PEDL64P164-04

This version: Feb. 2000
Previous version: Sep. 1998

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 MSM64I°164 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

e 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) At 1/3 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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¢ 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>xGS-BK)

xxx indicates a code number.
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PEDL64P164-04

OKI Semiconductor MSM64P164
PIN CONFIGURATION (TOP VIEW)
mcqv—.chmv—.qﬁﬁ‘cl“_b' wo O
EEEEEEEE".’—’|&E§|§§88
SIRIEISIEIE N ERIEEEEEELE
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 [&] 160] L29/P5.3
L5/D5 [6] 159] L28/P5.2
L6/D6 [7] 58] L27/P5.1
L7/D7 [8] 571 L26/P5.0
L8/CE 9] 156] L25
L9/OE (10l 155] L24
L10/A0 1] 154] L23
L11/A1 02 53] L22
L12/A2 03] 152] L21/A11
L13/A3 [14] 1511 L20/A10
L14/A4 [15] 150] L19/A9
L15/A5 (18] 149] L18/A8
L16/A6 (7] 48] L17/A7
P2.0 (18] 1471 C2
P2.1 9] 146] C1
P2.2 [20] 1451 Vpp3
P2.3 [2T] [44] Vpp2
P3.0 [22] [43] Vipp
P3.1 [23] 142] Vippy
P3.2 [24] 1471 RT1
KEEEREEENBEEBEEBEE
N O —~ AN M A O OO OO OO0 ™™ ™
SFFTreL22E882ER2

Note:

80-Pin Plastic QFP

from either pin 32 or pin 67.

Because pin 32 and pin 67 are internally connected with each other, Vggcan be supplied
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PIN DESCRIPTIONS

Basic Functions

Function Pin Symbol Type Description
32,67 Vss — 0V power supply
42 Vo1 . Bias output for driving LCD (+1.5 V), or positive power supply
at 1.5V spec.
Power 44 Voo . 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 Vop — Positive power supply for I/0 port interface
31 Vpp — Positive power supply for writing to PROM (+12.5 V)
46, 47 C1, G2 — Pins for connecting a capacitor for generating LCD driving bias.
69 ﬁ ! 32.768 kHz crystal connection pins
Oscillti 68 XT 0
scillation
06 05C1 | External 400 kHz oscillation resistor (Rps) connection pins
xter z oscillation resistor ion pi
65 0SC2 0 0s P
731076 | P1.0to P1.3 0 Output port (P1.0 : high current output)
Port 77t080 | P0.0to P0.3 I Input port
orts
181029 | P2.0to P4.3 I/0 Input-output ports
30 BD 0 Output pin for the buzzer driver
Resistance temperature sensor
33 RTO 0 N
connection pin o
Resisiance/ - " " RC oscillation pins
34 CRTO 0 esistance cap'flm ar?ce emperature for A/D Converter
sensor connection pin
35 RSO 0 Ref ist tion pi (channel 0)
eference resis gr connec |o'n p|n' (CROSCO)
A/D 36 CSo 0 Reference capacitor connection pin
Converter 37 INO I Input pin for RC oscillator circuit
Resistance temperature sensor . .
41 RT1 0 i i RC oscillation pins
connection pin
- —— for A/D converter
40 RS1 0 Reference resistor connection pin (channel 1)
39 CS1 0 Referen.ce capacitor.connec.tion'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 TSTH ! Input pins for testing.
72 TST2 I
1t017, . .
LCD 4810 56 L0 to L25 0 LCD driver pins
Drivers
L26/P5.0 to . . .
57 o0 64 L33/P6.3 0 LCD driver pins, or output ports by mask option
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Secondary Functions

Function Pin Symbol Type Description
7”7 P0.0 Secondary functions of P0.0 to P0.3:
78 P0.1 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 22 P30
Interrupt 23 P31
24 P3.2
25 P3.3
26 P4.0
27 P4.1
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 Se.con.da.ry fun.ctions of P3.3:. '
This pin is assigned the data input of a serial port (SIN).
26 P40 0 Se.con‘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 P4.1 0 . ) )
This pin is assigned the ready output of a serial port (SPR).
28 P42 10 Sef:on‘da.ry fun.ctions 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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PROM-Related Pins

