FUJITSU SEMICONDUCTOR
DS07-12550-1E

m DESCRIPTION
The MB89550A series is a general-purpose, single-chip microcontroller that features a compact instruction set
and contains a range of peripheral functions including a dual- clock control system, 5-level operating speed control,
LCD controller driver, A/D converter, D/A converter, timer, serial interface, PWM timer, PWC timer, and external
interrupts. The LCD controller driver is particularly suited for simultaneous control of LCD duty drive and static
drive functions.

m FEATURES

* Range of package options
» LQFP package (0.5 mm pitch)
» TQFP package (0.4 mm pitch)

» High speed operation at low voltage
» Minimum instruction execution time 0.32 ps (for 12.5 MHz oscillation)

e F2MCR-8L CPU core

Instruction set optimized for controller applications

» Multiplication and division instructions

 16-bit arithmetic operations

* Bit test branch instructions

 Bit manipulation instructions, etc.

(Continued)

m PACKAGE

100-pin Plastic LQFP 100-pin Plastic TQFP 100-pin Ceramic MQFP

(FPT-100P-MO5) (FPT-100P-M18) (MQP-100C-P02)

O
FUJITSU
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(Continued)

» Dual-clock control system
e Main clock 12.5 MHz maximum : (Four speed settings available, oscillation halts in sub-clock mode)
e Sub-clock 32.768 kHz : (Operation clock for sub-clock mode)

e 11 timer systems
* 8/16-bit timer counter 1 (square wave output, 2-channel output switching available)
* 8/16-bit timer counter 2 (square wave output, 2-channel output switching available)
« 16-bit timer counter (also functions as event counter)
« 8-bit PWM timer (8-bit PWM timer x 2 channels or PPG timer x 1 channel, includes event counter function)
* 8-bit PWC timer (8-bit PWC timer x 1 channel)
 6-bit PPG timer (6-bit PPG timer x 1 channel)
o 21-bit timebase timer
* Clock prescaler (17-bit)

* UART/serial interface
» UART/SIO switching

e UART
« Clock synchronous/asynchronous switching available

¢ 10-bit A/D converter
* 10-bit A/D x 8 channels

 8-bit D/A converter
* 8-bit D/A x 2 channels

e External interrupts
« Eight independent inputs can be used for recovery from low-power consumption modes (selection of rising,
falling, or both edge detection functions).
 Eight independent inputs can be used for recovery from low-power consumption modes (L level detection
function included).

 Clock output functions
» High speed clock signal multiplied by 2 available as output from HCLK pin.
» Low speed clock pulse output available from LCLK pin.

e LCD controller driver
e 32SEG x 4COM (maximum 128 pixels)
8 dedicated to segment output only
8 for port or segment use
16 for port, segment, or static use
« Built-in step-up power supply for driving LCD (optionally available)

e Low-power consumption modes (standby modes)
« Stop mode (all oscillations halt in sub-clock mode, current consumption falls to almost zero)
» Sleep mode (the CPU stops to reduce current consumption to approximately 1/3 of normal)
» Clock mode (all operations other than the clock prescaler halt, current consumption is very low)
» Sub clock mode (systems operate on sub-clock signals)

e Maximum 66 I/O ports
» General-purpose I/O ports (N-ch open drain) : 4
» General-purpose I/O ports (N-ch open drain) : 24
« [also function as LCD ports, with restrictions]
» General purpose I/O ports (CMOS) : 38
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m PRODUCT LINEUP

Part no. | MB89P558A-201 MB89PV550A*-201
MB89P558A-202 MBB89557A MBB89558A MB89PV550A*-202
Parameter MB89P558A-203 MB89PV550A*-203
ROM size 48 KB 32 KB 48 KB O
RAM size 2 KB 1KB 2 KB 1KB
LQFP100 LQFP100 LQFP100
Packages TQFP100 TQFP100 TQFP100 LQFP100
Classification One-time product | Mask ROM product | Mask ROM product Evaluation product
Number of instructions 1136
Instruction bit length : 8-bit
. Instruction length : 1 to 3bytes
CPU functions Data bit length :1-, 8-, 16-bits

Minimum execution time
Interrupt processing time

:0.32 ps (at 12.5 MHz)
: 2.88 ps (at 12.5 MHz)

Ports

Output-only ports (N-ch open drain)
General-purpose 1/0O ports (N-ch open drain)
General-purpose /O ports (CMOS)

8/16-bit timer

2-channel 8-bit timer/counter operation (also functions as 1-channel 16-bit timer)

LCD controller

counter 1 with square wave output function
8/16-bit timer 2-channel 8-bit timer/counter operation (also functions as 1-channel 16-bit timer)
counter 2 with square wave output function

%) 16-bit timer 16-bit timer/counter operation, 16-bit event counter operation

§ | counter

£ | PPWM timer 2 _channel 8-bit PWM tlmer operation (also functions as 1-channel PPG timer)

o with event counter function

g PWC timer 1-channel 8-bit PWC timer operation

,'§- 6-bit PPG timer |1-channel 6-bit PWM timer operation

& Maximum 32SEGA~4COM

(some ports provide selection of DUTY drive/STATIC drive/N-ch open drain 1/O port func-

driver tions)

Switchable between UART (with clock synchronous/asynchronous data transfer function)
UART SIO . )

and SIO (simple serial)
UART/SIO Data transfer function for UART/SIO

A/D converter

8-channel 10-bit resolution

D/A converter

2-channel, 8-bit resolution

Clock output

High speed clock multipliedx2, and sub clock output available

Standby modes

Sub clock mode, sleep mode, clock mode, and stop mode

*: The MB89PV550A provides only evaluation functions (functions for use with emulation tools). This model cannot
use piggyback functions (functions for use with E2PROM).
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m OPTIONS AND CORRESPONDING PRODUCTS

-201 Options -202 Options -203 Options
LCD step-up circuit No step-up circuit Step-up circuit included
SEG8 to SEG21
PORT/SEG SEG8 to SEG31 SEG8 to SEG31 : SEG/PORT dual use
dual-use pin selection : SEG/PORT dual use : SEG/PORT dual use SEG22 to SEG31
: N-ch open drain*!
Evaluation model | MB89PV550A-201 MB89PV550A-202 MB89PV550A-203
Model | One-time model MB89P558A-201 MBB89P558A-202 MB89P558A-203
type MBB89557A MBB89557A MB89557A
Mask ROM model*?
MB89558A MB89558A MB89558A

*1 : The SEG22-SEG31 pins (N-ch open drain) are not subject to the restriction that input voltage (Vin) must be

less than the voltage at the V3 pin.

*2 : Options may be specified at the time of mask ROM ordering.

m OSCILLATOR STABILIZATION WAIT TIME SELECTION

The MB89557A/558A allow a selection of default value for oscillator stabilization wait time, to be selected at the

time of mask ROM ordering.

Oscillator stabilization wait time selection Remarks
2%/Fcn 1.31 ms (at F =12.5 MHz)
2Y7[Fcn 10.48 ms (at F = 12.5 MHz)
218/Fcn 20.97 ms (at F = 12.5 MHz)
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m DIFFERENCES AMONG PRODUCTS AND PRECAUTIONS FOR MODEL SELECTION

» Package and Model Combinations

Models MB89557A
Package MB89PV550A MB89P558A MBEOSEEA
FPT-100P-MO5
(LQFP-100 0.5 mm pitch) x O O
FPT-100P-M18
(TQFP-100 0.4 mm pitch) x O O
MQP-100C-P02 o i} }

(MQFP-100 0.5 mm pitch)

Note : Compatible with all options (-201/202/203) .

« Memory Space
« When evaluating chips using piggyback evaluators etc., please take note of the differences among products
before making the evaluation.
» Current Consumption
* When operating at low speed, one-time PROM and EPROM products will consume more current than mask
ROM products. However, the current consumption in sleep/stop modes is the same.
* For specific details about each package, see "B PACKAGE DIMENSIONS".
« For details about power consumption, see "B ELECTRICAL CHARACTERISTICS" .
» Mask Options
» The available options, and methods of using options, differ according to the model. Be sure to confirm the
options from the "B MASK OPTIONS" section.
» LCD Drive Step-up Power Circuit
The MB89550A series is available with or without the step-up circuit option as a mask option.
» Power Supply Path
The models in the MB89550A series have two power supply pins, Vcci1 and Vecz, with power supply paths that
differ according to the model.

