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GENERAL FUﬁTSU

The MB89150 and MB89150A series microcontrollers contain various resources such as an LCD controller/
driver, timers, serial interfaces, a remote-control carrier frequency generator, and external interrupts, includ-
ing the compact instruction system.

1.1 Features

* CPU core common to MB89600 series

 Double-clock pulse control

* Maximum memory space: 64K bytes

e Minimum instruction execution time: 0.95 us at 4.2 MHz

* 1/O ports: Max. 43

* 21-bit time-base counter

* 8/16-bit PWM timer/counter: 1 channel

* 8-hit serial I/O: 1 channel

« External interrupt input: 4 pins (Edge selection enabled) + 8 pins (Level interrupt)
* Buzzer output

« 15-bit watch prescaler

» LCD controller/driver with 36 segment outputs x 4 common outputs (max. 144 pixels)
« Built-in reference voltage generator and booster for driving LCD

« Built-in remote-control carrier frequency generator

* Internal power-on reset

» Low-power consumption modes (stop mode, sleep mode and watch mode)

» Package: QFP-80, SQFP-80

* CMOS technology
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1.2 Product Series

Table 1-1 lists the types and functions of the MB89150 series of microcontrollers.

Table 1-1 Types and Functions of MB89150 Series of Microcontrollers

Minimum instruction execution time
Interrupt processing time

0.95 ps/4.2 MHz
9 ps/4.2 MHz

Model Name MB89151/A | MB89152/A | MB89153/A | MB89154/A | MB89155/A MB89P155/A MB89PV150
Piggyback/
Temporary product evaluation
Classification M(esﬁ;;ﬁ)(rgcgjﬁledrg(rj%%%ct (small scale product
p product) (for develop-
ment)
4K x8bits | 6K x8bits | 8K x8bits | 12 K x 8 bits | 16 K x 8 bits (|nlt2r|§ax| Boie, | 32K x8nits
ROM capacity (Internal (Internal (Internal (Internal (Internal writable by generél— (External
ROM) ROM) ROM) ROM) ROM) purpose writer) ROM)
RAM capacity 128 x 8 bits 256 x 8 bits 512 x 8 bits
Number of basic instructions 136
Instruction bit length 8 bits
i Instruction length 1to 3 bytes
CPU functions Data bit length 1, 8, 16 bits

Port

I/O port (N-ch open drain)
drive types)

Output port (N-ch open drain)

capacitor connection pins)*3

16 (12 also used as external interrupt pins)

1 (also used as remote-control pin)

43 (max.)

1/0 port (CMOS)
Output port (CMOS)
Total

18 (16 used as segment pins, 2 also used as boost

8 (6 also used as resource pins, 3 used as heavy-current

Timer counter

2 channels for 8-bit timer counter or 1 channel for 16-bit event counter

Serial /0 8-bit length
Selectable from least significant bit (LSB) first or most significant bit (MSB) first
Common output 4 \Fliéeligr%nce
Segment output 36*3 ene?ator
LCD controller Biased power pin 4 egmd booster
and driver RAM capacity for LCD display 36 x 4 bits for drivin
Built-in reference voltage generator and booster for driving LCD (MB89150A only)*3 LCD notg
Built-in dividing resistor for driving LCD (selectable from external resistor) built in
Number of external 4 (selectable from rising edge, falling edge, or both edges)
interrupts 8 (interrupt for level only)
Buzzer output 1 (7-type frequencies are programmable)
Remote-control :
carrier frequency 1 (pulse width and cycle are programmable)
Standby mode Watch, sub, sleep, and stop modes
Process CMOS
Package*! QFP-80, SQFP-80
Operating voltage*? 22t06.0V 27t06.0V 27t06.0V

EMROM used

MBM27C256A-25 (LCC package)

*1: Refer to the data sheet for the detail of each package

*2: Operating voltage varies depending to the condition such as frequency or others. Operation under 2.2
volt will be provided individually.

*3: Selected by the mask option.
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GENERAL FUﬁTSU

1.3 Block Diagram

Internal bus
[E— Main clock ) .
X0 . Time-base timer
Xl -—————— oscillator
Clock control o
* 8-bit timer/counter «—>» P22/TO
Low power
X0A ————————» . .
1A consumption oscillator o
B (32.768 kHz) 8-bit timer/counter l«—>» P20/EC
— Port
RST Reset circuit 2 P25/SCK
(WDT) 8-bit serial I/0O «—> P24/SO
l«—>» P23/SI|
POO/INT20to 8 External interrupt
PO7/INT27 N dhe -
Port (Wake-up) Buzzer output > P27/BUZ*
0
CMOS 1/O port 2 4
- N-ch open-drain 1/O port X Egé*4’
P10/INT10to 8 External interrupt P54/SEG32*3
PI3/INTIZ <7~ Port (Wake-up) > N-ch open-drain I/O port DN
1 P57/SEG35
4 19 *3
Pl4to P17 -4 CMOS I/0 port — 4 P5t0/SE628
7‘» o]
Port P53/SEG31
RAM 451 4 Pa4ISEG24%3
256 x 8-bit MAX 4> 1o
(256 > 8-bit MAX) P47/SEG27
LCD controller 4 PA:SI SEG20*3
F2MC-8L and driver : P43/SEG23
CPU
20 SEGOto
f SEG19
4, COMOto
ROM COM3
16 K x 8-bit MAX 4
( ) —~» V0toV3
Reference voltage L » P32/CO*2
generator and 2
booster*1 —» P31/CL*
Port
. Remote-control
Otl\i)l%rlg(l)ns carrier frequency 3 > P30/RCO
MODO —»
MOD1 ——> MOD1
Vce —> Vce N-ch open-drain 1/O port
Vss ’ Vss (Only P30 for CMOS output)

*1: Provided or not is selected by the mask option.
*2: When *1 is not provided, these pins are used.
*3: These pins are selected by the mask option.
*4: Heavy current type

Fig. 1.1 Block Diagram (Mass-produced product)
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1.4 Pin Assignment
The production of this type is under consideration

Model with this pin assignment: MB8915X/P155

P42/ P40
SEGZZ*“ SEGZO*" SEG18 SEG16 SEGl4 SEGl2 SEG10 SEG8  SEG6  SEG4

41/
SEGZl"4 SEG19 SEG17 SEG15 SEG13 SEGI11 SEG9 SEG7 SEG5 SEG3

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

76 75 74 73 72 71 70 69 68 67 66 65 64 63 62
P43/SEG23*4 1 60 [ SEG2
P44/SEG24*5 2 59 [ SEG1
P45/SEG25+3 3 58 [ SEGO
P46/SEG26*3 4 57 [ coms3
P47/SEG27*3 5 56 [ com2
P50/SEG28*6 6 55 [— com1i
P51/SEG29*6 7 54 [ COMo
P52/SEG30*6 8 TOP VIEW 53 [ \Veo
P53/SEG31*6 9 52 [ V3
7 v2
P54/SEG32 10 QFP-80 2 /3
P55/SEG33*7 1 H . 50 \%3
(Lead pitch: 0.65 mm) —
P56/SEG34*7 12 A 29 [ vo
(Body size: 14 mm x 14 mm)
Vss 13 48 [ P32+%C0*t
P57/SEG35*7 14 47 [ P3r2cit
X1 15 46 [ P30/RCO
X0 16 45 [/ XA
moD1 17 44 [ X0A
MoDo 18 43 [ P27BUZS
RST 19 42 [ P26+
POO/INT20 20 41 [ P25/SCK
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

tutuuoooonnoougooogad

P01/ P03/ P05/ P07/ P11/ P13/ P15 P17 p21+3 P23/SI
INT21 INT23 INT25 INT27 INT11 INT13
P02/ P04/ P06/ P10/ P12/ P14 P16 P20/EC  P22/TO  P24/SO
INT22 INT24 INT26 INT10 INT12

Fig. 1.2 Pin Assignment ( FPT-80P-M11)

*1: Microcontrollers with built-in booster

*2: Microcontrollers without built-in booster

*3: N-ch open-drain heavy current type

*4 to *7: These pins are selected by the mask option at four pins.
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Model with this pin assignment: MB8915X/P155

P40/
SEG20** SEG18 SEG16 SEG14 SEG12 SEGI0 SEG8 SEG6
SEG19 SEG17 SEG15 SEG13 SEGI11 SEG9 SEG7 SEG5

OO000000N0N0DNnNNNNNn

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65
P41/SEG21*4 1 64 [~ SEG3
P42/SEG22+4 2 63 [ SEG4
PA3/SEG23*4 3 62 [ SEG2
PA44/SEG24*5 4 61 [ SEGL
P45/SEG25*5 5 60 [— SEGO
PA46/SEG26*5 6 59 [ coms
PATISEG27*5 7 58 [ com2
P50/SEG28+6 8 57 [ com1i
P51/SEG29*0 9 56 [—] CoMmo
P52/SEG30%0 10 TOP VIEW 55 [ Ve
P53/SEG31*6 u 54 [ V3
P54/SEG32*7 12 53 v2
QFP-80 —
P55/SEG33+7 13 i . 52 vi
(Lead pitch: 0.8 mm) —
P56/SEG34*7 14 A 21 3 Vo
(Body size: 20 mm x 14 mm)
Vss 15 50 [ Ps32:2cort
P57/SEG35*7 16 49 [ P3r2Cc1t
X1 17 48 [ P30/RCO
X0 18 7 3 XA
MOD1 19 46 [ X0A
MODO 20 45 [ P27/BUZS
RST 21 4 [ P26
POO/INT20 22 43 [ P25/SCK
PO1/INT21 23 42 [ P24/SO
PO2/INT22 24 4 [ P23s
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

IJIJIJIJIJIJIJIJIJIJIJLILIIJIJIJ

P03/ P05/ P07/ P11/ P13/ P15 P17 p21+3
INT23 INT25 INT27 INT11 INT13

P04/ P06/ P10/ P12/ P14 P16 P20/EC  P22/TO
INT24 INT26 INT10 INT12

Fig. 1.3 Pin Assignment (FPT-80P-MO06)

*1: Microcontrollers with built-in booster

*2: Microcontrollers without built-in booster

*3: N-ch open-drain heavy current type

*4 to *7: These pins are selected by the mask option at four pins.
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Model with this pin assignment: MB8915X/P155

P43/SEG23+4
P44/SEG24*5
P45/SEG25*5
P46/SEG26*>
P47/SEG27*5
P50/SEG28*6
P51/SEG29*6
P52/SEG30*6
P53/SEG31*6
P54/SEG32+7
P55/SEG33*7
P56/SEG34*7
Vss
P57/SEG35*7
X1

X0

MOD1
MODO

RST
POO/INT20

© ® N o 0 A W N

N B EEE B REBREES
S © ® N ® o0 & © N 1SY

P42/

40/
SEGZZ*4 SEGZO*4 SEG18 SEG16 SEG14 SEG12 SEGI10 SEG8 SEG6 SEG4

41/
SEGZ:[*4 SEG19 SEG17 SEG15 SEGI13

SEG11 SEG9 SEG7 SEG5 SEG3

Q00000000 NNNNANNANANNM

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61

60
59
58
57
56
55
54

TOP VIEW 53

52

SQFP-80 2
(Lead pitch: 0.50 mm) 50

(Body size: 12 mm x 12 mm)

49
48
47
46
45
44
43
42
41

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

goguogoopoguogooog

UUUUUUUUUUUUUUUUUUUU

P01/ P03/ P05/ P07/ P11/ P13/ P15 P17 p21+3 P23/SI
INT21 INT23 INT25 INT27 INT11 INT13

P02/ P04/ P06/ P10/ P12/
INT22 INT24 INT26 INT10 INT12

P14 P16 P20/EC  P22/TO  P24/SO

Fig. 1.4 Pin Assignment ( FPT-80P-MO05)

*1: Microcontrollers with built-in booster
*2: Microcontrollers without built-in booster
*3: N-ch open-drain heavy current type
*4 to *7: These pins are selected by the mask option at four pins.

SEG2
SEG1
SEGO
com3
Com2
CcoMm1
COMO
Vce

V3

V2

V1

Vo
P32*2/CO*L
P31+2/C1%1
P30/RCO
X1A

XO0A
P27/BUZ*3
P26*3

P25/SCK



GENERAL FUﬁTSU

Model with this pin assignment: MB8915X/P155

P40/
SEG20** SEG18 SEG16 SEG14 SEG12 SEGI0 SEG8 SEG6
SEG19 SEG17 SEG15 SEG13 SEGI11 SEG9 SEG7 SEG5

OO000000N0N0DNnNNNNNn

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65
PA1/SEG21*4 1 64 [ SEG3
P42/SEG22+4 2 63 [ SEG4
PA3/SEG23*4 3 TOP VIEW 62 [ SEG2
PA4/SEG24*5 4 61 [ SEGL
PA45/SEG25*5 5 60 [ SEGO
g .
PA46/SEG26*5 6 ' * ' 59 [ cowms
'
PATISEG2T*S . ! 100 99 98 97 96 95 ' 58 | comz
'
P50/SEG28+6 8 ' O O O O O O O ' 57 [ com1i
'
P51/SEG29*6 9 , O 101 93 O 56 [ Ccomo
P52/SEG30%6 10 ' O 102 92 O 55 [~ Ve
' [

*6 V3
P53/SEG31 1 ' O 103 o1 O , 54 [
P54/SEG32*7 12 ' ' 53 /3 w2

104 %

P55/SEG33*7 13 : O O ! 52 [/ w1
'

P56/SEG34*7 14 O w05 20, 21 3 wo

Vss 15 . QO ws ION 50 P P2
'

P57/SEG35+7 16 ' O 107 87 O ' 49 [ P31
' '

P30/R
X1 17 , O 108 . O . 48 [ P30/RCO
X0 18 ' ' 7 [ XA
NOEL: 50,
MOD1 19 , 46 [ X0A
'
MODO 20 ' O O O O O O O ' 45 [ P27/BUZS
=T 21 : 110 111 112 81 82 83 84 ' w | P
L)
POO/INT20 22 g g " 43 [ P25/SCK
POL/INT21 23 42 [ P24/sO
P02/INT22 24 4 [ Paas
28 29 30 31 32 33 34 35 36 37 38 39 40

IJIJIJIJIJIJIJIJIJIJIJLILIIJIJIJ

P03/ P05/ P07/ P11/ P13/ P15 P17 p21+3
INT23 INT25 INT27 INT11 INT13

P04/ P06/ P10/ P12/ P14 P16 P20/EC  P22/TO
INT24 INT26 INT10 INT12

Fig. 1.5 Pin Assignment (MQP-80C-P01)

*3: N-ch open-drain heavy current type
*4 to *7: These pins are selected by the mask option at four pins.
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1.5 Pin Function Description

Table 1-2 and Table 1-3 lists the pin function and Table 1-3 shows the input/output circuit configurations.

Table 1-2 Pin Function Description

Pin No. o
Pin Name Ctl;glé't Function
QFP 0.65 | QFP 0.80
16 18 X0 Crystal oscillator pins for main clock (Max. 10 MHz)
A CR oscillation available (only for mask product)
15 17 X1
18 20 MODO Operation-mode select pins
B These pins are connected directly to Vss.
17 19 MOD1
_ Reset I/O pin
19 21 RSTX C This pin consists of an N-ch open-drain output with a pull-up resistor and
hysteresis input. A Low level is output from this pin. The internal circuit is
initialized at input of a Low level.
POO/INT20 General-purpose I/O ports
20 to 27 2210 29 to D These ports also serve as external interrupt 2 input (wake-up input) pins.
PO7/INT27 Input is hysteresis type.
P10/INT10 General-purpose /O ports
281t0 31 30to 33 to D These ports also serve as pins for input of external interrupt 1. Input of
P13/INT13 external interrupt 1 is hysteresis type.
321035 34 to 37 P14 to P17 E General-purpose /O port

N-ch open-drain type general-purpose I/O port
36 38 P20/EC G This port also serves as an external clock input pin for the timer. The re-
source is hysteresis input.

37 39 P21 H N-ch open-drain type general-purpose 1/O port

38 40 P22/TO H N-ch open-drain type general-purpose /O port
This port also serves as an timer output pin

N-ch open-drain type general-purpose I/O port
39 41 P23/SI G This port also serves as an serial I/O data input pin. The resource is hys-
teresis input

40 42 P24/SO H N-ch open-drain type general-purpose |/O port
This port also serves as an serial I/O data output pin.

N-ch open-drain type general-purpose I/O port
41 43 P25/SCK G This port also serves as an serial 1/O clock output pin. The resource is
hysteresis input

42 44 P26 H N-ch open-drain type general-purpose 1/O port
43 45 pP27/BUZ H N-ch open-drain type general-purpose I/O port
This port also serves as an buzzer output pin
P32 | This port serves as an N-ch open-drain type general-purpose output port
only for microcontrollers without built-in booster.
48 50
Cco — This port serves as a capacitor connecting pin for microcontrollers with a
built-in booster.
P31 | This port serves as an N-ch open-drain type general-purpose output port
only for microcontrollers without a built-in booster.
47 49

C1 — This port serves as a capacitor connecting pin for microcontrollers with a
built-in booster.

