
~COM84/87 /78K FAMILIES 
70320 (V25) 

8116-BIT MICROCOMPUTER 

mer-el 
mer-el als • Ved KltBdebo 18 • 2970 H111rsholm 
02571000 

DATA BOOK 

!\'EC 



µCOM84/87/78K FAMILIES 

70320 <V25> 

8/16-BIT MICROCOMPUTER 

DATA BOOK 



TABLE OF CONTENTS 

CHAPTER The µCOM84 NMOS Family 

CHAPTER 2 The µCOM84/87/78KIII Family 

CHAPTER 3 The µCOM84 CMOS Family 

CHAPTER 4 The µCOM87 Family 

CHAPTER 5 The µCOM78K Family 

CHAPTER 6 The V-Series Single Chip 



CHAPTER 1 

THE µCOM84 Nr.IOS FAMILY 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

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

µPD8041 AH, µPD8741 A 

The µPD8041 AH and µPD8741A 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 µPD8041 AH/8741 A 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 µPD8041AH/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 µPD8041AH/8741 A contains an 8-bit CPU, 1 K 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 µPD8041AH 
is factory maskprogrammed, while program memory for the µP08741A is UV EPROM for 
more flexibility. 

• Complete single chip microcomputer 
8-bit CPU 
1 K x 8 ROM I UVPROM 
64 x 8 RAM 
8-bit timer/counter 
18 1/0 lines 

• 8048·, 8080A-, 8085A-, 8086-compatible bus structure 
• Asynchronous slave-to-master interface 

- 8-bit status register 
- Two data registers 

• Interrupt, OMA, or polled operation 
• Expandable 1/0 
• Single +5V power supply (8041 AH) 
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µPD8041AH, µPD8741A 

PIN IDENTIFICATION 

BLOCK DIAGRAM 

'"' 
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NEC 
FUNCTION 

Testable input 0 

Crystal input 1 

Crystal input 2 

Reset input 

Single step input 

Chip select input 
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Read strobe input 

Adress input 0 

Write strobe output 
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NEC 
ABSOLUTE MAXIMUM 
RATINGS 

CAPACITANCE 

DC CHARACTERISTICS 

µPD8041AH,µPD8741A 

TA= 25°e 

Power supply voltage, Vee -0.5V to +7 .OV 
1--------------------·-··-+-----------··------1 

Power supply voltage, Voo -0.5V to +7.0V 

Input voltage, V1N -0.5V to +7.0V 

Output voltage, Vo -0.5V to +7.0V 
1------------------·---------t-----------------I 

Operating temperature, ToPT o•e to +70°e 

Storage temperature, TsTG -65°e to + 1 so0 e 

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. 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input capacitance 10 pf 

Output Capacitance 20 pf 

TA= 0°c to +10°c, Vee= v00 = +sv :t 10 %, vss =av 

l'PD8741A l'PD8041AH 
PARAMETER SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNIT 

Input voltage V1L All except X1, X2, and RESET --0.5 0.8 --0.5 0.8 v 
low V1u X1, X2, RESET -0.5 0.6 --0.5 0.6 v 
Input voltage V1H Except XI, X2, and RESET 2.0 Vee 2.0 Vee v 
high V1H1 X1, X2, RESET 3.8 Vee 3.8 Vee v 

Vol Do-07,SYNC. loL = 2.0 mA 0.45 0.45 v 
Output voltage 

Vou Except PROG, loL = 1.0 mA 0.45 0.45 v low 
VoL2 PROG, IQL • 1.0 mA 0.45 0.45 v 

Output voltage VoH Do-07, IOH = -400 l'A 2.4 2.4 v 
high VOH1 All other outputs: IQH = -50 µA 2.4 2.4 v 

Input currant iu P1o-P17, P2o-P27; V1L • 0.8V 0.5 0.5 mA 
low 1u1 SS, RESET; V1 L = O.BV 0.2 0.2 mA 

Input leakage 
l1L 

TO, T1, RD, WR, CS, EA, Ao, • 10 :!:: 10 ,.A 
current Vss < V1N <Vee 

Output leakage 
loL 

Do-07, High Z state, ± 10 ± 10 l'A currant Vss +0.45 v < V1 N < Vee 

Supply current 'oo Voe 15 15 mA 
ltotal) 'oo + 'ce 135 125 mA 
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µPDB041AH, µPD8741A NEC 
AC CHARACTERISTICS 

TA= o•c 10 +70"C, Vee= Voo • +5V ± 10 %, Vss = ov 

DBB READ 

...J!!'DB741A ,.,DB041AH 
PARAMETER SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNIT 

cs, Ao setup 
'AR 0 0 ns to RD J. 

CS, Ao hold 
'RA 0 0 ns ofter RD I 

RD pulse width 'RR 250 160 ns 

CS, Ao. to data 
'AD ~~g~::~~~f~ ~~ob~F 225 130 ns out delay 

RD i to data 
'RD ~~g~::~~~f~ 21\°ob'~F 225 130 "' out delay 

A15 t to data 
tof 100 85 float delay 

Cyde time •cv 2.5 15 1.36 15 ns 

DBB WRITE 

µPD8741A µPD8041AH 

PARAMETER SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNIT 

~0S~!setup 'AW 0 0 "' 
~~~~otld 'WA 0 0 "' 
WR pulse width •ww 250 160 ns 

Data setup 
•ow 150 130 ns 

to WR t 

Data hold after 
•wo 0 0 ns 

WR! 

PORT2 

pPD8741A µPDB041AH 
PARAMETER SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNIT 

Port control 
'CP µP08041AH: CL= 80 pf 110 100 ns 

setup to PROG ~ 

Port control hold 
•Pc pP08041 AH: CL= 20 pf 100 60 ns alter PROG I 

Input data setup 
IPR µPD8041 AH: CL = 80 pf 810 650 ns to PROG I 

Input data 
1PF µP08041 AH: CL= 20 pf 0 150 0 150 ns 

hold time 

Output data 
.. _ 

!----
setup time •op pP08041AH: CL= 80 pf 250 200 ns 

Output data 
1PD µP08041 AH: CL = 20 pF 65 65 ns 

hold time 
..... 

PROG pulse 
With !pp 1200 700 ns 

OMA 

pPDB741A µPDB041AH 
PARAMETER SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNIT 

DACK setup 
time to AO, WR 1ACC 0 
~h~id"ii_m_e_+-----+--- ---·-----·-- t----

after RD. WR tcAC a 

0 ns 

o ns 
t-~-- ---------- -·- - --·---- ---
~~!~ ~~c~ delay tACD µPD8741A: CL= 150 pf 

t- ·--t-----t----i 

roROcl;a;-;;;,;;yt--
time after tCAQ µP08041AH: Cl= 100 pF 
RD.WR 
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NEC µP08041AH, µP08741A 

AC TIMING TEST POINTS 

2.4 v 

0.45 v X. 2.0V ~ Test ---- 2.0VX 

-----~ a.av~ Points---- o.sv ~-----

TIMING WAVEFORMS 

Expander 
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Input 

PROG 
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PORT IEA = 1) 

_J 

Port Data 
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\ 

x PC ~---------~X Port Data X Pc 
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µPD8041AH,µPD8741A NEC 

Data Bus 
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NEC 
FUNCTIONAL 
DESCRIPTION 

µPD8041AH, µPD8741A 

Two data bus buffers, an 8-bit status register. the RO and WR inputs, and expandable 1/0 lines 
enhance the µP08041 AH/874 lA. 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 

STATUS REGISTER 

Input 
Data Bus 
Buffer 181 

Output 
Data Bus 
Buffer (8) 

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

Figure 2 shows the format of the status register. 

Figure 2. Status register Format 

07 I 05 I 05 04 03 D2 D1 Do 

ST7 ST5 ST5 ST4 Fl FO IBF OBF 

RD AND WR 

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

Figure 3. RD and WR inputs 

RD, WI'! \~_F_'_•9_•_A_ff_•_ct_ed_----._~¢ 

PORT 24-PORT 27 

P24 and P~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 ANO the 
pin remains low. This pin indicates valid data is available from the µPOB041AH/8741A. 

An EN FLAGS instruction execution also enables P25 to indicate that the µPD8041AH/8741A 
is ready to accept data. Al written to P25 enables the IBF pin and the status of IBF is available 
on P25. AO written to P25 disables the iBF pin. If OBF is not true, the data at the data bus is 
invalid. 

P25 and P27 can be used as either port lines or OMA handshake lines to allow OMA interface. 
The EN OMA instruction (ESH) enables P25 and P27 to be used as ORO (OMA request) and 
DACK (OMA acknowledge), respectively. 

When a 1 is written to P25, D RO is activated and a OMA request is issued. The EN OMA 
instruction deactivates ORO. You can also deactivate ORO by adding DACK with RD or WR. 
Execution of the EN OMA instruction enables P27 (DACK) to function as a chip select input 
for the data bus buffer registers during OMA transfers. 
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µPD8041AH, µPD8741A 

40-PIN PLASTIC DIP PACKAGE 
OUTLINE (Unit: mm) 
µPD8041 AHC-XXX 

~ ::: ::: : :~:::uu: ::: ;1 
53.34 MAX. 

4.31 MIN. 

40-PIN CERAMIC DIP PACKAGE 
OUTLINE (Unit: mm) 
µPD8741AD 

NEC 

-fJ_ 

IIilll 

I 

I 

I 

2 

o.2s: g:ri~ o-1s0 

f :::::::~:::::~ 
tf·~·I~~~ ,~~~53~.34.~M·A~x-·~~~,~~-- .. ~·" J'Tl 
~ ~ 1$10.25@1 ~2. 54 MAx. 0.25•o.os 0-15" 

"' M 

1-8 



NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

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

µP08035HL/48H 

The µPD8035H Land the µPD8048H make up the µPD8048H family of single-chip 8-bit micro­
computers_ The processors in this family differ only in their internal program memory options: 
the µPD8048H with 1 K x 8 bytes of mask ROM and the µPD8035HL with external memory. 

The NEC µPD8035HL and µPD8048H are single component, 8-bit, parallel microprocessors 
using n-channel silicon gate MOS technology. The µPD8048H family of components functions 
efficiently in control as well as in arithmetic applications_ Standard logic function implement•· 
tion is facilitated by the large variety of branch and table look-up instructions. 

The µPD8035H L/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 µPD8048H series of microprocessors can easily be expanded using 
standard 8080A/8085A peripherals and memories. 

The µPD8048H 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 µPD8035HL is intended for applications using external program memory only. It contains 
all the features of the µPD8048H 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 8048/8748/8035 
• 2.5 µs 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 

TO 
XTAL 1 
XTAL 2 
RESET 

ss 
INT 
EA 
RD 

PSEN 
WR 

ALE 
DBO 
DBl 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 

(OV)Vss 

1-9 

Vccl+5VI 
T1 
P27 
P26 
P25 
P24 
P17 
P16 
P15 
P14 
P13 
P12 
P11 
PIO 
Vool+5Vl 
PROG 
P23 
P22 
P21 
P20 



µPD8035Hl/48H 

PIN IDENTIFICATION NO. 
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: 

ACC 

NEC 
FUNCTION 

Test 0 input/output 

Crystal 1 input 

Crysta I 2 input 

Reset input 

Single step input 

Interrupt input 

External access input 

Read output 

Program store enable output 

Write output 

Address latch enable output 

Bidirectional data bus 

Ground 

Quasi-bidirectional Port 2 

Program output 

RAM power supply 

Quasi-bidirectional Port 1 

Test 1 input 

Primary power supply 

Expansion to Add11ionat 
External M41rnot"Y end 1/0 

Bus Latch 
Low Program 

Countar·s Tamp 
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RAM Address 
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Bus Buffer 
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ACC Bit Test 

Reacl.'Write 
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NEC 
ABSOLUTE MAXIMUM 
RATINGS 

µPD8035HL/48H 

TA= 25°C 

Operating temperature, TQPT 0°c to +70°C 

Storage temperature, TSTG -65°C to +150°C 

Voltage on any pin, V1/0 -0.5V to +7V I Note 1) 

Power dissipation, Po 1.5W 

Note: 

Ill 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= ooc to +10°c. Vee= v 00 = +5V ± 10 %, Vss = ov 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input low voltage (All except 
Vtl -0.5 0.8 v XTALl, XTAL2l 

Input low voltage 
Vtll -0.5 0.8 v I RESET, X1, X21 

Input high voltage (All excep 
V1H 2.0 Vee v XTAL1, XTAL2, RESET! 

Input high voltage 
IXTAL1, XTAL2, ~I V1H1 3.8 Vee v 
Output low voltage (Bus) Vol loL = 2.0 mA 0.45 v 
O~ut low voltage 
IRO, WR, PSEN, ALEI Vou loL = 2.0 mA 0.45 v 
Output low voltage (PROGi VQL2 IQL = 2.0 mA 0.45 v 
Output low voltage 

VoL3 IQL = 2.0 mA 0.45 v tall other outputs) 

Output high voltage (Bus) VoH IQH - -400µA 2.4 v 

?&.~~'.~'.ill, VQH1 IQH • -400µA 2.4 v 
Output high voltage 

VQH2 IQH = -40 µA 2.4 v (all other outputs) 

Input leakage current 
IT1, iiiiTJ I LI Vss.,; VtN.,; Vee ±10 µA 

Input leakage current 
IP1o-P17, P2o-P27, lu1 Vee,. VtN ,. Vss +o.45V -500 µA 
EA, SSJ 

Output leakage current (Bus 
loL Vee;;. VtN ;;. Vss +o.45V ± 10 µA TO, high impedance state I 

Power down supply current loo TA= 25°C 4 8 mA 

Total supply current too+ tee TA= 25°C 50 80 mA 

RAM standby voltage Voo Standby mode. Reset < 0 .6V 2.2 5.5 v 
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µPD8035HL/48H 

AC CHARACTERISTICS 

TA· 0°e to +10°e. Vee= v 00 = +5v' 10 %, Vss • ov 

TEST 
PARAMETER SYMBOL CONDITIONS 

Cycle time tev 

ALE pulse width 'LL 
Address setup to ALE 'AL 
Address hold from ALE 'LA 
Control pulse width (RO, WA) •ee1 
Control pul1e width (PSEN) •ee2 
Data setup WR tow 
Data hold after WR two 
Data hold IRD, PSEN) 'DR 
RD to data in IRDl 
PSEN to data in 'RD2 
Address setup to WR 'AW 
Address setup to data (ADJ 'AD1 
Address setup to data (PSEN) tAD2 
Address float to RD, WR 'AFel 
Address float to PSEN 'AFe2 
ALE to control (RO, WA) 'LAFel 
ALE to control (PSEN, 'LAFe2 
eont<ol to ALE IRD, WR, PRClG) teA1 

Control to A LE (PSEN l teA2 
Pon control setup to PROG tep 

Port control hold to P ROG tpe 

PROG to P2 input valid 'PR 
Input data hold from PROG 'PF 
Output data setup top 

Output data hold •Po 
PROG pulse width tpp 

Port 2 1/0 data setup to ALE 'PL 
Port 2 1/0 data hold to ALE 'LP 
Port output from A LE tpv 

TO rep rate IOPRR 

Not a: 

0) Control outputs: CL= 80 pf, bus outputs: CL= 150 pF 

(2) Bus high impedance, load = 20 pF 
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NEC 

MIN TYP MAX UNIT 

2.5 15 ... 
410 ns 

220 ns 

120 ns 

1050 ns 

800 ns 

880 ns 

110 ns 

0 220 ns 

800 ns 

550 ns 

680 ns 

1570 ns 

1090 ns 

290 ns 

40 ns 

420 ns 

170 ns 

120 ns 

620 ns 

210 ns 

460 ns 

1300 ns 

250 ns 

850 ns 

200 ns 

1500 ns 

460 ns 

150 "' 
850 ns 

500 ns 



NEC µPD8035H L/48H 

TIMING WAVEFORMS 

INSTRUCTION FETCH FROM EXTERNAL MEMORY 

, ___________ tcy --------------i 

ALE 

lAL 

BUS Floating 

tLL- ~tLAFC2 

tAFC2-

i-----+--lLA 

l-------lAD2---~~ 

READ FROM EXTERNAL DATA MEMORY 

ALE 

lLAFCl 

lAFCl 

BUS Floating Floating 

i-------tADl-----1 
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lCA2 

tDR 

Floating 

tCA1 

tRD1 

Data Floating 



µPD8035HL/48H 

WRITE TO EXTERNAL MEMORY 

ALE 

BUS Floating Address 

PORT 2 TIMING 

ALE 

tLA 

Expander 
Port 

OUTPUT 

Expander 
Port 

INPUT 

PROG 

tLAFCl-1 
l--tcc1-

tow 

Floating 

IPL 

Port 20-23 
Data 

Port 20-23 
Data 

tCP 

1-14 

NEC 

tCA1 

two 

Floating 

tpp 



NEC 

ALE 

P20-23 
OUTPUT 

110 PORT TIMING 

µ.PD8035H L/48H 

tpy 

Port 20-23 Data New P20-23 Data 

P24-27 ----------------- i--------
Pl0-17 Port 24-27, Port 10-17 Data New Port Data 

OUTPUT ------------------' !'--------

40-PIN PLASTIC DIP PACKAGE 
OUTLINE (UNIT: mm) 
µ.PD8035H LC 
µ.PD8048HC -XXX 

~LI LIU LI :LI LI LI :o LIU LILI LI LI W: ;1 
53.34 MAX. 

4.31 MIN. 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

µP08748H 

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

The µPD8748H is one of the µPD8048 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 µPD8048H functions as a stand-alone microcomputer. You can expand its functions with 
standard 8080A/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 µPD8748H differs from the µPD8048 in that it has 1 K 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 µPD8048H/8035H L data sheet 
for more information. 

• Low programming voltage 
• Fully compatible with 8048/8748/8035 
• NMOS silicon gate technology 
• Single +5V supply 
• 2.5µs 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 
• Internal clock generator 
• 8-level stack 
• Compatible with 8080A/8085A peripherals 
• Available in one-time-programmable plastic package 

(Top View! 

TO Vcc(+5Vl 
XTAL 1 Tl 
XTAL 2 P27 
RESET P26 

ss P25 
INT P24 
EA P17 
RD µPD8748H 

P16 
PSEN P15 

WR o P14 
ALE o P13 
DBO P12 
DBl o Pll 
DB2 PlO 
DB3 Vool+5Vl 
DB4 PROG 
DB5 
DB6 
DB7 P21 

(OV)Vss P20 
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µPD8748H 

PIN IDENTIFICATION NO. 

1. 39 

2,3 r----
4 

r------------5 

6 

1 

8 

9 

10 

11 

12-19 

20 

21-24, 35-38 

BLOCK DIAGRAM 
01c1llalor 
Frequency 

Port 2 Latch I Low 4) 
and 110 Expender 

Pon 

{

-- VooPrograim Supply 
Power 

Supply - Vee +5V (Low Power Standby) 

-V55Ground 

25 

26 

27-34 

40 

NEC 
SYMBOL FUNCTION 

TO.Tl Testable inputs 0 and 1 
--

XTAL1, XTAL2 Crystal inputs 

RESET System reset input 

SS Single step input 

INT Interrupt input 

EA External access input 

RD Read strobe output 

PSEN Program store enable output 

WR Write strobe output 

ALE Address latch enable output 

Do-DJ 8-bit bidirectional port 

Vss Ground 

P2o-P27 8-bit quasibidirectional port 2 

PROG Program pulse input 

voo Programming power supply 

P1o-P17 8-bit quasibidirectional port 1 

Vee Primary power supply 

Prograim Memory 
EPROM 
1024 x 8 

lower 
Pro11rilm 
Counter 

lnstrnctoon RAM AddrMI 
Reg1sterlDecoder Register 

Expansion to Add1t1on1I 
Extern11I Memory afld 110 

Bus Buffer 
Port 0 

""' Buffer .... 
L.atch 
Pon 1 

Test o Mult1ple.o:er 

Cond1t1on1I 
Branch 
Logic 

Tait 1 Aeg111er 0 

INT 

FlagO 

flag 1 

Timer Fla~ 

Carry 

ACC 

ACC 811 Test 

1--------j 
Register 1 

Rag1ster 3 

Register 4 

1 Register 5 
Ct---------1 

Register 6 

Register 7 

8· level Stack 

Control and T1mmg (Variable Word langrlil 

XTAL XTAL 
EA 1 2 ALE 

Interrupt lnitialil"e PROM/ CPU( Oscillator/ 
Expander Memory Xtal 

Strobe Separate 

Address 
Latch 

Sirobe>I 
Cycle 
Clock 

Program 
Memory 
Enable 
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Single 
Step 

Relld/Wr1te 
Strob11t1 

Optional Second 
Register Bank 

Rniclent Data Memory 
RAM (64 x SJ 



NEC µPD8748H 

ABSOLUTE MAXIMUM TA= 2s0 e 
RATINGS 

DC CHARACTERISTICS 

PROGRAMMING 
DC CHARACTERISTICS 

Operating temperature, Top 0°C to +70°e 

Storage temperature, TST -65°C to +tso0 e 

Output voltage, Vo -0.SV to +7.0V 

Input voltage, Vt -0.SV to +7.0V 

Power supply voltages, Vee. Vo o -0.SV to +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. 

TA= o•c to +1o•c. Vee= v 0 o- +5V • 10 %, Vss - ov 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input low voltage (exS~ 
XTAL1, XTAL2, RE E I V1L -0.5 0.8 v 

Input low voltage 
CXTAL1, XTAL2, ii"3Efl V1L1 -0.5 0.6 v 

Input high voltage !except 
V1H 2.0 vcc v XTAL1, XTAL2, RESET) 

Input high voltage __ 
(XTAL1, XTAL2, RESET) V1H1 3.8 Vee v 

Output low voltage CBusl VoL loL • 2.0 mA 0.45 v 

OJ!!Pfilow voltage 
CRD. WR, PSEN, ALE) VOLi IOL = 1.8 mA 0.45 v 

Output low voltage 
VoL2 loL= 1.0mA 0.45 v (PROG) 

Output low voltage 
VOL3 loL = 1.6mA 0.45 v (all other outputs) 

Output high voltage IBusl VoH loH = -400,.A 2.4 v 

?A¥f.~~'.•~t."fLE> VOH1 IOH = -100,.A 2.4 v 

Output high voltage 
VOH2 IOH "-401'A 2.4 v (all other outputs) 

Input leakage current 
m. iN'I'> iu Vss< v1 < vcc ± 10 l'A 

Input leakage current 
r~~17, P2o-P27, 1u1 V55 +o.45V < V1 <Vee -500 ,.A 

Output leakage current 
ILO Vss +o.45V <Vt< Vee ± 10 l'A (Bus, TO. high impedance) 

Supply current IVool too 2 5 mA 

Total supply current •oo +•cc 85 110 mA 

TA= 25•c • 5•c. Vee= +5V' 5 %, v 00 = +21v • o.5V 

TEST 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Voo voltage high level VooH 20.5 21.5 v 

Voo voltage low level VooL 4.75 5.25 v 

PROG voltage high level VpH 17.5 18.5 v 

PAOG voltage low level VpL 4.0 vcc v 

EA program/verify voltage high level VEAH 17.5 18.5 v 

Voo high voltage supply currant •oo 20.0 mA 

PROG high voltage supply current IPROG 1.0 mA 

EA high voltage supply current IEA 1.0 mA 
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µPD8748H 

AC CHARACTERISTICS 

TA· 0°c to +70°C, Vee· v 00 • +5V • 10 %, Vss ·av 

TEST 
PARAMETER SYMBOL CONDITIONS 

Cycle time •cv 
A LE pulse width 'LL 
Address setup before ALE 'AL 
Address hold after ALE 'LA 
Control pulse width IRD, WR) tcc1 
Control pulse width (PSEN) 1CC2 
Data setup before WR •ow 
Data hold after WR two 
Data hold after RD. PSEN 'DR 
RO to data in 'RD1 
PSE N to data in lR02 
Address setup before WR 'AW 
AddrBSS setup before data in ( RDl tAD1 
Address setup before data in (PSEN) tA02 
Add•ess float to RD, WA 'AFC1 
Address float to PSEN lAFC2 
ALE to RD, WR delay time 'LAFC1 
ALE to PSEN delay time tLAFC2 
l!D, WR, PROG to ALE delay time lCA1 
PSEiii to ALE delay time tcA2 
Pon2 Timing 

Port control setup before PROG tcp 

Port control hold after PROG tpc 

Input data setup before PROG 'PR 
Input data hold after PROG 1PF 
Output data setup before PROG top 

Output data hold after PROG tpo 

PROG pulse width tpp 

Port 2 1/0 data setup before ALE 'PL 
Pon 2 1/0 data setup after ALE lLP 
ALE to port output time 'Pv 
TO output cycle time toPRR 

Note: 

11) Contrnl Output: CL • 80 pF, Bus Output: CL = 150 pf 

(2) Bus high impedance, load = 20 pF 

(3) Clock oscillation frequency, fosc = 11 MHz 
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11,3) 

11,31 

11,3) 

11,31 

11,31 

lt,31 

(1, 2, 31 

(1,31 

11,31 

11,31 

11, 31 

11, 31 

(1,31 

(1, 31 

(1, 31 

(1, 31 

11, 31 

(1,3) 

(1,3) 

11,3) 

(1,3) 

11,31 

11,31 

11,31 

11,31 

11,3) 

11,31 

(1,31 

11,31 

11,3) 

NEC 

MIN TYP MAX UNIT 

1.36 15.0 ,., 
150 ns 

70 ns 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns 

0 110 ns 

330 ns 

190 ns 

300 ns 

730 ns 

460 ns 

140 ns 

10 ns 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

650 "' 
0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

15 "' 510 ns 

270 ns 



NEC 
PROGRAMMING 
AC CHARACTERISTICS 

BUS TIMING 
REOUI REMENTS 

µPD8748H 

TA= 25°C ± 5°C, Voo- +21 v ± 0.5V 

TEST 
PARAMETER SYMBOL CONOITIONS MIN TYP MAX UNIT 

Address setup before A ESET r 'AW 4tcv 
Address hold after RESET t twA 4tcv 

Data input setup before PROG i tow 4tcv 

Data input hold after PROG ! two 4tcv 

~ hold after verify 'PH 4 tcv 

Voo setup before PAOG t •voow 0 1.0 ms 

Voo hold after PAOG ! tvooH 0 1.0 ms 
PROG pulse width tpw 50 60 ms 

TEST 0 setup before program mode 'TW 4tcv 

TEST 0 hold after program mode twT 4tcv 
TEST 0 to data output delay (1 > too 4tcv 

RESET pulse width to latch address •ww 4•cv 
Voo and PROG rise and fall times tr,tf 0.5 100 µs 

CPU cycle time tcv 4.0 µs/3.7 MHz 4.0 15 µs 

RESET setup before EA t 'RE 4tcv 

Note: 

(1) If TEST 0 is high, too is triggered by RESET t. 

SYMBOL TIMING FORMULA MINIMAX UNIT 

1LL I 71301 tcy -170 MIN ns 

1 2/151 tcv -110 MIN ns 

'LA I 1/151 tcv - 40 MIN 

tcc1 I 1/ 21 tcy -200 MIN ns 

tcc2 1 21 51 tcv -200 MIN 

tow 1131301 tcv -200 MIN ns 

two I 11151 tcy - 50 MIN ns 

to A I 1/101 tcv - 30 MAX ns 

'R01 1111131 tcv -110 MAX 

'R02 I 41151 tcv -170 MAX ns 

MIN 

MAX 

[ 11 31 icv -150 

[ 11101 icv -220 
----I 

ns 

'AD2 [ 1 I 21 tcy -220 MAX 

MIN [ 211 51 tcv - 40 ,__t~A~F~C~l----+-------------+------------+-------­
'AFC2 I 1 /301 tcv - 40 MIN 

I 11 51 •cv - 15 MIN ns 

'LAFC2 I 11101 •cv - 75 MIN ns 

tCA1 I 111s1 •cv - 40 MIN ns 

I 4/1 51 icv - 40 MIN 

I 211 51 •cv - eo MIN 

I 41151 •cv -200 MIN ns 

IPR l17/301tcy-120 MAX 
t---------+--------------~ -----------+-------

'PF I 1 /101 •cv MAX 
--------------t--- ---

MIN 1---' 0P _ __ _ I 21 51 •cv - 1 s~----+----

f---"'O ____ f- _ _______1__1_11_t_c;v_::_so ______ +-----~-:-~--
'P_P _____ --1 ___ 1_11_1_o_l _•c_v_-_2_5o ____ +-------- MIN 

t--!p_L___ _____ ___ I 4/151 tcy -200 

1---'LP I 1 /301 •cv - 30 

_ tpv I 3/101tcy+100 ______ _ 

_'cll'fl_F1 _____ -t--- I 11 5ltcy ------+-----
tcv 111105c1x15 

l - ;:; ; 

MIN 

MAX 

MIN 

ns 
ns 

-- - ----

ns 
r-------­

ns 
---·-n~-----j 

ns 
- ---1 

ns 

µs 



µPD8748H NEC 
TIMING WAVEFORMS 

INSTRUCTION FETCH (EXTERNAL PROGRAM MEMORVt 

t ILL --1- ILAFC2 ~ .. , 

ALE_J I I -, --L 
IAFC2 1-- lCC2 --!-- lCA2 __j 

BUS Floating Address ~t=ruction 

tAD2~-

Floating 

READ (EXTERNAL DATA MEMORY) 

L 

Bus Floating Floating 
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NEC µPD8748H 

WRITE (EXTERNAL DATA MEMORYI 

L 

WR 

_l:jtDW~--
Dus Floating x Address x Floating x Data x ___ Fl_o_at_in_g __ _ 

~ tAw ·I 

AC TIMING TEST POINTS 

2.4 v -----.... X2.0V >- T•st < 2.0VX 
o.45 v ------· . o.av Points o.av. -· -----
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11PD8748H 

PORT 1/PORT 2 

1st Cycle 2nd Cycle 

ALE 

PSEN 

P20-23 
OUTPUT Port 20-23 Data 

P24-27 -----'-----------'------x Pl0-17 Port 24-27, Port 10-17 Data 
OUTPUT ------,-----------------' 

!AL+-- tLA----1--tpL--l-_...~.tLP 
Expander 

Port 
OUTPUT 

Expander 
Port 

INPUT 

PROG 

1-24 

Port 20-23 
Data 

Port 20-23 
Data 

tcp 

NEC 

tpv 

New P20-23 Data PCH 

New Port Data 

tCA1 

top tpo 



NEC 
PROGRAM/VERIFY 

EA 
Vee 

Vee 
TO 

VJLl 

Vee 

DBO-DB7 ~--

P20-P21 Last 
Address 

Vo DH 
Voo 

Vee 

VpH 
PROG 

VpL 

VERIFY 

EA 

TO.RESET\ 

DBO-DB7 ~--

Address 
10·71 Vat;d 

tow 

Data to be 
programmed Valid 

Address (8-9) Valid 

I \'---_____,/ 
Address 

10-7) Valid 
Data Out 

Valid 
Next 

Address 

µPD8748H 

--~ 
~ 

Next 
Address 

\~_ 

Next Data 
Out Valid 

P20-P21 ~~~~><~~~A_d_d_r_es_s_l_B_·9_l_V_a_ii_d~~--'><~~~~~N_e_x_t_A_d_d_re_s_s_v_a_lid~~~~-
Note: 
1. When EA is .,low·· or TO= 5V, PROG should be in floating condition (cfo 18V). 
2. tey4µs can beachievedusing3.7 MHz frequency at the XTALl and XTAL2. 
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µPD8748H 

40-PIN PLASTIC DIP PACKAGE 
OUTLINE (UNIT: mm) 
µPD8748HC 

f W::: LI W: LI->:>:::: :1 
53.34 MAX. 

4_31 MIN_ 

40-PIN CERAMIC DIP PACKAGE 
OUTLINE (UNIT: mm) 
µPD8748HD 

</)7.62 

f :::::::E::::::1 
53.34MAX. 

3.80 

~,,...,,...,...,...,... 

NEC 

@El 

' 

--+/... "'::; 
0 in 
~ ci 
..; 

~2-54 MAX. 0.25±0.05 0-15° 
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NEC 

DESCRIPTION 

FEATURES 

µPD8039HL/49H, µPD8749H 

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

The NEC µPD8039H L, µPD8049H and the µP08749H 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 µPD8049H has 2K x 8 bytes of mask 
ROM, the µPD8749H has 2K x 8 of UV erasable EPROM and the µPD8039H L has external 
program memory. 

The µPD8049H 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 µPD8049H family of microprocessors will function as stand-alone microcomputers. Their 
functions can easily be expanded using standard 8080A/8085A peripherals and memories. The 
µPD8039HL is intended for applications using external program memory only. It contains all 
the features of the µP08049H except for the internal ROM. The external program memory can 
be implemented using standard 8080A/8085A memory products. The µPD8049H 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 oscillator and clock circuitry. The µPD8749H differs from the µP08049H 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 a mask ROM. 

• High performance 11 MHz operation 
• Fully compatible with industry standard 8039/8049/8749 
• Pin compatible with the µPD8048/8748 
• 1.36 µs cycle time. All instructions 1 or 2 bytes 
• Programmable interval timer/event counter 
e 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 8080A/8085A peripherals 
• HMOS silicon gate technology 
• Single +5V power supply (8039HL/49HI 
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µPD8039HL/49H, µPD8749H NEC 
PIN CONFIGURATION 

TO vcc 
XTAL 1 Tl 
XTAL 2 P27 
RESET P26 
~ P25 

INT P24 
EA P17 
RD P16 

l5Srn P15 
WR Pl4 

ALE Pl3 
DBO P12 
DBl Pll 
DB2 P10 
DB3 VDD 
DB4 Pi«m 
DBS P23 
DB6 P22 
DB7 P21 

Vss 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 DB0-DB7 Bidirectional data bus 

20 Vss Ground 

21-24, 35-38 P2o-P27 Quasi-bidirectional Port 2 

25 PROG Program output 

26 VDD RAM power supply 

27-34 P1o-P17 Quasi-bidirectional Port 1 

39 Tl Test 1 input 

40 Vee Primary power supply 
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NEC 
BLOCK DIAGRAM 

Oscillator 
Frequency 

rogram emory 
ROM IJZ.P08049HI 

EPROM t"'PDB749H) 
24' 

1tPD8039HL/49H, 1tPD8749H 

Ekpans1on to Additional 
External Memory and 1/0 

Pon 2 Latch (Low41 
and Expander 

Port lfO 

Tirrnirand 
Event Counter 

Instruction RAM Addren 
Aegister/DIKOder Reginer 

Cond1tion"'I 
Br11m;:h 
Logic 

Test o Multiplexer 

Test 1 Aeg1ner 0 

TNT f-A-~-,.-.. -.-,-----1 

Flag 0 

Ftay 1 

Tnner Flag 

Carry 

Register 2 

Register 3 

i 1---"_ .. _''-"-' • ___ ______, 
{

- Vee Program Supply 
Power 

S I - Voo +5V llow Power Standby) 
uppy ACC 5 1---"_ .. _,,_,._' -' ------l 

-v55 Ground 

Control and T1m1ng 

XTAL XTAL 
EA 2 ALE 

Regr5Utr 7 

8-Level Stack 
(Variable Word Length I 

Op1~nal S.cond 
Register Bank 

Data Store 

Interrupt Initialize PROM/ External Osc:1llatorl Addr9S$ Program Single 
Step 

Read/Write 
Strobes 

Resident Data Memory 
RAM (128 J1C8) 

Note: "'PD8039HLdoes not include ROM 

ABSOLUTE MAXIMUM 
RATINGS 

Expander Memory Crystal Latch Memory 
Strobe Accen Suobe/ En<lble 

Cycla 
Clock 

TA= 25°C 

Operating temperature, TQPT l 0°C to +70°C 

Storage temperature, TsTG -65°C to +150°C 

Voltage on any pin, V1/0 

j 
-0.5V to +7.0V !Note 11 

Power dissipation, Po 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. 
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µPD8039H L/49H, µPD8749H 

DC CHARACTERISTICS 

DC PROGRAMMING 
CHARACTERISTICS 

TA= 0°e 10 +1o•e, Vee= v 00 = +5v' 10 %, v 55 = ov 

PARAMETER SYMBOL TEST CONDITIONS 

Input low voltage IAll except 
XTAL1, XTAL2. RESET for 
8749H) 

V1L 

:iT~~~~ ;~·::ri. RESET) V1L1 8749H 

Input high voltage (All except 
XTAL1,XTAL2.~ V1H 

Input high voltage __ 
V1H1 CXTAL1. XTAL2. RESET) 

Out~ut low voltage IBUS, 
RD. WR. PSEN. ALE) VoL loL = 2.0 mA. •1 

Output low voltage (All 
Vou loL = 2.0 mA. •2 others except PROGi 

Output low voltage (PROG) VQL2 loL = 2_0 mA. •3 

outp.J!Lhis.!!..l!!!ltage ceus. 
RD, WR, PSEN, ALE) VoH loH = -400 ,.A. •4 

Output high voltage 
VOH1 IQH = -40,.A (all other outputs! 

Input leakage current 
•u Vss < V1N <Vee CT1, INTI 

Input leakage current _ 
•u1 Vss +0.45V < V1N < Vee CPto-P17, P20-P27. EA, SS) 

Input laakage current 
ILl2 Vss +0.45V < Vt N < Vee CRESETI 

Output leakage currant (BUS 
tLO Vee "' V1 N "' Vss +0.45V TO, high impedance state) 

TA= 25•c 
Povver down supply current loo 

8749Honly 

TA= 25•c 
Total supply current •oo =•cc 8749H only 

Minimum voltage to 
Voo Mins voltage RESET..,;; 0.6V maintain RAM contents 

Not•: 

•1 =for 8749H: loL = 1.8 mA for RD, WR, PSEN, ALE: 

•2 = for 8749H: IOL = 1.6 mA; 

•3 - for 8749H: loL - 1.0 mA; 

•4 •for 8749H: IOH = -100 l'A for RD. WR, PSEN. ALE; 

TA= 25°C. 5°C, Vee - +5V. 5 %, Voo = +21V. 0.5V 

TEST 
PARAMETER SYMBOL CONDITIONS 

Voo program voltag& high level VooH 
Voo program voltage low level VooL 
PROG program voltage high lttYel VpH 
PROG voltoge low lowl VpL 
EA program/verify vol1age high level YEAH 
Voo high voltage supply current •oo 
PROG high voltage supply current IPROG 
EA high voltage supply current 'EA 
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NEC 

MIN TYP MAX UNIT 

-0.5 0.8 v 

--0.5 0.6 v 

2.0 Vee v 

3.8 Vee v 

0.45 v 

0.45 v 

0.45 v 

2.4 v 

2.4 v 

• 10 ,.A 

-500 ,.A 

-10 -50 ,.A 

• 10 ,.A 

5 10 mA 

2 5 

BO 110 mA 

85 110 

22 5.5 v 

MIN TYP MAX UNIT 

20.5 21.5 v 
4.75 5.25 v 

17.5 18.5 v 

4.0 Vee v 

17.5 18.5 v 

20.0 mA 

1.0 mA 

1.0 mA 



NEC µPD8039HL/49H, µPD8749H 

AC CHARACTERISTICS 

TA. O"C to +70°C, Vee. Voo: +5V ± 10 %, Vss: OV 

TEST 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Cycle time •cv 
ALE pulse width ILL 

Address setup to ALE 'AL 
Address hold from ALE 'LA 
Control pulse width {RD, WA) •cc1 
Control pulse width (PSEN) •cc2 
Data setup before WR •ow 
Data hold after WR •wo 
Data hold IRD, PSEN) toR 

RO to data in 'RD1 
PSEN ta data in 'RD2 
Address setup to WA 'AW 
Address setup to data I RO) tAOl 
Address setup to data (PSEN) IAD2 
Address float to AD, WR tAFC1 
Address float to PSE N 'AFC2 
ALE to control I RD. WR) ILAFC1 
ALE to control IPSEN) tLAFC2 
Control to ALE {RD. WR, PROGi ICA1 
Control to ALE IPSEN) 'CA2 
Port control setup to PROG tcp 
Port control hold to PROG •Pc 
PROG to P2 input valid 'PR 
Input data hold from PROG tpf 

Output data setup •op 
Output data hold tpo 

PROG pulse width tpp 

Port 2 1/0 data setup to ALE 'PL 
Port 2 1/0 data hold to ALE 'LP 
Port output from A LE tpv 

1/0 rep rate IOPRR 

Note: 

(1) Control outputs: CL"' 80 pF, bus outputs: CL"' 150 pf 

12) Bus high impedance, load= 20 pf 

(Note 2) 

(3) Double values are for 8039HL, 8049H/8749H respectively 

1-Jl 

1.36 15 µs 

150 ns 

70 ns 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns 

0 110 ns 

·~38'. ns 

·~~ ns 

300 ns 

. ~38'. ns 

·:~ ns 

140 ns 

10 ns 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

650 ns 

0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

40 ns 

510 ns 

270 ns 



µPD8039HL/49H, µP08749H 

AC PROGRAMMING TA= 25°C • 5°C. Vee= +5V ' 5 %, Voo = +21 V ± 0.5V 

CHARACTERISTICS TEST 
PARAMETER SYMBOL CONDITIONS MIN 

Address setup time to RESET t 'AW 4tcv 
Address hold time after RESET t twA 4tcy 

Data in setup time to PROG r 1ow 4tcv 
Data in hold time alter PROG i two 4tcy 

RESET hold time to verify 'PH 4 icy 

Voo rvoow a 
Voo hold time after PROG • 'VDDH a 
PAOG pulse width 'PW 50 

TESTO setup time for program mode 'TW 4tcv 
TESTO hold time after program mode 'WT 4tcy 

TESTO to data out delay (1) too 
RESET pulse width to latch address tww 4tcv 
Voo and PROG rise and fall times tr,tf 0.5 

CPU operation cycle time 'CY 4.0 '" / 3.7 Mhz 4.0 

RESET setup time before EA t 1RE 4tcy 

BUS TIMING 
REOUI REMENTS 

SYMBOL TIMING FORMULA MIN/MAX 

'LL c 7 /30l tcy -110 MIN 

'AL c 21151 •cy-110 MIN 

'LA c 1115) •cy - 40 MIN 

•cc1 I 1 / 2) 'CY -200 MIN 

•cc2 I 2/ 5l •cy -200 MIN 

•ow 113/30) •cy -200 MIN 

two c 11151 icy - 50 MIN 

'DR c 11101 tcy - 30 MAX 

IRD1 { 21 5) •cy-200 I 1111301 •cy-170 MAX 

'RD2 { 3/101•cy-2001 c 4/15) •cy -110 MAX 

'AW I 1/ 3) tcy -150 MIN 

'AD1 111115) •cy -250 I 1 11101 icy -220 MAX 

'AD2 c s/151 •cy -25011 11 21 •cy -220 MAX 

'AFC1 I 2/151 tcy - 40 MIN 

1AFC2 I 11301 •cy - 40 MIN 

'LAFC1 { 11 51 •cy - 75 MIN 

'LAFC2 { 1 /10) tcy - 75 MIN 

1CA1 { 11151 •cy - 40 MIN 

'CA2 c 4/15! tcy- 40 MIN 

rep { 11101 tcy- 401 c 21151 •cy - so MIN 

•Pc I 4/151 tcy -200 MIN 

'PA 111130) •cY -120 MAX 

1PF { 11101 tcy MAX 

•op c 21 5l •cy -150 MIN 

•po c 111oltcy- 50 MIN 

tpp c 111 Ol •cy -250 MIN 

'PL c 4/15! •cy -200 MIN 

'LP I 111oltcy-100 I I 1/30ltcy- 30 MIN 

'Pv c 31101 •cy -100 MAX 

1QPAA I 3/151 tcy MIN 

tcy 11 MHz 

Note: Double values reflect: 8039HL, 49H/8749H 
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NEC 
TYP MAX UNIT 

1.0 ms 

1.0 ms 

60 ms 

4rcy 

100 "' 15 µs 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

"' 



NEC µPD8039HL/49H, µP08749H 

TIMING WAVEFORMS 

INSTRUCTION FETCH FROM EXTERNAL MEMORY 

ILL lLAFC2 

ALE 

1cc2 tCA2 

IDR 

BUS Floating Floating 

READ FROM EXTERNAL DATA MEMORY 

ALE 

ILAFCl ICA1 
1cc1 

IAFCl IRDl IDR 

BUS Floating Address Floating Data Floating 
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µPD8039HL/49H, µPD8749H 

WRITE TO EXTERNAL MEMORY 

ALE 

BUS Floating 

PORT 2 TIMING 

ALE 

Expander 
Port 

OUTPUT 

Expander 
Port 

INPUT 

PROG 

tLAFCl 

tAw----i tow 

Address 

tLA 

Floating 

Port 20-23 
Data 

Port 20-23 
Data 

1-34 

NEC 

ICA1 
1cc1-

two 

Floating 



NEC 

ALE 

P20·23 
OUTPUT 

P24-27 
P10-17 

1/0 PORT TIMING 

Port 20-23 Data 

Port 24-27, Port 10-17 Data 

µPD8039H L/49 H, µPD8749H 

tpy 

New P20-23 Data 

New Port Data 
OUTPUT ----------~~~~~'--~~~~-' r'--~~~~~~~~~ 

WAVEFORMS FOR PROGRAMMING THE µPD8749H 

18V 
EA 

TO 

RESET 

D80-D87 ~--

P20-P22 

VDo 

PROG 

Last 
Address 

Program-----,__-Verifv--• '-I•~-- Program ---

Address Data to be 
10-7) Valid programmed Val kt 

Address (8-10) Valid 

1-35 
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Next 
Address 



µPD8039HL/49H, µPD8749H NEC 
PROGRAM/VERIFY TIMING IROM/EPROM) 

EA 

\~~/ \~_ 

DBO-DB7 ~--

P20-P22 

Address 
(0-7) Valid 

Data Out 
Valid 

Address (8-10) Valid 

1-36 

Next 
Address 

Next Data 
Out Valid 

Next Address Valid 



NEC 
40-PIN PLASTIC 
DIP PACKAGE 
OUTLINE (Unit: mml 
µPDB039HLC 
µPDB049HC-XXX 
µPDB749HC 

40-PIN CERAMIC 
DIP PACKAGE 
OUTLINE (Unit: mml 
µPDB749HD 

µPD8039HL/49H, µPD8749H 

~::: :: : :::o::::::: LI ;1 
53.34 MAX. 

4.31MIN. 
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CHAPTER 2 

THE µCOM84/87/78KIII FAMILY 

µPD8048HCA> 

µPD8048HCS) 

µPD8049H(A) 

µpn80C49HCCS> 

µPD80CSOHCCA) 

µPD78ClOGCS>JLCS),µPD78CllGCS)/LCSl 

µPD78Cl4GCA)/LCAl 

µPD78310GCAl/LCA),µPD78312GCAl/LCAl 



GENERAL INFORMATION 



NEC 

SINGLE CHIP 8-BIT 
MICROCOMPUTERS 

SPECIAL 
AAND S GRADE 

LOGIC SYMBOL 

NMOS MICROCOMPUTER 
SELECTION GUIDE 

SUPPLY 
DEVICE SPECIAL FEATURES ROM RAM l/D PROCESS CYCLE VOLTAGE 

8049HIAI Temp Range 2048x8 128x8 27 NMOS 1·360 5V±IO % 
-40°C to +85°C µs 

8049H{S) Temp Range 2048x8 128x8 27 NMOS 1·875 5V±10 % 
-40°C to + 110°C µs 

8048H(A) Temp Range 1024x8 64x8 27 NMOS 2·50 5V±IO% 
-40°C to +85°C µs 

8048HISI Temp Range 1024x8 64x8 27 NMOS 3.75 5V±IO % 
-40°C to + 110°c µs 

NORMAL (Al GRADE (SI GRADE 

1st electrical test at room temp at 85 deg c at110degc 

Burn-in 4 hours 16 hours 16 hours 

2nd electrical test at room temp at room temp at room temp 

~{~ Port1 
8 

Port 2 

Reset Read 

Single 
Write 

Step µPDBOXXH 
External 
Memory Program Store 

'{~ 
Enable 

Address latch 
Enable 

Interrupt 

Bus Port Expander 
8 Strobe 

2-J 

PINS 

40 

40 

40 

40 



NEC 
INSTRUCTION SET 

SYMBOL DEFINITIONS 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 

c 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, Fl 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, Tl Testable Flags 0, 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 

2-4 



NEC 
INSTRUCTION SET 

-- -- - - D, ... .. D, ... ... .. ... - -c ""' .. " -ADDA. •chit. CAl-(Al+dllll 
illdll'""'-lmBwliplllCllleclDllilto ... • • • • • • I 1 -- ., .. .. .. .. .. . . .. ........ IA>-IA>+ ll'rl Add..-Ual .................. to 

lal'r •0- 7 ...-. 
illdllA.fl' Rr 

IA)-(A1+1"'11 Add lndllKt llwmnllnll d .. dllil 
Ian .. 0-1 .......,DelllOf'ltolhe~ 

l\llDCA. •••• tA>-CAl+(C)+dltl 
.............. mrry ......... • • • I • • I I 
dllll10 ... ~ ., .. .. .. .. .. .. .. .......... lA>-CAI +(C) + IRrl Md ... ..., ... oonlllnllldllw 

torr •O - 7 ........ .......... ~. 
l\llDCA,C,Rr (A)o-IA) +(C)+ll"11 Add lndlNctwllt'l'*'J' IMooNll*ol 

tau •O -1 Cllla INlftDl'Y IOcMlllrl 10 lleAacunMlar. 

Ml.A,. d• (A)-IA)ANO-
Loglallmnd .................. Dlll • 1 • 0 0 I I --· ., .. .. . . .. .. . . .. ........ (A)-IA)AND(Rf) Laglcllll..aCDnllnlld ........ 

tarr.,0-T ........ ... Accr.lmullllr. 

ANl.A,iiRr l"l-IA>-«"'ll LagtmlMdlnllnc:l ........ d ... 
IDrr=0-1 .......,. ... llcicunUllor. 

Cl'LA (A)-NOT(AI COl'lllPllftllNIM-afltlll -· CUIA (A)-0 CLEARIN__..of,,.~ 

DOA DEClllliL ADJUST ........... d lhl -· D<CA (A)o-(A)l DECRBIEN'1'br11M~ .. -
INCA (AJ-(A)+l 

.......... , ... ~ -
ON.A, ..... (Alo-(A)ORdmlil LOllCllOR.,...._. ............. 0 I • • • • I 1 --· ., .. .. .. .. .. . . .. -.... (AJ-(A)OR(Rr) LotlalOR .,....ddllfln*d 

tarr=0-7 ---Ofl..A,@i:Rr (AJ-(A)Ofll((Rr)I l.GliGllOR.,....a. ...... o1 ... 
tarr•O- I _, ........ ~ 
(All+ 1)-(M) 

Aallll9Aa:umu111Dllflby1-tlll~ ILA <Aol-IA>l 
farN• I -I ...... 
(All+l)o-(AN);N .. 0-1 

--Aa.un.llllmrllflbwt-blt~ RU:A <Aol-ICl 
(C)-IA,l ...... 

NIA (AN)-(AN+t);N•D-t .................. rlghlllyt-blt 
<A.I-IA,) - ...... 
CANl-IAN+1);N•D-I ...... ~ ... ..,, .. 

NICA (A,1-(C) 
ICl-1 ... -...... 

_,A CA..r)o-(Ao- 3) 
... ... 2 ............ 111 ... -· XRLA.• d .. • tAl-(A)XOAdllll 
Loglm!XOR ................... dltl 1 1 • 1 0 • 1 1 -- .. .. .. .. .. .. " .. 

DILA.Rr tAl-(l\)IOfl"'1 L...,al XOR__. d ........... 
IDrr so- 7 .......... Al:lcunllllol: 

ICRLA,~ ... IAl-(AIXOllll"!J ....,_.XOR hlllct ........... 
brs0-1 ....,.lacmlDR ..... ~ -1Rr)-"'1-1;r•0-7 

~ ..................... 1 1 1 0 1 ........ - l(Rr)ot 0: 
(PCO- 7)--9ddr -- .. .. .. .. .. .. .. .. -- {PCO -1)-mdrlllb • 1 ..................... ~ .. •. .. 1 • • 1 0 
IPCl-IPCJ+H••O 

.... _ .. .. .. .. .. .. .. .. ..,_ (PCD - 7)---IC"' I ................................ _ 1 1 I I • 1 1 • (PCl-Cl'Cl+UC•O ·- .. .. .. .. .. .. .. .. -- (PCO - 7)-9ddrlFI = 1 ....... tD.,.:llm......_IFllgFll8 1 • 1 I • 1 1 • (PC)- (PC)+ 211FD •I - .. .. .. .. .. .. .. .. ...,_ (PCO -7)-ed*IFI = 1 ...................... Fllg,,. • 1 1 I • 1 1 • (PC)- (PC)+ 211F1 •I ... .. .. .. .. .. .. .. .. 
(PCl-Ull-llllllr'l-10 

Dnct.AnplD....-m ....... -"*' ... .. .. • • 1 • • -- {PCO - 7)-_...o - 7 
(PC11)-DBF .......... bladt. .. .. .. .. .. .. .. .. ....... {PCO - 7)-KAD Jwnplndl.-:ltD.-::tft9d--------- (PC0-7)- ..... IC •O ...................... ...., .... 1 1 0 0 I I • (PCJ-(PCI + 21i1C = 1 ·- .. .. .. .. ., .. .. .. -- (PCO - 7)-8ddrll • 0 .................. lrlllrftllll • 0 0 1 
IPCJ-cPCI -t 2111 = t ·- .. .. .. .. .. .. .. .. 
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NEC 
INSTRUCTION SET (Cont.) __ .._ -- - - a, ... ... •• a, ... •• ... ....... -c "" .. ... --....... _ 

(PCO- 7)-"'*llTD • 0 Jumoto--•-oio,_ 0 0 0 0 1 0 
(PCl-(PC)+HTU=1 .. .. .. .. .. .. .. .. ...,.,_ (PCD - 7)- ... llTI "'0 Jump to IPllCtffeclllddlM&llTMt1 ..... 0 , 0 0 , , 0 
(PCI ·- CPCI + 211T1 "'1 .. .. .. .. .. .. .. .. -- (PC0-7)-MldrltA• 0 Junlpto .............. Accunutllor' , 0 1 0 , 1 0 
(PC)-(PCI • 21A = 0 ·- .. .. .. .. .. .. .. .. 

.m- (PCO - 71..- .... ITF"' 1 Jlnpto....,... ...... ltnm.rAlg• 0 0 0 1 0 
(PC)-(PC) + UTF"' 0 Mlto1. .. .. .. . . .. .. .. .. ..,._ (PC0-7J-mldrltTQ::1 Junlpto "*"*' ..._.,.. .... 1. 0 0 , 0 , 0 
(PC)-IPC) + ZllTD =a .. .. .. .. .. .. .. .. 

JT1- (PC0-7)-lll*llTI =1 Jumpto....,_. ..... ,.., ... ,. 0 , 0 0 
(PC)-(PC) + ZllTI = 0 .. .. .. .. .. .. . . .. ... _ 
(PC0-7)-Mldr•A ><0 """"''° l,.c:tftld ........ AccumulMor' 

1 , 0 0 
(PC)-(PC)+UA=O -~ .. .. .. .. .. .. . . .. -Elli ~ ... EdlfMl ...... lnput. 

DISI 

_ .. ___ 
ElfTIICLK ~ ... Clodc(MputplnTO. 

BEL- CDlll')> O Selecta..OflOclllonlD·JIM7)ol ...... -.. 
SELll81 IDllF)-1 w.ctllm* 1 Ckxwlon92IMl·.il085)vl --SEL- CBS)-0 --0-0·7) .. --.. 
SB.Riii (BS)-1 s...cta.m1~24-311al --· --llOVA.. dell (AJ-Mlll llowmn.dill911he~-- ... 0 0 I 0 0 0 I 1 .. - . , .. .. .. .. .. .. .. 
""""·"' IA)--(Rr);r=0-7 Mo.ea.cormm.d .. ~ 

....... lntolheAcl:ulnuileDr. 

MCJVA.,(a Rr IAl-(C"'>);r • O - 1 llowlndMcl ... canllintlG/ldlllll 
nwniory ioc.MDrl IMo ... AccumulllOr: 

MCNA.PSW IAl-CPSWl MIMconwitldttll' PropwnStm.-
WIDrd nto lhe Acc:umulltof. 

WNRr.•dM• (Ar)-dllli;r•0-7 Mo.elrnrMIMllll911hetp9dlieddata lnlD 1 ' ' 
.. __ . , .. .. .. . , . . .. .. 

WNRr,A CR<l-IA);<=0-7 lbitAccuftutlllorComlntllnlothe --· llOV<a Rf.A «llr)l-CA);r•0-1 McM lndlr9ct AccurnulmlDr Conlenta 
intOdlllimemoryloclltlon. 

MCN'([t1Rr,#d81. ((Rr)l-dN;r•0-1 .............. -.............. 1 0 1 0 0 0 ' -- .. .. . . .. .. .. .. .. 
MCNPSW.A CPSWl-CAl McM COMlnM of AccumulMor ....., .. ---llO¥PA.Cit A (PCO- 71-(A) llDvlicllllllnthecurrllntP9111ft11Db 

(A)-llPC)) -llOVP3A.(CI A CPC0-7)-IA) Move ProarMI dMI In,.. 3 ...... 
(PCI - 10)-011 -· IAl-llPC» 

MOWA,(lr.R (AJ-((RrJJ;r"' 0 - 1 lllit'9lndnli:ln.com.m.c1 ...... 
111m.....,,,.1n1a ... ~. 

MCJ¥X(R A.A (IRJ)l-IA)" = 0- 1 Mowlndllwcl ... contlnll d .. 
Acculrlullb lntolllltlrNI ... "*'*'· 

XClt ... "' (AJ""'IRrJ;r "'O - 7 lb:cfm9 ... AQ:umulllQf and ---· XOiA,(a."' IAl-'ll"'JJ;< = D - 1 El:cfm9lndlrecl COnllnlaol Accumu-
IMcN'll'MllOcllUcM'lindl&lrnmnory. 

xotDA. ra Ar IAD- 3)i'!f1Rr)(O- 3)); lbclw9t lndncl 4-llitt com.ntll d 
r .. 0 - 1 Accumullilor Md dltll rmmory. -CPL C (C)-NOr{C) Complement contllnl d mrry bil. 

CPLFQ Cl'Gl- NOrCFOl Complement ................ 

CPL Fl CFll-NOriFl) Complement conllnt GI Flllg F1 . 

Q.RC (C)-0 a.. conllnt dmny bil hi o. 
Q.RFQ CFOI • o C.... con1m1 d Flmg Oto O. 

CLRl'I (f1)• 0 C.. con11nt d Flllg 1 tao. 
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NEC 
INSTRUCTION SET (Cont.) 

ln•tructlon Cod9 - ........... 
ANLllUS. # dat:8 (BUS} • (BUSI AND CS... 

ANl Pp. • d•t• (Pp)• (Pp)ANOdlU 
p = 1 - 2 _,,.,.. (Pp) • (Pp) ANO (A 0 - J) 
p = .. - 7 

ONA.Pp !Al· (Pp):p = 1 - 2 

MA. l!IUS (A)· (BUS} 

MOVDA.Pp (A0-3}· (Pp):p=4-7 
(Ail - 7)- D 

MOYD Pp.A (Pp)~ A0-3:p=4-7 

OAL llUS, # d•t• (BUSI • !BUS) OR dat8 

OfOU>Pp.A (Pp} • (Pp) OR (A 0 - 3) 
p; 4 - 7 

OALPp, # dat• (Pp)• (Pp)Ofl-
p:: 1 - 2 

otmBUS.A • (BUS)- (A) 

OUTLPp.A (Pp)-(A);p = 1 -2 

DECRr,(Ar) (RI")· (Rr)-1:r=0-7 

INC Ar (Rr)-(Rr)+1:r=0-7 

INC (a Ar ((Air)) --- (IRr)~ + 1; 
r "'"O - 1 

CALL Meir ((SP)) - (PC~ (PSW 4 - 7) 
(SP) - (SP) + 1 
(PCl-10)-8ddrl - 10 
!PCO - 1) ,_ ilddrO - 7 
(PC 11) • DBF 

AET (SP) - (SP) - 1 
(PC)·· ((SP)) 

RETA (SP) - (SP) - 1 
CPCI - CCSPJI 
(PSW• - 7)· (($P)) 

"""""' 
MTCNTI 

MOYA. T 1•1-(T) 

MOVT.A 

Sltlf'TCNT 

STRTCNT 

STl<fT 

_ .... 
D, D, --l.oglc9I and lmmedi.e.-apKlflMI dmtli 

with con'9ntli af BUS. . , .. 
~ llnd ltnmedi.te epec:tfled dMll 0 
with dMlgnnd port (1OI'2i ., .. 
~ anclcom.nteal~wlth ' ~port(4-7). 

Input dMll from~ por1 (1 - 2) 
Into AccumulalOI 

Input strobed BUS Cid Into Aecumutn:w. 0 

llowcom.ntaol~por1(4 - 1J 0 
lntoAccumulmlor. 

MDV9canMaaf ~ta 
~port(4-7). 

logbl or~~mtawtth 0 
content1 of BUS. . , •• 
Logical or conl9nta of Accumulstor wtth 0 
dnlgn.a.d poJt (4 - 7). 

~Of1"""9111te tpl!Clfilld dmwtth 0 
~port(1-2)_ d, .. 
OVtp.rt c:ontient& al Accumuln>f onlo 
BUS 

Output COftWltli al AccurnulnH to 
-port(1-2~ --o.cr..nent by 1 con1tnlS of dnigrwlecl -lncNment by 1 conl9nta of~ -ina.m.nt lndlr9c1 by 1 the contlnhi al --- ---Cllll~SUbroullM. ... .. ., .. 
Return flvm Subroutl,.. wtthOut 
rMtoling Propwn 5IMUli Word. 

Rlitum from SUbroutine rntanng 
Progrwn Sbltu9 Word. 

_,.,_.., 
Er\llbla I....,,.. lrMn'Upt Fi.g lor 
Tlmer·Countlir output. 

Dtublll ~ lnWITupl Fl9g lor 
llmM'-'CountM'outpul 

"°"" c:ontlntl d Tlnw'Count9r Into -· Mow corn.nta al Aecurnu&8IDr into 
Tlmer:Countlf. 

Stop Count tor Event Counter. 

St..i Coun'I tor bent tcuit.r. 

Sbtt Count for Timer. -· .. --· Nolin: I lnstruciion Code Designations rand p lorm !he binary l8Jlf8Sflr'll.MIOl'I cl the Registers and Ports 1rl\oOl\led 

D, 

.. 
0 .. 

0 

•• 

.. 

.. .. 

:I' The CIOt under the appropriale ttag bll indicates IN! rts con1en1 IS soo,ect to d'1ang& by lhe •l'!Struction n ac:ipears 1n 
1 ~to1headdress~data~specihed1nbytes2andor1cJlhe1nstruc00n 
1 Nurnencal SuOSCnpts appearing ,., the FUNCTION column relerence the speotic bits alfec1ed 

D, D, D, 

' 0 .. . , .. 
.. ., .. 

0 . . ., ., 
0 0 .. . , .. 

.. ., .. 

D, Do 

0 0 .. ., 
• • d, .. 

.. •• 

• • .. ., 

0 .. .. 

'.! When 1he Bus is wr1nef110 ......rh an OUTL 1ns1ructoon the Bus !E'mains an OulPUI Port unlll either device 1s reset or a M(}V)( instruction •S e11ecute<1 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

µPD8048H(A) 

HIGH PERFORMANCE 
SINGLE CHIP 8-BIT MICROCOMPUTERS 
The NEC µPD8048, µPD8748 and µPD8035L are single component, 8-bit, parallel microproces­
sors using N-channel silicon gate MOS technology. The µP08048/8748/8035 efficiently 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 1/0 port structure. 
Standard logic function implementation is facilitated by the large variety of branch and table 
look-up instructions. 

The µPD8048/8748/8035L 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 µPD8048 series of microprocessors will function as stand alone microcomputers. Their 
functions can easily be expanded using standard 8080A/8085A peripherals and memories. 

The µPD8048 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 µPD8748 differs from the µPD8048 only in its 1024 x B·bit UV erasable EPROM program 
memory instead of the 1024 x B·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 µPD8035L is intended for applications using external program memory only, It contains all 
the features of the µP08048 except the 1024 x B·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 
• 2.5 µs. Cycle Time. All Instruction 1 or 2 Bytes 
• Interval Timer/Event Counter 
• 64 K 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 
• Available in Both Ceramic and Plastic 40 Pin Packages 
• Temp Range -40°C to +85°C 

TO v,, 
XTAL1 T1 

XTAL2 P,, 

RESET ... 
SS: •,, 
iNT P,. 

EA P,, 

Ail ... 
PSEN P,, 

iNR P,. 

ALE P,, 

OB, •,, 
OB, P,, 

OB, P,, 

oB, Yoo 

OB, PROG 

oB, P,, 

oB. P,, 

OB, P,, 

v., P,, 
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µPD8048H(A) NEC 
PIN IDENTIFICATION PIN 

NO. SYMBOL FUNCTION 

1 To Testable input using conditional transfer functions JTOand JNTO. The 
internal State Clock (CLK) is available to To using the ENTO CLK 
instruction. To 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 V1H). 

3 XTAL2 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 V1HI. 

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). I NT 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 RO READ strobe output (active-low). RD will pulse low when the pro-
cessor performs a BUS READ. RO 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). e'SEN 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. 

11 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 Oo-D7 BUS 8-bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WA strobes. The contents of the 
DQ·D7 BUS can be latched in a static mode. 
During an external memory fetch. the D..o:Qz. 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 Do·D7 BUS, controlled by ALE, RD and WR, contams 
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 P20-P23. Bits P2o·P23 are also used as a 
4-bot 110 bus for the µPD8243. INPUT/OUTPUT EXPANDER. 

25 PROG Program Pulse. A +25V pulse applied to this input is used for pro-
gram ming the µPD8748. PROG is also used as an output strobe for 
the µPD8243. 

26 VDD Programming Power Supply. Voo must be set to +25V for program-
ming the µPD8748, and to +5V for the ROM and PROM versions for 
normal operation. VoD functions as the Low Power Standby input 
for the µPD8048. 

27-34 P10-P17: Port 1 is one of two 8-bit quasi-bidirectional ports 
PORT 1 

39 T1 Testable input using conditional transfer functions JTt and JNT1. T1 
can be made the counter/tt:"ner input using the STAT CNT instruction. 

40 vcc Primary Power supply. Vee is +5V for programming and operation of 
the µP08748, and for operation of the µPD8035L and µPD8048. 
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NEC 
BLOCK DIAGRAM 

Oscillator 
Frequency 

Port 2Latch(Low 4 
and Expander 

Port 1/0 

4 

T.,t 0 
Test 1 
INT 

I 
Timer Flag 
Carry 

Ace Bit Test 

Control and Timing 

XTAU 
RESET PROG EA XTAL2 ALE PSEN SS" 

CPU/ emory Adress 
Initialize Separate 

Interrupt PROM/Expander Oscillator/ 
Strobe XTAL 

Latch Program Single Read Write 
Strobe/ Memory Step Strobes 
Cycle Enable 

ABSOLUTE MAXIMUM 
RATINGS* 

Clock 

Operating Temperature 

Storage Temperature (Ceramic Package) 

Storage Temperature (Plastic Package) 

Voltage on Any Pin 

Power Dissipation 

Note: G) With respect to ground. 

pPD8048H(A) 

Multiplexer 

Register 0 

Register 1 

Register 2 

Register 3 

.g Register 4 

! Register 5 

Register 6 

Register 7 
8-Level Strack 
(Varible Word Len th 

Optional Second 
Register Bank 

Data Store 

Resident Data Memory - RAM 
1128 x 81 

-40°C to +B5°C 

-65°C to + 1 50°C 

-65°C to +150°C 

-0.5V to+ 7V G) 

1.5 w 

•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. 
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µPD8048H(A) NEC 
DC CHARACTERISTICS Ta= -40°C to +85°C; Vee= Voo = +5V ± 10 %; Vss = ov 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage (All 
V1L 0 0.7 v Excep1 XTAL 1. XTAL 21 

Input Low Vollage 
(RESET, XI, X2) V1u 0 0.7 v 

Input High Vollage (All 
Except XTAL 1, XTAL 2, V1H 2.3 Vee v 
RESETl 

Input High Voltage 
VIH1 3.8 vcc v (RESET, XTAL 1, XTAL 21 

Output Low Voltage (BUS) VOL loL = 2.0 mA 0.45 v 

Outpul Low Vollage (RO, 
Vou IOL = 2.0 mA 0.45 v WR, PSEN, ALEI 

Output Low Vol1age (PROGi VoL2 IOL = 2.0 mA 0.45 v 

Outpul High Voltage (BUSI VoH IOH = -100µA 2.4 v 

Output High Vollage (RO, 
Vo HI IOH = -100µA 2.4 v WR, PSEN, ALEI 

Output High Voltage 
VOH2 IOH =-30µA 2.4 v (All Other Outputsl 

Input Leakage Current 
llL Vss <;;VIN <;;Vee ± 10 µA 

IT1. EA, INTI 

Input Leakage Current 
(P10-P17, P20-P27, EA, SSI 11u Vee ;;>VIN ;;.vss + 0.45V -700 µA 

Output Leakage Current 
(BUS, To-High Impedance loL vcc ;;.v1N ;;.vss + o.45V ±10 µA 
Stale) 

Power Down Supply Current 100 Ta= 25°C B mA 

Total Supply Current 100+1cc Ta= 25°C 100 mA 

RAM Standby Voltage Voo S1andby Mode. Reset .;;o.sv 3.0 5.5 v 
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NEC 
AC CHARACTERISTICS Ta= --40°C to +80°C;Vcc = Voo = 5V ± 10%; Vss= OV 

PARAMETER SYMBOL 

ALE Puba Width ILL 

Addr Setup to ALE IAL 

Addr Hold from ALE ILA 

Control Pulse Width IRD, WRI ICC1 

Control Pulse Width (PSEN) ICC2 

Data Setup WR iow 
Dall Hold aftlr WR two 
Diii Hold (RD,~ IDR 

RD to Data in IRDl 

PSEN to Dat1 in IRD2 

Addr Setup to WR IAW 

Addr Setup ID Dall (RD) IAD1 

Addr Setup to Data (PSENI IAD2 

Addr Float to RD, WD IAFC1 

Addr Float to PSEN IAFC2 

ALE to Control (RD, WR) ILAFC1 

ALE to Control IPSENI ILAFC2 

Control to ALE (RD, WR, PRDG) ICA1 

Control to ALE (PSENI ICA2 

Port Control Setup to PRDG 1cp 

Port Control Hold to PRDG 1pc 

PROG to P2 Input Valid IPR 

Input 0111 Hold from PROG IPF 

Output Data Setup top 

Output Om Hold tpo 

PRDG Pulse Width tpp 

Port 2 1/0 Satup to ALE IPL 

Port 2 1/0 Hold to ALE ILP 

Port Output from ALE 1pv 

Cycle Time ICY 

TO Rep Rate IOPRR 

Nnos: Control Outputs CL= BOpF 
BUS Outputs CL= 150pF 
BUS High Impedance Load 20pF 

2-13 

f(tcyl ind 
TEST CDNDITIDlllS 

7 /30 ICY -170 

2/15 ICY -110 

1/15 ICY --40 

1/2tcy-200 

2/Stcy-200 

13/30 ICY -200 

1115 icy-so 

11101cy-30 

2/5 tcy-200 

3/10 ICY -200 

113 ICY -150 

1111s 1cy-2so 

8/15 tcy -250 

2/15 ICY --40 

1 /30 ICY --40 

1/15 ICY -75 

1110 icy-75 

1/15 ICY --40 

4/15 tcy --40 

1/10 ICY --40 

4/15 ICY -200 

111301cy-120 

11101cy 

2/51cy-15o 

11101cy-5o 

7/10 ICY -250 

4/15 ICY -200 

1/10 ICY -100 

3/10 ICY +100 

6 MHz (max.) 

3/151cv 

11PD8048H(A) 

LIMITS 
MIN TYP MAX UNIT 

410 ns 

220 ns 

120 ns 

1050 ns 

800 ns 

880 ns 

110 ns 

0 220 ns 

800 ns 

550 ns 

680 ns 

1570 ns 

1090 ns 

290 ns 

40 ns 

420 ns 

170 ns 

120 ns 

620 ns 

210 ns 

460 ns 

1300 ns 

250 ns 

850 ns 

200 ns 

1500 ns 

460 ns 

150 ns 

850 ns 

2.5 15 µs 

500 ns 



1JPD8048H(A) NEC 
Instruction Fetch from External Memorv 

TIMING WAFEFORMS t--------tcv ________ __, 

tLL --1 
ALE _J .... I _________ __, L 

tAFC2 

ILA 

BUS 

lmtruction i-----·~'~ 
Floating 

Read from External Data Memory 

.... ~---------- tcv --------i 
1-- tLL --j 

ALE __J .... I _________ _, L 
1-- tLAFC1-+- tcC1 +tcA1-l 

RD-------------. ~---------

Bus Floating Floating 

Write to External Memory 

ALE_J L 
I- tLAFC1 + tcc1 + tcA1 --l 

------------~ ~----------WR 

Address 

\ I =:jtDW ~ 
xr-F-loa-ting- x Data xr---F-lo-a-tin_g __ _ 

Bus _F_ioa_ti_ne__,f. ~ 
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NEC 
Port 2 Timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Output 

'LA----1 

PCH 

PCH 

BUS Output High Voltage vs. Source Current 

... 
Voo .1 

.... 

.... 

.~ .. 
Port P 1 and P2 Output 

High Voltage vs. Source Current BUS Output Low Voltage vs. Sink Current 

t------1-----f--vcc • 4.1¥ 

•oo • .... 

...... ~ 
\ 

ll .,. .,. 
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~PD8048H(A) 

40 PIN PLASTIC 
µPD8048HC 

ITEM 

r A 

8 

c 
f----

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

I 

J. 

I 

I 

NEC 
Ml LLIMETERS INCHES 

51.5 MAX 2.028 MAX 

1.62 0.064 
·-

2.54 ± 0.1 0.10 ± 0.004 

0.5 ± 0.1 O.Q19 ± 0.004 

48.26 1.9 ·-
1.5 MIN 0.06 MIN 

2.54 MIN 0.10 MIN 

0.5 MIN 0.019 MIN 

5.22 MAX 0.206 MAX 

5.72 MAX 0.225 MAX 

15.24 0.600 

13.2 0.520 

+0.1 0 010 +0.004 
0.25 -0.05 . -0.002 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

pPD8048H(S) 

HIGH PERFORMANCE 
SINGLE CHIP 8-BIT MICROCOMPUTERS 

The NEC µ.P08048, µ.P08748 and µPD8035l are single component, B·bit, parallel microproces­
sors using N-channel silicon gate MOS technology. The µPDB048/8748/B035 efficiently lune· 
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 1/0 port structure. 
Standard logic function implementation is facilitated by the large variety of branch and table 
look-up instructions. 

The µ:PD8048/8748/8035L 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 µP08048 series of microprocessors will function as stand alone microcomputers. Their 
functions can easi Iv be expanded using standard 8080A/8085A peripherals and memories. 

The µ:PD8048 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 memofy; 27 1/0 lines; an 
8-bit interval timer/event counter; oscillator and clock circuitry. 

The µPD8748 differs from the µPD8048 only in its 1024 x B·bit UV erasable EPROM program 
memory instead of the 1024 x S·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 µPD8035L is intended for applications using external program memory only. It contains all 
the features of the µPD8048 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 
• NMDS Silicon Gate Technology Requiring a Single +5V Supply 
• 3.75µs Cycle Time. All Instruction 1or2 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 
• Available in Both Ceramic and Plastic 40 Pin Packages 
• Temp Range-40°Cto+110°C 

TO Voe 

XTAL1 Tl 

XTAL2 P,, 

AEftf ·-55 P,. 

iiif ... 
EA ... 
Rii •.. 

PSEN ... 
Wil ... 

ALE P,, 

DB, P,, 

DB, P,, 

DB, P,, 

DB, ... 
DB, PROG 

DB, P,, 
DB, P,, 

DB, •,. •.. P,, 
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µPD8048H(S) NEC 
PIN IDENTIFICATION PIN 

NO. SYMBOL FUNCTION 

1 To Testable input using conditional transferfunctions JTO and JNTO. The 
internal State Clock (CLK) is available to To using the ENTO CLK 
instruction. To can also be used during programming as a testable flag. 

2 XTALl One side of the crystal input for external oscillator or frequency 
(non·TTL compatible V1Hl. 

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 V1Hl· 

5 SS Single Step input (active-lowl. 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. I NT 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 BlJS 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-lowl. WR will pulse tow when the 
processor performs a BUS WRITE. WR can also function as a WRITE 
STROBE for external DATA MEMORY. 

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

12-19 Do·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 Do·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 Do-D7 BUS, controlled by ALE, Ri5 and WR, contains 
address and data information. 

20 Vss Processor's GROUND potential. 

21·24, P2Q·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 P20-P23. Bits P20-P23 are also used as a 
4-bit 1/0 bus for the µPD8243, INPUT/OUTPUT EXPANDER. 

25 PROG Program Pulse. A +25V pulse applied to this input is used for pro-
gramming the µPD8748. PROG is also used as an output strobe for 
the µPD8243. 

26 voo Programming Power Supply. Voo must be set to +25V for program-
ming the µPD8748, and to +5V for the ROM and PROM versions for 
normal operation. Voo functions as the Low Power Standby input 
for the µPDB04B. 

27-34 P1o·P17: Port 1 is one of two 8-bit quasi-bidirectional ports. 
PORT 1 

39 Tl Testable input using conditional transfer functions JTl and JNTl. Tl 
can be made the counter/timer input using the STAT CNT instruction. 

40 Vee Primary Power supply. Vee is +5V for programming and operation of 
the µPD8748. and for operation of the µPD8035L and µPD8048. 
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NEC 
BLOCK DIAGRAM 

Oscillator 
Frequency 

ort 2 ~tchtlow 4 
.and Expander 

Port 1/0 

4 

Control and Timing 

XTALl 
RESET PROG EA XTAL2 ALE PSEN SS" 

CPU/ emorv Ad•eu 

AMAddre 
Register 

Test 0 
Test 1 
INT 
Flag 0 
Flag 1 j 
Timer Flag 
Carry 

Ace Bit Test 

Initialize Separate 
Interrupt PROM/Expander Oscill;nor/ 

Strobe XTAL 

Latch Program Single Read Write 
Strobe/ Memory Step Strobes 
Cycle Enable 

ABSOLUTE MAXIMUM 
RATINGS* 

Clock 

Ta= 25°C 

Operating Temperature 

Storage Temperature (Ceramic Package) 

Storage Temperature (Plastic Package) 

Voltage on Any Pin 

Power Dissipation 

Note: G) With respect to ground. 

µPD8048H(S) 

Multiplexer 

Register 0 
Register 1 

Register 2 

Register 3 

.g Register 4 

~ Register 5 
Q ,_R_eg~;,-,.-,-6----t 

Resident Data Memory - RAM 
1128 x 81 

-40°C to +110°C 

-65°C to +150°C 

-65°C to +150°C 

-0.5V to + 7V G) 

1.5 w 

"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. 
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~PD8048H(S) NEC 
DC CHARACTERISTICS Ta= -40°C to +110°C; Vee= Voo = +5V ± 10 %; Vss =av 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage IAll 
V1L 0.5 v Except XTAL 1, XTAL 2) 

Input Low Voltage 
V1LJ 0.5 v 

(RESET, Xl, X2l 

Input High Voltage (All 
Except XTAL 1, XTAL 2, V1H 2.3 v 
RESET) 

Input High Voltage 
ViHl 3.8 v (RESET,XTAL 1,XTAL2) 

Output Low Voltage (BUS) VoL IOL = 1.6 mA 0.45 v 

Outp.!!!.b,Qw Voltage (RD, 
Voll IOL = 1.6 mA 0.45 v WR, PSEN, ALE) 

Output Low Voltage (PROG) VOL2 IOL = 1.6 mA 0.45 v 

Output Low Voltage 
VQL3 loL= 1.6mA 0.45 v 

(All Other Outputs) 

Output High Voltage (BUS) VOH IOH = -50µA 2.4 v 

Output High Voltage I RD, 
VQHl IOH = -50µA 2.4 v 

WR, PSEN, ALE) 

Output High Voltage 
VQH2 IQH = -15 µA 2.4 v (All Other Outputs) 

Input Leakage Current 
ill Vss <;;VIN <;;Vee ±10 µA 

(T1, INT) 

Input Leakage Current 
(P10-P17. P20-P27, EA, SSJ illl Vee ;;.v1N ;;.vss + o.45V -700 µA 

Output Leakage Current 
(BUS, To-High Impedance loL Vee ;;>VIN ;;>Vss + 0.45V ± 10 µA 
State) 

Power Down Supply Current loo Ta= 25°C 8 mA 

Tatel Supply Current 100+1cc Ta= 25°C 100 mA 

RAM Standby Voltage Voo Standby Mode. Reset .;;o.5vj 4.5 5.5 v 
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ttlEC 
AC CHARACTERISTICS Ta= -40°C to +110°C; Vee= Voo = 5V ± 10 %; Vss =av 

PARAMETER SYMBOL 

ALE Pulse Width ILL 

Addr Sltup to ALE IAL 

Addr Hold from ALE ILA 

Control Pulse Width (RD, WRI ICC1 

Control Pulse Width (PSEN) ICC2 

Data Sltup Wif tow 

Data Hold attar WR two 
Data Hold IRD,PSEN) ton 

RD to Data in IR01 

PSEN to Data in IR02 

Addr Setup to WR tAW 

Addr Setup to Data (RD) IAD1 

Addr Setup to Data (PSENI IAD2 

Addr Float to RD, WO IAFC1 

Addr Float to PSEN tAfC2 

ALE to Control (RD, WR) ILAFC1 

ALE to Control (PSENI ILAFC2 

Control to ALE (RD, WR, PROGi ICAl 

Control to ALE (PSENI ICA2 
Port Control Setup to PROG ICP 

Port Control Hold to PROG IPC 

PROG to P2 Input Valid IPR 

Input Data Hold from PRDG IPF 

Output Data Setup top 

Output Data Hold IPD 

PROG Pul11 Width tpp 

Port 2 1/0 Satup to ALE 1PL 

Port 2 1/0 Hold to ALE ILP 

Port Output from A LE IPV 

Cycle Time ICY 

TO Rap Rate IOPRR 

Nlllas: Control Outputs CL = 80pf 
BUS Outputs CL= 150pF 
BUS High Impedance Lo1d 20pF 

2-21 

t(tcyl ind 
TEST CDNDITIDNS 

7/30 ICY -170 

2115 ICY -110 

1115 tcy-40 

112tcy-200 

2/5 tcy-200 

13/30 tCY -200 

1115 tcy-50 

11101cy-3o 

2/5 tcy-200 

3110 ICY -200 

1131cy-15o 

11115 icy -250 

8115 tcy -250 

2/151cy-40 

11301cy-40 

1115 tcy -75 

1/10tcy-75 

11151cy-40 

4/1s 1cy-40 

1/lOtcy-40 

4/15 ICY -200 

17/30tcy-120 

1/10tCY 

2151cy-15o 

11101cy-so 

7/10 ICY -250 

4/15 tCY -200 

11101cy-100 

3/101cy+100 

4MHz (max.I 

3/15tcy 

~PD8048H{S) 

LIMITS 
Miii TYP MAX UNIT 

410 ns 

220 ns 

120 ns 

1050 ns 

800 ns 

880 ns 

110 ns 

0 220 ns 

800 ns 

550 ns 

680 ns 

1570 ns 

1090 ns 

290 ns 

40 ns 

420 ns 

170 ns 

120 ns 

620 ns 

210 ns 

460 ns 

1300 ns 

250 ns 

850 ns 

200 ns 

1500 ns 

460 ns 

150 ns 

850 ns 

3.75 15 ID 

500 ns 



i.iPD8048H(S) NEC 
Instruction Fetch from External Memorv 

TIMING WAFEFORMS 

ALE_J L 

ILA 

BUS 

Address ____ ,,,,~ 
Floating 

Instruction 

Read from External Data Memory 

~~------------- ICY --------<.i 

I- ILL --j 

ALE____J I 
-f---.-L-A-FC_1_-t-___ tc_c1_-!--__ t_c_A_1--j~ 

L 
RD-------------~ ,...----------

Bus Floating Floating 

Write to External Memory 

ALE_J I I L 
~ ILAFC1 + tcc1 + ICA1 --l 

-------------~ ~----------WR 

Address 

\ ______ I :j tow ~ ------X Floating X Oat• X.._ ___ F_ioa_t_in_u __ _ Bus __ F1_oa_1_ing-~t ~ 
tAW ---l 
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NEC 
Port 2 Timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Output 

tLA----1 

PCH 

PCH 

BUS Output High Voltage vs. Source Current 

... .... - ..... !. -
-
-

l .. .. .. 
Port P1 and P2 Output 
High Voltage vs. Source Current BUS Output Low Voltage vs. Sink Current 

.... 

.... -... -
.... ~ 

ll .. .. .. ·-
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µPD8048H(S) 

40 PIN PLASTIC 
µPD8048HC 

NEC 
ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 MAX 0.064 MAX 

c 2.54 ± 0.1 0.10 ± 0.004 

D 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 ± 0.1 1.9 ± 0.004 

F 1.5 MIN 0.06 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225MAX 

K 15.24 TYP 0.600 TYP 

L 13.2 TYP 0.520 TYP 

M 025+0.l 
' -0.05 

0 010 +0.004 
' -0.002 

:~ 
IT 

- - - - - - ' - - - - - - - - - t J 

I ' i 
"T . . . . T_:J. ~-<~ 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

pPD8049H(A) 

HIGH PERFORMANCE 
SINGLE CHIP B·BIT MICROCOMPUTERS 

The NEC µPD8049 and µPDB039H are single chip 8-bit microcomputers. The processors differ 
only in their internal program memory options: the µPDB049 has 2K x B bit mask ROM and 
the µPD8039H has external program memory. Both of these devices feature high performance 
11 MHz operation. 

• High Performance 11 MHz Operation 
• Fully Compatible with Industry Standard 8049/8039 
• Pin Compatible with the µPD8048/8748/8035 
• NMOS Silicon Gate Technology Requiring a Single +5V ± 10 % Supply 
• 1.36 µs Cycle Time. All Instructions 1 or 2 Bytes 
• Programmable Interval Timer/Event Counter 
• 2K x 8 bit ROM, 128 x B bit RAM 
• Single Level Interrupt 
• 96 Instructions: 70 Percent Single Byte 
• 27 1/0 Lines 
• Internal Clock Generator 
• Expandable with BOBOA/8085A Peripherals 
• Available in Both Ceramic and Plastic 40-Pin Packages 
• Temp Range -40°C to +85°C 

TO Vee 

XTAL1 T1 

XTAL2 P,, 

RE5Ef P,. 

ss P,, 

INT P,. 

EA P,, 

Ro P,. 

PSEN P., 

WR P,. 

ALE P,, 

DB0 P,, 

DB, P,, 

DB, P,, 

DB, Yoo 

DB, PROG 

DB, P,, 

DB, P,, 

DB, P,, 

v" p /() 
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1JPD8049H(A) NEC 
PIN IDENTIFICATION PIN 

NO. SYMBOL FUNCTION 

1 To Testable input using conditional trilnsfer functions JTO and JNTO. The 
internal State Clock (CLK) is available to To using the ENTO CLK 
instruction. To can also be used during programming as a testable flag. 

2 XTALl One side of the crystal. LC. or external frequency source. 
(Non-TTL compatible V1H.I 

3 XTAL2 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 V1HI· 

5 SS Single Step input (active-lowl. SS together with ALE allows the pro· 
cessor to usingle-step" through each instruction in program memory. 

6 INT Interrupt input (active-lowl. INT will start an interrupt if an enable 
interrupt instruction has been executed. A reset will disable the inter-
rupt. I NT 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 RO READ strobe outputs (active-low). RD will pulse tow 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-lowl. WR will pulse low when the 
processor performs a BUS WRITE. WR can also function au WRITE 
STROBE for external DATA MEMORY. 

11 ALE Address Latch Enable output (activ•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 Do·07 BUS 8-bit, bidirectional port. Synchronous reads and writes can be per· 
formed on this Port using RO and WR strobes. The contents of the 
0()-07 BUS can be !etched in a static mode. 
Curing an external memory fetch. the D.Q:Qz. BUS holds the leest 
significant bits of the program counter. PSEN controls the incoming 
addressed instruction. Also, for an external RAM data store instruc-
tion the Do-07 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 parts. For e>e:ternal 
35-38 PORT2 data memory fetches, the four most significant bits of the program 

counter are contained in P20-P23. Bits P20-P23 are also used as a 
4-bit 1/0 bus for the µP08243, INPUT/OUTPUT EXPANDER. 

25 PROG PROG is used as an output strobe for µP08243's during 1/0 expan· 
sion. When the µ.PD8049 is used in a stand-alone mode the PROG pan 
can be allowed to float. 

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

27-34 P10.Pff Pon 1 is one of two 8-bit quasi-bidirectional ports. 
PORT 1 

39 Tl Testable input using conditional transfer functions JT1 and JNT1. Tl 
can be made the counter/timer input using the STRT CNT instruction. 

40 Vee Primary Power supply.. Vee is +SV during normal operation. 
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NEC 
BLOCK DIAGRAM 

Oscillator 
Frequency 

on 2 Latch(Low 4 
and Expander 

Port 110 

4 

Control and Timing 

XTAL1 
RESET PROG EA XTAL2 ALE PSElll ~ 

CPU/ Adress 

Test 0 
Test 1 
llllT 
Flog 0 
Flog 1 
Timer Flag 
Carry 

Ace 

Ace Bit Test 

Interrupt 
Latch Program Single Read Write 

ABSOLUTE MAXIMUM 
RATINGS* 

Strobe/ Memory Step Strobes 
Cycle Enable 
Clock 

Operating Temperature 

Storage Temperature (Ceramic Package! 

Storage Temperature (Plastic Package! 

Voltage on Any Pin 

Power Dissipation 

Note: CD With respect to ground. 

JJP08049H(A) 

Multiplexer 

A ister 0 
Register 1 

Register 2 

Register 3 

~ 
Register 4 

~ 
Register 5 

Register 6 

Register 7 

Resident Data Memory - RAM 
1128 x 8) 

--40°C to +85°C 

-65°C to +150°C 

-65°C to + 150°C 

-0.5V to +7V(S) 

1.5W 

·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. 
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µPD8049H(A) NEC 
DC CHARACTERISTICS Ta= -40°e to +a5•e; Vee= Vaa = +5V ± 10 %; Vss =av 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage (All 
V1L -0.5 0.7 v Except XTAL 1, XTAL 2) 

Input Low Voltage 
(RESET, XI, X2} V1L1 -0.5 0.7 v 

Input High Voltage (All 
Except XTAL 1, XTAL 2. V1H 2.3 vee v 
RESET} 

Input High Voltage 
V1H1 3.8 Vee v (RESET. XTAL 1, XTAL 2) 

Output Low Voltage (BUS} VoL loL = 2.0 mA 0.45 v 

Output Low Voltage (AO, 
Voll loL = 2.0 mA 0.45 v WA, PSEN, ALE) 

Output Low Voltage (PROGi VaL2 loL = 2.0 mA 0.45 v 

Output Low Voltage 
VoL3 laL = 2.0 mA 0.45 v (All Other Outputs) 

Output High Voltage (BUS} VOH laH = -100µA 2.4 v 

OutpJ!!..!!!gh Voltage (AD, 
VaH1 loH =-100µA 2.4 v WA, PSEN, ALE} 

Output High Voltage 
VOH2 laH = -30µA 2.4 v (All Other Outputs) 

Input Leakage Current 
l1L vss ..;v1N ..;vcc ±10 µA (T 1. EA, INT) 

Output Leakage Current 
(BUS, To-High Impedance laL Vee ;;.v1N ;;.vss + o.45V ±10 µA 
Sta tel 

Power Down Supply Current 100 Ta= 25°C 5 10 mA 

Total Supply Current ioo+lcc Ta= 25°C 80 140 mA 
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NEC 
AC CHARACTERISTICS Ta= -40°C 10 +85°C; Vee= Voo = 5V ± 10 %; Vss = ov 

PARAMETER SYMBOL 

ALE Pulse Width ILL 

Addr Setup to ALE IAL 

Addr Hold from ALE ILA 

Control Pulse Width (RO, WR) tCCl 
Date Setup WR iow 

Date Hold after WR two 
Data Hold (RO, PSEN) IOR 

RO to Data in IROl 

PSEN to Data in IR02 

Addr Setup to WR IAW 

Addr Setup to Data (ROI tA01 

Addr Setup to Date (PSEN) tA02 

Addr Float to RD, WO 1AfC1 

Addr Float to PSEN IAFC2 
ALE to Control (RD, WR) ILAFCl 

ALE to Control IPSENI ILAFC2 
Control to ALE (RD, WR, PROGi ICAl 

Control to ALE (PSEN) ICA2 

Port Control Setup to PROG tcp 

Port Control Hold to PROG 1pc 

PROG to P2 Input Valid IPR 

Input Data Hold from PRDG !pf 

Output Data Setup top 

Output Data Hold tpo 

PROG Pulse Width tpp 

Port 2 1/0 Setup to ALE IPL 

Port 21/0 Hold to ALE ILP 

Port Output from ALE IPV 

Cycle Time ICY 

TO Rep Rate IOPRR 

Notes: Output Outputs CL= 80pf 
BUS Outputs CL= 15Dpf 
BUS High Impedance Load 20pf 
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tltcyl and 
TEST CONDITIONS 

7/30 ICY -170 

2/15 ICY -110 

11151cy-40 

1121cy -200 

131301cy-200 

1/15 tCY -50 

1/10 ICY -30 

2/5 ICY -200 

3110 ICY -200 

1/31cy-15o 

11115 icy-250 

8/15 ICY -250 

2/15 ICY -40 

1/30 ICY -40 

115 ICY -75 

1/10 ICY -75 

1/15 ICY -40 

4/15 ICY -40 

1/10 ICY -40 

4/15 ICY -200 

111301cy-120 

1/10 ICY 

2/5 ICY -150 

1/10 tCy -50 

7110 ICY -250 

4/15 ICY -200 

1110 •cv -100 

3/10 ICY +100 

6 MHz 

3/15 tCY 

1JPD8049H(A) 

LIMITS 
MIN TYP MAX UNIT 

180 ns 

90 ns 

60 ns 

~r:l ns 

450 ns 

50 ns 

0 120 ns 

400 ns 

250 ns 

350 ns 

850 ns 

550 ns 

160 ns 

10 ns 

420 ns 

170 ns 

120 ns 

620 ns 

110 ns 

200 ns 

730 ns 

150 ns 

450 ns 

100 ns 

800 ns 

200 ns 

50 ns 

850 ns 

1.5 15.0 µs 

500 ns 



~PD8049H(A) NEC 
Instruction Fetch from External Memory 

TIMING WAFEFORMS ~~---------ICY 
I-- ILL --l 

ALE_J I _________ _ L 

BUS 

Address ----~'~ 
Floating 

Read from External Data Memory 

t-o~---------- ICY --------i 
I- ILL --I 

ALE__J .... I ________ ___, L 
1-- ILAFC1-+-- ICC1 +tCA1-l. 

RD-------------, .----------

-\' :=j ""' l __j,,~ 
Bus ==F=loa=t=i•=g==r• X ~i= - X~---_ -_-_F=loa=t=i•-e_-:_-_-_ 

IAD~ 

Write to External Memory 

ALE_J L 
I-- ILAFC1 -t- ICC1 + ICA1 --1 

~-----------..., .-----------WR 

Address I I two 
---~ \ :::::jtow ~~------

Bus Flmting X ~ X Floating X Data X.__ __ F_io_•_ti_na __ _ 

~ IAW----j 
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NEC 
Port 2 Timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Output 

tCA1 

PCH 

PCH 

BUS Output High Voltage vs. Source Current 

r - ·= .1 
.... 

.... 

\ .. 
Port Pl and P2 Output 
High Voltage vs. Source Current BUS Output Low Voltage vs. Sink Current 

,_ 
1----1---_.--yec: • 4.5Y 

·= . 
...... 

..... l~ 
\.l 
~ 

,_ 
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~PD8049H(A) 

40 PIN PLASTIC 
µPD8049HC/ 
µPD8039HLC/ 
µPD8749HC 

NEC 
ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

8 1.62 MAX 0.064 MAX 

c 2.54 ± 0.1 0.10 ± 0.004 

D 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 ± 0.1 1.9 ± 0.004 

F 1.5 MIN 0.06 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 TYP 0.600 TYP 

L 13.2 TYP 0.520 TYP 

M 025+0.l 
. -0.05 

0 010 +0.004 
. --0.002 

~ 
TT 

- - - . - - - - - - - - - - - - 1 J 

H · · ' ' 11 ~~~ 

2-32 



NEC 
The µPDBOC49H is a single chip S·bit microcomputer 

having 8-bit parallel processing ALU, ROM, RAM. 1/0 

ports and control circuit on one CMOS chip. This 

microcomputer is provided with a standby function with 

consideration for low power consumption 

FEATURES 
• Extended temperature (Ta"" -40 to +110 °C) 

• Single chip 8-bit microcomputer 

• 98 types of instructions 

• Instruction cycle, 1.5 µs/10 MHz 

• Operating function 

Addition, logic operation, and decimal adjust 

• ROM 2 K x 8 bits 

• RAM 128 x 8 bits 

• Stand-by function 

• 8-level stack 

• Dual Register Banks 

• Interrupt capability 

• Two test inputs 

• On-chip 8 bit Timer/Counters 

• Easily expandable Memory and 1/0 ports 

• 27 lines Input/output ports 

Input/output ports, 8 bits x 2 

Data bus {common to 1/0 ports), 8 bits x 1 

Sense Input {TO, Tl, INTI 1 bits x 3 

• Single step function 

• On chip Clock oscillator circuit 

• CMOS 

• Single power supply, +2.5 to +6.0 V 

• 40 pin plastic DIP 

• µPD8049H pin compatible 

µPD80C49HC (S) 

PIN CONFIGURATION (Top View) 

TU 
XTAL 1 

XTALL 

RESET 

ss 
INT 

EA 

Ri5 
PSEN 

WR 
ALE 

OBO 

OBl 

OB2 

OB3 

084 

085 

086 

087 

Vss 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

µPD80C'19HC{SJ 

Voo 
Tl 

P77 

P26 

P25 

P2~ 

Pl 7 

P16 

P15 

P12 

Pll 

P10 

STOP 

PROG 

P23 

P21 

P20 

PIN FUNCTION 
PlO - P17 

P20 - P27 

DBO - DB7 

TO, Tl 

INT 

RD 

WR 

ALE 

PSEN 

RESET 

ss 
EA 

XTAL 1, 2 

STOP 

2-33 

Input/output port (PORT 11 

Input/output port (PORT 21 

Data bus (BUS PORT) 

Test Input 

Interrupt Input 

Data Read Strobe Output 

Data Write Strobe Output 

Address Latch Enable Output 

Program Strobe Enable Strobe Output 

Reset Input 

Single step Input 

External Access Input 

Crystal 

Stop Input 



"" I 
w ... 

XTALl 

XTAL2 

WR 

RD 

ss 

PSEN 

ALE 

EA 

PROG 

RESET 

iNT 

TIMING 

CONTROL 
LOG1C 

STANDBY 
CONTROL 

{ 
v00 __...... +2 5 to +6 o v 

POWER 
SUPPLY 

Vss-... GND 

FLAGS 

ALU 

181 

INSTRUCTION 
DECODER 

2 K;.;8 ROM 

PROGRAM 
MEMORY 

ACCUMULA 
TOA 181 

TEMP REG 

181 

PROGRAM 
COUNTER 

1121 

CONDITIONAL BRANCH 
LOGIC 

ACC ACC CARRY TIMER t FLAGG INT 
BIT FLAG 

TO Tl TEST FLAGI 

Ill "C ,.... 'V 
0 Cl 
(") CID 

"' 0 
128;i.;8 RAM 

0 ~ > co REGISTER 0-7 

Cl ::c 
:II () 
l> :§ ~ s:: D 

~ 
0 

DATA STORE 

z 
;;1 ,, 
z 
~ 
CD 
c 
"' § 

PORT1 

LATCH AND P10-P17 

BUFFER 

PORT2 

LATCH AND P20-P27 

BUFFER 

LATCH ANO 

BUFFER DB0-087 

PSW 

l/L---"JTIMERIEVENTI------- Tl 
COUNTER 

181 



NEC 
ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 

PARAMETER SYMBOL RATINGS UNIT 

Supply Voltage Voo --0.3 to +7 v 

Input Voltage V1 --0.3 to Voo-+<>.3 v 

Output Voltage Vo --0.3 to v oo-+<>.3 v 

Operating Temperature Topt -40 to +85 'c 
Storage Temperature Tstg -65to +110 oc 

DC CHARACTERISTICS (Ta= --40 °C to +110 °C, VDD = +5V±10 %, VSS = 0 V) 

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. 
- -- -· ·-- -

,___1n_o_u_1_v_o1_1a_ge_L_ow __ __,_v_1L __ -+--- -0.3 + 
~~-~Except XTAL 1, XTAL2. R-=-s-~~· SS u t Voo-21------
1 V1H1 RESET, XTAL1, XTAL2, SS . Voo-1 

Input Voltage High 

1-------------+- - -· ----·-;--·----+----+ 

1JPD80C49HC ( 5} 

MAX. UNIT 

+0.8 v 
Voo-1-;;-

voo 
--+----t 

Output Voltage Low _ ~V_OL loL=1.2mA +0.45 1 v 

BUS. RD. WR. PSEN. ALE. PROG, TO . :· ···-r----· ... ·-·i-
VOH --~OH=~~~~~~----- _______ _l_~-----· V 

- _'ow-: ~A 1Type~PORT1. PORT2 : 2~i--
VoH1111 -+--

____ low-30"A IType 11 PORT1~0~T2 j 24 t 
VQH2 All0utputs, IQH=-02µA iVoo--05t 

Output Voltage High v 

--r~-
PORT!, PORT2; V1 <: V1L (Type 01 I I -15 

11 LP' 11 PORT1. p-o~;;; v, ~ V~(-;~~~------+- r Input Current 

-40 •A 

-500 •A 
----------------------· 1 

'ILC SS, RESET; v, "V1L I 
·- -·· .. - -

-40 µA 

Input Leakage Current 
lu1 ! Tl. INT, STOP: Vss s: V1 s: Voo 

1----· --·----+- - . -
•1 µA 

iu2 EA; Vss °' v 1;; v00 

t 
I ILO 

l. 1001 

Output Leakage Current 
Vss ~Vo°' Voo 

High Impedance, BUS, TO 13! 

HALT Mode; tcy "'"1.5 ,MS 
Standby Current 

,3 "A 

•1 "A 

3.0 mA 1 5 

STOP Mode 121 1002 ! 

Supply Current (Tot;l~I-~~- ! ICY =-1.5 J.J.S 

- - ---~. - -·---t-- at the ha,dwa<e STOP mode !STOP, 

50 µA 

15 mA 

Data Retention Voltage VoooR j RE.SET< 0.4 VI or RESET 1RESET 2.5 v 

_<0.4 V) 
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µPD80C49HC (S) t\'EC 
DC CHARACTERISTICS (Ta= -40 °C to +110 °C, Voo = +2.5 v to +6.0 v, Vss = 0 V) 

PARAMETER SYMBOL TEST CONDITIONS MIN. TVP. MAX. UNIT 
'---------'-------+------------- --- ----- --- - --+- ----+----+---.... 

Input Voltage Low -03 icusvoo v 
------------------ --~ 

v V1H Except XTAL 1, XTAL2, RESET, SS 0.7 Voo 
Input Voltage High ~:----..---+-_-__ -=--- ----+------- -1-----l-----1-----1 

Voo 

,_ _______ _,_ __ v_1H_1 ___ -+-_REs~_x~~X~AL2.ss ___ -t:"_Vo_oi---

Output Voltage Low Vol IQL ""0.5 mA 

Voo v 

0.45 v 

VOH 

Output Voltage High 

1up111 
Input Current 

llLC 

BUS. RD. WR. PSEN. ALE. PROG. TO 
0.15 v00 v 

IOH"50•A 

IQH"'-0.5 µA !Type OI POATl, PORT2 ----1 o:~. v?_'?-+----+----1--v _ __. 

IQH"'-5,uA nvpe 11 POAT1, PORT2 0.7 Vooc+-----+---+--v---4 

POAT1, P0AT2; V1 ~ VtL (Type 0) -15 ---40 µA 

PORT1. PORT2; V1 ~ V1L !Type 11 -----J-------+-=--5-0_0_-1-_•_A__, 

_S"_s_._R_ES_E~~\fi-=~~V~l~L-------+---l---l---4~0--1---"-A--1 
•A Input Leakage Current >----1-Ll-1---+--T_l_, INT. SfDP; Vss ~Vi~ Voo --· -~--~1--+----< 

Output Leakage 
±1 •A 

lu2 EA; Vss ~Vi~ v_o __ D ______ --+---C--->---'-s_.j__._A_, 

Vss:;; vo:;; voo 131 1 
Current ---+--~igh Impedance, BUS, TO 

HALT Voo"'3 V; tcy=Sµ.s 0.3 0.6 

2.0 4.0 
-1--

mA 

Stand-by Current 
1---10_0_1_~1--M-_od_• __ -+_voo·G v; 1cv =1.5 µ.s mA 

50 

100 

Voo""J __ v ______ __,_ __ __, __ --+----1--"-A__. 

v00=s v 
STOP 

1 002 Mode 121 
L._ _______ _[_ ______ -+- •A 

100 
20 4.0 

Supply Current ~Q:~_V; ~-~~~~-------+----- +------+----+-m_A--+ 

Voo=6 v: 1cv=1.s µs 10 20 mA 

Note 1: Option specification of type 0 and type l is available only for the ,uPD80C49H 

Note 2: The mput pin voltage is V1 ~ V1L or V1 ~ VtH· 

Note 3: Output pins PORT1 and PORT2 specified as option in the type 2 are also included 
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NEC µPD80C49HC {S) 

AC CHARACTERISTICS (Ta= 40 to 110 °C, Vss = 0 V} 

PARAMETER SYMBOL CONOITIONS 
Voo=+s V±10 % v 00=2.s to s_o v 

UNIT 
MlN. MAX. MIN. MAX. 

1---- -------------1------'-------1-------1-------'---~ --1-----1 
Cvcle Tim.:____ tcy 1.5 6 

'" 
180 ALE Pulse Width tLL 

~------- _______ __,__ ___ __, 1230 

