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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.

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

This manual describes the hardware of Oki’s original CM OS 4-bit microcontroller ML63295A.

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
MLG63295A.

The manuals related to the ML63295A are 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.

e  SASMG63K User's Manual:
Describes the structured assembl er operation and assembler language specification.

° Dr.63295 User’'s Manual:
Describes the hardware of the emulator.

. DT63K Debugger/DTS63K Simulator User’s Manual:
Describes the debugger commands and the hardware of the simulator.

This document is subject to change without notice.




Notation

Classification Notation Description
B Numeric value xxh, xxH Represents a hexadecimal number.
xxb Represents a binary number.
H 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-, 4 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
H Symbol A Note: Gives more information about mistakable items.
B Terminology “H” level Indicates high side voltage signal levelsV,,, and V4, as
specified by the electrical characteristics.
“L” level Indicates low side voltage signal levelsV, and V, as

M Register description

specified by the electrical characteristics.

Invalid bit : When read, avalue of “1” isaways 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)

(RW); | pBF

PB1MOD | PBOMOD
| |

[}
|
b 4 Bit name

——————————————————————— Invalid bit

------------------------------------------------- R/W attribute

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

1.2

Overview

Overview
The ML63295A isa CMOS 4-bit microcontroller that employs Oki’s original CPU core nX-4/250.

The ML63295A operates on a power supply voltage of 6 V.

With built-in 3072-dot matrix LCD drivers (96 SEG. x 32 COM.), the ML63295A is suited for applications such
as electronic dictionaries with an LCD.

Features

The ML63295A has the following features.

a. Extensive instruction set
e 439instructions
Transfer, rotate, increment/decrement, arithmetic operations, compare, logic operations, mask
operations, bit operations, ROM table reference, externa memory transfer, stack operations, flag
operations, jump, conditional branch, call/return, control

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

¢. Processing speed
e 2 clocks per machine cycle, with most instructions executed in 1 machine cycle
e Minimum instruction executiontime: 61 us (@ 32.768 kHz system clock)
1 ps (@ 2 MHz system clock)

d. Clock generation circuit
e Low-speed clock:
Crystal oscillation or RC oscillation selected with mask option (30 kHz to 80 kHz)
e High-speed clock:
Ceramic oscillation or RC oscillation selected with software (2 MHz max.)

e. Program memory space
e 32K words
e Thebasicinstruction length is 16 bits per word.

f. Data memory space
e 2048 nibbles

0. External data memory space
e 64 Kbytes (expandable furthermore by using the 1/0O ports)

h. Stack level
o Call stack level: 16 levels
* Register stack level: 16 levels
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i. Ports

Input ports:

Selectable as input with pull-up resistor/input with pull-down resistor/high impedance input.

Output ports:

Selectable as P-channel open drain output/N-channel open drain output/high-impedance output/CMOS
output.

1/O ports:

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/high impedance output/CMOS
output.

Can be interfaced with external peripherals that use a different power supply than this device uses
(provided with Vp, as the port-dedicated power supply pin and Vppe as the power supply for the MD
and MDB pins).

Number of ports:

Input port: 2 ports x 4 bits

Output port: 6 ports x 4 bits

Input-output port: 6 ports x 4 bits

j- Melody output

k. LCD driver

Melody frequency: 529 Hz to 2979 Hz

Tone length: 63 varieties

Tempo: 15 varieties

Melody data: Stored in program memory

Buzzer driver signal output: 4 kHz

Number of segments: 3072 Max. (96 SEG. x 32 COM.)

Duty: Selectable as 1/2, 1/4, 1/6, 1/8, 1/10, 1/12, 1/14, 1/16, 1/18, 1/20, 1/22, 1/24, 1/26,
1/28, 1/30, or 1/32 duty

Bias: Selectable as 1/5 or 1/6 bias (regulator built-in)

Frame frequency: ex. 64 Hz (at 1/32 duty), 128 Hz (at 1/16 duty), 256 Hz (at 1/8 duty), 512 Hz (at
1/4 duty), 1024 Hz (at 1/2 duty)

Contrast: 16 levels adjustable
Display modes: Selectable as all-ON mode/all-OFF mode/power down mode/normal display
mode

|. Multiplication/division circuit

Multiplication: (8 bits) x (8 bits) — Product (16 bits)
Division: (16 bits)/(8 bits) — Quotient (16 bits), Remainder (8 bits)

m. System reset function

System reset through RESET pin
System reset by power-on detection
System reset by low-speed oscillation halt

n. Battery check

Low-voltage supply check

The value of the judgment voltage is selected by the software (by setting the LD1 and LDO hits of
BLDCON)

LD1 LDO Judgment voltage (V) Remarks
1 0 45 +0.1 Ta =25°C
1 1 5.1+0.1 Ta =25°C
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o. Timers and counter

o 8-bittimer: 2

Selectable as auto-rel oad mode/clock frequency measurement mode
e Watchdog timer: 1
e 100 Hz timer: 1

Measurable in steps of 1/100 sec.
e 15-bit time-base counter: 1
1,2, 4,8, 16, 32,64, and 128 Hz signals can be read

p. Seria port
e Mode Selectable as UART mode, synchronous mode
¢ UART communication speed: 1200 bps, 2400 bps, 4800 bps, 9600 bps
e Clock frequency in synchronous mode: Internal clock mode (32.768 kHz), external clock frequency
« Datalength: 5 to 8 bits
g. Shift register
e Shift clock: 1 x or 1/2 x System clock, external clock
« Datalength: 8 hits

r. Interrupt factors
e Externa interrupt: 5
e Interna interrupt: 12

S. Operating temperature:.  —20to +70°C

t. Power supply voltage: 35t07.2V

u. Package:
e Chip (212 pads): (Product name: ML63295A-xxxWA)
e 240-pin plastic QFP (QFP240-P-3232-0.50-BK4): (Product name: ML63295A-xxxGA) ... under

consideration
XXX indicates the code number.
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1.3

Function

Table 1-1 lists the ML63295A functions. The solid black circles within the chart indicate that the product has the

List

particular function.

Table 1-1 Function List

Function Symbol ML63295A Reference page

ROM (x 16 bits) ROM 3276 -2-7
RAM (x 4 bits) RAM 2048 -2-8
STACK RAM | Call 16 levels -2-5

Register STACK 16 levels -2-6
System reset generation circuit RST ° -3-2
Interrupt INT ° -4-1
Clock generator circuit osC ° -5-1
Time base counter TBC ° -6-1
Timers TIMER e (2ch) -7-1
100 Hz timer counter 100HzTC ° -8-1
Watchdog timer WDT ° -9-1
Input port INPUT PORT 2 ports x 4 bits —

Port 0 PO ° -10-2

Port 1 P1 . -10-2
Output port OUTPUT PORT 6 ports x 4 bits —

Port 2 P2 °

Port 3 P3 ° -10-9

Port 4 P4 °

Port 5 P5 °

Port 6 P6 . -10-13

Port 7 P7 °
1/0 port /O PORT 6 ports x 4 bits —

Port 8 P8 °

Port 9 P9 . -10-21

Port A PA °

Port B PB . -10-30

Port C PC ° -10-37

Port E PE ° -10-45
External memory interface EXTMEM ° -11-1
Melody driver MELODY ° -12-1
Serial port SIO ° -13-1
Shift register SFT ° -14-1
LCD driver COM 32 lines

SEG Leb 96 lines -1
Display register (x 4 bits) DSPR 768 -15-4
Bias generator BIAS ° -15-6
Multiplication/division circuit MULDIV ° -16-1
Battery low detect circuit BLD ° -17-1
Power supply circuit POWER ° -18-1
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1.4 Block Diagram

Asterisks (*) indicate port secondary functions. Signal names enclosed by chain lines (---) indicate interface
signas of the Vpp, power supply system. Signal names enclosed by () indicate signals of the Ve power

supply system.

CPU CORE NX-4/250
ST T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T hl
| |
|
| TIMING L cer [[H[L][ ra | [ PC i 1 rom
i CONT. ‘ EBR H " ‘ v H A ‘ ! 32KW
| Al
=a aus | N
- * H
i RsP MIE CONT. (-— EXTMEM —Do-D7* |
S—T-A;C?K- ----- I INSTRUCTION i o4Ke :pAO_AlS* |
CAL.S'16 levels|1| DECODER ! %RD’; !
REG.S:16 levels| " — - - ___ -t cWRx
DIz :
rAM | | 2L rver 1 TcK i
20a8N | ) gpits x 2ch < T3CK* |
R —
INT () INzTAL - RXCH
N Y > TXC* |
(—) slo o |
NT > TXD*_ |
MULDIV (—) | " I SCLK* |
RESET — SIN*_ i
RST ) ST L Soum
INT ol INT
TSTL 4 tBC (/R 71 MD
TST2 — <(—) MELODY VDB
BN/ ,
XTO —> BLD § / 1 INPUT i P0.0-P0.3 i
XT1<—| ——)_ PORT P1.0-P13 |
osco——> OSC INT| L oorore e —PpP20-p23 |
0OSC1 <—| 11 o — 1 P3.0-P3.3 |
— ) P4.0-P43 |
INT , OUTPUT 4 pg 0 p53 |
Vopxt < 1@ WDT [ O
Vooxa <1 1) P6.0-P6.3 |
Viooxs < i
- ]
DDX4
S;i i | |INT (—)P8.0-P83 |
v BIAS | v ) P9.0-P93 !
DD1 H
Vooe <— yo ) PAO-PA3 |
Vops < —)  poRT (—)PB.O-PB3 |
D i
Voos (—)PC.0-PC3 |
Vpps < ] i
Vops < —) PE.O-PE3 |
Voo — '-gD ——) COM1-COM32
Voo = VR —) SEGO-SEG95
Vi DSPR

L P —
VDDI

VSS

Figure 1-1 ML63295A Block Diagram
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1.5 Pin Configuration

1.5.1 Pin Configuration

The ML63295A pin configuration, chip pin configuration, and pad coordinates are shown in Figures 1-2, 1-3, and
Table 1-2, respectively.

NC (not connected) indicates an unused pin that is left unconnected (open).

m o 0naRNS8ITNER335YIRysS
50 AHoulPEs00w 32 e w s ann SSSSSSSSSSSSSSSS0000800
03000YerEE0RR 4 2 38 s0000 3023308830888 200000 0000000
o N 0

ZESS2ERNPnE88S 8L 822220052 5£2250£2555488888888888888885 5555502

QOONOTMON—TODONOUTNONHOONOUTONTHODONOTOANTHODONOTNNLHODON~NOTONON A

ONNSINNENENNENENNOOOOOOOOVOOLLLLLLLLLLSIIIIIIIITONMNMMNMMMNMMANNNNNNNNN

A A AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
NC) —— | 181 120 | = (NC
NC) —— | 182 119 | == (NC
NC) —— | 183 118 | =— (NC
NC) —— | 184 117 | === SEGB89
PE.3—— | 185 116 | =— SEGS88
PE.2 —— | 186 115 | == SEGS87
PE.1 —— | 187 114 | =— SEGB86
PE.O —— | 188 113 | =— SEGB85
PC.3—— | 189 112 | —— SEG84
PC.2 ——| 190 111 | == SEG83
PC.1 ——| 191 110 | =— SEGB82
PC.0 —— | 192 109 | =— SEGS81
PB.3—— | 193 108 | =—= SEGB80
PB.2 —— | 194 107 | =— SEG79
PB.1 —— | 195 106 | =— SEG78
PB.0 —— | 196 105 | == SEG77
PA.3 —— | 197 104 | == SEG76
PA2 —— | 198 103 | =—= SEG75
PA.1 —— | 199 102 | == SEG74
PA.0 —— | 200 101 | == SEG73
P9.3—— | 201 100 | =—= SEG72
P9.2 —— | 202 99 | == SEG71
P9.1 —— | 203 98 | =— SEG70
P9.0 —— | 204 97 | =— SEG69
P8.3 —— | 205 96 | == SEGG68
P8.2 —— | 206 95 | == SEG67
P8.1 —— | 207 94 | == SEG66
P8.0 —— | 208 93 | == SEG65
P7.3 = | 209 92 | =— SEG64
P7.2 = | 210 91 | =— SEG63
P71 | 211 90 | =— SEG62
P7.0—— | 212 89 | =— SEG61
P6.3 —— | 213 88 | =— SEG60
P6.2 —— | 214 87 | == SEG59
P6.1 —— | 215 86 | == SEG58
P6.0 —— | 216 85 | /== SEG57
P5.3—— | 217 84 | == SEG56
P5.2 =—— | 218 83 | =—= SEG55
P5.1 = | 219 82 | =— SEG54
P5.0 —— | 220 81 | =— SEG53
P43 | 221 80 | == SEG52
P4.2 —— | 222 79 | = SEG51
P4.1 —T— | 223 78 | == SEG50
P4.0 —— | 224 77 | =—= SEG49
P3.3 | 225 76 | == SEG48
P3.2 | 226 75 | == SEG47
P3.1 —— | 227 74 | == SEG46
P3.0 = | 228 73 | == SEG45
P2.3 = | 229 72 | == SEG44
P2.2 = | 230 71 | === SEG43
p2.1 = | 231 70 | == SEGA42
P2.0 = | 232 69 | == SEG41
P1.3 —— | 233 68 | —— SEG40
P1.2 = | 234 67 | =—= SEG39
P11 | 235 66 | —— SEG38
P1.0 —=— | 236 65 | == SEG37
P0.3 = | 237 64 | == SEG36
NC) —— | 238 63 | == (NC
NC) = | 239 62 | == (NC
NC) = | 240 61 == (NC

danmsworooandauaanIZRRNRIERRREHEIB8HERITIITILSSTIIBNBIBEHBR3

O e e N TR e r R e I N R R T e)

2887500003333 558 AARRAN A A AALO DA nAE00000AB0000000AR0022

©O000000008888883 PODONDDHEHERRDRDDADDADRDDRDDRDDADN N

Figure 1-2 ML63295A 240-Pin QFP Pin Configuration (Top View)
(GA: QFP240-P-3232-0.50-BK4)
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SEG90
SEG91
SEG92
SEG93
SEGY94
SEG95
com17
comis
com19
CcomM20
com21
COoM22
comz23
ComM24
COoM25
COM26
com27
comzs
COoM29
COM30
ComMs1
COoM32

Vop1
VDDZ
VDDE
VDD4
Voos
Voos
Vooxa
VDDXZ
Vooxs
Vooxa

c2
Voo
Voo
Voo
Vooe
0SC1
0SCo
TST1
TST2
XT1
XTO
RESET

MDB
Vool

164

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

191
192
193
194
195
196

198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

163 SEG89
162 SEG88
158 SEG84
157 SEG83
156 SEG82
153 SEG79
152 SEG78
146 SEG72
145 SEG71
144 SEG70
143 SEG69
139 SEG65
132 SEG58
131 SEG57
130 SEG56
124 SEG50
123 SEG49
122 SEG48
116 SEG42
115 SEG41
114 SEG40
113 SEG39

111 SEG37
110 SEG36

0000000000 000000000000000000000000000000000000000

O 161 SEG87
0O |160 SEG86
O (159 SEG85
O

O

O

0O |155 SEG81
O 154 sEGso
O

O

O [151 sEG77
O [150 sEG76
0O [149 sEG75
0O [148 sEG74
0O [147 sEG73
0O [142 sEGes
0O [141 sEGe7
O |140 SEG66
0O [138 sEG64
0O [137 sEGe3
0O [136 sEG62
0O [135 sEG61
0O [134 sEGe0
O |133 SEG59
0O [129 sEG55
0O [128 sEG54
0O [127 sEGs3
O 126 sEG52
O [125 sEG51
0O 121 sEG47
O |120 SEG46
O |119 SEG45
[0 |118 SEG44
0O 117 sEG43

O
O
O
O
O
O
O
O
O
O
O
O
O

0.0

O000000000000000000000000000000000000000000000000

O
O
O
O

O |112 SEG38

O
]

SEG35
SEG34
SEG33
SEG32
SEG31
SEG30
SEG29
SEG28
SEG27
SEG26
SEG25
SEG24
SEG23
SEG22
SEG21
SEG20
SEG19
SEG18
SEG17
SEG16
SEG15
SEG14
SEG13
SEG12
SEG11
SEG10
SEG9
SEG8
SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
SEGO
COM16
COM15
COM14
CcoM13
COM12
COoM11
COM10
COM9
COoMs8
COomM7
COM6
COM5
COoM4
COM3
COM2
coM1
Vss
P0.0
PO.1
P0.2

ML63295A
O0000000000000000000000000000000000000000000000000000000

HN("’JQ‘LOLDI\OOOSE

11
12
13
14
15
16
17
18
19
20

PB.3
PB.2
PB.1

PB.0
PA.3
PA.2
PA.1
PA.O
P9.3
P9.2
P9.1
P9.0
P8.3
P8.2
P8.1
P8.0
P7.3
P7.2
P7.1
P7.0
P6.3
P6.2
P6.1
P6.0
P5.3
P5.2
P5.1
P5.0
P4.3
P4.2
P4.1
P4.0
P3.3
P3.2
P3.1
P3.0
P2.3
P2.2
P2.1

<
O
o

PE.3
PE.2
PE.1
PE.O
PC.3
PC.2
PC.1

:8.25mm x 8.20 mm

: 350 um (280 pm: available as required)
: center of chip

1100 pm x 100 pm

1110 pm x 110 pm

1120 pm

 Chip size

* Chip thickness
 Coordinate origin
 Pad hole size

» Pad size

e Minimum pad pitch

Note: The chip substrate voltage is Vgs.

Figure 1-3 ML63295A Chip Pin Configuration (Top View)
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Table 1-2 ML63295A Pad Coordinates
Center of chip: X=0,Y=0

Pad No. Pad Name X (pm) Y (um) Pad No. Pad Name X (pm) Y (um)
1 PE.3 -3138 —3905 44 P3.0 2022 —-3905
2 PE.2 —-3018 —3905 45 P2.3 2142 —3905
3 PE.1 —2898 —3905 46 P2.2 2262 —3905
4 PE.O -2778 —3905 47 P2.1 2382 —-3905
5 PC.3 —2658 —3905 48 P2.0 2502 —3905
6 PC.2 —2538 —3905 49 P1.3 2622 —3905
7 PC.1 —2418 —3905 50 P1.2 2742 —3905
8 PC.0 —2298 —3905 51 P1.1 2862 —-3905
9 PB.3 -2178 —3905 52 P1.0 2982 —-3905
10 PB.2 —2058 —3905 53 P0O.3 3102 —3905
11 PB.1 —-1938 —3905 54 P0.2 3965 -3281
12 PB.O -1818 —3905 55 P0.1 3965 -3161
13 PA.3 -1698 —3905 56 P0.0 3965 -3041
14 PA.2 -1578 —3905 57 Vs 3965 —2907
15 PA.1 —1458 —3905 58 COoM1 3965 —2766
16 PA.O -1338 —3905 59 COM2 3965 —2646
17 P9.3 -1218 —3905 60 COM3 3965 -2526
18 P9.2 -1098 —3905 61 COomM4 3965 —2406
19 P9.1 -978 —3905 62 COM5 3965 —2286
20 P9.0 —-858 —3905 63 COM6 3965 -2166
21 P8.3 -738 —3905 64 COM7 3965 —2046
22 P8.2 —618 —3905 65 COM8 3965 -1926
23 P8.1 —498 —3905 66 COM9 3965 -1806
24 P8.0 -378 —3905 67 COM10 3965 -1686
25 P7.3 -258 —3905 68 COM11 3965 -1566
26 P7.2 -138 —3905 69 COM12 3965 -1446
27 P7.1 -18 —3905 70 COM13 3965 -1326
28 P7.0 102 —3905 71 COM14 3965 -1206
29 P6.3 222 —3905 72 COM15 3965 -1086
30 P6.2 342 —3905 73 COM16 3965 -966
31 P6.1 462 —3905 74 SEGO 3965 —846
32 P6.0 582 —-3905 75 SEG1 3965 -726
33 P5.3 702 —3905 76 SEG2 3965 —606
34 P5.2 822 —3905 77 SEG3 3965 —486
35 P5.1 942 —3905 78 SEG4 3965 —-366
36 P5.0 1062 —3905 79 SEG5 3965 —246
37 P4.3 1182 —-3905 80 SEG6 3965 -126
38 P4.2 1302 —3905 81 SEG7 3965 —6
39 P4.1 1422 —3905 82 SEGS8 3965 114
40 P4.0 1542 —-3905 83 SEG9 3965 234
41 P3.3 1662 —3905 84 SEG10 3965 354
42 P3.2 1782 —3905 85 SEG11 3965 474
43 P3.1 1902 —3905 86 SEG12 3965 594
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Table 1-2 ML63295A Pad Coordinates (continued)
Center of chip: X=0,Y=0

Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
87 SEG13 3965 714 131 SEG57 665 3905
88 SEG14 3965 834 132 SEG58 545 3905
89 SEG15 3965 954 133 SEG59 425 3905
90 SEG16 3965 1074 134 SEG60 305 3905
91 SEG17 3965 1194 135 SEG61 185 3905
92 SEG18 3965 1314 136 SEG62 65 3905
93 SEG19 3965 1434 137 SEG63 -55 3905
94 SEG20 3965 1554 138 SEG64 =175 3905
95 SEG21 3965 1674 139 SEG65 —295 3905
96 SEG22 3965 1794 140 SEG66 —415 3905
97 SEG23 3965 1914 141 SEG67 -535 3905
98 SEG24 3965 2034 142 SEG68 —655 3905
99 SEG25 3965 2154 143 SEG69 —775 3905
100 SEG26 3965 2274 144 SEG70 —895 3905
101 SEG27 3965 2394 145 SEG71 -1015 3905
102 SEG28 3965 2514 146 SEG72 -1135 3905
103 SEG29 3965 2634 147 SEG73 -1255 3905
104 SEG30 3965 2754 148 SEG74 -1375 3905
105 SEG31 3965 2874 149 SEG75 —1495 3905
106 SEG32 3965 2994 150 SEG76 -1615 3905
107 SEG33 3965 3114 151 SEG77 -1735 3905
108 SEG34 3965 3234 152 SEG78 -1855 3905
109 SEG35 3965 3354 153 SEG79 -1975 3905
110 SEG36 3185 3905 154 SEG80 —2095 3905
111 SEG37 3065 3905 155 SEG81 —2215 3905
112 SEG38 2945 3905 156 SEG82 —2335 3905
113 SEG39 2825 3905 157 SEG83 —2455 3905
114 SEG40 2705 3905 158 SEG84 —2575 3905
115 SEG41 2585 3905 159 SEG85 —2695 3905
116 SEG42 2465 3905 160 SEG86 —2815 3905
117 SEG43 2345 3905 161 SEG87 —2935 3905
118 SEG44 2225 3905 162 SEG88 —3055 3905
119 SEG45 2105 3905 163 SEG89 -3175 3905
120 SEG46 1985 3905 164 SEG90 —3965 3432
121 SEG47 1865 3905 165 SEG91 —3965 3312
122 SEG48 1745 3905 166 SEG92 —3965 3192
123 SEG49 1625 3905 167 SEG93 —3965 3072
124 SEG50 1505 3905 168 SEG94 —3965 2952
125 SEG51 1385 3905 169 SEG95 —3965 2832
126 SEG52 1265 3905 170 COM17 —3965 2712
127 SEG53 1145 3905 171 COM18 —3965 2592
128 SEG54 1025 3905 172 COM19 —3965 2472
129 SEG55 905 3905 173 COM20 —3965 2352
130 SEG56 785 3905 174 CcomM21 —3965 2232
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Table 1-2 ML63295A Pad Coordinates (continued)
Center of chip: X=0,Y=0

Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (pum) Y (um)
175 COM22 —3965 2112 194 Vooxe —3965 —470
176 COM23 —3965 1992 195 Vooxa —3965 -620
177 COM24 —3965 1872 196 Vooxa —3965 —770
178 COM25 —3965 1752 197 C1 —3965 -920
179 COM26 —3965 1632 198 Cc2 —3965 -1070
180 Com27 —3965 1512 199 Voo —3965 -1220
181 COM28 —3965 1392 200 VoL —3965 -1370
182 COM29 —3965 1272 201 Voo —3965 -1520
183 COM30 —3965 1152 202 Vope —3965 -1670
184 COM31 —3965 1032 203 OscC1 —3965 -1924
185 COM32 —3965 912 204 0SsCo —3965 —2074
186 Vss —3965 730 205 TST1 —3965 —2268
187 Vop1 —3965 580 206 TST2 —3965 —2388
188 Vop2 —3965 430 207 XT1 —3965 —2593
189 Vops —3965 280 208 XTO —3965 —2743
190 Vopa —3965 130 209 RESET —3965 —2912
191 Vops —3965 -20 210 MD —3965 -3120
192 Voos —3965 -170 211 MDB —3965 —3240
193 Voox1 —3965 -320 212 Vopi —3965 —3392
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1.6 Pin Descriptions

1.6.1 Descriptions of the Basic Functions of Each Pin

The basic functions of each pin of the ML63295A are listed in Table 1-3. Use of a dash (“/”) in a pin name
indicates that the pin has a secondary function. Refer to section 1.6.2, “Descriptions of the Secondary Functions of
Each Pin.”

In the I/0O 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 name Pin No. Pad No. I/O Function
Voo 164, 166 199, 201 — Positive power supply pin
Vgg 6, 144 57, 186 — Negative power supply pin
Vop1 145 187
Voos 146 188 Power supply pins for LCD bias voltage (internally
generated):
Vooa 149 190 — i
Capacitors (1.0 pF) should be connected between
Voos 150 191 these pins and V.
Vops 151 192
Vooxa 153 193 — Positive power supply for low-speed oscillation.
Vo3 147 189 Power supply pins for LCD bias voltage generation:
— Capacitors (1.0 pF) should be connected between
Vooxa 157 196 these pins and V.
Power Cl 158 197 . Capacitor connection pins for LCD bias voltage
supply C2 159 198 generation:
Vooxz 154 194 A capacitor (1.0 pF) should be connected between C1
Voo 155 195 | and C2, and between Vppy, and Vppys.
Positive power supply pin for external interface (Power
Vopi 179 212 — . .
supply for input, output, and input-output ports)
Positive power supply pin for internal logic (internally
generated):
VooL 165 200 — ] .
A capacitor (0.1 uF) should be connected between this
pin and V.
Constant voltage output pin:
Voo 167 202 — | A capacitor (1.0 uF) should be connected between this
pin and V.
XTO 174 208 Low-speed clock oscillation pins:
An option for using crystal oscillation or RC oscillation
is chosen by the mask option.
If the crystal oscillation is chosen, a crystal should be
connected between XTO and XT1, and capacitor (Cg)
XT1 173 207 © should be connected between XTO and V.
Oscillator If the RC oscillation is chosen, external oscillation
resistor (Rs, ) should be connected between XTO and
XT1.
0SCo 169 204 High-speed clock oscillation pins:
Either a ceramic resonator and capacitors (C,,, C,,) or
0oscC1 168 203 0] an external oscillation resistor (Rngy) should be
connected to these pins.
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification | Pin name | Pin No. | Pad No. /0 Function
TST1 171 205 I Input pins for testing:
Test TST2 172 206 I A pull-down resistor is internally connected to these pins.
System reset input pin:
Setting this pin to “H” level puts this device into a reset
Reset RESET 175 209 | 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.
Melody MD 177 210 (0] Melody output pin (non-inverted output)
MDB 178 211 (0] Melody output pin (inverted output)
PO.0/INT5 5 56 4-hit input ports:
PO.1/INT5 4 55 Each bit can be selected as the following.
P0.2/INT5 3 54 I * Input with pull-up resistor
PO.3/INT5 237 53 * Input with pull-down resistor
P1.0/INT5 236 52 * High-impedance input
P1.1/INT5 235 51
P1.2/INT5 234 50 I
P1.3/INT5 233 49
P2.0 232 48 4-hit output ports:
P2.1 231 47 P-channel open drain output, N-channel open drain
p2.2 230 46 0 output, CMOS output, or high-impedance output is
P2 3 229 45 selectable for each bit.
P3.0 228 44
P3.1 227 43
P3.2 226 42 ©
Port P3.3 225 41
P4.0/A0 224 40
P4.1/A1 223 39
P4.2/A2 222 38 ©
P4.3/A3 221 37
P5.0/A4 220 36
P5.1/A5 219 35
P5.2/A6 218 34 ©
P5.3/A7 217 33
P6.0/A8 216 32
P6.1/A9 215 31
P6.2/A10 214 30 ©
P6.3/A11 213 29
P7.0/A12 212 28
P7.1/A13 211 27
P7.2/1A14 210 26 ©
P7.3/A15 209 25
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification | Pin name Pin No. | Pad No. I/0 Function
P8.0/RD 208 24 4-bit 1/O ports:
P8.1/WR 207 23 /o During the input mode, each bit can be selected as the
P8.2 206 22 following.

P8.3/INT4 205 21 * Input with pull-up resistor
P9.0/DO 204 20 * Input with pull-down resistor
P9.1/D1 203 19 « High-impedance input
P9 2/D2 202 18 I/0 | During the output mode, each bit can be selected as the

: following.

P9.3/D3 201 17 .

» P-channel open drain output
PA.0/D4 200 16 .

« N-channel open drain output
PA.1/D5 199 15 /o |+ cMOS output
PA.2/D6 198 14 + High-impedance output
PA.3/D7 197 13

PB.0/INTO 196 12

PB.1/INTO 195 11

PB.2/INTO/

Port 194 10 110
T2CK
PB.3/INTO/
193 9
T3CK
PC.0/INT1/
192 8
RXD
PC.1/INT1/
191 7
TXC
I/0
PC.2/INT1/
190 6
RXC
PC.3/INT1/
189 5
TXD
PE.O/SIN 188 4
PE.1/SOUT 187 3 Vo
PE.2/SCLK 186 2
PE.3/INT2 185 1
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Table 1-5 Pin Description (Basic Functions) (continued)

Classification | Pin name Pin No. | Pad No. 110 Function
COoM1 7 58 LCD common signal output pins (COM1 to COM32)
COM2 8 59
COM3 9 60
COoM4 10 61
COM5 11 62
COM®6 12 63
com7 13 64
COM8 14 65
COM9 15 66
COM10 16 67
CoM11 17 68
COoM12 18 69
comM13 19 70
COM14 20 71
COM15 21 72

LcD COM16 22 73 o
Ccom17 128 170
com18 129 171
COM19 130 172
COM20 131 173
com21 132 174
COomM22 133 175
com23 134 176
COM24 135 177
COM25 136 178
COM26 137 179
com27 138 180
com28 139 181
COM29 140 182
COM30 141 183
COM31 142 184
COM32 143 185
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification | Pinname | Pin No. | Pad No. 1/0 Function
SEGO 23 74 LCD segment signal output pins (SEGO to SEG47)
SEG1 24 75
SEG2 25 76
SEG3 26 77
SEG4 27 78
SEG5 28 79
SEG6 29 80
SEG7 30 81
SEG8 31 82
SEG9 32 83
SEG10 33 84
SEG11 34 85
SEG12 35 86
SEG13 36 87
SEG14 37 88
SEG15 38 89
SEG16 39 90
SEG17 40 91
SEG18 41 92
SEG19 42 93
SEG20 43 94
SEG21 44 95
SEG22 45 96
SEG23 46 97

LCD SEG24 a7 98 ©
SEG25 48 99
SEG26 49 100
SEG27 50 101
SEG28 51 102
SEG29 52 103
SEG30 53 104
SEG31 54 105
SEG32 55 106
SEG33 56 107
SEG34 57 108
SEG35 58 109
SEG36 64 110
SEG37 65 111
SEG38 66 112
SEG39 67 113
SEG40 68 114
SEG41 69 115
SEG42 70 116
SEG43 71 117
SEG44 72 118
SEG45 73 119
SEG46 74 120
SEG47 75 121




ML63295A User’s Manual
Chapter 1  Overview

Table 1-5 Pin Description (Basic Functions) (continued)

Classification | Pinname | Pin No. | Pad No. 1/0 Function
SEG48 76 122 LCD segment signal output pins (SEG48 to SEG95)
SEG49 77 123
SEG50 78 124
SEG51 79 125
SEG52 80 126
SEG53 81 127
SEG54 82 128
SEG55 83 129
SEG56 84 130
SEG57 85 131
SEG58 86 132
SEG59 87 133
SEG60 88 134
SEG61 89 135
SEG62 90 136
SEG63 91 137
SEG64 92 138
SEG65 93 139
SEG66 94 140
SEG67 95 141
SEG68 96 142
SEG69 97 143
SEG70 98 144
SEG71 99 145

LCD SEG72 100 146 ©
SEG73 101 147
SEG74 102 148
SEG75 103 149
SEG76 104 150
SEG77 105 151
SEG78 106 152
SEG79 107 153
SEG80 108 154
SEG81 109 155
SEG82 110 156
SEG83 111 157
SEG84 112 158
SEG85 113 159
SEGS86 114 160
SEGS87 115 161
SEG88 116 162
SEG89 117 163
SEG90 122 164
SEG91 123 165
SEG92 124 166
SEG93 125 167
SEG94 126 168
SEG95 127 169
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1.6.2 Descriptions of the Secondary Functions of Each Pin
The secondary functions of each pin of the ML63295A are listed in Table 1-4.

Table 1-4 Pin Description (Secondary Functions)

Classification | Pin name Pin No. Pad No. 1/0 Function
PB.0/INTO 196 12 External interrupt O input pins:
PB.1/INTO 195 11 The change of input signal level causes an interrupt to
PB.2/INTO | 194 10 I | oceur. ,
The Port B Interrupt Enable register (PBIE) enables or
PB.3/INTO 193 9 disables an interrupt for each bit.
PC.0/INT1 192 8 External interrupt 1 input pins:
PC.1/INT1 191 7 The change of input signal level causes an interrupt to
PC.2/INT1 190 6 || oceur. _
The Port C Interrupt Enable register (PCIE) enables or
PC.3/INT1 189 5 disables an interrupt for each bit.
External interrupt 2 input pin:
PE.3/INT2 185 1 I The change of input signal level causes an interrupt to
External oceur.
interrupt External interrupt 4 input pin:
P8.3/INT4 205 21 I The change of input signal level causes an interrupt to
occur.
P0.0/INT5 5 56 External interrupt 5 input pins:
PO.1/INT5 4 55 The change of input signal level causes an interrupt to
P0.2/INT5 3 54 oceur. ,
The Port 0 Interrupt Enable register (POIE) and Port 1
PO.3/INTS 237 o3 I Interrupt Enable register (P1IE) enable or disable an
P1.0/INT5 236 52 interrupt for each bit.
P1.1/INT5 235 51
P1.2/INT5 234 50
P1.3/INT5 233 49
Timer PB.2/T2CK 194 10 | External clock input pin for timer 2
PB.3/T3CK 193 9 | External clock input pin for timer 3
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Table 1-4 Pin Description (Secondary Functions) (continued)

Classification | Pin name Pin No. Pad No. I/0 Function
PC.0/RXD 192 8 | Serial port receive data input pin
Sync serial port clock input-output pin:
Transmit clock output when this device is used as a
PC.1/TXC 191 7 I/O | master processor.
Transmit clock input when this device is used as a
Serial slave processor.
port Sync serial port clock input-output pin:
Receive clock output when this device is used as a
PC.2/RXC 190 6 I/O | master processor.
Receive clock input when this device is used as a slave
processor.
PC.3/TXD 189 5 (0] Serial port transmit data output pin
PE.O/SIN 188 4 | Shift register receive data input pin
PE.1/SOUT 187 3 (@) Shift register transmit data output pin
Shift Shift register clock input-output pin:
register Clock output when this device is used as a master
PE.2/SCLK 186 2 I/O | processor.
Clock input when this device is used as a slave
processor.
P4.0/A0 224 40 Address output bus for external memory
P4.1/A1 223 39
P4.2/A2 222 38
P4.3/A3 221 37
P5.0/A4 220 36
P5.1/A5 219 35
P5.2/A6 218 34
P5.3/A7 217 33 o
P6.0/A8 216 32
P6.1/A9 215 31
P6.2/A10 214 30
P6.3/A11 213 29
P7.0/A12 212 28
External P7.1/A12 211 27
memory P7.2/A14 210 26
P7.3/A15 209 25
P9.0/D0 204 20 Data bus for external memory
P9.1/D1 203 19
P9.2/D2 202 18
P9.3/D3 201 17 /o
PA.0/D4 200 16
PA.1/D5 199 15
PA.2/D6 198 14
PA.3/D7 197 13
P8.0/RD 208 24 o (F:]izitsi\il%nlilgcigtput pin for external memory
P81 WR 207 23 o \(/r\]/(rai;ztsi\i/%nlaolgci)g)tput pin for external memory
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1.6.3 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
C1,C2 Open
Vo1 Voozs Voos: Voosr Voos: Voos Open
Voox: Vooxa: Vooxa Open

TST1, TST2 Open or connect to Vgg

P0.0-P0.3 Open
P1.0-P1.3 Open
P2.0-P2.3 Open
P3.0-P3.3 Open
P4.0-P4.3 Open
P5.0-P5.3 Open
P6.0-P6.3 Open
P7.0-P7.3 Open
P8.0-P8.3 Open
P9.0-P9.3 Open
PA.0-PA.3 Open
PB.0-PB.3 Open
PC.0-PC.3 Open
PE.O-PE.3 Open
MD, MDB Open
COM1-COM32 Open
SEGO0-SEG95 Open

A Notes:

1. Ifapin setas a high 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.

3. Connect a capacitor (0.1 pF) between the Vpy, pin and the V¢4 pin when the LCD drivers are not used.
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1.7

Basic Timing

1.7.1 Basic Timing of CPU Operation

The low-speed oscillation clock from the XTO/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 fromthe XT1 pin or the OSC1 pin.

As shown in Figure 1-4, a single machine cycle is composed of two states, S1 and S2. One state is the interval
from afalling 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-cycleinstructions (M1 + M2), and 3-machine-cycleinstructions (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 1-4 Clock Configuration of Each Machine Cycle

1.7.2 Port I/0O Basic Timing

Figure 1-5 shows the basic /0O 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 isat a“H” level in the S1 state during the machine cycle of that instruction. That datais
transferred to the accumulator at the start of the next machine cycle.
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Accumulator

Output instruction Input instruction |
oLk L o]
t sl s2 1 st 1 s2
H ! ! H | |
Instruction (example) ) MOV obj,(data A) !X MOV A,obj 9<
[ | | ! | |
| e I i
T T ] [
Output pin | b< (data A) : ! :
i . |
[ | T | |
Input pin ! | \(data B i
E E >< ! i >< :
! ! D
i i

§><(data B)

Figure 1-5 Port I/O Basic Timing

A Note:

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 1-6) during the
data capture interval.

“1” will be captured in the internal register only if a “H” level is maintained (O of Figure 1-6) 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 Output instruction

Accumulator

T I I O A O O S I A
1 st 1 s2 1 st sz
Capture signal i i i E
Input pin i i i I_I i i O i i
R e |
Data bus i i i :

Figure 1-6 Input Data Example
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1.7.3 Interrupt Basic Timing

Figure 1-7 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 aninterrupt 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.

X M1 X M1 |
TSN A S O R O I
S1 | S2 | S1 | S2 | S1 I S2
| A | | |
Interrupt factor Ti X X .
IRQ \
Process Main routine >< Interrupt routine
PC X il 1st interrupt address ><

Figure 1-7 Interrupt Basic Timing
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2. CPU and Memory Spaces

2.1 Overview

The ML63295A is equipped with Oki’s original CPU core nX-4/250.
The instruction set of the nX-4/250 core consists of 439 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, specia function registers (SFRs) are located in BANK 0, the LCD display register
(DSPR) in BANKS 1 to 3, and data RAM in BANKS 4 to 11.

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, registersthat control program flow, and registers that control flags and memory.

2.2.1 Accumulator (A)

The accumulator (A) isthe 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.

3 210
Accumulator
2.2.2 Flag Register

The flag register consists of 3 flags. the carry flag (C), the zero flag () 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 isinitialized to “0”.
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2.2.2.2 Zero Flag (2)

The zero flag (Z) 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 X CH instruction does not change the zero flag. At system reset, the zero flag isinitialized to “0".

2.223 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 isinitialized to “0".

2.2.3 Master Interrupt Enable Flag (MIE)
MIE (bit O of MIEF) is a flag that disables or enables al interrupts except for the watchdog timer interrupt.
MIEF is a4-bit register in which bit 0 is the master interrupt enable flag (MIE).

If MIE is “0", dl interrupts are disabled. If MIE is “1”, al 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) - O O MIE

(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").
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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 aso 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 ! ]l/ A7-A4 | A3-AQ !

Figure 2-1 Various Register Combinations

A11to AOin Figure 2-1 indicate data memory addresses (4K nibbles max.).
At system reset, the CBR, EBR, HL, and XY registersareinitialized 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 specia function register (SFR) addresses OFOH to OFEH.

bit 3 bit 2 bit 1 bit 0
EBR (OFEH) €3 €, € €
(RIW)
bit 3 bit 2 bit 1 bit 0
CBR (OFDH) Cs C2 Cy Co
(R/W)
bit 3 bit 2 bit 1 bit 0
H  (OFCH) h, h, h, ho
(RIW)
bit 3 bit 2 bit 1 bit 0
L  (OFBH) I3 I, ly lo
(RIW)
bit 3 bit 2 bit 1 bit 0
X (OFAH) X3 Xz X1 Xo
(RIW)
bit 3 bit 2 bit 1 bit 0
Y (OF9H) Ys Y2 Y1 Yo
(RIW)
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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 RAL RAO
| A15-A12 |  A1-As | A7T-A4 | A3-A0 |

<

Figure 2-2 Address Configuration of RA3 to RAO Registers

Within the A15 to AO of Figure 2-2, A14 to AO indicate program memory addresses (32K words max.).

RA3to RAO are assigned to special function register (SFR) addresses OF2H to OF5H.

bit 3 bit 2 bit 1 bit 0
RA3 (OF5H) A5 Ay, a3 a1,
(RIW)
bit 3 bit 2 bit 1 bit 0
RA2 (OF4H) an 2y a ag
(RIW)
bit 3 bit 2 bit 1 bit 0
RAL (OF3H) a, a as a,
(RIW)
bit 3 bit 2 bit 1 bit 0
RAO (OF2H) a, a, a, Ch)
(RIW)

At system reset, RA3 to RAO areinitialized 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.
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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 isincremented 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 I
:__ OH
15 bits

Figure 2-3 Relation between SP and Call Stack

SPisassigned 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, SPisinitialized to “0" and points to address “OH” of the call stack. SP is aread-only register and
writes areinvalid.
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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 |
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 5 4 2 1
o G C Z A H
| | | | | | | | | | |
Register stack
“PUSH XY” and “POP XY” instruction execution
15 14 13 12 11 10 9 8 7 6 5 4 2 1

EPR

I

CIIBR

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 “0OH" of the register stack.
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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 7FFFH.

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.

7FFFH
7FDFH

Test data area @ 32 words

«

Program data
or 32,736 words
ROM table data
or
Melody data

0037H| 1T j

Interrupt area| 40 words
(010 (0] - Y A FE 4\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 datais 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 of the ML63295A. 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 12, “Melody Driver”.)