(Continued,
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GENERAL FUﬁTSU

Pin No. o
Pin Name Ctl;glé't Function
QFP 0.65 | QFP 0.80
46 48 P30/RCO F General-purpose output-only port
This port also serves as a remote-control carrier frequency output pin.
P57/SEG35 N-ch open-drain type general-purpose output ports
14t06 16t0 8 to 113 These ports also serve as LCDC segment output pins. They should be
P50/SEG28 switched by the mask option.
P47/SEG27 N-ch open-drain type general-purpose output ports
5t0 78 71080 to 11J These ports also serve as LCDC segment output pins. They should be
P40/SEG20 switched by the mask option.
58 to 77 60 to 79 SEGO to J LCDC segment output-only pins

SEG19

57 59 COMS3

56 58 COM2 J LCDC common output-only pins

55 57 COM1

54 56 COMO

52 54 V3

51 53 V2 — Power pins for driving LCD

50 52 V1

49 51 VO

44 46 X0A

A Low-speed clock pulse oscillation pin (32 KHz)

45 47 X1A

53 55 Vee — Power pin

13 15 Vss — Power (GND) pin
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Table 1-3 Pins for External ROM

Pin No.
Pin Name Circuit type Function
QFP 0.80
82 Vpp Output High-level output pin
83 Al12 Output Address-output pins
84 A7
85 A6
86 A5
87 A4
88 A3
89 A2
90 Al
91 A0
93 01 Input Data-input pins
94 02
95 03
96 Vss Output Power (GND) pin
98 04 Input Data-input pins
99 05
100 06
101 07
102 08
103 CEX Output Chip-enable pin for ROM
A High level is output in the standby mode.
104 A10 Qutput Address-output pin
105 OEX Output Output-enable pin for ROM
A Low level is always output.
107 All Output Address-output pins
108 A9
109 A8
110 Al13 Output Address-output pin
111 Al4 Output Address-output pin
112 Vee Output Power pin for EPROM
81 NC — Internal-connection pins.
92 These pins must always be kept open.
97
106

1-12




GENERAL FUﬁTSU

Table 1-4 Input/Output Circuit Configurations

Classification Circuit Remarks

X1 Used for high speed pulse

A
I: b"' ¢ Feedback resistor: About 2 MQ
X0 _"::..l— >J

]
0
—

Standby control signal

A I% Used for low speed pulse

Fo
T
~I5,

Standby control signal

B ¢ Hysteresis input

C « Output pull-up resistor (P-ch): About 50 kQ (5 V)
R « Hysteresis input

D ¢ CMOS input/output

|P°h— » The resource is hysteresis input.

Nch

—|>O— Port
* The pull-up resistor is available (not available for
—————————{E=0— Resoure MB89PV150).

E » CMOS input/output

I Pch

Nch

l> o Port » The pull-up resistor is available (not available for
MB89PV150).

(Continued)
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Classification Circuit Remarks
= ¢« CMOS output
|P°h— « Pch is driven with heavy current
I Nch
G * N-ch open-drain input/output
I:I ¢ CMOS input
lW * The resource is hysteresis input.
—>O— Port
« The pull-up resistor is available (not available for
———————{E=0— Resoure MB89P155 and MB89PV150).
H * N-ch open-drain input/output
D_ * CMOS input
|_ * P21, P26, and P27 are heavy-current drive type
Nch .
pins.
l> o Port « The pull-up resistor is available (not available for
MB89P155 and MB89PV150).
| « N-ch open-drain output
|_ « The pull-up resistor is available (not available for
Neh MB89P155 and MB89PV150).
« P31 and P32 are not provided with a resistor.
J L pch » LCDC segment output
|_|_|_ Nch
1 Pch
[
|_|_|_ Nch
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1.6 Handling Devices

() Preventing latch-up

Latch-up may occur if a voltage higher than V¢ or lower than Vss is applied to the input or output pins other
than port 4, or if voltage exceeding the rated value is applied between V¢ and Vgs.

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) Always set NC (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 - 60 Hz) should be less than 10%
of the typical V¢ value, or the coefficient of excessive variation should be 0.1 V/ms max. instantaneous
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.
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HARDWARE CONFIGURATION FUﬁTSU

2.1 CPU

This section describes the CPU hardware composition. The CPU has the following six functions.

* Memory Space

« Arrangement of 16-bit Data in Memory
» Registers

 Operation Modes

« Clock Control Block

* Interrupt Controller

2.1.1 Memory space

The MB89150 series of microcontrollers have a memory area of 64K bytes. All I/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 area may 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 at the highest address. Figure 2.1 shows the structure of the memory space for the MB89150
series of microcontrollers.

MB89PV150 MB89151 MB89P155
FFFFy FFFFy FFFFy
ROM
FOOOy p--------4 ROM
External ROM
Co00y p--------1
8000y f-=-------1 Empty area
Empty area Empty area
0280y f--=--=----
O1FFy 01FFy 01804 - - -
Register 0140y | - - - Register
Register
0100y 0100, | RAM 0100y
RAM 00CO{ p-======-1 RAM
Empty area
0080y - -------4 0080H b =-======- 0080y - -------4
1/0 I/O 1/0
0000y 0000y 0000y

Fig. 2.1 Memory Space of MB89150 Series of Microcontrollers
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FUTi)TSU HARDWARE CONFIGURATION

(1) /O area

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

(2) RAM area

This area is where the static RAM is located. Addresses from 0100 yto 017F yare also used as the general-
purpose register area.

(3) ROM area

This areais where the internal ROM is located. Addresses from FFDO4 to FFFFare also used for the table of
interrupt and reset and vector-call instructions. Fig. 2.2 shows the correspondence between each interrupt
number or reset and the table addresses to be referenced for the MB89150 series of microcontrollers.

Table address Table address
Upper data | Lower data Upper data | Lower data
CALLV #0 FFCOH FFC1y Interrupt #11 FFE4y FFES5H
CALLV #1 FFC24 FFC3y Interrupt #10 FFE6H FFE7H
CALLYV #2 FFC4y FFC5y Interrupt #9 FFE8H FFE9Y
CALLV #3 FFC6y FFCT4 Interrupt #8 FFEAY FFEBy
CALLV #4 FFC84 FFC% Interrupt #7 FFEGq FFED4
CALLV #5 FFCA4 FFCBy Interrupt #6 FFEE4 FFEF4
CALLYV #6 FFCGy FFCDy Interrupt #5 FFFOH FFF1y
CALLV #7 FFCHy FFCF4 Interrupt #4 FFF24 FFF3H
Interrupt #3 FFF4y FFF54
Interrupt #2 FFF64 FFF7H
Interrupt #1 FFF8H FFFOy
Interrupt #0 FFFAH FFFBy
Reset mode _ FFFDy
Reset vector FFFEH FFFFH

Note: FFFCyis already reserved.

Fig. 2.2 Table of Reset and Interrupt Vectors
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HARDWARE CONFIGURATION FUﬁTSU

2.1.2 Arrangement of 16-bit data in memory

When the MB89150 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
2.3.

Memory Memory
Before execution movw acpy, A || After execution
ABCHy ABCHy
ABCHy 34y ABCHy
A 1234 A 1234
ABCDy T2 | ABCH
ABCQ, ABCQy

Fig. 2.3 Arrangement of 16-bit Data in Memory

This is the same as when 16 bits are specified by the operand during execution of an instruction. Bits closerto
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-bit immediate data is specified by the operand.

[Example]
MOV A, 5678 H ; Extended address
MOV A, #1234 4 ; 16-bit immediate data

@ Assemble

XXX Hg XX XX

XXXX¥460 56 78 ; Extended address
XXXX4E4 12 34 ; 16-bit immediate data
XXX ¥ XX

Fig. 2.4 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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2.1.3 Internal registers in CPU

The MB89150 series of microcontrollers have dedicated registers in the CPU and general-purpose registers

in memory.

<Dedicated registers>
» Program counter (PC)

» Accumulator (A)

» Temporary accumulator (T)

« Stack pointer (SP)
* Processor status (PS)
« Index register (1X)

« Extra pointer (EP)

16-hit long register indicating location where instructions stored

16-bit long register where results of operations stored temporarily; the lower
byte is used to execute 8-bit data processing instructions.

16-bit long register; the operations are performed between this register and
the accumulator. The lower one byte is used to execute 8-bit data processing
instructions

16-bit long register indicating stack area
16-bit long register where register pointers and condition codes stored
16-bit long register for index modification

16-bit long register for memory addressing

<«——— 16 bits ——— =

PC

Program counter

A

Accumulator

Temporary accumulator

Index register

EP

Extra pointer

SP

Stack pointer

PS

Processor status

The 16 bits of the program 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 2.5.)

15

14

13

12

11

10

9

PS

RP

Empty

Empty

Empty

IL1,0

Y Y

RP CCR

Fig. 2.5 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 2.6.

RP Lower bits of OP code
‘0" 00 0" 00 0" 00 00 'I'|R4 R3 R2 R1 RO|b2 bl bO |
Lol | Lol ! ! | Lol Lol ! Lol |

Source address Al15 Al4 A13 Al12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 |

Fig. 2.6 Rule for Translating Real Addresses at General-purpose Register Area

The CCR has bits indicating the results of operations and transfer data contents, 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 instructions.

« I-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 interrupt. 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
1 High

= ol e ]
ROl PR]| O

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 generated 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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<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 MB89151 series of microcontrollers. The register bank pointer (RP)
indicates the currently-used bank.

Note: The number of register banks used depends on the RAM capacity.

Address = 0100 4 + 8 (RP) e e R

- ]» 8 banks
. J
Memory area

Fig. 2.7 Register Bank Configuration
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2.1.4 Operation modes and external bus operation
The MB89150 series of microcontrollers have only single-chip mode.

The memory map is as follows:

Address MB89151 Address MB89P155
(Single chip) (Single chip)
0000H 0000y
Internal I/O Internal I/O
0080y —— >t -------1 0080y ——>t - ===~~~
Inhibited
00CO0y —f - - -=-=---1 00COy RAM
RAM
0140y —— >t - ----- -1 0180y = p-------4
Inhibited Inhibited
FOOOy ———> - - ----- Co0O0y ———>t - ------
Internal ROM Internal ROM
FFFFH FFFFY

Fig. 2.8 Memory Maps in Various Modes

The relationship between the states and operations of the device-mode pins is shown below. (Only 00 can be
set for MB89150.)

MOD1 | MODO Description
0 0 Reset vectors are read from the internal ROM. The external access does not function.
1 1 Write mode for products containing EPROM.

The following functions are selected according to the mode-data setting conditions.

O O O O O T2 | T1 | TO O: Reserved: Specify 0.

Y
L — Mode bits

T2 | T1 | TO Operation
0 0 0 Select single-chip mode.
Other than above Reserved. Do not set.

Note: Do not select the single-chip mode with the externally-fetched mode data.
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2.1.5 Clock control block

This block controls the standby operation, oscillation stabilization time, software reset, and clock switching.

(1) Register list

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
System clock
Address: 00074| SCM — — WT1 | WTO | SCS | CS1 | CSO control register
(SYCC)
. _ _ _ Standby control
Address: 0008y | STP SLP SPL RST | TMD register (STBC)
(2) Block diagram
(a) Machine clock control section
SCM CSO | CS1 | SCS | STP | SLP | TMD | SPL
=
C
Main clock pulse Prescaler — Pin state
generator 1/2 e Stop
1/4 He Sleep
/g [ Selector Clock
1/32 H= I Clock
specification
Subclock pulse — CPU operation clock
generator Selector| | Clock
control .
— Resource operation clock
WT1 Clock for time-base timer
WTO Clock for Watch prescaler
_ HC1 — Stop release signal
From time- | HC2 —
base timer | Hc3 _|Selector
HC4 —
From watch LC —

Ready signal

Hold request signal

Hold acknowledge signal

(b) Reset control section

Power-on reset
Watchdog timer reset
External reset
Software reset

Reset control

2-10
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(3) Description of registers
(a) STBC (Standby-conrol register)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0008y STP SLP SPL RST | TMD — — — 0001 OXXX g
w) w) RW) W) (W)

[Bit 7] STP: Stop bit
Bit 7 specifies switching 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
Bit 6 specifies switching to the sleep mode.

0 No operation

Sleep mode

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

[Bit 5] SPL: Pin state specifying bit
Bit 5 specifies the external pin state in the watch or stop mode.

0 Holds state and level immediately before watch or stop mode

1 High impedance

This bit is cleared at resetting.

[Bit 4] RST: Software reset bit
Bit 4 resets the software.

0 Generates 4-cycle reset signal

1 No operation

1 is always read when this bit is read.

If a software reset is performed during operation in a submode, one oscillation stabilization period is re-
quired to switch to the main mode. Therefore, a reset signal is output during the oscillation stabilization
period.

2-11
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[Bit 3] TMD: Watch bit
Bit 3 specifies switching to the watch mode.

0 No operation
1 Watch mode

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

(b) System clock control register (SYCC)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0007y | SCM — — WT1 | WTO | SCS | CS1 | CSO X—M M100g
(R) (RW) (RW) (RIW) (R/W) (R/W)

[Bit 7] SCM: System clock monitor bit
Bit 7 checks whether the current system clock is the main clock or subclock.

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

1 Main clock

[Bits 4 and 3] WT1 and WTO: Oscillation stabilization time select bits
Bits 4 and 3 select the oscillation stabilization wait time of the main clock.

WT1 | WTO Oscillation stabilization time Oosr?gillilr?glo gsiﬁﬁgi!iozr? g?quﬂeHazu
1 1 Approximate 218/fch Approximate 87.4 (ms)
1 0 Approximate 216/fch Approximate 21.8 (ms)
0 1 Approximate 212/fch Approximate 1.4 (ms)
0 0 Approximate 24/fch Approximate 0 (ms)

fch: 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 initial value of this bit is determined by the mask option. Do not rewrite this bit during the oscillation
stabilization period nor rewrite it concurrently with switching from low speed to high speed.

The oscillation stabilization time of the main clock is generated by dividing down the frequency of the main
clock. Since the oscillation frequency is unstable immediately after oscillation starts, use the above table.

[Bit 2] SCS: System clock select bit
Bit 2 selects the system clock mode.

0 Selects subclock (32 kHz) mode

1 Selects main clock mode
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[Bits 1 and 0] CS1 and CSO0: System clock select bits
If the main mode is specified by the system clock select bit (SCS), the system clock is as given in the table

below.
CS1 | CsO Instruction cycle Minirggrr]n tiifr:}s(;cr;;: tli((J)nMelzi(gcu-
0 0 64/fch 21.3 (us)
0 1 16/fch 5.33 (us)
1 0 8/fch 2.67 (us)
1 1 4/fch 1.33 (us)

(4) Description of operation

(a) Low-power consumption mode

fch: frequency of main clock

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

Table 2-1 Operating State of Low-power Consumption Modes

) Clock pulse Each operating clock pulse
opgilt?on (CS1, | Operation generation (10 MHz main clock) Wake-up source in
CS0) mode : each mode
mode : Time-base Each
Main Sub CPU timer resource Clock
RUN . 1.5 MHz Various interrupt
------- Oscillates -----4 15MHz | 1.5MHz
1,1) SLEEP Oscillates Stops 32 kHz requests
STOP Stops P Stops Stops External interrupt
750 kH i i
_RUN __ | oscillates T0KHZ 1 s mHz | 750 kHz Various interrupt
(1,0) SLEEP Oscillates [ o, o 32 kHz requests
Main STOP Stops P Stops Stops External interrupt
mode 375 kH ious i
_RUN __ 1 oscillates _ 202 15 MHz | 375 KHZ Various interrupt
0,1) SLEEP Oscillates Stops 32 kHz requests
STOP Stops Stops Stops External interrupt
. 98.4 kHz i i
_RUN __] Oscillates T 1.5MHz | 98.4 kHz Various interrupt
(0.0) + SLEEP Oscillates Stops 32 kHz requests
STOP Stops Stops Stops External interrupt
32 kHz ious i
-RUN __ Oscillates | - - - - - 32 kHz 32 kHz Various interrupt
Submode — SLEEP Stops Stops Stops requests
STOP Stops Stops Stops External interrupt
CLOCK Stops Oscillates Stops Stops Stops 32 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 mode stops the oscillation. Data can be held with the lowest power consumption in this mode.

- For microcontrollers with a built-in booster (MB89150A), the booster stops when the mode is switched
from the subclock mode to the stop mode.
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[1] WATCH mode
* Switching to WATCH mode

- Writing 1 at the TMD bit (bit 3) 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.

- Ifaninterruptis requested when 1 is written atthe TMD bit, instruction execution continues without
switching to the WATCH mode.

- In the WATCH mode, the values of registers and RAM immediately before entering the WATCH
mode are held.

» Canceling WATCH mode

- The WATCH mode is canceled by inputting the reset signal and requesting an interrupt.

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

- When aninterrupt 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 instruction next to the one before entering the WATCH mode.

- Ifthe WATCH 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 stabi-
lization 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 oscillation stabilization wait state, even if the WATCH mode is canceled
by inputting the reset signal.

[2] 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 stops the CPU operating clock pulse; 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. In the SLEEP mode,the values of registers and RAM im-
mediately before entering the SLEEP mode are held.

» Canceling SLEEP mode

- The SLEEP mode is canceled by inputting the reset signal and requesting 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 higher than level 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 instruction next to the one before entering the SLEEP mode.
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[3] 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 subclock does not stop. All chip
functions except the watch function stop.

