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MSM63188

4-Bit Microcontroller with Built-in 1024-Dot Matrix LCD Drivers and Melody Circuit,
Operating at 0.9 V (Min.)

GENERAL DESCRIPTION

The MSM63188 is a CMOS 4-bit microcontroller with built-in 1024-dot matrix LCD drivers and
operatesat(0.9 V (min.). The MSM63188 is suitable for applications such as games, toys, watches,
etc. which are provided with an LCD display.

The MSM63188 is an M6318x series mask ROM-version product of OLMS-63K family, which
employs Oki's original CPU core nX-4/250.

The MSM63P180 is the one-time-programmable ROM version of MSM63188, having one-time
PROM (OTP) as internal program memory.

The MSM63P180 is used to evaluate the software development.

FEATURES

¢ Rich instruction set
439 instructions
Transfer, rotate, increment/decrement, arithmetic operations, comparison, logic operations,
mask operations, bit operations, ROM table reference, external memory transfer, stack
operations, flag operations, branch, conditional branch, call/return, control.

¢ Rich selection of addressing modes
Indirect addressing of four data memory types, with current bank register, extra bank
register, HL register and XY register.
Data memory bank internal direct addressing mode.

* Processing speed
Two clocks per machine cycle, with most instructions executed in one machine cycle.
Minimum instruction execution time : 61 us (@ 32.768 kHz system clock)
1 us (@ 2 MHz system clock)

¢ Clock generation circuit
Low-speed clock : 32.768 kHz crystal oscillator
High-speed clock : 2MHz (Max.) RC or ceramic oscillator select

* Program memory space
16K words
Basic instruction length is 16 bits/1 word

¢ Data memory space
3584 nibbles
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a~5% ; : (4 Kbytes (expandable by using an I/O port)
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e Stack level

Call stack level : 16 levels
Register stack level : 16 levels
¢ [/O ports

Input ports: Selectable as input with pull-up resistance/input with pull-down resistance/
high-impedance input
Output ports: Selectable as P-channel open drain output/N-channel open drain output/
CMOS output/high-impedance output

Input-output ports: Selectable as input with pull-up resistance/input with pull-down
resistance/high-impedance input
Selectable as P-channel open drain output/N-channel open drain
output/CMOS output/high-impedance output

Canbe interfaced with external peripherals that use a different power supply than this device

uses.

Number of ports:

Input port : 2 ports x 4 bits
Output port : 6 ports x 4 bits
Input-output port : 6 ports x 4 bits

* Melody output function

Melody sound frequency : 529t02979 Hz

Tone length : 63 types

Tempo : 15 types

Note data : Resides in the program memory
Buzzer drive signal output : 4kHz

* LCD driver
Number of segments : 1024 Max. (64 SEG x 16 COM)
1/1to 1/16 duty
1/4 or 1/5 bias (regulator built-in)
Selectable as all-on mode/all-off mode/power down mode/normal display mode
Adjustable contrast

* Multiplier/divider circuits
Multiplier : (8 bits) x (8 bits) — Product (16 bits)
Divider : (16 bits) + (8 bits) — Quotient (16 bits), Remainder (8 bits)

* Reset function
Reset through RESET pin
Power-on reset
Reset by low-speed oscillation halt

¢ Battery check
Low-voltage supply check
Criterion voltage : Can be selected as 1.05 +0.10 V, 1.30 £0.15 V,
2.20+0.20 V or 2.80 £0.30 V

* Power supply backup
Backup circuit (voltage multiplier) enables operation at 0.9 V minimum
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* Timers and counter
8-bit timer x 4
Selectable as auto-reload mode/capture mode/clock frequency measurement mode
Watchdog timer x 1
Overflows in 2 sec.
100 Hz timer x 1
Measurable in steps of 1/100 sec.
15-bit time base counter x 1
1,2,4,8,16,32, 64, and 128 Hz signals can be read

e Serial port

Mode : UART mode, synchronous mode
UART communication speed : 1200 bps, 2400 bps, 4800 bps, 9600 bps
Clock frequency in synchronous mode : 32.768 kHz (internal clock mode), external
clock frequency
Data length : 5to 8 bits
¢ Interrupt sources
External interrupt 1 4
Internal interrupt : 13 (watchdog timer interrupt is a nonmask-

able interrupt)

¢ Operating voltage
When backup used : 09t027V
(Low-speed clock operating)
12t027V
(Operating frequency: 300 to 500 kHz)
15t027V
(Operating frequency: 200 kHz to 1 MHz)
When backup not used : 1.8t055V
(Operating frequency: 300 to 500 kHz)
22t055V
(Operating frequency: 300 kHz to 1 MHz)
27t055V
(Operating frequency: 200 kHz to 2 MHz)

* Package:
176-pin plastic LQFP (LQFP176-P-2424-0.50-BK) : (Product name: MSM63188-xxxGS-BK)
Chip : (Product name: MSM63188-xxx)
xxx indicates a code number.
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PIN CONFIGURATION (TOP VIEW)
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176-Pin Plastic LQFP

Pins marked as (NC) are no-connection pins which are left open.

Note:
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PAD CONFIGURATION

Pad Layout
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Chip Size :6.60 mm X 6.60 mm
Chip Thickness : 350 um (typ.)
Coordinate Origin : Chip center
Pad Hole Size : 100 um x 100 um
Pad Size 2110 um x 110 um
Minimum Pad Pitch : 140 pm

Note: The chip substrate voltage is Vss.