~~~ess Setup be_fo_,_•_A_L_E ______ ----1--'tA.:.:L:___. ~~? ______ -+?~_o--+ __ __. __ --l 

Addre_ss_H_o_ld_f_ro~ A __ L_E _______ _,__'_L_A _ ____, (4 ) ~~- . __ ---1 _?6~-1-----+---l 
~trol Pulse Width IRD. WR) tcc1 ~50 2 800 

Control Pulse Width (PSEN) tcc2 400 2 200 

f-- --------------1-------<l ~4 .. 50 2 400-+--
Data Setup before WR tow : 

Data Hold after WR (~- --+--5~- -------t-=-360 

Data Hold after AO, PSEN 

tWD ______ ----I--- __ 1---·- _ __,' __ _____. _____ ----! 

'DR 

RO to Data in lRDl 

PSEN to Data in 

141 

Port Control Setup before Falling Edge of 

~OG __________ _ 
•c• 161 

Port Control Hold after Falling Edge of PROG 1-----''-PC=-1:_---+- 161 171 

I--- ________ _ ---l--- IPC2__ __ 16_1 _I~_ 

PROG to Time P2 Input must be Valid 
~ 

Input Data Hold Time 
1--

IPF 

J--_?utput Data Se_t~~-!~~~- _ __ ~0-~--

~u_t~~! Data Hold ~1~e __________ __j_ _ ____c'P__,D'----J 

PROG Pulse Width 
l---
~T2 1/0 D~~ Setup Tirne 

PORT2 1/0 Data Hold Time 
I--

ALE to PORT Output 
1--------

TO Clock Period 

tpp __ _ 

__ t~~­

____ _J___'LP _ 

tpv -­

toPRR 

Note 4. Control Output· CL= 80 pF, BUS Output CL-= 150 pF 

Note 5. CL= 20 pF 

Note 6. Control output· CL= 80 pF 

Note 7. At execution of MOYD A. PP instruction 

Note 8. At execution of MOVD Pp. A: OR LD Pp. A instruction 

161 
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0 120 400 

400 I 2 200 
'-------'~- -t-----+----r-------4 

250 ! 1 600 
I-- -------r--
~-- . ~--2_5o_~J __ __, __ _. 

L_ __ _L___ooo ; I 4 350 

650 3 350 

135 l 735 

1---1~--+--16_0---+---f----1 
125 1 125 

75 525 ' ns 
i--------------+----- ---'-- -
I 50 350 ns '---------'---- - --+---· -~-
I 350 1 550 ns 

i -
110 560 ! I 

r-

0 

220 

450 

! 100 

f-- - 800 

200 

~--10 f 

300 j 

85 

730 

150 

0 

1 400 

2 250 

550 

+-
220 

3 280 

600 

3 950 ns 
---~---t- ---

1 400 . 



µPD80C49HC (S) 

DEFINITION OF tcY DEPENDENT BUS TIMING 
PARAMETER CALCULATION FORMULA 

ILL 17/301 T·170 

IAL 11/51 T·110 

ILA I (1/151 T-40 

[ tcc1 (1/21 T-200 
- -----

~~----~-tcc2 12/51 T200 

tow I (13/301 T-200 
t---

two I 111151 T-40 

loR (1/101 T-30 
.. , 

tR01 12/51 T-200 

lRD2 (3/101 T-200 

IAW (2/51 T-150 

IA01 123/301 T-250 

1A02 13/51 T-250 

tAFC1 121151 T-65 

1AFC2 11/301 T-40 

tLAFC1 11151 T-75 

tLAFC2 (11101 T-75 

tcA1 111151 T-50 

ICA2 14,'151 T-50 

tcp 11/101 T40 

tpc2 14/151 T·200 

tpR 117/301 T-120 

tpF 11/101 T 

top 12/51 T150 

tpo (1/lOIT-50 

tpp 17/101 T250 

IPL 141151 T-200 

ILP 11/301 T-40 

tpv 13/101 T+lOO 

toPAR (1151 T 

tcv 11/fxTALi X 15 

Remarks : T == tcv 

AC Test Input/Output Waveform 

111 v00 .i, n v. HJ'< 

MIN.IMAX. UNIT 

MIN. ns ___ ___, 
MIN. ns ____ __, 
MIN ns 

MIN. ns 

MIN. , ns 
t ------

MIN. ns 

MIN. ns 

MAX. ns 

MAX. ns 
l -

MAX. ns 

MIN. ns ------r--· -- ---
.+--MAX. ______ ns 

_j MAX. ns 

MIN. 

MIN. 

MIN. 

MIN. 

MIN. 

MIN. 

MIN. 

MIN. 

MAX. 

MAX. 

MIN. 

MIN. 

MIN. 

MIN. 

MIN. 

MAX. 

MIN. 

-

I _, 

-+ 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

X - T•·'>IP;1!''>""' x ------'c ,o H """ - O.i-l '-----

------Jx 1'"·' p,,,,,,~ - x ... ___ _ 
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NEC 
TIMING WAVEFORMS 

INSTRUCTION FETCH (External Program Memory) 

Alt 

s~ II HHIL-•,_r;,_u_r ___ ---_--__,1-1 -~L 

PS[N 

HUS 

READ (External Data Memory) 

_----1 'LAFCl r-
ALe J LI ---'-1 ____ -J L 

WRITE (External Data Memory) 

f-~'CC1~ tCAl ' :----
~---~~~~ -~-~~~~~-

'DR 

FLOATING 

L 
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µPD80C49HC (S) 

PORT 2 EXPANSION TIMING 

Al E 

[XPANDER 

PORT 

OUTPUT 

- '>'I· - 'IP r·· 
PORl 

20 2J DATA 

PORT 
20 73 DATA 

P()Rl 
CONlROL 

PORT 
CONT AUL 

Dul PUl lJ;\l /\ 

EXPANDER 
PORT 
INPUT 

PROG-----------------~-:~c·~-Pr_~_-_'_P_P_·_-_-_-_-_~--'f~ 
1/0 PORT TIMING 

2NO CYCLE 
1STCYCLE lPL 

ALE 

o~~~-~~ =><~---PC_H ____ ~)\~_P_o_R_T_2_0-_2_3_o_A_T A _ __,X NEW P20-23 DAT A ~H 

P24-27 ---------------------~ 
Pl0-17 PORT24-27. PORTl0-17 DATA x 

OUTPUT · -~---------
NEW PORT DAT A 
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NEC 
The µPD80C50HC1Al is a single chip microcomputer 

containing 8-bit CPU, ROM, RAM, 1/0 ports and control 

circuit on one CMOS chip. 

The µPDBOC50HC(Al. 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 µs/12 MHz 

• Operating function 

Addition, logic operation, and decimal adjust 

• ROM4Kx8bits 

• 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 1/0 ports 

• Input/output ports 

Input/output ports: 8 bits x 2 

Data bus (alternative for 1/0 ports): 8 bits x 1 

• Single step function 

• Internal Clock generator 

• CMOS 

• Single power supply: +2.5 to~.O V 

• 40 pin plastic DIP 

i.iPDSOCSOHC (A) 

PIN CONNECTION (Top View) 

TO Voo 
XTAL1 T1 
XTAL2 38 P27 

REsET 'rl P26 
Ss 36 P25 

INT 35 P24 

EA 34 P17 

RD P16 
PSEN P15 

WR 31 P14 

ALE 30 P13 

080 29 P12 
081 28 P11 
082 27 P10 
083 26 STOP 

084 25 PROG 

085 24 P23 
086 P22 
087 22 P21 

Vss 21 P20 

PIN IDENTIFICATIONS 
P1o-P17 Input/output port (PORT 1) 

P2o-P27 Input/output port (PORT 2) 

DBO-OB7 Data bus (BUS) 

TO, Tl Test 

INT Interrupt 

RD Read 

WR Write 

ALE Address Latch Enable 

PSEN Program Store Enable 

RESET Reset 

ss Single step 

EA External Access 

XTAL1, 2 Crystal 

STOP Stop 
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.., 
I ... 
'~ 

POWER 
SUPPLY 

XTAL 1 

XTAL2 

WR 

RD 

SS 

PSl'N 

ALE 

EA 

PROG 

RESET 

INT 

ST DP 

{ 
Voo 

Vss 

TIMING 

CONTROL 

LOGIC 

ACCUMULA· 
TOR 

ALU 
181 

181 TEMP REG 
181 

11'-------llNSTRUCTION'IJ'-------------' 

DECODER 

4 K x BROM 
PROGRAM 
COUNTER 

1121 

z 
~ 
:D 
z 
~l,.._ ___ _J 

ro"------
:ii 

w 
0 
0 
u 
w 
0 

256x8 RAM 

REGISTER 0-7 

8 LEVEL STACK 
(VARIABLE LENGTH! 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

MULTIPLEXER 

PORT1 
LATCH ANO 
BUFFER 

PORT2 
LATCH ANO 
BUFFER 

PROGRAM 
MEMORY 

1-----------".I § 
LATCH 
AND 

BUFFER 

STANDBY 

CONTROL 

-- +2!:iV to+60V 

--GND TO Tl 

CONDITIONAL BRANCH 
LOGIC 

ACC ACC CARAYTIMEAFLAG1 FLAGO INT 
BIT FLAG 
TEST 

PSW 

TIMER/EVENT 
COUNTCA 1-o------- Tl 

181 

Ill 'I: 
r- 'tJ 
0 c (") ClO 
;II; 0 
0 () 

UI > 0 
C) :c 
:JI ('") 
~ 

~ 3: 

P10-P17 

P20-P27 

080-DB7 



NEC 1JPD80CSOHC (A) 

ABSOLUTE MAXIMUM RATINGS IT a= 25 °CI 

PARAMETER SYMBOL RATINGS ·-I UNIT I 
Power Supply Voltage Voo Vss -0.3 to +7 v 
Input Voltage V1 I Vss -0.3 to Voo +0.3 v 
Output Voltage Vo Vss -0.3 to Voo +0.3 v 

---·· 
Operating Temperature Topt -40 to +85 •c 
Storage Temperature Tstg -65 to+150 •c 

DC CHARACTERISTICS IT a= -40 to +85 °C, Voo = +5 v ±10 %, Vss = 0 V) 

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT 

Input low voltage 
f---·· 

VIL -0.3 0.8 v 

Input high voltage V1H IAll eKcept XTAL1, XTAL2, RESET SSI Voo-2 Voo v 

V1H1 RESET, XTAL1, XTAL2, SS Voo-1 Voo v 

Output low voltage Vol IDL = 2.0mA 0.45 v 

Output high voltage VOH BUS, RD, WR, PSEN, LAE, PROO, TO; 2.4 v 
IOH •-400,.A 

VOH1 PORT1, PORT2; IOH = -5 µA (Type O) 2.4 v 
PORT1, PORT2; IOH • 60 µA (Type 1) 2.4 v 

VOH2 All outputs: loH • -0.2 µA Voo-<>.5 v 

Input current l1LP PORTt. PORT2; V1 ~ V1L (Type 0) -15 -40 "A 

PORT!, PDRT2; V1 ~ V1L (Type 1) -600 µA 
-- ·- - -- -

l1LC SS, RESET; V1 ~ V1L -40 µA 

Input leakage currant 1u1 T1, INT, STOP; Vss ~ V1 ~ Voo •1 µA 

1u2 EA; Vss ~ V1 ~ Voo •3 µA 

Output leakage current ILO BUS, TO, High impedance stat1t 121 •1 µA 

vss~ vo ~voo 

Standby current 1001 HALT mode; tcy .. 1.25 p.s 1.5 3.0 mA 

1002 STOP mode 111 1 20 "A -
Supply current 100 tc:Y • 1.25,µs 6 18 mA 

Data holding voltage voooR Hardware STOP mode 2.0 v 
ISTOP, RESET~ 0.4 VI ot raset 

IRESET S: 0.4 V) 

Notes: 

1) lnputpinvottaaa v1 ~ V1L orV1 ~V1H 

21 Includes PORT1 and PORT2 pins optfonetty specified with type 2. 
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µPD80C50HC (A) NEC 
DC CHARACTERISTICS (Ta =-40 to +85 °C, Voo = +2.5 v to +6.0 V, Vss = 0 V) 

1---p--~~ME~E_'I____ SYMBOLtT _____ T_E_s_T_c_o_N_o_•_T_•o_N_s ____ _, __ M_•_N_.-t-_T_v_P_.t-_M_A_x_.--+_u_N_•_T--1 

lnputlowvolta~ V1L -0.3 0.1BVoo v 

r-;~put high voltage V1H (All except XTALl, XTAL2. RESET, SS) 0.7 Voo r Voo v 

VIH1 RESET, XTAL 1, XTAL2, SS 
---------+-------+-~------+----< 

o.a v00 ' v00 v 

~-'·-'o_w_v_o_h_aoe __ -+-_VoL __ J __ i~L __ ._,_.o_m_A __________ _ 
Output high voltage VQH 1 BUS, RO, WR, PSEN. ALE, PROG, TO; 

v 0.45 
----+- -· -- -L---+----- -+-----< 

IQH = -100 µA 

o.75 v 00 I v 

i----~----- ------------ - ------.~-- __ ,_ 
VQH1 PORT1.~_F'~~_'?__l1_" -l~T_""e_o_1 __ b-0:__7 Voo ---~ 

I PORT1. PORT2. •oH • -10 µA IType 11 o 1 v 00 ' v 

l1LP I PORT1. PORT2, Vi~ V1L !Type 0) --- _=-,5 I -40 :7 
' - - Ceo"'"'°""""•'""'~- " -- -- - - -f = :~" 

_ ______ ___ l1LC +is. RESET, V! ;;! VIL _____ --=--- -4Cl_ t µA 

lnputleakagecurrent 1u1 :Tl,l~~.STOP,Vss~~I~~~----- j_ ~1~-
lu2 EA, v 55 ~ v 1 ~ v 00 ±5 ~ 

>-O-u-t-pu_t_l_ea_k_age-c-ur-re-n--i1'-IL -0-- BUS, TO High impedance state (3) ±1 ! µA 

Input current 

vss ~ vo~ Voo 

Standby current 1001 HALT mode Voo • 3 V:tcv • 5,.. 0.3 0.6 mA 

Voo = 6 v; •cv= 1.25µ.s 2.0 I 4.0 mA 
---------- t-- -t ----------, 

1002 STOP mode 12) v00 = 3 v 1 20 µA 

f-------
v00 • 6 v 50 µA 

Supply current •oo v 00 = 3 v; tcv • s µs 2.0 5.0 mA 
-~-----------

voo = s v; tcy = 1.25JJ.s 10 25 mA 

Notes: 

1) Type 0, type 1 and type 2 options can b@ specified 1n µPOBOC50H 

2) Input pin voltage V1 ~ V1L or V1 ~ V1H 

3) Includes PORTl and PORT2 pins optionally i;pecified with type 2. 
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NEC µPD80C50HC (A) 

AC CHARACTERISTICS (Ta= -40 to+ 85 ° C, Vss = 0 VI 

PARAMETER SYMBOL CONDITIONS 

Cycle time •cv 
ALE pulm width 

AddreB satup to ALE 

Address hold from ALE 'LA 141 

Control pulse wtdth CRD, WR) tcc1 

Control pulse width IPSEN) 

Date 181UP before WR tDw 

Data hold after WR 151 

Dato hold alter RD, PSEN tDR 

RD to data in tRD1 

PSEN to date in IRD2 

Addre11 setup to WR 

Address setup to RD data in tAD1 

Address setup to PSEN data in 'AD2 14) 

Addre11 float to RO, WR 1AfC1 

Address float to PSEN 'AFC2 

ALE to RD, WR del•v 'LAFC1 

ALE to PSEN delay tLAFC2 

RD, WR, PROG to ALE d __ ._,_. __ • __ +_t~c~A_1_--I 

PSEN to ALE delay ICA2 

Voo-+2.5 to +6.0 V 
UNIT 

MIN. MAX. MIN. MAX. 

1.25 150 5 150 ... 
125 995 

140 890 "' 
45 295 "' 

425 2 300 l "' 
300 1 BOO 

340 1965 "' 
45 295 "' 
0 95 0 470 ns 

300 1800 "' 
175 1300 "' 

350 1850 ns 

700 I 3 585 

500 2 750 "' 
105 600 

I 5 125 ns 
r-------1------- ----r-".-175 925 

50 

35 

280 

425 

285 
--+------+--__, 

1 285 --L ____ L-~·--1 
ns 

>-Po_n_co_n_•ro_l_•_••_P_•_o_P_R_OG __ --+_'c_P __ --+ ___ C_&> ___ ~--8-5 ___ -1-----+~-4-50 __ j_~'---·~~ 

Pon control holdfromPROG ::; ::: ::: __ 13i--' ___ so_f--llJ:-f~~- +~-
>-ln_pu_t d-a-ta_s_et_u_p_to_P_R_O_G __ --+·--,P-R----+---,-6-1 ---+---+----58--5 -·- ·--- I ·2-,~5-·--t~ 

Input data hold from PROO 

Output d;;;-.;-,.-,-up_t_o_P_R_O_G_ 

tpf 0 125 f 0 t 500 f ns 

10 p 350 l 1 850 -t 

Output data hold from PAOG tpo 

PROG pulse width -- q;;--·-
>-----·------------1--·-. 

Port 2 1/0 data setup to A LE 

Port 2 1/0 deta hold from A LE 

~-E to port out_~~----- tpv 

TO output cycle tune tQPRR 

Notes: 

! 
·-·1 

161 

41 Control outputs CL= 80 pF; BUS output: CL• 150 pf 

5) CL= 20pf 

6) Control outputs: ci_ = 80 pF 

7) During execution of MOVD A, Pp 

8) During exlB'(:utionof MOVD Pp, A, ANLO Pp, A. ORLD Pp. A 

i--- - . 
75 

625 

135 

i-250 

··-1 

475 

450 

3250 

1 135 

125 

1 000 

----1 

] ns 
·-·-+--·--

ns 
t-

1 600 ns 
--t- ---
l ns 

9) See supply voltage and pon control hold time characteristic curves 
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µPD80C50rlC (A) NEC 
tcY-DEPENDENT BUS TIMING DEFINITIONS 

PARAMETER CALCULATION FORMULA MIN.IMAX. UNIT 

lLL (7/301 T -170 MIN. ns 

tAL (1/51 T-110 MIN. ns 

lLA (1/151 T-40 MIN. ns 

•cc1 (1/21 T-200 MIN. ns 
... 

•cc2 (2/51 T-200 MIN. ns 

•ow (13/301 T-200 MIN. ns 

two (1/15) T-40 MIN. ns 

to A (1/101 T-30 MAX. ns 

1flD1 (2/51 T-200 MAX. ns 

1AD2 (3/101 T -200 MAX. ns 

lAW (2/51 T-150 MIN. ns 

tAD1 (23/301 T -250 MAX. ns 

tAD2 (3/51 T-250 MAX. ns 

tAFC1 (2/151 T-65 MIN. ns 

tAFC2 (t/301 T -40 MIN. ns 

tLAFC1 (1/51 T-75 MIN. ns 

1LAFC2 (1/101 T-75 MIN. ns 

tCA1 (1/15) T-50 MIN. ns 

tCA2 (4/151 T-50 MIN. ns 

icp (1/10) T-40 MIN. ns 

tPC2 (4/15) T-200 MIN. ns 

tpA (17/30) T-120 MAX. ns 

tpF (1/101 T MAX. ns 

top (2/51 T-150 MIN. ns 

tpo (1/101 T-50 MIN. ns 

tpp (7/101 T-250 MIN. ns 

IPL (4/151 T-200 MIN. ns 
---- --------~- ---·· -------f----

ILP (1/301 T-40 MIN. ns 
)---·· --------- - ----

tpv (3/101 T+lOO MAX. ns 

tOPAA (1/51 T MIN. ns 

ICY (1/fXTALlx15 µs 

Remarks: T 0 ICY 
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NEC PRELIMINARY 
µPD78C10G (S)/L(S) 
µPD78C11 G (S)/L(S) 

The µP078C11 is a 8-bit single chip microcomputer 

with an A/D converter. In addition. 8-bit CPU, ROM, 

RAM, AID converter, multifunctional timer/event 

counters, general-purpose serial interfaces and 1/0 ports 

are also integrated; and the µP078C11 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 µP078C10 is ROM-less version of µPD7BC11. 

The µPD78C11 /10 is CMOS version of µPD7811 /10. 

They are member of µCOM-87 AD series. 

The instruction sets are compatible with the µCOM-

87. and moreover involve the 16-bit data operation 

instructions and multiplication/division instructions to 

compose a program effectively. 

The µCOM-87 AD is very suitable in the system 

control handling analog data, the energy control, process 

control and automobile, etc. 

FEATURES 

• Extended temperature: (T8 • -40 °C to +110 °C) 

• Single chip microcomputer (µCOM-87 AD) 

• 158 kinds of abundant instruction sets, µCOM-87 

upward compatible, 16-bit operation instruction 

multiplication/division instruction 

• Instruction cycle: 1 µs (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 AID 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) 

• 6 priority levels and the corresponding interrupt 

address 

• 1/0 ports: 

j 40 bits (µP078C11G!Sl/L(Sll 

I 28 bits (µPD78C10G(S)/L(Sll 

• 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 VJ 

• 64-pin plastic QUIP (µP078C11G(SJ/µPD78C10G(S)) 

68-pin PLCC (µP078C11 L(SJ/µPD78C10L(Sll 
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11PD78C10G (S)/L(S) 
11PD78C11 G (S)/L(S) 

PIN CONFIGURATION (Top View) 

PAO 
PAl 

PA2 

PA3 
PA4 

PA5 
PA6 

PA7 

PBO 
P81 

PB2 

Pl:!3 

PB4 
PB5 

PB6 

PB7 

PCO(f xD 

PCl/AxD 
PC2/SCK 
PC3/INT2 

PC4(TO 

PC5/CI 
PC6/CDO 
PC7/C01 

NMI 

1NT1 

MODE1 

RESET 
MOOED 

PA7 
PBO 
P81 
PB2 
PB3 
P84 
PB5 
PB6 
P87 

PCO/TxD 
PCl/RxD 
PC2/SCK 

PC3/INT2 
IC 

PC4/TO 
PC5/CI 

PC6/COO 

X2 

Xl 

Vss 

PRELIMINARY 

,uP078ClOLISl 
µP078C 11 US) 

2-48 

Vee 
STOP 

P07 
PD6 

PD5 
PD4 

P03 

PD2 
PDl 

PDQ 

PF 7 
P~6 

PF5 

PF4 

PF3 

PF2 
PF1 

PFO 
ALE 

iNR 
Rb 
A Vee 
VAREF 
AN7 

AN6 
AN5 

AN4 

AN3 

AN2 

AN1 

ANO 

AVss 

P01 
PDQ 
PF7 
PF6 
PF5 
PF4 
PF3 
PF2 
PFl 
PFO 

oALE 
WR 
RD 
AVoo 
IC 
VAREF 
AN7 

NEC 



16 

LATCH 
INC/DEC 

PC 

PCO{T1eD 
PCl/AxD A 
PC2/SCK 1~ .. c G.R 

"NMI 
INTl A' l"' c· G.R 

PC3/INT2ff 1 

PC4ffD 

PC5/CI 

tel 
PC6/CDO 

I PC7/CD1 ... 
"' AN7--0 

VAREF 
AV cc 
AV55 

Note The µPD78C10 has no programmable ROM (4K bytP.s) on chip 

12 

PROGRAM 

MEMORY 
14K-BYTEI DATA 

MEMORY 
(µPD7811) l2b6 AYTf I 

ALE' MODEl AtsEf 
MODE'"O 

INST. 

DECODER 

l l 
voo Vee Vss 

i:: 

~ 
"11 c 
-.i 

PF7-0 m 
A.8 1 5-8 !::? 

.0 
i:: 

~ "11 
c 
-.i co 

PD7-0 !::? /\D7 C ... 
D:l 
r 
0 
(") 
~ 

PC7---0 c 
~ 
:II 
)> 
s: 

PC7-0 
,, 
:z:I 
111 r-
i z 

PA7-0 > 
~ 



1JPD78C10G (S)/L(S) 
1JPD78C11 G (S)/L(S) 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM n a• 25. C) 

PARAMETER SYMBOL ' 

Voo 

Power Supply Voltage 

PRELIMINARY 

TEST CONOITION I RATINGS UNIT 

-0.5 to+ 7.0 v 
---- --- +------- ----- ~-- -----

v i--AVoo AVss to Voo+0.5 
... ---- ----- -·- - ----- ---- ----j --1 

AVss =t= -0.5 to +0.5 v 
--------- -- ·------~ - ----------·-·· +-
Input Voltage v, -0.5 to Voo+0.5 v 
t------·--- ------ --------------+----· 
Output Voltage Vo -0.5 to V00 +0.5 v 
Output Current Low 

+- - -- --- t-·- --- I--· 
loL All Output Pin 4.0 mA 

I 
All Output Pin Total 100 mA 

Output Current High loH All Output Pin -2.0 mA 

All Output Pin Total -50 mA 

Reference Input Voltage : VAREF -0.5 to AV00 +0.3 v 
ToeT ____ } ----- ------ - oc Operating Temperature lxTAL ~ 12 MHz -40 to +110 

Storage Temperature TsTG -65 to +150 oc 

OPERATING CONDITION 

PARAMETER 
Voo.AVoo 

OSC. FRED. 

fxTAL ~ 12 MHz -40to 110°C +5.0V:t10% 

CAPACITANCE (Ta; 25 °C, Voo = Vss; 0 V) 

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. 

Input Capacitance c, 'c"' 1 MHz 10 

Output Capacitance Co Unmeasured Pms are 20 

1/0 Capac 1 ta nee Coo connected to av 20 

2-50 
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UNIT 

pf 

pF 

pf 



NEC PRELIMINARY 

DC CHARACTERISTICS (Ta" --40 to +110 ·c. Voo s +5.0 v ±10 "'· Vss. 0 VI 
PARAMETER SYMBOL TEST CONDITIONS 

Except RESET. STOP. NMl.SCK, INT1, 
VIL! 

T1, AN4 to AN7 
Input Voltage Low 

RESET, STOP, NMI, SCK, INT1, T1, 
V1L2 

AN4 to AN7 

E•copt lfEH"i', STOP, tiilM, ~.INTI, 
V1H1 

n. AN4 to AN7, Xt. X2 
Input Voltage High 

RESET, STOP, NMI, SCK. INTI, Tl, 
VIH2 

AN4 to AN7, XI, X2 •1 

Output Voltage Low VOL IOL"2.0 mA 

Outs>ut Voltage High VoH 
•ow-0.9mA 

•ow-TOO•A 

Input Current 11 INTI. Tl (PC3l; OV ~ v, ~ Voo 

Input Leakage Current 'L1 EKcept INTI. Tl (PCJ); 0 v ~ v, ~ Voo 

Output Leakage Current ILO OV ~ Vo~Voo 

Aloot 
AVoo Supply Current 

A1002 STOP mode 

•001 Operating mode t-12 MHz 
Voo Supply Current 

•002 HALT mode f=12 MHz 

Data Aemmion Voltage voooR HardwareJsoftware STOP mode 

Hardware/ voooR·2.5V 

Oita Retention Current •oooR software 

STOP mode 
VoooR=5 V•IO" 

•1 TM following oscillation circuit using crystal is recommended. 

c 

F Xl 

t--o----iX2 

c ._ ___ _ 
·2 T8 • +25"C. Voo = 5 v 

2-51 

MIN. TYP. 

0 

0 

2.2 

o.s v 00 

Voo-1.0 

voo-0.5 

0.3 

10 

12 ·2 

5 ·2 

2.5 

1 

10 

~PD78C10G (S)/L(S) 
~PD78C11 G (S)/L(S) 

MAX. UNIT 

0.7 v 

0.2 v 00 v 

Voo v 

voo v 

0.45 v 

v 

v 

•200 ,.A 

•10 ,.A 

•10 ,.A 

1.0 mA 

20 •" 
20 mA 

10 mA 

v 

15 •" 
50 •" 



pPD78C10G (S)/L(S) 
pPD78C11G (S)/L(S) 

AC CHARACTERISTICS 

PRELIMINARY 

IT r--40 to +110 ·c. Voo=+5.0V±10 %,Vss=O v. fXTAL =12 MHz) 

READ/WRITE OPERATION 

PARAMETER 

Xl Input Cycle Time 

Address Setup to ALE! 

Address Hold from ALE! 

Address to Rn! Delay Time 

ROI to Address Floating 

Address to Data Input 

A LE I to Data Input 

ROI to Data Input 

ALE! to ROI Delay Time 

Data Hold Time from RD! 

Ml to ALE I Delay Time 

R!5 Width Low 

ALE Width High 

Ml Setup Time to ALE, 

Ml Hold Time from ALEI 

~/M Setup Time to ALE! 

10/M Hold Time from ALEI 

Address to WAI Delay 

ALE! to Data Output 

WR I to Data Output 

ALE1 to WR! Delay 

Data Setup Time to WR! 
Data Hold Time from WR• 

WR! to ALE! Delay Time 

WR Width Low 

•1 Cycle time tcvc = 1JfxTAL 

•2 Load capacitance: CL 2 100 pF 

SYMBOL TEST CONDITION 

tcvc •1 

lAL ·2 

tLA ·2 

lAR ·2 

tAFR *2 

tAO ·2 

tLOR ·2 

tRO •2 

tLR ·2 

tROH ·2 

tRL ·2 

Data Read, •2 
tRR 

OP Code Fetch, •2 

lLL •2 

tML 

tLM 

Ill 

tu 

tAW ·2 

tLDW •2 

two ·2 

tLW •2 

tow •2 

twDH ·2 

twL ·2 

tww ·2 

2-52 

NEC 

MIN. MAX. UNIT 

83 2liO ns 

65 ns 

50 ns 

150 ns 

20 ns 

360 ns 

215 ns 

180 ns 

35 ns 

0 ns 

115 ns 

280 ns 

530 ns 

125 ns 

65 ns 

50 ns 

65 ns 

50 ns 

150 ns 

195 ns 

100 ns 

35 ns 

230 ns 

95 ns 

115 ns 

280 ns 



NEC PRELIMINARY 

SERIAL OPERATION 

PARAMETER SYMBOL TEST CONDITION 

SCK Input 1 . , 
SCK Cycle Time 'CYK •2 

SCK Output 

SCK Input 1 ., 
SCK Width Low tKKL ·2 

SCK Output 

SCK Input 1 ., 
SCK Width High 1KKH ·2 

SCK Output 

RxD Setup Time to SCIO tRXK ., 
AxD Hold Time from SCKt IKRX ., 
SCKi to TxD Delay Time IKTX ., 

MIN. 

, 
500 

2 

420 

200 

900 

420 

200 

900 

80 

80 

MAX. 

210 

1JPD78C10G (S)/L(S) 
1JPD78C11G (S)/L(S) 

UNIT 

"' 
n• 

ns 

ns 

ns 

n• 

ns 

ns 

ns 

ns 

ns 

ns 

*1 1 x Baud rate in asynchronous. synchronous, 1/0 interface mode 

•2 16 x, 64 x Baud rate in asynchronous 

AID CONVERTER CHARACTERISTICS 

(Ta= --40 to +110 °C, Voo = +5.0 v ±10 %, Vss = AVss = o v 

Voo-0.5 v :s:: AVoo ~ Voo. 4.0 v :s:: VAREF :s:: AVool 
PARAMETER 1 SYMBOL 1 TEST CONDITION 

Resotuti~~-- -- - -- -- 1 1 MIN. TYP. MAX. UNIT 
--+----

Bits 

Absolute Accuracy 

1 T8 =-10to +70eC, 

i ns ~ tcvc ~ 170 ns i 0.4 %t1/2 I 
r-·~~~~~---+-~~~l~~--l-~---ll~~~ 

83 ns ~ tcvc ~ 170 ns, 
1 

1 
0.6 %±1/21 

T8 =-40 to +85 °C 

LSB 

LSB 

3.4 v :0: VAAEF :0: AVoo. 11 
00%,112 I 

83 ns ~ icvc ~ 170 ns J 
1 B3ns5tcvc~11ons s16--T------r---- I 1cvc 

tcoNv r------=-------------+-- i ---~---~-------< Conversion Time 

LSB 

~---------+-----+1-'_'_o_n_•_ ==<-t~vc ~ 11_~-~-·-~-~~+--- __ 
83 ns ~ tcvc ;:;;. 11 O ns · 96 i 

tsAMP ---- - - ---------~ ·-----·----+--- --+------- ---~----< Sampling Time 

1cvc 

tcvc 

110 ns:::: tcyc 5- 170 ns t! 72 : tCYC 

~~:~;~·~~~~~NN__~- -1--=~:o-~r :0:--:vAAEF I M: 
:::::c:u~~:~·~-- GARA~=- --- ---·tl_A .. Vcc~O 5j ~-t--A;~~--+~~ 

IAREF2 STOP mode 0.7 1.5 mA 

!------------ -+I. 'AVDD1 ----+-·-· -·-- . 
AVoo Current ------~~------ -+------+----+-------' 

1--- _ _ . j __ '_AVOD2 STOP mode 1 T µA 

v1AN ~ vAREF 255 255 ~~is~~~T-- 01~-

~ --rV1AN°VAss l 0 l ::: -

2-53 



11PD78C10G (S)/L(S) 
11PD78C11 G (S)/L(S) 

ZERO.CROSS CHARACTERISTICS 

PRELIMINARY 

(Ta=-40 to +110 °C, Vcc"*5.0 V±10 % Vss=O VI 
PARAMETER SYMBOL TEST CONOITION 

Zero.Cross Detection Input Vzx AC Coupled 

Zero.Cross Accuracy Azx 60 Hz Sine Wave 

ZERO-Croa Detection Input Frequency tzx 

OTHER OPERATIONS 

IT .--40 ·c to +110 •c, vccs+5.o V±10 %, vss"° VJ 

PARAMETER SYMBOL TEST CONDITION 

Tl Width High, low ITIH.tTIL 

ICl1H,ICl1 l Evem Count Mode 
Cl Width High, low 

Pulse Width tCl2H,tCl2L 
Measurement Mode 

NMI Width High, low tNIH.INll 

INTI Width High, Low t11H,tlll 

INT2 Width High, Low 112H,112l 

RESET Width High, low tRSH.tRSL 

EXTERNAL CLOCK TIMING 

(T a=-40 ° c to +110 ° C, Voo=+5.0 V± 10 %, Vss=O VI 

PARAMETER 

X1 Input Width High 

X 1 Input Width low 

X 1 Input Rise Time 

X 1 Input Fall Time 

AC TIMING MESURMENT POINT 

v 00-1.o v 
2.2 v 

0.7 v 
0.45 v 

SYMBOL 

t~H 

~l 

tr 

If 

Tes1 

Point 

TEST CONDITION 

22V 

07V 

2-54 

NEC 

MIN. MAX. UNIT 

1 1.8 VACp.p 

±136 mV 

0.05 1 kHz 

MIN, MAX. UNIT 

6 tCYC 

6 icvc 

48 tcvc 

10 tCYC 

36 tcvc 

36 icvc 

10 tCYC 

MIN. MAX. UNIT 

30 250 ns 

30 250 ns 

0 30 ns 

0 30 ns 



NEC PRELIMINARY 

BUS TIMING DEPENDING ON tcvc 
SYMBOL CALCULATING EXPRESSION MIN.IMAX. 

----- -- ----+--· -- ---- -- ---+-------
UNIT 

11PD78C10G (S)/L(S) 
11PD78C11 G (S)/l(S) 

ns 1-----IAL _ __ _ ___ 2T - 100 _ _ _____ ~IN_. ___ ___,_ _______ _. 

~LJ>,__ _ __ T-=.__ 30 __ _ _ ____ _ ---+-----M_IN __ ·---~----n-'----1 
ns IAR 3T - 100 MIN. 

L_ _____ _L ________ ·---- ---1------- ----1----------1 
7T - 220 MAX. 

ILOR ST - 200 MAX_ 

IRO 4T - 150 MAX. 

ILA T - 50 MIN. 

'AL 2T-50 MIN. 

4T - 50 (Data Read) 
IRA MIN. 

7T - 50 (OP Code Fetch) 

ILL 2T-40 MIN. 
--------- -

tML(ll 2T- 100 MIN. 
---

tLM (1) T-30 MIN. 

tiL!2) 2T -100 MIN. 

tu C2I T-30 I MIN. 

IAW I 3T - 100 I MIN. 

ILDW T + 110 MAX. 

ILW T-50 MIN. 

tow 4T-100 MIN. 

IWOH 2T-70 MIN. 

IWL 2T-50 MIN. 

1ww 4T-50 MIN. 

12T (SCK lnput)!3) 
ICYK MIN. 

24T (SCK Output) 

5T + 5(SCK lnput)!31 
tKKL 

12T - 100 (SCK Output) 
MIN. 

ST+ 5(SCK lnput)!3) 
IKKH 

12T - 100 (SCK Output) 
MIN. 

NOTE: (1) MDDEO, MODEi pinsare connected to Vee through A. 

(21 MOOED, MODE 1 pins are connected to Vee thorugh A in µPD7810. 

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

(41 T = tCYC = 1/fXTAL 

(5) The items out of this table are not dependent on IXTAL· 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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1JP078C10G (S)/L(S) 
1JP078C11G (S)/L(S) 

