uPD7502/03

N E C 4-Bit, Single-Chip

. CMOS Microcomputers
NEC Electronics Inc. With LCD Controller/Driver

Description O RC osciltation clock

The uPD7502 and uPD7503 4-bit, single-chip CMOS = S1ystal oscillation clock
. h . 0 2.5 to 6.0 V operating voltage
microcomputers have advanced fourth-generation archi- O CMOS t
d - echnology
tecture with the functional blocks necessary for a
single-chip controller, including an 8-bit timer/event

counter, an 8-bit serial 1/0, and an LCD controller/ Ordering Information

driver. Max Frequency
The instructi t includes the followi : f Part No. Package Type of Operatien
e instruction set inciudes the following types o o A "
instructions: addressing, table look-up, bit manipu- HPO7502GF-12 64 pfn plast!c arP 410 kHz
lation, vectored jump, auto increment or decrement  #PD7503GF-12 64-pin plastic QFP 410 kHz
data pointer, and conditional skip. These instructions
maximize use of fixed program memory space. Pin Configuration
Both devices are manufactured with the CMOS process e
and have a maximum power consumption of 900 yA at JE L .aa- b
5 V and 300 iA at 3 V. Halt and stop modes further Sfaiffdo3ezs58
reduce power consumption. (CeaTaRRR
These devices are ideal for a wide range of solar- and :3‘:[: . . ::]1::
battery-powered applications. wmds O whe
P3g[] s 48f7ss
Features Poysi[] 5 708y
Po2/SO [] 6 s [sy
O 92 powerful instructions Poy/SCK [ 7 a5 sy
O Program ROM Pes[]8 4“4s10
— pPD7502: 2048 x 8-bit Ps2C] @ 7502103 431511
— uPD7503: 4096 x 8-bit = ” o =i
O Data RAM pss ] 12 s0Pse
— puPD7502: 128 x 4-bit Ps2 []13 39 [0s1s
— uPD5703: 224 x 4-bit Psy ] 1s 38 [s1g
O Interrupts PSo [ 15 ol S
— External: INTO, INT1 = I wbor
— Internal: INTT (timer/event counter) pay ] 18 34 Pisa
INTS (serial interface) Pag [ 19 33 sz
O 8-bit timer/event counter \ 21_01 i‘] E Izj 12_‘1 11_5] 3 g :j 2:' ilj ?_" :j /
— Based on crystal oscillation Y- 222852555588
— External event counter (prescale option by 64) o 2582388838°°
[0 Serial interface 830034208

O LCD controller/driver
— Programmable multiplexing mode: triplex,
quadruplex, or pseudo-static
— 4 common lines (COMg-COM3)
— 24 segment lines (Sg-Sa3)
O Standby modes: stop, halt
O Data retention mode
3 1/O ports
— 3-bitinput port
— 4-bitinput port
— 4-bit output port
— Two 4-bit I/O ports with 8-bit capability
- 4-bit 1/O port with each bit configurable as an
input or output
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NEC

Pin Identification

Status of Unused Pins

No. Symbol Function Name Pin Connection
1 NC No connection cL2 Open
2-4,64 P33-P3y 4-bit output port 3 X1 Vss
57 PO3/SI S-b!t inpull port 0, or X2 Open
Egﬂ% serial 170 interface P01/SCK Vss of Vop
P0,/S0
81 P63-P6g 4-bit 1/0 port 6 PO3/SI
12-15 P53-P5g 4-bit 1/0 port 5 P1p/INTO Vss
16-19 P43-P4qy 4-bit 1/0 port 4 P14-P13 Vss or Vpp
20,21 X2, X1 Crystal clock/external event P30-P33 Open
input port X P4g-P43 Iinput mode: Vgg or Vpp
22 Vss Ground P5p-P53 Output mode: Open
23.25 Vicoa-Vicot LCD bias supply inputs Po-P63
26, 58 Voo Positive power supply INT1 Vss
27-30 COM3-COMg LCD backplane driver outputs ggai?comg Open
31-54 S3-Sg LCD segment driver outputs Vieo1-Vicns
55 INT1 External interrupt
56 RESET RESET input
57,59 CL1, CL2 System clock input
60-63 P13-P14, 4-bit input port 1, or
P1p/INTO external interrupt INTO
3-4
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NEC

uPD7502/03

Pin Functions

P04/Sl, P02/SO, P04/SCK [Port 0 or Serial
Interface]

This port can be configured as a 4-bit parallel input
port O or as the 8-bit serial I/0 interface under control
of the serial mode select register. The serial interface
consists of the serial input (S1), the serial output (SO),
and the serial clock (SCK), which synchronizes data
transfer.

