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NOTICE

1.

9.

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

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

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

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

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

The products listed in this document are intended for use in general electronics equipment
for commercial applications (e.g., office automation, communication equipment,
measurement equipment, consumer electronics, etc.). These products are not authorized
forusein any system or application that requires special or enhanced quality and reliability
characteristics nor in any system or application where the failure of such system or
application may result in the loss or damage of property, or death or injury to humans.
Such applications include, but are not limited to, traffic and automotive equipment, safety
devices, aerospace equipment, nuclear power control, medical equipment, and life-support
systems.

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

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

MS-DOS is a registered trademark of Microsoft Corporation.
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Preface

This manual describes the hardware of Oki's original CMOS 4-bit microcontrollers ML63512A
and ML63514A.

Refer to the "nX-4/250, 300 Core Instruction Manual" for details of the 4-bit CPU core nX-
4/250 which is built into the ML63512A and ML63514A.

The manuals related to the ML63512A and ML63514A are shown below.

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

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

e Dr.63514 User's Manual:
Describes the hardware of the emulator.

e SID63K 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.
B 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-, i 106
nano-, n 1®
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 levels &nd
V oy as specified by the electrical characteristics.
“L” level Indicates low side voltage signal levelg \and

VoL as specified by the electrical characteristics.

W 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.
) , . bit 0
CMPCON  (04CH) bit 3 bit 2 bit 1 i
(R/W); | - - — CMPOUT

Bit name
Invalid bit
Address
R/W attribute

Register name
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Chapter 1 Overview

1.1 Overview

The ML63512A and ML63514A are CMOS 4-bit microcontrollers with built-in level detector
and operate at 0.9 V (min.).

The ML63512A and ML63514A are M63512 series mask ROM-version products of OLMS-
63K family, which employs Oki's original CPU core nX-4/250.

The program memory capacity and data memory capacity of the ML63512A differ from those
of the ML63514A.

48-pin TQFP and 64-pin TQFP packages are available for the ML63512A and ML63514A.

1.2 Features

The ML63512A and ML63514A have the following features.

a. Extensive instruction set
* 407 instructions
Transfer, rotate, increment/decrement, arithmetic operations, compare, logic
operations, mask operations, bit operations, ROM table reference, stack
operations, flag operations, jump, conditional branch, call/return, control
b. Wide variety of addressing modes
* 4 types of data memory indirect addressing modes with current bank register,
extra bank register, HL register and XY register
o Data memory bank internal direct addressing mode
c. Processing speed
» 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)
1 us (@ 2 MHz system clock)
d. Clock generation circuit
* Low-speed clock:
Crystal oscillation or RC oscillation selected with mask option (30 to 80 kHz)
» High-speed clock:
Ceramic oscillation or RC oscillation selected with software (2 MHz max.)
e. Program memory space
* ML63512A: 4K words
* ML63514A: 8K words
* The basic instruction length is 16 bits per word.
f. Data memory space
* ML63512A: 128 nibbles
* ML63514A: 256 nibbles
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g. Stack level
Call stack level Register stack level
ML63512A 16 16
ML63514A 16 16
h. Ports

* Input ports:

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

* Output ports:

N-channel open drain output (can directly drive LEDS)

* 1/O ports:

Selectable as input with pull-up resistor or high impedance input.
Selectable as n-channel open drain output or CMOS output.

» Can be interfaced with external peripherals that use a different power supply
than this device uses. (Power to the output port is supplied from Vpp, (separate

power supply)).
* Number of ports:

Input ports Output ports I/O ports

48-pin package 1 port x 4 bits 1 port x 4 bits 6 ports x 4 bits
64-pin package 1 port x 4 bits 1 port x 4 bits 9 ports x 4 bits
Chip 1 port x 4 bits 1 port x 4 bits 9 ports x 4 bits

i. Melody output function
* Melody sound frequency:
e Tone length:
* Tempo:
* Melody data:
* Number of output ports:
» Buzzer driver signal output:

j- Level detector
e Conversion time:
» Dedicated input pins:

» Detection level:
k. Comparator
» Offset voltage:
e Comparison time:

*  Number of channels:

[. System reset function

529 to 2979 Hz (@ 32.768 kHz)
63 varieties

15 varieties

Stored in the program memory
1 (dedicated pin)

4 kHz (@ 32.768 kHz)

Approx. 183 us (@ 32.768 kHz)

2 pins (switched by software; for the secondary
functions of the input ports)

12 levels

50 mV max. (Vpp = 1.5 V)
Approx. 183 us (@ 32.768 kHz)
1 (for the secondary functions of the input ports)

» System reset through RESETB pin (connected to the internal 32 kHz sampling
circuit) (RESETB pin can be pulled up by mask option)

m. Power supply backup

» Backup circuit (voltage multiplier) enables operation at 0.9 V minimum
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n. Timers, counters
e 8-bit timer: 2 channels
Selectable as auto-reload mode, capture mode,
clock frequency measurement mode
e 15-bit TBC: 1 channel
1Hz,2Hz,4Hz,8Hz, 16 Hz, 32 Hz, 64 HZ,128 Hz, 256 Hz,
512 Hz, 1 kHz, 2 kHz signals can be read (@ 32.768 kHz)

0. Serial port
¢ Mode: Selectable as UART mode/synchronous mode
e UART communication speed: 2TBCCLK, TBCCLK, 1/2TBCCLK, Timers 0 &
1 overflow
24 kbps Max. (when 2TBCCLK @ 80 kHz
selected)

* Clock frequency in synchronous mode:
30 to 80 kHz (internal clock mode), external
clock frequency

» Data length: 5 to 8 bits

p. Interrupt sources

e External interrupt (4 sources): Selectable as rising edge/falling edge/both
rising and falling edges

* Internal interrupt (10 sources): Time base interruptx4 (2, 4,16, and 32 Hz @
32.768 kHz)
Timer interrupt x 2
Level detector interrupt x 1
Serial port reception interrupt x 1
Serial port transmission interrupt x 1
Melody end interrupt x 1

g. Shipping products
Package Product
* Chip (60 pads) ML63512A-xxxXWA, ML63514A-xxxWA
* 48-pin flat package (48TQFP) ML63512A-xxxTB, ML63514A-xxxTB
TQFP48-P-0707-0.50-K
* 64-pin flat package (64TQFP) ML63512A-xxXxTP, ML63514A-xxXTP
TQFP64-P-1010-0.50-K

xxX indicates the ROM code number.

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

s. Power supply voltage
*  When using backup: 0.9 to 1.8 V (Maximum operating frequency 1 MHz)
*  When not using backup: 1.8 to 3.5 V (Maximum operating frequency 2 MHz;
when Level detector or Comparator is used)
1.8 to 5.5V (Maximum operating frequency 2 MHz;
when Level detector and Comparator are not used)
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1.3 Block Diagram

Block diagram of the ML63512A and ML63514A is shown in Figure 1-1.

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

Port 6 (P6.0 to P6.3)T, Port 9 (P9.0 to P9.3)T and Port A (PA.0 to PA.3)" are provided for the
64-pin packages and chips.
CPU CORE nX-4/250

TIMING |CBR| |"'|L| | RA | | PC K‘I_.__:ROM

ML63512A: 4KW

Y A——A| ML63514A: 8KW
| Lo | D[] e ] T
: BUS :
i RSP MIE gsgL i
STACK t|  INSTRUCTION ]
CAL: 16-level i| DECODER i
REG: 16-level '
2
L e TMOCAP/TM1CAP*
RESETB——>  RST MLG3E oA 1281 f— N TIMER |——> TMOOVF/TM1OVF*
: — tx2  fe— TOCK*
ML63514A: 256N S 1ok
INT
TSTIB ——> 2%
sm— ™ o Y e o
— SI0 S Rxe
I 7,5
XT0 ——> T
XT1 &—— 14
0sco 2 — N  MEooy ——MD
0SC1 €<—— 0S¢ —
TBCCLK* €—— INT -
HSCLK* €—— s} A
TBC ®
-— = (T Poopo3
J{T e () propis3
1
LDINO* Level [ A :> F2.0-p2.3
LDIN* ——>{ Detector [ )
) P30-P33
—— 110
oupie ——> o L N PORT > P4.0-P4.3
CMPREFs ———> v v (T P5053
K> peo-pe3t
v
\[}DH% ) R INT
00— BACK- () poo-past
CB1 up |V v 4%
CB2 > PAO-PA3H
2 N%Z N iUt .
VoL w K N K ) NPuT (T pr0p13
A OUTPUT :,':) PEO-PE3 |
PORT : !
—_————— e — - 4
— <~—— Vol

Figure 1-1 ML63512A, ML63514A Block Diagram G Vs
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1.4 Pin Configuration

1.4.1 ML63512A, ML63514A Pin Configurations

The 48-pin package (48TQFP) pin configuration, 64-pin package ((64TQFP) pin configuration,
chip pin configuration, and pad coordinates of the ML63512A and ML63514A are shown in
Figure 1-2, 1-3, 1-4, and Table 1-1, respectively.

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

= =
o o
- O
= =
EE
« a o
23 < < 33 ™ o o
- O ha
fECEEgszz2¢%
N AN - oA - o 0N o
AR EZEEZEZERESR
o el el
< | (][ S [ < || < | o9 |en| [en
P3.0/RXD [ 1 @ 36 | MD
P3.1/TXC [ 2 35 | RESETB
P3.2/RXC [ 3 34 ] 0SC1
P3.3/TXD [ 4 33 ] 0SCO
P40 [ 5 32 ] Vg
P41 [ 6 31 ] TST28B
P42 [ 7 | 30 | TST1B
P43 [ 8 29 | XT1
P5.0 [ 9 28 | XT0
P5.1 | 10 27 | VoL
P5.2 [11 26 | CB2
P5.3 [12 Q 25 | CB1
===l =)=l ] ] =]
ZLoz-c o N® 589 L
sz S8
=44
S LR
N ": o o
o

Figure 1-2 ML63512A, ML63514A 48-Pin TQFP Pin Configuration (Top View)
(Package : TQFP48-P-0707-0.50-K)
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g~
o O
- o
= =
o ==
X ] <T <T
T 0 x x28 »w - o
_ gECBEEEEEE
T e o - oA oA oo
T ICT N N AN AN~ 1m O O O O O »
Ao AaAAoAaoo oo 4aacaa a a
2| 2] =] 2] 2] ]| 5] ][l sl L= 2 2
PA2 | 1 @ 48 | P9.1
PA3 | 2 47 | P9.0
P3.0/RXD | 3 46 | MD
P3.1/TXC | 4 45 | RESETB
P3.2/RXC | 5 44 | 0SC1
P3.3/TXD |_6 43 | 0SCO
P40 | 7 42 | Vss
P41 8 41 | TST2B
P42 9 40 | TST1B
P43 | 10 39 | XT1
P5.0 | 11 38 | XT0
P51 | 12 37 | VoL
P5.2 | 13 36 | CB2
P53 1 14 35 | CB1
P6.0 | 15 34 | (NC)
P6.1 | 16 Q 33 | (NC)
CEREEREREEEEEISEEE
| [ || [N] [DN] || || [N || || [N || (O] [O2] [0
N ZLo D O N® 5 29 E55
crLEZZerrefsS822
oc==4
S © N ™
F oo
o

Figure 1-3 ML63512A, ML63514A 64-Pin TQFP Pin Configuration (Top View)
(Package : TQFP64-P-1010-0.50-K)
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CB1
CB2
VpoL

XT0
XM

TST1B
TST2B
Vss
0SCo
0SCH
RESETB
MD
P9.0
P9.1

L
—ok =
=Zao
oo==
J4dL
A= ERN— oA S M
== D00 0O O O I~~~ WO
=== i = Wy a Wiy a Wy = WY WY Y o WY WY a WY o
O 0 <r N AN T— OO O M
< < < < TFTITTOOOMOOMOMmMOO™m
ooOoo OoOooOoooooood
47 | O O3 P61
48 | O Of31 P60
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Chip size :3.51 mm x 3.77 mm
Chip thickness : 350 um (Typ.)

Coordinate origin
Pad hole size

Pad size

Minimum pad pitch

. center of chip
©120 um x 110 pum
©120 um x 120 pm
2150 um

ANote: The chip substrate voltage is Vgs.

Figure 1-4 ML63512A, ML63514A Chip Pin Configuration (Top View)
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Table 1-1 ML63512A, ML63514A Pad Coordinates

Chip center: X=0,Y=0

Pad No., Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 P9.2 -1175 1717 31 P6.0 1604 1018
2 P9.3 -1018 -1717 32 P6.1 1604 1175
3 P0.0 -862 1717 33 P6.2 1175 1717
4 P0.1 705 -1717 34 P6.3 1018 1717
5 P0.2 -548 -1717 35 P7.0 862 1717
6 P0.3 -392 1717 36 P7.1 705 1717
7 P1.0 —235 -1717 37 P7.2 548 1717
8 P1.1 -78 -1717 38 P7.3 392 1717
9 P1.2 78 -1717 39 P8.0 235 1717
10 P1.3 235 -1717 40 P8.1 78 1717
11 P2.0 392 1717 41 P8.2 78 1717
12 P2.1 548 1717 42 P8.3 —235 1717
13 P2.2 705 1717 43 Vppi -392 1717
14 P2.3 862 1717 44 Vss -934 1717
15 PA.0 1018 1717 45 Vibp -1090 1717
16 PA1 1175 1717 46 VbpH 1247 1717
17 PA.2 1604 -1175 47 CB1 -1604 1127
18 PA.3 1604 -1019 48 CB2 -1604 971
19 P3.0 1604 -862 49 VboL -1604 814
20 P3.1 1604 -705 50 XT0 -1604 502
21 P3.2 1604 -549 51 XT1 -1604 345
22 P3.3 1604 -392 52 TST1B -1604 76
23 P4.0 1604 -235 53 TST2B -1604 -81
24 P4.1 1604 -79 54 Vss -1640 —-236
25 P4.2 1604 78 55 0SCo -1604 -392
26 P4.3 1604 235 56 0SC1 -1604 -548
27 P5.0 1604 391 57 RESETB -1604 705
28 P5.1 1604 548 58 MD -1604 -862
29 P5.2 1604 705 59 P9.0 -1604 -1018
30 P5.3 1604 861 60 P9.1 -1604 -1175
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1.5 Pin Descriptions

1.5.1 Descriptions of the Basic Functions of Each Pin

The basic functions of each pin of the ML63512A and ML63514A are listed in Table 1-2. Use
of a backslash ("/") in a pin name indicates that the pin has a secondary function. Refer to
section 1.5.2, "Descriptions of the Secondary Functions of Each Pin."

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

For pin, "TB" denotes a 48-pin flat package (48TQFP), and "TP" a 64-pin flat package
(64TQFP).

Table 1-2 Pin Description (Basic Functions)

Function| Symbol Pin No. Pad Type Description
T8 | TP | No.
Vb 23 29 45 — | Positive power supply
Vss 22,32|28,42 (44,54 — | Negative power supply
Voo 21 o7 13 . Positive power supply pin for external interface
(PORTS8 supply)
Positive power supply pin for internal logic (internally
Power VpoL 27 37 49 | — generated)
A capacitor Gy (0.1 1F) should be connected between this pin
Supply
and Vss.
Voltage multiplier pin for power supply backup (internally
Voo 24 30 46 . generated).
A capacitor Cy, (1.0 uF) should be connected between this pin
and Vss.
CB1 25 35 47 — | Pins to connect a capacitor for voltage multiplier.
CB2 26 36 48 — | Acapacitor (1.0 uF) should be connected between CB1 and CB2.
Low-speed clock oscillation pins.
XTO 08 38 50 | Crystal oscillation or RC oscillation is selected by the mask
option.
If crystal oscillation is selected, connect a crystal between XT0
and XT1, and connect capacitor (Cg) between XT0 and Vss.
XT1 29 39 51 O | If RC oscillation is selected, connect external oscillation
resistor (Rgpe) between XT0 and XT1.
Oscillation High-speed clock oscillation pins.
Ceramic oscillation or RC oscillation is selected by the mask
0SCco 33 43 55 I .
option.
If ceramic oscillation is selected, connect a ceramic resonator
between 0SCO0 and 0SC1, and connect capacitor (Crg, C1)
between 0SCO and Vsg, 0SC1 and Vss.
0SC1 34 44 % 0 If RC oscillation is selected, connect external oscillation
resistor (Rcry) between 0SCO and 0SCA1.
Test TST1B 30 40 52 I Input pins for testing.
TST2B 31 41 53 | | Apull-up resistor is internally connected to these pins.
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Table 1-2 Pin Description (Basic Functions) (continued)

Function| Symbol Pin No. Pad Type Description
TB | TP | No.
Reset input pin.
Setting this pin to "L" level puts this device into a reset state.
Reset RESETB %5 45 57 | Then, setting this pin to "H" level starts executing an
instruction from address 0000H.
An internal or external pull-up resistor is selected by
mask option.
Melody MD 36 46 58 0 | Melody output pin (non-inverted output)
P0.0/INTO 37 51 3 4-bit input-output ports.
P0.1/INT1 38 52 4 V0 In input mode, pull-up resistor input or high-impedance
P0.2/INT2 39 53 5 input is selectable for each bit.
P0.3/INT3 40 54 6 In output mode, N-channel open drain output or CMOS
P1.0/ output is selectable for each bit.
TMOCAP/ 41 55 7
TMOOVF
P1.1/
I/0
TM1CAP/ 42 56 8
TM10VF
P1.2/TOCK 43 57 9
P1.3/T1CK 44 58 10
P2.0/TBCCLK | 45 59 11
P2.1/HSCLK | 46 60 12
Port 170
P2.2 47 61 13
P2.3 48 62 14
P3.0/RXD 1 3 19
P3.1/TXC 2 4 20
P3.2/RXC 3 5 21 /o
P3.3/TXD 4 6 22
P4.0 5 7 23
P4.1 6 8 24 /o
P4.2 7 9 25
P4.3 8 10 26
P5.0 9 11 27
P5.1 10 12 28
P5.2 11 13 29 /o
P5.3 12 14 30
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Table 1-2 Pin Description (Basic Functions) (continued)

Function| Symbol Pin No. Pad Type Description
TB TP | No.
P60 . 15 31 4-bit input-output port.
In input mode, pull-up resistor input or high-impedance
P6.1 — 16 32 input is selectable for each bit.
I/0 | In output mode, N-channel open drain output or CMOS
P6.2 — 17 33 output is selectable for each bit.
Note that these pins are available for a 64-pin package
P6.3 — 18 34 and chip.
P7.0/CMPIN | 13 | 19 | 35 4-bit input port.
P71/CMPREF| 14 20 36 Pull-up resistor input or high-impedance input is
I selectable for each bit.
P7.2/LDINO 15 21 37
P7.3/LDINA 16 22 38
Port -
P8.0 17 23 39 4-bit output port.
P8.1 18 24 40 0 N-channel open drain output.
P8.2 19 25 41
P8.3 20 26 42
P9.0 — 47 59 4-bit input-output ports.
P9.1 — 48 60 /o In input mode, pull-up resistor input or high-impedance
P9.2 — 49 1 input is selectable for each bit.
P9.3 — 50 2 In output mode, N-channel open drain output or CMOS
PA.0 — 63 15 output is selectable for each bit.
PA1 — 64 16 Note that these pins are available for a 64-pin package
PA.2 — 1 17 Vo and chip.
PA.3 — 2 18
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1.5.2 Descriptions of the Secondary Functions of Each Pin

The secondary functions of each pin of the ML63512A and ML63514A are listed in Table 1-3.

Table 1-3 Pin Description (Secondary Functions)

Pin No. Pad
TB | TP | No.

Function| Symbol Type Description

External O interrupt input pin.

PO.O/INTO |37 | 51| 3 | | Edge detection can be selected from one of a rising edge,
a falling edge, or both rising and falling edges.

External 1 interrupt input pin.

P0.1/INT1 38|52 | 4 I Edge detection can be selected from one of a rising edge,
External a falling edge, or both rising and falling edges.
Interrupt External 2 interrupt input pin.

P0.2/INT2 |39 |53 | 5 | | Edge detection can be selected from one of a rising edge,

a falling edge, or both rising and falling edges.

External 3 interrupt input pin.

PO.3/INT3 | 40 | 54 | 6 | | Edge detection can be selected from one of a rising edge,
a falling edge, or both rising and falling edges.

Capture P1.0/TMOCAP | 41 | 55 | 7 Timer 0 (TMO) capture trigger input pin.
P1.1/TM1CAP | 42 | 56 | 8 Timer 1 (TM1) capture trigger input pin.
P1.0/TMOQVF | 41 | 55 | 7 Timer 0 (TMO) overflow flag output pin.

Timer P1.1/TM10VF | 42 | 56 | 8 Timer 1 (TM1) overflow flag output pin.
P1.2/TOCK | 43 |57 | 9 Timer 0 (TMO) external clock input pin.

P1.3/T1ICK | 44 | 58 | 10
Oscillation| P2.0/TBCCLK | 45 | 59 | 11
Output | P2.1/HSCLK | 46 | 60 | 12
P3.0/RXD 113 |19

Timer 1 (TM1) external clock input pin.

Low-speed oscillation clock output pin.

High-speed oscillation clock output pin.

Serial port receive data input pin.

Sync serial port clock input-output pin.

Transmit sync clock input-output pin when a serial port is used
P3.1/TXC 2 | 4|20 | /0 |synchronously.

Transmit clock output when this device is used as a master processor.
Serial Transmit clock input when this device is used as a slave processor.
Port Sync serial port clock input-output pin.

Receive sync clock input-output pin when a serial port is used
P3.2/RXC 3|5 |21 I/0 | synchronously.

Receive clock output when this device is used as a master processor.
Receive clock input when this device is used as a slave processor.
Serial port transmit data output pin.

Comparator analog input pin.

Comparator reference voltage input pin.

Level detector analog input pin.

Level detector analog input pin.

—|o|lo|—|—|o|lo|—|—

P3.3/TXD 4 |16 |22
P7.0/CMPIN | 13 | 19 | 35
P7.1/CMPREF | 14 | 20 | 36
Level P7.2/LDINO | 15 | 21 | 37
Detector | P7.3/LDIN1 | 16 | 22 | 38

Comparator,

—|—|=|—]o
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1.5.3 Unused Pin Processing

Table 1-4 lists the handling of unused pins.

Table 1-4 Unused Pin Handling

Pin Recommended pin handling
TST1B, TST2B Open or Vpp
MD Open
0SC0, 0SCH Open
CB1, CB2 Open
P0.0-P0.3 Open
P1.0-P1.3 Vpp or Vsg
P2.0-P2.3 Vpp or Vss
P3.0-P3.3 Vpp or Vss
P4.0-P4.3 Vipp or Vsg
P5.0-P5.3 Vpp or Vsg
P6.0-P6.3 Open
P7.0-P7.3 Vpp or Vsg
P8.0-P8.3 Open
P9.0-P9.3 Open
PA.0-PA.3 Open

ANotes:

1. Ifapinsetas ahighimpedance 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 Vpp.
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1.6 Basic Timing

1.6.1 Basic Timing of CPU Operation

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

As shown in Figure 1-5, 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.

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 ‘
- > > »>|
(2 clocks) (4 clocks) (6 clocks)
1 machine cycle 2 machine cycles 3 machine cycles

Figure 1-5 Clock Configuration of Each Machine Cycle
1.6.2 Port I/O Basic Timing

Figure 1-6 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

ANote:

Regarding input signals

Output instruction

Input instruction

[
P

A

A

.
|

I T e
S1 82 S1 S2
MQV obj,(data A) MQV A,obj
"\
(data A)
>< data B ><
R
—~
(data B)

Figure 1-6 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 1-7) during the data capture interval.

"1" will be captured in the internal register only if a "H" level is maintained (2) of Figure 1-7)
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

[
P

A

et
Lagii ]

CLK |

S1 S2 S1 S2
Capture signal
Input pin ” @
@ \
Data bus \

Accumulator

Figure 1-7 Input Data Example
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1.6.3 Interrupt Basic Timing

Figure 1-8 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.

S R A [ S O R A I

S1 S2 S1 S2 S1 S2

Interrupt factor 1
IRQ \

Process Main routine Interrupt routine

A\ /

PC 1st interrupt address

Figure 1-8 Interrupt Basic Timing
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Chapter 2 CPU and Memory Spaces
2.1 Overview

The ML63512A and ML63514A have an internal Oki’s original CPU core nX-4/250.
The instruction set of the nX-4/250 core consists of 407 types of instructions.

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

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

In the data memory space, special function registers (SFRs) are located in bank 0, and data
RAM in bank 1 (128 nibbles for the ML63512A, 256 nibbles for the ML63514A).

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.

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.

2.2.2.1 Carry Flag (C) Flag register

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 GFlag (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 O of MIEF) is a flag that disables or enables all interrupts. MIEF is a 4-hbit 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.

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
— — — MIE

MIEF (OFFH)
(R)

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

ANote:

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-A0 |
[~ | | = |

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) & e &1 &
(R/W)
bit 3 bit 2 bit 1 bit 0
CBR (OFDH) C3 co 1 co
(R/W)
bit 3 bit 2 bit 1 bit 0
H (OFCH) hs ha hy hg
(RAW)
bit 3 bit 2 bit 1 bit 0
L (OFBH) I3 l2 I lo
(RAW)
bit 3 bit 2 bit 1 bit 0
X (OFAH) X3 X2 X4 X0
(R/W) . ] . .
bit 3 bit 2 bit 1 bit 0
Y  (OF9H) y3 y2 V4 Yo
(R/W)
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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 RA1 RAO
| Al5-A12 | A11-A8 | A7-A4 | A3-A0 |

Figure 2-2 Address Configuration of RA3 to RAO Registers

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

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 ayq a3 a1
(R/W)
bit 3 bit 2 bit 1 bit 0
RA2  (OF4H) aqq a0 dg dg
(R/W)
bit 3 bit 2 bit 1 bit 0
RA1  (OF3H) az dg ag ay
(R/W)
bit 3 bit 2 bit 1 bit 0
RAO  (OF2H) a a, a; 2
(R/W)

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

ANote:

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 thatis 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
13 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 zZ A
| | | | | | | |
Register stack
"PUSH XY" and "POP XY" instruction execution
15 14 13 12 11 10 9 8 7 4 3 2 0
l EIBR l l C$R l l l Y

Register stack

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

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

RSP (OF6H)
(R/W)

bit 3

bit 2

bit 1

bit 0

rsp3

rsp2

rspi

rsp0

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 OFFFH in the ML63512A and from address O000H to address 1FFFH in the
ML63514A.

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.

11 FFEF(F): Test data area @ 32 words
OFFEH 1FDFH
OFEOH Test data area @ 32 words
OFDFH
T Program data T T Program data T
or 4,064 words or 8,160 words
ROM table data ROM table data
or or
Melody data Melody data
002CH 002CH
002BH ¢ 002BH 1\
Interrupt area | 28 words Interrupt area | 28 words
0010H l 0010H i
0000H 0000H
ML63512 ML63514

Figure 2-6 Program Memory Space Configuration

After system reset, instruction execution begins at address 0000H. The interrupt area from
address 0010H to address 002BH 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 of the
ML63512A/514A. 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 10, "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 2 banks. One bank unit is 256 nibbles. Bank 0 is allocated as
aSFR area, and bank 1is data RAM (from address 100H to address 17FH for the ML63512A;
from address 100H to address 1FFH for the ML63514A).

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

BANK1

Data RAM area
(256 nibbles)

y

1FFH
17FH Data RAM area
100H BANK1 (128 nibbles) 100H
OFFH OFFH
SFR area
BANKO (256 nibbles)
000H ! 000H
ML63512A

BANKO

i

SFR area
(256 nibbles)

!

ML63514A

Figure 2-7 Data 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 ="L" RESET ="L"

System reset mode

RESET ="H"

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 O0O00H.

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 one factor causes a transfer to the system reset mode.
 Setting the RESETB pinto a "L" level

Since the ML63512A/514A have an internal reset sampling (32 kHz) circuit, keep the
RESETB pin (pulse width) set to a "L" level for 1.25 seconds or more.

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 special function registers (SFRs) are initialized. However, data RAM is 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.

Whether the internal pull-up resistor is selected or whether the external pull-up resistor is
used is specified by the mask option.

32 kHz

| Vop
i % (Mask option) :
RESETBL: o>, (Samplingl . pregyp

| circuit (Time base

i counter reset)

QF——— > RESETS

1/8192TBC ——R (System reset)
(4 Hz @ 32.768 kHz)

Figure 3-2 System Reset Generator Circuit

1.25 sec. or more
<
RESETB —l—l

Low-speed clock : : (30 k to 80 kHz)

L N 4096 clocks
= ~ (125 ms @ 32.768 kHz)

RESETS . 2048 clocks
1(62.5 ms @ 32.768 kHz)
Backup \

ANote:

' |
System reset takes priority over all other processing and terminates all processing up to that
point in time. Therefore, the content of RAM, which is not initialized, cannot be guaranteed
after a system reset.

ON ¢
CPU start
Figure 3-3 Signals When System Reset is Generated
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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 RTl 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
ST S2' 81 $2 81 s2,S2 ST S2 S1 S2 S1 S2 S1 82

System clock

HLT (halt flag) _ll—l

Interrupt request : \
'mstrutitlon ' \\ : ;
» execution_: : '
:(equwalent' Interrupt routin RTlinstructior Main
' to NOP) ! © execution routine

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

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

Figure 3-4 Timing of Simultaneous HALT Instruction and Interrupt Request

ANote:

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 RESETB 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 St S2 81 S2 S

52 S1 82 81 82

System clock

HLT (halt flag) —

Interrupt request ; |
INT : : \
) I{lALI “7 Halt mode /:NE_xe%utic%_n oft Interrupt RTI Main
instruction: - Instruction. routine instruction routine
rexecution ! Imimediately after execution
PC flow in main - :
outne 1N n+i Y (INT) J Y RMY 2 X

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

Figure 3-5 Timing of Transfer to Halt Mode and Release of Halt Mode by Interrupt

ANote:

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 RESETB Pin

If a low-level is input to the RESETB pin (a pulse width of 1.25 seconds or more), 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 82" 81 S2 ST S2 S1 S2 S1 S27S1 SZ' S2 S22 82

System Clock , , . . . .
HLT (halt flag) — ! ! E | !
Melody data |
request : ! : : : :

' ins%lé%on‘ Haltmode " Bation Melod ins%léﬁon' Halt mode

execution immediately after  transfer execution
PC flow in main HALT instriction
routine n X n+ 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 (INT)

4.1 Overview
The ML63512A and ML63514A support 14 interrupt factors: 4 external interrupts and 10
internal interrupts.

Interrupt enable/disable is controlled by the master interrupt enable flag (MIE) and the
individual interrupt enable registers (IEO to IE3).