Models Supply pin Power supply path
MB89557A/ Vcer 3V power supply pin for internal resource operation, including the CPU.
558A Veez |5V power supply pin for input/output ports.
Veer Vep pin for on-board writing.
MB89P558A Vee, |V POWer supply pin for internal resource operation, including the CPU, and for input/
output pins.
Vect Internally shut off, operates as input to Vccz only.
MB89PV550A Vees a/tglcj);/v;:]:upply pin for internal resource operation, including the CPU, and for input/

* Oscillator Startup and Power-on Reset
On the MB89PV550A and MB89P558A, oscillator startup and power-on reset are applied at the rise of the Vcc:
input. On the MB89558A and MB89557A, oscillator startup and power-on reset are applied at the rise of the
Ve input.
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» Wide Register Functions
The space available for use of wide register functions is as follows.
MB89PV550A 2000+ to FFFFH

MB89P558A 4000+ to FFFFH
MB89558A 4000+ to FFFFH
MB89557A 8000+ to FFFFH

» The P40, P41, P84, P85 Pins
On the MB889PV550A, an external oscillator signal equivalent to 64 clock pulses is required to initialize the
P40, P41, P84, and P85 pins. Note therefore that at power-on there is an interval in which the values of these
ports is undefined.
On the MB89P558A, MB89558A, and MB89557A, these ports are set to "Hi-Z" status at power-on.
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m PIN DESCRIPTION

Pin : Circuit .
No. Pin Name Type Function
1 SEGO05 H
2 SEGO06 H Segment output pins for LCDC duty drive.
3 SEGO07 H
4 P50/ G N-ch open drain I/O pin.
SEGO08 Also functions as a segment output pin for LCDC duty drive.
5 Vss O Power supply (GND) pin.
6 P51/
SEGO09
7 P52/
SEG10
8 P53/
SEG11
9 P54/ G N-ch open drain I/O pins.
SEG12 Also function as segment output pins for LCDC duty drive.
P55/
101 seci3
P56/
11 SEG14
P57/
12 SEG15
P60/
13 SEG16
P61/
14 SEG17
P62/
151 secis
P63/
161 sec1g
17 P64/
SEG20 G |N-ch open drain I/O pins.
P65/ Also function as segment output pins for LCDC duty drive or static drive.
18
SEG21
P66/
19 SEG22
P67/
20 SEG23
P70/
21 | sEG24
P71/
22 SEG25

(Continued)
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Pin : Circuit .
No. Pin Name Type Function
P72/
23 SEG26
P73/
24 SEG27
o5 P74/
SEG28 G |N-chopen drain I/O pins.
P75/ Also function as segment output pins for LCDC duty drive or static drive.
26
SEG29
P76/
21 SEG30
P77/
28 SEG31
29 AVR O A/D converter reference voltage input pin.
30 AVcc O A/D converter and D/A converter power supply pin.
31 PO7/AN7
32 PO6/ANG
33 PO5/ANS
34 PO4/AN4 ] ] )
D General purpose I/O ports. Also function as analog input pins.
35 PO3/AN3
36 P0O2/AN2
37 PO1/AN1
38 POO/ANO
39 AVss O A/D converter and D/A converter power supply pin (GND).
40 | P17/INT17
41 | P16/INT16
42 | PIS/INTIS General purpose I/O ports.
43 | P14/INT14 E Also function as external interrupt 1 input pins.
44 | P13/INT13 External interrupt 1 input signals are hysteresis signals (edge detection).
45 | P12/INT12
46 | P11/INT11
a7 Vec2 O Power supply (5V) pin.
General purpose I/O port.
48 | P10/INT10 E Also functions as an external interrupt 1 input pin.
External interrupt 1 input signals are hysteresis signals (edge detection).
49 RST I Reset input pin.
50 X0A . )
A Crystal oscillator pins (32 KHz) .
51 X1A

(Continued)
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Pin

Circuit

No. Pin Name Type Function
52 MODA F Operating mode setting pin.
53 X0 ) )
A Crystal oscillator pins (Max12.5 MHz) .
54 X1
General purpose 1/O port.
55 | P80/INT24 E Also functions as an external interrupt 2 input pin.
External interrupt 2 input signals are hysteresis signals (level detection).
56 Vss O Power supply (GND) pin.
57 | PBL/INT25 General purpose /O ports.
58 | P82/INT26 E Also function as external interrupt 2 input pins.
59 | P83/INT27 External interrupt 2 input signals are hysteresis signals (level detection).
60 P20/UI E
General purpose 1/O ports.
61 p21/U0 B Also function as 8-bit serial I/O pins.
62 P22/UCK E
General purpose I/O port.
63 | P23/PPGL B Also functions as the 6-bit PPG timer output.
64 P24/INT20
65 | P25/NT21 General purpose 1/0 port;. _ _
_ E Also function as external interrupt 2 input pins.
66 | P26/INT22 External interrupt 2 input signals are hysteresis signals (level detection).
67 | P27/INT23
68 P30 ] .
K N-ch open drain I/O pins.
69 P31
70 DAOUT2 )
C D/A converter output pins.
71 DAOUT1
72 DVR O D/A converter reference voltage input pin.
3 P84/T021 B General purpose 1/O ports.
74 P85/T0O22 Also function as 8/16-bit timer pins.
* P84 can be used as the output for the main clockx2 pulse.
P86/EC2/ :
75 LCLK E » P86 can be used as the event counter input or sub-clock pulse output.
General purpose I/O port.
76 PB7/EC3 E Also functions as a 16-bit timer pin.
P40/TO11/
77
WTO g |General purpose I/O ports.
P41/TO12/ Also function as 8/16-bit timer pins.
8 HCLK
P42/
79 PWM1/ E | General purpose I/0 ports.
EC1 Also function as PWM timer pins.
80 |P43/PWM2 B

(Continued)
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(Continued)
Pin . Circuit .
No. Pin Name Type Function
81 P44/SCK E
General purpose I/O ports.
82 P45/SO B Also function as UART pins.
83 P46/SI J
General purpose I/O port.

84 Pa7/PWC J Also functions as the PWC timer pin.
85 Cl - : N

O Step-up voltage circuit capacitance connection pins.
86 Co
87 VO
58 Vi O LCD dri ly pi

rive power su ins.

89 V2 p pply p
90 V3
91 COMO
92 Ccom1 ] ]

H Dedicated LCDC common output pins.
93 COom2
94 COomM3
95 SEG00
96 SEGO01 H Dedicated LCDC segment output pins.
97 SEGO02
98 Veel O Power supply (3V) pin.
99 SEGO03 ] )

H Dedicated LCDC segment output pins.
100 SEGO04
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m |/O CIRCUIT TYPES

Type Circuit Remarks
Oscillation feedback resistance
X1 (X1A) « High speed side = approx. 1 MQ
L1 i » Low speed side = approx. 4.5 MQ
AT
A - (]
X0 (XO0A)| T _|S7
[0
Main clock control signal
(Sub-clock control signal)
« CMOS I/O
R Pull-up control
Im—@ register
IPCh
B
CH
|
"Nch
Input control signal ADoi
» D/A output
_L—o<} Output enable
C
1+ Analog output
* A/D input
R %] bch Pull-up control * CMOS 1/0
register
IPCh
D CH
|
"Nch
Input control _D}f Port input
signal = .
L] Analog input

(Continued)
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Type Circuit Remarks
+ CMOS I/O
R %] beh Pull-up control * Hysteresis ?nput (for external inter-
register rupt 0, 1, 2 input)
IPch
E (I
INch
Input control ADof Port input
signal [T>o Resource input
* CMOS input

F - {>o— Input

_ » LCDC output
Input control Port input « N-ch open drain 1/0
signal L
=
L
T
G L
=
L
O T
ﬁé Nch
N » LCDC output
=
! B
1 L
=
L
T

 Hysteresis input
* Pull-up resistance

o

ch

4

ch

[]

[E==0— Input

 Hysteresis input

D—j:l « N-ch open drain 1/0

[E=0— Resource input
Input control signal Port input

(Continued)
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(Continued)

Type Circuit Romarks

[
K INch

Input control signal Port input

» N-ch open drain I/O
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m HANDLING DEVICES

Maximum rated voltage (Prevention of latchup)

Be careful never to exceed maximum rated voltages.

In CMOS IC devices, a condition known as latch-up may occur if voltages higher than Vcc or loser than Vss
are applied to input or output pins other than medium- or high-voltage pins, or if the voltage applied between
Vcc and Vss exceeds the rated voltage level.

When latch-up occurs, the power supply current increases rapidly resulting in thermal damage to circuit
elements. Therefore it is necessary to ensure that maximum ratings are not exceeded in circuit operation.
Similarly, when turning the analog power supply on or off, it is necessary to ensure that the analog power
supply voltages (AVcc, AVR, and DVR) and analog input voltages do not exceed the digital power supply (Vcc).

Power supply voltages

Power supply voltages should be kept as stable as possible.

Rapid fluctuation of the voltage may cause the device to operate abnormally, even if the voltage remains within
the allowed operating range.

