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Introduction

This specification uses the following terminology:
1. A "clock cycle" is one cycle of the source oscillator clock.

2. An'instruction cycle" isthe minimum instruction execution time. The minimum instruction execution
timeisthe resulting clock cycle after division by the gear function (see "2.1.5 Clock Controller"). (See
"Instruction Cycle" in "6.4 AC Characteristics’ and "Appendix 2 Quick Reference Table for the
Instruction Cycle at Gear Change".)

1. The products described in this manual and the specifications thereof may be changed without prior
notice. To obtain up-to-date information and/or specifications, contact your Fujitsu sales
representative or Fujitsu authorized dealer.

2. Fujitsu will not be liable for infringement of copyright, industrial property right, or other rights of a third
party caused by the use of information or drawings described in this manual.

3. The contents of this manual may not be transferred or copied without the express permission of
Fujitsu.

4. The products contained in this document are not intended for use with equipments which require
extremely high reliability such as aerospace equipments, undersea repeaters, nuclear control
systems or medical equipments for life support.

5. Some of the products described in this manual may be strategic materials (or special technology) as
defined by the Foreign Exchange and Foreign Trade Control Law. In such cases, the products or
portions thereof must not be exported without permission as defined under the Law.

© 1996 FUJITSU LIMITED Printed in Japan
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1.1 Features

Chapter 1:
Overview

The MB89143A/4A has been developed as a general -purpose version of the F2M C*-8L family consisting
of proprietary 8-hit, single-chip microcontrollerswith ASIC (Application Specific IC) compatibility.

In addition to a compact instruction set, the microcontroller contains avariety of peripheral functions such
as two clock control systems, five operating speed control stages, timers, a seria interface, an A/D con-
verter, abuzzer output, high-voltage drivers, awatch prescaler, and external interrupts. The device is suit-
able for awide range of applications from consumer to industrial equipment.

* -

F2MC stands for FUJITSU Flexible Microcontroller.

1.1 Features

Minimum execution time: 0.5 s (at an 8.0-MHz source oscillator frequency)

Interrupt processing time: 4.50 s (at an 8.0-MHz source oscillator frequency)

F2MC-8L CPU core

Multiplication and division instructions
16-hit operations

Instruction test and branch instructions
Bit manipulation instruction, etc.

—_—— —

Instruction set optimized for controller applications

—_ —

Dual clock control
High-voltage ports: 24 channels
Dual timers
8/16-bit timer/counter (can also beused as2~ 8-bit timers)
21-bit time-base counter
8-bit serial interface: 1 channel
Selectable transfer direction supports communications with awide range of devices.
A/D converter: 8 channels
Successive approximation A/D converter with 8-bit resolution
External interrupts. 2 channels
Two channels are independent and capabl e of wake-up from low-power consumption maode. (can be
selected to trigger on rising edges, falling edges, or both edges)
—0.3V t0 7.0V can be applied to INT1 (N-ch open-drain).
Low-power consumption modes
Sub mode (Halts the high speed clock and operates on the low speed clock.)
Watch mode (Halts all functions except the Watch prescaler.)
Stop mode (Halts the oscillation so that the device consumes almost no current.)
Sleep mode (Halts the CPU so that the device consumes approximately one third of the usual
operating current.)
Watch prescaler
Buzzer output
Watchdog reset, reset output, and power-on reset
Mask option
Allows selection of single/dual clock system, presence/absence of pull-up resistor and reset output.
Packages:
SDIP64 (Package code: DIP-64P-M01)
QFP64 (Package code: FPT-64P-MO06) (Under development review)



1.2 Series Product Lineup

1.2 Series Product Lineup

Table 1.2.1 lists the product lineup for the MB89143A/4A and MB89140 series.
Table 1.2.1 MB89143A/4A and MB89140 Series Product Lineup

Part number

Minimum execution time:
Interrupt processing time:

parameier MB89143A MB89144A MB89144, 5, 6 MB89P147 MB89PV140
Classification Piggyback/evaluation
Mass production products (mask ROM products) OTPR?O'\QS E,[ZROM product (for evaluation
P and development)
ROM size C o C ot , L 32K~ 8-hit externa
8K ~ 8 hits 12K 12K, 16K, 24K “ 8 bits | 32K ~ 8-bit internal (piggy-back)
RAM size 256" 8 hits 256, 512, 768 " 8 hits 1K~ 8-bit internal 1K~ 8-hit internal
CPU functions Number of instructions: 136
Instruction bit length: 8 bits
Instruction length: 1to 3 bytes
Data bit length: 1, 8, 16 bits

0.5 ms/8 MHz to 8.0 me/8 MHz, 61.0 n&/32 kHz
4.5 ms/8 MHz to 72.0 ne/8 MHz, 562.5 ns/32 kHz
Note: The above times change according to the gear function.

Ports

High-voltage ports (P-ch open-drain):

Buzzer output (P-ch open-drain,

high-voltage port):

Output ports (CMOS):

Input ports (CMOS):

1/0 ports (CMOS):

1/0 ports (N-ch open-drain):
Total:

24 (P40 to P47, P50 t0 P57, P60 to P67)

1

4 (P20 to P23)

2 (P70 and P71 are used as X0A and X1A pinswhen adual clock isused.)
23 (P00 to P07, P10 to P17, P30, P32 to P37)

1(P31)

55

Time-base timer

Support four interval times. 0.26 ms, 0.51 ms, 1.02 ms, and 0.524 s (for an 8.0-MHz source oscillation)

8/16-bit timer/coun-
ter

8/16-hit timer operation (operating clock: internal clock, external trigger)
8/16-bit event counter operation (rising, falling, or both edges selectable)

Serid 1/0

8 hits,

L SB-first or MSB-first selectability
Transfer clock (external, 4, 8, or 16 system clock cycles)

A/D converter

8-hitresolution” 8 channds

A/D conversion mode (conversion time:
22 s a 8 MHz with the gear function set

at maximum speed)

Supports repeated activation by an exter-

nal trigger.

10-hit resolution © 12 channels

A/D conversion mode (conversion time: 16.5 ns at 8 MHz with the gear
function set at maximum speed)

Sense mode (conversion time: 9.0 ns at 8 MHz with the gear function set at
maximum speed)

Supports repeated activation by an external trigger.

External interrupts

Two independent channels (edge selection, interrupt vector, source flag)
Rising, falling, or both edges can be selected. Internal analog noise filter
Used for wake-up from stop/sleep mode. (Edge detection is also permitted in stop mode.)

Buzzer output

Selectable output frequency (1.95 kHz or 3.91 kHz for an 8-MHz source oscillation). Output from a high-voltage pin.

Watchdog reset Generates an internal reset after 524 to 1049 ms (at an 8-MHz source oscillation) if program runaway occurs.

8-bit PWM No Can operate as an 8-hit timer or as an 8-bit resolution PWM.

12-bit MPG No Can operate as a 12-hit resolution PWM, reload timer, or PPG.

Standby mode Sleep mode, stop mode, and watch mode

Process CMOS

Package MDP-64C-P02/
ag DIP-64P-M01 DIP-64P-MOL/FPT-64P-M06 MQP-64C-PO1

Supported EPROM MBM27C256A-20

Operating voltage 40t06.0V | 27t06.0V

*: Seethe MB89140 series specifications for further details of products other than the MB89143.
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1.3 Block Diagram

1.3 Block Diagram

X0 » Main clock oscillator > <« Buzzer —> BZ
X1 ¢——— (8 MHz max.)
t < > — P60 to P67
Clockcontrol | | | .---. | High-voltage port 6
+ .
P70, P71 > » Sub-clock oscillator o C
XO0A T (32.768 kHz) » o [ < — P50 to P57
XA — 5 T . : High-voltage port 5
o c l —>
5 . .
CMOS input port “—> = !
< > +——> P40 to P47
CMOS output port 2 [¢+—» . |High-voltage port 4
! ! . VFDP
P20 to P23 +—— : N
8-bit PWM timer
“—> CMOS /0 port
“—> [—» P32/SCK
. . TR «—»|  8-bit serial > [«—>» P33/SO
Time-base timer <« < «——» P34/S|
CMOS 1/O port 0 +—> , ,
PO7/AN7 8 ‘ ; — w [ P37
to POO/ANO +———>| —‘l 12-bit MPG + |[— P36
; N g
AVR > . > . .
AVee ;8—b|tA/Dconverter o
PO7/ADST 4——> 4T
7 <«—>»| 8/16-bit timer/counter |¢ «— P35/EC
P10 to P16 4«——F>| CMOS I/O port 1 >
RAM — < —> P30/INTO
(256 O 8 hits)
<« External interrupt
< ® le—> P3uINTL
F2MC-8L PN e
CPU C o
> N-ch open-drain port
ROM > — Other pins ——————
VCC, VSS, MODA, RST

Figure 1.3.1 Overall Block Diagram (MB89143A/4A)

Note: The units enclosed in dotted lines are not provided on the MB89143A/4A. The A/D converter has
8-bit resolution” 8-hit channels.



1.4 Pin Assignment

1.4 Pin Assignment

(Top view)
. N

Bz <1 64 < Vss

P67 < 2 63 < AVR
P66 < 3 62 1< AVss
P65 < 4 61 —<> POO/ANO
P64 <5 60 <> PO1/AN1
P63 <6 59 <> PO01/AN2
P62 <7 58 —1<> PO03/AN3
P61 <8 57 <> PO04/AN4
P60 <9 56 [—1<> PO5/AN5
N.C. — 10 55 —1<> PO06/ANG
P57 <~ 11 54 <> PO7/AN7
P56 < 12 53 —<> P10
P55 < 13 52 /<> P11
P54 < 14 51 <> P12
P53 <~ 15 50 —31<> P13
P52 < 16 49 1> P14
P51 < 17 48 <> P15
P50 < 18 47 /<> P16
P47 < 19 46 <> P17/ADST
P46 < 20 45 1< P30/INTO
P45 < 21 44 <> P31/INT1
P44 </ 22 43 <> P32/SCK
P43 <~ 23 42 15> P33/SO
P42 < 24 41 <> Pp34/sI
P41 < 25 40 <> P35/EC
P40 < 26 39 <> P36
P23 < 27 38 <> P37
RST <> 28 37 > P20
MODA > 29 36 > P21

X0 > 30 35 (> P22

X1 < 31 34 < P70/X0A
Vss 32 33 <> P7UX1A

(DIP-64P-M01)

* When used as general-purpose ports, P70/X0A and P71/X 1A are input-only ports.

» PO7to P00 areinitialized as analog inputs ports after areset. P13 to P10 are initialized with afixed "L"
level input after areset. To use as ports, always set "1" in the PCR1 and PCRO registers.

Figure 1.4.1 Pin Assignment
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P61
P60

N.C.

P57
P56
P55
P54
P53
P52
P51
P50
P47
P46
P45
P44
P43
P42
P41
P40

(FPT-64P-M06)

Figure 1.4.2 Pin Assignment
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1.4 Pin Assignment

PO3/AN3
P04/AN4
P05/AN5
PO6/ANG
PO7/AN7
P10

P11

P12

P13

P14

P15

P16
P17/ADST
P30/INTO
P31/INT1
P32/SCK
P33/SO
P34/SI
P35/EC



1.5 Package Dimensions

1.5 Package Dimensions

DIP-64P-M0O1

EIAJ code: SDIP064-P-0750-1
64-pin Plastic SH-DIP Lead pitch 70mil
Row spacing 750 mil
Sealing method Plastic mold

(DIP-64P-M01)

64-pin Plastic SH-DIP
(DIP-64P-M01)

"1

Unit: mm (inches)

The package dimensions given in this document are for reference only. Obtain the dimensions of the

regular version separately.
Figure 1.5.1 Package Dimensions
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1.5 Package Dimensions

Under development review

FPT-64P-MO06

EIAJ code: *QFP064-P-1420-3

64-pin Plastic QFP Lead pitch 1.00 mm
Package width ~ length 14° 20 mm
Lead shape Gull-wing
Sealing method Plastic mold
Length of flat section of pin 1.20 mm
FPT-64P-MO06
64-pin Plastic QFP
(FPT-64P-MO06)
= =
by 8 -y -
[ ] |
ol = =
p— —— =1 —
[— = = I=I
= —— =;
= = = = =
I ] ||
o 0N H H ___.E

L] 1 Unit: mm (inches)

The package dimensions given in this document are for reference only. Obtain the dimensions of the regular ver-
sion separately.
Figure 1.5.2 Package Dimensions



1.6 Pin Description

1.6 Pin Description

Table 1.6.1 lists the pin functions and Figure 1.6.1 shows the 1/O circuit types.

Table 1.6.1 Pin Description

Pin no.

SDIP'L | Q

Fp*2

Pin name

Circuit
type

Function

30

23

X0

31

24

X1

A

Main clock oscillator pins
Use acrystal oscillator.

29

22

MODA

B

Input pin for setting the operating mode. Normally connect directly to
Vss.

28

21

RST

Reset 1/O pin

This port is aN-ch open-drain output type with pull-up resistor and a
hysteresisinput type. "L" is output from this pin by an internal source.
Theinternal circuit isinitialized by the input of "L". The pin has an
internal noise canceller.

54 to 61

471054

PO7/AN7 to
POO/ANO

General-purpose /0 ports
These ports are a hysteresis input type. Also serve as analog inputs.

46

39

P17/ADST

471053

40 to 46

P16 to P10

General-purpose /0 port
This port is a hysteresisinput type. Also serve as the external activa-
tion pin for the A/D converter.

General-purpose /0 ports
These ports are a hysteresis input type.

34

27

P70/X0A

33

26

P71/X1A

Can be selected (as a mask option) to function as either a general-pur-
pose input port or as an oscillator sub-clock pin. When set as an input
port, the pin is a hysteresisinput.

Can be selected (as a mask option) to function as either a general-pur-
pose input port or as an oscillator sub-clock pin. When set as an input
port, the pin is a hysteresis input.

27,35to
37

20,
30

281to

P23, P22 to
P20

General-purpose output ports

38,39 |31,

32

P37, P36

40

33

P35/EC

41

34

P34/S1

42

35

P33/S0

43

36

P32/SCK

General-purpose |/0 ports
These ports are a hysteresis input type.

General-purpose /0 port
This port isahysteresis input type. Also serve as the external clock
input for the 8/16-bit timer/counter.

General-purpose /0 port
This port isahysteresis input type. Also serve as the serial datainput
for the 8-hit seria interface.

General-purpose /0 port
This port isahysteresisinput type. Also serve asthe serial data output
for the 8-hit seria interface.

General-purpose /0 port
This port isahysteresis input type. Also serve as the seria transfer
clock for the 8-bit serial interface.

37

P31/INT1

General-purpose /0 port

This port is an N-ch open-drain output and a hysteresisinput. Also
serve as an external interrupt pin. When used as an interrupt, the pinis
a hysteresisinput and has an internal noise filter.

45

38

P30/INTO

General-purpose /0 port

This port is a hysteresis input type. Also serve as an external interrupt
pin. When used as an interrupt input, the pin is a hysteresisinput and
has an internal noise filter.

1

58

BZ

P-ch high-voltage open-drain output port
Used as the buzzer output only.

*1: DIP-64P-MO1
*2: FPT-64P-M06
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1.6 Pin Description

Table 1.6.1 Pin Description (Continued)

SDIPITlm ngFP*Z Pin name Ct';gg't Function
19t0 26 | 12 to 19 |PA47 to p40 P-ch high-voltage open-drain output ports
11t0 18| 4to 11 |P57 to P50 G
2t09 | 59to 2 |P67 to P60
10 3 N.C. - N.C. pin
64 57 Vce ) Power supply pin .
Also serve asthe A/D converter AV cc power supply pin.
32 25 |Vss - Power supply pin (GND).
63 56 |AVR - A/D converter reference power supply pin
62 55 AVss i A/D converter power supply pin
Use at the same voltage as Vss.

*1: DIP-64P-M01
*2 . FPT-64P-M06



1.6 Pin Description

Figure 1.6.1 1/O Circuit Type

Type Circuit Remarks
A <1 » At an oscillation feedback resistor of
] o[>0~ approximately 1 MW5 V
o (=) |
L] O
IS i
o
Standby control signal
B
] [—0-
C » Ataoutput pull-up resistor (P-ch) of
R approximately 50 kW5 V
: P-ch ¢ CMOS hysteresis input
N-ch
Hysteresis input
D  CMOS output
| P-ch
N-ch
E * N-ch open-drain output
T_| e + CMOS hysteresis input
) : Port » Hysteresisinput is provided with noise
Hysteresis input canceller
AT Interrupt input
Hysteresis input
with noise canceller
F  CMOS output
| P-ch * CMOS hysteresis input
[
N
l -ch
Port
Hysteresis input
Analog input
G » P-ch high-voltage open-drain output
’Ell P-ch

10 Chapter 1. Overview




1.6 Pin Description

Figure 1.6.1 /O Circuit Type (Continued)

Type Circuit Remarks
H . CMOS output
P-ch CMOS hysteresis input
Pull-up option (for P14 to P17 and P32
7 pPeh | to P37 only)
[—
—e—
N-ch
L [&=0— Port
Hysteresis input
I CMOS output
P-ch
= CMOS hysteresis input.
| Hysteresisinput is provided with noise
N-ch canceller.
>0 Port
Hysteresis input
1T Interrupt input
Hysteresis input
with noise canceller
J [E>0— Port No oscillation feedback resistor is pro-

Hysteresis input

N

o T

Standby control signal

[T>0— Port

Hysteresis input

vided internally.

Can be used as a CMOS hysteresis
input when the sub-clock is not used.

