:[HLLA ~ i4 1{1|0{ofo|o|of2]|21]{O0|0|2[O|0]|ig]ip|iy]ip]V|—]|—
MOV E:[XY],#i4 E:IXYLA < i4 1|1|o|ojof|ojo|r|r|o|o|2|O|L]ig|i|i|i|V]|—]|—
MOV [HL+],#i4 [HLLA <« i4, HL « HL +1 1{1|o0jofo|ojof2|1|{2|o|L|[2|0]|ig|i|lif]ip|V|—]|V
MOV [XY+] #i4 [XY]LA « i4, XY « XY +1 1{1(olojojofo|ajafr|o|a|a|alig|i|i|ic]|V|—|V
MOV E:[HL+]#i4 E:[HLJ,A « i4,HL « HL+1 1(1|o0]ofo|o|of2]|21|{2|0|2][O|0]|is|i|i]ip|V|—]|V
MOV E:[XY+] #i4 E:[XYLLA <« i4, XY « XY +1 1{1|o0jofo|ojof21|1|{2|o|L|O|2]|ig|i|lif]ip|V|—]|V
MOV A #id A id 1|1|o|o|o|ojojojo|r|r|2|O|O|ig|i|i|i|V]|—|—
MOV A, direct A — direct (2| 2|2(0| L rylro|re|rs|rs|re|rs|ra|rln|n|rn|Y|l—|—
MOV A,[HL] A « [HL] 1|/1|/o|o|o|o|o|o|1|2|0|O|2|O|O|O|O|O|V|—|—
MOV A,[XY] A < [XY] 1({1|/0|0fo|0|OfO|1|2|0|O|2|21]|0O|O|O|O|V|—|—
MOV A E:[HL] A « E:[HL] 1|/1|/o|o|o|o|o|o|1|2|0|O|O|O|O|O|O|O|V|—|—
MOV A E:[XY] A « E:XY] 1|/1|/o|o|o|o|o|o|1|2|0|O|O|2|O|O|O|O|V|—|—
MOV A,[HL+] A <« [HL],HL « HL+1 1({1|0|o0fo|o|OofoOo|1|2|l0|O|2|O|1|O|0O|O|V|—]|V
MOV A,[XY+] A « [XY], XY « XY+1 1{1]/o0|o|ojofo|o|1f1|o|of1|2|2]ofO|O|V|—|V
MOV A,E:[HL+] A <« EHL], HL « HL +1 1({1|/0|0fo|0o|OfO|1|2|0|O|O|O|1|O|0O|O|V|—]|V
MOV A E:[XY+] A < EI[XY], XY « XY +1 1{1]/o0|o|ojofo|o|1|1|0|ofOo|1|2]ofO|O|V|—|V
XCH A,sfr A o sfr 1{a|ojofajojafa|a|ofrn|r|rnlnlnin|nln|———
XCH A,\cur A - cur 1{alojofa|a|afa|a|ofrn|r|rnlnlninlnln|———
XCH A,[HL] A o [HL] 1|/1|o|o|o|o|o|o|1|2|0o|O|2|O|O|O|O|L|—|—|—
XCH A,[XY] A o [XY] 1{1|/o0|ofo|o|ofo|1|2|o|O|2|l1]|O|O|O|L|—|—|—
XCH A,E:[HL] A o E:[HL] 1|/1|o|o|o|o|o|o|1|2|0|O|O|O|O|O|O|L|—|—|—
XCH A,E:[XY] A o E:XY] 1{1|/0|o0fo|o|ofoOo|1|2|0|O|O|21]|0O|O|O0O]|L|—|—|—
XCH A,[HL+] A o [HL],HL « HL+1 1{1]/o0|o|o|ofo|o|1|1|0o|of1|Oo|21|ofO|L|—|—|V
XCH A,[XY+] A o [XY], XY « XY +1 1{1]/o0|o|ojofo|o|1f1|o|of1|2|2jofO|L|—|—|V
XCH A,E:[HL+] A o EJHL],HL « HL+1 1({1|/0|o0fo|o|ofoOo|1|2|l0|O|O|O|1|O|O0O|L|—|—]|V
XCH A,E:[XY+] A o E[XY], XY « XY +1 1{1]/o0|o|ojofo|o|1|1|0o|ofofr|2]ofO|L|—|—]|V
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 12 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Rotate Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
ROL sfr C « {sfry} « C, A < sfr 1l1]|ofo|1|{ofo|O|2|O|r|r|rs|r |[rmp|n|n|n|V]|Y|—
ROL \cur C « {zcurgl « C,A < cur 1{rfofofrfrfofofr|ofrn|r|rlr|n|nin|n|Y|Y|—
ROL [HL] C « {3[HL]} « C, A « [HL] 1|/1|o0fo|o|ofo|1|0fl0o|O|Of21|0O|O|21|1|O|V]|V|—
ROL [XY] C « {[XY]o} « C,A <« [XY] |[1|1|of|ofofofofz|ofofofofz|z|ofi|1|o|V|V|—
C « {sE:[HL];} ~ C,
: 1|1|0|0|0|0|0|1|0|0|0|0O|O|O|O|2|2]|0|V]|V]|—
ROL E[HL] A < E[HL]
C < EIXY]} < C,
: 1|1|0|0|0|0|0|1|0|0|0|0O|O|2|0|2|2]|0O|V]|V]|—
ROL E:[XY] A < E[XY]
C < {5[HL]} < C, A — [HL],
+
ROL [HL+] HL « HL+1 1|1|0|0|0|0|0|1|0|0|0|O|2|0O|2|2|2]|O|V|V]|V
C < {3IXY]} « C, A « [XY],
+ 1{1|0|0|0|0|0|1|0|0|0|O|2|2|a|a|a|oO|V|V]|V
ROL [XY+] XY « XY +1
C « {;E:[HL];} ~ C,
[HL+
ROL E:[HL+] A« E-HL], HL < HL+1 1|1|0|0|0|0|0|1|0|0|0|O|O|O|2|2|2]|O|V|V]|V
C < KE:[XY]} < C,
XY+ 1{1|0|0|0|0|0|1]|0|0|0|O|O|2|a|2|2|O|V|V]|V
ROL E:[XY+] A < E[XY], XY < XY +1
ROR sfr C - {sfrg} - C, A « sfr 1{rf(ofofrfofofofa|afrn|r|rrirn|n|(nin|n|Y|Y|—
ROR \cur C - {scurg} - C, A — cur 1lafofofafafofofafa ||l nlnlnln|V|V|—
ROR [HL] C - {3[HL]} - C, A « [HL] 1|1|o0fo|o|ofo|1|0flo|OjOf1|O|O|21|1|2|V]|V|—
ROR [XY] C o {[XY]} - C,A « [XY] |1|1|ofofo|ofof1|ofofofof1|2|Oo|1|1|1|V|V|—
C - {E:[HL]} - C,
: 1|1|0|0|0|0|0|1|0|0|0]|O|O|O|O|2|2]|2]|V]|V]|—
ROR E:[HL] A < EHL]
) C - E:XY]} - C,
ROR E:[XY] A EXY] 1{1|0|{0|0|0|0|21|0|0|O0|O|O|2|O|2]|2]|2]|V]|V]|—
C - {3[HL],} - C, A — [HL],
+ 1{1|0|0|0|0|0|1|0|0|0O|O|2|0O|a|a|a|a]|V]|V]|V
ROR [HL+] HL « HL+1
C - {IXY]} = C, A « [XY],
+ 1{1|0|0|0|0|0|1|0|0|0O|O|a|a|a|a|al|al|V]|V]|V
ROR [XY+] XY « XY +1
C - {GE:[HL],} - C,
[HL+
ROR E:[HL+] A« E-HL], HL < HL +1 1|1|0|0|0|0|0|1|0|0|0|O|O|O|2|2|2]|2]|V|V]|V
C - LE:IXY]} - C,
XY+ 1{1|0|0|0|0|0|1|0|0|0|O|O|2|a|2|a|a]|V]|V]|V
ROR E:[XY+] A < E[XY], XY < XY +1
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 13 OPTION B (D): 1.5V (3.0 V), With regulator
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Appendix D

