4-BIT, SINGLE-CHIP
NEC ’ uPD7501

ics Inc. CMOS MICROCOMPUTER
NEC Electronics Inc WITH LCD CONTROLLER/DRIVER

Description Pin Configuration
The uPD7501 4-bit, single-chip CMOS microcomputer e c
has advanced fourth-generation architecture with the N o ES
functional blocks necessary for a single-chip controller, i‘é’l ﬁ r§| g r§| ;_"'1 '>: f_"‘ E l@l 1‘?1 [’-:"1 I'Z’;
including an 8-bit timer/event counter, an 8-bit serial - 1 58 55 52
I/0, and an LCD display controller/driver. ned 1 511 s3
P32 [ 1S4
The uPD7501 contains two 4-bit general-purpose P3y ] O N ss
registers outside of RAM. The uPD7501 executes a P3 ] 4 48 [Jss
subset of the uPD7500 series B instruction set with a ”WS'E 357
- . . . P02/SO Sg
10-us instruction cycle time. poysck O 7 P
Maximum power consumption is 900 yA at 5 V and P63 H S10
300uA at3V. The HALT and STOP instructions further = I e P
reduce power consumption. Po 3 b 5:;
P53 11514
Features P52 [ 13 39 [ s4s
sy [ s
O 1024 x 8-bit program ROM PSo ] [ 517
3 96 x 4-bit data RAM Paz 16 36 [1s18
O Interrupts Paz O H St
—External’ INTO, INT1 o= I who
—Internal: INTT (timer/event counter), INTS \ 20 23 26 29 32
(serial interface) e R R A P R =
D 8-bit timer/event counter RXSGBEEBELEEESS
—Based on crystal oscillation 55703038 —
—External event counter (prescale option by 64) -
O Serial interface oe .
O LCD controller/driver Pin Identification
—Programmable multiplexing mode: triplex or No. Symbol Function
‘c:uadruplexr (COMo-COMa) 1 NC No connection
—4 common lines o~ 3
—24 segment lines (Sq-Sa) 2-4,64 P33-P3y Output port 3
O Standby modes: stop, halt 5-7,.55 P03/SI Input por} 0, serial 1/0 interface,
{1 Data retention mode P02/S0 external interrupt
P04/SCK
= '/2 PO”St . POg/INT1
—3 input ports
—1 output port 8-11 P63-P6y 170 port 6
—31/0 ports 12-15 P53-P5¢ 1/0 port 5
O RC oscillation clock 16-19 Pd3-P4g 1/0 port 4
O Crystal oscillation clock 20,21 X2, X1 Crystal clock/external event input
{0 2.5 t0 6.0 V operating voltages » v Ground
O CMOS technology S5
23-25 Viceps-Vicot LCD bias voltage inputs
Ordering Information 26, 58 Voo Positive power supply
Max Frequency 27-30 COMg-COM3 LCD backplane driver outputs
Part No. Package Type of Operation 31-54 S3-Sp LCD segment driver outputs
uPD7501G-12 64-pin plastic miniflat 410 kHz 56 RESET Reset input
57, 59 CL1, CL2 System clock input
60-63 P13-P14 Input port 1, external interrupt
P1g/INTO
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NEC

Pin Functions

P03-POg [input Port 0]; SI, SO, SCK [Serial
1/0 Interface]; and INT1 [External Interrupt]

This port can be configured as a 4-bit parallel input
port or as the 8-bit serial 1/O interface under control of
the serial mode select register. The serial input S,
serial output SO, and the serial clock SCK (active low)
used for synchronizing data transfer make up the 8-bit
serial 1/O interface. Line PQp is always shared with
external interrupt INT1. If POp/INT1 is unused, it should
be connected to Vgg. If P01/SCK, P02/SO, or PO3/Sl are
unused, connect them to Vgs or Vpp.

P13-P1g [Input Port 1] and INTO
[External Interrupt]

Four-bit input port. Line Plg is shared with external
interrupt INTO, a rising edge-triggered interrupt. If
P1o/INTO is unused, connect it to Vgs. If P13-P1, are
unused, connect them to Vgg or Vpp.

