E2E0045-38-96

This version: Sep. 1998
Previous version: Sep. 1995

OKI Semiconductor
MSM64P164

4-Bit Microcontroller with Built-in RC Oscillation Type A/D Converter and LCD Driver

GENERAL DESCRIPTION

The MSM64P164 is a one-time-programmable ROM-version product, which has one-time
PROM (OTP) as internal program memory. On the other hand, the MSM64164C is a mask ROM-
version product, which has mask ROM as internal program memory.

Unlike the mask ROM-version MSM64164C, which has a P-well CMOS structure, the MSM64P164
has been fabricated with the N-well CMOS-structured EEPROM process technology. Therefore,
the MSM64P164 differs from the MSM64164C in the polarity of the power supply for LCD bias
generation and 5 V interface, and in the external circuit structure.

Unlike the mask ROM-version product, the MSM64P164 cannot be supplied in the form of a chip.
The MSM64P164 is an OTP-version product used to evaluate an application program.

The MSM64P164 has two operation modes, microcontroller operation mode and PROM mode.
The microcontroller operation modeis used to operate the MSM64P164 like a mask ROM-version

product and the PROM mode is used to program or read the PROM.

FEATURES

¢ Operating range
Operating frequencies
Operating voltage

Operating temperature

* Memory space
Internal program memory
Internal data memory

® RC oscillation type A/D converter

Counter A
Counter B
e Serial port

e LCD driver
(1) At 1/4 duty and 1/3 bias
(2) At1/3 duty and 1/3 bias
(3) At 1/2 duty and 1/2 bias
® Buzzer driver
e Capture circuit
* Watchdog timer
* [/O port
Input-output port
Input port
Output port

32.768 kHz, 400 kHz

1.5V/3.0 V selectable by mask option
Low supply current

0 to +65°C

4064 bytes

256 nibbles

2 channels

Time dividing 2-channel method
1/(104x8) x 1

1/214 %1

Synchronous 8-bit transfer

External clock/internal clock selectable
MSB first/LSB first selectable

34 outputs; duty ratio switchable by software
120 segments (max)

93 segments (max)

64 segments (max)

1 output (4 output modes selectable)

2 channels (256 Hz, 128 Hz, 64 Hz, 32 Hz)

3 ports x 4 bits
1 port x 4 bits
1 port x 4 bits
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OKI1I Semiconductor

MSM64P164

e Interrupt sources

External interrupt 2 sources
Internal interrupt : 8 sources
* Package:

80-pin plastic QFP (QFP80-P-1420-0.80-BK) : (Product name : MSM64P164->>x<GS-BK)

xxx indicates a code number.
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OKI1I Semiconductor MSM64P164

PIN CONFIGURATION (TOP VIEW)

O'J.C\e'-.cac'?t\av—.czfl‘ﬁ'% =59
EEEEEEEE‘E‘E&J;Eé:S%
SIS IS E R EEEEEELE
L0/D0 1] [64] L33/P6.3
L1/D1 [2] 63] L32/P6.2
L2/D2 [3] @ 62 L31/P6.1
L3/D3 [4] 671 L30/P6.0
L4/D4 [5] 160] L29/P5.3
L5/D5 [6] [59] L28/P5.2
L6/D6 [7] 58] L27/P5.1
L7/D7 [8] 157] L26/P5.0
L8/CE [ 156] L25
L9/OE [10] 155] L24
L10/A0 [ 154] L23
L11/A1 [12] 53] L22
L12/A2 03] 152] L21/A11
L13/A3 [I4] 151] L20/A10
L14/A4 5] 150] L19/A9
L15/A5 (19| 149] L18/A8
L16/A6 07| 48] L17/A7
P2.0 (18] 1471 C2
P2.1 19 146] C1
P2.2 [20] 145] Vpp3
P2.3 (2] [44] Vppa
P3.0 [22] 431 Vipp
P3.1 [23] 4] Vpp+
P3.2 [24] 1471 RTH
FEREEEEEEEEEEEEE
RIfsdvr-eged8==8¢

80-Pin Plastic QFP

Note: Because pin32and pin 67 are internally connected with each other, Vpp canbesupplied
from either pin 32 or pin 67.
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OKI1I Semiconductor MSM64P164

PIN DESCRIPTIONS

Basic Functions

Function Pin Symbol Type Description
32 Vss — 0V power supply
42 Voo . Bias output for driving LCD (+1.5 V), or positive power supply
at 1.5V spec.
Power 44 Vppo . Bias output for driving LCD (+3.0 V), or positive power supply
Supply at. 3.0 V spec. _
45 Vbp3 — Bias output for driving LCD (+4.5 V).
43 Vpp — Positive power supply for 1/0 port interface
31 Vpp — Positive power supply for writing to PROM (+12.5 V)
46,47 C1,C2 — Pins for connecting a capacitor for generating LCD driving bias.
69 ﬁ ! 32.768 kHz crystal connection pins
Oscillation 68 XT 0
66 0sCt | External 400 kHz oscillation resistor (Rps) connection pins
65 0SC2 0
73t076 | P1.0to P1.3 0 Output port (P1.0 : high current output)
I

Port 77t0 80 | P0.0to P0.3 Input port
orts
181029 | P2.0to P4.3 1/0 Input-output ports
30 BD 0 Output pin for the buzzer driver
Resistance temperature sensor
33 RTO 0 L P
connection pin L
Resistance/ T ; " RC oscillation pins
esistance/capacitance temperature
34 CRTO 0 I p' I ) peratr for A/D converter
sensor connection pin
- — (channel 0)
35 RSO 0 Reference resistor connection pin (CROSCO)
A/D 36 CS0 0 Reference capacitor connection pin
Converter 37 INO | Input pin for RC oscillator circuit
Resistance temperature sensor o
41 RT1 0 o RC oscillation pins
connection pin for A/D converter
40 RS1 0 Reference resistor connection pin (channel 1)
39 CS1 0 RefererTce capacitor‘connecj[ion.pin (CROSC1)
38 IN1 I Input pin for RC oscillator circuit
System reset input pin.
Setting this pin to "L" level puts this device into a reset state.
Reset 70 RESET Them, setting this pin to "H" level starts executing an instruction
from address 000H.
This pin is internally pulled up to Vpp.
Test 7 15T l Input pins for testing.
72 TST2 [
11017, . .
LCD 48 t0 56 L0 to L25 0 LCD driver pins
Drivers
57 to 64 L26/P5.0 to 0 LCD driver pins, or output ports by mask option