Increment/Decrement Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
INC sfr sfr, A — sfr+1 1l1]|o0fo|1|{0f0|0|O|O|r|r|rs|r |[r|m|n|n|V]|Y|—
INC \cur cur,A « cur+1 1lrfofofafrfoflofofofr |l nln|nln|V|V|—
INC [HL] [HLJLA < [HL] + 1 1|1|o0flo|o0|o0fo|1|0f1]|0|Of1|0|O|O|O|O|V]|V|—
INC [XY] [XY],A < [XY]+1 1{1|0|0|0|0|0|1|0|1|0]|0|2|212|0]|0|0|O|V]|V]|—
INC E:[HL] E:[HLLA « Ej[HL] +1 1|/1|o0flo|o0|0fo|1|0|1|0|O|0O|O|O|O|O|O|V]|V|—
INC E:[XY] EIXY],A « E[XY]+1 1|/1|o0fo|o|ofo|1|0f1|0|Of0O|1|O|O|O|O|V]|V|—
[HLL,A < [HL] + 1,
+
INC [HL+] ML« HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|21|0|2|0|0|O|V|V]|V
[XYLA < [XY] +1,
+ 1{1|0|0|0|0|0|1|0|2]|0|0O|2|2|2|O|O|O|V|V]|V
INC [XY+] XY « XY +1
E:[HL],A < E:[HL] + 1,
. +
INC E:[HL+] HL « HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|0|0O|21|0|0|O|V|V]|V
E:XY].A — E:XY]+1,
XY+ 1{1|0|0|0|0|0|1|0|1]|0|0|0O|2|2]|O0|0|O|V|V]|V
INC E:XY+] XY < XY +1
DEC sfr sfr,A « sfr—1 1{1(ofofr(ofofofofa|r|r|rir|n|nin|n|Y|VY|—
DEC \cur cur,A « cur—-1 1{rfofofrfrfofofofafrn|r|rirn|n|(nin|n|Y|Y|—
DEC [HL] [HLLA < [HL] -1 1|1|o0fo|0o|ofo|1|0f1]|0|Of1|0|O|O|O|2|V]|V|—
DEC [XY] [XY],A < [XY] -1 1{1|0|0|0|0|0|1|0|1|0|0O|2|21|0]|0|O|L1]|V]|V]|—
DEC E:[HL] E:[HL],A « E:[HL] -1 1|1|o0flo|0o|ofo|1|0|1|0|O|0O|O|O|O|O|2|V]|V|—
DEC E:[XY] E:XY],A <« E[XY]-1 1{1|0|0|0|0|0|1|0|1|0]|0|0O|21|0|0O|O|L1]|V]|V]|—
[HL],A < [HL] -1,
+ 1{1|0|0|0|0|0|1|0|1]|0|0|2|0O|2|0O|0O|2]|V|V]|V
DEC [HL+] HL « HL+1
[XYLA < [XY]-1,
+ 1{1|0|0|0|0|0|1|0|2|0|0O|2a|2|a|o|O|2]|V]|V]|V
DEC [XY¥+] XY < XY +1
E:[HL].A < E:[HL] -1,
. +
DEC E:[HL+] HL « HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|0O|O|2|0|0O|L]|V|V]|V
E:XY],A « E:[XY] -1,
XY+ 1{1|0|0|0|0|0|1|0|1]|0|0|0O|2|2|0O|0O|2]|V|V]|V
DEC E:[XY+] XY < XY +1
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 14 OPTION B (D): 1.5V (3.0 V), With regulator
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Appendix D
Arithmetic Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
ADD sfr,A sfr,A — sfr+ A 1l1]|o0fo|1{of0|21|O|O|r|r|rs|r|rmp|n|n|n|V]|V|—
ADD \cur,A cur,A « cur+A 1lrfofofafafoflafofofr |l nln|nln|V|V|—
ADD [HL],A [HLL,A < [HL] + A 1|1|o0fo|0o|ofo|1|0f1|0|Of1|0|O|O|1|O|V]|V|—
ADD [XY],A [XY],A < [XY]+A 1{1|0|0|0|0|0|1|0|1|0|0O|2|21|0|0O|2]|0|V]|V]|—
ADD E:[HL],A E:[HLLA « E[HL] + A 1|/1|o0fo|0o|ofo|1|0|1|0|O|0O|O|O|O|1|O|V]|V|—
ADD E:[XYLA EIXY],A « E]XY]+A 1|/1|o0fo|o|ofo|1|of1|0|OfO|1|O|O|1|O|V]|V]|—
[HLL,A < [HL] + A,
+
ADD [HL+],A ML« HL+1 1|1|0|0|0|0|0|1|0|1|0|0|2|0|2|0|L]|O|V|V]|V
[XYLA < [XY] +A,
+
ADD [XY+],A XY © XY + 1 1|1|o0fo|ojofo|1|of1]|0|O|21|1|2|O0|1|O|V]|V|V
E:[HL],A < E:[HL] + A,
. +
ADD E:[HL+],A HL « HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|0O|O|21|0O|21]|O|V|V]|V
E:[XY]L,A <« E[XY] +A,
. +
ADD E:[XY+],A XY o XY + 1 1|1|o0fo|o0|0f0|1|0|1|0|0O]|O 1(o0(1]|0|V| V]|V
ADD \cur,#i4 cur,A — cur+i4 (2200 [0 iglip|ig|ig|r|rs|rs|ra|r|r|rn|rn|V|V|—
ADD [HL],#i4 [HLLA < [HL] +i4 1|1]{ojojofofo|ofolofafo|1|o]|i|i]|ili|V|V|—
ADD [XY],#i4 [XYLA <« [XY] +i4 1|l1]|ofo|ojofo|o|O|O|21|O|2|L]|ig|i|iy]ig|V]|V]|—
ADD E:[HL] #i4 EJHLLA < EHL] +i4 1/1]{o]ojofofo|o|olofa|ofo|o]|il|i]|ili|V|V|—
ADD E:[XY]#i4 EIXY],A « E[XY] +i4 111]|o0fo|o|{ofo|0|OfO|2|O|0|1]|ig]|iy|i]ig|V]|V]|—
. [HL],A « [HL] +i4, .
ADD [HL+],#i4 HL « HL+1 1{1{0{0{0]{0[0]|0|{0[2]2]0]|2]|0]iy]i]|i]io|V]|[V]V
, [XY],A < [XY] +i4, .
ADD [XY+]#i4 XY« XY + 1 1|l1]|o0fo|ojofo|o|O|2|21]O|2|L]|is|i|izfig|V]|V]|V
. . E:[HL],A — E:[HL] +i4, )
ADD E:[HL+]#i4 HL - HL +1 1|/1{0f(0|0|0[0|0|O|2]|2]0|0|0|iy|iy|iz|ig|V]|V]|V
) . E:XY],A < E:[XY] + i4, ,
ADD E:[XY+],#i4 XY« XY + 1 1{1{0{0{0]{0[0]|0|{0[2]2]0]|0]|L]|iy]|i]|iy]io|V][V]V
ADC sfr,A sfrrA - sfr+ A+C 1l1]|ofo|1|{ofo|L1|O|2]|r|r|rs|r|[mp|n|n|ln|V]|Y|—
ADC \cur,A Ccur,A « cur+A+C 1{rfofofafrfofafofafrn |l n|inin|n|Y|Y|—
ADC [HL],A [HLLA <« [HL]+A+C 1|1|o0fo|o|ofo|1|0of1|0jOf1|0fO|O|1|2|V]|V|—
ADC [XY],A [XY],A « [XY]+A+C 1{1|0|0|0|0|0|1|0|21|0|0O|2|21|0|O|2]|L1]|V]|V]|—
ADC E:[HL],A E:]HL],A « Ei[HL]+A+C 1|{1|0|0|0|0|0|1|0|1|0]|0|0|O|O|O|2]|21]|V]|V]|—
ADC E:[XYLA E:[XYL,A « EXY]+A+C 1|/1|o0fo|o|ofo|1|of1|0|Oofo|1|O|O|1|2|V]|V]|—
[HLLA < [HL]+A +C,
+
ADC [HL+],A ML« HL+1 1|1|0|0|0|0|0|1|0|1|0|0|2|0|2|O|2]|2]|V|V]|V
[XY]LA < [XY]+A+C,
+ 1{1|0|0|0|0|0|1|0|21|0|O|a|2|a|o|a|a]|V]|V]|V
ADC [XY+]A XY < XY +1
E:[HL]A < E:[HL]+A + C,
. +
ADC E:[HL+],A HL « HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|0O|O|2|0O|2]|2]|V|V]|V
E:[XY],A « E[XY]+A +C,
IXYH], 1{1|0|0|0|0|0|1|0|1]|0|0|O|2|2|O|a|2]|V]|V]|V
ADC E:[XY+],A XY XY +1
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 15 OPTION B (D): 1.5V (3.0 V), With regulator
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Appendix D

