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B PREFACE

The terms in this manual are defined as follows:

(1) A clock cycle is one clock cycle of the oscillation frequency.

(2) A system clock cycle is the clock frequency divided by the gear function (see 2.2). One cycle time of the

system clock varies with the settings of the CS1 and CSO bits of the SYCC register. With some internal
resources, the gear change will cause changes in operating speed. See 3.4 for details.



Table of Contents

1. GENERAL ..
1.1. FEATURES ...
1.2. PRODUCT SERIES .. ... e
1.3. BLOCK DIAGRAM . ..
1.4 . PIN ASSIGNMENT ... e
1.5. PIN FUNCTION DESCRIPTION . ... ... e
1.6. HANDLING DEVICES ... ... ..

2. HARDWARE CONFIGURATION . ... s
2.1 CPU
2.2 MAIN/SUB CLOCK CONTROLBLOCK . ... ...
2.3 INTERRUPT CONTROLLER ...... ..o
2.4 1O PORTS ..
2.5 WATCHPRESCALER ... ..
26 WATCHDOG TIMER RESET ...... ..
2.7 TIME-BASE TIMER .. ... ..
2.8 8-BITPWMTIMER (TIMER 1) ... ...
2.9 8/16-BIT TIMER (TIMER2AND TIMER 3) ........ ... iiiin...
2.10 12-BIT MULTIPUL GENERATOR (MPG, TIMER 4) ................
2.11 8-BIT SERIAL /O ...
2.12 AID CONVERTER ... e
2.13 BUZZER OUTPUT CIRCUIT ... .. e
2.14 EXTERNAL INTERRUPT CIRCUIT ... ...

3. OPERATION L
3.1 CLOCKPULSE GENERATOR . ... .. e
3.2 RESET ..

3.2.1 ReSEt Operation . . ...
3.2.2 RESELSOUICES ... e e e
3.3 INTERRUPT .. e e e e e e e

3.4 LOW-POWER CONSUMPTION MODES ............. ... ... ....
3.5 PIN STATES FOR SLEEP, STOP AND RESET ...................

4. INSTRUCTIONS ... e
4.1 TRANSFER INSTRUCTIONS . ... ... i
4.2 OPERATION INSTRUCTIONS ... ... .
4.3 BRANCH INSTRUCTIONS .. ... e
4.4 OTHER INSTRUCTIONS ... .. e
4.5 F2MC-8L FAMILY INSTRUCTIONMAP . ... ...t

5. MASK OPTIONS ... e

APPEN DI X .
APPENDIX A 1/O MAP . .
APPENDIX B EPROM SETTING FOR MB89P147 ....................

APPENDIX C LIST OF SYSTEM CLOCK CYCLE TIMES WHEN GEAR

CHANGED (SOURCE CLOCK: 8 MHz, 4 MHz) .........



Table 1-1
Table 1-1
Table 1-2
Table 1-3
Table 2-1
Table 2-2
Table 2-3
Table 2-4
Table 2-5
Table 2-6
Table 2-7

Table 3-1
Table 3-2
Table 3-3
Table 5-1
Table 5-2

Tables

. Types and Functions of MB89140 Series of Microcontrollers .......................... 1-5
. Types and Functions of MB89140 Series of Microcontrollers (Continued) ............... 1-6
. Pin FUNCtion DesCriptioNn . ... . it e e 1-10
CPinfor ExXternal-ROM . ... 1-13
Table of Reset and Interrupt VECIOIS . ... ...t e 2-4
Operating State of Low-power Consumption Modes ............ ..., 2-15
SOUICES Of RESEL . . .. 2-20
List of POt FUNCLIONS . ... oo e e e e 2-25
POt FE QIS O . . e 2-26
Relationship between value Setat OUTCRand Duty ..................ccovviienn.... 2-65
Buzzer Output Frequencies
(at 8.0 MHz of oscillation frequeNnCy) . ... e 2-84
Interrupt Sources and Interrupt VECIOrS . ... ..ot 3-7
Low-power Consumption Mode at Each Clock Mode ............. ... ... ... .. o t.. 3-8
Pin State of MBBOL40 ... ... ...ttt 3-9
MaSK OPtiONS . .. 5-3
Model SPeCIfiCatioNS . . . ... o 5-3



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

11
1.2
1.3
1.4
15
21
2.2
2.3
24
2.5
2.6
2.7
2.8
29
2.10
211
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
231
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40
241
2.42
2.43
3.1
3.2
3.3
3.4

Figures

MBBOLA0 SEIIES . oottt ettt ettt e 1-4
BIOCK Diagram . . .o e 1-7
Pin Assignment (DIP-64P-M0O1, MDP-64C-P02) .. ......oiiiii it 1-8
Pin Assignment (FPT-64P-M06, MDP-64C-PO1) ...... ...t 1-9
Input/Output Circuit Configurations .. ...t e 1-14
Memory Space of MB89140 Series of Microcontrollers ............. ... .. ... . ... 2-3
Arrangement of 16-bit Data in Memory . ...t e e e e 2-5
Arrangement of 16-bit Data during Execution of Instruction ............................ 2-5
Structure of Processor StatUs ... ... oottt 2-6
Rule for Translating Real Addresses at General-purpose Register Area ................. 2-7
Register Bank Configuration . ....... ...t e e 2-8
Memory Map in Various MOdes . ... ...t e 2-9
Machine Clock Control Block Diagram . ...t 2-11
Interrupt Controller Block Diagram . ........ .. 2-22
Interrupt-processing Flowchart . . ... 2-24
Ports 00 t0 07 and 1010 13 . ... ot e e e 2-28
POMS 1410 16 ... ot e 2-29
POMS 20 10 23 .. 2-29
POrts 70 @and 70 . ... o 2-30
Ports 3510 32,30 @nd 17 ...t 2-31
POt B o 2-32
Ports 40t0 47,5010 57 and 6010 67 ... ... oottt 2-33
B 2-33
Watch Prescaler Block Diagram . ...t 2-34
Watchdog Timer Reset Block Diagram .. ........ouuiii e 2-36
Time-base Timer Block Diagram . ......... ittt e e et 2-41
8-bit PWM Timer (Timer 1) Block Diagram . .......... . e 2-43
TIMEr OPEIatiON . . ...ttt e e e e e e e e e e e 2-46
PWM PUISE OUIPUL . . . oot e et e e e e e e e e e e 2-47
8/16-bit Timer BlocK Diagram .. ... ..ot e e et e 2-48
Description Diagram for Internal Clock Mode Operation .............. ... ..., 2-52
Flow Diagram for Timer Setting .. ...t e e 2-52
External Cock Mode Operation Description Diagram .. ...t .. 2-53
Operation Diagram when Timer Stop BitisUsed ............ ... .. .. 2-53
MPG BIOCK Diagram ... ...ttt e e e 2-56
Transition of DT Tl INPUL . . ... o e et e ettt et 2-59
Outline of PWM OUIPUL . . . ...ttt e e e e e e e e 2-63
Description of PWM Output Operation . ...........c.uiiiiiitii it 2-63
Flowchart of PWM Operation .. .. ... e 2-64
Outline of MPG OUIPUL ... o e et e e e et et e 2-67
Description of PPG Output Operation . ......... ... i i 2-67
Flowchart of PPG Operation . ... ..ot e ettt 2-68
8-bit Serial I/O Block Diagram .. ... e 2-70
Shift Start/Stop TiMINgG . ..ottt e e e e 2-74
Input/Output Shift TIMING . . .. ..o e e 2-75
A/D Comverter Block Diagram .. ....... it e e 2-76
Buzzer Output Circuit Block Diagram . ........ ..t e 2-83
External Interrupt Circuit Block Diagram ............ e 2-85
CloCK PUISE GENEIatOr ... e e e e e 3-3
Outline of Reset Operation . .........iuut e et e et et et 3-4
ReSet VeCtOr StrUCIUNE . . .. e e e e e e e 3-4
Interrupt-processing Flowchart . . ... .. e 3-6

Vi



1. GENERAL
1.1 FEATURES ... ..ottt 1-3
1.2 PRODUCT SERIES ..........ccvviiiiiiiinnn.. 1-5
1.3 BLOCKDIAGRAM ..........ccoiiiiiiiiiniann, 1-7
1.4 PINASSIGNMENT ..........oooiiiiiiiiiii., 1-8
1.5 PIN FUNCTION DESCRIPTION ................. 1-10
1.6 HANDLING DEVICES .............ccvivnnn... 1-16




GENERAL FUﬁTSU

The MB89140 series of single-chip microcontrollers use the FZMC-8L CPU core to enable high-speed proces-
sing at low voltages, and features a 25 segment VFD (Vacuum Fluorescent Display) driver. They contain re-
sources such as timers, a serial interface, an A/D converter and an external interrupt input to provide a wide
variety of applications for commercial and industrial equipment, including portable equipment.

The MB89140 series of single-chip microcontrollers has twenty-five Vcc-40VP-channel high voltage ports
which makes it suitable for VFD display application such as microwave oven, fan heater, room air conditioner,
dashboard controller, and so on.

1.1 FEATURES

* Minimum instruction execution time: 0.5 ps (at oscillation frequency of 8 MHz)

» CPU core as commonly used for MB89860 series

Multiplication and division instructions
16-bit operation

Instruction test and branch instruction
Bit handling instruction, etc.

—Instruction system best for controller

» Operation at low voltage (A/D converter unused)

» 25 segment VFD (Vacuum Fluorescent Display) driver.
 Low current dissipation (applicable to dual-circuit clock)
« Internal high-withstand-voltage ports

* 5timers
—8-bit PWM timer (available as reload timer)
—12-bit MPG timer (available as PPG output, PWM output and reload timer)
—8/16-bit timer/counter (available as two 8-bit timers)
—21-bit time-base counter

* Single serial interface
—Transfer direction selected for communication with various equipment

» A/D converter
—Successive approximation type with 10-bit resolution

» 2-channel external interrupt input
—Two channels can be selected independently to cancel the low-power consumption modes (selectable
from rising edge, falling edge, or both edges).
—The INT1 can be applied from —0.7 V to 7.0 V (N-channel open drain).

* Low-power consumption modes
— Stop mode (The oscillation stops to minimize current consumption.)
—Sleep mode (The CPU stops to cut current consumption to about 30% of normal.)

» Reset output or power-on reset available option can be selected.

» Packages
—SDIP-64 and QFP-64 packages
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(Under development)

(Planned)
(Under development) -
MB89147
(Planned)
__— MB89146 —
MB89145

_— ROM 24K
ROM 32K
MB89144 RAM 768 RAM 1K
ROM 16K
ROM 12K RAM 512 Memory capacity
RAM 256 Small » Large

Fig. 1.1 MB89140 series
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1.2 PRODUCT SERIES

Table 1-1 lists the types and functions of the MB89140 series of microcontrollers.

Table 1-1 Types and Functions of MB89140 Series of Microcontrollers

Minimum instruction execution time

Interrupt processing time

MB89P147
Model Name MB89144 MB89145 MB89146 MB89147 MB8OW147 MB89PV140
. Mass-produced product OTPROM/ | Piggybackievaluation
Classification (Mask ROM product) EPROM product ”“;‘,’13%,23;:3)”;'”“:,21"”
ROM capacity 12K x 8 bit 16K x 8 bit 24K x 8 bit 32K x 8 bit Internal | External 32K x 8
32K x 8 bits bits (Piggyback)
. . . : . Internal Internal
RAM capacity 256 x 8 bit 512 x 8 hit 768 x 8 hit 1K x 8 bit 1K x 8 bits 1024 8 bits
Number of basic instructions 136
Instruction bit length 8 bits
Instruction length 1 to 3 bytes
CPU functions Data bit length 1, 8, 16 bits

0.5 us/8 MHz to 8.0 us/8 MHz and 61 us/32.768 kHz

4.5 ps/8 MHz to 72.0 ps/8 MHz and 562.5 us/32.768 kHz
Note: The above times vary with gear function.

High-withstand-voltage output port

(P-channel open drain)
Buzzer output

8 (P60 to P67 for large current)

16 (P40 to P47, P50 to P57 for small current)
1 (Large current)

(P-channel open drain, high-withstand-voltage)

Output port (CMOS) 4 (P20 to P23)
Port Input port (CMOS) 2 (P70 to P71, serve as X0A and X1A pins when two
clocks used)
1/0 port (CMOS) 23 (P00 to PO7, P10 to P17, P30, P32 to P37)
1/0 port (N-channel open drain) 1 (P31)
Total 55
VFD 25 segment

Time-base timer

Capable of generating four internal pulses of 0.26 ms, 0.51 ms, 1.02 ms and 0.524 s
(at oscillation frequency of 8.0 MHz)

8-bit PWM timer
(Timer 1)

8-bit timer operation (toggle output possible, 1, 2, 8 or 16 system clock cycles of operating clock)
8-bit resolution PWM operation (conversion cycle: 128 ps to 2.0 ms at oscillation frequency of 8.0 MHz

and maximum gear speed)

12-bit MPB timer
(Timer 4)

12-bit resolution PWM operation (maximum conversion cycle: 2048.4 ys to 16.4 ms
12-bit resolution reload timer operation (toggle output possible)
12-bit resolution PPG operation (minimum resolution: 0.5 ps at oscillation frequency of 8.0 MHz and

maximum gear speed)

8/16-bit timer/counter
(Timers 2 and 3)

8/16-hit timer operation (operating clock, internal clock and external trigger). See 2.2 for details.
8/16-hit event counter operation (selectable from rising edge, falling edge, or both edges)

1-5
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Table 1-1 Types and Functions of MB89140 Series of Microcontrollers (Continued)

MB89P147

Model Name MB89144 MB89145 MB89146 MB89147 MBS9W147

MB89PV140

8-bit length 1 channel

Serial /0 Transfer clock (external, 4, 8 or 16 system clock cycles)

10-bit resolution, 12 channels

A/D conversion mode (conversion time: 16.5 pys at 8 MHz and maximum gear speed)
Sense mode (conversion time: 9.0 ps at 8 MHz and maximum gear speed)
Continuous start by external activation or internal timer

A/D converter

2 independent channels (edge selection, interrupt vector, interrupt source flag)
External interrupt Interrupt mode selectable from rising edge, falling edge, or both edge. Analog noise filter built in
For releasing Stop/Sleep modes (edge detection possible in Stop mode)

Standby mode Sleep, Stop and Watch mode
Process CMOS
_AAP. . - AAP. MDP-64C-P02/
Package DIP-64P-MO01 (SDIP-64)/FPT-64P-M06 (QFP64) MQP-64C-POL
Operating voltage 2.7V 10 6.0 v* 27Vto6.0V

* Operating voltage varies depending to the condition such as frequency or others.
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1.3 BLOCK DIAGRAM

Internal bus
X0 ——— 1 Main clock oscillator ) .
X] (Max. 8 MHz2) Time-base timer
Clock control Buzzer — BZ
P70, P71 Sub clock oscillator High-withstand-voltage
X0A (32.768 kHz) port 6 — P60 to P67
X1A <—f PO
CMOS input port High-withstand-voltage P50 to P57
port 5
P23/WDG -w— CMOS output port
P22 «— High-withstand-voltage
P21/PWO0 <—o Pg“ A port 4 > P40to P47
P20 «—
8-bit PWM timer
VFD
l«—» P32/SCK
} 8-bit serial l«—> P33/SO
l«—> P34/S|
MODA ———0M8M ——» Mode control
«—>» P30/TRG/INTO
12-bit MPG l«—>» P37/DTTI
l«—>» P3/PWO1
AVgc —
10-bit A/D converter
AV Port
S8 8/16-bit timer/counter 3 |le—» P35/EC
P17/ADST
4
P14 to P16 External interrupt
Port input
P13/ANBto 4 | 0/1 «—> P31/INT1
P10/AN8
8
P0O7/AN7 to
POO/ANO CMOS output port CMOS I/0 port
RAM
(Max. 512 x 8 hit)
F2MC-8L
—— Other pins ——
ROM
(Max. 16 K x 8 bit) Vee: Vss

Fig. 1.2 Block Diagram
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1.4 PIN ASSIGNMENT

TOP VIEW
BZ-]1 [ &./. ........ . 64 - Vcc
P67 -] 2 ! AISNVAAO 65 920 Vee 163 - AVce
P66 -« ] 3 ' Al2Q 66 91 Q0 Al4 ' 621 ~ AVss
P65 .— 4 A7O 67 900 Al3 ' 61— -~ POO/ANO
P64 - — 5 ! A6 O 68 890 A8 ' 60— - POL/AN1
P63 -] 6 A50O 69 880 A9 v 59[]  P02/AN2
P62 .7 A4O 70 870 All \ 58— . PO3/AN3
P6L-—]8 | A3QO 71 860 OE ' 57— - PO4/AN4
P60 -9 ! A20 72 850 Al0 ' 56 - POS/ANS
VFD - —] 10 AlQ 73 840 CE + 55— . PO6/AN6
P57 cC—] 11 . AOQ 74 830 08 v 54~ .~ PO7/AN7
P56 — —] 12 ! 010 75 820 07 ' 53— - P10/ANS
P55 . ] 13 ! 020 76 81O 06 ' 52 - PLUANO
P54 c—] 14 030 77 800 O5 « 51— - P12/ANA
P53 - —] 15 VssO 78 790 04 \ 50— - P13/ANB
P52 -] 16 ‘- -----FT--c-s-ssss--s- 4 49— -~ P14
P51~ 17 K Items in dotted lines 48 - P15
= e e =R
P47 - — 19 46— - P17/ADST
P46 — —] 20 45— - P30/NTO/TRG
P45 - —1 21 44— - P31/INT1
P44 - — 22 43— - P32/SCK
P43 -« —1 23 42— - P33/SO
P42 - — 24 41— - P34/SI
P41l « — 25 40— - P35/EC
P40 — — 26 39— - P36/PWO1
P23/WDG — — 27 38— - P37/DTTI
RST«»: 28 37:| - P20
MODA - — 29 36— - P21/PWO0
XO-»: 30 35:aP22
X1 « — 31 34 — - P70/X0A
Vss « — 32 33— ~ P71X1A

The SH-DIP64 cautions are as follows:
« Pins 33 and 34 serve as input-only ports when used as general-purpose ports.
* Pin 28 serves as an output pin when the reset output option is selected.

« PO7to P00 and P13to P10 serve as analog input ports after reset. When using them as portinputs, registers
PCRO and PCR1 must be set.

Fig. 1.3 Pin Assignment (DIP-64P-M01, MDP-64C-P02)
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P62 P64 P66

100000000 0Inn

P63 P65 P67 Ve AVss

AVce

PO1

P00/
ANO

/AN1

P02/
AN2

64 63 62 61 60 59 58 57 56 55 54 53 52

Pe1[] 1 TOP VIEW 517 PO3/AN3

P60 ] 2 50 1 PO4/AN4

VFD[—] 3 R 1 497 PO5/AN5

P57 4 , 84 83 82 81 80 79 78 | 48] PO6/ANG

P56 ] 5 1 00 O00O0O0Oo 47 [ PO7/AN7

P55C—] 6 O 85 770 46 [—] P10/ANS

Psar—] 7 , O 86 760 45— P11/AN9

P53—] 8 'O 87 750 | 44 [ P12/ANA

P52—] 9 ' O 88 740 ! 43[—] P13/ANB

P51 — 10 v O 89 730 42— P14

P50—] 11 v O 9 720 . 41— P15

P47[—] 12 o9 710 40— P16

P46 —] 13 "0 92 700 ! 39— P17/ADST

) )

PAS—] 14 O 93 690 38— P30/INTO/TRG

Paa—] 15 ., 00O O0O0O0O0O0 . 37— P3LINT1

P43—] 16 ' 94 95 96 65 66 67 68 ' 36 [—] P32/SCK

Pa2—1 17 i 4 35— P33/SO

Items in dotted lines are only
palr—] 18 available for the MB89PV140. 34 Pa4/si
PAO—] 19 33— P35/EC
20 21 22 23 24 25 26 27 28 29 30 31 32
P23 MODA X1 P71/ P22 P20 P36/
/WDG X1A PWO1
ST X0 Vss P70/ P21/ P37/
X0A PWOO DTTI

Pin Symbol Pin Symbol Pin Symbol Pin Symbol
65 N.C. 73 A2 81 N.C. 89 OE
66 A15/Vpp 74 Al 82 04 90 N.C.
67 Al2 75 A0 83 05 91 All
68 A7 76 N.C. 84 06 92 A9
69 A6 77 o1 85 o7 93 A8
70 A5 78 02 86 08 94 Al13
71 A4 79 03 87 CE 95 Al4
72 A3 80 Vss 88 A10 96 Vee

Fig. 1.4 Pin Assignment (FPT-64P-M06, MDP-64C-P01)
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1.5 PIN FUNCTION DESCRIPTION

Table 1-2 and NO TAG lists the pin function and Figure 1.3 shows the input/output circuit configurations.

Table 1-2 Pin Function Description

Pin No. o
Pin Name CtIrCUIt Function
SDIP | QFP ype
30 23 X0 Used for main clock oscillation
A A crystal resonator should be used.
31 24 X1
Used for input of operation mode select signals
29 22 MODA B Usually connected to Vgs. This pin serves as the Vpp pin for EPROM-
mounted models.
Used for input/output of reset signals
Consists of an N-channel open-drain output with a pull-up resistor and
28 21 RST C hysteresis input. When the reset on option is selected, a Low level is output
from fthis pin according to|the internfil source. The internal circuit is initial-
ized at input of a Low level. A noise canceler is built in.
POTIANT General-purpose /O ports
Input is hysteresis type containing a noise filter. Although these ports also
54t0 61 | 47 to 54 to F ; ) . )
serves as analog input pins, analog input does not pass through the noise
POO/ANO ) L
filter for hysteresis input.
General-purpose /O port
46 39 P17/ADST | Input is hysteresis type containing a noise filter. This port also serves as an
external start pin for the A/D converter.
4710 49 | 40 10 42 P16 to P14 | General-purpose /O ports
to to to Input is hysteresis type containing a noise filter.
P13/ANB General-purpose /O ports
5010 53 | 43 to 46 F Input is hysteresis type containing a noise filter. Although these ports serve
to to to as analog input pins, analog input does not pass through the noise filter for
P10/AN8 e
hysteresis input.
Can be selected as a general-purpose input port or sub-clock generating
34 27 X0A/P70 Ald pin by the mask option. When using as a general-purpose input pin, input
is hysteresis type containing a noise filter.
Can be selected as a general-purpose input port or sub-clock generating
33 26 X1A/P71 Ald pin by the mask option. When using as a general-purpose input pin, input
is hysteresis type containing a noise filter.
35 28 P22 D General-purpose output port
27 20 P23WDG b General-purpose output port
This port also serves as a watchdog output pin (see 2.2 for watch dog timer).
36 29 P21/PWO0 b General-purpose output port
This port also serves as a PWM output pin for the 8-bit PWM timer.
37 30 P20 D General-purpose output port

1-10
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Table 1-2 Pin Function Description (Continued)

Pin No.