OKI Semiconductor MSM63188

Pad Coordinates

Pad Pad Pad
PadNo. Name | X (um) | Y (um) | Pad No.| Name | X (Mm) | Y (um) | [Pad No.| Name | X (UM) | Y (um)
1 P4.3 —2837| -3105 42 SEG42 3155| 2870 83 SEG1 3155| 2870
2 P4.2 -2697 | -3105 43 SEG41 3155| -2730 84 SEGO 3155| 3010
3 P4.1 -2557 | -3105 44 SEG40 3155| -2590 85 | COM16 2705| 3105
4 P4.0 2417 | -3105 45 SEG39 3155| 2450 86 | COM15 2565| 3105
5 P3.3 —2277| -3105 46 | SEG38 3155| -2310 87 | COM14 2425| 3105
6 P3.2 -2137| -3105 47 | SEG37 3155| 2170 88 | COM13 2285| 3105
7 P3.1 -1997| -3105 48 | SEG36 3155| -2030 89 | COM12 2145| 3105
8 P3.0 -1857| -3105 49 | SEG35 3155 -1890 90 | COM11 2005 3105
9 P2.3 -1717| -3105 50 | SEG34 3155| 1750 91 comM10 1865| 3105
10 P2.2 -1577| -3105 51 SEG33 3155| -1610 92 ComM9 1725 3105
11 P2.1 -1437| -3105 52 SEG32 3155| -1470 93 COMm8 1585| 3105
12 P2.0 -1297| -3105 53 SEG31 3155| -1330 94 com7 1445| 3105
13 P1.3 -1157| -3105 54 SEG30 3155 -1190 95 COM6 1305| 3105
14 P1.2 -1017| -3105 55 SEG29 3155| -1050 96 COM5 1165| 3105
15 P1.1 -877| -3105 56 | SEG28 3155 -910 97 COM4 1025| 3105
16 P1.0 —737| -3105 57 | SEG27 3155| -770 98 COM3 885| 3105
17 P0.3 -597| -3105 58 | SEG26 3155| -630 99 CoM2 745 3105
18 P0.2 -457| -3105 59 | SEG25 3155| —490 100 | COM1 605| 3105
19 P0.1 -317| -3105 60 | SEG24 3155| =350 101 Vss 420 3105
20 P0.0 -177| -3105 61 SEG23 3155| =210 102 Vpb1 270 3105
21 SEG63 54| -3105 62 SEG22 3155 =70 103 Vb2 120 3105
22 | SEG62 194| -3105 63 SEG21 3155 70 104 Vpp3 =30 3105
23 | SEG61 334 | -3105 64 SEG20 3155 210 105 Vbp4 -179| 3105
24 | SEG60 4741 -3105 65 SEG19 3155 350 106 Vpps =329 3105
25 | SEG59 614 -3105 66 | SEG18 3155 490 107 C1 -479| 3105
26 | SEG58 754 -3105 67 | SEG17 3155 630 108 C2 -629| 3105
27 | SEG57 894 | -3105 68 | SEG16 3155 770 109 VbpH =779 3105
28 | SEG56 1034 | -3105 69 | SEG15 3155 910 110 CB1 -929| 3105
29 | SEG55 1174 | -3105 70 | SEG14 3155| 1050 111 CB2 -1079| 3105
30 | SEG54 1314 -3105 71 SEG13 3155 1190 112 Vb -1229| 3105
31 SEG53 1454 | -3105 72 SEG12 3155 1330 113 VppL | -1379| 3105
32 | SEG52 1594 | -3105 73 SEG11 3155| 1470 114 | 0SC1 | -1529| 3105
33 | SEG51 1734 | -3105 74 SEG10 3155| 1610 115 | 0SCO | -1679| 3105
34 | SEG50 1874 | -3105 75 SEG9 3155| 1750 116 | RESET | —1829| 3105
35 | SEG49 2014 | -3105 76 SEG8 3155| 1890 117 XT1 -1979| 3105
36 | SEG48 2154 | -3105 77 SEG7 3155| 2030 118 XTO -2129| 3105
37 | SEG47 2294 | -3105 78 SEG6 3155 2170 119 TST2 | -2324| 3105
38 | SEG46 2434 | -3105 79 SEG5 3155 2310 120 TSTH -2464| 3105
39 | SEG45 2574 | 3105 80 SEG4 3155| 2450 121 MD -2604| 3105
40 | SEG44 2714 | -3105 81 SEG3 3155 | 2590 122 MDB | -2744| 3105
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Pad Coordinates (continued)

Pad Pad Pad
Pad No. Name | X (um) | Y (um) | [Pad No.| Name | X (M) | Y (um) | Pad No.| Name | X (Hm) | Y (um)

124 PD.3 | -3155| 2428|| 136 PA.3 | -3155 748 || 148 P73 | -3155| -932

125 PD.2 | -3155| 2288|| 137 PA2 | -3155 608 || 149 P72 | -3155| -1072

126 PD.1 | -3155| 2148|| 138 PA1 | -3155 468 || 150 P7.1 -3155| -1212

127 PD.0 | -3155| 2008|| 139 PA.O | -3155 328 || 151 P7.0 | -3155| -1352

128 PC.3 | —-3155| 1868|| 140 P9.3 | -3155 188 || 152 P6.3 | -3155| -1492

129 PC.2 | -3155| 1728|| 141 P9.2 | -3155 48| 153 P6.2 | -3155| -1632

130 PC.1 -3155| 1588 || 142 P9.1 -3155 -92|| 154 P6.1 -3155| 1772

131 PC.O | -3155| 1448|| 143 P9.0 | -3155| -232|| 155 P6.0 | -3155| -1912

132 PB.3 | -3155| 1308|| 144 P8.3 | -3155| -372|| 156 P53 | -3165| -2172

133 PB.2 | -3155| 1168|| 145 P8.2 | -3155| -512|| 157 P5.2 | -3155| -2312

134 PB.1 -3155| 1028|| 146 P8.1 -3155| —652|| 158 P5.1 -3155| -2452

135 PB.0 | -3155 888|| 147 P8.0 | -3155| —792|| 159 P5.0 | -3155| -2592
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PIN DESCRIPTIONS

The basic functions of each pin of the MSM63188 are described in Table 1.

A symbol with a slash (/) denotes a pin that has a secondary function.

Refer to Table 2 for secondary functions.

For type, "—"denotes a power supply pin, "I"aninput pin, "O" an output pin,and "I/O" aninput-
output pin.

