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NEQ N E C ELECTRONICS INC 4-Bit, Single-Chip
] - ~ CMOS Microcomputers

NEC Electronics Inc. With LCD Controller/Driver
T249-19- 40

Description

The 4PD7502 and uPD7503 4-bit, single-chip CMOS
microcomputers have advanced fourth-generation archi-
tecture with the functional blocks necessary for a
single-chip controlier, including an 8-bit timer/event
counter, an 8-bit serial 1/0, and an LCD controller/
driver. N

The instruction set includes the following types of
instructions: addressing, table look-up, bit manipu-
lation, vectored jump, auto increment or decrement
data pointer, and conditional skip. These instructions
maximize use of fixed program memory space.

Both devices are manufactured with the CMOS process
and have a maximum power consumption of 900 uA at
5 V and 300 pA at 3 V. Halt and stop modes further
reduce power consumption,

These devices are ideal for a wide range of solar- and
battery-powered applications.

Features

0O 92 powerful instructions
O Program ROM
— uPD7502: 2048 x 8-bit
— uPD7503: 4096 x 8-bit
O Data RAM
-— uPD7502: 128 x 4-bit
— uPD5703: 224 x 4-bit
O Interrupts
— External: INTO, INT1
— Internal: INTT {timer/event counter)
INTS (serial interface)
O 8-bit timer/event counter
— Based on crystal oscitlation
— External event counter (prescale aption by 64)
O Serial interface
0 LCD controller/driver
— Programmable multiplexing mode: triplex,
quadruplex, or pseudo-static
— 4 common lines (COMy-COMgz)
— 24 segment lines (Sg-Sa3)
O Standby modes: stop, halt
O Data retention mode
O /O ports
— 3-bit input port
— 4-bit input port
~— 4-bit output port
— Two 4-bit 1/0 ports with 8-bit capability
~ 4-bit I/0 port with each bit configurable as an
input or output

50270 (NECEL-538)

O RC oscillation clock

O Crystal oscillation clock

0 2.5 to 6.0 V operating voltage
O GMOS technology

Ordering Information

’ Max Fraguency
Part No. Package Type of Operatien
#PD7502GF-12 64-pin plastic QFP 410 kHz
pPD7503GF-12 64-pin plastic QFP 410 kHz
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Pin Identification

T-49./9- 40

Status of Unuséd Pins

Ho. Symbol Funclon Name - Pin Connection
1 NC ~ No connection CL2 _ Open
24,64 P33-P3y 4-bit output port 3 X1 Vss
57 P0a/Si 3~b§t input port 0, or X2 ~ Open

%;goﬁ serial 170 interface % g—g-( Vss or Vop
8-11 P63-Py 4-bit 1/0 port6 P03/t .
12-15 P53-P5¢ 4-bit 1/0 port 5 P1/INTO Vss
18-19 P43-Pdg 4-bit 1/0 port 4 P14-P13 Vss or Vpp
20, 21 . X2 X1 Crystal clock/external event P3;-P33 Open

input port X P46-P43 : ' ' T Input mode: Vgs or Vpp

2 Vss Ground P5g-P53 .- Qutput mode: Open
2325 VicoaVicot LCD blas supply inputs- Plio-PG3
26, 58 Vop Positive pc;wer supply INTH Vss
27-30 COM3-COMy LCD backplane driver outputs ?:%ﬁfﬁcwa Open
31-54 S23-Sp L.GD segment driver outputs Vicoi-Vicos
55 INTH External interrupt
56 RESET RESET input
57,59 CL1, CL2 System clock input
60-63 P13-P1y, 4-bit input port 1, or

P1p/INTO external interrupt INTO
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Pin Functions

P03/S1, P02/SO, P04/SCK [Port 0 or Serial
Interface]

This port can be configured as a 4-bit paralle! input
port 0 or as the 8-bit serial 1/0 interface under control
of the serial mode select register. The serial interface
consists of the serial input (Sl), the serial output (SO),
and the serial clock (SCK), which synchronizes data
transfer, )

*

P13-P14, P1o/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-P3g [Port 3]
4-bit, latched three-state output port 3.

Pd3-P4g [Port 4]

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

P53-P5q [Port 5]

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

P63-P6g {Port 6}

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

COM3-COMj [LCD Backplane Driver Outputs]
LCD backplane driver outputs,

$23-Sg [LCD Segment Driver Outputs]
LCD segment driver outputs.