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 state immediately before entering the STOP

mode, or so that they enter in the high-impedance state.

- Ifaninterrupt is requested when 1 is written at the STP bit (bit 7), instruction execution continues

without switching to the STOP mode.

- Inthe STOP mode, the values of registers and RAM immediately before 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
theinterrupt processing. When they are disabled, the CPU executes the interrupt processing from
the instruction 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 subclock is fixed (at 21%/fcl -- fcl: frequency of subclock).

- If the 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 stabi-
lization time is elapsed. The oscillation stabilization time corresponds to the oscillation stabiliza-
tion 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.

[4] Setting low power consumption mode

STBC Register
- - - Mode
STP (Bit 7) | SLP (Bit 6) [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. If the 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.

For microcontrollers with a built-in booster (MB89150A), the booster stops when the mode is
switched from the subclock mode to the stop mode.
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(b) State transition diagram

Main SLEEP

Main oscillate

Sub oscillate

Main STOP

Main stop

Sub oscillate

Main RUN
Main oscillate
Sub oscillate

Oscillation stabilization
waiting of main clock

Sub RUN

@) (2)

L7

8 Main stop Main stop
. E Sub oscillate Sub stop

Oscillation stabilization
waiting of main clock

(24)

Sub SLEEP WATCH
Main stop Main stop

Sub oscillate Sub oscillate

Sub RUN Sub STOP

(13)

Oscillation stabilization
waiting of subclock

(23)

Power-on *The numbers shown in the above figure correspond to the numbers below, each
of which indicates the conditions for chip state transition.

(1) When power-on reset option is selected

(2) When power-on reset option is not selected

(3) After oscillation stabilized

(4) Set STP bit to 1.

(5) Set SLP bitto 1.

(6) Set SCSbitto 0.

(7) External reset when power-on reset option not
selected

(8) Externalreset orinterrupt when power-on reset
option selected

(9) External reset or interrupt

(10)External reset when power-on reset option not
selected

(11) External reset or other reset when power-on re-
set option selected

(12)Set SCS bit to 1.

(13)After oscillation stabilized

(14)Set STP bit to 1.

(15)Set TMD bit to 1.

(16)Set SLP bit to 1.

(17)External reset after oscillation stabilized or
when power-on reset option not selected

(18)External reset or other reset when power-on re-

set option selected

(19)External reset after oscillation is stabilized or

when power-on reset option not selected

(20)External reset when power-on reset option
lected

(21)External reset when power-on reset option
selected

(22)Interrupt

(23)External reset when power-on reset option
lected

(24)External reset when power-on reset option
lected

(25)External reset when power-on reset option
selected

(26)Interrupt

(27)External reset when power-on reset option
lected

(28)External reset when power-on reset option
selected

(29)Interrupt
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(d) Reset

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

Table 2-2 Sources of Reset

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

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

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

Note: If Power-on Reset Disabled is selected, the RST pin must be kept Low until the oscillation stabilization
time selected by the option has elapsed after power on.
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(5) Single clock

The single clock module can be selected by the mask option. In the single clock operation, the functions are
the same as those of the double clock module except that the subclock mode cannot be set. Therefore, the
input pin X0A of the subclock should be connected to GND. The X1A pin must be kept open.

Note: For microcontrollers with a built-in booster (MB89150A), do not select the single clock module. The
double-clock module should be used.

(a) 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) Set STP bitto 1.

(5) SetSLP bhitto 1.

(7) External reset when power-on reset option not selected

(8) External reset or interrupt when power-on reset option selected
(9) External reset or interrupt
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2.1.6 Interrupt controller

The interrupt controller for the FZMC-8L is located between the CPU and each resource. This controller re-
ceives interrupt requests from the resources, assigns priority to them, and transfers the priority to the CPU,; it
also decides the priority of same-level interrupts.

(1) Block diagram

CPU
F2MC-8L Internal bus
2
Test Address decorder =
register
L Rl | -~ -—_—-———qemm=-- bl Lo i |
) [} ) 1} 1 L}
________ A [ | . .
" ' Lol ] ' ' ' o '
' Resource #1 LG A1 | Level | L G 1] | '
] ] ' ] ' ' ' ] ] ]
e o-ememem == - ' ' ' ' ' ' ] ]
2 D R | L :
Fosss===- ' ' ' [ [ ' [ [
' Resource #2 ° r G 4 Lo L Level || Level | g (I Same level | llInterrupt vec-| !
' ' T , ! , deciding | ' |priority order tor generation | !
beeeeane- - N - block ' ' | deciding block !
[ | [ ] . . o block . '
(I ] " ] ' * [ [
L ' ' I ' [ ' L U | o '
)
| Resource #n + G — L —— Level [— - G —r — X
(S s L [ ! I '
' ' ' ' ' ' ' '
L - = 4 L - =4 L e e e e e e e eeem----- - - L e e e e e s mm---- - -
(2) Register list
Address 7 6 5 4 3 2 1 0 Name [Abbreviation] (Initial value)
007CH L31L30 |L21 L20 |L11 L10 [LO1 LOO Interrupt-level register #1 [ILR1] (1111 1111 )
007Dy L71L70 |L61 L60 |[L51 L50 |[L41 L40 Interrupt-level register #2 [ILR2] (1111 1111 )
007EH LB1LBO |LA1 LAO | L91 L9O |L81 L8O Interrupt-level register #3 [ILR3] (1111 1111 )
007FH — — — — — — EV | ENnterrupt-test register [ITR] (---- - 00 )
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(2) Description of registers
* Interrupt level register (ILRX: Interrupt Level Register X)

7 6 5 4 3 2 1 O

1LR1 L31 L30 L21 L20 L11 L10 LO1 LOO W Whenreset (11111111)
1LR2 L71 L70 L61 L60 L51 L50 L41 L40 W When reset (11111111)
1LR3 LB1 LBO LAl LAO L91 L90 L81 L80 W Whenreset (11111111)

The ILRx sets the interrupt level of each resource. The digits in the center of each bit correspond to the inter-
rupt numbers.

— MB89150 Hardware manual —

[Example]
L3X

— Interrupt control module — InnJrenrgé?t Table address
Upper Lower

IRO #0 FFFA FFFB

IR1 #1 FFF8 FFF9

IR2 #2 FFF6 FFF7

Interrupt requests IRT3 #3 FFF4 FFF5
from resources 11 crea rrEs

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)

m | ——— il a] Q-

The ITR is used for testing. Do not access it.
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(4) Description of operation

* Interrupt functions

The MB89150 series of microcontrollers have 12 inputs for interrupt requests from each resource. The
interrupt level is set by 2-bit registers corresponding to each input. When an interrupt is requested from a
resource, the interrupt controller receives it and transfers the contents of the corresponding register to the
CPU. The interrupt to the device is processed as follows:

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

(2) Ifaninterruptis enabled, an interrupt request is output from each resource to the interrupt controller by
referring to the interrupt-enable bit inside each resource.

(3) 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.

(4) The CPU compares the interrupt level requested from the interrupt controller with the IL bit in the pro-
cessor status register.

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

(6) As aresult ofthe checkin step (5), ifthe I-flag is enabled for an interrupt, the contents of the IL bit are set
to the required level. As soon as the currently-executing instruction is terminated, the CPU performs
the interrupt processing and transfers control to the interrupt-processing routine.

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

Figure 2.9 outlines the interrupt operation for the MB89150 series of microcontrollers.

Internal bus

Register file PS | IL

I
IPLA — IR |—=— Check I—Comparatorl
©) ®) 4)

MB89150 - CP
U

)

Resource —l
Level
Enable FF |— comparator
AND -
Source FF |— @)
@ 1)
Resource Interrupt controller

Fig. 2.9 Interrupt-processing Flowchart
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2.2 Resource Functions

2.2.1 1/O ports

» The MB89150 series of microcontrollers have six parallel ports (43 ports). Ports 0, 1, and 2 serve as 8-hit 1/0
ports; ports 4 and 5 serve as 8-bit output-only ports; and port 3 serves as a 3-bit output-only port.

 Each port is also used as the I/O pin for the resource.

(1) List of port functions

Table 2-3 List of Port Functions

Pin name | Inputtype |Outputtype Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CMOS CMOS Parallel port 0 P07 P06 P05 Po4 P03 P02 PO1 P00
POOto PO7 } - - - - - - 4 push-pull F------------cd---t---t---to-to--t---t---4---4
Hysteresis Resource INT27 | INT26 | INT25 | INT24 | INT23 | INT22 | INT21 | INT20
CMOS CMOS Parallel port 1 P17 P16 P15 P14 P13 P12 P11 P10
P10to P17 } - = = = - - 4 LU 1 o 11| I R e T e e e il i i T
Hysteresis Resource INT13 | INT12 | INT11 | INT10
CMOS N-ch Parallel port 2 P27 P26 P25 P24 P23 P22 P21 P20
P20to P27 } - - - - - = 4 opendrain f--=---c-2-cec-c-cd---d -ttt
Hysteresis Resource BUZ SCK SO S TO EC
CMOS Parallel port 3 P32 P31 P30
P30 to P32 — push-pull  F--eccececeeeeeodooodloeo ottt daoadonood oo
Resource Cco C1l RCO
N-ch Parallel port 4 P47 P46 P45 P44 P43 P42 P41 P40
P40 to P47 — opendrain f - ---ccccececeaocdoncdooodtoodoaodtoaatoaatoaad oo
Resource SEG27|SEG26|SEG25|SEG24|SEG23|SEG22|SEG21|SEG20)
N-ch Parallel port 5 P57 P56 P55 P54 P53 P52 P51 P50
P50 to P57 — (ol =T I R s I Tl I el R Rl Rk
Resource SEG35|SEG34|SEG33|SEG32|SEG31|SEG30|SEG29 SEGZSI
Notes:

1. Ports 4 and 5 serve as output ports only when they are selected by the mask option for use as ports.
2. Ports 3 (excluding port 30) serves as an output ports only for microcontrollers without a built-in booster.
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(2) Port registers

Table 2-4 Port Registers

Register name Read/Write Address Initial value
Port-0 data register (PDRO) R/W 0000y XXXXXXXXg
Port-0 data direction register (DDRO) w 0001y 00000000g
Port-1 data register (PDR1) R/W 00024 XXXXXXXXp
Port-1 data direction register (DDR1) W 00034 00000000
Port-2 data register (PDR2) R/W 00044 XXXXXXXXg
Port-2 data direction register (DDR2) W 00054 00000000g
Port-3 data register (PDR3) R/W 000CH XXXXX111g
Port-4 data register (PDR4) W 000EH 11111111
Port-5 data register (PDR5) R/W 000F4 11111111

(3) Description of functions
P00 to PO7 CMOS-type I/O ports
P10 to P17 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 out-
put can be setindependently for each bit. The pin with the DDR setto 1is set to output, and the pin with the
DDR set to 0O 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 irrespective of the DDR setting
conditions. Therefore, the bit-processing instruction 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 irrespective 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 0 by resetting and the output impedance goes High at all bits. The PDR is not
initialized by resetting. Therefore, set the value of the PDR before setting the DDR to output.
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« State in watch and stop modes

With the SPL bit of the standby-control register set to 1, in the watch or stop mode, the output impedance
goes High irrespective of the value of the DDR.

7 Only P00 to P07 and
P10 to P13

' [
' . : External interrupt EN 1
Internal data bus : External interrupt “ ! Pull-up resistor
L)
. . (option)

! ' K—P— Stop or watch mode

PDR read
(when Read Modify Write instruction executed)

Output latch

'
1 PDR write

)
)
1
L - - - -
Pch
Pin

h

DDR write
Stop or watch mode (SPL = 1)

H-

Fig. 2.10 PortsOand 1

2-24



HARDWARE CONFIGURATION FUﬁTSU

P20 to P27 N-ch open-drain type I/O ports (also used as resource input/output)

 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 set independently for each bit. The pin with the DDR set to 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 irrespective of the DDR setting
conditions. Therefore, the bit-processing instruction 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 irrespective of the
DDR setting conditions.

* Resource output operation (DDR = 1)

When using as the resource output, setting is performed by the resource output enable bit. (See the de-
scription of each resource.) Even if the output from each resource is enabled, the read value of the port is
effective except when the Read Modify Write instruction is read, so the pin state can be checked.

* Operation for input port (DDR = 0)

When used as the input port, the outputimpedance goes High. Therefore, whenthe PDRisread, the value
of the pin is read.

When the DDR is initialized to 0 by reset, the output impedance of all bits goes High. Since the PDR is not
initialized by reset, set the value before setting the DDR to output.

» State when reset

Whenreset, the DDRis initialized to 0 and the outputimpedance goes High atall bits. Whenreset, the PDR
is not initialized. Therefore, set the value of the PDR before setting the DDR to output.

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

7 Only P20, P23, and P25
)

' Pull-up resistor
(option)

Internal data bus

n
lw)
Py
@
o
o

JA A

o
o
Py
@
iy
o

(when Read Modify Write instruction executed)

Output latch

)
)
L 1
L L Y
) )
1 PDR write f
Pin

DDR write I
Stop or watch mode (SPL = 1)

Fig. 2.11 Port 2
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P30/RCO CMOS type output-only ports (also used as resource output)

 Operation for output port
The value written at the PDR is output to the pin. When the PDR is read at this port, the contents of the
output latch can always be read instead of the pin state.

 Operation for resource output

When using as the resource output, setting is performed by the resource output enable bit. (See the de-
scription of each resource.) Even if the output from each resource is enabled, the read value of the port is
effective except when the Read Modify Write instruction is read, so the pin state can be checked.

« State when reset
At reset, the PDR is initialized to 1 and the output transistors of all bits are turned off.

« State in stop 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.

Internal data bus

e ececececc e e ccccceee=-- 4 TT S s 1
' I ' : Resource output '
L. '
' LI Resource:
] LI output
, PDR read ' r EN :
[ I L '
4 Output latch LI '% '
' L] o T
' b |
PDR write v : Pch
T T T T T N e e Y
Pin
[ Nch
7
Stop or watch mode (SPL = 1) /77
Fig. 2.12 P30

2-26



HARDWARE CONFIGURATION FUﬁTSU

P31 and 32 N-ch open-drain type output ports (used as pins for connecting capacitors CO and C1 when se-
lected by mask option)

P40 to P47 N-ch open-drain-type output-only ports (also used as segment output)

P50 to P57 N-ch open-drain-type output-only ports (also used as segment output)

 Operation for output port
The value written at the PDR is output to the pin. When the PDR is read in this port, usually, the contents of
the output latch is read instead of the value of the pin.

* Segment output

When selected by the mask option for use as segment pins, ports 4 and 5 serve as segment outputs. In this
case, they cannot be used as output ports.

P31 and P32 serve as capacitor connection pins for microcontrollers with a built-in booster (MB89150A).
They cannot be used as output ports. P31 and P32 are not available for selection of a pull-up resistor.

» State when reset
The PDR is initialized to 1 at reset, so the output register is turned off at all bits.

« State in stop 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.

Pull-up resistor P47 to P40
(option) P57 to P50
Internal databus e e e - N

C1 and C2 (only for MB89150A)

L}

)

)

)

)

)

Segment output '

)

I Pch :
Output latch '
)

L}

)
)
. 1
\ PDR write Mask switching [
becccccccccccceeceea- ‘
_O\C Pin

1
: PDR read
)

Stop or watch mode (SPL = 1)

Fig. 2.13 P31, P32, Port 4, and Port 5
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2.2.2 External interrupt 1
The external interrupt 1 is controlled by the external interrupt control and external interrupt flag registers.

» Four external interrupt inputs

« An interrupt request is output at the falling edge of the input signal.

« Inverting an input signal outputs an interrupt request at the rising edge.
» Usable as wake-up input

(1) Registers

Address: 0030y External interrupt 1 control register (EIE1)

Address: 0031y External interrupt 1 flag register (EIF1)

SIV3 SIvV2 Sivi SIVO IE13 IE12 IE11 IE10

P13/INT13 { EXOR |_ 1 T _/_D_
R
P12/INT12 { EXOR I_ 1 core B N
B Interrupt
L= request
- IRQO
P11/INT11 ExOR 1 gy B
=k
N—
P10/INT10 1 o D_
=L
EIF1 IF13 IF12 IF11 IF10
Fig. 2.14 External Interrupt 1 Block Diagram
(2) Description of registers
(a) External-interrupt 1 control register (EIE1)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value

Address: 0030y | SIV3 | Siv2 | siva | sivo | 1E13 | IE12 | IE11 | IE10 | 00000000 &
(RW) (RW) (RIW) (RIW) (RIW) (RIW) (RW) (R/W)
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[Bit 7]: SIV3
[Bit 6]: SIV2
[Bit 5]: SIV1
[Bit 4]: SIVO
These bits are used to invert external interrupts EI13 to EI10.

0 External interrupt signal not inverted

1 External interrupt signal inverted

[Bit 3]: IE13
[Bit 2]: IE12
[Bit 1]: IE11
[Bit 0]: IE10
These bits are used to enable external interrupts EI13 to EI10.

0 External interrupt disabled (edge detect flag initialized)

1 External interrupt enabled

Note: The interrupt flag may be turned on immediately after an interrupt is enabled or an interrupt input is
inverted.