Table 1 Pin Descriptions (Basic Functions)

Function| Symbol Pin Type Description
Vop 73 — Positive power supply
Vss 62 — Negative power supply
Vbbp1 63 Power supply pins for LCD bias (internally generated).
Vb2 64 Capacitors (0.1 uF) should be connected between these pins and
Vb3 65 — Vss.
Vb4 66
Vbps 67
Power C1 68 — Capacitor connection pins for LCD bias generation.
Supply C2 69 — A capacitor (0.1 uF) should be connected between C1 and C2.
Voo 87 . Positive power supply pin for external interface
(power supply for input, output, and input-output ports)
VoL 24 . Positive power supply pin for internal logic (internally generated).
A capacitor (0.1 uF) should be connected between this pin and Vss.
VooH 70 o Voltage multiplier pin for power supply backup (internally generated).
A capacitor (1.0 uF) should be connected between this pin and Vss.
CB1 71 — Pins to connect a capacitor for voltage multiplier.
CB2 72 — A capacitor (1.0 uF) should be connected between CB1 and CB2.
XT0 79 | Low-speed clock oscillation pins.
A 32.768 kHz crystal should be connected between XT0 and XT1,
Oscillation XT 78 0 and Cg (5 to 25 pF) should be connected between XT0 and Vss.
0SC0 76 | High-speed clock oscillation pins.
A ceramic resonator and capacitors (Crg, Cr1) or external
0SCt 75 0 oscillation resistor (Rgs) should be connected to these pins.
TST4 81 | Input pins for testing.
Test A pull-down resistor is internally connected to these pins.
TST2 80 | The user cannot use these pins.
Reset input pin.
Setting this pin to "H" level puts this device into a reset state.
Reset RESET 77 Then, setting this pin to "L" level starts executing an instruction
from address 0000H.
A pull-down resistor is internally connected to this pin.
Melody MD 84 0 Melody output pin (non-inverted output)
MDB 85 0 Melody output pin (inverted output)
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Table 1 Pin Descriptions (Basic Functions) (continued)

Function Symbol Pin Type Description
P0.0/INT5 154 4-bit input ports.
P0.1/INT5 153 | Pull-up resistor input, pull-down resistor input, or
P0.2/INTS 152 high-impedance input is selectable for each bit.
P0.3/INT5 151
P1.0/INT5 150
P1.1/INT5 149
P1.2/INT5 148
P1.3/INT5 147
P2.0 146 4-bit output ports.
P2.1 145 0 P-channel open drain output, N-channel open drain output,
p2.2 144 CMOS output, or high-impedance output is selectable for each
P2.3 143 bit.
P3.0 142
P3.1 141
P3.2 140 0
P3.3 139
Por P4.0/A0 138
P4.1/A1 137
P4.2/A2 136 0
P4.3/A3 135
P5.0/A4 132
P5.1/A5 131
P5.2/A6 130 0
P5.3/A7 129
P6.0/A8 128
P6.1/A9 127
P6.2/A10 126 0
P6.3/A11 125
P7.0/A12 124
P7.1/A13 123
P7.2/A14 122 0
P7.3/A15 121
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Table 1 Pin Descriptions (Basic Functions) (continued)

Function Symbol Pin | Type Description
P8.0/RD 120 4-bit input-output ports.
P8.1/WR 119 In input mode, pull-up resistor input, pull-down resistor input,
P8.2 118 Vo or high-impedance input is selectable for each bit.
P8.3/INT4 117 In output mode, P-channel open drain output, N-channel open
P9.0/D0 116 drain output, CMOS output, or high-impedance output is
P9.1/D1 115 selectable for each bit.
P9.2/D2 114 /o
P9.3/D3 113
PA.0/D4 112
PA.1/D5 111
I/0
PA.2/D6 110
PA.3/D7 109
PB.O/INTO/
Port TMOCAP/ 108
TMOOVF
PB.1/INTO/ /0
TM1CAP/ 107
TM10VF
PB.2/INT0/T02CK 106
PB.3/INTO/T13CK 105
PC.0/INT1/RXD 104
PC.1/INT1/TXC 103 V0
PC.2/INT1/RXC 102
PC.3/INT1/TXD 101
PD.0/FRAME 100
PD.1/LCLK 99 10
PD.2/TBCCLK 98
PD.3/HSCLK 97
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MSM63188

Table 1 Pin Descriptions (Basic Functions) (continued)

Function Symbol Pin | Type Description
COM1 61 LCD common signal output pins
Com2 60
COM3 59
COM4 58
COM5 57
COM6 56
com7 55
COMm8 54
CoMm9 93 0
COM10 52
CoM11 51
Com12 50
COM13 49
Com14 48
COM15 47
COM16 46
SEGO 44 LCD segment signal output pins
SEG1 43
SEG2 42
SEG3 41

LCD
SEG4 40
SEG5 39
SEG6 38
SEG7 37
SEG8 36
SEG9 35
SEG10 34
SEG11 33
SEG12 32 0
SEG13 31
SEG14 30
SEG15 29
SEG16 28
SEG17 27
SEG18 26
SEG19 25
SEG20 24
SEG21 23
SEG22 22
SEG23 21

ornmaA

FaYal




OKI Semiconductor

MSM63188

Table 1 Pin Descriptions (Basic Functions) (continued)

Function Symbol Pin Type Description
SEG25 19 LCD segment signal output pins
SEG26 18
SEG27 17
SEG28 16
SEG29 15
SEG30 14
SEG31 13
SEG32 12
SEG33 11
SEG34 10
SEG35 9
SEG36 8
SEG37 7
SEG38 6
SEG39 )
SEG40 4
SEG41 3
SEG42 2
SEG43 1

LCD SEG44 175 0
SEG45 174
SEG46 173
SEG47 172
SEG48 171
SEG49 170
SEG50 169
SEG51 168
SEG52 167
SEG53 166
SEG54 165
SEG55 164
SEG56 163
SEG57 162
SEG58 161
SEG59 160
SEG60 159
SEG61 158
SEG62 157
SEG63 156
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Table 2 shows the secondary functions of each pin of the MSM63188.