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

42 Vbp1* — Positive power supply pin (+5 V supplied).
44 Vbp2* — Positive power supply pin (+5 V supplied).
3 Vpp — PROM write power supply (+12.5 V supplied).
70 RESET PROM write setting pins:
71 TST1 PROM mode is set by a "L" level input.
72 TST2
1 LO/DO 1/0 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 L9/0E 1/0 PROM output enable signal.
11 L10/A0 I 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 I 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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ABSOLUTE MAXIMUM RATINGS (1.5 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 Vb2 Ta=25°C —0.3t0 +4.0 v
Power Supply Voltage 3 Vb3 Ta=25°C -0.3t0+5.5 V
Power Supply Voltage 4 Vb Ta=25°C —0.3t0+5.5 v
Input Voltage 1 VN Vpp4 input, Ta = 25°C —0.3t0 Vpp1 + 0.3 v
Input Voltage 2 Ving Vpp input, Ta = 25°C -0.3t0 Vpp+0.3 V
Output Voltage 1 Vouti Vpp1 output, Ta = 25°C -0.3to Vpp1 +0.3 v
Output Voltage 2 Vout2 Vppz output Ta = 25°C —0.3t0o Vpp2 + 0.3 v
Output Voltage 3 Vouts Vpps output, Ta = 25°C -0.3t0 Vppz + 0.3 V
Output Voltage 4 Vours Vpp output, Ta = 25°C -0.3t0o Vpp+0.3 v
Storage Temperature Tstg — -551t0 +150 °C
RECOMMENDED OPERATING CONDITIONS (1.5 V Spec.)
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating Temperature Top — 0to +65 °C
) Vpp4 — 1.4t01.7 V

Operating Voltage Voo — Voo 10 5.25 v
External 400 kHz RC Oscillator

i Ros — 250 to 500 kQ
Resistance
Crystal Oscillation Frequency fxt — 3010 35 kHz
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ELECTRICAL CHARACTERISTICS (1.5 V Spec.)

DC Characteristics

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

;. . ) Measuring
Parameter Symbol Condition Min. | Typ. | Max. | Unit L
Circuit
+100%
Vpp2 Voltage Vpp2 | Ca, Cp, C12=0.1 uF 50% 2.8 3.0 3.2 v
— ()
+100%
V/pps3 Voltage Vbps | Ca, Cp, C12=0.1 uF 50% 4.3 45 4.7 V
Crystal Oscillation Oscillation start time:
VsTa o 1.47 — — V
Start Voltage within 5 seconds
Crystal Oscillation
V — 1.40 — — \
Hold Voltage HOLD
Crystal Oscillation
T — 0.1 — 1000 | ms
Stop Detection Time sToP
Internal Crystal
C — 10 15 20 F
Oscillator Capacitance G P 1
External Crystal
i y ) Cgex | When external Gg used 10 — 30 pF
Oscillator Capacitance
Internal Crystal
C — 10 15 20 F
Oscillator Capacitance D P
Internal 400k RC
C — 8 12 16 F
Oscillator Capacitance 05 P
400k RC Oscillation ; External resistor Rgs = 300 kQ 80 290 350 | kH
z
Frequency 0sC Vpp1=1.40t01.7V
POR Generation When Vpp1 is between Vpgry
v 0 — 0.4 Y
Voltage PORT and1.5V
POR Non-generation No POR when Vpp1 is between
Vpor2 14 — 1.5 v
Voltage Vpore and 1.5V

Notes: 1.

"POR" denotes Power On Reset.

2. "Tstop" indicates that if the crystal oscillator stops over the value of Tstop, the
system reset occurs.
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DC Characteristics (continued)

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

Parameter

Symbol

Condition

Min.

Typ.

Max.

Unit

Measuring
Circuit

Supply Current 1

IpD1

CPU in halt state
(400k RC oscillation halt)

2.0

5.0

HA

Supply Current 2

Ipp2

CPU in operating state
(400k RC oscillation halt)

50

80

pA

Supply Current 3

Ipp3

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

90

180

LA

Supply Current 4

IpD4

Serial transfer,

fsck = 300 kHz,

CPU in operating state
(400k RC oscillation halt)

60

100

HA

Supply Current 5

Ipps

CPU in halt state

(400K RC oscillation |RT0 = 10kQ

150

230

HA

halt), RC oscillator for

A/D converter is in RTO = 2 kQ

operating state

600

900

HA
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DC Characteristics (continued)