L33/P6.3
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OKI1I Semiconductor

MSM64P164

Secondary Functions

Function Pin Symbol Type Description
77 P0.0 Secondary functions of P0.0 to P0.3:
78 PO.1 Level-triggered external interrupt input pins.
79 P0.2 The change of input signal level causes an interrupt to occur.
80 P0.3
18 P2.0 Secondary functions of P2.0 to P2.3, P3.0 to P3.3, and P4.0 to P4.3:
19 P2.1 Level-triggered external interrupt input pins.
20 P2.2 The change of input signal level causes an interrupt to occur.
21 P2.3
External 2 P30
Interrupt 23 P31
24 P3.2
25 P3.3
26 P4.0
27 P41
28 P4.2
29 P4.3
Capture 77 P0.0 Secondary functions of P0.0 and P0.1:
Trigger 78 P0.1 Capture circuit trigger input pins.
25 P33 Secondary functions of P3.3:
This pin is assigned the data input of a serial port (SIN).
26 P40 0 Sefzon.da.ry fun.ctions of P4.0: .
) This pin is assigned the data output of a serial port (SOUT).
Serial Port Secondary functions of P4.1:
27 P41 0 L ) .
This pin is assigned the ready output of a serial port (SPR).
28 P49 10 Sef:onFiary funFtions of P4.2: .
This pin is assigned the clock I/0 of a serial port (SCLK).
Secondary functions of P4.3:
RC Oscillation 29 P43 0 This pin is a monitor output (MON) of an RC oscillation clock
Monitor (OSCCLK) for an A/D converter and a 400 kHz RC oscillation

clock for a system clock.
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OKI1I Semiconductor

MSM64P164

PROM-Related Pins

Function | Pin Symbol Type Description
32,67 Vss 0 0V power supply.

42 Vpp1* — Positive power supply pin (+5 V supplied).
44 Vppo* — Positive power supply pin (+5 V supplied).
31 Vpp — PROM write power supply (+12.5 V supplied).
70 RESET I PROM write setting pins:
71 TST1 PROM mode is set by a "L" level input.
72 TST2
1 L0/DO I/0 Pins for writing and reading program data.
2 L1/D1
3 L2/D2
4 L3/D3
5 L4/D4
6 L5/D5
7 L6/D6

Program- 8 L7/D7

ming 9 L8/CE I/0 PROM chip enable pin.
10 L9/OE I/0 | PROM output enable signal.
11 L10/A0 | Program address input pins.
12 L11/A1
13 L12/A2
14 L13/A3
15 L14/A4
16 L15/A5
17 L16/A6
48 L17/A7
49 L18/A8
50 L19/A9
51 L20/A10
52 L21/A11
53 L22 | Apply a "H" level to this pin.

*  When in PROM mode, supply a 5 V power to both Vpp; and Vppp.
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OKI Semiconductor MSM64P164
ABSOLUTE MAXIMUM RATINGS (1.5 V Spec.)
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vpp4 Ta=25°C -0.3t0 +2.0 V
Power Supply Voltage 2 Vb2 Ta=25°C -0.31t0 +4.0 Y
Power Supply Voltage 3 Vbbp3 Ta=25°C -0.3t0 +5.5 v
Power Supply Voltage 4 Vop Ta=25°C -0.3t0+5.5 v
Input Voltage 1 Vin1 Vppq input, Ta = 25°C -0.3to Vppy1+0.3 v
Input Voltage 2 Ving Vpp input, Ta = 25°C -0.3toVpp+0.3 v
Output Voltage 1 Vourt Vbp1 output, Ta = 25°C -0.3to Vpp1+0.3 Y
Output Voltage 2 Vout? Vppz output Ta = 25°C —0.3t0 Vpp2 + 0.3 v
Output Voltage 3 Vouts Vpps output, Ta = 25°C -0.3t0 Vppz + 0.3 v
Output Voltage 4 Vouts Vpp output, Ta = 25°C —0.3to Vpp+0.3 v
Storage Temperature TsTa — -551t0 +150 °C
RECOMMENDED OPERATING CONDITIONS (1.5 V Spec.)
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — 0to +65 °C
. Vb1 — 14t01.7 V
Operating Voltage
Vop — Vpp1 10 5.25 v
External 400 kHz RC Oscillator
) Ros — 250 to 500 kQ
Resistance
Crystal Oscillation Frequency fxt — 3010 35 kHz
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OKI1I Semiconductor

MSM64P164

ELECTRICAL CHARACTERISTICS (1.5 V Spec.)

DC Characteristics

(Vss =0V, Vppy =Vpp=1.5V, Ta=0to +65°C unless otherwise specified)

. . .. | Measuring
Parameter Symbol Condition Min. | Typ. | Max. | Unit L
Circuit
+100%
Vpp2 Voltage Vbp2 | Ca, Cp, C12=0.1 uF 509 2.8 3.0 3.2 V
i o
+100%
Vpp3 Voltage Vbp3 | Ca, Cp, C12=0.1 uF 509 4.3 45 4.7 V
i o
Crystal Oscillation Oscillation start time:
Vsta o 1.47 — — V
Start Voltage within 5 seconds
Crystal Oscillation
V — 1.40 — — v
Hold Voltage HOLD
Crystal Oscillation
T — 0.1 — 1000 | ms
Stop Detection Time stop
Internal Crystal
; ! . Ce — 10 15 20 pF
Oscillator Capacitance 1
External Crystal
i ) Cgex | When external Cg used 10 — 30 pF
Oscillator Capacitance
Internal Crystal c 10 15 20 E
Oscillator Capacitance D P
Internal 400k RC C 8 19 16 E
Oscillator Capacitance 05 P
400k RC Oscillation External resistor Rgs = 300 kQ
fosc 80 220 350 | kHz
Frequency Vpp1=1.40t01.7V
POR Generation When Vpp1 is between V
VroR1 DD1 POR1 0 . 0.4 N
Voltage and 1.5V
POR Non-generation No POR when Vppj is between
g VpoR2 o1 1.4 — 15 Vv

Voltage

Vporo and 1.5V

Notes: 1.