TIMING WAVEFORM 

Read Operation 

- 1CYC--1 

XI 

PRELIMINARY NEC 

~~~-~~-----A_D_D_R_E_s_s_1_u_P_PE_R_1 __ ~------~~~-~--

PD7---0 

ALE 

RD 

MODEl 
IMWl 

MODEO 
1iCJ1Ml"2 

-- tAD-
lREAD DATA 

ADDRESS ILOWERI I>----< 

l -- i-- lRDH 

:_ - 1R L ----j ,.------

IRD IRR-__j-i_J---1---

•1 M, 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 ...,.,en registers (sr-sn) are read in case that MOOEO and MOOE1 pins are connected to Vee through R. 

Write Operation 

Xl 

PF7---0 

PD7-0 

ALE 

IAW 

-- 11L--lf--•u1 
MODEO ~-------------------------

iiO/Ml" 3 

•3 ~JM is output only when registers (sr-srz) are written in case that MOOED and MODE1 pins are connected to Vee through R. 
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NEC 
Serial Operation 

T>D 

RxD 

Timer Input Timing 

Timer/Event Counter Input Timing 

Event Count Mode: 

PRELIMINARY 

>------tcvK----~ 

AX 
..._---lKRX----< 

Pulse Width Meaourement Mode: 

1Cl2H tc12L 

2-57 

~PD78C10G (5)/L(5) 
~PD78C11 G (5)/L(5) 



pPD78C10G (S)/L(S) 
pPD78C11G (S)/L(S) 

Interrupt Input Timing 

NMI 

INT2 

RESET Input Timing 

Extornol Clock Timing 

t, 

PRELIMINARY NEC 

lNIH tNIL 

tr1 L 

If 

'<t>L 
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NEC PRELIMINARY 
1JPD78C10G (S)/L(S) 
1JPD78C11 G (S)/L(S) 

STOP MODE LOW VOLTAGE DATA RETENTION CHARACTERISTICS (T8=-40to+110°C) 

PARAMETER SYMBOL TEST CONDITIONS MIN. TVP. MAX. UNIT 
1----- - -- ---- --+----·----'--------
~~t~-~-~tention Supply Voltage VooDA 25 5.5 v 

Data Retention Supply Current 'oooR 
Vooow25 v 1 15 µA 

Vooow5v'10 % 15 50 µA 
~----------1-----·--·l-----------~---l>----l---l---l 

200 µS --+-- - -~~~-~n_d_F_s_ll_T_'"'"----'--''-'RVcD' tFVD 

STOP Setup Time to Vooi tsSTVO 12T +0.5 µ5 
·---

STOP Hold Time after Voot tHVDST 12T+O 5 µs 

DATA RETENTION MODE TIMING 

VDD 
VQDOR 

TFVO tRVD 

4 .. "_S_T_V_D----------------'H_V_D_'f .:~"; 
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NEC PRELIMINARY µPD78C14G (A)/L(A) 

The µPD78C14 is a 1-chip 8-bit microcomputer with 

an AID converter. In addition, 8-bit CPU, ROM, RAM, 

A/D converter, multifunctional timer/event counters, 

general-purpose serial interfaces and 1/0 ports are also 

integrated; and the µPD78C14 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 µPD78C14 is 16 k byte ROM version. They are 

member of µCOM-87AD series. 

The instruction sets are compatible with the µCOM-

87, and moreover involve the 16-bit data operation 

instructions and multiplication/division instructions to 

compose a program effectively. 

The µCOM-87 AD is very suitable in the system 

control handling analog data. the energy control, process 

control and automobile, etc. 

FEATURES 
• 1-chip microcomputer (µCOM-87ADI 

• 158 kinds of abundant instruction sets, µCOM-87 

upward compatible, 16-bit operation instruction 

multiplication/division instruction 

• Instruction cycle: 0.8µs (15 MHz) 

• Program I 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 B·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 e><ternal & 8 internal) 

• 6 priority levels and the corresponding interrupt 

address 

• 110 ports: 

40 bits (µPD78C14G(A)/L(All 

• 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 VI 

• 64-pin plastic OUIP: (µPD78C14G1All 

68-pin PLCC: (µPD78C14L(A)) 
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11PD78C14G (A)/L(A) 

PIN CONFIGURATION (Top View) 

PAO 
PAl 
PA2 
PA3 
PA4 
PAS 
PA6 
PA7 
PSO 
P81 
PB2 
PB3 
PB4 
PSS 
P86 
P87 

PCO(TxD 
PCl/RxD 
PC2/SCK 
Pe3/INT2 

PC4fTO 
PCS/Cl 

PC6/COO 
PC7/C01 

NMf 
INT1 

MODE1 
RESET 

MODEO 

PA7 
PBO 
PB1 
PB2 
PBJ 
PB4 
PB5 
P86 
PB7 

PCOfTxD 
PCl/RxD 
PC2/SCK 

PC3/INT2 
IC 

PC4/TO 
PC5/CI 

PC6/COO 

X2 
Xl 

Vss 

PRELIMINARY 

µPD7BC14L!AI 
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Vee 
STOP 
PD7 
PD6 
PD5 
PD4 
PD3 
PD2 
PD1 
PDO 
PF7 
PF6 
PFS 
PF4 
PF3 
PF2 
PF1 
PFO 
ALE 
WR 
AD 
AV cc 
VAREF 
AN7 
ANS 
ANS 
AN4 
AN3 
AN2 
AN1 
ANO 
AV55 

PDl 
PDQ 
PF7 
PF6 
PF5 
PF4 
PFJ 
PF2 
PFl 
PFO 
ALE 
WI! 
R"l5 
AVQD 
IC 
VAREF 
AN7 

NEC 



.., 

~ 
.,, 
0 ..... 16 

PF 7-0/ CIO 
(") LATCH AB15-8 p INC/DEC 

PC .., 
~ 

.,, 
12 0 PCOfhD ..... 

CIO PC1/Ax0 A 

l""' PD?-0/ ~ PC2/SCK c G.R A07-0 
E 

al L PROGRAM r-N~,-, 
MEMORY 0 

(") JNT1 A' 

l"' 116K·BYTE) DATA ,i; 
C' G.R MEMORY !2 PC7---0 

(256·BYTE) 
l> 
G'> 
:ll 
l> PC3/INT 2fT 1 s: 

PC7-0 'V 
::D m 
r 

"' PC7/C01 a: I 

z °' w 
PA7-0 > 

::D 
INST. < 
DECODER 

I I 
RD WR ALE MODE1 RESET VoD Vee Vss 

MODEO 



~PD78C14G (A)/L(A) PRELIMINARY 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM (Ta= 25 'Cl 

PARAMETER SYMBOL + TEST CONDITION 
- ~ ----- - -------1 

Power Supply Voltage Voo 
f --

AVoo r------ --
AVss 

Input Voltage v, 
Output Voltage Vo 

Output Current Low loL Al I Output Pin 
I 

All Output Pin Total 
1---- ---

Output Current High loH Al I Output Pin 

All Output Pin Total 

Reference Input Voltage VAAEf 

Operating Temperature TDPT fxTAL:;;; 12 MHz 

Storage Temperature TsTG 

OPERATING CONDITION 

~R T• VDD. AVDD 
osc 

'xTAL ~ 12 MHz -40 to 85 "C +5.0V :t.10% 

CAPACITANCE (Ta=25°C, Voo=Vss=OV) 

PARAMETER SYMBOL TEST CONDITION 

Input Capacitance c, tc= 1 MHz 

Output Capacitance Co Unmeasured Pins are 

1(0 Capacitance C10 connected to av 

2-64 

RATINGS 
-- ·--·--- -· 

-0.5 to +7.0 

AVss to Vo 0 +0.5 

-0.5 ID +0.5 

-0.5 to V00 +0.5 

-0.5 to v00 +o.5 

4.0 

100 
·- ·-

-2.0 

-50 

-0.5 to AVoo+0.3 

-40 to +85 

-65 to +150 

MIN. TYP. 

NEC 

UNIT 

v 
v 
v 
v 
v 
mA 

mA 

mA 

mA 

v 
oc 
oc 

MAX. UNIT 

10 pf 

20 pf 

20 pf 



NEC PRELIMINARY 

DC CHARACTERISTICS IT a= --40 to +85 'C, Voo = +5.0v±10 %, Vss = 0 VI 
PARAMETER SYMBOL TEST CONDITIONS 

Except RESET, STOP. NMI. SCK, INT1. 
V1L1 

Tl. AN4 to AN7 
Input Voltage 

RESET, STOP, NMI, SCK, INT1, TI, 
V1L2 

AN4 to AN7 

Except RESET, STOP, NMl,SCK, INT1, 
V1H1 

Tl, AN4 to AN7, X1, X2 
Input Voltage High 

RESET.STOP.NMl,SCK, INT1, Tl, 
V1H2 

AN4toAN7,X1,X2 ·1 

Output Voltage Low Vol loL=2.0 mA 

Output Voltage High VoH 
IQH"'-1.0mA 

10 w-100µA 

Input Current ,, INT1, TI IPC3J; 0 v,;: v,,;: Voo 

Input Leakage Current ILi Except INT1. Tl (PCJ) 0 v ~ V1 ~ Voo 

Output Leakage Current ILO o v,;: v 0 ,;: v 0 o 

AIQDl f=1SMHz 
AVoo Supply Current 

A1002 STOP mode 

1001 Operating mode f:1SMHz 
Voo Supply Current 

1002 HALT mode f=15 MHz 

Data Retention Voltage Vo DD A Hardware/software STOP mode 

Hardware/ voooR=2.5 v 

Data Retention Current ioooR software 

STOP mode 
VoooR=5v,10 % 

•1 The following oscillation c1rcu1t usmg crystal 15 recommended 

c 

G CJ X1 

i----~---iX2 

c 
'-----

C-10 pF 

·2 Ta= +25''C. Voo = 5 v 

2-65 

MIN. TYP. 

0 

0 

2.2 

o.s v 00 

Voo-1.0 

Voo-0.5 

0.5 

10 

16 ·2 

8 ·2 

2.5 

1 

10 

pPD78C14G (A)/L(A) 

MAX. UNIT 

o.s v 

0.2 v 00 v 

Voo v 

Voo v 

045 v 

v 

v 

•200 µA 

•10 µA 

'10 µA 

1.3 mA 

20 µA 

30 mA 

15 mA 

v 

15 µA 

50 µA 



pPD78C14G (A)/L(A) PRELIMINARY 

AC CHARACTERISTICS 

(Ta=-40 to +85 'C, Voo=+5.0V•10 %, Vss=O V, fXTAL =12 MHz) 

READM'RITE OPERATION 

PARAMETER SYMBOL TEST CONDITION MIN. 

Xl Input Cycle Time tCYC • 1 66 

Address Setup to ALE. !AL •2 30 

NEC 

MAX. UNIT 

250 ns 

ns 
t--A-d-d-re_s_s_H_o_ld_fr_o_m_A_L_E-.---t----,-L-A~ ~----------+---3-5--+-----~--n,---1 

t--A-d-d-re-,-,-,o-ITT)-.-D-el-ay-T-im-e--t-----,AR_--------t--;;!----------t----1-00-----+-----+---n-s---< 
t-------------t----- ---it------+------1 

1---R_D_._1_o_A_dd_r_e_~_F_l_o_at_i_ng ___ -+-__ tAFR -~- ---------+-----+--20---+---"-'---i 
Address to Data Input !AD •2 250 ! ns 

ALE. to Data Input !LOR •2 135 
t--R-0-.-,-o-D-at_a_l_n_p_ut------+----tRD -- ---+-;2-- 120 

ns 

ns 
-----

ALE. to RD. Delay Time tLR "2 15 ns 

Data Hold Time f~~;:;.-RD~ ___ ___. - - -tRDH ·2 0 ns 

RD' to ALE· Delay Time IRL •2 80 ns 
t-------------1------ - -D~ta Read, ·2 215 ns 

RD Width Low t RR rO_P_C_o_d_e_F_e-tc-h-.-.-2-+--4-1-5---+-----;---n-s----; 

ALE Width High ILL •2 90 ns 

ns Ml Setup Time to ALE. !ML .. r-- - 30 
Ml Hold Time from ALE;- ------t----tLM~----------+---3-5--+----+---n-s --I 

fO'/M Setup Time to ALE. 

10/M Hold Time from ALE. 

Address to WAI Delay 

ALE! to Data Output 

WR'! to Data Output 

ALEI to W'Ri Delay 

Data Setup Time to WR! 

Data Hold Time from WR: 

WR' to ALE 1 Delay Time 

WR' Width Low 

·1 Cycle time tcvc = 1/fxTAL 

•2 Load capacitance: CL"' 150 pF 

tu 
tAW ·2 

'LOW ·2 

two 
·2 

tow ·2 

•woH ·2 

·2 

•ww ·2 

30 ns 

35 ns 

100 ns 

180 ns 

100 ns 

15 ns 

165 ns 

60 ns 

80 ns 

215 ns 
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NEC PRELIMINARY 1JPD78C14G (A)/L(A) 

SERIAL OPERATION 

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT 
-- -
800 ns 

400 ns 

I---·-·· . ---- - ·- -- --1---;CK Input l-~~~~·~l~~~:~~~~-----l-----+------l 
SCK Cvcte Time tcvK t------- _ -~l.__·_2_-+-----+-----1---------l 

SCK Output 16 .. 
335 ns 

160 ns SCK Width Low tKKL ~CK_'_"_"_" __ ' __ r'---_·_2_-J------+-----1---------1 

T ·1 

SCK Output 700 ns 
-~---+-------+-----+------! 1 ·1 335 ns 

SCK Width High 
SCK Input r 

I 1KKH l ·2 160 ns 

SCK Output 700 ns 

80 ns 
A11:D Setup Time to SCKf --~-~K~-------+------r-----+-------1 
AKO Hold Time from SCKt IKRX 1 ·1 

SCK ~ to T)(O Delay Time 'KTX ·1 

• 1 1 x Baud rate in asynchronous, synchronous, 1/0 interface mode 

·2 16 >e, 64 x Baud rate in asynchronous 

AID CONVERTER CHARACTERISTICS 

IT a= -40 to +85 °c, Voo = +5.o v ±10 %, Vss = AVss= o v 

Voo-0.5 v ~ AVoo < Voo. 3.4 v ~ VAREF ~ AVoo) -
PARAMETER SYMBOL TEST CONDITION MIN. 

Resolution 8 

Ta"'-10 to -+70 °C 

4.0 ~ VAAEF;;; AVoo 

Absolute Accuracy 
66 ns f tcvc ~ 170 ns 

66 ns ~ tcvc ~ 170 ns 

4.0 v ~ VAREF ,;£ AVoo 

66 ns $. tcvc 2 170 ns 

66 ns S. tcvc ~ 110 ns 576 
Conversion Time 'CONV 

1, 0 ns ~ tcvc ~ 1 70 ns 432 

66 ns ~ tcvc ~ 11 O ns 96 
Sampling Time tSAMP 

110 ns ~ tcvc ~ 170 ns 72 

Analog Input Voltage V1AN 0 

Analog Input Impedance RAN 

Reference Voltage VAAEF 3.4 

VAREF Current IAREF 
Operating mode 

Stop mode 

2-67 

80 ns 

210 ns 

TYP. MAX. UNIT 

Sits 

0.4 "'1/2 LSB 

0.6 %•112 LSB 

0.8 %±1/2 LSB 

tcvc 

tcvc 

lCYC 

lCYC 

VAAEF v 

1 000 Mn 

A Vee v 

1 5 3.0 mA 
--

0.7 1.5 mA 



1JPD78C14G (A)/L(A) PRELIMINARY 

ZERO.CROSS CHARACTERISTICS 

(T a=-40 to +85 ° c Vcc=+5.0 V± 10 % vss=o VI . . 
PARAMETER SYMBOL TEST CONDITION 

Zero-Cross Oetection Input Vzx AC Coupled 

Zero-Cross Accuracy Azx 60 Hz Sine Wave 

ZERO.Cross Detection Input Frequency tzx 

OTHER OPERATIONS 

(T r-40 ° c to +85 ° C, Vcc=+5.0 V± 10 %, Vss=O VI 

PARAMETER SYMBOL TEST CONDITION 

Tl Width High. Low tTIH.tTI L 

ICllH,ICllL Event Count Mode 
Cl Width High, Low 

Pulse Width ICl2H,tC12L 
Measurement Mode 

NMI Width High, Low tNIH.INIL 

INT! Width High, Low t11H,lllL 

INT2 Width High, Low 112H,112L 

RESET Width High, Low IRSH,IRSL 

EXTERNAL CLOCK TIMING 

(Ta=-40 °c to +85 °c, voo=+5.0 V±10%, vss=o VI 

PARAMETER 

Xl lnp~t Width Hi~h ____ 

XI Input Width Low 

XI Input Rise Time i 
XI Input Fall Time 

AC TIMING MESURMENT POINT 

2.2 v 

o.e v 
0.45 v 

SYMBOL 

lf/>H 

11/>L 

tr 

If 

Tes1 

Point 

TEST CONDITION 

2.2V 

0.8 V 

2-68 

NEC 

MIN. MAX. UNIT 

I 1.8 VACp13 

±135 mV 

0.05 1 kHz 

MIN. MAX. UNIT 

6 tcYc 

6 tcYc 

48 tcyc 

10 ICYC 

36 ICYC 

36 tcyc 

10 tcyc 

MIN. MAX. UNIT 

20 250 ns 

20 250 ns 

0 20 ns 

0 20 ns 



NEC PRELIMINARY 

BUS TIMING DEPENDING ON tCYC 

SYMBOL CALCULATING EXPRESSION MIN.IMAX. 
1--~~-- -
~tAL 2T - 100 MIN. 

--------

tLA T-30 MIN. 

tAA 3T - 100 MIN. 

tAD 7T - 220 MAX. 

ILDR 5T - 200 MAX. 

IRD 4T - 150 MAX. 

'LR T-50 MIN. 

'RL 2T- 50 MIN. 

4T - 50 (Data Read) 
tRR MIN. 

7T - 50 (OP Code Fetch) 

ILL 2T-40 MIN. 

IML 2T-100 MIN. 
----

tLM 1 T-30 MIN. 

Ill 
j 

2T-100 MIN. 

tu T-30 MIN. 

tAW I 3T - 100 MIN. 

tLDW T + 110 MAX. 

tLW T-50 MIN. 

tow 4T -100 MIN. 

twDH 2T - 70 MIN. 

twL 2T-50 MIN. 

tww 4T-50 MIN. 

12T (SCK lnput)l1) 
tcYK 

24T (SCK Output) 
MIN. 

5T + 5(SCK lnput)lll 
tKKL MIN. 

12T - 100 (SCK Output) 

5T + 5(SCK Input) !11 
tKKH 

12T - 100 {SCK Output) 
MIN. 

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

121 T = tcvc = 1/fxTAL 

(3) The items out of this table are not dependent on fXTAL· 
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11PD78C14G (A)/L(A) 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



11PD78C14G (A)/L(A) PRELIMINARY 

TIMING WAVEFORM 

Read Operation 

XI 

PF7-0 

PD7-0 

ALE 

ADDRESS IUPPERI 

'-----'------- t LDR 
.tll~ tlAj 

1--tAFR 

- lAL--

-------j 

I 

NEC 

:f-------~'RD1------l 
___ _.. ___ _..,_ __ 1 - -·--1AR------~:F-------------

MODEl 
<Mi1•1 

MODEO 
IKl/Mt•2 

•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 iO/M is output only when registers lsr-sr2J are rem in case that MODEO and MODE1 pins are connected to Vee through R. 

Write Operation 

)(1 

PF7--0 ADDRESS IUPPEAI 

PD7-0 WRITE DATA 

ALE 

LIAW 
L t1L--ll--1u1---------MODEO 

<Ri1Ml"3 

•3 ii:StM is output only when registers fsr-sr2) are written in case that MODEO and MODE1 pins are connected to Vee through R. 
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NEC 
Serial Operation 

T•D 

R•D 

Timer Input Timing 

Timer/Event Counter Input Timing 

Event CoWlt Mode: 

'KTX[_ 

){ 

Pulse Width Musurernent Mode: 

PRELIMINARY i.iPD78C14G (A)/L(A) 

I 

x 
IRXK 

IKRX 
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~PD78C14G (A)/L(A) PRELIMINARY NEC 
Interrupt Input Timing 

fNIL 

NMI 

t11 L 

IN Tl 

'12H 

INT2 

RESET Input Timing 

lRSL 

Ex11m1I Clock Timing 

tf 

"PL 
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fttf EC PRELIMINARY i.iPD78C14G (A)/L(A) 

STOP MODE LOW VOLTAGE DATA RETENTION CHARACTERISTICS (T8=-40to+85°C) 

PARAMETER SYMBOL TEST CONDITI DNS MIN. TYP. MAX. UNIT 

Data Retention Supply Voltage VoooA 2.5 5.5 v 

VoooA•2.5 v 1 15 µA 
Data Retention Supply Current 1oooA 

VooDR"'5v!_10 % 15 50 µA 

Voo Rise and Fall Time tRvo. lfVD 200 µs 

STOP Setup Time to Voo' 1SSTVD 12T+0.5 µs 

STOP Hold Time after Voot tHVDST 12T+0.5 µs 

DATA RETENTION MODE TIMING 

Voo 
voooR 

tFVO tRvo 

4,_·_S_T_V_D----------------'-H_V_D-JJ:~"' 
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NEC PRELIMINARY 
pPD78310G (A)/L(A) 
pPD78312G (A)/L(A) 

The µPD78312 is a CMOS 16/8-bit single-chip micro­

computer which is a member of µCOM-78K/l I I series. 

It contains 16-bit CPU, ROM, RAM, AID converter, 

powerful multifunctional pulse input/output unit and 

general-purpose serial communication interface. More­

over. the µPD78312 contains new concept hardware 

which calls macro service function. 

The µPD78310 is a ROM~ess version of the 

µPD78312. 

The µPD78312 is very suitable in the servo motor 

control, the total engine control, robot, NC and printer. 

FEATURES 
• Single-chip microcomputer (µCOM-78K/1 I I) 

• 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: 0.55µs 111 MHz) 

• Internal ROM: 8 192 words x 8 bits lµPD78312) 

• Internal RAM: 256 words x 8 bits 

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

bytes. 

• Memory mapping of on-chip peripheral hardware 

(SF R: Special Function Register) 

• Multifunctional pulse input/output units 

- Two 16-bit presettable up/down counters 

- Two 16-bit capture units 

- Two high-accuracy PWM outputs 

- Two 16-bit interval timers 

- Two 4-bit real-time output ports 

• Fout high-precision 8-bit AID converters 

• 1/0 ports 
- 8 input lines 

- 40 1/0 lines lµPD78312) 

- 24 l/D lines lµPD78310) 

• 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 lthe effect of OMA func-
tion) 

• Pseudo static memory refresh pulse output function 

• Watchdog timer, time base counter 

• Standby function !STOP/HAL Tl 

• CMOS 

• Single power supply (+5 VI 

• 64-pin plastic QUIP: lµPD78310GIAl,µPD78312G(A)) 

68-pin PLCC: (µPD78310LIAI, µPD78312LIAll 
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._.PD78310G (A)/L(A) 

._.PD78312G (A)/L(A) 

PIN CONFIGURATION 

P07 
PIO 
Pl 1 
P12 
P13 
P14 
P15 
P16 
P17 

P20/NMI 
P21/INTEO 
P22/INTE1 
P23/INTE2 

P24/Tx0 
P25/Ax0 
P26/SCK 
P27/CTS 

POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 
PIO 
P11 
P12 
P13 

P14 
P15 
P16 
P17 

P20/NMI 
P21/INTEO 
P22/INTE1 

P23/INTE2 
P24/Tx0 
P25/RxD 
P26/SCK 
P27/CTS 

Ri'SH 
P30/CIO 

P31/CTRLO 
P32/Cl1 

P33/CTRL1 
X1 
X2 

vss 

PRELIMINARY 

1-1PD78310UAJ 
1-1PD7B312UAJ 
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VDD 
P47/AD7 
P46/AD6 
P45/AD5 
P44/AD4 
P43/AD3 
P42/AD2 
P41/AD1 
P40/ADO 
ALE 
WR 
RD 
~SET 
EA 

P57/A15 
P56/A14 
P55/A13 
P54/A12 
P53/A11 
P52/A10 

P51/A9 
P50/A8 
P37/CLR1!T01 
P36/CLRO/TOO 

P35/PWM1 
P34/PWMO 

AVss 
AVREF 
AN3 
AN2. 

AN1 
ANO 

60 

44 

P40/ADO 
ALE 
WA 
RD 
RESET 
EA 
P57/A15 
P56/A14 
P55/A13 
P54/A12 
P53/A11 
P52/A10 

P51/A9 
IC 
P50/A8 

P37/CLR1/T01 
P36/CLRO/TOO 

~EC 



"" 

~ 
~ 
0 ..... co 
~ 
.0 

P00-03 "" ~ 
~ 

P04-07 16 P50-57:A8- l 5 0 ..... 
ALE co P20/NMI 

~ P21/INTEO 
CD RD N 

P22/INTE1 Si WR tJI 
P23/INTE2 n r-

0 c RFSH 
C'l INTERNAL ROM' z P24/TxD 

SK-BYTE --< EA ;>o: 
:Jl P25/Rx0 
~ 0 P26/SCK i> P27/m c;) 

;JJ 
P30/CIO 

P40-4 7 'ADO- 7 > 
!!: P31/CTRLO 16 

P32/Cl1 

P33/CTAL 1 "D 
P36/TOO/CLRO ::u 

INTERNAL RAM ', m 
"" P37/T01/CLR1 256-BY.TE r-I GENERAL 

X2 i: -.I P21/INTEO REGISTERS 
--:i 

P22/INTE1 MACRO SERVICE z CHANNELS n RESET J> P34/PWMO 
0 

~ z P35/PWM1 _, Voo 
:Jl 

AVREF 0 
r Vss AN0-3 

AVss 

P36/CLRO/TOO P37/CLR1/T01 PO P1 P2 P3 P4 P5 

• No1e. The µPD78310 has no programmable ROM (BK Bytesl on chip 



µPD78310G (A)/L(A) 
µPD78312G (A)/L(A) PRELIMINARY 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM (Ta= 25 °CI 

PARAMETER SYMBOL TEST CONDITIONS 

Voo 
Power Supply Voltage 

AVss 

Input Voltage v, 
Output Voltage Vo 

Output Current Low loL 
All Output Pin 

Al I Output Pin Total 

Output Current High loH 
All Output Pin 

All Output Pin Total 

Reference Input Voltage VAREF 

Operating Temperature ToPT fxx ;:> 11 MHz 

Storage Temperature TsTG 

OPERATING CONDITION 

v 00,AVoo 

fXTAL ~ 12 MHz -40to+85"C +5.0 v :t 10 % 

CAPACITANCE (Ta= 25 ·c. Voo = Vss = 0 VI 

PARAMETER SYMBOL TEST CONDITION MIN. 

Input Capacitance C1 le~ 1 MHz 

Output Capacitance Co Unmeasured Pms are 

1/0 Capacitance C10 connected to 0 V 

2-78 

RATINGS 

-0.5 to +7.0 

-0.5 to +o.5 

-0.5 to +7.0 

--0.5 lo +7.0 

4.0 

100 

-1 

-25 

-0.5 to v 00 

-40 to +85 

-65 to +150 

TYP. 

tt/EC 

UNIT 

v 
v 
v 
v 

mA 

mA 

mA 

mA 

v 

•c 
•c 

MAX. UNIT 

10 pF 

20 pF 

20 pF 



NEC PRELIMINARY 
11PD78310G (A)/L(A) 
11PD78312G (A)/L(A) 

DC CHARACTERISTICS (Ta; -40 to +85 ·c. Voo; +5.0 v ± 10 %, Vss; 0 VJ 
PARAMETER SYMBOL TEST CONDITIONS ' MIN. TYP. I MAX. UNIT 

1---v_1L_1_-+_E_•_c•_o_1_E_A ______________ --r- __ o __ T1-l --·-+-o_.1_s--+ __ v _ _, 

t------------1---v_1L_2_-+_EA_A______________ _ 0 j 0.4 V 

Input Voh&ge Low 

V1H1 Except P20/NMI. x1. x2. RESET 2 3 1 T Voo v 
I------+-------- 3-~·-9_ -·i 1.·. Voo - ~v Input Voltage High 

V1H2 P20/NMI, X1 X2, RESET "1 

I f o~~---v-
+--~OL loL=1.9mA -------- ------t-- ---+------I----+----Output Voltage Low 

Output Voltage High 
t-----------+ 

Input Current 

VQH iow-Jso .~ l 2.4 · v 
P20/NMI, RESET, 0.45 v < v, < Voo ±10 µA 

---+-----+---- t-~ 
Input Leakage Current ILi 110 1JA 

Output Leakage Current I Lo 0 V ~Vo~ Voo !:10 

Reference Input Current AIAEF 1.5 5.5 mA 
~------------1---,D-D-1--+--0-pe-ra-1l_n_g_m_ode_,_IC_L_K_•_5 __ 5-M_H_z----+----+--3o-"2_.__8_5 __ ...__m_A_-i 

Voo Supply Current 
mA I002 HALT mode, fCLK=5.5MHz 5 *2 17 

f-------·---+----+------------t---+---+-----1--~ 
OiJta Retention Voltage VoooR Hardware/software STOP mode 

Hardware/ 

Data Retention Current •oooR software 

STOP mode 
VoooR·5 V•10 % 

•1 The following oscillation circuit using crystal is recommended. 

c F XI 

t--1>----t X2 

c 
.__ ___ _ 

C • 10 pF 

fx x : Crystal frequency 

fx : External clock frequency 

fcLK : Internal system clock 
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µPD78310G (A)/L(A) 
µPD78312G (A)/L(A) 

AC CHARACTERISTICS 

PRELIMINARY 

(Ta= -40to+85 "C, voo = +5.o v ± 10%. vss = o v. txx = 11 MHzJ 

READ/WRITE OPERATION 

PARAMETER SYMBOL TEST CONDITION . , 
Xl Input Cycle Time tcvc 

·2 

Address Setup Time to ALE-I tAL •3 

Address Hold Time from ALE-I tLA •3 

Address to RD-I Oelay Time tAR •3 
-

RD-I to Address Floating Time tAFR •3 

Address to Data Input Time tAO •3 

ALE-I to Data Input Time tLDR •3 

RD-I to Data Input Time IRD •3 

ALE-I to RD-I Delay Time ILR •3 

Data Hold Time from RD-I IRDH •3 

RDt to Address Active Time IRA 

RDt to ALEt Delay Time IRL •3 

RD Width Low IRA •3 

ALE Width High ILL •3 

Address to WiH Delay Time IAW •3 

ALE-I to Data Output Time tLOW •3 

WR -I to Data Output Time two •3 

ALE-I to WR-I Delay Time 
tLW •3 

ILW1 •3 Refresh pulse mode 

Data Setup Time.to WRt tow •3 

Data Setup Time to WR-I 1ows •3 Refresh pulse mode 

Oata Hold Time from WRt tWDH •3 

WRt to ALEt Delay Time tWL •3 

WR Width Low tww •3 

•1 Cycle time tcvc = 2/fxx iNormal mode) 

*2 Cycle time tcvc = B/fxx (Low speed modef 

"3 Load capac:1tance: CL= 100 pf, Load resistor: AL= 2 kn 
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NEC 

MIN. MAX . UNIT 

189 400 ns 

724 1600 ns 

160 ns 

20 ns 

250 ns 

0 ns 

440 ns 

250 ns 

190 ns 

60 ns 

0 ns 

50 ns 

120 ns 

210 ns 

130 ns 

250 ns 

220 ns 

110 ns 

60 ns 

120 ns 

160 ns 

30 ns 

20 ns 

120 ns 

210 ns 



NEC PRELIMINARY 
.,iPD78310G (A)/L(A) 
.,iPD78312G (A)/L(A) 

SERIAL OPERATION (Ta= --40"C to +85 ·c. Voo = +5.0 ± 10 %, Vss = 0 VI 
PARAMETER SYMBOL TEST CONOITION MIN. MAX. UNIT 

SCK •1 l 1.46 ... 
Output 

Serial Clock Cycle Time 'CYK CTS ·2 ; 1.46 ... 
Input CTS •3 I 1.09 

~· 
SCK •1 645 ns 

Output T Serial Clock Low Level Width IKKL CTS ·2 645 ns 

Input CTS •3 465 ns 

SCK •1 645 ns 
Output 

Serial Clock High leYel Width IKKH CTS ·2 645 ns 

Input CTS •3 465 ns 

CTS High & Low Level Width 1CTSH· 1CTSL •4 3 'CLK 

RxO Setup Time to CTSt IRXK 90 ns 

RxO Hold Time to CTS1' 'KRX 90 ns 

SCKJ to TxO Delay Time 1KTX 230 ns 

• 1: 1/0 interface mode, transmittion rate "' 687 kbps 

•2: 1/0 interface mode, receiving rate "' 687 kbps 

•J: 1/0 interface mode, receiving rate= 916 kbps 

•4: Asynchronous mode 

AID CONVERTER CHARACTERISTICS (Ta= --40 ·c to +85 ·c. Voo = +5 v ± 10 %, 

4.0 v:;; AVREF:;; Voo. AVSS = vss = 0 VI 
MIN. TYP. 1 MAX. UNIT PARAMETER SYMBOL TEST CONOITION 

,___v_o_o_·_-_10_0_c_1_0_+_1_0_0 c ____ -+-1------1-
8

_+-_-_--_-__ -_f_ ~~~4--~ 
l±o.6~ 

r------------+------+------ l !1/2 __i_ LSB 

Full Scale Error 

Resolution 

Quantization Error 

200nsf1CLK ~ 250 ns 180 tcLK 
r--2-50-ns-~-·c_L_K_~-.-60-0-.-----t---,-20-t-' ----+---~-'C_L_K----i 

-t·-- --+--+-------< 
200 ns ~ tCLK ~ 250 ns 1 36 I tcLK 

Conversion Time 'CONV 

Analog Input Voltage v 

Sampling Time 'SAMP 
1-----------+-------+-2_so_"'-~_•c_L_K __ ~ __ •_6_00· _..1+-_24_~1---1---~'C_L_K--< 

VIAN 1 0 i T AVREFi 

,___:_:_:-~:-:~-~-:-,~-~:-:_:_•da-nc-e---1--~-V:-R:·E-E_; ___ <oc~~-~.--=~-i"-~ J :~ ~ :: 
tcLK • txxlB 
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µPD78310G (A)/L(A) 
µPD78312G (A)/L(A) PRELIMINARY NEC 
COUNTER UNIT OPERATION (Ta= -40°Cto+85 'C, Voo = +5.0V. 10%, Vss= OVI 

PARAMETER SYMBOL TEST CONDITION MIN MAX 

CIO,Cl1 
1CIH. tCIL 

High, Low Level Width 

CTALO, CTRL 1 
lCTLH· lCTLL 

High, Low Level Width 

CTR LO. CTRLI • Mode 3 
tcTCIS 

Setup Time to Cit • Select the r1:smg edge of Cl 

CTRLO, CTAL1 • Mode 3 
tc1CTH 

Hold Time to Cir • Select the rising edge of Cl 

CLAO, CLR1 
lCLAH, tCLAL 

High, Low Level Width 

OTHER OPERATION (Ta= -40 °C to +85 °C, Voo = +5.0 v ± 10 %, Vss = 0 VI 

PARAMETER 
t------

NMI 

High, Low Level Width 

SYMBOL 

1---------- - --- - ---
INTEO 

High, Low Level Width 
1-----------1---------

INTE1 

High, Low Level Width 
111H· 'Ill I 

+ MIN. t MAX 
TEST CONDITION 

10 l ----------r ! 

UNIT 

1CLK 

'CLK 

1CLK 

--+- --------i 
ICLK 

UNIT 
-----1 

µ• 

_ ___, 
tCLK 

tCLK 

1---IN_T_E_2------~---------t-~---- ---- ------+----T+-----+-----1 

tCLK I 

i High, Low Level Width 

l 
,,. 10 I 

I l 'RSH. IRSL 

RESET 

l High, Low Level Width 

EXTERNAL CLOCK TIMING (Ta= -40 °C to +85 °C, Voo = +5.0 v ± 10 %, Vss = 0 VI 

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT 

X1 Input Width High '¢H 30 100 

X1 Input Width Low '¢L 30 100 ns 
r-------- ---- +----

Xl Input Rise Time t, 0 20 

Xl Input Fall Time tf 0 20 
t------- -~---- - -- f-------------

X1 Input Cycle Time '• 90 200 
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NEC 
TIMING WAVEFORM 
Read Operation 

UK 

P'17 Ptlll 

All 

RD 

Write Operation 

CLK 

P57-P50 

P47-P40 

ALE 

PRELIMINARY 

ADDRESS IUPPERI 

------- 1AD---- · -----< 

'~---tRD 
' 

AC TIMING MEASUREMENT POINT 

v00-1 av 
22V 2.2 v 
~ Tes1Point 

0.45V----' 
0.7 v 0.7V 
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~PD78310G (A)/L(A) 
~PD78312G (A)/L(A) 

SERIAL OPERATION 
1/0 Interface Mode (Transmissionl 

SCK 

TxD 

1/0 lnterfoce Modi (Receptionl 

RxD 

PRELIMINARY 

~-----tCYK:--------1 

1-------tCYK--------1 

tKKL 

lAXK 
~----1KRX----~ 

Asynchronous Mode (Transmission enable input timingl 

t---tCTSH 

CTS 

t---1CTSL 
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NEC 
COUNTER UNIT INPUT/OUTPUT TIMING 

!CIH 

Cl 

!CTCIS 

tCICTH 

CTRL 

!CTRLH 

CLR 

PRELIMINARY 

!CTR LL 
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pPD78310G (A)/L(A) 
pPD78312G (A)/L(A) 

INTERRUPT TIMING 

NMI 

INTE1 

INTE2 

RESET INPUT TIMING 

--INIH 

PRELIMINARY NEC 

!Nil 

ti 1 L 

tJ2l 

tASL 
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NEC PRELIMINARY 

EXTERNAL CLOCK TIMING 

1----~H------< 

XI 

,, tf 

t----~L.-----1 

RECOMMENDED OSCILLATION CIRCUIT 

(1) Crystal 

~-U-----.------1 XI 

Cl 

.,___ .. ,__ ___ ____, X2 

C2 

(2) External clock 

---~----1x1 

~----1 X2 
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pPD78310G (A)/L(A) 
pPD78312G (A)/L(A) PRELIMINARY NEC 
STOP MODE LOW VOLTAGE DATA RETENTION CHARACTERISTICS (Ta= -40°C to+85°CI 

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT 

D•t• Retention Supply Voltege Vo DOR 2.0 v 

VoDOR = 2.0 V 1 15 µA 
Data Retention Supply Current 'oooR 

VoooR =5V • 10% 15 50 µA 
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QUALITY AND RELIABILITY 
OF NEC MICROPROCESSORS 



NEC 
INTRODUCTION 

TECHNOLOGY 
DESCRIPTION 

RELIABILITY 
TESTING 

QUALITY+ RELIABILITY 

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 acceptable reliability become more complicated. Simply performing a 
reliability test according to a conventional method cannot satisfy the demanding requirements 
for higher reliability: at these new, higher levels of LSI 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 produ.cts. Moreover, as integra· 
tion density increases, the degradation of internal elements in an LSI device is seldom detected 
by measuring characteristics across external terminals. 

In order to improve and guarantee a certain level of reliability far 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 {TQCJ across its entire semiconduc· 
tor production line. By adopting TOC, 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 far microprocessor~ and family products. 

Most microprocessors and family products are produced utilizing high performance, high 
density, N·channel MOS technology. State·of·the·art high performance has been achieved by 
introducing fine line generation techniques. 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 
2-4µm 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 1 pJ or less. 

Technology evolution 
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 is defined as the characteristics of an item expressed by the probability that it will 
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 faiture. 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 de\lices. The accumulation of normal 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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QUALITY+ RELIABILITY 

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 potentially 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 Disrribution 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 1 Q-9 Failures/Hour 

720K Device Hours or 13.8888 F ITs 

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 I MIL-STD-8838 
High Temperature, Operating 1005A, D Ta= 100°C to 125°C for 1000 hrs 

High Temperature, Storage 1008C Ta= 150°C for 1000 hrs 

High Temperature, 
----j 

High Humidity Test - Ta= 85°C (" 85 % RH for 1000 hrs 

Pressure Cooker Test - Ta= 125°C (a 2.3 Atm for 168 hrs 

Environmental Test 
SOidering Heat Test 2031. T = 260°C for 1 Os without flux 

Temperature Cycle 1010C T = -65°C to +1S0°C for 1-~ 

Thermal Shock 1011A 1 T = 0°C to 100°C for 15 cycles 

1 Lead Fatigue l 200482 (a 250gm: 3 leads, 3 bends _j 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. 

Where: Ro 
Ea 
k 

T 

R =Ro Exp(- Ea/kTJ 

Constant 
Activation energy in eV 
Boltzmann's constant 
8.617•10 .. 1-5) eV/degrees K 
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 1 ACTIVATION DETECTION 

~ ENERGY 

Oxide Defect j 0.3eV 

Silicon Defect I 0.3eV 

Ionic Contamination 1.0-1.35eV High Temperature Operating Life Test 
I 

E lectromigration 0.4-0.SeV 

J 
Charge Injection 1.3eV 

Gold-Aluminium Interface 0.8eV 

J 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 model 
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 Arrhenius 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: 

Where: F2 

Fi 
Ea 
k 
T 

F1 "F2 • Exp((Ea/k) • (l!T, - 1/T2)] 

Failure rate at T 2 
Failure rate at T, 
Activation energy 
Boltzmann's constant 
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, resulting in the 
following form: 

Where: A 
F2 
Fi 

A= F1/F2 = Exp((Ea/k) '11/Ti -1/T2l] 

Acceleration factor 
Failure rate at T2 
Failure rate at T1 

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 (Tj) is expressed as: 

Where: Tj 
Ta 
Pd 
Al 
8jA = 

Tj =Ta + Pd • Al ' OjA 

Junction temperature 
Ambient temperature 
Power dissipation 
Air flow factor 
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 0.3eV 0.1546 

Silicon Defect 0.3eV 0.1546 

Ionic Contamination 1.0eV 0.0019B4 

Electromigration 0.4eV 0.08307 

Charge Injection 1.3eV 0.0003067 

Metal Corrosion 0.7eV 0.01315 

Gold-Aluminium Interface O.BeV 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: 

Where: Ea 
k 
T 
H 

A= Exp((Ea/k) • (1/T1 -1/T2l) • [H2/H11••4.5 

Activation energy 
Boltzmann's constant 
Junction temperature 
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 1 K hours. 

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

Oxide Failures 
Metal Failures 
Total Failures 

0.11 • 0.1546 ~ 0.01701 % per 1 K hrs 
o.11 •0.01315 = 0.00145%per1Khrs 
0.01846 % per 1 K 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 yield a convervative estimate of failure rates. 

Before introducing new technologies of products, NE C's internal reliability goals must be 
attained. Several categories of testing are used in the internal qualification program to assure 
that product reliability meets NE C'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 ANO LONG-TERM FAILURE RATES 

f PERCENT FAILURE 
RATE GOALS 

l Infant Mortality Failure Rate 0.10/1 K hrs 

I Long-term Life failure Rate 
I 1.2M Device Hour Average 0.02/1 K hrs 
L 3.0M Device Hour Average 0.01 /1 K hrs 

Infant monality 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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FAILURE SCREENING 

LIFE TESTS 

QUALITY+ RELIABILITY 

It is logical to assume that the integrated circuit that fails at one temperature would also fail at 
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 N EC's integrated circuit products. 

The most significant difference between NEC's products and those of other integrated circuit 
manufacturers is the fact that N EC'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 bath 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 openting 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 
SAMPLES 

NUMBER OF FAILURES AT I 96 hrs l 168 hrs 500 hrs l 48 hrs 

o I , ] 3317 0 4 

Total Number of Failures at 1 K hrs 8 
I Failure Rate at 1 K hrs at 125°C 0.242 % per 1 K hrs 

1K hrs 

l 

l ~rejected Failure Rate at 55_0_C ____ o_.00_7_%_p_er_1_K_h_rs _____________ ! 
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High temperature 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 Ta= 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 T 96 hrs 

1 
168 hrs 1 500 hrs 1 1 K hrs 

2190 0 I 0 0 I 0 I 2 

Total Number of Failures at 1 K hrs = 2 
Failure Rate at 1 K hrs at 85°C 85 % RH = 0.091 % per 1 K hrs 
Projected Failure Rate at 55°C 60 % RH = 0.003 % per 1 K hrs 

High temperature storage life test 
This rest 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 I 96hrs I 168hrs 1 500 hrs T 1K hrs 

2410 0 l 0 I o 1 I 4 

Total Number of Failures at 1 K hrs = 5 
Failure Rate at 1 K hrs at 125°C ~ 0.207 % per 1 K hrs 
Projected Failure Rate at 55°C = 0.006 % per 1 K hrs 

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 Ta= 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 T 96 hrs T 168 hrs l 500 hrs I 1K hrs 

1718 0 T 4 I 5 I No Test Performed 

Total Number of Failures at 168 hrs = 9 
Failure Rate at 125°C ~ 0.54% per 1 K hrs 
Projected Failure Rate at 55°C = 0.001 % per 1 K 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 96hn 168 hrs 500 hn 1K tvs FAILURES 

High Temperature 
Life Test 3317 0 1 4 3 B 

High Humidity 
Life Test 2190 0 0 0 2 2 

High Temperature 
Storage Life Test 2410 0 0 1 4 s 
Pressure 
Cooker Test 1718 4 s . . 

9 

Total 9635 4 6 s 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. 

.1llO-if-----
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Figure 3. Plot of Life Test Results 

This life test data shows improvements of approximately 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. 

NE C'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 streu te1t1 
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 Ta= 260°C for 10 seconds 1891 0 

Temperature Cycle Ta; -65°C to +150°C, 10 cycles 1891 0 

T herma I Shock Test Ta = 0°C to + 100°C, 15 cycles 1891 0 
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BUILT-IN QUALITY 
AND RELIABILITY 

APPROACHES TO 
TOT AL 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 ta1 15 kg, 3 axis 315 0 

Vibration Test (a' 100 Hz to 2 kHz, 20 g 315 0 

Constant Acceleration (a' 20 kg, 3 axis 315 i 0 

Lead Fatigue Test (a• 250 gms 638 1 0 

Solderability Test (al 230°C for 5 seconds 638 1 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 ead1 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 ohen adds two to three months to the product development cycle_ Building in high 
reliability, however, cannot be sacrificed. 
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Wafer Procening 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, Vth. C-V Characteristics, and Lot Sampling 

Wafer Sort and Scribe DC Parameters, 100 Percent Inspection 

Die Sort 100 Percent Visual Inspection 

Chip Mounting and Packaging: The in-process 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. 

J 
I 

I 

J 
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. E JectricaJ Testing and Screening 
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2-101 

QUALITY+ RELIABILITY 



QUALITY+ RELIABILITY NEC 

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. 

Incoming Material Inspection: 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 L TPD 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 bum-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 Ta==' 125°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-failure 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 control 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 reliabii'ity. 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 NE C'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 µCOM84 CMOS FAMILY 

µPD80C48/µPD80C35/µPD48 

µPD80C49/µPD80C39/µPD49 

µPD80C49H/µPD80C39H/µPD49H 

~1 PD80C42 

µPD80C50H/µPD80C40H 
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SINGLE CHIP 8-81T 
MICROCOMPUTERS 

NOTE SPECIAL 
S GRADE VERSION 

MAJOR INPUT AND 
OUTPUT SIGNALS 

-
Sing~ 

Step 

E""""81 

-=c 
Interrupt 

Bus 

GENERAL INFORMATION 

CMOS MICROCOMPUTER 
SELECTION GUIDE 

SUPPLY 
DEVICE SPECIAL FEATURES ROM RAM l/D PROCESS CYCLE VOLTAGE PINS 

µPD80C35 CMOS 8035 External 64x8 27 CMOS 6 MHz +2.5 to 6 40/52 

µP080C48 CMOS8048 1024x8 64x8 27 CMOS 6 MHz +2.5 to 6 40144/ 
52 

µPD80C39 CMOS8039 External 128x8 27 CMOS 8 MHz +2.5 to 6 40/52 
µPDBOC39H CMOS8039H Ext1rnal 128x8 27 CMOS 12 MHz +2.5 to 6 40 

µP080C49 CMOS 8049 2048x8 128x8 27 CMOS BMHz +2.5 to 6 40/44/ 
52 

µP080C49H CMOS8D49H 2D48x8 128x8 27 CMOS 12MHz +2.5 to 6 40/44 
µPD80C49H IS) CMOS 8D49H ISi• 2048x8 128x8 27 CMOS 10 MHz +2.5 to 6 40 

µP080C42 
INTERFACE WITH 2048x8 128x8 18 CMOS 12 MHz +2.5 to +6 40 SLAVE BUS 

µPD80C40H LARGE MEMORY 4096x8 256x8 16 CMOS 12 MHz 2.5 to +6 40 
µP080C50H LARGE MEMORY 4096x8 256x8 16 CMOS 12 MHz 2.5 to +6 40/44 

. NORMAL ISi GRADE 

1st 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 

Reference Circuit 

XTAlt 

µPD80CXX 

Port I 

Port 2 

write 

Program Store 
Enable 

Address Latch 
Enabk! 

PortExpa~ 

Strobe 

Note: A minimum voltage of Vcc· 1 

XTAL2 

c, 

I 
<.!> ~·~~~·;~L~n;:.•:~.~1;m:~~~~1mw 
(%> Operating fqquency leu th•n 4 MHz I 

O<C1<20pf IO< C7o;; 20pF/ I C2-C1I<10pF 
~ Oper•ting frequency mo19 than 4 MHz I 

D < C1C:10pF 10< C2.;;: 10pF /I C2-C1I<5 pf 

External Clock Frequency Reference Circuit 

is required for XTAL 1 to go HIGH. 

Open 
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INSTRUCTION SET 
SYMBOL DEFINITIONS 

t-IEC 
INSTRUCTION SET 

SYMBOL DESCRIPTION 

A Accumulator 

AC Auxiliary Carry Flag 

addr Program or data memory address (ao-a7) or lao-a1ol 

b Accumulator bit lb = 0-7) 

BS Bank Swith 

BUS Bus 

c Carry Flag 

CLK Clock 

CNT Counter 

data 8-bit binary data ldo-<17 l 

OBF Memory Bank Flip-Flop 

FO,Fl 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 Ip= 1, 2, or 4-7) 

PSW Program Status Word 

Rr Register Ro-R7 Ir= 0-7) 

SP Stack Pointer 

T Timer 

TF Timer Flag 

TO, 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 

Ix) Contents of RAM 

((x)) Contents of memory addressed by Ix) 

+- Transfer direction, result 

I\ Logical product (logical ANO) 

v Logical sum (logical OR) 

v Exclusive OR 

- Complement 
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NEC INSTRUCTION SET 

Mox lnsl"'cllon Code _ .. 
FunctlOfll O.urtptlon - D, Do Do D• D, o, D, D, ere••• •rt•• 

Accumul8tor 

ADDA,• (A)· (A)+ detll Add& lmmNlate de .. cla-d1 to the accumu .. tor. 03 • • • • - Seta Of CIMfl DOth C.rfY "•- l ., .. . , .. ., ,, ,, ., 
ADDA, A, (A)· (A)+ IA.> Add& lhe contents ot n19lst.r R,. to IM In~ 1 1 1 

•• 0-7 .:cumui.tor_ Set• or ci..ra bolh cury nmgs.2 

ADDA. 14 R, (A)· (A)+ l(A,)) Adda the cont.nt. ot the lnl9rn11I ~ "'9fn0"1 ... 
• ;;; 0-1 ~Ion SpKm.d by bits 0-5 of register A, 10 !he 

accumulMof. S.ts or clnra both c•rry rt.gs.~ 

ADDCA, • (A)· (A)+ dmtll + (C) Adds, wfth carry, lmmedlme deb d0-d11o tl'le 13 • • • • 1 - accumui.tor. s.t1 Ot clMrt DOlh carry flag1. l ., .. ,, '· ,, '• •. .. 
ADDCA.R, (A)• (A) + (A,) + (C) Adds, wfth c.rry, the contents DI' "'9'-tef R, to the 1n• 1 

• = 0-7 KCUmulalOt". a.ts or clNrt bolh carry "-gs. 2 

ADDCA, (A)· IA) + (IA,)) + (C) Adda, llfflh carry, the cont.nt• DI' the lntwrmil d.11• 1n• .... • = 0-1 rMmOrY location apecltied by IHI& 0-5 ot rwglsl•r 
Fl,, to tlW accumulttor. s.t• or clNr• both arry 
flegs . .'.2 

AHLA,tl (A)· IAll'\cam TaltH the log!QI product (loglClll ANO) ol 53 0 1 - imln9dlN a.ta do- d7 snd tn. contsn1t of . , .. .. '• ., ,, '• .. 
IN .ccumu~. MM! ator9a tM ,..un in lh• 
accumul•lor. 

AHL A, A, (A)· (A)f\iA,) T.U• lhe loglc•I pl'Oducl (loglc•• ANO) Qf the ..... 
' "'0-7 cont.nl• ol 19gtllt« A, •nd the accumua.tor, •nd 

•torn me mull In tM accumul.,or. 

ANLA,(a. A, (A) • (A)/\_UA,)J l.U• lhe loglc•I product (loglcml ANO) Qf the Sn·• 
• "'0-1 coni.t!I• ol tM in191'"81 o.tl mtmOry locelion 

mpecifled by btta D-5 of regl•ter A,. •nd the 
accumul•tor, •nd •lon11thll'99Ult1n the 
accumui.1or. 

CPLA (A)· (A) T.Ua lhe complement of lhe coni.nta ol' lhe 31 O· 
accumui.tor. 

CLAA (A)• 0 CIHr• ttM con1en11 or IM accumul•lot. " DAA Con~• IM content• ol thll accumua.tor lo BCD. 57 
Sel• or dur• the cmrry ft9ga. When ttMI lower 4 
1>11• IAo-Jl .,. ,,...., lhmn 9, or 11' thil Au11ili«y 
C.rry Fl-si Mi• be9n Ml, add• 6 to °'o-l· When ttw 
upptl" I 1>11• (A.._1) •regrNletlMn tor 11'ttwC•rry 
Fl911 (C) he• bMn Ml. add•6 to A._,. Han 
cw.rflow occur• mt thl• po6nl. Ci• Ml. J 

DECA (A)· (A) - 1 DKrementa tM content• of ltw sc:cumul•lor by 1 ., 
INCA (A)• (A) -t 1 lnc.........,t• the conl9ntt ol thf accumutalor by I 11 

ORLA,11 (A)· IAIVU.. THH lhf logkal •um (logical OR) ol imrMdi•I• " 1 1 - a .. do-ct, •nd the content• of the mceumu .. tor. ., .. '• '• ,, '• '· .. 
9nd atom the 1'99Ull Jn IM accumul.tOf. 

GALA.A,. (A)• (A)V'(R,) T•ll.H thil logk:lll sum (loglQI ORJ ol regl•ter A, 
I : 0-7 •nd the cont.nl• of the M:cumua.tor, •nd •tores 

the rHuH In lhe .ecumul91or. 

ORLA.(o A, (A). IAM(R,U TIH• the IOglcml sum (IOflcml OR) al me cont1nl• 
'; 0-1 ol lhl lnt1m11I d91• memory locallon lt)Kffi.cf b'll 

bit• o- 5 in "'91...,- A,. •ncl the content• or the 
11ecumua.tor, •nd 9loN1lhe1'99Utt in the 
11ecumua.tor. 

AL A (Ab+ I)· (Ab) Aot9tn thll contents of the accumu .. tor one bit to " IAcil· (A1) the lett. Thf MSB I• routed Into tn. LS8 
b"" D-6 

Al.CA 1Ab+1)· (Ab) Aotat.. the contfft• of the KCl.Ml'lua.tor on1 bit lo F1 
{Ao)· (C) ttMI left lhrcwgh Ciln'y. 
{C)· CArJ 
b"' 0-6 

••• (Ab). (Ab+ 1) Rotates thl content• Of 0"9 ICcumulllOr ont_)Mt lo 11 
{A1)· IAol the right. TM LSI Is rotlt«I into IM MSB. 
b "'0-6 

RRC A (Ab)· (Ab ... 1) Aotmtn thl content• Of thl 1ecumul•lor one bil IO " l'-fl· CC) the r~ht througri carr'll 
(C)· CA.al 
b"' 0-6 

S•PA IA....11 · • !Ao-.>1 E11Cl'llr'19" the conl9flll ol' thl IOWlf 4 bll1 of th• " 11ecumui.1or •Irr. thl upper •bit• of th• 
accumulllor. 

J:ALA,#d919 IAJ· (A.1\(09 .. Takn the UCIUllW OR at lmmedl ... ~II da-d7 03 
•ncl the cont•nt• Cll lhl accumul1lot, •l'ld •lor9• ,, .. ., .. ,, . , .. •o 
the mutt In tn. 1CCumul1tor 

XJILA, R, (A)· (A"'4(R,) TMM thll uclusive OR Of lhl contmntl ol ""Ol•t•r Do• 
'"' 0-7 R, •l'ld the 1CCumul1tor. •nd •IONI thl ,.lull in 

the 1ecumul9tor 

XAL A, (ct A, (A)· (A,..,(R,)) T••n tM uclu•lve DR Qf tM contmnl• of the ""' '"' 0-1 locaUon in d•lll mmmory IPKll~ by bit• 0- Sin 
1"99l1tet A,. 1nd IM 1ccumul•lor. 1nd 11ore1 thfl 
N•ult in ll'le .ccumul910r 

•r•nch 

OJNZ A,. (R,)· {A,) - t DlcNrn.nl• IM cont1nll o1' Ngiltlr R, by 1. Ind 11 '" ...,, If (A,) s 0, then IM ,.&ult 11 not equal to 0.1ump• lo IM addrHI . , .. " .. ., 
" " •o 

(PCc.--rl · addr lndlc•ted by 11o-•1 
' = 0-1 , .. _ 
~PCo.- 7 )• Mdrllb" 1 Jump• lo tlMI add,. •• &pactt!K by ae-1, If llMI bll :112~ . , .. .. 
(PC) = (PC) • 2 H b " O ___ ~n tM eccumul•tor •pteiflild by b,-b2 ••Ml " .. " .. ., " " •o 
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INSTRUCTION SET 

-
JC-... _ -

ll'C1..r)• liddrt1C=1 
(PC)· (PC)+2HC•D 

IPCo-r>· MldrtfFO= 1 
(PC)· (PC)+21ff0 .. 0 

.... .... 
•-11cc-a.1 

Ju111p9lolM ....... lf*:tn.lby .. -a,HIM H 
Cer'Jfl9gl1eet. 

Ju111119tath9.cldN9a11pecllledby .. -1,tfFO • 
l111t. ,.,_ IPCo-1)· eddrt1F1=1 J11n1.-1oth .. dd,..apeciftedby ...... ,11F1 18 

IPCI· IPC)+211'ft =O ltMt. --
--

IPC.-,1· 11•11 

(l'f1-1J· mddrtlC "'0 
(PC)· (PC)+ 21f'C"' 1 

.1un1 .. 11-=t1y 1o"" ldd .... tpeelflecl by aa-•11 ..-
ane11 .. 01F. 

Rlplecel the lowerll>lte ol IM Progrmnc:ount91' 83 
.... n. com.nt1 or,,.,.,..,. memory epec1t1ec1 
bf ttlll com.nt9Clf tNecc:v!NllMor, ptOCIKlng 
•lumptathellpedfled...,....wlthlnttw 
cunwnt,.... 
Jumpstotftlllldd,...1peclftM1ty11a-171ftM E& 
Clrryflltllr'IOIMt. , .. _ 

IPCo-rl· ....,.ttl"' O Jumpsto•ldd .... .-lledbJ11a-17 tflhl .. 
(PC) • (PC) + 2 ti I "' I Interrupt F1-.i 19 nol Ml-

JNTOMdr (PC._7)• llddrHTO • 0 J......,.totNMkll'"'llPKllledby .. -a,lt'llHtO 21 
{PC)• (PC)+2t1T0=1 lllLOW. 

JNTtmddr 1.-C...rl· llddrtlT1 =O Jumpatoa.ldd .... llpeclfledby .. -a,tfTHtl 41 
(PC)· (PC) + 2" T1 = 1 .. LOW. 

JllZ-*lr ll'Co-11· mddrtlA - D JumpatotlMimdd .... apeclhdby .. -a,.ttn. II 
(PC)· (PC) + 2 If A = 0 conMnts OI tM.ccu"'utltor ... not ..,.i lO O. 

.ITFMdr <PCo..rl• ... lrTF • 1 ....... IOIMllddrnaepeclfted~lla-a,.lfrM 11 
(PCI· (PC)+ 21fTF s 0 TIIMl'Fllig laMI. ThelllnerFi.glsc....-mttsr 

1"9 IMtrucdon Is aecutld. 

J1Umddr (f'Ce..rl· mddrlfTO = 1 Jump11tolhe9dd .... speclftedbr .. -.,.nTnto JI 
(PCI• (PCJ + 2HTO,. 0 ll:HIGH. 

JZ (PC.,.11· addf'ffA == 0 Jurnp9tolM...._ll*lf'M~ao-.,.1UM 
IPC>· (PCJ + 2HA =, contsnt.ollhll'a:c1HWulator ... squaltoO. 

... , 

""'' 

BEL Illa (DBF} • O 

IEL.1191 IDBF)· 1 

S&RBD (118)• O 

... _ 
HALT 

STOP -.... --..... 

, • ., .. 1 

(not •II dnicesi 

(A) .... 

IAI • <R.I 
, - 0-7 

MDVA.<i"R, IAI· <<R.11 
, - 0-1 

llOV A, P!IW (A) • (Pftf) 

llllGVR..,• CR..>~ cs... 
.... ,=0-7 

MDVR,.A <R.» IA! 
r • 0-7 

MDV@R,,A ffRJI· IA) 
, •ID-I 

- ..... ffR,11--
..... ' - 0-1 

MOVPIW.A INWl•IAI 

-1.-... ...... "*""PfS. WMnitnlrnal 05 
tnlM1upts ... .-...S,1 low-lftellftt'ullDltlelNT 
p6" CM1M11M p.-IO VllCtorto 1M lnt9rrupt 
..-vtcsroua ... 

Dlubles .-UI lrmrrupts. When...,,.... 15 
lnlllmlpbaNclllbled. low--.. lnpuQIO ... INT 
p6n ._no.n.ctonpragrHI •scutaon. 

EnmblllclaclloutputtoplnTI. 75 

a... ... llemory lank Fl~top, -.ctlng E5 
Ptop8fll llerMty a.nkOIPl'OI"•'" 1MMOrJ 
.,._O.:I0471M)l.CIMrlPC1,stterlMMlll 
JMPorCAUlnltnlCHoft. 

ln1t1-.. SOftW.,. S1oP moae 82 --
llowle ... COMlftla of ........ dMI ....., 
1PMltled~lllla0-51n ......... R,.lntothe -· 
llowlllilMCO'*"aoflMllCCUlftUIMotlnto'lhl 
cllll IMllllOfJ loc.nonepKltled bW°bltsO-Sln ... -... 
llovw lmrMct• ... lllt-d, lnlo ths .... 
"*'*YlocdonlPICfftldbyllilll0-51n ... -... 

FnOC 

DT 
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' 1 . , ...... 
0 ' . , .. .. .. 
1 ' . , .. .. .. 

NEC 
.. C..le• ..... 

0 ' 0 
91 Iii ., .. 

0 
•1 •1 ., .. 

0 
•• •1 ., .. 

I 1 1 0 

~ ' ' --""''---~----'·~·----'·~·~·~·~~''---~~~~ 
1 0 0 0 

~ ' ' ~ ~ ~ ~ ' 
D I 1 1 D 

~ ' ~ ~ ~ ~ ~ ' 
1 a o 1 1 o 

~ ' ' ~ ~ ~ ~ ' 
a a o 1 o 

~ ' ' ~ ~ ~ ~ ' 
0 0 0 0 

~ ' ~ ~ ~ ~ ~ ~ 

0 1 
.,. ., Is ., 

0 
.,. ., as •• 

0 • • 

D D 0 

' ' 

' . 
1 0 1 1 
~ dt .., d. 

' . ., ~ ., .. 
0 

., •2 ., .. 

• • 
D Ii D 

1 • ........ 

0 0 • .. ...... 



NEC INSTRUCTION SET 

- IMINOtlan 0.. - - - - ... .. ... D, D, ... D, .. --htm ...._ IC.LJ _.,.,. lf'Co-d- IAI ......... conllint9ollhellfOINln__., .. 
<Al- CIPCJI klcllilkwl ...... ..,. ....... ,~· 

.. oonlllr*Oltt19llCCUMUlllllOr.lnlotM -· _. .. lf'Co-d-W --.. .......... ., ... PfOllMl"""""Y .. 
•• P'C.n)..-Ol1 loclllorl lpllClll9ld llylD11 <PC.-111 ..... , rJll 

W- llPCJI ,.,.,_ 111mory..,. o• mc1 e. oane.ne. o1 u. 
........... IMDlhellOCUlftUl9eot. 

_,.A,@R IAl • 1(1\ll - tmcone.nt9ol ............. """"°"' -r • 0-1 
__ .,_ .......... 
-· _. ..... 111\ll•IAI --com.ntaOl111e~IMotM -I. D-1 ........ .... lftllftOfyloclll!Dft..-ctfled by -... ........ CAl-10.1 bcMngeelheconlMlll althm ~- """ , • D-7 -... ......... w-1111.11 ~-oonl9nllot .. mGCU ......... """ • - 0-1 ... coMllnll Of ...... '"""*Y ~ 
flP9Cffted.,, ..... 0-t kl r....- R,. 

XCHDA.@ <-...i-11.....,1 bcMngN ... cord9ntl al tht..., ... al .. """ .. r • 0-1 90CUll'IUllllOr wtlh - conterQ oth ._, 4 llftl. 
ollN.....,,... ... a.nary loClttofl .--by 
bbO-lln ......... A,. -COl.C CCJ-ICJ .................. al ... Cerrybll ., 

""""' 
...,_ ,..., 

....... ~-Fl9g0. .. 
"""" cP•l- (Ft) ....... compl9mml al A9g 1. .. 
CUIC (CJ-. a... .. C#T)'blt " 

, 
CUI"' 

,...,_. a...flligO. .. , 
CUl'1 (F'1J-o a...F19g1. .. --_ ...... _,_ , .... ,,._ ,..._the k9o;ti1 AHO al IM com.ne. at the bu1 • 1 • • 1 1 • • - end ........... dmt8de-clr.MdMftdlU. ... to ., .. .. .. .. .. . . .. .. -. ----------

....... ,. .. " 1•,1-c•...-.- T-.. IN logic-' AND al Chi cont9nt9 of .... 1 D • 1 1 • • • - , • 1-2 ........ portP,endlfnlnedlmllldmdo-dr. ., .. .. .. .. .. . . .. 
Md...- ......... toportPl!'fotoutput. 

MLDP,.A 1•,J· l•,JN-...i ,.._tM~ANDOllMCClrllllraal .... 1 1 1 
•• •-1 ........ port,,.,., .......... ,,, ... 

ilCCUlnUllllor,and ..... rwulttoportP,tor ....... -------- - -------

lllA.P, IAl-1•,J l..oede.lhe~wntlU.conlllnt8af - • ' 1 
! - 1-2 ........ port Pr 

------....... IAI- lllUSI l.OIClitlhl'*"""9althebu91ntolhe .. 1 
~Dnlhertelng .... ofAO. 

----------

llCWOA.P, 1-.,.i-cP,J 
(A.,..7)~ 0 

MowetlU.COt*ntll al.....,._. portP, IOU. 
-- ol blt9 aflhe KCUnMltOf', llftd dMf9 the 

..... • 1 

- 4-7 ..,... .•. -------
llCM>P., A 1•,1- c-...i 

' - 4-7 

............. .,...al .. ~lo - 1 1 ........ port,.,. Theupper4bbalthe 
KCUllMll8'or .. not ctwnged. 

- - ----------- ---· (BUI)-c•us~ 'Me9 the loglml OR Ol thlo '*"""'- Ol the bua • 1 • 0 • • • • ' 2 - 8"d lmmlietl9ll .... ct.-dr. mnd ... the ........ to ., .. .. .. .. .. ., .. .. _. 
·-----------

OM.DP•A IP~·CP,M-.,.i 'MMthe~OAolthecoM9nt80I~ .... • ' 1 , • 4-7 portP.Mdthe..,_.4bftllol1""~. 

end --- - ,_,..to port,! tor output. --------
DllLP,.# 1•,1-1•,JV- ~theloflc.iORdlhecormnqof....,..._ .... 1 D • • 1 • • • ' ' - • : 1-2 "'°" '•...c:l tlNlledilllldMlida-cf.,, Md Mndllthe ., .. .. .. .. .. . . .. 

- -,.... '° port p ! tor oulput. 

OUTlllU&A _,., .. , 
:;:::6!'9,=:'o1~~ua.torontothe .. ' 1 

...... .._.,UM thll OUTl llUI lnstruc:Hon "'*' 
U91ng ........ 1 PfDSlllm memory, .. thle 
wlN penneMfttly i.tch the bm. 

ounP,.A CP,J· C•I 
.. 1-2 

LMchM th9 COllllll'ltl d the ICCUlftUIMor Into "" .......... portP foroutput . --DECO. (II,)• (R,) - 1 ~thllcontllnta0f,.....R,.by1 Cn< 
, • 0-7 --------

""'"' CR.I• fR,) + t lncNmMts the contenta of ......... A, by 1. lnl! • 1 1 
, s 0-7 

-----llC" .. C(f\))· ((A,))+ 1 tnc.......ms by 1 u,. contMt8 Of the dN "'"'°"" '"" • • 1 1 
•• 0-1 ~.-Clftedbyblt90-51n,......,A.. 
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INSTRUCTION SET 

-- - --CALL... C(lll))• (PC),(PIW._7) ..._tMCGMll*Clfltll ......... Counm 
(SP)· CSP)+' Mdtl'9uppe1'4bllsalhPIW ....... ...... <PC..1.»-......... ~.., ............... Mdlne:fWMntaltll 
cPC..rt• ..... , contlntl.ot ... ltM*;Polntlr,-,.IMMbfou-

----'(l'C"-=''"''l-·_:-=:_ ___ _:l:::•::c .... =:::: ..... ..,.~ ... -•11andlMDllf. 
MT (IP) .. (IP)- t O.C.......thecontentlof .. llM:kflotntlr' 

(llCI· (llP)) ..,, .... ...._,ln .. PrDgNMCoul'llllr,._ 
cone.ntsaf .......... lpec:tftecl.., .. S&Kk 
,.,.., •KUtkll • ....,,, '"""Mltlrout!M 

..... (ll'l·IP)-1 
IOCI· 1111'11 
(NW._,J. HIP» 

...... ......,,.,. .... ,=•::_· ----­
DlcNIMnm ._coMlnt9 of ... 8IHtl PDIMlr 
by 1 and.._, In .. PIDgrHI Cou.,..,, tllll 
COl'llllnl9of .. .....,.4bbOltMPSW•ndtht 
conlenla olthl loclllton .,.etlld.., tMIDck 
PDln19r,a9Cullftg•Ntumfr'Olt'laullrllullnmwl9't 
...........,.aflNPIW. 

. .., 

.. 
•• 

-"""""' Eftllbllll""'"9ttmenuploftl"*""""lcountilr. 21 
ti 11111 Ollll'ftow COftdllOrl occura, 8*I M lntilrrupl ................ 

NEC 
--D, ... •• •• Da .... , .. o,elM .,... 

... .. ., .. .. , .. .. ' .. .. 
-··-·--------

0 0 0 0 

• .... 
t -,·· -·--.---,-

---------·--
' t z 1 

- -------· --- - --------.. """' ==c::..._ _______ __.Dl:::•::-=:::'-==-=="'=-""='"':::'°::::••ICOUl'lter. 31 0 D 1 D 0 1 1 1 

-A.• 1•1-(T) . ' 
llCWT,A. (T)-CAJ 

mll''ll:llT 
ITllT CNT 

ITllTT .................. - ........ IOOuMlr. .. 
lhetlmlr. ,.......,... ..,.,, .......... -· ........... -

..... ID Bi'llry lnMrudiDn cod9 ~,end 11 raprwenl llflCXlded......_..or thli ICMint-ordlr bll: 1r1111ue ol spectl..O ntglMlfl •ndporta. f9apect1Y81y 
II Elllc:Ution ol rM ADD. ADOC. and DA 1nlU'UCflOnl dlcltheelf1'/ fl9ol, wPllCfl n not !lhown 11'1 lhll rapK11w function mqamions The• 1retruction1 NI the carry flags Mien lhl19 11 an 

owrtlow in._ .-:cumulllkr (theAumllary Ceny Flmg•• Ntwhen the19 11anov.rtowO'lbie3 of the 9CCUmulalof'I anOdur lie c.rry ft8Qt wNn Nie is no overtlow Flags thml .,. 
tplCiflcllly acldNH9d ~ ftlig !NWUCllON8t8 lhCMn 1n IN function ~IOl'9 lot llOM 1nllfructlons 

~ ~lo.xir-..tdmat810ec:ifi9d•nbyte1 and.ior2iri"8opcodlefbCXJmtlt)llndlngnslructO'I 
II Theh9..,.ofnlorepeclflcl90"'9rS11ut111ows: 
•)Dnct~ 

Ran•B A2.n""A R,.n=C ~:n=E 
R,n .. 9 R,:n•B R,n=D A1 n=F 

b) lndll'ICt addrwalng 
@Ro n • O {&I A,. n = l 

~ The•.iueolnbllCJ8Clficports••t1Howa 
P,: n • t P •. n "' C P1 . n • E 
P2:n=A P5: ""'o Pfn"'F 

e n.t...iueolxbiapecif1C11CCUrnul..,oraddNslbll11••tollaws• 
•I JBbinstnM;tion 

e.,.x•l &i.x=5 B.:x=9 Bs•=D 
81 •·3 ~•=7 Bs:•=B B7 x•F 

bl ..MP 1Mtrucbon 
F'9ge0 • = 0 P9ge2 .... 4 P9ge4 .• " 8 ~6: • = c 
,. , x • 2 Pllge3' x = 6 PllgltS 1 .. A Page 7· x = E 

C) CAU.lnSlrUcllon 
PaigeO:. z, Pllg&2·. "s Page4 • = 9 Pllge6: II. D 
P9gitl.1•3 ,_.3x=7 Pmge!ix=B Pllge7::.:~F 
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CMOS 8·BIT 

SINGLE-CHIP 

MICROCOMPUTER 



NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 
µP080C48C/µPD80C35C 
(40 PIN PLASTIC DIP) 

µPD80C48/µPD80C35/µPD48 

CMOS 8-BIT SINGLE CHIP 
MICROCOMPUTER 
The NEC µPD80C48 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 1 K-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 µPD80C48 can be expanded using peripherals and memory com­
patible with industry-standard 8080A/8085A processors. A version of the µ.PD80C48 without 
ROM is offered ~y the µPD80C35. 

Providing compatibility with industry-standard 8048, 8748,and 8035 processors, the µP080C48 
features significant savings in power consumption. In addition to the power savings gained 
through CMOS technology, the µPD80C48 is distinct in offering two standby modes (Halt 
mode and Stop mode) to further minimize power drain. 

• 8-blt 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 µs 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 1/0 
• Bus compatible with 8080A/8085A peripherals 
• Power-efficient CMOS technology requiring a single +2.SV to +6V 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 µA typical supply current 

- Disabling of internal clock generation and internal logic 
Maintenance of RAM contents 
Mode initialization via hardware (Voo) 
Mode release via reset 

TO Vee 

XTALt T1 

XTAL2 P,, 

AES£f PH 

H •,. 
INT P,. 

EA P,, 

Ai> ... 
PSEii P,, 

Wli ... 
ALE P,, 

OB, P,, 

OB, P,. 

OB, P,, 

OB, Yoo 

OB, PROG 

OB, P,, 

oB, •,, 
OB, P,, 

v., ... 
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µPD80C48/µPD80C35/µPD48 

PIN IDENTIFICATION 

A. 
µPD80C48C/µPD80C35C 
(40 PIN PLASTIC DIP) 

B. 
µPDSOC48G/µPDSOC35G 
(52 PIN PLASTIC 
FLAT PACK) 

c. 
µP048G 
(44 PIN PLASTIC 
FLAT PACK) 

Noto: C!lTho pulse width of 
RESET must be a minimum of 
5 machine cycles in length 
following oscillator stabiliza· 
tion to reinitializa the processor 
and stabilize CPU operation. At 
power-up, the states of the 
output lines are undefined 
until completion of reset. 

c. 
18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30-37 

38 
39-42, 
11, 
13-15 

43 

1 

2· 1. 
9-10 

16 

17 

8. 

9 

10 

11 

12 

15 

16 

17 

18 

19 

20 

21 

22-25. 
28·31 

32 
34-37. 
so. 
2, 4, 5 

38 

40 

42-49 

6 

1 

PIN 
A. SYMBOL 

1 TO 

2 XTALl 

3 XTAL2 

4 RESET 

5 SS 

6 INT 

1 EA 

8 RD 

9 PSEN 

10 WR 

11 ALE 

12·19 DB0-DB7 

20 Vss 
21-24. P20.P27 
35·38 

15 PROG 

26 vaa 

27-34 P1o·P17 

39 Tl 

40 Vee 

NEC 
NAME FUNCTION 

Toll 0 THtable input using conditional jump instructions JTO 
and JNTO. Also enables clock output ~ia the ENTO 
CLK instruction. 

erystol 1 One of two inputs for external crystal oscillator or LC 
circuit to g1Mrat1 internal clock signals. May also be 
usad as an input for external clock signals. 
(Non-TIL-compatiblo V1H.I 

erystal 2 One of two inputs for external crystal oscillator or LC 
circuit to generate internal clock signals. 
(Non·TIL-compatiblo V1H.I 

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

Single Stop Active-low input line, that, in conjunction with ALE, 
causes the processor to singla-step through a program 
one instruction at a time. 

Interrupt Active-low input line that causes an interrupt if an 
enable instruction has been eJCecuted. A reset disables 
tha interrupt. May be used 11 a tastablt input with a 
conditional jump instruction. Can also be used to 
release the Halt mode. 

External Input line that inhibits internal program memory 
Access fetches and initiates access of external program 

memory. Emntial for system testing and may also be 
used for program debugging. 

Raad 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 uternal data memory. 

Ad dross Output line for address latch enable. At ttte falling edge 
Latch Enable of ALE, the address of either external data memory or 

uternal program memory is available on the bus. 

Bus These 1/0 lines constitute an 8-bit bidirectional data/ 
address bus. Synchronous read and ~te Opfil1ions 
can be performed on this bus using RO and WR signals. 
Date driven out on the bus by an OUTL BUS instruc-
tion is statically latched. 
The 1ddrass of uternal 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 uternal pro-
gram memory address are driven out on the bus and 
the addressed instruction is fetched using PSEN. When 
no l1Cternal memory is ustd, the bus can serve as a true 
bidirection~·bit p_.!!!!. Information is strobed in or 
out by the RO and WR signals. 

Ground Ground potential. 
Port 2 These lines constitute Port 2, an 8-bit quasi-bidirectional 

port. During e)(ternal program memory fetches P20-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 1/0 e1Cpander bus to interface with the 
optional µ.P082C43 1/0 expandar. 

Program This line is u•d as an output strobe when mterfacing 
Pulse with the optional µPD82C43 1/0 upander. 

Oscillator This input line is used to control oscillator stopping and 
Control restarting in Stop mode. Stop mode is enabled by 
Voltage Line forcing Voo Low during a reset. 
Port 1 These lines constitute Port 1, an 8-bit, generalpurpose 

quasi-bidirectional port. 

1 .. 11 Testable input using conditional jump instructions JTl 
and JNT1. Can also be used as the timer/counter input 
line 11ia the STRT CNT instruction. 

Primary Power supply. Vee must be between +2.5V to +6V 
Power for normal operation. In Stop mode. Vee must be at 
Supply least +2V to ensure data retention_ 
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NEC 
PIN CONFIGURATION 
µP080C48G/µP080C35G 
(52 PIN FLAT PACKAGE) 

PIN CONFIGURATION 
µPD48G 
(44 PIN FLAT PACKAGE) 

NC 
P25 
NC 

P26 
P27 
Tl 

Vee 
NC 
TO 

XTAL1 
XTAL2 
RESET 

NC 

µPD80C48/µPD80C35/µPD48 

zz~~~~~~~~~za 
n n .co. ....i 01 ui ,o.. w...., .... o no 

µPDBOC48G 

NC 
PROG 
P23 
P22 
P21 
P20 

Vss 
087 
086 
085 
084 
NC 

•INTERNAL CONNECTION, IT IS PROf-llBITEO TO USE PIN 33 

Voo 
P10 
P11 
P12 
P13 
P14 
P15 
NC 

P16 
P17 
P24 

z"'O"'O"'O-i<-ixxz:JJI n,...;,Nrv-n O-i-tnm 
U'l(J)-..1 (") }>)> (I) 

rr m 
- ,, -I 
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083 
082 
081 
080 
ALE 
Wi'i 
PSEN 
ITTi 
EA 
INT 
ss 



1-1PD80C48/1JPD80C35/1JP048 NEC 
BLOCK DIAGRAM 

Port 2 Ulcll (Low•) 
Md E1p.1nd9r 

Po•llO 

- --+2.IV1o+!UY ~ - -_......., 
Vao SlMldby "-t Control 

... iiff RESET 

.... - ... _ -_._.. 

ABSOLUTE MAXIMUM 
RATINGS* 

ControllnclTlnllng 
llTAI. ..... ·- .. I 2 ••• .... ii iii Wii 

c.,_,, -- ._ ........ --l<J ...._, 
.. _ - - ·-- --.. _ 

........ Cloe• 

T• • 25°C 

Operating Temperature. T 0pt 

Storage Temperature (Plastic Package). Totg 

Voltage on Any Pin. V1/0 

Supply Voltage. Vee 

Power Dissipation, Po 

-· 
..... ..... 
.._ .... 
Cony 

"= 

with Ice= m.x. 8 mA and Vee= 5V nominal Po= 40 mW 

-· -· -· -· I -· -· -· ...__ 
(v.rt.bleWIDtdL.engtll) ------ReeldllttO..._,-RAll 

(9hl) 

-40"C to +85°C 

-65°C to + 150°C 

Vss -0.3V to Vee +-0.3V 

Vss -0.3 to +1DV 

40mW 

•coMMENT: Exposing the device to stresses above those li5ted 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. 
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NEC 1-1PD80C48/1JPD80C35/1JP048 

DC CHARACTERISTICS Standard Voltage Range 

Ta= -40°C to +85°e; Vee= +5V ± 10 %, Vss = OV 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage V1L -0.3 0.8 v 

V1H 
All except XTALl, XTAL2, vce Vee v RESET -2 

Input High Voltage 
Vee V1Hl RESET,XTALl,XTAL2 -1 Vee v 

Output Low Voltage VoL IOL = 2.0 mA 0.45 v 

VOH 
Bus. RD, WR, PSEN, ALE, 2.4 v PROG, TO; IOH = -100 µA 

Port 1, Port 2; 

Output High Voltage VoHl© 
loH = -5 µA (Type 0) 

2.4 v 
Port 1, Port 2; 
IOH = -50 µA (Type 1) 

VoH2 
All outputs; vcc v 
loH = -0.2µA -0.5 

Port 1, Port 2; -15 -40 µA 
V1N <;;VIL (Type 0) 

Input Current l1LP© 
Port 1, Port 2; 
V1N <;;VIL (Type 1) 

-500 µA 

llLC 
SS, RESET; -40 µA 
V1N <;;VIL 

1u1 
Tl, INT, Voo; ± 1 µA 

Input Leakage Current 
Vss<;;V1N <;;Vee 

ILl2 EA; Vss .;v1N <vcc ±3 µA 

Output Leakage Current ILO 
Bus, TO, High-Impedance ±1 µA 
State; Vss <vo <vcc 

1ce1 Halt mode; ICY = 2.5 µs 0.4 0.8 mA 
Standby Current 

1ec2 Stop mode@ 1 20 µA 

Supply Current ice ICY= 2.5 µs 4 8 mA 

Data Retention Voltage vccoR 
Stop m!!!!!..__ 

2.0 v (Voo. RESET .;o.4V) 
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µP080C48/µP080C35/µP048 NEC 
DC CHARACTERISTICS Extended Voltage Range 

Ta= -40°C to +B5°C; Vee= +2.5V to +6V; Vss = ov 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage V1L -0.3 
D.18 

v 
vcc 

Input High Voltage (All 
V1N 

0.7 
vcc v 

Except XTAL 1, XTAL 21 vcc 

Input High Voltage 
V1H1 

0,8 
vcc v (XTAL 1, XTAL 2) Vee 

Output Low Voltage VoL IQL = 1.0 mA 0.45 v 

Q!!.tp.!!!_H!9!!_lloltage (Bus, D.75 v RD, WR, PSEN, ALE, VoH IQH = -lOOµA Vee 
PROG, TD 

Port 1, Port 2; 

Output High Voltage VQH1 
IOH = -lµA (Type 01 

0.7 v 
(All other Outpuul Port 1, Port 2; Vee 

loH =-lDµA (Type 11 

Output High Voltage 
VOH2 loH = -0.2µA Vee v (All Outputs) -0.5 

Input Leakage Current V1N ,,;;vlL (Type DI -15 -40 µA 
(Port 1, Port 2) llLP 

V1N ,,;;vlL (Type 11 -500 µA 

Input Leakage Current 
llLC V1N ,,;;vlL -40 µA 

(SS, RESET) 

Input Leakage Current 
l1L1 vss <V1N <Vee ± 1 µA 

(Tl,INT) 

Input Leakage Current 
llL2 Vss <V1N <Vee ±3 µA (EAi 

Output Leakage Current 
(Bus, TO - High IOL Vss<vo <vcc ±1 µA 
Impedance State) 

Vee= 3V, ICY= 10µs 0.8 1.6 mA 
Supply Current ice 

Vee= 6V, icy= 2.5 µs 6 12 mA 

Vee= 3V, ICY= 10µs 100 200 µA 
Halt Mode Standby Current 1cc1 

Vee= 6V, ICY= 2.5 µs 0.6 1.2 mA 

Vee= 3V 1 20 µA 
Stop Mode Standby Current 1cc2 

Vee= 6V 1 50 µA 

Notes: 11.1 Type 0 and type 1 options apply only to the µPD80C48; the µPD80C35 is type O only. 
Input Pin Voltage is V1N. V1L. or V1N. VIH· 

(2.) Type 0 is mask version with IOH = -5 µA for each Port Line. 
Type 1 is mask version with loH = -50 µA for each Port Line. 
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NEC 1JPD80C48/1JPD80C35/1JPD48 

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

T• = -40°C to +85°C; Vss = OV 

TEST vee = +sv ± 10 " 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

ALE Pulse Width ILL 400 

Address Setup before 
'AL 120 

ALE 

Address Hold from ALE ILA © 80 

Control Pulse Width 
ICC 700 IPSEN, Rii, WR) 

Dela Setup before WR •ow 500 

Data Hold alter WR IWD @ 1~0 

Cycle Time ICY 2.5 150 

Data Hold IDR 0 200 

PSEN, RD to Data in tRD 500 

Address Setup before WR tAW © 230 

Address Setup before 
IAD 950 Data in 

Address Float to RD. 
tAFC 0 PSEN 

Control Pulse to ALE ICA 10 

AC CHARACTERISTICS Port 2 Timing 

Ta= -40°C to +85°C; Vss = ov 

TEST vee = +sv ±10" 
PARAMETER SYMBOL CONDITIONS Mii TYP MAX 

Port Control Setup before 
•cP @ 110 Falling Edge ol PROG 

Port Control Hold alter IPC1 @.® 0 80 
Falling Edge of PRDG IPC2 @,® 460 

PROG to Time P2 Input 
IPR 810 must be Valid 

Output Data Setup Time top @ 250 

Output Date Hold Time IPD 65 

Input Data Hold Time IPF 0 150 

PROG Pulse Width tpp 1200 

Port 2 1/0 Data Setup tpL 350 

Port 2 1/0 Data Hold ILP 150 

Notes:© For Control Outputs; CL= 80 pF;for Bus Outputs: CL= 150 pF. 
@CL= 20pF 
@For Control Outputs: CL= 80 pF 

Vq_= +2.5V to &V 
MIN TYP MAX 

2160 

1620 

330 

3700 

3500 

370 

10 150 

0 : 950 

12750 

3230 

5450 

500 

10 

Vee = +2.SV to &V 
MIN TYP MAX 

860 

0 200® 

2400 

5310 

3250 

820 

0 900 

6450 

2100 

1400 

® Refer to the operating characteristic curves for Supply Voltage and Port Control Hold. 
®ICY= 2.5 µs with Vee= 5V ± 10 % 
®ICY= 10 µs with Vee= +2.5V to +5.5V 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



pPD80C48/pPD80C35/pPD48 

BUS Timing Requirements 

SYMBOL TIMING FORMULA 

tLL (7/301 T-170 

tAL (1/51 T- 380 

tLA (1/301T 

tee (2/51 T-300 

tow (2/51 T-500 

two (1/301T + 40 

tOR (1/101T-50 

tRO (3110) T- 250 

tAW (2/51 T-770 

tAO (3/51 T-550 

tAFe (1/151 T-165 

tep (1/101 T -140 

tPR (3/51 T-690 

tpf (1/101 T -100 

top (2/51 T-750 

tpo (1/101. T - 180 

tpp (7/101 T - 550 

tpL (7/301 T -230 

tLP (1/61 T - 265 

No1M: T=tev 
Unlisted parameters are not affected by cycle time 
teY = (1/fXTALl >< 15 

NEC 
MIN MAX UNIT 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

·• ns 

• ns 

• ns 

• ns 

• ns 

• ns 
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NEC 1.1PD80C48/µPD80C35/µPD48 

Instruction Fetch from External Memory 

TIMING WAFEFORMS 

ALE__J L 

BUS It= Floating 

Address tAD~-

Read from External Data Memory 

'""i---------- tcv -------i 
!-- tLL --I 

ALE_J I~-------~ 

Bus Floating 

Write to External Memory 

ALE_J 

WR 

Floating 

L 

L 

-~ Ad\"" I :j tow ~ 
Bus Floating x ; x Floating x Data x,----Fl_oa_t-ing __ _ 

~tAW~ 
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1JPD80C48/1JPD80C35/IJ PD48 

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

CPU 

osc __ mm_ nrr __ rum ____ _ 
Internal 
Clock 

Halt 
Mode 

21 Stop Mode 

voo 

osc 

Internal 
Clock 

CPU 

J1fl __ _ 

Port 2 Timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Output 

PROG 

PCH 

PCH 
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1 Instr INT Execute 

_ ____ rum ___ _ 

ADRS OOOO(H) 

tCA 



NEC 
OPERATING CHARACTERISTIC CURVES 

Output High Current vs. Output High Voltage 

Output High Current vs. Supply Voltage 

1 
J 

-150-li 

J -100-ID 

t 
I 

-50 -5 

1 •-,•UY 

v 
I 

71 
• • 

SuHIY ¥0ftal9, Yee: CVJ 

Output Low Current vs. Supply Voltage 

l 

Li 

T VDL = O.ISY 

Y1 
I7 

V1 I 

/ 

l .. ' 
!kipplw Voit.gm. Vee (VI 

1-1PD80C48/1JPD80C35/1JP048 

Output High Current vs. Output High Voltage 

Ycc=411V 

1 
J -10 1-__,f---t-\--+--+--+---+ 

J 
t 
l 
& ·51-__,---+-'<--+-+--+--+---+ 

Output High Current vs. Supply Voltage 

vOH,: Yee -0 SY 
I- ---

~ -0 4 1--~l---+--+--+---4---1 

J 

J 
t I .. y 

v 
/ 

Output Low Current vs. Output Low Voltage 

Yee .... IV 

ID 
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µPD80C48/µPD80C35/µPD48 

OPE RA TING CHARACTERISTIC CURVES (Cont.) 

Supply Current vs. Oscillation Frequency 

_:r--

O.O:J~- ---'---'---l-J 

0.5 

Osc1H•ti0n Fiwquency. f(MH1}. (I • 1!51tcvl 

Cycle Time vs. Supply Voltage 

100 ~-+--+---+----+----+--+-----I 

j 
9 20 

.t .• ~-+---4-+----+----+--+-----1 
i ~ 
('j 5 1---1--+-""".-+1'---.+-----1---1 

NEC 
f>.ort Control Hold After PROG, tpc Max (µPD80C48), 
and Address to Output Delay, tacc Min (µPD82C43), 
vs. Supply Voltage - - -

Supply Current vs. Oscillation Frequency 0 

~ ___ _,__,____, __ v~~ 

.L 

,J . ' • 5 

Current Consumption as a Function of Temperature - Stop Mode 

' ' -. 
·::? 
Y• 

- •D 25 

T.-npt••ture. r. ('CJ 

Note: 0 External oscillation is assumed for frequency less 
than 1 MHz. Internal oscillation requires more power. 
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NEC 
PACKAGE DIMENSIONS 
µPD48G 
44 PIN PLASTIC 
FLAT PACK 

ITEM 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

1JPD80C48/ 1J PD80C35/1J PD48 

MILLIMETERS INCHES 

13.6 ± 0.4 0.54 ± O.Q16 

10 .394 

O.B ± 0.15 .03 ± 0.006 

.35 + 0.3 .014 + .01 
- 0.1 - .004 

B.O ± 0.3 .315 ± .012 

1.0 ± 0.2 .39 ± .008 

0.15 + 0.10 .006 + .004 
- 0.05 - .002 

0.0 ± 0.1 0.0 ± .004 

1.4 + 0.2 0.06 + 0.008 
- 0.1 - 0.004 

0.2 min 0.008 min 

0.0 ± 0.2 0.0 ± 0.008 

1.8 ± 0.2 0.071 ± 0.008 

A 

A 

C D 

Lead bend (enlarged view) 
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1.1PD80C48/1.JPD80C35/1.JP048 

PACKAGE DIMENSIONS 
µPD80C48G/C35G 
52 PIN FLAT PACK 

ITEM 

A 

B 

c 

D 

E 

F 

G 

I 

J 

_L 
T 

F 

MILLIMETERS 

14.0 + 0.3 
- 0.2 

12.0 ± 0.3 

1.0 ± 0.15 

0.4 + 0.2 
- 0.1 

3.5 ± 0.2 

0.15 + 0.10 
- 0.05 

2.2 ± 0.2 

21.0 ± 0.4 

2.8 max 
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NEC 
INCHES 

.55 

.472 ± .012 

.039 ± .006 

.016 + .OOB 
- .004 

0.14 ± 0.008 

.006 + .004 
- .002 

.087 ± .008 

.811 ± 0.16 

.110 max 



NEC 
PACKAGE DIMENSIONS 
µPDBOC35C/C48C 
40 PIN PLASTIC DIP 

µPD80C48/µPD80C35/µPD48 

ITEM MILLIMETERS INCHES 

A 53.34 MAX. 2.100 MAX. 

B 2.54 MAX. 0.100 MAX. 

c 2.54 IT. P.) 0.100 IT. P.) 

D 0.50 ± 0.10 0.020 + 0.004 
-0.005 

F 1.2 MIN. 0.047 MIN. 

G 3.6 ± 0.3 0.142 ± 0.012 

H 0.51 MIN. 0.020 MIN. 

I 4.31 MAX. 0.170 MAX. 

J 5.72 MAX. 0.226 MAX. 

K 15.24 (T. P.) 0.600 (T. P.) 

L 13.2 0.520 

M 0.25 + 0.10 
0.010 + 0.004 

-0.05 -0.003 

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. 

~LILILI: LILI LILI:-U LILI LI LILI LI WLI;I 
A 

:~ 
D CB 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 
µPD80C49C/µPD80C39C 

(40PIN PLASTIC DIP) 

µPD80C49/µPD80C39/µPD49 

CMOS 8-BIT SINGLE CHIP 
MICROCOMPUTER 
The NEC µPD80C49 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 a 2K-byte ROM, a 128-byte RAM, 271/0 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 µPD80C49 can be expanded using peripherals and memory com­
patible with industry-standard 8080A/8085A processors. A version of the µPDBOC48 without 
ROM is offered by the µPD80C39. 

ProvidingcomPatibility with industry-standard 8049,8749, and 8039 processors, the µPD80C49 
features significant savings in power consumption. In addition to the power savings gained 
through CMOS technology, the µPD80C49 is distinct in offering two standby modes (Halt 
mode and Stop model 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 
• 128x8RAM 
• 27 1/0 lines 
• 1.875 I"' 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 1/0 
• Bus compatible with 8080A/8085A peripherals 
• Power~fficient CMOS technology requiring a single +2.SV 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 µA typical supply current 
- Disabling of internal clock generation and internal logic 
- Maintenance of RAM contents 
- Mode initialization via hardware (Vool 
- Mode release via reset 

TO Voe 

XTAL1 T1 

XTAL2 •,, 
RfID PK 

H ... 
INT •,. 
EA •., 
iiD ... 

PSEN •., 
WR ... 

ALE P,, 
OB, •,, 
OB, •,. 
oa, .. , 
DB, '•• 
DB, PROG 

OB, •,, 
DB, •,, 
DB, P,. 
v,. P,. 

3-27 



µPD80C49/µPD80C39/µPD49 

PIN IDENTIFICATION 

A. 
µPDBOC49C/µPD80C39C 
(40 PIN PLASTIC DIP) 

B. 
µP080C49G/µPD80C39G 
(52 PIN PLASTIC 
FLAT PACK) 

c. 
µPD49G 
(44 PIN PLASTIC 
FLAT PACK) 

Noh: <!>The pulsa width of 
RESET must be a minimum of 
5 machine cycles in length 
following oscillator stabililil· 
tion to ntinitialize the processor 
and stabilize CPU oper1tion. At 
power-up, the states of the 
output lines are und1fined 
until completion of reset. 

c. 
18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30-37 

38 
39-42, 
11, 
13-15 

43 

1 

2· 7, 
9·10 

16 

17 

B. 

9 

10 

11 

12 

15 

16 

17 

18 

19 

20 

21 

22-25, 
28·31 

32 
34-37. 
50, 
2.4, 5 

38 

40 

42-49 

6 

7 

PIN 
A. SYMBOL 

1 TD 

2 XTALl 

3 XTAL2 

4 RESET 

5 SS 

6 INT 

7 EA 

8 RD 

9 PSEN 

10 WR 

11 ALE 

12-19 DBo·DB7 

20 Vss 
21-24. P20.P27 
35·38 

25 PROG 

26 Voa 

27-34 P10.P17 

39 Tl 

40 Vee 

NEC 
NAME FUNCTION 

Test 0 Testable input using conditional jump instructions JTO 
and JNTO. Also enables clock output via the ENTO 
CLK instruction. 

Crystal 1 One of two inputs for external crystal oscillator or LC 
circuit to g1n1r1t1 internal clock stgnals. May also be 
used as an input for external clock signals. 
(Non·TTL;:ompatible V1H.I 

Crystal 2 Ona of two inputs for external crystal oscillator or LC 
circuit to g1n1rate internal clock signals. 
(Non-TTL;:ompatibla V1H.I 

Resit Active-low input line that initi1lizes the processor. 
Also used to ralaasa both the Hilt and Stop modes. ~ 

Single Step Actiye~ow input lina, that, in conjum::tion with A LE, 
causes th1 processor to single·step through a program 
on1 instruction at a tima. 

Interrupt Activa-low input line that caustt: 1n interrupt if an 
enable instruction has been executed. A reset disables 
the interrupt. M1y be used as 1 test1bl1 input with a 
conditional jump instruction. Can alSD be used to 
release the Halt mode. 

External Input tina that inhibits internal program memory 
Access fetches and initiates 1ccess of external progr1m 

mamory. Essential for system tasting and may also be 
used for program debugging. 

Read Active-low output strobe line that is used to r11d data 
from external data memory. 

Program Active-low output line that is used to fetch instructions 
Store Enable from ext1rnal program memory. 

Write Activs-low output strobe lina that is used to writ• dlta 
into 1xtarnal data memory. 

Address Output line for 1ddrns latch enable. At the fallint edge 
latch Enabl1 of ALE, the address of either 1xtarn1I data memory or 

axtern1I program memory is IVlilable on th1 bus. 
Bus Th818 1/0 lints constitute en 8-bit bidirtctional data/ 

1ddrea bus. Synchronous read and ~18 op!!!(ions 
can bl pertormed on this bus using RD and WR signals. 
Oata driv1n out on th1 bus by 1n OUTL BUS instruc· 
tion is statically latched. 
The addr1ss of ext1rn1I memory is available on th1 bus 
at the filling adge of ALE when r1ading from exttrnal 
program memory or writing to and r11ding 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 ind 
the addressed instruction is fetched using PSEN. When 
no external memory is used, the bus c1n serve as a true 
bidir1ction~-bit P.!n- Information is strobed in or 
out by tho RO and WR signals. 

Ground Ground potantial. 
Port 2 These linas constitute Fbrt 2, an 8-bit quasi-bidirectional 

port. During axternal progr1m memory fatchas P20-P23 
output tha most.significant 4 bits of the external pro· 
gram memory address. lints P20-P23 can also be u•d 
as a 4-bit 1/0 expander bus to interftte with the 
optional µPD82e43 110 expander. 

Program This line is used as an output strobe 'Niian interfacing 
Pulse with the optional µP082C43 1/0 expander. 
Oscillator This input line is used to control oscillator stopping and 
Control restarting in Stop mode. Stop mode is enabled by 
Volt199 line forcing Vaa low during a reset. 
Port 1 These lines constitute Port 1, an 8-bit, g1n1ralpurpo• 

quasi-bidirectional port. 
Testl Testabla input using conditional jump instructions JT1 

and JNTl. Can also be used as the timer/counter input 
line via the STAT CNT instruction. 

Primary Power tupply. Vee must be batMen +2.5V to +6V 
Power for normal operation. In Stop mode, Vee must be at 
Supply l11st +2V to ensure data retention. 
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NEC 
PIN CONFIGURATION 
µ80C49G/µPD80C39G 
(52 PIN FLAT PACKAGE) 

PIN CONFIGURATION 
µPD49G 
(44 PIN FLAT PACKAGE) 

NC 
P25 
NC 

P26 
P27 
T1 

Vee 
NC 
TO 

XTALl 
XTAL2 
RESET 

NC 

µ PD80C49/µ PD80C39/µ PD49 

µPD80C49G 

NC 
PROG 
P23 
P22 
P21 
P20 

V55 
DB7 
DBS 
DB5 
DB4 
NC 

• INTERNAL CONNECTION. IT IS PROHIBITED TO USE PIN 33 

Voe 
P10 
P11 
P12 
P13 
P14 
P15 
NC 

P16 
Pl 7 
P24 
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082 
081 
080 
ALE 
WR 
PSEN 

EA 
INT 
SS 



J,1PD80C49/JJPD80C39/JJPD49 

BLOCK DIAGRAM 

Te111 

. 
0Ktll•tor 

C? 
PortJutCft(\.-41 

and f:• .. ftd91' 
IPortllO 

POW9I' -•2.SY'° +6.0V ~' -·. --.. 
VaoStllftdby.,_,COntrol 

---·- iili ..... 
... - ----

ABSOLUTE MAXIMUM 
RATINGS• 

ITAL XTAL 

"""" .. . • .... 
c._, -- ...... 

10 --· -·- °"" - c ...... c-

Ta•26°C 

Operating Temperature, T opt 

.... ii 

-- _ .. - --

Storage Temperature lPlastic Package}, Tstg 

Voltage on Any Pin, VIJO 

Supply Voltage, Vee 

Power Dissipation, Po 

iii; Wii 

--

-· ..... ..... ._ .... 
COny ... 

with Ice= max. 8 mA and Vee= !iV nominal Po= 40 mW 

NEC 

--· _, 
-· -· -· I -· -· -· ...__ .................... , ------

Resident a.a M9rnorv - AAM 
1121.a1 

-40°C to +85°C 

-05°C to + 150°C 

Vss -0.3V to Vee +-0.3V 

Vss -0.3 to +10V 

40mW 

'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. 
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NEC 1JPD80C49/1JPD80C39/1JPD49 

DC CHARACTERISTICS Standard Voltage Range 

Ta = -4D°C to +85°C; Vee = +5V ± 1 D "· Vss = ov 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS _MIN TYP MAX UllT 

Input Low Voltage V1L -D.3 D.8 v 

V1H 
All except XTAL 1, XTAL2, Vee vcc v RESET -2 

Input High Voltage 
vcc ViHl RESET, XTAll, XTAL2 -1 vcc v 

Output Low Voltage VOL IOL = 2.0 mA 0.45 v 

VOH 
Bus, RD, WR, PSEN, ALE, 2.4 v PROG, TO; IOH = -lDOµA 

Port 1, Port 2; 

Output High Voltage VOHl© 
IOH = -5 µA (Type 0) 

2.4 v 
Port 1, Port 2; 
loH = -5D µA (Type 1) 

VOH2 
All outputs; vcc v 
IOH = --0.2 µA -0.5 

Port I, Port 2; -15 -40 µA V1N <:V1 l (Type 0) 
Input Current llLP© 

Port I, Port 2; 
VIN <:V1L (Type 1) -SOD µ.A 

llLC 
SS, RESET; -40 µ.A 
V1N <:V1L 

1u1 
Tl, INT, Voo; ±1 µ.A 

Input leakage Currant 
vss <:v1N <:vee 

1u2 EA; Vss .;;v,N .;;vee ±3 µ.A 

Output Leakage Currant ILO 
Bus, TD, High-Impedance ±1 µA State; Vss .;;vo .;;vce 

1cc1 Halt mode; ICY = 2.5 µ.s D.4 0.8 mA 

Standby current ICC! Halt mode; ICY = 1.875 µ.s D.5 1.D mA 

1cc2 Stop mode <2> 1 20 µA 

•cc ICY= 2.5 µ.s 5 1D mA 
Supply Current 

ice ICY= 1.875 µ.s 6 12 mA 

Data Retention Volttga vccoR 
Stopm~ 2.D v (Yoo. RESET .. 0.4V) 
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µPD80C49/µPD80C39/µPD49 NEC 
DC CHARACTERISTICS Extended Voltage Range 

Ta= -40°C to +85°C; Vee= +2.SV to 6.0V; Vss = ov 

LIMITS 
PARAMETER SYMBOL TEST CONOITIDNS MIN TYP MAX UNIT 

Input Low Voltaga V1L -0.3 
0.18 v 
Vee 

Input High Voltage (All 
V1N 

0.7 
Vee v Except XTAL 1, XTAL 2) Vee 

Input High Voltage 
ViH1 

0.8 
vcc v IXTAL 1, XTAL 2) vcc 

Output Low Voltage VOL lot= 1.0 mA 0.45 v 

lli!_tp_!!!_H!&!!..Y.oltage (Bus, 
0.75 RD, WR, PSEN, ALE, VoH IOH = -100µA v 

PROG, TO vcc 

Pon 1, Pon 2; 

Output High Voltage 'oH = -1 µA (Type O) 0.7 v 
(All other Outputs) VoH1 Pon 1, Port 2: Vee 

loH = -10µA (Type 1) 

Input Leakage Current V1N ..:v1 L (Type 0) -15 -40 µA 
(Pon 1, Pon 2) llLP 

V1N ..:v1L (Type 1) -500 µA 

l!!f?.ut Leakage Current 
liLC V1N <;;VIL -40 µA (SS, RESET) 

Input Leakage Current 
liL1 Vss <V1N <Vee ±1 µA 

(Tl, INT) 

Input Leakage Current 
llL2 Vss <v1N <vcc ±5 µA (EA) 

Output Leakage Current 
(Bus, TO - High lot Vss<vo <vcc ±1 µA 
Impedance State) 

Vee= JV, tcv = 1oµs 0.8 1.6 mA 

Supply Current ice Vee= 6V, ICY= 2.5µs 8 15 mA 

Vee= sv, tcv = 1.a75µs 10 20 mA 

vcc =JV, tcv = 1oµs 100 200 µA 

Halt Mode Standby Current 1cc1 vcc = sv, tcv = 2.5 µs 0.6 1.2 mA 

vcc = sv, tcv = 1.875µs 0.7 1.4 mA 

vcc =JV 1 20 µA 
Stop Mode Standby Current 1cc2 

vcc = sv 1 50 µA 

Matts: (1.) Type 0 and type 1 options apply only to the µPD80C49; the µPD80C39 is type O only. 
Input Pin Voltage is V1N. V1L. or VIN. ViH· 

(2J Type 0 is mask version with loH = -5 µA for each Pon Line. 
Type 1 is mask version with IQH = -50 µA for each Port Line. 
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~EC 1.1PD80C49/1.1PD80C39/1.1PD49 

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

Ta= -40°C 10 +85°C; Vss = ov 
TEST Vee = +5V ± 1 D " 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

ALE Pulse Width ILL 270 

Addre• Setup bafora 
tAL 90 ALE 

Addrea Hold from ALE ILA <D 60 

Control Pulse Width 
ICC 450 (PSEN, RD, WR) 

Data Setup before WR raw 250 

Data Hold after WR two ® 100 

Cycle Time ICY 1.875 150 

Data Hold taR 0 130 

PSEN, RD to Data in tRD 310 

Addre• Setup before WR tAW <D 150 

Address Setup before 
IAD 575 Data in 

Address Float to RD, 
tAfC 0 PSEN 

Control Pulsa to ALE ICA 10 

AC CHARACTERISTICS Port 2 Timing 

Ta = -4D°C to +85°C; Vss = OV 

TEST V..n_ = +5V ± 10" 
PARAMETER SYMBOL COIOITIONS MIN TYP MAX 

Port Control Setup before 
tcp @ 110 Falling Edge of PROG 

Port Control Hold after 1PC1 @.® 0 80 
Falling Edge of PROG 

1PC2 @.® 300 

PROG to Time P2 Input 
IPR 650 must be Valid 

Output Data Setup Time tap @ 200 

Output Data Hold Time tPD 20 

Input Data Hold Time lpf 0 85 

PROG Pulse Width tpp 760 

Port 2 1/0 Data Setup 'Pl 205 

Port 2 1/0 Data Hold tLP 45 

Notes: <D For Control Outputs: Cl= 80 pf; for Bus Outputs: CL = 150 pf. 
®Ct= 20pf 
@For Control Outputs: CL= 80 pf 

Vee • +Z.SV to &V 
MIN TYP MAX 

2160 

1620 

330 

3700 

3500 

370 

10 150 

0 950 

2750 

3230 

5450 

500 

10 

V..n_ 2 +Z.SV to IV 
MIN TYP MAX 

860 

0 200® 

2400 

5310 

3250 

820 

0 ' 900 

6450 i 
2100 

1400 

@ Reier 10 the operating charactaristic curves for Supply Voltage and Port Control Hold. 
® tcy = 2.5 µs with v cc = 5V ± 1 o % 
®ICY= 10 µs with Vee= +2.5V to +5.5V 
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ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



µP080C49/µPD80C39/µPD49 

BUS Timing Requiremenu 

SYMBOL TIMING FORMULA 

ILL (7/30) T - 167 

lAL (1/5) T -285 

!LA (1/30) T 

tee (2/5) T-300 

tow (2/5) T-500 

two (1/30) T + 40 

!OR (1/10) T - 50 

lRD (3/10) T - 250 

!AW (2/5) T-600 

lAD (3/5) T- 550 

!AFC (1/15) T -125 

1cp (1/10) T - 87 

IPR (3/5) T-475 

lPF (1 /10) T - 100 

top (2/5) T-550 

!PD (1/10) T - 167 

tpp (7 /10) T - 550 

IPL (7 /30) T - 230 

lLP (1/6) T-265 

Notes: T = tcy 
Unlisted parameters are not affected by cycle time 
tcv = (1/txTALl x 15 

NEC 
MIN MAX UNIT 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 

• ns 
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ttiEC 1-1PD80C49/1JPD80C39/1JPD49 

Instruction Fetch from External Memory 

TIMING WAFEFORMS t---~~~~~-•cv 
tLL --1 

ALE __J ..... I ---------J' 
~ tee -l-- ICA --l 

ILA 

BUS 

Address 
It= 

tAD~-

Floating 

Read from External Data Memory 

1-oi---------- tcv -------i 
1-- tLL --J 

ALE __J ..... I _________ __. 

L 

L 

Address -~ ~tDRr,: __ 
Bus Floating Floating Data Floating 

--IAD~ 
Write to External Memory 

ALE_J L 
I- ICC --t--'CA-j 

WR 

Address I I IWD 
-~~---. \ :::jtDw !:::::j,_ ______ _ 

Bu• Floating X ~ X Floaung X Data X....._ __ F1_oa_•i_ne __ _ 

~tAW~ 
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1-1PD80C49/1JPD80C39/1JP049 

Low Power Standby Operation 
11 Halt Mode (When E 11 

CPU 

osc 

Internal 
Clock 

Halt 
Mode 

21 Stop Mode 

voo 

osc IlI1 __ _ 
Internal 
Clock 

CPU 

Port 2 Timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Output 

PROG 

PCH 

PCH 

tt/EC 

1 Instr INT Execute 

_____ I1IUl ___ _ 

ADAS OOOO(H) 

tcA 
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NEC 
OPERATING CHARACTERISTIC CURVES 

Output High Current vs. Output High Voltage 

• .!: -400 1----lf----+--\--+---+--+-~ 

J 

I 
t l -... >--+----+-----+-4---+--+--< 

. ' . 
~ .............. V ... {YJ 

Output High Current vs. Supply Voltage 

~ 
J 

-1SCI -15 

J -100-10 

t 
l 

-SO -5 

v_," :1!•'11 

I 

l 
I 

Output Low Current vs. Supply Voltage 

• 
SuPflly VOll999_ Vee (V) 

V°'- .:OOV 

1J PD80C49/ 1J PD80C39/µ PD49 

Output High Current vs. Output High Voltage 

~ 
J -,. 1----1--+--\--+---+--+-~ 

J 
t 
L. t--+---+--"r---+-+--+-+-----f 

Oulput High ........ YOM, (Y) 

Output High Current vs. Supply Voltage 

~ -U 1----1---+--+--+--+-~ 
J 

] I /1 

J . , t--+-+-V1-------+-,vd..,_,v>-----+ 1--l 

/1 

Output Low Current vs. Output Low Voltage 

.. ,. 
Ot.itput L-Yoll .... Vo.. (VJ 
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µPD80C49/µPD80C39/µPD49 

OPERATING CHARACTERISTIC CURVES (Cont.) 

Supply Current vs. Oscillation Frequency 

003'---'---"---"---1---.1 

i 
0' 0.5 

O.Cin.1t0n F~y. l(MHz). jl : 1S'1cyl 

Cycle Time vs. Supply Voltage 

"' ~-.l---1--.1---1----1--< 

.. 1--"'--1---"'--+--+--+--< 

J 
y 20 

t " ~-.1--L---1--.1--.1---1---< 
~ 1--. 
ti • l---_._--l.--""""o.--1-~--1-----4--< 

NEC 
Port Control Hold After PROG, tpc Max (µPOBOC48). 
and Address to Output Delay, tacc Min (µPD82C43), 
vs. Supply Voltage 

I-- ·-· 

\ 
~,Poe>eo 

fS:" 
,PDIOCQ~ 
'-""'[ ~ 

F: i 

Supply Current vs. Oscillation Frequency 0 

0_05,,__._ _ _,_ _ _.._ _ _.._ _ _,__..__. 

0 2 0.5 

OK1H•l1on F~"CY. f{llH:r). jl " 15 le .. ~ 

Current Consumption as a Function of Temperature - Stop Mode 

Yee • 15.5'1 

20 

-40 .. 
Note: 0 External oscillation is assumed for frequency less 

than 1 MHz. Internal oscillation requires more power. 
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NEC 
PACKAGE DIMENSIONS 
,µPD49G 
.44 PIN PLASTIC 
FLAT PACK 

ITEM 

A 
B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

pPD80C49/pPD80C39/1JP049 

MILLIMETERS 

13.6 ± 0.4 

10 

0.8 ± 0.15 

.35 + 0.3 
- 0.1 

8.0 ± 0.3 

1.0 ± 0.2 

0.15 + 0.10 
- 0.05 

0.0 ± 0.1 

1.4 + 0.2 
- 0.1 

0.2min 

0.0 ± 0.2 

1.8 ± 0.2 

A 

C D 

3-39 

INCHES 

0.54 ± 0.016 

.394 

.03 ± 0.006 

:014 + .01 
- .004 

.315 ± .012 

.39 ± .008 

.006 + .004 
.002 

0.0 ± .004 

0.06 + 0.008 
- 0.004 

0.008min 

0.0 ± 0.008 

0.071 ± 0.008 

A 

Lead bend (enlarged view) 

H 
t 

K 

t 



µPD80C49/µPD80C39/µPD49 

PACKAGE DIMENSIONS 
µPD80C49G/C39G 
52 PIN PLASTIC 
FLAT PACK 

ITEM 

A 

B 

c 

D 

E 

F 

G 

I 

J 

__L 
c 

T 

_L 
T 

D 

_i_ 

T 
f 

MILLIMETERS 

14.0 + 0.3 
- 0.2 

12.0 ± 0.3 

1.0 ± 0.15 

0.4 + 0.2 
- 0.1 

3.5 ± 0.2 

0.15 + 0.10 
- 0.05 

2.2 ± 0.2 

21.0 ± 0.4 

2.8 max 

:~ 

3-40 

NEC 
INCHES 

.55 

.472 ± .012 

.039 ± .006 

.016 + .008 
- .004 

0.14 ± 0.008 

.006 + .004 
- .002 

.087 ± .008 

.811 ± 0.16 

.110max 

11 
B A 

I I 

~ 



NEC 1JPD80C49/1JPD80C39/1JP049 

PACKAGE DIMENSIONS 
µPDBOC49C/C39C 
40 PIN PLASTIC 

ITEM 

A 

B 

c 

D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

MILLIMETERS 

53.34 MAX. 

2.54 MAX. 

2.54 (T. P.l 

0.50 ± 0.10 

1.2 MIN. 

3.6 ± 0.3 

0.51 MIN. 

4.31 MAX. 

5.72 MAX. 

15.24 (T.P.} 

13.2 

0.25 + 0.10 
-0.05 

0.25 

INCHES 

2.100 MAX. 

0.100 MAX. 

0.100 (T. P.} 

0.020 
+ 0.004 
-0.005 

0.047 MIN. 

0.142 ± 0.012 

0.020 MIN. 

0.170 MAX. 

0.226 MAX. 

0.600 (T. P.} 

0.520 

0.010 + 0.004 
-0.003 

O.D1 

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

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

~ U UU UULI LILI:::::: U U :::1 
A 

"~ (!) :r 

F CB 
D 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 
llP080C49HC/ 
llPDBOC39HC 
(40 PIN PLASTIC DIP) 

JJPD80C49H/JJPD80C39H/JJPD49H 

CMOS 8-BIT SINGLE CHIP 

MICROCOMPUTER 
The NEC µP080C49H is a true stand-alone 8-bit microcomputer fabricated using CMOS 
technology. All of the functtonal blocks necessary for an integrated miaocomputer 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 applica­
tions. For designs requiring extra capability, the µP080C49H can be expanded using peripherals 
and memory compatible with industry"'!itandard 8080A/8085A processors. A version of the 
µPOBOC49H without ROM is offered by the µPD80C39H. 

Providing compatibility with industry.standard 8049, 8749, and 8039 processors, the µPD80C49H 
features significant savings in pawer consumption. In addition to the power savings gained 
through CMOS technology, the µP080C49H is distinct in offering two standby modes I 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 
• 128x8RAM 
• 27 1/0 lines 
• 1.25 µs cycle time 112 MHz crystal! 
• All instructions executable in 1 or 2 cycles 
• 97 instructions: 70 percent are single-byte instructions 
• Internal timer/avant counter 
• 2 interruptS (an external interrupt and a timer interrupt) 
• Easily expandable memory and 1/0 
• Bus compatible with 8080N8085A 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 µ.A typical supply current 
- Disabling of internal clock generation and internal logic 
- Maintenance of RAM contents 
- Mode initialization via hardware tSTOP) 
- Mode release via resat 

TO 

XTAL1 

XTAL2 P,, 

REW Pn 

!IS P,. 

iii'I' P,. 
EA P,, 

Ill! P,. 

P§Ejij P,. 

iiliA P,. 

ALE P,, 
DB, P,, 
DB, P,. 

DB, P., 

DB, ~ 
DB, PROG 

DB, P,, 

DS. P,, 

DB, P,, •.. •,. 
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pPD80C49H/pPD80C39H/pPD49H 

PIN IDENTIFICATION 

A. 
µPD80C49HC/ 
µPD80C39HC 
(40 PIN PLASTIC DIP) 

B. 
µPD49HG 
(44 PIN PLASTIC 
FLAT PACK) 

Noll: (!) The pulse width of 
RESET must b1 a minimum of 
5 machine cycles in length 
following ostillator Sllbiliza­
tion to reinitialize the processor 
and stabilize CPU operllion. At 
power-up, the states of the 
output lines are undafinld 
until completion of resat. 

B. 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30·37 

38 

39-42, 
11, 
13-15 

43 

1 

2- 1, 
9-10 

16 

11 

A. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12-19 

20 
21-24, 
35-38 

25 

26 

27-34 

39 

40 

PIN 
SYMBOL NAME 

TO Tasto 

XTAL1 Cryslll 1 

XTAL2 Crystel 2 

RESET Resat 

SS Sinlle Stap 

INT lnllrrupt 

EA Exllrnll 

RD Read 

PSEN Progrem 
Stora Enable 

WR Wrill 

ALE Addras 
Latch Enable 

DB0-DB7 Bus 

vss Ground 

P20-P27 Pol'f'2 

PROG Program 
Pulse 

STOP Stop 

P10-P17 Port 1 

Tl Test 1 

Yao Primary 
Po-
Supply 
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NEC 
FUNCTIOI 
Testable input using conditional jump instructions JTO and 
JNTO. Also 1nabl11 clock output vii the ENTO CLK instruction. 

Ona of two inputs for axllrnal crystal oscilletor or LC circuit 
to ganarell inllrnll clock signlls. May also b1 usad as an input 
for external clock signals. (Non·TTL-compatibl1 V1H.l 

Ono of two inputs for axllrnal crystal oscillator or LC circuit 
to generate inllrnll clock signols. (Non-TTL-compatible V1H.l 
Activa~ow input lint that initializos tho proc1S1Dr. 
Also used to ral11se both the Halt and Stop modes. <!> 
Active-low input line, that, in conjunction with ALE, causes 
the proc1S1Dr to singlH!ep through a program one instruction 
11 a time. 
Activa~ow input lint that causes an interrupt if an enable 
instruction has baen exacutad. A ramt dislblas thl interrupt. 
May ba u•d as a tastabla input with a conditional jump instruc-
tion. Can also be used to ral"" the Halt modi. 

Input line that inhibits internll program memory latches 
and initiatas acca• of extarnll program memory. Euential for 
system tasting and m1y also be ulld for program debugging. 

Activa4ow output strobe lina that is used to raad dall 
from exllrnal date memory. 

Activa~ow output lint that is ulld to fetch instructions 
from axllrnal program memory. 

Activa4ow output strobe line that is used to wrill dab 
into axternel date memory. 

Output lina for addras lltch enable. At the falling edge 
of ALE, the addras of either exllrnal dall memory or 
external program mamory is available on the bus. 

Thesa 1/0 lines constitull en 8-bit bidirectional data/eddras 
bus. Synchronous reed and write operations can be parformad 
on this bus using RD and WR signals. Datt drivan out on Iha 
bus by an OUTL BUS instruction is statically lllchld. 
The addrm of external memory is available on tha bus at the 
falling 1d11 of ALE when ruding from axttrnel program 
memory or writing to and raiding from extarnel data mamory. 
During axllrnal program memory fetches, the ltast-significant 
8 bill of the 1Xllmal program mamory addras are driven.!!!!_ 
on the bus end tha addre•d instruction is fatchad using PSEN. 
Whan no external memory is used, the bus can 11rva as a trua 
bidiractional 8-bit port. Information is strobed in or out by 
the RD and WR signals. 

Ground potantial. 

ThBll lines constitute Port 2, an 8-bit quasi-bidirectional 
port. During external program memory fatchas P20-P23 
output Iha most-significant 4 bill of the external pro-
gram memory addrm. Lints Pzo-P23 can also be u11d 
as a 4-bit 1/0 expander bus to intarlace with tha 
optional µPD82C43 1/0 axpander. 

This line is used as tn output strobe when intarflcing 
with the optional µPD82C43 l/D expander. 

Used to control the hardwera STOP mode. 

ThBll linas constitute Port 1, an 8-b~. generalpurpose 
quasi-bidiractionel port. 

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

Powar supply. Vee must ba betwaen +2.5V to +6V for 
normel opar11ion. In Stop mode, Vee must be 11 l11st 
+2V ta ensure data retamion. 



NEC 
PIN CONFIGURATION 
µPD49HG 
(44 PIN FLAT PACKAGE) 

STOP 
P10 
P11 
P12 
P13 
P14 
P15 
NC 

P16 
P17 
P24 

µPD80C49H/µPD80C39H/µPD49H 

Z""CJ""C,,-t<-tXXZ~ np..,:a"'r>J-00-1-tnm 
trt<n" 0 )>)> (I) 

rr m -.., ... 

083 
082 
061 
080 
ALE 
m 
PSEN 
ITTi 
EA 
INT 
SS 

DIFFERENCES BETWEEN µPD49H and µPD49 

~ I 
µP049H µPD49 

Instruction set 98 instructions (including an 97 instructions 
additional STOP instruction) 

Instruction cycle 1.25µs/12 MHz 1.875 µs/8 MHz 

Standby facility Three modes; HALT, hardware Two modes; HALT and STOP 
STOP and software STOP 

Stops inactive in the same timing Stops in different timings between 
in all of the HALT, hardware STOP, the HALT and STOP modes. 
and software STOP modes, regard· 
less of control signals executing 
internal ROM or external ROM 
(with ALE being high level). 

Port option •Type 0 -Type 0 
(pull-up (IOH = -5µA: Voo= 5V± 10%) lloH = -5µA: Voo = 5V± 10%) 
resistance) •Type 1 -Type 1 

(IOH = -50µA: Voo = 5V ± 10%) (IOH = -50µA: Voo= 5V± 10%) 
• Type 2 (without pull-up resistance) 
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µPD80C49H/µPD80C39H/µPD49H 

BLOCK DIAGRAM 

r"t 1 

. 
Osc11m.tor ,,......, 

Pott 2 Utch (Low 4) 
•nd hl)9nder 

Porll/0 

COlltrolanclTlmlng 

·~ iN'i RESET 

I.ow -- lnlt'-'+n -_.,...... 

ABSOLUTE MAXIMUM 
RATINGS* 

XTAL XTAL 

"""' .. ' 2 ALE 

c.._ ....... - ..... 
1:0 Ooct-• -·- Cyclo - Cry•-.i Cloe• 

T8 2 2s0 c 

Operating Temperature, Topt 

.... 
........ _, ...... 

.. 
...... .... 

Storage Temperature (PlastkPackage), Tstg 

Voltage on Anv Pin, V1;0 

Supply Voltage, Voo 

RD WR 

-....... 

, .... 
TMll 

..... 
TlnMrFI .. 

CMrf ...,, 
.\cclltHT .. I 

NEC 

... -. ...,, . ..,, --· Aefl•W l 

i .,.._, 
A Ailgi&1•• _, 

ANl6lnt 0.111 M9mory - RAM 
(128 >C 8) 

-40°C to +as0 c 
-ss•c to +1so0 c 

vss -0.3V to Voo +0.3V 

Vss --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. 
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NEC JJPD80C49H/µPD80C39H/µPD49H 

DC CHARACTERISTICS Ta; -4010 +85°C, vaa; +5V ± 10 %, Vss; ov 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage VIL -0.3 0.8 v 

V1H 
(All axe~ XTALl, XTAL2, Voa Vao v 
RESET SS) -2 

Input High Voltage 
Voa 

V1H1 RESET, XTAL 1, XTAL2, SS -1 vaa v 

Output Low Voltage VoL loL; 2.0 mA 0.45 v 

VOH 
BUS, RD, WR, PSEN, ALE, 

2.4 v 
PRDG, TO; IDH; -400 µ.A 

VOH1@ 
PORTl, PDRT2; 2.4 v IOH ; -5 µ.A (Type 0) 

Output High Voltage VOHl@ 
PORTl, PORT2; 

2.4 v 
loH; 50µ.A (Type 1) 

VOH2 All outputs; IOH; -0.2 µ.A Vao v -0.5 

PO All, PO RT2; 
-15 -40 µ.A 

IJLP@ 
V1 .;;;v,L !Type O) 

PO RTl, PD RT2; 
Input Current V1 o;;;v1L (Type 1) 

-500 µ.A 

llLC SS, RESET;V1 o;;;vlL -40 µ.A 

1u1 
Tl, INT, STOP; ± 1 µ.A 

Input leakage Current 
Vss o;;;v1 o;;;vao 

1u2 EA; vss .;;;v, o;;;voa ±3 µA 

BUS, TO, High impedance 
Output leakage Current ILO state 12) Vss .;;vo o;;;voo ±1 µ.A 

1001 HALT mode; ICY; 1.25 µ.s 1.5 3.0 mA 
Standby Current 

1002 STOP mode (1) 1 20 µ.A 

Supply Current loo ICY ; 1.25 µ.s 6 15 mA 

Hardware STOP mode (STOP, 
Data Holding Voltage vaoaR RESET o;;;o.4V) or reset 2.0 v 

(RESET <;;0.4V) 

Notm: 

(1) Input pin voltage V1 <;;VIL or V1 ;;>VIH. 

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

(3) Type Q and Type 1 options apply only to the µ.PD80C49H; the µ.P080C39H is type O only. 
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~PD80C49H/~PD80C39H/~PD49H NEC 
DC CHARACTERISTICS Ta= -40 to +85°C, Voo = +2.5V to -+fl.UV, Vss = OV 

PARAMETER SYMBOL TEST CONOITIOllS MIN TYP MAX UNIT 

Input Low Voltage V1L -0.3 0.18 v 
Voo 

V1H 
(All exceJ!!XTALl, XTAL2, 0.7 

Voo v RESET, SSI Voo 
Input High Voltage 

0.8 
V1H1 RESET, XTAL1, XTAL2, SS 

Voo Voo v 

Input Low Voltage VOL loL = 1.0 mA 0.45 v 

VOH 
BUS, RO, WR, PSEN, ALE, 0.75 v 
PROG, TO; IOH = -100µA Voo 

Output High Voltage PORTl, PORT2; 0.7 v 

VoH1@ 
loH = -1 µA (Type 0) Voo 

PORT1,PORT2; 0.7 
IOH = -lOµA (Type 1) Voo 

v 

PORT!, PORT2; -15 -40 µA 
l1LP@ V1 .;;vlL (Type 0) 

PO RT1 , PO RT2; -500 µA 
Input Current V1 .;;v1L (Type 11 

l1LC SS, RESET; V1 <;;VIL -40 µA 

tu1 
Tl,INT,STOP; ±1 µA 

Input Leakage Currant 
Vss .;;v1 .;;voo 

IL12 EA; Vss ..:v, ..:voo ±5 µA 

Output Leakage Current ILO 
BUS, TO, High impedance ±1 µA 
state (2) Vss .;;vo .;;voo 

Voo = 3V; 0.3 0.6 mA 
1001 

HALT ICY= 5 µs 
mode voo = sv; 

ICY = 1 .25 /JS 
2.0 4.0 mA 

Standby Current 
STOP voo = 3V 1 20 µA 

1002 mode (1) Voo = 6V 1 50 µA 

voo = JV;1cy = 5 µs 2.0 4.0 mA 
Supply Current loo 

Voo = 6V; ICY= 1.25 µs 10 20 mA 

Notas: 

(1) Input pin voltage V1 ..:v1L or V1 ;;.vlH· 

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

13) Type 0 and Type 1 options apply only to the µP080C49H; the µPD80C39H is type 0 only. 
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NEC 1JPD80C49H/1JPD80C39H/1JP049H 

AC CHARACTERISTICS T1 =-40 to +85°C, Vss = OV 

voo • +5V±1D% 
PARAMETER SYMBOL COIDITIDll 

Cycle Time ICY 

ALE Pul11 Width ILL ® 

Addres Sotup to ALE IAL 

Address Hold tram ALE ILA 

Control Pulso Width 
ICC1 lii1i,WR) 

Control Pulse Width (PSEN) 1cc2 

0111 Setup before WR tow 

Ottl Hold altar WR two @) 

Ott1 Hold oltar RO, PSEN tDR (;!) 

RD to Data in tRD1 

PSEN to Otta in tRD2 

Addraa Setup to WR tAW 

M_draa Setup to 
tA01 RD D111 in 

Addraa Setup to 
IAD2 PSEN doto in 

Adena Float to iiii, Wli IAFC1 

Ad- Flo11 to PSEN IAFC2 

ALE to RD, WR delay ILAFC1 

ALE to PSEN dal1y ILAFC2 
RD, WR,PROG to 

ICA1 ALE d1lay 

PSEN to ALE dol1y ICA2 

Port Control Setup to 
ICP ® PROG 

Port Control Hold tram IPC1 ®·® 
PROG IPC2 ®,12> 
Input Doll Setup to PROG tpR ® 
Input Dito Hold tram 

'PF PROG 
...£._ 

Output Diii Setup to 
IDP PROG 

Output D111 Hold from 
IPD PROG 

PROG Pul11 Width tpp 

Port 2 1/0 Dato Setup tu 
IPL ALE 

Port 2 1/0 Data Hold tram 
ILP ALE 

ALE to Port Output tpy 

TO Output Cycle Time IOPRR 

1111111: 
®Control Outputs CL= 80 pF; BUS Output: CL= 150 pF 
®CL= 20pf 
® Control Outputs: CL= 80 pf 
®During Execution al MOVD A, Pp 

Mii 

1.25 

125 

140 

45 

425 

300 

340 

45 

0 

350 

105 

5 

175 

50 

35 

280 

85 

0 

135 

0 

350 

75 

625 

135 

5 

250 

0 During Execution ol MOVD Pp,A,ANLD Pp, A, ORLD Pp,A 

TYP 

® Seo 1Upply voltoga and port Control hold time ch•octoridic cuMS 
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MAX 

150 

95 

300 

175 

700 

500 

80 

585 

125 

475 

Voo • +Z.5 to •I.DY 
Mii TYP MAX UNIT 

5 150 jJJ 

995 ns 

890 ns 

Z95 ns 

2300 ns 

1400 

1965 

295 

0 410 

1800 

1300 

1850 

3585 ns 

2750 ns 

600 ns 

125 ns 

925 ns 

425 ns 

285 ns 

1285 ns 

460 ns 

0 200@! ns 

1135 ns 

2715 ns 

0 500 ns 

1850 ns 

450 ns 

3250 ns 

1135 ns 

125 ns 

1600 ns 

1000 ns 



µPD80C49H/µPD80C39H/µPD49H NEC 
tcy-DEPENDENT BUS TIMING DEFINITIONS 

PARAMETER CALCULATION FORMULA MIN MAX UNIT 

tLL ( 7/30) T-170 • ns 

tAL ( 1/5)T-110 • ns 

tLA ( 1/15)T- 40 • ns 

tcc1 ( 1/ 2) T - 200 • ns 

tcc2 ( 2/ 5) T - 200 • ns 

tow (13/301 T - 200 • ns 

two ( 1/151 T - 40 • ns 

lOR ( 1/lOIT- 30 • ns 

tR01 ( 2/ 5) T - 200 • ns 

!R02 ( 3/10) T -200 • ns 

tAW ( 2/ 5) T - 150 • ns 

tA01 (23/30) T - 250 • ns 

tA02 ( 3/ 5) T - 250 • ns 

tAFC1 ( 2/15) T - 65 • ns 

tAFC2 ( 1/30)T- 40 • ns 

tLAFC1 ( 1/ 51 T - 75 • ns 

tLAFC2 ( 1/10) T - 75 • ns 

tCA1 ( 1/151 T - 50 • ns 

tCA2 ( 4/15) T - 50 • ns 

tcp ( 1/10) T - 40 • ns 

tpc2 ( 4/15) T - 200 • ns 

tpR (17/30) T-120 • ns 

tpf ( 1/10) T • ns 

top ( 2/ 51 T - 150 • ns 

tpo ( 1/10IT- 50 • ns 

tpp ( 7/10) T - 250 • ns 

tPL ( 4/15) T - 200 • ns 

tLP ( 1/301 T - 40 • ns 

tpv ( 3/10) T + 100 • ns 

tOPRR ( 1/ 5) T • ns 

tcv (1/fXTALl x 15 µs 

Remarks: T ~ tCY 

AC TEST 1/0 WAVEFORM 

2.0 - . - 2.0 2.4 v ------x x 
0.45 V -----..J 0.45--- Test points ----. 0.45 ~-----

3-50 



NEC µPD80C49H/µPD80C39H/µPD49H 

Instruction fetch from external program memory 

TIMING WAFEFORMS t= tLL --l-tLAFC2~ • ! 
ALE_J .__I ____ _____.~I ~L 

BUS Floating Floating 

Read from external data memory 

L 
1-- tCCl ---J-tcA1--j 

BUS Floating Floating 

Write to external data memory 

f--tLAFCl---J 

ALE___J~~~---;I~~~~-~ I~~~~~~~~ L 

WR 

BUS Floating Address Floating Floating 

~tAW~ 
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pPD80C49H/pPD80C39H/1JPD49H 

Port 2 extended timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Input 

PROG 

1/0 Port timing 

1st Cycle 

ALE 

NEC 

2nd Cycle 

P20-23 
Output PCH Port 20-23 Data New P20-23 Data PCH 

P24-27~-----------------~ ~--------
Pl0-17 Port 24-27, Port 10-17 Data X 
Output '------------

New Port Data 
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NEC 
CHARACTERISTIC CURVES !Ta= 25° C) 

v00-4.5 v 
~ 
3 -800 
I 

9 

~ 
:; 
" ; 
e- -400 :J 
0 

Q; 
;; 
1 
"' :I: 

2 3 4 5 

High-level output voltage VQH (V) 

IQH vs. Voo 

Vofi1=2.4 V 

~ -200-20 
3 
I 

9 
-150-15 c: 

~ 
:J 

" 

L 
I 

~ -100 -10 :J e-
:J 
0 

Q; -50 -5 ~ 
1 t t .S!' 

I 
I 

I 0 ., ., 
c. > > c. 
f- f-

Jl.. 

2 3 4 

Supply voltage Voo {VJ 

5 6 

µ PD80C49H/µ PD80C39H/IJPD49H 
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~ 
3 
:c 
0 

Voo·4.5 v 
-150 -15 1------1---+---+-~--~-I 

~ -100 -10 l---+---+-~-+----4--+---I 

i'l 

-50 -5 

0 ., ., 
c. c. 
> >-
f- f-

2 3 4 5 
High-level output voltage VQH1 (V) 

loH vs. Voo 

~ 
3 
:c -0.4 l---+--+---+---+----4--1 
0 

lL 

2 3 4 5 6 

Supply voltage Voo (V) 



µPD80C49H/µPD80C39H/µPD49H 

CHARACTERISTIC CURVES (Continued) 

c 
c 
'?i 
c 

10L vs. Voo 

Vol•0.45 V 

2 3 4 5 6 

Supply voltage Voo IV) 

100/1001 vs. t 

51--~--1---+-+-+-, .. ~H-1~---+tooTY~-to"""'l---+-l 

,,.........i 

0.51""1--~-+--+-+-+-+-+-+-++~~+--+--+--+-+-++++-----<----< 

0.2......_~..._ ....... _...._._ ................. ~~..__......._......._ ......... ....u. ....... __.._. 
0.1 0.2 

Note: 

0.5 2 

Oscillation f (MHz) 
frequency 11=15/tcYl 

5 10 15 

;( 
E 
...J 

9 

NEC 

IQL vs. VQL 

,.--·' 

0.5 1.0 

Low-level output voltage Vol (V) 

10 

~ 5 
E 
c 
c 2 
0 
a 
c 
~ a o.s 
> 
Ci 
C> 
:0 

(/) 0.2 

0.1 

10011001 vs. 1 

Voo=3 v 

lim_ MAX . .....t"" 
lJ±tt[ .... - too TY~ 

1---- .. 
1..1<: 

-~ ~1M1X +---
.. n-t--- -

0.1 0.2 0.5 2 3 

Oscillation I (MHz) 
frequency if=15/tcv) 

1) Less than 1 MHz for external oscillation. Power consumption is larger with internal oscillation than with external 
oscillation. 
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NEC 
CHARACTERISTIC CURVES (Continued) 

200 

100 

50 

3 
~ 20 

E 
·;; 10 

"' u 
> 
u 5 

2 

icv vs. Voo 

1Ta=-40-+85°CJ 

Operation 

L.----L-'--+--'g"-u ara n te--led1-----<l----4 
region 

1' ........... _ ....... 

2 3 4 5 6 

Supply voltage VDD IV) 

µPD80C49H/µPD80C39H/µPD49H 

.,; 
- c: 

IPCl MAX. lµPD49H)/IACC MIN. 
lµPD82C43) vs. Voo 

ti 2501----1---+---1---1----l------I 
x:;: 

~ 8 
c::; s 200 1----+----">-+---+--1---.._---< 
0.."' 
~ E 

E "' ;;; ~ 1501----+----"'.._,,..__._ __ I--_ _,__. 

"O "' 0 "O 
.!: ::; 

0 a. 
~ ::; 100l----l---+--+-3io..-P"oo...--+-----l 
c: 0 

8 ~ 
~ "' ~ "O 

g_ ~ 50 l----l---+---1---1----l------I 
IU 
Cl N ... "' 00 
0.. 0.. 
::t ::t 3 4 5 6 

Supply voltage Voo IV) 

Remarks: The operation guaranteed region and characteristics curves not shown are all reference values. 
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µPD80C49H/µPD80C39H/µPD49H 

PACKAGE DIMENSIONS 
µPD49HG 
44 PIN PLASTIC 
FLAT PACK 

ITEM 

A 

8 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

MILLIMETERS 

13.6 ± 0.4 

10 

0.8 ± 0.15 

35 + 0.3 
. - 0.1 

8.0 ± 0.3 

1.0 ± 0.2 

0.15 + 0.10 
- 0.05 

0.0 ± 0.1 

1.4 + 0.2 
- 0.1 

0.2 min 

0.0 ± 0.2 

1.8 ± 0.2 

A 

C D 
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NEC 
INCHES 

0.54 ± O.Q16 

.394 

.03 ± 0.006 

.014 + .01 
- .004 

.315 ± .012 

.39 ± .008 

.006 + .004 
.002 

0.0 ± .004 

0.06 + 0.008 
- 0.004 

0.008min 

0.0 ± 0.008 

0.071 ± 0.008 

A 

Lead bend (enlarged view) 

H 
t 

K 

I 



NEC ~PD80C49H/~PD80C39H/~PD49H 

PACKAGE DIMENSIONS 
µPDBOC49HC/ 
µPDBOC39HC 
40 PIN PLASTIC DIP 

ITEM 

A 

B 

c 

D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

MILLIMETERS 

53.34 MAX. 

2.54 MAX. 

2.54 CT. P.) 

0.50 ± 0.10 

1.2 MIN. 

3.6 ± 0.3 

0.51 MIN. 

4.31 MAX. 

5.72 MAX. 

15.24 IT. P.) 

13.2 

0.25 
+ 0.10 
-0.05 

0.25 

INCHES 

2.100 MAX. 

0.100 MAX. 

0.100 IT.P.) 

0.020 + 0.004 
-0.005 

0.047 MIN. 

0.142 ± 0.012 

0.020 MIN. 

0.170 MAX. 

0.226 MAX. 

0.600 (T.P.) 

0.520 

0.010 + 0.004 
-0.003 

0.01 

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

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

~::: ::: : : u-:: ::: : : ::;1 
A 

:~ 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

CMOS 8-BIT SINGLE CHIP 

MICROCOMPUTER 

µPD80C42 

The µPD80C42 is designed to function as a slave CPU, particularly as an intelligent peripheral 
controller in the microcomputer system using the µCOM84/84C or µCOMB5 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. 161/0 ports (2 x 8 bits) compatible with TTL can be easily extended by using the 
µPD82C43 that is directly connectable to the µPDBOC42. 

• Single-chip microcomputer 
• Compatible with the µCOM84/84C and µCOMB5 
• mstruction cycle: 1.25 µs/12 MHz 
• Program memory lROM) : 2K x 8 bits 
• Data memory (RAM): 128 x 8 bits 
• Input/output port (PlQ-17. P20-21I : 2 x 8 bits 
• Asynchronous slave - Master interface 

2 data registers: DBBIN, DBBOUT 
8-bit status 

• Internal timer/counter: 8 bits 
• 2 pairs of working registers (2 x 8 x 8 bits) 
• B·level stack 
• Internal clock generator 
• Interrupt function 
• OMA 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 

TO voo 
XTAL1 T1 

XTAL2 P27/DACK 

RESET P26/DRO 

ss P25/IBF 

cs P24/0BF 

EA P17 

RD P16 

AO µPD P15 

WR 80C42 P14 

SYNC P13 

DO P12 

D1 P11 

02 P10 

DJ STOP 

04 PAOG 

05 P23 

06 P22 

07 P21 

Vss P20 
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JJPD80C42 

PIN IDENTIFICATION 

Noto: CS, AO, RD, WR, TESTO 

and TESTl pins must not be 

floated to prevent a malfunction. 

NO. 

1 

2 

3 

4 

5 

6 

. 7 

B 

9 

10 

11 

12-19 

20 

21·24, 
35-38 

25 

26 

27-34 

39 

40 

PIN 
SYMBOL NAME 

TO Test 0 

XTAL1 Crystal 1 

XTAL2 Crystal 2 

REfil Reset 

SS Single Step 

cs Chip Select 

EA External 
Access 

RD Read 

AO 

WR Write 

SYNC 

DB0-DB7 Bus 

Vss Ground 

P2o·P27 Port 2 

PROG Program 
Pulse 

STOP Stop 

P1o·P17 Port 1 

Tl Test 1 

VDD Primary 
Power 
Supply 

NEC 
FUNCTION 

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

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 V1H.) 

One of two inputs for external crystal oscillator or LC 
circuit to generate internal clock signals. 
(Non·TTL-compatible VJH-1 

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

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

This is an input for chip select signal. When 0 (low-level) is 
input to this pin, the data bus is enabled. 

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. 

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

Indicates the address input from the master CPU and the 
kind of data on the data bus. 
• Read cycle AO= 0: Data 

AO = 1: Status 
•Write cycle AO~ 0: Data 

AO - 1: Command 

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

This is an output pin for a signal output at each machine 
cycle, and used for strobe of external circuit or single-step 
operation. 

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 OUTL BUS instruction is 
statically latched. 
The address of e)(ternal 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 bidirect.!2!1al 8-tili__port. 
Information is strobed in or out by the AD and WR signals. 

Ground potential. 

These lines constitute Port 2, an 8-bit quasi-bidirectional 
port. During external program memory fetches P2o·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 
µPD82C43 1/0 expande<. 

This line is used as an output strobe when interfacing with 
the optional µPD82C43 l/O expander. 

Used for controlling the hardware STOP mode. 

These lines constitute Port 1, an 8-bit, generalpurpose 
quasi-bidirectional port. 

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

Power supply. Vee must be betvveen +2.5V to +6V for 
normal operation. In Stop mode, Vee must be at least 
+2V to ensure data retention. 
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NEC 
BLOCK DIAGRAM 

Master 
System 
Interface 

Crystal 
LC 
Clock 

SYNC 
ss 

PROG 

RE5ET 

128x8 RAM 

Status 
Flag 

Timer/ 
ventCounte 

Conditional Branch 
Logic 

1JPD80C42 

96x8 

8x8 

16x8 

8x8 

Pl 
I 

Pl 7 

P20 
I 

P27 

Peripheral 
Interface 

Test~ 
Test :Z 

{
Voo - +2.5V ~ 6.0V 

Power 
Vss --- Ground 

ABSOLUTE MAXIMUM 
RATINGS• 

Ta= 25°C 

Operating Temperature, Topt -40°C lo +85°C 

Storage Temperature (Plastik Package). Tsig -65°C to +150°C 

Voltage on Any Pin. V11Q Vss -0.3V ta Voo +0.3V 

Supply Voltage, Voo Vss -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. 
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JJPD80C42 NEC 
DC CHARACTERISTICS Ta= -40°C -+85oC, Voo =+5V ± 10%, Vss =av 

PARAMETER SYMBOL TEST COIOITIONS MIN TYP MAX UNIT 

Input Voltage Low V1L -0.3 +0.8 v 

V1H 
Except RESET, 2.2 Voo v 

Input Voltage High 
XTALl, XTAL2 

V1Hl RESET,XTAL1,XTAL2 Voo Voo v -1 

Output Voltage Low VoL IQL = 2.0 mA 0.45 v 

VQH 
D0-07, SYNC, PROG 2.4 v IQH = -400µA 

Output Voltage High VQH1 PORT!, PORT2, IQH = -50µA 2.4 v 

VOH2 All Outputs, IQH = -0.2 µ.A Voo v -0.5 

llLP PORTI, PORT2;V1 <;;VIL -500 µA 
Input Current 

llLC SS, RESET;V1 <;;VIL -40 µ.A 

TO, Tl, STOP, CS, AO, RD, WR; ±1 µ.A ILl1 Vss<;;V1 <;;Voo 
Input Leakage Current 

1u2 EA; Vss<;;V1 <;;Voo ±3 µ.A 

Output Leakage Current ILQ vss"vo.;;voo ±1 µ.A High Impedance, D0-07, PORT 

1001 HALT Mode; ICY= 1.25 µs 1-5 3.0 mA 
Standby Current 

1002 STOP Mode" 1 20 µ.A 

Supply Current loo ICY= 1.25µs 10 20 mA 

STOP= Dita Retention Voltage VoODR (STOP, R c;;o.4V) or 2-0 v 
RESET l .;;o.4VI 

No11 •:The input pin voltage is V1 <:V1L or V1 ;;.vlH· 
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NEC 
AC CHARCTERISTICS To. -40to+85°C, Voo =+5V ± 10%, Vss= ov 

DBB READ: 

PARAMETER 

CS.AO Setup to RD i 

CS,AO Hold from RD t 
RD Pulse Width 

CS, AO to Data Output Delay 

RD +to Data Output Delay 

RD t to Data Float Delay 

Cycle Time 

DBBWRITE: 

PARAMETER 

CS, AO Setup to WR i 

CS, AO Hold from WR t 
WR Pulse Width 

Data Setup to WR t 
Data Hold from WR t 

PORT2: 

PARAMETER 

Port Control Setup to PRDG i 

Port Control Hold from PROG i 

Input Data Setup to PRDG i 

Input Date Hold from PRDG t 

Output Data Setup to PROG t 

Output Data Hold from PROG t 

PROG Pulse Width 

OMA: 

PARAMETER 

DACK Setup to RD, WR 

DACK Hold from RD, WR 

DACK to Data Output Delay 

RD, WR to ORO Clear Delay 

*1: Ct=lOOpF 
*2: Ct= 80pF 
*3: Ct= 20 pF 
•4, Ct= 150 pf 

SYMBOL 

IAR 

IRA 

tRR 

IAD 

tRD 

IDf 

ICY 

SYMBOL 

tAW 

IWA 

tww 
tow 

two 

SYMBOL 

tcp 

1pc 

IPR 

tpf 

top 

IPD 

tpp 

SYMBOL 

IACC 

tCAC 

tACD 

ICRQ 
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TEST COIDITIONS 

•1 

·1 

TEST COIDITIONS 

TEST CONDITIOIS 

•2 

•3 

•2 

•3 

·2 

•3 

TEST CONDITIONS 

•4 

&.1PD80C42 

MIN TYP MAX UNITS 

0 ns 

0 ns 

200 ns 

150 ns 

140 ns 

85 ns 

1.25 15 µs 

MIN TYP MAX UNITS 

0 ns 

0 ns 

200 ns 

130 ns 

0 ns 

MIN TYP MAX UNITS 

100 ns 

0 80 ns 

650 ns 

0 150 ns 

200 ns 

60 ns 

700 ns 

MIN TYP MAX UNITS 

0 ns 

0 ns 

140 ns 

130 ns 



1.1PD80C42 

AC TEST INPUT/OUTPUT WAVEFORM 

2.4 v 
0.45V 

TIMING WAVEFORMS 

v2.2v_ Te in - 'l.2Vx 
Ao.av-- "po ts -- o.av _____ _, .,_ _____ _ 

Read Operation IOBBOUT Registe<) 

NEC 

(System's 
CS or AO I'--------------'! '----------Address Bus) 

tRD--j t~F 
•Ao--! 

Data Bus tl-
(Output) ---------'!--Data Valid ---------

Write Operation (DBBIN Register) 

(Read 
Control) 

CS or AO 
(System's 

~-------------~"---------Address Bus) 

IWA 

Data Bus ----..::=---""J.--------,i.,----,Dnata::=-----
(lnput) Ma Change 

Port2 

Expander 
Port 

SYNC 

Output 

Expander 
Port 

Input 

PROG 

Port 20-23 Data 

Port 20-23 Data 
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NEC pPD80C42 

Port (EA=1) 

SYNC _.-J' \.__ ___ __,/ \~_ 

:!~~~~ __ P_or_t_D_ata __ x _____ P_c ____ x Port Data X.._ __ PC __ _ 

OMA 

Im 

tACC 

WR 

tACC 

Data Bus 

tACD 

.JJ DRQ 

tCRQ 
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pPD80C42 

PACKAGE DIMENSIONS 
µPD80C42C 
40 PIN PLASTIC DIP 

ITEM 

A 

B 

c 

D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

NEC 
MILLIMETERS INCHES 

53.34 MAX. 2.100 MAX. 

2.54 MAX. 0.100 MAX. 

2.54 (T.P.) 0.100 CT. P.1 

0.50 ± 0.10 0.020 + 0.004 
-0.005 

1.2 MIN. 0.047 MIN. 

3.6 ± 0.3 0.142 ± 0.012 

0.51 MIN. 0.020 MIN. 

4.31 MAX. 0.170 MAX. 

5.72 MAX. 0.226 MAX. 

15.24 (T.P.) 0.600 CT. P.) 

13.2 0.520 

0.25 + 0.10 
0.010 + 0.004 

-0.05 -0.003 

0.25 0.01 

Notlll: 11 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. 

~: :: ::: :: :u:::: :: :: ;1 
A 

~ 
...., 

I I o or~ 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

µPD80C50H/µPD80C40H 

CMOS 8-BIT SINGLE CHIP 

MICROCOMPUTER 

The µPD80C50H is a single chip 8-bit microcomputer containing 8-bit CPU. ROM, RAM, 
110 ports and control circuit on one CMOS chip. The µPD80C40H is the product in which 
the ROM is eliminated from the µPDBOC50H. The pPD80C50H/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 j.!S/12 MHz 
• Operating function 

Addition, logic operation, and decimal adjust 
• ROM 4K x 8 bits (µPD80C50H) 
• 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 110 ports 
• Input/Output ports 

Input/Output ports: 8 bits x 2 
Data bus (alternative for 1/0 ports): 8 bits x 1 

• Single step function 
• Internal Clock generator 
• CMOS 
• Single power supply: +2.5 - +6.0V 
• 40 pin plastic DIP (pPD80C50HCIBOC40HC) and 44 pin plastic FLAT Pack (pP080C50HG) 
• Intel BOSOH, 8040H pin compatible 

TD Voo 
XTAL1 Tl 

XTAL2 P,, 

mn P,. 

SI P., 

iii'f P,. 

EA P,, 

RD P,, 

PSEN P,. 

WR P,. 

ALE P,, 

DB0 P,, 

DB, P,, 

DB, P,, 

DB, STOP 
DB, PROG 

DB, P,, 

DB, P,, 

DB, P,. ... P,. 
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pPD80CSOH/pPD80C40H 

PIN IDENTIFICATION 

A. 
µPDBOC50HC/ 
µPDBOC40HC 
(40 PIN PLASTIC DIP) 

8. 
µPDBOC50HG 
(44 PIN PLASTIC 
FLAT PACK) 

Note: (!)The pulse width of 
RESET must bt a minimum of 
5 machine cycles in lqth 
following oscillator stabiliza­
tion to roinitialin the processor 
and stabilize CPU operation. At 
po--up, the 111111 of the 
output lines aro undefined 
until completion of rose!. 

B. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29-33, 
3&-31 

38 

39-42, 
11-14 

43 

1 

z. 7, 

15 

16 

PIN 
A. SYMBOL 

1 TO 

2 XTAL1 

3 XTAL2 

4 RESET 

5 SS 

6 INT 

1 EA 

8 RD 

9 PSEN 

10 Wii 

11 ALE 

12-19 DB0-DB7 

20 Vss 
21-24, P20.P27 
35-38 

25 PROG 

26 Sill 
21-34 P10.P11 

39 T1 

40 vaa 

NEC 
NAME FUllCTIOll 

Tiii 0 Testable input using conditional jump instructions JTO and 
JNTO. Also enables clock output via tho ENTO CLK instruction. 

Crystal I Ona of - inpuu for axttrnal crystal oscillator or LC circuit 
to gentrlll internal clock signals. May olso be used 11 an input 
for external clock signals. (Non-TTL-compatible V1H.) 

Crystal 2 Ona of - inputs for external crystal oscillator or LC circuit 
to ganerlll internal clock signllls. INon-TIL-compttible V1HJ 

R1111 Active~ow input lint thot initializes tho proussor. 
Also used to rtleasa both the Halt and Stop modas. (!) 

Single Step Active-low input lint, that, in conjunction with ALE, causes 
the proctSSor to single-otap through 1 praorem one instruction 
1ta time. 

Interrupt Active-tow input line th1t c1u11s en interrupt if an 1n1blt 
instruction hu bnn executed. A rnet dislbl11 the interrupt. 
Mey be used as a testable input with 1 conditionel jump instruc· 
lion. Con also be u11d to rel1111 the Halt modi. 

External Input lint thlt inhibits internal progr1m memory lotchas 
and initiatas acc .. of external program memory. Essential for 
system tasting and may also be used for progrern debugging. 

Raad Activt~ow output strobe line that is ulld to rud data 
from external date memory. 

Program Activt~ow output line thll is used to fetch instructions 
Store Enable from external program memory. 

Write Activt~ow output strobe line that is used to write date 
into external date memory. 

Ad dross Output line for address latch enable. At the felling adtt 
Latch Enablt of ALE, the addr111 of aither external doll memory or 

external pr..,am mamory is ovailobl• on tho bus. 

Bus Thasa 1/0 lints constitute an 8-bit bidirectional da11/lddr .. 
bus. Synchronoul_!!ld end wrill oper11ion1 can be performed 
on this bus using RD end WR signols. Dote drivtn out on the 
bus by an OUTL BUS instruction is statically latchad. 
The addross of external memory is noilabl• on tht bus 111h1 
felling odge of ALE when '91ding from external program 
memory or writin1 to and roading from oxternal dlll memory. 
During exllrnal prognm memory fatchas, the lust·significont 
8 bits of the exttmal program memory addrass art drivlnJ!!!L 
on the bus end Iha addressad instruction is fttched using PSEN. 
Whan no external memory is ulld, the bus can serve 11 o true 
bidirectional 8-bit port. Information is strobed in or out by 
tht RD and WR signals. 

G!J1Und Ground potential. 

Port 2 Thesa linas constitute Port 2, an 8-bit quali·bidiractional 
port. During external prognm memory fatchas P2Q-1'23 
output tha most-significant 4 bits of tha external pro-
gram memory addr111. Lints P20.P23 can also be u11d 
as 1 4-bit 1/0 expander bus to interface with the 
optional µP082C43 1/0 expander. 

Progrem This line is u11d as an output strobe when interfacing 
Pulse with the optional µPD82C43 1/0 1xp1nder. 

Slap Used to coMrol the hardwort STOP 111Me. 

Port 1 Thill Ii- constitute Port I, an 8-bit, 1anenlpurpo• 
•lllli-bidirectional port. 

Tiil 1 Tiiiabie input using conditional jump instructions JT1 
and JNT1. Con 1lso be ulltl as the timer/counter input 
lint vii the STRT CNT instruction. 

Primery Po- supply. Vee must be b-+2.5V to +&V for 
Po war normol operetion. In Stop mode, Vee must bl 111-
SUflply + ZV to ensure doll retention. 
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NEC 
PIN CONFIGURATION 
µP080C50HG 
144 PIN FLAT PACKAGE) 

~PD80C50H/~PD80C40H 

STOP 084 
P10 083 
P11 082 
P12 081 
P13 DBO 
P14 µPDBOC50HG ALE 
P15 WR 
NC PSEN 

P16 Rci 
P17 EA 
P24 INT 