P33-P3g [Output Port 3]

Four-bit latched three-state output port 3. Leave unused
pins open.

P43-Pd [1/0 Port 4]

Four-bit input/latched three-state output port. This
port also performs 8-bit paraliel 1/O with port 5. In
input mode, connect unused pins to Vgg or Vpp. In
output mode, leave unused pins open.

P53-P5¢ [1/0 Port 5]

Four-bit input/latched three-state output port. This
port also performs 8-bit paraliel 1/0 with port 4. In
input mode, connect unused pins to Vgs or Vpp. In
output mode, leave unused pins open.

P63-P6g [1/O Port 6]

Four-bit input/iatched three-state output port. The
port 6 mode select register configures individual lines
as inputs or outputs. In input mode, connect unused
pins to Vgg or Vpp. In output mode, leave unused pins
open.
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COM3-COM, [LCD Backplane Driver Outputs]

Leave unused pins open.

S23-Sg [LCD Segment Driver Outputs]

Leave unused pins open.

Vicp3-Vicp1 [LCD Bias Voltage Inputs]

LCD bias voltage supply to the LCD voltage controller.
Apply appropriate voltages from a voltage ladder
connected across Vpp. Leave unused pins open.

X2, X1 [Crystal Clock/External Event Input]

For crystal clock operation, connecta crystal oscillator
circuit to input X1 and output X2. For external event
counting, input event pulses to X1and leave X2 open. If
X1 is notused, ieave itopen. If X2 is not used, connectit
to Vss.

CL1, CL2 [System Clock Input]

Connect an 82-kQ resistor across CL1 and CL2, and
connect a 33-pF capacitor from CL1 to Vss. Alter-
natively, connect an external clock source to CL1 and
leave CL2 open.

RESET [Reset input]

A high-level input to the RESET pin initializes the
uPD7501 after power-up.

Vpp [Positive Power Supply]

Apply a single voltage in the range +2.7 to +6.0 volts
for proper operation.
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Block Diagram

SCKIPOy SHPO3

X1 X2 INTO/P1g INT1/POg SO/PO;

X cp
Count Clock T

Generator Control Counter

Test
Control
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i oot @

g
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l Program Counter (10) ] ALY

0

Program Memory

1024 x 8 Bits Instruction
Decoder

g
N

H(4)

I L

Stack Pointer (8)

U

Data Memory
98 x 4 Bits

SCoUnT

Port 0
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P0g-PO3

Port 1
Buffer

P1g-P13

Port 3
Latch
Buffer

P3¢-P33

4

Port 4
Latch
Buffer

P4g-Pag

Port 5
Latch
Buffer

P5o-P53

Port 6
Latch
Buffer

<

é CTL LCDCLW U -
System Standby LCD Controller/Driver
Ga‘il:rca':ov Control
24 4
cu cL2 Voo Vss RESET So-S23 COM-COM3 VLCI‘:’1. Vicpz,
LCD3
83-0033138
Details of some blocks on the diagram are illustrated
in figures 1 through 6 as listed below.
Figure Title
1 Interface at Input/Output Ports
2 Clock Control
3 Timer/Event Counter
4 Test Control
5 Serial Interface
6 LCD Controller/Driver
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Figure 1. Interface at Input/Output Ports
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83-003320C
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Figure 2. Clock Control

l Internal Bus ‘5
2 OP, OPL
cm CMo Clock Mode Register
MPX
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oL * (114)
2 LcoCL
(1/64) (LCD ControlleriDriver)
X
Clock Mode Register
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0 | o cLx gk cLx !
256 256
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o 1 X x 64 X x 64 (Timer/Event Counter)
1
1 0 X CL x 356
1] x X x -}
64
83-0033218
Figure 3. Timer/Event Counter
{ internal Bus -\
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830033228
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Figure 4. Test Control
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83-0033238

