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NEC

uPD8041AH, uPD8741A

DESCRIPTION

FEATURES

PIN CONFIGURATION

8-BIT, SINGLE-CHIP
NMOS MICROCOMPUTERS
WITH UNIVERSAL PPI

The uPD8041AH and uPD8741A are programmable peripheral interface controllers intended
for use in master/slave configurations with 8048, 8080A, 8085A, 8086, and other 8- and 16-bit
microprocessors. The uPD8041AH/8741A functions as a totally self-sufficient controller with
its own program and data memory to effectively unburden the master CPU from 1/0 handling
and peripheral control functions.

The bus structure and data and status registers of the uPD8041AH/8741A allow easy interface
to the master processor bus. This enables the processor to perform control tasks which offload
main system processing and more efficiently distribute processing functions.

The uPD8041AH/8741A contains an 8-bit CPU, 1K x 8 program memory, 64 x 8 data memory,
18 1/0 lines, a counter/timer, and a clock generator. The program memory for the uPD8041AH
is factory maskprogrammed, while program memory for the uPO8741A is UV EPROM for
more flexibility.

e Complete single chip microcomputer
— 8-bit CPU
— 1K x 8 ROM / UVPROM
~ 64 x 8 RAM
— 8-bit timer/counter
— 18 1/0 lines
® 8048-, 8080A-, BO85A-, 8086-compatible bus structure
® Asynchronous slave-to-master interface
— 8-bit status register
— Two data registers
® (Interrupt, DMA, or polled operation
® Expandable 1/0
® Single +5V power supply (8041AH)

{Top View)
U
TESTO o—=1 40——oVee
XTAL1 0—={2 39f=——o0 TEST1
XTAL2 o—{3 38f——0 P27/DACK
RESET o—{4 37f=—-=0 P26/DRQ
SSo—~5 36 =—0 P25/IBF
CSo——=16 35f=—0 P24/08BF
EAO—17 34~—=0 P17
fDo—~{g HPDBOIAH .|, 546
AQO——{g HPD8741A 32l=—0 P15
WR o—={10 31}=—=0 P14
SYNC o=—11 30f~—=0O P13
DO O=—={12 29f{=—=0 P12
D10=—={13 28f=—=0 P11
D20=-—{14 27=—=0 P10
D3 O=—=115 26— Vpp
D4 O~—={16 25F——0 PROG
D5 O=—=i17 24|=——0 P23
D6 O=—=118 23f=—=0 P22
D7 O=—=119 22f=—=0 P21
Vgs 0—20 21{~—0 P20




NEC

uPD8041AH, uPD8741A
PIN IDENTIFICATION NO. SYMBOL FUNCTION
1 TO Testable input 0
2 XTAL1 Crystal input 1
3 XTAL2 Crystal input 2
4 RESET Reset input
5 SS Single step input
6 cs Chip select input
7 EA External access input
8 RD Read strobe input
9 Ag Adress input 0
10 WR Write strobe output
" SYNC SYNC output
12-19 Do-D7 Bidirectional data bus
20 Vss Ground potential
21-24,35-38 P20-P27 Quasi-bidirectional Port 2
25 PROG Program pulse output
26 VoD Programming supply voltage
27-34 P1g—P17 Quasi-bidirectional Port 1
39 T Testable input 1
40 Vee Primary power supply
BLOCK DIAGRAM
Internal
Bus
oB8B
(8) Status (4)
P Gu— I G
Port 1 P17
Program
Status (8)
Data Memory
14)
‘ :> Decods |  Reg Bank 1 Rsiden:
D8eoUT , Steck RAM Array
Do 07 > Reg Bank 0
DBBIN | Multiplexer
Master |
System J— | Peripheral
Interface R —==( Instruction —_—— Interface
2= et
& —=q |
Ao *1 controt 110 P2g-
Logic —_ Port 2 P2y
A —= [ Poriar |
SYNC ——] uPDB41A Expander
ss 1K x 8 EPROM Interface
PROG uPDBO41AH
RESE 9 "‘p.’.,‘:.’:,‘?" Conditional |+—— TESTO
Memory Branch Logic - TEST1
Crystat XTALY ——= 10-bit
Lo o {xnu.z — ] ™™ Program
Counter

Vpp —* *+5 Supply
Vee — = *+5 Supply
Vgs —* Ground

,.{

B8:bit Timer/
Event Counter




NEC

uPD8041AH, uPD8741A
ABSOLUTE MAXIMUM
RATINGS
Ta =25°C
Power supply voltage, VcC —0.5V to +7.0V
Power supply voltage, VDD —0.5V to +7.0V
Input voltage, ViN —0.5V to +7.0V
Output voltage, VO —0.5V to +7.0V
Operating temperature, TOPT 0°C to +70°C
Storage temperature, TSTG ! —65°C 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 the specification. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.
CAPACITANCE Ta = 25°C
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
input capacitance C) 10 pF
Output Capacitance Cio 20 pF
DC CHARACTERISTICS
Ta =0°C to +70°C, Vo = Vpp = +5V £ 10 %, Vgg = 0V
uPD8741A uPD8041AH
PARAMETER SYMBOL TEST CONDITIONS MIN | MAX MIN | MAX | UNIT
Input voltage ViL All except X1, X2, and RESET —-05) 08 -05| 08 A\
low Vit X1, X2, RESET -05| 06 —05[ 06 v
Input voltage ViH Except X1, X2, and RESET 20 |Vee 2.0 (Vce \4
high ViH1 X1, X2, RESET 38 [Vee 38 [vec | Vv
VoL Dg—D7.SYNC, Ig|_=2.0 mA 0.45 045 | Vv
g"w“’“' voltage |0 ™ Except PROG, IgL = 1.0 mA 0.45 045 | V
VoL2 PROG, Ig| = 1.0 mA 0.45 045 | Vv
Output voitage | YOH Do-D7, IgH = —400 »A 24 24 v
high VOH1 All other outputs: gy = —50 uA | 2.4 24 v
Input current Il P19—P17, P29—P27; V|_= 0.8V 0.5 05 mA
low [I'Y) SS, RESET; V| =0.8V 0.2 02 | mA
Input leakage TO, T1, RD, WR, CS, EA, Aq,
current o Vss < VN < Voe +10 $10 | wA
Output leakage Dg—Dj7, High Z state,
current lou Vgg +0.45 V < VN < Voo £10 +10 KA
Supply current | DD Voo 5 15 mA
(total) Ipp + Icc 135 125 mA




uPD8041AH, uPD8741A NEC

AC CHARACTERISTICS
Ta =0°C to +70°C, Vo = Vpp = +5V ¢ 10 %, Vgg = 0V

DBB READ
PD8741A uPDB041AH
PARAMETER SYMBOL TEST CONDITIONS MIN | MAX MIN | MAX |UNIT
|—
CS, Ag setup
to RD 4 AR 0 o ns
CS, Ag hold
after (R’D + tRA 0 o] ns
RD pulse width tRR 250 160 ns
TS, Ag, to data 1PD8741A: C|_= 150 pF
out delay 'AD uPDBO41AH: G = 100 pF 225 130 | ms
RD | to data uPD8741A: C|_= 150 pF
out delay tRD uPDB041AH: G = 100 pF 225 130 | ns
RD 1 to data
float delay 'DF 100 85
Cycle time 1y 25 ] 15 1.36] 15 ns
DBB WRITE
uPDBT41A uPD8041AH
PARAMETER SYMBOL TEST CONDITIONS MIN | MAX MIN | MAX |UNIT
CS, Ap set
::os f' up AW 0 0 ns
TS, Ag hold
after t WA 0 ° ns
WR pulse width [ty 250 160 ns
Data setup
e tow 150 130 ns
Data hold after '
WR 1 wo o V] ns
PORT 2
uPD8741A #PDB041AH
PARAMETER SYMBOL TEST CONDITIONS MIN | MAX MIN | MAX [UNIT
Port control . -
sotup 10 PROG ; |1CP uPDBO41AH: C|_ = 80 pF 110 100 ns
Port control hold . =
after PROG | tpC uPDB041AH: C_ =20 pF 100 60 ns

Input data setup

et e tpR wPDBO41AH: Cy = 80 pF 810 650 | ns
input data tpE uPDBO0A4TAK: C| = 20 pF o | 150 o [ 150 | ns
g‘(‘f‘g““i,:ae" tpp uPDBO041AH: C|_ = 80 pF 250 200 ns
Output data tpD uPD8041AH: C|_ = 20 pF 65 65 ns
PROG pulse tpp 1200] 700 ns
DMA
4PD8741A | LPDBO41AH
| PARAMETER _|SYMBOL TEST CONDITIONS MIN|MAX | MIN]MAX |UNIT
mﬁs%f’vﬁ tace 0 ) o] ns

DACK hold time

atter RD, WR  |'CAC 0 0 ns

Data utput delay|. | orcoaia o creooe | | o0s |
after DACK tACD uPD8741A: C_ = 150 pF 225 130 ns
DRQclear delay 1
time after tCRQ uPD8041AH: C|_ =100 pF 200 130 ns
RD, WR




NEC uPD8041AH, uPD8741A

AC TIMING TEST POINTS

24V 20V - Test <: 2.0V
045V 0.8V Points 0.8V

TIMING WAVEFORMS

PORT 2
swe _/ \ /\ /-
Expander
Port
tDP—-I""'tPD
P!
Output X Port 20-23 Data Port Control X Output Data ﬁ
Expander
Port [L tPR |e{tPE
:E C
Input X Port 20-23 Data ‘X Port Control x lS::at
cp tpPC—
f tpp
PROG 4
_/

PORT (EA=1)

swe _/ \ VA
P10-P17
P20-P21 Port Data X pPC X Port Data X PC




uPD8041AH, «PD8741A

NEC

DMA

DACK \

D " 7[
TACC [ tcac
WA h
tACC == tcAC
Data Bus Valid x valid X
[+-tACD
R e
DRQ T
tCRQ ICRQ

READ OPERATION (DBBOUT REGISTER)

_ (System’s
CSor AO >§F k Address Bus)
tAR
le———tRR ———] tRA:
(Read
RD Control)
~-tRD—~] tDF~]
tAD
Data Bus .
(Output) Data Valid
WRITE OPERATION (DBBIN REGISTER)
{System’s
CSor AD XL & Address Bus)
tAW tww- |“WA"
I ! {Write
WR Control}
|~—tpw—= twp
Data Bus Data . Data
(Input) May Change X Data Valid— K May Change




NEC

uPD8041AH, «PD8741A

FUNCTIONAL
DESCRIPTION

Two data bus buffers, an 8-bit status register, the RD and WR inputs, and expandable 1/0 lines
enhance the uPD8041AH/8741A. These features enable easier master/slave interface and
increased functionality.

DATA BUS BUFFERS

Figure 1 shows how the input and output data bus buffers enable a smooth data flow to and
from the master processors.

Figure 1. Data Bus Buffers

Input Internal
Do-D7 Data Bus Data Bus
Buffer (8)

Output
Data Bus
Buffer (8)

STATUS REGISTER

The 8-bit status register includes four user-definable bits, ST4—ST7. Use the MOV STS, A
instruction (90H) to define bits ST4—ST7 by moving accumulator bits 4—7 to bits 4—7 of the
status register. Bits ST9—ST 3 are not affected.

Figure 2 shows the format of the status register.

Figure 2. Status register Format

D7 Dg Ds D4 D3 D2 D1 Do

§T7 STg STg ST4 F1 FO IBF OBF

RD AND WR

The RD and WR inputs are edge-sensitive. Figure 3 shows that status bits IFB, OBF, F1, and FO
are affected on the trailing edge at RD or WR.

Figure 3. RD and WR inputs

Flags Affecttd\

e N S

PORT 24—PORT 27

P24 and P25 can be used as either port lines or buffer status flag lines. This allows you to make
OBF and IBF status available externally to interrupt the master processor, Upon execution of
the EN FLAGS instruction (F5H), P24 becomes the OBF pin. When a 1 is written to P24, the
OBF pin is enabled and the status of OBF is output. AO to P24 disables the OBF pin AND the
pin remains low. This pin indicates valid data is available from the yPD8041AH/8741A.

An EN FLAGS instruction execution also enables P25 to indicate that the uPD8041AH/8741A
is ready to accept data. A1 written to P25 enables the IBF pin and the status of IBF is available
on P2g. AD written to P25 disables the IBF pin. If OBF is not true, the data at the data bus is
invalid.

P2g and P27 can be used as either port lines or DMA handshake lines to allow DMA interface.

The EN DMA instruction (ESH) enables P2g and P27 to be used as DRQ (DMA request) and
DACK (DMA acknowledge), respectively.

When a 1 is written to P2g, DRQ is activated and a DMA request is issued. The EN DMA
instruction deactivates DRQ. You can also deactivate DRQ by adding DACK with RD or WR.
Execution of the EN DMA instruction enables P27 (DACK) to function as a chip select input
for the data bus buffer registers during DMA transfers.




uPD8041AH, uPD8741A NEC

40-PIN PLASTIC DIP PACKAGE
OUTLINE  (Unit: mm)
uPD8041AHC—XXX

40 21

[ienennansanaanancesd

L#I_l\_ll_ll_l\_ll_ll_ll_]l_ll_l\_ll_ll_!l_ll_ll_ll_ll_ll_l

20
6334 MAX.
[
x 431MIN. 132
<
s
o~
~
" Z |
4+t
4 “
? 2 (Z54] 2.54 MAX. 0.25%010 0~15°
3 :r-) . . €Yt 0.05
© O
=1
40-PIN CERAMIC DIP PACKAGE
QUTLINE (Unit: mm}
,
pPD8741AD :
$7.62
40 1
nmmnnnnnnnﬂnnnnnnnmn
ITIL_ILJLJUUI_IULILJLJLILJUI_IUUUUIL[J)
53.34 MAX.
% 380 1321
s
0
S
wn
’
z
- 2 1.20 MIN. ! ~i~
- oR] 0.25:0.05 0~15°
S i -050:010  [Plo.25s @) {254] 2.54 MAX.
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NEC «PD8035HL/48H

HIGH-SPEED, 8-BIT, SINGLE-CHIP
HMOS MICROCOMPUTERS

DESCRIPTION The uPD803SHL and the uPDB048H make up the uPDB048H family of single-chip 8-bit micro-
computers. The processors in this family differ only in their internal program memory options:
the uPD8B048H with 1K x 8 bytes of mask ROM and the uPD8035HL with external memory.

The NEC uPD8035HL and uPDB048H are single component, 8-bit, parallel microprocessors
using n-channel silicon gate MOS technology. The uPD8048H family of components functions
efficiently in control as well as in arithmetic applications. Standard logic function implementa-
tion is facilitated by the large variety of branch and table look-up instructions.

The uPD8035HL/48H instruction set comprises 1 and 2 byte instructions with over 70 % of
them single-byte. Execution requires only 1 or 2 cycles per instruction and over 50 % are single-
cycle instructions.

The functions of the uPDB048H series of microprocessors can easily be expanded using
standard 8080A/8085A peripherals and memories.

The uPD8048H contains the following functions usually found in external peripheral devices:
1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory; 27 I/0 lines; an
8-bit interval timer/event counter; oscillator and clock circuitry.

The uPDB035HL is intended for applications using external program memory only. It contains
all the features of the uPDB048H except the 1024 x 8-bit internal ROM. The external program
memory can be implemented using standard 8080A/8085A memory products.

FEATURES ® Fully compatible with industry standard 8048/8748/803%
® 2.5 us cycle time: all instructions 1 or 2 bytes
® interval timer/event counter
® 64 x 8-byte RAM data memory
® External and timer interrupts
® 96 instructions: 70 % single byte
® 27 1/0 lines
® Internal clock generator
® 8 level stack
® Compatible with 8080A/8085A peripherals
® HMOS silicon gate technology
® Single +5V power supply

PIN CONFIGURATION {Top Vi)

TO0 o=—{1 40— Vei+5V)
XTAL 1 o0——=12 39f=~—0T1
XTAL 20——{3 38f=——=0 P27

RESET 0——={4 37[=—0 P26
$So——{5 36|~—=0 P25
INT o—16 35[=—=0 P24
EA O—7 uPD8048HC 34[~—0 P17
RD 0=——8 ,,ppg0o3sHLC 33[~—C P16
PSEN O=—-9 32f~—OPI15
WR o=——10 31p~—=0 P14
ALE O 11 30f=—0OP13
DBO O=—={12 29{=—=0 P12
DB1 O=—+{13 28[=+—=0 P11
DB2 O=—=14 27f=—=0 P10
DB3 016 26———0 Vpp(+5V)
DB4 O~=—=116 25|=——0 PROG
DB5 O=—=17 24|=—>0 P23
DB6 O=—{18 23[=—=0 P22
DB7 O~—{19 22f=——=0 P21
(0V)Vgg 0—20 21 f=——=0 P20




NEC

uPD8035HL/48H
PIN IDENTIFICATION NO. SYMBOL FUNCTION
1 TO ] Test 0 input/output
2 XTAL1 i Crystal 1 input
3 XTAL2 Crystal 2 input
4 RESET Reset input
5 SS Single step input
6 INT Interrupt input
7 EA External access input
8 RD Read output
] PSEN Program store enable output
10 WR Write output
1" ALE Address latch enable output
12-19 DBo—DB7 Bidirectional data bus
20 Vss Ground
21-24,35-38 P20—-P27 Quasi-bidirectional Port 2
25 : PROG Program output
H
26 I VDD RAM power supply
27-34 . P1g—P17 Quasi-bidirectional Port 1
39 T Test 1 input
— .
40 vece Primary power supply
Expansion to Additional
BLOCK DIAGRAM External Memory and 1/0
Osciltator
Resident Program Memory 8
Frequency 8 ROM (4POBO4BH only) LD oraacem |
10248 —l Counter's Temp | gy gutrer
+ 480 Bus Buffer [ pecoss ] | Register
Port 2 33 | ., ¢
Port 2 Latch (Low 4} Port 2 8 | Higher Program | 2 Lower Program
and Expander Latch Counter (41 [*— Program Status
Test 1 Port 1/0 (High 4) Counter Word
‘ E 0 2 l 1
T v and Buffer 8
Evoln'rco.vmu 8-8it Internal Bus ) L::h e
l 1 1 Port 1
Accumulator Temporary Flogs Instruction RAM Address
) Register (8 o9 Register/Decoder Register
Accumultator Arithmetic e Test0 Multplexer |
Latch m(gA.ia;m | e Test 1 Register 0
|- INT Register 1
o - Co;"::llco'ln" [~ Flag 0 a”l!(l' 2
Logic e Flag 1 Aogter 3
=~ Timer Flag E—— -
© Register 4
— Vg Program Supply (— Carry 3
S:";"J —= Vpp *5V {Low Power Standby! e acc &| Reamers
—= Vss Ground l— Acc Bit Test Register &
e Register 7
8-Level Stack
Control and Timing {Vanable Word Length! |
— PR XTAL XTAL _ _ o Optional Second
iNT RESET _ PROG EA 1 2 ALE PSEN 58 AD_WA Register Bank ]
‘f ‘T’ I ? 1 1 l l ‘f Data Store
! Resident Data Memory
interrupt Imtiahize  PROM/  Externai  Oscilator/  Addregs  Program Single Read/Write RAM (64 x8!
Expander Memory Crystal Latch Memory Step Strobes
Strobe Access Stroba/ Enable
Note: uPDBO35H does not include ROM gr(::

1-10



NEC

uPD8035HL/48H

ABSOLUTE MAXIMUM
RATINGS
TA = 25°C

Operating temperature, TOPT

0°C to +70°C

Storage temperature, TSTG

—65°C to +150°C

Voltage on any pin, V|/0

—0.5V to +7V (Note 1)

Power dissipation, Pp

1.5w

Note:
{1) With respect to ground.

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 the specification. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC CHARACTERISTICS

TA=0°C 1o +70°C, Vo = Vpp = +5V ¢ 10 %, Vgg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | UNIT
Input low voltage (All except

XTAL1, XTAL2) Vi —05 08 | Vv
Input fow voltage -

(RESET, X1, X2) Vin 05 08 | v
Input high voltage (All except]

XTAL1, XTAL2, RESET) | VIH 20 vee |V
Input high voltage

(XTAL1, XTAL2, RESET) | VIH1 38 Vee |V
QOutput low voitage (Bus) VoL foL=20mA 0.45 \
Qutput low voltage -

(AD, WR, PSEN, ALE) Vot loL =20mA 045 | Vv
Output low voltage (PROG) | Vo2 foL=20mA 0.45 v
Output low voltage -

{all other outputs) VoLs loL=2.0mA 0.45 v
Output high voltage (Bus) VOH 10H = —400 uA 24 v
Qutput high voltage _ -

(RD, WR, PSEN, ALE) VoH! 'OH = —400 kA 24 v
Output high voltage -

(all other outputs) VoH2 loH 40 A 24 v
:'.P:ut'—lN.%rm current ) Vgs < VN < Voo +10 BA
Input leakage current

(P19—P17, P29—P27, 't Vee 2 VIN 2 Vgs +0.45V —500 [ wA
EA,SS)

Output leakage current (Bus

TO, high impedance state) ‘oL Vee > ViN > Vss +0.45V t10 A
Power down supply current | Ipp Ta =25°C 4 8 mA
Total supply current lpp+icc | TA=25°C 50 80 mA
RAM standby voltage Vpp Standby mode. Reset < 0.6V| 2.2 5.5 \




uPD8035HL/48H N E C

AC CHARACTERISTICS
Ta =0°C to +70°C, Vo = Vpp = +5V ¢ 10 %, Vgg = OV

PARAMETER SYMBOL CONTDEI$I'.ONS MIN | TYP | MAX [ UNIT
Cycle time ey (Note 1) 25 15 us
ALE pulse width L (Note 1} 410 ns
Address setup to ALE tAL (Note 1) 220 ns
Address hold from ALE WA (Note 1) 120 ns
Control pulse width (RD, WR) tcel {Note 1) 1050 ns
Control pulse width (PSEN) tcc2 {Note 1) 800 ns
Data setup WR tpw (Note 1) 880 ns
Data hold after WR twp (Note 2) 110 ns
Data hold (RD, PSEN) tDR (Note 1) 0 220 ns
RD to data in tap1 {Note 1) 800 ns
[ PSEN t0 data in tRD2 (Note 1} 550 ns
Address setup to WR AW (Note 1) 680 ns
Address setup to data (RD) tAD1 {Note 1) 1570 ns
Address setup to data (PSEN) tAD2 (Note 1) 1090 ns
Address float to RD, WR N tAFC1 {Note 1) 290 ns
Address float to PSEN TAFC2 {Note 1) 40 ns
ALE to control (RD, WR) tLAFCT (Note 1) 420 ns
ALE to control (PSEN)_ tLAFC2 (Note 1) 170 ns
Control to ALE (RD, WR, PROG) | tca1 (Note 1) 120 ns
Control to ALE (PSEN) tCA2 (Note 1) 620 ns
Port control setup to PROG _ tcp {Note 1) 210 ns
Port control hold to PROG tpC (Note 1) 460 ns
PROG to P2 input valid tPR {Note 1) 1300 | ns
Input data hold from PROG ; tpF (Note 1) 250 ns
Output data setup 1 top {Note 1) 850 ns
Output data hold tPD (Note 1) 200 ns
| PROG pulse width tpp (Note 1) 1500 ns
Port 2 1/0O data setup to ALE tpL (Note 1) 460 ns
Port 2 1/0 data hold to ALE we (Note 1) 150 ns
Port output from ALE tpv (Note 1) 850 ns
TO rep rate tOPRR (Note 1) 500 ns

Note:
{1} Control outputs: C_ = 80 pF, bus outputs: C_= 150 pF
(2) Bus high impedance, load = 20 pF



N E C #PD8035HL/48H

TIMING WAVEFORMS

INSTRUCTION FETCH FROM EXTERNAL MEMORY

cy

et~ tLAFC2

ALE 71_1Sr / \

~—tcc2 r‘—lCAZ—’

PSEN

tAFC2~|

tAL LA tRD2 tDR
— L
BUS  Floating Address K Floating X Instruction Floating X
N__ b
tAD2

READ FROM EXTERNAL DATA MEMORY

w0 /AN

tLAFCt tcal
l—1tCC1
- A
RD
= tarc1 tRD1 DR
'a p
BUS FloatingX Address Floating X Data _‘K Floating x
tAD1

1-13



uPD8035HL/48H

NEC

WRITE TO EXTERNAL MEMORY

tcAl

taw oW

twD

BUS Floatingx Address X Floating Data

Floating X

PORT 2 TIMING

w_ /N O\

tAL ‘—tLA—— rO—'PL tcA1
e
Expand \ \
Port 20-23 OuUTPUT x
Port X PCH Port Control
OUTPUT x Data x ,x Data 4
[=——tPC—1 |=tDP tPD
O — tPR [
Expander - \
- INPUT
Port x PCH x Port 20-23 x Port Control x
Data Data 4
INPUT
tcp tPC— tPF
tpp
—

PROG




N E C #PD8035HL/48H

1/0 PORT TIMING

tPL PV

X £
05%25?. X PCH ﬂ Port 20-23 Data >§ New P20-23 Data PCH

P24-27
P10-17 Port 24-27, Port 10-17 Data New Port Data
OouTPUT I

40-PIN PLASTIC DIP PACKAGE
OUTLINE (UNIT: mm)
uPD8035HLC

uPD8048HC —XXX

40 21
infaininisisiaisinisialisisiciniaisiaininl

20

Itiluuuuuuuuu‘uuuuuuuu

= 53.34 MAX.
X 4.31MIN. 132
<
s
o~
~
0 |
Tz A
" 2 +0.10 ~15°
Sz [254]2.54 MAX. 0.257 502 o
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NEC

uPD8748H

DESCRIPTION

FEATURES

PIN CONFIGURATION

HIGH-SPEED, 8-BIT, SINGLE-CHIP
NMOS MICROCOMPUTER WITH UV EPROM

The uPD8748H is one of the uPD8048 family of single-chip 8-bit microcomputers. it is a high-
speed NMOS processor that functions efficiently in control and arithmetic applications. The
flexible instruction set allows you to directly set and reset individual data bits within the
accumulator and the 1/0 ports. The variety of branch and table look-up instructions simplifies
the implementation of standard logic functions.

The instruction set is made up of one- and two-byte instructions. Over 70 % are single-byte
instructions that require only one or two cycles. Over 50 % require a single cycle.

The uPD8048H functions as a stand-alone microcomputer. You can expand its functions with
standard B0BOA/8085A peripherals and memories. It contains 1024 x 8 bits of ROM program
memory, 64 x 8 bits of RAM data memory, 27 1/0 lines, an 8-bit internal timer/event counter,
oscillator, and clock circuitry.

The uPD8748H differs from the uPD8048 in that it has 1K of on-board EPROM. This is useful
in preproduction or prototype applications where the software is not complete or in system
designs in quantities that do not require a mask ROM. See the uPD8048H/8035HL data sheet
for more information.

Low programming voltage
Fully compatible with 8048/8748/8035
NMOS silicon gate technology

® Single +5V supply
® 25us cycle time
® 96 instructions; 70 % single byte
® Internal timer/event counter
® 64 x 8 byte RAM data memory
® Single interrupt level
® 27 1/0 lines
® |[nternal clock generator
® 8-level stack
® Compatible with 80BOA/8085A peripherals
® Available in one-time-programmable plastic package
(Top View)
—
TO O=—={1 40— Vcel+5V)
XTAL 1 0——={2 39p——o0 T
XTAL 2 0——{3 38f=——=0 P27
RESET 0—={4 37f=—=0 P26
SSo——=5 36|=—0 P25
INT 0—=16 35(=—=0 P24
EA O—17 34=—0P17
RD o= |g #PD8748H 33f=—=0 P16
PSEN 0=—{9 32f~—=0PI15
WR 0~——10 31~—=0 P14
ALE O=—11 30f=—=0 P13
DBO O=—12 29f=—=0 P12
DB1 O=—{13 28f+—0 P11
DB2 O=~—14 27f=—=0 P10
DB3 O~—={15 26——0 Vppl+5V)
DB4 O=~—+1{16 25[~—=0 PROG
DB5 O=~—={17 24{=——=0 P23
D86 O~—={18 23[=—0 P22
DB7 O=~—{19 22{=—0 P21
(0v)vgs o——{20 21{~—=0 P20
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1#PD8748H
PIN IDENTIFICATION NO. SYMBOL FUNCTION
1,39 T0,T1 Testable inputs 0 and 1
2,3 XTAL1, XTAL2 Crystal inputs
4 RESET System reset input
5 S5 Single step input
6 INT Interrupt input
7 EA External access input
8 RD Read strobe output
9 PSEN Program store enable output
10 WR Write strobe output
1 ALE Address latch enable output
12-19 Do-D7 8-bit bidirectional port
20 Vss Ground
21-24,35-38 P2o—P27 8-bit quasibidirectional port 2
25 PROG Program pulse input
26 VDD Programming power supply
27-34 P19—P17 8-bit quasibidirectional port 1
40 vee Primary power supply
Expansion to Additional
BLOCK DIAGRAM External Memory and 1/0
Osciltator
Frequency Program Memory Port 0 Latch 8
8 EPROM 3 Low Program
1024 x 8 Counter's Temp |  Bus Butter
Bus Butfer [_owose ] Register Port 0
+ 480 Port 2 e | I |
Port 2 Latch (Low ) |  Port 2 8 | Higher Program | 2 Lower Program
nd /O Expande: Latch p— Progra St
Test 1 R S (Migh &) Counter (4) Coumter Word
ta 1T e ou
Timer and 8Bit Internal Bus Butter | g
Event Counter and o
Latch
1 I I Port 1
Accumumoq l TomporaryJ FWT Instruction RAM Address
8 Register (8) Register /Decoder Register I
Arithmetic e Testo Multplexer |
Latch LolgAchll::;m e Tost 1 Register 0
— NT Register 1
Conditional 6
Branch [~ F1290 Register 2
Logie = Fieg Register 3
[=— Timer Flag - —
—* VppProgram Supply le— Carry § Register 4
;‘:';,'; —= Ve +5V (Low Power Standby) le— Acc T E | Rewmers
= Vss Ground = ACC Bit Test Register 6
’ Register 7
B-Level Stack
Control and Timing (Variable Word Length)
o XTAL XTAL Optional Second
iNT RESET _ PROG EA 1 2 ALE PSEN 58 RD_WR Register Bank
Interrupt Initislize PROM/  CPU/  Oscillstor/  Address Program  Single  Read/Write Rm:z','\nmnl's': :n;;wv
Expander Memory Xtal Latch Memory Step Strobes
Strobe  Separate Strobe/ Enable
Cycle
Clock
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ABSOLUTE MAXIMUM Tp = 25°C

RATINGS
Operating temperature, TOp 0°C to +70°C
Storage temperature, TST —65°C to +150°C
Output voltage, VO —0.5V to +7.0V
Input voitage, V| —0.5V to +7.0V
Power supply voltages, Vcc, VDD —0.5V 10 +7.0V

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 the specification. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC CHARACTERISTICS
T = 0°C to +70°C, Vg = Vpp = #5V ¢ 10 %, Vgg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |UNIT
Input low voltage (except
XTAL1, XTALZ, RESET) | YIL ~05 08 v
Input iow voltage
IXTAL1, XTAL2, RESET) | VIL1 -05 06 | v
Input high voltage (except
XTALI, XTAL2, RESET) | VIH 20 vee [V
Input high voitage
(XTALT, XTAL2, RESET) | VIH1 38 Vee
Output low voltage (Bus) VoL loL=20mA 0.45
Qutput low voltage -
(RD, WR, PSEN, ALE) Voui loL=18mA 0.45
Output low voltage _
(PROG) voL2 oL =1.0mA 0.45 v
Output low voltage -
{all other outputs) VoLs loL=1.6mA 045
Output high voltage {(Bus) VOH lgH = —400 pA 24
Output high voltage _
WR, PSEN, ALE) VOH1 IoH = —100 uA 24
Qutput high voltage -
(all other outputs) Von2 loH = —40 uA 24 v
:!l\_[;\'t%:(age current u Vss < V| < Vce +10 HA
Input leakage current
(P1 —P)17, P20—P27, I Vsg +0.45V < V| < Ve —500 | nA
EA,
Output leakage current
{Bus, TO, high impedance) Lo Vss *0.45V < vy < Ve +10 | wA
Supply current (Vpp) oo 2 5 mA
Total supply current Ipp + Icc 85 110 mA
PROGRAMMING
DC CHARACTERISTICS
Ta =25°C + §°C, Voo = +5V ¢ 5%, Vpp = 421V £ 0.5V
TEST
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT
Vpp voltage high level VDOH 205 2158 v
Vpp voltage low level VppL 475 5.25 v
PROG voltage high level VPH 175 18.5 v
PROG voltage low level VpL 40 vee \
EA program/verify voltage high level | VEAH 175 185 v
Vpp high voltage supply current Ipp 20.0 mA
PROG high voltage supply current IPROG 1.0 mA
EA high voltage supply current IeA 1.0 mA




«PD8748H

NE

AC CHARACTERISTICS

Ta =0°C 1o +70°C, Voe = Vpp = +5V + 10 %, Vgg = OV

PARAMETER SYMBOL CONLEI§.{ONS MIN TYP | MAX | UNIT
Cycle time tcy 1.36 15.0 us
ALE pulse width L (1,3) 150 ns
Address setup before ALE taAL (1,3) 70 ns
Address hold after ALE LA (1,3 50 ns
Control pulse width (RD, WR) tcer (1,3 480 ns
Control pulse width (PSEN) [Py t,3) 350 ns
Data setup before WR tow (1,3) 390 ns
Data hold after WR wD 1,2,3 40 ns
Data hold after RD, PSEN DR (1,3 0 110 ns
RD to data in tRD1 (1,3) 330 ns
PSEN to data in tRD2 (1,3) 190 ns
Address setup before WR tAW (1,3) 300 ns
Address setup before data in (RD) tAD1 (1,3) 730 ns
Address setup before data in (PSEN) | tap2 1,3 460 ns
Address float to RD, WR tAFCI (1,3 140 ns
Address float to PSEN tAFC2 (1, 3) 10 ns
ALE to RD, WR delay time L AFCY (1,3) 200 ns
ALE to PSEN delay time tLAFC2 (1,3 60 ns
RD, WR, PROG to ALE delay time | tcat (1,3) 50 ns
PSEN to ALE delay time tCA2 (1,3) 320 ns
Port 2 Timing

Port control setup before PROG 1cp (1,3) 100 ns
Port control hold after PROG tpC 1,3} 160 ns
Input data setup before PROG tpR (1,3) 650 ns
Input data hold after PROG tpF (1,3} 0 140 ns
Output data setup before PROG tpp (1,3) 400 ns
Output data hold after PROG tpp (1,3) 90 ns
PROG pulse width tpp (1,3) 700 ns
Port 2 1/0O data setup before ALE tpL 1,3) 160 ns
Port 2 1/O data setup after ALE e (1,3) 15 ns
ALE to port output time tpy (1,3) 510 ns
TO output cycle time tOPRR (1,3) 270 ns

Note:

(1) Control Output: C|_= 80 pF, Bus Output: C|_= 150 pF

(2) Bus high impedance, load = 20 pF

(3) Clock oscillation frequency, fogc = 11 MHz




NEC

«PD8748H
PROGRAMMING
AC CHARACTERISTICS
Ta = 25°C £ 5°C, Vpp = +21V £ 0.5V
TEST
PARAMETER SYMBOL CONDITIONS MIN MAX [ UNAT
Address setup before RESET 1 tAW a1cy
Address hold after RESET t WA a1cy
Data input setup before PROG | tDW 4tcy
Data input hold after PROG 1 wD 4cy
RESET hold after verify tPH 4rcy
Vpp setup before PROG 1 tyDDW ms
Vpp hold after PROG | tvDDH ms
PROG pulse width tpw 50 ms
TEST 0 setup before program mode | t1w 41tcy
TEST 0 hold after program mode WT 4ty
TEST 0 to data output delay (1) tDo 4tcy
RESET pulse width to latch address | tww 410y
Vpp and PROG rise and fall times tr, Uf 0.5 us
CPU cycle time tcy 4.0 us/3.7 MHz 4.0 us
RESET setup before EA t tRE atcy
Note:
(1) Hf TEST O is high, tpg is triggered by RESET 1.
BUS TIMING SYMBOL TIMING FORMULA MIN/MAX UNIT
REQUIREMENTS . (7737 1oy —170 VN p
AL { 218) ¢y —110 MIN ns
tLA { 1/16) tcy — 40 MIN ns
tcel { 1/ 2) ¢y —200 MIN ns
tce2 { 2/ 5) gy —200 MIN ns
Tow {13/30) tcy —200 MIN ns
WD ( 1118) tcy — 50 MIN ns
DR { 110) ¢y — 30 MAX ns
tRD1 {11/13) t¢cy —170 MAX ns
tRD2 { 4/15) ¢y —170 MAX ns
AW {1/ 3)tcy —150 MIN ns
tAD1 { 7/10) tcy —220 MAX ns
tAD2 {1/ 2)wcy —220 MAX ns
TAFCH { 2/18) oy — 40 MIN ns
tAFC2 { 1/30) tcy — 40 MIN ns
TLAFCY ( 1/ 8 tcy — 75 MIN ns
tLAFC2 ( 110} tcy ~ 75 MIN ns
tCA1 ( 1/18)tcy — 40 MIN ns
tCA2 { 4/15) 1oy — 40 MIN ns
tcp (2/15) 1cy — 80 MIN ns |
[ e ( 4/15) 1cy —200 MIN ns
PR T (177301 gy —120 MAX ns
tpF { 110 ey MAX ns
0P { 2/ Shigy —150 TMIN ns
o { 1710} 1oy — 50 MIN o
tpp { 7/10} gy —250 MIN
[ oL {"a/15) 1cy —200 T OMIN
we |7 CiEocy - 30 MIN
Py (3/10) gy + 100 TmMax ns
| “toprR (1/ 8N cy T mMING Tns |
)> ey “—"E)-S'C) x 15 s
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TIMING WAVEFORMS

INSTRUCTION FETCH (EXTERNAL PROGRAM MEMORY}

wcy

| |
I_, tL —-—L-—tLAFcz—> l
ALE I I I |
i — | tAFC2 |- tcC2 -l tca2 ——1
PSEN I I
——l tDR

LA =

tAL |<—
BUS  Floating Address Floating Xlnstructionx Floating X

l ‘>| tRD2

f tAD2

READ (EXTERNAL DATA MEMORY)

b tLarct )‘
ALE | I I |
- tCC1 —af-tCAT vl
RD I I

——I tAFC lv —Jton
Floating

Bus  Floating x Address x Floating >< Data
—=]{tRD1

L tAD1 1

T
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WRITE (EXTERNAL DATA MEMORY)

ALE I J l—
L= tCC1 —>'<— tcA1

——|tow
Bus  Floating x Address x Floating x Data x Floating
| |

I taw i

wD

AC TIMING TEST POINTS

24V 2.0V

20V Test
045V 0.8v Pomts << o.av
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NEC

PORT 1/PORT 2

PSEN

P20-23
OUTPUT

P24.27
P10-17
OUTPUT

Expander
Port
QUTPUT

Expander
Port
INPUT

1st Cycle 2nd Cycle
f—tpL —= tpvV
ALE / \ /
/ \ / \_ /
y PCH >< Port 20-23 Data )( New P20-23 Data PCH
Port 24-27, Port 10-17 Data )( New Port Data
tcal
[=tAL LA L 1LP |=—1DP D
PCH Port 20.23 cront OUTPUT Data
tpF
Port 20-23 Port INPUT
PCH Data Control Data
ce PC —
tpp

PROG
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PROGRAM/VERIFY
VEAH
EA /
Vee
Program Verify -iA Program
e tTW —f
Vee )\
0 \ / \
Vit
Fe—tWW—|
Y]
RESET T\ / \—/—
ViLt —

tAw i WA ~———|»too
Address Data to be Data _ {Next Addr
DBO~DB7 > TT\0-7 Vand><programmed Vand>'"*< x Valid > - '( Valid X

p20~p21 L= X Address (8-9) Valid et

Address
tvoow*‘ = {‘WDDH
tWT -
VDDH
Voo j
vee

tpw

tDw two

VPH
PROG

VPL

VERIFY

EA /
S U O5T) GD an OV Gy e
P20~P21 x Address (8-9) Valid X Next Address Valid

Note:
1. When EAis , low" or TO = 5V, PROG shouid be in floating condition (# 18V).
2.tCY 4 us can be achieved using 3.7 MHz frequency at the XTAL1 and XTAL2.
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40-PIN PLASTIC DIP PACKAGE
OUTLINE (UNIT: mm)
uPD8748HC

|1 20

53.34 MAX.
»x 4.31MIN. 13.2
<
s
o~
'\' -4
5 ﬁ ,
1z
S ; . & 254 MAX. 025] 30 0~15°
© o
vl
40-PIN CERAMIC DIP PACKAGE
OUTLINE (UNIT: mm)
uPD8748HD
¢7.62
40 7
Lnnnnnnmmnnﬂnnnnﬂnnnn
L]luUUUULILJLJLJLJUULJUI_II_IL]LJ%
! 53.34 MAX.
13
%X 380 13.21
= !
@
S
’ %
Z
0 2 120 MIN. T P 008 0~15°
S & =0.50:0.10  [Blo.2s @) [ZBa) 2.54MAx. E0*0
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uPD8039HL/49H, uPD8749H

DESCRIPTION

FEATURES

HIGH-SPEED, 8-BIT, SINGLE-CHIP
HMOS MICROCOMPUTERS

The NEC uPD8039HL, uPD8049H and the uPD8749H are high performance, single component,
8-bit parallel microcomputers using n-channel silicon gate MOS technology. The processors
differ only in their internal program memory options: the uPD8049H has 2K x 8 bytes of mask
ROM, the uPD8749H has 2K x 8 of UV erasable EPROM and the uPD8039HL has external
program memory.

The uPD8049H family functions efficiently in control as well as arithmetic applications. The
powerful instruction set eases bit handling applications and provides facilities for binary and
BCD arithmetic. Standard logic functions implementation is facilitated by the large variety of
branch and table look-up instructions. The instruction set is comprised of 1 and 2 byte instruc-
tions, most of which are single-byte. The instruction set requires only 1 or 2 cycles per instruc-
tion with over 50 percent of the instructions single-cycle.

The uPD8049H family of microprocessors will function as stand-alone microcomputers. Their
functions can easily be expanded using standard 8080A/8085A peripherals and memories. The
uPD8039HL is intended for applications using external program memory only. It contains all
the features of the uPD8049H except for the internal ROM. The external program memory can
be implemented using standard 8080A/8085A memory products. The uPD8049H contains the
following functions usually found in external peripheral devices: 2048 x 8 bits of mask ROM
program memory; 128 x 8 bits of RAM data memory; 27 1/0 lines; an 8-bit interval timer/event
counter; and osciltator and clock circuitry. The uPD8749H differs from the uPD8049H in its
2048 x 8-bit UV erasable EPROM program memory instead of the mask ROM memory. It is
useful in preproduction or prototype applications where the software design has not yet been
finalized or in system designs whose quantities do not require 3 mask ROM.

High performance 11 MHz operation

Fully compatible with industry standard 8039/8049/8749
Pin compatible with the uPD8048/8748

1.36 us cycle time, All instructions 1 or 2 bytes
Programmable interval timer/event counter

2K x 8 bytes of ROM/EPROM, 128 x 8 bytes of RAM
External and internal interrupts

96 instructions: 70 percent single byte

27 1/0 lines

Internal clock generator

Expandable with 80BOA/8085A peripherals

HMOS silicon gate technology

Single +5V power supply {8039HL/49H)



uPDBO39HL/49H, ,PD8749H N E C

PIN CONFIGURATION

Vee
T
P27
P26
P25

P24
uPDB03OHL/ 351 P24

49H/ P16
8749H P15
P14
P13
P12
P11
P10
VpD
PROG
P23
P22
P21
P20

PIN IDENTIFICATION NO. SYMBOL FUNCTION
1 TO Test 0 input/output
2 XTAL1 Crystal 1 input
3 XTAL2 Crystal 2 input
4 RESET Reset input
5 SS Single step input
6 INT Interrupt input
7 EA External access input
8 RD Read output
9 PSEN Program store enable output
10 WR Write output
11 ALE Address latch enable output
12-19 DBg-DB7 Bidirectional data bus
20 Vgg Ground
21-24,35-38 P2g—-P27 Quasi-bidirectional Port 2
25 PROG Program output
26 VoD RAM power supply
27-34 P19—P17 Quasi-bidirectional Port 1
39 T Test 1 input
40 vee Primary power supply




uPD8039HL/49H, uPD8749H

BLOCK DIAGRAM

Expansion to Additional
External Memory and /0

Oscillator rowam Memo
Frequency ROM (,PDBO49H) Bus Latch 8
| 8 EPROM (uPDB749H) Low Program
24 Counter's Temp | g, gyfrer
Register
+480 Bus Buffer
Port 2 cs Q—_.__...
Port 2 Latch (Low 4} Port 2 8 | Higher Program 2 Lower Program
and Expander Latch Counter (4) Program Status
Test 1 Port 1/0 (High 4} Counter Word
ta 14 fa L t ous
Buffer
Timer and 8
8-Bit Internal Bus and oo
Event Counter < Latch
1 I 3 1 l
Accumulator Temporary Flags Instruction RAM Address
(8 Repister (8) o Register/Decoder Register
Cope Uit DR o I
Latch Logic Unit Register 0
{ALUI (= Test ogrster
fa— INT Register 1
— Conditional
ramen [~ Flag0 Register 2
Logic Flag 1 Prgizcer 3
}=— Timer Flag
o | Registera
’ —* V¢ Program Supply f=— Carry H
'ower .
Supply —= Vpp +5V {Low Power Standby) le— AcC — g Register 5
—a Vgg Ground le— ACC 81t Test Register 6
‘ Regrster 7
8- Level Stack
Control and Timing {Vanable Word Length)
XTAL XTAL Optional Second
iNT RESEY__PROG EA 1 2 ALE PSEN 5§ RD_WR Register Bank
L U
Resident Data Memory
Interrupt Initislize PROM/  External  Oscillator/  Address  Program Single Read/Write RAM (128 x8)
Expander Memory Crystal Latch Memory Step Strobes
Strobe Access Strobe/ Enable
Cycle
Clock
Note: uPDBO39HL does not include ROM.
ABSOLUTE MAXIMUM
TA =25°C
Operating temperature, TQPT | 0°C to +70°C

Storage temperature, TSTG

—65°C to +150°C

Voltage on any pin, V|/0

—0.5V to +7.0V (Note 1)

Power dissipation, Pp

1.5W

Note:
(1) With respect to ground.

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 the specification. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

1-29
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DC CHARACTERISTICS
Ta =0°C 1o +70°C, Ve = Vpp = +6V + 10 %, Vgg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX [ UNIT
Input low voltage {All except
XTAL1®, XTAL2, RESET for |V -05 08 \
8749H)
Input low voltage
IXTAL1, XTAL2, RESET) | V1LY 8749H -05 06 | Vv
Input high voitage {All except
XTAL1, XTAL2, RESET | VIH 20 Vec |V
Input high voltage
(XTAL1, XTAL2, RESET) | Vi1 38 vee |V
Output low voltage (BUS, -
RD, WR, PSEN, ALE) VoL loL=20mA,*1 0.45 \"
Output low voltage (All _ -
others except PROG) VoL1 loL =20 mA. *2 0.45
Output low voltage (PROG) {VgL2 loL=20mA, 3 045
Output put high voltage (BUS, - .
D, WR, PSEN, ALE) VoH loH = —400 A, "4 24
Output high voltage _
{all other outputs) VoH1 IoH = —40 uA 24 v
Input leakage current
TN e I Vss < ViN < Ve +10 | wa
input leakage current
(P1g—P17, P2g—P27, EA, 58) Iun Vgg +0.45V < V| < Voo —500 | wA
Input leakage current
s L2 Vgs +045V < Viy < Vee | -10 —-50 | wA
Qutput leakage current (BUS
TO, high impedance state) Lo Vee > VIN > Vgg +0.45V £10 | pA
Power d supp | Ta = 25°C 5 10 mA
ower down su curren
eely oD 8749H only 2 5
Ta = 25°C 80 110 | mA
Total t [/ =,
otal supply curren 0D = ICC 3749H only 85 | 110
Minimum voltage to . =
maintain RAM contents Voo Mins voltage RESET < 0.6V 22 55 v
Note:
1 = for 8749H: Ig_ = 1.8 mA for RD, WR, PSEN, ALE;
*2 =for 8749H: Ig = 1.6 mA;
*3 =for 8749H: Ig = 1.0 mA;
*4 = for 8749H: Ig) = —100 uA for RD, WR, PSEN, ALE;
DC PROGRAMMING
CHARACTERISTICS
Ta =26°C £ 5°C, Vo = +5V £ 5 %, Vpp = +21V £ 0.5V
TEST
PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | UNIT
Vpp program voltage high level VDDH 20.5 215 v
Vpp program voltage low level VDpDL 4.75 5.25 v
PROG program voltage high level VeH 175 185 A\
PROG voltage low level VpL 4.0 vee \2
EA program/verify voltage high level | VEAR 175 185 v
Vpp high voltage supply current Ipo 20.0 mA
PROG high voltage supply current IPROG 1.0 mA
EA high voltage supply current IEA 1.0 mA




N E C uPD8039HL/49H, xPD8749H

AC CHARACTERISTICS
Ta =0°C 10 +70°C, Vo = Vpp = +6V t 10 %, Vgg = OV

PARAMETER SYMBOL CON}:?"I"ONS MIN | TYP | MAX | UNIT
Cycle time QY 1.36 15 us
ALE pulss width 0L 150 ns
Address setup to ALE tAL 70 ns
Address hold from ALE LA 50 ns
Control pulse width (RD, WR) tce1 480 ns
Control puise width (PSEN) tce2 350 ns
Data setup before WR tow 390 ns
Data hold after WR WD (Note 2} 40 ns
Data hotd (RD, PSEN) DR [} 110 | ns
RD to data in tRD1 "3BY ] ns
[ PSEN to data in tRD2 Y[ s
Address setup to WR AW 300 ns
Address setup to data (RD) tAD1 ‘73 ns
Address setup to data (PSEN) tAD2 "480/ | ns
Address float to RD, WR tAFCI 140 ns
Address float to PSEN tAFC2 ] 10 ns
ALE to control (RD, WR) tLAFCY 200 ns
ALE to control (PSEN) tLAFC2 60 ns
Control to ALE (RD, WR, PROG) tCAt 50 ns
Control to ALE (PSEN) 1CA2 320 ns
Port control setup to PROG 1cp 100 ns
Port control hold to PROG tpg 160 ns
PROG to P2 input valid PR 650 ns
input data hold from PROG tPE 0 140 ns
Output data setup tpp 400 ns
Output data hold tpD 90 ns
PROG pulse width tpp 700 ns
Port 2 1/0 data setup to ALE tpL 160 ns
Port 2 1/0 data hold to ALE e 40 ns
Port output from ALE tpy 510 ns
/O rep rate tOPRR 270 ns
Note:

(1} Control outputs: C_ = 80 pF, bus outputs: C}_= 150 pF
(2} Bus high impedance, load = 20 pF
{3) Double values are for 8039HL, 8049H/8749H respectively



uPD8039HL/49H, uPD8749H NEC

AC PROGRAMMING Ta =25°C +5°C, Voe = +5V £ 6%, Vpp = +21V ¢ 0.5V
CHARACTERISTICS

PARAMETER SYMBOL CON’[’:?‘I’DNS MIN | TYP | MAX | UNIT
Address setup time to RESET 1 AW 4tcy
Address hold time after RESET 1 WA 4tcy
Data in setup time to PROG 1 tpw 4tcy
Data in hold time after PROG 1| twpD 4tcy
RESET hold time to verify tPH 4tcy
Voo tvDDW 0 1.0 ms
Vpp hold time after PROG tVDDH o 1.0 ms
PROG pulse width tPwW 50 60 ms
TESTO setup time for program mode | t1wy atcy
TESTO hold time after program mi tWT 4tcy
TESTO to data out delay (1) too 4tcy
| RESET pulse width to latch address | tww atcy
Vpp and PROG rise and fall times te, tf 05 100 us
CPU operation cycle time ey 40 us /3.7 Mhz 4.0 15 us
RESET setup time before EA t tRE 4tcy
BUS TIMING SYMBOL TIMING FORMULA MIN/MAX UNIT
REQUIREMENTS o (7/30) toy —170 MIN ns
tAL { 215) ¢y —110 MIN ns
LA { 1/16) ¢y — 40 MIN ns
t1cc1 {1/ 2hcy —200 MIN ns
tce2 { 2/ 5)tcy —200 MIN ns
oW (13/30) tgy —200 MIN ns
[y (115 1y — 50 MIN ns
DR ( 110} tcy — 30 MAX ns
tRD1 ( 2/ 5) tcy —200/ (11/30) tcy —170 MAX ns
tRD2 { 3/10) tcy —200 / { 4/15) tcy —170 MAX ns
AW ( 1/ 3oy —150 MIN ns
tAD1 (11/15) tgy —250/ { 7/10) tgy —220 MAX ns
tAD2 { 8/16) tcy —280/( 1/ 2} t¢y —220 MAX ns
tAFC1 ( 2/16) gy — 40 MIN ns
tAFC2 ( 1/30) tcy — 40 MIN ns
tLAFCT (1/ 8 tgy— 75 MIN ns
tLAFC2 (1110)tcy — 75 MIN ns
tCA1 ( 1/15) tcy — 40 MIN ns
tcAZ ( 4/15) toy — 40 MIN ns
tcp ( 1/10) 1oy — 40/ ( 2/15) tcy — 80 MIN ns
tpC { 4/15) t¢cy —200 MIN ns
tPR (17/30) 1cy —120 MAX ns
oF (1/10) tey MAX ns
tpp ( 2/ 8)rcy —150 MIN ns
) (1/10) 1y — 50 MIN ns
tpp ( 7/10) tgy —250 MIN ns
tpL { 4/15) tgy —200 MIN ns
e { 1/10) tcy —100/ ( 1/30} tcy — 30 MIN ns
tpy { 3/10) tgy —100 MAX ns
tOPRR { 3/15) 1oy MIN ns
tcy 11 MHz us

Note: Double values reflect: 8039HL, 49H/8749H
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uPD8039HL/49H, .PD8749H

TIMING WAVEFORMS

INSTRUCTION FETCH FROM EXTERNAL MEMORY

ey

FtLL= LAFC2

ALE ]

~—1tcc2 ~—CA2 —J

PSEN
~-tAFC2
taL LA tRD2 DR
= p
BUS Floating Address Floating Instruction Floating X
K A
tAD2

READ FROM EXTERNAL DATA MEMORY

ALE
WAFCI—= ~——"tCA1
r—1CC1
_ a
RD
- tAFC1 tRD1 DR
BUS Floating g Address _8 Floating ); Data 78 Floating X
tAD1




1PD8039HL/49H, .PD8749H

NEC

WRITE TO EXTERNAL MEMORY

I——ILAFm———

1CA1
~—1tcCc1—
|
R \
tAwW tpw 1 wD
BUS Floating x- Address X Floating Data X Floating X
PORT 2 TIMING
we /TN A
tAL LtLA—— [~—tpL tCA1
t=tLp
Expander s —\ Port2023 | ,
Port x PCH x oréata- Port Control O%T':UT
OUTPUT ¥ 7 ata P
—rtpC =—top D
PR ——
Expander — LT Y
Port >§ PCH x P°'tho'23 Port Control IBP:JT X
INPUT 7 at__4 ata_4
tcp tpC—| tPF
tpp
p S
PROG & _,Z




NEC

uPD8039HL/49H, uPD8749H

1/0 PORT TIMING

PSEN \ /

P20-23
OUTPUT

P24-27
P10-17
OUTPUT

WAVEFORMS FOR PROGRAMMING THE uPD8749H

18V

EA
5V
TO
RESET
DBO~DB7
P20~P22
+21

Vbo
+5
+18

PROG
+5

tPL

tpy

C /

X

PC )g‘
H N

'a
Port 20-23 Data )g New P20-23 Data

PCH

Port 24-27, Port 10-17 Data

X

New Port Data

| Program Verify | Program
tTTW—= |
TWww—=1
/ \_/__
taw i WA D0
> _— Address X Data to be —— Data >____<Next Addrx
{0-7) Valid /\ programmed Valid Valid Valid

Last
Address

Address (8-10) Valid

Next
Address

tvoow'| - "tvoou
tWT—]

/

Pw

oW

wD

1-35



1#PD8039HL/49H, .PD8749H NEC

PROGRAM/VERIFY TIMING (ROM/EPROM)

o )

- _ Address DataOut \__ _ Next NextData\ _ _ _ __ _
DBO~D87 > (0-7) Valid Valid > -< Address Out Vali;)’
P20~ P22 X Address (8-10) Valid X Next Address Valid




NEC

puPD8039HL/49H, .PD8749H

40-PIN PLASTIC

DIP PACKAGE
OUTLINE (Unit: mm)
uPDBO39HLC
uPDB049HC—XXX
uPD8749HC

40 2
mininicinisislialicisisiniciscicininioi=is]

1uuuuuuuuuuuuuuuuuu%

63.34 MAX.

4.31 MIN.

5.72 MAX.

40-PIN CERAMIC

DIP PACKAGE
OUTLINE (Unit: mm)
uPD8749HD

5.08 MAX.

$7.62

40 2
inininisiniaininiainl alisinisiniasininiai

N
( W

!

53.34 MAX.
3.80 13.21
+z- %
0 -~ 0.25:0.05 0~15°
Do .2520. ~
E o [Blo.2s @] [253) 254 MAX.
ri



CHAPTER 2

THE uCOM84/87/78KI11 FAMILY

HPD8O4BH (A)

HPD8O4BH(S)

HPD8O4SH(A)

HPDBOCHSHC(S)

HPD8OCS0HC(A)
HPD78C10G(S)/L(S),uPD78C116(S)/L(S)
UPD78C14G(A)/L(A)
UPD78310G(A)/L(A),uPD78312G(A)/L(A)



GENERAL INFORMATION



NEC

SINGLE CHIP 8-BIT

MICROCOMPUTERS

SPECIAL
A AND S GRADE

LOGIC SYMBOL

NMOS MICROCOMPUTER
SELECTION GUIDE

SUPPLY
DEVICE |SPECIAL FEATURES| ROM | RAM | I/O | PROCESS | CYCLE | VOLTAGE |PINS
Temp Range 1.360 +
8049H(A) _40°C to +85°C 2048x8 | 128x8 | 27 NMOS s 5Vi0% | 40
Temp Range 1875 +
8048H(S) _40°C to +110°C 2048x8 | 128x8 | 27 NMOS P 5V+10% | 40
Temp Range 250 +
8048H(A) _40°C 10 +85°C 1024x8 | 64x8 | 27 NMOS ' 5V0% | 40
Temp Range 3.75 +
8048H(S) _40°C to +110°C 1024x8 | 64x8 | 27 NMOS s 5V10% | 40
NORMAL {A) GRADE (S} GRADE
1st electrical test at room temp at85degc at 110degc
Burn-in 4 hours 16 hours 16 hours
2nd electrical test at room temp at room temp at room temp

XTAL

Reset

Single
Step
External
Memory

Test

Interrupt

Bus

NN EEEE

uPDBOXXH

|-¢———— Port 1
je——= Port 2
-——— Read
—" Write
. Program Store
Enable
}——— Address Latch

Enable

|———= Port Expander
Strobe




NEC

SYMBOL DEFINITIONS

INSTRUCTION SET

SYMBOL DESCRIPTION
A The Accumulator
AC The Auxiliary Carry Flag
addr Program Memory Address (12 bits)
Bb Bit Designator (b = 0—7)
BS The Bank Switch
BUS The BUS Port
[ Carry Flag
CLK Clock Signal
CNT Event Counter
D Nibble Designator (4 bits)
data Number of Expression {8 bits)
DBF Memory Bank Flip-Flop
Fo, Fq Flags 0, 1
i Interrupt
P “In-Page” Operation Designator
Pp Port Designator {p—1, 2 or 4—7)
PSW Program Status Word
Rr Register Designator (r—0, 1 or 0—7)
sp Stack Pointer
T Timer
TF Timer Flag
To. Tq Testable Flags O, 1
X External RAM
= Prefix for Immediate Data
@ Prefix for Indirect Address
S Program Counters Current Value
(x} Contents of External RAM Location
((x}) Contents of Memory Location Addressed
by the Contents of External RAM Location
« Replaced By




INSTRUCTION SET

Instruction Code
Mnemontc Punction Description 5, b, D, D, D, D, D, 2
Acoumuistor
AGd knmediswe the speciiedDatatothe 0 0 0 0 0 0 1 1
ADOA,  data  (A)—(A) + deta Accumulstor d d d d d 9 ¢ d
A)— (A) + (r) 'Add cortents of designeted regieter to
ADO A, Rr forr=0-7 the Accumdator. ° 1 \J o 1 r 4 r
(A~ (A) + ((Rr)) 'Add Indirect the contents of the dets
ASd A (@ Rr il poprsaliogwi e 1 1 0 o 0o o o«
Addimmedise withcamrythespecfied 0 0 0 1 0 0 1 1
ADDC A w data (&) (A) + (C) + dets data 1o the Accumulstor. @ o d d dy d d do
() — (M) +(C) + (A Add with carry the contents of the
ADOC A, v forex0-7 Gesignawed register o the Accumulaer, 0 ' 11 1 ror e
(A —(A) + (€} + () Add indirect with carry the contents of
ADOCA, @ fort=0-1 data memory location 10 the e 1 v 1 o0 00
_ LogcalandspectiedimmedenOets 0 1 0 1 0 0 1 1
ANLA, » ds (A) = (A) ANO asta with Accumuletor G dy dy B, dy o d  dy
(A) +~ (A) AND (Rr) Logical and contents of designeted
ANLA, R - e o 1 8 1 1 ot ot o«
- (A) — (A) AND ((R0) Logical and indirect the corents of dets
ANLA, @ Rr forr=0-1 memOry with Accurmulstor. o ! o ! ° ° o ¥
‘Complement the contents of the
cPLA (A) —NOT (A) < ! o 0 1 1 0 1 1 1
CLRA (A —0 (CLEAR the contents of the Accumeilator. 0 0 1 0 o 1 1 1
DECIMAL ADJUST the contents of the
DAA fredamarions o 1 0 v 0 1 1 1
oECA . DECREMENT by 1 the Accumulators 5 o o o o 1 1 1
INC A W -+ 1 incrmert by 1 the Accumulstors o o 0o 1 0o 1 1 1
Logicsl OR specified immediste dats. 0 1 [ [ [} [ 1 1
ORLA # dsta (A} —(A)OR deta with Accumulator. 4 d d d, d d dy dy
7y 3
onLA B forr=0-7 regieter with Accumulstor. oo 00 v
ORLA.@ R s mmmw_- et 0o 0o o 0o 0
AN+ 1) — (AN
RLA Ag) — (A7) otats Accumuletor lefi by Titwithowt 1 0 0 1 1 1
forN=0-8 hmiid
(AN + 1)~ (ANLN =0 - 6
RLC A {Ad — (€} Rotste Accumulator left by 1-bit through | ' B B o ) ' p
©) — (A )
(AN) (AN + ;N = 0 - 8 Rotate Accumaator right by 1ot
ARA ) — (A without carry. [ T N I R |
(AN)— (AN + 1N =0 -0
Rotste Accumulator right by 1-bit
RRC A (&) —(€) o 1 1 0o o 1 1 1
(©) (Ao theough camy.
sSwaP A (Aer) —(Ag - 3 D a2 v itties n the 6 1 0 0 o 1 1 1
— Logical XOR specified bmecletedeta 1 1 0 1 0 0 1 1
XALA. @ data () —(A) XOR deta with Accumulator. d, d dg d, dy d; o &
(A) — (A} XOR (Rr) Logical XOR contents of designated
XAL A, Rr fadmiindar . > LI R T
(A) ~ (A) XOR ((Rr)) Logical XOR Indirect the contents of data
XALA, @ Ar - p povigs T 1 0 1 0 o o ¢
Branch
R LT’J::!""’"" Decrement the specified regiater and 111 0 1 e
i (PCO - 7)— adar contents. L L LY
— (PCO - 7)—addrKBb = 1 Jump 10 specified addreea f Accumulator b, b, B, 1 0 0 1 0
(PC)—(PC) + 2WBb =0 Gt sat. o 8% % 8 8 % e a4
P (PCO- 7)—addeHC = | Jumpilospecifiedaddmeslicaryfsg 1 1 1 1 0 1 1 0
(PC)—(PC)+21C =0 leat. L L)
— (PCO - 7)— a0 WFO = 1 JumplospecifedaddressMFlsgFO8 1 0 1 1 0 1 1 0
(PC)—(PC) + 2HFO =0 oot Hoa s A m m a
J—— (PCO - 7)—80&r WF1 =1 JumplospeciiedsddressFlegFils 0 1 1 1 0 1 1 0
(PC)— (PC) + 2HF1 =0 sat. H oA a5 A m m
(PCO-10)—aoor®-10
Jumptospecified sddress within 8, 3, 8, 0 O 1 0 0
P addr 0-7)—addv0-7
e oer the 2K addras block a a a8, m a8 8
_ Jumg indirect 10 specified sddress with
P G A (PCO - 7) — (A 1 0 1 1 o o 1 1
e (PCO-7)— 0 iC =0 Jumptospecifiedaddressitcanyfig 1 1 1 0 0 1 1 0
(PO~ (PC)+2HC =1 lmlow Hoa a4 e m
N adde (PCO - 7)—addr ¥l =0 Jump to specitied address i interrupt 1 L 0 o ° 1 1 L
(PC)— (PC) + 201 = 1 nlow a a w8 M 4 8




INSTRUCTION SET (Cont.)

Instruction Code Flags
Mnemonic Function Description o, D, D, D, D, D, D, D, Cycles Bytess C AC FO F{
Sranch (Cant.)
JNTOC adde (PCO - 7)—addrtTO = 0 Jump to spacified address It TestOislow. 0 o 1 [ 0 1 1 0 2 2
(PC) - (PC) + 20TO = 1 & A 8 Ay 8 3 A
JNT1 addr (PCO-7)~ addeif TV =0  Jump 1o specified addreas W Test 1islow. 0 1 [ 0 0 1 1 [ 2 2
(PC) - (PC) + 2HT1 =1 8 3 5 3y B o
JNZ addr (PCO-7)—nddrfA =0 Jumg 10 specified address it Accumuistor 1 [ 0 1 0 1 1 [ 2 2
(PC) —(PC) + 2HA =0 is non-zer0. & A % A 3 2
JTF addr (PCO -~ 7)—oddr HTF = 1 Jump 10 specified sddress if Timer Flagis 0 0 [ 1 [] 1 1 [ 2 2
(PC)—(PC) + 2NTF = 0 settol. G A 8 3 B 8 B A
JTO addr (PCO-7)~addr#TO = 1 Jump 10 specified address if TestOisal. 0 o 1 1 o 1 1 o 2 2
(PC) — (PC) + 2HTO = LA . S N S B .
JT1 adde (PCO -7 —asckHT1 =1  Jumptospecitied sddress i Test 1isa1. 0 1 L] 1 [ 1 1 [] 2 2
(PC) —(PC) +2T1 = 0 B % ¥ 8 3 ¥y
JT addr (PCO-7)—addrHA =0 Jump to spacified address If Accumulator 1 1 [ ] 0 1 1 (] 2 2
(PC)— (PC) + 2HA =0 0. A A A & 3 A &
Control
ENI Enabie the Extemnal imerrupt input. e o o0 o o0 1 0 1 1 1
oS Disable the External interrupt input. 0 0 0 1 0 1 [ 1 1 1
ENTOCLK Enable the Clock Output pin T0. o 1 1 1 0 1 [ 1 1 1
SEL MBO {oer) - 0 Select Bank 0 (locations 0 - 2047) of 1 1 1 [ L] 1 [ 1 1 1
Program Memory.
SEL M81 {0BF) — 1 Select Bank 1 (locations 2048 - 4095) of 1 1 1 1 o 1 [ 1 1 1
Program Memory.
SEL RBO {8S)—0 wmomomu 1 1 o 0 [ 1 [ 1 1 1
Deta Memory. .
SEL RB1 (88) —1 Select Bank 1 (locations 24 - 31) of 1 t 0 1 o 1 o 1 1 1
Deta Memory.
Data Moves
MOV A, # dats (A} - data Move immediate the specitied data into 0 0 1 0 L] [ 1 1 2 2
the Accumulator. d, d dg d dy d; d, dy
MOV A, Rr A —(Rr)ir=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1 1
registers into the Accumuiator.
MOV A, @ Rr (A) —((Re));r =0 - 1 Move indirect the contents of data 1 1 1 1 o o o r 1 1
memory location into the Accumulator.
MOV A, PSW (A) — (PSW) Move contents of the Program Status 1 1 [ [ L] 1 1 1 1 1
Word into the Accumulator.
MOVAr, » data  (Rr)—deta;r =0 -7 Move immadiate the specified deta into 1 o 1 1 1 i r [ 2 2
the designated register. d, d¢ d; d, dy d; d; dy
MOV Rr, A R)—(A);ir=0-7 Move Accumuiator Comtents into the 1 [ 1 0 1 r r r 1 1
designated register.
MOV @ Rr, A (R —(Ayr=0-1 Move indirect Accumulator Contants 1 0 1 o o o ] r 1 1
o data memory location.
MOV @ Rr, # dats ((Rr)) —data;r =0 - 1 Move immediate the spacified data into 1 o 1 1 o [ 0 . 2 2
data memory. d, d d 9, d d; d, d
MOV PSW, A (PSW) — (A) Move comtents of Accumulator into the 1 1 [] 1 0 1 1 1 1 1
program status word.
MOVP A, @ A (PCO - 7) — (A} Move deta in the current page into the 1 o 1 o 0 o 1 1 2 1
(A) — ((PC)} Accumutator.
MOVPI A, @ A (PCO -7 —(A) Move Program dats in Page 3 into the 1 1 1 0 0 [ 1 1 2 1
(PC8 - 10) — 011 Accumuistor.
(A) — ((PC))
MOVX A, @ R A —{Rxr=0-1 Move indirect the contents of external 1 o 0 o o o o r 2 1
data memory into the Accumuiator.
MOVX @ R, A ((Rr) —(A)ir =0 -1 Move indirect the contents of the 1 0 o 1 0 0 0 r 2 1
Accumulator into external data memory.
XCHA,Rr (A}s=(Rej;r =0 -7 Exchange the Accumuiator and 0 0 1 o 1 r r r 1 1
designated register's contents.
XCHA, @ Rr (A) =(Rr)ir=0-1 Exchange Indirect contents of Accumu- [ 0 1 [ [ [ [ r 1 1
lator and location in data memory.
XCHO A, @@ Rr (AO - 3) == ((Rr)0 - 3)); Exchange Indirect 4-bit contents of [] 0 1 1 0 [] [] r 1 1
r=0- Accumulator and data memory.
Flags
cPLC (C) — NOT {(C) Compiement content of carry bit. 1 0 1 0 [ 1 1 1 1 1 .
CPLFO (FO) — NOT (F0) Complemaent content of Flag FO. 1 [ 0 1 0 1 L] 1 1 1 .
CPLF1 {F1) — NOT (F1) Complement content of Flag F1. 1 0 1 1 ] 1 0 1 1 1 .
CLRC -0 Clear content of carry bitto 0. 1 0 L] 1 [ 1 1 1 t t .
CLRFO (FO)- 0 Ciear coment of Flag 0to 0. 1 o o o o 1 [ 1 t 1 .
CLRF1 Fy- o0 Clear content of Fiag 1t0 0. 1 ¢ 1 0 [ 1 o 1 1 1 .




INSTRUCTION SET (Cont.)

Instruction Code
Mnemonic Function Description D, Dy Dy D, D, D, D, D, Cycles Bytes C AC FO F1
Input/ Output
ANL BUS. # data (BUS)- (BUS) AND dats Logical and immediate-specitied data 1 L o 1 1 L) 0 ] 2 2
with contents of BUS. d o d d, d, d; d, d
ANLPp. # data  (Pp)- (Pp) AND data Logical and Immediste specified deta 1 o 0 1 1 o p p 2 2
p=1-2 with designated port (1 or 2). d d d d, dy d, d, d,
ANLD Pp. A (Pp)+ (Pp)AND (AO - 3) Logical and contents of Accumulator with 1 0 o 1 1 1 P [ 2 1
p=4-7 designated port (4 -
N A Pp (A)- (Pprip=1-2 putdsta from designatedport(1-2) 0 © 0 0 1 0 p p 2 1
into Accumulator.
INS A, BUS (A) - (BUS) Input strobed BUS data into Accumuiator. 0 0 o 0 1 0 0 o 2 1
MOVD A, Pp (AD - 3)- (Ppip =4 -7 Movecontents of designstedport(4 - 7) 0 0 [ [] 1 1 P P H 1
A4 -7- 0 into Accumuistor.
MOVD Pp. A Pp)- AO-3p=4-7 mmuwn [ 0 1 1 1 1 [ P 1 1
Gesignated port (4 -
ORL BUS, # data (BUS) - (BUS) OR data Logical or Wm-ﬂh 1 0 o [ 1 0 o o 2 2
contents of BUS. d d d d, d 0 d, dy
ORLDPp, A (vw ('v)omu-:n Logical o contents of Accumuletor with 1 o o o 1 1 P P 1 1
=4- designated port (4 - 7).
ORL Pp. » data (Pw» (Pp)Oﬂm Logical or immediate specified datawith 1 [] 0 0 1 0 P P 2 2
=1- designated port (1 - 2} d, d d; d, d, d, d, d
OUTL BUS. A (HJS)» (L] Output contents of Accumulator onto o o o 0 o [ 1 0 1 1
BUS.
OUTL Pp. A Pp)—(A)p=1-2 Output contents of Accumuistor to o 0 1 1 1 o P P 1 1
designated port (1 - 2).
Registers
DEC Ry, (Rr) (R)- (R} -tir=0-7 by 1 contents ot 1 1 o o 1 r r r 1 1
INC Rr (Rr)—(Rr) + 1:r=0-7 Increment by 1 contents of designated 0 o 0 1 1 . r r 1 1
register.
INC @ Rr ((R)) — ((Rr)) + 1. Increment indirect by 1 the contents of 0 0 o 1 0 0 0 ’ 1 1
r=0-1 data memory location.
Subroutine
CALL addr ((SP) — (PC) (PSW 4 - T7) Call designated Subroutine. B By a 1 o 1 o [ 2 2
(SP)~ (SP) + 1 H a3 8 8 3 A ¥
(PC8 - 10) —addr 8 - 10
(PCO ~ 7)— 8dor0 - 7
(PC11)- DBF
RET (SP)~ (SP) - 1 Retum from Subroutine without 1 o 0 0 o 0 1 1 2 1
(PC) - ((SP)) restoring Program Status Word.
RETR (SP) - (SP) - 1 Return from Subroutine restoring 1 0 0 1 0 0 1 1 2 1
(PC) — ((SP) Program Status Word.
(PSW4 - 7)- ((SP))
Timer/Counter
ENTCNT Enable internal imerrupt Flag for 0 0 1 o 0 1 o 1 1 1
Timer. Countar output.
DIS TCNT! Disabie internal interrupt Flag for 0 ] 1 1 0 1 o 1 1 1
Timer Counter output.
MOVA, T W —m Mave contents of Timer Counter into o 1 o o o o 1 1 1 1
Accumulator.
MOVT A m--(A) Move contents of Accumulator into 0 1 1 [] 0 [ ] L] 1 1
Timer:Counter.
STOP TCNT Stop Count for Event Counter. 0 1 1 L o 1 0 1 1 1
STRT CNT Start Count for Event Counter. o 1 o o o 1 0 1 1 1
STRTT Start Count for Timer. 0 1 0 1 0 1 0 1 1 1
Miscelaneous
NOP No Operation performed. 0 0 0 0 0 0 0 0 1 1
Notes: T Instructon Code D rand p form the and Ports invoived
@ Tmaaundetmw:wummmmmlswmmwmmmmnmsm
3 References (o the address and data are specihed n bytes 2 and of 1of the INstrucbon
T Numencal Subscnpts appeanng i the FUNCTION column reference the spechc bits atlected
S When the Bus 1s writen 10 with an QUTL instruction the Bus remains an Output Port until esther device 15 reset or 8 MOVX instruction is executed



NEC

pPD8048H(A)

DESCRIPTION

FEATURES

PIN CONFIGURATION

HIGH PERFORMANCE
SINGLE CHIP 8-BIT MICROCOMPUTERS

The NEC #PD8048, uPD8748 and uPDBO35L are single component, 8-bit, parallel microproces-
sors using N-channel silicon gate MOS technology. The uPD8048/8748/8035 efficiently func-
tion in control as well as arithmetic applications. The flexibility of the instruction set allows for
thedirect set and reset of individual data bits within the accumulator and the /0 port structure.
Standard logic function implementation is facilitated by the large variety of branch and table
look-up instructions.

The uPD8048/8748/8035L instruction set is comprised of 1 and 2 byte instructions with over
70 % single-byte and requiring only 1 or 2 cycles per instruction with over 50 % single-cycle.

The uPDB0A48 series of microprocessors will function as stand alone microcomputers. Their
functions can easily be expanded using standard 8080A/8085A peripherals and memories.

The uPDB048 contains the following functions usually found in external peripheral devices:
1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory; 27 1/0 lines; an
8-bit interval timer/event counter; oscillator and clock circuitry.

The uPD8748 differs from the uPD8048 only in its 1024 x 8-bit UV erasable EPROM program
memory instead of the 1024 x 8-bit ROM memory. It is useful in preproduction or prototype
applications where the software design has not yet been finalized or in system designs whose
quantities do not require a mask ROM.

The uPDB035L is intended for applications using external program memory only. It contains all
the features of the uPD8048 except the 1024 x 8-bit internal ROM. The external program
memory can be implemented using standard 80B0A/8085A memory products.

Fully Compatible With Industry Standard 8048
NMOS Silicon Gate Technology Requiring a Single +5V Supply
2.5 us Cycle Time. All Instruction 1 or 2 Bytes
Interval Timer/Event Counter

64 x 8 bit Ram Data Memory

Single Level Interrupt

96 Instructions: 70 % Single Byte

27 1/0 Lines

Internal Clock Generator

8 Level Stack

Compatible With 8080A/8085A Peripherals

Auvailable in Both Ceramic and Plastic 40 Pin Packages
Temp Range —40°C to +85°C

1

2
3
4
5
6
7
8
9




HPDB048H(A) N E C

PIN IDENTIFICATION PIN
NO. SYMBOL FUNCTION
1 To Testable input using conditional transfer functions JTO and JNTO. The

internal State Clock (CLK) is available to Tg using the ENTO CLK
instruction. Tg can also be used during programming as a testable flag.

2 XTAL 1 One side of the crystal input for external oscillator or frequency
(non-TTL compatible V|H).

3 XTAL 2 The other side of the crystal input.

4 RESET Active low input for processor initialization. RESET is also used for
PROM programming verification and power-down
(non-TTL compatible ViH).

5 SS Single Step input (active-low). SS together with ALE allows the pro-
cessor to "single-step™ through each instruction in program memory.

6 INT Interrupt input {active-low). INT will start an interrupt if an enable
interrupt instruction has been executed. A reset will disable the inter-
rupt. INT can be tested by issuing a conditional jump instruction.

7 EA External Access input (active-high). A logic “1* at this input com-
mands the processor to perform all program memory fetches from
external memory.

8 RD READ strobe output (active-low). RD will pulse low when the pro-
cessor performs a BUS READ. RD will also enable data onto the
processor BUS from a peripheral device and function as a READ
STROBE for external DATA MEMORY.

©
B
m
z

Program Store Enable output (active-low). BSEN becomes active only
during an external memory fetch.

10 WR WRITE strobe output {active-low). WR will pulse low when the
processor performs a BUS WRITE. WR can also function as a WRITE
STROBE for external DATA MEMORY.

n ALE Address Latch Enable output (active-high). Occuring once each cycle,
the falling edge of ALE latches the address for external memory or
peripherals. ALE can also be used as a clock output.

1219 | Dg-D7 BUS | 8-bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WR strobes. The contents of the
Do-D7 BUS can be latched in a static mode.

During an external memory fetch, the Dg-D7 BUS holds the least
significant bits of the program counter. PSEN controls the incoming
addressed instruction. Also, for an external RAM data store instruc-
tion the Dg-D7 BUS, controlled by ALE, RD and WR, contains
address and data information.

20 Vss Processor’s GROUND potential.
21-24,| P0-P27: Port 2 is the second of two 8-bit quasi-bidirectional ports. For external
35-38 | PORT 2 data memory fetches, the four most significant bits of the program

counter are contained in P2g-P23. Bits Ppg-P23 are also used as a
4-bit 1/0 bus for the uPD8243, INPUT/QUTPUT EXPANDER.

25 PROG Program Pulse. A +25V pulse applied to this input is used for pro-
gramming the uPD8748. PROG is also used as an output strobe for
the uPD8243.

26 Vpp Programming Power Supply. Vpp must be set to +25V for program-

ming the uPD8748, and to +5V for the ROM and PROM versions for
normal operation. Vpp functions as the Low Power Standby input

for the uPD8048.
27-34 | P1p-P17: Port 1 is one of two 8-bit quasi-bidirectional ports.
PORT1
39 T Testable input using conditional transfer functions JT1 and JNT1. T1
can be made the counter/timer input using the STRT CNT instruction.
40 vee Primary Power supply. VC(C is +5V for programming and operation of

the uPD8748, and for operation of the uPD8035L and uPD8048,




N E C HPD8048H(A)

BLOCK DIAGRAM

Expansion to Additional
External Memory and 1/0

[Resident ProgramMemory]|
ROM/EPROM

Oscil;
F ooy 1024 x8 Port 0 Latch
a P
Port 2LatchiLowa] Port 2 ] 2 Decode Aspdibciail
and Expander Latch igher Program 8 Register
Port 1/0 (High 4) | |g| Counter (4)
Lower Prograrr
la fa Ya Program Status
Counter Word T
8-Bit Internati Bus t t Butfer| g
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i
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Register Bank
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XTAL1 Resident Data Memory — RAM
iNT_RESET PROG _EA XTAL2 ALE PSEN S5 RDWR 128x8)
1
T , 'Tl‘ lCPU/ emory ’ 1 Adress
nitialize Separate Latch Program Single Read Writ
Interrupt PROM/Expander  Oscillator/ Surobe/ Memory Siep | Garobes
Strobe XTAL Cycle Enable
Clock
ABSOLUTE MAXIMUM T _p5e¢
RATINGS*
Operating Temperature —40°C to +85°C
Storage Temperature (Ceramic Package) —65°C to +150°C
Storage Temperature (Plastic Package) —65°C to +150°C
Voltage on Any Pin —05Vto+7V(QD
Power Dissipation 1.5W

Note: (D With respect to ground.

*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 unter conditions out-
side the limits described in the operational sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.



uPD8048H(A)

NEC

DC CHARACTERISTICS T,=—40°C to +85°C; Vg = Vpp = +5V £ 10%; V§g = OV

LIMITS

PARAMETER SYMBOL| TEST CONDITIONS MIN | TYP | MAX | UNIT
Input Low Voltage (All
Excopt XTAL1,XTAL2) | VIL 0 07 | v
Input Low Voltage
(RESET, X1, X2) vVin 0 07 v
{nput High Voltage (All
Except XTAL1,XTAL2, | ViH 23 vee | Vv
RESET)
Input High Voltage
(RESET, XTAL 1, XTAL2) | VIH1 38 Vee |V
Output Low Voltage (BUS} VoL gL =2.0mA 0.45 v
Output Low Voltage (RD, _
WR, PSEN, ALE) VoLt lgL=20mA 0.45 v
Output Low Voitage (PROG) | VoL2 lgL =2.0mA 045 | V
Output High Voltage (BUS) VOH IgH =—100 A 24 v
Output High Voltage (RD, -
WR, PSEN, ALE) VoH1 | loH=-1004A 24 v
Output High Voltage o
(A1l Other Qutputs) VoH2 loH = -30 kA 24 v
Input Leakage C t
T AN i Vss SVIN <Vee £10 | pA
Input Leakage Current -
{P19—P17, P2g—P27, EA, S5 TR Vee =ViIN = Vss + 045V 700 | pA
Output Leakage Current
(BUS, To—High Impedance loL Ve =VIN >Vgs +0.45V 10 | pwA
State}
Power Down Supply Current | Ipp Ta=25°C 8 | mA
Total Supply Current IppHce! Ta=25°C 100 mA
RAM Standby Voltage Voo Standby Mode. Reset <0.6V| 3.0 55 v




NEC

uPD8048H(A)
AC CHARACTERISTICS T, =—40°C to +80°C; V¢g = Vpp =5V 10 %; Vgg = 0V
fitcy) and LIMITS
PARAMETER SYMBOL | TEST CONDITIONS MIN | TYP | MAX [UNIT
ALE Pulse Width Wy 130tgy —170 410 ns
Addr Setup to ALE 1AL 2/15 tgy —110 220 ns
Addr Hold from ALE 1A 115 gy —40 120 ns
Control Pulse Width (RD, WR) tcet 1/2 ¢y —200 1050 ns
Control Pulse Width (PSEN) tcc2 2/5 tgy —200 800 ns
Data Setup WR tpw 13/30 tcy —200 880 ns
Data Hold after WR twp 115 tgy —50 110 ns
Data Hold (RD, PSEN) tDR 1/10 tgy —30 0 220 | ns
RD to Data in tRD1 2/5 gy —200 800 | ns
PSEN to Data in tRD2 3/10 gy —200 550 | ns
Addr Setup to WR tAW /3 tgy —150 680 ns
Addr Setup to Data (RD) 1AD1 11/151cy —-250 1570 ns
Addr Setup to Data (PSEN) tAD?2 8/15 tgy —250 1090 | ns
Addr Float to RD, WD tAFC1 215 tcy —40 290 ns
Addr Float to PSEN tAFC2 1/30 tgy —40 40 ns
ALE to Control (RD, WR) tLAFC1 | 1/151¢y 75 420 ns
ALE to Control (PSEN) tLAFC2 | 1/10tgy =75 170 ns
Control to ALE (RD, WR, PROG)| tca1 115 tgy —40 120 ns
Control to ALE (PSEN) tCA2 4/151cy —40 620 ns
Port Control Setup to PROG 1cp 1/10tgy —40 210 ns
Port Control Hold to PROG tpC 4/15 ¢y —200 460 ns
PROG to P2 Input Valid tPR 17/30 tgy ~120 1300 ns
Input Data Hold from PROG tPF 1101y 250 | ns
Output Data Setup top 2/5 gy —150 850 ns
Output Date Hold tPD 1/10 tgy -50 200 ns
PROG Pulse Width tpp 7/10 tcy —250 1500 ns
Port 2 1/0 Setup to ALE tPL 4/15tgy —200 460 ns
Port 2 1/0 Hold to ALE e 1/10 ¢y —100 150 ns
Port Qutput from ALE tpy 3/10 t¢y +100 850 ns
Cycle Time tey 6 MHz (max.) 25 15 | ps
TO Rep Rate tOPRR 3/151cy 500 ns

Notes:  Control Outputs CL = 80pF
BUS Outputs CL = 150pF
BUS High Impedance Load 20pF




HPDB0A4SH(A) N E C

Instruction Fetch from External Memory
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NEC

uPD8048H(A)
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NEC

uPD804SH(A)
40 PIN PLASTIC ITEM MILLIMETERS INCHES
1PDBOABHC A 515 MAX 2.028 MAX
8 1.62 0.064
c 25401 0.10 +0.004 ]
D 05 0.1 0.019 £ 0.004
E 48.26 19 ]
F 15 MIN 0.06 MIN
G 2,54 MIN 0.10 MIN
H 05 MIN 0.019 MIN
1 522 MAX 0.206 MAX
J 572 MAX 0.225 MAX
K 15.24 0.600
L 132 0.520
i 02505 0010 '5505




NEC

HPD8048H(S)

DESCRIPTION

FEATURES

PIN CONFIGURATION

HIGH PERFORMANCE
SINGLE CHIP 8-BIT MICROCOMPUTERS

The NEC uPD8048, uPD8748 and uPDBO35L are single component, 8-bit, parallel microproces-
sors using N-channel silicon gate MOS technology. The uPD8048/8748/8035 efficientty func-
tion in control as well as arithmetic applications. The flexibility of the instruction set allows for
the direct set and reset of individual data bits within the accumulator and the /O port structure.
Standard logic function implementation is facilitated by the large variety of branch and table
look-up instructions.

The uPD8048/8748/8035L instruction set is comprised of 1 and 2 byte instructions with over
70 % single-byte and requiring only 1 or 2 cycles per instruction with over 50 % single-cycle.

The uPD8048 series of microprocessors will function as stand alone microcomputers. Their
functions can easily be expanded using standard 8080A/8085A peripherals and memories.

The uPDB048 contains the following functions usually found in external peripheral devices:
1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memo}y; 27 1/0 lines; an
8-bit interval timer/event counter; oscillator and clock circuitry.

The uPD8748 differs from the uPD8048 only in its 1024 x 8-bit UV erasable EPROM program
memory instead of the 1024 x 8-bit ROM memory. It is useful in preproduction or prototype
applications where the software design has not yet been finalized or in system designs whose
quantities do not require a mask ROM.

The uPD8035L is intended for applications using external program memory only. It contains all
the features of the uPD8048 except the 1024 x 8-bit internal ROM. The external program
memory can be implemented using standard 8080A/8085A memory products.

® Fully Compatible With Industry Standard 8048
® NMOS Silicon Gate Technology Requiring a Single +5V Supply
® 3.75 us Cycle Time. All Instruction 1 or 2 Bytes
® |nterval Timer/Event Counter
® 64 x 8 bit RAM Data Memory
® Single Level Interrupt
® 96 instructions: 70 % Single Byte
® 271/0 Lines
® Internal Clock Generator
® 8 Level Stack
® Compatible With 8080A/8085A Peripherals
® Available in Both Ceramic and Plastic 40 Pin Packages
® Temp Range —40°C to +110°C
[ ]
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0B, a T 270 Py
oe, (s %[ Voo
o8, [ 251 PROG
o8B, [ . 24[] P,
o8, [ 2] P
08, [ 20 P,
Vss (20 210 Py




uPD8048H(S) N E C

PIN IDENTIFICATION PIN
NO. SYMBOL FUNCTION
1 To Testable input using conditional transfer functions JTOand JNTO. The

internal State Clock (CLK) is available to Tg using the ENTO CLK
instruction. Tg can also be used during programming as a testable flag.

2 XTAL1 One side of the crystal input for external oscillator or frequency
(non-TTL compatible V|H).

3 XTAL 2 The other side of the crystal input.

4 RESET Active low input for processor initialization. RESET is also used for
PROM programming verification and power-down
(non-TTL compatible ViH).