(b) External interrupt 1 flag register (EIF1)

Bit7 Bité Bits Bit4 Bit3 Bit2 Bit 1 Bit O Initial value
Address: 00314 — — — — IE13 | IE12 | IE11 | IE10 ----0000 g
(RIW) (RIW) (RIW) (R/W)

[Bit 3]: IF13
[Bit 2]: IF12
[Bit 1]: IF11
[Bit 0]: IF10
These bits are used to detect the falling edges of EI13 to EI10.

(When write)
0 Falling edge detect flag cleared

1 No operation

(When read)
0 Falling edge not detected

1 Falling edge detected

If the interrupt enable bits (IE13 to IE10) of the external interrupt 1 control register (EIE1) are 1, an interrupt
requestis output to the CPU when the corresponding falling edge detect flag bits (IF13 to IF10) are setto 1.
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2.2.3 External interrupt 2
External interrupt 2 is controlled by the external interrupt control and external interrupt flag registers.

« Eight external interrupt input pins
» An interrupt request is output by Low-level input signals.
« Also usable as wake-up input

(1) Registers

7 0
Address: 00324 External interrupt 2 control register (EIE2)
Address: 0033y External interrupt 2 flag register (EIF2)
(2) Block diagram
EIE2 EIF2
716|514 3]2]1]0 IF20

| |
POO/INT20 j : Interrupt
— = —=

PO1/INT21

PO2/INT22

PO3/INT23

PO4/INT24

PO5/INT25

PO6/INT26

L=

)
)
)
)
)
)

PO7/INT27

Fig. 2.15 External Interrupt 2 Block Diagram
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(2) Description of registers

(a) External interrupt 2 control register (EIE2)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address: IE27 | 1E26 | IE25 | IE24 | IE23 | IE22 | IE21 | IE20 | 0000 0000 g
0032y (RIW) (RIW) (RIW) (RW) (RIW) (RW) (RIW) (R/W)

[Bit 7]: IE27
[Bit 6]: IE26
[Bit 5]: IE25
[Bit 4]: IE24
[Bit 3]: IE23
[Bit 2]: IE22
[Bit 1]: IE21
[Bit 0]: IE20
These bits are used to enable external interrupt of INT27 to INT20.

0 External interrupt disabled

1 External interrupt enabled

(b) External interrupt 2 flag register (EIF2)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 00334 — — — — — — — IF20 | - -—— 0 B
— — — — — — — (RW)

[Bit O]: 1F20
This bit is used to detect LOW level.

(When write)
0 Clears flag for detecting LOW level

1 No operation

(When read)
0 No LOW level input

1 LOW level input detected

If the interrupt enable bits (IE27 to IE20) of the external interrupt 2 control register (EIE2) are 1, the Low-lev-
el detect flag bit (IF20) is set to 1 and an interrupt request is output to the CPU when a Low level is input to
the port corresponding to this bit.

Note: Unlike other resources, even if the external interrupt 2 control register is disabled for an interrupt, it
keeps generating interrupts until the interrupt source is cleared. Therefore, always clear the
interrupt source after disabling an interrupt.
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2.2.4 8/16-bit timer (timer 1 and timer 2)

* Three internal clock pulses and one external clock pulse can be selected.
 Operation in 8-bit 2-ch mode or 16-bit 1-ch mode can be selected.
* A square-wave output function is included.

(1) Registers

7 0
Address: 0018y T2CR #2 Timer-2 control register (T2CR)
Address: 00194 TICR #1 Timer-1 control register (TLCR)
Address: 001A4 T2DR #2 Timer-2 data register (T2DR)
Address: 001By T1DR #1 Timer-1 data register (T1DR)

T1STR| T1STP| T1CSO| T1CS1| T10S0O| T10S1| TIiIE T1IF

) J J | | | LDﬁD— | Interrupt request
Square-wave IRQ2
output initialization Pin control
pin control 1
2
2.7ps RSq P22/TO
42,6 s ™ D
699 us 1/ EER 8-bit counter  CD TIFF
P20/EC , _r ll
Comparator ~ EQ _‘Il_

LOAD Compare data latch

Data register

Internal data bus

Data register

LOAD Compare data latch

D
L L
R
<R

CLR )
2.7 ps cK 8-bit counter €D
42.6 ps MPX _l_\
682.7 ps
1/

— >

T2STR| T2STP| T2CSO| T2CS1| T20S0| T20S1| T2IE T2IF

Fig. 2.16 8/16-bit Timer Block Diagram
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(2) Description of registers
(a) Timer 1 control register (T1CR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address: 0019y | T1IF | T1IE |T10S1[T10S0|T1CS1|T1CS0|S1STP|SISTR| X000 XXX0 g
(RIW) (RIW) (RIW) (RW) (RIW) (RW) (RIW) (R/W)

[Bit 7]: T1IF
This bit is used for the flag requesting an interrupt.

(When write)
0 Interrupt request flag clear

1 No operation

(When read)
0 No interrupt request

1 Interval interrupt request

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

[Bit 6]: T1IE
This bit is used to enable an interrupt.

0 Interrupt disabled

Interrupt enabled

[Bit5]: T1OS1

[Bit 4]: T1OSO

These bits are used to control the square-wave output when the timer stops. See page 2-37 for the setting
of the square-wave output.

T10S1 | T10S0
0 0 The output port [P22 (TO)] serves as a general-purpose port.
0 1 Set the initial value of the timer square wave output to Low.
1 0 Set the initial value of the timer square wave output to High.
1 1 Set the square wave output pin of the timer to the set data value.

The square-wave output is set to the set data value when STR1 is 0.
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[Bit 3]: T1CS1
[Bit 2]: T1CS2
These bits are used to select clock source.

T1CS1 | T1CSO Clock cycle time (When 1/2 of 3 MHz is selected)
0 0 2 instruction cycle 2.7 [ps]
0 1 Internal clock 32 instruction cycle 42.6 [us]
1 0 512 instruction cycle 682.7 [us]
1 1 External clock —

[Bit 1]: T1STP
This bit is used to stop the timer.

0 Continue counting without clearing the counter.

1 Suspend counting.

[Bit 0]: TISTR
This bit is used to start the timer.

0 Stop counting.

1 Clear the counter to start counting.

Note: When using the timer 1 in the 8-bit 1-ch mode, set bits 3 and 2 of the timer-2 control register to a
value other than 11. Use of the timer without setting this register causes a malfunction.

(b) Timer-2 control register (T2CR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0018y | T2IF | T2IE |T20S1|T10S0|T2CS1|T2CSO|T2STP|T2STR| X000 XXX0 g
(RIW) (RIW) (RIW) (RW) (RIW) (RW) (RIW) (R/W)

[Bit 7]: T2IF
This bit is used for the flag requesting an interrupt.

(When write)
0 Interrupt request flag cleared

1 No operation

(When read)
0 No interrupt request

1 Interval interrupt request

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

2-34



HARDWARE CONFIGURATION FUﬁTSU

[Bit 6]: T21E
This bit is used to enable interrupt.

0 Interrupt disabled

1 Interrupt enabled

[Bit 5]: T20S1
[Bit 4]: T20S0
These are empty bits. Always write O.

[Bit 3]: T2CS1
[Bit 2]: T2CS0O
These bits are used to select timer clock source.

T2CS1 | T2CSO Clock cycle time (When 1/2 of 3 MHz is selected)
0 0 2 instruction cycle 2.7 [us]
0 1 Internal clock 32 instruction cycle 42.6 [us]
1 0 512 instruction cycle 682.7 [us]
1 1 16-bit mode —

[bit 1]: T2STP
This bit is used to stop the timer.

0 Counting is continued without clearing the counter.

1 Counting is suspended

[Bit 0]: T2STR
This bit is used to start the timer.

0 Counting is stopped

1 The counter is cleared to start counting.

(c) Timer-1 and timer-2 data registers (T1DR, T2DR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 001By XXXX XXXX
(RW) (R/W) (RW) (RW) (RW) (RW) (R/W) (R/W)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 001A XXXX XXXXg
(RIW) (RIW) (RIW) (RW) (RIW) (RW) (RIW) (R/W)

The write data is used as the set value of the interval time, and the read data is used as the value of the
counter.
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(3) Description of operation

(a) 8-bit internal clock mode

In the 8-bit internal clock mode, three internal clock pulses can be selected by setting the clock source
specifying bits (TLCS1 and T1CS0) and (T2CS1 and T2CSO0) of the timer control registers (TLCR and
T2CR). Thetimer data registers (T1DR and T2DR) are used to set the interval time. To start the timer, set
the interval time at the timer data register, write 1 at the timer start bits (TLISTR and T2STR) of the timer
control register to clear the counter to 00H , and load the value of the timer data register into the compare
latch. Then, counting up is started.

When the value of the counter agrees with that of the timer data register, the interval interrupt request flag
bits (T1IF and T2IF) are setto 1. Atthistime, the counter is cleared to O0H and the value of the timer data
register is reloaded into the compare latch. Then, counting up is continued. If the interrupt enable bits
(T1IE and T2IE) are 1, an interrupt request is output to the CPU.

Assuming the set value is n and the selected clock pulse is F, the interval time (T) can be calculated by the
following equation:

T=¢x(n+1)[us]

Counter clear
Set data value ——

Compare latch
Count value

0000y

T1STR
T1IF
T1IF =0 (W) T1IF =0 (W) T1IF =0 (W)
TO ! '

Fig. 2.17 Internal Clock Mode Operation Description Diagram

[ Select the operation mode. ]

!

| Specify the interval time. |

!

Timer start
T1STR=1,T1lIF=0,TlIE=1

Interrupt processing
T1F =0 (W)

Fig. 2.18 Timer Setting Flow

2
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(b) Initializing square-wave output
The square-wave output can be set to any value only when the timer stops (T1STR = 0).

To set, proceed as follows:

1. Write the set values (01 and 10) at the initialize bits (T10S1 and T10S0) of the square wave output.
The values are held in the level latch shown in the figure below and not output to the pin.
(Note that the previous square wave state is output to the pin.)

2. Write 11 atthe same bits. This initializes the square wave outputto the setvalue. Ifthe TISTR bitis set
to 0, the square wave output of the pinis set to the set value in 1 during this write cycle. The pin state of
the square wave output in 1 and 2 is shown below.

3. Start the timer when the T1STR bit is 1.

These initialize bits can be set by the bit manipulation instruction.

T1STR d
—
Level latch

THost e o~ —|D—~ Set the output pin High.
—pD |—C) QX —|
T10S0 D Q D 0 —|D—- Set the output pin Low.
_) QX |—C) QX

Write

Fig. 2.19 Initialization of Equivalent Circuit

Pin state (P22) Port Timer
Square-wave Previous
Set value
output square wave
(1) (2) (3) Overflow Overflow

(c) 8-bit external clock mode

In the 8-bit external clock mode, the external clock input can be selected by setting the clock source select
bits (TLCS1 and T1CSO0) of the timer 1 control register (TLICR). External clock input pin of timer 1 is P20
(EC).

To start the timer, write 1 at the timer start bit (TLSTR) of the T1CR to clear the counter.

When the value of the counter agrees with that of the timer data register, the interval interrupt request flag
bit (T1IF) is setto 1. At this time, if an interrupt is enabled (T1IE = 1), an interrupt request is output to the
CPU.
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EC1 (EC2) I S Ny A [ A A NN I I (NN R N
Counter clear M 1
T1STR=1 |
Countvalue ~ Ondefined YOO 0oy X015 X~ 02y X — 7 7 7 0 C 0 TFEe X Frg X 0oq X 0Tn
T1DR X FFy A Py
TLF L
T10F = 0 (W)

Fig. 2.20 External Cock Mode Operation Description Diagram

(d) Precautions for use of timer stop bit

If the timer is stopped by the timer start bit after being suspended by the timer stop bit, the input clock pulse
to the timer may incrementthe count value by 1 as shown in Figure 2.20 (the count value is notincremented
when the input clock pulse is High but incremented when itis Low). Therefore, if the timer is suspended by
the timer stop bit, read the counter and then write 0 at the timer start bit.

When input clock pulse is High When input clock pulse is Low
|npUt clock to timer _'—!—\_I—v_\_ _\_I_\_I—
(External and Internal clocks) !

)
1 1
) )
Count value @( : 02H : 01H
1 1

>L-----

1
L}
X o 02H
L}
Suspend Stop Suspend Stop
Bit 1 and bit 0 of TICR 01 X 1 X 10 or 00 01 X 1 X 10 or 00

Fig. 2.21 Operation Diagram when Timer Stop Bit is Used

(e) 16-bit mode

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

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
Address: 0019y | T1IF | T1IE [T1O0S1|T10SO|T1CS1|T1CSO|T1ISTP|T1STR

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl BitO
Address: 0018y | T2IF | T2IE [T20S1|T20S0|T2CS1|T2CSO|T2STP|T2STR

\ 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 T2CS1 and T2CSO0 bits of the T2CR and set 0 at the T20S1 and T20S0
bits.

When in the 16-bit mode, the timer is controlled by the TICR. The timer data registers T2DR and T1DR
use the upper and lower bytes, respectively.

The clock source is selected by the TLCS1 and T1CSO bits of the TLCR. To start the timer, write 1 at the
T1STR bit of the T1CR to clear the counter.
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If the value of the counter agrees with that of the timer data register, the T1IF bitis setto 1. Atthistime, an
interrupt request is output to the CPU if the T1IE 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 use the data.

(f) Starting and suspending timer
The timer 2 is the same as timer 1. Therefore, an explanation is given using timer 1.

(1) Clearing counter to start counting
Whenthe TISTR bitis O, write 01 atthe TLSTP and T1STR bits, respectively. The timeris cleared atthe
edge where the T1STR bit is set from 0 to 1 to start counting.

(2) Suspending timer to start counting without clearing counter

To suspend counting, setthe TLSTP and T1STR bitsto 11. To start counting from the suspended state
without clearing the counter, set the TISTP and T1STR bits from 11 to 01.

The state of the timer according to the setting conditions of TLSTP and T1STR bits and the operation of
the timer when started from the suspended state (when T1STP and T1STR bits = 01) are as follows.

TISTP | TISTR |  Timer state setting Operation of :trt?r?g; ‘(’{)ri‘tes”f;?{éeg ng)
0 0 Counting is stopped Counter is cleared to start counting.
0 1 Counting is started Counting is continued
1 0 Counting is stopped Counter is cleared to start counting.
1 1 Counting is suspended Counting is continued without clearing counter.
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2.2.5 8-bit serial 1/0

« 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.

(1) Registers

|<— 8 bit —-l

Address: 001C K

SMR

Address: 001D H

SDR

(2) Block diagram

R/W Serial-mode register

R/W Serial-data register

Internal-data bus

DO to D7

=

D7 to DO
(LSB first)

(MSB first) | T
select
L \

Transfer direction

(Shift direction)
gooooo
Serial-data register (SDR)

D7 to DO

SIOF

SIOE

SCKE

SOE —

CKs1

CKS0

BDS

SST =

Serial-mode
register (SMR)

Ve
-
P23/sl Sl input SO output
synchronous circuit synchronous circuit
P24/SO I

Output enable

Output enable Shift-clock pulse select
P25/SCK Control circuit

/
Internal 73

clock pulse

Clear

Shift-clock counter
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(3) Description of registers

(a) Serial-mode register (SMR)
The SMR is used to control serial 1/0O.
Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value

Address: 001C 4 | SIOF | SIOE | SCKE | SOE | CKS1 | CKsSo | BDS | SST 0000 0000 g
(RW) (RW) (RW) (RMW) (RIW) (RW) (RIW) (R/W)

[Bit 7] SIOF: Serial I/O interrupt-request flag

Bit 7 indicates the serial I/O transfer state.
The meaning of each bit when reading is as follows:

0 Serial data transfer not terminated

1 Serial data transfer terminated

Note that 1 is always read when the Read Modify Write instruction is read. If this bitis setwhen aninterrupt
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 0) of the SMR or by this bit.

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

0 Serial I/O interrupt-output disable

1 Serial 1/0O interrupt-output enable

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

0 General-purpose port pin (P25) or SCK input pin
1 SCK (shift clock) output pin

When using the P25/SCK pin as an external clock, always set the DDR to input (bit 5 of PDR2 = 0).

[Bit 4] SOE: Serial-data output-enable bit
Bit 4 is used to control the output pin for serial 1/O.

0 General-purpose port pin (P24)

1 SO (serial data) output pin

When using P23/SI pin for the external clock, always set the DDR to input (bit 3 of DDR2 = 0).
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[Bits 3 and 2] CKS1 and CKSO0: Shift-clock select bits

Bits 3 and 2 are used to select the serial shift-clock modes.

CKS1 | CKSO Mode (Clock rate) SCK
0 0 Internal shift-clock mode (instruction cycle) x 2 Output
0 1 Internal shift-clock mode (instruction cycle) x 8 Output
1 0 Internal shift-clock mode (instruction cycle) x 32 Output
1 1 External shift-clock mode SCK Input

[Bit 1] BDS: Transfer direction select bit

At serial data transfer, Bit 1 is used to select whether data transfer is performed from the least significant bit
first (LSB first) or from the most significant 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 become invalid.