Pin Name CtIrCUIt Function
SDIP QFP ype
General-purpose /O port
Input is h resi ntaining a noise filter. When rcurrent i
38 31 P37/DTTI | put is hysteresis type.c.o taini g.a oise filte . e ove. cu g tis
detected, the external rising or falling edge can be input to inactivate the
12-bit MPG output.
General-purpose /O port
39 32 P36/PWO1 | Input is hysteresis type containing a noise filter. This port also serves as a
12-bit MPG output pin.
General-purpose /O port
40 33 P35/EC | Input is hysteresis type containing a noise filter. This port also serves as an
external clock input pin for the 8/16-bit timer/counter.
General-purpose /O port
41 34 P34/sI Input is hysteresis type containing a noise filter. This port also serves as an
external clock input pin for the 8-bit timer/counter.
General-purpose /O port
42 35 P33/SO Input is hysteresis type containing a noise filter. This port also serves as a
serial data output pin for the 8-bit serial interface.
General-purpose /O port
43 36 P32/SCK | Input is hysteresis type containing a noise filter. This port also serves as a
serial transfer clock pin for the 8-bit serial interface.
General-purpose /O port
Consists of an N-channel open-drain output and hysteresis input containin
44 37 P3L/INTL E SIStS ) P P v e g
a noise filter. This port also serves as an external interrupt pin. Interrupt
input is also hysteresis type containing a noise filter.
General-purpose /O port
Input is hysteresis type containing a noise filter. This port can also be used
45 38 | P30/NTOTRG | putis hysteresis type c g anoise fiter. "NIS P S0 D
as an external interrupt pin or MPG trigger input pin. Interrupt input is also
hysteresis type containing a noise filter.
Used for buzzer output only
1 58 Bz H This pin also serves as a P-channel high-withstand-voltage open-drain
output port.
P-channel high-withstand-voltage open drain output ports for small current
19to0 26 | 12to 19 P47 to P40 G Two types of microcontrollers are provided: one has a pull-down resistor
between these ports and the VFD pin, and the other does not.
P-channel high-withstanding-voltage open drain output ports for small current
11to18 | 4to 11 P57 to P50 G Two types of microcontrollers are provided: one has a pull-down resistor
between these ports and the VFD pin, and the other does not.
P-channel high-withstand-voltage open-drain output ports for large current
2t09 | 59to2 P67 to P60 G Two types of microcontrollers are provided: one has a pull-down resistor
between these ports and the VFD pin, and the other does not.
Used for voltage supply connected to pull-down resistors for ports 4, 5 and 6
10 3 VFD — This pin serves as an NC pin for microcontrollers without a pull-down resistor
and the MB89PV140 microcontroller.
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Table 1-2 Pin Function Description (Continued)

Pin No. oL
Pin Name CtIrCUIt Function
sbiP | sDIP ype
64 57 Vee — Used for power supply
32 25 Vss — Used for power supply (GND)
63 56 AVee — Used for power supply for A/D converter
Used for power supply for A/D converter
62 55 AVss - Must be used at same potential as Vgg pin

1-12
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Table 1-3 Pin for External-ROM

Pin No. o
Pin Name CtIrCUIt Function
SDIP | QFP ype
65 66 Vpp Output | High-level output pin
66 67 Al2
67 68 A7
68 69 A6
69 70 A5
70 71 A4 Output | Address-output pins
71 72 A3
72 73 A2
73 74 Al
74 75 A0
75 77 01
76 78 02 Input Data-input pins
77 79 03
78 80 Vss Output | Power (GND) pin
79 82 04
80 83 05
81 84 06 Input Data-input pins
82 85 07
83 86 08
84 87 CE Output | Chip-enable pin for ROM
A High level is output in the standby mode.
85 88 A10 Output | Address-output pin
86 89 OE Output | Output-enable pin for ROM
A Low level is always output.
87 91 All
88 92 A9 Output | Address-output pins
89 93 A8
90 94 A13 Output | Address-output pin
91 95 Al4 Output | Address-output pin
92 96 Vee Output | Power pin for EPROM

1-13
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Remarks

pof e —

Feedback resistor: About 2 MQ

Port

A [
. T
1
Standby control signal
¢ CMOS input
B ] —o— P
R ¢ Output pull-up resistor (Pch): About 50 kQ (5 V)
I—I Pch « CMOS hysteresis input (with noise filter)
C [l ]
Nch
Hysteresis input (with noise filter)
|PCh— « CMOS output
D
| Nch
¢ N-ch open drain output
—_ * CMOS hysteresis input (with noise filter)
E T
Nch
Hysteresis input (with noise filter)
| Pch * CMOS output
I:I « CMOS hysteresis input (with noise filter; analog
Nch input excluded)
F I

Hysteresis input (with noise filter)
Analog input

Fig. 1.5 Input/Output Circuit Configurations
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Classification Circuit Remarks
R « P-channel high-withstand-voltage open-drain
} Pch output

Microcontrollers with and without pull-down resis

G tor provided (excluding MB89V140
microcontroller)
VFD
H |P°h— « P-channel high-withstand-voltage open-drain
output
Pch
B * CMOS output
Nch * CMOS hysteresis input (with noise filter)
| p— ¢ The pull-up resistor is optional.
Hysteresis input (with noise filter)
J D E'_ Port * CMOS hysteresis input (with noise filter)

Hysteresis input (with noise filter)

Fig. 1.5 Input/Output Circuit Configurations (Continued)
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1.6 HANDLING DEVICES

() Preventing latch-up

Latch-up may occur if a voltage higher than V¢ or lower than Vgg is applied to the input or output pins other
than port40to 47, orif voltage exceeding the rated value is applied between V¢ and Vgs. However, voltages
of up to 7 V can be applied to the P31/INT1 pin irrespective of Vcc.

When latch-up occurs, the supply current increases rapidly, sometimes resulting in overheating and destruc-
tion. Therefore, no voltage exceeding the maximum ratings should be used.

(2) Handling unused input pins

Leaving unused input pins open may cause a malfunction. Therefore, these pins should be set to pull-up or
pull-down.

(3) Setting internal connection (IC) pin

Always set IC (internal connections) open.

(4) Variations in supply voltage

Although the specified V¢ supply voltage operating range is assured, a sudden change in the supply voltage
within the specified range may cause a malfunction. Therefore, the voltage supply to the IC should be kept as
constant as possible. The V¢ ripple (P-P value) at the supply frequency (50 to 60 Hz) should be less than
10% of the typical V¢ value, or the coefficient of excessive variation should be less than 0.1 V/ms. instanta-
neous change when the power supply is switched.

(5) Precautions for external clocks

It takes some time for oscillation to stabilize after changing the mode to power-on reset (option selection) and
stop. Consequently, an external clock must be input.
(6) Recommended screening conditions

High-temperature aging is recommended for screening before OPTROM-mounted microcontrollers are
mounted.

Program, verlly High-temperature aging Read

» Writing yield
The test for writing all bits cannot be executed for microcontrollers where the OPTROM microcomputer pro-
gram is not written. Therefore, the 100% writing yield may not be always assured.

(7) Sequence for application of power and analog inputs to A/D converter

Power supplies (AVcc and AVsg) and analog inputs (ANO to ANB) to the A/D converter should be turned on
after or at the same time the digital power supply (V) is turned on.

When the power supplies is turned off, the digital power supply (Vcc) should be turned off and the power sup-
plies (AVcc and AVgs) and analog inputs (ANO to ANB) to the A/D converter are turned off.
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CPU

2.1 CPU

@ This section describes the memory space and register composing CPU
hardware.

Bl Memory Space

The MB89140 series of microcontrollers have a memory area of 64K bytes.
All'l/O, data, and program areas are located in this space. The I/O area is
near the lowest address and the data area is immediately above it. The data
areamay be divided into register, stack, and direct-address areas according
to the applications. The program area is located near the highest address
and the tables of interrupt and reset vectors and vector-call instructions are
atthe highest address. Figure 2.1 shows the structure of the memory space
for the MB89140 series of microcontrollers.

MB89P147

MB89W147 MB89146 MB89145

MB89PV140
FFFFy FFFFY FFFFy

ROM
ROM ROM (16 K)
(External ROM (24 K)
for MB89PV140
C000y
A000y
8007y
8000y
0480y
0380y
0280y
0200y 0200y 0200y
Register Register Register

0100y 0100y 0100y

RAM (1024) RAM (768) RAM (512)
0080y f - =-====-- 0080y | ==-===---4 0080y f-====---4

110 lfe} lfe}

0000y 0000y 0000y

Note: To make the user program available between the EPROM-mounted
and mask-ROM-mounted microcontrollers, no user program should
be written at the option EPROM area between 8000 to 8006  (see
APPENDIX 2 for details).

Fig. 2.1 Memory Space of MB89140 Series of Microcontrollers
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¢ |/O area

This area is where various resources such as control and data registers are
located. The memory map for the I/O area is given in APPENDIX A.

* RAM area

This area is where the static RAM is located. Addresses from 0100 4 to
01FFy are also used as the general-purpose register area.

« ROM area

This area is where the internal ROM is located. Addresses from FFCQy to
FFFFy are also used for the table of reset and vector-call instructions.
Table 2-1 shows the correspondence between each interrupt number or re-
set and the table addresses to be referenced for the MB89145 series of mi-
crocontrollers.

Table 2-1 Table of Reset and Interrupt Vectors

Table address Table address
Upper data |Lower data Upper data |Lower data
CALLV #0 FFCOy FFC1ly Interrupt #11 FFE4y FFE5y
CALLV #1 FFC24 FFC3y Interrupt #10 FFEGH FFE7H
CALLV #2 FFC4y FFC5y4 Interrupt #9 FFE8Y FFE9y
CALLV #3 FFC6y FFC7h Interrupt #8 FFEAy FFEBy
CALLV #4 FFC8y FFC9y Interrupt #7 FFECH FFEDY
CALLV #5 FFCAY FFCBy Interrupt #6 FFEEH FFEFY
CALLV #6 FFCCh FFCDy Interrupt #5 FFFOy FFF1y
CALLV #7 FFCEy FFCFy Interrupt #4 FFF2y4 FFF3y
Interrupt #3 FFF4y FFF5y
Interrupt #2 FFF6y FFF7y
Interrupt #1 FFF8y FFF94
Interrupt #0 FFFAYL FFFBH
Reset mode E— FFFDy
Reset vector FFFEH FFFFy

Note: FFFCy is already reserved.
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Before execution "

A 1234

M Arrangement of 16-bit Data in Memory

When the MB89140 series of microcontrollers handle 16-bit data, the data
written at the lower address is treated as the upper data and that written at
the next address is treated as the lower data as shown in Figure 2.2.

" After execution "

Memory MOVW ABGR A Memory
ABCHy ABCHy
ABCHy 34, ABCHy
ABCy A 1234 ABCy
124
ABCGy ABCGy

Fig. 2.2 Arrangement of 16-bit Data in Memory

This is the same as when 16-bits are specified by the operand during execu-
tion of an instruction. Bits closer to the OP code are treated as the upper
byte and those next to it are treated as the lower byte. This is also the same
when the memory address or 16-bitimmediate data is specified by the oper-
and.

[Example]

MOV A, 5678 4 ; Extended address

MOV A, #1234 4 ; 16-bit immediate data
@ Assemble

XXXX4 XX XX

XXXX%4 60 56 78 ; Extended address

XXXX4 E4 12 34 ; 16-bit immediate data

XXX XX

Fig. 2.3 Arrangement of 16-bit Data during Execution of Instruction

Data saved in the stack by an interrupt is also treated in the same manner.
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Internal Registers in CPU
CPU u 9

The MB89140 series of microcontrollers have dedicated registers in the
CPU and general-purpose registers in memory.

* Program counter (PC) 16-bit long register indicating location
where instructions stored

« Accumulator (A) 16-bit long register where results of opera-
tions stored temporarily; the lower byte is
used to execute 8-bit data processing
instructions.

« Temporary accumulator (T)  16-bit long register; the operations are per-
formed between this register and the accu-
mulator. The lower one byte is used to
execute 8-bit data processing instructions

« Stack pointer (SP) 16-bit long register indicating stack area

* Processor status (PS) 16-bit long register where register pointers
and condition codes stored

« Index register (1X) 16-bit long register for index modification

* Extra pointer (EP) 16-bit long register for memory addressing

:-— 16 bits —b:

PC Program counter

A Accumulator
T Temporary accumulator
IX Index register

EP Extra pointer

SP Stack pointer

PS Processor status

The 16 bits of the processor status (PS) can be divided into 8 upper bits for a
register bank pointer (RP) and 8 lower bits for a condition code register
(CCR). (See Figure 2.4.)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PS RP Vacant|Vacant|Vacant| H IL1,0 N z \Y c

A

Y

RP CCR

Fig. 2.4 Structure of Processor Status
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The RP indicates the address of the current register bank and the contents
of the RP; the real addresses are translated as shown in Figure 2.5.

RP Lower bits of OP code
0000000000000 'I’|R4 R3 R2 R1 R0|b2 bl b0|

1 | | | | | | | i | i | | i | 1

Source [Als AL4 AL3 Al2 ALL ALO A9 A8 A7 A6 A5 A4 A3 A2 AL A0 |

Fig. 2.5 Rule for Translating Real Addresses at
General-purpose Register Area

The CCR has bits indicating the results of operations and transfer data con-
tents, and bits controlling the CPU operation when an interrupt occurs.

« H-flag H-flag is set when a carry or a borrow out of bit 3 into bit 4
is generated as a result of operations; it is cleared in other
cases. This flag is used for decimal-correction instruc-
tions.

« |-flag An interrupt is enabled when this flag is 1 and is disabled
when it is 0. The I-flag is O at reset.

< IL1 and ILO These bits indicate the level of the currently-enabled inter-
rupt. The CPU executes interrupt processing only when
an interrupt with a value smaller than the value indicated
by this bit is requested.

IL1 ILO Interrupt level High and low
0 0 High
1 g
0 1
1 0
1 1 3 Low = No interrupt
* N-flag The N-flag is set when the most significant bit is 1 as a

result of operations; it is cleared when the MSB is 0.

» Z-flag Z-flag is set when the bit is 0 as a result of operations; it is
cleared in other cases.

* V-flag V-flag is set when a two’s complement overflow occurs as
a result of operations; it is reset when an overflow does
not occur.

» C-flag C-flag is set when a carry or a borrow out of bit 7 is gener-

ated as a result of operations; it is cleared in other cases.
When the shift instruction is executed, the value of the
C-flag is shifted out.
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e General-purpose registers
General-purpose registers are 8-bit long registers for storing data.

The 8-bit long general-purpose registers are in the register banks in
memory. One bank has eight registers and up to 32 banks are available for
the MB89140 series of microcontrollers, respectively. The register bank
pointer (RP) indicates the currently-used bank.

Address = 0100H + 8* (RP) ] RO |

R1
R2
R3
R4
R5
R6

R7. - }32 banks

Memory area

Fig. 2.6 Register Bank Configuration

2-8



HARDWARE CONFIGURATION

[ee]
FUJITSU

CPU

H Operation Modes

The MB89140 series of microcontrollers is used in the single-chip mode.

The memory map for each mode is as follows:

Address
0000y —

0080y —

J.

04804

!

80004

FFFFy -

MB89PV140

Internal /O

Internal ROM

Fig. 2.7

Address
0000y —

0080y —

03804 —

A000y —

FFFFy -

MB89146 Address
0000y —

Internal I/O
---------- 00804 —
RAM 02804 —

Inhibited
Internal ROM C000y -
FFFFy -

Memory Map in Various Modes

MB89145

Internal I/O

Inhibited

[ Internal ROM ]

The mode that the device enters depends on the states of the device-mode
pins and the contents of the mode data fetched during the reset sequence.

The relationship between the states and operations of the device-mode pins
is shown below.

MODA Description
0 Reset vectors are read from the internal ROM.
1 Write mode for products containing EPROM.

The mode data should be set as follows:

O O O O O T2 T1 TO | O: Reserved; Specify 0.
J
Y
Mode bits
T2 T1 T0 Operation
0 0 0 Select single-chip mode.

Other than above

Reserved. Do not set.

2-9
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As shown in the flowchart below, the single-chip mode is set according to the

cPU status of the device mode pins and the mode data fetched during the reset
sequence.
Setting .
procedure Mode selected Mode pin Mode data
D-(@ Single-chip mode 0 XXXXX000

( Power-on )

!

| Device mode pin | (1) Set 0 at the MODA pin.
No
Reset cancel?
Yes

| Fetch programs from internal ROM. | (2) All pin ports fetch internal
mode data and reset vec-

tors.

| User ROM |

2-10
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MAIN/SUBCLOCK
CONTROL BLOCK

2.2 MAIN/SUB CLOCK CONTROL BLOCK

@ This block controls the standby operation, oscillation stabilization time,

software reset, and clock switching.

M Block Diagram

SCM CSO | CS1 | SCS | STP | SLP | TMD | SPL
=
C
— Pin state
Main clock Prescaler Clock
pulse generator 1/2 specification
1/4 H4 Watch
1/8 L Selector Sleep
1/32 H+ T Stop
Subclock — CPU operation clock
pulse generator Selector| | c%lr?t%l
— Resource operation clock
WT1 Clock for time-base timer
WTO Clock for watch prescaler
HC1 — Stop release signal

From time- | HC2 —
base timer | HC3 —
HC4 —

LC from watch —

Selector

Ready sig

Hold request signal
Hold acknowledge signal

nal

Fig. 2.8 Machine Clock Control Block Diagram

M Register List

Main/sub clock control block consists of standby control register (STBC)
and system clock control register (SYCC).

8 bit ——»

Address: 0007y SYCC R/W System clock control register

Address: 00084 STBC R/W Standby control register

2-11
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Address: 0007y SYCC

Address: 0008y STBC

H Description of Registers

The detail of each register is described below.

(1) standby-control register (STBC)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 0008y| STP SLP SPL RST TMD — — —

(W) w  RwW) W) (W)

Initial value
00010XXXg

[Bit 7] STP: Stop bit
This bit is used to specify switching CPU to the stop mode.

0 No operation

1 Stop mode

This bit is cleared at reset or stop cancellation.
0 is always read when this bit is read.

[Bit 6] SLP: Sleep bit
This bit is used to specify switching the CPU and resources to the sleep
mode.

0 No operation

1 Sleep mode

This bit is cleared at reset, sleep or stop cancellation.
0 is always read when this bit is read.

[Bit 5] SPL: Pin state specifying bit
This bit is used to specify the external pin state in the stop mode.

0 Holds state and level immediately before stop mode

1 High impedance

This bit is cleared at resetting.

[Bit 4] RST: Software reset bit
This bit is used to specify the software reset.

0 Generates 16-cycle reset signal

No operation

1 is always read when this bit is read.

Note: If a software reset is performed during operation in a submode, an
oscillation stabilization period is required to switch to the main mode.
Therefore, a reset signal is output during the oscillation stabilization
period.
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[Bit 3] TMD: Watch bit
This bit is used to specify switching to the watch mode.

Address: 0007y SYCC

Address: 00084 STBC

0 No operation

Watch mode

Writing at this bitis possible only in the submode (SCS =0). Ois always read
when this bit is read. This bit is cleared at an interrupt request or reset.

(2) System clock control register (SYCC)

This register controls the clock for operating the CPU and resources.
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 0007y| SCM — — WT1 WTO SCSs Cs1 CS0
(R) (RIW)  (RW) (RW) (R/W) (RIW)

Initial value

X--MM100g

[Bit 7] SCM: System clock monitor bit
This bit is used to check whether the current system clock is the main clock
or subclock.

0 Subclock (Main clock is stopping or oscillation of main clock stablizing)

1 Main clock

[Bits 4 and Bit 3] WT1 and WTO: Oscillation stabilization time select bits
These bit are used to select the oscillation stabilization wait time of the main
clock.

WT1 | WTO Oscillation stabilization time O?/t/:ilt”r? go’\r/]”itzaggljztéogl ggl](e
1 1 Approximate 218/f- 32.8 ms
1 0 Approximate 217/fc 16.4 ms
0 1 Approximate 214/fcy 2.0 ms
0 0 Approximate 24/fcy 0 ms

fcy: Oscillation frequency of main clock

If the main mode is specified by the system clock select bit (SCS), the mode
switches to main mode after the selected wait time has elapsed.

The oscillation stabilization time after resetting is determined by the initial
value.

This bit should not be rewritten during oscillation stabilization or concurrent-
ly with switching of the sub-clock to the main clock.

The oscillation stabilization time for the main clock is generated by dividing
the frequency of the main clock. Since the oscillation cycle is unstable im-
mediately after oscillation starts, the above times should be used as the
standard.
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[Bit 2] SCS: System clock select bit
This bit is used to select the system clock mode.

0

Selects subclock (32.768 kHz) mode

1

Selects main clock (8 MHz) mode

[Bits 1 and 0] CS1 and CSO0: System clock select bits (Gear function)
If the main mode is specified by the system clock select bit (SCS), the sys-

tem clock is as given in the table below.

Instruction execution time

CSl | Cso Instruction cycle at 8 MHz source clock
0 0 64/fCH 8.0 us
0 1 16/fCH 2.0 us
1 0 8/fcH 1.0 us
1 1 4/fCH 0.5us

2-14
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H Description of Operation

Main/sub clock block has normal and low-power consumption mode. The
low-power consumption mode are described below.

(1) Low-power consumption mode

This chip has three operation modes. The sleep mode, and stop mode in the
table below reduce the power consumption. Inthe main mode, four system
clocks can be selected according to the system condition to minimize power
consumption.

Table 2-2 Operating State of Low-power Consumption Modes

Each operating clock pulse
Clock pulse A
m%I((j)gl;f (Cs1, State (3 MHz main clock) Wake-up source
CSO0) mode . in each mode
CPU . Time-base Each
Main Sub CPU timer resource Clock
RUN 4 MHz . .
------- Oscillates ceee--d amHz | 4awmHz various Interrupt
(1,1)| SLEEP Oscillates 32.768 kHz| "
-------------- Stops fp------t------ A
STOP Stops Stops Stops External interrupt
RUN 2.0 MHz " :
....... Oscillates ceee--d 4MHz 2.0 MHz ?gar:j)eusstsmterrupt
(1,0)| SLEep Oscillates 32.768 kHz| 4
-------------- Stops p------t------ b - - - - e - - - -
STOP Stops Stops Stops External interrupt
Main mode
RUN 1.0 MHz . .
------- Oscillates ceee--4 4WMHz 1.0 MHz ?gar:j)eusstslnterrupt
,1)| SLEEP Oscillates 32.768 kHz| "4
-------------- Stops fp------t-=----- b - e e e - -
STOP Stops Stops Stops External interrupt
RUN 250 kHz . .
------- Oscillates cee---4 4MHz 250 kHz Xear:?eusstsl,merrupt
(0,0)| SLEEP Oscillates 32.768 kHz| "9
-------------- Stops p------f------ L - - e e e - - -
STOP Stops Stops Stops External interrupt
RUN 32.768 kHz . .
------- Oscillates | - = - - - - | 32.768 kHz| 32.768 kHz ?’ea'feusst;”terr“pt
Submode — SLEEP Stops Stops q
.............. Stops T S I T,
STOP Stops Stops Stops External interrupt
Watch Stops Oscillates Stops Stops Stops 32.768 kHz| Watch external
mode interrupt

« The submode stops oscillation of the main clock.

» The SLEEP mode stops only the operating clock pulse of the CPU; other
operations are continued.

* The WATCH mode stops the functions of all chips other than the special
resources.

* The STOP state stops the oscillation. Data can be held with the lowest
power consumption in this mode.
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(a) WATCH mode

» Switching to WATCH mode

— Writing 1 at the TMD bit of the STBC register switches the mode to
WATCH mode. Writing is invalid if 1 is set at the SCS bit (bit 2) of the
SYCC register.

— The WATCH mode stops all chip functions except the watch prescaler,
external interrupt, and wake-up functions. Therefore, data can be held
with the lowest power consumption.