5 53 Single Step input (active-low). SS together with ALE allows the pro-
cessor to “single-step™ through each instruction in program memory.

)
2|
9

Interrupt input (active-low). INT will start an interrupt if an enable
interrupt instruction has been executed. A reset will disable the inter-
rupt. INT can be tested by issuing a conditional jump instruction.

7 EA External Access input (active-high). A logic ““1” at this input com-
mands the processor to perform all program memory fetches from
external memory.

8 RD READ strobe output (active-low). RD will pulse low when the pro-
cessor performs a BUS READ. RD will also enable data onto the
processor BUS from a peripheral device and function as a READ
STROBE for external DATA MEMORY.

9 PSEN Program Store Enable output (active-low). PSEN becomes active only
during an external memory fetch,

10 WR WRITE strobe output (active-low). WR will pulse low when the
processor performs a BUS WRITE. WR can also function as a WRITE
STROBE for external DATA MEMORY.

1 ALE Address Latch Enable output (active-high). Occuring once each cycle,
the falling edge of ALE latches the address for external memory or
peripherais. ALE can also be used as a clock output.

1219 | Dg-D7 BUS | 8-bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WR strobes. The contents of the
Dp-D7 BUS can be latched in a static mode.

During an external memory fetch, the Dg-D7 BUS holds the least
significant bits of the program counter. PSEN controls the incoming
addressed instruction. Also, for an external RAM data store instruc-
tion the Dg-D7 BUS, controlled by ALE, RD and WR, contains
address and data information.

20 Vss Processor's GROUND potential.
21-24,) P20-P27: Port 2 is the second of two 8-bit quasi-bidirectional ports. For external
3538 | PORT 2 data memory fetches, the four most significant bits of the program

counter are contained in P20-P23. Bits P2g-P23 are also used as a
4-bit 1/0 bus for the uPD8243, INPUT/OUTPUT EXPANDER.

25 PROG Program Pulse. A +25V pulse applied to this input is used for pro-
gramming the uPD8748. PROG is also used as an output strobe for
the uPD8243.

26 VoD Programming Power Supply. Vpp must be set to +25V for program-

ming the uPD8748, and to +5V for the ROM and PROM versions for
normal operation. Vpp functions as the Low Power Standby input

for the uPD8048.
27-34 | P1o-P17: Port 1 is one of two B-bit quasi-bidirectional ports.
PORT 1
39 m Testable input using conditional transfer functions JT1 and JNT1.T1
can be made the counter/timer input using the STRT CNT instruction.
40 vee Primary Power supply. VCC is +5V for programming and operation of

the uPD8748, and for operation of the uPD8035L. and uPD8048.




NEC

BLOCK DIAGRAM

pPD8048H(S)

Expansion to Additional

IResident ProgramMemory, External Memory and (/O
Oscillator ROM/EPROM
Froanc 1024x8 Port 0 Latch
- Pre m
JPort 2LatchiLow 4] Port 2 P 2 Decode o] Bus Buft
and Expander Latch g or ro?gn' 8 Register
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Test 1| ¥ 480 Lower Prog
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Counter Word
| Bus
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[ u(B) J [Rogism (B:I | Flags J ogincr/Doeodo] Register
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[ INT Register 2
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(Varible Word Length!
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Register Bank
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XTAL1 Resident Data Memory — RAM
INT _AESET _PROG _EA XTAL2 ALE PSEN S5 RD WR 128 x8)
1
T . 'TI' 1CPU/ lemory ‘ ] Adress
nitialize Separate Latch Program Single Read Write
Interrupt  PROM/Expander  Oscillator/ gyrobe/ M:.r;sory é(:p Slvobels
Strobe XTAL Cycle Enable
Clock
ABSOLUTE MAXIMUM T 25°¢
RATINGS*
Operating Temperature —40°C to +110°C
Storage Temperature {Ceramic Package) —65°C to +150°C
Storage Temperature (Plastic Package) —65°C to +150°C
Voltage on Any Pin —0.5V to +7V(QD
Power Dissipation 15W

Note: (D With respect to ground.

"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 unter conditions out-
side the limits described in the operational sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.



pPD8048H(S)

NEC

DC CHARACTERISTICS

Ta = —40°C to +110°C; VGG = VDD = +5V + 10 %; Vgg = OV

LIMITS

PARAMETER SYMBOL| TEST CONDITIONS MIN | TYP | MAX | UNIT
Input Low Voltage (All
Except XTAL I, XTALZ) | VIL 05 |V
Input Low Voltage
(RESET, X1, X2) Vi 05 | Vv
Input High Volitage (All
Except XTAL 1, XTAL 2, VIH 23 v
RESET)
Input High Voitage
(RESET, XTAL 1, XTALZ) | VIH1 38 v
Output Low Voltage (BUS) VoL lgL=16mA 0.45 '
Output Low Voltage (RD, -
WR, PSEN, ALE) VoLt lgL =16 mA 0.45 v
Output Low Voltage (PROG) | VL2 lgL=16mA 045 v
Output Low Voltage -
(Al Other Outputs) Voz | loL=16mA 045 | v
Output High Voltage (BUS) VOH IgH = -50 A 24 v
Output High Voltage (RD, _
WR, PSEN, ALE) VoHr | lon=-50uA 24 v
Output High Voltage -
{All Other Outputs) VoHz | loH=-154A 24 v
Input Leakage Ci
TNy e WL | Vss<viN<vee £10 | pA
Input Leakage Current
{P10-P17. Pag—P77. EA, 58) hL1 Voo =>VIN > Vss + 045V -700 | pA
Output Leakage Current
{BUS, Tg—High Impedance loL Ve 2VIN =Vss + 0.45V £10 | pA
State) .
Power Down Supply Current | Ipp Ta=25°C 8 mA
Total Supply Current lpotice | Ta=25°C 100 mA
RAM Standby Voltage Voo Standby Mode. Reset <0.5V] 4.5 5.5 v




NEC

pPD8048H(S)
AC CHARACTERISTICS Ty =-40°C to +110°C; Vgg = Vpp =5V £10 %; Vgg = OV
flty) and LIMITS
PARAMETER SYMBOL | TEST CONDITIONS MIN | TYP | MAX |UNIT
ALE Pulse Width L 7/30tcy -170 410 ns
Addr Setup to ALE tAL 215 tgy —110 220 ns
Addr Hold from ALE tLA 1/15 tgy —40 120 ns
Control Pulse Width (RD,WR) | tcg1 1/21cy -200 1050 ns
Control Puise Width (PSEN) 1ce2 2/5 tgy —200 800 ns
Data Setup WR tow 13/30 tgy —200 880 ns
Data Hold after WR twp 115 tgy =50 10 ns
Data Hold (RD, PSEN) tDR 1/10tgy -30 0 220 | ms
RD to Data in tRD1 2/5 tcy —200 800 | ns
PSEN to Data in tRD2 3/10 tgy —200 550 | ns
Addr Setup to WR AW 1/3 tgy —150 680 ns
Addr Setup to Data (RD) taD1 11/15 tgy —250 1570 | ns
Addr Setup to Data (PSEN) tAD2 8/15 gy —250 1080 | ns
Addr Fioat to RD, WD tAFCT 2/15 gy —40 290 ns
Addr Float to PSEN tAFC2 1/30tgy —40 a0 ns
ALE to Control (RD, WR) tLAFCT | V15tgy -7 420 ns
ALE to Control (PSEN) tLAFC2 | 1/10tgy =75 170 ns
Control to ALE (RD, WR, PROG) | tcA1 1/151cy —40 120 ns
Contro! to ALE (PSEN) tcA2 415 tgy —40 620 ns
Port Control Setup to PROG tcp 110 tcy —40 210 ns
Port Control Hold to PROG tPC 4/15 1y —200 460 ns
PROG to P2 Input Valid tPR 17/30tcy -120 1300 ns
Input Data Hold from PROG tPF 1/10 gy 250 ns
Output Data Setup top 2/5 tgy —150 850 ns
Output Dats Hold tPD 1/10 tgy -50 200 ns
PROG Pulse Width tpp 7/10 tcy -250 1500 ns
Port 2 1/0 Setup to ALE tPL 4/15 tgy —-200 460 ns
Port 21/0 Hold to ALE tp 110tcy —100 150 ns
Port Output from ALE PV 3/10 tgy +100 850 ns
Cycle Time 1Y 4 MHz (max.) 3.75 15 | ps
TO Rep Rate tOPRR 3151y 500 ns

Notes:  Control Outputs CL = 80pF
BUS Outputs CL = 150pF
BUS High Impedsnce Load 20pF

to

-21




uPD8048H(S) N E C

Instruction Fetch from External Memory
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nuPD8048H(S)

Port 2 Timing
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uPD8048H(S)

NEC

40 PIN PLASTIC
uPDB8048HC

ITEM MILLIMETERS INCHES

A 51.5 MAX 2.028 MAX

B 1.62 MAX 0.064 MAX

C 25401 0.10 +0.004
D 05 *0.1 0.019 £ 0.004
E 48.26 £ 0.1 19 £0.004
F 1.5 MIN 0.06 MIN

G 2.54 MIN 0.10 MIN

H 0.5 MIN 0.019 MIN

[ 5.22 MAX 0.206 MAX

J 5.72 MAX 0.225 MAX

K 15.24 7YP 0.600 TYP

L 13.2 TYP 0.520 TYP
el ouo g




N E C pPD8049H(A)

HIGH PERFORMANCE
SINGLE CHIP 8-BIT MICROCOMPUTERS

DESCRIPTION The NEC #PD8049 and uPD8039H are single chip 8-bit microcomputers. The processors diffzr
only in their internal program memory options: the uPD8049 has 2K x 8 bit mask ROM and
the uPD8039H has external program memory. Both of these devices feature high performance
11 MHz operation.

FEATURES ® High Performance 11 MHz Operation
® Fully Compatible with Industry Standard 8049/8039
® Pin Compatible with the uPD8048/8748/8035
® NMOS Silicon Gate Technology Requiring a Single +5V + 10 % Supply
® 1.36 us Cycle Time. All Instructions 1 or 2 Bytes
® Programmable Interval Timer/Event Counter
® 2K x 8 bit ROM, 128 x 8 bit RAM
® Single Level Interrupt
® 96 Instructions: 70 Percent Single Byte
® 271/0 Lines
® Internal Clock Generator
® Expandable with B0B0A/8085A Peripherals
® Available in Both Ceramic and Plastic 40-Pin Packages
® Temp Range —40°C to +85°C
PIN CONFIGURATION
1o 1 0] v
XTAL1 2 I M
XTAL2 3 s Py
RESET 4 37 E Pae
53 5 36 Py
INT 6 35[0 Pa
EA 7 ad Py
_:6 8 uPD 330 P
PSEN 9 8049/ 32 N P
WR ] Pu
ALE P,
DB, g Pz
o8B, D P
D8, 0 P
DBJ 3 VOO
o8, ] PROG
08‘) 3 P))
DB, P,
on b -
vSS :] Pl(l




pPD804SH(A) N E C

PIN IDENTIFICATION PIN
NO. SYMBOL FUNCTION
1 To Testable input using conditional transfer functions JTO and JNTO. The

internal State Clock (CLK) is available to Tg using the ENTO CLK
instruction. Tg can also be used during programming as a testable flag.

2 XTAL1 One side of the crystal, LC, or externai frequency source.
(Non-TTL compatibie V|H.)

3 XTAL 2 The other side of the crystal or LC frequency source. For external
sources, XTAL 2 must be driven with the logical complement of the
XTAL 1 input.

4 RESET Active low input from processor initialization. RESET is also used for
PROM programming verification and power-down
{non-TTL compatible V|H).

al

Single Step input (active-low). SS together with ALE allows the pro-
cessor to “single-step” through each instruction in program memory.

Y
2
3

interrupt input (active-low). INT will start an interrupt if an enable
interrupt instruction has been executed. A reset will disable the inter-
rupt. INT can be tested by issuing a conditional jump instruction.

7 EA External Access input {active-high). A logic “1* at this input com-
mands the processor to perform all program memory fetches from
external memory.

8 RD READ strobe outputs (active-low). RD will pulse low when the pro-
cessor performs a BUS READ. RD will aiso enable data onto the
processor BUS from a peripheral device and function as a READ
STROBE for external DATA MEMORY.

Program Store Enable output {active-low). PSEN becomes active only
during an external memory fetch,

10 WR WRITE strobe output (active-low). WR will pulse low when the
processor performs a BUS WRITE. WR can also function as a WRITE
STROBE for external DATA MEMORY.

|

©
3
m
z

1 ALE Address Latch Enable output (active-high). Occuring once each cycle,
the falling edge of ALE latches the address for external memory or
peripherals. ALE can also be used as a clock output.

12-19 | Dg-D7 BUS | 8-bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WR strobes. The contents of the
Do-D7 BUS can be latched in a static mode.

During an external memory fetch, the Dp-D7 BUS holds the least
significant bits of the program counter. PSEN controls the incoming
addressed instruction. Also, for an external RAM data store instruc-
tion the Dg-D7 BUS, controlled by ALE, RD and WR, contains
address and data information.

20 Vss Processor's GROUND potential.
21-24,| P20-P27: Port 2 is the second of two 8-bit quasi-bidirectional ports. For external
35-38 | PORT 2 data memory fetches, the four most significant bits of the program

counter are contained in P2g-P23. Bits P2g-P23 are also used as a
4-bit 1/O bus for the uPD8243, INPUT/QUTPUT EXPANDER.

25 PROG PROG is used as an output strobe for uPD8243‘s during |/0 expan-
sion. When the uPD8049 is used in a stand-alone mode the PROG pan
can be allowed to float.

26 Vpp Vpp is used to provide +6V to the 128 x 8 bit RAM section. During
normal operation VCC must also be +5V to provide power to the
other functions in the device. During stand-by operation Vpp must
remain at +5V while Vg is at ground potential.

27-34 | P1o-P17: Port 1 is one of two 8-bit quasi-bidirectional ports.
PORT 1
39 T1 Testable input using conditional transfer functions JT1 and JNT1. T1

can be made the counter/timer input using the STRT CNT instruction.|

40 Vee Primary Power supply. VCC is +5V during normal operation.




NEC

uPDB049H(A)

BLOCK DIAGRAM

Expansion to Additional
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(8) Register (8) lags egister/Decode Register
Muttiplexer |
Accumulator Arithmetic Test O M.mo__
Latch Logic Unit Test 1 Register 1 |
=— 'F”I‘T o Register 2
Conditional| *9 Register 3
Branch [<+— Flag1 -
Logic f-— Timer Flag 2 Register 4
e Carry ] 2 [Register 5
l=— Acc a Register 6
. Register 7
[=— Acc Bit Test 8-Level Strack.
Optional Second
Register Bank |
Control and Timing Data Store
XTAL1 Resident Data Memory — RAM
iNT_RESET_PROG _EA XTAL2 ALE PSEN__ S5 RO WR (128 x8)
T ni ?l' ICPSU.IMzmrv f Adress ; I I
nitialize parate Latch Program Single Read Write
Interrupt  PROM/Expander  Oscillator/ Srrobel Mamory Step  Strobes
Strobe A Cycle Enable
Clock

ABSOLUTE MAXIMUM

RATINGS*

Ta=25°C

Operating Temperature —40°C to +85°C
Storage Temperature {Ceramic Package) —65°C to +150°C
Storage Temperature (Plastic Package} —65°C to +150°C
Voltage on Any Pin —-05Vto+7V(D
Power Dissipation 15W

Note: (D With respect to ground.

*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 unter conditions out-
side the limits described in the operational sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.



HPD8049H(A)

NEC

DC CHARACTERISTICS T, = —40°C to +85°C; Vgc = Vpp = +5V £ 10%; Vs = OV

LIMITS

PARAMETER SYMBOL | TEST CONDITIONS MIN | TYP | MAX | UNIT|
Input Low Voltage (Alt
Except XTAL Y, XTAL2) | VIt -05 07 | Vv
Input Low Voltage
(RESET, X1, X2) Vit 05 01 |V
Input High Voltage (All
Except XTAL 1, XTAL 2, VIH 23 vee Vv
RESET)
Input High Voltage
(RESET, XTAL 1, XTAL2) | VIH1 38 vee |V
Output Low Voltage {BUS) VoL lgL=20mA 0.45 v
%?PSLELF‘:?AVL%)‘WQ (RD, Voui lgL=20mA 045 \'
Output Low Voltage (PROG} | Vg2 loL=2.0mA 045 v
Output Low Voltage _
(All Other Outputs) Vous loL=20mA 045 | v
Output High Voltage (BUS) VOH 1gH = 100 A 24 v
Hi Itage (RD
%‘f‘ﬁ%{"‘ B0 vour |[lon=-100pA 24 v
Output High Voltage _
(All Other Outputs) VoHz |lon=-30pA 24 v
Input Leakage Current Ve <VIN <V +10 A
(T1,EA, INT) L SSSVIN<VCC H
Output Leakage Current
(sBUS), To—High impedance loL Voo =VIN >Vss + 045V +10 | pA
tate|
Power Down Supply Current | Ipp Ta=25°C 5 10 mA
Total Supply Current Ipp+icc | Ta= 25°C 80 | 140 mA

2-28




NEC

HPD8049H(A)
AC CHARACTERISTICS T, =—40°C to +85°C; Ve = Vpp = 5V £ 10 %; Vgg = OV
f(tcy) and LIMITS
PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UuNIT
ALE Pulse Width L 7/30tcy -170 180 ns
Addr Setup to ALE tAL 2/15 tgy —110 90 ns
Addr Hold from ALE tLA 1/15 tgy —40 60 ns
Control Pulse Width (RD, WR) | tcc1 1/2 gy —200 o ns
Data Setup WR tow 13/30 tgy —200 450 ns
Data Hold after WR twp 1/15 tgy 50 50 ns
Data Hold (RD, PSEN) DR 110 tcy -30 0 120 | ns
RD to Data in tRD1 2/5 tgy —200 400 | ns
PSEN to Data in tRD2 3/10tgy 200 250 | ns
Addr Setup to WR tAW 1/3 ¢y ~150 350 ns
Addr Setup to Data (RD) tAD1 11/15 tcy —250 850 | ns
Addr Setup to Data (PSEN) tAD2 8/15 tgy —250 550 | ns
Addr Float to RD, WD tAFCY 2/15 tgy —40 160 ns
Addr Float to PSEN tAFC2 1/30 tgy —40 10 ns
ALE to Control (RD, WR) tLAFC1 | 1/5tcy =75 420 ns
ALE to Control (PSEN) tLAFC2 110 tgy —75 170 ns
Control to ALE (RD, WR, PROG)| tca1 11510y —40 120 ns
Control to ALE (PSEN) tcA2 4/15 tgy —40 620 ns
Port Control Setup to PROG tcp 1/10 tgy —40 110 ns
Port Control Hold to PROG tpC 4/15 1y —200 200 ns
PROG to P2 Input Valid tPR 17/30tcy —120 730 ns
Input Data Hold from PROG tpF 110 tgy 150 | ns
Output Data Setup tpp 2/5tcy —150 450 ns
Output Data Hold tPD 1/10 tcy -50 100 ns
PROG Pulse Width tpp 7/10 tgy —250 800 ns
Port 2 1/0 Setup to ALE tPL 4/15 tcy —200 200 ns
Port 2 1/0 Hold to ALE tp 1/10 tcy —-100 50 ns
Port Output from ALE tpy 3/10tcy +100 850 ns
Cycle Time tcy 6 MHz 15 15.0 us
TO Rep Rate tOPRR 315ty 500 ns

Notes:  Output Outputs CL = 80pF
BUS Outputs CL = 150pF
BUS High Impedance Load 20pF




uPD8049H(A) N E C

Instruction Fetch from External Memory

TIMING WAFEFORMS |

ey |
L w ] |
ALE. | |
| —>| tAFC2 I- 1CC2 - tCA2 ——l

Aok [

BUS  Floating Floa!mg x .\ X Floating X

Address ‘—’l RD2 l* Instruction

I tAD2

3
p

Read from External Data Memory

I cy

]

ALE I l
tarct —=f=— tcc1 —=}=tcat

Mdms tAFCI L— —Jto
%

Bus  Floating x \. Floating Data Floating

s
t tAD 1

Write to External Memory

ALE I I

L

J

tLAFCT —-i—- 1cC1 === tCAl ’l

Address

WD
oW

Bus  Floating X ‘ X Floating x Data X Floating
I

S




N E C HPDBO49H(A)

Port 2 Timing
ALE
—11CA1
tLa
—i TAL
ettt {t Plont— t&— tDP —={ tPD [e—
Expander
Port PCH Port 29.30atal X | Port Control Output Data
Output
I tp|
tPH ————| |-
Po;-t X PCH Port 2p.3Dat: Port Control Q
Output
{CP[=tPC>| Input Data
R ‘ tpp
PROG
BUS Output High Voltage vs. Source Current
»
™
- |
Vec = 48V
anA
mA
o v v
Vom
Port P1 and P2 Output
High Voitage vs. Source Current BUS Output Low Voltage vs. Sink Current
'0-
[
Voc = 48V
w
Voo = 45V
100uA 20ma /
o
S0uA \\ 10mA
ov v o o 1w v
Vo\




pPD804SH(A)

NEC

40 PIN PLASTIC
uPDB049HC/
uPD8039HLC/
uPD8749HC

ITEM MILLIMETERS INCHES
A 515 MAX 2.028 MAX
) 1.62 MAX 0.064 MAX
c 254201 0.10 £0.004
) 05 0.1 0.019 £ 0.004
E 48.26 £ 0.1 19 *0004
F 15 MIN 0.06 MIN
G 254 MIN 0.10 MIN
H 05 MIN 0.019 MIN
| 5.22 MAX 0.206 MAX
3 5.72 MAX 0.225 MAX
K 1524 TYP 0.600 TYP
L 132 TYP 0520 TYP
M 025 00 0.010* 3003




NEC

pPD80CA9HC (S)

The uPDBOC4gH is a single chip 8-bit microcomputer  P{N CONFIGURATION (Top View)
having 8-bit parallel processing ALU, ROM, RAM, 1/0
ports and control circuit on one CMOS chip. This "

. ) . ) ¢ . ith Ty O=—si1 40—0 vpp
microcomputer is provided with a standby function wit XTALT 2 % T
consideration for low power consumption XTAL2 0—H 3 38 fe—a0 P27

RESET O—14 37f=—0 P26
FEATURES So—=o a0 P25
® Extended T - o INT 0—d6 35}e—e0 P24
xtended temperature (T, = —40 to +110 °C) EA O o7 2 o P17
® Single chip 8-bit microcomputer RD O=—38 33p—=0 P16
® 98 types of instructions PSEN Ow—9 ’ 32f=—0 P15
® |nstruction cycle, 1.5 us/10 MHz WR 0= 10 MPDBOCASHCLS) 31[=—=0 P14
. . ALE O=—— 11 30fe—s0 P13
.
Operatung function ) o8B0 12 29 P2
Addition, logic operation, and decimal adjust DB1 Oe—e{ 13 28}e—0 P11
® ROM 2 K x 8 bits DB2 0w—t 14 27f+—=0 P10
® RAM 128 x 8 bits DB3 Ow—] 15 26 [#——o0 STOP
® Stand-by function DB4 O=—=116 250 PROG
© Blevel stack DBS O=—v] 17 24}a—w-0 P23
rleve! stac DB6 O=—] 18 23}=—e0 P22
® Dual Register Banks DB7 oe— 19 22be—e0 Py
® [nterrupt capability Vgs 0—— 20 21 f=—e0 P20
® Two test inputs
® On-chip 8 bit Timer/Counters
cnp B T PIN FUNCTION
® Easily expandable Memory and 1/0 ports
X P10 ~ P17 Input/output port (PORT 1)
® 27 lines Input/output ports
N P20 ~ P27 Input/output port (PORT 2)
Input/output ports, 8 bits x 2
5 DBO ~ DB7 Data bus (BUS PORT)
Data bus {(common to 1/0 ports), 8 bits x 1
— X TO, T1 Test Input
Sense Input (TO, T1, INT) 1 bits x 3 .
. . INT Interrupt Input
® Single step function —_—
. R _ RD Data Read Strobe Output
® On chip Clock oscillator circuit WR Data Write S o
© CMOS ALE A::: mLet :O:e blu'(p)mt t
ress Latch Enable Ou
® Single power supply, +2.5 to +6.0 V _ € pu
. X PSEN Program Strobe Enable Strobe Output
® 40 pin plastic DIP AESET R \nout
eset
® ;PD8049H pin compatible __ . npu
SS Single step Input
EA External Access Input
XTAL1,2 Crystal
STOP Stop Input



ve-2

XTAL1 ———

XTAL2

TIMING

PSEN ~—d

ALE =——]

CONTROL
LOGIC

Wv4d9via %0078

i

r

STOP ———=Q

STANDBY
CONTROL

Vpp = +2510+60V

POWER
SUPPLY

V§§ ———=

GND

) I
FLacs K )
\— %
128x8 RAM
ACCUMULA. |A— REGISTER 0~7
TOR N——
ALU 8) 8 LEVEL STACK
w [IvARIABLE LENGTH,
RAM 2 TONAL N
ADDRESS O | _REGISTER BANK
TEMP REG REGISTER @
(8) (8) e
DATA STORE
>
K MULTIPLEXER
I m
Pl
A 2|4
INSTRUCTION %
DECODER [\ o N—
C
w
@ PORT1
LATCH AND
2 Kx8 ROM PROGRAM BUFFER
<: COUNTER ::> . PORT2
LATCH AND
(12) N BUFFER
PROGRAM R LATCH AND
MEMORY BUFFER (2
L4
¢ PSW
CONDITIONAL BRANCH
LOGIC
T C:> TIMER/EVENT .”
COUNTER
(8)
ACC ACC CARRY TIMER} FLAGO INT
BIT FLAG —
TO TV yesT FLAG!

P10~P17

P20~P27

DBO~D87

(s) oH6vO08ad

J



E uPD80C4SHC (S)

ABSOLUTE MAXIMUM RATINGS (T4 =25°C}
PARAMETER  |SYMBOL RATINGS [UNIT

Supply Voltage Vpp |-0.3to+7 v
Input Voltage Vi —0.3t0 VppH0.3| V
Qutput Voltage Vo —03toVpp+0.3| V

Operating Temperature Topt —40 to +85

o
e Ke]

Storage Temperature Tstg —65to +110

DC CHARACTERISTICS (Ta=—40°Ct0+110°C,Vpp=+56V :10%, V§§=0V)

PARAMETER I SYMBOL TEST CONDITIONS MIN. TYP. MAX. | UNIT
Input Voltage Low I ViL -0.3 +0.8 v
| Vin | Except XTAL1, XTAL2, RESET, SS Vpp-2 VDD v
Input Voltage High R - [ - T
U ViHg RESET, XTAL1, XTAL2, 58 "Vpp-1 Vpp v
} . [ i
' 1 t
Output Voltage Low . VoL IoL=1.2mA +0.45 \
BUS, RD. WR, PSEN, ALE, PROG, TO
VoH 24 PV
IoH =—250 uA
—_——— s [ . i
Output Voltage High 10H=—3 uA (Type 0} PORT1, PORT2 2.4
VoH1(T} - —
10H=-30 uA (Type 1) PORT1, PORT2 24 v
VOH2 All Outputs, IQH=-0.2 wA Vo005,
PORTY, PORT2; Vy < V|| (Type 0) | 15 ~40 uA
hetm - = : : Co
Input Current PORT1, PORT2; V) < Vi (Type 1) -500 uA
fiLe SS,RESET: V| S Vi —40 uA
— C e - g . ' J—
L i T1,INT,STOP:Vgs <V} £ VDD i 1 uA
Input Leakage Current b e = - T - ' - —
2 . EA;Ves S VIS VDD +3 uA
- + - ...? . . -
; Vss £Vo<Vop
Output Leakage Current | 1O 1 uA
! High Impedance, BUS, T0 (3! ,
lIppr | HALT Mode: toy =15 s 15 ' 30 | ma
Standby Current  ERE—— . - ¢ 1 —
. 1pD2 STOP Mode (2) T 50 oA
. R et . . . ' -
Supply Current (Total) ) 1Y =15 us 6 15 i mA
SRR . . B —
at the hardware STOP mode {STOP., :
Data Retention Voltage VDDDR RESET < 0.4 V) or RESET (RESET 25 ‘ ! v
: f i
- 4 i
j <04 V) | l l |




uPD80CA4IHC (S) E

DC CHARACTERISTICS (Ta=—40°C to +110°C, VDp =+2.5V t0 +6.0 V, V§S =0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. | UNIT
Input Voltage Low ViL -03 018Vpp v
ViH Except XTAL1, XTAL2, RESET, §§ 0.7 Vpp Voo v
Input Voltage High e o R
ViH RESET, XTAL1, XTAL2, §§ VoD A
Output Voltage Low VoL loL=0.5mA 045 \Z
BUS, RD, WR, PSEN, ALE, PROG, TO
VOH 075 Vpp v
10H=50 A
Qutput Voltage High -
IoH=—0.5 uA (Type 0} PORT1, PORT2 0.7 Vpp
Voui(1) s
10H=—5 uA (Type 1) PORT1, PORT2 0.7 Vpp
PORT1,PORT2; V) < V(L (Type 0) -15 —40 HA
Lpth) —
input Current PORT1, PORT2; V| SVIL (Type 1) -500 uA
liLe §S,RESET: Vi <V|L —40 WA
[INT} T1, INT, STOP; Vgs < V| S VDD +1 HA
input Leakage Current —
L2 EA;Vss <V) < VDD +5 KA
Output Leakage Vss S Vo < Vpp 13}
Lo + uA
Current High Impedance, BUS, TO
, HALT VpDp=3 V; tcy=6 us 03 0.6 mA
DD1
Mode Vpp=6 V:tcy=1.5us 2.0 4.0 mA
Stand-by Current
STOP Vpp=3V 1 50 HA
'pp2
Mode (2) Vpp=6 V 1 100 uA
Vpp=3 Vitcy=6us 20 4.0 mA
Supply Current op
VpD=6 Vitcy=1.5us 10 20 mA

Note 1:  Option specification of type O and type 1 is available only for the uPD80CA49H.
Note 2:  The input pin voltage is V| < V| or V) S V(K.
Note 3:  Qutput pins PORT1 and PORT2 specified as option in the type 2 are also included.



uPD80C49HC(S)

AC CHARACTERISTICS (Ta=401t0 110°C, Vgs =0 V)

VppD=+5V:10% | Vpp=2.5t0 6.0 V
PARAMETER SYMBOL | CONDITIONS UNIT
MIN. MAX, MIN. MAX.
Cycle Time tcy 1.5 6 us
ALE Pulse Width LN 180 1230 ns
Address Setup before ALE tAL i 190 1090 ns
Address Hoid hom ALE WA 60 360 ns
14 S — -
Control Pulse W|dth (RD, WR) tcet 550 2800 ns
Convol Pulse Width (PSEN 1cC2 | 400 2200 ns
1 - —
Data Setup before WR tDwW 1}» 450 2400 ns
Data Hold after WR wD i {5) 60 360 ns
Data Hold after RD, PSEN DR T 0 120 [} 400 ns
RD to Data in tRD1 400 2200 ns
PSEN to Data in tRD2 250 1600 ©  ns
Address Setup before WR OtAW 450 2 250 ns
| Address Setup before Data in (RD) l tAD1 900 4350 ns
Address Setup before Data in (PSEN) ! taD2 650 3350 ns
" - f (4) 4‘
Address Floa( to RD, WR AF 135 735 ns
| nodress Tloatto AR R _, 'AFC1 LA >
Address Floax w0 PSEN TAFC2 10 [ 160 ns
i - == +
ALE to Control Signal (RD WR) | 'LAFCI | i 125 ! 1125 ns
ALE 10 Control Signal (FSEN) " tLAFC2 | [ s 525 Cons
comrol Slgnsl (RD, WR, PROG) to ALE tCA1 50 350 ‘ ns
COntroI Sngnal (PSEN) to ALE tCA2 350 1550 ns
' g, t
Pon Control Setup before Falling Edge ov N |
tcp ' (6) 110 560 | ns
PROG i i
e i - B +
tPC1 { (6) (7} o 85 ) 220 ©  ns
Port Control Hold after Falling Edge of PROG - do-- . — -
tpC2 (8) (8} 220 1400 ns
PFlOG to Tnme P2 Input must be Vahd PR 730 3280 ns
Innut Data Hold Time tPF [s] 150 0 600 ns
Oulpul Data Setup T-me 1pp 450 2250 ns
e e e — - o
Output Data Hold Time D L 100 . 550 Yons
| PROG Puse Width wp ® 800 3950 ns
R »—1 - T o e — —
PORT2 I/O Dala Setup Tume L 200 | [ 1400 " ns
— SR . -
PORTZ 1/0 Data Hold Time e 10 ‘160 ns
. - PR P S
ALE 1) PORT Outpu( Py 550 1900 ns
To Clock Period 1OPRR 300 i 1200 ns

Note 4. Contro! Output: C_ =
Note5. C| =20pF

Note 6. Control output: C_ = 80 pF
Note 7.

Note 8.

At execution of MOVD A, Py instruction
At execution of MOVD Pp, A; ORLD Pp, A instruction

80 pF, BUS Output: C|_ = 150 pF



uPD80CASHC (S)

NEC

DEFINITION OF

cy DEPENDENT BUS TIMING

PARAMETER CALCULATION FORMULA * MIN./MAX. UNIT
W C TansoTa70 MIN. ns
taL (/5 7110 I s
ta I ansTao Y T s
I B
tee2 o (2/5) T-200 . MIN s
tow {13/30) T-200 MIN. i ns
[ﬁ”; T nsyTa0 YT T
" tom ' 101 T30 MAX. T e
o T (2/5) 7200 N MAX. ‘ s
| tmp2 | . @roT200 0 MAX L, ooons ]
taw i (2/5) T150 MIN. ns
| taon ' (23/30) T-250 C omax. | s
f; taD2 ' @570 | MAX. s
tarct ﬂ (2/15) T-65 ComN ns
:J!}FCZ (1/30) T-40 . miN _ \ ns
| tearer (1/6) T-75 ’ MIN. . ns
- tLAFC2 (1/10) T-75 : MIN . ns .
}7_ teay, {1/15) T-50 | M |
| tcaz (4/15) T-50 i MIN._ ns |
e (1/10) T-40 | MIN s
tpc2 {4/15) T-200 MIN o ns
T en (17/30) T-120 ' MAX. s |
we 1o T MAX. ’ ns
e ) (2/5) T-150 ’ MIN. T s |
tro ) {1/10) T-50 ‘ MIN. ns
T e i (7/10) T-250 MIN. ns
e (4/15) T-200 MIN. ns _j
tp | (1/30) T-40 MIN. s
T ey (3/10) T+100 MAX. s
;_.. tOPRR l (1/5) T MIN. . ns |
tcy 4{‘; (1/fxTAaL) x 15 | us

Remarks : T = tcy

AC Test Input/Output Waveform

M vpp

HOV 0

-
08 =

Test Py 2 "HX

27V

RV ARV VRV

X

Tewt Ponrars 2 x




NEC

uPD80C49HC (S)

TIMING WAVEFORMS

INSTRUCTION FETCH {External Program Memory)

IAFCY —| - Oy --1'«;\2‘%-
PSEN |

L
—'AlL P ‘ ——l'[m

RUS FU)AT\NUi X FLOATING X . X FLOATIN&X

" 'RD2 INSTRUCTION
AvoRess |

READ (External Data Memory)

—={ ILAFC1
ALE I | l

|- —tcCi—= tcA1 b

tAFCt —| t—— — |~—1pR
| FL

| OATING
BUS FLOATINCXADDHESSX @ FLOATING

+—1RDT

TAD 1————

WRITE (External Data Memory)

—={ LAFC] |
ALE | |
b—'ccn——{ ICAI -

WR
|lDw wo
8US FLOAT]NGXADDRESSXFLOATINGx 0aTA X FLOATING
TWA —e=f

(8]

-39



HPD80C49HC (S) E

PORT 2 EXPANSION TIMING

w /T T\ /-

—= ‘AL LA --tpl P pee — VP - ] PO e
£ XPANDER o — :
PCH
PORT c )‘ 2023 DATA x CONTROL X DUTPUT DATA
ouTPUT

—— — -1PR - h ]
EXPANDER SORT R —
INPU ><
PORT 3 PcH 2023 DATA CONTROL K ) DATA
INPUT

|

—=1CP=!PC1:1PC2m] '

PR
PROG ) st

1/0 PORT TIMING

2ND CYCLE

le— tpL th-‘

ALEﬂ f

1ST CYCLE

e 7/

P20-23 x PCH < PORT 20-23 DATA ) NEW P20-23 DATA X PCH
QuTPUT

P24-27

P10-17 PORT 24-27, PORT10-17 DATA )( NEW PORT DATA
OUTPUT




NEC

pPDBOC50HC (A)

The uPDBOCSOHC(A) is a single chip microcomputer
containing 8-bit CPU, ROM, RAM, 1/0 ports and control
circuit on one CMOS chip.

The uPDBOCS0HC(A), fabricated by CMOS technology,
realizes low power consumption and data retention is
also available with less power consumption.

FEATURES
® Single chip 8-bit microcomputer
98 instructions
Instruction cycle: 1.25 us/12 MHz
Operating function
Addition, logic operation, and decimal adjust
ROM 4 K x 8 bits
RAM 256 x 8 bits
Stand-by function

8-level stack
Two sets of working registers
Interrupt capability
Two test inputs
Internal Timer/Event Counter
Easy expandable Memory and /O ports
Input/output ports
Input/output ports: 8 bits x 2
Data bus (aiternative for 1/0 ports): 8 bits x 1
Single step function

Internal Clock generator

CMOS

Single power supply: +2.5 to+6.0 V
40 pin plastic DIP

PIN CONNECTION (Top View)

TO :] 1
XTAL1 2
XTAL2 00— 3
RESET 4

S5 o—={5

INT o—=1 6

EA O— 7

RD o=— 8

PSEN oe— 9
WR o——10
ALE Ow—A1N
DB0 Ow—112
DB1 ow—a{13
0B2 Ow—»{14
DB3 o=—»{15
DB4 Ow—»116
0B5 Ow—s|17
DB6 O=—=118
D87 Cw—{19
Vss o———20

\J
40—OVpp

j=—0T1
ja—0 P27
r——one
fr——0 P25
[a—a-0 P24
j—OP17
[~—OP16
f=—O0P15
f——oPri14
fe—0P13
[e—=OP12
fs—0P11
27 fe—soP10
26 f=——0STOP
25 ——=OPROG
24 |=—0P23
23 fe—-0p22
22 pe—-OP21
21 f—-0P20

#PDBOCSOHC(A)

LRELRELEY

& B8

PIN IDENTIFICATIONS

2-41

Input/output port (PORT 1)
Input/output port (PORT 2)
Data bus {BUS)

Test

Interrupt

Read

Write

Address Latch Enable

Program Store Enable

Reset

Single step

External Access

Crystal

Stop



XTAL1

XTAL2

WR

RD

SS

PSEN

ALE

EA

) PROG

RESET

STOP ———»(g

Vpp —*= +25V 10 +60V

POWE R
SUPPLY

N

TIMING

9

CONTROL

LOGIC

| AccumuLA.
| TOR (g

TEMP REG
8

256x8 RAM

REGISTER 0~7

RAM
3 ADDRESS
REGISTER

8 LEVEL STACK
(VARIABLE LENGTH)

OPTIONAL SECOND
REGISTER BANK

DECODE

DATA STORE

T

\r—————— DECODER

INSTRUCTION (’L

MULTIPLEXER

4K x8 ROM

PROGRAM
MEMORY

A PROGRAM

| COUNTER
N 02)

{8) SN8 TYNYILNI

r

L=y

STANDBY

CONTROL

Vgg ——= GND

CONDITIONAL BRANCH
LOGIC

ACC ACC CARRYTIMERFLAGIFLAGOINT

BIT
TO T TEST

FLAG

PORT1
BUFFER

PORT2
BUFFER

LATCH
AND (8)
BUFFER

TIMER/EVENT
COUNTER

8)

e £

LATCH AND P10~P17
LATCH AND P20~P27

WvH9VIQ 0019

DBO~DB7

(v) DHOSD08adH

J



NEC uPD80CSOHC (A)

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

PARAMETER SYMBOL RATINGS UNIT
Power Supply Voltage Vop Vgs —0.3 10 +7 v
Input Voltage V) | Vss—03toVpp+0.3 v
Output Voltage Vo Vgs —0.3 to Vpp +0.3 v
Operating Temperature Topt —40 10 +85 °c
Storage Temperature Totg —65 to +150 °c

DC CHARACTERISTICS (Ta= —40to +85°C, VDD =+5V 10 %, V§s =0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Input low voltage ViL -0.3 08 v
Input high voltage ViH (Al except XTAL1, XTAL2, RESET SS) | Vpp-2 Vpp v

VIH1 RESET, XTAL1, XTAL2, S§ Vpp-1 Vop v
Output low voitage VoL oL =20mA 0.45 v
Output high voltage Vou BUS, RD, WR, PSEN, LAE, PROG, T0; 24 \
10K = —400 uA
VOH1 PORT1, PORT2; IgH = —5 uA (Type 0} 24 \'
PORT1, PORT2; Igy = 50 uA (Type 1) 24 v
VOH2 All outputs; IQH = —0.2 pA Vpp-0.5 \'
Input current liLp PORT1, PORT2; V) < Vi (Type O) -15 -40 HA
PORT1, PORT2; V| < V) (Type 1) —500 BA
hLe 58, RESET: v| Vi, -40 uA
Input leakage current I T1,INT, STOP; Vss < VI £ Vpp 1 BA
L2 EA;Vss < VIS Vpp +3 HA
Output leakage current ILo BUS, T0, High impedance state (2) 21 A
Vss £ Vo £ Vpbo
Standby current 1op1 HALT mode; tcy = 1.25 us 1.5 3.0 mA
Ipp2 STOP mode (1) 1 20 HA
Supply current lop ey = 1.25us 6 18 mA
Data holding voltage VDODR Hﬂu—:io? mode 20 v
(STOP, RESET £ 0.4 V) or reset
(RESET £0.4 V)
Notes:

1) Input pin voltage V| S Vi or Vi 2V 4
2) Includes PORT1 and PORT2 pins optionally specified with type 2.



uPD8OCS50HC (A)

E

DC CHARACTERISTICS (T3 =—40 to+85°C, Vpp =+2.5V t0 +6.0 V, Vgg = 0 V)

PARAMETER SYMBOL I TEST CONDITIONS MIN. TYP. MAX. UNIT
Input low voltage VIiL -0.3 0.18 Vpp v
[ Input high voltage Vin 1 (All except XTAL1, XTAL2, RESET, SS) 0.7Vpp | Vop v
ViHt | RESET. XTALI, XTAL2,55 o 0.8Vpp Vob v
input low voltage V(_)L __j,'?"- 1.0mA . 0.45 v
Output high voltage VOH ' BUS, RD, WR, PSEN, ALE, PROG, TO: 0.75 Vpp Y
10H = —100 wA
VoW1 PORTI,PORTZ: loy = —1 uA (Type0) | 0.7vpp i LV
PORT1, PORT2; Igy = —10 uA (Type 1) 0.7Vpp ' Cv
Input current I|;_p PORT1, PORT2; V| g V| (Tvp; (‘))' -15 —-40 BA
. | PORT1, PORT2: V| £ Vi (Type 1) T T 0 | wa
nc | 58 RESER VgV o —a0 | A
Input leakage current nn ‘1 T, mﬁ; Vss< v, £Vpp 21 ! uA
2 EA;Vss < V1< VDD B T 5 uA
Output leakage current| | o TB_US,’TO Hiqr; i:nc;éa_nee:;tm; T +1 HA
Vss £ Vo < VDD
Standby current Ipp1 HALT mode Vpp=3Vitcy=5us 0.3 0.6 mA
Vpp=6V;1cy=125us 20 4.0 mA
o2 | STOPmode (@ |Vpp=3V | ] 2 A
Vpp=6V 1 50 uA
Supply current oo Vpp=3V;tcy =5us 20 5.0 mA
VDD =6 V:tcy = 1.25 s 10 25 mA

Notes:

1) Type 0, type 1 and type 2 options can be specified in uPD80C50H
2) Input pin voltage V| < V) or V| 2 Viy
3) Includes PORT1 and PORT2 pins optionally specified with type 2.



E

pPD8OCSO0HC (A)
AC CHARACTERISTICS (T3=—40to +85° C, Vgs =0 V)
Vpp=+5 V 110 % Vpp=+2.5t0+6.0 V
PARAMETER SYMBOL CONDITIONS MIN. MAX. MIN. MAX. UNIT

Cycle time oy 1.25 150 5 150 us
ALE pulse width L 126 995 ns
Address setup to ALE tAL 140 890 ns
Address hold from ALE LA (4} 45 295 ns
Control pulse width {RD, WR) teet 425 2300 ns
Control pulse width (PSEN) tec2 300 1800 ns
Data setup before WR_ tow 340 1965 ns
Data hold after WR' WD (5} a5 295 ns
Data hold after RD, PSEN DR 1] 95 ] 470 ns
RD to data in tRD1 300 1800 ns
PSEN to data in tRD2 175 1300 ns
Address setup to WR taw 350 1850 ns
Address setup to RD data in tAD1 700 3585 | ns
Address setup to PSEN data in tAD2 (4) 500 2750 . s
Address float to RD, WR tAFC1 105 600 ns
Address float to PSEN tAFC2 5 125 ns
ALE to RD, WR delay tLAFCT 175 925 | 1 s
ALE to PSEN delay tLAFC2 50 425 ns
'RD, WR, PROG to ALE delay tcal 35 285 ns
PSEN to ALE delay tcA2 280 1285 | ns
Port control setup to PROG tcp t6) 8s 460 . ns
Port control hold from PROG tPC1 6} {7} 0 80 0 200090 | ns

ez W s ns T e
input data setup to PROG PR 6) 585 T 2 715 ) [ ns
input data hold from PROG tpF ' 0 125 | 0 500 ) Vns
Output data setup to PROG wop " 3s0 T qsso A s
Output data hold from PROG tPD s ) as0 | ] s
PROG pulse width tpp (6) 62:‘; e 3‘2;(‘! o o ‘-_n;__
Port 2 1/0 data setup to AL_E_ _t_PL ) : : 135 1135 1 tuns |
Port 2 1/0 data hold from ALE WP ' 5 125 ns
ALE to port ounn;tii o tpy ‘ ! 475 ' 1 600 -r\;
TO output cycle ime ‘op-;:m ) - 250 E 1000 o *'7 ;; n

Notes:

4) Control outputs C|_ = 80 pF; BUS output: C = 150 pF

5) Cy =20 pF

6) Control outputs: Ci_ = 80 pF

7) During execution of MOVD A, Pp
8) During execution of MOVD Pp, A, ANLD Pp, A, ORLD Pp, A

9

See supply voitage and port control hold time characteristic curves



uPD80CS0HC (A)

NEC

tcY-DEPENDENT BUS TIMING DEFINITIONS

PARAMETER CALCULATION FORMULA MIN./MAX. UNIT
we (7/30) T-170 MIN. ns
tAL (1/8) T-110 MIN. ns
LA (1/15) T—-40 MIN. ns
tcC1 (1/2) T-200 MIN. ns
tcc2 T2/ T-200 MIN. ns
tpw (13/30) T-200 MIN. ns
twD (1/15) T-40 MIN. ns
tDR (1/10) T-30 MAX. ns
tRD1 (2/5) T-200 MAX. ns
tRD2 {3/10) T—200 MAX. ns
tAW (2/5) T-150 MIN. ns
tAD1 (23/30) T—250 MAX. ns
tAD2 (3/5) T-250 MAX. ns
tAFCY (2/15) T-65 MIN. ns
tAFC2 (1/30) T-40 MIN. ns
tLAFCY (1/5) T-75 MIN. ns
tLAFC2 (1/10) T-75 MIN. ns
tCA1 {1/15) T-50 MIN. ns
1CA2 (4/15) T-50 MIN. ns
tcp (1/10) T-40 MIN. ns
tPC2 (4/15) T-200 MIN. ns
PR (17/30) T-120 MAX. ns
tpF T MAX. ns
tpp (2/5) T-150 MIN. ns
tPD (1/10) T-50 MIN. ns
tpp (7/10) T-250 MIN. ns
tpL (4/15) T-200 MIN. ns
wp "7 (1/30) T-40 MIN. ns
By (3/10) T+100 o MAX. ns
tOPRR (/%) T MIN. ns
tcy (1/fxTALIX15 us

Remarks: T =tCy



NEC

The uPD78C11 is a B-bit single chip microcomputer
with an A/D converter. in addition, 8-bit CPU, ROM,
RAM, A/D converter,
counters, general-purpose serial interfaces and /O ports
are also integrated; and the uPD78C11 is capable of
controlling external memory directly, or ROM and RAM,

multifunctional timer/event

which can be expanded freely and accessed in the same
manner like the built-in ROM and RAM.

The uPD78C10 is ROM-less version of uPD78C11.

The uPD78C11/10 is CMOS version of 4uPD7811/10.
They are member of uCOM-87AD series.

The instruction sets are compatible with the uCOM-
87, and moreover involve the 16-bit data operation
instructions and multiplication/division instructions to
compose a program effectively.

The uCOM-87AD is very suitable in the system
control handling analog data, the energy control, process
control and automobile, etc.

FEATURES

® Extended temperature: (T, = —40 °Cto +110 °C)

® Single chip microcomputer (uCOM-87 AD)

® 158 kinds of abundant instruction sets, uCOM-87
upward compatible, 16-bit operation instruction

multiplication/division instruction

Instruction cycle: 1 us (12 MHz)

Program (ROM) capacity: 4 096 words x 8 bits

Data (RAM} capacity: 256 words x 8 bits

Direct addressing memories (ROM/RAM) up to 64K

bytes

High-precision 8-bit A/D converter, 8 analog inputs

General-purpose serial interface

Asynchronous mode, synchronous mode & 1/0 inter-
face mode

® Multifunctional 6-bit timer/event counter

® Two 8-bit timers

® Interrupt function (3 external & 8 internal)

uPD78C10G (S)/L(S)
PRELIMINARY uPD78C11G (S)/L(S)
® 6 priority levels and the corresponding interrupt
address
® 1/0 ports:

{ 40 bits (uPD78C11G(S)/L(S))
128 bits (uPD78C10G(S)/L(S))

® Edge-sense inputs: 4 inputs

Zero-cross detection function

Standby function: HALT mode, Hardware/software
STOP mode

Built-in clock oscillator

CMOSs

Single power supply {+5 V)

64-pin plastic QUIP (uPD78C11G{S)/uPD78C10G(S))
68-pin PLCC (uPD78C11L(S)/uPD78C10L(S))

[ %]

-47



uPD78C10G (S)/L(S)

uPD78C11G (S)/L(S) PRELIMINARY
PIN CONFIGURATION (Top View)
PAQ O=—=f | I 64|——o0VcC
PA1 Owe—ef 2 630 STOP
PA2 0=—=1 3 62 f«——=0PD7
PA3 Oe—=f 4 61=——0 PD6
PA4 O=—=15 60 fe—0 PD5
PAS Ow——] 6 59 fo——=0 PD4
PAB O=——=f 7 58 +—0 PD3
PA7 0=—{ 8 57f+——0 PD2
PBO O=—={ 9 56 f=—=0 PO1
P81 oe—=l10 55 f=——=0 PDO
PB2 o=—={11 54 fa——=0 PF7
PB3 Oe—=12 & D 53le——=0PFE
PB4 0=—=13 T T 52le—=OPF5
PBS 0—={14 < < 5ife—w0PFg
PB6 O=——f15 22  S0fe—=0PF3
PB7 O=——=116 50 49f——=O0PF2
PCO/TxD 0e—d17 XX 4gfe—w0 PFI
PCI/RxD 0=——=t1g £ &  a7l——o0PF0
PC2/SCK 0oe—=f1g ¥ 46—=0 ALE
PC3/INT2 0=——={ 20 451——0 WR
PC4/TO Ow—121 44———=0 RD
PC5/Cl O=—={22 43———o0 Avee
PC6/CO0 O=—w123 42f=———0 VAREF
PC7/CO1 o=—={24 41f——0 AN?
NMI o—— {25 40}e———o0 AN6
INT1 o—={26 39 p»——0 ANS
MODE1 O=——={27 38f=——o0 AN4
RESET o——{28 37}e——o0 AN3
MODEQ o=—=i29 36 f=———0 AN2
x2 o——30 35f>——0 AN1
X1 o——={31 34f=——o0 ANO
Vgg o—132 33—° AVSS

2 T BRET 6B G R4 6362 6)
b0 f=—e0 PD1
4 |0 PDO
ot fe=0 PF7
57}e—0 PFB
56 }=—0 PF5
sop—=0 PF4
Saje—e0 PF3
uPD78C10LIS) 530 PF2
PB7 0w #PD78C11LIS) 2[~—=0PF1
PCO/TxD O=—wd'a 51}=—=0 PFQ
PC1/RxD O=—ej20 s0f—=0 ALE
PC2/SCK o2 w9l—=0WR
PC3/TNT2 0=w{22 a8f~—w=0 RD
1C o— 23 a7—0 AVpp
PCA4/TQ ow—wi2: a6p~——0 IC
PC5/C | O=—ei25 :2'_°VAHEF
PCB/CO0 0=—>12, 56 20 30 31 32 53 34 35 36 37 38 30 40 41 4243 AN
SEEaLEN <02z 38E
QizZgimo > > 233991k
~ olwas <
g =3



6b-¢

X1 0—=i
osc
X20———
PCO/T xD O~a——]
PC1/RxDO——=f SERIAL I/0
PC2/SCK Oe—o
NM| O———ef
INT1 O———=={ INT
CONTROL
PC3/INT2/T1 -
TIMER
PC4/TO O=—] 1—

PC5/Cl O— o
PC6/CO0 O-a—{ —
PC7/CO1 0= —

TIMER/EVENT
COUNTER

A/D
CONVERTER

|

Note. The uPD78C10 has no programmable ROM (4K bytes) on chip

16 |
LATCH
INC/DEC
PC
SP 12
EA
v A MAIN
8 C 6./ 16
D 3 8
H _L PROGRAM
_EA MEMORY
\é_ 2 ALT (4K BYTE) DATA
o T G.R MEMORY
e C (uPD7811) (256 BYTE)
BUFFER
INTERNAL DATA BUS
16 16
i 8
LATCH LATCH
INST. REG.
ALU INST.
(8/16) DECODER
READ/MWRITE SYSTEM STANDBY
CONTROL CONTROL CONTROL
RD WwR  ALEMODE! RESET VoD
MODEO

bl

S

8

I PORT D

PORT C

I

PORT B

Vee Vss

rmRT A

WVYHOVIQ 320718 L128.ad" '0108.0d"

]

I

PF7-0
AB15-8

PD7-0
AD7 ¢

PC7-0

PC7-0

PA7-0

J

AHVYNIWNITIHd

(s)1/(s)o11082adM
(s)/(s)vo1o8:adr



HPD78C10G (S)/L(S)
uPD78C11G (S)/L(S)

PRELIMINARY

NEC

ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM (T3=25"C)

PARAMETER SYMBOL | TEST CONDITION RATINGS UNIT
Voo -0510+7.0 \
Power Supply Voltage AVop | T T T Avsstovppt0s | vV
Avss 7 I T -0.510 +0.5 \
input Voltage T, B T Zo5t0vppt06 v
Output Voltage | 7 205 to Vpp+05 v
Output Current Low - EL— T All Qutput Pin 4.0 mA
All Output Pin Total 100 mA
(Qutput Current High loH All Output Pin -20 mA
All Output Pin Total -50 mA
Reference Input Voltage VaRer —0.5to AVppt0.3 \%
Operating Temperature TOPT-__ ) hf'xTAL <12 MHz —40 to +110 °c
Storage Temperature TstG —~65 to +150 °c
OPERATING CONDITION
PARAMETER
0sC. FREQ. Ta Voo. AVpp
fXTAL S 12 MHz —40t0 110°C +50V 10 %
CAPACITANCE (Tg=25°C,VpD=Vss=0V)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Input Capacitance Cy fc =1 MHz 10 pF
Output Capacitance Co Unmeasured Pins are 20 pF
1/0 Capacitance Cio connected to OV 20 pF




E uPD78C10G (S)/L(S)
PRELIMINARY puPD78C11G (S)/L(S)

DC CHARACTERISTICS (Ta=—40t0+110°C, VDD =+5.0 V10 %, Vg§ = 0 V)
PARAMETER SYmBOL TEST CONDITIONS MIN. | TYP. | MAX. [ UNIT

Except RESET, STOP, NMI, SCK, INT1,
Vius 0 0.7 v
T1, AN4 to AN7
Input Voltage Low

RESET, STOP, NMI, SCK, INT1, T1,
ViL2 o 0.2vpp v
AN4 to AN7

Except RESET, STOP, NM1, SCK, INTY,
Vin1 22 Voo v
T1, AN4 to AN7, X1, X2

Input Voltage High

RESET, STOP, NMI, 5CK, INT1, T1,

ViH2 0.8 Vpp Voo v
AN4 to AN7, X1, X2 *1

Output Voltage Low VoL loL=2.0 mA 0.45 v
10H=-0.9 mA Vpp-1.0 v
Output Voltage High VoH
IQH=—100 pA Vpp—05 v
Input Current it INT1, T {PC3); 0V £ V| S VDD 1200 WA
Input Leakage Current 11 Except INT1, T) (PC31; 0V < V| S VDD 210 BA
Output Leakage Current Lo 0V<Vpo<Vbp £10 HA
AlpD1 0.3 1.0 mA
AVpp Supply Current
AlpD2 STOP mode 10 20 HA
lpD1 Operating mode f=12 MHz 12 *2 20 mA
VpD Supply Current
pD2 HALT mode =12 MHz 5 2 10 mA
Data Retention Voltage VDDDR Hardware/software STOP mode 25 v
Hardware/ VDDDR=25V 1 15 HA
Data Retention Current |DDDR software
VDDDR=5 V+10 % 10 50 uA
STOP mode

*1 The foltowing oscillation circuit using crystal is recommended.

_—

C=10pF

*2T,=+25°C,Vpp=5V



uPD78C10G (S)/L(S)
uPD78C11G (S)/L(S)

PRELIMINARY

NEC

AC CHARACTERISTICS

(Ta=—40 to +110 °C, Vpp=+5.0 V+10 %,VSS=0 V, fXTAL=12 MHz)

READ/WRITE OPERATION

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT

X1 Input Cycle Time tcYe "1 83 250 ns
Address Setup to ALE} tAL *2 65 ns
Address Hold from ALE! LA *2 50 ns
Address to RD! Delay Time tAR "2 150 ns
RD! to Address Floating tAFR "2 20 ns
Address to Data Input tAD "2 360 ns
ALE! to Data Input t1LDR *2 215 ns
RD! to Data Input tRD *2 180 ns
ALE!} to RD! Delay Time 1LR *2 35 ns
Data Hold Time from RD? tRDH *2 0 ns
RD* to ALE 1 Delay Time tRL *2 115 ns
RD Width Low tRR Data Read, *2 280 e

OP Code Fetch, *2 530 ns
ALE Width High tLL *2 125 ns
M7 Setup Time to ALE, ML 65 ns
M1 Hold Time from ALE: Y] 50 ns
TO/M Setup Time to ALE! L 65 ns
10/M Hold Time from ALE} T 50 ns
Address to WR: Delay tAW "2 150 ns
ALE! to Data Output tLDW "2 195 ns
WR. to Data Output twD "2 100 ns
ALE: to WRI Delay 0w "2 35 ns
Data Setup Time to WR*' DWW "2 230 ns
Data Hold Time from WR* tWDH *2 95 ns
WR! to ALE * Delay Time twiL *2 116 ns
WR Width Low tww "2 280 ns

*1 Cycle time 1cyC = 1/fXTAL
*2 Load capacitance: C_ = 100 pF



E uPD78C10G (S)/L(S)

PRELIMINARY uPD78C11G (S)/L(S)
SERIAL OPERATION
PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT

J— "1 1 us
SCK Input

SCK Cycle Time teYK *2 500 ns
SCK Qutput 2 ns
— 1 420 ns

J— SCK Input

SCK Width Low KKL *2 200 ns
SCK Output 900 ns
_ "1 420 ns
SCK Input

SCK Width High IKKH *2 200 ns
SCK Output 900 ns

RxD Setup Time to SCK* IRXK " 80 ns

RxD Hold Time from SCKt TIKRX ‘1 80 ns

SCK! to TxD Delay Time tKTX " 210 ns

*1 1 x Baud rate in asynchronous, synchronous, |/O interface mode
*2 16 x, 64 x Baud rate in asynchronous

A/D CONVERTER CHARACTERISTICS
(Ta=—401t0 +110°C, VDD = +5.0 V : 10 %, VSS = AV§§ = 0 V
VpD—0.56 V< AVpD < VDD, 4.0 V < VAREF £ AVDD)

PARAMETER I symsoL TEST CONDITION N T Tve, MAX. uNIT
Resolution 8 I B'I;'
{ Ta=—1010 +70°C, ;
| i 0.4%:1/2 LSB
. ns<tcyc <170 ns |
: 83 ns < tcyc £ 170 ns, [
Absolute Accuracy - - I 0.6 %:1/2 LsB
Ta=—40 to +85 °C '
3.4 V< VAREF < AVpp,
i 0.8%:1/2 LSB
83ns <tcyc <170 ns ! :
83ns <tcyc £110ns 576 | T _T_ T tcYC
Conversion Time CONV e s b
10ns <tcyc £170ns 432 ! tcyc
Bmsvesom T e T T T
ns <t : ns | t
Sampling Time tSAMP sleves i | ) cve
B 110 ns S ‘CYCf ?70 ns H B »77772‘ ,,1 7 oeve
Analog Input Voltage VIAN T 0 I : VAREF I v
Analog Input Impedance RanN T 1 000 MQ
Reference Voltage VAREF AVcc-05 AVce AL v
AREF1 15 30 ! ma
VAREF Current e e e -
i IAREF2 STOP mode 0.7 15 mA
lavoD1 o T
AVpp Current —_— .
1aAvVDD2 STOP mode 1 HA
VIAN © VAREF 255 285 | 285 Bit
s e S S Y
1 i VIAN = Vass 0 0 [
[ B
| | 8




uPD78C10G (S)/L(S)
WPD78C11G (S)/L(S)

PRELIMINARY

NEC

ZERO-CROSS CHARACTERISTICS

{Ta=—40 to +110 °C, VcC=+5.0 V10 % Vss=0 V)

PARAMETER SYMBOL TEST CONDITION MIN. MAX. | UNIT
Zero-Cross Detection Input Vzx AC Coupled 1 18 VACpp
Zero-Cross Accuracy Azx 60 Hz Sine Wave 135 mv
ZERO-Cross Detection Input Frequency fzx 0.05 1 kHz
OTHER OPERATIONS
(Te=—40°C to +110°C, VcCc=+5.0 V10 %, V§s=0 V)
PARAMETER SYMBOL TEST CONDITION MIN., | MAX, | UNIT
Ti Width High, Low tTIHATIL 6 teye
tCITHICITL| Event Count Mode 6 tcyc
Ct Width High, Low n
'CizHtcizL ;ll‘:;:u\:'velr:tehm Mode 48 teve
NMT Width High, Low INIHANIL 10 tcye
INT1 Width High, Low ML 36 tcyc
INT2 Width High, Low t2H. 2L 36 tcye
RESET Width High, Low tRSH.tRSL 10 tcYe
EXTERNAL CLOCK TIMING
{Ta=—40°C to +110 °C, Vpp=+5.0 V+10 %, V§S=0 V)
PARAMETER SYMBOL TEST CONDITION MIN. | MAX.| UNIT
X1 Input Width High toH 30 250 ns
X1 Input Width Low toL 30 250 ns
X1 input Rise Time tr 0 30 ns
X1 tnput Fall Time tf 0 30 ns

AC TIMING MESURMENT POINT

Vpp-10 V 2V

Test
Point

22V
= X

0.45 v



NEC

PRELIMINARY

uPD78C10G (S)/L(S)
HPD78C11G (S)/L(S)

BUS TIMING DEPENDING ON tcyc

SYMBOL CALCULATING EXPRESSION MIN./MAX. UNIT
,_._._l,AL, A A PR Y ~
w T ) Wi "
T an | - - T ”
tAD MAX. ns
tLOR MAX. ns
tRD MAX. ns
LR MIN ns
tRL MIN ns
4T — 50 (Data Read)
‘AR 7T — 50 (OP Code Fetch) M. "
L 2T - 40 MIN. ns
ML) 2T — 100 - MIN. ns
tm (1) T-30 MIN. ns
{2 2T - 100 MIN. ns
11(2) T-30 MIN. ns
tAW 3T - 100 MIN. ns
1ILDW T+110 MAX. ns
nww T-50 MIN. ns
oW 4T - 100 MIN. ns
tWOH 2T -70 MIN, ns
twi 2T - 50 MIN. ns
tww 4T - 50 MIN. ns
12T (SCK Input)(3}
fevK 24T (SCK Output) MIN. n
5T + 5(SCK Input)(3)
fKKL 12T — 100 (SCK Output) MIN. "
5T + 5(SCK Input)(3)
tREH 12T — 100 (SCK Output) MIN. "

NOTE: (1) MODED, MODE1 pins are connected to V¢ through R,

(2) MODEO, MODE1 pins are connected to Vg thorugh R in uPD7810.

(3) 1x Baud Rate in Asynchronous, Synchronous, 1/0 interface Mode

4) T=tcvc = 1/IXTAL

(5) The items out of this table are not dependent on fXTAL.



uPD78C10G (S)/L(S)
pPD78C11G (S)/L(S) PRELIMINARY

)

TIMING WAVEFORM
Read Operation

~ lcyc—

N eV aaWaaWalaWalalWals
PF7-0 H ADDRESS (UPPER) ﬂ

!
[y - — —tAD— o —

“JREAD DATA
PD7-0 ADDRESS (LOWER} (——< M—D(:
S S -
- e -n-‘LA*r_ LDR = "lR?H
- — tL—
ALE ‘ i 1AFR ' ,/
/ N\ i
' T T
- AL — i
! -~ tRD —
RD : ‘t”" 'RR
e d
[BS tAR 4 — o

MODE1
Wt N k
(TSN BT
MODEO ,‘}(
(10M)*2

°1 M7 is output at the fetch cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connected to Vee
through R.

*2 10/M is output only when registers (sr-sr2) are read in case that MODEQ and MODE1 pins are connected to Ve through R.

Write Operation

WA WA WA WA WA WA WA WA WA W

= tWDow —=

PO7—0 :x:>| ADDRESS LOWERD’ WRITE DATA

PE7—0 ADDRESS (UPPER) ﬂ

'-——'LL -‘LA"I tDw [——WODH
ALE _f N e £
le—tAL—of W ———————— y-—'WL———l
WR
LW~
taw

{
”llL————' w
mopeo ”IE - -
{IOM)*3

*3 JO/M is output only when registers (sr-sr2) are written in case that MODEQ and MODE 1 pins are connected to V¢ through R.
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pPD78C10G (S)/L(S)
PRELIMINARY uPD78C11G (S)/L(S)

Serial Operation

o

Kead s 1

KKL

Sck / \

-~ KTX [ !

X

RxD
—LRXKH-
tKRX
Timer Input Timing
TIH tTiL
T
Timer/Event Counter Input Timing
Event Count Mode:
tCiH tCnL —=
Ci
Pulse Width Measurement Mode:
CI2H tCI12L —e={




uPD78C10G (S)/L(S)
uPD78C11G (S)/L(S) PRELIMINARY

NEC

Interrupt Input Timing

INIH INIL

NMI

r-—(HL 1K

INT1—\

u2H u2L

INT2

RESET Input Timing

RESET

External Clock Timing

L

I cye
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HPD78C10G (S)/L(S)
PRELIMINARY uPD78C11G (S)/L(S)

STOP MODE LOW VOLTAGE DATA RETENTION CHARACTERISTICS (T3=—40 to +110 °C)

PARAMETER SYMBOL TEST CONDITIONS MIN, TYP. MAX. | UNIT
Data Retention Supply Voltage VDDDR 25 5.5 v
b
VDDDR=25V 1 15 uA
Data Retention Supply Current 'DDDR
VDDDR=5V ¢10 % 15 50 BA
Vpp Rise and Fall Time RVD. IFVD 200 us
STOP Setup Time to Vpp! 1SSTVD 12T+05 Hs
STOP Hold Time after Vppt tHVDST 127+05 s
DATA RETENTION MODE TIMING
Voo
VDDDR
TRVD
tHVDST
ViHz
STOP
ViL2




N E C PRELIMINARY uPD78C14G (A)/L(A)

The uPD78C14 is a 1-chip 8-bit microcomputer with
an A/D converter. In addition, 8-bit CPU, ROM, RAM,
A/D converter, multifunctional timer/event counters,
general-purpose serial interfaces and 1/O ports are also
integrated; and the uPD78C14 is capable of controlling
external memory directly, or ROM and RAM, which can
be expanded freely and accessed in the same manner like
the built-in ROM and RAM.

The uPD78C14 is 16 k byte ROM version. They are
member of uCOM-87AD series.

The instruction sets are compatible with the uCOM-
87, and moreover involve the 16-bit data operation
instructions and multiplication/division instructions to
compose a program effectively.

The uCOM-87AD is very suitable in the system
control handling analog data, the energy control, process
control and automobile, etc.

FEATURES

® 1-chip microcomputer {(uCOM-87AD)

® 158 kinds of abundant instruction sets, uCOM-87
upward compatible, 16-bit operation instruction
multiplication/division instruction

Instruction cycle: 0.8 us (15 MHz)

Program (ROM) capacity: 16 384 words x 8 bits

Data (RAM) capacity: 256 words x 8 bits

Direct addressing memories (ROM/RAM) up to 64K
bytes

High-precision 8-bit A/D converter, 8 analog inputs

® General-purpose serial interface

Asynchronous mode, synchronous mode & 1/0 inter-
face mode

Multifunctional 16-bit timer/event counter

Two 8-bit timers

Interrupt function (3 external & 8 internal)

6 priority levels and the corresponding interrupt
address

1/0 ports:
40 bits (uPD78C14G(A)/L(A))

Edge-sense inputs: 4 inputs

® Zero-cross detection function

Standby function: HALT mode, Hardware/Software
STOP mode

Built-in clock oscillator

CMOS

Single power supply (+5 V)

64-pin plastic QUIP: (uPD78C14G(A))

68-pin PLCC: (uPD78C14L(A))
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PIN CONFIGURATION (Top View)

PAQ O=—el 1 e 64F——o0 Ve
PA1 0e—el 2 63—©O STOP
PA2 Oe——={ 3 62 [»—=0 PD7
PA3 Oe—e1 4 61fs—=0 PD6
PA4 O=—=15 60 pe——0 PD5
PAS5 Oe—=1 6 59 fo——=0 PD4
PAG O=—el 7 58 j*——=0 PD3
PA7 O=——=1 8 57 f=——0 PD2
P80 Oe—=1 9 56 f=—0 PD1
PB1 0=——=410 55 fe——=0 PDO
PB2 0w—={11 54 fe——0 PF7

PB3 O=—412 53fe—0 PF6
PB4 O=—113

PBS 0=—{124 g 51fe—0 PF4
PB6 O=—e]15 4 50 fa—0 PF3
PB7 0—=l16 Q 49f—0 PF2
PCO/TxD O=——et17 5 48 f=——0 PF1
PC1/RxD Ow—={1g g 47fe——0PFO
PC2/SCK 0=——={19 4}———=0 ALE
PC3/INT2 0e——={20 45}—0 WR
PCA/TO 0e—el{ 2} 44f——=0 AD
PCS/CI Oe——=]22 43——0 Avce
PC6/CO0 O=—v123 42}e———0 VaRer
PC7/CO1 O=—={24 41f——0 ANT
NMI o—— o455 40}=——0 AN6
INT1 o——{2¢ 39f———0 ANS
MODE1 O=——=127 38f=—0 AN4
RESET o——{28 37fe——o0 AN3
MODEQ O=——e{2g 36 f+——0 AN2
x2 o——30 35 f——0 AN1
X1 o—={31 34f————0 ANO
vgs o———{32 33——o0 Avgg

9
CoITON~-Q D]or\wmqmu
o
odEd ST SIRRRR0 0

/98765432 16867666§6l636266:)

PA7O~={10 lewo PD1
PBOOCw—{11 59 f=—=0 PDO
PB10~—{12 safe—eo PF7
PB2 0w—wf13 57}=—0 PF6
PB30w—wd1a 56f=—0 PF5
PB4 O=]is 560 PF4
PBS 0wl 16 5aj—e0 PF3
PBGOw—nt1? 53 fe—a0 P
P57 ows]is WPDTECIAL(AI ol DOt
PCO/TxD 0=fio 51 fewo0 PFQ
PC1/RxD o=—wi20 sol—=o0 ALE
PC2/SCK owe—j21 9—=0WR
PC3/INT2 022 «8—=0 RD
ICo—23 70 AVpD
PC4/TO O] 24 6—01C
PCS/C| Ow—m125 a5pe—0 VAREF
PC6/CO0 =12, 46 20 3031 32 33,34 3036 1738 19 40 41 az a3 J=—© AN7
55;5!—0;‘;; 2Py
Gahavxpyzzizzes
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g =es
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pPD78C14G (A)/L(A) PRELIMINARY

NEC

ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM (T, =25°C)

PARAMETER * SYMBOL | TEST CON9|&~" _RATINGS UNIT
Power Supply Voltage Voo —051t0+7.0 \
i AVpp AVgs to Vpp+0.5 A
| Aves S 20510405 v
Input Voltage V) -0.51t0 Vppt0.5 Vv
Output Voltage Vo —0.5 to Vpp+0.5 Vv
Output Current Low loL All Output Pin 4.0 mA
X All Output Pin Total o 100 mA
Output Current High 101 All Output Pin -2.0 mA
All Qutput Pin Total —-50 mA
Reference Input Voltage VAREF —0.5t0 AVpp+0.3
Operating Temperature Topt ) fxraL £ 12 MHz —~40 to +85 °c
Storage Temperature TstG —65 to +150 °c
OPERATING CONDITION
PARAMETER
0SC. FREQ. Ta Voo- AVoo
fXTAL S 12MHz —401085°C +50V:10%
CAPACITANCE (T5=25°C, Vpp = VsS=0V)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Input Capacitance Cy fc=1MHz 10 pf
Output Capacitance Co Unmeasured Pins are 20 pF
1/0 Capacitance Cio connected to OV 20 pF




E PRELIMINARY uPD78C14G (A)/L(A)

DC CHARACTERISTICS (Ta=-—40t0o+85°C, VDD =+5.0 V +10 %, V§§ =0 V)
PARAMETER SYMBOL TEST CONDITIONS MIN. | TYP. | MAX. | UNIT

Except RESET, STOP, NMI, SCK, INT1,
Vin 0 0.8 v
T1, AN4 to AN7

1nput Voltage ——————eem——
RESET, STOP, NMI, 5CK, INT1, T},
ViL2 0 0.2Vpp v
AN4 to AN7
Except AESET, STOP, NMI, SCK, INT1,
ViH1 22 Vop v

T1, AN4 to AN7, X1, X2
input Voltage High

RESET, STOP, NMI, SCK, INT1, TI,
ViH2 0.8Vpp Vpp v
AN4 to AN7, X1, X2 *1

Output Voltage Low Voo loL=2.0 mA 0.45 \
IoH=—1.0 mA Vop-1.0
Output Voltage High VOH
IoH=—100 uA Vpp-0.5 v
Input Current I INT1, T1(PC3):0V <V, <VDD 1200 uA
Input Leakage Current [IN] Except INT1, TH(PC3} 0 V <VI<Vpp 10 RBA
Output Leakage Current Lo 0V <Vp<VpD 10 uA
AlpD1 =15 MHz 05 1.3 mA
AVpp Supply Current
Alpp2 STOP mode 10 20 HA
IpDY Operating mode f=15 MHz 16 °*2 30 mA
Vpp Supply Current
IpD2 HALT mode =15 MHz 8 *2 15 mA
Data Retention Voltage VDDDR Hardware/software STOP mode 25 v
Hardware/ VDDDR=2.5V 1 15 LA
Data Retention Current IDDDR software
VDDDR=5V:10 % 10 50 uA
STOP mode

*1 The following oscillation circuit using crystal is recommended.

C-10pF

“2T,=425"C.Vpp=5V



uPD78C14G (A)/L(A) PRELIMINARY N E C

AC CHARACTERISTICS
(Ta=—40 to +85 °C, VpD=+5.0 V10 %, V§s=0 V, fXTAL=12 MHz)
READ/WRITE OPERATION

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT

X1 Input Cycle Time tcye *1 66 250 ns
Address Setup to ALE, tAL *2 30 ns
Address Hold from ALE. tLA "2 35 ns
Address to RD., Delay Time tAH "2 100 ns
RD. to Address Floating t:“:R 2 20 ins
Address to Data Input ‘Ab R 250 bons
ALE. to Data Input tLDR "2 135 ns
RD. to Data Input tRD 2 120 ns
ALE. to RD. Delay Time tLR T2 15 ns
Data Hold Time from RD" " tRoH | "2 2} ns
RD* to ALE * Delay Time - iRL BN 80 ns
— Data Read, *2 215 ns
RD Width Low tRR

OP Code Fetch, *2 415 ns
ALE Width High tLL *2 ] ns
M1 Setup Time to ALE. tML ‘ 30 ns
M1 Hold Time from ALE, tm 35 ns
10/M Setup Time to ALE. L 30 ns
10/M Hold Time from ALE. tL 35 ns
Address to WR| Delay tAW 2 100 ns
ALE! to Data Output tLDW "2 180 ns
WR! to Data Output two *2 100 ns
ALE! to WRi Delay 0w 2 15 ns
Data Setup Time to WR* tow "2 165 ns
Data Hold Time from WR* tWDH 2 60 ns
WR* to ALE ' Delay Time twL 2 80 ns
WR Width Low tww *2 215 ns

°1 Cycle time tcyc = 1/fXTAL
*2 Load capacitance: C| = 150 pF



E PRELIMINARY uPD78C14G (A)/L(A)

SERIAL OPERATION

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT

S 1 800 ns
SCK Input

SCK Cycle Time YK *2 400 ns
SCK Output 16 us
R " 338 i ns

— SCK Input

SCK Width Low tKKL *2 160 ns
SCK Output 700 ns
— Al 335 ns
SCK Input

SCK Width High tKKH ] 160 ns
SCK Output 700 ns

RxD Setup Time to SCK' tRXK 1 80 ' ns

RAxD Hold Time from SCK1 IKRX "1 80 ns

SCK ! to TxD Delay Time IKTX "1 210 ns

*1 1 x Baud rate in asynchronous, synchronous, I/0 interface mode
*2 16 x, 64 x Baud rate in asynchronous

A/D CONVERTER CHARACTERISTICS

(Ta=—401t0+85°C, VDD =+5.0V +10 %, VSS = AVSS =0 V

VDD-0.5V < AVDD £ VDD, 34 V < VAREF < AVDD)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Resolution . 8 Bits

Ta=—1010+70°C

40< VAREF SAVDD 0.4 %21/2 LsB

<17
Absolute Accuracy 66 ns < tcyc £170ns

66 ns <tcyc <170 ns
D 06%:1/2 | LsB
4.0 V< VAREF £ AVDD

66 ns <tcyc <170 ns 0.8 %£1/2 LsB

66ns <tcyc £ 110ns 576 tcye
Conversion Time CONV — —

110ns <tcyc £170ns 432 cyc

66 ns<tcyc <110 ns 96 1
Sampling Time SAMP sfevea cve

110 ns <tcyc £ 170 ns 72 tcyc
Analog Input Voltage VIAN 0 VAREF v
Analog Input Impedance RaN 1 000 MQ
Reference Voltage VAREF 34 AVce v

Operating mode 1.5 3.0 mA
VAREF Current |AREF

Stop mode 0.7 1.5 mA




HUPD78C14G (A)/L(A)

PRELIMINARY

NEC

ZERO-CROSS CHARACTERISTICS

(Ta=—40 to +85 °C, VcC=+5.0 V:10 %, VssS=0 V)

PARAMETER SYMBOL TEST CONDITION MIN. MAX. | UNIT
Zero-Cross Detection Input Vzx AC Coupled 1 18 VACpp
Zero-Cross Accuracy Azx 60 Hz Sine Wave 135 mV
ZERO-Cross Detection input Frequency fzx 0.05 1 kHz
OTHER OPERATIONS
(Ta=—40°C to +85 °C, VCC=+5.0 V10 %, V§§=0 V)
PARAMETER SYMBOL TEST CONDITION MIN. | MAX. | UNIT
TI Width High, Low tTIHATIL 6 tcve
tCITHICI1L| Event Count Mode 6 tcyc
C! Width High, Low n
Pulse Width 1
tCizHClzL Measurement Mode 48 cvce
NMI width High, Low INIHANIL 10 teYe
INT1 Width High, Low tHIL 36 tcYe
INT2 Width High, Low t2H.1121L 36 tcye
RESET Width High, Low tRSH.tRSL 10 tcYC
EXTERNAL CLOCK TIMING .
(Ta=—40 °C to +85 °C, Vpp=+5.0 V+10 %, V§§=0 V)
PARAMETER SYMBOL TEST CONDITION MIN. | MAX.| UNIT
X1 Input Width High toH 20 250 ns
X1 input Width Low oL 20 250 ns
X1 Input Rise Time tr 20 ns
X1 Input Fall Time tf 20 ns
AC TIMING MESURMENT POINT
24V 22v Test 22V
08 V > Point < 08 VvV

045 V
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PRELIMINARY

uPD78C14G (A)/L(A)

BUS TIMING DEPENDING ON tcycC

SYMBOL CALCULATING EXPRESSION MIN./MAX. UNIT
AL 2T - 100 MIN, ns
LA T-30 MIN. ns
tAR 3T — 100 MIN. ns
tAD 7T - 220 MAX. ns
'LDR 5T — 200 MAX. ns
tRD 47 — 150 MAX. ns
R T - 50 MIN. ns
tRL 2T -850 MIN. ns

4T — 50 (Data Read)
‘RR 7T — 50 (OP Code Fetch) MIN. "
tLL 2T — 40 MIN. ns
tML 2T — 100 MIN. ns
twm T-30 MIN. ns
L 2T - 100 MIN. ns
I T-30 MIN. ns
tAW 3T - 100 MIN. ns
tLow T+110 MAX. ns
tLw T-60 MIN. ns
oW 4T — 100 MIN. ns
tWDH 2T -70 MIN. ns
twL 2T - 50 MIN. ns
ww 4T - 50 MIN. ns
vk 12T (SCK Inpu){1) N i,

24T (SCK Output)

5T + 5(SCK Input)(1)
fRKL 12T — 100 (SCK Output) MIN. "

5T + 5(SCK tnput) (1)
tKKH 12T — 100 (SCK Output) MIN. "

NOTE: (1) 1x Baud Rate in Asynchronous, Synchronous, 1/0 interface Mode

(2) T=tcyc=1/fxTAL

{3) The items out of this table are not dependent on fXTAL.
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PRELIMINARY

NEC

TIMING WAVEFORM
Read Operation

r-—‘CYC

X1

PF7-0 :)D ADDRESS (UPPER) X::X
I N} READ DATA
Y
PD7-0 :X:)l ADDRESS {LOWER) 5—-( ‘__'D:
| t —
I‘ - AL =LA - LoR T A
| L
f—t
ALE  f N ’! AFR E
- AL i
————1RD
- |
D N AR
- LR - I
e~ AR/
- ML - — - = M
MODE1
™M)=
Y——={ =1L
'MODEQ
(iOM)*2

*1 My is output at the fetech cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connected to Vee

through R.

*2 10/M is output only when registers (sr-sr2) are read in case that MODEQ and MODE1 pins are connected to Ve through R.

Write Operation

X1

PF7-0

ADDRESS (UPPER)

l=—tLOW —=1

PD7-0 :D‘ ADDRESS

LOWER)

WRITE DATA

e
ALE _f

A
—

1DW

WD

[~—"tWDH

te—TA | —of

p— LW

i —

taw |

MODEO
(1oM)*

"

*3 10/M is output only when registers (sr-sr2) are written in case that MODEO and MODE1 pins are connected to Ve through R.
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Serial Operation

- tcyk

o KL~ TKKH—

i ,_____:

scK / j 4 /
KTX

T>D )] X

—~ltAxKH-

IKAX

Timer Input Timing

tTIH r-v—‘TlL

Tl

Timer/Event Counter Input Timing

Event Count Mode:
tChH e
o]
Pulse Width Measurement Mode:
tCI2H tciz2L
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Interrupt Input Timing

INIH INIL
NMI
L HiH
INT1
U2H t2e
INT2
RESET Input Timing

RESE

External Clock Timing

oL

r cyc
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STOP MODE LOW VOLTAGE DATA RETENTION CHARACTERISTICS (T3=—40 to +85 °C)

PARAMETER SYMBOL TEST CONDITIONS MIN, TYP. MAX. UNIT
Data Retention Supply Voltage VDDDR 25 55 \2
VDDDR=2.5V 1 15 KA
Data Retention Supply Current IDDDR
VDDDR=5V £10% 15 50 HA
Vpp Rise and Fall Time 1RVD. tFVD 200 us
STOP Setup Time to Vpp+ 1SSTVD 127+0.5 us
STOP Hold Time after Vppt tHVDST 127+0.5 us

DATA RETENTION MODE TIMING

Voo
VDDDR
tRVD
tHVDST
ViH2
3TOP
Vi
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PRELIMINARY

pPD78310G (A)/L(A)
pPD78312G (A)/L(A)

The uPD78312 is a CMOS 16/8-bit single-chip micro-
computer which is a member of uCOM-78K/III series.
It contains 16-bit CPU, ROM, RAM, A/D converter,
powerful muitifunctional pulse input/output unit and
general-purpose serial communication interface. More-
over, the uPD78312 contains new concept hardware
which calls macro service function.

The uPD78310 is a ROM-ess version of the
uPD78312.

The uPD78312 is very suitable in the servo motor
control, the total engine control, robot, NC and printer.

FEATURES

® Single-chip microcomputer {(uCOM-78K/I11)

® 96 instructions with abundant addressing modes
16-bit operation instructions, bit manipulation
instructions, multiplication/division instructions,
string instructions, user stack manipulation instruc-
tions

Instruction cycle: 0.55 us (11 MHz)

Internal ROM: 8 192 words x 8 bits (uPD78312)

internal RAM: 256 words x 8 bits

Direct addressing memories {ROM/RAM) up to 64K

bytes.

® Memory mapping of on-chip peripheral hardware

(SFR: Special Function Register)

Multifunctional pulse input/output units

— Two 16-bit presettable up/down counters

— Two 16-bit capture units

e & 0o o

— Two high-accuracy PWM outputs
— Two 16-bit interval timers
— Two 4-bit real-time output ports

Four high-precision 8-bit A/D converters
® /O ports

— 8 input lines

— 40 1/0 lines (uPD78312)

— 24 1/0 lines (uPD78310)

General-purpose serial communication interface

{(with dedicated Baud rate generator)

— Asynchronous mode, 1/0 interface mode

Interrupt request controller

{External x 4, Internal x 13)

— 8-level programmable priority

Three types of interrupt request service

— Vector interrupt function

— Context switching function

— Macro service function (the effect of DMA func-
tion)

Pseudo static memory refresh pulse output function

Watchdog timer, time base counter

Standby function (STOP/HALT)

CMOs

Single power supply {+5 V)

64-pin plastic QUIP: (uPD78310G(A), uPD78312G(A)

68-pin PLCC: (uPD78310L(A}, uPD78312L(A))
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uPD78312G (A)/L(A) PRELIMINARY
PIN CONFIGURATION
POO O=—ad 1 S 64 —o0 vpp
PO Ow—e] 2 63 }—=0 P47/AD7
P02 0~ 3 62 }—=0 P46/AD6
PO3 0w—el 4 61 |0 P45/AD5
P04 0w—el 5 60 |»—=0 Pa4/AD4
POS oe—e] 6 69 fle—e0 P43/AD3
P06 Ow—e] 7 58te—e0 P42/AD2
P07 0~—={ 8 57 fle—=0 P41/AD1
P10 0=—{ 9 56 f+—0 P40/ADO
P11 0w—ed 10 55F—o0 ALE
P12 Ow—ed 11 54 WR
P13 0wa{ 12 53 [::: RD
P14 0= 13 52 f——o RESET
P15 Oe—ai 14 L 51 f—o EA
P16 O=—ef 15 < 50 [=—=0 P57/A15
P17 o~—+{ 16 29 49 [—e0 P56/A14
P20/NMI 0—=f 17 c5 48 L—~0 P55/A13
P21/INTED 0—{ 18 -3 47 |+—=0 P54/AY2
P22/INTE1 0—«f 19 E e 46 fe—=0 P53/A11
P23/INTE2 0—={ 20 £ 45 o0 P52/A10
P24/TxD O~ 21 44 |0 P51/A9
P25/RxD Ow—ef 22 43 f+—=0 P50/AB
P26/SCK Ow—e{ 23 42 f=—=0 P37/CLR1/TO1
P27/CTS Oe—nf 24 41 |—o P36/CLRO/TOO
RFSH oe—{ 25 40 [+—=0 P35/PWM1
P30/CI0 0—={ 26 39 [+—0 P34/PWMO
P31/CTRLO 0—ef 27 381—o0 Avsg
P32/C11 0—=] 28 37 o AVRer
P33/CTRL1 0—=] 29 36 f~—o0 AN3
X1 0—~130 3Bl—0 AN2’
X2 o— 31 3a—o0 AN1
Vss 32 33f—0 ANO
™~ OWT MO —
[aNajaYaYaNaYa)
L4229
2TIZRIZI <SK$B?ER:
882&)»—-05%)&&3&333
(9 168 61
P07 0=—e10 60 fo—0 P40/ADO
P10 o= o ALE
P11 O -0 WR
P12 oo —o RD
P13 o= l—o RESET
P14 o - Ea
::12 0 l=—0 P57/A15
16 o= PD78310L (A Lo Ps6/A14
P17 0e— :Pg7galzu(AI [—o0 P55/A13
P20/NMI 0—] . o P5a/A12
P21/INTEQ O—] e o PS3/AIT
P22/INTE1 o—f l. .0 P52/A10
P23/INTE2 - w0 P51/A9
P24/TxD Z___:] —o IC
P25/RxD O le -0 P50/A8
P26/SCK O=— f=—0 P37/CLR1/TO1
P27/CTS o=—126 44}e—e0 P36/CLRO/TOO
27 35 43
O =N OPPPP>PTYT
(R S R T S L
TQrE- m @ g g
LT m 22
— ©
£ ¢ 5=



LL-T

1%3
P00-03 (7] ReAL TIME 5 ] S
PO4-07 OUTPUT MODE 6 8 )
P20/NMI o] DY
P21/INTE INTERRUPT/

9 ©—1 MACRO SERVICE (5 ) e[
P22/INTE1 O—= CONTROLLER ¢ -
P23/INTE2 o) o

c
- Z
P24/TxD o—{ SeRIAL INTERNAL ROM 2
P25/RxD 0—=f COMMUNICATION 2 —o°
P26/5CK INTERFACE (8 ) ~
P27/CTS BAUD RATE
P30/CI0 oo 1———_> @
P31/CTRLO 0— 8
P32/C11 o—] 16-8I1T
Up Down (76 ) INSTRUCTION
P33/CTRLT 0—= cOUNT UNIT QUEUE
P36/TOO/CLRO O—f
| AL R i
P37/TO1/CLR1 0—f (::> N aavTe ®
GENERAL N | &
P21/INTEO O—] KX REGISTERS o [—°
P22/INTE1 0—«] CAPTURE/PWM MACRO SERVICE MICRO SEQUENCER g
SIGNAL OUTP CHANNEL —
P34/PWMO Oe] Trart uT NELS MICRO ROM 8
P35/PWM1 O-— 2 —
P
AVREF O—= o
ANO-3 [1') A/D CONVERTER {8 ©
AVss o i 0
16817 TIME BASE COUNTER
TIMER UNIT WATCHDOG TIMER PORT

P36/CLR0O/TO0 P37/CLR1/TO1

IFCROROROR0)

P P2 P3 P4

* Note: The uPD78310 has no programmable ROM (8K Bytes! on chip.