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

Table 4-1 lists the 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 External interrupt 0 (P0.0) XIOINT 0010H
2 External interrupt 1 (P0.1) XITINT 0012H
3 External interrupt 2 (P0.2) XI2INT 0014H
4 External interrupt 3 (P0.3) XI3INT 0016H
5 Timer 0 interrupt TMOINT 0018H
6 Timer 1 interrupt TMAINT 001AH
7 Serial port reception interrupt SRINT 001CH
8 Serial port transmission interrupt STINT 001EH
9 TBC10 (1/1024 TBC) interrupt TBC10INT 0020H
10 TBC11 (1/2048 TBC) interrupt TBC11INT 0022H
11 TBC13 (1/8192 TBC) interrupt TBC13INT 0024H
12 TBC14 (1/16384 TBC) interrupt TBC14INT 0026H
13 Melody end interrupt MDINT 0028H
14 Level detector interrupt LDINT 002AH

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 (Ports), Chapter 9 (Serial Port), Chapter 10 (Melody Driver), and Chapter 11 (Level
Detector).
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Master interrupt enable flag

MIE
Interrupt request Interrupt request Interrupt enable registers
signals registers
IRQO IEQ
XioNT  —— IRA00 qxio IE0.0 5  Exio
XHINT  ——{IRQ0T gx)q IE0T o  Exiq
X2INT  —11RQ02  qxi2 IE02 &  Exi0
XI3INT  ——RQ03  qxi3 IE03 & Exi3
IRQ1 IE1 } '”te”“ft
TMOINT RAT0  qrmo B0 o Ermo reques
L
Nt —— IRALT gy T 5 Ermi g Interrupt
f g vector address
SRINT ——RQ1.2 Q3R 'E1-2§:C ESR g
sTnT  —{1RO13 oy IE1.3 7%3 EST
IRQ2 IE2
TBC10INT ——| RG2.0 QTBC10 IE2.0 7%0 ETBC10
1BC11INT —— 'RO2.1 qrpC11 IE2.1 %CETBCH
TBC13INT ——{ /RG22 qTBC13 E2.2 7%0 ETBC13
TBC14INT —{IRA2.3 q1BC14 IE2.3 7%3 ETBC14
IRQ3 IE3
mpINT  —— RG3.0° qmp 'E3-°§:c EMD
LDINT ——1IRQ3.1 QLD IEI)‘.17-’8;c ELD

Figure 4-1 Interrupt Control Equivalent Circuit
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4.2 Interrupt Registers

The following three types of registers are used to control interrupts.
(1) Master interrupt enable flag register (MIEF)

(2) Interrupt enable registers (IEO to IE3)

(3) Interrupt request registers (IRQO to IRQ3)

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

MIEF is a 4-bit register in which bit 0 is the master interrupt enable flag (MIE).
MIE (bit O of MIEF) is a flag that disables or enables all interrupts.

If MIE is "0", all interrupts are disabled. If MIE is "1", all interrupts are enabled.

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

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

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

bit 3 bit 2 bit 1 bit 0

MIEF (OFFH) |
(R)

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

ANote:

When setting MIE, use "EI" instructions (MIE<"1") and "DI" instructions (MIE<"0").
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(2) Interrupt enable registers (IEO to IE3)

IEO, IE1, IE2 and IE3 are registers that consist of 4 bits each.

A logical AND of the corresponding bits of an interrupt enable register (IEO to IE3) and an
interrupt request register (IRQO to IRQ3) determines whether or not each interrupt request
is issued to the CPU.

If multiple interrupts request the CPU at the same time, as shown in Table 4-1, 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 IE3) do not change.

At system reset, each bit of IEO through IE3 is initialized to "0".

bit 3 bit 2 bit 1 bit 0
[0 (050H) | Exi3 | Exi2 EXI1 EXI0

(R/W)
External interrupt 3 enable flag

0: Disable (initial value)
1: Enable

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

1: Enable

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

1: Enable

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

1: Enable
bit 3 bit 2 bit 1 bit 0
IE1 (051H) |  EsT | ESR ETM1 ETMO
(RAW) J

Serial port transmission interrupt enable flag
0: Disable (initial value)
1: Enable

Serial port reception 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
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bit 3 bit 2 bit 1 bit 0
IE2 (052H) | E7BC14 | ETBC13 ETBC1T | ETBC0 |

(RW) J
TBC14 (1/16384 TBC) interrupt enable flag
0: Disable (initial value)
1: Enable
TBC13 (1/8192 TBC) interrupt enable flag
0: Disable (initial value)
1: Enable
TBC11 (1/2048 TBC) interrupt enable flag
0: Disable (initial value)
1: Enable
TBC10 (1/1024 TBC) interrupt enable flag
0: Disable (initial value)
1: Enable

bit 3 bit 2 bit 1 bit 0

IE3 (053H) | _ — | ED | EwmD
(R/W)

Level detector transmission interrupt enable flag |
0: Disable (initial value)
1: Enable

Melody end reception interrupt enable flag

0: Disable (initial value)
1: Enable
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(3) Interrupt request registers (IRQO to IRQ3)

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

When an interrupt 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 IE3) to "1".

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 IRQ3 are cleared
to "0".
At system reset, each bit of IRQO through IRQ3 is initialized to "0".

bit 3 bit 2 bit 1 bit 0
IRQO (055H) | oxi3 |  axi2 QxI1 QxI0

(R/W)

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

1: Request

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

1: Request

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

1: Request

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

1: Request

bit 3: QXI3 (reQuest of eXternal Interrupt 3)

The external interrupt 3 request flag.

The external interrupt 3 is assigned as the secondary function of port 0.3.
bit 2: QXI2 (reQuest of eXternal Interrupt 2)

The external interrupt 2 request flag.

The external interrupt 2 is assigned as the secondary function of port 0.2.
bit 1: QXI1 (reQuest of eXternal Interrupt 1)

The external interrupt 1 request flag.

The external interrupt 1 is assigned as the secondary function of port 0.1.
bit 0: QXI0 (reQuest of eXternal Interrupt 0)

The external interrupt O request flag.

The external interrupt O is assigned as the secondary function of port 0.0.
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bit 3 bit 2 bit 1 bit 0

IRQ1 (0s6H) [ asT [  asR aMi | atmo |
(RW) |

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

1: Request

Serial port reception interrupt request flag
0: No request (initial value)
1: Request

Timer 1 interrupt request flag

0: No request (initial value)
1: Request

Timer O interrupt request flag

0: No request (initial value)
1: Request

bit 3: QST (reQuest of Serial port Transmission)
Serial port transmission interrupt request flag.

This interrupt is requested when serial port transmission is complete.

bit 2: QSR (reQuest of Serial port Reception)
Serial port reception interrupt request flag.

This interrupt is requested when serial port reception is complete.

bit 1: QTM1 (reQuest of TiMer 1)
Timer 1 interrupt request flag.

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

bit 0: QTMO (reQuest of TiMer 0)
Timer O interrupt request flag.

A timer O interrupt request is generated whenever timer 0 overflows.
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bit 3 bit 2 bit 1 bit 0
IRQ2 (057F)I) | amBct4 | amse1s QTBC11 QTBC10

(R/W J
TBC14 (1/16384 TBC) interrupt request flag
0: No request (initial value)
1: Request
TBC13 (1/8192 TBC) interrupt request flag
0: No request (initial value)
1: Request
TBC11 (1/2048 TBC) interrupt request flag
0: No request (initial value)
1: Request
TBC10 (1/1024 TBC) interrupt request flag
0: No request (initial value)
1: Request

bit 3: QTBC14 (reQuest of TBC14)
TBC14 interrupt request flag.
A TBC14 interrupt request is generated at every falling edge of the 1/16384 TBC
(2 Hz @ 32.768 kHz) output of the time base counter.

bit 2: QTBC13 (reQuest of TBC13)
TBC13 interrupt request flag.
A TBC13 interrupt request is generated at every falling edge of the 1/8192 TBC
(4 Hz @ 32.768 kHz) output of the time base counter.

bitl: QTBC11 (reQuest of TBC11)
TBCL11 interrupt request flag.
A TBC11 interrupt request is generated at every falling edge of the 1/2048 TBC
(16 Hz @ 32.768 kHz)output of the time base counter.

bit 0: QTBC10 (reQuest of TBC10)
TBC10 interrupt request flag.
A TBC10 interrupt request is generated at every falling edge of the 1/1024 TBC
(32 Hz @ 32.768 kHz) output of the time base counter.
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bit 3 bit 2 bit 1 bit 0

RO3 (058H) [ — — | ap [ oawn ]
(R/W) |

Level detector interrupt request flag
0: No request (initial value)

1: Request

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

1: Request

bitl: QLD (reQuest of Level Detector)
Level Detector interrupt request flag.
A level detector interrupt request is generated when the level detector starts its

operation.

bit 0: QMD (reQuest of MeloDy)
Melody end interrupt request flag.
Melody end interrupts are generated when the melody driver outputs the end
notes data (END bit = "1").
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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 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 ——= %%132' PC11-PC8 | PC7-PC4 |Pc3—Pco OH
SP position after interrupt ———=1 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 all other interrupt routines is performed with an "RTI" instruction.
Execution of "RTI" instructions requires 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".

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

4.3.3 Interrupt Hold Instructions

Interrupt requests are not accepted immediately after an interrupt hold instruction is
executed; they are accepted after execution of instruction other than interrupt hold instructions.
Following are the interrupt hold instructions:

* ROM table reference instructions

e Stack operation instructions

e Jump instructions

» Conditional branch instructions

e Call/return instructions

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

ANote:

If interrupt hold instructions are used in succession, consider that an interrupt, when
generated, will be put on hold for some time before the corresponding 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 circuitand 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.

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

» High-speed clock generator circuit: ceramic oscillation mode or RC oscillation
mode (mask option 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 oscillation circuit (TBCCLK)
or the output of the high-speed clock oscillation circuit (HSCLK).

5.2 Clock Generator Circuit Configuration

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

: V[‘]DL

Low-speed clock output Time base clock

! (TBCCLK)

!

|

i

! Low-speed clock oscillation circuit

! VoK TBCCLK

I =<

i | HSCLK | & ——> System clock

0SC1; = (CLK)

[ ] High-speed clock output [—1

H High-speed clock
e= (HSCLK)
%% Clock select

control

Oscillation enable <—

2

FCON WRFKECE|

2

High-speed clock oscillation circuit

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).

VDlDL
XT0
T—1 {>O—Ol>-"-[>0—0|} Low-speed clock
T | output
ReRL Vss Cxr (15 pF)
XT1] QQ
Inside the IC
(@) External Circuit for RC Oscillation Mode
Vv
ML ce i
Vss T
XT0
—1 ‘ {}0 Low-speed clock
output
Crystal :I:I § Ry
X[ L
T
Vss Inside the IC

(b) External Circuit for Crystal Oscillation Mode

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

ANote:

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

For the method of specifying mask options for the low-speed clock oscillation circuit, see
"Appendix E: 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

RcrL fcrL

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

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

Cg 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 that are selected by the mask option,
the RC oscillation mode and ceramic oscillation mode. The maximum oscillation frequency

is 2 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, Rcgrpy, as shown in Figure 5-3(a).

For the ceramic oscillation mode, attach an external ceramic unit and capacitors as shown

in Figure 5-3(b).

Oscillation
enable

High-speed
clock output

0SC1 1
T Vopn
I
Rern | ———— 5 Voou
|
(|
|-
0SCo L
(a) External Gircuit for RC Oscillation Mode
Ceramic resonator
Cu1 0SC1
—i| N 1 v
DDH Voo
o H
Co
— | {1
0SCo
Vss (b) External Circuit for Ceramic Oscillation Mode

High-speed
clock output

Oscillation enable

Figure 5-3 External Circuits for High-Speed Clock Oscillation
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Table 5-3 lists typical values of oscillation frequency when the high-speed side RC oscillation
mode is selected. Table 5-4 lists example external components to be attached when the high-
speed side ceramic oscillation mode is selected.

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

RcrH (k) | Vpp (V) |Backup flag fcrH

300 A . 350 kH

L - ON | APPTOX. 90U KHZ
100 Approx. 840 kHz
100 Approx. 840 kHz
75 Approx. 1 MHz

— 3.0 OFF | neorox. T Wz
47 Approx. 1.4 MHz
30 Approx. 1.8 MHz

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

Cro (PF) CL1 (pF) Ceramic unit
330 330 CSB200D (200 kHz)*
220 220 CSB300D (300 kHz)*
150 150 CSB500E (500 kHz)*
68 68 CSB1000J (1 MHz)*
30 30 CSA2.00MG (2 MHz)*

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

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

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

+ CPUCLK="1"

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

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

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

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

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

For details of the system clock select timing, refer to section 5.7, "System Clock Select
Timing."
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5.6 Frequency Control Register (FCON)

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

bit 3 bit 2 bit 1 bit 0

FCON (063H) — — ENOSC CPUCLK
(R/W)

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 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-

TBCCLK

(Low-speed clock generator circuit output)

speed clock generator output
is the system clock.

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

A

\

Software processing

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

A

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

Wait:

When RC oscillation mode selected:

300 us or more

When ceramic oscillation mode selected:
10 ms or more

AN

(2) 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 (bit 1 of FCON)issetto "1", oscillation starts in the mode selected by OSCSEL.
At the same time, the internal logic power supply (VppL) switches from the constant voltage
circuit output level (approx. 1.5 V) to the Vppp level. Next, if CPUCLK is setto "1", the system
clock switches from crystal oscillation output (TBCCLK) to high-speed clock output (HSCLK).

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

ENOSC ——— Twar

CPUCLK
0SC1

System clock  Low-speed clock

High-speed clock \ 'Low-speed clock

0.5 to 1.0 high-speed clocks 0.5 to 1.0 low-speed clocks

_______ L. Y/
power supply ' : DDH
J \% Approx. 1.5V

e

Internal logic
Voou E ! (typ.)
------- R R 1/ YW )X

Figure 5-4 System Clock Select Timing

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

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

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

For details regarding the constant voltage circuit for the internal logic power supply, refer to
Chapter 13, "Backup 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.
TBC4-7, 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
TBCR2 READ TBC14INT (2 Hz
TBCR2 WRITE < TBG13INT §4 Hz;
TBCR1 WRITE — TBC15L—(1H2) = bit 3
TBCRO WRITE — BG4l (2 H2) h= bit 2
R (4 Hz)
= TBC13 h= bit 1
> TBC12—(BH2) P bit 0
[ g
oo
=3
TBC{1l—(16Ha) $' bit3|
o TBC10 (32 Hz) T4 bit2
— >— R raco (?‘2‘8""? BT+ bit 1
—>  TeCg—12812) b—t>ito
TBC10INT ész Hzg
TBCA1INT (16 Hz
ﬁ» bit 3
b1 bit2
> bit 1
bit 0|
ik
Nz
18C7— (256 H) 2 4Hz(1/8192 TBC
(512 Ho) p— 111710 L
A - H
RESETO__—4—] >— R TBC6 -~ 32 Hz (1/1024_TBC
TRC5— (1 KH2) 64 Hz (1/512 TBC
2k 128 Hz (1/256 TBG
T8C4 256 Hz (1/128_TBC
ok 512 Hz (1/64 TBC
8C3 z 1kHz (1732 T8C
ek 2 kHz (1/16_TBG
o (i
TBCCLK > Tpeil_(16kHZ) 16 kHz (172 TBC
(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), time base
counter register 2 (TBCR2)

These 4-bit special function registers (SFRs) are used to read the TBC4 to TBC7, TBC8 to
TBC11 and TBC12 to TBC15 outputs of the time base counter.

A write operation to TBCRO initializes the time base counter to "0000H".

A write operation to TBCR1 sets the TBC8 to TBC15 outputs to "0", and a write operation to
TBCR2 sets the TBC12 to TBC15 output to "0".

bit 3 bit 2 bit 1 bit 0
TBCRO (?S%W) TBC7 TBC6 TBC5 TBC4

bit 3 bit 2 bit 1 bit 0
TBCRT ‘?S%W) TBC11 TBC10 TBCY TBCS

bit 3 bit 2 bit 1 bit 0
TBCR2 (((]S?VI-\?) TBC15 TBC14 TBC13 TBC12
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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 TBC10/TBC11/TBC13/TBC14 outputs are used as time base interrupts. Ateach output
falling edge, four bits of interrupt request register 2 (IRQ2) are set to "1", namely bit 3
(QTBC10), hit 2 (QTBC11), bit 1 (QTBC13) and bit 0 (QTBC14), requesting an interrupt to
the CPU. TBC outputs are also used as clocks for various circuits.

TBC TBC4 to TBC7 output, TBC8to TBC11 output and TBC12 to TBC15 output can be read
through the time base counter register 0/1/2 (TBCRO/TBCR1/TBCR2).

A write operation to TBCRO initializes the time base counter to "0000H". A write operation
to TBCR2 sets the TBC12 to TBC15 output counter to "0", and a write operation to TBCR1
sets both the TBC8 to TBC11 and TBC12 to TBC15 output counters to "0". The write data
in these write operations has no significance. For example, the "MOV TBCRO, A" instruction
can be used to write, but is not dependent on accumulator content in any way. When a write
operation is executed to TBCRO, TBCR1, and TBCR2 so astoresetthe TBC1to TBC7 output
counter, TBC8 to TBC11 output counter, and TBC12 to TBC15 output counter respectively,
ifthe TBC10, TBC11, TBC13, and TBC14 outputs are "1", their respective interrupt requests
will be generated. To disable these interrupts, first set the master interrupt enable flag (MIE)
or interrupt enable register 2 (IE2) to "0", execute the write operation to TBCR 0/1/2, and set
the interrupt request flag 2 (IRQ2) to "0".

Figure 6-2 shows interrupt generation timing and time base counter output reset timing by
writing "1" to TBCR1 and TBCR2.
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Figure 6-2 Interrupt Timing and Reset Timing by Writing "1" to TBCR1, TBCR2

(when a 32.768 kHz crystal is used for low-speed clock oscillation)
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Chapter 7 Timers (TIMER)

7.1 Overview

The ML63512A and ML63514A have two internal 8-bit timers (0 and 1). Timers 0 and 1 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. Timer clock may be set to the time base clock (TBCCLK), the high-
speed clock (HSCLK), high-speed dividing clock (1/2 HSCLK, 1/4 HSCLK, 1/8 HSCLK, 1/16
HSCLK, 1/32 HSCLK), or an external clock (P1.2/TOCK, P1.3/T1CK). When using the timers
as a 16-bit timer, the overflow signals of timer 0 is used as the clocks for timer 1.

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

Timer 0 Timer 1

8-bit timer ® [ )

16-bit timer o
(Timer 0 overflow signal is
used as clock for timer 1)

Clock TBCCLK / HSCLK / 1/2 HSCLK / 1/4 HSCLK / 1/8 HSCLK /

1/16 HSCLK / 1/32 HSCLK / External clock (TOCK, T1CK)
Auto-reload mode [ )
Capture mode [ )
Frequency measurement mode [ )

7.2 Timer Configuration

Figures 7-1 and 7-2 show the configuration of timers 0 and 1 respectively.

Data bus
TBCCLK 4 4
HSCLK —2
i
1/8 HSCLK —3 Sntral TMOGL TMOCH OV TMO overfiow
1/16 HSCLK 3] D Q
1/32 HSCLK 3 8 TMOINT
P1.2/TOCK Capture Reload
1/512 TBC
(64 Hz @ 32.768 kHzg —> ngsq“ﬂgf[‘ncgm 8 TMOCK
4370 — control circuit ,_7
TMODL TMODH D Q *— P1.0/TMOOVF
Capture _
P1.0/TMOCAP ﬁcontrgl circuit 4 4 R Q-
JTMOCAP RESETS

1/2TBC (16 kHz @ 32.768 kHz) ——
1/4 TBC (8 kHz @ 32.768 kHz) ————q
1/8 TBC (4 kHz @ 32.768 kHz)
1/16 TBC (2 kHz @ 32.768 kHz)
1/32 TBC (1 kHz @ 32.768 kHz) ———— 437C
1/64 TBC 212 Hz @ 32.768 kHzg (baud rate reference clock)
1 )
( )

1/128 TBC (256 Hz @ 32.768 kHz) ——
28 Hz @ 32.768 kHz
64 Hz @ 32.768 kHz

(
(
1/256 TBC (
1/512 TBC

Figure 7-1 Timer O Configuration

7-1




ML63512A/514A User's Manual
Chapter 7 Timers (TIMER)

Data bus
TBCCLK 4 4
SCLK —2]
/A BRH = TMICK
1/8 HSGLK —2 Gontral L EEERG TMicL TMICH OV D Q
116 HSCLK —J .
TMO overflow 2] Capture Reload TMACK
8
P1I/TM1CAP | Captre TM1DL TM1DH L D Q
R Q-
TM1CAP 4 4 )
RESETS

Figure 7-2 Timer 1 Configuration

TM1 overflow

TM1INT

P1.1/TM10VF
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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)
(2) Timer counter registers
(TMOCL, TMOCH, TM1CL, TM1CH)
(3) Timer control registers
(TMOCONO, TMOCON1, TM1CONO, TM1CON1)
(4) Timer status registers
(TMOSTAT, TM1STAT)

Each register is described below.

(1) Timer data registers
(TMODL, TMODH, TM1DL, TM1DH)

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.

» 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) T0D3 TOD2 TOD1 T0DO
(Timer 0 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 (06BH) T1D7 T1D6 T1D5 T1D4
(Timer 1 upper)  (R/W)
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(2) Timer counter registers

(TMOCL, TMOCH, TM1CL, TM1CH)
» 8-bit binary counter operation
» 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 TOCH T0CO
(Timer O lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

_ TMOCH (06DH) T0C7 TOC6 TOCS TOC4
(Timer O upper)  (R/W)

Timer 1 Registers

bit 3 bit 2 bit 1 bit 0

_ TM1CL (06EH) T1C3 T1C2 T1C1 T1C0
(Timer 1 lower)  (R/W)

bit 3 bit 2 bit 1 bit 0

. TM1CH (06FH) Tic7 T1C6 T1C5 T1C4
(Timer 1 upper)  (R/W)
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(3) Timer control registers
(TMOCONO, TMOCON1, TM1CONO, TM1CON1)

e 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.

Timer 0 Registers

To use timer 1 in combination as a 16-bit timer, set timer 1 control registers TM1CONO and
TM1CONL1.

bit 3 bit 2 bit 1 bit 0
TMOCONO (070H) — FMEASO TMOECAP TMORUN
(R/W) | |

Timer 0 mode select
bit 2 hit1 hit0

0 0 0 : 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 0 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 O operation mode.

The timer 0 operation mode can be selected as auto-reload mode, capture mode,
or frequency measurement mode.
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TMOCON1 (071H)

bit 3

bit 2

bit 1

bit 0

TMoCL2

TMOCL1

TMoCLO

(R/W)

Timer 0 clock select
bit 2 bit1 bit 0

o 0 0

0o 0 1

0o 1 0

0o 1 1

1 0 0

1 0 1

1 1 0

1 1 1

TBCCLK (initial value)

HSCLK (high-speed clock)

1/2 HSCLK (high-speed dividing clock)
1/4 HSCLK (high-speed dividing clock)
1/8 HSCLK (high-speed dividing clock)
1/16 HSCLK (high-speed dividing clock)
1/32 HSCLK (high-speed dividing clock)
External clock

bit 2, 1, 0: TMOCL2, TMOCL1, TMOCLO

These bits select the timer 0 clock.

The timer O clock can be selected as TBCCLK (low-speed clock), HSCLK (high-
speed clock), 1/2 HSCLK, 1/4 HSCLK, 1/8 HSCLK, 1/16 HSCLK, 1/32 HSCLK
(high-speed dividing clock), or external clock (TOCK: secondary function of P1.2).

ANote:

If HSCLK, 1/2 HSCLK, 1/4 HSCLK, 1/8 HSCLK, 1/16 HSCLK, or 1/32 HSCLK is used as the
clock, after ENOSC (bit 1 of FCON) is set to "1", wait for the following time interval before
starting timer operation.

*  Wait at least 10 ms when using ceramic oscillation.

*  Wait at least 300 us when using RC oscillation.
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Timer 1 Registers

bit 3 bit 2 bit 1 bit 0
TM1CONO (072H) — — TM1ECAP TM1RUN

(R/W)
I_’_l

Timer 1 mode select

bit 1 bit 0
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) — TM1CL2 TM1CL1 TM1CLO
(R/W) | |

Timer 1 clock select
bit 2 bit1 hit0

0 0 0 : TBCCLK (initial value)

0 0 1 : HSCLK (high-speed clock)

0o 1 0 1/2 HSCLK (high-speed dividing clock)

0 1 1 1/4 HSCLK (high-speed dividing clock)

1 0 0 1/8 HSCLK (high-speed dividing clock)

1 0 1 1/16 HSCLK (high-speed dividing clock)

1 1 0 External clock

1 1 1 Timer 0 overflow (16-bit timer mode)

bit 2, 1, 0: TM1CL2, 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), 1/2 HSCLK, 1/4 HSCLK, 1/8 HSCLK, 1/16 HSCLK (high-speed
dividing clock), external clock (T1CK: secondary function of P1.2), or the timer O
overflow flag.

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

ANote:

If HSCLK, 1/2 HSCLK, 1/4 HSCLK, 1/8 HSCLK, or 1/16 HSCLK is used as the clock, after
ENOSC (bit 1 of FCON) is set to "1", wait for the following time interval before starting timer
operation.

e Wait at least 10 ms when using ceramic oscillation.
e Wait at least 300 us when using RC oscillation.
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(4) Timer status registers (TMOSTAT, TM1STAT)

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
0: Initial value
1:

] Toggles between 0 and 1 each time the timer 0 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"
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, TMOCAP is cleared to "0".
In the capture mode, if the level of the capture input pin (P1.0/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 (TiMerO 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
0: Initial value
1:

] 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 (P1.1/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".

[Supplement] List of Timer Registers

Timer O 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 TMOCGL 06CH RAW OH
Timer 0 counter register H TMOCH 06DH OH
Timer 0 control register 0 TMOCONO 070H RAW 8H
Timer O control register 1 TMOCON1 071H 8H
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 RAW 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 OCH
Timer 1 control register 1 TM1CON1 073H 8H
Timer 1 status register TMASTAT 075H R 0CH

7-9



ML63512A/514A User's Manual
Chapter 7 Timers (TIMER)

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), 1/2 HSCLK, 1/4 HSCLK, 1/8 HSCLK, 1/16 HSCLK, 1/32 HSCLK (high-speed
dividing clock), or an external clock. By using timer O overflow signals as clocks for timer 1,
the timers can be used in pairs as 16-bit timers.

If the high-speed clock (HSCLK) or high-speed dividing clock (1/2 HSCLK, 1/4 HSCLK, 1/8
HSCLK, 1/16 HSCLK, 1/32 HSCLK) is to be used, after setting bit 1 (ENOSC) of the frequency
control register (FCON), wait at least 10 ms in the ceramic oscillation mode or 300 ps in the
RC oscillation mode before operating the timer.

The external clock is input to a port assigned as a secondary function port. In the case of timer
0, P1.2/TOCK is used as the input pin for the external clock. In the case of timer 1, P1.3/T1CK
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 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 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 outputto secondary port functions P1.0/TMOOVF and P1.1/TM1OVF
pins.

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

ook, TmocL  } re ) FF ><4 10 {1 X:BEX )Y, 10 )
[

TMODH, TMODL 1 ¢ o’

TMOINT |_\ , |_\
TMOOVF | «

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

Table 7-1 List of Timer Interrupts

IRQ flag IE flag Interrupt
Interrupt factor Symbol
(IRQ1) (IE1) vector address
Timer 0 interrupt TMOINT QTMO ETMO 0018H
Timer 1 interrupt TMAINT QTM1 ETM1 001AH

When the master interrupt enable flag (MIE) is setto "1" with the interrupt enable flags (ETMO,
ETM1) 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 and 1 can be used as auto-reload mode timers. The setup method is as follows.

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

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) 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.

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

BFFF
TM1CH, TM1CL
TMOCH, TMOCL

534F -
0000
WE)BH %Bk X 534F X BFFFH X 534F X BFFFH X
’ ] T T
é ®  ® < ® 5
TMORUN
TM1INT I I I I
TM10VF
(P1.1 output)

Figure 7-6 Auto-Reload Mode Timing
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The operation procedures are as follows.
(1 Set P1.1 to the output mode (TM1OVF) 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.

() 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
P1.1/TM1OVF.

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

Selected clock ?)
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 O and timer 1 can be used as capture mode timers.

In a capture operation, a change in the capture input (P1.0/TMOCAP, P1.1/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 TMOCONQO) to "1", and set FMEASO (bit 2 of
TMOCONQO) 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 O of the timer status registers, and are
automatically cleared to "0" when the timer status registers are read.

If both the TM1CL1 and TM1CLO bits of the timer 1 control register 1 (TM1CONL1) are set to
"1" and timer O overflow is selected as the clock, the 16-bit capture mode will be set. In this
case, the P1.0/TMOCAP pin is the capture trigger input.

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

«@

TMOCH, TMOCL

t3

50H
@ E
{ : :
TMODH,TMODL ) O0oH X soH X Fon X 60H X o
® ® ® -
TMORUN - 5
TMOECAP _ . : =
TMOINT -l l ]
P1.0/TMOCAP input (D @—’ff V il vIe®
[
XIOINT |
|

TMOCAP h“@ I_I
| |
SN

e

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

(D Set P1.0/TMOCAP to input mode, and enable XIOINT and TMOINT.
(2 Clear all bits of the timer counter registers and timer data registers to "0".

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

@ If the P1.0/TMOCAP input changes, the TMOCH/TMOCL value is captured by
TMODH/TMODL and TMOCAP is set to "1" (first capture). The CPU detects this
through XIOINT and reads the values of TMODH/TMODL.

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

(® Ifthe P1.0/TMOCAP input changes, repeat operations @) and G (second capture).

The high-level pulse width t1 of the P1.0 input can be determined as follows.
tl = (FOH — 50H) X tc k tcLk: 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 P1.0/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 P1.0 input can be
determined as follows.

t2 = (60H — FOH + 100H) x tc k
(9 While TMOCAP = "1", there is no capture even when P1.0/TMOCAP changes.