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

0

Serial I/O transfer stop

Serial I/0O transfer start

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

(b) Serial-data register (SDR)

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

Address: 001D y

Bit7 Bit6 Bit5

Bit 4

Bit 3

Bit 2

Bitl BitO

(RIW) (RW) (RW) (RMW) (RIW) (RW) (RIW) (R/W)
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(4) Description of operation

(a) Outline

This module consists of the serial-mode register (SMR) and serial-data register (SDR). At serial output,
datainthe SDR is outputin bit serial to the serial 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 inputin 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 | #a | #3 | #2 | #1 | #0 shiftclock puise |7 ML L LI

SO X)X X2 X s X X7 X
Shift-clock pulse _l {}

CK

S — P conversion O}——> SO

Serial output

SR ™ shitcockpuse | LM WML
si XX X2 XX s X e Xer X
Shift-clock pulse —l
CK .
S| —— S| S —P conversion
Serial input

(b) Operation modes

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

(1) Internal shift-clock mode

Operation is 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. Data is transferred bit-by-bit at every clock pulse.

(2) 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 speed can be from DC to 1/2 oscillation (two instruction cycles).
When one instruction cycle is 2.0 ps (at 2 MHz oscillation), the transfer speed can be up to 0.25 MHz.

Do not write data to the SMR and SDR during the serial I/0O operation in either mode.
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(c) Interrupt functions

This module can output an interrupt request to the CPU. To output an interrupt request, set the SIOE bit (bit
6) of the SMR to 1 to enable an interrupt and then set the interrupt flag SIOF (bit 7) of SMR after 8-bit data
transfer is terminated.

SCK ] ] ] ] 1 | 1 | 1 | 1 | 1 | 1 |
SST ] | I
IRQ I

S0 — T G S G G G G S R G G—

(d) Shift start/stop timing

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

(2) Internal shift-clock mode (LSB first)
[When transfer terminated]

SCK N I S R My (S Y e A B
SST I | I
SIOF I

[When transfer suspended]

SCK 1 | 1 | 1 | 1 | 1 | 1 |

SST | ]
SIOF

S0 S— D G G SR G G

(2) External shift-clock mode (LSB first)
[When transfer terminated]

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

s0 P G G D S S G T G S R G —

[When transfer suspended]

SCK | | | | | | 1 | 1 | 1 | 1 | 1 |
SST | 1
SIOF
s0 X R X X X R X X

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

Fig. 2.22 Shift Start/Stop Timing

2-44



HARDWARE CONFIGURATION FUﬁTSU

(e) Input/output shift timing

Data is output from the serial output pin (SO) at the falling edge of the shift-clock pulse, and is input from the
serial input pin (SI) to the SDR at the rising edge of the shift-clock pulse.

(1) LSB first (BDS = 0)

SCK 1 | | | | | | | | | | | | | | |
: Sl input

s P R S G G SR G D G D N G —

SO output

so J— D S S S S G G S R G —

(2) MSB first (BDS = 1)

SCK 1 | 1 | | | 1 | 1 | 1 | ] ] ] ]
Sl input

sl P G A S D G N N G G G G —

' SO output
SO X w7 X w6 X #5_ X #4 X #3__ X__ w2 X__#_X__#0

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

Fig. 2.23 Input/Output Shift Timing
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2.2.6 Buzzer output circuit

» The buzzer output sound for checking key input can be output from port 27.
» Seven frequencies can be output by setting the registers.

(1) Registers

fe—— 8bit —————]

Address: 00104 BUZR R/W Buzzer register

(2) Block diagram

Internal bus
WPCR TBTC BUZR PDR2
WCLR TBR BUZ 2 BUZ 1 BUZ 0 PDR22
— -
Time-based timer
CLR
] Select
Main clock
Y2048 001
Y1004 010
P27/BUZ
1/2 CK Ysqy 011
frequenc
d y Yssg 100 )
& ouT ¥o) |> O |
1
CLR /32 101
Subclock cK 116 110
(32 KHy) U 1
Watch prescaler Selector
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(3) Detailed description of registers

(a) Buzzer register (BUZR)
This 3-bit register enables buzzer output and selects the frequency.
Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value

Address: 00Fy | — | — | — | — | — |[Buz2|BuUz1|[BUZO| XXXX X000g
(RIW) (RIW) (RIW)

[Bits 2, 1, and 0] BUZ2, BUZ1 and BUZ0: Buzzer-select bits

Bits 2, 1, and 0 are used to enable buzzer output and select the frequency. The buzzer output function is
disabled by 000 and the port operates normally. In other cases, the frequencies listed in the table below are
selected.

Table 2-5 Buzzer Output Frequencies (at fch=3 MH > and fcl = 32 kHz)

BUZ2 | BUZ1 | BUZO Buzzer output frequency

0 0 0 General-purpose port operation
0 0 1 732 Hz

0 1 0 1465 Hz

0 1 1 2930 Hz

1 0 0 5859 Hz

1 0 1 1024 Hz

1 1 0 2048 Hz

1 1 1 4096 Hz

fch: Main clock frequency
fcl: Subclock frequency

(4) Description of operation

This circuit outputs a signal for use as a check sound. The buzzer register is used to enable buzzer output and
select the frequency. When values other than 000 are set at the BUZR register, the square wave of the set
frequency is output at the port.

(5) Precautions for buzzer output circuit

Part of the time-base timer or watch prescaler is used as the buzzer output. Therefore, each setting condition
of the time-base timer or watch prescaler affects the circuit.
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2.2.7 LCD controller/driver

The LCD controller/driver consists of the display controller that generates segment and common signals ac-
cording to the display data and memory data, and the segment and common drivers that can drive the LCD
panel directly.

Its main functions an features are as follows:

1. Direct LCD driving

. Built-in reference voltage generator and booster for driving LCD (option)

. Built-in dividing resistor for driving LCD (option)

. Four common outputs (COMO0 to COM3) and 36 segment outputs (SEGO to SEG35)
. 18-byte display data memory

. 1/2, 1/3, or 1/4 selected as duty.

. Main clock and subclock (32 kHz) selected as drive clock source.

. SEG20 to SEG35 used as general-purpose ports (option).

0 NO O WDN

(1) Registers

Address: 00724 LCDC control register (LCDR)

Main clock — ! !
Subclock — ' : Power supply (VO to V3)
(32 kHz) ' LCDC control register '
- (LCR1) !
- !
' [
: ' Fr=f~-~-"-===-=====c=====- 1
Y ) . ! ;
) ) ' )
1
. .4 !
' - : ﬁ COMO
L Timing ' Common . COM1
v rescaler controller ' : driver ] COM2
! [ ——t—
: ; ' | ' . CcoM3
' i : .
' ' [ —> [
: ' f Circuit '
| ! ' commutating '
| ! ! ' to AC '
nternal ' ' ' ! SEGO00
bus . ) , —» ——
' ' : | - SEGO1
' RAM for display , , | » SEGO02
: (18 bytes) : 36 : _>: SEGO03
: : 1 _:—> SEGO04
' .
. ' ' Segment | ! - :
' X X driver T
)
. : : _:> SEG31
' ] [ e SEG32
! ! ' | » SEG33
A, : : : _>: SEG34
' . ' . 5 SEG35
' ] '
' X ' '
A U U U Uy AU U U U 4
Controller Driver

Fig. 2.24 LCDC Block Diagram
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(2) Description of registers
LCDC control register 1 (LCDR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0072 | €SS |LCEN|VSEL| BK | MS1 | MsSo | FP1 | FPO 0001 0000 g
(RIW) (RIW) (RW) (RW) (RIW) (RW) (RIW) (R/W)

[Bit 7]: Clock Source Select (CSS)
Bit 7 is a frame cycle generation clock select bit.

0 Main clock
1 Subclock
[Bit 6]: LCEN
Bit 6 is a LCD controller/driver operation enable bit at watch mode
0 Terminates the operation at watch mode
1 Executes operation at watch mode
[Bit 5]: VSEL

<<Microcontrollers without built-in booster>>
Bit 5 is a LCD drive power control bit.

0 Connection of internal resistor for divided voltage enters off state

1 Connection of internal resistor for divided voltage enters on state

<<Microcontrollers with built-in booster (MB89150A)>>
This bit is used to control the reference voltage generator.

0 The reference voltage generator and booster starts operation.

The reference voltage generator and booster stops operation (power-down mode).

[Bit 4]: Blanking (BK)
Bit 4 selects display or display blanking. The segment output in display blanking is an non-conforming
waveform.

0 Display

1 Display blanking
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[Bit 3]: MS1

[Bit 2]: MSO (Mode Select 1 to 0)

Bit 3 and 2 select display mode. The mode is set according to the following table.

MS1 MSO Display mode Number of time divisions: N
0 0 LCD operation stop
0 1 1/2 duty output mode
1 0 1/3 duty output mode
1 1 1/4 duty output mode
[Bit 1]: FP1

[Bit 0]: FPO (Frame Period 1 to 0)
Bits 1 and 0O select the LCD clock cycle. The frame frequency is shown below. Calculate the optimum
frame frequency and set the register according to the LCD module.

Frame frequency (at fch = 3 MHz and fcl = 32 kHz)
FP1 FPO
CSS=0 Css=1
0 0 fch/(212 x N) 183 Hz (N =4) fch/(25 x N) 256 Hz (N = 4)
0 1 fch/(213 x N) 92 Hz (N = 4) fch/(28 x N) 128 Hz (N = 4)
1 0 fch/(214 x N) 46 Hz (N = 4) fch/(27 x N) 64 Hz (N = 4)
1 1 fch/(215 x N) 23 Hz (N=4) fch/(28 x N) 32Hz (N=4)
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(3) RAM for display

The LCD controller/driver contains the 18 x 8-bit RAM for generating a segment output signal. The value of
this RAM is automatically read in synchronization with the common signal select timing and the waveform
corresponding to this value is output from the segment output pin.

Thirty-six segment signals correspond to 18 locations of the display RAM. Each location bitis in synchroniza-
tion with the common signal select timing: bits 0 and 4 with COMO, bits 1 and 5 with COM1, bits 2 and 6 with
COMZ2, and bits 3and 7 with COMS. Ifthe value of each bitis 1, the signalis converted to LCD voltage and ifitis
0, the signal is converted to non-LCD and is not output. However, at reset, COMO to COM3 and SEGO to
SEG36 go Low to provide no LCD display.

The waveform is output from the segment pins in synchronization with the common signal select timing, irre-
spective of the CPU operation. Therefore, reading and writing from and to the display RAM are possible in any
timing.

When using SEG20 to SEG35 as general-purpose output ports, the 8 upper bytes are usually used as RAM.
When the external reset signal is input, the impedance of ports 4 and 5 goes High.

Ad%rggs b3 b2 bl b0 SEGO00
H b7 b6 b5 b4 SEGO1
061, b3 b2 b1 ) SEG02
b7 b6 b5 b4 SEGO3
062, b3 b2 b1 ) SEG04
b7 b6 b5 b4 SEGO5
068, b3 b2 b1 b0 SEG16
b7 b6 b5 b4 SEG17
069, b3 b2 b1 b0 SEG18
b7 b6 b5 b4 SEG19
b3 b2 b1 b0 SEG20 ~
054 b7 b6 b5 b4 SEG21
068, |03 b2 bl b0 | SEG22 | |
b7 b6 b5 b4 SEG23 > Multiplexed with
06CH b3 b2 bl bo SEG24 port 4.
b7 b6 b5 b4 SEG25
b3 b2 bl b0 SEG26
06Pn b7 b6 b5 ba SEG27 /
b7 b6 b5 b4 SEG29
06Fy b3 b2 bl b0 SEG30 | .
b7 b6 b5 b4 SEG31 > Multiplexed with
0704 b3 b2 bl b0 SEG32 port 5.
b7 b6 b5 b4 :Eggi
b3 b2 bl b0
07 b7 b6 b5 b4 SEG35 ~

COM3 Ccom2 Ccom1 COMO
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(4) Operation

First, write the data to be displayed by display RAM. Then, set the value corresponding to the LCD panel to be
used to LCR (LCD control register). The, LCD drive waveform is output according to the data in the display
RAM, When the clock pulse is supplied. A high-speed clock or watch clock can be selected as clock source.
The clock source can be switched during the LCD display. However, the display tends to flicker by switching.
Therefore, it is best to stop the display by blanking, etc. before switching the clock.

The display drive output has a 2-frame AC waveform. The combination of bias and duty shown below may be
possible, but do not use 1/2 bias. Examples of waveforms are shown in the following pages.

<Combination of biases and duties of microcontrollers without built-in booster>

1/2 duty

1/3 duty

1/4 duty

1/2 bias

©

X

X

1/3 bias

X

©

©

<Combination of biases and duties of microcontrollers with built-in booster>

1/2 duty

1/3 duty

1/4 duty

1/2 bias

X

X

X

1/3 bias

X

©

©

© : Recommended mode

x : Application disabled

Note: Do not select the single-clock module for microcontrollers with a built-in booster (MB89150A).

The COM2 and COM3 output waveforms are non-conforming waveforms in the 1/2 duty mode. The COM3
output waveform is also a non-conforming waveform at 1/3 duty.

When LCD operation is terminated, both common and segment output waveforms at L level. However, when
SEG20 to SEG 35 are specified as general-purpose port by the mask option, segment data are not output.
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(5) LCD drive output waveform

(a) Waveform at 1/2 bias and 1/2 duty

' COM3 ' COM2 ' COM1 ' COMO '

COMO

COM1

COomM2

COM3

SG,

SGn+1

—————
v 1frame

Fig. 2.25 Example of Waveform at Pin Corresponding to the RAM Data for Display
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(b) Waveform at 1/3 bias and 1/3 duty

COMO

Ccom1

Com2

COM3

SG,

SGn+1

' COM3 * COM2 + COM1 * COMO
bLeeace- e - - -- e - - .- e - - -- )
— 1 0 0 |sG,
— 1 0 T |SGp+1
-_I """ mmmm-oe- | """ Sy | """" Vi3
I--- ------ :--- I-- ----- -:--- I--- --------- VL2
T | """ —_I_ """ - Vn
T —_—----- il ——- - et Vio = Vss
T ottt CoT Tttt MU R Vis
—I--------- -- --t--q1-- -- --F--F----- Vi
-l 0T l--------l 0T l---------l o 0T VLl
SRR seteesiee- 4 - SRR Vio = Vss
B . S . R v
[ R, L.--L ...... --J—---- ............ VL2
S a SRR el Vi1
s mmmmm--- e----- i i VLo = Vss
Sty R i S it STt Vis
S —— e ———————e e e e e - - Vi2
o SREEEEEER . -- Y
B R R VLo = Vss
e, e - e e e e e e e e - - - Vi3
-]—. e - - - - S R e e Vi
g mm--- -- - LT --17"-: ------------ Vi1
ol H R SR IO S [ Vi Ve
e _.__._ ) . ... ) . e ___._ . VL3
-d-- [ i A N PR | ! P [ -t -- Vi2
R [ P I P bt --4--4-- PR ) R T Vi1
- < e - e - - - - .- .- - - - - VLOZVSS
—3
+ lframe

Fig. 2.26 Example of Waveform at Pin Corresponding to the RAM Data for Display
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(c) Waveform at 1/3 bias and 1/4 duty

: N + COM1 ' COMO

' COM3 ' COM2 !

SG,,

SGn+1

1

B il il i

Vi3
Vi

Via

Vio = Vss

) ) ) )
1 1 1 1
1 1 1 1
1 1 1 1
] -r-r
1 1 1
' ' '
) ) )
) ) )
) ) )
] I T
1 1 1
1 1 1
r=r-
) ) )
' ' '
) ) )
) ) )
) ) )
1 1 1
1 1 1
1 1 1
T 1 [
) ) )
) ) )
-r-rT
) ) )
1 1 1
1 1 1
1 1 1
1 1 1
) ) )
' ' '
) ) )
' r T
) ) )
1 1 1
r=r-
1 1 1
1 1 1
) ) )
' ' '
) ) )
) ) )
) ) )
1 1 1
T 1 1
1 1 1
1 1 1
|—-|1l4
' ' '

COMO

Vi3

Vi

Vi

Vio = Vss

) ) ) )
1 1 1 1
1 1 1 1
1 1 1 1
T T=1
1 1 1
' ' '
) T
) ) )
) ) )
] T
1 1 1
1 1 1
T 1 " 1
) ) )
' ' '
) ) )
) ) )
) ) )
T [
1 1 1
1 1 1
T [
) ) )
) ) )
T [— 1~ 1
) ) )
1 1 1
1 1 1
1 1 1
1 1 1
) T
' ' '
) ) )
' T
) ) )
1 1 1
TTT/1° "
1 1 1
1 1 1
) ) )
' ' '
) ) )
T '
) ) )
1 1 1
T 1
1 1 1
1 1 1
.—ll.—
' ' '

Ccom1

) ) ) )
1 1 1 1
1 1 1 1
1 1 1 1
il B B I
1 1 1
' ' '
' T 1
) ) )
) ) )
1 1 1
1 1 1
1 1 1
=< =a- bl |
) ) )
' ' '
T )
) ) )
) ) )
T [
1 1 1
1 1 1
1 1 1
) ) )
) ) )
STTAT T 1T
) ) )
1 1 1
[ T
1 1 1
1 1 1
) T
' ' '
) ) )
) ) )
) ) )
1 1 1
STTTAT T T
1 1 1
1 1 1
T )
' ' '
) ) )
T '
) ) )
1 1 1
1 1 1
1 1 1
1 1 1
lllJll—l
' ' '

Com2

Vio = Vss

Vi3

J:

Vi
Via

Vio = Vss

Vi3
Vi
Via

COM3

SG,

Vi3

Vi
Vi

Vio = Vss

[ [ [ [
[ [ [ [
[ [ [ [
[ [ [ [
F-rTr-r°-°=°
[ [ [
[ [ [
T [
[ [ [
[ [ [
L) 1
[ [ [
[ [ [
— -F-r---
[ [ [
[ [ [
[ T
[ [ [
' ' '
1 L)
[ [ [
[ [ [
1 L)
[ [ [
' ' '
[l e e
[ [ [
[ [ [
L) )
[ [ [
[ [ [
T [
' ' '
' ' '
L) )
[ [ [
[ [ [
r r 'y
[ [ [
[ [ [
[ T @
' ' '
' ' ' e
1 L) m
' ' ' b
' [ [ —
[ T
[ [ [
[ [ [
e i e = =
' ' '
i
+
e
Q
(9]

Fig. 2.27 Example of Waveform at Pin Corresponding to the RAM Data for Display
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(6) Voltage setting at power pins (V3, V5, V1, and V) for driving LCD
Set the voltages at the LCD power pins (V3, Vo, V1, and V) as shown below.