P13-P14, P1¢/INTO [Port 1 or interrupt]

4-bit input port 1. Line P1g is shared with external
interrupt INTO, which is a rising edge-triggered inter-
rupt.

P33-P3¢ [Port 3]
4-bit, latched three-state output port 3.

P43-P4( [Port 4]

4-bit input or latched three-state output port 4. Can
perform 8-bit 1/0 in conjunction with port 5.

P53-P5¢ [Port 5]

4-bit input or latched three-state output port 5. Can
perform 8-bit I/O in conjunction with port 4.

P63-P6g [Port 6]

4-bitinput or latched three-state output port 6. The port
6 mode select register configures individual lines as
inputs or outputs.

COM3-COMg [LCD Backplane Driver Outputs]
LCD backpliane driver outputs.

S23-Sp [LCD Segment Driver Outputs]
LCD segment driver-outputs.

This Materi al

INT1 [interrupt]

This external interrupt is a rising edge-triggered
interrupt latched by CL.

RESET

A high-level input to this pin initializes the uPD7502/
7503.

X2, X1 [Crystal Clock/External Event input Port X]

For crystal clock operation, connecta crystal oscillator
circuit to input X1 and output X2. For external event
counting, input external event pulses to X1 and leave
X2 open.

CL1, CL2 [System Clock Input]

Connect an 82-kQ resistor across CL1and CL2,and a
33-pF capacitor from CL1 to Vgs. Or, connect an
external clock source to CL1 and leave CL2 open.
Vicpa-Vicpi [LCD Bias Voltage Inputs]

LCD bias voltage supply inputs to the LCD voltage
controller. Apply appropriate voltages from a voltage
ladder connected across Vpp.

Voo

Positive power supply. For proper operation, apply a
single voltage from 2.5 to 6.0 V.

Vss
Ground.

3-5
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uPD7502/03 N E C

Block Diagram

SCK/P0o4 SIPO3

x X2 INT1 INTO/P1p SO/PO2

| |

]
8
3

X cp X

Count Clock Ti INTTE  nterrupt  |'NTS Serial Port 0

Generator [_' Control _l Counter Control Interface Butfer
cL LcocL Plp-P13

Port 1

I Buffer
P30-P33

Port 3

c A(4) Lateh

Program Counter ALU I I (4) ] Bufter

111] 7502, [12] 7503 General Registers

D (4] E 4]
Port 4
H (4] L (e C> Latch

Buffer

Stack Pointer [8]

Port 5
Latch
Program Memory Buffer

o
g
v
o
@

Port 6
Latch
Buffer

2048 x 8 Bits [7502] .
4046 x 8 Bits [7503] :"> Instruction
Data Memory
128 x 4 Bits [7502]
224 x 4 Bits [7503]

Decoder
T CTL weocL j U -

Gy

s(‘;'::;;“ Standby LCD Controller/Driver
Generator Control
S
cu ct2 Vop Vss RESET Sp-523 COMg-COM3 Vicor, Vicoz

Vicpa
83-0034308

See figures 1 through 8 for additional block diagram

details.
Figure Title

1 Data Memory Map
2 Program Memory Map
3 Interface at input/Output Ports
4 Clock Control
5 Fimer/Event Counter
6 Interrupt Control
7 Serial Interface
8 LCD Controller/Driver

3-6
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E uPD7502/03

Figure 1. Data Memory Map Figure 2. Program Memory Map
Address Address Address Address
{Decimal] [Hex] [Decimal] [Hex]
o 00H MSB ise
LCD Segment Data T RESET Puise Vectors Program
Storage Area o 7161514131211 0 ] oooH to Address 00H
23 17H
24 18H INTT {Internal Timer/Event
18 010H  Counter interrupt] Vectors
Execulion to 010H
iNTO/S [External interrupt or
32 020H  Serial Interface Interrupt]
Vectors Execution to 020H
INTt (External interrupt 1)
g b 030H Vectors Execution to 030H
- &
uPDT502 2 g
5 a
g
127 7FH Y G 19 0COH
128 80H a £ LHLT instruction
5 9 207 OCFH Reference Table
& 208 ODOH  CALT Instruction
255 OFFH Reference Table
1023 3FFH
1024 400H
Last Address for
uPD7503 2047 7FFH  CALL Instruction
2048 B00OH  Entry [(LPD7503)
l 223 DFH
83-003432A R 4095 FFFH
83-003431A
3-7
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NEC