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

Timer clock

P1.0/TMOCAP input \ |_|
TMOCH, TMOCL X m Xﬁ'ﬂﬂ X m+2 X m+3 X m+4 X m+5 X m+6 X m+7 X m+8 X
[

TMODH, TMODL R
Capture signal |
(CAPT) !
TMOCAP |
TMOSTAT READ [l

Figure 7-9 Capture Timing
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\Di} CAPT

P1.0/TMOCAP input

Timer clock

g
:
TMOECAP

TMOCAP D Q

—q Q

Figure 7-10 Capture Signal (CAPT) Generator Circuit

ANote:

The maximum delay from a P1.0/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 can be used in the frequency measurement mode. These timers are set as
follows for the frequency measurement mode:

e Timer0: Set FMEASO (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 (bit0Oof TM1CONO)
to "0".
The frequency measurement mode measures the frequency of the RC oscillator clock, which
varies because of production line variation. The count can be used to determine the auto-
reload mode timer data register value, and overflow the timer at the Baud rate needed for
serial transmission.

Figure 7-11 indicates frequency measurement mode timing when timers 0 and 1 are used as
a 16-bit timer.
(H)

FFFF

N1P6 ?

TM1CH
TMICL
TMOCH

TMOCL ¢

0000

TM1DH, TM1DL :
TMODH, TMODL X :
H6)

1/512 TBC (64 Hz @ 32.768 kHz) _m
437C |- l I I

FMEASO 5

11 437/32768 s>
RN

Figure 7-11 Frequency Measurement Mode Timing

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

(D Timer 1 control registers 0 and 1 (TM1CONO, TM1CONZ1) 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 ceramic oscillation mode or 300 us or more in the RC
oscillation mode after starting the high-speed clock and set FMEASOto "1"to enter
the frequency measurement mode.

(3 When FMEASO is "1", the counter starts at the 1/512 TBC (64 Hz @ 32.768 kHz)
falling edge.

(@ When the 437C signal is "1", FMEASOQ is reset to "0", and the counter stops at the
falling edge of the next clock. The 437C signal is a pulse signal which risesin 437/
32768 second after the 1/512 TBC (64 Hz @ 32.768 kHz) 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)
= 6830 (hexadecimal)
= 0110 1000 0811 0000 (binary)

(truncated)

Because 437/32768 second is equivalentto 128 clocks at 9600 Hz (more precisely, 9598 Hz),
a division of the count by 128 provides the frequency ratio (N2) between 2 MHz and 9600 Hz.
Because 128 = 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 TM1INT cycle trp1nT Of

trMLINT = 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 TM1INT cycle ttpqnT Of

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

In this way the frequency measurement mode can be applied to generate TM1INT signals
with precision cycles even from RC oscillators with large variation. These TM1INT signals can
be supplied to the serial port as a Baud rate clock. Changing the value of N2 makes it possible
to generate Baud rates of 4800 Hz, 2400 Hz or user-defined rates. The precision of the
generated Baud rate clock is within £2% for 9600 Hz, and within +1% for 4800 Hz or lower.
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Figure 7-12 illustrates the operation of Baud rate clock generation for an RC oscillator clock
frequency of 600 kHz.

FFFFT

FFC2

TM1CH
TM1CL
TMOCH
TMOCL

0000

TM1DH, TM1DL
TMODH, TMODL

TMAINT h I I I | |

9677 Hz
( ) 0.10333 ms

Figure 7-12 Baud Rate Clock Generation 1/512 TBC (@32.768 kHz)

FFC2
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Chapter 8 Ports (INPUT, OUTPUT, I/O PORT)

8.1 Overview

The ML63512A and ML63514A have one 4-bit input port, one 4-bit output port, and nine 4-
bit 1/0 ports. Port 6, Port 9, and Port A are provided for the 64-pin flat packages (64TQFP)
and chip.

The Vpp (interface power supply) pin supplies power to the output port (Port 8).

If the output 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.

ANote:

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

8.2 Ports List

The ports of the ML63512A and the ML63514A are shown in Table 8-1.

Table 8-1 Ports List

Sedondary
Port 1/0 Interrupt . Page
function
Port 0 ° ° 8-2
Port 1 — ° 8-2
Port 2 — ° 8-2
Port 3 1/0 — ° 8-2
Port 4 — — 8-2
Port 5 — — 8-2
Port 6 — — 8-2
Port 7 I — ° 8-19
Port 8 0 — — 8-22
Port 9 — — 8-2
Port A /o — — 8-2
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8.3 Port 0 to Port 6, Port 9 and Port A (P0.0-P0.3, P1.0-P1.3, P2.0-P2.3, P3.0-P3.3,
P4.0-P4.3, P5.0-P5.3, P6.0-P6.3, P9.0-P9.3, PA.0—PA.3)

The ML63512A and ML63514A have Port 0 to Port 6, Port 9 and Port A, 4-bit input/output

ports.

8.3.1 Port 0 to Port 6, Port 9 and Port A Configuration

The circuit configurations for port 0 to port 6, port 9 and port A are shown in Figures 8-1 to

8-4.

Data bus

Vop
Output POD
port PODIR
control POCON
|_
4 Vss
P0.0-P0.3 [
Vop
|
I
Vop
Output P1D
port P1DIR
control P1CON
P1MOD

|_
4 Vss
P1.0-P1.3 [}

Voo

Figure 8-1 Input/Output Port (Ports 0 and 1) Configuration
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Data bus
Vop
Output P2D
port P2DIR 4
control P2CON
P2MOD
|_
4 Vss
P2.0-P2.3 []
Vop
|
|
Vop
Output P3D
port P3DIR 4
control P3CON
P3MOD
|_
4 Vss
P3.0-P3.3 [}
Vop
|
I
Vop
Output P4D
port P4DIR 4
control P4CON
|_
4 Vss
P4.0-P4.3 [}
Voo
|
|

Figure 8-2 Input/Output Port (Ports 2, 3 and 4) Configuration
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P5.0-P5.3 [

P6.0-P6.3 [}

Data bus

Output P5D
port P5DIR
control P5CON
|_
|
I
Output P6D
port P6DIR
control P6CON
|_
|
I
Output PID
port PIDIR
control P9CON

P9.0-P9.3 [}

Figure 8-3 Input/Output Port (Ports 5, 6 and 9) Configuration

o>
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Data bus
Vo
Output PAD
port PADIR 4
control PACON

|_
4 Vss
PA.0-PA.3 [

Figure 8-4 Input/Output (Port A) Configuration
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8.3.2 Port 0 to Port 6, Port 9 and Port A Registers

(1) Port data registers (POD, P1D, P2D, P3D, P4D, P5D, P6D, P9D, PAD)

The port 0 data register (POD), portl data register (P1D), port 2 data register (P2D), port 3
dataregister (P3D), port 4 data register (P4D), port 5 data register (P5D), port 6 data register
(P6D), 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 registers (PODIR, P1DIR, P2DIR, P3DIR, P4DIR, P5DIR) bits are set to
"1" and the output mode selected, the contents of the port data registers are output to the
ports.

When port direction registers (P6DIR, PODIR, PADIR) bits are setto "0" 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 (PODIR, P1DIR, P2DIR, P3DIR,
P4DIR, P5DIR) are read with the port direction register bits set to "0" and the input mode
selected.

The port pin levels are read when the port data registers (P6DIR, PODIR, PADIR) are read
with the port direction register bits set to "1" and the input mode selected.

e Port0

bit 3 bit 2 bit 1 bit 0
POD (000H) P03 P02 P01 P00
(W) | | | |
Port 0 input/output data |
e Port 1l
bit 3 bit 2 bit 1 bit 0
P1D (001H) P13 P12 P11 P10
(W) | | | |
Port 1 input/output data |
e Port 2
bit 3 bit 2 bit 1 bit 0
P2D (002H) P23 P22 P21 P20

(R/W)

Port 2 input/output data |
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e Port 3
bit 3 bit 2 bit 1 bit 0
P3D (003H) P33 P32 P31 P30
(W) | | | |
Port 3 input/output data |
e Port4
bit 3 bit 2 bit 1 bit 0
P4D (004H) P43 P42 P41 P40
(RA) | | | |
Port 4 input/output data |
e Port5
bit 3 bit 2 bit 1 bit 0
P5D (005H) P53 P52 P51 P50
(RA) | | | ]
Port 5 input/output data |
* Port 6
bit 3 bit 2 bit 1 bit 0
P6D (006H) P63 P62 P61 P60
(RW) | | | |
Port 6 input/output data |
s Port9
bit 3 bit 2 bit 1 bit 0
P9D (01CH) P93 P92 P91 P90
(RA) | | | ]
Port 9 input/output data |
e Port A
bit 3 bit 2 bit 1 bit 0
PAD (01DH) 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 8-5 shows port change timing.

Write instruction

S1 S2

CLK

Ports 0-6, 9, A Old data >< New data

Figure 8-5 Port Change Timing
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(2) Port 0, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Port 9, Port A direction registers (PODIR,
P1DIR, P2DIR, P3DIR, P4DIR, P5DIR, P6DIR, PODIR, PADIR)

The portOdirectionregister (PODIR), port 1 direction register (P1DIR), port 2 direction register
(P2DIR), port 3 direction register (P3DIR), port 4 direction register (P4DIR), port 5 direction
register (P5DIR), port 6 direction register (P6DIR), port 9 direction register (P9DIR), and port
Adirection register (PADIR) are 4-bit special function registers (SFRs) which specify the port
input/output direction for each bit.

For ports 0-5, pins corresponding to port direction register bits set to "0" are input, and those
corresponding to bits setto "1" are output. For ports 6, 9 and A, pins corresponding to bits set
to "0" are output, and those corresponding to bits set to "1" are input.

At system reset, each direction register is set to "0", and ports 0-5 are initialized to input and
ports 6, 9 and A initialized to output.

* Port0
bit 3 bit 2 bit 1 bit 0
PODIR (009H) PO3DIR P02DIR PO1DIR POODIR
(RW) | | | |
Port 0 input/output setting |
0: Input (initial value)
1: Output
*Port1
bit 3 bit 2 bit 1 bit 0
P1DIR (00AH) P13DIR P12DIR P11DIR P10DIR
(W) | | | |
Port 1 input/output setting |
0: Input (initial value)
1: Output
* Port 2
bit 3 bit 2 bit 1 bit 0
P2DIR (00CH) P23DIR P22DIR P21DIR P20DIR

(RA) | | | |

Port 2 input/output setting
0: Input (initial value)
1: Output
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e Port 3
bit 3 bit 2 bit 1 bit 0
P3DIR (00EH) P33DIR P32DIR P31DIR P30DIR
(W) | | | |
Port 3 input/output setting
0: Input (initial value)
1: Output
e Port4
bit 3 bit 2 bit 1 bit 0
PADIR (010H) P43DIR P42DIR P41DIR P40DIR
(W) | | | |
Port 4 input/output setting
0: Input (initial value)
1: Output
e Port5
bit 3 bit 2 bit 1 bit 0
P5DIR (011H) P53DIR P52DIR P51DIR P50DIR
(W) | | | |
Port 5 input/output setting
0: Input (initial value)
1: Output
* Port 6
bit 3 bit 2 bit 1 bit 0
P6DIR (012H) P63DIR P62DIR P61DIR P60DIR

(RIW)

Port 6 input/output setting

0: Output (initial value)
1: Input
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e Port9
bit 3 bit 2 bit 1 bit 0
PODIR (01EH) P93DIR P92DIR P91DIR P90DIR
(W) | | | |
Port 9 input/output setting |
0: Output (initial value)
1: Input
e Port A
bit 3 bit 2 bit 1 bit 0
PADIR (01FH) PA3DIR PA2DIR PA1DIR PAODIR
(RAW) | | | ]
Port A input/output setting |
0: Output (initial value)
1: Input

ANote:

The initial values of ports 0-5 are "input" and those of ports 6, 9 and A are "output".
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(3) Port0, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Port 9, Port A control registers (POCON,
P1CON, P2CON, P3CON, P4CON, P5CON, P6CON, PO9CON, PACON)

The port 0 control register (POCON), port 1 control register (PLCON), port 2 control register
(P2CON), port 3 control register (P3CON), port 4 control register (P4CON), port 5 control
register (P5CON), port 6 control register (P6CON), port 9 control register (P9CON), and port
A control register (PACON) are 4-bit special function registers (SFRs) used to select port
input/output mode.

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

The output mode may be CMOS output or N-channel open drain output.

* Port 0
bit 3 bit 2 bit 1 bit 0
POCON (013H) PO3CN PO2CN PO1CN POOCN
(R/W)
Port 0.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 0.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 0.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 0.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
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*Port 1
bit 3 bit 2 bit 1 bit 0
P1CON (014H) P13CN P12CN P11CN P10CN
(R/W)
Port 1.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 1.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 1.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 1.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
* Port 2
bit 3 bit 2 bit 1 bit 0
P2CON (015H) P23CN P22CN P21CN P20CN
(R/W)
Port 2.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 2.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 2.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 2.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
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e Port 3
bit 3 bit 2 bit 1 bit 0
P3CON (016H) P33CN P32CN P31CN P30CN
(R/W)
Port 3.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 3.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 3.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial valug) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 3.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
e Port 4
bit 3 bit 2 bit 1 bit 0
PACON (017H) P43CN P42CN P41CN P40CN
(R/W)
Port 4.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 4.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 4.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial valug) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 4.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
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e Port 5
hit 3 bit 2 bit 1 hit 0
PSCON (018H) P53CN P52CN P51CN P50CN
(R/W)
Port 5.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 5.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 5.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 5.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
e Port 6
hit 3 bit 2 bit 1 hit 0
P6CON (019H) P63CN P62CN P61CN P6OCN
(R/W)
Port 6.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 6.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 6.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 6.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
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e Port 9
bit 3 bit 2 bit 1 bit 0
POCON (020H) P93CN P92CN P91CN P9OCN
(R/W)
Port 9.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 9.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 9.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial valug) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port 9.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
e Port A
bit 3 bit 2 bit 1 bit 0
PACON (021H) PA3CN PA2CN PATCN PAOCN
(R/W)
Port A.3 input/output mode select J
Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port A.2 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port A.1 input/output mode select

Input mode Output mode
0: High-impedance input (initial valug) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output

Port A.0 input/output mode select

Input mode Output mode
0: High-impedance input (initial value) 0: CMOS output (initial value)
1: Input with pull-up resistor 1: N-channel open drain output
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(4) Port Mode Registers (P1MOD, P2MOD, P3MOD)

The port 1 mode register (P1MOD), port 2 mode register (P2MOD), and port 3 mode register
(P3MOD) are 4-bit special function registers (SFRs) used to select the secondary functions
and normal port functions of ports 1-3.

Table 8-2 lists the secondary functions of ports 1-3.

Table 8-2 Ports 1-3 Secondary Functions

Secondary L.

Port i Description
function
P1.0 TMOCAP | Timer O capture input
P1.1 TM1CAP | Timer 1 capture input
P1.2 TOCK Timer 0 external clock input
P1.3 T1CK Timer 1 external clock input
P1.0 TMOOVF Timer 0 overflow flag output
P1.1 TM10VF Timer 1 overflow flag output
P2.0 TBCCLK Low-speed oscillation clock output
P2.1 HSCLK High-speed oscillation clock output
P3.0 RXD Serial port receive data input
P3.1 TXC Synchronous clock input/output for serial port transmission
P3.2 RXC Synchronous clock input/output for serial port reception
P3.3 TXD Serial port transmit data output
e Port 1
bit 3 bit 2 bit 1 bit 0

P1MOD (00BH) — — P11MOD P10MOD

(R/W)

Port 1.1 pin function select
0: Input/output function (initial value)

1: Timer 1 overflow flag output (TM10VF) function
(Goes into output mode irrespective of P11DIR)

Port 1.0 pin function select
0: Input/output function (initial value)

1: Timer 0 overflow flag output (TMOOVF) function
(Goes into output mode irrespective of P10DIR)
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e Port 2

bit 3 bit 2 bit 1 bit 0

P2MOD (00DH) — — P21MOD P20MOD
(RAW)

Port 2.1 pin function select
0: Input/output function (initial value)

1: High-speed oscillation clock output (HSCLK)
(Goes into output mode irrespective of P21DIR)

Port 2.0 pin function select
0: Input/output function (initial value)

1: Low-speed oscillation clock output (TBCCLK)
(Goes into output mode irrespective of P20DIR)

e Port 3

bit 3 bit 2 bit 1 bit 0

P3MOD (00FH) P33MOD P32MOD P31MOD P30MOD

(RW)

Port 3.3 pin function select 4|

0: Input/output function (initial value)
1: Serial port transmit data output (TXD)
(Goes into output mode irrespective of P33DIR)

Port 3.2 pin function select
0: Input/output function (initial value)

1: Serial port receive clock input/output (RXC)

(Switching of input/output mode depends on the SRCLK bit of the serial
port receive control register SRCONT, irrespective of the P32DIR value.)

Port 3.1 pin function select
0: Input/output function (initial value)

1: Serial port transmit clock input/output (TXC)

(Switching of input/output mode depends on the STCLK bit of the serial port receive control
register STCON1, irrespective of the P31DIR value.)

Port 3.0 pin function select
0: Input/output function (initial value)
1: Serial port receive data input (RXD)
(Goes into input mode irrespective of P30DIR)
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8.4 Port7 (P7.0-P7.3)
8.4.1 Port 7 Configuration

The ML63512A and ML63514A have Port 7, a 4-bit input-only port.

Figure 8-6 shows the configuration of port 7.

Data bus

| Voo
i
| % :
i

P7.0/CMPIN [} Bo > |
i Voo
|
i |
i f

P7.1/CMPREF [] Bo > |

! Voo
| P7D
| | P7CON
!

P7.2/LDINO [ B > |
i Voo
|
i |
!

P731LDINT [ Bo > |
|
|
' L > CMPIN
| > CMPREF
i LDINO
i Inside the IC LDIN1
—

Figure 8-6 Input-Only Port (Port 7) Configuration

8.4.2 Port 7 Registers

(1) Port 7 Data Register (P7D)

The port 7 data register (P7D) is a 4-bit read-only special function register (SFR) used to read

the pin level of each bit of port 7.

bit 3 bit 2 bit 1

bit 0

P7D (007H) P73 P72 P71

P70

) | | |

Pin levels of each bit of port 7 |

0: "L" level (initial value)
1:"H" level
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(2) Port Control Registers (P7CON)

Port 7 control register (P7CON) is a 4-bit special function register (SFR) that selects pull-up
resistor input or high-impedance input.

bit 3 bit 2 bit 1 bit 0

P7CON (01AH) P73CN P72CN P71CN P70CN
(R/W)

Port 7.3 input mode select 4|

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

Port 7.2 input mode select
0: High-impedance input (initial value)
1: Input with pull-up resistor

Port 7.1 input mode select
0: High-impedance input (initial value)
1: Input with pull-up resistor

Port 7.0 input mode select
0: High-impedance input (initial value)
1: Input with pull-up resistor
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8.4.3 Port 7 Secondary Functions

Port 7 is assigned the following secondary functions:

» Comparator analog input pin (assigned to P7.0)

» Comparator reference voltage input pin (assigned to P7.1)
* Level detector analog input pin (assigned to P7.2 and P7.3)

When using a secondary function, select high-impedance input.
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8.5 Port 8 (P8.0-P8.3)

The ML63512A and ML63514A have Port 8, a 4-bit N-channel open drain output port.
Port 8 enables direct driving of LED.
Power is supplied to port 8 through Vpp (interface power supply).

If port 8 is to be connected to an external device that uses a different power supply, use the
power supply to supply power to Vpp.

ANote:

Be sure to supply power to Vpp,, because Vpp, is separated from the positive power supply
pin (Vpp) of the chip.

8.5.1 Port 8 Configuration

The circuit configuration for port 8 is shown in Figure 8-7.

Data bus

P8.0-P8.3
4 4

——o}—— pap

Vss

Figure 8-7 Output Port (Port 8) Configuration
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8.5.2 Port 8 Registers

(1) Port 8 data register (P8D)

P8D is a 4-bit special function register used to set the output values for port 8.

bit 3 bit 2 bit 1 bit 0

P8D (008H) P83 P82 P81 P80
(A | | | |

Port B output data |

At system reset the port 8 data register (P8D) is set to "OFH". When data is written to the port
8 data register, the actual pin change timing is at the rising edge of the system clock for state
2 of the write instruction.

Figure 8-8 indicates port change timing.

Write instruction

S1 S2

CLK

Port 8 Old data >< New data

Figure 8-8 Port 8 Change Timing
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8.6 External Interrupt
8.6.1 External Interrupt Overview

External interrupts are assigned to port 0 (P0.0—P0.3) as secondary functions. Interrupt
reception disabled, rising edge interrupt, falling edge interrupt, or both rising and falling edges
interrupt can be specified for external interrupt O (assigned to P0.0), external interrupt 1
(assigned to P0.1), external interrupt 2 (assigned to P0.2), and external interrupt 3 (assigned
to P0.3).

Table 8-3 lists the external interrupts.

Table 8-3 List of External Interrupts

. Interrupt vector
Port Interrupt factor [Mnemonic IRQ flag IE flag
address
P0.0/INTO | External interrupt 0 |  XIOINT QxI10 (IRQ0.0) EXIO (IE0.0) 0010H
P0.1/INT1 External interrupt 1 |  XITINT QxI11 (IRQ0.1) EXI1 (IE0.1) 0012H
P0.2/INT2 External interrupt 2 | XI2INT QxI12 (IRQ0.2) EXI2 (IE0.2) 0014H
P0.3/INT3 External interrupt 3 |  XI3INT QxI3 (IRQ0.3) EXI3 (IE0.3) 0016H

Ifarising or falling edge signalis inputto each port when the master interrupt enable flag (MIE)
and each of the interrupt enable flags (EXIO-EXI3) are both set to "1", an interrupt will be
requested to the CPU.

8.6.2 External Interrupt Configuration

Figure 8-9 shows the external interrupt circuit configuration.

Data bus
P0.0 external interrupt signal ———> Egggfggﬂ SAS;:sle(?étréiltTg negigrgﬂ‘ietllllng XIOINT
— — : 2
P0.1 external interrupt signal ———> E(?SS/pbtlﬁE gés;(:)sleéje/tr;sgtrilgnegigrgﬂ?lIng XI1INT
2
P02 etemal gt signel ——>| G0 G Stoton it X2t
P0.3 external interrupt signal ———> Ejg:/pt}giﬂ Sf;fslefgfc'ﬂg negigggﬂ‘ietllllng XI3INT

Figure 8-9 External Interrupt Circuit Configuration
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8.6.3 External Interrupt Control Registers

External interrupt control register 0, 1 (XICONO, XICONL1) are 4-bit special function registers
(SFRs). These registers are used to select interrupt reception disabled, rising edge interrupt,
falling edge interrupt, or both rising and falling edges interrupt for the external interrupts
assigned to port 0 (P0.0-P0.3).

At system reset XICONO and XICON1 are initialized to "0" and enter the interrupt reception
disabled state.

bit 3 bit 2 bit 1 bit 0
XICONO (076H) XI1SEL1 XI1SELO XI0SEL1 XI0SELO

() I

External interrupt 1 select
bit 3 hit 2
0 0 :Reception disabled (initial value)
0 1 :Rising edge interrupt
1 0 :Falling edge interrupt
1 1 : Both edges interrupt

External interrupt O select
bit1 hit 0
0 0 :Reception disabled (initial value)
0 1 :Rising edge interrupt
1 0 :Falling edge interrupt
1 1 :Bothedges interrupt

bit 3, 2: XI1SEL1, XI1SELO

These bits select interrupt reception disabled, rising edge interrupt, falling edge interrupt, or
both rising and falling edges interrupt for external interrupt 1.

bit 1, 0: XIOSEL1, XIOSELO

These bits select interrupt reception disabled, rising edge interrupt, falling edge interrupt, or
both rising and falling edges interrupt for external interrupt 0.
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bit 3 bit 2 bit 1 bit 0
XICON1 (077H) XI3SEL1 XI3SELO XI2SEL1 XI2SELO

() I

External interrupt 3 select
bit 3 bit 2
0 0 :Reception disabled (initial value)
0 1 :Rising edge interrupt
1 0 :Falling edge interrupt
1 1 : Both edges interrupt

External interrupt 2 select
bit 1 bit 0
0 0 :Reception disabled (initial value)
0 1 :Rising edge interrupt
1 0 :Falling edge interrupt
1 1 : Both edges interrupt

bit 3, 2: XI3SEL1, XI3SELO

These bits select interrupt reception disabled, rising edge interrupt, falling edge interrupt, or
both rising and falling edges interrupt for external interrupt 3.

bit 1, 0: XI2SEL1, XI2SELO

These bits select interrupt reception disabled, rising edge interrupt, falling edge interrupt, or
both rising and falling edges interrupt for external interrupt 2.
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Chapter 9 Serial Port (SI10)

9.1 Overview

The ML63512A and ML63514A have a built-in serial communication port (serial port) for
either synchronous or asynchronous communication.

The serial port implements the send and receive circuits in independent circuits, making it
possible to send and receive simultaneously.

The send and receive modes can be UART mode (asynchronous communication mode) or
synchronous mode (synchronous communication mode).

In synchronous mode an internal clock mode generates the shift clock internally, and an
external clock mode receives an external shift clock.

Table 9-1 shows the serial port modes.

Table 9-1 Serial Port Modes

Mode Baud rate
3 | UART mode Can be set to a user-specified value
= with timers 0, 1 (TMO, 1)
& Synchronous Internal clock mode Low-speed clock (30 to 80 kHz)
= mode External clock mode From external clock
= « 2 TBCCLK
& | @ | UART mode « TBCCLK
o *1/2 TBCCLK
3 * Timer 0,1 overflow (16-bit timer mode)
& | Synchronous Internal clock mode Low-speed clock (30 to 80 kHz)
mode External clock mode From external clock

9.2 Serial Port Configuration

Figure 9-1 indicates the serial port configuration.

The serial port consists of the send/receive clock generator circuits, the send/receive control
registers, the buffer registers to store send/receive data, send/receive data transfer shift
registers, and the send/receive status registers.

P3.0/RXD is the send serial data input pin, P3.3/TXD is the send serial data output pin, P3.1/
TXC is the serial send clock I/O pin, and P3.2/RXC is the serial receive clock I/O pin. Set I/
O and secondary functions with the port control registers as needed for each communication
mode.
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9.3 Serial Port Registers

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

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

bit 3 bit 2 bit 1 bit 0

STCONO (0A6H) STSTB STL1 STLO STMOD
(R/W)

|
Stop bit length select

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

Send data length select
bit 2 bit 1 Data length
0 0 : 5 bits (initial value)
0 1:6hits
1 0 : 7hbits
1 1 : 8hits

Send mode selct
0 : UART mode (initial value)
1 : Synchronous mode

bit 3: STSTB (Serial Transmission STop Bit)
This bit specifies stop bit length. Valid only when bit 0 is "0" (UART mode).

bit 2, 1: STL1 (Serial Transmission Length select bit 1),
STLO (Serial Transmission Length select bit 0)
These bits specify the send data length.

bit 0: STMOD (Serial Transmission MODe bit)

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

STCON1 (0A7H) STLMB STPOE STPEN STCLK
(R/W)

LSB/MSB head select 4,

0: Start from LSB (initial value)
1 : Start from MSB

Odd/even parity select
0 : Odd parity (initial value)
1 : Even parity

Parity set
0 : No parity bit (initial value)
1 : Parity bit

Send external/internal clock select
0 : External clock mode (initial value)
1 : Internal clock mode

bit 3: STLMB (Serial Transmission Least significant bit first or Most significant Bit first)
This bit specifies either LSB first or MSB first for send data.

bit 2: STPOE (Serial Transmission Parity Odd or Even number bit)

This bit specifies whether the parity bit is even or odd. Valid only when bit 1 is "1"
(parity bit).

bit 1: STPEN (Serial Transmission Parity ENable bit)

This bit specifies whether or not a parity bit is added.

bit 0: STCLK (Serial Transmission CLocK select bit)

This bit specifies the external/internal send clock for synchronous mode. Valid
only during synchronous mode.
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(2) Send buffer registers (STBUFL, STBUFH)

bit 3 bit 2 bit 1 bit 0

STBUFL (0A4H) T8 T80 81
(AW 3 TBO
bit 3 bit 2 bit 1 bit 0

STBUFH (0A5H) — 185 p—
(R TB4

STBUFL and STBUFH are 4-bit special function registers (SFRs) that set send data for serial
port send operation.

LSB/MSB selection (described later) allows the data send direction (LSB or MSB first) to be
specified. Both STBUFL and STBUFH are initialized to "0" at system reset.

Send operation begins when send data is set to STBUFH. Be sure to set send data to
STBUFL before setting data to STBUFH.

Also set the baud rate and send mode before beginning send operation.

If send operation is already under way when send data is set to STBUFH, send for the new
data begins when the prior send has ended, and at the same time an interrupt request signal
(STINT) is generated. In the STINT interrupt routine the program should first write the send
data to STBUFL and STBUFH to assure no pauses in the send sequence.

(3) Send register

The send register is a shift register that handles the shift operation in send. At system reset
it is cleared to OOH. The send register cannot be directly accessed from the CPU.

The hardware send flow is indicated in Figure 9-2, to explain the timing for transfer of data
from STBUFL/H to the send register.

Firstsetthe send mode and baud rate. When send datais setto STBUFH, the status (SSTAT)
buffer full flag (BFULL) is set to "1", and unless send operation is already under way the
content of STBUFL/H is transferred to the send register and send operation begins. When
send operation begins the BFULL flag is reset to "0", and the next send data can be set to
STBUFL/H.

If prior data send operation is not complete, the send data is held in STBUFL/H until send is
completed. In this case BFULL remains setto "1". When the prior send operation is complete
the send data will be transferred from STBUFL/H to the send register, and send begins.

&Note:

When BFULL is "1" it is possible to set data to STBUFL/H, but prior data set to STBUFL/H
thatis being held there is overwritten and lost. Always set data after verifying that the BFULL
flag is "0".
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( START )

Write send data to
STBUFH ?

Yes

BFULL«"1"

Yes

Sending?

STBUFL/H to send register

BFULL«"0"

Start send

STINT generated

Figure 9-2 Hardware Send Operation Flow
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(4) Receive control registers 0/1 (SRCONO, SRCONL1)

SRCONO and SRCON1 are 4-bit special function registers (SFRs) controlling serial port
receive operation.