"POR" denotes Power On Reset.

2. "Tstop" indicates that if the crystal oscillator stops over the value of Tgrop, the
system reset occurs.
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MSM64P164

DC Characteristics (continued)

(Vss =0V, Vpp1=Vpp=1.5V, Ta=01to +65°C unless otherwise specified)

Parameter

Symbol

Condition

Min.

Typ.

Max.

Unit

Measuring
Circuit

Supply Current 1

Ipp1

CPU in halt state
(400k RC oscillation halt)

2.0

5.0

uA

Supply Current 2

IpD2

CPU in operating state
(400k RC oscillation halt)

50

80

uA

Supply Current 3

Ipp3

CPU in operating state
(400k RC oscillation in operation)
Ros = 300 kQ

90

180

uA

Supply Current 4

Ipp4

Serial transfer,

fsok = 300 kHz,

CPU in operating state
(400k RC oscillation halt)

60

100

uA

Supply Current 5

Ipps

CPU in halt state

(400k RC oscillation RT0 = 10 kQ

150

230

uA

halt), RC oscillator for

A/D converter is in RTO = 2 kQ

operating state

600

900

uA
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OKI1 Semiconductor

MSM64P164

DC Characteristics (continued)

(Vss=0V, Vppt =Vpp=1.5V, Vpp2=3.0V, Vpp3 =45V,
Ta =0 to +65°C unless otherwise specified)

Parameter . . . Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit
| Voui=Vpp-0.5V 2.1 07 | =02 | mA
Output Gurrent 1 Orit Otf1 = 7DD
(P1.0) loty | Vor1=05V 1.0 3.0 9.0 mA
lottis | Vop=5V,Vor1=05V 4.0 12 36 mA
Output Gurrent 2 lon2 | Vowo=Vpp—-05V 2.1 -0.7 | 0.2 | mA
(P1.1to0 P1.3)
(P2.0 to P2.3) lore | Vorz=05V 0.2 0.7 2.1 mA
(P3.0 to P3.3)
(P4.0 to P4.3) loros | Vpp=5V, Vor2=0.5V 1.0 3.0 9.0 mA
Output Current 3 los | Vouws=Vpp1—0.7V -1.8 -06 | =02 | mA
(BD) lous | VoLs=0.7V 02 | 06 | 1.8 | mA
Output Current 4 lohs | Vona=Vpp1—0.1V -11 | -06 | -03 | mA
(RTO, RT1, RSO, RS1,
CRTO, CS0, CS1) loa | Vos=01V 0.3 0.6 1.1 mA
?WﬁUt CngrentLgS lows | Vows=Vpp—-0.5V -1.5 -05 | -041 mA
en L26 to L33 are
configured as output|_'0t5 | Vor5=05V 01 05 | 15 | mA
ports) lotss | Vop=5V, Vorss= 0.5V 02 | 07 | 20 | mA 2
Output Current 6 lons | Vons=Vpp1—0.5V -2.1 -0.7 | 0.2 | mA
(0SC2)
loe | Vog=0.5V 0.2 0.7 2.1 mA
lon7 | Von7=Vbp3—0.2V (Vppslevel)| — — —4.0 uA
lomt7 | Vomn7 = Vpp2 + 0.2 V(Vppo level) | 4.0 — — uA
Output Gurrent 7 lomu7s | Vomuzs = Vpp2 = 0.2V (Vppz level) | — — -4.0 uA
(L0 to L33)
lomL7 | Vomiz = Vopt + 0.2 V(Vppy level) | 4.0 — — | MA
lomL7s | Vomizs=Vop1 = 0.2V (Vppy level) | — — | 40 | pA
loi7 | Voi7=Vss+ 0.2V (Vsglevel)| 40 | — | — | pA
Output Leakage Current
(P1.0to P1.3) | Vou=V, — — 0.3 A
(P2.010 P2.3) ooH | Vou=Vpp1 W
(P3.0 to P3.3)
(P4.0to P4.3)
(RTO, RT1, RS0, RS1, looL | VoL=Vss 03 | — | — | uA

CRTO, €S0, CS1)
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OKI1 Semiconductor

MSM64P164

DC Characteristics (continued)

(Vss=0V, Vpp1=Vpp=1.5V, Vpp2=3.0V, Vpp3=45V,

Ta = 0 to +65°C unless otherwise specified)

Parameter . i . Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit
l1H1 Vin1 = Vpp (when pulled down) | 5.0 18 60 HA
Input Current 1 liLy VL1 = Vss (when pulled up) —60 -18 -5.0 },LA
(P0.0to P0.3) s | Viut=Vop =5V (when pulled down)| 70 | 250 | 660 | pA
(P2.0to P2.3) s (when p ) s
(P3.0to P3.3) litts | Vit =Vss, Vop =5V (when pulled up)| —660 | —250 | -70 HA
P4.0to P4.3
( ) lin1z | Vint=Vpp (in a high impedance state)] 0 — 1.0 HA
lit1z | Viq = Vsg (ina high impedance state) | —1.0 — 0 HA
liH2 | ViH2 = Vbp1 (when pulled down)| 5.0 18 60 uA 3
Input Current 2 o
(INO, IN1) liHoz | ViHo=Vop1 (inahighimpedance state)] O — 1.0 uA
lioz | ViLo=Vss (in a high impedance state)] —1.0 — 0 uA
lits | ViLz=Vss (when pulled up) —60 —22 —6.0 HA
Input Current 3 _ L .
(0SC1) linsz | Vinz=Vop1 (inahigh impedance state)] 0 1.0 HA
litsz | ViLs=Vss (in a high impedance state)] —1.0 — 0 HA
Input Current 4 lia | Vina = Vop1 0 — 1.0 | pA
(RESET, TST1, TST2) s | Viea=Vss 10 03 | —01 | mA
Input Voltage 1 Vit - 12 - 15 v
(P0.0 to P0.3) Vit — 0 — 03 v
(P2.0 to P2.3)
(P3.0to P3.3) Vinis | Vop=9V 4.0 — 5.0 v
(P4.0 to P4.3) Vis | Vop=5V 0 _ 10 v \
Input Voltage 2 Vike - 12 _ 1.5 v
(INO, IN1, 0SC1) Vit — 0 — 0.3 v
Input Voltage 3 Ving — 1.2 — 1.5 v
(RESET, TST1, TST2) Vis . 0 . 0.3 v
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OKI1 Semiconductor