Figure 3. Interface at Input/Output Ports

Type A
P14, P12, P13

Voo

Ao
=

Type B
INT1, P03/SI, P10/INTO, RESET

Type D
P3¢-P33
Voo
P-ch
Data :D_l
Qutput
Output
Disable
N-ch
Vss

Type E
P02/SO, P49g-P43, P50-P53, P60-P63

Voo
P-ch
Input/
Output
Output
Disabie
N-ch
Voo Vss
1 P-ch
in l—‘
N-ch
Vss
Type F
P04/SCK
Voo
P-ch
input/
Output
Output
Disable
N-ch

Vss
In

83-003859C
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Figure 4. Clock Control

S Internal Bus S
2 jo———*0OP, OPL
*Command sxecution
CM1 CMO Clack Mode Register
MPX
- - Prescaler 1
cL {114
P 2 Lco CL
(1164) {LCD Controlier/Driver)
X
Clock Mode Register
CM1 {CMO Count Puise LCD Clock MPX
e | o | cLx L cLx L
256 256
1 1 cp
1] 1 X x 64 X x 64 (Timer/Event Counter)
1
1 [} X CL x 256
1 1 X Xx [
64
83-0033216
Figure 5. Timer/Event Counter
S Internal Bus \
/\ 8 TAMMOD*
*TCNTAM
8-Bit Modulo Register
8
8
INTT
8Bit Comparator (To Interrupt Circuit)
8

Count Hold 8-Bit Count Register
CP ————=1 Circuit o9
CLR
Timer-Out TOUT
FIF {To Serial Interface)
CLR l T
*Command Execution b
“TIMER
RESET
83-0033228
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NEC

Figure 6. Interrupt Control
\ Internal Bus ?
sm-_g t EI"iWDI'
INT
INT Enable
Test Control Register :::;x
T 0/S 1 F/F
Serial MSR Bit 3 L ’_]
(1L
Syne
INT1O Mulliplexer oge, s w1 |
INTs — A__RaF
Nonsync
Ed Is ]
P10/INTO O—— Oetoct ":2);5 LjD— priority [—N\] Vector
R Address
Control r—/ Generator
SIo* Nonsync
INTT DE““ s T | ! H
efect R RQF
Timer‘——]
L—
*Command Execution ;_l_/ Release
83-003433B

Figure 7. Serial Interface

Internal Bus

] *TAMSIO
*TSI0AM 8

OP*
oPL*

I i T
I

| |
P03iSI O~ 8-Bit Shift Register — Shift Mode Register
LSB 1 : 1 MSB
PO2ISO {} sM3
— -
N 3:Bit Count —
| % i i
1 1
P01/SCK 0——¢
f——- TOUT
@ RS F/F
R INTS
(To interrupt Circuit)
* Command Execution
@ System Clock
Q S *Si0

83-0D38058
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NEC uPD7502/03

Figure 8. LCD Controller/Driver

{ Internal Bus 3

OP, OPL (Command Execution)

Display MSR

1 I I
Data 234 22H 01H 00H .
Timing Controller je— LcD CL
Memory | 3 2 1 0|3 2 1 0 321 0|3 2 10 1 ) |
3 210[3 210 32 103 2102
Muitipiexer °
d
Segment Driver LCD Bias Voitages Common Driver
l l i <l) I l I l l
S23 S22 Sy So Vicoa Vicpz VLCD1  COM3 COM2 COMy COMp
Multiplexer COMo-COM3 Outputs (Type G)
3 2 1 0
P-ch
@ I
b
c _L P-ch

