uPD7508A

4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTER
WITH FIP® DRIVER

NEC

NEC Electronics Inc.

Description Pin Configuration
The uPD7508A 4-bit, single-chip CMOS micro-
computer has advanced fourth-generation architec- PWFS:;E ; ~ ;:g:‘
ture. It is identical to the uPD7508 except for a smaller p2upToUT O 3 »h pf:
RAM and 16 lines of vacuum fluorescent display FIP P22 4 377 pag
drive capability. It contains a 4096 x 8-bit ROM and a P23 s 36 [ Pay
208 x 4-bit RAM. PioE 6 35 g Pag

Py 7 33 P53
The uPD7508A contains four 4-bit general purpose P12} 33[7 Py
registers outside RAM. The subroutine stack is imple- Pla}e <« RpIPs
mented in RAM for greater nesting depth and flexibility. ::“E v 8 » g peo
The uPD7508A executes 92 instructions of the uPD7500 ',3; d2 g 2h N:
series instruction set A with a 10-us cycle time. P3s ] 13 287 Py
The uPD7508A has two external and two internal edge- ::: E :; :: g mﬁ
triggered hardware vectored interrupts. It also contains P12 18 25 1 pourso
an 8-bit timer/event counter and an 8-bit serial interface pra]17 24 [ P01/5CK
to reduce software requirements. Ports 3-6 can be RESET [] 18 23 ] POg/INTO
pulled to —35 V to drive vacuum fluorescent displays. :"‘ 1 22 1 INT1
CMOS technology allows the use of asingle 2.7 V10 6.0 o 20 npot
V power supply with a maximum current consumption 550020894

of 900 pA. This is even lower in the HALT and STOP
standby modes.

Pin Identification

No. Symbol Function

Features 1,40 X2, X1 Crystal clock/external event input port
(J Single-chip microcomputer 25 P2,/PSTB Output port 2/output strobe pulse,
O Executes 92 instructions of uPD7500 instruction set A P2¢/PTOUT, timer out F/F signal
0 Instruction cycle: P2y, P23

— 10 4s/200 kHz (5 V internal) 69 P1p-P13 170 port 1
o Z) gssus/:(z)qtkHz BV e;toe’:AnaI) 10-13 P3q-P33 Output port 3

x 8-bit program - "

O 208 x 4-bit data RAM A7 ProPrs 170 port7
O Interrupt capabilities 18 RESET RESET input

— Two external interrupts: INTO, INT1 19, 21 CL1, CL2 System clock inputs

— Two internal interrupts: INTT, INTS 20 Voo Positive power supply
O 8-bit timer/event counter p INT1 External interrunt
0O 8-bit serial interface erma P
0 Two standby modes 23-26 PDO;%’ Input P‘i" 0/

: P04 s external interrupt,

D) Data retention mode P0,/SO serial 1/0 interface
O 32 1/0O lines P03/S|
O Four high-voltage (40 V) ports
O Two high-current (8 mA) ports 2730 PBo-P63 /0 port 6
O Internal RC oscillation circuitry 31-34 P50-P53 1/0 port 5
O Crystal oscillation circuitry for count clock 35-38 P43-Pdy 1/0 port 4
U Low power consumption 39 Vss Ground

0O Single 2.7 to 6.0 V operating voltage
0O CMOS technology

Ordering Information

Max Frequency

Part No. Package Type of Gperation

uPD7508AC 40-pin plastic DIP 400 kHz

FIPis the registered trademark for NEC's fluorescent indicator panel
(vacuum fluorescent display).
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Pin Functions

POg/INTO, P04/SCK, [Port 0/External Interrupt,
Serial Interface) P02/SO, P03/SI

4-bit input port/serial /O interface. This port can be
configured as a 4-bit parallel input port or as the 8-bit
serial 1/0 interface under control of the serial-mode
select register. The serial input SI, serial output SO
(active low), and the serial clock SCK (active low) used
for synchronizing data transfer make up the 8-bit serial
1/0 interface. Line PQq is always shared with external
interrupt INTO, a rising edge-triggered interrupt. If
POo/INTO is unused, it should be connected to Vgs. If
P04/SCK, P0,/SO, or P03/Sl are unused, connect them
to Vgs or Vpp.