11



1.7 Handling Devices

1.7 Handling Devices

1. Preventing latch-up

Latchup may occur on CMOS ICsiif voltage higher than Vcc or lower than Vssis applied to input and out-
put pins other than medium- to high-voltage pins or higher than voltage which shows on "6.1 Absolute
Maximum Ratings" in "Chapter 6 Electrical Characteristics’ is applied between Vcc and Vss. (However,
up to 7.0V can be applied to the P3L/INT pin, regardless of Vcc.)

When latchup occurs, power supply current increases rapidly and might thermally damage elements. When
using, take great care not to exceed the absolute maximum ratings.

Also, take care to prevent the analog power supply (AVR) and analog input from exceeding the digital
power supply (Vcc) when the analog system power supply is turned on and off.

2. Treatment of unused input pins
L eaving unused input pins open could cause malfunctions. They should be connected to pull-up or pull-
down resistor.

3. Treatment of power supply pins on microcontrollers with A/D and D/A converters
Connect to be AVss = AVR = Vss even if the A/D and D/A converters are not in use.

4. Treatment of N.C. pins
Be sureto leave (internally connected) N.C. pins open.

5. Power supply voltage fluctuations

Although Vcc power supply voltage is assured to operate within the rated range, arapid fluctuation of the
voltage could cause malfunctions, even if it occurs within the rated range. Stabilizing voltage supplied to
the IC istherefore important. As stabilization guidelines, it is recommended to control power so that Vcc
ripplefluctuations (P-P value) will be lessthan 10% of the standard V cc value at the commercial frequency
(50 to 60 Hz) and the transient fluctuation rate will be less than 0.1 V/ms at the time of a momentary fluc-
tuation such as when power is switched.

6. Precautions using an external clock
Even when an external clock is used, oscillation stabilization timeis required for power-on reset and
release from stop mode.

Chapter 1. Overview



21 CPU

Chapter 2:
Hardware Structure

2.1 CPU

2.1.1 Memory Space

The microcontrollers of MB89143A/4A offer amemory space of 64 Kbytes for storing 1/0, data, and pro-
gram areas. The 1/O areaislocated at the lowest address. The data areais provided immediately above the
I/O area. The data area can be divided, into register, stack, and direct areas according to the application.
The program areais located at exactly the opposite end, that is, near the highest address. Provide the table
of interrupt reset vectors and vector call instructions toward the highest address within the program area.
Figure 2.1.1 shows the structure of the MB89143A/4A memory space.

MB89143A MB89144A
0000H 0000H
/O /1O
0080H t---------- 0080H f----------
RAM (256) RAM (256)
0100H 0100H
Register Register
0180H f-----1---- 0180H f-----1----
Not available Not available
DOOOH }|----------
EOOOH f----------
ROM (8K) ROM (12K)
FFFFH FFFFH
Figure 2.1.1 MB89143A/4A Memory Space

13



2.1 CPU

O I/O area

Control registers and data registers for the peripheral functions are located in this area. Appendix 1 shows
the memory map of the 1/O area.

O RAM area

The static RAM islocated in this area. The addresses 0100+ to 017FH are also used as the general -purpose
register area.

O ROM area

Theinternal ROM islocated in this area. The addresses FFCOH to FFFFH are used for the interrupt, reset,
and vector call instruction tables. Figure 2.1.2 shows the table addresses referenced by the MB89143A/4A
for each interrupt number and reset.

Table Address Table Address
Upper Lower Upper Lower

Reset vector FFFEH FFFFH CALLV #7 FFCEH FFCFH
Reset mode ~ |----- FFFDH CALLV #6 FFCCH FFCDH
Interrupt #0 FFFAH FFFBH CALLV #5 FFCAH  |FFCBH
Interrupt #1 FFF8H FFFOH CALLV #4 FFC8H FFCOH
Interrupt #2 FFF6H FFF7H CALLV #3 FFC6H FFCTH
Interrupt #3 FFF4H FFF5H CALLV #2 FFC4H FFC5H
Interrupt #4 FFF2+ FFF3H CALLV #1 FFC2+ FFC3H
Interrupt #5 FFFOH FFF1H CALLV #0 FFCOH FFC1H
Interrupt #6 FFEEH FFEFH
Interrupt #7 FFECH FFEDH
Interrupt #8 FFEAH  |FFEBH
Interrupt #9 FFE8H FFESH
Interrupt #10 FFE6H FFE7H
Interrupt #11 FFE4H FFESH

Note: FFFCH isreserved.
Figure 2.1.2 Reset and Interrupt Vector Table

14 Chapter 2: Hardware Structure



21 CPU

2.1.2 Locating Memory Space in 16-Bit Data

Figure 2.1.3 shows how the MB89143A/4A handles 16-bit memory data. The data written to the lower
address isthe higher order byte and the data written to the next address is the lower order byte.

Before Memory After Memory
execution MOVW ABCDH, A execution
ABCFH ABCFH
ABCEH 341 | ABCEH
Al 1234H A| 1234H
ABCDH 124 | ABCDH
ABCCH ABCCH
Figure 2.1.3 Locating 16-Bit Data in Memory

The same byte order applies when specifying a 16-bit operand in an instruction. The address following the
OP code contains the upper byte and the next address contains the lower byte. The byte ordering appliesto
both 16-bit immediate data and operands that specify a memory address.

Example MOV A, 5678H ;  Extended address
MOVW A, #1234H ;  16-bit immediate data

Q After assembly

XXXXH XX XX

XXXXH 60 56 78 ; Extendedaddress
XXXXH E4 12 34 ; 16-bitimmediate data
XXXXH XX

Figure 2.1.4 Byte Order of 16-Bit Data in Instructions

The same byte order applies when saving data on the stack during an interrupt or similar.
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2.1.3 Registers

The MB89143A/4A has two types of registers; dedicated registers in the CPU and general-purpose regis-
tersin the memory. The following dedicated registers are provided:

e Program counter (PC) . A 16-bit-long register for indicating instruction storage positions

e Accumulator (A) . A 16-bit-long temporary register for storing operation, etc. When
the instruction is an 8-bit data processing instruction, the lower
byte is used.

e Temporary accumulator (T) : A 16-bit-long register which performs arithmetic operations with

the accumulator. When the instruction is an 8-bit data processing
instruction, the lower byte is used.

e Stack pointer (SP) . A 16-bit-long register for indicating a stack area
e Program status (PS) . A 16-bit-long register for storing aregister pointer, a condition
code
e Index register (1X) : A 16-hit-long register for index modification
e Extrapointer (EP) : A 16-bit-long pointer for indicating a memory address
<~ 16-bit—— Initial value
PC . Program counter FFFDH
‘ A ‘ Accumulator Undefined
‘ T ‘ Temporary accumulator Undefined
‘ IX ‘ Index register Undefined
‘ . Extra pointer Undefined
EP ‘
Stack pointer Undefined
| sp |
Program status =0, IL1, 0=1,1
‘ PS ‘ Other bits are undefined.

The PSisdivided into the upper 8 bits which hold the register bank pointer (RP) and the lower 8 bitswhich
hold the condition code register (CCR). (Figure 2.1.5)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Hl 1o [Nz ]v]c]

Vacancy | Vacancy | Vacancy

Figure 2.1.5 Structure of the Program Status Register
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The RP indicates the address of the register bank currently in use. Figure 2.1.6 shows the relationship
between the pointer contents and the actual address is based on the conversion rule.

Generated addresses |A15A14 A13A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO‘

Figure 2.1.6 Rule for Conversion of Actual Addresses the General-purpose Register Area

Lower
RP OP code

‘0" 0" 0" 0" 0" 0" '0" '1' R4 R8 R2 R1 RO|b2 bl bO‘

The CCR consists of bits that indicating the results of arithmetic operations the contents of transfer data
and hits for control of CPU operations at the time of an interrupt.

O Hflag
O I flag

O IL1,IL0

O Nflag

O Z flag
OV flag

O Cflag

Set when acarry or a borrow from bit 3 to bit 4 occurs as aresult of an arithmetic opera-
tion. Cleared overwise. Thisflag isfor decimal ajustment instructions.

Interrupt is allowed when thisflag is set to 1. Interrupt is prohibited when the flag is set
to 0. Set to 0. Set to 0 when reset.

Indicates the level of the interrupt currently allowed. Processes an interrupt only if its
request level is higher than the value indicated by this bit.

IL1 | ILO | Interrupt level High-low
0O High
1
0| 1
110 2
1 1 3 Low = no interrupt

Set if the MSB is set to 1 as the result of an arithmetic operation. Cleared when the bit is
setto 0.

Set when an arithmetic operation resultsin 0. Cleared otherwise.

Set if the complement on 2 overflows as aresult of an arithmetic operation. Reset if the
overflow does not occur.

Set when acarry or borrow from bit 7 occurs as a result of an arithmetic operation.
Cleared otherwise. Set to the shift-out value in the case of a shift instruction.

17
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The following general-purpose registers are provided.
e General-purpose registers: An 8-bit-long register for storing data

The general-purpose registers are 8 bits and located in the register banks of the memory. One bank consists
of 8 registers and up to atotal of 16 banks can be used on the MB89143A/4A.

The bank currently in use isindicated by the register bank pointer (RP).

This address = 0100k + 8 * (RP) ———=r~ ““R“O‘ T
R1
R2
R3
R4
R5
R6
R7

!
{16 banks

————————— —

Memory area

Figure 2.1.7 Register Bank Configuration
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2.1.4 Operating Modes
Use the MB89143A/4A in single-chip mode.
The figure below shows the memory map.

MB89143A MB89144A
Address Address
0000H 0000H
| Il | [l
0080H RN I:]t_e_l'l:]g_ _/Q_ 0080H N I:]t_e_l'l:]g_ _/Q_
RAM RAM
0180H —>t - - - - ------ 0180H —>f - ---------
Not available Not available
N DOOOH—>( -~ ------ -~
EOOOH |nterna| ROM |nternal ROM
12K B
FFFFH (8K Byte) FFFFH (12K Byte)
Figure 2.1.8 Memory Map

Thelevel of the device mode pin and the mode data read during a reset determine how the device operates.
The following shows the relationship between the level of the device mode pin and device operation.

MODA Description
0 Read reset vector from internal ROM.
1 Write mode (for products with internal EPROM)

Set the mode data as follows.

® | ® | ® | ® | ® | T2| T1| TO ®: Reserved. Set to “0”

\_\/_/
L Mode bits

T2|T1|TO Operation

0| 0| 0| Singleclip mode selection

Other Reserved. Do not specify.

19



2.1 CPU

As shown in the flow chart below, single-chip mode is set by the level of the device mode pin and the
mode data fetched during the reset sequence.

Setting procedure Selected mode Mode pin Mode data

D® (2 Single-chip mode 0 00000000

C Turn on power >
|

(1) Set "0" to the MODA pin.
Device mode pin

No
Reset released?
Yes
Fetch program from | (2) Fetch the mode data and reset
internal ROM vector from internal ROM.
User ROM
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2.1.5 Clock Controller

The functions of the clock controller block include standby operation, setting the oscillation stabilization
delay time, generation of software resets, and clock switching.

(1) Registers
Bit 7 6 5 4 3 2 1 0
Address: 0008+ | STP SLP SPL RST | TMD — — — |standby control register
(STBC)
Address: 00074 | SCM — — WT1 | WTO | SCS | CS1 | CSO System clock control
register (SYCC)
(2) Block Diagram
(a) Machine clock controller
SCM CSO | Cs1 | SCS | STP | SLP | TMD | SPL
\Fq f— N\ I (— L
- Pin state
Main clock Prescaler Clock specification
oscillator 12l e 5 Watch
U4 >
113 B o
132 —> E \l/ op
Sub-clock Selector Clock control = CPU operating clock
oscillator BN
—> Peripheral circuit operating clock
WT1 Time-base clock
WTO Waitch prescaler clock
From ®HCL > 5 Stop wake-up signal
time-base ¢ HCZ —> 9
¢ HC3 —>|
e HC4 —> R
Fromclock LC —>]
(b) Reset controller
Power-on reset Reset control — > Internal reset signal
Watchdog reset
External reset
Software reset

21
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(3) Register Description
(3.1) STBC (Standby Control Register)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
Address: 0008H STP SLP SPL RST | TMD — — — 00010---8
(W) W)  (RW) (W) (W)

[Bit 7] STP: Stop bit
Instructs the device to change to stop mode.

0 No operation

1 Stop mode

Cleared by areset or by wake-up of stop mode.
Reading always returns "0".

[Bit 6] SLP: Sleep hit
Instructs the device to change to sleep mode.

0 No operation

1 Sleep mode

Cleared by areset or by wake-up of sleep or stop mode.
Reading always returns "0".

[Bit 5] SPL: Pin state specification bit
Specifies the external pin states during stop mode.

0 Maintain states and levels immediately before entering stop mode.

1 High impedance

Cleared by areset.
[Bit 4] RST: Software reset bit
Specifies a software reset.

0 Generate areset signal for four instruction cycles.

1 No operation

Reading this bit returns"1".

If asoftware reset istriggered in sub operation mode, the device delays for the oscillation stabiliza-
tion time then enters main mode. Therefore, the reset signal is output for the duration of the oscilla-
tion stabilization time.

[Bit 3] TMD: Timer bit
Instructs the device to change to watch mode.

0 Not applicable.
1 Watch mode

Writing to this bit isonly allowed in sub mode (SCS ="0"). Reading always returns "0". Cleared by
an interrupt request or reset.
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(3.2) SYCC (System Clock Control Register)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 00071 | SCM | — — | WT1 | WTO | SCS | CS1 | CSO X--111008
(R) (RIW) (RIW) (RIW) (R/W) (R/W)

[Bit 7] SCM: System clock monitor bit

This bit indicates whether the current system clock is the main clock or the sub-clock.

0 Sub clock (main clock halted or main clock oscillation stabilizing)

1 Main clock

[Bit 4, 3] WT1, WTO: Oscillation stabilization delay time selection bits

These bits select the oscillation stabilization delay time for the main clock.

WT1 | wTo Oscillatio:}nitéetbilization OgﬁiIéz%wogzs;%zi:iczgt(i)c;rgihigﬁ):]or
1 1 Approx. 218/Fc 32.8 (ms)
1 0 Approx. 2Y/Fc 16.4 (ms)
0 1 Approx. 214/Fc 2.0 (ms)
0 0 Approx. 24/Fc 0 (ms)

Fc: Frequency of main clock oscillator

When the system clock select (SCS) bit specifies main mode, the device changes to main mode after
the specified delay time.

The oscillation stabilization time after areset depends on the initial value.

Do not write to this bit during the oscillation stabilization time. Also, do not write to this bit at the
same time as changing from sub-clock to main clock mode.

The oscillation stabilization time for the main clock is derived from the main clock being divided.

Asthe oscillation period is unstable immediately after the start of oscillation, the times listed above
are an indication only.

[Bit 2] SCS: System clock select bit

Sets the system clock mode.

0 Selects sub-clock (32 kHz) mode
1 Selects main clock (8 MHz) mode

[Bit 1, 0] CS1, CSO: System clock selection bits (Gear function)
Thetable below ligts the system operating clock speeds when the system clock select (SCS) bit specifies main mode.

CS1 | CsO Instruction cycle Minimurgtig%&l:*c;izrggéiet;l;‘tion time
0 0 64/Fc 8.0 (ns)
0 1 16/Fc 2.0 (s)
1 0 8/Fc 1.0 (ny)
1 1 4/Fc 0.5 (1s)

Fc: Frequency of main clock oscillator
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(4) Operation
(4.1) Low-power Consumption Modes

To reduce power consumption, the MB89143A/4A supports three operating modes, the sleep and stop
states. The table below lists the available modes. Also, four different system clocks are available in main
mode, depending on the state of the system. This enables power consumption to be reduced to a minimum.

Table 2.1.1 Operation in Low-power Consumption Modes

. . . Operating clocks
o Ic\e/lgt?n (CS1, ' Operating Clock generation (for an 8-MHz main clock) f\;vca:g??gr
pmode ’ CS0) . mode each mode
: Main Sub CPU | Time-base | Peripherals | Clock
. RUN 4 MHz :
S Operdting | |------ 4AMHz | 4MHz An¥££$uPt
@y @ See | operaing| || 2KHzZ |
Halted External
Stop | Halted Halted | Halted nterTupts
2.0
RUN .
_________ Operating MHz | 4MmHz | 20MHz An¥££$uPt
(1,0 Sleep Operding 32 kHz
""""""""" Halted | |
Stop | Halted Halted | Halted i'rfigrerrl:‘pat's
Main 100
mode RUN : .
_________ Operating MHZ | 4MHz |1.00 MHz A”¥£S$“pt
0,1 Sleep Operding 32 kHz
""""""""" Halted [~ [
Stop | Halted Halted | Halted i'rfigrerrl:‘pat's
! 250.0
RUN .
! . kHz 250.0 Any interrupt
S Operating I 4 MHz KHZ reguest
(0,00 . Sleep Operding 32 kHz
""""""""" Halted | [
Stop | Halted Halted | Halted i'rfigrerrl:‘pat's
RUN 32 kHz -
--------- Operating | - - - - 32kHz |32 kHz A”?’e'(;‘ljg“pt
Sub - Sleep | e Hated | ... | ..
mode Halted External
Stop Halted Halted | Halted | o5
Watch . External or
sl Halted | Operating | Halted | Halted | Halted | 32kHz | ;ST O

» Themain clock oscillation halts in sub mode.

» Only the CPU operating clock haltsin sleep mode, other clocks continue to operate.

» Other than a specific subset of resources, all functions halt in watch mode.

» Stop mode halts the oscillation. This mode maintains data with lowest power consumption.
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(a) Watch mode
O Changing to watch mode

Writing "1" to the TMD bit in STBC changes to watch mode. However, the write isignored if the
SCShitin SYCCis"1".