Figure 5. Serial Interface
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Figure 6. LCD Controller/Driver

uPD7501
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DC Characteristics

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

Limits Test
Parameter Symbo! Min Typ Max Unit Gonditions
Input voltage, high ViH1 0.7 Vpp Vop v Except CL1, X1
ViHz Vpp — 0.5 Vop v CL1, X1
ViHDR 0.9 Vpppr Vppor + 0.2 v RESET, data retention mode
Input voltage, low Vit 0 0.3Vpp v Except CL1, X1
ViLz 0 05 v CL1, X1
Output voltage, high Vou Vpp— 1.0 v loy=—1.0mA; Vpp=45t0 6.0V
Vpp — 0.5 v fgL = —100 wA
Output voltage, fow VoL 0.4 v lor=16mA; Vpp=45t06.0V
0.5 V' loL = 400 LA
Input leakage current, high ILH1 3 #A Except CL1, X1; Vi = Vpp
ILin2 10 uA CL1, X1; Vi = Vpp
Input leakage current, low Iut -3 uA Except CL1, X1, V=0V
L2 -10 A CL1, X1, V=0V
Output leakage current, high ILoH 3 pA Vo =Vpp
Output leakage current, low ILoL -3 pA Vo=0V
Output impedance (Note 1) Rcom 3 5 kQ COMg-COM3; Vpp =4.5106.0V
5 15 kQ COMg-COM3
Rs . 15 20 kQ Sg-So3; Vpp=451060V
20 60 kQ So-So3
Supply voltage VDDDR 2.0 6.0 \ Data retention mode
Supply current oDt 300 %00 uA Normal operation, Vpp =5 V £10%;
R = 82 kQ +2%, C = 33 pF £5%
70 300 pA Normal operation, Vpp = 3 V £10%;
R = 160 kQ +2%, C = 33 pF £5%
lpp2 1.0 20 uh Stop mode, X1 =0V; Vpp =5V +10%
03 10 A Stop mode, X1=0V; Vpp =3V £10%
'DDDR 02 10 A Data retention mode, Vpppr = 2.0 V
Note:

(1) Viep =2.7Vto Vpp
Vicpt = Voo — (1/3) Vicp
Viepz = Voo — (2/3) Vico
Vicos = Vop — Vicp
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NEC uPD7501

DC Characteristics (cont)
For Vpp = 2.5 to 3.3 Volts
Ta=—10to +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high Vini 0.8 Vpp Vop \ Except CL1, X1
Vin2 Vpp — 0.3 Voo v CL1, X1
VIHDR 0.9 Vpppr Vpppr + 0.2 v RESET, data retention mode
Input voltage, low ViLt 0 0.2 Vpp v Except CL1, X1
Viez 0 03 v CL1, X1
Output voltage, high Vox Vpp— 0.5 v lon = —80 A
Output voltage, low VoL 0.5 v loL = 350 wA
Output leakage current, high ILoH 3 uA Vo= Vpp
Output leakage current, low lLoL -3 pA Vo=0V
Supply voltage VDDDR 20 v Data retention mode
Supply current ipD1 50 250 uA Normal operation, Vpp = 3 V +£10%:;
R =240 kQ +2%, C = 33 pF +5%
35 230 HA Normal operation, Vpp =25 V;
R =240 kQ 2%, C = 33 pF +5%
lop2 03 10 A Stop mode, X1=0V; Vpp =3V £10%
0.2 10 HA Stop mode, X1=0V; Vpp =25V
IpDDR 0.2 10 HA Data retention mode, Vpppg = 2.0 V
Absolute Maximum Ratings Capacitance
Operating temperature, Topy —10to +70°C Ta=25°C. Vpp =0V
Limi
Storage temperature, Tgrg —65 10 +150°C _Limits Test
Par Symbol TYyp Max Unit Conditions
Power supply voltage, Vpp —03to+7.0V -
Al inpat and outoat vort VoV 03V Input capacitance C 15 pF f=1MHz
Input and output voltages —0. 0 Vpp +0. " unmeasured pins
Output capacitance G 15 pF
Output current high, Igy 0 returned to Vgg
Per pin —17mA -
Total, output ports —20 mA 1/0 capacitance Cio 15 pF
Output current low, Ig
Per pin 17 mA
Total, output ports 55 mA

