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Preface

This manual describes the hardware of Oki's original CMOS 4-bit microcontroller ML63326.

Refer to the "nX-4/250 Core Instruction Manual" for details of the 4-bit CPU core nX-4/250
which is built in the ML63326.

The manuals related to the ML63326 are shown below.

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

e SASM63K User's Manual:
Describes the structured assembler operation and assembler language specifica-
tion.

e Dr. 63326 User's Manual:
Describes the hardware of the emulator.

e DT63K Debugger User's Manual:
Describes the debugger commands.

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 16
kilo-, K 210=1024
kilo-, k 103 = 1000
milli-, m 103
micro-, 106
nano-, n 10
second, s (lower case) second
KB 1 KB =1 kilobyte = 1024 bytes
MB 1 MB = 1 megabyte =22 bytes
= 1,048,576 bytes
B Symbol A
Note: Gives more information about mistakable items.
B Terminology “H” level Indicates high side voltage signal levelg &hd
Von as specified by the electrical characteristics.
“L” level Indicates low side voltage signal levelg \and

VoL as specified by the electrical characteristics.

B Register description

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

PBMODO  (032H) bit 3 bit 2 bit 1 hit 0
(R/W) | PBF — PB1MOD | PBOMOD
Bit name
Invalid bit
Address
R/W attribute

Register name
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Chapter 1 Overview

1.1 Overview

The ML63326 is a 4-bit microcontroller with built-in voice synthesis section and 1024-
segment dot matrix LCD driver.

The ML63326 is ideal for applications such as game machines, toys, and clocks, that have
LCD displays and synthesized voice outputs.

The ML63326 is a mask ROM product belonging to the M633xx series of the OLMS-63K
family with Oki's original nX-4/250 CPU core.

The ML63326 contains a 24K-word program memory, a 1536-nibble data memory, one 4-bit
input port, four 4-bit output ports, five 4-bit and one 2-bit I/0 ports, a shift register, an LCD
driver capable of driving a maximum of 1024 segments, and a voice synthesis section.

The voice synthesis section has a 12-bit D/A converter and a low-pass filter.

1.2 Features

The ML63326 has the following features.

a. Extensive instruction set
» 439 instructions
Transfer, rotate, increment/decrement, arithmetic operations, compare, logic
operations, mask operations, bit operations, ROM table reference, external
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
e Data memory bank internal direct addressing mode
c. Processing speed
e 2 clocks per machine cycle, with most instructions executed in 1 machine cycle
e Minimum instruction execution time: 61 us (@ 32.768 kHz system clock)
0.976 us (@ 2.048 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:
Crystal oscillation (4.096 MHz max.) or RC oscillation (2.048 MHz max.)
selected with software (During the crystal oscillation mode, the device operates
outputting the 1/2 frequency waveform of the source oscillation clock.)
e. Program memory space
o 24K words
e The basic instruction length is 16 bits per word.
f. Data memory space
» 1536 nibbles
g. External data memory space
e 64 Kbytes (expandable by using I/O port)
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h. Stack level

Call stack level Register stack level

i. Ports

16 16

Input ports:

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

Output ports:

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

1/0O ports:

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

Selectable as p-channel open drain output, n-channel open drain output, high
impedance output or CMOS output.

Can be interfaced to external devices having different power supplies.
Number of ports:

Input port Output ports 1/0O ports

1 port x 4 bits 4 ports x 4 bits 5 ports x 4 bits
1 port x 2 bits

j- Voice synthesis section

Algorithm: 4-bit ADPCM method/non-linear 8-bit PCM method/
straight 8-bit PCM method
Voice synthesis data area

Internal ROM: 1-Mbit mask ROM (128 Kbytes)
Stores voice data and character data, etc.
External ROM: 4-Mbit ROM (512 Kbytes max.)

Sampling frequencies
With a source oscillator of 4.096 MHz: 4.0 kHz, 5.3 kHz, 6.4 kHz, 8.0 kHz, 10.7
kHz, 12.8 kHz, and 16.0 kHz
Built-in 12-bit D/A converter
Built-in low-pass filter
Built-in melody circuit (MELODY)
Voice output duration
voice output duration = voice ROM capacity/bit rate
= voice ROM capacity/(sampling frequency x bit length)

<Example>

When algorithm = 4-bit ADPCM method,

voice ROM capacity = 512 Khits, and

sampling frequency = 4.0 kHz,

then the voice output duration = approx. 32.8 sec.
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k. Melody output (MELODY63K)

e Melody frequency: 529 Hz to 2979 Hz
e Tone length: 63 varieties
e Tempo: 15 varieties
e Melody data: Stored in program memory
e Buzzer driver signal output: 4 kHz
[. LCD driver
* Number of segments: 1024 segments max. (64 seg. x 16 com.)

e 1/1to 1/16 duty

e 1/4 or 1/5 bias (internal regulator)

e Selectable as all-ON mode, all-OFF mode, power down mode, and normal

display mode

» Adjustable contrast (16 levels @ Vpp = 2.4 V or more)
m. System reset function

e System reset by RESET pin

e System reset by power-on detection

e System reset by detection that low-speed clock has stopped oscillation
n. Battery check

e Function that detects battery low voltage

e Selection of judgment voltage by software (LD1 and LDO bit settings of

BLDCON)

LD1 | LDO Judgment voltage (V) Remarks
0 0 — Undefined
0 1 2.00 +0.10 Ta=25°C
1 0 2.20+0.10 Ta=25°C
1 1 2.40+0.10 Ta=25°C

0. Timers, counters
e 8-bit timer: 4 channels
Selectable as auto-reload mode, capture mode,
clock frequency measurement mode
e Watchdog timer: 1 channel

e 100 Hz timer: 1 channel
1/100 sec. measurement possible

e 15-bit TBC: 1 channel
1Hz,2Hz,4Hz,8Hz, 16 Hz, 32 Hz, 64 Hz,128 Hz signals
can be read

p. Shift register
e Shift clock: System clock x1 or x1/2, Timer 1 overflow, external clock
e Data length: 8 bits

g. Interrupt factors
External factors Internal factors
4 13
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r. Shipping products

Package Product
« Chip (159 pads) ML63326-xxx
« 176-pin flat package (176LQFP) ML63326-xxxTC

LQFP176-P-2424-0.50-BK
xxx indicates the ROM code number.

s. Operating temperature
e —20to +70°C

t. Power supply voltage
e 2.0to 5.5V (30 kHz to 2.048 MHz operating frequency: internal clock)
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1.3 Function List

Table 1-1 shows a list of the ML63326 functions. The solid black circles within the chart

indicate that the product has the particular function.

Table 1-1 Function List

Function Symbol ML63326 Reference page
ROM (x 16 hits) ROM 24576 —2-7
RAM (x 4 bits) RAM 1536 —2-8
STACK RAM CaII. STACK 16 levels —2-5
Register 16 levels —2-6
System reset generation circuit RST ® —3-2
Interrupt INT326 (] —4-1
Clock generator circuit 0SC [ —5-1
Time base counter TBC [ ] —6-1
Timers TIMER [ —7-1
100 Hz timer counter 100HzTC ® —8-1
Watchdog timer WDT o —9-1
Input port INPUT PORT 1 port x 4 bits —
Port 0 PO [ ] —10-2
Output port OUTPUT PORT 4 ports x 4 bits —
Port 4 P4 [ J
Port 5 P5 [ ]
—10-7
Port 6 P6 [ J
Port7 P7 [ J
I/0 port /0 PORT 5 ports x 4 b'ItS .
1 port x 2 bits
Port 8 P8 [ J
Port 9 P9 [ ] —10-15
Port A PA [
Port B PB [ ] —10-24
Port E PE ] —10-30
Port F PF  J —10-35
External memory transfer EXTMEM (] —11-1
Melody driver MELODY63K o —12-1
Voice synthesis VOICE SYNTHESIS ® —13-1
Shift register SFT (] —14-1
LCD driver COoM 16 lines
LCD - —15-1
SEG 64 lines
Display register (x 4 bits) DSPR 256 —15-4
Bias generator BIAS [ ] —15-6
Battery low detect circuit BLD o —16-1
Power supply circuit POWER ® —17-1
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1.4 Block Diagram

Figure 1-1 is the block diagram of the ML63326.

Asterisks (*) indicate the secondary function of each port. Signal names enclosed by chain

lines ( -—-. ) indicate interface signals of the Vpp, power supply system.

................................... NXA250 L
E%‘NG [cr | [H]L] [Ra] [ Pc | — ROM
i o | [EBR] [x[Y] [A ] (] 24K 16bits
: N
: G f D0-D7*
. BUS [, t
; RSP CON- K——)| EXTMEM
S , TROL | ) A0-Al5*
STACK t| insTRUCTION : ST
CAL.S : 16-levels E DECODER E %*
REG.S: 16-levels |+ b—-——J L1 Lo 4 LINT >
S
l<—— TMOCAP/TM1CAP*
RESET——>{ RST | ol bt |(::> o] TIMER  —>TMOOVFTM1OVE*
ST — V| 8bits x4 ;%8&
Vg%ﬁ T8T INT326 |<:> INT
— )
XTO 0SCL INT A—AL )kK——> SCLK*
XTH L|—K:> SFT SIN®
v > souT*
0SC0 K— INT
osc1:l oscH Ly 14
Voo 100HZTC N NPT K poo-pos
<~ 00Hz o——|  PORT [\
. INT 2
81 DOUBLER| 1 TR — = > P4.0-P4.3
o A
CB2 1|NT A\ outpur ,> P5.0-P5.3
Voot I/:‘ MELODY63K |(j:> N V| PORT > P6.0-P6.3
Vb2 > P1.0-P73
Vpp3 <—
Vops <—— BIAS > P80, Ps.t
Vops «<—— > P9.0-P9.3
01 < RN L/gRT i) PA.O-PA3
02 <— (=) PB.0-PB3
VopL €<—— INT /‘\‘: P
3} | () PEO-PES
) PFO-PF3
. , D [——) COMi-16
— &
DSPR :) SEG0-63
SP(+)
SP(-)
SPEN AMP2
SPIN
P N
«—+ ) VOICE BUSYB
AVoo INT 1} | INTERFACE ENVOICE
AOUT | AMP1 —
Phrase
DACOUT -
COl\bIJD Address Latch
i PCM v
MDB Multiplexer o DD
VRer 12-bit DAC Synthesuer C%?]?:gﬁzr | < Vppi
Tt= Vs

The voice synthesis section

ultiplexer
I Multipl MELODY
L3

ADPCM
Synthesizer 17-bit
Multiplexer

1

17-bit Address
Mbit ROM (JL)I Counter

Figure 1-1 ML63326 Block Diagram
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1.5 Pin Configuration

The ML63326 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).

O NMO—AMO~ANMO—ANMNO~ANMO—O~aAMO—NMNO—NMO~ NS

NC)
D
S

o4
\_,§§<>:>m§_888§§§vmmmgmmﬁ_mmmmmmggggggggggg’nmNEEEE
N A ST Rl = Pyt b g INp o g e Ny
SHEEANNECRICRNIR R R RIRN 2T ESEEIBSSSIEEEIIISHES
NC) = [133 88| = (NC)
NC) = | 134 87| = (NC)
NC) = 135 86| == (NC)
DACOUT = [ 136 85| F=PE.3
SP(-) == | 137 84| == PF.0
SP(+) = | 138 83| F=PF.1
SPIN = | 139 82| =3 PF.2
AQUT = | 140 81| F=PF.3
Vier o [ 141 80 -
op = 142 79| == SPEN
Vpp = | 143 78| = ENVOICE
COMT = (144 77| ==BUSYB
COM2 = | 145 76| =3 VTEST
COM3 = | 146 75| =3 TST2
COM4 = | 147 74| =3 TSTH
COMb5 = | 148 73| E=3 XT0
COM6 = (149 72| E3XT1
COM7 == | 150 71| = RESET
COM8 = |151 70| F=0SC0
SEGO = |152 69| = 0SCH1
SEG1 == [ 153 68| == Vi,
SEG2 = | 154 67| == Vp
SE63 =] | 155 66| E= cBd
SEG4 =] | 156 65 F=CB1
SEG5 = |157 64| =23 Vipy
SEG6 =] | 158 63| == ¢3
SEG7 = | 159 62| == G
SEG8 =] | 160 61| == Vpps
SEG9 = (161 60| == Vppy
SEG10 = (162 59| == Vs
SEG11 = |163 58| == Voo
SEG12 =] | 164 57| == Vo,
SEG13 = | 165 56
SEG14 = 166 55 :I:IC?)MHS
SEG15 = (167 54| =2 COM15
SEG16 = 168 53| = COM14
SEG17 = (169 52| =2 COM13
SEG18 = (170 51| = COM12
SEG19 = |171 50| = COM11
SEG20 = |172 49| =2 COM10
SEG21 = |173 48| =2 COM9
(NC) = |174 47| == (NG)
(NC) = [175 46| == (NG)
(NC) = | 176 45| == (NG)
O M T DO~ 0OP O NN T OO PPO =N TOONORO = NDT
T AT LOOWMNOOO ™ 7 7 7 7 7 7 ™ 7 ANNNNANANNANNNDMMMOMOMMMM T <<t <t <+
R N I R e i e v el et B et fr et REfay
Z(D(5(5(5(5(5(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7(_’7UUUUUUUUUUUUUUGGGGOOE
R nh h 6 303 05 05 5 05 05 05 5 5 5 05 63 03 03 05 05 05 5 5 5 65 65 5 65 03 03 0 05 65 9 69 5 9

Figure 1-2 ML63326 176-Pin LQFP Pin Configuration (Top View)
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NI NINI NI NN N NN —
CONOOBRWN—=-OO

118 PE.3
117 PF.O
116 PFA
115 PF2
114 PF3
13 Vpp
112 SPEN

ENVOICE

110 BUSYB
109 VTEST
108 TST2
107 TST1
106 XT0
105 XT1
104 RESET
103  0SCO
102 0SC1

101

VooL
100 Vpp
99 (B2
98 CB1
97 Voo
9 (2
95 (1
94 Vpps
93 Vpp4

111

O00000000000000000000000000000000000000000

O
|

O
O
O
O
O
O
O
O
O
O
O
O
|
O

OOooOoO0o0o0o0o0ooooooooooooa

ML63326

O000000000000000000000000000000000000000000

O

SEG7 24 (O
SEG8 25 (O
SEG9 26 (O
SEG10 27 (O
SEG11 28 (O
SEG12 29 (O
SEG13 30 (O
SEG14 31

SEG15 32 (O

 Chip size :5.824 mm x 6.370 mm

Coordinate origin : center of chip
Pad hole size : 100 wm x 100 um
» Pad size 2110 um x 110 um
e Minimum pad pitch  : 140 um

A Note: The chip substrate voltage is Vgs.

Figure 1-3 ML63326 Chip Pin Configuration (Top View)

SEG16 33 (O
SEG17 34 (O
SEG18 35 (O
SEG19 36 (O
SEG20 37 |O
SEG21 38 (O

Chip thickness : 350 um (280 um: available as required)

SEG63
SEG62
SEG61
SEG60
SEG59
SEG58
SEG57
SEG56
SEG55
SEG54
SEG53
SEG52
SEG51
SEG50
SEG49
SEG48
SEG47
SEG46
SEG45
SEG44
SEG43
SEG42
SEG41
SEG40
SEG39
SEG38
SEG37
SEG36
SEG35
SEG34
SEG33
SEG32
SEG31
SEG30
SEG29
SEG28
SEG27
SEG26
SEG25
SEG24
SEG23
SEG22
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Table 1-2 ML63326 Pad Coordinates

Center of chip: x=0,y =0

Pad No.| Pad name X (wm) Y (um) Pad No.| Pad name X (wm) Y (um)
1 DACOUT —2582 -3039 4 SEG24 2766 —2617
2 SP(-) —2442 -3039 42 SEG25 2766 —2476
3 SP(+) -2302 -3039 43 SEG26 2766 —-2336
4 SPIN -2162 -3039 44 SEG27 2766 -2196
5 AOUT -2022 -3039 45 SEG28 2766 -2056
6 VRer -1882 -3039 46 SEG29 2766 -1916
7 AVpp -1742 -3039 47 SEG30 2766 -1776
8 Vbp -1592 -3039 48 SEG31 2766 -1636
9 Com1 -1447 -3039 49 SEG32 2766 -1496
10 Ccom2 -1306 -3039 50 SEG33 2766 -1356
11 com3 -1166 -3039 51 SEG34 2766 -1216
12 Ccom4 -1026 -3039 52 SEG35 2766 -1076
13 COM5 -886 -3039 53 SEG36 2766 -936
14 COM6 -746 -3039 54 SEG37 2766 -796
15 comz -606 -3039 55 SEG38 2766 -656
16 Com8 -466 -3039 56 SEG39 2766 -515
17 SEGO -326 -3039 57 SEG40 2766 =375
18 SEG1 -186 -3039 58 SEG41 2766 -235
19 SEG2 -46 -3039 59 SEG42 2766 -95
20 SEG3 94 -3039 60 SEG43 2766 45
21 SEG4 234 -3039 61 SEG44 2766 185
22 SEG5 374 -3039 62 SEG45 2766 325
23 SEG6 514 -3039 63 SEG46 2766 465
24 SEG7 655 -3039 64 SEG47 2766 605
25 SEG8 795 -3039 65 SEG48 2766 745
26 SEG9 935 -3039 66 SEG49 2766 885
27 SEG10 1075 -3039 67 SEG50 2766 1025
28 SEG11 1215 -3039 68 SEG51 2766 1165
29 SEG12 1355 -3039 69 SEG52 2766 1306
30 SEG13 1495 -3039 70 SEG53 2766 1446
31 SEG14 1635 -3039 71 SEG54 2766 1586
32 SEG15 1775 -3039 72 SEG55 2766 1726
33 SEG16 1915 -3039 73 SEG56 2766 1866
34 SEG17 2055 -3039 74 SEG57 2766 2006
35 SEG18 2195 -3039 75 SEG58 2766 2146
36 SEG19 2335 -3039 76 SEG59 2766 2286
37 SEG20 2476 -3039 7 SEG60 2766 2426
38 SEG21 2616 -3039 78 SEG61 2766 2566
39 SEG22 2766 -2897 79 SEG62 2766 2706
40 SEG23 2766 -2757 80 SEG63 2766 2846
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Table 1-2 ML63326 Pad Coordinates (continued)
Center of chip:x=0,y=0

Pad No.| Pad name X (um) Y (um) Pad No.| Pad name X (wm) Y (um)
81 Ccom9 2609 3039 121 PE.O —2766 2492
82 COmM10 2469 3039 122 PB.3 —2766 2352
83 COM11 2329 3039 123 PB.2 —2766 2212
84 COM12 2189 3039 124 PB.1 —2766 2072
85 COM13 2048 3039 125 PB.0 —2766 1932
86 COM14 1908 3039 126 PA.3 —2766 1792
87 COM15 1768 3039 127 PA.2 —2766 1652
88 COM16 1628 3039 128 PAA1 —2766 1512
89 Vss 1488 3039 129 PA.0 —2766 1372
90 Vbb1 1348 3039 130 P9.3 —2766 1231
91 Vbp2 1208 3039 131 P9.2 —2766 1091
92 Vbb3 1068 3039 132 P9.1 —2766 951
93 Vbp4 928 3039 133 P9.0 —2766 811
94 Vbps 788 3039 134 P8.1 —2766 671
95 C1 648 3039 135 P8.0 —2766 531
96 C2 508 3039 136 P7.3 —-2766 391
97 VpbpH 368 3039 137 P7.2 —2766 251
98 CB1 227 3039 138 P7.1 —2766 111
99 CB2 87 3039 139 P7.0 —2766 -29
100 Vb -53 3039 140 P6.3 —-2766 -169
101 VbbpL -193 3039 141 P6.2 —2766 -309
102 0SC1 -333 3039 142 P6.1 —2766 —449
103 0SCo 473 3039 143 P6.0 —2766 -590
104 RESET —613 3039 144 P5.3 —2766 -730
105 XT1 753 3039 145 P5.2 —-2766 =870
106 XTO -893 3039 146 P5.1 —2766 -1010
107 TST1 -1033 3039 147 P5.0 —-2766 -1150
108 TST2 -1173 3039 148 P4.3 —2766 -1290
109 VTEST -1313 3039 149 P4.2 —2766 -1430
110 BUSYB -1453 3039 150 P4.1 —2766 -1570
111 ENVOICE -1593 3039 151 P4.0 —2766 -1710
112 SPEN -1734 3039 152 P0.3 —2766 -1850
113 Vbl -1874 3039 153 P0.2 —-2766 -1990
114 PF.3 -2014 3039 154 P0.1 —2766 -2130
115 PF.2 -2154 3039 155 P0.0 —2766 -2270
116 PF.1 -2294 3039 156 Vss —2766 —2411
117 PF.0 2434 3039 157 AVss —2766 —2551
118 PE.3 -2574 3039 158 MDB —-2766 —-2691
119 PE.2 —-2766 2772 159 MD —2766 —2831
120 PE.1 —-2766 2632
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1.6 Pin Descriptions

1.6.1 Descriptions of the Basic Pin Functions

The basic functions of the ML63326 pins are listed in Table 1-3. Use of a slash (/") in a pin
name indicates that the pin has a secondary function. Refer to section 1.6.2, "Descriptions
of the Secondary Pin Functions."

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

Table 1-3 Pin Description (Basic Functions)

ClassificationPin name|Pin No. Pad No.| I/0 Function
Vpp |67,143| 8,100 | — | Postive power supply pin
Vss |56, 128|189, 156 — | Negative power supply pin
Vpp1 57 90 Power supply pins for LCD bias (internally generated):
Vpp2 58 9 Connect capacitors (0.1 uF) between these pins and Vss.
Vb3 59 92 —
Vb4 60 93
Vbps 61 94
C1 62 95 Capacitor connection pins for LCD bias generation:
C2 63 96 Connect a capacitor (0.1 uF) between C1 and C2.
Power Supply Positive power supply pin for external interface
Voo 80 s | — (Power supply for input, output and 1/0 ports)
VoL 68 101 | — Positive power supply pin for internal logic (internally generated):
Connect a capacitor (0.1 uF) between pin and Vgs.
Voo 64 97 __ | Power supply pin for the high-speed clock generator circuit:
Connect a capacitor (1.0 uF) between pin and Vss.
CB1 65 98 Capacitor connection pins for Vppy generation:
CB2 66 99 Connect a capacitor (1.0 uF) between CB1 and CB2.
VREr 141 6 — | Pin for volume adjustment
AVpp 142 7 — | Positive power supply pin for analog circuits
AVss 129 157 | — | Negative power supply pin for analog circuits
Low-sPeed.clolck oscillation pins: .
XT0 73 106 | | | Crystal oscillation or RC oscillation is selected by the mask option.
If crystal oscillation is selected, connect a crystal between XT0 and
I)]gTR1 and'ltlzotnne,ct callpatc%or (Cg) t%etv\{eenlx O%ng Vss. to (Rog)
. oscillation is selected, connect external oscillation resistor (RogL
Oscillator | KT | 721 105 10 i een XT0 and XT1.
High-speed clock oscillation pins:
0sco 70 108 | | Connect a crystal and capacitors (Cyp, C1) or external
0SC1 69 102 | o |oscillation resistor (Rosy) to these pins.
TSTH 74 107 Input pins for testing:
Test TST2 75 108 | | Pull-down resistors are built-in.
VTEST 76 109
Reset input pin:
Setting this pin to a "H" level causes internal circuitry settings
Reset RESET | 71 104 || and values to be initialized. Next, if thjSPm issettoa'L" level,
the execution of instructions will begin from address 0000H.
A pull-down resistor is built-in.
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Table 1-4 Pin Description (Basic Functions) (continued)

Classification|Pin name|Pin No. Pad No.| I/0 Function
Melody MD 131 159 0 | Melody output pin (positive phase)
MDB 130 158 0 | Melody output pin (reversed phase)
DACOUT| 136 1 0 | Voice output pin (12-bit DAC output)
AOUT 140 5 0 | Voice output pin (amplifier output using DACOUT as input)
SPIN 139 4 | | Amplifier input pin for driving a piezoelectric speaker
Voice SP(-) 137 2 0 | Output pin for driving a piezoelectric speaker (negative side)
SP(+) 138 3 0 | Output pin for driving a piezoelectric speaker (positive side)
SPEN 79 112 | | Enable signal of the amplifier for driving a piezoelectric speaker
BUSYB 77 110 | O | Voice synthesis section output monitor pin
ENVOICE| 78 111 0 | Voice synthesis section enable monitor pin
P0.0/INTS| 127 | 155 4-bit input port:
PO.1/INTS 126 154 Each bit can be selected as the following.
I | e Input with pull-up resistor
PO.2/INT5 125 153 ¢ Input with pull-down resistor
P0.3/INT5| 124 152 « High-impedance input
P4.0/A0 | 123 151 4-bit output port:
P4.1/AM | 122 150 Each bit can be selected as the following.

Pao/A2 | 121 149 0 | P-channel open drai‘n output
¢ N-channel open drain output

P4.3/A3 | 120 148 « CMOS output

P5.0/A4 | 119 | 147 * High-impedance output

P5.1/A5 | 118 146

P5.2/A6 | 117 145 0
P5.3/A7 | 116 144
P6.0/A8 | 115 143
P6.1/A9 | 114 142
Port P6.2/A10| 113 141 0
P6.3/A11| 112 140
P7.0/A12| 111 139
P7.1/A13| 110 138
P7.2/A14| 109 137 0
P7.3/A15| 108 136
2-bit 1/0 port:
During the input mode, each bit can be selected as the following.
P8.0/RD | 107 135 * Input with pull-up resistor
* [nput with pull-down resistor
/o . Higlh-impedance input . .
During the output mode, each bit can be selected as the following.
* P-channel open drain output
P8.1/WR| 106 134 * N-channel open drain output

* CMOS output
¢ High-impedance output
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Table 1-3 Pin Description (Basic Functions) (continued)

ClassificationPin name|Pin No.|Pad No.| I/0 Function
4-bit 1/0 port:
P9.0 105 133 During the input mode, each bit can be selected as the following.
* Input with pull-up resistor
P9 1 104 132 * Input with pull-down resistor
10 * High-impedance input
During the output mode, each bit can be selected as the following.
P9.2 | 103 | 131 « P-channel open drain output
* N-channel open drain output
P9.3 | 102 | 130 * GMOS output
* High-impedance output
4-bit 1/0 port:
PA.0 101 129 During the input mode, each bit can be selected as the following.
* [nput with pull-up resistor
PA1 100 128 e Input with pull-down resistor
10 * High-impedance input
During the output mode, each bit can be selected as the following.
PA2 | 99 | 127 « P-channel open drain output
¢ N-channel open drain output
PA3 | 98 | 126 * CMOS output
* High-impedance output
PB.0/INTO/ 4-bit 1/0 port:
mg%@g 97 125 During the input mode, each bit can be selected as the following.
Port « [nput with pull-up resistor
PTE;\'/I11/(|)|\AL9/ 9 124 * Input with pull-down resistor
TM10VF * High-impedance input
PB.2/INTO/ /0 During the output mode, each bit can be selected as the following.
Toock 9 123 « P-channel open drain output
* N-channel open drain output
T13CK « High-impedance output
4-bit 1/0 port:
PEO/SIN| 93 121 During the input mode, each bit can be selected as the following.
* Input with pull-up resistor
PE1/SOUT| 92 120 * Input with pull-down resistor
10 * High-impedance input
During the output mode, each bit can be selected as the following.
PE2/SCLK] 91 119 « P-channel open drain output
* N-channel open drain output
PE3/INT2 85 | 118 * GMOS output
* High-impedance output
PF.0/INT3| 84 117
PF.1/INT3| 83 116 V0
PF.2/INT3| 82 115
PF.3/INT3| 81 114
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification|Pin name|Pin No. Pad No.| I/0 Function
COM1 144 9 LCD common signal output pins (COM1 to COM16)
COM2 | 145 10
COM3 | 146 11
COM4 | 147 12
COM5 | 148 13
COM6 | 149 14
com7 | 150 15
coms | 151 16
COoM9 48 81 0
comMm10 | 49 82

COM11 50 83
comi2 | 51 84
COM13 | 52 85
COM14 | 53 86
COM15 | 54 87
COM16 | 55 88
SEGO 152 17 LCD segment signal output pins (SEGO to SEG26)
SEG1 153 18
SEG2 154 19
SEG3 155 20
SEG4 156 21
LCD SEG5 157 22
SEG6 158 23
SEG7 159 24
SEG8 160 25
SEG9 161 26
SEG10 | 162 27
SEG11 | 163 28
SEG12 | 164 29
SEG13 | 165 30 0
SEG14 | 166 31
SEG15 | 167 32
SEG16 | 168 33
SEG17 | 169 34
SEG18 | 170 35
SEG19 | 171 36
SEG20 | 172 37
SEG21 | 173 38
SEG22 2 39
SEG23 3 40
SEG24 4 41
SEG25 5 42
SEG26 6 43
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Table 1-3 Pin Description (Basic Functions) (continued)

Classification|Pin name|Pin No. Pad No.| I/0 Function

SEG27 7 44 LCD segment signal output pins (SEG27 to SEG63)
SEG28 8 45
SEG29 9 46
SEG30 | 10 47
SEG31 11 48
SEG32 | 12 49
SEG33 | 13 50
SEG34 | 14 51
SEG35 15 52
SEG36 | 16 53
SEG37 | 17 54
SEG38 | 18 55
SEG39 | 19 56
SEG40 | 20 57
SEG41 21 58
SEG42 | 22 59
SEG43 | 23 60
SEG44 | 24 61
LCD SEG45 | 25 62 0
SEG46 | 26 63
SEG47 | 27 64
SEG48 | 28 65
SEG49 | 29 66
SEG50 | 30 67
SEG51 31 68
SEG52 | 32 69
SEG53 | 33 70
SEG54 | 34 7
SEG55 | 35 72
SEG56 | 36 73
SEG57 | 37 74
SEG58 | 38 75
SEG59 | 39 76
SEG60 | 40 77
SEG61 41 78
SEG62 | 42 79
SEG63 | 43 80
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1.6.2 Descriptions of the Secondary Pin Functions

The secondary functions of the ML63326 pins are listed in Table 1-4.

Table 1-4 Pin Description (Secondary Functions)

ClassificationPin name Pin No. Pad No.| I/0 Function
PB.O/INTO| 97 125 External interrupt 0 input pins:
PB.1/INTO| 96 124 | Changes in the input signal level cause interrupts to be
PB.2/INTO| 95 123 generated. Interrupts can be enabled or disabled for each bit
PB.3/INTO| 94 122 by the port B interrupt enable register (PBIE).
External interrupt 2 input pin:
PE.3/INT2| 85 118 | ) i ) )
Changes in the input signal level cause interrupts to be generated.
External PF.O/INT3| 84 117 External interrupt 3 input pins:
interrupt  |PF.1/INT3| 83 116 | Changes in the input signal level cause interrupts to be
PF.2/INT3| 82 115 generated. Interrupts can be enabled or disabled for each bit
PF.3/INT3| 81 114 by the port F interrupt enable register (PFIE).
PO.O/INTS| 127 155 External interrupt 5 input pins:
PO.1/INTS| 126 154 | Changes in the input signal level cause interrupts to be
P0.2/INT5| 125 153 generated. Interrupts can be enabled or disabled for each bit
P0.3/INTS| 124 152 by the port 0 interrupt enable register (POIE).
PB.0/ 97 125 || Timer O capture tri input pi
imer 0 capture trigger input pin
TMOCAP piure frigger inptt p
Capture PB1/
' 96 124 || Timer 1 capture trigger input pin
TM1CAP P ggerinputp
PB.0/ ! .
97 125 0 | Timer 0 overflow flag output pin
TMOOVF
PB.1/ ! .
96 124 0 | Timer 1 overflow flag output pin
) TM10VF
Timer
PB.2/ ! ) . .
95 123 | | Timer 0, timer 2 external clock input pin
T02CK
PB.3/ ! ) . .
94 122 | | Timer 1, timer 3 external clock input pin
T13CK
PE.O/SIN| 93 121 | | Shift register receive data input pin
PE.1/SOUT| 92 120 | O | Shift register transmit data output pin
Shift Shift register clock input/output pin:
register This pin should be configured as the clock output when this
J PE.2/SCLK| 91 119 | 1/0 P J P

device is used as the master processor, or as the clock input
when used as a slave.
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Table 1-4 Pin Description (Secondary Functions) (continued)

Classification|Pin name|Pin No. Pad No.| I/0 Function
P4.0/A0 | 123 151 P4, P5, P6, P7 secondary functions:
P41/A1 | 122 150 Address bus signals for external memory access.

P4.2/A2 | 121 149
P4.3/A3 | 120 148
P5.0/A4 | 119 147
P5.1/A5 | 118 146
P5.2/A6 | 117 145
P5.3/A7 | 116 144

P6.0/A8 | 115 143 0
P6.1/A9 | 114 142
P6.2/A10| 113 141
P6.3/A11| 112 140
External |P7.0/A12| 111 139
memory |P7.1/A13| 110 138
P7.2/A14| 109 137
P7.3/A15| 108 136
P9.0/DO | 105 133 P9, PA secondary functions:
P9.1/D1 | 104 132 Data bus signals for external memory access.
P9.2/D2 | 103 131
P9.3/D3 | 102 130
I/0

PA.0/D4 | 101 129
PA1/D5| 100 | 128
PA.2/D6 | 99 127
PA.3/D7 | 98 126

P8.0 secondary function:
Read signal (negative logic) for external memory access.
P8.1 secondary function:
Write signal (negative logic) for external memory access.

P8.O/RD| 107 | 135 | O

P8.1/WR| 106 | 134 | O

1-17



ML63326 User's Manual
Chapter 1 Overview

1.6.3 Unused Pin Processing

Table 1-5 lists the handling of unused pins.
Table 1-5 Unused Pin Handling

Pin Recommended pin handling
0SC0, 0SC1 Open
CB1, CB2 Open
VppH Open
C1, C2 Open
Vop1, Vopa, Vops, Vops Open

TST1, TST2, VTEST Open or Vsg

P0.0-P0.3 Open
P4.0-P4.3 Open
P5.0-P5.3 Open
P6.0-P6.3 Open
P7.0-P7.3 Open
P8.0, P8.1 Open
P9.0-P9.3 Open
PA.0-PA.3 Open
PB.0-PB.3 Open
PE.0-PE.3 Open
PF.0-PF3 Open
MD, MDB Open
VREer Open
DACOUT, AOUT Open
SPIN Vss
SPEN Open
SP(-), SP(+) Open
AVpp Vo
AVss Vss
BUSYB, ENVOICE Open
COM1-COM16 Open
SEGO-SEG63 Open

A Notes:

1. Ifapinsetasahighimpedance inputis 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 Vgs.

3. Connecta capacitor (0.1 uF) between the Vpp, pin and the Vgg 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 system clock (CLK) uses the low-speed oscillation clock using the XT0 and XT1 pins or
the high-speed oscillation clock using the OSC0 and OSCL1 pins (1/2 frequency waveform
when a crystal oscillator is used, no frequency division when an RC oscillator is used).The
system clock signal is in phase with the signal from the 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 a falling edge of CLK to the falling edge of the next CLK.

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

Most instructions are executed in 1 machine cycle.

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

Figure 1-4 Clock Configuration of Each Machine Cycle

1.7.2 Port I/O Basic Timing

Figure 1-5 shows the basic I/O timing.

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

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

Instruction (example)
Output pin

Input pin

Accumulator

A Note:

Regarding input signals

B Output instruction | Input instruction _
I A e
S1 82 S1 S2
MOV obj,(data A) MQV A,obj
DR
(data A)
>< data B ><
\\
~
(data B)

Figure 1-5 Port I/O Basic Timing

"0" will be captured in the internal register if a "L" level is input to the input pin even once (D
of Figure 1-6) during the data capture interval.

"1" will be captured in the internal register only if a "H" level is maintained (2) 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

A

-l
Lt}

!
|

L R T O A e
S1 S2 S1 S2
Capture signal
Input pin ” @
@® —
Data bus \

Accumulator

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 an interrupt request (IRQ) is set at the first half of S1.

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

. [ A [ S O R A I

St S2 S1 S2 S1 S2

Interrupt factor 1
IRQ \

Process Main routine Interrupt routine

3 /

PC 1st interrupt address

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

2.1 Overview

The ML63326 is equipped with an 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, a 4-bit wide data
memory space, and an 8-bit wide memaory space for storing voice synthesis and character
data. Further, it is possible to add an 8-bit wide memory space for voice synthesis and for
storing character data. A stack for saving the program counter during a subroutine call or
interrupt (call stack) and a stack for saving registers during a PUSH instruction (register stack)
are provided separately from the memory space.

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

In the data memory space, special function registers (SFRs) are located in BANK 0, the LCD
display register (DSPR) in BANK 1, and data RAM in BANKS 2 to 7.

2.2 Registers

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

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

2.2.1 Accumulator (A)

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

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

3210

2.2.2 Flag Register Accumulator

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

Flag register
2.2.2.1 Carry Flag (C)

The carry flag (C) is a 1-hit flag that is loaded with a carry during addition or a borrow during
subtraction. At system reset, the carry flag is initialized to "0".
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2.2.2.2 Zero Flag (2)

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

2.2.2.3 G Flag (G)

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

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

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

When any interruptis received, MIE is cleared to "0". MIE is setto "1" by execution of areturn
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
— — — MIE

MIEF (OFFH)
(R)

Master Interrupt Enable Flag
0: Interrupts disabled (initial value)
1: Interrupts enabled

A Note:

When setting MIE, use "EI" 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 EBRregisters indicate the data memory bank. The HL and XY registers indicate
addresses in the bank. CBRis also used in combination with 8-bit data in the instruction code
for direct addressing within the current bank.

Figure 2-1 shows the various register combinations.

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

<

Figure 2-1 Various Register Combinations

All to AO in Figure 2-1 indicate data memory addresses (4K nibbles max.).
At system reset, the CBR, EBR, HL, and XY registers are initialized to "0".

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

The CBR, EBR, HL, and XY registers are assigned to special function register (SFR)
addresses OF9H to OFEH.

bit 3 bit 2 bit 1 bit 0

EBR (OFEH) €3 €2 €1 8o
(RW)

bit 3 bit 2 bit 1 bit 0

CBR (OFDH) C3 C2 C1 Co
(RW)

bit 3 bit 2 bit 1 bit 0

H  (OFCH) hs ha hy ho
(R/W)

bit 3 bit 2 bit 1 bit 0

L (OFBH) I3 l2 l1 lo
(R/W)

bit 3 bit 2 bit 1 bit 0

X (OFAH) X3 X2 X1 X0
(RW)

bit 3 bit 2 bit 1 bit 0

Y (OF9H) Y3 y2 Vi Yo
(RW)
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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, RAL, RA0)

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 RA RAO
| At5-A12 | A11-A8 | A7-A4 | A3-AD |

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.).

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

bit 3 bit 2 bit 1 bit 0
RA3  (OF5H) a5 dyq a43 dyp
(R/W)
bit 3 bit 2 bit 1 bit 0
RA2  (OF4H) a4 a0 dg dg
(R/W)
bit 3 bit 2 bit 1 bit 0
RA1  (OF3H) a7 3 a5 ay
(R/W)
bit 3 bit 2 bit 1 bit 0
RAO  (OF2H) a3 a4 4 dp
(R/W)

At system reset, RA3 to RAO are initialized to "0".

A Note:

When executing a ROM table reference instruction that uses RA registers, do not use
addresses located in the SFR area to transfer ROM table data to RA registers, otherwise
indirect addressing of program memory will not operate properly.
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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 SPis a4-bitup/down counter that is incremented during stack saves and is decremented
during stack restores.

The call stack has 16 levels from address OH to address OFH. Because the hardware requires
1 level of the call stack during program execution, only 15 levels can be used for stack saves.
The contents of the call stack cannot be read or written by the program.

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

Call stack
OFH
3 2 1 0
Sp > 16 levels
Stack pointer
OH
15 bits
Figure 2-3 Relation Between SP and Call Stack
SP is assigned to special function register (SFR) address OF7H.
bit 3 bit 2 bit 1 bit 0
SP (OF7H) SP3 SP2 SP1 SPO
(R)

At system reset, SP is initialized to "0" and points to address "OH" of the call stack. SP is a
read-only register and writes are invalid.
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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
_____ 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 4 3 2 0
— G C Z A
| | | | | | | | |
Register stack
"PUSH XY" and "POP XY" instruction execution
15 14 13 12 11 10 9 8 7 4 3 2 0
EBR CBR
l l l l l l l l l
Register stack
Figure 2-5 Register Save/Restore by Execution of PUSH/POP Instructions
RSP is assigned to special function register (SFR) address OF6H.
bit 3 bit 2 bit 1 bit 0
RSP (0F6H) rsp3 rsp2 rsp1 rsp0
(R/W)

At system reset, RSP is initialized to "0" and points to address "OH" 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 5FFFH in the ML63326.

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.

SFFFH Test data area @ 32 words
5FDFH
T Program data T
or 24,544 words
ROM table data
or
Melody data

0037H 1\

Interrupt area | 40 words
0010H l
0000H

Figure 2-6 Program Memory Space Configuration

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

ROM table data is transferred to data memory by ROM table reference instructions.

The melody data defines the tone, tone length, and end tone used in the melody circuit
(MELODY63K) of the ML63326. 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 special function registers (SFRs).

The data memory consists of 8 banks. One bank unit is 256 nibbles. BANK 0 is allocated as
a SFR area, BANK 1 as the LCD display register, and BANK 2 and the following BANKS are
data RAM.

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

7FFH
BANK7
700H
6FFH
BANKG
600H
5FFH
BANKS
500H Data RAM area
4FFH (1536 nibbles)
BANK4
400H
3FFH
BANK3
300H
2FFH
BANK2
200H
1FFH
Display register
BANK1 (256 nibbles)
100H
OFFH
SFR area
BANKO (256 nibbles)
000H !

Figure 2-7 Data Memory Space Configuration
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2.3.3 Memory Space for Voice Synthesis and Character Data

The memory space for voice synthesis and character data is configured by a mask ROM that
storesthe voice data necessary for the built-in voice synthesis function and the character data
used for the LCD display.

1FFFFH

131,072 bytes

0000H

8 bits

Figure 2-8 Memory Space Configuration
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2.3.4 External Memory Space

The external memory space is one for storing the voice data necessary for the built-in voice
synthesis function and the character data used for the LCD display, and is accessed via a port.

The external memory space configuration is shown in Figure 2-9.

TFFFFH

524,288 bytes

0000H

8 bits

Figure 2-9 External Memory Space Configuration
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Chapter 3 CPU Control Functions

3.1 Overview

Operating states, including system reset, are classified as follows.

» Normal operation mode
» 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" RESET = "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 O000H.

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 haltmode, 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 a transfer to the system reset mode.

« Setting the RESET pin to a "H" level (for 1 ms or more)
« Detection of power on
« Detection that low-speed clock oscillation is halted

The following operations are performed in the system reset mode.

(1) CPU is initialized.

(2) Backup flag changes to "1" and backup circuit changes to ON state.

(3) Bias reference voltage supply (VR) is energized.

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

(5) All special function registers (SFRs) are initialized. However, data RAM and display
registers are not initialized.

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

Figures 3-2 and 3-3 show the system reset generator circuit and signals when a system reset
is generated.

2 kHz
RESET Sampling
circuit . RESETO
Vss Power ON (Time base
detect counter reset)
Low-speed S Q—— RESETS
clock 4H;—>R (System reset)
oscillation
halt detect
Figure 3-2 System Reset Generator Circuit
RESETO .
Crystal oscillation : 32.768 kHz
output E L 125ms
' ) 1
RESETS : |
CPU start

Figure 3-3 Signals When System Reset is Generated

A Note:

e 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.

« When performing transfer to the system reset mode by setting the RESET pin to a "H"
level, set the RESET pulse width to 1 ms or more.
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3.3 Halt Mode
3.3.1 Transfer to and State of Halt Mode

Transfer to the halt mode is performed by the software when a HALT instruction is executed.

When a HALT instruction is executed, the CPU enters the HALT mode at the S2 state of the
HALT instruction.

Oscillation and time base counter operation continue while in the halt mode.

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

Figure 3-4 shows the timing when a HALT instruction and interrupt request occur simultane-

ously.
HALT
S1 S2''S1 $2 St S2,S2 St S2 S1 S2 St 82 St 82

System clock

HLT (halt flag) _ll—l

Interrupt request : \
'mstructtlon ' \\ : ;
. execution_: : :
:(eqmvalent' Interrupt routin RTlinstructior Main
 to NOP) 1 execution routine

PC flow in main —— \(NT) X e A S— @RI Y e Y 2 X

n: HALT instruction address
(INT): Starting address of interrupt routine
(RTI): RTlinstruction 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)
* 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 setto "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 a HALT instruction
and of releasing the halt mode by an interrupt.