1/2 bias VLCD 1/2 VLCD 1/2 VLCD GND
1/3 bias VLCD 2/3 VLCD 1/3 VLCD GND
Vi cp: LCD operating voltage

A connection example for supplying power to drive the LCD is shown below.

Vee Vee

V3 e V3 - -

K K
V2 V2
§ Vicp § Vico
V1 V1
VO E--V!- VO E--V!-
1/2 bias 1/3 bias

Notes:

1. To set a 1/2 duty when using the external dividing resistor, short-circuit the pins V2 and V1.

2. For microcontrollers with a built-in booster (MB89150A), the above pins serve as the external capacitor
connection pins (Figure 2.22).
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Built-in voltage dividing resistor
The built-in voltage dividing resistors are connected as shown in the next figure.

Writing 1 at the VSEL bit connects the built-in voltage dividing resistors. Therefore, write 1 at the VSEL bit to
connect the resistors and set 0 to disconnect the resistors.

The VO pin is connected to the Vgg through the transistor within chip. Therefore, when using the external
resistance divider, connecting Vgg only to the VO pin cut the current flowing into the resistor when the LCDC
stops.

In the figure, the LCDC enable bit becomes inactive in the LCD stop and WATCH modes (LCEN = 0).

Microcontrollers with a built-in booster (MB89150A) do not contain a dividing resistor.

Vee
— 1L 2R
A~ =
I V3
1 R

:

H (5

g4
WA

VSEL I_D:

LCDC enabled

—

Internal equivalent circuit
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(7) Reference voltage generator and booster for doubling and tripling the voltage
(only for microcontrollers with built-in booster (MB89150A))

The reference voltage generator generates the reference voltage of 1.5 V without being affected by fluctua-
tions in the operating voltage. The booster can be used solely without using the internal reference voltage
generator by applying an external reference voltage to the V1 pin. This arrangement is optional.

The booster can be connected as shown in the figure below to generate a double or triple reference voltage
from 32 kHz input clock pulses and the reference voltage.

Booster
X0A Oscillator
X1A circuit —— O
~—o C1l
@]
Q Co
\‘O
o Jez oo
o .
215 vo T T
I; oOv
V3
V2
C5 | C6
Reference V1 -T-
voltage
generator J_C4 /;; /;;
Boost capacitors
MB89150A C2:0.05 uF
C3:0.1 yF
C4: 0.05 pF
C5: 0.05 uF
C6: 0.1 pF

Fig. 2.28 External Connection Diagram of Reference Voltage Generator and Booster

Note: The reference voltage generator and booster function only when microcontrollers with built-in booster
(MB89150A) are selected. When microcontrollers without built-in booster are selected, pins V3 to VO
serve as division resistor connection pins. Capacitors CO and C1 serve as general-purpose output
ports (P31 and P32).
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2.2.8 Remote-control carrier frequency generator

« This generator is a remote-control circuit for generating remote-control carrier frequencies.

* The 6-bit binary counter is built in.
* Four internal clock pulses can be selected to set a duty and cycle.

(1) Registers

fe— 8bit —————]

Address: 0014y RCR1 R/W Remote-control register 1

Address: 00154 RCR2 R/W Remote-control register 2

(2) Block diagram

Internal data bus

RCK1 RCKO RCOE Compare register for duty
2/1 P30/RCO
CLEAR
1/1
CPU clock —3§ 0 CLK Comparator
1/8
6-bit counter
1/32

Compare register for cycle

Internal data bus
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(3) Description of registers

(a) Remote-control register 1 (RCR1)

This register is used to select the reference clock and set the duty of remote-control carrier frequency.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0014y | RCK1 | RCKO | HSC5 | HSC4 | HSC3 [ HSC2 | HSC1 | HSCO | 0000 0000 g
(RIW) (RIW) (RIW) (RW) (RIW) (RW) (RIW) (R/W)

[Bits 7 and 6] RCK1 and RCKO: Bits for selecting clock source for remote-control carrier frequency
These bits are used to select the clock source for the remote-control carrier frequency.

RCK1 | RCKO Reference clock Reference clock at fch = 3 MHz
0 0 (Instruction cycle time) x 1/2 0.67 us
0 1 (Instruction cycle time) x 1 1.33 ps
1 0 (Instruction cycle time) x 8 10.33 ps
1 1 (Instruction cycle time) x 32 42.56 ps

Instruction cycle: Selectable from 1/4 to 1/64 oscillations of main clock by setting system clock control
register (SYCC).

fch: Oscillation frequency of main clock

[Bits 5 to 0] HSC5 to HSCO: Bits for setting duty of remote-control carrier frequency

These bits are used for the 6-bit compare register to set the duty of the remote-control carrier frequency. To

setthe duty of the remote-control carrier frequency, set the value calculated from the clock source in binary

atthese bits. For example, to set a duty of 26 us, select clock source = instruction x 1 and set 010100 (1/20

oscillation) at these 6 bits. This enables the selection of any duty.

(b) Remote-control register 2 (RCR2)

This register is used to enable the output and set the cycle of remote-control carrier frequency.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address: 0015, |RCEN| — |scLs|scL4 |scL3|scL2|scLi|scLo| 00000000 g
(RIW) (RIW) (RW) (RIW) (RW) (RIW) (R/W)

[Bit 7] RCEN: Bit for enabling output of remote-control carrier frequency

This bitis used to enable the output of remote-control carrier frequency to the P30/RCO pin. Setting this bit
to 0 enables clearing of the 6-bit counter.

[Bits 5 to 0] SCL5 to SCLO: Bits for setting cycle of remote-control carrier frequency

These bits are used for the 6-bit compare register to set the cycle of the remote-control carrier frequency.
To set the cycle of the remote-control carrier frequency, set the value calculated from the clock source in
binary at these bits. For example, to set a cycle of 66 s, select reference clock = instruction x 1 and set
110010 (1/50 oscillation) at these 6 bits. This enables selection of a cycle of 66.5 ps.
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(4) Description of operation

Remote-control registers 1 and 2 (RCR1 and RCR2) control a 6-bit counter to output the remote-control carri-
er frequency to the P30/RCO pin.

A usage example is given below.

<Example>

Cycle: 15 kHz

Duty: 1/3

Reference clock: instruction cycle X1

RCR1 set value: 01 010001

Duty set value (1/17 oscillation)
— Reference clock set value

RCR2 set value: 1X 110010
|— Cycle set value (1/50 oscillation)
— Output enable

Cycle = 66.5 us

Duty = 22.61 pus

Note: To set the duty and cycle, the cycle set value must always be greater than the set duty value.
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2.2.9 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.

(1) Registers

fe— 8bit —————]

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

(2) Block diagram

: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 :
Sub clock (LO) ——» '
b e e e e e e e e e e e e e e e e e e e e - - e =e=======hoeeeee==- T .“. - -
31.25ms
0.25s
— _L MPX 05s
10s
//
2
Interrupt request
IRQ5 _| r
WPCR | WIF | WIE — — — WS1 | WSO [WCLR
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(3) Description of registers

(a) Watch prescaler control register (WPCR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address: 000By | WIF | wie | — | — | — [ ws1 | wso [WCLR| 00XX X000 g
(RIW) (RIW) (RIW) (RIW) (RIW)

[Bit 71 WIF: Watch interrupt flag
When writing, this bit is used to clear the watch interrupt flag.

0 Clears watch interrupt flag

1 No operation

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

0 Watch interrupt not occurred

1 Watch interrupt occurred

1is read when the Read Modify Write instruction is read. If the WIF bit is setto 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 2] WS1: Interrupt interval time specification bit by watch
[Bit 1] WSO: Interrupt interval time specification bit by watch
These bits are used to specify the interrupt cycles.

WS1 | WSO Interrupt cycle Interrupt cycle at fcl = 32 KHz
0 0 210/fc| 31.25 [ms]
0 1 213/fcl 0.25[s]
1 0 214/fcl 0.50 [s]
1 1 215/fcl 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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2.2.10 Time-base timer

* This timer has a 21-bit binary counter and uses a clock pulse with 1/2 oscillation of the main clock.
 Four interval times can be selected.
« This function cannot be used when the main clock is stopped.

(1) Registers

fe— 8bit —————]

Address: 000AyY TBCR R/W Tme-base timer control register

(2) Block diagram

Submode L
c_ontrol ! »
signal } ) =
TBCO j—l\ MPX /

TBC1

TBR

TBTC* il 12
. 21-bit counter _‘

TBIE

TBIF

Interrupt request
IRQ4

*TBTC is a clock pulse with 1/2 oscillation of the main clock.
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(3) Description of registers

(a) Time-base timer control register (TBCR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address: 000A4 [TBOF| TBIE| — | — | — [TBC1|TBCO| TBR 00XX X000 g
(RIW) (RIW) (RIW) (RIW) (W)

[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 bit indicates that an interval timer overflow has occurred.

0 Interval timer overflow not occurred

1 Interval timer overflow occurred

lisread when the Read Modify Write instruction is read. If the TBIF bitis setto 1 when the TBIE bitis 1, an
interrupt request is output. This bit is 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] TBC1: Interval time specification bit
[Bit 1] TBC2: Interval time specification bit
Bits 1 and 2 are used to specify interval timer cycle.

TBC1 | TBCO Interval time Interval time at fch = 3 MHz
0 0 213/fch 2.73 [ms]
0 1 215/fch 10.92 [ms]
1 0 218/fch 87.38 [ms]
1 1 222ffch 1398.10 [ms]

/fch: 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

1 No operation

1 is always read when this bit is read.
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2.2.11 Watchdog timer 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.

(1) Registers

fe—— 8bit ————]

Address: 00094 WDTE R/W Watchdog timer control register

(2) Block diagram

WTE 3t00
Start
CLR
CS Selector 2-bit counter o Reset control |——» RST
Time-base timer
Watch prescaler
(3) Description of register
» Watchdog timer control register (WDTE)
Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial value
Address: 0009y | CS — — — | WTE3|WTE2 | WTEL1 [ WTEO OXXX XXXXg
(R/W) w W W W

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

0 Time-base timer Cycle = 222 /fch

1 Watch prescaler Cycle = 214 /fcl

fch: Main clock frequency
fcl: Subclock frequency

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.
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[Bits 3 to 0] WTE3 to WTEOQ: Watchdog timer control bit
Bits 3 to 0 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.

(4) Description of operation
The watchdog timer enables detection of a program nullfunction.

« Starting watchdog timer
The watchdog timer starts when 0101 is written at the watchdog timer control bits.

« Clearing watchdog timer
When 0101 is written at the watchdog timer control bits after start, the watchdog timer is cleared. The

counter of the watchdog timer is cleared when changing to the standby mode (STOP, SLEEP, CLOCK) or
hold mode.

» 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-based timer Watch prescaler
Minimum time Approx. 1398.1 ms Approx. 512 ms at high-speed 3 MHz clock
Maximum time Approx. 2796.2 ms Approx. 1024 ms at low-speed 32 kHz clock

* Stopping watchdog timer
Once started, the watchdog timer will not stop until a reset occurs.
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3.1 Clock Pulse Generator

The MB89150 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 clock module is selected by the option, the X0A pin should be connected to GND and the X1A
pin should be kept open.

For microcontrollers with built-in booster, the single clock module cannot be selected by the option. The
double-clock module should be used.

MB89150 MB89150

! X0 X0
; X1 OPEN— X1

® XO0A
xtal C—1 Xtal

e
—/
T X1A }XlA
‘T T ‘ T

X0A

H

MB89150
At single clock module option
X0A
—~
OPEN — X1A

Fig. 3.1 Clock Pulse Generator
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3.2 Reset

3.2.1 Reset operation

When reset conditions occur, the MB89150 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 MB89150 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
FFFE4 and FFFFy,

Fetch instruction codes from reset
vectors and execute the instruction.

Execute the next instruction.

1

Fig. 3.2 Outline of Reset Operation

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

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

first after reset is cleared, is stored.

FFFEH Upper 8 bits of reset vector

FFFDy Mode data 7 6 5 4 3 2 1 0

\ J\. J
Y Y

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 MB89150 series of microcontrollers have the following reset sources.

(1) External pin A Low levelis input to the RSTX pin.

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

(3) Power-on The power is turned on when the power-on reset option is selected.

(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 (option selected), operation is started after elapse
of the oscillation stabilization time.

For details, see pages 2-16 to 2-18.
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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—Comparatorl I 4
4 4 Level
MB89150 - CPU o @ @ mize | deoded (6) Clear request
| | - interrupt T
) [ [ 3
(7) Interrupt
- ) (2) Execute Interrupt{t processing
main program generaton
(5) —-——— RAM - I
Restore PC, PS
I
Enable FF — .
AND > ' RETI
> Source FF |— 3 ' (8)
(6) 1) R Interrupt controller ! PC, PS restored
L 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 FZMC-8, A and T are not saved in the stack at the interrupt time.
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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 address  Lpwer vector address
IRQO (External interrupt 1) FFFAH FFFBy
IRQ1 (External interrupt 2) FFF8H FFF9y
IRQ2 (16-bit timer counter) FFF6H FFF7H
IRQ3 (8-hit serial 1/0) FFF4y FFF54
IRQ4 (Interval timer) FFF24 FFF3H
IRQ5 (Watch) FFFOH FFF1y
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3.4 Low-power Consumption Modes

The MB89150 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 2.1.5 for setting and releasing each mode.

The MB89150 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
pages 2-16 to 2-18).

If the single clock module is specified with the mask option, the MB89150 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 — | Operate Stop Stop Operate Stop Stop Stop

CPU | ROM —
Operate Hold Hold Operate Hold Hold Hold
RAM —

I/0 O | Operate Hold Hold Operate Hold Hold Hold
Watch prescaler X Operate | Operate | Operate*l] Operate | Operate Stop Operate

Time-base timer X Operate | Operate Stop Stop Stop Stop Stop

16-bit timer O | Operate | Operate Stop Operate | Operate Stop Stop

Re- 8-bit SIO O | Operate | Operate Stop Operate | Operate Stop Stop

SOurce | remote-control carry | O | Operate | Operate | Stop | Operate | Operate | Stop Stop
LCDC O | Operate | Operate Stop Operate | Operate | Stop*3 |Operate*2
External interrupt O | Operate | Operate | Operate | Operate | Operate | Operate | Operate
Buzzer output x | Operate | Operate | Operate*) Operate*3] Operate*] Stop [Operate*2

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

Notes

Q: Clock mode (main mode or submode)does not affects the operation speed or others.
x : Clock mode (main mode or submode)does not affects the operation speed or others.
*1: Watch prescaler can operate counting but watch interrupt cannot be operated.
*2: When clock source is used as watch prescaler.
*3: For microcontrollers with built-in booster (MB89150A), the booster stops.
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3.5 Pin States for Sleep, Stop, and Reset

The state of each pin of the MB89150 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/out-
put pins goes High when the bit is set to 1.

(3) Reset When the MOD pin is 00, the impedance of all I/O and resource pins (excluding pins for pull-
up option) goes High.