Arithmetic Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15(14|13|12(11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
sfr,A — decimal adjustment
ADCD sfr,A (sfr+ A +C} ) 1l1]|ofo|1|ofo|L1|2|o|r|r|rs|r |[mp|n|n|ln|V]|Y|—
cur,A — decimal adjustment
ADCD \cur,A {cur + A+ C} 1{rfofofafrfofafrfofrn |l n|(nin|n|Y|Y|—
[HL],A < decimal adjustment
1|/1(o|ojofofo|1fof1|o|0|1|O|O|1]|O|O|V]|V|—
ADCD [HL],A (HL] + A + C}
[XY],A — decimal adjustment
ADCD [XY],A (XY] +A+C} 1|1(ofojofojo|1fof1|o|0f1|2|O|21]|O|O|V]|V|—
E:[HL],A ~ decimal
: , . 1|/1|o|ojofofo|1fof1]|0|l0|O|O|O|1]|O|O|V]|V|—
ADCD EHLLA adjustment {E:[HL] + A + C}
E:[XY],A « decimal
: , ; 1|/1(o|ojofojo|1fof1|o|0|O|2|O|21]|O|O|V]|V|—
ADCD E:[XY]A adjustment {E:[XY] + A + C}
[HL],A « decimal adjustment
+
ADCD [HL+],A (HL]+A+ChHL « HL +1 1|/1|o|o|ofojo|1|of1|o|Of21|O|1|1|O|O|V|V]|V
[XY],A — decimal adjustment
+ 1|/1|o|o|ofojo|1|of1|o|Oof1|2|1|2|o|O|V]|V]|V
ADCD [XY+]A {IXY]+A+C}H XY « XY +1
E:[HL],A ~ decimal
ADCD E:[HL+],A adjustment {E:[HL] + A + C}, 1|1|{o0fo|o0jofoOo|1|O0f1|0|O|O|O|1|21|OfO|V]|V|V
HL « HL+1
E:[XY],A < decimal
ADCD E:[XY+],A adjustment {E:[XY] + A + C}, 1|/1|o|o|ofojo|1|of1]|o|O0fo|21|1|21|O|O|V]|V]|V
XY « XY +1
cur,A — n-ary adjustment
ADCJ \cur,n {cur + C} yad 1(1(0f(0f0[2[0|nfnfngfrfrg|rsfry|rs|r|r|rn|VY|VY|—
[HL],A < n-ary adjustment
ADCJ [HL],n (HL] + C} 1|1(ofojofofo|1(1]0|0|0[21]O|O|n|n|ng|V]|V|—
[XY],A « n-ary adjustment
ADCJ [XY],n (XY] + C} 1|l1]|o0fo|ojofo|1|2|o|O0|O|2|1|[O0|n|n|ng|V]|V|—
) E:[HL],A — n-ary adjustment
ADCJ E:[HL],n (E:[HL] + C} 1|1(ofojofofo|1(1]{0]|0|0[0|O|O|n|n|ng|V]|V|—
E:[XY],A « n-ary adjustment
: , 1|/1|/o|o|ofo|o|1|1]|0|0|l0|0O]|1]|O VIiV|—
ADCJ E:[XY],n (EXY] + C} n,| ng | ng
[HL],A < n-ary adjustment
+
ADCJ [HL+],n (HL]+ C}, HL « HL +1 1|1(ofofofojo|1|1|{21]|0|0|[21]O0|O0|n|n|ng|V]|V]|V
[XY],A < n-ary adjustment
+ 1|/1|o|ojofo|o|1|1|2]|0f0|2]|1]|O ARAR
ADCJ [XY+],n (XY] + C}, XY < XY +1 n,| ng | ng
E:[HL],A — n-ary adjustment
[HL+], 1|/1|/o|o|ofo|o|1|1|1]|0|l0|0O]|O]|O ARAR
ADCJ E[HL+]n {E:[HL] + C}, HL « HL + 1 M| M| Mo
E:[XY],A <« n-ary adjustment
XY+
ADCJ E:[XY+],n (E:[XY] + C}, XY — XY +1 1|1(ofofofofo|1|1|{1]|0|0f0|2|O0|n|n|ng|V]|V]|V
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 16 OPTION B (D): 1.5V (3.0 V), With regulator
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Appendix D
Arithmetic Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
SUB sfr,A sfr,A — sfr— A 1l1]|ofo|1{ofo|2|2|a|r|r|rs||mp|n|ln|n|V]|V|—
SUB \cur,A cur,A « cur—A 1lafofofafafolafafa ||l nln|nln|V|V|—
SUB [HL],A [HLL,A < [HL]-A 1|1|o0fo|o|ofo|1|0f1|0|Of1|0|O|21|O|2|V]|V|—
SUB [XY],A [XY],A < [XY]-A 1{1|0|0|0|0|0|1|0|1|0|0O|2|21|O0|2|0|L1]|V]|V]|—
SUB E:[HL],A E:[HLL,A « E[HL]-A 1|/1|o0fo|0o|ofo|1|0f1]|0|Of0O|O|O|21|O|2|V]|V|—
SUB E:[XYLA EIXY],A « E[XY]-A 1|/1|o0fo|o|ofo|1|of1|0|Oofo|1|O|1]|0O|2|V]|V]|—
[HLL,A < [HL] - A,
+
SUB [HL+],A ML« HL+1 1|1|0|0|0|0|0|1|0|1|0|0|2|O|2|2|O|2]|V|V]|V
[XYLA < [XY]-A,
+
SUB [XY+],A XY« XY + 1 1|1|o0fo|ojofo|1|of1]|O0|O|21|1|2|1|Of2|V]|V|V
E:[HL],A < E[HL] - A,
. +
SUB E:[HL+],A HL « HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|0O|O|21|2|0O|2]|V|V]|V
E:[XY],A <« E[XY]-A,
. +
SUB E:[XY+],A XY o XY + 1 1|1|o0fo|o0|0f0|1|0|1|0|0O]|O 1102 |V| V]|V
SUB \cur #i4 cur,A « cur—i4 Tlaf{2fofof2figli|liglig|r|rs|rs|r|[mp|n|in|n|V|VY|—
SUB [HL],#i4 [HLLA ~ [HL] -4 1{1{0]{0{0{0{0]|0{2]0{2]0]|2]0iy]|i]|i]io|V]|V]|—
SUB [XY],#i4 [XY]LA <« [XY]-i4 1l1]|o0fo|o|ofo|o|1(o|21|O|2|L]|igl|i|i]ig|V]|V]|—
SUB E:[HL],#i4 E:JHLLA < E[HL]-i4 1|1]{olojolofo|o|1|ofa|ofo|o]|il|i]|ili|V|V|—
SUB E:[XY]#i4 E:XY],A « E][XY]-i4 1l1]|o0fo|o{ofo|0|2(O|2|O|0|1]|igl|i|i]ig|V]|V]|—
. [HL],A ~ [HL] -4, .
SUB [HL+],#i4 HL « HL+1 1{1{0{0{0]{0[0]0|2]2]2]0|2]|0]iy]i]|i]io|V]|[V]V
. [XY],A « [XY]-i4,
SUB [XY+]#i4 XY« XY + 1 1|l1]{ofo|ojofo|o|2|2]|2|O|2|L]|ig|i|izfig|V]|V]|V
. . E:[HL],A —~ E:[HL] -4, .
SUB E:[HL+],#i4 HL - HL +1 1|11{0f(o0|0|0|0|0|2|2]|2]{0|0|0|is|i|iy|ig|V]|V]|V
) . EJXY],A < E:XY]-i4, ,
SUB E:[XY+],#i4 XY« XY + 1 1{1{0{0{0]0[{0|0|2]2]2]0|0]|L]|iy]i]|iy]io|V][V]V
SBC sfr,A sfrrA -« sfr—A-C 1l1]|o0fo|1{of2|0|O|O|r|r|rs|r |rmp|n|n|n|V]|V|—
SBC \cur,A cur,A « cur—A-C 1{rfofofafrfrfofofofrn|r|rlr|n|nin|n|Y|VY|—
SBC [HL],A [HLL,A < [HL]-A-C 1|/1|o0fo|o|ofo|1|of1|0|Of2|0|O|1|1|O|V]|V]|—
SBC [XY],A [XY]LA < [XY]-A-C 1{1|{0|{0|0|0|0|21|0|2]|0|O|2|2|O|2]|2]|O|V]|V]|—
SBC E:[HL],A E:[HL],A « Ei[HL]-A-C 1{1|0|0|0|0|0|1|0|1|0]|0|0|O|O|21|2]|0|V]|V]|—
SBC E:[XYLA E:[XY],A « E[XY]-A-C 1|/1|o0fo|o|ofo|1|of1|0|Ofo|1|O|1|1|O|V]|V]|—
[HLLA < [HL]-A-C,
+
SBC [HL+],A ML« HL+1 1|1|0|0|0|0|0|1|0|21|0|0|2|O|2|2|2]|O|V|V]|V
[XY],A < [XY]-A-C,
+
SBC [XY+],A XY« XY + 1 1|1|ofo|ojofo|1|of1]|O0|O|2|1|2|21|2|O|V]|V|V
E:[HL]JA < E:[HL]-A-C,
. +
SBC E:[HL+],A HL « HL+1 1|1|0|0|0|0|0|1|0|1]|0|0|0O|O|2|2|2]|O|V|V]|V
E:[XY],A <« E:[XY]-A-C,
IXYH], 1{1|0|0|0|0|0|1|0|1]|0|0|O|2|a|2|a|O|V|V]|V
SBC E:[XY+],A XY XY +1
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 17 OPTION B (D): 1.5V (3.0 V), With regulator
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circuit for LCD bias
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Appendix D

Arithmetic Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15(14|13|12(11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
sfr,A — decimal adjustment
SBCD sfr,A (sfr—A—C} ) 1l1]|ofo|1{of2|0|O|2|r|r|rs|r|rmp|n|n|n|V]|V|—
cur,A — decimal adjustment
SBCD \cur,A {cur— A—C} ) 1lrjofofafafrfofofafrn |l n|(nin|n|Y|Y|—
[HL],A < decimal adjustment
1|/1(ofojofojof1fof1|o|of2|o|Of21]|2|L|V]|V|—
SBCD [HL],A (HL]- A—C}
[XY],A — decimal adjustment
SBCD [XY],A 1|1|ofojojojo|1|of1|o|Of21|2|Of21|2|L|V]|V]|—
Y] XY-A-C}
E:[HL],A ~ decimal
: , ! 1|/1(ofojofojof1fof1|o|ofo|O|O|21]|2|1|V]|V|—
SBCD E:HLL.A adjustment {E:[HL] — A - C}
E:[XY],A « decimal
: , ; 1|/1(ofojofojo|1fof1|o|ofo|2|Of21]|2|L|V]|V|—
SBCD E:XYL.A adjustment {E:[XY]-A-C}
[HL],A « decimal adjustment
+
SBCD [HL+],A (HL]—=A—-C} HL < HL+1 1|/1|ofo|ofojo|1|of1|o|Oof21|O|1|2|2|L|V]|V]|V
[XY],A — decimal adjustment
+ 1|/1|ofofofojo|1|of1|o|ofa|2a|1|a|a|2|V]|V]|V
SBCD [XY+1.A {XY]-A-C} XY « XY +1
E:[HL],A ~ decimal
SBCD E:[HL+],A adjustment {E:[HL] — A - C}, 1|1|{o0fo|0jOofO|1|Of1]|0|O|O0|O|21|21|1|21|V]|V|V
HL « HL+1
E:[XY],A < decimal
SBCD E:[XY+],A adjustment {E:[XY] - A - C}, 1|1|o0fo|ojofo|1|of1]|O0jO|O|1|2|21|1f2|V]|V|V
XY « XY +1
cur,A — n-ary adjustment
SBCJ \cur,n {cur - C} yad 1lrf(ofofofafa|nfn | ng|r|rsfrsfry|r|n|n|n|Vv|V|—
[HL],A < n-ary adjustment
SBCJ [HL],n (HL] - C} 1|1|ofojofojo|{1|1f{o|O0|O|21]|O|1|n|n.|ng|V|V]|—
[XY],A « n-ary adjustment
1|/1|/o|o|ofo|o|1|1]|0]|Of0O|2]|1|1 VIiV|—
SBCJ [XY],n (XY] - C} n,| ng | ng
) E:[HL],A — n-ary adjustment
SBCJ E:[HL],n (E:[HL] - C} 1|1|ofojofojo|{1|1|{0|0|0|0|O|1|n,|n.|ng|V|V]|—
E:[XY],A « n-ary adjustment
: , 1|/1|/o|o|ofo|o|1|1]|0|O0|0|O|1|1 VIiV|—
SBCJ E:[XY],n (EXY] - C} n,| ng | ng
[HL],A < n-ary adjustment
+
SBCJ [HL+],n {HL] = C}, HL < HL +1 1|1(ofojofojof1|1|{21]|o|0|[2]|O|1|n|n|ng|V]|V]|V
[XY],A < n-ary adjustment
+ 1|/1|o|ojofo|o|1|1|1]|O0f0O|2]|2|1 ARAR
SBCJ [XY+]n {XY]=C}, XY < XY +1 M| M| Mo
E:[HL],A — n-ary adjustment
[HL+], 1|/1|/o|o|ofo|o|1|1|1]|0|l0|0O|O|1 ARAR
SBCJ EiHL+]n {(E[HL] = C}, HL « HL +1 M| M| Mo
E:[XY],A <« n-ary adjustment
XY+
SBCJ E:;[XY+],n (E:[XY] = C} XY < XY +1 1|1(ofojofojof1|1|{1]|o|0fO|2|1|n|n|ng|V]|V]|V
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 18 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Compare Instructions
INSTRUCTION CODE FLAG