As a standard for power supply voltage stability, it is recommended that the peak-to-peak Vcc ripple voltage
at commercial supply frequency (50 Hz to 60 Hz) be 10% or less of Vcc. Also when the power supply is turned
on or off the transient voltage fluctuation be no more than 0.1V/ms or less.

Treatment of unused input pins
Leaving unused input pins unconnected can cause abnormal operation. Unused input pins should always be
pulled up or down.

Treatment of N.C. pins
N.C. (not connected) pins should always be left open.

Treatment of power supply pins on devices with A/D or D/A converters
Even when the A/D or D/A converters are not in use, be sure to make the necessary connections to ensure
that AVcc = Vcee, AVss = AVR = DVR = Vss.

Precautions on using an external clock
An oscillation stabilization delay occurs after a power-on reset or when recovering from sub-clock or stop
mode, even if an external clock is used.

Treatment of unused dedicated LCD pins
Dedicated SEG output pins should be left open when not in use.

Handling of ports also used as segment pins

When a ports is used as a segment pin, take care to ensure that the voltage applied to the pin does not exceed
V3 (the segmentdrive voltage). This precaution is particularly necessary in models with step-up voltage circuits.
Note also that after power-on or during a reset, an “L” level default signal is output form the segment/port pin.

Treatment of unused LCD pins
Connect the V3 pin to Vcca. The other dedicated LCD pins VO, V1, V2, CO, and C1 should be pulled down.

Executing programs on RAM
When programs are executed on RAM, debugging cannot be performed even with the use of the MB89PV550A.

Wild register functions
Wild registers cannot be debugged with the MB89PV550A or tools. To verify operation, use the MB89P558A
and perform in-place testing.
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m PROGRAMMING SPECIFICATIONS FOR ONE-TIME PROM PRODUCTS

The MB89P558A has a "PROM mode" with functions equivalent to the MBM27C1001, that enables the micro-
controller to be programmed by writing from a general-purpose ROM programmer with the use of a special
adapter. Note however that electronic signature mode is not available.

ROM Programmer Adapters

With some ROM programmers the insertion of approximately 0.1uF capacitance between Ver and Vss or between
Vce and Vss allows more stable writing performance. The following table lists ROM programmer adapters.

ROM Programmer Adapters
Part No. Package Adapter Part No.
FPT-100P-MO05 ROM-100SQF-32DP-8LA2
MB89P558A
FPT-100P-M18 ROM-100SQF-32DP-8LA
* Inquiries

Sun Hayato Co., Ltd. : TEL 03-3986-0403

« PROM Mode Memory Map
The PROM mode memory map is shown below.

PROM Mode Memory Map

Normal operating mode PROM mode
(addresses on ROM programmer)
0000H
110
0080H
RAM
0880H
Not
availablel
4000 b———A------ > 14000H
Program Program
area area
(PROM) (PROM)
FFFFH — - > 1FFFFH
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« EPROM Programming Procedure

1) Set the EPROM programmer type to MBM27C1001.

2) Load the program data into addresses 14000+ to 1FFFF+ in the EPROM programmer.
3) Use the EPROM programmer to program to addresses 14000+ to 1FFFFH.

* Recommended Screening Conditions
High-temperature aging is the recommended method of screening unprogrammed one-time PROM microcon-

trollers before mounting.
The flow of the screening process is shown below.

Screening Flow

Program, verify

High-temperature aging
+150 °C, 48 h

Read

( Mount )

» About Writing Yields

The nature of chips before one-time writing of microcontroller programs to PROM prevents the use of all-bit
writing tests. Therefore it is not possible to guarantee writing yields of 100% in some cases.
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m BLOCK DIAGRAM

X0 ——
X1 +—j

XO0A ——»

X1A =—

Main clock oscillator
circuit &
sub-clock oscillator
circuit

ST~

Power-on reset & WDG

Internal bus

circuit
LCD display
V3 O0V0 —— | power genera-
C1,C0 ———| tion and step-
up circuit
I A
LCD
P77/SEG31 [IP70/SEG24 <] controller &
2 driver
P67/SEG23 OP60/SEG16 ~— %2 & control
[ @) . .
P57/SEG15 OP50/SEG08 <—» § z CISCUII
oo . .
SEG07 OSEG00+—C < Static drive
2 control circuit
COM3 JCOMO <—
P83/INT27 IP8O/INT24 <~ & External inter-
P27/INT23 OP24/INT20~—>{ O rupt 2 (level)
_ __ ) -
P17/INT17 OP10/INT10 < g xternal inter
) rupt 1 (edge)
| RAM 1 K/2 Kbyte |<—>
| F2MC-8L CPU |<—>
Wild register circuit |
6 byte
i
| ROM 32 K/48 Kbyte |-—>
| Other pins |

Vss

[N S S
Vss Vccl Vcc2 MODA

21-bit [ |
time base timer
2-channel 8-bit
PWM timer [~
|
8-bit timer
counter [~
[}
8-bit timer
counter [~
8-bit timer -
counter S
[a
8-bit timer o
counter 8
=
Clock output O
16-bit timer
counter
6 bit PPG [
|
UART/SIO [
-
1 e ae
[~ UART e B
E SIo Ny
| ——————— ' o ;g-
8-bit PWC timer 'cc,JO -
z=
2-channel |
8-bit DIA [«—
converter |
8-channel [,
10-bit A/D —
converter £
©)
%)
g
c
82g Lo
c
88l .
Zl kel

P43/PWM2
P42/PWM1/EC1

P41/TO12/HCLK

P40/TO11/WTO

P85/TO22

P84/TO21
P86/EC2/LCLK

P87/EC3

P23/PPG1

P20/UI
P21/UO
P22/UCK

P44/SCK
P45/SO

P46/SI
P47/PWC
DAOUT1

DAOUT2
DVR

AVcc
AVss
AVR

POO/ANO CJPO7/AN7

P30
P31
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m CPU CORE
Memory space

The MB89550A has 64 Kbytes of memory space, composed of the I/O area, RAM area, ROM area, and external
area. The memory space includes general purpose registers, as well as areas used for special purposes such
as vector tables.

* 1/O Area (address : 0000+ to 007F+)
» This area is allocated to control registers and data registers for internal peripheral functions.
» Becausethe l/O areais part of memory space, it can be accessed in the same ways. Direct addressing provides
faster access.
* RAM Area
 Static RAM is provided for use as an internal data area.
» The size of internal RAM differs between product models.
» High speed access is available to addresses 80+ to FF+ using direct addressing (the area available for use is
restricted on some models).
» Addresses 100+ to 1FFn are used as the general-purpose register area.
« If areset is applied during writing to RAM, the value of date at the target addresses is not assured.
* ROM Area
« ROM is provided for use as the internal program area.
» The size of internal ROM differs between product models.
» Addresses FFCO+~ to FFFFH are used for special purpose data such as vector tables.

Memory Map
MB89P558A
MB89557A MB89558A MB89PV550A
0000H 0000H 0000H
lle} /0 1o
0080H 0080H 0080w
RAM RAM RAM
0100H |----------- : 0100H |---------- : 0100H |----------- :
Register Register | Register !
0200H |--coeeeaos! 0200H |--eeeoooo! 0200H |-cooeeeaos!
0480H : : 0480H 0480H
Wild register Wild register Wild register
04924 0492 0492H
RAM
0880H
Not available . Not available
Not available
4000H 4000H
8000H
ROM ROM External ROM
FFCOH [-----------------1 FFCOH [-----------------1 FFCOH [-----------------1
FFFFH FFFFH FFFFH
Vector tables Vector tables Vector tables
(Reset, interrupt, vector (Reset, interrupt, vector (Reset, interrupt, vector
call instructions) call instructions) call instructions)
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m |/O MAP

Address | Abbreviation Resister Name Read/Write Initial Value
00~ PDRO Port 0 data register R/W XXXXXXXXs
01w DDRO Port O direction register w 00000000s
02+ PDR1 Port 1 data register R/W XXXXXXXXe
03w DDR1 Port 1 direction register w 00000000s