7-99-19-y0

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/
7508. :

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

For crystal clock operation, connect a 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-k(2 resistor across CL1and GL2, and a
33-pF capacitor from CL1 to Vgg. Or, connect an
external clock source to CL1 and leave CL2 open.

Vicoa-Vicpi [LCD Bias Voltage Inputs]

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

Vpp
Positive power supply. For proper operation, apply a
single voltage from 2.5t0 6.0 V.

Vss
Ground.
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Block Diagram
SCKIP01  SliP03
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83-0034308

See figures 1 through 8 for additional block diagram

details.
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T=49-17-40

Figure 1. Data Memory Map Figure 2. Program Memory Map
Address Address Address Address
[Decimal] [Hex) [Decimat} [Hex]
0 j 0OH MSB LsB
LCD Segment Data Y RESET Pulse Vectors Program
Storage Area ofrislsl4jslzjifofooon ¢ lon to Address 00H
Px) 17H
24 18H INTT [intarnal Timer/Event
LU} I 010H  Counter Interrupt} Veclors
Exszution to 010H
: INTO/S [External Interrupt or
a2 . 020H  Sarlal Interface Interrupt]
Vectors Execution Yo 020H
- INT? {External Interrupt 1]
§ A 930H  Vectars Executlon to 030K
™~
. a
PDT502 g s
= .
o 2 -
J_ 127 FH % 5 i 0COH
128 80H o & LHLT instruction
§ 9 i OCFH Reference Table
] 208 0D0H  ALT Instruction
285 OFEH Reference Table
1023 ] 3FFH
1024 | ) 400H
Last Address lor
LPD7503 . Y 2047 7FFH  CALL Instruction
2048 - 800H  Entry {zPD7503)
223 ) DFH
830034324 ¥ 4085 FFFH
83-003431A
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Figure 3.

Interface at Inpui/Ouiput Ports

T-49-19-40

Type A
P14, Pi2, P13

Voo

P-ch

Input

Vss

Type B
INTY, POY/SI, P10/INTO, RESET

—c@——ds Input

Type D
P30-P33
Voo
P-ch
Quiput
Output
Dlsable
N-ch
Vss

Voo
* P-ch -
° Input/
Oulput
Output
Disable
N-ch
Vss

Type E ,
P02/SO, P4g-P43, PS0-P53, P6(-P63

Voo,

P-ch

_
=

N-ch

Vss

Type F_
PO4/SCK

Data

Voo
P-ch
: Input/
=2 output
Quiput
Disable
N-ch
Vss
n o
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T-49-19-4p

Flgure 4. Clock Control - )
) Intemal Bus ‘S
2 j[+———*OP, OPL
*Command execution '
cmi CMo Clock Mode Register
MPX
Prescaler 1
oL t4)
Prescaler 2 , Leocl
(1/64) - {(LCD Controller/Driver)
X
Clock Mcde Register
CM1i [CMO| Count Pulse LCD Clock MPX

i 1
[ 0 L x ET CL x 456

1 1 cp
0 1 Xx Xx e (TimerEvent Counter)

1
1 0 X CLx 256
1
1 1 X X x» 64
83-0033218
Flgure 5. Timer/Event Counter
Internal Bus
AN

‘TONTAM

CP ~————»]

Count Hold
Clreuit

LB;—M TAMMOD®

8-Bit Modulo Reglster

8-Bit Comparalor

_ INTT

1

8-Bit Count Register

*Command Execution

CLR

Timer-Qut

{To Interrupt Circuit)

fIF

CLR l T

“TIMER
RESET

o Tour
(To Serlal [ntertace)

830033228
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Figure 6. Interrupt Control