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

Parameter . . . Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit
| Vou1=Vpp-05V -2.1 0.7 | 0.2 A
Output Gurrent 1 Ot 01 = 7DD m
(P1 0) |0|_1 VO|_1 =05V 1.0 3.0 9.0 mA
lotts | Vop=5V,Vor1=05V 4.0 12 36 mA
Output Current 2 lon2 | Vow2=Vpp—-0.5V -21 07 | -0.2 | mA
(P1.1to P1.3)
(P2.0to P2.3) loe | Vorz=0.5V 0.2 0.7 21 mA
(P3.0to P3.3)
(P4.0 to P4.3) loros | Vbop=5V, Vgr2=05V 1.0 3.0 9.0 mA
Output Current 3 los | Vous=Vpp1—-0.7V -1.8 06 | 0.2 | mA
(BD) lous | VoLs=07V 02 | 06 | 1.8 | mA
Output Current 4 lons | Vona=Vpp1—0.1V -11 | 06 | -03 | mA
(RTO, RT1, RSO, RS1,
CRTO, €S0, CS1) loa | Vos=01V 0.3 0.6 1.1 mA
Output Current 5 lows | Vows=Vpp—0.5V -1.5 -05 | -041 mA

(When L26 to L33 are

configured as output |05 | Vo5 =05V 01 05 | 15 | mA
ports) lotss | Vop=5V, Voss=0.5V 0.2 07 | 20 | mA 2
Output Current 6 lone | Vons=Vpp1— 0.5V -2.1 -0.7 | 0.2 | mA
(0SC2)
lote | Vog=0.5V 0.2 0.7 21 mA
low7 | Von7=Vbp3—0.2V (Vppslevel)| — — -4.0 uA
lomH7 | Vomr7 = Vpp2 + 0.2 V(Vppy level) | 4.0 — — | WA
Output Gurrent 7 lomn7s | Vomuzs = Vpp2 = 0.2V (Vppo level) | — — -4.0 UA
(L0 to L33)
lomc7 | Vomiz = Voot + 0.2 V(Vppy level) | 4.0 — — | uA
lomL7s | Vomwzs =Vop1 — 0.2V (Vppy level) | — — | 40 | pA
lor7 | Vorz=Vss+0.2V  (Vsglevel)| 4.0 — — uA
Output Leakage Current
(P1.0to P1.3) | Vou=V — — 0.3 A
(P2.0 10 P2.3) ooH | Vou=Vop1 u
(P3.0 0 P3.3)
(P4.0 to P4.3)
(RTO, RT1, RS0, RS1,| loo | VoL=Vss -03 | — — | uA

CRTO, €S0, CS1)
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DC Characteristics (continued)

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

Parameter . . i Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit
I V41 = Vpp (when pulled down) | 5.0 18 60 UA
Input Current 1 li VL1 = Vss (when pulled up) -60 -18 -5.0 uA
Eggg IO Egg; lits | Vi =Vop=5V (when pulleddown)| 70 | 250 | 660 | pA
.0to P2.
(P3.0 to P3.3) litts | Vit =Vss, Vpp =5V (when pulled up)| —660 | -250 | -70 uA
(P4.0 to P4.3) o
liH1z | Vin1=Vop (in a high impedance state)| 0 — 1.0 HA
litiz | Vi1 =Vss (in a high impedance state) | —1.0 — 0 uA
lin2 | ViH2 = Vbp1 (when pulled down)| 5.0 18 60 uA 3
Input Current 2 o
(INO, IN1) liHoz | ViHz=Vpp1 (inahighimpedance state)] O — 1.0 uA
lioz | ViLo=Vss (in a high impedance state)) —1.0 — 0 LA
s | Viz=Vss (when pulled up) —60 -22 -6.0 HA
I?ggég))urrent 3 liaz | Via=Vpp1 (in ahigh impedance state)] O — 1.0 HA
litsz | ViLg=Vsg (in a high impedance state)] —1.0 — 0 uA
Input Current 4 g | Vina=Vop1 0 — 1.0 | pA
(RESET, TST1, TST2) e | ViLa=Vss 10 03 | —01 | mA
Input Voltage 1 Vit - 12 - 15 v
(P0.0 to P0.3) Vi — 0 — 03 v
(P2.0 to P2.3)
(P3.0 to P3.3) Vigts | Voo=5V 4.0 — 5.0 Vv
(P4.0 to P4.3) Vitis | Vop=5V 0 - 10 v \
Input Voltage 2 Vike — 1.2 _ 1.5 v
(INO, IN1, 0SC1) Vit — 0 — 0.3 \
Input Voltage 3 Ving — 1.2 — 1.5 v
(RESET, TST1, TST2) Vis . 0 . 0.3 vV
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DC Characteristics (continued)

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

0.05

0.1

0.3

AVT1s

Vpp=5V

0.25

1.0

1.5

Hysteresis Width

(RESET, TST1, TST2)