SRCONO and SRCON1 are initialized to "0" at system reset.

bit 3 bit 2 bit 1 bit 0

SRCONO (0AAH) SREN SRL1 SRLO SRMOD
(R/W)

Receive disable/enable select J
0 : Receive disable (initial value)
1 : Receive enable

Receive data length select
bit 2 bit 1 Data length
0 0 : 5bits (initial value)

0 1:6hbhits
1 0:7hits
1 1 : 8bits

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

bit 3: SREN (Serial Reception ENable bit)

This bit specifies receive operation disable/enable. After receive is enabled in the
synchronous mode, this bit is reset to "0" after receiving one frame of data. In the
UART mode it does not change.

bit 2, 1: SRL1 (Serial Reception Length select bit 1),
SRLO (Serial Reception Length select bit 0)

These bits specify the receive data length.

bit 0: SRMOD (Serial Reception MODe bit)

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

SRCON1 (0ABH) SRLMB SRPOE SRPEN SRCLK
(R/W)

LSB/MSB head select 4’

0 : Start at LSB (initial value)
1: Start at MSB

Odd/even parity select
0: 0dd parity (initial value)
1 : Even parity

Parity set
0 : No parity bit (initial value)
1 : Parity bit

Receive external/internal clock select
0 : External clock mode (initial value)
1 : Internal clock mode

bit 3: SRLMB (Serial Reception Least significant bit first or Most significant Bit first)
This bit specifies either LSB first or MSB first for receive data.

bit 2: SRPOE (Serial Reception Parity Odd or Even number bit)

This bit specifies whether the parity bit is even or odd. Valid only when bit 1 is "1"
(parity bit).

bit 1: SRPEN (Serial Reception Parity ENable bit)

This bit specifies whether or not a parity bit is added.

bit 0: SRCLK (Serial Reception CLocK select bit)

This bit specifies the external/internal receive clock for synchronous mode. Valid
only during synchronous mode.
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(5) Receive register

The receive register is the shift register that handles shift operation at receive. Itis initialized
to O0H at system reset. It cannot be directly accessed by the CPU. When a receive operation
is complete, the data read into the receive register is transferred to SRBUFL/H, and at the
same time the receive interrupt request signal (SRINT) is generated.

(6) Receive buffer registers (SRBUFL, SRBUFH)

bit 3 bit 2 bit 1 bit 0

SRBUFL (OA8H) RB3 RB2 RB1 RBO
(R)

bit 3 bit 2 bit 1 bit 0

SRBUFH (0A9H) RB7 RB6 RB5 RB4
(R)

SRBUFL and SRBUFH are 4-bit special function registers (SFRs) used to hold the received
data in serial port reception. SRBUFL and SRBUFH are initialized to "0" at system reset.

Whenreceive operation is completed the contents of the receive register are sentto SRBUFL/
H, and the receive interrupt request (SRINT) is generated. The contents of SRBUFL/H are
held until the next receive operation is completed.

If data from a prior receive operation is in SRBUFL/H and new data is received, an overrun
error will result. When an overrun error is generated, new received data cannot be loaded into
SRBUFL/H.
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(7) Receive baud rate set register (SRBRT)
SRBRT is a 4-bit special function register (SFR) used to set the receive baud rate for serial
port receive operation in UART mode.

SRBRT is initialized to OCH at system reset.

bit 3 bit 2 bit 1 bit 0
SRBRT (0ACH) — — BRT1 BRTO

(RIW)
\—'—/

Receive baud rate set
bit 1 bit 0 Baud rate
0 0 : 2TBCCLK (initial value)
0 1 : TBCCLK
1 0 : 1/2TBCCLK
1 1 : Timer0, 1 overflow (16-bit timer mode)

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

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

SSTAT is a 4-bit special function register (SFR) used to indicate the status of serial port send/
receive.

SSTAT is initialized to "0" at system reset.

SSTAT is a read-only register, and the content is reset every time it is read.

bit 3 bit 2 bit 1 bit 0

SSTAT E%*DH) BFULL PERR OERR FERR

Send buffer status flag 4’

0 : Send buffer empty (initial value)
1: Send buffer full

Parity error flag
0: No parity error (initial value)
1 : Parity error

Overrun flag
0: No overrun error (initial value)

1: Overrun error

Framing error
0: No framing error (initial value)

1 : Framing error

bit 3: BFULL (send Buffer FULL flag)

This bitis enabled in both UART and synchronous modes, and is setto "1" when
send data is set to STBUFL/H in the send mode, and reset to "0" when the send
data is transferred to the send register.

When BFULL is setto "1" and send data is set (written) to STBUFL/H, the previous
data set to those registers is overwritten and lost. Always set data only after
verifying that the BFULL flag is "0".

bit 2: PERR (Parity ERRor flag)

This bit is enabled in both UART and synchronous modes, and is setto "1" when
the parity for the received data does not match the parity bit attached to the data.

bit 1: OERR (Overrun ERRor flag)

This bit is enabled in both UART and synchronous modes, and is setto "1" when
data reception is completed and the data received the previous time has still not
been transferred to the CPU. In this case, the new data cannot be transferred to
SRBUFL/H.

bit 0: FERR (Framing ERRor flag)
Thisis only enabled in the UART mode and is setto "1" in the following instances.
(1) when a "1" is detected in start bit sampling
(2) when a "0" is detected in stop bit sampling

In either case a receive interrupt request signal (SRINT) is generated.
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9.4 Serial Port Operation Description

9.4.1 Data Format
(1) UART mode
The data format for the UART mode is shown in Figure 9-3.
SRCONO0/1 and STCONO/1 can be set to specify a data bit length of 5 to 8 bits.
The parity bit can be enabled/disabled. If enabled it can be setto even or odd. Stop
bit length can be set to 1 or 2 bits.
The combination of these parameters gives a range of from 7 to 12 bits for send/
receive data frames.
L 1 frame —
< =1
Start Parity | Stop Stop
bit 1 2 3 4 5 6 7 8 bit bit bit
Data bit
¢ 1 frame « Data bit length: 5 to 8 bits, variable
MAX -+ 12 bits * Parity bit: enable/disable
MIN oo 7 bits Odd/even select

« Stop bits: 1 or 2 stop bits select
Figure 9-3 UART Mode Data Format

(2) Synchronous mode
The data format for the UART mode is shown in Figure 9-4.

SRCONO0/1 and STCONO/1 can be set to specify a data bit length of 5 to 8 bits.
The parity bit can be enabled/disabled, and if enabled can be set to even or odd.

The combination of these parameters gives a range of from 5 to 9 bits for send/
receive data frames.

L 1 frame
<= =1

Parity

Data bit
1 frame * Data bit length: 5 to 8 bits, variable
MAX -eexe- 9 bits * Parity bit: enable/disable
MIN <o 5 bits Odd/even select

Figure 9-4 Synchronous Mode Data Format
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9.4.2 Send Operation Description

The serial port send circuit has a two-stage configuration. This consists of the send register
and the send buffer register (STBUFL/H), so itis possible to set send data to STBUFL/H while
sending the previous data. When the serial status flag is (SSTAT) BFULL flag is "1", however,
it indicates that STBUFL/H send data has not yet been transferred to the send register.
Always verify that the BFULL flag is "0" before transferring data.

(1) UART mode

The UART mode is specified by setting STMOD (bit 0 of STCONO) to "0". Figure
9-5 is the UART mode send timing chart. The UART mode send procedure is
described below. The send baud rate is set first, then the timer, and then the send
format (data bit length, parity bit, etc.) in STCONO, STCON1. The TM1INT signal
supplied from timer O, 1 is the baud rate clock.

® Set send data to STBUFL/H.

® The send data is transferred from STBUFL/H to the send register, and send
operation begins. At the same time generate the serial port send interrupt
request (STINT) is generated.

© Verify that BFULL = "0", then set the next send data to STBUFL/H.

©® When send operation is complete, the send data setto STBUFL/H is transferred
to the send register, and send operation begins. At the same time the serial port
send interrupt request (STINT) is generated.

Repeat operation © the required number of times.
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(2) Synchronous internal clock mode

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

Figure 9-6 is the send timing chart for the synchronous internal clock mode.
The synchronous internal clock send procedure is described below.

First the send format (data bit length, parity bit, etc.) is set to STCONO and
STCONL.

® Set send data to STBUFL/H.

® The send data is transferred from STBUFL/H to the send register, and send
operation begins. At the same time the interrupt request signal (STINT) is
generated.

© Check that BFULL ="0", then set the next send data to STBUFL/H.

® When the send operation is complete, the send data set to STBUFL/H is
transferred to the send register, and the send operation begins. At the same
time, the serial port send interrupt signal (STINT) is generated.

Repeat step © the required number of times.

In the synchronous internal clock mode the send baud rate is fixed at the crystal
oscillation frequency, that is, the frequency of the time base clock (TBCCLK).

After datais setto STBUFH, the send clock (TXCO) generates between 2 and 3.5
clocks of the TBCCLK source, and a send operation starts.
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(3) Synchronous external clock mode

The synchronous external clock mode is selected by setting STMOD (bit O of
STCONO) to "1", and STCLK (bit 0 of STCONL1) to "0".

Figure 9-7 is the send timing chart for the synchronous external clock mode.
The synchronous external clock send procedure is described below.
First setthe send format (data bitlength, parity bit, etc.) to STCONO and STCONL1.

® Set send data to STBUFL/H.

®The send data is transferred from STBUFL/H to the send register, and at the
same time the interrupt request signal (STINT) is generated.

©Send operation is started by the send shift clock (TXCI).
®Check that BFULL = "0", then set the next send data to STBUFL/H.

®When the send operation is complete, the send data set to STBUFL/H is
transferred to the send register. At the same time, the serial port send interrupt
signal (STINT) is generated.

Repeat step @ the required number of times.

In the synchronous external clock mode the send baud rate is determined by the
input shift clock (TXCI).

To send data continuously, keep an interval of at least 3.5 clocks of TBCCLK for
one frame of clocked (TXCI) send data.
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9.4.3 Receive Operation Description

(1) UART mode

The UART mode is specified by setting SRMOD (bit 0 of SRCONO) to "0". Figure
9-8 is the UART mode receive timing chart. The UART mode receive procedure
is described below.

First set the receive baud rate in the receive baud rate set register (SRBRT).
Supported baud rates for UART mode receive are 2 TBCCLK, TBCCLK, 1/2
TBCCLK, and Timer 0/1 overflow (16-bit timer mode).

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

®Set SREN (bit 3 of SRCONO) to "1" to enable receive.

®At the negative edge of the receive data (RXD) start bit, receive operation will
start.

©Receive operation ends.

If a framing or overrun error occurs the FERR or OERR flag of the status register
(SSTAT) will be setto "1".

O®Received data is transferred to SRBUFL/H.
If a parity error occurs, the PERR flag of the status register (SSTAT) issetto"1".

®The serial port receive interrupt request (SRINT) is generated.

Receive data is received until receive is disabled (SREN ="0"). When receive
is ended, reset the receive enable/disable flag (SREN) to "0".

The receive data sampling clock (SRSMPL) is based on the low-speed clock
supply, not on the high-speed clock. This allows receive operations to be
executed while in the energy-saving mode.
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(2) Synchronous internal clock mode

The synchronous internal clock mode is selected by setting SRMOD (bit 0 of
SRCONO) to "1" and SRCLK (bit 0 of SRCONZ1) to "1".

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

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

® Set SREN (bit 3 of SRCONO) to "1" (receive enable).

After 3to 4 BRTC clock cycles later the receive shift clock (RXCO) is generated,
and the receive operation starts.

(The shift clock is supplied from the P3.2/RXC pin.)

© Atthe positive edge of RXCO the data received from the P3.0/RXD pin is written
to the receive register.

©@ Receive operation ends.

If an overrun error occurs the OERR flag in status register (SSTAT) is setto "1".
® Received data is transferred to SRBUFL/H.

If a parity error occurs, the PERR flag of status register (SSTAT) is set to "1".
® The serial port receive interrupt request signal (SRINT) is generated.
® At the negative edge of SRINT, SREN is reset to "0".

Repeat step @ the required number of times. In the synchronous internal clock
mode the receive baud rate is fixed to TBCCLK.
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(3) Synchronous external clock mode

The synchronous external clock mode is selected by setting SRMOD (bit O of
SRCONO) to "1" and SRCLK (bit 0 of SRCONZ1) to "0".

Figure 9-10 is the receive timing chart for the synchronous external clock mode.
The synchronous external clock receive procedure is indicated below.

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

® Set SREN (bit 3 of SRCONO) to "1" (receive enable).

® At the positive edge of the receive shift clock input through P3.2/RXC pin, the
receive data from P3.0/RXD pin is written to the receive register.

©Receive operation ends.

If an overrun error occurs the OERR flag in status register (SSTAT) is setto "1".
O®Received data is transferred to SRBUFL/H.

If a parity error occurs, the PERR flag of status register (SSTAT) is set to "1".

® The serial port receive interrupt request signal (SRINT) is generated.
®At the negative edge of SRINT, SREN is reset to "0".

Repeat step @ the required number of times.

In the synchronous external clock mode the receive baud rate is determined by
the external clock (RXCI). Allow at least five clocks of TBCCLK between the time
thereceiveis enabled (SREN ="1") and the time the external clock (RXCI) isinput.
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9.5 Send/Receive Data LSB/MSB First Select

Either LSB first or MSB first for send can be selected by setting STLMB (bit 3 of STCONL1).
Either LSB first or MSB first for receive can be selected by setting SRLMB (bit 3 of SRCONL1).

9.5.1 Selecting Send Data LSB/MSB First

Set STLMB (bit 3 of STCONZ1) to "0" to select LSB first for send.

The correspondence between LSB first send data and the send buffer register bit is shown
in Figure 9-11. In this case, the LSB is TBO (bit 0 of STBUFL)

Set STLMB to "1" to send the MSB first.

The correspondence between MSB first send data and the send buffer register bit is shown
in Figure 9-12. In this case, the MSB is TB7 (bit 3 of STBUFH).

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

8 7 6 5 4 3 2 1

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

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

6 bits TB5 | TB4 | TB3 | TB2 | TB1 | TBO
5 4 3 2 1

5 bits TB4 TB3 | TB2 TB1 TBO

Figure 9-11 Correspondence Between LSB First Send Data and Send Buffer Register

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

B ity TBO | TB1 | TB2 | TB3 | TB4 | TB5 | TB6 | TB7

7 bits TB1 | TB2 | TB3 | TB4 | TBS | TB6 | TB7

6 bits TB2 | TB3 | TB4 | TB5 | TB6 | TB7

5 4 3 2 1
5 bits TB3 | TB4 | TBS | TB6 | TB7

Figure 9-12 Correspondence Between MSB First Send Data and Send Buffer Register
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9.5.2 Selecting Receive Data LSB/MSB First

When the LSB is first in receive data, set SRLMB (bit 3 of SRCONL1) to "0".
If the MSB is first, set SRLMB to "1".

The correspondence between receive data and SRBUFL/H bits for LSB first receive is shown
in Figure 9-13, and for MSB first receive in Figure 9-14.

[Receive data length] (Receive first) <:I Receive direction
1 2 3 4 5 6 7 8
8 it oo RBO | RB1 RB2 | RB3 | RB4 | RB5 | RB6 | RB7
1 2 3 4 5 6 7
) RB7 not fixed
7 it oo RBO | RB1 RB2 | RB3 | RB4 | RB5 | RB6 | . . .
in this case
1 2 3 4 5 6
RB6, RB7 not fixed
B it oreeeeeree s RBO | RB1 RB2 | RB3 | RB4 | RB5 | . . .
in this case
1 2 3 4 5

RB5, RB6, RB7 not fixed
in this case

R RBO | RB1 | RB2 | RB3 | RB4

Figure 9-13 Correspondence Between LSB First Receive Data and Receive Buffer Register

[Receive data length] (Receive first) <:I Receive direction
1 2 3 4 5 6 7 8
B bty < RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO
1 2 3 4 5 & 71 .
Tty RB7 | RBG6 | RBs | RB4 | RB3 | RB2 | Rt | oo notfied
in this case
1 2 3 4 5 6
) RBO, RB1 not fixed
B bitg s RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | . '
in this case
1 2 3 4 5
B Dt s RB7 | RB6 | RB5 | RB4 | RB3 | D0 RBT.RBZnotfixed
in this case

Figure 9-14 Correspondence Between MSB First Receive Data and Receive Buffer Register
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Chapter 10 Melody Driver (MELODY)

10.1 Overview

The ML63512A and ML63514A contain an internal melody circuit and buzzer circuit.

While automatically reading melody data in ROM (program memory) as specified by an MSA
instruction, the melody circuit outputs a melody signal via the MD pin.

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 pin.

Melody output is a higher priority operation than buzzer output.

10.2 Melody Driver Configuration

The melody driver configuration is shown in Figure 10-1.

Melody data request Melody data

T i 14
Melody end interrupt

SN
request Melody circuit M

Buzzer circuit

MSA instruction —————=

4 4
TEMPO MDCON
4 4
Data bus S S
<—
Inside the IC

Figure 10-1 Melody Driver Configuration
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10.3 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
(RA) | | | ]
Melody tempo select |
bit 3 bit 2 bit1 bit 0
0 0 0 0:J=480(inital value)
0 0 0 1:J)=480
0 0 1 0:J=320
0 0 1 1:J)=240
0 1 0 0:J=192
0 1 0 1:J=160
0 1 1 0:J=137
0 1 1 1:J)=120
10 0 0:J=107
1 0 0 1:J=9
10 1 0:J=87
10 1 1:J=80
11 0 0:J)=74
11 0 1:J)=69
11 1 0:J)=64
11 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) ]
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 MSF to "0" during melody output will forcibly stop the melody output. Once
melody output is forcibly stopped, the melody output cannot be restarted from the
address where it is stopped.
At system reset, MSF is cleared to "0".

ANote:

When stopping melody output forcibly by setting MSF (Bit 3 of MDCON) to "0", it is required
to set the stop address on the ROM table to the end-data address (8000H). Set MSF to "0"
after writing the melody end data that consists of two words of melody (silence with the END
bit set to "1") data. If these are not described in programming, melody output may not be
stopped even if MSF is set to "0". Example programming is shown below.

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

DI ; 0. Disable master interrupt.

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 words of melody data so that a melody will always be terminated even if a
melody ;*request is issued twice.
MDSTOP_DATA:
DwW  8000H ; Silence data 1
DwW  8000H ; Silence data 2

rkkkkkkkkkkkkkkkkkhkhkkkhkkk
)

The Development Support System (Dr.63514 Emulator) differs from the IC in actual
operation: In the Dr.63514 Emulator, melody output will be stopped only by setting MSF to
"0"; writing melody end data is not needed.

bit 2: EMBD
This bit turns the buzzer output ON or OFF.
At system reset, EMBD is cleared to "0" and buzzer output is turned OFF.
In the single tone output mode, setting EMBD to "1" turns ON the buzzer output.
After the second falling edge of the 32 Hz output, EMBD is cleared to "0" and
buzzer output is turned OFF.
If melody output is started during buzzer output, EMBD is cleared to "0" and the
buzzer output is turned OFF.
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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 10-2 shows the output waveforms of the melody driver output pins.

Cycle specified by tone code

MD output

Output state \|/ No output state\l/ Output state
=1 =1

Figure 10-2 Output Waveforms of Melody Driver Output Pins

10.4 Melody Circuit Operation

After the melody tempo is setin the tempo register (TEMPO), 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. Melody output can be stopped
forcibly by setting MSF to "0" during melody output. To enable this operation, describe a
program in accordance with the Note items on page 10-3. Once melody output is forcibly
stopped, the melody output cannot be restarted from the address where it is stopped.
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10.4.1 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 10-1.

Table 10-1 Melody Tempo

(Low-speed clock = 32.768 kHz)

TEMPO
TP3-0| TP3 | TP2 | TP1 | TPO Tempo
H| o /| o | o] o J -0
M| o] o | o] 1 J -4
H| o | o | 1] 0 J -3
Ml o | o | 1| 1 J - 240
Mo | 1] 0 o J =12
sl o | 1 0| 1 J =160
6H| o | 1 | 1] o J =13
HL o | 1] 1] 1 J =120
g 1| o | o o J =107
M1 |0 | o1 ) =%
M o1 o |1 ] o J =®
BH | 1 | o | 1 | 1 J -®
CH| 1 1 10/ o ) -
DH | 1 | 1 | 0 | 1 J =69
EH | 1 | 1| 1| o0 J 64
M| 1 |1 |1 ] 1 J =60
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10.4.2 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 10-3.

bit 15 bit 14 bit 13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bitd5 bit4 bit3 bit2 bit1 bit0
END| —*| L5 | L4 | L3 | L2 | L1 | LO| —"| N6 | N5 | N4 | N3 | N2| NT | NO

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

Figure 10-3 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:

%Hz (where N is an integer from 4 to 127, TBCCLK is Low-speed
(N+2) clock frequency)

The relation between N and tone code bits is:
N = 26N6 + 25N5 + 24N4 + 23N3 + 22N2 + 21N1 + 2°No

If N6 through N2 are all set to "0", there is no melody output for the time specified
by the tone length code. Values for N1 and NO are irrelevant.

Table 10-2 indicates the relations between tones and tone codes.

Table 10-2 Tone and Tone Code Correspondence

(Low-speed clock = 32.768 kHz)

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
F 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
Al 886 1 0 0 1 0 0 0 48H
Ais' 936 1 0 0 0 1 0 0 44H
B 993 1 0 0 0 0 0 0 40H
c2 1057 0 1 1 1 1 0 0 3CH
Cis? 1111 0 1 1 1 0 0 1 39H
D2 1192 0 1 1 0 1 0 1 35H
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Table 10-2 Tone and Tone Code Correspondence (continued)
(Low-speed clock = 32.768 kHz)

Tone Frequency Tone code
(Hz) 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
P2 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
c3 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
£ 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 setin melody data bits 13 through 8. Table 10-3 indicates the relation
between tone length and tone length code (L5 to LO). The tone length that is set during
execution of the MSA instruction is shorter by approximately 1 to 3 ms. When all bits are "0",
the tone length is the minimum tone length (the same as setting only LO to "1").
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Table 10-3 Tone Length and Tone Length Code Correspondence

Tone Tone length code
length | | 5 L4 13 L2 L1 Lo L5-0
1 1 1 1 1 1 3FH
o
1 0 1 1 1 1 9FH
o
0 1 1 1 1 1 1FH
@
'b 0 1 0 1 1 1 17H
} 0 0 1 1 1 1 OFH
'R 0 0 1 0 1 1 0BH
ﬁ 0 0 0 1 1 1 07H
ﬁ 0 0 0 1 0 1 05H
ﬁ 0 0 0 0 1 1 03H
ﬁ 0 0 0 0 1 0 02H
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:

64

——— X (TP+1) x (L+1) ms (where TP is an integer from 1 to 15, and L is
TBCCLK

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+ 2%4 + 2313 + 2212 + 2111 + 20L0

(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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10.4.3 Melody Circuit Application Example

An example melody is shown in Figure 10-4.

Table 10-4 lists the note codes for the melody shown in Figure 10-4.

=120

I, N N |

¢ YN e |

T O TN & 1

I
\J
Figure 10-4 Example Melody
Table 10-4 Note Code Table
Note code
Note 15114 1312 |11 {10 | 9 8 7 6 5 4 3 2 1 0 Hex
END|—*| L5 | L4 | L3 | L2 | L1 |LO|—*|N6|N5|N4|[N3|N2|NI|NO

J. & 0|01 0| 1 1 1 1 0|01 0| 1 0| 0| O |2F28H
‘P D {ojolo|O0 |1 |1 /11|00 |1]1]0|1]0]1 |OF35H
'b G2 00001 1 1 1 0011 0|1 0| 0| O |OF28H
«7 — 0o/, 0] 0|00 1 1 1 0,00, 0|0 0] 0] 0 [0O700H
ﬁ D? 0 0 0 0 0 1 1 1 0 0 1 1 0 1 0 1 | 0735H
J\ G2 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 | OF28H
7 — 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 | 0700H
’R A 0|0 j0]0]0O 1 1 1 0|01 0,01 0|1 1 |0723H
f B 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 | 3F1FH
CJ G2 1 0 1 1 1 1 1 1 0 0 1 0 1 0 0 0 | BF28H

* Bits 14 and 7 may be "0" or "1", but in this example they are shown as "0".

10-9



ML63512A/514A User's Manual
Chapter 10 Melody Driver (MELODY)

10.5 Buzzer Circuit Operation

When EMBD (bit 2 of MDCON) is setto "1", a buzzer driver signal is sent to the melody driver
output pin (MD).
Four buzzer output modes can be selected by MBM1 (bit 1 of MDCON) and MBMO (bit O of

MDCON): two types of intermittent tones, a single tone, or a continuous tone output. The
buzzer output frequency is 1/8 TBCCLK (4 kHz @ 32.768 kHz) and has a 50% duty ratio.

In the intermittent tone 1 mode, a waveform synchronized to the 1/4096 TBCCLK (8 Hz @
32.768 kHz) output of the time base counter is output.

In the intermittent tone 2 mode, a waveform synchronized to the logical AND of 1/4096
TBCCLK (8 Hz @ 32.768 kHz) signal output and a "L" level of 1/32768 TBCCLK (1 Hz @
32.768 kHz) signal of the time base counter is output.

In the single tone mode, output starts in synchronization with the rising edge of EMBD. At
the second falling edge of the 1/1024 TBCCLK (32 Hz @ 32.768 kHz) 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 10-5 shows the output waveforms of each mode. Shaded sections indicate the 1/8
TBCCLK (4 kHz @ 32.768 kHz) output frequency.
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EMBD

8 Hz

ON
Output MD OFF

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

EMBD
8 Hz S e e e Y e e O e s O e O O e O e B
1Hz | [ [

O —
Ouput D 1. EEEN

(b) MBM1 =0, MBM0 =1 (intermittent tone 2)

EMBD | L
32 Hz

f ot

0
Output MD

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

EMBD -

o I
Output MD OFF

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

Figure 10-5 Buzzer Driver Output Waveforms in Each Output Mode
(Low-speed clock = 32.768 kHz)
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Chapter 11 Level Detector

11.1 Overview

The ML63512A and ML63514A have one built-in level detector circuit that converts the input
voltage into a level in one of 12 stages.

The voltage applied to the input pin is compared with 12 reference voltages in the level
detector, and the value in the range of 0 to 11 corresponding to the matching reference
voltage is converted into a 4-bit code and output to the register LDOUT (level detector output
register).

The measurable voltage range is the power supply voltage range (between Vpp and Vgg) as
indicated below.

Major Features:
Input voltage range: Vpp to Vgg
Conversion time: approx. 183 us (@ 32.768 kHz)
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11.2 Level Detector Configuration

The level detector consists of the input detecting section and the voltage comparing section.

The level detector configuration is shown in Figure 11-1.

‘L": During an OFF level input
"H": During an ON level input

i

I Voo | :

i | Smaller Comparator folrinpu'[I .

I I resistance level detection | [ Ladder resistor :

P REF | Vpp ;

i .Larger VO N

+ | resistance Vi [ :

:'___\lss_ I I E

i | a
P7.2/LDINOC—Q__ ;
P7.3/LDINT [0 ] ;

i i 4 4

i , —  LDOUT

i : . i

H % (:E ' H H

! 32|38 = : :

! 22|23  LDSTART! : i

| T % |

| MPX/ :

: LDCON \MPX/ :

! ! Vss :

! e s !

|

| Data bus

|

Inside the IC Interrupt generation MOV LDSET, A instruction

signal

Figure 11-1 Level Detector Configuration
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11.3 Level Detector Registers

The following three registers are used for controlling the level detector.

e Level detector control register (LDCON)
e Level detector output register (LDOUT)
e Level detector operation register (LDSET)

Explanation of each register follows.

(1) Level detector control register (LDCON)

LDCON is a4-bitspecial function register (SFR) that controls the starting and stopping of level
detector operation. This register is reset to "OH" at the time of a system reset.

The following controls can be carried out using LDCON.

e It is possible to stop both the input level detecting section and the voltage
comparing section when the level detector is not being used. This prevents
unnecessary increase in supply current.

e Itis possible to select bit 2 (P7.2/LDINO) or bit 3 (P7.3/LDIN1) of Port 7 as the
level input pin.
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bit 3 bit 2 bit 1 bit 0
LDCON (04AH) [ LDSTART | LDSAMP LDPCHG LDON

(R/W)
Voltage comparing section start flag

0: When stopped or the OFF level is input (initial value)
1: When the ON level is input

Input level detection timing selection flag
0: Normally detect (initial value)
1: Detect at every 1/512 TBC (64 Hz @ 32.768 kHz)

Input pin selection flag
0: LDINO (input of P7.2 secondary function)
1: LDIN1 (input of P7.3 secondary function)

Level detector activation flag
0: Stop (initial value)
1: Start operation

bit 3: LDSTART (Level Detector START)
This bit becomes "1" when an ON level is input to the selected level detector input
pin if the input level detecting section of the level detector is operating, and
becomes "0" when an OFF level is input. This LDSTART flag can be used by the
user program as a status flag for sensing the start of operation of the voltage
comparing section. This is a read-only flag.

bit 2: LDSAMP (Level Detector SAMPIing clock)
This is the bit for selecting the sampling mode of the level detector input level
detecting section. When LDSAMP is set to "1", the sampling mode will be the 1/
512 TBC sampling mode in which the input level detection is made at every 512
time base clocks (64 Hz @ 32.768 kHz). When LDSAMP is set to "0", the input
level detecting section enters the constant sampling mode.

bit 1: LDPCHG (Level Detector Port CHanGe)
This is the bit for selecting the input pin for the level detector. When LDPCHG is
set to "0", bit 2 of the input port 7 (P7.2) is selected as the secondary function.
When LDPCHG is set to "1", bit 3 of the input port 7 (P7.3) is selected as the
secondary function.

bit 0: LDON (Level Detector ON)
This bit starts and stops the level detector operation. The level detector starts the
operation when this bit is set to "1" and stops the operation when "0".
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(2) Level detector output register (LDOUT)

This is a read-only special function register (SFR) used for storing the 4-bit code of the
comparison result that corresponds to the input level. This register is initialized to "OFH" at
the time of a system reset.

bit 3 bit 2 bit 1 bit 0

LDouT (04522; LDO3 LDO2 LDO1 LDOO
| | | |

4-bit level detector converted value

(3) Level detector operation register (LDSET)

LDSET is aregister that writes the 4-bit code corresponding to the input level in LDOUT. The
voltage comparison is started when the write instruction is executed when LDON is "1".

The value "OFH" is read out when a read instruction is executed.

bit 3 bit 2 bit 1 bit 0

LDSET (049H) — — — —
W)
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11.3.1 Input Levels and Output Codes

The level detector input levels and the corresponding LDOUT outputs are shown in Table
11.1.