P1g-P13 [Port 1}

4-bitinput/three-state output port. Data outputto porti
is strobed in synchronization with a P2o/PSTB pulse.
Connect unused pins to Vgg or Vpp.

P2o/PSTB, P21/PTOUT, P22, P23 [Port 2]

4-bit latched three-state output port. Line P2 is shared
with PSTB, the port 1 output strobe pulse. Line P24 is
shared with PTOUT, the timer out F/F signal. Leave
unused pins open.

P3¢-P33 [Port 3]

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

Pdg-P4g [Port 4]

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

P53-P5¢ [Port 5]

4-bit input/latched three-state output port. This port
also performs 8-bit parallel 1/0 with port 4. In input
mode, connect unused pins to Vss or Vpp. In output
mode, leave unused pins open.
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P63-P6g [Port 6]

4-bit input/latched 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.

P7¢-P73 [Port 7]

4-bit input/latched three-state output port. In input
mode, connect unused pins to Vgs or Vpp. In output
mode, 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 external event pulses to input X1 while
leaving output X2 open. If X1 is not used, leave it open.
1f X2 is not used, connect it to ground.

CL1, CL2 [System Clock Input]

Connect an 82 kQ resistor across CL1 and CL2, and
connect a 33 pF capacitor from CL1 to Vgs (200 kHz).
Alternatively, connect an external clock source to CL1
and leave CL2 open. If CL1 is not used, connect it to
Vss.

RESET [Reset]

A high level input to this pin initializes the uPD7508A
after power up.

INT1 [Interrupt 1]

External rising edge-triggered interrupt. Connect to
Vgs if unused.

Vpp [Power Supply]

Positive power supply. Apply a single voltage in the
range 2.7 to 6.0 V for proper operation.

Vgs [Ground]

Ground.
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uPD7508A

Block Diagram

PO3/SI
P02/SO 4
P01/SCK
X1 X2 INT1 Poolllu‘l’o
| 1 | 4
Count —*1 Cclo‘ckl Timer/Event Interrupt Serial 1/0
Clock oMol =1 counter [T Controlier [* ] interface
Generator I" Circuit
Port 0
T
& Gher G O [ Ko
P0o-PO3
Port 1
O <:> Buffer <}3> Plo-P1a
Program Counter Port 2 P20/PSTB
Latch :> P21/PTOUT
Buffer P22, P23
v General Registers
D4 | E4 Port 3 :>
Latch 4 >P3p-P33
H4) AI L(a] <:> Buffer
Program Memory Instruction Stack Pointer
4096 x 8-Bit ROM > Decoder Porta
Data Memory Latch P4g-P4a3
208 x 4-Bit RAM Butfer
cL @ Port 5
Latch <§:>Psn-953
Butfer
System
Clock | Goner Porte
Generator Latch P60-P63
Bufter
Port 7
Latch P79o-P73
cLl cL2 RESET Vpp vss L | Bufter
83-002990C
Functional Description Figure 1. Program Memory Map
Address Address
Program Memory e e
Figure 1 is a map of the 4096 x 8-bit program ROM. msB LSB
of7 l s I 5 ] a l‘ 3 I 2 [ 1 l 0 | cooH RESET Pulse vectors program
to address 00H.
INTT [Internal Timer/Event
Counter Interrupt} vectors
16 O10H  prog to address
010H.
INTS or INTO vectors program
32 020H ion 10 address 020H.

INT? {External Interrupt 1}
48 030H vectors program execution
to address 030H.

