NEC

NEC Electronics Inc.

uPD7506
4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTER

Description

The uPD7506 CMOS 4-bit single chip microcomputer
has the uPD7500 series architecture. Twenty-two I/O
lines are organized into the 2-bit input port 0, the 4-bit
output port 2, and the 4-bit I/O ports 1,4, 5, and 6. The
device executes 58 of the uPD7500 Set B instructions,
and has a 5-us instruction cycle time. The subroutine
stack isimplemented in RAM for greater nesting depth
and flexibility.

Due to the CMOS process, the device has a maximum
power consumption of 600 uA at 5V, and this is further
reduced in halt and stop modes.

Features

[0 1024 x 8-bit program ROM

[J 64 x 4-bit data RAM

O 8-bit timer/event counter

O Two 4-bit generai-purpose registers

O Two testable interrupts

[0 5-us instruction cycle/400 kHz external clock
[0 600 4A max current consumption

O 2 standby modes

22 1/0 lines

Ordering Information

Pin Configurations

28-Pin Plastic DIPs
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N RESET
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52-Pin Plastic Minifiat

Max Frequency

Part No. Package Type of Operation
uPD7506C 28-pin plastic DIP 410 kHz
uPD7506CT 28-pin plastic shrink DIP 410 kHz
uPD7506G-00 52-pin plastic miniflat 410 kHz
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Pin Identification

28-Pin Plastic DIPs

No. Symbol Function

1, 25-27 P43-P4y 4-bit 1/0 port 4

2 X2 Externat event input

3 P03/X1 input port 0/Clock input

4 P2,/PSTB QOutput port 2/Output strobe

5 P24/PTOUT Output port 2/Timer out F/F signal
6-7 P2,-P23 Output port 2

8-11 P6g-P63 4-bit /0 port 6

12, 13 CL1, CL2 System clock input

14 Voo Positive power supply

15 RESET RESET input

16-19 P1o-P14 4-bit 1/0 port 1

20-23 P5¢-P53 4-bit 1/0 port 5

24 POy/INTO Input port 0/External interrupt
28 Vss Ground

52-Pin Plastic Minifiat

No. Symbol Function
3.5 CL1, CL2 System clock input

7, 33 Vop Positive power supply

8 RESET RESET input

9-11, 16 P1p-P14 4-bit 170 port 1

16-18, 21 P5¢-P53 4-bit 1/0 port 5

23 POg/INTO Input port 0/External interrupt
24, 29, 30, Pdgy-Pd3 4-bit 1/0 port 4

34

31 Vss Ground

36 X2 External event input

41 P03/ X1 Input port 0/Clock input

42 P20/ﬁ Output port 2/0utput strobe
43 P24/PTOUT Output port 2/Timer out F/F signal
44, 45 P25-P23 Output port 2

47-50 P6y-P63 4-bit 1/0 port 6

1, 2, 4, 6 NC No connection

12-15, 19,

20, 25-28,

32, 35, 37-40,

46, 51, 52

3-76

Pin Functions
POo/INTO, P03/X1 [Port 0]

2-bit input port 0. Line POg is shared with external
interrupt INTO. Line POz is shared with crystal clock/
external event input X1. Ground any unused pins.

P1p-P13 [Port 1]

4-bit input port or three-state output port. Output is
strobed in synchronization with the PSTB pulse. Con-
nect unused pins to Vgg or Vpp.

P2¢/PSTB, P21/PTOUT, P23, P23 [Port 2, Strobe,
Timer F/F Output]

4-bit latched, three-state output port. Line P2q is
shared with the port 1 output strobe pulse PSTB. Line
P2, is shared with the timer out flip flop signal PTOUT.
Leave unused pins open.

P43-P4g [Port 4]

4-bit input or latched three-state output port. Can
perform 8-bit parallel I/0 in conjunction with port 5. In
input mode, connect unused pins to Vpp or Vgg. In
output mode, leave unused pins open.

P53-P5¢ [Port 5]

4-bit input or latched three-state output port. Can
perform 8-bit parallel I/0 in conjunction with port4. In
input mode, connect unused pins to Vgg or Vpp. In
output mode, leave unused pins open.

P63-P6¢ [Port 6]

4-bit input or latched three-state output port. The port
6 mode select register (MSR) configures individual
lines as inputs or outputs. in input mode, connect
unused pins to Vgg or Vpp. In output mode, leave
unused pins open.

CL1, CL2 [System Clock Input]

Connect a 120-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.

X2, X1 [Crystal Clock/External Event Input]

For crystal clock operation, connect a crystal oscillator
circuit to input X1 and output X2. For external event
counting, connect external event pulses to input X1
and leave X2 open. If X1 is not used, connectitto Vgs. If
X2 is not used, leave it open.