AVTo

0.05

0.1

0.3

Input Pin Capacitance

0.0to P0.3

Cin

5.0

pF
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Measuring circuit 1

RTO €S0 RIO

RTO CS0 INO

0SCt ]—

0 Crystal
32.768 kHz
Ros XT 4—‘_

0SC2 c1
col T

Vss  Vop1 Vop2 Vb3 Vo

Ca 1},LF

g 1 1 Cp, C12 ;0.1 uF
Ca| Co| 1 Ros 300 kQ

T RTO 110 kQ/2 kQ
€S0 : 820 pF
RIO 110 kQ

Measuring circuit 2

ViH o—»

OUTPUT
GJ

INPUT

ViLo—»

Vop2 Voos Voo

I 1]
[ []

Vss

i ——F
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Measuring circuit 3

(*3) e —
o
E—o
]
o
‘ —
1 ]
— ; o
! =
Vss  Vopr Vpp2 Vops  Vop
Measuring circuit 4
5o
o
v 5 ——0 Waveform
HO—> : = Monitoring
* | 5
(*3) 2
! =
ViLo—» !
Vss Vppi Vopz Vobs  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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A/D Converter Characteristics

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

M. Ir-

Parameter Symbol Condition Min. | Typ. | Max. | Unit ing
Circuit
RSO0, RS1,
Resistor RTO,
for Oscillation | RTO-1, CS0, CTO, €512 740 pF 20 = 7 | e
RT1
Input Current RIO. RI1 . 10 10 K
Limiting Resistor , : - Q
5
fosct Resistor for oscillation = 2 kQ 165 221 256 kHz
Oscillation f Resistor for oscillation = 10 k@ | 41.8 | 52.2 | 606 | KH
Frequency 0SC2 esistor for oscillation = . . . z
foscs Resistor for oscillation =200 kQ2 | 2.55 | 3.04 | 3.53 kHz
Kf1 RTO, RT0-1, RT1 =2 kQ 3.89 | 418 | 4.35 —
RSeRT Oscillation
Frequency Ratio Kf2 RTO, RT0-1, RT1 = 10 kQ 0990 | 1.0 (1010 | —
) 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-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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Measuring circuit 5

(CROSC1) (CROSCO)
— — — — o o
2 3 E z 8 2 B & =
1 Fe
'_
T T 0:
RT1 RS1 CS1 IN1 INO CSO RSO CRTO RTO
5 [—» RESET
8 TSTH P43 »o Frequency
» Wl TST2 Measurement
3 L P0.0 D.U.T. (foscx)
S .
S P02
o
&= P03
Vss Voo Voot

RTO, RTO0-1, RT1 = 2 kQ/10 kQ/200 kQ
RS0, RS1 =10 kQ

RIO, RI1 =10 kQ

CS0, CTO, CS1 = 820 pF
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AC Characteristics (Serial Interface)

(Vss=0V,Vpp1=1.5V,Vpp=5V, Ta=01to +65°C)

Parameter Symbol Condition Min. | Typ. | Max. | Unit
SCLK Input Fall Time t — — 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| tcwh — 0.8 — — us
SCLK Input Cycle Time tove — 2.0 — — us
SCLK Output Cycle Time tcvei(oy | CPU is operating at 32.768 kHz. — | 305 | — us
SCLK Output Cycle Time tcvco(o) | CPU is operating at 400 kHz. — 25 — us
SOUT Output Delay Time toor | G =10 pF — — 0.4 us
SIN Input Setup Time tps — 0.5 — — us
SIN Input Hold Time tpH — 0.8 — — us
) teve .
SCLK ) - 5V
/N
(P4.2) Z X
N 7
o e T | e ff
tow . towL N
toor topbr
>
SOUT
(P4.0) N 5V
S'N “—>| |« > (D
v
(P3.3) g >

("H"level =4V, "L" level =1 V)
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ABSOLUTE MAXIMUM RATINGS (3.0 V Spec.)
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power Supply Voltage 1 Vb1 Ta=25°C —0.31t0 +2.0 v
Power Supply Voltage 2 Vpp2 Ta=25°C —0.3t0 +4.0 v
Power Supply Voltage 3 Vb3 Ta=25°C —0.3t0+5.5 v
Power Supply Voltage 4 Vpp Ta=25°C —0.3t0+5.5 v
Input Voltage 1 Ving Vppz input, Ta = 25°C —0.3to Vpp2 + 0.3 v
Input Voltage 2 Vine Vpp input, Ta = 25°C —0.3t0 Vpp+0.3 V
Output Voltage 1 Vourt Vbp2 output, Ta = 25°C -0.3 to Vppo + 0.3 v
Output Voltage 2 Vourz Vps output Ta = 25°C -0.3 to 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
) Vbp2 — 2.7t03.5 v
Operating Voltage
Vop — Vpp2 10 5.25 V
Exte.rnal 400kHz RC Oscillator Ros . 90 to 500 ko
Resistance
Crystal Oscillation Frequency Xt — 30 to 66 kHz
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ELECTRICAL CHARACTERISTICS (3.0 V Spec.)