Table 2 Pin Descriptions (Secondary Functions)

Function Symbol Pin | Type Description

PB.0/INTO 108 External 0 interrupt input pins.
PB.1/INTO 107 | The change of input signal level causes an interrupt to occur.
PB.2/INTO 106 The Port B Interrupt Enable register (PBIE) enables or disables
PB.3/INTO 105 an interrupt for each bit.
PC.0/INT1 104 External 1 interrupt input pins.
PC.1/INT1 103 | The change of input signal level causes an interrupt to occur.
PC.2/INT1 102 The Port C Interrupt Enable register (PCIE) enables or disables

External PC.3/INT1 101 an interrupt for each bit.

Interrupt P8 3/INT4 117 | External 4 |nter.rupt |nput pins. .

The change of input signal level causes an interrupt to occur.

P0.0/INTS 154 External 5 interrupt input pins.
PO.1/INTS 153 The change of input signal level causes an interrupt to occur.
P0.2/INT5 152 The Port 0 Interrupt Enable register (POIE) and Port 1 Interrupt
P0.3/INTS 151 | Enable register (P1IE) enable or disable an interrupt for each bit.
P1.0/INT5 150
P1.1/INT5 149
P1.2/INT5 148
P1.3/INT5 147
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Table 2 Pin Descriptions (Secondary Functions) (continued)

Function Symbol Pin | Type Description
Capture PB.0/TMOCAP 108 I Timer 0 capture input pin.
PB.1/TM1CAP 107 I Timer 1 capture input pin.
PB.0/TMOOVF 108 0 | Timer 0 overflow flag output pin.
Timer PB.1/TM10VF 107 0 | Timer 1 overflow flag output pin.
PB.2/T02CK 106 I External clock input pin for timer 0 and timer 2.
PB.3/T13CK 105 I External clock input pin for timer 1 and timer 3.
LCD PD.0/FRAME 100 0 | Frame output pin for LCD driver expansion
External
Expansion PD.1/LCLK 99 0 | Clock output pin for LCD driver expansion
Oscillation PD.2/TBCCLK 98 0 | Low-speed oscillation clock output pin
Output PD.3/HSCLK 97 0 | High-speed oscillation clock output pin
PC.0/RXD 104 I Serial port receive data input pin
Sync serial port clock input-output pin.
PC.1/TXC 103 I/0 | Transmit clock output when this device is used as a master processor.
Serial Transmit clock input when this device is used as a slave processor.
Port Sync serial port clock input-output pin.
PC.2/RXC 102 I/0 | Receive clock output when this device is used as a master processor.
Receive clock input when this device is used as a slave processor.
PC.3/TXD 101 0 | Serial port transmit data output pin.
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Table 2 Pin Descriptions (Secondary Functions) (continued)

Function Symbol Pin | Type Description
P4.0/A0 138 Address output bus for external memory
P4.1/A1 137
P4.2/A2 136
P4.3/A3 135
P5.0/A4 132
P5.1/A5 131
P5.2/A6 130
P5.3/A7 129
P6.0/A8 128 0
P6.1/A9 127
P6.2/A10 126
P6.3/A11 125
External
Memory P7.0/A12 124
P7.1/A13 123
P7.2/A14 122
P7.3/A15 121
P9.0/D0 116 Data bus for external memory
P9.1/D1 115
P9.2/D2 114
P9.3/D3 113
PA.0/D4 112 /o
PA.1/D5 111
PA.2/D6 110
PA.3/D7 109
P8.0/RD 120 0 | Read signal output pin for external memory (negative logic)
P8.1/WR 119 0 | Write signal output pin for external memory (negative logic)
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ABSOLUTE MAXIMUM RATINGS
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vb1 Ta=25°C —0.3t0 +1.6 Y
Power Supply Voltage 2 Vpp2 Ta=25°C -0.310+2.9 v
Power Supply Voltage 3 Vb3 Ta=25°C —0.3t0 +4.2 Y
Power Supply Voltage 4 Vpp4 Ta=25°C —0.3t0 +5.5 v
Power Supply Voltage 5 Vpps Ta=25°C —0.3t0 +6.8 v
Power Supply Voltage 6 Vpp Ta=25°C -0.3t0 +6.0 v
Power Supply Voltage 7 Vppi Ta=25°C —0.3t0 +6.0 \
Power Supply Voltage 8 VppH Ta=25°C —0.3t0 +6.0 v
Power Supply Voltage 9 VppL Ta=25°C -0.310 +6.0 v
Input Voltage 1 Vind Vpp Input, Ta = 25°C —0.3t0 Vpp+0.3 v
Input Voltage 2 Vine Vpp Input, Ta = 25°C —0.3t0 Vpp;+ 0.3 V
Output Voltage 1 VouTi Vpp1 Output, Ta = 25°C -0.31t0 Vpp1+0.3 v
Output Voltage 2 Vourz Vpp2 Output, Ta = 25°C -0.3t0 Vpp2 + 0.3 v
Output Voltage 3 VouTs Vpps Output, Ta = 25°C —0.31t0 Vpp3 + 0.3 v
Output Voltage 4 Vouts Vpp4 Output, Ta = 25°C -0.3t0 Vpps + 0.3 v
Output Voltage 5 Vouts Vpps Output, Ta = 25°C —0.31t0 Vpp5 + 0.3 v
Output Voltage 6 VouTs Vpp Output, Ta = 25°C -0.3to Vpp+0.3 V
Output Voltage 7 Vout? Vppi Output, Ta = 25°C —0.3to Vpp; + 0.3 v
Output Voltage 8 VouTs Vpph Output, Ta = 25°C —0.3to Vppy+ 0.3 v
Storage Temperature TsTq — -551t0 +150 °C
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RECOMMENDED OPERATING CONDITIONS
* When backup is used
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — —20t0 +70 °C
) Vpp — 09t02.7 v
Operating Voltage
P g g Vppi — 09t055 V
Crystal Oscillation Frequency fxr — 3010 35 kHz
Ceramic Oscillation Frequency fom Vop=12t02.7V 300k to 500k Hz
Vpop=15t027V 200k to 1M
Vop=1.2t027V 100 t
External RC Oscillator Resistance Ros b 0 000 300 kQ
Vpp=15t027V 50 to 300
* When backup is not used
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — —201t0 +70 °C
. Vpp — 18t055 v
Operating Voltage
perating Yoltag Voo _ 181055 v
Crystal Oscillation Frequency fxt — 30to 35 kHz
Vpp=1.8t055V 300k to 500k
Ceramic Oscillation Frequency fom Vpp=22t055V 300k to 1M Hz
Vpp=27t055V 200k to 2M
Vpp=1.8t055V 100 to 300
External RC Oscillator Resistance Ros Vpp=2.2t05.5V 50 to 300 kQ
Vpp=2.71t055V 30 to 300
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ELECTRICAL CHARACTERISTICS