RESET
A high level input to this pin initializes the uPD7506.
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Voo

Positive power supply. For proper operation, apply a
single voltage from 2.7 to 6.0 V.

Vss
Ground.

Block Diagram

PO3/X1 X2 POo/INTO
. POg/INTO,
PO3/X1
X CP
27::': Clock Ti Interrupt Port 0
Generator 1—" Control Counter Controiler Butfer
cL L tout P1g-P13
Port 1
[ Buffer
P29-P23
Port 2
Latch 4
l Program Counter (10) ] ALU c “ Buffer
[General Registers} Pdo-Pa3
Port 4
H{4) ] L4} Latch
Buffer
Stack Polnter (6)
P50-P53
Port 5
Latch
Program Memory Butfer
1024 x 8 Bits Instruction
Decoder P6o-P63
Data Memory Port &
64 x 4 Bits Latch
Buffer
¢ cL
System
Clack Contror
Generator
cu cL2 Vop Vss RESET
83-003463C
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Clock Control Circuit Table 1. Selecting the Count Pulse Frequency

This circuit consists of a 4-bit clock mode register CMy CMg Fraguency Selected
(CMR), prescalers 1and 2, and a multiplexer, as shown CL/256

in figure 1. The circuit selects the clock source, accepts X/64
output from the system clock oscillator (CL) and count

clock generator circuit (X), divides the signal according X

to the setting in the CMR, and outputs the count puise X
(CP) to the timer/event counter.

The OP or OPL instruction sets the CMR as defined by

table 1. Before loading the CMR, it is necessary to clear CM3 TOUT Signal

bit 2 of the accumulator (A2) to zero. 0 Disabled
1 Enabled

ala|lolo
awajlo|=|lo

Figure 1. Clock Control Circuit

y Internal Bus 5

2 OP. OPL

CcM3 cm2 cm CMO Clock Mode Register

To Timer
Event Counter
System Clock

Oscillator

MPX

cu
2 CL Prescaler 1
P4 114)

cL2
A Prescaler 2

/J; (1164)

CcP

X1 (Timer/Event Counter)
(] X
[M WVVE P

Crystal Clock Oscillator/
Event Counter Input

83-0039228
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Timer/Event Counter

The timer/event counter consists of an 8-bit count
register, an 8-bit modulo register, an 8-bit comparator,
and a timer out flip flop, as shown in figure 2.

The count register is a binary up-counter that in-
crements each time a count pulse is input. The TIMER
instruction, a RESET signal, or an INTT coincidence
signal clears it to OOH. When an overflow occurs, the
counter is reset from FFH to O0H.

Figure 2. Timer/Event Counter

The modulo register determines the number in the
count register. The TAMMOD instruction sets the
contents of the modulo register. On reset, its contents
are FFH.

The comparator compares the contents of the count
register and the modulo register; when equal, the
comparator outputs INTT.

TAMMOD
Instruction Execution

l 8-Bit Modulo Register

0!

| 8-Bit Comparator } INTT [C ]
8
Counter Pulse
[from Clock Control Circuit]
\ﬁl 8-Bit Counter Register l

Timer
Out F/F

i

TIMER
Instruction
Execution or
RESET Pulise

T
PCLR Clock MSR _L_"‘D_, PTOUT
Bit3 [to P2y/PTOUT Pin]

83-003464B
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Interrupts

The uPD7506 has two interrupts, INTT and INTO. INTT
is internally generated by the timer/event counter.
INTO is externally generated. See figure 3.

System Clock and Timing Circuitry

Timing for the uPD7506 is internally generated except
for a frequency reference, which can be an RC circuit
or an external clock source. Connect the frequency
reference to the on-chip oscillator for the feedback
phase-shift required for oscillation. Figure 4 shows the
connection for an RC circuit. Figure 5 shows the
connection for an external clock source.

Table 2 compares stop and halt modes. The main
difference is that stop mode stops the system clock;
halt does not.

Figure 3. uPD7506 Interrupts

Table 2. Stop and Halt Modes

Mode CL @ X CPU Timer
Stop X X 0 X A
Halt 0 X 0 X 5}
0. operates

x: stops

A: external clock source: operates
internal clock source: stops

[~~~

internal Bus

Test RQF
Control
t
g
Nonsync INTT
INTT Edge Gate R RraF @
Timer*
™ Standby
y INTO _D—“
INTO O_LD— Edge Gate r RaF @ Release
*Instruction Execution
83-0034658
Figure 4. RC Circuit Connection Figure 5. External Clock Source Connection

Vsso—-{ cL1
4PD7506
cL2

83-003780A

External cu
Source

uPD7506

Open «———{CL2

83-003781A
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1/0 Pin Configurations

uPD7506

Figure 6 shows the different input and output con-
figurations.