04+ to 06+ Unused area
07w SYCC System clock control register R/W XXXMM100s
08w STBC Standby control register R/W 00010XXXs
09n WDTC Watchdog control register R/W OXXXXXXXs
OAH TBTC Time base time control register R/W X0 XXX000s
0BH WPCR Clock prescaler control register R/W X0OXX0000s
0Cwx PDR2 Port 2 data register R/W XXXXXXXXe
ODw DDR2 Port 2 direction register R/W 000000008
OEn PDR3 Port 3 data register RW | ------ 11s
OFn PDR4 Port 4 data register R/W 1 1 XXXXXXe
10n DDR4 Port 4 direction register R/W --000000e
11n PDR5 Port 5 data register R/W 00000000s
124 Unused area
13+ PDR6 lPort 6 data register | R/W IOOOOOOOOB
14n Unused area
151 PDR7 ‘ Port 7 data register ‘ RIW ‘ 000000008
16H Unused area
17w PDR8 Port 8 data register R/W XXXXXXXXs
18k DDR8 Port 8 direction register R/W 00000000s
19u Unused area
1AH T2CR#2 | Timer 2 control register # 2(8/16-bit timer/counter -1) R/W X00000X0s
1BH T1CR#1 Timer 1 control register # 1(8/16-bit timer/counter -1) R/W X00000XO0e
1Cu T2DR#2 Timer 2 data register # 2(8/16-bit timer/counter -1) R/W XXXXXXXXs
1Dw T1DR#1 Timer 1 data register # 1(8/16-bit timer/counter -1) R/W XXXXXXXXs
1En T2CR#4 | Timer 2 control register # 4(8/16-bit timer/counter -2) R/W X00000X0s
1Fn T1CR#3 Timer 1 control register # 3(8/16-bit timer/counter -2) R/W X00000X0s
20+ T2DR#4 Timer 2 data register # 4(8/16-bit timer/counter -2) R/W XXXXXXXXe
21n T1DR#3 Timer 1 data register # 3(8/16-bit timer/counter -2) R/W XXXXXXXXe
22u SMC1 Serial mode control register 1 (UART) R/W 00000000s
23H SRC1 Serial rate control register (UART) R/W --011000s

(Continued)
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Address | Abbreviation Resister Name Read/Write Initial Value
24n SSD1 Serial status and data register (UART) R/W 00100-1Xs
25h g IODDRI_\:,L i Serial input/serial output data register (UART) R/W XXXXXXXXs
26H SMC2 Serial mode control register 2 (UART) R/W --100001s
27w CNTR1 PWM control register 1 R/W 000000008
28H CNTR2 PWM control register 2 R/W 000X0000s
29 CNTR3 PWM control register 3 R/W X000 XXXXe
2AH COMR1 PWM compare register 1 W XXXXXXXXs
2BH COMR2 PWM compare register 2 W XXXXXXXXe
2Cn PCR1 PWC pulse width control register 1 R/W 000 XX 000s
2D+ PCR2 PWC pulse width control register 2 R/W 000000008
2En PLBR PWC reload buffer register R/W XXXXXXXXs
2FH SMC21 Serial mode control register 1 (UART/SIO) R/W 00000000e
30~ SMC22 Serial rate control register 2 (UART/SIO) R/W 00000000s
31n SSD2 S(Sﬂﬁgtluos‘) and data register RIW 00001 XXXs
32u SS(I)DDRR)Zé Serial input/serial output date register (UART/SIO) R/W XXXXXXXXs
334 SRC2 E(,SL,JA\dRrTa/t; ge)znerator reload register RIW KXXXXXX X
34n ADC1 A/D control register 1 R/W 00000000s
35m ADC2 A/D control register 2 R/W X0000001s
36+ ADDL A/D data register low R/W XXXXXXXXs
37w ADDH A/D data register high R/W 000000 XXs

38H to 3BH Unused area
3Cx TMCR Timer control register (16-bit timer/counter) R/W XX000000s
3Dw TCHR Timer count register high (16-bit timer/counter) R/W 00000000s
3En TCLR Timer count register low (16-bit timer/counter) R/W 00000000e
3FH EIC1 External interrupt register 1 R/W 00000000s
40n EIC2 External interrupt register 2 R/W 00000000s
41w EIC3 External interrupt register 3 R/W 000000008
42y EIC4 External interrupt register 4 R/W 00000000s
43w DACR D/A control register R/W XXXXXX0 08
444 DADR1 D/A data register 1 R/W XXXXXXXXe
45y DADR2 D/A data register 2 R/W XXXXXXXXs

46+ to 55n Unused area
56H EIE2 External interrupt 2 control register R/W 00000000s

(Continued)
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(Continued)

Address | Abbreviation Resister Name Read/Write Initial Value
57w EIF2 External interrupt 2 flag register R/W XXXXXXX O
58n RCR1 6-bit PPG control register 1 R/W 00000000s
59 RCR2 6-bit PPG control register 2 R/W 0-000000s
5An CKR Clock output control register R/W XXXXXX 008
5BH LCR1 LCDC control register 1 R/W 000100008
5Cn LCR2 LCDC control register 2 R/W 00000000e
5DH LCR3 LCDC control register 3 R/W ---00000s
5EH LCD1 LCD static display register 1 R/W XXXXXXXXe
5FH LCD2 LCD static display register 2 R/W XXXXXXXXe

60+ to 6FH VRAM LCD display RAM R/W XXXXXXXXs
70H SMR Serial mode register (8-bit serial 1/0) R/W 000000008
71n SDR Serial data register (8-bit serial I/O) R/W XXXXXXXXe
72w PORRO Port O pull-up option setting register R/W 111111118
73n PURR1 Port 1 pull-up option setting register R/W 11111111s
74n PURR2 Port 2 pull-up option setting register R/W 111111118
751 PURR4 Port 4 pull-up option setting register R/W 11111111s
76H PURRS Port 8 pull-up option setting register R/W 111111118
e WREN Wild register/address comparator enable register R/W --000000e
78n Unused area
79 ADEN A/D port input enable register R/W 111111118
7AnH Unused area
7BH ILR1 Interrupt level setting register 1 W 11111111s
7Cn ILR2 Interrupt level setting register 2 W 11111111s
7D ILR3 Interrupt level setting register 3 W 11111111s
=" ILR4 Interrupt level setting register 4 W 11111111s
TFH Unused area
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e Extended I/O Area

Address | Abbreviation Resister Name Read/Write Initial Value
480w WRARH1 |H address setting register 1 R/W XXXXXXXX
481n WRARL1 |L address setting register 1 R/W XXXXXXXX
482n WRDR1 Data setting register 1 W XXXXXXXX
483n WRARH2 |H address setting register 2 R/W XXXXXXXX
484+ WRARL2 |L address setting register 2 R/W XXXXXXXX
485H WRDR2 Data setting register 2 W XXXXXXXX
486H WRARH3 |H address setting register 3 R/W XXXXXXXX
487w WRARL3 |L address setting register 3 R/W XXXXXXXX
488n WRDR3 Data setting register 3 W XXXXXXXX
489n WRARH4 | H address setting register 4 R/W XXXXXXXX
48An WRARL4 |L address setting register 4 R/W XXXXXXXX
48BH WRDR4 Data setting register 4 W XXXXXXXX
48CwH WRARHS5 | H address setting register 5 R/W XXXXXXXX
48Dn WRARLS5 |L address setting register 5 R/W XXXXXXXX
48Ewn WRDR5 Data setting register 5 W XXXXXXXX
48F+ WRARH6 |H address setting register 6 R/W XXXXXXXX
490w WRARLG6 |L address setting register 6 R/W XXXXXXXX
491n WRDR6 Data setting register 6 W XXXXXXXX

O Read/write notation
* R/W : Reading and writing enabled

*R : Read-only
W  :Write only

O Initial value notation
*« 0 :Initial value of bit is “0".

e 1 :Initial value of bit is “1”.
« X :Initial value of bit is undefined.

Note : Areas indicated as "unused area" are not to be used.
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m ELECTRICAL CHARACTERISTICS
1. Absolute Maximum Ratings

(AVss =Vss =0 V)

Rating )
Parameter Symbol - Unit Remarks
Min Max
Vcer Vss—0.3 | Vss+4.0
Power supply voltage \%
Vcez Vss —0.3 | Vss+6.0
A/D converter reference input AVR Vss - 03 | Ves +6.0 v |Veer not to exceed Veez.*
voltage
D/A converter reference input DVR Vss — 0.3 | Ves +6.0 Vv
voltage
_ On models without step-up circuits
LCD power supply voltage VO-V3 | Vss—-0.3 | Vss+6.0 \% VO-V3 are not to exceed Vecs.
Pins other than P50 to P57, P60 to
Vi Vss = 0.3 | Vcc2 +0.3 V P67, P70 to P77, P46, P47, P30,
Input voltage P31
Viz Vss — 0.3 V3 Vv P50 to P57, P60 to P67, P70 to P77
Vis Vss —0.3 | Vss+6.0 Y, P46, P47, P30, P31
Pins other than P50 to P57, P60 to
Vo1 Vss - 0.3 Vec2 \Y, P67, P70 to P77, P46, P47, P30,
Output voltage P3l
Vo2 Vss — 0.3 V3 Y, P50 to P57, P60 to P67, P70 to P77
Vos Vss—0.3 | Vss+6.0 \Y/ P46, P47, P30, P31
) Pins other than P22/UCK, P23/
“L" level maximum output loLs O 15 mA 1 bpg1
current
loL2 O 30 mA | P22/UCK, P23/PPG1
Pins other than P22/UCK, P23/
loLava a 4 mA PPG1
o average value
L IeV(taI average output (operating current x operating ratio)
curren
P22/UCK, P23/PPG1
loLavz O 15 mA |average value
(operating current x operating ratio)
L” level total maximum output SloL 0 100 mA
current
“L” level total average output average value
2loLav O 60 mA . . .
current (operating current x operating ratio)
) Pins other than P22/UCK, P23/
“H" level maximum output lorn O -15 mA 1 bpg1
current
lomz O -30 mA | P22/UCK, P23/PPG1