DC Characteristics

(Vop=Vppi=0.9105.5V, Vss =0V, Ta=-20to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. Typ.- Max. |Unit|suring
Circuit
Voo Voltage v 1/5 bias, 1/4 bias 17 | 18 | 19 | v
DD2 g DD2 (Ta = 25°C) . . .
Vpp2 Voltage Temperature Deviation | AVppp — — -4 — |mV/°Q
Vpp1 Voltage Vpp1 1/5 bias, 1/4 bias Typ.—0.2/1/2 x Vpp2|Typ.+ 0.2| V
1/5 bias Typ.—0.3|3/2 x Vipp2|Typ.+ 0.3
Vpps Voltage V 1/4 bias (connect v
bos Yoltad o3 ( Typ-02 Vops |Typ+02
Vpp3 and Vppo)
1/5 bias Typ.—0.4] 2 x Vppo (Typ.+ 0.4
Vpp4 Voltage v v
b4 YO0 oo 1/4 bias Typ.— 0.3(3/2 x Vppg| Typ.+ 0.3
1/5 bias Typ.— 0.5/5/2 x Vipp2|Typ.+ 0.5
Vops Voltage Voos : P * Yooz JP+2 -,
1/4 bias Typ.—0.4] 2 x Vpp2 (Typ.+ 0.4
High-speed clock oscillation
stopped 2.8 — 3.0 v
Vppy Voltage v Vpp=1.5V
(Backup used) PP High-speed clock oscillation
(Ceramic oscillation, 1 MHz) | 2.0 — 2.7 v
Vpp=15V 1
High-speed clock
oscillation stopped 1.0 15 20 v
VppL Voltage VoL - —
High-speed clock oscillation 19 . 55 N
(Vpp=1.2t05.5V) ’ ’
_— Oscillation start time:
Crystal Oscillation Start Voltage VsTa within 5 seconds 1.0 — — V
Crystal Oscillation Hold Voltage v Backup 0.9 — = |V
y g HOLD Backup not used 1.7 — — v
Crystal Oscillation Stop Detect Time | Tsrtop — 0.1 — 5.0 ms
External Crystal Oscillator Capacitance|  Cg — 5 — 25 pF
Internal Crystal Oscillator Capacitance Cp — 20 25 30 pF
. . CSA2.00MG (Murata
(E:xtern_?l Ceramic Oscillator CLo, 1 MFG.-make) used _ 30 _ OF
apacitance Vpp=3.0V
Internal RC Oscillator Capacitance Cos — 8 12 16 pF
Vpp=15V 0.0 — 0.4 vV
POR Voltage V
g PORT Vop=3.0V 00 | — | 07 | v
Vpp=15V 1.2 — 1.5 Vv
Non-POR Voltage V
g POR2 Vop=3.0V 20 | — | 30 |V

Notes: 1. "Tsrop"indicates thatif the crystal oscillator stops over the value of Tstop, the system

reset occurs.

2. "POR" denotes Power On Reset.
3. "Vpor1"indicates that POR occurs when Vpp falls from Vpp to Vpor; and again rises

up to Vpp.

4. "VpoRro'" indicates that POR does not occur when Vpp falls from Vpp to Vpors and

X T
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DC Characteristics

® When backup is used

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

Parameter

Symbol

Condition

Min.

Typ.

Max.

Unit

Mea-
suring
Circuit

Supply Current 1

Ipp1

CPU is in HALT state.
(High-speed clock oscillation
stopped)

7.0

35

uA

Supply Current 2

Ipp2

CPU is in HALT state.
LCD is in Power Down mode.
(High-speed clock oscillation

stopped)

9.5

30

HA

Supply Current 3

Ipp3

CPU is in operating state.
(High-speed clock oscillation
stopped)

24

40

HA

Supply Current 4

Ipp4

CPU is in operation at
high-speed oscillation
(RC oscillation, Rgg = 51 kQ)

700

900

nA

Supply Current 5

Ipps

CPU is in operation at
high-speed oscillation
(Ceramic oscillation, 1 MHz)

800

1000

HA

* When backup is not used

(Vop=Vpp1=3.0V,Vss=0V, Ta

=-20 to +70°C unless otherwise specified)

Parameter

Symbol

Condition

Min.

Typ.

Max.

Unit

Mea-
suring
Circuit

Supply Current 1

IpD1

CPU is in HALT state.
(High-speed clock oscillation
stopped)

3.0

20

uA

Supply Current 2

Ipp2

CPU is in HALT state.
LCD is in Power Down mode,
(High-speed clock oscillation

stopped)

2.0

18

uA

Supply Current 3

Ipp3

CPU is in operating state.
(High-speed clock oscillation
stopped)

11

20

uA

Supply Current 4

IpD4

CPU is in operation at
high-speed oscillation
(RC oscillation, Ros = 51 kQ)

550

800

uA

Supply Current 5

Ipps

CPU is in operation at
high-speed oscillation
(Ceramic oscillation, 2 MHz)

1000

1500

UA
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DC Characteristics (continued)