Because the test data area contains program data for testing, it cannot be used as a program data area.
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2.3.2 Data Memory Space
The data memory space contains data RAM and specia function registers (SFRs).

The data memory consists of 10 banks. One bank unit is 256 nibbles. BANK 0 is allocated asa SFR area, BANKS
1to 3 asthe LCD display register, and BANK 4 and the following BANKS are data RAM.

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

0BFFH
BANK11
oBooH
OAFFH
BANK10
OAOOH
OFFH[ T
BANK9
Q00H|________________]
8FFH
BANKS8
800H|____ o _____]
7FFH
Data RAM area
BANK? (2,048 nibbles)
7ooH|
6FFH
BANK6
600H(________________|]
5FFH
BANKS
S500H|_ __ o __]
4FFH
BANK4
400H
3FFH
BANKS3
300H |- o]
2FFH
LCD display register
BANK2 (768 nibbles)
20H(
1FFH
BANK1
100H
OFFH
SFR area
BANKO (256 nibbles)
000H

Figure 2-7 Data Memory Space Configuration
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2.3.3 External Memory Space

The external memory space has an 8-bit data length, allocated from address O to address OFFFFH.

See Chapter 11 “External Memory Interface”.

Itisconfigured asindicated in Figure 2-8.

OFFFFH

Data

0000H

8 hits

65,536 bytes

Figure 2-8 External Memory Space Configuration
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3. CPU Control Functions

3.1 Overview

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

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

. HALT instruction execution
Normal operation Halt mode

mode

Interrupt generated

RESET ="H” /ET ="H"

<——— Power on detect

System reset mode | <—— Low-speed clock

RESET =“L” oscillation halt detect

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.
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3.2 System Reset Mode (RST)

3.2.1 Transfer to and State of System Reset Mode

The following three factors cause atransfer to the system reset mode.

e Setting the RESET pintoa“H” level
e Detection of power on
e Detection of alow-speed clock oscillation halt

The following operations are performed in the system reset mode.

(1) CPUisinitidized.

(2) Backup flag changesto “1” and backup circuit changesto ON state.

(3) Biasreference voltage supply (VR) is energized.

(4) All LCD driver outputs are turned OFF and the outputs change to the V4 level.

(5) All specia function registers (SFRs) are initialized. However, data RAM and display registers 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.
RESET @0—4 >
- % RN RESETO
i (Time base
V;s Power ON counter reset)
detect

—— > RESETS
(System reset)

Low-speed
clock
oscillation
halt detect

Figure 3-2 System Reset Generator Circuit

RESETO

Crystal oscillation
output

RESETS

32.768 kHz
125 ms

;
!

CPU start

Figure 3-3 Signals When System Reset is Generated

A Note:

System reset takes priority over all other processing and terminates all processing up to that point in time. Therefore,
the contents of RAM and display registers, which are not initialized, cannot be guaranteed after a system reset.

3-2
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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 aHALT instruction is executed.

When aHALT instruction is executed, the CPU entersthe 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 3-4 shows the timing when aHALT 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 (halt flag) —:J—l

Interrupt request \
INT

. HALT ! \
1 instruction
| execution !
' (equi ' : RTI ' :
(equivalent | Interrupt routine " instruction | Main
PC flow in main : ) . '_execution ! routine
routine n X (NT) X------- X---o------ X RT) X n+1 X n+2 X

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

Figure 3-4 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.
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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)
e 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 3-5 shows the timing of transferring to the halt mode by execution of aHALT 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) — 1 !

: : | ] |
1 [l ] ] |
! | | | |
1 1 T T T
| | — | \ :
Interrupt request X : . : : :
INT | | ! \ |
- HALT ' Halt mode | Execution o Interrupt " RTI ' Main
| instruction | 1 instruction - ; ; ; ;
\ execution immediately after routine 'nStrUCt.lon routine
PC flow in main ! ! HALT instruction execution
routine N X n+l X (NT) X / XRTHX n+2 X

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

Figure 3-5 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 ahigh-level isinput to the RESET pin, the CPU is released from the halt mode and transfers to the system reset
mode.
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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 3-6.
HALT HALT
S1 S2'S1 S2 S1 S2 S1 S2 S1 S2° S1 S2' S2 S2 S2

System Clock

HLT (halt flag) — 1

1 1 1
T 1 T
I 1 1
I T 1
! ! 1 1
I 1 i |
Melody data : : : . : :
réquest . . . | . |
| | | | | :
| I ] ] 1 1
| U | | U U
) ) ) 1 | 1 1
. HALT . TExecution of - Melody \ HALT .
instruction Halt mode ~ instruction data  instruction Halt mode
execution IITAn?_?I'd‘IatEIy after transter execution
PC flow in main instruction
rouine N X n+1 X(melody)Y n X n+1

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

Figure 3-6 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
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Interrupt (INT)

Overview
The ML63295A supports 17 interrupt factors: 5 external interrupts and 12 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-
maskabl e interrupt.

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

Table4-1 indicates alist 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) XI1INT 0016H
5 External interrupt 2 (PE.3) XI2INT 0018H
6 External interrupt 4 (P8.3) XI4INT 001CH
7 External interrupt 5 (PO 4-bit OR input) XI5INT 001EH
8 Timer 2 interrupt TM2INT 0024H
9 Timer 3 interrupt TM3INT 0026H
10 Serial port receive interrupt SRINT 0028H
11 Serial port transmit interrupt STINT 002AH
12 Shift register interrupt SFTINT 002CH
13 T10 Hz interrupt T10HzINT 002EH
14 32 Hz interrupt 32HzINT 0030H
15 16 Hz interrupt 16HzINT 0032H
16 4 Hz interrupt 4HzINT 0034H
17 2 Hz interrupt 2HzINT 0036H

If multiple interrupts are detected simultaneously, the lowest interrupt start addressis 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 12 (Melody Driver), Chapter 13 (Serial
Port), and Chapter 14 (Shift Register).
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Interrupt request

Interrupt request

signals registers

IRQO
WDTINT —— IRQ0.0  QwDT

IEO

MDINT ——RQOI  omp EOL,  Ewb
XIOINT ——IRQ0.2  Qxi0 IE0.2; | EXI0
XILIINT ——IRQ0.3  Qxi1 IEQ.35  Exn

IRQ1 IE1
XI2INT —{IRQ1.0 QXI2 |El.OO EXI2
XI4INT ——RQL3 Qx4 IE1L2,  Exi4
XI5INT —1IRQL1.3 QXI5 IEl'?’O EXI5

IRQ2 IE2
T™M2INT ——IRQ22 oTm2 IE220  ETM2
TM3INT ——IRQ2.3  QTM3 IE235  ETM3

IRQ3 IE3
SRINT ——IRQ3.0 QSR IE3.0 5 ESR
STINT —IRQ3.1  QsT IES.1,  EST
SFTINT ——IRQ3.2  QsFT IES25  ESFT
T10HzZINT— IRQ3.3  Q10Hz IE3.3¢ | E10Hz

IRQ4 IE4
32HzINT —— IRQ4.0  Q32Hz IE4.0,  E32HZz
16HzINT ——IRQ41  Q16H; IEA.1o | E16Hz
4HzINT ——IRQ4.2  Q4Hz IE4.2 5  E4Hz
2HzINT ——IRQ43  QoH; IE43,  E2Hz

Figure 4-1 Interrupt Control Equivalent Circuit

Master interrupt enable flag

Interrupt enable registers

Priority encoder

} Interrupt
request

Interrupt
vector address
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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)
(2) Interrupt enable registers (IE0Q to I1E4)
(3) Interrupt request registers (IRQO to IRQ4)
These registers are described below.
(1) Master interrupt enable register (MIEF)
MIEF is a4-bit register in which bit 0 is the master interrupt enable flag (MIE).
MIE (bit 0 of MIEF) is aflag that disables or enables al interrupts except for the watchdog timer interrupt.

If MIE is“0", all interrupts are disabled. If MIE is“1”, al 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
o) | | ‘ |

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").
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(2) Interrupt enable registers (IEQ to 1E4)
IEQ, IEL, IE2, IE3, and |E4 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 isissued to the CPU. The watchdog
timer interrupt is non-maskable, and is therefore not dependent upon the interrupt enable registers (IEO to
|E4) 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
bitsin the interrupt enable registers (IEO to |E4) do not change.

At system reset, each bit of IEQ through IE4 isinitialized to “0".

bit 3 bit 2 bit 1 bit 0
EXIL | EXI0 EMD 0

IEO (050H)
(RIW) |

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

1: Enable

External interrupt 0 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
EXI5 | EXl4 D EXI2

IE1 (051H)
(RIW) |

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

1: Enable

External interrupt 4 enable flag
0: Disable (initial value)

1: Enable

External interrupt 2 enable flag
0: Disable (initial value)
1: Enable
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bit 3 bit 2 bit 1 bit 0
IE2 (052H) [ ETM3 | ETM?2 — —

(R/W)
Timer 3 interrupt enable flag

0: Disable (initial value)
1: Enable

Timer 2 interrupt enable flag

0: Disable (initial value)
1: Enable

IE3 (053H) bit 3 bit 2 bit 1 bit 0
RW) |__E10Hz | ESFT EST ESR
10 Hz interrupt enable flag
0: Disable (initial value)
1: Enable
Shift register interrupt enable flag
0: Disable (initial value)
1: Enable
Serial port transmit interrupt enable flag
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) [ E2Hz | E4Hz E16Hz E32Hz

(R/W)
2 Hz interrupt enable flag

0: Disable (initial value)
1: Enable

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
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©)

Interrupt request registers (IRQO to IRQ4)

IRQO, IRQL, 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 (IEO to I1E4) 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 isinitialized to “0".

bit 3 bit 2 bit 1 bit 0
IRQOO55H) | oxi1 | oxio | owmp | 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: QXI0 (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.
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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 hit =
“1M).

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_—l

bit 3 bit 2 bit 1 bit 0
Qxis | Qxi4 | 0 | oxiz |

IRQ1 (056H)
(RIW) |

0: No request (initial value)
1: Request

External interrupt 4 request flag

0: No request (initial value)
1: Request

External interrupt 2 request flag

0: No request (initial value)
1: Request

bit 3:

bit 2:

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 P0.3) of port 0 and
each bit (P1.0 to P1.3) of port 1.

An external interrupt request is generated through the 4-bit ORed input.

QXI14 (reQuest eXternal Interrupt 4)

External interrupt 4 request flag.

The external interrupt 4 is assigned as a secondary function of port 8.3 (P8.3). Generation of the
external interrupt 4 is triggered by the falling edge of the 128 Hz or 4 kHz output of the time base
counter.

QXI12 (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.
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bit 3 bit 2 bit 1 bit 0

IRQ2(057H) [ QtM3 | QTm2 | — —

(R/W)
Timer 3 interrupt request flag

0: No request (initial value)
1: Request
Timer 2 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.
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bit 3 bit 2 bit 1 bit 0
QuoHz | Qset | st | qQsr |

IRQ3 (058H)
(RIW) |

10 Hz interrupt request flag

0: No request (initial value)
1: Request
Shift register 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 2: QSFT (reQuest ShiFT register)
Shift register interrupt request flag.
A shift register interrupt is generated when the 8-bit data transfer for the shift register is
compl eted.

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

bit 0: QSR

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

bit 3 bit 2 bit 1 bit 0
IRQ4(059H) | Q2Hz | Q4Hz | Qi6Hz | Q3z2Hz |

(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 O:

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.
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4.3 Interrupt Sequence

4.3.1 Interrupt Processing

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

The watchdog timer interrupt is non-maskable and regardiess 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) Thecall stack pointer (SP) isincremented by 1. (SP~ SP+1)

(4) The starting address of the interrupt routine isloaded 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.

13121110 9 8 7 6 5 43210
SP position before interrupt — = ';%1132_ PC11-PC8 | PC7-PC4 |PC3-PCO| OH

SP position after interrupt ——= 1H
2H
3H
4H

Figure 4-2 Call Stack Contents after Interrupt Generation
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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 routinesis 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) Thecall stack pointer (SP) is decremented by 1. (SP~ SP-1)
(2) MIEissetto“1” (whenan“RTNMI” instruction is used, MIE isrestored 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 during execution of the following instructions. These instructions are processed
with priority, and interrupt processing is delayed until completion of the instruction.

*  ROM table reference instructions

e Externa memory transfer instructions

e Stack operation instructions

e Jump instructions

e Conditional branch instructions

e Cdl/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 an interrupt, when generated, will be put on
hold for a certain amount of time before the interrupt routine begins.
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5. Clock Generator Circuit (OSC)

5.1 Overview
The clock generator circuit (OSC) consists of a low-speed clock generator circuit, a high-speed clock generator
circuit and a clock controller unit. The clock generator circuit generates the system clock (CLK), time base clock

(TBCCLK) and the high-speed clock (HSCLK).

The following modes can be selected for the low-speed clock generator circuit and the high-speed clock generator
circuit.

e Low-speed clock generator circuit: crystal oscillation mode or RC oscillation mode (mask option
selection)

e High-speed clock generator circuit:  ceramic oscillation mode or RC oscillation mode (software
selection)

The system clock is the basic operation clock for the CPU. The time base clock is the basic operation clock for the
time base counter.

Depending on the contents of the frequency control register (FCON), the system clock frequency is switched to
either the output of the low-speed clock generator circuit (TBCCLK) or the output of the high-speed clock
generator circuit (HSCLK).

The frequency control register (FCON) also controls modes of the high-speed clock generator circuit.

5.2 Clock Generator Circuit Configuration

Figure 5-1 shows a block diagram of the clock generator circuit.

! VDDXl
XTO!
T Low-speed clock output Time base clock
E i (TBCCLK)
83| 1
<O -
ws | |
XT1 :
I Low-speed clock generator circuit
: VIIDDE TRCELE é I~ System clock
i HSCLK | £ gLK
osci! (CLK)
High-speed clock output [—
— | High-speed clock
gﬁ: i . o (HSCLK)
‘;-"i_é | RC/ceramic oscillation select Clock select
wo | j control
0SCOT Oscillation enable 3
! High-speed clock generator circuit
|
| —{ reon |
! FCON WRITE
I 3
! Data bus

Figure 5-1 Clock Generator Circuit Configuration

5-1



ML63295A User's Manual
Chapter 5 Clock Generator Circuit (OSC)

5.3 Low-Speed Clock Generator Circuit

The low-speed clock generator circuit has two modes that are selected by the mask option, the RC oscillation
mode and crystal oscillation mode. The oscillation frequency is 30 to 80 kHz.

For the RC oscillation mode, attach an external resistor, Ryg , as shown in Figure 5-2(a).

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

VDDXl

XTO

—1 {>O—C{>—0—I>O—Ci} Low-speed clock

T | output
Rost Vss Cxr

{1 o<}

XT1
Inside the IC

(@) External Circuit for RC Oscillation Mode

m CG VI|Z)DX1
VSS T
XTO
—i— ‘ {}O Low-speed clock
output
Crystal E R¢

xTi] LCo
T
Vgg Inside the IC

(b) External Circuit for Crystal Oscillation Mode

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

A Note:

For convenience, the descriptions of this manual assume that a 32.768 kHz crystal unit is used in the low-speed
clock oscillation circuit.

For the method of specifying mask options for the low-speed clock oscillation circuit, see “Appendix G: Mask
Option.”
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Table 5-1 lists typical values of oscillation frequency when the low-speed side RC oscillation mode is selected.
Table 5-2 shows an example external component to be attached when the low-speed side crystal oscillation mode
is selected.

Table 5-1 Typical Oscillation Frequencies for the Low-Speed Side RC Oscillation Mode

Rost frosL
1.5 MQ 32 kHz £30%
700 kQ 60 kHz £30%
500 kQ 80 kHz +30%

Table 5-2 Example External Component for the Low-Speed Side Crystal Oscillation Mode

CG fXT
12 pF 32.768 kHz
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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.
Oscillation modes are set by OSCSEL (bit 2 of FCON). The maximum oscillation frequency is2 MHz.

e OSCSEL =“0": RC oscillation mode
e OSCSEL =“1": ceramic oscillation mode

If the high-speed clock is not to be used, |eave the OSCO and OSCL1 pins open (unconnected).
For the RC oscillation mode, attach an external resistor, Rng,, 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]

L

V DE
| Oscillation
Rosk Cos Vooe enable

-, High-speed

0SCo ] clock output

:
;

(@) External Circuit for RC Oscillation Mode

Ceramic resonator

=
r
L

V
DDE
Vooe

=] 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
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Table 5-3 lists typical values of oscillation frequency when the high-speed side RC oscillation mode is selected.
Table 5-4 lists example external components to be attached when the high-speed side ceramic oscillation mode is
selected.

Table 5-3 Typical Oscillation Frequencies for the High-Speed Side RC Oscillation Mode

ROSH (kQ) VDD (V) fROSH
100 700 kHz +30%
75 1 MHz +30%
35t07.2
51 1.35 MHz +30%
30 2 MHz +30%

Table 5-4 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)*
68 68 CSB1000J (1 MHz)*
30 30 CSA2.00MG (2 MHz)*

* Ceramic unit manufactured by Murata MFG. Co., Ltd.
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5.5

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 O of FCON) setting.

e CPUCLK =*“0" (initia value)

The output of the low-speed clock generator circuit (TBCCLK) isthe system clock.
e CPUCLK="1"

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

When HSCLK is selected as the system clock, the high-speed clock must be in the oscillating state (ENOSC =
“1"). The crystal 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.

«  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”.
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5.6 Frequency Control Register (FCON)
FCON isagpecia function register (SFR) that selects the system clock.
bit 3 bit 2 bit 1 bit 0
FCON (062H) 0 OSCSEL ENOSC CPUCLK

(RIW)

RC oscillation/ceramic oscillation mode select

1: Ceramic oscillation mode

0: RC oscillation mode (initial value)

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, thisbit is
cleared to “0", selecting output of the low-speed clock generator circuit (TBCCLK).
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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-
speed clock generator output
is the system clock.

TBCCLK
(Low-speed clock generator circuit output)

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

CPUCLK =*“0" : Low-speed clock oscillation output When ceramic oscillation mode selected:
(initial value) 10 ms or more

CPUCLK = *“1": High-speed clock oscillation output (3) 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)
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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 (Vpp ) Switches from the constant voltage circuit output level (approx. 1.5 V) to
the Vppe 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 (Vppy)-

ENOSC ——1  Twar _,

CPUCLK ———————|
osc1 '

System clock Low-spéed clock / High-speed clock / Low-speed clock

. \ 0.5 to 1.0 high-speed clocks .5t0'1.0 low-speed clocks
Internal logic | v
power supply =~ 7777 7 croTTTTTToees DDE
Vool ' ! Approx. 1.5V
I : (typ.)
------ e e VAR J AV,

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 Ty, = 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\, = 300 s 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”.
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6. Time Base Counter (TBC)

6.1 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 atime 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 isinitialized to 0000H at system reset.

6.2 Time Base Counter Configuration

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

TBCRO READ
TBCR1 READ 2HzINT
TBCRL WRITE 4HZINT
TBCRO WRITE TBC15 (1 HZ) 5‘ bit 3
(2 Hz) = bit 2
R TBC14
K (4 Hz) .
TBC13— bit 1
’—c> TBC12—8H2) [ bit 0
8
o]
S
©
> .
TBC1L (;g :z) b1 > bit3 O
>R ol (64 HZ) > bit2
TBCS (128 :|) 1> bit1
> TBCS— 2) [>—> bit
16HzINT
32HzINT
S 1Hz (1/32768TBC)
2 Hz (1/16384TBC)
TRC7— (256 H2) 4 Hz (1/8192TBC)
8 Hz (1/4096TBC)
i Py st eoerec)
32H
TRCS—(LKH2) o n? §1§512TBC;)
z (1/256TBC
RESETO R Tecal—(2KH2) 256 Hz (1126TBC)
512 Hz (1/64TBC
TBCa—& kHZ)| e (1155188
2 kHz (1/16TBC)
TRC2— & KH2) 4 kHz (LU8TBC)
8 kHz (1/4TBC
TBCCLK o> TBC1l— (16 kKHZ) 16 kHz El/ZTBC;
(32.768 kHz)

Figure 6-1 Time Base Counter (TBC) Configuration

(when a 32.768 kHz crystal is used for low-speed clock oscillation)
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6.3

6.4

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 setsthe 1 to 8 Hz outputsto “0”.

bit 3 bit 2 bit 1 bit 0

TBCRO (((’S?VC; 16 Hz 32 Hz 64 Hz 128 Hz
bit 3 bit 2 bit 1 bit 0

TBCR1 (((’Sll\;; 1 Hz 2 Hz 4 Hz 8 Hz

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 their respective output falling edges,
the 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 outputs and 16 to 128 Hz outputs can be read through the time base counter registers 0/1
(TBCRO/TBCRY).

A write operation to TBCRL1 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 “MQOV 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 TBCR1 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 TBCRO0/1, 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 TBCRL.
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7. Timers (TIMER)

7.1 Overview

The ML63295A has two internal 8-bit timers (timers 2 and 3). Timers 2 and 3 can be used in tandem as a 16-bit
timer.

Timers 2 and 3 have two modes: auto-rel oad 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 timer 2 is used as the clocks for timer 3.

Timers can be used not only for pulse generation and time measurement, but as baud rate generators for serial
communication.

Timer 2 Timer 3
8-bit timer ° °
[}
16-hit timer (Timer 2 overflow signal is
used as clock for timer 3)
Clock TBCCLK/HSCLK/External clock (T2CK, T3CK)
Auto-reload mode ) °
Frequency measurement mode ° °

7.2 Timer Configuration

Figures 7-1 and 7-2 show the configuration of timers 2 and 3 respectively.

Data bus -
4 4
TBCCLK | TM2CK :
/ TM2 overflow
HSCLK __] Control TM2CL ' TM2CH OV
PB.2/T2CLK | circuit D Q TM2INT
Reload l_o
8 TM2CK
64 Hz Frequenc T
437C —> meas(l:l,lreme%/t TM2DL : TM2DH D Q TM20VE
—>| control circuit 1 =
Q
4 4 R
Z RESETS

Figure 7-1 Timer 2 Configuration
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Data bus N
4 4
TBCCLK 3 TM3CK !
HSCLK — congrol 9 TM3CL | TM3CH OV b Q TM3INT
PB.3/T3CK —sl  Lircuit
TM2 overflow —; Reload |—C
TM3CK
8
TM3DL E TM3DH D Q TM3OVF
Q
4 4 '3
) RESETS

Figure 7-2 Timer 3 Configuration
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7.3

Timer Registers

The following four types of registers are used for timer control:

(1) Timer dataregisters
(TM2DL, TM2DH, TM3DL, TM3DH)
(2) Timer counter registers
(TM2CL, TM2CH, TM3CL, TM3CH)
(3) Timer control registers
(TM2CONO, TM2CON1, TM3CONO, TM3CON1)
(4) Timer statusregisters
(TM2STAT, TM3STAT)

These registers are described below for each type.

(1) Timer dataregisters
(TM2DL, TM2DH, TM3DL, TM3DH)

e During the auto-reload mode, timer data registers store the reload values.

e Atsystemreset, al valid bitsare cleared to “0”.
*  Noteregarding register values:

When avalue 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 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 T3DO
(Timer 3 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM3DH  (079H) T3D7 T3D6 T3D5 T3D4
(Timer 3 upper) (R/W)
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(2) Timer counter registers
(TM2CL, TM2CH, TM3CL, TM3CH)

e 8-bit binary counter operation

e Atsystemreset, all valid bits are cleared to “0”.

*  Noteregarding register values:
When avalue 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 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 T3CO
(Timer 3 lower) (R/W)

bit 3 bit 2 bit 1 bit 0

- TM3CH  (07DH) T3C7 T3C6 T3C5 T3C4
(Timer 3 upper) (R/W)
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(3) Timer control registers
(TM2CONO, TM2CON1, TM3CONO, TM3CON1)

e Timer control registers select the operation mode and clock for each timer.
e Atsystemreset, all valid bits are cleared to “0”.
*  Noteregarding register values:
When avalue 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 2 Registers

To usetimer 3 in combination as a 16-bit timer, set timer 3 control registers TM3CONO and TM3CON1.

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

Timer 2 mode select |
bit 2 bit 0

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

0o 1 Auto-reload mode operation

1 0 : Frequency measurement mode operation

1 1 : Notused

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

The timer 2 operation mode can be selected as auto-rel oad 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 O

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 (T2CK: 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 ps when using RC oscillation.

7-5
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Timer 3 Registers

bit 3 bit 2 bit 1 bit 0
TM3CONO (080H) 0 0 0 TM3RUN
(RIW)
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-rel oad mode or 16-bit timer mode.

bit 3 bit 2 bit 1 bit 0
TM3CON1 (081H) O 0 TM3CL1 TM3CLO
(RIW)
Timer 3 clock select
bit 1 bit 0
0 0 : TBCCLK (initial value)
0 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 (T3CK: 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 ps when using RC oscillation.
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(4) Timer statusregisters (TM2STAT, TM3STAT)

e Timer status registers read the status of each timer.
e Atsystemreset, al valid bits are cleared to “0”.

Timer 2 Register

bit 3 bit 2 bit 1 bit 0

TM28TAT(082H)| 0 0 0 | TM20VF |
(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 (TiMer 2 OVerFlow)
Thisbit indicates that the timer counter register has overflowed.

Thisbit toggles between “0” and “1” whenever overflow occurs.
At system reset, TM20VF iscleared to “0”.

Timer 3 Register

bit 3 bit 2 bit 1 bit 0
TM3STAT (083H) 0 0 0 TM30VE
(R)

Timer 3 overflow flag

0: Initial value
1:

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

bit 0: TM3OVF (TiMer 3 OVerFlow)

Thisbit indicates that the timer counter register has overflowed.
This bit toggles between “0” and “1” whenever overflow occurs.
At system reset, TM30VF iscleared to “0”.
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[Supplement] List of Timer Registers

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 0 TM2CONO 07EH RIW 0AH
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 0 TM3CONO 080H RIW OEH
Timer 3 control register 1 TM3CON1 081H OCH
Timer 3 status register TM3STAT 083H R OEH
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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 2 overflow signals as clocks for timer 3, 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 msin the
ceramic oscillation mode or 300 usin the RC oscillation mode before operating the timer.

The external clock isinput to a port assigned as a secondary function port. In the case of timer 2, PB.2/T2CK is
used as the input pin for the external clock. In the case of timer 3, PB.3/T3CK 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
TM2DL, TM2DH, TM3DL and TM3DH are 4-hit 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.

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

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
dataregister.
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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.

Figure 7-3 indicates the operation timing for timer counter register overflow. Table 7-1 lists timer interrupts.

e | [ L L UL
TM2CH, TM2CL X FE >< FF ><4 10 >< 11 ><:?D< FF ><4 10 >< 11
C}/I 213 O//
)

TM2DH, TM2DL 10
[€§

TM2INT 2

€
X

TM20VF | «

Figure 7-3 Timer Counter Register Overflow Timing (for Timer 2)

Table 7-1 List of Timer Interrupts

IRQ flag IE flag Interrupt
Interrupt factor Symbol
(IRQ2) (IE2) vector address
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 (ETM2, 3) set to “1”, and
atimer overflow occurs, a CPU interrupt request is generated.
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7.4.5 Auto-Reload Mode Operation

Timers 2 and 3 can be used as auto-reload mode timers. The setup method is as follows.

*  Timer 2: Set FMEAS2 (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 (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 2 and 3 the TM3RUN bit is disabled, and start/stop is controlled with the
TM2RUN bit.

Figure 7-4 shows auto-reload mode timing for pulse generation when timers 2 and 3 are used as a 16-bit timer.

H ! !
FFFF (‘ )

BFFF -
TM3CH, TM3CL
TM2CH, TM2CL

534F -

0000

TM3DH, TM3DL
TM2DH , TM2DL X

534F XBFFFHX 534F XBFFFHX

1 1 O
O O <>

TM2RUN

TM3INT | I | |

O
TM3OVF . r————w r____L______

Figure 7-4 Auto-Reload Mode Timing
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The operation procedures are as follows.

0

O

O

Write 534FH to the timer data and timer counter registers.
TM3DH = TM3CH =5H (bits 15-12)

TM3DL = TM3CL =3H (bits 11-8)

TM2DH = TM2CH = 4H (bits 7-4)

TM2DL = TM2CL = FH (bits 3-0)

If TM2CON and TM3CON are set to auto-reload mode and TM2RUN 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
TM3INT is generated and timer 3 overflow flag TM3OVF 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
TM3INT is generated and timer 3 overflow flag TM30OVF toggles. The timer counter register resumes
counting from address 534FH.

Repeat steps 3 through 6.

Halt the count by resetting TM2RUN to “0".

Figure 7-5 shows TM2RUN count start/halt timing.

Selected clock BB
0
TM2RUN

Timer clock ?2

Time"COU'nter M ><M+1><M+2)KN—4><N—3><N—2><N—1>< N
register

Figure 7-5 TM2RUN Count Start/Halt Timing

When TM2RUN is set to “1”, the timer counter starts to count from the second falling edge of the selected clock.
When TM2RUN isreset to “0”, the counter stops counting at the falling edge of the selected clock which appears
immediately after the TM2RUN falling edge.
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7.4.6 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 2 and 3 can be used in the frequency measurement mode. These timers are set as follows for the frequency
measurement mode:

Timer 2: Set FMEAS2 (bit 2 of TM2CONO) to *1”, and set TM2RUN (bit 0 of TM2CONO) to “0".
Timer 3: 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 7-6 indicates frequency measurement mode timing when timers 2 and 3 are used as a 16-bit timer.

(H)
FFFEL

TM3CH
TM3CL
TM2CH
TM2CL

0000

TM3DH, TM3DL
TM2DH, TM2DL -
.0

eanz | v [ 11
437C [ ﬂ ] |-
FMEAS?2 |
DT 437/32768 s N 0

Figure 7-6 Frequency Measurement Mode Timing

The operation sequence for Figure 7-6 is as follows.

0

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.

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 FMEAS2 to “1” to enter the frequency measurement mode.

When FMEAS2 is“1”, the counter starts at the 64 Hz falling edge.

When the 437C signal is “1", FMEAS2 is reset to “0”, and the counter stops at the falling edge of the next
clock. The 437C signal is a pulse signal which risesin 437/32768 second after the 64 Hz falling edge.

Timer counter register value N1 isread.
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Assuming that the ceramic oscillation clock is exactly 2 MHz, value N1 read from the timer counter register is:

N1 = 2000000 x 437/32768
= 26672 (decimal)
= 6830 (hexadecimal)
=0110 1000 0011 0000 (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 2 MHz and 9600 Hz. Because 128 = 27, that can be
determined by merely truncating the righthand seven digits of N1 (binary), yielding:
N2 = 26672/128 = 011010000 (binary)

= DO (hexadecimal)

=208 (decimal)
This indicates that 9600 Hz is about 208 times the cycle of 2 MHz, which means that the timer data register

should be set to FF30H so that the counter overflows every 208 counts of the 2 MHz clock in auto-reload mode.
Asaresult, overflow produces a TM3INT cycle trygnt Of

trmant = 172000000 x 208 = 0.104 ms (9615 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 aresult, overflow producesa TM3INT cycle tyznr Of

tryanr = 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.
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Figure 7-7 illustrates the operation of baud rate clock generation 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 7-7 Baud Rate Clock Generation

FFC2
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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.

T10HzINT
T100CR l T10CR

512 Hz 5/6-base counter Decimal counter Decimal counter
R R R
ECNT
T10CR WRITE jD .
T100CR WRITE .EF% bit 2

k bit 1
4-bit latch p

L Data

‘7 0}% bit0 | pus

T10CR READ

T100CR READ

Figure 8-1 100 Hz Timer Counter Configuration
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8.3 100 Hz Timer Counter Registers
(1) 100 Hz timer counter control register (T100CON)

Thisisa4-bit special function register (SFR) controlling the 100 Hz timer counter.

bit 3 bit 2 bit 1 bit 0

T100CON (066H) T T T
ECNT
(R/W)

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

setto “1”. At system reset the valueis 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 T10CR read operation, so the value of the T100CR must
always be read after reading T10CR.

When datais written in T100CR, both T100CR and T10CR arereset 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 datais written in T10CR, both T100CR and T10CR are reset to “0”.

bit 3 bit 2 bit 1 bit 0

T10CR (065H) 10C3 10C2 10C1 10Co
(RIW)
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8.4

100 Hz Timer Counter Operation

The 100 Hz timer counter begins counting when bit O (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 isinput 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 TI00CR 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 T1IOCR is read, the contents of T100CR at that time are latched to the 4-bit latch. Therefore, the contents of
T100CR at thetime T10CR is read can be read correctly.
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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 |
I T Qf— |
WDTCON —>j I
WRITE :
1 R !
! i !G_— QWDACK
! ! (internal reception signal)
1 I
: 4 “5H” detection i RESETS
. and latch _‘ . (system reset)
1 I
i i
i i
i . .
i i
. 4 “ . . :
+ OAH” detection !
1 I
i i
i i
1 |
Data bus v
[>o [~ WDTINT
WDTC (interrupt request)
256 Hz

(from time base counter)  Watchdog timer counter

Figure 9-1 Watchdog Timer Configuration
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9.3

9.4

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 a1 40
W)

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 “OAH” (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 “OAH” 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) isgiven by:

- 128x512 _
32768 (Hz)
The minus deviation (t) of the WDTC overflow cycleisgiven by:
__ 18
t= 32768 (H2) approximately 3.9 ms

Therefore, the WDTC clear cycle (Ct) can be computed as follows.
Ct=T-t=2s-39ms=1991s

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.

A 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.
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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
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Figure 9-3 shows the timing chart for watchdog timer operation.

0 Fault occurrence
System reset |_| !

WDTCON
write signal

R e =
I N |

@)

._'LR_

8
e |
—l 1l M
I e
— 1l O
_______>|:]

5
!
|

i

Internal pointer | Overflow

e

Watchdog timer counter
(WDTC) content

19t02.0s J
WDTINT Start ]

(interrupt request signal)

(Interrupt request)

Figure 9-3 Watchdog Timer Operation Timing Chart

The watchdog timer operating sequence is shown below.
O Systemreset clearstheinternal 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” iswritten to WDTCON, but since the internal pointer is“0” and the write of “5H” in step 0 was not
accepted, WDTC will not be cleared. (Internal pointer 0- 1)

0 Because WDTC was not cleared, overflow of WDTC will generate the watchdog timer interrupt WDTINT.
At thistime, the internal pointer is cleared to “0".




Chapter 10

Ports (INPUT, OUTPUT, I/O PORT)




ML63295A User’'s Manual

Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

10. Ports (INPUT, OUTPUT, I/0O PORT)

10.1 Overview

The ML63295A has two 4-bit input ports, six 4-bit output ports and six 4-bit 1/0O ports.

The Vpp, (interface power supply) pin supplies power to the ports.

If aport isto be connected to an external device that operates on a different power supply, the power supply of the
external device must be fed to the Vp, pin.

A Note:

Since Vpp, is separated from the positive power supply pin (Vpp), power must be supplied to the Vyp, pin.

10.2 Ports List

The ports of the ML63295A are shown in Table 10-1.

Table 10-1 Ports List

Port 1/0 Interrupt Secondary function Page
Port 0 °
| ° 10-2
Port 1 .
Port 2
10-9
Port 3
Port 4
o
Port 5
° 10-13
Port 6
Port 7
Port 8 .
Port 9 ° 10-21
Port A
I/10
Port B ° ° 10-30
Port C ) ° 10-37
Port E ° ° 10-45

10-1
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10.3  Port O, Port 1 (P0.0—P0.3, P1.0-P1.3)

10.3.1 Port 0, Port 1 Configuration
The ML63295A has 4-bit input-only ports Port O and Port 1.

Figure 10-1 shows the configuration of ports 0 and 1.

Voo, Data bus
| Pull-up/
' |pull-down POCONO 4
control POCON1 4
|_
V. Read POD
4 Ss 4
P0.0-P0.3 [ |- o> ﬂ>
VDDI
Pull-up/
pull-down P1CONO 4
control P1CON1
—
\V; Read P1D
4 SS 4
P1.0-P13[] o> u>
4
—~—> P0.0-P0.3 (To external
4 interrupt 5
P1.0-P1.3 control circuit)

Figure 10-1 Input-Only Port (Port 0, Port 1) Configuration

10-2
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10.3.2 Port 0, Port 1 Registers
(1) Port O, Port 1 dataregisters (POD, P1D)

The port 0 data register (POD) and the port 1 data register (P1D) are 4-bit read-only special function registers
(SFRs) used to read the pin level of each bit of ports 0 and 1.

. Port O
bit 3 bit 2 bit 1 bit 0
POD (OO(EH; P03 P02 PO1 P00
R
| | | |
Pin level of each bit of port 0 |
0: “L" level
1: “H” level
. Port 1
bit 3 bit 2 bit 1 bit 0
P1D (001H) P13 P12 P11 P10

®) 1 | | |

Pin level of each bit of port 1

0: “L" level
1: “H” level

10-3
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(2) Port 0, Port 1 control registers (POCONO, POCON1, PACONO, PLCON1)

The port O control registers 0/1 (POCONO, POCON1) and the port 1 control registers 0/1 (PLCONO,
P1CONL1) are 4-hit specia function registers (SFRs) that select input with pull-up or pull-down resistor for
each bit and select the external interrupt sampling frequency of Ports 0 and 1 secondary function.

. Port O

bit 3 bit 2 bit 1 bit O

POCONO (?l?\;; 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) O O 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 O pins are selected by
POCONQO 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 resistor for the pins of port 0.0 to 0.3 is not
possible.

10-4
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Port 1

bit 3 bit 2 bit 1 bit 0

P1CONO ((()1?\;; P13MD P12MD P11MD P10MD
R

Port 1.3 input mode selectgl

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

Port 1.2 input mode select

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

Port 1.1 input mode select

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

Port 1.0 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

P1CON1 (014H) O O P1PUD P1F
(RIW)

Port 1 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: PIPUD

This bit isused to select pull-up or pull-down resistors when any of the port 1 pins are selected by
P1CONO as an input with pull-up/pull-down resistor.
Setting P1PUD to “0” selects pull-down resistors, and setting to “1” selects pull-up resistors.

Individual specification of pull-down or pull-up resistor for the pins of port 1.0 to 1.3 is not
possible.

10-5
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(3) Port 0, Port 1 interrupt enable registers (POIE, P1IE)

The port O interrupt enable register (POIE) and the port 1 interrupt enable register (P1IE) are 4-bit special
function registers (SFRs) that enable/disable individual bits when port 0 and port 1 are used as external
interrupt.

At system reset, al bitsin POIE and P1IE are cleared to “0” and ports 0 and 1 are initialized to the interrupt
disabled state.

. Port O

bit 3 bit 2 bit 1 bit 0

POIE (012H) PO3IE PO2IE POLIE 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

. Port 1

bit 3 bit 2 bit 1 bit 0

P1IE (015H) P13IE P12IE P11IE P10IE
(R/W)

Port 1.3 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

Port 1.2 interrupt disable/enable select

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

Port 1.1 interrupt disable/enable select

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

Port 1.0 interrupt disable/enable select

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

10-6
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10.3.3 Port 0, Port 1 External Interrupt Function (External Interrupt 5)

An external interrupt (external interrupt 5) is assigned to port 0 and port 1 as a secondary function. Individual bits
can be enabled/disabled for external interrupt 5.

External interrupt generation for each input of port O and port 1 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 XI5INT 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 and port 1 external interrupt 5 is set by alevel change at any of the port O or port 1 inputs, each
bit of the port must be read to determine which bit of port 0 or port 1 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
POOLHY ™o, PoOIE]

POLLI S0, POLIE

i Level change |
P0.2 D o . PO2IE detect circuit
PO LI S—o , Po3IE

g

128 Hz
4 kHz To interrupt
POCF%I\FI)tD IRQ1 IE1 priority encoder
IRQ1.3 IE1.3 circuit
e Q QXI5 3 EXI5 <

XISINT

P1IE

P1.0 DjDﬂE/O P10IE]

PLITHY) S0 P11E
:> i/o ji)_ Level change |_|
P1.2 l:k:)D o  P12IE detect circuit
ol

PL3 L o P13E
i

128 Hz —
4kHz — Sampling
P1CON1 signal
P1PUDH
P1F

Figure 10-2 Equivalent Circuit of External Interrupt 5 Control
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Figure 10-3 shows the timing for generation of external interrupt 5.
(@ POPUD and P1PUD =“0" (initial value: inputs with pull-down resistors) setting

* Whenall P0.0to P0.3and P1.0to PL.3inputsareat a“L” level
External interrupt 5 is generated when any port O or port 1 input changesto a“H” level.

* When any of PO.0to PO.3 or PL.Oto P1.3 inputsisat a“H" level
External interrupt 5 is generated when all the port O and port 1 inputs changeto a“L” level.

(b) POPUD and P1PUD =“1" (inputs with pull-up resistors) setting

e Whenall P0.0to P0.3and P1.0to PL3inputsareat a“H” level
External interrupt 5 is generated when any port O or port 1 input changesto a“L” level.

* When any of P0.0to PO.3 or P1L.Oto P1.3 inputsisata“L” level
External interrupt 5 is generated when all the port 0 and port 1 inputs changeto a“H” level.

128 Hz or )!
4 kHz ) i
(
P0.0 _,

—~

— ]

S — | -

R — L

P0.2 g | L

R pr—" ]

P03 . L

SN I e IR U

XI5INT |—| 2 |—|
QXI5 —,—(ﬁ

(a) When POPUD = “0" and P1PUD = “0"

128 Hz or )
4 kHz |
P0.0 |

e

PO.1 ! |

PO.2 L 2 |
—1 —
L ( L

P1.0-P13 I S

XI5INT '—I 2 '—|
QXI5 —’—?ﬁ

(b) When POPUD = “1" and P1PUD = “1"

Figure 10-3 Interrupt Generation Timing of External Interrupt 5

10-8
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10.4  Port 2, Port 3 (P2.0-P2.3, P3.0-P3.3)

10.4.1 Port 2, Port 3 Configuration
The ML63295A has 4-bit output-only ports Port 2 and Port 3.

Figure 10-4 shows the configuration of port 2 and port 3.

Voo Data bus
Output 4
4 port P2D 4
P2.0-P2.3 control P2CONO
P2CON1
—
VSS
VDDI
Output
4 port P3D 4
P3.0-P3.3 control P3CONO
P3CON1
—
VSS

Figure 10-4 Output-Only Port (Port 2, Port 3) Configuration

10-9



ML63295A User's Manual
Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

10.4.2 Port 2, Port 3 Registers
(1) Port 2, Port 3 dataregisters (P2D, P3D)

The port 2 data register (P2D) and port 3 data register (P3D) are 4-bit specia function registers (SFRs) used
to set the output values for ports 2 and 3.