Watch mode halts all chip functions except for the timer prescaler, external interrupts, and wakeup.
Therefore, this mode maintains data with lowest power consumption.

Also, the SPL hit in STBC controls the state of 1/0 and output pins during watch mode. Pins can be
set to maintain their states prior to entering watch mode or to go to high impedance.

If an interrupt request is present when "1" is written to the TMD bit, the device does not change to
watch mode and instruction execution continues.

In watch mode, registers and RAM maintain their values prior to entering watch mode.

O Waking up from watch mode

Wake-up from watch mode is either by an interrupt or input of areset.

If areset isinput during watch mode, the device changes to the reset state and wake up from watch
mode.

The device wakes up from watch mode if a peripheral circuit generates an interrupt request with a
level higher than "11" during watch mode.

Interrupt processing is executed after recovering from watch mode if the | flag and IL bits indicate
that the interrupt can be accepted, in the same way as for normal interrupts. If the interrupt is not
accepted, execution continues from the next instruction after the instruction that entered watch
mode.

On recovering from watch mode by areset, the device first enters the oscillation stabilization delay
state. The reset sequence does not execute until the oscillation stabilization delay is complete. The

oscillation stabilization time is the oscillation stabilization time for the main clock specified by the
WT1 and WTO bits.

(b) Sleep mode

O Changing to sleep mode

Writing "1" to SLP (bit 6) in STBC changes to sleep mode.

Sleep mode halts the CPU operating clock. The CPU halts but peripheral circuits continue to oper-
ate.

If an interrupt request is present when "1" iswritten to SLP (bit 6), the device does not change to
sleep mode and instruction execution continues.

In sleep mode, registers and RAM maintain their values prior to entering sleep mode.

O Waking up from sleep mode

Wake-up from sleep mode is either by an interrupt or input of areset.

If areset isinput during sleep mode, the device changes to the reset state and wake up from sleep
mode.

The device wakes up from sleep mode if a peripheral circuit generates an interrupt request with a
level higher than "11" during sleep mode.

Interrupt processing is executed after recovering from sleep mode if the | flag and IL bits indicate
that the interrupt can be accepted, in the same way as for normal interrupts. If the interrupt is not
accepted, execution continues from the next instruction after the instruction that entered sleep mode.
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(c) Stop mode

O Changing to stop mode

Writing "1" to STP (bit 7) in STBC changes to stop mode.

The operation of stop mode depends on whether the device is operating on the main clock or sub-
clock.

When using themain clock : Operation of the main clock halts but the sub-clock does not halt.
All chip functions other than the timer function halt.

When using the sub-clock . Operation of both the main clock and sub-clock halts. All chip
functions halt.

Also, SPL (bit 5) in STBC controlsthe state of 1/0 and output pins during stop mode. Pins can be set
to maintain their states prior to entering stop mode or to go to high impedance.

If an interrupt request is present when "1" iswritten to STP (bit 7), the device does not change to
stop mode and instruction execution continues.

In stop mode, registers and RAM maintain their values prior to entering stop mode.

O Waking up from stop mode

Wake-up from stop mode is either by an interrupt or input of areset.

If areset isinput during stop mode, the device changes to the reset state and wake up from stop
mode.

The device wakes up from stop mode if an external interrupt circuit generates an interrupt request
with alevel higher than "11" during stop mode.

Interrupt processing is executed after recovering from stop mode and after the oscillation stabiliza-
tion delay time has passed if the | flag and IL bits indicate that the interrupt can be accepted, in the
same way asfor normal interrupts. If the interrupt is not accepted, execution continues from the next
instruction after the instruction that entered stop mode.

The oscillation stabilization time for the main clock is selected from four options by the WT1 and
WTO bits. The oscillation stabilization time for the sub-clock is fixed (215/FcL, FcL: Sub-clock fre-
guency).

On recovering from stop mode by areset, the device first enters the oscillation stabilization delay
state. The reset sequence does not execute until the oscillation stabilization delay is complete. The
oscillation stabilization time is the oscillation stabilization time for the main clock specified by the
WT1 and WTO bits.
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(d) Setting low-power modes

STBC Register

Mode
STP (bit7) SLP (bit6) TMD (bit3)
0 0 0 Normal
0 0 1 Watch
0 1 0 Sleep
1 0 0 Stop
1 X X Prohibited

Precaution:

21 CPU

Do not change to stop mode, sleep mode, or watch mode at the same time as switching from
sub-clock to main clock mode. After changing the SCS bit of the SY CC register from "0" to
"1", do not change to any of these modes until the SCM bit of the SY CC register goesto "1".
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(4.2) State Transition Diagram

D)

3)
(4)
()
(6)

(8)
(9)

Main sleep
Main oscillation
Sub-oscillation

Main run
Main oscillation
Sub-oscillation

Main stop
Main halt
Sub-oscillation

Main clock
oscillation stabilization delay

Power-on

After oscillation stabilization
STP bit setto "1"
SLP bit setto"1"
SCSbit set to "0"

External reset or external interrupt
External reset or any interrupt

(11) External reset or other reset
(12) SCShit setto"1"

(13) After oscillation stabilization
(14) STP bit set to"1"

(15) TMD bit setto"1"

Ch

apter 2. Hardware Structure

Sub-run

Main clock oscillation
stabilization delay

(16)
(17)
(18)

(20)
(22)
(23)

(24)

(26)
(27)

(29)

Main halt
Sub-oscillation

Sub-run
Main halt
Sub-oscillation

Timer
Main halt
Sub-oscillation

Sub-clock
oscillation stabilization delay

SLP bit setto "1"
After oscillation stabilization
External reset or other reset

External reset
External interrupt
External reset

Externa reset

External interrupt or timer interrupt
External reset

Any interrupt




21 CPU

(4.3) Resets
Table 2.1.2 lists the four different types of reset.

Table 2.1.2 Factor of Resets

Reset Description
External pin reset Set the external reset pin to the "L" level.
Software reset Write"0" to RST (bit 4) of STBC.
Watchdog reset Watchdog timer overflow
Power-on reset Turn on the power.

Asthe oscillator is halted when a power-on reset occurs or areset occurs in stop mode, an oscillation stabi-
lization timeisrequired after the oscillator starts. The time-base timer or watch prescaler provides the sta-
bilization time. Therefore, operation cannot restart immediately after areset.
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(5) Single Clock Operation

Single clock module can be selected as a mask option. So far, this section has described the functions of a
dual clock system. However, apart from being unable to use sub-clock or watch mode, the operation of a
single clock system is the same.

P71/X 1A and P70/X0A function as input portsin single clock operation.

(5.1) State Transition Diagram

Main run Main sleep
Main oscillation Main oscillation

Main clock
oscillation stabilization delay

(1) Productsthat support the power-on reset
(3) After oscillation stabilization

(4) STPbitsetto"1"

(5) SLPbitsetto"1"

(7) External reset or interrupt

(8) External reset or interrupt
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2.1.6 Interrupt Controller

The F2MC-8L interrupt controller is located between the FPIMC-8L CPU and the various peripherals. The
controller module receives interrupt requests from the peripherals, prioritizes, and then passes the inter-
rupts to the CPU. The interrupt controller also determines the priority of interrupts with the same level.

(1) Block Diagram

21 CPU

CPU
F2MC-8L bus
. Address 2
Test register— decoder
R ‘ ‘ A e R
Peripheral #1 - G- —L—— Level [ o G =¢
“““““““ : : L = | 355 5
SRR | ‘ | ‘ - E ‘; | 623 5
Peripheral #2 - G- L — Leved H E -G— B&y >
o Voo 8l 255 58
. L e o e © o | >Eo . 5 O
° e e 1 . o) o RS ° € 8
e i | | 1 |28 £5
Peripheral #n L G- L — Level H ~ —G—
-------------- A | l |
(2) Registers
Address 7 6 5 4 3 2 1 0 Name (Abbreviation)  (Initial value)
007C, [L81 130 |L21 L20|L11 L10 |LOL LOO|tesingresiater #1 pLry ittty
11111111
007D, |L71 L70 |L61 L60| 151 L50 [L41 L0 | SeemeReeiiee: 42 [ILRZ]( )
11111111
007E. | LBI LBO|LAL LAO|L91 L0 |L8L L8O | Seunerreqiaer #3 [ILR3] " )
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(3) Register Description
(3.1) Interrupt Level Setting Registers (ILRx: Interrupt Level Register x)
7 0

ILR1 L31 L30 L21 L20 L11 L10 LO1 LOO| W Whenreset (11111111)

ILR2 L71 L70 L61 L60 L51 LS50 L41 L40| W Whenreset (11111111)

ILR3 LB1 LBO LAl LAO L91 L90 L81 L80| W Whenreset (11111111)

The ILRX registers set the interrupt levels for each resource. The middle digit of each bit name indicates
the interrupt number.

Example L3~
MB89143

Specifications
— Interrupt module — Interrupt  Table address
No. Upper Lower
IRO #0 FFFA FFFB
IR1 #1 FFF8 FFF9
Interrupt requests IR2 #2 FFF6 PR/
from peripherals : 'R/[E\ #3 FRFeFRES
: : FFE4 FFE5

"B #11

When an interrupt request is generated by a peripheral, the interrupt controller sends the interrupt level to
the CPU based on the value set in the two ILRx bits for that interrupt. The following table shows the rela-
tionship between the two ILRXx bits and the interrupt request level.

Lx1 Lx0 Interrupt Request Level
0 X 1
1 0 2
1 1 3 (No interrupt)
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(4) Operation

(4.1) Interrupt Function

The MB89143A/4A hastwelve interrupt request inputs from peripherals. The interrupt level for each input
can be set in the corresponding 2-bit level register. When a peripheral generates an interrupt, the interrupt

controller receives the interrupt and outputs the contents of the corresponding level register to the CPU.
The following describes the overall interrupt processing for the device.

1
2.

Aninterrupt sourceis generated in a peripheral.

The peripheral checksthe interrupt enable bit and sends the interrupt request to the interrupt controller
if theinterrupt is enabled.

The interrupt controller receives the interrupt request, determines the priority of any other interrupt
requests that have occurred simultaneously, then sends the interrupt level for the highest priority inter-
rupt to the CPU.

The CPU compares the interrupt level of the request received from the interrupt controller with the IL
bitsin the program status register.

If the result of comparison isthat the new interrupt has a higher priority than the current interrupt
processing level, the CPU then checksthe | flag in the program status register.

If thel flag indicates that interrupts are enabled, the CPU setsthe level of the new request in the IL bits,
then performs interrupt processing after the completion of the currently executing instruction and
passes control to the interrupt processing routine.

Interrupt processing compl etes when the user interrupt processing routine clears the interrupt source
that triggered the interrupt request in step 1.

Figure 2.1.9 shows a summary of MB89143A/4A interrupt operation.

Register file PS| I IL
[ T T T T T T | |

IPLA— IR Check — Comparator
(6) 5 (4)

3)

Internal bus

MB89143A/4A - CPU

Peripheral L

S

w®

o

o

Enable FF =

(&)

Interrupt _AND T
(7)| | source FF ) 3 | Interrupt
— () Periphera — | controller

Figure 2.1.9 Summary of Interrupt Operation
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2.2 Peripheral Functions

2.2 Peripheral Functions

2.2.1 1/0 Ports
© Thisserieshaseight parallel ports (55 pins, including the buzzer pin). Ports 0, 1, and 3 are CMOS 1/O
ports, port 2 isa CMOS output-only port, ports 4, 5, and 6 are P-ch open-drain high-voltage ports, and
port 7 is an input-only port. The port O pins can also be used as analog input ports.
© Ports0, 1, 2, and 3 also serve as aresource.
© TheBZ pinisaP-ch open-drain high-voltage pin and is only used as the buzzer output.
Table 2.1.1 Port Functions
Pin | Input type | Output type | Function bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bitO
POOto |CMOS CMOS (Push- |Pardllel port 0|PO7 |PO6 [PO5 (P04 |PO3 |PO2 |PO1 |POO
PO7'2 | (Hysteresis) |pull)
Resource AN7 |AN6 |AN5 |AN4 |AN3 |AN2 |AN1 |ANO
P10to [CMOS CMOS (Push- |Parallel port 1{P17 |P16 |P15 |P14 |P13 (P12 |P11 |P10
P17 Hysteresis) |pull
(Hy ) |Pull) Resource ADST| - - - "3 "3 "3 "3
P20 to i CMOS (Push- |Paradllel port 2| i i _|P23 P22 |P21 P20
P23 pull)
P30to [CMOS CMOS (Push- |Pardllel port 3|P37 |P36 [P35 |P34 |P33 |P32 - |P30
P37 (Hysteresis) |pull)
Resource - - |EC Sl SO SCK - |INTO
N-ch Parallel port 3| - - - - - - P31 -
open-drain
Resource - - - - - - |INT1 -
P40 to P-ch Parallel port 4|P47 |P46 |P45 |P44 |P43 |P42 |PA1 |P40
PA7 - open-drain
high-voltage
P50 to P-ch Parallel port 5|P57 |P56 |P55 P54 |P53 |P52 (P51 |P50
P57 - open-drain
high-voltage
P60 to P-ch Parallel port 6| P67 |P66 |P65 |P64 |P63 |P62 (P61 |P60
P67 - open-drain
high-voltage
P70to |CMOS i Parallel port 7| i i i i _|P71° |P7O™L
P71 (Hysteresis)

*1: P71 and P70 become X 1A and X0A respectively when the dual clock option is selected.
*2: After areset, always declare POO to PO7 as general-purpose input ports in the PCRO register if using

these pins as input ports.

*3. After areset, always declare P10 to P13 as general -purpose input portsin the PCR1 register if using

these pins as input ports.
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2.2 Peripheral Functions

(1) Registers
Table 2.1.2 Port Registers
Register Read/write Address Initial value

Port 0 data register (PDRO) R/W 0000H XXXXXXXXKB
Port O data direction register (DDRO) W 0001+ 000000008
Port 1 data register (PDR1) R/W 0002H XXXXXXXXKB
Port 1 data direction register (DDR1) W 0003+ 000000008
Port 2 data register (PDR2) R/W 0004H ----00008
Port 3 data register (PDR3) R/W 000CH XXXXXXXXKB
Port 3 data direction register (DDR3) W 000DH 000000008
Port 4 data register (PDR4) R/W 0010+ 000000008
Port 5 data register (PDR5) R/W 0011+ 000000008
Port 6 data register (PDRG6) R/W 0012+ 000000008
Port 7 data register (PDR7) R 0013H  [------ XXB

Precaution:

tion registers (DDRO, DDR1, and DDR3) as these registers are write-only.

(2) PCRO and PCR1 (Port control registers).

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

Address: 0022+ | PO7 | P06 | P05 | P04 | P03 | P02 | POL | POO
w W w W W W w W

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

Address: 0023H | — — — — | P13 | P12 | P11 | P10
w W W W

Initial value

000000008

Initial value

----00008

The bit manipulation instructions (SETB and CLRB) cannot be used on the port data direc-

After areset, general-purpose port input is disabled for ports P13 to P10 and PO7 to POO. Therefore, write
"1" to the corresponding register bits to use these pins as general -purpose port inputs. This enables the cor-

responding pins as port inputs.

Astheregisters are write-only, bit manipulation instructions (SETB and CLRB) cannot be used.

Register value State
0 Operate as an analog input port.
1 Operate as a general-purpose input port.

Reading the PDR returns "0" when analog input port operation is specified. Do not use the pins as analog

inputs when general-purpose port operation is specified.
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2.2 Peripheral Functions

(3) Function Description
P00 to PO7 CMOS 1I/0 ports (also serve as an analog input)
P10 to P13 CMOSI/O ports

Switching between input and output

DDR (data direction register) and PDR (port data register) bit are provided for each port hit, and
each port bit can be set independently as either an input or output. Pins with DDR set to "1" operate
as outputs and pins set to "0" operate as inputs.

Output port (DDR ="1") operation

Values written to the PDR are output directly to pinswith DDR set to "1". Reading the PDR nor-
mally reads the pin value rather than the output latch value. However, read-modify-write instruc-
tions read the output latch value regardless of the DDR setting. Therefore, bit manipulation

instructions can be used, even on ports that have both input and output pins. Datawritten to the PDR
is stored in the output latch regardless of the DDR setting.

Input port (DDR ="0") operation

The pin output goes to high impedance and reading the PDR returnsthe pin value. However, if "0" is
written to the PCRO or PCR1 register, the corresponding pin valueisread as"0" (see Figure 2.2.1).

State during a reset

A reset initializesthe DDR to zero. This sets the output for al bitsto high impedance. Asthe PDR is
not initialized by areset, set the PDR value before setting pins as outputs in the DDR. Also, port
input is disabled after areset, and port inputs are fixed at "L" (see Figure 2.2.1). Therefore, to spec-
ify pins as port inputs, write "1" to the corresponding bits in the PCRO and PCR1 registers for the
declaration of the use of port input.

State during stop mode

If the SPL bit in the standby control register is set to "1", all outputs go to high impedance during
stop mode, regardless of the DDR setting.

Analog inputs (P10 to P13 cannot be used as analog inputs)

To use apin as an analog input, set the corresponding DDR bit to "0". This turns off the output tran-
sistor. Also write 0" to any PCRO register bits currently set to "1" that correspond to pins that you
intend to use as analog inputs. This disables these pins from being used as general -purpose input
ports. In this case, reading these port values always returns 0" (the port input level cannot be read).
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2.2 Peripheral Functions

A/D channel selection

Internal data bus

PDR write

L
A/D converter ¢
PDR
""""""""""""""" ,7— Stop, SPL ="1"
(T PCR regi
egister
. il (initial value"0")
. PDR read
. PDR read I
' (for read-modify-write instructions) !
: % Output latch : o

% DDR
DDR write
Stop mode (SPL ="1")

Figure 2.2.1 POO to P07 and P10 to P13
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2.2 Peripheral Functions

P14 to P16 CMOSI/O ports

Internal data bus

Switching between input and output

A DDR (data direction register) and PDR (port data register) bit are provided for each port bit, and
each port bit can be set independently as either an input or output. Pins with DDR set to "1" operate
as outputs and pins with DDR set to "0" operate as inputs.