(Vop = Vopr = Vppr =3.0V, Vss =0V, Vpp1 = 1.1V, Vpp2=2.2V, Vppg = 3.3 V,
Vbps =4.4V, Vpps = 5.5V, Ta = -20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. |Unit|suring
Circuit
Output Current 1 Vppi=1.5V 20| -12 | 02 | mA
(P2.010 P2.3) lowt | Vo1 = Vooi = 0.5V | Vppy = 3.0V 5.0 | -3.0 | -1.0 | mA
(P3.010P3.3) Voo =5.0V 80 | 40 | 15 | mA
(P4.0 to P4.3)
: Vppi=15V 0.2 1.2 20 | mA
(PC.0 to PC.3) loti | VoL1=05V Voo = 3.0V 10 | 30 | 50 [ mA
(PD.0to PD.3) Vppi =5.0V 15 | 40 | 80 | mA
Output Current 2 Vpp=15V 25 | -13 | 04 | mA
(MD, MDB) love | Vore=Vpp—-07V |Vpp=3.0V 6.0 | -4.0 | 2.0 | mA
Vpp=Vppy=50V | -9.0 | -55 | -3.0 | mA
Vpp=15V 04 1.3 25 | mA
lore | Voe=07V Vpp=3.0V 2.0 4.0 6.0 | mA
Vpp=Vppy=5.0V | 3.0 55 90 | mA
?S“églgtgusr?gég’) lons | Vons = Vops — 0.2 V (Vpps level) — | — | 4 |uA
(COM to COM16) loms | Vorms = Vop4 + 0.2V (Vpp4 level) 4 — | — | HA
lonmss | Vonmss = Vopa — 0.2V (Vppy level) — | — | 4 A
lomns | Vomns = Vops + 0.2 V (Vpps level) 4 — | — | HA
lomnss | Vomnss = Vops — 0.2 V (Vpps level) — | — | 4 A
lomLs | Vomis = Vop2 + 0.2 V (Vpp2 level) 4 — | — WA 2
lomLss | Vomiss = Vop2 — 0.2 V (Vpp2 level) — | — | 4 |uA
loms | Vouma = Vpp1 + 0.2 V (Vppy level) 4 — | — | uA
loumas | Voumss = Vopt — 0.2 V (Vppy level) — | — | 4 A
lors | Vorz=Vss+ 0.2V (Vgs level) 4 — — | uA
Output Current 4 lovan Vonar =VopH—05V| Vpp=Vppy=3.0V | =25 | -1.5 |-0.75| mA
(0SC1) (RC oscillation) Vop=Voor=50V | =35 | -2.0 | -1.0 | mA
loLan Vosr =05V Vop=Vppy=3.0V | 0.75 | 15 25 | mA
(RC oscillation) Vpp=Vppy=50V | 1.0 20 | 35 | mA
lofac Vorac = Vppr—0.5 V| Vpp =Vppy=3.0V | =300 | 180 | 60 | pA
(ceramic oscillation) | Vpp =Vppy=5.0V | -450 | —280 | —100 | pA
loLae Voac =05V Vpp=Vppy=3.0V | 60 120 | 300 | pA
(ceramic oscillation) | Vpp=Vppy=50V | 100 | 200 | 450 | pA
Output Leakage
(P2.0 to P2.3) loon | Vou = Vooi — — 03 | pA
(P3.0 to P3.3)
(P4.0to P4.3)
: loo. | VoL ="Vss 03| — | — | uA

(PD.0 to PD.3)
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DC Characteristics (continued)

(Vpp = Vopi=VppH=3.0V,Vss =0V, Vpp1 =1.1V, Vpp2 =2.2 V, Vpp3 = 3.3 V,
Vbpsa =4.4V, Vpps = 5.5V, Ta=-20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. |Unit |suring
Circuit
Input Current 1 Vppi=15V 2 10 30 | pA
(P0.0 to P0.3) y | = Vool Vo =3.0V 30 | 90 | 180 | pA
(P1.0to P1.3) (when pulled down) Vopl = 5.0V 70 | 250 | 600 | pA
(P8.0 to P8.3) :

(P9.0 to P9.3) Vppi=1.5V 30 | 10 | -2 | pA
: | = Vss Voo = 3.0V ~180 | —90 | -30 | pA
(PD.0to PD.3) (when pulled up) Voo =5.0V —600 | -250 | 70 | pA
lin1z | Vit = Voo (in @ high impedance state) 0.0 — 1.0 | pA
lit1iz | Vi1 = Vss (in a high impedance state) -1.0 — 0.0 | pA
Input Current 2 VLo = Vsg Vpp=Vppy=3.0V | 200 | =110 | =30 | pA
(0SC0) "2 | when pulled up) | Vop < Voo = 5.0V | —600 | ~350 | ~150 uA

her | Vinzr = Vopn (RC oscillation) 0.0 — 1.0 | pA 3
lior | Vier = Vss (RC oscillation) -1.0 — 00 | pA
" ViH2e = VDDH Vpp=Vppy=3.0V | 0.1 0.5 1.0 | pA
(ceramic oscillation)| Vpp =Vppy=5.0V | 0.75 | 1.5 | 3.0 | A
oG ViLoc = Vss Vop=Vppy=3.0V | -1.0 | =05 | -0.1 | pA
(ceramic oscillation)| Vpp = Vppy =50V | =3.0 | -1.5 | -0.75 | pA
Input Current 3 Vpp=15V 10 50 80 | pA
(RESET) lH3 Vins = Vop Vpp=3.0V 150 | 350 | 600 | pA
Vpp=Vppy=50V | 0.5 1.0 20 | mA
s | Vis=Vss -10 | — | 00 | pA
Input Current 4 Vpp=15V 50 150 | 300 | pA
(TST1, TST2) liHa ViHa = Vpp Vpp=3.0V 0.5 1.0 1.5 | mA
Vpp=Vppy=50V | 1.25 | 25 40 | mA
lia | Vila=Vss -10| — | 00 | pA
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DC Characteristics (continued)
(Voo =Vppi=Vppy=3.0V,Vss=0V, Vpp1 =1.1V, Vpp2 =2.2V, Vpp3 = 3.3 V,

Vibps =4.4V, Vpps = 5.5V, Ta =20 to +70°C unless otherwise specified)