(Continued)
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(Continued)
Rating )
Parameter Symbol - Unit Remarks
Min Max
Pins other than P22/UCK, P23/
lonay 0 4 mA PPG1 and open drain output pins

average value
(operating current x operating ratio)

P22/UCK, P23/PPG1
loHav O -15 mA |average value
(operating current x operating ratio)

“H” level average output
current

“H” level total maximum

>low O -50 mA
output current
H” level total average output S lonay 0 30 mA | average value . .
current (operating current x operating ratio)
Power consumption Po O 300 mw
Operating temperature Ta -40 +85 °C
Storage temperature Tstg -55 +150 °C

* : Set AVcc to the same potential as Vcc.
Also ensure that AVR and DVR do not exceed AVcc + 0.3 V.

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.
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2. Recommended Operating Conditions
(AVss =Vss =0V)

Rating )
Item Symbol - Unit Remark
Min Max
Ve 2.2% 3.6 V' | Guaranteed normal operating range
Veez 2.2% 5.5 v | (MB89557A/558A)
Power supply voltage*3 Veer O O V' |Guaranteed normal operating range
Ve 2.7%2 5.5 v |(MB89P558A)
Vcei, Veez 15 3.6 \% To maintain RAM state in stop mode
AD con_verte;reference AVR Veew AVcc Y Guaranteed normal operating range
voltage input
D/A converter reference .
. DVR Veer AVcc \% Guaranteed normal operating range
voltage input*
Models without step-up circuit, pins VO
to V3. LCD power supply range and
LCD supply voltage V0-V3 Vss Ve Y maximum value are determined by the
characteristics of the LCD display ele-
ment used.
Operating temperature Ta -40 +85 °C

*1 : The operating power supply voltage differs depending on the instruction cycle time of the operating frequency.
See Figure 1.

*2 : The operating power supply voltage differs depending on the instruction cycle time of the operating frequency.
See Figure 2. Note also that on the MB89PV550A the input to the Vcer pin is cut off internally, and on the
MB89P558A the Vcci pin is used as the Ver pin for on-board writing.

*3: AVcc and Vcez should be set to the same potential. Also, care must be taken to ensure that Vec: does not exceed
Vecea.

*4 . Care must be taken to ensure that the relation between AVR and DVR is such that “Vcc1 € AVR (DVR) < AVce
+0.3V".
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Figure 1. Operating Voltage vs. Operating Frequency (MB89558A/557A)
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Operating frequency (MHz) (at instruction cycle =4/ Fc)
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40 2.0 0.8 0.4 0.32
Instruction cycle (us)

*: Analog precision warranted range : AVec =3.5Vt0 5.5V
[1:TA=-40°C 0+85°C

Figure 2. Operating Voltage vs. Operating Frequency (MB89P558A)
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40 20 0.8 0.4 0.32
Instruction cycle (us)

[:TA=-40°C0+85°C *:Vcc2=2.2V 1055V (Vcc2 = Vecl)
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WARNING: The recommended operating conditions are required in order to ensure the normal operation of the
semiconductor device. All of the device’s electrical characteristics are warranted when the device is
operated within these ranges.

Always use semiconductor devices within their recommended operating condition ranges. Operation
outside these ranges may adversely affect reliability and could result in device failure.
No warranty is made with respect to uses, operating conditions, or combinations not represented on

the data sheet. Users considering application outside the listed conditions are advised to contact their
FUJITSU representatives beforehand.
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(AVce = AVR =DVR =Vcc2 =5.0 V, AVss =Vss =0 V, Ta = —40 °C to +85 °C)

Sym- ) N Value )
Parameter bol Pin name Condition - Unit | Remarks
0 Min Typ Max
P00to PO7,P10to P17,
Vi |P20to P27, P40to P45, 0 0.7 Vcez 0 Vece2+0.3| V
P80 to P87
P50to P57, P60to P67, ViHz not to
Ve | p70 10 P77 o 0.7 Veez | O V3 V' |exceed V3.
“H” levelinput | Vms |P46, P47, P30, P31 0 0.7 Vcez a Vss +5.5 V
voltage INTZ0 to INT17, UL,
UCK, INT20 to INT27, Hysteresis
ViHs1 SCK_EC1, EC2, EC3. 0 0.8 Vce2 O Vecc2 +0.3| V input
RST, MODA
Vs> | SI, PWC 0 08Vee | O |Vss+55 | v |Hysteresis
input
P0O0Oto P0O7,P10to P17,
Viu |P20to P27, P30, P31, 0 Vss — 0.3 0 0.3 Vcez V
P40 to P47, P80 to P87
- . P50to P57, P60to P67, _ Viz not to
L” level input | Vi P70 to P77 O Vss = 0.3 O 0.3 Vcez \% exceed V3.
voltage - _
INT10 to INT17, Ul,
UCK, INT20 to INT27, _ Hysteresis
Vis SCK, EC1, EC2, EC3. 0 Vss — 0.3 a 0.2 Vcez V input
RST, MODA, SI, PWC
Voltage Voi |P46, P47, P30, P31 0 Vss — 0.3 a Vss +5.5 V
applied to
open drain V., |PB0t0P57,PE0t0 P67, . Vee—03| O va y | Veznotto
output pins P70 to P77 exceed V3.
P0O0Oto P0O7,P10to P17, lon =
. Vo P20, P21, P24to P27, |5 '\ 4.0 0 0 Vv
H" level P40 to P45, P80 to P87 |
output voltage I
OH =
Vonz | P22, P23 —4.0 mA 4.0 0 0 V
P0O0Oto P0O7,P10to P17,
P20, P21, P24 to P27, oL =
“L" level Vou |P30, P31, P40 to P47, :Lo_m A O O 0.4 Y%
output Vo|tage P50to P57, P60to P67, '
P70 to P77, P80 to P87
Vo2 |P22, P23 loo=12 mA O a 0.4 V
P00to PO7,P10to P17, .
i
(Hizouput | " |P40t0P47,PSOtoPs7, |\ 0 0 O 5 | opa PECD
leak currgnt) P60to P67, P70t P77, - option
P80 to P87, MODA P
(Continued)
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(AVce = AVR =DVR =Vcc2 =5.0 V, AVss =Vss =0 V, Ta = —40 °C to +85 °C)

Sym- . iy Value _
Parameter bol Pin name Condition - Unit | Remarks
0 Min Typ Max
Bull P00 to P07, P10to P17, With oull-u
resisté’nce ReuwL | P20to P27, P40to P45, |Vi=0.0 V 25 50 | 100 | kQ resist‘(’)r . t‘i’on
P80 to P87, RST P
Vee1 =3.0V tinst = 0.32 us
Vce1 Vcc2=5.0V O 45 6 mA | MB89557A/
lect Fen=12.5 MHz 558A
Vee2 =5.0V tinst = 0.32 s
Veez Fon=12.5MHz| U 22 25 | MA | \1BgoP558A
Vee1 =3.0V tinst = 6.4 S
Vcel Veec2=5.0V O 1.4 2.1 mA | MB89557A/
lecz Fci=10.0 MHz 558A
Vec2 =3.0V tinst = 6.4 YIS
Veez Fon=10.0MHz| O 53 9 | MA | MBs9P558A
Vee1 =3.0V fletiporggdes
Veer Veez=3.0V 0 2 3 | ma | ool
Fon=12.5 MHz MBB9SSTAI
lccsa . 558A
_ Sleep mode
Vees \F/CCZ_‘lg'g R//IHZ O 6.2 10 | mA |tns=0.32 ps
o e MB89P558A
_ Sleep mode
Power supply V. xw - g.g x 0 | o035 | 1 |mal|im=64ks
current ~ Fcc;szz_lolo MHz . MB89557A/
lccs2 ' 558A
_ Sleep mode
Veez \F’CCZ_‘l%%\QZ 0 0.6 2 | mA |te=6.4ps
o= aE MB89P558A
xcm f 28 x Sub-mode
Veet 2> 0 30 50 | pA |MB89557A/
FcL =32 kHz 558A
lecL Ta=+25°C
Vee2=3.0V
Sub-mode
Vcez FcL =32 kHz O 4 8 mA
Ta=+925°C MB89P558A
Vee1 =3.0V Sub-sleep
Vec2=3.0V mode
Veer Fo=32kHz | U 10120 | KA 1 \iggoss7A/
lecLs Ta=+25°C 558A
Vec2 =3.0V Sub-sleep
Veez FcL =32 kHz O 20 50 MA [mode
Ta=+25°C MB89P558A
(Continued)