Output port (DDR ="1") operation

Vaues written to the PDR are output directly to pinswith DDR set to "1". Reading the PDR nor-
mally reads the pin value rather than the output latch value. However, read-modify-write instruc-
tions read the output latch value regardless of the DDR setting. Therefore, bit manipulation
instructions can be used, even on ports that have both input and output pins. Datawritten to the PDR
is stored in the output latch regardless of the DDR setting.

Input port (DDR ="0") operation
The pin output goes to high impedance and reading the PDR returns the pin value.
State during a reset

A reset initializesthe DDR to zero. This sets the output for al bitsto high impedance. Asthe PDRis
not initialized by areset, set the PDR value before setting pins as outputs in the DDR.

State during stop mode

If the SPL bit in the standby control register is set to "1", all outputs go to high impedance during
stop mode, regardless of the DDR setting.

PDR [

N

PDR read

Stop (SPL ="1")

=)

PDR read
(for read-modify-write instructions)

Pin

* / Output latch

PDR write
Tn

% DDR
DDR write iij)i
Stop (SPL = "1)

Figure 2.2.2 P14to P16
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2.2 Peripheral Functions

P20 to P23 CMOS output ports

Output port operation

Vaues written to the PDR are output directly. Asreading the PDR always reads the output latch
value, bit manipulation instructions can be used, even if the output level varies due to the load.

State during a reset

A reset sets all pinsto high impedance. Output port operation starts when port output is enabled at
the vector fetch timing. The PDR isinitialized to "0" by areset. This setsall pinstothe"L" level.

State during stop mode

If the SPL bit in the standby control register is set to "1", all outputs go to high impedance during
stop mode, regardless of the PDR setting.

PDR read l W

PDR write l O:Do_‘
Stop mode (SPL ="1") DQ

Figure 2.2.3 Port 2 (P20 to P23)

Internal data bus

(@]

=
ko]

=

a

Q

0

)

=)
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2.2 Peripheral Functions

P71 and P70 CMOS input ports
* Input port operation

The PDR isread only. Reading the PDR always returns the pin values. P71 and P70 function as
X1A and XO0A respectively if the dual clock option is selected.

» State during areset
The PDR isnot initialized by areset.
» State during stop mode
Alwaysfix theinputsat "L" or "H" when the single clock option is selected.

Oscillator circuit

Internal data bus

Figure 2.2.4 P71 and P70
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2.2 Peripheral Functions

P30, P32 to P37, and P17 CMOS I/O ports (also serve asa resource 1/0)

Switching between input and output

DDR (data direction register) and PDR (port data register) bit are provided for each port hit, and
each port bit can be set independently as either an input or output. Pins with DDR set to "1" operate
as outputs and pins set to "0" operate as inputs.

Output port (DDR ="1") operation

Vaues written to the PDR are output directly to pinswith DDR set to "1". Reading the PDR nor-
mally reads the pin value rather than the output latch value. However, read-modify-write instruc-
tions read the output latch value regardless of the DDR setting. Therefore, bit manipulation
instructions can be used, even on ports that have both input and output pins. Datawritten to the PDR
is stored in the output latch regardless of the DDR setting.

Input port (DDR ="0") operation

The pin output goes to high impedance and reading the PDR returns the pin value.

Operation as a resource output

To use apin as aresource output, set the output enable bit in the resource. (See the description of
each resource for details.) The output enable bit in the resource has priority when determining
whether the pinisan input or output. Therefore, if output is enabled in the resource, the pin operates
as aresource output even if the DDR bit isset to "0". Reading a parallel port remains avalid opera-
tion, even if the resource output is enabled. Consequently, the resource output value can be read.

Operation as aresource input

For ports that also serve as aresource input, the pin value is continuously input to the resource
(regardless of the DDR or resource settings). To use the external signal in the resource, set the pin as
aninput in the DDR.

State during a reset

A reset initializesthe DDR to zero. This sets the output for al bitsto high impedance. Asthe PDR is
not initialized by areset, set the PDR value before setting pins as outputs in the DDR.

State during stop mode

If the SPL bit in the standby control register is set to "1", all outputs go to high impedance during
stop mode, regardless of the DDR setting.
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2.2 Peripheral Functions

External interrupt input <——{Noise canceller 11|
(P30 only) |
)L/‘ Stop (SPL ="1")
Resource input 11| Pull-up resistor
option
I
PDR (all except P30)
Y — !
. PDR read I
! '+ Resource Resource
! output output enable
%)
> . .
= ' PDR read l
= + (for read-modiify-writeingructions) : 5 *I f
S . .
= . : }*' . Pin
= : Output latch :
L PDR write : >—I
S
DDR
DDR write
Stop (SPL ="1")

Figure 2.2.5 Port 3 (P30, P32 to P35, and P17)
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P31

Internal data bus

2.2 Peripheral Functions

N-ch open-drain pin (shared with aresource input)
Switching between input and output

DDR (data direction register) and PDR (port data register) bit are provided for each port hit, and
each port bit can be set independently as either an input or output. Pins with DDR set to "1" operate
as outputs and pins with DDR set to "0" operate as inputs.

Output port (DDR ="1") operation

Vaues written to the PDR are output directly to pinswith DDR set to "1". Reading the PDR nor-
mally reads the pin value rather than the output latch value. However, read-modify-write instruc-
tions read the output latch value regardless of the DDR setting. Therefore, bit manipulation
instructions can be used, even on ports that have both input and output pins. Datawritten to the PDR
is stored in the output latch regardless of the DDR setting.

Input port (DDR ="0") operation
The pin output goes to high impedance and reading the PDR returns the pin value.
Operation as aresource input

For ports that also serve as aresource input, the pin value is continuously input to the resource
(regardless of the PDR or resource settings). To use the external signal in the resource, set the DDR
bit to "0".

State during a reset

A reset initializes the DDR to zero. This sets the output for al bitsto high impedance. Asthe PDR is
not initialized by areset, set the PDR value before setting pins as outputs in the DDR.

State during stop mode

If the SPL bit in the standby control register is set to "1", all outputs go to high impedance during
stop mode, regardless of the DDR setting.

External interrupt input <—— Noisecanceller 11%
PDR
l l Stop (SPL ="1")
— : C—
. PDRread l
. PDR read
' (for read-modify-write instructions)
Output latch
L1 . Pin

. PDRwrite

DDR write
Stop (SPL ="1")
Figure 2.2.6 P31
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2.2 Peripheral Functions

P40 to P47 P-ch open-drain high-voltage output port

P50 to P57 P-ch open-drain high-voltage output port

P60 to P67 P-ch open-drain high-voltage output port
» Output port operation

Vaues written to the PDR are output directly to the pins. As reading the PDR aways reads the out-
put latch value, it is not possible to read the pin state.

» State during areset
A reset initializes the PDR to zero. This turns the output transistor off for al bits.
» State during stop mode

If the SPL bit in the standby control register is set to "1", all outputs go to high impedance during
stop mode, regardless of the PDR setting.

PDR
%)
> PDR read
o
8
'g Output latch
[ PDR write
[,
L Pin
=

Stop (SPL ="17)

Figure 2.2.7 P40 to P47, P50 to P57, and P60 to P67
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2.2 Peripheral Functions

BZ P-ch open-drain high-voltage output
* Buzzer output operation
Waveforms with the frequency specified by BUZR (the buzzer register) are output to the pin.
e State during areset
A reset initializes BUZR to zero. This sets the output to high impedance.
» State during stop mode

If the SPL hit in the standby control register is set to "1", the output goes to high impedance during
stop mode, regardless of the BUZR setting.

Buzzer circuit E |

Pin

Stop (SPL ="1")

Figure 2.2.8 BZ
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2.2 Peripheral Functions

2.2.2 Watch Prescaler

© Incorporates a 15-bit binary counter.
© Four different interval times available.

© Thisfunction is not available if the single clock mask option is selected.

(1) Register

’<— 8 bits —»,

Address: 000BH WPCR R/W  Watch prescaler control register

(2) Block Diagram

Sub-clock %

FcL
31.25ms
0.25s
ped 0.5s
] l % 1.0s
Interrupt request 2
IRQB < ( ’ ’
S
WPCR | WIF | WIE| — | — | — | WSl | WSO |WCLR
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2.2 Peripheral Functions

(3) Register Description
WPCR (Watch Prescaler Control Register).

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address: 000BH | WIF | WIE | — — — | ws1 | wso |WCLR 00---0008
(RIW)  (RIW) (RIW) (RIW) (R/W)

[Bit 7] WIF: Watch interrupt flag
Writing to this bit clears the watch interrupt flag.

0 Clear watch interrupt flag.

1 No operation

Reading this bit indicates whether awatch interrupt has occurred.

0 No watch interrupt

1 Watch interrupt occurred.

Read-modify-write instructions read this bit as"1".
Aninterrupt request is generated when the WIF bit goesto "1" if the WIE bitis"1".
Cleared by areset.
[Bit 6] WIE: Watch interrupt enable bit
Enables watch interrupts.

0 Disable watch interrupts.

1 Enable watch interrupts.

[Bit 2, 1] WS1, WSO: Interval time setting bits for the watch interrupt
These bits specify the period of the watch interrupt.

WS1 | WSO Interrupt period
0 0 31.25[msg] 210/FcL
0 1 0.25[s] 213/FcL
1 0 0.50[s] 214/FeL
1 1 1.00[s] 215/FcL

FcL: Sub-clock oscillator frequency
[Bit 0] WCLR: Watch prescaler clear bit
This bit clears the watch prescaler.

0 Clear the watch prescaler.

1 No operation

Reading this bit always returns "1".
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2.2 Peripheral Functions

2.2.3 Watchdog Reset
© Either the time-base timer or watch prescaler can be selected as the clock source.

© By repeatedly clearing the watchdog timer at fixed intervals, detection of an overflow on the watch-
dog timer can be used to detect program runaway.

(1) Register

’<— 8 bits —»,

Address: 0009+ WDTE R/W  Watchdog control register

(2) Block Diagram

WTE3to 0 \L \LActivation

CLR OF | Reset
Selector 2-bit counter control > RST
Time- base—/r

Watch prescaler

(3) Register Description
(3.1) WDTE (Watchdog Control Register)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0009+ | CS — — — |WTE3 |WTE2 | WTEL | WTEO |  0---XXXXs
(R/W) w W W W

[Bit 7] CS: Clock source selection bit
Selects the watch prescaler or time-base timer as the count clock.

0 Time-basetimer Period 1/222 Fc

1 Watch prescaler Period 1/214 FcL

Fc: Main clock frequency
FcL: Sub-clock frequency

Notes: * Set this bit at the same time as starting the timer. Do not change the setting after the timer has
started.

» Always select the watch prescaler if using sub mode.
* Do not select the watch prescaler on products using a single clock.

48 Chapter 2: Hardware Structure



2.2 Peripheral Functions

[Bits 3to 0] WTE3 to WTEOQ: Watchdog control bits
The watchdog control bits
First write after a reset:

0101 Start watchdog timer.

Other than above | No operation

Second and subsequent writes after a reset:

0101 Clear the watchdog timer's counter.

Other than above | No operation

The watchdog timer can only be halted by areset.
Reading these bitsreturns*1111".
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2.2 Peripheral Functions

(4) Operation
The watchdog timer function can detect program runaway.
O Activation
Write "0101" to the watchdog control bits to start the timer.
O Clearing the watchdog timer
Once started, writing "0101" to the watchdog control bits clears the watchdog timer.

The counter of the watchdog timer is also cleared when the device changes to a standby state (stop,
sleep, or watch mode).

O Watchdog reset

A watchdog reset is generated and the chip isinitialized if the watchdog timer is not cleared within the
times specified in the table below.

Clock source
8-MHz main clock 32.768 kHz sub-clock
time-base timer watch prescaler
Minimumtime | Approx. 524.3 ms 500 ms
Maximum time | Approx. 1049 ms 1000 ms

» Thefigure below shows the relationship between the time-base timer (or watch prescaler) and the
2-bit counter of the watchdog timer.

CASE1 <« 524.3(5000ms —>

Time-basetimeroutput ~  ——7 7 | [
(watch prescaler)

Watchdog cleared here.

Watchdog counter 0 1 Y > Y
Watchdog reset |
CASE 2 1049(1000)ms
Time-basetimeroutput [ [ [ 1. [
(watch prescaler) A
Watchdog cleared here.
Watchdog counter 0 X 1 2
Watchdog reset [

» Asthe above timing diagram shows, the watchdog interval time varies depending on when the
watchdog timer is cleared.

O Halting the watchdog timer
Once started, the watchdog timer does not halt until a reset occurs.
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2.2.4 Time-base Timer
© Incorporates a 21-bit binary counter.
© Usesthe main clock divided by 2 as the clock source.
© Four different selectable interval times
© Cannot be used when the main clock is halted.
© Thetimer clock sourceis not affected by changing the clock gear.
(1) Register
’<— 8 hits —»,

Address: 000AH TBCR R/W  Time-base timer control register

(2) Block Diagram

Main clock
1/2 : / ]
| 21-bit COUNTER | f
Sub-mode ! 10 11 12 13 14 15 16 17 18 19 20
control : :
signal P} / :
L
TBCO__//’ MPX
TBC1
TBR 1
TBIE
TBOF

D :rFl\)t(e;)rAupt request



(3) Register Description

TBCR (Time-base timer control register)

Address: 000AH

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
TBOF | TBIE | — — — | TBC1 | TBCO | TBR 00---0008
(RIW)  (RIW) (RIW) (RIW) (W)

[Bit 7] TBOF: Interval timer overflow bit
Writing to this bit clears the interval timer overflow flag.

0

Clear the interval timer overflow flag.

1

No operation

Reading this bit indicates whether or not an interval timer overflow has occurred.

0

No interval timer overflow has occurred.

1

Aninterval timer overflow has occurred.

Read-modify-write instructions read the bit as"1".
If the TBIE bitis"1", an interrupt request is generated when the TBIF bit goesto "1".
Cleared by areset.
[Bit 6] TBIE: Interval interrupt enable bit
Enablesinterval timer interrupts.

0

Disable interval interrupts.

1

Enableinterval interrupts.

[Bit 2] TBC1: Interval time setting bit
[Bit 1] TBCO: Interval time setting bit
These bits set the period of the interval timer.

TBC1 | TBCO Interval time For an 8-MHz source oscillation
0 0 21F 0.26 [ms]
0 1 21%F 0.51 [ms]
1 0 213F 1.02 [mg]
1 1 2%F 0.524[s]

Fc: Main clock oscillation frequency

[Bit O] TBR: Time-base timer clear bit
This bit clears the time-base timer.

0

Clear the time-base timer.

1

No operation

Reading this bit always returns "1".



2.2.5 8/16-Bit Timer/Counter (Timer 2 and Timer 3)
© The clock input can be selected from one external and three internal clocks.
© The external input can be selected to detect rising edges, falling edges, or both edges.
© Can operate in either 8 bits” 2 channel mode or 16 bits~ 1 channel mode.

(1) Registers
’47 8 hits —»,
Address: 0018+ T3CR R/W  Timer 3 control register
Address: 0019+ T2CR R/W  Timer 2 control register
Address: 001AH T3DR R/W  Timer 3 dataregister
Address: 001BH T2DR R/W  Timer 2 dataregister
T2STR | T2STP | T2CSO | T2CS1 0 0 T2IE T2IF
Interrupt
2 %request
l / IRQ3
Rising edge
‘ M ———— 1) K
gzlt':gdzdeze p R 8-bit counter co
a0ms — % ) f
p
Comparator EQ
% ) LOAD Comparator data latch
. i
n
Dataregister B
s
©
o
Dataregister 2
¥ 2
c
LOAD Comparator datalatch -
5' Comparator EQ Edge detection
al L
£ CLR
10ms M ﬂ—@D - 8-bit counter
2.0ns =3 ":D
40m — X ] =D
[
2 ]
/
: ——> Interrupt
request
T3STR | T3STP | T3CSO | T3CSL| 0 0 | TIAE | T3IF IRQ4

Figure 2.2.11 Block Diagram of the 8/16-Bit Timer/Counter



(2) Register Details
(2.1) Timer 2 Control Register (T2CR)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
Address: 0019+ | T2IF | T2IE 0 0 T2CS1|T2CSO | T2STP | T2STR X000 XXX0B
(RW) (RIW) (RIW) (RW) (RW) (RW) (RW) (R/W)
[Bit 7] T2IF: Interrupt request flag bit
The interrupt request flag bit.
(Write)

0 Clear interrupt request flag bit.

1 No operation

0 No interrupt request

1 Interval interrupt request present

Read-modify-write instructions always read the bit as "1".
[Bit 6] T2IE: Interrupt enable bit
This bit specifies whether interrupts are enabled or disabled.

0 Disable interrupts

1 Enable interrupts

[Bit 5] RESERVE: Alwayswrite"0" to this bit.
[Bit 4] RESERVE: Alwayswrite"0" to this bit.
Note: Writing the values other than O to the bits 5 and 4 may cause errors.
[Bit 3] T2CS1: Clock source select bit
[Bit 2] T2CSO: Clock source select bit
These bits select the clock source for the timer.