Table 11-1 Input Levels and Output Codes

(Vpp=0.91t0 1.8 V: When backup is used, Vpp = 1.8 t0 3.5 V: When backup is not used ; Vgg
=0V, Ta=-20to +70°C)

Input level [V] Level detector LDOUT

Min. Max. operation state bit 3 | bit2 | bit1 | bit 0
1440/1500 x Vpp Vbp OFF state 1 1 1 1
1306/1500 x Vpp 1366/1500 x Vpp 1 0 1 1
1190/1500 x Vpp 1250/1500 x Vpp 1 0 1 0
1074/1500 x Vpp 1134/1500 x Vpp 1 0 0 1
958/1500 x Vpp 1018/1500 x Vpp 1 0 0 0
842/1500 x Vpp 902/1500 x Vpp 0 1 1 1
726/1500 x Vpp 786/1500 x Vpp 0 1 1 0

ON state

610/1500 x Vpp 670/1500 x Vpp 0 1 0 1
494/1500 x Vpp 554/1500 x Vpp 0 1 0 0
378/1500 x Vpp 438/1500 x Vpp 0 0 1 1
262/1500 x Vpp 322/1500 x Vpp 0 0 1 0
146/1500 x Vpp 206/1500 x Vpp 0 0 0 1
Vss 88/1500 x Vpp 0 0 0 0
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11.4 Level Detector Operation

(1) Stopping the level detector (initial state after a system reset)

The level detector stops the operation and goes into the following statuses when LDON (bit
0 of LDCON) is set to "0".

1. The input level detecting section stops its operations.

2. LDSTART becomes"0". Thisisolates the ladder resistor generating the reference voltage
in the voltage comparing section.

3. If LDOUT is read at this time, the value will be "OFH".

Also, ifthe input level is the OFF level immediately after starting the sampling in the input level
detecting section, the operation of the voltage comparing section is stopped and the contents
of LDOUT will be set forcibly to "OFH".

(2) Operation of the input level detecting section

To start the operation of the input level detecting section, set LDON (bit 0 of LDCON) to "1"
after setting the input port (P7.2 or P7.3) and setting the sampling mode.

e Setting the input port
In order to use the level detector, specify the level detector analog input pin
function by enabling the secondary function (LDINO or LDIN1) of bit 2 or bit 3 of
port 7.
In addition, set the selected port (P7.2 or P7.3) as a high impedance input.

» Setting the sampling mode

e When LDSAMP = "0": Constant sampling mode
When LDSAMP is set to "0", the input level detecting section goes into the
constant sampling mode in which the sampling is constantly performed at a fixed
rate (183 pus only during the first time and 214 us during the second and
subsequent samplings).

*  When LDSAMP ="1": 1/512 TBC sampling mode
When LDSAMP is setto "1", the input level detecting section starts sampling the
level of the voltage input to the input pin in synchronization with the 1/512 TBC
signal. (This becomes a 64 Hz sampling operation when the clock frequency
is 32.768 kHz.)

e Starting the sampling
The operation of the input level detecting section starts when LDON is setto "1".
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ANote:

Since all the three flags LDSAMP, LDPCHG, and LDON are present in the same
register, care should be taken during programming.

When manipulating these flags individually using the set bit instruction or the reset
bit instruction, always make sure to set the LDSAMP and LDPCHG first before
setting LDON. In some cases, an OR instruction is used to set them at one time.

The input level detecting section carries out the operations a or b given below depending on
the input level.

a. When the input level is the OFF level: The operation of the voltage comparing section is
stopped.

1. LDSTART (bit 3 of LDCON) becomes "0".

2. The ladder resistor generating the reference voltage in the voltage comparing section
is isolated.

3. The value "OFH" is read when the LDOUT register is read at this time.

b. When the input level is the ON level: The voltage comparing section is operating.
1. Aninterrupt request is generated when LDSTART becomes "1".

2. The ladder resistor generating the reference voltage in the voltage comparing section
is connected.

3. Thevoltage comparing section goes into the standby state. However, the level detector
does not output the detected value to LDOUT unless a write instruction (MOV
instruction) is executed for LDSET. Therefore, the correct value cannot be read even
if LDOUT is read unless a write instruction is executed first.

The operation timings of the input level detecting section are shown in Figures 11-2 and 11-
3.
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Figure 11-2 Input Level Detecting Section Operation Timing

(Constant Sampling Mode)
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Figure 11-3 Input Level Detecting Section Operation Timing
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(3) Operation of the voltage comparing section

1. When the input level detecting section carries out the operations described in paragraph
(2) above and LDSTART (bit 3 of LDCON) becomes "1", the voltage comparing section
goes into the standby state.

2. Inthis condition, if a write instruction (MOV instruction) is executed for LDSET, the voltage
input via the input level detecting section is compared with the reference voltage. This
operation requires approx. 183 us (when the low-speed clock frequency is 32.768 kHz).

3. When the comparison operation is completed, the voltage comparing section writes the
value (0 to 0BH) corresponding to the matched reference voltage in the register LDOUT.

4. Next, the detection result can be obtained by reading the LDOUT register by the program.

ANote:

In the above procedure, a waiting period of approx. 183 us is required between step 2 and
step 3 (when the low-speed clock frequency is 32.768 kHz). Therefore, make an appropriate
wait time setting by the program.

Figure 11-4 shows the operation timing of the voltage comparing section.

32.768 kHz

Low-speed clock

(TBCCLK)

Level detector operation
(LDSET) write signal

~

Level detector start signal

Level detector reference
voltage sampling signal

approx.'183 us

Level detector
comparison signal

Level detector output

I
[
I
I
I
1
|
. 1
store signal |

/

-

Figure 11-4 Voltage Comparing Section Operation Timing
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(4) On programming
The level detector control program contains two wait time factors:

1. Thetime after LDON is setto"1" until the input level detecting section detects whether the
input level is an ON level or an OFF level.

» Constant sampling mode: Firsttime = approx. 183 us, second and subsequent
times = approx. 214 us

e 1/512 TBC mode: approx. 183 us

2. Thetime afterwriting the LDSET flag until the processing by the voltage comparing section
is completed and the result is written to LDOUT.

e approx. 183 us

The sequence of operations of processing by the program is as follows.

a. Based on the appropriate port setting and sampling mode setting, the operation of the
input level detecting section is started.

b. The timer processing described in item 1 above is made, and the program waits until the
input level detecting section completes making the judgment of the input level.

c. The check of whether or not LDSTART has been setto "1" is made. If LDSTART is "0",
an OFF level input is judged to have been made and the processing is terminated.

d. IfLDSTART is"1", an instruction for writing the appropriate value in LDSET is executed,
thereby starting the processing by the voltage comparing section.

e. The timer processing described in item 2 above is made, and the program waits for the
voltage comparing section operation to end.

f. The detection result is obtained by reading LDOUT.

ANote:

The following attention should be given to the timer operations in step b and step e above.

The level detector uses the low-speed clock TBCCLK as the basic operating clock.
Irrespective of whether the system clock is a high-speed clock or a low-speed clock, the level
detector operates atthe low-speed clock TBCCLK. Therefore, care should be taken because
the parameters such as the number of NOP operations or the loop count in software timer
operations using multiple NOP operations or loop counting of instructions can be completely
different depending on whether the system clock is a high-speed clock or a low-speed clock.
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An example of a recommended program is shown below.
* When the system clock is a low-speed clock

MOV A, #0001B ; Select LDINO. Make this value "0010B" when selecting LDIN1.
MOV LDCON, A ; Start input level detecting section operation.

NOP ;

NOP ;

NOP ;

MOV LDSET, A ; Start input level detecting section operation.

NOP ;61 us x4 =244 us

NOP ;

NOP ;

MOV A, LDOUT ;

« When the system clock is a high-speed clock

MOV A, #0001B ; Select LDINO. Make this value "0010B" when selecting LDIN1.
MOV LDCON, A ; Start input level detecting section operation.
MOV A, #1000B

LEVEL_INPUT_00:

MTSTLDCON, A

BNE LEVEL_INPUT_00

MOV LDSET, A ; Start input level detecting section operation.
CAL WAIT_183US ; 183 us WAIT

MOV A, LDOUT ;

*hkkkkkkkkhkkhkkkkhkk *kk *kkkkkhkkkkhkk *kk *kkkkkhkkkkhkk

During a 1 MHz high-speed clock operation
1MC=2ups

Thetime duration becomeslonger than 183 usifaninterrupt
inputis made during this waiting period; however, itdoes not
affect the input.

*hkkkkkkkkhkkhkkkkhkk *k%k *kkkkkhkkkkhkk *kk *kkkkkhkkkkhkk

WAIT_183US:

MOV H, #0DH
MOV L, #2H ; Use the register L as a counter.

WAIT_183US_1:

INCB HL
BGT WAIT_183US_1; 2*9 + 16*2*2 = 82 MC/2 us*82 = 164 us
RT
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Chapter 12 Comparator (CMP)

12.1 Overview

The ML63512A and ML63514A have one built-in comparator circuit. This comparator takes
the inputatthe pin CMPREF (secondary function of P7.1) as the reference voltage and carries
out voltage comparison of that voltage and the input voltage at the pin CMPIN (secondary
function of P7.0), and stores the result of comparison in CMPOUT (bit 0 of CMPCON).

Major Features:
Input voltage range: Vpp to Vgg
Offset voltage: 50 mV max. (Vpp =1.5V)
Comparison time: approx. 183 us (@ 32.768 kHz)

12.2 Comparator Configuration

The comparator configuration is shown in Figure 12-1.

| VppH Data bus
|
P7.0/CMPIN I;Ii h | —
P7.1/CMPREF [ }———— = |
' ’anparator output
| = ; — CMPCON
: Vss store signal | read signal
s ||t Ly L e
Comparison signal Control circuit ‘g;stfersrllgt?lilck
(CLK)

Figure 12-1 Comparator Configuration
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12.3 Comparator Register

The following register is used for controlling the comparator.
(1) Comparator control register (CMPCON)

Explanation of this register follows.

(1) Comparator control register (CMPCON)

CMPCON is a 4-bit special function register (SFR) used for controlling the comparator and
reading the result of comparison. This register is reset to "OEH" at the time of a system reset.

bit 3 bit 2 bit 1 bit 0
CMPCON (04CH) _ _ —
(RAW) CMPOUT

Comparison result read
0: CMPIN < CMPREF (Initial value)
1: CMPIN > CMPREF

bit 0: CMPOUT (CoMPare data OUTput bit)
CMPOUT is the bit for reading the result of comparison.
The comparator starts the comparison operation when data is written to the
CMPCON register.
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12.4 Comparator Operation

(1) Stopping the comparator

The comparator stops the comparison operation at the same time that it stores the result of
comparison in CMPOUT.

(2) Starting the comparator and comparison operations

To start the comparator operation, make first the setting of the input port (P7.0 and P7.1) and
then write to CMPCON.

Setting the input port

In order to use the comparator, specify the comparator analog input pin and the
reference voltage input pin by enabling the secondary functions (CMPIN and
CMPREF) of bit 0 and bit 1. In addition, set each of these ports (P7.0 and P7.1)
as high impedance inputs.

Writing to CMPCON (starting the comparator)

When any value in the range of 0 to OFH is written to the register CMPCON, the
comparator starts the operation of comparing the voltages input at the CMPREF
pin (secondary function of P7.1) and at the CMPIN pin (secondary function of
P7.0).

Comparison operation and storage of the result of comparison
The result of comparison is stored automatically in the flag CMPOUT at the end
of the comparison operation.

When CMPIN < CMPREF, CMPOUT will be "0".
When CMPIN > CMPREF, CMPOUT will be "1".

A time duration equal to 6 TBCCLK (approx. 183 us @ 32.768 kHz) will be
required from starting the comparison operation until the comparison result is
stored in CMPOUT.

Figure 12-2 shows the operation timing of the comparator.
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32.768 kHz

Low-speed clock
(TBCCLK)

CMPCON write signal

Comparator start signal

Reference voltage
sampling signal

Comparison signal

D---F----=-=-=-----}-}F-=-=--

Comparator output
store signal

Figure 12-2 Comparator Operation Timing

ANote:

A waiting period of 6 TBCCLK (approx. 183 us @ 32.768 kHz) is required after executing a
CMPCON register write operation before the comparison result is read from CMPOUT.
Therefore, make an appropriate wait time setting by the program. If the wait time is not
sufficientor if CMPOUT is read without writing to CMPCON, the previous comparison content
of CMPOUT will be read.

The value of CMPOUT will be "0" when read for the first time after a system reset.
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(3) On programming
The control program for the comparator contains the following wait time factor:

e Time taken from writing to CMPCON until the voltage comparison operation is
completed and the comparison result is stored in CMPOUT:

6 TBCCLK (approx. 183 us @ 32.768 kHz)

An example of a recommended program is shown below.

* When the system clock is a low-speed clock
MOV CMPCON, A | ; Comparator operation started

NOP

NOP Comparator operation duration: approx. 183 us
MOV A, 0001B

MTST CMPCON, A ; Verification of comparison result from the comparator
BNE xxx ; CMPOUT =1 CMPIN > CMPREF

; CMPOUT =0 CMPIN < CMPREF
« When the system clock is a high-speed clock
MOV CMPCON, A ; Comparator operation started
Comparator operation duration: approx. 183 us
MTST CMPCON, A ; Verification of comparison result from the comparator

BNE xxx ; CMPOUT =1 CMPIN > CMPREF
; CMPOUT =0 CMPIN < CMPREF
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Chapter 13 Backup Circuit (BACKUP)

13.1 Overview
The ML63512A and ML63514A contain a voltage backup circuit that doubles the power
supply voltage. The backup circuit is used when the power supply voltage is 1.8 V or less.

By operating the backup circuit, the CPU can be run even when the power supply voltage is
0.9 V.

The voltage boosted by the backup circuit is supplied as Vppn to the constant voltage circuit
and to the high-speed oscillation circuit.

The constant voltage circuit generates Vpp, (voltage for internal logic).

Depending upon whether the backup circuitis ON or OFF, the following voltages are supplied
to Vppn (voltage supplied to the constant voltage circuit and high-speed oscillation circuit).

e When backup circuit is ON

Voltage that is doubled by the backup circuit
* When backup circuit is OFF

Power supply voltage

Power supply specifications are determined depending upon whether the backup circuit is
used.

When backup circuit is used eeeVpp= 09t01.8V

When backup circuitis notused ¢ ¢ ¢ Vpp= 1.8 to 3.5 V (When Level detector or
Comparator is used.)

Vpp = 1.8t0 5.5V (When Level detector and
Comparator are not used.)
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13.2 Power Supply Circuit Configuration
13.2.1 Power Supply Circuit Configuration When Backup Circuit is Used

Figure 13-1 shows the power supply circuit configuration when the backup circuit is used.

To use the backup circuit, connect a capacitor (Cp12) between the CB1 and CB2 pins, or
connect a capacitor (Cp) between Vppy and Vss.

In addition, at the beginning of the program, set the backup select bit BACKUP (bit O of
BUPCON) to "1". The backup select bit is described in a later section.

— | ~_VopH ;
| KI/ ;
091018V | 5
- | VoD !
¢ | ;

', CB1 !

C L ; Backup

e O CB2 circuit ;

; Constant voltage ;

Cy | fi\VDDL I_6 circuit
= ~ High-speed  ——() 0SC1

; oscillation

circuit _Q 0SCo

. Insidethe IC

Figure 13-1 Power Supply Circuit Configuration When Backup Circuit is Used

ANotes:

» In systems that use the backup circuit, connect an external capacitor (Cp12)
between the CB1 and CB2 pins.

» The backup circuit cannot be switched ON/OFF once operation has begun.
Design peripheral circuits such as external capacitor Cp, to meet the ON/OFF
specification of the backup circuit.
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13.2.2 Power Supply Circuit Configuration When Backup Circuit is Not Used

Figure 13-2 shows the power supply circuit configuration when the backup circuit is not used.

When the backup circuit is not used, leave pins CB1 and CB2 unconnected (open) and
connect Vppy to Vpp.

In addition, at the beginning of the program, set the later described backup select bit
(BACKUP) to "0". (At system reset BACKUP is "1".)

If BACKUP is "1", the backup circuit will operate and supply current will increase.

1.8t035V
(When Level detector or Comparator is used)
1.8t05.5V
(When Level detector and Comparator are not used)
" VppH
A VoD
b a
O CB1 !
Backup !
Open i o '
', CB2 circuit i
: Constant voltage ;
'—CLl | VoL ’_é circuit |
! b High-speed  |——() 0SC1
: oscillation :
circuit ——() 0SC0
A Vss _ !
v Inside the IC

Figure 13-2 Power Supply Circuit Configuration When Backup Circuit is Not Used

ANote:

e The backup circuit cannot be switched ON/OFF once operation has begun.
Design peripheral circuits such as external capacitor Cp1» to meet the ON/OFF
specification of the backup circuit.
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13.3 Backup Circuit Register

» Backup control register (BUPCON)

BUPCON is a 4-bit special function register (SFR) that sets the backup circuit ON or OFF.

bit 3 bit 2 bit 1 bit 0
BUPCON (095H) [ — | — — | BACKUP |
(R/W)

Backup release
0: Backup circuit OFF

1: Backup circuit ON (initial value)

bit 0: BACKUP
At system reset, BACKUP is set to "1" and the backup function is turned ON.

To release (turn OFF) the backup circuit, clear the BACKUP bit to "0" to stop the
switching operation for boosting the voltage.
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13.4 Power Supply Circuit Operation

When the backup circuit is used, the Vppy output is forcibly switched to the Vpp level while
the time base counter is reset (RESETO0 ="1"). Approximately 62.5 ms after system reset is
released, the backup circuit is turned ON, and the Vppy output is boosted to twice the Vpp
level. When the backup circuitis turned OFF, the Vpp outputimmediately returns to the Vpp
level.

When the backup circuit is not used, externally connect the Vppn output to the Vpp pin.

The Vpp| outputis forcibly switched to the Vpp level while the time base counter is reset, and
changesto approximately 1.5V immediately after resetisreleased. If ENOSC (bit 1 of FCON)
issetto "1", the Vpp, output switches to the Vppp level. If ENOSC is cleared to "0", the Vpp,
output returns to approximately 1.5 V.

Start of
high-speed oscillation Backup circuit OFF
CPU start \ Stop high-speed oscillation \

counter reset)

RESETO (time base l
s

i Approx 125 m

RESETS
(system reset)

52%1252?]"0‘;'?;&—;@ 7 kHz////////////////////////////

Approx 62. 5 ms
!

BACKUP

ENOSC

VpoH

Vo D

I
1
I
I
1
I
I
I
1
I
L
I
1
I
I
I
1
i
D
I
1
I
I
1

Approx. Vpp Ib< 2

Y/ VpoH

1 Approx. 1.5V 4 Approx. 1.5V

VpoL /] Vpp

Figure 13-3 Power Supply Circuit Operation Waveforms

(When a 32.768 kHz crystal is used for low-speed clock oscillation)
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Appendix A List of Special Function Registers

The Special Function Registers of the ML63512A and ML63514A are listed in Table A.

Table A Special Function Register List

Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit 0 R/W | at fgsset:m
Port 0 data register POD 000H P03 P02 PO1 P00 R | Undefined
Port 1 data register P1D 001H P13 P12 P11 P10 R | Undefined
Port 2 data register P2D 002H P23 P22 P21 P20 R/W | Undefined
Port 3 data register P3D 003H P33 P32 P31 P30 R/W | Undefined
Port 4 data register P4D 004H P43 P42 P41 P40 R/W | Undefined
Port 5 data register P5D 005H P53 P52 P51 P50 R/W | Undefined
Port 6 data register P6D 006H P63 P62 P61 P60 R/W | Undefined
Port 7 data register P7D 007H P73 P72 P71 P70 R Undefined
Port 8 data register P8D 008H P83 P82 P81 P80 R/W OFH
Port 0 direction register PODIR 009H PO3DIR P02DIR PO1DIR POODIR | R/W OH
Port 1 direction register P1DIR 00AH P13DIR P12DIR P11DIR P10DIR | R/W OH
Port 1 mode register P1MOD 00BH — — P11MOD P10MOD | R/W 0CH
Port 2 direction register P2DIR 00CH P23DIR P22DIR P21DIR P20DIR | R/W OH
Port 2 mode register P2MOD 00DH — — P21MOD P20MOD | R/W 0CH
Port 3 direction register P3DIR 00EH P33DIR P32DIR P31DIR P30DIR | R/W OH
Port 3 mode register P3MOD 00FH P33MOD P32M0OD P31MOD P30MOD | R/W OH
Port 4 direction register P4DIR 010H P43DIR P42DIR P41DIR P40DIR | R/W OH
Port 5 direction register P5DIR 011H P53DIR P52DIR P51DIR P50DIR | R/W OH
Port 6 direction register P6DIR 012H P63DIR P62DIR P61DIR P60DIR | R/W OH
Port 0 control register POCON 013H PO3CN P0O2CN PO1CN POOCN R/W OH
Port 1 control register P1CON 014H P13CN P12CN P11CN P10CN R/W OH
Port 2 control register P2CON 015H P23CN P22CN P21CN P20CN R/W OH
Port 3 control register P3CON 016H P33CN P32CN P31CN P30CN R/W OH
Port 4 control register P4CON 017H P43CN P42CN P41CN P40CN R/W OH
Port 5 control register P5CON 018H P53CN P52CN P51CN P50CN R/W OH
Port 6 control register P6CON 019H P63CN P62CN P61CN P60CN R/W OH
Port 7 control register P7CON 01AH P73CN P72CN P71CN P70CN R/W OH
Reserved 01BH
Port 9 data register P9D 01CH P93 P92 P91 P90 R/W | Undefined
Port A data register PAD 01DH PA3 PA2 PA1 PAO R/W | Undefined
Port 9 direction register PIDIR 01EH P93DIR P92DIR P91DIR P90DIR | R/W OH
Port A direction register PADIR 01FH PA3DIR PA2DIR PA1DIR PAODIR | R/W OH
Port 9 control register P9CON 020H P93CN P92CN P91CN P90CN R/W OH
Port A control register PACON 021H PA3CN PA2CN PA1CN PAOCN R/W 0H
022H
Reserved to
02FH
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Table A Special Function Register List (continued)

Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit 0 R/W | at fg:éfm

030H
Reserved to

047H
Level detector output register LDOUT 048H LD0O3 LD02 LDO1 LDOO R OFH
Level detector operation register LDSET 049H — — — — w —
Level detector control register LDCON 04AH LDSTART | LDSAMP LDPCHG LDON R/W OH
Reserved 04BH
Comparator control register CMPCON 04CH — — — CMPOUT | R'W OEH

04DH
Reserved to

04FH
Interrupt enable register 0 [1=0] 050H EXI3 EXI2 EXI1 EXIO R/W OH
Interrupt enable register 1 IE1 051H EST ESR ETMA1 ETMO R/W OH
Interrupt enable register 2 IE2 052H ETBC14 ETBC13 ETBC11 ETBC10 | R/W OH
Interrupt enable register 3 IE3 053H - — ELD EMD R/W OCH
Reserved 054H
Interrupt request register 0 IRQO 055H QXI3 QX12 Qaxn QXI0 R/W OH
Interrupt request register 1 IRQ1 056H QST QSR QTMA1 QTMO R/W OH
Interrupt request register 2 IRQ2 057H QTBC14 QTBC13 QTBC11 QTBC10 | R/W OH
Interrupt request register 3 IRQ3 058H — — QLD QmMD R/W 0CH

059H
Reserved to

05FH
Time base counter register 0 TBCRO 060H TBC7 TBC6 TBC5 TBC4 R/W OH
Time base counter register 1 TBCR1 061H TBC11 TBC10 TBC9 TBC8 R/W OH
Time base counter register 2 TBCR2 062H TBC15 TBC14 TBC13 TBC12 R/W OH
Frequency control register FCON 063H — — ENOSC CPUCLK | R/W OCH

064H
Reserved to

067H
Timer 0 data register L TMODL 068H TOD3 T0D2 TOD1 TODO R/W OH
Timer 0 data register H TMODH 069H TOD7 TOD6 TOD5 TOD4 R/W OH
Timer 1 data register L TM1DL 06AH T1D3 T1D2 T1D1 T1DO R/W OH
Timer 1 data register H TM1DH 06BH T1D7 T1D6 T1D5 T1D4 R/W OH
Timer 0 counter register L TMOCL 06CH TOC3 T0C2 TOCA1 T0CO 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 T1C4 R/W OH
Timer 0 control register 0 TMOCONO 070H — FMEASO | TMOECAP | TMORUN | R/W 8H
Timer 0 control register 1 TMOCON1 071H — TMOCL2 TMOCL1 TMOCLO | R/W 8H
Timer 1 control register 0 TM1CONO 072H — — TM1ECAP | TM1RUN | R/W 0CH
Timer 1 control register 1 TM1CON1 073H — TM1CL2 TM1CL1 TM1CLO | R/W 8H
Timer 0 status register TMOSTAT 074H — — TMOCAP TMOOVF R 0CH
Timer 1 status register TM1STAT 075H — — TM1CAP TM10VF R 0CH
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Table A Special Function Register List (continued)
Initial value
Register name Symbol | Address bit 3 bit 2 bit 1 bit 0 R/W | at fgsset:m
External interrupt control register 0 XICONO 076H XI1SEL1 XISELO XIOSEL1 XIOSELO | R/W OH
External interrupt control register 1 XICON1 077H XI3SELA1 XI3SELO XI2SELA1 XI2SELO | R/W OH
078H
Reserved to
094H
Backup control register BUPCON 095H — — — BACKUP | R/W OFH
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
0A3H
Serial port send buffer L STBUFL 0A4H TB3 TB2 TB1 TBO RW OH
Serial port send buffer H STBUFH 0A5H TB7 TB6 TB5 TB4 R/W OH
Serial port send control register 0 STCONO 0A6H STSTB STL1 STLO STMOD | R/W OH
Serial port send control register 1 STCONA1 0A7H STLMB STPOE STPEN STCLK R/W OH
Serial port receive buffer L SRBUFL 0A8H RB3 RB2 RB1 RBO R OH
Serial port receive buffer H SRBUFH 0A9H RB7 RB6 RB5 RB4 R OH
Serial port receive control register 0 SRCONO 0AAH SREN SRL1 SRLO SRMOD | R/W OH
Serial port receive control register 1 SRCON1 0ABH SRLMB SRPOE SRPEN SRCLK R/W OH
Serial port receive control register SRBRT OACH — — BRT1 BRTO R/W 0CH
Serial port stauts register SSTAT 0ADH BFULL PERR OERR FERR R OH
OAEH
Reserved to
OF1H
RA register 0 RAO OF2H a3 a2 al a0 R/W OH
RA register 1 RA1 OF3H a7 a6 ab a4 R/W OH
RA register 2 RA2 OF4H a1 al0 a9 a8 R/W OH
RA register 3 RA3 OF5H ald al4 al3 al2 R/W OH
Register stack pointer RSP OF6H rsp3 rsp2 rspi rsp0 R/W OH
Stack pointer SP OF7H sp3 sp2 spi sp0 R OH
Reserved OF8H
Y register Y OF9H y3 y2 yi y0 R/W OH
X register X OFAH x3 x2 x1 x0 R/W OH
L register L OFBH 13 12 11 10 R/W OH
H register H OFCH h3 h2 h1 ho R/W OH
Current bank register CBR OFDH c3 c2 ci c0 R/W OH
Extra bank register EBR OFEH e3 e2 el e0 R/W OH
Master interrupt enable flag register MIEF OFFH — — — MIE R OEH

Appendix-3



ML63512A/514A User's Manual
Appendix B

Appendix B Package Dimensions

ML63512A-xxxTB
ML63514A-xxxTB

(Unit : mm)
TQFP48-P-0707-0.50-K |
gu— LTI L
—T— i | .
——) 0
g S fo ] 5
ol &  —— ]
Q2 1 |
2o ] -
 —— 1
 —— 1
 —— 1
:l:l@ 1.0+ 0.2
5 o
< o
ELEEEEEE) ¥ @L
INDEX MARK ® g | -10°
Mirror finish 0.75TYP. 0.22 2E @57 1 S’c-»ﬁl\yo ©
047:005 § S T 05:0.2
....................... S 06TYP.
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 0.13 TYP.

Figure B-1 48-Pin TQFP (TQFP48-P-0707-0.50-K)

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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ML63512A-xxXTP
ML63514A-xxxTP
(Unit : mm)
TQFP64-P-1010-0.50-K
, ®
AARAAAAAAAAARARA
z O
33| =
SE.
@=
@HHHHH L[ LLL
INDEX MARK 18
Mirror s | >5 yp. 0.22 %% 570 2 E
- ﬁ" 1 NO%O"
0.17+ 0.05 i
§ T 0.5TYP,
& 0.6: 0.15
SEATING PLANE
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 0.26 TYP.