Mea-
Parameter Symbol Condition Min. | Typ. | Max. |Unit|suring
Circuit
Input Voltage 1 Vppi=15V 1.2 — 15 v
(P0.0 to P0.3) ViHs Vppi=3.0V 24 | — | 30 |V
EE;:S N E;g; Vopi = 5.0V 40 | — | 50 | v
(Pgo to P93) VDD| =15V 0.0 — 0.3 Vv
: VL1 Vpp=3.0V 0.0 — 0.6 Vv
(PD.0to PD.3) Vppi=5.0V 00 | — 10 | V
Input Voltage 2 Viso Vpp=Vppy=3.0V 2.4 — 3.0 v
(0SC0) Vpp=Vppy=5.0V 4.0 — 5.0 V
ViLo Vpp =Vppy=3.0V 0.0 — 0.6 Vv
Vpp =Vppy=5.0V 0.0 — 1.0 vV
Input Voltage 3 Vop=15V 135 | — 1.5 v
(RESET, TST1, TST2) Vins Vpp=3.0V 24 — 30 v 4
Vpp =Vppy=5.0V 4.0 — 5.0 Vv
Vpp=15V 00 | — | 015 | V
ViLs Vpp=3.0V 0.0 — 0.6 v
Vpp =Vppy=5.0V 0.0 — 1.0 vV
(prgltgrt‘f)sgo‘.’g‘)dm 1 Vopi =15V 005 | 01 | 03 |V
Eﬁ;:g :g E;gg AV Vopi =30V 02 | 05| 10 | V
(PD.0 T-O PD.3) Vpp =5.0V 025 | 1.0 1.5 v
Hysteresis Width 2 Vpp=1.5V 0.05 | 0.1 0.3 Vv
(RESET, TST1, TST2) AVt Vpp=3.0V 0.2 0.5 1.0 vV
Vpp=Vppy=5.0V 025 | 1.0 15 Vv
Input Pin Capacitance
(P0.0 to P0.3)
(P1.0 to P1.3)
(P9.010 P93 G - — = s
(PC.0to PC.3)

(PD.0 to PD.3)
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Measuring circuit 1
f CB1 Cg
Cor2 == XT0
L eme I: e
el | C1 T ] 32.768 kHz
2=
o Crystal
Ho——0SC0
1
@o——0SC1
Vss Voo Voor Voot Vop2  Vopos  Vopsa  Vops Voo Vooo
Ca, Cb, Gc, Gg, Ge, Gy, G12 : 0.1 uF *1 RC Oscillator
Cb12, Cn 1 uF
Cq - 15 pF ®
Cuo : 30 pF Ros
Cq 30 pF @
Ceramic Resonator : CSA2.00MG (2 MHz)
CSB1000J (1 MHz) Ceramic Oscillator
(Murata MFG.-make) @
CLo = Geramic Resonator
@)
Cu1
777
Measuring circuit 2
*3
V|HO—>
: ——o
! INPUT OUTPUT |
! DN |
ViLo—»
Vss Vjo Vfl VT1 VTZ VT3 VT4 st VTH VTL

*2 Input logic circuit to determine the specified measuring conditions.
*3 Measured at the specified output pins.
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Measuring circuit 3

*4

INPUT OUTPUT

Vss Voo Voor Vopt Voo2 Voos Vopsa Vops Voow Vool

I 1T T 1T T 1111
A D G G D S S G

Measuring circuit 4

V|HO—> ——=o°
——o Waveform
! Monitoring
*4 3
INPUT OUTPUT
.
Vi o—»
Vss Voo Voo Voot Voo2 Voos Vopsa Vops Vood Voou

T T 1T T 11T 171
N D S SN (S ) S D

*4 Measured at the specified input pins.
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AC Characteristics (Serial Interface, Serial Port)

(Vpp=0.9t05.5V,Vppy=1.8t05.5V,Vgg=0V, Vppr=5.0V, Ta=-20to +70°C unless otherwise
specified)

(1) Synchronous Communication

Parameter Symbol Condition Min. Typ. Max. |Unit
TXG/RXC Input Fall Time tf — — — 1.0 us
TXC/RXC Input Rise Time tr — — — 1.0 us
TXC/RXC Input "L" Level . . _

Pulse Width fow 08 us
TXC/RXC Input "H" Level _ . _
Pulse Width towH 08 us
TXG/RXC Input Cycle Time teve — 2.0 — — us
tcvc1o) | CPU in operation state at 32 kHz — 30.5 — us
TXG/RXC Output Cycle Time ) CPU in operation at 2 MHz 05 s
CYC0) | \p = Vppy = 2.7 V10 55V ' H
TXD Output Delay Time topR Output load capacitance 10 pF — — 04 us
RXD Input Setup Time tps — 0.5 — — us
RXD Input Hold Time tH — 0.8 — — us

Synchronous communication timing
("H"level =4.0V,"L"level =1.0 V)

_ teve _
TXC (PC.1)/
RXC (PC.2) £ X 5V (Von)
1 \ 1 0V (Vss)
e L
towH _ towL
tbor Loog
TXD (PC.3) 5V (Vppi)
\ 0V (Vss)
jDE B tDH ) tps
RXD (PC.0) 5 Q 5V (Voor)

0V (Vss)
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(2) UART Communication
Parameter Symbol Condition Min. Typ. Max. |Unit
Transmit Baud Rate TeRT Tert = 1/fRT Ter-Tecr | Tert | Tert+Tcr| S
Ter = 1/fosc
Receive Baud Rate ReRrT Rert = 1/f8RT Rer7x0.97| Rprt |[RerTx1.03| s
farT: Baud rates (1200, 2400, 4800, 9600 bps)
UART communication timing
("H"level =4.0V,"L"level =1.0 V)
3 TBRT N
5V (Vop
TXD (PC.3) % % (Voor)
0V (Vss)
‘ RerT ‘
9V (Vooi)
RXD (PC.0)

0V (Vss)



OKI Semiconductor MSM63188

AC Characteristics (External Memory Interface)

(Vpp=0.9t05.5V,Vppy=1.8t05.5V,Vgg=0V, Vppr=5.0V, Ta=-20to +70°C unless otherwise
specified)

(1) Reading from External Memory

(a) When CPU operates at 32.768 kHz

Parameter Symbol Condition Min. Typ. Max. Unit
Read Cycle Time tre — — 61.0 — us
RD Output Delay Time toe — — — 5.0 us
Output Valid Time toHA — — — 5.0 us
External Memory Output Delay Time tho — — — 5.0 us