When the halt mode is released by an interrupt request, the first instruction immediately
following the HALT instruction is executed and then the interrupt routine is entered. When an
RTI instruction is used to complete the interrupt routine, the main routine is resumed
beginning from the second instruction after the HALT instruction.

HALT
St S2'S1 S2 ST S2 S1S2 81 S2 S

S2 S1 82 81 82

System clock

HLT (halt flag) _J
: : : \

Interrupt request : ; ! :
INT ] : : : \
I{lALI " Halt mode /E\Exe?utict)n oft Interrupt RTI Main
instruction: - Instruction. routine instruction  routine
‘execution ! Immediately atter execution
PC flow in main - :
outine "X n+1 X (INT) ¥ JOXRIY 2

n: HALT instruction address
(INT): Starting address of interrupt routine
(RTI): RTl 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 a high-levelis inputto 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
St S§2° 81 82 ST S2 81 S2 81 82 °S1 SZ° S2 82 82

System Clock f . . . . .
HLT (halt flag) —— E | E | 5
Melody data ; .
request ; ! : : : !
*. HALT Halt mode “bautionof -~ Melody . HALT Halt mode
instruction _instruction a? instruction
execution immediately after transfer execution
PC flow in main HALT instruction
routine n X n+1 X(melody)X 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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Chapter 4 Interrupt (INT326)

4.1 Overview

The ML63326 supports 17 interrupt factors: 4 external interrupts and 13 internal interrupts.

With the exception of the watchdog timer interrupt, interrupt enable/disable is controlled by
the masterinterrupt enable flag (MIE) and the individual interrupt enable registers (IE0 to IE4).

Watchdog timer interrupt is a non-maskable interrupt.

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

address.

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

equivalent circuit.

Table 4-1 List of Interrupt Factors

Priority Interrupt factor Symbol Interrupt start address
1 Watchdog timer interrupt WDTINT 0010H
2 Melody end interrupt MDINT 0012H
3 External interrupt 0 (PB 4-bit OR input) XI0INT 0014H
4 Voice synthesis interrupt VOINT 0016H
5 External interrupt 2 (PE.3) XI2INT 0018H
6 External interrupt 3 (PF 4-bit OR input) XI3INT 001AH
7 External interrupt 5 (PO 4-bit OR input) XI5INT 001EH
8 Timer 0 interrupt TMOINT 0020H
9 Timer 1 interrupt TM1INT 0022H
10 Timer 2 interrupt TM2INT 0024H
11 Timer 3 interrupt TM3INT 0026H
12 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 address is given

priority.

For details oninterrupt 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 (Voice Synthesis), and Chapter 14 (Shift Register).
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Interrupt request

signals

WDTINT

MDINT

XIOINT

VOINT

XI2INT

XI3INT

XISINT

TMOINT

TMAINT

TM2INT

TM3INT

SFTINT

T10HzINT

32HzINT

16HzINT

4HzINT

2HzINT

Interrupt request

Master interrupt enable flag

Interrupt enable registers

registers
IRQO
IRQO.0 QWDT
IEQ
IRQO.1 QMD |E0.1%O EMD
IRQO2Z  qxio 1E0.2 7%0 EXI0
IRQO.3 Qvl |EU.37§):C EVI
IRQ1 IE1
IRQ1.3 QXI5 |E1.(‘37:,;).;C EXI5
IRQ2 IE2
IRQ2.0 QTMO IEZ.O;{,O ETMO
IRQ2.1 QTmi |E2.17%C ETM1
IRQ3 IE3
IRQ3.2 QSFT |E3.27§:C ESET
IRA3.3  Q10Hz IE3.3 5):0 E10Hz
IRQ4 IE4
IRQ4.0 Q32Hz |E4.07\?Ic E32Hz
IRA4T q16hz IE4.] 7%0 E16Hz
IRQ4.2 Q4Hz |E4.2jﬁc E4Hz
IRQ4.3 Q2Hz [E4.3 o E2Hz

Priority encoder

)

Figure 4-1 ML63326 Interrupt Control Equivalent Circuit

Interrupt

Interrupt
request

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 (IEO to IE4)

(3) Interrupt request registers (IRQO to IRQ4)

These registers are described below.
(1) Master interrupt enable register (MIEF)

MIEF is a 4-bit register in which bit 0 is the master interrupt enable flag (MIE).

MIE (bit 0 of MIEF) is a flag that disables or enables all interrupts except for the watchdog timer
interrupt.

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

When any interruptis 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) | — — — | wEe |

(R)

Master Interrupt Enable Flag ‘
0: Interrupts disabled (initial value)
1: Interrupts enabled

A Note:

When setting MIE, use "EI" instructions (MIE<"1") and "DI" instructions (MIE<«"0").
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(2) Interrupt enable registers (IEO to IE4)

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

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

If multiple interrupts request the CPU at the same time, as shown in Table 5-1, the interrupts
are accepted in order of highest priority and low priority interrupts are placed on hold.

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

At system reset, each bit of IEO through IE4 is initialized to "0".

bit 3 bit 2 bit 1 bit 0
BV | EXI0 EMD —

IE0 (050H)
’RW) |

Voice synthesis interrupt 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
EXIs | — EXI3 EXI2

IE1 (051H)
(R/W) |

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

1: Enable

External interrupt 3 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

lE2 (052H) [ ETM3 [ ETM2

ETM1 | ETMO |

(R/W)
Timer 3 interrupt enable flag

0: Disable (initial value)

1: Enable

Timer 2 interrupt enable flag
0: Disable (initial value)

1: Enable

Timer 1 interrupt enable flag

0: Disable (initial value)
1: Enable

Timer 0 interrupt enable flag

0: Disable (initial value)
1: Enable

bit 3 bit 2

bit 1 bit 0

IE3 (053H
R [ EtoHz | ESFT

(R/W)

10 Hz interrupt enable flag

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

0: Disable (initial value)
1: Enable

bit 3 bit 2

bit 1 bit 0

IE4 (054H) | EoHz |  E4he

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

4-5




ML63326 User's Manual
Chapter 4 Interrupt (INT326)

(3) Interrupt request registers (IRQO to IRQ4)

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

When aninterrupt requestis generated, the corresponding bit of the interrupt request register
is setto "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 IE4) to "1".

The watchdog timer interruptis non-maskable and does not depend upon the interrupt enable
register or the master interrupt enable register (MIEF).

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

When an interrupt request is received, the corresponding bits of IRQO to IRQ4 are cleared
to "0".
At system reset, each bit of IRQO through IRQ4 is initialized to "0".

bit 3 bit 2 bit 1 bit 0
IRQO (055H) [ a1 |  axio0 QMD QwDT

(R/W) 4,

Voice synthesis interrupt request flag
0: No request (initial value)

1: Request

External interrupt 0 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: QVI (reQuest Voice synthesis Interrupt)
This is the interrupt request signal from the voice synthesis section.

An interrupt request is generated when the setting of one voice phrase is
completed and the setting of the next voice phrase is enabled by the voice
synthesis section.

bit 2: QXIO (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: QMD (reQuest Melody Driver)
Melody end interrupt request flag.

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

bit 0: 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).

bit 3 bit 2 bit 1 bit 0
oxls | — axis | oxie |

IRQ1 (056H)
RW) |

External interrupt 5 request flag

0: No request (initial value)
1: Request
External interrupt 3 request flag

0: No request (initial value)
1: Request
External interrupt 2 request flag

0: No request (initial value)
1: Request

bit 3: QXI5 (reQuest eXternal Interrupt 5)
External interrupt 5 request flag.
The external interrupt 5 is assigned as a secondary function to each bit (P0.0 to
0.3) of port 0.
An external interrupt 5 request is generated through the 4-bit ORed input.

bit 1: QXI3 (reQuest eXternal Interrupt 3)
External interrupt 3 request flag.
The external interrupt 3 is assigned as a secondary function to each bit (PF.0 to
PF.3) of port F.
An external interrupt 3 request is generated through the 4-bit ORed input.

bit 0: QXI2 (reQuest eXternal Interrupt 2)
External interrupt 2 request flag.
The external interrupt 2 is assigned as a secondary function of port E.3 (PE.3).
Generation of the external interrupt 2 is triggered by the falling edge of the 128 Hz
or 4 kHz output of the time base counter.

4-7



ML63326 User's Manual
Chapter 4 Interrupt (INT326)

bit 3 bit 2 bit 1 bit 0
IRQ2 (057H) | qtm3 | aTM2 QTM1 QTMO

(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

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

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

bit 3: QTM3 (reQuest TiMer 3)
Timer 3 interrupt request flag.
A timer 3 interrupt request is generated whenever timer 3 overflows.

bit 2: QTM2 (reQuest TiMer 2)
Timer 2 interrupt request flag.
A timer 2 interrupt request is generated whenever timer 2 overflows.

bit 1: QTM1 (reQuest TiMer 1)
Timer 1 interrupt request flag.
A timer 1 interrupt request is generated whenever timer 1 overflows.

bit 0: QTMO (reQuest TiMer 0)
Timer 0 interrupt request flag.
A timer O interrupt request is generated whenever timer 0 overflows.

IRQ3 (058H) bit 3 bit 2 bit 1 bit 0
RW) | QioHz | asFT — —

10 Hz interrupt request flag —,

0: No request (initial value)

1: Request

Shift register 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 completed.
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bit 3 bit 2 bit 1 bit 0
IRQ4 (059H) | QoHz |  Qd4He QieHz | as2Hz |

(R/W)
2 Hz interrupt request flag

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: Q2Hz (reQuest 2 Hz)
2 Hz interrupt request flag.
A2 Hzinterruptrequest is generated at every falling edge of the 2 Hz output of the
time base counter.
bit 2: Q4Hz (reQuest 4 Hz)
4 Hz interrupt request flag.
A 4 Hzinterrupt request is generated at every falling edge of the 4 Hz output of the
time base counter.
bitl: 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.

bit 0: 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 individual interrupt factors
are generated.

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

The following processes are performed when an interrupt is generated.

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

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

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

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

Interrupt processing is performed in 0 machine cycles.
Figure 4-2 shows the stack contents after an interrupt is generated.

13121110 9 87 6 5 43210
SP position before interrupt ——= %%1132' PC11-PC8 PC7-PC4 | PC3-PCO | OH

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

4H

OFH

Figure 4-2 Call Stack Contents after Interrupt Generation
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4.3.2 Return from an Interrupt Routine

Return from a watchdog timer interrupt routine is performed with an "RTNMI" instruction.
Return from all other interrupt routines is performed with an "RTI" instruction.
Execution of "RTI" and "RTNMI" instructions both require 1 machine cycle.

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

(1) The call stack pointer (SP) is decremented by 1. (SP«SP-1)

(2) MIE is set to "1" (when an "RTNMI" instruction is used, MIE is restored to its state prior
to the interrupt).

(3) 1is added to the call stack contents and that value is loaded into the program counter (PC).

A Notes:

e 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 setto "1" and interrupts
enabled.

e 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 External memory transfer instruction
e Stack operation instructions

e Jump instructions

» Conditional branch instructions

e Call/return instructions

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

A Note:

If the above instructions are used consecutively, even if an interrupt is generated, that
interrupt may be put on hold for a considerable amount of time before the interrupt routine
begins.
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Chapter 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; crystal 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.

| V[foz
XT0]
Low-speed clock output Time base clock
S ! (TBCCLK)
58 |
5ol |
|
XT1
i Low-speed clock generator circuit
i VpDH TBCCLK -
i l HSCLK | & > System clock
0SC1; = (CLK)
High-speed clock output [—1
High-speed clock
gzl ! - (HSCLK)
.%' I RC/crystal oscillation select Clock select
' J control
0SCo : Oscillation enable 3
| High-speed clock generator circuit
' FCON
| —
i 3
Data bus

Figure 5-1 Clock Generator Circuit Configuration
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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, Rog| , 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).

VD|D2
XT0
T {>O—Gl>—°-[>0—0|} Low-speed clock
T | output
Rost Vss Cxt
XT1] O@
Inside the IC

(a) External Circuit for RC Oscillation Mode

V
L G i
Vss T
XT0
—1 ‘ {}C Low-speed clock
output
Crystal :I:I Ry
XT1 % Co
Vss 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 generator circuit.

For the method of specifying mask options for the low-speed clock generator 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 (Typ.)

RosL

frosL

1.5 MQ

32 kHz +30%

700 kQ

60 kHz +30%

400 kQ

80 kHz +30%

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

Cag

fxr

12 pF

32.768 kHz
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5.4 High-Speed Clock Generator Circuit
The high-speed clock generator circuit has two modes, the RC oscillation mode and crystal
oscillation mode. Oscillation modes are set by OSCSEL (bit 2 of FCON).

e OSCSEL ="0": RC oscillation mode

e OSCSEL ="1": crystal oscillation mode

During the RC oscillation mode, the source oscillation clock is output as the high-speed clock.
The maximum frequency in this case is 2.048 MHz.

During the crystal oscillation mode, the half frequency waveform of the source oscillations is
output as the high-speed clock. The maximum frequency of the source oscillations in this
case is 4.096 MHz.

Ifthe high-speed clockis notto be used, leave the OSC0 and OSC1 pins open (unconnected).
For the RC oscillation mode, attach an external resistor, Rosn, as shown in Figure 5-3(a).

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

0SC1 |
Y  VopH
l Oscillation
RosH ' || VooH enable
I
) .
9 y |- High-speed
0SCo — > :[ :[ clock output
(a) External Gircuit for RC Oscillation Mode
Crystal
CL1 0SC1
AT
DDH

€ VpoH

o H |

CLo D Q High-speed

- O . i clock output
0SCo

Oscillation enable

),
J

V
=]

V
5 (b) External Circuit for Crystal 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 crystal oscillation mode is selected.

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

Mode (Typ.)

RosH VppH* frosH
36V 1.9 MHz +30%

39 kQ 42V 2.1 MHz £30%
48V 2.2 MHz £30%
36V 1.6 MHz £30%

47 kQ 42V 1.7 MHz £30%
48V 1.8 MHz +30%

A Note:

*: The power supply voltage Vppn of the high-speed clock generator circuit is a voltage
obtained by doubling the voltage Vpp, used in the LCD bias generator section. Take care
because Vpp, can be varied from 1.8 V to 2.4 V using the display contrast register
(DSPCNT). For details, see Chapter 15, "LCD Driver" and Chapter 17, "Power Supply
Circuit."

Table 5-4 Example External Components for the High-Speed Side Crystal Oscillation Mode

CuLo Cr1 Crystal unit
8 pF 8 pF AT-49 (4.096 MHz)*

*. Manufactured by Daishinku Corp.
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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 0 of FCON) setting.
e CPUCLK ="0" (initial value)

The output of the low-speed clock generator circuit (TBCCLK) is the system
clock.

e CPUCLK="1"

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

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

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

bit 3 bit 2 bit 1 bit 0

FCON (062H) — 0SCSEL ENOSC CPUCLK
(R/W)

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

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

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

bit 2: OSCSEL

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

bit 1: ENOSC

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

bit 0: CPUCLK

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

TBCCLK .
(Low-speed clock generator circuit output) Is the system clock.
Software processing A Software processing

(2) High-speed clock oscillation stop
ENOSC (bit 1 of FCON) = 0" }—/
ENOSC ="0": Stop high-speed clock oscillation

(initial value)
ENOSC ="1": Start high-speed clock oscillation

(1) Low-speed clock oscillation output select
CPUCLK (bit 0 of FCON) = "0" }—/
CPUCLK ="0": Low-speed clock oscillation output

(initial value)
CPUCLK ="1": High-speed clock oscillation output

N

y

(1) High-speed clock oscillation mode select
\—{ OSCSEL (bit 2 of FCON) setting

OSCSEL ="0": RC oscillation mode
(initial value)
OSCSEL ="1": Crystal oscillation mode

(2) High-speed clock oscillation start
\—{ ENOSC (bit 1 of FCON) = "1"

ENOSC ="0" : Stop high-speed clock oscillation
(initial value)
ENOSC ="1": Start high-speed clock oscillation

Wait:

When RC oscillation mode selected:

5 ms or more

When crystal oscillation mode selected:
10 ms or more

(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

HSCLK
(High-speed clock generator circuit output)
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When ENOSC (bit1 of FCON)is setto "1", the voltage doubler circuit that doubles Vpp, starts
operating and outputs the power supply voltage (Vppn) for high speed oscillation. The
oscillations are started in the mode setby OSCSEL. Atthe sametime, the internal logic power
supply voltage (Vpp| ) switches from the constant voltage circuit output level (approx. 1.7 V)
to the Vppy 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 power supply voltage for
high-speed oscillation (Vppp) and the internal logic power supply voltage (VppL).

ENOSC 4‘ \7

< Twar
CPUCLK Q |
0SC

System clock Low-spt:aed clock¥ / High-speed clock \ ALow-speed clock

0.5 to 2.0 high-speed clocks 05t01.0 low-speed clocks
Power supply voltage for ---..._i. R 2%V
high-speed oscillation L/ \— o0
(VopH) ! ; Vsg=0V
Internal logic -+ - e Voo
power supply voltage : \ ;
(Vo) 4:/ : GSSI’)OX 1.7V
*************** Vss=0V

Figure 5-4 System Clock Select Timing

In the crystal 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 Tywat
=10 ms after the rising edge of ENOSC.

In the CR oscillation mode, oscillation begins soon after setting ENOSC to "1". However, it
takes about 5 ms for the power supply voltage for high-speed oscillation (Vppp) to stabilize.
Therefore, when switching CPUCLK to a high-speed setting, wait for an interval of at least
TwalT = 5 ms after the rising edge of ENOSC.

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

For details regarding the power supply for high-speed oscillation and the constant voltage
circuit for the internal logic power supply, refer to Chapter 17, "Power Supply Circuit."
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Chapter 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 a time base clock (TBCCLK).

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

The TBC generates an interrupt request at the falling edge of 32 Hz/16 Hz/4 Hz/2 Hz output.
The TBC is initialized to 0000H at system reset.

6.2 Time Base Counter Configuration

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

TBCRO READ
TBCR1 READ
TBCR1 WRITE ozl
TBCRO WRITE ——— TBC15 (; :z) He b3
R TBC14 (4 HZ) - b2
! TBC13—(412) h= b1
> TBC12—(8H2) P b0
A g
QO
g
(16 Hz) o5 %
TBC11 b3
r TBCIO (gi :z) 1>
— > TBCO—L 128 El) S
’—c> TBCg— 128 H2) —=bo_|
16HZINT
32HzINT
s
nZ
TBC7| (256 Hz) 4 Hz (1/8192TBC
512 1 8 Hz (1/4096TBG
TBC6— (212 H2) 16 Hz (1/2048TBC
- 32 Hz (1/1024TB¢
s L
RESETO R 1peal—(2kH2) 256 Hz (1/128TBC
) 512 Hz (1/641BC
TBC3 z 1 kHz (1/32TBC
ey 2 kHz (1/16TBC
T — i
TBCCLK > 1ot (16 kHZ) 16 kHz (1/2T8C
(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 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 1to 8 Hz and 16 to 128 Hz outputs to "0", and a write
operation to TBCR1 sets the 1 to 8 Hz output to "0".

bit 3 bit 2 bit 1 bit 0
TBCRO ((zg%l/)) 16 Hz 32 Hz 64 Hz 128 Hz

bit 3 bit 2 bit 1 bit 0
TBCR1 ((()g)\;l/)) 1 Hz 2 Hz 4 Hz 8 Hz
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6.4 Time Base Counter Operation

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

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

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

A write operation to TBCR1 sets the 1 to 8 Hz output counter to "0", and a write operation to
TBCRO sets both the 1to 8 Hz and 16 to 128 Hz output counters to "0". The write datain these
write operations has no significance. For example, the "MOV TBCRO, A" instruction can be
used towrite, butis notdependent on accumulator contentin 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 TBCR 0/1, and set the interrupt request flag 4 (IRQ4)
to "0".

Figure 6-2 shows interrupt generation timing and time base counter output reset timing by
writing "1" to TBCRO and TBCR1.
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Chapter 7 Timers (TIMER)

7.1 Overview

The ML63326 has four internal 8-bit timers (0 to 3). Timers 0 and 1, or timers 2 and 3, can
be used in tandem as a 16-bit timer.

Timers 0 and 1 have three operation modes: auto-reload mode, capture mode and frequency
measurement mode. Timers 2 and 3 have two modes: auto-reload and frequency measure-
ment. 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-hit timer, the overflow
signals of timers 0 and 2 are used as the clocks for timers 1 and 3, respectively.

In addition to pulse generation and time measurement, timers can also be used.

Timer 0 Timer 1 Timer 2 Timer 3
8-bit timer ® ° ) ()
16-bit timer (] )

(Timer 0 overflow signal is (Timer 2 overflow signal is

used as clock for timer 1) used as clock for timer 3)

Clock TBCCLK / HSCLK / External clock (TO2CK, T13CK)
Auto-reload mode o ° [ [
Capture mode () ) — —
Frequency measurement mode ° [ ) ° ®

7.2 Timer Configuration

Figures 7-1 through 7-4 show the configuration of timers 0 to 3.

Data bus
4 4
TBCOLK — TMoCK
o Control TMOCL TMOCH OV TMO overflow
pB.2/To2cK | Creult 8 D Q TMOINT
Capture Reload
64 Hz 5| Frequency 8 TMOCK
4376 measurement
—>{ control circuit
; TMODL TMODH D Q > PB.0/TMOOVF
apture —]
PB.0/TMOCAP — contrgl circuit 4 4 R Q-
] TMOCAP / RESETS
16 kHz
8kHZ — o
4 kHz
2 kHz

TkHz — 1 >_>437c
512 Hz
2%/6H7
128 Hz

64 Hz

Figure 7-1 Timer 0 Configuration
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Data bus
) ) ™A1
TBCOLK — TMACK overflow
HSCLK —s| Control ———-9  TMI1CL TM1CH OV D Q TMAINT
PB.3/T13CK —{ circuit
TMO overflow —f Capture Reload TMiCK
8
Capture
PB.1/TM1CAP ecomr& Nt TM1DL TM1DH D 9 PB.1/TM10VF
R Q-
TM1CAP 4 4 T
/ RESETS
Figure 7-2 Timer 1 Configuration
Data bus
4 4
TBCOLK TM2CK
HSCLK . Control TM2CL TM2CH oV TM2 overflow
PB.2/TO2CLK | Circuit D Q TM2INT
Reload
8 TM2CK
64 Hz | Frequency
t TM2DL TM2DH D
437C — Gonirol ircuit Q) TM20VF
R Q
4 4 T
i RESETS
Figure 7-3 Timer 2 Configuration
Data bus
4 4
TBCCLK ] TMICK
HSCLK —{ control =9 TM3CL TM3CH OV D Q TM3INT
PB3/MI3CK —=  ironit
TM2 overflow —f >
Reload TM3CK
8
TM3DL TM3DH [ D Q , TM3OVF
-
4 4 R
/ RESETS

Figure 7-4 Timer 3 Configuration
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7.3 Timer Registers

The following four registers are used for timer control.

(1) Timer data registers
(TMODL, TMODH, TM1DL, TM1DH, TM2DL, TM2DH, TM3DL, TM3DH)
(2) Timer counter registers
(TMOCL, TMOCH, TM1CL, TM1CH, TM2CL, TM2CH, TM3CL, TM3CH)
(3) Timer control registers
(TMOCONO, TMOCON1, TM1CONO, TM1CON1, TM2CONO, TM2CON1, TM3CONO,
TM3CON1)
(4) Timer status registers
(TMOSTAT, TM1STAT, TM2STAT, TM3STAT)

Each register is described below.

(1) Timer data registers
(TMODL, TMODH, TM1DL, TM1DH, TM2DL, TM2DH, TM3DL, TM3DH)

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

« During the capture mode, timer data registers store the capture data.
Writing to a timer data register causes the contents of the timer counter register
to be transferred to the timer data register.

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

* Note regarding register values:
Writing to the timer counter register causes the same value to also be written to
the timer data register. However, when writing to the timer data register, the
same value is not written to the timer counter register.

Timer 0 Registers

bit 3 bit 2 bit 1 bit 0

~ TMODL (068H) TOD3 TOD2 TOD1 TODO
(Timer O lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

~ TMODH (069H) TOD7 TOD6 TOD5 TOD4
(Timer O upper)  (R/W)

Timer 1 Registers

bit 3 bit 2 bit 1 bit 0

~ TM1DL (06AH) T1D3 T1D2 T1D1 T1D0
(Timer 1 lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

_ TM1DH (068H) T1D7 T1D6 T1D5 T1D4
(Timer 1 upper)  (R/W)

7-3




ML63326 User's Manual
Chapter 7 Timers (TIMER)

Timer 2 Registers

bit 3 bit 2 bit 1 bit 0

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

bit 3 bit 2 bit 1 bit 0

_TM2DH - (077H) T2D7 T2D6 T2D5 T2D4
(Timer 2 upper)  (R/W)

Timer 3 Registers

bit 3 bit 2 bit 1 bit 0

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

bit 3 bit 2 bit 1 bit 0

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

(2) Timer counter registers

(TMOCL, TMOCH, TM1CL, TM1CH, TM2CL, TM2CH, TM3CL, TM3CH)
e 8-bit binary counter operation
e At system reset, all valid bits are cleared to "0".
« Note regarding register values:

Writing to the timer counter register causes the same value to also be written to
the timer data register. However, when writing to the timer data register, the
same value is not written to the timer counter register.

Timer O Registers

bit 3 bit 2 bit 1 bit 0

_TMocL (06CH) T0C3 T0C2 TOC T0G0
(Timer O lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

_ TMOCH ~ — (06DH) T0C7 T0C6 T0C5 T0C4
(Timer O upper)  (R/W)
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Timer 1 Registers

bit 3 bit 2 bit 1 bit 0

_ TM1CL (O6EH) T1C3 T1C2 T1C1 T1C0
(Timer 1 lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

_ TMICH (06FH) TIC7 T1C6 T1C5 TiC4
(Timer 1 upper)  (R/W)

Timer 2 Registers

bit 3 bit 2 bit 1 bit 0

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

bit 3 bit 2 bit 1 bit 0

~ TM2CH (07BH) T207 T2C6 T2C5 T2C4
(Timer 2 upper)  (R/W)

Timer 3 Registers

bit 3 bit 2 bit 1 bit 0

~ TM3CL (07CH) T3C3 T302 T3C1 T3C0
(Timer 3 lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

~ TM3CH (07DH) T3C7 T3C6 T3C5 T3C4
(Timer 3 upper)  (R/W)
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(3) Timer control registers

(TMOCONO, TMOCON1, TM1CONO, TM1CON1, TM2CONO, TM2CON1, TM3CONO,
TM3CON1)

Timer 0 Registers

Timer control registers select the operation mode and clock for each timer.
At system reset, all valid bits are cleared to "0".
Note regarding register values:

Writing to the timer counter register causes the same value to also be written to
the timer data register. However, when writing to the timer data register, the
same value is not written to the timer counter register.

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

TM1CONL1.
hit 3 bit 2 bit 1 bit 0
TMOCONO (070H) — FMEASO TMOECAP TMORUN
(R/W) | |
Timer 0 mode select
bit 2 bit1 bit 0
0 0 O Auto-reload mode stop (initial value)
0 0 1 Auto-reload mode operation
0 1 0 Capture mode stop
0 1 1 Capture mode operation
1 0 0 Frequency measurement mode operation
1 0o 1 Not used
1 1 0 Not used
1 1 1 Not used

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

These bits select the timer 0 operation mode.

The timer 0 operation mode can be selected as auto-reload mode, capture mode,
or frequency measurement mode.
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bit 3 bit 2 bit 1 bit 0
TMOCON1 (071H) — — TMOCLA1 TMOCLO

(R/W)
I_’_l

Timer 0 clock select

bit 1 bit 0
0 0 : TBCCLK (initial value)
0 1 : HSCLK (high-speed clock)
1 0 : External clock
1 1 : Notused

bit 1, 0: TMOCL1, TMOCLO
These bits select the timer 0 clock.

The timer 0 clock can be selected as TBCCLK (low-speed clock), HSCLK (high-
speed clock), or external clock (TO2CK: secondary function of PB.2).

A Note:

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

e Wait at least 10 ms when using crystal oscillation.
e Wait at least 5 ms when using RC oscillation.
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Timer 1 Registers

bit 3 bit 2 bit 1 bit 0
TM1CONO (072H) — — TMAECAP TM1RUN

(RW)
I_’_l

Timer 1 mode select

bit 1 bit0
0 0 : Auto-reload mode stop or 16-bit timer mode (initial value)
0 1 Auto-reload mode operation
1 0 : Capture mode stop
1 1 Capture mode operation

bit 1, 0: TM1ECAP, TM1RUN
These bits select the timer 1 operation mode.

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

bit 3 bit 2 bit 1 bit 0
TM1CON1 (073H) — — TM1CL1 TM1CLO

(R/W)
I_’_l

Timer 1 clock select

bit 1 bit0
0 0 : TBCCLK (initial value)
0 1 : HSCLK
1 0 : External clock
1 1 Timer 0 overflow (16-bit timer mode)

bit 1, 0: TM1CL1, TM1CLO
These bits select the timer 1 clock.

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

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

A Note:

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

e Wait at least 10 ms when using crystal oscillation.
e Wait at least 5 ms when using RC oscillation.
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Timer 2 Registers

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

bit 3 bit 2 bit 1 hit 0
TM2CONO (07EH) — FMEAS?2 — TM2RUN
(R/W) | |

Timer 2 mode select |
bit 2 hit 0

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

0 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-reload mode or frequency
measurement mode.

bit 3 bit 2 bit 1 bit 0
TM2CON1 (07FH) — — TM2CLA1 TM2CLO

(R/W)
I_'_l

Timer 2 clock select

bit 1 bit0
0 0 : TBCCLK (initial value)
0 1 : HSCLK
1 0 : External clock
1 1 : Notused

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

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

A Note:

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

e Wait at least 10 ms when using crystal oscillation.
e Wait at least 5 ms when using RC oscillation.
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Timer 3 Registers

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

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

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

mode.
bit 3 bit 2 bit 1 bit 0
TM3CON1 (081H) — — TM3CL1 TM3CLO
(RIW)

Timer 3 clock select
bit 1 bit0

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 (T13CK: secondary function of PB.3), or the timer 2
overflow flag.

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

A Note:

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

e Wait at least 10 ms when using crystal oscillation.
e Wait at least 5 ms when using RC oscillation.
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(4) Timer status registers (TMOSTAT, TM1STAT, TM2STAT, TM3STAT)

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

Timer O Registers

bit 3 bit 2 bit 1 bit 0

TMOSTAT (074H) — — TMOCAP TMOOVF
(R)

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

Timer 0 overflow flag

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

bit 1: TMOCAP (TiMerO CAPture)

This bit indicates whether or not new capture data is present.
When TMOCAP = "0":
A value of "0" indicates that there has been no new capture data since
system reset or since the last time TMOCAP was read.
When TMOCAP ="1"
Avalue of "1" indicates that there is new capture data since system reset
orsince the lasttime TMOCAP was read. Additional captures are disabled.
At system reset, TMOCAP is cleared to "0".
In the capture mode, if the level of the capture input pin (PB.O/TMOCAP)

changes and a capture is generated, TMOCAP is automatically set to "1".
If TMOSTAT is read, TMOCAP is automatically cleared to "0".

bit 0: TMOOVF (TiMer0 OVerFlow)

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

Timer 1 Registers

bit 3 bit 2 bit 1 bit 0

TM1STAT (075H) — — TM1CAP TM10VF
(R)

Timer 1 capture flag

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

Timer 1 overflow flag

? Initial value ] Toggles between 0 and 1 each time the timer 1 counter register overflows.
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bit 1: TM1CAP (TiMerl CAPture)

This bit indicates whether or not new capture data is present.
When TM1CAP ="0"
A value of "0" indicates that there has been no new capture data since
system reset or since the last time TM1CAP was read.
When TM1CAP ="1"
A value of "1" indicates that there is new capture data since system reset
orsince the lasttime TMOCAP was read. Additional captures are disabled.
At system reset, TM1CAP is cleared to "0".
In the capture mode, if the level of the capture input pin (PB.1/TM1CAP)
changes and a capture is generated, TM1CAP is automatically set to "1".
If TM1STAT is read, TM1CAP is automatically cleared to "0".

bit 0: TM1OVF (TiMerl OVerFlow)

This bit indicates that the timer counter register has overflowed.
This bit toggles between "0" and "1" whenever overflow occurs.
At system reset, TM1OVF is cleared to "0".

Timer 2 Register

bit 3 bit 2 bit 1 bit 0

TM2STAT (082H) _ _ _ TM20VE
(R)

Timer 2 overflow flag
0: Initial value
1:

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

bit 0: TM20OVF (TiMer2 OVerFlow)

This bit indicates that the timer counter register has overflowed.
This bit toggles between "0" and "1" whenever overflow occurs.
At system reset, TM20VF is cleared to "0".

Timer 3 Register

hit 3 bit 2 bit 1 bit 0
TM3STAT (083H) _ — — TM30VEF
(R)

Timer 3 overflow flag
0: Initial value
1:

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

bit 0: TM3OVF (TiMer3 OVerFlow)

This bit indicates that the timer counter register has overflowed.
This bit toggles between "0" and "1" whenever overflow occurs.
At system reset, TM3OVF is cleared to "0".
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[Supplement] List of Timer Registers

Timer 0 Registers

Name Symbol Address R/W Initial value
Timer 0 data register L TMODL 068H RAW OH
Timer 0 data register H TMODH 069H OH
Timer 0 counter register L TMOGL 06CH RAW OH
Timer 0 counter register H TMOCH 06DH OH
Timer 0 control register 0 TMOCONO 070H RAW 8H
Timer 0 control register 1 TMOCONH1 071H 0CH
Timer 0 status register TMOSTAT 074H R 0CH

Timer 1 Registers

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

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 RAW OH
Timer 2 counter register H TM2CH 07BH OH
Timer 2 control register 0 TM2CONO 07EH RAW 0AH
Timer 2 control register 1 TM2CON1 07FH 0CH
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 RAW OH
Timer 3 counter register H TM3CH 07DH OH
Timer 3 control register 0 TM3CONO 080H RAW OEH
Timer 3 control register 1 TM3CON1 081H 0CH
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 0 and timer 2 overflow signals as clocks for
timer 1 and timer 3, respectively, the timers can be used in pairs as 16-bit timers.

If the high-speed clock (HSCLK) is to be used, after setting bit 1 (ENOSC) of the frequency
control register (FCON), wait at least 10 ms in the crystal oscillation mode or 5 ms in the RC
oscillation mode before operating the timer.

The external clock is input to a port assigned as a secondary function port. In the case of
timers0and 2, PB.2/T02CK is used as the input pin for the external clock. In the case of timers
1 and 3, PB.3/T13CK is used as the input pin for the external clock. Since the external clock
is sampled by the system clock (CLK), the high- and low-levels of the external clock should
be longer than 1 cycle of the system clock (CLK).

7.4.2 Timer Data Registers

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

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

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

7.4.3 Timer Counter Registers

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

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

When a value is written to any timer counter register, the same value is also written to the
corresponding timer data register.
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7.4.4 Timer Interrupt Requests and Overflow Flags

Timers generate timer interrupt requests when the timer counter register overflows. The
overflow flag toggles between "1" and "0" at each overflow. The output of the overflow flag
oftimers 0 and 1 can be output to secondary portfunctions PB.0/TMOOVF and PB.1/TM10OVF
pins.

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

Timer clock \ \ 82 \ / \ / \ /
et ot ) e ) Fe N, 10 ) 11 ) R ) 10 )
& =

TMODH, TMODL 10

TMOINT |_\ |_\
TMOOVF | «

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

A U
-~ ~

LA
i~

Table 7-1 List of Timer Interrupts

IRQ flag IE flag Interrupt
Interrupt factor Symbol
(IRQ2) (IE2) vector address
Timer 0 interrupt TMOINT QTM™MO ETMO 0020H
Timer 1 interrupt TM1INT QTMA1 ETM1 0022H
Timer 2 interrupt TM2INT QTMm2 ETM2 0024H
Timer 3 interrupt TM3INT QTM3 ETM3 0026H

When the master interruptenable flag (MIE) is setto "1" with the interrupt enable flags (ETMO-
3) set to "1", and a timer overflow occurs, a CPU interrupt request is generated.
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7.4.5 Auto-Reload Mode Operation

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

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

e Timer 1: Set TM1ECAP (bit 1 of TM1CONO) to "0".

e 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 (TMORUN, TM1RUN, TM2RUN, TM3RUN) for each timer control
register to "1" will restart the count, and resetting to "0" stops the count.

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

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

" ?Og

BFFF
TM1CH, TM1CL
TMOCH, TMOCL

534F
0000
TMADH, IM1oL X 534F  YBFFFH Y 534F X BFFFAY
’ ; 1 1 ®
: @ ® <9__!!___€>
TMORUN
TVHINT I I I I
TM10VF
(PB.1 output) I

Figure 7-6 Auto-Reload Mode Timing
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The operation procedures are as follows.
(1 Set PB.1 to the output mode (TM10OVF) secondary function.

(2) Write 534FH to the timer data and timer counter registers.
TM1DH = TM1CH = 5H (bits 15-12)
TM1DL = TM1CL = 3H (bits 11-8)
TMODH = TMOCH = 4H (bits 7-4)
TMODL = TMOCL = FH (bits 3-0)

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

(@) Before the timer counter register overflows, write the next reload value BFFFH
to the timer data register.

(® When the timer counter register overflows, BFFFH is set to the timer counter
register, timer interrupt TM1INT is generated and timer 1 overflow flag TM1OVF
toggles. The timer counter register continues to count up from BFFFH.

(& Before the timer counter register overflows, write the next reload value 534FH
to the timer data register.

(7 When the timer counter register overflows, 534FH is set to the timer counter
register, timer interrupt TM1INT is generated and timer 1 overflow flag TM1OVF
toggles. The timer counter register resumes counting from address 534FH.

Repeat steps 4 through 7. This allows a user-defined pulse to be output from
PB.1/TM10OVF.

(9 Halt the count by resetting TMORUN to "0".
Figure 7-7 shows TMORUN count start/halt timing.

Selected clock 82
TMORUN «

Timer clock 22 ‘ / \ / \ /
Timer counter M ><M+1 >< M+2 22 N-4 >< N-3 >< N-2 >< N-1 >< N

register

Figure 7-7 TMORUN Count Start/Halt Timing

When TMORUN is set to "1", the timer counter starts to count from the second falling edge
of the selected clock. When TMORUN is reset to "0", the counter stops counting at the falling
edge of the selected clock which appears immediately after the TMORUN falling edge.
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7.4.6 Capture Mode Operation

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

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

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

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

e Timer 1: Set TM1ECAP (bit 1 of TM1CONO) to "1".

In the capture mode, reloading the timer data register data into the timer counter register is
inhibited, and when the timer counter register overflows, counting is restarted from O0H.

When a capture occurs, the capture flags (TMOCAP, TM1CAP) of the timer status registers
(TMOSTAT, TM1STAT) are setto"1". Additional captures are disabled while the capture flags
are "1". The capture flags are assigned to bit 0 of the timer status registers, and are
automatically cleared to "0" when the timer status registers are read.

If both the TM1CL1 and TM1CLO bits of the timer 1 control register 1 (TM1CON1) are set to
"1" and timer 0 overflow is selected as the clock, the 16-bit capture mode will be set. In this
case, the PB.O/TMOCAP pin is the capture trigger input.

Figure 7-8 shows the timer 0 capture mode timing for pulse width measurement.

<@

TMOCH, TMOCL

TMODH, TMODL >< 00H X 504 {  FOH >< 60H X EOH
® 5 ‘® '® P
TMORUN - 5
TMOECAP : B
TMOINT | ] |
PB.O/TMOCAP input (D @—Yf N i\ v]e®
TMOCAP !_I*® B [ 1 M
XIOINT I | | Ll
Ll e 3 |
| | | |

Figure 7-8 Capture Mode Timing
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The operation procedure is listed below.

(1 Set PB.0O/TMOCAP to input mode, and enable XIOINT and TMOINT.
(2 Clear all bits of the timer counter registers and timer data registers to zero.

(3 Set TMOCONO to the capture mode, and set TMORUN to "1" to begin upward
counting.

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

(B After the TMODH/TMODL read is complete, TMOCAP is cleared to "0" to wait for
the next capture.

® If the PB.O/TMOCAP input changes, repeat operations @ and & (second
capture).

The high-level pulse width t1 of the PB.0 input can be determined as follows.
t1 = (FOH — 50H) x tc teuk: TMCLK cycle

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

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

t2 = (60H — FOH + 100H) X tc k
(@ While TMOCAP = "1", there is no capture even when PB.O/TMOCAP changes.

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

Timer clock

PB.0/TMOCAP input \ |_|
TMOCH, TMOCL X m X,fn+1 X m+2 X m+3 X m+4 X m+5 X m+6 X m+7 X m+8 X__
[

TMODH, TMODL X %
Capture signal '
(CAPT) !
TMOCAP |
TMOSTAT READ [l

Figure 7-9 Capture Timing
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\Di} CAPT

PB.0/TMOCAP input

Timer clock

g
:
TMOECAP

TMOCAP D Q

——g> Q@

Figure 7-10 Capture Signal (CAPT) Generator Circuit

A Note:

The maximum delay from a PB.O/TMOCAP input level change until capture is one cycle of the
timer clock.
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7.4.7 Frequency Measurement Mode Operation

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

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

e Timer0: SetFMEASO (bit 2 of TMOCONO) to "1", and set TMOECAP (bit 1 of
TMOCONO) and TMORUN (bit 0 of TMOCONO) to "0".

e Timer1l: SetTM1ECAP (bit1of TM1CONO)and TM1RUN (bit0of TM1CONO)
to "0".

e Timer2: Set FMEAS2 (bit 2 of TM2CONO) to "1", and set TM2RUN (bit O of
TM2CONO) to "0".

e Timer 3: Set TM3RUN (bit 0 of TM3CONO) to "0".

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

(H)
FFFF

N1a ?

TM3CH
TM3CL

TM2CH
TM2CL 9
0000

TM3DH, TM3DL
TM2DH. TM2DL X

64 Hz _I—¢@ | [
4370 L ] ] 1

FMEAS? 5

1| 437/32768 s[>
OBk N

Figure 7-11 Frequency Measurement Mode Timing

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

(D Timer 3 control registers 0 and 1 (TM3CONO, TM3CON1) 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.

(2) Wait 10 ms or more in the crystal oscillation mode or 5 ms or more in the RC
oscillation mode after starting the high-speed clock and set FMEAS2 to "1" to enter
the frequency measurement mode.

(3 When FMEAS?2 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 rises in 437/
32768 seconds after the 64 Hz falling edge.

(® Timer counter register value N1 is read.
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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)
= 6380 (hexadecimal)

=0110 1000 0p11 0000, (binary)

(truncated)

Because 437/32768 seconds are equivalent to 128 clocks at 9600 Hz (more precisely, 9598
Hz), adivision of the count by 128 provides the frequency ratio (N2) between 2 MHz and 9600
Hz. Because 128 =2, 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. As a result, overflow produces a TM3INT cycle trpznT Of

trmainT = 1/2000000 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 a result, overflow produces a TM3INT cycle tryznT Of

trmainT = 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.
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Figure 7-12 illustrates the operation of timer 3 interrupt for an RC oscillator clock frequency
of 600 kHz.

(H)
FFFFT

FFC2

TM3CH
TM3CL
TM2CH
TM2CL

0000

TM3DH, TM3DL §
TM2DH, TM2DL g FFC2

TM3INT I N I I I |
(9677 Hz)
0.10333 ms|

Figure 7-12 Timer 3 Interrupt (TM3INT) Generation
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Chapter 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 i T10CR

512 hz ij 5/6-base counter decimal counter decimal counter
R R R
ECNT
T10CR WRITE jD | b3 |
T100CR WRITE ’_'I:,>+ b2

b1
4-bit latch ,_EF%

L Data

{ 0_{}9 b0 bus

T10CR READ

_II:F% b3
0_';,>» b2
0_{}9 b1

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 (TLOOCON)

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

bit 3 bit 2 bit 1 bit 0
— — — ECNT

T100CON (066H)
(RAW)

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 value is reset to "0" and counting
is stopped.

(2) 100 Hz counter register (TLO0CR)

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 TLOOCR is latched by a 4-bit latch in TLOCR read operation, so
the value of the TLOOCR must always be read after reading T10CR.

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

bit 3 bit 2 bit 1 bit 0

T100CR (064H) 10063 1002 100C1 100C0
(R/W)

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

When data is written in TLI0CR, both T100CR and T10CR are reset to "0".

bit 3 bit 2 bit 1 bit 0

T10CR (065H) 10C3 10C2 10C1 10C0
(RAW)
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8.4 100 Hz Timer Counter Operation

The 100 Hz timer counter begins counting when bit 0 (ECNT) of the 100 Hz timer counter
control register (TLOOCON) is setto "1". The 512 Hz output of the time base counter is divided
into 100 Hz by the 5/6-base counter.