Timer period

T2CS11T2CS0 (8 MHz with gear set to highest speed)

Instruction cycle

Rising edge of external clock —

Falling edge of external clock —

Both edges of external clock —

0 0
0 1
1 0
1 1

4.00 [nrs] 8 instruction cycles

Note: Even when thetimer 3 is not being used, be sure to set the T3CR bits 3 and 2 (T3CS1, T3CS0) to
the values other than * 11’ to prevent errors.



[Bit 1] T2STP: Timer halt bit
The timer halt bit.

0 Continue operation without clearing the counter.

1 Temporarily halt count operation.

[Bit O] T2STR: Timer start bit
Thetimer start bit.

0 Halt operation.

1 Clear counter then start operation.

(2.2) Timer 3 Control Register (T3CR)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0018+ | T3IF | T3IE 0 0 T3CS1|T3CSO|T3STP | T3STR

(RIW)  (RIW) (RIW) (RIW) (RIW) (R/W)
[Bit 7] T3IF: Interrupt request flag bit
The interrupt request flag bit.
(Write)

Initial value

X000 XXX08

0 Clear interrupt request flag bit.

1 No operation

0 No interrupt request

1 Interval interrupt request present

Read-modify-write instructions always read the bit as"1".
[Bit 6] T3IE: Interrupt enable bit
This bit specifies whether interrupts are enabled or disabled.

0 Disable interrupts

1 Enable interrupts

[Bit 5] RESERVE: Alwayswrite"0" to this bit.
[Bit 4] RESERVE: Alwayswrite"0" to this bit.
Note: Writing the values other than O to the bits 5 and 4 may cause errors.



[Bit 3] T3CS1: Clock source select bit
[Bit 2] T3CSO: Clock source select bit
These bits select the clock source for the timer.

Timer period

T3CS1IT3CS0 (8 MHz with gear set to highest speed)

Instruction cycle

0 0 1.0[rg 2 instruction cycles
0 1 2.0[ng 4 instruction cycles
1 0 4.0 [ 8 instruction cycles
1 1 (16-bit mode) —

Note: Always set these bits to other than "11" if using timer 2 only.
[Bit 1] T3STP: Timer halt bit
The timer halt bit.

0 Continue operation without clearing the counter.

1 Temporarily halt count.

[Bit O] T3STR: Timer start bit
The timer start bit.

0 Halt operation.

1 Clear counter then start operation.

(2.3) Timer 2 and 3 Data Registers (T2DR, T3DR)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

Address: 001BH XXXX XXXXB
(RW) (RW) (RW) (RW) (RW) (R/W) (R/W) (R/W)

Bit 7 Bit6 Bit5 Bit4 Bit3 | Bit2 Bitl BitO Initial value

Address: 001AH XXXX XXXXB

(RIW) (RIW) (RIW) (RW) (RW) (RW) (RIW) (RIW)

Writing data sets the interval time. Reading data reads the current counter value.



(3) Operation
(3.1) 8-Bit Internal Clock Mode

In 8-bit internal clock mode, the clock source setting bits (T2CS1, T2CS0) and (T3CS1, T3CS0) in the
timer control registers (T2CR and T3CR) select the internal clock for each channel and the timer datareg-
isters (T2DR and T3DR) set the interval times.

To start atimer, first set theinterval timein the dataregister, then write "1" to the timer start bit (T2STR or
T3STR) in the timer control register. This clears the counter to "O0H" and loads the data register value to
the compare latch. The count-up operation then starts.

The timer/counter sets the interval interrupt request flag bit (T2IF or T3IF) to "1" when the counter value
matches the value set in the data register. At this time, the counter is cleared to "00H", the data register
value is re-loaded into the compare latch, and the count operation continues. If the interrupt enable bit
(T2IEand T3IE) is"1", an interrupt request is output to the CPU.

Theinterval time (T) is calculated as follows, where (n) isthe value set in the dataregister and f isthe
selected clock.

T=f O(n+1) [y

Match Match Match

Counter clear ﬂ ﬂ ﬂ ﬂ

Data setting

Compare latch ------- -+ ;

Count value
0000H - - ----- WV O
ToSTR_ | .
T2IF [ 1 [

T2IF=0 (W) T2IF=0 (W) T2IF=0 (W)

Figure 2.2.12 Internal Clock Mode Operation



C Set operation mode )

Set interval time

J

Start timer
T2STR=1, T2IF=0, T2IE=1

R > Interrupt processing
PSR T2IF=0(W)

Figure 2.2.13 Timer Setting Flowchart
(3.2) 8-Bit External Clock Mode

In 8-bit external clock mode, the clock source select bits (T2CS1, T2CS0) in the timer 2 control register
(T2CR) select one of the three types of external clock input.

To start atimer, write "1" to the timer start bit (T2STR) of T2CR. This clears the counter and starts count-
ing up.

The timer/counter sets the interval interrupt request flag bit (T2IF) to " 1" when the counter value matches
the value set in the data register. If interrupts are enabled at thistime (T21E ="1"), an interrupt request is

output to the CPU.
ECK I I S T O R [ I
Counter clear |_| ’—\
T2STR=1
Count value Undefined {00 )} 00H X 01H X 020 X FEH X FFH X 004 X OIH
T2DR X FFH X FFH
T2IF |_|

T2IF=0(W)

Figure 2.2.14 External Clock Mode Operation



(3.3) Cautions on Using the Timer Halt Bit

Figure 2.2.15 shows how the count value can advance by one when the timer is halted by the timer start bit
after the timer has been temporarily halted by the timer halt bit. Whether or not the count advances by one
depends on the state of the timer input clock (the count advances by oneif the input clock level is"L", but
not if the input level is"H".)

Therefore, when the timer istemporarily halted by the timer halt bit, read the counter before writing "0" to

the start bit.
When the input clock level is"H" When the input clock level is"L"
Timer input clock e e R R
Count 01H . O2H ! 01H >< 01H >< 02H
O O O O
Temporary halt Halt Temporary halt Halt
T2CR bits 1 and 0 o X u X 100r 00 oo X 1 X 100000

Figure 2.2.15 Timer Operation When Using the Timer Halt Bit
(3.4) 16-Bit Mode
The timer control register bits are set as follows in 16-bit mode.
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0019+ | T2IF | T2IE — — |T2CS1|T2CSO|T2STP|T2STR

Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl BitO

Address: 0018+ | T3IF | T3IE — — |T3CS1|T3CSO|T3STP | T3STR

et et . i e e i e et el e et e et e
No meaning Set to "00" Set to "11" No meaning
In 16-bit mode, set the T3CS1 and T3CSO bits of T3CR to "11", and set bits 4 and 5 to "00".

In 16-bit mode, timer control is performed by T2CR. T3DR becomes the upper byte and T2DR the lower
byte of the data register.

The T2CS1 and T2CS0 bits of T2CR select the clock source. To start the timer, write " 1" to the T2STR bit
in T2CR. This clears the counter then starts counting.

The timer/counter setsthe T2IF bit to "1" when the counter value matches the value set in the dataregister.
If the T2IE bit ="1" at thistime, an interrupt request is output to the CPU.

Note: When reading the counter value in 16-bit mode, always read the counter twice and check the valid-
ity of the read value before using the data.

O For adiagram of timer operation, see the operation diagrams for the 8-bit modes.



(3.5) Starting and Temporarily Halting the Timer

Asthe operation is the same for both timer 3 and timer 2, the following describes the operation for timer 2
only.

1. Starting the count after clearing the counter

When the T2STR bitis"0", write "01" to the T2STP and T2STR bits. The timer clears the counter and
starts counting when the T2STR bit changes from "0" to "1".

2. Restarting without clearing the counter when the timer is temporarily halted

Write"11" to the T2STP and T2STR bits to temporarily halt the count. To restart the count after atem-
porary halt without clearing the counter, change the T2STP and T2STR bits from "11" to "01".

The table below shows the timer states for each T2STP and T2STR bit setting, and the operation when
the timer is started (T2STP and T2STR bits = "01") from each state.

T2STP|T2STR Timer state (Tbiin,r o ﬂe.'fgf%nfrv(‘)’;et”h isstirtftg
0 0 Count halted Count starts after clearing the counter.
0 1 Count operating Count continues.
1 0 Count halted Count starts after clearing the counter.
1 1 Count temporarily halted Count continues without clearing the counter.




2.2.6 A/D Converter

On being activated by software, the 8-bit successive approximation type A/D converter performs an 8-hit
A/D conversion and stores the conversion result in the ADDH and ADDL registers.

The A/D converter has the following features.

© Conversion speed: 22 ns (for an 8-MHz source oscillation)

© Conversion completion can be detected by an interrupt or by software polling.

© Incorporates a sample/hold circuit.
© Sense function (conversion speed = 6 ns) (for an 8-MHz source oscillation)

© Supports activation by an external input.
(1) Registers

Address: 001EH
Address: 001FH
Address: 0020H
Address: 0021+

(2) Block Diagram

P17/ADST input —’—D

AN7
ANG6
ANS5
AN4
AN3
AN2
AN1
ANO

Vcec

’47 8 bits —»,
ADC1
ADC2

ADDH

ADDL

R/W
R/W
R/W

R/W

AD control status register 1
AD control status register 2
ADC dataregister H

ADC dataregister L

VA,

MPX

gi{

Control logic

= =

— ADDH, L

— s/ DIA
Avss —| Converter

Internal data bus

ADC1, 2

L4 IRQ9




(3) Register Description
(3.1) ADCL1 (A/D Converter Control Register 1)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

Address: 001EH | ANS3 | ANS2 | ANS1 | ANSO | ADI |ADMV | SIFM AD 000000008

(RIW) (RW) (RW) (RW) (RW) (R) (RW) (R/W)
[Bits 7 to 4] ANS3to ANSO: Analog input select bits
These four bits select the analog input. However, setting ANS3 to ANSO to 10008 to 11118 is pro-

hibited.
ANS3 |ANS2|ANS2 |ANSO | Selected channel JANS3|ANS2 [ANS1|ANSO | Selected channel
0 0 0 0 0 1 0 0 0 —
0 0 0 1 1 1 0 0 1 —
0 0 1 0 2 1 0 1 0 —
0 0 1 1 3 1 0 1 1 —
0 1 0 0 4 1 1 0 0 —
0 1 0 1 5 1 1 0 1 —
0 1 1 0 6 1 1 1 0 —
0 1 1 1 7 1 1 1 1 —

[Bit 3] ADI: Interrupt flag bit
This bit has the following meaning when read in A/D mode.

0 Conversion is not complete.

1 Conversion complete.

This bit has the following meaning when read in sense mode.

0 The condition specified by the SIFM bit is not satisfied.

1 The condition specified by the SIFM bit is satisfied.

An interrupt request is generated in both A/D and sense modesiif thisbit is set when ADIE (bit 3) of
the ADC2 register is"1".

Writing to this bit has the following meaning in both A/D and sense modes.

0 Clear this bit.

1 No change. No effect on operation.

Read-modify-write instructions always read the bit as "1".



[Bit 2 ADMV: Conversion-in-progress flag

Thisflag indicates that A/D conversion isin progress.

0

No conversion in progress

1

Conversion in progress

[Bit 1] SIFM: Interrupt source setting bit
This bit sets the source for generating an interrupt in sense mode.

0

Generate an interrupt if (analog input voltage) < (dataregister value)

1

Generate an interrupt if (analog input voltage) > (data register value)

[Bit O] AD: A/D conversion start bit

Writing "1" to thisbit when EXT (bit 1) of the ADC2 register is"0" starts A/D conversion in both A/
D and sense modes. Writing "0" to this bit has no meaning. Reading the bit always returns "0". Writ-
ing to the bit has the following meaning.

0

Halt A/D conversion.

1

Start A/D conversion (if EXT (bit 1) of ADC2is"0").

(3.2) ADC2 (A/D Converter Control Register 2)
This register is used for status indication and control of the A/D converter.

Address: 001FH

Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl BitO

— — — | ADCK | ADIE |ADMD| EXT | TEST
(RIW) (RIW) (R/W) (RW) (R/W)

[Bit 4] ADCK: A/D converter activation trigger bit
This bit selects the A/D converter activation trigger.

Initial value

---000018

0

No change

1

Start conversion on the rising edge of the P17/ADST inpui.

To use P17 as an external input, set P17 asan input in the DDR.
[Bit 3] ADIE: Interrupt enable bit
This bit specifies whether interrupts are enabled or disabled.

0

Disable interrupts

1

Enable interrupts




[Bit 2] ADMD: Function selection bit
This bit switches between A/D mode and sense mode.

0 A/D mode

1 Sense mode

[Bit 1] EXT: Continuous conversion activation enable bit
This bit enables continuous conversion activation by the A/D converter clock.

0 Start by setting AD (bit 0) in ADCL.

1 Start on the rising edge of the clock specified by ADCK (bit 4) of ADC2.

[Bit O] TEST: Test hit
Thisbit isonly used for testing. Always write "1" to this bit. Reading the bit always returns "1".
(3.3) ADDH and ADDL (A/D Result Registers)
In A/D mode, these registers store the A/D conversion result.
In sense mode, write the compare value to these registers in advance.
ADDH contains the upper 2 bits and bits 7 to 2 of ADDL contain the lower 6 bits.
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

Address: 0020 | — — — — — — 7 6 000000XXs
(RIW)  (RIW)

Bit 7 Bit6 Bit5 Bit4 Bit3 | Bit2 Bitl BitO Initial value

Address: 0021n | 5 4 3 2 1 0 — — XXXXXX008
(RIW) (RIW) (RIW) (RW) (RW) (R/W)

In A/D mode, the A/D conversion result is stored in these registers when A/D conversion completes. As
the register contents become undefined once A/D conversion starts, only read the registers after conversion
compl etes.

In sense mode, the value written to these registers prior to starting the sense operation is used as the com-
pare value. Reading the registers has no meaning.

Do not write to these registers while conversion isin progress in either A/D or sense mode.



(4) Operation
(4.1) A/D Mode
a. Activation

Write"0" to ADMD (bit 2) of the ADC2 register to set A/D mode, then write"1" to AD (Bit 0) of
the ADCL1 register to start conversion. If EXT (bit 1 of ADC2) is"1", conversion is activated on
the rising edge on the clock selected by ADCK (bit 4 of ADC2).

b. Restarting

A/D conversion can be restarted, even if aconversion is already in progress through the activa-
tion.

c. Ending conversion

Provided that it is not restarted, A/D conversion completes 22 s (44 instruction cycles with an
8-MHz source oscillation) after starting. On completion, ADI (bit 3) of ADC1 is set. Aninterrupt
reguest is generated at thistime if ADIE (bit 3 of ADC2) is"1".

(4.2) Sense Mode
Sense mode compares the anal og voltage at the input port with the voltage value specified by the program.
a. Activation

Write"1" to ADMD (bit 2) of the ADC2 register to set sense mode, then write"1" to AD (Bit 0)
of the ADC1 register to start conversion. If EXT (bit 1 of ADC2) is"1", conversion is activated
on the rising edge on the clock selected by ADCK (bit 4 of ADC?2).

b. Result

The A/D converter compares the analog voltage at the input port with the voltage value specified
by the program and sets ADI (bit 3 of ADC1) if the condition specified by SIFM (bit 1 of ADC1)
is satisfied. An interrupt request is generated at thistime if ADIE (bit 3 of ADC2) is'1".

c. Ending conversion

In sense mode, the interrupt flag (ADI) is not set on completion. Whether or not the sense func-
tion has completed can be determined by checking whether ADMV (bit 2 of ADC1) is'0".



(5) Cautions on Using the A/D Converter

a

b.

C.

Clear the ADI interrupt flag (bit 3 of ADC1) when switching between A/D and sense mode.
Do not switch between A/D and sense mode when conversion isin progress.

In A/D mode, the contents of ADDL and ADDH become invalid immediately after starting A/D
conversion. Therefore, take care not to read the register values during conversion. After conver-
sion completes, ADDL and ADDH maintain their values until the next conversion is started.

Conversion cannot be activated by AD (bit 0 of ADC1) when EXT (bit 1 of ADC2) issetto"1"
(continuous conversion enabled). Do not change the ADCK (bit 4 of ADC2) value when EXT
(bit 1 of ADC2) isset to "1" (continuous conversion enabled).

A/D conversion halts and all registers are initialized when areset or stop occurs.

Do not change the analog channel while conversion isin progress. In particular, when perform-
ing continuous conversion, disable continuous conversion (set EXT (bit 1 of ADC2) to "0") and
wait until ADMV (bit 2 of ADC1) goesto "0" before changing the channel.

The analog channel can be changed at the same time as restarting conversion. (ANS2 to ANSO
can be changed when writing "1" to AD. However, do not do this when performing continuous
conversion.)

Do not change SIFM while conversionisin progress. In particular, when performing continuous
conversion, disable continuous conversion (set EXT to "0") and wait until ADMV goesto "0"
before changing SIFM.

SIFM can be changed at the same time as restarting conversion using AD.

Useinput pulseslonger than 22 s (44 instruction cycles with an 8 MHz source oscillation) when
using the P17/ADST input as a continuous conversion trigger for the A/D converter.

(6) Cautions on Program Development

Take note of the following points when developing programs for the MB89143A/4A on the MB89PV 140
or MB89P147.

a

The MB89143A/4A has 8-bit resolution but the MB89PV 140 and MB89P147 have 10-bit reso-
lution. A right shift operation is required to convert from 10-bit to 8-bit resolution.

Parameters such as sampling time can be set in aregister in the MB89PV 140 and MB89P147.
Thisis not supported by the MB89143A/4A.

The sampling times for the MB89PV 140, MB89P147, and MB89143A/4A are different. If you
are using an interrupt, for example, to notify completion of A/D conversion, the interrupt genera-
tion timings will be different.



2.2.7 8-Bit Serial 1/0

© Serid 1/0 supports clock synchronous 8-bit serial data transfer.
© LSB-first or MSB-first data transfer can be selected.
© Four different shift clock modes are available (three internal and one external).