P50-57/A8-15

ALE

3 3l

— 0

P40-47'ADO-7

X2
RESET
Voo

Vss

WVHOVIA Y0019 ZLESLAd™ '0LEBLAd"

J

AHVNIWNIT3Yd

(v)7/(v) oZLE82QdH
(v)1/(v)oo1e82adr



HPD78310G (A)/L(A) N EC
uPD78312G (A)/L(A) PRELIMINARY

ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM (T3=25°C)

PARAMETER SYMBOL TEST CONDITIONS RATINGS UNIT
Vbp —0.51t0 +7.0 \2
Power Supply Voltage
AVss —051t0 +0.5 v
Input Voltage Vi -0.51t0 +7.0 v
Output Voltage Vo —0.5to +7.0 \"
All Output Pin 4.0 mA
Output Current Low loL
All Qutput Pin Total 100 mA
, All Output Pin -1 mA
Output Current High loH -
All Output Pin Total -25 mA
Reference Input Voltage VAREF —-0.5to Vpp v
Operating Temperature ToeT fxx <11 MHz —40 to +85 °c
Storage Temperature Tst6 —65 to +150 °c
OPERATING CONDITION
PARAMETER
Ta Vpp. AVpp
0SC. FREQ.
fXTAL < 12 MHz - 4010 +85°C +50V 10 %

CAPACITANCE (T3 =25°C, Vpp =Vss =0V)

PARAMETER SYMBOL TEST CONDITION MIN, TYP. MAX. UNIT
Input Capacitance Cy fc=1MHz 10 pF
Output Capacitance Co Unmeasured Pins are 20 pF
/O Capacitance Cio connected to 0 V 20 pF




uPD78310G (A)/L(A)
PRELIMINARY uPD78312G (A)/L(A)

DC CHARACTERISTICS (T3=—401t0+85°C, VDD =+5.0V + 10 %, V§S§ =0 V)

PARAMETER SYMBOL TEST CONDITIONS © MIN. TYP. MAX. UNIT
ViL1 Except EA 0 0.75 v
Input Voltage Low -t
ViL2 EA 0 04 v
ViH1 Except P20/NMI, X1, X2, RESET 23 VbD v
Input Voltage High B o
ViH2 P20/NMI, X1 X2, RESET *1 . 39 % Voo v
S S EO
Output Voitage Low VoL loL=1.9mA 045 v
Output Voltage High VOH 1OH=-380 uA 24
Input Current Iy P20/NMI, RESET, 045V <V} < Vpp H 10 uA
Input Leakage Current [N} 10 HA
Output Leakage Current Lo 0V <VosVDD 10 HA
Reference Input Current AlREF 15 55 mA
op1 Operating mode, fck=5.5 MHz 30 2 85 mA
Vpp Supply Current "
1pp2 HALT mode, fc k=5.5 MHz 52 17 mA
Data Retention Voltage VDDDR Hardware/software STOP mode v
Hardware/ VDDDR=2.5V 1 15 HA
Data Retention Current 'DDDR software
VDDDR=5 V10 % 10 50 uA
STOP mode

*1 The following oscillation circuit using crystat is recommended.

fxx : Crystal frequency

fx : External ctock frequency
< <1 fcLk : Internal system clock
o]
e
c
C=10pF

*27T,=425°C.Vpp =5V



uPD78310G (A)/L(A)
HPD78312G (A)/L(A)

PRELIMINARY

NEC

AC CHARACTERISTICS

(Ta=—40t0+85°C, VDD =+5.0V + 10 %, V§SS =0 V, fXX = 11 MHz)

READ/WRITE OPERATION

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT

X1 Input Cycle Time tcyc 1 189 400 e
*2 724 1600 ns

Address Setup Time to ALE! tAL *3 160 ns
Address Hold Time from ALE{ tILA ‘3 20 ns
Address to RD{ Delay Time tAR *3 250 ns
RD! to Address Floating Time tAFR *3 0 ns
Address to Data Input Time tAD *3 440 ns
ALE/{ to Data Input Time tLDR '3 250 ns
RD{ to Data Input Time tRD *3 190 ns
ALE! to RD{ Delay Time tLR *3 60 ns
Data Hold Time from RD{ tRDH *3 0 ns
RD* to Address Active Time tRA 50 ns
RD? to ALE? Delay Time tRL °3 120 ns
RD Width Low tRR *3 210 ns
ALE Width High L *3 130 ns
Address to WR{ Delay Time tAW "3 250 ns
ALE! to Data Output Time tLDW ‘3 220 ns
WR{ to Data Output Time twWD ‘3 110 ns
ALE{ to WR{ Delay Time LW 3 60 ns
tHwwi *3 Refresh pulse mode 120 ns

Data Setup Time to WR? tpw *3 160 ns
Data Setup Time to WRY tDWS *3 Refresh pulse mode 30 ns
Data Hold Time from WR* tWDH *3 20 ns
WR* to ALE? Delay Time wL 3 120 ns
WR Width Low tww 3 210 ns

*1 Cycle time tcyc = 2/fxx {Normal mode)
*2 Cycle time tcyc = B/fx x {Low speed mode}
*3 Load capacitance: C|_ = 100 pF, Load resistor: R = 2kQ2



N’E’ uPD78310G (A)/L(A)
PRELIMINARY uPD78312G (A)/L(A)
SERIAL OPERATION (Ta=—40°Ct0o+85°C, Vpp=+5.0: 10 %, V§S§ =0 V)
PARAMETER SYMBOL TEST CONDITION i MIN. MAX. UNIT
SCR |
SCK "1 1.46 us
Output — IL
Seria! Clock Cycle Time 1CYK CTS "2 | 146 us
Input CcTS *3 ; 1.09 us
SCK 1 | 645 ns
Output — —+
Serial Clock Low Level Width IKKL CcTS *2 645 ns
Input CTS *3 465 ns
SCK "1 645 ns
Output —
Serial Clock High Level Width tKKH CcTs "2 645 ns
Input cTS *3 465 ns
CTS High & Low Level Width tCTSH. tCTSL *4 3 1CLK
AxD Setup Time to CT51 tRXK 90 ns
RxD Hold Time to CTSt IKRX 90 ns
SCK1{ to TxD Delay Time KTX 230 ns

E
2
*3:
*4:

1/Q interface mode, transmittion rate = 687 kbps

1/O interface mode, receiving rate = 687 kbps

1/0 interface mode, receiving rate = 916 kbps

Asynchronous mode

A/D CONVERTER CHARACTERISTICS (T3=-40°Cto+85°C, VDD =+5V + 10 %,

4.0V < AVREF < VDD, AVSS = VS§S =0 V)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. | UNIT
Resolution 8 bit
Vpp=-10°Cto+70°C +0.4 %
Full Scale Error
I 06 %
Quantization Error - B E +1/2 LSB
200 ns S 1oLk < 250 ns 180 : LK
Conversion Time 1CONV
250 ns StoLk £ 1600° 120 toLK
200ns StoLk 250 ns T 367 B CcLK
Sampling Time 1SAMP
250 ns S toLk S 1600° | 24 . tCLK
Analog Input Voltage VAN 0 : ! AVRge: V
. - ;
Anatog Input Impedance RAN 1000 . Mo
Reference Voltage AVREF 3.4 i VDD v
AVREF Current IVREF fCLK = 5 MHz l‘ 15 i 55 | mA

foLk = fxx/8



HPD78310G (A)/L(A)
HPD78312G (A)/L(A)

PRELIMINARY

NE

COUNTER UNIT OPERATION (T3=-—40°Cto +85°C, VDD =+5.0V + 10 %, V§SS =0 V)

PARAMETER SYMBOL TEST CONDITION MIN MAX. UNIT
clo, cnn
'CIH. tCIL 3 1CLK
High, Low Level Width cL
CTRLO, CTRL1
ICTLH. t[CTLL 3 1,
High, Low Level Width cLK
CTRLO, CTRL1 ® Mode 3
cTes 2 cLK
Setup Time to CI't ® Select the rising edge of C|
CTRLO, CTRL1 ® Mode 3 :
ICICTH S i cLK
Hold Time to CIt ® Seiect the rising edge of C| 1
CLRO, CLR1 ' o o T o R
'CLAH. ICLRL 3 | Lk
High, Low Level Width |
OTHER OPERATION (T3=-40°Cto+85°C, VDD =+5.0V + 10 %, V§§ = 0 V)
PARAMETER SYMBOL : TEST CONDITION 1 MIN. MAX. UNIT
e [iiythblietdN S
NMI ! ‘
INIH. INIL . 10 us
High, Low Level Width H
INTEO | ]\
: HOH. tIoL ! ! 3 H oLk
High, Low Leve! Width ; i . ' i
INTE1 , : ;
bt L 3 | ek
High, Low Level Width |
INTE2 i
_ 12K, t12L 3 tCLK
High, Low Level Width i ,
RESET
RSH. tRSL 10 ! us
High, Low Level Width
EXTERNAL CLOCK TIMING (Ta=—40°C to +85°C, VDD =+5.0V + 10%, V§S=0V)
PARAMETER SYMBOL TEST CONDITION MIN. MAX, uNIT
X1 Input Width High toH 30 100 ns
X1 Input Width Low oL 30 100 ns
X1 Input Rise Time 7 tr ) [} 20 ns
X1 Input Fall Time tf o 20 ns
X1 Input Cycle Time tx 90 200 ns




NEC prorestas e
PRELIMINARY uPD78312G (A)/L(A)

TIMING WAVEFORM
Read Operation

ClLK ]_\__1/ \ / \ / ‘\; / ~—

Ph/ PhHO ADDRESS (UPPER)

P 'AD

pa7 pau ADDRESS (L OWER) ———————{READ DATA
R Y S—
—1LA—

ALL N -~ —'AFR

—_— 1L |

b o o— TAL—-

—————RD

- 1RR
b —taR

Write Operation

l'—‘CLK—j
ax 4 Nn_J /S Y/ YV \

P57.P50 D ADDRESS (UPPER) - XD(
r-—lLDW#

P47-P40 ADDRESS (LOWER) O WRITE DATA

AL P—tLA— .—‘Ow—j bW DH~
b— WD
ALE
A X e

}
YV | A —
-~ 1DWS

-

fo—tL W

LW

taw

AC TIMING MEASUREMENT POINT

22v 22v
> Test Point <
0.7V 0.7V

Vpp-10V

045V

(34

-83



uPD78310G (A)/L(A)
uPD78312G (A)/L(A)

PRELIMINARY

NEC

SERIAL OPERATION
1/0 Interface Mode (Transmission)

tCYK:
IKKL { tKKH:
o [\ ' e ) /
SCK \
KT X~
—
TxD x
N
1/0 Interface Mode (Reception)
tcYK |
TKKL tKKH.
4 y
TS / \ /
e/
RxD )
| -
[
1RXK
TKRX

Asynchronous Mode (Transmission enable input timing)

f——1CTSH

(2]
(%l

——ICTSL



N E C puPD78310G (A)/L(A)
PRELIMINARY uPD78312G (A)/L(A)

COUNTER UNIT INPUT/OUTPUT TIMING

Ci

CTRL

I ICTRLH: |

tCLRH

CLR

ICLRL-



uPD78310G (A)/L(A) NEC
HPD78312G (A)/L(A) PRELIMINARY

INTERRUPT TIMING

INIH INIL

NMIL

HIOH NoL——

INTEO {

} UIH | + 1L |
INTEY
t12H { |- 2L {
INTE2
RESET INPUT TIMING
tRSH tRSL
RESET
08V



NE C UPD78310G (A)/L(A)
PRELIMINARY HPD78312G (A)/L(A)

EXTERNAL CLOCK TIMING

X1

RECOMMENDED OSCILLATION CIRCUIT

(1) Crystal

——

X2

1

c2

(2) External clock

x1

X2




uPD78310G (A)/L(A)
uPD78312G (A)/L(A)

PRELIMINARY

NEC

STOP MODE LOW VOLTAGE DATA RETENTION CHARACTERISTICS (T = —40 °C to +85 °C)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Data Retention Supply Voltage VpDDR 20 v
VDDDR =20V 1 15 uA
Data Retention Supply Current DDOR
VDDDR =5V :10% 15 50 HA




QUALITY AND RELIABILITY
OF NEC MICROPROCESSORS



E QUALITY + RELIABILITY

{NTRODUCTION As large-scale integration reaches a higher level of density, reliability of devices imposes a pro-
found impact on system reliability. And as device reliability becomes a major factor, test
methods to assure ptable reliability more compli d. Simply performing a

reliability test according to a conventional method cannot satisfy the demanding requirements
for higher reliability: at these new, higher levels of LS1 density, it is increasingly difficult to
activate all the elements in the internal circuits. A different philosophy and methodology is
needed for reliability assurance in microprocessors and family products. Moreover, as integra-
tion density increases, the degradation of internal elements in an LS| device is seldom detected
by measuring characteristics across external terminals.

In order to improve and guarantee a certain level of reliability for large-scale integrated circuits,
it is essential to build quality and reliability into the product. Then the conventional reliability
tests are followed to ensure that the product demonstrates an acceptable level of reliability.

NEC has introduced the concept of Total Quality Control {TQC) across its entire semiconduc-
tor production line. By adopting TQC, NEC can build quality into the product and thus assure
higher reliability. The concept and methodology of Total Quality Control are companywide
activities — involving workers, engineers, quality control staffs, and all levels of management.

NEC has also introduced a prescreening method into the production line that helps eliminate
most of the potentially defective units. The combination of building quality in and screening
projected early failures out has resulted in superior quality and excellent reliability.

This Reliability Report describes the philosophy and methodology used by NEC to attain a
higher level of reliability for microprocessors and family products.

TECHNOLOGY Most microprocessors and family products are produced utilizing high performance, high

DESCRIPTION density, N-channel MOS technology. State-of-the-art high performance has been achieved by
introducing fine line generation technigues. The data presented in this report shows that this
advanced technology yields products as reliable as those from previous technologies.

By reducing physical parameters, circuit density and performance were increased while active
circuit power dissipation decreased. Current state-of-the-art N-channel MOS technology utilizes
2—-4um channel length and a gate oxide thickness of 300—500 A. This advanced process yields
integration densities of 400—800 gates/mm2 with a speed-power product of 1pJ or less.

Technology evotution

Technology evolved from early P-channel MOS to current state-of-the-art high performance,
high density, N-channel MOS during the past decade. This evolution is expected to continue in
the future. As a result, even more high level functions will be included in a small area, as past
history demonstrates.

RELIABILITY Reliability is defined as the characteristics of an item expressed by the probability that it will

TESTING perform a required function under stated conditions for a stated period of time. This involves
the concept of probability, definition of a required function(s), and the critical time used in
defining the reliability.

Definition of a required function, by implication, treats the definition of a failure. Faulure is
defined as the termination of the ability of a device to perform its required function(s). Futher-
more, a device is said to have failed if it shows inability to perform within guaranteed para-
meters as given in an electrical specification.

Discussion of reliability and failure can be approached in two ways: with respect to systems or
to individual devices. The accumulation of normat device failure rates constitutes the expected
failure rate of the system hardware. Important considerations here are the constant failure
period, the early failure (infant mortality) period, and overall reliability level. With regard to
individual devices, areas of prime interest include specific failure mechanisms, failures in
accellerated tests, and screening tests.

Some of these failure considerations pertain to both systems and devices. The probalility of no
failures in a system is the product of the probability of no failure in each of its components.
The failure rate of system hardware is then the sum of the failure rates of the components used
to construct the system.
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Life distribution

The fundamental principles of Reliability Engineering predict that the failure rate of a group of
devices will follow the wellknown Bathtub curve in Figure 1. The curve is divided into three
regions: Infant Mortality, Random Failures, and Wearout Failures.

Figure 1. Reliability Life (Bathtub) Curve

Infant mortality, as the name implies, represents the early life failures of devices. These failures
are usually associated with one or more manufacturing defects.

After some period of time, the failure rate reaches a low value. This is the random failure
portion of the curve, representing the useful portion of the life of a device. During this random
failure period there is a decline in the failure rate due to the depletion of potential random
failures from the general population.

The wearout failures occur at the end of the device’s useful life. They are characterized by a
rapidly rising failure rate over time as devices wear out both physically and electrically. Thus,
for devices which have very long life expectancies compared to those of systems, the areas of
concern will be the infant mortality and the random failure portions of the population.

The system failure rates are related to the collective device failure rates. In a given sytem, after
elimination of the early failures, the system will be left to the failure rate of its components. In
order to make proper projections of the failure rate in the operating environment, time-to-
failure must be accelerated in tests in a predictable way.

Failure distribution at NEC
MOS and Bipolar integrated circuits returned to NEC from the field underwent extensive failure
analysis at NEC’s Integrated Circuit Division.

First, approximately 50 percent of the field returns were found to be damaged either from
improper handling or misuse of the devices. These units were eliminated from the analysis. The
remaining failed units were classified by their failure mechanisms, as depicted in Figure 2. These
failures were then related to the major integrated circuit failure mechanisms and to their origins
in a particular manufacturing step.

As shown in Figure 2, the first four failure mechanisms accounted for more than 90 percent of
total failures. As a result, NEC improved processes and material to reduce these failures.
Additionally, NEC introduced screening procedures to detect and eliminate defective devices.

Temperature, humidity, and bias tests are used for testing the moisture resistance of plastic
encapsulated integrated circuits. NEC developed a special process to improve the plastic encap-
sulation material. As a result, moisture-related — thus packaging-related — failures have been
drastically reduced.

As a preventive measure, NEC hat introduced a special screening procedure embedded in the
production line. A burn-in at an elevated temperature is performed for 100 percent of the lots.
This burn-in effectively removes the potentialty defective units. In addition, improvement of
the plastic encapsulation material has lowered the failures in a high temperature and high
humidity environment.
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Figure 2. Failure Distribution of MOS Integrated Circuits

Accelerated reliability testing
As an example, assume that an electronic system contains 1000 integrated circuits and can
tolerate 1 percent system failures per month. The failure rate per component is:

0.01 Failures 13.888 x 10-9 Failures/Hour

720K Device Hours or 13.8888 FITs
Where: FIT = Failure unit per 109 device hours

To demonstrate this failure rate, note that 13.8888 FITs correspond to one failure in about
7,000 devices in an operating test of 10,000 hours. It is quickly apparent that a test condition
is required to accelerate the time-to-failure in a predictable and understandable way. The
implicit requirement for the accelerated stress test is that the relationship between the
accelerated stress testing condition and the condition of actual use be known.

A most common time-to-failure relationship involves the effect of temperature, which accelera-

tes many physiochemical reactions leading to device failure. Other environmental conditions are
voltage, current, humidity, vibration, or some combination of these. Table 2 lists the Reliability
Assurance Tests performed at NEC for the N-channel MOS devices.

TABLE 1. MONTHLY NEC RELIABILITY TESTS

TEST METHOD TEST CONDITIONS

Life Test MiIL-STD-8838

High Temperature, Operating 1005A, D Ta = 100°C to 125°C for 1000 hrs
High Temperature, Storage 1008C T3 = 150°C for 1000 hrs

High Temperature,

High Humidity Test — T3 =85°C«@ 85 % RH for 1000 hrs
Pressure Cooker Test - T3 = 125°C @ 2.3 Atm for 168 hrs
Environmental Test

Soldering Heat Test 2031° T = 260°C for 10s without flux
Temperature Cycle 1010C T = —65°C to +150°C for 10 cycles
Thermal Shock 1011A T =0°C to 100°C for 15 cycles
Lead Fatigue L2004B2 @ 250gm: 3 leads, 3 bends
Solderability | 2003 T = 230°C for 5s with flux

Note: “MIL-STD-750A
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FAILURE RATE
CALCULATION AND
PREDICTION

Temperature Effect: The effect of temperature that concerns us is that which responds to the
Arrhenius relationship. This relates the reaction rate to temperature.

R = Ro Exp|— Ea/kT])

Where: Ro = Constant
Ea = Activation energy in eV

k = Boltzmann’s constant
= 8.617°10"" (-5) eV/degrees K
T = Absolute temperature in degrees K

The significance of this relationship is that the failure mechanisms of semiconductor devices are
directly applicable to it. A linear relationship between failure mechanism and time is assumed.

Activation Energy: Associated with each failure mechanism is an activation energy value.
Table 3 lists some of the more common failure mechanisms and the associated activation
energy of each.

TABLE 2. ACTIVATION ENERGY AND DETECTION OF FAILURE MECHANISMS

FAILURE MECHANISM | ACTIVATION DETECTION
N ENERGY
Oxide Defect | 0.3ev
Silicon Defect 0.3eV
fonic Contamination 1.0—-1.35eV High Temperature Operating Life Test
Electromigration 0.4—0.8eV
Charge Injection 1.3eV
Gold-Aluminium Interface 0.8eV
Metal Corrosion 0.7eV High Humidity Operating Life Test

High Temperature Operating Life Test: his test is used to accelerate failure mechanism

High Temperature Operating Life Test: This test is used to accelerate failure mechanisms by
operating the devices at an elevated temperature. For N-channel MOS microprocessors and
their family products, the operating temperature is 125°C. The data obtained is translated to
a lower temperature by using the Arrhenius relationship.

High Temperature and High Humidity Test: Semiconductor integrated circuits are highly
sensitive to the general accelerating effect of humidity in causing electrolytic corrosion
between biased lines. The high temperature and high humidity test is performed to detect
failure mechanisms which are accelerated by these conditions. This test is effective in
accelerating leakage-related failures and drifts in device parameters due to process instability.

High Temperature Storage Test: Another common test is the high temperature storage test in
which devices are subjected to elevated temperatures with no applied bias. This test is used to
detect mechanical problems and process instability.

Environmental Test: Other environmental tests are performed to detect problems related to
the package, material, susceptibility to extremes in environment, and problems related to
usage of the devices.

Analysis of integrated circuit failure rates can serve many useful purposes. For example, the
early life failure rate helps establish a warranty period, while the mature life failure rate aids in
estimating repair costs, spare parts stock requirements, or product downtime. Accurate predic-
tion of failure rates can also be used for process control.

The following sections describe the failure rate calculation and prediction methods used by
NEC's Integrated Circuit Division.

The Arrhenius modei

Most integrated circuit failure mechanisms depend, to some degree, on temperature. This
relastionship can be represented by the Arrhenius model, which includes the effects of tempera-
ture and activation energy of the failure mechanisms.
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As applied to accelerated life testing of integrated circuits, the Archenius model assumes that

degradation of a performance parameter is linear with time. Temperature dependence is taken
to be the exponential function that defines the probability of occurrence. The relationship of
failure rate to temperature is expressed as:

Fy = F2 * Exp[{Ea/k) * (1/Ty — 1/T3)]

Where: F = Failure rate at Tp
Fy = Failure rate at Ty
Ea = Activation energy
k = Boltzmann’s constant
T = Operating junction temperature in degrees K

This equation explains the thermal dependence of integrated circuit failure rates and is used for
derating the resulting failure rate to a more realistic temperature.

Acceleration factor
The acceleration factor is the factor by which the failure rate can be accelerated by increased
temperature. This factor is derived from the Arrhenius failure rate expression, resuiting in the
following form:

A = Fy/F3 = Exp[(Ea/k) * (1/Ty — 1/T3)]
Where: A = Acceleration factor

Fa = Failure rate at T
Fy = Failurerate at Ty

In calculating the field reliability of an integrated circuit, it is necessary to calculate the junc-
tion temperature. In general, the junction temperature will depend on the ambient temperature,
cooling, package type, operating cycle time, and power dissipation of the circuit itself. In these
terms, the junction temperature (T;) is expressed as:
Tj=Ta+Pd " Af* 6jA

Where: T; = Junction temperature

Ta = Ambient temperature

Pd = Power dissipation

Af = Air flow factor
8jA = Package thermal resistance

Table 4 lists derating factors of various failure mechanisms. This table is generated assuming
that an accelerated test is performed at a junction temperature of 125°C. The result is then
derated to 55°C junction temperature. The acceleration factor may then be obtained by taking
the inverse of the derating factor.

TABLE 3. DERATING FACTORS OF FAILURE MECHANISMS

FAILURE MECHANISM ACTIVATION ENERGY DERATING FACTOR
Oxide Defect 0.3eVv 0.1546

Silicon Defect 0.3eV 0.1546

lonic Contamination 1.0ev 0.001984
Electromigration 0.4eV 0.08307

Charge Injection 1.3eV 0.0003067

Metal Corrosion 0.7ev 0.01315
Gold-Aluminium Interface 0.8eV 0.006886

The acceleration of failure mechanisms in a high humidity and high temperature environment
must be expressed as a function not only of temperature but also of humidity.

According to the reliability test statistics, the acceleration factor in such an environment can
best be approximated with Peck’s model as follows:

A = Exp[(Ea/k) * (1/Ty — 1/T3)] * [H2/H ] ** 4.5
Where: Ea = Activation energy

k = Boltzmann'’s constant
T = Junction temperature
H = Relative humidity

For example, the acceleration factor for high humidity and high temperature or pressure cooker
tests ranges from 100 to 1000 times that of the normal operating environment.
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RELIABILITY
TEST RESULTS

NEC’s GOALS ON
FAILURE RATES

Failure rate calculation

As an example, suppose that NEC’s microprocessors and family product samples are submitted
to a 1000-hour life test at 125°C junction temperature and encounter two failures: one oxide
and one metalization defect. The sample size is 885 units.

Thus, the oxide failure rate is 0.11 percent per 1000 hours and the metalization failure rate is
0.11 percent per 1000 hours. Therefore, the total failure rate at 125°C sums to 0.22 percent
per 1000 hours at 1K hours.

Failure rate prediction
To derate these failure rates to a normal operating environment, use the derating factors listed
in Table 4.

Oxide Failures = 0.11 * 0.1546 = 0.01701 % per 1K hrs
Metal Failures = 0.11 *0.01315 = 0.00145 % per 1K hrs
Total Failures = 0.01846 % per 1K hrs

Note that the example above is a snapshot of the high temperature life test performed on a
particular lot. It is not accumulated data that can be used to represent overall reliability. This
conservative illustration, however, shows that the failure rate in a normal operating environ-
ment is approximately 12 times lower than that of a higher temperature environment,

The failure rate prediction takes different activation energies into account whenever the causes
of failures are known through performing failure analysis. In some cases, however, an average
activation energy is assumed in order to accomplish a quick first-order approximation: NEC
assumes an average activation energy of 0.7eV whenever the exact failure mechanism is not
known, to vield a convervative estimate of failure rates.

Before introducing new technologies of products, NEC's internal reliability goals must be
attained. Several categories of testing are used in the internal qualification program to assure
that product reliability meets NEC’s reliability goals. Once the product is qualified, its reliability
level is regularly monitored in a monthly reliability test.

NEC’s approach to achieving high reliability is to build quality into the product, as opposed to
merely screening out defective units. The use of distributed control methods embedded in the
production line, in conjunction with conventional screening methods, results in the highest
reliability at the lowest cost.

NEC currently maintains failure rates for infant mortality and long-term device operation as
listed in Table 4.

TABLE 4. INFANT MORTALITY AND LONG-TERM FAILURE RATES

5 PERCENT FAILURE

: RATE GOALS
Infant Mortality Failure Rate 0.10/1K hrs
Long-term Life failure Rate

| 1.2M Device Hour Average 0.02/1K hrs

l 3.0M Device Hour Average 0.01/1K hrs

Infant mortality process average goals
The infant mortality goal for each product group is set at 0.10 percent. When a failure rate
exceeds this level, there is prompt remedial action to reduce this rate.

Long-term failure rate goals

The long-term failure rate goal is based on the following conditions:

® A minimum of 1.2 million device hours at 125°C is accumulated to resolve 0.02 percent per
1000 hours at 55°C with a 60 percent confidence level.

® A minimum of 3 million device hours at 125°C is accumulated to resolve 0.01 percent per
1000 hours at 55°C with a 60 percent confidence level.
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INFANT MORTALITY It is logical to assume that the integrated circuit that fails at one temperature would also fail at

FAILURE SCREENING  another temperature, except that it would fail sooner at a higher temperature. As can be
expected, the failure rate is a function of its associated activation energy. Establishing infant
mortality screening, therefore, requires knowledge of the likely failure mechanisms and their
associated activation energy.

The most likely mechanisms associated with infant mortality failures are generally manufactur-
ing defects and process anomalies. These generally consist of contamination, cracked chips,
wire bond shorts, or bad wire bonds. Since these describe a number of possible mechanisms,
any one of which might predominate at a given time, the activation energy for infant mortality
might be expected to vary considerably.

The effectiveness of a screening condition, preferably at some stress level in order to shorten
the time, varies greatly with the failure mechanism being screened for. Another factor is the
economics of the screening process introduced into the production line. Optimal conditions and
duration of a screening process will be a compromise of these two factors.

For example, failures due to ionic contamination have an activation energy of approximately
1.0eV. Therefore, a 15-hour stress at 125°C junction temperature would be the equivalent of
approximately 90 days of operation at a junction temperature of 55°C. On the other hand,
failures due to oxide defects have an activation energy of approximately 0.3eV, and a 15-hour
stress at 125°C junction temperature would be the equivalent of approximately one week’s
operation at 55°C junction temperature. As indicated by this, the condition and duration of
infant mortality screening would be a strong function of the allowable component failures,
hence the system failure, in the field.

Empirical data, gathered over more than a year at NEC, indicates that early failure does occur
after less than 4 hours of stress at 125°C ambient temperature. This fact is supported by the
life test of the same lot, where the failure rate shows random distribution, as opposed to a
decreasing failure rate which then runs into the random failure region.

NEC has adopted the initial infant mortality burn-in at 125°C as a standard production screen-
ing procedure. As a result, the field reliability of NEC devices is an order of magnitude higher
than the goals set for NEC’s integrated circuit products.

LIFE TESTS The most significant difference between NEC's products and those of other integrated circuit
manufacturers is the fact that NEC’s have been prescreened for their infant mortality defects.
The products delivered to customers are operating at the beginning of the random failure region
of the life curve. The life test data also reflect this fact, as will be shown in the following
sections.

The failure mechanism distribution from field failures, as previously shown in Figure 2, also
contains a very low percentage due to infant mortality. The majority of failures are longterm
life failures, and these can be eliminated by stringent process control. Usually, these failure
mechanisms have low activation energy associated with them.

Another significant improvement devised by NEC is plastic encapsulation and passivation. As a
result, NEC products show excellent reliability in both high humidity and high temperature
environments. Following is life test data accumulated over more than a year for N-channel
microprocessors and family products.

High temperature operating life test

This test is used to accelerate failure mechanisms by operating the devices at an elevated
temperature. For microprocessors and family products, the failure rate is 0.242 percent per
1000 hours at 125°C. This is equivalent to 0.0071 percent per 1000 hours in an operating
environment of 55°C (Table 5).

TABLE 5. HIGH TEMPERATURE OPERATING LIFE TEST

NUMBER OF NUMBER OF FAILURES AT |
SAMPLES 48 hrs 96 hrs 168hrs | 500 hrs 1K hrs
3317 0 0 1 } a N ,

8
0.242 % per 1K hrs
0.007 % per 1K hrs

Total Number of Failures at 1K hrs
| Failure Rate at 1K hrs at 125°C
ll Projected Failure Rate at 55°C
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High P and high humidity life test

This test is used to accelerate failure mechanisms by operating the devices at high temperature
and high humidity. Leakage-related failures and device parameter drift are accelerated by this
test. For microprocessors and family products, the failure rate is 0.091 percent per 1000 hours.
This is equivalent to 0.0027 percent per 1000 hours in an operating environment of 55°C. The
test conditions are T, = 85°C and relative humidity (RH) = 80 % (Table 6).

TABLE 6. HIGH TEMPERATURE AND HIGH HUMIDITY LIFE TEST

NUMBER OF NUMBER OF FAILURES AT
SAMPLES 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
2190 0 0 0 0 2

Total Number of Failures at 1K hrs
Failure Rate at 1K hrs at 85°C 85 % RH
Projected Failure Rate at 55°C 60 % RH

2
0.091 % per 1K hrs
0.003 % per 1K hrs

High temperature storage life test

This test is effective in accelerating the failure mechanisms related to mechanical reliability
problems and process instability. For microprocessors and family products, the failure rate is
0.207 percent per 1000 hours at 125°C. This is equivalent to 0.0061 percent per 1000 hours in
an operating environment of 55°C (Table 7).

TABLE 7. HIGH TEMPERATURE STORAGE LIFE TEST

NUMBER OF NUMBER OF FAILURES AT
SAMPLES 48 hrs 96 hrs 168hrs | 500 hrs 1K hrs
2410 0 ) 0 1 4 B

5
0.207 % per 1K hrs
0.006 % per 1K hrs |

Total Number of Failures at 1K hrs
Failure Rate at 1K hrs at 125°C
Projected Failure Rate at 55°C

[T

Pressure cooker test

This test is effective in accelerating failure mechanisms related to metalization corrosion due to
moisture. The failure rate is 0.52 percent per 1000 hours at T; = 125°C and 2.3 Atm at 100
percent humidity. This is equivalent to 0.0013 percent per 1000 hours at 55°C and an environ-
ment of 60 percent humiditiy (Table 8).

TABLE 8. PRESSURE COOKER TEST

NUMBER OF NUMBER OF FAILURES AT
SAMPLES 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
1718 0 4 5 No Test Performed

9
0.54 % per 1K hrs

Total Number of Failures at 168 hrs
Failure Rate at 125°C

nonon

Projected Failure Rate at 55°C 0.001 % per 1K hrs

Life test data summary

Table 9 summarizes the liefe test results and projected failure rates in the normal operating
environment. The failure rate shows random distribution as opposed to a decreasing failure
rate. This is a result of infant mortality screening.
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TABLE 9. LIFE TEST DATA

NUMBER OF FAILURES AT TOTAL

NUMBER OF NUMBER OF
TEST ITEM SAMPLES 96hrs | 168 hrs | 500 hrs | 1K hws | FAILURES
High Temperature
Life Test 3317 0 1 4 3 8
High Humidity
Life Test 2190 0 0 0 2 2
High Temperature
Storage Life Test 2410 0 o} 1 4 5
Pressure
Cooker Test 1718 4 5 * . 9
Total 9635 4 6 5 9 24

Note: * = No test performed

The projected failure rate in the normal operating environment is calculated assuming that the
average activation energy is 0.7eV.

Figure 3 shows the life distribution of NEC integrated circuits as a form of the Bathtub curve.

200 Intant Mortaiity Fallure Rete Goel
Bt - 0.0 percent per 1000 hes.
080
Long-term Lite Fallure Rate
0.02 percent per 1000 hrs
00
005

(I G [ 4

+—t—+

A XK 4K 5K 10K 20K 30K Hrs

Figure 3. Plot of Life Test Results

This life test data shows impr of app ly an order of magnitude better than
NEC's goal. The hours of operation are equivalent to the normal operating environment. Wear-

out failures, which had been the main target for reliability improvement, have also been signifi-

cantly reduced. This result comes mainly from process improvements and stringent manu-
facturing process control.

NEC’s main goal has been to improve reliability with respect to infant mortality and long-term
life failures. This can be achieved by introducing an effective screening method for infant
mortality and building quality into the product.

Thermal stress tests
Temperature cycling and thermal shock test the thermal compatibility of material and metal

used to make integrated circuits. Table 10 lists the reliability test results of thermal stress tests.

TABLE 10. THERMAL STRESS RESULTS

NUMBER OF NUMBER OF
TEST ITEM SAMPLES FAILURES
Soldering Heat Test T, = 260°C for 10 seconds 1891 0
Temperature Cycle T, = —65°C to +150°C, 10 cycl 1891 0
Thermal Shock Test T = 0°C to +100°C, 15 cycles 1891 1]
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BUILT-IN QUALITY
AND RELIABILITY

APPROACHES TO
TOTAL QUALITY
CONTROL

Mechanical stress tests

In addition to the device life test, NEC performs mechanical stress tests to detect reliability
problems related to the package, material, and device susceptibility to an extreme environment,
Table 11 lists mechanical stress test results.

TABLE 11. MECHANICAL STRESS RESULTS

NUMBER OF NUMBER OF
TEST ITEM SAMPLES FAILURES
Mechanical Shock Test @ 15 kg, 3 axis . 315 0
Vibration Test @ 100 Hz to 2 kHz, 20 g 315 0
Constant Acceleration @ 20 kg, 3 axis 315 0
Lead Fatigue Test @ 250 gms 638 ! 0
Solderability Test @ 230°C for 5 seconds 638 i 0

As large-scale integration reaches even higher levels of density, simple quality inspections can-
not assure adequate levels of product quality and reliability. In order to ensure the reliability of
state-of-the-art, very large-scale integrated circuits, NEC has adopted another approch. Highest
reliability and superior quality of a device can be achieved by building these characteristics into
the product at each process step. NEC, therefore, has introduced the notion of Total Quality
Control (TQC) into its entire semiconductor production line. Quality control is distributed into
each process step and then all are summed to form a consolidated system.

First, the quality control function is embedded into each process. This method enables early
detection of possible causes of failure and immediate feedback.

Second, the reliability and quality assurance policy is an integral part of the entire organization.
This enables a companywide quality control activity. At NEC, everyone in the company is
involved with the concept and methodology of Total Quality Control.

Third, there is an on-going research and development effort to set even higher standards of
device quality and reliability.

Fourth, extensive failure analysis is performed periodically and corrective actions are taken as
preventive measures. Process control is based on statistical data gathered from this analysis.

The goal is to maintain the superior product quality and reliability that has become synonymous
with the NEC name. The new standard is continuously upgraded and the iterative process
continues.

Implementation of distributed quality control

Building quality into a product requires early detection of possible cause of failure at each pro-
cess step. Then, immediate feedback to remove the cause of failure is a must. A fixed station
quality inspection is often lacking in immediate feedback. It is, therefore, necessary to distribute
quality control functions to each process step, including the conceptual stage. NEC has imple-
mented a distributed quality control function at each step of the process. Following is a break-
down of the significant steps:

® Product development phase

® Wafer processing

® Chip mounting and packaging

® Electrical testing and thermal aging
® Incoming material inspection

Product Development Phase: The product development phase includes conception of a product,
review of the device proposal, organization and physical element design, engineering evaluation,
and finally, transfer of the product to manufacturing. Quality and reliability are considered at
every step. More significantly, at the design review stage and prior to product transfer, the
quality and reliability requirements have to be examined and determined to be satisfactory.
This often adds two to three months to the product development cycle. Building in high
reliability, however, cannot be sacrificed.
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Wafer Processing Stage Inspection: The in-process quality inspections that occur at the wafer
fabrication stage are listed in Table 12.

TABLE 12. WAFER FABRICATION INSPECTION

PROCESS INSPECTION ITEM

Wafer Resistivity, Dimension, and Appearance,
; Lot Sampling Inspection
—
| Mask

Photo-Lithography

Alignment and Etching, 100 Percent Inspection

Cleaning

Diffusion and Oxidation

Oxide Thickness, Sheet Resistivity, Lot Sampling
Inspection

Metalization and Passivation

Thickness, Vih, C-V Characteristics, and Lot Sampling

Wafer Sort and Scribe

DC Parameters, 100 Percent Inspection

Die Sort

100 Percent Visual Inspection

Chip M The

ing and P:

in-p quality inspections that are done at the chip

mounting and packaging stage are listed in Table 13.

TABLE 13. CHIP MOUNTING AND PACKAGING INSPECTION

PROCESS INSPECTION ITEM

Die Incoming Material Inspection

Die Attach Appearance, Lot Sampling Inspection
Wire Bonding Bond Strength, Appearance, Lot Sampling
Packaging 100 Percent Appearance Inspection

Fine Leak* Lot Sampling

Gross Leak* 100 Percent Inspection

Note: *For ceramic package devices only.

Electrical Testing and Screening: Electrical testing and infant mortality screening are performed

at this stage. A flowchart of the process is depicted in Figure 4.

Figure 4. Electrical Testing and Screening

| 1st Electrical Test |

100 Percent Lot Burn-in
125C

Ta=
| 2nd Electrical Test |

OC Parameters

DC Parameters.
AC Functional

Electrical,
Appearance, and

Reliability Assurance
Test (RAT) Sampling
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SUMMARY AND
CONCLUSION

At the first electrical test, DC parameters are tested, according to the electrical specifications,
on 100 percent of each lot. This is a prescreening prior to the infant mortality test. At the
second electrical test, AC functional as well as DC parameter tests are performed on 100 per-
cent of the subjected lot. If the percentage of defective units exceeds the limit, the lot is sub-
jected to an additional burn-in. As this defective lot is being subjected to an additional burn-in,
the defective units are undergoing a failure analysis, the results of which are then fed back into
the process for corrective action.

i ing Material | ion: Prior to warehouse storage, lots are subjected to an incoming
inspection according to the following sampling plan:

© Electrical test: DC parameters LTPD 3 %
Functional test LTPD 3%
® Appearance LTPD 3%

Reliability assurance test

Samples are continually taken from the warehouse and subjected to monthly reliability tests
as discussed in the previous section. They are taken from similar process groups so that it can
be assumed that any device is representative of the reliability of that group.

In-process screening

Perhaps the most significant preventive measure that NEC has implemented is the introduction
of 100 percent burn-in as an integral part of the standard production process. Most of the
potential infant failures are effectively screened from every lot, thereby improving reliability.
Assuming average activation energy of 0.7eV, burn-in at T, = 1256°C for four hours is equivalent
to a week’s operation in a normal operating environment. This appears to be ample time for
accelerating the time-to-faiture mechanisms for early failures.

Process automation, as previously mentioned, has also contributed a great deal in improving
reliability. Since its introduction, assembly related failure mechanisms have been substantially
reduced. And, in combination with in-process screening and materials improvement, it has
helped establish quality and reliability above NEC’s initial goals.

As has been discussed, building quality and reliability into products is the most efficient way to
ensure product reliability. NEC's approach of distributing quality control functions to process
steps, then forming a consolidated quality controf system, has produced superior quality and
excellent reliability.

Prescreening, introduced as an integral part of large-scale integrated circuit production, has
been a major facor in improving reliability. The most recent year’s production clearly
demonstrates continuation of NEC’s high reliability and the effectiveness of this method.

Reliability Assurance Tests {RATs), performed monthly, have ensured high outgoing quality
levels. The combination of building quality into products, effective prescreening of potential
failures, and the reliability assurance test has established a singularly high standard of quality
and reliability for NEC's large-scale integrated circuits.

With a companywide quality control program, NEC is committed to building superior quality
and highest reliability into all its products. Through continuous research and development
activities, extensive failure analysis, and process improvements, a higher standard of quality and
reliability will continuously be set and maintained.
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CHAPTER 3

THE uCOM84 CMOS FAMILY

pPD80CH8/UPD8OC35/1PD4S
HPD80CHIS/1PD8OC39/1PDYS
HPD8OC49H/uPD8OC39H/UPD4SH
1PD80C4H2
HPD8OC50H/1PD80CUOH
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CMOS MICROCOMPUTER
SELECTION GUIDE

SINGLE CHIP 8-8IT SUPPLY

MICROCOMPUTERS DEVICE SPECIAL FEATURES | ROM | Ram | 10 |PRocEsS|cycLe |voLTAGE] PiNs
WPDBOC35 | CMOS 8035 Extarnal| 64x8] 27| CMOS | 6 MHz | +25106 |40/52
4PDBOCAS | CMOS 8048 1024x8 | 64x8] 27 | CMOS | §MHz | +25106 [VU3Y
APD30C33 | CMOS 8039 External [128x8| 27 | CMOS | 8 MHz | +25t06 |40/52
LPDBOC3SH | CMOS 8033H External [128x8| 27 | CMOS |12MHz | +25106 | 40
uPDBOCAS | CMOS 8049 20488 [128x8| 27 | CMOS | 8MHz | +25106 [VU44/
WPDBOCASH | CMOS 80490 2048x8 [126x8] 27 | CMOS |12MHz | +251t06 |40/48
APD3OCASH (S)| CMOS 8049H (S)° | 2048x8 [128x8| 27 | CMOS |[10MHz | +25t56 | 40
upogocaz  |STERFACEWITH | 5056 |128x8| 18 | cMOS [12MHz [+2510+6 | 40
LPDBOCAOH | LARGE MEMORY | 4096x8 [256x8| 16| CMOS |12MHz | 2514+6 | 40
WPDBOCSOH | LARGE MEMDRY | 4096x8 [256x8] 16 | CMOS |12MHz | 2510 +6 [40/44

NOTE SPECIAL . NORMAL (S) GRADE
S GRADE VERSION Tst electrical test at room temp at 110°C
burn in 4 hours 16 hours
2nd electrical test at room temp at room temp

Crystal Resonator Frequency __I:———{' XTALY
Reference Circuit ¢,
:I:‘_ | —

MAJOR INPUT AND T
OUTPUT SIGNALS

[

f—ﬁ XTAL2
[+—g— Port1 ¢
XTAL. I
le—= Port2 =
8 0] g.yml o;coiﬂl’t.g constants of fosc = 6 MHz /
max = 5052 /C_ = 16 + 0.2 pl =1:02mwW
Reset — Read — @ Operating frequency less than 4 MHz /
Single 0<Cy<20pF/0<Cy<20pF/|Cy—Cq|<10pF
;tgeﬁ Write ] oo?ram? ‘fmlcv more ".'l'" 4 MHz /
— — < -
APDBOCXX 1 PF/0<C2<10pF/|Ca—Cq i< 5pF
Memory Program Store External Clock Frequency Reference Circuit
Enable Vee
Test:
|« Address Latch
Enable
interrupt —
Bus -— }——w Port Expander
8 Strobe 2
XTAL1

Note: A minimum voltage of Vce-1
is required for XTAL1 to go HIGH.

Open ——— a2
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INSTRUCTION SET

INSTRUCTION SET SYMBOL DESCRIPTION
SYMBOL DEFINITIONS A Accumulator
AC . Auxiliary Carry Flag
addr Program or data memory address (ag—a7) or (ap—a10}
b Accumulator bit {b = 0—7)
BS Bank Swith
BUS Bus
[ Carry Flag
CLK Clock
CNT Counter
data 8-bit binary data (dg—d7)
DBF Memory Bank Flip-Flop
FO, F1 Flag 0, Flag 1
INT Interrupt pin
Indicates the hex number of the specified register or port
PC Program Counter
Pp Port 1, Port 2, or Port 4-7 {(p =1, 2, 0r 4-7)
PSW Program Status Word
Re Register Rg—R7 (; =0-7)
SP Stack Pointer
T Timer
TF Timer Flag
70, T1 Test 0, Test 1 pin
# Immediate data indication
@ Indirect address indication
x Indicates the hex number corresponding to the accumulator bit
or page number specified in the operand
{x) Contents of RAM
({x)) Contents of memory addressed by (x}
- Transfer direction, result
A Logical product (logical AND)
\ Logical sum (logical OR)
¥ Exclusive OR
- Complement
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Hex Instruction Code
Mnemonic Function Description Code D, Dy Dy D, Oy D; D, D, Cycles Bytes
Accumulator
ADD A, # {A)+ (A) + data Adds Immediste dats dy-d, to the accumulator. 03 o o [ o 0 0 1 1 2 2
data Sets or clears both cerry flags. 2 d, dg dy d, d; d, d, dy
ADD A, R, (A) - (A) + (R) Adds the contents ot register R, to the Bne 11 o T ¢ 1 1
. =0-7 ‘sccumulstor. Sets or clears both carry flags. 2
ADDA.@R, (A)- (A)+ (R) Adds the contents of the (nternal dats memory one 0o 1 ) o o0 o 1 1
, =01 location specified by bits 05 of register R, 10 the
Sets or cle y flags. 2
ADOCA, #  (A)- (A) + data + (C)  Adds, with carry, Immediste dats dy-d, 0 the 13 o o o 1 o 0o 1 1 2 2
dets Sets or clears both carry Hags. 2 d, dy d; d, dy d; 9, dg
] 1 1 . [ r 1 1

ADDC A R, (A)- (A) + (R) + (C) Adds, with carry, the contents of register R, tothe  7n«.
= 0-7 Sets or clears both carry flags. 2

ADDC A, (A)- (A) + ((R)) + (C)  Adds, with carry, the contents of the internal dats  Tn+ ot 1 1 o o0 o r 1 1
= 0-1

@R, memory location specified by bits 0-5 of register
R,, (0 the accumulstor. Setd or cisars both carry
fiags.2
ANL A, # (A)- (AAdata Tokes the logical product (logical AND) of 53 o 1 0 1 o o 1 t 2 2
deta ~dy and th of 4 6 d d, d @ d, d
the accumuiator, and stores the result in the
sccumulator.
ANL A, R, A) - (MA(R) Takes the logical product {logics!l AND) of the Sne o 1 0 1 1 r r r 1 1
, = 0-7 contents of register R, and the accumulator, and

stores the result in the accumulator.
ANLA @R, (A)- (MA(R) Takes the logical product (logical AND) of the S o 1 0 1 0 0 o r 1 1
f=0-1 ‘contents of the internal data memory location
‘specified by bits 0-5 of register R, and the
accumulator, and stores the result in the

accumulator.
CPLA (A)- (&) Takes the complement of the contents of the a7 [ T o 1 1 1 1 1
CLRA - o Clears the contents of the 27 0 0 1 0 0 1 1 1 1 1
DA A Converts the contents of the sccumulator to BCO. 57 0 1 0 1 0 1 1 1 1 1

Sets or clears the carry flags. When the lower 4
bits (Ag_,) are greater than 9, or i the Auxilisry
Carry Fiag has been sat, adds 6 to A, ;. When the
upper 4 bits (A, _;) are greater than 9 or if the Carry
Flag (C) has been set. sdds 6 to A, ;. It an

occurs st this point, C is set.2

DEC A (A): (A) -1 Decrements the contents of the accumulatorby 1. 07 [ 0 0 0 ] 1 1 1 ) 1
INCA (A): (A) +1 Increments the contents of the accumulator by 1 17 0 0 0 1 0 1 1 1 1 1
ORLA, # (A)+ (A)\data Takes the logical sum (fogical OR) of immediate 43 ¢ 1 o0 0O [ 1 2 2
data data dg-d, and the contents of the accumulator. % o d d, d d o d
and s10res the result in the accumulator.
ORLA.R, A)- (AVIR,) Takes the logical sum (logical OR) of register R, ans o 1 o o 1 v« 1 1
, = 0-7 and the contents of the accumulasior, and stores
the result in the
ORLA.@ R, (A): (ANAR) Takes the logical sum (logical OR) of the contents  4n ¢ o t+ o0 o ©o o o r 1 1
=01 of the internal dsta memory location specified by
bits 0-5 in register R,, and the contents of the
accumulator, and stores the result in the
accumulator.
RLA (Ab + 1) (Ab) Rotates the contents of the sccumulator one bitto  E7 1 1 10 o 1 1 1 1 1
(Ag)* (A7) the left. The MSB is rotated into the LSB.
b=0-6
ALC A (Ab + 1)- (Ab) Rotates the contents of the sccumulator one bitto  F7 1 1 1 1 o 1 1 1 1 1
(Ag)+ (C) the left through carry.
©)- (A)
b =0-6
RR A (Ab)- (Ab + 1) Rotates the contents of the accumulstor one pitto 77 o 1 t 1 o 1 1 1 t 1
(A7) (Ag) the right. The LSB Is rotsted into the MSB.
b=0-6
RRC A (AD)- (Ab + 1) Rotates the contents of the accumulstor one bitto 67 0 1 1 0 0 1 1 1 1 1
(A)- (€) the right through carry.
€} (A)
b=0-6
SWAP A (Ae7) -+ (Ag.3) Exchanges the contents of the lower 4 bits of the 47 [ 1 0 0 0 1 1 1 1 1
‘sccumulstor with the upper 4 bits of the
accumulstor.
XALA #dats (A): (AN/dats Takes the exclusive OR of immediate dats d,-d, 03 1 10 o o 1 ) 2 2
and the contents of the accumulstor, and stores d, dg  d 4 d @ d a
the result in the accumulator.
XRLA R, (A) - (AMAR,) Takes the exclusive OR of the contents of register  Dn< 1 1 L] 1 1 r r 12 1 1
= 0-7 R, and the accumuiator, and stores the result in
the sccumulistor.
XALA. @R, (A): (AMIR) Takes the exclusive OR of the contents of the Dn« 1 10 o 0o o ¢ 1 1
,=0-1 location in data memory specified by bits 0-5 in
register R,. and the accumulator, and siores the
result in the sccumuistor
Branch
DJUNZ R, R): (R) -1 Decrements the contents of register R, by 1.end#  En 1 1 Y 1 r 3 [ 2 2
addr H(R,) ¢ 0, then the result is not equal to 0. jumps (o the address [T M G 8 s 8 !
(PCqy,) - addr Indicated by ay-a,.
,=0-7
JBb adde (PCos)- 8dGrib = 1 Jumps 10 the address specified by 8g-a, I the it x2¢ b, b b 1 o o 1 o 2 2
(PC) = (PC) + 2HD = 0 in the sccumulator specified by by-b; is set. . 8 8y a, ay @ 8 8
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Code
Hex
Mnemenic Punction Description Code D, D, D, D, D, Dy D, D, Cycies Bytes
Branch (Cont.)
IC addr (PCor)- @dGrHC =1 Jumps o the address specified by ag-s, It the Fe IR 1 o 1 100 2 2
(PC)- (PC) +2HC =0  Carry Flag s set. H 8 8 8 " o
JFO adar (PCor)- 8d0rHFO =1  Jumps 10 the address specified by ag-8; it F0 86 10t [ 1 0 2 2
(PC)- (PC) + 2HFO =0 s weot. N 8 8y 3 A, a 8 & B
JF1 sdar (PCor)- 8GOrHF1 =1  Jumps to the address specified by a,-a, it F1 i3 R 0o 1 10 2 2
(PC)- (PC) + 2F1 =0 Is oot 8 8y By a a; & » By
JMP sddr (PCyyg) - addry 1o Jumps directly to the sddress specified by ag-9,,  x4& Ay By 8y 0 o 1 0 L] 2 2
(PCoy) - sddry and the DBF. o m m om 5 a8 8, a
(PCyy) - DBF
JMPP @ A (PCo )+ ((AD) Wmm-nmmmmmwm B3 1 o 1 1 L] [ 1 1 2 1
'with the contents of program memory specified
wmmmmmummumw
a Jump to the specified address
current page.
INC addt (PCo;)- sddriiC =0  Jumps to the address specified by ag~a, If the E6 1 L) o 1 10 2 2
(PC)- (PC) + 21C = 1 Carry Flag is not eet. o 8 8 8, a a; m a
JNI ncidr (PCy ;) mddrit) = 0 Jumps 1o the address specified by a,-a, If the % 1 o 0 [ L] 1 1 L] 2 2
(PC)- (PC) + 21 =1 Interrupt Flag is not set. % 8 M A, B, B
JNTO addr (PCor)- @ddriTO = 0 Jumys 1o the address specified Dy ag— s, H Test0 26 e o0 1 o 0 1 T 0 F) 2
(PC)o (PC) + 2HTO =1 Is LOW. A By By A a8 8 & &
JINT1 nddr 7+ addritT1 =0  Jumpstothe sddress specified by ag-a, it Test1 46 o 1 o o [ I 10 2 2
(Pc) {PC)+ 21T1 =1 is LOW. a4 8y 8 A, 3 8 & 3
INZ addr (PCoy)- addrHA #0  Jumps o the address specified by ag-a, H the 10 0 1 [ 10 2 2
(PC)- (PC) + 2HA =0 contents of the are not equal to 0. a8y 8 8, a8 8 8
JTF adar (PCor)- 8GGrHTF = 1 Jumps 10 the sodress specitied by ag-8; i the 16 o o o0 1 0 1 1 0 2 2
(PC)- (PC) + 2HTF =0 Timer Flag is se1. The Timer Flag is Clesred after a8y A, e ow s
the instruction is executed.
JTO addr (PCqy)- mddriTO =1  Jumps to the sddress specitied by ag—s- if Test 0 o 0 1 1 [ E) 2 2
(PC)- (PC) + 2HTD = 0 Is HIGH. 8 8 3 3, 8 8 & &
JT1 sdar (PCoz)- 8GArHTI =1  Jumps to the sddress specitied by ag-a, I Test1 56 o 1 0 1 0o 1 1 0 2 2
(PC)- (PC) + 2HT1 =0 I8 HIGH. 5y 8 3 5 8, 8,
z (PCoy) - addrifA =0 Jumps to the address specified by ag-a, if the ce 1 1 o o o 1 1 o 2 2
(PC}: (PC) + 2itA = 1 contents of the accumulstor sre equal to 0. 8 Ay 8 o 8 8 W 8
Control
NI Enables external interTupts. When external 0s 0 o [ 0 L] 1 o 1 1 1
Interrupts are ensbied, » low-level input to the INT
wwmmbmnomlmm
sorvice routine.
DSt Dluuumn-lmm When external 15 e o o o 1 o 1 1 1
Interrupts are disabled. low-level inputs to the INT
pin have no effect on program execution.
ENTO CLK Enables clock output to pin T0. 75 0 1 A 1 0 1 i 1 1 t
SEL M8O (DBF) - 0 Clears the Memory Bank Fllp-Flop, selecting ES IR T 0 o 1 o 1 1 P
Program Memory Bank 0 [program memory
addresses 0-2047,,9). Clears PC,, atter the next
JMP or CALL instruction.
SEL MB1 (0OBF) - 1 Sets the Memory Bank Flip-Flop, selecting FS 1 1 1 1 [] 1 0 1 1 1
Program Memory Bank 1 [program memory
eddresses 10))- Sets PC,, after the next
JMP or CALL in on.
SEL RBO (8S). 0 Selects Data Memory Bank 0 by clearing bit 4 cs T 1 0 o e 1 0 1 1 1
(Bank Switch) of the PSW. Specifies data memory
addresses 0-7(,,, a8 registers 0-7 of Deta
Ihmyl-nlg
SELRBY 88)- 1 Selects Memory Bank 1 by setting bit 4 05 1 1 [ 1 o 1 o 1 1 1
(Bank Switch) of the PSW. Specifies dats memory
24-31,,0) 86 registers 0-7 of Data Memory Bank 1.
HALT Initistes Halt mode. - 0 0 0 o 0 0 4 0 1 1 1
STOP (not all devices} Tnitiates Software Stop mode B2 1 0 0 0 0 0 1 o 1 1
Dats Moves
MOV A & {A)- data Moves immaediate data do-d, into the 23 0 0 1 o [ [ 1 1 2 2
data 6 d d dy 4 ¢ d d
MOV A, R, ). (R) Moves the contents of register R, into the Fn@ DRI 1 o ' 1 1
¢ =0-7 sccumulator.
MOVA @R, (A)- ((R) Moves the contents of internal data memory Fa@ 1 1 1 1 0 [ [ ] 1 1
=01 specified by bits 0-5 in register R, into the
sccumulator.
MOV A, PSW (A)- (PSW) Moves the contents of the Program Status Word c7 1 1 o 0 0 1 1 1 1 1
into the
MOVR,, # {R)- data Moves immediats data d,-d, into register R, Bn® 10 1 1 1 . r r 2 2
deta $=0-7 4 dy dy 9 4 4 o &
MOVR,, A (R)- (&) Maves the contants of the accumulator into An@ 1 o 1 0 1 [ r [ 1 1
, = 0-7 register R,.
MOV@R,A ((R)- (A) Moves the contents of the sccumulator into the An® 1 ° 1 [] o o (] r 1 1
= 0-1 data memory location specified by bits 0-5in
register R,.
MOV@R, # ((R)) - dets Moves immediste dats d, - d; into the dsts. Bnd 1 o 1 1 [ 0 0 r 2 2
data = 0-1 ‘memory location specified by bits 0-5in d, dg dg d, d d, d, dy
register R,.
MOV PSW, A (PBW) - (A) into the or 1 1 o 1 o 1 1 1 1 1

Moves
Program Status Word.




INSTRUCTION SET

ox Inatruction Cede
[ Punstion Description Code Dy By Dy B, BD; By O, Dy Cycles Bytes
Data Moves (Cont.)
WOVPA. @A (PCo )~ (A) Moves the contents of the Program memory A3 1 [] 1 [ ° [] 1 1 2 1
(A) - (PC) tocation specified by PCy_,, concatenated with
the contents of Into the
MOVPI A, (PCe.1) - (N Moves the contents of the progrem [ 1 1 ) o 0 ° 1 1 2 1
@A (PCy1y) ~ 001 mwnnu(rc._“."w
W) - (Pe) ory the
MOVXA, @R (A) - ((A) L "d 1. 0 o0 o e o o r 2 1
,=0-1 Iocation epecified by regleter R, Into the
MOVX @R, A (R)) ~ (A) Moves the coments of the sccumulstor into the ”nd 10 0 1 o o o 2 1
<= 0-1 externsl data memory location specified by
rogleter R,
XCHA R, —(R) Exchanges the contents of the accumulator and nd® ] L] 1 [] 1 r 13 r 1 1
= 0-7 register R,.
XCHA @R, (A) — ((R) Exchanges the cortents of the accumulator and nd ] L] 1 [ L] L] [] 2 1 1
= 0-1 of the n
specified by bits 0-5 in register R,. .
XCHDA. @  (Agy) — (Ryy ) Exchanges the contents of the iower 4 bits of the  3n® o 0 1 o o o r 1 1
n o= 0-1 mmmmdnmaw
mo—smn.uvn.
- ?
crc ©-© el the Carry bit. A7 1.0 1 o o 1 1 1 1 1
cr (Fo) - (FO) Takve the of Flag 0. [ 10 0 1 o 1 0o 1 1 1
CPLFY - D Takee of Fleg 1. [ 10 1 1 e 1 o0 1 1 1
Cuac ©-0 Clears the Carry bit. [ 10 0o 1 o 1t 1 1 1 1
CLR P (o)~ 0 Clears Flag 0. 3 1. 0 o o o 1 0o 1 1 [
CLRF -0 Clesrs Flag 1. AS 10 1 o0 o 1 o0 1 1 1
Input/Output
ANLBUS. #  (BUS) - (BUS)/Adata Tokes the logical AND of the contents of the bus [ 1 0 0o 1 1 o o o 2 2
:;:mma.—o,.w“uumm 4 d d d d 6 6 dy
ANLP, # (P.» (',)/\uu ‘Takes the logical AND of the contents of ) 10 o 1 v o e e 2 2
oots © Ti-2 », data dy—d, & o d o 4 o o q
and sends the result to port P, for output. ——
ANLD P, A (P,) - (PIAfAG ) Takes the logical AND of the contents ot 1 0 o 1 () 2 1
» 4T mmv,mnu—tuhun
and sends the result to port P, for
wn. 7_ o -
NAP, (A) - (P, Loads the the of on® [] 0 o [] 1 o [ P 2 1
p=1- portP, . e e
INSA. BUS  (A)- (BUS) Loads the contents of the bus into the o8 o 0o o o 1 o 0 2 1
on the rising edge of RD. o L o
MOVD AP, (Agy) - (P) Moves the coments of designeted port P, tothe  0n® o o o o 11 P p 2 1
Asr)- 0 lower 4 bits of the sccumulator, end cleers the
o =47 upper 4 bits. e
MOVD P, A (r,. Ao ) Movea the lower 4 bits of the sccumuletor to 3nc o o 1 1 11 e 2 1
=47 designated port P, The upper 4 bits of the
accumuiator are not changed. } L
ORLBUS, #  (BUS) - (BUS)\Alets Tekes the logical OR of the contents of the bus " 1 0 0 o 1
data dats dy-dy to 4 d & d, d d d o
the bus. L e
ORLDP, A (P~ (PJ\VAAGy) Takes the logical OR of the contents of designated  8nG: 1 0 0 o 11 p p 1
p =47 port P, and the lower 4 bits of the sccumulator,
and sende the result to port P, for output. . B e
ORL P, # (u (r,vu- Takes the logical OR of the contents of designated  $n® T 0 0o o ) 2 2
dats =1-2 port P, and immediste deta do—d, and senda the d4 d d 9, 4 o d d
reeult o port P, for output. . e R o
OUTL BUS, A (BUS) - (A) Latches the contents of the sccumulstor onto the 02 [ 0 o L] 0 0 1 [ 2 1
bus on the rising edge of WH.
Never use the OUTL BUS instruction when
using external program memory, se this
latch the o o o
ouTLP, A (o,) ) Latches Ino s o o 1 1 t 0 p p 2 [
=1-2 designated port P, for outpur.
Registers
DEC R, (l.); (;t,) -1 Decrements the contents of regiater R, by 1. Cna@ 1 10 o 1 [ ] 3 1 1
= 0= [ e S . _ ~ .
INCR, (l,b; (7!,) +1 Increments the contents of register R, by 1. nd 0 [ 0 1 1 r ’ v 1 1
WCeR () (Y +1 " increments by 1 the contents of the data memory  1nd: o o o 1 o o o r 1 0

location apecified by bits 0-5 in regiater R,.




INSTRUCTION SET

Nex Cede
Mnemenic Punction Desoription Code D, by B, O, D; Dy e D, By, Cyoles Bytes
Subroutine
CALL addr ((8P)) - (PC)(PSW, ) Stores the contents of the Program Counter "o S B 8 1 L] 1 L] o 2 2
(SP)- (8P) + 1 and the upper 4 bits of the PSW in the address a8 A a 8 8 &

(PCq1q) - 80dvy ;o Indicated by the Btack Pointer, and increments the
(PCop}+ o7 ‘contents of the Stack Pointer, calling the subrou-
(PCyy) - OBF tine specified by sddress a,-a,, and the DBF. I
RET (8P)- (8P) - 1 Decrements the contents of the Stack Pointer 9 1 o o o o o 1 1 2 1
(PC)- ((BP) by 1 and stores, In the Program Counter, the
‘contents of the location specified by the Stack
Pointer, executing a return from subroutine
without restoring the PSW. B . I
RETR (3P). (8P) -1 Decrements the contents of the Stack Pointer 9 1 o o 1 o 0 1 1 2 1
(PC)- (($P)) by 1 and stores, In the Program Counter, the
(PSW,_;) - ((SP)) contents of the upper 4 bits of the PSW and the
contents of the iocation specified by the Stack
Pointer, axscuting a return from subroutine with
restoration of the PSW.
Timer/Counter
ENTCNTY Enables internal interrupt of timer/event counter. F- [ 0 1 [ L] 1 o 1 1 1
1t an overfiow condition occurs, then an interrupt
Ot8 TCNTI Disabk Interrupt of ot 3 0 0 1 1 0 1 0 1 1
MOVA, T w-m of the intothe 42 o 1 o o o o 1 0 1 1
MOVTA m- & Moves the contents of the sccumulator into the 62 o 1 1 o o o 1 o 1 1
STOP TONT Stope the operstion of the timer/event counter. L] 1 1 [ [ 1 [ 1 1 1
OTRAT CNT $tarts the event counter of the L] 0 1 L o o 1 o 1 1 1
timer/counter when T1 changes from a low-levet
Input t0 8 high-level input.
STRYT Starts the timer operstion of the timer/counter. 85 o 1 o 1 L] 1 L] 1 1 1
The timer is incremented svery 32 machine
cycies.
Misoelaneeus
NOP Uses ine cycie without oy 00 o o o 0 [ 0 0 o 1 1
‘operation.
Wetes: O Binary instruction code designations , and ! encoded values of the it value of hed reg: and ports.

o represent
@ Execution of the ADD. ADDC. wDAmwucmmwmmocmynm which are not shown in the respective tunction equations These instructions set the carry fiags when there is an
overfiow in tha accumulator (the Auxiiary Carry Fiag i3 set when there is an overfiow of bit 3 of the accumulator) and clear the carry flags when there 1s no overtiow Flags that are
W?ymum Momwmmmnmmhmonmmbrmmmm
byte 1 andior 2in the opcode of the cormesponding instruction
Ommmdnlummm-unblm

) Direct
Ron=8 Ry.n=A R.n=C Rgn=E
Ayn=9 Ryn=B Ryn=D Ryn=F
b) Indirect

@Ry n=0 @R:n=1
® The hex value of n for spacitic ports is as foliows.
Pin=9 P. n=C Pgun=E
Ppn=A Pz n=D Pn=
® The hex value of x for specific accumulator or address bits 1s as follows
&) JBb instruction

Byx=1 Byx=5 Byx=9 Byx=0
Byx=3 Byx=7 Bgx=B Brx=F
b) JMP instruction
Page0: x = 0 Page2 x = 4 Paged4 x =8 Page6 x = C
Pagel: x =2 Paged x=6 PageSix=A Page’ x=E
€} CALL instruction

O:x=1 Page2x=5 Paged x=9 Pagebix=D
Peget x =3 Paged x=7 PageSx=B Pagelx=F



CMOS 8-BIT
SINGLE-CHIP

MICROCOMPUTER



NEC

uPD80C48/uPD80C35/uPD48

DESCRIPTION

FEATURES

PIN CONFIGURATION
uPDBOC48C/uPDBOC35C

(40 PIN PLASTIC DIP)

CMOS 8-BIT SINGLE CHIP
MICROCOMPUTER

The NEC uPDB80C48 is a true stand-alone 8-bit microcomputer fabricated using CMOS techno-
logy. All of the functional blocks necessary for an integrated microcomputer are incorporated,
including 2 1K-byte ROM, a 64-byte RAM, 27 1/0 lines, an 8-bit timer/event counter, and a
clock generator. This integrated capability permits use in stand-alone applications. For designs
requiring extra capability, the uPD80C48 can be expanded using peripherals and memory com-
patible with industry-standard 8080A/8085A processors. A version of the uPD80C48 without
ROM is offered by the uPD80C35.

Providing compatibility with industry-standard 8048, 8748, and 8035 processors, the uPD80C48
features significant savings in power consumption. In addition to the power savings gained
through CMOS technology, the uPDBOC48 is distinct in offering two standby modes (Halt
mode and Stop mode) to further minimize power drain.

8-bit CPU with ROM, RAM, and 1/0 on a single chip
Hardware/software-compatible with industry-standard 8048, 8748, and 8035 processors
1K x 8 ROM

64 x 8 RAM

27 1/0 lines

2.5 s cycle time (6 MHz crystal)

All instructions executable in 1 or 2 cycles

97 instructions: 70 percent are single-byte instructions
Internal timer/event counter

2 interrupts (an external interrupt and a timer interrupt)
Easily expandable memory and |/0

Bus compatible with 8080A/8085A peripherals
Power-efficient CMOS technology requiring a single +2.5V to +8V power supply
Available in 40-pin DIP, 44-pin flat pack, and 52-pin flat pack
Halt mode

— 1 mA typical supply current

— Maintenance of internal logic values and control states

— Mode initialization via HALT instruction

— Mode release via external interrupt or reset

® Stop mode

— 1 pA typical supply current

— Disabling of internal clock generation and internal logic

— Mai ce of RAM t

— Mode initialization via hardware {(Vpp)

— Mode release via reset

To
XTAL1
XTAL2

1
2
3
4
5
6
7
8
9




uPD80C48/uPD80C35/uPD48

NEC

PIN IDENTIFICATION

A.
uPD80C48C/uPDBOC35C
(40 PIN PLASTIC DIP)

B.
#PD80C48G/uPDB0C35G
(52 PIN PLASTIC

FLAT PACK)

uPD48G
(44 PIN PLASTIC
FLAT PACK)

Note: OThe pulse width of
RESET must be a mini of

A.

SYMBOL

NAME

FUNCTION

1

To

Test 0

Testable input using conditional jump instructions JTQ
and JNTO. Also enables clock output via the ENTO
CLK instruction.

XTALI

Crystal 1

One of two inputs for external crystal oscillator or LC
circuit to generate internal clock signals. May aiso be
usad as an input for external clock signals.
(Non-TTLcompatible V|H.)

20

XTAL2

Crystal 2

One of two inputs for external crystal oscillator or LC
circuit to generate internal clock signals.
{Non-TTL. ible Viy.}

22

Resat

Active-low input line that initializes the processor.
Also used to release both the Halt and Stop modes. @

23

Single Step

Active-low input ling, that, in conjunction with ALE,
causes the processor to single-step through a program
one instruction at a time.

24

Interrupt

Active-low input line that causes an interrupt if an
enable instruction has been executed. A reset disables
the interrupt. May be used as a testable input with a
conditional jump instruction. Can also be used to
release the Halt mode.

25

External
Access

Input line that inhibits internal program memory
fetches and initiates access of external program
memary. Essential for system testing and may also be
used for program debugging.

26

Read

Active-low output strobe line that is used to read data
from external data memory.

27

Program
Store Enable

Active-low output line that is used to fetch instructions
from external program memaory.

20

Write

Active-low output strobe line that is used to write data
into external data memory.

29

pal

Address
Latch Enable

Output line for address latch enable. At the falling edge
of ALE, the address of either external data memory or
external program memory is available on the bus.

30-37

22.25,
28-31

These 1/0 lines constitute an B-bit bidirectional data/
address bus. Synchronous read and write operations
can be performed on this bus using RD and WR signals.
Data driven out on the bus by an QUTL BUS instruc-
tion is statically latched.

The address of sxternal memory is available on the bus
at the falling edge of ALE when reading from external
program memory or writing to and reading from exter-
nal data memory. During external program memory
fetches, the least-significant 8 bits of the external pro-
gram memory address are driven out on the bus and
the addressed instruction is fetched using PSEN. When
no external memory is used, the bus can serve as a true
bidirectional 8-bit port. Information is strobed in or
out by the RD and WR signals.

38

32

20

Vvss

Ground

Ground potential,

3942,
",
13-15

34-37,
0,
2,4,5

2-24,
35-38

P20-P27

Port 2

These lines constitute Port 2, an 8-bit quasi-bidirectional
port, During external program memory fetches P3g-P23
output the most-significant 4 bits of the external pro-
gram memory address. Lines P20-P23 can also be used
as a 4-bit /0 expander bus to interface with the
optional uPD82C43 1/0 expander.

43

38

25

PROG

Program
Pulse

This line is used as an output strobe when interfacing
with the optional uPD82C43 1/0 expander.

5 machine cycles in length
following oscillator stabiliza-
tion to reinitialize the processor
and stabilize CPU operation. At
power-up, the states of the
autput lines are ined

40

26

Voo

Oscillator
Control
Voltage Line

This input line is used to control oscillator stopping and
restarting in Stop mode. Stop mode is enabled by
forcing Vpp Low during a reset.

42-49

21-34

PioP17

Port 1

These lines constitute Port 1, an B-bit, generalpurpose
quasi-bidirectional port.

until completion of reset.

39

T

Test |

Testable input using conditional jump instructions JT1
and JNT1. Can also be used as the timer/counter input
ling via the STRT CNT instruction.

40

vee

Primary
Power
Supply

Power supply. VG must be between +2.5V to +6V
for normal operation. In Stop made, Vi must be at
least +2V to ensure data retention.




NEC

uPD80C48/uPD80C35/uPD48

PIN CONFIGURATION
uPDB0CA8G/uPDBOC35G
(52 PIN FLAT PACKAGE)

PIN CONFIGURATION
uPD48G
{44 PIN FLAT PACKAGE)

o
NCC——J=° ] NC
s I O 8 PROG
NC C—Jw SE— r23
P26 | ] — 5}
P27 Qo KIE— 3 p21
T o b — ]
vVee C—~ uPD80C48G w— -
NC 8" vss
To @ @] pa7
XTALI C——J35 8 oB6
XTAL2 = 3 DBS
RESET 3 5 DB4
o — nN N NC

DB3 [—SZ
NC ] 92

* INTERNAL CONNECTION, IT IS PROHIBITED TO USE PIN33

) oN
(A ] — ]
Wwf— zzd
[ — ¥ A |
61 0¢d
8e[—— SSA
2> e—'A-e]
9g[—— 98a
1] mm— -]
ve—— v8a

Q evz— o044

vpp —~ 8[— pe3
P10 C—» 8 o082
P11 Cw Q713 o8l
P12 & w1080
P13 o . B ALE
P14 C—o uPD48G B% WR

P15 O~ N[ PSEN
NC = B—— RD

(L3N s— | m— 7.
P17 5 % iNT
S N S S

LIVAX 61
[AL 2 o um— 74

ON 12
13538 ¢



uPD80C48/uPD80C35/uPD48 N E C

BLOCK DIAGRAM

Expansion (o Additionat

gz:m —— aa:oo;\:‘ m:.. mw ) External Memory and 1O
Port2 ' 1024 x8
Bus Latch
Port 2 Latch (Low 4) Port2 2 Decode c‘.‘.’."m"‘?’v.'.-'".,
|| | e ||| ' e[
. . Lower Program
e ENSS TR S A b = L]
Bus
e G e -84 internal Bus l> b U
Latch
l [ [ ik
o] gz ] [ e || { memoite .
Mutipieser |
| Testo Register 0
Logic Unit le— Tonty Register 1
[~ — WT Register 2
power o asvio e sV [ ::: Rogister 3
supsty| v, Branch | Timer Fing Ragister 4
e Ground togle 1 Ceny 3 Rogister 5
Voo Stendby Powst Control jo— Acc Register &
Register 7
Acc Bit Test &-Lavel Stack
(Veriable Word Lengtn)
[ Optionst Second
Register Bank
Deta Stors
Control and Timing
— PR XTAL XTAL P - — Resident Data Memory — RAM
Voo INT RESET PROG EA 1 2 ALE PSEN S RD WR (64x8)
A P S A
A, e e, e S
ABSOLUTE MAXIMUM
T 7
RATINGS* 2z
Operating Temperature, Topt —40°C to +85°C
Storage Temperature (Plastic Package), Tstg —65°C to +150°C
Voltage on Any Pin, V|/0 Vss —0.3V to Vg¢ 0.3V
Supply Voltage, VCC Vgs —0.3 10 +10V
Power Dissipation, Pp 40 mW
with Igc = max. 8 mA and VC = 5V nominal Pp = 40 mW m

"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 out-
side the limits described in the operational sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.



N E C uPD80C48/uPD80C35/uPD48

DC CHARACTERISTICS Standard Voltage Range

Ta = —40°C 10 +85°C; Vg g = +6V £10 %, Vs = OV

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |UNIT
Input Low Voltage ViL -03 0.8 v
All t XTAL1, XTAL2 Vi
ViH RESET ' | Vee |V
Input High Voltage
ViH1 RESET, XTAL1, XTAL2 V_cf vee | v
Output Low Voltage VoL lgL=2.0mA 0.45 \
Bus, RD, WR, PSEN, ALE,
VoH PROG,T0: IgH =-100pA | 24 v
Port 1, Port 2;
I0H = —5 A (Type 0)
Output High Voltage V 24 "
e o 9 oHI® Port 1, Port 2;
10H = =50 uA (Type 1)
All outputs; vee
VOH2 | gy =—0.2pA 205 v
Port 1, Port 2;
VIN <V|L (Type 0} <15 | 40 | uA
Input Current hp®
Port 1, Port 2; 500 A
VIN <V (Type 1) K
SS, RESET;
liLe VINSVIL —40 | pA
T1,INT, Vpp;
It Vs SVIN <V 1 HA
nput Leakage Current SSSVIN ce
ILi2 EA; Vs <VIN V(e 3 | MA
Output Leakage Current Lo g;’;:e‘sgiﬂ'dg'zd‘;g? 1 HA
| Halt mode; tgy = 2.5 us 04 0.8 A
Standby Current cer Y s o
Ice2 Stop mode @ 1 20 MA
Supply Current Ice tey =25 us 4 8 mA
Data Retention Voltage VCCDR ‘S\t,cg)um;_dses? <04V) 20 v




pPD80C48/uPD80C35/uPD48 N E C

DC CHARACTERISTICS Extended Voltage Range

Ta = —40°C to +85°C; Vg = +2.5V to +6V; Vg = OV

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
0.18

Input Low Voltage ViL -0.3 vee v
Input High Voltage (All 0.7
Except XTAL 1, XTAL2) |VIN vee Vee |V
Input High Voltage 08
(XTAL 1, XTAL 2) Viky vee vee | v
Output Low Voltage VoL lgL=10mA 0.45 v
Qutput High Voltage (Bus, 0.7%
RD, WR, PSEN, ALE, VoH IoH = —100 A vee v
PROG, TO

Port 1, Port 2;

IgH = —1¢A (Type 0}
Output High Voltage VOH1 OH KA (Tye 0.7 \
{All other Outputs) Port 1, Port 2; vee

IoH = =10 pA (Type 1)
Dutput High Voltage o vee
(All Outputs) Vowz | lon=-02pA ~05 v
Input Leakage Current e VIN <ViL (Type 0) =15 | —40 | pA
(Port 1, Port 2) VIN <ViL (Type 1) —500 | pA
I
(;_;s:u;‘léosa;#a Current e VinN<VIL _a0 | A
:g;:utl"%a;kam Current e Vgs <VIN <Vee +1 A
:'E“;\u)t Leakage Current ) Vgs <ViN <Vee +3 uA
Output Leakage Current
(Bus, TO - High loL Vsg <Vg <Vgg¢ 1 | pA
Impedance State)

vge =3V, ey = 10us 0.8 16 [ mA
Supply Current Iec

Vee =6V, gy =25 us 6 12 mA

Vee =3V, tgy =10 us 100 | 200 A
Halt Mode Standby Current| g1 ce cY - K

Vee =6V, tgy = 25 us 06 1.2 mA

Voo =3V 1 20 | pA
Stop Mode Standby Current| Igc2

vee =6V [ 50 | pA

Notes: (1.) Type 0.and type 1 options apply only to the «PD8OCA8; the uPDBOC35 is type 0 only.
Input Pin Voltage is VN, VL, or VIN, VIH.
{2.) Type 0 is mask version with lgH = —5 A for each Port Line.
Type 1 is mask version with {gy = —50 uA for each Port Line.



N E C uPD80C48/uPD80C35/uPD48

AC CHARACTERISTICS Read, Write and Instruction Fetch: External Data and Program Memory

T, = —40°C to +85°C; Vgg = OV

TEST Ve = +5V £10 %| Vgg = +2.5V 10 6V
PARAMETER SYMBOL [ CONDITIONS | MIN [ TYP | MAX| MIN | TYP | MAX|UNIT
ALE Pulse Width tLL 400 2160 ns
Address Setup before
ALE tAL 120 1620 ns
Address Hold from ALE | tpA [0} 80 330 ns
Control Pulse Width
(PSEN, RD, WR) tce 700 3700 ns
Data Setup before WR | tpw 500 3500 ns
Data Hold after WR WD [} 120 370 ns
Cycle Time tcy 25 150 10 150 | us
Data Hold tDR 0 200 0 950 | ns
PSEN, RD to Data in tRD 500 2750 | ns
Address Setup before WR| tAW ® 230 3230 ns
Address Setup before
Data in tAD 950 5450 [ ns
Address Float to RD,
PSE;:S oat to tAFC 0 500 ns
Control Pulse to ALE tcA 10 10 ns
AC CHARACTERISTICS Port 2 Timing
Ta = —40°C to +85°C; Vgg = OV
TEST Vpp=+5V10% | Vg = +2.5V to 6V
PARAMETER SYMBOL| CONDITIONS | MIN [ TYP|MAX | MIN]| TYP]MAX JuNIT
Port Contro! Setup before
Falling Edge of PROG | 'CP @ 1o 860 ns
Port Control Hold after [ tPC1 (O] 0 80 0 200 @)| ns
Falling Edge of PROG 1pC2 Q6 460 2400 ns
PROG to Time P2 Input
must be Valid PR 810 5310 | ns
Output Data Setup Time | tpp @ 250 3250 ns
Output Data Hold Time tPD 65 820 ns
Input Data Hold Time tPF 0 150 0 900 | ns
PROG Pulse Width tpp 1200 6450 ns
Port 2 1/0 Data Setup tPL 350 2100 ns
Port 2 1/0 Data Hold tLp 150 1400 ns

Notes: @ For Control Outputs: C|_ = 80 pF; for Bus Outputs: €| = 150 pF.
@ Cy =20pF
@ For Control Outputs: C_ = 80 pF
@ Refer to the operating characteristic curves for Supply Voltage and Port Control Hold.
®tey=25uswith Vee =6V £10%
® toy = 10 ps with Vg = +2.5V to +5.5V



uPD80C48/uPD80C35/uPD48

NEC

BUS Timing Requirements
SYMBOL TIMING FORMULA MIN MAX UNIT
L{RN (7/30) T - 170 ° ns
tAL {1/5) T -380 o ns
tLA (1730} T (] ns
tcc (2/5) T -300 . ns
tDw (2/5) T —-500 [} ns
twD (1/30) T +40 ° ns
tDR (1/10} T - 50 ns
tRD (310 T— 250 ns
AW (2/5) T-1770 [} ns
tAD (3/5) T —550 o ns
tAFC (1/15) T —- 165 ns
tcP (1/10) T - 140 ns
tPR (3/5) T —690 ns
tPF (1/10) T - 100 ns
top (2/5) T—1750 . ns
tPo (1/10).T — 180 . ns
tpp (7/10) T — 550 ° ns
tpL (7/30) T - 230 . ns
tLp (1/6) T —265 ° ns
Notes: T =tcy

Unlisted parameters are not affected by cycle time

tey = (1/fXTAL) X 15



N E C pPD80C48/uPD80C35/uPD48

Instruction Fetch from External Memory

TIMING WAFEFORMS |

ey I
D |
ALE I l I l
I ——| tAFC l-— 1CC -l tcA ——I

tnn |‘—
BUS Floating /. x Floating X .\‘X Floating X

Address _’l RD i_* Instruction

Read from External Data Memory
f tcy y
|‘ L —=| 7‘
ALE I | I l
i<— tce —+—tCA-—*
RD - I I

Address

tAFC
Bus  Floating x \ X Floating )Coan Floating
——' tRD 'v

tAD 1

Write to External Memory

ALEH r_—l_

e i
WR I I

Address
——It[)w
Bus  Floating x ¥ x Floating x Data x Floating

AW ———|

twD
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uPD80C48/uPD80C35/uPD48 N E C

Low Power Standby Operation
1) Halt Mode (When EI)

{ 1 Instr )( INT Execute

2) Stop Mode

RESET ————\

O
Voo
osc JUL...
Internal
dock N—" \

CPU

OSC Starts

[UL._.IL

|

ADRS 0000(H)

Port 2 Timing

ALE _/_\ ,1
tcA

FtPL*‘LPF—- [<7 top tPD
Expander
Port X PCH XPon 2¢.3Data X Port Comro% Output Data

Output

S

tPF
tPR
Expander
Port X PCH x Port 20.3DataX Port Contro!X X Q x
Output
"“CPI‘(P{W I\ o
tPCy nput Data

’ [ — - — tpp ————

PROG




N E C pPD80C48/puPD80C35/uPD48

OPERATING CHARACTERISTIC CURVES
Output High Current vs. Output High Voltage Output High Current vs. Output High Voltage

\ | Ve =asv Tl Vec =4SV
‘ 18

§
]
=

Output Migh Current, o, (L A)

AN

Tre

Output High Current. o, (LA)

B\

1 2 3 4
Outpul High Voltage. Vo,, (V) \

Output High Current vs. Supply Voltage

1 o = 28V ) 2 3 s
-150 15 Output High Voltege. Vo, (V)

Qutput High Current vs. Supply Voltage

Vows = Vec -0 5V]

-100 - 10

Output High Current. g, {uA)

s s / . 02 //
P4

Output High Currenl. I, (A}

g § Ly¢ —
3 2 3 4 s [ 2 ) . s 6
Supply Voltage, Ve (V) Supply Voltage. Ve (V)
Output Low Current vs. Supply Voltage Output Low Current vs. Output Low Voltage
J Vo, = 0.45V Ve = 45V
3 4

/

Output Low Current. |, (mA)
~
Output Low Current, I, (mA)

. os 10
| Output Low Voltage. Vo, (V)

2 3 4 s 3
.
Supply Voltage. V. (V)



uPD80C48/uPD80C35/uPD48 N E C

OPERATING CHARACTERISTIC CURVES (Cont.)