A L

1 L
192 0COH
LHLT Instruction
207 oCFH | Reference Table
208 0DOH CALT Instruction
Reterence Table
255 OFFH
4 A
- P
Last address tor
2047 7FFH  CALL instruction
entry of the
4 1 #PD7508A
a0ss Jrren
83-0029918
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uPD7508A
Clock Control Circuit Table 1. Selecting the Count Pulse Frequency
The clock control circuit (figure 2) consists of a 4-bit CMy CM; CMg Frequency Selected
clock mode register (bits CMy and CMy), prescalers 1, 0 0 0 CL/256
2, and 3, and a multiplexer. It takes the output of the 0 0 p /64
system clock generator (CL) and count clock generator
circuit (1). It also selects the clock source and divides 0 1 0 X
the signal according to the setting in the clock mode 0 1 1 X
register. It outputs the count pulse (CP) to the 1 0 0 CL/32
timer/event counter. 1 0 p X8
Table 1 lists the codes set in the clock mode register by 1 1 0 Not used
the OP or OPL instruction to specify the count pulse " y p Notused
frequency. Bit CM3 controls the timer out F/F; it is
disabled when the bit is 0 and output when the bitis 1.
When you set the clock mode register with the OP or
OPL instruction, clear the high-order two bits of the
accumulator. CM3 Timer F/F Signal
0 Enabled
1 Disabled
Figure 2. Clock Control Circuit
C Internal Bus —/
*OP, "OPL
CM3 ) CM2| CM1! CMg
To Timer/
System Clock Event Counter
Oscillator
cL2 Prescaler 1 Prncal]crz Prescaler 3
| __ | {1/8] [1/8]
cu e —l
I
Muitiplexer
x1
}fvv- x2 | cP
= Crystal Clock Oscillator/
Event Counter Input
*Command Execution
83-0029928

3-144

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



NEC uPD7508A

Timer/Event Counter

The timer/event counter consists of an 8-bit counter,
an 8-bit modulo register, an 8-bit comparator, and a
timer out flip flop, as shown in figure 3.

The 8-bit count register is a binary 8-bit up counter
which is incremented each time a count pulse is input.
The TIMER instruction, a RESET signal, or an INTT
coincidence signal clears it to O0H.

The 8-bit modulo register determines the number of
counts the count register holds. The TAMMOD
instruction loads the contents of the modulo register.
RESET sets the modulo register to FFH.

The 8-bit comparator compares the contents of the
count register and those of the modulo register and
outputs an INTT when they are equal.

Figure 3. Timer/Event Counter

L Internal Bus w

/} —I 8 TAMMOD*
*TCNTAM

8-Bit Modulo Register

= !

8-Bit Comparator

INTT
to Interrupt Circuit

8

|

8-Bit Count Register

Timer-Out . TOUT
FiF (To Serial Interface)
CLR I T
*Command Execution —d Clock
MSR prout
“Timer Bit-3 topin3
RESET

83-0030138
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Serial Interface

The 8-bit serial interface allows the uPD7508A to
communicate with peripheral devices such as the
uPD7001 A/D converter, the pPD7227 dot matrix LCD
controller/driver, and other microprocessors or micro-
computers. Figure 4 shows the serial interface.

The serial interface consists of an 8-bit shift register, a
3-bit SCK pulse counter, the Sl input port, the SO
output port, the SCK serial clock 1/0 port, and a 4-bit
serial mode select register (MSR). The MSR selects
serial 1/0 or port 0 operation.

Figure 4. Serial Interface

( Internal Bus
oP*
P 8 *TAMSIO . o
“pL 4 “TSIOAM 8
w1l T X 1
POy/SI Lo eiB“ Shli: R.uln:r Shift Mode Register
LSB 1 | 1 MSB l | |
P02/SO J.} SMa
T [To Interrupt
T T ' !
| |
3.Bit Count
1 |
Il i
P04/SCK 0—————¢
'—~ Tout
L4 RS FIF
POG/INTO O »-——-» INTO
R INTS
(To Interrupt Clrcult)
¢ Command Execution
@ System Clock