The 100 Hz signalis inputto the 100 Hz counter (T100CR) and the carry output of that counter
is input to the 10 Hz counter (T10CR). The 10HzINT signal, which is the carry output (10 Hz)
of the TLO0CR 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 TLOCR s read, the contents of TLOOCR at that time are latched to the 4-bit latch. Therefore,
the contents of TLOOCR at the time T10CR is read can be read correctly.
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Chapter 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
; Internal pointer i
S U :
WDTCON -1 i
WRITE i i
i R i
: [ i QWDACK
i 1 (internal reception signal)
i 4 "5H" detection i +—— RESETS
! and latch _‘ : (system reset)
5 L L E
i 4 AL . i
T 0AH" detection T
Data bus U
Re [ 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 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 42 d1 d0
(W)

9.4 Watchdog Timer Operation

At system reset, WDTC (watchdog timer counter) stops counting.

WDTC begins counting by writing "5H" to WDTCON (watchdog timer control register) while
the internal pointer is "0", and then writing "0AH" (while the internal pointer is "1").

The internal pointer is cleared to "0" at system reset or when WDTC overflows, and toggles
every time a write operation to WDTCON is performed.

After WDTC is activated, WDTC is cleared by writing "5H" to WDTCON while the internal
pointer is "0", and then writing "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) is given by:

_ 128x512 _
T = 32768 (Hz) ~ S
The minus deviation (t) of the WDTC overflow cycle is given by:
_ 128 _ .
t= 35768 (Hz). M) - approximately 3.9 ms

Therefore, the WDTC clear cycle (Ct) can be computed as follows.
Ct=T-t=2s-39ms=1.9961s

If 32.768 kHz is to be used as the low-speed clock, the software must be programmed to clear
WDTC within 1.9961 s.

Ifthe CPU malfunctions due to a power failure or other factor and the WDTC cannotbe 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.

( System reset > ----- WDT operation is stopped
| Internal pointer "0"

Write "5H" ... Internal pointer "0"—"1"
to WDTCON
Write "0AH" P
""" WDT operation is started
to WDTCON Internal pointer "1"— "0"
Write "5H" | : T
to WDTCON Internal pointer "0"—"1
Processing Processing
time does not
exceed 1.9961 s
Write "0AH" | ;
to WDTCON WDTC s cleared
Internal pointer "1"—"0
Processing

Figure 9-2 Watchdog Timer Processing Flowchart
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Figure 9-3 shows the timing chart for watchdog timer operation.

@ Fault occurrence
System reset |_| &
; ® @ ® ® @
Data: 5 A A 5 5 A 5
WDTCON : | | | | | | |
write signal : :

Internal pointer | | | | | | | |

J Overflow
/

Watchdog timer counter
(WDTC) content

WDTINT Start 191t02.0s

/
i

(interrupt request signal)

Figure 9-3 Watchdog Timer Operation Timing Chart

The watchdog timer operating sequence is listed below.

(1 System reset clears the internal pointer and WDTC.
(2) Write "5H" to WDTCON. (Internal pointer 0—1)

(Interrupt request)

(3 Write "0AH" to WDTCON to start WDTC. (Internal pointer 1—0)

(@) Write "5H" to WDTCON. (Internal pointer 0—1)

(B Write "0AH" to WDTCON to clear WDTC. (Internal pointer 1—0)

(® Write "5H" to WDTCON. (Internal pointer 0—1)

(@ After a fault occurs, "5H" is written to WDTCON but is not accepted since the

internal pointer is "1". (Internal pointer 1—0)

"0AH" is written to WDTCON, but since the internal pointer is "0" and the write of
"5H"in step (7)was not accepted, WDTC will notbe cleared. (Internal pointer 0—1)

(9 Because WDTC was not cleared, overflow of WDTC will generate the watchdog
timer interrupt WDTINT. At this time, the internal pointer is cleared to "0".
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Chapter 10 Ports (INPUT, OUTPUT, I/O PORT)

10.1 Overview

The ML63326 has one internal 4-bit input port, four internal 4-bit output ports, five internal 4-
bit 1/0 ports, and one internal 2-bit I/O port.

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

If a port is to 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 Vpp, pin.

A Note:

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

10.2 Ports List

The ports of the ML63326 are shown in Table 10-1.

Table 10-1 Ports List

Sedondary
Port 170 Interrupt . Page
function
Port 0 | ° ° 10-2
Port 4 — ° 10-7
Port 5 0 — ° 10-7
Port 6 — ° 10-7
Port 7 — ° 10-7
Port 8 — ° 10-15
Port 9 — ° 10-15
Port A — ° 10-15
—— 10
Port B ° ° 10-24
Port E ° ° 10-30
Port F ° ° 10-35
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10.3 Port 0 (P0.0-P0.3)
10.3.1 Port 0 Configuration

The ML63326 has Port 0, a 4-bit input-only port.
Figure 10-1 shows the configuration of port 0.

Data bus
Voo
Pull-up/ POCONO
pull-down POCON1 4
control
— ’4
4 Vss Read POD A
P0.0-P03 [} o—q > b=

% P0.0-P0.3

(to external interrupt 5
control circuit)

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

10.3.2 Port 0 Registers

(1) Port 0 Data Register (POD)

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

bit 3 bit 2 bit 1 bit 0

POD (003:; P03 P02 P01 P00
| | | |

Pin levels of each bit of port 0

0: "L" level
1: "H" level
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(2) Port Control Registers (POCONO, POCON1)

Port 0 control registers 0/1 (POCONO, POCON1) are 4-bit special function registers (SFRs)
that select pull-up or pull-down resistors and select the external interrupt sampling frequency
of Port 0 secondary function.

bit 3 bit 2 bit 1 bit 0

POCONO (010H) PO3MD P02MD PO1MD POOMD
(RW)

Port 0.3 input mode select 4|

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) — _ POPUD POF
(R/W)

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

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

Individual specification of pull-down or pull-up resistors for the pins of port 0.0
to 0.3 is not possible.
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(3) Port Interrupt Enable Register (POIE)

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

At system reset, the port interrupt enable register is cleared to "0" and all bits of port O are
initialized to the interrupt disabled state.

bit 3 bit 2 bit 1 bit 0

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

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

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

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

Port 0.0 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled
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10.3.3 Port 0 External Interrupt Functions (External Interrupt 5)
An external interrupt (external interrupt 5) is assigned to port 0 as a secondary function.
Individual bits can be enabled/disabled for external interrupt 5.

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

After the port level changes, interrupt request signal XI5INT is output and external interrupt
5requestflag (QXI5) is set. The maximum time delay from the change in portlevel until setting
QXI5 is one cycle of the sampling clock (128 Hz or 4 kHZ).

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

External interrupt 5 is generated during the following states.
POPUD = "0" (initial value: inputs with pull-down resistors) setting

With all P0.0 to P0.3 inputs at a "L" level, external interrupt 5 is generated when
any port 0 input changes to a "H" level.

With any of P0.0to PO.3inputs ata"H" level, external interrupt 5 is generated when
all the port 0 inputs change to a "L" level.

POPUD = "1" (initial value: inputs with pull-up resistors) setting

With all P0.0 to P0.3 inputs at a "H" level, external interrupt 5 is generated when
any port 0 input changes to a "L" level.

With any of P0.0to PO.3inputs ata"L" level, external interrupt 5 is generated when
all the port 0 inputs change to a "H" level.

The interrupt vector address for external interrupt 5 is 001EH.
Figure 10-2 shows the timing for generation of external interrupt 5.

Figure 10-3 shows an equivalent circuit of external interrupt 5 control.
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Figure 10-3 Equivalent Circuit of External Interrupt 5 Control
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10.4 Ports 4-7 (P4.0-P4.3, P5.0-P5.3, P6.0-P6.3, P7.0-P7.3)

The ML63326 has four 4-bit output ports: Port 4, Port 5, Port 6, and Port 7.

10.4.1 Port 4-7 Configuration

The circuit configuration for ports 4, 5, 6, and 7 is shown in Figure 10-4.

Data bus
Vool 4
Output P4D VA3-VAO
4 port P4CONO 2 Voice synthesis with
P4.0-P4.3 control P4CON1 an external memory used
4
A3-A0
—> MOVXB instruction
Vss
Vool 4
Output P5D VAT-VA4
4 port P5CONO 2
P5.0-P5.3 control P5CON1
4
A7-A4
> MOVXB instruction
Vss
Voo 4
Output PED VA11-VA8
4 port P6CONO
P6.0-P6.3 control P6CON1
4
A11-A8
—> MOVXB instruction
Vss
Vool 4
Output P7D VAT5-VA12
4 port P7CONO 2
P7.0-P7.3 control P7CON1
4
A15-A12
> MOVXB instruction
Vss
P47MOD
4 4
ﬁ%

Figure 10-4 Input/Output Port (Ports 4—7) Configuration
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10.4.2 Port 4-7 Registers

(1) Port 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 dataregister (P7D) are 4-bit special function registers (SFRs) used to set the output values
for the ports.

* Port4
bit 3 bit 2 bit 1 bit 0
P4D (004H) P43 P42 P41 P40
(R/W) | | | |
Port 4 output data
e Port5
bit 3 bit 2 bit 1 bit 0
P5D (005H) P53 P52 P51 P50
(R/W) | | | |
Port 5 output data
e Port 6
bit 3 bit 2 bit 1 bit 0
P6D (006H) P63 P62 P61 P60
(R/W) | | | |
Port 6 output data
e Port 7
bit 3 bit 2 bit 1 bit 0
P7D (007H) P73 P72 P71 P70
(R/W) | | | |
Port 7 output data
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At system reset the port data registers are set to "0". When data is 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 10-5 shows port change timing.

Write instruction

S1 S2

CLK

Ports 4-7 Old data >< New data

Figure 10-5 Port Change Timing
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(2) Port control registers (P4CONO, PACON1, P5CONO, P5CON1, P6CONO, P6CON1,

P7CONO, P7CON1)

The port 4 control registers 0/1 (P4CONO, P4ACON1), port 5 control registers 0/1 (P5CONO,
P5CONL1), port 6 control registers 0/1 (P6CONO, P6CON1) and port 7 control registers
(P7CONO, P7CONL1) 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.

Atsystemresetthe portcontrol registers are setto "0", and all ports are initialized to the CMOS

output mode.

* Port4

bit 3 bit 2

bit 1

bit 0

P4CONO (01AH) P41MD1 P41MDO

P40MD1

P40MDO

(R/W)
Port 4.1 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 4.0 output mode select
bit1 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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e Port5

bit 3 bit 2 bit 1 bit 0
P5CONO (01CH) P51MD1 P51MDO P50MD1 P50MDO

(R/W) [ I

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 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
P5CON1 (01DH) P53MD1 P53MDO P52MD1 P52MDO

(R/W) [

Port 5.3 output mode select
hit 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 bit 0
0  0:CMOS output (initial value)
0 1:N-channel open drain output
1
1

0 : P-channel open drain output
1 : High-impedance output
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e Port 6
bit 3 bit 2 bit 1 bit 0
P6CONO (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
(R/W) [
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 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
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e Port 7

bit 3 bit 2 bit 1 bit 0
P7CONO (020H) P71MD1 P71MDO P70MD1 P70MDO

(R/W) I

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 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
P7CON1 (021H) P73MD1 P73MDO P72MD1 P72MDO

(R/W) [

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 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
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(3) Port mode register (P47MOD)

The port 4—7 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 ports 4-7.

bit 3 bit 2 bit 1 bit 0
P47MOD (022H) P7MOD P6MOD P5MOD P4MOD

(R/W)

Port 7 pin function select
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

Atsystem resetthe P47MOD register is setto "0", and all ports are set as normal output ports.
When P47MOD bits are set to "1" and the MOVXB instruction executed, external memory
addresses are output to the ports. If the MOVXB instruction is not executed, data register
contents are output to the ports.

(4) Voice synthesis when using an external memory

When carrying out voice synthesis using an external memory, ports 4—7 output the lower 16
bits of the address (VA15-0). When carrying out voice synthesis using the ROM inside the
chip, these will be in the normal port state. For details, see Chapter 13, "Voice Synthesis."
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10.5 Port 8, Port 9, Port A (P8.0, P8.1, P9.0—P9.3, PA.0-PA.3)

The ML63326 has Port 8, Port 9 and Port A input/output ports.

10.5.1 Port 8, Port 9, Port A Configuration

The circuit configuration for ports 8, 9 and A is shown in Figure 10-6.

Data bus
Vool
Output P8D
port P8DIR
control P8CONO
[— 4
Vss 1 S
P8.0, P8.1 [} W VRD
Vool 1
Pull-up/ Voice syntlhesis with ]
pull-down ) an external memory use
control RO/WR
%
V. 4
5 PSMOD
Voo
Output PID VD3-VDO
port PIDIR 4
control P9CONO
— PICON1
Vss s
P9.0-P9.3 [} D3-D0
Voo
Pull-up/
pull-down MQVXB instruction
control
% /%
Vss
Voo
Output PAD 4
port PADIR VD7-VD4
control PACONO
— PACON1 4
4 Vss
PA.0-PA.3 [}
Voo 4
Pull-up/ D7-D4
pull-down
control MOVXB instruction
- L
V, 2 4
5 PIAMOD

Figure 10-6 Input/Output Port (Ports 8, 9 and A) Configuration
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10.5.2 Port 8, Port 9, Port A Registers

(1) Port direction registers (P8DIR, P9DIR, PADIR)

The port8directionregister (P8DIR), the port 9 direction register (PODIR), and port A direction
register (PADIR) are 4-bit special function registers (SFRs) which specify the port input/
output direction for each bit. Pins corresponding to port direction register bits set to "0" are
input, and those corresponding to bits set to "1" are output.

At system reset the direction registers are setto "0", and all ports are initialized in input mode.

e Port 8

bit 3 bit 2 bit 1 bit 0

P8DIR (025H) P83DIR* P82DIR* P81DIR P8ODIR
(RA) | | | |

Port 8 input/output setting
0: Input (initial value)
1: Output

A Note:

*: The bits P83DIR and P82DIR have to be set to "1" or "0" before executing an external
memory transfer instruction (MOVXB) or carrying out voice synthesis.

The pins P8.3 and P8.2 are not present in the ML63326.

For details, see Chapter 11, "External Memory Transfer Function" and Chapter 13, "Voice
Synthesis."

*Port9
bit 3 bit 2 bit 1 bit 0
PODIR (029H) P93DIR P92DIR P91DIR P90DIR
(RAW) | | | ]
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
(RA) | | | ]
Port A input/output setting |
0: Input (initial value)
1: Output
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(2) Port data registers (P8D, P9D, PAD)

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

When port direction register (P8DIR, P9DIR, PADIR) bits are set to "1" and the output mode
selected, the contents of the port data registers are output to the ports.

When the output mode is selected and the port data register read, the contents of the data
register are read.

The port pin levels are read when the port data registers are read with the port direction
register bits set to "0" and the input mode selected.

e Port 8

bit 3 bit 2 bit 1 bit 0

P8D (008H) Pg3* Pg2* P81 P80
(R/W)

Port 8 input/output data |

A Note:

*. Bits P83 and P82 have to be setto "1" or "0" before executing an external memory transfer
instruction (MOVXB) or carrying out voice synthesis.

The pins P8.3 and P8.2 are not present in the ML63326.

For details, see Chapter 11, "External Memory Transfer Function" and Chapter 13, "Voice
Synthesis."

*Port9
bit 3 bit 2 bit 1 bit 0
P9D (009H) P93 P92 P91 P90
(RA) | | | |
Port 9 input/output data |
e Port A
bit 3 bit 2 bit 1 bit 0
PAD (00AH) PA3 PA2 PA1 PAO

(R/W)

Port A input/output data |
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At system reset the port data registers are set to "0". When data is 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 10-7 shows port change timing.

Write instruction

S1 S2

CLK

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

Figure 10-7 Port Change Timing
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(3) Port control registers (PBCONO, P9CONO, PO9CON1, PACONO, PACON1)

The port 8 control register 0 (P8CONO), the port 9 control registers 0/1 (P9CONO, POCON1),
and port A control registers 0/1 (PACONO, PACON1) are 4-bit special function registers
(SFRs) used to select port input/output mode.

The input mode may be pull-down resistor input, pull-up resistor input or high-impedance
input.

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

At system reset the port control registers are setto "0", and all ports are initialized to pull-down
resistor input mode and CMOS output mode.

*Port 8
bit 3 bit 2 bit 1 bit 0
P8CONO (023H) P81MD1 P81MDO P8OMD1 P8OMDO
(R/W)

Port 8.1 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 O :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 8.0 input/output mode select

Input mode Output mode
bit1 bit 0 bit1 bit 0
0 O : 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
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*Port9
bit 3 bit 2 bit 1 bit 0
P9CONO (027H) P91MD1 P91MDO P9OMD1 P9OMDO
- f —
Port 9.1 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 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 9.0 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

0 : P-channel open drain output

x 1 : High-impedance input 1
1 1 : High-impedance output

bit 3 bit 2 bit 1 bit 0
POCON1 (028H) P93MD1 P93MDO P92MD1 P92MDO
T —
Port 9.3 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 O :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 9.2 input/output mode select
Input mode Output mode
bit 1 bit 0 bit1 bit 0
0 O :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
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* Port A
bit 3 bit 2 bit 1 bit 0
PAGONO (?Ezm; PATMD1 PATMDO PAOMD1 PAOMDO
i —
Port A.1 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2
0 O :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 A.0 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 O :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

0 : P-channel open drain output

x 1 :High-impedance input 1
1 1 : High-impedance output

bit 3 bit 2 bit 1 bit 0
PACON1 (02BH) PA3MD1 PA3MDO PA2MD1 PA2MDO
(R/W)

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

0 O : 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 A.2 input/output mode select

Input mode Output mode
bit1 bit 0 bit1 bit 0
0 O : 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
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(4) Port mode registers (P8MOD, P9AMOD)

P8MOD and P9AMOD are 4-bit special function registers (SFRs) that enable the function of
access by external memory transfer instruction (MOVXB) which is a secondary function of the
respective ports.

Table 10-2 lists the secondary functions of ports 8, 9, and A.

Table 10-2 Port 8, 9, A Secondary Functions

Port Secondary function Description
P8.0 RD External memory read signal
P8.1 WR External memory write signal
P9.0 DO Data bus of the external memory
P9.1 D1

P9.2 D2

P9.3 D3

PA.0 D4

PA.1 D5

PA.2 D6

PA.3 D7

The port mode registers are set to "0" at a system reset thereby making the ports have the
normal port functions.

bit 3 bit 2 bit 1 bit 0

PBMOD (026H) — — P81MOD P8OMOD
(R/W)

Port 8.1 pin function select

0: Input/output port function (initial value)
1: WR output function (the output mode is set irrespective of P81DIR)

Port 8.0 pin function select

0: Input/output port function (initial value)
1: RD output function (the output mode is set irrespective of PSODIR)

bit 3 bit 2 bit 1 bit 0

POAMOD (02DH) — — PAMOD POMOD
(R/W)

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-D0 input/output function

When each of the bits of P9AMOD is set to "1" and the MOVXB instruction is executed, P9—
PA become the data signals for the external memory. Further, when the MOVXB instruction
is not executed, P9—PA have the normal input/output port function.
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(5) Voice synthesis when using an external memory

When carrying out voice synthesis using an external memory, the RD signal is output at P8.0
and the data from the external memory is input via P9 (P9.3-P9.0) and PA (PA.3-PA.0).
These pins will be in the normal port state when carrying out voice synthesis using the ROM
inside the chip.

For details, see Chapter 13, "Voice Synthesis."
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10.6 Port B (PB.0-PB.3)

The ML63326 has Port B, a 4-bit input/output port.

10.6.1 Port B Configuration

The circuit configuration for port B is shown in Figure 10-8.

Vopi Data bus
Output PBD
port PBDIR 4
control PBCONO
PBCON{
PBMOD
4 Vss )
PB.0-PB.3 [] TMOOVE
TM10VF
Voo (from timer
Pull-up/ 0, 1 circuits)
pull-down
control
|_
4
PB.0-PB.3
Vss (to external O interrupt
control circuit)
4

TMOCAP, TM1CAP,
T02CK, T13CK
(to timer 0-3 circuits)

Figure 10-8 Input /Output Port (Port B) Configuration
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10.6.2 Port B Registers

(1) Port B direction register (PBDIR)

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

At system reset the port B direction register is setto "0", and port B is initialized to input mode.

bit 3 bit 2 bit 1 bit 0

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

Port B input/output setting
0: Input (initial value)
1: Output

(2) Port B data register (PBD)
PBD is a 4-bit special function register used to set the output values for port B.
When the port B data register is read during the output mode, the content of the PBD is read.

The port B pin levels are read when the port B data register is read with the port B direction
register bits set to "0" and the input mode selected.

bit 3 bit 2 bit 1 bit 0

PBD (00BH) PB3 PB2 PB1 PBO
(R/W) | | | |

Port B output data

At system reset the port B data register (PBD) is 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 10-9 indicates port change timing.

Write instruction

S1 S2

CLK

Port B Old data >< New data

Figure 10-9 Port B Change Timing
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(3) Port B control registers (PBCONO, PBCON1)

The port B control registers 0/1 (PBCONO, PBCONL1) are 4-bit special function registers
(SFRs) used to select port input/output mode.

The input mode can be pull-down resistor input, pull-up resistor input or high-impedance
input.

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

Atsystem resetthe 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
- f —
Port B.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 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
PBCON1 (02FH) PB3MD1 PB3MDO PB2MD1 PB2MDO
T —— T
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
bit1 bit0 bit 1 bit0
0 0 :Input with pull-down resistor (initial valug) 0 0 : CMQS output (initial value)
1 0 :Input with pull-up resistor 1 : N-channel open drain output
x 1 : High-impedance input 0 : P-channel open drain output
1 : High-impedance output

—_ a0
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(4) Port B mode register (PBMOD)

PBMOD is a 4-bit special function register (SFR) used to select the sampling frequency when
portBis used as an externalinterrupt. Itis also usedto select port B secondary functions other
than external interrupt.

The external interrupt sampling frequency can be selected as either 128 Hz or 4 kHz.

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

Table 10-3 Port B Secondary Functions

Port Secondary function Description
PB.0 TMOCAP Timer O capture input
PB.1 TM1CAP Timer 1 capture input
PB.2 T02CK Timer 0, timer 2 external clock input
PB.3 T13CK Timer 1, timer 3 external clock input
PB.0 TMOOVF Timer 0 overflow flag output
PB.1 TM10VF Timer 1 overflow flag output
PB.0
PB.1 )
INTO External interrupt 0
PB.2
PB.3
bit 3 bit 2 bit 1 bit 0
PBMOD (032H) PBF — PB1MOD PBOMOD
(R/W)

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: Timer 1 overflow flag output (TM10VF) function
(Goes into output mode irrespective of PB1DIR)

Port B.0 pin function select

0: Input/output port function (initial value)

1: Timer 0 overflow flag output (TMOOVF) function
(Goes into output mode irrespective of PBODIR)

At system reset the PBMOD is initialized to "0".
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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, PBIE is cleared to "0" and all bits of port B are initialized to the interrupt
disabled state.

bit 3 bit 2 bit 1 bit 0

PBIE (031H) PB3IE PB2IE PB1IE PBOIE
(R/W)

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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10.6.3 Port B External Interrupt Function (External Interrupt 0)
Port B has external interrupt 0 allocated as secondary function. Individual bits of port B can
be enabled/disabled.

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 (QXI0) is set. The maximum delay for this sequence is one cycle of the sampling
clock (128 Hz or 4 kHz).

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

The interrupt start address for external interrupt 0 is 0014H.
Figure 10-10 shows the external interrupt O generation timing.

Figure 10-11 shows the equivalent circuit for external interrupt O control.

128 Hz or \L‘,J \LNJ
4 KHz
)) )
(( (()“
PB.n
XIOINT ———— s s

)
((
axio ( (n=0-3)

Figure 10-10 External Interrupt O Generation Timing

PBIE
PB.O —o ., PBOIE
,IC
PB.1 —O o PBIIE — IROOEQO - IE0 te?]icfgsgrruptpriority
PB.2 —o0 .~ PB2IE :@; d2¥:ctcci?235 XIOINT axio T%o%%
PB.3 —o , PB3IE
5

128 Hz

4 kHz
PBMOD

PBF

Figure 10-11 External Interrupt O Control Equivalent Circuit
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10.7 Port E (PE.O-PE.3)

The ML63326 has Port E, a 4-bit input/output port.

10.7.1 Port E Configuration

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

Voo Data bus
Output PED
port PEDIR 4
control PECONO
PECON1
[— PEMOD
4 Vss 2
PE.0O-PE.3 [] SOUT, SCLK
(from shift
% Voo register
Pull-up/ circuit)
pull-down
control
1
PE.3
Vss (to external 2 interrupt
control circuit)
2
SIN, SCLK

(to shift register circuit)

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

(1) Port E direction register (PEDIR)

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

At system reset the port E direction register is setto "0", and port E is initialized to input mode.

bit 3 bit 2 bit 1 bit 0

PEDIR (03FH) PE3DIR PE2DIR PE1DIR PEODIR
(W) | | | ]

Port E input/output setting |
0: Input (initial value)
1: Output

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

When the port E direction register (PEDIR) is set to "1" and the output mode is selected, the
content of the PED is output to port E.

The port E pin levels are read when PED is read with the port E direction register bits set to
"0" and the input mode selected.

bit 3 bit 2 bit 1 bit 0

PED (00EH) PE3 PE2 PE1 PEO
(R/W) | | | |

Port E output data

At system reset the port E data register is reset to "0". When data is written to the port E data
register, the pin change timing is at the rising edge of the system clock for state 2 of the write
instruction.

Figure 10-13 indicates port change timing.

Write instruction

S1 S2

CLK

Port E Old data >< New data

Figure 10-13 Port E Change Timing
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(3) Port E control registers (PECONO, PECON1)

The port E control registers 0/1 (PECONO, PECONL1) are 4-bit special function registers
(SFRs) used to select port input/output mode.

The input mode can be pull-down resistor input, pull-up resistor input or high-impedance
input.

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

Atsystem resetthe PECONO and PECON1 are setto "0", and port E is initialized to pull-down
resistor input mode and CMOS output mode.

bit 3 bit 2 bit 1 bit 0
PECONO (03DH) PE1MD1 PETMDO PEOMD1 PEOMDO
T ——— —
Port E.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 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
bit1 hit 0 bit1 hit0
0 O :Input with pull-down resistor (initial value) 0 0 : CMOS output (initial value)
1 0 :Input with pull-up resistor 0 1 :N-channel open drain output
x 1 :High-impedance input 1 0 :P-channel open drain output
1 1 : High-impedance output

bit 3 bit 2 bit 1 bit 0
PECON1 (03EH) PESMD1 PE3MDO PE2MD1 PE2MDO
(R/W)
Port E.3 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 valug) 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 1 0 :P-channel open drain output
1 1 : High-impedance output
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(4) Port E mode register (PEMOD)

PEMOD is a 4-bit special function register (SFR) used to select the sampling frequency when
PE.3isused as an external interrupt. Itis also used to select port E secondary functions other
than external interrupt.

The external interrupt sampling frequency can be selected as either 128 Hz or 4 kHz.

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

Table 10-4 Port E Secondary Functions

Port Secondary function Description
PE.O SIN Shift register data input
PE.1 SOuT Shift register data output
PE.2 SCLK Shift register clock 1/0
PE.3 INT2 External interrupt 2
bit 3 bit 2 bit 1 hit 0
PEMOD (040H) PEF PE2MOD PE1MOD PEOMOD
(R/W)

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)

At system reset the PEMOD is initialized to "0".
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10.7.3 Port E.3 External Interrupt Function (External Interrupt 2)

Port E.3 has external interrupt 2 allocated as secondary function.

External interrupt generation for PE.3 is triggered by the falling edge of the 128 Hz or 4 kHz
time base counter, which is the sampling clock.

After the port level changes, the interrupt request signal (XI2INT) is output, and the interrupt
request flag (QXI2) 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 10-14 shows the external interrupt 2 generation timing.

Figure 10-15 shows the equivalent circuit for external interrupt 2 control.

bl L

4 kHz

)) ))
(( (
PE.3

XI2INT ———— s ¢

(\
Qx2 ——— )_|—()(1_

Figure 10-14 External Interrupt 2 Generation Timing

|RQ1|§Q1 57D IET to interrupt priority
PE.3 EZY:(LtTl?ESﬁ XI2INT ~ axie “o EXI2 goder
128 Hz
4 kHz
PEMOD

PEF

Figure 10-15 External Interrupt 2 Control Equivalent Circuit
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10.8 Port F (PF.0-PF.3)

The ML63326 has Port F, a 4-bit input/output port.

10.8.1 Port F Configuration

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

Voo Data bus
Output PFD
port PFDIR 4
control PFCONO
PFCON1
— PFMOD
VA18-VA16
4 Vss
PF.0-PF.3 [] W Voice synthesis
with an external
% Voo memory used
Pull-up/
— pull-down
control

i

PF.0-PF.3

(to external
interrupt 3
control circuit)

Vss

Figure 10-16 Input/Output Port (Port F) Configuration
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10.8.2 Port F Registers

(1) Port F direction register (PFDIR)

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

At system reset the port F direction register is setto "0", and port F is initialized to input mode.

bit 3 bit 2 bit 1 bit 0

PFDIR (043H) PF3DIR PF2DIR PF1IDIR PFODIR
(RAW) | | | ]

Port F input/output setting
0: Input (initial value)
1: Qutput

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

When the port F direction register (PFDIR) is set to "1" and the output mode is selected, the
content of the PFD is output to port F.

The port F pin levels are read when PFD is read with the port F direction register bits set to
"0" and the input mode selected.

bit 3 bit 2 bit 1 bit 0

PFD (00FH) PF3 PF2 PF1 PFO
() | | | ]

Port F output data

At system reset the port F data register is reset to "0". When data is written to the port F data
register, the 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 F Old data >< New data

Figure 10-17 Port F Change Timing
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(3) Port F control registers (PFCONO, PFCON1)

The port F control registers 0/1 (PFCONO, PFCONL1) are 4-bit special function registers
(SFRs) used to select port input/output mode.

The input mode can be pull-down resistor input, pull-up resistor input or high-impedance
input.

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

At system reset the PFCONO and PFCONL1 are setto "0", and port F is initialized to pull-down
resistor input mode and CMOS output mode.

bit 3 bit 2 bit 1 bit 0
PFCONO (041H) PFIMD1 PFIMDO PFOMD1 PFOMDO
T —T
Port F.1 input/output mode select
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 O :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 F.0 input/output mode select
Input mode Output mode
bit1 bit 0 bit1 bit 0
0 O : 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
PFCON1 (042H) PF3MD1 PF3MDO PF2MD1 PF2MDO
(R/W)
Port F.3 input/output mode select :I
Input mode Output mode
bit 3 bit 2 bit 3 bit 2

0 O : 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 F.2 input/output mode select
Input mode Output mode
bit 1 bit 0 bit 1 bit 0
0 O :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
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(4) Port F mode register (PFMOD)

PFMOD is a 4-bit special function register (SFR) used to select the sampling frequency when
port F is used as an external interrupt.
The external interrupt sampling frequency can be selected as either 128 Hz or 4 kHz.

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

Table 10-5 Port F Secondary Functions

Port Secondary function Description
PF.0
PF1 INT3 External interrupt 3
PF.2
PF.3
hit 3 bit 2 bit 1 bit 0
PFMOD (045H) — — _ PFF
(R/W)

External interrupt sampling frequency select
0: 128 Hz sampling (initial value)
1: 4 kHz sampling

At system reset the PFMOD is initialized to "0".
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(5) Voice synthesis when using an external memory

The pins PF.2, PF.1, and PF.0 output the high order 3-bit address (VA18-VA16) when
carrying out voice synthesis using an external memory. These pins will be in the normal port
state when carrying out voice synthesis using the ROM inside the chip.

For details, see Chapter 13, "Voice Synthesis."

(6) Port F interrupt enable register (PFIE)

PFIE is a 4-bit special function register (SFR) that is used for selecting the interrupt enable/
disable state for each bit when port F is used as an external interrupt input.

All bits of PFIE are reset to "0" at a system reset and all port F interrupts will be initialized to
the interrupt disabled state.

bit 3 bit 2 bit 1 bit 0

PFIE (044H) PF3IE PF2IE PF1IE PFOIE
(R/W)

Port F.3 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

Port F.2 interrupt disable/enable select
0: Interrupt disabled (initial value)
1: Interrupt enabled

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

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

10-39



ML63326 User's Manual
Chapter 10 Ports (INPUT, OUTPUT, I/O PORT)

10.8.3 Port F External Interrupt Function (External Interrupt 3)

Port F has external interrupt 3 allocated as secondary function.

External interrupt generation for PF 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 (XI3INT) is output, and the interrupt
request flag (QXI3) is set. The maximum delay for this sequence is one cycle of the sampling
clock (128 Hz or 4 kHz).

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

The interrupt start address for external interrupt 3 is 001AH.
Figure 10-18 shows the external interrupt 3 generation timing.

Figure 10-19 shows the equivalent circuit for external interrupt 3 control.

bl

4 kHz

)) )
1( ((’“
PF.n

XI3INT ———— L s

¢
i3 — | \—33— (n=03)

Figure 10-18 External Interrupt 3 Generation Timing

PFIE
PF.0 ——%C PFOIE
PF1 ———o0 , PFIE IRQ1 IET to interrupt priority

’?' Level change  |xi3inT_| IRQ1-1 ||51,1O Exia | encoder
PF2 — o, PF2IE ]i:>; detect circuit axI3 5ot

PF.3 — o  PRIE

s

128 Hz

4 kHz
PFMOD

PFF

Figure 10-19 External Interrupt 3 Control Equivalent Circuit
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Chapter 11 External Memory Transfer Function (EXTMEM)

11.1 Overview

In the ML63326, the character data in the voice ROM area inside the chip or the character
data in the memory area external to the chip can be accessed using the external memory
transfer instruction (MOVXB).

The distinction of whether to access the area of the ROM inside the chip or to access the
memory area external to the chip is done by setting P83 (bit 3 of P8D) and P82 (bit 2 of P8D).

A Note :

It is not possible to access the voice synthesis section while the external memory transfer
instruction is being executed. Further, itis also not possible to execute the external memory
transfer instruction while the voice synthesis section is being accessed.
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11.2 Connection with the External Memory

The secondary port functions required when using the external memory transfer instruction
are shownin Table 11-1, and Figure 11-1 shows the diagram of connections with the external

memory.

Table 11-1 Port Secondary Functions

Pin name

1/0

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/D0

P9.1/D1

P9.2/D2

P9.3/D3

PA.0/D4

PA.1/D5

PA.2/D6

PA.3/D7

/0

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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J— Power supply for
Voo Vool Voo T external memory

P7, P6, P5, P4 (16-bit) N A15-A0

PA, PO (8-bit) > D7-D0

IC power T
supply AN ] /
P8.0 RD
P8.1 WR
ML63326 External memory
Vss Vss

Figure 11-1 Connection to External Memory

11.3 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.

Also, the external memory space can be extended beyond 64 Kbytes by using ports other
than those being used in the secondary function as the additional address lines. For example
(Figure 11-2), if port F (PF.2—PF.0) is used for chip select, the external memory space will be

64 Kbytes x 8 = 512 Kbytes

ML63326 External External External
memory 1 memory?2 | ——————________ memory 8
A1T5—$) CS1 A1T5—$ CS2 A1T5_AO CS8
P7-P4|  (16-bit) T
o P
=]
o )

Figure 11-2 Example of Memory Space Extension Using Additional Address Lines
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11.4 Setting of Secondary Port Functions

The secondary functions of the port need to be set in order to execute the external memory
transfer instruction. This setting is necessary for accessing both the voice ROM inside the
chip and the memory area external to the chip. See Chapter 10, "Ports" for details of the
registers, etc., for the settings.

Further, even if secondary functions are set for the ports P7—P4, PA, and P9, the state set
by the port control registers will be effective when the external memory transfer instruction
is not executed. Therefore, these ports will become the normal output ports or I/O ports.

In addition, the pins P8.0 and P8.1 are assigned to the read signal (RD) and the write signal
(WR) respectively from the moment when the secondary functions are set for them.

11.5 Distinction between ROM Area inside the Chip and Memory Area External to the
Chip

The distinction of whether to access the area of the ROM inside the chip or to access the
memory area external to the chip is done by setting P83 (bit 3 of P8D) and P82 (bit 2 of P8D).
Table 11-2 shows the relationship between the set values of P83 and P82 and the memaory
accessed.

Table 11-2 Relationship between P83 and P82 Settings and the Memory Area

Accessed
P83 P82 Memory area accessed by the MOVXB instruction
0 1 Voice ROM area inside the chip
1 1 Memory area external to the chip
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11.6 Reading from External Memory

Use the following procedure for reading data from the external memory.

(1) Set the secondary functions of the ports required for executing the external memory
transfer instruction. (P47MOD, P8MOD, P9AMOD)

(2) Set both P83DIR (bit 3 of P8DIR) and P82DIR (bit 2 of P8DIR) to "1".
(3) Set both P83 (bit 3 of P8D) and P82 (hit 2 of P8D) to "1".
(4) Execute the instruction -

MOVXB obj, [RA]

or

MOVXB obj, xadrl6

Figure 11-3 shows the timing of reading data from the external memory.

MOVXB obj, [RA]

=
, MOVXB obj, xadr16
™s1 52 s1 S2 s1 S2

N Vv

System clock

P7-P4
(A15-A0) Port setting data 'XAddress output

Port setting data

—

(D7-D0) Port setting data X Data input X Port setting data

(RD) I
1

WR) W | |

Figure 11-3 Timing of Reading from the External Memory
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11.7 Reading from the Voice ROM inside the Chip

The ML63326 has a voice ROM area inside the chip, and it is possible to set character data
in this area. Since a ROM area of 128 Kbytes is present (OH—1FFFFH), PF.0 is assigned as
the MSB of the address.

Use the following procedure for reading data from the internal voice ROM area.

(1) Set the secondary functions of the ports required for executing the external memory
transfer instruction. (P47MOD, P8MOD, P9AMOD)

(2) Set both P83DIR (bit 3 of P8DIR) and P82DIR (bit 2 of P8DIR) to "1".
(3) Set P83 (bit 3 of P8D) to "0" and P82 (bit 2 of P8D) to "1".
(4) Set PFODIR (bit 0 of PFDIR) to "1".
(5) Set PFO (bit 0 of PFD) to an address that can be read by positive logic.
(6) Execute the instruction -

MOVXB obj, [RA]

or

MOVXB obj, xadrl6

The timing of reading is the same as that of reading from the external memory (Figure 11-
3).

A Note :

Inthe condition of P83 ="0"and P82 ="1", the external memory access ports cannot be used
as normal ports.

When using the external memory access ports as normal ports, use in the condition of P83
="0"and P82 ="0".
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11.8 Writing to External Memory

Use the following procedure for writing data to the external memory.

(1) Set the secondary functions of the ports required for executing the external memory
transfer instruction. (P47MOD, P8MOD, P9AMOD)

(2) Set both P83DIR (bit 3 of P8DIR) and P82DIR (bit 2 of P8DIR) to "1".
(3) Set both P83 (bit 3 of P8D) and P82 (hit 2 of P8D) to "1".
(4) Set PD3DIR (bit 3 of PDDIR) to "1".
(5) Set PD3 (bit 3 of PDD) to "1".
(6) Execute the instruction -
MOVXB [RA], obj
or
MOVXB xadr16, obj
(7) When writing is finished, set PD3 (bit 3 of PDD) to "0".

The timing of writing data to the external memory is shown in Figure 11-4.

MOVXB [RA], obj
MOVXB xadr16, obj

s1 s2 st s2 s1 s2

System clock
P7-P4 :
(A15-A0) Port setting data XAddress outputx Port setting data

PA, P9 ! '
XData output X Port setting data

(D7-D0) Port setting data j

L]

(WR)  "H"

Figure 11-4 Timing of Writing Data to the External Memory
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Chapter 12 Melody Driver (MELODY63K)

12.1 Overview

The ML63326 has a melody circuit and buzzer circuit in the microcontroller section.

While automatically reading melody datain ROM (program memory) as specified by an MSA
instruction, the melody circuit outputs a melody signal via the MD and MDB pins or DACOUT
and AOUT 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 via the MD and MDB pins or DACOUT and AOUT 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.

AVpp
Voice synthesis section (see Note) \/

S
Melody circuit § —o DACOUT
& S
Buzzer circuit g —o AOUT
3| |
| o | g
Melody data  Melody £
request data - =
im g E‘j
’é —o MB
Melody end interrupt S
request Melody circuit & Buzzer circuit *;E MDB
MSA instruction in the microcontroller section i
4 4
TEMPO MDCON
4 4
Data bus { 5

Figure 12-1 Melody Driver Configuration

A Note:

See Chapter 13, "Voice Synthesis" for details of the voice synthesis section.
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12.3 Melody Driver Registers

(1) Tempo Register (TEMPO)
TEMPO is a 4-bit special function register (SFR) that sets the tempo of the melody driver.

bit 3 bit 2 bit 1 bit 0
TEMPO (096H) TMP3 TMP2 TMP1 TMPO
() | | | |

Melody tempo select |
bit 3 bit 2 hit1 bit 0

0 0 0 0:J=480initial value)
0 0 0 1:/J=480
0 0 1 0:J=320
0 0 1 1: =240
0 1 0 0:J=192
0 1 0 1: =160
0 1 1 0:J=137
0 1 1 1:J=120
1 0 0 0:J=107
1 0 0 1:J)=96
1 0 1 0:J=87
1 0 1 1:)=80
1 1 0 0:J=74
1 1 0 1:J=69
1 1 1 0:J=64
1 1 1 1:J=60

(2) Melody Driver Control Register (MDCON)
MDCON is a 4-bit special function register (SFR) that controls output of the melody driver.

bit 3 bit 2 bit 1 bit 0

MDCON (097H) MSF EMBD MBM1 MBMO
(R/W)

L ]
Melody status flag

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

Buzzer output ON/OFF control
0 : Buzzer output OFF (initial value)
1 : Buzzer output ON

Buzzer mode select
bit 1 bit 0
0 0 : Intermittent tone 1 (initial value)
0 1 : Intermittent tone 2
1 0 : Single tone
1 1 : Continuous tone
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bit 3: MSF
This flag indicates the melody output status.
When an MSA instruction starts the melody, MSF is set to "1". After output of the
last melody data (END bit is "1"), MSF is cleared to "0".
Setting MSFto "0" during melody output stops the melody output forcibly. If forcibly
stopped, the melody output cannot be restarted from the address at which it was
stopped.
At system reset, MSF is cleared to "0".

A Note:

If it is required to set MSF (bit 3 of MDCON) to "0" during melody output to forcibly stop the
melody output, describe the program as follows:

; *P rog ram part***********

DI ; 0. Disable master interrupt.

MSA MDSTOP_DATA ; 1. Write melody end data to the melody circuit.
MOV A#0 ; 2. Set the MSF flag to "0".

MOV MDCON,A ;

MOV A#1101b ; 3. Clear melody interrupt request (QMD).
AND IRQO,A ;

El ; 4. Enable master interrupt (MIE).

;*ROM table data part****

;*Provide two items 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
bit 2: EMBD

This bit turns the buzzer output ON or OFF.

At system reset, EMBD is cleared to "0" and buzzer output is turned OFF.

In the single tone output mode, setting EMBD to "1" turns ON the buzzer output.
After the second falling edge of the 32 Hz output, EMBD is cleared to "0" and
buzzer output is turned OFF.

If melody output is started during buzzer output, EMBD is cleared to "0" and the
buzzer output is turned OFF.
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bit 1, 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 Intermittenttone waveform synchronizedto 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 data is output.