(AVce = AVR =DVR =Vcc2 =5.0 V, AVss =Vss =0 V, Ta = —40 °C to +85 °C)

MB89550A Series
S

Sym- , "y Value _
Parameter bol Pin name Condition - Unit Remarks
0 Min Typ Max
Vce1=3.0V Clock mode
Vec2 =3.0V Main stop
Veer Ta=+25°C D 5 15| MA | vBs9ss7A/
lecr FeL = 32 kHz 558A
Vce2=3.0V Clock mode
Ve FcL =32 kHz O 12 25 MA | Main stop
Ta=+25°C MB89P558A
Vee1 =3.0V Ta=425°C
Vecz2=3.0V Sub- stop
Veer Fou = 32 kHz . 5 10| WA | \iBgess7A/
lecr Ta=+25°C 558A
Vee2=3.0V Ta=+25°C
Veez FcL =32 kHz O 5 10 MA | Sub- stop
Ta=+25°C MB89P558A
Power supply Veer =3.0V A/D converter
current AVcc = Veez = running
AVee 5.0V . 2 5 | MA IMBg9s57A/
Ia Fci=12.5 MHz 558A
_ A/D converter
AVcc \F/CCZ__lg'g \I\€IH2 O 3 6 mA | running
Tt MB89P558A
Vee1 =3.0V, Ta=+25°C
AVcec =Vcez = A/D converter
AVcc 50V O a 10 MHA | stopped
Fch=12.5 MHz MB89557A/
[AH Ta=+25°C 558A
Veez =50V BID::()Zr?vecr:ter
AVcc Fch=12.5MHz O O 10 HA
Taz 425 °C stopped
MB89P558A
LCD divider Vce to Vo
resistance Rico |0 atVec=5V D 500 D kQ
COMO to
COM3 Rvcon | COMO to COM3 0 0 5 | ko
output
impedance
VitoV3=5V
SEGO to
SEG31 Rvses | SEGO to SEG31 O m| 15 kQ
output
impedance
LCD VO to V3,
leak current I,co. | COMO to COM3, O O O +5 HA
SEGO to SEG31
(Continued)
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(Continued)
Sym- . - Value .
Parameter bol Pin name Condition - Unit Remarks
Y Min Typ Max
Vovs |V3 O 4.5 O Models with
LCD step-up _ L
V1i=15V step-upcircuits
output voltage | vov, |V2 O 3.0 O only
Reference Models with
voltage input | Ren |V1 O 600 1000 | 1400 | kQ |step-upcircuits
impedance only
Input : —
. Cw | Pins other than Vcc,Vss | Fci = 1 MHz O 10 O pF
capacitance
V1 inout Models with
P Vi V1 In = 0 pA 0 15 0 V |step-upcircuits
voltage only
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4. AC Characteristics
(1) Reset Timing

(DVR =Vcec1 =3V, AVss =Vss =0 V, Ta=—-40 °C to +85 °C)

- Rating )
Parameter Symbol | Confition - Unit Remarks
Min Max
RST “L” pulse width tzizn O 48 theLy O ns
Note : tucwy is the main clock oscillator period.
| tzLzH
RST 0.2 Vcc 0.2 Vcc
(2) Power-on Reset
(AVss =Vss =0V, Ta=-40 °C to +85 °C)
. Rating i
Parameter Symbol | Confition - Unit Remarks
Min Max
Power supply rise time tr . 0.05 50 ms
Power supply cutoff time torr 1 O ms For repeated operation

Note : Be sure that the power supply rise time is less than the selected oscillator stabilization period. Also, when
varying the supply voltage during operation, it is recommended that the supply voltage be increased gradually.

toFF

18V

Vcci, Veez

On the MB89PV550A and MB89548A oscillation begins and the power-on reset is applied on the rise
of the Vcc2.0n the MB89558A and MB89557A, oscillation begins and the power-on reset is applied on
the rise of the Vccu.
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(3) Power Supply Voltage

Be sure that the power supply is set so that Vcc2 = Vecr.

The MB89PV550A and MB89P558A operate on the Vccz power supply only.

On the MB89558A and MB89557A, Vcc: is the power supply for internal CPU operation, and Vcc: is the
I/O power supply.

(4) Clock Timing
(AVss =Vss =0V, Ta=-40 °C to +85 °C)

) Condi- Value )
Parameter Symbol Pin Name . - Unit Remarks
tion Min Typ Max
Fen X0, X1 1 O 12.5 MHz
Clock frequency
FeL X0A, X1A O 32.768 O kHz
. tHevL X0, X1 80 O 1000 ns
Clock cycle time
eyl XO0A, X1A O 30.5 O us
mi X0 . 20 O O ns |External clock
Input clock pulse width
Purz XO0A O 15.2 O ps | External clock
Pwi2
Input clock rise, fall time E: X0 O O 10 ns |External clock
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» X0 and X1 clock timing and input conditions

tHCYL
le—— PwH1 PwL1
tcrR tcF
l-0.8 Vce 0.8 Ve
X0
7 0.2 Vcc 0.2Vee 0.2 Vcc —

* Clock configurations

When using a crystal

oscillator or When using an
ceramic oscillator external clock

X0 X1 X0 X1

|
Open

|:| FcH P

FcH
c1 ;L_ c2
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* X0A and X1A clock timing conditions

fLeye
PwH2 PwL2
tcr tcF
l-0.8 Vee 0.8 Ve
XO0A
7 0.2 Vcc 0.2Vee —— 0.2 Vcc —~
« Clock configurations
When using a crystal .
oscillator or When using an
ceramic oscillator external clock
X0A  X1A X0A  X1A
I
FcL
T Cc1 T c2
(5) Instruction Cycle
(AVss =Vss =0V, Ta=-40 °C to +85 °C)
Parameter Sggr Value Unit Remarks
Operating at Fch = 12.5 MHz
|nstruction Cyc'e 4/FCH, 8/FCH, 16/FCH, 64/FCH, p.S (4/FCH)
(minimum instruction execution | tinst tinst = 0.32 pis
time) Operating at Fc. = 32.768 kHz
2IFe. S 14 = 61.036 ps

Note : Instruction execution time settings differ for 12.5 MHz operation.




(6) Serial 1/0O timing

MB89550A Series
S

(Vcc1 =3.0V, AVcc =AVR =DVR =Vcc2 =5V, AVss =Vss =0 V, Ta =40 °C to +85 °C)

P Sym_ . . Value .
arameter Pin Nme Condition - Unit | Remarks
bol Min Max
Serial clock cycle time tscve SCK, UCK 2 tinst® O us
SCK! - SO time SCK, SO, UCK, _
UCK! - UO time tstov uo Internal 200 +200 ns
Valid Sl - SCK1 clock .
valid Ul - UCK1 tivsH SI, SCK operation 1/2 tinst* 0 us
SCK1 - valid Sl hold time o
UCK 1 - valid Ul hold time tshix | SCK, SlI, UCK, Ul 1/2 tinst O us
Serial clock “H” pulse width tsHsL 1 tinst* O ps
- - SCK, UCK
Serial clock “L” pulse width tsLsH 1 tinst* ad us
SCK! - SO time SCK, SO, UCK,
UCK, — UO time tsLov uo External 0 200 ns
clock
Valid SI - SCK1 operation _
Valid Ul » UCK 1 tvsn | Sl, SCK, Ul, UCK 1/2 tinst O US
SCK1 - valid Sl hold time o
UCK 1 _ valid Ul hold time tsnix | SCK, SlI, UCK, Ul 1/2 tinst O us
* : For a definition of tinst S€€ “ (5) Instruction Cycle”.
« Internal shift clock mode
tscyc |
SCK
UCK \ f2.4v
0.8V / 0.8V
tsLov
SO 24V
uo 0.8V
| tivsH tSHIX |
S| 0.8 Vcc 0.8 Vcc
ul 0.2 Vcc 0.2 Vcc
 External shift clock mode
tSLSH | tSHSL |
SCK
UCK \ f 0.8 Vce 0.8 Vce
x 0.2 Vcc 0.2 Vcc
tsLov
SO 24V
uo 0.8V
| tivsH tSHIX |
S| 0.8 Vcc 0.8 Vcc
ul 0.2 Vcc 0.2 Vcc
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(7) Peripheral Input Timing
(Vcc1 =3V, AVec = AVR =DVR =Vcec2 =5.0 V, AVss =Vss =0 V, Ta =-40 °C to +85 °C)