(1) Registers
~4—— 8bits —p
Address: 001CH SMR
Address: 001DH SDR

(2) Block Diagram

R/W  Serial mode register

R/W  Serial dataregister

Internal data bus

D7to DO

DOto D7 ‘ D7to DO
(MSB first) ’ (LSB first)
‘ | Transfer direction ] SIOF
selection
] SIOE
hift directi
(Shift direction) SCKE
000000 o L
SDR (Serial dataregister)
CKsl1
CKS0 E
BDS T
Sl input SO output SST | O
P34/S synchronizing synchronizing
circuit circuit SMR
2 (serial mode
| register)
P33/SO
N Output enable
Output enable Shift clock selection
P32/SCK Controller
Internal / B >—< ) IRQ8
clocks 3 Clear
E Shift clock counter




(3) Register Description
(3.1) SMR (Seria Mode Register)
The serial 1/O control register.
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

Address: 001CH | SIOF | SIOE | SCKE | SOE | CKS1 | CKSO | BDS | SST 000000008
(RIW) (RIW) (RIW) (RW) (RW) (RW) (RIW) (RIW)

[Bit 7] SIOF: Seria 1/0O interrupt request flag
Thisflag indicates the state of serial 1/O transfer. Reading has the following meaning.

0 Serial data transfer is not complete.

1 Seria datatransfer is complete.

Read-modify-write instructions always read the bit as"1".

An interrupt request to the CPU is generated when this bit is set if interrupts are enabled (SIOE =
"1").

Writing has the following meaning.

0 Clear this bit.

1 Does not change the bit. No effect on operation.

Either thisbit or SST (bit 0 of SMR) can be used to determine when transfer is complete.
[Bit 6] SIOE: Serial 1/0 interrupt enable bit
Enables serial /O interrupt requests.

0 Disable output of serial 1/0 interrupts.

1 Enable output of serial 1/0 interrupts.

[Bit 5] SCKE: Enable shift clock output bit
Controls the shift clock 1/O pin.

0 General-purpose port (P32) or SCK input pin

1 SCK (shift clock) output pin

Always set P32/SCK as an input (set bit 2 of DDR3 to "0") if using the pin for the external clock.



[Bit 4] SOE: Serial data output enable bit
Controls the external serial 1/0 output pin.

0 General-purpose port pin (P33)

1 SO (seria data) output pin

Always set P34/Sl as an input (set bit 4 of DDR3 to "0") if using the pin asthe Sl pin.
[Bits3 and 2] CKS1, CKSO0: Shift clock select bits
These bits select the serial shift clock mode.

CKS1 | CKSO0 Mode SCK
0 0 |Internal shift clock mode (4 instruction cycles) Output
0 1 |Internal shift clock mode (8 instruction cycles) Output
1 0 |Interna shift clock mode (16 instruction cycles) Output
1 1 |Externa shift clock mode (SCK) Input

[Bit 1] BDS: Transfer direction select bit

This bit selects whether to transfer serial data with the least significant bit (LSB) first or most signif-
icant bit (MSB) first.

0 L SB-first

1 M SB-first

Note that changing this bit after writing data to SDR invalidates the data.
[Bit O] SST: Serial 1/0 transfer start it
The serid 1/0O transfer start bit. Automatically cleared to "0" when transfer is complete.

0 Halt serial 1/0 transfer.

1 Start serial 1/0 transfer.

Check that transfer has halted (SST = "0") before staring the next transfer.



(3.2) SDR (Seria Data Register)
The 8-bit serial data register storesthe serial I/O transfer data. Do not write to thisregister during serial 1/0
operation.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0O Initial value

Address: 001DH XXXXXXXXB
(RW) (RW) (RW) (R/W) (RW) (R/W) (R/W) (R/W)




(4) Operation

(4.1) Overview

This module contains a serial mode register (SMR) and serial dataregister (SDR). For seria output, the
SDR bits are sequentially output to the serial output pin (SO), synchronized with the falling edge of the

seria shift clock generated from the internal or external clock. For serial input, bits are sequentially input
from the serial input pin (SI) to the SDR on the rising edge of the serial shift clock.

Shift

SDR | #7 | #6 | #5 |#4 |#3 | #2|#1|#0| ook | [ [ 1 [ 1w 1 L[ 1
N SO YHO HDHDY X HE Y HE X HT™

Shift cl ock—\l/

o P® Sconversion >S50 For serial output

Shift

SDR | #7 | #6 | #5 | #4 | #3 | #2 | #1 | #0 clock
S| X HO X CHLYX #2 X ooo X #5 X #6 X #7
Shift clock— ‘
CK

S® P conversion For serial input

Sl —>|9

(4.2) Operating Modes

The seria 1/0 operating mode is determined by the shift clock selection in the SMR. Three internal shift
clock modes and one external shift clock mode are available. Change modes or perform clock selection
only when the serial 1/0O is halted (SST (bit 0) of SMR ="0").

a. Internal shift clock mode

Serial 1/0 operates using an internal clock and the shift clock is output from the SCK pin as the
synchronous timing output. The clock output has a 50% duty ratio. One data bit is transferred for
each clock cycle.

b. External shift clock mode

One data bit is transferred for each clock cycle. Transfer is synchronized by the external shift
clock input from the SCK pin. The transfer speed can range from DC to 8 clock cycles (1.00
MHz for an 8-MHz source oscillation).

Whichever mode is used, do not writeto SMR or SDR while serial 1/O is operating.



(4.3) Interrupt Function

This module can generate interrupt requests to the CPU. An interrupt request is generated when the inter-
rupt flag SIOF (bit 7) of SMR is set on completion of an 8-bit data transfer after interrupts have been ena-
bled by setting SIOE (bit 6) of SMR to "1".

SCK [ I (S (A S S N S N B
ssT | I
IRQ [
SO X #0 X #L X 2 X 8B X # X B X #6 X #

(4.4) Start and Stop Timing of the Shift Operation

Writing "1" to SST (bit 0) of SMR starts transfer and writing "0" halts transfer. Also, SST is automatically
cleared to "0" to halt the shift operation when data transfer compl etes.

a Internal shift clock mode (L SB-first)

(When transfer completes)
SCK Y I (I (O A s S I S N B

sst ] [
SIOF .

SO X #0 X #1 X #2 X #88 X # X # X # X #
(When transfer is halted before compl etion)
SCK [ I (O (N B S B

sstT ] |
SIOF

SO X #0 X #1 X #2 X #3 X # X #
b. External shift clock mode (L SB-first)

(When transfer completes)
SCK [ I (S (S O S A A B B

SST
SIOF

SO X #0 X #L X #2 X B X # X #H X #6 X #

(When transfer is halted before compl etion)
SCK N A (A (A O A N S N

SST |
SIOF

I

SO X #0 X # X #2 X B X # X 5

* However, if datais written to the SDR, the output data changes on the falling edge of the external clock.
Figure 2.2.23 Start and Stop Timing of the Shift Operation



(4.5) Input and Output Shift Timing

Datais output from the serial output pin (SO) on the falling edge of the shift clock and datais input from
the serial input pin (SI) on the rising edge of the shift clock.

a LSB-first (BDS="0")

SCK (S s I s s Y s Yy S ey Sy B
'Sl input
Sl ><#o><#1><#2><#3><#4><#5><#6><#7
+ SO output
SO X #0 X L X #2 X #8 X # X # X # X #
b. MSB-first (BDS ="1")
SCK ||||i||||i||||||
+ Sl input
g ><#7><#6><#5><#4><#3><#2><#1><#0
SO output
SO X # X #6 X #B X # X B X 2 X # X &

DI7 to DIO areinput data and DO7 to DOOQ are output data.
Figure 2.2.24 Input and Output Shift Timing



2.2.8 Buzzer Output

© Can be used for applications such as sounding a buzzer to confirm key input.

© Two different output frequencies are available via aregister setting.

(1) Register

Address; 000EH

(2) Block Diagram

4—— 8hits —p

BUZR

R/W Buzzer register

Internal data bus

TBCR‘ TBR “ BUZl‘ BUZO‘ BUZR

8.0 MHz

11
Dividw ck Y2 1

CLR Select

120 10
—>

H

P-ch
high-voltage port

Time-base timer Selector



(3) Register Description
BUZR (Buzzer Register)
A 2-bit register that sets the output frequency and pin state for the buzzer pin.
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
Address: 000EH — — — — — — BUZ1 | BUZO |  ------ 008
(RIW)  (RIW)

[Bit 1, Bit 0] BUZ1, BUZ0: Buzzer selection bits

These bits are used to both enable buzzer output and select the frequency. Setting the bits to "00"
disables buzzer output. Other settings select the frequencies listed in the table below.

Table 2.1.4 Buzzer Output Frequency

BUZ1 | BUZO Buzzer output frequency For an 8-MHz source oscillation
0 0 High impedance —
0 1 Set (H) —
1 0 Fer2tt 3.91 kHz
1 1 Fc/21? 1.95 kHz
Fc: Main clock frequency
(4) Operation

The buzzer circuit outputs a signal that can be used for applications such as sounding a confirmation tone.
The buzzer register enables buzzer output and sets the frequency.

Setting "00" to the BUZR register setsthe output to "Hi-Z" and setting "01" setsthe output to the "H" level.
Setting the BUZR register to "10" or "11" outputs a square wave with the frequency listed in the above
table.

When the buzzer output frequency set in the BUZR register is being output to the buzzer pin, switch set-
tings when both the Fc/211 and Fc/212 outputs from the time-base timer are "L".

(5) Note on Using the Buzzer Output

Asthe buzzer output uses asignal from the time-base timer, clearing the time-base timer affects the buzzer
output. Switching the buzzer output frequency is also affected by the time-base timer.

The buzzer output always starts from the "Hi-Z" state and endsin the "Hi-Z" state. Therefore, the result of
changing the BUZR register is not reflected in the buzzer output pin immediately. Thisalso appliesin
cases such as changing from buzzer output to "H" output or from "Hi-Z" output to "H" output.

A maximum of 384 ns (when operating at 8-MHZz) can pass between setting the BUZR register and the
actual change occurring in the buzzer output.



2.2.9 External Interrupt Circuit

© Thiscircuit sets the corresponding flag when it detects an edge on one of the two external interrupt
source (INTO and INT1).

© Aninterrupt can be generated at the same time asthe flag is set.
© Either of the two interrupts can be used to recover from stop or sleep mode.

INT1

INTO

(1) Register

Address; 000FH

(2) Block Diagram

4—— 8hits —p

EIC

R/W External interrupt control register

IRQO

—

D—Q IRQ1L
D
|

EIR1 | SL11

SL10

EIE1

EIRO | SLO1 | SLOO | EIEO | EIC

TN T
—e—> _ 7
TN

0 1

MPX

\:

N T 1 X
A 0 O
N 0 1

MPX




(3) Register Description
(3.1) EIC (External Interrupt Control Register)

Thisregister controlsinterrupts from the IRQ pins.
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

Address: 000FH | EIR1 | SL11 | SL10 | EIEL | EIRO | SLO1 | SLOO | EIEO 000000008
(RIW) (RIW) (RIW) (RW) (RW) (RW) (RIW) (RIW)

[Bit 7] EIR1: External interrupt request flag

Thishitissetto"1" if the edge specified by the SL10 and SL11 bitsisinput to the INT1 pin. An
interrupt request (IRQ1) is generated if EIELis"1" when this bit is set. Reading the bit has the fol-

lowing meaning.

0 The specified edge has not been input to the INT1 pin.

1 The specified edge has been input to the INT1 pin (generate IRQL).

Read-modify-write instructions always read the bit as"1".
Writing to the bit has the following meaning.

0 Clear this bit.

1 Does not change the bit. No effect on operation.

[Bits6 and 5] SL11 and SL10: Edge polarity mode selection bits
SL10 and SL 11 control the input edge polarity mode for the INT1 pin.

SL11 | SL10 External interrupt active edge selection
1 ’ Both edges mode
0 1 Falling edge
0 0 Rising edge

[Bit 4] EIEL: Interrupt enable bit
External interrupt request enable bit for the INT1 pin.

0 Disable interrupt requests.

1 Enable interrupt requests when EIR1 is set.




[Bit 3] EIRO: External interrupt request flag

Thishitissetto"1" if the edge specified by the SL0O0 and SLO1 hitsisinput to the INTO pin. An
interrupt request (IRQO) is generated if EIEQ is"1" when this bit is set. Reading the bit has the fol-
lowing meaning.

0 The specified edge has not been input to the INTO pin.

1 The specified edge has been input to the INTO pin (generate IRQO).

Read-modify-write instructions always read the bit as"1".
Writing to the bit has the following meaning.

0 Clear this bit.

1 Does not change the bit. No effect on operation.

[Bits2 and 1] SLO1 and SLOO: Edge polarity mode selection bits
SL0O0 and SLO1 control the input edge polarity mode for the INTO pin.

SLO1 | SLOO External interrupt active edge selection
1 ’ Both edges mode
0 1 Falling edge
0 0 Rising edge

[Bit O] EIEO: Interrupt enable bit
External interrupt request enable bit for the INTO pin.

0 Disable interrupt requests.

1 Enable interrupt requests when EIRO is set.

(4) Notes on Using External Interrupts

When enabling an interrupt after wake-up from areset, always clear the interrupt flag at the sametime. (An
interrupt request is generated immediately if the interrupt flag (EIR1 or EIRO) is"1" when the interrupt is
enabled.)



Chapter 3:
Operation

3.1 Clock Generator

The MB89143A/4A has an internal system clock generator circuit. The clock is generated by connecting a
crystal oscillator to the X0 and X1 pins. The internal clock can also be supplied by inputting an externally
generated clock to the X0 pin. In this case, leave the X1 pin open.

The X0A and X 1A pins are used for the sub-clock and operate in the same way as the X0 and X1 pins.
If the single clock option is selected, X0A functions as the P70 pin and X1A asthe P71 pin.
Insert afeedback resistor between X0A and X 1A if using acrystal oscillator.

MB89143A/4A MB89143A/4A
X0 X0

T
]
P X1 <905(: OPEN—{ X1

. XO0A XO0A
[ 1]

X1A osc. OPEN— X1A

Figure 3.1.1 Clock Oscillator



3.2 Resets

3.2.1 Reset Operation

When areset condition occurs, the MB89143A/4A aborts the currently executing instruction and changes
to the reset state. The content of RAM does not change during a reset. However, if areset occurs during
writing of 16-bit data, it is possible that only the upper byte is written and the lower byte islost. Also, if a
reset occurs close to awrite timing, the contents of the address being written to cannot be guaranteed.

The MB89143A/4A recovers from the reset when the reset condition isreleased. The MB89143A/4A
reads the mode data from FFFDH, the upper byte of the reset vector from FFFEH, and the lower byte of the
reset vector from FFFFH. After fetching the data in this order, the device starts operation. Figure 3.2.1

shows the flowchart.

Fetch mode data from FFFDH

Fetch reset vector from FFFEH and FFFFH

Fetch and execute the instruction code
from the reset vector

N|
-l

Execute next instruction

Y

Figure 3.2.1 Summary of Reset Operation
Figure 3.2.2 shows the format of the data stored at FFFDH, FFFEH and FFFFH.

FFFFH | Lower 8 bits of the reset vector Place the address of the first instruction
FEFEH Upper 8 bits of the reset vector to execute after wake-up from areset here.

FFFDH Mode data 76543 |2|1]0

—

Reserved, always set to “0". |
Mode bits: Specify the memory mode as follows.

T2 T1 TO Operation
0 0 0 | External access prohibited (single-chip)
Other Reserved. Do not use these settings.

Figure 3.2.2 Structure of the Reset Vector



3.2.2

3.2.3

3.2.4

Reset Conditions
The following conditions trigger areset on the MB89143A/4A.

1. External pin reset : An"L" level applied to the RST pin.

2. Software reset : Writing "0" to the RST bit in the standby control regis-
ter.

3. Turning on the power . Power-on reset

4. Reset triggered by the watchdog function : The watchdog function is enabled by the watchdog con-
trol register but the register is not accessed again within
the specified time.

After a power-on reset or wake-up from a stop mode, operation does not start until after an oscillation sta-
bilization time. See"(4.2) State Transition Diagram", "(4.3) Resets’, or "(5.1) State Transition Diagram" in
"2.1.5 Clock Controller” for details.

Cautions When Turning on the Power

Take note of the following points when turning on the power.

1. Thestate of the LSl (1/0O ports, operating mode, etc.) isundefined immediately after applying the power
supply and until the voltage risesto a sufficient level for the internal transistors to operate.

2. The state of the LSl (operating mode, etc.) is undefined immediately after applying the power supply
and until the oscillation starts.

3. Holdthe RST pinatthe"L" level after applying the power supply and until the oscillation stabilizes (33
ms for 8-MHz operation). This keeps the device in the reset state.

Accordingly, if it is necessary to set the device to afixed state with respect to the external system during
this period, use an external circuit or similar to determine the state of the LSI.
Receiving an External Reset Signal

The RST pin has an internal analog noise filter to prevent misoperation due to noise. The reset signal out-
put from the anal og noise filter is sampled asynchronously when the signal inputsan "L" level. Sampling is
synchronized with the internal clock when the signal inputsan "H" level.