MSF (bit 3 of MDCON) is a flag indicating the melody output status. When MSF is "1", the
melody is being output, and when "0", the melody is stopped. Setting MSF to "0" during
melody output stops the melody output forcibly. To stop melody output forcibly, describe the
program in accordance with the description provided in the Note on page 12-3. If forcibly
stopped, the melody output cannot be restarted from the address at which it was stopped.
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12.4.1 Tempo Data

Tempo data defines the basic tone length. Tempo data is setin 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
Tempo
P3-0| TP3 | TP2 | TP1 | TPO
oH| o | o | 0o | o0 J _ 480
Ml o] o] o 1 J - 480
H |l o | o | 1] o0 J - 320
sl ol o | 1| 1 J - 240
|l ol 1 0 o0 J -192
sl o | 1 | 0 | 1 J - 160
6l o | 1 |1 | o0 J =137
Moo |1 1] 1 J =120
il 1 0| 0| o0 J - 107

9H 1 0 0 1 96

Ar
(o]
by

AH 1 0 1 0

1l
(o)
o

BH 1 0 1 1

CH 1 1 0 0

DH 1 1 0 1

)
(2]
[{e]

EH 1 1 1 0 64

| W WL Y| W W W S
a
-
~

FH 1 1 1 1 =60
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12.4.2 Melody Data

Melody data is 14-bit format data in the program ROM defining tone, tone length and end tone.
The melody data format is indicated in Figure 12-3.

bit 15 bit 14 bit 13 bit 12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

END | —*| L5 L4 L3 L2 | L1 LO | —*| N6 | N5 | N4 | N3 | N2 | N1 NO
Encli bit | Tone length code | | Tone code |
* Bits 14 and 7 may be either "0" or "1".
Figure 12-3 Melody Data Format
(1) Tone code
The tone code is set in bits 6 through 0 of the melody data. The frequencies that
can be output by the melody circuit are defined as:
?Nifg) Hz (where N is an integer from 4 to 127)
The relation between N and tone code bits is:
N = 26N6 + 25N5 + 2*N4 + 25N3 + 22N2 + 2IN1 + 2ON0
If N6 through N2 are all setto "0", there is no melody output for the time specified
by the tone length code. Values for N1 and NO are irrelevant.
Table 12-2 indicates the relations 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
c! 529 1 1 1 1 0 1 1 7BH
Cis! 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
F1 705 1 0 1 1 0 1 1 5BH
Fis! 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
A 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
Cis2 1111 0 1 1 1 0 0 1 39H
D2 1192 0 1 1 0 1 0 1 35H
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Table 12-2 Tone and Tone Code Correspondence (continued)

Tone Frequency Tone code
(H) N6 N5 N4 N3 N2 N1 NO | N6-NO
Dis? 1260 0 1 1 0 0 1 0 32H
E2 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
G2 1560 0 1 0 1 0 0 0 28H
Gis? 1680 0 1 0 0 1 0 1 25H
A2 1771 0 1 0 0 0 1 1 23H
Ais? 1872 0 1 0 0 0 0 1 21H
B2 1986 0 0 1 1 1 1 1 1FH
cs 2114 0 0 1 1 1 0 1 1DH
D3 2341 0 0 1 1 0 1 0 1AH
Dis3 2521 0 0 1 1 0 0 0 18H
E3 2621 0 0 1 0 1 1 1 17H
Fis3 2979 0 0 1 0 1 0 0 14H

(2) Tone length code

The tone length code is set in melody data bits 13 through 8.
Table 12-3 indicates the relation between tone length and tone length code (L5 to LO).

The tone length that is set during execution of the MSA instruction is shorter by approximately
1to 3 ms.

When all bits are setto "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 | |5 L4 L3 L2 L1 L0 | L5-L0
1 1 1 1 1 1 3FH
o
. 1 0 1 1 1 1 9FH
@
0 1 1 1 1 1 1FH

[ 4

'b 0 1 0 1 1 1 17H
’b 0 0 1 1 1 1 OFH
'& 0 0 1 0 1 1 0BH
‘R 0 0 0 1 1 1 07H
ﬁ 0 0 0 1 0 1 05H
ﬁ 0 0 0 0 1 1 03H
ﬁ 0 0 0 0 1 0 02H
ﬁ 0 0 0 0 0 1 01H

Tone lengths specified by the tone length code and the tempo data are expressed by the
following:

1.953125x (TP + 1) x (L + 1) ms (where TP is an integer from 1 to 15, and L is
an integer from 1 to 63)

TP is a value set in the tempo register (TEMPO), and has the following bit correspondence:
TP = 23TP3 + 22TP2 + 21TP1 + 2°TPO

L is set by the tone length code and has a bit correspondence with the tone length code as:
L =255+ 244 + 2313 + 2212 + 2'L1 + 2°L0

(3) END bit

The END bit is set in bit 15 of the melody data. When the output of the last melody data is
started (END bit is "1"), the melody circuit generates a melody end interrupt request, and
stops the melody after the last melody data is output.
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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
I N ]
A Yo Yo N !
N Ne |
N T

Figure 12-4 Example Melody

Table 12-4 Note Code Table

Note code
Note |+45[14 13 [12/11]10[ 9|8 |7 |6|5][4a]3]2]1]0 Hex
END|—*| L5 | L4 | L3 | L2 L1 |LO|—*|N6|N5|N4|N3|N2|NI]|NO
J' G [olo|1]|o|[1 |1 |1|1]o]o0o|1 |0 /1]0]0]|0 2FsH
'P D2 lojojojo |1 1 |1]1]0|0|1|1]0] 1[0 1/|OFsH
'P G |ojojojo|1t|1| 1|1 lo|o|1]|o|1]|0]|o0] o0 |OF8H
7 — |ojofoflojo|1|1|[1|0o|lo0o|0o|o0|0|0| 0] o0 |0700H
JQ 2 {ofofo|ofo|[1|1|1]o]0o| 1|1 0| 1|01 073H
‘b G [ojojo|o|1|1 /1 |1|l0o|l0o|1]0|1]0]|o0]o0/|oOFsH
.7 — Jojofojlojo|1|1|[1|lo|lo0o|0o|o0| 0|0 0] 1|0700H
'h A-lolofjojo|o|1|1|1]0o]0|1 /00|01 1/ 0723H
f B2 oo |1 |11 |11 ][1]olo]|o|1]|1[1|1]1]3FFH
CJ G 1ot |1 |11 /11001 |/0]|1]0]0| 0 BFSH

* 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 setto "1", a buzzer driver signal is sent to the melody driver
output pins (MD, MDB) or DACOUT and AOUT pins.

Four buzzer output modes can be selected by MBM1 (bhit 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.

Inthe single tone mode, output starts in synchronization with the rising edge of EMBD. Atthe
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 sections indicate the 4 kHz
output frequency.
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EMBD

8 Hz

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

EMBD

8 Hz S T T e e T e T e s Y e e T N e

1Hz | | [

ON oo

Oulput M 1. HEEE
(b) MBM1 =0, MBMO =1 (intermittent tone 2)

EMBD | L

t : t
32 Hz :
0 MD on
utput OFF

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

EMBD [

o ———_
Output MD OFF

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

Figure 12-5 Buzzer Driver Output Waveforms in Each Output Mode
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12.6 Melody/Buzzer Output Selector Circuit

The melody output and the buzzer output can be made respectively at pins MD and MDB or
pins DACOUT and AOUT. It is possible to select which pins to output each of these
waveforms using PD1 (bit 1 of PDD) and PDO (bit O of PDD).

Table 12-5 shows the relationship between the statuses of PD1 and PDO and the output
waveforms at each of these pins.

Table 12-5 Relationship between the PD1 and PDO Statuses and Pin Outputs

PD1 | PDO Pins MD and MDB Pins DACOUT and AOUT
0 0 | Microcontroller section melody/buzzer output | Voice output®
1 0 | Microcontroller section melody/buzzer output | Voice synthesis section melody/buzzer output™
1 1 | Voice synthesis section melody/buzzer output* | Microcontroller section melody/buzzer output

*See Chapter 13, "Voice Synthesis" for details of the voice synthesis section.

A Note:

Before starting the melody/buzzer output, always make sure that the settings of PD1 and PDO
have been made.

When making melody/buzzer output of the microcontroller section at pins DACOUT and
AOUT with PDO and PD1 both setto "1", release the reset state of the voice synthesis section
by setting PC1 (bit 1 of PCD) to "1".
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12.7 Differences with Voice Synthesis Section Melody/Buzzer Output

While the ML63326 has melody drivers built into the microcontroller section and the voice
synthesis section, the driving methods are different in these two sections.

The differences in the melody outputs of the microcontroller section and the voice synthesis
section are shown in Table 12-6 and the differences in the buzzer outputs are shown in Table
12-7. Further, see Chapter 13, "Voice Synthesis" for details of the melody/buzzer outputs of
the voice synthesis section.

Table 12-6 Differences in the Melody Outputs of the Microcontroller Section and the

Voice Synthesis Section

Item

Microcontroller section

Voice synthesis section

Start of melody

Execute the MSA instruction.

Set the phrase address in P2D and P3D, and
transfer it to the voice synthesis section.

Preparation of
the next sound
and termination

Not necessary. Automatic sound production
is made until the last melody data is played
completely.

Same as at left.

of melody
Forced Set MSF (bit 3 of MDCON) to "0". Set the stop code in P2D and P3D, and
termination of transfer it to the voice synthesis section.
melody
Forced starting | Set MSF (bit 3 of MDCON) to "1". Not possible.
of melody (Starts with the sound next to the one that
was forcibly terminated earlier.)
Interrupt The melody interrupt (MDINT) is generated The voice output interrupt (VOINT) is generated

after reading the last melody data into the
melody section.

when the transfer of one phrase address is
completed and the transfer of the next
phrase address is enabled.

Control method
as seen from
the CPU

The melody output state can be monitored
using MSF (bit 3 of MDCON).

It is possible to recognize the reading in of
the final data by the generation of the
interrupt (MDINT).

The melody output state can be monitored
using P10 (bit 0 of P1D).

Judgment of whether or not the next sound
can be set is made using P11 (bit 1 of P1D).
The generation of the interrupt (VOINT) is
used for judging whether the next sound can
be set.

Table 12-7 Differences in the Buzzer Outputs of the Microcontroller Section and the

Voice Synthesis Section

Item Microcontroller section Voice synthesis section
Buzzer start Set EMBD (bit 1 of MDCON) to "1". Set the phrase address in P2D and P3D, and
transfer it to the voice synthesis section.
Buzzer stop Set EMBD (bit 1 of MDCON) to “0" Set the stop code in P2D and P3D, and

(excepting during the single tone mode).

transfer it to the voice synthesis section.
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Chapter 13 Voice Synthesis

13.1 Overview

The ML63326 has a built-in voice synthesis section. This voice synthesis section has the
functions of melody output and buzzer output in addition to voice output. Each of these types
of output data is stored in the internal 1-Mbit (128 Kbytes) mask ROM or in the externally
connected memory of up to a maximum of 4 Mbits (512 Kbytes).

13.2 Voice Synthesis Section Configuration

Figure 13-1 shows the configuration of the voice synthesis section.
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13.3 Registers Related to the Voice Synthesis Section

(1) Phrase setting register 0 (P2D), phrase setting register 1 (P3D)
P2D and P3D are 4-bit special function registers (SFRs) for setting the 8-bit phrase address.

P33 (bit 3 of P3D) is the MSB and P20 (bit 0 of P2D) is the LSB of the address.

All these bits are reset to "0" at a system reset.

P2D (002H)
(R/W)

P3D (003H)
(R/W)

bit 3 bit 2 bit 1 bit 0
P23 p22 P21 P20
bit 3 bit 2 bit 1 bit 0
P33 P32 P31 P30

(2) Voice synthesis control register 0 (PCD)

PCD is a 4-bit special function register (SFR) for controlling the voice synthesis section. All
bits are reset to "0" at a system reset.

PCD (00CH)
(R/W)

bit 3

bit 2

bit 1

bit 0

PC3

PC2

PC1

PCO

bit 3: PC3

This bit is for monitoring the signal that gets inverted every time there is a rising
edge in the signal enabling the transfer of phrase data of the next sound from the
voice synthesis section. This is a read-only bit and all write operations to this bit

are ignored.

This bit is reset to "0" at a system reset.

bit 2: PC2

This is the signal corresponding to the chip select (CS) signal of the voice
synthesis section.

This bit is reset to "0" at a system reset.

bit 1: PC1

This is the signal corresponding to the resetting of the voice synthesis section, and
is also simultaneously output at the ENVOICE pin.

This bitis reset to "0" at a system reset, and the voice synthesis section goes into
the reset state.

bit 0: PCO

This is the signal for starting the serial transfer of the phrase address to the voice
synthesis section, and the transfer is started when this bit is changed from "1" to

"0".

This bit is reset to "0" at a system reset.
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(3) Voice synthesis control register 1 (PCDIR)

PCDIR is a 4-hit special function register (SFR) for controlling the voice synthesis section.
PCDIR is a write-only register and all read operations to this register are ignored.

When operating voice synthesis, set bits 2, 1 and 0 to "1" and bit 3 to "0".

All bits are reset to "0" at a system reset.

bit 3 bit 2 bit 1 bit 0

PCDIR (03(5va PC3DIR PC2DIR PC1DIR PCODIR

Refer to step @ in Section 13.7.3, "Voice Output Procedure."

(4) Voice synthesis section monitor register (P1D)

P1D is a 4-bit special function register (SFR) for monitoring the signal output from the voice
synthesis section. This is a read-only register and all write operations to this register are
ignored.

The valid bits of this register are set to "1" at a system reset.

bit 3 bit 2 bit 1 bit 0
P1D (001H) — — P11 P10
(R)

bit 1: P11

This is the bit that directly monitors the signal from the voice synthesis section that
enables the transfer of the next sound phrase data.

This bit is set to "1" at a system reset.
bit 0: P10
This is the bit that monitors the BUSYB signal of the voice synthesis section.

This bit is set to "1" at a system reset.
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(5) Port 8 data register (P8D)

P8D is a 4-hit special function register (SFR) whose low-order 2 bits P80 and P81 set the
output value (see Chapter 10, "Ports" for details).

The high-order 2 bits P82 and P83 of this register are used for selecting voice synthesis or
the external memory transfer instruction, and for selecting the internal voice ROM area or the
external memory area.

All these bits are reset to "0" at a system reset.

bit 3 bit 2 bit 1 bit 0

P8D (008H) P83 P82 P81 P80
(R/W)

Internal voice ROM area/external memory area select
0: The internal voice ROM area is selected (initial value).
1: The memory area external to the IC is selected.

Voice synthesis/external memory transfer instruction select
0: Voice synthesis is selected (initial value).
1: External memory transfer instruction is selected.

(6) Port 8 direction register (P8DIR)

P8DIR is a4-bitspecial function register (SFR) whose low-order 2 bits specify the input/output
direction of P80 and P81 (see Chapter 10, "Ports" for details).

The high-order 2 bits P83DIR and P82DIR of this register are used for selecting voice
synthesis or the external memory transfer instruction, and for selecting the internal voice
ROM area or the external memory area.

All these bits are reset to "0" at a system reset.

bit 3 bit 2 bit 1 bit 0

P8DIR (025H) P83DIR P82DIR P81DIR P8ODIR
(R/W)
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(7) Voice/melody-buzzer output control register 0 (PDD)

PDD is a 4-bit special function register (SFR) that is used for the control of the waveforms
output at the DACOUT/AOUT pins and the MD/MDB pins, and is also used when a write
operation is made to the external memory using the external memory transfer instruction.

The valid bits of this register are all reset to "0" at a system reset.

Register for setting the external memory transfer write instruction

bit 3 bit 2 bit 1 bit 0

PDD (00DH) PD3 — PD1 PDO
(R/W)

0: Initial value
1: Set when a write operation is made to the external
memory using the external memory transfer instruction.

DACOUT/AQUT pin output selection

0: Voice output (initial value)
1: Melody/buzzer output

MD/MDB pin output selection

0: Melody/buzzer output of the microcontroller section (initial value)
1: Melody/buzzer output of the voice synthesis section

bit 3: PD3

This bit should be setto "1" when awrite operation is made to the external memory
using the external memory transfer instructions. Reset this bitto "0" after the write
operation has been completed.

This is a write-only bit and all read operations to this bit are ignored.

bit 1: PD1

This is the bit for selecting whether to output the voice output or the melody/buzzer
output at the DACOUT/AQOUT pins.

When this bitis setto "1", the melody/buzzer outputis selected. The status of PDO
determines whether the melody/buzzer output of the microcontroller section or of
the voice synthesis section is output. The relationship of the selection to the status
of PDO is given below.

Table 13-1 Relationship between the DACOUT/AQUT Outputs and the Bits PD1 and PDO

PD1 PDO DACOUT/AOUT Output Status
1 0 The voice synthesis section melody/buzzer output is selected.
1 1 The microcontroller section melody/buzzer output is selected.
bit 0: PDO

This is the bit for selecting whether to output the melody/buzzer output of the
microcontroller section or of the voice synthesis section at the MD/MDB pins.

When this bitis set to "0", the melody/buzzer output of the microcontroller section
is output, and when set to "1", the melody/buzzer output of the voice synthesis
section is output.
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(8) Voice/melody-buzzer output control register 1 (PDDIR)

PDDIR is a 4-hit special function register (SFR) for controlling voice/melody-buzzer output.
PDDIR is a write-only register and all read operations to this register are ignored.

The valid bits of this register are all reset to "0" at a system reset.

bit 3 bit 2 bit 1 bit 0

PDDIR (03(3va PD3DIR — PD1DIR PDODIR

Refer to: step (O in Section 13.9.4, "Melody Output Procedure."
step @) in Section 11.8, "Writing to External Memory."

(9) Voice synthesis interrupt mode register (PCMODO)

PCMODOQO is a 4-bit special function register (SFR) for selecting the sampling frequency of the
voice synthesis interrupt signal.

bit 3 bit 2 bit 1 bit 0

PCMODO (037H) _ _ _ PCF
(R/W)

Selection of the voice synthesis interrupt sampling frequency
0: Sampling at 128 Hz (initial value)
1: Sampling at 4 kHz

(10) Voice synthesis interrupt enable register (PCIE)

PCIE is a 4-bit special function register (SFR) that enables and disables the voice synthesis
interrupt.

bit 3 bit 2 bit 1 bit 0

PCIE (036H) PC3IE - _ _
(R/W)

Voice synthesis interrupt disable/enable select

0: Disabled (initial value)
1: Enabled
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13.4 Voice ROM

13.4.1 Voice ROM Configuration

Figure 13-2 shows the configuration of the voice ROM.

The voice ROM is composed of the phrase address management area, the test data area,

and the user data area.

In addition to the identification of voice/melody/buzzer, the method of reproduction in the
case of voice synthesis, the setting of the sampling frequency, the voice data, the melody
data, and the buzzer data are stored in the phrase address management area and the user
data area.

The testdata areais the areafor carrying out tests of the voice synthesis functions and cannot

be used by the end user.

The memory configuration is the same even when carrying out voice synthesis using an
externally connected ROM. The maximum address of the externally connected ROM is

7FFFFH (512 Kbytes).

1FFFFH

1FFFDH
1FFFCH

07C8H
07C7H

07COH
07BFH

0000H

Highest address: 7FFFFH

Test data area

User data area

Test data area

Phrase address management area

Internal voice ROM

3 byt93® 7FFFDH

Test data area

7FFFCH

07C8H
07C7H

07COH
07BFH

0000H

User data area

Test data area

Phrase address management area

External ROM

Figure 13-2 Voice ROM Configuration
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13.4.2 Creation of Voice ROM Store Data

The voice ROM store data consists of the data stored in the phrase address management
area and the user data area.

A dedicated voice analysis tool is used for creating the voice ROM store data. Follow the
procedure given below for creating the voice ROM store data.

(D Record the voice and determine the melody/buzzer sound.

(2) Determine the synthesized voice reproduction method and the sampling frequency.
Determine the melody tempo.
Determine the buzzer frequency and the output mode.

(3 Determine the correspondence between the phrase address and the voice/melody/
buzzer sounds.

(@) Convert the data to voice data using the voice analysis tool.

(® Voice data creation is completed.

A Note:

The conversion to voice data using the voice analysis tool of step @) is undertaken by Oki.

The determination of the different parameters in steps () and (2 are to be made by the
customers.
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13.5 Voice Synthesis Section Clock Input Frequency

The clock used in the voice synthesis section is a high-speed clock supplied from the high-
speed clock generator circuit and is basically intended to have frequency of 2.048 MHz.

When selecting the crystal oscillation mode, since the signal frequency is internally halved
(1/2 frequency division), use a 4.096 MHz crystal.

When selecting the RC oscillation mode, since the oscillation waveformis used as itis, select
the value of Rpg so that the frequency is in the range of 2 MHz to 1.8 MHz. However, in the
case of RC oscillation, care should be taken because the frequency of oscillations varies due
to changes in the voltage Vppn (2 times the value of Vpp») which is the power supply voltage
of the high-speed clock generator circuit.

Table 13-2 shows the relationship between the voice synthesis section input frequency and
the internal sampling frequencies.

Table 13-2 Relationship between the Voice Synthesis Section Input Clock
Frequency and the Internal Sampling Frequencies

Input frequency Internal sampling frequencies
2.048 MHz 4.0 kHz, 5.3 kHz, 6.4 kHz, 8.0 kHz, 10.7 kHz, 12.8 kHz, 16.0 kHz

When a different frequency signal is input, the sampling frequency changes in proportion to
that signal frequency. For example, when the input clock signal frequency is 1.024 MHz, the
sampling frequency will be half the sampling frequency given in Table 13-2.
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13.6 Operation of the Voice Synthesis Section

The voice synthesis section has the functions of voice, melody, and buzzer outputs.

13.6.1 Description of Pins Related to Voice Synthesis

The DACOUT pinis the output pin of the 12-bit D/A converter, and the AOUT pinis the output
pin of the amplifier whose input is the output of the 12-bit D/A converter. Both these pins are
used for the output of voice as well as melody/buzzer sounds.

At a system reset, the DACOUT pin will be at the AVpp level and the AOUT pin will be at the
Vgg level.

The SPEN pin is the enable input pin for the amplifier which is intended for driving a
piezoelectric speaker. When not using this amplifier, leave this SPEN pin open or tie it to
GND. When using this amplifier, setting this pin to a "H" level only when the output is being
made will reduce the supply current.

The SPIN pin is the input pin for the amplifier which is intended for driving a piezoelectric
speaker. Connect this pin to GND when this amplifier is not used.

The SP(-) pinis the negative side output pin for driving a piezoelectric speaker, and the SP(+)
pin is the positive side output pin. Both pins will be at the Vgg level at a system reset.

The MD/MDB pins are used for outputting the melody/buzzer output of the voice synthesis
section or of the microcontroller section. At a system reset, both these outputs will be at a
"L" level, and when the melody/buzzer output state is entered, the MDB pin outputs the
opposite level of the MD pin.

The BUSYB pin normally outputs a "H" level (Vpp). It outputs a "L" level (0 V) when the voice
synthesis section is in the output state.

The ENVOICE pin is the pin that outputs the level of PC1 (bit 1 of PCD), and is used for the
RESET signal of the voice synthesis section. This pin will be at a "L" level at a system reset
thereby putting the voice synthesis section in the reset state, and the voice synthesis section
goes into the enabled state when this pin is set to a "H" level (Vpp).

The VReEg pinis the volume control function input pin that changes the amplitude of the output
at DACOUT. When this pinis in the open condition, the 1/5 AVpp voltage appears at this pin.
Leave this pin open when not using the volume control function.
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13.6.2 Phrase Address and Stop Code

The phrase address specifies which data is to be selected from among the data set in the
phrase address management area of the memory area to be accessed.

A maximum of 247 phrases can be set as the phrase address.

The stop code is the code that is transferred instead of the phrase address when forcibly
terminating the voice, melody, or buzzer output. The data of all-zeroes is transferred as the
stop code.

When the transfer of the stop code is completed, all the outputs are terminated and the
DACOUT pin goes to the 1/2 AVpp level.

Table 13-3 shows the stop code and examples of phrase addresses.

Table 13-3 Stop Code and Sample Phrase Addresses

MSB - - - LSB Code description
0000 0000 Stop code
0000 0001

0000 0010
: User specified phrase addresses

: (247 phrases)

1111 0110

1111 0111

1111 1000 Test code™

*: The test code is used for testing the voice synthesis section and cannot be used by the
customers.
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13.7 Voice

During voice synthesis, the voice output at the DACOUT/AOUT pins is started by initiating
the phrase with the voice setting from the interface circuit after storing the voice reproduction
method, the sampling frequency, the starting and ending addresses, etc., in the phrase
address management area.

The voice synthesis section automatically retrieves the voice data successively beginning
from the starting address of the voice data stored in the memory, continuously outputs the
voice, and stops the voice output after outputting the data of the ending address. The creation
of voice data is made using the dedicated voice analysis tool.

13.7.1 Voice Reproduction Method

The ML63326 allows the user to select from the three methods of 4-bit ADPCM, 8-bit straight
PCM, and 8-bit non-linear PCM so as to meet various types of sounds and voice.

13.7.1.1 4-Bit ADPCM Method

The ADPCM (Adaptive Differential Pulse Code Modulation) method varies the quantization
width A, which is the fundamental unit, in an adaptive manner at every sample, and encodes
4-bit data, thereby greatly increasing the voice waveform tracking characteristics.

The conversion to ADPCM data is carried out by the analysis tool.

The size of the voice data becomes smaller if the ADPCM method is used for human voice,
animals’ sounds, and natural sounds.

13.7.1.2 8-Bit Straight PCM Method

This is the best method among those offered in this LSI device for voice waveform tracking
characteristics over the entire voice region. This method is suitable when there are abrupt
changes in the waveform (such as in sound effects) or for pulse type waveforms.

13.7.1.3 8-Bit Nonlinear PCM

This is the method of reproduction in which the area near the center of the waveform is
reproduced with a sound quality equivalent to 10 bits. This method is suitable for improving
the sound quality of sounds with low volumes.

The conversion to 8-bit nonlinear PCM is made using the analysis tool.

13.7.2 Forcible Stopping of Voice Output

To forcibly stop the voice output halfway, transfer the stop code instead of transferring the
phrase address. When the transfer of the stop code is completed, the voice outputis stopped
(BUSYB ="H"), and the DACOUT/AOUT pins go to the 1/2 AVpp level.

13-13




ML63326 User's Manual
Chapter 13 Voice Synthesis

13.7.3 Voice Output Procedure
Follow the procedure given below when outputting voice. (Example using voice synthesis
interrupt)
(D Select the output from DACOUT/AMPOUT.
* Set PD1DIR and PDODIR (bit 1 and bit 0 of PDDIR) to "1".
« Set PD1 (bit 1 of PDD) to "0", and PDO (bit 0 of PDD) to "0".
(2) Make the selection of voice synthesis/external memory transfer instruction.
» Set P82DIR (bit 2 of P8DIR) to "1".
« Set P82 (bit 2 of P8D) to "0".
(3@ Select the internal voice ROM or the external memory.
» Set P83DIR (bit 3 of P8DIR) to "1".
* When using the internal voice ROM: Set P83 (bit 3 of P8D) to "0".
* When using the external memory: Set P83 to "1".

Note: Since the port F is used when the external memory exceeds 64 Kbytes, make the
setting of the corresponding PFDIR register to the output mode.

(@) Make the setting of PCDIR.
* Set PC2DIR, PC1DIR, and PCODIR all to "1".
(® Set PC2 (bit 2 of PCD) to "1" (CS of the voice synthesis section is disabled).
(® Enable high-speed oscillation.
« For the crystal oscillation mode: Set bit 2 and bit 1 of FCON (062H) to "1".
« For the RC oscillation mode: Set bit 1 of FCON (062H) to "1".

Note: Wait for 10 ms for crystal oscillation and 5 ms for RC oscillation so that the high-speed
oscillation waveform becomes stable.

(@ Enable the acceptance of voice synthesis interrupts.
« Set bit 0 of PCMODO to "1" (4 kHz sampling).
* Set bit 3 of PCIE to "1".
* Set bit 3 of IEO to "1".
» Set MIEF to "1".
Set PC1 (bit 1 of PCD) to "1" (releasing the reset state of the voice synthesis section).
(9 Set the phrase address in P3D and P2D. (P33 is the MSB and P20 is the LSB.)
Set PC2 (bit 2 of PCD) to "0" (CS of the voice synthesis section is enabled).
(D First set PCO (bit 0 of PCD) to "1" and then reset it to "0" (start of transfer).
The serial transfer of the phrase address is started.

(2 The voice is output and a voice synthesis interrupt is generated.
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@3 Process the interrupt.
« Set EVI (bit 3 of IEQ) to "0".
« Set PC2 (bit 2 of PCD) to "1".

For reproducing the second and subsequent phrases, first set EVI (bit 3 of IE0) to "1", and
repeat steps (9 to (3 after enabling the voice synthesis interrupt.

@5 Carry out the following settings for terminating the voice output.
» Set PC1 (bit 1 of PCD) to "0" (the voice synthesis section is put in the reset state).
* Stop the high-speed oscillation so as to reduce the supply current.
(Reset ENOSC (bit 1 of FCON) to "0".)

Figure 13-3 shows the timing during voice synthesis output.
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0OE) Cf
PCDIR 7R
® @3 @3
pe2cs) | ] [ ]
PC1 (ENVOICE) l
) @
PCO (Start) E [ [
! <> <>
Phrase address data transfer : Phrase address data transfer
O] : © E
P3D, P2D : XPhrase address setting of 1st soundXPhrase address setting of 2nd sound
T ® : 5
igh-spee —7 7 W
clock (0SC1) - ! :
WAIT duration : E L 1/2 AVpp
L 12AVpp ! i 2 7
DACOUT oV — Wil
5 | 1stsound output i i I 2nd sound
l . : tput
BUSYB (P10) | | e
§ ()
P11 t& Iﬁ%
PC3 v
Voice synthesis
interrupt F_T [__L__
request signal

*: P11 maintains the "L" level if the sound output is being made at the time when transfer of
the phrase data of the 2nd sound is completed (BUSYB ="L"), and goes to the "H" level
after the sound output has been completed.

Figure 13-3 Voice Synthesis Output Timing
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13.8 Voice Output Duration

Voice output duration can be obtained by the following expression:
voice output duration = voice ROM capacity/bit rate
= voice ROM capacity/(sampling frequency x bit length)

Table 13-4 shows the maximum voice output duration for each sampling frequency and voice
ROM capacity.

Table 13-4 Maximum Voice Output Duration

4-bit ADPCM method used [sec.]

Sampling frequency Voice ROM capacity [bits]
[kHz] 512K iMm 1.5M
4.0 32.8 65.5 98.3
5.3 24.7 49.5 74.2
6.4 20.5 41.0 61.4
8.0 16.4 32.8 49.2
10.7 12.2 24.5 36.7
12.8 10.2 20.5 30.7
16.0 8.2 16.4 24.6
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13.9 Melody

The melody circuit starts the melody output from the MD/MDB pins or the DACOUT/AQOUT
pins when the tempo and start address are stored in the phrase address management area
and then the phrase in which the melody has been set is started from the interface circuit.

The melody circuit outputs the melody while automatically reading the melody data in the
ROM. Melody output stops when the last melody data with the END bit set to "1" is read in.

The generation of the melody is done using the voice analysis tool.

13.9.1 Tempo Data

The tempo data is set in the phrase management area at the time the ROM is manufactured.
It is not possible to externally change the tempo. Tempo data defines the reference tone
length.

Table 13-5 lists the set tempos (the number of counts per minute).

Table 13-5 Melody Tempos

TEMPO
Tempo
TP4 | TP3 | TP2 | TP1 | TPO

oH| o | o | o | ol o J - 625
MWl o o] o | 0| 1 J - 625
H | ol o o | 1] o0 J - 4167
34| 0o | o | 0 | 1 1 J =3125
o ol 1] 0 o0 J - 250
54l 0 | 0o | 1 | 0 | 1 J - 2083
6H | o | o | 1 | 1| o0 J -1786
H | o | o | 1 1 1 J -156.7
84| o | 1 | 0 | 0| o J 1389
I I T I I R A J =125
Mo 1] o] 1 o0 J - 1136
BH | o | 1 | o | 1 | 1 J -104.2
chl o | 1] 10 o J 962
oh | o | 1] 1 | 0| f J -89.3
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Table 13-5 Melody Tempos (continued)

TEMPO

Tempo

TP4 | TP3 | TP2 | TP1 | TPO

BH| o | 1| 1] 110 J _ 833
oo | 11 | 1] J - 78.1
PH| 1 1 0| 0o | 0| o J _735
"HH| 1 o o | o | {1 J 694
] 1] 0o o | 1] o0 J 6538
e 1 o0 0o | 1] 1 J 625
wH | 1 o | 1 | 0o | o J 595
BH 1 o 1| o0 | 1 J _56.8
oH ] 1 | o | 1| 1] o0 J _543
M1 o 1 1] J - 52.1
B 1 | 1] 0 | 0| o J _ 50
19| 1 | 1] 0o | o | 1 J _ 481
w1 1 o0 |1 o J _ 463
BHL 1 | 1 0 | 1| 1 J 446
| 1 11 0| o J - 431
H| 1 | 11 1 | 0o | {1 J _417
MBH 1 11 1] o J 403
1FH | 1 1 1 1 1 J -39
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13.9.2 Melody Data

The melody datais the datain the memory that defines the tone, tone length, and the end tone,
and consists of two bytes. The melody data format is shown in Figure 13-4.

First byte END bit 0 L5 L4 L3 L2 L1 LO | Tone length code
Second byte N7 N6 | N5 | N4 | N3 | N2 | Nt NO | Tone code

Figure 13-4 Melody Data Format

(1) Tone code

The tone code is set in bits 6 through 0 of the melody data. The frequencies that
can be output by the melody circuit are defined as:

_65_ kHz (where N is an integer from 4 to 127)
(N+2)

The relation between N and tone code bits is:
N = 2/N7 + 26N6 + 25N5 + 24N4 + 23N3 + 22N2 + 2IN1 + 2O°N0

If N7 through N2 are all setto "0", there is no melody output for the time specified
by the tone length code. Values for N1 and NO are irrelevant.

Table 13-6 indicates the relations between tones and tone codes.
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Table 13-6 Tone and Tone Code Correspondence

Tone Frequency Tone code
(Hz) N7 N6 N5 N4 N3 N2 N1 NO | N7-NO
c 261.22 1 1 1 1 0 0 1 1 F3H
Cis! 277.06 1 1 1 0 0 1 0 1 E5H
D! 293.58 1 1 0 1 1 0 0 0 D8H
Dis' 310.68 1 1 0 0 1 1 0 0 CCH
E! 329.90 1 1 0 0 0 0 0 0 COH
F! 349.73 1 0 1 1 0 1 0 1 B5H
Fis? 369.94 1 0 1 0 1 0 1 1 ABH
G 392.64 1 0 1 0 0 0 0 1 A1H
Gis' 415.58 1 0 0 1 1 0 0 0 98H
Al 441.38 1 0 0 0 1 1 1 1 8FH
Ais! 467.15 1 0 0 0 0 1 1 1 87H
B! 492.31 1 0 0 0 0 0 0 0 80H
c? 524.59 0 1 1 1 1 0 0 0 78H
Cis? 556.52 0 1 1 1 0 0 0 1 71H
D2 587.16 0 1 1 0 1 0 1 1 6BH
Dis? 621.36 0 1 1 0 0 1 0 1 65H
E? 659.79 0 1 0 1 1 1 1 1 5FH
F2 695.65 0 1 0 1 1 0 1 0 5AH
Fis2 74419 0 1 0 1 0 1 0 0 54H
G2 780.49 0 1 0 1 0 0 0 0 50H
Gis? 831.17 0 1 0 0 1 0 1 1 4BH
A2 876.71 0 1 0 0 0 1 1 1 47H
Ais? 927.54 0 1 0 0 0 0 1 1 43H
B2 984.62 0 0 1 1 1 1 1 1 3FH
c3 1049.18 0 0 1 1 1 0 1 1 3BH
Cis® 1103.45 0 0 1 1 1 0 0 0 38H
D3 1185.19 0 0 1 1 0 1 0 0 34H
Dis3 1254.90 0 0 1 1 0 0 0 1 31H
Es 1306.12 0 0 1 0 1 1 1 1 2FH
F3 1391.30 0 0 1 0 1 1 0 0 2CH
Fis3 1488.37 0 0 1 0 1 0 0 1 29H
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(2) Tone length code
The tone length code is set in the first byte of the melody data.
Table 13-7 indicates the relation between tone length and tone length code (L5 to LO).

When all bits are setto "0", the tone length will be the same as the minimum tone length (the
tone length with only LO set to "1").

Table 13-7 Tone Length and Tone Length Code Correspondence

Tone Tone length code
length | 5 L4 L3 L2 L1 L0 | L5-L0
1 1 1 1 1 1 3FH
o
. 1 0 1 1 1 1 9FH
[ 4
0 1 1 1 1 1 1FH

[ 4

'b 0 1 0 1 1 1 17H
’b 0 0 1 1 1 1 OFH
'& 0 0 1 0 1 1 0BH
‘R 0 0 0 1 1 1 07H
ﬁ 0 0 0 1 0 1 05H
ﬁ 0 0 0 0 1 1 03H
ﬁ 0 0 0 0 1 0 02H
ﬁ 0 0 0 0 0 1 01H

The tone will be a rest when N6 to NO are all set to "0" in the setting of the tone code. Table
13-8 indicates the relation between the rest and the rest code (L5 to LO).
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Table 13-8 Rest and Rest Code Correspondence

Rest code
Rest
L5 L4 13 L2 L1 L0 L5-L0

= 1 1 1 1 1 1 3FH
== 0 1 1 1 1 1 1FH
—F 0 1 0 1 1 1 17H
== 0 0 1 1 1 1 OFH
= 0 0 0 1 1 1 O7H
% 0 0 0 0 1 1 03H

Tone lengths specified by the tone length code and the tempo data are expressed by the
following:

15x(MTP+1)x(L+1)ms (where TP is an integer from 1to 31, and L is
an integer from 1 to 63)

TP is a value set by the tempo data in the phrase management area and has the following
bit correspondence:

TP = 24TP4 + 23TP3 + 22TP2 + 21TP1 + 20TPO

L is set by the tone length code and has a bit correspondence with the tone length code as:
L =255+ 2%4 + 233 + 22L.2 + 2111 + 2°LO

(3) END bit

The END bit is set in bit 15 of the melody data. When the output of the last melody data with
the END hit set to "1" is started, the melody circuit generates a melody end signal, and stops
the melody after the last melody data is output.
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13.9.3 Melody Circuit Application Example

The example of outputting the notes shown in Figure 13-5 is given below.

=120
\

/-, N\ |

A DI W E— |

o ) ‘ . \’ ‘ o I

\J Ui
Figure 13-5 Example Melody
Table 13-9 lists the note codes for the melody shown in Figure 13-5.
Table 13-9 List of Note Codes
Note code
Note First byte Second byte
7 5[4 [3[2]1]0]| 76543210 V:ﬁj‘e
END|—*| L5 | L4 | L3 |L2|L1|LO|N7|N6|N5|N4|N3|N2|NI|NO
J. G2 0 1 0|1 1 1 1 0| 1 0|1 0| 0| 0| O |2F50H
J\ D? 0 0 0 1 1 1 1 0 1 1 0 1 0 1 1 | OF6BH
J\ G2 0 0|1 0] 1 1 1 0| 1 0|1 0] 0| 0] 0 |1750H
‘h D? 0 0 010 1 1 1 0 1 1 0 1 0 1 1 | 076BH
J.\ G2 0 0 1 0 1 1 1 0 1 0 1 0 0 0 0 |1750H
‘h A |0 olojo 1|11 0|1 ]0][0]|0/|1]1]|1]|1747H
F B? 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 | 3F3FH
CJ G2 1 1 1 1 1 1 1 0 1 0 1 0 0 0 0 | BF50H
* B

it 6 of the first byte can be either "0" or "1", but is shown here as "0".
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13.9.4 Melody Output Procedure

The procedure for outputting a melody is basically the same as the method of voice output
described in Section 13.7.3. The distinction between voice and melody is made only by the
data set in the phrase address management area and the user data area of the voice ROM.

Follow the procedure below to make the settings:
(1 Set which pin to use for the output among DACOUT/AOQUT and MD/MDB.
» Set PD1DIR and PDODIR (bit 1 and bit 0 of PDDIR) to "1".
* When outputting at MD/MDB: Set PD1 and PDO (bit 1 and bit O of PDD) to "1".
* When outputting at DACOUT/AOUT: Set PD1 to "1" and PDO to "0".
(2) Select voice synthesis/external memory transfer instruction.
* Set P82DIR (bit 2 of P8DIR) to "1".
* Set P82 (bit 2 of P8D) to "0".
(3 Select the internal voice ROM or the external memory.
* Set P83DIR (bit 3 of P8DIR) to "1".
» When using the internal voice ROM: Set P83 (bit 3 of P8D) to "0".
* When using the external memory: Set P83 to "1".

The procedure hereafter is the same as steps @) to @ in Section 13.7.3, "Voice Output
Procedure."

Figure 13-6 shows the timing of melody output.
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PC1 (ENVOICE)

PCO

P3D, P2D

High-speed
clock (0SC1)

When outputting
at DACOUT/AOUT

BUSYB

P11

PC3

Voice synthesis
interrupt
request signal

When outputting
at MD/MDB

©2® ®
\
7H
® @ @
S B [ ] [
) @
] [
X = N I
Phrase address data transfer: Phrase address data transfer
O E ©O) :
! X Phrase address setting of 1st melody XPhrase address setting of 2nd melody
® i :
—— Ty 77
L 1R2AV 5 :
I 1y}
; | 1st melody output :  ii 2nd melody
T 1 | l-l output
LT ()
@ (2
[ ] A
2nd melody
1st melody output ' output
oV % Y

*. P11 maintains the "L" level if the melody output is being made at the time when the phrase
data of the 2nd melody is completed (BUSYB = "L"), and goes to the "H" level after the
melody output has been completed.

Figure 13-6 Melody Output Timing
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13.10 Buzzer

The buzzer outputis made at the MD/MDP pins or the DACOUT/AOQOUT pins when the phrase
with the buzzer setting is started from the interface circuit. Buzzer output is available when
the frequency and sound type have been set in the phrase address management area.

Inputting the stop code will stop the buzzer output.

Based on the settings made in the phrase management area, the buzzer output frequency
can be selected from the 50% duty ratio frequencies of 0.5 kHz, 1.0 kHz, and 2.0 kHz, and
the buzzer output mode can be selected from intermittent tone 1, intermittent tone 2, single
tone, and continuous tone.

The output waveforms in the different output modes is shown in Figure 13-7. The dark filled
parts in the waveform indicate the output frequency signal (0.5, 1.0, or 2.0 kHz).

STOP
BUSYB

8 Hz e rerererere e re e

ON
Output at MD OFF

() Intermittent tone 1

STOP
BUSYB

8 Hz _rlerrrereerereerereerererrir
1 Hz | [ [

(b) Intermittent tone 2
STOP M1

BUSYB I
32 Hz

ON oo
Outputat MD (yep I_. . - - I
—
I

0 MD ON
utput at OFF

(c) Single tone

STOP
BUSYB

o s B
OFF

(d) Continuous tone

Output at MD

Figure 13-7 Buzzer Driver Output Waveforms in Different Output Modes
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13.10.1 Buzzer Output Procedure

Follow the procedure below when making a buzzer output.
(1 Set which pin to use for the output among DACOUT/AOUT and MD/MDB.
* Set PD1DIR and PDODIR (bit 1 and bit 0 of PDDIR) to "1".
* When outputting at MD/MDB: Set PD1 and PDO (bit 1 and bit O of PDD) to "1".
« When outputting at DACOUT/AQUT: Set PD1 to "1" and PDO to "0".
(2) Select voice synthesis/external memory transfer instruction.
» Set P82DIR (bit 2 of P8DIR) to "1".
» Set P82 (bit 2 of P8D) to "0".
(3@ Select the internal voice ROM or the external memory.
» Set P83DIR (bit 3 of P8DIR) to "1".
* When using the internal voice ROM: Set P83 (bit 3 of P8D) to "0".
* When using the external memory: Set P83 to "1".
(@) Make the setting of PCDIR.
* Set PC2DIR, PC1DIR, and PCODIR all to "1".
(® Set PC2 (bit 2 of PCD) to "1" (CS of the voice synthesis section is disabled).
(® Enable high-speed oscillation.
« For the crystal oscillation mode: Set bit 2 and bit 1 of FCON (062H) to "1".
« For the RC oscillation mode: Set bit 1 of FCON (062H) to "1".

Note: Wait for 10 ms for crystal oscillation and 5 ms for RC oscillation so that the high-speed
oscillation waveform becomes stable.

(@ The contents of the program differ depending on the timing of inputting the stop code, etc.
When carrying out control using interrupts, make the necessary settings.

Set PC1 (bit 1 of PCD) to "1" (releasing the reset state of the voice synthesis section).
(9 Set the phrase address in P3D and P2D. (P33 is the MSB and P20 is the LSB.)
Set PC2 (bit 2 of PCD) to "0" (CS of the voice synthesis section is enabled).
(D First set PCO (bit 0 of PCD) to "1" and then set it to "0" (start of transfer).
The serial transfer of the phrase address is started.
(2 The buzzer sound is output.

(3 The buzzer output is terminated when the stop code is input.
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13.11 Example of Connections Made for Extending the Voice Data Area

The ML63326 has an internal 128-Kbyte ROM as the voice synthesis data area.

In addition, the voice synthesis data area can be extended up to a maximum of 640 Kbytes
by connecting a 512-Kbyte ROM externally. An example of connections to be made for this
expansion is shown in Figure 13-8.