— The input/output pins and output pins during the WATCH mode can be
controlled by the SPL bit of the STBC register so that they are held in
the state immediately before entering the WATCH mode or so that they
enter the high-impedance state.

— Ifaninterrupt is requested when 1 is written at the TMD bit , instruction
execution continues without switching to the WATCH mode.

— Inthe WATCH mode, the values of registers and RAM immediately be-
fore entering the WATCH mode are held.

e Canceling WATCH mode

— The WATCH mode is canceled by inputting the reset signal and re-
questing an interrupt.

— When the reset signal is input during the WATCH mode, the CPU is
switched to the reset state and the WATCH mode is canceled.

— When an interrupt higher than level 11 is requested from a resource
during the WATCH mode, the WATCH mode is canceled.

— When the | flag and IL bit are enabled like an ordinary interrupt after
canceling, the CPU executes the interrupt processing. When they are
disabled, the CPU executes the interrupt processing from the instruc-
tion next to the one before entering the WATCH mode.

— If the WATCH mode is canceled by inputting the reset signal, the CPU
is switched to the oscillation stabilization wait state. Therefore, the re-
set sequence is not executed unless the oscillation stabilization time is
elapsed. The oscillation stabilization time will be that of the main clock
selected by the WT1 and WTO bits. However, when Power-on Reset is
not specified by the mask option, the CPU is not switched to the oscilla-
tion stabilization wait state, even if the WATCH mode is canceled by
inputting the reset signal.

(b) SLEEP mode

« Switching to Sleep mode

— Writing 1 at the SLP bit (bit 6) of the STBC register switches the mode to
SLEEP mode.

— The SLEEP mode is the mode to stop clock pulse operating the CPU;
only the CPU stops and the resources continue to operate.

— If an interrupt is requested when 1 is written at the SLP bit (bit 6),
instruction execution continues without switching to the SLEEP mode.

— Inthe SLEEP mode, the values of registers and RAM immediately be-
fore entering the SLEEP mode are held.
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e Canceling SLEEP mode

The SLEEP mode is canceled by inputting the reset signal and re-
questing an interrupt.

When the reset signal is input during the SLEEP mode, the CPU is
switched to the reset state and the SLEEP mode is canceled.

When an interrupt level higher than 11 is requested from a resource
during the SLEEP mode, the SLEEP mode is canceled.

When the | flag and IL bit are enabled like an ordinary interrupt after
canceling, the CPU executes the interrupt processing. When they are
disabled, the CPU executes the interrupt processing from the instruc-
tion next to the one before entering the SLEEP mode.

(c) STOP mode

Switching to STOP mode

Writing 1 at the STP bit (bit 7) of the STBC register switches the mode
to STOP mode.

The STOP mode varies when the main clock is operating and when the
subclock is operating.

When the main clock is operating: The main clock stops but the sub-
clock does not stop. All chip functions except the watch function stop.
However, no watch interrupt can be accepted.

When subclock is operating: Both the main clock and subclock stop. All
chip functions stop.

The input/output pins and output pins during the STOP mode can be
controlled by the SPL bit (bit 5) of the STBC register so that they are
held in the mode immediately before entering the STOP mode, or so
that they enter in the high-impedance state.

If an interrupt is requested when 1 is written at the STP bit (bit 7),
instruction execution continues without switching to the STOP mode.
In the STOP mode, the values of registers and RAM immediately be-
fore entering the STOP mode are held.

Canceling STOP mode

The STOP mode is canceled either by inputting the reset signal or by
requesting an interrupt.

When the reset signal is input during the STOP mode, the CPU is
switched to the reset state and the STOP mode is canceled.

When an interrupt higher than level 11 is requested from the external
interrupt circuit during the STOP mode, the STOP mode is canceled.
When the | flag and IL bit are enabled like an ordinary interrupt after
canceling, the CPU executes the interrupt processing. When they are
disabled, the CPU executes the interrupt processing from the instruc-
tion next to the one before entering the STOP mode.

Four oscillation stabilization times of the main clock can be selected by
the WT1 and WTO bits. The oscillation stabilization time of the sub-
clock is fixed (at 215/fcy — fep: frequency of subclock).
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— Ifthe STOP mode is canceled by inputting the reset signal, the CPU is
switched to the oscillation stabilization wait state. Therefore, the reset
sequence is not executed unless the oscillation stabilization time is
elapsed. The oscillation stabilization time corresponds to the oscillation
stabilization time of the main clock selected by the WT1 and WTO bits.
However, when Power-on Reset is not specified by the mask option, the
CPU is not switched to the oscillation stabilization wait state even if the
STOP mode is canceled by inputting the reset signal.

(2) Setting low power consumption mode

STBC Register
Mode
STP (Bit 7) SLP (Bit6) | TMD (Bit 3)

0 0 0 Normal
0 0 1 WATCH
0 1 0 SLEEP
1 0 0 STOP
1 x x Disable

Note: When the mode is switched from the subclock mode to the main clock
mode, do not set the Stop, Sleep, and Watch modes. Ifthe SCS bit of
the SYCC register is rewritten from 0 to 1, set the above modes after
the SCM bit of the SYCC register has been set to 1.
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MAIN/SUBCLOCK (3) State transition diagram at low power consumption mode
CONTROL BLOCK

Main SLEEP
Main oscillate
Sub oscillate

Sub SLEEP
Main stop
Sub oscillate

WATCH
Main stop
Sub oscillate

Main STOP
Main stop
Sub oscillate

Main RUN

i _ Sub RUN Sub STOP

Main oscillate Main stop Main stop

Sub oscillate Sub oscillate Sub stop
Oscillation stabilization 23)
waiting of main clock

(13)

Oscillation stabilization
waiting of main clock

Oscillation stabilization
waiting of subclock

Power-on

(1) When power-on reset option is selected (19) External reset after oscillation is stabilized or when power-on
(2) When power-on reset option is not selected reset option not selected
(3) After oscillation stabilized (20) External reset when power-on reset option selected
(4) SetSTP bitto 1. (21) External reset when power-on reset
(5) SetSLP bitto 1. option not selected
(6) SetSCS bitto 0. (22) Interrupt
(7) External reset when power-on reset option not selected (23) External reset
(8) External reset or interrupt when power-on reset option se- when power-on reset
lected option selected
(9) External reset or interrupt (24) External reset
(10) External reset when power-on reset option not selected when power-on reset
(11) External reset or other reset when power-on reset option option selected
selected (25) External reset
(12) Set SCS bitto 1. when power-on reset
(13) After oscillation stabilized option not selected
(14) Set STP bitto 1. (26) Interrupt
(15) Set TMD bitto 1. (27) External reset
(16) Set SLP bitto 1. when power-on reset
(17) External reset after oscillation stabilized or when power-on option selected
reset option not selected (28) External reset
(18) External reset or other reset when power-on reset option when power-on reset
selected option not selected

(29) Interrupt
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Power-on reset
Watchdog timer reset
External reset
Software reset

Hl Reset Control Section

Reset control Internal reset signal

¢ Reset

There are four types of resets as shown in Table 2-3.

Table 2-3 Sources of Reset

Reset name Description
Power-on reset Turns power on
Watchdog reset Overflows watchdog timer
External-pin reset Sets external-reset pin to Low
Software reset Writes 0 at RST (bit 4) of STBC

When the power-on reset and reset during the stop state are used, the os-
cillation stabilization time is needed after the oscillator operates. The time-
base timer or watch prescaler controls this stabilization time. Consequently,
the operation does not start immediately even after canceling the reset.

However if Power-on Reset Disabled is selected by the mask option, no os-
cillation stabilization time is required in any state after external pins have
been released from the reset.

Note: If the Power-on Reset unavailable option is selected, keep the RST
pin Low until the oscillation stabilization time selected in the option
has elapsed after power-on.
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MAIN/SUBCLOCK
CONTROL BLOCK

H Single Clock

The single clock can be selected by the mask option. In the single clock op-
eration, the functions are the same as those of the double clock module ex-
cept that the subclock mode cannot be set. Inthe single-circuit clock opera-
tion, the P71/X1A and P70/X0A function as input ports.

» State transition diagram

Main SLEEP
Main oscillate

Main STOP
Main stop

Main RUN
Main oscillate

Oscillation stabilization
waiting of main clock

Power-on

(1) When power-on reset
option selected
(2) When power-on reset
option not selected
(3) After oscillation stabilized
(4) SetSTP hitto 1.
(5) SetSLP bitto 1.
(6) External reset when power-on reset option not selected
(7) External reset or interrupt when power-on reset option selected
(8) External reset or interrupt
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INTERRUPT 2.3 INTERRUPT CONTROLLER
CONTROLLER @ The interrupt controller for the FZMC-8L family is located between the
F2MC-8L CPU and each resource. This controller receives interrupt re-
quests from the resources, assigns priority to them, and transfers the
priority to the CPU; it also decides the priority of same-level interrupts.
H Block Diagram
CPU
F2MC-8L bus
A2
Test Address decorder =
register
e , I U C | o !
| Resource #1 PG A— L Level | - G - !
e . ! | Coo o | - :
| Resource #2 r G — L — Level (—{ Level L g +_f Samelevel | 1 Interrupt '
T , ' , deciding | v priority order vector ,
tomme T - Vo , | , , block o deciding generation |,
A Vol Lo block block .
 Recowme s : A B Ly '
| Resource #n + G — L —— Level |— - G — —] '
e e e 3 [ [ ' | '

Fig. 2.9 Interrupt Controller Block Diagram

M Register List

Interrupt controller consists of interrupt-level registers (ILR1, 2, and 3).

8 bit ——»

Address: 007Ch ILR1 W Interrupt level register #1
Address: 007Dy ILR2 W Interrupt level register #2
Address: 007Ey ILR3 W Interrupt level register #3
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INTERRUPT
CONTROLLER

Address: 007Cqh
Address: 007Dy

Address: 007Ey

[Example]

Interrupt requests

ILR1

ILR2

ILR3

from resources

L3X

H Description of Registers

The detail of each register is described below.

* Interrupt level register (ILRX: Interrupt Level Register X)
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 007Cy| L31 L30 L21 L20 L11 L10 LO1 LOO

Address: 007Dy| L71 L70 L61 L60 L51 L50 L41 L40

Address: 007Ey| LB1 LBO LAL LAO L91 L90 L81 L80

(w) (W) W) (W) (W) (W) (W) (W)

Initial value
11111111

The ILRX sets the interrupt level of each resource. The digitsin the center of
each bit correspond to the interrupt numbers.

MB89140 hardware manual

Interrupt  Table address

— Interrupt control module —
P number  her  Lower
IRO #0 FFFA FFFB
IR1 #1 FFF8 FFF9
IR2 #2 FFF6 FFF7
IR3 #3 FFF4 FFF5
' #11 FFE4 FFES5

IRB |

When an interrupt is requested from a resource, the interrupt controller
transfers the interrupt level based on the value set at the 2-bits of the ILRX
corresponding to the interrupt to the CPU. The relationship between the 2
bits of the ILRX and the required interrupt levels is as follows:

Lx1 Lx0 Required interrupt level
0 X 1
1 0 2
1 1 3 (None)
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H Description of Operation
The functions of interrupt controllers are described below.
« Interrupt functions

The MB89140 series of microcontrollers have 12 inputs for interrupt re-
quests from each resource. The interruptlevelis set by 2-bit registers corre-
sponding to each input. When an interrupt is requested from aresource, the
interrupt controller receives it and transfers the contents of the correspond-
ing level register to the CPU. The interrupt to the device is processed as
follows:

(a)An interrupt source is generated inside each resource.

(b)If an interrupt is enabled, an interrupt request is output from each re-
source to the interrupt controller by referring to the interrupt-enable bit
inside each resource.

(c) After receiving this interrupt request, the interrupt controller determines
the priority of simultaneously-requested interrupts and then transfers the
interrupt level for the applicable interrupt to the CPU.

(d)The CPU compares the interrupt level requested from the interrupt con-
troller with the IL bit in the processor status register.

(e)As a result of the comparison, if the priority of the interrupt level is higher
than that of the current interrupt processing level, the contents of the I-
flag in the same processor status register are checked.

() As aresult of the check in step (e), if the I-flag is enabled for an interrupt,
the contents of the IL bit are set to the required level. As soon as the cur-
rently-executing instruction is terminated, the CPU performs the interrupt
processing and transfers control to the interrupt-processing routine.

(g)When an interrupt source is cleared by software in the user’s interrupt
processing routine, the CPU terminates the interrupt processing.

Figure 2.10 outlines the interrupt operation for the MB89140 series of micro-
controllers.

Internal bus
Register file PS | IL
< IPLA IR Check I—Comparatorl
® (e) (d)
MB89140 CPU |
)
Resource—l
Level
Enable FF — comparator,
AND
> Source FF |— (b)
@

) Resource Interrupt controller

Fig. 2.10 Interrupt-processing Flowchart
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/O PORTS 2.4 1/0 PORTS
@ The MB89140 series of microcontrollers have eight parallel ports (55
pins, including a buzzer pin). Ports 0, 1 and 3 serve as CMOS 1/O ports;
port 2 serves as a CMOS output-only port; ports 4, 5 and 6 serve as P-
channel open-drain high-withstand-voltage ports; port 7 serves as an in-
put-only port. Ports 0 and 1 are also used as analog input ports.
@ Ports 0, 1, 2 and 3 are also used as resources.
@ The BZ pin serves as a P-channel open-drain high-withstand-voltage pin
only for buzzer output.
M List of port functions
Table 2-4 List of Port Functions
Pin name 't’;fr’]‘ét Ot‘;,;p:t Function Bit7 | Bits |Bits |Bit4 |Bis i Bl it
CMOS cMos  |Parallel ports 00t0 07  PO7 | PO6 | PO5 | PO4 | PO3 | PO2 | PO1 | POO
POOtopmﬂ(Hsteresis) ushpul [~ -~ °°°°°°7°°° N B O B BV T T
y push-p Resource AN7 | AN6 | AN5 | AN4 | AN3 | AN2 | AN | ANO
cMOS cMos  |Parallelports 10t0 17 P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10
P10 to P17+1 S [ N B e i i P e
(Hysteresis) | push-pull
Resource ADST| — — — | ANB | ANA | AN9 | ANS
CMOS Parallel ports 20 to 23 — — — — P23 P22 P21 P20
P20 to P23 N S B e i i P e
push-pull
Resource — — — — WDG — |PWOO| —
CMOS CMOS Parallel ports 30 to 37 P37 P36 P35 P34 | P33 | P32 P31 P30
P30 to P37 (Hysteresis) | push-pul*2 [ ="~ "=7=777 77 I T R R B T I TN oY
Resource pTTl [Pwo1| EC | si | so | sck | INT1 ';\gg/
P-channgl
P40 to P47 — hiohonnen g [Parallel ports 40t0 47 | P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40
voltage
P-channgl
P50 to P57 — b ¢ [Parallel ports 50057 | P57 | P56 [ P55 | P54 [ P53 | P52 | P51 | P50
voltage
P-channgl
P60 to P67 — hi;ﬁ?v’v‘i'tﬂgg‘nd Parallel ports 60t0 67 | P67 | P66 | P65 | P64 | P63 | P62 | P61 | P60
voltage
CMOS
P70 to P71 (Hysteresis) — Parallel ports 70 and 71| — — — — — — | P71:3 | P70*3
Notes:

*1 Touse P07 to PO0 and P13 to P10 as input ports, they must be declared for use as general-purpose input

ports at the PCRO and PCR1 registers after resetting.
*2 P31 serves as an N-channel open-drain pin.
*3 P70 and P71 serve as X0A and X1A pins when the dual-circuit is selected by the mask option.
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M Register list
/O PORTS g
I/0O port consists of the following registers.
Table 2-5 Port register
: read/ Initial val-
Register name write Address ue
Ports 00 to 07 data register (PDRO) | R/W 0000y XXXXXXXXg
Ports 00 to 07 data direction register (DDRO) w 0001y 00000000g
Ports 10 to 17 data register (PDR1) | R/IW 0002y XXXXXXXXg
Ports 10 to 17 data direction register (DDR1) w 0003y 00000000
Ports 20 to 27 data register (PDR2) | R/IW 0004y ----0000g
Reserve 00054
Ports 30 to 37 data register (PDR3) | R/IW 000Cy XXXXXXXXpg
Ports 30 to 37 data direction register (DDR3) w 000Dy 00000000g
Ports 40 to 47 data register (PDR4) | R/IW 0010y 00000000g
Ports 50 to 57 data register (PDR5) | R/IW 00114 00000000g
Ports 60 to 67 data register (PDR6) | R/W 0012y 00000000
Ports 70 to 77 data register (PDR?7) R 00134y | = - XXg
H Port control register (PCRO, PCR1)
8 bit ————»
Address: 0022y PCRO W  Port control register 1
Address: 0023y PCR1 W  Port control register 2
Address: 0022, o — » Port control register (PCRO, PCR1)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Address: 0023y PCR1 Address: 0022y| PO7 P06 P05 P04 P03 P02 PO1 P00
(W) (W) (W) (W) (W) (W) (W) W)
Initial value
00000000
Address: 00234 — — — — P13 P12 P11 P10
(W) (W) (W) (W)
Initial value
----0000g
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These registers enable P07 to P00 and P13 to P10 to be used as general-

VO PORTS purpose portinputs after resetting. Write 1 at bits corresponding to each pin.

Register value Status

Used as analog input port. Inhibited for use as general-
0 purpose port input. 0 is read when PDR is read.

Used as general-purpose input port (DDR register
must be to 0). Inhibited for use as analog input port.

H Description of functions

The function of each port is described below.

(1) POO to PO7: CMOS-type I/O ports (used as analog input)
P10 to P13: CMOS-type I/O ports (used as analog input)

» Switching input and output
These ports have a data-direction register (DDR) and port-data register
(PDR) for each bit. Input and output can be set independently for each
bit. The pinwith the DDR setto 1is setto output, and the pin with the DDR
set to O is set to input.

e Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is setto 1.
When the PDR is read, usually, the value of the pin is read instead of the
contents of the output latch. However, when the Read Modify Write
instruction is executed, the contents of the output latch are read irrespec-
tive of the DDR setting conditions. Therefore, the bit-processing instruc-
tion can be used even if input and output are mixed with each other. When
data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.

« Operation for input port (DDR = 0)
When settings the input, the output impedance goes High. Therefore,
whenthe PDRisread, the value of the pinis read. When 1 is written at the
PCRO and PCR1 registers, the values of corresponding pins are read as 0
(see Figure 2.11).

» State when reset

The DDR is initialized to 0 by resetting and the output impedance goes
High at all bits. The PDR is not initialized by resetting. Therefore, set the
PDR value before setting the DDR to output. After resetting, each portis
inhibited for use as an input port, which is fixed to Low (see Figure 2.11).
When using as an input port, each port must be declared for use as an
input port by writing 0 at the corresponding bits of the PCRO and PCR1
registers.

« State in stop modes
With the SPL bit of the standby-control register setto 1, in the stop mode,
the output impedance goes High irrespective of the value of the DDR.
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Internal data bus

< Analog input

When using as an analog input, set 0 at the DDR to turn off the output tran-
sistor. If the bits of the PCRO and PCR1 registers corresponding to the
ports to be used as analog inputs are 1, write 0 at these registers to inhibit
use as general-purpose input ports. At this time, 0 is always read even if
the value of each port is read (input ports cannot be read).

A/D channel select

I (sampling only)
[ 1

AID converter -

Set values of PCRO
and PCR1 registers

( .
(default: 0)
\ “

(when Read Modify Write instruction executed)

Input buffer (hysteresis)

Output buffer

Output latch

)
, PDR write

I Pin

DDR write

DDR

Stop mode (SPL = 1) Doi

Fig. 2.11 Ports 00 to 07 and 10 to 13

(2) P14 to P16: CMOS-type I/O ports

» Switching input and output

These ports have a data-direction register (DDR) and port-data register
(PDR) for each bit. Input and output can be set independently for each
bit. The pin with the DDR setto 1 is set to output, and the pin with the DDR
set to O is set to input.

Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is setto 1.
When the PDR is read, usually, the value of the pin is read instead of the
contents of the output latch. However, when the Read Modify Write
instruction is executed, the contents of the output latch are read irrespec-
tive of the DDR setting conditions. Therefore, the bit-processing instruc-
tion can be used even if input and output are mixed with each other. When
data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.

Operation for input port (DDR = 0)
When settings the input, the output impedance goes High. Therefore,
when the PDR is read, the value of the pin is read.

State when reset

The DDR is initialized to O by resetting and the output impedance goes
High at all bits. The PDR is notinitialized by resetting. Therefore, set the
value of the PDR before setting the DDR to output.
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« State in stop modes

VO PORTS With the SPL bit of the standby-control register setto 1, in the stop mode,

the output impedance goes High irrespective of the value of the DDR.
Internal data bus P D R

| = = 7 Pull-up resistor

' -
. \l\ T “I . ' (option)
)
)
PDR read : Input buffer (hysteresis) [
' )
i )
' )
' )
' L -]
)
)

Output buffer

Output latch T I Pin

'
1 PDR write

——[}— DDR
DDR write Stop mode (SPL = 1) Doi

Fig. 2.12 Ports 14 to 16

(3) P20 to P23: CMOS-type output ports
(used as resource output, excluding P20 and P22)

» Operation for output port
The value written at the PDR is output to the pin. Since the content of the
output latch is always read when the PDR is read, the bit-processing
instruction can be used even if the output level varies with load.

* Resource output operation (P23 and P21)
When using as the resource output, setting is performed by the resource
output enable bit. (See the description of each resource.)

» State when reset
Atreset, all pins are set to High impedance. When a vector is fetched, the
output from each port is enabled and all pins start serving as output ports.
At reset, the PRD is initialized to 0 and Low level is output at all pins.

« State in stop modes
With the SPL bit of the standby-control register setto 1, in the stop mode,
the output impedance goes High irrespective of the value of the DDR.

Internal data bus

Femeeee e e e —- -
. I X Resource output
'
' ! Resource
: PDR read : r output enabled
' I ' ey
s Output latch ' ' | -
' [ [ l/ Pin
. ——0
, PDR write ' [
tececceccececacccccancannas= 4 P20 and P22 excluded
L T -
' '
' Stop mode (SPL = 1) >C
1
L e e T T T -

Fig. 2.13 Ports 20 to 23
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(4) P70 and P71: CMOS-type input ports

* Input port operation

The PDR can only be read and the value of the pin is always read.

Note: When the dual-circuit clock option is selected, P71 and P70 serve as

X1A and XO0A pins.

* State when reset

The PDR cannot be initialized by reset.

Internal data bus

Oscillation circuit -

Fig. 2.14 Ports 70 and 71

(5) P30 and P32 to P35 and P17: CMOS type /O ports

(also used as resource 1/0)

» Switching input and output

This port has a data-direction register (DDR) and a port-data register
(PDR) for each bit. Input and output can be setindependently for each bit.
The pin with the DDR setto 1 is set to output, and the pin with the DDR set
to 0 is set to input.

Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is setto 1.
When the PDR is read, usually, the value of the pin is read instead of the
contents of the output latch. However, when the Read Modify Write
instruction is executed, the contents of the output latch are read irrespec-
tive of the DDR setting conditions. Therefore, the bit-processing instruc-
tion can be used even ifinput and output are mixed with each other. When
data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.

Operation for input port (DDR = 0)
When used as the input port, the output impedance goes High. There-
fore, when the PDR is read, the value of the pin is read.