~~~-g O~-:;! UI ,,,,,,-<<•-<XX~Ull 

i:::i:; .... 

•INTERNAL CONNECTION IT IS PROHIBITED TO USE PIN 17 
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µPD80C50H/µPD80C40H NEC 
BLOCK DIAGRAM 

XTAL1 

XTAL2 

WA 

ITT! 

Ss 

PSEN 

ALE Control 
Logic 

EA 

PROG 

RESET 

INT 

Power Jvoo- +2.5 -6.0V 

Supply lvss - GND 

ABSOLUTE MAXIMUM 
RATINGS* 

Accu-
ALU mul•tor (B 

181 
Temp Reg 

18) 

Instruction 
Decoder 

4Kx8 ROM 

Program 
Memory 

TO T1 

Ta z 25°C 

Conditional Branch 
Logic 

Timer Flag 0 INT 
Flag 

Carry Flag 1 

Operating Temperature, Topt 

Storage Temperature !Plastic Package!, Tstg 

Voltage on Any Pin, V1/0 

Supply Voltage, Voo 

, 

~ .. 
~ 

PSW 

i m:::.==:r...,,~rt 
2! 1-"~""'"'='"-i 

Data Store 

t-----T1 

PlO- P17 

P20 - P27 

080 - 087 

--40°C to +85°C 

-65°C to +150°C 

V55 -0.3V to Voo +0.3V 

Vss -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. 
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NEC µPD80C50H/µPD80C40H 

DC CHARACTERISTICS Ta= -40°C-+85°C, Voo =+5V ± 10%, Vss= OV 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage V1L -0.3 +0.8 v 

V1H 
Except Xl.All, XTAL2, Voo Voo v 
RESET, SS -2 

Input High Voltage 
Voo 

V1H1 RESET, XTAL1, XTAL2, SS -1 V:io v 

Output Low Voltage Vol loL = 2.0 mA +0.45 v 

VOH 
BUS, RD, WR, PSEN, ALE, 2.4 v 
PROG, TO; IOH = -400 µA 

PORT!, PORT2; 2.4 v Output High Voltaga 
VOH1 <D 

loH = -5 µA (Type OI 

PORT!, PORT2; 
loH = -50µA (Type 11 2.4 v 

PO RT!, PO RT2; -15 -40 µA 
llLP <D 

V1 .;;;v1 L (Type OI 

PORT1,PORT2; 
Input Currant V1 <;;;VIL (Type 11 

-500 µA 

llLC SS,RESET;V1 <;;;VIL -40 µA 

Tl, INT, STOP; ± 1 µA Ill! vss.;;;v1 .;;;voo 
Input Leakage Currant 

1u2 EA; Vss .;;;v1 .;;;voo ±3 µA 

Output Leakage Currant ILO 
vss<;;;Vo .;;;voo 
High Impedance, BUS, TO~ ±1 µA 

1001 HALT mode; ICY = 1.25 µs 1.5 3.0 mA 
Standby Current 

1002 STOP Mode@ 1 20 µA 

Supply Current (Total) loo ICY= 1.25 µs 6 18 mA 

at the hardware STOP mode 
Data Retention Voltage VDDDR (STOP RESET <;;;0.4VI or 2.0 v 

or RESET IRESET ..:o.4VI 
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1,.1PD80CSOH/1,.1PD80C40H NEC 
DC CHARACTERISTICS Ta= -40°C -+85°C, Voo = +2.5V -+6.0V, Vss = DV 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Input Low Voltage V1L -0.3 0.18 
v 

Voo 

V1H 
Except X..!_AL 1, XTAL2, 0.7 

Voo v RESET, SS Voo 
Input High Voltage 

0.8 
V1H1 RESET, XTALl, XTAL2, SS 

Voo Voo v 

Output Low Voltage VOL IOL = 1.0 mA 0.45 v 

VOH 
BUS, RD, WR, PSEN, ALE, 0.75 v PROG, TO; IOH = -lOOµA Voo 

PORT!, PORT2; 0.7 v Output High Voltage 
VoHl (!) 

loH = -1 µA (Type 0) Voo 

PORT!. PORT2; 0.7 
IOH = -lOµA (Type 1) Voo 

v 

PORT!, PORT2; -15 -40 µA 
llLP<D V1 .;;;v1L (Type Ol 

PO RT1, PO RT2; -500 µA Input Current V1 .;;;v1L (Type 1) 

llLC SS, RESET; V1 .;;;vlL -40 µA 

1u1 
Tl, INT, STOP; ±1 µA 

Input Leakage Current 
vss.,.V1 .;;;voo 

1u2 EA; Vss .;;vi .;;;voo ±5 µA 

Output Leakage ·current Ito 
Vss .;;;vo .;;;voo@ ±1 µA High Impedance, BUS, TO 

Voo =JV; 0.3 0.6 mA 

1001 
'HALT ICY= 5µs 
mode Voo = 6V; 

ICY= 1.25 µs 2.0 4.0 mA 
Standby Current 

Voo =JV 1 20 µA 
1002 STOP~ 

Mode Voo = sv 1 50 µA 

Voo=JV;1cv=5µs 2.0 5.0 mA 
Supply Current loo 

voo = 6V;tcv = 1.25 ~ 10 25 mA 

Notes: 

<D Option specification of type 0 and type 1 is available only for the µPD80C50H. 
The µPD80C40H has the type O only. 

~The input pin voltage is V1 .;;VIL or V1 >VIH· 

@Output pins of PORT! and PORT2 specified as the type 2 are also included. 
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NEC µPD80C50H/µPD80C40H 

AC CHARACTERISTICS Ta= -40to+85°C, Vss= OV 

TEST 
PARAMETER SYMBOL CONDITIOMS 

Cycle Time ICY 

ALE Pulst Width ILL 

Address Setup before ALE tAL 

Address Hold from ALE tLA 

Control Pulu Width 
tCCl ® liiii,WRI 

Control Pulst Width (PSEN) ICC2 

Data Satup before WR tow 

Data Hold altar WR two ® 

Dita Hold altar RD, PSEN IDR 

RD to Data in IRDl 

PSEN to Data in IRD2 

Addrass Satup btlore WR IAW 

Address ~up btlore 
tADl Data in (RO) 

Addrm ~ btlore 
IAD2 Otta in (PSEN) 

® 
Address Flo1t to RD, WR IAFC1 

Addr111 Floll to PSEN tAFC2 

lli to Control Signal 
ILAFC1 (RD,WR) 

ALE to Control Sign1I 
ILAFC2 IPSENI 

Control Signal (RD, WR, 
tCAl PROGi to ALE 

Control Signal (PSENI 
tCA2 to ALE 

Port Control Satup balo,. 
tCP ® Falling Ed91 of PRDG 

Port Control Hold altar 1PC1 ®. l!l 
Falling Edge of PROG IPC2 ®. * 
PRDG to Time P2 Input 

IPR must be Volid 

Input Data Hold Tim• tpf 

Output Data Satup Tima top 

Output Dato Hold Time 1po 

PRDG Pulu Width tpp ® 

PORT2 1/0 0111 Satup 
IPL Timi 

PO RT2 1/0 0111 Hold 
ILP Time 

ALE to PORT Output tpy 

TO Clock Period IOPRR 

®Control Output: CL• 80 pF. BUS Output: CL• 150 pF 
®CL•20pF 
®Control Output: CL= 80 pf 
l!l At execution of MOVD A, Pp instruction 

Yoo. +IV ±ID" 
1111 TYP llAX 

1.25 150 

125 

140 

45 

425 

300 

340 

45 

0 95 

300 

175 

350 

700 

500 

105 

5 

175 

50 

35 

280 

85 

0 80 

135 

585 

0 125 

350 

75 

625 

135 

5 

475 

250 

®At oxecution of MOVD Pp, A; ANLD Pp, A; OR LO Pp, A instruction 
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Voo•UteUV 
1111 TYP llAX UllT 

5 150 JU 

995 ns 

890 ns 

295 ns 

2300 ns 

1800 ns 

1965 ns 

295 ns 

0 470 ns 

1800 ns 

1300 ns 

1850 ns 

3585 ns 

2750 ns 

600 ns 

125 ns 

925 ns 

425 ns 

285 ns 

1285 ns 

460 ns 

0 foo® ns 

1135 ns 

2715 ns 

0 500 ns 

1850 ns 

450 ns 

3250 ns 

1135 ns 

125 ns 

1600 ns 

1000 ns 



µPD80C50H/µPD80C40H 

tcv-DEPENDENT BUS TIMING DEFINITIONS 

PARAMETER CALCULATION FORMULA MIN MAX UNIT 

tLL ( 7/30) T-170 • ns 

tAL ( 1/ 5) T - 110 • ns 

tLA ( 1/15)T- 40 • ns 

1cc1 ( 1/ 2) T -200 • ns 

tcc2 ( 2/ 5) T - 200 • ns 

•ow (13/30) T - 200 • ns 

iwo ( 1/15)T- 40 • ns 

IOR ( 1/10)T- 30 • ns 

IR01 ( 2/ 5)T-200 • ns 

tR02 ( 3/10) T - 200 • ns 

lAW I 2/ 51T-150 • ns 

tA01 (23/30) T - 250 • ns 

tA02 ( 3/ 5) T- 250 • ns 

tAFC1 ( 2/15) T - 65 • ns 

tAFC2 ( 1/30) T - 40 • ns 

tLAFC1 ( 1/ 5) T- 75 • ns 

ILAFC2 ( 1/10) T- 75 • ns 

tCA1 ( 1/15) T- 50 • ns 

tCA2 ( 4/15)T- 50 • ns 

tcp ( 1/10) T- 40 • ns 

tpc2 ( 4/15) T - 200 • ns 

tPR (17/30) T - 120 • ns 

tPF ( 1/101 T • ns 

•op ( 2/ 5) T-150 • ns 

tpo ( 1/10) T - 50 • ns 

tpp ( 7/10) T - 250 • ns 

tPL ( 4/15) T - 200 • ns 

tLP ( 1/30) T - 40 • ns 

tpv ( 3/10) T + 100 • ns 

tOPAR ( 1/ 5) T • ns 

tcv (1ifXTALl x 15 /JS 

Remarlu: T = tcy 

AC TIMING TEST POINTS (Except RESET, XTAL1, XTAL2, SS) 

(al Voo = +5V ± 10 % 

XV
0

.o
8
o-2 Voo-2x 

___ _,_ . > p!f~:. < 0.8 ----

(bl voo = +2.5 to &.ov 

0.7Voo > Test < 0.7Voo 

o.1avoo Points 0.18Voo 
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NEC 1JPD80CSOH/1JPD80C40H 

Instruction fetch from external program memory 

TIMING WAFEFORMS t tLL --+--tLAFC2~ • ! -----
ALE _J L-1 _______ ___.I L 

BUS Floating Address 

Read from external data memory 

I- tcy 
j-tLL~tLAFC11 

ALE _J IL--__ __:_ _____ _. 
I-- tcc1 --j-tcA1--I 

Floating 

L 
RD 
~-~~~~~~~~~~~- -~~~~~~~~~-

=j tAFCl ~ ~tDRrr= 
BUSF _i_o_•t_in_g _ ___,X Address X Floating X Dita X --F-l-01-t-in_g __ _ 

LtAD1£F 

Write to external data memory 

!---tLAFCl--j 

ALE___J~~~~-:1~~~-~~ '~~~~~~----' 

\-- tcc1---j--tcA1--1 
~-------------, 

WR 

L 

~~~~-, ___ ,,---~~I !D~l~w~lr--------
BUS Floating i:== .. tAw -=lg Data 

Flo1ting 
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µPD80C50H/µPD80C40H 

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

CPU 

osc 

Internal 
Clock 

Halt 
Mode 

2) Stop Mode 

voo 

osc J1f1 __ -
Internal 
Clock 

CPU 

Port 2 Timing 

ALE 

Expander 
Port 
Output 

Expander 
Port 
Output 

PROG 

NEC 

1 Instr INT Execute 

_____ JlfUl ___ _ 

AORS OOOO(H) 
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NEC 
1/0 Port timing 

ALE 

P20-23 
Output 

1st Cycle 

µPD80CSOH/µPD80C40H 

2nd Cycle 

PCH Port 20-23 Data New P20-23 Data PCH 

P24-27-----------------~ ~--------
Pl0-17 Port 24-27, Port 10-17 Data X New Port Data 
Output '----------
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µPD80CSOH/µPD80C40H 

CHARACTERISTICS CURVES 

VoH vs. IOH !Ta= 25°C) 

voo=4.s v 

< -800 
3 
I 

9 
.s:; 

"' i: 
E .. 
t:: -400 
" u 
~ 

" e 
" 0 

3 4 5 
Output Voltage High VOH IVI 

loH vs. Voo !Ta= 25°Cl 

VoH1•2.4 V 

-200-20 

< 
3 
:c -150 -15 9 

.s:; 

"' i: 

L 
I 

E -100 -10 
I!! 
:; 
u 
5 -50 -5 
0. t t 5 
0 

0 

L 
I/ 

8. .. 
> > 0. 

I- I-

..... 
2 3 4 

Supply voltage Voo IV) 

5 6 
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VoH vs. IOH !Ta= 25°C) 

Voo=4.5V 
-150 -15 i----t----t----t---+--"""T"""--1 

1 
I 

9 -100 -10 l---+--+--'~+---+---+---1 
.s:; 
.2' 
I 

0 

! ! 

< -0.4 3 
I 

9 
.s:; 

"' i: 
~ 
c 
I!! 
:; -0.2 
u 
~ 

" ~ 
0 

4 5 
Output Voltage High VOH1 IV) 

loH vs. Voo !Ta = 25°Cl 

Vol$, 
Voo .s 

V1 L 

v v 

/ 
-"-

2 3 4 5 6 

Supply voltage Voo IV) 



NEC 

0 
0 

~ 
0 

<( 
.§. 
..J 

9 
~ 
0 

..J 
~ 
c: 
~ 
" u 
'5 e 
" 0 

IOL vs. Voo !Ta= 25°C) 

VoL =0.45 V 

3 

2 

y 

Supply voltage Voo (V) 

100/1001 vs. f 

0.51--~-+---+--+-+-l-+-+-++~~+---+--+-++++++---l~ 

0.2.__~ ...... __.. ................................. ~~...._ ................................. ~__.. ...... 
0.1 0.2 0.5 2 

Oscillation frequency f ~MHz) 
(I= 15/tcy) 

10 15 

Note: 

~PD80C50H/~PD80C40H 

IOL vs. VOL (Ta= 25°C) 

<( 41--~~~~-t-~~~~--->11----1 

E 
..J 

9 
~ 
0 

..J 
~ 

~ 21---~~~--.......-~~~~~1---< 
:; 
u 
'5 e 
" 0 

0.5 1.0 

Output Voltage Low VOL (V) 

100/1001 vs. f (Ta= 25°Cl 

51--~+--+-+-i-Hr++"l--~l--+--t 

IQJ;t MAX . ......-1 

0.1 0.2 0.5 2 3 

Oscillation frequency I (MHz) 
(I= 15/tcyl 

1) Curves below 1 MHz show characteristics for external oscillation. 
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~PD80C50H/~PD80C40H 

ICY vs. Voo 

1Ta=--40-+B5°C) 

2001----+---+--f----+---+--I 

]. Operation 
>- Secured 
~ 20 >----+-+---+--- Area -+---+-----i 

"' E 
... 10 f----+--+--+--f----+---+--1 
"' u 
> 
u 5 t---+-----+---1----+---+----< 

~ 
"'--Jl.. 

2 3 4 5 6 

Supply voltage Voo IV) 

NEC 
IPC1 MAX. lµPDBOC50H)/IACC MIN. 

lµPDB2C43) VS. Voo (Ta = 25°C) 

2501----+---+--f----+---+----I 

2 3 4 5 6 

Supply voltage Voo IV) 

Note: Curves without "operation secured area" show reference data. 
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NEC µPD80C50H/µPD80C40H 

PACKAGE DIMENSIONS 
µPD80C50HC/ 
µPD80C40HC 
40 PIN PLASTIC DIP 

ITEM 

A 

B 

c 

D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

MILLIMETERS 

53.34 MAX. 

2.54 MAX. 

2.54 (T. P.) 

0.50 ± 0.10 

1.2 MIN. 

3.6 ± 0.3 

0.51 MIN. 

4.31 MAX. 

5.72 MAX. 

15.24 (T.P.) 

13.2 

0.25 
+ 0.10 
-0.05 

0.25 

INCHES 

2.100 MAX. 

0.100 MAX. 

0.100 (T. P.) 

0.020 + 0.004 
-0.005 

0.047 MIN. 

0.142 ± 0.012 

0.020 MIN. 

0.170 MAX. 

0.226 MAX. 

0.600 tT. P.) 

0.520 

0.010 + 0.004 
-0.003 

0.01 

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

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

~:::: :: :: ~-~ ::: : :::: ;, 
A 

:~ 
D CB 
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pPD80C50H/pPD80C40H 

PACKAGE DIMENSIONS 
11PD80C50HG 
44 PIN PLASTIC 
FLAT PACK 

ITEM 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 
K 

L 

MILLIMETERS 

13.6 ± 0.4 

10 

0.8 ± 0.16 

.35 + 0.3 
- 0.1 

8.0 ± 0.3 

1.0 ± 0.2 

0.15 ~ ~:~ 
0.0 ± 0.1 

1.4 + 0.2 
- 0.1 

0.2 min 

0.0 ± 0.2 

1.8 ± 0.2 

A 

I I 

JL ~ L ~l 
J C D 
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NEC 
INCHES 

0.54 ± 0.016 

.394 

.03 ± 0.006 

.014 + .01 
.004 

.315 ± .012 

.39 ± .008 

.006 ~ .004 
.002 

0.0 ± .004 

0.06 + 0.008 
- 0.004 

0.008 min 

0.0 ± 0.008 
0.071 ± 0.008 

B A 

Lead bend (enlarged viewl 



NEC ~PD80C50H/~PD80C40H 

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. 
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CHAPTER 4 

THE µCOM87 FAMILY 

µPD7800 

µPD7801 

µPD7802 

µPD78C05A 

µPD78C06A 

µPD7809 

µPD7808 

µPD7807 

µPD78P09 

µPD7810,H 

µPD7811,H 

µPD78PG1LE 

IJPD78Cl0 

1-1PD78Cll 

1-1PD78Cl4 



NEC 
THE µCOM 87 FAMILY 

8-BIT SINGLE CHIP MICROCOMPUTER 

µPD7800 µPD7801 µPD7802 µPD78C05A 
µPD78C06A µPD7807 µPD7808 µPD7809 

µPD78P09 µPD7810 µPD7811 µPD78PG11E 

µPD7810H µPD7811H µPD78C10 µPD78C11 µPD78C14 

PRODUCT PACKAGE ROM INSTRUCTIONS 
RAM 1/0 LIN ES 

µPD7800 64QUIL 140 
128 48 

µPD7801 64QUIL 4096 140 
128 48 

µPD7802 64QUIL 6144 
64 

µPD7BC05A 64 QUIL 
128 

µPD7BC06A 64 FLAT 4096 
64QUIL 128 

µPD7807 64 QUIL 
64 SOIP 256 

µPD7808 64 QUIL 4096 
64 SDIP 256 

µPD7809 64 QUIL 8192 
64 SDIP 256 

µPD78P09 64 OUIL 8192 
256 

µPD7810 64 QUIL 
64 SDIP 256 

µPD7811 64 QUIL 4096 
64 SDIP 256 

µPD78PG11E 64 QUIL 4096 
256 

µPD7810H 

µPD7811H 

µPD78C10 

µPD78C11 

µPD78C14 

64 QUIL 
64SDIP 
64QUIL 
64 SDIP 

64QUIL 
64 FLAT 
64 SDIP 

64QUIL 
64 FLAT 
64 SOI' 
64 QI.Ill 
64RJU 
64 SDIP 

256 
4096 

256 

256 

4096 
256 

16384 
256 

140 
48 

101 
46 

101 
46 

157 
40 

157 
40 

157 
40 

157 
40 

157 
44 

157 
44 

157 
44 

157 
44 

157 
44 

158 
44 

158 
44 

158 
44 
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INTERRUPTS SPECIAL 
- EXTERNAL FEATURES 
-INTERNAL 

3 EVACHIP FOR 
2 µPD7801/02 

3 
2 
3 
2 

2 
1 

2 
1 

3 
8 
3 
8 
3 
8 

3 
8 

3 
8 
3 
8 

3 
B 
3 
B 
3 
B 
3 
B 

3 
B 

3 
8 

EVACHIPFOR 
µPD7BC06A 
CMOS-TECHNOLOGY 
CMOS 

EVACHIP FOR 
µPD7809 
4KVERSION 
OF 7809 
8 COMPARATOR 
INPUTS, TWO 8-BIT 
TIMERS, ONE 16-BIT 
TIMER I COUNTER 
EPROM-VERSION 
OF µP07809 

EVACHIP FOR 
µPD7811 
8 AID-CONVERTER 
INPUTS, TWO 8-BIT 
TIMERS, ONE 16-BIT 
TIMER /COUNTER 
PIGGY BACK VERSION 
OF µPD7811 
HIGH SPEED VERSION 
OF µPD7810 (15 Wiz) 
HIGH SPEED VERSION 
OF µPD7811 (15 Wiz) 
CMOS VERSION OF 
µPD7810 

CMOS VERSION OF 
µPD7811 

CMOS VERSION OF 
µPD7811 



NEC µPD7800 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
ROM·LESS DEVELOPMENT DEVICE 

The NEC µPD7800 is an advanced 8-bit general purpose single-chip microcomputer fabricated 
with N-channel Silicon Gate MOS Technology. Intended as a ROM~eu development device for 
NEC µPD7B01/7802 designs, the µPD7800 can also be used as a powerful microprocessor in 
volume production enabling program memorv flexibility. Basic on-chip functional blocks 
include 128 bytes of RAM data memory, 8-bit ALU, 16-bit adress bus, 32 1/0 lines, Serial 
1/0 port, and 12-bit timer. Fully compatible with the industry standard BOBOA 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 
• Single.Chip Microcomputer with On.Chip ALU, RAM and 1/0 

- 128 Bytes RAM 
- 32 1/0 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 BOBOA Bus Compatible 
- 64K Byte Memory Address Range 

• Wait State Capability 
• Alternate Z80™ Type Register Set 
• 140 powerful instructions 
• B Address Modes; Including Auto-Increment/Decrement 
• Multi·Level Stack-Capabilities 
• Fast 2 µs Cycle Time 
• Bus Sharing Capabilities (OMA) 

~ Vee 1 .. sv1 
AB14 

DB7 AB13 
Dile AB12 
Dis AB11 
D .. AB10 
DB3 ABg 
DB2 ABe 
oa1 AB7 
D"o ABe 
INT2 AB5 
IN11 AB4 

~ AB3 
AB:z 

Ml ,.PD A81 
WI! 7800 A Bo 
!Ill P87 
PC7 ... 
PCs P85 
PCs ••• PCo PB3 
PCJ P82 
PC2 .. , 
PC1 •Bo 
~ PA7 

•Ae 
SI •As so •Ao 

iQm' PA3 
STll PA2 

x, ... , 
•ss 10\ll . .., 
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DESCRIPTION 

FEATURES 

PIN CONFIGURATION 



µPD7800 NEC 
PIN DESCRIPTION PINNO. DESIGNATION FUNCTION 

1,49-63 AB0-AB15 (Tri-State, Output) 16-bit address bus. 

2 EXT (Output) 'E'XT is used to simulate µPD7B01/7802 
external memory reference operation. EXT distin-
guishes between internal and external memory 
references. and goes low when locations 4096 
through 65407 an accessed. 

3-10 DBQ-DB7 (Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with 1/0 and memory, 

11 INTo (Input, active hi~) Level-sensitive interrupt input. 

12 INT1 (Input, active hi9\I 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, INT2 is riting edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 

14 WAIT Unput, active low) WAil, 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 
!!!!!...TW and remains in that state as long as 
WAIT is active. 

15 Ml (Output, active high) when active, M1 indicates 
that the current machine cycle is an OP CODE 
FETCH. 

16 WJi (Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Usad 
as a strobe ~al for external memory or 1/0 write 
operations. W goes to the high impedance state 
during HALT, HOLD, or RESET. 

17 RD {Tri-State Output, ilCtive low) R"D is used as a 
strobe to me data from external devices on the 
data bus. goes to the high impedance state 
during HALT, HOLD. and RESET. 

18·25 PC0-PC7 (lnputfOutputl 8-bil llO confitJJred as a nibble 
1/0 port or as control lines. 

26 5CK (Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Dahl on the 
SI 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 procassor 
through the SI line. Data is clockltd into the Serill 
Register MSB to LSB with the rising edge of SCK. 

28 so (Output) SO is the Serial Output Port. Serial!!!.ta 
is output on this line on the falling edge of SCK, 
MSB to LSB. 

29 -mrr (Input, active low) ~initializes the µPD7800. 

30 STB (Output) Used to simulate µPD7801/7802 Port E 
operation, indicating that a Port E operation is 
being performed when active. 

3t X1 (Input) Clock Input 

33-40 PA0-PA7 (Output) 8-bit output port with latch capability. 

41-48 PB0-PB7 (Tri·State Input/Output) 8-bit programmable 1/0 
part. Each line conftgurable independently •an 
input or output. 
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BLOCK DIAGRAM 

INlo 

'"' CONTAOL 
,_ __ .,_ __ _,I MAIN 

1---=--4--'°--l I G A 

l--'--+-----11 "' 
1---=--+---'----l I GA 

PC1J P'Cfi/ 
HOLD HLDA 
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µPD7800 

FUNCTIONAL 
DESCRIPTION 

NEC 
Architecturally consistent with µPD7801/7802 devices, the µPD7800 uses a slightly different 
pin-out to accommodate for the address bus and lack of on-chip clock generator. For complete 
µPD7800 functional operation, please refer to µPD7801 product information. Listed below are 
functional differences that exist between µPD7800 and µPD7801 devices. 

µPD7800/7801 Functional Differences 

1. The functionality of µPD7801 Port Eis somewhat different on the µPD7800. Because the 
µPD7800 contains no program memory, the address bus is made accessible to address 
external program memory. Thus, lines nonmally used for Port E operation with the µPD7801 
are used as the address bus on the µPD7800. AB0-AB15 is active during memory access 
0 through 4095. 

2. Consequently Port E instructions (PEX, PEN, and PER) have different functionality. 

PEX Instruction - The contents of B and C register are output to the address bus. The value 
01 H is output to the data bus. STB becomes active. 

PEN Instruction - Band 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 µPD7800 contains no internal clock generator. An 
external clock source is input to the X1 inpu·t. 

4. PIN 30. This pin functions as the X2 crystal connection on the µPD7801. On the µPD7800, 
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 µPD7801 Port E operation - indicating 
that a port E operation is being performed. 

5. PIN 2. Functions as the If> out clock output used for synchronizing system external memory 
and 1/0 devices, on the µPD7801. On the µPD7800, this pin is used to simulate external 
memory reference operation of the µPD7801. 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 

11 11t 
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NEC µPD7801 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 4K ROM 

The NEC µPD7801 is an advanced 8-bit general purpose single-chip microcomputer fabricated 
with N·Channel Silicon Gate MOS technology. 

The NEC µPD7801 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 1/0 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 B080A/ 
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 µPD7801 to compete with multi-chip microprocessor systems with the advantage 
that most of the support functions are on-chip. 

• NMOS Silicon Gate Technology Requiring +5V Supply 
• 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 
• 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 
- 60K Bytes External Memory Address Range 

• On-Chip Clock Generator 
• Wait State Capability 
• Alternate ZSO™ Type Register Set 
• Powerful 140 Instructions 
• 8 Address Modes; Including Auto-Increment/Decrement 
• Multi-Level Stack Capabilities 
• Fast 2 JJS Cycle Time 
• Bus Sharing Capabilities {DMAI 

PE15 
<DOvT PE14 

o" PE13 
0'6 PE1 2 

o" PE11 
oo, PE10 

0'3 "' oo, "' OB• "' 000 "' •NT2 .,, 
INT1 '" .!!!.!g "' WAIT "' M' '" "" "' "" '" •c, .. , 

l'C5 '" •c, ... 
•c. '" •c, "' •c2 .,, 
•c' ••o 
•co .. , .,,.. .. , ,, .. , 
~ ,, 

" VSSIOVI 
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µPD7801 NEC 
PIN DESCRIPTION 

PIN NO. DESIGNATION FUNCTION 

1. 49-63 PEo/ABo· (Tri·State. Output) 16-bit address bus. 

PE15/AB15 
2 ¢OUT (Output) ¢OUT provides a presca!ed output clock 

for use with external 1/0 devices or memories. 
¢OUT frequency" txTALl2. 

3-10 DB0-DB7 (Tri·State Input/Output, active high) B·bit true 
bi-directional data bus used for external data 
exchanges with 1/0 and memory. 

11 INTo ! Input, active high) Level-sensitive interrupt input 

12 INT1 (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 sensiti'll'e interrupt input 
where the desired activation transition ls pro-
grammable. Bv setting the ES bit in the Mask 
Register to a 1, INT2 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. WAii is sampled at 
the end of T2. if active processor e11ters a wait 
state TW and remains in that state as long as 
WAIT is acti11e. 

15 M1 (Output, active high) when active, M 1 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~al tor 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) R"D is used as a 
strobe to me data from external devices onto the 
data bus. R goes to the high impedance state 
during HALT. HOLD. and RESET. 

18-25 PC0-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/Output operations. Data on the 
SI 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 SI 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 µP07801. 

30 X2 (Output) Oscillator output 

31 X1 (Input) Clock Input. 

33-40 PAo·PA7 ~Output) 8-b1t output port with latch capability. 

41-48 PB0PB7 (Tri·State Input/Output) 8-bit programmable 1/0 
port. Each line configurable independently as an 
input or output. 
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~ .. 
Memory Map 

l--'---+----'----lj __ 

l-''--l---'----11'·" 

DATA 
MEMORY 

(128BYTEI 

PROGRAM 
MEMORY 
(4K BYTE) 

I b b 
.;.OUT 

The µPD7801 can directly address up to 64K bytes of memory. Except for the on-chip ROM 
(0-40961 and RAM (65.408-65.535). any memory location can be used as either ROM or RAM. 
The following memory map defines the 0-64K byte memory space for the µPD7801 showing 
that the Reset Start Address. Interrupt Start Address, Call Tables. etc., are located in the 
Internal ROM area. 

AES ET 

IN TERNA 
ROM 

4096. 8 INTo 

EKTEFU\llAL 

MEMORY 

1>1.312 .. a .. INTS 

65,407 96 SOFT I 

65,408 
INTERNAL "" LOWAOOA 

l · RAM "" HIGH ADDR 

128 JI[ 8 130 LOWAOOR 

~' ' "' HIGH ADDA 65,535 

,.. LOWA.DOR 
} I - 6J 

"' HIGH ADDA 

USEffS 
AREA 
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NEC 

PRODUCT 
DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

HIGH END SINGLE CHIP 8-BIT 
MICROCOMPUTER WITH SK ROM 

µPD7802 

The NEC µP07802 is an advanced 8-bit general purpose single-chip microcomputer fabricated 
with N-Channel Silicon Gate MOS technology. 

The NEC µPD7802 is intended to serve a broad spectrum of B·bit designs ranging from 
enhanced single chip applications extending into the multi-chip microprocessor range. All the 
basic functional blocks - 6144 x B of ROM program memory, 64 x 8 of RAM data memory, 
B-bit ALU, 48 1/0 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 BOBOA bus 
structure, expanded system operation can be easily implemented using any of the BOSON 
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 µPD7802 to compete with multi-chip microprocessor systems with the advantage 
that most of the support functions are on-chip. 

• NMOS Silicon Gate Technology Requiring +5V Supply 
• Complete Single-Chip Microcomputer with On-Chip ROM, RAM and 1/0 

6K Bytes ROM 
- 64Bytes RAM 
- 48 1/0 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 BOBOA Bus Compatible 
- 58K Bytes External Memory Address Range 

• On-Chip Clock Generator 
• Wait State Capability 
• Alternate ZBO™ Type Register Set 
• Powerful 140 Instructions 
• B Address Modes; Including Auto·I ncrement/Decrement 
• Multi-Level Stack Capabilities 
• Fast 2 µs Cycle Ti me 
• Bus Sharing Capabilities (OMA) 

PE15 
ISIOUT 

087 
OB& 
OBS 
08• 
003 
082 
081 
OBo 

INT2 
INT1 

~ 
WAIT 

"' WR 
1'15 

PC7 
PC& 
PCs 
PC• 
PC3 
PC2 
PC1 
•co 
~ 

51 

~ 
•2 

VCC l+~V) 
PE14 

PE13 
PE11 
PE11 .. ,. 
PEg 

••• .. , 
••• 
"• PE4 
PE3 

PE2 

'" ••• .. , 
••• ••• ••• .. , 
••2 .. , 
••o 
PA7 
PA& 
PAS 
PA4 
PA3 

A2 
X1 PA1 

V5510Vl '"-C:'----....::.::..>-~· AO 
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µPD7802 NEC 
PIN NO. DESIGNATION FUNCTION 

PIN DESCRIPTION 

1, 49-63 PEolABo !Tri-State, Output I 16-bit address bus. 

PE15IAB15 
2 OOUT (Output) ¢OUT provides a prescaled output 

clock for use with external 1/0 devices or 
memories. ¢OUT frequency is txTAL·r2. 

310 DBo·DB7 Hr1-State Input/Output, active high) 8-b11 true 
b1·d1rect1onal data bus used for external data 
e1echanges with 1/0 and memory 

11 INTo (Input. active high) Le ... ehens1t1ve interrupt input 

12 INT1 (Input. active high) Atsmg·edge sensiti'\le interrupt 
input_ Interrupts are iniliated on low· to-high trans1-
t1ons, pro'lliding interrupts are enabled. 

13 INT2 Onputl INT2 1s an edge sens1t1ve interrupt input 
where the desired activation transition 1s pro 
grammable. By setting the ES bit in the Mask 
Register to a 1. INT2 is rising edge sens1t1ve. When 
ES is set to 0. INT2 1s falling edge sensitive 

14 WAIT Unput, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or 110. WAIT is sampled at 
the end of T2. if active processor enters a wait 
stat.e Tw and remains.in that state as long as 
WAIT is active 

15 Ml (Output, actiwe high) when active, Ml 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 ~al 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 I An is used as a 

~~~~ut~ ~e g~:a t~~~e ~~~~~~p~~:i~~~ ~~~~the 
durong HALT, HOLD, and RESET. 

18-25 PC0-PC7 (Input/Output} B·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/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris· 
1ng 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 SI 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 
1s output on this line on the falling edge of SCK, 
MSB to LSB. 

29 RmT (Input, active low) RESET initializes the µPD7802. 

30 X2 (Output) Oscillator output. 

31 X1 Onputl Clock Input 

33-40 PA0-PA7 !Output) B·bit output port with latch capability. 

41·48 PB0-PB7 (Tri·State lnput/OutpuO 8-bit programmable 1/0 
port. Each tine configurable independent Iv as an 
input or output 
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NEC 
BLOCK DIAGRAM 

FUNCTIONAL 
DESCRIPTION 

fC1• ~., 

X2=EJ osc 
X1 

... 
Memory Map 

>---+-----11 ....... 
t----+------11 ,,, 

DATA 
MEMORY 
164 BYTE) 

PROGRAM 
MEMORY 
16K BYTE) 

I I 1 I 1 1 
'"OUT 

µPD7802 

The µPD7802 can directly address up to 64K bytes of memory. Except for the on-chip ROM 
C0-61431 and RAM(65.472-65.535), any memory location can be used as either ROM or RAM. 
The following memory map def in"' the 0-64K byte memory space for the µPD7B02 showing 
that the R"'"t Start Address, Interrupt Start Address, Call Tables, etc., are located in the 
Internal ROM area. 

FU: SET 

INTERNAL 
ROM 11\iTo 

1().6143) 

INi'.i 
6143 
6144 I 

XTERNA IN!'.i 
MEMORY 

~ 

" IN!i 
59,328 x 8 ' 

" 
65471 96 SOFT 1 

65472 

INTERNAL ><1(,H AOOH 
t = 0 

RAM t= 1 
65535 

+ + 
.'~~ •U(.,~ A[llJH 

: t,,. 63 
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µPD7801/02 

FUNCTIONAL DESCRIPTION 

1/0 PORTS 

PORT FUNCTIONS 

Port A 8-b1t output port with latch 

Port B B·b1t programmable lnput/Oulput par! w/latch 

Port C 8·b1t nibble 1/0 or Control port 

Port E l6·b1t Addres~/OutJ,Jut 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 Bin 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 Bn = 1 I or an Output 
(Mode Bn = ol. 

Port C 

Port C is an 8-bit 1/0 port. The Mode C register is used to program the upper 6 bits of Port C to 
provide control functions or to set the 1/0 structure per the following table. 

MODE Cn = O MODE Cn, 1 

PCo Output Input 

PC1 Output lnpur 

PC2 SGS Input Input 

PC3 SAK Output Output 

PC4 To Ou!put Output 

PC5 10-M Output Output 

PC5 HLDA Output Output 

PC7 HOLD Input 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 PE0.15 and PEo-7, respectively. 
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NEC 
FUNCTIONAL 
DESCRIPTION 
(CONT.) 

TIMER OPERATION 

PAE­
SCALEA 

l4µsl 
12 BIT DOWN COUNTER 

TIMER BLOCK DIAGRAM 

µPD7801/02 

oTO 

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 µ.s to 16 ms in duration. The timer consists of a prescaler which decrements a 12-bit counter 
at a fixed 4 µs rate. Count pulses are loaded into the 12-bit down counter through timer register 
ITMO and TM1 ). Coum-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 (TOI 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 

PC3/SAK 

SERIAL PORT BLOCK DIAGRAM 
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~1PD7801/02 

The on-chip serial port provides basic synchronous serial communication functions allowing the 
NEC µPD7801 /02 to serially interface with external devises. 

Serial Transfers are synchronized with either the internal clock or an external clock input 
(5Ci<). 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 Sena I Input port (51)/Serial Output port [50) 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 µPD7801/02 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. 

INT 
VECTORED MEMORY 

PRIORITY TYPE LOCATION 

INTT 8 3 Internal, Timer 

Overflow 

INTS 64 6 Internal, Serial 

Buffer Full/Empty 

INTO 4 2 Ext., !evel sensitive 

INTI 16 4 Ext., Rising edge 

s.ens1t1ve 

INT2 32 5 Ext.. R1s1ng/Fall1n9 

edge o:;ens1t1ve 

SOFT! 96 , Software Interrupt 

RESET (Reset) 

An active \ow-signal on this input for more than 4 µs forces the µPD7801/02 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 FFH. 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 FFFH 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 OOOOH. 
• The Address Bus (PEo-1 sl. Data Bus [DBo.7), RD, and WR go to a high impedance state. 

Once the RESET input goes high, the program is started at location OOOOH. 
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NEC 
FUNCTIONAL 
DESCRIPTION 
(CONT.) 

REGISTERS 

µPD7801/02 

The µPD7B01/02 contains sixteen 8-bit registers and two 16-bit registers. 

15 0 

I 
PC I SP 

07 

i) ·"· 
v A 

B c 
D 

H L 

1 J., ..... 
v· A' 

B' c· 
D' E' 

H' L' 

General Purpose Registen (B, C, D, E, H. LI 

There are two sets of general purpose registers (Main: B, C, D, E, H, L: Alternate: B', C', O', 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·Aegister can be used as 256 x 8·bit working registers for 
storing software flags, parameters and counters immediately or directly, 

Accumulator (Al 

All data important data treatments on µPD7801 /02 are done through the accumulator. The 
contents of the Accumulator and Vector Register can be exchanged with their Alternate 
Registers using the EX instruction. 

Program Counter (PCI 

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 OOOOH. 

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. 

4-17 



µPD7801/02 

Register Addressing 

Register Indirect Addressing 

Auto-Increment Addressing 

Auto-Decrement Addressing 

Register Addressing 

Working Register Addressing 

Direct Addressing 

Immediate Addressing 

Immediate Extended Addressing 

Accumulator Indirect Adressing 

I OPCODE 1--------<ao...rl OPERAND I 
The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

rp memory 
~,__ __ ...... ,ADDRESS) .. ____ .,, OPERAND I 

The instruction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffoc are ending this address mode. 

Auto-lncrom1nt AddNaing 

rp memory 

~----..-.flA;:;o:;;:o~f~.mt---tes;;cls • loPERAND I 
L-....@ 

The opmde 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 

rp memory 

OPCODE 1----...i >---__.,.,OPERAND 
~-..---~ 

Working Register Addreuing 

PC OPCODE 

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. The memory contents 
can be influenced directly or immediately. Mnemonics with a W suffix ending this address mode. 
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NEC 
ADDRESS MODES 
(CONT.) 

INSTRUCTION SET 

µPD7801/02 

The two bytes following the opcode specify an address of a location containing the operand. 

Direct Addressing 

PC 

PC+ 1 

PC+ 2 

OPCODE 

Low Address .._ __ -i 

H igh Address 

Immediate Addressing (8 bitl 

PC 

PC+ 1 

Immediate Extended Addressing (16 bitl 

PC 

PC+ 1 

PC+ 2 

1 byte 

OPCODE 

OPERAND 

OPCODE 

Low Operand 

High Operand 

Accumulator Indirect Adressing {Select Table) 

C-(PC +2 +A) 

B - (PC + 2 + A + 1) 

Operand Description 

OPERAND DESCRIPTION 

r V, A, B, C, D, E, H, L 

r1 B,C,D,E,H.L 

r2 A,B,C 

sr PA PB PC MK MB MC 1MO TM1 S 

sr1 PA PB PC MK s 
sr2 PA PB PC MK 

rp SP,B.D.H 

rp1 V.B.D.H 

rpa B,D.H,D+, H+.D H-

rpal B,D,H 

wa 8 bit immediate data 

word 16 bit immediate data 

byte 8 bit imml!diate data 

bit 3 bit immediate data 

f FO, F 1. F2. FT, FS. 

Memory 

Low Operand 

Higtr Operand 

2 byte 

Notes: 1. When special register operands sr, srl, sr2 are used; PA= Port A, PB= Port B, 
PC= Port C, MK= Mask Register, MB= Mode B Register, MC= Mode C Regis1er, 
TMO =Timer Register 0, TMl =Timer Register 1, S =Serial Register. 

2. When register pair operands rp, rpl are used; SP= Stack Pointer, B =BC, D =DE, 
H = HL, V= VA. 

3. Operands rpa, rpa1, 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; FD= I NTFO, Fl = I NTF 1, F2 = INT F2, 
FT= INTFT, FS = INTFS. 
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µPD7801/02 NEC 
INSTRUCTION GROUPS I 

NO CLOCK SKIP~ 
MNEMONIC OPERANDS BYTES CYCLES oPERATION CONDITION CV Z 

8·BIT DATA TRANSFER 

MOV ,, A I 4 r1 ...._A 

MDV A.r1 I 4 A-r1 

MOV u. A ' 10 \r -A 

MDV A, t•1 2 10 A-srl 

..... ov r. word 4 11 • - ~word I 

MDV word. r • " (1111ordl - r 

MVI r, byU! ' 7 r .,._byte 

MVIW we, byte J I J (V. we) - bytl! 

MVIX ,,,., b'VU! ' 10 (rP•1l -bvte 

STAW WO 2 10 ~V.w•l-A 

LDAW w• 2 10 A- (V,w•) 

STAX ,,,. 1 7 lrp•l-A 

LOAX ,,,. 1 ' A - ~rpal 

exx 1 • E J11tl<lange rt19itt•r nu 

EX 1 • V.A-V',A' 

I g'eel-~~H.L\;c-c- 1 
BLOCK 1 13 fC•ll 

LtU -fil. 
11 .. IT DATA TRANSFER 

SBCD _,., • 20 Cwordl - C, lword + 11 - B 

SDEO WO'd 4 20 lwordl - E. (word + 1 I - 0 

SHLD word • 20 {ll'llordl - L. b\lord + 1 I - H 

SSPD WO'd • 20 lwordl - SP1.. ~word + 1 l - SPH 

LBCO "'"" 4 20 C - lwordl. B - lword + t) 

LDED W0'd 4 20 e - (wordl, 0 - (ward+,) 

LHLO "'"" • 20 L - lwordl, H - (word + H 

LSPO ..... • 20 SP1. - fwordl, SPtt - lword + 1 I 

PUSH ,.1 ' 17 ISP- 1) .... f"PIH. ISP- 21- rPIL 

POP ,.1 2 15 
rpl 1. - ISP) 
rp.!H_- ISP+ 11, SP .... SP+ 2 

LXI rp, lllVOrd J 10 rJJ-word 

TABLE 1 19 
C-(PC+2+AI 
B-(PC+2+A+ 0 

4-20 



NEC 
INSTRUCTION GROUPS 
(CONT.I MNEMONIC 

ADO 

ADO 

A~OX 

AOC 

AOC 

ADCX 

SUB 

sue 

SUBX 

sea 

588 

SBBX 

ADDNC 

AOONC 

ADDNCX 

SUBNB 

SUBNB 

SUBNBX 

ANA 

ANA 

ANAX 

ORA 

ORA 

ORAX 

XRA 

XRA 

XRAX 

GTA 

NO. 
°'ERAMDS BYTES 

A.• 2 

•.A 2 

... 2 

A.' , 
•.A , 
... 2 

A.< , 
•.A 2 

... 2 

A.• 2 

•.A 2 

... , 
A.• , 
•.A 2 

... 2 

A.• , 
"A 2 

... 2 

A.• 2 

•.A , 
... , 
A.• 2 

•.A 2 

... 2 

A.• 2 

•.A 2 

... , 
A.• 2 
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CLOCK SKIP~ 
CVCLIEI OPERATION CONDITION CY Z 

ARtTHMETIC 

8 A-A •r I I 

8 r - r +A I I 

,, A-A+ (r~t I I 

8 A - A+ r +CY I I 

8 r - r +A+ CY I I 

11 A-A+(rp•l+CY I I 

8 A-A- r I I 

8 r-r-A I I 

11 A-A- lr1>1I I I 

8 A-A-r-CY I I 

8 r-r-A-CY I I 

,, A-A- (rp•l-CY I I 

8 A-A +r No Carry I I 

8 r-r+A NoCury I I 

11 A-A+ l•P•I No Clrty I I 

8 A-A- r No Borrow I I 

8 r-r-A No Barrow I I 

11 A-A- (•P•) No Botrow I 1 

LOGtcAL 

8 A-A/\r I 

8 ,_,/\A I 

11 A~ A l\lrpat I 

8 A-Avr I 

B r- .-vA I 

11 A-Av (rpal I 

8 A-A\lr I 

B A-r ¥A I 

11 A-A"" trpa) I 

8 A - r - 1 Ng Borrovw ' I 



µPD7801/02 

NO. CLOCK 
MNEMONIC OPEAANDS BYTES CYCLES OPERATtoN 

LOGICAL (CONTJ 

GTAX •Po 2 11 A (rP1) - I 

LTA A.• 2 8 A-' 

LTA •,A 2 8 ,_.., 
LTAX '"" 2 11 A- frpel 

ONA A,• 2 8 A1" 

ONAX '"" 2 11 Al'llrl)ill 

OFFA ..... 2 8 A1" 

OF FAX '"" 2 11 AA(rP11J 

NEA ~ .. 2 8 A-' 

NEA •,A 2 8 •-A 

NEAX ,,. 2 11 A- lrpel 

EOA ... 2 a A-' 

EOA ..... 2 a ' - .. 
EOAX '"" 2 11 A- (rPI) 

IMMEDIATE DATA T"ANIFER !ACCUMULATOR) 

XRI A,bv1e 2 7 A-AIJbyte 

AOINC A,b¥11 2 7 A-A+byte 

SUINB A. byte 2 7 A-A-byte 

AOI A,bYll 2 7 A-A+byte 

ACI A.b\'1• 2 7 A-A+byte+CV 

SUI A, bv11 2 7 A-A-byte 

S81 A,by11 2 7 A-A-b'tt•- CY 

ANI A,bY'I• 2 7 A- AAbyle 

ORI A.bYt1 2 7 A-A'\/byte 

GTI A,bYtl 2 7 A-byte-1 

LTI A, byte 2 7 A- bY'I• 

ONI A.bvte 2 7 AAbvte 

OFFI A, byte 2 7 A/\ byte 

NEI A, byte 2 7 A -bytl 

EQI A. bYtl 2 7 A-bvUI 

4-22 

SKIP I FTS I 
CONDITION CY Z 

No Borrow I I 

Boa ow I I 

Borrow I I 

Borrow I I 

No Zero I 

No Zero I 

Zero I 

Zero ' 
No Zero I I 

No Zero I I 

No Zero I I 

Zero I I 

Zero I I 

Zero I ' 

' 
NoCerrv I ' 
No 8or1ow ' I 

I I 

I I 

I I 

I I 

I 

I 

No Borrow I I 

Borrow I I 

No Zero I 

Z0<P I 

No Z1ro ' I 

z ... ' I 

NEC 
INSTRUCTION GROUPS 
(CONT.) 



NEC 
INSTRUCTION GROUPS. 

(CONT.I NO. CLOCK 
MNEMONtc OPERANDS BYTES CYCLES OPERATION 

IMMEDIATE DATA TRANSFER 

XRI r,bvle 11 ' ... r ¥byte 

ADINC '·byte 11 r-r+bvt• 

SUINB r.bvte 11 r - r - byte 

ADI r,byte 11 ,_,+byte 

ACI r,byte 11 r - r +byte+ CY 

SUI r,byte 11 ,_, -bvt• 

SBI r,byt• 11 r - r- byte- CY 

ANI r, byte 11 r-rAbyte 

URJ r. byte 11 r-rvbvte 

GTI r,byUI 11 r - byte - 1 

LTI r,byll 11 r - byte 

ONI r,bvt• 11 rl\bvte 

OFFI r,byte 11 rl\byte 

NEI r,bvte 11 r - byte 

EDI r, byte 11 r -byte 

IMMEDIATE DATA T'IANSFER <sPECIAL REGISTER! 

XRI 1r2. byte 17 1r2 - u2 Y byte 

AOINC 1r2, bvte 17 1r2 - sr2 + byte 

SUINB sr2, byte. 17 sr' - sr2 - byte 

AOI sr2. bYtl 17 1r2- sr2 + bYll 

ACI lf2.bvt• 17 1r2 .. -sr2+ byte +CY 

SUI 1r2. byte 17 1r2 - 1r2 - byte 

SBI sr2, byte 17 sr2 •- sr2 - byte - CY 

ANI sr2.bvt• 17 sr2 - sr2 I\ bv11 

OR• 1r2,byte 17 sr2 - sr2 v by11 

GTI sr2,byte 14 sr2 - bl"t• - 1 

LTI 1'1'2,bYll 14 M'2 ·byte 

DNI sr2.bvte 14 sr2A byte 

4-23 

11PD7801/02 

SKIP 
CONDITION 

No C1rry 

No Botrow 

No Borrow 

Barrow 

No Zero 

Ze<o 

No Zero 

z .. o 

No C•"Y 

No Borrow 

No Borrow 

Borrow 

No Zero 



µPD7801/02 

NO. CLOCK 
MNEMONIC OPERANDS BYTES CYCLES OPERATION 

IMMEDIATE DATA TRANSFER CSfl'ECIAL REGISTER! ICONTJ 

OFFI 111'2.bYW 14 lf21\byle 

NEI lf2,byl• 14 lf'2 - byte 

EQI .r2,by'lt' 14 1r2 - byte 

WORKING REGISTER 

XAAW 14 A-A¥ IV,w1) 

ADON CW 14 A.,.._ A+ IV, wa) 

SURNBW 14 A - A - IV. WI) 

AOOW 14 A-A• IV.11w.l 

AOCW 14 A-· A+ IV.w1l +CY 

SUBW 14 A-A - IV,wa) 

SBBW 14 A-A- IV, we)- CW 

ANAW 14 A .. A/\IV,w1) 

ORAW 14 A-A ylV. WI) 

GTAW 14 A-IV,¥'11111-1 

LTAW 14 A- IV,w1J 

ONAW 14 AAIV,wal 

OFF AW 14 Al\IV,wml 

NEAW 14 A- (V,wal 

EOAW 14 A·· {V,wal 

ANIW W41.bvt• 16 IV. w1~ - IV. w•l /\bvte 

OAIW wa, bvte 16 (V, w1I - IV, w1I VbV11 

GTIW wa, byte 13 IV, wal - byte - I 

l TIW w.11,bvie 13 IV. wal - byte 

ONIW wa, byte 13 (\/,""".>;.".byte 

OFFIW wa.bvte 13 IV. wall\ byte 

NEIW wa. bvte 13 IV. Witl - bvte 

EOIW wa. byte 13 IV, wal - byte 

INCREUENT /DECREMENT 

INA ,, r2 - r2 + 1 

INAW 13 IV.wal- IV,,,..11•1 
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SKIP~ 
CONDITION~ 

Z•o 

~o Zero 

No Carry 

No80flOW 

No Borrow 

Bnrrow 

No Zero 

Zero 

No Zero 

bro 

No Bonow 

Bot row 

No Zero 

Zero 

No llf'O 

Z•'° 

C.rry 

Carry 

NEC 
INSTRUCTION GROUPS 
(CONT.) 



NEC 
INSTRUCTION GROUPS 

(CONT.) 
NO CLOCK 

MNEMONIC OPERANDS BYTES CYCLES OPERATION 

OCR ,, 
OCAW 

INX 

DCX 

DAA 

STC 

CLC 

ALO 

RAO 

RAL 

RCL 

AAA 

RCR 

SHAL 

SHCL 

SHAA 

SHCR 

JMP word 

JB 

JR word 

JRE word 

CALL word 

CALB 

CAli:' word 

CAL T ~·d 

SOFT! 

4-25 

INCREMENT/DECREMENT (CONT.I 

•2. •2 1 

13 !V.willl ·- IV. w•: - 1 

rp - rp • 1 

rp- rp - 1 

Decimal Ad1u1t Accumulator 

CY-- 1 

CY - 0 

ROTATE ANO SHIFT 

17 Ro1ate Right 01911 

Am+ 1 +--Am, Ao - CY, CY -- A1 

Cm+, - Cm, Co- CY, CY+-- C7 

Am - 1 ,___ Am.A7- CY.CY- A() 

Cm - 1 - Cm. C7 - CY. CY - Co 

Am + , +-- Am. Ao -- o. CY - A 7 

Cm+ 1 - CM, Co - 0, CY - C7 

Am-, -Am,A7-0,CY-Ao 

Cm - , - Cm. C7 - o. CY - Co 

.IUMP 

10 PC ..... word 

13 PC-PC+1+1d1spl 

13 PC-PC•2•1d11p 

16 

13 

16 

19 

19 

CALL 

ISP - 11- !PC - 3!1-4. !SP 2l -
lPC - JIL. PC· word 

lSP - U • IPC OH. lSP 21 -
IPC-1.'1..P~· B,PC • C 

(5P-1l-lPC-2~H.!SP-2)o- CPC-1)l 
PC15 - 11~-00001,PCIO - 0- fa 

tSP- lt-!P(-1 IH.(SP 21· tPC-11L 
PCL-(128-2tal. PCH" t17'9+2ta) 

!SP- 1)· PSW.SP 2.lSP ll• PC 
PC· 00601-4, SIAO • 1 

µPD7801/02 

SKIP ]Ts I 
CONDITfON CY Z 

Borrow 

Borrow 



µPD7801/02 

NO. 

MNEMONfC c>rEftANDI BYTES 

RET , 
RETS , 
RETI 1 

BIT bll.Wil ' 
SKC ' 
SKNC ' 
SKZ ' 
SKNZ ' 
SKIT f ' 
SKNIT f ' 

NOP 1 

El ' 
01 ' 
HL T 1 

SIO 1 

STM 1 

IN byte ' 
OUT byte ' 
PEX 2 

PEN ' 
PER 2 

CLOCK 

CYCLES OPERATION 

RETURN 

,, PCL • tSPl. PCH - ISP+ 1) 

SP - SP ' 
11+a 

PCL - ISPt. PCH - CSP+ 1l. 
SP· SP• 2.PC-PC+n 

15 
PCL •- !SPJ, PCH - ISP+ 1 ! 
PSW,._ tSP+2), SP-SP+J,SIRQ--0 

SKIP 

10 B•TIHt 

B Skip 1f Carrv 

B Skip ,f No Carry 

• Skip 11 Zero 

• $k10 11 No Zero 

• Skip 1f INT X" 1, 

then rent INT X 

• Slop 1f No INT X 

OlherWIH rMet INT X 

CPU CONTROL 

• No Qper•11on 

• Enable Interrupt 

• Disable Interrupt 

6 Hall 

SERIAL PORT CONTROL 

• Start !Trigge-r) Serictl 110 

• Start Timer 

INPUT/OUTPUT 

10 
AB15-a - B.AB1-0 - byte 

A-087-0 

10 
AB1s..a - B,AB7-0 byte 

087-0 - A 

,, PE15.e - B, PE7-0- C 

,, PE15.12- BJ-4 

,, Port E AB Mode 
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SKIP 1 ·Lr· 
CONDITION CY Z 

rv w"il'b•I 
= 1l 

CY= 1 

CY= 0 

z = 1 

z = 0 

I= 1 

'= 0 

NEC 
INSTRUCTION GROUPS 
(CONT.) 



NEC µPD7801/02 

l'rogr•m Status Word IPSWI Operation 

OPERATION lti _Ill_ __D_• 03 -112_ DO 

REG.MEMORY IMMEDIATE SKIP z SK HC L1 LO CV 

ADD ADDW ADDX ADI 
ADC ADCW ADCX ACI 

I 0 I 0 0 I SUB SUBW suex SUI 
see SBBW SBBX SBI 

ANA ANAW ANAX ANI ANIW 
ORA ORAW DRAX ORI ORIW I 0 . 0 Q . 
XRA XRAW XAAX XRI 

ADONC ADDNCW ADDNCX ADINC 
SUBNB SUBNBW SUBNBX SUINB 

I I I 0 Q I GTA GTAW GTAX GTI GTIW 
LTA LTAW LTAX LTI LTIW 

ONA ONAW ONAX ONI ONIW 
I I . Q 0 . OFFA OFF AW OF FAX Off I OFFIW 

NEA NEAW NEAX NEI NEIW 
I I I Q 0 I EQA ECAW EQAX EDI EQIW 

INR INRW 
OCR DCRW I I I 0 0 . 
DAA I 0 I Q _ll --1. 
RAL, AAA, RCL, RCA . 0 SHAL, SHAR, SHCL, SHCR 

. 0 Q I 

RLD. RAD . 0 . 0 0 . 
STC . 0 . 0 0 1 

CLC . 0 . 0 0 0 

MVI A, byte . 0 . 1 0 . 
MVI L. byte 
LXI H, word 

. 0 . 0 1 . 
BIT 
SKC 
SKNC 
SKZ . I . 0 0 . 
SKNZ 
SKIT 
SKNIT 

RETS . 1 . 0 0 . 
All other 1ns1ructions . 0 . 0 0 . 

S Fl9111 •ff•cutd aecord1n9 10 result of opet911on 
1 Fl .. Mt 
0 fl .. resri 

• Fl .. not effected 
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ELECTRICAL SPECIFICATIONS 
AND PACKAGE OUTLINES FOR 

µPD7800/µPD7801 /µPD7802 



NEC 
ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 

µPD7800 

Operating Temperature .................................... -10°C to +70°C 

Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +125°C 

Voltage On Any Pin ..•................................... -0.JV 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 = -10 - + 70°C, V CC= +5.0V ± 10 % 

LIMITS TEST 
PARAMETER SYMBOL MIN TVP MAX UNITS CONOITIONS 

Input Low Volt1ge V1L 0 0.8 v 
VIH1 2.0 Vee v Except §CK, X1 

Input High Voltage 
V1H2 3.8 Vee v ~.XI 

Outpu1 low Vollage VoL 0.45 v IQL • 2.0 mA 

VoH1 2.4 v IQH • -100 J.1A 
Output High Voltage 

VOH2 2.0 v IQH • -500 µA 

Low Litvtl lr'lput Leakage Current luL -10 µA V1N s OV 

High Level Input Leakage Current ILIH 10 µA VtN .. Vee 

Low Level Output Leakage Current ILOL -10 µA VouT. 0.45V 

High Level Output Leakage Current ILOH 10 µA vouT .. vcc 
Vee Power Supply Current Ice 110 200 mA 

Ta= 25°C, Vee= GND = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TVP MAX UNIT& CONDITIONS 

Input Capmcitance C1 10 oF 
fc • 1 MHz 

Output C.P1cit1nce Co 20 oF All pins not 

Input/Output ~c111nce C10 20 oF 
under test at OV 
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µPD7800 NEC 
CLOCK TIMING 

Ta= -10 to +70°e, Vee= +5.0V ± 10 %, fosz max" 2 MHz, not devided internally AC CHARACTERISTICS 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

Xour Cycle Time ICYX 454 2000 "' tcvx 
XouT Low Level Width 1XXL 212 "' txxL 
XouT High Level Width txxH 212 "' 'XXH 

READ/WRITE OPERATION 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

ml' L.E. - XouT L.E. 'RX 20 ns 

Address (PEo.15l ...... Data fAQ1 550+500 x N ns 
Input 

~T.E. -Addreu 1RA 200iT31' 7001T41 ns 

~ L.E. -Data Input 'RD 350+500xN "' I RD T .E. - Data Hold 'ROH 0 n• 
Time 

lll> low level Width 'RR 850•SOOxN ns 

1rn' L.E. - WAIT L.E. 'RWT 450 ns 

Address {PEQ.15) - tAWT1 650 ns 
WAIT LE. 

WAIT Set Up Time tWTS 180 ns 
~Referenced from 

XouT L.E.I 

I WAIT Hold Time 'WTH 0 ns 
(Referenced from 

XouT LE.I 

M1~L.E. 1MR 200 ns 

lf[l T.E. - M1 1RM 200 ns 
tcvx "'500 ns 

10/!:f - RU L.E. t1R 200 ns 

lfCl T.E. - 10/IJ 'R1 200 ns 

XouT L.E. - WR L.E. •xw 270 ns 

Address (PEo.15) ..... IAX 300 ns 

•ouT T.E. 

AddresiTPEo.15) ...... IA02 450 ns 
Data Output 

Data Output - WR' tow 600+500xN ns 
T.E. 

IWR T.E. - Data two 150 ns 
Stabilization Time 

Address (PE0.1s>- IAW 400 ns 
WR L.E. 