ML63326

PF

P7

P6

P5

P4

PA

P9

Vool

[PF.2

PF.1
LPF.0
[P7.3

P7.2

P7.1
LP7.0
[P6.3
P6.2
P6.1
LP6.0
[P5.3
P5.2
P5.1
LP5.0
P4.3
P4.2
P4.1
LP4.0

[PA.3
PA2
PA.1
LPA.0
[P9.3
P9.2
P9.1

LP9.0
P8.0

Vss

"

External ROM

Vo

A18
Al7

A16

A15
A14

A13

A12
A1

A10

A9
A8

A7

A6
A5

A4

A3

A2
Al

A0

GND

Figure 13-8 Example of Connections Made When an External ROM is Used
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13.12 Example of Connections Made When Using a Piezoelectric Speaker

The ML63326 has two built-in amplifiers that can directly drive a piezoelectric speaker. When
using this amplifier, it is possible to output the voice and other sounds from a piezoelectric
speaker by externally connecting one capacitor and two resistors. An example of connections
to be made for using a piezoelectric speaker is shown in Figure 13-9.

The AOUT output amplitude can be varied by changing the ratio R;:R, of the external
resistors. In the example below, since Ry is 50 kQ and R, is 100 kQ, the amplitude of the
AOUT outputis increased twofold and is output to the SP(-) and SP(+) pins. When selecting
R; and Ry, make sure that the sum of R and R, is 100 kQ or more.

By connecting the SPEN pin with the ENVOICE pin as shown below, the amplifiers will also
become enabled only when the voice synthesis section is enabled.

ML63326

DACOUT —— Open

AOUT Eﬂj

SPIN

C=01uF
Ry =50 kQ

100 k2 )

SPEN

_[ 172 Avpp < =

.

Jayeads 211199]90z814

ENVOICE X——

Figure 13-9 Example of Connections Made When Using a Piezoelectric Speaker

A Note:

« When selecting R1 and R; (external resistors), make sure that their resistance values are
1 (Ry) + (Rp) =100 kQ

e For the (=) and (+) terminals of the piezoelectric speaker, connect either terminal to the
SP(-) or SP(+) pin and tie the other to Vgs.
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Chapter 14 Shift Register (SFT)

14.1 Overview

The ML63326 has one internal 8-bit shift register channel for clock synchronous communi-
cation.

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, PE1/SOUT and PE.2/SCLK are the shift data input pin, the shift data output pinand
the shift clock input /output pin respectively. Set the secondary function by using port mode
register.

Internal bus
PE.O/SIN Sl SO D Q O PE.1/SOUT
MSB/LSB | R
System reset |
CLK —— _
1/2CLK —Q
TM10VF —| c"'_lxi o PE.2/SCLK
PE.2/SCLK O—— (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 register L/H (SFTRL, SFTRH)

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

bit 3 bit 2 bit 1 bit 0

SFTRL (0AQH) SD3 SD2 SD1 SDO
(R/W)

bit 3 bit 2 bit 1 bit 0

SFTRH (0ATH) sD7 SD6 SD5 SD4
(R/W)

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 special function registers (SFRs) that control shift register
operation. At system reset both are initialized to "0".

bit 3 bit 2 bit 1 bit 0
— | sDR | sELCK SELCKO
I

SFTCONO (0A2H) |
(R/W)

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

Shift clock select
bit1 bit 0
0 0 : CLK (initial value)
0 1:1/2CLK
1 0 : Timer 1 overflow
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, 1/2 CLK or timer 1 overflow the system operates in master mode.
If set to external clock the system operates in slave mode.

bit 3 bit 2 bit 1 bit 0
SFTCONA (0A3H)  — — — [ e ]
(RAW)

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 "0".
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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 (SFTCONL1) to "1". After 8-bit data transfer (send/
receive), operation ends.

Bits 1, 0 (SELCK1, SELCKO) of the shift control register 0 (SFTCONO) can set the shift clock
to CLK, 1/2 CLK or timer 1 overflow. This operation is 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
istothe clockinputthrough 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 synchroni-
zation with the shift clock rising edge, shift-in data is input 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

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

* SDIR = 0 : MSB first mode

mput ——>/ spo | sp1 | sp2 | sp3 | sp4 | sps | sp6 | S07 |[—— output
| SFTRL " SFTRH |

* SDIR =1 : LSB first mode

nput ——>| 507 | D6 | SD5 | D4 | S03 | SD2 | D1 | SDO |—— Output
| SFTRH " SFTRL |
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SFTCONT
Write signal J_b

ENTR <
SCLK

(PE.2>J2|>||||||||||||||
SOUT ——

(PE.1) % D00 X DOt X DO2 X DO3 X D04 X DO5 X DO6 ) DO7
(pES_'o'\)' X Do X Dt X DI2 X DI3 X D4 X DI5 X DI6 X DI7

System clock 2
SFTINT [

Figure 14-2 Shift Register Operation Timing

A Note :

Settingthe ENTR bitto "1" in the slave mode should be done when the PE.2/SCLK piniis 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
i Master mode
register
Bit2="1" (PE.2/SCLK)
PEMOD Bit1="1" (PE.1/S0UT)
Bit0="1" (PE.O/SIN)

(2) Select the shift clock with SELCK1, SELCKO (SFTCONO bits 1, 0)(master/slave mode
select).

(3) Select MSBfirst or LSB firstwith SDIR (SFTCONO bit 2). ("0" for MSB first, "1" for LSB first).

(4) Set ESFT (IE3 bit 2) to "1" and enable the shift register interrupt.

(5) Set the MIE (master interrupt enable flag) to "1", and enable all interrupts.

(6) Write send data to SFTRL and SFTRH.

(7) Set ENTR (bit 0 of SFTCON1) 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 0 of SFTCON1).

14-6



Chapter 15

LCD Driver (LCD)







ML63326 User's Manual
Chapter 15 LCD Driver (LCD)

Chapter 15 LCD Driver (LCD)

15.1 Overview

The ML63326 has an internal dot matrix LCD driver. The ML63326 has 64 segment outputs
and can drive up to 1024 (64 seg. x 16 com.) dots. The LCD driver can be software-selected
to all OFF, all ON or power down mode, 1/4 or 1/5 bias, selectable duty from 1/1 to 1/16, and
adjustable (16-tone) contrast.

15.2 LCD Driver Configuration

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

Data bus § )

LCD Display register
controller (64 x 4 nibbles)

|:> Common driver |:> Segment driver

com1 COM16 SEGO SEGG3

Figure 15-1 LCD Driver Configuration
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15.3 LCD Driver Registers

(1) Display control register (DSPCONO)
DSPCONOQO is a 4-hit special function register (SFR) controlling LCD driver operation.

bit 3 bit 2 bit 1 bit 0

DSPCONO((%?\(/JVF)I) | BISEL | PDWN ALLON LCDON

LCD bias select
0:1/5 bias (initial value)
1:1/4 bias

LCD power down mode
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: BISEL
This bit selects 1/4 or 1/5 bias.
At system reset it is "0", selecting 1/5 bias.

bit 2: PDWN
This bit selects the LCD power down mode. When PDWN is set to "1", the bias
generation circuit stops its voltage lowering/raising operation and pins COM1-16
and SEG0-63 are all settothe Vgglevel, reducing supply current. Atsystem reset
it is cleared to "0".

bit 1: ALLON
When ALLON is set to "1" all segment drivers are turned on. The ALLON bit has
priority over the LCDON bit. At system reset it is cleared to "0".

bit 0: LCDON
When the LCDON bit is setto "1", the display data in the display register is output
tothe segmentdrivers. Atsystemresetitis clearedto"0", and all segment drivers
are turned off.
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(2) Display control register (DSPCON1)
DSPCONL1 is a 4-bit special function register (SFR) used to select the LCD driver duty.
At system reset, bits of DSPCONL1 are initialized to "0".

bit 3 bit 2 bit 1 bit 0

DSPCONT (091H) DT3 DT2 DT DT
(R/W) | L | 1 | 1 ] 2

Duty select
bit 3 bit 2 bit 1 bit 0

0 : 1/16 duty (initial value)
: 11 duty

2 1/2 duty

» 1/3 duty

» 1/4 duty

» 1/5 duty

. 1/6 duty

2 1/7 duty

. 1/8 duty

© 1/9 duty

: 1/10 duty

2 1/11 duty

: 1412 duty

: 1/13 duty

: 114 duty

: 1/15 duty

il = L= e Yo Yo Yo Yo Y]
e e N e N eo N eo Bl en Nan N eo N an ]
o000 00—+ 00 —+—=-00o
——0o-—-o—-o—-o0o—-0o0—-0o0—=0Oo0—=

(3) Display contrast register (DSPCNT)
DSPCNT is a 4-bit special function register (SFR) used to adjust display contrast.
At system reset, bits of DSPCONL1 are initialized to "0".

SPC bit 3 bit 2 bit 1 bit 0
DSPCNT (092H) N3 N2 N1
R | cI cI | cI Cho
Contrast select |
bit 3 bit 2 bit 1 bit 0
0 0 0 0 : Light (initial value)
0o 0 0 1:
0 0 1 0
0o 0 1 1
0o 1 0 O
0o 1 0 1
o 1 1 0
o 1 1 1:
1 0 0 O0:
1 0 0 1:
10 1 0
1 0 1 1
11 0 0
11 0 1
11 1 0:
1 1 1 1: Dark
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(4) Display registers (DSPRO to DSPR255)

DSPROto DSPR255 are segment output data registers for the dot matrix LCD driver allocated
to RAM BANK 1. The correspondence between display registers and segment outputs is
shown below.

bit 3 bit 2 bit 1 bit 0
DSPRO(IQ%“ coms | coms [ com [ comr |
bit 3 bit 2 bit 1 bit 0
DSPR1 (zgw“ coms | comr | coms | coms | Seqment 0
] ) ) ) output data
bit 3 bit 2 bit 1 bit 0
DSPR?(ES%“ com2 | comt | como | como |
bit 3 bit 2 bit 1 bit 0
DSPRB(}&’*\W coM6 | coms | com4 |  comz | |
bit 3 bit 2 bit 1 bit 0 -
DSPRACIO4H) [ coms [ cows |  cowe | com |
(RW)
bit 3 bit 2 bit 1 bit 0
DSPRS(Igmgl come | comr [ cowe | coms | Seqment
] ] ) ) output data
bit 3 bit 2 bit 1 bit 0
DSPRG (106H) [ comrz | comtt | comio | comg |
(RAW)
bit 3 bit 2 bit 1 bit 0
DSPR7(107H) [ comts | comts | com4 [ comrs |
(R/W) -
. bit 3 bit 2 bit 1 bit 0 -
DSPR252(1FCH)|  com4 | coM3 | com2 | comt |
(RW)
bit 3 bit 2 bit 1 bit 0
DSPR253 (1FDH)[ coms | comr [  coms | coms | Socment 63
(R/W) egmen
bit 3 bit 2 bit 1 bit 0 output data
DSPRes4 (1FEH) [  comt2 | comtt |  comto | coms |
(RW)
bit 3 bit 2 bit 1 bit 0
DSPR255 (1FFH)[  comte | comts | comta | coms |
(R/W) o

A Notes:

« 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 (DSPRO to DSPR255) are undefined and should be
initialized.
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15.4 LCD Driver Operation

The display duty is selected from 1/1 to 1/16 using DSPCON. The frame frequency for each
duty ratio is indicated in Table 15-1. Depending on the duty selected, the common signal
(COM1to COM16)is generated, and data written in synchronization with that common signal
to the display registers (DSPRO to DSPR255) is output to the segment driver. The segment
driver uses bits 0, 1 (ALLON, LCDON) of the display control register 0 (DSPCONO) to control
all OFF or all ON mode.

When PDWN (bit 2 of DSPCONO) is setto "1", the LCD power down mode is enabled. In the
LCD power-down mode the bias generation circuit operation stops, and COM1-16 and
SEGO0-63 pins are all output at the Vgg level to reduce supply current.

BISEL (bit3 of DSPCONO) selects 1/4 or 1/5 bias.
DSPCNT controls the LCD contrast of 16 tones (Vppn = 2.4 V or more).

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.

Table 15-1 Frame Frequency for Each Duty

DSPCON1 Frame
DT3-0 |DT3|DT2|DT1|DTO Duty frequency

OH 0 0 0 0 1/16 64 Hz
1H 0 0 0 1 11 1024 Hz
2H 0 0 1 0 1/2 512 Hz
3H 0 0 1 1 1/3  |approx. 341 Hz
4H 0 1 0 0 1/4 256 Hz
5H 0 1 0 1 1/5  |approx. 205 Hz
6H 0 1 1 0 1/6  |approx. 171 Hz
7H 0 1 1 1 1/7  |approx. 146 Hz
8H 1 0 0 0 1/8 128 Hz
9H 1 0 0 1 1/9  |approx. 114 Hz
0AH 1 0 1 0 1/10 |approx. 102 Hz
0BH 1 0 1 1 1/11 | approx. 93 Hz
0CH 1 1 0 0 1/12 | approx. 85 Hz
ODH 1 1 0 1 1/13 | approx. 79 Hz
OEH 1 1 1 0 1/14 | approx. 73 Hz
OFH 1 1 1 1 1/15 | approx. 68 Hz
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15.5 Bias Generator (BIAS)

The bias generator is used to multiply and divide the voltage (Vpp2) generated in the constant
voltage circuit with an external capacitor connected to pins C1, C2 to generate Vpp1 t0 Vpps
bias voltages for the LCD driver.

The LCD power down mode stops the voltage lowering/raising operation of the bias
generation circuit in order to reduce supply current.

Figure 15-2 shows the bias generator configuration for 1/5 bias, and Figure 15-3 shows the
configuration for 1/4 bias.

For details of the voltage doubler circuit and the constant-voltage circuit, see Chapter 17,
"Power Supply Circuit."

Tables 15-2 and 15-3 list the display contrast adjusting voltages.

| Voo
: Voltage
Cn I I ¢yDDH doubler
: circuit
} 0B |
Ch12 — H
T 5GB2 Constant voltage
: circuit
G I I ~VppL |
Ce I I +Vpps
Cq | ,E\VDD4
Ce o Vb3 BIAS
] e generator
Co ~Vbp2
|——o0
Ca || ~Vpp1
il O
5Vss Vss
201
Cp — 1
22— 102

To high-speed clock generator circuit

Display contrast adjustment
(CN3-0)

1/5 bias select
(BISEL ="0")

Power down mode select
(PDWN ="1")

:> To LCD driver

Figure 15-2 Bias Generator Configuration for 1/5 Bias
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Szree
o
(=)

p |
H : To high-speed clock generator circuit
: Voltage
| |—cdom doubler
: circuit
1 GBf [
Coi2 — H
T ¢ CB2 Constant voltage Display contrast adjustment
: circuit (CN3-0)
Ci | ~VppL |
I ¢
Ce || ~VDDs
[ ‘-’ 1/4 bias s"elfzct
04 | éVDD4 < (BISEL="1")
EV BIAS Power down mode select
o208 generator : (PDWN ="1")
Co | évnnz
: :> To LCD driver
Ca | A VD1
I ¢
éVss Vss
G
Co —
2 - 502

Figure 15-3 Bias Generator Configuration for 1/4 Bias
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Table 15-2 Display Contrast Adjusting Voltages (V  pp2)
(Ta=25°C,Vgs=0V)

DSPCNT Vpp2 Voltage (V)
- Contrast

CN3-0 CN3 CN2 CN1 CNO Min. Typ. Max.

OH 0 0 0 0 1.70 1.80 1.90 Light

1H 0 0 0 1 1.74 1.84 1.94 ‘

2H 0 0 1 0 1.78 1.88 1.98

3H 0 0 1 1 1.82 1.92 2.02

4H 0 1 0 0 1.86 1.96 2.06

5H 0 1 0 1 1.90 2.00 2.10

6H 0 1 1 0 1.94 2.04 2.14

7H 0 1 1 1 1.98 2.08 2.18

8H 1 0 0 0 2.02 2.12 2.22

9H 1 0 0 1 2.06 2.16 2.26

0AH 1 0 1 0 2.10 2.20 2.30

0BH 1 0 1 1 2.14 2.24 2.34

0CH 1 1 0 0 2.18 2.28 2.38

0DH 1 1 0 1 2.22 2.32 2.42

OEH 1 1 1 0 2.26 2.36 2.46 Y

OFH 1 1 1 1 2.30 2.40 2.50 Dark

Table 15-3 Display Contrast Adjusting Voltages (V  pp1, Vbba: Vb4, Vbps)

(Vss=0V)
Voltage
BISEL Mode Power supply . ge (V)
Min. Typ. Max.
Vb1 Typ.-0.1 1/2 x Vpp2* Typ. + 0.1
v Typ.-0.3 3/2 x Vpp2* Typ. +0.3
0 1/5 bias DD3 yp X VpD2 yp. +
Vppa Typ.-04 2 x Vpp2* Typ.+0.4
Vbps Typ.-0.5 5/2 x \Ipp2* Typ.+0.5
Vb1 Typ.-0.1 1/2 x Vpp2* Typ. + 041
V Typ.-0.2 Vpp2* Typ. +0.2
1 1/4 bias DD3 yp DD2 yp. +
Vbpa Typ.-0.3 3/2 x VIpp2* Typ. +0.3
Vbps Typ.-04 2 x Vpp2* Typ.+0.4

Vppo*: Typical Vppo in Table 15-2

15-8



ML63326 User's Manual
Chapter 15 LCD Driver (LCD)

15.6 LCD Driver Output Waveform

Figures 15-4 (a) and 15-4 (b) show the output waveforms for 1/16 duty and 1/5 bias, and
Figures 15-5 (a) and 15-5 (b) show the output waveforms for 1/8 duty and 1/4 bias.

Frame frequency 64 Hz

172034 5 e 11601:2:3:4:5 | eeee 116
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Vb4

CoM1

Vbps3
Vbp2
Vo1
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Vpps
Vb4

Vbps3
Vb2
Vb1
Vss

Ccom2

Vbbs
Vb4

Vbps3
Vbp2
Vb1
Vss

COM3

Vbbs
Vb4

Vbps3
Vb2
Vb1
Vss

COM16

Figure 15-4 (a) 1/16 Duty, 1/5 Bias Common Output Waveform
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Figure 15-4 (b) 1/16 Duty, 1/5 Bias Segment Output Waveform
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Chapter 16 Battery Low Detect Circuit (BLD)

16.1 Overview

The ML63326 contains a battery low detect circuit (BLD).

The battery low detect circuit detects when the battery voltage (supply voltage Vpp) falls
below the judgment voltage value. Three levels of judgment voltage can be selected by the
BLDCON bits.

Judgment voltage values (Ta = 25°C): 2.00 £0.10 V, 2.20 £0.10 V, 2.40 £0.10 V

A Note:

» When verifying BLD operation, the operation must be verified with an evaluation sample
device.
The development support tool (EASE63180) does not support BLD.

16.2 Battery Low Detect Circuit Configuration

The battery low detect circuit consists of a judgment circuit and a judgment voltage select
circuit. Figure 16-1 shows the circuit configuration.

Data bus

Vpp ——>
Judgment circuit BLDF
ENBL

Read BLDCON

BLDCON

Judgment voltage Q1o

select circuit

Figure 16-1 Battery Low Detect Circuit
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16.3 Judgment Voltage

The value of the judgment voltage is selected by the software by setting the LD1 (bit 1 of
BLDCON) and LDO (bit 0 of BLDCON) bits.

Table 16-1 lists judgment voltage and precision values.
Table 16-1 Judgment Voltage

LD1 LDO |Judgment voltage (V)| Precision (V) Remarks
0 0 — — Undefined
0 1 2.00 +0.10 Ta=25°C
1 0 2.20 £0.10 Ta=25°C
1 1 2.40 +0.10 Ta=25°C

16.4 Battery Low Detect Circuit Register

- Battery low detect control register (BLDCON)
BLDCON is a 4-bit special function register (SFR) that controls the battery low
detect circuit.

bit 3 bit 2 bit 1 bit 0

BLDCON (094H) [ BOF | EnBL | LD1 LDO
(RIW) | . .

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 1:2.00+010V
1 0:2200.10V
1 1:240+0.10V

bit 3: BLDF
This flag indicates the judgement result of the battery low detect circuit.
This bitis setto "1" when Vpp is lower than the judgment voltage selected by LDO
and LD1, and is set to "0" when Vpp is higher. This bit is "0" when the BLD circuit
stops operation.
This bit is read-only and writes are invalid.

bit 2: ENBL
This bit turns the battery low detect circuit ON or OFF.
When ENBL is set to "1", the battery low detect circuit is ON. When ENBL is set
to "0", the battery low detect circuit is OFF.
At system reset, this bit is cleared to "0".

bit 1, 0: LD1, LDO
These hits select the judgment voltage.
At system reset, these bits are cleared to "0".
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16.5 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 drops to zero.

BLDF is the judgment result flag. If BLDF is "1", the power supply voltage is lower than the
judgment voltage. If BLDF is "0", the power supply voltage is higher than the judgment
voltage. BLDF is valid when ENBL is "1".

The judgment circuit of the battery low detect circuit requires time to become stable.
Therefore, after setting ENBL to "1", wait at least 1 ms before reading BLDF. No load should
be applied to the power supply voltage during the detection.

Figure 16-2 shows an example operation timing.

. Set ENBL Read BLDF  Reset ENBL
Operation
@® @ @l O]
ENBL | § .
Judgment voltage Vss / | vemp E \
Vemp ' 5 |
BLDF |1 or f

BLD stabilization time
(wait at least 1 ms)

Figure 16-2 Operation Timing Example

Figure 16-2 shows the following operations.

(1) ENBL is set to "1" to turn ON the BLD.

(2) Operation starts with no load applied to power supply system and waits for BLD
stabilization time interval (at least 1 ms).

(3 Judgment result flag (BLDF) is read.
(@) ENBL is cleared to "0".
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Chapter 17 Power Supply Circuit (POWER)

17.1 Overview

The ML63326 contains a constant voltage circuit for the internal logic power supply (VppL),
a constant voltage circuit for the LCD bias reference power supply (Vpp2), and a voltage
doubler circuit for the power supply for high-speed oscillation (Vppn)-

17.2 Power Supply Circuit Configuration

Figure 17-1 shows the power supply circuit configuration.

LV i
o :

201055V | i
Ch, | Voo ;
— | S ] !

| GBI !

Q. Voltage

Ch12 ' CB2 dqublgr .
C! circuit Constant voltage |

: ircuit |

o  Vopt < circui |
= | k;/ High-speed ——() 0SC1
c Ly clock generator !
e | O~ circuit ) 0SCO
,_C[q | Vb4

| % ;

G | A Vop3
I / ;
,_Cn| | Q Vpp2 Bias generator Internal logic
; section ;

_&| | VoDt :
e %
Cre 2= T 2 |
~ |

A~ _Vss :
O z

Figure 17-1 Power Supply Circuit Configuration
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17.3 Power Supply Circuit Operation

The Vpp. output of the power supply for the internal logic circuits is automatically switched
to the Vpp level when the time base counter is reset, and changes to 1.7 V immediately after
theresetstate isreleased. Further, the Vpp, outputis switched to the Vpp level when ENOSC
(bit 1 of FCON) is set to "1", and returns to 1.7 V when ENOSC is set to "0".

The Vpp2 output of the LCD bias reference power supply is automatically switched to the Vpp
level when the time base counter is reset, and changes to the voltage (1.8V to 2.4 V) selected
by the display contrast register (DSPCNT) immediately after the reset state is released.

The Vppy output of the power supply for high-speed oscillation becomes about 1.2 V after
the time base counter is reset and while the high-speed oscillations have been stopped
(ENOSC = "0") because it is connected via Vppy and a diode. When the high-speed
oscillations are started (ENOSC ="1"), the voltage doubler circuit starts operating and Vppn
becomes a voltage equal to about two times Vppp.

Start of
high-speed oscillation
CPU start Stop high-speed oscillation
RESETO (time base l l

counter reset) ;
i Approx. 125 ms
|<—>l

RESETS
(system reset)

e WS W i i

ENOSC !
i i Approx. i\
VbpH : /7 i
i/ $Approx. 1.2V t Vopx2 1 {Approx. 1.2V
3 Approx. 1.7V ! Voo 3 Approx. 1.7V

VopL 4/_ Voo

U\

DD

Vb2

§ Approx. 1.8t0 2.4V

|

Figure 17-2 Power Supply Circuit Operation Waveforms
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The Special Function Registers of the ML63326 are listed in Table A.
Table A Special Function Register List
Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W| at ;.sgss:fm
Port 0 data register POD 000H P03 P02 PO1 P00 R | Undefined
Port 1 data register PiD 001H — — P11 P10 R OFH
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 |[RW| OH
Port 5 data register P5D 005H P53 P52 P51 P50 R/W OH
Port 6 data register P6D 006H P63 P62 P61 P60 [RW| OH
Port 7 data register P7D 007H P73 P72 P71 P70 |RW/| OH
Port 8 data register P8D 008H P83 P82 P81 P8O |RW| OH
Port 9 data register P9D 009H P93 P92 P91 P90 |RW| OH
Port A data register PAD 00AH PA3 PA2 PA1 PAO  |RW| OH
Port B data register PBD 00BH PB3 PB2 PB1 PBO |RW| OH
Port C data register PCD 00CH PC3™ PC2 PC1 PCO |RW| OH
Port D data register PDD 00DH PD3"! — PD1 PDO |RMW| OCH
Port E data register PED 00EH PE3 PE2 PET PEO  |RW| OH
Port F data register PFD 00FH PF3 PF2 PF1 PFO |RW| OH
Port 0 control register 0 POCONO | 010H | PO3MD | P02MD | POIMD | POOMD |[RW|  OH
Port 0 control register 1 POCON1 | 011H — — POPUD POF  |RW| OCH
Port 0 interrupt enable register POIE 012H PO3IE | PO2E | POTIE POOIE |RW| OH
Port 1 control register 0 PICONO | O013H — — P11MD | P1OMD | W —
014H
Reserved to
019H
Port 4 control register 0 PACONO | O1AH | P4IMD1 | P4TMDO | P4OMD1 | P4OMDO |RW |  OH
Port 4 control register 1 PACON1 | O1BH | P43MD1 | P43MDO | P42MD1 | P42MDO |RW |  OH
Port 5 control register 0 PSCONO | O1CH | P5IMD1 | P51MDO | P5OMD1 | P5OMDO |RAW |  OH
Port 5 control register 1 P5CON1 | O1DH | P53MD1 | P53MDO | P52MD1 | P52MDO |[R/W|  OH
Port 6 control register 0 P6CONO | O1EH | P6IMD1 | P61MDO | P6OMD1 | P6OMDO |RW|  OH
Port 6 control register 1 P6CON1 | O1FH | P63MD1 | P63MDO | P62MD1 | P62MDO |R/W|  OH

A Note:

*1: The bit PC3 can only be read out. The bit PD3 can only be written in.
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Table A Special Function Register List (continued)

Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W|at feg/ssetfm

Port 7 control register 0 P7CONO 020H P71MD1 | P71MDO | P70MD1 | P70MDO |R/W 0H
Port 7 control register 1 P7CON1 021H P73MD1 | P73MDO | P72MD1 | P72MDO | R/W OH
Port 47 mode register P47M0OD 022H P7MOD | P6MOD | P5MOD | P4MOD |R/W 0H
Port 8 control register 0 P8CONO 023H P81MD1 | P81MDO | P8OMD1 | P8OMDO | R/W OH
Reserved 024H
Port 8 direction register P8DIR 025H P83DIR | P82DIR | P81DIR | P8ODIR |R/W OH
Port 8 mode register P8MOD 026H — — P81MOD | P8OMOD | R/W 0CH
Port 9 control register 0 P9CONO 027H P91MD1 | P91IMDO | P9OMD1 | P9OMDO | R/W OH
Port 9 control register 1 PICON1 028H P93MD1 | P93MDO | P92MD1 | P92MDO | R/W OH
Port 9 direction register PIDIR 029H P93DIR | P92DIR | P91DIR | P90ODIR |R/W OH
Port A control register 0 PACONO 02AH PATMD1 | PATMDO | PAOMD1 | PAOMDO |R/W OH
Port A control register 1 PACON1 02BH PA3MD1 | PASMDO | PA2MD1 | PA2MDO | R/W OH
Port A direction register PADIR 02CH PA3DIR | PA2DIR | PA1DIR | PAODIR |R/W OH
Port 9A mode register P9AMOD 02DH — — PAMOD | POMOD |R/W 0CH
Port B control register 0 PBCONO 02EH PB1MD1 | PBIMDO | 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 |R/W OH
Port B interrupt enable register PBIE 031H PB3IE PB2IE PB1IE PBOIE | R/W OH
Port B mode register PBMOD 032H PBF — PB1IMOD | PBOMOD |R/W 4H
Reserved 033H
Port C control register 1 PCCON1 034H PC3MD1 | PC3MDO — — w —
Port C direction register PCDIR 035H PC3DIR | PC2DIR | PCi1DIR | PCODIR | W —
Port C interrupt enable register PCIE 036H PC3IE — e — R/W 7H
Port C mode register 0 PCMODO 037H — — — PCF R/W OEH

038H
Reserved 039H

03AH
Port D direction register PDDIR 03BH PD3DIR — PD1DIR | PDODIR | W —_
Reserved 03CH
Port E control register 0 PECONO 03DH PE1MD1 | PETMDO | 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 |R/W OH
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Table A Special Function Register List (continued)
Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W|at ;.sgss;fm
Port E mode register PEMOD 040H PEF PE2MOD | PETMOD | PEOMOD |R/W OH
Port F control register 0 PFCONO 041H PFIMD1 | PFIMDO | PFOMD1 | PFOMDO |R/W OH
Port F control register 1 PFCON1 042H PF3MD1 | PF3MDO | PF2MD1 | PF2MDO |R/W OH
Port F direction register PFDIR 043H PF3DIR PF2DIR PF1DIR PFODIR | R/W OH
Port F interrupt enable register PFIE 044H PF3IE PF2IE PF1IE PFOIE  |R/W OH
Port F mode register PEMOD 045H — — — PFF R/W OEH
046H
Reserved to
04FH
Interrupt enable register 0 IEQ 050H EVI EXI0 EMD — R/W 1H
Interrupt enable register 1 IE1 051H EXI5 — EXI3 EXI2 R/W 4H
Interrupt enable register 2 IE2 052H ETM3 ETM2 ETMA1 ETMO |R/W OH
Interrupt enable register 3 IE3 053H E10Hz ESFT — — R/W 3H
Interrupt enable register 4 IE4 054H E2Hz E4Hz E16Hz E32Hz |R/W OH
Interrupt request register 0 IRQO 055H Qvl QXI0 QmMD QWDT |R/W OH
Interrupt request register 1 IRQ1 056H QXI5 — QXI3 QxI2 R/W 4H
Interrupt request register 2 IRQ2 057H QTM3 QTM2 QT™M1 QTM0 |R/W OH
Interrupt request register 3 IRQ3 058H Q10Hz QSFT — — R/W 3H
Interrupt request register 4 IRQ4 059H Q2Hz Q4Hz Q16Hz Q32Hz |R/W OH
05AH
Reserved to
05FH
Time base counter register 0 TBCRO 060H 16Hz 32Hz 64Hz 128Hz |R/W OH
Time base counter register 1 TBCR1 061H 1Hz 2Hz 4Hz 8Hz R/W OH
Frequency control register FCON 062H — OSCSEL | ENOSC | CPUCLK |R/W 8H
Reserved 063H
100 Hz timer counter register T100CR 064H 100C3 100C2 100C1 100C0 | R/W | Undefined
10 Hz timer counter register T10CR 065H 10C3 10C2 10C1 10C0  |R/W OH
100 Hz timer counter control register | T100CON 066H — — — ECNT |R/W OEH
Reserved 067H
Timer 0 data register L TMODL 068H T0D3 TOD2 TOD1 TODO |R/W OH
Timer 0 data register H TMODH 069H T0D7 TOD6 TODS T0D4 |R/W OH
Timer 1 data register L TM1DL 06AH T1D3 T1D2 T1D1 TiDO |R/W OH
Timer 1 data register H TM1DH 06BH T1D7 T1D6 T1D5 TiD4 |R/W OH
Timer 0 counter register L TMOCL 06CH TOC3 TOC2 TOC1 TOCO |R/W OH
Timer 0 counter register H TMOCH 06DH TOC7 TOC6 T0C5 T0C4 |R/W OH
Timer 1 counter register L TM1CL 06EH T1C3 T1C2 T1C1 T1C0 |R/W OH
Timer 1 counter register H TM1CH 06FH T1C7 T1C6 T1C5 TiC4 |R/W OH
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Table A Special Function Register List (continued)

Initial value
Register name Symbol | Address | bit3 bit 2 bit 1 bit0 |R/W| at fg:éfm

Timer 0 control register 0 TMOCONO | 070H — FMEASO | TMOECAP | TMORUN | R/W 8H
Timer 0 control register 1 TMOCON1 071H — — TMOCL1 | TMOCLO |R/W 0CH
Timer 1 control register 0 TM1CONO | 072H — — TMAECAP | TM1RUN | R/W 0CH
Timer 1 control register 1 TM1CON1 073H — — TM1CL1 | TM1CLO |R/W 0CH
Timer 0 status register TMOSTAT |  074H — — TMOCAP | TMOOVF | R 0CH
Timer 1 status register TMASTAT | 075H — — TM1CAP | TM10OVF | R 0CH
Timer 2 data register L TM2DL 076H T2D3 T2D2 T2D1 T2D0 | R/W OH
Timer 2 data register H TM2DH 077H T2D7 T2D6 T2D5 T2D4 |R/W OH
Timer 3 data register L TM3DL 078H T3D3 T3D2 T3D1 T3D0 |R/W OH
Timer 3 data register H TM3DH 079H T3D7 T3D6 T3D5 T3D4 |R/W OH
Timer 2 counter register L TM2CL 07AH T2C3 T2C2 T2C1 T2C0 |R/W OH
Timer 2 counter register H TM2CH 07BH T2C7 T2C6 T2C5 T2C4 |R/W OH
Timer 3 counter register L TM3CL 07CH T3C3 T3C2 T3C1 T3C0 |R/W OH
Timer 3 counter register H TM3CH 07DH T3C7 T3C6 T3C5 T3C4 |RW OH
Timer 2 control register 0 TM2CONO | 07EH — FMEAS2 — TM2RUN | R/W 0AH
Timer 2 control register 1 TM2CON1 07FH — — TM2CL1 | TM2CLO |R/W 0CH
Timer 3 control register 0 TM3CONO | 080H —_ — —_ TM3RUN |R/W OEH
Timer 3 control register 1 TM3CON1 081H — — TM3CL1 | TM3CLO |R/W 0CH
Timer 2 status register TM2STAT | 082H — — — TM20VF | R OEH
Timer 3 status register TM3STAT | 083H — — — TM30VF | R OEH

084H
Reserved to

08FH
Display control register 0 DSPCONO | 090H BISEL PDWN ALLON LCDON |R/W OH
Display control register 1 DSPCON1 091H DT3 DT2 DT1 DTO R/W OH
Display contrast register DSPCNT 092H CN3 CN2 CN1 CNO R/W OH
Reserved 093H
Battery low detect control register | BLDCON 094H BLDF ENBL LD1 LDO R/W OH
Reserved 095H
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 d1 do W —
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Table A Special Function Register List (continued)
Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit0 |R/W|at ;.sgss;fm

Shift register L SFTRL 0AOH SD3 SD2 SD1 SDO R/W OH
Shift register H SFTRH 0A1H SD7 SD6 SD5 SD4 R/W OH
Shift register control register 0 | SFTCONO |  0A2H — SDIR SELCK1 | SELCKO |R/W 8H
Shift register control register 1 SFTCON1 0A3H e — — ENTR |R/W OEH