DC Characteristics

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

. . .| Measuring
Parameter Symbol Condition Min. | Typ. | Max. | Unit L
Circuit
+100%
Vpp1 Voltage Vopt | Ca, Cp, C12=0.1 uF 1.3 1.5 1.7 V
—20%
+100%
Vpps3 Voltage Vbps | Ca, Cp, C12=0.1 uF 20% 4.3 45 4.7 v
Crystal Oscillation Oscillation start time:
VsTa o 2.7 — — V
Start Voltage within 5 seconds
Crystal Oscillation
y VHoLb — 2.7 — — V
Hold Voltage
Crystal Oscillation
T — 0.1 — 1000 | ms
Stop Detection Time STOP
Internal Crystal
C — 10 15 20 F
Oscillator Capacitance G P ]
External Crystal
) y ) Cgex | When external Cg used 10 — 30 pF
Oscillator Capacitance
Internal Crystal
C — 10 15 20 F
Oscillator Capacitance D P
Internal 400k RC
C — 8 12 16 F
Oscillator Capacitance 05 P
400k RC Oscillation External resistor Rpg = 100 kQ
fosc 300 400 620 | kHz
Frequency Vpp2=2.7t03.5V
POR Generation When Vpp2 is between Vpgry
V 0 — 0.7 v
Voltage PORT and 3.0V
POR Non-generation No POR when Vpp2 is between
Vpor2 2.7 — 3 v
Voltage Vporo and 3.0V

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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DC Characteristics (continued)

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

. . .. | Measuring
Parameter Symbol Condition Min. | Typ. | Max. | Unit L
Circuit
CPU in halt state
Supply Current 1 10011 (400K RC oscillation halt) R R
Supply Current 2 o2 CPU in operating state . 95 50 uA
(400k RC oscillation halt)
Supply Current 3 Ipp3 CPU'in operating state — 220 450 | pA
(400k RC oscillation in operation)
Serial transfer,
Supply Current 4 g | S0k =300 KAz — | 30 | 60 | pA 1
CPU in operating state
(400k RC oscillation halt)
CPU in halt state
(400K RC oscillation |[RTO=10kQ | — 1300 | 450 | upA
Supply Current 5 Ipps | halt), RC oscillator for
AID converterisin — IpTo 2k | — | 1300 | 2000 | pA

operating state
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DC Characteristics (continued)

(Vss=0V, Vpp1 =1.5V, Vpp2=Vpp=3.0V, Vpp3 =45V,
Ta = 0to +65°C unless otherwise specified)

Parameter . . . Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit
loH1 | Vou1=Vpp-0.5V -6.0 20 | =07 | mA
%ﬁpg; Current 1 loti | VoLi=05V 30 | 80 | 25 | mA
lotts | Vop=5V,Vor1=05V 4.0 12 36 mA
Output Current 2 | Vg = Vpp— 05V 60 | 20 | 07 | mA
(P11 10 P1.3) oH2 | Vonz=Vop
(P2.0 to P2.3) lore | Vore=05V 0.7 2.0 6.0 mA
(P3.0to P3.3)
(P4.0 to P4.3) loos | Vbop=5V,Vg2=05V 1.0 3.0 9.0 mA
Output Current 3 lons | Vous=Vpp2-0.7V -6.0 20 | =07 | mA
(BD) lois | VoLz=0.7V 07 | 20 | 60 | mA
Output Current 4 lons | Voma=Vpp2—0.1V 25 | 13 | =07 | mA
(RTO, RT1, RSO, RS1,
CRTO, €S0, CS1) loa | Voa=0.1V 0.7 1.3 25 | mA
Output Current 5 lows | Vons=Vpp—0.5V -15 | =06 | -0.15 | mA
(When L26 to L33 are _
configured as output lors | Vors=05V 0.15 0.6 1.5 mA
ports) lotss | Vbp=5V, Voi55=0.5V 0.2 0.7 2.0 mA 2
Output Current 6 lons | VoHe=Vpp2—-0.5V —-6.0 20 | =07 | mA
(05C2) los | Vorg=05V 07 | 20 | 60 | mA
low7 | Vour=Vop3—0.2V (Vppslevel)| — — | -40 | pA
lomH7 | Vomr7 =Vop2+ 0.2V (Vppz level) | 4.0 — — | HA
Output Current 7 lomH7s | Vomrzs = Vop2—0.2 V (Vpp2 level) | — — | 40 | pA
(L0t0133) lomL7 | Vom7=Vop1+0.2V (Vppy level) | 4.0 — — | uA
lom7s | Vomzs=Vop1=0.2V (Vppy level) | — — | 40 | pA
loi7 | Vo7=0.2V (Vsslevel)| 40 | — | — | uA
Output Leakage Current
(P1.0to P1.3) loon | Von=Vbp2 — — 0.3 uA
(P2.0to P2.3)
(P3.0 to P3.3)
(P4.0 to P4.3)
(RTO, RT1, RSO, RS1, loo | VoL=Vss -0.3 — — pA
CRTO, CS0, CS1)
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DC Characteristics (continued)