Value
Parameter Symbol Pin Nme Condition - Unit | Remarks
Min Max
Peripheral input “H” level EC1, EC2, EC3 o,
pulse width 1 bk IR0 to INTL7 D 1 st D Ks
Peripheral input “L” level EC1, EC2, EC3 o
pulse width 1 WL ST0 to INTL7 a 1 st D Ks
Peripheral input “H” level PWC, e
pulse width 1 b2 R0 to INT27 D 2 tins D HS
Peripheral input “L”" level PWC, .
pulse width 1 Wz | NT20 to INT27 . 2 tins 5 WS
*: For a definition of tinst S€€ “ (5) Instruction Cycle”.
tiHILL I tiLIHL |
EC1, EC2, EC3
INT10 ~ INT17 0.8 Vcc 0.8 Vcc
N 0.2 Vcc 7 0.2 Vcc
tiHIL2 I tiLIH2 |
INT20 ~ INT27,
PWC 0.8 Vcc 0.8 Vcc
N 0.2 Vcc 7 0.2 Vcc
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(8) Electrical Characteristics for the A/D Converter

(MWcc1 =3V, AVec =AVR =DVR =Vcc2 =3.5V 10 5.5V, AVss =Vss =0V, Ta=-40 °C to +85 °C)

MB89550A Series
S

ltem Sg/gll— I\Trinne Condition v Rating Unit |Remarks
in Typ Max

Resolution O O 10 O bit
Total error O O 5.0 LSB
Linearity error . . g O +2.5 LSB
Differential linearity error g O +1.9 LSB
Zero transition voltage Vor AVR = AVee AVss—-3.5 +05 |AVss+4.5|LSB
Full scale transition voltage | Vesr A'Rﬁ?to AVR -6.5|AVR-15/AVR +1.5| LSB
Variation between channels O O 4 LSB
Conversion time O - O 60 tinst a s | *
Sampling time O 16 tinst O Hs
Analog input current lan | ANO to O O O 10 MA
Analog input voltage Van | AN7 AVss 0 AVR
Reference voltage O AVss +2.7 O AVcc
Reference voltage supply Ir AVR | AID operating O 400 O HA
current IrH A/D stop g g 5 HA

* 1 Includes sampling time.

(9) Electrical Characteristics for the D/A Converter
(MWcc1 =3V, AVec =AVR =DVR =Vcc2 =3.5V 10 5.5V, AVss = Vss

=0V, Ta=-40°Cto +85 °C)

Sym- . - Rating _
Item bol Pin Nme | Condition - Unit | Remarks
0 Min Typ Max
Resolution O O 8 O bit
Differential linearity 0 0 +0.9 LSB
error 0
Linearity error O O O +1.5 LSB
— AVR = AVcc
Conversion time O 10 20 s [*1
Analog reference Vss + 3.0 d AVcc Vv
voltage
DVR . .
Reference Voltage Iovr D/A I’unnlng O 120 300 lJ.A 2
supply current Iovrs DI/A off O O 10 HA [*3
Anal iout O 20 O kQ |MB89P558A
nalog outpu
: 0 0 0 MB89558A/
impedance
p O 30 O kQ 557A

*1 : With load capacitance 20 pF.
*2 : No-load conversion
*3 : Stop mode
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(10) A/D Converter Glossary

* Resolution
The level of analog variation that can be recognized by the A/D converter.

* Linearity error (Unit : LSB)
The deviation between the actual conversion characteristics and the line linking the zero transition point (“00 0000
0000" ~ - “00 0000 0001") and the full-scale transition point (“11 1111 1110"~ -»“11 1111 1111").

« Differential linearity error (Unit : LSB)

The variation from the theoretical input voltage required to change the output code by 1 LSB.
* Total error (Unit : LSB)

The total error is the difference between the actual value and the theoretical value.

Theoretical I/O characteristics Total error
3FF —+ VEST—= 3FF —+
Actual conversion

SFET SFET characteristic —»

s SFDT o 3FDT(LLSBxN+ i 777
= 0.5LSB) :
= =1 :
> 5 BN
o =) "
S o004 K 004+ T
2 k=) ! ' VNT
O 003 O 003+ .- foee- _
! ~— Actual conversion
002 1+ 0024 - - '+ characteristic
! [+ Theoretical
001 001+ = ---' characteristic
. 0.5LSB |
AVss AVR AVss AVR
Analog input Analog input
Vest — Vor - Vnt —{1LSB x N + 0.5 LSB}
1LSB=—""FF57" (V =
1022 V) Total error for digital output N 11.SB

(Continued)
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(Continued)
Zero transition error Full-scale transition error
004 - - — Theoretical characteristic
Actual conversion ' : l
characteristic : 3FF - .
' ! Actual conversion
003 -+ - —1 . characteristics -~
5 . 5 | |
=3 : : g 3FE+ —-----
> ' ' =} '
o ' : o : \T
< 002+ - T | :
E" : : Em ! ' Vrst (actual
a) ' ' «Actualconversion O 3FD+  ---- 1.0 measured
© characteristics | T value)
LT " | Actual conversion
: | ; i characteristics
I Vor (actual 3FC T
! / measured value) i
AVss Analog input Analog input AVR
Linearity error Differential linearity error
3FF 1= Actual conversion Theoretical characteristic
characteristics
3FE + \ N+1-L { :
(LLSBxN+Vor) | Actual conversion :
= 3FD+ N T - = characteristic I VN+T
> \ i VFsT =] ! )
g ~L i , (actual g l ' ‘
3 N~ 0 /" measured 3 N+ - —l - '
3 D VNT value) =
5 T T = i =‘\—’
&) N a) ! i
003 + i N . N-14 .--- e
c Actual conversion ; ! T VNT
002 L o—1d characteristics : ]
T ; . Actual conversion
' i Theoretical characteristic ' ' characteristic
001 + N-2 o
Vor (actual measured value) '
AVss ) AVR AVss . AVR
Analog input Analog input
Linearityerrorin — _Vnt — {1 LSB x N + Vor} Differential linearity =V (v +1) 7= Var 1
digital output N 1LSB errorin digital output N 1LSB
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(11) Notes for A/D Conversion
* Analog input pins and input impedance

The A/D converter in the MB89550A series incorporates a sample & hold circuit as shown below. When an A/
D conversion starts, the voltage at the analog input pin is captured by the sample & hold capacitor for a period
of 16 instruction cycles.

Accordingly, if the output impedance of the external circuit connected to the analog input is high, the analog
input voltage may not stabilize within the period of the analog input sampling time. Therefore, it is recommended
that the output impedance of the external circuit be sufficiently low (10 kQ or less) .

« Equivalent circuit for MB89558A and MB89557A analog input
Sample & hold circuit
"""" C=30pF !
Analog input pin ,—r Compara-
$’ . I l_F tor
. R=3.2kQ
j’r/ -------- Closed for -a[ﬁ[-aroximately 16 instruction
cycles after start of A/D conversion
Analog channel selector
 Equivalent circuit for MB89P558A and MB89PV550A analog input
Sample & hold circuit
""""" C=64pF !
Analog input pln Compara-
> ~~o0—M\—]

. | tor
$ L R:L4KQ |
Closed for approximately 16 instruction

cycles after start of A/D conversion

Analog channel selector

e Error
The relative error increases as [AVR — AVss[ becomes smaller.




m EXAMPLE CHARACTERISTICS

(1) Power Supply Current (External Clock)

MB89550A Series

Icc - Veel

- (Ta=+25°C)

8 Fc =12.5 MHz, 4 division]

A /

w /

/

lcc [mA]

0 T SR T S NN TR TN SN SN N SR N N

Fc =10 MHz, 64 division

Lo

1 2 3
Vce [V]

4 5

Iccs [mA]

Iccs - Veel

L (Ta=+25°C)

Fc =12.5 MHz, 4 division

/

e

Fc =10 MHz, 64 division

T T T T T T TN O SO AN S N N

2

3 4
Vcee [V]

(2) “H” Level Input Voltage/“L” Level Input Voltage (CMOS Input)

VIN - Vce2
4 I
(TA=+25°C)
3
=
z 2
>
1
0
2 3 4 5
Veez [V]

(3) “H” Level Input Voltage/“L” Level Input Voltage (Hysteresis Input)

VIN - Vce2
4
I
(TA=+25°C)
ViHs
3
= / ViLs
z 2
>
1
0
2 3 4 5 6
Veez [V]
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(4) Pull-up Resistance