The detailed pin state in each mode is described on the following pages.
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Normal Pins for MB89150 Series of Microcontrollers (in Single-Chip Mode)

Pin name Normal Sleep Sgtl_og 0 SlitLog 1 Reset
PO7/INT27 to Port input/output Previous state Previous state High impedance High impedance
POO/INT20 Resource input
P17to P14 Port input/output Previous state Previous state High impedance High impedance
P13/INT13 to Port input/output Previous state Previous state High impedance High impedance
P10/INT10 Resource input
X0, X0A Input for oscillation Input for oscillation High impedance High impedance Input for oscillation
X1, X1A Output for oscillation Output for oscillation H output H output Output for oscillation
MODO Mode input Mode input Mode input Mode input Mode input
MOD1
RSTX Reset input Reset input Reset input Reset input Reset input *1
P27/BUZ Port output Previous state Previous state High impedance High impedance
P26 Port output Previous state Previous state High impedance High impedance
P25/SCK Port output Previous state Previous state High impedance High impedance
P24/SO Port output Previous state Previous state High impedance High impedance
P23/SI Port output Previous state Previous state High impedance High impedance
P22/TO Port output Previous state Previous state High impedance High impedance
P21 Port output Previous state Previous state High impedance High impedance
P20/EC Port output Previous state Previous state High impedance High impedance
P32/C0*2 Port output Previous state Previous state High impedance High impedance
P31/C1*2 Port output Previous state Previous state High impedance High impedance
P30/RCO Port output Previous state Previous state High impedance H output
P47/P40*3 Port output Previous state Previous state High impedance High impedance
P57/P50*3 Port output Previous state Previous state High impedance High impedance
COMO to COM3 Common output Previous state Previous state Previous state L output
SEG35 to SEGO Segment output Previous state Previous state Previous state L output

*1: The reset pin is used as output pin according to the option setting.
*2: For microcontrollers with a built-in booster (MB89150A), these pins serve as capacitor connecting pins and not as ports.
*3: If segment output is selected, these pins serve as SEG35 to SEGO.
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4.1 Transfer Instructions

NO MNEMONIC ~ # OPERATION TL|TH|AH | NzZVC OP CODE
1| MOV dir,A 3 2 (dir) < (A) — - -] ———— 45
2 | MoV @Ix+off,A 4 | 2 | (@x)+off) < (A -] - =] ———= 46
3 | MOV extA 4 3 (ext)y < (A) -] - -] ——— 61
4| MOV @EP,A 3| 1] (P ~@® | - =] ———= 47
5| MOVRIA 3 1| R)y <(@A ] =] =] ————= 48 to 4F
6 | MOV A#d8 2 2 (A) ~d8 ALl —| — | ++—— 04
7 | MOV Adir 3 2 (A) «~ dir AL| —| —| ++—— 05
8 | MOV A @IX+off 4 2 (A)  « ((IX)+off) AL| —| — | ++—— 06
9 | MOV Aext 4 3 (A)  « (ext) AL| —| —| ++—— 60
10 [ MOV A @A I IS (YR (V) ALl —| = ++—= 92
11 | MOV A @EP 311 @®A -<(EP) ALl — o —— 07
12 | MOV ARI 3 1 (A)  ~ (Ri) AL | — ++—— 08 to OF
13 | MOV dir,#d8 4 3 (din) ~ ds — - -] ———— 85
14 | MOV @IX+off,#d8 5 3 ((1X)+off) ~ ds — | — _ 86
15 | MOV @EP #d8 4| 2| (EP) - d8 —| — N 87
16 | MOV Ri#d8 4 2 (Ri) «~ d8 — - ———— 88 to 8F
17 | MOVW dir,A 4 2 (dir) « (AH),(dir+1) < (AL) -] - - ——— D5
18 | MOVW @IX+off,A 5 | 2 | (X)+off)  —(AH),((IX)+off+1) ~(AL) - = = - D6
19 | MOVW ext,A 5 3 (ext) « (AH),(ext+1) ~(AL) - ] ———— D4
20 | MOVW @EP,A 4 1 ((EP))  « (AH),((EP)+1) ~ (AL) — — | - D7
21 | MOVW EP,A 2 |1 (EP) (A -] - =] ———= E3
22 | MOVW A #d16 3 3 (A) ~ dié AL| AH| dH | ++—— E4
23 | MOVW A.dir 4 2 (AH)  (dir),(AL) ~(dir+1) AL| AH| dH | ++—— Cc5
24 | MOVW A @IX+off 5 2 (AH) ~ ((IX)+off),(AL) « ((IX)+off+1) AL | AH| dH | ++—— C6
25 | MOVW Aext 5 | 3 | (AH) —(ext),(AL)  (ext+1) AL | AH| dH | ++—— c4
26 MOVW A,@A 4 1 (AH) «((A)),(AL) < ((A)+1) AL | AH | dH ++—— 93
27 MOVW A,@EP 4 1 (AH) —((EP)),(AL) ~((EP)+1) AL | AH | dH ++—— Cc7
28 MOVH A,EP 2 1 (A) ~(EP) — | — | dH e F3
29 MOVW EP,#d16 3 3 (EP) ~di16 _ ] - - - E7
30 MOVW IX,A 2 1 (IX) «(A) _ ] -] - - E2
31 MOVW A,IX 2 1 A) < (IX) — dH RN — F2
32 MOVW SP,A 2 1 (SP) « (A) _ ] -] - - El
33 MOVW A,SP 2 1 (A) < (SP) — | — | dH RN — F1
34 | MOV @A,T 3 1 (A) <M — - ———— 82
35 | MOVW @A, T 4 1 ((A)) < (TH),((A)+1) < (TL) - - - 83
36 | MOVW IX,#d16 3 3 (IX) ~ di6 -] - -] ———— E6
37 MOVW A,SP 2 1 (A) < (PS) — | — 1| dH e 70
38 MOVW PS,A 2 1 (PS) « (A) — | — ++++ 71
39 MOVW SP,#d16 3 3 (SP) ~ di6 — ] -] —-———— E5
40 | SWAP 2 1 (AH) < (AL) — | —lAL|] ———— 10
41 | SETBdir:n 4 2 (dir):n <1 ! -] -] ———— A8 to AF
42 | CLRBdir:n 4 2 (dir):n -0 — ! -] -] ———— AOto A7
43 | XCHA,T 2 1 (AL) = (TL) AL — ] -] ———— 42
44 | XCHWA,T 3 1]l ® - (T) ALl AH| dH| ———— 43
45 | XCHW AEP 3|1 ] ® - (EP) | —|dH| ———— F7
46 | XCHW A,IX 3 1 (A) = (IX) —|dH| ———— F6
47 | XCHW A,SP 311 ®» = (SP) — | —|dH| ———— F5
48 | MOVW A,PC 2 1 (A) ~ (PC) — ] —|ldH|] ———— 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).
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4.2 Operation Instructions

NO MNEMONIC ~ # OPERATION TL|TH|AH | NZzVvC | OP CODE
1 ADDC ARi 3 1| (A) < (A)+Ri)+C — ] = = ++++ 28 to 2F
2| ADDC A #ds 2 2| (&) - (A)+ds+c — | = = ++++ 24
3 ADDC A,dir 3 21 (A) < (A)+(din+C —| = —| ++++ 25
4 | ADDC A @IX+off 4 2| (A) < (A)*H(IX)+off)+C —| = —| ++++ 26
5 ADDC A,@EP 3 1] (A) < (A)+(EP)+C — | =] —| ++++ 27
6 | AbDcw A 3] 1] ® < @+m+c | — | s+ 23
7 ADDC A 2 1| (AL) « (AL)+(TL)+C — | = — | ++++ 22
8| SUBCARI 3|l 1]l ™ < @®-R)-C | = =] ++++ 3810 3F
9| suBcAw#ds 2| 2| ®w - (A)-ds—c | = =] ++++ 34
10 | SUBC A,dir 3| 2] () - A)-din-c | = = ++++ 35
11 SUBC A,@IX+off 4 2| (A « (A-((IX)+off)—C — | = — | ++++ 36
12 | SUBCA,@EP 3| 1] (A - A-(EP)C | = = ++++ 37
13 | suBcwA 3| 1| (A - mMA-C | —lan | ++++ 33
14 | suBcA 2| 1| (AL « (TL)-(AL)-C | =] = ++++ 32
15| INCRI 4| 1| R) - R —| = = +++= C8to CF
16 | INCWEP 3| 1| (EP) ~ EP)+1 =] =] = ——— c3
17 | INCWIX 3| 1] 1% <X+ = =] = ——— Co
18 | INCWA 3| 1| A <@+ | =l aH]| ++—— co
19 DEC Ri 4 1] (R) < (Ri)-1 — ] — ] — | +++—= D8 to DF
20 | DECWEP 3 1| (EP) < (EP)-1 N I I D3
21 | DECW IX 3 1| 0¥ < x-1 N N N R D2
22 | DECWA 3|l 1|l @1 | —lau ] ve—— DO
23 | mMuLUA 1] 1| ® <@ | —lgn| ———— o1
24| DIVUA 21 1| &) < @A, MOD  ~(T) at oo oo | ———_ 1
25 | ANDWA 3| 1]l ® - ® | = an] v+r— 63
26 | ORWA 3| 1]l @ @ om | =la] ++r=— 73
27 | XORwWA 3] 1| <@ v | —lan| ++r— 53
28| cmPA 2| 1 (TL)—~(AL) | =] = ++++ 12
29 | cmPwA 3| 1 (M—(A) | = = ++++ 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 | CMPA@EP 3| 1 (A)- ((EP)) N I R R 17
35 | CMP A @IX+off a| 2 (A)- ((IX)+off) = = ++++ 16
36 CMP A Ri 3 1 (A)- (Ri) | —] —| ++++ 18t0 1F
37 DAA 2 1 | decimal adjust for addition — | — ] —| ++++ 84
38 DAS 2 1 decimal adjust for subtraction — —_ — | ++++ 94
39 | XORA 2|l 1|l ™ <@ v | = = ++r= 52
40 XOR A, #d8 2 2| A <~ (AL) V d8 — | —1 —| ++rR— 54
41 XOR A,dir 3 2| (A < (AL) v (dir) —| =1 =] ++rR— 55
42 | XOR A @EP 3| 1] (A <Ay Y(EP) | = = ++r= 57
43 | XOR A,@IX+off 4 2| (A < (AL) Y ((IX)+off) —| -1 =] ++rR— 56
44 | XORARI 3| 1| A <@y VR | = = ++r= 58 to 5F
45| ANDA 2|l 1|l »™w <@y @ | =] ++r— 62
46 | AND A#ds 2 2|l @ g8 = =1 ++r= 64
47 | AND A dir 3] 2]l (A <@y @ | -] ++r— 65
48 | AND A@EP 3 1] (& <Ay (KP) | = =1 ++r— 67
49 | AND A @IX+off 4| 2| A < (AL (@)+off) | =] = | ++r— 66
50 | ANDARI 3| 1| @™ - @A) R | =] =| ++r= 68 to 6F
51| ORA 2|l 1|l ®™w -@mn oy | = —| ++r— 72
52 | ORA#d8 2| 2] ® -@Ay ODds | = = ++r= 74
53 | ORA(dir 3| 2] (A <Ay D) | = = ++r= 75
54 | ORA@EP 3 1| A < @Ay  O(EP) | =] | ++r— 77
55 | OR A @IX+off a| 2| A < (A O((x)+off) —| =] —| ++r— 76
56 | ORARI 3|1 1| W < (AYH O(Ri) —| =] =] ++r— 7810 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 [ I R 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 _-] -1 -1 FC
3 BC/BLO rel 3 2 if C=1 then PC ~PC+rel e el el et F9
4 BNC/BHS rel 3 2 if C=0 then PC ~PC+rel _-] -1 -1 F8
5 BN rel 3 2 if N=1 then PC ~PC+rel - -] —-—— FB
6 BP rel 3 2 if N=0 then PC ~PC+rel - - —-1—-—— FA
7 BLT rel 3 2 ifV vN=1then PC ~PC+rel - -1 |- FF
8 BGE rel 3 2 if V. VYN=0 then PC ~PC+rel - -] - ——— FE
9 BBC dir:b,rel 5 3 if (dir:b)=0 then PC ~PC+rel -] - - —+t—— BO to B7
10 BBS dir:b,rel 5 3 if (dir:b)=1 then PC ~PC+rel — -] - —+—— B8 to BF
1| IMP @A 2 1 (PC) —(A) R [ [ | EO
12 JMP ext 3 3 (PC) —ext - - -—-—— 21
13 CALLYV #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 —| —]dH| ———— F4
16 RET 4 1 return from subroutine - -] —-——— 20
17 RETI 6 1 return from interrupt — | — | — | restore 30
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4.4 Other Instructions
NO MNEMONIC # OPERATION TL|TH|AH | NZVC OP CODE

1 | PUSHW A 4|1 — ] - -] === 40
2 | POPW A 411 — | —-ldH| ———— 50
3 | PUSHW IX 4|1 — ] - -] === 41
4 POPW IX 4 1 — — N 51
5 | NOP 1 1 - -] - - 00
6 | CLRC 1] 1 -] -] -] ———R 81
7 | seTC 1] 1 —| -] ———=s 91
8 | CLRI 1] 1 B e e B 80
9 SETI 1 1 — — -] -

90
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Table 5-1 Mask Options

Type MB8915X/A MB89P155 MB89PV150
NO
Specification method Select when ordering mask Set by EPROM writer Cannot be set
1 | Pull-up resistor Can be selected for each pin.| P00 to P07 and P10 to P17
P00 to P07, P10 to P17 can be selected for each pin
P20 to P27, P40 to P47 However, P40 to 47 and P50 | (Only P40 to P47, P50 to P57| Pull-up resistor not provided
P50 to P57 to P57 are specified only and P20 to P27 do not have
when segment output is not | pull-up resistor.)
selected
2 | Power-on reset
[ Power-on reset available Can be selected Can be set Power-on reset available
Power-on reset not available
3 | Oscillation stabilization time Can be selected Can be set
« Initial value of oscillation WTM1 WTMO WTM1 WTMO
stabilization time of main 0 0: 2%t 0 0: 2%t
clock can be set by selecting 0 1: 2% 0 1: 212 Oscillation stabilization:
the values of WTM1 and 1 0: 2164 1 0: 2164 216t
WTMO shown in the light 1 1: 218 1 1: 218

columns

4 | Types of main clock oscillation Only crystal or ceramic
Crystal or ceramic oscillator | Can be selected oscillator Only crystal or ceramic
[ CR oscillator
5 | Reset pin output
Reset output available Can be selected Can be set
[ Reset output not available Reset output available
6 | Clock mode selection
Double clock mode Can be selected Can be set
[ Single clock mode Double clock mode
7 | Selection of reference voltage
supply method
Can be selected Can be set

Internally generated voltage
[ Externally input voltage
Selectable only for MB89150A
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MASK OPTIONS

Table 5-1 Mask Options (continued)

Type MB89151 MB89P155 MB89PV150
NO
Selected by version Selected by version
Specification method Select when ordering mask y y
number number
8 | Segment output switching
selection
Selectable -101: 36
36: Port unselected -102: 32
32: P57 to P54 selected -103: 28
28: P57 to P50 selected Select by number of seg- -104: 24
24: P57 to P50, P47 to P43 ments —105: 20
selected
20: P57 to P50, P47 to P40
selected
Table 5-2 Configuration of Product Series
Piggyback/evaluation Number of
Product series Temporary product 99y valuat n Booster
product segments
MB89P155-201 36
MB89P155-202 32
MB89150A MB89P155-203 — 28 Provided
MB89P155-204 24
MB89P155-205 20
MB89P155-101 MB89PV150-101 36
MB89P155-102 MB89PV150-102 32
MB89150 MB89P155-103 MB89PV150-103 28 Unprovided
MB89P155-104 MB89PV150-104 24
MB89P155-105 MB89PV150-105 20

5-4
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APPENDIX FUﬁTSU

APPENDIX A 1/0 MAP

Addresses 00— 174

Address Read/Write Register Description of register
00H (R/W) PDRO Port-0 data register
01y (W) DDRO Port-0 direction register
02y (RIW) PDR1 Port-1 data register
03H (W) DDR1 Port-1 direction register
04y (R/W) PDR2 Port-2 data register
05H (R/W) DDR2 Port-2 direction register
064 — — —
07H (R/W) SYCC System clock control register
08y (RIW) STBC Standby-control register
09y (RIW) WDTC Watchdog-timer control register
0AH (R/W) TBTC Time-base timer control register
0By (RIW) WPCR Watch prescaler control register
0Cq (RIW) PDR3 Port-3 data register
0Dy — — —
OEH (R/W) PDR4 Port-4 data register
OFH (R/W) PDR5 Port-5 data register
10y (RIW) BZCR Buzzer register
114 — — —
12y — — —
134 — — —
14y (R/W) RCR1 Remote-control register 1
154 (R/W) RCR2 Remote-control register 2
164 — — —
17n - — —

App. 3
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Address 18y — 7Fy

Address Read/Write Register Description of register
184 (RIW) T2CR Timer 2 control register
194 (R/W) T1CR Timer 1 control register
1AH (RIW) T2DR Timer 2 data register
1By (R/W) T1DR Timer 1 data register
1CH (R/W) SMR1 Serial mode register
1Dy (RIW) SDR1 Serial data register
1EH to 2F H — — —
30H (R/W) EIE1 External interrupt 1 control register 1
31y (RIW) EIF1 External interrupt 1 flag register 1
32y (R/W) EIE2 External interrupt 2 control register 2
33H (R/W) EIF2 External interrupt 2 flag register 2
34y to 5F | — — —
60to 71 (R/W) VRAM RAM for displaying data
724 (R/W) LCR1 LCDC control register 1
734to 7B { — — —
7CH (W) ILR1 Interrupt-level register 1
7Dy (W) ILR2 Interrupt-level register 2
7EHQ (W) ILR3 Interrupt-level register 3
TFH Access disable ITR Interrupt-test register

App. 4




APPENDIX FUﬁTSU

APPENDIX B EPROM SETTING FOR MB89P155

MB89P155 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 4000 to address 7FFFy of EPROM writer.
(The data is loaded from address 8000 4 to address OFFFFy in the operation mode, and from address
4000 4 to address 7FFFy in the EPROM mode.)
Load the option information from address 3FFoy to address 3FFe6y of the EPROM writer.
(For the correspondence between the addresses and options, see the Bit Map on the next page.)

(3) Write the data with the EPROM writer.