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

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

l1H1 Vi1 = Vop (when pulled dOWﬂ) 30 90 300 LLA

Input Current 1 TR VL1 = Vss (when pulled up) -300 -90 -30 uA

(P0.0t0 P0.3) | Vit =Vpp =5V (when pulled down)] 80 | 250 | 800 | pA

(P2.010 P2.3) iH1s | Viwt=Vpp=5V (whenp ) u

(P3.0 to P3.3) litts | Vit =Vss, Vpp =5V (when pulled up)| —800 | -250 | -80 uA

(P4.0 to P4.3) o
i1z | Vin1 = Vpp (in a high impedance state)| 0 — 1.0 UA
litsz | Vi1 =Vss (ina high impedance state) | —1.0 — 0 uA
liH2 | ViH2 = Vbp2 (when pulled down)| 30 90 300 uA 3

Input Current 2 -

(INO, IN1) liHoz | ViH2 = Vppz (in a high impedance state)| 0 — 1.0 uA
lioz | Vio = Vssp (in @ high impedance state) | —1.0 — 0 uA
ks | Vis=Vss (when pulled up) =300 | -110 | -10 YA

Input Current 3 _ C .

(0SC1) liHaz | Viz=Vppo (in a highimpedance state)| 0 1.0 UA
litsz | Viig=Vsg (in a high impedance state) | —1.0 — 0 uA

Input Current 4 lia | Vina=Vop2 0 — 1.0 HA

(RESET, TST1, TST2) | v = Vs 30 | 15 | -0.75 | mA

Input Voltage 1 Vit - 24 - 30 v

(P0.0 to P0.3) Vi — 0 — | 06 |V

(P2.0 to P2.3)

(P3.0to P3.3) ViHis | Vop=5V 4.0 — 5.0 Vv

P4.0 to P4.

(P4.0t0 P4.3) Viis | Vop=5V 0 | — | 10 | v .

Input Voltage 2 Vit _ 2.4 — 3.0 v

(INO, IN1, 0SC1) ViLo _ 0 — 0.6 v

Input Voltage 3 Ving — 24 — 3.0 v

(RESET, TSTT, TST2)| ;. _ 0 — s | v
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DC Characteristics (continued)

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

Parameter . . .. | Measuring
(Pin Name) Symbol Condition Min. | Typ. | Max. | Unit Circuit
Hysteresis Width
(P0.0 to P0.3) AVTy — 0.2 0.5 1.0 vV
(P2.0 to P2.3)
§E38 :Eg Eigg AVrys | Vpp=5V 025 | 1.0 | 15 | V
' ' 4
Hysteresis Width
(R SET, TSTT, TST2)| AVTe — 02 | 05 | 10 | V
ut Pin Capacitance
0 0to P0.3
P2.0to P2.3 Cin — — — | 50 | pF 1
P3.0 to P3.3
P4.0 to P4.3
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Measuring circuit 1
RTO CSO T RIO
RTO CSO0 INO T
0SCH l|:| Crystal
32.768 kH
Ros g m— ’
0SC2 c1
Ci2
coL T
Vss  Vop2 Vpp1 Vb3 Vb
) ) Ca, Cp, C12 0.1 uF
A Ros :100 kQ
— Ca| Co| 1 RTO 110 kQ/2 kQ
T CS0 - 820 pF
I T I RIO 110 kQ

Measuring circuit 2

Vg o—>|

ViLo—»

INPUT

Vss

Vop2 Voos Voo

L s

I 1]
[ []