Q S je————— S0

83-0030148
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uPD7508A
Interrupts Table 2. uPD7508A Interrupts
The uPD7508A has four vectored, prioritized interrupts. ROM Vector
Two of these interrupts, INTT and INTS, are internally  Source Function Location  Priority  Address
generated from the timer/event counter and serial INTT Coincidence in Internal 1 10H
interface, respectively. INTO and INT1 are externally timer/event counter
generated. Table 2 is a summary of the four interrupts. INTS Transfer complete  Internal 2 20H
Figure 5 is a block diagram of the interrupts. signal from serial
interface
INTO INTO pin External 2 20H
INT1 INT1 pin External 3 30H
Figure 5. Interrupt Block Diagram
\ Internal Bus 7
Int Enable Ink
Test Contro! Reg :::,:e'
T 0S 1 F/F
SM3 I I_ rJ
CL
Sync
:::-150__ Muttipiexer ::'2:. E |: :‘J; I
Nonsync
POY/INTO O—— Detoet %I _D_ Priority :> Vector
Control Address
Generator
SI10* N n
eage S 1 — -
INTT Detect R RQF
Timer'—J
—T\
*Command Instruction __Q 4 Rolclu'
83-003424B
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System Clock and Timing Circuitry Figure 6. RC Circuit Frequency Reference

Timing for the uPD7508A is internally generated except
for a frequency reference, which can be an RC circuit

or an external clock source. Connect the frequency vsso—i} % o

R

reference to the on-chip oscillator for the feedback
phase shift required for oscillation. Figure 6 shows the
connection for an RC circuit. Figures 6 and 7 show the
connection for the frequency reference.

cL2

83-002994A

The internal oscillator generates a frequency in the
range 60 kHz to 300 kHz depending on the frequency
reference. For example, at Vpp =5V, an 83 kQ resistor
and a 33 pF capacitor generate a frequency of 200 kHz. N
The oscillation frequency is fed to the ciock control Emm‘_J

circuit. It is divided by two and the resulting signal is Source e

fed to the CPU and serial interface as shown in figure 8.

Figure 7. External Clock Frequency Reference

Table 3 shows the operating status of the various logic Open+—]cL2
blocks under the three power down modes.

—

83-002995A

Figure 8. System Clock Circuitry

Xt
Crystal Clock Clock Control Timer/Event INTT
x2 o | circuit __ [Counter | _ Counter

Pulse

cu System Clock CcL
cL2 Oscillator 2 INTS
O External SCK Source
stor| @ @ [uar
F/F R s R s F/F

Instruction

HALT gy ecution
STOP Instruction

Execution

@Sundby Release
RESET

83-0029968
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uPD7508A

Table 3. Power Down Operating Status

Power Down Mode

Absolute Maximum Ratings
Ta=25°C

Logic Block HALT STOP Data Retention Operating temperature, Topr -10to 70°C
System clock (1) Disabled Disabled Storage temperature, Tgtg —65 to 150°C
X2 Normal Normal Disabled Power supply voltage, Vpp ~03to+7.0V
CPU Disabled Disabled Disabled Input voltage, V;
- - : Except ports 4-6 —0.3toVpp+0.3V
RAM Data retained  Data retained  Data retained Ports 4-6 Vpp — 40 to Vpp + 0.3V
Internal registers  Data retained  Data retained  Data retained Output voltage, Vo
Timer/event Normal (3) Disabled Except ports 3-6 —03toVpp +0.3V
counter Ports 3-6 Vpp—40toVpp +0.3V
Serial interface (2) (2) Disabled Output current, bigh, gy
: Single port, one pin except ports 3-6 —17 mA
INTO Normal Normal Disabled Single port, one pin ports 3-6 _30mA
INT1 Normal Disabled Disabled Alt port pins —150 mA
RESET Normal Normal 4 Output current, low, lg
. One pin 17 mA
Note: All port pins 50 mA

(1) Supplied to timer/event counter but not to CPU or serial
interface.

(2) Can function normally if the seriai MSR is set to get the SCK
signal externally or from the TOUT signal.

(3) Can function normally if the clock MSR is set to use X1 as the
source for the count pulse.

(4) You must raise RESET while Vpp is lowered to enter data
retention mode. Raise RESET when Vpp is raised, then lower it to
end the data retention mode. INTT, INTO, INTS or RESET
releases STOP mode. RESET or any interrupt releases HALT
mode.

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.