0A4H
Reserved to

OF1H
RA register 0 RAO 0F2H a3 a2 al a0 R/W OH
RA register 1 RA1 OF3H a7 a6 ab a4 R/W OH
RA register 2 RA2 OF4H all al0 a9 a8 R/W OH
RA register 3 RA3 OF5H als al4 al3 al2 R/W OH
Register stack pointer RSP OF6H rsp3 rsp2 rspi rsp0 R/W OH
Stack pointer SP OF7H sp3 sp2 sp1 sp0 R OH
Reserved OF8H
Y register Y OF9H y3 y2 y1 y0 R/W OH
X register X OFAH x3 x2 x1 x0 R/W OH
L register L OFBH 13 12 i} 10 R/W OH
H register H OFCH h3 h2 hi 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 flag register| ~ MIEF OFFH e — — MIE R OEH
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Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W|at feg/:etfm
Display register 0 DSPRO 100H com4 com3 com2 COM1 | R/W | Undefined
Display register 1 DSPR1 101H com8 com7 COoM6 COM5 | R/W | Undefined
Display register 2 DSPR2 102H SE60 com12 com11 Ccom10 COM9 | R/W | Undefined
Display register 3 DSPR3 103H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
Display register 4 DSPR4 104H COM4 COM3 com2 COM1 | R/W | Undefined
Display register 5 DSPR5 105H COM8 com7 COM6 COM5 | R/W | Undefined
Display register 6 DSPR6 106H SE6T COM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 7 DSPR7 107H COM16 COM15 Com14 COM13 | R/W | Undefined
Display register 8 DSPR8 108H Ccom4 Ccom3 Ccom2 COM1 | R/W | Undefined
Display register 9 DSPR9 109H CoMm8 com7 COM6 COM5 | R/W | Undefined
Display register 10 | DSPR10 10AH SEa2 COM12 COM11 COM10 COM9 | R/W | Undefined
Display register 11 DSPR11 10BH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 12 | DSPR12 10CH COM4 COM3 com2 COM1 | R/W | Undefined
Display register 13 | DSPR13 10DH Ccom8 com7 COM6 COM5 | R/W | Undefined
Display register 14 | DSPR14 10EH SE63 COM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 15 | DSPR15 10FH COM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 16 | DSPR16 110H COM4 COM3 com2 COM1 | R/W | Undefined
Display register 17 | DSPR17 111H com8 com7 COoM6 COM5 | R/W | Undefined
Display register 18 | DSPR18 112H Sea4 com12 com11 com10 COM9 | R/W | Undefined
Display register 19 | DSPR19 113H CoM16 CoM15 ComM14 COM13 | R/W | Undefined
Display register 20 | DSPR20 114H COM4 COM3 com2 COM1 | R/W | Undefined
Display register 21 DSPR21 115H COoM8 com7 COM6 COM5 | R/W | Undefined
Display register 22 | DSPR22 116H SE60 com12 com11 com10 COM9 | R/W | Undefined
Display register 23 | DSPR23 117H COM16 COM15 Com14 COM13 | R/W | Undefined
Display register 24 | DSPR24 118H Ccom4 com3 com2 COM1 | R/W | Undefined
Display register 25 | DSPR25 119H Com8 com7 COMé6 COM5 | R/W | Undefined
Display register 26 | DSPR26 11AH SEG COM12 Com11 CoM10 COM9 | R/W | Undefined
Display register 27 | DSPR27 11BH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 28 | DSPR28 11CH COM4 COM3 com2 COM1 | R/W | Undefined
Display register 29 | DSPR29 11DH COM8 Ccom7 COM6 COM5 | R/W | Undefined
Display register 30 | DSPR30 11EH SE67 COM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 31 DSPR31 11FH COM16 COM15 CoM14 COM13 | R/W | 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 SEas com12 com11 com10 COM9 | R/W | Undefined
Display register 35 | DSPR35 123H COM16 | COM15 | COM14 | COM13 |R/W | Undefined
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Appendix A
Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W| at ;sgss:;em
Display register 36 | DSPR36 124H com4 com3 com2 COM1 | R/W | Undefined
Display register 37 | DSPR37 125H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 38 | DSPR38 126H 5£69 CoM12 COM11 COM10 COM9 | R/W | Undefined
Display register 39 | DSPR39 127H COM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 40 | DSPR40 128H com4 com3 com2 COM1 | R/W | Undefined
Display register 41 DSPR41 129H CcOom8 com7 COMe6 COM5 | R/W | Undefined
Display register 42 | DSPR42 12AH SEaT0 com12 com11 Ccom10 COM9 | R/W | Undefined
Display register 43 | DSPR43 12BH COM16 COM15 com14 COM13 | R/W | Undefined
Display register 44 | DSPR44 12CH com4 COoMm3 com2 COM1 | R/W | Undefined
Display register 45 | DSPR45 12DH Com8 com7 COM6 COM5 | R/W | Undefined
Display register 46 | DSPR46 12EH SEa COM12 COM11 COM10 COM9 | R/W | Undefined
Display register 47 | DSPR47 12FH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 48 | DSPR48 130H com4 COM3 CoMm2 COM1 | R/W | Undefined
Display register 49 | DSPR49 131H Ccom8 com7 CoM6 COM5 | R/W | Undefined
Display register 50 | DSPR50 132H SEat2 CoM12 COM11 Com10 COM9 | R/W | Undefined
Display register 51 DSPR51 133H COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 52 | DSPR52 134H COMm4 COM3 CoMm2 COM1 | R/W | Undefined
Display register 53 | DSPR53 135H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 54 | DSPR54 136H SEG13 COM12 | COM11 | COM10 COM9 | R/W | Undefined
Display register 55 | DSPR55 137H COM16 COM15 | COM14 COM13 | R/W | Undefined
Display register 56 | DSPR56 138H Com4 CcoMm3 com2 COM1 | R/W | Undefined
Display register 57 | DSPR57 139H COom8 com7 COMe6 COM5 | R/W | Undefined
Display register 58 | DSPR58 13AH SEat COM12 COM11 Com10 COM9 | R/W | Undefined
Display register 59 | DSPR59 13BH COM16 COM15 com14 COM13 | R/W | Undefined
Display register 60 | DSPR60 13CH com4 COoMm3 com2 COM1 | R/W | Undefined
Display register 61 DSPR61 13DH Com8 com7 COM6 COM5 | R/W | Undefined
Display register 62 | DSPR62 13EH SEG15 Com12 CoM11 CoM10 COM9 | R/W | Undefined
Display register 63 | DSPR63 13FH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 64 | DSPR64 140H com4 COM3 CoM2 COM1 | R/W | Undefined
Display register 65 | DSPR65 141H com8 com7 COM6 COM5 | R/W | Undefined
Display register 66 | DSPR66 142H SEGTe COM12 COM11 Com10 COM9 | R/W | Undefined
Display register 67 | DSPR67 143H COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 68 | DSPR68 144H Com4 COM3 Com2 COM1 | R/W | Undefined
Display register 69 | DSPR69 145H coms com7 COM6 COM5 | R/W | Undefined
Display register 70 | DSPR70 146H SEGTY com12 com11 CoM10 COM9 | R/W | Undefined
Display register 71 DSPR71 147H CoM16 COM15 CoM14 COM13 | R/W | Undefined
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Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W| at fg::fm
Display register 72 | DSPR72 148H com4 com3 com2 COM1 | R/W | Undefined
Display register 73 | DSPR73 149H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 74 | DSPR74 14AH SEaT8 com12 Com11 com10 COM9 | R/W | Undefined
Display register 75 | DSPR75 14BH COM16 COM15 COM14 | COM13 |R/W | Undefined
Display register 76 | DSPR76 14CH Com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 77 | DSPR77 14DH COom8 com7 COM6 COM5 | R/W | Undefined
Display register 78 | DSPR78 14EH SEGT9 COM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 79 | DSPR79 14FH COoM16 COM15 com14 COM13 | R/W | Undefined
Display register 80 | DSPR80 150H com4 COoM3 Ccom2 COM1 | R/W | Undefined
Display register 81 DSPR81 151H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 82 | DSPR82 152H SE620 CoM12 COM11 COoM10 COM9 | R/W | Undefined
Display register 83 | DSPR83 153H COM16 COM15 CoOM14 COM13 | R/W | Undefined
Display register 84 | DSPR84 154H com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 85 | DSPR85 155H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 86 | DSPR86 156H Seazl Com12 COM11 COoM10 COM9 | R/W | Undefined
Display register 87 | DSPR87 157H COM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 88 | DSPR88 158H COMm4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 89 | DSPR89 159H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 90 | DSPR90 | 15AH Seaz2 COM12 | COM11 | COM10 COM9 | R/W | Undefined
Display register 91 DSPR91 15BH CoM16 COM15 com14 COM13 | R/W | Undefined
Display register 92 | DSPR92 15CH Ccom4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 93 | DSPR93 15DH Com8 com7 COM6 COM5 | R/W | Undefined
Display register 94 | DSPR94 15EH SE628 COM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 95 | DSPR95 15FH COM16 COM15 com14 COM13 | R/W | Undefined
Display register 96 | DSPR96 160H com4 COoM3 Com2 COM1 | R/W | Undefined
Display register 97 | DSPR97 161H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 98 | DSPR98 162H SEG24 CoM12 CoM11 CcomMm10 COM9 | R/W | Undefined
Display register 99 | DSPR99 163H COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 100 | DSPR100 164H com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 101 | DSPR101 165H Ccom8 com7 COM6 COM5 | R/W | Undefined
Display register 102 | DSPR102 166H SE620 CoM12 COM11 COM10 COM9 | R/W | Undefined
Display register 103 | DSPR103 167H COM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 104 | DSPR104 168H COMm4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 105 | DSPR105 169H coms com7 COM6 COM5 | R/W | Undefined
Display register 106 | DSPR106 | 16AH SEa26 com12 Com11 com10 COM9 | R/W | Undefined
Display register 107 | DSPR107 | 16BH CoM16 COM15 com14 COM13 | R/W | Undefined
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Appendix A
Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W| at ;sgss:;em
Display register 108 | DSPR108 16CH com4 com3 com2 COM1 | R/W | Undefined
Display register 109 | DSPR109 | 16DH Com8 com7 COM6 COM5 | R/W | Undefined
Display register 110 | DSPR110 16EH Seat com12 com11 Ccom10 COM9 | R/W | Undefined
Display register 111 | DSPR111 16FH CoM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 112 | DSPR112 170H com4 com3 com2 COM1 | R/W | Undefined
Display register 113 | DSPR113 | 171H Ccom8 com7 COMe6 COM5 | R/W | Undefined
Display register 114 | DSPR114 172H S£628 Com12 CoM11 CoM10 COM9 | R/W | Undefined
Display register 115 | DSPR115 173H COM16 COM15 com14 COM13 | R/W | Undefined
Display register 116 | DSPR116 174H com4 COoM3 com2 COM1 | R/W | Undefined
Display register 117 | DSPR117 175H CoMm8 com7 COM6 COM5 | R/W | Undefined
Display register 118 | DSPR118 176H SE629 com12 com11 ComM10 COM9 | R/W | Undefined
Display register 119 | DSPR119 177H COM16 Com15 CoM14 COM13 | R/W | Undefined
Display register 120 | DSPR120 178H com4 COM3 Com2 COM1 | R/W | Undefined
Display register 121 | DSPR121 179H Ccom8 com7 COoM6 COM5 | R/W | Undefined
Display register 122 | DSPR122 17AH SE630 CoM12 COM11 COM10 COM9 | R/W | Undefined
Display register 123 | DSPR123 17BH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 124 | DSPR124 17CH COMm4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 125 | DSPR125 | 17DH coms com7 COM6 COM5 | R/W | Undefined
Display register 126 | DSPR126 17EH SEa3! com12 com11 Ccom10 COM9 | R/W | Undefined
Display register 127 | DSPR127 17FH COM16 COoM15 CoM14 COM13 | R/W | Undefined
Display register 128 | DSPR128 180H com4 com3 com2 COM1 | R/W | Undefined
Display register 129 | DSPR129 | 181H COom8 com7 COMe6 COM5 | R/W | Undefined
Display register 130 | DSPR130 182H SE632 Com12 ComM11 ComM10 COM9 | R/W | Undefined
Display register 131 | DSPR131 183H COM16 COM15 com14 COM13 | R/W | Undefined
Display register 132 | DSPR132 184H com4 Com3 com2 COM1 | R/W | Undefined
Display register 133 | DSPR133 185H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 134 | DSPR134 186H SEa39 com12 com11 Com10 COM9 | R/W | Undefined
Display register 135 | DSPR135 187H CoM16 CoM15 CoM14 COM13 | R/W | Undefined
Display register 136 | DSPR136 188H com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 137 | DSPR137 189H coms com7 CoM6 COM5 | R/W | Undefined
Display register 138 | DSPR138 18AH SEa3s CoM12 COM11 COomM10 COM9 | R/W | Undefined
Display register 139 | DSPR139 18BH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 140 | DSPR140 18CH com4 COM3 Com2 COM1 | R/W | Undefined
Display register 141 | DSPR141 18DH coms com7 COM6 COM5 | R/W | Undefined
Display register 142 | DSPR142 18EH SEa% com12 com11 CoM10 COM9 | R/W | Undefined
Display register 143 | DSPR143 18FH CoM16 CoM15 CoM14 COM13 | R/W | Undefined
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Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W| at fg::fm
Display register 144 | DSPR144 190H com4 com3 com2 COM1 | R/W | Undefined
Display register 145 | DSPR145 191H coms com7 COM6 COMS5 | R/W | Undefined
Display register 146 | DSPR146 192H SEa% com12 Com11 com10 COM9 | R/W | Undefined
Display register 147 | DSPR147 193H CoM16 COM15 com14 COM13 | R/W | Undefined
Display register 148 | DSPR148 194H com4 com3 com2 COM1 | R/W | Undefined
Display register 149 | DSPR149 |  195H COom8 com7 COM6 COM5 | R/W | Undefined
Display register 150 | DSPR150 196H SE637 Com12 CoM11 CcomM10 COM9 | R/W | Undefined
Display register 151 | DSPR151 197H COM16 COM15 com14 COM13 | R/W | Undefined
Display register 152 | DSPR152 198H com4 COM3 Com2 COM1 | R/W | Undefined
Display register 153 | DSPR153 199H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 154 | DSPR154 19AH SEa38 CoM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 155 | DSPR155 |  19BH CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 156 | DSPR156 19CH com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 157 | DSPR157 |  19DH Com8 com7 COoM6 COM5 | R/W | Undefined
Display register 158 | DSPR158 19EH SE639 CoM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 159 | DSPR159 19FH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 160 | DSPR160 | 1AOH com4 com3 Ccom2 COM1 | R/W | Undefined
Display register 161 | DSPR161 1A1TH coms com7 COM6 COM5 | R/W | Undefined
Display register 162 | DSPR162 | 1A2H SEa40 com12 CoM11 com10 COM9 | R/W | Undefined
Display register 163 | DSPR163 | 1A3H COM16 COM15 COM14 | COM13 |R/W | Undefined
Display register 164 | DSPR164 | 1A4H com4 com3 com2 COM1 | R/W | Undefined
Display register 165 | DSPR165 | 1A5H COom8 com7 COM6 COM5 | R/W | Undefined
Display register 166 | DSPR166 1A6H SEGdT Com12 CoM11 ComM10 COM9 | R/W | Undefined
Display register 167 | DSPR167 1A7H COoM16 COM15 com14 COM13 | R/W | Undefined
Display register 168 | DSPR168 1A8H Ccom4 COoMm3 Com2 COM1 | R/W | Undefined
Display register 169 | DSPR169 1A9H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 170 | DSPR170 1AAH SE642 Com12 CoM11 CcomMm10 COM9 | R/W | Undefined
Display register 171 | DSPR171 1ABH CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 172 | DSPR172 1ACH com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 173 | DSPR173 | 1ADH coms8 com7 CoM6 COM5 | R/W | Undefined
Display register 174 | DSPR174 | 1AEH SEa48 ComM12 COM11 COM10 COM9 | R/W | Undefined
Display register 175 | DSPR175 1AFH COM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 176 | DSPR176 | 1BOH COMm4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 177 | DSPR177 | 1B1H coms8 com7 COM6 COM5 | R/W | Undefined
Display register 178 | DSPR178 | 1B2H SEas com12 Com11 com10 COM9 | R/W | Undefined
Display register 179 | DSPR179 | 1B3H COM16 COM15 COM14 | COM13 |R/W | Undefined
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Appendix A
Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W| at ;sgss:;em
Display register 180 | DSPR180 1B4H com4 com3 com2 COM1 | R/W | Undefined
Display register 181 | DSPR181 1B5H coms com7 COM6 COM5 | R/W | Undefined
Display register 182 | DSPR182 1B6H SEass com12 com11 ComM10 COM9 | R/W | Undefined
Display register 183 | DSPR183 1B7H CoM16 COM15 CoM14 COM13 | R/W | Undefined
Display register 184 | DSPR184 1B8H com4 com3 com2 COM1 | R/W | Undefined
Display register 185 | DSPR185 | 1B9H CcOom8 com7 COMe6 COM5 | R/W | Undefined
Display register 186 | DSPR186 1BAH SE640 Com12 CoM11 CoM10 COM9 | R/W | Undefined
Display register 187 | DSPR187 1BBH COM16 COM15 com14 COM13 | R/W | Undefined
Display register 188 | DSPR188 1BCH com4 COoM3 com2 COM1 | R/W | Undefined
Display register 189 | DSPR189 | 1BDH Com8 com7 COM6 COM5 | R/W | Undefined
Display register 190 | DSPR190 1BEH SEa47 com12 com11 ComM10 COM9 | R/W | Undefined
Display register 191 | DSPR191 1BFH CoM16 Com15 CoM14 COM13 | R/W | Undefined
Display register 192 | DSPR192 1COH com4 COM3 Com2 COM1 | R/W | Undefined
Display register 193 | DSPR193 1C1H Ccom8 com7 CoM6 COM5 | R/W | Undefined
Display register 194 | DSPR194 1C2H SEa48 CoM12 COM11 COM10 COM9 | R/W | Undefined
Display register 195 | DSPR195 1C3H COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 196 | DSPR196 1C4H com4 com3 Com2 COM1 | R/W | Undefined
Display register 197 | DSPR197 1C5H coms com7 COM6 COM5 | R/W | Undefined
Display register 198 | DSPR198 |  1C6H SEG49 CcOM12 | COM11 | COM10 COM9 | R/W | Undefined
Display register 199 | DSPR199 1C7H CoM16 CoM15 CoM14 COM13 | R/W | Undefined
Display register 200 | DSPR200 | 1C8H Com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 201 | DSPR201 1C9H COom8 com7 COMe6 COM5 | R/W | Undefined
Display register 202 | DSPR202 1CAH SE6%0 Com12 CoM11 ComM10 COM9 | R/W | Undefined
Display register 203 | DSPR203 1CBH COM16 COM15 com14 COM13 | R/W | Undefined
Display register 204 | DSPR204 1CCH com4 Com3 com2 COM1 | R/W | Undefined
Display register 205 | DSPR205 | 1CDH Com8 com7 COM6 COM5 | R/W | Undefined
Display register 206 | DSPR206 1CEH SEGST CoMm12 CoM11 COoM10 COM9 | R/W | Undefined
Display register 207 | DSPR207 1CFH COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 208 | DSPR208 1DOH com4 COM3 CoMm2 COM1 | R/W | Undefined
Display register 209 | DSPR209 | 1D1H coms8 com7 CoM6 COM5 | R/W | Undefined
Display register 210 | DSPR210 | 1D2H SEa%2 CoM12 COM11 Com10 COM9 | R/W | Undefined
Display register 211 | DSPR211 1D3H COM16 COM15 COM14 COM13 | R/W | Undefined
Display register 212 | DSPR212 | 1D4H CoMm4 COM3 Com2 COM1 | R/W | Undefined
Display register 213 | DSPR213 | 1D5H coms com7 COM6 COM5 | R/W | Undefined
Display register 214 | DSPR214 | 1D6H SEaS3 com12 com11 Ccom10 COM9 | R/W | Undefined
Display register 215 | DSPR215 | 1D7H COM16 CoM15 CoM14 COM13 | R/W | Undefined
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Table A Special Function Register List (continued)

Initial value
Register name | Symbol | Address |Segment| bit3 bit 2 bit 1 bit0 |R/W| at fg:;;em
Display register 216 | DSPR216 | 1D8H COMm4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 217 | DSPR217 | 1D9H coms com7 COM6 COM5 | R/W | Undefined
Display register 218 | DSPR218 | 1DAH SEas com12 Com11 com10 COM9 | R/W | Undefined
Display register 219 | DSPR219 | 1DBH CoM16 COM15 com14 COM13 | R/W | Undefined
Display register 220 | DSPR220 | 1DCH com4 com3 com2 COM1 | R/W | Undefined
Display register 221 | DSPR221 1DDH coms8 com7 COM6 COM5 | R/W | Undefined
Display register 222 | DSPR222 | 1DEH SEasS com12 Com11 com10 COM9 | R/W | Undefined
Display register 223 | DSPR223 | 1DFH CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 224 | DSPR224 | 1EOH Ccom4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 225 | DSPR225 1E1H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 226 | DSPR226 1E2H SE6% Com12 CoM11 com10 COM9 | R/W | Undefined
Display register 227 | DSPR227 1E3H CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 228 | DSPR228 1E4H com4 COoMm3 Com2 COM1 | R/W | Undefined
Display register 229 | DSPR229 1E5H Ccom8 com7 COM6 COM5 | R/W | Undefined
Display register 230 | DSPR230 1E6H SEaS7 CoM12 COM11 COM10 COM9 | R/W | Undefined
Display register 231 | DSPR231 1E7H COoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 232 | DSPR232 1E8H com4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 233 | DSPR233 1E9H Com8 com7 COoM6 COM5 | R/W | Undefined
Display register 234 | DSPR234 | 1EAH SEG%8 CoM12 COM11 CoM10 COM9 | R/W | Undefined
Display register 235 | DSPR235 | 1EBH COM16 COM15 CoOM14 COM13 | R/W | Undefined
Display register 236 | DSPR236 | 1ECH COMm4 COM3 Ccom2 COM1 | R/W | Undefined
Display register 237 | DSPR237 | 1EDH COom8 com7 COM6 COM5 | R/W | Undefined
Display register 238 | DSPR238 1EEH SEG%9 com12 Com11 com10 COM9 | R/W | Undefined
Display register 239 | DSPR239 1EFH CoM16 COM15 com14 COM13 | R/W | Undefined
Display register 240 | DSPR240 1FOH com4 com3 com2 COM1 | R/W | Undefined
Display register 241 | DSPR241 1F1H coms com7 COM6 COMS5 | R/W | Undefined
Display register 242 | DSPR242 1F2H SEG60 com12 CoM11 com10 COM9 | R/W | Undefined
Display register 243 | DSPR243 1F3H CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 244 | DSPR244 1F4H com4 com3 com2 COM1 | R/W | Undefined
Display register 245 | DSPR245 1F5H Ccom8 com7 COM6 COM5 | R/W | Undefined
Display register 246 | DSPR246 1F6H SEao! com12 Ccom11 com10 COM9 | R/W | Undefined
Display register 247 | DSPR247 1F7H CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 248 | DSPR248 1F8H com4 COM3 Com2 COM1 | R/W | Undefined
Display register 249 | DSPR249 1F9H Com8 com7 COM6 COM5 | R/W | Undefined
Display register 250 | DSPR250 1FAH SEGoz Com12 CoM11 CcomMm10 COM9 | R/W | Undefined
Display register 251 | DSPR251 1FBH CoM16 CoM15 com14 COM13 | R/W | Undefined
Display register 252 | DSPR252 1FCH com4 COM3 CcoMm2 COM1 | R/W | Undefined
Display register 253 | DSPR253 1FDH Ccom8 com7 COM6 COM5 | R/W | Undefined
Display register 254 | DSPR254 1FEH SEG6 CoM12 com11 com10 COM9 | R/W | Undefined
Display register 255 | DSPR255 1FFH COM16 COM15 CoM14 COM13 | R/W | Undefined
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Appendix B Package Dimensions

ML63326-xxxTC

(Unit : mm)

026.0= 0.2

INDEX MARK
Mirror finish 1.25 TYP.

0.17+ 0.05

1.0+ 0.2
. u
s
= ( KA \y0~10°
sl =l 7
< g 0.5TYP.
= 0.6+ 0.15

Figure B-1 176-Pin LQFP (LQFP176-P-2424-0.50-BK)

Notes for Mounting the Surface Mount Type Package

The SOP, QFP, TSOP, TQFP, LQFP, SOJ, QFJ (PLCC), SHP, and BGA are surface mount
type packages, which 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 on 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) I/O Port (P8.0, P8.1, P9.0—P9.3, PA.0—PA.3, PB.0-PB.3, PE.0-PE.3, PF.0-PF.3)

Vss Voo —— Pull-up/pull-down control
Vool Gate
/0 |—{control
Circuit |« Qutput data
|7
V
5 Vo Output control
/' Input data
Schmitt trigger input
(2) Input Port (P0.0-P0.3)
Vss Voo Pull-up/pull-down control

Input data

/V

Schmitt trigger input

(3) Output Port (P4.0—P4.3, P5.0-P5.3, P6.0-P6.3, P7.0-P7.3)

Vooi Gate
control

F——contr¢
CIrcuit |« Qutput data
|7

V
58 LOutput control
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(3) Low-Speed Clock Generator

VD‘DZ
XT0 O—»————CMOS input » Time base clock
(TBCCLK)
XT1 (ﬁ <
Inside the IC

(4) High-Speed Clock Generator

( VbpH
i v <— (Qscillation start
0ScoC CMOS input » High-speed clock
(HSCLK)
0SC1O—

Inside the IC

(5) RESET, TST1, TST2, VTEST, and SPEN Inputs

Schmitt trigger input

Vss
Inside the IC
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Appendix D Peripheral Circuit Examples

LCD
32.768 kHz {¥
crystal
T xto COMI-l6 — SEGD-83
DDI T
50V
i PE3[— J_
G L PE3 Ag
510 25 pF N P PE1 mz Voo T
P73 Al5 —
Cy| | 1.0uF P72 Al4 -
| Voo P71 A13
20t05.5V Egg /Rﬁ
[ o) ot o o —
->—|V =X P60 A8
| AVop P33 A7
Eg% ﬁ? External
r &l P5.0 A4
C 1.0 uF P43 A3 memory
e T P42 A (512K 8 bits)
CB2 %] Al
CII I 0.1 uF v P4.0 A0
Cyy | 0.1 uF poL PA3 7
O Voor PAT D5
Cpy  0.1uF Al D
Ll Voo A9'3 D3
Cey | 0.1uF hos D3
Gyl oapr | Vo A9 D1
of K 90 0o
oy | 0tuF_| o P8 1 WR
£ [ - VDD5 M L63326 P8.0 —Cc "D
Nl T
C12 0.1 uF P0.0 — ——
@ PO - -
0 O— RESET Rz
Push-button switch PB.O —
* TST1 BE; —
{: TST2 2
Buzzer VTEST EE% —
PEA |-
MD PE2 |-
(| PE3[-
BUSYB —
gl pof, o ENVOIGE | —
™ 08¢0 SPEN (Connect these pins)
ST i e DACOUT |- C R
1 — 1
4.096 MRz crystal| 25C1 aout— 1 hoka
M 0.1 uF
0to 100 kQ X{‘/EF SPIN Ro
5 200 kQ
Vss -
p— - )>
— SP(+) ,_7+

- Piezoelectric speaker
« Crystal oscillation is selected by mask option for low-speed oscillation.
« Crystal oscillation is selected for high-speed oscillation.
» The power supply for the ports is shared with Vpp.
 Capacitance values for C, Cp, C¢, Cqg, Ce, Cj, Cp12, C12, Ch, Cv, Ci0, C11, Cyo, and
Cg are only for reference.

Figure D-1 Example 1 of Peripheral Circuit (low-speed side: crystal oscillation,
high-speed side: crystal oscillation)

A Note:

Vppy is the power supply pin for input 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.
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LCD
COM1-16 SEGO0-63
XTO V, L 4
Rost oor 1 5.0V
1.5 MQ EE'S - A18
(approx. 32 kHz) XT PF.1 A7 Voo I
brs Al =
Cp| | 1.0 uF v P72 A14 -
| DDH P71 A13
20to 55V P7.0 A12
1 P6.3 A11
Gy (1 01 F Yo 03 A
v YT :
4| Ao o
CB1 32% QE External
_C ;2-8 ﬁ‘a‘ memory
Corp —— 1.00F - bi'> A (512K x 8 bits)
P41 AT
Gy 01uF P4.0 A0
o Voo PA.3 D7
Cyy 1 0.1uF PAS bz
H Voot PA'1 D5
Cyy | O.1uF A1 D
b Voo A9'3 D3
Cey 1 0.1uF n95 D>
C, O 0.1 uF Voos A9.1 D1
"—Cd'l T‘lF_ Vops A9.0 bo
o Ly, ML63326 g
Cio —— 0.1 pF P00 —
j e G2 PO.1 (— -
o o RESET o2
Push-button switch PB.0 —
» TST1 PEI -
b TST2 2
PB.3 [~
Buzzer VIEST PO
MD PE2 -
= PE.3 -
BUSYB (—
MDB ENVOICE
Rosh 0SCo SPEN :l (Connect these pins)
47 m% DACOUT — Gy R
(approx. 1.9 MHz @5 V) 0SC1 AOUT 100 kQ
) z 0.1 uF
0t0 100 k2 X\R/EF SPIN Ry
ss 200 kQ
Yes SP(
e >
— SP (+) — —,_7 + >>

= Piezoelectric speaker

» RC oscillation is selected by mask option for low-speed oscillation.

» RC oscillation is selected for high-speed oscillation.

e The power supply for the ports is shared with Vpp.

 Capacitance values for Cg, Cp, Cg, Cq, Ce, Cj, Cp12, C12, Ch, Cy, and Cyo are only for
reference.

Figure D-2 Example 2 of Peripheral Circuit (low-speed side: RC oscillation,

high-speed side: RC oscillation)
A Note:

Vpp is the power supply pin for input 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.
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32.768 kHz
crystal
T xmo OMI-f6  SEGD-63 X
DDI
c Jf |:| PF.3 |— T 5'Oﬂ_
6~ PF2 A8y
T— | .
510 25 pF XT1 231 a7 Voo T
P7.3 A15 —
Cp| | 1.0uF v P7.2 A14 -
| DDH P71 A13
20to55V P7.0 A12
1 v P6.3 A11
6oy o " H=r
v | | YT :
i Aoy i
YL 3212 ﬁ? External
c 1.0 uF P33 A memory
S et ol VS 2 A (512K x8bits)
Gy (01 pF P4.0 A0
v Voot PA.3 D7
v, PA2 D6
Co y (01 uF o Al Ds
. Vooz A9:3 D3
- A92 D2
Vo3 A9'1 D1
1 Voos A9.0 D0
Vs ML63326  BEi—9WR
e R0 @D
L
1 it =
TE
o © RESET B2
Push-button switch PB.0
* TST1 EE‘IZ —
TST2 A
PB3 -
Buzzer VIEST PEO I
MD PE2 [~
[ PE3 |
BUSYB (—
] Cro, 9 PF MDB ENVOICE
FD 0SC0 SPEN :l (Connect these pins)
Ciy 9P
0—| % DACOUT — G Ry
4,096 MHz crystal| 9SC1 aout — 1 100 k2
T ——1 0.1 uf
0t0 100 kQ A SPIN Ro
S8 200 kQ
Vss .
jp— - )
— SP (+) — ,_7+ >>

= Piezoelectric speaker

« Crystal oscillation is selected by mask option for low-speed oscillation.

« Crystal oscillation is selected for high-speed oscillation.

» The power supply for the ports is shared with Vpp.

« Capacitance values for Cp, Cj, Cp12, Ch Cv, Ci0, CL1, Cvo, and Cg are only for
reference.

Figure D-3 Example 3 of Peripheral Circuit (low-speed side: crystal oscillation,
high-speed side: crystal oscillation, when LCD driver is not used)

A Note:

Vpp is the power supply pin for input 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.
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LCD
32.768 kHz {F
crystal
_T_ XT0 COM1-16 SEG0-63
Voo T
50V
CGJf ] PE3 - vl
PF.2 A18
5 to 25 pF | PF.1 al7 Voo
’ x £ A =
Cuf | 1.0uF Vopy E;:% ﬁ}g B
20t05.5V I P7.0 A12
y v P6.3 A11
Lo . =
o V|| M P6.0 A8
’_| | AVoo P53 A7
Eg% ﬁ% External
CB1 :
P5.0 Ad
Corp —— 1.0 uF P43 A3 Mmemory.
I CB2 Eﬁ ﬁ% (512K x 8 bits)
G 0.1 uF .
y otu Vo, P4.0 A0
Cyy | 0.1 pF PA.3 D7
1] Vop1 PA.2 D6
Cy; | 0.1 uF PA.1 D5
10 Vope PA.0 D4
Cy | 0.1 pF A9.3 D3
11 Vbps A9.2 D2
Cqy | 0.1 pF A9 D1
o Toqp | Vooe A9.0 bo
ef =k Vops ML63326 538 —cg GND
I T
sz—E 0.1 uF P0.0 [— —
G2 PO.1 —
o o RESET Rz
Push-button switch TSTH PB.0 —
P PB.1 [—
i e
Buzzer VIEST EE'? —
MD PE2 -
[ PE3 —
BUSYB —
Cio| 5 PF MDB ENVOICE [—
— 1 F———osco
= SPEN
Cuy PR 0sC1
" '4.096 MHz crystal DACOUT
Vrer AOUT = _D icl
ynamic loudspeaker
010 100 kQ AVg SPIN -
Vss
e P
f— SP (+ —

* Crystal oscillation is selected by mask option for low-speed oscillation.

« Crystal oscillation is selected for high-speed oscillation.

» The power supply for the ports is shared with Vpp.

» Capacitance values for Cg, Cp, C, Cq, Ce, Cj, Cp12, C12, Ch, Cy, CL0, CL1, @and Cg are
only for reference.

Figure D-4 Example 4 of Peripheral Circuit (low-speed side: crystal oscillation,
high-speed side: crystal oscillation, when the built-in amplifiers in

the voice synthesis section are not used)
Note:

Vpp is the power supply pin for input 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.
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LCD
32.768 kHz {¥
crystal
XT0 COM1-16 SEG0-63
_L Voo € Vo
Co— [] PES [
510 25 pF T xm -
P73~
Cp| [ 1.0 uF P7.2 —
| Vo P7.1 {—
2.0t05.5V R
[ Voo 5812 —
Cy | | 0.1 4F 1=
ol e s
(e
e B
b12 Op 5=
L—om piil
Cul | 0.1 uF v P40 —
Gy | 01uF oot PAS =
| VDD1 PA'1 —
Cpy | 0.1 uF PAd =
| VDD2 A9l3 |
Coy 1 0.1 uF -
1 Vops AT
Coy | OIuF | AT
Cey | O4pF | P 1
| =+ Vops ML63326 PEA[
S E——
C12 0.1 HF P0.0
_I__r— 2 PO.1 -
o 0— RESET R2r
Push-button switch PB.O —
» TSTH P
b TST2 2
PB3 |-
Buzzer VIEST PEO
MD PE2 -
= PE3 |
MDB BUSYB (—
Cio, 9PF ENVOICE
I Fél 0sco SPEN :l (Connect these pins)
AT L DA
0—| COUT — G Ry
4,096 MHz crystal| 05C1 noUT— | 100 k@
) z v 0.1 uF
0t0 100 kO oyl SPIN Ro
SS 200 kQ
Yss SP(
jp— - )
i SP (+ — —,_7+ >>

— Piezoelectric speaker

« Crystal oscillation is selected by mask option for low-speed oscillation.

« Crystal oscillation is selected for high-speed oscillation.

» The power supply for the ports is shared with Vpp.

 Capacitance values for C,, Cp, C¢, Cqg, Ce, Cj, Cp12, C12, Ch, Cv, Ci0, CL1, Cvo, and
Cg are only for reference.

Figure D-5 Example 5 of Peripheral Circuit (low-speed side: crystal oscillation,
high-speed side: crystal oscillation, when the external memory is not
used)

A Note:

Vpp is the power supply pin for input 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.
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Appendix E Electrical Characteristics (Preliminary)
Absolute Maximum Ratings
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vb1 Ta=25°C -0.3to+1.6 v
Power Supply Voltage 2 Vpp2 Ta=25°C -0.31t0+2.9 v
Power Supply Voltage 3 Vbp3 Ta=25°C —0.31t0 +4.2 v
Power Supply Voltage 4 Vpa Ta=25°C —0.3t0+5.5 v
Power Supply Voltage 5 Vb5 Ta=25°C —-0.310 +6.8 v
Power Supply Voltage 6 Vbp Ta=25°C —0.310 +6.0 v
Power Supply Voltage 7 Vppi Ta=25°C —0.310 +6.0 v
Power Supply Voltage 8 VDDH Ta=25°C -0.3t0+6.0 vV
Power Supply Voltage 9 VppL Ta=25°C —0.310 +6.0 vV
Power Supply Voltage 10 AVpp Ta=25°C -0.3t0 +6.0 v
Power Supply Voltage 11 VRer Ta=25°C -0.3t0 +6.0 v
Input Voltage 1 Vin1 Vpp input, Ta = 25°C -0.3to Vpp+0.3 V
Input Voltage 2 Ving Vppy input, Ta = 25°C -0.3to Vpp+0.3 V
Output Voltage 1 VouTti Vpp1 output, Ta = 25°C —0.3to Vppy + 0.3 V
Output Voltage 2 Vour2 Vpp2 output, Ta = 25°C —0.3to Vpp2 + 0.3 vV
Output Voltage 3 Vouts Vb3 output, Ta = 25°C —0.3to Vpp3+ 0.3 v
Output Voltage 4 Vouts Vb4 output, Ta = 25°C —0.3to Vppg + 0.3 V
Output Voltage 5 Vouts Vpps output, Ta = 25°C —0.3to Vpps + 0.3 v
Output Voltage 6 VouTs Vpp output, Ta = 25°C -0.3to Vpp+0.3 V
Output Voltage 7 Vour? Vppi output, Ta = 25°C —0.3to Vpp; + 0.3 V
Output Voltage 8 VouTs Vpph output, Ta = 25°C —-0.3t0 Vppy + 0.3 vV
Output Voltage 9 VouTo AVpp output, Ta = 25°C —0.3t0 AVpp + 0.3 V
Power Dissipation Pp Ta=25°C 100 mwW
Storage Temperature Tstg — -55t0 +150 °C
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Recommended Operating Conditions

(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — —20t0 +70 °C
Vop — 2.0t055
Operating Voltage Voo — 201055 v
P 9 9 AVpp — 201055
VRer — 0.5t0 (AVpp—-1.0V)
Crystal Oscillation Frequency fxr Cg=51t025pF 32.76810 76.8 kHz
RosL = 1.5 MQ 32 +30%
Low-speed RC Oscillation ost kel
frosL RosL = 700 kQ 60 +30% kHz
Frequency
RosL = 400 kQ 80 £30%
High-speed Crystal fom VooH=361t055V 4.096 MHz
Oscillation Frequency
High-speed RC Oscillation RosH = 47 kQ 1.8 +30%
gh-sp faost | Vi =3.6105.0 V2 adl MHz
Frequency RosH = 39 kQ 2.0 +30%
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« Typical characteristics of low-speed RC oscillation
When Vpp2 =1.8V
Reference data

1000
£

100

N
AN
~
10
100 1000 10000
Rost [kQ]
» Typical characteristics of high-speed RC oscillation
When Vppy =3.6V
Reference data

10000
g
=
3
=S

N
1000 ™~
N
100
10 100 1000
RosH [kQ]
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DC Characteristics

(Vpp = Vppr =AVpp =2.0t0 5.5V, Vss = AVss = 0V, Ta = —20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. Typ. Max. |Unit |suring
Circuit
1/5 bias, 1/4 bias
Vop2 Voltage V 1.7 1.8 1.9 v
DD2 g DD2 (Ta = 25°C)
Vpp2 Voltage Temperature Deviation | AVpp2 — — -4 — |mV/°C
Vop1 Voltage Vbp1 1/5 bias, 1/4 bias Typ.— 0.1/1/2 x Vpp2|Typ.+ 0.1 'V
1/5 bias Typ.—0.3|3/2 x Vpp2| Typ.+ 0.3
Vpp3 Voltage Vpp3 1/4 bias (connect Vv
Typ-0.2| Vppz |Typ.+0.2
Vpp3 and Vpp2)
Vi Voltage v 1/5 bias Typ.—0.4| 2 x Vpp2 |Typ.+ 0.4 v
bp4 YOTg oo 1/4 bias Typ.— 0.3]3/2 x Vppg| Typ.+ 0.3
1/5 bias Typ.—0.5/5/2 x Vipp2|Typ.+ 0.5
Vbps Voltage v v
bos YOTag b5 1/4 bias Typ.-— 0.4] 2 x Vipp |Typ.+ 0.4
High-speed clock oscillation
stopped — 1.2 — v
VppH Voltage VopH , Vpp=18V —
High-speed clock oscillation vV
Vpp=18V 2.0 3.6 3.7
High-speed clock
oscillation stopped 12 17 22 v 1
VppL Voltage VoL - —
High-speed clock oscillation 20 . 55 N
(Vpp=2.0t05.5V) :
Vrer Voltage v AVpp = 3.0V 00 | = 24 by
Rer Voltag REF AVpp =5.0V 10 — 40
Low-speed Crystal Oscillation N Oscillation start time: 20 o o N
Start Voltage STAL within 5 seconds :
High-speed Crystal Oscillation Oscillation start time: o .
Start Voltage VsTaH within 10 milliseconds 20 v
Low-speed & High-speed Crystal v 18 v
Oscillation Hold Voltage HOLD '
Low-speed Crystal Oscillation
Stop Detect Time Tsto - 01 - 50 | ms
Low-speed External Crystal . .
Oscillator Capacitance Ce 5 25 pF
Low-speed Internal Crystal .
Oscillator Capacitance Co 20 25 30 pF
) AT-49 4.096 MHz
High-speed External Crystal Cro 1 |(Daishinku Corp.-make) used,| 5 8 20 pF
Oscillator Capacitance ’ ~
Vpp=5.0V
High-speed Internal RC .
Oscillator Capacitance Cos 8 12 16| pF
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DC Characteristics (continued)

(Vpp =Vppi =AVpp=2.0t0 5.5V, Vgs = AVss = 0V, Ta = —20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. Typ. Max. |Unit suring
Circuit
Vpp=2.0V 0.0 — 0.5
POR Voltage VpoR1 Vpp=3.0V 0.0 — 0.7 Vv
Vpp=5.0V 0.0 — 1.5 1
Vpp=2.0V 15 — 2.0
Non-POR Voltage VpoRr2 Vpp=3.0V 2.0 — 3.0 v
Vpp=5.0V 3.5 — 5.0
LD1=1,LD0=1,Ta=25°C | 2.3 24 2.5
BLD Judgment Voltage Vgipg | LD1=1,LD0=0,Ta=25°C | 2.1 2.2 2.3 V
LD1=0,LD0=1,Ta=25°C | 1.9 2.0 2.1
Vg =2.40V (LD1=1,LD0 =1 — -3.5 —
BLD Judgment Voltage BLOC ( )
o AVpipe |Veog=2.20V (LD1=1,LD0=0)] — -3.0 — |mV/°C
Temperature Deviation
VBipc=2.00V(LD1=0,LD0=1)] — 2.5 —

Notes: 1. "Vppy"changesinthe range from 1.8 V to 2.4 V according to the value of Display

Contrast register (DSPCNT).

2. "Tstop" indicates that if the crystal oscillator stops over the value of Tstop, the
system reset occurs.

3. "POR" denotes Power On Reset.

4. "Vpor1" indicates that POR occurs when Vpp falls from Vpp to Vpor1 and again
rises up to Vpp.

5. "VpoRr2"indicates that POR does not occur when Vpp falls from Vpp to Vpor2 and
again rises up to Vpp.
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DC Characteristics (continued)

(Vop = Vppr = AVpp = 3.0V, Vss = AVsg = 0V, 1/5 bias, Ta = —20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. |Unit |suring
Circuit
CPU is in HALT state. Ta=-20t0 +50°C| — 2 6
Supply Current 1| Ipp1 [(High-speed clock oscillation uA
stopped) Ta=-20t0+70°C| — 2 12
CPU is in HALT state. °
Ta=-20t0+50°C| — 15 3.0
Supply Current 2| | LCD is in Power Down mode. ' A
DD2 h- Tt
(High-speed clock oscillation Ta=—20t0470°C| — | 15 | 10.0
stopped)
CPU is in operation at Ta=-201t0+50°C| — 8 12 | pA
Supply Current 3| Ippa low-speed oscillation.
(High-speed clock oscillation _ o . 1
stopped) Ta =-20t0 +70°C 8 15 | pA
CPU is in operation at high-speed oscillation .
Supply Current4 | Ipps (RC oscillation, Rogy = 47 kQ) 500 | 650 | pA
CPU is in operation at high-speed oscillation .
Supply Current'5 | Ioos (Crystal oscillation, 4.096 MHz) 800 | 1000 | wA
CPU is in operation at high-speed oscillation
Supply Current6 | Ipps (Crystal oscillation, 4.096 MHz) — 5 10 | mA

The state in which voice is being output
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DC Characteristics (continued)

(Vop = Vopi = VppH =AVpp =3.0V, Vpp1 = 1.1V, Vppo = 2.2V, Vpp3 = 3.3V, Vppg = 4.4 V,
Vpps =5.5V, Vgs = AVgs = 0V, Ta =-20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. | Unit|suring
Circuit
Output Current 1
(P4.0to P4.3) Vppi=3.0V -6.0 | -35 | -1.0 | mA
(P5.0to P5.3)
(P6.0 to P6.3) low1 | Vont=Vppi—0.5V
Ei;g,tg;%a Vopi = 5.0V 85 | -50 | 15 | mA
(P9.0to P9.3)
(PA.0 to PA.3)
(PB.0 to PB.3) Vo1 =3.0V 10 | 30 | 60 | mA
(PE.0 to PE.3)
(PF.0 to PF.3) ot | Vorr =05V
(BUSYB) Voo =5.0V 15 | 37 | 85 | mA
(ENVOICE)
Output Current 2 AVpp=3.0V -11.0| -6.0 | 2.0 | mA
(MD, MDB) lowz | Vorz = AVpp 0.7V AVEE =50V ~140| -9.0 | -4.0 | mA
s |VoLp= 0.7V AVpp=3.0V 2.0 55 | 11.0 | mA
AVpp=5.0V 4.0 70 | 140 | mA
Output Current 3 lows | Vons = Vops — 0.2V (Vpps level) — | — | A |uA
Eggﬁﬁt?oscEgﬁ?)e) lonms | Voums = Vppa + 0.2 V (Vppa level) 4 — — | A 2
lonmss | Voumss = Vopa — 0.2 V (Vppy level) — | — | 4 |uA
lomHs | Vomns = Vops + 0.2 V (Vppg level) 4 — | — |uA
lomnss | Vomhss = Vops — 0.2 V (Vpps level) — | — | A4 |uA
lomLs | Vomis = Vop2 + 0.2 V (Vpp2 level) 4 — | — | uA
lomLss | Vomiss = Vopz — 0.2V (Vppz level) — | — | 4 [ pA
loms | Voums = Vop1 + 0.2 V (Vppy level) 4 — | — | uA
loLmss | Vormas = Voot — 0.2V (Vppy level) — | — | 4 | A
loLs VoLs = Vss + 0.2V (Vss level) 4 — — | pA
Output Current 4 ot Vousar =VopH—05V| Vpp=Vppy=3.0V | =25 | -1.3 | -0.25| mA
(0SC1) (RC oscillation) Vop=Vppe=50V | =35 | -1.7 | =05 | mA
loLan Voar=05V Vpp=Vppy=3.0V | 0.25 | 15 25 | mA
(RC oscillation) Vpp=Vop=50V | 05 1.8 3.5 | mA
lotic Vonac =Vppor—0.5V| Vpp = Vppy=3.0V | =500 | —250 | —100 | pA
(crystal oscillation) | Vpp=Vppy=5.0V | =800 | 350 | 200 | pA
loLac Vowag =05V Vpp=Vppy=3.0V | 200 | 500 | 800 | pA
(crystal oscillation) | Vpp=Vppr=5.0V | 400 | 700 | 1000 | pA
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DC Characteristics (continued)

(Vob = Vopi = Vopn =AVpp = 3.0V, Vpp1 = 1.1V, Vppp = 2.2V, Vpp3 = 3.3 V, Vppg = 4.4 V,
Vpps = 5.5V, Vsg = AVgs = 0V, Ta = —20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. |Unit|suring
Circuit
Output Leakage Current
(P4.0 to P4.3)
(P5.0to P5.3) loon | Vo = Vo _ _ 0.3 A
(P6.0 to P6.3) )
(P7.0t0 P7.3)
(P8.0, P8.1)
(P9.0 to P9.3)
(PA.0to PA.3)
(PB.0to PB.3) looL | VoL=Vss 03| — | — |uA
(PE.O to PE.3) 2
(PF.0 to PF.3)
Output Current 6 lons | Vorns =AVpp—-0.3V —24 | -12 | -06 | mA
(DACOUT) loe | Vog=1.5V,AVpp=3V 50 100 | 200 | pA
Output Current 7 lonz | Vouw7 =AVpp-0.3V —-400 | —200 | —100 A
(AOUT) oz | Vor=1.0V 100 | 200 | 400 | *
Output Current 8 lons | Vons =AVpp-0.3V -4 -2 -1 A
(SP(-), SP(+)) los | Vog=1.0V 1 2 4
Input Current 1
Vppi=3.0V 12 2 A

(P0.010 PO.3) | V= Voo ooi =3.0 30 | 120 ) 260 | w
(P8.0, P8.1) (when pulled down) Vppi=5.0V 70 350 650 | pA
(P9.0 to P9.3)
(PA.0 to PA.3) ) Vpp =3.0V 260 | 120 | =30 | WA
(PB.0 to PB.3) | = Vss
(PE.0 to PE.3) (when pulled up) | vy =5.0v —600 | 250 | =70 | pA
(PF.Oto PF.3) iz | Vit = Vpoi (in a high impedance state) 0.0 — 1.0 | pA

litiz | ViLt = Vss (in @ high impedance state) -10 | — 0.0 | uA
Input Current 2 | VL2 = Vss Vpp=Vppy=3.0V | =350 | =170 | =30 | pA
(0SC0) 21 (when pulled up) | Vpp = Voo =50V | =750 | —450 | —200 | pA

linor | Viner = Voon (RC oscillation) 0.0 — 1.0 | pA 3

liior | ViLer = Vss (RC oscillation) -10 | — 0.0 | A

| ViH2c = VpDH Vop=VppH=3.0V | 05 | 20 | 40 | pA

IH2C (crystal oscillation) | Vpp = Vppy =5.0V 3 6 10 | pA

| ViLoc = Vss Vpp=Vppy=3.0V | 4.0 | =20 | -0.5 | A

2C | (crystal oscillation) | Vpp = Voo =50V | =10 | -6 | -3 | pA
Input Current 3 Vpp=3.0V 150 | 1100 | 2400 | pA

vz | Viig =Vop
(RESET) Vpp=5.0V 0.5 2.7 50 | mA

s | Vis=Vss -10 | — 0.0 | A
Input Current 4 Vpp=3.0V 0.5 3.0 55 | mA

g | Vina=Vop
(TST1, TST2, VTEST) Vpp=5.0V 2.0 6.5 | 11.0 | mA

liLa VL4 = Vsg -1.0 — 0.0 | A
Input Current 5 Vpp=3.0V 30 120 | 260

s | Viis = Voo
(SPEN) Vpp=5.0V 70 350 | 650 | pA

liLs V5 = Vsg -10 | — 0.0
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DC Characteristics (continued)

(Vop = Vopi = Vopn =AVpp =3.0V, Vpp1 = 1.1V, Vppp = 2.2V, Vppg = 3.3 V, Vppg = 4.4 V,
Vpps = 5.5V, Vsg = AVgs = 0V, Ta = —20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. | Unit|suring
Circuit
'(g%“(t] Yé”;%%; Vo1 =3.0V 24 | — | 30|V
(P8.0, P8.1) Vit
(P9.0 to P9.3) Vpp=5.0V 4.0 — 5.0 V
(PA.0 to PA.3)
(PB.0 to PB.3) Vppi=3.0V 0.0 — 0.6 v
(PE.0 to PE.3) ViLy
(PF.0 to PF.3) Vppi=5.0V 00| — | 10 | V
Input Voltage 2 v Vpp =Vppy=3.0V 2.4 — 3.0 v
(0SC0) 2 Vb = VpoH = 5.0 V 40 | — [ 50 | v
v Vpp=Vppr=3.0V 0.0 — 0.6 Vv

2 Vop = Voo = 5.0 V 00 | — | 10|V
Input Voltage 3 v Vpp=3.0V 2.4 — 3.0 V
(RESET, TST1, TST2, VTEST, 1H3 Vpp=5.0V 40 | — | 50 | v 4
SPEN) . Vpp=3.0V 00| — |06 |V

I3 Vop=5.0V 00| — |10 ]V
Hysteresis Width 1
Eﬁgg tggp%?’) Vppi = 3.0V 02 | 05 | 10 | v
(P9.0 10 P9.3)
(PA.0 to PA.3) AV
PB.0 to PB.
(Eotpes) Vopi =50V 025 | 10 | 15 | V
(PF.0 to PF.3)
Hysteresis Width 2 AV Vpp=3.0V 0.2 0.5 1.0 V
(RESET, TST1, TST2, SPEN) T Vpp=5.0V 025 | 10 | 15 | V
Input Pin Capacitance
(P0.0 to P0.3)
(P8.0, P8.1)
(P9.0 to P9.3)
(PA.Oto PA3) Ciy - — | — |5 | =
(PB.0 to PB.3)
(PE.0 to PE.3)
(PF.0 to PF.3)
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Measuring circuit 1

T CB1
Co12 == XT0—o®
CcB2 *9
C1
Cip £ XT1—o®
— C2
Ho——0SCo
*1
@o——— 0S¢
AVss Vss Voo Voor AVpp VRer Voo Voos  Voosa  Vops  Voow Vooo
@ i i i a Cb Cc Cd Ce Ch CI
Ca, Cp, C¢, Cg, Ce, Gy, C12 : 0.1 uF *1 RC Oscillator *2 RC Oscillator
Cp12, Ch 21 uF
Ce 15 pF @ ®
Co : 30 pF RosH RosL
Cq : 30 pF
Crystal unit - AT-49 4.096 MHz @ ®

(Daishinku Corp.-make) Crystal Oscillator

@®
CLo = Crystal
@
Cu1
777

Measuring circuit 2

Crystal Oscillator
RS
@ 777

32.768 kHz
Crystal

V|HO—>

*3
INPUT

V||_O—>

AVss Vss Voo Voo AVpp Veer Voot Voo Vops Voosa Voos Vop

*4

OUTPUT

H VooL

T I T T 1T T 11
D G D G O U B

1
l

*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
o
S
INPUT ouTPUT| |
1 !
AVssVss Vpp Voor AVpp Veer Vopi Vo2 Vops Vopsa Vops Vood Voou

I T T 11T 11
A D (D S B

1

I

Measuring circuit 4

O

Viyo— —
—o Waveform
' Monitoring
*5 |
INPUT OUTPUT :
N
V||_O—>
AVss Vss Voo Voor AVpp Veer Vopt Vop2 Vops Voosa Voos Vood Voou

I D G D W B B

]

*5 Measured at the specified input pins.
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AC Characteristics (Serial Interface, Shift Register) (Target value)

(Vpp = AVpp =2.0t0 5.5V, Vgg = AVgs =0V, Vpp; = 5.0V, Ta = -20 to +70°C unless

otherwise specified)

Parameter Symbol Condition Min. Typ. Max. |Unit
SCLK Input Fall Time t — — — 1.0 us
SCLK Input Rise Time tr — — — 1.0 us
SCLK Input "L" Level . . .
Pulse Width fowt 08 us
SCLK Input "H" Level . . .
Pulse Width fow 08 us
SCLK Input Cycle Time tove Vpp =5 Vto Vpp 1.8 — — us
tcyct(o) | CPU in operation state at 32.768 kHz — 30.5 — us
SCLK Output Cycle Time . CPU in operation at 2 MHz 05 s
oYe2(0) Voo =2.0V1t055V ' H
SOUT Output Delay Time tbpbr Ci=10 pF — — 0.4 us
SIN Input Setup Time tps — 0.5 — — us
SIN Input Hold Time tDH — 0.8 — — us
AC characteristics timing
("H" level = 4.0 V, "L" level = 1.0 V)
- tove .
SCLK (PE.2) / \ 7[7 5V (Vbpi)
/ N 7
0V (Vss)
tr - tf
towH towL
tboR | IooR
SOUT (PE.1) 5V (Vppi)
0V (Vss)
jng B toH N tps
SIN (PE.0) \ 5V (Vooi)
0V (Vss)
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AC Characteristics (External Memory Interface) (Target value)
(Vpp=AVpp=2.0t05.5V, Vgs =0V, Vpp; =5.0V, Ta=-20 to +70°C unless otherwise
specified)
(1) Reading from External Memory

(a) When CPU operates at 32.768 kHz

Parameter Symbol Condition Min. Typ. Max. |Unit
Read Cycle Time tre — — 61 —
RD Output Delay Time toe — — — 5
Output Valid Time toHA — — — 5 us
External Memory Output . . .
Delay Time oo 5

(b) When CPU operates at 2 MHz

Parameter Symbol Condition Min. Typ. Max. |Unit
Read Cycle Time tre — 1 — — us
RD Output Delay Time toe — — — 100
Output Valid Time tona — — — 100 ns
External Memory Output - _ _
Delay Time oo 150

AC characteristics timing
("H" level =4.0 V, "L" level = 1.0 V)

_ MOVXB obj, [RA]

|
MOVXB obj, xadr16
"s1 s2 S1 S2 S1 S2

VA2

System clock

_ tRe

P7—P4 : ! Vooi

(A15-A0) Port setup value XAddress outputx Port setup value v
. . ss
PB.1 X ¥ Voo
S S = Vss

tog =< 7<— toHA

PA, P9 Do Voo

(D7-D0) Port setup value =4 Input data>-< Port setup value v
—>—<—1pg 5
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(2) Writing to External Memory
(a) When CPU operates at 32.768 kHz

Parameter Symbol Condition Min. Typ. Max. |Unit
Write Cycle Time twe — — 61 —
Address Setup Time tas — — 30.5 —
Write Time tw — — 15.3 — s
Write Recovery Time twr — — 15.3 — a
Data Setup Time tps — — 45.8 —
Data Hold Time tpH — — 15.3 —
(b) When CPU operates at 2 MHz
Parameter Symbol Condition Min. Typ. Max. |Unit
Write Cycle Time twe — 1 — —
Address Setup Time tas — 0.4 — —
Write Time tw — 0.2 — — .
Write Recovery Time twr — 0.2 — — H
Data Setup Time tps — 0.7 — —
Data Hold Time toH — 0.2 — —
AC characteristics timing
("H" level = 4.0 V, "L" level = 1.0 V)
MOVXB [RA], obj
MQOVXB xadr16, obj
"s1 s2 st S2 St 2
System clock
—
P7-P4 X X Voo
(A15-A0) Port setup value | Address output Port setup value Vss
PA, P9 ’ ’ Voor
(D7-D0) Port setup value X Output data X Port setup value y
EI tbps ' n i $8
P8.1 N n o Vopi
W A Vss
tas tw twr
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Appendix F Instruction List
The format used in the list of instructions is indicated below.
INSTRUCTION CODE FLAG
MNEMONIC OPERATION Wc151413121110 9/8(7|6/5/4|3|2|/1/0|Z|C|G

Flags marked with (V) are
affected by instruction
execution, and those that
are not affected with a dash.