a

+——o OuT

LCD Voltage Ladder Connections

DD
R2
< c Sp-S23 Outputs (Type H)
Vicpr {—
b P-ch
T 1
Vicoz |— +—o out
&
RS
$ . Ul
Vicos |—
RAx 42/'
Vss
Ve
83-003325C
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Absolute Maximum Ratings Capacitance
Ta=25°C Ta=25°C; Vpp=0V
Power supply voitage, Vpp —03to+7.0V Limits Test
All input and output voltages —03VioVpp+03V Parameter Symbol Typ Max Unit Conditions
Output current high, lgy Input Cy 15 pF  fc=1MHz
Per pin —17 mA capacitance Unmeasured
Total, output ports —20 mA Output Co 15 oF Slns returned to
Output current low, Igp. capacitance S8
Per pin 17 mA
/o Cio 15 pF
Total, output ports 55 mA capacitance
Operating temperature, Topt —10 to +70°C
Storage temperature, TgTg —65 10 +150°C
Comment: Exposing the device to stresses above those listed in
Absoclute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
DC Characteristics 1
For Vpp = 2.5 to 3.3 Volts
Ta=—1010 +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.8 Vpp Vop v Except CL1, X1
ViH2 Vpp—0.3 Vop v CL1, X1
VIHDR 0.9 Vpppr Vpopr + 0.2 v RESET, data retention mode
Input voltage, low ViLg 0 0.2 Vpp v Except CL1, X1
ViL2 0 0.3 v CL1, X3
Output voltage, high VoH Vpp— 0.5 v lon = —80 pA
Output voltage, low VoL 05 v foL = 350 pA
Input leakage current, high I n4 3 A Except CL1, X1; Viy = Vpp
It H2 10 uA CL1, X1; Vin = Vpp
Input leakage current, low IR} -3 uA Except CL1, X1, Viy=0V
I e —10 uA CL1, X1; ViN=0V
Output leakage current, high | gy 3 A Vo=Vpp
Output leakage current, low 1 g -3 uA Vo=0V
Supply voltage VoooR 2.0 v Data retention mode
Supply current lpp1 50 250 LA Normal aperation, Vpp = 3 V £ 10%;
R =240 kQ +2%, C = 33 pF +5%
35 230 pA Normal operation, Vpp = 2.5 V;
R =240 kQ +2%, C = 33 pF +5%
lpp2 03 10 A Stop mode, X1=0V; Vpp =3V +£10%
0.2 10 7.3 Stop mode, X1=0V; Vpp=2.5V
1DDDR 0.2 10 A Data retention mode, Vpppg = 2.0V
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NEC uPD7502/03

DC Characteristics 2

For Vpp = 2.7 to 6.0 Volis
Tao=—10to0 +70°C

Limits Test
Parameter Symbel Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vbp v Except CL1, X1
Vin2 Vpp—0.5 Vbp v cL1, X1
ViHDR 0.9 Vppor Vppor + 0.2 RESET, data retention mode
input voltage, low Vit 0 0.3 Vpp v Except CL1, X1
Vi 0 0.5 v cL1, X1
Output voitage, high Vo Vpp— 1.0 v loy=—10mA,Vpp=4.5t06.0V
Vpp— 0.5 v igr = —100 pA
Qutput voltage, low VoL 04 v lop =16mA, Vpp=45t06.0V
0.5 v lgL = 400 A
Input leakage current, high  Iypq 3 LA Except CL1, X1; V) =Vpp
lLH2 10 A cL1, X1
Input leakage current, low ] -3 7. Except CL1, X1; V=0V
Iz —10 pA CL1, X1
Qutput leakage current, high i gx 3 uA Vp=Vpp
Output leakage current, low I o -3 pA Vo=20V
Qutput impedance (1) Rcom 3 5 ko COMy-COM3; Vpp=4.5t06.0 V
15 kQ COMg-COM3
Rs 15 20 kQ Sp-Sz3: Vpp=4.5t0 6.0V
20 60 kQ S¢-S23
Supply voltage VpoDR 20 6.0 v Data retention mode
Supply current Ipp1 300 -300. pA Normal operation, Vpp =5V £ 10%;
R=2824%Q + 2%, C =33 pF + 5%
70 300 pA Normal operation, Vpp =3 V £ 10%;
R = 160 kQ = 2%, C = 33 pF = 5%
lop2 1.0 20 pA Stop mode, X1 =0V; Vpp=5V £+ 0%
0.3 10 wA Stop mode, X1 =0V, Vpp =3V = 10%
loboR 0.2 10 pA Data retention mode, Vpppr =20V
Note:

(1) Veep =27 VtoVpp
Vieptr = Vop — (173) Vicp
Vicpz = Vop — (2/3) Vicp
Vicpa = Voo — Vico

This Material Copyrighted By Its Respective Manufacturer
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AC Characteristics 1

For Vpp = 2.7 to 6.0 Volis
Ta=—10t0 +70°C

Limits Test
Parametar Symbol Min Typ Max Unit Conditions
System clock frequency feo 150 200 240 kHz Vpp =5V £10%; R = 82 kQ +2% (Note 1)
75 100 120 kHz Vpp =3V £10%; R = 160 kO +2% (Note 1)
75 135 kHz R = 160 k2 +2% (Note 1)
fc 10 410 kHz CL1, external clock, 50% duty; Vpp = 4.5 to
60V
10 125 kHz CL1, external clock, 50% duty; Vpp = 2.7 V
System clock rise and falt icr. toF 0.2 us CL1, external clock
time
System clock pulse width ioH. toL 1.2 50 us CL1, external clock; Vpp =45t0 6.0V
4.0 50 4us CL1, external clock; Vpp =27 V
Counter clock frequency Txx 25 32 50 kHz X1, X2, crystal oscillator
x 1] 410 kHz X1, external pulse input, 50% duty;
Vpp=45t06.0V
0 125 kHz X1, external pulse input, 50% duty;
Vpp=27V
Counter clock rise and fall txR. txg 0.2 us X1, external pulse input
time
Counter clock pulse width txH XL 12 us X1, external pulse input, Vpp =4.5t0 6.0 V
4.0 us X1, external pulse input; Vpp =27 V
SCK cycle time twey 30 us SCK as input; Vpp = 4.5t0 6.0 V
8.0 us SCK as input
49 us SCK as output; Vpp=45t0 6.0V
16.0 us SCK as output
SCK pulse width tkH. tKL 13 us  SCKasinput Vpp=45t06.0V
40 us  SCKasinput
22 us  SCK as output; Vpp=45t0 6.0V
8.0 us SCK as output
Sl setup time to SCK 1 tsik 300 ns
Sl hold time after SCK 1 tgsi 450 ns
SO delay time after SCK | txso 850 ns  Vpp=45V106.0V
1200 ns
INTO pulse width tioH, tioL 10 us
iNT1 pulse width tns tL {Note 2) us
RESET pulse width tRsH. 1RSL 10 us
RESET setup time tsRs 0 ns
RESET hold time tHRs 0 ns
Notes:

(1) RC network at CL1 and CL2; C = 33 pF +5%,| AC/°C| = 60 ppm.
(2) 2 x 108 + foc or f in kHz.
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uPD7502/03
AC Characteristics 2
For Vpp = 2.5 to 3.3 Volis
Ta=—10to +70°C
Limits Test

Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fce 50 80 kHz R = 240 kQ +2% (Note 1)

50 64 7 kHz Vpp =2.5V; R= 240 kQ +2% (Note 1)

fc 10 80 kHz CL1, external clock, 50% duty
System clock rise and fall ter. toF 0.2 S CL1, external clock
time
System clock pulse width tcH. toL 6.25 50 s CL1, external clock
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 80 kHz X1, external puise input, 50% duty

Counter clock rise and fall txp. IXF 0.2 us X1, external pulse input
time
Counter clock pulse width tyH, txL 6.25 us X1, external pulse input
SCK cycle time tkey 125 us 5CK as input

25 us SCK as output
SCK pulse width tKH KL 6.25 us SCK as input

15 us SCK as output
S| setup time to SCK 1 tsiK 1 us
SI hold time after SCK tys| 1 us
S0 delay time after SCK | tkso 2 us
INTO puise width tioH. tioL 30 us
INT1 pulse width 1Hs UL (Note 2) us
RESET pulse width trsH. tRSL 30 us

Notes:

(1) RC network at CL1 and CL2; C = 33 pF +5%,] AC/°C|= 60 ppm.
(2) 2 x 103 + fc or fg in kHz.