MSM64P164

DC Characteristics (continued)

(Vss=0V, Vpp1 =Vpp=1.5V, Vpp2=3.0V, Vpp3=4.5V,
Ta = 0to +65°C unless otherwise specified)

Parameter
(Pin Name)

Symbol

Condition

Min.

Typ.

Max.

Unit

Measuring
Circuit

Hysteresis Width
(P0.0 to P0.3)
(P2.0 to P2.3)
(P3.0to P3.3)
(P4.0 to P4.3)

AVTy

0.05

0.1

0.3

AVT11s

Vpp=5V

0.25

1.0

1.5

Hysteresis Width

(RESET, TST1, TST2)

AV

0.05

0.1

0.3

Input Pin Capacitance

0.0 to P0.3
P2.0 to P2.3
P3.0 to P3.3
P4.0 to P4.3

Cin

5.0

pF
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OKI1 Semiconductor MSM64P164

Measuring circuit 1

RTO €SO RIO

RTO €S0 INO YT
0SC1 l|:| Crystal
32.768 kHz
I:‘OS XT 4—‘_
0SC2 ci
C12
col T
Vss  Vop1 Vop2 Vb3 Vbp
Ca 1 H.F

Tt

) Cp, C12 :0.1uF
Co| 1 Ros -300 kQ
T RTO 10 kQ/2 kQ
€S0 - 820 pF
RIO 10 kQ

("2)
I i

Measuring circuit 2

ViH o—>»

OUTPUT

INPUT

ViLo—»

Vss  Vopr Vop2 Vops Voo

11
[ [ ]]
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OKI1 Semiconductor MSM64P164

Measuring circuit 3

(*3) E—o
[a 1
= O
D
=
‘ —
1 ]
— ! o
=
Vss  Vopr Vop2 Vops  Vop
Measuring circuit 4
5o
= ——O0 Waveform
oD
Vigo—», ‘ o Monitoring
. 5
(*3) o
LE
ViLo—> !
Vss Voot Vopz Vops  Vop

L1,
[ []

*1 Input logic circuit to determine the specified measuring conditions.
*2 Measured at the specified output pins.
*3 Measured at the specified input pins.
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OKI1 Semiconductor

MSM64P164

A/D Converter Characteristics

(Vss=0V, Vpp=1.5V, Ta =0 to +65°C unless otherwise specified)

M Ir-

Parameter Symbol Condition Min. | Typ. | Max. | Unit ing
Circuit
RS0, RS,
Resistor RTO,
for Oscillation | RTO-1, CS0, CTO, CS1 > 740 pF 20 = 7| e
RT1
Input Current _
Limiting Resistor RIO, RI1 1.0 10 - kQ2
5
fosct Resistor for oscillation = 2 kQ2 165 221 256 kHz
Oscillation . .
Frequency fosc2 Resistor for oscillation = 10 kQ 418 | 52.2 | 60.6 kHz
foscs Resistor for oscillation =200 k@ | 2.55 | 3.04 | 3.53 kHz
Kf1 RTO0, RTO-1, RT1 =2 kQ 3.89 | 4.18 | 4.35 —
RSeRT Oscillation
Frequency Ratio Kf2 RTO, RTO-1, RT1 = 10 kQ 0990 | 1.0 | 1.010 | —
) Kf3 RTO, RTO-1, RT1 =200 kQ 0.0561 | 0.0584|0.0637 | —

* Kifx is the ratio of the oscillation frequency by a sensor resistor to the oscillation frequency
by a reference resistor in the same condition.

foscx (RTO-CSO Oscillation)

foscx (RT0-1-CSO0 Oscillation)

foscx (RT1-CS1 Oscillation)

Kfx =

foscx (RS0-CSO Oscillation)
(x=1,2,3)

foscx (RS0-CSO Oscillation)

, fosex (RS1-CS1 Oscillation)
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OKI1 Semiconductor MSM64P164

Measuring circuit 5

(CROSC1) (CROSCO)
~— — — ~— o o
£l 2 8 = = 8 2 8 & 5
1 =g
'_
T T cc
RT1 RS1 CS1 IN1 INO CSO RSO CRTO RTO
3 RESET
e TS P43 = Frequency
D | TST2 Measurement
S 1= P00 D.U.T. (foscx)
=
S P02
[&]
&1+ P03
Vss Voo Vbbi

RTO, RTO-1, RT1 = 2 kQ/10 k€/200 kQ
RS0, RS1 =10 kQ

RIO, RI1 =10 kQ

€S0, CTO, CS1 = 820 pF
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OKI1 Semiconductor

MSM64P164

AC Characteristics (Serial Interface)

(Vss=0V, Vpp1=1.5V,Vpp=5V, Ta=0to +65°C)