. Port 2
bit 3 bit 2 bit 1 bit 0
P2D (002H) P23 P22 P21 P20
(R/W) | | | |
Port 2 output data
. Port 3
bit 3 bit 2 bit 1 bit 0
P3D (003H) P33 P32 P31 P30
(RIW)

Port 3 output data

At system reset all bits in the port 2 and port 3 data registers (P2D, P3D) are set to “0". When data is
written to the port data register, the actual pin change timing is at the rising edge of the system clock for state
2 (S2) of the write instruction.

Figure 10-5 shows port change timing.

Write instruction

S1 S2

CLK

Ports 2, 3 Old data >< New data

Figure 10-5 Port Change Timing

10-10



ML63295A User’'s Manual
Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

(2) Port 2, Port 3 control registers (P2CONO, P2CON1, P3CONO, P3CON1)

The port 2 control registers 0/1 (P2CONO, P2CON1) and port 3 control registers 0/1 (P3CONO, P3CON1) are
4-bit special function registers (SFRs) used to select port output modes.

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

At system reset al bits in P2CONO, P2CON1, P3CONO and P3CON1 are set to “0”, and al ports are
initialized to CMOS output mode.

e Port2

bit 3 bit 2 bit 1 bit 0
P2CONO (016H) P21MD1 P21MDO P20MD1 P20MDO
(RIW) I 3
Port 2.1 output mode select
bit 3 bit 2
0 0 : CMOS output (initial value)
0 1 : N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output
Port 2.0 output mode select
bit 1 bit0
0 0 : CMOS output (initial value)
0 1 :N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output
bit 3 bit 2 bit 1 bit 0
P2CON1 (017H) P23MD1 P23MDO P22MD1 P22MDO
(R/W)

Port 2.3 output mode select
bit 3 bit 2
0 0 : CMOS output (initial value)
0 1 : N-channel open drain output
1 0 : P-channel open drain output
1 1 :High-impedance output

Port 2.2 output mode select
bit 1 bit0
0 0 : CMOS output (initial value)
0 1 :N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output
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. Port 3

bit 3 bit 2 bit 1 bit 0
P3CONO (018H) P31MD1 P31MDO P30MD1 P30MDO
(R/W)
Port 3.1 output mode select
bit 3 bit 2
0 0 : CMOS output (initial value)
0 1 : N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output
Port 3.0 output mode select
bit 1 bit 0
0 0 : CMOS output (initial value)
0 1 :N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output
bit 3 bit 2 bit 1 bit 0
P3CONL1 (019H) P33MD1 P33MDO P32MD1 P32MDO
(R/W)

Port 3.3 output mode select
bit 3 bit 2
0 0 : CMOS output (initial value)
0 1 : N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output

Port 3.2 output mode select
bit 1 bit0
0 0 : CMOS output (initial value)
0 1 :N-channel open drain output
1 0 :P-channel open drain output
1 1 :High-impedance output
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10.5 Port 4, Port 5, Port 6, Port 7 (P4.0-P4.3, P5.0-P5.3, P6.0-P6.3, P7.0-P7.3)

10.5.1 Port 4, Port 5, Port 6, Port 7 Configuration

The ML63295A has 4-bit output ports Port 4, Port 5, Port 6, and Port 7.

Figure 10-6 shows the configurations of port 4, port 5, port 6 and port 7.

P4.0-P4.3

Output
port
control

T 1

VSS
VDDI

P5.0-P5.3

Output
port
control

[l

VSS

VDDI

P6.0-P6.3

Output
port
control

L1

VSS

<
o
o

i

P7.0-P7.3

i

Output
port
control

VSS

Data bus
P4D 4
P4CONO 4
P4CON1
4
P5D
P5CONO 4
P5CON1
4
P6D
P6CONO 4
P6CON1
4
P7D
P7CONO 4
P7CON1
4
P47MOD

A3-A0
MOVXB instruction

A7-A4
MOVXB instruction

Al11-A8
MOVXB instruction

Al15-Al12
MOVXB instruction

Figure 10-6 Output-Only Port (Port 4, Port 5, Port 6, Port 7) Configuration
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10.5.2 Port 4, Port 5, Port 6, Port 7 Registers
(1) Port 4, Port 5, Port 6, Port 7 data registers (P4D, P5D, P6D, P7D)

The port 4 data register (P4D), port 5 data register (P5D), port 6 data register (P6D) and port 7 data register
(P7D) are 4-hit special function registers (SFRs) used to set the output values for ports 4 to 7.

. Port 4
bit 3 bit 2 bit 1 bit 0
P4D (004H) P43 P42 P41 P40
(RIW) | | | |
Port 4 output data
. Port 5
bit 3 bit 2 bit 1 bit 0
P5D (005H) P53 P52 P51 P50
(RIW) | | | |
Port 5 output data
e Port6
bit 3 bit 2 bit 1 bit 0
P6D (006H) P63 P62 P61 P60
(RIW) L . | |
Port 6 output data
. Port 7
bit 3 bit 2 bit 1 bit 0
P7D (007H) P73 P72 P71 P70
(RIW)

Port 7 output data
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At system reset all bitsin the port 4, port 5, port 6 and port 7 data registers (P4AD, P5D, P6D, P7D) are set to
“ O” X

When data is written to a port data register, the actual pin change timing is at the positive edge of the
system clock for state 2 (S2) of the write instruction.

Figure 10-7 shows port change timing.

Write instruction

S1 S2

CLK

Ports 4to 7 Old data >< New data

Figure 10-7 Port Change Timing
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(2) Port 4, Port 5, Port 6, Port 7 control registers (PACONO, PACON1, PSCONO, PSCON1, P6CONO, PGCON1,
P7CONO, P7CON1)

The port 4 control registers 0/1 (PACONO, PACONL1), port 5 control registers 0/1 (P5CONO, P5SCON1), port 6
control registers 0/1 (P6CONO, P6CON1) and port 7 control registers (P7CONO, P7CON1) are 4-bit special
function registers (SFRs) used to select port output mode.

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

At system reset al bits in PACONO, PACON1, P5SCONO, P5SCON1, P6CONO, P6CON1, P7CONO and
P7CON1 are set to “0", and al ports areinitialized to the CMOS output mode.

e Port4d

bit 3 bit 2 bit 1 bit 0
P4CONO (01AH) P41MD1 P41MDO P40MD1 P40MDO
(RIW) 3 3
Port 4.1 output mode select
bit 3 hit 2
0 0:CMOS output (initial value)
0 1:N-channel open drain output
1 0: P-channel open drain output
1 1: High-impedance output
Port 4.0 output mode select
bit 1 bit0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1: High-impedance output
bit 3 bit 2 bit 1 bit 0
P4CON1 (01BH) P43MD1 P43MDO P42MD1 P42MDO
(R/W)

Port 4.3 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1  0: P-channel open drain output
1 1: High-impedance output

Port 4.2 output mode select
bit 1 bit0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1  0:P-channel open drain output
1 1:High-impedance output
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Port 5

bit 3 bit 2 bit 1 bit 0
P5CONO (01CH) P51MD1 P51MDO P50MD1 P50MDO
(R/W)
Port 5.1 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
Port 5.0 output mode select
bit 1 bit 0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
bit 3 bit 2 bit 1 bit 0
P5CON1 (01DH) P53MD1 P53MDO P52MD1 P52MDO
(R/W)

Port 5.3 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output

Port 5.2 output mode select

bit 1 bit0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
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e Port6

bit 3 bit 2 bit 1 bit 0
PECONO (01EH) P61MD1 P61MDO P60MD1 P60MDO
(R/W)
Port 6.1 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
Port 6.0 output mode select
bit 1 bit 0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
bit 3 bit 2 bit 1 bit 0
P6CON1 (01FH) P63MD1 P63MDO P62MD1 P62MDO
(RIW) 3 3

Port 6.3 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output

Port 6.2 output mode select
bit 1 bit0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output

10-18



ML63295A User's Manual
Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

Port 7

bit 3 bit 2 bit 1 bit 0
P7CONO (020H) P71MD1 P71MDO P70MD1 P70MDO
(R/W)
Port 7.1 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
Port 7.0 output mode select
bit 1 bit 0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
bit 3 bit 2 bit 1 bit 0
P7CON1 (021H) P73MD1 P73MDO P72MD1 P72MDO
(RIW) 3 3

Port 7.3 output mode select
bit 3 bit 2
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output

Port 7.2 output mode select

bit 1 bit0
0 0:CMOS output (initial value)
0  1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output
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(3) Port 4, Port 5, Port 6, Port 7 mode register (P47MOD)

The port 47 mode register (P47MOD) is a 4-bit special function register (SFR) that enables the external
memory address bus function, which is the secondary function of ports4to 7.

bit 3 bit 2 bit 1 bit O

P47MOD (?2/%;)) P7MOD P6MOD P5MOD P4MOD
R

Port 7 pin function select 4,

0: Output port function (initial value)
1: A15-A12 output function

Port 6 pin function select

0: Output port function (initial value)
1: A11-A8 output function

Port 5 pin function select

0: Output port function (initial value)
1: A7-A4 output function

Port 4 pin function select

0: Output port function (initial value)
1: A3-A0 output function

At system reset the PA7MOD register is reset to “0”, and all ports are set as normal output ports. When
PA7MOD bits are set to “1” and the MOV XB instruction executed, external memory addresses are output to
the ports.  If the MOV XB instruction is not executed, data register contents are output to the ports.
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10.6  Port 8, Port 9, Port A (P8.0-P8.3, P9.0-P9.3, PA.0-PA.3)

The ML63295A has 4-bit input/output ports Port 8, Port 9 and Port A.

10.6.1 Port 8, Port 9, Port A Configuration

The circuit configurations for ports 8, 9 and A are shown in Figure 10-8.

Data bus
VDDI
Output P8D
port
P8CONO 4
control P8CON1
P8DIR
—
Ves 2
P8.0—P8.3 [ } RD/WR
VDDI
Pull-up/
pull-down
control
1
P8.3
Vss (To external 4 interrupt
Voo control circuit)
Output P9D
1 port P9CONO 4
control ngggl
—
Vss 4
P9.0-P9.3 [ } D0-D3
VDDI
Pull-up/
pull-down
control
— e
Vss
VDDI
Output PAD
I PACONO 4
control PACON1
PADIR
—
4 Vss 4
PAO-PA3[ ] M D4-D7
VDDI
Pull-up/
pull-down
control
— L
Ves P9A mode register
2

Figure 10-8 Input/Output Port (Ports 8, 9 and A) Configuration
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10.6.2 Port 8, Port 9, Port A Registers
(1) Port 8, Port 9, Port A dataregisters (P8D, POD, PAD)

The port 8 data register (P8D), port 9 data register (P9D) and port A data register (PAD) are 4-hit special
function registers (SFRs) used to set the output values for the ports.

When port direction register (P8DIR, PIDIR, PADIR) hits are set to “1” to select the output mode, the
content of the corresponding port data register (P8D, POD, PAD) is output to the port (port 8, port 9, port A).

When the port data register (P8D, P9D, PAD) is read with the output mode selected, the content of the data
register isread.

When the port data register (P8D, PAD, PAD) is read with port direction register bits set to “0” (input mode),
the port pin levels are read.

. Port 8
bit 3 bit 2 bit 1 bit 0
P8D (008H) P83 P82 P81 P80
(RW) | ] ] ]
Port 8 input/output data |
. Port 9
bit 3 bit 2 bit 1 bit 0
P9D (009H) P93 P92 P91 P90
(RW) | ] | ]
Port 9 input/output data |
. Port A
bit 3 bit 2 bit 1 bit 0
PAD (00AH) | PA3 | PA2 | PA1 | PAO |
(RW) | | | |
Port A input/output data |

At system reset al bitsin the port 8, port 9 and A dataregistersaresetto “0". When datais written to a port
data register, the actual pin change timing is at the rising edge of the system clock for state 2 of the write
instruction.

Figure 10-9 shows port change timing.
Write instruction

S1 S2

CLK

Ports 8, 9, A Old data >< New data

Figure 10-9 Port Change Timing
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(2) Port 8, Port 9, Port A direction registers (P8DIR, PODIR, PADIR)

The port 8 direction register (P8DIR), port 9 direction register (PODIR) and port A direction register
(PADIR) are 4-hit special function registers (SFRs) which specify the port input/output direction for each hit.
Pins corresponding to P8DIR, PIDIR and PADIR hits set to “0” are input, and those corresponding to bits set
to“1” are output.

At system reset all bits in PBDIR, PODIR and PADIR are set to “0”, and ports 8, 9 and A are initialized to

input mode.
. Port 8
bit 3 bit 2 bit 1 bit 0
P8DIR (025H) P83DIR P82DIR PS1DIR PSODIR
(RW) | | | ]
Port 8 input/output setting
0: Input (initial value)
1: Output
. Port 9
bit 3 bit 2 bit 1 bit 0
PIDIR (029H) P93DIR P92DIR P91DIR PY0ODIR
(RW) | | | ]
Port 9 input/output setting
0: Input (initial value)
1: Output
. Port A
bit 3 bit 2 bit 1 bit 0
PADIR (02CH) PA3DIR PA2DIR PA1DIR PAODIR

(RIW)

Port A input/output setting

I

0: Input (initial value)
1: Output
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(3) Port8, Port 9, Port A control registers (PBCONO, PBCON1, P9CONO, POCON1, PACONO, PACON1)

The port 8 control registers 0/1 (PBCONO, PBCONL1), port 9 control registers 0/1 (POCONO, POCON1) and
sters (SFRs) used to select

port A control registers 0/1 (PACONO, PACONL) are 4-bit specia function regi
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.
e Port8
bit 3 bit 2 bit 1 bit O
PBCONO (023H) P81MD1 P81MDO PSOMD1 P8OMDO
o f —
Port 8.1 input/output mode select
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 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 8.0 input/output mode select

Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0  0:Input with pull-up resistor (initial value) 0 0 : CMOS output (initial value)
1 O: Input with pull-down 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
P8CONL1 (024H) P83MD1 P83MDO P82MD1 P82MDO
e |:l—l —
Port 8.3 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 0:Inputwith pull-down resistor (initial value) O 0 : CMOS output ('mt'a! 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 8.2 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) O 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
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Port 9
bit 3 bit 2 bit 1 bit O
P9CONO (027H) P91MD1 P91MDO P90MD1 P90OMDO
o il—‘ —
Port 9.1 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

1 O: Input with pull-up resistor
x 1 :High-impedance input

Port 9.0 input/output mode select

0 0O : Input with pull-down resistor (initial value) 0 0:

CMOS output (initial value)
N-channel open drain output
P-channel open drain output
High-impedance output

o 1:
1 O:
1 1:

Input mode
bit 1 bit 0

0  O: Input with pull-down resistor (initial value) 0 0:

Output mode
bit 1 bit 0
CMOS output (initial value)

1 0: Input with pull-up resistor
x 1 :High-impedance input

Port 9.2 input/output mode select

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 0
POCON1 (028H) P93MD1 P93MDO P92MD1 P92MDO
s f ——

Port 9.3 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 0 : Input with pull-down resistor (initial value) 0 0:
0

CMOS output (initial value)
1 : N-channel open drain output
0 : P-channel open drain output
1:

1
1 High-impedance output

Input mode
bit 1 bit 0

1  O: Input with pull-up resistor
x 1 :High-impedance input

0 0 : Input with pull-down resistor (initial value) 0 O:
0

Output mode

bit 1 bit 0

CMOS output (initial value)
1 : N-channel open drain output

1 0:P-channel open drain output

1 1:High-impedance output
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Port A

bit 3

bit 2 bit 1 bit 0

PACONO (02AH) PA1MD1

PA1MDO PAOMD1 PAOMDO

(RIW)

Port A.1 input/output mode select
Input mode
bit 3 bit 2

0
1

X

0 : Input with pull-down resistor (initial value)
0 : Input with pull-up resistor

1 : High-impedance input

T

Output mode

L

bit 3 bit 2
0 0:CMOS output (initial value)
0 1:N-channel open drain output
1 0:P-channel open drain output
1 1:High-impedance output

Port A.0 input/output mode select
Input mode
bit 1 bit 0

0

0 : Input with pull-down resistor (initial value) 0 0:

Output mode

bit 1 bit 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 0
PACON1 (02BH) PA3MD1 PA3MDO PA2MD1 PA2MDO

(RIW)

Port A.3 input/output mode select
Input mode
bit 3 bit 2
0
1

X

0 : Input with pull-up resistor
1 : High-impedance input

Port A.2 input/output mode select

.

Output mode

0O : Input with pull-down resistor (initial value) 0 O:

L

bit 3 bit 2

CMOS output (initial value)
N-channel open drain output
P-channel open drain output

1:
0:
1 : High-impedance output

1
1

Input mode

bit 1 bit 0
0
1

X

0 : Input with pull-up resistor
1 : High-impedance input

0O : Input with pull-down resistor (initial value) 0 O:

Output mode

bit 1 bit 0

CMOS output (initial value)
N-channel open drain output
P-channel open drain output

1:
0:
1 : High-impedance output

1
1

10-26




ML63295A User’'s Manual
Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

(4) Port 8, Port 9, Port A mode registers (PBMOD, P9AMOD)
The port 8 mode register (PBMOD) and port 9A mode register (POAMOD) are 4-bit special function registers
(SFRs) used to select the sampling frequency when P8.3 is used for external interrupt and the secondary
function of each port.

At system reset the port mode registers (PBMOD, POAMOD) are set to “0”, and ports 8, 9 and A are used as
normal ports.

The port secondary functions are indicated in Table 10-2.

Table 10-2 Secondary Port Functions

Port Secondary function Description
P8.0 RD External memory read signal
P8.1 WR External memory write signal
P8.2 —
P8.3 INT4 External interrupt 4
P9.0 DO External memory data bus
P9.1 D1
P9.2 D2
P9.3 D3
PA.O D4
PA.1 D5
PA.2 D6
PA.3 D7
bit 3 bit 2 bit 1 bit 0
P8MOD (026H) | P8F \ 0O P81MOD P8OMOD
(R/W)

External interrupt sampling frequency select

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

Port 8.1 pin function select
0: Input/output function (initial value)
1: WR output function (Goes into output mode irrespective of P81DIR)

Port 8.0 pin function select
0: Input/output port function (initial value)
1: RD output function (Goes into output mode irrespective of PS8ODIR)
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bit 3 bit 2 bit 1 bit 0

POAMOD (02DH) 0 O PAMOD POMOD
(RW)

Port A pin function select

0: Input/output port function (initial value)
1: D7-D4 input/output function

Port 9 pin function select

0: Input/output port function (initial value)
1: D3-DO input/output function

If each bit of POAMOD is set to “1” and the MOV XB instruction is executed, P9 through PA perform data
signaling for external memory.

Input or output is based on the contents of the MOV XB instruction. If the MOV XB instruction is not
executed, P9 through PA perform the normal input/output port function.
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10.6.3 Port 8.3 External Interrupt Function (External Interrupt 4)

Port 8.3 has external interrupt 4 allocated as secondary function.

External interrupt generation for P8.3 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 (XI4INT) is output, and the interrupt request flag (QX14)
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 4 is 001CH.

Figure 10-10 shows the equivalent circuit for external interrupt 4 control.

IRQ1

IE1

Pa.3[ |

128 Hz

4 kHz
P8MOD

P8F

Level change
detect circuit

XI4INT

IRQ1.2

QX4

IE12) Exia

to interrupt priority
encoder

Figure 10-10 External Interrupt 4 Control Equivalent Circuit

Figure 10-11 shows the external interrupt 4 generation timing.

128 Hz or
4 kHz

bl Lyl

)

P8.3

XI4INT

)
((

.

~_
—~

QXl4

Figure 10-11

~

{
}—|—N_

External Interrupt 4 Generation Timing
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10.7  Port B (PB.0—PB.3)

The ML63295A has Port B, a 4-bit input/output port.

10.7.1 Port B Configuration

The circuit configuration for port B is shown in Figure 10-12.

Voo Data bus
Output PBD
port PBDIR 4
control PBCONO
PBCON1
PBMOD
4 VSS
PB.0-PB.3 [} W
VDDI
Pull-up/
pull-down
control
—
4
PB.0-PB.3
Vss (to external interrupt O
control circuit)
2
T2CK, T3CK

(to timer 2 and 3 circuits)

Figure 10-12 Input/Output Port (Port B) Configuration
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10.7.2 Port B Registers

@

)

Port B data register (PBD)
PBD is a4-hit special function register used to set the output values for port B.

When port B direction register (PBDIR) bits are set to “1” to select the output mode, the content of the port B
dataregister is output to port B.

When the port B data register is read with the output mode selected, the content of the port B data register is
read.

When the port B data register is read with PBDIR bits set to “0” (input mode), the pin levels of port B are
read.

bit 3 bit 2 bit 1 bit 0

PBD (00BH) PB3 PB2 PB1 PBO
(RW)

Port B output data |

At system reset al 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 10-13 indicates port change timing.

Write instruction

S1 S2

CLK

Port B Old data >< New data

Figure 10-13 Port B Change Timing

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 the PBDIR bits set to “0” are input, and those corresponding to the PBDIR bits set to
“1” are output.

At system reset al bitsin the port B direction register are set to “0”, and port B isinitialized to input mode.

bit 3 bit 2 bit 1 bit 0

PBDIR (030H) PB3DIR PB2DIR PB1DIR PBODIR
(RAW) | | 1 |

Port B input/output setting |

0: Input (initial value)
1: Output
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(3) Port B control registers 0/1 (PBCONO, PBCON1)
PBCONO and PBCONL1 are 4-hit 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 PBCON1 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:’—‘
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
o f —
Port B.3 input/output mode select
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 0: Input with pull-up resistor 0 1:N-channel open drain output

x 1 : High-impedance input 0 : P-channel open drain output
1:

1
1 High-impedance output
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(4) Port B mode register (PBMOD)

PBMOD is a 4-hit specia function register (SFR) used to select the sampling frequency when port B is used
asan external interrupt. It isalso 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 al the valid bitsin PBMOD areinitialized to “0”.

Port B secondary functions are indicated in Table 10-3.

Table 10-3 Port B Secondary Functions

Port Secondary function Description
PB.2 T2CK Timer 2 external clock input
PB.3 T3CK Timer 3 external clock input
PB.O
PB.1 .
INTO External interrupt O
PB.2
PB.3
bit 3 bit 2 bit 1 bit 0
PBMOD (032H) PBF 0 PB1MOD PBOMOD
(RIW)

External interrupt sampling frequency select

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

Port B.1 pin function select

0: Input/output function (initial value)
1: Disabled

Port B.0 pin function select

0: Input/output port function (initial value)
1: Disabled
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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, al bitsin PBIE are set to “0" and port B isinitialized 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
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10.7.3 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
externa interrupt O.

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 externa interrupt is set by alevel 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 10-14 shows the equivalent circuit for external interrupt O control.

PBCONO, PBCON1
PBIE

PB.O[
PBOMD1 jD j.;o PBOIE

PB.1[] PBIMD1 jD :?D;Qﬂ IRQO IEO to interrupt priority
IE0.2
Level change |xioINT | IRQO-2 % _EXIo| encoder
ang QXI0 S
P82 Trazvon D OO_PBZ|Eji:> detect clreut i

oD
PB3MD1 j.;c PB3IE

128 Hz

4 kHz
PBMOD

PBF

Figure 10-14 External Interrupt 0 Control Equivalent Circuit

Figure 10-15 shows the external interrupt O generation timing.

(@ PBOMD1 to PB3MD1 = “0" (initid value: inputs with pull-down resistors or high impedance input)
setting

* Whenall PB.0OtoPB.3inputsareat a“L"” level
External interrupt O is generated when any port B input changesto a“H” level.

 Whenany of PB.0to PB.3inputsisat a“H” level
External interrupt O is generated when all the port B inputs changeto a“L” level.

(b) PBOMD1 and PBIMD1 =*“0" and PB2MD1 and PB3MD1 =“1" (PB.0 and PB.1 selected asinputs 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

 WhenbothPB.0and PB.1linputsareat a“L” level AND both PB.2 and PB.3 inputsare at a“H” level
Externa interrupt O is generated when either PB.0 or PB.1 input changes to a “H” levd (aternatively,
when either PB.2 or PB.3 input changestoa“L” level).

 Whenether PB.0or PB.linputisat a“H" level OR either PB.2 or PB.3inputisata“L” leve
Externa interrupt O is generated when both PB.0 and PB.1 inputs changeto a“L” level AND both PB.2
and PB.3 inputschangeto a“H” level.
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128 Hz or ’ ? :
4 kHz ' |

. : )) X :
PBO | :; | :
PB.1 | B |
B e L
PB.2 i | ! :
! 2 o
PB.3 | | :

XIOINT [ 2
QXI0 —I—N_|

(a) When PBOMD1 to PB3MD1 = “0”

128 Hz or ?2
4 kHz !

PB.0 E ! b | ! :
! ! ) ! !
PB.1 | ; |
PB.2 L 2 | : :
PB.3 | | )) | |
. ! { . .

XIOINT ,—‘ 20 ’—‘
QXI0 —I—e

(b) When PBOMD1 and PB1MD1 = “0” and PB2MD1 and PB3MD = “1”

Figure 10-15 Interrupt Generation Timing of External Interrupt 0
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10.8 Port C (PC.0-PC.3)

The ML63295A has Port C, a 4-bit input/output port.

10.8.1 Port C Configuration

The circuit configuration for port C is shown in Figure 10-16.

Voo Data bus
Output PCD
— port PCDIR 4
control PCCONO
PCCON1
— PCMOD

4 VSS 3
Pco-PC3 [] W TXC, RXC, TXD

(from serial port)
% VDDI
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 10-16 Input/Output Port (Port C) Configuration
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10.8.2 Port C Registers

@

)

Port C data register (PCD)
PCD isa4-hit special function register used to set the output values for port C.

When port C direction register (PCDIR) bits are set to “1” to select the output mode, the content of the port C
dataregister is output to port C.

When the port C data register is read with the output mode selected, the content of the port C data register is
read.

When the port C data register is read with PCDIR bits set to “0” (input mode), the pin levels of port C are
read.

bit 3 bit 2 bit 1 bit 0

PCD (00CH) PC3 PC2 PC1 PCO
(RW)

Port C output data

At system reset al 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 10-17 indicates port change timing.

Write instruction

S1 S2

CLK

Port C Old data >< New data

Figure 10-17 Port C Change Timing

Port C direction register (PCDIR)

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

At system reset al bitsin the port C direction register are reset to “0”, and port C isinitialized to input mode.

bit 3 bit 2 bit 1 bit 0

PCDIR (035H) PC3DIR PC2DIR PC1DIR PCODIR
(RA) | | 1 |

Port C input/output setting |

0: Input (initial value)
1: Output
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(3) Port C control registers 0/1 (PCCONO, PCCON1)
PCCONO and PCCONL1 are 4-hit 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 PCCON1 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:’—‘
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
(R/W)
Port C.3 input/output mode select
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 0 : P-channel open drain output
1:

1
1 High-impedance output
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(4) Port C mode registers 0/1 (PCMODO, PCMOD1)

PCMODO and PCMODL1 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 al the valid bitsin the port C mode registers (PCMODO, PCMOD1) are initialized to “0”.

Port C secondary functions are indicated in Table 10-4.

Table 10-4 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 /0
PC.3 TXD Serial port transmit data output
PC.0

PC.1 .

5Co INT1 External interrupt 1

PC.3
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bit 3 bit 2 bit 1 bit 0
PCMODO (037H)
O g 0
RW) 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 SRCONL. 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)
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(5) Port Cinterrupt enable register (PCIE)

PCIE is a 4-bit specia function register (SFR) that enables/disables individual bits when port C is used as an
external interrupt input.

At system reset, al bitsin PCIE are cleared to “0” and port Cisinitialized 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
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10.8.3 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
externa 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 (XI1INT) is output, and the interrupt request flag (QXI1)
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 10-18 shows the equivalent circuit for external interrupt 1 control.

PCCONO, PCCON1
PCIE

PC.O[ }—
PCOMD1 jD j’:o PCOIE

Pcall PClMDljD T‘g;oﬂ IRQO IEO to interrupt priority
IE0.3
Level change |xizINT | IRQO-3 - EXI1| encoder
ang QX1 S
P2 Tecvo1 D OO_PCZ'EJQ detect cireut 7

PC.3 D——_)D
PC3MD1 j.;c PC3IE

128 Hz

4 kHz
PCMOD

PCF|

Figure 10-18 External Interrupt 1 Control Equivalent Circuit

Figure 10-19 shows the external interrupt 1 generation timing.

(@ PCOMD1 to PC3MD1 = “0" (initid value: inputs with pull-down resistors or high impedance input)
setting

* Whenal PC.Oto PC.3inputsareat a“L” level
External interrupt 1 is generated when any port C input changesto a“H” level.

* Whenany of PC.0to PC.3inputsisat a“H” level
External interrupt 1 is generated when all the port B inputs changeto a“L” level.

(b) PCOMD1 and PCIMD1 =“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

e 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 changesto a“L” level).
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*  Wheneither PC.0or PC.1inputisat a“H” level OR either PC.2 or PC.3inputisat a“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 changeto a“H” level.

128 Hz or / 2
4 kHz i I

. : ) | :
PC.0 B :: | L
PC.1 | - |
o ¢ L
PC.2 ) | | | ' !
) | L | :
PC.3 ! i | | 5 5
XILINT

))
LY
QXI1 —,—N_I
(@) When PCOMDL1 to PC3MD1 =*“0"
128 Hz or ?2
4 kHz i %) '
{(
PC.0 |

))
((

g ;
PC.2 5 B 20 | !
PC.3 | | )) | :

1 1€ 1

XILINT ’—‘ 20 ’—‘
QXI1 —,—eﬁ

(b) When PCOMD1 and PC1MD1 = “0" and PC2MD1 and PC3MD = “1”

Figure 10-19 Interrupt Generation Timing of External Interrupt 1
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10.9 Port E (PE.O-PE.3)

The ML63295A has Port E, a4-bit input/output port.

10.9.1 Port E Configuration

Thecircuit configuration for port E is shown in Figure 10-20.

Voo Data bus
Output PED
port PEDIR 4
control PECONO
PECON1
[— PEMOD
4 Vss 2
PE.O-PE3 [} SOUT, SCLK
(from shift
Voo, register
Pull-up/ circuit)
pull-down
control
—
1
PE.3
Vss (to external 2 interrupt

control circuit)

SIN, SCLK
(to shift register circuit)

Figure 10-20 Input/Output Port (Port E) Configuration
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10.9.2 Port E Registers
(1) Port E dataregister (PED)

)

PED is a 4-hit specia function register used to set the output values for port E.

When port E direction register (PEDIR) bits are set to “1” to select the output mode, the content of the port E
dataregister is output to port E.

When the port E data register is read with the output mode selected, the content of the port E data register is
read.

When the port E data register is read with PEDIR bits set to “0” (input mode), the pin levels of port E are
read.

bit 3 bit 2 bit 1 bit 0

PED (00EH) PE3 PE2 PE1 PEO
(RW)

Port E output data |

At system reset al bitsin the port E data register (PED) arereset 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 10-21 indicates port change timing

Write instruction

S1 S2

CLK

Port E Old data >< New data

Figure 10-21 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 the PEDIR bits set to “0” are input, and those corresponding to the PEDIR hits set to
“1” are output.

At system reset al bitsin the port E direction register are set to “0”, and port E isinitialized to input mode.

bit 3 bit 2 bit 1 bit 0

PEDIR (03FH) PE3DIR PE2DIR PE1DIR PEODIR
(RMW) | | 1 |

Port E input/output setting |

0: Input (initial value)
1: Output

10-46



ML63295A User’'s Manual
Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

(3) Port E control registers 0/1 (PECONO, PECON1)
PECONO and PECONL1 are 4-hit 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 bitsin PECONO and PECON1 are set to “0”, and port E isinitialized 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:’—‘
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
PECONL1 (03EH) PE3MD1 PE3MDO PE2MD1 PE2MDO
o f —
Port E.3 input/output mode select
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 0: Input with pull-up resistor 0 1:N-channel open drain output

x 1 : High-impedance input 0 : P-channel open drain output
1:

1
1 High-impedance output
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(4) Port E mode register (PEMOD)

PEMOD is a4-hit special function register (SFR) used to select the sampling frequency when PE.3 is used as
an external interrupt. It isalso 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 al bitsin PEMOD areinitialized to “0”.

Port E secondary functions are indicated in Table 10-5.

Table 10-5 Port E Secondary Functions

Port Secondary function Description
PE.O SIN Shift register data input
PE.1 SOuUT Shift register data output
PE.2 SCLK Shift register clock I/O
PE.3 INT2 External interrupt 2
bit 3 bit 2 bit 1 bit 0
PEMOD ((zg?vf\g 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: Shift register clock input/output (SCLK) function

(Switching of input/output mode depends on the input/output selection of

the shift clock of the shift register control register SFTCONO, irrespective
of the PE2DIR value.)

Port E.1 pin function select
0: Input/output port function (initial value)
1: Shift register data output (SOUT) function (goes into output mode irrespective of PE1DIR)

Port E.O pin function select

0: Input/output port function (initial value)
1: Shift register data input (SIN) function (goes into input mode irrespective of PEODIR)

10-48



ML63295A User’'s Manual

Chapter 10 Ports (INPUT, OUTPUT, 1/0 PORT)

10.9.3 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 10-22 shows the equivalent circuit for external interrupt 2 control.

IRQ1

IE1

PE.3[]

128 Hz

4 kHz
PEMOD

PEF

Level change | XI2INT

detect circuit

IRQ1.0

QXI2

IB10 Exip

to interrupt priority
encoder

Figure 10-22 External Interrupt 2 Control Equivalent Circuit

Figure 10-23 shows the external interrupt 2 generation timing.

128 Hz or
4 kHz

PE.3

XI2INT

QXI2

bl Ll

)) )
(( {(

~L
—~
~

Figure 10-23

()
)—|—!e_

External Interrupt 2 Generation Timing

10-49



Chapter 11

External Memory Interface
(EXTMEM)




ML63295A User’'s Manual
Chapter 11  External Memory Interface (EXTMEM)

11. External Memory Interface (EXTMEM)

11.1 Overview

The ML63295A uses port secondary functions to facilitate the interface with external memory. The external
memory transfer instructions are used to transfer data efficiently.

Table 11-1 indicates the port secondary functions for the external memory interface.

Figure 11-1 shows the connection diagram for external memory.

Refer to Chapter 10 for information on port secondary function settings.

Table 11-1 Port Secondary Functions

Pin name

I/0

Function

P4.0/A0

P4.1/A1

P4.2/A2

P4.3/A3

P5.0/A4

P5.1/A5

P5.2/A6

P5.3/A7

P6.0/A8

P6.1/A9

P6.2/A10

P6.3/A11

P7.0/A12

P7.1/A13

P7.2/A14

P7.3/A15

P4, P5, P6, P7 secondary functions:
Address bus signals for external memory access

P9.0/DO

P9.1/D1

P9.2/D2

P9.3/D3

PA.0/D4

PA.1/D5

PA.2/D6

PA.3/D7

/10

P9, PA secondary functions:
Data bus signals for external memory access

P8.0/RD

P8.0 secondary functions:
Read signal (negative logic) for external memory access

P8.1/WR

P8.1 secondary functions:
Write signal (negative logic) for external memory access
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—L— External memory

VDD VDDI VDD -—

supply
P7, P6, P5, P4 (16 bits) 2 A15—-A0

IC supply T PA, P9Y” " (8 bits) 3 D7-DO

P8.0 >d RD
P8.1 WR
ML63295A >
External memory
Vss Vss

Figure 11-1 Connection to External Memory

11.2  External Memory Address Space

A maximum of 16 address lines can be selected as port secondary functions, allowing access to 64 Kbytes of
external memory.

Chip select (CS) can be used for ports other than those set for secondary functions to expand the external memory
space above 64 Kbytes. For example (Figure 11-2), if port 3 (P3.3—P3.0) is used for chip select, the external
memory space will be

64 Kbytes x 4 = 256 Kbytes.

ML63295A External External External External
memory 1 memory 2 memory 3 memory 4
A15-A0 CS Al15-A0 CS A15-A0 CS A15-A0 CS

il il il TT

P7-P4| (16 bits)

P33/ CSl |
P3.2 ggg

P3.1

P3.0 cs4

Figure 11-2 Example of Memory Expansion with Chip Select (CS)
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11.3  Setting Port Secondary Functions

Port secondary functions are set to access external memory. Refer to Chapter 10 for information on the required
registers.

Unless an external memory transfer instruction is executed, P4 to P7, P9 and PA will be as specified in the port
control register (that is, normal output and 1/O port).

When P8.0 and P8.1 are set for secondary functions they are immediately allocated to read signal (RD) and write
signal (WR).

11.4  Write to External Memory

The following external memory transfer instructions are executed to write to external memory.

MOV XB [RA],obj
or
MOV XB xadr16,0bj

Figure 11-3 shows the timing for external memory write.

MOVXB [RA],obj
MOVXB xadr16,0bj

"s1 s2 s1 s2 s1 s?

System clock

P7-P4 l
(A15-A0) Set port value KAddfess OUtPUtb( Set port value

PA, P9 { |
(D7-DO0) Set port value K/-\ddress OUIPUTK Set port value

P.0
RD)  H
P.1
(WR)

L]

Figure 11-3 Timing for External Memory Write
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11.5 Read from External Memory

The following external memory transfer instructions are executed to read from external memory.
MOV XB obj,[RA]
or
MOV XB obj,xadr16

Figure 11-4 shows the timing for external memory read.

MOVXB obj,[RA]

) v

|
L MOVXB obj,xadr16
™s1 s2 s1 s2 s1 s2

System clock

P7-P4

(A15-A0) __ Set port value XAddfeSS OUm“tX Set port value

PA, P9 .
(D7-DO) Set port value XData mputX Set port value

P8.0
(D) S

P8.1

wr) | |

Figure 11-4 External Memory Read Timing
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12. Melody Driver (MELODY)
12.1  Overview
The ML63295A 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 viathe MD and MDB pins.

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 viathe MD and MDB pins.

Melody output is a higher priority operation than buzzer output.

12.2  Melody Driver Configuration

The melody driver configuration is shown in Figure 12-1.

Melody data request ~Melody data

14

Melody end interrupt

- ——
request Melody circuit MP

MSA instruction ————=> Buzzer circuit —0O VDB
4 4
TEMPO MDCON
4 4
Data bus S S

Figure 12-1 Melody Driver Configuration
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12.3  Melody Driver Registers

(1) Tempo Register (TEMPO)

TEMPO is a4-bit special function register (SFR) that sets the tempo of the melody driver.

bit 3

bit 2

bit 1

bit O

TEMPO (096H)

TMP3

TMP2

TMP1

TMPO

(RIW)

Melody tempo select

|

bit 3 bit 2 bit 1 bit 0
0O 0O 0 O0:

|1 1 I O T B 1
P RPEPNODSD
W o O bDhNO®
~NONOOO

IO
'_\
N
o

[e¢]
Y]

| W U VR W W W UGN N NN W W RN NN W W
IO
® =
o o
\l

PR RPRPRPRPRPROOOOOOO
PP RPRPOOOORRRRELROOO
PP OORRFPROORROORRLRO
(T Tl R T

\l

N

PORPOROROROROROLR

[ex 3N o2l ep}
o h~©

80 (initial value)

(2) Melody Driver Control Register (MDCON)

MDCON is a4-hit specia function register (SFR) that controls output of the melody driver.

MDCON (097H)

(RIW)

0 : Melody stopped (initial value)
1 : Melody output

Buzzer output ON/OFF control

bit 3 bit 2 bit 1 bit O
MSF EMBD MBM1 MBMO

Melody status flag —l

0 : Buzzer output OFF (initial val
1 : Buzzer output ON

Buzzer mode select

ue)

bit 1 bit 0

0 1: Intermittenttone 2
1 O0: Single tone
1 1: Continuous tone

0 0: Intermittent tone 1 (initial value)
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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 bitis“1"), MSFiscleared 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 rog ram part***********

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 EASE63180 Emulator, melody output will be stopped only by setting MSF to “0”; writing melody end data
is not needed.

bit 22 EMBD

This bit turns the buzzer output ON or OFF.

At system reset, EMBD iscleared 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 iscleared 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.
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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 is 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 12-2 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 12-2 Output Waveforms of Melody Driver Output Pins

12.4  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 datais outpuit.

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 isrequired to stop melody output forcibly, describe the program according to the “Note” on
page 12-3. If forcibly stopped, the melody output cannot be restarted at the address at which it was stopped.
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12.4.1 Tempo Data
Tempo data defines the basic tone length. Tempo datais set in the tempo register (TEMPO).

The tempos (number of counts per minute) set by TEMPO are shown in Table 12-1.

Table 12-1 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 u87
BH 1 0 1 1 J =80
CH 1 1 0 0 J gr4
DH 1 1 0 1 J 069
EH 1 1 1 0 J =64
FH 1 1 1 1 J =60
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12.4.2 Melody Data
Melody datais 14-bit format data in the program ROM defining tone, tone length and end tone.

The melody data format isindicated in Figure 12-3.

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

END| O* | L5 | L4 | L3 | L2 | L1 | LO | O* | N6 | N5 | N4 | N3 | N2 | N1 | NO

| | | | |
End bit Tone length code Tone code
* Bits 14 and 7 may be either “0” or “1".

Figure 12-3 Melody Data Format

(1) Tonecode
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 bitsis:

Hz (where N is an integer from 4 to 127)

N = 2°N6 + 25N5 + 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.
Valuesfor N1 and NO are irrelevant.

Table 12-2 indicates the rel ations between tones and tone codes.

Table 12-2 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
Gis? 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
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Table 12-2 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
F? 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
c? 2114 0 0 1 1 1 0 1 1DH
D? 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) Tonelength code
Thetone length code is set in melody data bits 13 through 8.
Table 12-3 indicates the relation between tone length and tone length code (L5 to L0).
Thetone length that is set during execution of the MSA instruction is shorter by approximately 1 to 3 ms.

When dl 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").
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Table 12-3 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 OBH
ﬁ 0 0 0 1 1 1 O7H
ﬁ 0 0 0 1 0 1 O5H
ﬁ 0 0 0 0 1 1 O3H
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:

1953125 % (TP+1) x (L + 1) ms (where TP isan integer from 1 to 15, and L is an integer from
1t0 63)

TPisavalue set in the tempo register (TEMPO), and has the following bit correspondence:
TP =2°TP3 + 22TP2 + 2'TP1 + 2°TPO
L is set by the tone length code, and has a bit correspondence with the tone length code as:

L=25L5+2'L4+2°L3+22L2+2'L1+2°L0

END bit

The END bhit is set in bit 15 of the melody data. When the output of the last melody datais started (END bit
is “1"), the melody circuit generates a melody end interrupt request, and stops the melody after the last
melody datais output.
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12.4.3 Melody Circuit Application Example

An example melody is shown in Figure 12-4.

Table 12-4 lists the note codes for the melody shown in Figure 12-4.