The memory space in the EPROM mode is as follows:

Address EPROM mode
0000 —»
Empty area
(Read value: FFp)
3FFOH —»
Option-select area
3FF6H —»
Empty area
(Read value: FFp)
4000 —»
Program area
(PROM)
TFFFy —»

App. 5
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« Bit Map for PROM Option
7 6 5 4 3 2 1 0
3FFOy Empty Empty Oscillation stabilization time Empty Reset pin Clock mode Poewr-on
WTM1 |  wTMmO Output selection
reset
Readable Readable See Mask option list Readable |1: Available 1: Double 1: Available
0: Unavailable |0: Single 0: Unavailable
3FF1 P07 P06 P05 P04 P03 P02 PO1 P00
H Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up
register register register register register register register register
1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable
0: Available 0: Available 0: Available 0: Available 0: Available 0: Available 0: Available 0: Available
3EE2 P17 P16 P15 P14 P13 P12 P11 P10
H Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up Pull-up
register register register register register register register register
1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable |1: Unavailable
0: Available 0: Available 0: Available 0: Available 0: Available 0: Available 0: Available 0: Available
3FF3y Empty Empty Empty Empty Empty Empty Empty Empty
Readable Readable Readable Readable Readable Readable Readable Readable
3FF4y Empty Empty Empty Empty Empty Empty Empty Empty
Readable Readable Readable Readable Readable Readable Readable Readable
3FF5y Empty Empty Empty Empty Empty Empty Empty Empty
Readable Readable Readable Readable Readable Readable Readable Readable
Notes:

1. The initial value of each bit is 1.

2. Do not set 0 at empty bits.
The read value of each empty bitis 1 unless 0 is set.
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APPENDIX C ELECTRICAL CHARACTERISTICS

1. Absolute Maximum Rating

(Vss =0.0 V)
Requirements
Parameter Symbol Unit Remarks
Min. Max.
Supply voltage Vee Vss—0.3 | vgg+ 7.0 \%
Supply voltage for LCD VOtoV3 | Vss—0.3 Vgg+7.0 \% VO, V2 and V3 cannot exceed Vcc.
Supply voltage for EPROM program Vpp Vss—0.3 |Vee+15.00  V Applicable to MOD1 pin of MB89P155/A
Vip Vss =03 | vee +0.3 Vv All the pins must not exceed Vss + 7.0 V,
excluding P20 to P27 without a pull-up re-
Input voltage sistor
Vi Vgs—0.3 Vgs + 7.0 V Applicable to P20 to P27 without a pull-up
resistor
Vo1 Vss—0.3 | Ve +0.3 Y, All the pins must not exceed Vss + 7.0 V,
excluding P20 to P27, P31 to P32, P40 to
47, and P50 to P57 without a pull-up resis-|
tor
Output voltage
Voo Vss—0.3 | vgg+7.0 \Y; Applicable to P20 to P27, P31 to P32, P40j
to P47, and P50 to P57 without a pull-up
resistor
loL1 — 10 mA Applicable to all pins excluding P21, P26,
Output current (L level) and P27, and power supply pins
loLz — 20 mA | Applicable to P21, P26, and P27
loLavl — 4 mA | Specified as average value in 1 hour.
Applicable to all pins excluding, P21, P26,
Average output current (L level) P27, and power pins.
loLav2 — 8 mA Specified as the average value in 1 hour.
Applicable to P21, P26, and P27.
Total output maximum current (L level) SloL _ 40 mA
— Applicable to all pins excluding, P30 and
| — mA -
Output current (H level) oH1 5 power pins.
loH2 _ _10 mA Applicable to P30
_ Specified as the average value in 1 hour.
loHav1 -2 mA Applicable to P30 and power pins
Average output current (H level)
I _ _ mA Specified as the average value in 1 hour.
OHAV2 Applicable to P30
Total output maximum current (H level) Slon _ _10 mA
Power consumption Py _ 300 mw
Operation temperature Ta —40 +85 °c
Storage temperature Toy _55 +150 oc
stg

Note: Permanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should
be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.
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2. Recommended Operation Condition

(Vss =0.0 V)
Requirements
Parameter Symbol Unit Remarks
Min. Max.
2.2+1 6.0 \% Usual operation guarantee range
Supply voltage Vee
15 6.0 \% RAM-data-holding guarantee range at stop mode

VO to V3 pins for MB89150
Supply voltage for LCD VO to V3 Vss Vce V | The voltage range supplied to LCD and its opti-
mum value depend on the LCD

Vig 0.7Vee | Vec+0.3| Vv | P00 to PO7, P10 to P17, P20 to P27
Input voltage (H level)

Vins 0.8Vee | Vec+03| Vv | RST, MODO, MOD1, EC,SI, SCK, INT10 to
INT13, INT20 to INT27

Vi Vss—0.3| 0.3Vce V | POO to PO7, P10 to P17, P20 to P27
Input voltage (L level)

Viis | Vss-03] 02Vvee | v | RST, MODO, MOD1, EC,SI, SCK, INT10 to
INT13, INT20 to INT27

Applied voltage at open-drain Vp Vgs—0.3 |Vgs +6.0°9 V| Applicable to P20 to P27, P31 to P32, P40 to P47,
output pin P50 to P57 without pull-up resistor
Operation temperature Ta -40 +85 °C

*1: The minimum operating power supply voltage varies with the set values of frequency and instruction execution time (instruction cycle
time) used.

*2: P31 and P32 are applicable for the MB89150 and P40 to P47 and P50 to P57 are applicable when port output is selected.
(Ta = —40° to 85 °C, Vgg = 0.0 V)

Instruction Minimum operating power supply voltage (V)
Parameter cycle Remarks
time*3 MB8915X | MB8915XA |MB89P155/A |MB89PV150
>0.95 us 2.7 2.7 fch=42MHz,N=4
>1.33 ps 2.2 fch=3 MHz,N=4
Supply voltage 2.7 2.7
>2.00 ps 2.2%4 2.2 fch=2MHz,N=4
24.00 ps 2.2%4 fch=1MHz,N=4

*3: Instruction cycle time = N/fch (fch: frequency of main clock, N: gear set value = 4, 8, 16, 64)
*4: If the minimum operating power supply voltage is below 2.2 V, the guaranteed value should be treated individually.

App. 8



fes}
APPENDIX FU]]TSU
3. DC Characteristics
(Ta=—-40°10 85 °C, Ve = 5.0 V, Vgg = 0.0 V)
Requirements
Parameter Symbol Pin Condition Unit Remarks
Min. | Typ. |[Max.
Output voltage Voun1 | POO to PO7, P10 to P17 loy =-2.0 A 24| — | — \%
(H level)
Von2 | P30 loy=-6.0 mA 4.0 — — \%
P00 to P07, P10 to P17,
Output voltage Vo1 | P20, P22 to P25, P30, loL=1.8mA — | —1]04]| V
(L level) P31 to P32, P40 to P47,
P50 to P57
Vor2 | RST loL =4.0 mA — — 0.4 \%
Vors | P21, P26, P27 loL=8.0 mA — | —1]04]| V
Input leak current MODO, MOD1, P30, 0.45V <V|<Vcc When pull-up available
(Hi-z output leak I | POO to PO7, P10 to P17 — | — | 5 | pA | is not specified
current)
Open-drain output ILo1 | P20to P26, P30to P32, | 0.45V <V,<Vcc — | — | 1 | pA | When pull-up available
leak current (off state) P40 to P47, P50 to P57 is not specified
Pull-up P00 to P07, P10 to P17, When pull-up available
resistance value RpyLL | P20 to P27, P40 to P47, | V,=0.0V 25 | 50 | 100 | kQ | is specified
P50 to P57, RST
Common output Rvco | COMO to COM3 V1itoV3=5.0V — | — |25 ] kQ
impedance M
Segment output SEGO to 35 V1itoV3=5.0V — | — | 15 | kQ
impedance Rvsec
LCD divided V¢ to VO 300 | 500 | 750 | kQ | Only MB89150
resistance Ricp
LCD leak current V0 to V3, COMO to — | — | 1 | pA
ILcoL | COMB3, SEGO to SEG35
Vovsz | V3 TBD| 45 |TBD| V
Output voltage for
boosting LCD Vovz | V2 Iin = OpA TBD| 3.0 |TBD| V | Only MB89150A
Vovi | V1 TBD| 15 |TBD| V
Input capacitance Cin | Otherthan Vecand Vgs | f=1 MHz — |10 | — | pF

Note: For pins for selection of segments (SEG20 to SEG35) and ports (P40 to P47, P50 to P57), see the limits values of ports when port
outputis selected and those for segments when segment output is selected. P31 and P32 are applicable only for the MB89150 (for
the MB89150A, external capacitor connection pins are applicable).
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(Ta = —40° to 85 °C, Vg = 0.0 V)

Requirements
Parameter Bymbol Condition MB8915X MB8915XA Unit Remarks
Min. | Typ. [Max. | Min. | Typ. |Max.
Icc fcy =3 MHz,Vcc =5V — 5 10 | — 5 10 | mA | Main RUN mode
tinsT = 4lfcy tinsT = 1.3 s
Icco fcy =3 MHz, Vec =3V — |TBD|TBD| — |TBD|TBD| mA | Main RUN mode
tinsT = 64/fcy tinsT =21 pis
lccs fcy =3 MHz,Vcc =5V — | 25 5 — | 25 5 mA | Main sleep mode
tinsT = 4ffcy tinsT=1.3 s
Power supply lccso | fey =3 MHz, Vec =3V — | TBD|TBD| — |TBD|TBD| mA | Main sleep mode
voltage*l tNST = 64/fCH tinsT = 21 Us
lccsg | fep =32 kHz, Vec =3V — | 50 |100| — |TBD|TBD| pA | Sub RUN mode
tinsT = 2/fc, tinsT = 64 Us
lccsgs | fc =32 kHz, Vec =3V — | 25| 50 | — |TBD|TBD| pA | Subsleep mode
lcer fc, =32 kHz, Vec =3V — | 10 | 15 | — |TBD|TBD| pA | Watch mode
lcey Ta=25°C,Vcc=5V — ]01] 1 — | — | — | uA | Stop mode

*1: Specified under conditions where external clock and output pin kept open. tysT is the set value to the instruction execution time
(instruction cycle time).

(Ta = —40° to 85 °C, Vs = 0.0 V)

Requirements
Parameter Symbol Condition MB8915X MB8915XA Unit Remarks
Min. | Typ. |[Max.| Min. | Typ. |Max.
Icc fcy =3 MHz,Vcc =5V — | TBD|TBD| — |TBD|TBD| mA | Main RUN mode
tinsT = 4/fcy tinsT = 1.3 Us
lcco fcy =3 MHz, Vec =3V — |TBD|TBD| — |TBD|TBD| mA | Main RUN mode
Power supply tinsT = 64/fcy tinsT = 21 ps
voltage*2
lccgg | fc =32 kHz, Vec =3V — |TBD|TBD| — |TBD|TBD| pA | Sub RUN mode
tinsT = 2/fe. tinsT = 64 Us
lcey Ta=25°C,Vcc=5V —|01]10| — | — | — | HA | Stop mode

*2: Defined under the condition of external clock and output pins opened. t;\sT is the set value of instruction execution time (instruction
cycle time). See the limit values of the MB8915X/15XA for the other specifications of the power supply voltage.
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4. AC Standard

* Clock timing
(Ta = —40° to 85°C, Vg = 0.0 V)
Requirements
Parameter Symbol Pin Unit Remarks
Min. Typ. Max.
fey X0, X1 1 — 4.2 MHz | Main clock
Clock frequency
foL XO0A, X1A — 32.768 — kHz Subclock
theyL | X0, X1 238 — 1000 ns Main clock
Clock cycle time
fLeyL | XO0A, X1A — 30.5 — ps Subclock
duty | Xxo
Input clock duty ratio*! 30 — 70 %
duty; | X0A Applied when using external
clock
Input clock pulse rise/fall time tcr X0, X0A — — 10 ns
tcr
*1: duty = PWH/tHCYL
dutys = Pwhi/theyL
« Instruction cycle time
(Ta = —40° to 85°C, Vgg = 0.0 V)
Requirements
Parameter Symbol Pin Unit Remarks
Min. Typ. Max.
Minimum instruction execution e *1 0.95 — 64 ps At main clock operation
time (Instruction cycle time) *2 — 61.036 — us At subclock operation

*1: tysT in the main clock mode varies with the setting of the instruction execution time (gear) over the range of 4/fcy to 64/fcy.
*2: tinsT in the subclock mode is 2/fcy .
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— Main clock timing and application condition

thevl
X0 / /- - 0.8Vee
--}F--0.2Vce
«—— Pwn PwL
—{ tcr p— fer—
When crystal or ceramic When CR oscillation
resonator used When external clock used option used
X0 X1 X0 X1 X0 X1
|
”:” fen Open AN fen
i i f - R
— G — G e —_____cC
— Subclock timing and application condition
theyl
XO0A / - - 0.8 Vee
- -} --0.2Vee
~—— PwHL PwLL
—{ tcr p— tcrp—
When crystal or ceramic When one channel
resonator used option is used
XO0A X1A X0A X1A
|
Il:ll foL Open
(i
— Co G
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» Reset timing

(Ta = —40° to 85°C, Ve = 5.0 V £10%, Vg = 0.0 V)

Requirements
Parameter ISymbol Condition Unit Remarks
Min. Max.
RST LOW pulse width tz17H 8 theyL — ns
RST HIGH pulse width tZHZL 4 tHCYL —_ ns
| | | |
RST tz1 zH tzHzL
0.8
Vee
0.2 Vee 0.2
Vee
* Power-on reset
(Ta = —40° to 85°C, AVgg = Vg = 0.0 V)
Requirements
Parameter Symbol Condition Unit Remarks
Min. Max.
Power rise time tr — 50 ms | Only when Power-on reset provided
Power off time torF 1 — ms | At repetitive operation
20V 14+
0.2V - 0.2V
Vee
— R tor
F

Note: If Power-on Reset Provided is selected, an abrupt change in the power supply voltage could cause a power-on reset. When chang-
ing the power supply voltage during operation, voltage fluctuations should be two or less times for smooth start-up.
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« Serial I/0 timing
(Ta =-40°t0 85°C, Ve =5V £10%, Vg = 0.0 V)

Requirements
Parameter Symbol Pin Conditions Unit Remarks
Min. Max.
Serial clock cycle time tscyc | SCK 2 tiNsT — ns
SCK + O SO time tsiov | SCK, SO Internal clock —200 200 ns
Effective SI 0 SCK 1 tvsy | SI, SCK | OPeration 05tnst| — ns
SCK + O effective Sl hold time tshix | SCK, SI 0.5 tiNsT — ns
Serial clock pulse width at HIGH tshsL | SCK tiINST — ns
level
Serial clock pulse width at LOW tsish | SCK tiNsT — ns
level
External clock
SCK 1 0 SO time tslov | SCK, SO | operation 0 200 ns
Effective SI 0 SCK 1 tivsn | SI, SCK 05tnsT| — ns
SCK 1t O effective Sl hold time tshix | SCK, SI 0.5 tinsT — ns
— Serial I/O Timing (Internal Clock Mode)
(]
tscyc
A
SCK
\ 08V 7 24V 08V
-
t,
24V
SO 0.8V ><
| tivsH Ishix 4
. 0.7 Vee 0.7 Vee
0.2 Vee 0.2 Vee

— Serial I/0 Timing (External Clock Mode)

[ tsHsL

tsLsH

A
SCK E
r0.2 Vee 0.2 V¢ 0.7Vee 0.7Vee

t

[=]N)
e XN
<<

>

SO
| tvsH tsHIX g
0.7 Ve 0.7 Vee
Si 0.2 Ve 0.2 Ve
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 Source input timing

(Ta = —40° to 85°C, Ve = 5.0 V £10%, Vg = 0.0 V)

Requirements
Parameter Symbol Pin Unit Remarks
Min. Max.
Source input H fiLIHL INT10 to INT13, EC tiNST — us
Pulse width 1
Source input L tHILL INT10 to INT13, EC tiNST — us
Pulse width 1
Source input H tiLiH2 INT20 to INT27 2tnsT — us
Pulse width 2
Source input L YHiL2 INT20 to INT27 2tnsT — us
Pulse width 2
GHiLL UHILL
INT10 to 13,
EC L
Z 0.7 Vee 0.7 Vee
( 0.2 Ve 0.2 Ve 7
t t
INT20 to 27 IHIL2 IHIL2
Z' 0.7 Vee N 0.7vee
( 0.2 Ve 0.2 Ve 7
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0 1 2 3 4 5 6 7 8 9 A B C D E F
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
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
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
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 dir:3 :3rel EP EP EPA AEP
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
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 A dir A,dir A,dir A,dir dir,#d8 dir,#d8 dir:;5 :5,rel A, dir dir,A SP,#d16 A,SP
MOV CMP ADDC SUBC MoV XOR AND OR MOV @] CMP @] CLRB BBC dir MOVW MOvwW MOovw XCHW
A @IX+d A @IX+d A @IX+d A @IX+d @IX+dA | A@IX+d A @IX+d A @IX+d IX+d,#d8 IX+d,#d8 dir:6 :6,rel A @IX+d @IX+d,A IX,#d16 AlIX
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
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
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
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
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
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
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
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
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