Figure B-2 64-Pin TQFP (TQFP64-P-1010-0.50-K)

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 Electrical Characteristics

Absolute Maximum Ratings

(Vss=0V)

Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vpp Ta=25°C —0.3t0 +5.8 v
Power Supply Voltage 2 Vppi Ta=25°C —0.31t0 +5.8 Y
Power Supply Voltage 3 VppH Ta=25°C —0.3t0 +5.8 v
Power Supply Voltage 4 VppL Ta=25°C -0.310+5.8 v
Input Voltage 1 Vind Vpp Input, Ta = 25°C -0.3t0o Vpp+0.3 v
Input Voltage 2 Vine Vppi Input, Ta = 25°C —0.3t0 Vpp;+ 0.3 V
Output Voltage 1 VouTi Vpp Output, Ta = 25°C -0.3to Vpp+0.3 V
Output Voltage 2 Vourz Vppi Output, Ta = 25°C -0.3to Vpp+ 0.3 v
Output Voltage 3 VouTs Vppn Output, Ta = 25°C —0.3to Vppy+ 0.3 V
Storage Temperature TsTg — -55t0 +150 °C
Power Dissipation Pp Ta=25°C 15 mW
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Appendix C
Recommended Operating Conditions
* When backup is used
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — —201t0 +70 °C
Vop — 09t01.8 v
Operating Voltage
berating Voltag Voo _ 091035 v
Crystal Oscillation Frequency fxr — 30to 80 kHz
Low-Speed RC Oscillator ; R 15 MQ 39 4309 W
= 1. i ()
Frequency CRL CRL z
Exteral High-Speed RC R Vpp=091t0 1.8V 100 to 300 kQ
Oscillator Resistance CRH pp =0-210 1. 0
» When backup is not used
(Vss =0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — -20to +70 °C
— 1.8103.5
v When Level detector and
Operating Voltage oo 1.8t05.5 V
Comparator are not used
Vool — 1.8t05.5
Crystal Oscillation Frequency fxr — 301to 80 kHz
Low-Speed RC Oscillator ( R 15MQ 25 £30% "
= +
Frequency CRL CRL = - =97 z
External High-Speed RC R v 181055 V 30 10 300 Q
Oscillator Resistance CRH op =1.810 5. 0
Vop=22t055V kto 1M
Ceramic Oscillation Frequency fom Db 059 300kto Hz
Vpp=27t055V 200k to 2M
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Appendix C

DC Characteristics

* When backup is used

(Vop=Vpp1=1.5V, Vgg =0V, Ta=-20 to +70°C unless otherwise specified)

Mea-
Parameter |Symbol Condition Min. | Typ. | Max. |Unit |suring
Circuit
CPU is in HALT state | Ta =25°C 48 | 53 | 5.8
Supply Current 1| Ippy |High-speed oscillation stop|Ta=—-20t0+50°C| — | 53 | 9.0 | pA
Level detector stop Ta=-20to+70°C| — | 53 | 15.0
CPU operating Ta=25°C 12 13 14
Supply Current 2| Ipp2 |High-speed oscillation stop|Ta =-20to +50°C | — 13 16 | pA
Level detector stop Ta=-20t0 +70°C | — 13 24
CPU operating at low speed 1
High-speed oscillation stop
Supply Current 3| Ipps Level detector active — | 10 ] 35 | pA
(for a soft duty of about 3%)
CPU operating at high speed
Supply Current4| Ippsg High-speed RC oscillation — | 550 | 750 | pA

Rcry = 100 kQ

* When backup is not used

(Vop =Vpp1=3.0V, Vss =0V, Ta=-20 to +70°C unless otherwise specified)

Mea-
Parameter [Symbol Condition Min. | Typ. | Max. |Unit |suring
Circuit
CPUisin HALT state  |Ta=25°C 21 | 24 | 27
Supply Current 1| Ippy |High-speed oscillation stop|Ta=-20t0+50°C| — | 24 | 7.0 | pA
Level detector stop Ta=-20t0+70°C| — | 24 | 10.0
CPU operating Ta=25°C 5 6 7
Supply Current 2| Ippo |High-speed oscillation stop| Ta = —20 to +50°C | — 6 9 uA
Level detector stop Ta=-20t0+70°C | — 6 15
CPU operating at low speed
High-speed oscillation stop
Supply Current 3| Ippg Level detector active — | 8| |1
(for a soft duty of about 3%)
CPU operating at high speed
Supply Current 4| Ipp4 High-speed RC oscillation — | 410 | 550 | pA
Rcry = 100 kQ
CPU operating at high speed
Supply Current 5| Ipps High-speed ceramic oscillation — | 850 | 1000 | uA

(ceramic oscillation, 2 MHz)
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DC Characteristics (continued)
(Vop=Vppi=1.5V, Vgs =0V, Ta=-20to +70°C unless otherwise specified)

Parameter . . . | Mea-
. Symbol Condition Min. | Typ. | Max. |Unit suring
(Pin Name) Circuit
High-speed clock sto
gisp P 28 | — 30|V
Vpp=1.5V
VppH Voltage VboH , —
High-speed clock oscillation 5 v
(RC oscillation, Rgry = 100 k)
High-speed clock stop 10 15|20 | V
VppL Voltage Voo ) P
High-speed clock oscillation 20 | — | 27 |V
Crystal Oscillation Start
i Vsta | Oscillation start time: within 5 seconds| 1.2 | — | — | V
Voltage
Crystal Oscillation Hold
v VioLo — 09| — — | v
Voltage
External Crystal Oscillator
) Cg — 5 — | 25 | pF
Capacitance
Internal Crystal Oscillator 1
) Cp — 20 | 25 30 | pF
Capacitance
Internal Low-Speed RC
. ) Cxr — 10 | 15 20 | pF
Oscillator Capacitance
Internal High-Speed RC
. g p. Cos — 8 12 | 16 | pF
Oscillator Capacitance
Input Pin Capacitance
(P0.0 to P0.3)
(P1.0to P1.3)
: Cin — — — 5 pF
(P7.0to P7.3)
(P9.0 to P9.3)
(PA.0 to PA.3)
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Appendix C

DC Characteristics (continued)

(Vpp=Vppi=1.5V,Vss =0V, Ta=-20to +70°C unless otherwise specified)

Parameter . . _ | Mea-
. Symbol Condition Min. | Typ. | Max. |Unit|suring
(Pin Name) Circuit
Output Current 1 Vpp=15V —25(-13|-02 | mA
(P0.0to P0.3) lowt |Vort = Vop =05V | Vpp=3.0V 6.0 | -35|-1.0 | mA
(P1.0t0 P1.3) ot |Vout =Vpp—0. op=3. . . :
: Vpp=5.0V -85 |-50|-15| mA
(P6.0 to P6.3) Vop=15V 02 | 13 | 25 | mA
(P9.0 to P9.3) ) .
(PA.O to PA3) lot1 [Vor1=05V Vpp=3.0V 1 3 6 mA
(MD) Vpp=5.0V 15 37 | 85 | mA
OUtpUt Current 2 lOHZZ V0H2 = VDD — — 1 MA
(P8.0 to P8.3) Vppi=15V 30 | 75 | 14.0 | mA
lor2 [Vor2=05V Vpopi=3.0V 6 12 20 | mA
Vppi=5.0V 8 15 28 | mA
Output Current 3 | y y 05V Vpp=Vppy=3.0V | 25| -15 | -0.2 | mA
(0SC1) OH3R [YOH3R = ¥DDH == ¥y o = VopH =5.0V | —3.5 | —1.8 | -05 | mA )
| y 05V Vpp=Vppy=3.0V | 02 | 1.5 | 25 | mA
OLSR TOL3R =7 Voo =Voo =50V | 05 | 1.8 | 35 | mA
| y y 05V Vpp=Vppy=3.0V | =300 | -160 | =60 | uA
OH3C [HOHSC = ¥DDH = /0 = Vippi = 5.0 V | —400 | 240 | -100 | pA
Vpp=Vppy=3.0V | 60 | 170 | 300 | uA
loLsc Vorsc=0.5V
Vpp=VppH=5.0V | 100 | 210 | 400 | pA
Output Leakage
(P0.0 to P0.3)
(P1.01to P13) loon Vor = Voo — T T A
(P6.0 o P6.3)
(P8.0 to P8.3)
(P9.0 to P9.3) looL VoL =Vss -1 | — | — | pA
(PA.0 to PA.3)
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DC Characteristics (continued)

(Vop=Vpp1=1.5V,Vgs =0V, Ta=-20to +70°C unless otherwise specified)

Parameter . . . | Mea-
. Symbol Condition Min. | Typ. | Max. | Unit |suring
(Pin Name) Circuit

Input Current 1 liv1u |Vint = Vpp (when pulled up) — | — 1 uA
(P0.0 to P0.3) V=15V 8| 4 | 1| uA

(P1.0to P1.3) ViLy = Vss = ;
. liL1u Vpp=3.0V 60 | =30 | <10 | pA

; (when pulled up)
(P7.0t0 P7.3) Vpp=5.0V —150 | —90 | —23 | pA
(P9.0 to P9.3) ~ . I —
(PAO 1o PA3) i1z | Vi1 = Vpp (in a high-impedance state) 1 HA
lit1z |ViL1 = Vss (in a high-impedance state) -1 — — | pA
Input Current 2 i |Vinz = Vop — | — ] 1 |pA
(RESETB) Vop=15V 45| 20 | -2 | pA
| 2=Vss Vop=3.0V 260|120 | ~30 | wA
L2 | (when pulled up) b= = it B ~ a 3

Vpp=5.0V -870-300| =70 | pA
Input Current 3 | VL3 = Vss Vpp=Vppy=3.0V | =350 |-170 | =30 | pA
(0SC0) '3 (when pulled up) | Vop = Voor = 5.0V | =750 | 450 | -200 | pA
liHar |ViH3 = VbpH — | — ] 1 |uA
lisr |ViLs = Vss -1 | — | — | pA
Input Current 4 liva |\Vinga = Vop — — | 01 | pA
(TST1B, TST2B) Vpp=15V -120| -60 | —10 | pA
g | a=Vss Vop =30V 600 | ~350 | ~100 | pA

L4 | (when pulled up) b=~ il B - K
Vpp=5.0V -1320| =770 | 220 | pA
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Appendix C

DC Characteristics (continued)

(Voo =Vppi=1.5V,Vss =0V, Ta=-20to +70°C unless otherwise specified)

Parameter » . .. | Mea-
. Symbol Condition Min. | Typ. | Max. | Unit |suring
(Pin Name) Circuit
Input Voltage 1 Vpp=15V 12| — |15 |V
(P0.0 to P0.3) Vit |Vpp=3.0V 24 | — | 30 |V
(P1.0to P1.3)
5 Vpp=5.0V 4| — | 5 |V
(P7.0 to P7.3) Vop=15V 0| — 03|V
(P9.0 to P9.3) . —
PAO 10 PA) Viy |Vpp=3.0V 0 06 | Vv
Vpp=5.0V 0 — 1 v
Input Voltage 2 v Vop=Vppy=3.0V 24 | — | 30 |V
(0SC0) "2 \/op = Voo = 5.0 V 4 | — ] 5 v
Vpp=Vppy=3.0V 0 — [ 06 |V
Vi
Vpp = VppH=5.0V 0 — 1 v
Input Voltage 3 Vpp=15V 135 — | 150 | V
(RESETB) Vg |Vpp=3.0V 24| — |30 |V | 4
(TST1B, TST2B) Vpp=5.0V 4 _ 5 Y]
Vpp=15V 0 — (015 | V
Viis [Vpp=3.0V 0 — [ 06 |V
Vpp=5.0V 0 — 1 V
Hysteresis Width
(P0.0 to P0.3) Vop=15V 005/010|030 | V
(P1.0to P1.3)
(P7.0to P7.3) AVT [Vpp=3.0V 02| 05|10 |V
(P9.0 to P9.3)
(PA.0 to PA.3)
(RESETB) Voo =5.0V 025 |1.00 | 150 | v
(TST1B, TST2B)
Hysteresis width
Input Signal AVT Voo
Vss
Internal Signal VpoL
Vss
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Appendix C
Measuring circuit 1
D O——|XT0
*1 CB1
(2 O——| XT1 C
b12
3 O——|0SC0o CcB2 —-,
*2
(& O——| 0SCH
Vss  Vpp Voo VpoH VobL
J_r Ch Ci
Cg . 15 pF
Cp12, Ch : 1 uF
C : 0.1 uF
Ceramic Resonator : CSA2.00MG (2 MHz)
CSB1000J (1 MHz)
(Murata MFG.-make)
CrLo - 30 pF
Cq . 30 pF
*1 *2
RC oscillator RC oscillator
(Internal capacitor used)
@® ®
ReRL RcrH
@ @

Crystal oscillator

Cg
T
I

Ceramic oscillator

Cuo
I @
Cy F Ceramic resonator
rl oa
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Appendix C

Measuring circuit 2

Vig O—=

*3

V)L O—»

INPUT

Measuring circuit 3

*5

INPUT

*4
_O_
|
|
|
OUTPUT | |
L ®
0
Vss \T jim VJDfH VJDiL T
*3 Input logic circuit to determine the specified measuring conditions.
*4 Measured at the specified output pins.
—0O
|
|
|
OUTPUT :
:
5
Vss Voo Voo Voow  VooL

L L1
I T T 7
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Appendix C
Measuring circuit 4
Vi O—= O
i —©
|
! I
5 | | | INPUT outpuT| | Waveform
! . Monitoring
| i
|
ViL O— :

Vss

Vop Voo Voon Voo

Ll L]
[ T T 7

*5 Measured at the specified input pins.
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AC Characteristics (Serial Interface, Serial Port)

(Vpp=0.9t05.5V, Vppy=1.8t05.5V,Vgs=0V, Vpp;=0.9t0 5.5V, Ta=-20to +70°C
unless otherwise specified)

(1) Synchronous Communication

Parameter Symbol Condition Min. Typ. Max. |Unit
TXCG/RXC Input Fall Time i — — — 1 us
TXC/RXC Input Rise Time tr — — — 1 us
TXC/RXC Input "L" Level . . .

Pulse Width fowt 08 us
TXC/RXC Input "H" Level . o .

Pulse Width fow 08 us
TXCG/RXG Input Cycle Time tove — 2 — — us
TXC/RXC Output Cycle Time | tcyc(o) | CPU operating at 32.768 kHz — 30.5 — us
TXD Output Delay Time topr | Output load capacitance 10 pF| — — 0.4 us
RXD Input Setup Time tps — 0.5 — — us
RXD Input Hold Time toH — 0.8 — — us

Synchronous communication timing
("H"level =4.0 V, "L" level = 1.0 V)

tove
TXC (P3.1)/
RXC (P3.2) S Vpp (5.0V)
_ g 7
Vss
tr » tf
towH towL
toor toor
TXD (P3.3) 3& Vpp (5.0V)
v Vss
ng B toH N tps
RXD (P3.0) N Q Voo (5.0V)
N Vss
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(2) UART Communication

Parameter Symbol Condition Min. Typ. Max. |Unit
Transmit Baud Rate TBRT Tarr = 1/fgRr Tert-Ter | Tert | Tert+Tcr| S
Tcr = 1/fosc
Receive Baud Rate RBRT RgRrt = 1/fgRT Rerrx0.97| Rprt |RprTx1.03| s

fgrT: Baud rates (2TBCCLK, TBCCLK, 1/2TBCCLK, Timer 0/1 overflow)

UART communication timing
("H" level =4.0 V, "L" level = 1.0 V)

~ TeRT N
Vop (5.0V)
TXD (P3.3)
Vss
~ Rert N
Voo (5.0V)
RXD (P3.0)
Vss
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AC Characteristics
(Vop=Vpp1=0.9t05.5V,Vss=0V, Ta=-20to + 70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. |Unit

External Interrupt Enable i . 20 . .
Pulse Width (Rising Edge) WH ns

External Interrupt Enable i
Pulse Width (Falling Edge) WL

— 20 — — ns

Interrupt enable, MIE = 1
CPU operating under
the NOP instruction

System clock: 32.768 kHz

External Interrupt Disable

Time oL 13.0 — 65.1 us

AC characteristics timing
("H" level =4.0 V, "L" level = 1.0 V)

P0.0 to P0.3 x: /1—\_ Vpp (5.0V)

(Interrupt on the rising edge) = twH Vss
tuL

P0.0 to P0.3 \ I Vpp (5.0V)
(Interrupt on the falling edge) N/ Vss

—»H— twi

thuL

A
P0.0 to P0.3 / \ Voo (5.0 V)

(Interrupt on both rising and falling edges) i oL ~ Vss
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Comparator Electrical Characteristics
(Vop=0.9V, Vsg =0V, Ta=-20to +70°C)

Parameter Symbol Condition Min. | Typ. | Max. | Unit | Remarks
Comparator Offset
P Veoff — — | — 30 | mv
Voltage
Comparator Input
Vei — V — V v
Voltage oin 58 o CMPIN
GComparator Gonversion CMPREF
. Tc | System clock: 32.768 kHz| — 183 — us
Time
Comparator Supply Ippcmp | Comparator operating — 30 90 uA
Current Ipscmp | Comparator stopped — — 0.1 uA

Conceptual diagram of comparator supply current

The conceptual diagram of the comparator supply current Ippcmp and Ipscmp is shown
below.

Ipp
(Vss)
[MA]
IDDEMP K-
Ipscmp L
\ \ \ tTus
! Sampling reference voltage i Comparing ‘ [us]
! reference !
1 voltage with
i input voltage ‘
Level detector stopped i Level detector operating T Level detector stopped
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Level Detector Electrical Characteristics
(Vpp=0.9V, Vss =0V, Ta=-20t0 +70°C)

Parameter Symbol Condition Min. | Typ. | Max. | Unit | Remarks
Level Detector Input
Vip — Vss — Vb v
Voltage
Level Detector Conversion
) Tc System clock: 32.768 kHz | — 183 — us LDINO, 1
Time
Level Dtector Supply IppLp | Level detector operating| — 80 130 uA
Current Ipstp | Level detector stopped | — — 0.1 uA

Conceptual diagram of level detector supply current

The conceptual diagram of the level detector supply current Ipp, p and Ipgp is shown below.

Ipp
(Vss)
[uA]

IDDLD > --------mmmmmmm e

IpsLp

Sampling reference voltage I~ Comparing
reference
voltage with |
input voltage ‘

| | t [us]

Level detector stopped Level detector operating Level detector stopped
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Level Detector Input Levels and Output Codes

(Vpp = 0.9 to 1.8 V: when backup is used, Vpp = 1.8 to 3.5 V: when backup is not used,;
Vsg =0V, Ta=-20to +70°C)

Input Level [V] Level Detector LDOUT

Min. Max. Operation State bit3 | bit2 | bit1 | bit0
1440/1500 x Vpp Vb OFF state 1 1 1 1
1306/1500 x Vpp 1366/1500 x Vpp 1 0 1 1
1190/1500 x Vpp 1250/1500 x Vpp 1 0 1 0
1074/1500 x Vpp 1134/1500 x Vpp 1 0 0 1
958/1500 x Vpp 1018/1500 x Vpp 1 0 0 0
842/1500 x Vpp 902/1500 x Vpp 0 1 1 1
726/1500 x Vpp 786/1500 x Vpp 0 1 1 0

ON state

610/1500 x Vpp 670/1500 x Vpp 0 1 0 1
494/1500 x Vpp 554/1500 x Vpp 0 1 0 0
378/1500 x Vpp 438/1500 x Vpp 0 0 1 1
262/1500 x Vpp 322/1500 x Vpp 0 0 1 0
146/1500 x Vpp 206/1500 x Vpp 0 0 0 1

Vss 88/1500 x Vpp 0 0 0 0
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Appendix D Instruction List

The format used in the list of instructions is indicated below.

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W("'151413121110 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
15(14/1312(1110|/9/8|7/6|5/4|3|2|/1|0(Z|C |G
MOV direct,A direct<-A 101111100 riq|r1olrg|rg|r7|re|r5|ralrs|ro|rq|rg|—|—|—
MOV [HL],A [HL]«A 1/1/0/0/0/0|0f1]|0|0|0|0O|1|0|0(0]|0|0|—|—|—
MOV [XY],A [XY]«A 1/1{0/0/0/0|0f41]0(0|0|0O|1|1]0(0|0|0|—|—|—
MOV E:[HL],A |E:[HL]«<A 1/1/0/0/0/0|0f41]0(0|0|0|0|0|0(0]|0|0|—|—|—
MOV E:[XY],A |E:[XY]«<A 1/1/0/0/0/0|0f1|0|0|0f0O|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+1 111(0][0({0|0/0|1|/0|/0[0[0[1[1]1]0|0|0|—|—|
MOV E:[HL+],A |E:[HL]«-AHL<HL+1 111(0]/0|0|0/0|1|/0|0[0[0[0[0|1]/0|0|0—|—|Y
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 Ycur,#i4 |cur,A<i4 111(0]1]0|0]i3|io|i1|ig|rz|re|rs|ralra|rolri|ro|V |—|—
MOV [HL],#i4  |[HL],A<i4 10110[0[0[0]|0|1|1|0[0[1[1]0]i3]|ia|i]ig|V|—|—
MOV [XY],#i4  |[XY],A<i4 101]010[0[0[0|1[1]0]0|1[1]1/]ig|ix|i1]ig|V|—|—
MOV E:[HL],#i4 |E:[HL],A«i4 101(0[0[0[0]|0|1|1/0[0[1]0]|0]i3]|i2|i|ig|V|—|—
MOV E:[XY],#i4 |E:[XY]A«i4 10110[0[0[0]|0|1|1/0[0[1]0]|1]i3]|ia|i|ig|V|—|—
MOV [HL+],#i4 |[HL],Acid4,HL&HL+1 [1[1]0]0|0|0 /0|1 |[1|1]0]1|1]|0 iz|ix|i|io|V |—]|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|ix|i|ig|V |—]|V
MOV E:[HL+],#i4|E:[HL], A4 HL&HL+1 [ 1100 0|0[0|1[1][1|0[1]0|0|ig]|ia|if|ig|V|—]|V
MOV E:[XY+],#i4|E:[XY],A—i4 XYXY+1 [1 1000|001 |[11]0[1]0]|1i3|ix|i|io|V |—]|V
MOV A #i4 Ac—i4 101(0[0[0[0]|0]|0|01[1[1]0]|0]i3]|i2|i|ig|V|—|—
MOV Adirect  |A«direct 1111101 |r1|rolra|rs|r7|re|r5|ralra|ro|ry|ro|V |—|—
MOV A,[HL] A«[HL] 111(0[0[{0[0]|0|0|1/1]0[0[1]/0]|0|0|0|0|V|—|—
MOV A,[XY] A—[XY] 111/0]/0]|0]0[0(0[1|1|0]|0|1[1]0[0[0|0|V|—|—
MOV AE:[HL] |A«E:[HL] 1/1(0[0[{0[0]/0|0|1|/1]0[0[0|0|0|0|0|0(V|—|—
MOV AE:[XY] |A«<E:[XY] 111(0[0[{0[0]|0|0|1|/1]0[0|0[1]|0|0|0|0|V|—|—
MOV A,[HL+]  |A«[HL],HL&HL+1 101(0[0({0[{0/0|0|1|/1]/0[0[1]{0]|1]0|0|0[~N|—[V
MOV A IXY+]  |A—[XY]XY<XY+1 101(0[0({0]|0/0|0|1|1][0[0[1[1]1]0|0|0~|—[V
MOV A,E:[HL+] |A<E:[HL],HL<HL+1 111(0][0[0|0/0|0|1|1]0[0[0[0[|1]|0|0|0N|—[V
MOV AE:[XY+] |A<E:[XY],XY<XY+1 101(0[0[{0|0/0|0|1|1]0[0[0[1]1]0|0|0~N|—[V
XCH A,sfr Acssfr 11110]0[1]0[1|1[1|0|r7|rg|r5|ra|r3|ra|rq|rg|—|—|—
XCH A Ycur A<scur 11110011 [1|1[1|0]r7|rg|r5|rgq|r3|ra|rq|rg|—|—|—
XCH A,[HL] A [HL] 1/1/0/0/0/0|0f0|1|1]|0(0|1|0|0(0]|O0(1|—|—|—
XCH A,[XY] A [XY] 1/1/0/0/0/0|0f0|1|1]|0|0O|1|1]|0(0]|01|—|—|—
XCHAE:[HL]  |A<E:[HL] 1/1/0/0/0/0|0f0|1|1]|0(0|0|0|0(0]|O1|—|—|—
XCH AE:[XY] |AE[XY] 1/1/0/0/0/0|0f0|1|1]|0|0|0(1]|0(0]|O1|—|—|—
XCH A,[HL+] A<>[HL],HL«HL+1 111(0](0({0|0/0|0|1|1]0[0[1][0]|1]|0|0|1|—|—|V
XCHAXY+]  [A[XY]XYXY+1 101]0(0{0/0[0[0|1[1|0|0|1|1][1]0[0]1|—|—|V
XCH AE:[HL+] |A<>E:[HL],HLeHL+1 111(0](0(0|0/0|0|1|1]0[0[0[0]|1]|0|0|1|—|—|V
XCH AE:[XY+] |A<E:[XY],XY<XY+1 111](0(0(|0|0/0|0|1|1]0[0[0[1]|1]|0|0|1|——[V
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Rotate Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION (W|C

1514/1311211[10/9|8|7|6|5/4|3| 2|1/ 0|Z|C|G
ROL sfr Ce—{3sfrol—C,Aesfr 1111001000 [1/0|r7|rg|r5|ralrs|ra|ri|ro|{V |V |—
ROL Ycur Ce—t{zcurgle—C,A—cur | 1[1[0[0|1[1/0|0|1/0]rz|rg|rs|ra|ra|ra|ry|rg|N|V|—
ROL [HL] Ce{a[HL]ok—C,A—[HL][ 1| 1]0]0|0|0jo |1 o|o]olo[1/0]o]1[1]0[V|V|—
ROL [XY] Ce{3[XY]oh—C,A[XY][ 1|1 ]0]0|0]olo[1/0olo]olo|[1/1]o]1[1]0[V][v|—
ROLE[HL]  |Ce—EHLIg—CAEHL] 1| 1|0]0l0[0]0|1|0l0]0]0|o|0lo|1|1]0]v|V|—
ROLE[XY]  [CelsEXY]oe—CA—EXY] 1| 1]0]0lofo]ol1]|olojo]olo|[1|o]1|1][0]v|V|—
ROL [HL+] ﬁisﬂt]?}eC,Ae[HL], 111]0]ofofolol1|o]ojofo]1|o1|1][1]0(N|V|V
ROL [XY+] 2‘;;3)[(@10}“0*\“[)(“'110000010000111110vvv
ROL E:[HL+] g:{gﬂ[']ﬁ]_fi:m” 11100lolololol1]alololololol1|1]1]0[N|NIN
ROL E:[XY+] /E:{EB%}\)((]Y]XQ}(:%H 111]0l0lololol1lalalololol111]1]0[N NN
ROR sfr C—{3sfro}—C,A«sfr 111100100011 |r7|rg|r5|ralrs|ralri|ro|N |V |—
ROR Ycur C—izcurgl—>CA—cur | 1|10 0|1[1/0|0|1|1|r7|rg|rs|ra|ra|ra|ry|rg|N|V|—
ROR [HL] C—{a[HL]o}—CA—[HL][ 1| 1]0]0|o|ojo |1 o|o]ojo|[1/0]o]1[1][1[V]V|—
ROR [XY] C—{3[XY]ol=CA—[XY]| 1] 1]0]0|o]olo[1 olo]olo|[1/1]o]1[1][1[V]V|—
RORE[HL]  [CoBEHLg—CAEML 1| 1]0]0lof0]0ol1]0lolo]olofolo|1|1[1]|V|V|—
RORE[XY]  [CoBEXYId—CAEXY] 1| 1]0o]0lofo]ol1]|olojo]olo|[1|o]1|1[1]|V|V]|—
ROR [HL+] ﬁﬁm&]{’}_}c*\‘_[”u’ 111]0folojolo|1]o/ofolo]1]o|1][1[1]1[~ V]|V
ROR [XY+] g?g[mo“c*\“m’110000010000111111v\/v

. C—{3E[HL]g—C,
ROREMHL] |y “Eri ML fiLet 111]0]ofo|olof[1|o]ojofo]olo|1|1][1]1[V|V|V
) C—BE[XY]oI—C,

ROR E:[XY+] A EXYIXY XY+ 101(0[0({0[0/0|1|0|0[0[0[0[1]|1]|1|1|1[V[V]|V
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Increment/Decrement Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION |W|C
15(14/13[12111/10/9|8|7|6|5|4(3|2|1|0|Z|C|G
INC sfr sfr,Acsfr+1 111]10[0[1][0[0/0|0|0|r7|rg|r5|ralrs|ra|ri|ro|V |V |—
INC ¥Ycur cur,Acur+1 111(0]0[1/1]|0[0|0|0]r7|rg|r5|ralralrolri|ro|V|V|—
INC [HL] [HL],A[HL]+1 111/0]/0|0j0jo|1|0|1|0|0|1]0]0|0|0O|0O|V|V]|—
INC [XY] [XY],A—[XY]+1 111]0]o|ofojo|t1|ofl1]o|o|[1][1]0]|0|0|O|N|[V]|—
INC E:[HL] E:[HL],AcE:[HL]+1 111]0]0|o0|ojo|1|ol1]o|0|0|0|0|0|0O|O(~N|[V|—
INC E:[XY] E:[XY],A—E[XY]+1 111/0]/0|0jojo|1|ol1|0]|0|ol1]o|0|0|0O|V|V]|—
INC [HL+] [HHLLiﬁﬁEHL]”' 111]0]ofo|olol1|of[1/0]o]1|o[1/0]0]0(N|V|V
[XY]LA—[XY]+1,
INC [XY+] XY XYa T 111/0]/0]|0f0jof[1[0ol1|0]|0|1[1][1][0[0|0|V|V]|V
NCEHLy  |CIEWACEILAL byt gto ol olol1]ol1]ololo]o]1]0lolo|v V|V
HL<HL+1
_ E:[XY],A—E[XY]+1,
INC E:[XY+] XY XYs1 111/0]/0|0f0j0[1[0|1|0]|0|0[1][1[0[0|0|V|V]|V
DEC sfr sfr,A<sfr—1 111]0[0[1][0[0/0|0|1|r7|rg|r5|ralrs|ralri|ro|{V |V |—
DEC Ycur cur,A—cur-1 111(0]0[1/1]|0[0|0|1]|r7|rg|rs|ralralrolri|ro|V|V|—
DEC [HL] [HL],A<—[HL]-1 111/0]|0]|0]0j0[1|0|1|0|0|1]0(0[0|0|1|V|V|—
DEC [XY] [XY],A[XY]-1 101(0[0[0[0]|0|1|01]0[0[1][1]0]|0|0|1|V[V]|—
DEC E:[HL] E:[HL],A<E:[HL]-1 111]0]0|0|o0jo|1|ol1]o]0|0|0|0|0|O|1|N[V]|—
DEC E:[XY] E:[XY],A—E:[XY]- 111/0]/0|0j0jo|1|ol1|0]|o|ol1]o|0|O|1|V|V]|—
[HL],A«[HL]-1,
DEC [HL+] HLe HL+1 111/0]/0]|0f0jof[1|ol1|0]|0|1]0[1[0[0|1|V|V]|V
[XY]LA—[XY]-1,
DEC [XY+] XY XYa 1 111)0]/0]|0f0j0f[1[0l1|0]|0|1][1][1][0[0|1|V|V]|V
_ E:[HL],A—E:[HL]1,
DECEIHL+]  |h st 111/0]/0|0]0j0[1[0|1|0]|0|0(0[1[0[O|1|V|V]|V
_ E:[XY],A—E[XY],
DECEIXY+]  |vve Xysd 1/1]0j0f{0jojo|1|o[1|0|0|0|1[1]0[0[1|~[V]|V
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Appendix D