=120

\ Y o
Vo
1)

vy

Figure 12-4 Example Melody

Table 12-4 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

Q
o
o
=
o
=
=
=
=

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

Q)
=
o
[
=
=
[
=
[
o
o
[
o
[
o
o
o

BF28H

S | D | L S At S LS

* Bits 14 and 7 may be “0” or “1”, but in this example they are shown as “0".
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12.5  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 MBM1 (bit 1 of MDCON) and MBMO (bit O 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 12-5 shows the output waveforms of each mode.  Shaded sectionsindicate the 4 kHz output frequency.
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EMBD

8 Hz

ON
Output MD pp
(a) MBM1 =0, MBMO =0 (intermittent tone 1)

EMBD
8 Hz

1Hz

ON
Output MD o

(b) MBM1 =0, MBMO =1 (intermittent tone 2)

EMBD

32 Hz i :
o o) N ' :
utput MD OFF _

(c) MBM1 =1, MBMO =0 (single tone)

EMBD | -

ouputMp oy I .
utput MD

(dy MBM1=1, MBMO =1 (continuous tone)

Figure 12-5 Buzzer Driver Output Waveforms in Each Output Mode
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13. Serial Port (SI0O)

13.1 Overview

The ML63295A has a built-in serial communication port (serial port) that can be selected 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 13-1 shows the serial port modes.

Table 13-1 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 Low-speed clock (30 to 80 kHz)
5 mode External clock mode From external clock
% * 2 TBCCLK (9600 bps)
8 % UART mode « TBCCLK (4800 bps)
o * 1/2 TBCCLK (2400 bps)
3 « 1/4 TBCCLK (1200 bps)
& Synchronous | Internal clock mode Low-speed clock (30 to 80 kHz)
mode External clock mode From external clock

13.2  Serial Port Configuration

Figure 13-1 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 seria data output pin, PC.1/TXC is the seria
send clock 1/0 pin, and PC.2/RXC is the serial receive clock 1/O pin. Set I/O and secondary functions with the
port control registers as needed for each communication mode.
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Figure 13-1 Serial Port Configuration
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13.3  Serial Port Registers

(1) Send control registers 0/1 (STCONO, STCON1)

STCONO and STCONL1 are 4-bit specia function registers (SFRs) to control the serial port send operation.
STCONO and STCONL1 areinitialized to “0" at system reset.

Stop bit length select

Send data length select

0: 1 stop bit (initial value)
1: 2 stop hits

bit 3 bit 2 bit 1 bit 0
STCONO (0A6H) | STSTB \ STL1 | STLO STMOD
(RIW) —

0

0
1
1

0

1
0
1

bit2 bitl

Send mode select

Data length

5 bits (initial value)
6 bits

7 bits

8 bits

0
1

UART mode (initial value)
Synchronous mode

bit 3: STSTB (Seria Transmission STop Bit)

bit 2, 1: STL1 (Serial Transmission Length select bit 1),
STLO (Seria Transmission Length select bit 0)

These bits specify the send data length.

bit 0: STMOD (Serial Transmission MODe hit)

This bit specifies the serial port send operation mode.

This bit specifies stop bit length. Valid only when bit 0is“0” (UART mode).
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bit 3 bit 2 bit 1 bit 0

STCON1 (32/7\2; STLMB STPOE STPEN STCLK

LSB/MSB first 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 (Seria 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 1is“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 STCONOQ) is“1” (synchronous mode).
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Send buffer registers (STBUFL, STBUFH)

bit 3 bit 2 bit 1 bit 0
STBUFL (0A4H)
TB3 TB2 TB1
RW) TBO
bit 3 bit 2 bit 1 bit 0
STBUFH (0A5H)
TB7 TB6 TB5
RW) TB4

STBUFL and STBUFH are 4-bit specia 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 areinitialized 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 datato 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. Inthe 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
0OH. The send register cannot be directly accessed from the CPU.

The hardware send flow is indicated in Figure 13-2, 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 datais 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 datais 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".
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( START )

Yes

Has send data been written to
STBUFH ?

BFULL ~*1”

No

Is interrupt generated
or BFULL = 0?

delay of

16 psec

for 32-clock periods (16 instructions)
at 2 MHz, when the CPU is
operating at high speed

STBUFL/H to

send register

BFULL ~*0”

Start

send

STINT generated

Figure 13-2 Hardware Send Operation Flow
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(4) Receive control registers 0/1 (SRCONO, SRCON1)

SRCONO and SRCONL1 are 4-hit special function registers (SFRs) controlling serial port receive operation.

SRCONO and SRCONL1 areinitialized to “0” at system reset.

bit 3 bit 2 bit 1 bit O

SRCONO (0AAH) SREN SRL1 SRLO SRMOD
(RIW)

|

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 : 7bits

1 1 : 8hits

Receive mode select
0 : UART mode (initial value)
1: Synchronous mode

bit 3: SREN (Serial Reception ENable hit)

This bit specifies receive operation disable/enable. After receive is enabled in the synchronous
mode, this hit 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 hit)

This bit specifies the serial port receive operation mode.
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bit 3 bit 2 bit 1 bit 0

SRCON1 (O(A?Vv; SRLMB SRPOE SRPEN SRCLK
R

LSB/MSB first 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)
Thisbit 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 1is“1” (parity bit).
bit 1: SRPEN (Serial Reception Parity ENable hit)
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 (hit 0 of SRCONOQ) is“1" (synchronous mode).
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(5) Receiveregister

(6)

The receive register is the shift register that handles shift operation at receive. It is initialized to OOH 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 (0A9H) RB7 RB6 RB5 RB4
(R)

SRBUFL and SRBUFH are 4-bit special function registers (SFRs) used to hold the received data in seria
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 compl eted.

If data from a prior receive operation isin 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.
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(7) Receive baud rate setting register (SRBRT)

SRBRT is a 4-hit specia function register (SFR) used to set the receive baud rate for serial port receive
operation in UART mode.

SRBRT isinitialized to OCH at system reset.

bit 3 bit 2 bit 1 bit 0

SRBRT (0ACH) O O BRT1 BRTO
(RIW)

Receive baud rate setting

bit1 bit0 Baud rate
0 0 : 1/4 TBCCLK (1200 bps) (initial value)
0 1 : 1/2 TBCCLK (2400 bps)
1 0 : TBCCLK (4800 bps)
1 1 : 2 TBCCLK (9600 bps)

bit 1, 0: BRT1 (Baud RaTe select bit 1), BRTO (Baud RaTe select bit 0)

These bits set the receive baud rate.
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(8) Serial port status register (SSTAT)

SSTAT isa4-hit special function register (SFR) used to indicate the status of serial port send/receive.

SSTAT isinitialized to “0” at system reset.

SSTAT isaread-only register, and the content is reset every timeit isread.

Send buffer status fIag;’

bit 3 bit 2 bit 1 bit 0

SSTAT (OAD(H; BFULL PERR OERR FERR
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

bit 3:

bit 2:

bit 1:

bit O:

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 " 0” i

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.

OERR (Overrun ERRor flag)

Thisbit 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.

FERR (Framing ERRor flag)

Thisisonly enabled in the UART mode and is set to “1” in the following instances.

(1) when a“1” isdetected in start bit sampling
(2) when a“0” isdetected in stop bit sampling

In either case areceive interrupt request signal (SRINT) is generated.
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13.4  Serial Port Operation Description

13.4.1 Data Format
(1) UART mode

The data format for the UART mode is shown in Figure 13-3.

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 arange of from 7 to 12 bits for send/receive data frames.

1 frame
= =
Start Parity | Stop i 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 13-3 UART Mode Data Format

(2) Synchronous mode
The data format for the UART mode is shown in Figure 13-4.

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 arange of from 5 to 9 bits for send/receive data frames.

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 13-4 Synchronous Mode Data Format
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13.4.2 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 13-5 isthe 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 datato STBUFL/H.

0 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 adelay of 16 psec, set the next send datato 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.
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(for data length 8 bits, 1 stop bit, with parity bit)
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(2) Synchronousinternal clock mode

The synchronous internal clock mode is selected by setting STMOD (bit 0 of STCONO) to “1”, and STCLK
(bit 0 of STCON1) to “1".

Figure 13-6 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.

0 Setsend datato STBUFL/H.

O The send datais 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 datato 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 O 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 datais set to STBUFH, the send clock (TXCO) is generated between 2 and 3.5 clocks of the TBCCLK
source, and a send operation starts.
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(for data length 8 bits, with parity bit)
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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 STCON1) to “0".

Figure 13-7 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 STCON1.

0 Setsend datato STBUFL/H.

0 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 O 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.
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(for data length 8 bits, with parity bit)
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13.4.3 Receive Operation Description
(1) UART mode

The UART mode is specified by setting SRMOD (bit 0 of SRCONO) to “0”. Figure 13-8 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 1/4 TBCCLK (1200 bps), /2 TBCCLK (2400 bps), TBCCLK (4800 bps), and 2
TBCCLK (9600 bps).

Set the receive format (data bit length, parity bit, etc.) in SRCONO and SRCONL.

O Set SREN (bit 3 of SRCONO) to “1" to enable receive.
O At the negative edge of the receive data (RXD) start bit, receive operation will start.
O Receive operation ends.

If aframing or overrun error occurs the FERR or OERR flag of the status register (SSTAT) will be set
to“1".

0 Received dataistransferred to SRBUFL/H.
If aparity error occurs, the PERR flag of the status register (SSTAT) isset to “1”.
O Theserial port receive interrupt request (SRINT) is generated.
Receive dataisreceived 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. Thisallows receive operationsto be executed while in the energy-saving mode.

13-19



ML63295A User's Manual
Chapter 13 Seria Port (SIO)

Be|y joue Aled @ ¥Y3d
Beyy Joud unudBAQ 1 ¥Y30
Bejy Joute Buiwelq @ ¥y34
reubis 1sanbai 1dnusiul 81829y 1 INIYS
[eubis uonezifeniul NN dAIBIBY :  L1INIYS
H/14NgYS 01 elep aAIsdal alum 0} [eubis : 4NgYST
) feubis pus ani@day @ ANIHS
X Hy3d erep anigdal bulidwes asind 320D @ 1dINSHS
— (0) ssaibouid ur ani@oal Buneoipul reubls @ 33FY4YS
" x d4d30 uid gxd/0°Dd 01 Indul erep anlsday axyd A0 TO1dd - 9L
] M10049L ¥/T - - - sdq 002T » 9lel pneq pajoaIas 10} 20|02 aseyg 01449 SH201P 9 O1Hg - dL
“ x" HY34d M1004dLe/T - wmn oove Beyj} a|qesip/ajgeus anleday : NIUS SY0019 2 D149 : el
_ 10041 - - - sdq 008 « eublS S1lM : (210N
Z7ep oneoon x " H14NEYS M1D29LZ: - an_ 0096 * | ! UM TTINODYS INODHSM
: I (Aouanbayy D149) alel pneg
et INIES
paresausb ot
ot [ 1
| : — L1INIYS
el
| 4NgdS
\ Ll
[ 1
——L aN3ys
R
Voo i S$32019 0149 89 sasi601 s
9] 9l o._.o._._ ! ®>_.m.o®_ .w%
nadoisfusatavdf 8 X . X o ¥ s ¥ v X g ¥ z X T/ gidvis\! o mmwgw "
- _ _ _ _ _ _ _ _ ' o —— U1 Jo a1ers
1 | 1 | I 1 1 1 1 1 1 A LMg

"_ MI_I ] L Ql_l ]| MI_I ] L MI_I ] | MI_I ] L MI_I ]l L Dl_l ] 1 MI_I ] L MI_I ]|

1dNSYS

N U i U i U U i U i i

1

L1 018 0 400
I Z uey} ss9|
150000 T JseRl 1y 33d4US

_ 119 19VIS Mm axyd

!

N3HS

_tm_n_ohw [ugatmva] 8 | 1 E HEE [ ¢ | =@ [ 1

o Noousm
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(for data length 8 bits, with parity bit)
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(2) Synchronousinternal clock mode

The synchronous internal clock mode is selected by setting SRMOD (bit 0 of SRCONO) to “1” and SRCLK
(bit 0 of SRCON1) to“1".

Figure 13-9 is the receive timing chart for the synchronousinternal clock mode.
The synchronous internal clock receive procedure isindicated below.

First set the receive format (data bit length, parity bit, etc.) in SRCON1 and SRCONO.

O Set SREN (hit 3 of SRCONO) to “1" (receive enable).

O 3to4 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.O/RXD pin is written to the receive
register.

O Receive operation ends.
If an overrun error occurs the OERR flag in status register (SSTAT) issetto“1”.
O Received dataistransferred to SRBUFL/H.
If aparity error occurs, the PERR flag of status register (SSTAT) issetto“1”.
0 Theserial port receive interrupt request signal (SRINT) is generated.
O Atthe negative edge of SRINT, SREN isresetto “0".

Repeat step O the required number of times. In the synchronous internal clock mode the receive baud
rateisfixed to TBCCLK.
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Figure 13-9 Synchronous Internal Clock Mode Receive Timing Chart

(for data length 8 bits, with parity bit)

13-22



ML63295A User’s Manual
Chapter 13 Seria Port (SIO)

(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 SRCON1) to “0".

Figure 13-10 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 (hit 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 piniswritten to the receive register.

O Receive operation ends.
If an overrun error occurs the OERR flag in status register (SSTAT) issetto“1”.
O Received dataistransferred to SRBUFL/H.
If aparity error occurs, the PERR flag of status register (SSTAT) issetto“1”.
O Theserial port receive interrupt request signal (SRINT) is generated.
O Atthe negative edge of SRINT, SREN isresetto “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 ps) of TBCCLK between the time the receive is enabled (SREN =
“1") and the time the external clock (RXCI) isinput.
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Figure 13-10 Synchronous External Clock Mode Receive Timing Chart

(for data length 8 bits, with parity bit)
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13.5 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).

13.5.1 Selecting Send Data LSB/MSB First
Set STLMB (bit 3 of STCON1) to “0” to select LSB first for send.

The correspondence between L SB first send data and the send buffer register bit is shown in Figure 13-11. In this
case, the LSB is TBO (bit 0 of STBUFL).

Set STLMB to “1” to send the M SB first.

The correspondence between MSB first send data and the send buffer register bit is shown in Figure 13-12. In this
case, the MSB is TB7 (bit 3 of STBUFH).

[Send data length] E> Send direction (Send first)

8 7 6 5 4 3 2 1

8 bits - - TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO
7 6 5 4 3 2 1

7Dits <o TB6 | TBS | TB4 | TB3 | TB2 | TB1 | TBO
6 5 4 3 2 1

B bits - mm e moae TB5 | TB4 | TB3 | TB2 | TBL | TBO
5 4 3 2 1

B its - - - TB4 | TB3 | TB2 | TB1 | TBO

Figure 13-11 Correspondence Between LSB First Send Data and Send Buffer Register

[Send data length] :> Send direction (Send first)

8 7 6 5 4 3 2 1

8 bits --------------- TBO TB1 B2 | TB3 B4 | TB5 TB6 TB7
7 6 5 4 3 2 1

7bits <----mmmm oo TBL | TB2 | TB3 | TB4 | TB5 | TB6 | TBY
6 5 4 3 2 1

6 bits - -----m----mmmmmomo oo TB2 | TB3 | TB4 | TB5 | TB6 | TBY
5 4 3 2 1

B bits <= TB3 | TB4 | TBS | TB6 | TB7

Figure 13-12 Correspondence Between MSB First Send Data and Send Buffer Register
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13.5.2 Selecting Receive Data LSB/MSB First
When the LSB isfirst in receive data, set SRLMB (bit 3 of SRCON1) to “0".

If the MSB isfirst, set SRLMB to “1".

The correspondence between receive data and SRBUFL/H bitsfor LSB first receive is shown in Figure 13-13, and
for MSB first receive in Figure 13-14.

[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
5 bits --------------- RBO RB1 | RB2 | RB3 | RB4 | . )
in this case

Figure 13-13 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 - ----meeeeo- Re7 | RB6 | RB5 | RB4 | RB3 | REBO RBL RB2notfixed
in this case

Figure 13-14 Correspondence Between MSB First Receive Data and Receive Buffer Register
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14. Shift Register (SFT)

14.1 Overview

The ML63295A has one internal 8-bit shift register channel for clock synchronous communication.
The shift register is synchronized with the clock specified by the shift register control register 0 (SFTCONO), and

can perform 8-bit data send and receive simultaneously. When 8-bit data transfer is completed, a shift register
interrupt request is generated.

14.2  Shift Register Configuration

The shift register configuration is shown in Figure 14-1.

PE.O/SIN, PE.J/SOUT, and PE.2/SCLK are the shift data input pin, the shift data output pin and the shift clock
input/output pin respectively. Set the secondary function by using port mode register.

Internal bus
PE.O/SIN1 Sl SO D Q OPE.1/SOUT
e
—P>CK ~o>CK
MSB/LSB I R
System reset
CLK —
1/2 CLK —— (Llﬂ
o JPE.2/SCLK
PE.2/SCLKO—— » (Master)
(Slave)
Control circuit ENTR FLAG
Transfer complete
SFTINT

Figure 14-1 Shift Register Configuration
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14.3  Shift Registers

(1) Shift registers L/H (SFTRL, SFTRH)

SFTRL and SFTRH are 4-bit specia function registers (SFRs) used to write shift register send data and to
read receive data.

bit 3 bit 2 bit 1 bit 0

SFTRL (0AOH) sD3 SD2 sD1 SDO
(RW)

bit 3 bit 2 bit 1 bit 0

SFTRH (0A1H) sD7 SD6 SD5 SD4
(RW)

SFTRL and SFTRH are set to “0” at system reset.
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(2) Shift register control registers (SFTCONO, SFTCON1)

SFTCONO and SFTCONL1 are 4-bit specia function registers (SFRs) that control shift register operation. At
system reset both areinitialized to “0".

bit 3 bit 2 bit 1 bit 0
SFTCONO (0A2H) | [ | SDIR | SELCKL | SELCKO
(RIW) —

LSB/MSB first select
1: MSB first (initial value)
0: LSB first

Shift clock select
bit1l bit0
0 0 : CLK (initial value)
0 1 : 1/2CLK
1 0 : Disabled
1 1 : External clock

bit 2: SDIR

This bit selects the transfer order for 8-bit send/receive data.
When the SDIR bit is“0” it means MSB first, and when “1”, LSB first.

bit 1, 0: SELCK1, SELCKO
These bits select the shift clock.

If set to CLK or /2 CLK the system operatesin master mode. If set to external clock the system
operates in slave mode.

bit 3 bit 2 bit 1 bit 0
SFTCON1 (0A3H) | 0 0 0 | ENTR |
(RIW)
Transfer start flag |
0 : Transfer end (initial value)
1: Transfer start
bit 0: ENTR
When ENTR is set to “1”, transfer starts, and when 8-bit transfer ends, it is automatically set to
“ OH .
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14.4  Shift Register Operation

The shift register can be set to master or slave mode, and to MSB first or LSB first. The send data is written to the
shift register (SFTRL, SFTRH), and transfer is started by setting bit 0 (ENTR) of the shift control register 1
(SFTCONZ1) to “1". After 8-bit data transfer (send/receive), operation ends.

Bits 1 and 0 (SELCK1, SELCKO) of the shift control register 0 (SFTCONO) can set the shift clock to CLK or 1/2
CLK. Thisoperationis master mode and the shift clock is output to the PE.2/SCLK pin.

When the shift clock is set to external clock, the system operates in slave mode, and operation is to the clock input
through the PE.2/SCLK pin. If eight or more clocks are input consecutively, the ninth and following clocks are
ignored.

In both master and slave modes, the shift register is synchronized to the shift clock falling edge, and shift-out data
is output from the first bit through the PE.1/SOUT pin. In synchronization with the shift clock rising edge, shift-in
dataisinput from the first bit through the PE.O/SIN pin.

For external devices, shift-in data changes on the falling edge of the shift clock, and shift-out data changes on the
rising edge of the shift clock.

When 8-bit data transfer is complete, bit 0 (ENTR) of SFTCONL is cleared to “0”. When transfer is completed,
the interrupt request signal (SFTINT) is generated (see Figure 14-2).

The output pin state at system reset and between transfers (from the end of one 8-bit transfer until the next transfer
starts) is shown in Table 14-1 (when set to the output secondary function).

Table 14-1 Output Pin States

Pin name At system reset Between transfers
PE.2/SCLK “H” “H”
PE.1/SOUT “L” Last transfer data of transfer

MSB/LSB first is set to bit 2 (SDIR) of SFTCONO.

. SDIR = 0: MSB first mode

input ——>| spo | sp1 | sD2 | SD3 | SD4 | SD5 | SD6 | SD7 |—> OUtpPL
| SFTRL " SFTRH |

. SDIR = 1: LSB first mode

Input H| SD7| SD6 ‘ SD5 | SD4 | SD3 | SD2 ‘ SD1 | SDO |% Output
| SFTRH " SFTRL |
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wissonaid 1
ENTRJ
SCLK
== N U s S O A A B A e R
(SpOEl,JlT) Y pOo X po1 X po2 X DO3 ¥ DO4 X DO5 X DO6 ) DO7
(p.S'ON) X Do X pii X D2 X DB X D4 X DI5 X DI6 X DI7

System clock 2
SFTINT ,_

Figure 14-2 Shift Register Operation Timing

A Note:

Setting the ENTR bit to “1” in the slave mode should be done when the PE.2/SCLK pin is high.

If SFTRL/SFTRH are written during transfer, the transfer data (send and receive) is destroyed. In this case,
terminate the transfer and start over again.

Even when receiving only, transfer begins with setting the ENTR bit to “1”.
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14.5  Shift Register Application Example

An example of register setting for clock synchronous communication using shift register is described below.

(1) Set the supported port modes (secondary function).

Port control
. Master mode
register
Bit 2 =“1" (PE.2/SCLK)
PEMOD Bit 1 =“1" (PE.1/SOUT)
Bit 0 = “1” (PE.O/SIN)

(2) Select the shift clock with SELCK1 and SEL CKO (SFTCONO bits 1 and 0)(master/slave mode select).
(3) Select MSB first/LSB first with SDIR (SFTCONO bit 2). (“0" for MSB first, and “1” for LSB first).
(4) Set ESFT (IE3hit 2) to“1” and enable the shift register interrupt.

(5) Setthe MIE (master interrupt enable flag) to “1”, and enable al interrupts.

(6) Write send datato SFTRL and SFTRH.

(7) Set ENTR (bit 0 of SFTCONL1) to “1”, and start the transfer.

With the above settings the shift register begins to operate, and the CPU receives the shift register interrupt.

Whether 8-bit transfer has been completed can be checked by monitoring QSFT (bit 2 of IRQ3) or ENTR (bit O of
SFTCONL).
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15. LCD Driver (LCD)
15.1  Overview

The ML63295A has an internal dot matrix LCD driver. It also has 96 segment outputs and can drive up to 3072
(96 seg. x 32 com.) dots. The LCD driver can be software-selected to all OFF, all ON or power down mode, 1/5

or 1/6 bias. In addition, by software, duty from 1/2 to 1/32 can be selected and display contrast of 16 tones can
be controlled.

15.2  LCD Driver Configuration

The LCD driver configuration is shown in Figure 15-1.

Data bus |
LCD |:> Display register
controller (96 x 8 nibbles)

|:> Common driver |:> Segment driver

Figure 15-1 LCD Driver Configuration
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15.3

LCD Driver Registers

(1) Display control register 0 (DSPCONO)

DSPCONO is a4-bit special function register (SFR) controlling LCD driver operation.

LCD bias select

0 : 1/6 bias (initial value)
1: 1/5 bias

LCD power down mode

bit 3 bit 2 bit 1 bit 0

DSPCONO(C(>9?\;§ | 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:

bit 1:

bit O:

BISEL

This bit selects 1/6 or 1/5 bias.
At system reset it is“0”, selecting 1/6 bias.

PDWN

This bit selects the LCD power down mode. When PDWN is set to “1”, the bias generation circuit
stops its voltage boosting operation and pins COM1-32 and SEG0-95 are al set to the V level,
reducing supply current. At systemreset it iscleared to “0”.

ALLON

When ALLON is set to “1” all segment drivers are turned on. The ALLON bit has priority over
the LCDON bit. At systemresetitisclearedto“0".

LCDON

When the LCDON bit is set to “1”, the display datain the display register is output to the segment
drivers. Atsystemresetitisclearedto“0”, and all segment drivers are turned off.
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(2) Display control register 1 (DSPCON1)
DSPCONL1 is a4-hit specia function register (SFR) used to select the LCD driver duty.

At system reset, each bit of DSPCONL1 isinitialized to “0”.

bit 3 bit 2 bit 1 bit 0

DSPCON1 (091H) D13 e 11 p——
(R/W) | L I | I | |

Duty select I

bit 3 bit 2 bit1 bit0

0 0 : 1/32 duty (initial value)

. 1/2 duty
1/4 duty
1/6 duty
1/8 duty
1/10 duty
1/12 duty
1/14 duty
1/16 duty
1/18 duty
1/20 duty
1/22 duty
1/24 duty
1/26 duty
1/28 duty
1/30 duty

PRRPRRPRRPRRPRPRPOOOOOOOO
PRPRRPRPRPOOOORRLRRLERRLROOO
PRPOORROORROORROO
PFOROROROROROROR

(3) Display contrast register (DSPCNT)
DSPCNT isa4-bit special function register (SFR) used to control display contrast.

At system reset, each bit of DSPCON1 isinitialized to “0”.

bit 3 bit 2 bit 1 bit 0
DSPCNT (092H)
R | oN3 \ CN2 \ oL CNO

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 0

0O 1 o0 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
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(4) Display registers (DSPRO to DSPR767)

DSPRO to DSPR767 are segment output data registers for the dot matrix LCD driver allocated to RAM
BANKS 1 to 3. The correspondence between display registers and segment outputs is shown below.

bit 3 bit 2 bit 1 bit 0
DSPRO (100H) | com4 | coms | com2 | com1 |
(RIW)
bit 3 bit 2 bit 1 bit 0
DSPRl(zoll\x“ coms | com? | COM6 | COMS5 |
R
bit 3 bit 2 bit 1 bit 0
DSPR2(102H) [ comiz | comui | comwo | coms |
(RIW)
bit 3 bit 2 bit 1 bit 0
DSF’R3(103H)| COM16 | COM15 | CoM14 | CcoM13 |
(RIW) Segment 0
bit 3 bit 2 bit 1 bit 0 output data
DSPR4(104H)| COM20 | COoM19 | com18 | com17 |
(RIW)
bit 3 bit 2 bit 1 bit 0
DSPR5(?°%;| com4 | coms | comzz | comar |
R
bit 3 bit 2 bit 1 bit 0
DSF’RG(?OGANH“ coms | comer | coms | comzs |
R
bit 3 bit 2 bit 1 bit 0
DSPR7(107H) [ comsz | comst | comso | coms |
(RIW) |
]
i
1
1
bit 3 bit 2 bit 1 bit 0 -
DSPR760 (?FSNVH; | com4 | CcoM3 | com2 | com1 |
R
bit 3 bit 2 bit 1 bit 0
DSPR?Gl(:Z»F;SVI\-/lgl coms | comr | cows | coms |
R
bit 3 bit 2 bit 1 bit 0
DSPR762(?EFANVH;| COoM12 | com11l | COM10 | com9 |
R
bit 3 bit 2 bit 1 bit 0
DSPR763(3FBH) [ comis | comis | comisa | comiz |
(RW) . . . . Segment 95
bit 3 bit 2 bit 1 bit 0 output data
DSPR754(3(’;CANH;| COM20 | CcoMm19 | comis | COoM17 |
bit 3 bit 2 bit 1 bit 0
DSPR765(3(’;DANH;| coms | coms | com | comar |
bit 3 bit 2 bit 1 bit 0
DSPR766 (3(;E/WH;| coms | comr | coms | comzs |
bit 3 bit 2 bit 1 bit 0
DSPR767(3FFH)| COM32 | com31 | COM30 | COM29 |
(RIW) —

A Note:

. When a display register bit is set to “1”, the corresponding LCD dot lights. When reset to “0” it goes off.

. To keep stable display state, each individual LCD dot should be set to ON/OFF with bit operation
instructions.

. At system reset the display registers (DSPRO0 to DSPR767) are undefined and should be initialized.
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15.4  LCD Driver Operation

The display duty is selected from 1/2 to 1/32 using DSPCON1. The frame frequency for each duty ratio is
indicated in Table 15-1. Depending on the duty selected, the common signal (COM1 to COM32) is generated, and
data written in synchronization with that common signal to the display registers (DSPRO to DSPR767) is output to
the segment driver. The segment driver uses bits 0 and 1 (ALLON, LCDON) of the display control register 0
(DSPCONQO) to control all OFF and all ON modes.

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 COM1-32 and SEG0-95 pins are all output at the
Vs level to reduce supply current.

BISEL (bit3 of DSPCONO) selects 1/6 or 1/5 bias.

DSPCNT controls the LCD contrast of 16 tones.

Table 15-1 Frame Frequency for Each Duty

DSPCONL1 Frame
DT3-0 | DT3 | DT2 | DT1 | DTO buty frequency
OH 0 0 0 0 1/32 64 Hz
1H 0 0 0 1 1/2 1024 Hz
2H 0 0 1 0 1/4 512 Hz
3H 0 0 1 1 1/6 approx. 341 Hz
4H 0 1 0 0 1/8 256 Hz
5H 0 1 0 1 1/10 approx. 205 Hz
6H 0 1 1 0 1/12 approx. 171 Hz
H 0 1 1 1 1/14 approx. 146 Hz
8H 1 0 0 0 1/16 128 Hz
9H 1 0 0 1 1/18 approx. 114 Hz
OAH 1 0 1 0 1/20 approx. 102 Hz
OBH 1 0 1 1 1/22 approx. 93 Hz
OCH 1 1 0 0 1/24 approx. 85 Hz
ODH 1 1 0 1 1/26 approx. 79 Hz
OEH 1 1 1 0 1/28 approx. 73 Hz
OFH 1 1 1 1 1/30 approx. 68 Hz

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.
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15.5 Bias Generator (BIAS)
The bias generator boosts a voltage (Vpe) generated by the voltage regulator circuit up to a bias reference voltage
by external capacitors connected to pins C1, C2, Vppyx,, and Vppys.  The resistor ladder circuit divides the bias
voltages Vpp, t0 Ve fOr an LCD driver.

In the LCD power-down mode, the bias reference voltage generation circuit stops boosting to suppress supply
current.

Tables 15-2 and 15-3 list display contrast control voltages.

’_ _____
CXEJ | r!\VDDE
I \lJ
|
6.0V ly 3V voltage Vooe
— }—Qb regulator
| circuit
Cxa | ,LVDDxl Voltage regulator
! ! T circuit
I | Bias reference L) Bias reference
Cys [y voltage voltage
|| (P Lo generation generation
i circuit ] circuit
Lci |
A
C, &= 1
T AC2
T
Ce S Voos
11 Q
|
J\VDDXZ
i —
Craa T 1. Vooxs
9
|
|
V .
S |} é == Display contrast control
c ly (CN3-0)
? = | Qo Resistor
Ca [y ladder b q g ect
] d A VDD4 circuit ower-down mode selec
! b < (PDWN =*1")
° Gy I ?VDDZ
C. | 1V |:> To LCD driver
I Y
v

Figure 15-2 Bias Generator Circuit Configuration for 1/6 Bias
(Power Supply Voltage =6 V)
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Table 15-2 Display Contrast Control Voltages (Vppe) for 1/6 and 1/5 Biases

« Contrast control voltage (Vpg VOItage)

Ta = 25°C, Ve = 4.1 V (Typ.)

DSPCNT Vpps Voltage (V) .
- Display Contrast
CNO to CN3 CN3 CN2 CN1 CNO Min. Typ. Max.

OH 0 0 0 0 — 4.1 — Light
1H 0 0 0 1 Typ.-0.1 4.2 Typ. +0.1

2H 0 0 1 0 Typ.-0.1 43 Typ. + 0.1

3H 0 0 1 1 Typ.-0.1 4.4 Typ. + 0.1

4H 0 1 0 0 Typ.-0.1 4.5 Typ. +0.1

5H 0 1 0 1 Typ.-0.1 4.62 Typ. + 0.1

6H 0 1 1 0 Typ.-0.1 4.74 Typ. +0.1

7H 0 1 1 1 Typ.-0.1 4.86 Typ. + 0.1

8H 1 0 0 0 Typ.-0.1 5.00 Typ. +0.1

9H 1 0 0 1 Typ.-0.1 5.14 Typ. +0.1

0AH 1 0 1 0 Typ.-0.1 5.29 Typ. + 0.1

0BH 1 0 1 1 Typ.-0.1 5.44 Typ. +0.1
0CH 1 1 0 0 Typ.-0.1 5.60 Typ. + 0.1
ODH 1 1 0 1 Typ.-0.1 5.77 Typ. +0.1

OEH 1 1 1 0 Typ. - 0.1 5.95 Typ. + 0.1

OFH 1 1 1 1 Typ.-0.1 6.14 Typ. + 0.1 Dark

Ta = 25°C, Vpps = 4.0 V (Min.)
DSPCNT Vpps Voltage (V) .
- Display Contrast
CNO to CN3 CN3 CN2 CN1 CNO Min. Typ. Max.

OH 0 0 0 0 — 4.0 — Light
1H 0 0 0 1 Typ.-0.1 4.1 Typ. + 0.1

2H 0 0 1 0 Typ.-0.1 4.2 Typ. +0.1

3H 0 0 1 1 Typ.-0.1 43 Typ. + 0.1

4H 0 1 0 0 Typ.-0.1 4.4 Typ. +0.1

5H 0 1 0 1 Typ.-0.1 4.52 Typ. + 0.1

6H 0 1 1 0 Typ.-0.1 4.64 Typ. +0.1

7H 0 1 1 1 Typ.-0.1 4.76 Typ. +0.1

8H 1 0 0 0 Typ.-0.1 4.90 Typ. + 0.1

9H 1 0 0 1 Typ.-0.1 5.04 Typ. +0.1
0AH 1 0 1 0 Typ. - 0.1 5.19 Typ. + 0.1
0BH 1 0 1 1 Typ.-0.1 5.34 Typ. +0.1
0CH 1 1 0 0 Typ.-0.1 5.50 Typ. + 0.1
ODH 1 1 0 1 Typ.-0.1 5.67 Typ. + 0.1
OEH 1 1 1 0 Typ.-0.1 5.85 Typ. +0.1

OFH 1 1 1 1 Typ.-0.1 6.04 Typ. + 0.1 Dark
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« Contrast control voltage (Vpg VOItage)
Ta = 25°C, Vo = 4.2 V (Max.)

DSPCNT Vpps Voltage (V) .
- Display Contrast
CNO to CN3 CN3 CN2 CN1 CNO Min. Typ. Max.
OH 0 0 0 0 — 4.2 — Light
1H 0 0 0 1 Typ.-0.1 4.3 Typ. + 0.1
2H 0 0 1 0 Typ.-0.1 4.4 Typ. + 0.1
3H 0 0 1 1 Typ.-0.1 4.5 Typ. + 0.1
4H 0 1 0 0 Typ.-0.1 4.6 Typ. + 0.1
5H 0 1 0 1 Typ.-0.1 4.72 Typ. + 0.1
6H 0 1 1 0 Typ.-0.1 4.84 Typ. +0.1
7H 0 1 1 1 Typ.-0.1 4.96 Typ. + 0.1
8H 1 0 0 0 Typ.-0.1 5.10 Typ. + 0.1
9H 1 0 0 1 Typ.-0.1 5.24 Typ. + 0.1
0AH 1 0 1 0 Typ.-0.1 5.39 Typ. + 0.1
0BH 1 0 1 1 Typ.-0.1 5.54 Typ. +0.1
0CH 1 1 0 0 Typ.-0.1 5.70 Typ. + 0.1
ODH 1 1 0 1 Typ.-0.1 5.87 Typ. + 0.1
OEH 1 1 1 0 Typ.-0.1 6.05 Typ. + 0.1
OFH 1 1 1 1 Typ.-0.1 6.24 Typ. + 0.1 Dark
Table 15-3 Display Contrast Control Voltages (Vpop1, Vopz: Vooa: Vobs)
(Ta=25°C, Vg =0V)
Voltage (V)
BISEL Mode Power Supply -
Min. Typ. Max.
Vop1 Typ.—0.1 1/6 x Vppg Typ. + 0.1
0 1/6 bias Vop2 Typ.—0.1 2/6 X Vppg Typ. +0.1
Vopa Typ.—0.1 416 % Vppe Typ. + 0.1
Vops Typ.—-0.1 5/6 X Vppg Typ. +0.1
Vop1 Typ.-0.1 1/5 % Vppg Typ. +0.1
1 1/5 bias Vb2 Typ.—0.1 2/5 X Vppg Typ. + 0.1
Vopa Typ.—-0.1 3/5 X Vppg Typ. +0.1
Vops Typ.-0.1 4/5 x Vppg Typ. +0.1
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LCD Driver Output Waveform
Figures 15-4 (a) and 15-4 (c) show the output waveforms for 1/32 duty and 1/6 bias, and Figures 15-5 (&) and 15-5

(c) show the output waveforms for 1/16 duty and 1/5 bias.

15.6
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Figure 15-4 (a) 1/32 Duty, 1/6 Bias Common Output Waveform
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Figure 15-5 (a) 1/16 Duty, 1/5 Bias Common Output Waveform
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16. Multiplication/Division Circuit (MULDIV)

16.1 Overview

The ML63295A has an 8-bit x 8-bit = 16-bit multiplication (MUL) and a 16-bit/8-bit = 16-hit division (DIV),

implemented with an internal circuit.

The registers used are shown in Table 16-1.

Table 16-1 Registers Used in Multiplication and Division Circuit

Register name Symbol Address | bit3 | bit2 | bitl | bit0 | R/W sy\s/tzlrlrj]er:et
Multiplication/division condition register| MDCR 086H ov EF | DIVS [MULS| R/W OH
C register L CRL 087H CR3 | CR2 | CR1 | CRO | RW OH
C register H CRH 088H CR7 | CR6 | CR5 | CR4 | RIW OH
D register L DRL 089H DR3 | DR2 | DR1 | DRO | RIW OH
D register H DRH 08AH DR7 | DR6 | DR5 | DR4 | RIW OH
E register L ERL 08BH ER3 | ER2 | ER1 | ERO | RW OH
E register H ERH 08CH ER7 | ER6 | ER5 | ER4 | RIW OH
F register L FRL 08DH FR3 | FR2 | FR1 | FRO | RW OH
F register H FRH 08EH FR7 | FR6 | FR5 | FR4 | RIW OH

For multiplication the C register is multiplied by the E register. The result is stored in the DC register (D: high-
order 8 bits, C: low-order 8 bits) after 5 machine cycles.

For division the D register is divided by the E register. The result is stored in the DC register (dividend) and F
register (remainder) after 10 machine cycles.

16-1



ML63295A User’s Manual
Chapter 16 Multiplication/Division Circuit (MULDIV)

16.2  Multiplication and Division Registers

16.2.1 Calculation Registers

The multiplication and division calculation registers (CRL, CRH, DRL, DRH, ERL, ERH, FRL, FRH) are 4-bit
special function registers (SFRs), used to set multiplier, multiplicand, divisor, and dividend and store resuilts.

bit 3 bit 2 bit 1 bit 0

CRL (087H) CR3 CR2 CR1 CRO
(RIW)

bit 3 bit 2 bit 1 bit 0

CRH (088H) CR7 CR6 CR5 CR4
(RIW)

bit 3 bit 2 bit 1 bit 0

DRL (089H) DR3 DR2 DR1 DRO
(RIW)

bit 3 bit 2 bit 1 bit 0

DRH (08AH) DR7 DR6 DR5 DR4
(RIW)

bit 3 bit 2 bit 1 bit 0

ERL (08BH) ER3 ER2 ER1 ERO
(RIW)

bit 3 bit 2 bit 1 bit 0

ERH (08CH) ER7 ER6 ER5 ER4
(RIW)

bit 3 bit 2 bit 1 bit 0

FRL (08DH) FR3 FR2 FR1 FRO
(RIW)

bit 3 bit 2 bit 1 bit 0

FRH (08EH) FR7 FR6 FR5 FR4
(RIW)
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The multiplication and division calculation registers are used as follows.
[Multiplication]
DR-CR-~CRx ER
CR (CRH, CRL): Holdsthe multiplicand. After multiplication, holds the low-order 8 bits of the result.
ER (ERH, ERL):  Holdsthe multiplier. After multiplication, holds data.
DR (DRH, DRL):  After execution, the high-order 8 bits of the result are stored.
If the result of multiplication cannot be stored in the low-order 8 bits (DR is not 0), the multiplication/division
condition register (MDCR) OV flag is set to “1”.  When bit 0 (MULS) of MDCR is set to “1”, multiplication
starts, and the result is output to the appropriate registers five machine cycles later.
[Division]
DR:'CR~DR:CR/ER

FR~DR'CR mod ER

DR (DRH, DRL):  The high-order 8 bits of the number being divided are set here. After execution, this
register holds the high-order 8 bits of the result.

CR(CRH, CRL):  The low-order 8 bits of the number being divided are set here. After execution, this
register holds the low-order 8 bits of the result.

ER (ERH, ERL):  Thedivisor isset here. After execution, this register holds data.

FR (FRH, FRL): After execution, thisregister holds the remainder.
If division is executed with ER = O0H (division by zero), the MDCR EF flagissetto “1”. After division by zero
the DC register value is OFFFFH, and the pre-execution value from the C register is set to the F register.  When

bit 1 (DIVS) of MDCR is set to “1”, division begins and the result is output to the appropriate registers ten
machine cycles later.
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16.2.2 Multiplication/Division Condition Register

The multiplication/division condition register (MDCR) is a 4-bit specia function register (SFR) with a
multiplication/division start flag and a status flag indicating the status of the operation when finished.

bit 3 bit 2 bit 1 bit 0

MDCR(086H) | ov | EF | DIvs MULS |
(RIW)

Overflow flag
0 : (initial value)
1 : When result of 8-bit x 8-bit multiplication is more than 8 bits (D register # 0)

Error flag
0 : (initial value)
1 : Division by zero (E register = 00H)

Division start flag

0 : Stop (initial value)
1: Start

Multiplication start flag
0 : Stop (initial value)
1. Start

bit 3: OV (OVerflow flag)
Set to “1" when there is a carry (D register other than OOH) to the high-order 8 bits in
multiplication, and otherwise cleared to “0”.
Thisbitisinitialized to “0” at system reset.

bit 2: EF (Error Flag)

Set to “1” when the E register is“0” in division, and otherwise cleared to “0”.
Thisbitisinitialized to “0” at system reset.

bit 1. DIVS (DIV Start)
Division is started when this hit is set to “1”, and is completed in ten machine cycles. When
divisioniscomplete DIVSisreset to “0".
Thishitinitializesto “0” at system reset.
bit 0: MULS (MUL Start)
This flag starts multiplication when set to “1”, and multiplication is completed in five machine

cycles. MULSIiscleared to “0” when multiplication is completed.
Thishitisreset to “0" at system reset.
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16.3  Multiplication/Division Execution

Multiplication and division execution is handled as follows:

[Multiplication]
1. Multiplicand set to C register (CRH, CRL)
2. Multiplier set to E register (ERH, ERL)
3. MDCRMULSflagsetto“1”.