Indicates the instruction code content.
For a 2-word long instruction, the first
row shows the first word, and the
second row the second word.

Indicates the number of machine
cycles needed to execute the
instruction.

Indicates the instruction word
length.

Indicates the instruction
function.

Indicates the short-form name
for the instruction.
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Transfer Instructions

INSTRUCTION CODE FLAG

MNEMONIC OPERATION w|C
1514(13112111]10/9|8|7|6|5|4|3|2|1|/0|Z|C|G
MOV direct, A |direct<-A 111(111]0|0 r{1|r1o|ro|rg|r7 | |r5|r4|r3|r2|r1|rg|—|—|—
MOV [HL],A [HL]«A 1/1{0/0/0(0{0(1]0{0|0(0|1]0]|0(0|0|0|—|—|—
MOV [XY],A [XY]<A 1/1/0/0/0(0|0(1]0{0|0|0|1]1]|0(0|0|0|—|—|—
MOV E:[HL],A |E:[HL]«<-A 1/1{0/0/0(0|{0(1]0{0|0(0|0(0|0(0|0|0|—|—|—
MOV E:[XY],A |E:[XY]«<A 1/1/0/0/0(0|0(1]0(0|0|0|0|1]|0(0|0|0|—|—|—
MOV [HL+],A  |[HL]«—AHL<HL+1 1/1/0/0/0(0|0(1|0{0|0(0|1]0|1]0]|0|0]|— \
MOV [XY+[, A |[XY]«—AXY<XY+1 1/1{0/0{0{0|0(1|0{0|0|0O|1]1]|1]0]|0|0]|— S
MOV E:[HL+],A |E:[HL]«—A,HL<HL+1 1/1/0/0/0(0|0(1|0|0|0|0|0|0|1]0]|0|0]|— \
MOV E:[XY+],A |E:[XY]<=AXY<XY+1 1/1/0/0/0(0|0(1|0(0|0(0|0|1]|1]0]|0|0]|— \
MOV ¥cur,#i4 |cur,A—i4 111(0|1|0]0]ig|ip|i1|ig|r7|re|r5|ralrs|ra|ry|rg|V —
MOV [HL],#i4  |[HL],A<i4 101[0(0[0/0|0|1|1]0[0[1][1]0]i3|iz|i1|io|V —
MOV [XY],#i4 |[XY],A—i4 101000/ 0|0|1|1]0[0[1][1]1]i3|ia|i1|io|V —
MOV E:[HL],#i4 |E:[HL],A<i4 101[0(0[0/0/0|1|1]0[0[1]0]|0]i3|iz|i1|io|V —
MOV E:[XY],#i4 |E:[XY],A«<i4 101[0(0[0/0/0|1|1]0[0[1]0]|1]i3|ia|i1|io|V —
MOV [HL+],#4 |[HL],AcidHL&HL+1 [1[1][0|0|0| 0|0 |1 |1[1]0|1|1]0]iz|i|i1|io|V \
MOV [XY+],#4 |[XY],A—id XYe=XY+1 [1[1][0[0[0| 0|0 |1 |1][1]0|1|1]|1]i3|i|i1io|V \
MOV E:[HL+],#i4|E:[HL], A4 HLeHL+1 |1 [1[0|0|0| 0|0 |1 |1][1]0|1|0]|0]i3|i|i1|io|V \
MOV E:[XY+],#i4|E:[XY],A—id XY<XY+1 [1 1|00 0|00 |1 |1|[1]0[1]0|1ig]|i|i1]ig|V \
MOV A #i4 A«i4 101[0(0[0/0/0|0|0[1[1[1]0]|0]i3|i|i1|io|V —
MOV Adirect  |A«direct 111 11]0]1]|r1|r10lro|rg|r7|rs|r5|ralrs|ra|ry|rg|V —
MOV A,[HL] A«[HL] 1/1/0/0|0|0[0|0[1[1|0|0|1]|0[0]0[0|0|V|—|—
MOV A,[XY] A<[XY] 1/1(0(/0|0/0/0|0|1]1]0|0[1]|1]0|0|0|O[~ —
MOV AE;[HL]  |A«E:[HL] 1/1(0|0|0/0|0|0|1]|1]0|0|0|0|0|O|O|O(N —
MOV AE([XY] |A«E:[XY] 1/1](0|0|0/0/0|0|1]1]0|0|0|1]|0|0O|O|O[~ —
MOV A,[HL+]  |A«[HL],HL«HL+1 1/1(0(/0|0/0/0|0|1[1]0|0[1]|0]|1|0|0|0O[~ \
MOV A [XY+]  |A<[XY],XY<=XY+1 1/1](0(/0|0/0|0|0|1][1]0|0[1]|1]|1|0|0|0O]~ \
MOV AE:[HL+] |A<E:[HL]HL&HL+1 |1[1(0]0[0|0|0|0|1|1/0]0[0|0[1]/0]|0|0|~|—|V
MOV AE:[XY+] |A<E:[XY],XY<XY+1 1/1/0(0|0|0|0|0[1[1|/0|0|0|1]|1]|0]0|0[Y \
XCH A,sfr Assfr 101(0(0[ 1101 |1[1|0]r7|rg|r5|rq(r3|ro|rq|rg|—|—|—
XCH A Ycur Aescur 1111010011 1{1[{1|0]|r7|rg|r5|rg|r3|r2|r1|rg|—|—|—
XCH A,[HL] A<>[HL] 1/1/0/0/0(0|0(0|1{1]|0(0|1]0]|0(0]|0(1]|—|—|—
XCH A,[XY] A [XY] 111{0(0(0(0|0(0|1{1]|0(0|1(1]0(0]|0(1]|—|—|—
XCHAE:[HL]  |[A<E:[HL] 1/1/0(0/0(0|0(0|1{1]|0]0|0(0|0(0]|0(1]|—|—|—
XCHAE:[XY]  |[AoE([XY] 1/1/0/0|0(0|0(0|1{1]|0(0|0(1]|0(0]|0(1]|—|—|—
XCHA,[HL+]  |A<>[HL],HL«HL+1 1/1{0/0(0(0|0(0|1{1]0(0|1]0|1]0|0(1]|— \
XCHAXY+]  [A[XY]XYeXY+1 1/1/0/0(0(0|0(0O|1{1]0(0|1|1]|1]0]|01]|— \
XCH AE:[HL+] |A<sE:[HL],HL&HL+1 1/1/0/0/0(0|0(0|1{1]0(0|0|0|1]0]|0(1]|— \
XCH AE:[XY+] |AE:[XY]XY<XY+1 1/1/0/0/0(0|0(0|1{1]0(0|0|1|1]0]|01]|— \
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Rotate Instructions
INSTRUCTION CODE FLAG

MNEMONIC OPERATION |W|C

15114[13112111/10|9|8|7|6|5(4|3|2|1|0|z|c|G
ROL sfr Ce—tasfrol—CAsfr [ 1]1[0[0]|1]0[0|0[1|0|r7|rg|r5|ra|rs|ra|rq|ro|V|V|—
ROL Ycur Ce{3curgl«—C,Ac—cur [1[1/0/0|1]1]{0|0|[1[0]r7|rslrs|ralr3|ra|ry|ro| V|V |—
ROL [HL] Ceta[HL]gh—C,A[HL]| 1 [ 1|0 0|0|0|0 |1 0lolo]o|1|o]o|1|1]0[N|V]|—
ROL [XY] Cla[XY]oh—CA—xY]| 1 [1]0/0lololol1]olololol1]1]o]1]1]o|[v][v]—
ROLE[HL]  |CetsEHLIge—CAEMLl 1| 1|0]0|0|0|0|1]0]|0]0|0lo]0l0|[1]1|0]V |V |—
ROLE[XY]  |CelsEXY]oe—CAEXY] 1| 1|0]0|0]0|0|1]0]|0[0[0|0[1|0[1]1]0]V|V|—
ROL [HL+] CetlHLlot—CA=THLL | 4 14 1o 1ol ololol1]ololololt]ol1]1]1]0[v|v Y

HLe—HL+1
ROL [XY+] CetlVlol—CAXYL | 414 1o olololol1]olololol1]1]1]1]1]0[v|¥Y

XYeXY+1
C<—{3EHL]ok—C,

ROLE(HLH]  |x P HL Lt 111]olojojolo|1|olojolojolo|1|1][1]0(|V|V
ROL E:[XY+] f\:{é’fX[YX]Y]X‘f(:im 1{1]olojojolo|1|ojojofo]ol1|1/1][1]0(|V|V
ROR sfr Coiasfro)—>CA<sfr [ 1]1[0[0[1]0[0|0[1|1|r7|rg|r5|ra|rs|ra|rq|ro|V|V|—
ROR Ycur C—fscurg)=CA—cur [1[1[0[0|1[1[0|0[1|1|r7|rg|r5|ra|rs|ra|ri|ro|V|V|—
ROR [HL] C—sla[HL]o}—CA[HL[ 1 [ 1|0 0|0]0|0 |1 ofolo|o|1|o]o|1|1[1|[~|V]|—
ROR [XY] C—{3[XY]ol=CA[XY][ 1/ 1]0]0|o]o/o[1]|olofolo[1]1][0o[1[1][1|V[V|—
RORE(HL]  [C—sBE[HLIg—CA—E[HL 1 [1]0]0/0|0]o|1]0lofo]o|ol0(0|1]1]1[V[V|—
RORE[XY]  [CoBEXYId—CAEXY] 1[1]0]0/0f0]o|1]olofojo]o/1[0][1]11[V[V]—
ROR [HL+] ﬁfﬁhﬁf}ﬁc”\“mu’ 1{1]0]olojolo/1]o/ofolo1]ol1][1[1]1[~ V]|V
ROR [XY+] )C(ffwf}*c’%m’110000010000111111Vdv
ROR E:[HL+] /C\:{gﬂ[']ﬁ]jﬁ:ﬁm 111(0l0lololol1]ololololo]o/ 1 11]1]v][v]V
ROR E:[XY+] E\:{ES%Y]X%:%H 111]0l0lololol1]ololololo|1 1 /1[1]1][v][v]V
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Increment/Decrement Instructions

INSTRUCTION CODE FLAG

MNEMONIC OPERATION |W|C

1514/1311211110/9 | 8|7|6|5/4|3|2|1|0|Z|C
INC sfr sfr Acsfr+1 111(0/0[1]0|0(0|0|0]r7|rg|r5|ra|r3|rolrq|rg| V|V
INC Ycur cur,A<cur+1 1/110(0[1[1]0[0[0[0|r7|rg|rs|ralrs|ralry|rg|V |V
ING [HL] [HL], Ac[HL]+1 111]olojoolo|1|o/1/0]o|1|o]olojoo[]|V
INC [XY] [XY], A [XY]+1 1{1/o]ojojofol1]of1]0jo/1|[1]o/0]0|0|V]|V
INC E:[HL] E:[HL], AcE:[HL]+1 111]o0lojoolo|1|o|/1/0]o]olololo]o0f~]|V
ING E:[XY] E:[XY] AE:[XY]+1 111]o0lojojolo|1|o/1/0]o|0o|1]0lo]0 0|V
ING [HL+] LHLEL/;;EHL]”’ 111]olojololo|1|ol1/0]o|1|o]1|o]ol0[~]|V
ING [XY+] %\QQZHXY]”' 111]olojoolo|1|o/1/0]o|1|1]|1]o]ol0[~]|V
INC E:[HL+] ﬁzﬁﬂ’f\:E:[H””' 1/1|ololololo|1|ol1]olololo|1]o]olo|v|v
ING E:[XY+] )E&)g)](’@jE:[XY]”' 1{1]olojojolo|1|o[1/0]o|0|1][1]0]0 0|V
DEC sfr sfr Acsfr-1 111(0/0[1]0]|0[0|0|1]|r7|rg|r5|ra|r3|rolrq|ro| V|V
DEC Ycur cur,A«cur—1 111]0[0[1/1]0]|0|0|1]|r7|rg|r5|ra|rs|ralri|ro|~ |V
DEC [HL] [HL],Ac=[HL]-1 111]olojoolo|1|ol[1/0]o]1|o]ojo]o1[]|V
DEC [XY] [XY],A[XY]-1 111]olojojolo|1|o[1/0]o|1[1]/0l0]0 1[]|V
DECE:[HL]  [E:[HL],A«E:[HL]-1 1{1]0lojoolo|1|o[1/0]o]ololojo]o/1[]|V
DEC E:[XY] E:[XY],A—E:[XY]-1 1/1(0]0|0|0/0|1|0[1]0[0[0[|1]0|0|O]|1|~N|V
DEC [HL+] LHLELﬁﬁHHLH 101(0(0|0|0j0|1|0[1]0[0[1]|0[1|0|0]|1]|~N|V
DEC [XY+] %YLQZHXY]'L 101(0(0]|0|0/0|1|0[1]0[0[1]|1]1|0|0|1][~N|V
DECE(HLY] |t EIIEL o fol oo o1 0 1 0 o]0 o 1|00 1|v ]+

_ E:[XY],AE:[XY]-1,

DECEIXY+]  ye yveq 1{1]olojojolo|1|o[1/0]o|0|1][1]0]0 1[]|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, Ac<—sfr+A 111(0]0[1/0/0[1|0|0]r7|rg|r5(ralrs|rolri|ro|V|V|—
ADD Ycur,A cur,A«cur+A 101(0]0[1/1]0[1]0|0]r7|rg|r5(ra|r3|rolrq|ro|V|V|—
ADD[HL],A  |[HL],A<[HL]+A 1/1]0]ojojojo|1]o[1]0of0o[1]0|of0|1|0[N|N|l—
ADD [XY],A  [[XY],A—[XY]+A t{1]ofojojojo[1]o[1]0[0[1[1]0o[0[1[0[V|V|—
ADD E:[HL],A  |E:[HL],AE:[HL]+A 101(0[0|0|0/0|1|0[1]0[0|0|0|0|0|1[0(~||—
ADD E[XY],A  [E[XY]A<EXY]+A |[1|1|0/0|0/0|0|1|0/1|0/0|0 /1|0 /0|1 /0| ||—
ADD [HL+],A [HL] Ac[HLI+A 1/1]0]0jojojo[1]o[1]0f0o[1]of1[0of1[0[~[V|V
HL«HL+1
[XY]A—[XY]+A,
ADD [XY+]A by Yy g 1/1]ofojojojo[1]o[1]of0[1[1[1][0f1]0[~[V|V
ADD E:[HL+],A EALLAEHLIA 1ol olololol1]0l1/0]ofolol1]o/ 1] 0]v|v]v
HLeHL+1
_ E:[XY] A—E:[XY]+A,
ADD E:[XY+JA [y vy 1/1]0(0jojojo[1]0[1]0[0]0[1[1[0f1[0[V[V|V
ADD Ycur,#i4  |cur,A—cur+id 111(1]10[0|0]i3|ip|i1|io|r7|re|r5|ralrs|rolri|ro| V|V |—
ADD [HL]#i4  [[HL],Ac[HL]+i4 101]0[0[0[0[0[0[0[0[1[0][1][0/|iz]iz|if]ig|V|V|—
ADD [XY]#i4  [[XY],A[XY]+i4 111]0[0[0[0[0[0[0[0[1[0][1][1]i3lia|if]io|V|V|—
ADD E:[HL],#i4 |E:[HL],A<E:[HL]+4 |1/1/0/0/0/0/0/0/0/0|1/0|0|0]ig|ip|i1 io|V|V|—
ADD E:[XY]#i4 |E:[XY]A—E[XY]+i4 |1]1]0/0]0][0/0/0[0[0|1]0|0/[1ig|ip|if|io|V]|V]|—
o |[HL],A«=[HL]+i4, ar .
ADD [HL+]#i4 |1 T 11110/0[0[0[0[0|0[1|1[0]|1|0/ig]|i|i1]ig|V|V]|V
XYL A[XY]+i4, .
ADD [XY+] 44 |y vy g 10110[0(0[0/0|0|0|1[1]0][1][1]iz|ia|i|ig|V]|V]|V
_ _ |E:[HL] A—E:[HL]+i4, ar
ADD E:[HL+]#i4 o 0 101]10[0[0[0[0[0[0[1[1[0]0]0 /i3|ia|if]|ig|V|V|V
_ B [XY]AE:[XY]+id, ar .
ADD E:[XY+] #i4 |\ 0 101]0[0[0[0[0[0[0[1[1[0]0]1|i3]ia|if]|ig|V|V]|V
ADC sfr,A sfr, A<sfr+A+C 1111001001101 |r7|rg|r5|ralrs|rolrilro|N|V|—
ADC Ycur,A cur,A—cur+A+C 10100 1/1]0[1]0|1]|r7|rg|r5(ralr3|rolri|ro|V|V|—
ADC[HLJA  [[HL],A—[HL]+A+C 1{1]ofojojojo[1]o[1]0[0[1[0f0[0|1[1[V[V|—
ADC [XYLA  [[XY],A<[XY]+A+C 1{1]0]ojojojof1]o[1]0of0[1[1]0o[0|1[1[V[V|l—
ADCEHL]A [E[HL],A<E[HL]+A+C |[1[1|0/0|0/0|0|1|0/1|0/0|0 /0|0 0|1 1| |V|—
ADCEXYJA  [E[XY]A—E[XY]+A+C [1[1|0/0|0/0/0|1|0/1|0/0|0 /1|0 /0|1 1| V|—
ADC [HL+j A |[HEVACTHLIAAG, 111]0]ofofolol1|o[1/0fof1|o[1|0[1]1[V|V|V
HL«HL+1
[XY]A[XY]+A+C,
ADC [XY+JA  |yve Xyat 1{1]o0fof0f0[1]0[1][0[0[1[1[1][01[1[V[V|V
AnC LA |[CAACETRLAC, 1ty To o Toolol1 o] 1]0lolo]ol1 o 1]1[v|¥]V
HL«HL+1
_ E:[XY],A—E:[XY]+A+C,
ADC E:XY+JA v\ Yviq 10110]0]|0[0[0[1[0[1|0]|0|0[1[1[0|1|1|~V|V|V
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Appendix F

Arithmetic Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION  |W
15/14/13112/11}10/ 9|8 | 7|6 |5/4| 3|2/ 1|0|Z|c|G
ADCD sfr A g{ﬁ;gﬁdma’adi”s‘mem 10100011001 1]0]m|relrs|ra|rslralrilro|V N |—
ADCD Ycur A {CC“Jﬁ;g?Cima' adjustment) 44 1o o 1101|110 rslrs|ralra|ralrs|ro|V |V |—
ADCD [HL] A {F'HLBif;‘é?C‘ma'adj“Stme“t 1/1]0]0|o|ojo/1|ol1]o]o|1]|o]o/1|olo[v|v]—
ADCD [XY].A {[;;YY]]‘X (é?c‘ma'ad"““me“t 1/1]0lofolojo1]o|1]ololt1]1]o[1]0l0[v|V|—
) E:[HL],A«<decimal .
ADCD ELHLLA |- e 1 10| 0] 00 0 1 0/ 1 /0 0 0j0 0 1 00|V Y
) E:[XY],A<decimal -
ADCD BV | e 1| 1[01010 010 110 110 0 0] 1 0|1 ojo| V|4
[HL],A«decimal
ADCD [HL+]A ladjustment {[HL]+A+C), | 1| 1]0l0|ololo|1]o|1]0olo |1 0]1|1 0 0|V V|V
HLHL+1
[XY],A«<decimal
ADCD [XY+],A [adjustment ([XY]+A+C}, | 1] 1]0]0lolo]o1]o]1]olo]11]1]1]0]o|v|[V]|V
XY XY+1
E:[HL], A—decimal
ADCD E:[HL+],A ladjustment E:[HL]+A+C},| 1| 1] 0l 0|0/0]o|1]o|1]olololo|1|1 0 0|V V|V
HLHL+1
E:[XY],A«<decimal
ADCD E:[XY+],A [adjusiment (E:[XY]+A+C)| 1| 1] 0] 0l0]o]o 1 ]o]1]olo]o|1]1]1]0]o|v ||V
XY<XY+1
ADCJ ¥cur,n {CCUJ;fan-ary adjustment 1 0/0/0[1|0|n2|nt|ng|r7|re|rs|ralrsira|ry|ro|N |V |—
ADCJ [HL]n {[FHLL]]"ja"'aW adjustment| 4 |4 | o100 0(0|1]1/0/0/0]1]0]0/nnsing|v||—
ADCJ [XY].n {[E%}ii\é_}”'ary adjustment | 41 41910 0l0|o(1/1]0/0/0[1]1]0 nainlng||V|—
ADCJ E:[HL]n {EE:_[[HHLL]]'i‘a”'aW adjustment) 44 1 91 0|0 0/0|1]1]0/0]0/0]0]0]naln|ne|v |V |—
ADCJ E:[XY]n {EE[S(\Q]i\a“aW adjustment) 44 1 91 0|00 0|1]1]0/0]0|0]1]0]naln|ne|v |V |—
[HL],A<—n-ary adjustment
ADCJ [HL+],n (L] +CY HLe_HL+1 1 0[0(0[0|0|1[1]1]0|0|1[0|0 n2|nq|ng|~ |V ]|~
[XY],A<—n-ary adjustment
ADCJ [XY+],n DXV CIXY XY+ 1 0[0(0[0|0|1[1]1]0|0|1[1]0 n2|nq|ng|~ |V ]|~
} E:[HL],A<n-ary adjustment
ADCI EfHL]n | TELE Y L 111]0lolololo|1]1]1]0]0l0]0]0]|na|nlno| V|V
) E:[XY],An-ary adjustment
ADCJ E:[XY+],n E DXV} CIXY XY+ 1 0[0[0[0/0|1|1/1]0]0[0[1]0]|na|ny|ng|V |V |V
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Appendix F
Arithmetic Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION |W|C
151413[12111/10|9|8|7|/6|5|4|3|2|1|0|Z|C|G
SUB sfr,A sfr, Acsfr-A 101(0]0[110/0[1|1|1]|r7|rg|r5(ralr3|rolri|ro|V|V|—
SUB Ycur,A cur,A<cur-A 111100 1[1]01 1|1 |r7|rg|r5|ralrs|rolrilro|N|V|—
SUB [HL],A [HL],A<[HL]-A 111)0]|0|0f0jo|[1]0|1|0]|0|1|0|0[1|0|1|vV|V|—
SUB [XY],A [XY],LA—[XY]-A 1/1]{0j0/0(0f0|1]0|1|0[0|1[1|0]|1]0|1|N|V|—
SUBE:[HL],A  [E:[HL],A<E:[HL]-A 101(0[0]0]|0/0|1|0[1]0[0|0|0|0|1|01[~||—
SUBEXY],A  |E:XY],A—E:[XY]-A 111)0]|0|0f0|0[1][0|1|0]|0|0[1]0[1|0|1|v|V|—
[HL],A[HL]-A,
SUB[HL+IA |1y hi 111)0]0]|0f0j0[1[0f1|0|0|1|[0[1[1|0|1|~V|V|V
XY]LA—[XY]-A,
SUB[XY+IA vy "yt 1111000001 [0f1|0]|0|1[1[1[1|0|1|~V|V|V
SUB E:[HL+],A EALLACETHLA 1ol olololol1]ol1/0]ofolol1]1 0/ 1]v|v|v
HLHL+1
) E:[XY],A—E:[XY]-A,
SUBEXY+LA |y\ yviq 11110]0]|0f0j0[1[0f1|0]|0|0[1[1[1|0|1|~V|V|V
SUB Yeur#i4  |cur,Ac—cur—i4 111(1]0[0|1]i3|ip|i1|io|r7|re|r5|ralrs|rolri|ro| V|V |—
SUB [HL]#i4  |[HL]A<[HL]-i4 111{0/0/0[0/0|0[1|0|1[0|1]0/ig|iz]if|ig|V|V|—
SUB [XY],#4  |[XY],A—[XY]-i4 11110(0]0[0]0[0[1|0|1]0]1]1]izl]ioli1lio|V|V|—
SUB E:[HL],#i4 |E:[HL],A<E:[HL]-i4 101/0/0]|0[0[0[0[1|0|1]|0]0]|0]ig]io|i1|ig|V|V]|—
SUB E:[XY],#i4 |E:[XY],A<E:[XY]-i4 111]{0/0/0[0/0|0[1/0|1[0|0]|1/|ig|ia]if|ig|V|V|—
_ |[HL],A<[HL]-i4, . .
SUB [HL+] #i4 [HL(]_HﬁE] 1011010[0[0[0[0|1[1|1]0]|1|0/ig]|ia|i1]ig|V|V]|V
o |IXY]A[XY]-i4, .

SUB [XY+] #i4 E(Yix‘;[ﬂ 1011010[0[0[0[0 11 |1[0]|1|1ig]|io|it]io|V|[V]|V
. |E:[HL] AE:[HL]-i4, .
SUBE:[HL+],#|4H|EH]_|LJ:[ ] 111{0/0/0[0[0|0[1|1]1]0|0]|0/ig|ia|if|ig| V|V |V
B [XY], A—E[XY]-i4, . .
SUBE:[XY+],#|4X$H](Y: (XY] 111{0/0/0[0[0|0[1|1]1]0|0]|1|ig|ia|ir|ig]| V|V |V
SBC sfr,A sfr,Acsfr-A-C 101]0/0[1]|0[1]0|0[0]|r7|rg|rs5|ra|r3|ra|ry|rg|V |V |—
SBC ¥cur,A cur,A—cur-A-C 111(0]0|1/1]1]0/0]|0/r7|rg|r5(ralrs|rolrq|ro|V|V|—
SBC [HL],A [HL], A<[HL]-A-C 1/1]{0(0/0[0f0|1]0|1|0[0|1][0|0|1[1|0]|~N|V|—
SBC [XY],A [XY],A—[XY]-A-C 11110]/0]|0f0j0f[1][0|1|0]|0]|1[1]0][1|1|0|V|V|—
SBCE:HL]A  |EHLLA<EJ[HL]-A-C |1]1]0|0|0|0|0|1|0[1]0|0|0|0|0|1[1]0(V|V|—
SBC E:[XY],A  |E:[XY]A—EJ[XY]-A-C |1[1|0[0]0|0|0[1|0[1[0|0|0|1|O0[1|1|0[V|V|—

[HL],A<[HL]-A-C,
SBCHLHLA |y HLy 101(0[0[0]|0|0|1|0f1][0[0[1[0[1]|1]1|0~]|]|V
[XY],A[XY]-A-C,
SBCIXY+LA  lyv. 'yt 111]{0f0j0f0f0|1][0lt1|0[0 1|11 |1][1[0]N|V|V
s8C EfHL A |CEPACETRLSAC, oty o To T oo f1 1ol 1]ololo]ol1]1]1]0]v V|V
HL«HL+1
_ E:[XY],A—E:[XY]-A-C,
SBCEXY+LA v\ yviq 101100000 [1[0[1|0]|0|0[1[1[1|1|0|~|V|V
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Appendix F

Arithmetic Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION
15/14/13121110|/9|/8|7/6|5(4|3(2|1|/0|Z|C |G
SBCD sfra  [SiA«decimal adjustment olol1/0/1/0/0|1]|r|rslrs|ralralralrs|ro|V |V |—
{sfr—A-C}
cur,A«decimal adjustment
SBCD ¥Ycur,A 010[1[1]|1]0|0|1]|r7|rg|r5(ralr3|rolrq|ro| V|V |—
{cur-A-C}
[HL],A«decimal adjustment _
SBCD [HL],A (HL-A-C) ojojofo|o|1|o|1]o|of1]o|0|1 |1 /1|~
[XY],A«decimal adjustment _
SBCD [XY],A (XV]-A-C) o(ojofo|o|1|o|1]ofO|[1[1|0|1[1 /1]~
) E:[HL],A«<decimal .
SBCD E:[HL],A adjustment {E-[HL]-A=C) ojojofo|o|1|0|1]o|0|0o|O|0|1 |1 /1|~
} E:[XY],A«decimal o
SBCD E:[XY],A adjustment {E:[XY]-A-C} o(ojofo|0|1|0|1]0|0|O[1|0|1[1 /1]~
[HL],A«—decimal
SBCD [HL+],A  |adjustment {[HL]-A-C}, ojojofojolt1|{oft]ojoft|{o|1 1|1 |1[~|~|V
HL«HL+1
[XY],A<decimal
SBCD [XY+],A |adjustment {{XY]-A-C}, 010(0[0|0[1|0|1[0f0[1[T1]|1[1|1]1[~V|V]|V
XY<XY+1
E:[HL], A«decimal
SBCD E:[HL+],A |adjustment {E:[HL]-A-C}, ojojofojol1|{oft1]ojojo|o|1 1|1 1]~ V|V
HL«HL+1
E:[XY],A«<decimal
SBCD E:[XY+],A |adjustment {E:[XY]-A-C}, 0[0(0[0f0(1|0|1]{0[0[0[1 |1 1]1]|1[~N][V][V
XY<XY+1
SBCJ ¥Ycur,n ?Cqu’ﬁan-ary adjustment 0/0(0[1]1|na|nylng|r7|relrs|ra|ra|ra|ry|ro|V |V |—
SBCJ[HL]n  |[HLIAe-n-ary adjustment olololojol1]1]o]olo]1]0/1]|naln|ne|v |V |—
{IHLJC}
sBeJ [xv]n  |[XYlAen-ay adjustment ololololol1]/1]o]olo]1]1/1]|naln|ne|v |V |—
{[XY]-C}
) E:[HL],A«<—n-ary adjustment _
SBCJ E:[HL],n E[HLIC) 0/0[0[0|0|1|1]0[0|0[0|0|1|na|nq|ng|V [V
SBCJ Ei[XY],n  |[EIXYLAen-ary adjustment olololojol1/1]o]o]o]o]1]1]|naln|ne|V |V |—
{EXY]-C}
[HL],A<—n-ary adjustment
SBCJ [HL+],n ([HLJ-C) HL—HL+1 010[0[0]|0[1|1]1][0|0[1]0]|1|na|ny|ng|V ||V
[XY],A<—n-ary adjustment
SBCJ [XY+],n (IXV]-ChXY XY+ 010[0[0]|0[1|1]1][0(0|1[1]1|na|ny|ng|V |V ]|V
) E:[HL],A«n-ary adjustment
SBCJ E:[HL+],n EHLI-C} HLe_HL+1 010[0[0]|0[1|1]1][0/0|0[0]|1|na|ny|ng|V |V |V
) E:[XY],A«n-ary adjustment
SBCJ E:[XY+],n EXV]-CXYeXY+1 ojojo|ojo|1|[11]0]|0|0|1]1 |na|ni|ng|V |V |V
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Appendix F
Compare Instructions

INSTRUCTION CODE FLAG

MNEMONIC OPERATION Ww|C
15/14113121110|9(8|7|6|(5(4(3|2|1|0|Z|C|G
CMP sfr,A sfr—A 101|001 0[1]0|1]0]|r7|rg|r5|ralr3|ra|ry|rg|V |V |—
CMP ¥cur,A cur-A 1010|011 ]1]0|1|0]|r7|rg|r5(ra|r3|rolrq|ro|V|V|—
CMP [HL],A [HL]-A 101](0[0|0|0/0|1|0[0[0[0|1]|0|0[1|0|0(~|V|—
CMP [XY],A  |[XY]-A t{t1f{ojojofojoft|{ol0j0|0([1|{1/0[1]|0[0|V|V|—
CMP E:[HL],A  [E:[HL]-A 101(0[0|0|0/0/1|0[0[0[0|0|0|0[1|0|0(N|V|—
CMP E:[XY],A  |E:[XY]-A 111](0(0|0|0|0|1|0f0j0(0|O|1|0O|1|0|0(N|V|—
CMP [HL+],A  |[HL]-A HL<HL+1 t{t1{ojojojojoft|olojo|o[1|o|1|[1]|0[0||[V]V
CMP [XY+], A [[XY]-AXY<XY+1 101](0][0(0|0|0|1|0j0[0[0[1[1[1]1]0|0~]|]|V
CMP E:[HL+],A |E:[HL]-A,HL«HL+1 111](0](0[|0|0|0|1|0j0(0[0|0[O[1]|1]0|0(~ ||V
CMP E:[XY+],A [E[XY]-AXY<XY+1 101](0[0(0]|0|0|1|0j0(0[0[0[1[1]|1]0|0(~|]|V
CMP ¥Ycur#4  |cur-i4 11110 110]i3]ip|i1|io|r7|re|r5|ralrs|rolri|ro| V|V |—
CMP [HL]#i4  |[HL]-i4 t{1{ojojofojof1|{1/0[1]|0[1]0 i3|ia|it|ig|V|V|—
CMP [XY],#i4  |[XY]-i4 101]10[0]0]|0(0 (1 [1[0[1]0]|1]|1]i3|iz|i1]io|V]|V]|—
CMP E:[HL],#i4 |E:[HL]-i4 101](0[0]0|0/0|1[1][0[1]0|0]|0]i3|i|i1]|ip|V|V|—
CMP E:[XY] #i4 |E:[XY]-i4 11100/ 0[0/0|1[1/0|1[0|0]|1/|ig|ia]i1|ig|V|V|—
CMP [HL+]#i4 |[HL]-i4,HL<HL+1 10110[0[0]0|0 1|1 |1[1]0[1]0]iz|ia|i1|ig|V ||V
CMP [XY+]#i4 |[XY]-i4,XY<XY+1 10110[0[0]0|0 1|11 [1]0][1][1]i3]ix|i1lig|V]|V]|V
CMP E:[HL+],#i4 |E:[HL]-i4,HL<HL+1 10110[0[0[0|0|1|1/1[1]0][0][0]iz]|ia|i|ig|V ||V
CMP E:[XY+],#i4|E:[XY]-i4,XY<XY+1 10110]0[0]0|0|1|1|1[1]0][0][1]iz]ix|i|ig|V]|V]|V
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Appendix F