Cancel width Cancel width Cancel width
D — S — D —

External reset signal U " K;

Signal output from .
the anal og noise filter \'{Q

Internal clock signal

Internal reset signal

Figure 3.2.3 Receiving an External Reset Signal



3.3 Interrupts

When an interrupt request from an internal peripheral or external interrupt input occurs, the CPU temporar-
ily halts operation for the currently executing instructions and executes the interrupt processing program if
the interrupt controller and CPU are able to accept the interrupt. Figure 3.3.1 shows the flow of interrupt

processing.
9 ] Interrupt
T Register file PS| | IL
o [T T 1 | | (5 UpdatelL
& IPLA [ IR Check|—|c L Reset released | S80S (6)
_ — eCK —1 Comparator
4) 4 #(1) Evaluate Clear request
Interrupt level
(®) | B8s1eAran o] initialization 4
(4) Interrupt
2 @ (7) processing
| S Execute (3)
(5 RAM g main program Interrupt Restore PC
e generation ano|| PS
Q
Enable FF — AND ; RET]
g&«ircr:r;tF N o | Interrupt Restore PC
(6) (1) 3) — | controller and PS (8)
Peripheral —

Figure 3.3.1 Flow of Interrupt Processing

Asall interrupts areinitially disabled, interrupts are first initialized in the main program (1). Thisinitializa-
tion sets up each peripheral that generates an interrupt and sets the interrupt level registers (ILR1 to ILR3)
in the interrupt controller corresponding to each interrupt. Using the interrupt level registers (ILR1 to
ILR3) in the interrupt controller, an interrupt level can be set for each interrupt. The interrupt level can be
set in therange 1 to 3, where level 1 isthe highest priority and level 2 isthe next highest priority. Aslevel
3 indicates that the interrupt request is not generated, setting an interrupt to this level disables the interrupt
request.

After setting up the peripheral, the main program executes the various control functions (2). If a peripheral
generates an interrupt while the main program is executing (3), the interrupt controller identifies the high-
est priority interrupt of the interrupts generated at this timing and passes this interrupt to the CPU. The
CPU receives the interrupt and checks the current interrupt level and | flag state (4), then starts interrupt
processing.

CPU interrupt processing saves the current PC and PS contents on the stack (5), fetches the entry address
for the interrupt processing program from the interrupt vector, updates the IL bits in the PS with the level
of the current request, then starts execution of the interrupt processing routine.

The user interrupt processing routine clears the interrupt (6), performs the interrupt processing, then ends
by executing the RETI instruction to restore the PC and PS contents from the stack (9). This returns execu-
tion to the interrupted instruction.

Note: Unlike the FPMC-8, interrupts do not save A and T to the stack.

If interrupts with the same interrupt level occur simultaneously, the lower interrupt number (closest
to IRQO) has priority.



Table 3.3.1 lists the relationship between interrupt sources and interrupt vectors.

Table 3.3.1 Interrupt Sources and Interrupt Vectors

Interrupt source

Upper vector address

Lower vector address

IRQO (external interrupt 0) FFFAH FFFBH
IRQ1 (external interrupt 1) FFF8H FFFOH
IRQ2 (Unused) FFF6H FFF7H
IRQ3 (8/16-hit timer/counter) FFF4H FFF5H
IRQ4 (8/16-hit timer/counter) FFF2H FFF3H
IRQ5 (Unused) FFFOH FFF1H
IRQ6 (Unused) FFEEH FFEFH
IRQ7 (Unused) FFECH FFEDH
IRQ8 (8-bit serial 1/0) FFEAH FFEBH
IRQ9 (A/D converter) FFE8H FFE9H
IRQA (Interval timer) FFEGH FFE7H
IRQB (Watch) FFE4H FFES5H




3.4 Low-power Consumption Modes

The MB89143A/4A has three standby modes for reducing current consumption: sleep mode, stop mode,
and watch mode. The device changes to these modes by writing to the STBC (standby control register).
See"2.1.5 Clock Controller” for details on setting and recovering from these modes.

The low-power consumption modes are different depending on which of the dual clock modes (main clock
mode or sub-clock mode) is used on the MB89143A/4A. (See the state transition diagram in "2.1.5 Clock
Controller” for details.)

The MB89143A/4A can operate as asingle clock system if the single clock mask option is selected. How-
ever, the device cannot recover from sub-clock mode if only asingle clock is used but the single clock
mask option is not selected. Therefore, always select the single clock mask option if only using asingle

clock.
Table 3.4.1 Low-power Consumption Modes for Each Clock Mode
Main Mode Sub-Mode
Function
Note RUN Sleep Stop RUN Sleep Stop Watch
Main clock — | Operating | Operating Halted Halted Halted Halted Halted
Sub-clock — | Operating | Operating Operating Operating Operating Halted Operating
Instruction O Operating | Halted Halted Operating Halted Halted Halted
CPU ROM O
Operating | Hold Hold Operating Hold Hold Hold
RAM O
Ports O Operating | Hold Hold Operating Hold Hold Hold
Watch O Operating | Operating Operating*! | Operating Operating Halted Operating
prescaler
Time-base O |operaing | Operating | Halted Halted Halted Halted Halted
8/16-hit timer O Operating | Operating Halted Operating Operating Halted Halted
Peripherals | g.pit 510 QO | Operating | Operating | Halted Operating | Operating | Halted Halted
8-hit A/DC O Operating | Operating Halted Operating* 2 Operating* 2 | Halted Halted
.EX ternal O Operating | Operating Operating Operating Operating Operating Operating
interrupts
Buzzer output [J | Operating | Operating | Halted Halted Halted Halted Halted
Watchdog O Operating | Halted Halted Operating*3 | Halted Halted Halted

Notes: O: Operating speed and related parameters depend on the clock mode (main or sub) and gear func-
tion.

0. Operating speed and related parameters are independent of the clock mode (main or sub) and
gear function.

*1: The watch prescaler continues counting but does not generate watch interrupts.
*2: Can operate, but do not use.
*3: When the watch prescaler is used as the clock source.



3.5 Pin States during Sleep, Stop, Watch, and Reset Modes

The MB89143A/4A pins go to the following states during sleep, stop, watch, or reset mode.

1. Sleep mode

2. Stop mode

3. Watch mode

4. Reset

Pins set as port outputs maintain their states prior to entering sleep mode. The state
of output pins used by resources depends on the resource setting. All input pins
continue to function as inputs.

If bit 5 of STBC (standby control register) isset to "0" at the same time as entering
stop mode, al output pins maintain their states prior to entering stop mode.

If bit 5 of STBC (standby control register) is set to "1", output pins go to high
impedance and pinswith the pull-up option selected go to "H". Input pins maintain
their states prior to entering stop mode or aretied to "L" internally.

If bit 5 of STBC (standby control register) isset to "0" at the same time as entering
watch mode, all output pins maintain their states prior to entering watch mode. If
bit 5 of STBC (standby control register) is set to "1", output pins go to high imped-
ance and input pins maintain their states prior to entering watch mode or aretied to
"L" internally.

In normal use, al 1/0 pins and resource pins go to high impedance.

The following page lists the pin states for each mode in detail.



Pin State Details

Main Mode Sub-Mode
Watch Duri
. uring a
Pin name Stop Stop Reset
RUN Sleep RUN Sleep
SPL=0 SPL=1 SPL=0 SPL=1 SPL=0 SPL=1
. . Lo 1 Oscillator
X0 Oscillator input High impedance* .
input
; i Oscillator
X1 Oscillator output H" output output
X0A Oscillator input High impedance** Oscillator input
X1A Oscillator output "H" output Oscillator output
MODA Mode input
RST Reset input Reset input* 2
Port inputs Remain asinputs Port inputs Remain as inputs
Faropa Maintain Maintain ich
' | Port outputs current Maintain QOutput Port outputs current Maintain Output Maintain Output . 9
P07 to P00, ) ) ) impedance
P23 to P20 output current High output current High current High
output impedance* 1 output impedance* 1 output impedance* 1
Resource |/0 Resource |/O
Port inputs Remain asinputs Port inputs Remain as inputs
PRU/INT1 to Maintain Maintain Output Maintain Maintain QOutput Maintain Output High
PRO/INTO Port outputs current current High Port outputs current current High current High impedance
output output | impedance*® output output | impedance*l| output  |impedance*! p
External interrupt inputs (resource inputs)*5
P47 to P40, QOutput QOutput QOutput High
P57 to P50, Port outputs High Port outputs High Port outputs High im et?ance
P67 to P60 impedance*! impedancer ! impedance*! p
3 : 4 High
P71, P70* Port inputs* impedance
Maintain . Maintain . Maintain . .
High High High High
BZ Buzzer output current . Buzzer output current . current . )
output impedance output impedance output impedance | impedance

*1: Theinput level isfixed to prevent leakage due to the input being open.
*2: Outputs "L" during the oscillation stabilization time for a power-on reset.

*3: When the single clock option is selected. If the dual clock option is selected, these pins operate
in the same way as X0 and X1.

*4: Fix theinput to "H" or "L".
*5: Ensure that an intermediate level is not input to P30/INTO and P31/INT1.




Chapter 4:

Instructions

4.1 Instructions

Execution instructions can be divided into the following four groups:

e Transfer

» Arithmetic operation

* Branch
e Others

Table 1 lists the symbols used for notation of instructions.
Table 1 Instruction Symbols

Symbol Meaning

dir Direct address (8 hits)

off Offset (8 bits)

ext Extended address (16 bits)

#vct Vector table number (3 bits)

#d8 Immediate data (8 bits)

#d16 Immediate data (16 bits)

dir: b Bit direct address (8 : 3 hits)

rel Branch relative address (8 bits)

@ Register indirect (Example: @A, @IX, @EP)

A Accumglatc_)r A (Whether itslength is 8 or 16 bitsis determined by the
instruction in use.)

AH Upper 8 bits of the accumulator A (8 bits)

AL Lower 8 bits of the accumulator A (8 bits)

T Tempo_rary acc;um_ulator T (Whether itslength is 8 or 16 bitsis determined
by theinstruction in use.)

TH Upper 8 bits of the temporary accumulator T (8 bits)

TL Lower 8 bits of the temporary accumulator T (8 bits)

IX Index register 1X (16 bits)




Table 1 Instruction Symbols (continued)

Symbol Meaning
EP Extra pointer EP (16 bits)
PC Program counter PC (16 bits)
SP Stack pointer SP (16 hits)
PS Program status PS (16 hits)
dr Accumulator A or index register 1X (16 hits)
CCR Condition code register CCR (8 bits)
RP Register bank pointer RP (5 bits)
Ri General-purpose register Ri (3 bits, i =1to 7)
0 Indicates that the very [ isthe immediate data.

(Whether itslength is 8 or 16 bitsis determined by the instruction in use.)

(0)

Indicates that the contents of [J is the target of accessing.
(Whether itslength is 8 or 16 bitsis determined by the instruction in use.)

((0))

The address indicated by the contents of U is the target of accessing.
(Whether itslength is 8 or 16 bitsis determined by the instruction in use.)

Columns indicate the following:

M nemonic:

#.
Operation:
TL, TH, and AH:

N,Z,V,C:

OP code:

Assembly notation of an instruction
Number of instructions

Number of bytes

Operation of an instruction

A content change when each of the TL, TH, and AH instructionsis executed.

Symbolsin the column indicate the following:
» “-” indicates no change.
» dH isthe 8 upper bits of operation description data.

* AL and AH must become the contents of AL and AH immediately before the

instruction.
e 00 becomes 00.

An instruction of which the corresponding flag will change. If + iswritten in this

column, the relevant instruction will change its corresponding flag.

Code of aninstruction. If an instruction is more than one code, it is written accord-

ing to the following rule:
Example: 48to 4F - Thisindicates 48, 49, ..., 4F.




4.2 Transfer Instructions

No Mnemonic ~ | # Operation TL | TH |AH OP code
1| MOV dir,A 3| 2] (din- (A) o e 45
2 | MOV @IX+off,A 4| 2| ((IX)+off) = (A) - - B 46
3 | MOV ext,A 41 3| (ext)~ (A) o e 61
4 | MOV @EP,A 31 1|(EP)- (A A 47
5 | MOV Ri,A 3| 1] (Ri)~ (A -l - - |- - - -| 48to4F
6 | MOV A,#d8 2| 2| (A)- d8 AL | - -+ - - 04
7 | MOV A, dir 3 2| (A) = dir AL | - -+ + - - 05
8 | MOV A,@IX+off 41 2| (A)~ ((IX)+off) AL| - | - |+ + - - 06
9 | MOV A,ext 41 3| (A)- (ext) AL| - | - |+ + - - 60
10 | MOV A,@A 31 1] (A~ (A) AL | - -+ + - - 92
11 | MOV A, @EP 30 1] (A~ ((EP) AL| - | - |+ + - - 07
12 | MOV AR 31 1| (A~ (Ri) AL| - | - |+ + - -| O08toOF
13 | MOV dir,#d8 4| 3| (diry- d8 - - - - - - - 85
14 | MOV @IX+off #d8 51 3| ((IX)+off) -~ d8 - - - - - - - 86
15 | MOV @EP,#d8 4| 2| ((EP) - d8 R 87
16 | MOV Ri,#d8 4| 2| (Ri)—~ d8 - 88 to 8F
17 | MOVW dir,A 4| 2| (din- (AH), (dir+1)- (AL) - - - D5
18 | MOVW @IX+off,A 5| 2| ((1IX)+off)~ (AH), - - D6
((1X)+off+1)- (AL)
19 | MOVW ext,A 5| 3| (ext)~ (AH), (ext+1)- (AL) - - - D4
20 | MOVW @EP,A 4| 1| ((EP))- (AH), ((EP)+1)~ (AL) - - - D7
21 | MOVW EP,A 2 1| (EP)- A) - - B E3
22 | MOVW A #d16 3 3| (A)- di6 AL [AH |dH |+ + - - E4
23 | MOVW A,dir 4| 2| (AH)- (dir), (AL)- (dir+1) AL [AH|dH [+ + - - c5
24 | MOVW A, @IX+off 5| 2| (AH)~ ((IX)+off), ALIAHI|dH |+ + - - cé6
(AL)= ((IX)+off+1)
25 | MOVW A ext 5| 3| (AH)- (ext), (AL)-~ (ext+1) AL |AH | dH |+ + c4
26 | MOVW A,@A 41 1] (AH)= ((A)), (AL)= ((A)+1) AL [AH [dH [+ + - - 93
27 | MOVW A,@EP 4| 1| (AH)= ((EP)), (AL)~ ((EP)+1) AL [AH[dH [+ + - - Cc7
28 | MOVW AEP 2 1| (A~ (EP) - - |dH|- - - - F3
29 | MOVW EP,#d16 3| 3| (EP)~ di16 - - B E7
30 | MOVW IX,A 20 1] (1X)- (A A E2
31 | MOVW A,IX 20 1] (A~ (IX) - - JdH|- - - - F2
32 | MOVW SP,A 21 1|(SP)= (A) - - . E1l
33 | MOVW A,SP 2| 1| (A~ (SP) - - {dH |- - - - F1
34 | MOV @A,T 3| 1|(A)- (T) e 82
35 | MOVW @A, T 41 1| ((A) - (TH), ((A)*+1) = (TL) - - S 83
36 | MOVW IX,#d16 3] 3|(IX)-~ di6 . E6
37 | MOVW A,PS 2| 1](A)- (PS) | - JdH|- - - - 70
38 | MOVW PS,A 21 1| (PS)- (A - - -+ 4+ 4+ o+ 71
39 | MOVW SP,#d16 3| 3| (SP)~ di6 - - B E5
40 | SWAP 2| 1| (AH)= ® (AL) - | - |AL|- - - - 10
41 | SETB dir:n 4| 2| (dirn- 1 - |- - - -| A8toAF
42 | CLRB dir:n 4| 2| (dirIn=- 0 - - - |- - - -| AOtoA7
43 | XCHA,T 2| 1| (A= ® (TL) ALl - | - |- - - - 42
44 | XCHW AT 3] 1| (A)-® (T) AL |AH|dH |- - - - 43
45 | XCHW A EP 3| 1|(A)-® (EP) - - ldH |- - - - F7
46 | XCHW A,IX 3| 1](A)-® (IX) - | - |dH F6
47 | XCHW A,SP 3] 1|(A)-® (SP) - | - |dH F5
48 | MOVW A,PC 2| 11](A)- (PC) | - JdH|- - - - FO

Notes: ¢ During bytetransferto A, T = A isrestricted to low bytes.
 Operands in more than one operand instruction must be stored in the order in which their mne-
monics are written. (Reverse arrangement of F2MC-8 family)
« "~" indicates the number of instruction cycles and "#" indicates the number of instruction bytes.