Resource output operation

When using as the resource output, setting is performed by the resource
output enable bit. (See the description of each resource.) Since the re-
source output enable bit has priority in switching input and output, even if
the DDR is set to 0, any bit is set as the resource output when output is
enabled at each resource. Even if the output from each resource is en-
abled, the read value of the port is effective, so the resource output value
can be checked.
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Internal data bus

« Resource input operation

The pin value at a port with the resource input function is always input for
the resource input irrespective of the setting of the DDR and resource.
Setthe DDR to input when using an external signal for the resource input.

State when reset

When reset, the DDR is initialized to 0 and the output impedance goes
High at all bits. When reset, the PDR is not initialized. Therefore, setthe
value of the PDR before setting the DDR to output.

State in stop modes
With the SPL bit of the standby-control register setto 1, in the stop mode,
the output impedance goes High irrespective of the value of the DDR.

Resource

output
enable

Resource
input

Resource
output

PDR
..................... 1
' ' T = T 7 Pull-up resistor
' ' | ! ' option
T “I : : (Except for P30)
)
' \I\ : ! '
, PDRread X Input buffer ' '
[ ' ' '
[ ' ' [
T SN s
! ' Output buffer il el
1+ PDRread i r=--
1(when Read Modify Write instruction executed) f —+-O "" I i
' ' n

PDR write

1
Output latch T (fcﬂ
' L - -
)
1

DDR write

DDR :ED_‘_Do—

Stop mode (SPL = 1) >C |

Fig. 2.15 Ports 35to 32, 30 and 17

(6) P31: N-ch open-drain-type ports (also used as resource input)
» Switching input and output

This port has a data-direction register (DDR) and a port-data register
(PDR) for each bit. Inputand output can be setindependently for each bit.
The pin with the DDR setto 1 is set to output, and the pin with the DDR set
to 0 is set to input.

Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is setto 1.
When the PDR is read, usually, the value of the pin is read instead of the
contents of the output latch. However, when the Read Modify Write
instruction is executed, the contents of the output latch are read irrespec-
tive of the DDR setting conditions. Therefore, the bit-processing instruc-
tion can be used even ifinput and output are mixed with each other. When
data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.
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« Operation for input port (DDR = 0)
When used as the input port, the output impedance goes High. There-
fore, when the PDR is read, the value of the pin is read.

* Resource input operation
This pin is used both as a resource input and as a port. The value of the
pinis always input to the port serving as the resource input (irrespective of
the setting conditions of the PDR and resource). When using an external
signal at the resource, set the DDR to O.

« State when reset
When reset, the DDR is initialized to 0 and the output impedance goes
High at all bits. When reset, the PDR is not initialized. Therefore, set the
value of the PDR before setting the DDR to output.

» State in stop modes
With the SPL bit of the standby-control register setto 1, in the stop mode,
the output impedance goes High irrespective of the value of the DDR.

Resource
input

— 1

Input buffer

1(when Read Modify Write instruction executed)

PDR read

Pin

Output latch

- ---

PDR write

DDR write

DDR

Stop mode (SPL = 1) DC

Fig. 2.16 Port 31

By

1

(8) P40 to P47: P-ch open-drain high-withstand-voltage output ports
P50 to P57: P-ch open-drain high-withstand-voltage output ports
P60 to P67: P-ch open-drain high-withstand-voltage output ports

» Operation for output port
The value written at the PDR is output to the pin. Whenthe PDRisread in
this port, usually, the contents of the output latch is read instead of the val-
ue of the pin.

» State when reset
The PDRis initialized to O at reset, so the output register is turned off at all
bits.
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Internal data bus

State in watch mode

When the SPL bit of the standby-control register is set to 1, in the stop
mode, the output impedance goes High irrespective of the value of the
PDR.

7/

PDR read

PDR write

Stop mode (SPL = 1)

Output latch

Pin

Pull-down resistor
(Option)

Fig. 2.17 Ports 40 to 47, 50 to 57 and 60 to 67

(9) BZ: P-ch open-drain high-withstand-voltage output

Buzzer circuit

Buzzer output
A waveform at the frequency set by the buzzer register (BUZR) is output
to the pin.

State when reset
When reset, the buzzer register (BUZR) is initialized to 0 and the output
impedance goes High.

State in Stop mode
With the SPL bit of the standby control register is set to 1, the output im-
pedance goes High irrespective of the BUZR value.

oI

Pin

Stop mode (SPL = 1)

o

Fig. 2.18 BZ
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WATCH

PRESCALER

Subclock (LO) ——»

.....

2.5 WATCH PRESCALER

@ This prescaler has a 15-bit binary counter
@ Four interval times and three clock pulses can be selected.

@ This function cannot be used when the single clock module is selected by
the mask option.

H Block Diagram

) )
: o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 :
: :
' [
) 1
1 )
b o e o e e e e e e e e e e e e e e .- - === =-= === e----==-== T -—p- - -
31.25ms
0.25s
— 1 MPX 05s
10s
//
2
Interrupt request
IRQB
WPCR WIF WIE — — — ws1 | wso | wWCLR
Fig. 2.19 Watch Prescaler Block Diagram
W Register list
8 bit ———»

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

H Description of Registers

The detail of watch prescaler is described below.

— » Watch prescaler control register (WPCR)

Address: 000By

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0017y| WIF WIE — — — WS1 WS0 | WCLR
(RW)  (RIW) RW)  (RW) (RIW)

Initial value

00---000g
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WATCH [Bit 7] WIF: Watch interrupt flag
PRESCALER When writing, this bit is used to clear the watch interrupt flag.
0 Clears watch interrupt flag

No operation

When reading, this bit indicates that the watch interrupt has occurred.

0 Watch interrupt not occurred

Watch interrupt occurred

lisread when the Read Modify Write instruction is read. If the WIF bitis set
to 1 when the WIE bitis 1, an interrupt request is output. This bit is cleared
upon reset.

[Bit 6] WIE: Watch interrupt enable bit
This bit is used to enable an interrupt by the watch.

0 Interrupt by watch disabled

1 Interrupt by watch enabled

[Bit 1 and 0] WS1, WSO: Interrupt interval time specification bit by watch
These bits are used to specify the interrupt cycles.

WS1 | WSO Interrupt cycle Value at f ¢ = 32.768 kHz
0 0 210/f¢, 31.25 ms
0 1 213/, 0.25 s
1 0 214/ 0.50 s
1 1 215/t 1.00 s

fcL: Subclock oscillation frequency

[Bit 0] WCLR: Bit clearing watch prescaler
This bit is used to clear the watch prescaler.

0 Watch prescaler cleared

1 No operation

1 is always read when this bit is read.
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WATCHDOG TIMER 2.6 WATCHDOG TIMER RESET
RESET

@ Either of a signal output from the time-base timer for counting with the
main clock or a signal output from the watch prescaler for counting with
the subclock can be selected as a clock. Itis possible to select whether or
not a watchdog time-out detect signal is output (only when power-on reset
available option selected).

H Block Diagram

WTE3 to WTEO
Start
CLR
CS Selector 2-bit counter Reset control |—— RST
OF
Time-base timer ——— WDOS Watchdog
WDGF output control WDG

Watch prescaler

Fig. 2.20 Watchdog Timer Reset Block Diagram

M Registers

The watchdog timer reset has watchdog timer control register (WDTE).

8 bit ———»

Address: 0009y WDTE R/W  Watchdog timer control register

H Description of Register

The detail of the watchdog timer control register (WDTE) is described below.

« Watchdog timer control register (WDTE)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 0009y WDTE

Address: 0009y CS WDOS | WDGF — WTES3 | WTE2 | WTE1 | WTEO
RW)  (RIW) (R/W) (W) (W) (W) (W)

Initial value

000-XXXXg

Only for power-on
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WATCHDOG TIMER
RESET

[Bit 7] CS: Clock source switching bit
This bit is used to select a count clock from either the watch prescaler or
time-base timer.

0 Time-base timer cycle = 1/222 /fcy

1 Watch prescaler cycle = 1/214 /fo.

fcn: Main clock frequency
fcL: Subclock frequency

Note: Set this bit as soon as the watchdog timer is started. Do not change
the bit after the timer is started. When using the submode, always
select the watch prescaler. Do not select the watchdog prescaler for
the single-circuit clock.

[Bit 6] WDOS: Watchdog output select bit

Bit 6 is used to select output from the pin when the watchdog timer causes a
time-out. (This function cannot be used when the power-on reset unavail-
able option is selected, write 0 in this case.)

0 Output from RST pin (P23 as general-purpose output pin; reset occurs)

1 Output from P23/WDG pin (reset does not occur)

Note: This bitis not cleared by the reset conditions. This register is cleared
only by a power-on reset.

[Bit 5] WDGF: Watchdog output set bit

Bit 5 is set to 1 when a time-out of the watchdog timer is detected. In this
case, the WDG signal is output when the WDOE is 1. Clearing this bit stops
output of the WDG signal. (This function cannot be used when the power-on
reset unavailable option is selected, write O in this case).

The meaning of each bit to be read is as follows:

0 No operation

1 Time-out detected by watchdog timer (WDG output)

1 is always read when the Read Modify instruction is read.

The meaning of each bit to be written is as follows:

0 This bit is cleared.

1 This bit does not change or affect other bits.

Note: This bit is not cleared by the reset conditions. This register is cleared
only by a power-on reset.
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WATCHDOG TIMER
RESET

[Bits 3to 0] WTE3 to WTEO: Watchdog timer control bit
These bits are used to control the watchdog timer.

First write only after reset

0101 Watchdog timer started

Other than the above No operation

Second and later write

0101 Watchdog timer counter cleared

Other than the above No operation

The watchdog timer can be stopped only by reset. 1111 is read when these
bit are read.

H Description of operation
The watchdog timer enables detection of a program malfunction.
(1) Starting watchdog timer

The watchdog timer starts when 0101 is written at the watchdog timer con-
trol bits.

(2) Clearing watchdog timer

When 0101 is written at the watchdog timer control bits after start, the watch-
dog timer is cleared. The counter of the watchdog timer is cleared when
changing to the standby mode (STOP, SLEEP, WATCH).

(3) Watchdog timer reset

If the watchdog timer is not cleared within the time given in the table below, a
watchdog timer reset occurs to reset the chip internally.

Clock source
Time-base timer Watch prescaler
Minimum time Approx. 524.3 ms Approx. 512 ms
Maximum time Approx. 1049 ms Approx. 1024 ms

Main clock: 8 MHz clock
Subclock: 32.768 kHz clock
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WATCHDOG TIMER

RESET

CASE 1
Time-base timer output
(Clock prescaler)

Watchdog counter

Watchdog reset

CASE 2

Time-base timer output
(Clock prescaler)

Watchdog counter

Watchdog reset

As

The relationship between the 2-bit counter of the watchdog timer and the
time-base timer (clock prescaler) is as follows:

<«— 5243 (512) ms —»

Watchdog clear

o X 1 X 2

- 1049 (1024) ms >

Watchdog clear

shown above, the interval time of the watchdog timer changes as shown

in the above table according to the watchdog reset timing.

(4)

Stopping watchdog timer

Once started, the watchdog timer cannot be stopped until a reset occurs.

()

WDG signal operation
(WDOS bit 1 with power-on reset available option selected)

P23/WDG —I I_

Watchdog time-out WDGF bit clear

Notes:

1.

The WDOS and WDGF bits are cleared only by a power-onreset. There-
fore, if the power-on reset unavailable option is selected, this WDG out-
put cannot be used.

. With the power-on reset available option selected and the WDGF bit set

to 1, reset does not occur even if the watchdog timer causes a time-out.
If the power-on reset unavailable option is selected, the initial values of
the WDGS and WDGF bits become disabled.
Reset occurs with the power-on reset unavailable option selected and
the watchdog timer at time-out. Atthistime, the reset signal will be output
if the reset output available option is selected.

. The WDG signal continues to output a High level even when an external

or software reset occurs.
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WATCHDOG TIMER Set the WDTE register as follows:
RESET

First, set the WDOS bit.

(Set WTE3 to WTEDO to a value other
than 0101. Do not set the CS hit.)

Do not perform this
operation at a time-out.

Set the CS bit concurrently with
starting the watchdog timer.
(Write 0101 at WTE3 to WTEOQ.)

Y

NO

Watchdog time-out?

YES

Clear the WDGF flag.
Set WTE3 to WTEQO to a value other than 0101
Do not rewrite the CS bit.
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2.7 TIME-BASE TIMER
TIME-BASE TIMER

@ This timer has a 21-bit binary counter and uses a clock pulse with 1/2 os-
cillation of the main clock.

@ Four interval times can be selected.
@ This function cannot be used when the main clock is stopped.

@ The clock source of this timer does not change even with a gear change
(1/2 oscillation frequency).

H Block Diagram

TBTC*

10 1 12 13 14 15 16 17 18 19 20

Submode control signal } L
1/2

TBCO j—l\ MPX /
TBC1

TBR

L R T PP

TBIE

TBIF

) Interrupt request
IRQA

* TBTC is a clock pulse with 1/2 oscillation of the original oscillation.

Fig. 2.21 Time-base Timer Block Diagram

M Register list

The time-base timer has time-base timer control register (TBCR).

8 bit ———»

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

Address: 000Ay TBCR

H Description of Registers

The detail of time-base timer control register (TBCR) is described below.

(1) Time-base timer control register (TBCR)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 000Ay| TBOF | TBIE — — — TBC1 | TBCO TBR
(RW) (RIW) (RW) (RIW) (W)

Initial value

00---000g

[Bit 7] TBOF: Interval timer overflow bit
When writing, this bit is used to clear the interval timer overflow flag.

0 Interval timer overflow flag cleared

1 No operation

When reading, this bitindicates that an interval timer overflow has occurred.

0 Interval timer overflow not occurred

Interval timer overflow occurred

lisread when the Read Modify Write instruction is read. If the TBIF bitis set
to 1 when the TBIE bitis 1, an interrupt request is output. This bitis cleared
upon reset.

[Bit 6] TBIE: Interval-timer interrupt enable bit
This bit is used to enable an interrupt by the interval timer.

0 Interval interrupt disabled

1 Interval interrupt enabled

[Bit 2 and 1] TBC1, TBC2: Interval time specification bit
These bits are used to specify interval timer cycle.

TBC1 | TBCO Interval time 8 MHz source clock
0 0 0.26 ms 28y
0 1 0.51 ms 212/fch
1 0 1.02 ms 213/fcy
1 1 0.524 s 222ffoy

fcy: main clock frequency

[Bit 0] TBR: Time-base timer clear bit
This bit is used to clear time-base timer.

0 Time-base timer cleared

No operation

1 is always read when this bit is read.
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8-Bit PWM TIMER

2.8 8-BIT PWM TIMER (TIMER 1)

(TIMER 1)
@ This timer can be used as an 8-bit timer or PWM controller with 8-bit reso-
lution.
@ Four clock pulses can be selected.
M Block Diagram
Internal data bus
CNTR CMR
P/TX — P1 PO TPE TIR OE TIE Compare register
Start
CLK 8-bit 1
] counter
IRQ2<> { CLEAR
OVER FLOW
Timer/ 8
Selector PWM *
1 Comparator
I
|
1/2
System clock
Yg PWM generator
and
e output control
Output
Output enable
signal
P21/PWO0

Fig. 2.22 8-bit PWM Timer (Timer 1) Block Diagram

M Register list

8-bit PWM timer consists of control registers (CNTR) and compare registers

(COMRY).

8 bit —»

Address: 0016y COMR

Address: 0017y CNTR
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8-Bit PWM TIMER
(TIMER 1)

Address: 0016y COMR

Address: 0017y CNTR

H Description of Register

The detail of watch prescaler is described below.

(1) Control register (CNTR)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 0017y| P/TX — P1 PO TPE TIR OE TIE
(R/W) RW) (RW) [RW) RW) ([RW) (RW)

Initial value

0-000000g

[Bit 7] P/TX: Timer/PWM operation switching bit
The operation is performed as the timer when this bit is set to 0, and as the
PWM controller when bit 7 is set to 1.

0 Timer

PWM controller

The timer/PWM operation mode should be switched when the counter op-
eration is stopped (TPE = 0), the interrupt is enabled (TIE =0), and the inter-
rupt request flag is cleared (TIR = 0).

[Bits 5 and 4] P1, PO: Clock select bit
The following four system clock cycles can be selected by P1 and PO.

P1 PO System cIocI_< cycle At 8 MHz and
of PWM timer Maximum gear speed
0 0 1 system clock cycle 0.5ps
0 1 2 system clock cycles 1.0 us
1 0 8 system clock cycles 4.0 us
1 1 16 system clock cycles 8.0 s

(One system clock is 500 ns at 8.0 MHz and maximum gear speed.)

These bits must not be rewritten during counting (TPE = 1).

[Bit 3] TPE: Counter operation enable bit
When Bit 3 is set to 1, the timer or PWM control circuit starts operation.

0 Counting stop

1 Counting start

[Bit 2] TIR: Interrupt request flag bit
When an interrupt source occurs, Bit 2 goes to 1. To clear the generated
interrupt source, write 0 at this bit.

The meaning of each bit to be read is as follows:

0 Counter and CMR values do not agree

1 Counter and CMR values agree
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8-Bit PWM TIMER
(TIMER 1)

1 is always read when the Read Modify Write instruction is read.

The meaning of each bit to be written is as follows:

0 This bit is cleared.

1 This bit does not change or affect other bits.

Note: Inthe PWM operation mode, neither the read nor write values of this
bit have any meaning.

[Bit 1] OE: Output signal control bit

When Bit1is 1, the port serves as the timer/PWM output. Inthe timer opera-
tion mode, a signal that is reversed each time the values of the counter and
compare register agree, is output. Inthe PWM operation mode, a PWM sig-
nal is output.

0 General-purpose port pin (P21)

1 Counter/PWM output pin (PWOO0)

When this bitis 1, the port functions as the timer/PWM output pin even after
the DDR of P21 is set to input (bit 2 of DDR2).

[Bit O] TIE: Interrupt enable bit (timer mode)
When this bit is set to 1, an interrupt occurs when the values of the counter
and compare register agree.

0 Counter interrupt generation disabled

1 Counter interrupt generation enabled

Address: 0016y COMR

Address: 00174 CNTR

In the PWM operation mode, an interrupt does not occur irrespective of the
value of this bit.

(2) Compare register (COMR)

In the timer operation mode, this register is used to set the value to be
compared with the value of the counter, and to clear the counter when the
values of the counter and this register agree. Inthe PWM operation mode,
the High pulse width can be specified by the value of this register.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0016y

(W) (W) (W) (W) (W) (W) (W) (W)
Initial value

XXX XXXXX-
B
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8-Bit PWM TIMER
(TIMER 1)

H Operation description

(1) Timer operation

Setting the P/TX bit of the CNTR to 1, gives the timer operation mode is per-
formed. When the TPE bit of the CNTR is set to 1, the counter starts incre-
menting from OOH. When the value of the counter agrees with that of the
COMR, the counter is cleared on the next count clock pulse and starts incre-
menting. Therefore, the TIR bit is set and the output pin is reversed (when
the TPE bit is 0, the output pin is fixed to Low level) in cycles of the count
clock pulses when 00 is written at the COMR, or in cycles 256 times longer
than those of the count clock pulses when FFy is written.

If the value of the COMR is rewritten in the timer operation mode, it becomes
effective from the next cycle. When the value of the counteris 00, the value
of the COMR is transferred to the comparator latch.

Count-clock pulse loo L— 0o L—T o0 LT oo L—J oo L—T o1 L—'- i .i T F¢ 00

TPE ___ |
Output [ L [ 1 .- —
TIR bit setting 1 1 1 1 . 1
Value of COMR - - -=-=-=------ 00 ---------- F---eeeaee - - S

Fig. 2.23 Timer Operation

If the TIE bit of the CNTR is set to 1, an interrupt occurs when the values of
the counter and COMR agree. During interrupt processing, the TIR bit is
used as the interrupt flag. The TIR bit is set irrespective of the value of the
TIE bit. However, if the values of the counter and the COMR agree, the TIR
bit is set to 1 even after an interrupt is disabled.

Writing O at the TIR bit permits clearing of the interrupt source or the TIR bit.
When the Read Modify Write instruction is read, the TIR bitis setso that 1 is
always read to prevent erroneous clearing.

The count clock pulse can be selected from four clock pulses from the pres-
caler by the clock pulse select bits PO and P1 of the CNTR.

(2) PWM operation

Setting the P/TX bit of the CNTR to 1, gives the PWM operation mode. The
COMR specifies the duty of the output pulse. Pulses can be output with
1/256 resolution and a duty of 0% to 99.6%. When 0 (004) is written at the
COMR, the duty of the PWM output pulse is 0%; when 128 (80 ) is written,
the duty is 50%, and when 255 (FFp) is written, the duty is 99.6%.

The value of the COMR is transferred to the comparator latch when the val-
ue of the counter is 00 If the value of the COMR is rewritten in the PWM
operation mode, it becomes effective from the next cycle.
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8-Bit PWM TIMER
(TIMER 1)

* When COMR 00y

Counter value 00y » » - 5 > - I FFy 00y
PWM pulse output

* When COMR 80y

Counter value 00y M-00 80y D000 FFy00y MO0 80y

PWM pulse output —I I I I—

* When COMR FFy

Counter value 00y OTh - -0 80y [OIMH-0O0 FFy00H

PWM pulse output _I I_I

Fig. 2.24 PWM Pulse Output

The TIR bit of the CNTR in the PWM operation mode has no meaning. No
interrupt occurs irrespective of TIE bit.

The cycle and frequency of the PWM pulse can be changed by switching the
count clock pulse. The count clock pulse can be selected from four clock
pulses from the prescaler (PWM timer channel 1 output) by the clock pulse
select pits PO and P1 of the CNTR.
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8/16-BIT TIMER

(TIMER 2 AND TIMER 3)

2.9 8/16-BIT TIMER (TIMER 2 AND TIMER 3)

@ Three internal clock pulses and one external clock pulse can be selected.

@ External input can be selected from the rising edge, falling edge, or both
edges.

@ Operable in 8-bit 2-ch mode or 16-bit 1-ch mode

H Block Diagram

T2STR | T2STP | T2CSO | T2CS1 — — T2IE T2IF
J J | |:| ) |, Interrupt request
2 IRQ3
Rising edge
Falling edge I—\
MPX

Both edges 1/ o 8-bit counter D

4.0 us

J- CLR ll

Comparator  EQ L] ¢

&
v

LOAD Compare data latch

Data register

Internal data bus

Data register
1

|
LOAD Compare data latch

Comparator  EQ | §

0.8 us |_r|

-I— CLR
CK

8-bit counter

1.6 s —mpx

3.2 s

L] | 1

)
| Interrupt request
IRQ4
T3STR | T3STP | T3CSO | T3CS1 — — T3IE T3IF

Fig. 2.25 8/16-bit Timer Block Diagram
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8/16-BIT TIMER

(TIMER 2 AND TIMER 3)

Address

Address

Address

Address

: 0018y

T3CR

© 0019y

T2CR

: 001A4

T3DR

: 001By

T2DR

M Register List

l«———— 8 bit ————»
Address: 0018y T3CR R/W Timer-3 control register
Address: 0019y T2CR R/W  Timer-2 control register
Address: 001AnH T3DR R/W Timer-3 data register
Address: 001By T2DR R/W Timer-2 data register

M Description of Register Details

The detail of each register is described below.