MNEMONIC OPERATION W|C

15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
CMP sfr,A sfr— A 1{1|o0fof2|o|2|o|1|O|r|r|rs|ra|r|n|n|n|Y|V]|—
CMP \cur,A cur—A 1100 1|2]{2]0|1]|0]|r|re|rs|r |r|n|n|rn|v|Vy|—
CMP [HL],A [HL] - A 1({1|/0|0flo0|0|Of1]|0|O|0|O|2|O0|O|2|0|O|V|V]|—
CMP [XY],A [XY]-A 1|/1|/o0|o|o|o|o|1|0|0|O|O|2|2]|0|2]|0]|O]|V]|V]|—
CMP E:[HLLA E:[HL] - A 1/1/0|0|0f0|O|1|0|O|O|O|O|O|O|L1]|O|O|V]|V|—
CMP E:[XY],A E:XY]-A 1l1/0|0|0f0|O|1|0|O|O|O|O|1|O|L1]|O|O|V]|V|—
CMP [HL+],A [XY]—A HL « HL+1 1{1]/o0|o|ojofo|1|ofo|o|o|1|o|2|1|O|O|V|V]|V
CMP [XY+],A [XY]=A, XY « XY +1 1l1/0|o0|0fjo|Oo|1|0|O|OfO|1|1|1|2|OfO|V|V|V
CMP E:[HL+],A E:HL]-A,HL « HL+1 1{1]/o0|lo|o|ofo|1|ofo|o|o|o|O|21|1|O|O|V|V|V
CMP E:[XY+],A E:[XY]—A, XY « XY +1 1({1|0|o0fo|o|of1]|0|O|0|O|O|21|1|2|0|O|V|V]|V
CMP \cur #i4 cur—i4 L1 2]0| 2|0 ig|ip|iz]ig|r|relrs|ta|ra|t|rn|r|V]|V|—
CMP [HL] #i4 [HL] —i4 1|1|o|ojo|ojo|r|r|o|r|O|2]|O]ig]|i|i]|ic|V]|V]|—
CMP [XY],#i4 [XY]-i4 1{1|o0|ofo|ojofa|1jofa|O|2|2]ig|iplig]|ip|V|V]|—
CMP E:[HL],#i4 E:[HL] -i4 1|1|o|o|o|ojo|r|r|o|2|O|O|O|ig|i|i]|ic|V]|V]|—
CMP E:[XY].#i4 E:[XY]-i4 1{1|o0|ofo|ojof2|1{o|2]|0|O|2]|ig|i|if]ip|V|V]|—
CMP [HL+] #i4 [HL] —i4, HL « HL+1 1{1(olojojofo|a|afr|a|ofa|O]|ig|i|il|ic|V|V]|V
CMP [XY+] #i4 [XY]—i4, XY « XY +1 1{1|ojofo|ojof2|1|a|2|o|2|2]ig|li|liz]|ip|V|V]V
CMP E:[HL+]#i4 E:[HL] —i4, HL -« HL+1 1(1|o0]ofo|o|of2]|1|{2|2]|0|O|0]|isg|i|ii]|ig|V|V]V
CMP E:[XY+],#i4 E:;XY]—i4, XY « XY +1 1l1|ofolojofolala|a]|a|olo|alig|lil|i|ig|v]|Vv]|V
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 19 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D