Port Control Hold After PROG, tpc Max (uPD80C48),
Supply Current vs. Oscillation Frequency and Address to Output Delay, tacc Min (uPD82C43),
vs. Supply Voltage ~ -

Vee = OV

o Max| /

»
£

\

I s [ <

te
]
3 T i \'.::;.
3 02 . '// gglw \\\
R N
§o:'-/‘-"’ B I % Egm K
" oo smemrr s 1+ IR

Supply Voltage. V. (V)
Cycle Time vs. Supply Voltage

. Supply Current vs. Oscillation Frequency ®
of L[ Vec= 58V
100 s //
1o Max]
50 /'yy
g Operation Guarantee 2 —=Z
Area -
&= ) B
: ; i icc, Max_-
E" s <
3 » . bee: e}~1
3¢ \\ - B L /
\ oz}— e » ]
2 e A
o1 -
1 005
2 3 4 s s o 02 0s 1 2 L] L]

i . V)
Supply Vollage. Ve (V) Osciliation Frequency. HMM2). {1 = 15 1c,)

Current Consumption as a Function of Temperature — Stop Mode

v

L Ve = 5V
, } i
el
| Max
<
? 1
0 - + %
!
|
! Note: O External oscillation is assumed for frequency less
L i AL than 1 MHz. Internal oscillation requires more power.
- 40 0 25 L)

Temperature. T, ("C)



N E C uPD80C48/uPD80C35/uPD48

PACKAGE DIMENSIONS [ ITEm MILLIMETERS INCHES
uPD48G sTiC A 136 * 04 054 * 0016
44 PIN PLASTI 394
FLAT PACK 8 10 ‘
c 08 £ 015 03 * 0006
v 03 P
D 35+ 03 oa t O
3 80 £ 03 315 = 012
F 10 %02 39 * 008
Y010 v 004
G 015 * 010 o0s * 004
H 00 * 01 00 * .004
¥ 02 + 0.008
1 14 0 006 _ ;004
J 0.2 min 0.008 min
K 00 02 00 * 0008
L 18 £ 02 0071 £ 0008
A

34 22

1L A HHARH
kT ifaLls

G 4
LB s R S D SR,

Lead bend (enlarged view)



uPD80C48/uPD80C35/uPD48 N E C

PACKAGE DIMENSIONS yrem MILLIMETERS INCHES
uPDB0C48G/C35G T 03
52 PIN FLAT PACK A 140 o5 55
B 120 * 03 472 = 012
c 10 * 015 039 + 006
+ 02 + 008
D 04 * 07 o6 * %08
E 35 % 0.2 0.14 * 0.008
+ 0.10 + 004
F 0.15 _ 0.05 .006 _ 002
G 22 + 02 .087 + .008
] 210 * 04 811 % 0.16
J 2.8 max .110 max
=] o — !
—T rr—
| m— - | = o c—|
—‘—:I 3
{—c:x: r—
—r = - —
! ] mr— °
| —r rr——
f —r ] = . e— |
i T:E [rr—
=== r—
—r e e—
Eﬁ . |
A
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NEC

uPD80C48/uPD80C35/uPD48

PACKAGE DIMENSIONS
uPD80C35C/C48C

40 PIN PLASTIC DIP

40

ITEM MILLIMETERS INCHES
A 5334 MAX. 2100 MAX.
B 2.54 MAX. 0.100 MAX.
c 254 (T.P) 0.100 (T.P)

+
D 050 + 0.10 0020 * 5004
F 12 MIN. 0047 MIN.
G 36 * 03 0142 * 0012
n 051 MIN. 0020 MIN.
] 431 MAX. 0170 MAX.
J 572 MAX. 0226 MAX.
K 15.24 (T.P) 0600 (T.P)
L 13.2 0520
M 025 ! g5 o010 * 5563
N 025 0.01

Notes: 1) Each lead centerline is located within 0.25 mm (0.01 inch) of its true position (T. P.)
at maximum material condition.

2) ltem “K" to center of leads when formed parallel.

21
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NEC

uPD80C49/uPD80C39/uPD49

DESCRIPTION

FEATURES

PIN CONFIGURATION
uPDB0C49C/uPDBOC39C

(40 PIN PLASTIC DIP}

CMOS 8-BIT SINGLE CHIP

MICROCOMPUTER

The NEC uPD80CA9 is a true stand-alone B-bit microcomputer fabricated using CMOS techno-
logy. All of the functional blocks necessary for an integrated microcomputer are incorporated,
including a 2K-byte ROM, a 128-byte RAM, 27 1/0 lines, an 8-bit timer/event counter, and a
clock generator. This integrated capability permits use in stand-alone applications. For designs
requiring extra capability, the uPDB0CA49 can be expanded using peripherals and memory com-
patible with industry-standard 8080A/8085A processors. A version of the uPDB0CA48 without
ROM is offered by the uPD80C39.

Providing compatibility with industry-standard 8049, 8749, and 8039 processors, the uPD80C49
features significant savings in power consumption. In addition to the power savings gained
through CMOS technology, the u4PDBOCA49 is distinct in offering two standby modes (Halt
mode and Stop mode) to further minimize power drain.

8-bit CPU with ROM, RAM, and 1/0 on a single chip

Hardware/sof ible with industry-standard 8049, 8749, and 8039 processors
2K x 8 ROM

128 x 8 RAM

27 1/0 lines

1.875 us cycle time (8 MHz crystal)

All instructions executable in 1 or 2 cycles

97 instructions: 70 percent are single-byte instructions

Internal timer/event counter

2 interrupts (an external interrupt and a timer interrupt)

Easily expandable memory and |/O

Bus compatible with B0B0A/B085A peripherals

Power-efficient CMOS technology requiring a single +2.5V to +6V power supply
Available in 40-pin DIP, 44-pin flat pack (80C49 only), and 52-pin flat pack
Halt mode

— 1 mA typical supply current

— Maintenance of internal logic values and control states

— Mode initialization via HALT instruction

— Mode release via external interrupt or reset

Stop mode

— 1 uA typical supply current

— Disabling of internal clock generation and internal logic

— Maintenance of RAM contents

— Mode initialization via hardware {(Vpp)

— Mode release via reset

1
2
3
L]
5
6
7
8
9




uPD80C49/uPD80C39/uPD49 N E C

PIN IDENTIFICATION oin
C. 8. A. [ SYMBOL | NAME FUNCTION

A.
80C4! 18 9 1 T0 Test 0 Testable input using conditional jump instructions JTO
‘(‘:(? PIN P?_%;R:eg?g)gc and JNTO. Also enables clock output vis the ENTO
CLK instruction.

B. 19 10 2 XTALY) | Crystai 1 One of two inputs for external crystal oscillator or LC
“pogougc, /uPDBOC39G circuit to generate internal clock signals. May aiso be
{52 PIN PLASTIC used es an input for external clock signals.
FLAT PACK) {(Non-TTL-compatible V(y4.)
20 " 3 XTAL2 | Crystal 2 One of two inputs for external crystal oscillator or LC
circuit to generate i mtomal clock signals.

(Non-TTL. le V(H.)

D49G d
744 PIN PLASTIC 22 12 4 RESET | Resat Active-low input line that initializes the processor.
FLAT PACK) Also used to releass both the Halt and Stop mades. O
Single Step | Active-low input line, that, in conjunction with ALE,
causes the processor to single-step through a program
one instruction at a time.
Interrupt Active-low input line that causes an interrupt if an
enable instruction has been executed. A resst disables
the interrupt. May be used as a testable input with a
conditional jump instruction. Can also be used to
release the Halt mode.
25 17 7 EA External Input line that inhibits internal program memory
Access fetches and initiates access of external program
memory. Essantial for system testing and may also be
used for program debugging.

Read Active-low output strobe line that is used to read data
from external data memory.
Program Active-low output line that is used to fetch instructions
Store Enable | from external program memory.
Write Active-low output strobe line that is used to write data
into external data memory.
Address Output line for address latch enable. At the falling edge
Latch Enable | of ALE, the address of either external data memory or
external program memory is available on the bus.
30-37 |22-25, 1 129 | DBg-DB7 | Bus Thesa 1/0 lines constitute an 8-bit bidirectional data/
28-31 address bus. Synchronous read and write operations
can be performed on this bus using RD and WR signals.
Data driven out on the bus by an OUTL BUS instruc-
tion is staticelly fetched.
The address of external memory is available on the bus
at the falling edge of ALE when resding from external
program memory or writing to and reading from exter-
nel deta memory. During external program memory
fetches, the least-significant 8 bits of the external pro-
gram memory address are driven out on the bus and
the addressed instruction is fetched using PSEN. When
no oxtomot memory is uud the bus can serve as a true

al 8-bit port. | ion is strobed in or
out by the RO and WR signals.
38 32 20 Vss Ground Ground potential.
3942, (34-37, 121-24, [ P2gP27 | Port 2 These lines constitute Port 2, an 8-bit quasi-bidirectional
. |50, 35-38 port. During external program memory fetches P29-P23
13-15 (2,4,5 output the most-significant 4 bits of the external pro-
gram memory address. Lines P29-P23 can also be used
as a 4-bit I/0 expander bus to mnrhcl with the
optional uPD82C43 1/0
Nots: DThe pulse wtd(h of 43 38 25 PROG Program This line is usad as an output mobc when interfacing
RESET ,mm': of Pulse with the optional uPD82C43 1/0 expander.
5 machine cycles in length 1 40 26 Vpp Oscillator This input line is used to control oscillator stopping and
following oscillator stabiliza- Control restarting in Stop mode. Stop mode is enabled by
tion 10 reinitialize the processor Voltage Line | forcing Vpp Low during a reset.
and stabilize CPU operation. At 2. 7,14249 |21:38 | PygPy7 | Port1 Thess lines constitute Port 1, an 8-bit, generalpurpose
W‘:“"":P';"::f:"“‘ of the 9.10 quasi-bidirectional port.
output li

16 6 39 T Test 1 Testable input using conditiona) jump instructions JT1

until completion of reset. and JNT1. Can also be used as the timer/counter input
ling via the STRT CNT i
17 7 40 vee Primary Power supply. Vo must be between +2.5V to +6V
Power for normal oparation. In Stop mode, VCC must be at
Supply lsast +2V to ensure data retention.

al

23 15 $

2 16 6

2% 18 8

2 19 9

3
P

|

28 20 10

29 21 n

>
-
m




NEC

uPD80C49/uPD80C39/uPD49

PIN CONFIGURATION
180C49G/uPDBOC39G
(52 PIN FLAT PACKAGE)

PIN CONFIGURATION
uPD49G
(44 PIN FLAT PACKAGE)

2z3JITITIIID 25
O0MNvNOOTEWN =000
NG _B28583855R8%28y NC
ps—Iv O 8 PROG
NC C—Jw 9 P23
(2 e— “ P22
P27 o " P21
b I s— ) g P20
Vee C—~ uPD80C49G 8 .
NC C—w g Vss
() — « DB7
XTALY 13 8 DB6
XTAL2 C—]= J DB5
RESET C——n 8 DB4
N gz oma 3 NC

* INTERNAL CONNECTION, IT IS PROHIBITED TO USE PIN 33

3] s— 42
oy[— 7] ied

Y[ ———J oN
wf— £2d
sef—— 02d
se—1 SSA
(ef——— t8q
gef— 98a
sg[———] 84
ye[——— v8q

O Ep[ ] 90Hd

vpp C— 3~ 8]_:1 De3
P10 ™ K— oB2
P11 C—Jw =] s— ]}
P12 & ® DBO
P13 C_——o B ALE
P14 C__Jo uPD49G IS WA
P1s [~ ] — Y
NC C—® X—— RD
| 213 — | — Y
P77 C—o R iNT
P28 [ 2 = o s o a o N 5

3538 ez

1
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uPD80C49/uPD80C39/uPD49 N E C

BLOCK DIAGRAM

E 1o
A
Resident Program Memory External Memory and 1O
Freavency Bus Bumer ROM 4"DE0CAS only
‘ Port2 *
Port 2 Latch (Low 4} Port 2
Ic! ow
a0 and Expander Lawch "m'°".,"" ? .
Port KO (High &) .
Lower
Test 1 . . l. Program
Counter
B
Timer and 3
v Cotar +-8it Internal Bus sd e
I Port 1
Instruction RAM Address
RegisterDacoder Register
Mompieser |
Testo Register 0
fo— Test1 Register 1
— T Register 2
v, le— Fisg0
—ei25vi0 +60V c . Fisgt Fegister 3
Power ;i 4
Sopoiy | v, Branch | Timer Flsg Roginter
—=~ Ground Logic 1 Comy 3 Register 5
Vo Standby Power Control f— Acc Rogister §
Register 7
[+ Acc Bit Test S-Lovel Stack
(Variable Word Length)
Optionel Second
Register Bank
Osta Store
Control and Timing
. XTAL XTAL _ - Resident Dets Memory — AAM
Voo INT  RESET PROG EA 12 ALE PSEN 3 RD WR (128x8)
[T T e | | e 1T
Low  Interrupl initiatize I Separste I Lach  program Single  Read/Write
:'o o , s::: Memory  Step Strobes
" g.,,..' Crystel Clock

ABSOLUTE MAXIMUM [T, =25°C

RATINGS* -
Operating Temperature, Topt —40°C to +85°C
Storage Temperature {Plastic Package), Tstg —65°C to +150°C
Vgs —0.3V to Ve +0.3V

Voltage on Any Pin, Vy/0
Supply Voitage, Vcc

Power Dissipation, Pp 40 mW
with Icc = max. 8 mA and V¢gC = 5V nominal Pp = 40 mW

Vss —0.3 to +10V

“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 out-

side the limits described in the operational sections of this specification. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.



N E C uPD80C49/uPD80C39/uPD49

DC CHARACTERISTICS Standard Voltage Range

Ta = —40°C to +85°C; VG = +5V £ 10 %, Vgs = OV

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |uNIT
{nput Low Voitage ViL -03 0.8 Vv
All except XTAL1, XTAL2, vee
. ViH RESET ) Vee | V
Input High Voltage
ViH RESET, XTAL1, XTAL2 V_cf vee | v
Output Low Voltage VoL lgL=20mA 0.45 v
Bus, RD, WR, PSEN, ALE,
Vo PROG, T0; IgH =—100pA | 24 v

Port 1, Port 2;
10H = -5 A (Type 0)
Output High Voitage VOHI1® Pon: ; Por’:Z' ¥ 24 v

10K = —50 pA {Type 1)

All outputs; vee
VOHZ | gy =02pA -05 v
Port 1, Port 2; _ _
VIN <VIL (Type 0} 15 40| wA
Input Current he®
Port 1, Port 2; _500 A
VIN <ViL (Type 1) L
SS, RESET; _
e VIN SVIL 40 | uA
T1,INT, Vpp;
1 * A
L Vss <VIN<Vce #
Input Leakage Current
L2 EA;Vss <VINSVCC +3 HA
Output Leakage Current ILo g:':;:g‘s:iz"\;';pg;'g: +1 HA
icct Halt mode; tgy = 2.5 us 04 0.8 mA
Standby current Iect Halt mode; tcy = 1.875 us 0.5 1.0 mA
ec2 Stop mode @ 1 20 uA
icc tey =25 us 5 10 mA
Supply Current
ice toy = 1.875 us 6 12 mA
Data Retention Voltage | VCCDR f",'g’um%'e's? <0av) 20 v




uPD80C49/uPD80C39/uPD49 N E C

DC CHARACTERISTICS Extended Voltage Range

Ta = ~40°C to +85°C; Vgg = +2.5V 10 6.0V; Vgg = OV

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |UNIT
0.18
Input Low Voltage VIL 0.3 vee V'
Input High Voltage (All 0.7
Except XTAL 1, XTAL 2} | VIN vee Vee |V
Input High Voltage 08
(XTAL 1, XTAL 2) Vil Voo Vee | V
Output Low Voltage VoL loL=1.0mA 0.45 \
Output High Voltage (Bus, 7
RD, WR, PSEN, ALE, VOH 10K = ~100 yA 3~ 5 v
PROG,TO cc
Port 1, Port 2;
Output High Voltage lgn = —1 uA (Type 0) 07 v
(All other Outputs) VoH1 Port 1, Port 2: vee
1gH = —10 A (Type 1)
Input Leakage Current Wip VIN<V|L (Type 0) ~15 | —40 | pA
(Port 1, Port 2) VIN <V (Type 1) -500 | pA
Input Leakage C t
S5 pesen. T {ee VINSVIL a0 | pA
| Leakage C t
R ([T Vss <VIN<Vce £1 | pA
|
(g%u)t Leakage Current ) Vss <VIN <Vee +5 uA
Output Leakage Current
(Bus, TO — High oL Vss <V <V¢e 1 HA
Impedance State)
Vec=3V,tcy =10 us 08 16 mA
Supply Current Ice Vec=6V,tcy =25us 8 15 mA
Ve =6V, toy = 1875 us 0] 20 [mA
Ve =3V, toy = 10us 100 | 200 | pA
Halt Mode Standby Current [ 1gcy Vee =6V, tgy =25 us 0.6 1.2 mA
Vee=6V,toy = 1.875 us 0.7 14 mA
Vee =3V 1 20
Stop Mode Standby Current|Icc2 ce HA
Ve =6V 1| 50 [wA

Notes: (1.) Type 0 and type 1 options apply only to the uPD80C43; the uPD80OC39 is type 0 only.
Input Pin Voltage is VIN, V||, or VIN, VIH.

(2) Type 0 is mask version with IgH = —5 uA for each Port Line.
Type 1 is mask version with gy = —50 uA for each Port Line.



N E C uPD80C49/uPD80C39/uPD49

AC CHARACTERISTICS Read, Write and Instruction Fetch: External Data and Program Memory

Ty = —40°C to +85°C; Vgg = OV

TEST Vee=+5V£10%| Vpg = +2.5V to 6V
PARAMETER SYMBOL [ CONDITIONS | MIN | TYP|MAX| MIN [ TYP|MAX | UNIT

ALE Pulse Width tLL 270 2160 ns
Address Setup before

ALE tAL 90 1620 ns
Address Hold from ALE | t{ A @ 60 330 ns
Control Pulse Width

(PSEN, RD, WR) tcc 450 3700 ns
Data Setup before WR tDw 250 3500 ns
Data Hold after WR twD [} 100 370 ns
Cycle Time tcy 1.875 150 10 150 | us
Data Hold tDR 0 130 0 950 | ns
PSEN, RD to Data in tRD 310 2750 | ns
Address Setup before WR tAW (0] 150 3230 ns
Address Setup before

Data in tAD 575 5450 | ns
Address Float to RD,

pen. e tAFC 0 500 ns
Control Pulse to ALE 1CA 10 10 ns

AC CHARACTERISTICS Port 2 Timing

Ta = —40°C to +85°C; Vgg = OV

TEST |Vgp=+5V £10% | Vg = +2.5V to 6V |
PARAMETER SYMBOL | CONDITIONS | MIN [TYP MAX | MiN [ TYP|MAX [UNIT
';:l’l‘"?'s‘;':; S patore | 1gp ) 10 860 s
Port Control Hold after pCY [N 0 80 0 200 ®) ns
Failing Edge of PROG tpc2 X0 300 2400 ns
rn?ngﬁu:)v::ir:. P2 Input tPR 650 5310 | ns
Output Data Setup Time | tpp (] 200 3250 ns
Output Data Hold Time tpp 20 820 ns
Input Data Hold Time tPF 0 85 0 7900 ns
PROG Puise Width PP 760 6450 ns
Port 2 1/0 Data Setup tPL 205 2100 ns
Port 2 1/0 Data Hold e 45 1400 ns

Notes: @ For Control Outputs: Cy_ = 80 pF; for Bus Outputs: C{ = 150 pF.
@ ¢ =20pF
@ For Control Outputs: C = 80 pF
@ Refer to the operating characteristic curves for Supply Voltage and Port Control Hold.
© 1ty =25 uswith Veg =5V +10%
® tgy = 10 s with Vg = +2.5V to 5.5V



uPD80C49/uPD80C39/uPD49

NEC

BUS Timing Requirements

SYMBOL TIMING FORMULA MIN MAX UNIT
(N (7/30) T — 167 . ns
tAL (1/5) T -285 . ns
tLA (1/30) T 3 ns
tcc (2/5) T - 300 . ns
tow (2/5) T —500 .o ns
wD (1/30) T +40 . ns
tDR (1/10) T - 50 ns
tRD (3/10) T — 250 . ns
AW (2/5) T - 600 [ ns
tAD (3/5) T —550 o ns
tAFC (1/15) T - 125 ns
tcp (1/10) T - 87 ns
tPR (3/5) T-475 ns
tPF (1710) T — 100 ns
tpp (2/5) T - 550 ° ns
tPD (1/10) T — 167 . ns
tpp (7/10) T — 550 . ns
tPL (7/30) T — 230 . ns
e (1/6) T —265 L] ns

Notes: T =tCy

Unlisted parameters are not affected by cycle time

tey = (VExTAL) x 15



N E C uPD80C49/uPD80C39/uPD49

Instruction Fetch from External Memory

TIMING WAFEFORMS ]

] N

ALE I I ) I |
| ——| tafC |- tec f= tca ~—I

o L

J DR |——

BUS  Floating Floanng Floating

—'—I 'RD Instruction

wcy

Address

Read from External Data Memory

wcy {

B |
ALE I | l |
B — tcc —=f=-tca]
RD I I
Adress -’1 e L_ _—J

AN
Bus  Fioating T \. X Floating K Data “‘ Floating

e

Write to External Memory

|- o e |

Address

WD
oW

\
Bus  Floating X ¥ )LFloating—} Data X Floating




uPD80C49/uPD80C39/uPD49 N E C

Low Power Standby Operation
1) Halt Mode (When El)

SN

1 Instr X INT Execute

2) Stop Mode

R_ES_ETﬁ

Vpo

OSC Starts

osc JUL... UL...JTL
oo N \

CPU

FT

ADRS 0000(H)

Port 2 Timing

we_/ N\

1S

tc

I-ttPL"LPI—— M‘— P tPD
Expander
Port X PCH XPort 20.3Data X Port Control X Output Data X

Output

tPE
ey
Expander
Port X PCH XPort2o_30ﬂax Port Control x Q K
Output
utpu o=l <
tpgy Input Data
‘ \‘——tpp—-—
PROG




N E C pPD80C49/uPD80C39/uPD49

OPERATING CHARACTERISTIC CURVES
Output High Current vs. Output High Voltage Output High Current vs. Output High Voltage

| Vee = asv Vec = 45V
; \ |
2 a0
! |
! | .

<

i w i

1 .

-200
} Wy g R
Min
N $ \ \m
| i, N
1 2 3 L] s A
Output High Volege. Vo, (V) \
Output High Current vs. Supply Voltage \
Vows = 24V 1 2 3 4 s
180 15 Output High YoHSDe. Vou, (V)
Output High Current vs. Supply Voltage
[Vouea= Vo -0-8V

-100 - 10 -04

Output High Currem, I, (uA)

d

02 /

o <
/ )%

Output High Current. low, (A}

g E EE 3 N s ¢ — 3 « s )
Supply Yonsge. Vec (V) Supply Voltage. Ve (V)
Qutput Low Current vs. Supply Voltage Output Low Current vs. Qutput Low Voltage
Voo = 048V Ve = 45V
3 4
- i i
i 4
s
/. i
E / Qo 2 A
] ‘ ] S
L] ' ! §
S
: N 0s 10
L . Outpul Low Volage. V, (V)
L l i
2 3 L] v 5 6

\
Supply Voltage. Ve (V)



uPD80C49/uPD80C39/uPD49 N E C

OPERATING CHARACTERISTIC CURVES (Cont.)

Port Control Hold After PROG, tpc Max (uPDB0C48),

Supply Current vs. Oscillation Frequency and Address to Output Delay, tacc Min (uPD82C43),
, vs. Supply Voltage
Vee = 3V
4o
i [ M|~ g _m
B S i
- i A *
E, osf—  { . el . 'Aé'” g.}m \\
;L RS
el L7 A\
§ o A .POSOCAS. \_ N
3 T e ecima ;g tpe Max \
01 2 H
Rt P 100
§ L. . 277 e TvR E; \\
008 T - ] 2
ji-
| ES
0 0.2 05 1 2
Oscillation Fraquency. HMH2), (f = 151} H 3 L] L L]

Supply Voage. Vec (V)
Cycle Time vs. Supply Voltage

Supply Current vs. Oscillation Frequency ©
200
o0 1 l Vee=5.5V
0o s \ /j
Ice Max
50 /I:?/
1 Operstion Guarantes 2 ==
3 Ao P
; - lcc. Mox
E b os'—-——,"’—:« e ]
2 N » . fec: oL~
3 ® N . -
nz% L_ﬁk‘ﬂ -1 ]
o1 - =
! 0.05
2 3 4 s ¢ [ 2] 02 0s 1 2 4 [

. Vec V.
Supply Vollage. Ve (V) _ Oscilation Frequency. {MHa). (f = 15 tcy)

Current Consumption as a Function of Temperature — Stop Mode

Vec = 5.5V

Ieca (wh)

Note: (O External oscillation is assumed for frequency less
than 1 MHz. Internal oscillation requires more power.

Temparsture. 7, (°C)



N E C uPD80C49/uPD80C39/uPD49

PACKAGE DIMENSIONS | ITEM MILLIMETERS INCHES
HMPDA9G A 136 04 054 t 0016
44 PIN PLASTIC
B 10 394
FLAT PACK c 08 * 015 03 £ 0.006
+ 03 ‘n1a * 01
D 35~ o7 014 1 e
E 80 * 03 3156 + 012
F 10 + 02 39 * 008
+ 0.10 + 004
G 0.15 * o5 008 * o000
H 00 % 0.1 00 + .004
+ 02 + 0.008
1 14 7 o1 006 5ooa
J 0.2 min 0.008 min
K 00 + 02 00 + 0008
L 18 + 02 0.071 + 0.008
A

|
LARAAAAARS
ZMO 22

E

wEE

{HHARA AR
ALl

—?—L—_//"‘(_[;I_Q_EI_Q_EJQ_QQ_ELQ_Q_\&. ' WK
Tk JET =i

Lead bend (enlarged view)




HPD80C49/uPD80C39/uPD49

NEC

PACKAGE DIMENSIONS
uPDB0C49G/C39G

52 PIN PLASTIC

FLAT PACK

ITEM MILLIMETERS INCHES
+ 03
A 140 _ 0.2 .55
B 120 + 03 472 + 012
Cc 1.0 * 0.15 .039 + .006
+ 0.2 + .008
D 04 _ 01 016 _ ‘004
E 35 * 0.2 0.14 * 0.008
+ 0.10 + .004
F 015 _ 0.05 006 _ 002
G 22 % 02 087 + 008
| 210 * 04 811 % 0.16
J 2.8 max 110 max

-

Jd




NEC

pPD80C49/uPD80C39/uPD49

PACKAGE DIMENSIONS
uPDB0OC49C/C39C

40 PIN PLASTIC

40
iminiesininininisisisininininiainsinianinia!

ITEM MILLIMETERS INCHES

A 5334 MAX. 2100 MAX.
B 254 MAX. 0.100 MAX.
c 254 (T.P) 0100 (T.P)
D 050 * 0.10 0020 * 094
F 12 MIN, 0047 MIN.
G 36 * 03 0142 £ 0012
H 051 MIN. 0020 MIN.

i 431 MAX. 0170 MAX.
3 572 MAX. 0.226 MAX.
K 1524 (T.P) 0600 (T.P)
L 132 0520

M 025 *919 oot0 * 2003
N 0.25 0.01

Notes: 1) Each lead centerline is located within 0.25 mm (0.01 inch) of its true position {T. P.)
at maximum material condition.

2) Item “K" to center of leads when formed parallel.

21

B
J

'C'JLJI_JLJI_JI_H_IL_II_II_IL_IL_H_H_IL_JUI_II_ILJLJ
20
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NEC

uPD80C49H/uPD80C39H/uPD49H

DESCRIPTION

FEATURES

PIN CONFIGURATION
uPDBOCA9HC/
uPDBOC39HC

(40 PIN PLASTIC DIP)

CMOS 8-BIT SINGLE CHIP
MICROCOMPUTER

The NEC uPDB0CA9H is a true stand-alone 8-bit microcomputer fabricated using CMOS
technology. AH of the functional blocks necessary for an integrated microcomputer are
incorporated, including a 2K-byte ROM, a 128-byte RAM, 27 1/0 lines, an B-bit timer/event
counter, and a clock generator. This integrated capability permits use in stand-alone applica-
tions, For designs requiring extra capability, the uPDBOC49H can be expanded using peripherals
and memory compatible with industry-standard B0B0A/B085A processors. A version of the
#PDBOCA9H without ROM is offered by the uPDBOC39H.

Providing compatibility with industry-standard 8049, 8749, and 8039 processors, the uPD80C49H
features significant savings in power consumption. In addition to the power savings gained
through CMOS technology, the uPDB0OCAIH is distinct in offering two standby modes (HALT
mode and STOP mode) to further minimize power drain.

® 8-bit CPU with ROM, RAM, and 1/0 on a single chip
® Hardware/software-compatible with industry-standard 8049, 8749, and 8039 processors
® 2K x 8 ROM
® 128 x 8 RAM
® 271/0 lines
® 1.25 us cycle time (12 MHz crystal)
® All instructions executable in 1 or 2 cycles
® 97 instructions: 70 percent are single-byte instructions
® Internal timer/event counter
® 2 interrupts (an external interrupt and a timer interrupt)
® Easily expandable memory and /0
® Bus compatible with 80B0A/8085A peripherals
® Power-efficient CMOS technology requiring a single +2.5V to 6V power supply
® Available in 40-pin DIP, 44-pin flat pack (80C49H only)
® Halt mode
— 1 mA typical supply current
— Maintenance of internal logic values and control states
— Mode initialization via HALT instruction
— Mode release via external interrupt or reset
® Stop mode
— 1 uA typical supply current
— Disabling of internal clock generation and internal logic
— Maintenance of RAM contents
— Mode initialization via hardware (STOP)
— Mode release via reset

PSEN




yPD80C49H/uPD80C39H/uPD49H

NEC

PIN IDENTIFICATION

A.

uPDBOCA9HC/
#PDB0OC39HC

(40 PIN PLASTIC DIP}

B.

uPD49HG

(44 PIN PLASTIC
FLAT PACK)

Note: @ The pulse width of
RESET must be a mini of

SYMBOL

FUNCTION

18

T0

Test0

Testabie input using conditional jump instructions JT0 and
JNTO. Also enables clock output via the ENTO CLK instruction.

19

XTALY

Crystal 1

One of two inputs for external crystal oscillator or LC circuit
to generate internal clock signals. May also be used as an input
for external clock signals. (Non-TTL-compatible V)i.)

20

>
‘ 3
>
'
~

Crystal 2

One of two inputs for external crystal osciliator or LC circuit
to generate internal clock signals. (Non-TT L-compatible V|y.)

22

9

Resat

Active-low input line that initializes the processor.
Also used to release both the Halt and Stop modes. @

23

@

Single Step

Active-low input line, that, in conjunction with ALE, causes
the processor to single-step th one i i
at a time.

r
gh 8 prog $try;

24

Interrupt

Active-low input line that causes an interrupt if an enable
instruction has been executed. A reset disables the interrupt.
May be used as a testable input with a conditional jump instruc-
tion. Can also be used to release the Halt mode.

25

External

Input line that inhibits internal program memory fetches
and initiates access of external program memory. Essential for
system tasting and may also be used for pragram debugging.

26

Read

Active-low output strobe line that is used to read data
from external data memory.

27

3
b

Program
Store Enable

Active-low output line that is used to fetch instructions
from external program memory.

28

10

Write

Active-low output strobe line that is used to write data
into external data memory.

29

"

Address
Latch Enable

Output line for address latch enable. At the falling edge
of ALE, the address of either external data memory or
external program memory is available on the bus.

30-37

12119

DBg-DB7

Bus

These I/0 lines constitute an 8-bit bidirectional data/address
bus. Synchronous read and write operations can be performed
on this bus using RD and WR signals. Data driven out on the
bus by an OUTL BUS instruction is statically latched.

The address of external memory is available on the bus at the
falling adge of ALE when reading from external program
memory or writing to and reading from external data memory.
During external program memory fetches, the least-significant
8 bits of the external program memory address are driven out_
on the bus and the addressed instruction is fetched using PSEN.
When no external memory is used, the bus can serve as a true
bidirectional 8-bit port. Information is strobed in or out by
the RD and WR signals.

38

20

Vss

Ground

Ground potential.

3942,
1315

21-24,
35-38

P20-P27

Poif2

These lines constitute Port 2, an 8-bit quasi-bidirectional
port. During external pragram memory fetches P29-P23
output the most-significant 4 bits of the external pro-
gram memory address. Lines P29-P23 can also be used
as a 4-bit 1/0 expander bus to interface with the
optional uPD82C43 1/0 expander.

43

25

PROG

Program
Pulse

This line is used as an output strobe when interfacing
with the optional uPD82C43 1/0 expander.

26

STOP

Stop

Used to control the hardware STOP mode.

27-34

P1gP17

Port 1

Thesa lines constitute Port 1, an 8-bit, gensralpurpose
quasi-bidirectional port.

5 machine cycles in length
following oscillator stabiliza-
tion to reinitialize the processor
and stabilize CPU operation. At
power-up, the states of the
output lines are undefined

until completion of resat.

39

T

Test 1

Testable input using conditional jump instructions JT1
and JNT1. Can also be used as the timer/counter input
line via the STRT CNT instruction.

40

Voo

Primary
Power
Supply

Power supply. V¢ must be between +2.5V to +6V for
normal operation, In Stop mode, V¢ must be at least
+2V to ensure data retention,




NEC

pPD80C49H/uPD80C39H/uPD49H

o
PIN CONFIGURATION E P-E-E-¥-]
uPD49HG EERRERPRE -4
(44 PIN FLAT PACKAGE) HHHHHHHHHHH
m:dggzﬁggg&,’ggﬁa: DB3
po C— O 8—— ps.2
[ B S— ) =] e— 13}
P12 s 8 DBO
P13 o B ALE
P14 C— o uPD49HG ] WR
P15 g~ y PSEN
NC C———® 3 RD
P16 @ 3] EA
P17 C—5 ® iNT
P s sz aasaa s s
23337595533
° EZf R
DIFFERENCES BETWEEN pPD49H and uPD49
Type|
Item uPD49H uPD49
Instruction set |98 instructions (including an 97 instructions

additional STOP instruction)

Instruction cycle| 1.25 us/12 MHz

1.875 us/8 MHz

Standby facility | Three modes; HALT, hardware

STOP and software STOP

Two modes; HALT and STOP

Stops inactive in the same timing

in all of the HALT, hardware STOP,
and software STOP modes, regard-
less of control signals executing
internal ROM or external ROM
{with ALE being high level).

Stops in different timings between
the HALT and STOP modes.

Port option o Type O
(pult-up (loH=-5uA: VDD =5V+10%)
resistance) e Type 1

(IoH = —50uA: Vpp = 5V £ 10 %)
o Type 2 (without pull-up resistance)

— Type 0

(loH=—-5uA: Vpp =5Vt 10%)
— Type t

(loH =—50uA: Vpp =5V 10%)




uPD80C49H/uPD80C39H/uPD49H

NEC

BLOCK DIAGRAM

a BUS Expansion to Additonal
Oscillator Resident Program Memory External Memory and /O
F 4 Bus Buttar 'ROM 4P DBOCASH only
. i — Bus Laich
progn i ot troms)|
Port 2 Latch (Low 4) Port2 viigher ol |2 v 2.
. " Register utter
bovo | o Coonter (4) )
Lower
N A . rog ]—
Test 1 L 1 J Program W“d‘ i
j Bus.
AL and
Evem Counter Bt imornat Bus > WL:‘:"
I Port 1
l RAM Acdress
uunipeser |
oot 0 Register 0
Test 1 Pegister |
— W Register 2
Voo e Fisgo :
—425Vi0 + 55V [ ragt : :
Y| X5t rouna Branch | Timer Flag Register
¢ L L ey } Register 5
fo— Acc Register 6
Register 7
| Acc it Tent
(Variable Word Length)
[ ——
Regieter Bank
Deta Store
Control and Timing
[ — XTAL XTAL o _ o Resident Data —RAM
Voo Wi RESET PROG  EA 12 ALE PSEN §5 @D WA RET s
T T LT
Standoy Control cpander Oscilatori oy Memory  Swp  Strobes
b Crystsl  Ciocn oDl
ABSOLUTE MAXIMUM Ta = 25°C

RATINGS*

Operating Temperature, Topt

—40°C to +85°C

Storage Temperature (Plasticl Package), Tsig

—65°C to +150°C

Voltage on Any Pin, V|/0

Vgs —0.3V 10 Vpp +0.3V

Supply Voltage, Vpp

Vgs —0.3 10 +7V

*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 out-

side the limits described in the operational sections of this specification. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.




NEC

uPD80C49H/uPD80C39H/uPD49H

DC CHARACTERISTICS T, =-40to +85°C, Vpp = +5V £ 10 %, Vgg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
Input Low Voitage ViL -0.3 0.8 ]
{All except XTAL1, XTAL2, | Vpp
ViH RESET $5) -2 Voo | V
Input High Voltage
ViK1 RESET, XTAL1, XTAL2,58 | VDD vop | V
Output Low Voltage VoL lgL=2.0mA 0.45 v
BUS, RD, WR, PSEN, ALE,
Vo PROG, T0; lgy = —400pA | 2* v
PORT1,PORT2;
Vow1 @ 10K = -5 1A (Type 0) 24 v
. PORT1,PORTZ;
Output High Voltage VoH1 @ 10M = 50 1A (Type 1) 24 v
Von2 All outputs; IgH = —0.2 uA !g% v
PORT1,PORT2; _
e ® V| <V|L (Type D) 15| 40 | uA
ILp PORT1,PORT2; _500 A
Input Current VI <Vi (Type 1) u
hLe SS, RESET; V) <V —40 | uA
T1,iNT,STOP;
n Vss <V) <Vpp 1| pA
Input Leakage Current
LIz EA; Vs <V|<Vpp +3 HA
BUS, TO, High impedance
Output Leakage Current | 110 state (2) V§§ <V <Vpp +1 HA
| HALT mode; tgy = 1.25 us 15 3.0 A
Standby Current oo ey s o
1oD2 STOP mode (1) 1] 2 [ pa
Supply Current lpp tey =1.25 s [ 15 mA
Hardware STOP mode (STOP,
Data Holding Voltage VDDDR RESET <0.4V) or reset 20 v
(RESET <0.4V)

Notes:

(1) Input pin voltage V| <V| or V| 2V |H.
(2) Includes PORT1 and PORT2 pins optionally specified with type 2.
{3) Type Cand Type 1 options apply only to the uPD80CAIH; the uPDSOC3IH is type 0 only.



uPD80C49H/uPD80C39H/uPD49H N E C

DC CHARACTERISTICS Ty =-40 10 +85°C, Vpp = +2.5V to +6.0V, Vg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
lnput Low Voltage ViL -0.3 301: Vv
(All excopt XTALT, XTALZ, | 07
Vi RESET, S5) Voo Voo | v
Input High Voltage
ViH1 RESET, XTALI, XTAL2, S v“:ﬂ vop | v
Input Low Voltage VoL loL=10mA 045 v
v BUS, RD, WR, PSEN,ALE, | 0.75 v
OH PROG, T0;lgH =—-100uA | Vpp
Output High Voltage PORT1,PORT2; 0.7 v
IgH = —1 1A (Type 0) Voo
Vom @
PORT1,PORT2; 0.7 v
loH = —10 uA (Type 1) Vpp
PORT1,PORT2; _
hwp® Vi<V|L (Type 0) 15| 40 | uA
PORT1,PORT2;
Input Current Vi <ViL (Type 1) 500 | wA
liLe SS, RESET; Vi <y —40 | pA
T1, INT, STOP;
i Vgs <V|<Vpp 1 HA
Input Leakage Current
L2 EA;Vss<V|<Vpp +5 [ pA
BUS, T0, High impedance
Output Leakage Current Lo state (2) Vs <Vg <Vpp 1 HA
Vpp =3V;
HALT  tCv =6 us 03 | 06 | mA
loo1 mode  vpp=6V;
ey = 1.25 s 20 | 40 | mA
Standby Current
1002 sTop  Vpp=3V 1 20 | pA
mods (N 'ypp =6V 1[50 | wA
Vpp=3V:itcy =5us 20 40 | mA
Supply Current lpp
Vpp=6V;tcy =1.25us 10 20 mA

Notes:

(1) Input pin voltage V| < V| or V| 2V|y.

(2) Includes PORT1 and PORT2 pins optionally specified with type 2.

(3} Type 0and Type 1 options apply only to the uPD80C4SH ; the uPDSOC39H is type 0 only.



N E C pPD80C49H/uPD80C39H/uPD49H

AC CHARACTERISTICS T, = —40 1o +85°C, Vg = OV

Vpp = +5V+10% (Vpp=+25t0 os.n!l
MAX

PARAMETER SYMBOL| CONDITION MIN | TYP| MAX | MIN |TYP UNIT
Cycle Time Y 1.26 150 § 150 | us
ALE Pulse Width 0 (] 125 995 ns
Address Setup to ALE tAL 140 890 ns
Address Hold from ALE LA 45 295 ns
(c;;g"’%'—n’)““' Width ) a2 2300 s
Control Pulse Width (PSEN) | tcc2 300 1400 ns
Data Setup before WR tow 340 1965 ns
Data Hold after WR WD [©) a5 296 ns
Data Hold after RD, PSEN 1R (<) 0 95 0 470 | ns
RD to Data in tRD1 300 1800 | ns
PSEN to Data in tRD2 175 1300 | ns
Address Setup to WR tAW 350 1850 ns
Alorss: Setup to tAD1 700 3585 | ns
Ad t
—Psg;::.?: i:p to tAD2 500 2750 | ns
Address Flostto RD, WR  [tAFCY 105 600 ns
Address Float to PSEN tAFC2 [ 125 ns
ALE to RD, WR delay tLAFCY 175 925 ns
ALE to PSEN delay tLAFC2 50 425 ns
RD, WR, P
:EEV;:‘IW ROG to tcAl 35 285 ns
PSEN to ALE delay tCA2 280 1285 ns
:?‘r‘tj gomrol Setup to tcp ® 85 460 s
Port Control Hold from PC1 6 e 0 80 0 200 .

g2 6 0 135 1135 ns
Input Data Setup to PROG |tpR ® 685 218 { ns
Iprgrg:innn Hold from PF 0 125 0 500 | ns
-

Dutput DataSetupto 350 1850 s
8;31[1;11 Date Hold from %D 75 450 ns
PROG Pulss Width tpp 625 3250 ns
PAnLnEZ 1/0 Data Setup to L 135 135 ns
PATEZ 1/0 Data Hald from wp 5 125 ns
ALE to Port Output tpy 475 1600 | ns
TO Output Cycle Time tOPRR 250 1000 ns
Notes

@ Control Outputs C|_ = 80 pF; BUS Output: Cy = 150 pF

@Cp=20pF

® Control Outputs: C_ = 80 pF

® Ouring Execution of MOVD A, Pp

@ During Execution of MOVD Pp, A, ANLD Pp, A, ORLD Pp, A

® See supply voltage and port Control hold time characteristic curves

3-49



uPD80C49H/uPD80C39H/uPD49H

NEC

tCcY-DEPENDENT BUS TIMING DEFINITIONS

PARAMETER CALCULATION FORMULA MIN MAX UNIT
L (77300 T -170 L] ns
tAL (1/8T-110 L] ns
LA {119 T- 40 . ns
tcct (1/27-200 (] ns
tcc2 {2/ 5 T-200 L] ns
tDW (13/30) T - 200 L] ns
twD (115 T - 40 . ns
tDR (1/100T- 30 ns
tRD1 ( 2/ 5T —200 . ns
tRD2 ( 3/10) T — 200 ns
tAW (2/8)T-150 L] ns
tAD1 (23/30) T — 250 ns
tAD2 {3/ 5T-250 ns
tAFC1 (215} T - 65 . ns
tAFC2 (1/30) T — 40 L] ns
tLAFC1 {1/ 87T~ 75 . ns
tLAFC2 (1100 T - 75 L] ns
tcA1 (1/15) T - 50 . ns
1CA2 (4/16) T — 50 . ns
tcp (1/10) T - 40 L ] ns
tpC2 ( 4/15) T - 200 [ ns
tPR {(17/30) T - 120 ns
tPF {110 T ns
tpp (2/5T-150 . ns
tpD {11700 T~ 50 3 ns
tpp { 7/10) T — 250 . ns
tpL ( 4/15) T — 200 . s
tp {1/300 T—- 40 [ ns
PV ( 3/10) T + 100 (] ns
tOPRR (1/ 9T (] ns
ey (1/fXTAL) x 15 us

Remarks: T =ty

AC TEST 1/O WAVEFORM

24V

045V

20 -
045

Test points 20
=045




N E C uPD80C49H/uPD80C39H/uPD49H

Instruction fetch from external program memory

TIMING WAFEFORMS L ey |

L L —-—|<—‘LAFCZ—>| |
ALE | I | l
} |tarcamle— tcc2 wfa tcaz ——‘
PSEN l '
LA
tAL DR "'
BUS Floating Address X Floating XlnstructionX Floating X

—=| tRo2 ’—~

Read from external data memory

j=—rtLAFCY
ALE | I ‘ I
e— tcc1 —=}=tcar=]
RD I I
tAFC1 L- A-N E
Floating

BUS Floating ﬁdrea X Floating Y Data
——l tRDY I——

| i tAD2

L tAD1

Write to external data memory

|t LAFC14’l
ALE | I l

BUSFioating X Address X Floating )L Data X Floating
A I——— AW ——I
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NEC

Port 2 extended timing

ALE
—=1 tCA1
t
—»i AL tLA—_>L-tpL L Plet—o ‘PCZ l—o tDP — tPD
Expander
Port PCH Port 20-23 Data | X | Port Control Output Data
Output
tPF
tPR ——— ] |y
Expander |
Port PCH Port 20-23 Data| X | Port Control Dot
Input
—>1cp|<————
tPC1
‘ tpp -
PROG
1/0 Port timing

1st Cycle

ALE / \

tpL

2nd Cycle

| tpv |

PSEN \

/

P20-23 )
Output PCH

(

Port 20—23 Data )

\ New P20-23 Data XPCH

P24-27

P10-17 Port 24—-27, Port 10—17 Data

D,

!
Y New Port Data

Output
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uPD80C49H/uPD80C39H/uPD49H

CHARACTERISTIC CURVES (T3 =25°C)

High-level output current IQH (uA)

—800

High-level output current IgH (uA)

—200 —20

-150 -16

—-100 -10

-5

Type 1——'8
—

Tpye 0

Vpp=4.5 V

N

Mm

1 2 3 4 5
High-level output voltage VoH (V)

IOH vs- VDD

VOH1=24 V

/

/

N

¢

2 3 4 5 6
Supply voltage Vpp (V)

VOH vs. IOH
VpDD=4.5 V]|

—-150 -15
< \
3
I
_o \
fg -100 -10
3 N\
5
2
3 \ \YP.
33
3 _50 -5 N
£
5 M'k
ot

- [=]

g 8

g g

1 2 3 4 5
High-level output voltage VoH1 (V)

IoH vs. VDD

Vono-
Vo 0.5

/]

High-level output current IQ (uA)

//

2 3 4 5 6
Supply voltage Vpp (V)




uPD80C49H/uPD80C39H/uPD49H N E C

CHARACTERISTIC CURVES (Continued)

loL vs. VDD
VoL=045V
- 3
‘é loL vs- VoL
o VDD=45 V
o < I DD
o E 4
. E
g / =
5 o
3 2 =
- c
g / 3
3 3
B d
2 3
H / o 4
3 1 :% ""
z
a~ o
-
&
2 3 4 5 6 0.5 1.0
Supply voltage Vpp (V) Low-level output voltage Vo (V)
Ipp/IDD1 vs. f
VDD=5.5V] 1pD/1DD1 vs. f
20
Vpp=3V
- Ipp MAX’.J—" r 10 0
< 10 =
< —
£ = < 5
3 5 2= DD TYP.—1# = Ipp MAX_A4~
:D L L 8 2 ‘[ + -H -
[a] - pott = 4”1 'pD TYP
[=] vl et o PP 3d
£ 2 -+ ’5001 MAX. a 1 L.~ jy '1/
c " e
8 47141 =
R e o1 1YP : =
> - 3 05 -
=== Wil
-y 2 -
a o0s5f— S
9 0.2 1 —4-=1iDp1 TYP.——
o=
0.2 L 0.1
01 02 05 1 2 5 10 15 01 0.2 05 1 2 3
Oscillation f (MHz) Oscillation f (MHz)
frequency (f=15/tCy) frequency (f=15/tCy)
Note:
1) Less than 1 MHz for external oscillation. Power consumption is larger with internal oscillation than with external
oscillation.



N E C HPD80C49H/uPD80C39H/uPD49H

CHARACTERISTIC CURVES {(Continued)

tcy vs. VDD
(Ta=-40~+85°C) tpc1 MAX. (uUPD49H)/tacc MIN.
(uPD82C43) vs. VDD
200 -
= E
100 < Z 250
x 3
<«
50 =8 \
= 5 200 ERLPI
El Operation €o \ uPD82C43
> guaranteed o g tACC MIN.
o2 region E S
® ; _3 150 Y
£ 5T 1PDAGH
= 10 £ 5
2 38 tpc1 MAX. \ N
2 s 5 100
S s g0 NUN
e s \
5©
\ 2o s0
2 ‘\ 58
< ©
28
L b
1 2 3 a4 5 6 = T2 3 4 5 6
Supply voltage Vpp (V) Supply voitage Vpp (V)

Remarks: The operation guaranteed region and characteristics curves not shown are all reference values.



uPD80C49H/uPD80C39H/uPD49H

NEC

PACKAGE DIMENSIONS
uPDASHG

44 PIN PLASTIC
FLAT PACK

ITEM MILLIMETERS INCHES
A 136 * 04 054 * 0016
B 10 394
c 08 t 0.15 03 * 0006

v 03 et O
D 35 * 03 et o,
E 80 * 03 315 = 012
F 10 * 02 39+ 008
+ 0.10 ¥ 004
6 015 _ 9105 006 _ 002
H 00 * 0.1 00 * 004
+ 02 + 0008
| 14 * 07 oo * 0998
J 0.2 min 0.008 min
K 00 t 02 00 * 0008
L 18 t 02 0071 t 0.008
A
B

FES—

HARHY

HAHE

J=xS

1HARARRARHE

&8

44

22

O,

il itiLs

O
lilililil
IEL

ilillit
1

)

. !
P L el

Lead bend (enlarged view)
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pPD80C49H/uPD80C39H/uPD49H

PACKAGE DIMENSIONS
uPDBOC4A9HC/
uPDBOC39HC

40 PIN PLASTIC DIP

TTEM MILLIMETERS INCHES
A 5334 MAX. 2100 MAX.
8 254 MAX. 0.100 MAX.
c 254 (T.7) 0.100 (T.P)
D 050  0.10 0020 *0904
F 12 MIN. 0,047 MIN.
G 36 * 03 0142 * 0012
H 051 MIN, 0020 MIN.
i 431 MAX. 0.170 MAX.
J 572 MAX. 0226 MAX.
3 15.24 (T.P) 0600 (T.P)
L 132 0520
M 025 * 070 0010 * 500
N 0.25 0.01

Notes: 1) Each lead centerline is located within 0.25 mm (0.01 inch) of its true position (T. P.)
at maximum material condition.

2} Item “K* to center of leads when formed parallel.
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N f X C uPD80CA2

CMOS 8-BIT SINGLE CHIP
MICROCOMPUTER

DESCRIPTION The uPD80CA42 is designed to function as a slave CPU, particularly as an intelligent peripheral
controller in the microcomputer system using the xCOM84/84C or uCOM8S as a master CPU.
Interface with the system data bus can be easily made via the internal interface register (data
bus buffer register, status register). The program memory is 2K x 8 bits. The data memory is
128 x 8 bits. 16 /O ports {2 x 8 bits} compatible with TTL can be easily extended by using the
uPDB2C43 that is directly connectable to the uPD80C42.

FEATURES ® Single-chip microcomputer
® Compatible with the 2COM84/84C and uCOM85
® Instruction cycle: 1.25 us/12 MHz
® Program memory (ROM) : 2K x 8 bits
® Data memory (RAM) : 128 x 8 bits
® Input/output port (P10-17, P20—27} : 2 x 8 bits
® Asynchronous slave — Master interface
2 data registers: DBBIN, DBBOUT
8-bit status
® [nternal timer/counter: 8 bits
©® 2 pairs of working registers (2 x 8 x 8 bits)
@ 8-level stack
@ Internal clock generator
® [nterrupt function
® DMA function
® Easy expandable 1/0 port
® Single-step operation available
® Standby function
® CMOS
@ Single power supply: +2.5V ~ +6.0V
@ Intel 8042 pin compatible
® 40-pin plastic DIP
PIN CONFIGURATION
0 voo
gl
[ p27/DACK
[ P26/0RQ
0 P25/iBF
D p24/08F
0 P17
o2
N Pis
h Pa
NP3
N P2
0 P
s
h  sToe
N PROG
N P23
B P22
P21
D e20




uPD80C42 E

PIN IDENTIFICATION PIN
NoO. SYMBOL|NAME FUNCTION
1 TO Test 0 Testable input using conditional jump instructions JTO and
JNTO. Also enables clock output via the ENTO CLK
instruction,
2 XTAL1 |Crystal 1 One of two inputs for external crystal oscillator or LC

circuit to generate internal clock signals. May also be used
as an input for external clock signals.
{Non-TTL-compatible V|4.)

3 XTAL2 |Crystal 2 One of two inputs for external crystal oscillator or LC
circuit to generate internal clock signals.
(Non-TTL-compatible V|H.)

4 RESET |Reset Active-low input line that initializes the processor. Also
used to release both the Halt and Stop modes.

5 ss Single Step | Active-low input line, that, in conjunction with ALE,
causes the processor to single-step through a program one
instruction at a time.

6 cs Chip Select | This is an input for chip select signal. When O {low-level) is
input to this pin, the data bus is enabled.

.7 EA External Input line that inhibits internal program memory fetches
Access and initiates access of external program memory. Essential
for system testing and may also be used for program
debugging.
8 RD Read Active-low output strobe line that is used to read data

from external data memory.

9 A0 Indicates the address input from the master CPU and the
kind of data on the data bus.
e Read cycle AQ =0: Data
A0 = 1: Status
o Write cycle AOQ = 0: Data
A0 = 1: Command

10 WR Write Active-low output strobe line that is used to write data
into external data memory.

" SYNC This is an output pin for a signal output at each machine
cycle, and used for strobe of external circuit or single-step
operation.

12-19| DBq-DB7 [Bus These 1/0 lines constitute an 8-bit bidirectional data/
address bus. Synchronous read and write operations can be
performed on this bus using RD and WR signals. Data
driven out on the bus by an QUTL BUS instruction is
statically latched.

The address of external memory is available on the bus at
the falling edge of ALE when reading from external pro-
gram memory or writing to and reading from external data
memory. During external program memory fetches, the
least-significant 8 bits of the external program memory
address are driven out on the bus and the addressed instruc-
tion is fetched using PSEN. When no external memory is
used, the bus can serve as a true bidirectional 8-bit port.
{nformation is strobed in or out by the RD and WR signals.

20 Vss Ground Ground potential.
2124, P20-P27 |Port2 These lines constitute Port 2, an 8-bit quasi-bidirectional
36-38 port. During external program memory fetches P20-P23

output the most-significant 4 bits of the external program
memory address. Lines P20-P23 can also be used as a
4-bit 1/0 expander bus to interface with the optional
HPD82CA3 1/0 expander.

25 PROG Program This line is used as an output strobe when interfacing with
Pulse the optional uPD82C43 1/0 expander.
26 STOP Stop Used for controlling the hardware STOP mode.
. o 27-34{ P19-P17 |Port1 These lines constitute Port 1, an 8-bit, generalpurpose
Note: CS, A0, RD, WR, TESTO quasi rectional port.
and TEST1 pins must not be 39 T Test 1 Testable input using conditional jump instructions JT1 and
floated to prevent a malfunction. JNT1. Can also be used as the timer/counter input line via
the STRT CNT instruction.
40 VDD Primary Power supply. VCC must be between +2.5V to +6V for
Power normal operation. In Stop mode, Vcc must be at least
lSupplv +2V to ensure data retention.




NEC

HPD80C42

BLOCK DIAGRAM

128x8 RAM
peeIN [ Data Memory 96x8
L3 -
A " B|Reg Bank 1 8x8|
i3
oo N DBBOUT f &lStack 16x8
!
07 Reg Bank 0 8x8
Multiplexer
Master
System —
Interface [/ P— E N ~
AD —-——=d E . N /o PIO
TS ——=q P Port 1 P17
A0 i 11 Bit
Control ® Program /0 P20|
EA —| Logic Counter Port 2 :3 7
SYNC =—— EPT:RI:f‘ P27!
S terface
e T e ln‘;tmc; " cj 2’;:08923\”1 | Peripheral
RESET ——Q—’d‘ ecoder Memory Interface
M [}
Crystal (XTAL1
Lc . Timing
Clock XTAL2 ——] IBF Int
Standby
STOP — = Control
Vpp ——= +2.5V ~ 6.0V
Power
Vss Ground
ABSOLUTE MAXIMUM T, = 25°C

RATINGS*

Operating Temperature, Topt —40°C to +85°C

Storage Temperature (Plastik Package), Tsig —65°C to +150°C

Voltage on Any Pin, Vi/0 Vss —0.3V to Vpp +0.3V

Supply Voltage, Vpp Vgs —0.3 to +7V|

"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 out-

side the limits described in the operational sections of this specification. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.



uPD80C42 N E C

DC CHARACTERISTICS T, = —40°C ~ +85°C, Vpp = +5V £ 10 %, Vgg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
Input Voltage Low viL -03 +0.8 v
Except RESET,
) ViH XTAL1, XTAL? 22 Voo | V
Input Valtage High
ViHy RESET, XTAL1, XTAL2 Voo voo | V
Output Voltage Low VoL IgL=2.0mA 0.45 v
D0-D7,SYNC,PROG
VoH 10K = 400 1A 24 v
Output Voltage High VOH1 PORT1,PORT2,igH=-50uA | 24 v
Vouz | AllOutputs, lgn = —0.2 A ‘igg v
e PORT1, PORT2; V) <V|_ 500 | wA
Input Current ——
hLe SS, RESET; Vi <V|L —40 | uA
T0,T1,STOP, CS, AD, RD, WR; 1| ua
in Vgg <V <V -
Input Leakage Current Ss=4 0D
L2 EA; Vss<V|<Vpp +3 | uA
Vg <Vp <Vpp
Output Leakage Current ILo High Impedance, D0-D7, PORT 1 MA
| HALT Mode; tgy = 1.25 us 15 30 mA
Standby Current o0 v s
D2 STOP Mode® 1 20 | pA
Supply Current Ipp tey = 1.25 us 10 20 mA
STOP mode
Data Retention Voltage VpppR | (STOP, RESET <0.4V) or 20 v
RESET (RESET <0.4v)

Note *: The input pin voltage is V| <V} or V| 2V|H.



N E C uPD80C42

AC CHARCTERISTICS  T,=-40to +85°C, Vpp =+5V £10%, Vgs = OV

DBB READ:

PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNITS
€S, A0 Setup to RD { tAR 0 ns
€S, A0 Hold from RD 1 tRA 0 ns
RD Pulse Width tRA 200 ns
€S, AD to Data Output Delay tAD | 150 | ns
RD 4 to Data Output Delay tRD " 140 ns
RD 1 to Data Float Delay tDf 85 ns
Cycle Time tcy 1.2 15 s

DBB WRITE:

PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNITS
€S, A0 Setup to WR aw 0 ns
TS, A0 Hold from WR 1 WA 0 ns
WR Pulse Width tWW 200 ns
Data Setup to WR 1 tow 130 ns
Data Hold from WR 1 twp 0 ns

PORT2:

PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNITS
Port Control Setup to PROG | tcp *2 100 ns
Port Control Hold from PROG ! | 1tpg *3 0 80 ns
Input Data Setup to PROG | tPR *2 650 ns
Input Data Hold from PROG * tPF "3 0 150 ns
Output Data Setup to PROG P =2 200 ns
Output Data Ho!d fram PROG 1| tpg *3 60 ns
PROG Pulse Width tpp 700 ns

DMA:

PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNITS
DACK Setup to RD, WR tACC 0 ns
DACK Hold from RD, WR tCAC 0 ns
DACK to Data Output Delay 1ACD 140 | ns

rﬂ;[l,ﬁld DRQ Clear Delay tCRQ *4 130 ns
*1: C_=100pF
*2: CL= 80pF
*3: CL= 20pF
*4: €| = 150 pF
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NEC

AC TEST INPUT/OUTPUT WAVEFORM

24V
><z.2v‘_ N
045V 08V=" Test points

2.2V
=08V

TIMING WAVEFORMS

Read Operation (DBBOUT Register)

i R (System’s
CSor A0 X JK Address Bus)
AR
fe———tRR ———{ tRA—=
(Read
RD Control)
F=—-tRD 1DF -~
tAD "
Data Bus .
(Output) [~ Data Valid —~
Write Operation (DBBIN Register)
(System’s
CSor AO ){ K Address Bus)
tAwW tww l-"WA"i
— (Write
WR Control)
—tbw wD
Data Bus Data . Data
(Input) May Change y Data Valid May Change
Port 2
SYNC _/_\ / \ /—
Expander
Port
L—xop—-‘-—wo
Output X Port 20-23 Data Port Control x Output Data
Expander
Port l‘_'PR—’l tPF
Input X Port 20-23 Data Port Control 'Bg:':
cP tPC
tpp—————
PROG Y
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Port (EA=1)

SYNC __f—_\ /_\____
P10P17 > <
P20-P22 Port Data x PC Port Data x PC

DMA

oAk Y ‘ (—‘

tacc h 1CAC
WR F 7[
tACC (== tCAC

Do s j( vaia X e X

=tACD

DRQ T }
CRQ CRQ
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NEC

PACKAGE DIMENSIONS
uPD80C42C

40 PIN PLASTIC DIP

40
iaisininisisiaiaisisininisieinisinials|

ITEM MILLIMETERS INCHES

A 5334 MAX. 2.100 MAX.
B 254 MAX. 0.100 MAX.
c 254 (T.P) 0.100 (T.P)
D 050 * 0.10 o020 * 300
F 12 MIN. 0.047 MIN.
G 36 * 03 0142 £ 0012
H 051 MIN. 0020 MIN,

| 431 MAX. 0170 MAX.
J 572 MAX. 0.226 MAX.
K 16.24 (T.P) 0.600 (T.P)
C 132 0520

M 025 * 330 o010 * 5004
N 0.25 001

Notes: 1) Each lead centerline is located within 0.25 mm (0.01 inch) of its true position (T.P.)

at maximum material condition.
2) Item “K” to center of leads when formed parallel.
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NEC

pPD80C50H/uPD80C40H

DESCRIPTION

FEATURES

PIN CONFIGURATION

CMOS 8-BIT SINGLE CHIP
MICROCOMPUTER

The uPDBOCBHO0H is a single chip 8-bit microcomputer containing 8-bit CPU, ROM, RAM,
1/0 ports and controf circuit on one CMOS chip. The uPD80C40H is the product in which
the ROM is eliminated from the uPD80C50H. The uPDB80C50H/40H, fabricated by CMOS
technology, realizes low power consumption and data retention is also available with less
power consumption.

Single chip 8-bit microcomputer

98 instructions
. Instruction cycle: 1.25 us/12 MHz

Operating function

Addition, logic operation, and decimal adjust
ROM 4K x 8 bits (uPD8OC50H)

RAM 256 x 8 bits

Stand-by function

8-level stack

Two sets of working registers

Interrupt capability

Two test inputs

Internal Timer/Event Counter

Easy expandable Memory and 1/O ports
Input/Output ports

Input/Output ports: 8 bits x 2

Data bus (alternative for 1/0O ports): 8 bitsx 1
Single step function

Internal Clock generator

CMOS

Single power supply: +2.5 ~ +6.0V

40 pin plastic DIP (uPD80CS0HC/80C40HC) and 44 pin plastic FLAT Pack (uPD80CSOHG)
Inte! 8050H, 8040H pin compatible

1 4[] Vpp
2 s M

3 80 Py

4 7] Py

5 60 Pas

3 30 P

7 W] P,

® w0 ¥ 0 P

9 80CSOHC/ 320 Pus
10 B0CAOHC 317 P,
" o) P,
12 20 P,
13 28] P,
14 270 Py
15 61 STOP
16 25[] PROG
1” 2] p,
18 2] P
19 2 E 28




uPD80C50H/uPD80C40H

NEC

PIN IDENTIFICATION PN

SYMBOL

FUNCTION

A T0
uPDBOCBOHC/

1PDBOC40HC

Test0

Testable input using conditional jump instructions JT0 and
JNTO. Also enables clock output via the ENTO CLK instruction.

(40 PIN PLASTIC DIP) XTALI

Crystal 1

One of two inputs for external crystal oscillator or LC circuit
to generate internal clock signals. May also be used as an input
for external clock signals. (Non-TTL-compatible V|H4.}

8.
4uPDBOCSOHG 0 3

Crystal 2

One of two inputs for external crystal oscillator or LC circuit
to generate internal clock signals. (Non-TTL-compatible V|y.)

(44 PIN PLASTIC
FLAT PACK)

Resst

Active-low input line that initializes the processor.
Also used to releass both the Halt and Stop mades. @

Single Step

Active-low input line, that, in conjunction with ALE, causes
the processor to single-step through a program one instruction
ata time.

interrupt

Activedow input line that causes an interrupt if an enable
instruction has been executed. A reset disables the interrupt.
May be used as a testable input with a conditional jump instruc-
tion. Can also be used to release the Halt mode.

24 7

External

Input line that inhibits internal program memory fetches
and initiates access of external program memory. Essential for
system testing and may also be used for program debugging.

2% 8 |RD

Active-low output strobe line that is used to read data
from external data memory.

26 9

Program
Store Enable

Active-low output line that is used to fetch instructions
from external program memory.

27

Write

Active-low output strobe line that is used to write data
into external data memory.

Address
Latch Enable

Output tine for address latch enable. At the falling edge
of ALE, the address of either externai data memory or
external program memory is available on the bus.

2933,(1219

35-37

| datafod 4

These 1/0 lines an 8-bit bidi
bus. Synchronous read and write operations can be performed
on this bus using RD and WR signals. Data driven out on the
bus by an OUTL BUS instruction is statically latched.

The address of external memory is available on the bus at the
falling adge of ALE when reading from external program
memory or writing to and reading from external data memory.
During external program memory fetches, the least-significant
8 bits of the external program memory address are driven_out_
on the bus and the addressed instruction is fetched using PSEN.
When no external memory is used, the bus can serve as a true
bidirectional 8-bit port. Information is strobed in or out by

the RD and WR signals.

38 |20 | vss

Grgund

Ground potential.

3942,
11-14

21-24,
35.38

P20-P27

Port 2

These lines constitute Port 2, an 8-bit quasi-bidirectional
port. During external program memory fetches P2g-P23
output the most-significant 4 bits of the external pro-
gram mamory address. Lines Pg-P73 can also be used
as 8 4-bit 1/0 expander bus to interface with the
optional uP082C43 1/0 expander.

43 |25 PROG

Program
Pulse

This line is used as an output strobe when interfacing
with the optional uPD82C43 1/0 expander.

§TOP

Stop

Used to control the herdware STOP mede.

Note: ® The pulse width of 21-34 | P1gPy7

RESET must be a mini of

Port 1

These lines constitute Port 1, an 8-bit, generalpurpose
quasi-bidirectional port.

5 machine cycles in length 15 T
following oscillator stabiliza-

tion to reinitialize the processor

Test 1

Testable input using conditional jump instructions JT1
and JNT1. Can also be used as the timer/counter input
line via the STRT CNT instruction.

and stabilize CPU op At
power-up, the states of the
output lines are undefined

16 Voo

Primery
Power
Supply

Power supply. V(¢ must be between +2.5V to +6V for
normal operation, In Stop mode, Vo must be at least
+2V to ensure data retention.

until completion of reset.



N E C uPD80CS50H/uPD80C40H

PIN CONFIGURATION
uPDBOCS0HG
(44 PIN FLAT PACKAGE)

Y oN
Zv[— ] €zd
W[ ] ZZd
ov—— 124
66— 0zd
8e[—— SSA
2] — '3 [}
e[~ 98Q
=154 e— -1 {¢]
vE[——] ON

QO ev—2 o0ud

f e N m— 8[— pea
P10 C—]~ ] o—oT: %]
P [ w Q) pB2
P12 C—» 8[— bs1
P13 o ] DBO
P4 C—lo  uPDBOCS0HG 8% ALE
P15 ]~ NI WR
NC B PSEN
41 3 e— g B— RD
P17 C—5 ] —
{2 mu— BT INT

12| —
-4 em— ¥
ed—v
(3 m— -]}
QA 9t
L) S—— A
oL 81
IVAX 61
WX oz

1353y
S

* INTERNAL CONNECTION IT IS PROHIBITED TO USE PIN 17
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NEC

BLOCK DIAGRAM

256x8 RAM
XTALT ——=] . -
Timing Register 0 ~7
XTAL2 — °
I 3
-]
WR —-—d Data Store
AD —-——4q —
3 Multiplexer
§ —= J_‘—\ H
7 - tnstruction}t B
PSEN —— v T Decoder v glv
Control r
ALE —-—— . @ Port 1
Fowe e Latch an P10 ~ P17
EA —=f 4Kx8 ROM {'—'_: £8 ’:) Sutter
=3 Port 2 ~ P27
PROG = 53 »—l ;v Hiser KB P20
RESET Program — L“:h 8 DBO ~ DB?
Memory _—— 8:’1‘{.1 CDD
INT
Conditional Branch -=I I
J— Control Logic
STOP —=d Timer/
l m CEvont b2
——= +25~60V o
Power [VDO ACC ACC Timer | Flag 0 INT —-——@J
Supply v GND Bit Flag
ss TO T1 Test Carry Flag 1 ]
ABSOLUTE MAXIMUM 3 —5cc
RATINGS
Operating Temperature, Topt —40°C to +85°C
Storage Temperature (Plastic Package), Tsig —65°C to +150°C
Voltage on Any Pin, V|/0 Vss —0.3V to Vpp +0.3V
Supply Voltage, Vpp Vgs —0.3 10 +7V

*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 out-
side the limits described in the operationa! sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect device refiability.
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uPD80C50H/uPD80C40H

DC CHARACTERISTICS Ty =-40°C ~+85°C, Vpp = +5V £ 10%, Vss = OV

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
Input Low Voltage ViL -03 +0.8 v
ViH IEI?S.ETEI XsIs_Al.l, XTAL2, V—DZD Vop v
Input High Voltage . v
ViH1 AESET, XTAL1, XTAL2,§5 | '0D Vop | V
Output Low Voltage VoL lgL=20mA 4045 | V
BUS, RD, WR, PSEN, ALE,
VoH PROG, TO; Igy = —400pA | 2% v
PORT1,PORT2; 24 v
Output High Voltage v o I0H = =5 1A (Type 0) -
OH1™ poRmr, PoRT2; 24 v
loH = —50 uA (Type 1) .
PORT1,PORT2;
e ® V| <ViL (Type 0) S15 | 40| kA
ILp PORT1,PORT2; 500 A
Input Current VI <V)| (Type 1) B H
liLe SS, RESET; V) <V|L -40 | pA
T1,INT,STOP;
I Vss <V <Vpp | A
Input Leakage Current
Lz EA; Vgs <V <Vpp +3 uA
Output Leakage Current | |0 xﬁﬁ. i(m\:)e dfn!ougus T0® 1 uA
| HALT mode; tcy = 1.25 1.5 3.0 A
Standby Current 001 124 i m
Ipp2 STOP Mode @ 1 20 HA
Supply Current (Tatal) lpp tey =1.25 us 6 18 mA
at the hardware STOP mode
Data Retention Voltage VDDDR (STOP, RESET <0.4V) or 20 \
or RESET (RESET <0.4V)




uPD80C50H/uPD80C40H

NEC

DC CHARACTERISTICS T, = —40°C ~+85°C, Vpp = +2.5V ~+6.0V, Vsg = OV

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
0.18
| Low Volta v .
nput Low Voltage IL -03 Voo v
Except XTAL1, XTAL2, 07
, MU RESET, §5 Voo Voo | V
Input High Voltage
ViK1 AESET, XTALY, XTAL2, §§ v"[‘,% vop | v
Output Low Voltage VoL lgL=1.0mA 045 v
v BUS, RD, WR, PSEN,ALE, | 0.75 v
OH PROG, T0;lgh = —100uA | Vpp
. PORT1,PORT2; 0.7 v
Output High Voltage v o 10K = —1 pA (Type 0) Vop
O™ PoRT1, PORTZ; 0.7 v
10H = —10 #A (Type 1) Vpp
PORT1,PORT2; _
he® Vi <Vig (Type 0) 151 40 | kA
PORT1,PORT2; _
Input Current VI <V (Type 1) 500 | uA
e SS, RESET; V) <V|L _40 | HA
T1, INT, STOP;
't Vss <Vi <Vpp i e
Input Leakage Current
112 EA;Vss <V|<Vpp +5 KA
Vss <Vp<Vpp @
Output Leakage Current ILo High Impedance, BUS, T0 +1 uA
Vpp =3V;
.3 . A
ippy | HALT [tCYZ5us ol M
mode |Vop - 6V; 20 | 40 | mA
tey =1.25pus . - m
Standby Current
Vpp =3V 1 20 uA
lpp2 STOP®
Mode = | Vpp = 6V 1 50 uA
Vpp=3V;itcy=5us 20 50 | mA
Supply Current oD
Vpp =6V;tcy =1.25 us 10 25 mA
Notes:

@ Option specification of type 0 and type 1 is available only for the uPD8OC50H.
The zPD80OC40H has the type 0 only.

@ The input pin voltage is Vi <V or V| 2 V4.
@ Output pins of PORT1 and PORT2 specified as the type 2 are also included.



N E C pPD80C50H/uPD80C40H

AC CHARACTERISTICS T, =—401o +85°C, V§§ = OV

TEST Vpp=+5Vi10% | Vpp=25t6.0V

PARAMETER SYMBOL| CONDITIONS | MIN|TYP|MAX | MIN | TYP | MAX|UNIT|
Cycle Time Y 1.26 150 5 150 | us
ALE Pulss Width L 125 " 995 3
Address Setup before ALE | tAL 140 890 ns
Address Hold from ALE | tA 45 295 ns
Control Pulse Width
(RD, WR) j t6CH ] 425 2300 n
Control Putse Width (PSEN)| t¢C2 300 1800 ns
Data Setup before WR oW 340 1965 ns
Data Hold efter WR WD ® 45 295 ns
Data Hold sfter RD, PSEN | 1pg 0 95 0 470 | ns
RD to Data in tRD1 300 1800 | ns
PSEN to Data in tRD2 175 1300 | ns
Address Setup before WR | taw 350 1850 ns
Address Setup before .

Data in (RD) tAD1 700 3585 | ns
Address Setup bafore

Data in (PSEN) 'AD2 ® 500 2750 | ms
Address Float to RD,WR [ taFCY 105 600 ns
Address Float to PSEN tAFC2 5 125 ns
A C i

("L:’ tvt;_a ,on(rol Signal WAFCI 175 926 ns
ALE i

e 'l‘n) Control Signal LAFC2 50 425 ns
Control Signal (RD, WR,

PROG) to ALE tcA1 b 85 n
Control Signal (PSEN|

t: :tl'.% Signal (PSEN) tCA2 280 1285 ns
Port Control Setup before

Falling Edge of PROG | CP ® 8 460 n
Port Control Hold after | tPC1 60 0 80 0 200 ®| ns
Falling Edge of PROG PC2 ®® 135 136 ns
PROG to Time P2 Input

must be Valid tPR 6§85 2715 | ns
Input Data Hold Time tPF 0 125 0 500 | ns
Output Data Setup Time | tpp 350 1850 ns
Output Data Hold Time tPD 75 450 ns
PROG Pulse Width PP ® 625 3250 ns
PORT2 1/0 Data Setup
Time tPL . 135 1135 ns
POAT2! !
o 21/0 Data Hold we 5 125 ns
ALE to PORT Output tpy 475 1600 | ns
T0 Clock Period t0PRR 250 1000 ns

@ Control Output: C = 80 pF, BUS Output: C|_ = 150 pF
®CL=20pF

® Control Output: C) = 80 pF

@ At execution of MOVO A, Pp instruction

® At execution of MOVO Pp, A; ANLD Pp, A; ORLD Pp, A instruction
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tcY-DEPENDENT BUS TIMING DEFINITIONS

PARAMETER CALCULATION FORMULA MIN MAX UNIT
L {7/30) T-170 L ns
tAL (1 5T-110 . ns
tLA (1/15 T- 40 . ns
tcC1 (1/2)T-200 L] ns
1cc2 (2/ 57 -200 L] ns
W (13/30) T — 200 L] ns
twp (115 T- 40 [} ns
DR . (1100 T - 30 . p
tRD1 (2/57T-200 . ns
tRD2 ( 3/10) T — 200 . s
tAW (2/57T-150 . ns
tAD1 (23/30) T — 250 ] ns
tAD2 (3/6)T-250 . ns
tAFC1 (215)T - 65 . s
tAFC2 (1300 T~ 40 [} ns
tLAFC1 (1/ 5T~ 75 L ns
tLAFC2 (110 T- 75 . ns
tCA1 (115 T- 50 o ns
t1CA2 ( 4/15) T - 50 L] ns
tcp (1100 T— 40 . ns
tPC2 { 4/15) T — 200 . "
tPR (17/30) T - 120 [ ns
tPF (1T . ns
top (2/ 5 T-150 L] ns
tPD (1100 T - 50 L] ns
pp ( 7/10) T — 250 ° ns
tPL ( 4/15) T — 200 L] ns
e (1/30) T - 40 . ns
PPy ( 3/10) T+ 100 L] ns
10PRR (V9T L] ns
tcy (1/fXTAL) X 16 Hs

Remarks: T = tcy

AC TIMING TEST POINTS (Except RESET, XTAL1, XTAL2, 55)

(a) VDD =+5V £ 10 %

Vop-2 Vpp—2
b > Test <: 0o~
Points

0.8

(b) Vpp = +2.5 to 6.0V

0.7Vpp Test 0.7Vpp
0.18VpD == poins 0.18VpD
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Instruction fetch from external program memory

L v |

l:_ we ——L‘—‘LAFC;f——{ I

ALE I I l I
l I—'AFC2>|<— 1CC2 —mfe tCA2 ——l

—

) tLA |
tAL DR |——

BUS Floating Address x Floating x InstruciionX Floating X
——‘ tRD2 }‘

TIMING WAFEFORMS

)
m
z

t tAD2

Read from external data memory
I tcy -l

I:—tLL——{-—tLAFm—— |
ALE I I I I
| tccr —eftcate

——1 tAFCH L —Jtoa

BUS Floating x Address x Floating x Data Floating

—" tRD1 1—7
tAD1

E

Write to external data memory

ALE I H_‘LAFCI—.I | |
b= tcct —{e—tcat—=|

‘ tOW [ twp

BUS Floating XAddress x Floating x Data X Floating
w1
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Low Power Standby Operation
1) Halt Mode (When EI)

X _INT Execute

2) Stop Mode

RESET ———\ f———
VY

Vob <

OSC Starts

osc JUL... ...JL
Internal —\—/——\
Clock

©
CPU D
ADRS 0000(H)
Port 2 Timing
ALE
—»={ tICA1

— tA1 tm_’l“”’“—"l‘_ E— tDP —{ tpol__
Expandi
Port PCH —XEH 20.3DataXE't Control Output Data x

Output

1
| tPR | e

Expander l
Port PCH XPort 2p.3Data X Port Control

Output ]
_""c"}"wc;

Input Data

tpp

PROG
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1/0 Port timing

uPD80C50H/uPD80C40H

2nd Cycle
1st Cycl
e L -~ v

P20-23

Output PCH - X Port20-23Data X NewP20-23Data XPCH

P24-27 —
P10-17 Port 24—27, Port 10—17 Data X New Port Data
Output

3-77
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CHARACTERISTICS CURVES

VOH vs. 10H (T3 = 25°C)

VDD=4.5V,
—-150 —15
VOH vs. IQH (T3 = 25°C) \
Vpp=45V i \
< -800 3
3 2 —100-10
I =]
o T N\
< g
g TYP. £
: \ 3 \vp‘
é —400 \ § _50 5 \
= MINY 3 Mlk
: b
° ri
s g
[
1 2 3 4 5 1 2 3 4 5
Output Voltage High VoH (V) Output Voltage High VOH1 (V)
IQH vs. Vpp (T = 25°C)
10H vs. VDD (Ta = 25°C) VOH
Vpp—0.
VoKH1=2.4 V —
—200 -20 3 -o0a
4 T
k! 5
I £
-150 —15 =
o T
) £ Yy
T g
*  —100- 5 -02
g 100 -10 3 7
5 -50 -5 3 /
[=%
g 4 /
<] LY
o )1 N
& 27 34 5 ¢ 2 3 4 5 8
o Supply voltage Vpp (V) Supply voitage Vpp (V)
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loL vs. VpD (T3 = 25°C)

VoL=045V
3
z loL vs. VoL (Ta = 25°C)
E Vpp=45V
J -
= O
i, /| >
- o
§ / 3
t S
s gl
o € A
S s 2
g 3 7
o / bet P
1 5 P
5 ’
* 8
W
2 3 4 5 6 05 1.0
Supply voltage Vpp (V) Output Voltage Low VoL (V)
IpD/IDD1 vs. f
20 DD=5.5V| IDD/1DD1 vs. f (T3 = 25°C)
Vpp=3V
_ ipp M AXJ,—'"’ 10 >0
Z 10 =
z s
£ 1= <
z 5 44 DD TYP E ipp MAX_4
8 > 5 TR
:Q Pl = ot 9 2 “T1 DTY -
a - il R _4- DD TYP,
bl 2 T - lop1 M AX,—J—- _8 Lo i /
: 1] L ==
3 e H ~Top1 TYP £ o5 O
TE — = [ e - =FrHipp1 MAX.{
@ 05 g T
: 3 it
0.2p——t=+—=F1FiDD1 TYP.
0.2 0.1 l l
01 02 05 1 2 5 10 15 01 02 0.5 1 2 3
Oscillation frequency f (MHz) Oscillation frequency f (MHz)
(f = 15/1cy)

(f = 15/tcy)
Note:

1) Curves below 1 MHz show characteristics for external oscillation.



NEC

tcy vs. VDD
{Ta=—40~+85°C) tpc1 MAX. (uPDBOCS0H)/tocc MIN.
(uPDB2C43) vs. Vpp (T, = 25°C)
200 —_
100 X Z 250
Zs
50 8
— £3 200 \
E! Operation g e \ uPD82C43
- Secured s E %ﬁ(‘ MIN.
o2 Area B} ';
7 2z 150 N
£ 10 I3 uposocsoN\
2 =5 tpc1 MAX. N
Q c e_ 100 -
3 s 33 N
: ©
o o
a ©
\ TG 50
2 2
N 28
2 88 "
1 2 3 4 5 6 T g 2 3 4 5 6

Supply voltage Vpp (V)

Note: Curves without ““operation secured area’’ show reference data.

Supply voltage Vpp (V)
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PACKAGE DIMENSIONS [T |TEm MILLIMETERS INCHES
ZFB&.'?Cci’gﬂg/ A 53.34 MAX. 2100 MAX.
40 PIN PLASTIC DIP 8 254 MAX. 0.100 MAX.
c 254 (T.P) 0.100 (T.P)
D 050 * 0.10 o020 * 0904
F 12 MIN. 0.047 MIN.
G 36 * 03 0142 * 0012
H 051 MIN. 0020 MIN.
I 431 MAX. 0.170 MAX.
J 572 MAX. 0.226 MAX.
K 1524 (T.P) 0600 (T.P)
L 132 0520
M 025 300 ooto * 0.004
N 0.25 0.01

Notes: 1) Each lead centerline is located within 0.25 mm (0.01 inch) of its true position (T. P.)
at maximum material condition.”

2) Item “K* to center of leads when formed parallel.

21
aininisisiainsisieinisisininialieie!

LI 5 g D 0 g D
20

_ _.E—_\"/
|

A
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uPD80CS50H/uPD80C40H
PACKAGE DIMENSIONS | ITEM MILLIMETERS INCHES
ﬁ:%?gcg?_:gnc A 136 t 04 054 * 0016
FLAT PACK 8 10 394
c 08 t 0.15 03 * 0006
+ 03 + 01
D 3 0 o014 T oo,
E 80 * 03 315 + 012
F 10 * 0.2 39 t 008
+ 0.10 + .004
G 015 T ooe 006 T 0o
H 00 * 0.1 00 t+ .004
+ 02 + 0.008
| 14 0.1 006 0.004
J 0.2 min 0.008 min
K 00 * 02 00 * 0008
L 18 * 02 0.071 * 0.008
A
le——— B —_—
i E
33 ) ] 23
34 2HE
— O |nn o
o janam]
— T
I o
| ‘ E B A
= =
I
T
=, O Q.=
144 12 = .

Nl

i

s

L et

Lead bend (enlarged view}

Pt
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CMOS-DESIGN RECOMMENDATIONS

In order to maximize circuit reliability please note the general CMOS design
rules.

For example:
1) Don’t leave unused pins open, except they are outputs or not connected.

2) Never exceed the max. voltage range.

3) Avoid accurance of very fast voltage spikes or transission rate on the power
supply pin.



CHAPTER 4

THE LCOM87 FAMILY

UPD7800
HPD7801
HPD7802
UPD78CO5A
HPD78C06A
HPD7809
HPD7808
uPD7807
HPD78P09
WPD7810,H
MPD7811,H
uPD78PG11,E
WPD78C10
uPD78C11
HPD78C14
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THE ,COM87 FAMILY

8-BIT SINGLE CHIP MICROCOMPUTER
uPD7800 ©PD7801 uPD7802 uPD78CO05A
uPD78CO6A uPD7807 uPD7808 uPD7809
uPD78P09 uPD7810 uPD7811 uPDT8PG11E
uPD7810H pPD7811H uPD78C10 pPD78C11 WPD78C14
PRODUCT PACKAGE ROM INSTRUCTIONS INTERRUPTS SPECIAL
RAM 1/0 LINES — EXTERNAL FEATURES
— INTERNAL
uPD7800 64 QUIL — 140 3 EVACHIP FOR
128 48 2 ¢PD7801/02
uPD7801 64 QUIL 4096 140 3
128 48 2
uPD7802 64QUIL 6144 140 3
64 48 2
uPD78C05A 64 QUIL - 101 2 EVACHIP FOR
128 46 1 pPD78CO6A
CMOS-TECHNOLOGY
uPD78C06A 64 FLAT 4096 101 2 CMOS
64 QUIL 128 46 1
uPD7807 64 QUIL - 157 3 EVACHIP FOR
64 SOIP 256 40 8 uPD7809
uPD7808 64 QUIL 4096 157 3 4K VERSION
64 SDIP 256 40 8 OF 7809
uPD7809  64QUIL 8192 157 3 8 COMPARATOR
64 SDIP 256 40 8 INPUTS, TWO 8-BIT
TIMERS, ONE 16-BIT
TIMER / COUNTER
uPD78P09 64 QUIL 8192 157 3 EPROM-VERSION
256 40 8 OF pPD7809
uPD7810 64 QUIL - 167 3 EVACHIP FOR
. 64 SDIP 256 44 8 uPD7811
uPD7811 64 QUIL 4096 167 3 8 A/D-CONVERTER
64 SDIP 256 44 8 INPUTS, TWO 8-BIT
TIMERS, ONE 16-BIT
TIMER / COUNTER
WPD78PGIIE 64 QUIL 4096 157 3 PIGGY BACK VERSION
256 44 8 OF LPD7811
wWPD7810H 64 QUIL - 157 3 HIGH SPEED VERSION
64 SDIP 256 a4 8 OF uPD7810 (15 MH,)
uwPD7811H 64 QUIL 4096 157 3 HIGH SPEED VERSION
64 SDIP 256 a4 8 OF LPD7811 (15 MHy)
uwPD78C10 64 QUIL - 158 3 CMOS VERSION OF
64 FLAT 256 a4 8 uPD7810
64 SOIP
78C11 64 QUIL 4096 158 3 CMOS VERSION OF
wPO 64 FLAT 256 a4 8 uPD7811
64 SDIP
wPD78C14  640QUIL 16384 158 3 CMOS VERSION OF
64 FLAT 256 a8 8 wPD7811
64 SDIP




N E C 1PD7800

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
ROM-LESS DEVELOPMENT DEVICE

The NEC uPD7800 is an advanced 8-bit general purpase single-chip microcomputer fabricated DESCRIPTION
with N-channel Silicon Gate MOS Technology. Intended as a ROM-less development device for

NEC uPD7801/7802 designs, the uPD7800 can also be used as a powerful microprocessor in

volume production enabling program memory flexibility. Basic on-chip functional blocks

include 128 bytes of RAM data memory, 8-bit ALU, 16-bit adress bus, 32 1/0O lines, Serial

1/Q port, and 12-bit timer. Fully compatible with the industry standard 8080A bus structure,

expanded system operation can be easily implemented using any of 8080A/8085A peripheral

and memory products. Total memory address space is 64K bytes.

NMOS Silicon Gate Technology Requiring Single +5V Supply FEATURES
Single-Chip Microcomputer with On-Chip ALU, RAM and 1/0
— 128 Bytes RAM

— 321/0 Lines

Internal 12-Bit Programmable Timer

On-Chip 1 MHz Serial Port

Five-Level Vectored, Prioritized Interrupt Structure

— Serial Port

— Timer

— 3 External Interrupts

« Bus Expansion Capabilities

— Fully 8080A Bus Compatible

— 64K Byte Memory Address Range

* Wait State Capability
® Alternate 280T™ Type Register Set
* 140 powerful instructions
* 8 Address Modes; Including Auto-Increment/Decrement
e Multi-Level Stack-Capabilities
o Fast 2 us Cycle Time
* Bus Sharing Capabilities (DMA)
ABis 1 \J T =R PIN CONFIGURATION
—?2 63— ABy4
DB; 3 6210 ABy3
DBg—] « 61— ABy2
DB 5 60 AByy
B — IS 59 E— AB1g
0By 7 S8 ABg
0B ] s 57— ABg
08y g 6 A8y
DBy 110 55— ABg
INT2 54 ABg
INT 12 53— A8y
INTg 13 s2f>  ABj
L ot— s1 D Ae;
M1 s 4uPD SO A8y
WR—]'6 7800 4903 Agg
L= ()] B P8
PC;—18 o1
PCs CH19 L =Y
PCs 20 as (= P8y
PCy 21 a4 P83
PCy 22 L] == R
PC; g2 42 PBy
PG 24 41— reg
spccl [== Fi3 40D  PAy
—_]z 39 £ PAg
Gl = F1] IBED  PAg
S0 37 PAy
[= ;) B PA3
sTe 30 35 0 PA2
X gn M Ay
Vss 10V T332 33 =0 PAo
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PIN DESCRIPTION

PIN NO. | DESIGNATION FUNCTION
1,49-63 ABQ-AB15 (Tri-State, Output) 16-bit address bus.
2 EXT {Output) EXT is used to simulate uPD7801/7802

external memory reference operation. EXT distin-
guishes between internal and external memory
references, and goes low when locations 4096
through 65407 are accessed.

3-10 DBp-D87 (Tri-State Input/Qutput, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/0 and memory.

1 INTg {Input, active high) Level-sensitive interrupt input.

12 INTq {Input, active high) Rising-edge sensitive interrupt

input. Interrupts are initiated on low-to-high transi-

tions, providing interrupts are enabled.

13 INT {Input) INT7 is an edge sensitive interrupt input
where the desired activation transition is pro-

grammable, By setting the ES bit in the Mask

Register to a 1, INT? is rising edge sensitive. When

ES is set to 0, INT2 is falling edge sensitive.