RPULL - Vcc2
1000 T
(Ta=+25°C)
T 100
=, \\
el
E
a
10
1
2 3 4 5 6 7
Vcez [V]
(5) “H” Level Output Voltage
VOH1 - lIoH VOH2 - loH
4.6 4.6
44 (Vec2=4.5V,Ta = +25°C) (Vcc2= 45V, TA= + 25 °C)
4.2 a4 \
4.0 =
S 38 L 42
< 2 T~
I 36
>
34 4.0
3.2
3.0 - L L . 3.8 . . . .
0 -2 -4 -6 -8 -10 0 -5 -10 -15 -20 -25
loH [mA] loH [mA]
(6) “L” Level Output Voltage
VoL1 - loL VoLz2 - loL
1.0 1.0
(Vcc2=4.5V,Ta=+25°C) (Vcc2=4.5V,Ta=+25°C)
0.8 0.8
2 0.6
S 0.6 g
b >
g 0.4 0.4
0.2 0.2
0.0 . . . . 0.0 . - : :
0 2 4 6 8 10 0 5 10 15 20 25
loL [mA] loL [mA]
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(7) A/D Converter Characteristic Example

MB89550A Series
S

Liniarity error
)
)
-
N
S
i
160 260 360 460 560 660 760 860 960 1060
Conversion characteristics
Differential liniarity error
3.0
25k" (Vcc2=5.0V, FC = 12.5 MHZ, TA = 4 25 “C) === == m = = oo ot o o e oo e o e
20—
a Y
@ 10
— 0 2 ) 25
N—r
B 0.0 HA R BN )l VRN TRV Wt 4y AR Wt I AP A i Y
) 5
B e
B R e e e e
R
N R R R L L LR R R
-30 : : : : :
0 100 200 300 400 500 600 700 800 900 1000
Conversion characteristics
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m MASK OPTIONS

Part No.

MBB89557A
MBB89558A

MB89P558A

MB89PVS550A

Specifying procedure

Specify when
ordering mask

Specify at time of order

Specify at time of order

LCD drive power supply
* Built-in step-up circuit

-201 built-in multiplier
resistance

-201 built-in multiplier
resistance

-202 built-in step-up

-202 built-in step-up

(approx. 1.31 ms)
* 10: 2%/Fch
(approx. 10.48 ms)
e 11: 2'8/Fch
(approx. 20.97 ms)

(approx. 20.97 ms)

* Built-in multiplier resistance Selectable circuit circuit
(for external connection) -203 built-in step-up -203 built-in step-up
circuit circuit
-201 segment selected -201 segment selected
Port/segment selection*! (SEG22-SEG31 selected) | (SEG22-SEG31 selected)
:Zgg ggggig ’ Egz ggg;g; ' -202 segment selected -202 segment selected
P72 (SEG26), P73 (SEG27) | Selectable (SEG22-SEG31selected) | (SEG22-SEG31 selected)
P74 (SEG28),P75(SEG29), -203 port selected -203 port selected
P76 (SEG30), P77 (SEG31) (P66, P67, P70-P77 (P66, P67, P70-P77
selected) selected)
Main clock
Initial value*? selection for os-
cillator stabilization wait period
(Fch =12.5 MHz)
* 01 : 2%%/Fch 218/Fch 218/Fch
Selectable

(approx. 20.97 ms)

*1 : This selection determines whether pins P66, P67, P70-P77 are used as I/O ports or as segment output pins.

If they are used as ports, then SEG22-SEG31 (Nch open drain) are not restricted by the condition for input
voltage to pins (Vin), namely that “Vin must be lower than the voltage at the V3 pin”.

clock control register.

*2 . This represents the initial value of the oscillator stabilization period select bit (SYCC : WT1, WTO) of the system
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m ORDERING INFORMATION

Part No. Package Remarks

100-pin Plastic LQFP
(FPT-100P-M05)

100-pin Plastic TQFP
(FPT-100P-M18)

MB89558APFV-XXX

MBB89558APFT-XXX

MB89P558A-201PFV versions without step-up
MB89P558A-202PFV with step-up 32 Segment
MB89P558A-203PFV with step-up 22 Segment

MB89P558A-201PFT versions without step-up
MB89P558A-202PFT with step-up 32 Segment
MB89P558A-203PFT with step-up 22 Segment

MB89PV550A-201CF versions without step-up
MB89PV550A-202CF with step-up 32Segment
MB89PV550A-203CF with step-up 22Segment

100-pin Plastic LQFP
(FPT-100P-MO05)

100-pin Plastic TQFP
(FPT-100P-M18)

100-pin Ceramic MQFP
(MQP-100C-P02)
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m PACKAGE DIMENSIONS

100-pin plasic LQFP
(FPT-100P-MO05)

Note) Pins width and pins thickness include plating thickness.

16.000.20(.630+.008)SQ

14.00+0.10(.551+.004)SQ

© &)
AR ARRR

 ——  —
 ——  —
 —— |  —
 ——  —
 —— |  —
 —— |  —
 ——  —
 —— |  —
= - [=]0.08(.003)]
— = et |
[ = | Details of "A" part |
— — ! |
o | | } |
== == 11,5092 (050 *2) |
= INDEX o I " (Mounting height) 0.10£0.10 |
= Oﬁ Q = } ; (.004+.004) }
] | Stand
] | \ } Oo,,goﬁ (Stand off) }
A" [ 0.50+0.20
%HHHHHHHHHHHHHHHHHHHHHHHH | (o20:009 |
0.60+0.15 |
‘ ‘ H 0.20+0.05 0145:0055 |  (0242.006) !
— T 0082.002) | 2 0:08(.003) @) (0057£.0022) |_ _ _ _ _ _ _ ____________|

© 2000 FUJITSU LIMITED F100007S-3¢-5

Dimensions in mm (inches)
(Continued)
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100-pin plasic TQFP

(FPT-100P-M18) Note) Pins width and pins thickness include plating thickness.

14.00£0.20(.551£.008)SQ
12.00£0.10(.472£.004)SQ 0.145+0.055
: 51| e
A AR HARHAR AR AR A AR
— Q e
% % (2] 0.08(.003)]
o e Coembora g }
== = | 1.10:0.10 |
== == | [(043:.004) ‘
— INDEX — } 0.10+0.05 }
== == ! .o = (004+.002) |
— ] } 40 8 ‘fl _y (Stand off) }
o Co |
TR AR Ry A AN :
© ot

0.18+0.05
(:007+.002) [©]0.07(002) ®

© 2000 FUJITSU LIMITED F100029S-¢-2-3

Dimensions in mm (inches)
(Continued)
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(Continued)

100-pin Ceramic MQFP
(MQP-100C-P02)

© 1994 FUJITSU LIMITED M1000025C-2-2

15.00£0.25 SQ 0.50£0.15
(591£.010) (:0197£.0060)
PIN No.1 INDEX 14.82+0.35 SQ 0.18+0.05
(583+.014) 0.30(012) (.007£.002)
TYP LA
1.02£0.13
= (:040+.005) = =—
10.92(.430) = 7.14(.281) = = 12.00(.472) 17.20(.667)
VP S TYP = = TYP TP
I
A50(177S PAD No.1 INDEX
230N TYP 1.10 0% 12.00(.472)TYP
10.92(.430) (.043283) ‘
TYP ‘ 17.20(.667)TYP
J_‘  ——
e i | o e 9.94(.392)MAX
R TTETATRREETIIOL _y
0.15:0.05
(.006+.002)

Dimensions in mm (inches)
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All Rights Reserved.

The contents of this document are subject to change without notice.
Customers are advised to consult with FUJITSU sales
representatives before ordering.

The information and circuit diagrams in this document are
presented as examples of semiconductor device applications, and
are not intended to be incorporated in devices for actual use. Also,
FUJITSU is unable to assume responsibility for infringement of
any patent rights or other rights of third parties arising from the use
of this information or circuit diagrams.

The products described in this document are designed, developed
and manufactured as contemplated for general use, including
without limitation, ordinary industrial use, general office use,
personal use, and household use, but are not designed, developed
and manufactured as contemplated (1) for use accompanying fatal
risks or dangers that, unless extremely high safety is secured, could
have a serious effect to the public, and could lead directly to death,
personal injury, severe physical damage or other loss (i.e., nuclear
reaction control in nuclear facility, aircraft flight control, air traffic
control, mass transport control, medical life support system, missile
launch control in weapon system), or (2) for use requiring
extremely high reliability (i.e., submersible repeater and artificial
satellite).

Please note that Fujitsu will not be liable against you and/or any
third party for any claims or damages arising in connection with
above-mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You
must protect against injury, damage or loss from such failures by
incorporating safety design measures into your facility and
equipment such as redundancy, fire protection, and prevention of
over-current levels and other abnormal operating conditions.

If any products described in this document represent goods or
technologies subject to certain restrictions on export under the
Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export
of those products from Japan.
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