Parameter Symbol Condition Min. | Typ. | Max. | Unit
SCLK Input Fall Time tf — — 15 50 ns
SCLK Input Rise Time tr — — 15 50 ns
SCLK Input "L" Level Pulse Width |  tow — 0.8 — — us
SCLK Input "H" Level Pulse Width| towh — 0.8 — — us
SCLK Input Cycle Time tove — 2.0 — — us
SCLK Output Cycle Time tevci(o) | CPU is operating at 32.768 kHz. — 1305 | — us
SCLK Output Cycle Time tovco(o) | CPU is operating at 400 kHz. — 25 — us
SOUT Output Delay Time toor | Ci=10 pF — — 0.4 us
SIN Input Setup Time tps — 0.5 — — us
SIN Input Hold Time tpH — 0.8 — — us
. teve R
SCLK ) . 5V
/N
(P4.2) Z N
|
e o e T
town o fowm
toor toor
>
SouUT
(P4.0) N 5V
tps toH tps
S|N “——>| |« > |
v
(P3.3) lx Q >

("H"level =4V, "L" level =1 V)
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OKI Semiconductor MSM64P164
ABSOLUTE MAXIMUM RATINGS (3.0 V Spec.)
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vb1 Ta=25°C -0.3t0+2.0 v
Power Supply Voltage 2 Vpp2 Ta=25°C —0.3t0 +4.0 vV
Power Supply Voltage 3 Vpp3 Ta=25°C —0.3t0+5.5 vV
Power Supply Voltage 4 Vpp Ta=25°C -0.3t0+5.5 v
Input Voltage 1 Ving Vpp2 input, Ta = 25°C —0.3to Vpp2 + 0.3 vV
Input Voltage 2 Ving Vpp input, Ta = 25°C -0.3to Vpp+0.3 v
Output Voltage 1 Vourt Vpp2 output, Ta = 25°C —0.3t0 Vpp2 + 0.3 V
Output Voltage 2 Vourz Vbps output Ta = 25°C -0.3to Vpp3 + 0.3 v
Output Voltage 3 VouTs Vpp output, Ta = 25°C -0.3to Vpp+0.3 V
Storage Temperature TsTg — -55t0 +150 °C
RECOMMENDED OPERATING CONDITIONS (3.0 V Spec.)
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — 0to +65 °C
Operating Voltage Vo2 — 2.7103.5 v
Vbp — Vpp2 10 5.25 v
External 400kHz RC Oscillator
i Ros — 90 to 500 kQ
Resistance
Crystal Oscillation Frequency T — 30 to 66 kHz
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OKI1 Semiconductor

MSM64P164

ELECTRICAL CHARACTERISTICS (3.0 V Spec.)

DC Characteristics

(Vss=0V, Vpp2=Vpp=3.0V, Ta=0to +65°C unless otherwise specified)

. . .. | Measuring
Parameter Symbol Condition Min. | Typ. | Max. | Unit L
Circuit
+100%
Vppy Voltage Vbp1 | Ca, Cp, C12=0.1 uF 20% 1.3 1.5 1.7 vV
i 0o
+100%
V/pp3 Voltage Vop3 | Ca, Cp, C12=0.1 uF 20% 4.3 45 4.7 vV
- ()
Crystal Oscillation Oscillation start time:
VsTa o 2.7 — — vV
Start Voltage within 5 seconds
Crystal Oscillation
y VHoLp — 2.7 — — V
Hold Voltage
Crystal Oscillation
T — 0.1 — 1000 | ms
Stop Detection Time stop
Internal Crystal
arbrystal Ce — 10 | 15 | 20 | pF
Oscillator Capacitance ]
External Crystal
i ) Cgex | When external Cg used 10 — 30 pF
Oscillator Capacitance
Internal Crystal C 10 15 20 £
Oscillator Capacitance D P
Internal 400k RC C 8 19 16 £
Oscillator Capacitance 05 P
400k RC Oscillation ; External resistor Rgs = 100 kQ 300 400 620 | Kz
Frequency 05C | Vppp=2.7103.5V
POR Generation When Vpp2 is between V
VpoRt b2 PORT 0 — 0.7 Vv
Voltage and 3.0V
POR Non-generation No POR when Vppg is between
g VpoRr2 bb2 2.7 — 3 V

Voltage

Vporo and 3.0 V

Notes: 1.

"POR" denotes Power On Reset.

2. "Tstop" indicates that if the crystal oscillator stops over the value of Tsrop, the
system reset occurs.
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OKI1 Semiconductor

MSM64P164

DC Characteristics (continued)

(Vss=0V, Vpp2=Vpp=3.0V, Ta=0to +65°C unless otherwise specified)

. . ) Measuring
Parameter Symbol Condition Min. | Typ. | Max. | Unit .
Circuit
Supply Current 1 I CPU in halt state 1.0 4.0 A
u u — . .
PRy ot (400k RC oscillation halt) H
CPU in operating state
Supply Current 2 I — 25 50 A
upply U b2 (400k RC oscillation halt) H
CPU in operating state
Supply Current 3 I — 220 450 A
PRy b3 (400k RC oscillation in operation) H
Serial transfer,
Supply Current 4 opa | K= 300Kz 30 | 60 | pA 1
u urr —
PRy P4\ cPUiin operating state H
(400k RC oscillation halt)
CPU in halt state
(400K RC oscillation |RT0=10kQ |~ — 1300 | 450 | pA
Supply Current 5 Ipps | halt), RC oscillator for
ADconverterisin—|RT0=2kQ | — | 1300 | 2000 | pA

operating state
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OKI1 Semiconductor MSM64P164

DC Characteristics (continued)

(Vss=0V, Vpp1 =15V, Vpp2=Vpp=3.0V, Vpp3=4.5V,
Ta = 0to +65°C unless otherwise specified)