14 WAIT (Input, active low) WAIT, when active, extends

read or write timing to interface with slower

external memory or 1/0. WATT is sampled at

the end of T2, if active processor enters a wait

state TW and remains in that state as long as

WAIT is active.

15 M1 (Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

16 WR (Tri-State Output, active low) WR, when active,

indicates that the data bus holds valid data. Used
as a strobe s_iﬂ\ﬁal for external memory or 1/0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

17 RD {Tri-State Output, active low) RD is used as a
strobe to gate data from external devices on the
data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

18-25 PCo-PC7 {Input/Output) 8-bit 1/0 configured as a nibble
1/0 port or as control lines.
26 SCK (Input/Output) SCK provides control clocks for

Serial Port Input/QOutput operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

27 Si (Input) Serial data is input to the processor
through the Sl line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

28 so (Output) SO is the Serial Output Port. Serial data
is output on this line on the falling edge of SCK,
MSB to LSB.

29 RESET {Input, active low) RESET initializes the uPD7800.

30 §T8B {Output) Used to simulate uPD7801/7802 Port E

operation, indicating that a Port E operation is
being performed when active.

N X1 (Input} Clock Input
3340 PAQ-PA7 (Output) 8-bit output port with latch capability.
41-48 PBp-PB7 {Tri-State Input/Qutput) 8-bit programmable 1/0

port. Each line configurable independently as an
input or output.
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BLOCK DIAGRAM
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FUNCTIONAL Architecturally consistent with uPD7801/7802 devices, the uPD7800 uses a slightly different

DESCRIPTION pin-out to accommodate for the address bus and lack of an-chip clock generator. For complete
#PD7800 functional operation, please refer to uPD7801 product information. Listed below are
functional differences that exist between pPD7800 and uPD7801 devices.

uPD7800/7801 Functional Differences

1. The functionality of uPD7801 Port E is somewhat different on the uPD7800. Because the
#PD7800 contains no program memory, the address bus is made accessible to address
external program memory. Thus, lines normally used for Port E operation with the uPD7801
are used as the address bus on the uPD7800. ABg-AB 15 is active during memory access
0 through 4095,

. Consequently Port E instructions (PEX, PEN, and PER) have different functionality.

N

PEX Instruction — The contents of B and C register are output to the address bus. The value
01H is output to the data bus. STB becomes active.

PEN Instruction — B and C register contents are output to the address bus. The value 02H is
output to the data bus. STB becomes active.

PER Instruction — The address bus goes to the high impedance state. The value 04H is
output to the data bus. STB becomes active.

3. ON-CHIP CLOCK GENERATOR. The 4#PD7800 contains no internal clock generator. An
external clock source is input to the X1 input.

4. PIN 30. This pin functions as the X2 crystal connection on the uPD7801. On the uPD7800,
pin 30 functions as a strobe output (STB) and becomes active when a Port E instruction is
executed. This control signal is useful in simulating uPD7801 Port E operation — indicating
that a port £ operation is being performed.

o

. PIN 2. Functions as the ¢ out clock output used for synchronizing system external memory
and 1/0 devices, on the uPD7801. On the uPD7800, this pin is used to simulate external
memory reference operation of the uPD7801. EXT is used to distinguish between internal
and external memory references and goes low when location 4096 through 65407 are
accessed.

RECOMMENDED CLOCK DRIVE CIRCUIT

T
S
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uPD7801

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER

WITH 4K ROM

The NEC uPD7801 is an advanced 8-bit general purpose single-chip microcomputer fabricated
with N-Channel Silicon Gate MOS technology.

The NEC uPD7801 is intended to serve a broad spectrum of 8-bit designs ranging from
enhanced single chip applications extending into the multi-chip microprocessor range. All the
basic functional blocks — 4096 x 8 of ROM program memory, 128 x 8 of RAM data memory,
8-bit ALU, 48 1/0 lines, Serial 1/O port, 12-bit timer, and clock generator are provided on-chip
to enhance standalone applications. Fully compatible with the industry standard 8080A bus
structure, expanded system operation can be easily implemented using any of the 8080A/
8085A peripherals and memory products. Total memory space can be increased to 64K bytes.

The powerful 140 instructions coupled with 4K bytes of ROM program memory and

128 bytes of RAM data memory greatly extends the range of single chip microcomputer
applications. Five level vectored interrupt capability combined with a 2 microsecond cycle time
enable the uPD7801 to compete with multi-chip microprocessor systems with the advantage
that most of the support functions are on-chip.

e NMOS Silicon Gate Technology Requiring +5V Supply
e Complete Single-Chip Microcomputer with On-Chip ROM, RAM and 1/0
— 4K Bytes ROM
— 128 Bytes RAM
— 48 1/0 Lines
« |Internal 12-Bit Programmable Timer
e On-Chip 1 MHz Serial Port
e Five Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Interrupts
e Bus Expansion Capabilities
— Fully 8080A Bus Compatible
— 60K Bytes External Memory Address Range
On-Chip Clock Generator
Wait State Capability
Alternate Z80T™ Type Register Set
Powerful 140 Instructions
8 Address Modes; Including Auto-increment/Decrement
Multi-Level Stack Capabilities
Fast 2 us Cycle Time
Bus Sharing Capabilities (DMA)

.
.
.
.
.
.
.
.

PRODUCT
DESCRIPTION

FEATURES

PIN CONFIGURATION
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PiN DESCRIPTION

PIN NO. | DESIGNATION FUNCTION
1,49-63 | PEQ/ABQ- (Tri-State, Output) 16-bit address bus.
PE15/AB15
2 ¢o0OuUT (Output) OUT provides a prescated output clock

for use with external 1/0 devices or memories.
¢OUT frequency is fxTAL/2.

310 DBp-D0B7 {Tri-State Input/Output, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/0 and memory.

n INTo (Input, active high) Level-sensitive interrupt input.

12 INTy (Input, active high) Rising-edge sensitive interrupt
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled.

13 INT2 (Input) INT2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask
Register to a 1, INT is rising edge sensitive. When
ES is set to 0, INT7 is falling edge sensitive.

14 WAIT {Input, active low) WAIT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WATT is sampled at
the end of T2, if active processor eriters a wait
state TW and remains in that state as long as

WAIT is active.

15 M1 (Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

16 WR (Tri-State Output, active low) WR, when active,

indicates that the data bus holds valid data. Used
as a strobe signal for external memory or /0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

17 RD {Tri-State Output, active low) RD is used as a
strobe to gate data from external devices onto the
data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

18-25 PCo-PC7 (Input/Output) 8-bit 1/O configured as a nibble
1/O port or as control lines.
26 SCK (Input/Output) SCK provides control clocks for

Serial Port input/Output operations. Data on the
S line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

27 S| (Input) Serial data is input to the processor
through the Sl line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

28 SO {Output) SO is the Serial Output Port. Serial data
is output on this line on the falling edge of SCK,
MSB to LSB.
29 RESET {Input, active low) RESET initializes the uPD7801,
30 X2 {Output) Oscillator output.
3 X1 {Input) Clock Input.
33-40 PAQ-PA? {Output) 8-bit output port with latch capability.
41.48 PBo-PB7 (Tri-State Input/Output) 8-bit programmable 1/0

port. Each fine configurable independently as an
input or output.
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BLOCK DIAGRAM
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Memory Map FUNCTIONAL
The uPD7801 can directly address up to 64K bytes of memory. Except for the on-chip ROM DESCRIPTION
(0-4096) and RAM (65.408-65.535), any memory location can be used as either ROM or RAM.

The followi y map defines the 0-64K byte memory space for the uPD7801 showing

that the Reset Start Address, Interrupt Start Address, Call Tables, etc., are located in the
Internal ROM area.
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EXTEANAL
1 MEMORY
INT3
61312x8 -
INTS
65,407 SOFT 1
5 OW ADDR
65.408, \ reANAL S o }l o
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f
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NEC uPD7802

HIGH END SINGLE CHIP 8-BIT
MICROCOMPUTER WITH 6K ROM

PRODUCT The NEC uPD7802 is an advanced 8-bit general purpose single-chip microcomputer fabricated
DESCRIPTION with N-Channel Silicon Gate MOS technology.

The NEC uPD7802 is intended to serve a broad spectrum of 8-bit designs ranging from
enhanced single chip applications extending into the multi-chip microprocessor range. All the
basic functional blocks — 6144 x 8 of ROM program memory, 64 x 8 of RAM data memory,
8-bit ALU, 48 1/O lines, Serial 1/0 port, 12-bit timer, and clock generator are provided on-chip
to enhance standalone applications. Fully compatible with the industry standard 8080A bus
structure, expanded system operation can be easily implemented using any of the 8080A/
8085A peripherals and memory products. Total memory space can be increased to 64K bytes.

The powerful 140 instruction set coupled with 6K bytes of ROM program memory and

64 bytes of RAM data memory greatly extends the range of single chip microcomputer
applications. Five level vectored interrupt capability combined with a 2 microsecond cycle time
enable the uPD7802 to compete with multi-chip microprocessor systems with the advantage
that most of the support functions are on-chip.

FEATURES o NMOS Silicon Gate Technology Requiring +5V Supply
e Complete Singte-Chip Microcomputer with On-Chip ROM, RAM and /0
— 6K Bytes ROM
— 64Bytes RAM
— 481/0 Lines
Internal 12-Bit Programmable Timer
On-Chip 1 MHz Serial Port
Five Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Interrupts
e Bus Expansion Capabilities
— Fully 8080A Bus Compatible
— 58K Bytes External Memory Address Range

e On-Chip Clock Generator
* Wait State Capability
o Alternate ZB0T™ Type Register Set
e Powerful 140 Instructions
® 8 Address Modes; Including Auto-Increment/Decrement
o Multi-Level Stack Capabilities
o Fast 2 us Cycle Time
e Bus Sharing Capabilities (DMA)}
PIN CONFIGURATION PEys 1 O vcci+sv)
[-To]Vad 2 63[ ) PEqy
oB? 3 623 PEg3
[*1:T3 4 61 Pk
DBs 5 600 PEyy
[=1:77 6 59 [ Jreqg
o83 7 5801 reg
082 8 57 Jreg
0B 9 560 Pey
o8o 10 55 [ D reg
INT2 " s4P  peg
INTq 12 53 Jrey
INT 13 52 pey
WATT 14 51 Jve,
MI S0Q rey
WR JPEp
2103 1
PC7 [PBe
PCe B res
PCs Fres
PCa b PBa
PC3 ::52
PC2 81
PCy EPBO
PCQ B Paz
1PAs
St D PAs
s F—PAs
FE?E? D PA3
X2 [—PA2
1 3 3 Pa1
VSStoV) —Fa0
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E

PIN NO.

DESIGNATION

FUNCTION

1,4963

2

310

n
12

15

18-25

26

27

28

29
30

31
3340
4148

PEQ/ABQ-
PE15/AB15
oouT

DBp-DB7

INTg
INT,

INT2

WAIT

M

St

SO

RESET
X2

X1
PAQ-PA7
PBo-PB7

(Tri-State, Qutput) 16-bit address bus.

(Output) QQUT provides a prescaled output
clock for use with external 1/0 devices or
memories. QYT frequency i1s fXTAL/2.

{Tri-State Input/Output, active high) B-bit true
bi-directionat data bus used for external data
exchanges with 1/0 and memory.

(Input, active high) Level-sensitive interrupt input
(Input, active high) Rising-edge sensitive interrupt

input. Interrupts are initiated on low-to-high transi-

uons, providing interrupts are enabled.

(Input) INT2 1s an edge sensitive interrupt input
where the desired activation transition 1s pro-
grammable. By setting the ES bit in the Mask
Register to a 1, INT is rising edge sensitive. When
ES is set 10 0, INT2 is falling edge sensitive.

({Input, active low) WAIT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WAIT is sampled at
the end of T2, if active processor enters a wait
state Ty and remains’in that state as long as
WAIT is active

(Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

(Tri-State Output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a
strobe to gate data from external devices onto the

data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

{Input/Output)} 8-bit 1/0 configured as a nibble
1/0 port or as control lines.

(Input/Qutput} SCK provides control clocks for
Serial Port Input/Qutput operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

{Input} Serial data is input to the processor

through the Sl line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.
(Output) SO is the Serial Qutput Port. Serial data

15 output on this line on the falling edge of SCK,
MSB to LSB.

(Input, active low) RESET initializes the uPD7802.

{Output) Oscillator output.

(Input) Clock Input
(Output) B-bit output port with latch capability.

(Tri-State Input/Output) 8-bit programmable 1/0
port. Each line configurable independently as an
input or output.

PIN DESCRIPTION
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FUNCTIONAL Memory Map
DESCRIPTION

The uPD7802 can directly address up to 64K bytes of memory. Except for the on-chip ROM
{0-6143) and RAM(65.472-65.535), any memory location can be used as either ROM or RAM.
The following memory map defines the 0-64K byte memory space for the uPD7802 showing
that the Reset Start Address, Interrupt Start Address, Call Tables, etc., are located in the

Internal ROM area.

o [ _Reser
INTERNAL
ﬂOM a INVU
& 06143) &
6143 § TNTq
6144 > 3
EXTERNAL TS
MEMORV_‘
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RAM Lowaooa Ity
65535 =16 ADDR ]
3 E
oW AD0R |1 _
siGr ADDH [ t-63
oo
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NEC

uPD7801/02

FUNCTIONAL DESCRIPTION

1/0 PORTS
PORT FUNCTIONS
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Qutput port w/latch
Port C 8:bit nibble 1/0 or Control port
Port € 16:-bit Address/Output Port
Port A

Port A is an 8-bit latched output port. Data can be readily transferred between the accumulator
and the output latch buffers. The contents of the output latches can be modified using
Arithmetic and Logic instructions. Data remains latched at Port A unless acted on by another
Port A instruction or a RESET is issued.

Port B

Port B is an 8-bit 1/0 port. Data is latched at Port B in both the Input or Output modes. Each
bit of Port B can be independently set to either Input or Output modes. The Mode B register
programs the individual lines of Port B to be either an Input (Mode By = 1) or an Output
{Mode B, = g).

Port C

Port C is an 8-bit 1/0O port. The Mode C register is used to program the upper 6 bits of Port C to
provide control functions or to set the /O structure per the following table.

MODE Cy, = ¢ MODE Cp, = 1
PCo Output Input
PCy Output Input
PCa SCS Input Input
PC3 SAK Qutput Output
PCq To Output Qutput
PCs 10.M Output Output
PCg HLDA Output Output
PCy HOLD Ingut Input

Port E

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes using

the PER, PEN, or PEX instructions.

¢ 16-Bit Address Bus — the PER instruction sets this mode for use with external 1/0 or
memory expansion (up to 60K bytes, externally).

* 4.Bit Output Port/12 Bit Address Bus — the PEN instruction sets this mode which allows for
memory expansion of an additional 4K bytes, externally, plus the transfer of 4-bit nibbles.

* 16-Bit Output Port — the PEX instructions sets Port E to a 16-bit output port. The contents
of B and C registers appear on PEg.15 and PEQ.7, respectively.

4-14



NEC

uPD7801/02

FUNCTIONAL
DESCRIPTION
(CONT.)

TIMER OPERATION

J STM
PRE-

SCALER 12 BIT DOWN COUNTER TMER | 0 TO
4 us) 3
BORROW
12]
TIMER - REGO T},"E'EG? )
(TMO) (TM1)
it {2
[ 1 INTERNAL BUS

TIMER BLOCK DIAGRAM
A programmable 12-bit timer is provided on-chip for measuring time intervals, generating pulses,
and general time-related control functions. It is capable of measuring time intervals from
4 us to 16 ms in duration. The timer consists of a prescaler which decrements a 12-bit counter
at a fixed 4 us rate. Count pulses are loaded into the 12-bit down counter through timer register
(TMO and TM1). Count-down operation is initiated upon extension of the STM instruction
when the contents of the down counter are fully decremented and a borrow operation occurs,
an interval interrupt (INTT) is generated. At the same time, the contents of TMO and TM1 are
reloaded into the down-counter and countdown operation is resumed. Count operation may be
restarted or initialized with the STM instruction. The duration of the timeout may be altered
by loading new contents into the down counter.
The timer flip flop is set by the STM instruction and reset on a countdown operation. Its
output {T0) is available externally and may be used in a single pulse mode or general external
synchronization,
Timer interrupt (INTT) may be disabled through the interrupt.
SERIAL PORT OPERATION

{ Tnternal Bus 3
8|

RDs WRs

st Serial Buffer Register
LS8, | 4 MsB
1

S . S

<1
SOO- 4
&CK INTERNAL SCK
! Start SI/0
MC7
T8
PC2/5CS

PC3/SAK

SERIAL PORT BLOCK DIAGRAM
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1PD7801/02 N E C

The on-chip serial port provides basic synchronous serial communication functions allowing the FUNCTIONAL
NEC uPD7801/02 to serially interface with external devises. DESCRIPTION
Serial Transfers are synchronized with either the internal clock or an external clock input (CONT.)

(SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used or is variable
between DC and 1 Mbit/second when an external clock is used. The Clock Source Select is
determined by the Mode C register. The serial clock (internal or external SCK) is enabled when
the Serial Chip Select Signal (SCS) goes low. At this time receive and transmit operations
through the Serial Input port (S1)/Serial Output port (SO) are enabled. Receive and transmit
operations are performed MSB first.

Serial Acknowledge (SAK) goes high when data transfers between the accumulator and Serial
Register is completed. SAK goes low when the buffer becomes full after the completion of
serial data receive or transmit operations. While SAK is low, no further data can be received.

INTERRUPT STRUCTURE

The uPD7801/02 provides a maskable interrupt structure capable of handling vectored
prioritized interrupts. Interrupts can be generated from six different sources; three external
interrupts, two internal interrupts, and a non-maskable software interrupt. Each interrupt when
activated branches to a designated memory vector location for that interrupt.

it | VECTORED MEMORY | pRioRITY TYPE

INTT 8 3 Internal, Timer
Overflow

INTS 64 6 Internal, Serial
Buffer Full/Empty

INTO 4 2 Ext., level sensitive

INT1 16 4 Ext., Rising edge
sensitive

INT2 32 5 Ext., Rising/Falling
edge sensitive

SOFTI 96 1 Software Interrupt

RESET (Reset)

An active low-signal on this input for more than 4 us forces the uPD7801/02 into a Reset
condition. RESET affects the following internal functions:

The Interrupt Enable Flags are reset, and Interrupts are inhibited.

The Interrupt Request Flag ist reset.

The HALT flip flop is reset, and the Halt-state is released.

The contents of the MODE B register are set to FFH, and Port B becomes an input port.
The contents of the MODE C register are set to FF. Port C becomes an 1/0 port and
output lines go low.

All Flags are reset to 0.

The internal COUNT register for timer operation is set to FFFi and the timer F/F is reset.
The ACK F/F is set.

The HLDA F/F is reset.

The contents of the Program Counter are set to 0000H.

The Address Bus (PEg.15), Data Bus (DBg.7), RD, and WR go to a high impedance state.

Once the RESET input goes high, the program is started at location 0000H.
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1uPD7801/02
FUNCTIONAL
DESCRIPTION
{CONT.)
REGISTERS The uPD7801/02 contains sixteen 8-bit registers and two 16-bit registers.
15 0
PC
SP
7 07 0
[ v | A ]
¢ Main
E
L
[ V' | A |
g c Alternate
o 3
W L

General Purpose Registers (B, C, D, E, H. L}

There are two sets of general purpose registers {Main: B, C, D, E, H, L: Alternate: B’,C’, D', E*
H’, L’). They can function as auxiliary registers to the accumulator or in pairs as data pointers
{BC, DE, HL, B°C’, D'E’, H’L’). Auto Increment and Decrement adressing mode capabilities
extend the uses for the DE, HL, D’E’, and H’L’ register-pairs. The contents of the BC, DE, and
HL register-pairs can be exchanged with their Alternate Register counterparts using the EXX
instruction.

Vector Register (V)

When defining a scratch pad area in the memory space, the upper 8-bit memory address is
defined in the V-register and the lower 8-bits is defined by the immediate data of an instruction.
Also the scratch pad indicated by the V-Register can be used as 256 x 8-bit working registers for
storing software flags, parameters and counters immediately or directly.

Accumulator (A)

All data important data treatments on uPD7801/02 are done through the accumulator. The
contents of the Accumulator and Vector Register can be exchanged with their Alternate
Registers using the E X instruction.

Program Counter (PC)

The PC is a 16-bit register containing the address of the next instruction to be fetched. Under
normal program flow, the PC is automatically incremented. However, in the case of a branch

instruction, the PC contents comes from another register or an instruction’s immediate data.

A reset sets the PC to 0000.

Stack Pointer (SP)

The stack pointer is a 16-bit register used to maintain the top of the stack area {last-in-first-out).
The contents of the SP are decremented during a CALL or PUSH instruction or if an interrupt
occurs. The SP is incremented duringa RETURN or POP instruction.

4-17
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Register Addressing Working Register Addressing ADDRESS MODES
Register Indirect Addressing Direct Addressing

Auto-Increment Addressing Immediate Addressing

Auto-Decrement Addressing Immediate Extended Addressing

Accumulator Indirect Adressing

Register Addressing

r

I OPCODE } —{ OPERANDl

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing
memory

[
OPCODE ADDRESS|———={ oPERAND |

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are ending this address mode.

Auto-increment Addressing

» memory

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

m memory
OPERAND

Working Register Addressing

memory
V Register
pC OPCODE ——EE [operanD)
PC +1 displacement

15 8 7 0

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in acommon
memory page where only 1 additional byte is required for the address. The memory contents
can be influenced directly or immediately. Mnemonics with a W suffix ending this address mode.
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uPD7801/02

ADDRESS MODES
(CONT.)

INSTRUCTION SET

Notes:

The two bytes following the opcode specify an address of a location containing the operand.

Direct Addressing
PC OPCODE Memory
PC +1 Low Address ———"L'andl Low Operand
PC+2 High Address 1 byte High Operand
2 byte
Immediate Addressing (8 bit)
PC OPCODE
PC+1 OPERAND
Immediate Extended Addressing (16 bit)
PC OPCODE
PC+1 Low Operand
PC+2 High Operand
A | Indirect Adressing {Select Table)

C+ (PC+2+A)
B+ (PC+2+A+1)
Operand Description

OPERAND DESCRIPTION
r V,A,B,CD,EH L
2l B,C,D,E.H L
2 A,B,C
st PA PB PC MK MB MC TMO TM1 S
srl PA PB PC MK S
sr2 PA PB PC MK
p SP,B.D.H
pl V.B,D.H
pa B,D, H, D+, H+, D-, H-
pal B,D.H
wa 8 bit immediate data
word 16 bit immediate data
byte 8 bit immediate data
bit 3 bit immediate data
f FO,F1,F2 FT,FS,

1. When special register operands sr, sr1,sr2 are used; PA = Port A, PB = Port B,
PC = Port C, MK = Mask Register, MB = Mode B Register, MC = Mode C Register,
TMO = Timer Register 0, TM1 = Timer Register 1, S = Serial Register.

2. When register pair operands rp, rp1 are used; SP = Stack Pointer, B = BC, D = DE,

H=HL,V=VA

3. Operands rpa, rpal, wa are used in indirect addressing and auto-increment/auto-

decrement addressing modes.
B = (BC), D = (DE), H = (HL)
D+ = (DE)+, H+ = (HL)+, D— = (DE)—, H— = (HL)—.

4. When the interrupt operand f is used; FO = INTFQ, F1 = INTF1, F2 = INTF2,

FT=INTFT,FS=INTFS.
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no. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES [ CYCLES OPERATION CONDITION CV] Z
8-BIT DATA TRANSFER

MOV oA 1 4 e A
MOV A, 1 4 A-n)
MOV s A 2 10 sr— A
MOV A, sl 2 10 A sl
MOV r. word 4 17 r « (word)
MOV word, ¢ 4 17 (word) —r
Mvi . byte 2 7 r ~ byte
MVIW ws, byte 3 13 (V. wa) ~ byte
MVIX rpel, byte 2 10 (rps1) — byte
STAW we 2 10 Vv, we) — A
LDAW wa 2 10 A~ (V, wa)
STAX rpe 1 7 {rpa) — A
LDAX Pe 1 7 A« (rpa)
EXX 1 4 Exchenge register sets
EX 1 . V, AV, A

OE ~ (AL, C+~C - 1
BLOCK 1 13(C+1) | DE —~ DE + 1

HL <HL+ 1

168IT DATA TRANSFER

S$BCD word 4 20 {word} - C, (word + 1) -~ B
SDED word 4 20 {word) — €, (word + 1) - D
SHLD word 4 20 (word) — L, (word + 1) - H
sSPD word 4 20 | (word) — SP_, (word + 1) ~ SPy
Leco word 4 20 C + (word), B ~ {word + 1}
LDED word 4 20 € + (word), D «~ (word + 1}
LHLD word 4 20 L« (word), H « (word + 1)
LSPO word 4 20 SP( « (word)}, SPy « (word + 1)
PUSH ”® 2 17 (SP~ 1) = rplyy, (SP - 2) - rpt
ror ! 2 'S :::::((::)«n,so-sru
Lxi ®, word 3 10 p +~ word
TABLE 1 19 |CofPCr2enl

B-{(PC+2+A+1}

INSTRUCTION GROUPS
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INSTRUCTION GROUPS wo. | crock FLAGS
(CONT.) MNEMONIC | OPERANDS | 8VTES | CvCLes OPERATION CON'I';Il:ION cv]z
ARITHMETIC
ADD Ar 2 8 A—Ax+r Tt
ADD A 2 8 rer+A Tt
ADDX Pa 2 n A~ A<+ (rpat LA R
ADC A 2 8 Ae-A+r+CY LI R
ADC nA 2 8 f—r+A+CY 1]t
ADCX () 2 " A=A+ (rpa) +CY t |t
sus At 2 8 A-A-r LI B 1
suB A 2 8 reer-A 1}
SUBX rpa 2 1" A~ A-(rpa) t |t
588 Ar 2 8 Ae-A-r-CY L R4
ses A 2 8 rer-A-CY t |t
sesx ps 2 n A+~ A-(rpal -CY t s
ADDNC At 2 8 A-Avr No Carry 1|t
ADONC oA 2 8 rer+ A No Carry |
ADDNCX o8 2 " A~ A+irpa) No Carry t |
SUBNB Ar 2 8 A-A-r No Borrow E N R 1
SUBNB LA 2 8 rer-A No Borrow L 1
SUBNBX e 2 11 A~ A - (rpa) No Borrow b3 R4
LOGICAL
ANA Ar 2 8 A-AAT 1
ANA A 2 8 =t AA t
ANAX Pe 2 " A« A Alcpsl :
ORA Ar 2 8 A-Ave 13
ORA oA 2 8 r—riVvA k]
ORAX pe 2 " A~ Av(rpsl H
XRA Ar 2 8 A-AVTr 13
XRA LA 2 8 Awrva !
XRAX rpa 2 " A~ AV (rps) 1
GTA Ar 2 8 A-r-1 No Borrow 11t
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No. | crock skip [ FLAGS
MNEMONIC| OPERANDS | BYTES | CYCLES OPERATION CONDITION CVI z
LOGICAL (CONT.}
GTAX rpa 2 n A (rps) -1 No Borrow tye
LTA Ar 2 8 A-r Borrow 1]t
LTA rA 2 8 -A Borrow 1]t
LTAX o 2 n A - {rps) Borrow 1)t
ONA A r 2 B AAc No Zero 1
ONAX roa 2 n A Alrpal No Zero t
OFFA Ar 2 8 AAr Zero 1
OFFAX o8 2 n AA (rpa) Zero B
NEA Ar 2 8 A-r No Zero 13
NEA rA 2 8 —-A No Zero t]t
NEAX rpa 2 n A - (rps) No Zero tl
€EQA Ar 2 8 A-r 2ero L I
EQA LA 2 8 r-A Zero L I
EQAX rpe 2 1" A - (rpa) 2Zero ]
IMMEDIATE DATA TRANSFER (ACCUMULATOR)
XAl A, byte 2 7 A~ A ¥ byte 1
ADINC A, byte 2 ? A+~ A +Dbyte No Carry L3 IR
SUINB A, byte 2 7 A+~ A-byte No Boriow ]
ADY A, byte 2 7 A~ A +byte L I
ACI A byte 2 ? A~ A+byte+CY t]
sul A, byte 2 7 A~ A - byte 1)t
s8I A, byte 2 7 A+~ A-pyte-CY $]
ANI A, byte 2 7 A~ AADbyts H
ORI A, byte 2 7 A~ AVbyte $
GTI A, bv‘u 2 7 A -byte-1 No Borrow 1y
LTt A, byte 2 7 A - byte Borrow E IR
ONI A, byte 2 7 AAbyte No Zero 3
OFF} A byte 2 7 AA byte Zero t
NEI A, byte 2 7 A - byte No Zero t]t
EQ! A byte 2 7 A - byt Zero 1]t

INSTRUCTION GROUPS
(CONT.)
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INSTRUCTION GROUPS v
{CONT.) No. | cLock SKIP
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION CY] <
IMMEDIATE DATA TRANSFER
XAl r byte 3 n =1 ¥byte . 1
ADINC . byte 3 " rer+byte No Carry b I3
SUINB 7. byte 3 n ¢ —r-byte NoBorrow | % | ¢
ADI ., byte 3 n re—r+byte Tt
ACH r.byte 3 1" rer+byte +CY 1t
sui r.byte 3 " rer-byte L ]
s81 r, byte 3 1" re—r-byte-CY ]
ANt r, byte 3 1M r— ¢ Abyte t)s
URJ . byte 3 " r—¢vbyte H
GTi . byte 3 n r-byte -1 No Borrow L I
(S 4] ¢, byte 3 n r - byte Borrow t]e
ONI 7. byte 3 n r Abyte No Zero !
OFF1 r. byte 3 n rA byte Zero 1
NEI . byte 3 n ¢~ byte No Zero ]
EQ r. byte 3 1 r - byte Zero Lo IR
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER)
XRI sr2. byte 3 17 sr2 — 5r2 ¥ byte H
ADINC 32, byte 3 17 $r2 ~ 312 + byte No Carry Tyt
SUINB 32, byte. 3 17 $r2 ~ w2 - byte No Borrow L3 I
ADI 3r2, byte 3 17 $r2 = 3r2 + byte t)t
ACI 312, byte 3 17 $r2 ~ 32 + byte + CY H I
s 3r2. byte 3 17 $r2 = 5r2 - byte 1]t
SBI 32, byte 3 17 3r2 +- 3r2 - byte - CY L3N IR
ANI 512 byte 3 7 $r2 ~ $r2 Abvre 1
OR: $r2, byte 3 17 312 = 512 v byte 1
GTI 32, byte 3 4 312 - byte - 1 No Borrow 11
LT 2, byte 3 "“ 32 - byte Borrow 1 I
ONt 2 byte 3 t4 $2A byte No Zero H




uPD7801/02

No. | cLock skip | FLAGS
MNEMONIC | OPERANDS | 8YTES |CYCLES OPERATION conpiTion [cv| 2
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) {(CONT )}
OFF1 2. byte 3 4 r2 Abyte Zeco 1
NE! $r2, byte 3 14 2 - byte No Zero 1]t
EQ 312, byte 3 14 32 - byte Zero T
WORKING REGISTER
XRAW wa 3 14 A~ AMIV wa) '
ADDNCW wa 3 14 A~ A+ (V, wa) No Carry ]t
SUBNBW wa 3 14 A~ A-{V.wa) No Borrow Tt
ADDW wa 3 14 A~ A+iV wa) Tt
ADCW wa 3 14 A~ A+I(V wal+CY ty1t
SuBw wa 3 14 A-A-(V, wal Tyl
SBBW wa 3 14 A—A-(V, wal-CW L IR
ANAW wa 3 14 A~ AALV, wal !
ORAW wa 3 14 A AV, wal t
GTAW wa 3 14 AV, wal-1 No Borrow Tl
LTAW wa 3 14 A -V, wa) Brrrow 1 3
ONAW wa 3 14 A ALV, wal No Zero t
OFFAW wa 3 14 ANV, wa) Zero 1
NEAW wa 3 14 A - [V, wa} No Zero Tt
EQAW wa 3 14 A - (V, wal Zera )
ANIW wa, byte 3 % (V. wal — [V, wa) Abyte t
ORIW wa, byte 3 16 v, wal = (V, wa) vbyte 1
GTIw wa, byte 3 13 (V, wa) - byte - 1 No Borrow F N 1B 1
LTIW wa, byte K] 13 (V, wal - byte Borrow Tt
ONIW wa, byte 3 13 (V, weis byte No Zero H
Of FIW wa, byte 3 13 (V, wal A byte Zero !
NEIW wa, byte 3 13 v, wal - byte No Zero t ]t
EQIW wa_ byte 3 3 (v, wal - byte Zero [ 3
INCREMENT/DECREMENT
INR 2 1 4 2-r2+1 Carry t
INRW wa 2 13 1V, wal = (V, wa) +1 Carry :

INSTRUCTION GROUPS
(CONT))
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INSTRUCTION GROUPS
(CONT.)

L No. | crock skip | FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION CVTI
INCREMENT/DECREMENT (CONT.}

OCR 2 1 4 2+ 02 -1 Borrow !
DCRW wa 2 13 (v, wal - (V. wa!-1 Borrow b
INX 3 1 7 - pe

DCX w© 1 7 p—rp- 1

DAA 1 4 Decimal Adjust Accumulator L B
sTC 2 8 Cy -1 1
cLC 2 8 Cr-o0 o

ROTATE AND SHIFT

RLD 2 17 Rotate Left Digit

RRD 2 17 Rotate Right Digit

RAL 2 8 Am+ 1< Am Ag~CY, CY - Ay 1
RCL 2 8 Cm+1-Cm,Co~-CY,.CY~-Cy 1
RAR 2 8 Am-1+-Am, A7~ CY.CY - Ag 1
RCR 2 8 Cm-1-Cm.C7-CY,CY-Cqg H
SHAL ? 8 Am +1—Am Ag~0,CY~ Ay 3
SHCL 2 8 Cm+1-CM,Cy—-0,CY~Cy 1
SHAR 2 8 Am-1-Am,A7-0,CY - Ag 1
SHCR 2 8 Cm-1-Cm,C7+-0.CY~Co 1

IUMP

JMmP word 3 10 PC ~ word

J8 1 4 PCH - B PCL~-C

JR word 1 13 PC = PC + 1+ dupl

JRE word 2 13 PC — PC + 2+ dsp

CALL

N i N R i

CALB 1 13 :i;: :’,;'LPCCH.";}ICS:. ?»

car | wow 2 | ' | pcm oo ecio o u
R R e

SOFT! 3 19 {SP-1)- PSW.SP 2 (SP 3)- PC

PC - 0060y, SIRQ - 1




1PD7801/02

[ NO. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION | CY [l
RETURN
RET I 1" ;St’g;i’;pcn; SP+ 1
RETS 1 ™ ;:L _s;sr'?":%"fp::sf; .
AR
SKIP

BIT bt wa 2 10 | Brrent iv")"’"r""
SKC 2 8 Skip if Carry Cy =1
SKNC 2 8 Skip if No Carry €y =0
sK2 2 8 Skip 1t Zero Z=1
SKNZ 2 8 Skip if No Zero Z2:0
s | N
sewt | ¢ 2 18| v v T x -0

CPU CONTROL
NOP 1 4 No Operation
El 2 8 Enable Interrupt
ot 2 8 Desable Interrupt
HLT 1 6 Halt

SERIAL PORT CONTROL

pyle} 1 q Start (Trigger} Serial 1/0
sST™ 1 4 Start Timer

INPUT/OUTPUT
N byte 2 10 :T%g;:'“m Tovee
out byte 2 10 3:;1{’:'“” Covie
PEX 2 1 | PE1sg-B.PE7g~C
PEN 2 n PEy5.12 - B74
PER 2 1 Port E AB Mode

INSTRUCTION GROUPS
(CONT.}
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Program Status Word (PSW) Operation

OPERATION -6 § s | D3 | DO |
REG, MEMORY IMMEDIATE SKIP Z sk lmnc!liy]wo]ev
ADD ADDW ADDX ADI
ADC ADCW ADCX ACI
sus susw SuUBX sul o fotog
s88 SBBW SBBX SBI
ANA ANAW ANAX ANI ANIW
ORA ORAW ORAX ORI ORIW t o | e |0 [0 ]«
XRA XRAW XRAX XR1
ADDNC| ADDNCW| ADDNCX | ADINC
SUBNB | SuUBNBW | SUBNBX | SUINB . : : o |o .
GTA GTAW GTAX GTI GTIW
LTA LTAW LTAX LT LTW
ONA ONAW ONAX ONI ONIW : . elolo e
offa | ofFfaw | orFrax | ofFfF1I | oFFiw
NEA NEAW NEAX NEI NEIW . R . o |o :
EQA EQAW EQAX EQl EQIW
INR INRW
DCR DCRW e ge |
DAA t 1o ! o lo H
RAL, RAR, RCL, RCR .
SHAL, SHAR, SHCL, SHCR clopc]o]e gt
RLD, RRD e o (e lo jo |e
STC e o [e o Jo 1
cLe e o |Je o ]Jo]o
MVI A, byte . ] . 1 0 .
MVI L, byte
LXI H, word el toef |-
BIT
SKC
SKNC
K2 . 1 . 0 0 .
SKNZ
SKIT
SKNIT
RETS . 1 . (1] .
All other instructions . ] . 0 [ .
t Flag affected according to result of operation
1 Flagset
O Flagreset
o Flag not affected



ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR
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NEC

uPD7800

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

Operating Temperature
Storage Temperature
Voltage On Any Pin

COMMENT: Stress above those listed under ‘“Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification

is not implied. Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

*Ta=256°C

Ta=—10~+70°C, VeC = +5.0V £ 10 %

LIMITS

PARAMETER SYMBOL [ MIN | TYP| MAX | UNITS CONLEI:’IONS
Input Low Voltage ViL 0 08 \"
ViH1 20 Vee v Except SCK, X1
Input High Volitage Vinz 38 Voo v LR
Output Low Voltage VoL 0.45 \ loL=20mA
Output High Voltage Yon 24 Y lon = ~100 44
VOH2 20 v 10K = =500 xA
Low Level Input Leakage Current Lo -10 A VIN =0V
High Level Input Leakage Current ILIH 10 uA VIN = Vce
Low Level Output Leakage Current | 1L oL -10 uA VouT = 0.45v
High Level Qutput Leakage Current| 1| OH 10 HA VouTr = Vee
Ve Power Supply Current Icc 110 |200 mA
Ta=25°C,Vce=GND =0V
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX | UNITS | CONDITIONS
Input Capacitance C 10 [-1d fe =1 MH2
Output Capacitance Co 20 pF All pins not
Input/Output Capacitsnce Cio 20 pF undar test at OV

—10°C to +70°C
—65°C to +125°C
—0.3V to +7.0V



E

uPD7800

CLOCK TIMING

Ta=-101t0 +70°C, VoG = +5.0V + 10 %, fo5; max = 2 MHz, not devided internally AC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
XouT Cycle Time tcyYx 454 2000 ns %4
XQUT Low Level Width| txx 212 ns tX XL
XQUT High Level Width [ t1xxH 212 ns X XH
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
LE < Xgur LE. TRX 20 ns
Address (PEQ.15) — Data] taD1 550 + 500 x N ns
lnput
[RB T~ Address tRa__ |200(13): 700(T4) ns
RB LE — Dota input tRD 350 + 500 x N ns
"RD T €.~ Data Hold tRDH ] ns
Time
RD Low Level Width tRR 850 + 500 x N ns
m LE. TRWT 450 ns
Address (PEg.15) = TAWTY 650 ns
WAIT L.E.
[WAIT Set Up Time WTS 180 ns
{Referenced from
XoyT L-E)
[WATT Hold Time WTH ] ns
(Referenced from .
XoyT L-EJ
M1 ~ROLE. tMR 200 ns
RO T.E ~ M ™ 200 me]iCYx =500 ns
(1O/M = RD LE. R 200 ns
RO T.E.~ 10/M tRy 200 ns
XoyT L-E.—~WR L.E. IXW 270 ns
Address (PEg.15) = tAX 300 ns
Xout TE.
Address (PEg_15) —~ tAD2 450 ns
Data Qutput
Data Output - WR DWW 600 + 500 x N ns
TE.
[WH T E - Date wD 150 ns
Stabilization Time
Address (PEQ.15) — tAW 400 ns
WR L.E. X
[WR 7€~ Address WA 200 ns
Stabilization Time
[WR Low Level Width ww 600 + 500 x N ns
[O/M—~WR LE. tw 500 ns
[WETE ~10M W1 750 s




E uPD7800

AC CHARACTERISTICS SERIAL 1/0 OPERATION

(CONT.)
PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
== 800 ns SCK input
K Cycle Time 1

vee ™! CYK  [900[4000 | ns | SCK Output
== 350 ns SCK Input
SCK Low Level Width TKKL 200 ™ SCK Output
= 350 ns SCK Input
SCK High Level Width WKKH 2400 s SCK Output
Si Set-Up Time (referenced from SCK T.E.} 1515 140 ns
S| Hold Time (referenced frora SCK T.E.) tSIH 260 ns
3CK L.E. ~ SO Delay Time KN 180 ns
JTT High — SCK L.E. 108K 100 ns
SCK T.E. - 5CS Low tKes 100 ns
SCK T.E.~ SAK Low tKSA 260 ns

PEN, PEX, PER OPERATION

PARAMETER SYMBOL | MIN |MAX | UNIT CONDITION
Xq L.E. - EXT tXE 250 ns
Address {(ABg.15) —+ STB L.E. TAST 200
Data (DBp.7) -+ STB L.E. tDST 200 toyx = 500 ns
STB Hold Time tSTST 300
STB — Data 1STD 400
HOLD OPERATION
PARAMETER SYMBOL| MIN [MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDSy 100 ns
XOUT L.E) tHDSZ T ns
HOLD Hold Time (referenced from BouT tHOH 100 s
LE}
Xoyr L.E.~ HLDA IXHA 100 ns
HLDA High = Bus Floating (High Z State) tHABF | -150| 150 ns
HLDA Low -+ Bus Enable THABE 350 ns
Notes:

@ AC Signal waveform {unless otherwise specified)

24
20 > MEASURING <: 20
o8 0.8 POINTS 08

@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V
VoL = 08v

@ L.E = Leading Edge, T.E. = Trailing Edge



uPD7800

NEC

tcyx DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX UNIT
1RX (1725 T MIN ns
tAD, (3/2+N) T~ 200 MAX ns
tRaA (T3) (1/2) T - 50 MIN ns
tRa (Tag) (3/2) T- 50 MIN ns
tRD (1+N)T- 150 MAX ns
RR {2+N)T- 150 MIN ns
RWT {3/2) T - 300 MAX ns
tAwT, {2) T- 350 MAX ns
MR (1/2) T- 50 MIN ns
’RM (1/2) T- 50 MIN ns
uR (1/2)T- 50 MiIN ns
tR| (1/2} T- 50 MIN ns
txw (27/50) T MAX ns
tAD, T- 50 MIN ns
tow (3/2+N) T- 150 MIN ns
wp (1/2) T- 100 MIN ns
taw T-100 MIN ns
twa (1/2) T- 50 MiIN ns
ww {3/2+N) T~ 150 MIN ns
Uw T MIN ns
twi /2T MIN ns
tHABE (1/2) T- 150 MAX ns
tAST (2/5) T MIN ns
tpsT (2/5) T MIN ns
1STST (3/5) T MIN ns
tSTD (a15) 7 MIN ns

Notes: (1) N = Number of Wait States

@ T=1wcvx
@) Only above p.
@ When a crystal frequency other than 4 MHz is used “CYX = 500 ns}

are tey x

the sbove equations can be used to calcuiate AC parameter

values.

AC CHARACTERISTICS

(CONT.)
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uPD7800

CLOCK TIMING

TIMING WAVEFORMS

o wn ol

- I

WRITE OPERATION
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upore NEC

SERIAL 1/0 OPERATION

TIMING WAVEFORMS

(CONT.)
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PEN, PEX, PER OPERATION
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‘PACKAGE OUTLINES
Plastic Quil, uPD7800G
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uPD7801/02
ABSOLUTE MAXIMUM Operating TeMPerature . .. .. ... .......oeuueneenenaennenannn —10°C to +70°C
RATINGS* Storage Temperature . . . ... . e ~65°C to +125°C
Voltage On AnyPin . ........... e e 0.3V o +7.0V

DC CHARACTERISTICS

CAPACITANCE

COMMENT : Stress above those listed under *’Absolute Maximum Ratings’* may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification

is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

*Ta=25°C

Ta=—10to + 70°C, VGG = +5.0V + 10 %

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS
input Low Voltage ViL [ 08 v
Vi1 | 20 Vee | V Except SCK, X1
Input High Voltage
ViH2 38 vee|l v 5§CK, x1
Output Low Voltage VoL 0.45 A oL =20mA
VoHr | 24 v JoH = ~100 uA
Output High Voitage OH OH
VOH2 20 v IOH = ~500 A
Low Level input Leskage Current Lo -10 BA VIN =0V
High Level Input Leakage Current H 10 HA VIN = Vce
Low Level Output Leakage Current | 1 o -10 BA VouyT = 0.45V
High Level Output Leakage Current| I OH 10 HA VouT = Vee
Ve Power Supply Current Icc 110 |200 mA
Ta=25°C, Vcc=GND =0V
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP} MAX | UNITS | CONDITIONS
Input Capacitance Cy 10 pF fe =1 MRz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test at OV




uPD7801/02

NEC

CLOCK TIMING

—10 to +70°C, Ve = +5.0V £ 10 %, fosz max = 4 MHz, internally devided (1:2)

LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS |
X1 Input Cycle Time 1CYX 227 1000 ng
X1 Input Low Level X XL 106 ns
Width
X1 input High Level tXXH 106 ns
Width
douT Cycle Time 1CYg 454 2000 ns
SQUT Low Level Width lopL 150 ns
SOUT High Level Width toppH 150 ns
®QuUT Rise/Fall Time T tf 40 ns
READ/WRITE OPERATION
LIMITS TEST
|____PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
RD L.E.»ooyT L.E. tRe¢ 100 ns
Address (PEQ.15) — Datal tap1 550 + 500 x N ns
Input
(BB T €. — Address tRA 200(T3); 700(T4) ns
'RD L.E. — Data Input tRD 350+ 500 xN| ns
D T.E. — Data Hold TROH 0 ns
Time
[RD Low Level Width RR 850 + 500 x N ns
L.E.~WAIT LE. tRWT 450 ns
Address (PEg.15) —~ TAWT 650 ns
WAIT L.E.
[rem—
WAIT Set Up Time tWTSs 290 ns
{Referenced from
oouT L.E)
[WATY Hold Time tWTH 0 120 s
(Referenced from
¢ouT L.E)
M1 WD LE. MR 200 ns
LAEYS tRM 200 m]CYe =500
[lO/M-~FD LE. 4R 200 ns
RO 7€~ 10/ ™, 200 ™
SOUT LE-WHLE. oW 40 125 ns
Address (PEg.15) —~ tag 100 ns
oouT T.E.
["Address (PEq.15) — tAD2 450 ns
Data Output
Data Output -~ WH tow 600 + 500 x N ns
T.E.
W TE — Dea wo 150 ns
Stabilization Time
Address (PEg.15) ~ taw 400 ns
WRLE.
W T £~ Addrens WA 200 ny
Stabilization Time
Low Level Width tWw 600 + 500 x N ns
[TO/M-WH LE. ™ 600 ns
"W T.E. = 1O/ Wi 250 ™

AC CHARACTERISTICS
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SERIAL 1/O OPERATION

PARAMETER SYMBOL] MIN | MAX | UNIT CONDITION
e ] 800 ns SCK Input
le T

SCK Cycle Time 'CYK 790014000 | ns | SCK Output
o e . 350 ns SCK Input
SCK Low Level Width IKKL 400 s SCK Output
== 350 ns SCK Input
SCK High Level Width IKKH 200 ns S Output
S1 Set-Up Time (referenced from SCK T.E.) [ tgis 80 ns

SI Hold Time (referenced from SCK T.E.) tSIH 260 ns

SCK L.E. —+ 50 Delay Time tKO 180 ns

JTT High — SCK L.E. 1e5K 100 ns

SCK T.E. - SCS Low Kes 100 ns

SCK T.E. -+ SAK Low IKSA 260 ns

HOLD OPERATION

PARAMETER SYMBOL| MIN |[MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDSy 200 ns
PouT L.E) tHDS; [ 200 0y
HOLD Hold Time {referenced from BoyT
LE) THOH o ns 1Ccyg = 500 ns
PouT L.E. =~ HLDA t oHA -110 | 100 ns
HLDA High —+ Bus Floating {High Z State) tHABF | -150| 150 ns
HLDA Low —+ Bus Enable tHABE 350 ns

Notes:
@ AC Signal waveform (unfess otherwise specified)

20 MEASURING <: 20
0.8 POINTS 08

@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vou = 2.0V
VoL =08V

24

0.45

@ L.E. = Leading Edge, T.E. = Trailing Edge
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NEC

tcyy DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX UNIT
tR¢ (18T MIN ns
tAD, (3/2+N) T- 200 MAX ns
tRa (T3) (1/2) T- 50 MIN ns
tpa (Ta) (3/2) T- 50 MIN ns
tRD {(1+N)T- 150 MAX ns
tRR {(2+N) T- 150 MIN ns
tRWT (3/2) T- 300 MAX ns
tAWT, (2) T - 350 MAX ns
tMR (1/2) T - 50 MIN ns
tRM (1/2)T- 50 MiN ns
YR (1/2) T- 50 MIN ns
tRI (1/2) T- 50 MIN ns
tow (4T MAX ns
tag (1/5) T MIN ns
taD, T- 50 MIN ns
tow (3/2+N)T- 150 MIN ns
twbD (1/2) T~ 100 MIN ns
AW T- 100 MIN ns
wa (1/2) T - 50 MIN ns
tww (3/2+N)T- 150 MIN ns
uw T MIN ns
twi T MIN ns
THABE (1/2) T- 150 MAX ns

tKKH (SCK Output) (1/2) (2T -109) MIN ns

tKKL (SCK Output) (1/2) (2T-109) MIN ns
Notes: (1) N = Number of Wait States
@ T=1wcve
@ Only above e tcy,

(@ When a crystal trequency other than 4 MHz is used (i, = 500 ns}

the above squations can be used to calculate AC parameter

values

CLOCK TIMING

R

AC CHARACTERISTICS
(CONT.)

TIMING WAVEFORMS
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TIMING WAVEFORMS
{CONT.)
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NEC

SERIAL 1/0 OPERATION
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PACKAGE OUTLINES

Plastic Quil, uPD7801G/02G
Plastic Shrinkdip, uPD7801CW, uPD7802CW
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64-PIN QUIL, STRAIGHT LEADS
PACKAGE OUTLINE = ) A -
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PACKAGE OUTLINE

64-PIN SHRINK DIP
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ELECTRICAL SPECIFICATIONS
FOR EXTENDED TEMPERATURE RANGE
OF -40 °C TO +85 °C
uPD7800/uPD7801/uPD7802



NEC

uPD7800
aﬁﬁ.?kgg‘s MAXIMUM Operating Temperature . . .. .............ouuurneaunnenn. ....—40°C to +85°C
Storage Temperature . . ................ T —65°C to +125°C

DC CHARACTERISTICS

CAPACITANCE

AC CHARACTERISTICS

Voltage On Any Pin —0.3V to +7.0V

COMMENT : Stress above those listed under **Absolute Maximum Ratings" may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

*Ta=25°C

Ta=—40~ +85°C, Vg = +5.0V £ 10 %

LIMITS TEST
PARAMETER SYMBOL [ MIN | TYP| MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 0.7 v
ViH1 23 vee | v Except SCK, X1
Input High Voltage 7™ 35 Vee v TR X1
Output Low Voltage VoL 045| V loL=20mA
VOH1 24 v 10H = ~100 uA
Output High Voltage Vorz | 20 v Lo = ~500 oA
Low Level Input Leakage Current 'R -10 uA VN =0V
High Level Input Leakage Current ILIH 10 uA VIN=Vce
Low Level Output Leakage Current | 1 oL -10 uA VouyT =045V
High Level Output Leakage Current| [ oH 10 BA VouT = Vee
Ve Power Supply Current Icc 110 | 220 mA
Ta=25°C, Vgc = GND = OV
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS
Input Capacitance < 10 pF fe = 1 MHz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test at OV
CLOCK TIMING
Ta=-101t0 +70°C, VoCc = +6.0V £ 10%
LIMITS TEST
PARAMETER SYMBOL| MIN MAX UNITS | CONDITIONS
XQuT Cyvcla Time oYX 666 2000 ns 1©eYx
XQUT Low Level Width|  txXL 256 ns XL
XouyT High Level Width | txxH 256 ns T XH




Jpors0 E

READ/WRITE OPERATION
LIMITS TEST AC CHARACTERISTICS
PARAMETER SYMBOL! MIN MAX UNITS | CONDITIONS (CONT.)
(RO LE - Xour LE. | tRx 20 s
Address (PEg.15) — Datal tAD1 550 + 500 x N| ns
Input
(RO 7€ - Address tRA 200(T3): 700(T4) ns
B LE. — Data input tRD 350 + 500 x N ns
WT,E, ~— Data Hold tROH 0 ns
Time
RO Low Level Width tAR 850 + 500 x N ns
mL.E. TRWT 450 ns
Address (PEgQ.15) ~ TAWT1 650 ns
WAIT LE.
W Set Up Time WTS 180 ns
(Referenced from
XoyT L.E)
[WATT Hold Time WTH o ns
(Referenced from
XoyT L.E)
M1 - RUL.E. MR 200 ns
AOT.E ~ M1 "M 200 ] iCYx =500 ns
[ =B LE. R 200 ™
RO T.E. - 10/M tR| 200 ns
Xoyt L.E.~WR L.E. TIXW 270 ns
Address (PEg.15) — tAX 300 ns
Xoyt TE.
Address (PEQ.15) — tAD2 450 ns
Data Output
Data Output - WH tow 600 + 500 x N ns
TE.
['WR T E. - Data wp 150 ns
Stabilization Time
Address (PEg.15) —~ AW 400 ns
WA L.E. .
[WR 7€ Address WA 200 ns
Stabilization Time
[WR Low Level Width ww 600 +500 x N ns
O/ —~WH LE. 1w 500 ns
[WRT.E. - 10/M twi 250 ns




1PD7800

AC CHARACTERISTICS
(CONT))

SERIAL I/O OPERATION

PARAMETER SYMBOL| MIN | MAX | UNIT CONDITION
= 800 ns SCK Input
CK Cycle Time t
SCK Cycle Tim CYK  [T300[a000 | nz |SCK Output
= 350 ns SCK Input
SCK Low Level Width KK L 300 P SCK Output
= e 350 ns SCK Input
SCK High Level Width TKKH 300 o SCK Output
SI Set-Up Time (referenced from SCK T.E.) [ 15 140 ns
S| Hold Time (referenced from SCK T.E.) 1SIH 260 ns
3CK L.E. - SO Delay Time KN 180 ns
$CE High - SCK L E 1CSK 100 ns
SCK T.E. -+ SCS Low 1KCS 100 ns
SCK T.E. — SAK Low tKSA 260 ns
PEN, PEX, PER OPERATION
PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
X1 LE = EXT IXE 250 ns
Address (ABQ.15) = STB L.E. tAST 200
Data (DBQ.7) =~ STB L.E. 1DST 200 tcyx = 500 ns
STB Holid Time t1STST 300
STB - Data 1STD 400
HOLD OPERATION
PARAMETER SYMBOL | MIN |MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from THDSy 100 ns
XoyT L-E) THDS2 T00 ns
HOLD Hold Time (referenced from BoyT tHOH 100 ns
L.E)
XoyT L.E.—~ HLDA IXHA 100 [ ns
HLDA High — Bus Floating {High Z State) tHABF | -150| 150 ns
HLDA Low —+ Bus Enable THABE 350 ns
Notes:
@ AC signal waveform (unless otherwise specified)
24
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@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V
VoL =08V

@ L.E = Leading Edge, T.E. = Trailing Edge



uPD7800 N E C

tcyx DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX uNIT AC CHARACTERISTICS
(CONT.)
RX (1/25) T MIN ns
tADy (3/2+N) T- 200 MAX ns
tRa (T3) (1/2) T- 50 MIN ns
tra (Tq) (3/2) T- 50 MIN ns
tRD (1+N) T~ 150 MAX ns
RR {2+N) T- 150 MIN ns
TRWT (3/2) T - 300 MAX ns
tAWT, (2) T- 350 MAX ns
MR (1721 T - 50 MIN ns
tRM (1/2)7- 50 MIN ns
R (172)T - 50 MIN ns
R (172 T - 50 MIN ns
txw (27/50) T MAX ns
‘ADz T-50 MIN ns
tpw (3/2+N) T- 150 MIN ns
WD (1/2) T- 100 MIN ns
tAW T-100 MIN ns
twa (1/2) T - 50 MIN ns
ww {3/2+N)T- 150 MiN ns
tw T MIN ns
twi /2T MIN ns
tHABE {1/2) T- 150 MAX ns
tAST (2/8) T MIN ns
tpsT (2/5) T MIN ns
tSTST (3/5) T MIN ns
tSTD (4/5) T MIN ns

Notes: (1) N = Number of Wait States
@ T=rtevx
@ Only above parameters are Ty x dependent

@ When a crystal frequency other than 4 MHz is used "CYX =500 ns)
the above equations can be used to caiculate AC parameter

values.
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TIMING WAVEFORMS
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** WAIT should be supplied with VOH or VOL during tytg and tyT. otherwise malfunction
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SERIAL I/0 OPERATION
TIMING WAVEFORMS
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1PD7801/02

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

Operating Temperature
Storage Temperature
Voltage On Any Pin

COMMENT : Stress above those listed under “Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above thos indicated in the operational sections of this specification is

not implied, Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.

*Ta=25°C

—10to +70°C, VcG = +5.0V £ 10 %

LIMITS TEST
PARAMETER SYMBOL |MIN | TYP| MAX | UNITS | CONDITIONS

Input Low Voltage ViL 0 0.7 v

ViH1 23 vee | v Except SCK, X1
Input High Voltage Vo 38 Voo v BT
Output Low Voltage Voi 045| V loL=20mA

VOH1 24 \2 tOH = -100 uA
Output High Voltage

VOoH2 20 v 10K = -500 uA
Low Level Input Leakage Current [INTS -10 uA Vin =0V
High Level Input Leakage Current K 10 BA VIN = Vce
Low Level Output Leakage Current| I oL -10 sA | Voyr =045V
High Levet Output Leakage Current| 1 OH 10 A VouTt = Vce
V¢ Power Supply Current icc 110 | 220 mA

Ta=25°C, Vg = GND = 0V
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS

Input Capecitance C) 10 oF fo = 1 MH2
Output Capecitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 oF ] under testat OV

—40°C to +85°C
—65°C to +125°C
—0.3V to +7.0V




uPD7801/02

E

CLOCK TIMING

—10to +70°C, Ve = 450V £10%

LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS COND"’IONE_
X1 laput Cycle Time WYX 333 1000 ns
X1 Input Low Level XX L 159 ns
Width
X1 Input High Level X XH 159 ns
Width
®oyT Cycle Time ICYp 666 2000 ns
dQUT Low Level Width ool 256 ns
BoUT High Level Width TooH 256 ns
#ouT Rise/Fall Time et 40 ns
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS { CONDITIONS
TAD L.EE. - 0ouT LE Ro 100 ns
Address (PEg.15) — Data| taAD1 550 + 500 x N ns
tnput

[RO 7€ — Address tRA 200(T3); 700(T4) ns
[RD L€~ Data input tRD 350 + 500 xN| ns
RD T € — Data Hold tRDH 0 ns
Time
AD Low Level Width tRR 850 + 500 x N ns
TADLE ~WAITLE. IRWT 450 ns
Address (PEg.15) — TAWTI 650 ns
WAIT L.E.

[WAIT Set Up Time WTS 290 ns
(Referenced from
oouT L.E}

[WAIT Hold Time WTH o ns
(Referenced from
oouT L.E}

M7 ~WDLE MR 200 ns
ROTE =M e 200 s |CYe =500 ns
10/M~RD LE. HR 200 ns
RO T.E - 10/M tRy 200 ns
$OUT LE ~WHLE. ToW a0 125 s
Address (PEg.15) —~ tAe 100 300 ns
oouT T E
Address (PEg.16) —~ taAD2 450 ns
Data Output
Data Output ~ WR 1ow 600 + 500 x N ns
TE.

[WH TE — Date WD 150 ns
Stabilization Time
Address (PEQ.15} —~ AW 400 ns
WR LE.

N T.E. = Address WA 200 ns
Stabilizaton Time
WR Low Level Width tww 600 + 500 x N ns

oM—WH Ce 1w 500 ns

m wi 250 ng

AC CHARACTERISTICS
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SERIAL I/O OPERATION

PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
= 800 ns SCK Input
SCK Cycle T t

vele Time CYK 7500[4000 | ns | SCK Output
K 350 ns SCK Input
SCK Low Level Width tKKL 300 ns SCK Output
J— 350 ns SCK Input
SCK High Level Width IKKH 300 " SCK Output
S) Set-Up Time (referenced from SCK T.E) | tgis 140 ns
S1 Hold Time (referenced from SCK T.E.) tSIH 260 ns
3CK L.E. = SO Delay Time (') 180 | ns
JTT High — SCK L.E. sk 100 ns
SCK T.€. + §CS Low KCS 100 ns
SCK T E. —+ SAK Low IKSA 260 ns

HOLD OPERATION

PARAMETER SYMBOL| MIN [MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDS) 200 ns
@ouT LE) THDS2 200 ns
HOLD Hold Ti (ref: ed f []

Hou old Time (referenced from BouT HDH o s teve =500 ns
#ouT L.E. = HLDA tDHA 10| 100 | ns
HLDA High — Bus Floating (High Z State) tHABF | -150] 150 ns
HLDA Low -+ Bus Enable tHABE 350 ns
Notes
@ AC Signal f (unless ise specified)

24

2.0 > MEASURING < 20
045 0.8 POINTS 08

@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V

VoL =08V
@ L.E = Leading Edge, T.E. = Trailing Edge



uPD7801/02 N E C

tcyy DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX uNIT AC CHARACTE ?é(S)L'.I‘ES;
tR¢ (1/5) T MIN ns
taDy (3/2+N) T - 200 MAX ns
tra (T3) (1/2) T- 50 MIN ns
tRA (Tg) (3/2) T - 50 MIN ns
RO (1+N)T- 150 MAX ns
tRR (2+N)T- 150 MIN ns
tRWT (3/2) T~ 300 MAX ns
!Aw‘rl (2) T- 350 MAX ns
tMR (1/2) T - 50 MIN ns
1RM (1/2T-50 MIN ns
1R (1/2) T - 50 MIN ns
tRI (1/2) T- 50 MIN ns
Yw /4T MAX ns
tA® (/57T MIN ns
‘ADZ T-50 MIN ns
tow (3/2+N) T - 150 MIN ns
twp (1/2) T- 100 MIN ns
tAw T-100 MIN ns
WA (1/2) T- 50 MIN ns
tww (3/2+N)T- 150 MIN ns
tw T MIN ns
wi T MIN ns
tHABE {(1/2) T- 150 MAX ns

Notes. (1) N = Number of Wait States
@ T-cve
@ Only sbove aretcy,

(@ When a crystal frequency other than 4 MHz is used {tcy, = 500 ns)
the sbove equations can be used to calculate AC parameter
values.

CLOCK TIMING
TIMING WAVEFORMS

N
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TIMING WAVEFORMS
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SERIAL 1/0 OPERATION
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NEC

HIGH END SINGLE CHIP 8-BIT
MICROCOMPUTER ROM-LESS DEVELOPMENT
DEVICE IN CMOS TECHNOLOGY

DESCRIPTION
The uPD78CO5A is a high-performance 8-bit microcomputer fabricated with CMOS technology.
The uPD78CO5A contains an 8-bit ALU, a 128 x 8 RAM, two 8-bit 1/0 ports, a 6-bit /0 port, an
8-bit timer/event counter with 4-bit prescaler, a serial 1/0 port, and three {two external and
one internal) source vectored interrupt structure. [t also contains a 16-bit Address bus and an
8-bit data bus for external memory (program memory, data memory, or memory mapped 1/0)
up to 64K bytes.
The uPD78CO5A has stand-by capability (STOP/HALT) for its power-down.
The uPD78CO5A is applicable for hand-held computer, etc. requiring low power consumption.
The uPD78CO5A is compatible with the uPD78CO06A (#COM-87LC-family) and used as evaluation
chip for uyCOM-87 LC-series.
FEATURES Powerful 101 Instructions

Instruction Cycle Time: 2,6 us for 78C05A,

Data Memory: 128W x 8

Direct Addressing Capability up to 64kB External Memory

Powerfu! Addressing Modes Capability

Multi-level Stack

Vectored Interrupts (External: 2, Internal: 1)

On-chip 8-bit Timer with 4-bit Prescaler

46 1/0 Ports

Serial 1/O Ports

Stand-by Capability (STOP/HALT mode}
Fully Bus Compatible with 8080A

On-chip Clock Generator with 6 MHz crystal
Single Supply, CMOS Technology

Low Power Consumption

64 pin QUIL

#PD78CO6A Evaluation chip

PtN CONFIGURATION

ABig b Ve (+sV)
SouT 3 ABig
08, B aBj3
DBg 1 ABq2
DBg B ABqq
DBy £ ABqg
D83 B Asg
o8y £ asg
DB, B ABy
oBg O asg
NC B aBs
INT, 3 ABa
INT, D Aas3
WAplm £ ABy
WR a9 :': :31
/D B 8o
ey
PCa =
PC. Plg
ch := P8,
PCy P F83
PCo 5 re2
REL — reg
To 5~ pag
sck PAL
[ PAg
si B PAg
sO ) PA,
RESET B pag
X2 £ Pay
X 0 PA}
Vgg (OV) 5 PAg




uPD78CO5A

NEC

PIN NO.

DESIGNATION

FUNCTION

1,49-63

12

13

18-23

24

25

26

27

28

29

31
3340
4148

ABg-AB15
$ouT

DB7-DBg

INTo

INTq

1%
A

Sl

SO

RESET
X2

X1
PAQ-PA7
PBp-PB7

(Output), 16 bit address bus and output port.

{Output) The clock of system clock frequency (1/4 of crystal
frequency or X1 external clock frequency) is placed out
from this line. it is still placed out in HALT mode, but it is
fixed to high in STOP mode.

(Tri-State Input/Output) This is an 8-bit bi-directional data
bus. The data move between an external memory or 1/0
STOP, and accumulator is done through this data bus.
During an input, HALT, and RESET, the output of the data
bus goes a high impedance state. Input/Output level are TTL
compatible.

(Input) It is a level-sensitive interrupt input line which is
high level active.

(Input} It is a rising-edge sensitive interrupt line, and it
becomes valid when INT{ input goes low to high. Sub-
sequently, if users want to perform another interrupt on this
line after an interrupt on this line is accepted, they must
take it into consideration that INTy input should be main-
tained at low state a little while, and then it should go high.
Unless, it does not enable another interrupt.

{Input, active low) WAIT, when active, extends read or write
timing to interface with slower external memory or 1/0.
WAIT is sampled at the end of T3, if active processor enters
a wait state Ty and remains in that state as long as WAIT is
active.

(Output, active high) when active, M1 indicates that the
current machine cycle is an OP CODE FETCH.

(Tri-State Output, active low) WR, when active, indicates
that the data bus holds valid data. Used as a strobe signal
for external memory or |1/0 write operations. WR goes to
the high impedance state during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a strobe to gate
data from external devices onto the data bus. RD goes to the
high impedance state during HALT, HOLD, and RESET.

{Input) This is a 6-bit input port with pull-up resistors.

Input data to this port can be test by test instruction, and
also moved to least significant 6-bit of accumulator. Input
level is CMOS compatible. This port is fit for key-input port.

(Input) This is an input to release the STOP mode of stand-
by function. STOP mode is released by raising the REL
input high, then clock generator which has been stopped
will restart. During REL input is high, the bit 3 of Stand-by
Control Register {SC3) is set to one, and it is reset to zero
after REL signal returns low. Pull-down resistor is built in.
(Output) The square wave is output from this line. Its

cycle time is half of a count time of the internal timer. it
goes on low level after reset.

{Input/Output) SCK provides control clocks for Serial

Port Input/Output operations. Data on the S line is clocked
into the Serial Register on the rising edge. Contents of the
Serial Register is clocked onto SO line on falling edges.

(Input) Serial data is input to the processor through the St
line. Data is clocked into the Serial Register MSB to LSB
with the rising edge of SCK.

{Output) SO is the Serial Output Port. Serial data is output
on this line on the falling edge of SCK, MSB to LSB.

(input, active low) RESET initializes the uPD78C05A
(Output) Oscillator output.
{Input) Clock Input

(Output) 8-bit output port with latch capability.
(Tri-State Input/Output) 8-bit programmable 1/0 port. Each

4-60

PIN DESCRIPTION
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Memory Map
The uPD78C05A can directly address the memory up to 64k bytes. Except on-chip RAM
(65.408-65.535) any memory location can be used as either of RAM or ROM, freely. The
memory map of the uPD78CO5A is shown on the next page. In the specific memory area, the
Reset/Stop mode Restart Address, Intérrupt Start Address, Call Table etc. are involved. External
memory {ROM), and/or working registers, freely.

Elégggll é)_”éh 0 O] RESET.STOP Release
rs INTO
EXTERNAL 8 INTT
MEMORY
61.184x 8
16 INT]
128 LOW ADRS
66279 .| 129 HIGH ADRS
65.280 5 o} 130 LOW _ADRS
DEII)é.lerORRNYAL % A RED HIGH ADRS
o
e
65.407 128x 8 « =
65.408[ 2
INTERNAL RAM || £ °
X 254 LOW_ADRS
65535 128x 8 2 256 HIGH ADRS
USER'S AREA




N E C uPD78C06A

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH 4K ROM IN CMOS TECHNOLOGY

The NEC uPD78CO6A is a general purpose single-chip microcomputer. The uPD78C06A is DESCRIPTION
fabricated with CMOS technology.

This contains the functional blocks of program memory, data memory, ALU, 1/0 ports, on-chip
timer, serial 1/0 and internal clock generator. It can extend external memory capacity (ROM,
RAM) up to 60k bytes.

* Singlechip Microcomputer (uCOM-87LC) FEATURES
e Powerful 101 Instructions
o Instruction Cycle Time: 4 us (onchip ROM);
2,6 us (external memory & on-chip RAM)
Program Memory (ROM): 4096W x 8
Data Memory (RAM): 128W x 8
Direct Addressing Capability up to 60kB External Memory
Powerful Addressing Modes Capability
Multi-level Stack
Vectored Interrupts (External: 2, Internal: 1)
On-chip 8-bit Timer with 4-bit Prescaler
46 1/0 Ports
Serial 1/0 Ports
Stand-by Capability (STOP/HALT mode)
Fully Bus Compatible with 8080A
On-chip Clock Generator
Single Supply, CMOS Technology
Low Power Consumption
64 pin Plastic Flat Package
64 pin Quil

} for 78CO6A

(Top View) PIN CONFIGURATION
PEYS oer] 1 A 6al o vee
OUT ou {2 ] Sy I
g — 621 o PEq3
DBg ome o 4 61 w0 PEy2
08500 .l 5 Gof o e
DB4 0o 6 58} w0 PErg
083 0p—uf 7 68}——e0 PEg
DB2 gmeeed 8 57} w—oPEg
0By pwof 9 ] S
DB om— {10 55 o PEg
NC o1 sl ores
INTY o——={12 53y =0 PE4
INTO o——{ 13 52— wo PE3
WAIT oo 12 5L wo PE2
NCoe|1s  MPD7BCOBA [,/ e
WR o=—{16 L] S——y
RO o=e—{17 L] DE—— )
"y o _|is 47[e——oPBs
PC4 o— |19 46le w0 PBg
PC3 o .|20 45 e o PBy
PCI 0|21 7] SR
PCy o |22 43}e——eo PBy
PCO 0— e |23 42 e e PBy
REL o of2a e —eoPBy
TO oe—25 0f—oray
§CK oe—e|26 39— PAg
St o o]27 Bf——oPag
SO oe—28 37«0 PAg
RESET o——=129 36— Pag
X2 o————130 35 ——e0 pa,
X1 o—=t3 f———opa,y
vss o——] 32 33|——opag
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NEC

PIN DESCRIPTION

PIN NO.

DESIGNATION

FUNCTION

26
6164

20

22

22

23

24
27-34
3542

64

43-57,59

DBp-DB7

INT4

PEQ-PE15
¢OouT

{Input/Output) This is an 8-bit bi-directional data bus. The
data move between an external memory or /0, and accumula-
tor is done through this data bus. During an input, HALT,
STOP mode, and RESET, the output of the data bus goes a
high impedance state. Input/Qutput level are TTL compatible.

(lnput) It is a rising-edge sensitive interrupt line, and it
becomes valid when INT 1 input goes low to high. Sub-
sequently, if users want to perform another interrupt on this
line after an interrupt on this line is accepted, they must take
it into consideration that INT{ input shouid be maintained
at low state a little while, and then it should go high. Unless,
it does not enable another interrupt.

{Input} It is a level-sensitive interrupt input line which is
high level active.

(Input, active low) WAIT, when active, extends read or write
timing to interface with slower external memory or 1/0.
WAIT is sampled at the end of T2, if active processor enters
a wait state Ty and remains in that state as long as WAIT is
active.

(Tri-State Output, active low) WR, when active, indicates that
the data bus holds valid data. Used as a strobe signal for
external memory or 1/O write operations. WR goes to the
high impedance state during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a strobe to gate
data from external devices onto the data bus. RD goes to the
high impedance state during HALT, HOLD, and RESET.

{Input) This is a 6-bit input port with pull-up resistors. Input
data to this port can be test by test instruction, and also
moved to least significant 6-bit of accumulator and higher
2-bit of accumulator is lodaded with *“0”. Input level is
CMOS compatible. This port is fit for key-input port.

(Input) This is an input to release the STOP mode of stand-by
function. STOP mode is released by raising the REL input
high, then clock generator which has been stopped will
restart. During REL input is high, the bit 3 of Stand-by
Control Register (SC3) is set to one, and it is reset to zero
after REL signal retumns low. Puli-down resistor is built in.

{Output) The square wave is output from this line. Its cycle
time is half of a count time of the internal timer. It goes on
low level after reset.

{input/Output) SCK provides control clocks for Serial Port
Input/Output operations. Data on the Sl line is clocked into
the Serial Register on the rising edge. Contents of the Serial
Register is clocked onto SO tine on falling edges.

(Input) Serial data is input to the processor through the S|
line. Data is clocked into the Serial Register MSB to LSB
with the rising edge of SCK.

{Output) SO is the Serial Output Port. Serial data is output
on this line on the falling edge of SCK, MSB to LSB.

{Input, active low) RESET initializes the uPD78CO6A.
(Output) Oscillator output.

{Input) Clock Input

{Output) 8-bit output port with latch capability.

(Tri-State Input/Output) 8-bit programmable 1/0 port. Each
line configurable independently as an input or output.
(Output) 16-bit address bus and output port.

(Output) The Clock of system clock frequency (1/8 of
crystal frequency or X1 external clock frequency) is placed
out from this line. It is still placed out in HALT mode, but it
is fixed to high in STOP mode.

4-64




N E C uPD78CO6A

xo—— BLOCK DIAGRAM
- [ 3 I mowm
1 7 12|
:ﬁ Deve Progrem
e x v rrind
Conteol ‘;
L
Butter
.
05“ vero
L]
Inst. Reg
-
Decodes

-]
[

vee vss

Memory Map
The #PD78COBA can directly address the memory up to B4k bytes. Except on-chip ROM FUNCTIONAL
(0-4095) and RAM (65.408-65.535), and memory location can be used as either of RAM or DESCRIPTION

ROM, freely. In the internal ROM area, the Reset/Stop mode Restart Address, Interrupt
Start Address, Call Table etc. are involved. External memory and on-chip RAM area can be
used as data memory (RAM)}, program memory (ROM), and/or working registers, freely.

0 O] RESET. STOP Release
INTERNAL
MEMORY e
a iNTO
4.096 x 8
4.095
4.096
8 _INTT
EXTERNAL 16 INTT
MEMORY
61.184x 8
128 LOW ADRS }|=o
65.279 ( ____________ 129  HIGH ADRS
65.280 5 o130 LOW ADRS
EXTERNAL 2 = t=1
MEMORY é E 131" THIGH ADRS }
65407 128 x 8 e =
65.408 2
INTERNAL RAM || £ ¢ soal——L 6w AR
X LOW ADR
128x8 5 T T O
65.535 = 255(  HIGH ADRS ] }
USER'S AREA




uPD78C05A/06A N E C

FUNCTIONAL DESCRIPTION

1/0 PORTS

PORT FUNCTIONS J

Port A |  8-.bit output port with latch [
Port B 8-bit programmable Input/Output port w/latch
Port C 6-bit input port with pull up resistors

Port E 16-bit Address bus/Output Port

Port A

Port A is an 8-bit latched output port. Data can be readily transferred between the accumulator
and the output latch buffers. The contents of the output latches can be modified using
Arithmetic and Logic instructions. Data remains latched at Port A unless acted on by another
Port A instruction or a RESET is issued.

Port B

Port B is an 8-bit 1/O port. Data is latched at Port B in both the Input or Output modes. Each
bit of Port B can be independently set to either Input or Output mode. The Mode B register
programs the individual lines of Port B to be either an input (Mode By, = 1) or an Output
(Mode B, = g).

Port C

This is a 6-bit input port with pull-up resistors. Input data to this port can be test by instruction,
and also moved to least significant 6-bit of accumulator and higher 2-bit of accumulator is
loaded with ““0”. Input leve! is CMOS compatible. This port is fit for key-input port.

vee
RD
1 Pull-up resistor
Internal
Bus PCn
Port E (uPD78C06A)

Port E is a 16-bit address bus/output port. There are two ways to use these lines:
a) 16-Bit Address Bus — the PER instruction sets this mode for use with external 1/0 or
memory expansion (up to 60K bytes, externally).

b) 16-Bit Qutput Port — the PEX instruction sets Port E to a 16-bit output port. The contents
of B and C registers appear on PEg.15 and PEQ.7, respectively.

Address bus AB15—ABq (uPD78C05A)

These lines are the 16 bit-to-bit address bus to the main memory. The uPD78COSA, having no
internal ROM, must address the area from 0 to 4096 as external ROM.

The uPD78CO5A AB lines are unlike the uPD78CO06A PE lines; they have no internal

latches. When the Port E output instruction PEX is executed in a uPD78CO05A, the register pair
BC is output to the AB lines for only one clock eycle during the third machine cycle. This is
provided to allow external hardware to emulate the Port E operation of the uPD78CO6A.
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FUNCTIONAL
DESCRIPTION

(CONT.)
TIMER OPERATION

ST™
Instruction —y

CNTCY

System
Clock

PRESCALERO
{4)

PRESCALER1 UPCOUNTER
(3) (8)

COMPARATOR
8}
TIMER - REG
8)

e internal Bus {8) {

OT0

System Clock = Oscillation frequency x 1/4 TIMER

FIF

TIMER BLOCK DIAGRAM INTT

This is a programmable 8-bit interval timer with prescaler. It consists of TIMER-REG (8-bit),
PRESCALERO {4-bit), PRESCALER1 (3-bit), UPCOUNTER (8-bit), COMPARATOR (8-bit),
and TIMER F/F.

Count time and TO output are controtled by Timer Mode Register {TMM). It can count 5,3 psec
to 1,3 msec with resolution of 5,3 usec (TMM2 = 0), or 85,3 usec to 21,3 msec with resolution of
85,3 usec (TMM2 = 1).

At first set the count value to the TIMER REG by MOV TM, A instruction, then initialize the
PRESCALERO, 1, TIMER F/F, UPCOUNTER and start timer by STM instruction. UPCOUNTER
is incremented at every 5,3 us (TMM2 = 0) or 85,3 us (TMM2 = 1{. COMPARATOR aiways
compares the contents of UPCOUNTER with TIMER-REG, and it generates match signal
(internal interrupt; INTT) when they are matched. The match signal clears the content of
UPCOUNTER, and restarts the countup. Accordingly, this timer operates as the interval timer
which generates repetitive interrupts with the interva! of count time specified by count value of
TIMER-REG. When a timer interrupt is generated in HALT mode, the HALT mode is released.

SERIAL PORT OPERATION
| Internal Bus ]
8|
RDs  WRs
510 D Serial Register {S/P Conversion)
LSB L (MsB

L1 1 T 1
SCK _<GTIM8[
SM

nal SCK

Start SO
a ® '

R T

The Block Diagram of Serial Ports
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NEC

FUNCTIONAL
DESCRIPTION
{CONT.)

Serial interface section consists of Serial Input (S1) line, Serial Output (SO) Line, Serial Clock
(SCK) input/output line, an 8-bit Serial Register (S/P), an octal counter, a R-S flip-flop used for
transfer control, and some gates. When the bit 6 of Serial Mode Register {SM6) is 0, SCK
becomes internal clock mode fixed to 1/8 of oscillator frequency (if fosc = 6MHz, then SCK is
fixed to 780KHz), however, when the SM6 is 1, it becomes external clock mode, and operates
with DC to 780KHz external clock. Accordingly, the transfer operation in internal clock mode
is performed synchronously with constant frequency, and in external clock mode it performed
synchronously with variable frequency.

A transmitting data is set to serial register by MOV S, A instruction, then the octal counter is
reset and serial transfer is triggered by SIO instruction. At every falling edge of SCK, the
contents of serial register are shift, and shift-out data are placed to SO line with MSB as starting
bit.

While the SCK is low the data on S! line is loaded in continuously, and then latched to serial
register at the rising edge of the SCK. Like this both the input and output of serial data are
performed by same SCK.

After occuring eight SCK pulses and completing 8-bit serial data transfer, the carry T8 is
generated from the octal counter and it sets the interrupt request flag {(INTFS). But
UPD78COSA/06A has no serial interrupt, then INTFS is checked by only test instruction
(SKNIT £S).

{ninternal SCK mode, as T8 signal resets the control flip-flop, the following transfer after
completing 8-bit transfer are disabled until next SIO instruction will be given.

Accordingly, the data transfer should be restarted by SIO instruction with the next conditions.
In case of data reception, after receiving the data from serial register by MOV A,S instruction,
and in case of data transmission, after setting the data to serial register by MOV S A instruction,
data transmittion must be done by SIO instructions.

INTERRUPT STRUCTURE

The uPD78CO5A/06A provides a maskable interrupt structure capable of handling vectored
prioritized interrupts. Interrupts can be generated from 3 different sources; two external inter-
rupts and one internal interrupt. Each interrupt when activated branches to a designated
memory vector location.

INT | VECTORED MEMORY ‘ PRIORITY | TYPE
LOCATION |
INTo 4 1 External, level sensitive
INT4 16 : 3 External, rising edge sensitive
INTT 8 | 2 | Internal, match on timer comparator
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REGISTERS FUNCTIONAL
B —_ DESCRIPTION
This mainly consists of the seven 8-bit registers and two 16-bit registers as below. (CONT.)
7 0
[ A ]
7 07 0
B
D E
H
15 0
PC
sP
General Purpose Registers (B, C, D, E, H, L)
They can function as auxilliary registers to the accumulator (A} or in pairs as data pointers
(BC, DE, HL). Auto increment and decrement addressing mode capabilities extend the uses for
the DE and HL register pairs.
Accumulator (A)
All data transfers between the uPD78C05A/06A and external memory or 1/O are done through
the accumulator. The contents of the Accumulator and Vector Registers can be exchanged with
their Alternate Registers using the EX instruction.
Program Counter (PC)
The PC is a 16-bit register containing the address of the next instruction to be fetched. Under
normal program flow, the PC is automatically incremented. However, in the case of a branch
instruction, the PC contents are from another register or an instruction’s immediate data. A
Reset sets the PC to 0000.
Stack Pointer (SP)
The stack pointer is a 16-bit register used to maintain the top of the stack area (last-in-first-out).
The contents of the SP are decremented during a CALL or PUSH instruction or if an interrupt
occurs. The SP is incremented during a RETURN or POP instruction.
STAND-BY OPERATION
Stand-by function is used to lower the power consumption in stand-by condition, and there
are two types of it: HALT mode and STOP mode.
In HALT mode the masking functions are active, so that programmer can chose an interrupt
source, RESET or T8-signal for release use. HALT AND
STOP mode can be released by REL or RESET signal. In both cases, program will start at STOP MODE
location 0 again.
FUNCTION [ HALT moDE —l STOPMODE |  [FUNCTION HALTMOOE |  STOPMODE |
Oscitlator Run {On chip RAM T o 1
“iaternal System Clock T aes Swop Output Latch in Ports A, B, E u
Timer Aun ) Address Bus ABO . 15 ' l Low
T Timer Regiter T T T e Set : Program Counter (PC} Cleared
[ Upcounter, Prescaier 0.1 o T Cleared " Stack Pounter 1sP) ) - -
i) B : Aun . . Unknown
\ Suul Inlev!ace . . o anﬂ " . Gentval Rtg-uru (A, B.C, 0‘ E. F_v L .
Seual Clock Hold Hold " Program Status Word (PSW) Hold Reset
Interrupt Control Crcwnt : Run ) Stop Mode B Register : Lo Bee
‘mi:vuml Enavlefag "oty Reset " Standby Control Regster (Co  SC3) Hota
ViNTo. INTy nput : . inactive " Standby Control Register (Ca) i T s
INTT . ) Actwe T Tme Mode Register (TMMg - T™M)) T T e
Tg INTFS) o ’ " Tumer Mode Register (TMMy) : Y R
:  Mask Register Hold T s _- B 'Scnal Mode Register (SM) . '
) Pending Interrupte (INTF X1 " Reset . Data Bus (DBg DB7) i - H-q}\ 2 —— mdm e e a n.v.
| REL Input tnactive i A | RD. WA Output 1 g T _Q.;{"'A
| RESET npur ; Actve e Note

1 Senal clock counter 15 runming and Tg 1s generated. however . there are no effects
from it

4-69
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ADDRESS MODES Register Addressing Working Register Addressing
Register Indirect Addressing Direct Addressing
Auto-increment Addressing Immediate Addressing
Auto-Decrement Addressing Immediate Extended Addressing

Register Addressing

r

I OPCODE ll v! OPERANDI

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing
memory

ADoRess]-————[ OPERAND |

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are ending this address mode.

Auto-Increment Addressing

memory

m——hnrﬁssi(openmol

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

memory

[opcooE] Aoo%—{ OPERAND |

Working Register Addressing

memory

PC OPCODE ——-{_l [ OPERAND

PC+1. displacement

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in acommon
memory page where only 1 additional byte is required for the address. Mnemonics with a W
suffix ending this address mode.
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Ditect Addressing ADDRESS MODES
PC OPCODE Memory (CONT.)
PC +1 Low Address —"‘ operand ] Low Operand
PC+2 High Address 1 byte High Operand

2 byte

The two bytes following the opcode specify an address of a location containing the operand.

Immediate Addressing

PC OPCODE
PC +1 OPERAND
Iimmediate Extended Addressing
PC OPCODE
PC+1 Low Operand
PC+2 High Operand
OPERATION 06 05 D4 D3 D2 DO
REG. MEMORY IMMECIATE _[SKIP | Z SK HC L1 B CV
ADD ADDX | ADI ;
aoC ADCX | ACI
sus suBx | sul to0too Y
88 sBBX | SBI
TANA B ANAX | AN ANIW —
ORA ORAX | ORI ORIW 10 ¢ 0 0 o
XRA XRAX | XRI
AODNC AOONCX| ADINC ]
SUBNB SUBNBX | SUINB . ‘
GTA GTAX | GTI 1t 31003
LTA LTAX i LT LTiw
ONAX | ONI ONIW L s
OFFAX | OFFI  OFFIW P2 00 .
NEA NEAX I NEI NEIW .
EQA EQAX  EQI  EQIW Pt o0
1t 1 00 e
ALD- ARD
sTC
tCLc
ML byt
| " LX1 M, word ° 0 e 01 .
SKNC
SKNZ o t e 0 0 =
SKNIT
RETS .