[Division]
1. High-order 8 bits of humber being divided set to D register (DRH, DRL), and low-order 8 bits to C

register (CRH, CRL).

2. Divisor set to E register (ERH, ERL).
3. MDCRDIVSflag setto“1".
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17. Battery Low Detect Circuit (BLD)

17.1 Overview

The ML63295A has an internal battery low detect circuit (BLD).

The battery low detect circuit detects when the battery voltage (supply voltage Vpp) fals below the judgment
voltage value. Two levels of judgment voltage can be selected by the BLDCON hits.

Judgment voltage values (Ta= 25°C): 45+0.1V,51+0.1V

A Note:

When verifying BLD operation, the operation must be verified with an evaluation sample device.

17.2  Battery Low Detect Circuit Configuration

The battery low detect circuit consists of a judgment circuit and a judgment voltage select circuit. Figure 17-1
shows the circuit configuration.

Data bus

Judgment circuit BLDF
ENBL

Read BLDCON

BLDCON

Judgment voltage Q 1o

select circuit

Figure 17-1 Battery Low Detect Circuit
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17.3  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) hits.

Table 17-1 lists judgment voltage and precision values.

Table 17-1 Judgment Voltage

LD1 LDO Judgment voltage (V) Precision (V) Remarks
1 0 4.5 +0.1 Ta=25°C
1 1 51 +0.1 Ta =25°C

17.4  Battery Low Detect Circuit Register

e Battery low detect control register (BLDCON)
BLDCON isa4-hit special function register (SFR) that controls the battery low detect circuit.

bit 3 bit 2 bit 1 bit 0
BLDCON (094H) [ BLDF | ENBL LD1 LDO

(R/W) | —
Judgment result flag

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 : Undefined (initial value)
0 1 : Undefined
1 0 :45%01V
1 1 :51+01V

bit 3: BLDF

Thisflag indicates the judgment result of the battery low detect circuit.

This bitisset to “1” when V, is lower than the judgment voltage selected by LDO and LD1, and
isset to “0” when V, is higher. Thisbit is“0” when the BLD circuit stops operation.

Thisbit isread-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, thisbit is cleared to “0".
bit 1, 0: LD1, LDO

These bits select the judgment voltage.
At system reset, these bits are cleared to “0”.
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17.5 Battery Low Detect Circuit Operation

The battery low detect 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 dropsto zero.

BLDF isthe judgment result flag. If BLDF is“1”, the power supply voltage is lower than the judgment voltage. If
BLDFis*“0", the power supply voltage is higher than the judgment voltage. BLDF isvalid 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 17-2 shows an example operation timing.

€

. Set ENBL Read BLDF Reset ENBL
Operation
0 0 0| 0
ENBL | 5 .
Judgment voltage Vss :/ I vemp : :\
vemp | : :
BLDF 1 or 0" : |

BLD stabilization time
(wait at least 1 ms)

Figure 17-2 Operation Timing Example

Figure 17-2 shows the following operations.
O ENBL issetto“1” toturn 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) isread.

O ENBL isclearedto“0".
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18. Power Supply Circuit (POWER)

18.1 Overview
The ML63295A has incorporated in it a voltage regulator circuit for the internal logic power supply (Vpp.), @
voltage regulator circuit for the low-speed oscillation circuit (Vppy), @ circuit for generating bias reference
voltages (Vppxs and Vpps), aresistor ladder circuit for generating bias voltages (Vpp1: Vo2 Voba Vioos: @d Vippe),
and a voltage regulator circuit for an external power supply (Vppg)-

Power supply voltage range: 3.5t0 7.2V

18.2  Power Supply Circuit Configuration

Figure 18-1 shows the configuration of the power supply circuit.

i
CXEI | AYope
l l O
6.0V
v 3V voltage v
I Il o= regulator EoE
circuit
C ~VooL
[l \)
Voltage regulator P
CXl | | \\/DDXl circuit for low- o V0|tage H|gh Speed —Cl) OSCl
I hd speed oscillation regulator oscillation .
circuit circuit circuit @ OSCO
: Vi
—> Bias reference
C voltage Internal | | Low-speed —0 XT0
gl Vooxa eneration Lo logic oscillation !
1 i g circuit circuit circuit Q XT1
ic1 |
c.. - b
12 H C2
T o,
C V, L
| o222 Bias reference
& Vooxe voltage
c... L hd generation
X283 —— ,LVDst circuit
hd
|
i
!
G  Voog
1 \IJ
Ce || AVoos _
[l hd Resistor
Ca | /!\VDD4 |§dd§r
1 N circuit
G r!\VDDZ
1 ¢
C. | Vops
| Q
éVSS
i

Figure 18-1 Power Supply Circuit Configuration (Power Supply Voltage =6 V)
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18.3  Power Supply Circuit Operation

The output of the internal logic power supply Vpp, is forcibly switched to the Vi level when the time base
counter is reset and goes down to 1.5 V immediately after the reset state is released. Further the V5, output
goes up to the Ve level when ENOSC (bit 1 of FCON) is set to “1” and returns to about 1.5 V when ENOSC is
setto“0".

The output of the power supply Vppx, for the low-speed oscillation circuit is forcibly switched to the V level
when the time base counter is reset and goes down to about 1.5 V after the reset state is released.

The output of the external power supply Ve is forcibly switched to the Vo, level when the time base counter is
reset and goes down to about 3V after the reset state is released.

Figure 18-2 shows waveforms of the power supply circuit.

Start of
high-speed oscillation

Start of CPU \ Stop of high-speed oscillation

1
| i
i N\
VooL 4/ Voo |
i i
i |
! ! Al .15V
I/ Voo | pprox
i i
[} 1
[} 1

Approx. 1.5V

Vooe AN Approx. 1.5V

RESETO , ! &
(time base counter reset) ! | Approx. 125 ms i i E
! | I
T | I
RESETS i ! !
(system reset) ! ! ' '
I |
] | | |
! + T T
Lovy-speed clock | ' 32768 kHz ! :
oscillation output ! I : : :
] -

|

ENOSC | i !

O —

\ |

Vooe ' Vv N\ E

y DD i} 3v

i

|

|

i

i

|

Figure 18-2 Power Supply Circuit Waveforms
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Appendix A List of Special Function Registers

The Special Function Registers of the ML63295A are listed in Table A.

“—" indicates an invalid bit.

Table A Special Function Register List

Initial value at

Register name Symbol Address bit 3 bit 2 bit 1 bit0 | R/W system reset

Port 0 data register POD 000H P03 P02 P01 P00 R Undefined
Port 1 data register P1D 001H P13 P12 P11 P10 R Undefined
Port 2 data register P2D 002H P23 p22 P21 P20 |RW OH
Port 3 data register P3D 003H P33 P32 P31 P30 |RW OH
Port 4 data register P4D 004H P43 P42 P41 P40 |R/W OH
Port 5 data register P5D 005H P53 P52 P51 P50 |R/W OH
Port 6 data register P6D 006H P63 P62 P61 P60 |R/W OH
Port 7 data register P7D 007H P73 P72 P71 P70 |RW OH
Port 8 data register P8D 008H P83 P82 P81 P80 |R/W OH
Port 9 data register POD 009H P93 P92 Po1 P90 |RW OH
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 |RW OH
Reserved 00DH

Port E data register PED 00EH PE3 PE2 PE1 PEO |RW OH
Reserved O0OFH

Port 0 control register 0 POCONO 010H PO3MD | PO2MD | PO1MD | POOMD | RIW OH
Port 0 control register 1 POCON1 011H — — POPUD POF |R/W OCH
Port 0 interrupt enable register POIE 012H PO3IE PO2IE POlIE | POOIE |R/MW OH
Port 1 control register 0 P1CONO 013H P13MD | P12MD | P11MD | P10MD | R/W OH
Port 1 control register 1 P1CON1 014H — — P1PUD P1F |R/W OCH
Port 1 interrupt enable register PlIE 015H P13IE P12IE P11IE | PI10OIE |R/W OH
Port 2 control register 0 P2CONO 016H | P21MD1 | P21MDO |P20MD1 |P20MDO| R/W OH
Port 2 control register 1 P2CON1 017H | P23MD1 | P23MDO |P22MD1 |P22MDO| R/W OH
Port 3 control register 0 P3CONO 018H | P31MD1 | P31MDO |P30MD1 |P30MDO| R/W OH
Port 3 control register 1 P3CON1 019H | P33MD1 | P33MDO |P32MD1 |P32MDO| R/W OH
Port 4 control register 0 P4CONO 01AH | P41MD1 | P41MDO | P40MD1 |P40MDO| R/W OH
Port 4 control register 1 P4CON1 01BH | P43MD1 | P43MDO |P42MD1 (P42MDO| R/W OH
Port 5 control register 0 P5CONO 01CH | P51MD1 | P51MDO | P50MD1 |P50MDO| R/W OH
Port 5 control register 1 P5CON1 01DH | P53MD1 | P53MDOQ |P52MD1 |P52MDO| R/W OH
Port 6 control register 0 P6CONO 0l1EH | P61MD1 | P61MDO |P60MD1 |P60MDO| R/W OH
Port 6 control register 1 P6CON1 01FH | P63MD1 | P63MDO |P62MD1 |[P62MDO| R/W OH
Port 7 control register 0 P7CONO 020H | P71MD1 | P71MDO |P70MD1 |P70MDO| R/W OH
Port 7 control register 1 P7CON1 021H | P73MD1 | P73MDO |P72MD1 |P72MDO| R/W OH
Port 47 mode register P47MOD 022H | P7MOD | P6MOD | P5MOD | PAMOD | RIW OH
Port 8 control register 0 P8CONO 023H | P81MD1 | P81MDO | P8OMD1 |P8OMDO| R/W OH
Port 8 control register 1 P8CON1 024H | P83MD1 | P83MDO | P82MD1 |P82MDO| R/W OH
Port 8 direction register P8DIR 025H | P83DIR | P82DIR | P81DIR | PS8ODIR | RIW OH
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Table A Special Function Register List (continued)

Initial value at

Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W system reset

Port 8 mode register P8MOD 026H P8F — P81MOD [P80OMOD| R/W 4H
Port 9 control register 0 POCONO 027H | P91MD1 | P91MDO | POOMD1 |PO9OMDO | R/W OH
Port 9 control register 1 POCON1 028H | P93MD1 | P93MDO | P92MD1 |P92MDO | R/IW OH
Port 9 direction register PAODIR 029H | P93DIR | P92DIR | P91DIR | POODIR | R/W OH
Port A control register 0 PACONO 02AH | PA1IMD1 | PAIMDO | PAOMD1 [PAOMDO| R/W OH
Port A control register 1 PACON1 02BH | PA3MD1 | PA3MDO | PA2MD1 [PA2MDO| R/W OH
Port A direction register PADIR 02CH | PA3DIR | PA2DIR | PA1DIR | PAODIR | RIW OH
Port 9A mode register P9AMOD 02DH — — PAMOD | POMOD | R/W OCH
Port B control register 0 PBCONO 02EH | PB1MD1 |PB1MDO | 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 PBlIE | 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 | RIW OH
Port C interrupt enable register PCIE 036H PC3IE PC2IE | PClIE | PCOIE |R/W OH
Port C mode register 0 PCMODO 037H — — — PCF |R/W OEH
Port C mode register 1 PCMOD1 038H |PC3MOD |PC2MOD |[PC1MOD |PCOMOD| R/W OH

039H
Reserved to

03CH
Port E control register 0 PECONO 03DH | PE1IMD1 | PEIMDO | PEOMD1 |PEOMDO| R/W OH
Port E control register 1 PECON1 03EH | PE3MD1 | PE3MDO | PE2MD1 |PE2MDO| R/W OH
Port E direction register PEDIR 03FH | PE3DIR | PE2DIR | PE1DIR | PEODIR | RIW OH
Port E mode register PEMOD 040H PEF |PE2MOD|PE1MOD |PEOMOD| R/W OH

041H
Reserved to

04FH
Interrupt enable register O IEO 050H EXI1 EXIO EMD — R/W 1H
Interrupt enable register 1 IE1 051H EXI5 EXI4 — EXI2 |R/W 2H
Interrupt enable register 2 IE2 052H ETM3 ETM2 — — R/W 3H
Interrupt enable register 3 IE3 053H E10Hz ESFT EST ESR |R/W OH
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 QXl4 — QXI12 |RW 2H
Interrupt request register 2 IRQ2 057H QTM3 QTM2 — — R/W 3H
Interrupt request register 3 IRQ3 058H Q10Hz QSFT QST QSR |R/W OH
Interrupt request register 4 IRQ4 059H Q2Hz Q4Hz Q16Hz | Q32Hz |R/W OH

05AH
Reserved to

O5FH
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
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Table A Special Function Register List (continued)

Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W lg;};?‘lexqalrléi;t
Frequency control register FCON 062H — OSCSEL | ENOSC |CPUCLK|R/W 8H
Reserved 063H
100 Hz counter register T100CR 064H 100C3 100C2 | 100C1 | 100CO |R/W | Undefined
10 Hz counter register T10CR 065H 10C3 10C2 10C1 10CO0 |RW OH
rleoé)is':ezrt'mer counter control T100CON | 066H — — — | ECNT |[RW/|  OEH

067H
Reserved to

075H
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 |RW 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 |RW OH
Timer 2 counter register L TM2CL 07AH T2C3 T2C2 T2C1 T2CO0 |RW OH
Timer 2 counter register H TM2CH 07BH T2C7 T2C6 T2C5 T2C4 |RW OH
Timer 3 counter register L TM3CL 07CH T3C3 T3C2 T3C1 T3CO |RW OH
Timer 3 counter register H TM3CH 07DH T3C7 T3C6 T3C5 T3C4 |RW OH
Timer 2 control register 0 TM2CONO | O7EH — FMEAS2 — TM2RUN| R/W O0AH
Timer 2 control register 1 TM2CON1 | O07FH — — 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 and

085H
II’\(/all;litsli)gl}l::atlon/dlwsmn condition MDCR 086H ov EF DIVS MULS | RAW OH
C register L CRL 087H CR3 CR2 CR1 CRO |RW OH
C register H CRH 088H CR7 CR6 CR5 CR4 |R/W OH
D register L DRL 089H DR3 DR2 DR1 DRO |RW OH
D register H DRH 08AH DR7 DR6 DR5 DR4 |R/W OH
E register L ERL 08BH ER3 ER2 ER1 ERO |R/W OH
E register H ERH 08CH ER7 ER6 ER5 ER4 |R/W OH
F register L FRL 08DH FR3 FR2 FR1 FRO |[R/W OH
F register H FRH 08EH FR7 FR6 FR5 FR4 |R/W OH
Reserved 08FH
Display control register O DSPCONO | 090H BISEL PDWN | ALLON | LCDON |R/W OH
Display control register 1 DSPCON1 | 091H DT3 DT2 DT1 DTO |RW OH
Display contrast register DSPCNT 092H CN3 CN2 CN1 CNO |RW OH
Reserved 093H
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Table A Special Function Register List (continued)

Initial value at

Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W system reset
?ei;tsetgrlow detect control BLDCON | 094H | BLDF | ENBL | LD1 | LDO |RW OH
Tempo register TEMPO 096H TMP3 TMP2 TMP1 | TMPO |[R/W 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 —
Shift register L SFTRL 0AOH SD3 SD2 SD1 SDO |R/W OH
Shift register H SFTRH 0A1H SD7 SD6 SD5 SD4  |RW OH
Shift register control register O SFTCONO | OA2H — SDIR |SELCK1|SELCKO |R/W 8H
Shift register control register 1 SFTCON1 | OA3H — — — ENTR |R/W OEH
Serial port send buffer L STBUFL 0A4H TB3 B2 TB1 TBO |RW OH
Serial port send buffer H STBUFH 0A5H TB7 TB6 TB5 B4 |RW OH
Serial port send control register 0| STCONO OA6H STSTB STL1 STLO | STMOD |R/W OH
Serial port send control register 1| STCON1 0A7H STLMB | STPOE | STPEN | STCLK |R/W 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
rSleilse,ltleFr)cgt receive control SRCONO | OAAH | SREN | SRL1 | SRLO |SRMOD |RMW OH
I'SezrilsTeF;C)lrt receive control SRCON1 | OABH | SRLMB | SRPOE | SRPEN | SRCLK |RMW OH
Serial port receive baud rate
setting register SRBRT OACH — — BRT1 BRTO |R/W OCH
Serial port status register SSTAT OADH BFULL PERR OERR | FERR R OH

OAEH
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 ala al3 al2 |RW 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 yo0 R/W OH
X register X OFAH x3 X2 x1 x0 R/W OH
L register L OFBH 13 12 11 10 R/W OH
H register H OFCH h3 h2 hl hO R/W OH
Current bank register CBR OFDH c3 c2 cl c0 R/W OH
Extra bank register EBR OFEH e3 e2 el e0 R/W OH
Master interrupt enable register MIEF OFFH — — — MIE R OEH
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Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit 3 bit 2 bit 1 bit0 |R/W IQ;;L;aerz:[t
Display register 0 DSPRO 100H COM4 COM3 COM2 COM1 |[R/W | Undefined
Display register 1 DSPR1 101H COM8 COM7 COM6 COM5 |[R/W | Undefined
Display register 2 DSPR2 102H COM12 | COM11 | COM10 | COM9 |[R/MW | Undefined
Display register 3 DSPR3 103H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 4 DSPR4 104H SEGO COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 5 DSPR5 105H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 6 DSPR6 106H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 7 DSPR7 107H COM32 | COM31 | COM30 | COM29 |[R/W | Undefined
Display register 8 DSPR8 108H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 9 DSPR9 109H COMS8 COM7 COM6 COM5 |[R/W | Undefined
Display register 10 DSPR10 10AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 11 DSPR11 10BH SEG1 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 12 DSPR12 10CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 13 DSPR13 10DH COM24 | COM23 | COM22 | COM21 |RMW | Undefined
Display register 14 DSPR14 10EH COM28 | COM27 | COM26 | COM25 |[R/W | Undefined
Display register 15 DSPR15 10FH COM32 | COM31 | COM30 | COM29 |[RMW | Undefined
Display register 16 DSPR16 110H COM4 COM3 COM2 COM1 |[R/W | Undefined
Display register 17 DSPR17 111H COoM8 COM7 COM6 COM5 |[R/W | Undefined
Display register 18 DSPR18 112H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 19 DSPR19 113H COM16 | COM15 | COM14 | COM13 |[R/W | Undefined
Display register 20 DSPR20 114H SEG2 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 21 DSPR21 115H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 22 DSPR22 116H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 23 DSPR23 117H COM32 | COM31 | COM30 | COM29 [RW | Undefined
Display register 24 DSPR24 118H COM4 COM3 COM2 COM1 |[R/W | Undefined
Display register 25 DSPR25 119H COM8 COM7 COM6 COM5 |[R/W | Undefined
Display register 26 DSPR26 11AH COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 27 DSPR27 11BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 28 DSPR28 11CH SEG3 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 29 DSPR29 11DH COM24 | COM23 | COM22 | COM21 |RMW | Undefined
Display register 30 DSPR30 11EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 31 DSPR31 11FH COM32 | COM31 | COM30 | COM29 |[RW | Undefined
Display register 32 DSPR32 120H COM4 COM3 COM2 COM1 [R/W | Undefined
Display register 33 DSPR33 121H COM8 COM7 COM6 COM5 |[R/W | Undefined
Display register 34 DSPR34 122H COM12 | COM11 | COM10 | COM9 |[R/MW | Undefined
Display register 35 DSPR35 123H SEGA4 COM16 | COM15 | COM14 | COM13 |[R/W | Undefined
Display register 36 DSPR36 124H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 37 DSPR37 125H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 38 DSPR38 126H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 39 DSPR39 127H COM32 | COM31 | COM30 | COM29 |[RMW | Undefined
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Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W lg;};?‘lexqalrléi;t
Display register 40 DSPR40 128H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 41 DSPR41 129H COMS8 COM7 COM6 COM5 |R/MW | Undefined
Display register 42 DSPR42 12AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 43 DSPR43 12BH SEGS COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 44 DSPR44 | 12CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 45 DSPR45 | 12DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 46 DSPR46 12EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 47 DSPR47 12FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 48 DSPR48 130H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 49 DSPR49 131H COM8 COM7 COM6 COM5 |[RW | Undefined
Display register 50 DSPR50 132H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 51 DSPR51 133H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 52 DSPR52 134H SEGE COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 53 DSPR53 135H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 54 DSPR54 136H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 55 DSPR55 137H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 56 DSPR56 138H COM4 COM3 COM2 COM1 |RMW | Undefined
Display register 57 DSPR57 139H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 58 DSPR58 13AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 59 DSPR59 13BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 60 DSPR60 | 13CH SEGY COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 61 DSPR61 | 13DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 62 DSPR62 13EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 63 DSPR63 13FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 64 DSPR64 140H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 65 DSPR65 141H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 66 DSPR66 142H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 67 DSPR67 143H SEGS COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 68 DSPR68 144H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 69 DSPR69 145H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 70 DSPR70 146H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 71 DSPR71 147H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 72 DSPR72 148H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 73 DSPR73 149H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 74 DSPR74 | 14AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 75 DSPR75 14BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 76 DSPR76 | 14CH SEG9 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 77 DSPR77 | 14DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 78 DSPR78 14EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 79 DSPR79 14FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
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Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W lg;};?‘lexqalrléi;t
Display register 80 DSPR80 150H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 81 DSPR81 151H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 82 DSPR82 152H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 83 DSPR83 153H SEG10 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 84 DSPR84 154H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 85 DSPR85 155H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 86 DSPR86 156H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 87 DSPR87 157H COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 88 DSPR88 158H COM4 COoM3 COM2 COM1 |R/W | Undefined
Display register 89 DSPR89 159H COM8 Cowm7 COM6 COM5 |R/W | Undefined
Display register 90 DSPR90 | 15AH COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 91 DSPR91 15BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 92 DSPR92 | 15CH SEGI COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 93 DSPR93 | 15DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 94 DSPR94 | 15EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 95 DSPR95 15FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 96 DSPR96 160H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 97 DSPR97 161H COM8 Cowm7 COM6 COM5 |R/W | Undefined
Display register 98 DSPR98 162H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 99 DSPR99 163H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 100 |DSPR100| 164H SEG12 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 101 | DSPR101| 165H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 102 | DSPR102| 166H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 103 | DSPR103| 167H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 104 | DSPR104| 168H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 105 | DSPR105| 169H COM8 Cowm7 COM6 COM5 |R/W | Undefined
Display register 106 |DSPR106| 16AH COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 107 |DSPR107 | 16BH SEGL3 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 108 | DSPR108| 16CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 109 | DSPR109| 16DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 110 |DSPR110| 16EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 111 |DSPR111| 16FH COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 112 DSPR112| 170H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 113 | DSPR113| 171H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 114 | DSPR114| 172H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 115 |DSPR115| 173H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 116 |DSPR116| 174H SEGL4 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 117 |DSPR117| 175H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 118 | DSPR118| 176H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 119 |DSPR119| 177H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
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Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W Iggltﬁle%alr:i;t
Display register 120 DSPR120| 178H COM4 COM3 COM2 COM1 [RMW | Undefined
Display register 121 DSPR121| 179H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 122 DSPR122| 17AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 123 | DSPR123| 17BH SEGLS COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 124 |DSPR124| 17CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 125 DSPR125| 17DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 126 |DSPR126| 17EH COM28 | COM27 | COM26 | COM25 |[R/W | Undefined
Display register 127 DSPR127| 17FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 128 DSPR128| 180H COM4 COM3 COM2 COM1 [R/MW | Undefined
Display register 129 DSPR129| 181H COM8 COM7 COM6 COM5 [RMW | Undefined
Display register 130 DSPR130| 182H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 131 |DSPR131| 183H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 132 DSPR132| 184H SEGI6 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 133 |DSPR133| 185H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 134 DSPR134| 186H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 135 |DSPR135| 187H COM32 | COM31 | COM30 | COM29 |[R/W | Undefined
Display register 136 DSPR136| 188H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 137 DSPR137| 189H COoM8 COM7 COM6 COM5 [RMW | Undefined
Display register 138 | DSPR138| 18AH COM12 | COM11 | COM10 | COM9 |[R/MW | Undefined
Display register 139 DSPR139| 18BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 140 |DSPR140| 18CH SEGLY COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 141 DSPR141| 18DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 142 DSPR142| 18EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 143 |DSPR143| 18FH COM32 | COM31 | COM30 | COM29 |[R/W | Undefined
Display register 144 DSPR144| 190H COM4 COM3 COM2 COM1 [RMW | Undefined
Display register 145 DSPR145| 191H COM8 COM7 COM6 COM5 [R/MW | Undefined
Display register 146 DSPR146| 192H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 147 |DSPR147| 193H SEG18 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 148 |DSPR148| 194H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 149 DSPR149| 195H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 150 |DSPR150| 196H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 151 DSPR151| 197H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 152 DSPR152| 198H COM4 COM3 COM2 COM1 [R/MW | Undefined
Display register 153 DSPR153| 199H COoM8 COM7 COM6 COM5 [RMW | Undefined
Display register 154 DSPR154| 19AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 155 |DSPR155| 19BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 156 DSPR156| 19CH SEG19 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 157 | DSPR157| 19DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 158 DSPR158| 19EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 159 |DSPR159| 19FH COM32 | COM31 | COM30 | COM29 |[R/W | Undefined
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Display register 160 DSPR160| 1AOH COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 161 DSPR161| 1A1H COMS8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 162 DSPR162| 1A2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 163 | DSPR163| 1A3H SEG20 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 164 |DSPR164| 1A4H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 165 DSPR165| 1A5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 166 | DSPR166| 1A6H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 167 DSPR167| 1A7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 168 DSPR168| 1A8H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 169 DSPR169| 1A9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 170 DSPR170| 1AAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 171 | DSPR171| 1ABH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 172 DSPR172| 1ACH SEG21 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 173 | DSPR173| 1ADH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 174 DSPR174| 1AEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 175 |DSPR175| 1AFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 176 DSPR176| 1BOH COM4 COM3 COM2 COM1 |RMW | Undefined
Display register 177 DSPR177| 1B1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 178 |DSPR178| 1B2H COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 179 DSPR179| 1B3H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 180 |DSPR180| 1B4H SEG22 COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 181 DSPR181| 1B5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 182 DSPR182| 1B6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 183 |DSPR183| 1B7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 184 DSPR184| 1B8H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 185 DSPR185| 1B9H COMS8 COM7 COM6 COM5 |RW | Undefined
Display register 186 DSPR186| 1BAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 187 | DSPR187 | 1BBH SEG23 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 188 | DSPR188| 1BCH COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 189 DSPR189| 1BDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 190 |DSPR190| 1BEH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 191 DSPR191| 1BFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 192 DSPR192| 1COH COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 193 DSPR193| 1C1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 194 DSPR194| 1C2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 195 |DSPR195| 1C3H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 196 DSPR196| 1C4H SEG24 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 197 |DSPR197| 1C5H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 198 DSPR198| 1C6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 199 |DSPR199| 1C7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 200 DSPR200| 1C8H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 201 DSPR201| 1C9H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 202 DSPR202| 1CAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 203 | DSPR203| 1CBH SEG25 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 204 | DSPR204| 1CCH COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 205 DSPR205| 1CDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 206 | DSPR206| 1CEH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 207 DSPR207| 1CFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 208 DSPR208| 1DOH COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 209 DSPR209| 1D1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 210 DSPR210| 1D2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 211 | DSPR211| 1D3H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 212 DSPR212| 1D4H SEG26 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 213 | DSPR213| 1D5H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 214 DSPR214| 1D6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 215 |DSPR215| 1D7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 216 DSPR216| 1D8H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 217 DSPR217| 1D9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 218 | DSPR218| 1DAH COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 219 DSPR219| 1DBH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 220 |DSPR220| 1DCH SEG27 COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 221 DSPR221| 1DDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 222 DSPR222| 1DEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 223 | DSPR223| 1DFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 224 DSPR224| 1EOH COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 225 DSPR225| 1E1H COMS8 COM7 COM6 COM5 |RW | Undefined
Display register 226 DSPR226| 1E2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 227 | DSPR227 | 1E3H SEG28 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 228 | DSPR228| 1E4H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 229 DSPR229| 1E5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 230 | DSPR230| 1E6H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 231 DSPR231| 1E7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 232 DSPR232| 1E8H COM4 COM3 COM2 COM1 |RW | Undefined
Display register 233 DSPR233| 1E9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 234 DSPR234| 1EAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 235 | DSPR235| 1EBH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 236 DSPR236| 1ECH SEG29 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 237 | DSPR237| 1EDH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 238 DSPR238| 1EEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 239 |DSPR239| 1EFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 240 DSPR240| 1FOH COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 241 DSPR241| 1F1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 242 DSPR242| 1F2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 243 | DSPR243| 1F3H SEG30 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 244 | DSPR244| 1F4H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 245 DSPR245| 1F5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 246 | DSPR246| 1F6H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 247 DSPR247| 1F7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 248 DSPR248| 1F8H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 249 DSPR249| 1F9H COM8 COM7 COM6 COM5 |[RW | Undefined
Display register 250 DSPR250| 1FAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 251 | DSPR251| 1FBH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 252 DSPR252| 1FCH SEG31 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 253 | DSPR253| 1FDH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 254 DSPR254| 1FEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 255 | DSPR255| 1FFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 256 | DSPR256 | 200H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 257 DSPR257| 201H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 258 | DSPR258| 202H COM12 | COM11 | COM10 | COM9 |[R/MW | Undefined
Display register 259 DSPR259| 203H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 260 |DSPR260| 204H SEG32 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 261 DSPR261| 205H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 262 DSPR262| 206H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 263 | DSPR263| 207H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 264 | DSPR264| 208H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 265 DSPR265| 209H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 266 DSPR266 | 20AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 267 | DSPR267 | 20BH SEG33 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 268 | DSPR268| 20CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 269 DSPR269| 20DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 270 | DSPR270| 20EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 271 DSPR271| 20FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 272 DSPR272| 210H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 273 DSPR273| 211H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 274 DSPR274| 212H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 275 |DSPR275| 213H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 276 DSPR276| 214H SEG34 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 277 | DSPR277| 215H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 278 DSPR278| 216H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 279 | DSPR279| 217H COM32 | COM31 | COM30 | COM29 [R/W | Undefined

Appendix — 11



ML63295A User's Manual

Appendix A

Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W lg;};?‘lexqalrléi;t
Display register 280 | DSPR280| 218H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 281 | DSPR281| 219H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 282 | DSPR282| 21AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 283 |DSPR283| 21BH SEG3S COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 284 | DSPR284| 21CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 285 | DSPR285| 21DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 286 | DSPR286| 21EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 287 | DSPR287 | 21FH COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 288 | DSPR288 | 220H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 289 | DSPR289| 221H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 290 | DSPR290| 222H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 291 | DSPR291| 223H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 292 | DSPR292 | 224H SEG36 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 293 | DSPR293| 225H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 294 | DSPR294 | 226H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 295 |DSPR295| 227H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 296 | DSPR296 | 228H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 297 | DSPR297 | 229H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 298 |DSPR298 | 22AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 299 | DSPR299| 22BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 300 | DSPR300| 22CH SEG3Y COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 301 | DSPR301| 22DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 302 DSPR302| 22EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 303 | DSPR303| 22FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 304 | DSPR304| 230H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 305 |DSPR305| 231H COM8 Cowm7 COM6 COM5 |R/W | Undefined
Display register 306 DSPR306| 232H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 307 | DSPR307| 233H SEG38 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 308 | DSPR308| 234H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 309 DSPR309| 235H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 310 | DSPR310| 236H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 311 DSPR311| 237H COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 312 DSPR312| 238H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 313 | DSPR313| 239H COoM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 314 DSPR314| 23AH COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 315 | DSPR315| 23BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 316 DSPR316| 23CH SEG39 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 317 | DSPR317| 23DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 318 DSPR318| 23EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 319 | DSPR319| 23FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
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Display register 320 DSPR320| 240H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 321 DSPR321| 241H COM8 COM7 COM6 COM5 |R/W | Undefined
Display register 322 DSPR322| 242H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 323 DSPR323| 243H SEG40 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 324 | DSPR324| 244H COM20 | COM19 | COM18 | COM17 [R/W | Undefined
Display register 325 DSPR325| 245H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 326 DSPR326| 246H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 327 DSPR327| 247H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 328 DSPR328| 248H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 329 DSPR329| 249H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 330 DSPR330| 24AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 331 DSPR331| 24BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 332 DSPR332| 24CH SEGAL COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 333 DSPR333| 24DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 334 DSPR334| 24EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 335 DSPR335| 24FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 336 DSPR336| 250H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 337 DSPR337| 251H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 338 DSPR338| 252H COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 339 DSPR339| 253H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 340 | DSPR340| 254H SEG42 COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 341 DSPR341| 255H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 342 DSPR342| 256H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 343 DSPR343| 257H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 344 DSPR344| 258H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 345 DSPR345| 259H COM8 COM7 COM6 COM5 |R/W | Undefined
Display register 346 DSPR346| 25AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 347 DSPR347| 25BH SEG43 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 348 DSPR348| 25CH COM20 | COM19 | COM18 | COM17 [R/W | Undefined
Display register 349 DSPR349| 25DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 350 DSPR350| 25EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 351 DSPR351| 25FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 352 DSPR352| 260H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 353 DSPR353| 261H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 354 DSPR354 | 262H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 355 DSPR355| 263H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 356 DSPR356 | 264H SEGA4 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 357 DSPR357| 265H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 358 DSPR358| 266H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 359 DSPR359| 267H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 360 DSPR360| 268H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 361 DSPR361| 269H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 362 DSPR362| 26AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 363 | DSPR363| 26BH SEG4S COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 364 | DSPR364| 26CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 365 DSPR365| 26DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 366 | DSPR366| 26EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 367 DSPR367 | 26FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 368 DSPR368| 270H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 369 DSPR369| 271H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 370 DSPR370| 272H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 371 | DSPR371| 273H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 372 DSPR372| 274H SEG46 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 373 | DSPR373| 275H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 374 DSPR374| 276H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 375 |DSPR375| 277H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 376 DSPR376| 278H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 377 DSPR377| 279H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 378 | DSPR378| 27AH COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 379 DSPR379| 27BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 380 | DSPR380| 27CH SEGAY COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 381 DSPR381| 27DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 382 DSPR382| 27EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 383 | DSPR383| 27FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 384 DSPR384| 280H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 385 DSPR385| 281H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 386 DSPR386| 282H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 387 | DSPR387| 283H SEG48 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 388 | DSPR388| 284H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 389 DSPR389| 285H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 390 | DSPR390| 286H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 391 DSPR391| 287H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 392 DSPR392| 288H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 393 DSPR393| 289H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 394 DSPR394 | 28AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 395 |DSPR395| 28BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 396 DSPR396| 28CH SEGA9 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 397 | DSPR397 | 28DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 398 DSPR398| 28EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 399 | DSPR399| 28FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined

Appendix — 14



ML63295A User’'s Manual

Appendix A

Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W lg;};?‘lexqalrléi;t
Display register 400 DSPR400| 290H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 401 DSPR401| 291H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 402 DSPR402| 292H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 403 | DSPR403| 293H SEG50 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 404 | DSPR404| 294H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 405 DSPR405| 295H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 406 | DSPR406| 296H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 407 DSPR407| 297H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 408 DSPR408| 298H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 409 DSPR409| 299H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 410 DSPR410| 29AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 411 | DSPR411| 29BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 412 DSPR412| 29CH SEGSL COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 413 | DSPR413| 29DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 414 DSPR414| 29EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 415 | DSPR415| 29FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 416 DSPR416| 2A0H COM4 COM3 COM2 COM1 |RMW | Undefined
Display register 417 DSPR417| 2A1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 418 |DSPR418| 2A2H COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 419 DSPR419| 2A3H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 420 |DSPR420| 2A4H SEGS2 COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 421 DSPR421| 2A5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 422 DSPR422| 2A6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 423 | DSPR423| 2A7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 424 DSPR424| 2A8H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 425 DSPR425| 2A9H COMS8 COM7 COM6 COM5 |RW | Undefined
Display register 426 DSPR426| 2AAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 427 | DSPR427 | 2ABH SEGS3 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 428 | DSPR428| 2ACH COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 429 DSPR429| 2ADH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 430 | DSPR430| 2AEH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 431 DSPR431| 2AFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 432 DSPR432| 2BOH COM4 COM3 COM2 COM1 |RW | Undefined
Display register 433 DSPR433| 2B1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 434 DSPR434| 2B2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 435 | DSPR435| 2B3H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 436 DSPR436| 2B4H SEG34 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 437 | DSPR437| 2B5H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 438 DSPR438| 2B6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 439 | DSPR439| 2B7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 440 DSPR440| 2B8H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 441 DSPR441| 2B9H COMS8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 442 DSPR442| 2BAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 443 | DSPR443| 2BBH SEGSS COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 444 | DSPR444| 2BCH COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 445 DSPR445| 2BDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 446 | DSPR446 | 2BEH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 447 DSPR447 | 2BFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 448 DSPR448| 2COH COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 449 DSPR449| 2C1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 450 DSPR450| 2C2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 451 | DSPR451| 2C3H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 452 DSPR452| 2C4H SEGS6 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 453 | DSPR453| 2C5H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 454 DSPR454| 2C6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 455 | DSPR455| 2C7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 456 | DSPR456 | 2C8H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 457 DSPR457 | 2C9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 458 | DSPR458| 2CAH COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 459 DSPR459| 2CBH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 460 |DSPR460| 2CCH SEGSY COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 461 DSPR461| 2CDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 462 DSPR462| 2CEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 463 | DSPR463| 2CFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 464 |DSPR464| 2DOH COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 465 DSPR465| 2D1H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 466 DSPR466 | 2D2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 467 | DSPR467 | 2D3H SEGS8 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 468 | DSPR468| 2D4H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 469 DSPR469| 2D5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 470 | DSPR470| 2D6H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 471 DSPR471| 2D7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 472 DSPR472| 2D8H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 473 DSPR473| 2D9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 474 DSPR474| 2DAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 475 | DSPR475| 2DBH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 476 DSPR476| 2DCH SEGS9 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 477 | DSPR477| 2DDH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 478 DSPR478| 2DEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 479 | DSPR479| 2DFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 480 | DSPR480| 2EOH COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 481 | DSPR481| 2E1H COM8 COoM7 COM6 COM5 |R/W | Undefined
Display register 482 | DSPR482| 2E2H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 483 | DSPR483| 2E3H SEG60 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 484 |DSPR484 | 2E4H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 485 | DSPR485| 2E5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 486 | DSPR486| 2E6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 487 | DSPR487 | 2E7H COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 488 | DSPR488| 2E8H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 489 | DSPR489| 2E9H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 490 | DSPR490| 2EAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 491 |DSPR491| 2EBH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 492 | DSPR492| 2ECH SEGeL COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 493 | DSPR493| 2EDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 494 | DSPR494| 2EEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 495 |DSPR495| 2EFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 496 | DSPR496| 2FOH COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 497 | DSPR497 | 2F1H COM8 Cowm7 COM6 COM5 |R/W | Undefined
Display register 498 | DSPR498| 2F2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 499 | DSPR499| 2F3H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 500 | DSPR500| 2F4H SEG62 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 501 | DSPR501| 2F5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 502 | DSPR502| 2F6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 503 | DSPR503 | 2F7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 504 | DSPR504 | 2F8H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 505 | DSPR505| 2F9H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 506 | DSPR506 | 2FAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 507 | DSPR507 | 2FBH SEG63 COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 508 | DSPR508 | 2FCH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 509 | DSPR509| 2FDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 510 |DSPR510| 2FEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 511 | DSPR511| 2FFH COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 512 DSPR512| 300H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 513 | DSPR513| 301H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 514 | DSPR514| 302H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 515 | DSPR515| 303H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 516 | DSPR516| 304H SEGE4 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 517 | DSPR517| 305H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 518 | DSPR518 | 306H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 519 | DSPR519| 307H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
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Display register 520 DSPR520| 308H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 521 DSPR521| 309H COM8 COM7 COM6 COM5 |R/W | Undefined
Display register 522 DSPR522| 30AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 523 DSPR523| 30BH SEGES COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 524 | DSPR524| 30CH COM20 | COM19 | COM18 | COM17 [R/W | Undefined
Display register 525 DSPR525| 30DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 526 DSPR526 | 30EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 527 DSPR527 | 30FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 528 DSPR528| 310H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 529 DSPR529| 311H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 530 DSPR530| 312H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 531 DSPR531| 313H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 532 DSPR532| 314H SEGES COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 533 DSPR533| 315H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 534 DSPR534 | 316H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 535 DSPR535| 317H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 536 DSPR536| 318H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 537 DSPR537| 319H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 538 DSPR538| 31AH COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 539 DSPR539| 31BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 540 DSPR540| 31CH SEGe7 COM20 | COM19 | COM18 | COM17 [R/W | Undefined
Display register 541 DSPR541| 31DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 542 DSPR542| 31EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 543 DSPR543| 31FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 544 DSPR544 | 320H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 545 DSPR545| 321H COM8 COM7 COM6 COM5 |R/W | Undefined
Display register 546 DSPR546 | 322H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 547 DSPR547 | 323H SEG6S COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 548 DSPR548| 324H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 549 DSPR549| 325H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 550 | DSPR550| 326H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 551 DSPR551| 327H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 552 DSPR552| 328H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 553 DSPR553| 329H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 554 DSPR554 | 32AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 555 DSPR555| 32BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 556 DSPR556 | 32CH SEGE9 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 557 DSPR557 | 32DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 558 DSPR558| 32EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 559 DSPR559 | 32FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 560 DSPR560| 330H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 561 DSPR561| 331H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 562 DSPR562 | 332H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 563 | DSPR563| 333H SEGT0 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 564 | DSPR564 | 334H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 565 DSPR565| 335H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 566 | DSPR566 | 336H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 567 DSPR567 | 337H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 568 DSPR568| 338H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 569 DSPR569| 339H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 570 DSPR570| 33AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 571 | DSPR571| 33BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 572 DSPR572| 33CH SEGTL COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 573 | DSPR573| 33DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 574 DSPR574| 33EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 575 | DSPR575| 33FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 576 DSPR576 | 340H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 577 DSPR577| 341H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 578 | DSPR578| 342H COM12 | COM11 | COM10 | COM9 |[R/MW | Undefined
Display register 579 DSPR579| 343H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 580 | DSPR580| 344H SEGT2 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 581 DSPR581| 345H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 582 DSPR582| 346H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 583 | DSPR583| 347H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 584 DSPR584 | 348H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 585 DSPR585| 349H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 586 DSPR586 | 34AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 587 | DSPR587 | 34BH SEGT3 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 588 | DSPR588| 34CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 589 DSPR589| 34DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 590 | DSPR590| 34EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 591 DSPR591 | 34FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 592 DSPR592| 350H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 593 DSPR593| 351H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 594 DSPR594 | 352H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 595 | DSPR595| 353H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 596 DSPR596 | 354H SEGT4 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 597 | DSPR597 | 355H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 598 DSPR598| 356H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 599 | DSPR599 | 357H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 600 DSPR600| 358H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 601 DSPR601| 359H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 602 DSPR602 | 35AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 603 | DSPR603| 35BH SEGTS COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 604 | DSPR604| 35CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 605 DSPR605| 35DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 606 | DSPR606| 35EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 607 DSPR607 | 35FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 608 DSPR608| 360H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 609 DSPR609| 361H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 610 DSPR610| 362H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 611 |DSPR611| 363H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 612 DSPR612| 364H SEGT6 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 613 | DSPR613| 365H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 614 DSPR614| 366H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 615 |DSPR615| 367H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 616 DSPR616| 368H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 617 DSPR617| 369H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 618 |DSPR618| 36AH COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 619 DSPR619| 36BH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 620 | DSPR620| 36CH SEGTT COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 621 DSPR621| 36DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 622 DSPR622| 36EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 623 | DSPR623| 36FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 624 DSPR624 | 370H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 625 DSPR625| 371H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 626 DSPR626| 372H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 627 | DSPR627 | 373H SEGT8 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 628 | DSPR628| 374H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 629 DSPR629| 375H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 630 | DSPR630| 376H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 631 DSPR631| 377H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 632 DSPR632| 378H COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 633 DSPR633| 379H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 634 DSPR634| 37AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 635 |DSPR635| 37BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 636 DSPR636| 37CH SEGT9 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 637 | DSPR637 | 37DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 638 DSPR638| 37EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 639 | DSPR639| 37FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Display register 640 DSPR640| 380H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 641 DSPR641| 381H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 642 DSPR642| 382H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 643 | DSPR643| 383H SEGS0 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 644 | DSPR644 | 384H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 645 DSPR645| 385H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 646 | DSPR646| 386H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 647 DSPR647 | 387H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 648 DSPR648| 388H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 649 DSPR649| 389H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 650 DSPR650| 38AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 651 | DSPR651| 38BH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 652 DSPR652| 38CH SEG8L COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 653 | DSPR653| 38DH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 654 DSPR654 | 38EH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 655 | DSPR655| 38FH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 656 | DSPR656 | 390H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 657 DSPR657 | 391H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 658 | DSPR658| 392H COM12 | COM11 | COM10 | COM9 |[R/MW | Undefined
Display register 659 DSPR659| 393H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 660 | DSPR660| 394H SEGS2 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 661 DSPR661| 395H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 662 DSPR662 | 396H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 663 | DSPR663| 397H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 664 |DSPR664| 398H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 665 DSPR665| 399H COM8 COM7 COM6 COM5 |[R/MW | Undefined
Display register 666 DSPR666 | 39AH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 667 | DSPR667 | 39BH SEGS3 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 668 | DSPR668| 39CH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 669 DSPR669| 39DH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 670 | DSPR670| 39EH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 671 DSPR671| 39FH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 672 DSPR672| 3A0H COM4 COM3 COM2 COM1 |RW | Undefined
Display register 673 DSPR673| 3A1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 674 DSPR674| 3A2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 675 |DSPR675| 3A3H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 676 DSPR676| 3A4H SEG84 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 677 | DSPR677| 3A5H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 678 DSPR678| 3A6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 679 |DSPR679| 3A7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
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Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W lg;};?‘lexqalrléi;t
Display register 680 | DSPR680| 3A8H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 681 | DSPR681| 3A9H COM8 COoM7 COM6 COM5 |R/W | Undefined
Display register 682 | DSPR682| 3AAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 683 | DSPR683| 3ABH SEGSS COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 684 | DSPR684| 3ACH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 685 | DSPR685| 3ADH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 686 | DSPR686| 3AEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 687 | DSPR687 | 3AFH COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 688 | DSPR688| 3BOH COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 689 | DSPR689| 3B1H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 690 | DSPR690| 3B2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 691 |DSPR691| 3B3H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 692 | DSPR692| 3B4H SEGE6 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 693 |DSPR693| 3B5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 694 | DSPR694 | 3B6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 695 |DSPR695| 3B7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 696 | DSPR696| 3B8H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 697 | DSPR697 | 3B9H COM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 698 | DSPR698| 3BAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 699 | DSPR699| 3BBH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 700 | DSPR700| 3BCH SEGSY COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 701 | DSPR701| 3BDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 702 DSPR702| 3BEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 703 | DSPR703| 3BFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 704 | DSPR704| 3COH COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 705 |DSPR705| 3C1H COM8 Cowm7 COM6 COM5 |R/W | Undefined
Display register 706 DSPR706| 3C2H COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 707 | DSPR707 | 3C3H SEGSS COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 708 | DSPR708| 3C4H COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 709 DSPR709| 3C5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 710 | DSPR710| 3C6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 711 DSPR711| 3C7H COM32 | COM31 | COM30 | COM29 |RMW | Undefined
Display register 712 DSPR712| 3C8H COM4 COM3 COM2 COM1 |R/W | Undefined
Display register 713 | DSPR713| 3C9H COoM8 COowm7 COM6 COM5 |R/W | Undefined
Display register 714 |DSPR714| 3CAH COM12 | COM11 | COM10 | COM9 |R/MW | Undefined
Display register 715 | DSPR715| 3CBH COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 716 DSPR716| 3CCH SEGES COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 717 | DSPR717| 3CDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 718 |DSPR718| 3CEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 719 | DSPR719| 3CFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
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Table A Special Function Register List (continued)