I WR T.E ..... Address 1WA 200 ns 
Stabilization Tim• 

WR Low Level Width 'WW 600+500xN n• 

·~~L.E 11w 500 ns 

I WI! T.E. - 10~ 'WI 250 ns 
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NEC 
AC CHARACTERISTICS 

(CONT.) 
SERIAL 1/0 OPERATION 

PARAMETER SY-OL MIN MAX UNIT 

SCK Cycle Time 
800 ns 

tcvK 
900 4000 ns 

SCK Low Level Width 
JSO ns 

tKKL 400 ns 

SCK High Level Width 
JSO ns 

IKKH 400 ns 

SI Set·UP Time (referenced from SCK T.E.> •sis 140 ns 

SI Hold Time (referenced from SCK T.E.I t51H 260 ns 

~ L.E. - SO Delay Time 1K0 180 ns 

~High - SCK L.E. 1CSK 100 ns 

SCK T.E. - SCS Low IKCS 100 ns 

~ T.E. - SAK Low IKSA 260 ns 

PEN, PEX, PER OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

X1 L.E. - EXT 'XE 250 ns 

Address ~ABo.15) - STB L.E. tAST 200 

Data IDBQ.71-• STB L.E. toST 200 

STB Hold Time tsTST JOO 

STB- Dara tSTO 400 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

HOLD Se1-Up Time (referenced from 'HD~ 100 ns 

XouT LE.I tHOS2 10lr ns 

HOLD Hold Time lr1tlerenced from 8oUT 
lHOH 

LE.I 
100 ns 

XouT L.E.-+ HLDA lXHA 100 ns 

HLOA High - Bus Floating !High Z State) IHABF -150 150 ns 

HLDA Low - Bus Enable IHABE 350 n• 

Not&S· 

© AC Signal waveform {unless otlierwise sp&eified) 

2.4----

0.45----' 

2.0 ::::> MEASURING ~ 2.0 

0.8 POINTS 0.8 

µPD7800 

CONOITION 

SCK Input 

SCK Output 

SCK Input 
SCK Output 

SCK Input 
SCK Output 

CONDITION 

tcvx: 500 ns 

CONOITION 

@ Output T1m1ng 1$ measured with 1 TTL -t 200 pF measuring points are VQH = 2.0V 

voL: a.av 
@ LE = Leading Edge, T.E : Trailing Edge 
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µPD7800 

tcvx DEPENDENT AC PARAMETERS 

PARAMETER EQUATION 

1RX 11/251 T 

1AD1 13/2+N)T- 200 

IRA IT3) 1112) T- 50 

IRAIT4) (3/2) T- 50 

'RD (l+N)T-150 

'RR (2+NIT-150 

IRWT (3/21 T- 300 

'AWT1 (21 T- 350 

1MR (1/21 T- 50 

'RM (1/21 T- 50 

llR (1/21 T- 50 

IRI (1/21 T- 50 

1xw (271501 T 

IAD2 T- 50 

1ow (3/2+ NIT- 150 

two (112) T- 100 

IAW T- 100 

twA {1/21 T- 50 

tww (3/2+NIT-150 

11w T 

twl (1/21 T 

IHABE (1/21T-150 

IAST {2/51 T 

1DST {2/5) T 

ISTST 13/5) T 

1STD (415) T 

Notes: © N • Number of W•it States 

@ T·•cvx 

MINIMAX 

MIN 

MAX 

MIN 

MIN 

MAX 

MIN 

MAX 

MAX 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

MIN 

MIN 

@ Only lboVI' peremttel'$ are tcv x dependent 

@ When •crystal frequency other than 4 MHz is used hcvx z 500 ns) 
the ebO\oW equations can be used to calculate AC penimeter 

wlues. 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEC 

AC CHARACTERISTICS 
(CONT.) 



NEC 

TIMING WAVEFORMS 

CLOCK TIMING 

READ OPERATION 

WRITE OPERATION 

·~.~~.i-+-~~___._~­
~~~~~~~:.......1 

-
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µPD7800 

SERIAL 110 OPERATION 

1CYK 

···-----..... t 
PEN, PEX, PER OPERATION 

.,., .t: . I 
___ __.}- '""=t=..__'"_'----1 ___ _ 

HOLD OPERATION 

"PACKAGE OUTLINES 

Plastic Quil, µPD7800G 
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TIMING WAVEFORMS 

(CONT.) 



NEC 
ABSOLUTE MAXIMUM 
RATINGS• 

DC CHARACTERISTICS 

CAPACITANCE 

µP07801/02 

Operating Temperature . . . . . . . . . . . . . ..................... -10°C to +70°C 

Storage Temperature . . . . . . . . . . . . . . . ....... -65°C to +125°C 

Voltage On Any Pin ...................................... --0.3V to +7.0V 

COMM ENT: 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= -10 to+ 70"'C. Vee= +s.ov ± 10 % 

LIMITS TEST 
PARAMETER SYMBOL MIN TVP MAX UNITS CONDITIONS 

Input Low Volla;e V1L 0 0.8 v 

V1H1 2.0 vcc v Except SCK, X 1 
Input High Volta~ 

V1H2 3.8 v ~.X1 Vee 
Output Low Volt9Qe VoL 0.4S v IQL"' 2_0mA 

VQH1 2.4 v IOH • -100 µA 
Output High Voltage 

2.0 v VoH2 IQH • -500 µA 

Low Levtl Input LMkaQe Current ILIL -10 uA V1N • OV 

High L...,.I Input Leakllll! Current ILIH 10 uA V1N .. Vee 

Low Level Output Leakage Current lLOL -10 uA VouT. 0.45V 

High Level Output Le.kage Current ILOH 10 uA vouT"' Vee 

Vee Power Supply Current 'CC 110 200 mA 

Ta= 25°e' Vee= GNO = ov 
--

LIMITS TEST 
PARAMETER SYMBOL MIN TVP MAX UNITS CONDITIONS 

Input Capacitance c, 10 pF 
fc."' 1 MHl 

Output C.pac1tance Co 20 pF Au pm! not 

Input/Output Capacitance Coo 20 pF under tMt a1 OV 
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µPD7801102 NEC 
CLOCK TIMING AC CHARACTERISTICS 

-10 to +70°C, Vee= +5.0V ± 10 %, fosz max= 4 MHz, internally devided (1 :2) 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

X1 Input Cycle Time •cYx 227 1000 ns 
X l Input Low Level 'XXL 106 ns 
Width 

X 1 Input High Level •xxH 106 ns 
Width 

ltlQuT Cycle Time •c~ 454 2000 ns 

~UT Low Level Width ~L 150 ns 
"'OUT High Level Width t~H 150 ns 

'¢'OUT Rise/Fall Time tr,lf 40 ns 

READ/WRITE OPERATION 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

"lfD" L.E. -<i>ouT L.E. 'R4> 100 "' 
Address (PEo-151- Oeta tAOl 550+500xN "' Input 

llm"T.E. -Address 'RA 200fTlJ' 700fT4) ns 

I RD L.E. - Dote Input 1RD 350+500xN "' I RD T.E. - O.ta Hold IROH 0 ns 
Time 

~Low Level Width 'RR 850+500xN "' "RD" L.E. -WAIT L.E. IRWT 450 ns 

Address IPE<J.15J- 'AWT1 650 "' WAIT LE. 

WAIT Set Up Time IWTS 290 ns 
(Referenced from 

4>0UT L.E.J 
IWAIT Hold T;me twTH 0 120 "' (Refi?renced from 

<i>ou'r L.E.J 
Ml -RrrL.E. 'MR 200 ns 

JmT.E.-Ml 'RM 200 "' 
•cv~ • 500 ns 

10~-ml"L.E. 1tR 200 "' 
JmT.E.-10~ •Rt 200 ns 

4>0UT L.E.-WR L.E. t<j>W 40 125 ns 

Address IPE<J.151- 'A4> 100 ns 
4>0uTT.E. 

Addrossli>Eo.1s>- 'AD2 450 ns 
Data Output 

Datl Output - WA" •ow 800+500xN "' T.E. 

IWRT.E.-0.t• •wo 150 "' St•bilization Time 

Addr- IP£o.15J- IAW 400 "' Wlf L.E. 

: WR T .E. - Addr111 tWA 200 "' Stabiliution Tim• 

~Low Lovet Width •ww 600 + !500 x N "' 
·~-WR L.E. •1w 600 ns 

I WR T.E. -10-iv- •wt 250 "' 
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NEC 
SERIAL 1/0 OPERATION 

PARAMETER SY•OL MIN MAX UNIT 

SCK Cycle Time 
800 ns 

•cvK 900 4000 ns 

SCK Low Lovol w;dth 
350 ns 

IKKL 400 ns 

SCK H;gh Level w;dth 
350 ns 

tKKH 400 ns 

SI Set-Up T;me (referenced from SCK T.E.I •sis ea· no 

SI Hold T;me !referenced from SCK T.E.t 'SIH 260 no 

~L.E.-so Delay T;me 'KO 180 n1 

~H;gh - SCI< L.E. •cs1< 100 no 

SCK T.E. - SCS Low IKCS 100 no 

SCK T.E. - SAK Low t1<5A 260 ns 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

HOLD Set·UP Time (referenced from IHD~ 200 no 
IOUT L.E.> tHD52 20a no 

HOLD Hold Time !referenced from ~UT 
'HOH a "' L.EJ 

fdouT L.E. - HLDA 1 eHA -11a 100 ns 

HLOA High - Bus Floating (High Z Si.tel IHABF -150 150 no 

H LOA Low - Bus En•ble IHABE 350 ns 

Notn: 

(D AC Signel waveform I unless otherwise 1pecifledl 

2.4----
2.a :::> MEASURllllG -< 2.a 
a.8 POINTS a.8 

a.45----

CONOITION 

SCK Input 

SCK OutPUt 

SCi(lnPUt 
SCKOulPUt 

SCKI~ 
SCi(OulPUt 

CONDITION 

1CY• • 500 ns 

~ Output T1mtng is mnsurld with 1 TTL + 200 pF measuring points •re VQH • 2.0V 

voL ·a.av 
@ LE.• Leitd1ng Edge, T.E. •Trailing Edge 

4-39 

µPD7801I02 



µPD7801/02 

tCY¢ DEPENDENT AC PARAMETERS 

PARAMETER EQUATION 

IR¢ (1/5) T 

'AD1 (3/2 + N) T - 200 

'RA (T3) (1/21T-50 

'AA (T 4) (3/2) T- 50 

IAD (l+N)T-150 

'RA (2+N)T-150 

'AWT (3/21 T- 300 

'AWT1 12) T- 350 

'MA (1/21 T- 50 

1AM (1/2) T- 50 

t1R (1/21T-50 

IRI (1/2)T-50 

1¢W 11/4) T 

IA¢ (1/5) T 

1AD2 T- 50 

1ow (3/2+ NIT- 150 

1wo (1/2) T- 100 

1AW T- 100 

1WA (1/21 T- 50 

tww 13/2+NIT-150 

t1w T 

tw1 (1/2) T 

1HABE (1/21 T- 150 

IKKH (SCK Output) (1/2) (2T-109) 

IKKL_iSCK Outi>_utl (1/2) (2T -109) 
-

NotH: © N •Number of W•it Stetes 

@ T 0 tcv~ 

@ Only above parameters are tcy 4> dependent 

MINIMAX 

MIN 

MAX 

MIN 

MIN 

MAX 

MIN 

MAX 

MAX 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

© When •crystal frequency other than 4 MHz is used (tcy 4> - 500 nsJ 
the lbow equMions can be used to calculate AC parameter 

wilues. 

CLOCK TIMING 

1-------'CVX -------

l)(XL 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEC 
AC CHARACTERISTICS 

(CONT.) 

TIMING WAVEFORMS 



NEC 
TIMING WAVEFORMS 

(CONT.) 

µPD7801/02 

•'OUT 

READ OPERATION 

WRITE OPERATION 

"""' I- '• -----1-----'>----I---····· ··--! 

··~ ., 
-l -~ . 1=·· 

. IF_ .. ,,,_$ __ . ~- CO• [ •• J-
- - r-

1-----··------
~--------

" •. ___)>---' --+1--------tl-----L_ 
·---i . --i 
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tiPD7801/02 

SERIAL 1/0 OPERATION 

1KCS 

SIT ---------..J' 
, .. ____ ______.:._ ll(SA t 

HOLD OPERATION 

___ ,,., .... ···---~ 
-::;:~-

PACKAGE OUTLINES 

Plastic Ouil, µPD7801 G/02G 
Plastic Shrinkdip, µPD7801CW, µPD7802CW 
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NEC 
PACKAGE OUTLINE 

µPD7801G-xxx-37 
µP07802G-xxx-37 

µP07800G-36 
µP07801 G-xxx-36 
µP07802G-xxx-36 

64-PIN QUIL, STRAIGHT LEADS 

L K , 

L,,mmmrnmTlTTTTmmmTirrmmmmmmmrnmr/~, 

64-PIN QUIL, BENT LEADS 

~Hj 
r 

~1-­
D 
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µPD7800/01/02 

PACKAGE OUTLINE 
64-PIN SHRINK DIP 

µP07801 CW-xxx 
µP07802CW-xxx 

I 58.67MAX. --

""f ::::::::::::::: ::::::::::::::::l c/ 
1 ~ 
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ELECTRICAL SPECIFICATIONS 
FOR EXTENDED TEMPERATURE RANGE 

OF -40 °C TO +85 °C 
µPD7800/µPD7801/µPD7802 



NEC 
ABSOLUTE MAXIMUM 
RATINGS* 

µPD7800 

Operating Temperature .................................... -40°C to +85°C 

Storage Temperature ..................................•.. -65°C to +125°C 

Voltage On Any Pin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.JV to + 7 .OV 

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 

DC CHARACTERISTICS Ta= -40- +85°C, Vee= +5.0V ± 10% 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS 

Input LOIN Voltage V1L 0 0.7 v 

V1Hl 2.3 Vee v Except S'Ci<, X 1 
Input H1gt1 Voltage 

V1H2 3.8 Vee v ~.Xl 

Output Low Voltage Vol 0.45 v •oL .. 2.0mA 

VOHl 2.4 v loH,. -IOOµA 
Output High Voltage 

VOH2 2.0 v IQH •-500µ.A 

Low Level Input Leakage Current ILIL -10 µA V1N • OV 

High Level Input Llakage Current ILIH 10 µA V1N. Vee 

Low Level Output Lo kage Current ILOL -10 µA VouT •0.45V 

High Level Output Leakage Current ILOH 10 µA VouT a Vee 

Vee Power Supply Current •cc 110 220 mA 

CAPACITANCE Ta= 25°C, Vee= GND = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS 

Input Capacitance c, 10 pf 
fc"' 1 MHz 

Output Capacitance Co 20 pf All pins not 

Input/Output Capacitance C10 20 pf 
under tht at OV 

AC CHARACTERISTICS CLOCK TIMING 

Ta= -1010 +70°c. Vee= +5.0V ± 10% 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

><ouT Cvcle Time tcvx 666 2000 ns tcvx 
XouT Low Level Width txxL 256 ns 'XXL 
XouT High Level Width tXXH 256 ns 1XXH 
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µPD7800 

READ/WRITE OPERATION 

PARAMETER SYMBOL 

lm L.E. - XouT L.E. tAX 

Addrets fPEo-1sl - Data tAD1 
Input 

L~ T.E. -Address. 1RA 

l~L.E ........ Data Input 'RD 
llf[)T.E ....... Data Hold tROH 

Time 

'J!{tf Low Level Width 'AA 
lm L.E. - WAli L.E. tAWT 

Address. !PEo.15)--+ tAWT1 
WAIT L.E. 

WAIT Set Up Time tWTS 
tReler11nced from 

XouT L.E.I 

WAIT Hold Time twTH 
(Referenced from 

XouT L.E.J 

M1-~L.E. 1MA 
lmT.E.-M1 'RM 
16/~-lllh.E t1R 

!Ill T.E. - 10~ 1RI 

XouT L.E. - WR L.E txw 

AddrMS (PEo.15)--0 1AX 
XouT T.E 

Address IPEo.151 - IA02 
O.ta Output 

Data Output - 'WR" 'DW 
T.E. 

I WR T .E.-+ Data two 
Stabilization Time 

Address (PEo.15)- 'AW 
WA L.E. 

I WR T.E ..... Address 
St•bilitation Time 

'WA 

WR Low Level Widtti tww 

lo!'! ..;wrl_ L.E. t1w 

~T.E. - ldltr 1WI 

LIMITS 

MIN MAX 

20 

550+500xN 

200(T31; 700(T4) 

JSO+SOOxN 

0 

850+500xN 

450 

650 

180 

0 

200 

200 

200 

200 

270 

300 

450 

600+500xN 

150 

400 

200 

600+500xN 

500 

250 

UNITS 

ns 

ns 

ns 

"' 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n• 

n• 

"' 
ns 

ns 

ns 

ns 

4-48 

TEST 
CONDITIONS 

tcvx .. 500 ns 

NEC 
AC CHARACTERISTICS 
(CONT.) 



NEC 
AC CHARACTERISTICS 

(CONT.) 

SERIAL 1/0 OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

SCK Cycle Time 
800 ns 

'CYK 700 4000 "' 
- 350 ns 
SCK Low Level W1dtn 'KKL 300 ns 

SCK High Level Width 
350 ns 

'KKH 300 ns 

SI Set·Up Time (referenced from SCK T.E > 1SIS 140 ns 

SJ Hold Time trelerenced fro1n SCK T E.l 'SIH 260 ns 

SCi( L.E ...... SO Delay Time 'K0 180 ns 

~High - SCK LE 'CSK 100 ns 

SCK T.E. - SCS Low 'KCS 100 ns 

SCK TE ___,. SAK Low 'KSA 260 ns 

PEN, PEX, PER OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

-
X1 LE - EXT txE 250 ns 

Address (ABo.151- STB L.E. 'AST 200 

Data !DBo-71 ..... STB L.E 'DST 200 

STB Hold Time 'STST JOO 

STB - Data 'STD 400 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

HOLD Set·UP Time (referenced from 1HDS1 100 ns 
XouT L.E.I 'HDS2 100· ns 

HOLD Hold Time (referenced from 0ouT 
1HOH LE.I 

100 "' 
XouT L.E. - HLDA 'XHA 100 ns 

HLDA High- Bus Floating iH1gh Z State! tHABF -150 150 ns 

HLDA Low - Bus Enable tHABE 350 ns 

Notes 

G) AC Signal waveform (unless otherwise specified) 

2.0 ~ MEASURING ___.,- 2.0 

O.B POINTS ---- O.B 

µPD7800 

CONDITION 

SCK Input 

SCK Output 

SCK Input 

SCK Output 

SCK Input 

SCK Output 

CONDITION 

tcvx = 500 ns 

CONDITION 

@ Output T1mmg is measured with 1 TTL+ 200 pF measuring points are VQH = 2.0V 

VQL • O.BV 

@ LE = Leading Edge, T.E. =Trailing Edge 
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µPD7800 

tcvx DEPENDENT AC PARAMETERS 

PARAMETER EQUATION 

1RX 11125) T 

1AD1 13/2 + N) T- 200 

'RA IT3) 11/2) T- 50 

'RA (T4I 13/21 T- 50 

1RD ll+NIT-150 

1RR (2 + N) T- 150 

1RWT (3/2) T- 300 

1AWT1 121 T- 350 

'MR l1/2)T-50 

IRM (1/2) T- 50 

t1R 11/2)T-50 

IRI 11/2) T- 50 

1xw 127/501 T 

'AD2 T- 50 

1ow (3/2+NlT-150 

1wo 11/2) T- 100 

'AW T- 100 

'WA 11/21 T- 50 

tww 13/2 + Nl T- 150 

tiw T 

tw1 (1/21 T 

IHABE 11/2) T- 150 

'AST 12/5) T 

1DST 12/51 T 

ISTST IJ/51 T 

1STD (4/5) T 

Noles G) N "' Numb11r of Wait States 

@ T•tcvx 
@ Only above parameters are tcvx dependent 

MINIMAX 

MIN 

MAX 

MIN 

MIN 

MAX 

MIN 

MAX 

MAX 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

MIN 

MIN 

@ When a crystal frequency other than 4 MH;i is used ltcvx "'SOO ns) 

the above equations can be used to calculate AC parameter 

valu.s 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEC 

AC CHARACTERISTICS 
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NEC 
TIMING WAVEFORMS 

µPD7800 

CLOCK TIMING 

READ OPERATION 

WRITE OPERATION 

urr~~~~~~~~-+-~-.,._......j..._.,._ 

... 
....-t 

••WAIT should be supplied with VOH or VOL during tWTs and twrH• otherwise malfunction 
may occur. 
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µPD7800 

SERIAL 1/0 OPERATION 

i& 

,, 
'KO 

so 

scs 

.... ..... t -----

PEN, PEX, PER OPERATION 

HOLD OPERATION 

=~ ... a-IBC-TllOt. 

...... . ....... 
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NEC 
ABSOLUTE MAXIMUM 

RATINGS* 
Operating Temperature ... 

Storage Temperature . 

Voltage On Any Pin 

11PD7801/02 

......... -40°e to +85°e 

-65°e to +12s 0 e 

. . . . . . . . . . -0.3V to + 7 .OV 

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°e 

DC CHARACTERISTICS -10 to +10°e, Vee= +5.0V ± 10 % 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS 

Input Low Voltage V1L 0 0.7 v 
V1H1 2.3 vcc v Except SCK, )(1 

Input High Voltage 
VtH2 3.8 vcc v SCR. X1 

Output Low Voltagie VOL 0.45 v loL .. 2.0 mA 

VQHl 2.4 v IOH • -100 µA 
Output High Voltage 

v IQH "'-500µA VQH2 2.0 

Low Level lnpul leakage Curren1 luL -10 "A v 1N .,av 

Hi9h li!rYtl Input Leakage Current ILIH 10 "A V1N ~Vee 
Low lei,1el Output Leakage Ccrrent 1LOL -10 "A VouT" 0.45V 

High Level Output leakage Current l~OH 10 "A VouT z Vee 
Vee Power Supply Current 'cc 110 220 mA 

CAPACITANCE T0 =25°e,Vee=GND=OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS 

Input C.pecittnce c, 10 •• fc • 1 MHz 
Output Capacitance Co 20 •• All pins not 

Input/Output c.p.cit1nce C10 20 •• under ltst II OV 
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µPD7801/02 NEC 
CLOCK TIMING AC CHARACTERISTICS 

-10 to +10°e. Vee= +s.ov ± 10% 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

X 1 lnpUl Cycle Time tcvx 333 1000 ns 

X 1 Input Low Level txxL 159 ns 
Width 

Xl Input High Le11el lXXH 159 ns 
Width 

otiour Cycle Time 'CV.p 666 2000 ns 

*POUT Low Level Width '<P<>L 256 ns 

"'OUT High Le1o1el Width '<P<>H 256 ns 

ll'OUT Rise/Fall Time t,.tf 40 ns 

READ/WRITE OPERATION 

LIMITS TEST 
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 

'Rt) l.E. - IZIOUT L.E 'A~ 100 ns 

Address IPEo.15) - Data tAD1 550+500xN ns 
Input 

Jft>T.E. ___.Address 'AA 2001T31; 700(T4) ns 

~ L.E. - Data Input 'AD 350+500xN ns 

I RD T .E. - Data Hold IRDH 0 ns 
Time 

"Rl5" Low Level Width IRA 850+!)()0JCN ns 

1\ll" LE. - WAIT L.E 'RWT 450 ns 

Address (PEo.151 - lAWT1 650 ns 
WAIT L.E. 

WAIT Set UD Time twrs 290 ns 
(Aeh•renced from 

410UT L.E.J 
WAIT Hold Time IWTH 0 ns 
(Referenced from 

¢1QUT L.E.1 

M1 -R'll"L.E 'MA 200 ns 

lf[) T.E - M1 'AM 200 ns 'CY¢= 500 n~ 

ID/fill - lf[) L.E t1A 200 ns 

lf[) T.E - ID/fill 'Al 200 ns 

~OUT LE. -WR LE «;w 40 125 ns 

Address (PEo-151- 'M 100 300 "' 
~OUT TE 

Address IPEo.151- IA02 450 ns 
Data Output 

Data Output__. W'Ff 'OW 600+500•N "' TE 

I~ T.E. __.Data 'WO 150 ns 
Stabil1zatmn Time 

~reu (PEo-151- 'AW 400 ns 
WA L.E. 

fWJfr.e. - Address 'WA 200 "' S1ab1lizet1on Time 

~ Low Level Widtli •ww 600+500•N ns 

10/llir-WR LE •1w 500 ns 

I WR TE. - 1Q7!;1' 1w1 250 ns 
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NEC 
SERIAL 1/0 OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

SCK Cvcle Time 
800 "' tcvK 
700 4000 ns 

SCi( Low Level W1dtli 
350 ns 

lKKL 
300 ns 

SCK High Lewrl W•dth 
350 ns 

tKKH 
300 ns 

SI Set-UP Time !referenced from SCK T.E.J 1s1s 140 ns 

SI Hold Time lrefertnctd from SCK T.E.I tSIH 260 ns 

~ L-E- ...... SO Delay Time 'KO 180 "' 
~High ..... SCK L.E. 1CSK 100 ns 

SCK T.E. - SCS Low IKCS 100 ns 

SCi( T.E ..... SAK Low 1KSA 260 ns 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT 

HOLD Set-Up Time (referenced from IHOh 200 ns 

0QUT L.E.I tHDS2 200 ns 

HOLD Hold Time (referenced from £1ouT 
1HDH 

LE.I 
0 ns 

-OUT LE - HLDA 1DHA 110 100 ns 

HLDA High - Bus Floating {High Z Stitt) IHABF -150 150 ns 

HLDA LorN ...... Bu• Enable lHABE 350 ns 

Not ts 

G) AC Signal waveform (unless otherwise 1pecif19d) 

2•----
0.45 

2.0 ">- MEASURING ___... 2.0 

o.8 POINTS ----- 0.8 

CONDITION 

SCK Input 

SCK Output 

SCK 1"11Ut 
SCK Output 

SCK Input 
SCK Output 

CONDITION 

tCY¢ = 500 ns 

@ Output Timing i~ measured with 1 TTL • 200 pf measuring points are VQH:: 2.0V 

voL = o.ev 
@ L.E "' Leading Edge, T.E. =Trailing Edge 

4-55 

µPD7801/02 



µPD7801/02 

lCY</) DEPENDENT AC PARAMETERS 

PARAMETER EQUATION 

tRq, (1/5) T 

tA01 (3/2+ NIT- 200 

IRA fT3I 11/21 T- 50 

'RA (T4) 13/2) T- 50 

IRO ll+NJT-150 

'RR (2+N)T- 150 

'RWT (3/2! T- JOO 

'AWT1 (2!T-350 

tMR (1/2! T- 50 

'RM (1/2! T- 50 

'IR (1/2) T- 50 

IRI (1/2! T - 50 

l</)W (1/4! T 

IA</) (1/5) T 

IAD2 T- 50 

tow (3/2+N)T- 150 

two (1/21T-100 

'AW T- 100 

twA (1/21T- 50 

tww (3/2+NIT- 150 

•1w T 

tw1 (1/21 T 

'HABE (1/21 T- 150 

Notes © N • Number of W•it States 

@ T ••CV• 

@ Only abov. 1>•r•m•tu1 mr• •cv ~dependent 

MINIMAX 

MIN 

MAX 

MIN 

MIN 

MAX 

MIN 

MAX 

MAX 

MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MIN 

MAX 

@ When a crvn•I freQuency other than 4 MHz is used hey "' 500 ns.) 

th• above eQuations c.an be used to calculate AC paramet~r 
wlues. 

CLOCK TIMING 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEC 
AC CHARACTERISTICS 

(CONT.) 

TIMING WAVEFORMS 



NEC 
TIMING WAVEFORMS 

(CONT.) 

READ OPERATION 

.... 

WRITE OPERATION 

~ ... =}-
•.o.cnv1°"''•-1,.>0.8•Sl'""'•ID 

••WAIT should be supplied with VOH or VOL during twrs and tWTH· otherfrise malfunctio 
may occur. 
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µP07801102 NEC 
SERIAL 1/0 OPERATION 

ICYK 

scs ---------P 
-----11($.A t 

HOLD OPERATION 
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NEC 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

µP078COSA 

HIGH END SINGLE CHIP 8-BIT 
MICROCOMPUTER ROM-LESS DEVELOPMENT 
DEVICE IN CMOS TECHNOLOGY 

The µPD78C05A is a high-performance 8-bil microcomputer fabricated with CMOS technology. 
The µPD7BC05A contains an B-bit ALU, a 128 x B RAM, two B-bit 1/0 ports, a 6-bit 110 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. It 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 µPD7BC05A has stand-by capability (STOP/HAL Tl for its power-down. 

The µPD78C05A is applicable for hand-held computer, etc. requiring low power consumption_ 

The µPD7BC05A is compatible with the µPD7BC06A (µCOM-B7LC-lamily) and used as evaluation 
chip for µCOM-87 LC-series. 

• Powerful 101 Instructions 
• Instruction Cycle Time: 2,6 µs for 78COSA, 
• Data Memory: 128W x 8 
• Direct Addressing Capability up to 64kB 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 ISTOP/HALT mode) 
• Fully Bus Compatible with BOBOA 

• On-chip Clock Generator with 6 MHz crystal 
• Single Supply, CMOS Technology 
• Low Power Consumption 
• 64 pin QUIL 
• µPD7BC06A Evaluation chip 
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µPD78C05A NEC 
PmN NO. DESIGNATION FUNCTION PIN DESCRIPTION 

1, 49-63 AB0-AB15 !Output), 16 bit address bus and output port. 

2 </>OUT !Output) The clock of system clock frequency ( 1 /4 of crystal 
frequency or X 1 external clock frequency) is placed out 

I from this line. It is still placed out in HALT mode, but it is 
fixed to high in STOP mode. 

3-10 DB7·DB0 ITri-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. 

12 INTo (Input) It is a level-sensitive interrupt input line which is 
high level active. 

13 INT1 (Input} It is a rising-edge sensitive interrupt line, and it 
becomes valid when INT1 input goes law ta 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 I NT 1 input should be main· 
tained at low state a little while, and then it should go high. 
Unless, it does not enable another interrupt. 

14 WAIT (Input, active lowTVV'AIT. 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 Tw and remains in that state as long as WAIT is 
active. 

15 Ml (Output, active high) when active, Ml indicates that the 
current machine cycle is an OP CODE FETCH. 

16 WR (Tri-State Output, active law) 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. 

17 RD (Tri-State Output, active low) RD is used as a strobe ta gate 
data from external devices onto the data bus. RD goes to the 
high impedance state during HALT, HOLD, and RESET. 

18-23 PCo-PC5 (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 part is fit for key-input part. 

24 REL (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. 

25 TO (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. 

26 SCK (Input/Output) SCK provides control clacks for Serial 
Port Input/Output operations. Data on the SI line is clocked 
into the Serial Register on the rising edge. Contents of the 
Serial Register is clocked onto SO line on falling edges. 

27 SI (Input) Serial data is input ta the processor through the SI 
line. Data is clacked into the Serial Register MSB to LSB 
with the rising edge of SCK. 

28 so !Output) SO is the Serial Output Part. Serial data is output 
an this line on the falling edge of SCK, MSB to LSB. 

29 RESET (Input, active law) RESET initializes the µPD78C05A 
30 X2 !Output) Oscillator output. 

I 31 X1 llnput) Clock Input 
I 

33-40 PAo-PA7 (Output) 8-bit output part with latch capability. j 41-48 PB0-PB7 ITri·State Input/Output! 8-bit programmable 110 port. Each 
line configurable independently as an input or output. 

---- - --------
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NEC 
BLOCK DIAGRAM 

FUNCTIONAL 
DESCRIPTION 

., 

., 

"" 

,, 

uPD78C05A 

I I I I 1 
"" ... """Aiiil .OU1 •cc ... 

Memory Map 

The µPD78C05A 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 µPD78C05A is shown on the next page. In the specific memory area, the 
Reset/Stop mode Restart Address, Interrupt Start Address, Call Table etc. are involved. External 
memory (ROM), and/or working registers, freely. 
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NEC µP078C06A 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 4K ROM IN CMOS TECHNOLOGY 

The N~C µPD78C06A is a general purpose single-chip microcomputer. The µPD78C06A is 
fabricated with CMOS technology. 

This contains the functional blocks of program memory, data memory, ALU, 1/0 ports, on<hip 
timer, serial 1/0 and internal clock generator. It can extend external memory capacity (ROM, 
RAMI up to &Ok bytes. 

• Single-chip Microcomputer (µCOM-87LCI 
• Powerful 101 Instructions 
• Instruction Cycle Time: 4 µs Ion-chip ROM); } 

2,6 µs !external memory & on-chip RAM) for 78C06A 
• 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: 11 
• On-chip 8-bit Timer with 4-bit Prescaler 
• 46 l/O Ports 
• Serial l/D Ports 
• Stand-by Capability (STOP/HALT model 
• Fully Bus Compatible with 8080A 
• On-chip Clock Generator 
• Single Supply, CMOS Technology 
• Low Power Consumption 
• 64 pin Plastic Flat Package 
• 64 pin Ouil 
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µPD78C06A NEC 
PIN DESCRIPTION PIN NO. DESIGNATION FUNCTION 

2-5 
61-64 DB0-0B7 (Input/Output! This is an 8-bit bi-directional data bus. The 

data move between an external memory or 1/0, 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/Output level are TTL compatible. 

6 INT1 (Input) It is a rising-edge sensitive interrupt line, and it 
becomes valid when INT1 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 INT1 input shoukj be maintained 
at low state a little while, and then it should go high. Unless, 
it does not enable another interrupt. 

7 INTo I Input) It is a level-sensitive interrupt input line which is 
high level active. 

8 WAIT {Input, active low, WA If, when active, extends read or write 
timing to interface with slower external memory or 1/0. 
WAIT is sampled at the end of T 2. if active processor enters 
a wait state Tw and remains in that state as long as WAIT is 
active. 

9 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 1/0 write operations. WR goes to the 
high impedance state during HALT, HOLD, or RESET. 

10 ITT> (Tri·State Output, active low) RO 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. 

11-16 PC()-PC5 (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 a=>mulator and higher 
2-bit of accumulator is lodaded with "O". Input level is 
CMOS compatible. This port is fit for key~nput port. 

17 REL (I nputl 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. 

18 TO (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. 

19 SCK (Input/Output! SCK provides control clocks for Serial Port 
Input/Output operations. Data on the SI line is clocked into 
the Serial Register on the rising edge. Contents of the Serial 
Register is clocked onto SO line on falling edges. 

20 SI (Input! Serial data is input to the processor through the SI 
line. Data is clocked into the Serial Register MSB to LSB 
with the rising edge of SCK. 

22 so (Output) SO is the Serial Output Port. Serial data is output 
on this line on the falling edge of SCK, MSB to LSB. 

22 RESET (Input, active low) RESET initializes the µP078C06A. 

23 X2 (Output) Oscillator output. 

24 X1 (Input! Clock Input 

27-34 PAQ-PA7 (Output) 8-bit output port with latch capability. 

35-42 PB0-PB7 (Tri-State Input/Output! 8-bit programmable 1/0 port. Each 
line configurable independently as an input or output. 

43-57,59 PE0-PE15 (Output! 16-bit address bus and output port. 

64 l/JQUT I Output) The Clock of system clock frequency ( 1 /8 of 
I crystal frequency or X 1 external clock frequency) is placed 

I 
out from this line. It is still placed out in HALT mode, but it 
is fixed to high in STOP mode. 
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NEC 

Memory Map 

The µPD78C06A can directly address the memory up to 64k bytes. Except on-chip ROM 
W-4095) and RAM 165.408-65.535), and memory location can be used as either of RAM or 
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 IROM). and/or working registers, freely. 
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µPD78C05A/06A 

FUNCTIONAL DESCRIPTION 

l/OPORTS 

PORT FUNCTIONS 1 
8-bit output port with latch Port A 

Port B 

Port C 

Port E 

8-bit programmable Input/Output port w/latch 

6-bit input port with pull up resistors 

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. 

Porte 

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 mode. The Mode B register 
programs the individual lines of Port B to be either an Input (Mode Bn = 1 J or an Output 
(Mode Bn =al. 

PortC 

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 "O". Input level is CMOS compatible. This port is fit for key-input port. 

Internal 
Bus 

Port E lµPD78C06AI 

RD 
i 

vcc 

Pull-up resistor 

Port Eis a 16-bit address bus/output port. There are two ways to use these lines: 

al 16-Bit Address Bus - the PER instruction sets this mode for use with external 1/0 or 
rner.-y expansion (up to SOK bytes, externally). 

bl 16-Bit Output Port - the PEX instruction sets Port E to a 16-bit output port. The contents 
of B and C registers appear on PEB-15 and PEo-7. respectively. 

Addrass bus AB15-All() (µPD78COSAJ 

These lines are the 16 bit-to-bit address bus to the main memory. TheµPD78C05A, having no 
internal ROM, must address the area from 0 to 4096 as external ROM. 

The µPD78C05A AB lines are unlike the µPD78C06A PE lines; they have no internal 
latches. When the Port E output instruction PEX is executed in a µP078C05A, the register pair 
BC is output to the AB lines for only one clock cycle during the third machine cycle. This is 
provided to allow external hardware to emulate the Port E operation of the µPD78C06A. 
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NEC 

STM 

System 
Clock 

TIMER OPERATION 

PRE SCA LERO 
141 

System Clock= Oscillation frequency x 1/4 

TIMER BLOCK DIAGRAM 

PRESCALER1 
131 

This is a programmable 8-bit interval timer with prescaler. It consists of TIMER-REG (8-bit), 
PR ESCALERO (4-bitl, PRESCALERl (3-bit), UPCOUNTER (8-bit), COMPARATOR (8-bit). 
and TIMER F/F. 

Count time and TO output are controlled by Timer Mode Register (TMM). It can count 5,3 µsec 
to 1,3 msec with resolution of 5,3 µsec (TMM2 = 0). or 85,3 µsec to 21,3 msec with resolution of 
85,3 µsec (TMM2 = 11. 

At first set the count value to the TIMER REG by MOV TM, A instruction, then initialize the 
PR ESCALERO, 1, TIMER F/F, UPCOUNTER and start timer bySTM instruction. UPCOUNTER 
is incremented at every 5,3 µs (TMM2 = 01or85,3 µs (TMM2 = 1 (.COMPARATOR always 
compares the contents of UPCOUNTER with TIMER-REG, and it generates match signal 
(internal interrupt; I NTTI 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 interval 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 

RDs 

SI 
Serial Register (S/P Conversion} 

So o--<:1------+---· 
------ -~TM(INTS} 

SCK -~Internal SCK 

L-[tstart Sl/O 
SM 

Tl 

The Block Diagram of Serial Ports 
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µP078C05A/06A 

FUNCTIONAL 
DESCRIPTION 

(CONT.) 

NEC 
Serial interface section consists of Seridl Input (SI) line, Serial Output (SO) Line, Serial Clock 
(SCKI input/output line. an B·bit Serial Register {S/PI. an octal counter, a R-S flip-flop used for 
transfer control, and some gates. When the bit 6 of Serial Mode Register (SM61 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 7BOKHz 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 SI 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 B·bit serial data transfer. the carry TS is 
generated from the octal counter and it sets the interrupt request flag (INTFS). But 
µPD78C05A/06A has no serial interrupt, then INTFS is checked by only test instruction 
(SKNIT FSI. 

In internal SCK mode, as TS 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 transminion must be done by SIO instructions. 

INTERRUPT STRUCTURE 

The µPD78C05A/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 I PRIORITY T TYPE 
LOCATION 

INTo 4 1 External, level sensitive 

INT1 16 3 External, rising edge sensitive 

INTT 8 l 2 l Internal, match on timer comparator 
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NEC 
REGISTERS 

This mainly consists of the seven B·bit registers and two 16-bit registers as below. 

0 

A 

0 7 0 

B c 
D 

H L 

15 0 

PC 

SP 

General Purpose Registen IB, C, D, E, H, LI 

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 H L register pairs. 

Accumulator (A) 

All data transfers between the µPD78C05A/06A and external memory or 1/0 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 automaticarly 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 OOOOH. 

Stack Pointer ISPI 

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 TB-signal for release use. 

STOP mode can be released by REL or RESET signal. In both cases, program will start at 
location 0 again. 

FUNCTION 

Oie1ll;itor 

Timer R"']"tl'r 

: Upooun1e-r. Presc;ilfr 0. 1 

i Serial lntl'rlace 

se .. al Clock 

f-lnttrr..,pt Co_~l'.__"._I C"c"''' 

f '.~1e-rrup1 Enable ~I~~ 

'IN To. INT1 lnp..,~ _ 

INTT 

Tg llNTFSI 

: PeOO•ng Interrupt< I INTF )(I 

HA.LT MOOE 

Swp 

'"" 

STOP MOOE 

... 
Clure<1 

Run I 

Re1et 

t ~E~-l~pul Acl•1re 

FUNCTION 

f ~:,::~ L::: 1n Ports A, B. E 

I Address Bus ABO 15 

P•o<Jram Cou~t_e• !PC) 

' Stack Pomte< tSPI 

~ Gene•al Req1s11'rl !A, 8. C, D. E, F: L) 

~ P".><J'dm Staius Word (PSW) 

. Standby Control R~g·s~er (Si:o. s(j)­

Standtiy C?"!'°I Req1sm i$~4) 

T•mt1 Mode Re_q~~-t~r_<!_M_Mq -TMM1 I 

Tonne< Mode Reo:i•s1e• iTMM1i 

. S..roal Mode Rl'CJ1S1e1 (SM) 

I ~1a_~s !DBo 087) 

I RO. WR Ou1p..,1 

µPD78COSA/06A 

FUNCTIONAL 
DESCRIPTION 

(CONT.) 

HA.LT MOOE 

HALT AND 
STOP MODE 

STOP MOOE 

Cloeartd 

Ur>known 

riold 

'" Hold , 
---~----, 

. :~~~-":~~~~] 
~...:"'-"-------'--·-='-""c.' _______ _ No1e 1 Se•1al clock coun1er ·~ run110·1q .in1t Ts·~ ge11e•a1ed, lioWi!ver. !lie.-e are llO ellects 

irDmlt 
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µP078COSA/06A 

ADDRESS MODES Register Addressing Working Register Addressing 

Direct Addressing 

NEC 
Register Indirect Addressing 

Auto-Increment Addressing 

Auto-Decrement Addressing 

Immediate Addressing 

Immediate Extended Addressing 

Register Addressing 

r 

I OPCODE o-----~~ 
The 1nstruct1on opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

~--"'P_.., memory 

~>----...... , ADDREssl1---.... ·~I OPERAND J 

The instruction opcode specifies a register pair which contains the memory addrt5s 
of the operand. Mnemonics with an X suffix are ending this address mode. 

Auto-Increment Addreuing 

~p me,.,..ory 

~--..... , ... ,ADDfESSlr• loPERAND I 

~ 
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 

OPCODE i----. 

Working Register Addressing 

memory 

PC OPCODE I OPERANDI 

PC+ 1. displacement 

8 

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 ending this address mode. 
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NEC 
Direct Addressing 

PC OPCODE 

PC+ 1 Low Address 

PC+ 2 High Address 

Memory 

1 byte 

Low Operand 

High Operand 

2 byt• 

µPD78COSA/06A 

ADDRESS MODES 
(CONT.) 

The two bytes following the opcode specify an address of a location containing the operand. 

Immediate Addressing 

PC 

PC+ 1 

Immediate Extended Addressing 

PC 

PC+ 1 

PC+ 2 

OPCODE 

OPERAND 

OPCODE 

Low Operand 

High Operand 

L_ _____ c_o•..c• .... RA .... TC.10'--N'---- 06 05 04 03 02 DO 
AEG. MEMORY IMMEDIATE SKIP Z SK HC L 1 IQ CY 

' 0 ' 0 0 ' I 
---·---1 

' 0 0 0 I 

' 0 0 ' i 

·-·-~~-~--

0 0 ..., 

' ' ' 0 0 ' 
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µCOM87LC INSTRUCTIONSET 

Symbols/Description on Operand 

SYMBOLS DESCRIPTIONS 

r A,B,C,D,E,H,l 
r1 B,C,D,E,H,l 
r2 A,B,C 

sr PA PB MK MB TM S TMM SM SC 
sr1 PA PB PC MK S TMM SC 
sr2 PA PB PC MK 

rp SP, B, D, H 
rpl V,B,D,H 

rpa B, D, H, D+, H+, D-, H-
wa 8-bit immediate data 

word 16-bit immediate data i byte B·bit immediate data i 
bit 3-bit immediata data I 
if FD, Fl, FT, FS 

f CY,Z 

Notes: 1. At sr - sr2, the symbols of 'PA', 'PB', etc. stand for the following, respectively: 

PA= PORTA. PB= PORTB, PC= PORTC, MK= MASK·reg, MB= MODE·B, 
TM= TIMER·REG, S =SERIAL 1/0, TMM =TIMER MODE REG, 
SM= SERIAL MODE REG, SC= STANDBY CONTROL REG 

2. At rp- rp1, the 'SP', 'B', etc stand for the following, respectively; 

SP= STACK POINTER, B =BC, D =DE, H = HL, V = FFH·A 

3. At rpa, the 'B', 'D', etc. stand for the following respectively: 

B =(BC), D =COE), H = IHL), D+ =(DE)+, H+ = (HLI+, D- =(DE)-, 
H-=(HLl-

4. At if, the 'FD', 'F 1 ', etc. stand for the following, respectively: 

FO = INTFD, Fl= INTF1, FT= INTFT, FS = INTFS 

5. At f, the 'CY', 'Z', stand for the following, respectively: 

CY= CARRY, Z =ZERO 
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NEC 11PD78C05A/06A 

The description of the symbols on Operation Codes is as follows: 

R2 R1 Ro reg 

0 0 0 
0 0 1 A 
0 1 0 B 
0 1 1 c 
1 0 0 D 
1 0 1 E 
1 1 0 H 
1 1 1 L 

sr 

S3 S2 s, so special rag 

0 0 0 0 PORTA 
0 0 0 1 PORTB 

ITT 
1- sr1 sr2 

0 0 1 0 PORTC 
0 0 1 1 MASK 
0 1 0 0 MODE·B 
0 1 0 1 -
0 1 1 0 TIMER·REG 

111 
0 1 1 1 -

1 0 0 0 SERIAL·l/O 
1 0 0 1 TIMER MODE REG 
1 0 1 0 SERIAL MODE REG 
1 0 1 1 STANDBY CONTROL REG 

sr 

H 
rp rpa 

P1 Po reg·pair A2 Ai Ao addrassing 

0 0 SP 
0 1 BC 
1 0 DE 
1 1 HL 

0 0 0 -
0 0 1 (BCI 
0 1 0 (DEi 
0 1 1 (HL) I 
1 0 0 (DE)+ rpa 

rp1 

1 0 1 (HL)+ 
1 1 0 (DEi-
1 1 1 (HL)- l 

a, Oo reg·pair 

0 0 FFH.A if 
0 1 BC 
1 0 DE 12 11 10 INTF F2 F1 Fo flag 
1 1 HL 

0 0 0 INTFO 0 1 0 CY 
0 0 1 INTFT 1 0 0 z 
0 1 0 INTF1 
0 1 1 -

L 
1 0 0 INTFS 
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µPD78COSA/06A NEC 
INSTRUCTION GROUPS 

8-BIT DATA TRANSFER 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

MOV rl,A 6 r1 +--A 

MOV A, rl 6 A+--rl 

MOV sr, A 14 sr +--A 

MOV A, srl 14 A +--srl 

MOV r.word 25 r +- lword) 

MOV word, r 25 (word) +-r 

MVI r. byte 11 r +-byte 

STAW wa 14 (FFH,wa) +-A 

LDAW wa 14 A+- (FFH, wa) 

STAX rpa 9 (rpa) +-A 

LDAX rpa 9 A+- (rpa) I 

SBCD word 28 (word) +- C, (word+l) +- B 

SDED word 28 (word)+- E, (word+l) +- D 

SHLD word 28 (word) +- L, lword+l) +- H 

SSPD word 28 (word) +- SPL. (word+l) +- SPH 

16-BIT DATA TRANSFER 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

LBCD word 28 C +-(word), B +- (word+l I 

LDED word 28 E +-(word), D +- (word+l I 

LHLD word 28 L +-(word), H +- (word+l) 

LSPD word 28 SPL +- lword). SPtt +- lword+l) 

PUSH rpl 21 ISP-1) +-rpltt,(SP-2) +-rplL 

POP rpl 18 rpl L +-(SP), rplH +-(SP+l) 
SP +-SP+2 

LXI rp,word 16 rp+--word 
- -----
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NEC µ P D78C05A/06A 

ARITHMETIC INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

ADD A, r 12 A+-A+r 

ADDX rpa 15 A<--A+lrpa) 

ADC A, r 12 A<--A+r+CY 

ADCX rpa 15 A<-- A+lrpa)+CY 

SUB A,r 12 A<--A-r 

SUBX rpa 15 A <--A-lrpa) 

SBB A,r 12 A<--A-r-CY 

SBBX rpa 15 A<--A-(rpa)-CY 

ADDNC A,r 12 A<--A+r No Carry 

ADDNCX rpa 15 A <--A+(rpa) No Carry 

SUB NB A,r 12 A+-A-r No Borrow 

SUBNBX rpa 15 A <--A-lrpa) No Borrow 

LOGIC INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

ANA A, r 12 A<--Ah 

ANAX rpa 15 A <--Ai\lrpa) 

ORA A,r 12 A<--AVr 

ORAX rpa 15 A <--AV(rpa) 

XRA A,r 12 A<--AVr 

XRAX rpa 15 A<-- AV(rpa) 

GTA A,r 12 A-r-1 No Borrow 

GTAX rpa 15 A-(rpa)-1 No Borrow 

LTA A,r 12 A-r Borrow 

LTAX rpa 15 A-(rpa) Borrow 

ONAX rpa 15 Ai\(rpa) No Zero 

OFF AX rpa 15 Ai\(rpa) Zero 

NEA A,r 12 A-r No Zero 

NEAX rpa 15 A-(rpa) No Zero 

EQA A,r 12 A-r Zero 

EQAX rpa 15 A-(rpa) Zero 
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µPD78COSA/06A NEC 
IMMEDIATE OPERATION INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

XRI A, byte 11 A +-AVbyte 

DINC A, byte 11 A +-A+ byte No Carry 

SUINB A, byte 11 A +-A-byte No Borrow 

ADI A, byte 11 A +-A+byte 

ACI A, byte 11 A+- A+byte+CY 

SUI A, byte 11 A +-A-byte 

SBI A, byte 11 A +-A-byte CY 

ANI A, byte 11 A +-Al\byte 

ORI A, byte 11 A +-AVbyte 

GTI A, byte 11 A-byte-1 No Borrow 

LTI A, byte 11 A-byte Borrow 

ONI A, byte 11 A/\byte No Zero 

OFFI A, byte 11 A/\byte Zero 

NEI A, byte 11 A-byte No Zero 

EOI A, byte 11 A-byte Zero 

SPECIAL REGISTER 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

ANI sr2, byte 23 sr2 +- sr2/\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 

GTIW 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)/\byte No Zero 

OFFIW wa, byte 19 (FFH.wa)/\byte Zero 

NEIW wa, byte 19 (FFH.wa)-byte No Zero 

EOIW wa, byte 19 (FFH.wa)-byte Zero 
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NEC µPD78C05A/06A 

INCREMENT/DECREMENT INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

INR r2 6 r2 +- r2+1 Carry 

INRW wa 17 (F FH.wal +- (F FH.wal+l Carry 

OCR r2 6 r2 +-r2-1 Borrow 

DCRW wa 17 (FFH.wa) +-(FFH.wa)-1 Borrow 

INX rp 9 rp +- rp+l 

DCX rp 9 rp +- rp-1 

OTHER OPERATIONAL INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

DAA 6 Decimal Adjust Accumulator 

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, Ao+- CY, CY +-A7 

RLR A 12 Am-1 +-Am,A7 +-CY,CY+-Ao 

JUMP INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

JMP word 16 PC +-word 

JB 6 PCH +- 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 

CALL word 22 
(SP-1) +- (PC+3)H, (SP-2) +-
(PC+3) L. PC+- word 

CALF word 17 
(SP-1) +-'(PS+2)H, (SP-2) +- (PC+2) L 
PCl 5-11 +- 00001, PC10- 0 +- 1 a 

CALT word 21 
(SP-1) +- (PC+l IH. (SP-2) ~ PC+1) L 
PCL +- (128+21al. PCH +- ( 129+21a) 
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µPD78C05A/06A NEC 
RETURN INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

RET 12 PCL - (SP), PCH - (SP+l) 

' 
SP - SP+2 

RETS 12+n 
PCL -(SP),PCH-(SP+1),SP-SP+2 Uncon-
PC -PC+n ditional Skip 

RETI 15 PCL - (SP), PCH - (SP+l) 
PSW - (SP+2), SI' - SP+3 

SKIP INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

SKN CY 12 Skip if No Carry CY=O 

SKN z 12 Skip if No Zero Z=O 

SKNIT if 12 Skip if No INTX f=O Reset INTX if INTX = 1 

CPU CONTROL INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

NOP 6 No Operation 

El 12 Enable Interrupt 

DI 12 Disable Interrupt 

REGISTER CONTROL INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

SIO 6 Start (Trigger) Serial 1/0 

STM 6 Start Timer 

INPUT/OUTPUT INSTRUCTIONS 

MNEMONICS OPERAND CLOCK FUNCTIONS SKIP 
CYCLE CONDITION 

PEX 15 PE1S-8 -B, PE7-0 -c 
'LPER 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 on-chip 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 
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ELECTRICAL SPECIFICATIONS 
AND PACKAGE OUTLINES FOR 

µP D78C05A/µPD78C06A 

for extended temperature range 
Ta= -40 to +85°C 



11PD78COSA 

ABSOLUTE 
MAXIMUM RATINGS 

DC CHARACTERISTICS 

CAPACITANCE 

NEC 
µPD78COSAG ELECTRICAL SPECIFICATIONS 

Input Voltage 'v, 
' OU1put Vohage VQ 

1uN1fSl 
I v J 

RATINGS 

-0.J [0 +7.0 

-D.3 to Vee • D.3 v 1 
- -r- _ ___, 

-0.3 to Vee+ 0.3 v 

OlltVicl!'Total -~-- --L--- ____ -_5 ____ -+-~ 
~~ut Low Cur~ ~- +--·--o_ .. _,_•_•_T_o_1o_1 _____ _.__ ___ •_3_.5 _____ m_A_' 

Output High Current 

i Operaung T1mpennure T opt -40 to +85 ! "C 

Ls1orageT1mpmr1ture . Tstg -6510+150 T "C 

(Ta = -40 ro •85°C, Vee " .-s.ov t 10%1 

PARAMETER SYMBOL TEST CONDITIONS I MIN 

VtHI INTo-1. WAIT, PBo-7. PCo-5 0.1 vcc 
V1H2 RESET. SCK. REL, SI 

: VtH3 DBo-7 

iv!H4 Xl 

o.1s vcc 
Vcc-2.0 

vcc-0.5 

! Input High Voltage 

V1u INTo-1. WAIT, PBo-7. PCo-5 

VIL2 RESET, SCK, REL. SI 

VtLJ DBQ-7 

0 

--+---~ 
Input Low Voltage 

VIL4 X1 

2.4 

Vcc-o.s 
Output High Voltage VQHI IQH = -lOOµA 

--------+-_VOH2 I 1QH=-50µA 
,_o_u_t~pu_t_L_ow __ V_ol_ta~ge ____ ._V~O~L~. IQL"' 1.8 mA 

11H1 I v1N = vcc (RELi 
· Input High Current 

-1 

Vee Supply Current 

'--------- ·-

IT a= 25°C, Vee= GND • OV) 

[ PARA.:TEA SYMBOL TEST CONDITIONS MIN 

, Input Capacitance c, fez 1MHz 

L OutPut CiP1cit1noe Co Unmeasured Pins retumed to OV 

i 1/0 Capac:it1nce C1/0 

4-80 

TYP 

TYP 

MAX UNITSl 

Vee v l 
Vee v 
vcc v 
Vee 

0.3Vcc 

, 0.2SVcc v 1 

t 
1 

0.8 

0.5 

0.45 

100 

45 

-100 

-45 

v 1 
v 
v 
v 
v 

µA I 

MAxTUNITS 

15 I pF 

15 I pF 

15 I pF 



NEC 
(T11 ~ -40 10 +85°C, Vee= +5_0V ! 10 %) 

~METER SYMBOL TEST CONDITIONS 

Cycl& Time tcvx 
X1 Input low Time txxL 
X1 Input Hegh Time txxH 
¢OUT Cvcle Time rcvip 

¢iOUT Low Time t<l>¢L 

4icJUT Hiyh Time l<t>¢H 

4rOUT RiH/Fall Time tr.tf 

PARAMETER SYMBOL TEST CONDITIONS 

RO l. E.to~ourL E. '"• 
Address (PEo-151 to Data Input IAOI 

RD T. E. to Addreu IRA 

AD L. E. to Data Input I lAD 

ROT. E. to Data Hold Time IROH 

R5 Low Time 1RR 

RD l. E. to WAIT l. E. 1RWT 

Addren (PE0-151 to WAIT L. E. 1AWTI I 

WAIT Set Up Time to ~UT l. E. IWTS 
tCVlf.i = 660 ns 

WAIT Hold Time after IPOUT l. E 1WTH 

Ml to RD LE IMR 

ROT. E. to M1 IRM 1 
If.lour LE. 10 WR L. E. 141w J 

e-A=dd=,.,.-,P-Eo-.1-5)-10·-.-0U_T_T_. E-. -+-~,A~.- I 

Addren IPEo-15) to Data Output tAD2 

Data Oulput to WA T. E •ow 
WR T. E. to Data S1able Time •wo 

MIN I TYP 

160 

1 75 I 
. 75 

:t 640 

I 195 

195 

MIN 

180 

1801T3l 
8401T4l 

1070 
•660icN 

370 

108 

130 

740 
+66011N 

130 

I 

TVP 

1 MAX UNITS] 

10000 "' 1 
"' I 

"' 
40000 "' -

I "' 

+ "' 
120 "' 

MAX UNITS 

460 
+660KN ns 

460 

790 

175 ns 

WR T. E. to Addreu Stable Time IWA 
f---460----1-·· ----+----+--"'-1 

WR Low r;me tww j .:.. !~ 
Address (PEo.151 to WA L E. 

~~W_R_L._E_. •_o_w_A_IT_L_._E_. --~~'W~WT~~-·--------- __JI-~---··-_-.-_ -+-_-_-_-_-i--~-~~-~~ 

PARAMETER SYMBOL TEST CONDITIONS 

SCK Input 
ICYK -~------

SCI< Outpu! 

I SCK Low Time IKKL 
SCK Input 
~---·­

' SCK Outpul 

' SCK H19h Time IKKH 
Sci< lnpu1 

SCK Ou,pu1 

Note: 

I 1s1s r 1~1-H 
-----·--- r_1KP-~ -"-

11 Input t1m1n9i; are measuiM at V1HMtN and V1LMAX 

2l Outpul 11m1ngs are me;Hured al VQH 2 4 V and VQL ~ 0 45 V wilh 1 TTL + 200 pf load 

3) l E. 0 Leadmg Edge. T E ~ Tradrng Edge 

4f N 1~ number of TWAIT 
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AC CHARACTERISTICS 
CLOCK TIMING 

READ/WRITE 
OPERATION 

SERIAL 
OPERATION 



µPD78C05A 

BUS TIMING 
DEPENDING 
ONtCYC 

TIMING WAVEFORMS 
CLOCK TIMING 

NEC 
!Ta = -40 to+ 85°C) 

SYMBOL CALCULATING EXPRESSION MINIMAX UNITS 

tR.p (1/2)T - 150 MIN ns 

lAD1 (3/2+N)T - 200 MAX ns 

lRA(T3) (1/2)T-150 MIN ns 

lRA(T4) (3/2)T - 150 MIN ns 

1RD (l+N)T - 200 MAX ns 

tRR (2+N)T - 250 MIN ns 

1RWT T- 200 MAX ns 

lAWT1 (3/2)T - 200 MAX ns 

twTs (1/3)T + 150 MIN ns 

tMR (3/8)T - 140 MIN ns 

tRM (1/2)T - 200 MIN ns 

1A.p (1/2)T - 240 MIN ns 

1AD2 T- 150 MIN ns 

tow (3/2+N)T - 250 MIN ns 

two (1/2)T - 200 MIN ns 

1AW T-200 MIN ns 

1WA (1/2)T - 150 MIN ns 

tww (3/2+N)T - 300 MIN ns 

twwT l1/2)T - 220 MAX ns 

tCYK 2T MIN ns 

tKKL T-120 MIN ns 

tKKH T-120 MIN ns 

Note: 1) N =Number of TWAIT· 

2) T = Tcy.p. 

3) tcy assumes 50 % duty cycle on X1. 

4) The items out of this table are not dependent on ICY. 

------- 1CY~ -------

ooul 
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NEC µPD78C05A 

¢OUT 

PE0-15 

DB0-7 

ITTi 

WA If 

Ml 

l/>OUT 

READ OPERATION 

ADDRESS 

tADl 

READ DATA 

tRD 

tRR 

tRWT rWTS tWTH 

tAWTl 

•WAIT signal must be remained stable during twTS and tWTH­
lf it is unstable, misoperation may occur. 

WRITE OPERATION 

tRA 

<-tRDH 

1AM 

i---Tl ------T2---,__-TWAIT--->t+---T3-->J 

tl/JW 

PE0-15 ADDRESS 

DB0-7 

WATf 

---tAD2 tDW 

tAW tWW 

l~~:.l~J 
•WAIT signal must be remained stable during tWTS and IWTH· 

If it is unstable, misoperation may occur. 
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µPD78COSA 

SCK 

SI 

so 

NEC 
SERIAL OPERATION 

tCYK -- --1 
tKKL +- tKKH 

tSIS tSIH 

I 

d"" ~ r tKO 

t 

Low Power Data Memory Retention Characteristics for STOP Mode Operation 

!Ta = -40 to +85°C) 

PARAMETER 
---· 

SYMBOL TEST CONDITIONS 

± 
MIN 

Data Retention Voltage vccoA 2.0 

Data Retention Supply Current ICCOR VCCDR - 2.0V, X1 = OV. X2 = Ope1 
lo Data Retention 

V1LDR Input Low REL Voltage 
1-c-

Data Retention 
VIHOR Input High RESET Voltage 

-----
REL Input Delay Time •o 
REL Input High Time tREL 

Note: In data Mtention mode, 

11 Input voluges; lo WAIT and PC().5 pins (with pull-up rnisten) 
should btt maintained same as VCCOR level, 

2) Other input voh.agn should be kept lea than VccoR level. 

vcc~ 

vccoR ~-1-----~ 

-1 ID 1-

REL # 
I 
1-

4-84 

---+----4 
I 0.8 
I VccoR 

500 

1 10 

L 
IREL -' 

TYP -x UNITS 

v 
0.8 20 •A 

0.2 
vccon v 

VccoR v 

... 
"' 



NEC 

---lcn 

----- ltu tHALT} 

Icci/lcC2 vs f. 
1T.=-2S"C) 

, , , , , 
o.sf---~~~---j~~~.+-~-::::;;..-"'-7""'--,~~~~-+-~~,-::,~,'7'1~,~~--1 

0.2 
4.SV 

0.1 

Vcc=S.SV 

s.ov 
0.05 

4.SV 

O.l 

lccz, 

......... ... .. ..... .. .. ... -- ,_.. .. .. -- ... -- ..... .. - ... --- .... _ .. 

0.2 0 5 

, , , , , , , , , , , , 
" , , , "' ,,',, " 

" ... " ... " .. " ,," 

Input Frequency at X1, fx (MHz) 
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µP078COSA NEC 

1 T, _ 2s·c j 

15 

< 
.E. 
r 
Q 
c 10 

~ 
;; 

~ 

l 
i 

High-level output voltage VQH M 

2.0 

Low-level output voltage VOL M 
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NEC µPD78C05A 

PORTE OPERATION µP078CD6A 

The following diagram is the timing at PE X 1nstruct1on execution. 

PEX instruction -------------,--0-

T1 T2 T3 T4 Tl T3 T4 T1 T2 T3 

Ml 

ABl5-ABO 1st byte fetch addr. 2nd byte fetch addr. 

64 PIN Pl.ASTIC QUIP OUTLINE I Unit : mm) 
for µPD78C05AG 

---41.SMAX -------

-! 
I .. 

~=~j 

•: 2nd byte tetcl"I addr. 

*g; rc:::_I 
~3;~ 
[ ~J~ ., -H-02s:~~~ _J I 
l l-1905?1.0S ~ I 
1-- ·- 39 37 24.13• 1.05 ---I 
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µPD78COSA/78C06A NEC 
Differences between µPD78C06A and µPD78C05A 

Parameter µPD78C06A µPD78C05A 

4K-byte buitt-in ROM Yes No 
t------ - -- - -- ------·--- - __ _,____ __ -- -- -----------

Internal WAIT of built-in ROM 
f----------r- ----

After reset 

2 WAIT cycle 
------·---

Port mode 

No 

Address bus mode 
-- --- - -----------------1 

Latch function Yes 
i------ ----- -----+---------------

PEX instruction PE15-8¢B and PE7-0¢C are 
executed and latched at M3T1 
timing. Output is unchanged until the 
next PEX or PER instruction is 
executed. 

1---~---------- -------+---
RO/WR signal Output against the address space of 

1000H - FF7FH (4096 - 65407). 
----------- -------------+---------

Ml output No 
!-----------------+------------------

No 

AB15 - 8¢9 and AB? - 0¢C are 
executed only at M3T1 timing and the 
contents of the internal address 
bus are output at the other 
tilTling~------- _______ _ 

Output against the address space of 
OOOH - FF7FH (0 - 654_~L __ _ 

Yes 
-- - -- - --------- --------1 

Pin connection Difference 
1----------

Package 

64 pin QUIP 

-----,~--- l 64 pin QUIP 

- -----+---
64 pin Flat 
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NEC µPD78C06A 

µPD78C06AG ELECTRICAL SPECIFICATIONS 
ABSOLUTE 

IT1 = 25"CI 

MAXIMUM RATINGS 
PARAMETER SYMBOL 

Supply Voltage Vee 

TEST CONDITIONS t RATINGS UNITS 

-0.3to +7.0 v 
Input Voltage v, -o.3 to vcc -1- o.3 v 
Output Voltage VQ -0.JtoVcc+OJ 

Output High Current IQH Dev1ceTot11I -5 mA 

Output Low Current IQL Dev1ceTot1I 45 mA 

Operating Temperature Topt -40 to +85 •e 
Storq Temperature r.,, -65 to •150 •e 

Ha" -40 to +85°C. Vee"' +5 OV ± 10%) 

DC CHARACTERISTICS SYMBOL TEST CONDITIONS 1 MIN 1 TVP 1 MAX 1uNoTS] PARAMETER 

V1H1 INTo-LWAIT,PBo-1.PCQ-S Vee 1 v ~ 
-v,~_?__ RESET. scK. REL, SI vcc ' v 

~'~}__ oeo-7 vcc v I 
, V1H4 _x_'-~-------~~-~---+1 _v~ee"---']f-v_I 
I V1u INTo-1.WAIT.PSo-1.PCo-s ~ OJVccl 

L~F :::•: seK. REL.so 02~~e~ v 

(___ ____________ tVIL4 X1 05 

1 Outpu1 High Voltage I,___ \1Vo,,.H_..l_'--"1De:Hc_"_-_10:._:0c."-A ________ _._____ V 

rVQH2 1QH=-50p.A ~ 

Input High Voltage 

I Input Low Volt39f! 

' Input High Current 

fT a= -40 to +B5"C. vec = +2 sv 10 +6 OVJ 

DC CHARACTERISTICS PARAMETER SYMBOL TEST CONDITIONS MIN TVP MAX UNIT 

V1H1 Except DBo-1. Xl osvce Vee 

lnpu1 Voltage High 
V1H2 DBQ-7 01vcc Vee 

"' o 9Vcc Vee 
V1H3 X1 

121 vcc-o s vee 
V1L1 ExceptDBQ-7. XI o 2vcc 

(1) o 1avce 
Input Voltage Low VtL2 DBQ-7 (2) 08 

111 o 1 vce 
V1L3 X1 

(2) 0 05 
Output Voltage VoH IQH:: -50µA vcc-o s 
Oulpul Voltage Low VQL IQL = 400µA 0 45 

l1H1 V1t-: =Vee (FIEL) 25 110 ,... 
lnpu1 Current High 

llH2 V1N =Vee tX1) 50 ,... 
llL1 V1N - OV (WAI _ PCQ-5) -2 5 -110 ,... 

1 Input Curren! Low 
l1L2 V1N = OV (XI] -50 ,... 

Input Leakage Cunent High IUH V1N =Vee !Except REL, XI) 35 
' 

,... 
ILIL1 V1N = OV (Except WAIT, PCo. 5, X1 I -3 5 ,... 

Input Leakage Current Low 
IUL2 V1N = OV tSTOP Mode. Xll -3 5 ,... 

Output Leakage Curren! High ILQH VQUT =Vee 35 ,.Aj 
Output Leakage Current Low ILOL vour = ov -3 5 ,... 

Vee= JV 
J 07 j 15 mAJ Operation lcYO = B~s 

1cc1 Mode vec = sv 
mA i tcvo= 1 32,is 50 90 

Vee Supply Current Vee= JV 1 02 I 05 mA 
'CYO = 8µs 

1cc2 l HALT Mode vcc = 6v l mA I tcvo = 1 32µs 15 30 

Notes 1 25V::.vcc:.;.45V 
1CC3 STOP Mode i (X1 = OV, 

1 1 20 ,... 
2 45V::i.Vcc;...60V X2 =Open) 
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µPD78C06A 

(la = -40"C to +85°C) 

PARAMETER SYMBOL 
X1 Input Cycle 

tcvx Time 

X1 lnputlow 
Level Width txXL 

X1 lnpul High 
lXXH Leyel Width 

Oou1Cycle 
Time l(;YO 

Oour Low 
Level Width tool 
0ouT High 
level Width 'OOH 

OourRise/Fall 
Time Ir.tr 

Clock 
Oscillation 
Frequency lose 
{X1. X21 

(Ta = -40"C IO +85'CI 

NRAllETER SYMBOL 

I !!Ii LE.to 
oour LE. IRO 
Address 
(PEQ-15) IO 
Data Input 

IAOI 

[lfOTE. IO 
Address IRA 

r:-t!--~p~ ""' ROTE. to 
IRDH Data Hold Time 

n![ Low Leo.iel 
Width "'" tl£1t·E to 

LE. IRwT 
Address 
<PE0-15) IO IAWTl 
WAIT LE. 

~~~:e~~~T twrs 
LE. 
WAIT Hold Time 

twrH after 00UT LE. 

~UTLE.lo 
L.E. 10W 

Address 
{PEQ.15) lo IAO 
0QUT T.E. 
Address 

~a~~-o~~~I 1Ao2 

~O~utto 
T.E tow 

WAT.E.toData 
iwo Stable Time 

Address 
-$nEo-1sl to IAW 

L.E. 
WRT.E.10 
Address Stable IWA 
Time 
WR Low Level 

tww Width 

Wft L.E. to 
WAIT LE. iwwr 

N Number of TWAIT 

Vcc-SOV•lOOiu vcc=2svto+sov 
TEST CONDITIONS lllN llAX T UNIT lllN llAX UNIT 

L 
160 10000 ns l 1 65 10 ... 
75 ns 0 78 .. 
75 ns i 078 .. 

1280 80000 ns 132 80 .. 
515 ns 6.35 ... 
515 ns 635 •• 

120 ns 250 ns 

~~=~ T4.svsvcc:::.6ov 35 6.25 MH' 

Ceramic T 4 sv::iVcc::as.ov 01 6.25 MH, 

oscillation r Ve;<;:: :. ;J §V 0.1 40 MH< 

Vee= 2 7~·-·- L~--~ 
·- l MH' 0.6 

Vee - +s.ov + 10% \IC( - 2.5V to +6.0V 

TEST 

"'" llAX U!IT TEST lllN llAX UNIT CONDITIONS CONDITIONS 

180 ns 31 ... 
790 97 ns ... +660xN +6.6xN I 

180(T3) 

"' 
•3.05(131 ... 840(T41 9.65(14) 

460 

"' 
6.4 .. +660xN +6.6xN 

0 ns 0 ... 
1070 ns 1293 

+660xN +66xN .. 
460 ns 6.4 .. 
790 "' 97 ... 

I 

370 "' 235 ... 
tcvo=1320ns 0 ns lcYo= 132µ$ 0 .. 

175 ns 0.25 ... 
420 "' 61 .. 
510 ns 64 .. 
740 

+660xN "' 
9.35 

+6.6xN .. 
130 

"' : 3.05 .. 
460 "' 6.35 .. 
180 ns 3.05 ... I 
690 

"' 
9.5 

+660xN +6.6xN .. 
110 "' 3.08 .. J 
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NEC 
SERIAL 
OPERATION 

TIMING WAVEFORMS 
CLOCK TIMING 

BUS TIMING 
DEPENDING ON tcY0 

µPD78C06A 

(Ta= -40"C lo +85'CJ vcc = +sov :t 10% vcc = +2.5V to + 6.ov 

PARAMETER SYMBOL TEST MIN """ UNIT MIN MAX UNIT CONDmONS 

~lnpul 1270 "' 13.2 µS 
~CycleTime lcYK ~Outpul 1280 80000 "' 132 80 "" SCK Input 515 "' 6.35 "" "SCK Low Level Width IKKL ~KOutput 520 "' 635 µS 

~Klnput 515 "' 6.35 µS 
S'a< High Level Width IKKH ~KOutput 520 "' 635 µS 

SI Set Up Time l~K TE lslS 200 "' 03 µ• 

SI Hold Time afle~ TE. lslH 250 "' 05 µS 

~K LE to SO Delay Time IKO 300 "' 0.8 "" 
Notes 1 Input timings are measured al V1HMIN and V1LMAX 

2 ~~:~~~!"!go~~ ,r;::~sured at ~g~: ~:;~;~~~~t~L0,;,4~~t~~c<;c~o~ :s1S°:~ +6.0V) 
3: LE. =Leading Edge. T.E. •Trailing Edge 

4. Use the folloMng table (on same page) to calculate AC parameters in lcYO 1320ns (VCc = 5.0V .!. 10%) 
resp. tcvo 13.2 µs (Vee= 2.sv 10 + 6.0VJ 

(Ta= -40 to +85°C) 

vcc - +s ov :!:. 10% vcc - +2 sv to +e.ov 

SYMBOL 
CALCULI.TING MINIMAX UNIT 

CALCULATING 
MIN/llAX UNIT EXPRESSION EXPRESSION 

'RO f1/2)T - 150 

1AD1 (312+NJT - 200 

"'-'JT.:it (1/2)T - 150 

1RAJT4 (3/2)T - 150 

'RD (l+N)T - 200 

"'" (2+N)T - 250 

""" T - 200 

1AWT1 (3/2)T + 200 

'WTS (1t3)T+ 150 

IAO T - 240 

tAD2 T - 150 

1ow (312+N)T - 250 

1WD (1/2JT - 200 

'Aw T - 200 

'WA /112JT - 150 

tww !312+N)T - 300 

1WWT l112!T - 220 

lcYK 2T 

IKKL T - 120 

IKKH T - 120 

Notes 1 N = Number of TWAIT 

2 T"' tc;y0/2 

MIN "' 
MAX "' MIN "' MIN "' MAX "' MIN "' 
MAX "' MAX "' MIN "' MIN "' MIN "' MIN "' MIN "' MIN "' MIN "' 
MIN "' 
MAX "' MIN "' 
MIN "' MIN "' 

3. For external clock. 50% duty cycle on X1 1s assumed 

(1/2)T - 200 

{3/2+N)T - 200 

~1/2)T - 250 

~3/2)T - 250 

U+NJT - 200 

(2+N)T - 270 

T - 200 

(3/2)T - 200 

f113)T+ 150 

T - 500 

T - 200 

(3/2+N)T - 550 

(112JT - 250 

T - 250 

(112JT - 250 

(3/2+N)T - 400 

(1/2JT - 220 

2T 
T - 250 

T - 250 

4. The items not included m this table are nol dependent on tcvo 
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µPD78C06A NEC 
READ OPERATION 

•!/>OUT 

PE0-15 ~ADDRESS 
I.----- tADl tRA=F 
, I 

D80-7 ---<---1-----t"------1-----/1'----~R~E-A~D~D~A~T~A___:_i..J!"" 

tRD -tRDH 

tRR --- -----

tRWT tWTS WTH-

..__----'-tAWTl 

•WAIT signal must be remained stable during tWTS and tWTH­
lf it is unstable, misoperation may occur. 

WAITE OPERATION 

f+--T1---->k---T2---->k,__-TWAIT-__,.._ __ T3-...j 

•!/>OUT 

tl/>W 

PE0-15 

!Al/> 

D80-7 

tAD2--.i.--1---

tAW ~-----*--------+---

TWWT TWTS 

• WAIT signal must be remained stable during tWTS and IWTH­
lf it is unstable, misoperation may occur. 
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NEC µPD78CO&A 

SERIAL OPERATION 

tCYK 

tKKL tKKH 

SCK 

tSIS tSIH 

SI 

ttKO ro 
so ~ 

Low Power Data Memory Retention Characteristics for STOP Mode Operation 

(T, • -40to .as·c1 

PARAMETER SY"80L TEn CONDITIONS MIN 

Data Rn.ntion Volt.ge VccoR 2.0 

Data Retmtion Supply CurTent ICCOR VccoR • 2.0V, X1 •OV, X2. Open 

01t1 Reten1ion 
VILDR Input Low RES Voltage 

I ?n:i R~i;'~°e'kT Voh1~ V1HDR 

REL Input D•'-Y Time •o 
REL Input High Time IREL 

Note: In data retention mode, 

1) Input voltages to WAIT and PCo-6 pins (witk pull-up rH1ston) 
should be meint.ined same as VccoR IHel, 

2) Oth..- input vohagn shouad be kept•• th., VccoR level. 

vcc~ 

VCCDR \_______,,~----J 

REL------<>--------~ 
I 
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l O.B 
VccDR l 

' 500 ' 10 
..!. 

tREL -. 

TYP MAX UNITS 

v 
0.8 20 µA. 

0.2 
vccoR1 v 

vccoR: v 

"' 
"' 



µPD78C06A 

64-PIN PLASTIC FLAT PACKAGE OUTLINE, STRAIGHT LEADS (Unit : mm) 

for µPD78C06AG 

NEC 

µPD78C06AG-xxx-11 

----------120•03 

D 
D 
D 
D 
D 
D 
D 
D 
c ., 

0 s:JO ~ b 0 c 
~ ~ D :<l 

D 
[] 

D 
D 
D 
D 
D 
D 

11 •O '° - -0_15_005 

DDDDDDDDDDDOD 
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NEC µPD78C06A 

64-PIN CERAMIC FLAT PACKAGE OUTLINE FOR ES - REFERENCE - (Unit: mm) 
for µPD78C06AG 

Notr. 

___l_ 

1,C::' n=o=o o=o=o::;::;:U =o o=o=o=o n::::i.'1 

-H-o.1s 

The metal cap of the device tia1. Voo (positive power supply) level because the metal 
cap is connected to pm No. 26 Ii. e. Voo pm). 

The leads of the welding part at bottom of this device are formed in slant and have a chance 
of shorting the other lines of printed "Niring board. 
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µPD78C06A 

64-PIN PLASTIC FLAT PACKAGE, BENT LEADS (Unit : mm) 
for µPD78C06A 

..... ------14.0. ~ ~ --------

i-------12.0"! 0.3-------

1.0±0.15 0.4 ·~: 
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NEC 
64-PIN PLASTIC QUAD-IN-LINE PACKAGE (QUIL), BENT LEADS 
for µPD78C06A (Unit : mm) 

l------41.IMAX.---------i1 

~3~ L _±-JL ~ 
0.5±0.1 

39.37 
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µPD78C06A 

µP078C06AG-xxx-36 

----24.13---< 

19.0S 

19.05±1.05 

14.13±1.05--~ 



NEC 
:PIN PLASTIC QU µPD78C06AG AD-IN-LINE PACKAG E (QUIL) BENT L EADS (Unit : mm) 

t.I 8MAX. µP078C06AG-xxx-37 

-~-39 37-

0 

~~ 
0.15'11! 

(a DD 0 • - • • - • • • - - --- ---- --DDDG)~ 
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NEC µPD7809/µPD7808/µPD7807 /µPD78P09 

HIGH END SINGLE CHIP 
8·BIT MICROCOMPUTER 
WITH COMPARATOR INPUTS, SK ROM 

DESCRIPTION The µP07809/7808/7807/78P09 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 µPD7811, this device has a fast internal 16·bit ALU and data paths, 
256 bytes of A AM, multifunction 16-bit timer/event counter. two B·bit timers. a USART, and 
two zero-cross detect inputs. Features that distinguish this device in the NEC B·bit family are: 
BK ROM, programmable threshold comparator IB inputs), programmable WAIT !unction, 
watchdog timer, hold and hold acknowledge for OMA interface, and bit test/write instructions 
for both RAM and 1/0. 

The µP07809 is the 8K Byte ROM version with the customers program on chip. The µP07808 is 
a 4K Byte ROM version. The µ1'07807 is the ROM-less version for prototyping and small volume 
applications. The µPD78P09 is an EPROM version or the BK ROM µ1'07809. 

FEATURES • NMOS silicon gate technology requiring+ SV supply 

PIN CONFIGURATION 

• Complete single chip microcomputer 
- 16-bit ALU 
- BK ROM 
- 256 bytes RAM 

• Large 1/0 capability 
- 40 1/0 part lines (µP07809/7808) 
- 24 1/0 part tines (µ1'07807) 
- 8 input 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 
- 8 inputs, 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 µ.s instruction cycle time 
• Prioritized interrupt structure 

- 3 external 
- 8 internal 

• Hold, hold acknowledge for OMA interlace 
• Programmable WAIT function 
• Watchdog timer 
• Standby function 
• On-chip clock generator 
• 64-pin OUIL peckage/SDIP package 
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µP07809/08/07/P09 NEC 

PIN CONFIGURATION µPD78P09R 

PAO Vu 

PA l v,, 
PAZ PD7 
PAJ PD6 
PA< PDS 
PAS PD4 
PA6 PDJ 
PA 7 PD2 

POO f'ROG PDl 
PHI PRO PDO 

PB2 PF7 
PBl Pf6 

PB4 Pf5 
PBS Pf< 

PB6 PFJ 

""' Pf2 
PCO'T•D Pfl 
PCl'R•D PFO 
PC2 SCK ALE 
PCJlffi" WR 

Pet TO iill 
PCS,CI HLDA 

PC6'COO HOLD 
PC7 1COI PT7 

Nii PTI 
INTI PT5 

MODE I PT< 
RESET Vp~ PT> 

MODEO PT2 
X2 PT! 
x l PTI 
v~~ Vn 
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NEC 
PIN 

NO. SYMBOL 

1-8 PA0-PA7 

9-16 PBo-P87 

17 PCo 

18 PC1 

19 PC2 

20 PC3 

21 PG.t 

22 PC5 

23-24 PC5, PC7 

25 NMI 

26 INT1 

27 MOOE1 

28 RESET 

29 MODEO 

' 
30-31 X2. X1 (crystal) 

32 vss -
33 VTH 

l~--~ ·-------

FUNCTION 

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. 

Port B: (Three-state input/output) 8-bit program-
mable t/O port. Each line independently program-
mable as an input or output. Reset places all lines 
of Port B in input mode. 

Port C: (Three-state Transmit Data (TxDJ: 
input/output) 8-bit Serial data output 
programmable 1/0 terminal. 
port. Each line Receive Data (Rx DJ: 
independently pro- Serial data input 
programmable as an terminal. 
input or output. Serial Clock (SCKJ: Serial 
Alternatively~ Port C clock input/output 
may be used as con- terminal. When internal 
trol lines for USART clock is used, the output 
and timer counter and can be selected; when an 
interrupt. Reset puts external clock is used, 
Port C in Port mode the input can be selected. 
and all lines in input 
mode. Timer Input ((Tl)/inter-

rupt request input (INT2J: 
Timer clock input termi-
nal; can also be used as 
falling edge, maskable-
interrupt input terminal 
and AC input zero-cross 
detection terminal. 

Timer Output (TO): This 
output signal is a square 
wave whose frequency is 
determined by the 
timer/counter. 

Counter Input (Cl): 
External pulse input 
terminal to the timer/ 
event counter. 

Counter Outputs 0, 1 
(C00-C01J: Program-
mable rectangular wave 
output terminal based on 
timer/event counter. 

Falling-edge, nonmaskable interrupt (NMll input. 

This signal is a rising-edge, maskable interrupt 
input. This input is also used to make the zero· 
crOS'S detection AC input. 

Used as input in conjunction with MOOEO to 
select appropriate memory expansion mode. Also 
outputs Ml Signal during each opcode fetch. 

(Input, active low), RESET initializes the µPD7809. 

Used as input in conjunction with MODEl to 
select appropriate memory expansion mode. Also 
used to output 10/M. 

This is a crystal connection terminal for system 
clock oscillation. When an external clock is 
supplied X 1 is the input. 

Power supply ground potential. 

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. 
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µP07809/08/07 /P09 

PIN DESCRIPTION 
(cont.) 

BLOCK DIAGRAM 

NO. 

34-41 

42 

43 

44 

45 

46 

147-54 

l 
155-62 

63 

64 

Notes: 

PIN 
FUNCTION ------ -

SYMBOL 

PT1 -PT7 Eight variable threshold input ports. Ports To-T7 
inputs are each connected internally to compara-
tors where the other input is the threshold voltage_ 

HOLD HOLD request input_ When high, CPU 1s in a 
HOLD state until HOLD goes low. 

HLDA HOLD Acknowledge output by CPU when HOLD 
state is accepted; goes low when HOLD is released. 

RD (Three·state output. active low) RO is used as a 
strobe to gate data from external devices onto the 
data bus. RD goes high during Reset. 

WR (Three-state output, active low~ WA, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or 1/0 write 
operations. WA goes high during Reset. 

ALE The strobe signal is for latching the address signal 
to the output from P07~PDQ when accessing 
external expansion memory. 

PFQ-PF7 Port F: (Three-state Address Bus: When 
input/output) 8-bit external expansion 
programmable 1/0 memory is used, 
part. Each line con· multiplexed address/ 
figurable indepen- data bus can be selected. 
dently as an input 
or output. 

PD0-PD7 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. 

VDD This is a backup power terminal for on-chip RAM. 

vcc +5V power supply. 

1 clock cycle= 1 CL= 3/1. 
1 machine cycle;::; J or 4 clock cycles. 
1 instruction cycte = 1 to 19 machine cycles. 
t: System clock frequency (MHz). 