Notes: 1 Flag atfected according to result op operation
1 Flag set

0 Flagreset

o Flag not affected

PROGRAM STATUS
WORD (PSW)
OPERATION
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Symbols/Description on Operand
SYMBOLS DESCRIPTIONS
r A,B,C,D,EH,L
3] B,C,D,E,H, L
r2 A,B,C
st PA PB MK MB TM S TMM SM SC
srl PA PB PC MK S TMM SC
sr2 PA PB PC MK
P SP,B,D,H
pl V,B8,D,H
rpa B,D,H, D+, H+,D—, H—
wa 8-bit immediate data
word 16-bit immediate data
byte 8-bit immediate data
bit 3-bit immediata data
if FO,F1,FT,FS
f cY, 2z
Notes: 1. Atsr ~ sr2, the symbols of PA’, PB’, etc. stand for the following, respectively:

w

PA = PORTA, PB = PORTB, PC = PORTC, MK = MASKreg, MB = MODE-B,
TM = TIMER-REG, § = SERIAL I/0, TMM = TIMER MODE REG,
SM = SERIAL MODE REG, SC = STANDBY CONTROL REG

. At rp ~ rp1, the ‘SP’, ‘B’, etc stand for the following, respectively;

SP = STACK POINTER,B=BC,D=DE,H=HL,V = FFH-A

. At rpa, the ‘B’, 'D’, etc. stand for the following respectively:
= (BC), D = (DE}, H = (HL), D+ = (DE)*, H+ = (HL)*, D— = (DE) ™,
={HL)™

. Atif, the 'FO’, 'F1’, etc. stand for the following, respectively:

FO = INTFO, F1 = INTF1, FT = INTFT, FS= INTFS

. At f, the ‘CY’, ‘Z’, stand for the following, respectively:

CY = CARRY, Z = ZERO
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The description of the symbots on Operation Codes is as follows:

r

R2 Ry Rg | reg
ofo0 o
oj0 1 |A T
o!l1 o B 2
o[t 1 |cC 1
1 0 o0 |D r
1 0 1 E n
1 1 0 |H
LI T | L
sr
S3 S2 S1 $ special reg
O 0 0 o0 | PORTA r T T
o 0 o0 1 PORT B + s osr2
0 0 1 0 | PORTC
o 0 1 1 MASK T
0 1 0 0 | MODEB
o 1 0 1 -
0 1 1 0 | TIMER-REG
o 1 1 1 - sr
1 0 0 0 | SERIALI/O
1 0 0 1 TIMER MODE REG
1 0 1 0 | SERIAL MODE REG
10 1 1 STANDBY CONTROL REG
3 I
» pa
P1 Pg reg-pair A2 A1 Ap addressing
0 o0 |sP olo o -
0o 1 BC ol o0 1 (BC)
1 0 DE 0|1 o0 | (DE)
11 HL o1 1 {(HL)
1 0 0 | (DEM Pa
1 0 1 (HL*
1 1 0 {DE)™
1 1 1 (HL)™
Q1 Qg | reg-pair
0o o FFH.A if f
(VI | BC
1 0 DE 2 11 g INTF F2 F1 Fp | flag
101 HL
0 0 O | INTFO 0 1 0 | cy
0 0 1 INTFT 1 0 0 z
o 1 0 INTF1
0o 1 1 -
1 0 O INTFS
L
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NEC

INSTRUCTION GROUPS

8-BIT DATA TRANSFER

MNEMONICS |OPERAND (CLOCK FUNCTIONS SKIP
CYCLE CONDITION
MOV rn,A 6 <A
MOV Al 6 A<rl
MOV sr, A 14 sr< A
MOV A, sr1 14 A +srl
MoV r, word 25 |r < {word)
MOV word, r 25 {word) «r
MVI r, byte 1 r < byte
STAW wa 14 (FFH,wa) < A
LDAW wa 14 A < (FFH, wa)
STAX rpa (rpa) < A
LDAX rpa A < (rpa)
SBCD word 28 {word) < C, (word+1) «B
SDED word 28 {word) < E, (word+1) « D
SHLD word 28 {word) « L, (word+1) « H
SSPD word 28 (word) < SP|, (word+1) < SPH
‘IG-!MT DATA TRANSFER
MNEMONICS (OPERAND |CLOCK FUNCTIONS SKIP
CYCLE CONDITION

LBCD word 28 C « {word), B + (word+1)
LDED word 28 E « (word), D + (word+1)
LHLD word 28 L < {word), H « (word+1)
LSPD word 28 SPL « (word), SPH < (word+1)
PUSH {1 21 (SP—1) < rp1H, {SP-2) «+rp1
POP rp1 18 'S?’tl: ;-P(+S2PL rptH < (SP+1)

rp, word 16 rp < word

LXI
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ARITHMETIC INSTRUCTIONS
MNEMONICS| OPERAND [ CLOCK FUNCTIONS SKiIP
CYCLE CONDITION
ADD Ar 12 A« A+r
ADDX rpa 15 A < A+(rpa)
ADC Ar 12 A < A+r+CY
ADCX rpa 15 A < A+(rpa}+CY
sus Ar 12 A<«A—r
SuUBX rpa 15 A < A—{rpa)
SBB A r 12 A< A—r—-CY
SBBX rpa 15 A < A—{rpa)-CY
ADDNC Ar 12 A« A+r No Carry
ADDNCX rpa 15 A < A+(rpa) No Carry
SUBNB Ar 12 A< A-r No Borrow
SUBNBX rpa 15 A < A—{rpa) No Borrow
LOGIC INSTRUCTIONS
MNEMONICS| OPERAND |CLOCK FUNCTIONS SKIP
CYCLE CONDITION
ANA Ar 12 A« AN
ANAX rpa 15 A < AA(rpa)
ORA Ar 12 A < AVr
ORAX rpa 15 A < AV(rpa}
XRA Ar 12 A« AVr
XRAX rpa 15 A < AV{rpa)
GTA Ar 12 A-r—1 No Borrow
GTAX rpa 15 A—({rpa)—1 No Borrow
LTA Ar 12 A—r Borrow
LTAX rpa 15 A—(rpa} Borrow
ONAX rpa 15 AA(rpa) No Zero
OFFAX rpa 15 AAlrpa) Zero
NEA Ar 12 A—r No Zero
NEAX rpa 15 A—(rpa} No Zero
EQA Ar 12 A—r Zero
EQAX rpa 15 | A—(rpa) Zero
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{MMEDIATE OPERATION INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
XRI A, byte " A < AVbyte
DINC A, byte 1" A < A + byte No Carry
SUINB A, byte 1 A < A—byte No Borrow
ADI A, byte 11 A < A+byte
ACI A, byte 11 | A« AtbytetCY
sul A, byte 1 A < A—byte
S8l A, byte 11 A « A—byte CY
ANI A, byte 11 A < ANbyte
ORI A, byte 1 A < AVbyte
GTI A, byte 1 A-byte—1 No Borrow
LTI A, byte 1 A—byte Borrow
ONI A, byte 1 AAbyte No Zero
OFFI A, byte 11 AAbyte Zero
NEI A, byte " A—byte No Zero
EQt A, byte n A—byte Zero
SPECIAL REGISTER
MNEMONICS| OPERAND|CLOCK FUNCTIONS SKIP
CYCLE CONDITION
ANI sr2, byte 23 sr2 < sr2A\byte
ORI sr2, byte 23 sr2 <« sr2Vbyte
ONI sr2, byte 20 sr2/\byte No Zero
OFFI sr2, byte 20 sr2/\byte Zero
WORKING REGISTER OPERATIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP ]
CYCLE CONDITION
ANIW wa, byte 22 {FFH.wa) « (FFH.wa)\byte
ORIW wa, byte 22 (FFH.wa) « (FFH.wa) Vbyte
GTIwW wa, byte 19 (FFH.wa)—byte—1 No Borrow No Borrow
LTIW wa, byte 19 (FFH.wa)—byte Borrow
ONIW wa, byte 19 (FFH.wa)Abyte No Zero
OFFIW wa, byte 19 (FFH.wa)/Abyte Zero
NEIW wa, byte 19 (FFH.wa)—byte No Zero
EQIW wa, byte 19 (FFH.wa)~byte Zero
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INCREMENT/DECREMENT INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
INR r2 6 12 <241 Carry
|INRW wa 17 | (FFH.wa) « (FFH.wa)+1 Carry
DCR r2 6 r2 «r2—1 Borrow
DCRW wa 17 (FFH.wa) « {(FFH.wa)—1 Borrow
INX p 9 rp < rp+t
DCX wm 9 p+<rp—1
OTHER OPERATIONAL INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
DAA 6 Decimal Adjust Accumul
STC 12 CY «1
cLC 12 CY <0
ROTATION INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
RLD 21 Rotate Left Digit
RRD 21 Rotate Right Digit
RLL A 12 [Am+1+Am,Ag < CY,CY < A7
RLR A 12 Am—1 <« Am,A7 < CY,CY «<Ag
JUMP INSTRUCTIONS
MNEMONICS| OPERAND | CLOCK FUNCTIONS SKIP
CYCLE CONDITION
JMP word 16 PC < word
J8 6 PCHy«+B PCL+C
JR word 12 PC + PC+1+jdisp1
JRE word 17 PC « PC+2+jdisp
CALL INSTRUCTIONS
MNEMONICS| OPERAND|CLOCK FUNCTIONS SKIP
. CYCLE CONDITION
(SP—1) «< (PC+3)y, (SP-2) «
CALL word 22 {PC+3)_, PC « word
(SP—1) < {PS+2)Y, (SP—2) < (PC+2)
CALF word 7| Pc15~11 < 00001, PC10~0 « 1a
(SP—1) « (PC+1)y, (SP—2) > PC+1)
CALT word 21 | pcy « (128+21a), PCy « (129+421a)
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RETURN INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
PCL < (SP), PCH « (SP+1)
RET 12 | s
PCL « (SP), PCH « (SP+1), SP « SP+2 Uncon-
RETS 1240 | pcpCin ditional Skip
PCL < (SP), PCH « (SP+1)
RETI 5 | PSW « (SP¥2), SI* — 5P+3
SKIP INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
SKN cYy 12 Skip if No Carry Cy=0
SKN 2 12 Skip if No Zero Z=0
. Skip if No INTX -
SKNIT it 12 Reset INTX if INTX = 1 f=0
CPU CONTROL INSTRUCTIONS
MNEMONICS | OPERAND|CLOCK | - FUNCTIONS SKIP
CYCLE CONDITION
NOP 6 No Operation
El 12 Enable Interrupt
DI 12 Disable Interrypt
REGISTER CONTROL INSTRUCTIONS
MNEMONICS | OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
S0 6 Start (Trigger) Serial 1/0
ST™M 6 Start Timer
INPUT/OUTPUT INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
PEX 15 PE158 «<B,PE7g<«C
1PER 12 Port E AB Mode
(Note)

The clock cycles shown here are indicated about in care of that the program are located
in the on-chip ROM, and the other data are located in the on-chip RAM or external memory
requiring no wait, If the programs were located in the on-chip RAM or external memory, then
the clock cycles are shortened by two clock cycles per one-byte fetch.
Ex. PER instruction (2-byte instruction)
in case of the onchip ROM access: 12 clock cycles
In case of the on-chip RAM or external memory access: 12— (2x2) =8 clock cycles

1 clock cycle = 4/fosz



ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR
uPD78CO05A/uPD78C06A

for extended temperature range
Ta = —40 to +85°C
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uPD78C05AG ELECTRICAL SPECIFICATIONS

(T, =25°C)
ABSOLUTE -
MAXIMUM RATINGS T PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
| Supply Voltage vee 03w +7.0 v
tnput Voltage vy -03toVge + 0.3 v
== s e o
' Qutput Voltage vo -03tovec+03 "
Output High Current 10H Device Total -5 | ma |
| Output Low Current loL Device Total o : 435 T mA
{ O;ram\q Temperature Topt | -40 to +85 : °C
i Storage Temperature Tstg -65 to +150 I °C ;
(Ta = —80 to +85°C, VG = +5.0V * 10%!
DC CHARACTERISTICS [ parameten SYMBOL] TEST CONDITIONS MIN TYP | MAX |UNITS]
i Vir INTQ_y, WAIT, PBg_7, PCo—5 0.7 Vee vee v
: Hiah Vo ViH2 RESET, SCK, REL, SI 0.75 Ve vee v o
il h
1 Input Pigh Voltage Vinz | DBo_7 Vee 20 vee | Vv
ViHg X1 vee -05 vee v
ViLt INTo_1, WAIT, PBg_7, PCo—5 0 03vee| V
. Low V! VL2 RESET, SCK, REL. §1 0 025 veg| Vv
t 1t
neut Low Voltage Viis  DBg7 ° 08 | Vv
Vi Xt 0 05 v o
v " 10H = —100 uA 24 v
Output High Voltage VoW OH 00 1 :
_ VoH2 | oM - -50uA Vee 08 v
“Output Low Voltage VoL | loL=18mA 045 | v
T | - 1 |
* tnput High Current H1 VIN = Ve (REL) 7 00 pA
o lIH2 VIN = Vce (X1) s [ wa |
= 0V {WAIT, PCq. -7 -1
{nput Low Current it Vi = OV {WAIT, PCo.5) 00 | ua |
W2 Vin = OV {X1) —a5 | uA
Input High Leakage Current ILIH VIN =V (Except REL, X1) 32 uA
[ VIN = OV (Except WAIT, PCo.5, X1 -32 A
tnput tow Leakage Current Lin IN {Excep Cos. L
LIL2 | VIN = OV (STOP Mode, X1) . -32 | pA
Output High Leakage Current | ILOH Vour = Vce i EX) uA
Output Low Leakage Current | ILoL | VOUT = OV I -32 | A
Icct Operation Mode a0 . 715 |, mA |
Ve Supply Current |lcc2 HALT Mode | 12 | 27 ma
[1ces STOP Mode (X1 = OV, X2 = Open} L v [ 20 [wa]
(T4 = 25°C, Vce = GND = OV)
CAPACITANCE [~ PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX [UNITS
" Input Capacitance c o= IMHz . [ 15 oF
i Qutput Capacitance Co Unmeasured Pins returned to OV , 15 pF
; 1/0 Capacitance Cyo 1 15 pF
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(Ta = —40 to +85°C, VCC = +5.0V ¢ 10 %)

1) Input timings are measured at VIHMIN and VI MAX.

PARAMETER SYMBOL TEST CONDITIONS MmN T Tve T max [units
X1 Input Cycle Time 1CYX 160 10000 ns
X1 Input Low Time TXXL 75 | ns
X1 Input High Time tXXH EEN o
0UT Cycle Time ) 60 | 40000 | ns
$OUT Low Time 9oL 195 | ns
BoyT High Time oot 195 | ! ns
¢OUT Rise/Fall Time tr. tf ; I 120 o
PARAMETER SYMBOL TEST CONDITIONS MmN [ TYP MAX [UNITS
ROL.E.todouT L. E. tRo 180 s
790
Address (PEg_ 1) to Data Input tAD1 +660xN| ™
AD T. €. to Address tRA .';38?13: hid
RD L. E. to Data Input tRD éggxu ns
RD T. E. to Data Hold Time RDH 0 ns
— ) 1070
AD Low Time RR +660xN ns
RO L.E.to WAIT L E. TRWT 460 |
Address (PEQ.15) to WAIT L. E. tAWT1 790 | ns
1ICYp =
WATT Set Up Time 1o $ouT L. €. | twTs CY6 =860 ns 370 s
WAIT Hold Time after goyT L. E. | twTH 0 ns
M1toRD L. E. MR 108 ns
RDT.E.to M1 tAM 130 ns
¢ouT L. E.toWRL.E. oW | 175 ns
Address (PEQ.15) to ¢QuT T. E. AP | 90 ns
Address (PEQ.15) to Data Output tAD2 510 ns
Data Output to WR T E. tow 0676::1N ns
WR T.E. to Data Stable Time twp 130 ns
Address (PEQ.15) to WR L. E. tAwW 460 ns
WR T_E_to Address Stable Time | twa | 180 ns
WR Low Time ww Jl ,:‘%(:N ns
[WRL E toWAIT L. E. WWT M0 | s
PARAMETER symsoL | TEST CONDITIONS MIN | TYP MAX [UNITS
ST Cycte T . T SCK Input 1270 ns
vele Time CYK  3EK Outomt 1280 80000 | ns
— K1 515
K Low Time —Si et =
SCK Output
I
i §CK High Time
10 SO Delay Time wo "J

2) Output imings are measured at VO - 24 V and Vg = 0.45 V with 1TTL + 200 pF load.
3) L E. - Leading Edge, T E. = Traiding Edge

4) N is number of Twa|T

AC CHARACTERISTICS
CLOCK TIMING

READ/WRITE
OPERATION

SERIAL
OPERATION
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BUS TIMING (T3 = —40 10 + 85°C)

DEPENDING

ON tcyc SYMBOL CALCULATING EXPRESSION MIN/MAX UNITS
tR¢ (172)T - 150 MIN ns
tAD1 (3/2+N)T — 200 MAX ns
tRA(T3) (1/2)T — 150 MiN ns
tRA(T4) (3/2)T — 150 MIN ns
tRD {1+N)T — 200 MAX ns
tRR (2+N)T - 250 MIN ns
tRWT T -200 MAX ns
tAWT1 (3/2)T — 200 MAX ns
tWTS (1/3)T + 150 MIN ns
tMR (3/8)T — 140 MIN ns
1AM (1/2)T - 200 MIN ns
tag (1/2)T — 240 MIN ns
tAD?2 T-150 MIN ns
tpw (3/2+N)T — 250 MIN ns
twD (1/2)T — 200 MIN ns
tAW T -200 MIN ns
tWA (1/2)T — 150 MIN ns
tww (3/2+N)T - 300 MIN ns
tWWT (1/2)T - 220 MAX ns
tCYK 2T MIN ns
IKKL T-120 MIN ns
tKKH T-120 MIN ns

Note: 1) N = Number of TwaA|T.
2) T=Tcye.
3) tcy assumes 50 % duty cycle on X1.
4) The items out of this table are not dependent on tCy.

TIMING WAVEFORMS e e e
CLOCK TIMING

F* ool b tooH

tr "
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uPD78C05A
READ OPERATION
| Nl L I | |
| T i T2 t—TwaIT —- T3 i T4 A
sout N/ ./ \/
rtRo
PEO-15 i ADDRESS X
tAD1 tRA
/ "4
DBO-7 — X ReapDATA | B—
fb—————— tRD < - |« tRDH
RD — |
\_ £
R l Agjr
tRR |
WAIT
— tRWT WTS [tWTH
tAWT1 {
M1
tMR [« = RM
* WAIT signal must be remained stable during twTs and tWTH.
If it is unstable, misoperation may occur.
WRITE OPERATION
} T she T2 o} TWAIT e T3 |
$OUT
" |
PEO-15 X‘ ADDRESS
— tAQ |« |4—IWA
DBO-7 il
tAD2 - 4 oW ———————— - tWD
WR e
N /
tAW tWW
WAIT
B
— TWWT| TWTS | TWTH

* WAIT signal must be remained stable during twTS and tWwTH-
If it is unstable, misoperation may occur.

4-83
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S!

SERIAL OPERATION

h——— YK —— j

-‘ KO

.

ﬁJ:
£

Low Power Data Memory Retention Characteristics for STOP Mode Operation

{T3 = —40 to +85°C)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX |UNITS
Data Retention Voltage VCCDR 20 v
Data Retention Supply Current | ICCDR VCCDR = 2.0V, X1 =0V, X2 = Open 08 20 uA
Data Retention 02

VILDR 0 v
I L REL Volt
nput Low oltage + VCCDR
Data Retention 08
Input High RESET Voltage | YIHDR ! vecor Veeor| v
REL Input Delay Time [ ! - T 500 ™
REL Input High Time tREL l 10 us

Note:  In data retention mode,

1) Input voltages to WAIT and PCq.§ pins (with pull-up resisters)
should be maintained same as VCCDR level,

2) Other input voltages should be kept less than VCCDR level.

vee
*Vch_R\——n——/l‘

REL !




uWPD78C05A

Supply Current IcC1/ICC2 [mA] for different values of VGG

Teci/Teca vs fx

\T,=25°C)
5
B i /
== === lccz |HALT ) ///
2 /
1 7 P
4
lrn/ ",
rd
0.5 / / 1’ Vi
| —— e
e
, 7 7
ch=5.sv/ gy
/ s I’ Il
5.0V ,’/ %
'
0.2 7 g
| 45V PR
lccz,a 7 7
rd l, 4
X MVl
rd
I, i f/
-
0.1 - -
—”’ /" -7
Veess.svp==" | =" _-1"
cc=5. ‘—_.,a _ -
sovETT L e”
-
0.05 37 dal
0.02
0.01
0.1 0.2 0.5 1 2 5 10

Input Frequency at X1, ty [MHz)
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NEC

High-level output current IoH [mA}

Low-tevel output current IQL [MA)

I sV
OH VS Vou T 25°C)
Vio 5.5V
N
\ 5.0V
\,5\«' \
\ \
2 3 4 5 6
High-level output voltage VOH [V]
ToL vs V
ok oL (T,=25°C)
Veo
20

/

0.5 1.0 1.5 2.0
Low-level output voltage VoL [V]
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PORT E OPERATION uPD78C05A

uPD78CO5A

The following diagram is the timing at PE X instruction execution,

PEX instruction

—+

T T2 T3 T4 T T2 T3 T4 T T2 T3
I : | | e

M/

AB15-ABO X 15t byte fetch adar. X 2nd byte fetch addr. >< u.c)( .

*: 2nd byte fetch addr.

64 PIN PILASTIC QUIP OUTLINE (Unit : mm)
for uPD78COS5AG

- —-41.8MAX

alolllolflalololflalalale]

1.5R

’._16,5 o

2413

)
—————19.05 ——| ‘

S Wf?j

19.05:1.05
-— - 24.13:1.05

3.2MIN. 36

— - . 3937 e
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NEC

Differences between uPD78C06A and .PD78C05A

Parameter wPD78C06A pPD78C05A
4K-byte built-in ROM Yes No
Internal WAIT of built-in ROM 2 WAIT cycle No
‘g,? After reset Port mode Address bus mode
3 - —— . ——
§ Latch function Yes No
g |Pex instruction PE15-8<GBandPE7 -0<Care | AB15 - 8<B and AB7 - 0<:C are
< executed and latched at M3T1 executed only at M3T1 timing and the
"tJ timing. Output is unchanged until the | contents of the internal address
S next PEX or PER instruction is bus are output at the other
executjeg.r ) timing.
RD/WR signal Output against the address space of | Output against the address space of
1000H - FF7FH (4096 - 65407). 000H - FF7FH (0 - 65407).
M1 output No Yes
Pin connection Difference
Package " |edpinFiat } 64 pin QUIP
64 pin QUIP




uPD78C06A

uPD78C06AG ELECTRICAL SPECIFICATIONS

(Ta=25°C)
ABSOLUTE PARAMETER [ symeoL TEST CONDITIONS RATINGS UNITS
MAXIMUM RATINGS +
Supply Voltage T Vee —0310 470 v
Input Voltage Vi -03t0Vcc +0.3 \Z
Output Voltage vo —03twvcc+03 \Z
Output High Current IoH Device Total X -5 mA
Qutput Low Current oL Device Total ‘ 45 mA
Operating Temperature Topt i -40 10 +85 °C
Storage Temperature Tstg ' -65 to +150 °c
(T, = —40 to +85°C, VG = +5.0V ¢ 10%)
DC CHARACTERISTICS [ PARAMETER SYMBOL] TEST CONDITIONS MmN T TYr [ max JuniTs
i ViH1__| INTg_1, WAIT, PBo_7. PCo-5 To7rvee | "vee |V
. 1nout High Vol ViHZ RESET. REL, SI 0.75 Ve | Vec v
t T +
| tnput High Voltage ViH3 | DBo_7 Vee -20 Ve L v
ViHa X1 " Vee 05 T Vee | v ]
viLt INTg_1, WAIT, PBg_72.PCg_5 0 l03vee! Vo
L Low Vor ViLz RESET, SCK, REL, SI 025vee] V!
nput Low Voltage iz | pBo—7 0 08 | v
1 ViLe X1 o , 05 \
I v 1OH = —100 4A a4, v
| Outpur High Voltage am OH = Z100 4 2 " .
' VOH2 | YOH = -50uA | Vec -05 v o
Output Low Voltage VoL 1oL = 1.8 mA 1 045 | V
| = H i
! Input High Current H1 Vin = Ve (REL) ’ 100 A
M2 VN = Vee (X)) . 45 | ua ]
N 1 = - - H
1 \nput Low Current 1w V| = OV (WAIT, PCo.5) 7 1 -100 I ua
G2 | ViN =0V (X1) | 45 ua
[ 1nput High Leakage Current | 1) | Vi = Ve (Except REL, X1) 32 | pA
1 = X K -
 Input Low Leakage Current & LiLt VN = OV (Except WAIT, PCg.5, X1 | 32 | wA
Lz VIN = 0V (STOP Mode, X1} | =321 uA
T Output High Leakage Current 1 oH VouT = Vce 32 [ uA
Output Low Leakage Current | 1L QL VouT = 0V ) -32 [ wA |
Ticer Operation Mode i Y 75 | mA
VCC Supply Current lcca HALT Mode EE; 27 mA
[1cca | STOP Mode (X1 =0V, X2 = Open | [ 20 [ ua
(Ta = ~40 1o +B5°C. VoG = +2 5V 10 +6.0V)
DC CHARACTERISTICS PARAMETER SYMBOL TEST CONDITIONS WIN_ | TVP | MAX_ | UNIT
Vir Except DBg.7. X1 08Vce vee Vv,
' ViH2 0Bo-7 07vce Vce v
Input Voltage High » L m 09vee Voo v
VIH3 ! 2 Ve 05 Vee |V
VL1 Except DBg.7, X1 0 02vgc | V
m 0 018vee| Vv
Input Voltage Low V2 | DBo7 @ 0 08 | v
() ) Oivge | v
Vs X 21 0 05 | v
Qutput Voltage VOH IoH = —S0pA vce-05 v
Output Voltage Low VoL oL = 400pA 0.45 \
1Y Vin = Vo (REL) 25 110 WA
Input Current High 2 ViN = Voo XT) 50 A
Input G . Lt VIN = OV (WAIT. PCg.5) -25 —110 wA
nput Current Low W2 ViN= OV (X1) 50 WA
Input Leakage Cusrent High | I | ViN = Ve (Except REL, X1) 35 KA
[T} VIN = OV (Except WAIT, PCo.5. X1) —35 WA |
Input Leakage Current Low L2 Vin = OV (STOP Mode, X1} 35 "y J
Output Leakage Current High | ILOH | VOUT = VCC 35 WA
Oulput Leakage Current Low | (LOL VouT = OV 35 | wA |
Voo = av h
\ Operation CYQ = 8us o7 '8 mA
cct Mode Vi
'cC = 6V,
D = 1 3248 50 90 mA
Vce Supply Current ‘.::%‘30::3&/“5 02 0s mA
Icc2 HALT Mode
vec =6V 15 | 30 | ma
1CY0 = 1.32s
Notes | 25V Voo 45V X1 =0V,
[ STOP Mode . 1
245VsVecn 6OV cC3 X2 = Open) 20 | »




uPD78CO06A

(T, = 25°C, Veg = GND = OV)

PARAMETER ’ L?vulioﬂ TESTCONDITIONS | MIN 7 Tvp | Max [umITS CAPACITANCE
[inpot Copacitance | € fgsiMAz R A T8 ek
"Output Capaciance Co | Unmessured Puns returned to OV L_ t’r;_w a5
|0 Capacitance evo | il s e

(Ta = —40C 10 +85°C)

[ VeC =50V 10% | VeC=25Vio+60V AC CHARACTERISTICS
PARAMETER | SYMBOL TEST CONDITIONS MIN | MAX | UNT | MIN | MAX | UNIT CLOCK TIMING:
|
X1inputCyele |y 160 | 10000 | ns . 165 | 10 | s
X1 Input Low
Level Width XL s ns | 078 us
X1 input High —
Lem"nvvu-un'\g XXH 75 ns 078 us
Sour Cycle cvo 1280 | 80000 | ns | 132 | 80 us
O Low
Lo iath 100L 515 ns 635 us
High
Soyr High 100H 515 ns | 635 s
SourRiserFall |y 120 | ns 250 | ns
Clock Crvstal | 4svavec=sov 35 | 625 | MMz
Oscillation o
Frequency SC  [Ceramic | 4 5V=VCCS6.0V o1 625 | MHz
(X1.X2) oscillation Vee = 35V 01 40 MHz
! . vee=27V I L R X
(Ta = —40°C to +85%C)
Voo = +5.0V 7 10% VOG = 2.5V 10 46.0V READ/WRITE
T
TEST TEST OPERATION
PARAMETER | SYMBOL | conpmons | MIN | MAX | UNIT | conpmions | MIN —[ MAX | UNIT
LE to H
Oout LE RO 180 ns 31 BS
Address
790 97
(PED-15) 10 1 ns us
Sadis) 1D +660xN +6.6xN
D TE. to 180(T3) 305(T3)
Address RA 840(T4) ns 9.65(T4) us
LE to 460 6.4
Data input ‘RD +660xN| 1S +66xN | HS
RD TE to
Data Hold Time | RDH 0 s N us
D Low Level 1070 1293
Width ‘RR +660xN ns +6.6xN us
ROt tawr 460 | ns 64 | us
Address
(PE0-15) to tawT1 790 ns 97 us
WAIT LE.
WAIT Sel Up
Ii?e 10 00UT | tWTS 370 ns 235 us
WAIT Hold Time
| after @out E | W [cyo=13200s| 0 ns | teyo=132us 0 s
[] lirsl..AE, to ow 175 ns 025 us
Address
(PEQ.15) to tAD 420 ns 61 us
Qourt TE.
Address
{PEQ-15) to 1AD2 510 ns 64 HS
Data Output
Data Qutput to 740 9.35
WA TE ‘ow +660xN ns +6.6xN us
WR TE_to Data 130
Stable Time wo ns 305 us
APddvess ns
EQ-15) to taw 460 8.35 us
1WI": LE
WR TE. to
Address Stable | twa 180 ns 3.05 us
Time
WR Low Level 690 9.5
Width ww +660xN ns +6.6xN us
WRLE to
WAIT LE WWT 110 ns 3.08 s

N: Number of TwaT



uPD78C06A

(Ta = —40°C to +85%C) VCC = +50V £ 10% VCC = +25V 10 + 6.0V
SERIAL TEST
PARAMETER SYMBOL MIN | MAX | UNIT | MIN | MAX | UNIT
OPERATION COnDMONS
. K Input 1270 ns 132 us
TR Cycle Time 'CYK  [ETK Output | 1260 | 80000 | ns | 132 | 80 s
) SCK Input 515 ns 6.35 uSs
SCK Low Level Width WKL I'SCK Output | 520 ns | 635 WS
i ) SCK Input 515 ns 6.35 BS
BTK High Level Width KKH 5K Output | 520 s 535 Py
Si SetUp Time to SCK TE. SIS 200 ns 03 us
Si Hold Time after SCK TE. tSIH 250 ns 0.5 us
| SCK LE. to SO Delay Time %) 300 ns 08 s
Notes 1: Input timings are measured at ViqMIN and Vi MAX
" VOH = 2.4V and Vo = 0.45V (VGG = 5.0V + 10%)
2 t i ed at
LS00 toaa " * Vor = 0.7V and Vor = 0.3veC (VCe = 2.5V 10 +60%
3: LE. = Leading Edge, TE. = Trailing Edge
4: Use the following table (on same page) to calculate AC parameters in ICYQ 1320ns (VCC = 5.0V + 10%)
resp. ioyQ 13.2us (Voo = 2.5V 1o + 6.0V)
TIMING WAVEFORMS

CLOCK TIMING

Cye

la—— ToolL ﬂ T—-— ooH
i

ot 1¢
(Ta = —40 to +85°C)

BUS TIMING Voo = +5.0V = 10% VCC = +25V 10 +6.0V
DEPENDING ON tCYQ |symeod | CALCULATING MIN/MAX | UNIT CALCULATING MIN/MAX | UNIT
) (172)T - 150 MIN ns | (1/2)T - 200 MIN ns
1aD1 (72+N)T - 200 MAX ns {372+N)T - 200 MAX ns
RAT3) | (1727 - 150 MIN ns_ | (1/2)T - 250 MIN ns
tRA(T4) | (3/2)T - 150 MIN ns (3/2)T - 250 MIN ns
D (1+N)T - 200 MAX ns | (1+N)T - 200 MAX ns
"R 2+N)T - 250 MIN ns | (2+N)T - 270 MIN ns
RWT T-200 MAX ns T-200 MAX ns
tawT1 | (3/2)T + 200 MAX ns_ | (3/2)T - 200 MAX ns
WIS | (V3T + 150 MIN ns | (1/3)T + 150 MIN ns
tAQ T - 240 MIN ns T -500 MIN ns
(tapz_ | 7 - 150 MIN ns | 7 -200 MIN ns
tow (312+N)T - 250 MIN ns (3/24N)T - 550 MIN ns
WD (1/2)7 - 200 MIN ns | (1/2)7 - 250 MIN ns
taw T - 200 MIN ns_ | T-250 MIN ns
WA (1727 - 150 MIN ns_ | (1/2)T - 250 MIN ns
tww | (372+N)T - 300 MIN ns | (3/2+NiT - 400 MIN ns
twwT | (/2T - 220 MAX ns_| (1/2)T - 220 MAX ns
CYK 27 MIN ns 2T © MIN ns
KL T-120 MIN ns | T-250 [ MIN ns |
WKKH__| T -120 MIN ns_ | T-250 [ ™MN ns |

Notes 1. N = Number of TwaT
2 T=1cyp/2
3. For external clock. 50% duty cycle on X1 is assumed
4. The items not included in this table are not dependent on iCyQ
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NEC

READ OPERATION

i J e | e |
e ™ 1 T2 i TwAIT i T3 1 T4 +
o SN\
b tRe
PE0-15 ADDRESS X
tAD1 h— tRA -]
+ —
DBO-7 { X READDATA | I
k————— tRD - |« tRDH
RD ———\ I
X
M - — tRR — o
WAIT
— tRWT IWTS tWTH|«
tAWT1 |

* WAIT signal must be remained stable during twTs and twTH.

If it is unstable, misoperation may occur.
WRITE OPERATION

+

T2 o} TWAIT 4 T3 »
"pOUT —/ w
YW |
PEO-15 Xk )E <
- tAg | }HWA—»
0BO-7 L -
tAD2 oW e tWD |
WR —————
\ /
tAW tww
WAIT
-] TWWT| TWTS | TWTH

* WAIT signal must be remained stable during twTs and twTH.

If it is unstable, misoperation may occur.
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SERIAL OPERATION

tICYK  ————

- —tKO — tKO

|

Low Power Data Memory Retention Characteristics for STOP Mode Operation

{Ta = —4010 485°()

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX |UNITS
Data Retention Voltage VCCDR 20 \
Data Retention Supply Current | ICCDR VCCDR = 2.0V, X1 =0V, X2 = Open 08 20 uA
Data Retention 0.2
Input Low RES Voltage VILOR 0 vecor! Vv
Data Retention . 08
input High RESET Voltage | YIHDR VCCOR veeoR, Vv
REL Input Delay Time tp ' 500 us
REL Input High Time REL L 10 I us

Note:  In data retention mode,

1} Input voitages to WAIT and PCg.5 pins (with pull-up resistors)
should be maintained same as VCCDR level,
2) Other input voltages should be kept less than VCCDR level.

vee
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64-PIN PLASTIC FLAT PACKAGE OUTLINE, STRAIGHT LEADS (Unit : mm)

for uPD78C06AG
e .-—14003 - -
[ ‘02 LPD78C0BAG-xxx-11
| -— 120103 - —— — —=
———— S T m]
—  e— [m]
—_— O — I
—— —— O
a
a
]
O
- as C 3
2 % |c i
T8 o) 8
Q
0
O
a
m}
: 0
i o
== i o "
x
a
3 —’“‘—“-‘51832
L
%EDDDDDDDDDDDD/—
{
- .. .196:04 — —-
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1PD78C06A

64-PIN CERAMIC FLAT PACKAGE OUTLINE FOR ES — REFERENCE — (Unit : mm)

for uPD78C06AG

14.2

o

120

iy

2
61

LR

015

Note:

The metal cap of the device has Vpp (positive power supply) level because the metal
cap is connected to pin No. 26 (i. e. Vpp pin).
The Ieads of the welding part at bottom of this device are formed in slant and have a chance
of shorting the other lines of printed wiring board.
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NEC

64-PIN PLASTIC FLAT PACKAGE, BENT LEADS (Unit : mm)

for WPD78CO6A

HARRHHAAAMARHAARE A

14.0°5)

12.0:0.3

o8

@)

18RRER L}

51 = r

18.0£0.3
“03
-02

20.0

RLEEEEEEEEEREEEL

w
<
=

18.740.4

| ——-l te—2.3 MAX.

uPD78CO6AG-xxx-12

4.7+0.4

*“"01533
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uPD78C06A

64-PIN PLASTIC QUAD-IN-LINE PACKAGE (QUIL), BENT LEADS
for uPD78CO6A (Unit : mm)

41 BMAX.

L !
3.2MIN. 3.6

0.5+0.1 ’
39.37

WPD78COBAG-xxx-36

24.13

19.05

as(:Tj

e 0.25°05¢

19.05+1.05

24.13£1.05
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uPD78CO6A

64-PIN PLASTIC QUAD-IN-LINE PACKAGE (QUIL) BENT LEADS (Unit : mm)
for WPD78CO6AG

41 8MAX wPD78C06AG-xxx-37

30
3.1

64 3 I
1.5R
v <
- q

- oL

0.25:3)¢

(swe0 e 00 NE
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M?&OQ/M7808/»W7807/@%N9

DESCRIPTION

FEATURES

PIN CONFIGURATION

HIGH END SINGLE CHIP
8-BIT MICROCOMPUTER
WITH COMPARATOR INPUTS, 8K ROM

The uPD7809/7808/7807/78P09 single chip microcomputer augments the high-end in NEC's
family of 8-bit microcomputers with sophisticated on-chip peripheral functionality. Like its nearest
relative in the family, the uPD7811, this device has a fast internal 16-bit ALU and data paths,
256 bytes of RAM, multifunction 16-bit timer/event counter, two 8-bit timers, a USART, and
two zero-cross detect inputs. Features that distinguish this device in the NEC 8-bit family are:

8K ROM, programmable threshold comparator (8 inputs), programmable WAIT function,
watchdog timer, hold and hold acknowledge for DMA interface, and bit test/write instructions
for both RAM and 1/0.

The uPD7809 is the 8K Byte ROM version with the customers program on chip. The uPD7808 is
a 4K Byte ROM version. The uPD7807 is the ROM-less version for prototyping and small volume
applications. The uPD78P09 is an EPROM version of the 8K ROM uPD7809.

® NMOS silicon gate technology requiring + 5V supply
® Complete single chip microcomputer
— 16-bit ALU
- 8K ROM
— 256 bytes RAM
® Large 1/O capability
— 40 1/0 port lines (uPD7809/7808)
— 24 1/0 port lines (uPD7807)
— B8input lines
® Two zero-cross detect inputs
® Expansion capability (total of 64K memory access)
— 8085A bus compatible
— 56K bytes external memory address range
® Programmable threshold comparator
— B8inputs, 1 of 16 software selectable levels
® Full duplex USART
— Synchronous, asynchronous and 1/0 mode
® 165 powerful instructions
— 16-bit arithmetic, multiply and divide
@® 1 us instruction cycle time
® Prioritized interrupt structure
— 3 external
— 8internal
® Hold, hold acknowledge for DMA interface
® Programmable WAIT function
& Watchdog timer
® Standby function
® On<hip clock generator
® B4-pin QUIL package/SDIP package




uwPD7809/08/07/P09

PIN CONFIGURATION

uPD78PO9R

PAO O—of
PAl Oo———ud
PA2 O
PA3 Ow—er
PA4 O—erq
PAS Oe—edl
PA6 Oe——of
PA7 Oa——e
PBO FROG O-e—erf
PBl PRD Ow———e-
PB2 Ow—ef
PB3 Ow——ud
PB4 Oo—ef
PB5 O=—edf
PB6 Ow—ed
¥B7 Qoo
PCO/TAD Oa———]
PCL'RaD O

PC2 SCK Oe—wd

PC3 INTZ Oe——e]
PCETO Qe
PC5/Cl O

PCE/CO0 Oe——e-f

PC7'COl Ome——ar

NNl 0———f

INT1 O——e]
MODE1 O~e——-—e-
RESET Vor O——er]

MODE O H

X2 o——f

X1 O——q
Vss O—oxn]

wPD
78P09R

I EEEER-EERR]

53

4-100
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uwPD7809/08/07/P09

PIN FUNCTION
NO. SYMBOL
1-8 PAQ—PA7 Port A: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port A in input mode.

9-16 PBp—PB7 Port B: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port B in input mode.

17 PCp Port C: (Three-state Transmit Data (TxD}:
input/output) 8-bit | Serial data output
programmable 1/0 terminal.

18 PCy port. Each line Receive Data (RxD):
independently pro- | Serial data input
programmable as an terminal,

19 PC input or output. Serial Clock (SCK): Serial

2 Alternatively, Port C clock input/output
may be used as cOn-_ | yorminal. When internal
trol lines for USART clock is used, the output
and timer counter and| ;e select;d ; when an
g\(cfr(;t?(.PReset PUts | oy ternal clock is used,
ort Cin Port mode | 0 jn5t can be selected.
and all lines in input

20 PC3 mode. Timer Input ((T1)/inter-
rupt request input (INT2):
Timer clock input termi-
nal; can also be used as
falling edge, maskable-
interrupt input terminal
and AC input zero-cross
detection terminal.

1 PCq Timer Qutput (TO): This
output signal is a square
wave whose frequency is
determined by the
timer/counter.

22 PCs Counter Input (Cl):
External pulse input
terminal to the timer/
event counter.

23-24 PCg, PC7 Counter Qutputs 0, 1
{COQ—CO1): Program-
mable rectangular wave
output terminal based on
timer/event counter.

25 NMI Falling-edge, nonmaskable interrupt (NMI) input.

26 INT} This signal is a rising-edge, maskable interrupt
input. This input is also used to make the zero-
cross detection AC input,

27 MODE1 Used as input in conjunction with MODEO to
select appropriate memory expansion mode. Also
outputs M1 Signal during each opcode fetch.

28 RESET {input, active low), RESET initializes the uPD7809.

29 MODEO Used as input in conjunction with MODE1 to
select appropriate memory expansion mode. Also

| used to output I0/M.

30-31 X2, X1 (crystal) | This is a crystal connection terminal for system
clock oscillation, When an external clock is
supplied X1 is the input.

32 Vss . Power supply ground potential.

33 VTH VTH threshold voltage input. Reference voltage

for variable threshold input, Port T. Threshold
voltage to each Port T input is software program-
mable to 16 different levels.

4-101

PIN DESCRIPTION
uPD7809/08/07
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NE

PIN DESCRIPTION

PIN FUNCTION

{cont.) NO

SYMBOL

34-41

PT{-PT7 Eight variabie threshold input ports. Ports Tp—T7
inputs are each connected internally to compara-

tors where the other input is the threshold voltage.

42

HOLD HOLD request input. When high, CPU is in a

HOLD state until HOLD goes low.

43

HLDA HOLD Acknowledge output by CPU when HOLD

state is accepted; goes Jow when HOLD is released.

44

RD (Three-state output, active low) RD is used as a
strobe to gate data from external devices onto the

data bus. RD goes high during Reset.

45

WR {Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write

operations. WR goes high during Reset.

46

ALE The strobe signal is for latching the address signal
to the output from PD7—PDg when accessing

external expansion memory.

47-54

PFQ—PF7

Port F: (Three-state
input/output) 8-bit
programmable |/O
port. Each line con-
figurable indepen-
dently as an input
or output.

Address Bus: When
external expansion
memory is used,
multiplexed address/
data bus can be selected.

55-62

PDo-PD7

Port D: 8-bit pro-
grammable |/O port.
This byte can be
designated as either
input or output.

Address Bus: When
external expansion
memory is used, multi-
plexed address/data
bus can be selected.

63

VbD This is a backup power terminal for onchip RAM.

vce +5V power supply.

Notes:

BLOCK DIAGRAM

PCOTHO ©-
PC1ADo——=| SERIAL
jasy 10

1 clock cycle = 1 CL = 3/f,

1 machine cycle = 3 or 4 clock cycles.

1 instruction cycle = 1 to 19 machine cycles.
f: System clock frequency (MHz).

R [ PROGRAM

MEMORY 6
[ pam— ; (®K.Bye
we— wr KED for 7805 oaTA
.| controL }oy 78P09 MEMORY
r : 4K.Byte 1256 8V TE
: 1 T for 7808)
i ! [ euirea ]
rea itz i o L) 8 !
reato TMER K5
. - o
@‘_‘ INTEANAL DATA BUS TEy
I I
pos.cr TWER T} — 6 B
»co coo EVENT
»ercon counter K & v
INSTR REG|
WATCH
Bos, W INSTR
vl K> DECODER
! L

10 PORT T |
Vin T =] ICOMPARA > HOLD  |READ/WRITE, STaNDBY|
: contRoL | cowthoL | cowTmor _fcontRoi| | !

Note: Th

SYSTEM

¥ t T+
t %_ -
3 3 B
ALE MODEMOOEO AESET  voo

!

T
H .
HOLD HLDA  AD WR vee Vs

e uPD7807 has no on chip ROM
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In addition to the basic 7800 family instruction set, the following instructions are incorporated INSTRUCTION SET
in the uPD7809/7808/7807

® 16-bit data transfer between memory, registers, and extended accumulator
® 16-bit addition and subtraction
® 16-bit comparison and skip
® 16-bit and, or, ex-or operation
® 16-bit data shift and rotation
® Multiply
8-bit by 8-bit, 16-bit product
Less than 8 us execution-time
® Divide
16-bit by 8-bit, 16-bit quotient, 8-bit remainder
Less than 14 us execution-time
Working register instructions for efficient RAM addressing, testing and manipulating
Direct bit addressing for code-efficient addressing, testing and manipulating bits in RAM,
port lines and mode registers

MEMORY MAP

01D000H ! otoooo_@m
INTEANAL ROM INTERNAL ROM
(uPD7808) 1uPD7809) I

r 3 EXTERNAL r 4(0004H) [NM{/INTWOD

4095 . UFh e MEMORY

4096 00k, B192W . B
BI1IFFEH) uPD7BO7! 8(0008HI[INTTO/INTTT |
819212000H)[°

16(0010M)[INT1/INTZ _

EXTERANAL EXTERNAL
MEMORY MEMORAY oo —
r F 2410018H) [ INTEO/NTEY
61.184W x 8 57.088W x 8 \
\ 3200020H[INTEIN ]
65 279{FEFFH). i
65 280FFO0NI "\ reanAL RAM | 5
256W x 8 £ )
65 503(FFOFH) 1< 4010028HI[ INTSR/INTST
66 504(FFEOHI[S — ~.o 0 ~o = >
65 535IFFFFHIL__32W X 8) 13 v 4
s \
a i

LOW ADRS
I~ _HIGH ADRS feo
130(0082r1 "~ "Tow ADRS |
137i0083n1 PG AGRS 1”1

Y

/
call Table

1901008EHI [~ LOW ADRS }'_53
191(008FH)|___ HIGH ADRS :
192(00COM)

&+ USER'S AREA

In case of uPD7807
external ROM area is starting from 0000H
(no internal ROM area) BIIIFEEH

Please refer to the section of uPD7811 for description of the following functions which are FUNCTIONAL
the same as on this device: DESCRIPTION

1. Memory expansion {except 56K bytes maximum for uPD7809)
2. USART

3. Reset

4. External memory access and timing

Variable Threshold Input Port {Port T)

® 8input lines

® 16 levels — from 1/16 of reference voltage (VTH) to 16/16 VTH
® Level selected by software write to Mode T register

® Input at Port bit reads 0 until voltage at pin exceeds selected level
® Comparison execution time: 12 us
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FUNCTIONAL Block Diagram of Treshold Variable Input Port
DESCRIPTION
[iwn] 47

(CONT.)
e S (e -

Ry

vie

Plie

i
o>
e > e -
~
>

INTERNAL 8%

PIb@®

v M
Vin® }
wx

Format of MODE T Register
7 6 S a 3 2 1 0
O [ﬁr:[nhiilm‘nlmo]
o bt | S g i
T

Specification of 16 Threshoid Levels

VT 16116
VTH X 116
VIHx216
VTHx 316
VTH X416

[ Vinxsne

Input/Output

® 40 digital I/O lines — Five 8-bit ports (Port A, Port B, Port C, Port D, Port F)

® Port operation for Ports A, B, C and F: Each line of these ports can be individually
programmed as an input or as an output

® Port D can be programmed as a byte input or a byte output

Control lines: Under software control, each line of Port C can be configured individually

to provide control lines for serial interface timer and timer/counter and interrupt.
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TIMER / EVENT COUNTER — BLOCK DIAGRAM FUNCTIONAL
DESCRIPTION

(CONT.)

& Internal Bus j

INTIo——
TIMER/EVENT TIMER/EVENT
COUNTER COUNTER
CAPTURE REGO CAPTURE REG1
(ECPTO) ECPT1)
012 - ov
YIMERIEVENT
pesic Cnnlml Comml

UPCOUNYER lECNTl

f——— PC6/CO0

Qutput

0 ——4 —I' Control
\} feem—o PC7/CO1
l COMPARATOR Lcouunuon '—»—4

P
i TIMER/EVENT TIMER/EVENT
COUNTER COUNTER
REG1 IETM1) REGO (ETMOI cro
L4 < ™~ INTEQ
cP v
MODE REGISTER bt INTEY
(ETMM, EOMI

EIN p————== INTEIN

S— tnternal Bus 1

Note: $12 = fxTaL X 1/12,
fXTAL : oscillation frequency

Input Clock of TIMER/EVENT COUNTER: Internal {¢p12)
External (Cl}
Timer out (TO)

Operations:

a) Interval Timer:
Counter repeats interruptions due to a present count time.

b) Event Count Mode:
Cl inputs are synchr. by the internal clock. 250ns noise detection.

c) Frequency Measurement Mode:
Clinputs while TO is kept at high level.

d) Puls with Meaurement Mode:
Counting up the upcounter during Cl is high or low.

e} Programmable Square Wave:
Comperator 0 signal sets COg/1, Comperator 1 signal reset COp/1.

f) Single Pulse Generation:
Ci is trigger input 16 bit counter free running output Flip-Flop toggled two times.
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NEC

FUNCTIONAL
DESCRIPTION
(CONT.)

INTERRUPT CONTROL CIRCUITRY - BLOCK DIAGRAM

Nmio ! - NMI IEN =
INTWD 4 I . Tt
INTTO < ) 1 ( 22 control —= Shup (untrol
RS - jree- INTWONMI
INTio R
INT2 o x :
NTE0 - o 2 SOFTI
INTEL 3 -
INTEIN 3 .
; i
TSR - ; ENABLET | ENABLE?
INTST ] f e-{s ol e IEN
———=_ PRIORITY o R
- CONTROL
NMIANTWO
[(— N s
ER TEST i 3
FLAG TE g
8 ADR g
—TLRes SOFT1 -] 5

Mask register: Masking the interrupts

interfupt to
be generated

Priority control:  Accepts only the interrupt with the highest priority if more than one
request at the same time.

Test Flag register: 3 kinds of test flags which doesn‘t bring any interrupt request:

OV: set to 1 by overflow of the timer/event counter
ER: setto 1 by priority error
SB: setto 1 by rise input of Vpp terminal

INTERRUPT

11 Interrupt Sources

3 External Interrupts — Including non maskable interrupt

8 Internal Interrupts

6 Priority Levels and 6 Interrupt Vectors

11 Interrupt sources are divided into 6 priority levels.

PRIORITY| INTERRUPT | INTERRUPT SOURCE INTERNAL/
ADDRESS EXTERNAL

NMI falling edge external

1 4 (0004H) -
INTWD output signal of watchdog timer | internal
INTTO  coincidence signal from TIMERO

2 8 (0008H) internal
INTT1 coincidence signal from TIMER1
INT1 rising edge

3 16 (0010H) —— —— - external
INT2 falling edge
INTEO  coincidence signal from timer/ ]

event counter

4 24 {0018H} internal

INTE1  coincidence signal from timer/
event counter

5 32 (0020H) INTEIN falling edge of Cl or TO internal
INTSR  serial receive interrupt -

6 40 (0028H) internal
INTST  serial transmit interrupt
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WATCHDOG TIMER FUNCTIONAL
DESCRIPTION
Used for software safety check or overall performance safety check. Watchdog, if enabled, (CONT.)

must be cleared at regular intervals in program execution to avoid watchdog interrupt or by
Reset. Intervals are software selectable.

BLOCK DIAGRAM OF WATCHDOG TIMER

| FD T e

{ Clear

o PRESCALER UPCOUNTER
o384 (5) (7) INTWD

|

Wos——  -—s

RESET —— 4R

Note: 0384 Iy x 1384

HOLD/HLDA

To perform all sorts of DMA-applications a Hold-request signal can be applied to the
#PD7809:; it puts Address- and Databus and RD/WR signal lines to the high impedance state.
Then HLDA goes high as a response to the hold request.
MODEO/MODE1-TERMINALS

The logic level applied to MO/M1-Terminals determines the memory map of pwPD7807/08/09
and the use of Port D/F as multiplexed Address/Data Bus.

Mo | M1 MEMORY ADDRESSES LOCATION

0 1 8K/4K 0..... OFFFH/FFFH | internal®

o 0 ' e | o OFFFH | external

o 1 ! 16K 0......... 3FFFH | external
B ] GA'EH_“Lﬁo_ L - FEFFH | external

* MO. M1 = 0.1 realizes the ROM version (access of internal ROM). all others represent
access of external memory only In case external memory 1s used in addition to internal,
memory mapping register has to be programmed then (see below)

" MEMORY " MEMORY MAPPING REGISTER _NUMBER OF

) EX_PiANDES MODES t MIYI_Z_“ MM ) MMO ~ V|/9.L|£57
Port Mode 0 0 X 44
256 E xpanded ’ 0 ’ 1 ’ 0 o 36

ok E xpanded ’ 1 ’ 0 0 >3>2

T16K E xpanded ’ 1 i 1 0 30
SOK/BOK® Expanded 111 V 28

TH6K tor 7809 60K for 7808
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FUNCTIONAL STANDBY FUNCTION
DESCRIPTIONS
(CONT.) The uPD7809/08/07/P09 offers a standby function that allows the user to save up to 32 bytes

of RAM with backup power (Vpp) if the main power (V) fails. On powerup the uPD7809
checks whether recovery was made from standby mode or from cold start.

UNIVERSAL SERIAL INTERFACE

The serial interface can operate in any of three modes: synchronous, asynchronous, and 1/0
interface. The 1/0 interface mode transfers data MSB first for ease of communication with
certain peripheral devices. Synchronous and asynchronous modes transfer data LSB first.
Synchronous operation offers two modes of data reception. In the search mode, data is
transferred one bit at a time from serial register to receive butfer. This allows a software
search for a sync character. In the nonsearch mode, data transfer from serial register to
transmit buffer occurs 8 bits at a time.

UNIVERSIAL SERIAL INTERFACE BLOCK DIAGRAM

Internal Bus
Serial Mode
Register
(SML. SMH)

Teansmt
Butter (TXB)

3
o,
s}

I
|iaﬂ
Lgo
FE*

H

PCO/Y,Uo—q—- —— —_l

Note: ¢24 =fxTal x 1/24
$384 = fxTAL X 1/384 fxTAL: oscillation frequency (MHz)

* Asynchronous Mode

~ Full-Duplex, Double Buffering

— 7, 8-Bit/Character

— Start/Stop Bit

— Even/Odd Parity

— Programmable Clock Rate X1, X16, X64
* Synchronous Mode
— Search/Receive Mode
1/0O Interface Mode (uPD7801 Serial Mode)
Programmable Communication Rate
— 2usec, 32usec, Timer and External
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ZERO-CROSSING DETECTOR FUNCTIONAL
DESCRIPTION
The INT1 and INT2 terminals {used common to Tl and PC3) can be used to detect the zero- {CONT.)

crossing point of slow moving AC signals. When driven directly, these pins respond as a
normal digital input.

To utilize the zero-cross detection mode, an AC signal of approximately 1-3V AC peak-to-
peak magnitude and a maximum frequency of 1kHz is coupled through an external capacitor
to these pins.

For the INT1 pin, the internal digital state is sensed as a zero until the rising edge crosses the
DC average level, when it becomes a one and INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a one until the falling edge crosses the DC average
level, when it becomes a zero and INT2 interrupt is generated.

The zero-cross detection capability allows the user to make the 50—-60Hz power signal the
basis for system timing and to control voltage phase sensitive devices.

ZERO-CROSSING DETECTION CIRCUIT

!
H
AC source
\/
i
1
'
Internal Signal
INTI:
lﬁﬁl
AC source  ————y —-‘>o—{>o—
WwF H
REGISTERS
0 15
PC
SP
0 70 7
EA
v | A
B C Main
D E
H
EA’
v A
B Alternate
D’ E
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FUNCIIONAL General Purpose Registers (B, C, D, E, H. L)
&:EOSIEI:'? l)PTION There are two sets of general purpose registers (Main: B, C, D, E, H, L: Alternate: B", C", D",

H’, L’). They can function as auxiliary registers to the accumulator or in pairs as data pointers
(BC, DE, HL, B'C’, D’E’, H’L’). Auto Increment and Decrement addressing mode capabilities
extend the uses for the DE, HL, D’E’, and H’L’ register-pairs. The contents of the BC, DE, and
HL register-pairs can be exchanged with their Alternate Register counterparts using the EXX
instruction.

Vector Register (V)

When detining a scratch pad area in the memory space, the upper 8-bit memory address is
defined in the V-register and the lower 8-bits is defined by the immediate data of an instruction.
Also the scratch pad indicated by the V-register can be used as 256 x 8-bit working registers for
storing software flags, parameters and counters.

Accumulator (A)

All data transfers between the uPD7809 and external memory of I/0 are done through the
accumulator. The contents of the Accumulator and Vector Registers can be exchanged with
their Alternate Registers using the EX instruction.

Program Counter (PC)

The PC is a 16-bit register containing the address of the next instruction to be fetched. Under
normal program flow, the PC is automatically incremented. However, in the case of a branch
instruction, the PC contents are from another register or an instruction’s immediate data. A
reset sets the PC to 0000H.

Stack Pointer (SP)

The stack pointer is a 16-bit register used to maintain the top of the stack area (last-in-first-out).
The contents of the SP are decremented during a CALL or PUSH instruction or if an interrupt
occurs. The SP is incremented duringa RETURN or POP instruction.

Extended Accumulator (EA)

The data processings of 16-bit arithmetic and logical operation instructions are mainly
handled in the extended accumulator.

ADDRESS MODES

Register Addressing

Register Indirect Addressing
Auto-Increment Addressing
Auto-Decrement Addressing
Double Auto-Increment Addressing
Relative Addressing

Register Addressing

Working Register Addressing
Direct Addressing

Immediate Addressing
Immediate Extended Addressing
Base Addressing
Base-Index-Addressing

r

| OPCODE ;

OPERAND

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing

memory

D
OPCODE ADDRESS|————=] OPERAND |

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X sutfix are ending this address mode.
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Auto-Increment Addressing FUNCTIONAL
v memory (%EOS’\?.?I)PTI ON

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

p memory

Working Register Addressing

memory
V Register
pC OPCODE __LCOM_] {oPeranD
PC+1 displacement

15 8 7 0

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in acommon
memory page where only 1 additional byte is required for the address. Mnemonics with a W
suffix ending this address mode.

Direct Addressing

PC OPCODE Memory
PC + 1| Low Address —>| Operand Low Operand
PC + 2 | High Address 1 byte High Operand

2 byte

The two bytes following the opcode specify an address of a location containing the operand.

immediate Addressing
PC OPCODE
PC+1 OPERAND
i Jiate E dod Add 9
PC OPCODE
PC+1 Low Operand
PC+2 High Operand
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FUNCTIONAL Relative Addressing
DESCRIPTIONS
(CONT.) memory

Opcode ‘ PC+A+3 Low Operand
EIM+ A+3+1 High operand
This addressing mode is used by the “Table”-command. It transfers the contents of 2 memory

cells — addressed relatively to PC via the Accu A — into BC register-pair (TABLE-command).
Application: Table look-up

Base-Addressing

p memory

PC Opcode Address ®

PC+1 | Displacement

Register Pair DE or HL used as base pointer to the memory; immediate data (8 bit) or displace-
ment added to the base.

Base-Index-Addressing

P memory
[ opcode Address

Reg {8 bit)/EA (16 bit}

Register pair DE or HL used as base pointers to the memory; Register (8 bit) or Extended
Accumulator (EA) as displacement added to the base.

Double auto increment

P memory

upcode }———L Low Operand

High Operand

The opcode specifies the register pair which contains the memory address of the operand
(16-bit}. The contents of the register pair is automatically incremented by two to point to a
new 16-bit operand.
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BIT ADDRESS INSTRUCTIONS

The following bits may be addressed directly with certain instructions:

® Any bitin a 16-byte group in RAM

Any bit in the five 8-bit 1/0 ports (A, B, C, D, F}

.
® Any bit in the variable threshold port
[

Any bit in the following special registers:

9-bit interrupt mask register, serial mode register, timer mode register, timer/event counter

output register

An addressed bit may be tested, set, cleared, or complemented.
An addressed bit may be moved to or from the carry flag.
An addressed bit may be ANDed, ORed, X-ORed with the carry flag.

Difference between the uPD7801, uPD7811, uPD7807, and uPD7809

uPD7801 uPD7811 uPD7807 LPD7809
Number of Instructions 134 158 165 165
16-Bit Operation Instruction No Yes Yes Yes
Multipy/Divide Instruction No Yes Yes Yes
Instruction Cycle 2us/4MHz 1us/12MHZ s/ 12MHZ 1us/12MHz
Number of General-purpose Registers 16 18 18 18
On-chip ROM Capacity 4K Bytes 4K Bytes No BK Bytes
On-chip RAM Capacity "1288ytes | 256 Bytes 256 Bytes 256 Bytes
Direct-Addressable External Memary Capacity 60K Bytes | GOK Bytes 64K Bytes 56K Bytes
I terrupt Source Tinternal 2 ! 8 8 B
Etuml 3 i 3 3 3
1/0 Lines T e T e 28" w0
“Threshold Variable Port 1 Ne 1 No 8B 88
[Time —— 7" 12Bts | 8Btx2 BBitx2 BBitsx2
Times/Counter -
[ Counter No 16 Bits 16 Bits 16 Bits
"Watchdog Timer No No Yes Yes
Asynchronous No , Yes. Yes Yes
 Serual Interface Synchronous No Yes Yer Yes
1/0 Intertace Yes x: Yes Yes Yes
A/D Convarier No Yes No No
Standby Function No Yes Yes i Yes
 Hold Function Yes o Yes Yes
" Technology NMOS NMOS | NMOS NMOS !
lbadiiels t 0=
i Package 1 64-Pin QUIP | 64-Pin QUIP i 64-Pin QUIP | 64.Pin QUIP

3t 4K-byte Access

OPERAND FORMAT/DESCRIPTION

FORMAT | DESCRIPTION
[e " V,A B CDEHL
3] EAH, EAL, B, C, D, E, H, L
‘2 R R ;
st PA, PB, PC, PD, PF, MKH, MKL, SMH, SML, EOM, ETMM, TMM,
MM, MCC, MA, MB, MC, MF, TX8, TMD, TM1, WOM, MT
st PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT, RX8, WDM
sr2 ‘ PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM
sr3 ‘ ETMO, ETM1
srd | ECNT, ECPTO, ECPT1
55 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT |
[ SP, 8, D, H
V.'B, D, H, EA
SP, B, D, H, EA
. B, D, H, D+, H¢, D-, H- |
' B, D H -
* B, D, H, D+, H+, D—, H—, D+byte, H+A, H+B, H+EA, H+byte

8 bit immediate data

16 bit immediate data
8 bit immediate data

8 bit immediate data
fk CY, HC, Z

D, H, D++, H++, D+hyte, H+A, H+B, H+EA, H+byte
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ENMI, FTO, FT1, F1, F2, FEO, FE1, FEIN, FSR, FST, ER, OV, IFE2, SB

:
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DESCRIPTION
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NEC

REMARKS

MKL

1. sr ~ sr5 (special register)

MODE CONTROL C
MODE F

MEMORY MAPPING
MODE T

TIMER REGO

TIMER REG?

TIMER MODE
TIMER/EVENT
COUNTER REGO
TIMER/EVENT
COUNTER REG1
TIMER/EVENT
COUNTER UPCOUNTER
TIMER/EVENT
COUNTER CAPTUREO
TIMER/EVENT
COUNTER CAPTURE1
TIMER/EVENT
COUNTER MODE
TIMER/EVENT
COUNTER OUTPUT MODE
WATCHDOG TIMER
MODE

Tx BUFFER

Rx BUFFER

SERIAL MODE High
SERIAL MODE Low
MASK High

MASK Low

2. rp ~ rp3 (register pair)

: STACK POINTER
: BC

DE

HL

VA
EXTENDED
ACCUMULATOR

w
<IOWv

m
>

=

3. rpa ~ rpa3 (rp addressing)

B . (BC)

D : (DE}

H © {HL)

D+ : (DE)+

H+ © o (HL)+

D- : (DE)-

H— : (HU)-—

D++ (DE)++

H++ o (HL#++

D+byte: (DE+byte)

H+A : (HL+A)

H+B : (HL+B)

H+EA : (HL+EA) :

H+byte: (HL+byte) J
4. 1 (flag)

cy : CARRY

HC : HALF CARRY

4 : ZERO

Parts of this material may be changed without prior notice due to the introduction of new

5. irf {interrupt flag)

FMMI : INTFNMI

FT0 INTFTO

FT1 INTFT1

F1 : INTF1

F2 : INTF2

FEO INTFEOQ

FE1 INTFET

FEIN INTFEIN

FSR INTFSR

FST INTFST

ER : ERROR

ov OVERFLOW

IEF2 INTERRUPT
ENABLE F/F2

S8 STANDBY

functions of products under development.

4-114



WPD7809/08/07/P09

INSTRUCTION SET

OPERAND |- -~ -~ g i———~ :;QQ@ - & 5| STATE OPERATION e NOITION
A 000117211 Tp 4 [n-a -
Al 00001721 Tp - 4 A-n T
“hea Toroorion 115554535251 50 0 | w-A
. “Tan 01001100 115554535251 50 T | Aca T
MoV Trwora | 01110000 0t101R2 Ay Ry Low Adrs | High Adrs | 17| 1+ Iword)
[ word.r 101110000 01111Ry Ry Rg Low Advs | HighAdrs | 17| (ward)
§ « [r. byte 01101R2 Ry Rg Dats 7 - byte
& lwvi w2 byte | 01100100 5300005251 Sg Data 14 | w2-byte !
= MW~ Jweoe [01110001 Offset Data 13 | (Vwa) < byte :
% [(MVIX "~ [rpat byte [01001049 Ag Data 10 {rpat) + byte i :
2 [sTaw <+ [ws 01100011 Offset 0 [ -a
@ [Loaw - [wa 00000001 Offset 10 | AVl
STAX *+ |rpa2 A30111A2A]1 Ag Data 1°1) [ 713 [ rpa2i~A !
LOAX * lrpa2 A30101 Az A1 Ag Data (1) Tn3 A~ wes2)
EXX : 01001000 10101111 8 | B=B.C~C,D=D,
| EwE H=H Lol
I Texa 1 01001000 10101100 8 V. A=V, A EA~EA |
[exn 7 01001000 10101110 8 | HLwH.U o
EXR | 01001000 70101101 "B | VeV.A“AB~B
| CC DD EnE,
| Hoee W, Lo U] EA = EA'
:; 81 ag' cont 83 gs | STATE OPERATION ConpITIon
BLOCK D+ 700010000 13 | (DEI+ + (HL)». C+ C—1
(C+1) | Endit borrow
D- 00010001 13* | (DE)- = (HLI-,C~C-1
{C+1) | Endf borrow |
®3.EA |101101P P 4 1p3| ~ EAL, rp3y ~ EAH T
pMov EA.p3 | 101001P Py s EAL ~p3_. EAH —p3y |
- “3,EA 01001000 1101001 Ug W | w3-EA .
w EA, srd 110000V Vp 4 EA+srd
g SBCD word 01110000 00011110 Low Adrs| High Adrs | 20 ' (word) = C. Iword+1) — B 7
& 'speo word l 00101110 20 (word) « E, (word+1) + D
ME) word T 00111110 20 Iword) + L. (word+1) = H T
3 Issp0 word 1§ 00001110 20 | tword) = SPL, iword1) ~— 5Py
= [sTEAx rpad 701001000 1001C3C2C1Co | Data('2) 14720 | irpad) + EAL, (rpad+1) ~ EAH
; LBCO word 01110000 00011111 Low Adrs | High Adis | 20 | €~ (word), B = (word+11
LOED word ! oototti1 20 | €~ (word), D = (word+1) )
LHLD wod | [CIREE 20 | L (word), H ~ (word+11 ' T
LSPD word ] 000 1 7 20 | SP_ - (word), SPH « Iword+1) |
LDEAX  |rped 01001000 | 1000C3C2C1Co | Dara(°2) | 14720 | EAL - (pad) EAH - rpa3eh)
PUSH o1 101100201 Qg | TSP < rpin, 1SP-2) - rpi(
. SP - SP-2
POP o1 101000;09 0 o 10, plL ~(SPL TN - (SPeT)
| SP-sPe2 ;
i [oPaP1Po0 100 o T2 wora
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T T SKIP

I 'MNEMONIC !onmwo} & | S:CODG 81 | pa STATE OPERATION CONDITION

T TABLE 701001000 | 10101000 | 17 [ C~PC3rA) 1 '

i i . B+ (PC+3+A+1) !

" “aoo ' 11000Rz Ry Ry T 8

| . - S27 ' .

' A 01000RZ Ry Rp 8 .
‘A " 116 T0RzR1Rg 1 : 8 !

¢ ADC e e e SR R + . . i

iz, “A 01010Rz Ry Rg : i [

i e 2V L .

w Ta 10100 R, Ry Rg 8 No Carry :

@  ADDNC bo- e o Sl . + :

H N : 00100 Ry Ry ARg 8 No Canry 1

QL . e - R R . W
| TA,' vt 11100R2 Ry Rg 8 } |

sUB | - e e Ll e 1 -t

e 01100Ry Ry Rg 8 i '

- . - - ——— - - - A

g 11310R2R Rg 8 :

z 01110Rz Ry Rg ; e i :
2 ___ ___ 10110R2R1 Rg 8 JAsAu  NoBorow
- A 00110Ry Ry Ry 8 A No Borrow

3 - . - —- . S —
,® ‘A 10001R2 Rt Ry : 8 1A-AAr
C vy - 00001 Ry Ry Ry 8 7. AA

T HeoviR Ay Rg T )
: ' " 0001 1Rs Ry Rg r
- S 9 5 + -
s T T
T or01RamAy | 8 No Borrow
"y [ eonoimgmiAg | 1 8 |i-Al No Borrow
L. . __._OPCODE skip
MNEMONIC |OPERAND ~ I & 8] B ] STATE OPERATION CONDITION
g A A 01100000 [ 1e111RRIRg | 8 A Borrow
z oA | 00111R2Rq Rg 8 —A Borrow
o :
2 len AT ] | 11101R2Ay Rg ) At No Zero
¥ A 7 | 01101R2R1 Ry 8 A NoZero |
£ Ar [ ninimRiRe 8 A-r Zero
3 1 H

1% 01111 R Ry Ry 8 [ 2Zero |

= ] 001 R2Ry R 8 AAT - NoZero |

! @ [OFFA [] | 11011RR1Rg | 8 Y Zero

{ [aoox pa 01110000 11000A2A1A9 | 1 | A=Al

"% [apcx pa 110104, A1 Ag | A~ A+ (rpanCY

| § [ADDNCX  |wpa 10100A2A1A0 | T TacAen No Carry

‘;_ SUBX pa 1T1100A2A1 49 | N A-A-(rpa)

o 588X 02 11110A2A1480 | M A+ A- (rpa)-CY

=

@ [susnex  [res 1011042 A Ag " A=A (rpa)

I [anax rps T 10001 Az A Ag 1M AvAA(pa)

& [orax 0a T 100114241 Ag n A« AV (rpa)

= [xRax tpa j T 10010A2 A Ag 1 A~AV(pa

@ [cTax s | I 10101A2A1 A9 " A (rpe)—1
LTAX pa ¥ 10111A2A1 Ag " A= (rpa)
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MNEMONIC | OPERAND - g =T —- 72;&)“7 T OPERATION KWOITION
NEAX oo 01110000 [ 1110147 A Ag J A {rpa) No Zero
EQAX pa T 11 111A2A1 49 i A- (rpa) 2Zero
ONAX pa - T 110014241 A9 A A (rpa) No Zero
OFFAX pa 11011424 Ag A A (rpa) Zero
“[Abve |01000110 + Data ~ A~ Asbyte
Al rbyte 01110100 ©1000R; Ay Ry ¢~ rbyte ]
L w2,byte (01100100 5310005751 Sp 2~ s 2+byte
-3 < Abyte 01010110 ~ Data ~ A+ Asbyte+CY
W |act rbyle 101110100 01010R2 Ry Rg = rbytesCY :
3 w2.byte | 01100100 $310108251 g 52— s12+by1esCY i
; < Jabye 00100110 ~ Data+ A - Avbyte NoCary
= lapbine rbyte 01110100 | ©00100R2RyRg [~ rebyte T No Carry
w2,byte | 01100100 $301005251 5o w2+ w2vbyte NoCarry
* |A.byte 01100110 + Data ~ A~ A-byte
sul T, byte 01110100 01100R2 Ry Ro " r—byte
si2,byte |01100100 531100525 So 32~ sr2-byte
“Jabyte 01110110 ~ Oats ~ A+~ Abyte-CY
81 rbyte  |01110100 01110R; Ay Ry — 1-byte—CY
w2.byte |01100100 531110525150 12— 552 byteCY
MNEMONIC | OPERAND [~ =-g -~ - —%;E“——— OPERATION ONDITION
. A, byte 00110110 + Data = A~ A-tiyte No Borrow
SUINB r, byte 0Y110100 00110R2Ry Ry 1~ r—byte No Borrow
w2.bye (0110 § 5301105251 So | w2+ w2-byte ""No Borrow
* A byte 00000111 « Data = 1 A= AAbyte H
‘AN rbyte 101110100 00001 Rz Ry Ry Tt rAbyte :
w2.bvte 01100100 530001525, Sp w2 w2hbyte 7
o < TAove (00010111 ~Data— AcAVeve T T T
3|om T, byte 01110100 00011RzRy Ry (1 Vbyte o ”
E w2.byte (0110 § S30011528)Sg 2~ 2V byte 7
a * (A, byte 00010110 + Data — A+ AV byte
g XRI r, byte 01110100 00010R2 Ry Rp H =1 Vbyte
= w2,byte (0110 § $300105251 S 2~ 512 ¥ byte
< |abye |00100111 ~Data ~ A-byte-1 No Borrow
GTI . byte 01110100 00101 R2R; Ag Trlove1 No Borrow
; [w.byte [0110 | $301015251 50 No Borrow |
* |A byte 00110111 <+ Data ~
LT rbyte 01110100 00111 Rz Ry Rg
“S.byte (0110 | S30111575)Sp




uPD7809/08/07/P09

lmnmomc Eopsumn i | Bo;-coog_ T e ;j; STATE r QPERATION ! K OITION !
+ Abyte |01100111 - Data ~ | I No Zero
NEI T oyte 01110100  01101RyRyRy Data | " "Nozeo
. wsoyie 0110 TospnionsSise ! T o | Nozero .
L ' « Tabye 01110111 s oaa~ 7 : - - -
' TTibye 01110100 01111RyRy Ry " Data "
w wsbyie 0110 § 7 s31111s850 '___L THTTTTTT T o
3 « labpe Totooo1i1 )
Y on _t. pyte 101110100 701001 Ry Ry Ry Data T on B
12 ‘w5.byte 0110 $310015781Sp '—‘!7 T e T eBAbyte )
(7 < abye 01000117 paw~ [ T ¥
ot o orrioror | ovoimmas et T n o
45, byte EIO 531011525150 1 14 wBAbyte
l.g ADDW wa Jor1io0100 11000000 Offset ] ':A; ArVwa
! g ADCW wa o ) | TAcAavwcy
|G ADDNCW "wa 1010 ] T 14 A AGY wal
& suew wa 110 i 4 A AV wa)
g }W‘;:«ii‘ T o T4 :;A~A’»(v—-m-icv—
X SUBNBW  [wa 1011 1 A-A (Vwal
| 8 [anawW w1777 [ oooreoo T 14 [ ATAAW W) -
| fommw e T § Ty weer § T T ] AAvv -
quMomcI OPERAND [ "¢, 1 _:;cgo_g - s [ Ea ] STATE OPERATION NDITION
XRAM "wa 01110100 ] 10010000 T oftser | 14 | A~AV(V.wa
GTAW ™ ] , 10101000 ! e _‘ T4 [ AVl No Borrow
P UTaw wa - I NECEE T ) - 1 A—(V.wa) Borrow
o iNeaw Twa [ . t 1110 ; 14 | A-(Vwa) No Zero
T EGAW  [wa | R R 14 A-(Vwa) Zero
Govaw e T T RETT) T | ARVl No Zero
§ OFFAW wa 1101 ¢ [] 14 | AAIVwa) Zero
o |ANW < Twabyte 00000101 I “Otiser + Data 19 | (Vawal « (V.wa) Abyte
Z[orw “Twabye ‘0001 I T R 19 | (V.wa) = (V.wal V byte
Z GTIW  + wabyte 10010 . i 1713 | (vwal-byte—1 1"No Borrow
H LTIW  * wa,byee 0011 . 13 (V.wal-byte Borrow
NEW < wabvie 10110 13 (V.wal-byte No Zera
EQIW  * "wa,byte 0111 3 {V.wa)-byte Zero !
ONIW  * 'wa,byte 10100 137 (Vwa) Abyte No Zero
OFFIW_* [wabyte 10101 [ 13 (Vwal Abyte Zero
| FADD tn,.y 01110000 010000/ Ry ! 11| EA-EAw2Z ]
‘-'E DADD [ oio0 110001P) Py 1T EA-EAwE I ;
3 £{oanc T o ] _ 11 ] EA-EAwpICY s ]
E[DADDNC EA, 1p3 } ] [To10 . | 1 [EA-EAp3 NoCary |
[esue EA 12 Ty 0000 [ or1000miRg r | W [ Eavea—a i i
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MNEMONIC [orsamnl—- ™ % e e | STATE OPERATION ! SKIOITION
0OSUB "EArp3 01110100 111001PyPg i i EA < EA-1p3 .
DSB8 EA. p3 _1_ ’f - T | " EA~ EA-1p3-CY ]
DSUBNB €A p3 | 1011 § T n €A+ EA-rp3 No Borrow
o [DaN €A, p3 100011P Py TN ea-EaAm3 0
§|DOR a3 | | 001 | T :A»EA'\/_fns :r”” o
CE OXxR - i 100101P P 1 C EA- EAVID3 o |
. s DGT 101011PyPg n EA-rp3-1 No Bouof« I
= DLT 1011 | i EA-rp3 Borrow :
@ DNE i 1o Mea-p3 B NoZero
" bea - T [ ea-w R
1100 1 EAAm3 No Zero
[] oy 1 EAAm3 Zeo
H 2 01001000 001011Ry Ry 32 EA - AX12 - -
3 2 0011 * 59 EA « EAZ12, 12 « surphus :
2 010000R) Ry | ) 12-12¢1 Carry i
I§E INRW  * |wa 00100000 ~ Offset - 16 (V wal ~ (V.wal+1 " Carry !
FH ©® GOP; PGOOTO 7 prp—e : T
EE €A [70101000 7| EA-EAN i R '
8 2 010100 R Ry 4 2-2-1 T T T Bowow )
| " wa 00110000 “Oftset ~ 16 | (Vowal = (Vowa) 1 " Borow
B oy conE [} Jl STATE OPERATION l gg:omou]
ocx Tep 00P PROD 11 K o+ rp—1 "'*
B JEA 10101001 i 7 EA -~ EA-1 |
MoV * CY,bn 01011 |~|J Bit Adrs 10 CY + (b} —ii
bit,CY ‘01011010 13 (b}« CY i
Zfano - cvee loo110001 10 | cY-CY A
‘Rlon < evaer Joio11100 10 | CY-CYV (b o
"3 [xoR - cviee [et011110 10 | cY-cy . T o
Z [sET8 - bt 01011000 ERCE
i Tm 01011011 13 | oo ]
S5m0t - [bn 01011001 13 | i~ 6 -
SK - bit 01011101 10 Skap i (bith=1
skN - bt 01010000 I !
] IDAA 01100001 4 Decimal Adjust Accumulator
@ ST¢ To1001000 00101011 8 Tcvet [
-4 e Ty 00101010 8 ' CY-o !
5 cMC j To1001000 10101010 8 cy - Cv T
; i 0011100 8 A A .
e 701001000 00111000 17 Rotate Left Digit o
\g __'_ IR} i [ f root 7 Rotate Right Digit ’ o _M
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feeiqm..——_. OPCODE N SKIP |
]ov:nmo *— - 82 T s [ e | STATE OPERATION CONDITION '
ALL T2 01001000 001101R; Rg T 8 2m4+1 + 12m. 120 ~ CY.
! ! ! cY 27 .
! RGR 2 f 00 R Ry 8 | 2moa-2m27-CY. | -
‘ i CY <29
£ s 2 1 001001 Ry Ry ] 8 2met < 2m. 120 = 0.CY ~ 127
I SR 2 * 00R Ry . 8 2m—1 = 2m. 127 = 0.CY ~ 12
g stic 2 | 000001 Ay Ry ! 8 | 12me1 = 2m.120+ 0.CY ~ 127 | Carry i
< SLRC 2 i } 00R Ry . { 8 r2m-1+2m.127 = 0,CY 12 | Carry !
¥ foALL €A 10110100 | ; 8 | EAnet —EAp EAg=CY,
g | i CY ~EAys
< [DRLA €a ; o000 1 8 EAn_1 - EAp, EAjg ~ CY., .
CY ~ EAg
OSLL 23 10100100 B | EAneq—EAy EAQ- O,
cY ~EA15 1
DSLR EA ; o0ooo0 8 EAn_1 ~ EAn EA15+ 0, i
‘ | CY - EAg i
OP CODE SKIP
- 87 53— T8 STATE| OPERATION CONDITION
MP + |word 01010100 < Low Adrs — 10 | PC~word
B 00100001 4 PCH ~ B.PCL~C
; JR word 11« jdispl = 10 PC « PC+1+jdispl
JRE ¢ |word 0100111 = | — idisp ~ 10 PC ~ PC+2+jdnp! !
JEA 01001000 00101000 8 | PC—EA i
CALL + |wod 01000000 ~ Low adrs ~ 16 | (SP-11+ (PC+alm, !
(SP-21 = (PC+3)_
PC « word, SP ~ SP-2
cALB 01001000 00101001 17| (5P-11+ (PCeDp,
(SP-2) = (PC2)
PCy + B.SP ~ SP-2
CALF + |word 01111 =-— fa— 13| (SP—1) ~ (PC+2im,
3 (SP-2) = (PCo2). !
S PC15_11 ~ 00001, PC1g_p = fa.
SP - SP-2
CALT word 100 ~ta~ 16 | (SP—1) ~ (PC+IIN.
{SP—2) ~ (PC+1)
PCY ~ (128+2ta),
PCH + (129+2ta), SP - SP-2
SOFTI 01110010 16 | (SP—1)+PSW.{SP-2) = (PC+ 11y,
(SP—3) « {PC+1)(. PC - 0060H.
SP~SP-3
OF CODE SKIP
81 — 2 | @ B4 | STATE l GPERATION l CONDITION
RET 10111000 T 10 PC( ~ SP). PCy — (SP+1) T
2 } | SP-5Pe2
% [ReTs toor |10 [PCL— (51, Py + iSPe1)
5 ) SP +-SP+2, PC ~ PC+n
& Rem 01100010 ! 3 ‘ PCL = (SP), PCy + (SP+1) Unconditional
: | i PSW + (SP+2), SP + 5P+3
Tk ' 1001000 00001 FyFy Fo T8 skipatf=l )
o [SKN ' T~ ooo1  { : 8 . Skipi1=0
HE t ! 01013131211 1o ! 8 | Skip fat=1 then reset unt
I Tskmim " 1 0111313121 1g ' 8 | Skpifut-0 o
| RAeset it f irf=1 1
b
2 noP 00000000 : ; [ No Operation i
‘ -+
=g Thorotoro | ! [ Enable Interrupt
8 (o [ [1o111010 7 T i 4 ' Disable Interrupt
FICS [01001000 | 00111011 I T Han -
Notes:
1"1) B2(Data)  rpa2 = D+byte, Hebyte
1°2) B3iData) < 1pa3 = Debyte, Hobyte
(°3): 1ight side of stash /) in states indicates case rpa2, rpa3 = D+byte, H+A, H+B, H+EA, Hbyte
(*4) in the case of skip condition, the idle states are as tollows.
1 byte instruction . 4 states 2 byte instruction {with *} - 7 states
2.byte instruction - 8 states 3-byte instruction (with °) : 10 states
3 byte instruction : 11 states. 4 byte instruction 14 states
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ABSOLUTE MAXIMUM
RATINGS

OPERATING
CONDITION

CAPACITANCE

DC CHARACTERISTICS

(T, = 25°C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS uMITS
vee -0510+¢70 v
Power Supply Voltage voo T y esevie T v
Input Voltage vi o T —05t0+7.0 v
Output Voltage o vo o -05 t;) +70 v
T AN Output Pin o Tao mA |
Output Current Low lov All Qutput Pin Total ) ;v;A -
N T aioupuen ‘mA |
Output Current High 'oH All Qutput Pin Totat 7 mA
Threshold Valtage vie | 05tovect01 | Vv |
"m0 MRz <IxTAL < 12 MHZ 1010 70 I ec
Operating Temperature Topt TXTAL < 10 MHz 4010 +85 'C _J
Storage Temperature Tog B " 65104150 T
osc. Fneo.\'ﬂw T Vee. Avee
10MHz < IXTAL < 12 MHz "1 210°C to +70°C “50VE5%
[txTAL < 10 MHz B Z40°C 10 +85°C EOVEI0% |
T = 25°C, Ve = VDD = Vss = OV)

PARAMETER SYMBOL TEST CONDITIONS MIN TvP MAX | uNiTS
Input Capacitance G fo= 1 MHz 10 pF
Output Capacitance Co Unmeasured Pins. 20 oF
.76‘(‘:'”“.“” cio Returned to 0V 20 PF

(Ty = ~10°C 10 +70°C. Vg = +5.0V £ 5%, Vss - OV, Ve -0 8V S Vpp = Ve

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX [UNITS
Input Low Voltage o 08 v
T All except SCK, RESET, X1 20 Vee [ v
Input High Voltage [sck.x1'8 08 Vce vee | v

i 0.8Vpp vee | v
Output Law Voltage (oL -20ma 0 T [T - 045 | v
| Output High Voltage 1OH © -200uA T 24 v
Input Current INT1.TH(PC3), +0 45V < V| < Ve T v200 [ wA
Tnput Leskage Current | 1 Allexcept INT1 T1 (PCII OV < vy <vee | | | +10 | wa
[ Output Leakage Currem | 110 +045V = Vo sVCC T 0 e
VTH tnput Current ITh c 05 [ ma |
VDD Supply Current | Ipp o )
Vee Supply Curremt | Igc 0 o .
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Ta 10°Ct0+70°C.VeC 5.0V * 5%, Vss OV.Vec 08V Vpp* vl AC CHARACTERISTICS
T PARAMETER SYMBOL [ TEST CONDITIONS MIN MAX univs | READ/WRITE OPERATION
X1 Input Cycle Time eve I ™ 83 250 ns |
! Address Setup to ALE « taL Toeas T e ns ‘
: Address Dﬁl‘v’:({m ALE TN \ *3,%5" : 50 Do
_ Address to RO . Delay Tume AR ‘3.°5 | 150 l ns
RO i to Address Floating 5 J 20 o
“Addres Input s ’ 30 | ons
35 " Toas s
RO 4 to Data Input s T ns
"ALE § to RD ¢ Delay Time i ns
“DataHold Timetom &0 ' | tron Tns
RO 110 ALE T Detay Time | wL T
T T ns
RO Width Low RR "
; : | .
}'Mi Setup Time 10 ALE + ™ML
M1 Hold Time from ALE 1 | tm ns
10/M Setup Time to ALE 4 “ul B
TO/M Hold Time from ALE { w s
Address to WR | Delay AW P
ALE + 1o Data Output tLow as |
WR | to Data Output wo ns
ALE 4 to WR | Delay Time 1w ns
Data Setup Time to WR t tow "
Data Hold Time from WA 1 WOH ns
WR 1 to ALE 1 Delay Time wi 3.5 15 |
| 7R Width Low ww ‘3,°5 280 e
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS SERIAL OPERATION
_ ) 1 s
SCK Input :
SCK Cycle Time tevk __ it 500 i
SCK Output 2 s
— B 420 ns
B STK Input = T ~
: SCK Width Low KKL SR Ouiput 900 - -
! - | 6 420 ns
SCK Input —
SEK Width High TKKH __ [ 200 ns
| SCK Output 900 ns
| RxD Setup Time to SCK 1 TAXK ‘6 80 s
i RxD Hold Time from SCK T wRx | ‘6 80 s
SCK | to TxD Delay Time IKTX 6 210 ns
SRR A
{Ty = -40°C 10 +70°C. VGG = +5.0V £ 10%, Vss = OV, Voe —0.8V < Vpp < Veo) DC CHARACTERISTICS
PARAMETER SYMBOL, TEST CONDITIONS MIN | TYP | MAX | UNITS
Input Low Voltage Vit 0 08 | v
Viny All except SCK, RESET, X9 TN vee | v
Input High Voltage Vinz ‘L 5CK. X1°8 08 Vee Vee v
Vina | REGET 0.8Vpp ) vee | v
Output Low Voltage | VoL _L loL = 20mA - IR 045 | v
Output High Voltage VOoH 1oH = —200uA 24 \2
Input Cureent n T INT1,T1(PC3). +0.45V < V; < Vee o £200| pA
Input Leskage Current | 1) All except INT1. TI (PC3), OV S V| S VCC 10 | uA
Gutpot Leakage Current | 1L0 | +045V S Vo 5 VoG 10 | wA |
VTH input Current ITH VTH = Veo 022 06 mA
VDD Supply Current oD T 16°2 | 35 | mA
Ve Supply Current icc o 150°2 | 220 | mA
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AC CHARACTERISTICS
READ/WRITE OPERATION

SERIAL OPERATION

HOLD OPERATION

(T, = -40°C to + 85°C.VCC = +5.0V 2 10 %, Vs = OV, Ve -0.8V < Vpp < V)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
X1 Input Cycle Time 1IcYe 100 250 ns
Address Setup to ALE AL ‘4,5 100 ns
Address Hold from ALE 4 WA "4."5 70 ns
Address to RD | Delay Time AR *4,"5 200 ns
RD | to Address Floating tAFR 5 20 ns
Address to Data Input tAD ‘4,°s5 - 480 ns
ALE | to Data Input 1LDR ‘4,75 300 ns
RD + to Dara Input tRD *4.%s 250 ns
ALE | to RD 4 Delay Time WA *a,%s 50 ns
Data Hold Time from RD t tRDH 5 o ns
RD t to ALE t Delay Time tRL ‘4,5 150 m”
Data Read "4, 5 350 ns
AD Width Low RR
OP Code Fetch 4, °5 650 ns
ALE Width High [ *a,%5 160 ns
M1 Setup Time to ALE 4 ML "4 100 ns
M1 Hold Time from ALE 4 wm ‘4 70 ns
10/M Setup Time to ALE 4 L ‘4 100 ns
18/M Hold Time from ALE 4 -t ‘4 70 ns
Address to WR | Delay AW 4,5 200 ns
ALE } 10 Data Output 1wow *4,°5 210 ns
WR 4 1o Data Output wp 5 100 ns
ALE | 10 WR | Delay Time ww *4,5 50 ns
Data Setup Time to WR [ ‘3,'5 300 ns
Data Hold Time from WR 1 WDH ‘4,°5 130 ns
WR 110 ALE 1 Delay Time Wi 4,5 150 ns
WR Width Low ww *4,'5 350 ns
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
- K] 12 us
o ) SCK Input { < 50 m
SCK Cycle Time 1CYK TR oupen 74 ”
ns
SCK width Low tKKL i
s
! ns
SCK Width High KKH ::
RxD Setup Time to SCK t TRXK ns
| RxD Hold Time from SCK t KRX ns
@_t to TxD Delay Time KTX 210 ns
(Ta= —10°C 10 +70°C, Vo = +5.0V ¢ 5%, Vgs = OV. Ve -0.8V < Vpp < Ve
(T, = -40Clo + 85C Ve = +50V ¢ 10 %, Vgs = OV, Ve ~0.8V = Vpp * VCC
PARAMETER SYMBOL TESTCONDITIONs [ MIN [ TYP | MAX | UNITS
HOLD ! Setup Time to ALE 1 | tsHDL T arso | as |
ALE 1 to HLDA T Delay DLHA T T T T T T T e
THLDA t 10 BUS Floanan - FAHA o T 0 T v "
HOLO i to HLDA | Delay HoDA Tatiise T
4 10 Bus Enable Time TEHAB | T ° ns 1
[GoisewpTmetoale  [rar ] ) A S

4-125




1PD7809/07/P09

NEC

1135 10°Cto +70°C. V¢C

50V 5% Vgs OV, Vge 08V VDD - Vee)

1Ta - -10°Cto +70°C, Ve = +5.0V * 10%, Vgg OV, Vcg 08V Vpp ™= VeC )

[ PARAMETER T symeoL TEST CONDITIONS MmN T Tve T max Towits’

i Comparison Accuracy VACOMP ' © 100 ™V

| " oy RCO . . . .

i Threshotd Voltage H 0 veetol v
Comparson Time 148 * Thas l Teve

ko ' N - - i

PT Input Voltage 0 vVee Vv

(T 10°C10 +70°C, Vgg = #50V * 5%, Vss = OV, Vee ~0.8V < Vpp < Vee)

{Ty - -40"C1o + 85 C.vce = +5.0V * 10 %, Vgs = OV, Vce ~0.8V < Vpp < Vec!