OUTPUT
GJ

25/38



PEDL64P164-04

OKI Semiconductor MSM64P164

Measuring circuit 3

(*3)

(-
OUTPUT
o

INPUT

Vss  Vopr Vopz Voos Voo

I,
[ []

Measuring circuit 4

5o
o
v 5 ——° Waveform
H O—» : © Monitoring
. A
(*3) R
! =
ViLo—»
Vss Vpp1 Vop2 Vops  Vop

I 1]
[ ][]

*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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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, GS1>740 pF 1.0 - - kQ
RT1
Input Current o
Limiting Resistor RIO, RI1 1.0 10 - ke
5
fosct 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 k2 | 2.79 | 3.32 | 3.85 kHz
Kf1 RTO, RT0-1, RT1 =2 kQ 4115 | 422 | 4326 | —
RSeRT Oscillation
Frequency Ratio Kf2 RTO, RTO-1, RT1 = 10 kQ 0990 | 1.0 |1.010| —
) Kf3 RTO, RTO-1, RT1 = 200 kQ 0.0573|0.0616|0.0659 | —

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

by a reference resistor in the same condition.

Kix < foscx (RTO-CSO Oscillation) foscx (RT0-1-CSO Oscillation)  foscx (RT1-CS1 Oscillation)

foscx (RS0-CSO Oscillation) ,  foscx (RS0-CSO Oscillation) , foscx (RS1-CS1 Oscillation)
(x=1,2,3)
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Measuring circuit 5

(CROSC1) (CROSCO)
~— — — — o I O —
E 2 g = = 8 g & % &
T = e
'—
T T D:
RT1 RS1 CS1 IN1 INO CSO RSO CRTO  RTO
3 RESET
g —= TST1 P43 o Frequency
o | . TST2 Measurement
(<5
g .l P00 D.U.T. (foscx)
S P02
& = P0.3
Vss Voo Voo

RTO, RTO0-1, RT1 = 2 kQ2/10 kQ/200 kQ
RS0, RS1 =10 kQ

RIO, RI1 =10 kQ

CS0, CTO, CS1 = 820 pF
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AC Characteristics (Serial Interface)

(Vss=0V, Vpp2=3V, Vpp=5V, Ta=01to +65°C)

Parameter Symbol Condition Min. | Typ. | Max. | Unit
SCLK Input Fall Time t — — 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 | town — 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 toyce(o) | CPU is operating at 400 kHz. — 25 — us
SOUT Output Delay Time toppr | Cy=10 pF — — 0.4 us
SIN Input Setup Time tps — 0.5 — — us
SIN Input Hold TIme tpH — 0.8 — — us
. teve .
SCLK B g 5V
(P4.2) Zl 5&
|
e T — | e 1
towH . towL N
toor tpoR
>
SOUT
(P4.0) 5V
> |« NN
SIN Vi
(P3.3) >

("H"level =4V, "L" level =1 V)
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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 = Vpp1 = Vppo, Ta = 25°C —0.310 +6.7 v
Program Voltage Vpp Ta=25°C —0.3t0+14.0 V
PROM Input Voltage V| Ve input, Ta = 25°C —0.3to Vg +0.3 V
PROM Output Voltage Vo Ve output, Ta = 25°C —0.3to Vg +0.3 V
Storage Temperature TsTg — -5510 +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
Vicc Power Supply Voltage Ve Ve = Vppt = Vop2 4.75t05.25 V
During read 4.75105.25 v

Vpp Power Supply Voltage Y
PP pply ¥ottag PP During write 12,010 13.0 v
Vin Vee = Voot = Vop2 4to Ve Vv

Input Voltage

ViL — Oto1 Vv
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ELECTRICAL CHARACTERISTICS (1.5 V/3.0 V Spec., PROM Mode)

(1) Read Operation

DC Characteristics

(Vbp1=Vbp2=Vpp=5V 5%, Ta = 25°C +5°C, unless otherwise specified)

Parameter Symbol Condition Min. | Typ. Max.| Unit
Vgc Power Supply Current Ve = Vopi = Vbp2
1oy —_ — | — |3 | mA
(Standby) CE=Vy
Vicc Power Supply Current Vec=Vpp1=V
o o pply leco Vee= Vo1 = Vop2 | — 1100 | mA
(Operating) CE=V|L
Vin Ve = Vopi1 = Vop2 40 | — [Vec | V
Input Voltage
Vi — 0 — 10| V
Vee = Voot = Vop2
Output Current lor Vor =Veg—0.5V ~201-0.71-02| mA
loL VoL=05V 02|07 |20 | mA

AC Characteristics

(Voo =5V £5%, Vpp = Vg, 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=V| — | — | 50 | ns
Output Disable Time toF CE=V)_ 0 | — | 40 | ns

Measurement conditions:
Input pulse level..................... 0.45V to4.55V
Input rise/fall time .................