Logic Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
AND sfr,A sfr,A — sfrOA 1l1]|ofo|1|ofa|o|2|2]|r|r|rs|r|n|n|n|ln|V|—]—
AND \cur,A cur,A « cur JA 1lafofofafafalofafafr |l nln|nln|V|——
AND [HL],A [HL]L,A < [HL]OA 1|/1|o0flo|o0|0fo|1|0|l0|O|Of1|0|O|O|O|L|V]|—|—
AND [XY],A [XY],A < [XY]OA 1{1|0|0|0|0|0|12|0|0|0O|O|2|21]|O0|0|0O|2]|V]|—]|—
AND E:[HL],A E:[HL],A < E:[HL] OA 1|/1|o0flo|0|0fo|1|0|l0|O|O|O|O|O|O|O|2|V]|—|—
AND E:[XYLA EIXY],A « EJXY]OA 1|/1|o0fo|lo|ofo|1|0flo|0|OfO|1|O|O|O|L|V|—|—
[HLL,A < [HL] OA,
+ J—
AND [HL+],A ML« HL+1 1|1|0|0|0|0|0|1|0|0|0|O|2|0|2]|0|0|1]|V v
[XYLA < [XY] OA,
+ J—
AND [XY+],A XY © XY + 1 1|/1|o0flo|o|Ooflo0o|1|0|l0|O|O|21|1|21|0|Of1]|V v
E:[HL],A < E:[HL] OA,
[HL+ —
AND E:[HL+],A HL « HL+1 1{1|0|/0|0|0|0|1|0|0|0|0O|O|O|21|0|0O|1]|V v
E:XY],A < EXY] OA,
XY 4 _
AND E:[XY+],A XY o XY + 1 1|1|o0fo|o0|0f0|1|0|l0|0O|O]|O 1{o|0|1|V v
AND \cur,#i4 cur,A — cur Oi4 1lafofafof2figliliglig|r|rs|rs|r|[m|n|n|n|Y|—]—
AND [HL],#i4 [HLLA ~ [HL] Oi4 1{1{0]{0{0{0{0{2]{0]|0|0|2]|2]0iy]|i]|i]|io]|V]|—]|—
AND [XY],#i4 [XYLLA < [XY] Oi4 1l1]|ofo|ojofo|1|ofo|O|2|2|L]|igl|i|i]ip|V]|—]|—
AND E:[HL] #i4 E:JHLLA < EHL] Oi4 1|1]{olojofofo|s|olofof1|o|o]|i|i]|ilil|V|l—|—
AND E:[XY]#i4 EIXY],A « E[XY] Oi4 1l1]|o0fo|o{ofo|1|{O0fO|0|2|O|L]|ig]|iy|i]io]|V]|—]—
. [HL],A < [HL] Oi4, S
AND [HL+],#i4 HL « HL+1 1{1{0{0{0]{0[0|2]{0]2]{0|2]|2]|0]iy]i]|i]io|V]|—]V
. [XYLA ~ [XY] Oi4, T
AND [XY+],#i4 XY« XY + 1 1|l1]{ofo|ojofo|1|O|2]|O 2 |2|L]|ig|i|iy]io|V]|—]|V
. . E:[HL],A — E:[HL] Oi4, I
AND E:[HL+]#i4 HL - HL +1 1|/1]{0f(0o|0|0|0|2]0[2]|0[2|0|0|iy|iy|iy]|io|V]|—]|V
_ ) E:XY],A < E:[XY] Oi4, A
AND E:[XY+],#i4 XY« XY + 1 1{1{0{0{0]{0[0[2]{0[2]{0|2]|0]|L]iy]i]|i]io|V]|—]V
OR sfr,A sfr,A — sfrOA 1l1]|ofo|1|ofa|1|oO|O|r|r|rs|r |[mp|n|n|n|V|—]—
OR \cur,A cur,A « cur JA 1{rfofofafafafrfofofrn|r|rirn|n|nin|n|Y|—]—
OR [HLLA [HL]L,A <« [HL]OA 1|/1|o0flo|o0|ofo|1|0|l0|O|O|1|0O|O|O|1|0O|V|—|—
OR [XY],A [XY],A < [XY]OA 1{1|0|/0|0|0|0|1|0|0|0|0O|2|212|0|0|2]|0]|V]|—|—
OR E:[HL],A E:[HL]JA —~ Ei[HL]OA 1|{1|0|/0|0|0|0|1|0|0|0|O|0O|O|O|O|2]|0]|V]|—|—
OR E:[XY],A EIXY],A « EJXY]OA 1|/1|o0fo|lo|ofo|1|0fo|0|OfO|1|O|O|1]|O|V|—|—
[HLL,A < [HL] OA,
+ J—
OR [HL+],A ML« HL+1 1|1|0|0|0|0|0|1|0|0|0|0O|2|0|2]|0|2]|0]|V v
[XYLA < [XY] OA,
+ 1{1|0|0|0|0|0|1]|0|0|0O|O|2a|2|2|O|2]|O]|V|—]|V
OR [XY+]A XY < XY +1
E:[HL],A < E:[HL] OA,
[HL+ —
OR E:[HL+],A HL « HL+1 1|{1|0|0|0|0|0|1|0|0|0|0O|O|O|2|0|2]|0]|V v
E:XY],A < EXY] OA,
IXY+], 1{1|0|0|0|0|0|1|0|0|0|O|O|2|2|0|2]|0O]|V|—]|V
OR EXY+]A XY < XY +1
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 20 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D
Logic Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
OR \cur #i4 cur,A — cur di4 12|02 |2|0 ig|ip|iy|io|rs|rs|rs|ta|ralta|ra|ro|V]|—]—
OR [HL]#i4 [HL]L,A ~ [HL] Oi4 1{1{0]{0{0{0{0]|0{2]0{0]|2]|2]|0iy]|i]|i]|io]|V]|—]|—
OR [XY],#i4 [XYLLA < [XY] Oi4 1|1]|ofo|ojofo|o|2|o|O|2|2|L]ig|i|iy]io|V]|—]|—
OR E:[HL],#i4 E:[HL],A — E:[HL] Oi4 1/1]/0(0|0|0|0|0|2][0]|0|2[0]|O0ig]|i|iyl|io|V|—]—
OR E:[XY],#i4 EIXY],A « E[XY] Oi4 1|l1|o0fo|ojofo|o|2|0|O|2|0O|L]iy|i|iy]io|V]|—]|—
. [HLL,A < [HL] Oi4,
OR [HL+],#i4 HL — HL +1 1|l1]{o0fo|ojofo|O|2|2]|0[2|2]|0is|i|iy]io|V]|—]|V
. [XY].A < [XY] Oi4,
OR [XY+],#i4 XY XY + 1 1(1](0{0{0]0[0|0|2]2]0|2]|2]|L]|iy]i]|iy]io|V]|—]V
, . E:[HL],A < E:[HL] Oi4,
OR E:[HL+],#i4 HL - HL +1 1|11]{0f(o0|0|0|0|0|2|2]|0[2|0|0|iy|iy|iy]|io|V]|—]|V
, . E:XY],A < E:[XY] Oi4,
OR E:[XY+] #i4 XY o« XY + 1 1{1]{0{0{0]{0[0]0|2]2]0]2]|0]|L]iy]i]|i]io]V]|—]V
XOR sfr,A sfr, A — sfrOA 1l1]|ofo|1{ofa|2|o|2]|r|r|rs|r|n|n|n|ln|V|—]—
XOR \cur,A cur,A —« curJA 1lrjofofafafafafofafrn |l n|inin|(n|Y|—]—
XOR [HL],A [HLLA < [HL]OA 1|{1|0|/0|0|0|0|1|0|0|0|O|2]|0|0|0O|2]|2]|V]|—|—
XOR [XY],A [XYLA <« [XY]OA 1|/1|o0fo|o|ofo|1|ofo|o|Of2|1|O|O|1]|2|V]|—|—
XOR E:[HL],A E:[HLJA « Ei[HL]OA 1|1|0|/0|0|0|0|1|0|0|0|O|O|O|O|O|2]|1]|V]|—|—
XOR E:[XY],A EIXY],A « EXY]OA 1|1|o0fo|o|ofo|1|0fl0|OjOfO|1|O|O|1]|2|V]|—|—
[HL],A « [HL] O A,
+ J—
XOR [HL+],A HL « HL+1 1{1|0|0|0|0|0|1|0|0|0|O|2|0O|2|0|2]|1]|V v
[XY]A — [XY]OA,
+ —_—
XOR [XY+],A XY« XY + 1 1|/1|o0fo|o|ofo|1|O0f0|O|O|21|1|2|0|1(|1]|V Vv
E:[HL],A < E:[HL] O A,
[HL+], 1{1|0|0|0|0|0|1|0|0|0|O|O|O|2|0O|2]|2]|V]|—]|V
XOR E:[HL+],A HL - HL+1
E:XY],A < EXY]OA,
XY+ —
XOR E:[XY+],A XY« XY + 1 1{1|0|{0|0|0|0|12]|0|0|0]|0O]O 1|o0|1]|1]|V v
XOR \cur #i4 cur,A — curdi4 2|02 |2|2fig|ip|iyglio|rs|rs|rs|ta|ralta|ralto|V]|—]—
XOR [HL] #i4 [HLLA ~ [HL] O i4 1{1{0]{0{0{0{0]{0{0]|0|0|2|2]|0iy]|i]|i]io]|V]|—]|—
XOR [XY],#i4 [XYL,A < [XY] O i4 1|l1|ofo|o|ofo|o|O|O|O |2 |2|L]ig|i|iy]io|V]|—]|—
XOR E:[HL] #i4 E:JHLLA < EHL] O i4 1/1]{o]ojofofo|o|olofof1|o|o]|i|i]|ilil|V|—|—
XOR E:[XY],#i4 E:XY],A < E[XY]Oi4 1|1]|ojojolofo|o|olofof1|o|d]i|i]|ilil|V|—|—
. [HLL,A < [HL] O 4,
XOR [HL+],#i4 HL - HL +1 1|/1]{o0fo|0|0|0|0|O|2]|0[2|2]|0iy|iy|iy]io|V]|—]|V
. [XY].A < [XY] Oi4,
XOR [XY+]#i4 XY o XY + 1 1{1{0{0{0]{0[0]|0|0|2]0|L]|L]|L]|iy]i]|iy]io|V]|—]V
, . E:[HL],A < E:[HL] O i4,
XOR E:[HL+]#i4 HL - HL +1 1|11{0f(0|0|0[0|0|O[2]|0[2|0]|0|iy|iy|iy]|io|V]|—]|V
, ) E:[XY],A « E:[XY] Oi4,
XOR E:[XY+] #i4 XY o« XY + 1 1{1{0{0{0]{0[0]|0[{0[2]0]2]|0]|L]iy]i]|i]io|V]|—]V
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 21 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D

Mask Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15(14|13|12(11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
Testing of all bits in sfr not
MTST sfr,A maske%byA 1l1(|ofo|1{ofa|2|a|a]|rr|rs|n|n|n|nln|V|—]—
MTST \cur A Testing of all bits in cur not alololalalalelely J
) masked by A F7{Te|Ts(Ta [Ta|T2afTifTo —|—
MTST [HL],A Testing of all bits in [HL] not 1|/1|o0fo|0o|ofo|1|0fl0|O|Of1|0O|O|21|O|2|V]|—|—
masked by A
Testing of all bits in [XY] not
MTST [XY],A masked by A 1|1|ofo|ofojo|{1|ofo|o|O|1|2|O|21]|O|L|V|—]|—
Testing of all bits in
: , 1|/1|/o|lo|ofo|o|1|0|0|O|O|O|O|Of1]|0]|1 —|—
MTST E:HLLA E:[HL] not masked by A v
Testing of all bits in
: , 1|/1|/o|lo|ofo|o|1|0|0|O|O|O|2|Of1]0]|1 —|—
MTST E:[XY]A E:[XY] not masked by A v
Testing of all bits in [HL] not
+ J—
MTST [HL+],A masked by A, HL « HL + 1 1|1|/o|o|ofojo|1|0fo0|O|O|21|O|1|1|O|L1|V Vv
Testing of all bits in [XY] not
+ 1|/1|o|o|ofojo|1|0f0|O|Of21|2|1|1]0]|1 —
MTST [XY+].A masked by A, XY « XY +1 v v
Testing of all bits in E:[HL] not
[HL+ —
MTST E:[HL+],A masked by A, HL « HL + 1 1|1|/o|o|o|ojo|1|0|0|O|O|O|O|1|1|O]|1|V Vv
Testing of all bits in E:[XY] not
[XYH], 1|/1|(o|o|ofo|o|1|0f0|O|O|O|2|1|1]0]|1 —
MTST E:IXY+]A masked by A, XY « XY +1 v v
Testing of all bits in cur not
MTST \cur,#m masked by #m 1laf2f{of2|2|{mymim mglr,|rsfrs|ry (||| V|—|—
MTST [HL],#m Testing of all bits in [HLInot 1\, o o 16 o 10| 1 ofo|1]o]|1]|o]|m|mlm|m]|v|—|—
masked by #m
MTST [XY],#m Testing of all bits in [XY] not 1{1(ofofofofofafofof2|{of2|1|mmim|m|V|—]|—
masked by #m
MTST EHL#m | csung ofallbitsin EqHLInot | 1 1ot oo 1ol o1 olo| 10|00 |mlm|m|m| v|—|—
masked by #m
MTST E:[XY],#m Testing of all bits in E:[XY] not 1{1({ofofofofofafofof2|{o|O|1 |mmim|m|V|—]|—
masked by #m
Testing of all bits in [HL] not
+ J—
MTST [HL+],#m masked by #m. HL « HL + 1 1|1|/ofo|ofojo|{1|0f21]|2|0|1]|0 |mylm,|m|m,|+V v
Testing of all bits in [XY] not
+ 1|1|o|ojo|ojo|1|0f1]2|0Of1]|12 —
MTST [XY+],#m masked by #m, XY — XY +1 s | M | M M| v
Testing of all bits in E:[HL] not
[HL+], 1|/1|o|o|o|ofo|1|0f212]2|0|0]|0O|mym,|\m,|m, —
MTST E:[HL+],#m masked by #m, HL « HL + 1 m,|m,|{m,|m,| v N
Testing of all bits in E:[XY] not
XY+ —
MTST E:[XY+],#m masked by #m. XY XY +1 1|1|/ofo|ofojo|1|0f21]|2|0|0]|1 |mylm,|m|m,|V Vv
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 22 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D

Mask Operation Instructions (continued)