PARAMETER [ symeoL [ TEST CONDITIONS T miv T max T units |
Zero-Cross Detection Input T vax AC Coupled [T VACy_p |
ceoe R L B - 2
Zero Cross Accuracy AZX 60 Hz Sine Wave ! L £135 mv
Zero-Cross Detextion Input Frequency | zx . [ oos T ke

*1: XTAL oscillation circuit

— e

Cc

C = 10pF

*2: T,=+25°C, Voo = Vpp =5V
*3: fXTAL =12 MHz

*4: fxTAL =10 MHz

*5: Load Capacitance: C|_ = 150 pF

*8: External clock drive circuit

WW
]

[>f X1
L—{>od— x2

R = 5KQ2

*6: Asynchronous mode with 1x baud rate, synchronous, /0 interface mode
*7: Asynchronous mode with 16x or 64x baud rate

AC TIMING TEST POINTS

2.4v

2.0v

0.8v

0.45v

Test
> Points <

2.0v
0.8v
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EXTERNAL CLOCK

DATA RETENTION
CHARACTERISTICS

BUS TIMING
DEPENDING ON tcycC

(T, + -10°C 10 +70°C. Vgg = +5.0V + §%, Vgg = OV, Ve ~0.8V < Vpp < V¢e)
(T, = -40 Cto + B5 C.Vgg = +5.0V £ 10 %, Vgg = OV, Ve -0.8V < Vpp < Vee)

PARAMETER SYMBOL| TEST CONDITIONS MIN | Max [UNITS |

High Level Width | ton 30 | 250_'_ s ‘:

Low Level Width oL 30 250 LM
TRungTime | 1 o o 30 | ns
lhumgnma“' u o 3 30 | ns
{Ta = -101t0 +70°C, Vc¢ = OV, Vpp = VDDDR!
[ PARAMETER [ symsoL TEST CONDITIONS MIN [ Tve | max [uniTs
! Data Retention Voltage l VDDDR RESET = V| 32 §5 | vV
[Data Rtlemvoj Supply Cunev!;v { ioooa RESET = ViL VODDR = 32V 13 '326—‘[; mi:
SYMBOL CALCULATING EXPRESSION T Min/max. | uNITS

AL 27 - 100 } MIN ns

[y T-30 o l MIN T

[tan | ar-100 Y s |

[tao | 1m-22017 T Tmax s

1LDA 5T - 200 *1 h MAX  m

‘AD 4T~ 150 1 T MAX s

[ T-50 ' MIN ns

tRL | 2v-s0 MIN ns

T 77T 41 - 50 (Data Read) 1 o -
tRR SRS S MIN ns
7T - 50 (OP Code Fetch)

W L o

e i 4

wM o
. -

i
[taw -
[ S
JLow P

127 (5CK Input) 2

N
1 . — =
cv )‘ 24T (SCK Outputh

ST + 5 (SCK Inpul) 2

ST + 5 (SCK Input) 2

K Output)

*1° Add 3T 1o each parameter in the case of external memory access using program
WAIT function

*2 Asynchronous mode with 1x baud rate, Synchronous, 1/0 Interface Mode
‘3 Trreye - VixTaL
4. The items out of this table are not dependent on fXTAL
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uPD7807/08 1“[]!27‘::
feve
AU sk oreraTION

ber0 XN R s o XX

l—- tap P

i e Resc
PD70 x) Address (S ) I
. . "LoR — =y | 'ROH
L = LA

" ~ - 'RL
ae —(l=taFn A’y'_——

AB

t

MQDE 1
[ PR

MODEQ
DM 2

*1: M1 signal is output to the MODET1 pin at 1st OP code fetch cycle when MODE 1 pin is
pulled-up to V.

*2: 10/M signal is output to the MODEQ pin at sr to sr2 register read timing when MODEO
pin is pulled-up to VcC.

0 AN\ WRITE OPERATION

PF7.0 Address |High Order} x x

j=—Low—=]

PD7.0 Address | ‘S D Write Dota m

W——={t=La ow—-

e tWOH——]

r‘——‘ - p—
ALE j wo /—
‘—'ALA W —— — [ ‘WL—’I

WA
letew
awf -

‘IL—-I =t~

MODEO
(LR

*3: 10/M signal is output to the MODEQO pin at sr to sr2 register write timing when MODEO
pin is pulled-up to VcC.
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NEC porsons

tcyk

SERIAL OPERATION F~—KKL —= 'KKH

IKTX — p—

TxD )‘ T

RxD X i(

TRXK -~ -

IKRX

X1 INPUT WAVEFORM

X1

HOLD OPERATION

HOLD \
- SHDOL *

HLDA H
|- =|'DLHA

PF7.0° ——
PF70° X
fD. WR TFBHA —l L— 'HODA = -

= = ‘eHag

*: For Address Bus
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uPD7807/08 N E C

64 PIN PLASTIC

QUIP OUTLINE BENT LEADS
(Unit : mm)
uPD7807G/uPD7808G

! 41 8MAX

B

bl el

|
e

127

|~

TTTTCTTrToTeT]

P—
<=
1

32MIN 36

| .

! 39 37

When ordering this package, specify as follows:
uwPD7807G-36
wPD7808G-xxx-36

24 13
‘._ ~—1905-——=
)
+0.10
¢ 19.05:1.05
-~ ——2413:1.05 -~ ——=f
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uwPD7807/08

NEC

41 8MAX
3937

64 PIN PLASTIC QUIP
PACKAGE OUTLINE
STRAIGHT LEADS

(Unit : mm)
uPD7808

-005

- -

-"DDDD>

uPD7808G xxx

(m:\nr:

as follows 37

rdering this package, specity

When o

4-131



NEC

uPD7807/08

PACKAGE OUTLINE

wPD7807CW
pPD7808CW

64-PIN SHRINK DIP

64 33
jelininisisieisisinisisialsisisinininisiaisialisinininistainisls]

A

s uuugouuy UUUUUUUUUUUUUUUUUUUUUUULj
32

,L 58.68 MAX. =1
When ordering this package, specify as follows:
uPD7807CW
WPD7808CW-xxx

gt

T

050"—'010

3.240.315,08 MAX.
0.51 MIN —lH 4.31 MAX.
| 1

N 19.05 .
170
~k~
+0.10 0150
025 7505

4-132



ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

uPD7809



uPD7809

ABSOLUTE MAXIMUM
RATINGS

OPERATING
CONDITION

CAPACITANCE

DC CHARACTERISTICS

T, 25°C)

PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS

vee 0510470 v
Power Supply Voltage voo 0510470 v
Input Voliage vi 0510470 v
Output Voltage Vo . 0510+ 7.0 v
o All Output Pin : a0 Tma
Output Current Low ot All Output Pin Total T S B
oo oy | Miouearn BTN
L . . L_-A-“ O\:l?ulﬁn Towl B -20 o ’"5,
reshold Voltage VTH 5t Vgc + 0.1 v
- T T 0 Mz <txral € 12 MHz T T e c
Operating Temperature Topt pre— s e et v b
TXTAL < 10 MHz 10t +70 °C
[ Storage Temperature I e - A S
TOMHz < 1XTAL < 12MHz *1 ~10°C 1o +70°C 50V 5%
IXTAL < 10MRz i ~10°C 10 +70°C +50V210%
T = 25°C. Ve = VoD = Vs = OV)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Capacitance C fe= 1 MHz 10 pF
Output Capacitance Co Unmeasured Pins 20 pF
1/0 Capacitance cio Returned to 0V 20 oF |

{Ta = -10°Cto +70°C, VcC = +5.0V £ 5 %, Vg5 = 0V, V(C -08V S Vpp * VCC

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX | UNITS

Input Low Voltage ViL [ 08 v
VM1 All except SCK, RESET, X1 20 vee v

Input High Valtage | Ving | SCK, X1°8 08 vee T vee | v
(Vina | AESEY 0.8vpp vee |V

Output Low Voltage | VoL IoL = 20mA o 045 | Vv
Output High Voltage VoM 10H = —200pA 24 v
Input Current | 1 INT1, 71 (PC3); +0.45V < V| < Ve 1200 | uA
Input Leakage Current | 11| | All except INTT, T1 (PC3) OV < V| < Vcg 10 | wA
Output Leakage Current | ILg 4045V S Vo SVCC €10 | A
VTH Input Current TH Vin-vee 022 | 05 | mA
Vpp Supply Current lop 15°2 32 mA
[Vee Sopply Current | Ice 1507 | 200 | mA
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uPD7809

(Ta = =10°C 10 +70°C, VCC = +5.0V * 5%, Vss = 0V, V¢c -0.8V < Vpp < V!

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
X1 input Cycle Time 1cYC 83 250 ns
Address Setup to ALE tAL °3.°5 65 ns
Address Hold from ALE + [y *3.°5 - I s
Address 1o RD | Delay Time AR 3.5 150 ns
ARG 4 1o Address Floating AFR 5 T T ns
Address to Data Input tAD ‘3.5 360 s
| ALE 4 to Data Input WDR 3.'s ] 215 ns
RD | to Data Input tRD *3.°5 | 180 ns
ALE | 10 RD | Delay Time R 3% ™ 35 s
Data Hold Time from AD 1 (ROH ‘5 [) T e
RO 1 to ALE t Delay Time AL ‘3.5 15 s
. Data Read *3, °5 280 ns
| RD Width Low tRR -
| OP Code Fetch *3, °5 530 ns
ALE Width High *3,'s 125 ns
M1 Setup Time to ALE 4 3 3 B
M1 Hold Time from ALE 4 R 50 s
, 10/M Setup Time to ALE 4 ‘3 65 ns
[T0/M Hold Time trom ALE + ‘3 50 ns
Address to WR | Delay 3,75 150 ns
ALE 1} to Data Qutput °3.°s 195 ns
WR | to Data Output ‘5 100 ns
ALE | to WR | Delay Time 3 35 ns
: Data Setup Time to WR t °3,°5 230 ns
Data Hokd Time from WR ‘3% 95 ns
WR T t0 ALE 1 Delay Time 1A 15 s
WR Width Low ‘3,5 280 ns
PARAMETER SYMBOL TEST CONDITIONS T miN MAX UNITS
I ‘6 ' 1 Hs
- SCK Input [ - — .
SCK Cycle Time reve SCK Gutput 2 =
- SCK I:ml i} 400 il
| SCK Width Low KL - 7 20 —
; SCK O 900 ns
o SCK Input [ 400 v i
 SCK Width High IKKH ,—-----.-L'7_~ Lo R LI
. 5CK Output 900 s
[ AxD Setup Time 10 5CK 1 TRXK 6 - so""""___:'t:
1 AxD Hold Time trom SCK t tKRX 80 ns
USCK 110 TxD Delay Time KTX ‘6 ) L 210 Tﬁm
Ty = -40°Cto +70'C. V¢g = +5.0V * 10 %, Vss = OV, Vee -0.8V < Vpp < V¢e)
PARAMETER SYMBOL] TEST CONDITIONS MIN TYp | max [uNITs
input Low Voltage ViL ! |
[T 7777 TVin | Allexcent SCK, RESET, X T
Input High Voltage vinz | SCK.x1 '8 :
Vina | RESET B -
Output Low Voltage | VoL | 1oL * 20mA
Output High Voitage | VOH  © 1OH © 200uA !
Input Corrent 1y " INTY, THPC3), 0 45V € V) < Ve " +200 | wA
[ oot Loakage Curramt 111 all except NI 1iPC3) 0V % Vi~ Ve S L
Output Leakage Current | IO +0 45V % VO " VCC I 10 | pA
"‘)ﬁ.‘ tnput Current ;]m : VTH VcCe 02 0_6 T ma
Vpp Supdly Curremt  { lop . 15°2] 35 | ma
Ve Supply Current ] Icc i 150°2 “ 220 l' mA
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wPD7809

AC CHARACTERISTICS (T, - -10°C 10 +70°C. VGG * *5.0V 2 10%, Vsg = OV. Vee 08V & Vpp * Ve
READ/WRITE OPERATION

PARAMETER T svmeoL TEST CONDITIONS MIN MAX UNITS
X1 tnput Cycle Time 1cYe
Address Setup to ALE ¢ aL
Address Hold from ALE 4| A
" Address 10 RD 4 Delay Time AR
[ RD i to Address Floatng | tafR
| Address 1o Data Input Tap
TALE Lo Datainput  wom
' &0 i to Data Input o
ALE J to RD | Delay Time :
Data Hold Time rom AD 1 | tRpW
RO P10 ALE f Delay Time | trL
RD Width Low
) *'m% 160
N 100
70 ns
70 M Setup Time 10 ALE 4 T i 100 s
0 M Hold Time from ALE § | 70 ns
address 1o WA 1 Detay 200 ns
ALE 1 10 Data Output T ow 210 s
WR 4 1o Da T T e 100 s
[ALE I 1o WR | Delay Time ww 50 s
Data Setup Time to WA 1 ow 300 s
Data Hold Time from WR 1 twoH 130 - s
WRTt0 ALE T Delay Time | twi. 150 s
WR Width Low [ vww 350 ns
SERIAL OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
SCK Input —.9— ——— 12 aid
- "7 s
SCK Cycle Time tevk S ww BN o "
SCK Input [ :6 500 i
SCK Width Low tKKL = [ ? 29 i
SCK Output 1.1 s
§CK Input T :6 500 i
SCK Width High TKKH I ? 20 il
SCK Qurput 11 ns
RxD Setup Time to SCK 1 TRXK °6 80 ns
AxD Hold Time from SCK IKRX ‘6 80 ns
SCK 4 to TxO Delay Time WX 6 210 s
HOLD OPERATION (T, = -10°C 1o +70°C, Vg = +50V £ 5%, Vss = OV, Vog 0.8V < Vpp = VeC
{Ty = —10°C t0 +70°C, VG = +5.0V £ 10 %, Vss = OV, Vog —0.8v = Vpp = Vog
PARAMETER SYMBOL |  TEST CONDITIONS MIN_ | TP | max | UNITS
HOLD 1 Setup Time to ALE 1 | tsHDL 2T +150 | T T s
ALE 1 to HLDA 1 Detay tOLHA T+150  ms
HLDA 1 to BUS Floating tFBHA 1 ° T
HOLD | to HLDA 4 Delay tHDDA TT-50 4T+150 | ns
HLDA 4 to Bus Enable Time | 1EHAB [ o j
Bus Setup Time to ALE 8L [ 27100 )
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uPD7809

NEC

(Ta = —10°C 10 +70°C, VgL = +6.0V * 5%, Vgg = OV, Ve -0.8V < Vpp = VcC

i COMPARATOR
(Ta = =10°C to +70°C, Ve = +5.0V £ 10 %, Vg = OV, Vee -0.8V < Vpp = VeC
CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | max [ umniTs]
Comparison Accuracy Vacomp T 100 mv
Threshold Voltage VTH [] veerod| vl
Comparison Time tcomp 144 145 Teve
+ :
PT Input Voltage VietT [ . Vee VJ
(T, = —10°C 10 470°C, VG = +50V £ 5%, Vss = OV, Voe —0.8V < Vpp < V)
ZERO-CROSS
(Ty = —10°C 10 +70°C, VC = +5.0V * 10 %, Vss = OV, Vce —0.8V < Vpp < Veg)
CHARACTERISTICS
PARAMETER SYMBoL TEST CONDITIONS [ MmN MAX | UNITS
Zero-Cross Detection Input Vzx AC Coupled K 18 | VACp—p
2Zero-Cross Accuracy AzZX 60 Hz Sine Wave [ +135 mv
Zero-Cross Detextion Input Frequency | f2x [ oos | 1 kHz

*1: XTAL oscillation circuit

Vee

-]

—

C

C=10pF

1 Ta=+25°C,Vce = Vpp =5V
: fXTAL =12 MHz

: tXTAL = 10 MH2

: Load Capacitance: C|_ = 150 pF

: Asynchronous mode with 16x or 64x baud rate

AC TIMING TEST POINTS

24v

R =5KQ

: Asynchronous mode with 1x baud rate, synchronous, /0 interface mode

*8: External clock drive circuit

X1

X2

Test
Points

0.45v

2.0v

0.8V
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uPD7809

EXTERNAL CLOCK (T, 10"C10 +70°C, Vge - *50V * 5%, Vss OV.Vce 08V < Vpp < Ve
T, 10°Cto +70°C, VCG = +5.0V ¢ 10 %, Vsg - OV, Vce -0.8V < Vpp < Vel
PARAMETER SYMBOL| TEST CONDITIONS MIN | Max [uniTs |
High Level Width 19H 30 250 ns
Low Level Width | 1oL 0 250 | om !
RingTime | 1 1o 0 om
‘F‘allmg Time i ] I 30 1 ns i
DATA RETENTION (T, = ~1010 +70°C, Ve = OV, VDD = VDDDR}
CHARACTERISTICS PARAMETER SYMBOL TEST CONDITIONS MIN [ Typ | Max TuNITS
Data Retention Voltage VDDDR RESET = VL 32 ! 55 v
Data Retention Supply Current | IDDDR 'RESET = VL VDDDR = 32V —_1_7{_3. T30 [ mA
BUS TIMING
DEPENDING ON tCYC SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS
taL 2T - 100 MIN s
LA T-30 MIN ns
taR 3T - 100 MIN s
tAD o220 MAX ns
TLOR §T - 200 “1 MAX s
tRD aT-150 "1 MAX s
R T-50 MIN s
tRL 2T - 50 MIN ns
4T - 50 (Data Read) °1
RR - MIN ns
7T - 50 (OP Code Fetch) *1
we 2T 40 MIN s
ML 2T - 100 MIN ns
m T-30 MIN o
W 2T - 100 MIN s
0y T-30 MIN ns
AW 3T - 100 MIN ns
tLow T+110 MAX ns
1w T-50 MIN . as
tow 4T =100 M1 MIN .
tWDH 2T -70 MIN [ ™
Wi 2T - 50 MIN T
ww 4T - 50 "1 MIN ns
12T (SCK Input) “2
tevk 24T (5CK Output) M "
5T+ 5 (SCKInput) 2
TKKL 12T - 100 (3CK Output) MIN ™
5T + 5 (SCK Input) *2
tKKH — MIN s
12T — 100 (SCK Output)

*1: Add 3T to each parameter in the case of external memory access using program
WAIT function.

*2: Asynchronous mode with 1x baud rate, Synchronous, 1/ interface Mode
3 T=1cyc = 1XTAL
*4: The items out of this table are not dependent on fxTAL.
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orss NEC
‘cve
o LA AR oPERATION

PE7.0 Address (Higher Order) )CX
tAp—— =
roro X MW asams G p— X o
¢ 1
L~——] |= LA DR -1 ?M
t ~——'RL
ALE ﬂ —=) p="'AFR
e tAL —=|
‘RO
t
AD
fetme]’ !
MODE1
[ IS

MODEO
(UL

*1: M1 signal is output to the MODET pin at 1st OP code fetch cycle when MODE 1 pin is
pulled-up to VcC.

*2: 10/M signal is output to the MODED pin at sr to sr2 register read timing when MODEO
pin is pulled-up to Vgg.

f AN\ T\ WRITE OPERATION
PF10 Address (Migh Order} m

po— L OW—]

g

PD7-0 DD Adaress | 5omer Write Data

| LL—f ~'uj ‘ow b 'wDH—=

ALE ~{two b /——
v

—— W ——————| ‘WL——I

WR I,

bty w =]

Fe—tAL—=

1
AW

'u.——l =t

MODEO
(TOmM)=3

*3: iO/M signal is output to the MODEDO pin at sr to sr2 register write timing when MODEO
pin is pulled-up to VcC.
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NEC oo

SERIAL OPERATION

TRXK—= H

tKRX

X1 INPUT WAVEFORM

X1

HOLD OPERATION

e ¥
——T ‘BL‘b

HOLD y
'SHOL —=|

HLDA Yy

{w—=! IDLHA

PF7-0*

N Y
PF7.0° — m—
A, WR FBHA —>{ -~ HDDA [~

*: For Address Bus L—— EHAB
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wPD7809

NEC

64 PIN PLASTIC

QUIP OUTLINE BENT LEADS

(Unit : mm)
uPD7809G

__\J_
1
165

41 BMAX

AR

32MIN 36

| A
|

3937 |
When ordering this package, specify as follows:

wPD7809G-xxx-36

2413

-— 19 05-———=

L_ 1010
'-— 025’ 00
-~——— 1905105 — ——of

-— 2413:105 —
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NEC

uPD7809
b R
LT
™ O O 53z U
' I [l||””| m]H : !
RRLL |
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NEC

uwPD7809
PACKAGE OUTLINE
uwPD7803CW
64-PIN SHRINK DIP
64 33
islolisialisisinisislisinisisisisialialisisisisiaisinisisinisisials!
f
lLUUUUUUUUUUUUUUUUUUUUUUUUUUUUUULiI
} 58.68 MAX. 32,
When ordering this package, specify as follows:
uPD7807CW
uPD7808CW-xxx
>
3
o
-
3
2 NYIHIRIRIRIRIRIRIRIRIRCRORRIRIRIINY IRt
T L
S F4 4
ol 5__
o 0.9 MIN.
o ‘”‘—0,501'010 -1 , -
1.778 1.78 MAX

19.05

170

~~
+0.10
0.25 2005
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ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

WPD78P09



uPD78P09

ABSOLUTE MAXIMUM
RATINGS

OPERATING
CONDITION

CAPACITANCE

OC CHARACTERISTICS

(Ta=25°C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
Power Supply Voltage vee 0510470 h
Vpo ~0.510+7.0 v
Input Voltage Vi -0510+7.0 v
Qutput Voltage Vo -05t0+7.0 v
B All Output Pin 40 mA
Qutput Current Low oL
Al Output Pin Total 100 mA
Output Currant High iom Al Qutput Pin -05 mA
All Qutput Pin Totat -20 mA
Threshold Voltage VTH —0.5 to Vg + 0.1 v
4 MHz <{XTAL < 12 MHz -1010 +50 °c
Operating Temperature Topt
Storage Temperature Tstg -651t0 +150 °C
0SC. FREQ. —PARAMETER T Vce. Avee
4 MHzZ < IxTAL < 12 MHz ~10°C to +70°C +5.0V £ 5%
T, = 26°C, VCC = VpD = Vs = OV)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Capacitance Cy fo= 1 MHz 10 pF
Output Capacitance Co Unmeasured Pins 20 pF
1/0 Capacitance C‘IB‘_' Returned to OV 20 of

Ta = =10°C to +50°C. Ve - +50V * 5%, Vss = OV, VCC -08V S Vpp & VCC
PARAMETER SYMBOL| TEST CONDITIONS MIN T Tvp | maxTuniTs
tputtowvettge - fvw [ _]_° Los | v
ViH1 Al except SCK, RESET, X1 20 T vee
Input High Voltage '\/];11 RE: e T 08vce vee
Ving T . 0.8Vpp vee
Output Low Voltage vou 045
Output High Voltage VOH - 24 1
Japut Current u INTI, TI(PC3). +045V <V < Voo T Y200
nput Leakage Current | 1L} | Allexcept INTL.TIPCIIOVEV < Vee | 1 ] t10
eakage Current | 10 o S - 130
VTH tnput Current Ith | VTR vee 05
Vpp Supply Curcent | Ipp © 32
vee Supply Current [1cc | 320
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WPD78P09

{Ta 10°C 10 +50°C. VCC - +50V ¢ 5%, Vgs OV, Vcc 08V < Vpp - vVeo!

[ PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
X1 Input Cycle Time t1cYe 83 250 ns
“Address Seupto ALE 4 | taL ) 65 ns
Address Hold from ALE | A B N
Address 10 RD + Delay Time
[RD 1 10 Adaress Fioating
["Adaress 10 Data Input
i ALE | to Data Irlpulvw o
RD | to Data Input
ALE i to RD | Delay Time
Data Hold Time from AD t
RD * to ALE ! Delay Tim
' N
“ RD Width Low
TALE Width High [ 3.5 125 3
W1 Setup Time to ALE | wme 3 65 s
M1 Hold Time from ALE } 0w ‘3 50 ns
10/M Setup Time to ALE | L ‘3 65 ns
10/M Hold Time trom ALE 4 T ‘3 50 ns.
Address to WR | Delay tAw *3.°5 150 ns
ALE | to Data Output twow *3,°5 195 n
WR { to Data Qutput wo 5 100 ns
ALE | to WR 4 Delay Time ww ‘3.°s 35 ns
Data Setup Time to WR t 10w ‘3,5 230 ns
Data Hold Time from WR t WDH *3,°s 95 ns
WR t to ALE 1 Delay Time wi *3,°5 118 ns
WR Width Low ww *3.°5 280 ns
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
. K 166 us
o ) SCK Input J[l %00 -
SCK Cycle Time tCYK 3K Outpot 2 =
J— ‘6 750 ns
o SCK Input I o 200 -
SCK Width Low KKL —
SCK Qutput 900 as
$CK Input l:i 750 i
STK Width High tKKH — [ ? 200 s
SCK Output 900 ns
RxD Setup Time to 5CK t 1RXK 6 , 80 ns
RxD Hold Time from SCK t KRX ‘8 80 ns
SCK { to TxD Delay Time IKTX ‘6 210 ns
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uPD78P09

HOLD OPERATION

(Ta = —10°C to +50°C, VGG = +5 0V = 5%, Vgg = OV, Veg —0.8V < Vpp < Voo

PARAMETER

SYMBOL TEST CONDITIONS MIN TV MAX | UNITS
HOLD t Setup Time 10 ALE T | tSHDL 2T +150 s
ALE t to HLDA 1 Delay DLHA T+150 ns
HLDA 1 to BUS Floating IFBHA 0 ns
HOLD 4 to HLDA & Delay tHDDA T-50 4aT+180 | ns
HLDA { to Bus Enable Time tEHAB ) s
Bus Setup Time to ALE 8L 2T 100

ns
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pPD78P09 N E C

(Ta= -10°C10 +50°C VG - *50V * 6% Vss = OV, Vec 08V = VDD ™ Vee)

COMPARATOR
- CHARACTERISTICS
PARAMETER [ symeoL | TEST CONDITIONS [ N T Tve T max T units?
| Comparison Accuracy T"Vacome | Bl + 100 Y
L OTONROn TENEAY | TACOMP. . . R '
1 Threshold Voltage VTH I 0 ' Veet0.1 v
| Comparison Time Ttcomp | - T s | Teve
PT Input Voltage 7]L'v—.;}- ) 7 " oo l vee I v ;
(T3 = 10°Cto +50°C. Vge = +5.0V £ 5%, Vgs = OV, Vog -0.8V < Vpp < V)
ZERO-CROSS
CHARACTERISTICS
PARAMETER [ symeoL [ TEST cONDITIONS [ miN MAX | UNITS
Zero-Cross Detection lnput Tvzx AC Coupled 1 18 | VACp.p
| Zero Cross Accuwracy | Azx - 60 Hz Sine Wave 135wy
Z 535 Detextion Input Frequency | 1zx [ oos T° v e

*1: XTAL oscillation circuit *8: External clock drive circuit

o
VWWyY
o
VWW

= > X1
e

o} X2

C=10pF R =5KQ

*2: T3=+25°C,Vgc=Vpp =5V

*3: fXTAL = 12 MHz

*4: fXTAL = 10 MHz

*5: Load Capacitance: C|_ = 150 pF

*6: Asynchronous mode with 1x baud rate, synchronous, 1/0 interface mode
*7: Asynchronous mode with 16x or 64x baud rate

AC TIMING TEST POINTS

24V

2.0v 2.0v

Test
0.8V pomis <o 0.8V
0.45v
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WPD78P09

EXTERNAL CLOCK

DATA RETENTION
CHARACTERISTICS

BUS TIMING
DEPENDING ON tcYC

(Ta = —10°C to +50°C. Ve = +5OV £ 6%, Vgg = 0V, Ve 0.8V < Vpp < Vee!

PARAMETER SYMBOL| TEST CONDITIONS MIN | MAX [ UNITS
High Leve! Width 16H 30 250 ns
Low Level Width | ta. 30 | 260 | ns
Rising Time 1 ] 30 ns
Falling Time 4 REEI

(T3 = =10 to +50°C, Vcc = 0V, VDD = VDDDRI
PARAMETER SYMBOL TEST CONDITIONS MIN [ TYP | MAX JUNITS
Data Retention Voltage VODDR RESET = Vi 32 55 | v
Data Retention Supply Current | IDDDR RESET = Vi, VDDDR = 32V 13 [30 [ mA
SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS
AL 2T - 100 MIN s
wa T-30 B o MIN ns
AR ar-w0 MIN ns
a0 | 7m-22000 7T MAX .
DR 5T - 200 1 MAX .
tRD 4T -150 "1 T T A T e
0a T-50 R MIN T
AL 2T - 50 o : MIN o
4T - 50 (Data R i o
1R [ 7T-%0 P Code Fatamt v " "~
WL 2T - 40 TMn
ML 2T - 100 e
nwm T-30

e i
wi
AW
tLow
ww
tow
tWoH

DL
Mww
ievk

1 101 -'80 B input) 2

i L s e < : MIN

tRKL | 12727100 (5CK Outpur : "
T ot - 80 (MR nput 2 t

tRKH b . MIN ns

I 127 - 160 BT Gutput]

“1: Add 37 to each parameter in the case of external memory access using program
WAIT function.

“2: Asynchronous mode with 1x baud rate, Synchronous, | O Interface Mode
'3 T gy VAXTAL

" *4: The items out of this able are not dependent on fxTAL
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uPD78P09 N E C
o AU NS ReAD opeRaTiON

PFIOQ :xj Adscaress (Higher Order) X X

I

t 7
PD70 :D Adaress  ‘§omer

W = =wae]

b
ae L N -

AD

MODE 1
(LR

MODEO
(OMI*2

1 M signal is output to the MODE1 pin at 1st OP code fetch cycle when MODE 1 pin is
pulled-up to V¢

*2: 10/M signal is output to the MODEQ pin at sr to sr2 register read timing when MODEO
pin is pulled-up to VCC.

0 MMM\ VS WRITE OPERATION

PF10 3:) Address High Order) m
f— ' LOow—=
ror0 X Wadwes |Gy Wene Data
| e— "LA] tow b tWOM-—=-|
~—{ twp b
ALE _f N wo Y
[=—tAL—— Tww "—"WL—"
WR Ty
=W
f
AW
'|L—..| |-t —]

MODEO
(Bm*3

*3: 10/M signal is output to the MODEQ pin at sr to sr2 register write timing when MODEO
pin is pulled-up to VcC.
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NEC p—

cyk

SERIAL OPERATION = TKKL—= 'Km‘
sk __/ \ ] S

IKTX — p—

TxD D tX

RxD J r

TRXK—= H—

KRX

X1 INPUT WAVEFORM

HOLD OPERATION

ALE ,_______Jr
. T:
4
woo____—/ L_.__ S
- 'SHDL —*| !
H " i
HLDA ] )r
F——— DLHA . i
PF7.0* N . :
PF7.0" e —<
FD. WA TFBHA —~| F=— 'HODA ;.—’ i

H
*: For Address Bus r’l‘ema
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uPD78P09

DC PROGRAMMING
CHARACTERISTICS

AC PROGRAMMING
CHARACTERISTICS

TIMING WAVEFORM

AC TIMING

MEASUREMENT POINTS

(Ty - +25°C * 5°C, VG - +5V * 10%, Vpp - +21V * 05V, Vss - OV, Vce -0.8 < Vpp < Vcg)

PARAMETER SYMBOL TESTCONDITIONs | miN T Tvp | max [ units
input Leakage Current i
Al except INTY, TI(PC3) L OV s VIN < Vee ; £10 HA
il R - |
Output Low Voltage During Verity | VoL oL - 20mA 0.45 v
“Output High Voltage During Verty | VOu | 10W - -2004A TTTT2a 0 T T v ]
- = - + 3 e
lcc | ! ™ 200 300 mA
vig ! o 08 v
" All except SCK, RESETana X1 | 20 vee | v
Tspx,n Iosvcc’ | vec | v |
f POM - vy L i 30 mA
(T, = +25°C £ 5°C, Vo = +5V £ 10%, Vpp = +21V £ 0 5V, Vsg = OV, Ve 0.8 < Vpp = Vel
(" PARAMETER [ SYMBOL| TEST CONDITIONS MIN | TYP | MAX | UNITS
Te Mode | | : 2
Address Setup Time  ooremmng Mode | WP L - -G S (. e
Venty Mode tAPR 2 s
Vpp Setup Time vpP N 2 s J
Z’OauSermv me i top Ty 2 us I
T '—{F_____Mode PA 2 s N
| Address Hold Time L oo™ ¥ {
i Verify Mode PRA 0 us
! Vpp Hold Time pVp 2 | L.
Data Hold Time PD 2 T b
"PREAD 10 Output Float Oelay " tPRDR 0 r 130 I ns
"Data Vahd trom PREAD | tPRD : [
“PROG Pulse Width During Programming r\pp } a5 50 55 ms
"Vop Pulse Rise Time During Programming | tave ™50 .
| Vpp Recovery Time T wpea 2 | w
! ynput Ruse/Fall Time I’ [ 20 [ o |
[ Savitinhiias S J
PROGRAMMING
Programming Mode Verify Mode
PAO~T Vi l o9 9 | erity
>< Address ] x
PFO~5 v,
b— : tAPR -
A P I tPA" tPRA
Vin ] Prm—
POO~7 Data in Hiz —4—4 Data out| >—
S
Vi -
top —=] fo—o
DP o tPROF
Vep i
RESET/Vpp I\ /
L e PP ——l
tpvp
Vi ————————y
PBO/PROG
v
”~ o tvPPR *QPRD"
PP
Vin —
P81/PREAD \ /
VL
24v
2.0v :> Test <: 2.0v
08V Points 0.8v
045V
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N E C pPD78P09

64 PIN CERAMIC QUIP OUTLINE (Unit : mm)
WPD78PO9R

fe——————————42.0MAX.

T

3.2MIN. 4.95MAX.

-

~{f-0.25£0.05
1905 ————
2.13

1.2 2.5¢10.25
38.10

Note: The uPD78P0S is programmable on NEC programmer PG 1000 together with programmer module PG 1003.
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NEC uPD7810/11/PG11/10H/11H

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH ON CHIP A/D CONVERTER

The NEC uPD7810/7811 is a high-performance single-chip microcomputer integrating sophisti- ~ DESCRIPTION
cated on-chip peripheral functionality normally provided by external components. The devices's

internal 16-bit ALU and data paths, combined with a powerful instruction set and addressing,

make the uPD7810/7811 appropriate in data processing as well as control applications. The

device integrates a 16-bit ALU, 4K-ROM, 256-byte RAM with an 8-channel A/D converter, a

multifunction 16-bit timer/event counter, two 8-bit timers, a USART and two zero-cross

detect inputs on a single die, to direct the device into fast, high-end processing applications

involving analog signal interface and processing.

The uPD7811 is the mask-ROM high volume production device embedded with customer
program. The uPD7810 is a ROM-less version for prototyping and small volume production.
The uPD78PG11E is a piggy-back EPROM version for design development.

The yPD7810H/11H is a high speed version of the uPD7810/11 (15 MHz operation)

® Powerful Instruction Set Including 16-bit Multiply and Divide, 158 instructions FEATURES
High-Speed 1psec Cycle Time-12 MHz Operation {0.85 psec for 7810H/11H, 15 MHz)
On-Chip 4K-Byte ROM (7811), 256-Byte RAM

44 1/0 Lines

Easily Expandable Memory up to 60K Bytes (externally)

On-Chip 8-Bit A/D Converter-8 Input Channels

Multi-Functional 16-Bit Timer/Counter

Two Programmable 8-Bit Timers

Full-Duplex Serial Communication Interface, synchronous and asynchronous
Zero-Cross Detection Capability

Vectored Interrupts, 3 external/8 internal

Low Power Standby Operation

B8085A Bus Compatible

Single Power Supply +5V, N-MOS Technology

Available in 64 Pin Package

Standby function

On-chip clock generator

64K-Byte total memory address range

® 9060000 O0Q0QCOEOSNOCEOIPOEPOCDS

[TV == ] e vee PIN F
e, o =S CONFIGURATION
PA; ] 3 (2] ==

PAZC—] 4 61— 1PDg

PAg T 5 ] som | PDg

PASC—] 6 SSE—PDg

PAg ] 7 sef ) PD3

PA;C—] 8 stE—=rD,

P [== K] ssf—=  pDy

PBy ] 10 3] em— )

P8y CJ11 saf  pEy

PBg 413 .pD7811/ S22 PFs
PBgC—] 4 4PD7810/ 50;———”"4

pB;—] 16 WPD7B10H/ «osf——pr;

317 7811H ‘33  rF
m:: 18 wPD78 7 =lr;$
pc; CH19 2  ALE
PC3C—]20 as
pcy = wf— RD
PCs 22 QA AvVce
pcg 2 23 VAREF
PC; {24 a AN7
W s 0T ang
INTY ] 26 39— ANg

MOOE1 27 38  ANg

20 37— ANg

MODEO T29 B ANg

X2 0 IsE— ANy

PR == k]I M3 ANg
Vss 32 NI Avsg
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uPD7810/11/PG11/10H/11H

NEC

PIN IDENTIFICATION

PIN FUNCTION
NO. SYMBOL
1-8 PAQ—PA7 Port A: (Three-state input/output) 8-bit program-
mable 1/0O port. Each line independently program-
mable as an input or output. Reset places all lines
of Port A in input mode.

9-16 PBo—PB7 Port B: {(Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port B in input mode.

17 PCp Port C: (Three-state | Transmit Data (TxD):
input/output) 8-bit | Serial data output
programmable 1/0 terminal.

18 PCy port. Each line Receive Data (RxD):
independently pro- Serial data input
programmable as an | terminal.

19 PC2 input or output. Serial Clock (SCK): Serial
Altevgatlvely, Port C clock input/output
malyl_ N u;ed assca;:r terminal. When internal
trol lines for USA clock is used, the output
and timer, event-coun- can be selected: when an
ter and external inter- | Lol o0 L is used
rupts. Reset puts f .
Port C in Port mode ltfe input can be selected.

20 PC3 and all lines in in- Timer Input ({T1)/inter-
put mode. rupt request input (INT2):

Timer clock input termi-
nal; can also be used as
falling edge, maskable-
interrupt input terminal
and AC input zero-cross
detection terminal.

21 PCq Timer Output (TO): This
output signal is a square
wave whose frequency is
determined by the
timer/counter.

22 PCs Counter Input (Cl):
External pulse input
terminal to the timer/
event counter.

-

23-24 PCg, PC7 Counter Outputs 0, 1
(COQ—CO1): Program-
mable rectangular wave
output terminal based on
timer/event counter.

25 NMI Falling-edge, nonmaskable interrupt (NMI) input.

26 INT1 This signal is a rising-edge, maskable interrupt
input. This input is also used to make the zero-

! cross detection AC input.

27 MODE1 Used as input in conjunction with MODEO to
select appropriate memory expansion mode. Also
outputs M1 Signal during each opcode fetch.

28 RESET (Input, active low), RESET initializes the uPD7811.

29 MODEO Used as input in conjunction with MODE1 to
select appropriate memory expansion mode. Also
used to output [O/M.

30-31 X2, X1 {crystal) | This is a crystal connection terminal for system
clock oscillation. When an external clock is

o supplied X1 is the input,
32 Vsg Power supply ground potential.
33 AVgg A/D converter power supply ground potential.

Sets conversion’s range lower limit.
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NEC uwPD7810/11/PG11/10H/11H

N PIN IDENTIFICATION
- FUNCTION {cont.)
NO. SYMBOL
34-41 ANp-AN7 Eight analog inputs to the A/D converter.

AN7—AN4 can also be used as a digital input port
for falling edge detection.

42 VAREF Reference voltage for A/D converter. Sets conver-
sion’s range upper limit.

43 AvVce Power supply voltage for A/D converter.

44 RD (Three-state output, active low) RD is used as a

strobe to gate data from external devices onto the
data bus. RD goes high during Reset.

a5 WR (Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes high during Reset.

46 ALE The strobe signal is for latching the address signal
to the output from PD7—-PDq when accessing
external expansion memory.

47-54 PFQ—PF7 Port F: (Three-state  Address Bus: When
input/output) 8-bit external expansion
programmable 1/0 memory is used,
port. Each line con- multiplexed address/
figurable indepen- data bus can be selected.
dently as an input
of output.

55-62 DBp—-DB7 Port D: 8-bit pro- Address Bus: When
grammable 1/0 port.  external expansion
This byte can be memory is used, multi-
designated as either  plexed address/data
input or output. bus can be selected.

63 VDD This ia a second power supply line for on-chip
RAM back-up
64 vce +5V power supply.
Notes: 1 clock cycle =1 CL = 3/f.

1 machine cycle = 3 or 4 clock cycles.
1 instruction cycle = 1 to 19 machine cycles.
f: System clock frequency (MHz).

) IV ) ) NEW INSTRUCTIONS
In addition to the existing instruction set for yPD7801, the following new instructions are

incorporated in the WPD7810/11:

16-bit data transfer between memory and extended accumulator
16-bit data arithmetic and logical operation.

16-bit data addition and subtraction and 16-bit comparsion.
16-bit data shift and rotation

direct multiply and divide instructions.

8-bit by 8-bit division less then 8 usec execution time.

16-bit divided by 8-bit less than 15 usec execution

table look-up operation.

Register pair HL and DE are used as base register. Accumulator, B-register and extended
accumulator are used as index register.
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wPD7810/11/PG11/10H/11H

BLOCK DIAGRAM

#C0 TaD 0w
#C1 AsD
202 §TH 0w

AWM.

whe

pCa TV RTE

PCA.TOO~ >

8 Cra < WER
PC6CO0@m—r: | EVENT
#C1CO1@m— ~—{_COUNTER

anro(a AD

Vamero  —|CONVERTER

avecs o

Avsso—. of

o

N
PROGRAM
MEMORY

“xevIE

- e
: s
| !

—- =
H LS
VI *
DATA
MEMORY
23 6vTE

INSTR
OECODER

-

READWAITE]  SvsTem  [stanoev| ,
CONTROL |  CONTROL _|CONTROL i
VT T ,
— -
R R MOL b s [
ale o
o “waoer - RESEY Yoo Vee Vs

Note: the uPD7810/10H has no programmable ROM
(4K bytes) on chip.

MEMORY MAP

K5 rer0masse

T ) *010 a070

Ko

KEDrre

K5 Hearo

The uPD7811 can directly address up to 64K-bytes of memory. Except for the on-chip ROM

(0-4095) and RAM (65280—65535), any memory location can be used as ROM or RAM.

The following memory map defines the 0-64K-byte memory space for the uPD7811.

0(0000H)

4.095(0F FFH)

INTERNAL AOM
(uPD7811)
EXTERNAL
ROM
(uPD7810)
4096W x 8

4 096(1000H}

65 279(FEFFH)
65 2B0(FFOOH)

65 SO3(FFDFHI
65 S04(FFEQHI
65 535/FFFFHI

EXTERNAL
¥  MEMORY

61184W x 8

INTERNAL RAM
224w x 8

Standby Area

/'A

call Table
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010000H) -
410004H)

810008HI[INTTO/INTTY ]
1610010H) 1

24.0018H1 [ 1

3210020 [ INTEIN INTAD

[nTSRANTST

ssmosom@ T

128(0080M) | LOW "ADRS

1290081H1 [ Nl_____ﬂ6§l o

ADR!
"ADRS

190(008E ) LOW ADRS ]
1911008FHIT HIGH ADRS __|

192400C OM)
F USER'S AREA

OFFFH

o

Lo



NEC uPD7810/11/PG11/10H/11H

FUNCTIONAL
DESCRIPTION

8 Analog Input Lines
44 Digital I/0 Lines: five 8-bit ports (Port A, Port B, Port C, Port D, Port F) and 4 input INPUT/QUTPUT

lines {AN4—~AN7)

-

w

b

. Analog tnput Lines
ANQ—AN7 are configured as analog input lines for on-chip A/D converter.

. Port Operation
— Port A, Port B, Port C, Port F

Each line of these ports can be individually programmed as an input or as an output.
When used as 1/0 ports, all have latches outputs, high-impedance inputs.

— Port D

Port D can be programmed as a byte input or a byte output.

— ANg-AN7

The high-order analog input lines, AN4—AN7 can be used as digital input lines for
falling edge detection.

. Control Lines
Under software control, each line of Port C can be configured individually to provide
control lines for serial interface, timer and timer/counter, and interrupts.

Memory Expansion

In addition to the single-chip operation mode the uPD7811 has 4 memory expansion modes.
Under software control, Port D can provide multiplexed low-order address and data bus
and Port F can provide high-order address bus. The relation between memory expansion
modes and the pin configurations of Port D and Port F is shown in the table that follows.

MEMORY EXPANSION PORT CONFIGURATION
None Port D 1/0 Port
Port F 1/0 Port
256 Bytes Port D Multiplexed Address/Data Bus
Port F 1/0 Port
4K Bytes Port O Multiplexed Address/Data Bus
Port Fo—F3 Address Bus
Port F4—F7 1/0 Port
16K Bytes Port D Multiplexed/Data Bus
Port Fg—Fs Address Bus
Port Fg—F7 1/0 Port
60K Bytes Port D Muitiplexed Address/Data Bus
Port F Address Bus
The timer/event counter consists of two 8-bit timers. The timers may be programmed TIMERS

independently or may be cascaded and used as a 16-bit timer. The timer can be set by
software to increment at intervals of 4 machine cycles (1us at 12MHz operation) or 128
machine cycles (32us at 12MH2), or to increment on receipt of a pulse at Tl.

TIMER B [rmen
PCA/TO
BLOCK DIAGRAM F‘l FIF
TIMER O TIMER 1
r-=-=-= 1
PC3/T{ °_D_‘ : : to TIMER/EVENT COUNTER
i i to SERIAL INTERFACE
1 1
H upcounter ||
!
1 1
1 ]
[ !
| !
1
'
! i
! |
1
ISTER
REG 1 (TM1) TN Note: 43 = fx1/3
! 1 912 = fx 112
| S ———l ¢384 = fx 1/384

s INTERNAL BUS f: Oscillation frequency
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NEC

uPD7810/11/PG11/10H/11H
FUNCTIONAL TIMER/EVENT COUNTER
DESCRIPTION The 16-bit Multifunctional timer/event counter can be used for the following operations:
(CONT.) , .
nterval timer
External event counter
Frequency measurement
Pulse width measurement
Programmable square-wave output
Single pulse generation
TIMER/EVENT COUNTER - pr— ] ; Do —arcarcoo

BLOCK DIAGRAM

ANALOG/DIGITAL
CONVERTER

TIMER/EVENT
COUNTER
| CAPTURE REG.

I-—* OV Hag

i
TIMEREVENT

COUNTER e
UPCOUNTER

T

o — o l'li"'

COMPARATOR |—-| COMPARATOR

‘—4

i
L
TIMER EVENT Y-Men EVENY
COUNTER REG 1 COUNTER REGD

cPo

; Quiput
e Contror
En

| _‘ >-—0PCT/CON
L

012

PCS C1

[ NTeo
|
Interrupt
| Canvor [~ 'NTE?
] [ INTEIN
S internsl Bus 1
€age
L Oetection — - — EN
T Notes:
e12=1t12

= Osciliation frequency

8 Input Channels

Conversion Result Registers
Powerful Operation Modes

Auto Scan Mode

Channel Select Mode

Successive Approximation Technique

N &

Absolute Accuracy +1.5LSB (+0.6%)
Conversion Range 0~5V
Conversion Time 48 us

Interrupt Generation

The uPD7810/7811 features an 8-bit, high-speed, high accuracy A/D converter. The A/D
converter comprises a 256-Resistor Ladder and Successive Approximation Register (SAR).
There are four conversion result registers (CRg—CR3). The 8-channel analog input may be
operated in either of two modes. In the select mode, the conversion value of one analog
input is sequentially stored in CRg—CR3. In the scan mode, the upper four channels or the
lower four channels may be specified. Then those four channels will be consecutively
selected and the conversion results stored sequentially in the four conversion result registers.
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NEC

pPD7810/11/PG11/10H/11H

A/D CONVERTER
BLOCK DIAGRAM

Sampling
:x ?.,_4 and Holding
AN 2 o— r - - -:
AN3o— Input| ' . _ Ressstor Ladder
AN 4 o~ Circunt . " 4 '
AN 50— ] 1 { 'V R2s 0 VAREF
AN 6 ' l 1 ] [ |
AN 7 ' ! Comparato ! Tap ! RS I
it I Decoder ! S
T et |
A/D Chanpel ] AVgg
Mode Register [ P S

8| INTAD

Internal Bus

8 8 8 8
FE 5
‘ el L Jdf

Internal Bus )

- AvV¢c

There are 11 interrupt sources. Three are external interrupts and 8 are internal. These 11 INTERRUPT STRUCTURE
interrupt sources are divided into 6 priority levels as shown in the table below.
INTERRUPT  INTERRUPT
REQUEST VECTOR TYPE OF INTERRUPT IN/EXT
1RQO 4 NMI {Non-maskable interrupt) External
INTTO (Coincidence signal from timer 0)
IRQ1 8 INTT1 (Coincidence signal from timer 1) Internal
INT1 {Maskable intrrupt)
IRQ2 18 INT2  (Maskable interrupr) External
INTEQO (Coincidence signal from timer/
event counter)
IRQ3 24 INTE1 Coincidence signal from timer/ Internal
event counter)
INTEIN (Falling signal of C1 and TO
counter)
IRQ4 32 INTAD (A/D converter interrupt) In/External
INTSR (Serial receive interrupt)
1RQ5 40 INST  (Serial send interrupt) Internal
o - INTERRUPT CONTROL
INTWD TEST BLOCK DIAGRAM
w0 —{ o +1 controL [T
INTTT —— & TF.—e| Crcun
WTlo—— o
Wlo—oy & " <
wieo — B2 MASK
INTE ER REGISTER
INTEN —— &
INTSR ——
INTST ——
L PRIORITY
t————" conTROL
ov NMI—= Circuit
ER TEST p |
S8 FLAG [—=TF IA':JTR
AN7—4_5 Register SOFTi-=
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uwPD7810/11/PG11/10H/11H

STANDBY FUNCTION

UNIVERSAL SERIAL
INTERFACE

UNIVERSAL SERIAL
INTERFACE
BLOCK DIAGRAM

ZERO-CROSSING
DETECTOR

The uPD7810/7811 offers a standby function that allows the user to save up to 32 bytes of
RAM with backup power (Vpp) if the main power (V) fails. On powerup the uPD7811
checks whether recovery was made from standby mode or from cold start.

The serial interface can operate in any of three modes: synchronous, asynchronous, and /0
interface. The 1/Q interface mode transfers data MSB first for ease of communication with
certain peripheral devices. Synchronous and asynchronous modes transfer data LSB first.
Synchronous operation offers two modes of data reception. In the search mode, data are
transferred one bit at a time from serial register to receive buffer. This allows a software
search for a sync character. In the nonsearch mode, data transfer from serial register to
transmit buffer occurs 8 bits at a time.

‘' ﬁ tnternal Bus y
Receive Transmit

PC1/RxDo—>—=

Transmit
Control

PC2/SCK o—4 [e——02¢

<] |e——$384
[~—— to output

PC3/TxD <t+— -
Note: $24 = 1
24
f: oscillation frequency (MHz)
=
$384 383

The INT1 and INT2 terminals (used also as Tl and PC3) can be used to detect the zero-
crossing point of slow moving AC signals. When driven directly, these pins respond as a
normal digital input.

To utilize the zero-cross detection mode, an AC signal of approximately 1 - 1.8V peak-to-peak
magnitude and a maximum frequency of 1kHz is coupled through an external capacitor to
these pins.

For the INT1 pin, the internal digital state is sensed as a zero until the rising edge crosses the
DC average level, when it becomes a one and INT? interrupt is generated

For the INT2 pin, the state is sensed as a one until the falling edge crosses the DC average
level, when it becomes a zero and INT2 interrupt is generated.

The zero-cross detection capability allows the user to make the 50-60Hz power signal the
basis for system timing and to control voltage phase sensitive devices.
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NEC uPD7810/11/PG11/10H/11H

ZERO-CROSSING
DETECTION CIRCUIT

AC source

N

internal Signal

|
INT1¢

INT2

AC source ———y I——DO—DO—
uF

Lo

MODEO/MODE1-TERMINALS

The logic level applied to MO/M1-Terminals determines the memory map of uPD7810/7811
and the use of Port D/F as multiplexed Address/Data Bus.

MO | M1 MEMORY ADDRESSES LOCATION
0 1 4K internal ®
0 o] 4K external
7 1 16K external
1 0 64K external

* MO, M1 = 0,1 realizes the ROM version (access of internal ROM), all others represent access
of external memory only. In case external memory is used in addition to internal, memory
mapping register has to be programmed then {see below).

MEMORY MEMORY MAPPING REGISTER J NUMBER OF {using 4PD7811)
EXPANDES MODES ‘Wﬁmm [ MMO ' I/O LINES
Port Mode 0 R ! a4
256 Expanded 0 ) 1 0 ' 36
4K Expanded 1 o 0 i 32
16K Expanded 1 1.0 ‘ 30
60K Expanded 1 1 | 1 I 28 ]
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N E C uPD78C10/C11/C14

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH ON CHIP A/D CONVERTER

The NEC wPD78C10/C11/C14 is the CMOS version of the uPD7810/11 respectively. DESCRIPTION
The NEC pPD78C10/C11/C14 is a high-performance single-chip microcomputer integrating
sophisticated on-chip peripheral functionality normally provided by external components. The
devices's internal 16-bit ALU and data paths, combined with a powerful instruction set and
addressing, make up pPD78C10/C11/C14 appropriate in data processing as well as control
applications. The device integrates a 16-bit ALU, 4K-ROM, 256-byte RAM with an 8-channel A/D
converter, a multifunction 16-bit timer/event counter, two 8-bit timers, a USART and two zero-
cross detect inputs on a single die, to direct the device into fast, high-end processing
applications involving analog signal interface and processing.

The uPD78C11/C14 are the mask-ROM high volume production devices embedded with
customer program. The pPD78C10 is a ROM-less version for prototyping and small volume
production.

@ Powerful Instruction Set Including 16-bit Multiply and Divide, 158 instructions FEATURES
@ High-Speed 1 usec Cycle Time-12 MHz Operation

@ On-Chip 4K-Byte ROM (78C11), 16K-Byte ROM (78C14), 256-Byte RAM

® 441/0 Lines

@ Easily Expandable Memory up to 60K Bytes/48K Bytes (externalily)

@ On-Chip 8-Bit A/D Converter-8 Input Channels

@ Multi-Functional 16-Bit Timer/Counter

@ Two Programmable 8-Bit Timers

® Full-Duplex Serial Communication Interface, synchronous and asynchronous
@ Zero-Cross Detection Capability

@ Vectored Interrupts, 3 external/8 internal

@ Low Power Standby Operation

@ 8085A Bus Compatible

® Singel Power Supply +5V, CMOS Technology

@ Available in 64 Pin/68 Pin Packages (QUIL, FLAT, SHRINK DIP, PLCC)

@ Standby functions

@® On-chip clock generator

@® 64K-Byte total memory address range

PIN CONFIGURATION

PAg ]! 7] = BRY;
PATC_] 2 63— %0 QUIL, SHRINK DIP
PA; 3 62  PO7
PAZC—] 4 61 ——1P0g
PA; 9 5 60  PD5
PAsC—] 6 59f———1PDy
pag CJ 7 s83 PD3
paA;C—] 8 s7f——PD2
P —_ 9 s6—3 PDy
P8y C—] 10 55 ——PDg
PBy 1 54 PFy
Pe3C—] 12 53— —JPFg
By CJ13 52  PFg
P95'=: :; wPD78C11/ ;‘]:,ZPFG
PB PF.
PB?!: 16 WPD78C10/ :Psg
pcog {17 uPD78C14 48/ )
pcyC—] 18 AT "0PF
PC; CH19 63 ALE
pcgC—]20 a2
pcy CH2 a4 RD
pCs C—] 22 a3 Avee
pcg CJ23 a2  VAREF
PCyC—]24 41— ANy
NMI 25 17 o | ANg
INTI 26 39" ) ANg
MODE1 27 B ANg
RESETCC—]28 7/ AN3
MODEO C—29 36— AN7
X C—]30 IS ANy
Xy, Cdn 1§ o | ANg
vgs C—]32 33 AVsg
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PIN CONFIGURATION

PAG
PA?

FLAT PACKAGE

FTT] Paa

STOP

[T Pao
13

[T Pos
g T eps

—

AnHH AR ARAR AR AR

ommwmmhumengAs

Eow
Z 0
= 0
b3

2T Pas

O

2 TT] raz

23

MODEO

8FTT Par

24

X2

g[TT3 vop
@[TT1 o7
S{TT] eoa

57
CT1 ] po2
CTT 1 pon
49 [ TT1 rpo
48 [CTT] pe7
47 TT] pre
46 [TT] ers
45 TTT ] pra
\PD78C11G “ I ees
WPD78C10G 43 T pF2
uPD78C14G a2 [TT1 em
41 [TT1 ero
40 TT7] ALE
39[TT ] WR
BTTI AD
371 1T Avee
36 CTT ] Varet
3 TT] AN7
MITT] ANG
3B[TT ] ANs
25 26 27 28 29 30 2

x1
Vss
Avsg
ANO
AN1
AN2
AN3
AN
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PIN CONFIGURATION
68-PIN PLCC PACKAGE
TONOUOUSTON-OW 8 ats
oL IR EEATRZ 052
nnonoaooaooanoannonoonnnnm
60595857 565554 5352515049 4847 4645 44
Ic d le1 43 p AN6
po2d |62 42P ANS
PD30 |63 410 AN4
PD40 |64 40 AN3
Posd |65 39p AN2
roed le6 38 P AN1
PD7d (67 37 ANO
STOPY |68 36 P AV,
v, 9119 350 v,
Paod |2 34Pxd
PA10 3 | 330 X2
PA20 |4 ; 32 MODEO
PA3] |5 31 [ RESELT
PA4d |6 30 P MODE 1
PASD |7 ; 290 INT1
PAGD (8 : 28 ) NMI
Ic d o : 27 PC7
1011121314151617181920212223242526
| S R Eh p o R U i g 65 NS G B g 56 ) &5 Jy I ) G Juy uS 4D 65 g o5 g G0
bR BREO000.,088
Emgaaam&mgggggggg

Note: IC = keep this pin open because of internal
connection {external connection prohibited)
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PIN IDENTIFICATION PIN
A S FUNCTION

NO. SYMBOL

1-8 PAQ—PA7 Port A: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port A in input mode.

9-16 PBp-PB7 Port B: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port B in input mode. B

17 PCo Port C: (Three-state | Transmit Data (TxD):
input/output} 8-bit Serial data output
programmable 1/0 terminal.

18 PCy port. Each line Receive Data (RxD):
independently pro- Serial data input
programmable as an terminat.

19 PCo input or output. Serial Clock (5CK): Serial
Alternatively, Port C clock input/output
may be used as con- | yorminal. When internal
trol I:}nes for USART clock is used, the output
and timer, event-coun-| ., ho selected; when an
ter and external inter- | o oo ol o is used
rupts. Reset puts . ’
Port C in Port mode the input can be seAIected,

20 PC3 and all lines in in- Timer tnput {((T1)/inter-
put mode. rupt request input {INT2):

Timer clock input termi-
nal; can also be used as
falling edge, maskable-
interrupt input terminal
and AC input zerocross
detection terminal,

il PCs Timer Output (TO): This
output signal is a square
wave whose frequency is
determined by the
timer/counter.

22 PCg Counter Input (Cl):
External pulse input
terminal to the timer/
event counter.

23-24 PCg, PC7 Counter Qutputs 0, 1
{COQ—CO1): Program-
mable rectangular wave
output terminal based on
timer/event counter.

25 NMI Falling-edge, nonmaskable interrupt (NM) input.

26 INT1 This signal is a rising-edge, maskable interrupt
input. This input is also used to make the zero-
cross detection AC input.

27 MODE1 Used as input in conjunction with MOD£0 to
select appropriate memory expansion mode. Also
outputs M1 Signal during each opcode fetch.

28 RESET ({input, active low), RESET initializes the uPD7811.

29 MODEO Used as input in conjunction with MODE1 to
select appropriate memory expansion mode. Also
used to output [O/M.

30-31 X2, Xq (crystal) | This is a crystal connection terminal for system
clock oscillation. When an external clock is
supplied Xy is the input.

32 Vss Power supply ground potential.

33 AVgg A/D converter power supply ground potential,
Sets conversion’s range lower limit.
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PIN
NO. SYMBOL
34-41 | ANg—AN7

FUNCTION

Eight analog inputs to the A/D converter.
AN7—ANj4 can also be used as a digital input port
for falling edge detection.

42 VAREF Reference voltage for A/D converter. Sets conver-
sion’s range upper limit.

43 AVce Power supply voltage for A/D converter.

44 RD (Three-state output, active low) RD is used as a
strobe to gate data from external devices onto the
data bus. RD goes high during Reset.

45 WR {Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or /0 write
operations. WR goes high during Reset.

46 ALE The strobe signal is for latching the address signal

to the output from PD7—PDg when accessing
external expansion memory.

PIN IDENTIFICATION
(cont.)

47-54 PFo—-PF7 Port F: (Three-state
input/output) 8-bit
programmable 1/0
port. Each line con-
figurable indepen-
dently as an input
or output.

Address Bus: When
external expansion
memory is used,
multiplexed address/
data bus ean be selected.

55-62 DBg-DB7 Port D: 8-bit pro- Address Bus: When

grammable 1/O port.  external expansion
This byte can be memory is used, multi-
designated as either plexed address/data
input or output. bus can be selected.

63 57op Input pin for hardware stop mode

64 Voo +5V power supply.

Notes: 1 clock cycle = 1 CL = 3/f.

1 machine cycle = 3 or 4 clock cycles.
1 instruction cycle = 1 to 19 machine cycles.
f: System clock frequency (MHz).

In addition to the existing instruction set for WPD7801, the following new instructions are
incorporated in the WPD78C10/C11/C14:

16-bit data transfer between memory and extended accumulator

16-bit data arithmetic and logical operation.

16-bit data addition and subtraction and 16-bit comparsion.

16-bit data shift and rotation

direct multiply and divide instructions.

8-bit by 8-bit division less then 8 usec execution time.

16-bit divided by 8-bit less than 15 ysec execution

table look-up operation.

Register pair HL and DE are used as base register. Accumuiator, B-register and extended
accumulator are used as index register.

In addition to the 7811 instruction set, a STOP instruction is available.
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BLOCK DIAGRAM

s aerruaning

L van . e ae
P | prouram ) P
MEMOHY &
R AN
(IR 4 BCe
- L A DATA o
on v memon Y EfTa
8C1a ‘ 2
. ] : T~
S — o L . ©
Y INTERNAL DATA BUS L O ER e
revere oo TEWERT] - R 8 ; ! <
e L e ENT o3 . »
BT Lediatea K6 i
T i T
1w
i IS B
-~ - l INSTR
vautre  ofconvertenkt s ot
Meee o —
Avse ol . - N

SYSTEM STANDBY | ,
CONTROL | CONTROL
T T T
.

[ i [N
swsv vpp Vsu

woor
o1

[ReAD wrITE
{ COoNTROL

l

[ '
alt u
araer

Note: the yPD78C10 has no programmable ROM

MEMORY MAP The wPD78C11 can directly address up to 64K-bytes of memory. Except for the on-chip ROM

(0-4095) and RAM (65280-65535), any memory location can be used as ROM or RAM.
The following memory map defines the 0-64K-byte memory space for the uPD78C11.

INTERNAL ROM 010000H! [™, \ TERNAL ROM 010000H![RESET _
WPD78C14) (WPD78C1 1)
4 L R | aooer [T "~ ]
(uPD78C10}
4096W x 8 v
16384W x 8 soosorerm | | 810008HIINTTONNTTY |
4.096(1000H!
161001 0H) [ INT 1
. 1638313FPFH)
1638414000H) L, E:g;g:y
T  EXTERNAL 2410018H) [ INTEO/INTEY
MEMORY 61184W x 8
48896W 1 8 \
INTEIN/INTAD
. es27arEREH . \
INTERNAL RAM 65.280IF FOOH) \
INTERNAL RAM INTSR/INTST
256 x 8 —
65 535IFFFFH) L
JFTI
y 12810080H) * (=0
A ° ) LOW ADRS \
\ £\ 13110083} HIGH ADRS jee
\ e
3
'soman_}.. n
191(008F H) 1GH ADRS
192(00COH)
I USER'S AREA ¥
OFFFH

{3FFFH RESPECTIVELY)
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8 Analog Input Lines FUNCTIONAL
44 Digital 1/0 Lines: five 8-bit ports (Port A, Port B, Port C, Port D, Port F) and 4 input DESCRIPTION
lines (AN4—AN7)

1. Analog Input Lines INPUT/OUTPUT

ANQ—AN7 are configured as analog input lines for on-chip A/D converter.

2. Port Operation

—~ Port A, Port B, Port C, Port F
Each line of these ports can be individually programmed as an input or as an output.
When used as 1/0 ports, all have latches outputs, high-impedance inputs.

— PortD
Port D can be programmed as a byte input or a byte output.

— ANg—AN7
The high-order analog input lines, AN4—AN7 can be used as digital input lines for
falling edge detection.

3. Control Lines
Under software control, each line of Port C can be configured individually to provide
control lines for serial interface, timer and timer/counter, and interrupts.

4. Memory Expansion
In addition to the single-chip operation mode the yPD78C11 has 4 memory expansion
modes. Under software control, Port D can provide muitiplexed low-order address and
data bus and Port F can provide high-order address bus. The relation between memory
expansion modes and the pin configurations of Port D and Port F is shown in the table

that follows.

MEMORY EXPANSION PORT CONFIGURATION

None Port D 1/0 Port
Port F 1/0 Port

256 Bytes Port D Multiplexed Address/Data Bus
Port F 1/0 Port

4K Bytes Port D Multiplexed Address/Data Bus
Port Fo—F3 Address Bus
Port F4—F7 1/0 Port

16K Bytes Port D Multiplexed/Data Bus
Port Fo—Fg Address Bus
Port Fg—F7 1/0 Port

60K Bytes Port D Multiplexed Address/Data Bus
Port F Address Bus

The timer/event counter consists of two 8-bit timers. The timers may be programmed TIMERS

independently or may be cascaded and used as a 16-bit timer. The timer can be set by
software to increment at intervals of 4 machine cycles (1us at 12MHz operation) or 128
machine cycles (32us at 12MHz), or to increment on receipt of a pulse at Tl.

TIMER o3 | [romen
BLOCK DIAGRAM | FIE PC4/TO

TIMER O TIMER 1

- ~ | e
PCIITI o——D 1 +

to TIMER/EVENT COUNTER
10 SERIAL INTERFACE

TIMER MODE
-V inTro

REGISTER Note. o3 tx1:3
"2 ta1n2

9384 - 1x 1384

e

§ INTERNAL BUS t Oscitlanion trequency
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FUNCTIONAL TIMER/EVENT COUNTER
?CEOSS?I)PHON The 16-bit Multifunctional timer/event counter can be used for the following operations:

Interval timer

External event counter

Frequency measurement

Pulse width measurement
Programmable square-wave output
Single pulse generation

TIMER/EVENT COUNTER g Internal bus. | - >-—orcs coo
BLOCK DIAGRAM 2:?}_’ Outour
Cantror
EIN
- rwggs.:;/::v »—D—c’c? cor
CAPTURE REG
2 ’V OV flag

npu! TIMER/EVENT e
pcs.ci Comet COUNTER S
UPCOUNTER
| (_ - [N ,_’ .
10— — Po
] r r ¢
[ COMPARATOR |»—, [ COMPARATOR —
vwzn EVENT nmen EVENT .
COUNTER REG 1 COUNTER REG O |
{\ ~ [S— [lnrzo
: ' Interrupt
i - Contiol nTer

= INTEIN

| - -

Edge i
- - -— _—
Detection €N
Notes:

$12=112
f = Oscillation frequency

!‘L

ANALOG/DIGITAL 8 Input Channels
4 Conversion Result Registers
CONVERTER 2 Powerful Operation Modes
Auto Scan Mode
Channel Select Mode
Successive Approximation Technique

Absolute Accuracy £1.5LSB (£ 0.6%)
Conversion Range 0~5V
Conversion Time 50 us

Interrupt Generation

The pPD78C10/C11 features an 8-bit, high speed, high accuracy A/D converter. The A/D
converter comprises a 256-Resistor Ladder and Successive Approximation Register (SAR).
There are four conversion result registers (CRg—CR3). The 8-channel analog input may be
operated in either of two modes. In the select mode, the conversion value of one analog
input is sequentially stored in CRg—CR3. In the scan mode, the upper four channels or the
lower four channels may be specified. Then those four channels will be consecutively
selected and the conversion results stored sequentially in the four conversion result registers.
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Sompi A/D CONVERTER
it and Holdng. BLOCK DIAGRAM

AN 1
AN 2 H
AN 3 o—{ Input 1
AN 4 o~ Circuit|—4 o
AN 6 o— |
AN 6 o— |
AN 7 !

1
1
"
I
I. '
__! Comparatol

Internal Bus

8 8 8 8
LS O S O S !

Internal Bus

There are 11 interrupt sources. Three are external interrupts and 8 are internal. These 11 INTERRUPT STRUCTURE
interrupt sources are divided into 6 priority levels as shown in the table below.

INTERRUPT  INTERRUPT

REQUEST VECTOR TYPE OF INTERRUPT INJEXT

IRQO 4 NMI {Non-maskable interrupt) External
INTTO (Coincidence signal from timer 0) | |

IRQ1 8 INTT1 (Coincidence signal from timer 1) Nterna
INT? {Maskable intrrupt)

IRQ2 16 INT2  (Maskable interrupr) External

INTEO (Coincidence signal from timer/
event counter)
IRO3 24 INTE1 Coincidence signal from timer/ Internal
event counter)

INTEIN (Falling signal of C1 and TO

counter}
IRQ4 32 INTAD (A/D converter interrupt) In/External

INTSR (Serial receive interrupt)

IRQS 40 INST  (Serial send interrupt) Internal

W —— NMI INTERRUPT CONTROL
INTWO N s BLOCK DIAGRAM
NTTO — o cONTROL [+

NTTE —— B TF —=] Cocut M —

INT) & ——~ o

Wlo——o & _ b

e — % é'c:{_m\sx SOFTI— |

NTE) —| 3 F REGISTER L >
INTEIN —— 2= |

INTSR ENABLEI

INTST el

L] pRiOmiTY m

————¥| CONTROL

(A NMI —  Circurt N

€R ____| TEsT - 1
s8 | FLAG [—=TF ADR
AN A C Register SOFTI
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STANDBY FUNCTION

UNIVERSAL SERIAL
INTERFACE

UNIVERSAL SERIAL
INTERFACE
BLOCK DIAGRAM

ZERO-CROSSING
DETECTOR

The uPD78C10/C11 offers a standby function that allows the user to save up to 32 bytes of
RAM with backup power (Vpp) if the main power (VGe) fails. On power up the uWPD78C11
checks whether recovery was made from standby mode or from cold start.

The serial interface can operate in any of three modes: synchronous, asynchronous, and 1/0
interface. The |/0 interface mode transfers data MSB first for ease of communication with
certain peripheral devices. Synchronous and asynchronous modes transfer data LS8 first.
Synchronous operation offers two modes of data reception. In the search mode, data are
transferred one bit at a time from serial register to receive buffer. This allows a software
search for a sync character. In the nonsearch mode, data transfer from serial register to
transmit buffer occurs 8 bits at a time.

Internal Bus

il

Recewve
Buffer (RXB)

1§

Transmug
Buffer (TXB)

INTSR Serial Mode

Register

INTST

PC1/AXD o— >

1S +P; (P*S)

Transmit
Control

PC2/SCK o o2
<] e 384
[~=—— to output
PC3/TxD <— =
Note: 924 =1
24
f: oscillation frequency (MHz)
=L
¢334 384

The INT1 and [NTZ terminals (used also as Tl and PC3) can be used to detect the zero-
crossing point of slow moving AC signals. When driven directly, these pins respond as a
normal digital input.

To utilize the zero-cross detection mode, an AC signal of approximately 1 - 1.8V peak-to-peak
magnitude and a maximum frequency of 1kHz is coupled through an external capacitor to
these pins,

For the INT1 pin, the internal digital state is sensed as a zero until the rising edge crosses the
DC average level, when it becomes a one and INT1 interrupt is generated.

For the NT2 pin, the state is sensed as a one until the falling edge crosses the DC average
level, when it becomes a zero and INTZ interrupt is generated.

The zero-cross detection capability allows the user to make the 50—60Hz power signal the
basis for system timing and to control voltage phase sensitive devices.

In addition to the 7810/11 a register is implemented (ZCM = Zero Cross Mode Register) to
allow to switch of the internal zero-cross detection circuit to reduce power consumption,
especially during standby.
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AC source

ZERO-CROSSING
DETECTION CIRCUIT

SN

Internal Signal

AC source

INT1

INT2

1uF

]

MODEO/MODE1-TERMINALS

The logic level applied to MO/M1-Terminals determines the memory map of PD78C10/C11/C14
and the use of Port D/F as multiplexed Address/Data Bus.

MO | M MEMORY ADDRESSES LOCATION
0 1 4K 0......... FFFH internal®
0 0 4K 0......... FFFH external
0 1 16K 0......... 3FFFH | external
1 0 64K 0........ FEFFH external

* MO, M1 = 0,1 realizes the ROM version (access of internal ROM), all others represent access
of external memory only. In case external memory is used in addition to internal, memory
mapping register has to be programmed then (see below).

MEMORY MEMORY MAPPING REGISTER | NUMBER OF |  (using uPD7811)
EXPANDESMODES [ MM2 |~ fmi | "MMO  1/O LINES

Port Mode 0 0 ‘ X 44 1

256 Expanded 0 1 o 3%

4K Expanded 1 o | o ) 32

16K Expanded K 1 0 30

4BK/60KExpanded | 1 1 1 1 | 28
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Difference Between pPD78C11 and uPD7811

Product
{tem | uPD78C11 WPD7811
No. of instructions 159 158
" (STOP instruction was added.)
No. of special registers 28 27
{ZCM register was added.)
Standby function HALT MODE, software STOP mode, 32 bytes of the 256-byte internal
hardware STOP mode. RAM data are retained at power
In addition, in the software/hardware  supply voltage as low as 3.2V.
STOP mode, the internal RAM data
(256 bytes) are retained at the power
L supply voltage as low as 2.5V
Control of zerocross detection Available by setting the ZCM register  Not available
circuit's selfbias
No. of states of the HLT 12 [ERA]
instruction o l‘
Device construction CMOS NMOS
er . Operating 75mW TYP. 750mw TYP.
consumption LSLaﬂdby . SuW TYP. 4.8mwW TYP.
Pin configuration VpD : Pin 64 VCC: Pin 64
| STOP: Pin 63 vDD: Pin 63
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ADDRESS MODES

Reqgister Addressing immediate Addressing

Register Indirect Addressing Immediate Extended Addressing
Auto-Increment Addressing Relative Addressing
Auto-Decrement Addressing Base Addressing

Working Register Addressing Base Index Addressing

Direct Addressing Double Auto Increment Addressing

Register Addressing

r
l OPCODE F #—J] OPERANDI

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing
p memory
|opcooe f———= apDRess| OPERAND

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are using this address mode.

Auto-Increment Addressing

p memory

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

memory

I
{opcone |——{ ADDRLEiErOPERAND ]

Working Register Addressing

memory

eqgister
PC OPCODE Contents lOPERANDI

PC +1 displacement

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in a common
memory page where only 1 additional byte is required for the address. Mnemonics with a W
suffix are using this address mode.
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Direct Addressing

PC OPCODE Memory
PC + 1| Low Address —’LOpeund ] Low Operand
PC + 2 | High Address 1 byte High Operand

2 byte

The two bytes following the opcode specify an address of a location containing the operand.

immediate Addressing

PC OPCODE
PC+1 OPERAND
PC OPCODE
PC+1 Low Operand
PC+2 High Operand
Relative Addressing
memory
PC+A+3 Low Operand
Opcode 5
PC+A+3+1 High operand

This addressing mode is used by the ‘"Table-command. It transfers the contents of 2 memory
cells — addressed relatively to PC via the Accu A — into BC register-pair.
Application: Table look-up

Base-Addressing

p memory

PC Opcode Address ®

PC+1 Displ. "t

Register Pair DE or HL used as base pointer to the memory; immediate data (8 bit} or displace-

ment added to the base.