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.
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AC Characteristics

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

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 150 200 240 kHz Vpp =5V £10%; R = 82 kQ +2% (Note 1)
75 100 120 kHz Vpp = 3V £10%; R = 160 kQ 2% (Note 1)
75 135 kHz R = 160 kQ +2% (Note 1)
fc 10 410 kHz CL1, external clock, 50% duty; Vpp =4.510
60V
10 125 kHz CL1, external clock, 50% duty; Vpp =2.7 V
System clock rise and fail ter. toF 0.2 us CL1, external clock
time
System clock pulse width o, toL 12 50 us CL1, external clock; Vpp =4.510 6.0V
40 50 us CL1, external clock; Vpp =27V
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 410 kHz X1, external puise input, 50% duty;
Vpp=4.51060V
0 125 kHz X1, external pulse input, 50% duty;
Vpp=27V
Counter clock rise and fall txp. txr 0.2 us X1, external pulse input
time
Counter clock pulse width txH. XL 1.2 us X1, external pulse input; Vpp = 4510 6.0V
40 us X1, external pulse input; Vpp =2.7 V
SCK cycle time tkcy 3.0 us SCK as input; Vpp=451t0 6.0V
8.0 us SCK as input
4.9 us SCK as output; Vpp =45t 6.0V
16.0 us SCK as output
SCK pulse width tgHs tKL 13 us SCK as input; Vpp =4.5t0 6.0V
40 us §CK as input
22 us SCK as output; Vpp =4.5106.0V
8.0 us SCK as output
Sl setup time to SCK tsiK 300 ns
Sl hold time after SCK 1 tks! 450 ns
SO delay time after SCK | tkso 850 ns Vpp=45V106.0V
1200 ns
INTO pulse width tion. tioL 10 us
INT1 pulse width tH. tiL 211y us
RESET pulse width tRSH. tRSL 10 us
RESET setup time tsrs 0 ns
RESET hold time tHRs 0 ns
Note:

(1) RC network at CL1 and CL2; C = 33 pF is%.lAC/"Clé 60 ppm.
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uPD7501
AC Characteristics (cont)
For Vpp = 2.5 to 3.3 Volis
Ta=—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock trequency feo 50 80 kHz Vpp =5V £10%; R = 240 k2 +2% (Note 1)
50 64 77 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. tcF 0.2 us CL1, external clock
time
System clock puise width toH. toL 6.25 50 us CL1, external clock
Counter clock frequency fxx 25 K74 50 kHz X1, X2, crystal oscillator
fx 0 80 kHz X1, external puise input, 50% duty
Counter clock rise and fall txR. txp 0.2 us X1, external pulse input
time
Counter clock pulse width txH, txL 6.25 us X1, external pulse input
SCK cycle time tkey 12.5 us SCK as input
250 us  SCKas output
SCK puise width tkH. tkL 6.25 us SCK as input
1.5 us SCK as output
Sl setup time to SCK 1 tgik 1 us
S hold time after SCK 1 tks| 1 us
S0 delay time after SCK | tkso 2 us
INTO puise width tioH. tioL 30 us
INT1 pulse width t1H, 1L 2/t us
RESET pulse width trRsH. tRSL 30 us
RESET setup time tsmrs 0 ns
RESET hold time tHRs 0 ns

Note:

(1) RC network at CL1 and CL2; C =33 pF 15%,|AC/°C]S 60 ppm.

Recommended R and C Values for System

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

Recommended

Supply Voltage Range Values (Note 1)

Frequency Range

45t06.0V R =82 kQ +2% 150 to 240 kHz,

200 kHz typical
271033V R =160 kQ +2% 75 t0 120 kHz,

100 kHz typical
27060V R =160 kQ + 2% 75 to 135 kHz
251033V R =240 kQ +2% 50 to 80 kHz
25V R=240kQ +2 % 50 to 77 kHz
Note:

(1) C =33 pF £5%|AC/°C|< 60 ppm.
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Timing Waveforms
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Operating Characteristics
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Operating Characteristics (cont)

IpD1 vs fcc ipp1vs TA
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