Capacitance
Ta=25°C,Vpp =0V
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cy 15  pF
Output capacitance Co 15 pF Except port 3
Co 35  pF Port3
1/0 capacitance Cio 15 pF  Except ports
Cio 35 pF Ports 4-6
3-149
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uPD7508A NEC

DC Characteristics
Tp =—10t0 +70°C, Vpp =2.71055V

Limits

Test
Parameter Symbol Min Typ Max Unit Conditions
input voltage, high Vi 0.7 Vpp Vpp v Except CL1, X1, ports 4-6
ViH2 Vpp — 0.5 Voo v CL1, X1
ViH3 0.7 Vpp Voo v Ports 4-6; Vpp =45t 55V
ViH3 Vpp — 05 Vpp v Ports 4-6; Vpp =310 4.5V
ViH3 25 Vpp v Ports 4-6; Vpp=27103V
VIHDR 0.9 Vpppr VpppRr + 0.2 v RESET, data retention mode
Input voltage, low ViLt 0 0.3 Vpp v Except CL1, X1, ports 4-6
ViL2 0 05 v CL1, X1
Vi Vpp — 35 0.3 Vpp v Ports 4-6
Output voltage, high Vou Vpp— 1.0 V' Except ports 3,6; gy = 1.0 mA,
Vpp=45t055V
VoH Vpp — 2.0 v Ports 3, 6; gy = —8.0 MA;
Vpp=451t055V
VoH Vpp — 05 v lgy = —100 LA;
Vpp=271055V
Output voltage, low VoL 0.4 N Except ports 3, 6; I, = 1.6 mA,
Vpp=45t055V
VoL 05 v Except ports 3, 6; lo, = 400 uA;
Vpp=271055V
Input leakage current, ILiH1 3 pA Except CL1, X1, ports 4-6;
high Vi=Vpp
ILiH2 10 uA CL1, X1; Vi =Vpp
ILIH3 60 uA Ports 4-6; V| = Vpp
Input leakage current, ILiLt -3 pA Except CL1, X1, ports 4-6;
low Vi= oV
I —10 uA CL1, X1, vy =0V
L3 —30 7 Ports 4-6; V| = Vpp —35V
Output ieakage current, ILoH1 3 uA Vo==Vpp
high Except ports 4-6
ILoH2 30 A Ports 4-6; Vo = Vpp
Output leakage current, ILoLt -3 A Vo=0V
low Lot Z30 A Ports 3-6; Vg = Vpp — 35 V
Supply voltage VDDDR 20 N Data retention mode
Supply current Ipp1 300 900 pA Normal operation, Vpp =
5V £10%; R = 82 kQ £2%,
C =33 pF 5%
'pb1 70 300 pA Normal operation, Vpp =
3V £10%; R = 160 kQ 2%,
C = 33 pF 5%
IpD2 1 20 uA Stop mode, Vpp =5V £10% (1)
Ipp2 0.3 10 uA Stop mode, Vpp = 3 V £10% (1)
IopoR 0.3 10 A Data retention mode
Vpppr = 2.0V
Note:

(1) X1 =0V, ports 4-6 output disabied or low level input.
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uPD7508A
AC Characteristics
Ta=-10t070°C,Vpp =2.7t0 55V
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 150 200 240 kHz CL1, CL2, RC clock, R = 82 kQ) +2%;
C =33 pF +£5% Vpp = 5V 10%,
I AC/°C! <60 ppm
fee 75 100 120 kHz CL1, CL2, RC clock, R = 160 kQ +2%; C =
33 pF + 5% Vpp =3 V +10%, | AC/°C| <
60 ppm
fee 75 135 kHz CL1, CL2, RC clock, R = 160 kQ +2%;
C =233 pF +5%! AC/°C| < 60 ppm
fc 10 410 kHz CL1, external clock, 50% duty,
Vpp=45t055V
fc 10 125 kHz CL1, external clock, 50% duty,
Vpp=27V
System clock rise and tcr. toF 0.2 us CL1, external clock
fall times
System clock pulse width teH. tor 11 50 us CL1, external clock, Vpp =4.5t0 55V
tcH. toL 35 50 us CL1, external clock, Vpp =27 V
Counter clock fxx 25 32 50 kHz X1, X2, crystal oscillator
frequency fx 0 410 kHz X1, external pulse input
50% duty, Vpp =4.5t06.0 V
fx 0 135 kHz X1, external puise input
50% duty, Vpp=27V
Counter clock rise and xR, txF 0.2 us X1, external pulse input
fall times
Counter clock pulse width txH, txL 11 us X1, external pulse input, Vpp =4.5t0 5.5V
txH, txr 35 us X1, external pulse input, Vpp =27V
Port 1 output setup tpsT (1) us Vpp=45t055V
time to PSTB 1
tpsT (2) us
Port 1 output hold tsp 0.1 us Vpp=45t055V
time from PSTB high
tsTp 0.1 us
PSTB low pulse width tsTL (1) us Vpp=45t055V
tsTL 2 us
SCK cycle time tkey 30 us SCK as input, Vpp = 4.5t0 5.5V
tygy 5.0 us SCK as output, Vpp =4.5t0 55V
tkey 7.0 us SCK as input
tkcy 14.0 us SCK as output
SCK pulse width tiH. tkL 13 us SCK as input, Vpp =4.5t0 5.5 V
tki, KL 22 us SCK as output, Vpp = 4.5t0 55 V
k. tkL 33 uS SCK as input
tkH. kL 6.5 us SCK as output
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AC Characteristics (cont)

Limits Test

Parameter Symbol Min Typ Max Unit Conditions
St setup time to SCK high  tgik 0.3 us
S! hold time after SCK high  tks) 0.45 us
S0 delay time atter tsko 0.85 us Vpp=45t060V
SCK low tsko 12 us
INTO puise width tioH 10 us

toL 10 us
INT1 pulse width t1H (3) us

L (3) us
RESET puise width tRSH 10 us

tRSL 10 us
RESET high set up time tsps 0 ns
RESET high hold time tHRS 0 ns
Note:

(1) tge/2 —0.8orfc/2—038
(2) fee/2 — 0.3 orfe/2 — 0.2
(3) 2/fcc or 2/c
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Timing Waveforms

Timing Test Points External Interrupts
0.7 Voo 0.7 Voo tiou 1 fioH
0.3 Vop 0.3 Vpp \ ,L 5L
INTO
B3-003411A
the thH
Clocks
INTt \
1/1c 83-003317A
teL 1
CL1 Input \ / RESET
tCcR—{ |&— — icF

tRsSL | tRSH
1/1x | RESET
{8 g

83-003318A
X1 Input \ /

txR—e] fo— —of l—txr Data Retention Mode

83-003412A

f[s——Data Retention Mode—s{

tSRS t
v HRS
oo VDoDR v
RESET \ — 1
VIHDR Viu
tKCy ]
l:——— tkL tKH ' 83-003319A
SCK
X /

SIK —=te-tKS)

Valid
"

r—tKSO
SO Valid Output Data X

83-003316A

Serial Interface

Output Strobe

N
v

P19-P13 _gL Output Data E—

PSTB \
K

tsTLY

83-003414A
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Operating Characteristics

fvsR

200 \

N

Oscillation Frequency, f [kHz]
-
2

cL2 cit VoD =3V \

N | _ T3
° 50 100 200 500
Resistance, R (k2]
tcc vs VDD
250 T T
CL2 CL1 |
— A=82k0
w 200 |— e
-_‘z‘_ ‘[' C=33pF
Q
L2
3
g 1s0
E R =160 k2
g —
3 100
Fi
© 3
* :
| S
2 3 4 s 6
Supply Voltage, VoD {V]
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Supply Current, IpD [¢A]

Supply Current, Ipp [uA]

10

30

10

IDD vs VDD [HALT Mode]

\ N

I: 33 pF

Ports 4-6

_—

Output

83-003011A

&
l

3 5

o

Supply Voltage, VoD [V]

1pD vs VDD [STOP Mode]

7

/ / x1 x2

'

L~ .

R1 =330 k0 a

Ports 4-6
Output

C1=20pF —
c=mpr T cz
Xtal = 32.768 kHz

83-003012A

i
3 4 5 L]

Supply Current, Vpp [V]
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