Base-Index-Addressing

mn memory
r Opcode Address Operand

Reg (8 bit}/EA (16 bit)

Register pair DE or HL used as base pointers to the memory; Register (8 bit) or Extended
Accumulator (EA) as displ added to the base.
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Double auto increment

memory

4y
E opcode H Address Low Operand

I High Operand

+2

The opcode specifies the register pair which contains the memory address of the operand
(16 bst). The contents of the register pair is automatically incremented by two to point to a
new 16-bit operand.

uCOM 87 AD Instructionset

Operand Expression/Description

EXPRESSION DESCRIPTION

r V,A,B,C,D,EH,L

2] EAH, EAL,B,C,D,E, H, L

r2 A,B,C

sr PA,PB, PC, PD, PF, MKH, MKL, ANM, SMH, SML, EOM, ETMM,
TMM, MM, MCC, MA, MB, MC, MF, TXB, TMO, TM1, ZCM {CMOS ONLY)

sr1 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB,
CRO, CR1, CR2, CR3

sr2 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM

sr3 ETMO, ETM1

srd4 ECNT, ECPT

p SP,B,D,H

1 Vv,8,D,H EA

p2 SP,B,D, H,EA

p3 B,D,H

rpa B, D, H, D+, H+,D—, H—

rpal B,D, H

rpa2 B, D, H, D+, H+, D—, H—, D+byte, H+A, H+B, H+EA, H+byte

rpa3 D, H, D++, H++, D+byte, H+A, H+8, H+EA, H+byte

wa 8 bit immediate data

word 16 bit immediate data

byte 8 bit immediate data

bit 3 bit immediate data

f CY,HC, 2

if FNM1, FTO, FT1, Ft,F2, FEO, FE1, FEIN, FAD, FSR, FST
ER, OV, AN4, ANS5, AN6, AN7, SB
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Note 1

1. sr ~ sr4 (special register}

PA
P8
| PC
. PD
| PF
MA
mB
MC
mce
MF
MM
T™O
M1
™M
ETMO

ETM1

ZCM

PORT A

PORT 8

PORT C

PORT D

PORT F

MODE A

MODE B

MODE C

MODE CONTROL C
MODE F

MEMORY MAPPING
TIMER REGO
TIMER REG1
TIMER MODE
TIMER/EVENT
COUNTER REGO
TIMER/EVENT
COUNTER REG1

ECNT
ECPT
ETMM
EOM

ANM
CRO
4
CR3
TXB
RXB
SMH
SML
MKH
MKL

ZERO CROSS MODE (CMOS ONLY)

2, rp ~ rp3 (register pair}

['sp STACK POINTER
'8 BC
D DE
I'H HL
| v VA
|EA EXTENDED ACCUMULATOR

3. rpa ~ rpa3 (rp addressing)

Is (BC)

D (DE)

H (HL)

D+ (DE)*

H+ (HL)* :
D— {DE)™

H- (HL) ™ .
D++ (DE)** |
H++ s (HUH i
D+byte : (DE+byte)
H+A {HL+A)

H+B {HL+B)
[H¢EA : (HL+EA) |
[H+byte : (HL+byte)
4.1 (flag)

cy CARRY 1
HC HALF CARRY
z ZERO

'
-

TIMER/EVENT
COUNTER UPCOUNTER
TIMER/EVENT
COUNTER CAPTURE
TIMER/EVENT
COUNTER MODE

: TIMER/EVENT

COUNTER QUTPUT MODE
A/D CHANNEL MODE
A/D CONVERSION
RESULTO ~3

Tx BUFFER

Rx BUFFER
SERIAL MODE High
SERIAL MODE Low
MASK High

MASK Low

5. if (Interrupt flag)

FNMI
FTO
} FT1
| F1
)
FEO
| FEI
+ FEIN
FAD
FSR
EST
_ER
ov
AN4
e
AN7
5B

INTFNMI
INTFTO
INTFT1
INTF1
INTF2
INTFEO
INTFE1
INTFEIN
INTFAD
INTFSR
INTFST
ERROR
OVERFLOW
ANALOG INPUT 4~7

STANDBY
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Description of Instruction Code Symbols

R2 R1 Rg reg lﬁ Ty To reg P2 P Pp reg-pair
oo o |v T lo o o | Ean 0 ro o | sp T T
o 0 1A ‘ T o 0 1 EAL 0! o0 1 BC p  rp2 r_;3
o1 o0 B | L0 1 o B 01 0 DE h
0.1 1 ¢ s fo 1 1 |c ou_1 HL lll
1 70 0 : 1 0 o |oD 1 0 0 |EA
10 1 E | 1 0 1 |E
1 1 0 H ; [ 1 0 H
I B | L JL | L | L
pl
s Q2 07 Q I reg-pair
S5 Sa S3 Sz S So | Specialreg 0 0 0 : VA
o 0 o 0 o0 o |PA ¢ 0 1 [&C
0 0 0o o o 1 i i o 1 0 DE
0 0 0 0 1 o |Pc ! 0 1 1 H
‘0 0 o o 1 1 |ep Cl ' 0 0 EA
0 0 o 1 o 1 |pF s s2
0 0 0 1 1 0 | MKH
S0 0 0 1 1 1 | MKL
‘ 0 0 1 0 0 0 | ANM rpa
0 0 1 0 0 1 |SMH ﬁ
lo 0o 1 o 1 o0 |swmw | Az Az A addressin
0 0 1 0 1 1 | EOM s FVT 3 2 M R :
0 0 1 1 0 0 |ETMM | l olojo o |-
©o 0o 1 1 o 1 |TMM | | I I opopo 1o T
"0 1 0 0 o o |wm j ojo|1 o | g rpa
© 1 0 0o 0 1 M ool 1t L
0 1 0 0 1 o |mA ol 1 o0 o |0 rpa
‘o 1 0 o 1 1 |wms O v 01 HLY
001 0 1 0 o | M o I R B L rpa2
o 1 0 1 1 1  MF oLt 1 1 Wy
"6 1 1 0 o ol ‘ 10 1 1 | (DE+byte) :
o 1 1 o o 1 |nxe 1 1 0 0 | (HL+A) |
[0 1 1 o0 1 o |T™o T : : ? ; (HL+8) i
S0 1 1 0 1 1| T™M l (HL+EA) ‘
1 0 1 0 0 0 . ZCM(CMOS). ! ! ! ! (HLtbyte) _l_
1 0 0 0 0 0 CRO
1t 0 0 0 0 1 CRl
1 0 0 0 1 0 CR
i1t 0 0 o0 1 1 CR3 a3
T I C3 C2 Ci Cp | addressing
0 0 0 0 | (DE)
o3 wd o 0 0o 1 | HU
0 0 1 0 | (DE*
Ug | Special-reg J Vo | Special-reg 0 0 1 1 | (HL**
1 +byt
o | ETMO 1 0 | EcnT X ? ; . :zﬁ,, A e
1| ETMI 1 | ECPT 11 0 1 | e
1 1 1 0 | (HL+EA)
1 1 1 1 (HL+byte}

4-185




uPD7810/11/PG11/10H/11H/C10/C11/C14

NEC

List of Mode Registers

FUNCTION

1

"MODE REGISTER |READ/WRITE’

—
An 8 bit register for designating the input/output of '\

"MA register w
{Mode A) the port A in units of bit.
MB register w An 8 bit register for designating the input/output of
{Mode B) : the port B in units of bit.
MCC register w An 8 bit register for designating the port/control
- {Mode Control C) mode of the port C in units of bit.
MC register w An 8 bit register for designating the input/output of
{Mode C}) the port C in units of bit.
MM register ‘ w A 4 bit register for designating the port/expansion
. (Memory Mapping) | mode od port D and port F.
! MF register w An 8 bit register for designating the input of
i {(Mode F) port F in units of bit.
TMM register R/W An 8 bit register for designating the operation
({Timer Mode Reg.} mode of timer.
ETMM register w An 8 bit for designating the operation mode of
(Timer/Event Counter timer/event counter.
Mode Reg.)
EOM register R/W An 8 bit register for controlling the ouput level of
{Timer/Event Counter COO, CO1.
OQOutput Mode Reg.)
: SMH register ' R/W 7 bit and 8 bit registers for designating the “
' SML w operation mode of serial interface.
ANM register R/W An 5 bit register for designating the operation mode
(A/D Channel of A/D converter and for indicating the input
Mode Reg.) | | channel during A/D conversion.
ZCM register : w A 2 bit register for switching on/off the internal B
' (Zero Cross Mode ! zero cross detection circuit.
Reg.) CMOS only !
f if
F2 F1 Fo | INTF la 13 12 11 g | INTF
o 0 0 - o 0 0 0 o INTENMI
0 1 0 (4 0o 0 0 o 1 INTFTO
0 1 1 | HC 6 0 0 1 0 | INTFT1
1 0 0 z o o0 0 1 1 INTF1
|0 o 1 0 o INTF2
o0 1 0 1 INTFEO
"0 0 1 1 0 INTFE1 |
0 o0 1 1 1 INTFEIN
0 1 0 0 O INTFAD
o 1 o o 1| INTEsR
| 0 1 0 1 0 INTFST
Y 1 [ 1 1 ER )
] 1 1 0 o ov 1
i1 0o o 0o o | ana f
1 0 0 0 1 ANS5
1 0 o 1 0 ANG6
1 0 0 1 1 AN?7
1 0 1 0 o SB
L
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INSTRUCTION SET

[ MNEMONIC | OPERAND] o : op COOE 0 | e «{ sruer OPERATION e ITION }
| A T0001 1121179+ ! T a ta-a !
A looooitatyTg . i T4 la-n '

:‘.,A To1001101 :|1555453525|So Y t :.lo i,,-A o T X
s ¢ A 01001100 115554535251S0 ' ! 10 A
MOV rwod 01110000 for10tRR Rg I o tword) : )
g ‘word. :onloooo :O'II|R2R|R0 7' _‘MET'-,‘. L _:
§ + |rovie 01101R;Ri R oaa ] rebyte e
< w w2,byte [ 01100100 $300005;5 So "2 byre
Tomvw o [wa by jou 110001 Ottt IV .wal = byt
% at, 0100104 Ag " Data ’ 10 Gpall - byte - T
° .61 100011 ]" Offset I 10 [ vwi-a e
‘E 00000001 _ Offset ! . 10 T A~tVwa D
L A30111A2A1 A © Data 1°11 o 3 w2 A T
| 30101 A2A1A0  Daui’l M3 [ A~ ima2)
i . 0010001 | 4 i g:ga:a?:?
s T jesdiseeo [T T T T T VA v ek
(EXH {01010000 | a W LeH, L
I l 81 .grcgqe__y__r T sa 7] STATE OPERATION ComoITION
BLOCK - 00110001 3% | (OEl + (HL}+ C+ C1
‘ (C+1) | End)f borrow
- T ea Tio1701pP Ry - ’ 4 | pdL + EAL, rp3y ~ EAH
oMoV [ea. 3 101001 P T 4 | EAL~rp3 EAH~ p3y
« fw3ea [01001000 ~ "7 i101001Yp T w3-€EA
w 1100000vg 14 EA-w4
g $BCD oTruoo!o 00011110 1 lowAds High Adrs | 20 (word) = C. {word+1) ~ 8
& 'sDeb T T o0tor11i10 1 20 | (word) ~ €. (word*1i~0
< [sHLD T 00111110 . 20 | (word) + L. (word+1) = H
S [sspo [} i 00001110 20 | (word) - SPL, (word+1) ~ SPR
« [sTeax 01001000 1001€3C2C1 Cg Data (2] 18720 | irpad) ~ EAL, rpade1) ~ EAH
@ [teco 61110000 00011111 “Low Adrs| High Adrs | 20 | C + (word), B — (word*11
LDED [ I 00101111 T 20 €~ (word). O « (wordel)
LALD j 00111111 A 20 L~ (wordl, H - (word+1]
LSPD ] ] 00001111 [] 20 | 'SP = Iword). SPH ~ Iword+1)
LDEAX  |pa3 101001000 1000C3C;C Cp Data (*2) 14720 | EAL - (rpad), EAH + (rpad+1)
PUSH 3 101100201 Qg 137 | (SP-1) iy, 1SP-2) ~ ol
~sp-2
3 Pl 101000707 0g 10 | 1L~ (SP). Py = (SPeT)
P+ SP+2
i “ [ip2.word | 0P2P1 PQ0O100 " Low Byte High Byte 10 | rp2+~ word
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[wwemonic Jorenano - [ oF cove . s —| STATE OPERATION SKMOITION
01001000 | 10101000 17 [ C(PCe3+A) i
I B - (PC+3+A+1) |
01100000 11000R7 Ry Ry 8 A« Asr i
T 01000 Rz Ay Ag 8 |rereA J
T T1010R2 Ry Ry 8 A = AsreCY -
: :77 T 01010R2 R Ry 8 | r—reAsCY - B
E , _i_’__ 10100R; Ry Ry 8 A~ Asr No Carry
2 [ " 60100R; Ay Rg T8 e NoCay |
3 ! 11100R2 Ry Ro 8 |A-A-r
g : i 01100RzR1 R0 8 |rei-A ¢ :
] - T1110R; Ry Rg 8 | A-A-r-CY .
H T L OviioAzRiRg 8 | r-r-A-CY ]
% T . 10110Rz Ry Ag ] A A-r No Borrow
s I o _00170Rz2A1Rg j ) re-A T No Borrow
® | 10001 Rz Ry Ry | [] A~AAC e N
L - 00001 R2Ry Ry . i 8 rrAA
T0011Rz Ry Ag 8 |A-AvVr
00011RyRy Ag T ) (vfVA
10010R2 Ry R ”» . - . 8 TACAv:
X 00010R2 Ry Rg ) |8 e OMA : !
[:u TOTAn [ 10101Rz R1 Rg 8 AT ] NeBarrow
__l_ ) A | ﬁ ) 00101Rz Ry Rg 8 |r-A-1 tNoBonovz_
[MNEMONIC | OPERAND — — g | r—ﬂ——:;cﬂ’g- 83T s~ STATE OPERATION ZONDITION
é A A 01100000 10111 Rz Ry Ry 8 A-r Borrow !
2 oA T 00111R2 Ry Ry 8 A Borrow
‘::’_:'!N“ Ar__ ’ J: 11101 R, Ry Ry 8 A-r No Zero
| A " T 01101R2R Ry 8 A No Zero
'§ T A T 17111R2 Ry Rg 8 A-r Zero
1g |ton A L) T T8 A Zero i
v [ona Ar R T TY LY T I 8 AAr " Nozeo |
! 3 loFfa a7 Yy b T1011Az R Ry i T8 [anr T 2er0 i
! Taoox I 01110000 110004z A1 Ag T N A~ A ipa)
T 11010A2A1 Ag 1 M A~ Ar (paeCY :
o T T0T00A A A0 | T N A~ A pe No Corry
T T T T i T00aAr Ag N AA-tpe T
1 T0 Az A1 Ag W A~ A tpalCY
| '1_ 1042 Ay Ap TN A-A-wpal
i " T :__li_lilou;»\‘»o i n A-AAlpa
i : 10011 Az Ay Ag T N ACAV (s
e e e 4 L.t P
P TThonioama N TATAV
I 10101 A7 A1 Ag T T A pal
K I ; l | 10111241 A9 | N T A ew -
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MNEMONIC :oruunn- - | Agconz | e ] .."‘I STATE I OPERATION g:'v:omon
< Abye |0110011% | - Data * : A byte No Zero
NE' rbyte  [01110100 ' 01101R2R; fg "1 bye NoZero
“w2owe 0110 T 5311018815 w2 e No Zeio
I’ « “abpe forironnn - Data - C A ovee Zero
18 e i byre o1vio100 | 01111RA) Ry « byte Zero
| w "w2.ove 0110 $31111828Sp 2 byte ) Zero
-3 - "abye l01000111 - Ot - T anoe o No Zeco
| ; ONI " bvte (01110100 | 01001R2R R Cinbye No Zero
12 . “wzove [0110 " 531001525150 w2 nome Nozewo
* Abyte 01010111 < Data + A Avyte Zewo :
I OFF rovee 01110100 | 0t011R2ARg TiAbye T Zero i
L . :yz byie {0110 § $310115251S0. TwaAepe T :z_c_«o' )
o ADDW  wa 01110100 11000000 Offser A~ AV wa) |
| W ADcw wa 1101 i [ A~ aavwarcy - i
I 2 "ADDNCW [ wa 1010 [ ! A< asivwal NoCarry
2 ‘susw - e [ A~ A-(V.wal
fof t 1 14 A~ A-(Vwal-CY
lﬁ. F T 1011 . M A-A-(Vwal No Borrow
19 A i .RF, | | roooioco U [ A-AAIV W)
| [omaw  Twa K ] 1001 | [T Ta-avivw
MNEMONIC | OPERAND [——~- g~ = -+ ——S20 8| STATE OPERATION R NDITION
XRAM we 01110100 10010000 Offset 14 | A-AV(V.wa)
[GTaw wa [ 10101000 14 | A-(Vwa-1 No Borrow
LTAW wa ! 1011 e 14| A(Vwa) Borrow
INEAW wa | 1110 4] A-tVwa) No Zero
'@ EQAW wa 11 14 A-tV.wa) Zero
EIW—.M—_ o 1100 14 | AA(Vwel No Zero
& [oFFaw wa K} 1101 14 AAV.wa) Zero
: ANIW  * wa,byte 00000101 < Offset ~ Data 19 | (Vwa) = (V.wa) Abyte
Z[ORW * Twabye (0001 [ 19 | (V.wa) = (V.wa) V byte
§ |GTW_* [wabvie |0010 | " 13 | (V.wa)-byte-1 No Borrow
LTW  « fwabyte 0011 ’ 13 | (Vwal-byte Borrow
NEW  * |wa byte 0110 - 13 | (Vwsl-byte No Zero
EQiw * | wa, byte [ ARR] 13 1V wa) -byte 2ero
ONW _* [wabyte (0100 | T 13 |V wal Abyte No Zero
OFFIW  * [wabyte 0101 § 1 137 T IVl Abyte | 2eco
o[EADD 01110000 0100008, Rg 1 | EA~EAn2 i
, &{0A0D ] 0100 110001P Py 11 | EA~EAwpd
Eé DAOC | o | 11| EA~EAwp3sCY
I~ &|DADDNC | EA 1p3 1010 § " EA +~ EA+rp3 No Carry
“[esum EA2 | § 0000 011000R Ro 11 | EA~EA-2
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MNEMONIC orsnmo’——s'-—---T -— ,7:&?&_ T B3 84 —| STATE OPERATION ZKNDITION
NEAX pa To1110000 11101424149 i n A~ (rpa) No Zero
EQAX o2 T | T 1 A2 A Ag 1" A (rpa) Zero
"oNAX Tioe i | T T001A2A; Ag n AA (rpa) ""No Zero
TOFFAX |rpe [ 1 11011A2A] Ag n A A(rpa) | 2Zeo
: « [A.byte 01000110 ! + Data 7, A-Acbyte
'a0i “byte | 01110100 | 01000R2 Ry Ry Data T e cenyre
A w2.byte (0110 | [~ s31000s35159 ¥2 = sr2+byte
H “|Abwe lo1010t10 1 ~Data + A~ AvbytesCY
W lacl I byte 01110100 01010R2 Ry Ry ™ bama 11| 7 = rebytesCY
g w2.byte [0110 | 5310105259 So ] 20 | 2 - se2+bytesCY
g < [abyte |0C100110 ~Dsta ~ 7 A~ Asbyte No Carry
= IADINC r. byte 01110100 . 00100R2 Ry Ry Data 1M 1+ r+byte No Carry
s2.byte 10110 } 5301005257 Sg ] 20 52 ~ sr2+byte No Carry
“Tabve 01100110 < Data -~ 7 A-Abvie
sul . byte 01110100 01100R2A1Rg | Osu N rer-byte
sr2.byte | 0110 $311005281S0 | ¢ 20 | w2+ s2-byte
“ Tabye JO1110110 ~Dota + N 7 A~ Abyte-CY
SBI 1, byte 01110100 01110R2Ry Rg Data noy ¢+~ r-byte-CY
w2,bye (0110 | S311105251 59 | 20 | w2 -w2-bvieCY
l luumomc OPERAND o T %W—E—— - 84 1 STATE OPERATION I R OITION
[ + [aeve Toot1ot10 T - Data + 7| A-A-byte | No Borrow
© iSUINB T byte 01110100 | O00110RzR; Ry Dsta 1" = —byte T No Borrow
w2.byte 0110 § 5301105;515¢ { 20 | w2-w2-byte No Borrow
i r - _}Tum. 00000111 ~Data ~ 7 | A-AAbyte
| ANI Te. byte 01110100 00001 Rz Ry Ag Data K ~Abyte T
» w2.byte |01100100 | S30001525 Sg 1 20 s2-u2Aoye
T T T laoye 100010111 T <Daa~ TS A~ AVbyte 1
3 |ont rbyte 101110100 00011 Rz Ry Ry Data T recvoye
| ‘E w2byte 0110 § "7530011525150 ¥ 1 20 s2-w2Vbyte T
3! « Tabye 00010110 T e - T TACAY bye ’ 1
‘ ivxm «bye 01110100 | 00010Rz2R1Ag Data TTh e Voyte . o
I %) 0110 § 5300105251 50 20 wz-s2vowe 1 T
! A “Tooro0111 - D3 A -byte—1 "] NoBowow |
| on v oyte 01110100 00101 Ry Ry Ry T oytenn - '{'?Joao..ow
[wzowe_JoiToT§ 5301015251Sg Tz 1 T T T R omow |
; < TAbyie fo0110111 ~Dawa - Taepe e |
LT 01110100 | 0D111R2R) Ry Data e -
[_ [0 § T saonnissisg T T e ) ‘;

4-190




uPD7810/11/PG11H0HATH/C10/C11/C14

T SKIP '
T OP CODE T
Tuumomc |oreamu' 81 1 82 | 83 | s STATE OPERATION CONDITION
‘osuu "EA 3 01110100 111001P Py I S .
. i , . . e
loses €A 3 | | IERE ) ' T T eaces 3 ey )
‘DSUBNB €A 3 o ) : T T easEa o Bucow
g DAN €A 10001 1P Py ) : Con o easeasm )
| ;‘I“"“ €A p3 i ©oioo1 g : ) T easEAVel )
T ioxR tAL 03 [ 100101P Py oM EA-eAvim )
Z ‘o6t “tapy | " 1e1011P P : : T eaiean * No Borrow
koLt ‘eap3 1011 ' ) ' on eaws " Borow
| 2 lone ‘eawa ) T oo o EA-rp3 No Zero
B . .o ; . . . . i . .
loeo EA0d [RER! R o eaims " zeno
i . . .
Ioon e, p3 [ 1o : : Ton T earm | Nozero
© oofk 'ea 3 Torvor oy : n €A 3 " zeno
'€ gmul 2 ‘01001000  001011R A . ! T om eacaxa
33ow i ’ { " oeon [ 5e | EAvEAT 212+ supius
35 . . ! . . . s EAnE , .
INR 2 "010000R Ry o B I 4 a2 | cor )
‘selinaw  * [wa (00100000 ~ Offset - 16 (Vwal© IV walel I Carry
zz " . ? gty ey . . 2. \ i
155 w® 00P PHOO10 ) X .
g N 'eA” " Tio0v01000 N T T
-4 1
o0 —— e - - — s .
2% ocR T2 Tor10100R, Ry i ‘* . Borrow
_ J— D — Ser
ocrw ¢ [ws Toou 10000 | “Otser - 1 . I I L A R [ Borrow
! 0P CODE SKIP ]
i | MNEMONIC OPENANDI e T STATE OPERATION CONDITION
! 81 82 83 Ba |
7 o1
DeX ' j90PPgoorr | [V B AL S -
EA 10101001 T TeaTEA 7 o
TTTal 2 'owuloou ‘}»ooumm Ao .8 v2....|‘-v2,..;29:c_v__gv~27 1
AR (2 T 1" oori Ry | I S .'2;.2,“ 27+ Cv.
! S S . — FE ) b
felsee T2 00100181 Rg » 1 8 2mel ~ 2m. 120~ 0. CY — 127 o
HEG I § 00RiR ' 8 | 12m. 1~ 2m. 127+ 0.CY =20
alstic T2 ’ 000001 R Ry - 8 Zme-2m20-0.0Y <27 lcary
& [sLAc 2 t § doming T 8§ | 2m 1~ Zm 21 0.0V~ i2g | Carey :
Re . P —
= [oRLL EA i 10170100 8 Ecn.lsx‘u,‘ EAg+ CY,
< ;
[ H 4 - e ——— N 9
2 loRLR | 0000 8 EAn_{ ~ EAp EA15 - CY, 1
| @ {oALR lea ! '[- : Bl
iooosce lea ] ':7”E '__T\ol_omﬁ“ ) - 8 ER A ERo D
S - - . . —
DSLR €A N " "T o000 8 SC"»'E; EAn EA1S 0,
DAA 01100001t - B a Decimal Adjust Accumulator :
st 01001000 [ 00101011 N T8 o
“Tee i “Toaro1010 ; 8T ovo I
NEGA \ ] §___ [ooitioio 8 A+ Al o |
TRLD i 01001000 | oonvou.o” T ] 17 Rotate Left Oigit 1
Tano | i i f 1001 1 17 Rotate Right Digit I
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-
OP CODE SKIP
| S—
I or r B B2 [ ® | & snrsl OPERATION lco»mnou |
(MR e Twore 01010100 ~LowAdrs = | High Adrs | 10 | PC-word i ;
L oE 00100001 | |4 PCy-BPCL-C B 1
| % R |word 11 - dipl = T 10 PC~PCYIvdispl B -
{7 [Re 7 Twora 0100111 - T e 10 PC~PCo2vdispl
I JEA 01001000 00101000 8 ' PC-EA
i CALL -+ word 01000000 + Low adrs High Adrs. 16 ' (SP-1) ~ (PC+3)N,
(SP-2) = (PC+3)
i PC - word, SP ~ SP-2 )
! caLB - 01001000 60101001 177 (SP-1) ~ (PCA2in, '
i i | 15P-2) = (PCo2)
| | PCH+B.SP~SP-2 PC_ - C
_ [eatr+ Twors [ —— fa— 1 131 (SP—1) - (PCo21p. o
2 . (SP-2) = (PC+21
| s ' PC15_11 = 00001, PCro—0 = fa.
i ' sPesP-2
CALT word 1100 ~1a- : 16 1 (SP=1) = (PC+1)y, . |
! ) H . L (SP=2) ~ {PCo1)
’ | ! PCL ~ 1128+212).
| . + PCy = 1129+ SP+SP-2 '
Isom 01110010 I TTN6 | ISP-1) — PSW, (SP-2) - (PC+ 1),
, (SP=3) = (PC+1)(, PC + 0060H,
I 1 { SP~-5P-3 X ;
! _ _ OPCODE _ T skiP ]
| [MNEMONIC‘ OPERAND B i 02— " o | sTATE ! OPERATION CONDITION
RET 10111000 " ! 10 ‘ PCL ~ {SP),PCy = (SP+11
'SP - 5Pe2 :
z. - - — .~ )
Z "ReTs 1001 | 10 PCL = (SP), PCy = (SP+1) [
E» IR A L--.. o | SP+ SPs2,PC~PCsn ! L
RETI 01100010 ; 137 | PCL - (SPLPCH - (SPe1) T Uncondimional '
. : | PSW = (SP+2), SP ~ SP+3 Skip
5K 101001000 | 00001FzF1Fp T8 skedfa (T
o SKN T 1 l_ 0001 8 Skpitt=0 - 120
X sk l - o101z ) Skip of 111=1, then resel wfe)
SkNIT t " o1 T30 00 - ] i -0 -
B . JUU S B S -
2 Nop 00000000 i l e No Operation
£ 10101010 - - i 4 Enable Interrupt B I
. . i (SR R . —
g:' . A G SO LT 4 N
(ST oo porrvor R Lo oy e —— -
Notes:
(*1) 82{Data} rpa2 D+byte. Hebyte
(*2) B3(Data} rpa3 = D+byte. Hebyte
131 right s10e of slash (/) 1n states indicates case rpa2, rpad = Debyte, H+A H¢B, H+EA, Hedyte
("4} «n the case of skip condition, the idle states are 35 follows
1.byte instruction 4 states 2 byte instruction (with *| 7 states
2-byte instruction B states 3 byte instruction (with *1 10 states
3.byte instruction 11 states 4 byte instruction 14 s1a1es
Additional instruction for yPD78C10/C11/C14:
OP CODE I SKIP
MNEMONIC OPERAND - ' - .  STATE OPERATION CONDITION
. B N 82 B3 B4
sToP | " 01001000 10111011 2 Stop

4-192



ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

pPD7810/7811/78PGT1E



wPD7810/11/PG11E

(Ty = 25°C) ABSOLUTE MAXIMUM
PARAMETER SYMBOL TEST CONDITIONS RATINGS uNIT RATINGS
vee 0510 +7.0 v
VoD 0510470 v
Power Supply Voltage Avee Tosweo L v ]
AVss T T 0510408 K2
Input Voltage v —05w0+70 |V
Output Voltage Vo T —05w+70 |V
R ""#WW 7 7T au Output Pin’ 40 mA
Output Current Low oL ' s
Ail Qutput Pin Toral 100 mA
I All Output Pin i ~05 mA
Output Current High [ N -
Ail Qutput Pin Total -20 J mA
‘- { . .m
Reference Input Voitage VAREF -0.5t0 Veo ! v
10 MHz <fxTAL < 12 MHz 1010 +70 B
Operating Temperature Topt . e -
IXTAL < 10 Mz -40w0+85  °C |
Storage Temperature Tog —6510+150 [ ¢ |

OPERATING CONDITION

0SC. FREQ. PARAMETER Ta Vce. Avee
10 MHz < txTAL < 12 MHz ~10°C to +70°C +5OVE5%
TXTAL < 10 MHz -40°C to +85°C “50V:10%
(Tg = 25°C. VCC = VDD = Vs§ = OV) CAPACITANCE
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Capacitance Ci 10 F
P pac ! fe=1 MHz — — - L _l
Output Capacitance Co Unmeasured Pins 20 oF
170 Capacitance | o Returned 1o OV ) oF 7]
{Ta = —10°C to +70°C. VCG = +5.0V + 5%, Vgg = OV, VoG ~0.8V = Vpp < V¢e) DC CHARACTERISTICS
PARAMETER sYmBOL] TEST CONDITIONS [ v T vve T maxTuomits
Input Low Voltage iL l T o8 l v
T Viny | All except “Vee VO
Input High Voltage Vinz  SCK.X1.x2 { 08vee T vee L v
e IR, LS !
ViN3 RESET 08vpp Vee v
put Low Voltage | VoL IoL - 20mA T "I 045 * v i
Output tigh Voltage | VoW loH = -200uA 24 ! Py
it g A -y A . . IO
input Current I INT1, T1{PC3); +0.45V = VIN S VCC * 200 i uA
Input Leakage Current | 1 7 Al except INT1. TIPC3) OV < Vi ~ vog . e s H
Output Leakage Current | Lo 0 85V<VpeVee o : ! 1 vl ua ’
AVCC Supply Current | Atce [_ ’ T i e T o2t A
|y = . . . . [ LR
WPD7811. 7810 1572 32 mA
VoD Supply Current I B . . . .
00 Supply Cur 0D 4PD78PG11E 1572 32 mA
. . . . ! '
. wPD7811.7810 1502 . 200 mA
Ve Supply Current . . . '
CC Supply Current - Icc \PD78PGIIE . 1402 230 | ma
Dala Retention Voltage  VppDR | VG = OV, RESET = vy 32 Ty

2 Ta=25C Vg = Vpp = 450V
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AC CHARACTERISTICS
READ/WRITE OPERATION

SERIAL OPERATION

ZERO-CROSS
CHARACTERISTICS

(Ta=-10Cto +70C. Vcg = +50V * 10%, Vg = OV. Voc —0 8V  Vpp = VCe)

PARAMETER SYMBOL TEST MIN MAX UNITS
, X1 input Cycle Time eve 83 250 ns
Address Setup 10 ALE . AL 65 ns
! Address Hold trom ALE . ¢ LA 50 ns
Address to RD . Delay Time AR 150 ns
; RO . to Address Fioating | AFR . 20 ns
| Address to Data Input 10 360 ns
ALE - 10 Data Input . WoR . 215 ns
RD. to Data Input RO , 180 ns
" ALE . 10 RD . Delay Time ‘wa » s
: Data Hold Time from RD * , ROH 0 ns
RO “ 10 ALE" Detay Time RL 15 ns
' ' Data Read 280 ns
RD Width Low RR !
) . s OP Code Feich 530 ns
. ALE Width High 48 125 ns
" Wi Setup Time to ALE . L T oae 65 s
| ¥ Hold Time from ALE - Tum T oae 50 ns
L_@M Setup Time to ALE - o 85 ns
. O/M Hold Time from ALE . 1w . 50 ns
Adress to WR . Delay ! taw 150 3 ns
ALE - to Data Output . ow A N 195 ns
| WR - 10 Data Output , wo . 100 as
. ALE . 1o WR . Delay Time . ‘ ww \ . 35 ns
Data Setup Time to WR * _ | ow . . 230 . ns
Data Hold Time from WR * WDH 95 ns
WR " 10 ALE * Delay Time " L : ns s
[WRWdhLow ~ ww :' R ns
{ Address to Data Input Delay _T_tAcc o ‘- 78PGIIE 0.-».1)4 : 360 ns
Note 1 fXTAL = 10 MHz
2 Load Capacitance, C_ = 150pF
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
SCK Input I‘a 166 ad
- ‘9 500 ns
SCK Cycle Time YK S ouen 3 p
o - i . 750 s
SCK Input ——— =
. 9 200 ns
SCK Width Low KL . I,
SCK Output 900 Hs
,— . 8 750 ns
SCK Input -
- [ ‘9 200 ns
SCK Width High IKKH SEK Output 200 =
[ RxD Setup Time to SCK 1 | tAxk | '8 80 I
I"RxD Hold Time trom SCK T IKRX 8 D s
SCK i to TxD Delay Time KTX 8 210 s
8 1x Baud Rate in Asynchronous. Synchronous. 1/0 Interface Mode
"9: 16x Baud Rate or 64x Baud Rate in Asynchronous
(T = —10°C to +70°C, Ve = +5.0V ¢ S%. Vgg = OV, Ve -0.8V < Vpp < Vco)

PARAMETER [ symBoL |  TEST CONDITIONS T MmN MAX [ UNITS
Zero-Cross Detection Input T'vzx i AC Coupled 1 18 VACy_p
Zero-Cross Accuracy Thzx I 60 Hz Sine Wave T135 P
Zero-Cross Detextion Input Frequency | 12x | 0.05 1 Hz
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Ty = —10°C to +70°C, Vg = AVCC = +5.0V 1 6 %, Vss = AVgs = OV, AVee —0.5 < VAREF S AVcch

PARAMETER SYMBOL | TEST CONDITIONS Min v UNITS
Resolution I 8 Bits
Absolute Accuracy ;5;;?;3:;? Toms 04%x1/2 | LS8

83ns S toyc S 170ns 06%+1/2 | LSB

83ns Stcyc S 110ns 576 cye
Conversion Time ICONY ™1 0ns 5 teve 5 170ms a2 ove

83ns S1CyC S 110ns 96 tcye
Sempling Time ISAMP T ons = toyg &170ns 72 teve
Analog tnput Vottage VIAN o VAREF v
Analog Input Impedance Ran 1000 MQ
VAREF Current |AREF 02 05 15 mA
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(Ta = -40°Cto +85°C. VGC = +50V + 10%, Vgg - OV.Vee 08V ~ Vpp ~ Voc! DC CHARACTERISTICS
PARAMETER [ symsoL] TEST CONDITIONS Min [ Tve T max fuwnits
Input Low Voltage Tvie ¢ 0 08 l v
o TV T AWexceptSck. RESET, xt.x2 | 20 | vee | Vv
Input High Voltage "vimz | SCR.x1x2 N Y IV Vee | v
Ving | ) i T vee | v ]
Output Low Voltage | VoL | loL = 20mA T 045 | v
[ Output High Voitage | Vou I0H = -200uA LT T T
Input Current 1y | INTLTI(PC3.s0asv s vin~vee | 0 ] t200( wa
o | Al NTILTIPCH OV Vin<vee| ] +10 [ wal ]
Output Lnk_n; Current iLo 0 45V<_Vozvcc T <10 T.;\v”
AVCC Supply Current | Alce | T - 1 mA
{ Voo Supply Current o - MPOTEIL 7810 o mA
! > . . WPD7BRGIIE mA
Ve Supply Current Icc . WP7811.7810 mA
WPD78PG11E mA .
" Data Retention Voltage ; VDDDR | VeC = v
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AC CHARACTERISTICS
READ/WRITE OPERATION (1, = —40°C 10 +85°C. VGG = +5 0V + 10%, Vg = OV, VCC —0.8V  Vpp = VCC)
I TSYMBOL . TEST CONDITIONS MIN_ T wax T uNITS
X1Input Cycle Trme . w0 ns
Address Setup to ALE .\ _|00 ns
j_Aﬂirgss Hold trom ALE - l B - \ 70 L
j Address 10 RD - Oelay Time — —— N0 DT
{ RD . to Address Floating . l R 204‘» ns G
Address o Data Input . 13704;_ ns
A_LE « to Data m&f l . . 3904. ns .
| 0 s
CALE.! olay Tim 1 i , 50 | e ]
. Data Hold Time from RD * L . . o ns j
o150 ns
RD Width Low Dotafosd Lwo . —
OP Code Fetch 650 ns
TALE width High . » 160 T B J[ s |
T Setup Time to ALE . _j'é T BT I N
M1 Hold Time from ALE . X ‘6 70 s !
"TO/M Setup Time to ALE - W I 7 w o s
_ TO/M Hold Time from ALE . o 70 o ns
Adress 1o WR . Delay ! _: _ e 200 l o l ns 3
ALE + to Data Output __ ) = L 210 ns |
WA . to Data Output i e 100 ns
' ALE - 10 WR . Delay Time o 41 B 50 T : -ns )
“Data SetpTme o WR™ B { a0 T T
- Data H?lg_ﬁ_me from WR * 130 ns
WR * 10 ALE * Delay Time ) - 10 " Ths
WR Width Low - | - s Chs
' Address 1o Data ot Delay | tacc | 78PG1TE only e T a0 ns
Note 1 fxTAL = 10 MHz
2 Load Capacitance. C = 150pF
SERIAL OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
SCK Input ‘[ .Z g ::
SCK Cycle Time YK — -
SCK Output 24 s
it |2 920 il
SCK Width Low WKL —- 20 ™
SCK Output 11 us
- s = :
SCK Width High TKKH So ouat = =
RxD Setup Time to SCK 1 tRAXK 8 80 ns
RxD Hold Time from SCK 1 tKAX 8 T 80 P
[ SEK 4 to TxD Delay Time - KT ‘8 ' L 210 n
ZERO-CROSS
CHARACTERISTICS . (1= -40Cto+85C.Vee = +50V - 10%, Vgg =0V, vce 08V = Vpp ~ V!
PARAMETER SYMBOL TEST CONDITIONS MIN MAX | UNITS
or Vzx AC Coupled T 18 | VACp_p
Zero-Cross Accuracy Az2x 60 Hz Sine Wave 135 mv
FZovo Cross Detextion Input &'e,q:,,'”cv. Asz__» 777777 i 005 L 1 kHz
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‘1 The following oscillation circuit using XTAL 1s recommended
C

T
G C- 10 pf

C
x>

Ta=+25"C,Vec=VpD =5V

fXTAL = 12 MHz

fXTAL = 10 MHz

Load capacitance : C|_ = 150 pf

MODEO, MODE1 pins are connected to VC( through R in 4uPD7810, uPD7811, uPD78PG11E
*7  MODEO, MODE1 pins are connected to V¢ through R in uPD7810

*8  1xBaud Rate in Asynchronous, Synchronous, 1/0 Interface Mode

‘9 16x, 64x Baud Rate in Asynchronous

. >

.
s WwN

.
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A/D CONVERTER
(ta = —40°C to +85°C, VCC = AVCC = +5 0V + 10%, Vg = AVSS = OV, AVCC —0.5V S VAREF S AVCC) CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS T wn | TP UNITS
Resolution ! | 8 ! Bits
PR o Zgye i oveiz | oo
! 100ns < toyg S 170ns 06%+1/2 . LSB
T T T retns = teve = 170ns e ] teve
Conversion Time i 1con [ * @ | ove
T T T oons s teve = % T e
Samplhing Time tsaMP T - e
L [ Monszioycst70ns 72 _ . lovc |
Analog Input vgua;_;e i r R o L YAR,EF ___V___
1 Analog lnpu} !"L"f“‘,‘f‘“, . i . 1000 MQ
VaREF Current : 02 5 mA
2.4v oy 20v AC TIMING
. :> Measurement _<: : MEASUREMENT POINT
0.8v Points 0.8v
0.45v
SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS BUS TIMING
AL 2T -100 MIN o DEPENDING ON tcyC
wa [ T-m T MIN s
lar 3T - 100
fap o220 T
'LDR ST - 200 )
tRD 4T - 150
R T-50 o
tRL 2T—56_ T
4T — 50 (Data Read)
'RR 77 J50 (0P Code Feren 1 ™" "
w0 T T T e T e ]
Tt
T-30
2T - 100
7-30 -

3T - 100

ek 24T (5CK Outpu
T 101 - 80 (8CK nput) 1
KL 12T - 100 (SCK Outputi
! " 107 - 80 BCK tnpun) 1
| txkH ’

1 . 127 - 1

Output)

*1 1x Baud Rate in Asynchronous, Synchronous, IO Interface Mode
*2 MODEO, MODE1 pins are connected to VCC through R
*3 MODEO, MODE 1 pins are connected to VCC through R in uPD7810

Note T =tCyC = VIXTAL
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OTHER OPERATIONS

(Ta=-10Cto +70°C,VCC = +50V* 5%, Vgg = OV. Vo -0 8V ~ Vpp ~ V()
(Ta=-40Cto + 85C.VCC = +50V * 10%. Vgg = OV. Vo -0.8V ~ Vpp ~ Veo!

Parameter Symbol Conditions MIN MAX UNITS
TI width high. low TR, tTIL T 6 tcyc
1CiH, tciL  Event Count Mode 6 tcye
Cl width high, low : " Putse Width : ! ’
tci2H, tci2L Measuu;menl Mode 48 lcve
R f . . ‘ . .
NMI width high, low ‘ INIH. INIL 36 tcyc
INT1 width high, low ‘ e L 36 tcye
INT2 width high. low t2H, h2L H 36 H tcye
_ RESET width high. low _ RSH.IRSL 1 60 l tcYc
EXTERNAL CLOCK TIMING
(Ta=-10°C to +70°C, VCC = +5.0V + 5%, Vgg =0V, Vcc -0 8V ~ Vpp = VCe)
(Ta = -40°C to + 85°C, VGG = + 5.0V + 10%, Vgs = OV, VG -0 8V * Vpp % Vie)
Parameter ! Symbol Twst Conditions MIN UNITS
X1 !r)pul w_»dth h_lgh N tOH o ] 30 ns
X1input width low toL L _ 30 ns
jXtinputrisetme -t . 0 ns
X1inputfalltime t . ) 0 30 ns
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TIMER INPUT TIMING

T1

TIMER/EVENT COUNTER INPUT TIMING
EVENT COUNT MODE

tChH L

C1

PULSE WIDTH MEASUREMENT MODE

Ci2H cl2L
ci
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NEC

INTERRUPT INPUT TIMING

INH INIL
NMI
ne nH
INT1
t12H 2L

RESET INPUT TIMING

EXTERNAL CLOCK TIMING

T

2.0V

0.8V

X1

0.8V 7

oL

tcyc
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CHARACTERISTICS (T, = 25°C)
CURVE
— REFERENCE — Output Voltage High vs Output Current High
E s | Vec=50v
5
£ Ve = 5.5V
T -0s
c
£
3
L
5 -02
O \
- 2 3 a
Output Voltage High Vg (V]
Output Voitage Low vs Output Current Low
I
so vccl= Y
T /// :
E 40 Vee = 4.5V,
-
o Vee = 55V
H
é 30
3
S 20
° !
: |
10 : 1
, | |
| | i j
50 100 150 200
Output Voltage Low Vg [mV]
CHARACTERISTIC OF
A/D CONVERTER
Lse
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TIMING WAVEFORM
Read Operation

T

WA AU AW A WA WA W AW AW AW A W A W A

AD

READ DATA

[RE . ADDHE S8 {LOWE R )"—‘—D:

LoR

— el
———L T ROH
—— L
ALE / \ == 1AFR /
—_—A L —
'RD.
. 1
RO \ “ j
i_ LA -
‘AFIT-——
| .
M- LM~
MODE 1
M1
“—‘IL—1 -
MODEO /
(10MI*2

1 M_| 1s output at the fetch cycle of the 1st byte of the instruction in case that MODEO and MODEt pins are connected to VCC
through R.

2 I0/M is output only when registers (sr-sr2) are read in case that MODEO and MODE 1 pins are connected to V¢ through R.
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TIMING WAVEFORM

uwPD7810/11/PG11E

Write Operation

Y alaWaWaWaWalaWalalWal

PE7-0 :X:)( ADDRESS (UPPER) ﬂ

—1ow —=

+ |
i
PD7-0 ADDRESS KLOWERDL WRITE DATA m

- “lLL»ﬁ-?-—'LAJ e -———tDW

— ~—WDH — =
WD
ALE N 1 T
/ ,

l= -~ tA L —f (. R ,ww_—..,_v.{,..,,tWL____.‘
— —\ !
WR
[ W P‘
AW

[

Y- - "T"' w
MODEO —1\
(10/m*3

“3 10/M 15 output only when registers (sr-sr2) are written in case that MODEO and MODE1 pins are connected 10 Ve through R.

Serial Operation

fo———tcYK
kKL ——=| | tKKH-——
§CK F
—{trx

RxD

TRXK KRX
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EPROM Timing (for uPD78PG11E}

AN X X

ad —lacc -
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QUIP OUTLINE (Urit : o
nit : mm .
HPOTENIGHEOTENG alalolullofololollalofoollala]
1.5R
‘ﬂ\: .

32MIN. 36
J]

+0.10
L_ -—-L—o 25008
0.5:0.1
19.05+1.05
39.37 [———24.13:1.06———=

When ordering this package, specify as follows:
uPD7810G-36
WPD7811G-xxx-36

E%E%gm o If g :3 Y
e

When ordering this package, specify as follows  uPD7811G-XXX-37
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64 PIN PLASTIC
SHRINK DIP OUTLINE (Unit : mm)
wPD 7810CW/uPD7811CW
- S86IMAR. R -
4 33
falslalaledolololalalalslslalolalalalalslnlinlalolsliatulalalalel ‘
i
R15
9 2
i
000000000000 00000000000 0c 0000000 !
1 32
Z
L 17BMAX. : x - B
l 0 <
4 Sl __ 2
T '[ 8
IRt /f(:)}
R i
! ! [ o 025 d
BUEIEY #Liﬁiﬁ wa@ e B 0- 15
. 55.12 o
When ordering this package, specify as follows:
uPD7810CW
pPD7811CW-xxx
64 PIN CERAMIC
PIGGY BACK QUIP OUTLINE (Unit : mm)
wPD78PGTE

42.0MAX .

O00000000O0O00O0O0

~
> ©
Q'
o~
000000000000 00
.
x|
x 33.02
2 .
& 254:0.25 z
2 .
8 x
~ <
4 s
n
1 3
z
- 1 2
1.27:0.25 iy _l1.0.25:0.05
i 19.05
102 2.5410.25 0.46:0.05
38.10
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EP ROM QUIL CERAMIC PIGGY BACK
2732112764 PACKAGE OUTLINE
uPD78PG11E

28 Pin Socket

I><wgggu— — oo
- - - ! Ww//

64 Pin Quad-In-Line
Pin Compatible with uPD7811

e uPD78PG11E can access eprom when addressing O to 4095
* All memory of the 2732A memory (4K-Byte memory)
* Lower 4K-Byte of the 2764 memory (8K-Byte memory)
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(T,=25°C) ABSOLUTE MAXIMUM
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNIT RATINGS
vee 1 ~0510+7.0 v
Voo 0510470 v
Power Supply Voltage Avee 051t0+7.0 v
AVsg -051t0+0.5 t v
[Taput Vortage Ty 05w0+70 v
Output Voitage T Tve —0510+70 | v
Output Carrent Low o All Output Pin a0 ' mA
Al Output Pin Total 100 i mA 0
Output Current High | loH All Output Pin 05 ™
' Al Qutput Pin Total -20 mA
Reference Input Voitage | VAREF o —05t0 Voo v
Operating Temperature Topt , XTAL <15 Mz 10t070 b
 Storage Temperature _i T e i o | -65104150 °C
YTV OPERATING CONDITION
OSC. FREQ, -~ T Vvee. Avee
TXTAL < 15 MHZ 210°C 1o +70°C +50V = 10 %
(Ta= 25°C, Ve = Vpp = Vss = OV) CAPACITANCE
PARAMETER | SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Capacitance oG fo= 1 MHz 10 oF
Unmeasured Pins 20 oF
Returned to OV 20 DF__-
T, -10°C 1o +70°C. Vee  *50V * 10 %, Vs = OV, Ve -0 8V < Vpp & Veg) DC CHARACTERISTICS
[ paRAMETER T symeol TEST CONDITIONS
Input Low Voltage Tvie
I T'Viki  All except SCK, RES!
Input High Voltage vinz  sekoxn T
Ving | RESET
Output Low Voltage VoL | loL-20mA o
"Output High Voltage vou | low= -2000a
" Input Current W T INT1, T1{PC3). 40 45V € V| € V|
Mlaput Leakage Current | 1 All'except INT1, T1 (PC3) OV < V;
" Output Leakage Current | i1 o '045vV<Vp<Vee .
AV Supply Current | Alge | o
VDD Supply Current N oo T

| VCC Supply Current Iec

| Dita Retention Voltage i V[)i)g'n_l Ve = 0. RESET = v
1 T, 25°C. VG - Vo - 50V
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AC CHARACTERISTICS
READ/WRITE OPERATION i1,  10°C o +70°C, VG - +5.0V ¢ 10%.Vgs - OV, Ve ~0.8V < Vpp < Ve

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
| X1 input Cycle Time 1cYe . ) 66 . 250 i ns
. Address Setup to ALE & 1AL . 30 , . ns
_ Address Hold from ALE & LA . .o
| Address to RD &Detay Time i 1AR . , 100 : : ns
i RD bto Address Floating AR . ; 20 H ns

Address to Data Input tap . I 250 : ns

i ALE 10 Data Input . WoR ) ; 135 ! ns
_ RDélo Data Input ) tRD N | 120 . ns
. ALE $10 RD & Delay Time A R ) : 15 X ns
. Data Hoid Time from RO+ : \RDH ) ., 0 . . ns
) RD ¢ to ALE? Delay Time tRL , ‘BO | ) ns
RD Width Low RR . Oata Read .o . . s
OP Code Fetch 415 ns

" ALE Width High e : Tos T
| Wi Setup Time to ALE & | : 30 Cons
l M1 Hold Time trom ALE 4 Lt 35 . ons
. IO/ Setup Time to ALE & Lt . L% Lo
_ 16/M Hold Time from ALE & R . % .ons
. Adress to WR & Delay AW ' X 100 ) , ns
. ALE & 10 Data Output . Low . . . 180 . ns
. WR &10 Data Output . wo ) R 100 i ns
_ ALE4 10 WR 4 Delay Time w ’ oo Cons
" Data Setup Time to WR & " ow ) 165 ns
" Data Hold Time from WR® ‘ WOH R T
. WR$to ALE #Delay Time T twL ) 3 80 . . ns
" WR Width Low | ww . oas s

Note 1. fxTAL = 12 MHz
2 Load Capacntance. C| = 150pF

SERIAL OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
= 2 800
SCK nput - ™
STK Cycle Time tevk _ [ ~
SCK Output 16 Hs
- 2
SCK Input 33 ad
SCK Width L Y [ 20 i
idth Low
KKL SCK Output 700 Hs
SR inpur | & o il
SCK Width High KKH = l kil
5CK Output 700 ns
RxD Setup Time to 5CK 1 T1RXK "2 80 ns
RxD Hold Time trom SCK * tRRX "2 80 ns
SCK 4 to TxD Delay Time KTX "2 210 ns

*2: 1x Baud Rate in Asynchronous, Synchronous, 1/0 Interface Mode
°3: 16x Baud Rate or 64x Baud Rate in Asynchronous

ZERO-CROSS
CHARACTERISTICS 1T, = =10°C to +70°C, VcC = +6.0V £ 10%, Vs = OV, Ve —0.8V < Vpp < Vgg)
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 18 VACp—p
Zero-Cross Accuracy AzZx B0 Hz Sine Wave 1135 mv
Zero-Cross Detextion Input Frequency | 12x 0.05 1 kHz
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A/D CONVERTER
(Ta = =10°C to +70°C, VG = AV = +5.0V £]10%, Vgs = AVgs = OV, AVGC —0.5 < VAREF < AVCC) CHARACTERISTICS
PARAMETER SYMBOL | TEST CONDITIONS Win | TVP UNITS
Resolution ., ) 8 Bits
Absolute Accuracy D o rons 0a% 12 | LSB
Teens=toycstions tove |
Conversion Time 1CONV ™ ons = tove S1700s 432 - ove |
66ns S oy < 110ns 96 cye !
Sampling Time ISAMP I 0ns = toyg £170ns 72 “tove |
Analog input Votage ViAn ) - _E, A: VaREF | V|
Analog Input Impedance RAN 1000 MQ
| Vargr Current 1 meee X} 20 50 | mA
2.4v 2o 20v AC TIMING
Measurement < MEASUREMENT POINT
0.8V Points 0.8v
045V
SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS BUS TIMING
AL 2T - 100 MIN P DEPENDING ON tcyc
[ T 30 MIN ns
AR 37100 MIN 0
TAD T - 220 MAX ns
LOR 5T - 200 MAX ns
tRD 4T - 150 MAX ns
R T-50 MIN ns
tRL 2T - 50 MIN ns
AR 4T - 50 (Data Read) MIN e
7T - 50 (OP Code Fetch)
[ 2T - 40 MIN s
"2 2T-100 MIN ns|
w2 [T M o
Tww e
Twes T-30
AW 3T - 100
Miow T
ww T-50
ow 4T - 100
WOH 2T-70
Wi T-s0
Cww 4T - 50
12T (SCK Input) "t
tevx 24T (5CK Output)
e R i@ Input) *1
100 (STK Outputl
+5 (SCK Input) *1*
L‘KKN I:T - It(_)c_lW(DOulwu- o - MIN "

*1 1x Baud Rate in Asynchronous, Synchronous, 1/0 Intertace Mode

Note t T=tcyc VixTAL

2 The items out of this table are not dependent on fxT AL
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OTHER OPERATIONS

(Ta=-10C o + 70"C, VCC = +50V 1 10%. Vg = OV. Ve -0 8V = Vpp < VCC)

[ Parameter Symbol Conditions __MIN . MAX T UNITS |

' Tl width high, low TIH, T l 6 cye

. tCHM, toinL | Event Count Mode ‘ 6 tcyc
Cl width high, low Pulse Width ! !

i . ICI2H.1CI2L | Measurement Mode X 48 . . tcve
M1 width high. low NI, INIL 3% ‘eve
INT1 width high, low WH L K ‘cve
T2 width high. low H2H, ti2L % ) love

. RESET width high, low RSH. IRSL 60 . . lcve

EXTERNAL CLOCK TIMING

(Ta =-10“C to + 70°C, V¢ = +5.0V * 10%, Vg5 = OV, Vci -0.8V < Vpp < Vci)

Parameter Symbol | Test Condition MIN MAX UNITS
X1 input width high toH o ] > L 20 s
X1 inp dth low oL 20 250 ns
X1 input rise time t N ,E) ns
X1 input fall time U 1 o 20 ns
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CHARACTERISTICS (T,=25°C)
CURVE
— REFERENCE — Output Voltage High vs Qutput Current High
g a6 Veg = 5.0V
5
_;é.» . Vee =55V
I -0a c
g .
3
Fl
g 02
<]
z 3 . 5

Output Voltage High Vo [V]

Output Voltage Low vs output Current Low

Vge = 5.0V
50 cc‘

z // ‘

E 40 Ve = 45V, ' JF
o cc = 4 !
o Vee =55V )
3 ‘ |
-

= 30 ]
= f ;

£ !

E

o |

5 !

g 20 +

3 i
3

50 100 150
Output Voltage Low Vg [mV]
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uPD7810H/11H

TIMING WAVEFORM
Read Operation

tcye

P ﬂ ADDRESS (UIPPER) w

.
ALY READ DATA
FO7-0 (X avontss iLowt a X )——CX_:
Lo - -
— | — - 1A - B 'ROH

TRL
ALE / \ == lAFR I/

- A =

RD : i

R Y
RO \
- ILR=—
-— ‘AR-,——-.

e | g et

MODE1
M13*1 “\

L ——ny o~
MODEQ }

E)
>

s
£

omie2

*1 M7 is output at the fetch cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connecled to vee
through R.

*2 10/M is output only when registers {sr-sr2) are read in case that MODEO and MODE1 pins are connected to Vg through R.
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TIMING WAVEFORM

uPD7810H/11H

Write Operation

o I\ AT

PF7-0 ADDRESS (UPPER) D

—tLow —=f
PD7-0 DD ADDRESS LowenD' WRITE DATA m
A —~{twp |-
ae _f - /

!
l-—taL— ww Wi —

l—tea =t - tow WDH —

WR |
i bt w =
| taw

I
- ,ﬂl ==t
MODEO
(1I0M)*3

*3 iO/M is output only when registers (sr-sr 2) are written in case that MODEQ and MODE1 pins are connected to V¢ through R.

Serial Operation

sk / \
-

TxD

RxD

RXK

KRX
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uPD7810HATH N E C

TIMER INPUT TIMING

TIMER/EVENT COUNTER INPUT TIMING
EVENT COUNT MODE

cnH cne

CI

PULSE WIDTH MEASUREMENT MODE

1CI2H ci2L
C
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NEC

wPD7810H/11H

INTERRUPT INPUT TIMING

NIH NIL
NMI

uiL tH
INT1

hi2H u2L

INT2

RESET INPUT TIMING

RESET

EXTERNAL CLOCK TIMING

) hf 1OH j

X1
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NEC

pPD7810H/11H

-
0.5:0.1

 £8%
Q

%)

n ordering this package, specify as follows:  pPD7811HG-XXX-37




N E C WPD7810HAH

64 PIN PLASTIC
SHRINK DIP OUTLINE (Unit : mm)
wPD7810HCW/uPD7811HCW
58.67TMAX.
—
64 3
faUslolalalalulalalulalaValalaVelulalolalolaTalalalalalalaletolsNiN .f
|
R15 o
d 5
1 32
1.78MAX. %1 . 1905
E1:
ST
BRI
1 & F 02500, —
: Lo 1.78:0.18 _ILO:EL:Q,J B 2 oTe
L R 55.12 1

When ordering this package, specify as follows:
uPD7810HCW
pPD7811HCW-xxx
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PRELIMINARY
ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

pPD78C10/78C11/78C14*

* Note: For uPD78C14 this specification is only target and some parameters, especially DC Characteristics
and Absolute Ratings, may change without notice



NEC

wPD78C10/C11/C14
ABSOLUTE MAXIMUM (Ta = 25C)
RATINGS Parameter Symbol Test Condition Ratings Unit
Vob —05t0+7.0 v
Power Supply Voltage AVDD AVsS to VDD + 0.5 v
AVSS —05to +05 \J
Input Voltage v —05 1o Vpp +0.5 v
Output Voltage Vo -05to VDD +05 v
All Output Pin 40 mA
Output Current Low 'O Al Output Pin Total 100 mA
) Al Output Pin -20 mA
Output Current High oH All Qutput Pin Total —50 mA
Reference Input Voltage VAREF —0.5 to AVDD +0.3 v
Operating Temperature Topt IXTAL S 12MHz —40 to +85 «C
Storage Temperature Tstg —65 to +150 C
OPERATING CONDITION Parameter
osc Ta VDD, AVDD
XTAL S 12MHz —40°C to +85°C +5.0V £10%
CAPACITANCE (Ta =25°C, Vpp = Vgs = OV)
Paramater Symbol Test Condition MIN TYP MAX UNIT
Input Capacitance a fo=MHz 10 pF
Output Capacitance Co Unmeasured Pins 20 pF
VO Capacitance co | Returned to OV 20 oF
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uwPD78C10/C11/C14

NEC

(Ta=-40C 10 +85C, Vpp = +50V + 10%. Vgg = OV

Parameter Symbol Test Condition MIN | TP | Max | uUNIT
L i H
All except RESET, STOP, |
VL1 NMI, SCK, INT 1, 0 0.8 A
input Low Voitage ' Tl ANd 1o 7 ,
= + . . — 4
RESET, STOP, NMI, SCK,
VL2 INTL T ANA 10 7 0 02vpp | Vv
All except RESET, STOP,
' Vi NMI, SCK, INT1, TI, 22 vpp | Vv
AN4 to 7. X1, X2 ‘
Input High Voltage e [ —
RESET, STOP, NM, SCK, I
VIH2 INT1, TI, AN4 to 7, 0.8vpp | VoD )
X1, X2 !
— . S S [ N [
Output Low Voltage . VoL loL = 2.0mA ' 045 'V
1OH = -1.0mA Vpp-10+ v
Output High Voltage VOH joH = 1M f2le)
IoH = -100pA Vpp-0.5 \'
— — b— e - .
| INT1, TH(PC3), 1
Input Current ) ' OV £V = VDD ‘ ‘\ +200 vA
Input Leakage Lt All except INT1, TI (PC3), 1 +10 pA
Current OvsVisVpp H
Lo — ——— — .
Output Leakage o OVSVosVpp 10 | pA
Current !
AVpD Supply Current Alpp i 03 10 mA
IpD1 Operation mode f=12MHz 15 30 mA
VDD Supply Current
DD2 HALT MODE f=12MHz 10 20 mA
. . Hardware/Software
Data Retention Volitage } VDDDR STOP MODE. 25 \
Hardware/Software 1 15 WA
Data Retention Current " IpppR STOP Mode, VDpDR = 2.5V
! VDDDR = 5V10% 10 50 pA
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N E C uPD78C10/C11/C14

AC CHARACTERISTICS (T, = -40°C to +85°C, Vipp = + 5.0 V £ 10%, Vg5 = OV)

READ/WRITE
OPERATION Parameter Symbol Test Condition MN | MAX [ Uni

X1 Input Cycle Time ove T8 T 20 | ms

Tclt-ﬂre'sé Setup to ALE. taL *3,"4 7 N 765 "ons
Adress Hold after ALE. . ta *3.°4 o ‘ ‘507 i ns

| Adress o RD. Delay Tme  wa | 3.4 [ 150 ns |

ET)V- to Address Floating [ A ] . 20 N - E
Adress to Data Input tao *3,'4 ) 360 ns

| ALE: to Data Input " ton 34 I_ 215 s
RO to Data Input ) w34 180  ns
ALE to RD: Delay Time e 3.4 ER I ns
Data Hold after RD" [ toom . o i ns
RD' to ALE* Delay Time L e 3,4 15 ns
o Data Read, '3, *4 . 280 ns
RD Width Low " T oPcodererch 3,4 [ a0 | ns
ALE Width High w T3 o 125 ns |
i Setup time 10 ALE. T 3 o 65 ns
M1 Hold Time after ALE. ™ *3

| iOM Setup Time to ALE. W 3
TO/M Hold Time after ALE. v |03
Address to WR. Delay i taw *3.°4
ALE: to Data Output ™ S 3
WR. to Data Output - ) [ Wo_ -
ALE to WR. Delay - L tow *3,44

| pata Setup Time to WR* b tow 3, "4
Data Hold Time anerAWtR: o woH *3."4

WALE * Delay Time - w34

WR Width Low B ww ‘3.4
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NEC

uPD78C10/C11/C14
- T T AC CHARACTERISTICS
| Te i
o Parameter Symbo_ [est Cg_nqmm ; MIN MAX : UNIT SERIAL OPERATION
. i *5 i 1 ps
_ SCKInput - b=
SCK Cycle Time CYK | *6 . 500 ns
SCK Output 2 us
‘5 420 i ns
SCK Width Low KL 6 200 i ns
900 i ns
5 420 i ns
SCK Width High KKH 6 200 ! ns
SCK Output 900 " ns
RxD Setup Time to SCK* RXK *5 i 80 ns
RxD Hold Time After SCK * WRx | 5 . 8 L s
SCK . to TxD Delay Time KTX *5 210 ns
(Ta = -40°C to +85°C, VDD = +5.0V £ 10%, Vs = AVSS = OV, VpD -0.5V S AVDD = VDD. 4.0V S VAREF S AVDD)
it A/D CONVERTER
bol Test Conditi MIN TYP MAX UNIT
Parameter Syml| es! ition CHARACTERISTICS
Resolution ] Bits
Ta = -10°C to +50°C, |
83n8 S 1OYO £ 170ms 0.4%+1/2] LSB
Absolute Accuracy 83ns = tCYC= 170ns 0.6%+1/2) LSB
3.4V S VAREF < AVDD L
83ns S tCYC= 170ns ‘0.%_1/2 LsB
83ns < ICYC=< 110ns 576 | IcYc
Conversion time CONV *
110ns StCYC S 170ns | 432 cyc
83ns < tICYC < 110ns 96 Y
Sampling Time tSAMP cove ove
110ns S tCYC = 170ns 72 icyc
Analog Input Voltage VIAN 0 VAREF \
Analog Input impedance RAN 1000 MQ
VAREFCurrent IAREF . 15 1 30 mA
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N E C uwPD78C10/C11/C14

ZERO-CROSS (T3 = -40°C to +85°C, Vpp = +5 OV+10%, Vgg = 0V)
CHARACTERISTICS
Parameter Symbol Test Condition MIN MAX UNIT
Zero-Cross Detection Input Vzx AC Coupled 1 18 VACw
Zero-Cross Accuracy Azx 60Hz Sine Wave +135 mv
Zero-Cross Detection Input Frequency 744 0.05 1 kHz
OTHER OPERATIONS (Tq = -40°C 10 +B5°C, Vpp = +5.0V £ 10%, Vgg = OV)
Parameter Symbol Test Condition MIN MAX UNIT
Tl width high, low tTIH. TIL 6 fcye
€1 width tigh, low tCIHH. tciiL Fvem Count Mode 6 tcye
{CI2H. tCi2L | Pulse Width Measurement Mode 48 cyc
NMI width high, low INIH. INIL 10 Lo
INT1 width high, low §1H. 1L 36 tcye
INT2 width high, low 42H. 421 E 36 tcyc
RESET width high, low 1RSH. RSL 10 bs

*1. For XTAL oscillation, following circuit is recommended.

o

=

N

P, —_—
C=10pF

o=

*2.Ta=+25°C,VDD=5V

3. XTAL = 12MHz

*4. Load Capacitance: C{ = 150pF

*5. x1 Clock Rate in Asynchronous Mode, Synchronous Mode, /O Interface Mode
*6. x16, x64 Clock Rate in Asynchronous Mode
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wPD78C10/C11/C14 N E C

24v AC TIMING oo
x 2ov Measurement 20v MEASUREMENT POINT
0.8V > Points <:

0.8v
0.45v
1Ta=-40 C10 +85 C.Vpp = +50V * 10
EXTERNAL CLOCK
Parameter Symbol Test Condition MIN MAX UNIT TIMING

X1 input width high OH 30 250 ns

X1 input width low . oL 30 250 ns

X1 input nse time tr ! 0 307 ns

X1 input fall ime i 0 30 ns
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NEC

wPD78C10/C11/C14
BUS TIMING - -
DEPENDING ON tGYC | Sxﬂbd Calculating Expression MIN./MAX. ] units
tAL 2T - 100 MIN : ns
J _— ]
wA I T-30 N _MN _ns
AR 3T - 100 MIN ns
. L _ —
tAD 7T - 220 i MAX ns
woR - ST - 200 ] L omax ns |
RD 1 - 4T - 150 . o MAX s
JLF! H _ _“__T -50 ) MIN ns
fL. J 2T -50 ~ o MIN . ns
! 4T - 50 (Data Read)
RR - MIN ns
7T - 50 (OP Code Fetch)
L 7-40 B }. MIN | ns
™ML 2T - 100 ) MIN L ns
(1Y) T-30 | MK _ ns
L H 2T - 100 ol MIN G ns ]
u 1 T-30 MK ; ns
aw O 3100 o MIN : ns
fLow [ T+ ﬂ’, ) MAX ns
w !  T-s0 MIN ns |
tow ! 4T - 100 MN ns
tWDH | 2T1-70 MIN . ;s ]
. ' 2150 v [
ww 41 - 50 : N s
12T (SCK Input) "1
ICYK e - —4 MIN ns
77777 247 (SCK Output)
i 5T + 5 (SCK Input) “1 !
KL . SR MIN ns
. 12T - 100 (SCK Output) i
ST + 5 (SCK Input) 2
KKH ; - MIN ns
' 12T - 100 (SCK Output)

Note 1. In case of x1 clock rate in asynchronous mode, synchronous mode, or /O interface mode.

2.T=1CYC = VIXTAL

3. Parameters which can't be found in this table don’t depend on oscillation frequency (fXTAL).
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pPD78C10/C11/C14

NEC

CHARACTERISTICS
CURVE
— REFERENCE —

(T,=25°C)

Output Voltage High vs Qutput Current High

-0.2 -

Output Current High Igy [mA]
°
IS

' I T T

| |
J ; | f

Vee 50V

Voo 45V

2 3
Output Voitage High Vou (V]

Output Voltage Low vs Output Current Low

Vi =50V
S0l J, . ¢

i

i
_ i
< }
E 40 v

= Iveg = a5V [
5] 1 _ ]
L3 Vee = 55V

2

o

-

T 30— —

£ ;

e |

£

5 |

[3) ;

P . k

-§. 20 +- 1
o i

10
50 100 150 200

Output Voltage Low Vo [mV]
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wPD78C10/C11/C14

TIMING WAVEFORM
Read Operation

- ICYC —

o U\ TS

PE7-0 :X:X AUDRESS (UPPER) X:X

~ AL = lReap DATA
PD7-0 . ADDRESS {LOWF R} X }——< ><
-— 1LOR -- -
~ S - -o‘LA*z 1ROH
H ! - —- 1R ——
ALE _/—_‘—\ = 'AFR #
~ taL | ‘
-] - -'RD - |
T
AD ——
. ‘ ‘LR—
IAR ——
- -
MODE | |
™M1 1 |- /
T

MODEO ‘J{
(1omM)*2 )y

“1 M1 is output at the fetech cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connected to Vee
through R.

*2 10/M is output only when registers (sr-sr2) are read in case that MODEO and MODE 1 pins are connected to Vg through R,
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uPD78C10/C11/C14

TIMING WAVEFORM
Write Operation
AN aWaWalalaWaWalaWaWaws
ADDRESS (UPPER)

- Low -
D‘ WRITE DATA
oW - = WOH - —

PO7-0 :X:)Cw[)ness {LOWER)
- L == tLA = d
\ ~twD
ALE I |
S VN - ww B s o T p—
WR i I \
i —-w ...!4
- taw| -
N
e———1 i o=
MODEO .
(io/m*3 |
*3 I0/M 1s output only when registers {sr-sr2) are written in case that MODEO and MODE1 pins are connected to V¢ through R
Serial Operation
YK |

TxD

He
tAXK TKRX

RxD
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N E C wPD78C10/C11/C14

TIMER INPUT TIMING

TI

TIMER/EVENT COUNTER INPUT TIMING
EVENT COUNT MODE
'k tcH o

Cl

PULSE WIDTH MEASUREMENT MODE

tCi2H fci2L
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wPD78C10/C11/C14

NEC

INTERRUPT INPUT TIMING

INIH INIL
NMI
e thH
INT?
u2H - 2L

RESET INPUT TIMING

EXTERNAL CLOCK TIMING

T

0.8Ve(
2.0V

X1

08V7

oL
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N E C wPD78C10/C11/C14

DATA MEMORY (Ta = -40°C to + 85°C)
STOP MODE
DATA RETENTION Parameter Symbol Test Condition MIN | TYP | MAX | UNIT
CHARACTERISTICS )
gua; ":mmm' VDODR 25 55 v
Data retention power | VODDR =25V ! 15 W
supply current DDR VODDR = 5 V *10% 15 50 WA
VDD rise, fall time m 200 us
STOP setup time to VDD SSTVD lg‘; g
! 121
STOP hold time from VDD tHVDST +05 vs
DATA RETENTION TIMING
90%
VoD
10% VDDDR
tSSTVD HVDST Ly
sTOP
viL2
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wPD78C10/C11/C14 N E C

64 PIN PLASTIC
QUIP OUTLINE (Unit : mm)

HPD7BC10G/WPDTBCTIG/WPDTECTAG nﬂn“nﬂnﬂnﬂnﬂn"nﬂn"n“n”n"nﬂnﬂnﬂtﬁ

1 5R

-- 41 8MAX - ———- -

16.5

24.13—

|—————19.05 —————=|

O

| I__ +0.10
— 025"
0.5:0.1 T 0.08
19.05:1.05
- ©139.37 - -—————24.13:1.05—————

When ordering this package, specify as follows:
wPD78C10G-36

puPD78C11G-xxx-36

uwPD78C14G-xxx-36

T
3.2MIN. 3.6

64 PIN PLASTIC 41.8MAX.
FLAT PACKAGE OUTLINE
(Unit : mm) 3937 S

S T

9 O O

THVRTAILL

16.5
30.0
35,

127 - > le
127 05201
0257010
-0.08

When ordering this package, specify as follows.  wPD78C11G-XXX-37
uPD78C14G-XXX-37
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N E C uwPD78C10/C11/C14

_ 58.67MAX. 64 PIN PLASTIC
i - o SHRINK DIP OUTLINE
S nnnnan oo o (Unit : mm)
! uPD78C10CW/C11CW
WPDT78CIICW-10x uwPD78C14CW

WPD78CI0CW

1.78MAX.

(0.51MIN.

——
|

e

3.2:0.3 5.08MAX.
- i

33

] i

0.2s ~
= 0~15
14133 64 PIN PLASTIC
04737 2.3 MAX FLAT PACK OUTLINE
AF - *I (Unit : mm)
uPD78C10G/C11G
)) uPD78C14G
——— jE—.,—
o - - |
o @) mam
(ma = m=-
(mas ===
(mam e ]
T eaea Fr—
] g g ! s 3 3
[ = == 0 g ¢ o [ R A
(mam 23 =k 3
- g 83 ——— )
(== - 288 T
= ==
(ma = =]
(.- -]
| - - — T
(===

v

\ 18.7: 04

T -0.08

1l

718102 12102
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uwPD78C10/C11/C14 N E C

68 PIN PLASTIC LCC

PACKAGE OUTLINE
pPD78C10L/C11L/C14L
) 262202
24.20
N oOoofoneeooomnm
a 0
g 1
g 1]
g N
g p
g 1]
q h
68 o
i o ! ER
\J < (N
c p|© (&
s ]
g 1l
s il
q i
a il
s 1]
aq il
oo ouOooOw |Tpepepepepeynga; -t
0.6 1.9420.15
3 93
Sl 437
EAEET TS
1ol 1
o B 8 A LA AN TATA ATATATATS A R0.8
E 132 L G LA 10
S | oso010[@[0728)
23.1240.20 '
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N E C uPD78C10/C11/C14

CMOS-DESIGN RECOMMENDATIONS

In order to maximize circuit reliability please note the general CMOS design
rules.

For example:
1) Don't leave unused pins open, except they are outputs or no connected.

2) Never exceed the max. voltage range.

3) Avoid accurance of very fast voltage spikes or transission rate the power
supply pin.
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CHAPTER 5

THE HCOM78K FAMILY
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N E C PRELIMINARY nPD78310/312

INTRODUCTION

The uPD78312 is a CMOS single-chip 8-bit microcomputer, designed
for real-time control applications. It includes a 16-bit CPU,
ROM, RAM, an A/D converter, a general-purpose serial
communication interface, and a multipurpose pulse input/output
unit. In addition, the uPD78312 can be interfaced to external
memory, either ROM or RAM. There is also available a ROM-less
version, the uPD78310, which can be used with up to 64K bytes of
external memory.

FEATURES

L I I B

Single-chip microcomputer (uCOM-78K series)
96 instructions with many addressing modes
~ lé-bitarithmetic and move instructions, bit manipulation
instructions, multiplication/division instructions, string
instructions, user stack manipulation instructions.

Instruction cycle: 500 nsec at 12 MHz input
Internal ROM: 8,192 x 8 bits
Internal RAM: 256 x 8 bits
Capable of directly addressing external (ROM/RAM) up 60 64K bytes
Memory mapping of on-chip peripheral hardware (special
function registers)
Multipurpose pulse input/output unit

- Two 16-bit presetable up/down counters

- Two 16-bit internal timers

- Two high-accuracy pulse-width-modulated outputs

- Two 4-bit real-time output port channels
8-bit A/D converter with 4 input channels and sample-and-hold
I/0 ports

- 8 dedicated input lines

= up to 32 1/0 lines (uPD78312)

- up to 20 I/0 lines (uPD78310) (for 4K-bytes of external memory)

General-purpose serial communication interface (with dedicated
baud rate generator)

- Asynchronous mode, I/0 interface mode
Interrupt request controller
- Vectored interrupts
- Context switching
- Macro service function
Pseudo static memory refresh pulse output
Watchdog timer
Time base counter
Standby function (STOP/HALT)
CMOS circuitry
Single power supply
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Pes-03 REAL TIME (]

Pod—87 OUTPUT MODE

P20/NMI O—f ,
rai/inren o—o O evice
P22/INTEN CONTROLLER
P23/INTE2

T ¥ 1y

P24/TxD SERIAL

P2s/RxD COMMUNICATION

P24/8CK INTERPACE

P21/CT8 AUD RATE

QENEUATER HOOLEAN

P30/Cle PROCESSOR
P31/CTRLS ::] 16-RIT | ve

P32/Cit 0o—s Up Down PSw
P3I3/CTRL) 0—+ F13

COUNT UNIT

P36./700/CLRO 0— INTENNAL RAN
' ERNAL
P37/701/CLRY 256 -DYTE
QENERAL REQISTERS
MACKO SERVICE

P CIHANNELS

P21/INTEO
P22/INTR) oy CAFTURE/EWM
PI4/PWMO 0e—] SIGNAL OUTPUT

INTERNAL ROM*

aK - BYTE

INSTRUCTION

QUELE
PR |
A

MICRO SEQUENSER
MICRO ROM

£

P35/PWM] Oe—] UNIT

AV sgr

ANO-3 A/D CONVERTER

AVss 0—

Qs

1]

Ll

TIMER UNIT

WATCRDOOG TIMER

16-0LT l TINE BASE ¢.mm'n.u—| roRT

:

P36/CLROT00 P37/CLRL/TOV

ro ¥y P2 P33 P4 PSS

545
‘ZlLEgLadn z-o L

8 ) PSO-57/A8-15

|——e0 ALE
o |—so®
<
& |—eo WR
- ——so0 RFST
e fe—u®m
3
Ed
=)
[l
@ >l'ul-41/Allo—‘l
w |[=—° X1
<
3 b—o x2
™
= ——
.o RESET
a
e
fi ——o0 Voo
£
s}
C |—o Vv

* uPD78310 has no internal ROM.
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N E C PRELIMINARY uPD78310/312

GENERAL DESCRIPTION OF THE PROCESSOR

The uPD78312 is a powerful single chip microcomputer designed for
use in process control. It can perform all the usual process
control functions and is particularly well suited for driving
motors, both DC motors in servo loops and stepping motors. The
processor includes on-chip memory, timers, input/output
registers, and a particularly powerful interrupts handling
facility. It is constructed of high speed CMOS circuitry and
operates from a 5 volt power supply. Program memory is 8K bytes
of ROM, and data memory is 256 bytes of static RAM. The uPD78312
uses mask-programmable ROM, but a romless version, the uPD78310
is also available, and an EPROM version, the uPD78P312, is
planned. The uPD78312 and the uPD78310 are available in 64 pin
flat pack, QUIL, and shrink dip.

The maximum input frequency is 12 MHz, derived from either a
crystal or an external oscillator. The internal processor clock
is two phase, and therefore machine states are executed at a rate
of 6 MHz. The shortest instructions require 3 states, making the
minimum instruction time 500 nanoseconds. The CPU contains a
three bytes instruction pre-fetch queue which allows a subsequent
instruction to be fetched during the execution o an instruction
which does not reference memory.

The CPU includes 16 general purpose 8-bit registers which can be
used in pairs to form eight 16-bit reqgisters. Memory access and
I/0 paths are 8-bits wide, but all of the arithmetic can be
performed to a precision of either 8 or 16 bits. 1In addition the
timer registers are all 16 bits wide. On-chip features designed
to facilitate process control include two 16 bit timers, two 16
bit up/down counters, two pulse width modulated outputs, a free
running counter with two capture registers, two 4-bit realtime
(timer controlled) output ports, an 8-bit A/D converter with 4
input channels, a timebase counter to generate widely spaced
interrupts, and a watchdog timer to guard against infinite
program loops. In addition there is a serial I/0 port which can
be used in either an interface mode or an asynchronous
communication mode. HALT and STOP modes are provided to conserve
power at times when the action of the CPU is not required. All
1/0, timer, and control registers are defined as special
functions registers and assigned addresses in the top 256 bytes
of memory. The special functions registers may be operated on
directly by many of the arithmetic, 1logic, and move instructions
of the CPU.

There is a total of 14 different addressing modes. The CPU
registers and the special function registers are addressed
directly. Most of the RAM locations can be addressed by a "short
direct memory" (SDMEM) mode which adds a one-byte displacement to
a base address of OFE20H. This reduces both the memory required
to store the instruction and its execution time. There are both
one and two byte immediate operands, and any location in memory
can be addressed by any one of ten different modes. These include
register indirect, base, indexed, and double indexed modes. Most
general memory references are limited to one byte transfers.

5-3
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The instruction set consists of 85 basic instructions which, when
combined with the 14 addressing modes and the 14 conditions for
branching, produce a total of 451 instructions. All of the
arithmetic instructions operate on either bytes or 16 bit words.
Included are a 16 x 16 bit multiply and a divide with a 32 bit
dividend and 16 bit divisor. Logical instructions operate on
either bytes or individual bits, and there are branch
instructions which test individual bits in SDMEM locations, in
the special functions registers, and in the A and X registers.
Multiple-bit shift instructions for the general CPU registers,
operating either a single bytes or as 16-bit words, facilitate
arithmetic operations. There are also instructions to move,
exchange, and test strings of up to 256 bytes located anywhere in
memory. The length of the string is specified by a count in the C
register. The last are very useful for manipulating character
data sent or received on the serial line.

Interrupt requests may, under program control, be handled in any
one of three ways. The first is normal vectoring, the second is a
hardware context switch in which all the registers are saved by
the hardware and new set selected, and the third a macro program
function which has the same effect as DMA. The context switch is
usually preferred to normal vectoring because of the time saved
by the automatic register saving hardware. The macro service
function is useful whenevr a string of data is to be transferred
to or from an external device at that device's own speed. There
are eight complete sets of general registers stored in RAM, and
each may be assigned, under program control, to one of the
hardware interrupt levels. There are 8 hardware priority levels
which may be assignedd by software to any one of the 5 groups of
maskable interrupt sources.

CPU REGISTERS

There are 16 8-bit general registers which may be used in pairs
to form 8 16-bit registers. When considered as 8-bit registers
they are referred to as RO though R15, and when considered as
16-bit registers they are referred to as RPO through RP7. Thus
RPO consists of RO and Rl, RP1l consists of R2 and R3, and so on.
In addition RPO is referred to as AX, RP1l as BC, RP4 as VP, RP5
as UP, RP6 as DE, and RP7 as HL. A (RO) is the 8-bit accumulator,
and AX (A combined with X) the 16-bit accumulator. B and C are
often used as counters, UP and VP as address pointers, and DE and
HL as index registers. UP (RP5) is also used as the user stack
pointer for the instructions PUSHU and POPU. All can be used to
hold operands and results for both 8-bit and 16-bit arithmetic.
RP2 and RP3 each have two special purposes. The SWRS (switch
register set) instruction toggles the RSS (register set select)
bit in the program status word. If the RSS bit is set to 1, RP2
becomes AX, and RP3 becomes BC, thus making it possible dto save
AX and BC very rapidly. In addition, after a context switch the
old program counter is saved in RP2 and the old program status
word in RP3. For<this reason routines entered from a context
switch must save RP2 and RP3 elsewhere (e.g. on the stack) before
setting the RSS bit.
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MEMORY ORGANIZATION

The total address space of the uPD78312 is 64K bytes. The bottom
8K bytes are occupied by internal ROM, and the rop 512 bytes are
occupied by internal RAM and the special function registers. The
remaining addresses are available for external memory. Interrupt
vectors occupy the bottom 64 bytes (addresses 0000H to 0040H).
The next 64 bytes (addresses 0040H to 007FH) are used as a call
table area. This area stores up to 32 pointers to subroutines
which are used by the 1-byte subroutine call instruction, CALLT.
The 2K byte area from 0800H to OFFFH is known as the "fixed area"
and can be used for subroutines called by the 2 byte CALLF
instruction. The remainder of the 8K ROM is available for user
program.

The address space from 2000H through FDFFH 1is available for
external memory, which may be either ROM or RAM. If memory has
been installed at 8000H and subsequent locations, it is possible
to specify an alternate interrupt vector and call table area from
8000H to 807FH. This is done by setting bit 1 of the CPU control
register (CCW) to a 1. This makes it possible to use two
different programs if the processor is to be used in two
different modes of operation. If external memory is installed,
I/0 Port 4 is used for data lines multiplexed with the low order
8 address bits. Portions of Port 5 are used for the high order
address bits as required for the amount of memory installed. The
memory mapping register (MM) is used to specify 256 byte, 4K,
16K or 56K byte expansion. Any Port 5 bits not required for
addressing remain available for either output or input.

Internal RAM extends from FEOOH to FEFFH. The top half of
internal RAM (FE80H to FEFFH) is used for general register
storage, and the top 32 bytes of this area (FEEOH to FEFFH) are
used, if specified by the program, for storage of the pointers
and counters used by the macro service function. This overlays
the top two register bank save areas, and therefore if all of the
macro service channels are in use, automatic context switching

cannot be used for priority levels 0 and 1. The remaining 128
bytes of internal RAM (FEOOH to FE7FH) are available for the

stack and for use by the application program. Finally the top 256
addresses (FFOOH to FFFFH) are reserved for the special function
registers.

ADDRESSING MODES

The uPD78312 uses an extremely flexible addressing structure. The
general registers and the special function registers can be
addressed directly by arithmetic, logical, and bit test
instructions. Most of the locations in internal RAM (all except
the first 0020H) can also be directly addressed by the use of the
short direct memory method (SDMEM). A single byte of address data
is added to FE20H to form the effective memory address. In most
cases this address mode requires no more cycles than addressing
the general registers.
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Both words and bytes of immediate data are also availab}e. All
byte instructions using an immediate source and the A :eglster_as
a destination operate in the minimum time of three machine
states.

There are ten different methods of addressing any loca?iop in
memory. Registers DE, HL, VP and UP can be used for indirect
addresses, and in addition DE and HL can be used in either the
auto-increment of auto-decrement before is is wused. 1In the
remaining modes the register contents are not altered. Two base-
index modes allow either a byte (from A or B) or a word (from VP)
to be added to a base (from DE or HL) and the resulting sum to be
used as the effective address. Double indexing, which facilitates
array manipulation, is thus possible. In the base mode a byte of
address data from the instruction is added to a base register
(DE, HL, UP or VP) to form the effective address. In addition the
stack pointer can be used as the base register to facilitate the
passing of subroutine arguments on the stack. The two index modes
allow a word of address data from the instruction to be added to
either a byte register (A or B) or to a word register (DE or HL)
to form the effective address. Finally a RAM location addressed
by the SDMEM method may be used as an indirect address pointing
to any location in memory.

THE INSTRUCTION SET

The mnemonics used for the instruction set are based on an IEEE
standard. There are 77 basic instructions ranging in length from
one to five bytes, with two and three bytes being the most
common. Execution times range from 3 states for many of the
register instructions to 2818 states for the maximum-length
string instruction. Most of the instructions which operate on
single words are the multiply (18 states for bytes and 27 states
for words), divide (18 states for bytes and 50 states for words),
and shift (25 states for a 7 bit shift). The execution times for
the shift instructions are a function of the number of bits
shifted. Instruction have zero, one or two operands depending
upon the requirements of the function to be performed. In the two

operand case the destination is specified first, followed by the
source.

Both move and exchange instructions are provided for both bytes
and words. Operands include immediate data, SDMEM locations, and
all of the registers, but general memory reference operands are
limited to moves of single bytes to and from the A register. PUSH
and POP can move multiple registers to or from the system stack.
The registers to be moved are specified by individual bits in the
byte of the instruction. Also included are instructions to PUSH
and POP the program status word on the system stack and PUSHU and
POPU. The last two transfer registers to and from a user stack
specified by RP5. Bit 5 of the selector byte of these
instructions selects the PSW, in not being useful to PUSH RP5
when it is being used as a stack pointer. There is also a specia
move immediate instruction to lead the two protected locations,

the standby control register (STBC) and the watchdog timer
control (WDM).
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Call instructions push the PC on the system stack and jump to a
subroutine specified by a vector in the 32 word call table (one
byte CALL), to a subroutine located within the 2K byte fixed area
(two byte call), or to a subroutine specified as a 16 bit
absolute address (three byte CALL). Subroutine addresses may also
be specified by a register pair or by a register pair indirect.
Finally subroutines may be entered through a break with context
switch (BRKCS) which specifies a new register set. Return
instructions include RET which pops the PC from the system stack,
RT1 which pops both the PC and the PSW, and RETCS which switches
the 'register set back to that previously in use. The last
includes 16 bits of immediate data which are placed in RP2 of the
current register set. The data must be the entry address of the
interrupt service routine just completed. This is necessary
because the entry address is overlaid by the old PC at the time
of the initial context switch.

Addresses for unconditional branch instructions may be relative
to the PC or absolute (address included in the instruction),
contained in a register pair, or indirect from a register pair.
Conditional branch instructions use relative addresses and test
the condition codes in the PSW or individual bits in the A and X
registers, the PSW, the special function registers, and the SDMEM
-locations. A "decrement and branch relative if not zero" (DBNZ)
instruction operates on the B and C registers, special function
registers, and SDMEM locations.

Arithmetic and logical instructions operating on bytes include
ADD, ADDC (add with carry), SUB, SUBC (subtract with borrow), the
logic operations AND, OR and XOR and CMP (compare). Add4,
subtract and compare instructions operate on words. All of these
instructions operate on CPU register, special function registers,
and SDMEM 1locations; all may have immediate source operands.
Multiply and divide are unsigned and require the operands to be
in CPU registers. They operate on bytes (16 bit product or
dividend) or on words (32 bit product or dividend). Multiple-bit
shift and rotate instructions are specified by bit count in the
instruction. General byte registers may be shifted, rotated, or
rotated with the carry bit, either left of right, and general
word registers may be shifted or be rotated with the low order 4
bits of the A register, either left or right. These last rotates
facilitate the manipulation of data in the packed decimal format.

A powerful set of bit manipulation instructions allows individual
bits of the A and X registers, the PSW, the special function
registers, and the SDMEM 1locations to be set, cleared,
complimented, moved to or from the carry bit, or operated on
logically by the carry bit.

String instructions operate on multiple bytes in memory. All of
the string instructions use two operands, either both in memory
or one in memory and one in the A register. Memory addresses are
specified by DE or by DE and HL operating in either the auto-
increment or auto-decrement mode. Counts are specified in the C
register. The operations are move, exchange, or compare. The
compare includes a test for equal, no eqal, carry, or not carry.
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If the specified condition is met, the instruction is terminated
and the registers are left pointing to the next byte.

General registers RO through R7 may be incremented or decremented
as bytes, and general register pairs RP4 through RP7 as words.
All of the special function registers and SDMEM locations may be
incremented or decremented, either as bytes or words, and the
stack pointer may be incremented or decremented as a word.
Maskable interrupts may be enabled or disabled, a new register
bank may be selected, and finally there is a NOP instruction.

INTERRUPT HANDLING

There are two non-maskable and 15 maskable interrupt sources. The
non-maskable sources are the watchdog timer and the external NMI.
The latter is normally used for catastrophic events, such as a
power failure, or to "wake up" the CPU after it has been placed
in the STOP state. The relative priority of the two is under
program control. Both of these are always handled as vectored
interrupts, saving the PC and PSW on the stack and branching to
the routine indicated by the associated vector.

The 15 maskable interrupts each have an associated interrupt
control register. Each register contains a request bit, a mask
bit, and bits to specify context switch and/or the macro service
function. 1Interrupt sources can be assigned to hardware priority
levels in groups, and the first interrupt control register in
each group includes 3 bits to specify the priority. Priorities
range from zero to seven, with zero the highest and seven the
lowest. The context switch is valid for all 15 sources, but the
macro service is valid for 11 of them only. The macro service
facility transfer either a byte or a word between a special
function register and a specified location in memory. After each
transfer a counter is decremented, and when the count reaches
zero the interrupt service routine is entered, either by a
vectored interrupt or by a context switch, as specified in the
interrupt control register, There are eight macro service
channels, and each has a 4 byte area in RAM for the storage of
its pointers and counter. The first two bytes are a pointer to
the buffer in memory (MSP), the third byte is a pointer to the
special function register (SFRP), and the last byte is the
counter (MSC). Each of the 11 interrupt sources which can use the
macro service facility has an associated macro service control
register. This register specifies whether or not the MSP is to be
incremented after each transfer, whether bytes or words are to be
transferred, the direction of the transfer, and the number of the
macro service channel. The facility thus functions as eight
direct memory access channels without requiring any external
circuity.
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INPUT/OUTPUT PORTS

Six 8-bit input/output ports are defined, but because the
processor 1is packaged with only 64 pins, the port pins must be
shared with other signals. As a result some of the port bits are
always dedicated to other funtions and are therefore never
available for general 1/0. The availability of the remainder is
dependent upon what other functions of the processsor are being
used. When the ports are being used for standard input/output,
the direction of transfer is determined on a bit-by-bit basis by
the associated port mode control register (PMn). Latches are
provided for output, but input is not latched. In the input mode
the pins are in a high impedance state. If a pin is being used
for a purpose other than simple input/output, the associated bit
in PMn must be set to 1 to indicate input and therefore high
impedance to avoid interfering with the other function.

Port 0 is shared with the real-time output. In the real time
output mode the eight bits are treated either as a byte or as two
seperate nibbles. Output information is first loaded into buffer
registers and then transferred to the output latches upon receipt
of signals from the timer outputs TFl and TF0O. The transfer can
also be made by software command. The entire Port 1 is available
for bit-selectable input or output. The low nibbles of Ports 2
and 3 are never available for 1/0 because the pins are dedicated
to external interrupt inputs and to inputs for the up/down
counters. The high nibble of Port 2 may be available for I/0, but
is shared with the serial interface, while the high nibble of
Port 3 is shared with timer signal lines. Ports 4 and 5 are
available if no external memory is used. All 8 bits of Port 4 are
selected by individual bits. If external memory is used, Port 4
is wused for data lines multiplexed with the low order 8 address
bits. High order address bits are taken from Port 5 as required
for the amount of external memory specified in the memory mapping
register (MM). Any remaining bits from Port 5 can be used for
either input or output.

A block of 16 addresses within the special function register area
(FFBOH trhough FFBFH) has been reserved for external circuity. If
external memory has been specified and not all the available
addresses occupied by memory, external device registers can be
mapped into this area and then treated as special function
registers. This means that it is possible to use the macro
service facility to transfer data to or from these external
devices.

TIMERS AND COUNTERS

Included on the chip are two 16 bit interval timers which can run
at either 1 MHz or 46.875 KHz. Associated with each is a 16 bit
modulus register. In the normal mode of operation each timer is
loaded from the modulus register and then counted down to zero.
The associated timer flag (TFO0 or TF2) is then set and the timer

reloaded for another cycle. The timer flags can be used to
generate interrupts.
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There are two timer output flip-flops (TO0O

and TO0l), which are complimented whenever a timer flag is set.
TOO0 is associated with TF0, and TOl is associated with TF2. The
flip-flop outputs are available for use by external devices.
Alternatively timer 0 (but not timer 1) can be used as two one-
shot timers. Both timer 0 and its modulus register can be loaded
by the program and then counted down at either 500 KHz or 46.875
KHz. Completion of the count sets either TFO0 or TFl. These flags
may then be used to transfer the real time output buffer contents
to the output port latches, as described below or to generate
interrupt requests. Program intervention is then required before
any further action.

There are also two l6-bit up/down counters, each with two
associated compare/capture registers. The counters may be driven
either by the internal clock divided by 3 (2 MHz) or by external
counts, the latter in any one of several modes. The counters may
be programmed to clear and re-cycle after a true comparison, and
interrupts may be generated by true compare or by capture events.
Each counter has an associated clear input (CLRO and CLRl) which
causes the capture of its contents in the first capture register
(CRO0 and CR10) and clears the counter. Because CLRO and CLR1
share output pins with T0O0 and TOl respectively, these events
may be triggered either by the timer flags or by external events.
Capture of the counter contents in the other capture registers
(CRO1 and CR11l) may be initiated by the output of the timebase
counter. In the last cases the counters are not cleared. The
ability to capture the counter contents at specific times makes
it very easy to measure the frequency of external signals.
Up/down discrimincation at the inputs is available, so the
counters are suitable for monitoring 2-phase pulsed shaft-
encoders.

The processor also includes a 20-bit free running counter (FRCP)
which counts down the system clock (6 MHz if a 12 MHz crystal is
used). Associated with this counter are two 16-bit capture
registers. Capture events can be triggered either by two of the
external interrupts (INTEO and INTEl) or by the counter clocks of
the up/down counters. They may be programmed to capture either
bits 2 to 17 or bits 4 to 19, so the effective counter frequency
may be either SCLK/4 or SCLK/16 (1.5 MHz or 375 KHz). It is thus
possible to make precise measurements of the time between
external events.

Three other functions are timed by the output of program-selected
bits from FRCP. The timebase counter is used to generate widely
spaced interrupts, ranging in four steps from 170 usec. to 175
msec. The timebase counter output can also be used to trigger a
capture event from either of the up/down counters as descrived in
the preceding paragraph. The watchdog timer, used to guard
against infinite program loops, is also driven from the FRCP. If
not reset, it will cause a non-maskable interrupt at one of six
program-selected intervals ranging from 343 usec. to 349.5 msec.
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Finally it is possible to generate a signal to time the refresh
of pseudo-static RAM, if the latter is used as external memory.
There are four allowable frequencies ranging from SCLK/16 to
SCLK/128. Once the refresh mode register has been 1loaded, the
refresh is completely transparent and independent of the program.

PULSE-WIDTH MODULATED OUTPUTS

The processor contains two independent pulse-width modulated
output lines whose signals may be amplified to drive DC motors or
integrated to provide analog signals for other purposes. Each
output consists of a latch, a storage register, and a down
counter. The latch is set at any one of four intervals ranging
from 42.7 usec. to 10.9 msec. At the same time the down counter
is loaded from the storage register and then counted down by the
system clock. When the counter reaches zero, the latch is reset.
The contents of the storage register therefore control the "on"

time of the output, which can be set with a resolution of 167
nsec.

REALTIME OUTPUT PORTS

Input/output Port 0 may, under program control, be used for
timer-controlled output. Data are located into buffer registers
and transferred to the output latches at the completion of a
timer count or on software command. Either the high or 1low
nibble, each one independently, or the entire byte as a unit, may
be treated 1in this manner. Timer flag TF0, TFl, or both are used
to initiate the transfer. If only one nibble is wused, the
remaining one is available for normal input/output.

A/D CONVERTER

The chip also contains an 8 bit successive approximantion A/D
converter with an on-chip sample-and-hold amplifier. There are
four multiplexed input channels, and the converter can be
commanded either to select a specified channel or to scan
continuously the first "n" channels. Conversion may be initiated
either by the program or by an external command on input line
INTE2. If a 12 MHz system clock is used, the aperture time is 3us
and the total conversion time is 30us. An interrupt may be
requested at the completion of each conversion. There is a single
result register, ADCR, and therefore in the scan mode the macro
service function is useful to transfer the result of each
conversion to a buffer in memory.



uPD78310/312 PRELIMINARY N E C

SERIAL INTERFACE

The uPD78312 contains a serial interface which may be used in
either an 1/0 inteface mode or in an asynchronous communication
mode. A dedicated baud rate generator is included so that the
timers are available for other uses. The system clock is divided
by powers of two, specified by the serial communication control
register (SCC), and by the contents of the baud rate generator
register (BRG). In this manner all of the common baud rates can
be generated with a maximum error of 0.16%. 1In this asynchronous
communication mode character length (7 or 8 bits), parity, and
the number of stop bits (1 or 2) are specified in the serial
communication mode register (SCM). The same clock is used for
both transmit and receive. The CTS line is used to !control
transmission; the external receiving device may raise the line to
signal that it is unable to receive, and thus disable the
transmission. It is thus very easy to interface the uPD78312
either to a terminal or to a host processor.

In the 1I/0 interface mode transmission 1is accomplished by
clocking 8 bits out to the transmit buffer (TXB) under the
control of the clock from the baud rate generator. The clock is
available for external devices on SCK line. Reception is
accomplished by clocking 8 bits into the receive buffer (RXB). In
the receive case only, there is the option of using an external
clock which is received on the CTS line. Used in this mode, the
serial outputs (e.g. additional A/D converters) or to another
processor.

In both modes simultaneous transmission and reception are
possible. Interrupts may be generated when the transmit buffer is
empty and when the receive buffer is full, and the macro service

facility may be used to control the transfer of the data to or
from memory.

THE WATCHDOG TIMER

The watchdog timer is provided to guard against inadvertent
program loops. The timer can be programmed to generate non-
maskable interrupts at any one of four different intervals
ranging from 4.56 msex. to 349.5 msec. The program, if running
properly, then resets the timer before the expiration of the
selected interval. 1In addition, to guard against tight 1loops
which contain the reset instruction, the interrupt is also
generated if the timer is reset before the expiration of 1/16 of
the selected interval. Finally the watchdog mode register is a
protected location and can be written only by a special
instruction.
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MEMORY MAPPING AND REFRESH

The memory mapping register (MM) is used to specify the use of
external memory. 256 byte, 4K byte, 16K byte or 56K byte
expansion may be selected. If external memory is used, 1/0 Port 4
is used as the Address/Data bus. High order address bits are
taken, as required, from the low order end of Port 5. The
remaining Port 5 bits (0, 2, 4 or 8) can be used for standard
1/0. If required for slow memory, 0, 1, 2 or 3 additional wait
states can be specified to be included in instructions which read
and write to external memory.

Refresh pulses may be generated to allow the use of pseude-static
DRAM as external memory. The refresh mode register (RFM) is used
to specify whether or not the refresh pulse is enabled, one of 4
intervals ranging from 16 to 128 cycles of the system clock. The
refresh pulses are timed to follow read or write operations in
order to avoid interference and possible malfunction of the DRAM.

STANDBY MODES

Two standby modes are provided to conserve power when the
attention of the CPU is not required. In the first, the HALT
mode, the CPU is stoppped, but the clock is allowed to continue
running. Any interrupt request of a priority highe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>