4.3 Arithmetic Operation Instructions

No Mnemonic ~ | # Operation TL|TH|AH|N Z V C| OP code
1 | ADDC A,Ri 3| 1| (A)- (A)+RI+C - - | - |+ + + +| 28t02F
2 | ADDC A,#d8 2| 2| (A)-~ (A)+d8+C N 24
3 | ADDC A,dir 3| 2| (A)~ (A)+(din+C - - - |+ + 4+t 25
4 | ADDC A,@IX+off 41 2| (A)- (A+((X)+off)+C S R N 26
5 | ADDC A,@EP 3| 1| (A~ (A)+((EP)+C - - -+ + 4+ o+ 27
6 | ADDCW A 31 1] (A~ (A)+HT)+C -l - JdH [+ + + + 23
7 | ADDC A 2| 1] (AL) = (AL)+(TL)+C i 22
8 | SUBC AR 3] 1] (A= (A)-(R)-C - |- 1] -|++ + +| 38to3F
9 | SUBC A #d8 2| 2| (A)- (A)-d8-C S R N 34
10 | SUBC A,dir 3| 2| (A)-~ (A)-(din-C - - -+ + 4+ o+ 35
11 | SUBC A,@IX+off 41 2| (A)- (A-((1X)+off)-C N 36
12 | SUBC A,@EP 3| 1| (A)- (A)-((EP)-C - - - |+ + 4+t 37
13 | SUBCW A 3] 1](A)- (T)-(A-C -l - JdH [+ + + + 33
14 | SUBC A 2| 1| (AL) = (TL)-(AL)-C e 32
15 | INC Ri 41 1] (R)- (Ri)+1 - | - | -1|+++ -| C8toCF
16 | INCW EP 3| 1] (EP)-~ (EP)+1 S e C3
17 | INCW IX 3| 1|3(X)~ (IX)+1 - - -] - - c2
18 | INCW A 3] 1](A)- (A)+1 -l - JdH [+ + - - co
19 | DECRI 4| 1| (Ri)- (Ri)-1 - | -] -|+++ -| D8toDF
20 | DECW EP 3| 1|(EP)- (EP)-1 e T D3
21 | DECW IX 31 1|@UX)~ (1X)-1 T D2
22 | DECW A 3 1A=~ (A1 - - JdH |+ + - - DO
23 | MULU A 19| 1| (A= (AL*(TL) - - |dH |- - - 01
24 | DIVU A 21| 1| (A)- (T)/(AL), MOD ® (T) d.{oo|00|- - - - 11
25 | ANDW A 31 1| (A= (AU - | - |dH|+ + R - 63
26 | ORW A 3 1A~ AUM - | - |dH|+ + R - 73
27 | XORW A 3 1A= (A" (T) - | - |dH|+ + R - 53
28 | CMP A 21 1 (TL) - (AL) - - -+ + 4+ o+ 12
29 | CMPW A 3|1 1 M- @A) - - -+ + 4+ o+ 13
30 | RORCA 21 1 EC@ A:| - - -+ + -+ 03
31 | ROLCA 21 1 EC—| Aj - - - |+ o+ + 02
32 | CMP A#dB 2| 2 (A) - d8 - - -+ + o+ 14
33 | CMP A,dir 3| 2 (A) - (dir) N 15
34 | CMP A,@EP 3] 1 (A) - ((EPY) i 17
35 | CMP A @IX+off 41 2 (A) - (1X)+off) i 16
36 | CMP AR 3] 1 (A) - (Ri) - | -] - |+ + + +| 18tolF
37 | DAA 2| 1 | decimal adjust for addition - - -+ + 4+ o+ 84
38 | DAS 2| 1 | decimal adjust for subtraction - - -+ + 4+ o+ 94
39 | XOR A 2| 1| (A~ (AL)" (TL) -l -] -+ +R - 52
40 | XOR A,#d8 21 2| (A)- (AL)" d8 -l -] -+ +R - 54
41 | XOR A,dir 3| 2| (A)- (AL)" (din) -l -] - |+ +R 55
42 | XOR A,@EP 31 1| (A= (AL)" ((EP)) -l -] -]+ +R - 57
43 | XOR A,@IX+off 41 2| (A)= (AL)" ((IX)+off) -l -] -+ +R - 56
44 | XOR ARi 31 1| (A)- (AL)" (Ri) - | -]-1|++R -| 58to5F
45 | AND A 2| 1|(A)- (AL) U(TL) -l -] -]+ +R - 62
46 | AND A #d8 2| 2| (A)- (AL)Uds -l - - |+ +R - 64
47 | AND A,dir 3| 2| (A) - (AL) U(dir -l -] -]+ +R - 65
48 | AND A,@EP 3| 11 (A)~ (AL) U((EP)) -l -] -]+ +R - 67
49 | AND A,@IX+off 41 2| (A)~ (AL) U((IX)+off) -l -] -+ +R - 66
50 | AND ARi 3| 1] (A)- (AL) U(Ri) - | -]-1|++R -| 68to6F
51 | ORA 2| 1| (A)= (AL) U(TL) -l - -]+ +R - 72
52 | OR A#d8 2| 2| (A)- (AL)Ud8 -l -] -+ +R - 74
53 | OR A, dir 3| 2| (A= (AL) U(dir) - - - |+ + R - 75
54 | OR A,@EP 3| 1|(A)- (AL) U((EP)) -l -] -1+ +R - 77
55 | OR A,@IX+off 4| 2| (A)= (AL) U((IX)+off) - - - |+ + R - 76




No. Mnemonic ~ | # Operation TL|TH|AH|N Z V C| OP code
56 | OR A,Ri 3| 1) - (AL) U(Ri) - | -] -|++R-| 78t07F
57 | CMP dir,#d8 5| 3 (dir) - d8 R 95
58 | CMP @EP #d8 41 2 ((EP))-d8 S R B I S 97
59 | CMP @IX+off,#d8 5| 3 ((IX)+off) - d8 S N I S 96
60 | CMP Ri,#d8 41 2 (Ri) - d8 - | - | - |+ + + +| 98to9F
61 | INCW SP 3] 1|(SP)-~ (SP)+1 - - -l - - - C1
62 | DECW SP 3| 1|(SP)- (SP)-1 o D1
4.4 Branch Instructions
No Mnemonic ~ | # Operation TL|TH|AH|N Z V C| OP code
1 | BZ/BEQ rel 3| 2 |ifZ=1then PC~ PC+rel - - - - - - - FD
2 | BNZ/BNE rel 3| 2 |if Z=0then PC~ PC+rel - - - - - - - FC
3 | BC/BLO rel 3| 2 |if C=1then PC~ PC+rel - - - - - - - F9
4 | BNC/BHS rel 3| 2 |if C=0then PC~ PC+rel - - - - - - - F8
5 | BN rel 3| 2 | if N=1then PC~ PC+rel - - - - - - - FB
6 | BP rel 3| 2 | if N=0then PC~ PC+rel - - - - - - - FA
7 | BLT rel 3| 2 |if V" N=1then PC- PC+rel - - - - - - - FF
8 | BGE rel 3| 2 |if V" N=0then PC- PC+rel - - - - - - - FE
9 | BBC dir:b,rel 5| 3| if (dir:b)=0then PC~ PC+rel - - - |-+ - -| BOtoB7
10 | BBS dir:b,rel 5| 3| if (dir:b)=1then PC-~ PC+rel - - - |-+ - -| B8toBF
11 | IMP @A 2| 1|(@PC)- (A o T I EO
12 | JMP ext 3| 3| (PC)-ext - - -l - - - 21
13 | CALLV #vct 6| 1 | vectorcall - - - |- - -| E8toEF
14 | CALL ext 6 | 3 | subroutine call - - -l - - - 31
15 | XCHW A,PC 3| 1] (PC)- (A), (A)- (PC)+1 - - |dH|- - - - F4
16 | RET 4| 1| returnfrom subroutine - - -l - - - 20
17 | RETI 6| 1 | returnfrom interrupt - - - restore 30
4.5 Other Instructions
No Mnemonic ~ | # Operation TL|TH|AH|N Z V C| OP code
1 | PUSHW A 4 1 - - I 40
2 | POPW A 41 1 - - |dH|- - - - 50
3 | PUSHW IX 41 1 e I . 41
4 | POPW IX 41 1 o T I 51
5 | NOP 1| 1 R - 00
6 | CLRC 1| 1 -l -1-1---R 81
7 | SETC 1| 1 -l -1-1---5s 91
8 | CLRI 1| 1 o T 80
9 | SETI 1| 1 o T 90




F°MC-8L Instruction Map
Copyright 1990 (C) by Fujitsu Ltd. All rights reserved.

0 1 2 3 4 5 6 7 8 9 A B c D E F
NOP SWAP RET RETI PUSHW | POPW MoV MOvVW CLRI SETI CLRB BBC dir | INCW DECW IMP MOvVW
A A A.ext APS dir:0 :0,rel A A @A A,PC
MULU DIVU IMP CALL PUSHW | POPW MoV MOVW CLRC SETC CLRB BBC dir | INCW DECW MOVW MOvVW
A A addr16 addr16 IX IX ext,A PS,A dir:1 rel SP SP SP,A A,SP
ROLC cMP ADDC SUBCA | XCH XOR AND OR MoV MoV CLRB BBC dir | INCW DECW MOVW MOVW
A A A AT A A A @AT A@A dir:2 2,rel IX IX IX,A AIX
RORC CMPW ADDCW | SUBCW | XCHW XORW ANDW ORW MovW MovW CLRB BBC dir | INCW DECW MOovVW MOvVW
A A A A AT A A A @AT A@A dir:3 3,rel EP EP EP,A AEP
MoV cmpP ADDC SUBC I:I XOR AND OR DAA DAS CLRB BBC dir | MOVW MOVW MOVW XCHW
A#d8 A#d8 A#d8 A#d8 A#d8 A#d8 A#d8 dir:4 4,rel Aext ext,A A#d16 APC
MoV cMP ADDC SuUBC MoV XOR AND OR MoV CcMP CLRB BBC dir | MOVW MOvVW MOVW XCHW
A.dir A.dir A.dir A.dir dir,A A.dir A.dir A.dir dir,#d8 dir,#d8 dir:5 :5,rel A.dir dir,A SP.#d16 A,SP
MoV cmP ADDC SUBC MoV XOR AND OR MoV CcMP CLRB BBC dir | MOVW MOVW MovVW XCHW
A@IX+d | A@IX+d | A@IX+d | A@IX+d | @IX+dA | A@IX+d [ A@IX+d | A@IX+d | @IX+d#d8 | @IX+d,#d8 dir:6 Brel | A@Ix+d | @IX+d,A IX,#d16 AIX
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP CLRB BBC dir | MOVW MovVW MOVW XCHW
A@EP A@EP A@EP A@EP @EP,A A@EP A@EP A@EP | @EP#d8 | @EP#d8 dir:7 7,rel A@EP @EP,A | EP#d16 AEP
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BNC
ARO ARO ARO ARO RO,A ARO ARO ARO RO #d8 RO #d8 dir:0 :0,rel RO RO #0 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BC
ARL ARL AR1L AR1L R1,A AR1L AR1L AR1L R1#d8 R1,#d8 dir:1 A,rel R1 R1 #1 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BP
AR2 AR2 AR2 AR2 R2,A AR2 AR2 AR2 R2,#d8 R2,#d8 dir:2 2,rel R2 R2 #2 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir INC DEC CALLV BN
AR3 AR3 AR3 AR3 R3,A AR3 AR3 AR3 R3,#d8 R3,#d8 dir:3 3,rel R3 R3 #3 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BNZ
AR4 AR4 AR4 AR4 R4,A AR4 AR4 AR4 R4 #d8 R4 #d8 dir:4 4,rel R4 R4 #4 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BZ
AR5 AR5 AR5 AR5 R5,A AR5 AR5 AR5 R5,#d8 R5,#d8 dir:5 5,rel R5 R5 #5 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BGE
ARG ARG ARG ARG R6,A ARG ARG ARG R6,#d8 R6,#d8 dir:6 :6,rel R6 R6 #6 rel
MoV cMP ADDC SUBC MoV XOR AND OR MoV CcMP SETB BBS dir | INC DEC CALLV BLT
ART ART AR7 AR7 R7,A AR7 AR7 AR7 R7 #d8 R7,#d8 dir:7 7,rel R7 R7 #7 rel




Chapter 5:
Mask Options

MB89143A
Part number MBS89L44A MB89PV140 MB89P147V1
No.
Specifying Specify when .
procedure ordering masking 101 102 Set with EPROM
Clock mode selection Single Dual
1 |&sSingle clock mode Selectable clock clock Selectable
€Dual clock mode mode mode
Pull-up resistors
2 |a&Pl4to P17 Specify by pin No No Specify by pin
€P32 to P37
Power-on reset
3 |&es Yes Yes Yes Selectable
eNo
Reset pin output
4 |%fes Selectable Yes Yes Selectable
€No
Pull-down resistors
aP40 to P47
4 GP50 to P57 No No No No
€P60 to P67
Part numbers
Part number SH-DIP64 QFP64
MB89143A MB89143AP MB89143APF
MB89144A MB89144AP MB89144APF




Appendix 1:

/O Map
(1.1) Addresses 00H to 17H
Address | Read/write Register Initial value Register description
name MSB- ® LSB
OOH (RIW) PDRO XXXX XXXX Port O data register
01H (W) DDRO 0000 0000 Port O direction register
02H (R'W) | PDR1 XXXX XXXX  |Port 1 data register
03H (W) DDR1 0000 0000 Port 1 direction register
04+ (RIW) PDR2 ---- 0000 Port 2 data register
O5H Vacancy
06H Vacancy
0o7H (RIW) SYCC X--1 1100 System clock control register
08H (RIW) STBC 0001 O--- Standby control register
O9H (RIW) WDTE 0--- XXXX |Watchdog control register
OAH (RIW) TBCR 00-- -000 Time-base timer control register
0BH (RIW) WPCR 00-- -000 Watch prescaler control register
OCH (RIW) PDR3 XXXX XXXX Port 3 data register
ODH (W) DDR3 0000 0000 Port 3 direction register
OEH (R/W) BUZR ---- --00 Buzzer register
OFH (RIW) EIC 0000 0000 External interrupt control register
10H (RIW) PDR4 0000 0000 Port 4 data register
11H (R/W) PDR5 0000 0000 Port 5 data register
12+ (R/W) PDR6 0000 0000 Port 6 data register
13H (R) PDR7 ---- --XX |Port 7 dataregister
14H Vacancy
15H Vacancy
16H Vacancy
17H Vacancy
Notes:» Theread value of bits marked as"-" is undefined.

« Do not use vacancies.
« See"(3) Register Description” for details of register contents.
« Bit manipulation instructions cannot be used on write-only registers (DDRO, DDR1, and DDR3).



(1.2) Addresses 18H to 7FH

Register Initial value

Address | Read/write name MSB- ® LSB

Register description

18H (R/'W) T3CR X000 XXXO Timer 3 control register
19H (R/W) T2CR X000 XXXO0 Timer 2 control register
1AH (R'W) | T3DR XXXX XXXX  |Timer 3 data register
1BH (RIW) T2DR XXXX XXXX Timer 2 data register

1CH (R/W) SMR 0000 0000 Serial mode register
1DH (R/W) SDR XXXX XXXX  |Serial dataregister
1EH (R/W) ADC1 0000 0000 A/D control register 1
1FH (R/W) ADC2 ---0 0001 A/D control register 2

20H (RIW) | ADDH | 0000 00XX |A/D dataregister (H)
211 (R/W) | ADDL XXXX XX00  |A/D dataregister (L)

22H (W) PCRO 0000 0000 Port input control register O

23H (W) PCR1 ---- 0000 Port input control register 1
2;1:;'50 Vacancy

7CH (W) ILR1 1111 1111 Interrupt level register 1

7DH (W) ILR2 1111 1111  |Interrupt level register 2

7EH (W) ILR3 1111 1111  |Interrupt level register 3

7FH Vacancy

Notes:» Theread value of bits marked as"-" is undefined.
« Do not use vacancies.
« See"(3) Register Description” for details of register contents.

« Bit manipulation instructions cannot be used on write-only registers (PCRO, PCR1, ILR1, ILR2,
and ILR3).



Appendix 2:
Quick Reference Table for the Instruction Cycle at
Gear Change

(For 8-MHz and 4-MHz source oscillations)

CS1 and CSO bit (system clock selection bit) setting in the SYCC register

Number of CS1=1,CS0=1 | CS1=1,CS0=0 | CS1=0,CS0=1 CS1=0,CS0=0

Instruction Cycles
8MHz | 4MHz | 8MHz | 4MHz | 8MHz | 4MHz | 8 MHz | 4 MHz
(me) | (m8) | (m8) | (m8) | (m8) | (w8) | (m8) | ("®)

1 0.5 1.0 1.0 2.0 2.0 4.0 8.0 16.0
2 1.0 2.0 2.0 4.0 4.0 8.0 16.0 32.0
4 2.0 4.0 4.0 8.0 8.0 16.0 32.0 64.0
8 4.0 8.0 8.0 16.0 16.0 32.0 64.0 | 128.0
16 8.0 16.0 16.0 32.0 32.0 64.0 | 128.0 | 256.0
32 16.0 32.0 32.0 64.0 64.0 | 128.0 | 256.0 | 512.0
64 32.0 64.0 64.0 | 128.0 | 128.0 | 256.0 | 512.0 1024




Appendix 3:
Differences between the MB89143A/4A and MB89140
Series

Parameter MB89143A/4A MB89PV140,P147V1
. . Sloh =-100 mA Sloh =-120 mA
Absolute maximum ratings Slol = 50 mA Slol = 150 mA
ROM fzK‘fg;g?ngMBsgéfﬁA 32 Kbytes (External on PV models)
RAM 256 bytes 1 Kbyte
()
B | PP Voh=3V, loh=-10mA Voh=3V, loh=-20 mA
o2
T
a8 i . No (Available on the MB89P147V 2,
_% Pull-down resistors No 144V2, 145V2, and 146V 2)
8-bit PWM timer No 1-ch
12 bit MPG No 1-ch
B Conversion . .
% accuracy 8 bits 10 bits
§ AD con- Number of
® | verter channels 8-ch 12-ch
Conversion 22 5 at 8 MHz 165 ns at 8 MHz
% SDIP 64 Yes Yes
% |QFPes No No
o
% 8 MHz/maximum gear speed VCC=40Vto6.0V VCC=27V1t06.0V
5
>
(@)
% Watch mode/Sub-RUN VCC=25Vto6.0V VCC=22Vto6.0V
()
o
O
C'Osci'r‘]gl o Selectable Selectable
0 Y es (MB89PV 140), Selectable
c 1
S Reset output selectable (MB89P147)
o
o Y es (MB89PV 140), Selectable
ﬁ Power-on reset Yes (MBS9P147)
= Selectable Selectable (P14 to P17, P32 to P37,
Pull-up resistor MB89P147)
(P14 to P17, P32 to P37) No (MB89PV 140)
o) External interrupts Yes Yes
= |RST Yes ves
5 General-purpose inputs
o
2 | (Ports0, 1, 2,3 and 7) No Yes
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