Note: The µPD7807 has no on chip ROM 
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NEC 
In addition to the basic 7800 family instruction set, the following instructions are incorporated 
on the µP07809/7808/7807 

• 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, t 6-bit product 
Less than 8 µs execution-time 

• Divide 
16-bit by 8-bit, 16-bit quotient, 8-bit remainder 
Less than 14 µs 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 

INTERNAL ROM 
l11PD7808l 

EXTERNAL 
MEMORY 

61184W1.8 

In case of µPD7807 

819111FFFHI 
8 19112000H~ 

INTERNAL ROM 
1,uP078091 
f WT~R ... Al 
ME'-40~V 

d191W•H 
•11P07!l07' 

EXTERNAL 
MEMOR't' 

57088W • B 

~~ ~:\~~~~:1-,-N-TE_R_N_A_l_R-AM-l 
66 SOOIFFDFH~ 256W x B ~ 
: ~.l~~~~~:.__,"'32W=''-'""'--'' € 

a 

external ROM area is starting from OOOOH 
(no internal ROM area) 

:~:::~:1-·-""~='--'' 
i~:::i~:I--"'"-'='---'' 

~~~:=~~:'---"'"--'='---'' 
192100COH) 

USER'S AREA 

8 19111FFFHI 

µPD7809/08/07/P09 

INSTRUCTION SET 

MEMORY MAP 

Please refer to the section of µPD7811 for description of the following functions which are 

the same as on this device: 

FUNCTIONAL 
DESCRIPTION 

1. Memory expansion (except 56K bytes maximum for µPD7B091 

2. USART 
3. Reset 
4. External memory access and timing 

Variable Threshold Input Pon CPort Tl 

• 8 input lines 
• 16 levels - from 1 /16 of reference voltage IVTH) 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 µs 
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µP07809/08/07 /P09 

FUNCTIONAL 
DESCRIPTION 
(CONT.) 

Block Diagram of Treshold Variable Input Pon 

i'h'O ~' ~-~ l """J 
"'' \@ ; L"' [ ""-] 
~1.'@ ("---....~ GAJ1HJ • L 

.~ L·"-l 
r1.i• .[> l:<·"·l 
PTOD .[> ~~ 

l:~ 
. !"-,, . \/ 8 

Plllf ;[> 8 
'[' ~1,,• :d ffil 

Form~t of MODE T Aeg•~te• 

Input/Output 

I 0 

- lMTJf~friTMnl~:nO} 
l:L·l-~T~ 

-il 

u 

• 40 digital 1/0 lines - Five 8-bit ports (Port A, Port B, Port C, Port 0, Port F) 
• Port operation for Ports A, 8, 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 

NEC 

• 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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NEC 
TIMER I EVENT COUNTER - BLOCK DIAGRAM 

"' 

TO 

Note: ¢12, fxTAL x 1/12, 

fXTAL: oscillation frequency 

Input Clock of TIMER/EVENT COUNTER: Internal (</>12) 
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. 

cl Frequency Measurement Mode: 
Cl inputs 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: 
Comparator 0 signal sets C0011. Comparator 1 signal reset COQ/1. 

fl Single Pulse Generation: 
Cl is trigger input 16 bit counter free running output Flip-Flop toggled two times. 
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PC6/COO 

INTEO 

INTE1N 

FUNCTIONAL 
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µPD7809/08/07 /P09 

FUNCTIONAL 
DESCRIPTION 
!CONT.) 

INTERRUPT CONTROL CIRCUITRY - BLOCK DIAGRAM 

r1-·· '" -lf'olWU 
Tl~ I 

1NTTO :0 I 1 r , CONTHOL 

INTT I 

1NT1 o 
~ I I " --

INT}<> 

INHO 

INTEcl 

INTEIN 

INTSR 

INTST 
PRIORITY 
CONTROL 

INTWO-'"'IMI 

SOFTI l 
L·-

ENABLE1 ! J;?LU ::u_.o-
NMlllNTWO 

UV 

EA 
SB ___ TF 

Mask register: Masking the interrupts 

"' 

_ lnuuuptto 

tJ.p,!1f"er•lel1 

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: set to 1 by priority error 
SB: set to 1 by rise input of Voo terminal 

INTERRUPT 

11 Interrupt Sources 

3 External Interrupts - Including non maskable interrupt 
8 Internal Interrupts 

Priority Levels and 6 Interrupt Vectors 

11 Interrupt sources are divided into 6 priority levels. 

PRIORITY INTERRUPT 
ADDRESS 

4 (0004H) 

8 IOOOBHI 

INTERRUPT SOURCE INTERNAL/ 
EXTERNAL 

NMI falling edge external 

INTWD output signal of watchdog timer internal 

INTTO 

INTT1 

coincidence signal from TIME RO 
>----------------~ Internal 

coincidence signal from TIME Rl 
----+---------1-----------------+------·---1 

16 (OOlOH) 

4 24 (0018H) 

32 (0020H) 

INT1 

INT2 

rising edge 
>--------------- -----1 external 

falling edge 

INTEO coincidence signal from timer/ 
event counter 

e----------------' internal 
INTE1 coincidence signal from timer/ 

event counter 

INTEIN falling edge of Cl or TO internal 
f-------1---------jf---·---------------+------

INTSR serial receive interrupt 
6 40 (0028H) 

_____ ____, 
internal 

INTST serial transmit interrupt 
----------'-------
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NEC µP07809/08/07/P09 

WATCHDOG TIMER 

Used for software safety check or overall performance safety check. Watchdog, if enabled. 
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 

was__._ 

RESET-

oJ84 

I 

·f1 
~-LJ 

Note o;'.1384 1XTAL ~ 1 384 

HOLD/HLDA 

,___J 

To perform all sorts of OMA-applications a Hold-request signal can be applied to the 
µPD7809; it puts Address· and Oatabus and RD/WR signal lines to the high imPE"dance state. 
Then H LOA goes high as a response to the hold request. 

MODEO/MODE1-TERMINALS 

The logic level applied to MO/Ml ·Termtnals determines the memory map of µP07807/08/09 
and the use of Port D/F as multiplexed Address/Data Bus. 

MO l M1 l MEMORY t ADDRESSES LOCATION 

OJ 1l_BK/4K 0. .. OFFFH/1FFFH internal" 

0 0 I 4K external 
-·-- - : 

-

o 1 16K external , __ 
-~------ u2- ~~:E - --

: 1 .~ 64K FEFFH external 
-- -

·MO. M1 = 0.1 realizes !he ROM version (access of internal ROMf, all others represent 
access of external memory only In case external memory 1s used 1n addition to internal, 
memory mapping register has to be programmed then (see belowl 

MEMORY MEMORY MAPPING REGISTER NUMBER OF 
EXPAND ES MODES i MM2 . MM1 ' MMO 1/0 LINES 

Port Mode 

256 Expanded 

4K Expanded 

16K Expanded 

'°)fJf{/~OK" f xp;uHJf:<l 

o 

o 
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o 
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44 

36 

32 

30 

28 

FUNCTIONAL 
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µPD7809/08/07 /P09 

FUNCTIONAL 
DESCRIPTIONS 
(CONT.) 

NEC 
STANDBY FUNCTION 

The µP07809108107/P09 otters a standby function that allows the user to save up to 32 bytes 
of RAM with backup power (Voo) if the main power (Vee) fails. On powerup the µPD7809 
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 buffer. This allows a software 
search for a sync character. In the nonsearch mode, data transfer from serial register to 
transmit buffer occurs B bits at a time. 

UNIVERSIAL SERIAL INTERFACE BLOCK DIAGRAM 

PC2,'$CKo---~9'4 
"384 

-TO output 

5,.;;1,2 

PCO/T:..;Oo--<}-- -

Note: ¢24 = fXTAL x 1/24 

______ _J 

¢384 = lxTAL x 1/384 IXTAL' oscillation frequency (MHz) 

• Asynchronous Mode 
- Full-Duplex, Double Buffering 
- 7, 8-Bit/Character 
- Start/Stop Bit 
- Even/Odd Parity 
- Programmable Clock Rate X 1, X 16, X64 

• Synchronous Mode 
- Search/Receive Mode 

• 1/0 Interlace Mode liiPD7801 Serial Mode) 
• Programmable Communication Rate 

- 2µ.sec, 32µsec, Timer and External 
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NEC 
ZERO-CROSSING DETECTOR 

The INT1 and INT2 terminals (used common to 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 zern-cross detection mode, an AC signal of approximately 1-3V AC peak-to· 
peak magnitude and a maximum frequency of 1 kHz 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 

ACM>Utte 

! 
I 
I 
I ' I 

'"'""''s..,..~ 
I 

INTl • 

AC $0UrCO! -Tu~ lµF 1 

I 
i 

REGISTERS 

0 15 

PC 

SP 

0 70 

I 
EA 

I 

1 
v I A 

I 
B c 

I 

Main 

D E 

H 

EA' 

l v· A' 

Altet ndte 
B' c· 

I D' E' 

H' L' I 
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µPD7809/08/07/P09 

rUNCI IUNAL 
DESCRIPTION 
(CONT.) 

NEC 
General Purpose Registers '8, C, D. E, H. L) 

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, OE, 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, OE, and 
HL register-pa1rs can be exchanged with their Alternate Register counterparts using the EXX 
1nstruct1on 

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. 

Accumulator (A) 

All data translers between the µP07809 and external memory of 110 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 OOOOH. 

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. 

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-I ndex·Addressing 

I OPCODE f---------i~ I OPERANO I 
The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

rp memory 

~-----·--1! ADDREsslf----•-1! OPERAND J 
The 1nstn..1ction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffix are ending this address mode. 
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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 

Working Register Addressing 

PC OPCODE 

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 ending this address mode. 

Direct Addressing 

PC OPCODE 

PC + 1 Low Address 

PC+ 2 High Address 

Operand 

1 byte 

Memory 

Low Operand 

High Operand 

2 byte 

The two bytes fol towing the opcode specify an address of a location containing the operand. 

Immediate Addressing 

PC 

PC+ 1 

Immediate Extended Addreuing 

PC 

PC+ 1 

PC+ 2 

OPCODE 

OPERAND 

OPCODE 

Low Operand 

High Operand 
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NEC 
Relative Addrening 

memory 

PC+ A+ 3 Low Operand 
Opcode 

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 (TABLE-command). 
Application: Table look-up 

Base-Addressing 

rp memory 

:~ + 1 I Dis~~:~;ent ~L __ A_d=.d:c•.c••=•--~~-=-D"-pe"-r"'an-"d'-_, 

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 

memory 

Opcode Operand 

Register pair DE or H L used as base pointers to the memory; Register (8 bit) or Extended 
Accumulator (EA) as displacement added to the base. 

Double auto increment 

rp 

opcode 

memory 

Low Operand 

High Operand 

The opcode specifies the register pair which contains the memory address of the operand 
116-bit). The contents of the register pair is automatically incremented by two to point to a 
new 16·bit ooerand. 
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BIT ADDRESS INSTRUCTIONS 

The following bits may be addressed directly with certain instructions: 

• Any bit in a 16·byte group in RAM 
• Any bit in the five B·bit 1/0 ports (A, B, C, D, F) 
• Any bit in the variable threshold port 
• Any bit in the following spacial registers: 

9-bit interrupt mask register, serial mode register, timer mode register, timer/event counter 
output register 

An addressed bit may be tested, sat, 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 ""'-n tho µPD7801, µPD7B11, µPD7B07, and µPD7809 

pPD7I01 µPD7111 µPD7807 

Number of Instructions 134 150 165 
16-Bit Operalion lnnr~ion No v .. v .. 

Multipy/D11tid1 lnwuction No v .. v .. 

ln1tructionCyclll! 2µ114MH1 l1.11/12MHr 1µ1f12MHr 

18 18 
~Bv1es Na 

16 
On-chip ROM c..p.:i1y 4J.: Bytes 

µPD7 .. 

165 
v .. 
v .. 

lµ1/12MHr 

18 
8K 8y1H 

--~~~+-~~~~~~~--+~~~~f--~~--1 

On-chip RAM C..JJ9City 128 8ytn 25& 8ytH 2S6 Bytn 258 8yte1 

. Direct-Addrea.ble ExMm•I Memory C..:11y 601( Bytes 1 601( Bvtn 64K Bytn 56K Bytes 

I I lnllrn1I :± 2 8 8 8 --
, lnlefrupt.Source ~-- --- ---- +----:-----+---~ 

__e_x~~-~- 3 3 3 
l/Ol1nes ----- ---.--~ 40+4-- 28w 40 

T V. I Po --·-- ---------t----------r--,.,--r 8Bits 8Bits ~ 

T:::: .. :~--~-~----_· ·_··---=-~ -- ,,~;,~ r·l:•;;:-:--~-·1_8~-';-,:-2_,_8_186_-,,B_',~-2-~J 
Watchdog Timer No 

Enchronou-,-----+--N~o-~-~--+-----r------i 
~~~--~-~-~~~~~...,..-~~~--+~~-

S.n1l lnt1rf1ce 

AID Converter No 

Stendby Func11on No 

'Hold Func1ion 

·rtchnokl9v ,----· 
Ynl Yes YH 

I NMOS ! NMOS I NMOS I NMOS • 

i 64..Pin QUIP: 64-Pin QUIP i 64-Pin QUIP! 64·Pi~~-~~; IP.-:k9gt 
I 

• 114K·byll Accn1 

OPERAND FORMAT/DESCRIPTION 

l~RMAT 
•1 

'•2 

DESCRIPTION 

V, A, B. C. 0, E, H, L 
EAH, EAL, B, C, D, E, H, L 
A, B. C 
PA. Pa. PC. Po. PF. MKH. MKL. sMH. sMl.:-EoM. ETMM: TMM. 
MM, MCC, MA, MB, MC, MF, TXB, TMO, TM1, WDM, MT 

srl PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT, RXB, WDM 
sr2 PA, PB, PC, PD, PF, MKH, MKL. SMH. EOM. TMM 
sr3 ETMO, ETM1 
sr4 ECNT, ECPTO. ECPTl 
~ --+--P_A~, _PB, PC, PO, PF_._~~~'. -~K·~'- ~~~· _E~~·- !~M. PT. 

rp SP, B, D, H 
: rpl V. B, D, H, EA 
! rp2 SP, 8, D, H, EA 

~-· 8_.~·--':i 
rpa 8, D, H, D+, H+, 0-. H-
rpal 8, D, H 

, rpa2 8, D, H, D+, H•. 0-. H-, O+byte, H+A, H+B. H+EA. H+b..,te 
~~---- D, ~· D+_+. H~_+!_o~~te, ~·.A._ H+~ •. H+~".'~ ~·~~t.e 
wa 8 bit immediate data 

---~ 

---1 
'word 

byte 

bit 

16 bit immediate data 
8 bit immediate data 

8 bit immediate data -· -~ . . ----1 
irf 
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REMARKS 1. sr - sr5 (special register) 

-------

PA PORT A 
PB PORT B 
PC PORT C 
PD PORT D 
PF PORT F 
PT PORT T 
MA MODE A 
MB MODEB 
MC MODEC 
MCC MODE CONTROL C 
MF MODE F 
MM MEMORY MAPPING 
MT MODE T 
TMO TIMER REGO 
TM! TIMER REG! 
TMM TIMER MODE 
ETMO TIMER/EVENT 

COUNTER REGO 
ETMJ TIMER/EVENT 

COUNTER REG! 
ECNT TIMER/EVENT 

COUNTER UPCOUNTE R 
ECPTO: TIMER/EVENT 

COUNTER CAPTUREO 
ECPT1: TIMER/EVENT 

COUNTER CAPTURE! 
ETMM: TIMER/EVENT 

COUNTER MODE 
EOM TIMER/EVENT 

COUNTER OUTPUT MODE 
WDM WATCHDOG TIMER 

MODE 
TXB Tx BUFFER 
RXB Rx BUFFER 
SMH SERIAL MODE High 
SML SERIAL MODE Low 
MKH MASK High 
MKL MASK Low 

5. irf (interrupt flag) 

FMMI INTFNMI 
FTO INTFTO 
FTl INTFTl 
Fl INTFJ 
F2 INTF2 
FEO INTFEO 
FE! INTFEJ 
FEIN INTFEIN 
FSA INTFSR 
FST INTFST 
ER ERROR 
OV OVERFLOW 
IEF2 INTERRUPT 

ENABLE F/F2 
SB STANDBY 

2. rp - rp3 (register pair) 

D 

STACK POINTER 
BC 
DE 

: H HL 
V VA 

i EA !~~~~~~~TOR L___._ ______ ~ 

3. rpa - rpa3 (rp addressing) 

B 
D 
H 
D+ 
H+ 
D-
H-
D++ 
H++ 
D+byte: 
H+A 
H+B 
H+EA 
H+byte: 

4. f (flag) 

IBC) 
IDEI 
(HLI 
IDEI+ 
IHLI+ 
IDEl­
IHLI­
(DE)++ 
IHLI++ 
(DE+bytel 
IHL+Ai 
IHL+BI 
(HL+EA) 
(HL+byte) ___j 

CY CARRY 
HC HALF CAR RY 
Z ZERO 

I 

Parts of this material may be changed without prior notice due to the introduction of new 
functions of products under development. 
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INSTRUCTION SET 

f- --- .,--- OPCODE 
MNEMONtc OPE PIANO 

____ 82 ____ 

T 
t1,A 00011 T2T1 To 

~~~~~~~~,~~ £ i"·A 11S5S4S3S2S1So 

•JA,!11"1 01001100 1 1 S5 S4 S3 S2 S1 SO 
' ~ :MDV 101110000 01101R2R1RQ .. I ~ 

word. r 01110000 01111R2R1RQ 

i r, byte . 0 1 1 0 1 R2 R 1 Ro Dita 

MVI 1r2,by11 01100100 SJDOOOS2S1 So :: 
MVIW Wl,b'fU! 0 111ODD1 Oflwt 

~ MVI)( rp!ll,byte 0I001 OA1 Ao °"" ill .. STAW 0I100011 Off•t 

: LOAW 00000001 Offut 

STAX ... , AJ 0 1 1 1 A2 A1 Ao OWi 1•11 

LDAX ,rp.112 A30101 A2A1 A[J om1•11 

iEXX 01001000 I 0101111 

! EXA • !01001000 I 0101I00 

L~-_ _t 
01001000 1010 11 1 0 

01001000 10101 1 01 

.. STE AX , .. 3 • :!! LBCD 

~·· LDED 

~·· LHLD -· LSPD .... 

·--93 .. STATE 

10 

10 

Lo• AdJ1 H1ghAdn. 17 

Lo• Adrs HighAdn 17 

"'" 14 

Dota 13 

10 

10 

10 

1113 

1113 ' 

OPERATION 

rl-A 

A-r1 

g•A 

A.-u1 

r .-1word) 

(word) ,.._r 

r - byte 

1r2-by1eo 

(V ... l .... byte 

lrpal)+-byte 

IV.w.l-A 

A+-(V.MI 

tr1>92J+-A 

A+- CrsNll 

a .. a·,c ... c·,o-o·. 
E ""E'.H ""H'.L ... L' 

V,A-V'.A'.EA-EA' 

H,l .. H'. L' 

v-v·.A-A'.e-e·. 
c .. c·. o ... o-. E .. e·. 
H ... H.,L .. L",EA .. EA' 

OPERATION 

µPD7809/08/07 /P09 

SKIP 
CONDITION 

_ _j_ _________ 

--
___ .. ---- ··---------l 

-----

-----' 

+--: 
_____ J 

I SKIP 
CONDITION 

LDEAX '"' PUSH •Pl 
=_::__:_ _ __t_:_:_:__ ___ ~~----~-o __ oo_c_,3'-c_,_2_:c1'-C:O-"--~:~-°'-'-':_'"="t+'-__ - -~-~~~!l__!~_-lrP13J.EAH~_l_•"'3_•1_1_._1 _____ _ 

~POP. -- •Pl 
1
1

0
o

1
1

0
1

0
0

0
0

2
2 

0
0

1
1 

0
Qo

0 
: lJ ~~=~P~2P1H. jSP-2J ... rp1~J-------< 
i 10 rp1L-ISPl,rp1H-!SP•O 1 

~-T------ ~----- --------'I---'-~----+-·-. SP-SP•2 _____ _J 
~--· _'P~._w~~ _?!_2~!._P~OIOO Low8yleH1gh8'1'I~--- 1 10 rp2o-word J _ 
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'.MNEMONIC I OPERAND I 
lTABLE 

-ADO A,' 

'·A 

A.• 
AOC 

MNEMONIC OPERAND 

Bl 
OPCODE 
B2 Bl I 84 STATE 

~ LTA A,r 01100000 10111R2R1Ro 8 

$ r,A 00111R2R1Ro 

~ NEA A, r 1 1 I 0 1 R2 R1 Ro 

OPERATION 

OPERATION 

A-• 

·-· ·-· ·-· ---------·-· 

NEC 
SKIP 
CONDITION 

SKIP 
CONDITION 

Borrow 

Bonow 

NoZ1ro 

No Zero 

Zwo 

J 
J 

-I 'A·.·. 0, 1 0 1 R2 R1 Ro 
.- 1 1 1 1 1 R2 R1 Ro 
~ EQA tA;------+---+--Tt--O-oC-11"1"1"'Rc-2-=R-, o-Ro-~---+---+--,-+-,_-,.------ Zero I 

! : ~;~ -~-~~~,_-+ AAr ·-----==~--==-~No Zero i 
~~---+:~ I .... '-· •. , ... , ---··--·-.. z.ro !c: AODX •DI 01110000 T 

' ~ ~CX--- +-;~ ---+-.--,---;-,-,,""'-,.-.,.-,--+---+---+-,.,---+, .,..-_..,.•-· -,..,-,,.·c=v,--· J 

I 
i AODNC.lc. rpm A ..... A• (rJJll) No Carry ] 

i~~ ~----t-t--i--+--,-,-,c:77--,-...,,--+----+--~...,-,--A,---,-A--,-l<po-)-----+---_--;_J 

~ SBBX •Pl A ..... A- (rpa)-CY ---t------_J 
I SUBNBX r~ A-A-(rpa) -~~~·-~~- J 
i!: ANAX A-Af\(rp;il 

~ DRAX •P' A-AV(•PO) -----r-~-_--:-----1,· """~-~~--- A-AV(rpa) 
: ~- ·- rp~··---l·-,·--t---f-~~~~~-;---+---4-----.---,.-.,-,_-,----- Na Borrow I 

~~''-·-·--+--~-l.~-:I~-~---~--~~--~~-~---·---"-"'-'------'---8~~-__J 
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~ 
" 0 

:~ 

'" i 

MNEMONIC OPERAND f--- 81 
OPERATION 

SKIP 
CONDITION 

NEAX ... 01110000 

EQAX ... 1 l ONAX t OFF AX '" 
1AOI 

:__ ~~~ ~-000110 
r, bytl! 01 11 0 l 00 

5•2,byt ... 01100100 

1 1 1 0 1 A2 A1 Ao 1 I : A- (rpal No Zero I 

1 I 1 1 1 A2 A1 A() 1 I A- jrp•I Zero 

11001A2A1Ao I 11 A/\(rp•) NoZ1ro ~I 
__ .L_.--'-_1_1_0_1_1_A"--2-A1'-A-"o - - -+-- ! 11 A/\ (rpa) Z1ro 

+- Data .... , A•- A .. bylf! 
_:__c_ __ :__ _______ ~ ---~---'----+-, -_-,.-b,-.. --- ------>----~-- -

sr2 - ~·2•Dvte 

OIOOOR2R1Ro +---0•11 11 

S3lOODS2S1So ------j ---~ 
' 20 

; A.byte 0 10101 1 0 

ACI r, byt11 011101 00 

A• .. b,, .. cv --, +-Oa1• .... 
~---+--

0 1a1 0 R2 A1 Ro 
---1 

D1t1 11 r ... r+byte+CY 

tr2, bVI"' ,01100100 

A.byte 100100110 

S3101DS2S1So ] 20 

+-0111-

~--_,-'_'_,_._,_•2_•b_,,_••_c_v ____ ·-----1 
A - A+byte No C.rrv ' 

AOINC '· bytll! 0 1 1 10I00 OOIOOR2R1Ro Data 11 r - r+bvte I No C.auy 

1.12. byte 01100100 S30lOOS2S1So ' 20 sr2 ..._ sr2+bvte No Carry 
~ A, byte o 11oo11 a +-Data - l 1 A -A-bvte 

~'----'------~---~------<---->--_,L,-.--,--b-y-,.------t-----­
C:..:C"'--l--'----'-__:__:__--4-----'-:._:-_--T--~~--+--+-,,-2•-,-,2--b-y"-----+---~ 

SUI I, bytt a 1 , 1o1 o a 01100R2R1Ro I Data 11 

sr2, byte 01100100 

A, byte 0, 1101 1 0 

s311 oos2s1 so 
'1 

20 

--01t1- I A• A-by<o-CY - ----

SBI r. byte 01II01 00 01110R2R1Ro Oat1 11 r -1-byte-CY 

sr2. bvt"' 01100100 53 1 1 1 0 S2 51 So ' 20 sr2-sr2-bvte-CY 

MNEMONIC OPERAND~- ·-a, - :cooE 83 ----84 -- STATE OPERATION 1 ~~~DITIONl 
1 • A, b'l'tll! 0 0 1 1 0 1 1 0 - Dita - A .. A-by111! ] No Bonow_~ 

,SUINH 1--'c_·bc_v<_•_.,_0_1_1_1_0~1_0 __ 0_+-_0_0_1_1_0_•=.2_•1'-R-"o-+--"·~··-+----1--"_,'_•-_•_---bv_" ______ ]+-"-·-··-·_·•_w 
I u2,byte 0110. S30110S7S1So =t 20 I ~r2•5r2-by111! NoBorrow 

r----~.bYoO 1 000001'1 -o ... - A-AAby" d 
'ANI ir.bvu 01110100 00001A2R1Ro 0111 11 r-r/\byte 

'" I :C 
0 ORI 
~ 

:c e 
~ XRI 
! 

,$1'2,bvte 01100100 S30001S2S1So f 20 ir2--1r2/\bv1e 

A.bvte 00010111 --Data- A-AVbyte ----
'·byte 0 1 11 0 ,-o-o----~-OO_O_l_l_R_2_•_· -.0--+---o-.. -. --1---<--11--1-,---·-, V-b-Vl~ ------------==::i 

L----+'-"_.b_''-'-+0_1_1_o_f"_.__ _ _j__S~3_0_0_1_1S2S1So -'"-'---+--+--'-'--1-'-'2_-_,_.2_v_b~Y" _____ l11------
A,byt11t 00010110 +-Data- A--Aliolbytll! 

~'- 01110100 00010R2R1 Ro -----Dau r-rl.Jbyte 

sr2,byte +oJ-loT S30010S7S1So f 1 20 ~$1:llolbv1e =tit i 
• 1 ~b:::it ~~:~~:~~ -0.111~-----I---+-- ti _171 j1 ~~;e__,1 ______ ~~:~.:~ 

r---- 0 0 101 A2 R1 Ao ---"-"-'-'----'---
uS byte 0 1 1 0 t 53 0 101 52 S1 ~+ =r 14 ~·S by1e 1 - - ' N;;B;.,~ _ 

-·-+A=b'.:.:"_+0:_0:_1--•__:0_1_1_1 _ _j_ __ - Data - J A-bvtt Borrow 

~~--1_1_1_ o_• O_O _ _,___o_o_ 111 R2 Rt Ro -+--"'~"--+---+----•-byte Borrow _j 

__ ~~y~ ~ 1 i 0 ""J 53 0 1 1 1 S2 51 So ~--'"-'---'- ---~ __ 14 1 ~r5-~~~~ __ ____ _ ___ Borrow 
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I .. 
; ~ 

c 
~ .. .. 
iS 

I i 

I 

MNEMONIC J OPERAND -., 
A.bVlt' 

"'' byte 

"~·byte 

A, bVte 

'°' •.bvte 

uS, byle 

• IA h'l'le 

-i ... bvre ONI 

:sr5.liy11 

la~I ' A. byte - r.bv1e 

·;·,·s~b; .. 

0 I I 00 1 I 1 

0 11101 00 

.... 0110- - • 
-·--01-11 0 I I I 

011101 00 

0110 1- -- •-
;a 1 o"OOlli · ' 

tOi II 0100 :: 

.. ~11~_ .. 
010,01 11 

OP CODE 
B2 -- -1 83 .. STATE OPERATION 

A-b'l'tt 

" r-byle 

A-bytt!' 

r byte 
------· -

14 sr5-byre 

-:,· --... -,,--;;;,~· 

14 

'Aby!e 

"5/\byte 

TMNEMONICI Ol'EAANOI---., J_ :CODE_ -- l B3 _i---..-3 STATE OPERATION 

A-- A\I !V.w1) 
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SKIP 
CONDITION · 

No Zero 

No Zero 

,., . 
"j Zero 
t -N-;;-·z~ro 

No Zero 
+-

No lei-a 

, Zero 

r z~o­
·- --t 

Zero 

No ea;.~ 

SKIP 
CONDITION 

No 8oflOW 

Borrow 
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81 T 
OPCODE ---.-,-- STATE OPERATION 

SKIP 
CONDITION 

OSUB EArp3 01110100 111001P1Po EA-EA-•p3 

II oSBB--,-A rp3--i--==- [ , 111 11 I EA"- EA~-rpJ-Cv------· -
DSUBNB EA rpJ I 011 f 11 -~ E·A-_:pj-- -~=-~==~~~!_'.''~~...., 

u DAN--~3-I ~ 10001 lPiPo 11 : EA+ EA,\rpJ r i 1 oaR _ _______2~~ t ~_,_ 1 o a , t --r------ , , ; EA - EA ·v-,,-,------ -- ---
~ DXR EA.''3 i ' 1OD10 1P1 Po 11 . EA• EA, .. ,,---- -, 

1 ~ !:=~~:-::: ~ -~ : : : ~ "@'1 Po _ -_fr-~::=:::-• _ _ ~;::·~ 
i ..- DEQ----EA: ;PJ 1 1 1 1 11----+ EA-rpJ le•O 

IQQN 'EA.rpJ 1100 11 EAt\rpJ NoZero 

,DOFF EA,rpJ ,__ J_ 110_1___ 11 EA/\rpJ --tZero_----=. 

~:; MUL r2 oJ()~-+---QQIQli 32 EA-AXr2 

i~trnv- r2-----~ t • 0011l _ 59 EA .... EA.r2,r2-surplu~ - -----

~----r;,-- 010000R 1 Ro - --- 1 p, ~~----- -~ 
l~!r INRW • wa 00100000 -Qfhet-> , 16- IVwal+-CV.wiii!+l Carrv .J 

ii~~--1;;--+-ooe;,00010 -I ; ,,_,,., - ·- -
1a:CC EA 10101000 I l EA-EA~! 

;~*ro-c-R ---t--- 010100A1RQ l l 1 •2-•2-1 

~Aw 00110000 <-Ofhet- I J I 16 CV.wa)-(V.wa)-1 

l ., L__ OP CODE SKIP J 
MNEMON1C OPERAN~81 - --~---8"2,-==~-~83~~~ .. ~-+ STATE OPERATION CONDITION 

I !rp IOOP1Po0011 rp<-rp-1 I 
1°cx ~10101001 EA.--EA-1 J 

Bit Adrs 10 CY• lb 111 l 
I!; ---t----±~----t------t---+--:-~-+-~b-~,-~.-C-~y-A~lb~"~i~~~--~~~~:~~---- ' 

~ 10 CY - CY V lbot) 

: ~ f---------+-------+-------;----+----4--'°---t CY ..... CY¥--,.-,~.'.------~~~---_--+----
~ f-----+----+--------+----------l---+------l--~~-1--::-::: :~ 
.... CLR · JJb1t o 1 0~1~1~0~1-,1---t-----J---t------t---;--~--+---=-------+--_____ --~_Jl 
iii INOT • bit 0101_1 __ 0_0_1 _-+---+-----+----~--+--'-'___,_<_b•_•l_-_lb_"_I ______ _ 

~~~ 010_1_1_1_0_1 __ ;--__ 1+----f-- 10 Sk1p1flb111~1 lbitl-1 

jSKN • lb•t 01010000 I.. 10 ! Sk1p1flbi1l-O___ [b•tl'O 
~--r-- ·-to;-, _10_0_0_0_1--+-----~ ---i-------+---1---.-1-0-;;-~;-1 Ad-,-"-,,-.,-,"-m-"'-.. -,,- --t·-

1111 'STC 0 1 O O I 0 O O 0 0 1 0 1 0 1 l CY .... 1 ·1·--
~ lcLC ! t -1~--c-0~0~1~0--,1-ccoc1-~o CY--o 
15 CMC lo-1~0-0-1~0~00---+,-1-0_1_0_1_0_1 o-------+-- ---+------l---+--cy-.~cv------r---

~ J j_ j_ j_00111010 . 8 A•A•l _--l'.--
1~~__:_:> --+-- 01001000 ~00111000 17 RotaleleftDigit 

llli_~~~-_j_ __ _j_~-~--~l-~!_1_0_01____j_ _ ___J__ __ 1! __ Rota1eRi~~~~-'"--- -- -
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OPERATION 

IRLl :·2 01001000 J OQ1101R1Ro •2m+1 .... r2m.•2o-cv. l 
: -RLR r2 ;±±· :- I OOR1Ro ~,:=:~.2m'21•CV~ --r . 
~---~--- --- i --i-----Occ0~1~0~0~1~R-1 ~.O--+---!----l---~-+~~2Y_m•-.:-~~,~,m--.-,2-Q--~O.CY- r27 

~ .:~~-- -- :l~~1·--·r I' I i OOR1Ro •2m-1-•2m.•27-0,CY-r2o 

~~C-~--- _I I JJ OOOOOIR1Ro •2m+l .... '2m.•2a-O.CY-r27 Carry 

o( .SLRC r2 j_ 1 _[ OOR1 Ro r2m-1-•2m.•27-0.CY-12o Carry 

1 5~~ EA ____ T ! 10110100 EAn+1+-EAn.EA()-CY, 

'I- 1 CY-EA15 

l ~~EA -~--------~~,~,~,~,----i----i----+--1---,.-"-_-1 _-'-'-,.-"-"-.-15-_-c_v ____ _ 
! j_ CV• EAQ 

I tosLL----+e.;. l 101001 00 EAn•l -E.Grrn.EAQ-0. 1
1

-----J,·,·. IL I CY-EA15 -+ 
DSLR EA l ll j l l 0000 EAn-1-EAn.EA15--0, 

~-~--~~--~-~-~-----~--~--~-~_c_v_-_•_Ao~-----~-----

MNEMONtc OPERAND 81 
OPCODE ., 83 .. STATE ! Of'EAATION SKIP J 

CONDITION 

JMP word 01010100 - Low Adrs-+ H•th Adri 10 I PC - word -~ 
JB 00100001 4 PCH-8.PCL..-C 

t JR WO•d 11 o-jd1Sl)I-+ I 10 PC - PC+ 1 +1d1spl 
ii 

JRE -· 0 1001 I 1 --~_E--idi'f' - 10 PC - PC+2+Jd>spl 1 

JEA 01001000 00101000 
-----, • PC-EA I 

CALL w~d 01000000 I -- Lowadrs __,. High Adrs " tSP-11--CPC+llJ-t. 

I tSP-21 - CPC+llL 
PC .... word. SP o- SP-2 J 

CAlB 01001000 00101001 17 (SP- 1 I .... (PC+2lH. 

J ISP-21 ._ (PC+21L 
PCH .... B. SP+- SP-2 

CALF wo•d 01 11 1 
,,_ 13 tSP 1 J .... (PC+2)H. 

I 

~ 
I ISP-2l +- {PC+2)L 

I PC1s-11 -- 00001, PC10--0 - fa. 

~ - l SP+-SP-2 ·-·--
CAlT wo•d 1 00 +-la_.. 16 l lSP-IJ o-1PC+11H. 

!SP-21- tPC•Hl 
PCL +- l128+2ttl. I 
PCH - [129•2ttl. SP- SP-2 I 

SOFTI 0 111 00 I 0 16 (SP-1) - PSW, lSP-2l .... !PC+1JH. 

J (SP-3) ._ tPC+l )L. PC,... 0060H. 
SP .... SP-J 

MNEMONIC OPERAND 
B1 .. STATE OPERATION 

RET 10 ' PCl .... !SPI. PCH-- (SP+ll 
! SP-SP+2 

to a 1 10 PCL - (SP). PCH ..... (SP+1l I 
SP+- SP+2. PC .... PC+n __J 

13 I PCL ..... CSP!. PCH - (SP .. 1) Uncond1t1onal 
I 
l RETS 1 --- ..--

::! ~• -+-----+c--'~~-+-------t----+----+-~--'-=--=c-=---=cc~+--cc--
; RETI • 101100010 

1 bylt 1nsiroct1on 4 ~tales 
1 bylt inuruc1oon 8 Halts 
3 bylt! •nUruc11on: 11 u11es 

2 by1' 1ns1ruct1e>n !with "I 71.lates 
l·bVU! mu•uct1on (w1rh "I 10$111415 
4-by11! om,1ruc11on 14 statu 

4-120 

PSW .... ISP .. 21. SP .... SP+3 Skop 

1 Slup 1! f=l 1=1 



ELECTRICAL SPECIFICATIONS 

AND PACKAGE OUTLINES FOR 

µPD7807 /µPD7808 



NEC 
ABSOLUTE MAXIMUM 
RATINGS 

OPERATING 
CONDITION 

CAPACITANCE 

PARAMETER 

Power Supply Voltoge 

Input Volti)IJE' 

Output Voltage 

Oulput Current Low 

Output Current H1yt. 

Threshold Voltage 

Operating Temperature 

Storage Tempenture T ng 

10 MHz< •xTAL.;;; 17 MHz., 

-,~y~L-~ 10 MHz .,--
-- - ------

'• = 2s0 c, vcc"' Voo = Vss = OV) 

TEST CONDITIONS 

To 

-40"C to +85 'C 

Vee. AVcc 

+5.0V t 5% 

+5.0V t 10 % 

µPD7807/08 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Input Clpac111nce Co 

Output Capacilana Co 
•c= 1 MHz 

Unme;n;ured Pm~ 

1/0 Capacuance C110 
Aelurned to OV 

DC CHARACTERISTICS CT.a , -10°c 10 •7o~c. Vee= •5.ov ! 5 %. vss - ov. Vee-a av .... voo ... Vee 

PARAMETER 

lnpul Low Vol1;ige 

Output Law Voltage 

Output High Voll&gll! 

SYMBOL 

v,, 
VtH1 

TEST CONDITIONS 

All except SCK, RESET, Xl 

Input Curnen1 INT1. Tl 1PC3). +Q 45V.;, V1.,;; Vee 

tnpul Ll'41kilge Curren! I LI 

~~P_~_t LHkq Curren1 t I LO 

~:: ;:,~~~~r~1nt f ::: 
Vee Supply euuen1 tee 

+o 45v ... vo -..vcc 

VTH =Vee 

4-123 

MIN 

2.0 

o.s Vee 
O.BVoo 

" 

10 pf 

20 •' 
20 pF 

TYP MAX UNITS 

0.8 

Vee V 

v 
v 

---+---l-
v 

! 200 -'A 

! 10 µA 

! 10 µ.A 

0.2•2 0.5 mA 

-1.·5--.-2 J.1 mA 

150•2 200 mA 



µPD7807/08 

IT.i 10°Cto•70'C.Vcc •50V 0 S'\,V55 OV.Vcc 08V"-VDD'- Vcci 

PARAMETER 

Xl 1nput Cvcle Tome 

Add•I!~~ Se1up to ALE , 

Addreu Hold from ALE , 

Addre~~ to RD • Delav Time 

RD i to Add<1m Floating 

Add•en 10 Data Input 

ALE j to Data Input 

RO .I to Dat;ii Input 

ALE .I to RD i Del;11y Time 

Data Hold Tome from AD t 

RD t to ALE t Delay Time 

RO W•dtli Low 

, ALE Width H•!th 
i--c--=-:---··-------.. -_--
~ M1 Setup Tome to ALE~ 
>--=-- ---------
Ml Hold Tome lrom ALE j 

10/M Setup Time to ALE .I 

, iOtM Hold Time from ALE j 

l WR Width Low 

PARAMETER 

SYMBOL 

icvc 

'AL 

'LA 

'AR 

IAFR 

ILOA 

SYMBOL 

SCii: Cycle Time 'CYK 

l-------------+-- -

TEST CONDITIONS 

"3. •5 

'J. ·s 
'3, '5 

·5 

'J. '5 

---~-

MIN 

83 

65 

50 

150 

MAX UNITS 

25-0 

20 

360 

100 

35 
-1-------+--· 

230 

95 

115 

280 

TEST CONDITIONS MIN I MAX UNITS 

'"" 1 •• ,. P-----+--500---!f--, ___ _, __ :-: ., 
SCK Output µs 

I ·• •20 i SCK Input j•7 200900 ! 
SCK Width Low 'KKL 

1-----------+------+-SC_K_o_._ •• _ •• _1~-.----+--,-,o-J+-- -~ 
stK Input 1f--.-1-----+--900200--.l

1
.._, ----j-- ---;;;-1,,' ' 

SCK Output 
IKKH 

1 R)(D Se1up Time to SCK. f 

i RxD Hold Time from SCK t 

~-·-~~!KD Oetay Tome 

----t ~- - ·-·--------+--BO __ !f-------l---...j 
tKRX --~--··-------+--BO ___ _i1~·---- ---~ IKTX 0 6 210 -~ 

4T1 = -40"C to +7CY-'C. Vee= +5.ov t 10 "'· Vss = ov. Vee -a.av<; Yoo"' Vee! 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

~L M 

V1H1 I A11 e)(cep1 SCK, RESET. x1 ------------l-- 2.0 Vee 

~--:m. x1 ·s -------+--o.-e-vc-c-+---'-v"cc"-'--...j 

~~RESET o_evoo Vee 
ice---~ ---r-- ---------

Output low Volu1ge l/QL IQL = 2.0mA 0.45 
------------+--

Input Low VolU1ge 

Output Htgl'I Volttg9 VoH IQH = -200µA 

Input Current·------~-- - tNTl.-TltPCJJ. +0.45V.:;. V1 o;;vcc " 
:!: 200 µA 

±JO µA 

± 10 µA 

VTH Input Current ITH VTH = Vee 
f-----------+---+---

02·2 0.6 mA 

Voo Supply Current 100 1.5 •;r 3.5 mA 

150•2 220 mA 
------+---~-

Vee Supply Current ICC 
~·-----~-~~ 
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NEC 
AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

DC CHARACTERISTICS 



ttt/EC 
AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

HOLD OPERATION 

IT,= -40"C to+ 85'C.vcc = +s.ov :t 10 '!!>, vss = ov. vcc -o.ev "Voo < vccl 

PARAMETER SYMBOL TEST CONDITIONS MIN 

Xl Input Cycle Time icvc 100 

Address S&tup to ALE .&. 'AL •4. •5 100 

Address Hold from ALE -" 'LA ·•. ·s 70 

Address to JfCJ j. Oell1y T 1m• •AA "'4, •5 200 

~~ddress Floating IAFR .. 
Addreg to Dare Input 'AO •4 •5 

ALE J. to Dall Input ILDR 
-··-~-

Rf> .i. to Da111 Input ••o •4. ·s 
A LE .j. to rffi .&. Del1y Time 1LA •4, •5 50 

0111 Hold Time from~ 1 IROH .. 
~ t to ALE t Deley Timi •AL "4. •5 150 

Rn Width low 
Data Rad·•. ·s 350 

'AA 
OP Code Fetch "4. •5 ... 

ALE Width High ILL •4, •5 160 

Ml Setup Tome to ALE j. 'ML .. 100 

·Ml Hold Time from ALE .j. 'LM .. 70 

10/M Setup Tune to ALE i 'IL .. 100 

m1M Hold Tune from ALE .j. ·ILi .. 10 

Address to W1i I O.t1y 'AW ·4. ·s 200 

ALE I to Data Output ILOW •4, •5 

W1' ' to o.ta Output •wo .. 
ALE~ 10\iA .I. D•lo1YT1m1 1LW ·•. ·s 50 

Otta Setup Tune to WR t •ow •4, "5 JOO 

Data Hold Time from WR f 'WOH •4, •5 130 

~ALE 1 Delay Tifl"lt 'WL •4, •5 150 

W'RWl<lth Low 'WW •4, •5 360 

PARAMETER SYMBOL TEST CONDITIONS MIN 

Sele Input 1·· 1.2 

r ·1 500 
5CK Cycle Timt ICYK 

SCK Output 2.4 

SCK lnpu1 E ... 
SEK Width Low 

1 200 
'KKL 

SCK Output 1.1 

- ]} so• 
SCK Width High 

SCK Input -. 7 200 

IKKH SCK o~P~ --r----,-:-, 
I RxO Setup Time to SCK t 1RXK .. 80 ------
[ RJtD Hold Time trom SCK 1 .. 80 IKRX 

~i10TxOOelayT1me __ IKTX ~•-------::-=::I 

jTa .. -tO"Cto +70"e, Vee. +5.0V :t. 5 "'· vss .. ov. Vee -OBV s Voo.., Vee 

{T1 .. -40''C lo+ 85'C Yee - •5.0Y ! 10 "'· vss = OY, Vee -0.BY ..,~ Voo ~ vcc 

µPD7807/08 

MAX UNITS 

2tiO 

20 

480 

JOO 

250 

210 

100 

MAX UNITS .. 
"' 

"' 

j_ 
210 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP 1 MAX I UNITS 

2T + 150 
----------- -----+- ----, --

T • 150 
---- ----+--·----· 

0 
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11PD7809/07/P09 

tra 10"c10•1o~c.vcc .. sov• 5'11i.Vss ov.vcc aav· voo··vcc1 

ITa 109C10•1o~c.vcc=+5ov•10'if..Vss ov,vcc oav·.voo··vcc! 

PARAMETER SYMBOL TEST CONDITIONS MIN 

144 

!T<l 10°c 10 •70°C, Vee= +5.0V ± 5 %, Vss =av. Vee -o.ev.;;: Voo ~ Vccl 

!Ta - -4o-'C 10 + 85 c. Vee= +5_ov ~ 10 "· vss, av. Vee -a.av.;;: voo.;;: vcc1 

TYP MAX UNITS 

• 100 mV 

vcc+n.i 
145 j Tcvc 
vee l_ 

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS 

Zero Cross Oe1ec11on Input Vzx AC Coupled 
--+--~----------- ·~--~-'--'--+ VACp-p I 

t--± : Js __ ,,_1 _ --?H~--j Zero-Gros~ Accuracv •zx 

"1: XTAL oscillation circuit 

c 

F 
Xl 

X2 

C = lOpF 

"2: Ta= +25°C, Vee= Voo = 5V 

"3: 'xTAL = 12 MHz 

"4: IXTAL = 10 MHz 

"'5: Load Capacitance: CL"" 150 pF 

60 Hz Sine Wave 

-----·-~-·-~---~·---

•a: External clock drive circuit 

Vee---~ 

R R 

:»-i>----t-t x 1 

R = 5KQ 

"6: Asynchronous mode with 1 x baud rate, synchronous, 1/0 interface mode 

"7: Asynchronous mode with 16x or 64x baud rate 

AC TIMING TEST POINTS 

2.4V-------"' r-------------x= X 2.0V -------- Test <::-::. 2.0V 

0.8V ~ Points O.SV 
0.45V-------' 
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NEC 
COMPARATOR 
CHARACTERISTICS 

ZERO-CROSS 
CHARACTERISTICS 



NEC 
EXTERNAL CLOCK 

DATA RETENTION 
CHARACTERISTICS 

BUS TIMING 
DEPENDING ON tCYC 

1r.. 10°c 10 +70"C. Vee= +s.ov ! s ~. vss =av. Vee -o_ov.:; voo..;: Vee> 

!Ta= -40 c 10 ... ss c Vee" +s.ov ! 10 "· vss = ov. vcc -a.av.;;;: voo <;; vccl 

!Ta" -10 10 +70"C. Vee ov. Voo = VoooR) 

TEST CONDITIONS 

RESET= V1L 

RESET= V1L. VQDDR = 3 2 V 

<WL 

tww 

ICYK 

, 'KKL 

CALCULATING EXPRESSION 

2T - 50 

4T - 50 °1 

j 12T (ffi lnpu1) "2 

r· 24T <SCK Ou1pu!I 

----t 51 ... 51sc~r;;;IJ~ 
·-~06 iSCK Ou1pu11--

' 5T + 5 1SCK lnouti "2 

j -12!- iori (ScKOu1pu1)-

MIN_/MAX. UNITS 

"1 Add 3T tn Pilch par.J1meter 1n the L<I~ of e)j!ernal memory acce~s u~1ng prog•am 
WAIT tuncl!on 

"2 Asynch1onous mode w1!11 1 ~baud r<11e. Synchronous. 110 Jn1erl,;11:e Mode 

"3 T ICYC - 1.'fxTAL 

•4 The 1lems our of lh•\ Tilhle '"'"'not dependent on 'XTAL 
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µPD7807/08 

*1: Ml signal is output to the MODE1 pin at 1st OP code fetch cycle when MODE 1 pin is 
pulled-up to Vee. 

•2: iO/M signal is output to the MODEO pin at sr to sr2 register read timing when MOOED 
ptn is pulled-up to Vee-

-{-•"----! •u-jt 
MOOEO ~------------------~ 
d''C1M1•3 ~-------

•3: fO/M signal is output to the MODEO pin at sr to sr2 register write timing when MOOED 
pin is pulled-up to Vee. 
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NEC 
READ OPERATION 

WRITE OPERATION 



NEC µP07807/08 

SERIAL OPERATION 'KKL---<l>---IKKH 

1RXK 

X1 INPUT WAVEFORM 

X1 

'--------tcvc--------1 

HOLD OPERATION 

HLDA . f:~ 
-
__ :~ -'DLHA 

PF7-0' -
PF7 O' ,,____ ________ --;;.___ __ _ 

1FB1-tA -I ~ 
•: For Address Bus 
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µPD7807/08 

64 PIN PLASTIC 
QUIP OUTLINE BENT LEADS 
(Unit: mm) 
µPD7807G/µPD7808G 

1 5R 

---41 8MAX----

-1 
"' .., 

~~~-! 
1, u~ o~ u~ o~ u~ o~ c~o~Tfr 

-d1_i:-: ;; 

I -11- I 
I 

o 5·0 1 !I 

1~-----3937'-----~ 

When ordering this package, specify as follows: 

µPD7807G-36 
µPD7808G-xn-36 

r==-2413 

1 1 

,-1905-~I 

nc===TI 
--H--025 ·0 10 _j~ I -o 05 

--=::~::: :: __ .. 
4-130 
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NEC 
64 PIN PLASTIC QUIP 
PACKAGE OUTLINE 
STRAIGHT LEADS 
(Unit: mm) 
µPD7808 

--------41 BMAX _____ ___, 

"' 0 -

L,:,..,,..,,... .............................. ~J r 
~-) 

_ _.,. 
0 5 •O 1 

(noon----- ---0000) ~: 

When ordering 1h1\ package, 1.Pec•fy ol'!i follow<i .,.PQT808G ~1~·37 
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µPD7807/08 

PACKAGE OUTLINE 
.,P07807CW 
.,PD7808CW 

64-PIN SHRINK DIP 

64 

When ordering this package, specify as follows: 
.,P07807CW 
.,PD7808CW-xxx 

NEC 

33 

~~ t-r: : ; 
L~- Ill 

;;; ~0.9MIN. .=----:~ 

-o-
0 25 +o.10 

. --0.05 

1.778 1.78 MAX 

19.05 
17.0 
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ELECTRICAL SPECIFICATIONS 

AND PACKAGE OUTLINES FOR 
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NEC 
ABSOLUTE MAXIMUM 
RATINGS 

OPERATING 
CONDITION 

CAPACITANCE 

,ARAMETER 

Power Supply Volt•we 

Input Voll• 

OutPUI Voltige 

Oulpul Current Low 

Ou1pu1 Current High 

SVMBOL TEST CONDITIONS 

1Vee 

voo 

j v, 
VQ 

AU Output Pin 
IQL 

All Ou1pu1 Pin Total 

OSC. 00~ _PARAMETER Ta Vee. AYcc 

10 MH1 < 'XTAL c;;; 12 M_H_•_"_1 _ _,_ __ -_1oo_e_1~10·c _ _,___ •• _.o_v_,_._,._ 
fxTA~<10MHz ·1 -ID"C10+70°C +5.0\1:!:10% 
-· ···- ----·--·--~--------<------._J 

Ta "25"C. Vee= Voo = Vss = OVI 

PARAMETER SYft90L TEST CONDITIONS MIN 

~ Cap.:it1nce c, 
fc• 1 MHz 

Output ~PK1tanee co Unmnwrld Pins I---- - Returned 10 OV l/Q C.,K1tance C110 _ _J 

RATINGS 

·0.510•7.0 

-0.5 to+7.0 

-0.510•7.0 

0510 + 1.0 

TVP 

40 

100 

MAX 

10 

20 

20 

µPD7809 

UNITS 

v 
v 
v 

v 
mA 

UNITS l 
pF 

~ pF 

1 pF 

DC CHARACTERISTICS IT,· -lO"C•o "o•c_ vee • •5.ov '5%_ Vss ·ov. vee-oevsvoo ~vce 
ll'ARAMETER SYMBOL TEST CONDITIONS MIN =r TYP MAX UNITS 

0 

i 
0.8 

2.0 Vee 
Input Low Voltl!Je V._l~l-+---~~~~- ---+-~~+---+----<f---

V1HI All Hcept SCK, RESET, Xl 

o.e vcc Vee v 
O.BVoo •cc v 

0.45 v 
2.4 v 

'200 µA 

:!:10 ,,A 

:!:10 µA 

0.2·2 0.5 mA 

I 5 "2 3.2 mA 

lnputH1ghVottage ~!:'?._ SCK.,x1 ·s. ___ _ 
~-- ·---- _VIH3 I FIESET 

Output low Voltage VOL IQL - 2.0mA 

Ourput High Voltage VoH IQH = -2DOµA 

lnpu1Curr;;;---- - 1-;--~iPC3i;+0.45-V-~V1 <Vee 
~-----!-'- --- ----------'-=--+---+----+--'--+--=--'----I 

Input LukageCunenl ILi AllHClpt INTI. Tl CPC_3_1_ov_ .. _v1'---"-V--'c'-'c-l----I---+--!---" 

Output leakq C1.1rr1n1 ILO +0.45V S VQ SVcc ------+---+-~!---I----'---! 

VTH Input Cur_"-"'---1--...:''.:.:"----+---vr,.H._· __ v_.cc-___ _ --------1-----1-~+----l-------l 
~~~pptyCurrent loo 
~pply Current ICC 150•2 200 mA 
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µPD7809 

!Ta" -10°C to +70°C. vcc" +S_Qv ! 5 'lb. Vss: ov. Vee -o.av <>: Voo < vccl 

PARAMETER SYMBOL ! TEST CONDITIONS MIN MAX UNITS 

X1 Input Cycle Time tCYC 83 '"" AddreuStt1.1ptoALE1 1AL 1··3.•5 65 +-~ 

~~:o~r~~~;;~-m-,--'>----:~-:----l :~·~-~-===~~--I:-~--+------'------' 
I RD J ti:_Addren Floa~'!_- tAFR ;5_:______ 20-~ 
, Address 10 Data Input IAD "3, "5 ~ 360 

I ALE J to D1m1 Input 'LOR "3. 0 5 : 215 

RD J 10 Data Input tRo" -3---,-------->------+--18_0 __ +-~ 
i ALE J to RD J Delay Time tLA "J, "5 3' 

Data Hold Time from Ro 1 tROH •5 
AD t to ALE f Delay Tome t----l-RL---i-.-3.-.• -------+---11-.-f----+-----;-

~ 'RR Dill AHd 0 3, ·s --+-'-•_o_+----------1 ~~ 
I ALE Width High -<-----''-'----+--:~---c_.:·· Fmh -

3
. •• ~~~ ~-~t= 

-~_:_:_:_:_:_.:_:_f::_:_~_:_:_, _ __._--'-::~~--'----~ +---3--------+--::--+-----i---i 
, 10/M Setup T1meto ALE+ llL "J 65 -~ 

10/M Hold Time from ALE 1 tu "J 50 

L :~:,7:~00:,: ~~:'~; -:-:--:-w---+--:~-.-::--------+------~-""--+---1•-•--+-----" 
f=-~~-------j 

rw-"~'1_o_D~""•D_,_,._,_1~---+-'W_D~_ --+---··~--------+-----+---'-100 _ _. __ _. 
_A_L_,_,_,o_w_R_I o_._''~' ~T'-~---+-'L_W~_ ------j ~----·--------+--~3·-+--_j--_j 

Datil Setup Time 10 WR f tow "J, •5 230 

:-:-:-,:-:.-::_~--:-,:~:_ .. -D_,-,:~,~-'~w_T~,"_m~_: ____ ~·-_-i_~-i-:"-~l:~-:i-:·_-~----------+-;·-~-:->--------"--·----' 

PARAMETER SYMBOL 

SCK Cyde Tome ICYK 

t--- -- --------t-----

I SCK Width Low tKKL 

-- 1----

tKKH 

TEST CONDITIONS T MIN MAX UNITS 

SCK Input 1"· 1·1 
µ• 

!iOO 

SCK Output µ• 

rr.: -40'C 10 .me Vee= +5ov ! 10 .._, vss: av. Vee -o.av .-;;; voo.;; vcc) 

Input High Voltage V1H2 

V1H3 
-----
Outpul Low l/olte1ge voe 

Ou1put High v~~- --• VoH 

lnpul Current 

1~Pu1 Leakage Current '" 
Output Leakage Current 'LO 

VrH Input Current ITH 

Voo Supply Current loo 
t vCc SupPly Current 'Cc 

TEST CONDITIONS 

A.11 e)(cept SCK, RESET. X1 

sCK, XI ·a 
-~--~--

RESET 

IQL '1 OmA 

lQH 2(l()µA 

INTl, Tl !PC3). •045V.;; V1.; Vee 

All etcept INT1 Tl 1PC31. ov .. V1 ... Vee 

+O <15V .. Vo·~ Vee 

VTH Vee 

MIN TVP MAX UNITS 08 
... ____ , _o ~' --~~~~~ ~i v 

+ o ~ ~-~~---+--~£ __ I 
oavoo vcc t v 

. " l +:~1 
ll:~J-11 :: f 1so·2, :no 1 "'A 
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AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

DC CHARACTERISTICS 



NEC 
AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

HOLD OPERATION 

µP07809 

PARAMETER SYMBOL T TEST CONDITIONS MIN MAX UNITS 

tcvc 1 100 250 

IAL •4 ·s 100 

'LA L 
.... •5 . ··10 ·- . 

"' ---- ------j ... .... ·s 200 m 

tAFR I -~s- -
20 

I ••o "4. ·s 480 

o __ .,_,_.,_,_••_T_•m_•_••_W_R_t -~-~·o~w~ _ ___,_·4. •5 JOO 

~ataHoldTtmthomWAf IWOH •4,•5 130 

PARAMETER SYMBOL TEST CONDITIONS MIN i MAX UNITS 

SCK Input B~--
1.2 "' 500 1 SCK Cycle Tune ICYK 

SCK Output 2.4 ! "' 
F~ i Sci< Input 

500 

7 200 
SCK:Wid'lti Low IKKL 

-1-----
SCI< Output 1.1 1 "' -- - . 1·· SCK Input 

500 

r·· 200 ' SCK Width High lKKH 
SCK Output i '-' 

R11D Setup Time to SCK t IRXK .. Bo 
R11D Hold Tin. from SCK f lKRX .. 80 j 
SCK i to TICO 01l1y Time IKTX .. 210 

IT •• -10"'C lo +70"C, Vee. +5.0V :t 5 "'· Vss. OV, Vee ---0.BV -; Voo s Vee 

fT1 "' -1ooe to +70"C, Vee= +5.0V :t 10 'I'., Vss = ov, Vee --0.Bv s. voo =="Vee 

PARAMETER SYMBOL TEST CONDITIONS 1 MIN 1 TYP] MAX ] UNITS 

HOLD t Setup T1me 10 ALE t 'SHDL I 2T+l501 ' -~ ---
ALE t to HLOA t Ditty 10LHA I T • 150 

HLDA t 10 BUS Flo11t1ng IFBHA I 0 I "' 
HOLD i 10 HLDA ,i Del1y tHOOA ' T-50 I ~~I ru 

HLDA 'to Bui En1b11 T1m1 1EHAB I 0 I ; =K Bus $e1up Tnne 10 ALE 1BL I 2T-100I 
··-- ~-
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µPD7809 

(T1 =-tO"C10 +10°c. Vee= +s_ov :1: 5%, vss .. ov. vcc -o.sv ~ voo :5; vcc 

!T1 .. -I0°C to +10°c, Vee"' +5.ov :!: 10%. vss = ov, Vee -o.ev s Voo $Vee 

PARAMETER SYMBOL TEST CONDITIONS I MIN 

Compwison ACCl.KKY VACOMP I 

Thre1hold Voltage VTH 0 

Comparison Time ICOMP ± 144 

PT Input Voltege V1PT I 

n 1 = -10°c to +70"C, vcc = +5.0V t 5 %, Vss =OV, vcc-0.ev.;: Voo ..;vccl 

<Ta" -10°C to +70 .. C. Vee= +S.OV :!: 10 '\., Vss = ov. vcc -0.BV "'Voo "Vccl 

0 

TYP l MAX UNITsj 

! 100 mV 

, vcc-t0.1 v 
145 Tcve ~ 

vee v j 

PARAMETER l SYMBOL TEST CONDITIONS MIN MAX UNITS 

Zero·Crou Oet1Kt1on Input T Vzx AC Coupled 1 8 VACp-p 

Zero·Crou Accuracy ! Azx 60 Hz Sine Waye ± 135 mV 

Zero-Cros~ Deu111tion Input FreQuencv 1 tzx 0.05 '"' 

1 1: XTAL oscillation circuit •s: External clock drive circuit 

Vee-+----. 

c R R 
Xl 

F CJ l~o--+---+-~ X1 

X2 

c = 10pf 

*2: Ta = +25'C, Vee= Voo = SV 
"3: fxTAL = 12 MHz 

*4: IXTAL = 10 MHz 

*5: Load Capacitance: CL= 150 pf 

R =SKn 

*6: Asynchronous mode with lx baud rate, synchronous, 1/0 interface mode 

•7: Asynchronous mode with 16x or 64x baud rate 

AC TIMING TEST POINTS 

X2 

2 .4V-----~x,...2_0_V_>--------2.-0V~x= 

-______ _, oav P~~~~. <:: a.av 
0.4SV · -
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NEC 
EXTERNAL CLOCK 

DATA RETENTION 
CHARACTERISTICS 

BUS TIMING 
DEPENDING ON tCYC 

n .. 10''Cto+70"C.Vcc •5QV< 5%,Vss DY.Vee OBV<Voo<Vcc> 

rrd 10°c 10 >70°c, Vee •5.0v ! 10 %. Vss ov. Vee o av< Voo.;:: vccl 

PARAMETER SYMBOL TEST CONDITIONS MIN I MAX I UNITS 1 
High level W11Hh '<H 30 250 I "' 
Low Level Width 30 250 

t 

"' '<L ! R1smg Time " 0 30 "' 
Falling Time 'I 0 I 30 l "' ------- - ----

!Ta= -10 10 •70GC, vcc =av, Voo = VooaRt 

SYMBOL CALCULATING EXPRESSION MIN.IMAX. UNITS 

'AL 2T - 100 MIN 

'LA T - 30 MIN 
-+---~ 

'AR JT - 100 MIN 

'AD 7T - :no ., MAX 

tLOR 5T-200 .,- MAX "' --
IRQ 4T-150"1 MAX "' 
'LR T - 50 MIN "' 
IRL 2T - 50 MIN 

t--;;-s ___ 

4T - SO (Dua Read) "1 
tRR 

7T - 50 (OP Codi Fetch) "1 
MIN 

'LL 2T - 40 MIN +--~-· 

'ML 2T - 100 MIN 

ILM T- 30 MIN 

lfl 2T - 100 MIN 

llf T- 30 L MIN 

•AW JT - 100 MIN 

ILDW T + 110 MAX 

'LW T - 50 MIN 
·-~ 

•ow 4T - 100 "1 MIN 

'WDH 2T- 70 MIN l 
•wL 2T - 50 MIN 

' "' 
•ww 4T-50 "1 MIN ~ 

12T (SCK Input> "2 
tCYK 

24T (SCi: Output] 
MIN 

5T + 5 ISCK Input) •2 
IKKL 12T - 100 l~K Output) 

MIN 

ST + 5 (SCK Input) "2 
MIN tl(KH 

12T - 100 {SCKOutput) 

"1 · Add JT touch p;irameter m the ~ill ol e1nernal memory accen u$ing program 
WAIT !unction. 

"2: Aiynchronou1 mod• with 1 :ic baud rate, Synchronou1, 110 Interface Modi!' 

•3 T"' tcvc. llf)(TAL 

•4 The 1tl!'m1 out ol 1hi1labll!'1rl!' nol dePl!'Ment on txTAL· 
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µPD7809 

0 1: Ml signal is output to the MODE! pin at 1st OP code fetch cycle when MODE 1 pin is 
pulled-up to Vee-

.2: iO/M signal is output to the MOOED pin at sr to sr2 register read timing when MOOED 
pin is pulled-up to Vee. 

-t='IL--1 'Ll1 MODEO --------------------

tRJIM)•3 -----

•3: iO/M stgnal is output to the MOOED pin at sr to sr2 register write timing when MOOED 
pin is pulled-up to Vee-
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NEC 
SERIAL OPERATION 

X1 INPUT WAVEFORM 

X1 

HOLD OPERATION 

-- ----· tcvK --- -· 

- 1KRX----< 

'ef>H---j 
O.BVcc--+------\ 

2.0V 

0.BV 

'ef>L 
-------tcvc---------

XI 

ALE 

HOLD 

HLOA 

PF7-0° 

PF7-0" 

•: For Address Bus 

% 
1SHDL--

1-- 10LHA 

1FBHA~l f--- 1HOOA--1 
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µP07809 

64 PIN PLASTIC 
QUIP OUTLINE BENT LEADS 
(Unit: mm) 
µPD7809G 

NEC 

-----41 8MAX-----

g; 
I _//_ M 

I 
0 5·0 1 

-----3937-----1 

When ordering this package, specify as follows: 

r:=-2413 

I I r-1905--~/ 

F=TI lll--025·010 J I - o os 

I 
- 1905·1 05 --- ..i I 

--- 24 13•1 05 ~ 
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NEC 
64 PIN PLASTIC 
PACKAGE OUTLINE 
STRAIGHT LEADS 
(Unit: mm) 
µPD7809 

1------41 BMAX ------

(aooo ---------

-~, .. 
0 5•0 1 

'I 
u 

025•010 
-0 05 

When ordering this package, specify as follows: µPD7809G ·xxx-37 
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µPD7809 

PACKAGE OUTLINE 
i>f'07809CW 

64-PIN SHRINK DIP 

64 

When ordering this package, specify as follows: 

i>f'07807CW 
i>f'07808CW-xxx 

NEC 

33 

!fI-i ~-~~.!Iij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ij ! ! I 
0 -H-oso±0.10 -i t t--

1.778 1.78 MAX 

-o-
0.25 +0.10 

-0.05 

19.05 

17.0 
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NEC 
ABSOLUTE MAXIMUM 
RATINGS 

OPERATING 
CONDITION 

CAPACITANCE 

µP078P09 

PARAMETER SYMBOL TEST CONDITIONS 

Power Supply Voltaqe 
vee 
Voo 

Input Voltage 1/1 

All Ou1pu1 Pin Tot.iii 

Output Current High 

Threshold Volt• 

IQH 
-+-A_110_,_tP_,_tP_'n_T_o_,._1 ___ --+----20--:---:-- -~ 

---0.5 to Vee+ 0.1 v •e -t0to+50 
Operating T eml)e'feture 

4 MHz< fXTAL..;; 12 MHz 

~,-,.-,,..-r-.-m-.,.-,-,,-,.---~r-.,-,--+-----------+-~_6~5-to-+~t~5Dc---t--~ 

T, vcc. AVcc 

-10°c 10 -t70"C +5.0V ! 5% 

r, = 2s"c. vcc = voo V55 = OVl 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

lnpul Cap1c1t1nce C1 to pF 

~Put Capacitane@ 
fc= 1 MHz f---

20 pF ca Unmeasu~ed Pin~ 

I 1Q Cap..c11anoe 
--- Returned to OV 20 pF C1/0 --

OC CHARACTERISTICS 1r, = -10°c 10 -tSO"'C.vcc +sov ! 5 'lb. Vss = ov. vcc-oav ... voo.,, Vee 

PARAMETER SYMBOL TEST CONDITIONS 

Input Low Voltitl)l' 

Ou1pu1 Low Vollilge 

Outpul Hogli Vol!i'ql' 

Input Current 

Input Le41kage Cunent 

Output Le.tk.ilge Curren1 I LO 

VTH Input Currl!!nt ITH 

VQ[) SuPP•v Currel'lt IOO 

Vee Supplv Current ice 

-All ucept SCK, AEsEi. X1 

Sci<. x1 ·a 
R0'E"SH 
IQL = 2.0rnA 

IQH = -200µA 

t 1Ni-1. T11PCJ1. +o_4sv ~ -v;-~ VCC- -
t All e11;cep1 INT1. Tl jPC3l OV.;; V1.; Vee 

ko~t:Iea-vee --~ 
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MIN TYP MAX UNITS 

0.8 

vcc v 
Vee 1 v -----vcc- v----
0.45 

! 200 

f 10 

:! 10 

05 -:8 3 2 

240"2 320 



µPD78P09 

nd 10°c10+50"'CVcc +SOV!5~.vss ov.vcc oav~voo'-Vcci 

PARA.METER SYMBOL TEST CONDITIONS MIN 

BJ 

65 

50 

I"" 

·---+-----

MAX 

250 

20 

360 

215 

1 180 -r- ,,--+-- --

'3 
>=--------+------+--.,---~-~--j 

'3 

'5 

0 3. ·s 

PARAMETER SYMBOL TEST CONDITIONS 

sc·K Input 1·· 
- l'' SCK Cyche Time lCYK 

SCK Output 

SCK lnpu1 T'6 

SEK Width Low 
, ., 

lKKL 
SCK Output 

SCK Input 
1·5 

SCK Width High l'' lKKH 
SCK Output 

RJ(D Se1up Time to SCK t 'RXK '6 
/ 

RxO Hold T1m1 from SCK t lKRX 
., 

SCK i to TKO 01l1y Time IKTX .. 

115 

280 

530 

"' 65 

"" 65 

"" 
'"" 
35 

230 

95 

115 

280 

MIN 

166 

500 

2 

750 

200 

900 

750 

200 

900 

BO 

BO 
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195 

100 

MAX 

210 

UNITS 

-:---
---~~-~ 

~----1 

UNITS 

"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 

NEC 
AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 



NEC µPD78P09 

HOLD OPERATION na = -10°c 10 +50°c. Vee= +sav ~ S"'o. vss=OV. Vee -08V' Voo"" Vee 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

HOLD t Setup Time 10 ALE f tSHDL 2T-+- 150 "' 
ALE t to HLOA t Delay IOLHA T + 150 "' 
HLDA t to BUS fl~ting tfBHA 0 "' 
HOLD! to HLOA i Oel1y 1HOOA T -50 4T + 150 " 
HLOA .I. to Bus Enable Time IEHAB 0 "' 
Bus Setup Time 10 ALE '"' 2T -100 "' 
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µPD78P09 

+sov• 5'\._Vss~ov.vcc asv~. voo'Vcc1 

PARAMETER SYMBOL TEST CONDITIONS MIN 

"' 

<Ta~ 1o·c w +so·t:. vcc" +s.ov ± s "· vss • ov. vcc -O av.;;; v0o.;; vcci 

TYP MAX 

! 100 

Vcc*-0.1[ 
1 145 T 

i _ vcc t 

UNITS• 

Tcvc 
v ; 

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS 

Zero-Crou Oet1t<:t1on Input 

z~ro-C•oss Accuracy 

*1: XTAL oscillation circuit 

c 

f, Xl 

X2 

C = lOpF 

"2: Ta= +25°C, Vee= Voo = 5V 

"3: fXTAL = 12 MHz 

•4, fXTAL = 10 MHz 

"5: Load Capacitance: CL= 150 pf 

AC Coupled 1 8 ~-V-~CP_-P_~ 
60 Hz Sine Wave --.------;--,-35 mV 1 

_-:_-:_-:_-:_-:_-:_-:_-:_~L~~~- ___ kH~- __ j 

*8: External clock drive circuit 

Vee-+--~ 

R R 

~--1,..._--i-t Xl 

'-----1><>-.._-t X2 

R = 5K!l 

*6: Asynchronous mode with 1 x baud rate, synchronous, 1/0 interface mode 

*7: Asynchronous mode with 16x or 64x baud rate 

AC TIMING TEST POINTS 

2.4V-------~x x= 
2.0V ----- Test < 2.0V 
0.8V ~ Points 0.BV 

0.45V-------J ~-------------
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NEC 
EXTERNAL CLOCK 

DATA RETENTION 
CHARACTERISTICS 

BUS TIMING 
DEPENDING ON tCYC 

!Ta= -10°c10 +50"C.Vcc= .-s.ov :t 5%, Vss =OV, Vcc-o.avc;;;voo.:;;:vcc1 

PARAMETER SYMBOL TEST CONDITIONS MIN l MAX UNITS 

High level Width t¢H 30 l 250 _ ns 

Low Level Width ti>L 30 I 250~~ 
Rising Time Ir 0 30 n$ 
r-,-,l-li~-T-im-,--f------1--------+-~ JO -~ 

iTa = -1010 +50"C, Vee· av, Yoo= VoooRI 

PARAMETER SYMBOL TEST CONDITIONS MIN 

DillO• Re11nt1on Volt<ige voooR RESET - V1L 3.2 

Data R1t1nt1on Supply Currenl IQDOR RESET: VIL· VQQDR = 3 2 V 

SYMBOL MIN.IMAX. I UNITS CALCULATING EXPRESSION 

~--- -+--'-T_-_100___ MIN J ns 

ILA T - 30 _ __ MIN J ns 
l-;-;_:Fj--~---+-JT---,-00----- t-- MIN 1 M - -

~-- 7T-220 "1 -- ~---r-- ns·----· 

'--',0LR-o0-R---;---5T---,OO~.-,-------- ------t---MA-,-~-n~--

1-- 4T-150 "1 -- --------- MAX 

~----+---------
'LR T-50 --~ __ :_:_:_--_+~~: __ ~ 

lT-50 (QPCodeF~t~h-)--;1--I MIN m I 
tRL 2T-50 

'RR 
4T - 50 (Data Read) ·1 

,: __ ~'-'----+--~-~-=_:_:_ ------f~ ::~ 
1--:_:l~-L ---.L+--~-T~--~-'-oo__ ::: ~]:j8 
:::w l ~T+-,:: ---------------~--=-~: --~;--~ 
ILW T - 50 MIN 

------+-
, row 4T - 100 "t MIN 

IWDH T 2T- 10 ------------t---- MIN 

~-----1 --

: :~ -·- -~::,~.ii;~p~~,;,_-=_-_ 1·-
' ICYK -=- ---------

24T (SCK Outputl 

~· 
I:"". 

i lOT --eo-~~P~1~ 
~-2r _:-100 <~---

--;- 1or - so 1'M1npuu ·2 
. t 12T - 100 (SCi( Output I 

MIN 

MIN 

MIN 

MIN 

MIN 

"1 Add JT to each parameter 1n 1he case of eJ<lernal memorv access us•n'] program 
WAIT !unctmn 

"2 Asynchronou~ mode W•th lx bC1ud rate, Svnch1onou~. I 0 ln1er!ace Mode 

•3 T = tcvc l!fxTAL 

- "4 The •!em' out of th•s \able are not dl'!pend1n1 an txr AL 
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TYP MAX UNITS 

S.S 

1.3 3.0 mA 



µP078P09 

'RR 

•1: Ml signal is output to the MOOEl pin at 1st OP code fetch cycle when MODE 1 pin is 
pulled-up to Vee. 

•2: i'OIM signal is output to the MODEO pin at sr to sr2 register read timing when MOOED 
pin is pulled·up to Vee. 

*3: iO/M signal is output to the MODEO pin at sr to sr2 register write timing when MODEO 
pin is pulled-up to Vee. 
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NEC 
SERIAL OPERATION 

X1 INPUT WAVEFORM 

X1 

HOLD OPERATION 

µPD78P09 

~----tcYK-----i 

TxD 
--------~ 

RxD ___________ f"F---1+-----------'f'-----~ 

tq,H--j 
o.svcc--,~------;. 

2.0V 

O.BV 

,._------ 1CYC--------l 

ALE 

HOLD 

HLOA 

PF7-0 

PF7-0 

•:For Address Bus 

_% 
- ISHOL ---

i--- 10LHA 

1FBHA ---I f--
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µP078P09 

DC PROGRAMMING 
CHARACTERISTICS 

AC PROGRAMMING 
CHARACTERISTICS 

TIMING WAVEFORM 

AC TIMING 
MEASUREMENT POINTS 

(Til +25"C. s~c. Vee - +SV. 10 ""· Vpp +21V. O.SV, Vss OV, Vee -0.8...; Voo or;;: Vccl 

PARAMETER 

lnpul l1a6!.1g11 Curr1n1 
Alt e:w.c1pt INT1, THPCJI 

------------
Output low Voltage During Verily 

SVMBOL 

Output High Vol11911 Ourir19 Verity VQH 

TEST CONDITIONS 

ov ... v1N<-Vcc 

t IOL -2.0mA 

MIN 

r 10H - .20QµA -----:- 24 

TYP 

t i 200 
-f ---t--o---

---- ----- ----

Vee Sut:19ly Current Ice 

~ - - r- - - -+- - - ---
, An •_xcep1 ScK, RESET ;ind X1 1._ 2.0 ' r SCK. Xl - - • - - - -- 1>sve:cf 
tl'tlM _vlL_ - -- --- l -~--- ' ---

Input Low L1nl (AH lnputsl V1L -- ------------ ---1v-,;., 
lnpul High Level r·· 

y_f!_~u~~~~~I- -- - ~-=!;~ 

Ila= +2s0 c :!: s0 c. vcc= +sv :!: 10,, Vpp = •21v ± o sv. vss = ov, vcc os""'voo~ vccl 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP 

, Progr11mmmg Modi! IAP , ________ _ 
Verily Mode IA.PR 

Addren Setup Time - t 
-------------

~::-~ti~ ~I~: -- ----:~-:p--+-- ___ _ 
,_ -- ------- -~-----------'---'----+-------+ 

I Programming Mode 1PA 

PROGRAMMING 

PA0-7 Vrn 
Programming Mode 

PF0-5 VIL 

V1H 
...... ___ _ 

P00-7 

VIL 

Vpp 

113El'/Vpp 

'\H 

P80/i'Rml 

VIL 

'\H 

PB 1 JffiA[)i 

'\L 

2.0V ----- Test -- 2.0V 
0.8V ...----- Points ---.._ 0.8V 

NEC 
MAX UNITS 

mA 

2.4V-:J x 
0.45V ----------------' '-----
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NEC 
64 PIN CERAMIC QUIP OUTLINE (Unit : mm) 
µPD78P09R 

f2.0MAX 

~ 1 
l<: 

J 
z 
~ 

~ 

µPD78P09 

~ 0.25:t:0.05 

19.05 

24.13 

Note: The µPD78P09 is programmable on NEC programmer PG 1000 together with programmer module PG 1003. 
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NEC µPD7810/11/PG11/10H/11H 

HIGH END SINGLE CHIP &·BIT MICROCOMPUTER 
Willi ON CHIP AID CONVERTER 

The NEC µP07810/7811 is a high-performance single-chip miaocomputer integrating sophisti· DESCRIPTION 
cated on-chip peripheral functionality normally provided by external companents. The devices's 
internal 16-bit ALU and data paths. combined with a powerful instruction set and addressing, 
make the µPD7810/7811 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/0 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 µPD7811 is the mask-ROM high volume production device embedded with customer 
program. The µPD7810 is a ROM-less version for prototyping and small volume production. 
The µP078PG11 E is a piggy-back EPROM version for desigl) development. 
The µPD7810H/11H is a high speed version oflhe µP07810/11 (15 MHz operation) 

• Powerful Instruction Set Including 16-bit Multiply and Divide, 158 instructions FEATURES 
• High-Speed 1"5'!C Cycle Time-12 MHz Operation (0.85 "5'!C for 7810H/11H, 15 MHz) 
• On-Chip 4K-Byte ROM (7811), 256-Byte RAM 
• 441/0 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 
• 8085A Bus Compatible 
• Single Power Supply +5V, N·MOS Technology 
• Available in 64 Pin Package 
• Standby function 
• On-chip ctock generator 
• 64K-Byte 1otal memory address range 

PIN CONFIGURATION 
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µP07810/11 /PG11 /1 OH/11 H NEC 
PIN IDENTIFICATION PIN 

FUNCTION 
NO. SYMBOL 

1-8 PA0-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 PB0-PB7 Port 8: IThree-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 Bin input mode. 

17 PCo Port C: (Three-state Transmit Data (TxD): 
input/output) 8-bit Serial data output 
programmable 1/0 terminal. 

18 PC1 port. Each line Receive Data (RxD): 
independently pro- Serial data input 
programmable as an terminal. 

19 PC2 input or output. Serial Clock ISCKI: Serial 
Alternatively, Port C clock input/output 
may be used as con- terminal. When internal 
trol lines for USART clock is used, the output 
and timer, event-coun· can be selected; when an 
ter and external inter· external clock is used, 
rupts. Reset puts the input can be selected. 
Port C in Port mode 

20 PC3 and all lines in in· Timer Input l(Tll/inter· 
put mode. rupt request input (INT2): 

Timer clock input termi-
nal; can also be used as 
falling edge, maskable-
intP.rrupt input terminal 
and AC input zero-cross 
detection terminal. 

21 PC4 Timer Output (TOI: This 
output signal is a square 
wave whose frequency is 
determined by the 
timer/counter. 

22 PC5 Counter Input ICI): 
External pulse input 
terminal to the timer/ 
event counter. 

'2J:._24 PC5, PC7 Counter Outputs 0, 1 
(C00-C01 I: 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 MOOEl Used as input in conjunction with MODEO to 
select appropriate memory expansion mode. Also 
outputs Ml Signal during each opcode fetch. 

28 RESET (Input, active low), RESET initializes theµP07811. 

29 MODEO Used as input in conjunction with MODEl to 
select appropriate memory expansion mode. Also 
used to output fO/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 V55 Power supply ground potential. 

33 AV55 A/O converter power supply ground potential. 
Sets conversion's range lower limit. 
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NEC µPD7810/11 /PG11/1 OH/11 H 

PIN 
----.j FUNCTION 

NO. SYMBOL 

34-41 AN0-AN7 Eight analog inputs to the AID converter. 
AN7-AN4 can also be used as a digital input port 

i for falling edge detection. 

42 VAREF Reference voltage for AID converter. Sets conver· 
sion's range upper limit. 

43 A Vee Power supply voltage for A/D converter. 

44 Al'i j IThree-state output, active lowl RD is used as a 
strobe to 9!!_e data from e)(ternal devices onto the 
data bus. RD goe£ high during Reset. 

45 WR (Three-state output, active lowl WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe s.!9.!!al for external memory or 1/0 write 
operations. WR goes high during Reset. 

46 ALE The strobe signal is for latching the address signal 

I 
to the output from P07-PD0 when accessing 
e><ternal expansion memory. 

147-54 PF0-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/ 

I 
figurable indepen- data bus can be selected. 
dentlv as an input 
or output. 

155-62 OB0-DB7 Port D: 8-bit pro- Address Bus: When 
grammable 1/0 port. external expansion 

I 
This bvte can be memory is used, multi-
designated as either plexed address/data 
input or output_ bus can be selected. 

-----
63 voo This ia a second power supply line for on-chip 

64 

Notes: 

RAM back-up 

vcc +SV power supply. 

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 IMHz). 

In addition to the existing instruction set for µP07801, the following new instructions are 
incorporated in the µ1'()7810/11 : 

16-btt data lransfer between memory and extended accumulator 
16-btt data artthmetic and logical operation. 

16-bit data addition and subtraction and 16-bit oomparsion. 
16-bit data shift and rotation 
direct multiply and divide instructions. 

8-bit by 8-bit division less then B pS<!C execution time. 

16-bit divided by 8-bit less than 15 µsec execution 
table look-up operation. 
Register pair HL and DE are used as base register. Accumulator, 8-register and extended 
accumulator are used as index register. 
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µP07810/11/PG1111 OH/11 H NEC 
BLOCK DIAGRAM 

MEMORY MAP 

8 
~ 

•__) 

.-L J • 
~CJ.f;~:_:~ 

Note: !he µPD7810/1 OH has no programmable ROM 
(4K byles) on chip. 

The µP07811 can directly address up to 64K-bytes of memory. Except for the on-chip ROM 
(0·40951 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 µPD7811. 

4095!0FFFHI 
•09611000MI 

65279(f(;FfHI 

INTERNAL ROM 
lµPD7811) 

EXTERNAL 
ROM 

(µP07810) 
4096W,., 8 

EXTERNAL 
MEMORY 

61184W)(8 

65280CFFOOHI INTERNAL RAM 

65 5CJIFFOFHI 224W )( 8 < 
~;~.<::;i~: -!J2w;a1 · 11 \ 
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NEC µPD7810/11 /PG11 /1 OH/11 H 

8 Analog Input Lines 
44 Digital 110 Lines: five 8-bit ports (Port A, Port B, Port C, Port D, Port F) and 4 input 
lines (AN4-AN7I 

1. Analog Input Lines 
AN0-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. 

- Port D 
Port D can be programmed as a byte input or a byte output. 

- AN4-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 µP07811 has 4 memory expansion modes. 
Under software control, Port D can prowide 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 110 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-Fs Address Bus 
Port F5-F7 1/0 Port 

60K Bytes Port 0 Multiplexed Address/Data Bus 
Port F Address Bus 

The timer/event counter consists of two 8-bit timers. The timers may be programmed 
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 (1µ.s at 12MHz operation I or 128 
machine cycles (32µs at 12MHz). or to increment on receipt of a pulse at Tl. 

FUNCTIONAL 
DESCRIPTION 

INPUT/OUTPUT 

TIMERS 

TIMER 

BLOCK DIAGRAM 
¢J-~~ PC4/TO 

PCJ/TI 

¢12 

~84 

TIMER MOOE 
REGISTER 

TIMER 0 
,..--------., 

L __ _ 

I 

I INTTO 
I 
I _ __ J 
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TIMER 1 . '---------' j 
r - - - -- - -, 

to TIMER/EVENT COUNTER 

•o SERIAL INTERFACE 

NTT1 
Note: 4'3 = f x 1/3 

¢12 :::fx1/12 
$384::: f x 1/384 

f: Oscillation frequ&ncy 



µPD7810/11 /PG11 /1 OH/11 H NEC 
FUNCTIONAL 
DESCRIPTION 
(CONT.) 

TIMER/EVENT COUNTER 
The 16-bit Multifunctional timer/event counter can be used for the following operations: 

Interval timer 
External event counler 
Frequency measurement 
Pulse width measurement 
Programmable square-wave output 
Single pulse generation 

TIMER/EVENT COUNTER 

BLOCK DIAGRAM 

ANALOG/DIGITAL 

CONVERTER 

'" 

=.,.,~. ~~0~.-1 LJ.~1 .... 
........... ' L rLJ .. 

I 
L 

.J_ ~~:.~ i -~ _L ..... 
Notes 

8 Input Channels 
Conversion Result Registers 
Powerful Operation Modes 
Auto Scan Mode 
Channel Select Mode 

Successive Approximation Technique 
Absolute Accuracy ± 1.5 LSB 1± 0.6%1 
Conversion Range 0 ~ SV 
Conversion Time 48 µs 

Interrupt Generation 

tJ.112 = t/12 
f = Oscdla11on frequency 

The µPD7810/7811 features an 8-bit, high-speed, high accuracy AID converter. The AID 
converter comprises a 256-Resistor Ladder and Successive Approximation Register (SAR). 
There are four conversion result r~isters (CR0-CR3I. 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 CRQ-CA3. 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 µPD7810/11 /PG11 /1 OH/11 H 

AN 0 
AN 1 
AN 2 
AN3 
AN4 
AN 5 
AN6 
AN 1 

Sampling 

:'~ ~o~d~1~ 
Aes1"1.tor Ladder 

~-----r----. fTVAREF 
R/2 

R 
' I 

R/2~ : 
~AV55 

------o A Vee 

There are 11 interrupt sources. Three are external interrupts and 8 are internal. These 11 
interrupt sources are divided into 6 priority levels as shown in the table below. 

INTERRUPT INTERRUPT TYPE OF INTERRUPT IN/EXT 
REQUEST VECTOR 

IRQO 4 NMI {Non-maskable interrupt) External 

IROl 
INTTO (Coincidence signal from timer 0) 

Internal 8 INTTl (Coincidence signal from timer 1) 

IR02 16 
INTl (Maskable intrrupt) 

External INT2 (Maskable interrupr) 

INTEO (Coincidence signal from timer/ 

IRQ3 24 
event counted 

Internal INTE1 Coincidence signal from timer/ 
event counter) 

INTEIN (Falling signal of Cl and TO 

IR04 32 counter) In/External 
INTAD (A/D converter interrupt) 

IRQ5 40 
INTSR (Serial receive interrupt) 

Internal INST (Serial send interrupt} 

iiiil 

llllTWD 

INTTC> 

INTTI 

INTI 

iiifl 
INTEO 

!NTEI 

INTEIN 

INTSR 

INTST 

ov NMI Circuit 

ER 
T.F 
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A/D CONVERTER 
BLOCK DIAGRAM 

INTERRUPT STRUCTURE 

INTERRUPT CONTROL 

BLOCK DIAGRAM 



µPD7810/11/PG11/10H/11H NEC 
STANDBY FUNCTION 

UNIVERSAL SERIAL 
INTERFACE 

UNIVERSAL SERIAL 
INTERFACE 
BLOCK DIAGRAM 

ZERO-CROSSING 
DETECTOR 

The µPD7810/7811 offers a standby function that allows the user to save up to 32 bytes of 
RAM with backup power IVool if the main power (Vccl fails. On powerup the µ1'07811 
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 1/0 interface mode transfers data MSB first for ease of communtcation 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 nonsaarch mode, data transfer from serial register to 
transmit buffer occurs 8 bits at a time. 

INTSR 

PC1/Rxo---t>--

EA 

PC2/sei< •2• .____.,. ,_ ______ "384 

to output 

PCJ/TxD o--------<:}----·----· · -----------

Note: \124 = :k 
f: oscillation frequency IMHzl 

¢384. 3~ 

The INTI and INT2 terminals (used also as Tl and PC3) can be used to detect the zero­
crossing poin1 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 - i .8V peak-to-peak 
magnitude and a maximum frequency of 1 kHz 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 
D~ 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. 
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NEC µP07810/11/PG11/10H/11 H 

Internal Signal 

I 
INTl • 
INT2 

AC source ~ ._--o----.._~ 

lµF 

MODEO/MODEl·TERMINALS 

ZERO-CROSSING 

DETECTION CIRCUIT 

The logic level applied to MO/Ml ·Terminals determines the memory map of µPD7810/7811 
and the use of Port D/F as multiplexed Address/Data Bus. 

MO Ml MEMORY AODRESSES 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 olhers represent access 
of external memory only. In case external memory is used in add_ition to internal, memory 
mapping register has to be programmed then {see below). 

MEMORY ~MORY MA!PINGiEGISTER 1 NUMBER OF 
EXPAND ES MODES ~MMl MMO 1/0 LINES 

(using µPD7811 I 

Port Mode 0 0 x ' 44 

I 256 Expanded 0 1 0 36 i 
4K Expanded 1 ; 0 0 I 32 l 

16K Expanded 1 j 1 0 30 I 
60K Expanded 1 1 1 i 28 _J 
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NEC µP078C1 O/C11/C14 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH ON CHIP AID CONVERTER 
The NEC µPD78C10/C11/C14 1s the CMOS version of the µPD7810/11 respectively. 
The NEC µPD78C1 O/C11/C14 is a high-performance single-chip microcomputer integrating 
sophisticated on-chip peripheral functionality normally provided t>y external components. The 
devices's internal 16-oit ALU and data paths, combined with a powerful instruction set and 
addressing, make up µPD78C10/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 AID 
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 µPD78C11/C14 are the mask-ROM high volume production devices embedded with 
customer program. The µPD78C10 is a ROM-less version for prototyping and small volume 
production. 

• Powerful Instruction Set Including 16-bit Multiply and Divide, 158 instructions 
• High-Speed 1 µsec Cycle Time-12 MHz Operation 
e On-Chip4K-Byte ROM (78C11), 16K-Byte ROM (78C14), 256-Byte RAM 
• 44 110 Lines 
• Easily Expandable Memory up to 60K Bytes/48K Bytes (externally) 
• On-Chip 8-Bit AID 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 Capat>ility 
• Vectored Interrupts, 3 external/8 internal 
• Low Power Standby Operation 
• 8085A Bus Compatible 
• Singel Power Supply +51( CMOS Technology 
e Available in 64 Pin/68 Pin Packages (QUIL. FLAT, SHRINK DIP, PLCC) 
• Standt>y functions 
• On-chip clock generator 
• 64K-Byte total memory address range 

PAo voo 
PA1 ~ 
PA2 P07 
PA3 PDs 
PA4 PD5 
PA5 PD4 
PAs PD3 
PA7 PD2 
p~ PD1 
PB1 PDo 
PB2 PF7 
PB3 PF6 
P~ PF5 
PB5 µP078C11/ PF4 

::~ µPD78C10/ =~~ 
PCo µP078C14 PF 1 
~, p~ 

=~; w 
PC4 lf[j 
PC5 AV cc 
PC5 V AAEF 
~ AN7 
NMI AN5 

INT1 AN5 
MODE1 AN4 
RES]'"f AN3 

MODEO AN2 
~ M1 
X1 ANo 

Vss --..::.::... _____ _c:::r---AVss 
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DESCRIPTION 

FEATURES 

PIN CONFIGURATION 
QUIL, SHRINK DIP 



µ.PD78C1 O/C11/C14 NEC 
PIN CONFIGURATION FLAT PACKAGE 

PA6 P02 

PA7 P01 

PBO 0 PDO 

PB1 PF7 

PB2 PF6 

PBJ PF5 

PB4 PF4 

PB5 PFJ 

PB6 
µPD78C11G 
µPD78C10G PF2 

PB7 µPD78C14G PF1 

PCO PFO 

PC1 ALE 

PC2 WA 
PCJ Ro 
PC4 AV cc 
PC5 VAret 

PC6 AN7 

PC7 AN6 

NMI AN5 
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NEC 
PIN CONFIGURATION 
88-PIN Pl.CC PACKAGE 

µPD78C10/C11/C14 

6059585756555453525150494847464544 
43 ANS 
42 ANS 
41 AN4 
40 AN3 
39 AN2 
38 AN1 
37 ANO 
36 AVss 

l-L--l--------<-------35 v •• 
34 X1 
33 X2 
32 MODEO 
31 RESELT 
30 MODE1 
29 INT1 
28 NMI 
27 PC7 

Note: IC = keep this pin open because of internal 
connection (external connection prohibited) 
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µP078C1 O/C11/C14 

PIN IDENTIFICATION 

NEC 
PIN 

FUNCTION 
NO. SYMBOL 

1-8 

9-16 

PA0-PA7 Porl A: (Three·state input/output) B·bit program­
mable 1/0 port. Each line independently program­
mable as an mput or output. Reset places all Imes 

_______ ~~~~ 1_n inpu_t_m_o_d_e_. _ ~- __ ------:----
PB0-PB7 Port 8: (Three-state input/output) 8-b1t program­

mable 1/0 port. Each line independently program­
mable as an input or output. Reset places all lines 

r---;-J---1 - PCo 
_ ----+-o_f _P_o_r_t_B i~_1n_p_u_1_~ _____ ----c-

Port C: (Three-state Transmit Data (TxD) 
input/output) 8-bit Serial data output 
programmable 1/0 terminal. 

t-~- PCl ---- port. Each line R-ec_e_;,_e_D_a_t_a-IR-x-·D-)_: ___ --1 

independently pro· Serial data input 
programmable as an terminal. 