Threshold level

input0.8V,2V/output0.8V,2V
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/

Address Input >§( ><

CE /

OF

" tor
l« tOE |
tacc
Data Output
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(2) Write Operation

DC Characteristics

(Vss=0V, Vppt =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
Vg Power Supply Current Ico Vee = Vopi = Vpp2 — | — 100 | mA
Input Voltage Viy Vee = Voot = Vpp2 40 | — |Veo | V
ViL — 0 |— 1|10V
| ec=Voor=Voo2 20/-0.7-02| mA
Output Current Vou=Veg—-05V
loL VoL=05V 02|07 |20 | mA

AC Characteristics

(Vss =0V, Vpp1 =Vpp2=5V 5%, Vpp = 12.5V 0.5V, 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
OF Output Floating Delay Time tprp — 0 | — | 130 ns
Vpp Power Source Setup Time tvs — 20| — | — | us
Initial Program Pulse Width tow 25/371:(:)\2/?\/2 0.95| 1.0 [1.05| ms
Additional Program Pulse Width | topy | 00! - 0D2 2.85| — [78.75 ms
6V=0.25V
OF 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 ........................ input0.8V,2V/output0.8V,2V
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/ 'S
Address Input >§( Address N 7}<
- tAH —>|
< tas ]
A )Y L
Data Input-Output 4& Data Input 7 Output
toH toE
< tps ~ 3
/
Vpp /
(- tvs >
\ /
CE
N
tew +— toes —
topw |
<
[
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PACKAGE DIMENSIONS

(Unit : mm)
QFP80-P-1420-0.80-BK |
25.0+ 0.2
20.0+ 0.2
AR RARARRARARRRARRARARY
@== ==
= O =—F
HE.— =
% /@ % — 2.5TYP.
TG © ) & =
‘NM[i)rEnifmi/;‘\f?Kog TYP. 0.323%° 51578 . R E%MOO
0.7+ 0.05 3 S T 1L3TYP.
9 1.38: 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) 1.27 TYP.

Notes for Mounting the Surface Mount Type Package

The SOP, QFP, TSOP, TQFP, LQFP, 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
onthe productname, package name, pinnumber, package code and desired mounting conditions
(reflow method, temperature and times).

37/38



PEDL64P164-04

NOTICE

1.

9.

The information contained herein can change without notice owing to product and/or
technical improvements. Before using the product, please make sure that the information
being referred to is up-to-date.

The outline of action and examples for application circuits described herein have been
chosen as an explanation for the standard action and performance of the product. When
planning to use the product, please ensure that the external conditions are reflected in the
actual circuit, assembly, and program designs.

When designing your product, please use our product below the specified maximum
ratings and within the specified operating ranges including, but not limited to, operating
voltage, power dissipation, and operating temperature.

Oki assumes no responsibility or liability whatsoever for any failure or unusual or
unexpected operation resulting from misuse, neglect, improper installation, repair, alteration
or accident, improper handling, or unusual physical or electrical stress including, but not
limited to, exposure to parameters beyond the specified maximum ratings or operation
outside the specified operating range.

Neither indemnity against nor license of a third party’s industrial and intellectual property
right, etc. is granted by us in connection with the use of the product and / or the information
and drawings contained herein. No responsibility is assumed by us for any infringement
of a third party’s right which may result from the use thereof.

The products listed in this document are intended for use in general electronics equipment
for commercial applications (e.g., office automation, communication equipment,
measurement equipment, consumer electronics, etc.). These products are not authorized
for usein any system or application that requires special or enhanced quality and reliability
characteristics nor in any system or application where the failure of such system or
application may result in the loss or damage of property, or death or injury to humans.
Such applications include, but are not limited to, traffic and automotive equipment, safety
devices, aerospace equipment, nuclear power control, medical equipment, and life-support
systems.

Certain products in this document may need government approval before they can be
exported to particular countries. The purchaser assumes the responsibility of determining
the legality of export of these products and will take appropriate and necessary steps at their
own expense for these.

No part of the contents contained herein may be reprinted or reproduced without our prior
permission.

MS-DOS is a registered trademark of Microsoft Corporation.

Copyright 2000 OKki Electric Industry Co., Ltd.

Printed in Japan
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