NEC

T.Y5-19-90

\ Internal Bus ?
sm-_é t EI"i} irbl' /\
INT
INT Enable
e Master
Tast Control Reglstar Enable
T 0/ F/F
Serdal MSR BIt3 N L_ __I
cL
Sync '
INT10—— s Edge s
Mulliplexer INT1
INTS ——] Delact [®_ R ROF N
Nonsyne 1
1 Edge S l
P1O/INTO 0~ Detect INTors —D_ Frlo Vectar
r n_ROF | pod Address
i Conlrol '_I»/ Generator
sno':-oD_' Nonsync
Edge S | ! ’—-
INTT Datect R :g:
Timert —— g
— N\ Standb
*Cemmand Execution —— N R:l:ug
§3-0034338
Figure 7. Serlal Interface
i\ Internal Bus )
8 Je—— *TaMsIo —— OP0s
‘TSIOAM ——» §
uk T LT
POyIS! o— P> 4 8.8t Shit| Reglstar - Shilt Made Reglster
LSB I = | MSB
POSO <} sM3
— ]
3;Bit Count —
—-I > I |
i I
PO4i5TK 0—— 4
f— TOUT
L RS FiF
A INTS
" (To Interrupt Clrcuit)
* Command Execution
¢ System Clock
Q Sfe———si0
830008038
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Figure 8. ' LCD Controller/Driver

T-49.15-Y0

{

Iaternak Bus

2 OP, OPL (Command Execution)

Data 23H 224 o1H 00H
Memory | 3 2 1 6|3 21 0 32 1 3210
3 y
) 214 0[3 210 3 2 1 3 2 10 2
Multiplexer E
: d

DMt | DMO IDl'splay MSR

1 I l
L‘—""‘ Timing Conlroller
1 L

+—— LCD CL
|

Jg U

Ssgment Dilver

LCD Blas Voltages

Common Driver

| i

S2 S22 §1

Muitiplexer
3 2 1 0

LCD Voltage Ladder Connections
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\
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|
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>
RS .
I |
vienz i [
R i:
c
)
Vicos I
‘i
Ry 37
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i

[ ]

Vieoa vVigp2 vLCDl
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N
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—L P.ch
T

L
f

P.ch
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So-S23 Outputs (Type H)

P.ch

$———0 OUT
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Absolute Maximum Ratings Capacitance
TA=26°C - , TA=26°C;Vpp =0V
Power supply voltage, Voo =03t +7.0V Limits Test
All input and output voltages —03VtoVpp+03V  Parameter  Symhol Min Typ Max ~ Unlt Gonditions
Output current high, loy Input G 15 pF.  fo=1MHz
Per pin —17mA  capacitance Unmeasured
Total, output ports —20 mA Qutput Co 15 oF ems returned to
Output current low, lgL capacitance 55
Per pin ) 17 mA - -
/0 Cio 15 pF
Total, oujput ports - 55mA capacitance
Operating temperature, Topr —10to +70°C
Storage temperature, Ts1g —65 to +150°C .
Comment: Exposing the device to stresses above those listed in
Absolute 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 Volis
Ta=—1010+70°C
Limits Tost
Parameter Symbol Min Typ Max Unit Conditions
Input voltags, high Vig1 0.8 Vpp Voo v Except CL1, X1
Vin2 Vop—0.3 Vi v CL1, Xt B
ViHpR 0.9 Vpppr Voopg + 0.2 v RESET, data retention mode
input voltage, low ViL1 0 - B:2Vpp v Except GL1, X1
ViLe ¢ 0.3 v ct1, x4
Output voltage, high Vou Vop— 05 v lgy=—80pA
Output voltage, low Vou 0.5 v lop =350 A
Input ieakage current, high Iy 3 Ji7.) Except CL1, X1; Viy =Vpp
) fLiH2 10 A CL1, X1; Viy=Vpp
Input leakage current, low Ity -3 uA Except CL1, Xt; Viy=0V
(I -10 uA CLL XL, Vy=0V
Output leakage current, high 1oy 3 uA Vo=Vpp
Output leakage current, low I ot -3 uA Vo=0V
Supply voltage Vouor 20 v Data retention mode
Supply current Ipp1 50 250 uA Normal operation, Vgp = 3 V & 10%;
R=240 k02 +2%, C =33 pF £5%
35 230 uA Normal operation, Vpp=2.5V;
R =240 kx £2%, G = 33 pF 5%
lpp2 03 10 uh Stop mode, X1=0V; Vpp =3V +10%
02 10 uA Stop mode, X1=0V; Vpp=25V
lobpR 02 10 LA Data retention mode, Vpppp =2.0 V