PC2 ____ _, ;nput or output. '-s.-r-;a_l _C_lo_c_k_l_SC_K_I :-S-e-riai·--1 
Alternatively, Port C clock input/output 
may be used as con terminal. When internal 
trol lines for USART clock is used. the output 
and timer, event-coun- can be selected; when an 

19 

~~~~;dR~~!~r~~~~nter- external clock is used. 

f-----t----------1 Port C in Port mode the input can be selected. 
20 

21 

22 

23-24 

25 

26 

I 27 

28 

29 

30-31 

32 

33 

PC3 

PC5 

PC5, PC7 

NMI 

INT1 

MODE1 

RESET 

MODEO 

X2. X1 (crystal) 

V55 

AV55 

and all lines in in- Timer Input ((Tl)/inter-
put mode. rupt request input (INT2) 

Timer clock input termi· 
nal; can also be used as 
falling edge, maskable­
interrupt input terminal 

I and AC input zero-cross 
detection terminal. 

I-Timer Output (TO): ThlS 
output signal is a square 
wave whose frequency is 
determined by the 
timer/counter. 

Counter Input (Cl): 
External pulse input 
terminal to the timer/ 
event counter. 

Counter Outputs 0, 1 
(C00-C01 I: Program· 
mable rectangular wave 
output terminal based on 
timer/event counter. 

Falling-edge, nonmaskable interrupt (NMI) input. 

This signal is a rising-edge, maskable interrupt 
input. This input is also used to make the zercr 
cross detection AC input. 

Used as input in conjunction with MOOED to 
select appropriate memory expansion mode. Also 
outputs M1 Signal during each opcode fetch. 

(Input, active lowl, RESET initializes theµPD7811. 

Used as input in conjunction with MODE1 to 
select appropriate memory expansion mode. Also 
used to output fn/M. 

This is a crystal connection terminal for system 
clock oscillation. When an external clock is 
supplied X 1 is the input. 

Power supply ground potential. 

A/D converter power supply ground potential. 
Sets conversion's range lower limit. 
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NEC 
NO. 

34-41 

42 

43 

44 

45 

46 

47-54 

55-62 

63 

64 

Notes: 

PIN 
FUNCTION 

SYMBOL 

AN0-AN7 Eight analog inputs to the AID converter. 
AN7-AN4 can also be used as a digital input port 
for falling edge detection. 

VAREF Reference voltage for AID converter. Sets conver· 
sion's range upper limit. 

AVcc Power supply voltage for A/D converter. 

Im (Three-state output, active low) RD is used as a 
strobe to Q!!e data from external devices onto the 
data bus. RD goes high during Reset. 

WR tThree-state output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe s..!11.!!al for external memory or 1/0 write 
operations. WR goes high during Reset. 

ALE The strobe signal is for latching the address signal 
to the output from PD7-PDQ when accessing 
external expansion memory. 

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 &an be selected. 
dently as an input 
or output. 

D8()-DB7 Port 0: 8·bit pro- Address Bus: When 
grammable 1/0 port. external expansion 
This byte can be memorv is used. multi· 
designated as either plexed address/data 
input or output. bus can be selected. 

SffiP Input pin for hardware stop mode 

voo +SV power supply. 

1 clock cycle• 1 CL• 3/1. 
1 machine cycle = 3 or 4 clock cycles. 
1 instruction cycle= 1 to 19 machine cycles. 
I: System clock frequency (MHz!. 

In addition to the existing instruction set for µP07801, the following new instructions are 
incorporated in the ~78C1DIC111c14: 

16-bil data transfer between memory and extended accumulator 
16-bit data artthmetic and logical operation. 

16-bit data addibon and subtraction and 16-bit comparsion. 
16-bit data shill and rotation 
direct multiply and divide instructions. 

8-bit by 8-bit division less then 6 µSec execubon time. 

16-bit divided by 8-bil less than 15 µsec 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. 
In addition to the 7811 instruction set, a STOP instruction is available. 
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µPD78C1 O/C11/C14 NEC 
BLOCK DIAGRAM 

MEMORY MAP 

Note: the µPD7BC10 has no programmable ROM 

The µP078C11 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 µP078C11. 

INTERNAL ROM 
!i.iP078C141 

16384W x 8 

EXTERNAL 
MEMORY 

48896W" 8 

INTERNAL RAM 

256 x 8 

OIOOOOH) INTERNAL ROM 

~~9is\~~~ll 

(i;PD78C111 
EXTERNAL 

ROM 

4096W" 8 t lµPD78C10! 

1638J1JFPFHJ EXTERNAL 

16384i4000HJ MEMO:Jy 
61184Wx8 \ 

651791FEF-fl-q \, 

65 1801FFOOHI INTE~-=-AL RAM 

256" B 
6!'1 !i351FFFFHI '----~ 
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NEC 
8 Analog Input Lines 
44 Digital 1/0 Lines: five 8-bit perts (Port A, Port 8, Port C, Port D, Port F~ and 4 input 
lines (AN4-AN7I 

1. Analog Input Lines 
AN0-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. 

- Port D 
Port D can be programmed as a byte input or a byte output. 

- AN4-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 µPD78C11 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 110 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-Fs Address Bus 
Port F5-F7 1/0 Port 

60K Bytes Port D Multiplexed Address/Data Bus 
Port F Address Bus 

µPD78C1 O/C11/C14 

FUNCTIONAL 
DESCRIPTION 

INPUT/OUTPUT 

The timer/event counter consists of two S·bit timers. The timers may be programmed 
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 Uµs at 12MHz operation} or 128 
machine cycles (32µs at 12MHz), or to increment on receipt of a pulse at Tl 

TIMERS 

TIMER 0 

o3-~ TIMER PC41TQ 
Flf 

TIMER 1 r--------, 

TIMER 

BLOCK DIAGRAM 

PC3!TI o-

10 SE.RIAL INTERFACE 

NOii! <,'1) t" 113 
~~1 2 I " 1.'12 
.;'1384 - 1JI1:384 

t O~nll<1l1on frequency 
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µPD78C10/C11/C14 

FUNCTIONAL 
DESCRIPTION 
(CONT.I 

NEC 
TIMER/EVENT COUNTER 

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 

BLOCK DIAGRAM 

ANALOG/DIGITAL 

CONVERTER 

TIMEA:EVENT 
COUNTER REG1 

I 

~ 

B Input Channels 

~ -~--

4 Conversion Result Registers 
2 ?owerful Operation Modes 

Auto Scan Mode 
Channel Select Mode 

Successive Approximation Technique 
Absolute Accuracy ± 1.5 LSB (± 0.6%) 
Conversion Range 0 - SV 
Conversion Time 50 µ.s 
Interrupt Generation 

No1n: 

ln1t"up! 
Con1•01 

ip12 = f/12 
f = OK:1ll;mon frequency 

The µPD78C10/C11 features an 8-bit, high speed. high accuracy AID converter. The AID 
converter comprises a 256-Resistor Ladder and Successive Approximation Register (SAR). 
There are four conversion result registers (CR0-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 CR0-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 
ANO 
AN 1 
AN 2 
ANJ 
AN4 
AN5 
ANS 
AN 7 

Resistor Ladder .------r---.., 
I rr-VAREF 
: R/2 : 
I R I 
I : I 

1 Rl24-I I 
I AVss .. _____ .._ ___ ... 

-Avcc 

There are 11 interrupt sources. Three are external interrupts and 8 are internal. These 11 
interrupt sources are divided into 6 priority levels as shown in the table below. 

INTERRUPT 
REQUEST 

IRQO 

IRQl 

IRQ2 

IRQ3 

IRQ4 

IRQ5 

Nill 
INTWD 
INTTO 
INTT1 

INTEO 
INTE1 

INTEIN 
INTSR 

INTST 

INTERRUPT 
VECTOR 

4 

8 

16 

24 

32 

40 

TF 

TYPE OF INTERRUPT 

NMI (Non·maskable interrupt) 

INTTO (Coincidence signal from timer 0) 
INTTl (Coincidence signal from timer 11 

INTl (Maskable intrrupt) 
INT2 (Maskable interrupr) 

INTEO (Coincidence signal from timer/ 
event counter) 

INTEl Coincidence signal from timer/ 
event counter) 

INTEIN (Falling signal of Cl and TO 

INTAD 

INTSR 
INST 

.. , 

counter) 
(A/O converter interrupt) 

(Serial receive interrupt) 
(Serial send interrupt) 

-§=i}NT AOR 
SOFTI 
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IN/EXT 

External 

Internal 

External 

Internal 

In/External 

Internal 

µPD78C1 O/C11 /C14 

AID CONVERTER 
BLOCK DIAGRAM 

INTERRUPT STRUCTURE 

INTERRUPT CONTROL 

BLOCK DIAGRAM 



µPD78C10/C11/C14 

STANDBY FUNCTION 

UNIVERSAL SERIAL 
INTERFACE 

UNIVERSAL SERIAL 
INTERFACE 
BLOCK DIAGRAM 

ZERO-CROSSING 
DETECTOR 

NEC 
The µP078C10/C11 offers a standby function that allows the user to save up to 32 bytes of 
RAM wdh backup power IVool 1f the main power IVccl tails. On power up the µP078C11 
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 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 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 B bits at a time. 

ER 

,-. 
PC21SCK~:. 

to output 

SKl.2 

PC3/T11:0 o------<::r------~-----
No1e: </>24·~ 

I: oscillation frequency (MHz) 

4>384·3~ 

The INT1 and l1ilT2 terminals (used also as Tl and PC3) can be used to detect the zero­
crossing point of slow moving AC signals.. When driven directl~ these pins respond as a 
normal digital input. 

To utilize the zero-cross detection mode, an AC signal of appro>eimately 1 - 1 .8V peak-to-peak 
magnitude and a maximum frequency of 1 kHz is coupled through an e>cternal 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 l1ilT2 pin, the state is sensed as a one until the falling edge crosses the DC average 
level, when it becomes a zero and ~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 addmon 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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Internal Signal 

I 
INT1 • 
INT2 

AC source ~1----0--~~--I 
lµF 

MODEO/MODE1-TERMINALS 

ZERO-CROSSING 
DETECTION CIRCUIT 

The logic level applied to MO/Ml-Terminals determines the memory map of µPD78C10/C11/C14 
and the use of Port D/F as multiplexed Address/Data Bus. 

MO M1 MEMORY ADDRESSES LOCATION 

0 1 4K 0 .... FFFH internal* 

0 0 4K o_ 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. ln case external memory is used in addJ!i_o[l_!Q__i_nternal, memory 
mapping register has ta be programmed then (see below) 

MEMORY ~_MORY MA~PIN_G RE(JIST~~ NUMBER OF I 
EXPANDES MODES MM2j- MMl [ MMO 1/0 LINES 

Pon Mode 0 0 X 44 i 

(using µPD7811 I 

'-2-56_E_x-pa_n_d_e_d __ _,_ __ o1--11--,--_:--o0~--.----33s2~--
4K Expanded 0 I v 

~=1=6=K=E=x=p=an=d=e=d=====l~==-1 --"1~-,~ro-~3~~~ 
48Kl60K Ex_p_a_nd_ed _ _,_ __ 1 -~I __ 1 _ I 1 I __ .2_8_ 
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µPD78C10/C11/C14 

Difference Between µPD78C11 and µPD7811 

µPD78C11 

No. of instructions 159 
(STOP instruction was added.) 

No. of special registers 28 
(ZCM register was added.) 

Standby function HALT MODE, software STOP mode, 
hardware STOP mode. 
In addition, in the software/hardware 
STOP mode, the internal RAM data 
(256 bytes) are retained at the power _____ i _supply voltage as low ~s 2.5V 

Control of zerocross detection Available by setting the ZCM register 
circuit's sellbias 

No. of states of the HLT 
instruction 

Device construction 

Power : Operating 
consumption ~!a_ridby 
Pin configuration 

12 

CMOS 

75mWTYP. 
5µWTYP. 

VDD : Pin 64 
S'i'OP: Pin 63 
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µPD7811 

158 

27 

32 bytes of the 256-byte internal 
RAM data are retained at power 
supply voltage as low as 3.2V. 

Not available 

I 11 

I 
NMOS 

750mWTYP. 
4.8mWTYP. 

vcc: Pin 64 
VDD: Pin 63 



ADDRESSING MODES AND INSTRUCTION SET 
µCOM87AD 

(µPD7810/7811 /78PG11/781 OH/7811 H/ 
78C10/78C11/78C14) 



NEC 
ADDRESS MODES Register Addressing 

Register Indirect Addressing 

Auto·lncrement Addressing 

Auto-Decrement Addressing 

Working Register Addressing 

Direct Addressing 

Register Addressing 

I OPCODE 

µPD7810111/PG11/10H/11H/C10/C11/C14 

Immediate Addressing 

Immediate Extended Addressing 

Relative Addressing 

Base Addressing 

Base Index Addressing 

Double Auto Increment Addressing 

The instruction opcode specifies a register r which contains the operand 

Register Indirect Addressing 

~--'P-~ memory 

~----• ... , ADDRESsi-1---•..il OPERAND l 
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. 

AutCt41 ncrement Addreaing 

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 

>--~--'OPERAND 
~__,~---J 

Working Register Addressing 

PC OPCODE 

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 
sutfiJt are using this address mode. 
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Direct Addressing 

PC OPCODE 

PC + 1 Low Address 

PC+ 2 High Address 

Operand 

1 byte 

Memory 

Low Operand 

High Operand 

2 byte 

The two bytes following the opcode specify an address of a location conta1n1ng the operand. 

Immediate Addressing 

PC 

PC+ 1 

Immediate Extended Addressing 

PC 

PC+ 1 

PC+ 2 

Relative Addreuing 

Opcode 

OPCODE 

OPERAND 

OPCODE 

Low Operand 

High Operand 

PC+A+3 

PC+A+3+1 

memory 

low Operand 

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 

rp memory 

PC 

PC+ 1 

Opcode H~ __ A_dd_r_es_s __ ~~-O~pe_ra_n_d_~ 
Displacement t-~------ ~ ' 

Register Pair OE or HL used as base pomter to the memory; immediate data (8 bit) or displace­
ment added to the base. 

Base-Index-Addressing 

memory 

Opcode Operand 

Register pair DE or H L used as base pointers to the memory; Register (8 bit) or Extended 
Accumulator (EA) as displacement added to the base. 
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Double auto increment 

[ opcode _ _}--[ 

rp 

Address 

me~ory 

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-blt operand. 

µCOM 87 AD lnstructionset 

Operand Expression/Description 

EXPRESSION DESCRIPTION 

r V,A,B,C,D,E,H,L 
r1 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 1CMOS ONLY) 

sr1 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, AXB, 
CRO, CR1, CA2, CA3 

sr2 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM 
sr3 ETMO, ETMl 
sr4 ECNT, ECPT 

rp SP, B, D, H 
rp1 V, B, D, H, EA 
rp2 SP, B, D, H, EA 
rp3 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+B, H+EA, H+byte 

wa 8 bit immediate data 

word 16 bit immediate data 
byte 8 bit immediate data 
bit 3 bit immediate data 

I CY, HC, Z 

if FNMI, FTO, FTl, F1, F2, FED, FE1, FEIN, FAD, FSA, FST 
ER, OV, AN4, AN5, AN6, AN7, SB 
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Note 1 

1. sr - sr4 (special registed 

f PA PORTA ECNT TIMER/EVENT 
PB PORTB COUNTER UPCOUNTER 

,pc PORT C ECPT TIMER/EVENT 
PO PORTO COUNTER CAPTURE 
PF PORT F ETMM TIMER/EVENT 
MA MODE A COUNTER MODE 
MB MODE B EOM TIMER/EVENT 
MC MODE C COUNTER OUTPUT MODE 
MCC MODE CONTROL C ANM AID CHANNEL MODE 
MF MODE F CRO A/D CONVERSION 
MM MEMORY MAPPING I RESULTO -3 
TMO TIMER REGO CR3 
TM1 TIMER REG1 TXB Tx BUFFER 
TMM TIMER MODE RXB Rx BUFFER 
ETMO TIMER/EVENT SMH SERIAL MODE High 

COUNTER REGO SML SE RIAL MODE Low 
ETM1 TIMER/EVENT MKH MASK High 

COUNTER REGl MKL MASK Low 
ZCM ZERO CROSS MODE (CMOS ONLY) 

2. rp .._ rpl (register pair) 

I SP STACK POINTER 
'B BC 

D DE 
! H HL 
IV VA 

EA EXTENDED ACCUMULATOR 

3. rpa - rpa3 (rp addressing) 

\e (BCI 
D (DE) 
H (HLI 
D+ (DEi+ 
H+ (HL)+ 5. if (Interrupt flag) 

D- (DEi-
H- (HL)-
D++ (DE)++ 
H++ (HL)++ 
D+byte (DE+byte) 
H+A (HL+A) 
H+B (HL+B) 

i H+EA IHL+EA) 
(HL+bytel H+byte 

4. f (flag) 

CY CARRY 
HC HALF CARRY 
z ZERO 

I FNMI 

I 
FTO 
FTl 
Fl 

' F2 
FED 

' FEl 
! FEIN 

FAD 
FSR 
FST 
ER 
ov 
AN4 

I 

AN7 

I SB 

INTFNMI 
INTFTO 
INTFT1 
INTF1 
INTF2 
INTFEO 
INTFE1 
INTFEIN 
INT FAD 
INTFSR 
INTFST 
ERROR 
OVERFLOW 
ANALOG INPUT 4-7 

STANDBY 
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Description of Instruction Code Symbols 

,, 
rp 

~-T, To reg 

' 0 0 0 EAH 

i 0 0 1 EAL 
: 0 1 0 B 

! 0 1 1 c 
1 0 0 D 

1 0 1 E 

R2 R1 Ro reg 

0 0 0 v TT 0 0 1 A 
0 I 1 0 B I ,2 

0 1 1 c l 
0 0- D ' 
0 E 

P2 P1 Po reg-pair 

0 0 a SP T T 0 a ' BC -.-
rp rp2 rpJ a ' 1 0 DE 

l l 0 Li__ - 1 HL j_ 
0 0 EA 

l 
1 1 0 H 

1 1 1 L 

a H 

1 

rpl 

" 02 a, Oo reg-pair 

Ss 54 53 s2 51 So Specia 1-reg 0 0 0 VA 

a a 0 0 a 0 PA !JI I Q a 0 0 a 1 PB 
0 0 0 0 0 PC 
0 0 0 0 1 PD 
0 0 0 0 1 PF srl sr2 

0 0 1 BC 
0 1 0 DE 
0 1 1 HL 
1 0 0 EA 

0 0 0 1 0 MKH 

lill 0 0 0 1 1 MKL 
0 0 0 0 0 ANM 
0 0 0 0 1 SMH 
0 0 0 0 SML 
0 0 0 EOM " Ilil 0 0 1 1 0 0 ETMM 
0 0 1 0 TMM II 
0 0 0 0 0 MM 

rpa 

AJ A2 A1 Ao addressing 

0 0 0 0 1 -
0 0 0 1 I (BC) 

0 0 1 0 (DEi 

0 0 0 0 1 MCC 0 0 1 1 (HL) 

0 0 0 a MA 
0 0 0 MB 

~) 
0 0 0 0 MC 
a 0 1 1 1 MF 
0 1 0 0 0 TXB 
0 0 0 1 RXB 
0 1 0 0 TMO 
0 1 0 TMl 

0 1 0 0 ZCM (CMOS) 
0 0 a 0 0 CRO I 0 0 0 0 1 CRl 
0 0 a 0 CR2 

i 1 0 0 a CR3 

0 1 0 0 (DC)+ 

I a 1 a 1 IHL)+ 
a 1 1 a IDC)-
0 1 1 1 (HL)-
1 0 1 1 (DE+byte) 
1 1 0 0 IHL+A) 
1 1 a 1 IHL+B) 
1 1 1 a IHL+EA) 
1 1 1 1 IHL+byte) 

rpa3 

C3 C2 C1 Co addrening 

0 a 0 0 (DE) 
srJ sr4 0 0 0 1 (HL) 

Vo Special-reg Uo Spacial-reg l 0 0 1 0 (DE)++ 

0 0 1 1 (HL)++ 

0 ECNT 
1 ECPT 

ETMO J 
ET Ml 

0 1 0 1 1 IDE+byte) 

1 1 0 0 IHL+A) 
1 1 0 1 IHL+B) 
1 1 1 0 IHL+EA) 
1 1 1 1 IHL+byte) 
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List of Mode Registers 

: MODE REGISTER I READ/WRITE: FUNCTION 

MA register 
(Mode Al 

MB register 
(Mode B) 

MCC register 
(Mode Control C) 

MC register 
(Mode C) 

MM register 
(Memory Mapping) 

' MF register 
, (Mode Fl 

TMM register 
(Timer Mode Reg.) 

ETMM register 
(Timer/Event Counter' 
Mode Reg.) 

EOM register 
(Timer/Event Counter 
Output Mode Reg.) 

SMH register 
SML 

ANM register 
IAID Channel 
Mode Reg.) 

ZCM register 
- (Zero Cross Mode 
I Reg_) ct.l°s only 

F2 F1 Fo 

0 0 0 
0 1 0 
0 1 1 
1 0 0 

INTF 

-
CY 
HC 
z 

W An 8 bit register for designating the input/output of 
the port A in units of bit. 

W An 8 bit register for designating the input/output of 
the port Bin units of bit. 

W An 8 bit register for designating the port/control 
mode of the port C in units of bit. 

W An 8 bit register for designating the input/output of 
the port C in units of bit. 

W A 4 bit register for designating the port/expansion 
mode od port D and port F. 

W An 8 bit register for designating the input of 
port F in units of bit. 

RIW An 8 bit register for designating the operation 
mode of timer. 

w 

R/W 

R/W 
w 

R/W 

w 

An 8 bit for designating the operation mode of 
timer /event counter. 

An 8 bit register for controlling the ouput level of 
COO, C01. 

7 bit and 8 bit registers for designating the 
operation mode of serial interface. 

An 5 bit register for designating the operation mode 
of A/D converter and for indicating the input 
channel during A/D conversion. 

A 2 bit register for switching on/off the internal 
zero cross detection circuit. 

if 

14 13 12 11 10 INTF ] 

0 0 0 0 0 INTENMI I 
0 0 0 0 1 INTFTO ! 
0 0 0 1 0 INTFTT 
0 0 0 1 1 INT Fl 
0 0 0 0 INTF2 
0 0 0 1 INTFEO 
0 0 0 INTFEl 
0 0 1 INT FEIN 
0 0 0 0 INT FAD 
0 0 0 1 INTFSR 
0 0 0 INTFST 
0 0 1 1 ER 
0 1 1 0 0 ov 

0 0 0 0 AN4 
0 0 0 1 ANS 
0 0 0 AN6 
0 0 AN7 
0 0 0 SB 
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INSTRUCTION SET 

OPCODE 
MNEMONIC OPERAND ., 82 Bl .. STATE Of'ERATION 

SKIP 
CONDITION 

MOV 

MVI 

MVIW 

MVt.X 

STAW 

LOAW 

STAX ,_ 
ILOAX 

f Exx -

,, A • 000 1 1 T2l1 To I rl •A 

A,•1 1o0001T:;il1To 
;--1 

"·A j 0 100 l 1 0 1 11 S5S4S3SzS1 So 

! A• ti 

10 sr • A 

;-----: A. srl 01001100 11 S5S4S3S2S1 So T --,-Q- ; A'- 5rl 

-, word . 011 10000 ! 011 01 R;i R1 Ro ~- LowAdr~ r HoghA~ 2_1 I r ·:l~o~i=_:-
word r 01110000 01111R2R1Ro LowAdrs H1ghAdrsl 11 lwordl-r 

~
1 , by1e 0 1 I 0 I R2 RJ Ro l- Oilil -t - + ------r -, 1> ~~_Ya ·--- ---
111 bvte 101100100 S30000S2s1SO- I Dal• -+----t 14 u2•by1e ..• L-~-~-
wa byte { 01110001 • Olt~t-- - j Data ~-~ 13 -~ iV.,;..~)-byu 

_/_Pi' by1e-+ 01001o ____ A 1 ~~--- -_ _ __o_"' _ f-~--- lo~~- --------w• O 1 1 0001 1 T Ofht! 10 I lVw1I +-A . ----------

" oOOOOOr:i 1 --+- -o.t;, - 10 A-!Vw1I ----------
~ • ------------------+-- - ~----------------

rpa2 A30lllA2A1AQ' Dat.11°11 7113 lrpa2)<-A 

-·~~ --i-AJ01.0l--A2A1Ao -+-- Q~----+-- 1/lJ A<-(rpa2) -.------~---
•00010~- ~ s-s·.c-c·.o-o·, 

'ExA ______ J~oo 10000 

:exH io1010000 

__ ---~-J ---l!_-_ •. _. H_-_H'_. L :-~---+---__j 
4 V.A-V'.A'.EA-EA' --~ 

H. L-H', L' 

MNEMONIC 
OP CODE 

----.-, -- ----,---~ B4 

- -+ ______j___ 

LXI •P2. word 

4-187 

STATE 

13. 
IC•l) 

14 

OPERATION 

(DEl~•-IHLl+.C<-C-1 

End 1f l>orrow 

rpJL ._EAL. rp3H ._ EAH 

EAL._ rpJL EAH +- rpJH 

~rJ ... EA 

EA +-sr4 

(word) +- C, (.w>rd+l) +- 8 

I word) <- E. (word+ I)+- 0 

1wOrdl <- L. (word+l I+- H 

SKIP 
CONDITION 



µPD7810111/PG11/10H/11H/C10/C11/C14 NEC 
TABLE 01001000 1 81 l MNEMONIC ! OPE RAND 

MNEMOHIC OPERAND 81 

~ LTA 

OPCODE j_ J STATE OPERATION l SKIP J 8Z 1 83 M 1 17 1 CONDITION 

r.o- r+A 

OPCODE --82 __ _ OPERATION 83 STATE 

4-188 

SKIP 
CONDITION 

Borrow 

Borrow 

flla Zero 

fll.:iZtrci 

Zero 
--~ 

~-N~~ 

- . _ _l_.No~~~w -•j. 
_ __l__Bo••ow 
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MNEMONIC : OPERAND 
_ OP CODE 

STATE OPERATION I 
SKIP 
CONDITION . .-81 82 Bl 

A. byte 0 110011 1 • D.it• • No Ze<o 

"" •.byte 0II101 00 01101 A;lA1 AQ No Zero 

~· '] hyu• 

c A, byte 
~ -c 

'°' 0 r, byte 

~ "'l. t>vte 
c 

A. bvle 
~ 

ON' -•.byte 2 
! sr2. by1e 

- A. byte 

OFFI '· bylt 

. . "' L>v1e 

ADDW 

No Ze10 

Ze1u 

Zero 

Zero 

No Ze•o 

No Zero 

No Zero 

Zi!rn 

Zflro 

1 
Ze•o 

0 1 1 0 ' S3 1 I 0 1 S2 S1 SQ ~r2 t1v1r 

to1110111 •C>a11· A1>y1t 

t 0 I I I 0 1 0 0 t 0 I 1 1 1 R2 R 1 Ro 0.Jl.ll ' bytf' 

t O 1 IO ' f S3 1 1 1 1 ~ S1 SI) l 14 ~•1 hyn· 

lo10Q0111 l •Data• A'1byte 

ia1110100 OIOOl_R_1R1_Ro -:--~-0-ala ~~~_-.:__ __ ~ 11\bv1e 

__ 0•1a_J ~~-~~~-~-a-'~?~'So ;--I~--+-- 14 .. ],\byl! 
010101~1 t- •-0111-- . • , 1 }-A.f..ovte 

t ~: : ~ 0 'F:-1-},'.~.','~'f,~;_ -=---=rq-=- ' :L_:~i~:~_-----
01110100 +- 11000000 Off~t : t--14 A-A+lVwa) 

"'. 
~ ADCW a 'ADDNCW 'W' 

~ ·susw 
I ~ ~SBBW 

;: ~ suBNBW 

I i :ANAW IW• 

L_E••w ,w. 

NoC1nv I =-t=! :~~-: - --=-rI::P.~~~~=-~~ 

VI-_ ~I~ r:~ :~ ::::::::~ 
- - _-_ -:~~~1000~ --+---14---41-.---.-,-,.-.-._,-_-_-_-_-_-_-+-----< 
__ --~~ 14 A-AVlVw;ioJ 

MNEMONK: OPERANDI==- Bl :CODJ ___ L 83 --l a STATE OPERATION 

~AM_ we 01110100 10010000 t'?fhet 14 ArA¥(Vw1) 

~~~w- - .,.,., T~- 10101000 I, 14 A-CVw•J-1 

I l TAW ' wil :, 11 01 11 01 -~ , - ---~ ~r=.-~~-~:~~11_44~~r--AA __ --_,C-VV~ww_•,~))~~~~~~~~~~~:~~~~~~-::_,-< 
~---;;--1~- l- -~ I 

'a: 'EQAW 1111 -----r----·-- 14 A-CV-.w,-)--------+-----l 

I ~~ -+--1~1~0~.-+--·--+---+--+--·-+-~--+~.~,~,-.-._-,------+--~---1 
I ~ OFF Aw • ··-r· 1 1 o, A/\ 1v.wa1 

0 ANIW ,•a.bytl' 00000101 -Offw1- (Vw1)-IV.wa)/\byte "'' ,_._._1--I .. -. --+-------,--~ ORIW • 1 Wii. byte _____l_ 4V.wa) o- IV.wa) V bylt 

IC GTIW ~·byte 001 0 (V.w.1)-byt1·-1 
i ru.w-- -~bvt~-- tiOl-1-j_ --+----+, ---+---+---f-~-+--,V-W-1)-b-y-.. -----+------i 

NEIW • I wa, byte 0 l 1 0 · r IV w1)-byte 

14 

t---
14 

Data 19 
19 
13 
1l 

1l 

13 
13 

EOIW ·Tw1,by1e 0111 J lVw1)-bVI• 

ONIW • wa. byte 0 1 0 0 ! j_ IVc_-_IAccb_v_"-------4~--
0FFIW • w•.bvt~ 10101 -I J ~Vw1ll'lbvu· 
EAOO EA,12 101110000 OI0000R~--Ro 11 EArEA+r2 

._e~- ~?i~}~_J_-_-0-l .-.----;-1_1_0_0_0_1P_1_Po----+----+---+--1-1 -+-,-A---,-.-... -,-----~----< 
~,~- EA,1pJ+- I II~ 11 EArEA+rpJ+CY 

~~ OAODNC EA, rpJ , _::=I;:===~.::-~~-·~o-::_1o~O~t~ -~-~---_-_-_;_-_-_-_-_-_;_-_-_-_-_-++---~1-::_1-:::-::•-::A-::•-::E-::A-::••-::03-::-::-:.-::-::-::-::-::-::-::;-::-::-::-::-::-::-:::; 
c~- EA:-~-2" --i-_~i 0000 011 OOOR1 Ro 11 EAr£A-r2 
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MNEMONIC OPERAN~-- i - OP CODE 
--82 ___ fB3 84 - STATE OPERATION 

NEC 
SKIP 
CONDITION 

1 IA.byte 01000110 +-Data"' l , A+-A•byte 

AOI •.tlvte 01110 I 00 01_o_o __ o__cA2'-R--'1_•coo __ T--D•,"----+---,'-'_-_._ •• _,._. ______ -+-----1 
~ r--~-"'-"-+"CDccl~l~O~~_i~-+-'~'-"_o_o7s_2_S1_So __ t--_j_~----+-20 j_112 +- sr2+by11 
Q • A. by111 0 1 0 1 0 1 1 O - Dall ... 7 _j A<-- A+byte+CY 

:( ACI r,byte 01110100 010lOR2R1RQ Daot;1 11 •-•+byte+CY 

~1-----+-"'_-_b_,_" o __ , __ ,_•_l~---'-'-'-•_•_os_,_s_,So __ +---_I~~---·-·-l_t--1--'2_0_1--"'---'-''_•b_,_ .. _•c_v ___ --+----+ 
I ~A,byte--00100110 --~Dc"-~·--~-+-~----+---+-•--_•_••_•_''-------r-~"·~C.~•-•v_-l 

ADINC r.bvle 01110100 OOIOOR2R1Ro Ocit• 11 r<-r+byte t-.loC..rry 

~-;;--1 ~ liCJt~~=·==~::::::;s,::o-,-.-.-.,-.-,-So---+-~l-l----+----20-+---.,-,---.,2-•-••-"------t-No_C._'_"--< 
I A.bvte I 01100110 -Data-.. 1 J_ A-A-byte 

L1su1 ~·~·b_"-'-r'~'~'~'-•_J_•,o_D_+-_•~·~'-•-'~"~'~"·-"~•--Il+--·-DI•,"_Ir---1--~"-ri _·-~·--_"'-"------+------! 
r-----+-"-'_b•_"__,_0_1_1_0 __ . _,__s_,_• _• o_D_s_,_s1_So _____ __,'----t-'-o 5•2- 5<2-bvte 
I A, byre 0 1 I 1 0 1 1 0 +- D•t• __,, A 0-- A-byte-CV 

SBI r,byte 01110100 011 lOR2R-lAo~-----+--"--1--.---.-byh1-CY 
~-~l---~~-'-·'-'-"~_D_1_1o_J_~_-+-_s,_1_1_1_o_s2_s_1_So __ l~_j_-+-~--~-'o_~"-2+-_sr2-_ov_,._-_c_v ___ -+----~ 
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NEC 
MNEMONIC OPERAND: 

OSUH ~A. <1>3 0 1 1 10I00 

1{)')88 f_A rpJ 

flSUBNB fA_•1>3 

'~ DAN tA. q>J 

I ; j DOR tA, rpJ 

E I DXR tA,•t>J 

~ DGT lA ,,, • 
I I- ,OL l f_ A. rpJ 

I : loNE f_ A. 1µJ 

1- lorn if.A, 1pJ 

looN I EA. rpJ l l rDOfF EA, rpJ 

1u1:~, 
,, 01001000 

r: I 
'"" 010000R1 Ro 

;:~ 1 1NRW .. f 00100000 l I~"'~ -- ,, - OOP1Po0010 

!!~NX -- -r 101a1000 

113~ .-- EA 

!~OCR !,,-- -1·010100 R1 Ro 

OCRW ':""_-~--=- raa110000 

OPCODE 
82 

1 1 1 00 I P1 Po 

1111 I 

101 1 • 

100011P1PQ 

1001 ' 
1 0 0 1 0 1 P1 Po 

1 0 1 0 I 1 P1 Po 

101 1 I 

1 l 1 0 

1111 

11 00 

1 101 

001011R1Ao 

00 1 1 ' 

~ Olt~t • 

µP07810/11/PG11/10H/11H/C10/C11/C14 

83 8• 
· STATE 

,, 
11 

32 

--t 59 

- I , . 
t -

OPEAATION 

f:A·EA<pJ 

EA• EA •Pl CV 

EA· EA <pJ 

EA• EA I •PJ 

EA• EAVrpJ 

EA· EA\lrpJ 

f:A-•pJ 1 

EA rpJ 

EA--rpJ 

EA-rp3 

EA/' rpJ 

EA! rpJ 

EA~AX•2 

EA+- EA· r2. •1 • mrplu~ 

r2• r2•1 

rp~ rp•l 

EA~ EA•1 

r2 +- r2- 1 

_j__ 
16 ~-1-v--;~I-· IVw<1l-l 
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SKIP 
CONDITION 

No Borrow 

Noli.ro 

Ze•o 

No Zero 

Zero 

Borrow 

J- ~~'.row 



µP0781lJ7f17PG11/fOHl11H/C10/C11/C14 

OPERAND~ ·---r---."'°ii-C~O~D~•-r-,8"3~~-.. ~--1 STATE 

01010100 

CALF word 

~ 

lu 
CALT 

l 
Fn-· 

1 
MNEMONIC! OPERAND - •• 
RET 

z 

~ ~REfS -----t---

RETI 

5' 

'"" !: ~-
: SKIT 

SKNIT 

1.NOP 
~ " . -
~ DI 
;I•·· -

. ~ _.:. HL T 

No1n· 

I 0 1 1 IQ 0 0 

01001000 

l__L __ 
00000000 

1O1D101 0 

I 0 1 1 I 0 1 0 

01001000 

1·1· 82l0<i1al •p.ii2 D .. bytf'. H+byt" 
1"71 8Jl0.11t•> •iuJ 0 D•t>vu. 1-hbvir 

+- LowAdrs--> 

OPCODE 
82 ~ 

00 1 11 0 I 1 

., ... 

__ L__ 

I "31 r•ghT \1dir of sl11ih ( 'l 1n U.1111!'5 •nd•cates caw rp•2. •p.iiJ • D•by1e. H+A. H+B, H+EA. H+bytf 
I 041 "'!hi!' uw ol skip cond1t1on. ll"le 1dht ua111 arr u follows 

1-byte muruc11on 4 st11es 
2-byt• U'IUruc11on B m11es 
3 byte m1f•uc11on 11 slates 

2 byte mstruc11on lw11n "I 1 u.ie~ 
l bvtr 1nnruc1•on lw11ri • t 10 n.11e1 
4 by1e •nnrucl•on 14 st;ilf'S 

Additional instruction for .,PD78C10/C111C14: 

MNEMONK: OPEfllAHD · .. 
STOP 01001000 

OPCODE ., 
, o 1 11o1 1 

B3 .. 

4-192 

TO 

STATE , 

STATE 

,, 

OPERATION 

PC- word 

OPERATION 

OPERATION 

S1op 

NEC 
SKIP 
CONDITION 

.. , 

SKtP 
CONDITION 

••• co-T10H 



ELECTRICAL SPECIFICATIONS 

AND PACKAGE OUTLINES FOR 

µPD7810/7811/78PG11E 



NEC 
(Ta= 25° Cl 

'ARAMETER SYMBOL TEST CONDITIONS I RATINGS I UNIT J 
~~--+---------·----·I ~::::;~ 1 ~j 

AVcc -o.s10•7.o : v; 
! 

Powe1 Supply Voltage 

AVss -~ -~s-,~-.-0-s _____ v---
~1-.,-.-, v-0-11-..,------+-v-,~-=------+-----------~·10-=l_ v 

Output Voltage --~+":_o - - - All O~t"PutP1n- ----- --- -D 5 ~~o + 1 o : :A 

Ou1pu1Curren1Low IQL AllOutputPinTotal -----, ---100-·- mA 

~H - -~;~~;:,~,:_~ -~ :· ~~_j_-~ 
VAREF -~-~~--~ 

Output Current High 

Refet-enw Input Vattq 

i Ope"''"' Tomp"''"'' T091 ;~T::·:,·:~~~-'" 2 
MH• -- I -~:~::-:: ·1- :~ j 

~1 s-,o-,..,-r-,-m-.. -,,-,,.-,--·-+:,.~~----- ·---_-_- -6510 •150 - "C 

T. Vee. AVcc 

CT a - 25'C. Vee • Voo • Vss = OV) 

PARAMETER l SYMBOL TEST CONDITIONS MIN TYP l MAX l UNITS J 
1-1,..""-"'-°'-c-_._-..,"-~ __ J+---=-c'----j fc=1MHz I----- L__J_ lO J pF _ _j 
1-0~",..'",.."'-°'--"'-'"-'-"'-'_J,___c:o---j Unme11uredPin5 - ~--201--pF~ 

t/0 tapac1tance -~--~~1~.:_~~~- __ _,,__ __ ,__ ___ l__~~-__l__P_F_-=J 

<Ta - -10"C to +70"C. vcc = +s ov t 5'¥1. vss"" ov. vcc-oev ... Voo,.. vcc1 

PARAMETER SYMBOL TEST CONDITIONS 

lripu1 low Vol1age 
VIL I 
V1H1 AU excepi s·ct AeSe"f XI and xi 

1--~ -·-----
lnpul H1gl'I Vollilge V1H2 SCK. )(I. X2 "1 

V1~3 - ... RESET 

Voo Supply Curren! 

I Vee Supply e"'""' 

100 
µPD78PG1 IE 

µP07811 7810 

; Ice ,.PD78PGllE 

Dala Retention Vottage I VoooR i Vee = ov. RESET "'- "IL 

·2 ra,,.25C vcc=Voo""+sov 

MIN 

2.4 

32 

4-195 

TYP MA>C UNITS 

0.8 v 
vcc v 

-----~~cl v 
vce f v 

_ _j 045 t 

.° 200} uA 

\ 5·2 

\ 5·2 

150·2 

140"2 

• 10 • jJA 

• 10 I µA 

12 t mA 

32 

32 

200 

230 

mA 

mA 

mA 

mA 

µPD7810111/PG11 E 

ABSOLUTE MAXIMUM 
RATINGS 

OPERATING CONDITION 

CAPACITANCE 

DC CHARACTERISTICS 



µPD7810/11/PG11E 

AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

ZERO-CROSS 
CHARACTERISTICS 

ffa= -10-c 10 +70'C. Vee= +sov • 1D"lr.. vss = w. vcc-O.BV::. Voo;..vcc1 

PARAMETER SYMBOl 

)( 1 Input Cycle T 1me ICVC I Address Setup to ALE . IAL 

i Address Hold lrom ALE ILA 

· Address to RD . Delay Time IAR 

RO . to Address F1oanng 

' 
IAFR i Address to Oala lnpU1 IAD 

ALE • lo Dala Input IL[)R 

RO. 10 Data lnpul IRD 

ALE • 10 RO • Delay Time 'LR 
Oal8 Hold Time from RO· IROH 

; RO· 10 ALE" Delay Time 'RL 

ROWidlh Low 'RR 

ALE Width High ,,, 
, Ml Setup Time to ALE . '"" t Mi Hold Time from ALE • ''"' iOtM Setup Time to ALE • '" •·K51M Hold Trme.lrom ALE. 

'" 
1 

Ad'"" ro WR • Delay 1 •AW 
ALE • to Data Oul~ul ILOW 

l WR • 10 Data Output , IWO 
ALE. to WR. Del~y Time 

~1: Data Setup Tune to WR· 

I ,,;;,.""'""melr""'-·"" · IWOH 

WR • to ALE ' Dela!!~ IWL 

i ll'r'RWidlh Low TIWw 
l_ ~de!~ lo Dala ~put C?elay _l_tACC 

Nole l: fxTAL"' 10 MHz 

2: Load Capacitance, CL= 15Dpf 

~ 
PARAMETER SV"90L 

I i sCK Cycle Time tcvK 

i------------ r----

sci( Width Low IKKL 

1-----

scK Width High lKKH 

····r 

l£ST CONDIT10NS 

Data Read 

OP Code Fetcn 

"3. 0 6 

"3. "6 

*3. 0 7 

'3, •7 

TEST CONDITIONS 

SCK lnpu1 B 
SCK Ou1pu1 

SCK l"put --- - -· H 9 

SCK Output +------- l "~ 
SCK Input r----.. 
SCK Output 

~ R~li Se1up T ;me i~·stK~ · ~- .. 
r-ior.o Hold Tim~ f;o-m SCK f IKRX .. 
sc·K .i. 10 TxD Del1v Time t1(TX +-.;, 
.. 1 x Siud Rate •n Awnchronous. Synchronous. 110 lnterf~ Mod• ... 1611 Baud Rate or 6411 Baud Rate 1n Asvnchronou1 

ITil. -lO"C lo +-70"C, Vee= +5.0V !: 5%. Vss = ov. Vcc-0.8V..;; Voo""' Yee> 

PARAMETER _l SVMBOL _l TEST CONDITIONS 

Zero-Cross D1t1ction lnpul l vzx AC Coupled 

Zero-0-oHAccuracv ~ZX :! 60 Hz Sine Wave 

Zero-Crou Dete•t1on Input Frequency fzx 

4-196 

' _L 

_L 

NEC 
.. N llAJ( UNITS 

83 250 

65 

50 

150 

20 

360 

215 
180 

" 
115 

280 

530 

125 

65 

50 

65 

50 

150 

195 

100 

35 

230 

95 

115 

280 

360 

MIN MAX UNITS 

1 66 "' 500 

"' 
750 

200 ...i..-~ 
900 "' 
750 

200 

900 

80 

80 

210 

MIN I MAX UNITS 

1 j_ 1.8 VACp-p 

± 
! 135 mV 

0.05 1 '"' 



NEC 
[Ta. -1D"'C 10 +70-C. Vee. AVcc. •5.0V :t 5 "· Vss. AVss. DY. AVcc -0.5 "VA.REF r;;;AVccl 

PAJWIETEA SYMBOL TEST CONDITIONS Min TYP UNITS 

Resolution B11s 

Ta= -100C to +50CC 0.4% :t 112 LSB 
Absolute Accuracy a3ns :s icvc :a 170ns 

83ns :iii tcvc :;; 17Qns 0.6% ± 112 LS8 

83ns :5i tcvc :i 11 Ons 576 tcvc 
Conversion Time tcONV 

11ons :s tcvc :i t70ns 432 tcvc 

l 
8Jns :iii tcvc :il 11 Ons 96 tcvc 

Sampling Time ISAMP 
110ns :5 tcvc ~170ns " tcvc 

Analog Input Voltage VIAN llAREF 

Analog Input Impedance RAN 1000 "" 
V AREF Current IAREF 02 05 1.5 mA 

---'-------~ 
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µPD7810111/PG11E 

AID CONVERTER 
CHARACTERISTICS 



µPD7810/11/PG11E 

tT a - -4CJ"C to +-85· C. Vee"' -t-5 OV • 10%. Vss -- OV \iCc 0 8V' VQD'"' VCCl 

PARAMETER 

Input low Vol1~ 

Voo Supply Current 

Vee Supply Currenl 

SYMBOL 

100 

ice 

; voooR 

TEST CONDITIONS 

µ~~~ 
~ µP07811.7810 

µPD78PG11E 

vcc =-ov~~-= vn,. 

NEC 
DC CHARACTERISTICS 

MIN TYP MAX UNITS 

0.8 
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NEC 
AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

ZERO-CROSS 
CHARACTERISTICS 

µPD7810/11/PG11E 

<Ta= -40"C to +B5"C. vcc = +5 ov ~ io%. vss =av. vcc -o_av""" Voo' vccl 

PARAMETER SYMBO<. TEST CONDmONs MIN MAX UNITS 

_x~t-~ycle _T1~_e __ 1cvg_ 100 250 

Address Setup to ALE . 1AL 100 
---- ----- lc)i Address Hold lrom ALE , +-~LA --+ t---

Address to RD . Delay Time IA!=!__ 

t~-~~-Add~e;~ Flo~hng +~B 
Address 10 Data Input ~~ 
ALE • to Oala Input t_l:DR 

RD_._~Data Input -~RD 
~~~~_._to RO. ~l_a_y_Tu:!'e <LR 

Data Hold Time lrom RD· ____.._IADH . - ----- ------ - - - --

RD _'_1~ ALE" D_~~~r_'.r~e j_IAL 

RD Width low 'RR 

ALE Width High '" 
~S~t"!? ~~to ALE , jt' Mi Hokl Time from ALE • <LM 

i51M Setup Time to ALE • ~lh_ --- ---

i51M Hold Time lrom ALE . ____ ill_ 

Adress 10 WR • Delay __ !~W 
~ AL_E • t~ Data Output ·---+-~pw 

WR • !o Data Output --~!V'JO 
ALE • _10 WR. Delay Tim~ 'LW 
Data Setup lime !o WR • <ow 

Data Hold Time from WR • 'WDH I WR· to-A~' Deloy Tome 'WL 

WR Width Low i tww 
Addrf'._SS to Data Input Delay i IACC 

Note i txrAL = io MHz 

2- Load Capacitance. CL"'" 150pF 

PARAMETER SYMBOL 

SCK Cycle Ttme tCYK 

200 

50 

150 

eta Read 350 E -_ P Code Fetct:;"- - >---~-~o 

., 

., 
r ., ., 

~-

78PG11E only 

TEST CONDITIONS 

S-CK Input - L,__''----t-· 
·9 

SCK Output 

·9 

160 

100 

70 

100 

70 

200 

50 

JOO 

130 

150 

350 

MIN 

2.0 

500 

24 

920 

200 

20 --+ 
480 

300 

250 

I 
J 

+ 

t _ _____,_ 
--t 

j ~--~ - "' 
210 

tOO 

480 

MAX UNITS 

"' 
"' 

SCK Width Low IKKL 

Sfi lnputl l_,_·8----+ 

SCK Output --, -1-t----+--µ-,--1 

SCK fnpu• T 08 920 

SCK Width High IKKH l-s"'c'"K~O-u•-ou_'_[ ___ ~~---~-1-+----+---,,-' 
1-c-~-~-~~~-- --+------ +--·--·------t-~-+----+-----j 

f.-:-:-~-~-:,u-:-,~-:-:,-::-~-~~~~~-1--+--::-:-:------+-- ·-------- : 

~- j ~o ~1(0 Delay Tim~- _ ~-X -~- - r.s--- _ --=--=--=------.- _-'l-_---+--,-1-0 ~>----I 

<Ta= -40 c to +BS c. vcc-= ,._5 ov · 10°,, vss = ov Vee oav"' voo ... vcc• 

PARAMETER 

Zero-Cross OHec11on lnpul 
------

[
Zero-Cross Accuracy 

z~;~--G;oss-D;;~ .. 11on lnpu1 Fr~~~rn;v-
- - - ------ - - ------

SYMBOL 

Vzx 

_A~~­
tzx l 
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µPD7810/11/PG11E NEC 
• 1 The following oscillation circuit using XTAL 1s recommended 

f1CCTTo xx~ ~~ ClOpf 

•2 Ta~ +25 "e, Vee = Voo = 5 V 

•3 IXTAL = 12 MHz 

•4 IXTAL = 10 MHz 

•5 Load capacitance : CL = 150 pF 

•5 MODEO, MODEi pins are connected to Vee through R in µPD7810,µPD7811, µPD7BPG11E 

•7 MODEO, MODE1 pins are connected to Vee through R in µPD7810 

•e 1xBaud Rate in Asynchronous, Synchronous, 1/0 Interface Mode 

•g 16x. 64x Baud Rate in Asynchronous 
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NEC µP07810/11/PG11E 

(la= -40"C to +ssac. vcc = Avcc = +5 av-±: 10%. vss = AVss =av, AVcc -o.sv :ii: VAREF ::iO AVccl 

AID CONVERTER 
CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDfTIONS Mio 

Reso1u11on 
-------+cc--------

Ta= -10"C to +5ovc 

Absolu1e Accuracy 100ns::;:; tcyc:; _<S:. 170ns 

576 
Conversion Time 

432 

I Sampling Time 
96 

I Analog l~~-Volta~e V1AN 

' Analog Input Impedance : 
R_A"__ -+---------f-------'---'----- ~-

I VAREF Cur~~~~ - --- _L IA.REF 0.2 

TYP 

I 

1000 

0 5 

UNITS 

Bits 
- --

0.4% ± 1/2 LSB 

06% :±_ 112 LSB 

+-~YC 

T~~~ 
tcvc 

T---t 
tcvc 1 

v.~~~ra 
1 5 mA 

AC TIMING 
MEASUREMENT POINT 

2
.
4

V ~ 2-0V ------- Measurement ------- 2-0V V 
_ow~ ~- ~owA 

045V ~----

SYMBOL CALCULATING EXPRESSION MIN.IMAX. UNITS 

MIN 

MIN 

MIN 

MAX ns 
--~---M-A-,---i---~-;---

IML ·2 

t_L~ ~2 __ _ 

. Ill "3 

tu ·3 

~---
1LDW 

·-------·+ 
'LW 

T - 30 

2T - 100 

T - 30 

JT - 100 

T + 110 

T - 50 

---- t 
---·-----t -

1DW 4T 100 

1WQH 

'WL 

'WW 

ICYK 

IKKL 

j !KKH 

I 

n 10 

n - so 
4T 50 

20T !~Input) '1 

14T-1SC-i<0~1pu1I __ _ 
101 - ao iSCK1~~) ., 
1n - iOO(S'CKO~IP~1-1- -
101 - 80 !SCK lnputl • 1 

1 2T 10C !SCi< Ou1pu1 I 

'1 1 x B11ud R11te in Asyncnronous. Synclironous. 110 lntef1ace MO<le 
'2 MODEO. MODE1 pins are connected to Vee lhrougri Fl 
·3 MQDEO. MODE 1 pins are connec1ed 10 Vee 1hrough Fl in ~PD7810 

Note T = tcvc = 111XTAL 
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DEPENDING ON tCYC 



µPD7810/11/PG11 E 

OTHER OPERATIONS 

<Ta= -1o·c 10 t7o·c. vcc = +sov· s%. vss = ov. vcc -osv-... Voo-vccl 
\la = -40· C lo t- 85·C. Vee = -t-5 OV • 1 O°'o. Vgs = OV. Vee -0.8V"" VOD .. VcC) 

Parameter Symbol Conditions 

Tl w1dth high. low 1T1H, i"TIL 

tc11H. tc11L Event Count Mode 
Cl width high, low Pulse Width 

tc12H. tc12L Measurement Mode 

NMi width high, low INIH. INIL 

INT1 width high. low t11H. 111L 

INT2 width high. low t12H.112L 

RESET width high, low tRSH. IRSL 

EXTERNAL CLOCK TIMING 

(la= -10''Cto +70°C. Vee= +SOV _t 5%, Vss=OV, Vee -OSV ..... Voo'"VCCI 
(Ta= -4D°C to + BS"C, vcc = + s ov _!_ 10%, Vss =av. Vee -0 av..., Voo .... Vccl 

Parameter 

X1 '.~put ~!dth h1_~h 

X 1 input width low 

l X 1 m~~~~~~ ~llfl;··-~­
X 1 1~_P':!I fall t1m~ 

Symbol 

IQH 

IOL 

Twst Conditions 

I 

MIN 

48 

36 

36 

36 

60 

MIN 

30 

30 

4-202 

NEC 

MAX UNITS 

tcvc 
tcvc 

tcvc 

tcvc 
tcvc 
tcvc 
tcvc_ 

MAX UNITS 

250 
-------·-·--

250 ns 

30 ns 

30 
---~~~ 



NEC 
TIMER INPUT TIMING 

"'" 
TI 

TIMER/EVENT COUNTER INPUT TIMING 

EVENT COUNT MODE 

CI 

PULSE WIDTH MEASUREMENT MODE 

IC12H 

Cl 

µP07810/11/PG11 E 

'TIL 

IC11L 

ICl2L 
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µPD7810/11/PG11 E NEC 
INTERRUPT INPUT TIMING 

fNIH tNIL 

!'llMI 

Q1H 

INTl 

Q2H Q2L 

RESET INPUT TIMING 

IRSL 

EXTERNAL CLOCK TIMING 

XI 

IOL 

ICYC-----

4-204 



NEC 
CHARACTERISTICS 
CURVE 
- REFERENCE -

CHARACTERISTIC OF 
A/D CONVERTER 

"' 

µPD7810/11/PG11E 

IT,= 25°CI 

Output Voltage High vs Output Current High 

"' E -o.s >-----+-
= 5.0V 

:i:: 
.S? 
.c I 

:f -0.4 f---+-v_c_c_~_•._svt+--+--tt--->----i 

! 

Vee= s.sv 
I 

'-' 

% -0.2 
a 

2 3 

Output Voltage High VoH IVJ 

Output Voltage Low vs Output Current Low 

6.0 

"' .E. 4.0 
_, 

.S? 

~ 
3.0 

c 

~ 
'-' 

.9- 2.0 
6 

.. , .. 200 

Output Voltage Low VQL [mVJ 

VAREF 
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µP07810/11/PG11 E NEC 
TIMING WAVEFORM 

Read Opefation 

'' 

-------- All--------·ntAlll>·\TA 

~·l ~ ] - ll ~\lH11i! S~ I L•.)Vlt N, )----{ 
~----~ 

------1LUH------<., 
---1LL--· - tL.\ - - :-1Hl>ll 

lAl-R 
--•RL-- ~------ALC 

RO 

MODEl 
tM11·1 

-'AL-I -'"o \ '""'------1 
i 'LR-

__ 1AR,r--

·--1ML---1·- 1LM _: \ I /~--------
~. --t1L-, F iu 

• 1 M, is output at the fetch cycle ot the 1 sl byte of the Instruction In case that MOOED and MODEi pans are connected to Vee 

through A. 

•2 iO/M is output only INhen registers (sr·sr2) are read in case that MODEO and MODE1 pins are connected to Vee through A. 
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NEC µPD7810/11/PG11E 

TIMING WAVEFORM 

Write Operation 

X1 

t---lLOw--. 

P07-0 x=X ADDRESS ;(LOWERJQ.._ _____ w_R_l_T_E_D_A_T_A _____ __cp~---
, 'LL·~LlLA~ ~-- ---tow----1 -twDH-----i 

ALE 
: ---i two~ 1 ~------

!- 'LW 

---tAW~ 

'IL- -[~-tu 

' 
- tww----------jr-----twL-----, 

~------------

•3 iO/M is output only when regis.ters. (sr-sr2) are wrilten 1n case that MOOEO and MODE1 pins are connected to Vee through A. 

Serial Operation 

r------tcvK 

l~'KKL-­
----1 
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µPD7810/11/PG11 E NEC 
EPROM Timing (for µP078PG11EJ 

- 11\CC 

17-0 
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NEC µPD7810111/PG11 E 

64 PIN PLASTIC 
QUIP OUTLINE (Unit: mm) 
µPD7801G/µPD7811G 

41.BMAX------1 

~3 
~.Jb- I 

3937---__J 
When ordering this package, specify as follows: 
µPD781 OG-36 
µPD7811G-xxx-36 

64 PIN PLASTIC QUIP OUTLINE 
FLAT LEADS 

'-------41_8MAX ------

(Unit: mm) 
µPD7811G 

(\...o_o_cc_. _------------·_-_-_-_--_-_-_-_--_-_-_o_o_o_,o) ~: 
When o•Uer1n9 th•s package, spec•fv a~ follows µPD7811G-XXX-37 

4-209 
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µPD7810/11/PG11E 

64 PIN PLASTIC 
SHRINK DIP OUTLINE (Unit : mm) 
µPD 7810CW/µPD7811CW 

~8 57MAX. -- -
M TI 

NEC 

"'1:::::::::::::::::::::::::::J ' 
l Q 

J_7BMAX 
-t +------ ~-1 .e: 19_u:i 

~, 

.'4--------~cij_T 

ii~ r l 

64 PIN CERAMIC 

~ _55.11_____ __ 

When ordering this package, specify as follows: 
µPD7810CW 
µ1'07811 CW-xxx 

PIGGY BACK QUIP OUTLINE (Unit : mm) 
µPD78PG11E 

4-210 

r-, 4~ -i_Jr" 

0.25~0.05 

19.05 

i- - 24.13 

()- 15 



NEC 
EP ROM 
2732Af2764 

64 Pin Ouad-ln-Line 
Pin Compatible with µPD7811 

• µPD78PG11 E can access eprom when addressing 0 to 4095 
• All memory of the 2732A memory (4K·Byte memory) 
• Lower 4K·Byte of the 2764 memory (BK-Byte memory) 
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QUI L CERAMIC PIGGY BACK 
PACKAGE OUTLINE 
µPD78PG11E 



PRELIMINARY 

ELECTRICAL SPECIFICATIONS 

AND PACKAGE OUTLINES FOR 

µPD781 OH/7811 H 



NEC 
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNIT 

Vee -o.5to+1 .o 
r--v-oo --0.s10•7.o 

Power Supply Voltage r-Avcc - --0_5to +7.0 

~Vss -0.5 to +0.5 _i v 
Input Voltage -- -T--v-1- -0.5 to +7_0 v 

Output vo1uge IVQ-- -o.5 to+ 1.0 v 

1-- All Output Pin 4.0 ---~ ____ "'_A _ __J 
Output Current Low IQL ~ - - 1 

A!l Output Pin Total 100 mA 
-----+-- -----+---- I - i----;;;i---1 

Output Current High ! IQH ::: ~~::~::::Total =~: mA 

~~~~~~!le=-~~: tv·AREF I -o.s 10-·vcc--- t---------v---
, txTAL<l5MH;- , -10to+70 °C I Operating Ternper11ure Top! ----

~j;e~~~~=~~~~~-+-,-,.-,--f-- ------+ -65 to +1sO 0 c 

-- PARAMETER 
OSC. FREQ. ---

fxTAL,.;; 15 MHz 

(la" 25"C. Vee= VDo = V55 = OVI 

PARAMETER l SYMBOL 

T, vcc. AVcc 

+50V:!10% 

TEST CONDITIONS I MIN 

1, 1 MH, I 
Unmeasured Pins 
Returned to OV 
_______ [ 

rra 1o~cw•7D9C,Vcc •sov•10%.Vss~ov.vcc-oav~voo"'Vcc1 

PARAMETER SYMBOL TEST CONDITIONS 

~ Input Low Voltage 
f --- -- -- - - --- - --

All e..:cepl SCK, RE.SET. XI 

SCK. Xl 

RESET 
l ':~Hogh Volu" 

Ou1pu1 Low Voltage 

O~fput Hogh Vo1u9e 

TYP 

4-215 

MAX UNITS 

10 pF 

20 pF 

20 pf 

MAX UNITS 

µPD7810H/11H 

ABSOLUTE MAXIMUM 
RATINGS 

OPERATING CONDITION 

CAPACITANCE 

DC CHARACTERISTICS 



µPD7810H/11H 

AC CHARACTERISTICS 
READ/WRITE OPERATION 

SERIAL OPERATION 

ZERO-CROSS 
CHARACTERISTICS 

IT, 1oac 10 • 1D"C. Vee ~ •S.ov ! 10%. Vss • ov. Vee -o.av < Voo" vccJ 

IWWllETER 'SYlllOL TEST CONDITIONS 

X1 lnOUI Cycle Time •eve 
Address 88'up to ALE • IAL 

Address Hold from ALE• 'ILA 

Address lo RO .a.Delay Time t IAR 

~ RD "to Address Floa11ng IAFR 

Address lo Dala lnpul IA!> 
ALE •to Data lnpul ILOR 

RDlolo Dal• Input ..., 
ALE •to RD •Delay T lffie 1 ILR 

Dara Hold Time from ROt 
: """' 

RO 1 to Al.Et Delay Time .... 
Dala Read 

ROW1dlhlow IRR 
OP Code Fetch 

ALE Wldlh High ILL I ~ Setup r,me to ALE• j 'ML 
M1 HOid Time from ALE 4 •u.1 
i01t.1 SeWp Time to ALE 4 '" i'O'tM Hold Tme lrom ALE ... '" Adress lo WA• Delay '""' ALE.&.10 Data Output ILDW 

WA •to Data Oulpul two 
ALE,&. ID WA '°"Delay Time ILW 

Data SeluP Time lo WR t : IOW 
Data Hold Time from WA4 1 IWOH 

VilFlttoALEtoOelayTime : IWL 
I 

WR Width low ! tww 

Note I fxTAL = 12 MHz 
2 Load Capac•lance. CL= 150pF 

PARAMETER SYMBOL TEST CONDITIONS 

r SCK Input 
L"2 

J·· SCK Cycle Time tcvK 
SCKOutPut 

--- ---t---· 1·2 SCK Input 
1"3 

SCK Width low tKKl 

f---
~Output 

L., SEK Input J·· SCIC W1d1h High IKKH 
ScKOutput 

RxD Setup Tnnm to StK t IRXK .. 
RxD Hold Tune from SCK 1' IKRX ·2 

L SCK l. to TxD D•lay Time 1KTX ·2 
"2: 1 x Baud Rate 1n A1ynchronou1, Synchronou1, 1/0 Interface Mode 
0 3: 16x S.ud Rate or 84x Baud R81e 1n Asynchronous 

iT1. -lO'"C to •70°C, Vee. +5.0V :t 10'1,., Vss. DY, Vee -0.BV <Voe< Vee) 

PARAMETER IVlllOL TEIT CONDITIONS 

Zera.Oon Detection Input Vzx AC Coupled 

Zero-tron Accuracy Azx BO HiSintWavt 

Zera-Crou D1t1Htian Input Frequency tzx 

4-216 

NEC 
lllN llAX IMITS 

66 250 

30 

35 

100 

20 

250 

135 

120 

15 

0 

80 

215 

415 

90 

30 

35 

JO 

35 

100 

180 

100 

15 

165 

60 

80 

215 

MIN MAX UNITS 

BOO 

500 

16 •• 
335 

200 

700 "' 335 

200 

700 

BO 

BO 

210 

MIN MAX UNITS 

1.a VACp-p 

:t 135 mV 

0.05 I kHz 



NEC µPD7810H/11H 

(T•• -10°c to +10°c, vcc •A.Vee• •5.ov tl10%, vss• AVss-ov, A.Vee -o.s '""VAREF""'AVccl 

AID CONVERTER 
CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITIONS Min 

2.4V 
2.0V ---- Measurement -- 2.0V 

0.SV ------- Points -- 0.BV 
0.45V 

SYMBOL CALCULATING EXPRESSION MIN.IMAX. UNITS 

'AL 2T - HJO MIN 

1LA T - 30 MIN 

tAR JT - 100 ' MIN 

'AD 7T - 220 I MAX 

ILOA ST - 200 MAX 

'RD 4T-150 MAX 

'LR T - 50 MIN 

'AL 2T - 50 MIN 

4T - SO (011t1 Read) 
MIN 'RR 

7T - 50 (OP Code Fcttch) 

ILL 2T - 40 MIN 

MIN -~sJ_ ---· 
MIN 

MIN 

MIN 

MIN 

MAX 

MIN 

tow 4T - 100 MIN 

IWOH 2T - 70 MIN 

2T - 50 MIN 

MIN 

MIN 

"1 1" Baud Rate 1n A,.,mchronous. Synchronous. L'O ln1e.tace -,,ode 

Nolel T=tcvc lftXTAL 

2 Thi! item~ ou! ot fhl'> iable are no1 th.•penden1 nn !xT AL 

TYP 

4-217 

• UNITS 

BUS TIMING 

AC TIMING 
MEASUREMENT POINT 

DEPENDING ON tCYC 



µPD7810H/11H 

OTHER OPERATIONS 

(Ta o=o -10"C to + 70"C. Vee = +5 ov 1 10%. vss = ov. Vee -0 av .... Voo ..._ vccl 

Parameter 

: Tl width high, low 

Cl width high, low 

I NMi width high, low 

INTI width high, low 

, INT:? w1dlh h_i§l_h. low 

RESET width high. low 

Symbol 

tTIH tTIL 

· 1c11~. tc11L I 
1Cl2H, ICl2L 

• INIH. INIL ; 

l11H. lt1L 

1!2H.112L 

IRSH. tRSL 

EXTERNAL CLOCK TIMING 

Conditions 

Event Count Mode 

Pulse Width 
Measurement Mode 

(Ta= -10'-'C to+ 7D°C, Vee= +5.0V ."!: 10%, VSS = OV, Vee -0.BV.;;:; Voo""' VccJ 

Test Condition 

MIN 

48 

36 

36 

36 

60 

MIN 

20 

20 

4-218 

NEC 

MAX ! UNITS 

tcvc 
tcvc 

tcvc 

tcvc 
tcvc 
icvc 
1cvc 

MAX UNITS 

250 ~~··· 
250 ns 

20 l n~ 
20 



NEC 
CHARACTERISTICS 
CURVE 
- REFERENCE -

!Ta• 25°CI 

Output Voltage High vs Output Current High 

1 -0.6 
Vee= s.ov 

:i: 

Vee"' s_sv, 9 
-a, 
~ -0.41-----+-v_c_c_o_•_·'+vt-----+--tt----+----1 

~ 
u 

~ -0.21----+--- ~-'---~-+-'------+---' 
6 

2 4 

Output Voltage High VoH [VJ 

Output Voltage Low vs output Current Low 

5.0 

<". 
_§. 4.0 

-' 
9 
~ 

.3 
3.0 

c 

~ 
u , 
c. 2.0 

6 

50 100 15Q zoo 
Output Voltage Low Vol [mV] 
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µPD7810H/11H NEC 
TIMING WAVEFORM 
Read Operation 

XI 

--------1AU•--------REAO OAT A 

f'lH-ll 

------ 'LD<>------
.......,..._1LL- - 1L;\-. 

-. ..._ 'ROti 

IAFA 
--1RL-- r------

ALE -'All ---~---.J.+.-~--~~~'RD~~--~~ ' \-----'RR:---~-¥ 
j- tLR-

- 'AR.r---
.,.._tML.--!l-tLM -I 

RD 

II~:~ ttlL=-:j~ 'LI{--------------------------
•1 M, is outpul at the letch cycle of the 1st byte ol the ins1ruc11on 1n case that MODEO and MODE1 pina are connecled to Vee 

through R. 

•2 iO/M 1s output only when registers lsr-sr2l are read 1n case 1ha1 MODEO and MODEl pins are connected to Vee through R. 
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NEC µPD7810H/11H 

TIMING WAVEFORM 

Write Operation 

X1 

PF7-0 ~L __________ A_D_D_A_E_s_s_1_u_PP_E_A_1 _________ ~x::=::::x~----

P07-0 WRITE DATA 

twoH--------, 

ALE 

-----~ 1--'WL 

r 11L---I f-,LI 1 
MODEO 

1iO/tvW3 -------

•3 R'i/M •S output only when registers (sr-sr2l are written in case that MODEO and MOOE1 pins are connected 10 Vee through A. 

Serial Operation 

'------tcvK-------1 

--lKKL-- tKKH--

TxD 

RxD -----------..J~'---lt-----------A''-------

tRXK'----- 1KRX-----1 
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µP07810Hf11H 

TIMER INPUT TIMING 

- IT!H 

II 

TIMER/EVENT COUNTER INPUT TIMING 

EVENT COUNT MODE 

ICl1H 

Cl 

PULSE WIDTH MEASUREMENT MODE 

tc12H 

Cl 

NEC 

- ITIL 

tcl1L 

1Cl2L 

4-222 



NEC 
INTERRUPT INPUT TIMING 

NM! 

INTI 

JNT2 

RESET INPUT TIMING 

EXTERNAL CLOCK TIMING 

r--

Xi 

1NIH 

U1L 

U2H 

'------ tcvc 

µPD7810H/11H 

1NIL 

U1H 

U2L 

lRSL 
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µPD7810Hl11H ttiEC 
64 PIN PLASTIC 
QUIP OUTLINE (Un~ : mm) 
iJ>07810HG/µP07811HG 

1---· -··--41.BMAX. 

~3 

64 PIN PLASTIC 

Jb- I 
'-------39.37------J 
When ordering this package, specify as follows: 
id'07810HG-36 
id'07811 HG-xxx-36 

QUIP PACKAGE OUTLINE 
(Unit: mm) 
µP07811HG 

E:::3 
nc==1l 

~~-~~ 
19.05:t1 .os---------! 
24.13t1. 

(aaaa - - - --- - ----- - - -- -- - - -------- - -- aaaa} =J 
When ordering this p1c:klge, specify n follows: .,.P0781 IHG-XXX-37 
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NEC 
64 PIN PLASTIC 
SHRINK DIP OUTLINE (Unit : mm) 
µPD7810HCW/µPD7811HCW 

58.67MAX 

~t:~::: ::::::: :: : :: :::: ::: :J 01 
1 TI 

""-_1 
~, 

µPD7810H/11H 

19.05 -·--- __ __, 

l.-1---------,Gj s t \ 
I I 1.0 1.78,0.18 JG,,,~ I :::i ~ 0-:-;S 

i- -·-·--·----22..'1- -·-

When ordering this package, specify as follows: 
µPD7810HCW 
µPD7811HCW-xxx 
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PRELIMINARY 

ELECTRICAL SPECIFICATIONS 

AND PACKAGE OUTLINES FOR 

µPD78C10/78C11/78C14* 

• Note: For µPD78C14 this specification is only target and some parameters, especially DC Characteristics 
and Absolute Ratings, may change without notice 



NEC 
ABSOLUTE MAXIMUM 
RATINGS 

OPERATNG CONDIT10N 

CAPACITANCE 

1Ta-25"C) 

Param-

Power SulJllly VOitage 

Input Voltage 

OUput Yol1age 

OUlpo.t Current Low 

0Uput Current High 

Relerence Input VOitage 

Operating Ternperalure 

Storage T~lure 

<Ta •25°C, Yoo•Vss= OVJ 

l'aralTmsr 

l"IU Capacl1ance 

OUtput Cepecilance 

VO Cepecitance 

Symbol 

voo 
All[)() 

AllSS 

VI 

VO 

IOL 

ICJH 

VAff:F 

Topt 

Tstg 

Symbol 

Ci 

co 
Cl<> 

4-229 

µPD78C10/C11/C14 

Test Condiion -ngs Uni 

--0.5 ID +7.0 v 
AllSS lo VOO + 0.5 v 

--0.5 ID +0.5 v 
--0.5 ID V[)() +0.5 v 
-0.5 lo voo +o.5 v 

All OUlpo.t Pin 4.0 mA 

All OUlpo.t Pin Total 100 mA 

AU OUlpo.t Pin -2.0 mA 

All OUlpo.t Pin Total --50 mA 

--0.5 ID AV[)() +0.3 v 
IXl7\L :5i 12MHz --40 ID +85 'C 

~ID+150 'C 

I 

Ta 

-40"C ID +85°C 

! Tes1Condilion MN TYP MAX UNIT 

~ fc-1MHz 
10 pf 

Unmeesurec:t Pins 20 pf 

l Returned 1o av 20 pf 



µPD78C10/C11/C14 

~Ta= .40 .. c to •SS c. 1100 = •5 av• ,oo..,. Vss = ov1 

Parameter 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Oulput High Voltage 

Input Current 

Input Leakage 
Current 

Oulput Leakage 
Current 

t--~VaD Supply Current 

VDD Supply Current 

Symbol 

···~· 

Test Condition 

All except RESET. STOP. 
NMI. SCK, INT 1, 
Tl. AN4 to 7 

RESET. STOP. NMI. SCK. 
INT1. Tl. AN4 to 7 

All except RESET. STOP. 
NMI. SCK, INTI, Tl, 
AN4 to 7. Xl, X2 

RESET. STOP. NMI, SCR, 
INTI, TI, AN4 to 7, 
Xt,X2 

VQ~~:;_ 2.0mA _ -

MIN i lYP l MAX : UNIT 

2.2 

I 

1 
I 

o.BVDD: 

0.8 v 

l 

"=1-'-
Voo : V 

--~'---

voo v 

--+----
0.45 v 

voD-1.0. v VoH f~=-1.0mA 

•-------· _1_0~-tOOµA 
, INT1, TI (PC31: 

____ v~D~D_-o_.5-+----r ___ -t--"-
OV:OV1:0VDD 

All except INTI, Tl (PC3), 
OV:SV1::SV00 

OV:>Vo:OVDD 

:±200 µA 

---~ t----
1 

I ±10 µA 
I 

-+---+----+---±-1~ t-;-
AIDD 1 ___ ----+---+-0.3 1.0 mA ---
ID01 Operation mode f=t2MHz 15 30 mA 

---+----+---f----t-----i 
I002 HALT MODE f=t 2MHz 

Data Ret_e_-n-tio_n_Vo-lta_g_e ___ ,__V_DD-OR 
1 ~;~~~oftware j 2 ~ 

Hardware/Software 

Data Retention Current IDDDR 1 STOP Mode._ V_OODR_ ::__2_.sv_ --- t 

VDDDR = 5V±10% 

10 20 mA 
-- -

v 

-------
15 µA 

10 50 µA 
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DC CHARACTERISTICS 



NEC 
AC CHARACTERISTICS 
READ/WRITE 
OPERATION 

µPD78C10/C11/C14 

(Ta= -40CC to +85CC, V00 = + 5.0 V ± 10%, V58 = OV) 

Parameter 

Xl Input Cycle Time 

MIN 

83 

MAX Unit 
+---+-

250 ns 

Address Setup to ALE. 

Adress Hold after ALE. 

Adress to AO. Delay Time 

RO. to Address Floating 

Adress to Data Input 

I s~:~l--+t----"-e•_I Condition 

----·- ~ I :::::---~- 1.: I r:: 
----+I- ~DR:_ ~:433.. :44_ ---- -+--~-3-~-a ~: 

ALE; to Data Input 

RO. to Data Input 

ALE to ADt Delay Time 

Data Hold after RD' 

Ai)f to ALE' Delay Time 

RD Width Low 

ALE Widlh High 

Ml Setup lime to ALE. 

~ ~ _ _L _____ 215 ns 

"'" •3, •4 180 ns 

IL• '3, •4 

•4 0 i 

•3 •4 115 

L=D~ta Read, '3, •4 . - · 280 , - ns 

IRR : OP code Felch. '3, •4 - -----r-sJo-r- ns 

------

~-ILL -+ _ •3,-.4---- m. 125._ ~ 
...., •3 -Lss l - ns_ 

iOtM Hold Time atter ALE. 

Address to WR. Delay 

_-+~_ i :: ~ :: 
~ __ IL_1 __ i _ •3 ~_[ 50 + ns 

------
t..w 

!Low :-:-: :-:--- _------r-~50 -r-1~9 t -ALE+ to Data Output 

WR. to Data Output 

ALE to WR:. Delay 
-----

Data Setup Time to WR' 

Data Hold Time after WR· 

WR~ to ALE • Delay Time 

WR Width Low 

± lwo ' ~ 100 ns 

- i.__;· 4 
' low 

IWL 

'3, •4 

'3, •4 

'3. •4 

'3, •4 
------- -------

'3. •4 

4-231 

35 ns 
t-

230 ns 

95 ns ·--------+- - ---
115 ns 

280 ns 



µPD78C1 O/C11/C14 

Parameter 1 Symbol1 

ICVK i SCR Cycle Time 

Test Condition 
~--·-·-

SCK lnpu1 
; •5 

·e 

. MIN T MAX I UNIT t--- ---<'----< 

· 500 ns 
l-1 l'-~ 

SCK Output 2 J l'8 
_j_ f ···--

r-----
420 ns ----· -l- --

SCK Width Low 200 : ns 

900 I ns 

420 ~ 200 

900 ns 

---i -r------- -------

~~ lnpu1 }1----::--
SCK Output 

SCK Width High IKKH 

80 I ns 

80 ns 

210 I ns 

RxD Setup nme to SCK I ~~K •5 
l--R-;;;)Ho;;;T~~-----~~}c ____ +--.-5---------+---+----~--~ 

SCK • to TxD Delay Time ' lt<TX "5 

(Ta s -40"C to +B5"C, Voo=+5.0V ±.10%, Yss=AVss=rN. vao-O SY s AVoo:s Yoo. ... ov s YAREFSAVOQI 

Parameter Symbol Test Condition MIN TVP MAX UNIT 

Resolution 8 T Bits 

Ta= -10"C to +50"C, ' 
0.4%±1/~ I LSB 83ns :5 ICVC :5 170ns 

Absolute Accuracy 83ns s tcVCS: 170ns 0.6%±1/~ LSB 

3.4V :5 VAREF :5 AVOO 10.8%±11~ LSB 
83ns :5 ICVC:S 170ns 

83ns :5 ICVC:S 110ns 576 I I ICVC 
Conversion time ICONV 

110ns :5 ICVC :5 170ns 432 ICVC 

I 83ns :5 ICVC :5 11 Ons 96 I ICVC 
SampllngTime ISAMP 

110ns :5 ICVC :5 170ns 72 ICVC 

Analog lnpu1 Voltage VIAN 0 VAREF [ v 
Analog lnpu1 Impedance RAN 1000 MC 

VAREFCurrent IAREF 1.5 ! 3.0 mA 
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AC CHARACTERISTICS 
SERIAL OPERATION 

AID CONVERTER 
CHARACTERISTICS 



NEC 
ZERO-CROSS 
CHARACTERISTICS 

OTHER OPERATIONS 

fl 3 = ·4o<'C to +85"C. Voo = +5 OV±10%, Vss .. OV) 

Parameter Symbol 

Zero-Crass Detection lnpul Vz:x 
Zero-Cross Accuracy Az:x 

Zero-Cross Detection Input Frequency lzx 

!Ta - -40"C to +85'\::, Voo - +5.0V ± 10%, Vss = OVl 

Parameter Symbol 

Tl width high, low ITIH. ITIL 

Cl width high, low 
ICl1H· ICl1L 

ICl2H· IC12L 

NMI width high, low INIH. INIL 

INT1 width high, low ~1H· ~1L 

fNT2 width high, low ~2H· ~2L j 
RESET width high, low IRSH· IRSL 

*1 For XTAL oscillation, following circuit is recommended. 

"2. la= +25'C, VDD = 5 V 

"3 IXTAL = 12MHz 
"4. Load Capaci1arx:e: CL= 150pF 

Test Condition 

AC Coupled 

60Hz Sine Wave 

Test Condition 

Event Count Mode 

Pulse Width Measurement Mode 

•5_ x1 Clcx::k Rate in Asynchronous Mode, Synchronous Mcxle. l/O Interface Mode 
*6. x16. x64 Clock Rate in Asynchronous Mode 
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µPD78C10/C11/C14 

i MIN MAX UNIT 

1 1.8 VACp-p 

1 ±135 mV 

1 0.05 1 kHz 

MIN MAX UNIT 

6 tcvc 
6 tcvc 

48 tcvc 
10 µs 

36 tcvc 
36 tcvc 
10 µs 



µPD78C10/C11/C14 

Parameter 

X1 inp~:-"ld~~ ~~-h __ . 

X1 input width low 

Xl input rise time 

X1 input fall time 

2.4V 

0.45V 

Symbol 

IOH 

IOL 

tr 

2.0V ~ Me1su~ement --- 2.0V 
O.BV Points -------.. 0.BV 

Test Condition MIN 

30 

30 

4-234 

MAX UNIT 

250 ns 

250 ns 

30 ns 

30 ns 

NEC 
AC TIMING 
MEASUREMENT POINT 

EXTERNAL CLOCK 
TIMING 



NEC 
BUS TIMING 
DEPENDING ON ICYC 

µPD78C1 O/C11/C14 

Symbo_I --+-- Calculating Expression MIN.IMAX. units 

\AL 2T - 100 

ltA t· T-30 

MIN , ns 
- ---------r-- ---------+------ -

. MIN ns 
----+------- --------

\AR____ 3T - 100 -------;- MIN ns 

\AD ____ n_-_220 +--- MAX ns 

ILDR _ 1 ________ ST - 20_0___ ~ MAf=F--- _ris ___ _ 

IRD ----J _____ 4T- 1SO ------,---- MAX~- n_s 

~c-- -' ---_--- 4T~S~~--:-:-Rea_d)_ - - - - ~::-----
ns 

ns 

:~ n - 50 ~-c4a:e Fetch) __ -___ _ ::: l =~-:-:---< 
IML 2T- 100 MIN ns 

------

~ ;~~~ _J_--~~- ~: -
1-"IL,._1 _______________ T_-_30______ __M_l_N__ ns 

\AW 3T- 100 

~~w --== . -------~-~~~ 
tow 

LIW-=D:.:.H'-----+-­
IWL 

: l 

4T - 100 

2T - 70 
-----

2T- so 
4T- 50 

12T (SCK lnpuQ ·1 

24T (SCK O_utp_ut'-1 __ 

MIN 

MAX 

MIN 

MIN 

- 1 MIN 

+-_____ ST_+ s iSCK lnl)lJ1)_2 ___ ----~ 
lKKL MIN 

12T - 100 iSCK Output) 

ST+ 5 (SCK lnpuQ ·2 
----

12T - 100 (SCK Output) 
lKKH MIN 

____ I __ 

Note 1 In case of x1 clock rate in asynchronous mode, synchronous mode, or 1/0 interface mode. 
2. T = ICYC = 111XTAL 
3_ Parameters which can't be found in this table don't depend on oscillation frequency {fXTAL) 
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CHARACTERISTICS 
CURVE 
- REFERENCE -

c 

~ 
u , 
~ 0.2 

0 

5.0 

c 

~ 
u 

IT, 0 25 CJ 

Output Voltage High \IS Outpul Current High 

I 
I 

5 OV1 

' Vee s sv 

Vee 4 5v 

• 
Output Voltage High VQH [VJ 

Output Voltage Low vs Output Current low 

~ 2.0 >----U.'---t---------+-----'--' 
8 I 

50 100 150 200 

Output Voltage Low Vol (mV] 
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TIMING WAVEFORM 

Read Operation 

._ icvc-

X1 

P07~0 

• 1LL i::: I-LA-; ______ ; 
ALE 

RD 

MODEl 

tiVl'o-1 

MODEO 
(10/Ml"2 

µPD78C1 O/C11/C14 

1AO --lREAO DATA 

'LOR - ;_ 1AOH 

-- 1AL·-- -------

•1 M, is outpur at 1he feted" cycle of the 1s1 byte of the 1nstruct1on in case that MODEO and MOOE1 pms are connected to Vee 
through R. 

•2 fOJM is output only when registers br·sr1) are read in case that MODEO and MODE1 pim are connected to Vee through R. 
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TIMING WAVEFORM 

Write Operation 

1LlJW 

PDl-0 WRITE DATA 

~f- tLA tow -1- IWOH·-- -

ALE _/ I ~·~--'w_'_'~~~~~~~~~I ~~~__,/ 
~ 'AL '1 - rvwv .... --·---4 ,r __ tw_L_---__ ! -------

j. ,-
1 

IAW! 
'LW _.j 1\---------------' 

I 

~llL---j t- tu ~~------------------------

•3 iOtM 1s output only when reg1S1ers (sr-sr2) are written in case that MOOEO and MODE1 pms are connected to Vee through A. 

Serial Operation 

TxD 
RxD_tL .... r-
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TIMER INPUT TIMING 

trlH 

TI 

TIMER/EVENT COUNTER INPUT TIMING 

EVENT COUNT MODE 

CI 

PULSE WIDTH MEASUREMENT MODE 

IC12H 

Cl 

µPD78C10/C11/C14 

ICl1L 

IC12L 
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INTERRUPT INPUT TIMING 

tNIL 

NMI 

tl1L t11H 

INTl 

~2H 

iNf2 

RESET INPUT TIMING 

IRSL 

RESET 
0 .8V l'------'I 

EXTERNAL CLOCK TIMING 

XI 

,, 
'OL 

ICYC 
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DATA MEMORY 
STOP MODE 
DATA RETENTION 
CHARACTERISTICS 

DATA RETENTION TIMING 

fTa--40"Clo+85°C) 

Parameter 

Data retention power 
suppty voltage 

Data retention pcwer 
supply current 

VOO rise, fall time 

STOP setup time ID VDD 

SfOP hold time from Voo 

voo 

Symbol Test Condition 

VDDDR 

VoooR •2.5V 
IDOR VoooR = 5 v ±10% 

IRVD 
IFVD 

fSSTVD 

fHVDST 
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MN 1YP MAX UNT 

2.5 5.5 v 

1 15 l iiA 
15 50 iiA 

I T 200 "" 
12T 

"" +0.5 

12T ' T +0.5 l "" 



µPD78C10/C11/C14 

64 PIN PLASTIC 
QUIP OUTLINE (Unit : mm) 
µPD78C10G/µPD78C11G/µPD78C14G 

11miiiU3 
- 39.37 -

-~L_ j 
When ordering this package, specify as follows: 
µPD78C10G-36 
µPD78C11 G-xxx-36 
µPD78C14G-xxx-36 

41.BMAX -~--·-- -

64 PIN PLASTIC 1-4-------41.SMAX.--------' 

FLAT PACKAGE OUTLINE 
(Unit: mm) 
µPD78C11G/µPD78C14G 

JJT 
"' 0 -

"~ 
0.5±0 1 

(oaoo---- -------0000) ~1 

When ordering this package, specify as tollo~ µP07BC11G-XXX-37 
~P078C14G-XXX·Jl 
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Fl 1.5 

Ii 
1..L-----------------,'°+-T 

-'Ct + M 

Jlo5~ I .t ~ 

T.78MAX 

L ---------~-1-~ 

18.7 ! 0 . .C 

1." ..... j t -OOli L,, .. , 
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64 PIN PLASTIC 
SHRINK DIP OUTLINE 
(Unit: mm) 
µPD78C1 OCW/C11 CW 
µPD78C14CW 

f'----\ 
~ 

64 PIN PLASTIC 
FLAT PACK OUTLINE 
(Unit: mm) 
µPD78C10G/C11G 
µPD78C14G 



µPD78C10/C11/C14 

68 PIN PLASTIC LCC 
PACKAGE OUTLINE 
µPD78C10UC11 UC14l 

2s.2±02 

0.,, 
""":~ 

'i'9 
t-ir+--Hti-rnHti-n-n-"f"'l"'f""l"f"l'"rTH~.,.,.,..... ...... ,..,..,......Hli...--1~=1.g 

0 

:; 0.40±0.101+10.12tifl 

23.12±0.20 
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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 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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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 

- Single-chip microcomputer (uCOM-78K series) 
- 96 instructions with many addressing modes 

- 16-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 CROM/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 

- B-bit A/D converter with 4 input channels and sample-and-hold 
- IIO ports 

- B dedicated input lines 
- up to 32 I/O lines CuPD78312l 
- up to 20 I/O lines CuPD78310l (for 4K-bytes of external memory) 

- General-purpose serial communication interface <with dedicated 
baud rate generator> 

- Asynchronous mode, I/O interface mode 
- Interrupt request controller 

- Vectored interrupts 
- Context switching 
- Macro service function 

- Pseudo static memory refresh pulse output 
- watcl)dog timer 
- Time base counter 
- Standby function {STOP/HALT) 
- CMOS circuitry 
- Single power supply 
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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 BK 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 registers. Memory access and 
I/O paths are 8-bits wide, but all of the arithmetic can be 
performed to a precision of either 8 or 16 bits. In 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/O 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 
I/O, 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, logic, 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. 
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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 ~n 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 OMA. 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 Rl5, and when considered as 
16-bit registers they are referred to as RPO through RP7. Thus 
RPO consists of RO and Rl, RPl consists of R2 and R3, and so on. 
In addition RPO is referred to as AX, RPl as BC, RP4 as VP, RPS 
as UP, RP6 as DE, and RP7 as HL. A (RO) is the 8-bit accumulator, 
and AX CA 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 (RPS) 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 
SK bytes are occupied by internal ROM, and the rop 512 bytes are 
occupied by internal RAM and the special function registers. The 
remaining addressee are available for external memory. Interrupt 
vectors occupy the bottom 64 bytes (addresses OOOOH to 0040Hl • 
The next 64 bytes (addresses 0040H to 007FHl 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 BK ROM is available for user 
program. 

The address space from 2000H through FDFFH is 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 (CCWl 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/O 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 FEFFHl is used for general register 
storage, and the top 32 bytes of this area (FEEOH to FEFFHl 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 O 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 FFFFHl 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 Call except 
the first 0020Hl 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 available. All 
byte instructions using an immediate source and the A register as 
a destination operate in the minimum time of three machine 
states. 

There are ten different methods of addressing any location 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 used. In 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 Bl 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. POSH 
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 PUSHO and 
POPU. The last two transfer registers to and from a user stack 
specified by RPS. Bit 5 of the selector byte of these 
instructions selects the PSW, in not being useful to PUSH RPS 
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 (STBCl 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 Cone 
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 CBRKCSl which specifies a new register set. Return 
instructions include RET which pops the PC from the system stack, 
RTl 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 
~ocations. A •decrement and branch relative if not zero" CDBNZl 
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). Add, 
subtract and compare instructions operate on words. All of these 
instructions operate on CPU register, special function registers, 
and SDMEM locations: 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 locations 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. Interrupt 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 CMSP), the third byte is a pointer to the 
special function register CSFRP), 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 is 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 I/O. 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 <PMnl. 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 l 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 TFO. The transfer can 
also be made by software command. The entire Port l is available 
for bit-selectable input or output. The low nibbles of Ports 2 
and 3 are never available for I/O 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/O, 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 used 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 
CFFBOH 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 CTFO or TF2l 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 (TOO 
and TOll, which are complimented whenever a timer flag is set. 
TOO is associated with TFO, and TOl is associated with TF2. The 
flip-flop outputs are available for use by external devices. 
Alternatively timer o (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 TFO 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 16-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 CLRll which 
causes the capture of its contents in the first capture register 
CCROO and CRlOl and clears the counter. Because CLRO and CLRl 
share output pins with TOO 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 
(CROl and CRlll 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 INTEll 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 loaded, the 
refresh is completely transparent and independent of the program. 

POLSE-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 low 
nibble, each one independently, or the entire byte as a unit, may 
be treated lin this manner. Timer flag TFO, TFl, or both are used 
to initiate the transfer. If only one nibble is used, the 
remaining one is available for normal_input/output. 

A/D CONVERTER 

The chip also contains an 8 bit successive approximantion AID 
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. 
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SERIAL INTERFACE 

The uPD78312 contains a serial interface which may be used in 
either an I/O 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 CSCC), 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%. In this asynchronous 
communication mode character length (7 or 8 bits), parity, and 
the number of stop bits Cl or 2) are specified in the serial 
communication mode register CSCMl. 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 I/O interface mode transmission is accomplished by 
clocking 8 bits out to the transmit buffer CTXB) 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 CRXB). 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. In addition, to guard against tight loops 
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, I/O 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 
I/O. If required for slow memory, O, 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 (RFMl 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 higher than the 
current one will re-start the processor immediately. In the 
second, the STOP mode, both the processor and the clock are 
stopped. In this case either a system RESET or an external non­
maskable interrupt is required to re-start the system. It is then 
necessary to wait for the clock to stabilize before the CPU may 
be re-started. The watchdog timer is used to time the necessary 
wait, and the program is re-started at either the reset vector or 
the non-maskable interrupt vector. 