Figure 6. Interface at Input/Output Ports

Type A ____ TypeD
P03/X1 P20/PTSB, P21/PTOUT, P22, P23
Voo Vbbb
P-ch
Output
-— Input
Output
Disable
N-ch
N-ch Vss
vss
TypeE
P6o-P63, P50-P53, P4g-P43, P10-P13
Type B Voo
P0o/INTO, RESET
P-ch
_D_ O Input
Input/
I Gutput
Output
Disable
N-ch
Voo Vss

i
-

4

Vss

83-003466C
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Absolute Maximum Ratings Capacitance
Ta=25°C Ta=25°C;Vpp =0V
Operating temperature, Topr —10 to 70°C Limits Test
Storage temperature, Tsyg —65 to 150°C Parameter Symbol Typ Max Unit Conditions
Power supply voltage, Vpp —03to+7.0V Input capacitance Cy 15 pF  fo=1MHz
- B Unmeasured pins
3t +03V

Total, input and output voltages 0.3to Vpp + 0.3 Output capacitance  Cg 15 pF returned to Vs
Output current high, loy 1/0 capacitance Cio 15 pF

Per pin —17 mA

Ports 2, 6 —17mA

Ports 1, 4,5 —20 mA
Output current low, lo.

Per pin 17 mA

Ports 2, 6, P43 25 mA

Ports 1, 5; P4y-P4p 25 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.

DC Characteristics
ForVpp=27106.0V
Ta=—10to +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vpp v Except CL1, X1
ViHz Vpp — 05 Vop v cL1, Xt
VIHDR 0.9 Vpppr Vpopr + 0-2 v RESET, data retention mode
Input voltage, low Vit 0 0.3 Vpp v Except CL1, X1
ViL2 0 05 v CL1, X1
Output voltage, high Vo Vpp— 10 v lop=—1.0mA; Vpp=4.5106.0V
Vpp — 05 v lgL = —100 wA
Output voltage, low Vo 0.4 v lo=1.6mA; Vpp=4.51t06.0V
05 v loL = 400 A
Input leakage current, high ILiH1 3 uA Except CL1, X1; V) = Vpp
ILH2 10 pA CL1, Xt; V= Vpp
Input leakage current, low Lt -3 pA Except CL1, X1; Vi =10V
L2 —10 pA CLE, X1, Vi=10V
Output leakage current, high ILOH 3 pA Vo="Vpp
Output leakage current, low ILoL -3 A Vo=0V
Supply voltage VDDDR 20 v Data retention mode
Supply current Ipp1 200 600 vA Normal operation, Vpp = 5 V +10%: R =120
kQ 2%, C = 33 pF £5%
50 180 pA Normal operation, Vpp = 3 V £10%; R = 240
kQ +2%, C = 33 pF £5%
Ipp2 1.0 10 uA Stop mode, X1 =0V;Vpp=5V £10%
03 5 pA Stop mode, X1=0V; Vpp =3V £10%
IpoDR 0.2 5 pA Data retention mode, Vpppr =2.0 V
3-82
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DC Characteristics (cont)
For VDD =25t033V
Ta=—10to +70°C
Limits Test
Parameter Symbol Min Tvp Max Unit Conditions
Input voitage, high ViH1 0.8 Vpp Voo v Except CL1, X1
Vi Vpp — 0.3 Vpp v CL1, X1
VIHDR 0.9 Vpppr Vpppr + 0.2 v RESET, data retention mode
Input voltage, low ViLy 0 0.2 Vpp v Except CL1, X1
ViLe 0 0.3 v CL1, X1
Output voltage, high VoH Vpp — 0.5 v lon = —80 pA
Output voltage, low VoL 05 v loL = 350 pA
Input leakage current, high VLiHY 3 uA Except CL1, X1; V= Vpp
V02 10 uA CL1, X1; Vi = Vpp
Input leakage current, low VuLs -3 HA Except CL1, X1; V)=0V
VuLe -10 pA CLt, X1, V=0V
Output leakage current, high ILon 3 pA Vo= Vpp
Output leakage current, low Lo -3 pA Vo=0V
Supply voltage VDDDR 20 v Data retention mode
Supply current Ipp1 35 150 uA Normal operation, Vpp =3 V £10%;
R =390 kQ 2%, C = 33 pF £5%
25 130 uA Normal operation, Vpp=2.5V;
R =390 kQ +2%, C = 33 pF +5%
Ipp2 0.3 5 KA Stop mode, X1=0V; Vpp =3V £10%
0.2 5 uA  Stop mode, X1=0V;Vpp=25V
IppDR 0.2 5 pA Data retention mode, Vpppgr =2.0V
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AC Characteristics