(b) When CPU operates at 2 MHz (Vppy = 2.7 10 5.5 V)

Parameter Symbol Condition Min. Typ. Max. Unit
Read Cycle Time tre — 1.0 — — us
RD Output Delay Time toe — — — 100 ns
Output Valid Time toHA — — — 100 ns
External Memory Output Delay Time o — — — 150 ns

AC characteristics timing
("H"level =4.0V, "L" level = 1.0 V)

MOVXB obj, xadr16
MOVXB obj, [RA] J

S1 S2! St S2 S1 S2 |

System clock

tRe

[
|
|
|
|

M
| | 5V (V
P7 - P4 Port setup value XAddress outputX Port setup value 0V EVDD)I)
(A15 - AD) | | 55
| ||
P8.0 N n 5 (Voo)
(RD) || ! 0V (Vss)
| toE | | toHA
PA, P9 Port setup value $—‘< Input data >—<Port setup value 5V (Vool)
(D7 - DO) N 0V (Vss)

oo
w1 1DO
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(2) Writing to External Memory

(a) When CPU operates at 32.768 kHz

Parameter Symbol Condition Min. Typ. Max. Unit
Write Cycle Time twe — — 61.0 — us
Address Setup Time tas — — 30.5 — us
Write Time tw — — 15.3 — us
Write Recovery Time twr — — 15.3 — us
Data Setup Time tps — — 458 — us
Data Hold Time tpH — — 15.3 — us

(b) When CPU operates at 2 MHz (Vppy = 2.7 10 5.5 V)

Parameter Symbol Condition Min. Typ. Max. Unit
Write Cycle Time twe — 1.0 — — us
Address Setup Time tas — 0.4 — — us
Write Time tw — 0.2 — — us
Write Recovery Time twr — 0.2 — — us
Data Setup Time tps — 0.7 — — us
Data Hold Time tpH — 0.2 — — us

AC characteristics timing
("H"level =4.0V,"L"level =1.0V)

MOVXB [RA], obj or MOVXB xadr16, obj

S1 S2 S1 S2 S1 S2

System clock

twe |
t‘—»
P7-P4 Port setup value XAddress outputX Port setup value (5) x %DD)')
(A15 - AD) ‘ | SS
| |
PA, P9 ‘ ‘ \ 5V (Vooi)
(D7 - DO) Port setup value DK Output data %Port setup value 0V (Vss)
i . fos o
1 = 5V (Vo)
P8.1 \ ! \
(WR) ‘ ‘\—/ ‘ 0V (Vss)
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APPLICATION CIRCUITS

*RC oscillation is selected as high-speed
oscillation.

*Ports are powered from external memory
power source.

*Cy is an IC power supply bypass capacitor.

*Values of Cy, Cp, Cg, Cqg, Ce, Ci, Cn12, C12,
Ch, and Cg, are for reference only.

LCD

Crystal
32.768 kHz 0 COM1-16 SEGO-63 0560
Q‘ZTSF o 10w 1M 0SC
[ h 4“; V
W{ ‘ DDH
s | | Vop
T .
o A gy P32
'Cgl{ ‘ﬁ VpoL Ega
LA T a AR
C 0.1 uF .
T e MSMB3188 JERERSRNRET
Cb LFL P13 D T ‘
= Vop2 EH D 3
W T —— |
2—"> - ‘
P”i'LSW C2 P0.0 o
O O— RESET
—| ST
Buzzer Open__ TST2 Vool
MD
=
gi Vop
MDB P4-7 A15-0
P External 5.0V
Vss PO,PAf__ )D7-0 Memory | ——
P8.0 RD (64K x 8 bits -
P.1 WA Vs

Note: Vppy is the power supply pin for the input, output, and input-output ports.
Be sure to connect the Vppj pin either to the positive power supply pin (Vpp) of this
device or to the positive power supply pin of the external memory.

Application Circuit Example with Power Supply Backup
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APPLICATION CIRCUITS (continued)

*Geramic oscillation is selected as high-speed
oscillation.

LCD Ports, external memory, and IC share their
power supply.
Gy is an IC power supply bypass capacitor.
*Values of Ca, Cb, CC, Cd, Ce, C|, C12, Cg,
Cro, and Cy4 are for reference only.
Crystal
20708 kiz COMi-16  SEG0-63 Cio 30 pF
i XTO 0SCo Ceramic
Resonator
Ce— L (Example: 1 MHz)
vy |0 T 0SC1 [+
- VbpH v —
5.0V 30 pF
‘ V
— | DD
! o7 open | CB!
O |2 3
C 0.1 uF :
Do o |\ 3
|U.Tur | .
Do o | o S et
. ‘o.1 F Voo E%g) (68
C . .
.40_{ ‘4LVDD3 bbb
Co 0.1 uF MSM63188  p13 - 1
. ‘01 uF Yooz S |
Lo | Vop1 P1.0 - :
P0.3 B ‘
C1a=—0.1 uF o o 1
12— . < :
\—02 P0.0 1
Push SW
O O— RESET
—1 TST1 o
Buzzer Onen__ TST2 Vool Voo
MD
% L Vop
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Note:

Vppi is the power supply pin for the input, output, and input-output ports.

Be sure to connect the Vppj pin either to the positive power supply pin (Vpp) of this
device or to the positive power supply pin of the external memory.

Application Circuit Example with No Power Supply Backup



OKI Semiconductor MSM63188

PACKAGE DIMENSIONS

(Unit : mm)
LQFP176-P-2424-0.50-BK |
[QV
o
:
o
[eV
O
\ND_EX M_ARK
Mirror finish | 5 +yp 0.22+ 0.05 @000
0.17+ 0.05
% L\
= C D
- ] yo~10°
SHIN
» Lo
SIg 0.5TYP.
= 0.6+ 0.15
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 1.87 TYP.

Notes for Mounting the Surface Mount Type Package

The SOP, QFP, TSOP, SOJ, QFJ (PLCC), SHP and BGA are surface mount type packages, which
are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the