(1) Timer 2 control register (T2CR)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

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

RW)  (RW) — — — RW) RW) (RMW) (RW)

Initial value
X000XXX0g

[Bit 7] T2IF: Interrupt request flag bit
(When write)

0 Interrupt request flag clearing

1 No operation

(When read)

0 No interrupt request

1 Interval interrupt request

[Bit 6] T2IE: Interrupt-enable bit

0 Interrupt disabled

1 Interrupt enabled

[Bit 5]: Reserved; write 0 when writing.
[Bit 4]: Reserved; write 0 when writing.

[Bit 3 and 2] T2CS1, T2CSO0: Clock source select bit

T2CS1

T2CSO

Time cycle at 8 MHz and

Maximum gear speed System clock cycle

0

0

Rising edge of external clock pulse

0

1

Falling edge of external clock pulse

1

0

Both edges of external clock pulse

1

1

4.00 ps 8 system clock cycle

Note: One system clock cycle is 500 ns at 8 MHz and maximum gear speed.
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[Bit 1] T2STP: Timer-stop bit

0 Counting continued without clearing counter

1 Counting suspended

[Bit 0] T2STR: Timer-start bit

0 Terminates operation

1 Clears counter and starts operation

Address: 0018y R (2) Timer 3 control register (T3CR)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl  Bit0
Address: 0019y T2CR Address: 0018y | T3IF T3IE — — T3CS1 | T3CSO | T3STP | T3STR
(RW)  (RW) (RW) RW) (RW) ((RW) (RW) (RW)
Address: 001A4 T3DR Initial value
X000XXXO0g
Address: 0018, ToDR [Bit 7] TSIF: Interrupt request flag bit
(When write)
0 Interrupt request flag clearing
1 No operation
(When read)
0 No interrupt request
1 Interval interrupt request
[Bit 6] T31E: Interrupt-enable bit
0 Interrupt disabled
1 Interrupt enabled
[Bit 5]: Reserved; write 0 when writing.
[Bit 4]: Reserved; write 0 when writing.
[Bit 3 and 2]: T3CS1, T3CSO: Clock source select bit
Time cycle at 8 MHz and
T2CS1 | T2CSO Maximum gear speed System clock cycle
0 0 1.0 us 2 system clock cycle
0 1 2.0 s 4 system clock cycle
1 0 4.0 us 8 system clock cycle
1 1 16-bit mode —

Note: When bit 2 and 3 use only timer 2, set this bit to except 11.
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8/16-BIT TIMER
(TIMER 2 AND TIMER 3)

Address:

Address:

Address:

Address:

0018

0019y

001A4

001By

T3CR

T2CR

T3DR

T2DR

[bit 1] T3STP: Timer stop bit

0 Operation continued without clearing counter

1 Count operation suspended

[Bit 0] T3STR: Timer start bit

0 Operation stopped

1 Operation started after clearing counter

(3) Timer 1 and 2 data registers (T2DR and T2DR)
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2  Bitl  Bit0

Address:

001By

Address: (RW) (RMW) RW) RW) (RW) [RW) [RMW) (RMW)
Initial value

001Ay XXXXXXXXg

Write data is the set interval times and read data is the counted value.
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8/16-BIT TIMER

(TIMER 2 AND TIMER 3)

H Description of Operation

(1) 8-bit internal clock mode

In the 8-bit internal clock mode, three internal clock inputs can be selected
by setting the clock source select bits (T2CS1 and T2CS0, T3CS1 and
T3CSO0) of the timer control registers (T2CR and T3CR). The timer datareg-
isters (T2DR and T3DR) serve as interval time setting registers.

To start the timer, set the interval time to the timer data registers, write 1 at
the timer start bits (T2STR and T3STR) of the timer control registers to clear
the counter to 00, and load the values of the timer data registers into the
compare latch. Then, counting starts.

When the values of the counter agree with the set value of the timer data
registers, the interval interrupt request flags (T2IF and T3IF) are setto 1. At
this time, the counter is cleared to 00, the values of the timer data registers
are reloaded into the compare latch, and counting is continued. If the inter-
rupt enable bits (T2IE and T3IE) are setto 1, an interrupt request is output to
the CPU. Assuming the set value of the timer data register is n and the se-
lected clock is @, the interval time (T) can be calculated as follows.

T=@x(n+1)[us]

Matched Matched Matched
M M M

Counter clear
Set data value

Compare latch

Count value
0000H
T2STR ——
T2IF 1 1 1
T2IF =0 (W) T2IF =0 (W) T2IF =0 (W)

Fig. 2.26 Description Diagram for Internal Clock Mode Operation

[ Operation mode specification ]

!

Interval time setting |

!

Timer start
T2STR=1,T2IF=0,T2IE=1
oot { -------- . Tar=t Interrupt processing
' : b= 2y
, Main program - - m m m =] T2IF = 0 (W)

Fig. 2.27 Flow Diagram for Timer Setting
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8/16-BIT TIMER
(TIMER 2 AND TIMER 3)

(2) 8-bit external clock mode

In the 8-bit external clock mode, the eternal clock input can be selected
three various external clock inputs by setting the clock source select bits
(T2CS1 and T2CS0) of the timer 2 control register (T2CR). The external-
clock input pin of the timer corresponds to P33/EC.

To start the timer, write 1 at the timer start bit (T2STR) of the T2CR to clear
the counter.

When the value of the counter agrees with that of the timer data register, the
interval interrupt request flag bit (T2IF) is setto 1. Atthis time, if an interrupt
is enabled (T2IE = 1), an interrupt request is output to the CPU.

External clock | I I I N D N KN I N N A R A
Counter clear M 1
TSTR=1 |
Countvalue USRI XBX oo X on X or X T DD 1D T PR X o X
T2DR X FFH X FFy
T2IF 1
T2IF =0 (W)

Fig. 2.28 External Cock Mode Operation Description Diagram

(4) Precautions for use of timer stop bit

If the timer stop bit is used to stop the timer, the input clock pulse is fixed to
HIGH, Therefore, the count value varies depending on the level of the input
clock pulse.

After using the timer stop bit to stop the timer, if 00 is written simultaneously
at the timer stop and start bits, the count value may be incremented by one.
Therefore, when using the timer stop bit to stop the timer, read the count
data and then write O at the timer start bit (Figure 2.29)

When input clock is High When input clock is Low
cK |—|: |—|: ] : —— " —
1 1
ck__ [0 i L L
T2STR . L . L
T2STR’ X [ ' v
1 1
Count value
DO ~ X X

Fig. 2.29 Operation Diagram when Timer Stop Bit is Used
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(3) 16-bit mode

In the 16-bit mode, each bit of the timer control registers is as shown below.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0019y| T2IF T2IE — — T2CS1 | T2CSO | T2STP | T2STR
Address: 0018y| T3IF T3IE — — T3CS1 | T3CSO | T3STP | T3STR
\ J \ J \ J \ J
Y Y Y Y
No operation Set to 00 Setto 11 No operation

In the 16-bit mode, write 11 at the T3CS1 and T3CSO0 bits of the T3CR and
set O at the bit 5 and bit4.

When in the 16-bit mode, the timer is controlled by the T2CR. The timer data
registers T3DR and T2DR use the upper and lower bytes, respectively.

The clock source is selected by the T2CS1 and T2CSO0 bits of the T2CR. To
start the timer, write 1 at the T2STR bit of the T2CR to clear the counter.

If the value of the counter agrees with that of the timer data register, the T2IF
bitis setto 1. Atthistime, aninterruptrequestis outputto the CPU ifthe T2IE
bit is 1.

Note: To read the value of the counter in the 16-bit mode, always read the

value twice to check that it is valid and then use the data.

See the 8-bit operation diagram for 16-bit mode operation.

(4) Starting and temporarily stopping timer

The operation of the timer is described below, using timer 2.
(a) When counting after clearing the counter

Whenthe T2STR bitis O, write O atthe T2STP bitand 1 atthe T2STR
bit. Whenthe T2STR bitis setfrom 0to 1, the counter is cleared and
the timer starts counting.

(b) When temporarily stopping timer to count without clearing counter

To stop counting temporarily, set the T2STP and T2STR bits to 11.
To continue counting without clearing the counter from the tempo-
rarily-stopped state, set the T2STP and T2STR bits from 11 to 01.

The state of the timer corresponding to the settings of the T2STP
and T2STR bits and the operation of the timer when started from the
state (T2STP and T2STR bits = 01) are as follows:

12051 | T2cs0 Timer state Operation of tinzgirt;vrlgnngtgrt:eg 1f;om left state
0 0 Counting stop Counts after clearing counter
0 1 Counting Continues counting
1 0 Counting stop Counts after clearing counter
1 1 Temporary counting stop Continues counting without clearing counter
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GENERATOR
(MPG, TIMER 4)

@ A 12-bit-long up timer is provided with one compare clear register for

Address:

Address:

Address:
Address:

Address:
Address:

00244

0025

0026y,
0027y

0028
00294

cycle setting and one compare register for output pin control to control
one real-time waveform output pin.

@ Four count clock sources can be selected.

@ The PWM operation or PPG operation at start by an external or internal
trigger can be selected on a programmable basis. This generator can
also be used as a toggle output timer.

H Register list

«—— 8 bit ————»
MCNT R/W Control register
INTSTR R/W Interrupt status register
CMCLBR (H) , CMCLBR (L) W  Compare clear buffer register
U
CMCLR (H) : CMCLR (L) —  Compare clear register
OUTCBR (H) , OUTCBR (L) W Output buffer register
0
OUTCR (H) : OUTCR (L) —  Output compare register
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12-BIT MULTIPUL M Block diagram

DTTIl input: Rising edge
Falling edge

(

Control register

b

F2MC-8L
internal data bus

MPX

TSL1

TSLO

CKS1 | CKSO | SPOL | STRG | PCN1 | PCNO

P36/PWO1

External trigger (TRG) input: Rising edge
Falling edge
Both edges

Interrupt status register

NN

Output compare buffer
register 12
OUTCBR \
\
_| 12
OUTCR Output compare register
N 2
Comparator ™~
CKS
12-bit 4-bit
counter prescaler
RST RST
Comparator | Compare N\ _)
clear register
CMCLR
_T1 12
12
CMCLBR \
Compare clear \

buffer register

MPX

-~

ESL1

ESLO

CLIE CLIR | CMIE | CMIR | DTIE | DTIR

\i» IRQ5 \i» IRQ6

Fig. 2.30 MPG Block Diagram
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Address:

Address:

Address:
Address:

Address:
Address:

0024y,

0025,

0026,
0027y

0028
00294

MCNT

INTSTR

CMCLBR
(H)

CMCLBR
L)

CMCLR
(H)

CMCLR
L)

OUTCBR
(H)

OUTCBR
L

OUTCR
(H)

OUTCR
L

H Description of registers

(1) Control register (MCNT)

This register is used to select the count clock pulse of the timer and the
PWM/PPG function, and to control setting of the software trigger.

(1) Interrupt level register (ILRX: Interrupt Level Register X)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0024y TSL1 | TSLO | CKS1 | CKSO | SPOL | STRG | PCN1 | PCNO

RW)  (RW) (RW) RW) (RW) ((RW) RW) (RW)

Initial value
000000005

[Bits 7 and 6] TSL1 and TSLO: Operation mode select bits

Bits 7 and 6 are used to select the operation mode. The PPG operation

mode or PWM operation mode can be selected as the operation mode. Ex-

ternal and software triggers can be selected in the PPG and PWM opera-

tion modes.

The retrigger enable mode or retrigger disable mode can be selected as
the PPG operation mode, whereas the retrigger enable mode only is se-
lected as the PWM operation mode.

TSL1 | TSLO Operation mode
0 0 Stop
0 1 PWM operation mode (retrigger enable)
1 0 ) Retrigger disable
PPG operation mode .
1 1 Retrigger enable

Retrigger enable mode: When the start trigger (software trigger or exter-
nal trigger) is re-input during operation of the
MPG, the counter and prescaler of the MPG are
cleared and operation is restarted.

Retrigger disable mode: Even when the start trigger (software trigger or
external trigger) is re-input during operation of the
MPG, it is ignored and operation is continued.

When the PWM operation mode is selected, the initial output of the MPG
enters the reset state (see the block diagram). When the PPG operation
mode is selected, the initial state of the MPG output is changed to the set
state.

When the stop mode is selected after the operation mode, the counter and
prescaler are cleared to inactivate the MPG output.

The operation mode should be selected during operation stop.
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[Bits 5 and 4] CKS1 and CKSO0: Count clock pulse select bits
Bits 5 and 4 are used to select the count clock pulse (minimum resolution) in
the PWM or PPG operation mode.

CKS1 | CKSO

Clock pulse to be selected
(at maximum gear speed)

Maximum cycle at maximum
gear speed (4096 clock pulses)

1 system clock cycle (0.5 ps at 8 MHz)

2048.0 ps at 8 MHz (488 Hz)

2 system clock cycles (1.0 ys at 8 MHz)

4096.0 ps at 8 MHz (244 Hz)

4 system clock cycles (2.0 pys at 8 MHz)

8192.0 ps at 8 MHz (122 Hz)

RlF,]|]O| O
R|]O|lFR,]| O

8 system clock cycle (4.0 us at 8 MHz)

1638.42 us at 8 MHz (61 Hz)

One system clock cycle is 500 ns at 8 MHz and maximum gear speed.
These bits should be set during operation stop.

[Bit 3] SPOL: Output polarity select bit
Bit 3is usedto select the polarity of the waveform output from the MPG. This
bit should be set during operation stop.

0 Outputs MPG output waveform with positive polarity

1 Reverses MPG output waveform for output

[Bit 2] STRG: Software trigger bit

When the internal trigger mode is selected, when 1 is set at this bit, the timer
and prescaler are cleared and the timer is started. This bit also provides
start by a software trigger. 0 is always read when this bit is read.

0 Ignored

Clears timer and prescaler to start timer

[Bits 1 and 0] PCN1 and PCNO: Port output select/overcurrent detect
function control bits

Bits 1 and 0 are used to control whether or not the MPG pulse output pin is
used as the general-purpose pin and set the effective/ineffective edge of the
DTTlinputfor overcurrent detection. The operation mode should be set dur-
ing operation stop.

When the DTTl input is enabled, if an error is detected outside the chip, the
MPG output can be set to an inactive level (initial output) by inputting the
edge. Atthistime, the timer and prescaler are cleared to the stopped state.
To restart output, 0 must be written at the overcurrent detect interrupt re-
questbitto clear the flag. Atthistime, the MPG restarts outputting the wave-
forms setwhen the DTTI input was detected from the timer value of ooy after
accepting the effective trigger input.

Afterthe DTTlis inputin the effective state (PCN1 = 1), if the operation mode
is selected to clear the DTIR flag of the INSTR register, the MPG output goes
inactive in the selected mode.
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PCN1 | PCNO Operation mode
0 0 (P36/PW01) general-purpose pin state ) _ )
DTTI input ineffective
0 1
1 0 MPG pulse output Effective at rising edge of DTTI input
1 1 Effective at falling edge of DTTI input

PWM operation PPG operation
In operation In operation
DTTI input Trigger input DTTl input Trigger input
Stop Flag cleaé Trigger waiting Stop Flag cleay Trigger waiting
MPG output: Reset MPG output: Reset MPG output: Set MPG output: Set
Timer and prescaler: Reset Timer and prescaler: Reset Timer and prescaler: Reset Timer and prescaler: Reset

Fig. 2.31 Transition of DTTI Input

Address: 0024, | MCNT (2) Interrupt status register (INTSTR)

This register is used to control the trigger input interrupt, compare match
Address: 00254 |INTSTR interrupt, and compare clear interrupt. It also selects the polarity of the ex-
ternal trigger edge.

Address: 0027, (H) WL Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl  Bit0
VLR ToMcLR]| Address: 0025,| ESLL | ESLO | CLIE | CLIR | CMIE | CMIR | DTIE | DTIR
) © ®RW)  RW) [RW) [RW) [RW) [®RW) [RW)  ([RW)
Address: 0028H OUTCBR|OUTCBR Initial value
Address: 0029y (H) (L) 000000005
SUTCR | OUTCR [Bits 7 and 6] ESL1 and ESLO: External trigger select bits
(H) (L) Bits 7 and 6 are used to select the effective edge input of the external trig-
ger. Input of the effective edge clears the timer and prescaler and starts
the timer.
ESL1 | ESLO External trigger edge
0 0 No external trigger
0 1 When rising edge detected, timer cleared O timer started
1 0 When falling edge detected, timer cleared O timer started
1 1 When both edges detected, timer cleared O timer started
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12-BIT MULTIPUL [Bit 5] CLIE: Compare clear match interrupt enable bit
GENERATOR Bit 5 is used to enable the compare clear match interrupt request.
(MPG, TIMER 4)
0 Compare clear match interrupt request disabled
1 Compare clear match interrupt request enabled

[Bit 4] CLIR: Compare clear match interrupt request flag

Bit 4 is set to 1 when the compare clear match occurs.

Writing O clears this bit.

Writing 1 has no meaning.

1 is always read when the Read Modify Write instruction is read.

0 Compare clear match interrupt not requested

1 Compare clear match interrupt requested

[Bit 3] CMIE: Output compare match interrupt enable bit
Bit 3 is used to enable the compare match interrupt.

0 Output compare match interrupt request disabled

1 Output compare match interrupt request enabled

[Bit 2] CMIR: Output compare match interrupt request flag

Bit 2 is set to 1 when the compare match occurs.

Writing O clears this bit.

Writing 1 has no meaning.

1 is always read when the Read Modify Write instruction is read.

0 Output compare match interrupt not requested

1 Output compare match interrupt requested

[Bit 1] DTIE: Overcurrent detection interrupt enable bit
Bit 1 is used to enable the overcurrent detection interrupt request.

0 Overcurrent detection interrupt request disabled

Overcurrent detection interrupt request enabled

[Bit 0] DTIR: Overcurrent detection interrupt request flag

Bit 0 is setto 1 when the effective rising/falling edge is inputto the DTTI input
pin. This bit is not set when the PCN1 bhit of the MCNT register is 0.
Writing O clears this bit.

Writing 1 has no meaning.

1 is always read when the Read Modify Write instruction is read.

0 No effective input to DTTI input pin

1 Effective input to DTTI input pin
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Address: 0024y MCNT
Address: 00254 | INTSTR
Address: 0026y  [CMCLBR|CMCLBR
Address: 0027y (H) ()
CMCLR | CMCLR
(H) L)
Address: 0028y [oUTCBR|JOUTCBR
Address: 0029y (H) L)
OUTCR | OUTCR
(H) L
Address: 0024y MCNT
Address: 0025, | INTSTR
Address: 0026y  [cMCLBR|CMCLBR
Address: 0027y H) L)
CMCLR | CMCLR
(H) L
Address: 0028+  [GUTCBR[OUTCBR
Address: 0029y (H) (L)
OUTCR | OUTCR
(H) L

(3) Compare clear register (CMCLR)
This register is used to store the compare value of compare clear.

When the values of this register and timer agree, the timer is cleared. The
value is transferred from the buffer register to the compare register.

Bit15 Bitl4 Bit13 Bit12 Bit1l Bit10 Bit 9 Bit 8
— — — — CLRB | CLRA | CLR9 | CLR8
Initial value
----0000g
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CLR7 | CLR6 | CLR5 | CLR4 | CLR3 | CLR2 | CLR1 | CLRO
Initial value
00000000g

Inthe PPG operation mode, the match between the value of this register + 1
and the value of the timer is detected to clear the timer and set the MPG out-
put.

Inthe PWM operation mode, the match between the value of this register + 1
and the value of the timer is detected to clear the timer and set the MPG out-
put.

(4) Compare clear buffer register (CMCLBR)
This register is used to store the compare value of compare clear.

The value written to the compare clear buffer register when the timer stops
is written directly to the compare clear register.

Data transfer from the compare clear buffer register to the compare clear
register after the timer starts is done when the compare clear match oc-
curs.

Bitl5 Bit14 Bit13 Bit12 Bit1l Bit10 Bit 9 Bit 8
Address: 0026y — — — — CLRB | CLRA | CLR9 | CLR8
(W) (W) (W) (W)
Initial value
----0000g
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Address: 0027y| CLR7 | CLR6 | CLR5 | CLR4 | CLR3 | CLR2 | CLR1 | CLRO
(W) (W) (W) (W) (W) (W) (W) (W)
Initial value
00000000g

Note: To write the value to the output compare register buffer register during
PWM or PPG operation, use the load instruction. Some time should
be taken to allow writing of the load instruction to terminate until the
values of the compare clear register and timer agree.
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Address:

Address:

Address:
Address:

Address:
Address:

Address:

Address:

Address:
Address:

Address:
Address:

00244

00254

00264
00274

0028
0029y

00244

0025

0026y,
00274

00284
0029y

MCNT

INTSTR

CMCLBR
(H)

CMCLBR
L

CMCLR
(H)

CMCLR
L

OUTCBR
(H)

OUTCBR
L

OUTCR

(H)

OUTCR
L)

MCNT

INTSTR

(H)

CMCLBR|CMCLBR

L

CMCLR
(H)

CMCLR
L

(H)

OUTCBR|OUTCBR

L)

OUTCR
(H)

OUTCR
L)

(5) Output compare register (OUTCR)
This register is used to store the compare value of output compare.

When the values of this register and timer agree, the output is set.

Bitl5 Bit1l4 Bit13 Bit12 Bitll Bit10 Bit9 Bit 8

— — — — CPRB | CPRA | CPR9 | CPR8

Initial value
----0000g

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

CPR7 | CPR6 | CPR5 | CPR4 | CPR3 | CPR2 | CPR1 | CPRO

Initial value
000000005

In the PPG operation mode, the output is cleared by the external trigger or
software trigger input, and reset when the value of this register and the value
of the timer agree.

In the PWM operation mode, the output is reset by the external trigger or
software trigger input, and reset when the value of this register and the value
of the timer agree.

The pulse width can be specified by the value of this register.

(6) Output compare buffer register (OUTCBR)
This register is used to store the output compare value.

The value written to the output compare buffer register when the timer
stops is written directly to the output compare register.

Data transfer from the output compare buffer register to the output
compare register after the timer is started is done when the output
compare clear match occurs.

Bit1l5 Bit14 Bit13 Bit1l2 Bit1l Bit10 Bit 9 Bit 8

Address: 0028y — — — — CPRB | CPRA | CPR9 | CPR8
(W) (W) (W) (W)

Initial value

----0000g

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 0029 CPR7 | CPR6 | CPR5 | CPR4 | CPR3 | CPR2 | CPR1 | CPRO

(W) (W) (W) (W) (W) (W) (W) (W)
Initial value
00000000g

Note: Use the load instruction to write the value to the output compare
register buffer register during PWM or PPG operation. Some time
should be taken to allow writing of the load instruction to terminate
until the values of the output compare register and timer agree.
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12-BIT MULTIPUL H Operation description
GENERATOR
(MPG, TIMER 4) (1) PWM operation (counting)
Timer value

Set value to CMCLR + 1
Set value to OUTCR
00H

MPG output ‘ | ‘

)
Output compare match

:

A
\

Compare clear timer match

Fig. 2.32 Outline of PWM Output

As shown in Figure 2.32, the MPG can generate a PWM waveform. The
repeat cycle is set by the value of the compare clear register, and the duty of
the output pulse is set by the value of the output compare register.