MNEMONIC

OPERATION

INSTRUCTION CODE FLAG

15(14

13

12

11

10{9(8|7|6|5(4|3|2|1({0|Z|C|G

MCLR \cur,#m

Clearing of all bits in cur not
masked by #m, A — cur

ms

m,(my(mg| 1 | rg|rs|ry | 3| m|rn | Y|—|—

MCLR [HL],#m

Clearing of all bits in [HL] not
masked by #m, A~ [HL]

MCLR [XY].#m

Clearing of all bits in [XY] not
masked by #m, A ~ [XY]

MCLR E:[HL],#m

Clearing of all bits in
E:[HL] not masked by #m,
A < E[HL]

MCLR E:[XY],#m

Clearing of all bits in
E:[XY] not masked by #m,
A ~ E:[XY]

MCLR [HL+],#m

Clearing of all bits in
[HL] not masked by #m,
A < [HLL,HL « HL+1

MCLR [XY+],#m

Clearing of all bits in
[XY] not masked by #m,
A < [XY], XY « XY +1

MCLR E:[HL+],#m

Clearing of all bits in
E:[HL] not masked by #m,
A < EJfHL,HL « HL+1

MCLR E:[XY+],#m

Clearing of all bits in
E:[XY] not masked by #m,
A < EIXY], XY « XY +1

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix — 23

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Appendix D

Mask Operation Instructions (continued)

MNEMONIC

OPERATION

INSTRUCTION CODE FLAG

15(14

13

12

11

10{9(8|7|6|5(4|3|2|1({0|Z|C|G

MSET \cur,#m

Setting of all bits in cur not
masked by #m, A — cur

ms

m,(my(mg| 1 | rg|rs|ry | 3| m|rn | Y|—|—

MSET [HL],#m

Setting of all bits in [HL] not
masked by #m, A~ [HL]

MSET [XY],#m

Setting of all bits in [XY] not
masked by #m, A ~ [XY]

MSET E:[HL]#m

Setting of all bits in
E:[HL] not masked by #m,
A < EJ[HL]

MSET E:[XY],#m

Setting of all bits in
E:[XY] not masked by #m,
A — E[XY]

MSET [HL+].#m

Setting of all bits in
[HL] not masked by #m,
A < [HL], HL « HL+1

MSET [XY+],#m

Setting of all bits in
[XY] not masked by #m,
A < [XY], XY « XY +1

MSET E:[HL+],#m

Setting of all bits in
E:[HL] not masked by #m,
A < EJfHL,HL « HL+1

MSET E:[XY+],#m

Setting of all bits in
E:[XY] not masked by #m,
A < EXY], XY « XY +1

OPTION A (C): 1.5V (3.0 V), Without regulator
circuit for LCD bias

Appendix — 24

OPTION B (D): 1.5V (3.0 V), With regulator
circuit for LCD bias
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Appendix D
Mask Operation Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15(14|13|12(11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
Inverting of all bits in cur not
MNOT \cur,#m maskedgby#m,A —cur 12|02 |21|2 {m|mym|me|r,|rs|rs|ty|ra|ta|r|ro|V]|—]—
Inverting of all bits in [HL] not
MNOT [HL],#m masked by #m. A — [HL] 1|1|(o|o|ofojo|ofofo|O|1][1]|0 |mym,|m|m|V|—|—
Inverting of all bits in [XY] not
1|/1|/o|ojo|o|o|OofOfO|O|1|1]|1 Vi|—|—
MNOT [XY]#m masked by #m, A — [XY] Ms Mz | M| Mo
Inverting of all bits in
MNOT E:[HL],#m E:[HL] not masked by #m, 1{1({ofofofofofofofofof2|[O|0O |mmfm|m|V|—]|—
A « E:[HL]
Inverting of all bits in
MNOT E:[XY],#m E:[XY] not masked by #m, 1l1|{o|lofoflofolofofofof2a|oO|1 |mm|m|m|V|—|—
A < E[XY]
Inverting of all bits in
MNOT [HL+],#m [HL] not masked by #m, 1|1|{o0fo|o0jofo|0|O|212]|0[2|2]|0 |mm,(m[my|V|—|V
A <« [HL,HL « HL+1
Inverting of all bits in
MNOT [XY+],#m [XY] not masked by #m, 1|1|{o0fo|o0jofo|O0|O|2]|0|2|2]|L |mylm,(m[me|V|—]|V
A < [XY], XY « XY +1
Inverting of all bits in
MNOT E:[HL+],#m |E:[HL] not masked by #m, 1|/1|{o0f(o|0|0|0|0|O|212]|0[2|0]|0 |m|m,(m[my|V|—]|V
A < E[HL,HL « HL+1
Inverting of all bits in
MNOT E:[XY+],#m |E:[XY] not masked by #m, 1|1|{o0fo|0jof0|0|O|2]|0[2|0]|1 |mylm,(m[my|lV|—]|V
A < EXY], XY « XY +1
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 25 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D

Bit Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
BTST \cur.n Bit testing of cur.n 11|21 fo|21|2|n|n|n|ng|r|rs|rs|ra|ralta|ra|ro|V]|—]|—
BTST [HL].n Bit testing of [HL].n 1|1|o0fo|ojofo|1|{OofO|1]|O|2|O0|n|n|n|ne|V]|—]|—
BTST [XY].n Bit testing of [XY].n 1|1|ofo|ojofo|1|ofo|1|O|21|L|n|n|n|ng|V]|—]|—
BTST E:[HL].n Bit testing of E:[HL].n 1|1|{o0fo|0|ofo|1|{O0|0|1]|O|0|O|n|n|n|ne|V]|—]|—
BTST E:[XY].n Bit testing of E:[XY].n 1|l1|ofo|ojofo|1|ofo|1|O|0|L|n|n|n|ng|V]|—]|—
Bit testing of [HL].n,
+]. —
BTST [HL+].n HL . HL+1 1|/1|o0fo|o|o|0|1]|O0|2]|1]{0|2]|O0|n|n|{n|ne|V Vv
Bit testing of [XY].n,
+]. —
BTST [XY+].n XY — XY + 1 1{1{0]{0]{0{0{0|2]{0|2]{2]0|2]|2]|n|n|n|ne|V Vv
Bit testing of E:[HL].n,
THL4T. _
BTST E:[HL+].n HL « HL+1 1|/1{0f(o|0|0|0|1]|0|2]|1]{0|0|O0|n|n,|{n|ng|V Vv
Bit testing of E:[XY].n,
IXYH+]. —
BTST E:[XY+].n XY XY + 1 1{1|0|{0|0|0|0|21]|0|1|2]0]0O ng|n,[n|ng| v Vv
BCLR \cur.n cur.n - 0, A — cur 1102|002 n|n|n|ng|r|rs|rs|ra|ralta|ra|ro|V]|—|—
BCLR [HL].n [HL].n < 0, A « [HL] 1|1(ofojofojof1fofo|o|1|2]|O|n|n|n|ng|V]|—|—
BCLR [XY].n [XY].n < 0, A < [XY] 1|1(ofojofojofrfojo|o|1|a]|2|n|n|n|n|V]|—|—
BCLR E:[HL].n E:[HL].n « 0, A — E:[HL] 1|1|o0fo|o|ofo|1|ofo|O|2|0|O|n|n|n|ng|V]|—]|—
BCLR E:[XY].n E:[XY].n < 0, A — E:[XY] 1{1|{o|ojolojofai|ofofo|1|o|a|n|n|n|n|V]|—]|—
[HL]l.n < 0, A — [HL],
+]. .
BCLR [HL+].n HL « HL+1 1{1({ofofofofofafofafofa|{2|{O|n|n,|n|ny|V v
[XY].n < 0, A < [XY],
+]. —
BCLR [XY+].n XY — XY + 1 1{1{0]{0]{0{0{0]2]{0|2]{0|2]|2]|L]|n|n|n|ne|V Vv
E:[HL].n < 0, A — E:[HL],
THLA. .
BCLR E:[HL+].n HL « HL+1 1{1(ofofofofofafofafofa|{o|O|n|n,|n|ny|V v
E:[XY].n < 0, A — E:[XY],
BCLR E:[XY+].n 1{1({ofofofofofafofafofa|o|2|n|n|n|ng|V|—]|V
XY « XY +1
BSET \cur.n cur.n « 1, A — cur 11|02 |21|0|n|n|n|ng|r|rs|rs|ra|ralta|ra|ro|V]|—|—
BSET [HL].n [HL].n <« 1, A « [HL] 1|1(ofojofojofof1|o|o|1|2]|O|n|n|n|ng|V]|—|—
BSET [XY].n [XY].n <« 1, A « [XY] 1|l1|ofo|ojofo|o|1|o|O|2 (2|1 n|n|n|ng|V]|—]|—
BSET E:[HL].n E:[HL].n « 1, A « E:[HL] 1|1|o0fo|o|ofo|o|1|0|O|2|0|O|n|n|n|ng|V]|—]|—
BSET E:[XY].n E:XY].n < 1, A — E[XY] 1{1({o|ojolo|ofo|1|ofo|1|o|a|n|n|n|n|V]|—]|—
[HL]l.n < 1, A — [HL],
+]. —
BSET [HL+].n HL « HL+1 1{1({ofofofofofofaf{afofa|{2|{O|n|n,|n|ny|V v
[XY]l.n < 1, A < [XY],
+]. —
BSET [XY+].n XY — XY + 1 1{1{0]{0{0{0{0]0|2]{2]{0|2]|2]|L]|n|n|n|ne|V Vv
E:[HL].n < 1, A — E:[HL],
THLA, .
BSET E:[HL+].n HL o HL+1 1{1(ofofofofofofaf{afofa|{o|O|n|n,|n|ny|V v
E:XY].n < 1, A — E:[XY],
. +|. _
BSET E:[XY+].n XY - XY + 1 1{1{0]{0{0{0{0]0|2]{2]{0]|2]0|L]|n|n|n|ne]|V Vv
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 26 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D
Bit Operation Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15|14|13(12|11|10| 9|8 |7|6|5|4|3|2|1|0|Z|C|G
BNOT \cur.n cur.n — cur.n, A — cur 11|02 |21|2 n|n|n|ng|r|rs|rs|ra|ralta|ra|ro|V]|—|—
BNOT [HL].n [HL].n < [HL].n, A < [HL] 1|1(ofojofofofofofo|O|1[2]0|n|n|n|mg|V]|—|—
BNOT [XY].n [XY].n < [XY].n, A « [XY] 1|/1(ofojofojofofofo|O|1|a]|2|n|n|n|n|V]|—|—
] E:[HL].n ~ E:[HL].n,
BNOT E:[HL].n A o EqHL] 1/1|/o|ofofo|ojofo|o|o|1|O|O]|n|n|n|n|V|—]|—
E:[XY].n < E:[XY].n,
: . 1(1|lo]ofofo|ojofof|olof1|o|d|n|n]|n|n|V|—]|—
BNOT E:[XY].n A - EXY] n,[n,|n,[n
[HL].n < THL].n, A < [HL],
BNOT [HL+].n HL  HL+1 1({1({ofofofofofofofafofa|a|o|n|n|n|ng|V|—]|V
[XY].n < [XY].n, A < [XY],
BNOT [XY+].n XY XY 41 1(1|o|ojofof|ojofo|r|ofi|a|a]|n|n|n|n|V|—]|V
E:[HL].n ~ E:[HL].n,
[HL+]. 1(1|o|ojofof|ojofo|r|of1|o|O|n|n|n|n|V|—]|V
BNOTEIHLAN |\ EHLL HL — HL+1 Mo M| M
E:[XY].n < E[XY].n,
. +|. —
BNOT E:[XY+].n A EXY] XY o XY +1 1(1|o|ofofo|ojofo|r|o|1|O|2]|n|n|n|ne]|V v
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 27 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D