Logic Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15/14/13121110/9|/8|7|6|/5/4|/3|/2|1|0|(Z|C|G
AND sfr,A sfr,A<sfr AA 101(010[1[0|1[01|1]r7|rg|r5|ralr3|rolrq|ro|V|—|—
AND ¥Ycur,A cur,A—cur /A A 1011001 1][1]0[1[1|r|rg|rs5|ralrs|ralry|rg|V|—|l—
AND [HL],A [HL],A[HL] AA 1/1({0lojofo|0|1|0|0j0|O|1]0]|0|O|O 1|V |—|—
AND [XY],A [XY],A—[XY]AA 111({0|0[0[0|0|1|0]|0[0|0O|1[1]0][0|0|1]|N|—|—
AND E:[HL],A  |E:[HL],A<E:[HL]AA 1/1(0l0ojo0fo|0|1|0|0|0|0|O|0|0O|O|O 1| |—|—
AND E:[XY],A  |EJXYLA<EI[XY]AA 1/1(0l0|0fo|0|1|0|0|0|0O|O[1]|0]O|0O|1||—|—
[HL],A[HL] A\ A,
AND [HL+],A HLeHL+ 111(0l0|0f0|0|1|0|0j0|O|1]0|1[0|0O|1|~|—]|V
[XY]L,A[XY]AA,
AND [XY+],A XY XY+ 111(0l0]0(0|0[1|0]|0[0|O|1[1]|1][0|0|1|~|—]|V
AND E:[HL+],A E:[HL]AEHLIAA, 111(0l0|0(0|0|1|0|0[0|0|0O|O|1[O|0O|1|V|—]|V
HL«HL+1
) E:[XY],A—E:[XY]NA,
AND E:[XY+],A XY XY+ 111(0l0f0(0|0[1|0]|0[0|0|O[1]|1][0|0|1]|V|—]|V
AND Ycur#i4  |cur,A—cur\i4 1110010 1]ig|ip|i1]io|r7|re|rs|ralrs|rolry|ro|V|—|—
AND [HL],#4  |[HL],A<[HL]Ai4 111(0/0[0[0|0[1/0]|0]0|1[1]0]ig]|ip|is ig|V|—|—
AND [XY]#4  |[XY],A<[XY]Ai4 111(0(0[0[0|0[1(0]|0[0|1[1]1]ig]ip|ifig|V|—|—
AND E:[HL],#i4 |E:[HL],A—E:[HL]Ai4 |1/1]0/0/0|0/0[1]|0|0[0|1[0]|0 |ig]|io|i1|ip|V|—|—
AND E:[XY],#i4 |E:XY],A—E[XY]Ai4 |1/1][0/0/0|0/0[1]|0[0[0|1[0]|1ig|io|i1]ig|V|—|—
- [[HL,A«[HL]A i4, I .
AND [HL+]#4 | 7 111100000 1|0|[1]|0[1[1|0]iz]|i|i1]|ig|V d
o [[XYLA[XYIA i4, I o
AND [XY+]. 44 oy "y ] 10100(0[0/0/01|0[1]0]|1]|1|1/i3]ia|i1]ig|N|—]|V
) . |E:[HL],A«E:[HL] A\ i4, I .
AND E:[HL+],#i4 HLHL+1 111(0/0[0[0|0[1/0|1]0[1]0]0 |ig]|ip|iyig|V N
) B XY],A—E[XY]A i4, A .
AND E:[XY+],#i4 XY XY1 111(0/0[0[0|0[1/0[1]0[1]0]1 |ig|ix]|iyig|V \/
OR sfr,A sfr,A<sfr VA 101]0(0[1[0[1[1[0[0|r7|rg|rs5|ralrs|ralry|rg|V |—l—
OR ¥cur,A cur,A—curVA 101(0(0[1[1|1[110|0]r7|rg|r5|ralr3|rolrq|ro|V|—|—
OR [HL],A [HL],A~[HL] VA 1/1(0|0|0[0|0|1|0]|0]0|0O|1]0]|0|O0|1|0]|~N|—|—
OR [XY],A [XY,A—[XY]VA 1/1({0lojo0fo|0|1|0|0j0|O|1[1]|0]0|1|0]|V|—|—
OR E:[HL],A E:[HL],A—E:[HL] VA 1/1(0|0j0f0|0|1|0|0|0|0|0O|0|0|O|1|0]|V|—|—
OR E:[XY],A E:[XY], A—E:[XY] VA 1/1({0|0|0(0|0|1|0]|0]0|0|O[1]|0|O0|1|0]|N|—|—
[HL],A<[HL] VA,
OR [HL+],A HLe HLs1 1/1(0(0]|0/0/0|1|0[0[0|0|1/0/1|0|1]0][~N|—]|V
[XY],A—[XY] VA,
OR [XY+],A XY XY41 111(0(0[0[0|0[1|0]|0[0|0O|1[1]|1][0|1]|0]|V|—]|V
OREfHLsA  [CIHLACEILVA oty gl o 1o olol1]0l0lol0l0lol1]0]1]0|v|—
HL«HL+1
) E:[XY], AE:[XY] VA,
OR E:[XY+],A XY XY41 111(0/0[0[0|0[1|0]|0[0|0|0O[1]|1[0|1]|0]|V|—]|V
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Appendix F
Logic Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION |W|C
15/14/13112111110/9|8|7|6|5|4(3|2|1|0|Z|C|G
OR Ycur,#i4 cur,A<curV i4 11100 1[110]i3]io|i1|ig|rz|re|rs|ralralrolry|ro|V |l—|—
OR [HL] #i4 [HL],A[HL] V4 101]10[0[0[0]|0]|0|1|0[0[1[1]0]i3]|ia|i]io|V|—|—
OR [XY],#i4 [XY],A—[XY]V i4 1111010(0]|0[0|0[1]0]|0|1[1]1/ig]|iz|i1]ig|V|—|—
ORE:[HL],#4 |E:[HL],A<E:[HL]Vi4 [1[1|/0]0|0|0[0|0[1][0|0[1]|0|0]i3|ip|i1]|ig|V|—|—
ORE[XY],#4 |EXY]A—E:XY]Vid [1]1]0][0]|0|0|0|0[1][0|0|1|0]|1 |iglialif]ig|V|—|—
. HL],A<[HL] Vi4, ]
OR [HL+],#i4 I[-lLiHT+[1] 1011010[0[0[0[0|1[1|0|1]1]|0/ig]|ia|i1]ig|V|—]|V
. XY],A—[XY] Vi4, L]
OR [XY+] #i4 &YLX;H] 10110[0(0]0/0|0 |1 |1]0[1][1]1]i3]i|i|io|V|—]|V
- |E:[HL],A<E:[HL] V4, ]
OR E:[HL+] #i4 HIEH]-IL:[ | 10110[0({0]0/0|0|1|1]0[1]0][0]i3]|ia|i|ig|V|—]|V
|EXY],A<E:[XY] Vi4, ]
OR E:[XY+] #i4 X\L}(Y:[ ] 10110[0(0]|0/0|0|1|1]0[1]0][1]i3]|i|i|ig|V|—]|V
XOR sfr,A sfr,A«<sfrvA 111]0[0[1[0[11[0|1 |r|rg|rs5|ralrs|ra|ry|ro|V|—|—
XOR Ycur,A cur,A«<—curvA 1010|011 1[110[1]r7|rg|rs|ralr3|rolri|ro|V|—|—
XOR [HL],A [HL],A«<—[HL]VA 101(0]0[0[0|0|1|0|0[0[0[1]0]|0|0|1|1|V|—|—
XOR [XY],A [XY],A—[XY]VA 101(0(0|0|0|0|1|0f0[0[0[1][1]0|0|1|1|V|—|—
XOR E:[HL],A  |E:[HL],A«E:[HL]VA 101(0[0[0[0]|0|1|0|0[0[0|0|0|0|O|1|1|V|—|—
XOR E:[XYLLA  |E:[XY],A—E[XY]VA 101(0(0|0[0|0|1|0f0[0[0|0[1]|0|0|1|1|V|—|—
XOR [HL+],A LHLE]iA‘_[HL]VA'HL‘_ 1/1]olojojolof1]|ojolojo|1]olt]o]1]1[V]—|V
XOR [XY+],A E()\((t]iA“[XY]VA'XY“ 101(0(0|0|0/0|1|0f0([0[0|1|1|1|0|1|1][|—|V
XOR E:[HL+],A E:[HL]A-EHLIVA 101](0[0[0|0/0|1|0|0[0[0[0[O0|1]|0|1|1][|—[V
HL«HL+1
, E:[XY],A—E:[XY]VA,
XOR E:IXY+1A v\ Yvq 101(0(0|0|0/0|1|0f0[0[0|O0O|1|1|0|1|1][|—|V
XOR Ycur,#4  |cur,A<—curVid 10100111 ]i3]ia|i1|io|r7|relrs|ralrs|rolr|ro|V|—|—
XOR [HL],#i4  |[HL],A—[HL]Vi4 101(0[0[0[0][0|0|0|0[0[1]1]0]i3]|ia|i]io|V|—|—
XOR [XY],#i4  |[XY],A[XY]Vid 101(0[0[0[0][0]|0|0|0[0[1]1]1]i3]|i|i|io|V|—|—
XOR E:[HL],#i4 |E:[HL],A—E:[HL]vi4 [1]1]0]{0/0/0/0|0[0[0|0|1]0]|0 |ig|io]if]ig|V|—|—
XOR E:[XY],#i4 |E:[XY],A—E[XY]vi4 [1][1]0]{0/0/0/0|0[0[0|0|1]|0]|1/igliolif]ig|V|—|—
. |[HL],A—[HL]Vi4, o] .
XOR [HL+].#44 |1 7y 11110/0(0[0[0|0|0[1]|0|1[1]0]ig]|ia|i1]io|V v
XYL A<[XY]Vi4, ] .
XOR [XY+].44 vy "y 1 10110100 0[0|0|0[1]|0|1[1]1]ig|ili1]ig|V d
_ . |E:[HL],A—E:[HL]Vi4, ] o
XOR E:[HL+] #i4 | o 101(0[0]0|0/0/0|0|1]0[1]0]|0 i3|ip|i1]io|V|—]|V
_ - |E:IXY],A—E:[XY]Vi4, ] .
XOR E:[XY+] 44 |0\ Vi1 101(0[0]0|0/0/0|0[1]0[1]0]|1i3|ip|i1]ig||—]|V
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Mask Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION
15114/131211(10(/9|8|7(6(5(4|3|2|1/0|(Z|C |G
Testing of all bits in sfr
MTST sfr,A not masked by A 0[0[ 1[0 [1|1|1|r7|rg|r5|ra|r3|ra|r{|rg —|—
Testing of all bits in cur
MTST ¥cur,A not masked by A 0101111 |1|1]r7lrelrs|ralrz|rolri|ro|V|—|—
MTST [HL]A [ Lesting of all bits in [HL] olojololo|1/alololol1]a]ol1]al1]|V|——
not masked by A
MTST [XY],A  |esting of all bits in [XY] olojololol1/0lololol1]1]ol1]a]1]|Vv]——
not masked by A
MTST E:[HLJ,A |TSting of all bits in olojofofolt]|oololofojololt]o]1|V]|——
7 |E:[HL]not masked by A
. Testing of all bits in -
MTST E:[XY],A E-[XY]not masked by A ojo|ojojo|1|0j0j0|0|O0O|1]|Of1|0]1]~
Testing of all bits in [HL]
MTST [HL+],A  |not masked by A, 0(0[0/0/0|1/0[0[0|0|1|0|1[1|0][1][~N|—|V
HL«HL+1
Testing of all bits in [XY]
MTST [XY+],A [not masked by A, 0[0(0[0f0(1]|0]|0[0[0[1[1[1/1]0]|1][N|—[
XY<XY+1
Testing of all bits in
MTST E:[HL+],A |E:[HL] not masked by A, 0(0[0/0/0|1/0[{0[0|0|0|0|1[1|0][1][~N|—|V
HL«HL+1
Testing of all bits in
MTST E:[XY+],A E:[XY] not masked by A, 0(0(0f0j0|1]|0|0[0[0[0[1[1|1]0]|1][~N|—[
XY<XY+1
Testing of bits in cur not
MTST ¥cur,#m maslke% byf;fml u 110{ 1|1 |mgmami|mo|r7 |re|rs|ra|rs|r2|ri|ro|N |——
Testing of all bits in [HL] -
MTST [HL],#m not masked by #m 0(0[0/0/0|1/0[0[1[0][1]0 mgmamq|mo|~
Testing of all bits in [XY] L
MTST [XY],#m not masked by #m 0(0[0/0/0|1/0[0[1[0][1]1 |mgmamymo|~
. Testing of all bits in L
MTST E:[HL],#m E:[HL] not masked by #m 0(0[0/0/0|1/0[0[1[0[0]|0 mgmamymo|~
. Testing of all bits in L
MTST E:[XY],#m E-[XY] not masked by #m 0(0[0/0/0|1/0[0[1[0[0]1 |mgmamymo|~
Testing of all bits in [HL]
MTST [HL+],#m | not masked by #m, 0[0(0[0(0(1]|0|1[1]0/1]|0 mgmzmqmg|~ |—|+
HL«HL+1
Testing of all bits in [XY]
MTST [XY+],#m | not masked by #m, 010[0[0]|0[1/0]|1[1/0/|1][1|mamoimijmo|V|—]|+
XY<XY+1
) Testing of all bits in E:
WTSTELHL] HL] not masked by #m, olo/oofof[1]0]1[1]0]|0]0|msmalmimol |—]|V
HL«HL+1
) Testing of all bits in E:
#MJSTE'[XYJ“]' [XY] not masked by #m, 0(0/0/0[0|1/0[1/1]0]|0 /1 |mamamsmo|V|—|V
XY<XY+1
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Mask Operation Instructions (continued)

INSTRUCTION CODE FLAG
15(14/13[12/11110/9 (/8|7 |/6|5(4|3|2|1|0|Z|C|G

MNEMONIC OPERATION w|C

Clearing of all bits in cur

MCLR Ycur,#m |not masked by #m, 111]0|1|0]|1 |msjmamimg|r7|re|rs|ra|rs|ro|ry|rg|V |——
A<—cur
Clearing of all bits in

MGLR [HL],#m |[HL] not masked by 111(0/0[0/0|0[1/0[0[0]|1]|1]0 |mamaomime|y |—|—

#m, Ac[HL]

Clearing of all bits in
MCLR [XY],#m |[XY] not masked by
#m, A—[XY]

Clearing of all bits in

MGLR E:[HL],#m|E:[HL] not masked by
#m, A«—E:[HL]

Clearing of all bits in
MCLR E:[XY],#m|E:[XY] not masked by
#m, A—E:[XY]

Clearing of all bits in
MGLR [HL+],#m |[HL] not masked by
#m,A«[HL],HL<HL+1

Clearing of all bits in
MCLR [XY+],#m |[XY] not masked by
#m, A [XY],XY<=XY+1

) Clearing of all bits in
MﬁLR E:HL+] JE:[HL] not masked by
#m,A«E:[HL],HLHL+1
Clearing of all bits in

E:[XY] not masked by
#m, A—E:[XY]XY<XY+1

—_
—_
o
o
o
o
o
—_
o
o
o
—_
—_
—_

mg3({Maim+1({Mg \ |—|—

—_
—_
o
o
o
o
o
—_
o
o
o
—_
o
o

m3({Maim1{Mg \/ —|—

—_
—_
o
o
o
o
o
—_
o
o
o
—_
o
—_

ms({Maim1({Mg \ |—|—

—_
—_
o
o
o
o
o
—_
o
—_
o
—_
—_
o

ms3|{ma|m+4|Mmg \/ — \/

—_
—_
o
o
o
o
o
—_
o
—_
o
—_
—_
—_

mgz{Maim+1{Mg v |—[V

—_
—_
o
o
o
o
o
—_
o
—_
o
—_
o
o

ms3|{mz|m4|mg \/ — \/

MCLR E:[XY+],
#m

—_
—_
o
o
o
o
o
_
o
—_
o
—_
o
—_

maz({Maim+1({Mg \/ — \/
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Mask Operation Instructions (continued)

MNEMONIC

OPERATION

w

C

INSTRUCTION CODE

15 12|11

10/9/8/7/6|5 |4

MSET ¥cur,#m

Setting of all bits in cur
not masked by #m,
A<—cur

m3

M2|M4|Mo| 7 | T6 | I'5 | T4

r

o

MSET [HL],#m

Setting of all bits in [HL]
not masked by #m,
A<[HL]

m3

ma

my

Mo

MSET [XY],#m

Setting of all bits in [XY]
not masked by #m,
A<[XY]

m3

ma

Mo

MSET E:[HL],#m

Setting of all bits in E:
[HL] not masked by #m,
A<«E:[HL]

m3

ma

Mo

MSET E:[XY],#m

Setting of all bits in E:
[XY] not masked by #m,
A—E:[XY]

m3

my

Mo

MSET [HL+],#m

Setting of all bits in [HL]
not masked by #m,
A«[HL],HLHL+1

m3

ma

Mo

MSET [XY+],#m

Setting of all bits in [XY]
not masked by #m,
A—[XY],XY<XY+1

m3

ma

Mo

MSET E:[HL+],
#m

Setting of all bits in E:
[HL] not masked by #m,
A<«E:[HL],HL<HL+1

m3

ma

my

Mo

MSET E:[XY+],
#m

Setting of all bits in E:
[XY] not masked by #m,
A—E:[XY],XY<XY+1

m3

ma

my

Mo
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Mask Operation Instructions (continued)

INSTRUCTION CODE FLAG
15/14/13[12/11110/9 (/8|7 |/6|5(4|3|2|1|0|Z|C|G

MNEMONIC OPERATION w|C

Inverting of all bits in
MNOT Ycur,#m |cur not masked by #m,
A<—cur

ms|Ma(Mq|Mo( 7 |Ie [I'5|F4 |3 [l |F|lp \/ —|—

—_
—_
o
—_
—_
—_

Inverting of all bits in
MNOT [HL],#m |[HL] not masked by #m,|[1{1[0[0|0|0[0|0[0|[0|0|1 |1 |0 |msmamimg|V |—|—
A«[HL]

Inverting of all bits in
MNOT [XY],#m |[XY] not masked by #m,[1{1[0[0|0|/0[0|0[0[0|0|1|1 |1 |m3mamimo|V |—|—
A[XY]

Inverting of all bits in E:
MNOT E:[HL],#m|[HL] not masked by #m, [ 1| 1|00 0|0[0|0[0[0|0|1|0 |0 |msmamimg|V |—|—
A—E:[HL]

Inverting of all bits in E:
MNQT E:[XY],#m|[XY] not masked by #m,|[1[1{0[0|0|0|0|0[0[0|0|1|0]|1|mamaomymo| |—|—
A<E:[XY]

Inverting of all bits in
MNOT [HL+],#m |[HL] not masked by #m, |1 |1]|0[0|0[0[0|0|[0|1]/0|1|1]|0 |msmaom¢mg|V |—|V
A<[HL],HLHL+1

Inverting of all bits in
MNOT [XY+],#m |[XY] not masked by #m,[1|1|0[0|0|/0[0|0[0|1|0[1]|1|1 |m3maomimg|V |—]|V
Ac—[XY] XY<XY+1

) Inverting of all bits in E:
g"n'l‘OTE-[HL’f]’ [HL] not masked by #m, [ 1| 1]0]0|o|0|0|o|0|1/0]1]0]|0 Imgmamimg|V |—|
AcE:[HL],HLHL+1

) Inverting of all bits in E:
Q"n'\I'OT E:IXY+],|1xY] not masked by #m,
A—E[XY],XYXY+1

—_
—_
o
o
o
o
o
o
o
_
o
—_
o
—_

mg3({Maim+1({Mg v |—[V
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Bit Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C

15/14/13121110/9|/8|7|6|/5/4|/3|/2|1|0|(Z|C|G

BTST ¥cur.n Bit testing of cur.n 101(110[1[1]|ng/naini|nglr7|re|rs|ralrs|rolry|ro|V|—|—

BTST [HL].n Bit testing of [HL].n 111(0/0[0[0|0[1/0]|0[1|0|1]0]|n3g|n2|ny|ng|V |—|—

BTST [XY].n Bit testing of [XY].n 111(0/0[0[0|0[1/0]|0[1|0|1]1]|n3g|n2|ny|ng|V |—|—

BTST E:[HL].n  [Bit testing of E:[HL].n 1/1[0[0[0/0[0|1/0[0[1[0|0]|0]|n3lna|ng|ng|V |—|—

BTST E:[XY].n |Bit testing of E:[XY].n 111(0/0[0[0|0[1/0][0[1/0|0][1]|n3g|n2|ny|ng|V |—|—
Bit testing of [HL].n, _

BTST [HL+].n HLHLa1 111]0[0[0(0[0|1|0|1]|1]0|1|0|n3|na|ny|ng|~ d
Bit testing of [XY].n, _

BTST [XY+].n XY XY 41 111(0/0[0[0|0[1/0|1][1[0]|1][1|n3|n2|nq|ng|™ v
. Bit testing of E:[HL].n, _

BTST E:[HL+].n HLe HL+1 111(0/0[0[0|0[1/0|1][1[0|0/|0|n3|n2|nq|ng| N
. Bit testing of E:[XY].n, o

BTST E:[XY+].n XY XY 41 111(0/0[0[0|0[1/0|1[1[0|0]|1|n3|n2|nq|ng| v

BCLR ¥cur.n cur.n«0,A«cur 10110 1]0/|1|n3g/nalny|nglr7|rg|rs|ralrs|ralry|rg|V |—|l—

BCLR [HL].n [HL].n«=0,A<—[HL] 111(0/0[0[0|0[1/0]|0[0|1|1]0]|n3|n2|ny|ng|V |—|—

BCLR [XY].n [XY].n<0,A<-[XY] 111(0/0[0[0|0[1/0]|0[0|1[1]1]|n3g|n2|ny|ng|V |—|—

BCLR E:[HL].n |E:[HL].n<=0,A«<-E:[HL] [1|1]|0]0|0|0[0|1/0|0|0|1|0|0 |n3|na|ny|ng|~ |—|—

BCLR E:[XY].n |E:[XY].n=0,A<E:[XY] |1|1]|0]0|0|/0[0|1/0|0|0[1|0|1|n3|na|ny|ng| |—|—
[HL].n<-0,A<—[HL], .

BCLR [HL+].n HLe HL+1 111(0/0(0[0|0[1/0/1]0[1|1]0|n3|n2|nqlng|V N
[XY].n<0,A<[XY], .

BCLR [XY+].n XY XV+1 111(0/0(0[0|0[1/0/1]0[1|1]1|n3|n2|nq|ng|V N
. E:[HL].n<-0,A«<E:[HL], .

BCLR E:[HL+].n HLeHL+1 111(0/0(0[0|0[1/0/1]0[1|0/0 |n3|n2|nq|ng| N
. E:[XY].n<0,A<E:[XY], .

BCLR E:[XY+].n XY XV+1 111(0/0[0[0|0[1/0/1]0[1]|0/1|n3|n2|nq|ng|V N

BSET ¥Ycur.n cur.n<1,A<cur 111(01]1]0]|ng/naini|nglr7|re|rs|ralrs|rolry|ro|V|—|—

BSET [HL].n [HL].n~1,A<—[HL] 111(0/0[0[0|0|0|1]|0[0|1|1]0]|n3g|n2|ny|ng|V |—|—

BSET [XY].n [XY].ne=1,A<[XY] 111(0/0[0[0|0|0|1]|0]0|1|1]1]|n3g|n2|ny|ng|V |—|—

BSET E:[HL].n |E:[HL].n~1,A<E:[HL] |1|1]|0]0|0|/0[0|0|1|0|0|1|0|0 |n3|na|ny|ng| |—|—

BSET E:[XY].n  |E:[XY].ne~T,A<E:[XY] [1]1]|0[0|0|/0[0|0|1|{0|0[1|0|1|n3|na|ny|ng|~ |—|—
[HL].n<=1,A<[HL], o

BSET [HL+].n L HLa1 111]0[0[0/0[0|0|1|{1]|0[1|1|0|n3|na|ny|ng|~ v
[XY].ne=1,A<[XY], o

BSET [XY+].n XY XY 41 111(0/0[0[0|0[0|1/1]0[1]1]1|n3|n2|nq|ng|V N
. E:[HL].n<—1,A<E:[HL], .

BSET E:[HL+].n HLe HL+1 111(0/0[0[0|0|0|1/1]0[1]|0]|0 |n3|n2|nq|ng| v
. E:[XY].ne—1,A<E:[XY], o

BSET E:[XY+].n XY XY41 111(0/0[0[0|0[0|1/1]0[1]0]1 |n3|n2|nq|ng|™ N
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Bit Operation Instructions (continued)

INSTRUCTION CODE FLAG
15(14/1312(1110/9/8|7/6|5/4|3|2|1|0
N3 N2 |N{y[No|l7|le|l5(F4 |3 |2 ||l
1110 (n3|n2(nqy|ng

MNEMONIC OPERATION w|C

BNOT ¥cur.n cur.n<—cur.n,A<—cur
BNOT [HL].n [HL].n«~[HL].n,A«<—[HL]
BNOT [XY].n  |[XY].n[XY].n,A[XY]
E:[HL].n<E:[HL].n, A«
E:[HL]
E:[XY].nE:[XY].n, A
E:[XY]
[HL].n«[HL].n,A«<[HL],
HL<HL+1

[XY].n<TXYT.mA[XY],
XY XY+1

E:[HL].nE:[AL].n, A
E:[HL],HLe-HL+1

E:[XY].neE[XY]n,Ac
E:[XY],XY<XY+1

—_
—_
o | o
—_
—_
—_

—_ | -
—_ | =
o | o
o | o

111]1[n3[n2|nqy|ng

< | < |<2|<|N
|
|

BNOT E:[HL].n 1/1{0/0{0/0|0(0|0|0|0|1|0|0n3n2iny|ng

BNOT E:[XY].n 1/1/0/0]/0[0[0(0[0|0|0|1|0]|1|ng|nz|nq|ng|~|—|—

BNOT [HL+].n 111(0/0[0/0/0[0|0|1]0|1|1[0]|n3g/na|ny|ng|V |—]|+

BNOT [XY+].n

—_
—_
o
o
o
o
o
o
o
—_
o
—_
—_
—_

n3ing|nq(ng| v |—|V

BNOT E:[HL+].n 111]{0/0/0[{0[0|0[0|1|0|1|0]|0 |ng/nz2{ny|ng|~ |—|~

BNOT E:[XY+].n 1/1/0/0]{0[0[0[0[0|1/0|1|0]|1|ng[nz|nq|ng|~|—|~
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ROM Table Reference Instructions

INSTRUCTION CODE FLAG

MNEMONIC OPERATION

15(14(13(12(1110/9/8|7|/6/5/4/3|2|1|/0(Z|C|G
'[\g%\]/HB[HL]’ [HL,[HL+1]—(RA)15.5 olololololol1|1]olol1l0]o]ol1]0|l———
?g%YHB[XY]’ XYL, XY ]—(RA) 150 olololololo|1|1]olol1/1]0]0l1]0|l———
MOVHB E:[HL], [E:[HL].E:[HL+1]— ololololololililalalalololol 1o 2l
[RA] (RA)15-
MOVHB E:[XY], [E:[XY].E:[XY+1]— ololololololslilalalalalolol 1o 22
[RA] (RA)15-8
MOVHB [HL+], |[HL],[HL+1](RA)15-5, HE
[RA] HLHL+2 0/j0j0(0j0|0O|1|1({0O|O|1T|0f1]0|1]/0 \
MOVHB [XY+], [[XY],[XY+1]<=(RA)15-g, L
[RA] XY XY42 o|ojo0(0|j0|0|1|1j0(0O|1|1|1]|0O|1]|0O v
MOVHB E:[HL+], [E-[HL]E[HL+1]e B
[RA] (RA)¢s.8 HLHL+2 o|ojoj0|j0|0|1|1j0|0|0|0O|1T]|0O|1]|O v
MOVHB E:[XY+], [E:[XY],E:[XY+1] B
[RA] (RA)15.8 XY XY+2 o|0ojo0(0|j0|0O|1|1j0(0|0O|1|1]|0O|1]|0O v
MOVHB [HL],  |[HL],[HL+1]« 0/0/0j0j0j0j1 /1001 /00100 | |
cadr16 (cadr16)15-g asa14/a1312a11(a10| a9 | Ag| a7 |ag |35 |a4 |a3 |a2 |1 |ag
MOVHB [XY],  [[XY],[XY+1]« 0/0j0j0j0j0Oj1 1001 1|0 10O} | |
cadr16 (cadr16)15-g a15/14 13112311 /210| 9| ag| a7 | s | a5 | a4 |a3 |a2 | a1 |Ag
MOVHB E:[HL], |E:[HL],E:[HL+1]« o|jojo0j0(0(0|1|1|0|0/0|0|0|1|0]0 e
cadr16 (cadr16)15- a15/14 13112311 /10| 9| ag| a7 |ap | a5 | a4 | a3 |a2 | a1 |Ag
MOVHB E:[XY], |E:[XY]E:[XY+1]« 0jojojojojojt1jtjojojojtjo /1|0 /0] | |
cadr16 (cadr16)15- a15/214 13112311 /10| 9 | ag| a7 |ap | a5 | a4 |a3 |a2 | a1 |Ag
MOVHB [HL+], |[HL],[HL+1]« 0/0/0j0j0j0j1 /10|01 0O)1 100 | J
cadr16 (cadr16)15-g,HLHL+2 asa14/a13212311(a10| A9 | Ag| a7 |ag |35 |a4 |a3 |a2 |1 |ag
MOVHB [XY+], [[XY],[XY+1]« 0/0j0j0j0j0Oj1j1]0|O T T )1 |1]0j0O) | J
cadr16 (cadr16)15-g,XY «-XY+2 a15/14 13112311 /@10| g | ag| a7 |ap |5 | a4 |a3 |a2 | a1 |Ag
MOVHB E:[HL+], |E:[HL].E:[HL+1] olofofofofof1]t]ofoofolt]t]ol0] | |,
cadr16 (cadr16)15-g,HLHL+2 a15/14 13112311 /10| 9| ag| a7 |3p | a5 | a4 | A3 |a2 | a1 |Ag
MOVHB E:[XY+],|E:[XY],E:[XY+1]« 0jojojojojojtjtjojojoj1|1|1]j0j0O| | J
cadr16 (cadr16)15-5, XY «XY+2 a15/214 13112311 /10| 9| ag| a7 |ap | a5 | a4 |a3 |a2 | a1 |Ag

Appendix-52



ML63326 User's Manual

Appendix F
ROM Table Reference Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w
1514131211110/ 9|8|7/6|/5/4|3|2|/1/0|Z|/C|G
'[V'R(z\\]’LB[HL]' [HLLIHL+1]—(RA)0 [ 1]2]0]0]0]ololo|1]1]o]o 1 0lolo|1|1|———
'[\g(z\\]’LB[XY]' XYL, IXY+1]1~RA)0 |1]2]0l0]0lololol1]1]ola|1]1]0]0]1 1 |———
MOVLB E[HL], [E:[HL]E:[HL+1] alolololalololililolololololalsl412l2l=
[RA] (RA)7-0
MOVLB E[XY], [E:[XY].E:[XY+1] alolololalololililolololslolalsl412l2l=
[RA] (RA)7-0
MOVLB [HL+], |[HL],[HL+1](RA)7-o, -
[RA] HLHL+2 1 0(0/0/0|0(0O|1|1]|0O0O|1T|0O[1|0O]1 |1 v
MOVLB [XY+], [[XY],[XY+1]«<=(RA)7-0, e
[RA] XY XY 42 1 0/0/0(0(0(0|1|1T|0O|O1|[1T][1]|0]|1]1 v
MOVLB E:[HL+], |E:[HL],E:[HL+1]« .
[RA] (RA)7.0 HLHL+2 1 0|0/0/0(0|0|1|1|/0|0O(0O[0O[1|0]|1]1 v
MOVLB E:[XY+], [E:[XY],E:[XY+1] HE
[RA] (RA)7-0 XYXY+2 1 0|0/0(0(00|1|1|0|0O[O[T[1|0]|1]1 v
MOVLB [HL],  |[HL],[HL+1]« ) 0/0/0j0j0j0 1 /1001 /001 0O|T] | |
cadr1é (cadr16)7-0 a15/14(a13/a121a11 /10| 49| ag |a7 |ag |as |a4 |2z |a2|ay |ag
MOVLB [XY],  [[XY],[XY+1]« ) 0/0/0j0j0j0|1)1]0j0 1|1 |01 ]O|T] | |
cadr16 (cadr16)7-0 as(a14{a13/121a11)a10| a9 | 3g |a7 |36 |as | a4 |23 a2 |a1 |ag
MOVLB Ei[HL], |E:[HL]E[HL+1]e ol 4100/0]0f0jo 1] 1]0ojojojoloftiof1] | |
cadr16 (cadr16)7-o as(a14{a13a121a11(a10| ag | g |a7 | a6 |as | a4 a3 a2 |a1 |ag
MOVLB E:[XY], |E:[XY]E:[XY+1]« 5 0jojojojojojrj1jojojojrjoj1joj1| | |
cadr16 (cadr16)7-o a15/a14/a13/a12[a11/a10| g | ag |a7 |Ag |a5 |a4 |23 |A2 |a1 |Ag
MOVLB [HL+], |[HL],[HL+1]« ) ojo0/0(0j0|0f1[1|{0|OT|0O1|1]0]|1 B
cadr16 (cadr16)7-o,HLe-HL+2 as(a14{a13121a11)a10| a9 | g |a7 | a6 |as |a4 a3 a2 |a1 |ag
MOVLB [XY+], [[XY],[XY+1]« ) 010/0j0j0j0]1 1001 |T|T 10O ]1| | J
cadr16 (cadr16)7.9.XY -XY+2 a1s(a14{a13121a11)a10| a9 | 3g |a7 |86 |as | a4 |23 [az |a1 |ag
MOVLB E:[HL+], |E:[HL],E:[HL+1] )| 5100/0l0f0jo 1 1]ojojolol1]t]o1] | |
cadr16 (cadr16)7.o,HL-HL+2 as(a14{a13121a11(a10| ag | 3g |a7 | a6 |as | a4 |23 a2 |a1 |ag
MOVLB E:[XY+], |[E:[XY],E:[XY+1]« 5 0jojojojojoj1j1jojojoj1 1101} | J
cadr16 (cadr16)7.0, XY<-XY+2 a15/14)a13/a121a11 /10| g | ag |a7 | |as |a4 | a3 a2 |ay Ao
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External Memory Transfer Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION

15/14/13112/11/10/ 9| 8| 7|6 5| 4 z/cla
'[\g%\{XB[HL]’ [HLL[HL+1](RA) olololololol1]1]/0]0/1]0 ——|=
'[VF'S\\]/XB (XY) XYL, XY+ 1] (RA) olololojolol1|1]o]o]1]1 ——|=
MOVXB E:[HL], |E:[HLL.EHLH]— HEE
o o olojolololo/1]1]0/0l0]0
MOVXB E[XY], |E:[XY]EIXY+1] HEE
A ) olojolololo/1]1]0]0lo]1
MOVXB [HL+], |[HLL[HL+1](RA), RN
] (AL [HLe olojolololo/1]1]0/0l1]0 N
MOVXB [XY+], |[XYLIXY+1](RA), B
] YL olojolololo/1(1]0]0l1]1 J
MOVXB E:[HL+], |E:[HLLE:[HL+1]— Bl
] EAT R o/ojolololo/1]1]0/0l0]0 N
MOVXB E:[XY+], [E:[XYLE:[XY+1]— B
) Sy olololojolol1]1/0/0]0 1 N
'[V'H?\]’XB [RAL | RA)[HL],[HL+1] olololololol1]1]/0]0/1]0 — =
'[\;'(3\]’)(3 (RAL | RAy—[XY][XY+1] olololololol1]1]o]0]1]1 ——=
MOVXB [RA], |(RA)— B
E:[HL] E:[HL],E:[HL+1] 010101010101171/070/070
MOVXB [RA], |(RA)— -
EXY] E-[XY]E:[XY+1] 01010101070)171)010)0)1
MOVXB [RA], |(RA)[HL],[HL+1], B
e (RA)e THL olojolololo/1]1]0/0/1]0 J
MOVXB [RA],  |(RA)—[XY],[XY+1], Bl
v (R IXY olojolololo/1]1]0]0l1]1 J
MOVXB [RA], |(RA)—E:[HL],E:[HL+1], BB
] (e = o/ojolololo/1]1]0/0lo]0 N
MOVXB [RA], |(RA)—E:[XYLE[XY+1], B
0 VA olojolololo/1(1]0]0lo]1 N
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External Memory Transfer Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION
15(14/1312(1110|/9 /8|76 |5|/4 (3| 2|1 Z C\G
MOVXB [HL],  |[HLL[HL+1]— ojojojojojo|1/1[1]1]1]ojojojojo| | |
xadr16 (xadr16) a1s(a14{a13121a11)a10| a9 | 3g |a7 |as |as | a4 a3 a2 |a1 |ag
MOVXB [XY], [[XY],[XY+1]«< 0j0jo0jojojojtj1j1j1j1/1/0j0j0j0} | |
xadr16 (xadr16) a151a14]a13}a12a11(a10| 49| ag| a7 | as |as |a4 |a3 |az |21 |ag
MOVXB E:[HL], |E:[HL],E:[HL+1]« 0/ojojojojoj1j1j1j1jojojojojoj0| | |
xadr16 (xadr16) as|at4/a13(a12a11ato| ag| ag |a7 |ap |as |a4|az |az | a1 |ag
MOVXB E:[XY], [E:[XY].E:[XY+1]e ojojojojojo|t|1]|1|1/0[T/0j0j0jOf | |
xadr16 (xadr16) a15/a14a13a12a11aso| ag | ag|az |26 |as |as |a3 a2 |21 | ag
MOVXB [HL+], |[HL],[HL+1]«< 0]0j0j0j0j0 1 1|1 }]1]1]0]1)0j0]0| | J
xadr16 (xadr16),HLe-HL+2 a151a140a13}a121211}a10| 49| 2| a7 | ag |as |a4 |a3 |22 |21 |ag
MOVXB [XY+], [[XY],[XY+1]«< 0j0/0(0/0(0 1111 |1(1]1/0{0(0 |y
xadr16 (xadr16),XY«XY+2 a1s(a14{a13121a11)a10| a9 | g |a7 |as |as |a4 |23 a2 |1 |ag
MOVXB E:[HL+], |E:[HL],E:[HL+1]« 0jojojojojoj1j1j1j1j0j1 1000 | J
xadri6 (xadr16),HL«HL+2 a15/1421321211a10| ag| ag| a7 | s | a5 | a4 a3 | A2 a1 |Ap
MOVXB E:[XY+], |[E:[XY],E:[XY+1]« 0/0/0j0|0f01|1{1|1]|01|1]0|0]|O ey
xadr16 (xadr16),XY«XY+2 a1s|ai4/a13aioat1(ato| ag| ag|ay |ag |as [as|as a2 |ay [ag
MOVXB xadr16, |(xadr16)«— 0/0j0j0j0OjO 1|11 |1]1]0j00j0 1] | |
[HL] [HL],[HL”] d{5/d{14/d{13|d12/d11|a10| A9 |aAg |d7 |dg |d5 |A4 |A3 |aA2 |d{ |dAQ
MOVXB xadr16, |(xadr16)« 0/0/0{0|0{0|1{1}1({1[1/1]0|0]|0 1___
[XY] [XYL[XY”] d15/d{4/d13/d12|d11|d10| d9|Ag|d7 |dg |d5|dA4 |d3 (A2 |dq |dQ
MOVXB xadr16, |(xadr16)« 0/0/0/0/0{0|1}1}]1({1]0/0]|0|0]|0 1___
E:[HL] E:[HL],E:[HL+1] a15/a14/a13a12/211/a10| ag| ag|a7 |ag |a5 |a4|a3 | a2 |a1 |Ag
MOVXB xadr16, |(xadr16)« 0jojojojojoj1j1jrj1joj1jojojo 1| | |
E:[XY] E:[XY],E[XY+1] a{5|a14/a13a12/a11|a10| ag| ag|az |ag |as |a4 | a3 |az |aq |ag
MOVXB xadr16, |(xadr16)« 0/0/0/0/0|0 |11 |1|1|1/0]1]0]0 1__\/
[HL+] [HLL[HL+1],HLeHL+2 a15|d14/@13/a12/a11|a10|Ag | Ag|a7 | e |a5 |A4 |A3 |A2 |1 |Qg
MOVXB xadr16, |(xadr16)« 0/0/0{0|0{0|1|1T}1 ({11 /1]1|0]|0 1__\/
[XY+] [XYLIXY+1]XY«XY+2 a15|d14/@13/a12/a11/a10|Ag | g |a7 | e |a5 |a4 |A3|A2 |1 |Ag
MOVXB xadr16, |(xadr16)«E:[HL], 0/0/0j0j0 /0 1] 1]1]1/0/0/T00 1| | |,
E:[HL+] E:[HL+1],HLHL+2 a151a14(a13@toa11(ato| Ag | Ag a7 | A |A5|a4| a3 |a2 (a1 |Ag
MOVXB xadr16, |(xadr16)«E:[XY], 0j0jojojojoj1j1j1j1j0j1 1001} | J
E:[XY+] E:[XY+1]XYXY+2 a15a14/a13/a12[a11(d10| g | Ag |a7 | A |a5| a4 |a3|aA2 | a1 |dAg
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Stack Operation Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W\ C
15/14/13121110/9|/8|7|6|/5/4|/3|/2|1|0(Z|C|G
(RSP)«{FLAG,A,HL}, S
PUSH HL RSP_RSP:1 i1/2(0(0|0|0|0|0O|O|0O|0O|0O|O|1|0O|0|0]|O
(RSP)«{CBR,EBR,XY}, S N
PUSH XY RSP_RSP+1 1/2(0(0|0(|0|0(0|0O|0O|0OfO|O|1|0Of0O]|O]|1
RSP«RSP-1,
POP HL IFLAG.A HL}<_(RSP) 1]2(0l0|0(0|0|0|0|0[0|0O|O[1]|0|O|1]|0[V|V]|V
POP XY RSP«—RSP-1, .
(CBR EBR XY} (RSP) 1/2(0(0|0[|0|0(0|0O[0|0OfO|O[1|{0O(O]|T1][A
Flag Operation Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W C
15/14/13[1211110/9|8|7/6|/5/4|3|2|/1/0|Z|/C|G
FCLR G G0 1/1(0|0[/0/0/0]0|0|0]0|0|0[0|0|0|1]|0|—|—]|V
FCLRC C<0 1/1({0|0|0jo|0|0|0|0|0|0|0O[0|0O|O|1]|1]|—|V]|—
FCLR Z 70 1/1{0|0|0j0|0|0|0|0|0O|0O|O[0|O|1|0|0]V|—|—
FSET G Ge1 1/1|0|0|0|0j0|0|0|0O|0O|0|O|O|O|1|1]0(—|—]|V
FSET C Ce1 1/1({o0|o|ojojojojo|ojo|0|0O(0|O|1|1]|1]|—|V]|—
FSET Z Z1 1/1{0|o0|0jl0|0|0|0|0|0O|0O|O|O|1|0|0|0]V|—|—
Jump Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W\ C
15/14/13121110/9|8|7|6/5/4|/3|/2|1|0|(Z|C|G
o|(oj0|0/0O|0O|O|O|O|O|O|1T|0O|1|0]0O
LJMP cadr15  |PC«—cadr15 212 —|—|—
0 [a14)a13ja129a11/a10| ag| ag| a7 |@g |5 |4 |a3 a2 |@1 |0
JMP cadr12 PC11.p«cadri2 111111110 aj1jatp/ag|ag|ay|ag|as|ag|ag|as|aj|ag|—|—|—
SJMP radr8 PC«Next PC+radr8 11110 110 ay| 1 |ag|as|as|ag|az|aj|ag|—|—|—
JMP PC+A PC<PC+A+1 11100 0(0]0 ojojofo(t1|o|1 |11 |——|—
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Conditional Branch Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W C
1514131211110/ 9|8|7/6(/5/4|3|2/1/0|Z|/C|G
BC radr8 if C=1 then
7BLTradr8 PCNext PC+radr8(<) 1/1(0|0[0|0[1|{0|1|a7|0 |ag|as|as|az|az|as|ag
BNC radr8 if C=0 then
BGE radr PCNext PC+radr(2) 111(0/0(0|01|0|1|a7|1|ag|as|as|az|ar|aj|ag|—|—|—
BZ radr8 if Z=1 then
7%0 s PCeNext PC+radr8(=) 1/1{0|0[0|0|1|{1|0|a7|0 |ag|as|as|az|ar|as|ag
BNZ radr8 if Z=0 then
7BNEradr8 PCNext PC+radr8(x) 111(0|0[0|0|1|1|0|ay|1 |ag|as|as|ag|az|ai|ag
if (C=1)V (Z=1) then
BLE radr8 PCeNext PC+radr8(<) 111(0[0[0|0|1|1]|1]|a7|0 |ag|as|as|az|az|aj|ag|—|—|—
if (C=0)/\ (Z=0) then
BGT radr8 PCeNext PC+radr8(>) 111(0[0(0|01|1]|1|ay|1|ag|as|as|az|az|aj|ag|—|—|—
if G=0 then
BNG radr8 PCeNext PC+radr8 111(0/0[0|0[1|0/|0|ay|0 |ag|as|as|az|az|aj|ag|—|—|—

Call/Return Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W C
15/14/13[1211110/9|8|7/6|/5/4|3|2|/1/0|Z|/C|G
LCAL cadr5 (SP)PC,PCe—cadri5, |, | o 0/0/0)0]0]0/0j0j0j0j0O T |O[1]O]T] | |
SP«SP+1 0 |at4/a13@12a11/a10| g | ag|a7 | a6 |as5 |a4 |a3 |A2 | a1 |Ag
SP)«PC,PC11-
CAL cadr12 gadZE,SR—é;’E? 1011111 laselato ag|ag|a7 |ag |a5|as |ag | a9 | a1 |ag|—|—|—
RT PC<(SP)+1,SP«<SP-1 |1 [1(0|0|0|0|0|0O|0|0|0|0|0O|O|1|O0O 1|1 |—|—|—
RTI PC(SPI1,SPSP-1,\ 4 1 1101 0] 0] ololololololololol1]1]0]0|———
MIE<1
PC(SP)+1,5PSP—1
RTNMI MIE<status of MIE 1414191 0] 0|00 ]0|o]ojolo]olo|1]1 0|1 |———
before an interrupt
oceurs
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Control Instructions

INSTRUCTION CODE FLAG

MNEMONIC OPERATION w|C
15114/131211(10(9/8|7(6(5(4|3|2|1/0|(Z|C |G
NOP NO OPERATION 1/1/0/0/0{0|0(0|0{0|0|0|0]0|0|0|0|0|—|—|—
HALT HALT CPU 1/1(0/0{0/0/0|0|0|0|0|0fO|O[0|0|0]|1|—|—|—
El MIE«1 1/1(0/0{0/0/0|0|0|0|0|0OfO[O[1|1|1]0]|—|—|—
DI MIE<0 1/1(0/0{0/0(0(0|0|0|0|0OfO|O[1|1T|1]|1|—|—|—
INCB HL HL«HL+1 1/1(0(/0]/0/0/0/0|0[0[0|0|0|1/1/0|0]0|——]|V
INCB XY XY<XY+1 1/1(0(0]{0/0/0|0|0[0[0|0|0|1|1|0|0]|1]|——]|V
INCW RA RA—RA+1 1/1(0(/0]{0/0/0/0|0[0[0|0|0|1|1|0|1]0][——]|V
MOV CBR,#i4  |CBR«i4 1/1(0/0{0/0/0(0[0|0|0|0(1]|1]ig|i2|iy]ip|—|—|—
MOV EBR,#i4  |EBR«i4 1/1(0/0{0/0/0(0[0|0|0|0([1]|0]|ig]iz|i1]ip|—|—|—
MOV RAQ0,#i4  |[RAO«i4 11110(0/0(0{0{0{1|0|0|0|0|0}i3]|i2]|i1|ip|—|—]|—
MOV RA1 #i4  [RA1«i4 1/1(0/0{0/0/0[0[1]|0|0|0[0|1]ig|i2|iy]ip|—|—|—
MOV RA2,#i4  |RA2«i4 1/1{0(0{0{0|0(0|1[0|0|0|1]0]i3]i2]|iyio|—|—|—
MOV RA3#i4  |RA3«i4 1/1(0(0{0/0/0[0[1]|0|0|0([1]|1]ig|i2|iy]ip|—|—|—
MOV H,#i4 Hei4 111{0(0{0{0|0({0|0[1]|0|0|1]|1]i3]i2]|iy]io|—|—|—
MOV L #i4 Li4 11110(0/0(0(0{0{0|1|0|0|1]0i3]|i2]|i1|ip|—|—]|—
MOV X,#i4 X<—id 1/1(0/0{0/0/0[0|0|1|0|0[0|1]ig|i2|iy]ip|—|—|—
MOV Y #i4 Ye—i4 1/1(0/0{0/0/0(00|1|0|0[0]|0/|ig]i2|iy]ip|—|—|—
MSA cadr15 Melody output starts 2|3 0/0/0/0/0/0/0]0/010/0]1/0}11]0 —|—

0 |a14/at3/a19a11(a10| 9| ag|ay |a | as |aq |a3|az a1 |Ag
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Appendix G Mask Option

The ML63326 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 below.

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.

» Mask option area for ML63326: address 5FEOH

ML63326 Mask Option Data Assignment Format

Address Function Contents Data
5FEOH Low-speed Crystal oscillation/ 0: Crystal oscillation | 1: RC oscillation
oscillation clock RC oscillation

[Example of mask option data generation]

» When the crystal oscillation circuit is specified for the low-speed clock oscillation circuit

ORG 5FEOH < Useanassembler pseudo-instructionto setthe address of option data
to SFEOH.
DW 0 . Low-speed oscillation clock, crystal oscillation

* When the RC oscillation circuit is specified for the low-speed clock oscillation circuit

ORG 5FEOH < Useanassembler pseudo-instructionto setthe address of option data
to SFEOH.
DW 1 . Low-speed oscillation clock, RC oscillation
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