(Software or external) _l_
trigger input
Timer value

' (03FE)y

Compare clear buffer (O1FE)y .X ' '
register (CMCLBR) . . —— .
' 1 1 ] ]
Compare clear (01FE)
H oo ' ' ' (O3FE)y !
register (CMCLR) X '
) )
: i : ' : '
Output compare buffer ™ 5oFF) | \ X X: . (02FF)y
register (OUTCBR) r y Y
)
L : .
Output compare (00FF); ! ! T X (02FF)y
T T 0 1 1

register (OUTCR)

MPG output | I

[m] [u] u] [u] a
OUTCR CMCLR OUTCR CMCLR OUTCR
Match ~ Match  Match Match Match
Transfer Transfer
PWO0O pin output | I | I | |—|

(SPOL = 1)

Fig. 2.33 Description of PWM Output Operation
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Select output polarity (SPOL = 1 or 0).

Write data to compare clear buffer register or output buffer register.

Select effective edge for external trigger input (ESL1, ESLO). Setup
Select trigger source (TSL1, TSLO) % Set/reset MPG output.

Enable output to pin (PCN1, PCNO # (0, 0).

Effective trigger
found?

No

Clear counter and prescaler.

!

Set MPG output.
Counter and prescaler started

Y

CMCLR
compare match? No Timer count-up

Yes

Set MPG output.

OUTCR
compare match?

Counter and prescaler cleared

OUTCBR O OUTCR transfer

CMCLBR O CMCLR transfer Reset MPG output.
Interrupt occurs Interrupt occurs
when enabled. when enabled.

When the operation mode is set to “Stop” or when the DTTI input is per-
formed with overcurrent detection enabled, the MPG output (pin state) goes
inactive in this mode.

Fig. 2.34 Flowchart of PWM Operation

Setting the TSL1 and TSLO bit of the CNTR to 0 and 1 gives the PWM opera-
tionmode. The cycle of the output pulse is determined by the value set atthe
CMCLR, and the count clock pulse selected by the CKS1 and CKSO bits.

PWM cycle = (value set at CMCLR + 1) x cycle of count clock pulse

The pulse width is determined by the value set at the OUTCR, and the cycle
of the count clock pulse.

PWM pulse width = value set at OUTCR x cycle of count clock pulse
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For example, the relationship between the value set at the OUTCR and the
duty with 7F set at the CMCLR is given in Table 2-6 (the output polarity is
assumed to be positive (SPOL = 0)).

Table 2-6 Relationship between value Set at OUTCR and Duty

Value set at OUTCR Output wave form Duty
(00)H 0%
(01 _|_| M 0.78%
(02)4 _|_| |_|_ 1.56%
(03)4 _|_| |_| 2.34%
! ; { D
(7D)y4 _ |_|_ 97.6%
(TE)y _ L 98.4%
(7F)n |_| L 99.2%
(80)y to (3FF)y 100%

For (value setat OUTCR >value setat CMCLR) and (value setat OUTCR #
0 and value set at CMCLR = 0), a waveform with a duty of 100% is output.

For (value set at OUTCR =0 and value set at CMCLR = 0) and (value set at
OUTCR = 0 and value set at CMCLR # 0), a waveform with a duty of 0% is
output.

Since the OUTCR and CMCLR have a buffer register, the value of the buffer
can be rewritten before one cycle to change the cycle and duty.

The polarity of the output pulse can be changed by setting the SPOL bit. For
the PWM operation flow, see Figure 2.34.

Inthe initial state, the timer and prescaler are stopped. The MPG outputisin
the reset state. Since the CMCLR and CMCLBR, and the OUTCBR and
OUTCR are connected to each other, simultaneous writing is possible.

The PWM output is started by input of the selected trigger. First, the timer
and prescaler are cleared and the MPG output enters the set state. Then,
the counter starts incrementing.

The MPG output s reset if the values of the OUTCR and counter agree, and
is set if the value of the CMCLR +1 and the value of the timer agree.

If the value of the OUTCR agrees with the value of the CMCLR +1, compari-
son with the value of the CMCLR + 1 proceeds and the MPG output is set.

The effective edge of the external trigger can be selected by setting the
ESL1 and ESLO bits.
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The DTTIinput pin makes the PWM output inactive at hardware in the event
of an external error. With the DTTI input enabled, when an error is detected,
the DTIR flag is set to inactivate the PWM output. The time required for this
operation is 6 to 8 clock cycles.

Sincethe DTTlinputis edge input, the rising or falling edge can be selected.

To restart the PWM output after recovery from an error, the DTIR flag must
be cleared to provide the effective trigger input. Inthe eventof aninterrupt at
DTTI input, other interrupt sources may be set. Therefore, to restart, all
MPG interrupt sources should be cleared. The DTTIinput block has a noise
filter.
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12-BIT MULTIPUL (2) PPG operation
GENERATOR
(MPG, TIMER 4)

(Software or external) trigger input
Timer value
Set value to CMCLR + 1

Set value to OUTCR
00y

.

MPG output , l ‘
' }
)

Fig. 2.35 Outline of MPG Output

As shown in Figure 2.35, the MPG can generate a PPG waveform. The
MPG output is reset after input of the effective trigger and the time set by the
output compare register has elapsed, and is set after the time set by the
compare clear register has elapsed.

Trigger input

Timer value
03FFy
02FFy
01FFy
00FFy

Compare clear buffer

register (CMCLBR) (O3B : : : : :

Compare clear (03FE)n : : : : :

register (CMCLR) — . . .

e o X T e
NN , . !

ommeonme oy,

MPG output I
u] a

OUT([)R CM%LR OUTCR CMCLR
Match Match Match Match
PWO0O pin output
(SPOL =1) _l_l | M

Fig. 2.36 Description of PPG Output Operation
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Select output polarity (SPOL = 1 or 0).

Write data to compare clear buffer register or output buffer register.

Select effective edge for external trigger input (ESL1, ESLO). Setup
Select trigger source (TSL1, TSLO) % Set/reset MPG output.

Enable output to pin (PCN1, PCNO # (0, 0).

Effective trigger
found?

No

Clear counter and prescaler.

!

Set MPG output.
Counter and prescaler started

Y

CMCLR
compare match?

Timer count-up

No

Yes

OUTCR
compare match?

Set MPG output.

Reset MPG output.

Interrupt occurs

Interrupt occurs
p when enabled.

when enabled.

When the operation mode is set to “Stop” or when the DTTI input is per-
formed with overcurrent detection enabled, the MPG output (pin state) goes
inactive in this mode.

Fig. 2.37 Flowchart of PPG Operation

Setting the TSL1 and TSLO bit of the CNTR to 0 and 1 or 1 and 1 gives the
PPG operation mode. The PPG operation mode has two modes: retrigger
disable and retrigger enable after effective trigger input.

The MPG outputis reset after input of the effective trigger and the time set by
the OUTCR has elapsed, and is set after the time set by the value of the
CMCLR +1 has elapsed. In the initial state, the MPG output is in the set
state.

The time from external trigger input to pulse output is as follows:
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Value set at OUTCBR x count clock cycle + 1.5 to 2 system clock cycles
The time from external trigger input to MPG reset is as follows:
(Value set at CMCLR +1) x count clock cycle + 1.5 to 2 system clock cycles

For CMCLR <OUTCR, the MPG outputis in the set state and the pulse is not
output. For (OUTCR # 0, CMCLR = 0), the MPG output is also in the set
state.

When the value of the OUTCR agrees with the value of the CMCLR +1, the
comparison with the value of the CMCLR + 1 proceeds and the MPG output
is set.

The polarity of the output pulse can be changed by setting the SPOL bit. The
set value must not be changed during pulse output. The operation flow for
PPG output is shown in Figure 2.37.

The DTTIinput pin is provided to inactivate the PPG output inactive at hard-
ware inthe event of an external error. Whenthe DTTlinputis setto effective,
when an error is detected, the DTIR flag is set to inactivate the PPG output.
The time required for this operation is 6 to 8 clock cycles (one system clock
cycle is 500 ns at 8 MHz and maximum gear speed).

To restartthe PPG output after recovery from an error, the DTIR flag must be
cleared to input the effective trigger. In the event of an interrupt at DTTI in-
put, other interrupt sources may be set. Therefore, to restart, all MPG inter-
rupt sources should be cleared.

Sincethe DTTlinputis edge input, the rising or falling edge can be selected.
The DTTI input block has a noise filter.
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2.11 8-BIT SERIAL I/O

@ 8-bit serial data transfer is possible by the clock synchronous method.

@ LSB first or MSB first can be selected for data transfer.

@ Four shift-clock modes (three internal and one external) can be selected.

H Block Diagram

Internal data bus

/
DO to D7 D7 to DO
(MSB first) (LSB first) D710 DO
[

Transfer
L direction — SIOF

~ select
(Shift direction) — SIOE

oooooo
Serial data register (SDR) SCKE
SOE —
- CKS1
|- CKSO0
BDS
Overflow
P34/S| Slinput SO output SST B
synchronous synchronous Serial mode
circuit circuit register (SMR)
P33/SO | 2
T\, Output enable
Output enable Shift-clock
c | pulse select
ontro
P32/SCK | circuit
Internal ,
clock pulse <> 773
Clear : s RQ8
Shift-clock counter

Fig. 2.38 8-bit Serial 1/0 Block Diagram

M Register list

The 8-bit serial I1/0 consists of serial mode register (SMR) and serial data

register (SDR).

«——— 8 bit ————»

Address: 001Ch

SMR

Address: 001Dy

SDR
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Address: 001Ch SMR

Address: 001Dy SDR

H Description of Registers

The detail of each register is described below.
(1) Serial-mode register (SMR)

The SMR is used to control serial 1/0.
Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Address: 001Cy| SIOF | SIOE | SCKE | SOE | CKS1 | CKSO | BDS SST

(RW)  (RW) (RW) RW) (RW) ((RW) (RW) (RW)
Initial value
000000005
[Bit 7] SIOF: Serial I/O interrupt-request flag
This bit is used to indicate the serial I/O transfer state.
The meaning of each bit when reading is as follows:

0 Serial data transfer not terminated

Serial data transfer terminated

Note that 1 is always read when the Read Modify Write instruction is read. If
this bitis set when an interrupt is enabled (SIOE = 1), an interrupt request is
output to the CPU.

The meaning of each bit when writing is as follows:

0 This bit is cleared.

1 This bit does not change nor affect other bits.

The end-of-transfer decision may be made by either the SST bit (bit O of the
SMR) or by this bit.

[Bit 6] SIOE: Serial I/O interrupt-enable bit
This bit is used to enable a serial I/O interrupt request.

0 Serial I/O interrupt-output disable

1 Serial I/O interrupt-output enable

[Bit 5] SCKE: Shift-clock output-enable bit
This bit is used to control the shift-clock 1/O pins.

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

1 SCK (shift clock) output pin

When using the P32/SCK pin as an external clock, always setthe pin to input
(bit 2 of DDR4 = 0).
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[Bit 4] SOE: Serial-data output-enable bit
This bit is used to control the output pin for serial 1/O.

0 General-purpose port pin (P33)

1 SO (serial data) output pin

When using P34/SI pin as Sl pin, always set the DDR to input (bit 0 of DDR4
=0).

[Bits 3 and 2] CKS1, CKSO0: Shift-clock select bits
These bits are used to select the serial shift-clock modes.

CKS1 | CKSO Mode Clock Cé’g';r ";Lg‘jé‘im”m scK
0 0 Internal shift-clock mode 4 system clock cycle Output
0 1 Internal shift-clock mode 8 system clock cycle Output
1 0 Internal shift-clock mode 16 system clock cycle Output
1 1 External shift-clock mode SCK Input

Note: One system clock cycle is 500 ns at 8 MHz and maximum gear speed.

Address: 001Ch SMR

Address: 001Dy SDR

[Bit 1] BDS: Transfer direction select bit

At serial data transfer, this bit is used to select whether data transfer is per-
formed from the least significant bit first (LSB first) or from the most signifi-
cant bit first (MSB first).

0 LSB first
1 MSB first

Note that when this bit is rewritten after writing data to the SDR, the data be-
come invalid.

[Bit 0] SST: Serial I/O transfer-start bit
This bit is used to start serial I/O transfer. The bitis automatically cleared to
0 when transfer is terminated.

0 Serial I/O transfer stop

1 Serial I/O transfer start

Before starting transfer, ensure that transfer is stopped (SST = 0).

(2) Serial-data register (SDR)

This 8-bit register is used to hold serial I/O transfer data. Do not write data
to this register during the serial I/0 operation.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 001Dy

(RW)  (RMW) (RMW) (RW) (RW) (RMW) (RMW) (RW)

Initial value
XXXXXXXXg
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H Description of Operation

The operation of 8-bit serial I/0 is described below.

(1) Outline

This module consists of the serial-mode register (SMR) and serial-data reg-
ister (SDR). Atserial output, datainthe SDR is outputin bit serial to the seri-
al output pin (SO) in synchronization with the falling edge of a serial shift-
clock pulse generated from the internal or external clock. At serial input,
datais input in bit serial from the serial input pin (SI) to the SDR at the rising
edge of a serial shift-clock pulse.

SDR

#7

#6 | #5 | #4 | #3 | #2 | #1|#0 | Shiftclock puse LI LI MLILILIL

Shift-clock pulse _l

! | SO XX X2 X5 X X#7 X

CK

P —S conversion O}— SO

Serial output

SDR| #7 | #6 | #5 | #4 | #3 | #2 | #1 | #0
Shift-clock pulse [ LI LI @1 ILIL
Sl XHoXHLX#2X X H#s X XHT X
Shift-clock pulse _l
CK .
S| «——SI S —P conversion
Serial input

(2) Operation modes

The serial I/O has three internal shift-clock modes and one external shift-
clock mode according to the type of shift-clock, which are specified by the
SMR. Mode switching or clock selection should be made with serial 1/O
stopped (SST bit (bit 0) of SMR = 0).

* Internal shift-clock mode
Operationis performed by the internal clock. A shift-clock pulse with a duty
of 50% is output from the SCK pin as a synchronous timing output. Datais
transferred bit-by-bit at every clock pulse.

« External shift-clock mode
Data is transferred bit-by-bit at every clock pulse in synchronization with
the external shift-clock pulse input from the SCK pin. The transfer rate can
be performed from DC to 8 clock cycles (1.00 MHz at 8 MHz).

Do not write data to the SMR and SDR during the serial I/O operation in ei-
ther mode.
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(3) Interrupt functions
8-BIT SERIAL I/O

This module can output an interrupt request to the CPU. To output an inter-
rupt request, set the SIOE bit of the SMR to 1 to enable an interrupt and then
set the interrupt flag SIOF bit of the SMR after 8-bit data transfer is termi-

nated.
SCK Y S Iy Yy A [ Y ey AN
SST I | I
IRQ [

so P G S G D G D G S —

(4) Shift start/stop timing

Data transfer starts when 1 is written at the SST bit of the SMR, and stops
when 0 is written. When data transfer is terminated, the SST bit is automati-
cally cleared to 0, which stops the operation.

« Internal shift-clock mode (LSB first)

[When transfer terminated]

SCK N I S o Y Ry (N By (N Ry N B |
SST I | I
SIOF I

SO X X X e X s X X s X e X

[When transfer suspended]

SCK L 1 1 1+ I °1

SST I 1

SIOF

SO X X X X XS
 External shift-clock mode (LSB first)

[When transfer terminated]

SCK ] ] ] ] 1 | 1 | 1 | 1 | 1 | 1 |
SST ] | I
SIOF I

SO X T X X e X X s X X
[When transfer suspended]

SCK Y S Iy Yy A [ Y ey AN
SST [ |
SIOF

SO X T T T X T X #s

Note: When data is written at the SDR, the output data changes at the
falling edge of the external-clock pulse.

Fig. 2.39 Shift Start/Stop Timing
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(5) Input/output shift timing

Data is output from the serial output pin (SO) at the falling edge of the shift-

SCK
Sl

SO

SCK
SI

SO

clock pulse, and is input from the serial input pin (Sl) to the SDR at the rising
edge of the shift-clock pulse.

« LSB first (BDS = 0)
1 | 1 ] | 1 | 1 | 1 | 1 | 1 |

: Sl input

G G S G R G G S ;) —

SO output

J— R SNC Y G G ST S A G N G S —

« MSB first (BDS = 1)
| | | |_| | | | | | | | | | | |

' : Sl input

G G N G G G S G a—

e — G G G S e e G G G

DI7 to DIO indicate input data, and DO7 to DOO indicate output data.

Fig. 2.40 Input/Output Shift Timing
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@ 16.5 ps conversion time (at 8 MHz and maximum gear speed)

@ RC sequential comparison A/D converter with sample and hold circuit

@ Analog input can be selected from 12 channels by the program.

@ Starting by software, by external pin trigger, or by timer unit can be se-

Internal
data bus

Control Logic

- =

ADDH and ADDL

~.

2.12 A/D CONVERTER
A/D CONVERTER
@ 10-bit resolution
@ End detection by interrupt or software polling
lected by the program.
M Block Diagram
P17/ADST Selector
P13/ANB —» T
P12/ANA —»
P11/AN9 —
P10/ANS —»»
PO7/AN7 — Tt by Comparator
PO6/AN6 — Channel LN —
PO5/AN5 — selector ' '
' [
PO4/AN4 — , ;j; .
POS/ANS — L7
PO2/AN2 —» Sample and
PO1/AN1 — hold circuit
POO/ANO —»
AVee —> DIA
AVgg —{ converter

ADC1 and ADC2 /1 '\

\—/

¢ IrQB

Fig. 2.41 A/D Converter Block Diagram

M Register list

A/D converter consists of A/D control status registers 1 and 2 and ADC data

register (ADCD).
l«———— 8 bhit ————»
Address: 001Ey ADC1 R/W AD control states register 1
Address: 001Fy ADC2 R/W AD control states register 2
Address: 0020y ADDH R/W AD control data register (H)
Address: 0021y ADDL R/W AD control data register (L)
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H Description of Register
A/D CONVERTER
The detail of each register is described below.
Address: 001E, e (1) ADCL1 (A/D Converter control register)
This register is used to control the A/D converter and display its status.
Address: 001F ADC2 Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl  BitO
Address: 001Ey | ANS3 [ ANS2 | ANS1 | ANSO | AD1 | ADMV | SIFM | AD
Address: 0020y ADDH
(RW) (RW) (RW) (RW) RW) R RW) RW)
Initial value
Address: 0021y ADDL 000000005
[Bit 7 to Bit 4] ANS3 to ANSO: Analog input channel select bit
These three bits are used to select an analog input channel.
ANS3 |ANS2 |ANS1|ANSO | Channel selected JANS3|ANS2[ANS1|[ANSO| Channel selected
0 0 0 0 ANO 1 0 0 0 AN8
0 0 0 1 AN1 1 0 0 1 AN9
0 0 1 0 AN2 1 0 1 0 ANA
0 0 1 1 AN3 1 0 1 1 ANB
0 1 0 0 AN4 1 1 0 0 —
0 1 0 1 AN5 1 1 0 1 —
0 1 1 0 ANG6 1 1 1 0 —
0 1 1 1 AN7 1 1 1 1 —

[Bit 3] ADI: Interrupt flag bit
The meaning of each bit to be read in the A/D mode is as follows:

0 Conversion not terminated

Conversion terminated

The meaning of each bit to be read in the sense mode is as follows:

0 Conditions specified by SIFM bit not met

Conditions specified by SIFM bit met

In both the A/D and sense modes, an interrupt request is output if this bit is
set when the ADIE (bit 4) of the ADC2 is 1.

The meaning of each bit to be written in the A/D and sense modes is as fol-
lows:

0 This bit is cleared.

1 This bit is not changed.
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When reading this bit with the Read Modify Write instructions, 1 is always
read.

[Bit 2] ADMV: Processing progress flag
Bit 2 indicates the progress of conversion or comparison processing.

0 Converting and processing not progressing

1 Converting and processing progressing

[Bit 1] SIFM: Interrupt source setting bit
This bitis used to set the conditions for setting interrupt source conversion in
the sense mode.

Set interrupt source when input voltage lower than voltage
set by ADCD register.

Set interrupt source when input voltage higher than volt-
age set by ADCD register.

[Bit 0] AD: A/D conversion start bit

In both the A/D and sense modes, writing 1 at this bit starts A/D conversion
whenthe EXT bit (bit 1) ofthe ADC2is 0. Writing 0 at this bit has no meaning.
0 is always read. The meaning of each bit to be written is as follows:

0 No change

A/D conversion start (When EXT bit (bit 1) of ADC2 is 0)

(2) A/ID converter control register 2 (ADC?2)

Address: 001Ey ADC1
The ADC2 is used to control the A/D converter and to indicate its operation
Address: 001Fy ADC2 status.
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2  Bitl  Bit0
Address: 0020y ADDH Address: 001Fy| — TIM1 | TIMO | ADCK | ADIE | ADMD | EXT | TEST
(RW) (RW) (RW) RW) RW) [RMW) (RW)
Address: 0021y ADDL Initial value
000000015
[Bits 6 and 5] TIM1, TIMO: Conversion/comparison time select bits
Bits 6 and 5 are used to select the conversion time or comparison time.
mv1 | Timo Conversion time at 8 MHz and Comparison time at 8 MHz and
maximum gear speed maximum gear speed
0 0 33 system clock cycles (16.5 us) 18 system clock cycles (9.0 ps)
0 1 48 system clock cycles (24.0 ps) 33 system clock cycles (16.5 us)
1 0 66 system clock cycles (33.0 us) 51 system clock cycles (25.5 us)
1 1 90 system clock cycles (45.0 us) 75 system clock cycles (37.5 us)
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Address: 001Ey ADC1
Address: 001Fy ADC2
Address: 0020y ADDH
Address: 0021y ADDL

[Bit 4] ADCK: External input clock pulse select bit
Bit 4 is used to select the clock pulse for starting by the external input clock
pulse.

0 No change
1 Operation started (when EXT bit (bit 1) of ADC2 is 1)

[Bit 3] ADIE: Interrupt specification bit
This bit is used to specify interrupt enable/disable.

0 Interrupt disabled

1 Interrupt enabled

[Bit 2] ADMD: Function-switching bit
This bit is used to switch the A/D mode and sense mode.

0 A/D mode

1 Sense mode

[Bit 1] EXT: Start type select bit
Bit 1 is used to select the conversion start type.

0 Starts A/D conversion with AD bit (bit 0) of ADC1

Starts A/D conversion at rising edge of clock selected by

1| ADCK bit (bit 4) of ADC2

[Bit 0] TEST: Test bit
This bit is used only for testing. Always write 1 at this bit. 1 is always read.

(3) A/D data registers H and L (ADDH and ADDL)

These registers are used to store the results of A/D conversion in A/D mode
and write the comparison set value in the Sense mode. Two upper bits and
eight lower bits are assigned to the ADDH and ADDL, respectively.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 00204 — — — — — — 9 8

(RW) (RIW)

Initial value
000000XXg

Address: 0021y 7 6 5 4 3 2 1 0

(RW)  (RW) (RMW) (RMW) (RW) (RW) [RMW) (RMW)

Initial value
XXXXXXXXg
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* When A/D mode

In the A/D mode, the result of the A/D conversion is stored as soon as con-
version is terminated. After the completion of conversion, the value of the
register is held until conversion is restarted.

As soon as conversion is started, the value of the register becomes unde-
fined. Therefore, the conversion value must always be read after the end of
conversion before the next conversion is started.

* When Sense mode

In the Sense mode, the set value to be compared is written beforehand to
this register.

The value of the register, once set, is held unchanged even after compari-
son.

Do not write data during conversion in either the A/D or sense modes.

l Description of Operation

The operation of the AD converter is described below.