Arithmetic Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W C
15/14(1312(1110/9(8|7|/6/5/4/3|2/1/0(Z|C
ADD sfr,A sfr, A<sfr+A 1111001001 [0|0|r7|rg|r5|ralra|ralry|ro| |V
ADD Ycur,A cur,Ac—cur+A 111(0]0[1/1]|0[1|0|0]r7|rg|r5|ra|ra|rolri|ro| V|V
ADD [HLJA  |[HL],Ac[HL]+A 1[1]ofolololol1]o[1]o]o]1]o]o]o[1]o|v]V
ADD [XYJA  [[XY]A[XY]+A 1/1]ololofolol1]o[1]olol[1][1]olo]1]0]v]|V
ADD E:[HL],A  |E:[HL],A<E:[HL]+A 1]1]/0/0|0j0j0o|1|o|t1|0|0|0|0|0|O|1[0]|~N|Y
ADDEXY]A [EXYLA—EXY+A  |1]1]0]olololo]1]o]1]ofofol1]olol1]o]v]V
[HL], A [HL]+A,
ADD [HL+LA |0 T 1/1]0(0{0|0j0|[1|0[1]|0|0[1]|0[1]|0|1]0]|~ |
[XY],A—[XY]4A,
ADD [XY+],A XY XY+1 111]0(0|0j0j0of1|o|1|0|0|1|[1]|1]0[1[0|~N|V
ADD EfHL+ A |LIHEACETHLIFA gt oo ool 1]0|1]0lo]olo|1]o]1]0]v]v
HL«HL+1
_ E:[XY], AE:[XY]+A,
ADD EXY+LA [gve vy 1/1|0lolololol1|ol1]ololol[1]1]o]1]0|v]|V
ADD Ycur,#4  |cur,Accur+i4 111(11]10[0]01i3|ia|i1|ig|r7|re|rs|ralrs|ralry|ro|V |V
ADD [HL],#i4 [HL],A<—[HL]+i4 111(0]/0[0/0|0[0|0[0[1]|0]|1|0/ig]|ip|i1]ig|V |V
ADD [XY]#4  |[XY],A[XY]+i4 1[1]ololololololo[o[1]o]1]1]is]ia]ir|io|V]|V
ADD E:[HL]#i4 [E:HLJAEHL]+i4 |1/1]0]0]0/0[0]0|0/0[1]0]0 0/ is|ia|i io|V |V
ADD E:[XY],#i4 |E:[XY],A<E:[XY]+i4 111(0]/0[0/0|0[0|0|0[1]|0]|0|1ig|ip|i1]ig|V |V
- |[HL A [HL]+i4, T
ADD [HL+],#i4 HLHL+1 111(0]/0[0/0|0[0|0[1[1]|0]|1|0/ig]|ip|i1]ig|V |V
XYL A XY+, T
ADD [XY+],#i4 XY XY+ 111(0]0[0(0|0[0|0[1[1]|0]|1|1/ig]ip|i1]ig|V |V
. . |E;[HL],A<—E:[HL]+i4, N
ADD E:[HL+],#i4 HLHL+1 111(0]/0[/0/0|0[0|0[1[1]|0]0|0 ig]|ip|i1]ig|V |V
_ XY AEXY]+i4, 1T
ADD E:[XY+],#i4 XY XY+1 111(0](0[0/0|0[0|0[1[1]0]0|1ig]ip|i1]ig|V |V
ADC sfr,A sfr A«sfr+A+C 101(0]0[1/0]|0[1|0|1]|r7|rg|r5|ra|ralrolrq|ro| V|V
ADC Ycur,A cur,Ac—cur+A+C 111]0[0[1[1]0[1[0|1|r7|rg|r5|ralrs|ralry|ro|V |V
ADC [HL]A  |[HL],A[HL]+A+C 1]1]ololo]olol1]o[1]olol1]ololol[1][1]v]V
ADC [XY],A  |[XY],A—[XY]+A+C 1]1]ololololol1]ol1]olol[1][1]olo]1]1]v]V
ADC E:[HL],A  [E:HLLAEHL]+A+C |11 [0] 0|0 0[0[1]0/1[0]0|0 0[O0 0|1 1[|V
ADC E:[XYL,A  |E]XY],A<—E][XY]+A+C [1|/1|/0|0{0|0(0|1|0|1|0(0|0O|1|0|0|1|1 AR
[HL], A [HL]+A+C,
ADC [HL+],A HLeHL+1 111]0]0|o0jojof1|olt1|0|0|1|0O|1]0O[1[1|[~|V
[XY],A<[XY]+A+C,
ADC [XY+],A XY XY+1 111]0(0|0jo0jof1|olt1|0|O|1|[1|1]0[1[1|[~|V
ADC E:[HL+],A EI:EHL]'A‘_E:[HL“A*C’ 111]0]olololol1|ol1/0lojolol1]|0]1]1[V]|V
«—HL+1
_ E:[XY], AE:[XY]+A+C,
ADCE'[XY+]’AXY<—XY+1 111]0(0|ojojof1|olt1|0|0|O|1|1]0[1[1|[~|V
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Arithmetic Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION |W
15/1413}12/11|10/9| 8|7 |6|5/4/3|2/1]0|z|c|G
ADCD sfr,A fgﬁ; ‘é?“ma'adj““mem 1110000 1/0[0/1]1]0]r re|rs|ralrs|ra|rs|ro| V|V |—
ADCD Ycur,A fé‘ur’rf/‘; ‘é‘;C‘ma’adi“Stmem 1010110/ 1[1]0]rr|re|rs|ralrs|ra|ri|ro|V|V|—
ADCD [HL],A {[FHLL]ji‘:gC‘ma'a‘””“me”‘ 111]ololojolol1]ol1]o/o]1]olal1]o]o|v|V|—
ADCD [XY] A {[;;YY]ji‘;‘éi"‘ma'adj”“me“‘ 11110/olojolo/1]ol1]|olo]1]1]0]1|0]o|v|V|—
. E:[HL],A<decimal _
ADCD EJHLLA [ ] 1 10| 0] 0 0 0 1 0/ 1]0 0 0]0l0 1 o]0V
. E:[XY],A«<decimal _
ADCD EXYIA |- e 1 10| 0] 00 0 1 0] 1]0 0 0] T 01 00V Y
[HL],A<—decimal
ADCD [HL+],A  |adjustment ([HL]+A+C), |1]1]0]0lolo]o 1 ]o]1]olo]1 0 1]1]0]0 |V |Vv|V
HL<HL+1
[XY],Adecimal
ADCD [XY+]A [adjustment {[XY]+A+C), | 1|1]0l0|ololo|1]o|1]olol1]1/1[1]0la|v V]|V
XYXY+1
E:[HL],A<decimal
ADCD E:[HL+],A [adjustment (E:[HL]+A+C)| 1| 1] 0| 000|011 |o]1]o o]0 o 1|1]0]0|V|V|V
HL<HL+1
E:[XY],A—decimal
ADCD E:[XY+],A [adjustment E:[XY]+A+C},| 1| 1] 0] 0|0l0]o|1]o|1]ololo|1/1]1]0la|v V]|V
XYXY+1
ADCJ Ycur,n ?éJurﬁg}n-ary adjustment | 0/0/0|1|0|n2|ni|ng|r7|rg|rsiralrsiralri|rg| |V |—
ADCJ [HL],n {[H{Lﬂji\an_aw adjustment| 4 4\ o1 0|0 00 |1]1]0/0]0/1]0]|0]ns|ni no|V |V |—
ADCJ [XY],n {[m]’fg}”'ary adjustment | 4 14191 g o|o/0(1|1/0(0]0[1/1]0 ng|ni|ng|V |V |—
ADCJ E:[HL]n {EE{[HlLL]ii\CT"'a’V adjustment| 4 | 41 1o o|olo|1|1]0/0]00]0]0|nsining|V||—
ADCJ E:[XY]n {EE:%(YJ]"E”‘&W adjustment| 4 | 411 00| olo|1/1]0/0[0]0|1]0|nsinine|V||—
ADCJ [HL+],n EPHLL]ji‘a';'szaLdﬂ“me“t 11100/0lofolo1]1/1]0l0]1]00]nlns|ng|V| ]|V
ADCJ [XY+],n {[;(X\Qj’ja;j‘zxaﬂ;‘“mem 111]0lolololo[1]1]1]0]0/1]10]ng|nlno| V|V
ADCJ E:[HL+],n {EE:,[H_lLL]j’;‘aﬂ'szaLdE“me”t 11100/0lololo1]1/1]0l0]0]00]nlnsing|| ]|V
ADCJ E:[XY+],n {Eé[mii‘a;?zxaﬂ‘ftmem 11100/0lololol1]1/1]0l0]o|1/0]nlnsing|V| ]|V
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Arithmetic Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION |W|C
15/1413[12[11[10/9|8|7|6|5/4(3|2|1|0|Z|C
SUB sfr,A sfr,A<sfr—A 111100100111 |r7|rg|rs5|ralra|ralry|ro|V |V
SUB Ycur,A cur,A—cur-A 101001101 |1|1]r7|rg|rs|ra|ra|rolrq|ro|V |V
SUB [HL],A [HL],A<[HL]-A 111]0/0lojojo|1|ol1]0]o/1|0oj0][1]|0]1|V]|
SUB [XY],A [XY],A—[XY]-A 1{1]ojolofojol1|ol1]o]o|1|[1]o][1|0[1]||V
SUBE[HL],A  |E:[HL],A<E:[HL]-A 1{1]ololofojol1|ol1]o]olo|ofo|1|0[1]||V
SUBE:XYA  |E[XY],A—E[XY]-A 111]0/0lojojo|1|ol1]ofolol1]o][1]|0]1[V]|
[HL],A<[HL]-A,
SUBTHL+IA | i 111(0]|o0jo0ojo|o|1|o|[1]o|0|1|0o|1][1|0|1]|~|Y
[XY],A[XY]-A,
SUB IXY+LA iy xyad 111]0/0lojofo|1|ol1]ofol1|1][1][1]01[V][
suBEHL+ A [LIHEPACETHLIEA by o o lol ool 1|0 1 olololo|1]1 0]1 [V
HL<HL+1
_ E:[XY] A—E:[XY]-A,
SUBEXY+1A [ yye yvo1 111]0/0(ojojo|1|of1]ofolol1][1][1]01[V]|
SUB Ycur,#i4  |cur,A<cur-i4 11111]10[0][1]i3|ial|i1|ig|r7|re|rs|ralra|ralry|ro|V |V
SUB [HL],#i4  |[HL],A<[HL]-i4 1{1(o]olofojolo|1|0][1]0][1]0/is|io|if|ig| |V
SUB [XY].#i4  |[XY],A[XY]-i4 111]0/0(ojofo|ol1|o][1]0|1|1 ig|ia|i1|io|V |V
SUB E:[HL],#i4 |E:[HL]A<E[HL]-i4 |1]|1]0]0/0]0/0|0[1]|0/1]|0]|0]|0 ig|ip|i1|io|]|V
SUB E[XY],#i4 |E:[XY],A<E[XY]-i4 [1]1]0/0|0]o|0|o|1|0[1]0 0|1 ig|ip|i1|io| |
_ |[HL],Ac[HL]-i4, ]
SUB [HL+],#i4 LLLH‘;L ] 1{1]ofolofojolo|1|1][1]0][1]0/is|ip|if|ig|N |
o |[XY] A [XY]-id, ]
SUB [XY+],#i4 &Yixﬁ ] 1{1(ofolofojolo|1|1][1]0][1]|1/i|iolif]ig|N |V
|E:[HL], Ac—E:[HL]-i4, ]
SUBE:[HL+],#|4HL_|]_|L: [HL] 1{1]ojolofojolo|1/1][1]0]0]|0 /ig|ip|if]ig| |V
(B2 [XY], AE:[XY]-i4, ]
SUBE:[XY+],#|4X$(_)](Y: (XY] 1{1(ofolofojolo|1|1][1]0]0]|1/i|io|if|ig|N |V
SBC sfr,A sfr, A«sfr-A—C 111(0|0[1/0|1[0|0|0]r7|rg|r5|ra|ralrolrq|ro|V |V
SBC Ycur,A cur,A<cur-A-C 111]0[0[1[1[1]0[0|0|r7|rg|r5|ra|rs|ralrs|ro|V |V
SBC [HL],A [HL], A< [HL]-A-C 1{1(ojolofojol1|ol1]o]ol1]|ofo|1|1]0]|~N|V
SBC [XY],A [XY], A< [XY]-A-C 111]0/0(ojojo|1|ol1]ofo/1|1]0[1]|1]|0][~]|
SBC E:;[HL],A  |E:[HL], A<E[HL]-A-C |1|1[0[0|0[0|0|1][0|1[0[0|0[0|O0|1[1]|0(~|V
SBCE:XYL,A  |E[XY],A—E[XY]-A-C [1]1]0|0|0|o|0|1|0|[1]0]0/0|1]0[1]1]0([~]|
[HL],A<[HL]-A-C,
SBC[HL+IA |4 o HLet 1{1]ofolofojol1|ol1]o]ol1|of[1][1[1]0]||V
[XY],A<—[XY]-A~C,
SBCIXY+JA  [yye xys1 1{1(ofolofojol1|ol1]o]of[1|[1[1][1]1]0]|N|V
SBC E:[HL+],A EI:EHL]'A‘_E:[HL]_A_C’ 111|0lolololol1|ol1]olololo|1|1]1]0]v]V
< HL+1
, E:[XY],A<E:[XY]-A-C,
SBCE:IXY+LA  [xye xys1 1{1]ojolofojol1|ol1]o]olo|1[1][1[1]0]|~N|V
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Appendix D
Arithmetic Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION  |W
15/14/131211}10/ 0|8/ 7|6|5/4 /3| 2| 1| 0|z|c|G
SBCDsfrA  [oe SO 4 F e o o101 0] 01|16 15 13 |12 1 1o | || —
SBCD Y cur,A«decimal adjustment N
cur,A {CUr=AC) 1 010[1|1{1|/0|0|1|r7|rg|r5|ralrsg|roirq|rg v |—
SBCD [HL],A {[FHLL]jf‘;(éT“ma'a‘”“s”"e”‘ 1[1]o]olololo/1]o[1]olol1]olol1|1]1|V|[v]|—
SBCD [XY],A {[;;YY]jf‘;‘éi"‘ma'adj”“me“‘ 11100lolofolo/1]ol1]olo]1]1]o]1|1][1[v|V]—
. E:[HL],A<decimal _
SBOD EHLLA |- e e 1| 1] 0] 0] 0 0 o 1 o)1 10 0 0folo 1 1 1|V
. E:[XY],A«<decimal _
SBODEXYLA. |- e A | 0] 0] 0 0 o 1 o)1 o 0 o]t o1 ]|V
[HL],A<—decimal
SBCD [HL+]A [adjustment ([HL]-A-C}, | 1| 1]0| o a|o|o|1]o]1]olo(1]0 1 1]1]1|V[V|V
HL<HL+1
[XY],Adecimal
SBCD [XY+],A |adjustment ([XY]-A=C}, [ 1| 1]0] 0 o|olo|1 o1 0la|1|1]1/1]1]1[v|[v]|¥
XYXY+1
E:[HL],A<decimal
SBCD E:[HL+],A [adjustment (E:[HL]-A=C},| 1| 1] 0|0 l0o|o|o|1]o]1]olololo 1 1[1]1|V[V|V
HL<HL+1
E:[XY],A—decimal
SBCD E:[XY+],A [adjustment (E:[XY]-A-c},| 1 | 1] 0] 0 o|olo|1 a1 0la]ol1|1/1]1]1[v|[v]|V
XYXY+1
SBCJ Ycur,n ?éJurﬁg}n-ary adjustment | 0/0/0|1|1|n2|ni|ng|r7|rg|rslralrsiralri|rg| |V |—
SBCJ [HL]n {[wifa”ﬂw adjustment| 4 4\ g1 o000 |1]1]0/0]0/1]0][1]|na|ni no|V |V |—
SBCJ [XY]n {[m]’fa”'ary adjustment | 4 14191 g 0|0 0|1|1/0(0]0[1/1]1 |ng|ns|ng|V |V |—
SBCJ E:[HL],n {EE{[HlLL]if\CT"'a’V adjustment| 4 | 41 1o o|olo|1|1]0/0]00]0]1 |naining|V||—
SBCJ E:[XY],n {EE%(YJ]f“C_}”W adjustment| 4 | 41 o1 00| olo|1/1]0/0[0]0/1]1 |nsinne|V | |—
SBCJ [HL+],n EPHLL]jfa';'szaLdﬂ“me“t 11100/0lofolol1]1/1]0l0]1]0/1 nalns|ng|V ||V
SBCJ [XY+],n {[;(X\ij‘a;j‘zxaﬂ;‘“mem 111]0lolololo[1]1]1]0]0/1]1 /1 ng|nslno|V V|V
SBCJ E:[HL+],n {EE:,[H_lLL]]'f‘aﬂszaL"E“me”t 11100/0lololol1]1/1]0l0]o]01 nalns|ng| ||V
SBCJ E:[XY+],n {EE:.[E(XY\}jf\CT;?gXa\?i‘ftme"t 111]ofolololol[1]{1]1]o]o]o]1 |1 |na|ns|no|V [V ]|
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Compare Instructions

INSTRUCTION CODE FLAG

MNEMONIC OPERATION |W|C
1514131211110/ 9|8|7|6|5|4|3|2|/1|0|Z|C|G
CMP sfr,A sfr—A 111(0|0[1|0|1]0|1|0]r|rg|r5|ralra|rolrq|ro|V |V |—
CMP Ycur,A cur-A 10100 1|1|1]01|0]|r|rg|rs|ralralrolri|ro|V|V|—
CMP [HL], A |[HL]-A 111/0]/0|0j0j0[1|0j0|0|0|1]0[0[1[0|0|V|V|—
CMP[XY]A  [IXY]-A 111/0]/0|0j0jo[1|0jo0j0|0|1[1]0[1[0|0|V|V|—
CMPE:[HL]A  |E:[HL]-A 111/0]/0|0]0|0[1|0|0|0|0|0(0|0O[1[0|0|V|V|—
CMP E[XY],A  [E[XY]-A 101(0[0[{0[0]|0|1/0/0[0[0|0[1]|0|1|0|0(~|[V]|—
CMP [HL+], A |[XY]-AHLHL+1 111/0]/0]|0f0(0[1[0|0|0|0|1]0[1[1[0|0|V|V]|V
CMP [XY+],A  [[XY]-AXYXY+1 101100000 [1[0|0|0|0|1[1[1[1[0|0|~V|V]|V
CMP E:[HL+],A |E:[HL]-A,HL<HL+1 111/0]|0|0[0[0[1[0|0|0|0|0O|0O|1[1]0|0|~|V]|V
CMP E:[XY+],A [E:[XY]-AXY<XY+1 1/1]{0joj0jofo|1]0j0|0|0|0[1[1/1]|0[0(~|V|Y
CMP Ycur,#4  |cur-i4 11110 1|0]ig|io|i1|ig|rz|re|rs|ralra|rolrq|ro| V|V |—
CMP [HL],#4  |[HL]-i4 101100000 [1[1/0|1]0]|1]0/is|ia|i1ig|V]|V]|—
CMP [XY],#i4  |[XY]-i4 101100000 [1[1|01]0]|1]1]ig]iz]i1|ig|V]|V]|—
CMP E:[HL] #i4 |E:[HL]-i4 101100000 [1[1/0|1]0|0]0/ig|ia|i1|ig|V]|V]|—
CMP E:[XY] #i4 |E:[XY]-i4 101100000 [1[1|0|1]0]|0]1/iglia|iig|V]|V]|—
CMP [HL+],#4 |[HL]~i4,HL—HL+1 1011000001 [11|1]0]|1]0/ig]io|i1|io|V|V]|V
CMP [XY+],#4  |[XY]-i4,XY<XY+1 101100000111 1]0]|1]1]ig]ia|i1|ig|V|V]|V
CMP E:[HL+],#i4 |E:[HL]-i4,HLeHL+1 101100000 [1[1|1|1]0]|0]|0/ig]io|i1|ig|V|V]|V
CMP E:[XY+],#i4 [E:[XY]-i4 XY XY+1 10110[0[0[0|0|1|11[1]0][0][1]iz|i|i1|ig|~|[N]|V
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Logic Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15(14/1312(1110|/9/8|7/6|5/4|3|2|/1|0(Z|C |G
AND sfr,A sfr,A<sfr AA 111]0[0[1][0[1|0[1|1 |r7|rg|r5|ralrs|ra|ri|ro|V |—l—
AND Ycur,A cur,A—cur A A 101001110 1|1]r7|re|rs|ralralrolri|ro|V |—|—
AND [HL],A [HL],A[HL] AA 111/0/0[/0|0(0|1/0[0|0|0[1]0[0|0|0[1]|~|—|—
AND [XY],A [XYLA[XY]AA 101(0[0[0[0]|0|1|0f0[0[0[1][1]0]|0|0|1|V|—|—
AND E:[HL],A  |E:[HL],A<E:[HL]AA 111(0]0|0[0]|0|1|0j0[0[0|0|0|0|0|O|1|V|—|—
AND E:[XY],A  |E:[XY],A<E:[XY]AA 111/0/0(0|0(0|1/0[0|0|0|0|1]0|0|0[1]|~|—|—
[HLLA—[HL]AA,
AND [HL+LA (0 i 101(0][0[0|0|0|1|0|0[0[0[1[0]|1]0|0|1[~|—[V
XYL A[XY]AA,
AND [XY+],A XY XY+ 101]0(0{0|0(0[1|0[0|0|0|1|1][1]0[0]1|~|—|V
AND ExHLa A |EILLACETHLIAA 1 h oo 1o o lo 11 0lolololo]ol1]0]0]1|v|—|+
HL«HL+1
) E:[XY],A—E:[XY]AA,
AND E:[XY+],A XY XY4+1 111](0]0|0|0|0|1|0j0(0[0|0O[1]|1]|0|0|1|~|—[V
AND Ycur#i4  |cur,A—cur A4 1010 1|0]|1]ig|ia|iy]ig|r7|re|rs|ra|r3|ro|ry|ro|V |—|—
AND [HL],#i4  |[HL],A[HL]A\i4 101(0[0[0[0]|0|1|0|0[0[1]1]0]i3]|i2|i|ig|V|—|—
AND [XY]#4  |[XY],A<[XY]Ai4 101(0[0[0[0]|0|1|0|0[0[1]1]1]i3]|ix|i]ig|V|—|—
AND E:[HL]#i4 |E:[HL]A<E[HL]Ai4 |[1]1/0/0[0[0[0[1]0]|0/0 1|00/ igl|io|i1]|ig|V|—|—
AND E:[XY]#i4 |E:[XYJA<E[XY]Ai4 |[1]1/0/0[0[0[0[1]0]|0/0 1|01 ]ig|io|i1]|ig|V|—|—
- |[HL],A[HL] A i4, s . .
AND [HL+],#i4 HLe HL+1 101(0[0[0[0]|0|1|01][0[1[1]0]i3]|ix|i|ig|V \/
o [[XYTA—IXY]A i4, s . .
AND [XY+],#i4 XY XY41 101(0[0[0[0]|0|1|0[1]0[1[1]1]iz]|ix|iig|V \/
. . |E:[HL],A—E:[HL] A i4, s . .
AND E:[HL+],#i4 HLHL+1 101](0[0[0[0]|0|1|01][0[1]0]|0]iz]|ia|i|ig|V \/
. - [EJ[XY]A<E[XY]A 4, s . .
AND E:[XY+],#i4 XY XY41 101(0[0[0[0]|0|1|01][0[1]0]|1]iz]|ix|i|ig|V \/
OR sfr,A sfr,A<sfr VA 111(0]0[1/0|1[1/0|0]r7|rg|rs|ralralrolri|ro|V |—|—
OR ¥Ycur,A cur,A«curV A 111]0[0[1[1[1/1]0|0|r7|rg|r5|ralrs|ra|ri|ro|V |—|l—
OR [HL],A [HL],A<[HL]V A 111(0[0[0[0]|0|1|0f0[0[0[1]|0|0|0|1|0[V|—|—
OR [XY],A [XY],A—[XY]V A 101(0(0[0[0]|0|1|0f0[0[0[1[1]0|0|1|0(V|—|—
OR E:[HL],A E:[HL],AE:[HL] VA 111/0/0[0|0(0|1/0[0]|0|0|0|0[0|0|1]0]||—|—
OR E:[XY],A E:[XY],A—E:[XY] VA 101(0[0[0[0]|0|1|0|0[0[0|0|1]|0|0|1|0[V|—|—
[HL],A<[HL] VA,
OR [HL+],A HLHL+1 111](0](0[|0|0|0|1|0j0[0[0[1[0]|1]|0|1|0~|—[V
[XY],A—[XY] VA,
OR [XY+],A XY XY+ 101](0](0(0|0|0|1|0j0(0[0[1[1]1]|0|1|0[~|—[V
OR E:[HL+] A E:EHL]‘A“E:[HLWA’ 111|0/olololol1|olololololo|1]o]1]o|v|—|V
«—HL+1
) E:[XY],A<E:[XY] VA,
OR E:[XY+],A XY XY+ 111](0]0(|0|0|0|1|0j0(0[0|O0O[1]|1]|0|1|0N|—[V
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Appendix D

Logic Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION W C
15/14/13121110/9|8|7/6|/5/4|/3|2|1/0({Z|/C |G
OR Ycur,#i4 cur,A<curVi4 10101 1]0]ig|io|i1|io|rz|re|rs|ralra|rolry|ro|V |—|—
OR [HL]#i4 [HL], A[HL] Vid4 111(0(0[0[0|0|0|1|0]0|1|1|0]ig]ip|if]ig|V|—|—
OR [XY],#i4 [XY],A[XY] Vi4 111(0(0[0[0|0|0|1|0[0]|1|1|1]ig]ip|i1]ig|V|—|—
OR E:[HL],#i4 |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|—|—
OR E:[XY],#i4 |E:[XY],A<E[XY]Vi4d [1]1[0[0|0[0[0|0[1][0|0[1]|0|1]i3|io]i1]|ig|V|—|—
. HL],A—[HL] V4, I
OR [HL+]#i4 I[-ILLHE[1 ] 1{1]0(0[0f0[0|0|1][1|0[1]1|0]ig]|ip|if]ig|V|—]|V
. XY],A—[XY] Vi4, I
OR [XY+],#i4 g(YiX;E ] 1{1]0(0{0f00|0|1[1|01]|1|1]ig|ip|if]ig|V|—]|V
_ |E;[HL],AE:[HL] Vi4, I
OR E:[HL+],#i4 HIE<—I]-ILS [HL] 111(010[0[0|0{0|1|1]0|1]0/0 |ig|ip]|if]ip|V|—|+
o E[XY],A—E:[XY] Vi4, I
OR E:[XY+],#i4 X\£<—)](Y: [XY] 111(010[0[0[0{0|1|1]0|1]0/1 |ig|ip]|if]ip|V|—|+
XOR sfr,A sfr,A«sfrvA 101100101 [1[0|1|r|rg|rs5|ralrs|ra|ry|rg|V|—|—
XOR ¥cur,A cur,A«<—curvA 1011001 1][1[1[0|1 |r7|rg|rs5|ralrs|ralry|rg|V|—|l—
XOR [HL],A [HL],A<—[HL]VA 111(0l0|o0fo|0|1|0|ojo|O|1|0|0|O|1]|1]|V|—|—
XOR [XY],A [XY],A—[XY]VA 111({0(0f0f0|0|1|0|0j0|O|1|1]|0[O|1]|1]|N|—|—
XOR E:[HL],A  |E:[HL],A«<—E:[HL]VA 111(0l0jofo|o|1|o|ojo|o|0o|O|0|O|1]|1]|V|—|—
XOR E:[XY],A  |E]XY],A<E:[XY]VA 1/1]0jo|o0jojo|1|0]0|0|0|0|1]0|O|1][1]|V|—|—
XOR (HLeA  |HACTIIVARLE g 1T o fol oo 1 0l 0fo o1 0 1]0]1 1]V
XOR [XY+],A %?{A‘_[XY]VA’XY‘_ 111]olojololol1]ojolofo|1]|1[1]o]1]1[V]—|V
XOR E:[HL+],A E[HL] A-E[HLIVA, 1/1]0/0[0(0[0|1/0[0]|0|0[0|0[1][0|1[1]~|—|V
HL«HL+1
) E:[XY],A—E:[XY]VA,
XOR E:[XY+],A XY XY+1 111(0(0]0(0|0[1|0|0[0|0|O|1|1]O|1][1]|[~|—]|V
XOR ¥Ycur,#i4  |cur,A«<curVi4 10110 1[1|1]i3]io|i1|io|r7|re|rs|ralrs|ra|rs|rg|V|—|—
XOR [HL],#4  |[HL],A<[HL]Vi4 111(0/0[0[0|0|0|0|0[0|1[1|0]ig]|ip|i1]ig|V|—|—
XOR [XY],#i4  |[XY],A<[XY]Vid4 111(0(0[0[0|0|0|0|0[0|1[1|1]ig]ip|if]ig|V|—|—
XOR E:[HL],#i4 |E:[HL],A<E:[HL]Vi4 111(0/0[0[0|0[0|0|0[0|1[0|0]ig]|ip|i1]ig|V|—|—
XOR E:[XY],#i4 |E:][XY],A<E:[XY]Vi4 111(0/0[0[0|0|0|0|0[0|1]0|1]igl]ip|if]ig|V|—|—
. |[HL],A«~[HL]Vi4, A .
XOR [HL+],#i4 HLHL+1 111(0/0(0[0|0[{0|0|1]0 1|10 ig|ip]|if]ig|V N
o |IXYLA[XY]Vi4, A .
XOR [XY+],#i4 XY XY 41 111(010(0[0/0[0|0|1]0|1]|1][1ig|ip|i1]ig]V N
. . |E:[HL],A«E:[HL]Vi4, S]] .
XOR E:[HL+],#i4 HLHL+1 111(0/0(0[0/0[{0|0|1]0|1|0/0 |ig|ip]|i1]ig|V N
) . |E:[XY],A<E:[XY]Vi4, S]] .
XOR E:[XY+],#i4 XY XY41 111(0/0(0[0[0[0|0|1]0|1]0/[1|ig|ip]|i1]ig]V N
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Mask Operation Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION
15/14/13121110|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 0101|011 |1|1]r|re|rslralralrolri|ro|V |—|—
Testing of all bits in cur
MTST ¥cur,A not masked by A 001|111 1| 1]r|relrs|ralralrolri|ro|V |—|—
MTST [HL]A | esting of all bits in [HL] ololojolo/1]olololol1]olol1lo]1|v]|——
not masked by A
MTST [XY],A | esting of all bits in [XY] ololoofo/1/alolalo|1|1/0/1]0]1]V|——
not masked by A
MTST E:[HLJ,A |TeSting of all bits in ololoojo/1/alolalolololol1]o]1|V|——
T |E:[HL]not masked by A
_ Testing of all bits in .
MTST E:[XY],A E-[XY]not masked by A 0/0|0|0|0|1|0|0[0[0|0[1]|0|1 01|~
Testing of all bits in [HL]
MTST [HL+],A  |not masked by A, olofojojo|t1|ojojojof[1|0f1[1|0]1]|N|—|V
HL«—HL+1
Testing of all bits in [XY]
MTST [XY+],A [not masked by A, 0[0(0|0|0|1|0f0[0[0[1[1]|1]1|0|1][|—[V
XYXY+1
Testing of all bits in
MTST E:[HL+],A |E:[HL] not masked by A, olofojojo|1|oj0|oj0(0|0f1[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|0|0|0|1|0j0j0|0fO0[1]|1][1|0|1]|~|—[V
XY<XY+1
Testing of bits in cur not
MTST ¥cur,#m mas:(e% by#lfml u 11011 |ms/mo|mymo|r7|rg|rs|ra|rs|ra|ry|ro|V |—|—
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 |mg/mamqme|~
Testing of all bits in [XY] .
MTST [XY],#m not masked by #m 0/0(0[0|0|1[0[0[1][0|1]1 mamamqmo|~
. Testing of all bits in .
MTST E:[HL],#m E-[HL] not masked by #m 0(0(0/0/0|1]|0[0[1[0/|0|0 Imgjmzmimp|~
. Testing of all bits in .
MTST E:[XY],#m E-[XY] not masked by #m 0[0[0[0/0|1/0|0[1]0/|0]1 |m3/mamqme|~
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 |m3mamq¢mo|v |—]|V
HL«—HL+1
Testing of all bits in [XY]
MTST [XY+],#m | not masked by #m, 0/0[0/0|0[1|0[1][1/0]|1[1 |m3momq|mo|V |—|~
XY<XY+1
. Testing of all bits in E:
WTSTELHL] HL] not masked by #m, o|o|ololof1]ol1]1/0/0]|0]|msmamimo|V |—|V
HL«—HL+1
] Testing of all bits in E:
%T]STE'[XY‘L]’ [XY] not masked by #m, 0/0[0[0[0[1/0[1/1[0]0|1 |mgmamymo|V |—|V
XY<XY+1
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Appendix D