ROM Table Reference Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0|Z|C|G
MOVHB [HL],[RA] [HL],[HL + 1] « (RA)5 1|2|ofo|o|ofo|o|1|1]|0|Of21|0|O|O|1]|0|—|—|—
MOVHB [XY],[RA] [XYLIXY + 1] « (RA)5 1|2|ofo|o|ojo|o|1f1|0|Of2|1|O|O0|1]|0|—|—|—
MOVHB E:[HL],[RA] E:[HL],E:[HL +1] « (RA);s5 |1|2|0|0|0O|0|O|O|1|1]|0|0|O0|O|O|O|21|0|—|—|—
MOVHB E:[XY],[RA] E:[XY],EiXY +1] « (RA);sg|1|2|0|0|0|0|OfO|1|1|0|0|O|21]|0|0O|1]|0|—|—|—
[HLLHL + 1] < (RA)s5 6,
+ 1|2|ofo|ojofo|o|1|1]|0|O|21|O|2|0|1|0O|—|—|V
MOVHB [HL+],[RA] HL  HL + 2
[XYLIXY + 1] « (RA)s56,
+ 1|2|ofo|ojofo|o|1|1]|O0jO|2|1|2|0|1|0|—|—|V
MOVHB [XY+],[RA] XY — XY 42
E:[HLL,E:[HL + 1] « (RA).5,
[HL+ —|—
MOVHB E:[HL+],[RA] HL « HL 42 1|2|ofo|o|ofO0|0O|1|1|0|O|O|O|1|0O|1]|O v
E:XY]LEIXY + 1] « (RA)5,
[XYH+], 1|2|ofo|ojofo|o|1|1]|0|O|0O|1|2|0|1|0|—|—|V
MOVHB E:[XY+],[RA] XY XY 42
o|lofo|o|oflo|1|1|0|0O|1|O0|O|1|0]|O
MOVHB [HL],cadrl6 |[HL],[HL + 1]  (cadrl6),; 4 |2 |3 —|—]—
Q5| Ay | Q|| || Qg |Bg | Q7 ||| Q|3 (A |3y |
o|lofo|o|oflo|1|1|0|O|1|1]|O|1|0]|O
MOVHB [XY],cadrl6 |[XY],[XY + 1] — (cadrl6),5 4 |2 |3 —|—]—
Qs || Q3| Qp |y || Qg |Bg Q7 (g s Ay A3 (A |y | Qg
: : +1] « o|lofjo|o|oflo|1|1|0|0|O|O|O|21|0O]|O
MOVHB E:[HL],cadr16 EIHLLEHL + 1] 213 —|—|—
(Cadr16)15—8 Q5| Ay | Q3| Ap | Ay || Qg |8 |7 |8 s |Qy [ A3 (A | Ay | A
: : +1] « o|lofjo|o|oflo|1|1|0|0|O|1]|0O|21|0]|O
MOVHB E:[XY],cadrl6 EXYLELXY + 1] 213 — ==
(Cadr16)15—8 Q5 | B1a | Q43|12 [ A1y |Qyo [ A9 | 85 |87 |86 | 85| Ay | 83| |34 | &
HL],[HL + 1] « (cadrl6 o|lofo|o|ofo|1|1|0|O|2|0O|1|2|0]O
MOVHB [HL+],cadr16 [HLLI 1 5o 2|3 — =V
HL « HL+2 5| | Q|| || Qg |Bg | Q7|8 |5 | Q| A3 (A |3 |
+1] < o|lofo|o|jofo|1|1|0|Of1|1]|1|1|0]|O
MOVHB [XY+],cadr16 |L% PXY + 1] — (cadrl®)ss, |, | —|=|v
XY « XY +2 Q5| Ay | Q|| || Qg |Bg |7 ||| Q|3 (A |3y |3
MOVHB E:[HLLE:[HL +1] o3 o|o|ofo|o|of1|1]|0|O0f0|O|1|1|O]0O y
E:[HL+],Cadr16 (Cadr16)15—8’ HL e HL + 2 Q5| 8y, Q3| 8z |18y | Ag | Ag| A7 | Qg | A5 | Qg | Az | Ay | Ay | Qg
MOVHB E:[XY],E][XY + 1] « o3 o|lofo|o|oflo|1|1|0|O|O|1]|1|1|0]|O y
E:[XY+],Cadr16 (Cadr16)15—8' XY « XY +2 Qs | A1g | Q43|12 311 |B10| 9 | 85 |87 |86 | 85| 84| 85| 8|8y | &9
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 28 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Appendix D
ROM Table Reference Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15(14|13|12(11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
MOVLB [HL],[RA] [HL],[HL + 1] « (RA),, 1|2|ofo|o|ofo|o|1|1|0|Of21|0|O|O|1]|1|—|—|—
MOVLB [XY],[RA] [XYLIXY + 1] « (RA);, 1|2|ojojo|ojo|of1f1|o|Of1|2|O0|O0|2]|L|—|—]|—
MOVLB E:[HL],[RA] E:[HL],E:[HL +1] —« (RA);, |1|2|0|0|0|0|O|0O|2|1|0|O|O|O|O|O|1|1]|—|—|—
MOVLB E:[XY],[RA] E:XY],EJXY +1] « (RA);, |1|2|0|0|0|0|O|0|2|2|0|O|O|1|0|O|1|1]|—|—|—
[HL]L,[HL + 1] « (RA),o,
+ 1|/2|ojo|ofojo|of1|1]|o|Of1|Oo|1|o|2|L1|—|—]|V
MOVLB [HL+],[RA] HL — HL+2
[XYLIXY + 1] « (RA),,,
+ 1|/2|ojo|ofojo|of1|1|o|of1|2|1|o|2|L1|—|—]|V
MOVLB [XY+],[RA] XY o XY + 2
E:[HL],E:[HL + 1] « (RA),,
[HL+ —|—
MOVLB E:[HL+],[RA] HL o HL+2 1|/2|ojo|ofo|o|of1|1]|0|0|0|O|1|0|2]|1 v
E:[XY],E:][XY + 1] « (RA);_q,
IXY+], 1|/2|ojo|ofojo|of1|1]|o|Ofo|21|1|O|2|L|—|—]|V
MOVLB E:[XY+],[RA] XY « XY 42
ojo|o|ofo|o|1|1|0|0Of1|O0|Of1]|0]|1
MOVLB [HL],cadr16 [HLL,[HL + 1] « (cadrl6),, |23 —|—]—
Q5| Ay | Q|| || Qg |Bg | Q7 ||| Q|3 (A |3y |
ojo|o|ofo|o|1|1|0|0Of1|2|0Of1]|0]|1
MOVLB [XY],cadr16 [XY][XY + 1] « (cadrl6),, |23 —|—]—
Qs || Q3| Qp |y || Qg |Bg Q7 (g s Ay A3 (A |y | Qg
: : +1] « ojojo|ofo|o|1|1]|0|0|0|O|Of1]|0]|1
MOVLB E:[HL],cadr16 EHLLEHL +1] 2|3 —|—|—
(Cadr16)7—0 Qs | Ayg [ A3 [ 12|11 |B10| 8 |85 |87 |86 | 85| 84| 85| 8|8y | &9
: : +1] « ojo|o|ofo|o|1|1]|0|0Of0|2|Of1]|0]|1
MOVLB E:[XY],cadr16 EXVLEXY + 1] 2|3 —|—|—
(Cadr16)7—0 Qs | A1g [ Q43|12 |11 |B10| 8 |85 |87 |86 | 85| 84| 85| 8|8y | &9
HL],[HL + 1] « (cadrl6 ojo|o|ofo|o|1|1]|0|0Of1|O|1f1]0]|1
MOVLB [HL+],cadr16 [HLLI 1 Vo 2|3 — =V
HL « HL+2 5| | Q|| || Qg |Bg | Q7|8 |5 | Q| A3 (A |3 |
+1] < ojo|o|ofo|o|1|1|0|Of1|2|1f1]|0]|1
MOVLB [XY+],cadr1e |L%/PIXY +1] = (cadrl€)o, |, |, —|=|v
XY « XY +2 Qs | g [ Q3| A1p 311 | B0 | 9 |85 |87 |86 |85 |8y | 83| 3|8 [ &9
: : +1] < ojojo|ofo|o|1|1|0|0|0|O|1(1]|0]|1
MOWBEﬂﬂﬂpMﬂGE“ﬂLEWL 4 2|3 — =V
(Cadr16)7—01 HL e HL + 2 Qs Ay | Q5 (8p| Ay (8| Qg [Ag| a7 Qg | A5 | Q| A3 | Qx| Qg |y
: : +1] < ojojo|ofo|o|1|1|0|0fO|2|1f1]|0]|1
MOVLB E:[XY+],cadrl6 EIXVLEXY + 1] 2|3 —|—|V
(Cadr16)7—0’ XY « XY +2 Q5| Ay | Q3| Qo |y || Qg |Bg [ Q7 [ s Ay (A3 (A | Ay | Qg
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 29 OPTION B (D): 1.5V (3.0 V), With regulator