(1) A/D mode

- Start/restart by software
Writing 0 at the ADMD bit (bit 2) of the ADC2 gives the A/D mode. Writing 1
at the AD (bit 0) of the ADCL1 starts the A/D conversion.

When 1 is written at the AD bit (bit 0) of the ADC1 during conversion, the
conversion being executed is aborted to restart the next conversion.

« Start/restart by external clock pulse
Writing 1 at the EXT bit (bit 1) of the ADC2 in the A/D mode gives the stand-
by state for starting by an external clock pulse. When the rising edge of the
clock pulse selected by the ADCK bit (bit 4) of the ADC2 is detected, the
conversion is started.

When the clock pulse is given at the rising edge during conversion, the
conversion being executed is aborted to restart the conversion. If the con-
version is started or restarted by the external clock pulse with the EXT bit
(bit 1) of the ADC2 set to 1, it cannot be started or restarted by software.

* End
After completion of conversion, the results are stored in the data register
and the ADI bit (bit 3) of the ADCL1 is set. Atthistime, if the ADIE bit (bit 2) of
the ADC2 is 1, an interrupt request occurs.

The results of conversion are held in the data register until the next conver-
sion is started. Therefore, the conversion value should be read after con-
version before the next conversionis started. As soon asthe conversionis
started, the previous conversion results are lost.
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 Continuous start by external clock pulse
Providing a clock pulse based on the conversion time and result reading
time permits continuous starting of conversion.

(2) Sense mode

« Comparison/recomparison by software
The set value to be compared is written beforehand to the data register.

Writing 1 at the ADMD bit (bit 2) of the ADC2 and selects the Sense mode.
Writing 1 at the AD bit (bit 0) of the ADC1 and starts comparison.

When 1 is written at the AD bit (bit 0) of the ADC1 during comparison, the
comparison being executed is aborted to restart comparison.

« Comparison/recomparison by external clock pulse
The set value to be compared is written beforehand to the data register.

Writing 1 at the EXT bit (bit 1) of the ADC2 in the Sense mode gives the
standby state for starting by an external clock pulse. When the rising edge
of the clock pulse selected by the ADCK bit (bit 4) of the ADC2 is detected,
the comparison is started.

When a clock pulse is provided at the rising edge during comparison, the
comparison being executed is aborted to restart the comparison. If the
comparison or recomparison is executed by the external clock pulse with
the EXT bit (bit 1) of the ADC2 set to 1, it cannot be compared or recom-
pared by software.

* End
Ifthe results of comparison meet the conditions set by the SIFM bit (bit 1) of
the ADC1, the ADI bit (bit 3) of the ADCL1 is set. Atthistime, if the ADIE bit
(bit 2) of the ADC2 is 1, an interrupt request occurs.

If the results of comparison do not meet the conditions, the ADI bit (bit 3) of
the ADCL1lis not set. Inthis case, the end of comparison should be fixed to
when the ADMYV bit (bit 2) of the ADC1 becomes O.

The set value written to the data register is held unchanged even after
comparison.

Continuous start by external clock pulse
Providing a clock pulse based on the comparison time permits continuous
starting of comparison.
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H Precautions for A/D converter

@)

)

®3)

(4)

(®)

In the Reset mode, conversion and comparison stop to initialize each
register.

In the Stop mode, conversion and comparison stop to clear the flag bit
(ADMV bit (bit 2) of the ADC1) in operation. The settings of other bits
remain unchanged.

If starting is performed by the external clock pulse, it cannot be done by
software (AD bit (bit 1) of the ADC1).

Do not rewrite the setting of each register during conversion and com-
parison.

To change the setting with starting by the external clock pulse, set the
EXT bit (bit 1) of the ADC2 to 0 when the operation is stopped (ADMV bit
(bit 2) of the ADC1 is 0), and then inhibit starting by the external clock
pulse.

If the start is made by software (AD bit (bit 1) of the ADC1), the analog
input channel for restart can be switched and the interrupt source in the
Sense mode can be changed.

To switch between the A/D and Sense modes, clear the interrupt flag bit
(ADI bit (bit 3) of the ADC1).

To perform continuous starting of conversion and comparison by the ex-
ternal clock pulse, set the time based on the conversion and compari-
son timing, and results reading.

The A/D conversion value is effective until the next conversion is started
after conversion. The set value written at the data register in the Sense
mode is held even after comparison.
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2.13 BUZZER OUTPUT CIRCUIT

CIRCUIT _ _
@ The buzzer output sound for checking key input can be output.
@ Two frequencies can be output by setting the registers.
H Block Diagram
Internal bus
TBCR BUZR
TBR BUZ1 | BUZO
CLR
Select “:I:I:
10.0 MHz 1/210 10
1/211 11 BZ
1/2 o
frequency CK P-ch high-withstand-voltage port
Time-base timer Selector

Fig. 2.42 Buzzer Output Circuit Block Diagram

M Registers

The buzzer output block has buzzer register (BUZR).

Address: 000Ey

8 bit ———»

BUZR
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Address: 000Ey BUZR

H Description of Registers

The detail of buzzer register is described below.

« Buzzer register (BUZR)

This 2-bit register enables buzzer output and selects the frequency.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address: 000Ey — — — — — — BUZ1 | BUZO
(RIW)  (R/W)

Initial value

------ 00g

[Bits 1 and 0] BUZ1, BUZ0: Buzzer-select bits

These bits are used to enable buzzer output and select the frequency. The
buzzer output function is disabled by 00. In other cases, the frequencies
listed in the table below are selected.

Table 2-7 Buzzer Output Frequencies
(at 8.0 MHz of oscillation frequency)

BUZ1 | BUZO Buzzer output frequency
0 0 High impedance
0 1 Set (H)
1 0 3.91 kHz
1 1 1.95 kHz

l Description of Operation

This circuit outputs a signal for use as a check sound. The buzzer registeris
used to enable buzzer output and select the frequency. Setting 00 at the
BUZR register produces a square wave of Hi-Z frequency, and setting 01
produces a square wave of High frequency.

Setting 10 or 11 at the BUZR register, and setting the square wave as above
values.

l Precautions for Buzzer Output Circuit

Part of the time-base timer is used as the buzzer output. Therefore, clear
operation of the time-base timer affects the circuit.
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CIRCUIT

INT1

INTO

2.14 EXTERNAL INTERRUPT CIRCUIT

@ The edges of two external-interrupt sources (INTO and INT1) can be de-
tected to set the corresponding flag.

@ An interrupt can be generated at the same time the flag is set.

@ Both interrupt can release the STOP or SLEEP mode.

H Block Diagram

D—(} IRQ1

IRQO

EIR1

SL11 | SL10 EIE1 EIRO SLO1 | SLOO EIEO EIC

NS 1 X

o [ o
1

L 0 1

Address: 000Fy

EIC

Fig. 2.43 External Interrupt Circuit Block Diagram

B Register List

8 bit ———»

Address: 000Fy4 EIC R/W External-interrupt control register

B Description of Registers

« External-interrupt control register (EIC)

The EIC controls an interrupt by the IRQ pin.
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl  Bit0

Address: 000Fy| EIR1 SL11 | SL10 EIE1 EIRO | SLO1 | SLOO EIEO

RW) (RW) (RW) RW) RW) [RW) ((RMW) (RW)

Initial value
000000005
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[Bit 7] EIR1: External-interrupt request flag

When the edge specified by the SL10 and SL11 bits is input to the INT1 pin,
bit7issetto 1. Whenthe EIE1 bitis 1, aninterruptrequest (IRQ1)is output if
this bit is set.

The meaning of each bit to be read is as follows:

0 Specified edge not input to INT1 pin

1 Specified edge input to INT1 pin (IRQ1 is output.)

1 is always read when the Read Modify Write instruction is read.

The meaning of each bit to be written is as follows:

0 This bit is cleared.

1 This bit does not change nor affect other bits.

[Bit 6 and Bit 5] SL11, SL10: Edge-polarity mode select bit
These bits are used to control the input edge polarity of the INT1 pin.

SL11 | SL10 Selection of external interrupt enable edge
1 X Both-edge mode
0 1 Rising edge
0 0 Falling edge

[Bit 4] EIE1: Interrupt-enable bit
This bit is used to enable an external-interrupt request by the INT1 pin.

0 Interrupt request disabled

1 Interrupt request enabled by EIR1 setting

[Bit 3] EIRO: External-interrupt request flag

When the edge specified by the SLO0 and SLO1 bits is input to the INTO pin,
bit 3is setto 1. When the EIEQ is 1, an interrupt request (IRQO) is output if
this bit is set.

The meaning of each bit to be read is as follows:

0 Specified edge not input to INTO pin

1 Specified edge input to INTO pin (IRQO is output.)

1 is always read when the Read Modify Write instruction is read.
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The meaning of each bit to be written is as follows:

0 This bit is cleared.

1 This bit does not change nor affect other bits.

[Bit 2 and Bit 1] SLO1, SLOO: Edge-polarity mode select bit
These bits are used to control the input edge polarity mode of the INTO pin.

SL11 | SL10 Selection of external interrupt enable edge
1 x Both-edge mode
0 1 Rising edge
0 0 Falling edge

[Bit O] EIEOQ: Interrupt-enable bit
Bit 0 is used to enable an external-interrupt request by the INTO pin.

0 Interrupt request disabled

1 Interrupt request enabled by EIRO setting

H Precautions for Using External Interrupt Circuit

To enable the interrupt after reset is cleared, clear the interrupt flag at the
same time. When the external interrupt request flags (EIR1 and EIRO0) are
set to 1, an interrupt request occurs immediately.
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OPERATION FUﬁTSU

The operation of MB89140 is described below.

3.1 CLOCK PULSE GENERATOR

The MB89140 series of microcontrollers incorporate the system clock pulse generator. The crystal oscillator
is connected to the X0 and X1 pins to generate clock pulses. Clock pulses can also be supplied internally by
inputting externally-generated clock pulses to the X0 pin. The X1 pin should be kept open.

The X0A and X1A pins are used for the subclock and function in the same manner as the X0 and X1 pins.
When the single-channel clock option is selected, the X0OA and X1A pins serve as the P70 and P71 pins re-

spectively.

MB8914X MB8914X

X0 X0

xtal —1
_"; X1 OPEN — X1

X0A X0A

X1A OPEN — X1A
OSC.

Fig. 3.1 Clock Pulse Generator
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3.2 RESET

The detail of reset operation and reset sources are described below.

3.2.1 Reset Operation

When reset conditions occur, the MB89140 series of microcontrollers suspend the currently-executing
instruction to enter the reset state. The contents written at the RAM do not change before and after reset.
However, if a reset occurs during writing of 16-bit long data, data is written to the upper bytes and may not be
written to lower bytes. If areset occurs around write timing, the contents of the addresses being written are not
assured.

When the reset conditions are cleared, the MB89140 series of microcontrollers are released from the reset
state and start operation after fetching the mode data from address FFFDy, the upper bytes of the reset vec-
tors from address FFFEy, and the lower bytes from address FFFF, in that order. Figure 3.2 shows the flow-

chart for the reset operation.

Fetch mode data from address FFFDy.

Fetch reset vectors from addresses
FFFEyand FFFFy,

Fetch instruction codes from reset
vectors and execute the instruction.

Execute the next instruction.

Fig. 3.2 Outline of Reset Operation

Figure 3.3 indicates the structure of data to be stored in addresses FFFDy, FFFEH, and FFFF.

FFFFy Lower 8 bits of reset vector ) . ) )
Enter the address where the instruction, which will be executed

first after reset is cleared, is stored.

FFFERQ Upper 8 bits of reset vector

FFFDy Mode data 7 6 5 4 3 2 1 0

Reserved; always set ). — 8 ——1
Mode bit: Specify the memory mode as follows:

T2 T1 TO Operation
0 0 0 External-access disable (single chip)
Other than above Reserved; do not set.

Fig. 3.3 Reset Vector Structure
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3.2.2 Reset Sources

The MB89140 series of microcontrollers have the following reset sources.

(1) External pin A Low level is input to the RST pin.

(2) Specification by software 0 is written at the RST bit of the standby-control register.

(3) Power-on Power-on reset

(4) Watchdog function The watchdog function is enabled by the watchdog-control register and

reaccess to this register is not obtained within the specified time.

When the stop mode is cleared by reset or power-on reset, operation is started after elapse of the oscillation
stabilization time.

For details, see pages 2-19 and 2-20.

Note: Inmodes other than Stop, the external resetinputis sampled by the external clock pulse. Therefore, no
reset input is accepted when external clock pulses are not supplied to the MB89140.
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3.3 INTERRUPT

If the interrupt controller and CPU are ready to accept interrupts when an interrupt request is output from the
internal resources or by an external-interrupt input, the CPU temporarily suspends the currently-executing
instruction and executes the interrupt-processing program. Figure 3.4 shows the interrupt-processing flow-
chart.

Internal bus
( ; ] Interrupt
Register file PS | IL . 5
®) IL updated
| 11 ] | [ PC, PS saved
Reset clear
< IPLAHH IR Check I—I Comparatorl I 4
4 4 Level
MB8914X CPU @ @ (1) Initialize | gecided (6) Clear request
| | - interrupt T
) [ [ 3
(7) Interrupt
- ) (2) Execute Interrupt processing
main program generation
(5) b——— RAM - I
Restore PC, PS
]
Enable FF |— .
AND > ' RETI
> Source FF |— 3 ' (8)
(6) 1) R Interrupt controller ! PC, PS restored
- Resource

Fig. 3.4 Interrupt-processing Flowchart

Allinterrupts are disabled after aresetis cleared. Therefore, initialize interrupts in the main program (1). Each
resource generating interrupts and the interrupt-level-setting registers (ILR1 to ILR3) in the interrupt controller
corresponding to these interrupts are to be initialized. The levels of all interrupts can be set by the interrupt-
level-setting registers (ILR1 to ILR3) in the interrupt controller. The interruptlevel can be setfrom 1to 3, where
1 indicates the highest level, and 2 the second highest level. Level 3 indicates that no interrupt occurs. The
interrupt request of this level cannot be accepted. After initializing the registers, the main program executes
various controls (2). Interrupts are generated from the resources (3). The highest-priority interrupt requests
are identified from those occurring at the same time by the interrupt controller and are transferred to the CPU.
The CPU then checks the current interrupt level and the status of the I-flag (4), and starts the interrupt proces-
sing.

The CPU performs the interrupt processing to save the contents of the current PC and PS in the stack (5) and
fetches the entry addresses of the interrupt program from the interrupt vectors. After updating the IL value in
the PS to the required one, the CPU starts executing the interrupt-processing routine.

Clear the interrupt sources (6) and process the interrupts in the user’s interrupt-processing routine. Finally,
restore the PC and PS values saved by the RETI instruction in the stack (8) to return to the interrupted instruc-
tion.

Note: Unlike the F2MC-8 family, A and T are not saved in the stack at the interrupt time. If interrupts of the
same level occur at the same time, IRQO takes precedence.
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Table 3-1 lists the relationships between each interrupt source and interrupt vector.

Table 3-1 Interrupt Sources and Interrupt Vectors

Interrupt source Upper vector Lower vector

address address
IRQO (External interrupt 0) FFFAY FFFBy
IRQ1 (External interrupt 1) FFF84 FFF9y4
IRQ2 (8-bit PWM timer: Timer 1) FFF6y FFF7y
IRQ3 (8/16-hit timer/counter: Timer 2) FFF4y FFF54
IRQ4 (8/16-bit timer/counter: Timer 3) FFF2y FFF34
IRQ5 (12-bit MPG CMIR) FFFOH FFF1y
IRQ6 (12-bit MPG CLIR) FFEEHQ FFEFH
IRQ7 (12-bit MPG DTIR) FFECH FFEDH
IRQ8 (8-hit serial 1/0) FFEAy FFEBy
IRQ9 (A/D converter) FFE8H FFE9H
IRQA (Interval timer) FFEGH FFE7H
IRQB (Watch) FFE4y FFE5y
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3.4 LOW-POWER CONSUMPTION MODES

The MB89140 series of microcontrollers have three standby modes: sleep, stop, and watch to reduce the
power consumption. Writing to the standby control register (STBC) switches to these three standby modes.
See 2.2 for setting and releasing each mode.

The MB89140 series of microcontrollers have a double clock module, and the low-power consumption modes
vary with the main clock and subclock modes. Whether or not an oscillation stabilization period is required at
release from each low-power consumption mode depends on the mask option of the power-on reset (see the
status transition chart in 2.2).

If the single clock module is specified with the mask option, the MB89140 series of microcontrollers can be
used as single clocks. If the microcontrollers are used as single clocks without specifying the single clock
module with the mask option, once the subclock mode is entered, it cannot be released. Therefore, when
using these controllers as a single clock, specify the single clock module with the mask option.

Table 3-2 Low-power Consumption Mode at Each Clock Mode

Main mode Sub-mode
Function Note

RUN SLEEP STOP RUN SLEEP STOP Watch

Main clock — | Operate | Operate Stop Stop Stop Stop Stop
Subclock — | Operate | Operate | Operate | Operate | Operate Stop Operate

Instruction A Operate Stop Stop Operate Stop Stop Stop

CPU ROM A
Operate Hold Hold Operate Hold Hold Hold
RAM A

I/O A Operate Hold Hold Operate Hold Hold Hold
Watch prescaler B Operate | Operate | Operate*l] Operate | Operate Stop Operate

Time-based timer B Operate | Operate Stop Stop Stop Stop Stop

8-bit PWM A Operate | Operate Stop Operate | Operate Stop Stop

8/16-bit timer A Operate | Operate Stop Operate | Operate Stop Stop

s oll:i?(; e 12-bit MPG A Operate | Operate Stop Operate | Operate Stop Stop

8-bit SIO A Operate | Operate Stop Operate | Operate Stop Stop
10-bit A/D converter A Operate | Operate | Operate [Operate*2|Operate*2| Operate | Operate
External interrupt A Operate | Operate | Operate | Operate | Operate | Operate | Operate

Buzzer output B Operate | Operate Stop Stop Stop Stop Stop

Watchdog timer B Operate Stop Stop |Operate*3] Stop Stop Stop

Notes:

A The operating speed is affected by the clock mode (main clock or subclock) and the gear function.

B The operating speed is not affected by the clock mode (main clock or subclock) and the gear function.
*1 The watch prescaler performs counting but no timer interrupt occurs.

*2 Although operation is possible, do not use this.

*3 When clock source used as watch prescaler
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3.5 PIN STATES FOR SLEEP, STOP AND RESET

The state of each pin of the MB89140 series of microcontrollers at sleep, stop and reset is as follows:

(1) Sleep The pin state immediately before the sleep state is held.

(2) Stop  The pin state immediately before the stop state is held when the stop mode is started and bit 5 of
the standby-control register (STBC) is set to 0; the impedance of the output and input/output pins
goes High when the bit is set to 1.
(3) Reset When the MOD pin is 0, the impedance of all I/O and resource pins (excluding pins for pull-up
option) goes High.
Table 3-3 Pin State of MB89140
. Stop/Watch Stop/Watch
Pin name Normal Sleep SPL=0 SPL =1 Reset
X0 Input for oscillation | Input for oscillation | High impedance*2 High impedance*2 | Input for oscillation
X1 Output for oscillation | Output for oscillation High output Mode input Input for oscillation
MODA Mode input Mode input Mode input Mode input Mode input
RST Reset input Reset input Reset input Reset input Reset input*>
PO7/AN7 Port/resource Port/resource Port/resource High impedance*2 High impedance
to POO/ANO input/output input/output input/output
P13/AN8 Port/resource Port/resource Port/resource High impedance*2 High impedance
to P10/ANB input/output input/output input/output
P16 to P14 Port input/output Port input/output Port input/output High impedance*2 High impedance
P23, P20 Port output Port output Port output High impedance High impedance*6
P22/WDG Port output/ Port output/ Port output/ High impedance High impedance*8
resource output resource output resource output
P21/PWO0 Port output/ Port output/ Port output/ High impedance High impedance*®
resource output resource output resource output
P17/ADST Port/resource Port/resource Port/resource
P37/DTTI input/output input/output input/output High impedance*3 High impedance
to P30/INTO/TRG
P47 to P40 Port output Port output Port output High impedance High impedance
P57 to P50 Port output Port output Port output High impedance High impedance
P67 to P60 Port output Port output Port output High impedance High impedance
P70/X0A"1 Port input Port input Port input High impedance*4 High impedance
P71/X1A" Port input Port input Port input High impedance*4 High impedance
BZ Buzzer output Buzzer output Buzzer output High impedance High impedance

*1 When the single-circuit clock or dual-circuit clock is selected, the same operation as X0 and X1

performed.

*2 The input level is fixed to prevent leakage due to open input.

*3 The input of P30/INTO and P31/INT1 should be fixed to High or Low.

*4 Low output is provided after reset is cleared.
*5 At power-on reset, a Low level is output during the oscillation stabilization time.
*6 Low output is provided after reset is cleared.
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INSTRUCTIONS FUﬁTSU

4.1 TRANSFER INSTRUCTIONS

NO MNEMONIC ~ # OPERATION TL|TH|AH | NzZVvC | OP CODE
1| MOVdirA 3 2 (dir) - (A -] - -] ———— 45
2 | mMov @Ix+off,A 4 | 2 | ((xX)+off) - @A) | = - - 46
3 | MOV extA 4 3 (ext)y < (A) - - -] ——— 61
4 | mov @EP,A 3| 1] (EP) ~® =l -] - 47
5| MOVRIA 3 1 (Ri) «« @A) -] - -] ———— 4810 4F
6 | MOV A#d8 2121 ® -ds acl|l —| = ++—— 04
7 | MOV Adir 3 2 (A) «~ dir AL| —| —| ++—— 05
8 | MOV A @IX+off 4 2 (A)  « ((IX)+off) AL| —| —| ++—— 06
9 | MOV A,ext 4 3 (A)  ~ (ext) AL| —| —| ++—— 60

10 | MOV A,@A 311 ™ <@ ALl = = ++—— 92
11 | MOV A@EP 31 1] @® - (EP) acl|l —| = ++—— 07
12 | MOV ARI 3 1 (A)  « (Ri) AL| —| —| ++—— 08 to OF
13 | MOV dir,#d8 4 3 (dir) ~ d8 — - -] ———— 85
14 | MOV @Ix+off#d8 5 | 3 | ((X)+off)  ~ d8 =l =] ——— 86
15 | MOV @EP,#d8 4 | 2| (EP) - d8 =l =] ——— 87
16 | MOV Ri#d8 4 2 (Ri) «~d8 -1 -1 - —— 88 to 8F
17 | MOVW dir,A 4 | 2 | (din  <(AH)(dir+1) (AL) S [ | D5
18 | MOVW @IX+off,A 5 | 2 | (X)+off)y  —(AH),((IX)+off+1) ~(AL) - -] - — D6
19 | MOVW extA 5 | 3 | (ex) < (AH)(ext+1) (AL B D4
20 | MOVW @EP,A 4 1 ((EP)) < (AH),((EP)+1) ~ (AL) -] - -] —— D7
21 | MOVW EP,A 2 11| B @& | =l = - E3
22 | MOVW A #d16 3 3 (A) ~ di6 AL | AH| dH | ++—— E4
23 | MOVW Adir 4 2 (AH) —(dir),(AL) (dir+1) AL | AH| dH | ++—— c5
24 | MOVW A @IX+off 5 2 (AH) —((IX)+off),(AL) « ((IX)+off+1) AL | AH| dH | ++—— c6
25 | MOVW A ext 5 3 (AH) ~ (ext),(AL) ~ (ext+1) AL | AH| dH | ++—— C4
26 | MOVW A,@A 4 1 1| (AH) <((A)(AL) < (A)+D) AL | AH| dH | ++—— 93
27 | Movw A,.@EP 4 | 1 | (AH) —((EP)).(AL) ~((EP)+1) AL | AH| dH | ++—— c7
28 | MOVW AEP 2111 (® <EP | =ldH| ———— F3
29 | MOVW EP#d16 3 | 3| (EP) ~di6 =l =] ——— E7
30 | MOVW IX,A 2 1 1] (X <A |l =l =] ——— E2
31 | MOVW AIX 2 1 (A)  ~ (IX) -]l —]ldH|] ———— F2
32 | MOVW SP,A 21 1] (P -@® =l =] - E1
33 | MOVWASP 2 1| @ <(sp — = lH] ———— F1
34 | MOV @AT 31 1] (A <@ | =l = - 82
35 | MOVW @A, T 4 1 ((A) < (TH),((A)+1) < (TL) - -] -] ———— 83
36 | MOVW IX,#d16 3 3 (IX) - di6 -] - -] ——— E6
37 | MOVW APS 2 1 (A) < (PS) —| -l dH| ———— 70
38 | MOVW PS,A 2 1 (PS) « (A —| - —| ++++ 71
39 | MOVW SP,#d16 3 3 (SP) -~ d16 | - -] ———— E5
40 | SWAP 2 | 1] (AH) = (AL) | =lAa| ———— 10
41 | SETBdir:n 4 2 (dir):n <1 - -] -] —— A8 to AF
42 | CLRBdir:n 4 2 (dir):n -0 - -] -] ——— AOto A7
43 | XCHAT 2 1| (AL) = (TL) ALl —| =] ———— 42
44 | XCHWA,T 3111 ® = (T) AL|AH|dH | ———— 43
45 | XCHW AEP 3|1 ® - (EP | —-|dH] ———— F7
46 | XCHW A,IX 3|11 1@ =X — = |H] ———— F6
47 | XCHW A,SP 3|11 ® - (sP —| = |dH] ———— F5
48 | MOVW A,PC 2 1| @®w (PO —| = |dH] ———— FO

Notes

1. In byte transferto A, T — Ais only for low bytes.

2. Operands for two or more operand instructions should be stored in the order designated in MNEMONIC
(Opposite order to F2MC-8 family).