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W I;\;/té?le%alr:i;t
Display register 720 DSPR720| 3DOH COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 721 DSPR721| 3D1H COM8 COM7 COM6 COM5 |R/MW | Undefined
Display register 722 DSPR722| 3D2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 723 DSPR723| 3D3H SEG90 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 724 | DSPR724| 3D4H COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 725 DSPR725| 3D5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 726 DSPR726 | 3D6H COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 727 DSPR727| 3D7H COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 728 DSPR728| 3D8H COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 729 DSPR729| 3D9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 730 DSPR730| 3DAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 731 DSPR731| 3DBH COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 732 DSPR732| 3DCH SEGOL COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 733 DSPR733| 3DDH COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 734 DSPR734| 3DEH COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 735 DSPR735| 3DFH COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 736 DSPR736| 3EOH COM4 COM3 COM2 COM1 |R/MW | Undefined
Display register 737 DSPR737| 3E1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 738 DSPR738| 3E2H COM12 | COM11 | COM10 | COM9 [R/MW | Undefined
Display register 739 DSPR739| 3E3H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 740 DSPR740| 3E4H SEG92 COM20 | COM19 | COM18 | COM17 |[R/W | Undefined
Display register 741 DSPR741| 3E5H COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 742 DSPR742| 3E6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 743 DSPR743| 3E7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined
Display register 744 DSPR744| 3E8H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 745 DSPR745| 3E9H COMS8 COM7 COM6 COM5 |[RW | Undefined
Display register 746 DSPR746| 3EAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 747 DSPR747| 3EBH SEGO3 COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 748 DSPR748| 3ECH COM20 | COM19 | COM18 | COM17 [R/W | Undefined
Display register 749 DSPR749| 3EDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 750 DSPR750| 3EEH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 751 DSPR751| 3EFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
Display register 752 DSPR752| 3FOH COM4 COM3 COM2 COM1 |[R/MW | Undefined
Display register 753 DSPR753| 3F1H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 754 DSPR754| 3F2H COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 755 DSPR755| 3F3H COM16 | COM15 | COM14 | COM13 [R/W | Undefined
Display register 756 DSPR756 | 3F4H SEGY4 COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 757 DSPR757| 3F5H COM24 | COM23 | COM22 | COM21 [R/W | Undefined
Display register 758 DSPR758| 3F6H COM28 | COM27 | COM26 | COM25 |R/W | Undefined
Display register 759 DSPR759| 3F7H COM32 | COM31 | COM30 | COM29 [R/W | Undefined

Appendix — 23



ML63295A User’s Manual

Appendix A

Table A Special Function Register List (continued)

Initial value at

Register name Symbol | Address | Segment| bit3 bit 2 bit 1 bit0 |R/W system reset
Display register 760 DSPR760| 3F8H COM4 COM3 COM2 COM1 |[RMW | Undefined
Display register 761 DSPR761| 3F9H COM8 COM7 COM6 COM5 |[RMW | Undefined
Display register 762 DSPR762| 3FAH COM12 | COM11 | COM10 | COM9 |R/W | Undefined
Display register 763 DSPR763| 3FBH SECoE COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 764 DSPR764 | 3FCH COM20 | COM19 | COM18 | COM17 |R/W | Undefined
Display register 765 DSPR765| 3FDH COM24 | COM23 | COM22 | COM21 |R/W | Undefined
Display register 766 DSPR766 | 3FEH COM28 | COM27 | COM26 | COM25 [R/W | Undefined
Display register 767 DSPR767| 3FFH COM32 | COM31 | COM30 | COM29 |R/W | Undefined
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Appendix B Package Dimensions
ML63295A-xxxGA
(Unit: mm)
QFP240-P-3232-0.50-BK4 |
@
;
O :
=
-
[Te]
o
RN
ol e
&S
IS
ol O
O w0 1.3: 0.2
240 L 3 g —
= H
INDEX MARK 5, de
Mirror finish o Oy \ 100
125 TYP. | | 02255 @l om LWNVO 10
e} Lo
e S T 0.5TYP.
o
S 0.59+ 0.2
Package material Epoxy resin
Lead frame material Cu alloy
Pin treatment Solder plating (=5pm)
Oki Electric Industry Co.,Ltd. Package weight (g) 7.82 TYP.
Rev. No./Last Revised 2/Nov. 28, 1996

Figure B-1 240-Pin QFP (QFP240-P-3232-0.50-BK4)

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact Oki’'s responsible sales person for the product name,
package name, pin number, package code and desired mounting conditions (reflow method, temperature and
times).
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Appendix C Input/Output Circuit Configuration

(1) Input Port (P0.0—P0.3, P1.0-P1.3)

———— Pull-up/pull-down control

Input data

I Schmitt trigger input

e — = inside the IC

(2) Output Port (P2.0-P2.3, P3.0-P3.3, P4.0—P4.3, P5.0-P5.3, P6.0-P6.3, P7.0-P7.3)

VDDI

Gate
I control

o circuit (¢ output data

Vee o

T

Output control

(3) 1/O Port (P8.08.3, P9.0—P9.3, PA.0-PA.3, PB.0—PB.3, PC.0—PC.3, PE.O-PE.3)

—— Pull-up/pull-down control

Voo Gate

control
CIrcuit e Qutput data

t

|
|
| oI Output control
|
|
|

17
17
VSS V.

/v Input data
Schmitt trigger input

[ — =inside the IC
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(4) Low-Speed Oscillation Circuit

Crystal oscillation mode

VDDXl
XTOL %Time Base Clock
(TBCCLK)
XT1L
b >inside the IC
RC oscillation mode
VDDXl
XTOLJ—— ooy o >>—»Time Base Clock
(TBCCLK)
=
Vss {1
XT1 Ej—<—°5
!
b > inside the IC
(5) High-Speed Oscillation Circuit
i VDDE
} i ’ <— QOscillation start
OSsCo CMOS input » High-speed clock
! (HSCLK)
!
OSCl'J__’ -
L — > inside the IC

(6) RESET, TST1, and TST2 Inputs
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Appendix D Peripheral Circuit Example

LCD
i COM1-32 SEG0-95 v
DDI
Rost [ 5.0 VL
5 pF XT1 P7.3 Al5 Voo
Cuo 1y 0sCo P7.2 Al4
1T p7.1 A13 —
5pF - P7.0 Al12
Cu || e osci P6.3 All
Ceramic resonator P6.2 A10
P6.1 A9
Cxe | |LOWF|,, P6.0 A8
[ DDE
6.0V | P5.3 A7 External data
T Voo P5.2 A6 memory
C P5.1 A5 }
\ s (64K x 8 bits)
0.1 pF ML63295A P5.0 Ad
P4.3 A3
G gRasis vy P4.2 A2
P4.1 Al
C
Ly LOWFLy P4.0 AO
Co | |LOpF|, PA3 b7
I ooz PA.2 D6
Co y|L0pF],, PA.L D5
M . PAO|——| D4
Cs | LOWF|,, :
1 oD4 P9.3 D3
Ce | |LOuF|, P9.2 D2
11 oos PO.1 D1
C | |LouF|, P9.0 DO
DD6 —_
pg.1—qWR
P8.0 RD
Cxa | 1O, GND
M or PO.3[K—
C 1.0 uF PO.2[c—
I:im F2E Voo PO.1k— —
v P0.0K—
DDX3
Cua | |LOVF|,, P13k—
1 ooxa PL2k—
PlL1k—
ct P1Ok—
Ci 1.0uF P23—>
p2.2f—>
c2 P2.1—>
Push-button switch P2.0}—
‘Lo' RESET P3.3—>
P3.2[(—>
P3.1f—>
TST1 P3.0l—>
L] TST2 P8.3[—>
Buzzer MD P8.2—
PB.3K—>
PB.2K—>
= PB.1K—>
MDB PB.O—>
PC3k—>
Vss PC2k>
PC.1k>
PC.Ok—>
PE.3K—>
= PE2}c>
PE.1k—>
PEOK—>

. RC oscillation is selected by mask option for low-speed oscillation.

. The power supply for the ports is shared with V.

. C, is an IC power supply bypass capacitor.

. Capacitance values for C,, C,, C., Cy, C,, C;, Cy, Cyp3, Cyy Cyz, Cp, Cye, Cp @and C; are only for reference.

A Note:

Vpp, iS the power supply pin for input, output and I/O ports.
Vpp Must be connected to the positive power supply pin (Vpp) of the chip or the power supply pin of the external
equipment.

Figure D-1 Peripheral Circuit Example
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Appendix E Electrical Characteristics
Absolute Maximum Ratings
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vop1 Ta=25°C -0.3t0+1.5 \%
Power Supply Voltage 2 Vop2 Ta=25°C -0.3t0 +2.5 \%
Power Supply Voltage 3 Vo3 Ta=25°C -0.3t0 +6.5 \%
Power Supply Voltage 4 Vopa Ta=25°C -0.3t0 +4.5 \%
Power Supply Voltage 5 Vops Ta=25°C -0.3t0 +5.5 \%
Power Supply Voltage 6 Vops Ta=25°C -0.3t0 +6.5 \%
Power Supply Voltage 7 Vooxt Ta=25°C -0.3t0+2.0 \Y,
Power Supply Voltage 8 Vooxa Ta=25°C -0.3t0 +6.5 \Y
Power Supply Voltage 9 Voo Ta=25°C -0.3t0 +7.5 \%
Power Supply Voltage 10 Voo Ta=25°C -0.3t0 +6.0 \%
Power Supply Voltage 11 Vool Ta=25°C -0.3t0 +6.0 \%
Power Supply Voltage 12 Vope Ta=25°C -0.3t0 +6.0 \%
Input Voltage 1 Vi Vpp input, Ta = 25°C —-0.3t0 Vpp +0.3 Y,
Input Voltage 2 V2 Vpp, input, Ta = 25°C -0.3t0 Vpp, + 0.3 \Y,
Output Voltage 1 Voun Vpp, Output, Ta = 25°C —0.3t0 Vpp; +0.3 \Y,
Output Voltage 2 Vourz Vpp, OUtput, Ta = 25°C —0.31t0 Vpp, + 0.3 \%
Output Voltage 3 Vours Vpps Output, Ta = 25°C —0.310 Vppg + 0.3 \%
Output Voltage 4 Voura Vpp4 OUtput, Ta = 25°C —0.3t0 Vpp, + 0.3 \Y,
Output Voltage 5 Vours Vpps output, Ta = 25°C —0.310 Vpps + 0.3 \%
Output Voltage 6 Vours Vppe OUtput, Ta = 25°C —0.31t0 Vppe+ 0.3 \Y,
Output Voltage 7 Vourr Vppxi Output, Ta = 25°C —0.3 10 Vppy, + 0.3 \%
Output Voltage 8 Vours Vppxs OUtpUL, Ta = 25°C —0.31t0 Vppys + 0.3 \Y,
Output Voltage 9 Vourit Vpp Output, Ta = 25°C -0.3t0 Vpp +0.3 Y,
Output Voltage 10 Vouriz Vpp Output, Ta = 25°C -0.31t0 Vpp + 0.3 \%
Output Voltage 11 Vouria Vppe OUtput, Ta = 25°C —0.31t0 Vppe + 0.3 \Y,
Storage Temperature Tsra — —55 to +150 °C
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Recommended Operating Conditions

(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — —20to +70 °C
) Voo — 35t07.2 \Y,
Operating Voltage
Voo — 1.8t055 \Y,
Crystal Oscillation for Co =510 25 pF 32.768 10 76.8 kHz
Frequency
g e Ros. = 1.5 MQ 32k £30%
Low-Speed RC Oscillation froa Ros, = 700 kQ 60K £30% Hz
Frequency
Ros. = 500 kQ 80k £30%
Ceramic Oscillation fou Vg =35107.2V 200k to 2M Hz
Frequency
Rosy = 100 kQ 700k +30%
igh- illati Rosn = 75 kQ 1M £30%
High-Speed RC Oscillation oo Vo, =35t07.2V OSH Hz
Frequency Rosn = 51 kQ 1.35M =30%
Rosn = 30 kQ 2M £30%
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e Typical characteristics of low-speed RC oscillation
(Vpp = 6.0V, Vpp, =3.0V)

Reference data |

1000

N
I
=
3
-2

100

N
N
10
100 1000 10000

Ros [kQ]

* Typical characteristics of high-speed RC oscillation
(Voo = 6.0V, Vpp, = 3.0 V)

Reference data

10000
)
I
=3
I
S
o
\\
1000
\
100
10 100 1000
Rosn [kQ]
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DC Characteristics

(Vpp=3.5t07.2V, Vp,, =1.8t05.5V, V45 =0V, Ta =-20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. | Typ. | Max. Unit uring
Circuit
Vppoe Voltage Vooe lour =0 to 15 mA, Ta = 25°C 2.7 3.0 3.3 Y,
Vppe VOltage
Temperature AVpoe — — -4.0 — mV/°C
Deviation
High-speed clock oscillation 10 15 20
stopped
Voo Voltage VoL During operation at high-speed
clock oscillation 1.2 — 3.3
(Vpp=3.5t07.2V) Y,
Crystal Oscillation Vv Oscillation start time: 35
Start Voltage S™ | within 5 seconds '
Crystal Oscillation
Hold Voltage Viowo o 3.5 o o .
Crystal Oscillation
Stop Detect Time Tsrop o 01 o 5.0 ms
External Crystal
Oscillator Capacitance Co o 5 o 25
Internal Crystal
Oscillator Capacitance Co o 20 25 30
External Ceramic CSA2.00MG PF
. . C.o C; | (Murata MFG.-make) used — 30 —
Oscillator Capacitance
Vppe = 3.0V
Int I RC Oscillat
n erng scillator Cos . 8 12 16
Capacitance
POR Voltage Voori | Vop=6.0V 0 — 0.7 v
Non-POR Voltage Veorz | Vop = 6.0V 2.0 — 6.0
BLD Judgment v LD1=1,LD0 =1, Ta=25°C 5.00 | 5.10 | 5.20 v
Voltage B¢ 1 LD1=1,LD0 =0, Ta=25°C 4.40 | 450 | 4.60
Vgipe = 5.10 V 35
BLD Judgment (LD1 = 1, LDO = 1) .
Voltage Temperature AV pe — mV/°C
Deviation Veioe = 4.50V — -2.3 —
(LD1=1,LD0=0)

Notes:

. “POR” denotes Power On Reset.

. “Tsrop” indicates that if the crystal oscillator stops over the value of Tgop, the System reset occurs.

1
2
3. “Vpor:” indicates that POR occurs when V, falls from Vp, to Vpor, @and again rises up to Vpp
4

. “Vpor, indicates that POR does not occur when Vo, falls from Vyp, t0 Vg, and again rises up to Vyp.
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DC Characteristics (continued)

(Vpp =6.0V, Vpp, =3.0V, Vgs =0V, 1/6 bias, DSPCNT = OH, Ta = —20 to +70°C unless otherwise specified)

Meas-
Parameter | Symbol Condition Min. | Typ. | Max. | Unit uring
Circuit
CPU in HALT state,
LCD is being driven, Ta=-20to+50°C | — | 11.0 | 145
no panel load
(Crystal oscillation: 32.768 kHz)
(High-speed clock oscillation Ta=-20to+70°C | — | 11.0 | 195
Supply | stopped)
Current 1 Pt | CPU in HALT state,
LCD is being driven, Ta=-20to+50°C | — | 145 | 18.0
no panel load
(RC oscillation: Rog, = 1.5 MQ)
(High-speed clock oscillation Ta=-20to+70°C | — | 145 | 23.0
stopped)
CPU in HALT state,
LCD in Power Down mode Ta=-20t0+50°C | — | 40 | 50
(Crystal oscillation: 32.768 kHz)
(High-speed clock oscillation Ta=-20t0+70°C | — 4.0 65
Supply | stopped)
Current 2 P2 | CPU in HALT state,
LCD in Power Down mode Ta=-20t0+50°C | — | 7.0 | 80
(RC oscillation: Rog, = 1.5 MQ) HA 1
(High-speed clock oscillation Ta=-20t0+70°C | — 7.0 95
stopped)
CPU operating at low speed,
LCD is being driven, Ta=-20to+50°C | — | 20.5 | 29.0
no panel load
(Crystal oscillation: 32.768 kHz)
(High-speed clock oscillation Ta=-20to+70°C| — | 205 | 34.0
Supply | stopped)
Current 3 pos CPU operating at low speed,
LCD is being driven, Ta=-20to +50°C | — 24.5 33.0
no panel load
(RC oscillation: Rog, = 1.5 MQ)
(High-speed clock oscillation Ta=-20to+70°C | — | 245 | 38.0
stopped)
Supply loos CPU operating .at hlgh-speed oscillation — 11100 1700
Current 4 (1 MHz RC oscillation, Rosy = 75 kQ)
Supply looe CPU operatlng at hlgh-s.peed oscillation — | 1500 | 2000
Current 5 (2 MHz ceramic oscillation)
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DC Characteristics (continued)

(Vpp=3.5t07.2V, Vp, =1.8t05.5V, V45 =0V, Ta = 25°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. Typ. Max. Unit uring
Circuit
Vppe VOltage Voo 1/6 bias, 1/5 bias 4.0 4.1 4.2
1/6 bias Typ.—0.1 | 5/6 xV, Typ. +0.1
Vpps Voltage Vops - yp L yp
1/5 bias Typ.—0.1 | 4/5 % Vppse Typ. + 0.1
1/6 bias Typ.—0.1 | 4/6 xV, Typ. +0.1
Vpp4 Voltage Vopa - P — P
1/5 bias Typ.—0.1 | 3/5 % Vppse Typ. + 0.1 \% 1
1/6 bias Typ.—0.1 | 2/6 xV, Typ. +0.1
Vpp, Voltage Vb2 - yp e yp
1/5 bias Typ. - 0.1 2/5 x Vpps Typ. + 0.1
1/6 bias Typ.—0.1 1/6 x V, Typ. + 0.1
Vpp, Voltage Vopp1 - P £ P
1/5 bias Typ.-0.1 1/5 x Vppg Typ. +0.1

Note: “Vppe" changes in the range from 4.10 to 6.14 V (Typ. value) according to the value of Display Contrast register

(DSPCNT).
(Vop=351t07.2V, Vy, =1.8t05.5V, Vg =0V, Ta =-20 to +70°C unless otherwise specified)
Meas-
Parameter Symbol Condition Min. Typ. Max. Unit uring
Circuit
Vppe VOltage o
Temperature Deviation AVooe 4.0 mv/C
Vppe VOltage Vops 1/6 bias, 1/5 bias 3.6 4.1 4.6
1/6 bias Typ.—-0.5 | 5/6 xV, Typ. +0.5
Vpps Voltage Vops - yp £ee yp
1/5 bias Typ.- 0.5 4]5 % Vppe Typ. +0.5
1/6 bias Typ.—0.5 | 4/6 xV, Typ. +0.5
Vpp4 Voltage Vopa - P — P !
1/5 bias Typ.- 0.5 3/5 % Vppe Typ. +0.5 \%
1/6 bias Typ.—0.5 | 2/6 xV, Typ. +0.5
Vpp, Voltage Vop2 - P — P
1/5 bias Typ.- 0.5 2/5 x Vpps Typ. +0.5
1/6 bias Typ. - 0.5 1/6 x V, Typ. +0.5
Voo, Voltage Vobs . P oe P
1/5 bias Typ.-0.5 1/5 x Vppg Typ. +0.5

Note: “Vppe" changes in the range from 4.10 to 6.14 V (Typ. value) according to the value of Display Contrast register

(DSPCNT).
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e Contrast control voltage (V ppg VOltage)

Tas=

25°C, Vpps = 4.1 V (Typ.)

DSPCNT Vpps Voltage (V) )
- Display Contrast
CNO to CN3 CN3 CN2 CN1 CNO Min. Typ. Max.
OH 0 0 0 0 — 4.1 — Light
1H 0 0 0 1 Typ.-0.1 4.2 Typ. +0.1
2H 0 0 1 0 Typ.-0.1 43 Typ. + 0.1
3H 0 0 1 1 Typ.-0.1 4.4 Typ. +0.1
4H 0 1 0 0 Typ.-0.1 45 Typ. +0.1
5H 0 1 0 1 Typ.-0.1 4.62 Typ. + 0.1
6H 0 1 1 0 Typ.-0.1 4.74 Typ. +0.1
7H 0 1 1 1 Typ.-0.1 4.86 Typ. + 0.1
8H 1 0 0 0 Typ.-0.1 5.00 Typ. +0.1
9H 1 0 0 1 Typ.-0.1 5.14 Typ. + 0.1
0AH 1 0 1 0 Typ.-0.1 5.29 Typ. + 0.1
0BH 1 0 1 1 Typ.-0.1 5.44 Typ. +0.1
0CH 1 1 0 0 Typ.-0.1 5.60 Typ. + 0.1
ODH 1 1 0 1 Typ.-0.1 5.77 Typ. +0.1
OEH 1 1 1 0 Typ.-0.1 5.95 Typ. + 0.1
OFH 1 1 1 1 Typ.-0.1 6.14 Typ. +0.1 Dark
Ta = 25°C, Vppe = 4.0 V (Min.)
DSPCNT Vpps Voltage (V) )
- Display Contrast
CNO to CN3 CN3 CN2 CN1 CNO Min. Typ. Max.
OH 0 0 0 0 — 4.0 — Light
1H 0 0 0 1 Typ.-0.1 4.1 Typ. +0.1
2H 0 0 1 0 Typ.-0.1 4.2 Typ. +0.1
3H 0 0 1 1 Typ.-0.1 43 Typ. + 0.1
4H 0 1 0 0 Typ.-0.1 4.4 Typ. +0.1
5H 0 1 0 1 Typ.-0.1 4.52 Typ. + 0.1
6H 0 1 1 0 Typ.-0.1 4.64 Typ. +0.1
7H 0 1 1 1 Typ.-0.1 4.76 Typ. + 0.1
8H 1 0 0 0 Typ.-0.1 4.90 Typ. + 0.1
9H 1 0 0 1 Typ.-0.1 5.04 Typ. +0.1
0AH 1 0 1 0 Typ.-0.1 5.19 Typ. + 0.1
0BH 1 0 1 1 Typ.-0.1 5.34 Typ. +0.1
0CH 1 1 0 0 Typ.-0.1 5.50 Typ. + 0.1
ODH 1 1 0 1 Typ.-0.1 5.67 Typ. +0.1
OEH 1 1 1 0 Typ.-0.1 5.85 Typ. +0.1
OFH 1 1 1 1 Typ.-0.1 6.04 Typ. + 0.1 Dark

Appendix — 35



ML63295A User’s Manual
Appendix E

e Contrast control voltage (V ppg VOltage)
Ta = 25°C, Vo = 4.2 V (Max.)

DSPCNT Vpps Voltage (V) .
- Display Contrast
CNO to CN3 CN3 CN2 CN1 CNO Min. Typ. Max.
OH 0 0 0 0 — 4.2 — Light
1H 0 0 0 1 Typ.-0.1 4.3 Typ. +0.1
2H 0 0 1 0 Typ.-0.1 4.4 Typ. + 0.1
3H 0 0 1 1 Typ.-0.1 45 Typ. +0.1
4H 0 1 0 0 Typ.-0.1 4.6 Typ. +0.1
5H 0 1 0 1 Typ.-0.1 4.72 Typ. + 0.1
6H 0 1 1 0 Typ.-0.1 4.84 Typ. +0.1
7H 0 1 1 1 Typ.-0.1 4.96 Typ. + 0.1
8H 1 0 0 0 Typ.-0.1 5.10 Typ. +0.1
9H 1 0 0 1 Typ.-0.1 5.24 Typ. +0.1
0AH 1 0 1 0 Typ.-0.1 5.39 Typ. + 0.1
0BH 1 0 1 1 Typ.-0.1 5.54 Typ. +0.1
0CH 1 1 0 0 Typ.-0.1 5.70 Typ. + 0.1
ODH 1 1 0 1 Typ.-0.1 5.87 Typ. +0.1
OEH 1 1 1 0 Typ.-0.1 6.05 Typ. + 0.1
OFH 1 1 1 1 Typ.-0.1 6.24 Typ. +0.1 Dark
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DC Characteristics (continued)

(Mpp =6.0V, Vo = Vppe =3.0V, Vpp = 1.0V, Vpp, =2.0V, Vpp; = 3.0V, Vpp, = 4.0V,
Vpps = 5.0V, Vppg = 6.0 V, Ta = -20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. Typ. Max. Unit uring
Circuit
Output Current 1 3 Vpp =3.0V -6.0 -3.5 -1.0
(P2.0 to P2.3) lors | Vous = Voo = 0.5V Vop =50V | -85 -5.0 -15
: Vpp = 3.0V 1.0 3.0 6.0
(PC.0 to PC.3) los | Vo =05V mA
(PE.O to PE.3) Vpp = 5.0V 15 3.7 8.5
Output Current 2 loz | Voro = Vope = 0.7V | Vppe =30V | -11.0 | -6.0 2.0
(MD, MDB) lors | Vo2 =0.7V Vppe = 3.0V 2.0 5.5 11.0
lons Vors = Vops = 0.2 V (Vppg level) — — —4
loms | Vorms = Vops + 0.2 V (Vpps level) 4 — —
lormas | Vormas = Vops = 0.2 V (Vpps level) — — —4
Outout C ‘3 lowns | Vomns = Vopa + 0.2 V (Vpp, level) 4 - -
utput Curren _
| V =Vpps — 0.2V (Vpp, level — — -4
(SEGO to SEG95) OMH3S OMH3S DD4 ( DD4 ) HA
(COM1 to COM32) loms | Voms= Vopz + 0.2V (Vpp, level) 4 - -
lomss | Vomss = Vopz — 0.2V (Vpp, level) — — -4
loums | Voums = Vpps + 0.2V (Vpp, level) 4 — — )
lomss | Voumas = Vopr — 0.2V (Vpp, level) — — -4
lots | Vous = Vas + 0.2 V (Vs level) 4 — —
Vorar = Vppe — 0.5V —
loar | (Re escillation) Voo = 3.0V 2.50 1.30 0.25
V =05V mA
| OLaR — Vppe =30V | 025 1.50 2.50
Output Current 4 OLR | (RC oscillation) PDE
(OsC1) Vorac = Vope — 0.5V -
lowac (ceramic oscillation) Vope =30V | =300 120 —60
Vorac =05V —
loLac (ceramic oscillation) Vooe = 3.0V 60 120 300
Output Leakage UA
Current loon Vou = Voo — — 0.3
(P2.0 to P2.3)
(PC.0 to PC.3) loo. | Vo = Vas 0.3 — —
(PE.O to PE.3)
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DC Characteristics (continued)

(Voo =6.0V, Vpp, =Vppe =3.0V, Vi, = 1.0V, Vpp, =2.0 V, Vs = 3.0V, Vp, = 4.0V,
Vpps = 5.0 V, Vppe = 6.0 V, Ta = -20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. Typ. Max. | Unit uring
Circuit
Input Current 1 | Vi1 = Voo Vpp =3.0V 10 20 40
(P0.0 to P0.3) HL (when pulled down) | v, =50V 20 60 120
(PLOto PL3) Vi, = Vee Voo = 3.0V —40 | —20 | -10
(P8.0 to P8.3) It
. (when pulled up) Vo =5.0V -120 -60 -20
(PC.0 -to PC.3) L1z Vi1 = Vpp (in @ high impedance state) 0 — 1.0
(PE.O to PE.3) li1z V1 = Vgs (in a high impedance state) -1.0 — 0
Viz = Vgs _
s (when pulled up) Vppe = 3.0V 350 170 30 | pA
S 3
Input Current 2 li2r Viu2r = Vooe (RC oscillation) 0 — 1.0
(O5]e)] lior V,.r = Vgs (RC oscillation) -1.0 — 0
L2 V\uor = Vooe (ceramic oscillation) 0.1 0.5 1.0
lioc V.= = Vg (Ceramic oscillation) -1.0 -0.5 -0.1
Input Current 3 Iz Vius = Vip | Vop =6.0V 40 60 150
(RESET) s | Vis = Ves -1.0 — 0
Input Current 4 s | Vina = Voo | Vop =6.0V 4.0 12.0 160 | mA
(TST1, TST2) lia Vs = Vas -1.0 — 0 HA
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DC Characteristics (continued)

(Voo =6.0V, Vpp, =Vppe =3.0V, Vi, = 1.0V, Vpp, =2.0 V, Vs = 3.0V, Vp, = 4.0V,
Vpps = 5.0 V, Vppe = 6.0 V, Ta = -20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. Typ. Max. | Unit uring
Circuit
Input Voltage 1 Voo =3.0V 2.3 — 3.0
(P0.0 to P0.3) Vi
(P1.0to P1.3) Vpp = 5.0V 3.8 — 5.0
(P8.0 to P8.3)
: Vpp =3.0V 0 — 0.7
(PC.0 to PC.3) Via
(PE.O to PE.3) Vo = 5.0V 0 — 1.2
Y, 2.4 — 3.0
Input Voltage 2 H2 Vope = 3.0V
(e5]e0)] Vi 0 — 0.6
Input Voltage 3 Vs 4.8 — 6.0 \Vi 4
Vpp =6.0V
(RESET, TST1, TST2) Vs 0 — 1.2
Hysteresis Width 1
(P0.0 to P0.3) Vop = 3.0V 0.2 05 | 1.0
(P1.0 to P1.3)
(P8.0 to P8.3) AV;,
(PC.0 to PC.3) Vpp = 5.0V 0.25 | 1.00 | 1.50
(PE.O to PE.3)
Hysteresis Width 2 _
(RESET, TST1, TST2) AV, |Vpp=5.0V 0.25 1.00 | 1.50
Input Pin Capacitance
(P0.0 to P0.3)
(P1.0to P1.3)
(P8.0 to P8.3) Cn — — — 5 pF —
(PC.0 to PC.3)
(PE.O to PE.3)
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Measuring circuit 1

XTO —(:) 2)
C1
Co | XT1 @)
T .
X1
(*1) @O_ 0sco Voox1 _“W
@o_ 0SC1 VDDXZ _|
VDDXS . Cys
Vss Voo Vooe Voo Voo: Voo2 Voos  Voos  Voos  Voos Voo O

e

I ca%cb% c% Cdﬂﬁ% cf% c,%

Cx1r Cxaz: Cxar Cxe

Cas Cby Coy Ca Ce Gy, Coz
I

Co

Cuo

Cu

Ceramic resonator

1.0 yF

1.0 yF

0.1 pF

115 pF

: 30 pF

1 30 pF

: CSA2.00MG (2 MHz)
: CSB1000J (1 MHz)
(Murata MFG.-make)

*1 RC Oscillator *2 RC Oscillator

®
Rosh {:g @ 3 Rost

Crystal Oscillator

Co
Oz

Ceramic Oscillator

@

I‘:' ®Ceramic resonator @D_—,'
c
s 32.768 kHz
crystal
Measuring circuit 2
*4
V|HH O
] —d
| |
| 1| INPUT OUTPUT| | ®
1 |
] |
] |
! —o —
i
VIL VSS VDD VDDE VDDI VDD:L VDD2 VDD4 VDD5 VDDG VDDL

*3 Input logic circuit to determine the specified measuring conditions.
*4 Measured at the specified output pins.
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Measuring circuit 3
*5 —
TO
]
® INPUT OUTPUT | i
i
]
]
= ——o
VSS VDD VDDE VDDI VDDl VDDZ VDD4 VDDS VDD6 VDDL
Measuring circuit 4
VIH
| —o
i |
] |
i | INPUT ouTpuT| | Waveform
*5 ! ! Monitoring
i |
! —o
|
I
Vi Vss Voo Vooe Voor Voo Voos Voos Voos  Voou

I
[

*5  Measured at the specified input pins.

i
—i—§"
|
I
I[
b
I[
-
I
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AC Characteristics (Serial Interface, Serial Port)

(Vpp=35t07.2V,V=0V, Vyp, =5.0V, Ta=-20to +70°C unless otherwise specified)

(1) Synchronous Communication

Parameter Symbol Condition Min. Typ. Max. Unit
TXC/RXC Input Fall Time t — — — 1.0 us
TXC/RXC Input Rise Time t, — — — 1.0 us
TXC/RX_C Input “L” Level i . 08 . . s
Pulse Width we
TXC/RXQ Input “H” Level e . 08 . . s
Pulse Width
TXC/RXC Input Cycle Time teve — 2.0 — — ps
TXC/RXC Output Cycle Time teveio) CPU operatinq at 32.768 kHz — 30.5 — ps

teveao) CPU operating at 2 MHz — 0.5 — us
TXD Output Delay Time topr Output load capacitance 10 pF — — 0.4 us
RXD Input Setup Time tos — 0.5 — — Us
RXD Input Hold Time ton — 0.8 — — ps

Synchronous communication timing waveforms

(“H” level =40V, "“L" level = 1.0 V)

TXC (PC.1)/RXC (PC.2)

TXD (PC.3)

RXD (PC.0)

tCW L
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(2) UART Communication
Parameter Symbol Condition Min. Typ. Max. Unit
Torr = 1/
Transmit Baud Rate Terr BRI~ 7 BRT Torr — Ter Torr Terr + Ter s
Ter = Uosc
Receive Baud Rate Rgrr Rgrr = Uarr Rggr X 0.97 Rgrr Rggr % 1.03 S
fary: Baud rates (1200, 2400, 4800, 9600 bps)
UART communication timing waveforms
(“H” level =40V, “L" level = 1.0 V)
TBRT
VDDI
TXD (PC.3)
VSS
RBRT
VDDI
RXD (PC.0)
VSS
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AC Characteristics (Serial Interface, Shift Register)

(Vpp=35t07.2V,V=0V, Vyp, =5.0V, Ta=-20to +70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
SCLK Input Fall Time t — — — 1.0 S
SCLK Input Rise Time t, — — — 1.0 S
SCLK Input “L” Level
Pulse Width fow - 08 | — R
SCLK Input “H” Level
Pulse Width fewn - 08 | — | — | s
SCLK Input Cycle Time teve Voo = Vppe 10 5.5V 1.8 — — ys
t CPU operating at 32.768 kHz — 30.5 — S
SCLK Output Cycle Time e P g H
teveao) CPU operating at 2 MHz — 0.5 — Us
SOUT Output Delay Time toor Output load capacitance 10 pF — — 0.4 IS
SIN Input Setup Time tos — 0.5 — — IS
SIN Input Hold Time ton — 0.8 — — ys

AC characteristics timing
(“H” level =4.0V, “L" level =1.0V)

| teve -

SCLK (PE.2) Zz—’& Z[i Voo

A N 7/
VSS

t P
tCWH tCWL
toor JPBR

SOUT (PE.1) 3& Voo
\ VSS

tDS tDH - tDS
SIN (PE.0) N Q Voo
\ Vss
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AC Characteristics (External Memory Interface)
(Vpp=35t07.2V,V=0V, Vyp, =5.0V, Ta=-20to +70°C unless otherwise specified)
(1) For Reading from External Memory
(@ When the CPU operates at 32.768 kHz
Parameter Symbol Condition Min. Typ. Max. Unit
Read Cycle Time tre — — 61.0 —
RD Output Delay Time toe — — — 5.0
s
Output Enable Time toma — — — 5.0 H
External Memory Output Delay Time too — — — 5.0
(b) When the CPU operatesat 2 MHz (Vp =3.5t0 7.2 V)
Parameter Symbol Condition Min. Typ. Max. Unit
Read Cycle Time tre — 1.0 — — ps
RD Output Delay Time toe — — — 100
Output Enable Time toua — — — 100 ns
External Memory Output Delay Time too — — — 150
AC characteristics timing
(“H” level =40V, “L" level = 1.0 V)
5 MOVXB obj, xadr16 -
A 3 MOVXB obj, [RA] $
| " g
l s1 s2 i s1  s2 s1  S2 |

System clock

—
Py
{0

P7 to P4

Port set value

(A15 to AO)

U
>}< Port set value

P8.0

(RD)

PA, P9
(D7 to DO)

Port set value

Input data >—< Port set value

]
——ie— lpo
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(2) For Writing to External Memory

(@ When the CPU operates at 32.768 kHz

Parameter Symbol Condition Min. Typ. Max. Unit
Write Cycle Time twe — — 61.0 —
Address Setup Time tas — — 30.5 —
Write Time tw — — 15.3 —
s
Write Recovery Time twr — — 15.3 — .
Data Setup Time tos — — 45.8 —
Data Hold Time ton — — 15.3 —
(b) When the CPU operatesat 2 MHz (Vp =3.5t0 7.2 V)
Parameter Symbol Condition Min. Typ. Max. Unit
Write Cycle Time twe — 1.0 — —
Address Setup Time tas — 0.4 — —
Write Time tw — 0.2 — —
S
Write Recovery Time twr — 0.2 — — .
Data Setup Time tos — 0.7 — —
Data Hold Time ton — 0.2 — —
AC characteristics timing
(“H” level =4.0V, “L" level =1.0V)
MOVXB [RA], obj
. MOVXB xadr16, obj O
[ ]
I I
1 S1 S2 s1 S2 S1 S2
System clock
I I
e twe »
} [}
A Port set val >:(Add t t>:< P | Voo
ort set value ress o
(A15 to AO) valu ' utpu : ort set value a
1 !
i i
PA, P9 N v Voo
(D7 to DO) Port set value ' Output data A Port set value
1! ml ss
:: tos _’H_:‘_tDH
! ¢ . ’l "
1! i IR
P8.1 ! 1 1T Vooi
JE— I o\ r I
(WR) E E —H—L—tWR Vss
I I I :
tAS tW

Appendix — 46



ML63295A User’'s Manual
Appendix F

Appendix F Instruction List

The format used in the list of instructionsis indicated bel ow.