3-12
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DC Characteristics 2

For Vpp = 2.7 10 6.0 Volts
Ta=-—1010 +70°C

T-499.79-¢p

Limits ) Tost
Parameter Symbol Min Tp Max Unit Conditions
Input voltage, high Vi1 0.7 Vpp Vop v Except CL1, X1
- Vin2 Vpp — 0.5 Voo v CL1, X1 7
ViHoR 0.9 Vpopr Vpopr +0.2 RESET, data retention mode
Input voltage, low Vit 0 0.3 Vpp v Except CL1, X1
Vi 0 0.5 Vo CLlLX1
Qutput voltage, high Vou Vop—1.0 v lok=—1.0mA, Vpp=45t0 6.0V
Vpp — 05 Vo g =—1004A '
Output voitage, low VoL 04 v lo=16mA, Vpp=45t06.0V
7 0.5 Vo g =400 uA :
Input leakage current, high Iy 3 uA Except L1, X1; Vi = Vpp
IUH2 10 CpA CL1L X
Input leakage current, low I -3 MA Except CL1, X1; V=0V
' Il -10 uA  CL1, X1
Output leakage current, high I gy 3 uA Vo= Vpp
Output leakage current, low I g -3 pA Vo=0V
Qutput impedance (1) Rcom 3 5 ko COMy-COM3; Vpp=4.5t06.0V
5 15 ko  COMg-COM;
Rg 15 20 kQ S¢Sy Vpp=451060V
20 60 kQ Sp-S23
Supply voltage Vboor 2.0 6.0 V. Dataretention mode
Supply current lbpy 300 900 uA  Normal operation, Vpp =5V £ 10%;
R=082kQ £ 2%, C=33 pF £ 5%
70 300 A Normal operation, Vpp =3V & 10%;
R =160 k2 2%, C =33 pF £ 5%
lopz 1.0 20 pA  Stopmode, X1=0V;Vpp=5V £ 10%
0.3 10 uA Stop mode, X1=0V;Vpp=3V £ 10%
IonoR 0.2 10 A Data retention mode, Vpppgr =20V
Note:

(1) Vicp=27Vto Vpp
Vicot = Voo — (1/3} Vicp
Vicp2 = Vob ~ (2/3) Vien
Vicpa = Vobp ~ Vicp
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AC Characteristics 1
For Vpp = 2.7 t0 6.0 Volts

Ta=—1010+70°C

T-Y49./9-40

Limits

Test
Parameler Symbol Min Typ Max Unit Gonditlons
Sysfem clock frequency foo 180 200 240 kHz  Vpp =5V £10%; R =82 kQ +2% (Note 1)
75 100 120 kHz Vpp =3V +10%; R = 160 kQx +2% (Note 1)
75 135 kHz  R=160 kQ £2% (Note 1)
fo 10 410 kHz gl61‘,lextemal clock, 50% duty; Vpp = 4.5to
7 10 125 kHz  CL1, external clock, 50% duty; Vpp=2.7V
?_ystem clock rise and fall tcp. fep 0.2 ] CL1, external clock
ime
System clock pulse width teHs toL 12 50 us GL1, external clock; Vpp =4.5t0 6.0V
7 40 50 us CL1, external clock; Vpp =27V
Counter clock frequency fxx 25 32 80 kHz X1, X2, crystal oscillator
fx 0 410 kHz X1, external pulse input, 50% duty;
Vpp=45t06.0V
6 125 kHz X1, external pulse input, 50% duty;
) Vpp=27V
:}'ounter clock rise and fall R tYF 0.2 us X1, external pulse input
ime
Counter clock pulse width txh L 1.2 s X1, external pulse input; Vpp =4.5t06.0V
4.0 us X1, external pufse input; Vpp =27V
§CK cycle time txey ) pus  SCKasinputVpp=45t0 6.0V
8.0 us  SCK as input
49 ps  5CKas output; Vpp=45t06.0V
16.0 us  SCK as output
SCK pulse width tehe L 13 #3s  SCKasinput; Vpp=45t06.0V
40 us  SCKasinput
2.2 ps  SCKas output; Vpp =4510 6.0V
8.0 us §CK as output
Sl setup time to SCK 1 tsik 300 ns
81 hold time after SCK 1 tkst 450 ns
S0 delay time after SCK | tyso - 850 ns  Vpp=45Vie6.0V
1200 ns '
INTO pulse width tions tioL 10 o5
INT1 pulse width titns L (Note 2) us
RESET pulse width trsH: tRsL 10 us
RESET setup time tsRsS ns
RESET hold time tHRs ns
Notes:

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

3-14
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AC Characteristics 2

ForVpp = 2.5 {0 3.3 Volis
Tp=-—1010 +70°C

Limits Test
Paramater Symbal Min Typ Max Unit Conditions
System clock frequency foo 50 80 kHz R =240 kQ +2% (Note 1)
50 64 7 kHz Vpp =2.5V; R = 240 k) +:2% (Note 1)
fe .10 80 kHz CL1, external ¢clock, 50% duty
?ystem clock rise and fall ten. tor . 02 s CL1, external ¢lock
ime
System clock pulse width toH: toL 625 50 S CL1, external clock
Counter clock frequency fxx ' 25 32 50 kHz X1, X2, crystal oscillator
) fx 0 80 kHz X1, external pulse input, 50% duty
gounter clock rise and fall txps IF 02 s X1, external pulse Input
ime .
Counter clock pulse width teH. XL 6.25 us X1, external pulse input
5CK cycle time tkoy 125 us §CK as input
25 us §CK as output
SCK pulse width tkh KL 8.25 s §CK as input
15 us §CK as output
81 setup time to SCK 1 tsik 1 us
S! hold time after SCK | tksi 1 us
S0 delay time after SCK | tks0 2 us
INTO pulse width tioHs tioL 30 us
INT1 pulse width tiHe tHL (Note 2) : us
RESET pulse width tRSHs tRSL 30 us
Notes:

(1) RC network at CL1 and CL2; C = 33 pF +5%,] AC/°C|= 60 ppm.
(2) 2x 108 + fc or fg In kHz,

Recommended R and C Values for System

Clock Oscillation Circuit
Ta = —10to +70°C

Recommended

Supply Vollage Range Values {Note 1) Frequency Range
45t060V R =82k +2% 150 to 250 kHz,

- 200 kHz typical
27t033V R =160 kQ +2% 75 to 120 kHz,

100 kHz typical

2760V R =160 kQ+ 2% 75 to 135 kHz
25t033V _ R =240 kO 2% 50 to 80 kHz
25t060V R=240kQ 2% 50 10 85 kHz

Note:
(1) C =33 pF 5%, |AC/°C| < 60 ppm.

3-15
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Timing Waveforms

Timing Measurement Points External Interrupts

VoD = 2T to 6.0 V ; —AjoL— 1t toH

X :; 553 Test Points :; \\.';:X INTO W
' it { f——tH——s;

Vpp =251033V mn_\ : l;‘ \\_

0.3 Vpp ’ 0.8 VnT;X §3-003317A
X 0.2 Vop Toat P',""“ 0.2 Vop - )

83-0314A R Gsef ~
Clock Timing 1RSL 1 tRSH i
e RESET \ [/ l\
oL tcH . } 83-003319A
Input _x : Z
K 7 . Data Retention Mode
=+ [»—1tcR [+— tcF
414,
o . l«——Data Retantion Mode—
" L 15H _— —
) - SRS+ tHRS
tnput _\ 7 N Voo \ VopoR A Vit
9 . X \—
— RESET VtHDR Vit
=1 xR | I IXF
83-003319A
830029177
Serlal Interface
i KoY -
txL » KH |
N - —
t5IK—s}a-1Ks)
Vala
st ] Inpul Data
le—1K50 .
so % Valld Quiput Data x
83-003316A
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Operating Characteristics

Ta=25°C
{fccvsVpo fc vs Vpp [External Clock]
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2 300 — I | z cL1 l | I I /
& ¢l cL2 X,
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-3 it —— 3 3
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8 I I N ] X1 l | I /
2 ™ T i } )
s 200 ' ' ‘\ § 100 |~ [T=2 75 !x=i /
a g 2t2
g Vop=3V & } Defined
3 oL cL2 i an 5 H<ttx=_1 Operating Voltage
S 100 — a 2t
] — £
= — ]
f |[—wnps A Y 3
s B3 S S w
o -
g % - §
[} 5
<
£ i ¢
20, g 1 @
20 50 100 200 500 0 1 2 3 4 5 6 7
Realstance R [k} Supply Voltage Vpp [V}
fcovs Ta Ipb vs VpD
259
& Voo =5V, 1oco T 1 | (82 k0]
] | BTE2kQ 500 |- ~{Ta=25°¢C| {s0k]  —
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Operating Characteristics (cont)
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