circuit for LCD bias

circuit for LCD bias
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Stack Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION Wi|C
15|14(13|12|11|10(9|8|7|6|5|4|3|2|1|0|Z|C|G
(RSP) — {FLAG, A, HL},
PUSH HL RSP . RSP + 1 1/2|o|ofoflo|ojofo|o|lofo|O|1|0|O|O|O|—|—|—
(RSP) « {CBR, EBR, XY},
PUSH XY RSP . RSP + 1 1/2|o|ofofo|ojofo|o|lofo|O|L1|0|0|0O|L1l|—|—]|—
RSP -« RSP-1
POP HL ' 1(2|o|ojofo|o|o|o|o|ofofOo|1|ofO|2|O|V|V]|V
{FLAG, A, HL} — (RSP)
RSP - RSP -1,
POP XY 1/2|o|o|ofo|ojofo|o|ofofOo|1|O0|0O|2|1|—|—]|—
{CBR, EBR, XY} — (RSP)
Flag Operation Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION Wi|C
15|14|13|12|11|10/9 |8 |7|6|5|4|3|2|1|0|Z|C
FCLR G G-0 1(1|/o|ojofo|o|ofo|0o|O|O|O|O|O|O|2]|O0|—|—]|V
FCLRC C-0 1/1|/o|o|o|lo|o|ofo|o|ofOo|O|O|O|O|2|1|—|V]|—
FCLR Z Z-0 1/1|/o|o|oflo|o|ofo|o|ofo|O|O|O|1]|0|O|V|—|—
FSET G G-1 1{1|/o|ojofo|o|ofo|o|oO|O|O|O|O|1]|2]|O0|—|—]|V
FSET C C-1 1/1|/o|o|oflo|o|ofo|o|ofo|O|O|O|2]|2|1|—|V]|—
FSET Z Z-1 1/1|/o|o|ofo|o|ofo|o|ofOo|O|O|1|0O]|O|O|V|—]|—
Jump Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION Wi|C
15|14|13|12|11|10/9|8|7|6|5|4|3|2|1|0|Z|C|G
o|lo|ofo|o|o|o|O|O|O|O|21|0|1]|0O
LIMP cadrl5 PC — cadrlb 2|2 —|—]—
0 |ay|a;|a;,|an|an| 8| 8| 87| 8| @s|@s|as| @] ar|a
JMP cadrl2 PC,, , < cadrl2 1]1|2|1|1]|0|ay|ae|as|ag|as|as|as|a|as|a,|a;|ag|—|—|—
SJMP radr8 PC ~ Next PC + radr8 1({1({ofofofof1|0|0|a,|1l|aslas|la,|as|la,|a|ay|—|—|—
JMP PC + A PC - PC+A+1 1/1|/o|ofofo|ojofo|o|lofo|Oo|21|O|2|2|l|—|—]|—
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 30 OPTION B (D): 1.5V (3.0 V), With regulator
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Conditional Branch Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15(14|13|12(11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G
BC radr8 if C=1then
BLT radr8 PC « Next PC + radr8 (<) 1/1{0|{0|0|0|1]|0|1]|a;|0|ag|as|as|asz|la|ay|ag|—|—|—
BNC radr8 if C =0 then
BGE radr8 PC « Next PC + radr8 (2) 1/1{0|0|0|0|1]|0|1l]|a;|1l|ag|as|as|as|a|ay|ag|—|—|—
BZ radr8 If Z=1then
BEQ radr8 PC  Next PC + radr8 (=) 1/1{0|{0|0|0|1]|1|0|a;|0|ag|las|as|asz|la|ay|ag|—|—|—
BNZ radr8 If Z =0 then
BNE radr8 PC  Next PC + radr8 (#) 1/1|{0|0|0|0|1]|1|0|a;|1l|ag|as|as|ag|lay|a,|ag|—|—|—
If (C=1)0(Z=1)then
BLE radr8 PC — Next PC + radr8 (<) 1({1({ofofofof1|1|1|a,|0|as|as|la,|as|la,|a|ay|—|—|—
If (C = 0) OJ(Z =0) then
BGT radr8 PC — Next PC + radr8 () 1|/1]|0fo|o0|0|1|1|1|a,|1|as|las|a,|asla,|a,|ay|—|—]|—
if G = 0 then
BNG radr8 IPC‘_NextPC+radr8 1({1({of(ofofof1|0|0|a,|0|as|as|la,|as|la,|a|ay|—|—|—
Call/Return Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0|Z|C|G
- - ojo|o|o|jo|o|O|lO|O|OfO|1|Of1]|0]|1
LCAL cadris (SP) « PC, PC - cadrl5, 5|5 B
SP — SP+1 0 |ay|as|an|an|an| @ |8g| 87| 8|85 |8, a3 |8 | & | &
SP) - PC, PC ~ cadrl2,
CAL cadrl2 (SP)<— Sp+1 1-0 11111 |1|a,|as|a|as|a|as|as|a,|as|a,|a|ay|—|—|—
RT PC - (SP)+1,SP - SP-1 |1|1|0|0|0|0|O0|O|O0|O|O|lO|O|O|1]|O0|21|1]|—|—|—
PC - (SP)+1,SP - SP-1,
RTI MIE 1 1|/1|(o|ojofojo|ofo|o|O|O|O|O|1|1]|0|0|—|—|—
PC -« (SP)+1,SP - SP-1
RTNMI MIE — status of MIE beforean|1|1|0|0|0|0|0|0|0|O|O|O|O|O|1|21]|0|1|—|—|—
interrupt occurs
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 31 OPTION B (D): 1.5V (3.0 V), With regulator
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Control Instructions

MNEMONIC OPERATION W|C INSTRUCTION CODE FLAG
15|14|13|12|11|10|/9|8|7|6|5|4|3|2|1|0|Z|C|G

NOP NO OPERATION 1|/1|/o|o|o|o|o|o|0|O|O|O|O|O|O|O|O|O|—|—|—
HALT HALT CPU 1|/1|/o|o|o|o|o|o|o|O|O|O|O|O|O|O|O|L|—|—|—
El MIE « 1 1|/1|o|o|o|o|o|o|o|o|Oo|O|O|O|1|2|2]|O|—|—|—
DI MIE « O 1|/1|o|o|o|o|o|o|o|o|o|o|o|Oo|1|2|2]|L|—]|—|—
INCB HL HL « HL+1 1|1|o|o|o|o|o|o|0|O|O|O|O|2|2|O]|O]|O|—|—]|V
INCB XY XY « XY +1 1|1|o|o|o|o|o|o|o|O|O|O|O|2|2|O]|O|2]|—|—]|V
INCW RA RA « RA+1 1|/1|o|o|o|o|o|0o|Oo|O|O|O|O|2|2|O]|2]|0O|—|—]|V
MOV CBR #i4 CBR - i4 1({1|0|ofo|ojofo|o|O|0|O|2|2]ig]ip|iy]iy|—|—]|—
MOV EBR,#i4 EBR - i4 1|1|o|o|o|o|o|ojo|o|o|O|2]|O|i|i|i]i|—|—|—
MOV RAOQ,#i4 RAO - i4 1({1|/0{o0fo|0|O0|0|1]{0[0]|0[O|0]|is]|ip|iy]iy|—|—]|—
MOV RAL #i4 RAl - i4 1|1|o|o|o|ojojo|r|o|o|O|O|L|is|i|i]i|—]|—|—
MOV RA2 #i4 RA2 — i4 1|/1|o|o|o|ojojo|r|o|o|O|2]|O|is|i|i]i|—]|—|—
MOV RA3 #i4 RA3 — i4 1{1|0|ofo|ojofo|1|{of0|O|2|2]ig]ip|iy]ip|—|—]|—
MOV H #i4 H - i4 1|1|o|o|o|ojojojo|r|o|o|2|L]is|ip|i]i|—|—|—
MOV L, #i4 L—i4 1{1|o0|ofo|ojofo]|ojafo|O|2a|0O]ig]ipl|i]i|—|—]|—
MOV X, #i4 X ~ i4 1|1|o|o|o|ojojojo|r|o|O|O|L]|is|i|i]i|—]|—|—
MOV Y #i4 Y « i4 1{1|/0|ofo|ojofo]|o|a|o]|O|O|0]|i]iy|i]i|—|—]|—
MSA cadrl5 Melody output starts 213 0101010]0]01010]0]010|1]0[1/1]0 — ==

0 |ay|as|ag|ay|ag|d|ag|a;|ag|as|a,|as|a,|a,|a,
OPTION A (C): 1.5V (3.0 V), Without regulator Appendix — 32 OPTION B (D): 1.5V (3.0 V), With regulator
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