INSTRUCTION CODE FLAG

MNEMONIC OPERATION WC15141312 1110/9/8|7|6|5/43|2|1|0|Z|C|G

Il [ —

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.
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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 G

MOV direct,A direct - A 122 2]0|0|ry|rolre|re|r|re|rs|r|r|h|n|n|— —
MOV [HL],A [HL] < A 1{1|o0|o|ojo|o|1|ofo|ojof1]|0|O|O|O|O|—|—]|—
MOV [XY],A [XY] « A 1{1|/o0|o|ojo|o|1|of0|O|Of1]|1|0|0O|O|O|—|—]|—
MOV E:[HL],A E:[HL] - A 1{1|o0|o|ojo|o|1|o|o|ojofo|Oo|O|O|O|O|—|—|—
MOV E:[XY],A E:[XY] « A 1{1|/o0|o|ojo|o|1|0|0|O0|O|O|1|0O|0O|O|O|—|—]|—
MOV [HL+],A [HL] « AJHL « HL+1 1({1|0|oflo|0|O|1|0|O|0O|O|21|0O|1|0|0]|0O|— v
MOV [XY+],A [XY] « A, XY « XY +1 1{1|o|o|o|o|o|1a|oflo|o]joOof1|1|2|0|O]|O0O]|— v
MOV E:[HL+],A E:[HL] « A,HL « HL+1 1({1|0|o0|lo|0|O|1|0|O|O|O|O|O|1|0O|0O]|0O|— v
MOV E:[XY+],A E:XY] « A, XY « XY +1 1{1|o0|o|o|o|o|1|oflo|o|O|O|1|2|0|O]|O0O]|— v
MOV \cur #i4 cur,A — i4 12020 |0|ig|in|iz]io|r|relrs|rs|ra|r|rn|r]|V —
MOV [HL],#i4 [HLLA — i4 1{1|o|ojojofofafafo|o|a|a]|O]|il|i|ilil]V —
MOV [XY]#i4 [XY],A < i4 1{1|o|ojojofofafafofofafa|a]lig|i|ili]V —
MOV E:[HL],#i4 E:[HLLA < i4 1{1(o|o|ojofo|a|a|o|o|a|0]|0]il|i|ilil]V —
MOV E:[XY]#i4 EIXY]A < i4 1{1|o|ojojofofafafo|ofa|o|a]ig|i|ilil]V —
MOV [HL+] #i4 [HLLA < i4, HL « HL +1 1(2(0]0[0]{0[0|2|{2]{2]0|2{2]0]|ig]in]ii]io]V v
MOV [XY+] #i4 [XY],A « i4, XY « XY +1 1{1fo|ojojofofafafafofala|alig|i|ili]V v
MOV E:[HL+],#i4 E:[HLLLA <« i4,HL « HL+ 1 112(0]0[0]{0[0|2]{2]2]0|2]{0]|0]|ig]|in]|ii]io]V v
MOV E:[XY+]#i4 E:[XY],A < i4, XY « XY +1 1(2(0]0[0]|0[0|2|{2]|2]0|2{0]|1]|ig]in]ii]io]V v
MOV A #i4 A i4 1{1(o|ojojofojofofa|a|a|o|O]|ig|i|ilil|V|—|—
MOV A, direct A « direct N o ' P O A I 8 0 I 0 O I 0 I I I I —
MOV A,[HL] A « [HL] 1{1|/o0|o|ojo|o|o|1|1|o|of1|O|O|O|O|O]|V|—|—
MOV A,[XY] A < [XY] 1{1|/o0|ofo|o|ofo|1|2|0|O|2|1]|0|O|O0|O|V|—|—
MOV A,E:[HL] A — E:[HL] 1{1|o0|o|ojo|o|o|1|1|0|0|O|O|O|O|O|O|YV —
MOV A,E:[XY] A — EXY] 1{1|o0|o|ojo|o|o|1|1|o]ofO|1]|0|lO|O|O|YV —
MOV A,[HL+] A« [HL],HL « HL+1 1{1|0|oflo|o|of0|1|2|0|Of2|0O|1|O|0O|O|V v
MOV A,[XY+] A« [XY], XY « XY +1 1{1|o0|o|ojo|o|of1|a|o|of1|21|2|o|O]|O|V v
MOV A,E:[HL+] A <« E[HL], HL « HL +1 1{1|0|oflo|o|of0|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|ojo|o|o|1|1|o|ofO|1|2|0O|O]|O|YV v
XCH A,sfr A o sfr 1200 2]0|2|2]|2]|O]|r|r|rs|r|r|Hn|n|rn|— —
XCH A\cur A o cur O 0 o o S P I R O O I Ay —
XCH A|[HL] A o [HL] 1{1|/o|o|ojo|o|o|1|1]|ojof1]|o|OfO|O|L]|—|—]|—
XCH A,[XY] A o [XY] 1{1|o0|oflo|o|ofo|1|2|lo0|Of2|1]|O0|O0|0O|L|—|—|—
XCH A E:[HL] A o E:[HL] 1{1|/o|o|ojo|o|o|1|1]|o]of0o|O|O|O|O|L|—|—]|—
XCH A E:[XY] A o E:XY] 1({1|0|oflo|0|Oo|0O|1|2|0|OfO|1|0O|O|0O]|1|— —
XCH A [HL+] A o [HL],HL « HL+1 1{1|o0|o|o|o|o|o|1|1|o]O|1|O|2|O|O|1]|— v
XCH A,[XY+] A o [XY], XY « XY +1 1{1|o0|o|ojo|o|o|1|1|ojOf1|21|2|O|O|1]|— v
XCH A E:[HL+] A o EJHL],HL « HL+1 1({1|0|oflo|0|Oo|O|1|2|0|OfO|O|1|O|0O]|1|— v
XCH A E:[XY+] A o E[XY], XY « XY +1 1{1|o0|o|ofo|o|o|1|1|o]oOfO|1|2|O|O|1]|— v
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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 < {ssfre} « C, A < sfr 1(2(0]{0[2]{0[0|0|2]|0]|r|r|rs|r|r|n|n|n|V|V|—
ROL \cur C « {scurg} « C, A — cur 1(1(0]{0[1]{2]{0|0|1]|0]|r|r|rs|r |r|r|n|r|V|V|—
ROL [HL] C < {3[HL]} « C, A « [HL] 1({1|/o0|oflo|o|of1]|0|0|0|Of2|l0|O|2|1|O|V|V]|—
ROL [XY] C « {i[XY]s} « C,A < [XY] |1|1|0|0|0|0ofO|21|0ofO0|O|Of1|2|O|1|2|0O|V|V]|—
. C « {{E:[HL]}} < C,
ROL E:[HL] A EHL] 1|/1|o0|o|o|o|o|1|0o|0|O|O|O|O|O|2|2]|O|V]|V]|—
) C < E[XY]} < C,
ROL E:[XY] A EXY] 1({1|/o0|oflo|o|of1]|0|0|0|O|O|1|O|2|1|O|V|V]|—
C « {;[HL]} -~ C, A « [HL],
+
ROL [HL+] HL — HL+1 1|1|o0|o|o|o|o|1|o|0|o|O|21|O|2|2|2|O|V|V]|V
C « {IXY]} « C, A « [XY],
+
ROL [XY+] XY XY + 1 1{1|o0|ofo|ofof1]|0|Oofo|Of2a|2|1|a|1|O|V]|V]|V
C « {{E:[HL]}} < C,
: +
ROL E:[HL+] A« EHL], HL  HL +1 1|/1|o0|o|o|o|o|1|0o|0|0|O|O|O|2|2]|2|O|V|V]|V
C « {E[XY],} ~ C,
. +
ROL E:[XY+] A EXY], XY < XY +1 1{1|0|ofo|ofof1]|0|O0|o0|OfO|21|1|a|1|O|V]|V]|V
ROR sfr C - {;sfrg} - C, A — sfr 1(1(0]{0[2]{0[0|0|1|L]|r|re|rs|r |r|r|n|r|V|V|—
ROR \cur C - {scury} - C, A — cur 1100 2|2]{0|0|1|2]|r|r|rs|r |r|r|n|rn|V|V|—
ROR [HL] C - {3[HL]} - C, A « [HL] 1{1|/o0|ofo|o|of1]|0|O0fo|Of2|o|O|2|1|2|V]|V]|—
ROR [XY] C o {[XY]e} - C,A <« [XY] |1|12|0|0|ojofOo|21|of0|OojOf1|2|O|2|2|2|V|V]|—
) C - {;E:[HL]} - C,
ROR E:[HL] A < EqHL] 1{1|/0|oflo|o|of1]|0|0|0|OfO|O|O|2|1]|2|V]|V]|—
) C - {zE:[XY]} - C,
ROR E:[XY] A EXY] 1|/1|o|o|o|o|o|1|o|o|o|o|Oo|2|O|2|2|2|V]|V]|—
C - {5[HL]s} - C, A — [HL],
+
ROR [HL+] HL — HL +1 1{1|o0|ofo|ofof1]|0|ofo|Of2|o|1|a|1|2|V]|V]|V
C - {[XY]} - C, A « [XVY],
+
ROR [XY+] XY« XY + 1 1{1|o0|ofo|ofof1]|o0|ofo|Ofa|a|1|a|1|2|V]|V]|V
C - {;E:JHL} - C,
. +
ROR E:[HL+] A« E-HL], HL  HL +1 1|1|o0|o|o|o|o|1|o|o|o|O|O|O|2|2|2|2]|V|V]|V
C - {zE:[XY]} - C,
: +
ROR E:[XY+] A EXY], XY < XY +1 1{1|o0|ofo|ofof1]|0|ofo|OfO|21|1|a|1|2|V]|V]|V
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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
INC sfr sfr, A — sfr+1 112(0[{0[2]{0[0|0[0|0|r|rg|rs|r|[rs|r|rn|rn|V]|V
INC \cur curA — cur+1 111(0[{0[2]{2[0|0[0|0|r|rs|rs|ry|rs|r|rn|rn|V]|V
INC [HL] [HLJLA <« [HL] + 1 1{1|0|o0fo|o0|of1|0|2|0|O|2|0]|O|O|O|O|V|V
INC [XY] [XY],A < [XY]+1 1|1|o|o|o|o|o|1|0o|1|0|O|2|2|O]|O|O]|O|V]|V
INC E:[HL] E:[HL],A < E;[HL] +1 1|/1|o|o|o|o|o|1|0|2|0|O|O|O|O|O|O|O|V]|V
INC E:[XY] EIXY],A « E][XY]+1 1{1|0|0fo|o0|of1|0|2|0|O|O|1]|0O|O|O|O|V|V
[HLL,A < [HL] + 1,
+
INC [HL+] HL « HL+1 1|1|o|o|o|o|o|1|0o|1|0|O|2|O|2]|O|O]|O]|V]|V
[XYLLA < [XY] +1,
+
INC [XY+] XY« XY + 1 1{1|o0|ofo|o|of1|0|2|lo0|Of2|2]|1|O|O|O|V|V
E:[HL],A < E:[HL] + 1,
[HL+
INC E:[HL+] HL « HL+1 1|1|o|o|o|o|o|1|0|1|0|O|O|O|2|O|O|O]|V]|V
E:[XY].A — E[XY] +1,
. +
INC E:[XY+] XY o XY + 1 1{1|o0|ofo|o|of1|0|2|0|O|O|1]|1|O|0|O|V|V
DEC sfr sfr,A — sfr—1 111(0[{0[2]{0[0|0[0 |1 |r|re|rs|r |[rs|r|rn|r|V]|V
DEC \cur cur,A —« cur—1 111(0{0[2]{2[0|0[0|1|r|re|rs|r |[rs|r|rn|r|V]|V
DEC [HL] [HLLA < [HL] -1 1{1|o0|ofo|o|of1|0|2|0|O|2|0]|O|O|O|1]|V|V
DEC [XY] [XY],A < [XY]-1 1|1|o|o|o|o|o|1|o|1|0|O|2|2|O|O|O|2| V]|V
DEC E:[HL] E:JHL],A « E;[HL] -1 1|1|o|o|o|o|o|1|0|2|0|O|O|O|O|O|O|L2]| V]|V
DEC E:[XY] E:[XY],A <« E[XY]-1 1|1|o|o|o|o|o|1|0o|1|0|O|O|2]|O|O|O|2| V]|V
[HLL,A < [HL] -1,
+
DEC [HL+] HL  HL +1 1{1|o0|ofo|o|of1|0|2|lo|Of2|lO|1|O|O|1|V|V
[XYLA < [XY]-1,
+
DEC [XY+] XY« XY + 1 1{1|o0|ofo|o|of1|0|2|o|Of2a|a]|1|OfO|1]|V|V
E:[HL].A < E:[HL] -1,
[HL+
DEC E:[HL+] HL « HL+1 1|1|o|o|o|o|o|1|0o|1|0|O|O|O|2]|O|O|2]| V]|V
E:XY],A < E:[XY] -1,
. +
DEC E:[XY+] XY o XY + 1 1{1|o0|ofo|o|of1|0|2|lo|OfO|21]|1|O|O|1]|V|V
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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 1(2(0]{0[2]{0[0|2]{0|0]|r|r|rs|r|r|n|n|n|V|V|—
ADD \cur,A cur,A — cur+A 1(1(0]{0[2]{2]{0|21]{0|0]|r|r|rs|r |r|r|n|r|V|V|—
ADD [HL],A [HLLA < [HL] + A 1({1|/o0|ofo|o|of1]|0|2|0|O|2|l0|O|O|1|O|V|V]|—
ADD [XY],A [XY],A < [XY]+A 1|/1|o|o|o|o|o|1|o|1]|o|Oo|2|2|O|O|2|O|V]|V]|—
ADD E:[HL],A E:[HLL,A « E[HL] + A 1({1|/0|oflo|o0|of1]|0|2|0|O|O|O|O|O|1|O|V]|V]|—
ADD E:[XYLA EIXY],A « EJXY]+A 1{1|/o0|oflo|o|of1]|0|2|0|O|O|1|0|O|1|O|V]|V]|—
[HLL,A < [HL] + A,
+
ADD [HL+],A HL « HL+1 1|1|o0|o|o|o|o|1|o|1]|0|O|2|O|2|O|2|O|V|V]|V
[XYLLA < [XY] +A,
+
ADD [XY+],A XY« XY + 1 1{1|o0|ofo|ofof1]|0|2|o|Of2a|1|1|Oo|1|O|V]|V]|V
E:[HL].A < E:[HL] + A,
. +
ADD E:[HL+],A HL « HL+1 1|/1|o0|o|o|o|o|1|0o|1]|0]|0|O|O|2|O|2|O|V|V]|V
E:XY]L,A < EXY] +A,
: +
ADD E:[XY+],A XY o XY + 1 1{1|o0|ofo|ofof1]|0|2|lo0|OfO|1|1|O|1|O|V|V]|V
ADD \cur,#i4 cur,A — cur+i4 1{1[2]0[0|0|ig|ip|iz]|ig|rs|re|rs|tsa|Pa|la|r|r|V]|V|—
ADD [HL] #i4 [HL],A < [HL] + 4 1|1]olojolo]ojo|olofa|ola|o]|i|i|ilic|V]|V|—
ADD [XY],#i4 [XYLLA < [XY] +i4 1({1|0|ofo|ojofo|o|o|da|O|2a|d]|ig|i|lif]ig|V]|V]|—
ADD E:[HL] #i4 E:[HL],A < E:[HL] +i4 1|1]ololofo]ojo|olo|1]|o]o|o]|i|i|ili|V]|V|—
ADD E:[XY],#i4 E:JXY],A — E:[XY] +i4 1/1|o|ojojofofo|o|olz|ofo|1|iy|i|ili|V]|V]|—
. [HL],A « [HL] +i4, .
ADD [HL+],#i4 HL « HL+1 1|1|o0|o|o|o|o|o|o|1]|2]|0]|2]|0]|is|i|i|i|V]|V]|V
. [XYLA < [XY] +i4, _
ADD [XY+],#i4 XY« XY + 1 1(2(0]{0[0]{0[0]|0[0|2|{2]{0|2|2]|ig|in|iy|io|V]|V]V
, . E:[HL],A < E:[HL] + i4, _
ADD E:[HL+].#i4 HL  HL +1 1(2[0]{0[0]{0[0]|0[0]|2[2]{0[{0]|0|ig|in|iy|io|V]|V]V
, . E:XY],A < E:[XY] + 4, _
ADD E:[XY+],#i4 XY« XY + 1 1|1]|0|o|o|o|o|o|o|1]|2]|0|O|2]is|i|i|i| V]| V]|V
ADC sfr,A sfr,A « sfr+ A+ C 1100 21]|0|0|2|O|2]|r|r|rs|r|r|n|n|n|V|V|—
ADC \cur,A cur,A —« cur+A+C 1100 2|2]{0|2|0|1]|r|re|rs|r |ra|r|n|r|V|V|—
ADC [HL],A [HLLA <« [HL]+A+C 1{1|o0|ofo|ojof1]|0|2|o|Of2|lo|O|O|1|2|V|V]|—
ADC [XYLA [XY],A « [XY]+A+C 1|/1|o|o|o|o|o|1|o|1]|o|o|2|2|O|O|2|2]|V]|V]|—
ADC E:[HL],A E:JHL],A « Ei[HL]+A+C 1|/1|o|o|o|o|o|1|o|1|o|O|O|O|O|O|2|2]|V]|V]|—
ADC E:[XYLA E:[XYL,A « E[XY]+A+C 1{1|/o0|ofo|o|of1]|0|2|o|OfO|1|O|O|1]|2|V|V]|—
[HLLA < [HL]+ A+ C,
+
ADC [HL+],A HL « HL+1 1|1|o0|o|o|o|o|1|o|1]|o|o|21|O|2|O|2]|2]|V|V]|V
[XY],A < [XY]+A+C,
+
ADC [XY+],A XY« XY + 1 1{1|o0|ofo|ofof1]|of2|ofjOofa|2|1|o|1|2|V]|V]|V
E:[HL],A < E:[HL] + A+ C,
. +
ADC E:[HL+],A HL « HL+1 1|1|o0|o|o|o|o|1|o|1]|0|0|O|O|2|O|2|2]|V|V]|V
E:[XY]L,A <« E[XY]+A +C,
: +
ADC E:[XY+],A XY o XY + 1 1{1|o0|ofo|ofof1]|0o|2|o|OfO|21|1|O|1|2|V]|V]|V
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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} ! 1{1[0]{0[2]{0[0|2|1]|O]|r|re|rs|r |ra|{r|mn|r|v|Vy|—
cur,A — decimal adjustment
ADCD \cur,A U+ A ) ) 1l1lololalalola|aloln|n|nln|nlnlnlnlv]v|—
[HL],A — decimal adjustment
ADCD [HL],A 1|/1({0|0|0fl0|O|1|0|1|O0|O|2|O|O|L1]|O|O|V]|V|—
[HL] {[HL]+ A+ C}
[XY],A — decimal adjustment
ADCD [XY],A 1|/1f{o0|o|ofo|o|1|o|2a|ofo|2|2|O|21]|O|O|V]|V|—
(XY {IXY] + A+ C}
) E:[HL],A — decimal
ADCD E:[HL],A adjustment {E-HL] + A + C} 1|/1(o0|0|0fl0|O|1|0|1|0|0O|O|O|O|L1|O|O|V]|V|—
E:[XY],A « decimal
ADCD E:[XY],A . 1|/1f{o0|0|0f0|O|1f0|21|O0|O|O|2|O|L1]|O|O|V]|V|—
[xv] adjustment {E:[XY] + A + C}
[HLL,A — decimal adjustment
ADCD [HL+],A 1/1/0|o|ofojo|1fo|1|O0fo|2|Of1|2|OfO|V|V|V
[HL+], {HL]+A+C} HL « HL+1
[XY],A — decimal adjustment
ADCD [XY+],A 1/1(0|o0|0fojo|1fo|1|O0fo|2|1f1|2|OfO|V|V|V
[ ] {IXY]+A+C} XY « XY +1
E:[HL],A — decimal
ADCD E:[HL+],A adjustment {E:[HL] + A + C}, 1{1|o0|ofo|ofof1]|0|1|0|O|O|O|1|2|0|O|V|V]|V
HL « HL+1
E:[XY],A < decimal
ADCD E:[XY+],A adjustment {E:[XY] + A + C}, 1{1|o0|ofo|ofof1]|0|2|lo|OfO|1|1|a|0|O|V]|V]|V
XY « XY +1
cur,A — n-ary adjustment
ADCJ \cur,n {cur + C} 1100|021 ]|0|n|n|ng|rs|re|rs|rs|Pa|la|ri|{le|V]|V]|—
[HLL,A < n-ary adjustment
ADCJ [HL],n (HL] + C} 1|l1(0|o|ofojo|1|1]|0]|O0|0|[21]|O|0|n|n|ng|V]|V|—
[XY],A < n-ary adjustment
ADCJ [XY],n (XY] + C} 1{1](0]|o0|o|ojo|1|1]{0|0|O|1]|21|O|n|n|ng|V]|V]|—
) E:[HL],A — n-ary adjustment
ADCJ E:[HL],n (E:[HL] + C} 1/1({0|o|ofo|o|1|1]|0]|0|0|O0|O|O|n|n|ng|V]|V|—
E:[XY],A « n-ary adjustment
ADCJ E:[XY],n 1|/1/0|0|0f0|O|1|1]|0|0O|0O|O]|1]|O VIiv|—
(X1 {E:[XY] + C} i
[HLL,A < n-ary adjustment
ADCJ [HL+ 1|/1/0|0o|0fo0|O|1|1]|2]|0f0|21]|0O]|O ARAR
[HL+L.n {[HU +C}, HL « HL + 1 M2 | M| Mo
[XY],A < n-ary adjustment
ADCJ [XY+],n 1|/1/0|0|0f0|O|1|1|2]|0f0O|21]|1]|O ARARY
[XY+] {IXY] + C}, XY < XY +1 Mz M| Mo
E:[HL],A — n-ary adjustment
ADCJ E:[HL+],n 1|/1|/0|0|0f0|O|1|1|2|0|l0|0O]|O]|O ARARY
[HL+] {EHL] + C}L HL « HL +1 Mz M| Mo
E:[XY],A « n-ary adjustment
ADCJ E:[XY+ 1|/1/0|o|0f0|O|1|1]|2]|0|l0|O]|1]|O ARAR
pXY+ln (E:[XY] + C}, XY < XY +1 M2 | M| Mo
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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 11001 |o|Oo|a|2|a]|r|r|rs|r|rp|n|n|n|V|V|—
SUB \cur,A cur,A — cur—A 1100 21|2]{0|2|2|2]|r|r|rs|r |r|rL|n|rn|V|V|—
SUB [HL],A [HL]LA < [HL]-A 1({1|/o0|ofo|o|of1]|0|2|o|Of2|o|O|2|O|L|V]|V]|—
SUB [XY],A [XY],A < [XY]-A 1|/1|o|o|o|o|o|1|o|1]|o|Oo|2|2|O|2|O|2|V]|V]|—
SUB E:[HL],A E:HLLA « E[HL]-A 1(1|o0|ofo|o|of1]|0|2|o0|O|O|O|O|2|O|L1|V]|V]|—
SUB E:[XY],A EIXY],A « EXY]-A 1({1|o0|ofo|ojof1]|0|2|o|OfO|1|O|2|O|2|V]|V]|—
[HLLA < [HL] - A,
+
SUB [HL+],A HL o« HL+1 1|1|o0|o|o|o|o|1|o|1]|o|O|21|O|2|2|O|2]|V|V]|V
[XYLA < [XY]-A,
+
SUB [XY+],A XY« XY + 1 1/1(0|{o|o0fojo|1fo|1|Ofo|2|1f1|2|OfL|V|V|V
E:[HL],A — E:[HL] - A,
. +
SUB E:[HL+],A HL « HL+1 1|1|o0|o|o|o|o|1|o|1]|0]|0|O|O|2|2]|O|2]|V|V]|V
E:[XY],A « E[XY]-A,
: +
SUB E:[XY+],A XY o XY + 1 1/1(0|{o0|0fojo|1fo|1|O0f0|O|1|1|21|Of21|V|V|V
SUB \cur,#i4 cur,A « cur—i4 LT 1[2]0[0 |1 ig|ip|iz]|ig|rs|re|rs|ra|Pa|la|r|r|V]|V|—
SUB [HL],#i4 [HLLA ~ [HL] -4 1|1]|o|o|o|ojojo|r|o|r|O|2|O]i|i|i]|ic|V]|V]|—
SUB [XY],#i4 [XYLLA < [XY]-i4 1{1|o0|ofo|ojofo|1|{o|a|O|a|d]|igli|lif]ig|V]|V]|—
SUB E:[HL],#i4 E:[HLLA < E[HL] —i4 1|/1|ofojojofofo|a|o]1|o|o|o|i|ililil|V]|V|—
SUB E:[XY]#i4 E:XY],A — E:[XY]-i4 1l1]ojo|o|o|ofofafofr|o|o|1|iy|ililic]|V]|V]|—
. [HL],A ~ [HL] -4, .
SUB [HL+],#i4 HL « HL+1 1|1]|o]|o|of|o|o|o|1|2]|2]|O]|2]|0]i|i|i|ic| V]| V]|V
. [XY],A < [XY]-i4, )
SUB [XY+],#i4 XY« XY + 1 1(2(0]{0[0]{0[0]O0|2]|2|{2]0|2]|2]|ig|in]iy|io|V]|V]V
, . E:[HL],A — E:[HL] —i4, _
SUB E:[HL+],#i4 HL - HL +1 1(2[0]{0[0]{0[0]|0[2]2][2]{0[|0]|0|ig|in|ii|io|V]|V]|V
, . EXY]A « E:XY]-i4, _
SUB E:[XY+] #i4 XY« XY + 1 1|1]|o]|o|of|o|o|o|1|2]|2]|0|O|2]is|i|i|ic| V]| V]|V
SBC sfr,A sfrA « sfr—A-C 1(2(0]{0[2]{0[2]0|0|0]|r|r|rs|r|r|rmn|n|rn|V|V|—
SBC \cur,A cur,A « cur—A-C 1(1(0]{0[1]{2][2]0|0|0]|r|r|rs|r |ra|r|n|r|V|V|—
SBC [HLLA [HLL,A < [HL]-A-C 1({1|o0|ofo|o|of1]|0|2|o|Of2|lo|O|2|1|O|V|V]|—
SBC [XY],A [XY],A < [XY]-A-C 1|/1|o|o|o|o|o|1|o|1]|o|o|2|2|O|2|2|O|V]|V]|—
SBC E:[HL],A E:[HL],A « Ei[HL]-A-C 1|/1|o|o|o|o|o|1|o|1]|o|Oo|O|O|O|2|2|O|V]|V]|—
SBC E:[XY],A E:[XY],A <« EiXY]-A-C 1{1|/0|ofo|o|of1]|0|2|o|OfO|1|O|2|1|O|V|V]|—
[HLLA < [HL]-A-C,
+
SBC [HL+],A HL o« HL+1 1|1]|o0|o|o|o|o|1|o|1]|o|O|2|O|2|2|2|O|V|V]|V
[XY],A < [XY]-A-C,
+
SBC [XY+],A XY« XY + 1 1{1|o0|ofo|ofof1|o|2|ofOf2a|2|1|a|1|O|V]|V]|V
E:[HL],A « Ei[HL]-A-C,
. +
SBC E:[HL+],A HL « HL+1 1|1|o0|o|o|o|o|1|o0|1]|0|O|O|O|2|2|2|O|V|V]|V
EXY]A < EiXY]-A-C,
: +
SBC E:[XY+],A XY o XY + 1 1{1|o0|ofo|ofof1]|0|2|o|OfO|21|1|a|1|O|V|V]|V
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Appendix F

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} ! 1100 2]|0|21]|0|0O|2]|r|r|rs|r|r|n|n|n|V|V|—
cur,A — decimal adjustment
SBCD \cur,A {cur— A—C} ) 1100 2|2][2]0|0|L]|r|re|rs|r |r|r|n|r|V|V|—
[HL],A — decimal adjustment
SBCD [HL],A (HL]-A—C} 1({1|0|ofo|ojof1]|0|2|o|Of2|o|O|2|1]|2|V]|V]|—
[XY],A — decimal adjustment
SBCD [XY],A XY]-A—C} 1|/1({o0|o|ofojo|1|oja|ofof2|2|Of2]|2|L|V]|V|—
) E:[HL],A — decimal
SBCD E:[HL],A adjustment {E:[HL] — A — C} 1({1|o0|ofo|o|of1]|0|2|o0|OfO|O|O|2|1]|2|V]|V]|—
) E:[XY],A « decimal
SBCD E:[XY],A adjustment {E-XY] - A — C} 1{1|o0|ofo|ojof1]|0|2|o|OofOf1|O|2|1|2|V]|V]|—
[HLL,A — decimal adjustment
+
SBCD [HL+],A {(HL]—=A—-C} HL « HL+1 1/1(o0]lo|ofojo|1fo|1|ofo|2|Of2|a|1|2|V|V|V
[XY],A — decimal adjustment
+
SBCD [XY+],A (XY] = A—Ch XY « XY +1 1{1|o0|ofof|ofof1]|ofa|ofjOofa|a|2|a|1|2|V]|V]|V
E:[HL],A — decimal
SBCD E:[HL+],A adjustment {E:[HL] — A - C}, 1{1|0|ofo|o|of1]|O0|1|0|OfO|O|1|21|1|1(|V]|V]|V
HL « HL+1
E:[XY],A < decimal
SBCD E:[XY+],A adjustment {E:[XY] - A - C}, 1{1|o0|ofo|ofof1]|o|2|o|OofOo|2|1|a|1|2|V]|V]|V
XY « XY +1
cur,A — n-ary adjustment
SBCJ \cur,n {cur - C} yad 1100|021 |1|n|n|ng|ry|re|rs|rs|Pa|lla|ri|{le|V]|V]|—
[HLL,A < n-ary adjustment
SBCJ [HL],n (HL] - C} 1|l1(o0|o|ofojo|1|1]|o|o|o|2|O|1|n|n|ng|V]|V|—
[XY],A < n-ary adjustment
SBCJ [XY],n (XY] - C} 1{1](0]|o|o|ojoj1|1|{o|o|O|1|1|1]|n|n|ng|V]|V]|—
) E:[HL],A — n-ary adjustment
SBCJ E:[HL],n (E:[HL] - C} 1|l1({o0|o|ofojo|1|1]|o|0|0|O|O|1|n|n|ng|V]|V|—
) E:[XY],A « n-ary adjustment
SBCJ E:[XY],n (EXY] - C} 1{1](0]|o0|o|o|o|1|1]{0|0|0|O|1]|1]|n|n|ng|V]|V]|—
[HLL,A < n-ary adjustment
+
SBCJ [HL+],n {HL] = C}, HL < HL +1 1l1(o]o|ofojo|1f2|r|ofo|2]|OfL]|n|n|ne|V|V|V
[XY],A < n-ary adjustment
+
SBCJ [XY+],n (XY] = C} XY < XY +1 1]1]{0]ojojofo|1|1|1|o|Oo|1|1]|1]|n|n|ng|V]|V]|V
E:[HL],A — n-ary adjustment
: +
SBCJ E:[HL+],n (EHL] - C}, HL  HL +1 1/1{0]|0|0|0|0|21]|1]2]{0]|0|0|O0O|1]|ny|n|ng|V]|V]|V
E:[XY],A « n-ary adjustment
XY+
SBCJ E:[XY+],n (E:[XY] = C} XY < XY +1 1l1(o0]o|ofojo|1f1|1|ofo|o|1|1]|n|n|ne|V|V|V
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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 1100 2]|0[21]|0|2]|O]|r|r|rs|r|r|n|n|n|V|V|—
CMP \cur,A cur—A 11002 |21][2]0|21]|0]|r|r|rs|r |r|r|n|rn|V|V|—
CMP [HL],A [HL] - A 1{1|/o0|0|ojo|o|1|ofo|ojOof1|O|O|1|O|O|V|V]|—
CMP [XY],A [XY]-A 1{1|/o|o|ojofo|a|ofo|ojof1|1|of1|O|O|V|V]|—
CMP E:[HL],A E:[HL] - A 1{1|/o0|0o|ojo|o|1|of0|0|jOfO|O|O|1|O|O|V|V]|—
CMP E:[XY],A E:XY]-A 1{1|/o0|0o|ojo|o|1|ofo|ojofO|1|O|1|O|O|V|V]|—
CMP [HL+],A [XY]-A, HL « HL+1 1{1|o|o|ojofo|1|ofo|o|of1|o|a|2|o|O|V| V]|V
CMP [XY+],A [XY]-A, XY « XY +1 1{1|o0|ofo|ofof1]|0|O0fo0|Of2a|21|1|a|O|O|V|V]|V
CMP E:[HL+],A EJHL]-A,HL « HL+1 1{1|/o|o|ojofo|1|ofo|o|ofo|o|a|1|o|O|V|V]|V
CMP E:[XY+],A E:XY]—A, XY « XY +1 1{1|o0|ofo|o|of1]|0|O0|0|O|O|1|1|a|0|O|V]|V]|V
CMP \cur #i4 cur—i4 {1 2]0[ 2|0 |ig|ip|iz]|ig|rs|re|rs|ra|ra|la|r|r|V]|V|—
CMP [HL]#i4 [HL] - i4 1{1(o|ojojofo|afafo|a|ofa|o]|ig|i|ili|V|V]|—
CMP [XY],#i4 [XY]-i4 12000002 ]{2]|0|2]{0|2]|2]|ig|in]iy]lio|V]|V]|—
CMP E:[HL],#i4 E:[HL] - i4 1{1(o|ojojofo|afafo|a|ofo|O]|i|i|ili|V|V]|—
CMP E:[XY]#i4 E:[XY]-i4 1(2](0]0[0|0[0]|2][2]0]|2]{0]|0]|1]|ig|iy|iy]io|V]|V]|—
CMP [HL+] #i4 [HL] —i4, HL « HL+1 1{1folojojofo|afafa|a|ofa|o]|ig|i|i|ic|V|V]|V
CMP [XY+],#i4 [XY]—i4, XY « XY +1 1(2(0]{0][0]|0[0]2]{2]{2|{2]0|2]|2]|ig|in]ii|lio|V]|V]V
CMP E:[HL+],#i4 E:[HL] —i4, HL -« HL+ 1 1(2(0]{0[0]{0[0]|2][2]{2]{2]{0[{0]|0]|ig|in|ii|io|V]|V]|V
CMP E:[XY+],#i4 E:;XY]—i4, XY < XY +1 1|1]olololololalalala|olo|a]|i|i|ili|v]|Vv|V
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Appendix F