3 ~indicates the number of instruction cycles and # indicates the number of instruction bytes.
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4.2 OPERATION INSTRUCTIONS

NO MNEMONIC ~ # OPERATION TL|TH|AH | NzZVvC | OP CODE
1| AbDCARI 3| 1] A < (A+RiC —| =] = ++++ 2810 2F
2 ADDC A #d8 2 2| (A) < (A)+d8+C — | — | — | ++++ 24
3| ADDC A,dir 3| 2| (A < @+din+c | = =] ++++ 25
4 | ADDC A @IX+off 4| 2| (A < (A+(X)+offj+C — = — | ++++ 26
5| ADDCA@EP 3 1] () < (A+(EP)+C —| =] = ++++ 27
6 | ADDCw A 3] 1] ®» < @+m+c | —dH | ++++ 23
7 ADDC A 2 1| (AL) < (AL)+(TL)+C — | — | — | ++++ 22
8| SUBCARI 3] 1]l ® < @®-R)-C | = =] ++++ 3810 3F
9| suscawuds 2| 21 »w < a)-dsc | =] = ++++ 34
10 | SUBC Adir 3| 21 ™ < @-w@n-c | = = ++++ 35
11 | SUBC A @IX+off al 2] @& < @®-X)+of-C | = = ++++ 36
12 | susc A@EP 3 1| A& < (A-(EP)+C —| =] = ++++ 37
13 | suecwA 3 1] () < M(A-C | — g ++++ 33
14 | SUBCA 2 1| (AL) ~ (TL-(AL)-C —| =] = ++++ 32
15 | INCRI 4| 1] R) - (Ri+1 —| = = +++— C8to CF
16 | INCWEP 3| 1| EP) < EPHL | =] =] = ——— c3
17 | INCW IX 3| 1| ax) - 1x+ N I D Co
18 | INCWA 3| 1|l <@ | —lan ] ++—— co
19 DEC Ri 4 1 (Rl) - (RI)—]. —_ — — + 4+ + — D8 to DF
20 | DECwEP 3 1| (EP) < (EP)-1 N I I D3
21 | DECW IX 3| 1] 10 < @x-1 B I D2
22 | DECwWA 3| 1] @™ —@®-1 I I RPN 5o
23| MuLUA v 1] ® - @y _lan | ——__ o1
24 | DIVUA 21| 1| @& < @Ay, MOD  —(T) d. oo oo | ———— 11
25 | ANDW A 3| 11 @ @& M “lau | ++r— 63
26 | ORWA 3| 1]l @™ @ om —lau| ++r— 73
27 | XORWA 3| 11 @ @ om | —|agu]| ++rR— 53
28| cmpaA 2 1 (TL)—(AL) N I IR A 12
29 | cmPwaA 3 1 (T)—(A) N I R 13
30 RORC A 2 1 - A — =] —| ++—+ 03
31 ROLC A 2 1 C <A — =] —| ++—+ 02
32 CMP A #d8 2 2 (A)—d8 — | — | — | ++++ 14
33| cmPAdir 3| 2 (A)- dir) N I R RN 15
34| cmpPA@EP 3| 1 (A—((EP)) N I R MR 17
35 | CMP A @IX+off 4| 2 (A)—((1X)+off) = = +eee 16
36 | CMPARI 3| 1 (A)—(Ri) N I N I 1810 1F
37 DAA 2 1 | decimal adjust for addition — | = =] ++++ 84
38 DAS 2 1 | decimal adjust for subtraction — ] — ] —| ++++ 94
39| XORA 2 1] @ <@y oy | =] | ++r— 52
40 | XOR A#d8 2| 2|l ® < oOds =l =l +4r= 54
41| XOR Adir 3| 2] @™ -@y O@n | =] = ++r— 55
42 | XOR A @EP 3| 1] @ <Ay O(EP) | = =] ++r— 57
43 | XOR A,@IX+off a|l 2| (& <@y Ox)roff | =1 = ++r= 56
44 XOR A Ri 3 1] (A) < (AL) O (Ri) —| =1 =1 ++rR— 58 to 5F
45 | ANDA 2| 1] @™ <@y AT | = = ++r— 62
46 | AND A #d8 2| 2|l ® <@L nds | =] = ++r— 64
47 | AND A dir 3| 2] (A <@y ndn | =] = +4r— 65
48 | AND A @EP 3 1] (& < (@AY n(EP) | =] = ++r— 67
49 | AND A,@IX+off 4| 2| A < (A) n ((X)+off) | = = ++r= 66
50 | ANDARI 3| 1] ® @Ay (R | = = ++r= 68 t0 6F
51| ORA 2| 1|l ®w @y oy | = —| ++r— 72
52 | ORA#d8 2| 2] ® @A) Dds | =1 = ++r= 74
53 | ORAir 3| 21 @A <Ay 0@ | = = ++r= 75
54 | orA@EP 3| 1| @ -@) D(EP) Y (N I - 7
55 | OR A @IX+off 4| 2| A <ALy O((x)+off) | = = ++r= 76
56 OR ARi 3 1| (A) < (AL) O (Ri) —| =] =1 ++rR— 78to0 7F
57 CMP dir,#d8 5 3 (dir) —d8 — | — ] — | ++++ 95
58 CMP @EP,#d8 4 2 ((EP))—d8 — | — ] — | ++++ 97
59 CMP @IX+off,#d8 5 3 ((IX)+off) — d8 — | — ] — | ++++ 96
60 CMP Ri#d8 4 2 (Ri) —d8 — | = — | ++++ 98 to 9F
61 | INcwsP 3| 1| (sp) - (sP)+1 N I R B c1
62 | DECw sP 3| 1] (SP) — (sP)-1 = = D1
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4.3 BRANCH INSTRUCTIONS

NO MNEMONIC ~ # OPERATION TL|TH|AH | NzZVC OP CODE
1 BZ/BEQ rel 3 2 if Z=1 then PC ~PC+rel _-] -1 -1 FD
2 BNZ/BNE rel 3 2 if Z=0 then PC ~PC+rel - -] —-—— FC
3 BC/BLO rel 3 2 if C=1 then PC ~PC+rel -] -1 -1 F9
4 BNC/BHS rel 3 2 if C=0 then PC ~PC+rel - -] —-—— F8
5 BN rel 3 2 if N=1 then PC ~PC+rel - - -1—-— FB
6 BP rel 3 2 if N=0 then PC ~PC+rel - -] - FA
7 BLT rel 3 2 if V. ON=1then PC ~PC+rel - - —-1—-— FF
8 BGE rel 3 2 if V. ON=0then PC ~PC+rel - -] - FE
9 BBC dir:b,rel 5 3 if (dir:b)=0 then PC —PC+rel — -] - —+—— BO to B7
10 BBS dir:b,rel 5 3 if (dir:b)=1 then PC ~PC+rel - -] - —*+t—— B8 to BF
11 JMP @A 2 1 (PC) «(A) - - -—-— EO
12 JMP ext 3 3 (PC) —ext el el e et 21
13 CALLV #vct 6 1 vector call - -] —-—-—— E8to EF
14 CALL ext 6 3 subroutine call - -] --—-—— 31
15 | XCHW A,PC 3 1 (PC) <(A), (A) ~(PC)+1 -] —]lH| ——— F4
16 RET 4 1 return from subroutine - -1 —-—— 20
17 RETI 6 1 return from interrupt — | — | — | restore 30
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4.4 OTHER INSTRUCTIONS
NO MNEMONIC # OPERATION TL|TH|AH | NZVvC | OP CODE
1 | PUSHW A 4 1 | SP —~SP-2 (SP) <A - - -]1—— 40
2 | POPW A 4 1 |A ~(SP) SP ~ SP+2 —| —|dH]| ———— 50
3 | PUSHW IX 4 1 | SP —~SP-2 (SP) < IX B e I 41
4 | POPW IX 4 1 |IX ~(SP) SP ~ SP+2 - -1 - ——— 51
5 | NOP 1 1 | Nooperation — | — [ —— 00
6 | CLRC 1 1 C -0 —] -] —| ———R 81
7 | SETC 1 1 C -1 —] -] —| ———S o1
8 | CLRI 1 1 C -0 - -] - —-———— 80
9 | SETI 1 1 C -1 B T e 90
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ADVANCED KNOWLEDGE

L H 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 NOP SWAP RET RETI PUSHW POPW MOV MOVW CLRI SETI CLRB BBC dir INCW DECW JMP MOVW
A A A,ext A,PS dir:0 :0,rel A A @A A,PC
1 MULU DIVU JMP CALL PUSHW POPW Mov MOvwW CLRC SETC CLRB BBC dir INCW DECW MOvwW MOvw
A A addrl6 addrl6 IX IX ext,A PS,A dir:1 Arel SP SP SP.A A,SP
2 ROLC CMP ADDC SUBC XCH XOR AND OR MOV MOV CLRB BBC dir INCW DECW MOVW MOVW
A A A A AT A A A @A,T A @A dir:2 2,rel IX IX IX,A A,IX
3 RORC CMPW ADDCW SUBCW XCHW XORW ANDW ORW MOVW MOVW CLRB BBC dir INCW DECW MOVW MOVW
A A A A AT A A A @AT A @A dir:3 :3rel EP EP EPA AEP
4 MOV CMP ADDC SUBC XOR AND OR DAA DAS CLRB BBC dir MOVW MOvwW MOvwW XCHW
A#d8 A#d8 A#d8 A#dB A#d8 A#d8 A#d8 dir:4 4 rel Aext ext,A A#d16 APC
5 MoV CMP ADDC SUBC MOV XOR AND OR MOV CMP CLRB BBC dir MOVW MOVW 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
6 MOV A, CMP A, ADDC A, | SUBC A, | MOV XOR A, AND A, OR A, MOV @] CMP @] CLRB BBC dir MOVW MOvwW MOovw XCHW
@IX+d @IX+d @IX+d @IX+d @IX+d,A @IX+d @IX+d @IX+d IX+d,#d8 IX+d,#d8 dir:6 :6,rel A @IX+d @IX+d,A IX,#d16 AlIX
7 MOV CMP ADDC SUBC MOV XOR AND OR MoV CMP CLRB BBC dir MOVW MOvwW MOvVwW XCHW
A @QEP A @QEP A,@QEP A,@QEP @EP,A A @QEP A @QEP A ,@QEP | @EP,#d8 @EP,#d8 dir:7 7, rel A @QEP @EP,A | EP,#d16 A EP
8 MOV CMP ADDC SuBC MOV XOR AND OR MOV CMP SETB BBS dir INC DEC CALLV BNC
ARO ARO A,RO A,RO RO,A A,RO A,RO A,RO RO,#d8 RO,#d8 dir:0 :0,rel RO RO #0 rel
9 MoV CMP ADDC SUBC MoV XOR AND OR MoV CMP SETB BBS dir INC DEC CALLV BC
AR1 AR1 AR1 AR1 R1,A AR1 AR1 AR1 R1,#d8 R1,#d8 dir:1 Arel R1 R1 #1 rel
A MoV CMP ADDC SUBC MOV XOR AND OR MOV CMP 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
B MOV CMP ADDC SuBC MOV XOR AND OR MOV CMP SETB BBS dir INC DEC CALLV BN
AR3 AR3 AR3 AR3 R3,A AR3 AR3 AR3 R3,#d8 R3,#d8 dir:3 :3rel R3 R3 #3 rel
C MOV CMP ADDC SUBC MOV XOR AND OR MoV CMP 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
D Mov CMP ADDC SUBC MOV XOR AND OR MOV CMP 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
E MOV CMP ADDC SUBC MoV XOR AND OR MoV CMP SETB BBS dir INC DEC CALLV BGE
AR6 AR6 AR6 AR6 R6,A ARG ARG ARG R6,#d8 R6,#d8 dir:6 :6,rel R6 R6 #6 rel
F MOV CMP ADDC SUBC MOV XOR AND OR MoV CMP SETB BBS dir INC DEC CALLV BLT
AR7 AR7 AR7 AR7 R7,A AR7 AR7 AR7 R7,#d8 R7,#d8 dir:7 7, rel R7 R7 #7 rel
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MASK OPTIONS
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FUJITSU

Table 5-1 Mask Options

No Model MB89144V1 | MB89144V2
MB89PV140 MB89PV140 | MB89145V1 MB89145V2 | MB89P147V1 | MB89P147V2
-101 -102 MB89146V1 MB89146V2 | MB89W147V1 | MB89W147V2
Item MB89147V1 MB89147V2
Power-on reset
1 Available Available Select when ordering mask Select by EPROM writer
Unavailable
Reset pin output
2 Available Available Select when ordering mask Select by EPROM writer
Unavailable
Clock mode selection
3 Single-circuit clock mode Single Dual Select when ordering mask Select by EPROM writer
Dual-circuit clock mode
Pull-up resistor Select when orderi k Select by EPROM writ
4 P14 to P17 Unavailable Ceet;: w Ientoz1 frlng mhas. . ebec Iy e wrlher.
P32 to P37 (Can be selected for each pin) | (Can be selected for each pin)
Pull-down resistor
P47 to P40 , . Available for . Available for
5 P57 to P50 Unavailable Unavailable all pins Unavailable all pins
P67 to P60
Table 5-2 Model Specifications
Model SH-DIP64 QFP64

MB89PV140-101
MB89PV140-102
MB89144V1
MB89144V2
MB89145V1
MB89145Vv2
MB89146V1
MB89146V2
MB89P147V1
MB89P147V2
MB89W147V1
MB89W147V2

MB89PV140C-101-ES-SH
MB89PV140C-102-ES-SH

MB89PV140CF-101-ES
MB89PV140CF-102-ES

MB89144P-SH-V1
MB89144P-SH-V2
MB89145P-SH-V1
MB89145P-SH-V2
MB89146P-SH-V1
MB89146P-SH-V2
MB89P147P-SH-V1
MB89P147P-SH-V2
MB89W147C-ES-V1
MB89W147C-ES-V2

MB89144PF-BND-V1
MB89144PF-BND-V2
MB89145PF-BND-V1
MB89145PF-BND-V2
MB89146PF-BND-V1
MB89146PF-BND-V2
MB89P147PF-BND-V1
MB89P147PF-BND-V2
MB89W147CF-ES-V1
MB89W147CF-ES-V2
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APPENDIX FUﬁTSU
APPENDIX A 1/0 MAP
Addresses 00 tol7
. . Initial value - .

Address Read/Write Register MSB O O LSB Description of register
004 (RIW) PDRO XXXX XXXX]| Port O data register
01y (W) DDRO 0000 0000 | Port O data direction register
02y (RIW) PDR1 XXXX XXXX| Port 1 data register
03y (W) DDR1 0000 0000 | Port 1 data direction register
04y (R/IW) PDR2 ---- 0000 | Port2 data register
054 Reserved — — Access disable
06H Reserved — — Access disable
07y (RIW) SYCC X --11111 | System clock control register
08y (RIW) STBC 00001 0 - - -| Standby control register
094 (RIW) WDTC 000 - XXXX| Watchdog timer control register
0Ay (R/IW) TBCR 00 -- - 000 | Time-base timer control register
0By (RIW) WPCR 00 -- - 000 | Watch prescaler control register
0Ch (RIW) PDR3 XXXX XXXX| Port 3 data register
0Dy (W) DDR3 0000 0000 | Port 3 data direction register
OEy (R/IW) BUZR | ---- -- 00 | Buzzer register
OFy (RIW) EIC 0000 0000 | External interrupt control register
10y (R/W) PDRA4 0000 0000 | Port 4 data register
11y (R/W) PDR5 0000 0000 | Port 5 data register
12y (R/W) PDR6 0000 0000 | Port 6 data register
134 (W) PDR7 | ---- -- 00 | Port 7 data register
14y
154
16y (W) COMR XXXX XXXX] 8-bit PWM timer compare register
17y (R/IW) CNTR 0 - 00 0000 | 8-bit PWM timer control register

See each section describing the block of the registers for each register function.
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FUﬁTSU APPENDIX
Address 18 to 7Fy
. , Initial value - .

Address Read/Write Register MSB O O LSB Description of register
184 (R/W) T3CR X000 XXXO0| Timer 3 control register
19y (RIW) T2CR X000 XXXO0| Timer 2 control register
1Ay (R/W) T3DR XXXX XXXX]| Timer 3 data register
1By (R/IW) T2DR XXXX XXXX| Timer 2 data register
1Cy (R/IW) SMR 0000 0000 | Serial mode register
1Dy (RIW) SDR XXXX XXXX| Serial data register
1Ey (R/W) ADC1 0000 0000 | A/D control register 1
1Fy (RIW) ADC2 -000 0001 | A/D control register 2
20y (R/W) ADDH 0000 00XX | A/D data register (H)
21y (RIW) ADDL XXXX XXXX| A/D data register (L)
224 (W) PCRO 0000 0000 | Portinput control register O
234 (W) PCR1 ---- 0000 | Portinput control register 1
24y (R/W) MCNT 0000 0000 | MPG control register
25y (R/IW) INTSTR 0000 0000 | MPG interrupt status register
264 (W) CMCLBR(H) | ---- 0000 | MPG compare clear buffer register (H)
27H (W) CMCLBR(L) | 0000 0000 | MPG compare clear buffer register (L)
284 (W) OUTCBR(H) | ---- 0000 | MPG output buffer register (H)
294 (W) OUTCBR(L) | 0000 0000 | MPG output buffer register (L)
2AH
ZBH
2CH Reserved — (Access disable)
2Dy
2EH

30y to 77y
784
79H
7AH
7By
7CH (W) ILR1 1111 1111 | Interrupt level setting register 1
7Dy (W) ILR2 1111 1111 | Interrupt level setting register 2
7TEH (W) ILR3 1111 1111 | Interrupt level setting register 3
7Fy Reserved — (Access disable)

Note: The value is undefined when the bit indicated by — in the register column.

See each section describing the block of the registers for each register function.
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APPENDIX FUﬁTSU

APPENDIX B EPROM SETTING FOR MB89P147

MB89P147 is provided with the function corresponding to MBM27C256A by EPROM setting. The setting can
be performed by writing program data with general-purpose EPROM writer through adaptor for exclusive use .

* Setting
(1) Set the EPROM writer to MBM27C256A.

(2) Load the program data from address 0007 y to address 7FFF of EPROM writer.

(The data is loaded from address 8000 yto address OFFFFyin the operation mode, and from address 0000 y
to address 7FFFyin the EPROM mode.)

Load the option data at addresses 0000 yto 0006 yin the EPROM writer. (See the next Bit Map for the corre-
spondence of each option. )

(3) Write the data with the EPROM writer.

The memory space in the EPROM mode is as follows:

Address EPROM mode

0000y _
Option setting
area
0007y _
Program area
(PROM)
TFFFy
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FUJITSU APPENDIX
Bit Map for PROM Option
7 6 5 4 3 2 1 0
0000y <OP 4> <OP 3> <OP 2>
(8000R) Empty Empty Empty Clock Reset pin Power-on Reserved Reserved
specification output reset
Read/write | Read/write | Read/write |1: Double [1:Available |1:Available (Write 1.) (Write 1.)
possible possible possible |0: Single 0:Unavailablg 0:Unavailablg
0001y P17 P16 P15 P14
(8001R) Pull-up Pull-up Pull-up Pull-up Empty Empty Empty Empty
register register register register
1:Available |1:Available |1:Available |1:Available Read/write | Read/write | Read/write | Read/write
0:Unavailablg 0:Unavailablg 0:Unavailablg 0:Unavailablg  possible possible possible possible
00024 P37 P36 P35 P34 P33 P32
(8002y) Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up Empty Empty
register register register register register register
1:Available |1:Available |1:Available |1:Available |1:Available |1:Available Read/write | Read/write
0:Unavailablg 0:Unavailabldg 0:Unavailablg 0:Unavailabld 0:Unavailablg O:Unavailablg  possible possible
0003y
(8003R) Empty Empty Empty Empty Empty Empty Empty Empty
Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write
possible possible possible possible possible possible possible possible
0004y
(8004y) Empty Empty Empty Empty Empty Empty Empty Empty
Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write
possible possible possible possible possible possible possible possible
0005y
(8005y) Empty Empty Empty Empty Empty Empty Empty Empty
Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write
possible possible possible possible possible possible possible possible
0006y
(8006R) Empty Empty Empty Empty Empty Empty Empty Empty
Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write | Read/write
possible possible possible possible possible possible possible possible

Note: The default of each bit is 1.
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APPENDIX C LIST OF SYSTEM CLOCK CYCLE TIMES WHEN GEAR CHANGED
(Source clock: 8 MHz, 4 MHz)

Setting of CS1 and CSO bits (system clock select bit) of SYCC register
Numberof o, _ 1 cso=1 | cs1=1,cso=0 | csi=0,cso=1 | cs1=0,cso=0
system
clocks 8MHz | 4MHz | 8MHz | amHz | sMHz | 4aMHz | 8MHZ | 4aMHz
(us) (us) (us) (bs) (bs) (us) (us) (us)
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 1280 | 256.0
32 16.0 32.0 32.0 64.0 64.0 1280 | 2560 | 5120
64 32.0 64.0 64.0 128.0 1280 | 2560 | 5120 1024.0
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