Recommended R and C Values for System
Clock Oscillation Circuit

Ta=—1010 +70°C

Recommended

Supply Voltage Range Values (Note 1) Frequency Range
45t06.0V R =82 kQ +2% 150 to 250 kHz,

200 kHz typical
271033V R =160 kO +2% 75 10 120 kHz,

100 kHz typical
27t06.0V R =160 kQx+ 2% 75 to 135 kHz
251033V R =240 kQ +2% 50 to 80 kHz
251060V R=240kQ +2 % 50 to 85 kHz
Note:

(1) C = 33 pF +5%, |AC/°C|< 60 ppm.

This Materi al
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Timing Waveforms

Timing Measurement Points External Interrupts
Vpp = 2.7t0 6.0 V oL tion
>< 0.7 Vpp 0.7 Vpp \
0.3 Voo Test Points 0.3 Vop INTD
thL tn
Vpp=25t033V INTN 4 \
0.8 Vpp 0.8 Vbnx 83-003317A
Xm Test Points 0.2 Voo
£ dotah Reset
Clock Timing f———1Rs1 thsH
e RESET y )! \
fe——tCL {CH 83-003318A
CL
Input _x
k Data Retention Mode
tcr f=— tCF
Vi Lo Data Retention Mode—
- f—— L txXH e———
+ = =
-1 RESET Viion Viey
xR [=— txF 83-003310A
83-002917A

Serilal Interface

KCY
KL 1KH
tSiK tKs!
Valid
"— S

le—tKSO
80

Valid Output Dats

X

83-003318A
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Operating Characteristics

Tp=25°C
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o
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Operating Temperature Ta [°C]

System Clock Frequency t¢ [kHz]

Counter Clock Input Frequency fx [kHz]

Supply Current Ipp [#A)

fc vs Vpp [External Clock]

1000 T T ,
t 2 | | (Ta=25°¢C)
wo| e .
cu1 i
100 |- t1>tatc= 1 Yt |
21 !
! Defined
y<tpte= 1 Operating Voltage
21
‘ |
| . [
o A
‘ ;
‘ |
: | A
0 1 2 3 4 5 [}

Suppty Voltage Vpp (V)

fx vs Vpp (External Clock]
I ’ B
{Ta=25°C]
| u>wi=1
100 21
Detined
t<tarfx= 1 Operating Voltage
2t
10
|
| |
\ I | | ;
0 1 2 3 a s 6 7
Supply Voltage Vpp [V}
Ipo vs VDD
1000 T T T (82 kO]
500 |- —(Ta=125°C| {160 k2]
—t [240 k0]
cL1 cL2 ] HALT {82 k2]
100 o | HALT {160 kQ} _|
B - HALT (240 kQ
sl 3 N /% [ : )
T = STOP + Xtah Oscillation
10} : //
sk | x1 x2 ,/
32768 3 330 | i
kHz oy STOP [X1=0V]
1 }
os | 22 I:I 33 | «
5 oF F s
0.1 | 8
"o 1 2 3 4 s 6 7 8
Supply Vollage Vpp {V]
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Operating Characteristics (cont)

Ipp1vsfcc 10H vs VOH
500 -6
= ' I {Ta=125°C) [Ta = 25°C]
é 400 —— ] E -5
a = Vop=6V Vobp=5V
cLt cL2
E’ / z Vpp =4V
3 = -4
2 E
300 —— R
£ =ef e - //
H 'Z-é -3
3
9 200 g | et VDD =3V
§ /Woo —sv S - ]
o 5 -
> 100 1 £ | T VDD =25V
a ~ < 2 ] <«
s o ¢ z g
L IS ey (T g g
3 2 o 3
0 50 100 150 200 250 300 L] 1 2 3 4
System Clock Oscillation Frequency fcc |kHz) High-Level Output Voltage Vo [V]
IDD1Vvs TA loL vs VoL
500 20
<
o 400 E / / ﬁoo =4V
] S 15
-] ° VDD =5V
H —_— §
F) 300 g | e VDD =3V
= \ s
K ctt oLz VoD =5V.R = 82 0 S —
t 2 -
€ 200 5 e VDD = 2.5V
H 33 pF R —= /_‘—'
3
] py LI N
> 100 2
g : 3
3 Vpp =3V,R=160kQ g é
o 3 ° 8
—25 0 25 50 75 0 1 2 3 4
Qperaling Temperature T4 [°C| Low-Level OQutput Yollage VoL (V]
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