Mask Operation Instructions (continued)

MNEMONIC

OPERATION

w

C

INSTRUCTION CODE

15 12/11

10/9/8/7/6|5|4

MCLR Y¥cur,#m

Clearing of all bits in cur
not masked by #m,
A«—cur

m3

Ma\M4\Mg| 7 | T6 | 15 | 4

r

fo

MCLR [HL],#m

Clearing of all bits in
[HL] not masked by
#m, A[HL]

m3

ma

Mo

MCLR [XY]#m

Clearing of all bits in
[XY] not masked by
#m, A—[XY]

m3

my

Mo

MCLR E:[HL],#m

Clearing of all bits in
E:[HL] not masked by
#m, A—E:[HL]

m3

ma

mi

Mo

MCLR E:[XY],#m

Clearing of all bits in
E:[XY] not masked by
#m, A—E:[XY]

m3

ma

mi

Mo

MCLR [HL+],#m

Clearing of all bits in
[HL] not masked by
#m,A<[HL],HL<—HL+1

m3

my

Mo

MCLR [XY+],#m

Clearing of all bits in
[XY] not masked by
#m,A—[XY],XY<XY+1

m3

ma

Mo

MCLR E:[HL+],
#m

Clearing of all bits in
E:[HL] not masked by
#m,A<E:[HL],HL~HL+1

—_

m3

my

Mo

MCLR E:[XY+],
#m

Clearing of all bits in
E:[XY] not masked by
#m, A—E:[XY], XY<XY+1

—_

m3

ma

Mo
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Appendix D
Mask Operation Instructions (continued)
INSTRUCTION CODE FLAG
MNEMONIC OPERATION W|C
15(14/1312(1110|/9/8|7/6|5/4|3|2|/1|0(Z|C |G
Setting of all bits in cur
MSET ¥cur,#m [not masked by #m, 111]0|1|1]|0|mamamimg|r7|re|rs|ra|ra|ro|ry|ro|V |—|—
Aecur
Setting of all bits in [HL]
MSET [HL],#m [not masked by #m, 111]/0/0[(0[0[0|0[1/0/0]|1]|1]0 |mamam¢molV |—|—
A<«[HL]
Setting of all bits in [XY]
MSET [XY],#m |not masked by #m, 111(0]|0]0(0|0[0|1|0]0]|1]|1]|1|mamomimo|V |—|—
A—[XY]

Setting of all bits in E:
MSET E:[HL],#m|[HL] not masked by #m, {1 {100 0|0[0|0[1[0|0|1|0 |0 |msgmomqmo|V |—|—
A<«E:[HL]

Setting of all bits in E:
MSET E:[XY],#m|[XY] not masked by #m, [ 1| 1|00 0|0[0|0[1[0|0|1|0 |1 |msmamimo|V |—|—
A—E:[XY]

Setting of all bits in [HL]
MSET [HL+],#m [not masked by #m, 111]/0[0[0[0[0|0|1/1/0]|1]|1]|0 |mamamimolV |—|V
A<[HL],HLe-HL+1

Setting of all bits in [XY]
MSET [XY+],#m [not masked by #m, 111(0]/0[0(0|0[0|1]|1]0|1]|1/[1 |m3momi|mo|V|—|+
A[XY],XY<=XY+1

_ Setting of all bits in E:
g"rﬁETE-[HL’f]! [HL] not masked by #m, | 1|1 |0]0|0|o o/ 0|1|1]/0[1 |00 |msmalmime|V |—|V
AE:[HL],HL<HL+1

Setting of all bits in E:

ygETE:[XWL [XY] not masked by #m, | 1 [ 1|0 0|o|o]o/o|1/1]0[1 0|1 [msmalmiimo|V |—|V
A—E:[XY],XYXY+1
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Appendix D

Mask Operation Instructions (continued)

MNEMONIC

OPERATION

w

Cc

INSTRUCTION CODE

15/14/1311211

10/9/8/7/6/5/4

MNOT ¥cur,#m

Inverting of all bits in
cur not masked by #m,
A«—cur

m3

Mo M4|Mo| 7 |Te |I'5 | T4

2

fo

MNOT [HL],#m

Inverting of all bits in
[HL] not masked by #m,
A<«[HL]

m3

my

Mo

MNOT [XY],#m

Inverting of all bits in
[XY] not masked by #m,
A[XY]

m3

my

Mo

MNOT E:[HL]#m

Inverting of all bits in E:
[HL] not masked by #m,
A<«E:[HL]

m3

my

Mo

MNOT E:[XY],#m

Inverting of all bits in E:
[XY] not masked by #m,
A«E:[XY]

m3

m1

Mo

MNOT [HL+],#m

Inverting of all bits in
[HL] not masked by #m,
A<[HL],HL«—HL+1

ms

mz

my

Mo

MNOT [XY+],#m

Inverting of all bits in
[XY] not masked by #m,
A—[XY],XYXY+1

m3

mp

my

Mo

MNOT E:[HL+],
#m

Inverting of all bits in E:
[HL] not masked by #m,
A<E:[HL],HL<HL+1

ms3

my

Mo

MNOT E:[XY+],
#m

Inverting of all bits in E:
[XY] not masked by #m,
AE:[XY],XY<XY+1

—_

m3

my

Mo

Appendix-36



ML63512A/514A User's Manual

Appendix D
Bit Operation Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w| C
15(14/1312(1110|/9/8|(7/6|5/4|3|2|/1|0(Z|C |G
BTST ¥cur.n Bit testing of cur.n 1011|011 |ngnaini|nglrz|re|rsiralralrolry|ro|V|—|—
BTST [HL].n Bit testing of [HL].n 111(0/0[0/0|0[1/0[0[1]|0|1|0]|n3gn2|ny|no|V |—|—
BTST [XY].n Bit testing of [XY].n 111]0/0[0]|0[0|1|0[0|1|0|1]|1|n3|n2|ny|ng| |—|—
BTST E:;[HL].n |Bit testing of E:[HL].n 111/0/0[0|0[0|1/0[0|1|0|0]|0 |n3|n2|ng|ng|V |—|—
BTSTE:[XY].n |Bittesting of E[XY].n |[1/1]/0/0|/0|0[0|1|0[0|1[0|0|1|nzg|na|ng|ng|V|—|—
Bit testing of [HL].n, _
BTST [HL+].n HLeHL+1 111/0/0[0|0[0[1|0[1]|1|0[1]|0 [n3g|n2|ny|ng|V \
Bit testing of [XY].n, .
BTST [XY+].n XY XV+1 111]0/0[0|0[0[1|0[1]|1|0[1]|1|n3gn2|ny|ng|V \
. Bit testing of E:[HL].n, .
BTST E:[HL+].n HLHLe 1 111/0/0[0|0[0[1/0[1]|1/0[0]|0 [n3g|na2|ny|ng|V \
. Bit testing of E:[XY].n, .
BTST E:[XY+].n XY XYl 101(0[0[{0|0/0|1|0|1[1]0[0[1|ng|nz|ny|ng|~ |—|V
BCLR ¥cur.n cur.n<0,A«<cur 111(0]1]0|1|n3naini|nglrz|re|rs|ralralrolri|ro|V |—|—
BCLR [HL].n [HL].n<-0,A<—[HL] 111/0/0[0|0[0|1/0[0|0|1|1]0 n3|na|nt|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|no|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|v |—|—
BCLR E:[XY].n |E:[XY].n0,A<E:[XY] [1]1|/0]0]|0|0[0|1][0[0|0[1]|0|1|n3|na|ny|ng|V |—|—
[HL].ne=0,Ac[HL], _
BCLR [HL+].n HLe HL+1 111(0/0[0/0|0[1|/0[1]0|1|1|0|n3g/na(ny|ng|V v
[XY].ne=0,A[XY], _
BCLR [XY+].n XY XY 111/0(0[0|0[0[1|0[1]|0|1]1]|1|n3gn2|n{|ng|V S
. E:[HL].n«-0,A«E:[HL], o
BCLR E:[HL+].n HLe_HL+1 111/0/0[/0|0[0[1/0[1]|0|1]0]|0 |n3g|na2|n{|ng|V S
. E:[XY].n-0,AE:[XY], o
BCLR E:[XY+].n XY X1 111/0/0[/0|0[0[1|/0[1]|0|1]0]|1|n3gna|n{|ng|V S
BSET ¥cur.n cur.n«<1,A«cur 111(0]1]1/0]|ngnaini|nglr7|relrsiralralrolry|ro|V|l—|—
BSET [HL].n [HL].n«1,A<[HL] 111/0/0(0{0[0|0|1]0|0|1|1]0 n3|naing|ng| |—|—
BSET [XY].n [XY].ne=1,A<[XY] 111/0/0(0|0[0|0|1]0|0|1|1]|1|n3|na|ng|ng| |—|—
BSETE:[HL].n |E:[HL].ne~1,A<E:[HL] [1[1|0[0]|0|0[0|0[1][0|0[1]|0|0|n3|nainy|ng| |—|—
BSET E:[XY].n |E:[XY].n~1A<E:[XY] [1[1[/0][0|0|0[0|0[1][0|0[1]|0|1]|n3|na|ny|ng|V |—|—
[HL].ne1,A[HL], o
BSET [HL+].n HLeHL+1 111/0/0[/0|0[0[0|1[1]|0|1[1]0[n3|na|ny|ng|V \
[XY].ne1,A<[XY], .
BSET [XY+].n XY XV+1 111]0/0[0|0[0[0|1[1]|0|1][1]1|n3gn2|ny|ng|V \
. 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 [n3g|n2|ny|ng|V \
. E:[XY].ne—1,AE:[XY], .
BSET E:[XY+].n XY XV+1 111/0/0[0|0[0[0|1[1]|0|1]0]|1 |n3g|n2|ny|ng|V \
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Bit Operation Instructions (continued)

INSTRUCTION CODE FLAG
MNEMONIC OPERATION |W|C

15/14131211110/9|8|7|6|5|4|3|2/1|0|Z|C|G

BNOT ¥Ycur.n cur.n«—cur.n,A«cur 111 1111 ng/na|n1|nglr7|re|rs|ralrs|rolry|ro|V |—|—

BNOT [HL].n  |[HL].n[HLT.nA[HL] | 1 | 1 o(ofo 0(0[1|1|0]|n3|n2|ny|ng|V |—|—

BNOT [XY].n  |[XY].n[XYT.n,A—[XY]| 1 | 1 0/0/0 0101]1|1|n3/n2|ny|ng|V |—|—

BNOT E:[HL].n Ef{:H'”“E:[HL]'”’A‘_ 1/1|0lololololo|o]o]o|1]0]|0]|nsna|nsing|V |——

BNOT E:[XY].n Ef{m'”“EZ[XY]'”’A“ 111]0lolololololololol1|0/1 |nglnalnglng|y |——
[HL].ne[HLT.n, Ae—[HL], .

BNOT [HL+]n [y 1) L 1(1/0/0{0|0[0[0[0[1|0|1|1]0|n3|n2|ny|ng| |—|~
[XY].n[XYT.n, A—[XY], .

BNOT [XY+1-n v, vy 1(1)0(0]{0]|0[0[0[0[1|0|1|1]1|n3|n2|ny|ng|V |—|V
, E:[HL].n—E:[HL].n, A .

BNOT E:[HL+].n E-[HL] HLe_HL+1 1(1/0/0{0|0[0[0[0[1/0|1]|0]|0 |n3|n2|ny|ng|V |—|V
, E:[XY].n—E[XY].n,A .

BNOT E:[XY+].n EL[XY] XY XY+1 1(1/0(0]{0|0[0[0[0[1|0|1]|0]|1|n3|n2|ny|ng|V |—|V
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ROM Table Reference Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION
15/14/13[1211110/9|8|7/6(/5/4|/3|2|1/0(Z|/C |G
m‘z\YHB[HL]’ [HL],[HL+1]—(RA)15.5 oloolololo/1/1]0]ol1]o]o]ol1]0]———
'[\Q%YHB XYL xv] XY+ 1] (RA) 1525 olojolololo/1/1]0]ol1]1]0]o|1]0]|———
MOVHB E:[HL], |E:[HL],E:[HL+1]« olololololol1l1lolololololol1]ol———
[RA] (RA)15-
MOVHB E:[XY], [E:[XY],E][XY+1]« olololololol1l1lololol1lolol1]0l———
[RA] (RA)15-
MOVHB [HL+], |[HLL,[HL+1](RA)is-5, il
[RA] HLHL+2 0j0j0/0j0|0O|1|1(0]|0O|1|0O|1(0|1]0 v
MOVHB [XY+], |[XYLIXY+1]—(RA)1ss, BN
[RA] XY XY42 0(oj0(0{0|0O|1|1|{0|0O|1|1|1]|0|1]0 v
MOVHB E:[HL+], |E:[HL],E:[HL+1]« e
[RA] (RA)15.g. HLHL+2 o(o0|0f(0|0|0O|1|/1|0|0O|0|0O|1|0O|1]0 v
MOVHB E:[XY+], |[E:[XY],E:[XY+1] i
[RA] (RA)15.5. XY XY+2 0(o0|0/0{0|0O|1|1|{0|0O|0O|1|1|0|1]|0 N
MOVHB [HL],  |[HL],[HL+1]« 0j0j0/0j0j0j1 /1001|001 /0/0] | |
cadr1g (cadr16)5-g a151a14/a132121a111a10| a9 | 38 |a7 | ag | a5 | as |23 |22 |21 |ag
MOVHB [XY],  [[XY],[XY+1]« oj0j0/0/0(01}1/0(0|1(1/0(1|0]0 L
cadr16 (cadr16)15-g a151a14|a13ja12a11(ato| ag| ag|az | ag |as |a4 a3 |ag |aq | ag
MOVHB E:[HL], [E:[HL]E:[HL+1] 0j0/0j0j0j0]1/1/0/0/0]0j0j10/0| | |
cadr16 (cadr16)15-5 a1s|a14/a13[@12/@11(210| A9 | g |a7 |36 |a5 [A4 |A3 [A2 |@1 |0
MOVHB E:[XY], |E:[XY],E:[XY+1]« ojojojojojojtjtjojojojtjoj1j0jO] | |
cadr16 (cadr16)15-g ars|a14/a13a12as1jato| ag | g |ay |ae |as |as4 a3 |a2 |aq |ag
MOVHB [HL+], |[HL],[HL+1]e ojolofofool1]r]ofolt]ofr[r]ofo| | |
cadr16 (cadr16)5.g,HL-HL+2 a151a14/a132121a111a10| a9 | 38 |a7 | ag | a5 | as |23 |22 |21 |ag
MOVHB [XY+], [[XY],[XY+1]« oj0j0(0/0j01{1/0(0|1(11}(1|0/0 _ |y
cadr16 (cadr16)15-5,XY -XY+2 a151a14|a13ja12a11(ato| ag| ag|az | ag |as |a4 |as |ag |aq | ag
MOVHB E:[HL+], |E:[HL],E:[HL+1]« oj0j0/0/0(0/1}1/0(0|0(0O|1|1|0]0 Iy
cadr16 (cadr16)5.g,HL-HL+2 a1s|a14/a13[a12/@11(210| A9 | g |a7 |36 |a5 [A4 |A3 [A2 |@1 |0
MOVHB E:[XY+],|E:[XY],E:[XY+1]« 0j0jojojojoj1j1jojojoj1|1/1]00| | J
cadr16 (cadr16)15-g,XY<-XY+2 a5/a14a13/a121a11 (10| g | ag |a7 |ag |as | a4 |a3 a2 |a1 |ag
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ROM Table Reference Instructions (continued)

INSTRUCTION CODE FLAG

MNEMONIC OPERATION

15/14(1312(11110/9(8|7|6/5/4/3|2|1/0(Z|C|G
m%YLB[HL]' [HL],[HL+ ]~ (RA)7-0 ololojojolol1|1]olol1]|olo]o|1]1|———
'[‘g%\]’LB[XY]' XY],IXY+1]~(RA)7-0 ololoofojol1|1]a]o|1|1/0l0[1]1|———
MOVLB E:[HL], |E:[HL],E[HL] olololololalslilalalolololols s LI
[RA] (RA)7-0
MOVLB E:[XY], |E:[XY]E[XY1] ololololololililalalalsTolols T4 ILIZIZ
[RA] (RA)7-0
MOVLB [HL+], |[HLLIHL+1]—(RA)7-o, BB
[RA] HLHL+2 o(ojojo0/0{0{1{1j04041|0|1(011 1 v
MOVLB [XY+], |[XY]IXY+1]—(RA)7-, BB
[RA] XY XY42 o(ojojo0(0f{0{1{1j04041|1|1j0111 v
MOVLB E:[HL+], |E:[HL].E[HL+1]— NN
[RA] (RA)7.0,HLHL+2 o(ojoj0/0{0{1}{1j0/0(0|0|1]01 1 v
MOVLB E:[XY+], [E:[XY] E:[XY:+1]— NN
[RA] (RA)7.0. XY XY42 o(ojoj0/0{0{1{1j04040|1|170111 N
MOVLB [HL], |[HL][HL+1]c o[ofolofolo 1 1 ofolalolol1[o[1] [ |
cadr16 (cadr16)7-0 a1s(a14{a1312[a11)a10| ag | ag |7 |ag |as | a4 |ag a2 |21 |ag
MOVLB [XY],  [[XY],[XY+1]« 0/0/0/0/0j01}1 /0011|0101 N
cadr1é (cadr16)7-g a15/a14ja13/a121a11 /310 g | ag |a7 | |as | a4 |az |a2 a1 |ao
MOVLB E:[HL], |E:[HL],E:[HL+1]« 0jojojoj0jo0j1j1jojojojojotjoj1| | |
cadr16 (cadr16)7-0 as(a14{a1312a11)a10| Ao | 3g|a7 | a6 |as | a4 |a3 a2 a1 |Ag
MOVLB E:[XY], |E:[XY]EIXY-1]e 0/0fojofojolt]1]ojojolt]ol1]o[1| | |
cadr16 (cadr16)7-0 a1s(a14{21312[a11)a10| a9 | 3g |a7 |36 |as | a4 |23 |22 a1 |Ag
MOVLB [HL+], |[HL][HL+1]c ol0lofofool1[tofolt oft[t]o[1] [ |
cadr16 (cadr16)7.o,HL-HL+2 a1s(a14{a1312[a11)a10| ag | ag |7 |ag |as | a4 |ag a2 |21 |ag
MOVLB [XY+], [[XY],[XY+1]«< 0/0/0{0j0|0Of1[1{0|0O 1|1 }{1}{1]|0]|1 Iy
cadr16 (cadr16)7.0 XY<-XY+2 a15/a14ja13/a121a11 /10 g | ag |a7 | |as | a4 |az |a2 a1 Ao
MOVLB E:[HL+], |E:[HL],E:[HL+1]« 0/0/0/0/0(01}1/0(0|00O|1]1|0]1 Iy
cadr1é (cadr16)7.g,HLe-HL+2 a15/a14ja13/a12a11 (10| g | ag |a7 | |as | a4 |az |a2 a1 | Ao
MOVLB E:[XY+], [E:[XY],E:[XY+1]« 0/0/0(0/0(01}1/0(0|01|1]1|0]1 Iy
cadr16 (cadr16)7-9,XY«XY+2 a15/14(a13/a121a11 (310 g | ag |a7 | |as | a4 |as a2 a1 |ao
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Stack Operation Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION (W|C
15114/131211110/9|8|7/6|/5/4|3|2|1]/0|Z|C|G
(RSP)«—{FLAG,A,HL}, N I
PUSH HL RSP<_RSP+1 112|0(0|0(|0|0(0O|0O|0O|0OfO|0O(1|0f0O|O0O|O
(RSP)«{CBR EBR XY}, T
PUSH XY RSPRSP+1 1/2|0(0|0|0|0(0|0O|0O|0O(O|0Of1|0(0O]|O]|1
RSP«RSP-,
POP HL {FLAGA HL}<(RSP) 1(2/0/0]{0]{0[0[0[0[0|0|0|0|1|0|0[1]0|~|V]|V
POP XY RSP«RSP-1, L
(CBR.EBR XY} (RSP) 112(0(0|0(0|0(0|0[0|0(O|O[1|{0(O]|T1]|1

Flag 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
FCLR G G0 111(0/0[/0/0/0[0|0|0[0|0|0[0|0[0[1]0]|—|—|V
FCLR C C«0 1/1(0|ojojo|ojojo|ojo|o|o|o|O|O|1]|1]|—V]|—
FCLR Z 70 i/1(0|o0|o0lo|o|0|0|0|0O|0O|O|O|O[1|0]|0O|N|—|—
FSET G Ge1 111(0]/0[(0/0/0[0|0|0[0|0|0[0|0[1[1]0]|—|—|V
FSET C Ce—1 1/1(o0|ojojo|ojojo|ojo|o|o|0|O|1|1]1]|—|V]|—
FSET Z 71 1/1(0|0|0l0|0|0|0|0|0O|0O|O|O|1]0|0]|0O|N|—|—
Jump Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w|C
15114/1312111(10|9|/8|7(6(5/4|3|2|1/0|Z|C |G
ojoj0/0(0|0|0O|/0O|OfOfO|1]|0|1]|0|0
LJMP cadr15  |PC«cadr15 2|2 —|—|—
0 |a14/a13a12a11(a10| 9| ag|ay |a |as |a4 |a3|az |a1 |ap
JMP cadr12 PC11-9<—cadri2 111111110 aj1ja10/ag|ag|ay|ag|as|ag|ag|as|ay|ag|—|—|—
SJMP radr8 PC«Next PC+radr8 1/1/0/0/0[0|1|{0|0|a7|1 |ag|as|as|az|az|ay|ag|—|—|—
JMP PC+A PC«—PC+A+1 1/1({0f0j0|0j0|0|0|0O|0O|O(O [T O 1|1 |1 |—|—|—
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Conditional Branch Instructions

INSTRUCTION CODE FLAG
MNEMONIC OPERATION w
15/14(1312(11110/9(8|7|/6/5/4/3|2|1/0(Z|C|G
BC radr8 if C=1 then
BLT radr8 PCNext PC+radr8(<) 1 0/0{0|/0|1|/0]|1|a7|0 |ag|as|ag|as|az|as|ag|—|—|—
BNC radr8 if C=0 then
7BGE drs PC_Next PC+radr(2) 1 0/0[{0|0|1/0|1|a7|1|ag|as|as|ag|az|aj|ap
BZ radr8 if Z=1 then
7%0 adrB PCNext PC+radr(<) 1 0/0{0|0|1|1|0|a7|0|ag|as|as|ag|as|as|ap
BNZ radr8 if Z=0 then
7BNEradr8 PCeNext PC+radr8(x) 1 0/0{0|0|1|1|0|a7|1|as|as|as|az|az|as|ag
if (C=1)V (Z=1) then
BLE radr8 PC(eNth(PCJadrB(S) 11100]0]0]0/1/1!1]ar|0/ag|as|as |as |ap |ay | ag |—|— —
if (C=0) A\ (Z=0) then
BGT radr8 PC(eNth(PC+2adr8(>) 1 0/0[0|0|1|1]|1a7|1 |ag|as|as|as|az|as|ag|—|—|—
BNG radr8 gg:ONgﬁ”PCHadrg 11100/0/0/0/1/0|0 ar|0 as|as as |as a2 |a1 |ag |— —|—
Call/Return Instructions
INSTRUCTION CODE FLAG
MNEMONIC OPERATION w
15/14/13(12(11110/9|8|7/6|/5/4|/3|2|1/0(Z|C |G
o|(ojoj0/0|0|0j0j0|O|0O|1T|0O|1]0|1
LCAL cadrt (SSPP)ZPPCiPCecadrM, ) e
—of+ a15/a14/a13|a12a11/a10| g | ag |a7 |Ag |A5|a4 |a3 |a2 |1 |dg
SP)«PC,PC11-
CAL cadr12 éadZE,SPeé;:’E;_ 1 1111]|1aj1/aj0/ag|ag|ay|ag|as|as|as|a|aj|ag|—|—|—
RT PC«(SP)+1,SP<-SP-1 | 1 o|(ojojo0(/0|0|0j0(0(0(0|0O|1|{O[1 [T |———
RTI PC(SP)+1.5PSP-1,\ 1 1410 0] 0lololololololololol1|1]0]0|—~——

MIE<1
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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|0(O[O[1|1|1]0|—|—|—
DI MIE<0 1/1(0/0{0/0(0(0|0|0|0|0OfO|O[1|1|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]i2|i1]ip|—|—|—
MOV RAO,#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]ig]i2|i1]ip|—|—|—
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 1/1(0[0{0/0/0[0|0|1|0|0([1]|1]ig|i2|iy]ip|—|—|—
MOV L #i4 Li4 11110(0/0(0(0{0{0|1|0|0|1]0]i3]|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—id 1/1(0/0{0/0/0(0|0|1|0|0[0]|0/|ig]i2|i1]ip|—|—|—
MSA cadr14 Melody output starts 2|3 0/0/0/0/0/010/0/0]0/0}1]011 110} | |

d15/d14/d13)/a12d11/a10| d9 | ag | a7 |dg |d5|d4 |d3 |d2 a1 |AQ

ANote:

Although provided in the nX-4/250 CPU core, the external memory transfer instructions and e
the RTNMI instruction are not available in the ML63512A and ML63514A.
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Appendix E Mask Option

In the ML63512A and ML63514A, use the mask option to specify the following items:

e Crystal oscillation or RC oscillation, for the low-speed clock oscillation circuit

e RC oscillation or ceramic oscillation, for the high-speed clock oscillation circuit

« Either the internal pull-up resistor is used or the external pull-up resistor is used, as the
reset pin function

To use the mask option, assign mask option data in the application program in accordance
with the formats below.

Because the data assignment area for the ML63512A (addresses OFEOH through OFE3H)
and that for the ML63514A (addresses 1FEOH through 1FE3H) are out of the program
memory area, assigning mask option data does not affect the application program execution

area.
ML63512A Mask Option Data Assignment Format
Address Function Contents Data
OFEOH Low-speed Crystal oscillation or | 0: Crystal oscillation | 1: RC oscillation
oscillation clock RC oscillation
OFETH High-speed Internal capacitor Always set "0". ("1"is invalid.)
oscillation clock
OFE2H Reset Internal pull-up resistor| 0: Internal pull-up 1. External pull-up
or external pull-up resistor resistor
resistor
OFE3H High-speed RC oscillation or 0: RC oscillation 1: Ceramic oscillation
oscillation clock ceramic oscillation
ML63514A Mask Option Data Assignment Format
Address Function Contents Data
1FEOH Low-speed Crystal oscillation or | 0: Crystal oscillation | 1: RC oscillation
oscillation clock RC oscillation
1FE1H High-speed Internal capacitor Always set "0". ("1"is invalid.)
oscillation clock
1FE2H Reset Internal pull-up resistor| 0: Internal pull-up 1. External pull-up
or external pull-up resistor resistor
resistor
1FE3H High-speed RC oscillation or 0: RC oscillation 1: Ceramic oscillation
oscillation clock ceramic oscillation

ANote:

The high-speed clock oscillation circuit has a built-in capacitor. When assigning the option
data, set "0" as the data for addresses OFE1H for the ML63512A and 1FE1H for the
ML63514A. Setting "1" is invalid.

Appendix-44



ML63512A/514A User's Manual
Appendix E

[Example of mask option data generation]

* When crystal oscillation and internal pull-up resistor are selected for the ML63512A:

ORG

DW
DW
DW
DW

OFEOH « Useanassembler pseudo-instruction to set the address of option data
to OFEOH.

0 ;  Low-speed oscillation clock, crystal oscillation

0 ;  Fixed to "0".

0 ; Internal pull-up resistor, for the reset pin

1 ;. High-speed oscillation clock, ceramic oscillation

* When RC oscillation and external pull-up resistor are selected for the ML63514A:

ORG

DW
DW
DW
DW

1FEOH « Useanassembler pseudo-instruction to setthe address of option data
to 1FEOH.

;  Low-speed oscillation clock, RC oscillation

;  Fixed to "0".

;  External pull-up resistor, for the reset pin

; High-speed oscillation clock, RC oscillation

OPr OoOtPRr
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Appendix F Differences between the ML63512/514 and
the ML63512A/514A

The ML63512A/514A are the successors to the ML63512/514.
Table F-1 lists the differences between the ML63512/514 and the ML63512A/514A.

Table F-1 Differences between ML63512/514 and ML63512A/514A

Item ML63512/514 ML63512A/63514A
High-speed RC oscillation circuit | Internal capacitor/external Internal capacitor only
capacitor selectable
Pin 32 of 48-pin TQFP 0SCM Vss
Pin 42 of 64-pin TQFP 0SCM Vss
Reset circuit Sampling circuit not provided Sampling circuit provided*

*  System reset mode is entered by applying a "L" level (a pulse width of 1.25 seconds or
more) to the RESETB pin.
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