P _ Measuri
(P?':a,:r;:ee; Symbol Condition Min. | Typ. | Max. | Unit g?rs:l::: 9
loni | VoH1=Vpp—-0.5V -6.0 20 | 07 | mA
O(F‘jﬁpgg Current 1 ot | VoL1=05V 30 | 80 | 25 | mA
lotts | Vbop=5V,VoL1=05V 4.0 12 36 mA
Output Current 2 | Vohz = Vpp— 05V 60 | 20 | 0.7 | mA
(P1.110 P1.3) Otz | ToH2= 7DD
(P2.0 to P2.3) loce | Vora=0.5V 07 | 20 | 60 | mA
(P3.0 to P3.3)
(P4.0 to P4.3) lores | Vop=5V, Vor2=05V 1.0 30 | 9.0 | mA
Output Current 3 lons | Vous=Vpp2-0.7V -6.0 20 | =07 | mA
(BD) lois | Vous=0.7V 07 | 20 | 60 | mA
Output Current 4 lohs | Vona=Vpp2—0.1V 25 | -1.3 | =07 | mA
(RTO, RT1, RSO, RS,
CRTO, €S0, CS1) lota | Voua=0.1V 0.7 1.3 25 | mA
Output Current 5 lons | Vons=Vpp—-0.5V -15 | =06 | -0.15 | mA
(When L26 to L33 are _
configured as output lois | Vors=05V 015 | 06 | 15 | mA
ports) lotss | Vbp=5V,Voss=0.5V 0.2 0.7 2.0 mA )
Output Current 6 lons | Vous=Vpp2—-0.5V -6.0 20 | =07 | mA
(05€2) lots | Voig=0.5V 07 | 20 | 60 | mA
low7 | Vonz=Vpp3—0.2V (Vpp3level)| — — -4.0 uA
lomH7 | Vomn7=Vpp2+ 0.2V (Vppa level)| 4.0 — — uA
Output Current 7 lomn7s | Vomrrs = Vopa = 0.2 V (Vppy level) | — — | 40 | pA
(LOto L33) lome7 | Vomr7=Vop1+0.2V (Vppy level) | 4.0 — — | MA
lomL7s | Vomwrs=Vop1=0.2V (Vo level) | — — | 40 | pA
low7 | Vor7=0.2V (Vsslevel)| 40 | — | — | uA
Output Leakage Gurrent
(P1.0 to P1.3) loon | Vou=Vbp2 — — 0.3 HA
(P2.0 to P2.3)
(P3.0 o P3.3)
(P4.0 to P4.3)
(RTO, RT1, RS0, RS1,| looL | VoL=Vss 03 | — | — |wuA
CRTO, CS0, CS1)
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OKI1 Semiconductor MSM64P164

DC Characteristics (continued)

(Vss=0V, Vpp1 =1.5V, Vppa=Vpp=3.0V, Vppz =45V,
Ta = 0to +65°C unless otherwise specified)

Parameter . . . Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit

lIH1 V11 = Vpp (when pulled down) | 30 90 300 uA

Input Current 1 lid VL1 = Vss (when pulled up) -300 -90 -30 uA
(P0.0t0 P0.3) | Vit =Vpp =5V (when pulled down)] 80 | 250 | 800 | pA
(P2.0t0 P23) iH1s | Vint=Vop (whenp ) W
(P3.0 to P3.3) litys | Vit = Vss, Vpp =5V (when pulled up)| —800 | -250 | -80 uA
(P4.0 to P4.3) .
liH1z | Vi1 =Vop (in a high impedance state)| 0 — 1.0 uA
lit1z | Vi1 = Vss (ina high impedance state) | —1.0 — 0 uA
liv2 | Vin2 = Vbp2 (when pulled down)| 30 90 300 uA 3
Input Current 2 o
(INO, IN1) liH2z | Viz=Vpp (in ahigh impedance state)| O — 1.0 uA
litoz | ViLo=Vssp (in a high impedance state) | —1.0 — 0 uA
s | ViLs = Vss (when pulled up) =300 | -110 | -10 uA
I?ggégl)urrent 3 li3z | Vinz=Vpp (inahighimpedance state)| O — 1.0 uA
litaz | ViLa=Vsg (ina high impedance state) | —1.0 — 0 uA
Input Current 4 lia | Via=Vop2 0 — 1.0 | pA
(RESET, TST1, TST2) lita | ViLa=Vss -3.0 -15 | -0.75 | mA
Input Voltage 1 Vit - 24 — |30V
(P0.0 to P0.3) Vi1 — 0 — 0.6 v
(P2.0 to P2.3)
(P3.0to P3.3) Vigts | Vop=5V 4.0 — 5.0 vV
P4.0to P4.3
( ° ) Vitts | Vop=5V 0 — 1.0 v .
Input Voltage 2 Vik2 — 2.4 — 3.0 v
(INO, IN1, 0SC1) Vit — 0 — 0.6 v
Input Voltage 3 Ving - 24 - 3.0 v
(RESET, TST1, TST2) Vis o 0 . 0.6 v
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OKI1 Semiconductor

MSM64P164

DC Characteristics (continued)

(Vss=0V,Vpp1 =15V, Vpp2=Vpp=3.0V, Vpp3=4.5V,
Ta = 0to +65°C unless otherwise specified)

Parameter
(Pin Name)

Symbol

Condition

Min.

Typ.

Max.

Unit

Measuring
Circuit

Hysteresis Width
(P0.0 to P0.3)
(P2.0 to P2.3)
(P3.0to P3.3)
(P4.0 to P4.3)

AVT1

0.2

0.5

1.0

AVT1s

Vpp=5V

0.25

1.0

1.5

Hysteresis Width

(RESET, TST1, TST2)

AVT7

0.2

0.5

1.0

Input Pin Capacitance

P3.0 to P3.3

0.0 to P0.3
P2.0 to P2.3
P4.0 to P4.3

Cin

5.0

pF
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OKI Semiconductor MSM64P164
Measuring circuit 1
RTO CSo T RIO
RTO CSO INO YT
0SC1 l|:| Crystal
2.768 kH
Ros - T 32.768 kHz
0SC2 C1
Ci2
coL T
Vss  Vop2 Vobt Vb3 Vop
) ) Ca, Cp, C12  :0.1puF
g Ros 1100 kQ
Ca| Co| 1 RTO 10 kQ/2 kQ
T €S0 : 820 pF
I T T RIO 10 kQ

Measuring circuit 2

Vi o—»

ViL o—»

INPUT

Vss

Vopt  Vobz  Vops Voo

OUTPUT

1111
[ [ 1]

(*2)
I i
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OKI1 Semiconductor MSM64P164

Measuring circuit 3

(>
OUTPUT
o

INPUT

Vss  Vopr Vop2 Vops  Vob

111
[ []

oI |—

Measuring circuit 4

5—o
[a
v 5 —0 Waveform
IHO—» : © Monitoring
! =
(*3) 2
L2
ViL o—> !