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 11001 |o{21|Oo|2|2]|r|r|rs|r|r|n|n|n|V|—|—
AND \cur,A cur,A « cur JA 1100 21|2]{2]|0|2|2]|r|r|rs|r |r|r|n|r|V|—|—
AND [HL],A [HL],A <« [HL]OA 1|/1f{o0|0|0fl0|O|1|0|O0|O|O|2]|O|0O|O|O|1|V]|—|—
AND [XY],A [XY],A < [XY]OA 1|/1f{o0|o|ofo|o|1|0|0|O|O|21|2|O0|0|O|1|V]|—|—
AND E:[HL],A E:[HL]L,A < E[HL]OA 1|/1{0|0|0|l0|O0|1|0|O0|O|O|O|O|O|O|O|1|V]|—|—
AND E:[XY],A EIXY],A « EJXY]OA 1|/1f{0|0|0fl0|O|1|0|O0|O|O|O|2|0O|0O|O|1|V]|—|—
[HL]L,A < [HL] OA,
+ _
AND [HL+],A HL - HL +1 1/1/0|o0|0f0|O0|1|0|O|OfO|2|O|1]|0]|O|1]|V v
[XY],A < [XY]OA,
+ J—
AND [XY+],A XY« XY + 1 1{1|0|ofo|o|of1]|0|O|0O|Of2|21|1|O|0O|2|V v
E:[HL],A « E:[HL] OA,
[HL+ —
AND E:[HL+],A HL - HL +1 1/1/0|o0|0f0|O0|1|0|O|O|lO|O|O|1]|O0|O|1]|V v
E:[XY],A « E[XY]OA,
TIXY 4 _
AND E:[XY+],A XY o XY + 1 1{1|0|ofo|o|of1|0|O|O0|OfO|1|1|O|0O|2|V v
AND \cur,#i4 cur,A — cur 0i4 {10 2]{0 |1 ig|ip|iz]|ig|rs|relrs|ta|Pa|la|r|r]|V|—|—
AND [HL],#i4 [HL],A < [HL] Oi4 1l1(o]o|ofojo|1(ojo|O|21|[2]|0|i]i|i|il|V|—|—
AND [XY],#i4 [XYLA <« [XY]Oi4 1{1|o0|ofo|ojofa]|ojofo|1|a|d]|igli|lif]ip|V|—]|—
AND E:[HL],#i4 E:[HL],A — E:[HL] Ui4 1l1(o0]o|ofo|o|1(0|O|O|21][0]|0|il]i|i|i]|V]|—|—
AND E:[XY]#i4 EIXY],A « E][XY] Oi4 1l1(o0|o|ofo|o|1(0|O|O|21[O]|L|ig]i|iy|ip|V]|—|—
. [HL],A < [HL] Oi4, N
AND [HL+],#i4 HL  HL +1 1l1(o]o|ofojo|1f{o|1|Of2|2]|O|iy]i|ilio|V]|—]|V
. [XYLA < [XY] Oi4, N
AND [XY+],#i4 XY« XY + 1 1(2(0]0][0]|0|0]|2]{0|2|0]|2|2]|1]|ig|i]ii|lip|V]|—]V
) . E:[HL],A — E:[HL] Oi4, N
AND E:[HL+]#i4 HL - HL +1 1(2(0]{0[0]{0[0]|2][0]|2]{0]{2]{0|0]|ig]|in]|ii|io|V]|—]V
) . E:[XY],A <« E:[XY] Oi4, N
AND E:[XY+] #i4 XY o« XY + 1 1l1(ofo|ofojo|1f{o|2|Of21|O|L|ig|i|ilio|V]|—]|V
OR sfr,A sfr,A — sfrOA 1100 21]|0[21]|2]|0|0O]|r]|r|rs|r|r|n|n|n|V|—|—
OR \cur,A cur,A « cur JA 1100 2|2[2]|2]{0|0]|r|r|rs|r|r|r|n|r|V|—|—
OR [HL],A [HL]L,A <« [HL]OA 1|/1(o0|0|0fl0|O0|1|0|O0|O|O|21]|O|O0O|O|2|O|V]|—|—
OR [XY],A [XY],A < [XY]OA 1|/1f{0|o|0ofo0|o|1|0|O|O|O|21|2|O0O|O0O|2|O|V]|—|—
OR E:[HL],A E:[HL],A « E:[HL]OA 1|/1/0|o0|0flo0|O0|1|0|O0|O|O|O|O|O|O|2|O|V|—|—
OR E:[XY],A EIXY],A « EJXY]OA 1|/1f{o0|0|0fl0|O0|1|0|O0|O|O|O|1|O|O|2|O|V]|—|—
[HLL,A < [HL] OA,
+ _
OR [HL+],A HL - HL +1 1/1/o0|o|0f0|O0|1|0|O|OfO|2|Of1]|0O|1|O]|V v
[XY],A < [XY]OA,
+ J—
OR [XY+],A XY« XY + 1 1{1|0|oflo|o|of1]|0|O|0O|Of2|21|1|O|1|O|V v
E:[HLL,A « E:[HL] OA,
[HL+ —
OR E:[HL+],A HL - HL +1 1/1/0|o0|0f0|O0|1|0|O|OfO|O|O|1]|0O|1|O]|V v
E:[XY],A « E[XY]OA,
XY 4 _
OR E:[XY+],A XY o XY + 1 1{1|0|oflo|o|of1|0|O|O0|OfO|1|1|O|1|0O|V v
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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 0i4 L2102 2]0|ig]in|iz]ig|lr|relrs|ra|ra|r|rn|r|V|—|—
OR [HL]#i4 [HL],A « [HL] Oi4 1{1(o|ojojofojofafo|o|a|a|o]|ig|i|ili]|V|—|—
OR [XY],#i4 [XYLA <« [XY]Oi4 1{1|o0|ofo|ojofo|1|{ofo|1|a|d]|ig|i|lif]ip|V|—]|—
OR E:[HL] #i4 E:[HLLA — E[HL] Oi4 1|1]ololofo]ojo|1|ofo|1]o|o]|i|i|ili|V|—|—
OR E:[XY]#i4 E:[XY],A < E[XY] Oi4 1/1|ofojojofofo|1]|olo|r|o|a|is|i|ilil|V|—|—
. HL],A « [HL] Oi4, N I I
OR [HL+],#i4 LL]HL[+1]I 112(0]{0[0]{0[0]|0[2]{2]{0|2]{2]|0]|ig]|in]iy|io|V]|—]V
. XY],A < [XY] Oi4, o
OR [XY+],#i4 E(Y]hXY[Jrl] ! 1{1(olojojofo|ofafr|o|a|a|a]ig|i|i|ic|V|—|V
. E:[HL],A « E:[HL] Oi4, N
OR E:[HL+],#i4 HL[ ]HL+1[]I 112(0]{0[0]{0[0]|0[2]2]{0]{2]{0|0]|ig]|in|iy|io|V]|—]V
. E:[XY],A — E:[XY] Oi4, .
OR E:[XY+] #i4 X\EH]XY+1[ 10 1{1(o|ojojofo|ofafr|o|a|o|a]lig|i|i|ic|V|—]|Y
XOR sfr,A sfr, A — sfrOA 110021 |o|21|2|Oo|2]|r|r|rs|r|rp|n|n|n|V|—|—
XOR \cur,A cur,A — curdA 1100|2122 |2]|O0|L]|r|r|rs|r |r|r|n|r|V|—|—
XOR [HL],A [HLLA < [HLIOA 1{1|/o0|o|ojofo|a|ofo|ojof1|o|OfO|2|2]|V|—|—
XOR [XY],A [XYLA <« [XY]OA 1({1|/0|ofo|o|of1]|0|O0f0|Of2|1|O|O|1]|2|V|—|—
XOR E:[HL],A E:[HL],A « EJHL]OA 1{1|/o0|o|ojo|o|1|ofo|ojofo|o|OfO|2|2]|V|—|—
XOR E:[XY],A EIXY],A « EXY]OA 1{1|/0|oflo|o|of1]|0|O0|0|O|O|1|O|O|1]|2|V|—|—
[HLJ,A < [HL]O A,
+ _
XOR [HL+],A HL o HL+1 1{1|o0|o|ojo|o|a|ofo|ojof1]|o|a|O|2|1]|V Vv
[XY],A < [XY] OA,
XOR [XY+],A XY« XY + 1 1{1|o0|ofo|ofof1]|0|ofo|Of2a|2|1|O|1|2|V]|—]|V
, E:[HL],A — E[HL] O A,
XOR E:[HL+],A HL  HL +1 1{1|o0|ofo|o|of1]|0|0|0|OfO|O|1|O|1|L|V|—]|V
, E:[XY].A — E:[XY] OA,
XOR E:[XY+],A XY XY +1 1{1|o0|o|o|o|o|1|0|l0|0|O|O 1|o0|1|21|V|—]|V
XOR \cur,#i4 cur,A — curdi4 {2022 |2 ]ig|ig]is]ig|lr|relrs|ra|ralralrnlrt|V|—|—
XOR [HL] #i4 [HL]LA « [HL] Oi4 1{1(o|ojojofojofofo|o|a|1|O]|iy|i|ili]V|—|—
XOR [XY]#i4 [XY],A < [XY]Oi4 1{1(o|o|ojofojofofo|o|a|1|a]is|i|i]ic]V]|—]|—
XOR E:[HL],#i4 E:[HLLA — EHL] Oi4 1|1]olojofo]ojo|olofo|1]o|o]|i|i|ili|V|—|—
XOR E:[XY],#i4 E:XY],A < E:[XY] O i4 1|1]olojolo]ojo|olofo|1]o|a|i|i|ili|V]|—|—
. HL],A « [HL] O 4, N I I
XOR [HL+]#i4 LL]EHL[+1] ! 112[0]{0[0]{0[0]|0[0|2]{0|2]{2]|0]|ig]in]ii]io|V]|—]V
. XY],A < [XY] Oi4, .
XOR [XY+] #i4 E(Y]hXY[-I-l] ! 1{1(olojojofo|ojofr|o|a|a|a]ig|i|i|ic|V|—]|V
. E:[HL],A « E:[HL] O i4, N
XOR E:[HL+] #i4 HL[<—]HL+1[ 10 1l1]olololololololz]olx]ololililili]v|—]v
. E:[XY],A « E:[XY] Oi4,
XOR E:[XY+],#i4 X\EH]XY+1[ 10 1{1(o|ojojofo|ojofr|o|a|o|a]|ig|i|i|i|V|—]|Y
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Mask Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION
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 masll(e%byAl ! ojofj1|o|1|a|a|a|r|r|rs|rn|np|n|n|n|V|——
Testi f all bits i t
MTST \cur,A meassll(r:e%(i)yaA IS i curno oflof1|afa|2|ala|r rlrs|ry|r|r|rn|n|V]|——
MTST [HL].A Testing of all bits in [HL] not ololololo|1lolo]olol1]|olol1]|ols]v]|—|—
masked by A
MTST [XY],A Testing of all bits in [XY] not ololololo|1lolololol1|1lol1]ols|v]|—|—
masked by A
. Testing of all bits in
MTST E:[HL],A E-[HL] not masked by A ojojo|ofo|j1|o|lo|o|O|O|O|O|1|O0O|L|V|—|—
. Testing of all bits in
MTST E:[XY],A E-[XY] not masked by A ojojo|ofoj1|ofo|o|OfOo|1|O|1|O0|L|V|—|—
Testing of all bits in [HL] not
+ _
MTST [HL+],A masked by A, HL — HL + 1 ojo|o|ofo|1|o0|lo|O|Of1]|O|1|1|O0]|2|V v
Testing of all bits in [XY] not
+ J—
MTST [XY+],A masked by A, XY — XY + 1 o|loflo|o|of1|0fOofOo|Of2a|2|1|a|O|2|V v
Testing of all bits in E:[HL] not
[HL+ —
MTST E:[HL+],A masked by A, HL — HL + 1 ojo|o|ofo|1|0|l0|O|OfO|O|1|1|0]|2|V v
Testing of all bits in E:[XY] not
TIXY 4 _
MTST E:[XY+],A masked by A, XY — XY + 1 o|loflo|o|o|1|0|0|0|OfO|1|1|2a|O|2|V v
Testing of all bits in cur not
MTST \cur,#m mas:(e% by#ml ncu 101 |1 |my{mymy|m|ry|re|rs|rs|Fa|l|rn|f|V|—|—
MTST [HL]#m Testing of all bits in [HL] not ololololol1lololz]ol1]o|m|m|m|m|v|—|—
masked by #m
MTST [XY].#m Testing of all bits in [XY] not ololololo|1lolo|1lo]1]1|m|m|m|m|v|—|—
masked by #m
MTST EHL#m | cSung of allbitsin EJHL] not ololololol1lololz]olo]o|m|m|m|m|v|—|—
masked by #m
MTST EXY]#m | csung of allbitsin E:XY] not ololololo|1lolo|1lo]o]1|m|m|m|m|v|—|—
masked by #m
Testing of all bits in [HL] not
+ _
MTST [HL+],#m masked by #m. HL  HL + 1 ojo|o|ofo|1|of21|2]|0|1]0|mym,(m,|my|V Vv
Testing of all bits in [XY] not
+ J—
MTST [XY+],#m masked by #m, XY < XY + 1 ojo|ojo|of1|o|1|1]|O]|1]|1]|mymy|m|m,|V v
Testing of all bits in E:[HL] not
THL + _
MTST E:[HL+],#m masked by #m, HL  HL + 1 ojo|o|o|o|1|0|1]|1]|0]|0]|O|mylmy|m|m,|V v
Testing of all bits in E:[XY] not
XY+ —
MTST E:[XY+],#m masked by #m. XY — XY +1 ojo|o|ofo|1|of1|2]|0|0]|2|mym,(m,|my|V Vv
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Mask Operation Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION wWi|C
15(14|13|12(11|10|/9 |8|7|6|5[4|3|2|1|0|Z|C|G
Clearing of all bits in cur not
MCLR \cur,#m masked by #m, A — cur 120 2][0]|2 [myimym|mglr|relrs|rs|ra|rh|n|f|V|—|—
Clearing of all bits in [HL] not
MCLR [HL],#m masked by #m. A — [HL] 1|/1(o0|o|ofojo|1|0|0|O|1][2]|0|mim,|m, |my|V|—|—
Clearing of all bits in [XY] not
MCLR [XY],#m masked by #m, A [XY] 1{1](0|o0|o|ojo|1|0o|O|O|2|1]|1|mymym|m,|V|—]|—
Clearing of all bits in
MCLR E:[HL],#m E:[HL] not masked by #m, 1{1|o0|ofo|ojof1]|ofofo|1]|O|0|mm|m|m|V |—]|—
A < E[HL]
Clearing of all bits in
MCLR E:[XY],#m E:[XY] not masked by #m, 1({1|o0|ofo|ojof1]|o0fof0|1|O|1]|mm|m|m|V|—]|—
A < E[XY]
Clearing of all bits in
MCLR [HL+],#m [HL] not masked by #m, 1{1|o0jofof|ofofa]|of2|o|1|2|0|mm|m|m|V|—]|V
A < [HLL,HL « HL+1
Clearing of all bits in
MCLR [XY+],#m [XY] not masked by #m, 1({1|0jofo|o|Oof21]|O0|1|0|1|2|1]|myim,|m|my|V|—]|YV
A < [XY], XY « XY +1
Clearing of all bits in
MCLR E:[HL+],#m E:[HL] not masked by #m, 1{1|o0|ofo|ofof1]|0|2|0|1][O0|0]|mm|m|m|V|—]|V
A < EJHL],HL « HL+1
Clearing of all bits in
MCLR E:[XY+],#m E:[XY] not masked by #m, 1({1|0{0fo0|0|O|2]|0|2|0|2[0|1]|myim,|m|my|V|—]|YV
A < EIXY], XY <« XY +1
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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
Setting of all bits in cur not
MSET \cur,#m masked by #m. A — cur 120 2]2]|0 |my|mym|mglr|relrs|rs|ra|rh|n|f|V|—|—
Setting of all bits in [HL] not
MSET [HL],#m masked by #m. A — [HL] 1|/1(0|o|ofo|o|of1|0|O|1][2]|0|mim,|m, |my|V|—|—
Setting of all bits in [XY] not
MSET [XY],#m masked by #m, A - [XY] 1{1(0|o0|o|ojojo|1]{Oo|O|2|1]|1|mymym|m,|V|—]|—
Setting of all bits in
MSET E:[HL],#m E:[HL] not masked by #m, 1{1|o0|ofo|ojofo|1|{ofo|1|O|0|mm|m|m|V |—]|—
A « E:J[HL]
Setting of all bits in
MSET E:[XY],#m E:[XY] not masked by #m, 1({1|0|ofo|ojofo|1|{of0|1|O|1]|mm|mm|V|—]|—
A < E:[XY]
Setting of all bits in
MSET [HL+],#m [HL] not masked by #m, 1{1|o0jofo|ofofo|1|a|o|1|2|0|mm|m|m|V|—]|V
A <« [HL,HL « HL+1
Setting of all bits in
MSET [XY+],#m [XY] not masked by #m, 1({1|0jofo|ofofoO|1|{1|O0|1|2|1]|mym,|m|my|V|—]|YV
A < [XY], XY « XY+1
Setting of all bits in
MSET E:[HL+],#m E:[HL] not masked by #m, 1{1|o0|ofo|ofofo|1|2|0|1][0|0]|mm|m|m|V|—]|V
A < E[HL],HL « HL+1
Setting of all bits in
MSET E:[XY+],#m E:[XY] not masked by #m, 1({1|0jo0fo|o|OfO|1|{2|0|1[0|1]|mym,|m|my|V|—]|YV
A < EXY], XY « XY +1
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Mask Operation Instructions (continued)

INSTRUCTION CODE FLAG
15|14|13|12(11{10|9|8|7|6|5(4|3|2|1|0|Z|C|G

MNEMONIC OPERATION w|C

Inverting of all bits in cur not
MNOT \cur,#m maskedgby#m A - cur {202 2|2 |mymym|mglr|re|rs|rs|ra|rh|n|f|V|—|—

Inverting of all bits in [HL] not
MNOT [HL],#m masked by #m, A - [HL] 1/1{0|0|0f0|0|0f0|O|O|1[1]|0 |myimy\m|m|V|—|—

Inverting of all bits in [XY] not
MNOT [XY],#m masked by #m, A [XY] 1{1(0|0|0|o|o|o|O0|O|O|2|1]|1|mymym|m,|V|—]|—

Inverting of all bits in
MNOT E:[HL],#m E:[HL] not masked by #m, 1{1|/o0|ofo|ojofo|o|of0|1][O|0|mm|m|m|V |—|—
A < EilHL]

Inverting of all bits in
MNOT E:[XY],#m E:[XY] not masked by #m, 1({1|/0|ofo|ojofo|o|OfO|1][O|1]|mm|m|m|V|—]|—
A < E:[XY]

Inverting of all bits in
MNOT [HL+],#m [HL] not masked by #m, 1{1|o0|ofo|ofofo|o|2|0|1|[2|0|mm|m|m|V|—]|V
A < [HL], HL « HL+1

Inverting of all bits in
MNOT [XY+],#m [XY] not masked by #m, 1({1|0jofo|o|Oof0|O|1|0|1|2|1]|mym,|m|my|V|—]|YV
A < [XY], XY « XY +1

Inverting of all bits in
MNOT E:[HL+],#m |E:[HL] not masked by #m, 1{1|o0|ofo|ofofo|Oo|2|0|1][O0|0|mm|m|m|V|—]|V
A < EJHL],HL « HL+1

Inverting of all bits in
MNOT E:[XY+],#m |E:[XY] not masked by #m, 1({1|0|0f0|0|O|0|O|2|0|1[0|1]|myim,|m|my|V|—]|YV
A < EXY], XY « XY +1
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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 T2 ]o]2|a|n|m|n|nm|r|re|rs|r|r|n|n|n|V|—|—
BTST [HL].n Bit testing of [HL].n 1{1|o0|ofojojof1]|o|of21]|O|2|0|n|n|n|ng|V|—]|—
BTST [XY].n Bit testing of [XY].n 1{1|o0|ofo|ojof1]|ojofa|of2a|d]|n|n|n|ng|V|—]|—
BTST E:[HL].n Bit testing of E:[HL].n 1{1|o0|ofojojof1]|o|of21]|0|O|0O]|n|n,|n|ng|V|—]|—
BTST E:[XY].n Bit testing of E:[XY].n 1{1|o0|ofo|ojof1]|ojof2]|o|O|1]|n|n|n|ng|V|—]|—
Bit testing of [HL].n,
+]. —
BTST [HL+].n HL - HL+1 1]1](0]o|ojojo|1|{o|1|21]{O|1]|O]|n|ny|n|ny|V v
Bit testing of [XY].n,
+]. —
BTST [XY+].n XY« XY + 1 1l1](o|lo|ofojo|1fo|a|1|o|a|2|n]|n]|n|n,]|V Vv
Bit testing of E:[HL].n,
THL+T. _
BTST E:[HL+].n HL — HL+1 1]1(0]|0|0|0o|0|21]|0|21]21]{0|0|O0]|n|ny|n|ng|V v
Bit testing of E:[XY].n,
IXY+]. —
BTST E:[XY+].n XY« XY + 1 1/1{o0|o|oflojo|1|0o|1]|21|0]0O ng{n,[n|ng| v Vv
BCLR \cur.n cur.n « 0, A « cur 1202 ]{0|2|n|m|n|m|r|re|rs|r|r|n|n||V|—|—
BCLR [HL].n [HL].n < 0, A « [HL] 1|1f{o|o|ofojo|1|ojo|o|1|a]|O|n|n]|n|ng|V]|—|—
BCLR [XY].n [XY].n < 0, A < [XY] 1|1f{o]o|ofojo|r|ojo|o|1|a|a|n|n]|n|ng|V]|—|—
BCLR E:[HL].n E:[HL].n < 0, A — E:[HL] 1/1|o|ojojofof1|o]|o]o|z|o|o|n|n|n]|n]|V]|—|—
BCLR E:[XY].n E:XY].n < 0, A < E:[XY] 1|1]lololofo]|ol1|o|ofo|1]o|1|n|n|n|n|V]|—]|—
[HL].n < 0, A — [HL],
+]1. —
BCLR [HL+].n HL « HL +1 1]1](o0]o|ojojo|1|{o|1]|Oo|21|{1]|O]|n|ny|n|ny|V v
[XY].n < 0, A < [XY],
+]. —
BCLR [XY+].n XY« XY + 1 1l1](o|lo|ofojo|1fo|a|ofa|a|2|n]|n]|n|n,]|V Vv
E:HL].n < 0, A — E:[HL],
THL+T. _
BCLR E:[HL+].n HL — HL +1 1/1(0]|o0|ojo|o|1|0|21]|0|21]{0|O0]|n|ny|n|ng|V v
E:[XY].n < 0, A — E:[XY],
BCLR E:[XY+].n 1]1](0]o|ojo|o|1|o|1|o|1|{O|1]|n|n|n|ng|V]|—]|V
XY « XY+1
BSET \cur.n cur.n « 1, A « cur {20 2]{2|0|n|m|n|m|r|re|rs|r|r|n|n|n|V|—|—
BSET [HL].n [HL].n « 1, A < [HL] 1|1f{o]lo|ofojo|of1]o|o|1|a]|O|n|n]|n|ng|V]|—|—
BSET [XY].n [XY].n <« 1, A < [XY] 1{1|o0|ofo|ojofo|1|{ofo|1|a|d]|n|n|n|ng|V|—]|—
BSET E:[HL].n E:[HL].n < 1, A — E:[HL] 1/1|o|ojojofofo|1]|o]lo|z]o|o|n|n|n]|n]|V]|—|—
BSET E:[XY].n E:XY].n < 1, A — E:XY] 1|1]lololofo]ojo|1|ofo|1]o|1|n|n|n|n|V]|—|—
[HL]l.n < 1, A — [HL],
+]. —
BSET [HL+].n HL  HL +1 1]1(o0]o|ojojojo|1|2|Oo|1|{1]|O]|n|ny|n|ny]|V v
[XY]l.n < 1, A < [XY],
+]. —
BSET [XY+].n XY — XY +1 1l1](o|lo|ofo|o|ofa|a|ofa|a|2|n]|n]|n|n,]|V Vv
EjHLL.n < 1, A — E:[HL],
THL+T. _
BSET E:[HL+].n HL — HL +1 1/1(0]|0o|ojo|0o|Oo|1]|2]0|2]{0|O0]|n|ny|n|ny|V v
E:JXY].n < 1, A — E:[XY],
IXY+]. —
BSET E:[XY+].n XY« XY + 1 1l1](o|o|ofo|o|ofa|a|of1|o|1|n]|n]|n|n,]|V Vv
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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 L1022 n|m|n|n|r|re|rs|r|r|n|n|n|V|——
BNOT [HL].n [HL].n « [HL].n, A < [HL] 1{1(o|o|ojofojofofo|o|a|1|O]|n|n|n|ne|V|—]|—
BNOT [XY].n [XY].n < [XY].n, A < [XY] 1{1|o0|ofo|ojofo|ojofo|1|2a|d]|n|n|n|ng|V|—]|—
. E:[HL].n < E:[HL].n,
BNOT E:[HL].n A - EHL] 1{1(o|o|ojofojofofo|o|a|o|O]|n|n|n|n|V|—]|—
. E:[XY].n < E:[XY].n,
BNOT E:[XY].n A - EXY] 1{1(0]|o|o|o|jojo|o|o|lOo|1|O|1]|n|n|n|ng|V]|—]|—
[HL].n < AN, A < [HL],
+]. —
BNOT [HL+].n HL  HL +1 1/1(0]|o0|ojo|o|o|o|1]|O|21|{21]O]|n|ny|n|ng|V v
[XY].n < XYTn, A — [XY],
+]. —
BNOT [XY+].n XY © XY +1 1{1|o|o|ojo|ofofofa|o|a|1]|a|n|n,|n|no|V Vv
E:[HL].n < E:[HL].n,
THL+]. _
BNOT E:[HL+].n A CEqHL] HL « HL+1 1/1({0|0|0|0|0|0|0|21]0|2]{0|O0]|n|{ny|n|ny|V v
E:[XY].n < E:[XY].n,
IXY4]. —
BNOT E:[XY+].n A EXY] XY < XY +1 1{1|o|o|ojo|o|ofofr|o|a|o|2]|n|n,|n|no|V Vv
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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] [HLL[HL + 1] < (RA);5 4 1{2|olo]olojo|ol1]1]|olo]2r]|ofo]o|1|o|—|—|—
MOVHB [XY],[RA] [XY],IXY + 1] « (RA)5¢ 1l2|o|oflo|ojofo|1|21|lo|of2|l2|O|O|1]|0O|—|—|—
MOVHB E:[HL],[RA]  |E:[HL]E:[HL+1] « (RA)ss |1]2]|0]|0|0|0|0|0|2]21]|0]|0|0|0|0|O|1]0|—|—|—
MOVHB E:[XY],[RA] |E:IXY],EiXY +1] « (RA);ss|2|2|0|0|0|0O|O|0O|2]|2|0|0|O|2|0|O|2]|0|—|—|—
[HL],[HL + 1] « (RA)45s,
+ —_— —
MOVHB [HL+],[RA] HL — HL+2 1({2|o|ofo|o|ofo0o|1|2|0|Of2|O|1|0O|1]0 v
XYLIXY + 1] « (RA)iss,
+ —_— —
MOVHB [XY+],[RA] XY o XY + 2 1({2|o|ofo|o|ofoOo|1|2|0|Of2|1]|1|0|1]0 v
E:[HLLE:[HL + 1] « (RA)5.4,
[HL+ —|—
MOVHB E:[HL+],[RA] HL « HL + 2 1{2|o|oflo|ojo|lo|1|1|0|0|O|lO|1]|0|1]0 v
E:XY]LEIXY + 1] « (RA);5,
XY+ .
MOVHB E:[XY+],[RA] XY o« XY + 2 1({2|o|ofo|o|ofoOo|1|2|0|OfO|1]|1|0|1]0 v
ololo|o|o|lo|1|1|0o|0|2|0|O|2|0O]|O
MOVHB [HL],cadrl6 |[HL],[HL + 1] ~ (cadrl6),; 5 (2|3 —|—|—
M e N RN R A A
ololo|o|o|lo|1|1|o|O0|2|21]|0O|2|0O]|O
MOVHB [XY],cadrl6 |[XY],[XY + 1] « (cadrl6),s 5 |2 |3 —|—|—
Qs Ay, | Az |8p| Ay (8| Qg [Ag| A7 [Ag| A5 | Qg | A3 | Qx| Qg |
: : +1] < o|loflo|o|ofo|1|1|0|0O|O|O|O|21|0O]|O
MOVHB E:[HL],cadr16 EIHLLEHL + 1] 2|3 —| ==
(Cadr16)15—8 Q5|81 | Q43| |11 |89 B9 | 85 |87 |86 |85 By | 83| |4 | &
: : +1] < o|loflo|o|ofo|1|1|0|O|O|1]|0|2|0]|O
MOVHB E:[XY],cadr16 EXYLEXY + 1] 2|3 — ==
(Cadr16)15—3 Qs Ay, | Q5| Ay (8| Qg [Ag| A7 [As| A5 || A3 | Qx| A | Qg
HL],[HL + 1] « (cadrl6 o(oflojojofOof1|1|0f0O|1]|0O|1|1|0O]O
MOVHB [HL+],cadr16 (HLLL 1 s 2|3 — =V
HL — HL+2 as|ay |a, |, |y ] a8 |8 | ag | as | au | ay | &y | &y | &
XYLIXY + 1] < drl6 o|loflo|o|ofo|1|1|lo|Of2|1]|2|2|0]|O
MOVHB [XY+],cadr16 |\ 1L 1 - (cadrib)iss |, | 4 —|=lv
XY « XY +2 as |2y |, |, |a, a8 | as |8, |8 [ as | a, | ay | | &y | &
MOVHB E:[HLLE:[HL + 1] o3 ojo|ofo|o|of1|1]|0|O0fO|O|1|[1|0O]0O y
E:[HL+],cadrl6 (cadr16)15,8, HL « HL+ 2 as|a|as|a,|an|ae]a|ag|as|as|as|a, |as|a, | a; | a
MOVHB E:[XY],E:[XY + 1] « o 5 olojo|ofo|o|1|1|0|0|l0|21|1|1]|0]|0O J
E:[XY+],cadrl6 (cadrl6),5 g, XY « XY +2 Ay | Ay | @y |, | Ay a0 | 8 | 85| @7 | 86 | 85| @, | s |80 | @ | g
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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|o|ofo|ojofo|1|2|lo0|Of2|0|O|O|1]|L|—|—|—
MOVLB [XY],[RA] IXYLIXY + 1] « (RA),, 1{2|o|o|ojo|o|o|1|1]|ojof1]|1|ofO|2|L]|—|—]|—
MOVLB E:[HL],[RA]  |E:JHLLEHL +1] « (RA),, |1|2|o|o|o|o|o|o|1|1|o]o|ofojo|o|1|1|—|—|—
MOVLB E:[XY],[RA]  |E:XY].E:XY +1] « (RA),, |1|2]|0]|o|o|o|o|o|1|1|o|o|o|1|o|o|1|1|—|—|—
[HL][HL + 1] « (RA),,,
+ —_— —
MOVLB [HL+],[RA] HL — HL+2 1(2|o|oflo|o|ofoOo|1|2|0|Of2|0O|1|0O|1]|1 v
[XYLIXY + 1] « (RA),,
+ —_—] —
MOVLB [XY+],[RA] XY o XY + 2 1(2|o|oflo|o|ofoOo|1|2|l0|Of2|1]|1|0|1]|12 v
E:[HLLE:[HL + 1] — (RA),,,
[HL+ —|—
MOVLB E:[HL+],[RA] HL . HL+2 1|2|o|o|ojo|o|of1|1]|ojofO|O|2|O|21]|1 Vv
E:[XY],E:XY + 1] < (RA),,
XY+ =
MOVLB E:[XY+],[RA] XY o« XY + 2 1(2|o|oflo|o|ofoOo|1|2|0|OfO|1|1|0|1]|1 v
o|lo|oflo|o|jof1|1]|ojo|1|O|Of1]|0]|1
MOVLB [HL],cadr16 [HL],[HL + 1] ~ (cadrl6),, |2|3 —|—|—
| Ay, | Az |ap|ay a9 |8 |87 |8 |85 Q| A3 |Ax |y |
o|lo|oflo|o|jo|1|1]|ojof1|21|0of1]|0]|1
MOVLB [XY],cadr16 [XYLIXY + 1] « (cadrl6),, | 2|3 —|—|—
Q5| Ay | Q| A Ay | 8|7 |8 |5 | Q| Q3| Q |y |
: THL + 1] < o|lo|oflo|o|of1|2]|0|0|O|O|O|1]|0]|1
MOVLB E:[HL],cadr16 EIHLLEHL + 1] 2|3 — ==
(Cadr16)7—0 Qs |Ay| Q5|8 A (8| Qg [Ag| A7 [As| a5 || A3 | Qx| A | Qg
: XY +1] < o|lo|oflo|o|of1|2]|0|0fO|1|0f1]|0]|1
MOVLB E:[XY],cadr16 EXYLEXY + 1] 2|3 —|—1—
(Cadr16)7—0 Qs | g |3 |12 |8y |30 | B9 |8 | 87| 86|85 |8y | 83| 8|3y | &
HL],[HL + 1] ~ (cadrl6 olojo|ofojOo|1|1|0|Of1|0|21|1]|0|1
MOVLB [HL+],cadr16 (HLLI 1 Vo 2|3 — =V
HL — HL+2 A || 8| s 81 |0 B [ B0 | a7 |35 | 85| A | 8| By | &y | B
+1] « o|lo|oflo|ojof1|1]|ojof1|2|1|1]|0]|1
MOVLB [xY+],cadr1 |LN/PIXY +11 - (cadrl®)o | |, —|=lv
XY « XY +2 AN A BRI R E A R E LY
: JHL +1] < o|lo|oflo|o|of1|1]|ojofO|O|1|1]|0]|1
MOVLB E:[HL+],cadrl6 ETHLLEHL + 1] 2|3 — =V
(cadrl6), o, HL « HL+2 s | A | s 10 |2 |20 | B0 | B | A7 |36 | 85 | | 85| 2, | &y | &
: XY +1] < o|lo|oflo|o|jof1|1]|ojofO|21|1|1]|0]|1
MOVLB E:[XY+],cadrl6 EXVLEXY + 1] 2|3 —|—|v
(Cadr16)770' XY « XY +2 Qus | Ayg [ Q3| A1p |11 B0 8o | g |87 |86 | 85| 84| 85| |8y | &9
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External Memory 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
MOVXB [HL],[RA] [HL],[HL + 1] < (RA) 1|/2|o|lo|oflo|ofo|1f1|0fOo|1|O|0O|2|1]0|—|—|—
MOVXB [XY],[RA] [XY],[XY + 1] « (RA) 1|2|ofofofo|lo|o|1|21|o|o|2|2|of1|1|O|—|—|—
MOVXB E:[HL],[RA] E:[HL],E:[HL + 1] « (RA) 1|2|o|ofo|0o|oOo|Of1|1|{O0|OfO|O|O|2|2|O0|—|—|—
MOVXB E:[XY],[RA] E:[XY],Ei[XY + 1] « (RA) 1|2|o|ofofo|lo|o|1|1|o|0|Of2|Of1|1|O0|—|—|—
[HLL,[HL + 1] « (RA),
MOVXB [HL+],[RA] HL — HL +2 1|2|oflojofo|ojo|1|a|o|Oof1|Ofd|2|21]|O|—|—]|V
[XY][XY + 1] « (RA),
MOVXB [XY+],[RA] XY XY + 2 1|2|ofojo|o|ofof1|21|o|Of1|1|2|2|2|O|—|—]|V
E:[HLLE:[HL + 1] — (RA),
: + — | —
MOVXB E:[HL+],[RA] HL o« HL+ 2 1|2|o|ofofo|lo|o|1|1|0|0|O|Of1|1|1|O v
E:[XY],E:[XY + 1] < (RA),
TIXY 4 .
MOVXB E:[XY+],[RA] XY« XY + 2 1|/2|oflofjo|o|ofof1|21|0|OfOf1|2]|2]|1]|O v
MOVXB [RA],[HL] (RA) « [HL],[HL + 1] i1|3|ofofofo|lo|o|1|21|o|o|2|0fOf1|1|1|—|—|—
MOVXB [RA],[XY] (RA) « [XY]LIXY +1] 13|oflojofojofo|1|{1|OofOo|1|1|0|2|1]|L|—|—|—
MOVXB [RA],E:[HL] (RA) « E:[HL],E:[HL + 1] 1|/3|ofofo|o|ojo|1|1]|o|ofo|o|o|1|a|1|—|—|—
MOVXB [RALEIXY]  [(RA) « E:XY]E:XY +1] 1|/3|ofofo|o|ojo|1|1]|o|ofo|1|o|1|a|1|—|—|—
MOVXB [RA],[HL+] HL — HL +2 1(3|o|lo|ofo|ofo|1|a|ojOof1|Ofa|2|d]|L|—|—]|V
(RA) « [XY]LIXY + 1],
+ —_ —
MOVXB [RA],[XY+] XY XY + 2 1|3|o|ofofo|o|o|1|21|o|O|2|af2f1|1|2 v
) (RA) < E:[HL]E:HL + 1],
MOVXB [RA],E:[HL+] HL — HL +2 1(3|o0|lo|ofo|ofo|1|a|o|OofOo|O|2|2|2]|L|—|—]|V
(RA) < E:[XY],E:[XY + 1],
XY+ —|—
MOVXB [RA],E:[XY+] XY XY + 2 1|3|o|ofofo|o|o|1|1|0|O|O|2f2|1|1|2 v
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External Memory Transfer 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|Zz|C|G
olojo|o|ofof1|1]|1|1|1]|0|O]|O|O]|O
MOVXB [HL],xadr16 [HL],[HL + 1] « (xadr16) 23 —|—|—
A5 |8y, | A3 8y, |8y |Ay| Qg [Ag |87 |8 A5 |8y (A3 | Qx| Ay | A
olojo|lo|ofof1|1a]|1|1|1|2a]|o]|O|O]|O
MOVXB [XY],xadr16 [XY],[XY + 1] < (xadrl6) 23 —|—|—
A5 |8y, |38y, |8y Q)| Qg [Ag |87 | | A5 |8y (A3 | x| Qg | A
olojo|lo|ofof1|1]|1|1|0|O0|O]|O|O]|O
MOVXB E:[HL],xadr16 |E:[HL],E:[HL + 1] — (xadr16)|2 |3 — ==
Qs Ay, | Ay 8|y |8 | Qg [Ag |87 |8 [ A5 |8y (A3 | Az | Qg | A
olojo|lo|ofo|1|1]|21|1|0|1]|0|O|O]|O
MOVXB E:[XY],xadr16 |E:[XY],E:[XY + 1] —~ (xadrl6)|2 |3 —|—|—
Qg |8y, | Ay 8|8y |8 | Qg [Ag |87 |8p A5 |8y (A3 |z | Qg | A
HL],[HL + 1] < (xadrl6 olo|lo|o|o|o|a|afla|1|2|0]|2]|0]|0O]O
MOVXB [HL+].xadr16 |l -1 1 - (adrie), |, |, —|=lv
HL — HL+2 as |2y |8 || au 2| 3 | 85 | ar | a6 | as | &, | as | 8| &y | &
+1] < olo|lo|o|o|o|afaflaf2|2|2]|2]|0]|0O]O
MOVXB [XY+]xadr1g |DC PXY +1] = (@drl6), | —|=|v
XY « XY +2 Q5[ 814 | Qi3 | 1p| 8y [y Bg |85 |87 |85 |85 |8y |83 | |31 | A
E:[HL],E:[HL + 1] ~ (xadr16), ojo|o|ofofof1|2|1]|1|0|O|2|O|0O]|O
MOVXB E:[HL+] xadr16| =L -hE ] - (xadr16), ) |, —|=lv
HL - HL+2 A5 |8y, | A3 8y, |8y Q)| Qg [Ag |87 | Qs | A5 |8y (A3 | x| Ay | A
EXY],E]XY +1] < o|{0|0j0|0O|0O|2|21|21|212|0]|2]|21]|0]|0]O
MOVXB E:[XY+],xadr16 [XVIE:L ] 203 —|—|v
(xadr16), XY — XY +2 Qus | Aug | 43| Q15 |3y (349 | 8o (85 |87 |86 |85 |84 8518513,
olojo|o|ofof1|1]|1|1|1]|0|O|O|O]|1
MOVXB xadr16,[HL]  |(xadr16) — [HL],[HL + 1] 2|3 — ==
Qg Ay, | Ay 8|y |8 | Qg [Ag |87 |8 (A5 |8y (A3 | Az | Qg | A
olojo|o|ofo|1|1]|1|2|1|2]|0|O|O]|12
MOVXB xadr16,[XY] |(xadr16) — [XY],[XY + 1] 2|3 — ==
Qg |8y, | Ay 8|y |8 | Qg [Ag |87 |8p A5 |8y (A3 | Az | Qg | A
olojo|o|ofo|1|1]|1|2|0|0|O|O|O|1
MOVXB xadr16,E:[HL] |(xadrl6) — E:[HL],E:[HL+1]| 2|3 —|—|—
Qg |8y, | Ay 8|y |8 | Qg [Ag |87 |8p A5 |8y (A3 | Az | Qg | A
olojo|o|ofo|1|1]|1|2|0|2]|0|O|O]|1
MOVXB xadr16,E:[XY] |(xadrl6) — E:[XY],E:[XY +1]| 2|3 —|—|—
A5 |8y, | 3|8y, |8y Q)| Qg [Ag |87 |8 (A5 |8y (A3 | x| Ay |
adrl6) — [HL],[HL + 1], ojo|o|ofofof1|2|2|1|1|O0|2|0O|0O]|1
MOVXB xadr16,HL+] |*@dr16) « [HLI ] 2|3 —|=lv
HL - HL+2 A5 |8y, | A3 8y, |8y Q)| Qg [Ag |87 | Qs | A5 |8y (A3 | Qx| Qg | A
adrl6) — [XY],[XY + 1], ojo|o|ofofof1|2|2|1|1|2|2|{O|0O]|1
MOVXB xadr16,[xy+] |0@dri6) « XYL Lo1,s —|=lv
XY « XY +2 A5 |8y, |38y, |8y Ay | Qg [Ag |87 | Qs | A5 |8y Q3| x| Qg | A
xadrl6) — E:[HL],E: olofojo|ofOof1|1|12|2|lO|O|1|0OfO]1
MOVXB xadr16,E:[HL+] ( ) [HL] 203 —|—|v
[HL + 1], HL « HL +2 e e e N I E I R A R R E e Y
dr16) — E:[XY],E: olo|o|o|o|o|a|afl1|1|o|2]|21]|0]|0O]1
MOVXB xadr16,E:[xy+]|*2dr16) - EiXYl, 2|3 —|=|v
[XY + 1], XY « XY +2 N ERE e e I R E RN R E R E R EN En
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Stack 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|Zz]|C|G
(RSP) « {FLAG, A, HL},
PUSH HL RSP RSP + 1 i1(2|0f(0|0|lO|OfO|O|O|O|O|Of2]|Of|O|O|O|—|—|—
(RSP) — {CBR, EBR, XY},
PUSH XY RSP . RSP + 1 1l2|o|o|lo|ojo|lo|o|o|lo|ofo|l1|O|O|O]|L|—|—|—
RSP « RSP-1
POP HL ' 1/2|0|0f|0|O|O|O|O|O|O|O|O|2|O|O|21|O|V]|V]|V
{FLAG, A, HL} — (RSP)
RSP -« RSP -1,
POP XY 1l2|o|o|lo|ojoflo|o|jo|lo|ofo|l1|O|O|1]|1|—|—|—
{CBR, EBR, XY} — (RSP)
Flag 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
FCLR G G0 1{1|o|o|lo|o|jo|lo|o|o|lo|o|o|lo|O|O|1]|O|—|—]|V
FCLR C C<0 i1{1|/0|0f|0|O|O|O|O|O|O|O|O|O|O|Of2]|L|—|V]|—
FCLR Z Z -0 i1{1|/0|0f|0|O|O|O|O|lO|O|O|O|O|O|2|O0O|O|V|—|—
FSET G G-1 1{1|o|o|lo|o|jo|lo|o|o|lo|o|o|lo|O|21|1]|0O|—|—]|V
FSET C C<1 i1{1|/0|0|0|O|O|O|O|O|O|O|O|O|O|2|2]|1|—|V]|—
FSET Z Z -1 1{1|/o0|o|lo|o|jo|lo|o|jo|lo|o|o|lo|1|o|O|O|V|—|—
Jump 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
ololo|o|o|lo|o|o|lOo|OfO]|1 1|0
LIJMP cadrl5 PC — cadrl5 2|2 — ==
0 |ay,|as|a,|a;|a,|a|ag|as|ag|as|as|ag|a|a|ay
JMP cadrl2 PC,, , « cadrl2 1|1(21]1]|1|0]a,|ap|as|as|a;|as|as|as|as|a,|ay|ay|—|—|—
SJIMP radr8 PC ~ Next PC + radr8 1{1({0|{0|0|0|1|0|0|a,|1l|as|as|as|as|a|a|a|—|—]|—
JMP PC + A PC - PC+A+1 i{1|o0f(0|O0flO|OfO|OfO|OfO|Of2|Of2|2|2|—|—|—
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Conditional Branch Instructions

INSTRUCTION CODE

MNEMONIC OPERATION
15|14|13|12|11|10{9|8|7|6|5|4|3|2|1|0|Zz|C|G
BC radr8 if C = 1then
BLT radr8 PC  Next PC + radr8 (<) 0[0[0(0|1|0|1l|a;|0|as|as|as|as|a|a,|ay|—|—|—
BNC radr8 if C =0 then
BGE radr8 PC  Next PC + radr8 (2) 0[0[0(0|1|0|1l|a,|1l|as|as|as|as|a|a|ay|—|—|—
BZ radr8 If Z=1then
BEQ radr8 PC  Next PC + radr8 (=) 0(0|0(0|1|1|0|a,|0|as|as|as|as|a|a,|ay|—|—|—
BNZ radr8 If Z=0then
BNE radr8 PC  Next PC + radr8 (#) 0(0[0(0|1|1|0|a;|1|as|as|as|as|a|a,|ay|—|—|—
If (C=1)0(Z=1)then
BLE radr8 PC — Next PC + radr8 (<) 0|/0|0|0|1|1|1]|a,|0]|as|as|a,|as|a,|a|a|—|—|—
If (C =0) 0(Z=0) then
BGT radr8 PC — Next PC + radr8 () o|o|o0|0|1|1|1]|a|1]|as|as|a,|as|a,|a|a,|—|—]|—
if G =0 then
BNG radr8 IPC<_NextPC+radr8 0/0|0|0|1]|0|0]|a,|0]|as|as|a,|as|a,|a|a|—|—|—
Call/Return Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION
15(14(13|12|11{10/9|8|7|6|5|4|3|2|1|0|Z|C|G
- - ojofojojojofojo|jo0ojof0j1|(0j1|0|1
LCAL cadris (SP) « PC, PC — cadrl5, N
SP -~ SP+1 0 |ay|a,|a;,|an|an|d|@s|a7|@|as|as|as|a|a|a
SP) - PC, PC < cadrl2,
CAL cadrl2 (SP)<— P41 11-0 1(1(1]1a,|ap|as|ag|a,|as|as|a,|as|a,|a|a|—|—|—
RT PC<—(SP)+1,SP<—SP—1 o|jojojojojo|jojo|ojojojo|r|jo|1|1|—|—|—
- + - -
RTI ;?E(ip)l'spspl‘ o|lo|oflo|o|ofo|o|o|ofO|O|1|1|0]|0O|—|—|—
PC -« (SP)+1,SP - SP-1
RTNMI MIE - status of MIE before an ojojo|o|o|o|o|o|O|O|O|O|21|1|O0|1|—|—|—

interrupt occurs
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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/o0|0|0|0|O|0OfO0|O|O|lO|O|OfO|O|O|O|—|—|—
HALT HALT CPU 1|/1/o0|o|o0|o|o0|0f0|O|O|lO|O|OfO|O|O|1]|—|—|—
El MIEE « 1 1|/1(o0|o0|0fo0|O0|O0fO0|O|O|lO|O|Of21|2|1|0]|—|—|—
DI MIE - 0 1/1{0|o|ofo|o|O0fo|Oo|OfO|O|Of21|2|1|1]|—|—|—
INCB HL HL « HL+1 1/1/o0|0|0|0|O0|0OfO0|O|OfO|O|1|1]|0|O|0O|—|—|V
INCB XY XY « XY +1 1|/1/0|0|0|0|0|O0fO0|O|OfO|O|1(1]|0|O|1|—|—|V
INCW RA RA -« RA+1 1/1/0|o|ofjo|o|ofo|o|OfOo|O|1|1]|O|1|0|—|—|V
MOV CBR #i4 CBR - i4 111(o0|o|ofo|o|of0|O|O|O|2]|L|iy]i|iy|i|—]|—]|—
MOV EBR,#i4 EBR ~ i4 1l1(o0]o|ofojo|ofo|o|O|O|[2]|0|il]i]|i|i|—|—|—
MOV RAO,#i4 RAO - i4 111(0]{0|0f0|{0|0[2]0]|0|0[0]|0|i]|i,]|iy|lio|—]|—]|—
MOV RAL #i4 RAl ~ i4 1l1(o0]o|ofojo|of1|o|O|0O|O]|L|il]i|iy|i|—|—|—
MOV RA2 #i4 RA2 — i4 1l1(o0|o|ofojof|of1|o|O|0|2]|0|il]i|i|i|—|—|—
MOV RA3 #i4 RA3 — i4 111(o0|o|ofojo|of21|o|O|O|2]|L|iy]i|iy|i|—]|—|—
MOV H #i4 H - i4 1l1(o]o|ofojof|ofoja|ofo|a]|2|iy]i|i|i|—|—|—
MOV L. #i4 L ~i4 111(0|o|o0fo|o|Of0|2]|0|0[2]|0|il|ip]|iy|io|—|—|—
MOV X #i4 X « i4 1l1(o0]o|ofojo|ofo|a|O|0|O]|L|i]i|i|i|—|—|—
MOV Y #i4 Y ~i4 111(0]{0|0f0|0|0[0|2]|0|0[0]|0|il|iy]|iy|io|—]|—|—
MSA cadrl15 Melody output starts 2|3 0101010191010/01010101110111110 —|—|—

0 |ay|as|ag|an|ag|as|as|as|as|as|as|as|a|a,|a,
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Appendix G Mask Option

The ML63295A can select the crystal oscillation circuit or the RC oscillation circuit as the oscillation circuit of
the low-speed clock generator circuit by mask option.

To use the mask option, assign mask option data in the application program in accordance with the format bel ow.

Assignment of the mask option data does not affect the application program execution area, because the areas for
data assignment for each device are out of the program memory area.

e Dataassignment areafor ML63295A:

address 7FEOH

ML63295A Mask Option Data Assignment Format

Address

Function

Contents

Data

7FEOH

Low-speed
oscillation clock

Crystal oscillation/
RC oscillation

0: Crystal oscillation | 1: RC oscillation

Example of mask option data generation

«  Whenthe RC oscillation circuit is specified for the low-speed clock oscillation circuit in the ML63295A

ORG
DW

7FEOH
0001H

~ Usean assembler pseudo-instruction to set the address of option datato 7FEOH.
Low-speed oscillation clock, RC oscillation
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