ForVpp =2.7106.0V
Ta=—10to +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 150 200 240 kHz Vpp =5V £10%; R = 120 kQ2 +2% (Note 1)
75 100 120 kHz Vpp = 3V £10%; R = 240 kQ +2% (Note 1)
75 135 kHz R = 240 kQ +2% (Note 1)
fo 10 410 kHz CL1, external clock, 50% duty; Vpp = 4.5 to
60V
10 125 kHz CL1, external clock, 50% duty; Vpp =27V
System clock rise and fafl tcR. toF 0.2 us CL1, external clock
time ’
System clock pulse width teH. toL 1.2 50 us CL1, external clock; Vpp =4.5t0 6.0V
40 50 us CL1, external clock; Vpp =27V
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal osciliator
fx 0 410 kHz X1, external pulse input, 50% duty;
Vpp=45t06.0V
1] 125 kHz X1, external pulse input, 50% duty;
Vpp =27V
Counter clock rise and fall xR, IXF 0.2 Hus X1, external puise input
time
Counter clock pulse width txH, txL 12 us X1, external pulse input; Vpp =4.5t0 6.0V
40 us X1, external pulse input; Vpp = 2.7 V
Port 1 output set-up time to tpsT 1/(2f, — 800) ns Vpp=45t06.0V
PsTe ! 1/(2tcc — 2.0) ns
Port 1 output hold time after tsTp 100 ns Vpp=45t060V
PSTB t 100 s
PSTB pulse width tswL 1/(2f, — 800) ns Vpp=4.51t06.0V
1/(2fcc — 2.0) ns
INTO pulse width tioH. tioL 10 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 +5%,|AC/°C|< 60 ppm.

3-84
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AC Characteristics (cont)
ForVpp=2.7103.3V
Ta=-—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Cenditiens
System ciock frequency fee 50 80 kHz R =310 k2 +2% (Note 1)
50 64 7 kHz  Vpp=25V;R =310 k2 +2% (Note 1)

fc 10 80 kHz  CL1, external clock
System clock rise and fall tcR. icF 0.2 us CL1, external clock
time
System clock pulse width toH toL 6.25 50 us 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
Counter clock rise and fall txR. IXF 0.2 us X1, external pulse input
time
Counter clock pulse width IxH, txL 6.25 uS X1, externat pulse input
Port 1 output set-up time to tpst 1/(2cc — 2) ns
psTg t
Port 1 output hold time after tsTp 100 ns
PSTB 1
PSTB pulse width towL (2fge — 2) ns
INTO pulse width tion. tior 30 us
RESET pulse width trsH, tRsL 30 us
RESET setup time tsRs 0 ns
RESET hold time tHRs 0 ns
Note:

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

Recommended R and C Values for System

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

Supply Recommended
Voltage Range Values Frequency Range
45t06.0V R = 120 k(2 +2% 150 to 250 kHz,
200 kHz typical
271033V R = 240 kQ +2% 75 to 120 kHz,
100 kHz typical
27t06.0V R = 240 kQ+ 2% 75 to 135 kHz
25t033V R =390 kQ +2% 50 to 80 kHz
25t06.0V R=30kQ+2% 50 to 85 kHz
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Timing Waveforms

Timing Test Points

VpD = 27to 60V

07V 0.7 V|
oo Test Points oD
0.3 Vpp 0.3 Vpp

Vpp = 25t0 2.7V

0.8 Vpp Test Point 0.8 Vpp
0.2 Vpp st Points 0.2 Vpp

83-003314A

Clocks

+ e -
fe———tcL CH
[—tcF tcR
X Vi
cL1 ViLz

[ : e -
e T wxr— -
Xt ViHz
—A VL2

83-003315A

External Interrupt
tioL | toH
INTO \
B83-003467A
Reset
tRSL | tasH
RESET \
83-003318A

Data Retention Mode

|e——Data Retention Mode——{

—_—
SRS+ tHRS
Vv
oD \ VDDDR ViHe
RESET =4/
VIHDR Vi

83-003319A

Output Strobe

P1g-P13 Output Data

le———tpst————+] |e——tsTP——=

m

tsTLY

83-003414A
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Operating Characteristics

uPD7506
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Operating Characteristics (cont)

lop1vs fce loH vs VoH
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