Vss  Vpp1 Vop2 Vops  Vop

*1 Input logic circuit to determine the specified measuring conditions.
*2 Measured at the specified output pins.
*3 Measured at the specified input pins.
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OKI1 Semiconductor MSM64P164

A/D Converter Characteristics

(Vss=0V, Vpp2=Vpp=3.0V, Ta=0to +65°C unless otherwise specified)

Measur-
Parameter Symbol Condition Min. | Typ. | Max. | Unit ing
Circuit
RSO0, RS1,
Resistor RTO,
for Oscillation RTO-1, €S0, CTO, CS1> 740 pF W= =k
RT1
Input Current _
Limiting Resistor RIO, RI1 1.0 10 - kQ2
5
fosci Resistor for oscillation = 2 kQ 200 239 277 kHz
Oscillation f Resistor for oscillation = 10kQ | 465 | 554 | 64.3 | KHz
Frequency 0SC2 esistor for oscillation = . . .
foscs Resistor for oscillation =200 kQ | 2.79 | 3.32 | 3.85 kHz
Kf1 RTO, RTO-1, RT1 =2 kQ 4115 | 422 | 4326 | —
RSeRT Oscillation
Frequency Ratio Kf2 RTO, RT0-1, RT1 =10 kQ 0990 | 1.0 |1.010 | —
) Kf3 RTO, RT0-1, RT1 = 200 kQ 0.0573|0.0616|0.0659 | —

*  Kfx is the ratio of the oscillation frequency by a sensor resistor to the oscillation frequency

by a reference resistor in the same condition.

foscx (RTO-CSO Oscillation)  fpsex (RT0-1-CS0 Oscillation)  foscx (RT1-CS1 Oscillation)

foscx (RS0-CSO Oscillation) ,  foscx (RS0-CSO Oscillation) , foscx (RS1-CS1 Oscillation)
(x=1,2,3)

Kfx =
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OKI1 Semiconductor MSM64P164

Measuring circuit 5

(CROSC1) (CROSCO)

— — — - o (=
2 B = = 8 2 8 & 5
1 Eee
'_
T T I
RT1 RS1 CS1 IN1 INO CSO RSO CRTO  RTO
3 RESET
g ST P43 ~o Frequency
S ) Measurement
g .l P00 D.U.T. (foscx)
Sl P02
8 | P0.3
Vss Voo Voo

RTO, RTO-1, RT1 =2 kQ2/10 k€2/200 kQ
RSO, RS1 =10 kQ

RIO, RI1 =10 kQ

€S0, CT0, CS1 =820 pF
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OKI1 Semiconductor MSM64P164

AC Characteristics (Serial Interface)

(Vss=0V, Vppe=3V, Vpp=5V, Ta=0to +65°C)

Parameter Symbol Condition Min. | Typ. | Max. | Unit
SCLK Input Fall Time tf — — 15 50 ns
SCLK Input Rise Time ty — — 15 50 ns
SCLK Input "L" Level Pulse Width | towL — 0.8 — — us
SCLK Input "H" Level Pulse Width | tcwH — 0.8 — — us
SCLK Input Cycle Time tove — 2.0 — — us
SCLK Qutput Cycle Time tevei(o) | CPU is operating at 32.768 kHz. — | 305 | — us
SCLK Output Cycle Time toyco(o) | CPU is operating at 400 kHz. — 25 — us
SOUT Output Delay Time tppr | Cj=10 pF — — 0.4 us
SIN Input Setup Time tps — 0.5 — — us
SIN Input Hold TIme tpH — 0.8 — — us
§ tove R
SCLK ) 4 5V
(P4.2) Zl 3 f
e —> tf
tow towL
tpor topbr
>
SouT
(P4.0) SV
S|N > | > |
(P3.3) Q SV

("H"level =4V, "L" level =1 V)
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OKI1 Semiconductor

MSM64P164

ABSOLUTE MAXIMUM RATINGS (1.5 V/3.0 V Spec., PROM Mode)

(Vss=0V)
Parameter Symbol Condition Rating Unit
PROM Power Supply Voltage Vee Ve = Vopt = Vppo, Ta=25°C —0.3t0 +6.7 v
Program Voltage Vpp Ta=25°C -0.3t0 +14.0 %
PROM Input Voltage " Ve input, Ta = 25°C —0.3toVgg+0.3 V
PROM Output Voltage Vo Ve output, Ta = 25°C —0.3t0 Vg + 0.3 V
Storage Temperature TsTa — —55t0 +150 °C

RECOMMENDED OPERATING CONDITIONS (1.5 V/3.0 V Spec., PROM Mode)

(Vss=0V)
Parameter Symbol Condition Range Unit

Operating Temperature Top — 0to 65 °C
Vg Power Supply Voltage Ve Ve = Vpp1 = Vob2 4.75t05.25 V
Ve Power Supply Voltage Vep During read 475105.25 V
During write 12.0t0 13.0 V

Input Voltage Vin Vee = Voot = Voo 4to Ve v
ViL — Oto1 Vv
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OKI1 Semiconductor

MSM64P164

ELECTRICAL CHARACTERISTICS (1.5 V/3.0 V Spec., PROM Mode)

(1) Read Operation

DC Characteristics

(Vpp1=Vpp2=Vpp=5V +5%, Ta = 25°C +5°C, unless otherwise specified)

Parameter Symbol Condition Min. | Typ. Max.| Unit
Ve Power Supply Current Ve = Vopi = Vop2
lcct —_ — | — |3 | mA
(Standby) CE=VjH
Vicc Power Supply Current Vee=Vppy1=V
o v.vr upply Curr loca Voc = Vo1 = Vb2 — 1 — 100! maA
(Operating) CE=Vy
Vin Vee = Voot = Vop2 40 | — |Vee | V
Input Voltage
ViL — 0| — |10V
Vee = Vb1 = Vop2
Output Current lon Vo =Vee— 05V —2.0|-0.7/-0.2 | mA
loL VoL=0.5V 02 ] 07|20 | mA

AC Characteristics

(Vec=5V £5%, Vpp = Vgc, Ta = 25°C £5°C, unless otherwise specified)

Parameter Symbol Condition Min.| Typ. [Max.| Unit
Address Access Time tacc OE=CE=V|_ — | — |120 | ns
CE Access Time tce OE=V — | — |120 | ns
OF Access Time toE CE=Vy — | — | 50 | ns
Output Disable Time toF CE=V|_ 0 | — |40 | ns

Measurement conditions:
Input pulse level....................... 045V to4.55V
Input rise/fall time .................

Threshold level

input 0.8 V,2V/output 0.8 V,2V
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OKI1 Semiconductor

MSM64P164

Address Input ><
CE

D tCE —
OF

i tor
tace N

Data Output
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OKI1 Semiconductor MSM64P164

(2) Write Operation

DC Characteristics

(Vss=0V, Vpp1 =Vpp2 =5V £5%, Vpp=12.5V £0.5 V, Ta = 25°C £5°C, unless otherwise specified)

Parameter Symbol Condition Min. | Typ.|Max.|Unit
Vpp Power Supply Current lpp CE=V) — | — | 50 | mA
Vcc Power Supply Current Icc Ve = Vopi = Vbp2 — | — [ 100 | mA
Input Voltage Vin Vee = Vop1 = Vop2 40 | — |Veo | V
ViL — 0|— 1|10V
| e =Voo1 =Yooz —20[-07]-02| mA
Output Gurrent Von=Vgc—-05V
loL VoL=05V 02107 (20 | mA

AC Characteristics

(Vss =0V, Vpp1 =Vpp2=5V 5%, Vpp=12.5V £0.5 V, Ta = 25°C £5°C, unless otherwise specified)

Parameter Symbol Condition Min. | Typ. |Max.| Unit
Address Setup Time tas — 20| — | — | us
OE Setup Time toes — 20| — | — | ps
Data Setup Time tps — 20| — | — | us
Address Hold Time tan — 0 | — | — | us
Data Hold Time toH — 20 | — | — | us
OE Output Floating Delay Time torp — 0 | — | 130 ns
V/pp Power Source Setup Time tys — 20| — | — | us
Initial Program Pulse Width tow Z?/DSZED\/Z 0.95| 1.0 |1.05| ms
Additional Program Pulse Width|  topy | 00T /002 285| — |78.75 ms
6V=0.25V
OE Output Effective Delay Time toE — — | — 150 | ns
Measurement conditions:

Input pulse level....................... 0.45V to4.55V

Input rise/fall time ................. less than 20 ns

Threshold level ........................ input 0.8 V,2 V/output 0.8 V,2V
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OKI1 Semiconductor MSM64P164

/ A
Address Input >§ Address N 7§<
N
le tAH —|
< tas ]
/ \ -\
Data Input-Output 4& Data Input 7§ Output E—
tpH toe
f— tDS > —
/
Vpp /
e tyg >
\ s
CE
N/
tew e— fogs ——
topw
—
OE /
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LE/SE

unou1) uoneoyddy 0ads A 'k

Ros

Crystal

LCD

32.768 kHz D}i

A4 A4 A4 A4

Switch matrix
(4x4)

0SC2
0SCH
Vss
XT
XT
RESET
P1.0
P1.1
P1.2
P1.3
P0.0
PO.1
P0.2
P0.3

MSM64P164-xxx
(1.5 'V spec.)

Vss
G2
C1

Vbps3
VD2

Voo
Vb1
Vep
TST2
TSTT

T

T {c{
1!

 Without 5 V interface

» Temperature
measurement
by two thermistors

* Gg of crystal oscillator :
Internal

* Polarity is reversed when
compared to mask ROM
version of this device.

S1INJ4ID NOILVYDI1ddV

I0}ONPUOITUISS IO

P9LdPONSIN



LE/9€E

unouiy uoneoyddy "oads A 0°€

Ros

Crystal

Caex

32.768 kHz D}i

Y Y Y Y

Switch matrix
(4x4)

e With 5 V interface

LCD
0SC2 L33 LO
0SCH
Vss Vss o
XT c2
g = k[ ]
RESET MSMG4P164-xxx Voos A1 T 3V I8V [Cs
P1.0 (3 V spec.) Vpp2 .
P11 Vop .
P1.2 Voot —— }C—«
P1.3 Vpp a
P0.0 TST2 | —
P0.1 TSTT |—
P0.2
P0.3

D}—lBuzzer

* Temperature measurement
by two thermistors
¢ Cgex of crystal
oscillator : External
* Polarity is reversed when
compared to mask ROM
version of this device.

L O0SC monitor
L« SCLK

———SPR To the serial communication interface
—————S0UT | (5V (Vpp) system)

L« SIN

(Penunuoo) s1iND4ID NOILYDITddVY

I0}ONPUOITUISS IO

P9LdPONSIN



OKI1 Semiconductor MSM64P164

PACKAGE DIMENSIONS

(Unit : mm)
QFP80-P-1420-0.80-BK |
25,0+ 0.2
20.0: 0.2
@
IRRRRRRRRRRRRREREERR
O= =
= ON =¥
S8 = = °
3 = =
% /@ - % — 25TYP.
LELRGEEERRELERLLGEL Pt
INDEX MARK o N \__ | 0~10°
Mirror finish , & Tvp. i |0-32 55 @016 o T ‘<}
e N . .
I
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating

Solder plate thickness | 5 um or more
Package weight (g) 1.27 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
product name, package name, pin number, package code and desired mounting conditions
(reflow method, temperature and times).
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