Either of these modes can be entered by setting the appropriate 
bit in the standby control register (STBC). The register also 
contains a flag CSBF) which should be set by the program when the 
stop mode is entered. This bit is cleared at initial power-up , 
so the reset routine is able to determine whether the system has 
been started after power-down or is merely being re-started from 
the stop mode. There is one additional method of saving power. If 
the CKl bit of the STBC is set, the system clock is slowed by a 
factor of 4, i.e. SCLK becomes one eighth of the crystal 
frequency instead of half. The CKl bit is set by external RESET, 
and therefore the software must clear it before the processor and 
peripheral clocks will run at full speed. Like the watchdog mode 
register, the standby control register is a protected location 
and can only be written by a special instruction. 
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Parameter Symbol Test Conditions Ratings Unit 

voe -05-+7.0 v 
f------C---- ·-- - - ----------- --- -·---

Power Supply Vollage VREF -0.5-voo v 
f- - ------

AVSS -0.5-+0.5 v 

Input Voltage V1 -0.5-+7.0 v 

Oulput Voltage Vo -0.5-+7.0 v 

Outpul Current Low IOL 
All Output Pin 4.0 mA 

All Output Pin Tolal 100 mA 
---

All Output Pin - 1 mA 
Output Current High IQH 

All Output Pin Total -25 mA 

Operating Temperature Topi -10-+70 oC 

Slorage Temperature Tstg -65-150 oC 

Parameter 
Condition Ta l voo Osc. Freq. 

fxxS12MHz l -10-+70"C +5.0V±5% 
fxxS 9MHz With Refresh Mode 

(Ta=25°C, Voo=Vss=OV) 

Parameter Symbol Test Conditions Min. Typ. T Max T Units 

Input Capacitance C1 10 ! pF 
l----j 

20 I pF 

-r20 I pF 

Output Capacitance CQ 
-----+------< 

110 Capacitance CIQ 

f=1MHz 
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µPD78310/312 

DC CHARACTERISTICS 

PRELIMINARY NEC 
(Ta= -40°C to +85°C, voo= 5.0V±5%. vss=OV) 

---------~--;=--:t Condition ___ __ I ~ Typ 

EXCEPT EA 0 

- -- ------- -

P~_rameter _----i_ Symbol I 

tnpul Low i V1L 

Voltage ! VIL2 EA 
lnpul High 
Voltage 

Ouplput Low 
Vollage 

Output High 
VoUage 

Input Curren! 

Input Leakage 
Current 

Output leakage 
Current 

AV REF 

Voo Power 
Current 

voo Halt 
Current 

voo Stop 
Current 

Data Retention 
Voltage 

ViHI All excep1 X2, X1, RESET, P20/NMI 

VtH2 X2, X1. RESET. P20/NMI 

VOL : IQL= 2 OmA 

VQH IQH~-400µA 

RESET, P20/NMI, 0 45V<Vi<Vcc 

IU 

ILQ 

AIREF fCLK= 6MHz 

IDD1 Running Mode. ICLK = 6MHz 

1002 Hall Mode, fCLK = 6MHz 

IDOOR ' VDDDR ~ 2 av 

- VDDD~-r ~~~o~~:0;'!5% 

5-16 

22 

38 

2.4 

----+ 

t--

1.5 

30 

0.1 
~ 

2.0 

Max 

08 

0.5 

voo 

voo 

0 45 

±10 

±10 

±10 

90 

15 

04 

Unit 

v 

v 
v 

v 

v 

µA 

mA 

mA 

mA 

mA 

mA 

v 



NEC 
READ/WRITE OPERATION 

Parameter 

Internal System Clock ·1 

Address Setup to ALE l 

Address Hold lrom ALE • 

Address to R5. delay time 

RO+ to Address floating 

Address to Data output 

ALE~ to Data Input 

R5 l to Data Input 

ALE ; to RD. Delay Time 

Data Hold Time from R5' 

RD t lo Address active 

Symbol 

ICLK 

IAL 

ILA 

IAR 

IAF'R 

IAO 

j_IL_OR-

IRO 

T-ILR 
IRDH 

IRA 

I 

-- -----------· -·1 

AD t to ALE ~ Delay Time L __ IRL __ ) 

RD Width Low ' IRA 

ALE Width High ILL 

Address to WR. Delay 

ALE • to Data Output 

WR+ to Dala Output 

ALE• to WR. Delay Time ·2 

Data Setup Time to WA 1 

Data Setup T 1me to WR • 
Data Hold Time from WR • 

WR• to ALE · Delay Time 

WA Width Low 

Notes: 

-1 

1AW 

ILDW 

twD 

ILW 

ILW1 

•ow 
tows 

IWOH 

twL 
tww 

j _ 

I 

PRELIMINARY 

(Ta= -40"C to +85°C. VDD = 5.0V±5%. VSS = OV) 

Test Cond1hon M,n Max. Units 
------

166 I 
~ 1n Refresh Mode i - 222 

-f 150 

ns 

ns 
-

"3, CL~ 100pF, 1- 30 
AL= 2kO 

--1-

m Refresh Mode 

·3 

230 

-1 
60 

50- r 
100_,_ 

200 

120 

0 

4101 
230 i 
180 

ns 

ns 

ns 

ns 

----= I ns -
i ns 

----1-~s 

ns 
L__ 

300 , ns 
-------t-190 ! 

100 ·- j ____ ns--= 

30 

110 _L_ ns 

150 ns 

30 ns 

20 --r ns 

110 ns 

200 

•1. Internal System Clock is derived from fXTAL by dividing by 2 or 8, selectable with the 
STBC register Table above are lor following conditions: 

IXTAL = 12 MHz, SCLK = fXTAL/2, !eye= 1 llXTAL 
•2. During Refresh pulse generation the falling edge of WR is delayed for 1/2 cycle 
•3. tAL speciefied also for Halt Mode, with condition VQH. VOL held during Halt Mode 
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µPD78310/312 PRELIMINARY ft/EC 
SERIAL OPERATION 
(Ta = --40"C 10 +85"C, Voo = 5.0V±5%, Vss = OV) 

AC CHARACTERISTICS Parameter Symbol Test Conditions Min Max. T Units 
------ -----------

SCK ·1 1 33 1.s 

SCK Cycle Time 
Output 

I ICYK CTS ·2 133 µS 

Input CTS •3 µS 

SCK '1 580 ns 

SCK Width low IKKL 
Output 

CTS '2 580 ns 

Input CTS ·3 420 ns 

SCK ·1 580 
Output 

SCK Width High CTS lKKH '2 

I 
580 ns 

Input CTS •3 420 

Crs Width High/Low 
t·· 

ICTSH, ·4 

j 
ICLK 

tCTSL 

RxD Setup Time to scK • IRXK 80 ns 

RxD Hold Time from SCK t IKRX 8G_=r=·=-· .L. 
ns 

SCK t to TxO Delay Time lKTX 210 ns 

AID CONVERTER CHARACTERISTICS 
(Ta= -40"C to +85"C, Vss=AVss=OV, 3.4V:;>VAREF;::;; Voo. Voo=+5V±5% 

_l Symbol Test Condition Min. Typ. Max. } Unit Parameter 

. }_ +--- .i.s.;1 --1 

I
. ·Lila= -10"Cto 70° I · 

83ns < t < 170ns .. +---+-0_·4_%_±_1~2 ' LS~_B_ Absolute , ___ - eye- · 
Accuracy 63ns:iiitcyc~ 170ns 0.6%±112 LSB 

---··----_L ___ .L:.4V"VREF"VDD o.8%±112~s.s_-l 
Conversion I : 83nsS:tcyc:5125ns 360 tcyc 
Time I TCONV -. --------------+---+---+-----

,_ ________ _i,_ ______ 125ns:5tcyc:iii250ns 240 : tcyc 

s_ampling I I 83ns:Stcyc::ii 125ns 72 I tcyc 

Time TSAMP 1 :25ns ;5 tcyc ~ 250ns 48 '; : lcyc 

:::i~~~~:~:tmpeda~~-~-:N_N_ .. ____ ----+---a. 1000 __ :'_A:REF -l :Q--
1-·Analog Relerence V~i~REF 3.4 Voo ±-v--

AVREF Current I IVREF I tcyc = 12MHz 1 .5 5.0 I mA 

Resolution 
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UP/DOWN COUNTER INPUT (Ta= -40°C to +85°C, Voo = 5.0V±5%, vss = OVl 

Parameter Symbol J Tesl Conditions Min, } 

CIO, Cl1 High/low Time -~~ __ 1 ___________ i----_:_
3 

_J_ 
CTRLO, CTRL 1 High/Low Time tCTLH. ICTLL . -i-

----- -; 1nMod.3.cii>roorammed --
_G11ll.~ CTRL1 Seluprome agai~I- t __ ~~ _;_!""!"'!'.!'!<!!...... _____ _ 

ClRLO. CTRL 1 ttlld T1111e against Cl t tCICTH 1 '"MtKle 3. a Pfll'ilramme:i 
-------- - ---- -------!---'-------- I, "'"-"""""---- --

CLRe.i. CLR1 High/low Time ICLRH. tCLRL 

Max, Units 

ICLK 

ICLK 
-------

ICLK 

ICLK 

tCLK 

INTERRUPT INPUT (Ta = -40"C to +85°C, Voo = 5.0V±5%, Vss = OV) 

Parameter I Symbol Test Conditions i Min Max. Units 

NMI Input High/Low T tNIH, tNIL ~ 10 IJ.S 

~!EO Input High/Low T uo~:..!~?.-~- --- --------t--~ 3 - ~~-----

~;~ :~s-:~~;----~s~=-•: --=-==-== =t---%·-== :~~: 
RESET lnpul High/Low ; IRSH, tRSL j ! lO ----~ ... ----< 

X1 INPUT (Ta= -40°C to +85°C, Voo = 5.0V±5%, vss = OV) 

r:irameier Symbol Test Conditions Min Max. Units 

X1 Input High IOH 30 

-~~-1 
ns 

X1 Input Low IQL 30 ns 

X1 Rise Time I tr 30 ns --------. . r--------X1 WTI~ U i 30 ns 

X1 . Cycle Time -·- ... tx ] 83 250 ns 
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AC CHARACTERISTICS 

PRELIMINARY NEC 
BUS TIMING DEPENDING ON tc:yc (T= 1/SCLK=2 !eye min) 

Symbol Calculation Expression Min./Max. Units 

IAL 3T/2-100 

IAR 2T-100 

IAD ?T/2-170 

ILDR (2+n) T-100 

lRD (3/2 + n) T - 70. 

ILR T/2 - 20 

IRL T-50 

IRA 0,5T-30 

lRR (3/2 + n) T - 50 

ILL T-40 

IAW 2. T-100 

ILDW 0.5T + 110 

ILW T/2-20 

ILW1 T-50 

tow 3T/2-100 

ILW1 T-50 

IWDH T/2-60 
f---

IWL T-50 

tww (3/2 + n) T - 50 

Notes: 
1. n =number of Wait cycles programmed in MM register 

(Memory Mapping Register) 
2. T = 1 /SCLK (SCLK is internal system clock) 

T=a) 2 tcyc 
b) 8 !eye depending on STBC register 

calculation above is done tor case a) 
3. items not appearing above are not depending on SCLK 
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Min ns 

Min ns 

Max ns 

Max ns 

Max ns 

Min ns 

Min ns 

Min ns 

Min ns 
--

Min ns 

Min ns 

Max ns 

Min ns 

Min ns 

Min ns 

Min ns 

Min ns 

Min ns 

Min ns 
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TIMING CHARTS 

READ OPERATION (NO WAIT) 

P5 

P4 

ALE 

! 'LAf---~1\-------+-' 

t----- ___ IAR--::-~~~--------< 
1LDR 
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TIMING CHARTS 

P5 

P4 

ALE 

WR 

PRELIMINARY NEC 
WRITE OPERATION INO WAITI 
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TIMING WAVEFORMS (CONTINUED) 

REFRESH BUS CYCLE I 
I '--- Refresh Cycle ------, 

SCLK 

'3 L IRPR 
........., .. ~-\ 

1 I'-
r Ip 

ALE 

~ ICRD 

Symbol Calculating Expr. 

ICRD (1.5+n) Icy,; - 40 

- IRD~-":1.:~c;-4o_ -
Ip 5.5 lcyc - 40 

~~--~~5-~_:_.io- -
IC (7+n) lcyc - 40 - .. -----------··- ·-
IRC 5 lcy,;-40 

Notes: 

IRDP----1 

• IXTAL = 6MHz 
1 -·-- .--:-:--

Min Max 

210 

210 

840 

540 

1120 

760 

IC 

147 

147 

647 

397 

l 835 

585 

1. 1cyc = 1 /fXTAL, Divide ratio internally: SCU<- 1 /2 IXTAL 
2. n =Number of Wail cycles programmed in the MM register 

(Bits PW1, PWOI 
3. for WR signal the dotted line is valid 
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IRC 

J 

l fxTAL ~ 1 OM Hz 

I Min Max 

j__110_ -

L I-

Units 

ns 

)~ t-------t--~~--
1 510 ns 

--·r··-· -·· --
1 310 ns 

-~-------- -
_ J ___ ~~o__ ns 

I 460 ns 



µPD78310/312 PRELIMINARY NEC 
AC TIMING TEST POINTS 
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TIMING WAVEFORMS 

1/0 INTERFACE MODE 

ICYK ---~ 

SCK 

TxD --------'K_'~===============--_;-~ ~-~----_-_-_-_-_-_-_-_ 
1/0 INTERFACE MODE 

~--- tCYK ___ ____., 

'( IKKL 

RxD 

IKRX-----< 

CTS HANDSHAKE SIGNAL 
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µPD78310/312 PRELIMINARY NEC 
TIMING WAVEFORMS 

UP/DOWN COUNTER INPUT F ICIH:=-:1 

I \. .I 
____JI t- =J llCTCISj r-- ICIL 1 

f--tCICTH 

Cl 

ICTLL 3,..-------
CTRL 

ICTLH 

CLR 
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INTERRUPT INPUT 

INTE2 

RESET INPUT 

- r-- !RSH ---~r- !RSL 1 
RESET __Jr-- I 

0.8V 
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µPD78310/312 PRELIMINARY NEC 
TIMING WAVEFORMS 

X1 CLOCK INPUT 

10H 

X1 

I If 

~10L 

X1, X2 INPUT CONNECTION 

A.) CRYSTAL CONNECTION 

I 

J_ 
X1 

CJ 

IL T 
I X2 

B ) EXTERNAL CLOCK SUPPLY 

X1 

X2 
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Parameter Symbol 

Data Retention Voltage VDDDR 
----+---

VDO Slop Current 1 IODDR 

PRELIMINARY 

(Ta = -40°C to + 85"C) 

Test Conditions Mm 

2.0 

VDDDR-2.0V 

VDDDR-50V±5% 

5-29 

µPD78310/312 

DATA RETENTION 

DURING STOP 



µPD78310/312 PRELIMINARY NEC 
PINNING OUTLINE 

(QUIL AND SHRINK DIP) 

POO 1 64 Voo 
POl 2 63 P47/AD7 
P02 3 62 P46/AD6 
P03 4 61 P45/A05 
P04 5 60 P44/A04 
POS 6 59 P43/A03 
P06 7 58 P42/A02 
P07 8 57 P41/AD1 
PlO 9 56 P40/ADO 
Pll 10 55 ALE 
P12 11 54 WR 
P13 12 53 RD 
P14 13 52 RESET 
P15 14 µPD 51 EA/Vpp 
P16 15 50 P57/A15 
P17 16 78312/ 49 P56/A 14 

P20/NMI 17 78310 48 P55/A 13 
P21 /INTEO 18 47 P54/A12 
P22/INTE1 19 46 P53/A 11 
P23/INTE2 20 45 P52/A10 

P24/TxD 21 44 P51/A9 
P25/RxD 22 43 P50/A8 
P26/SCK 23 42 P37/CLR1 /T01 
P27/CTS 24 41 P36/C R LO/TOO 

RFSH 25 40 P35/PWM1 
P30/CIO 26 39 P34/PWMO 

P31/CTRLO 27 38 AVss 
P32/Cl1 28 37 VAREF 

P33/CTRL1 29 36 AN3 
Xl 30 35 AN2 
X2 31 34 ANl 

Vss 32 33 A:'llO 
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P06 

P07 

P10 

P11 

P12 

P13 

P14 

P15 

P16 

P17 

P201NMI 

P21/tNTEO 

P2211NTE1 

P2311NTE2 

P24/Tx0 

P25/A:r.D 

P26tSCK 

P27/CTS 

RFSH 

PRELIMINARY 

(FLAT PACKAGE) 
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~ 
<( 

~ N ;; g 0 ~ 0 0 
0. 0. 0. > Q_ Q_ 

µPD78312G-xxx-1B 
µPD78310G-1B 
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~ 
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0 0 0 

~ 
<( 
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P41/AD1 

P40/AOO 

ALE 

WR 

RO 

RESET 

EA/Vpp 

P57/A15 

P56/A14 

P55/A13 

P54/A12 

P53/A 11 

P52/A10 

P511A9 

P50/A6 

P37/CLA1/T01 

P361CLROITOO 

P35/PWM1 

P34/PWM0 

µPD78310/312 

PINNING OUTLINE 
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PACKAGE DIMENSIONS, 

PRELIMINARY 

64-pin FLAT PACK 
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64-pin QUIL, bent leads 

PRELIMINARY 
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µPD78310/312 

PACKAGE DIMENSIONS, 

PRELIMINARY NEC 

64-pin OUIL, flat leads 

----11-- 0 .. 0 1 --l 1--
0.26 :g~ 

(aaca -- ----- --- -- ---- ---- -- ---- -occaQ 
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NEC PRELIMINARY µPD78310/312 

PACKAGE DIMENSIONS, 

64-pin SHRINK DIP 
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µPD78310/312 PRELIMINARY 

PINNING OUTLINE 

µPD78310/312L 

&SPIN Pl.CC 

P41/AD1 P35/PWM1 
P42/AD2 P34/PWMO 
P43/AD3 AVSS 
P44/AD4 AVREF 
~&AD5 AN3 
~&AD6 AN2 
P47/AD7 AN1 

VDD11 ANO 
vss ,, 1-++-+----- -------tt-vss 

IC Vss 
~ ~ 
~ ~ 
P02 P33/CTRL1 
P03 P32/Cl1 
P04 P31/CTRLO 
P05 P30/CIO 
P06 RFSH 
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Differences between µPD78P312 and µPD78312, 78310 

The µPD78P312 is a product which has replaced masked ROM of the µPD78312 with the 
EPROM. Table 2-1 shows the differences between these products. 
However, see the µPD78312, 78310 User's Manual for the details of CPU function and 
on-chip peripherals. 

Table 2-1 

Items I µP078P312 I µPD78312 J µP078310 

On chip I • EPROM j • Masked ROM -1 Nol on chip 

:.~;;:·-"_ j :~::,;;'" !~""'"' ~: ~o B_D1~_...__ I P07/QE __ _ PO~-

- N~~ ~--J ~~---- -- --- -~~-
Supply Voltage Range Voo=5V±10% Voo=25Vto60V 

Packages 
1 

• 64-pm ceramic Shrink DIP. with window (DW) • 64-ptn plasttc shnnk DIP (CW) 
e 64 pin ceramic QUIP with window (R) • 64 pin plastic QUIP {G) 
• as OTPROM atso in plastic OUIL {G), j • 64-pin plast~c flal package (G) 

SDIP (CW) and PLCC (l) e 68-p1n plastic LCC (l) 
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µPD78310/312 PRELIMINARY 

A. 1. EPROM Write and Verify 

The µP078P312 has internal UV erasable and electrically programmable read only 
memory (EPROM). For write and verify the EPROM, these pins in the following table 
are used~ 

Pin names Functions 

Vpp High voltage inpul (for write) 

P17-P10 Address inputs (lower 8-bil) 

P54-P50 Address inputs (upper 5-bit) 

P47-P40 Dala inputs (lor write), Data oulputs (for verify) 

PGM/PQ6 l Program pulse input 
f--· 

OE1Po7 Output enable input 

VDD Supply vollage input 
voo=5V±10% at normal operation 
Voo = 6 V at EPROM write I verify 

A.2. EPROM write/verify oparatlon mode 

TheµPD78P312 enters program write/verify mode when ·voo= + 6V. VPP=+ 12.5V" 
are set. There are three operation modes by setting of the PGM and OE pins. 
(other pins must be pulled down to Vss by pull-down resistors.) 

Specify operation mode I 

I ' Operation mode 
Vpp VDD PGM OE 

l L H 1 Write mode 

+12.SV +6V H L Verify mode 
-

H H I Program Inhibit mOde 

A.3 EPROM Write oparatlon 

Fast EPROM data write operation is done in the following procedure. 
(1) Pull down unused pins to the Vss by pull-down resistors. Supply + 6 V 10 Voo and 

+ 12.5 V to Vpp. 
(2) Set initial address. 
(3) Set write data. 
(4) Supply program pulse (active low) of 1-ms to the PGM pin. 
(5) Verify. If written data is right, go to (7), otherwise repeat (3) to (5). 

If the right data is not given even 25 times repetition, go to (6). 
(6) Stop the write operation. That device is bad. 
(7) Additional write. Set the same data and supply program pulse as long as the 

'"number of repeat-times at (3) to (5)" x 3 ms. 
(8) Increment the address. 
(9) Repeat (3) to (8) until the end address. 
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A.4. Timing Chart 

P54-P50 

P17-P10 

P47-P40 

Vpp 
Vpp 

VJH 

Hcpcat X 11mus 

Additional I Write I verily I Wri1<.' I 
~ Address (Upper S-bit) V-__/\ ______ /\______ 

~ Address (Lower 8~bit) V-
___/\~ _____ /\______ 

Data Input 

Output 

voo+, 
voo 

voo 

ViH 

P06/PGM 
VIL 

VIH 

P07 /0E 
VIL 

Fig. 3-1 EPROM Write/Verify Timing 

5-39 

µPD78310/312 



µPD78224 



PRODUCT INNOVATION 

8-B IT CPU FAMILY BOOSTS THROUGHPUT. 

STREAMLINED CONTROLLERS 
UP INSTRUCTION RATES 

s embedded con­
trol applications 
that rely on 8-bit 
microcontrollers 
get more chal­
lenging, current 

generation single-chip mi­
crocontrollers are starting 
to bog down as applica­
tions demand more pro­
cessing in less time. And, 
due to system cost con­
straints, most applications 
can't afford to move to the 
more powerful and costlier 
16-bit all-in-one proces­
sors. To solve that process­
ing dilemma, a forthcom­
ing family of 8-bit control­
lers from NEC manages to 
boost the throughput by 
moving to an architecture 
that resembles the latest 
reduced-instruction-set 
computers. 

The NEC family proces­
sors have more efficient in­
structions that require 
just two clock cycles to ex­
ecute, rather than the typi­
cal 8 to 16 cycles needed by 
such popular chips as the 
Intel 8051 and the Motor­
ola 68HC11. However, 
rather than use its existing 
8-bit microcontroller archi­
tecture, NEC decided to 
create a new, more stream­
lined family-the 78K2 se­
ries-which can execute 
its 65 commands at a rate 
of one instruction every 
two clock cycles. Conse­
quently, with a 12-MHz 

D AVE BURSKY 

clock, NEC's controllers 
have a minimum instruc­
tion execution time of 333 
ns. That time will shrink to 
250 ns when the clock fre­
quency goes up to 16 MHz 
in an upgraded version al­
ready slated for early 1990. 

There will initially be 
three members in the 78K2 
series that will be offered 
in the U.S., the µPD78224 , 
78220, and 78P224. All of 
them have the same re­
sources, except for the 
nonvolatile storage. The 
78224 comes with 16 
kbytes of ROM, 640 bytes 
of RAM and 63 1/0 lines. 
The 78220 contains no 
ROM and can address ex­
ternal memory. And the 
78P224 substitutes on-chip 
EPROM for the ROM in­
struction storage area. Be­
yond those chips , NEC 
plans to release the 78233 
and 78234, which are ROM­
less and ROM-based ver­
sions of the 7822x series 
that include dual-channel 
8-bit digital-to-analog con­
verters and the ability to 
build an 8-channel, 8-bit a-d 
converter (see the figure) . 

Common resources be­
yond the memory include a 
clocked serial channel, a 
full serial UART port, 
three counter-timers (one 
16-bit and a pair of 8-bit 
units), and an on-chip inter­
rupt controller capable of 
two programmable levels 

E L E C 

of priority and two pro­
cessing modes. Also in­
cluded is an instruction set 
suited for control that con­
tains fast hardware-assist­
ed multiplication and divi­
sion operations and bit­
handling commands. 

Tackling complex appli­
cations, the NEC micro­
controller family includes 
special features for real­
time I/ 0 operations, in­
cluding an unusual micro­
service capability. The on­
chip RAM can also be di­
vided into four register 
banks to ease the task­
switching applications. 
Moreover, to access large 
arrays of data, the control­
lers can address as much 
as 1 Mbyte of RAM. On­
chip comparators enable 
designers to configure up 
to eight-channel 8-bit a-d 
converters, two-channel d­
a converters, and 8-chan­
nel analog comparators. 

The macroservice rou­
tine aspect of the I/ 0 chan­
nels makes it possible for 
bit, nibble, or byte-wide 
data to be transferred 
automatically from memo­
ry to a real-time output 
port. This ability frees de­
signers to come up with 
such applications as eight­
variable frequency-duty­
cycle pulse-width modulat­
ed controllers to stepper­
motor acceleration-decel­
era tion patterns. The 
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P20/NMI 

P21-P27/ 
INTPO-INTP& 

P30/R1D 
P31/T1D 

P32/SCK 
P33/S0/SBO 

P27 /INTP6/SI 

INTP3 
P34/TOO 
P35/T01 

INTP1 
INTP2 

P36/TD2 
P37/T03 

INTPO 

POO-P03 

fl04.P07 

PTO-PT7 

Programmable 
interrupt ..... 
control 

UART 

Baud -rate 
generator 

Clocked 
serial 

interface 

Timer/ 
counter 
(16 bit) 

Timer/ 
counter 

channel-2 
(PS + 8 bit) 

Timer/counter 
channel-1 

(PS + 8 bit) 

Real-lime 
output port 
(4bit x 2) 

Comparator 

Internal 
data memory 1911•111 

(384 byte) 

SFR address/data bus ______ .. 
(SFRAD) 

ENHANCED B·BIT 
CPU FAMILY 

Peripheral 
bus 1/F 

Address bus (PAB) 

Local data 
bus (LOB) 

....... ~------. 

Temperature 
register 

PSW 

SP 

Boolean 
processor 

*RAM 

*GR 

*Macroservice 
channel 

(256 byte) 

Internal data bus (IDB) 

PO P1 P2 P3 P4 PS P6 P7 

Internal program 
memory 

(16 kbyte) 

Micro ROM 
microsequencer 

Data bus (PDB) 

Bus 
control 

System 
control 

*uPD78220 has no on-chip 
ROM 

PSO.PS7/ 
A8-A15 

P41J.P47/ 
ADO-AD7 

P6().P63/ 
A16-A19 

P64/Rii 

P65/WR 

P66/Wait 

P67/REFRQ 

ASTB 

X1 

X2 

• 
PACKING MORE FEATURES than the Microchip controllers, the NEC 78K2 series offers serial ports, a virtual 1/ 0 processor, and 
analog-interface circuits that implement a-cl converters, pulse-width modulated controllers, and d·a converters. 

PRICE AND AVAILABILITY 
The PIC 16C54 and C55 will come 
in 18- or 28-lead one-time pro­
grammable plastic or windowed 
reprogrammable ceramic pack­
ages. The 16C54 sells for $2.40 
(2500); the 16C55 costs $2.95. Pro­
duction quantities are immediate­
ly available. The NEC 78K2 comes 
in plastic leadless packages and 
costs $6.70 in lots of 10,000. 

NEC Electronics Inc., 401 El­
lis St., P. O. Box 7241, Mountain 
View, CA 94039; Ian Olsen, (415) 
960-6000. CIRCLE 512 

1A21E L E C T R 
~ NOVEMBER 9, 1989 
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macroservice capability can be com­
pared to a virtual II 0 processor be­
cause the service feature operates 
somewhat behind the scenes to 
transfer either individual bytes or 
blocks of data, which can be trans­
ferred between any combination of 
memory and peripherals. 

Macroservice ports can handle the 
rapid output of tabular information, 
such as information for nonlinear 
PWM systems. Associated with the 
110 lines, the processors have 256 
kbytes of special function registers. 
Those registers aid the implementa­
tion of logic operations associated 
with an 110 line. The tabular trans-

D ES I G N 

fers can calculate the D.F (change in 
force) and D.T (change in time), as re­
quired by a stepper motor. Future 
family members will include ver­
sions with more EPROM and 110 
lines, as well as some advanced ana­
log features. The newly released de­
vices, though, can implement 8-bit 8-
channel a-d converters, eight 4-bit 
analog comparators, or dual 8-bit d-a 
converters. D 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
562 
563 
564 



NEC PRELIMINARY µPD78224 

uPD78224 REALTIME CONTROL ORIENTED 
8-BIT SINGLE-CHIP MICROCOMPUTER 

The 8-bit single-chip microcomputer uPD78224 is a control 
oriented microcomputer that contains a 16k-byte masked ROM, 
a 640-byte RAM, a multifunction pulse I/0, variable 
threshold input port, and various other hardware 
peripherals. 

Major Features 

* High-performance CPU 

The uPD78224's internal 8-bit ALU and data paths, enable 
high-speed program execution with low power consumption. 

The instruction set is tuned for control applications, 
including 16/8-bit divide, 8x8-b1t multiply. In addition, 
built-in boolean processor enhances the ·performance of the 
bit manipulate instructions. 
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µPD78224 PRELIMINARY NEC 
* Multifunction pulse I/0 

The multitunction pulse I/O consists of four units. The 
first unit is composed of a 16-bit timer, two 16-bit compare 
registers and a 16-bit capture register. The second unit is 
composed ot an 8-bit timer with pre-scaler, an 8-bit compare 
register and an 8-bit cap::·Jre/ compare register. The third 
unit is composed of an 8-bit timer I counter with 
pre-scaler, two 8-bit compare registers and an 8-bit capture 
register. Fourth unit is a twox4-bit realtime output port. 
These units enable direct interface with various types of 
external sensors and actuators, and realize the high 
precision and flexible control system all by uPD78224 
itself. 

* Macro service function 

The macro service function is one of ·the characteristic 
features of the uPD78224. By using this function, the macro 
service controller, upon recognizing an interrupt request, 
automatically executes necessary proce.ssing to service the 
request on behalf of the CPU. 

In the past, interrupt handling, register return, and 
register save processing, associated with the interrupt 
service by the CPU, accounted for a major proportion of CPU 
time. Macro service facilitates faster interrupt handling 
by eliminating such related processing operations. 
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1. Features 
* Control Oriented Instruction Set 

- 16-bit Data Transfer & Arithmetic 
- Powerful Bit Manipulations 

* Instruction Cycle : min. 2 system clocks 
* 16k-byte ROM, 640-byte RAM 
* Expansion Capabilities 

- Program Memory : Up to 64k-bytes 
- Data Memory : Up to lM-bytes 

* Multifunction Pulse Input/Output 
- Two 8-bit Timer 
- One 16-bit Timer 
- Two 4-bit Realtime Output Port 

* Variable Threshold Input Port 
* Asynchronous Serial Communication Interface (UART) 
* Clocked Serial Interface (CSI) 

- I/O expansion Mode 
- Serial Bus Interface (SBI) 

* Interrupt Controller 
- Two Priority and Two-level Nesting Control 
- Eight External Interrupt Sources 
- Nine Internal Interrupt Sources 

* Macro Service Controller 
- 6 Macro Service Channel 

* Programmable Wait Control 
* Pseudo-static RAM refresh function 
* Standby Operation 
* CMOS 
* 80-pin Flat Package I 84-pin PLCC 
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P20/llMI PROGRA~111A8LE ~ P21 ·27/ INT£RRUf'T PSEl·57/A8-l 5 
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TIMER /COUNTER 4 
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T IM(R /COUNTER hi 

INTE2 
P36/T02 

OIANN(L-2 P66/'w'AIT c:: 
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P>J P 1 f'2 P3 PS P6 P7 

P4 



NEC PRELIMINARY 

uPD78224 PIN CONFIGURATION 
(80 PIN FLAT) 

"'O 

~I ~ 
"'O "'O "'O < "'O "'O "'O "'O "'O "'O "'O "'O < < J> i> 
...J......J-JO---------"'O tf'JJCZ'J 
N-<Z>O...JO'UlAVtN-CD-u tnrriez:> 

p 73 180 6i4 P41 /A81 
P42/A82 
P43/AS3 
P44/A84 
P45/ASS 
P46/A86 
P47/AS7 
PSO/A98 
RS1 /A89 
PSZIA 1 S 
PS3/A 11 
PS4/A12 
PSS/A 13 
PS6/A14 
PS7/A15 
P60/A 16 
P61/A17 
P62/A18 
P63/A 19 
P64/RD 
P65/WR 
P66/WAIT 
P67/RFSH 

P74 
P75 
P76 

P28/NMI 
P21/INTEEl 
P22/INTE1 
P23/I NTE2 
P24/INTE3 
P25/INTE4 
P26/INTES 
P27/INTE6 

P30/Rx0 
P31 /TxD 
P32/SCK 
P33/SBEl 
P34/T09 
P35/TO 1 
P36/T02 
P37/T03 

PHI 
PT1 
PTZ 
PT3 

TOP VIEW 

41 P97 
40 
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P66/WAIT 
P65/Wl< 
P64/~ 

P63/A19 
P62/A 18 
P61/A17 
P60/A 16 
P57/A1 S 
P56/A14 
PSS/A 13 
PS4/A12 
P53/A 1 I 
PS2/A 10 
PS 1 /A09 
P59/A08 
P47/A07 
P46/A06 
P45/A05 
P44/A04 
P43/A03 
P42/A02 

µPD78224 PIN CONFIGURATION 

(84 PIN PLCC) 

TOP VIEW 

84 I 
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PT 1 
PTO 
P37/T03 
P36/T02 
P35/T01 
P34/TOO 
P33/SBO 
P32/SCK 
P31 /Tx0 
P30/RxD 
P27/INTE6 
P26/INTES 
P2S/INTE4 
P24/INTE3 
P23/INTE2 
P22/INTE1 
P21 /INTEO 
PZO/NMI 
P76 
P75 
P74 



NEC PRELIMINARY 

Xl,X2 
RESET 

VDD 
vss 
ALE 
EA/Vpp 

PINS DESCRIPTION (1) 

CRYSTAL INPUT 
POWER-ON H/W RESET 
+SV :!:: 10% 
Gm 
ADDRESS LATCH ENABLE 
EXTERNAL ACCESS I PROGRAM POWER SUPPLY 
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PTO-T7 
P00-07 
Pl0-17 
P20-27 

P30-37 

P40-47 
PS0-57 
P60-67 

P70-76 

PINS DESCRIPTION (2) 

8-BIT INPUT PORT with COMPARATOR 
8-BIT OUTPUT PORT or 2x4BIT REALTIME OUTPUT PORT 
8-BIT GENERAL I/O PORT (Iol=8mA EACH OUTPUT) 
8-BIT INPUT PORT or INPUTS INDIVIDU.\LLY 
PROGRAMABLE as INTERRUPT 
NMI,INTEO,INTE1,INTE2,INTE3,INTE4,INTE5,INTE6 

8-BIT GENERAL I/O PORT or 8-BIT CQ~TROL SIGNALS 
P30/RxD (INPUT) 
P31/TxD 
P32/SCK 
P33/SBO 
P34/TOO 
P35/T01 
P36/T02 
P37/T03 

8-BIT GENERAL I/O 
8-BIT OUTPUT PORT 
8-BIT GENERAL 

P60/Al6 
P61/Al7 
P62/Al8 
P63/Al9 
P64/RD 
P65/WR 
P66/WAIT 
P67/RFSH 

I/0 

(OUTPUT) 
(INPUT/OUTPUT) 
(INPUT/OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
PORT or ADDRESS/IJATA BUS 
or UPPER 8-BIT ADDRESS BUS 
PORT or CONTROL SIGNAL 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(INTPUT) 
(OUTPUT) 

7-BIT GENERAL I/O PORT 
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NEC PRELIMINARY µPD78224 

Absolute Maximum Ratings (Ta = 25"C) 

Parameter Symbol Condition Ratings Unit 

Power Supply Voltage voo - 0.5 to+ 7.0 v 

Input Voltage Vi - o.5 to voo + 0.5 v 

Output Voltage VO - 0.5 to voo + 0.5 v 

High Level One Output Pin - 2 mA 

Output Current IOH 
All Output Pin Total -50 mA 

Peak 30 mA 
One Output Pin 

Low Level Average 15 mA 

Coutput Current IOL 
Peak 150 mA 

All Output Pin Total 
Average 100 mA 

Operating Temperature TOPT fxTAL :i: 10 MHz -40 to+ 85 'C 

Storage Temperature -65to+ 150 'C 

Recommended Operating Conditions 

Parameter Ta voo.AVoo 

osc 
fxTAL;::; 10 MHz - 40'C to + 85'C + 5.0V ± 1CJO/o frequency 

capacitance (Ta = 25'{;, VDD = VSS = OV) 

Parameter Symbol Test Condition Min Typ Max Unit 

Input Capacitance C1 IC=1 MHz 10 pF 

Output Capacitance Co Unmeasured Pins 20 pF 

In/Output Capacitance C10 Returned to OV 20 pF 

DC Characteristics (Ta = - 40 to + 85"C, VDD = + 5.0 V ± 10%, VSS = OV) 

Parameter Symbol Test Condition MIN Typ Max Unit 

Input Low Voltage VIL except PTn 0 0.8 v 

VIH1 except note1 and PTn 2.2 voo v 
Input High Voltage 

V1H2 note1 Pins 0.8Voo voo v 

vou IOL = 2.0mA, except Port1 0.45 v 
Output Low Voltage 

VOL2 IOL = 8.0mA, Port1 1.0 v 

VOH1 IOH = -1.0mA voo -1.0 v 
Output High Voltage 

VOH2 IOH = 100µA voo -o.5 v 

Input Leak. Current IL1 ov::;v1::;voo ±10 µA 

Output Leak. Current ILO ov::;vo;:;;;voo ±10 µA 

1001 Operation Mode 20 40 mA 

VDD Supply Current 1002 HALT Mode 10 20 mA 

1003 STOP Mode 15 50 µA 
--

note1: RESET, NMI, INTO to INT6, X1, X2 pins 
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µPD78224 PRELIMINARY NEC 
AC Characteristics (Ta= -40"C to +85"C, voo = +5.0V±100/o, vss=OV) 
Memory Read/Write Operation 

Parameter Symbol Test Condition Min Typ Max Unit 

X1 Input Cycle Time ICY 100 ns 

ALE Width High ILL 70 ns 

Address Setup to ALEI IAL 50 ns 

Address Hold After ALE IL.A 20 ns 
-

ALE to RD Delay Time IL.R 70 ns 

RD Width Low IRR 165 ns 

RD to Data Input IRD 140 ns 

Data Hold after RD IRDH 0 ns 

ALE to WR Delay Time ILW 70 ns 

WR Width Low 'ONW 260 ns 

WR to Data Output IWD 66 ns 

Data Hold Time after WR IWDH 20 ns 

ALE to WAIT Delay Time IL.WT 90 ns 

WAIT Rise after X1t txwT 0 ns 

WAIT Rise before X11 IWTX 0 ns 

External Clock Timing (Ta= -40"C to +85"C VDD = +5 OV+100/o VSS = OV) -

Parameter Symbol Test Condition Min Typ Max Unit 

X1 Input Width High t0H 45 250 ns 

X1 Input Width Low t0L 45 250 ns 

X1 Input Rise Time tr 0 30 ns 

X1 Input Fall Time ti 0 30 ns 

Other Operations (Ta= -40"C to +85"C, Voo = +5.0V ± 100/o, VSS = OV) 

Parameter Symbol Test Condition Min Typ Max Unit 

NMI Width High, Low INMIH 10 µS 
tNMIL 

INT0-6 Width High, Low nNTH 12 ICY ~NTL 

RESET Width High, Low tRSTH 10 µs 
IRSTL 

5-52 



NEC PRELIMINARY µPD78224 

Serial Operation· 
Parameter Symbol Test Condition Min Typ Max Unit 

SCK Input 500 ns 
SCK Cycle Time ICYK -

SCKOutput 1.1 µS 

- SCK Input 200 ns 
SCK Width Low IKKL 

SCK Output 500 ns 

SCR Input 200 ns 
SCR Width High IKKH 

SCK Output 500 ns 

C-MOS Output 300 ns 
SCK to SIO Delay Time IKTX 

O.D. RL = 1K'1, CL= 100 pf 800 ns 

SIO Setup Time To SCK tRXK 80 ns 

SIO Hold Time After SCK IKRX 80 ns 

Wake-Up Width High IWKH 8 ICY 

Wake-Up Width Low IWKL 8 ICY 

Command Setup to SCKI tcMK 8 ICY 
-

Command Hold After SCK IKCM 20 ns 

Comparator Characteristics (Ta = -40"C to +85"C VDD = 5 OV + 100/o) -
Parameter Symbol Test Condition Min Typ Max Unit 

Compare Accuracy VACOMP ±100 mV 

Compare Time !COMP 128 ICY 

PT Input Voltage VPTI 0 VDD v 
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Read Timming 

X1 

ALE 

P50-57 

P40 -47 

Write Timming 

X1 

ALE 

P50 - 57 

P40 - 47 

EXTERNAL WAIT TIMING 

X1 

ALE 
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AC TIMING TEST POINTS 

___ __,x::::::: TEST POINT < ::: x:::= 
INTERRUPT TIMING 

NMI 

INTO-INT6 

RESET TIMING 

EXTERNAL CLOCK TIMING 

!cl 

X1 
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SERIAL BUS INTERFACE TIMING 

TRANSMIT 

SCK _/ J;?-i I 
SIO >C OUTPIJTDATA 

RECEIVE 

.. F--4' SCK _/ \ 
SIO WDA~ 

WAKE-UP 

"SCR 

SIO 
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Memory Data Retention Characteristics (Ta = -40 to +85"C) 

Parameter Symbol Test Condition Min Typ Max Unit 

Data retention Power 
VDDDR 2.5 v supply voltage 

Data retention Power 
IDDDR VDDDR =2.5V 15 µA supply current 

VOD rise, fall time IRVDD 200 µs 
IFVDD 

Set Data retention Time lSDR 0 ms 

Set Release Signal Time lSREL 0 ms 

OSC Stabilization Time tosc tB.D. ms 

Input Low Voltage VIL note1 Pins 0 0.1VDD v 

Input High Voltage VIH note1 Pins o.9VDD voD v 

DATA RETENTION TIMING 

SET STOP 

-------STOP Mode-------+---WAIT Operation 

VDD 
10% VDDDR 

IFVDD 

V1H..09Voo 

(RELEASE BY NM!) 

V1H"°.BV00 
V1H'=0.9Voo 

NMI 

V1L;:;o.sv VtL:$0.1VDD 
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84PIN PLCC 

PRELIMINARY 

A 

NOTE 
Each lead centerline is located within 0.12 mm 
of its true position (T.P.} at maximum material 
condition. 

ITEM 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

p 

Q 

s 
T 

u 
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MILLIMETERS 

30.2'02 

29.28 

29.28 

30.2'0 2 

1.94.:!.0 ,~ 

06 

4.4'02 

2.8±0 2 

0.7 MIN 

3.6 

127(TP) 

0.7 

Q_4Q::::O 10 

0.12 

28.20·0 '° 
0.15 

1.0 

R0.8 

o.2o:g ~~ 
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80PIN PLASTIC FLAT PACKAGE 
A 

·--"--------- --------! 

u a 

G H 

·~ I I 

~+-===-I=+~ 
a ~ J_l 

NOTE 
Each lead centerline is located within 0.15 mm 
of its true position (T.P.J at maximum 
material condition. 

5-59 

ITEM 

A 

B 

c 
D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

p 

Q 

L 

MILLIMETERS 

24.7!0 4 

20•02 

14•0 2 

18_7~0 4 

1 0 

0.8 

Q_35·0 10 

0.15 

0.8(TP.) 

2 35·c' 

1.2'-0 2 

0.1 s:g ~~ 
015 

2.os:g ~ 
0.1.!.0 1 
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µPD70320/70322 

EDl'-: .ianuary ~:!. l!IX7 

SINGLE-CHIP µCs 

• Sofrwarc co111p11tihle ll'if/i the 
8081i II 111{ 81188 

• Red1u·e pui1'1'1' 1·1'<inire111e11ts 

T'vvo CMOS-proeessPd 1-chip micrn­
eompuh'l'S eombi1w 808(i/8088 com­
patibility with int(•rnal peripheral 
features. The µI' !>70:~20 and 

µPD70322, members of the manu­
facturer's V25 Series, provide serial 
and parallel l/O ports, a compara­
tor, timers, a DMA controller, and 
256 bytes of RAM. These peripheral 
functions previously required chips 
external to the 8086/8088 µP. Other 
features include a 16/:32-bit tempo­
rary register/shifter, a Hi-bit loop 
counter, a program counter and pre­
fetch pointer, and a dual data bus 
that allows fetching two operands 
simultaneously. The µPD7o:322 dif­
fers from the µPD70:320 in that it 
contains 16k bytes of mask-pro­
grammable ROM. In 80-pin plastic 
miniflat packages or 84-pin plastic 
LCCs, each device costs $25 (OEM 
qty). 

NEC Electronics Inc, Litera­
ture-MS4580, 401 Ellis St, Moun­
tain View, CA 94039. Phone (415) 
965-G144. TWX 910-:379-6985. 
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NEC MOS Integrated Circuit 
µPD70322, :JPD70320G/L One Chip Microcomputer 

The µP070322 (also known as v25tm) is a one -chip microcomputer which features one-chip integration of 16-bit CPU, 
ROM, RAM, serial interface, timer, OMA controller, interrupt controller and others. The µP070322 is software-compatible with 
the 8116-bit microprocessor µP070108/70116 (also known as v2otmN3otm). The µPD70320 is a µP070322 without ROM. 

Features 

• internal 16-bit architecture, external 8-bit data bus. 
• software-compatible with µP070108/70116 (in native mode) (additional instructions available). 
• minimum instruction cycle: 400 ns (10MHz, 5V). 
e internal ROM: 16383W x 8 (µPD70322). 
• internal RAM: 256W x 8. 
e one-chip peripheral hardware memory mapping (special function register) . 
• input port (port n with a comparator: 8 channels. 
• 110 lines (input ports: 4; inpuVoutput ports: 20). 
• serial interface (with a built-in dedicated baud rate generator): 2 ch; asynchronous mode, 1/0 interlace mode. 
• interrupt controller 

0 programmable priority (8 levels) 
O vector interrupt function 
O register bank switching function 
0 macro-service function 

• DRAM, pseudo SRAM refresh function 
• OMA controller 
• inpuVoutput instructions, FPO instruction interrupt function. 
• 16-bit timers: 2. 
• time base counter. 
• built-in clock generator circuit. 
e programmable wait function. 
• standby function (STOP/HALJ). 
• variable instruction cycles: 400ns, 800ns, 1.6µ5 (10MHz, 5V). 
e CMOS. 
• single power supply. 
• 80-pin plastic flat package (µP070322G, µP070320G). 
• 84-pin PLCC (Plastic Leaded Chip Carrier) µPD70322L, µPD70320L). 
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(2) 84-pin PLCC (top view) 

8: 0 mm 1~ r ~~u~aS~8~~~~~~~8N-~~u 
~~z~~~~~W~-~~~~>XX~>Z 

-omm~~~~MN-~MN-o~m~~~ 
-- oooommm~~~~~ 

P07/CLKOUT 12 74 PT7 
DO 13 73 PT6 
01 14 72 PT5 
02 15 71 PT4 
03 16 70 PT3 
04 17 69 PT2 
05 18 68 PT1 
06 19 µPD70322/70320 67 PTO 
07 20 66 P17/REAOY 
AO 21 LCC/PLCC PACKAGE 65 P16/5Ci<O 
Al 22 (TOP VIEW) 64 P15/TOUT 
A2 23 63 P14/INTR/POLL 
A3 24 62 Pl 3/INTP2/I NT AK 
A4 25 61 P12/INTP1 
A5 26 60 Pl 1/INTPO 
AS 27 59 PlO/NMI 
A7 28 58 P27/HLDRQ 
A8 29 57 P26/HlDAK 
A9 30 56 P25rref 

AlO 31 55 P24/DMAAK1 
All 32 54 P23/0MARQ1 

~~~~M~~~;~~~~~~~~gm~ra 

•M••ooo•oa~o-r-•OC~!O --------oz oo~oozo uz 
<<<<<<<<x~~xx~xoc ><C 

OC U~ocU~< <N 
~ ~N .e ...._ 0... 

0 ;:::; N 
~ ~ 

Note: IC terminal should be fixed at the high level. 
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P20/DMARQO 
P21/DMAAl<O 

P22/TCO 
P23/DMARQI 
P24/DMAAKl 

P25/'fCi 

TxOO 
Rx DO 

P16/SCl<O 
CTSO 
Tx01 
Rx01 

°' CTS1 
I .... 

P10/NMI 
Pll/iiii'i'Pii 
P12/INTP1 

INTAl</P13/INTP2 
P0LL/P14/INTR 

PROGRAMMABLE 
OMA 

CONTROLLER 

SERIAL 
COMMUNICATION 

INTERFACE 

BAUD RATE 
GENERATOR 

PROGRAMMABLE 
INTERRUPT 

CONTROLLER 

16·BIT TIMER 

TouTIP15 

i.if'070322/70320 block diagram 

INSTRUCTION DECODER 

TIME BASE 
COUNTER 

MICRO SEOUENSER 
MICRO ROM 

REFRQ P07/CLl<OUT PO Pl P2 

INTERNAL ROM 
16 l<BYTE 

PORT WITH 
COMPARATOR 

PTo-7 VTH 

ID c 
Ill 
0 
0 z 
-I 
;n 
0 ,... 
,... 
8 
n 

SYSTEM 
CONTROL 

~ 
AO-A19 ~ 

RESET 

HLDRO/P27 

HLOAK/P26 

READY/P17 

MREQ 

IOSTB 

MsTe 

R/W 

VDD 

GND 

Eii 

OO-D7 

i ... 
0 

"" e 
"" N 
N 
I 

en .... 
I 

CD 
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1. Pin functions 
1.1 Port Pins 

Pin Name 

POO-P06 
-·· 

P07/CLKOUT 

P10/NMI 

P11/INTPO 
--

P12/INTP1 

P13/INTP2/INTAK 

P14/POLUINT 

P15/TOUT 

P16/SCKO 

PH/READY 

P20/DMARQO 

P21/DMAAKO 
--1 -

P22/TCO 
f-·-

I 
P23/0MARQ1 

P24/DMAAK1 
-

P251TC1 
1-----.-

P26/HLDAK 

P27/HLDRQ 

PTO-PH 

1/0 

110 

1/0/0 

I/I 

1/1/0 

1/0/, 
1,1 

1/0,0 

1/0, I 

1/0, I 

1/0,0 

i 

1/0, I 

1/0, 0 

1/0,0 

1/0, I 

I 

NEC 

Port functions Control functions 
·-· 

8-bit 1/0 port whose 1/0 can be -
·---

specified at bit level system clock output 
·-------

nonmaskable interrupt request 
input and input port -

~--------

external interrupt request input 

and input port 
·-·---~ 

INT acknowledge signal output 
~-----

inpuVoutput port whose 1/0 can external interrupt request input 

be specified and POLL input 
··-

1/0 port whose 1/0 can be timer output 

specified at bit level serial clock output 

READY input 
- -· 

8-bit 1/0 port whose 1/0 can be OMA request input (CHO) 

specified at bit level OMA acknowledgement output (CHO) 
·---1 

OMA end output (CH1) 
-· 

OMA request input (CH1) 

1 OMA acknowledgement output (CH1) 

OMA end output (CH1) 
f--·--· 

HOLD acknowledgement output 
·---- ·---i 

i HOLD input 
··---------· -+-·--· ·-------- ·---· ----1 

input port with 8-bit comparator I-
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1.2 Non-port Pins 

Pin Name 1/0 Function 

TXDO output serial data output 

TXD1 

RXDO input serial data input 

RXD1 

CTSO 1/0 CTS input in asynchronous mode; receive clock input in 1/0 interface mode 

CTS1 input CTS input 

REFRQ output DRAM refresh pulse output 

VTH input comparator reference voltage input 

RESET reset signal input 

EA Input for setting ROM-less mode 

X1 connector for crystal system clock oscillation. External clock input is carried out by 

X2 Internal connection. ShOuld be fixed to the high level from the outside. 

00-07 1/0 8-bit data bus 
--

AO-A19 output 20-bit address output 

MREQ output indicating start of memory bus cycle. 

MSTB Strobe output for memory read or memory write. 

RlW Read cycle and write cycle identification signal output 
r---

IOSTB 1/0 read or 1/0 write strobe output 

voo Positive power supply pin 
r-----~ ------j 

GND GND pin 
r-------

LC. Internal connection. Should be fixed to the high level from the outside. 

6-5 



µPD70320/322-5/-8 ftiEC 
2.CPU 

The µPD70322/70320 has a CPU which is software-compatible with the native-mode operation of the µPD70116/70108. 
2.1 Registers 

The}JPD70322/70320 CPU has a general-purpose register set compatible with the µPD70116/70108. It also has special 
function registers for the control of on-chip peripheral hardware. These registers are all mapped in the memory space. The 
general-purpose register set also serves as built-in RAM, providing a maximum 8-bank register set in the internal RAM. 

The addresses of the registers are relocatable in 4-kilobyte units. These addresses are specified using the internal data 
area base register (IDB) which is one of the special function registers (see 2.4.2). 
2.1.1 Register Bank 

The general purpose register set is mapped in the built-in RAM area. The general purpose register set is bank-formatted. 
Up to 8 banks of it can be installed. Each bank uses 32 bytes. Of these 8 banks, banks 0 and 1 can also be used for macro­
service channel (see 2.4.2) and DMA service channel (see 5.3.3). They can also be accessed as data memory (see 2.4.4). 

Normally the CPU runs programs by using register bank 7, switching automatically to other register banks through the 
use of interrupts. Return to the original register bank from a register bank switched by interrupt is carried out only by a return 
instruction - the RETRBI instruction (additional instruction from µPD70108/70116) from the interrup~ 

Fig. 2-1 shows the configuration of the register bank. The (+OOH)-(+01 Hl in the register bank become reserve areas when 
the register bank is used. The general purpose register set is mapped in the area of (+08H)-(+1FH) by an offset from a initial 
address from each register bank. The area (+02H)-(+07H) is not for general use as it is used for the switching of register 
banks. 

Area (+02H) holds the value which the register bank loads to the PC during register bank switching, an offset of the 
interrupt processing routine starting address. 

(+04H) is an area for saving the PSW when register banks are switched. 
(+06H) is an area for saving the PC when register banks are switched. 
After reset. register bank 7 is automatically selected. 
Initialization of segment register (see 2.1.4) alter reset is executed only in the register of register bank 7. 
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Fig. 2· 1 Configuretlon of Reglnlr Bank 

xx fo: 0 f) II 

xx£ I Fii 

xxEZOH 

xxESFH 

x:<E60H 

xxE7Fll 

Xl<EI OH 

>< ><E f Fii 

xxEAOH 

xxEBFH 

xx Ee OH 

xxEDFH 

XXEEOH 

xxEFFH 

Register bank O 

1 

z 

3 

• 

5 

6 

7 

XX is a value specified by IDB register 

. 

' 

' . 

•.....•...... !.,s _____ ,_1 ____ ....,o 
•· +OOH 

I 0 4 II 

+O&H 

+oaH 

+ 0 All 

+OCH 

+OEH 

+I 0 II 

+l2H 

+14H 

+l&H 

+ 1 IH 

+IAH 

. 
+ICH 

• 1t-:11 

····---······· 

reserved 

vector PC 

PSW save 

PC save 

l>SO 

SS 

PS 

DSI 

IV 

IX 

BP 

SP' 

RW 
UH··----·.··-··--liL···--

DW 

DH llL 

CW 
····,·· 

CM CL 

AW 

,\M .IL 

(offset from starting address of each register bank) 
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2.1.2 General purpose registers (AW, BW. CW, DWI 

Four 16-bit registers are used as general purpose registers; each register can be accessed as a 16-bit register as well as 
8-bit registers by dividing ii into higher and lower 8-bits (AH, AL, BH, BL, CH, CL, DH, DL). 

These can be used as either 8-bit or 16-bit registers for a wide range of instructions including transfer, arithmetic, and 
logical operation instructions. 

Each register is used as a default register for specific instruction processing as follows: 
AW: word multiplication/division, word inpuVoutput, data conversion. 
AL: byte multiplication/division, byte inpuVoutpul, translation, BCD rotation, data conversion. 
AH: byte multiplication/division. 
BW: translation. 
CW: loop control branching, repeal prefixing. 
CL: shill instruction, rotation instruction, BCD operation. 
OW: word multiplication/division, indirect addressing inpuVoutput 
These registers are mapped in the internal RAM. Their addresses are determined by adding the offset of each register to 

(IDB register• value• x 4096) + (OEOOH) + (register bank number x 32). •see 2.4.2 for information on IDB register. 

F'ig. 2· 1 Offset values for general purpose regiaten 

Register 1 Offset value Register Offset value 

AW lEH AL lEH 

AH 1 F'H 

BW 1 8 H BL 1 8 H 

BH 1 9 H 

cw lCH CL lCH 

CH lDH 

DW lAH DL lAH 

DH lBH 

2.1.3 Pointers (SO, BP) and Index Registers (IX, IV) 
Base pointers or index registers are used during memory access using based addressing (BP), indexed addressing (IX, 

IV), or based indexed addressing (BP, IX, IV). They are also used as pointers during stack operations (SP). Like the general 
purpose registers they are used for instructions for transfer, arithmetic operations, and logical operations; however, in this 
case they cannot be used as 8-bil registers. Each of the registers is used as a default register for specific processing as 
follows: 

SP: stack operations 
IX: block transfer, source side of BCD string operations 
IV: block transfer, destination side of BCD string operations. 
These registers are mapped in internal RAM. Their addresses are determined by adding the offset of each register to (IDB 

register value x 4096) + (OEOOH) +(register bank number x 32). Offset values for each register are indicated in Figure 2-2. 
·see 2.4.2 for information on IDB register. 

Fig. 2-2 Offset values for pointers and index registers 

Register Offset value 

SP 16H 

BP 14H 

IX 12H 

IY IOH 
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2.1.4 Segment registers (PS, SS, DSO, DS1) 
The CPU divides the memory space into logical segments of 64 kilobytes each, the starting address of each segmen1 is 

specified by the segment register and the offset part of the initial address is specified by another register or by the effective 
address. 

The physical address therefore is created in the following way: 

+I 

4 bit 

r--T"'""..--~-1~ lxlxlxlxlo 
0 I JC I J( I x I x I 
x x x x x 

... segment starting address 

..... offset value 

..... physical address 

There are four types of segment registers; PS (Program Segment), SS (Stack Segment), DSO (Data SegmentO), and DS1 
(Data Segment 1). The respective segments are used in the following cases: 

PS: Program fetch 
SS: Stack operation instructions, addressing using the BP as the base register. 
DSO: general variable access, source block data access for block transfer instructions. 
DS1: destination block data access for block transfer instructions. 
However, other segments can be used instead of DSO by using a segment override prefix, or other segments instead of SS 

may be used in the same way in addressing with BP base register. 
During reset, the PS of register 7 is initialized for FFFFH and SS, DSO, and DS1 can be initialized for OOOH. These registers 

are mapped using internal RAM and their addresses are determined by adding the offset of each register to (IDB register• 
value x 4096) + (OEOOH) + (register bank number x 32) as indicated in Figure 2-3. 
'See 2.4.2 for explanation of IDB register. 

Fig. 2-3 Offset values for segment registers 

Register Offset value 

DSO 08H 

DSl OEH 

SS OAH 

PS OCH 

2.1.5 Internal data area base register (IDB) 
The IDB register is an 8-bit register for determining the address of the internal data area (2.4.1) which is the area for the 

special function register (See 2.4.3) for controlling the internal RAM (also used with the general purpose register) and the on­
chip peripheral hardware. These registers can be referenced by using FFFFFH or their own value x 4096 + FFFH (See 2.4.2) 
2.1.6 Special function registers 

The µPD70320/70322 has a group of register with special functions for setting up and controlling on-chip peripheral 
hardware modes. These register groups are memory mapped in the special function register areas inside the internal data 
areas and Read/Write is carried out in the same way as with regular memory (see 2.4.3). 

The additional BTCLR instructions (See 13.1) can be used only for these special function registers. 
2.2 Program Counter (PC) 

This is a 16-bit binary counter for holding the offset information on the memory addresses of a program to be executed by 
the CPU. 

The program counter is incremented each time instruction bytes are fetched from the instruction queue. A new location is 
loaded while executing branch, call, return, and break instructions. 

OOOOH is loaded while resetting. PS is initialized or FFFFH during reset so that the CPU starts execution from FFFFOH after 
reset. 
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2.3 PSW (Program Status Word) 

PSW is comprised of six types of status flags and five types of control flags as well as user flags. 
Status Flags 
• V (Overflow) 
e S (Sign) 
• Z(Zero) 
• AC (Auxiliary Carry) 
• P (Parity) 
e CY (Carry) 
Control Flags 
e RBO-RB2 (Register Bank 0-2) 
• DIR (Direction) 
• IE (Interrupt Enable) 
e BRK (Break) 
e IBRK (110 Break) 
User flags 
e FO (User Flag 0) 
• F1 (User Flag 1) 
The status flags are automatically set (1) and reset (0) according to a number of instruction executions (data value). The 

CY flags can be set directly, reset and reserved by instructions. 
The control flags are set and reset by instructions controlling the CPU operations. The IE and BRK flags are always reset 

whenever an interrupt processing is started. 
The user flags can be set reset, and tested by instructions and can be freely used by the user. 
When the PSW is processed in byte or word units, it is executed in the following way. 

15 14 13 12 11 10 9 8 6 5 4 3 2 

I 

0 

RB2 RB1 ABO . V DIR IE BAK S z F1 AC FO P IBRK! CY 

The least significant 8-bit PSW can be stored in the AH register and restored using MOV instructions. PSW can be saved 
separately and returned to stack using PUSH PSW and POP PSW instructions. The upper 4 bits of PSW are not affected by 
POP PSW instruction. The method of changing the upper 4 bits of the PSW is using the RETI or the RETRBI instruction. The 
others are automatically returned before the control flag is changed using interrupt generation. RESET input is used to initia­
lize PSW at F002H using word image. The IBRK and RBO-RB2 flags are set (1) and the others are reset (0). 
2.3.1 CY (Carry Flag) 
(1) Binary addition and subtraction 

When carrying out byte operations, the flag is set when there is a carry or a borrow from operation result bit 7; otherwise, it 
is reset 
When word operations are carried out, ii is set when there is a carry or a borrow from operation result bit 15; otherwise, it is 
reset. 
The flag is not changed by increment and decrement instructions. 

(2) Logical operations 
The flag is reset regardless of the results of the operations. 

(3) Binary multiplication 
The flag is reset when an unsigned byte operation gives 0 for AH; otherwise it is set The flag is reset when a signed byte 
operation gives a sign expansion of AL for AH; otherwise it is set. 
The flag is reset when an unsigned word operation gives 0 for DW; otherwise it is set. The flag is resetwhen a signed word 
operation gives a signed expansion of AW for DW; otherwise it is set. 
With 8-bit immediate operations, it is reset when the product is within 16 bits and is set when ii exceeds 16 bits. 

(4) Binary division 
Undefined 

(5) Shift/Rotate 
With shift and rotate which include CY, it is set ii the bit shifted to CY is 1, and is reset if 0. 

2.3.2 P (Parity Flag) 
( 1) Binary addition and subtraction, logical operation, shift. 

This flag is set when the number of "1" bits in the lower 8 bits, representing the results of an operation, is even; it is reset 
when the number is odd. 
When results are all 0, it is set. 

(2) Binary Multiplication and Division undefinied 
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2.3.3 AC (Auxiliary Flag) 
When working with byte operations, the flag is set when there is a carry from the lower 4 bits to the higher 4 bits or when 
there is a borrow from the higher 4 bits to the lower 4 bits; and is reset in all other cases. 
In word operations, the same operations are carried out for the lower byte as for byte operations. 

(2) Logical operations, binary multiplication and division, shift/rotate undefined 
2.3.4. Z (Zero Flag) 
(1) Binary addition and substraction, logical operations, shift/rotate. 

For byte operations, the flag is set if the resulting 8 bits are O; it is reset for all other values. For word operations, it is set if 
the resulting 16 bits are O; it is reset for all other values. 

(2) Binary multiplication and division undefined 
2.3.5 S (Sign Flag) 
(1) Binary addition/subtraction, logical operations, shift/rotate. 

For byte operations, it is set when the resulting bit 7 is 1, and reset when 0. 
For word operations, it is set when resulting bit 15 is 1, and reset when 0. 

(2) Binary multiplication and division 
undefined 

2.3.6 V (Overflow Flag) 
( 1) Binary addition and subtraction 

For byte operations, it is set if the carries from bits 7 and 6 are different and reset ilthe same. For word operations, it is set if 
the carries frolT) bits 15 and 14 are different and reset ii the same. 
(2) Binary multiplication 

The flag is reset when an unsigned byte operation gives 0 for AH; otherwise it is set. The flag is reset when a signed byte 
operation gives a sign expansion of AL for AH; otherwise it is set. 

The flag is reset when an unsigned word operation gives 0 for DW; otherwise ii is set. The flag is reset when a signed word 
operation, gives a signed expansion of AW for DW; otherwise ii is set. 

With 8-bit immediate operations, it is reset when the product is within 16 bits and is set when it exceeds 16 bits. 
(3) Binary division 

Reset. 
(4) Logical operation 

Reset. 
(5) Shift/Rotate 

In the case of left 1 bit shift/rotate, 
when CY = most significant bit, is reset 
when CY = most significant bit, is set in the operational results. 

In the case of right 1 bit shift/rotate, 
when most significant bit= next least significant bit after most significant bit, is reset 
when most significant bit = next least significant bit after most significant bit, is set. 

Undefined in the case of multibil shift/rotate 
2.3.7 IBRK (1/0 Break Flag) 

Controls the software interrupt generation during inpuVoutput instructions. 
When the execution of an 1/0 instruction is attempted with IBRK = 0, a software interrupt is automatically generated (inter­

rupt vector 20), enabling a software simulation of the 1/0 instruction. 
When IBRK = 1, inpuVoutput instructions are executed in the normal manner and software interrupts do not take place. 

2.3.8 BRK (Break Flag) 
Only in a condition where itis saved to the stack as a part of PSW can it be set using memory operation instruction and is 

effective after setting when it is restored in the PSW. 
If BRK flag is set, software interrupt (interrupt vector 1) automatically takes place when one instruction is executed 

making it possible to trace each instruction. 
2.3.9 IE (Interrupt Enable Flag) 

II is set by the El instruction, lo enable the interrupt; it is reset by the DI instruction to disable the interrupt. 
2.3.10 DIR (Direction Flag) 

It is set by the SET1 DIR instruction and reset by the CLR1 DIR instruction 
When the DIR flag is set, processing is executed from the higher address to the lower address in block transler/inputout­

put group instructions; when it is reset, processing is executed from lower addresses to higher addresses. 
2.3.11 RBO-RB2 (Register Bank 0-2 Flag) 

The RBO-RB2 is used to specify currently used register banks from among the eight register banks installed in the inter­
nal RAM. 
2.3.12 FO, F1 (User Flag 0, 1 Flag) 

Can be freely used by users. 
The setting and resetting of these flags can be executed by instructions for PSW and can be used to execute set, reset, 

and test by using special function register flags. 
User flags FO, F1 operate in the following way when operated by flag register 
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Fig. 2-2 Fonnat for user flag register (FLAG) 

Symbol address 

FLAG - I FO - I - I - I x x FEAH 

2.4 Memory Space 
The µPD70322/70320 has a 1-megabyte memory space. A memory map is indicated in Fig. 2-3. The space up to 

OOOOOH-003FF is used as a vector area. However, it can be used for other purposes if ii is not used for vectors. XXEOOH­
XXFFFH (XX indicates IDB register value) is internal data area. The location of this area can be changed in units of 4 kilobytes. 
The 4 byte FFFFCH-FFFFFH is reserved. In FFFFFH, IDB register is assigned. Wait cycles can be inserted in the memory 
space, programmable in each 128 kilobytes segment. 

The 1 megabyte physical address space is designated by the offset value for the segment initiator location which is indi­
cated by a segment starting address which is indicated by segment register and other register or effective address. 

Fig. 2-3 Memory Map 

segment register 

4 bit 

I x I x I x I x I 0 . segment starting address 

.i o I x ! x : x ! x I ..... offset value 

x x x )( .._ ..... physical address (20-bit) 
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2.4.1 Internal Data Areas 

The internal data areas are a 512 byte area containing internal RAM and special function register areas. 1-megabyte 
memory space can be divided in 4 kilobyte units. The internal data area base addresses are set up using the IDB register 
(internal data area base register). The higher 8 bits of the 20-bit internal data base address are set up using the IDB register 
and the lower 12 bits are fixed al EOOH (beginning of area). 

The internal data area is operated by memory operation instructions. 
The internal data areas overlap the external memory space or the internal ROM areas (µPD70322 only). 
Memory access for all operations except program fetch can access in1ernal data areas. II should be noted that internal 

data areas cannot be accessed by program fetch. 
The least significant 256 byte of internal data areas (in XXEOOH-XXEFFH, XX is the value specified by IDB register) is in the 

internal RAM area. In addition to the use as an ordinary RAM, the internal RAM has been assigned functionally register bank, 
macro-service channel and DMA service channel use. The internal RAM can be used in a way to disable access as ordinary 
RAM by resetting (0) bit 6 (RAMEN) of the processor control register (PRC) which is a special function register. In this case it 
still can be accessed as Register Banks. 

The higher 256 byte of 1he internal areas (in XXFOOH-XXFFFH, XX is the value specified by the ID(J register) is a special 
function register area. The special function register has a register group that is mapped and has spec\al functions assigned 
such as on-chip peripheral hardware mode registers and control registers. 

The internal data areas are located in the FFEOOH-FFFFFH location using RESET input from the initialization of IDB regis­
ter to FFH. 

Fig. 2-4 Access Conditions for Memory Space 

memory access 

programm fetch data access 

8 

0009011 ----·11 xxEOOH 

I 

external areas 
--------- I )( )( E~"l'll 

I X Xl-.. 001f 

special function I 
register 

xxFFFll 

l'FffFll 

I . • I XX 1s value designated 
by IDB register 

· 'n·Fn·11 

-~:::..~ 

r---------
1 internal ROM 
1 (µPD 70322 only) 
I 

memory space internal data area 

A. program fetch can access everything except the internal data areas. 

B. data access outside of internal data areas or address data access corresponding 

to internal RAM areas during internal RAM access disable. 

c. if it does not meet conditions in B, data access to the internal data areas takes precedence. 
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2.4.2 Internal Data Base Register (IDB) 
This is a register for determining the physical address of internal data areas (areas for internal RAM and special function 

register) which can be located in 4 kilobyte steps. The higher 8-bit internal data area base address is designated by the IDB 
and the lower 12 bits are fixed at EOOH (beginning address). 

The IDB has two addresses assigned: XXFFFH inside the special function register (XX is the value of the IDB register itself) 
and the FFFFFH fixed address. The IDB can be modified or referenced by memory access to either of these two adresses 
with the same effect. 

The IDB is set to FFH at reset time so that the internal data area base address is FFEOOH. 
2.4.3 Special Function Register Areas 

A group of registers with special functions for on-chip peripheral hardware mode registers and control registers assigned 
are mapped to XXFOOH-XXFFFH (XX is the value designated by the IDB register). The IDB register is specially assigned to 
both XXFFFH (XX is the value designated by IDB register) and FFFFFH fixed adresses. Program fetches cannot be executed 
from these areas. 

The special function register is operated by memory access. The additional BTCLR instruction (additional to the 
µP0701 08/70116) is a special instruction used exclusively for this area and applies to the bit in the areas no matter where the 
area is located in the memory space. 

Charts 2-4 and 2-5 show a list of special function registers. Meanings of individual items in the chart are as follows: 
• SYMBOL . . . .. symbol which indicates internally stored special 

function addresses 
coded in the instruction operand column. 

• R/W . . indicates whether a given function register is 
Read/Write-capable 

R/W: Read/Write-capable 
R: Read only 
W: Write only 

• Operational method . . .. each register indicates whether 16-bit operations, 
8-bit operations or 1-bit operations are possible. 

• RESET condition . . ... indicates condition of each register after RESET input XX in the higher 8 bits of an address is speci­
fied by IDB register. 

The address part which is not mentioned is reserved. Contents during Read are undefined. Operations during Write have 
no significance. 
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Table 2-4 Special Function Registers 

' Symbol 
I operation RESET 

address name of special function register R/W mr~~~d !CONDITION 

XX FOOH port 0 PO undefined 

XX FOlH port O mode register PMO FFH 

XX F02H port 0 mode control register PMCO OOH 

XX F08H port 1 P1 undefined 

XX F09H port 1 mode register PM1 R/W 8/1 FFH 

XX FOAH port 1 mode control register PMCl OOH 

XX Fl OH port 2 P2 undefined 

XX F11H port 2 mode register PM2 FFH 

XX F12H port 2 mode control register PMC2 OOH 

XX F38H 
1 

port T PT R 8 undefined 
t 

XX F3BH port T mode register PMT R/W 8/1 OOH 

XX F40H external interrupt mode register INTM OOH 

XX F44H external interrupt macro-service control register 0 EMSO 

XX F45H external interrupt macro-service control register 1 EMS1 undefined 
r-

XX F46H external interrupt macro-service control register 2 EMS2 R/W 8/1 
1-

XX F4CH external interrupt request control register 0 EXICO 

XX F4DH external interrupt request control register 1 ! EXICl 47H 

XX F4EH external interrupt request control register 2 EXCl2 

XX F60H receive buffer register 0 Rx BO R 
8 undefined 

XX F62H transmit buffer register 0 TxBO w 
XX F65H serial receive macro-service control register 0 SRMSO undefined 
XX F66H serial trasmit macro-service control register 0 STMSO 

XX F68H serial mode register 0 SCMO R/W 811 

XX F69H serial control register 0 I SCCO I OOH 
I 

XX F6AH baud rate generator register 0 BRGO 

XX F6BH serial error register 0 SCEO R 8 OOH 
-

XX F6CH serial error interrupt request control register 0 SEICO 

_XX F6D~ serial recejve~interrupt request control reg1sl<lr__{l__ SRICO R/W 
I 

8/1 i 47H 

XX F6EH serial transmit interrupt request control register 0 :sr1col 
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Table 2-5 Special Function Registers (cont.) 

address name of special function register 
operation RESET 

Symbol R/W Jmethod (bit) CONDITION 
1------+-----------------------+----1-----1-----+-----i 

R 
8 

RxB1 XX F70H receive buffer register 1 
undefined 

XX F72H transmit buffer register 1 TxB1 W 
1------+----------------------1------t----+-----1-----~ 

XX F75H serial receive macro-service control register 1 SRMS1 undefined 
1-------+---------------------t--~ 

XX F76H serial transmit macro-service control register 1 STMS1 undefined 

XX F78H serial mode register 1 SCM01 RIW 8/1 

XX F79H serial control register 1 SCC1 OOH 

XX F7 AH baud rate generator register 1 BRG1 

XX F7BH serial error register 1 SCE1 R 8 OOH 
--

XX F7CH serial error interrupt request control register 1 SEIC1 
t--------+---------------------t------1 

XX F70H serial receive interrupt request control register 1 SRIC1 
--+------

R/W 8/1 47H 

XX F7EH serial transmit interrupt request control register 1 STIC1 

XX F80H timer register 0 TMO 

MOO 
R/W 

XX F82H modulo/timer register 0 
16 undefined 

XX F88H timer register 1 TM1 
- ----1 

XX F8AH modulo/timer register 1 M01 

TMCO 
R/W 

XX F90H timer control register 0 
OOH 8/1 

XX F91H timer control register 1 
!-------+----

JTMC1 ' 

TMMSO XX F94H I undefined 

R/W 8/1 _i ----

XX F95H 

XX F96H 

timer unit macro-service control register 1 TMMS1 ---- -----+--·-----" 
timer unit macro-service control register 2 TMMS2 

XX F9CH timer unit interrupt request control register 0 TMICO I 
XX F90H ! timer unit interrupt request control register 1 -~--- 1 TMIC1 _J 47H 

XX F9EH_---1 timer_unit int~rrupt request control register 2 ---I ~IC2 j I 1 

XX FAOH OMA control register 0 OMACO ~ u~delined 
~-_____, 

xx FA 1 H OMA mode register O DMAMO : I OOH 

~A2H __ ~~control ~eg1s~er 1 --------=---=-==-=--r DMAC1] R/W I 8/1 undefined 
XX FA3H OMA mode register 1 DMAM1 OOH 

-- - -- t---- -- ---
~c~ OMA interrupt request c~ntrol register 0 ___ ·I DICO u 47H 

XX FAOH I OMA interrupt request control register 1 DIC1 +. rxx ~standby control re~-;;ter ___ -- - - - - ------ ---;---sraC i R/W --s/1 I ·u~-;;;,;;;;;;; 
~XFE~lresh mod-e register -- --- -- I RFM ~w 8/1 --r FCH --

rXXFE~;-t ~_a1t co-;;rolregister -=--=-~---= WTC- _ j~w till__ FFFFH ~~ 
r-:: ::::-L~~::~~~~~~r-- --·· -------- u~ :G+"'W ~' f -
~XFECH I time bas~ interrupt request co~trol reg_iste~ ~- n0·-~ R/W 8/1 OOH - - . --

xx FFFH internal data area base register ~ l l I FFH 
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• II the standby control register ($8) is set once, it cannot be reset by instruction_ It is cleared by power supply 

voltage. 

•• Bit operations exclusive of bit 3 and bit 5 of the user flag register (FLAG) are of no significance. Also, the 
content of user flag 0, 1 (FO, F1) of the flag register can also vary according to the FO. F1 operation of PSW 
(See 2312) 

2.4.4 Internal RAM Areas 
256 byte RAM is stored in XXEOOH-XXEFFH (XX is the value designated by IDB) 

The internal RAM is accessed by 16-bit units which enable high-speed processing_ 
8 register banks are assigned to the internal RAM. The macro-service channel and the OMA service are also overlapped 

and assigned. 
The internal RAM makes it possible to disable memory access by resetting (0) bit 6 (RAMEN) of processor control register 

(PRC)_ It is also impossible to carry out program fetch from the internal RAM. When memory accessjlas been disabled no 
access other than access as register is possible. 

IS 

J: macro-service channel 
"" EO OH 

register bank 

Fig. 2-5 Internal RAM Area Map 

15 0 

DMA service channel: 
• roo11 macro-service 

channelO 
x " E o B H macro-service 

channel 1 
• ·El OH 

X"-.:EtF'H .. ~~~~~'<~'El8H 
'< )( E2 OH 1-------------t 

xx ESFH 
XXE60Hl-------------t 

xx E7FH 
xx ESOH t-------------< 

xx E9FH 
xxEAOHl-------------t 

xx EBFH 
xxECOH!------------{ 

• '< E2 OH 

~ J' E2 SH 

• • E3 OH 

~ 
x-.... E3 8H 

' ·El Fii._ _____ _._ 

IS 
t 0011 reserved 

vector PC' 

i---£'SW save 

~sa~ 
P'-'O 

IS B 7 
· l·:O OH S:\HO ll.\L\ 

l>.\l·W service channel 
1------~ 

~,\H:HO IJARHO (channel 0) 

x ·• E07H n·o 

'\. i:osH1----~-:-:-:--+ (channel 1) 

SARHl IJARHt 

· EOFll~--1-·<_-1 _ _. 

IS B 7 

'OH SFHI' ;o.1sc 
macro-service channel 

reserved S { · H R 

1--_M_s_I' _ __. (8 byte x 8 channels) 
;..1ss 

" register bank 

I'S 

J)SI 

xx EDFH 
x x EEOH 1-------------t 

(32 byte x 8 banks) 

IY 

internal RAM area (256 byte) Bl' 

SI' 

Bl\ 

cw 

• I Ff! 
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2.4.5 Vector Table Areas 
In the 1 kilobyte area of OOOOOH-003FFH, the interrupt requests and the interrupt routine starting addresses correspond­

ing to the break instructions are retained by the 256 vector portion (using 4 bytes for each vector) 

vector 0 (OOOOOH) : divide error 

vector 1 (00004H) : single step 

vector 2 (00006H) : NMI input 

vector 3 (OOOOCH): BAK 3 instruction 

vector 4 (00010H) : BRKV instruction 

vector 5 (00014H) : CHKIND instruction 

vector 6 (00016H) : reserved 

vector 7 (0001 CH) : FPO instruction 

vector 6 (00020H) : reserved 

vector 19 (0004CH) : reserved 

vector 20 (00050H) : input/output instruction 

vector 21 (00054H) : reserved 

vector 27 (0006CH) : reserved 

vector 28 (00070H) : INTSERO 

vector 29 (00074H) : INTSRO 

vector 30 (00078H) : INTSTO 

vector 31 (0007CH): reserved 

vector 32 (00060H) : INTSER1 

vector 33 (00084H) : INTSR1 

vector 34 (00088H) : INTST1 

vector 35 10006CH) : reserved 

vector 36 (00090H) · INTDO 

vector 37 (00094H) : INTDl 

vector 36 (00096H) · reserved 

vector 39 (0009CH) : reserved 

vector 40 (OOOAOH) : INTPO 

vector 41 (000A4H) : INTPl 

vector 42 IOOOA8H) : INTP2 

vector 43 (OOOACH): reserved 

vector 44 (OOOBOH) : INTIUO I 

vector 45 (000B4H) : INTIUl 

vector 46 (OOOB8H) : INTIU2 

vector 47 (OOOBCH): INTIB 

} 
~:: i::aa instruction 

vector255(003FCH): INT input 

vector 48 (OOOCOH) 
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In vectors 0-47, the interrupt vectors are designated (part of reserved area) and are not available for general use. 
In vectors 48-255, they are for general use and can be used with 2 byte break instructions and the INT input. In the unused 

portions. they can be available for uses other than vectors. 
The vectors are comprised of 4 bytes and the higher 2 bytes are loaded to the program segment PS while the lower 2 bytes 

are loaded to the program counter PC. 

Example Vector 0 

2.4.6 External Memory Areas 

OOOH 

002H 

001H 

003H 

PC· (OOOH. 001H) 

PS· (002H. 003H) 

The µ?070322 can expand the external memory (ROM, RAM, and others) to the OOOOOH-FBFFFH areas. 
The µ?070320 connects external memory (ROM, RAM, and others) to the OOOOOH-FFFFEH areas. However, the FFFOOH­

FFFEFH and the FFFFCH-FFFFEH areas are reserved. 
The external memory is accessed by using address bus (AO-A19), data bus (00-07), and the MREQ, MSTB, and RIW sig­

nals. It also provides a refresh pulse output terminal (REFRQ) for pseudo-static memory refresh use. A pseudo-static memo­
ry can easily be connected, due to a function for automatic outputting of refresh address for dynamic memory refresh use; 
also the dynamic memory may be easily connected. It is also possible to insert wait cycles during the memory cycles in 128 
kilobyte steps using software (See 4.1 ). 
2.4.7 Internal ROM Areas 

The µ?070322 has an internal mask ROM in the FCOOOH-FFFFFH areas. However, the FFFOOH-FFFEFH area is used for 
testing internally and is not available for general use. The 4 byte FFFFCH-FFFFH are reserved. As a result, total 16140bytes 
can be utilized as a ROM area. 

The internal ROM has an exclusive bus between the instruction queue so that the external memory space can carry out 
pref etch separately and rapidly which makes possible rapid instruction execution (Pref etch is possible with one clock, while 
external memories require a minimum of two clocks). 
2.5 110 Space 

The µ?070322/70320 has a 64kilobyte1/0 space in addition to a 1 megabyte memory space. Fig. 2-6 shows a map of 1/0 
space. The 1/0 space is accessed by using address bus (AO-A15). data bus (00-07) and IOSTB, R!W, OMAAKO, and 
DMAAK1 signals. 0 is output from the unused address bus's higher 4 bit (A 16-A 19). Insertion of wait cycles in the 1/0 cycle 
is software-specified. 

Fig. 2-6 110 Map (64 kilobyte) 

OOOOH 

FF OOH 

FFFFll 

65280 bytes 

reserved 
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3. INTERRUPTS 
3.1 Interrupt Controller 

The µPD70322/70320 has a high performance interrupt controller which controls multiprocessing of interrupts arising 
from 17 possible sources. The 17 interrupt sources in this interrupt controller are divided into a group of five external and 12 
internal sources for control which carry out programmable multiprocessing control in groups. It is also possible to select 
from three types of response methods according to the characteristics of the interrupt sources: vector interrupt function. 
register bank switching function. and macro-service function. 

External interrupts can be easily expanded by connecting the interrupt controllers like the µPD71059 and others. 
Instructions of the interrupt controller are defined by the interrupt control register which is provided for each interrupt 

source and by the macro-service control registe' 
El and DI instructions are for all the interrupts. RETI and RETRBI instructions are for return from interrupt, and FINT instruc­

tion is used to indicate that interrupt processing for interrupt controller is completed. 
3.2 Interrupt Sources 

The µPD70322/70320 has 5 external and 12 internal sources. The 17 interrupt sources are divided into eight groups and 
are managed by the interrupt controlle' The configuration inside this group is fixed by hardware. For the 8 groups of inter­
rupts priority from 0-7 (0 being the highest). excluding NMI and INTR, and 5 groups of interrupts except INTTB can be arbi­
trarily set using software The function supported by the interrupt controller differs according to interrupt source. 

Interrupt sources are listed in Table 3-1. 
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Table 3-1 Interrupt Sources 

Interrupt Source 
I I al/' T Tl b k priority I m""' n ern , II VCCtOf I maC~O- .an.- -- -··---, -------·T ------· process•nQ 

External I ' service switching reg•s1er Jbetween g1oup~ 1ns1de gmup conlro! 

J E 2 1 none 1 none : no ' O '. - no 

T E , externalT none i none no 7 ! - I no 

NMI 
(Non Maskable Interrupt) 

INTR 
(INTerrupt Request) 

INTIUO 
(INTerrupt from Timer UnitO) 

INTIU1 
(INTerrupt from Timer Unit1) 

j------ ----------

INTIU2 
(INTerrupt from Timer Unit2) 

INTDO ' 
(INTerrupt from DMA channe~Ol_I 

INTD1 
(INTerrupt from DMA channel!) 

INTPO ~ 
f-(l~_er_r_up_t_fr~~_P_e_ri_p_h:'al _ 0) , 

INTP1 
(INTerrupt from Peripheral 1) 

1---------- ---- --~ 

INTP2 
(INTerrupt from Peripheral 2) 

INTSERO 

~~;;~r~~~~r0~ channelO) 

~~R-0 ________ 1 
(INTerrupt from 
Serial Receiver of_channelO) J 
INTSTO l 
(INTerrupt from 
Serial Transmitter of channelO) 

INTSER1 
(INTerrupt from 
Serial ERror of channel1) 

INTSR1 
(INTerrupt from 
Serial Receiver of channel1) 

INTST1 
(INTerrupt from 
Serial Transmitter of channell) 

INTIB 
(INTerrupt from 
lime Base counter) 1 

E 

input l I 

44 T I T 1 I 

- I r-----j 
yes I yes I yes 1 1 __ L yes 

41 

r--- ---1 

42 

no 

yes 

. 1 
I~ i :__, 
I-,, L:J 

30 

32 : no 

~,,1:.i 
I 1 

34 yes ) 

47 no 
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3.3 Interrupt Controller Functions 
The interrupt controller regulates the priority among interrupts when interrupts with same priority occur simultaneously. 

3.3.1 Multi-interrupt Priority Control 
Multi-interrupt priority control is carried out in group units for interrupt excluding interrupt response using NMI and INTR, 

as well as macro-service. 
Interrupt multiprocessing control is carried out in El condition. As a result, when allowing multiprocessing it is necessary 

to change to El condition during interrupt processing routine. In multiprocessing control, if interrupt requests with a higher 
priority than the interrupt being processed are received, the interrupt being processed is discontinued, and processing of 
interrupts with higher priority is carried out. If the priority is below the priority oflhe interrupt being processed, that interrupt is 
held. If, for the interrupt held the interrupt mask bit of the interrupt control register (provided for each interrupt source) is not 
set during the interrupt processing routine being executed and if the interrupt request flag is not reset, the interrupt being 
held will be accepted at the end of the current interrupt. 

In interrupt response exclusive of NMI, INTR and software interrupt (incl. trap), it is necessary to execute the FINT instruc­
tion in order to indicate to the interrupt controller that the interrupt processing routine has been completed at the very last 
part of the interrupt processing routine. If this instruction is not executed, all succeeding interrupts will be received as having 
a priority not higher than the interrupt for which the FINT instruction has not been executed. The FINT is not necessary atthe 
end of the NMI and INTR service routine. Interrupt response using NMI and INTR as well as macro-service functions do not 
contain multiprocessing control so that it can be received if it is in an enable mode (always for NMI). 

The eight priority levels from 0 to 7 (0 has the highest priority) can be set up arbitrarily for each interrupt group. The priority 
simultaneously indicates the number of switching destination register banks when using the register bank switching func­
tion which will be described later. Priority is established by using the three bits PR0-2 in the interrupt control register which is 
provided for each maskable interrupt source. However, when setting this up, only the interrupt control registers of the inter­
rupt sources which have the highest default priority inside the interrupt groups can be programmed, the others are ignored 
and use the default values inside the group. 
_3.3.2 Priority Control during Simultaneous Generation of Interrupts 

NMI is the highest and INTR is the lowest of the priorities possible during simultaneous generation of interrupts. Priority 
exclusive of NMI and INTR is exactly the same as for the priority of multi-interrupts. Among the groups with the same priority, it 
complies with the priorities fixed by hardware (default priority). Even in an identical group. it complies in exactly the same 
way with the priority inside the group. 
3.4 Interrupt Response Method 

The µPD70322/70320 has three types of interrupt response method: vecior interrupt function, bank switching function, 
and macro-service function. All of these functions can be selected to lit the purpose of the interrupt. The interrupt controller 
reacts to the interrupt requests according to the response method set up by the interrupt control register. 

When receiving an interrupt using a vector interrupt function and a register bank switching function, the contents of PC, 
PS, and PSW are saved using the method applied to that functions. After PSW has been saved, each BRK flag is reset. As a 
result, single step interrupt and interrupt exclusive of interrupt response using NMI and macro-service are disabled (soft­
ware interrupt exclusive of single step interrupt takes place) (See 3.9). 
3.4.1 Vector Interrupt 

When interrupt is received using vector interrupt, present contents of PSW as well as PC and PS contents"are saved to the 
stack, a vector is selected from the vector table and is executed as an interrupt processing routine from the address indi­
cated by the vector. All vectors are fixed except the INTR vector. When working with an INTR interrupt. an acknowledge cycle 
takes place and an interrupt vector is taken from the data bus (See 3.6 INTR). Interrupt vectors exclusive of INTR are indi­
cated in Table 3-1. Return from interrupt is carried out by RETI instruction, however, when carrying out return from interrupts 
exclusive of NMI and INT. it is necessary to execute the FINT instruction. When carrying out return from interrupt, PC, PS, and 
PSW are returned from the stack. 
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Fig. 3-1 Operations for Interrupt Receive carried out in 1-4 order 
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In the µPD70322170320. the general purpose register sets are mapped in internal RAM and can contain a maximum of 8 
register banks. These register banks are switched automatically during interrupt response and it is not necessary to carry 
out save processing to the stack of register groups which until now have been carried out using software and so it is now pos­
sible to respond to interrupt requests very fast 

When using register bank switching function, the ENCS bit of the interrupt control register which has been provided for 
each maskable interrupt source is set (1). One register bank can be designated for each interrupt group and it has the same 
number like the multiprocessing priority and is designated by PR0-2 of the interrupt control register. 

The register bank switching sequence is carried out in the following way (Fig. 3-2) 
( 1) PSW contents are saved to a temporary register. 
(2) register bank is switched. 
(3) IE= 0, BAK= 0. 
(4) the PC contents and the PSW in the temporary register are saved respectively to the save areas of the new register bank. 
(5) the offset of the start address of the interrupt processing routine is loaded from the vector PC area to PC. 

The register banks are thus switched and the interrupt processing routine is executed. 
Return from register bank switching interrupt is carried out by executing RETRBI instruction after executing FINT instruc­

tion (the use of register bank switching function is limited to receiving of maskable interrupts). When RETRBI instruction is 
executed, PC and PSW are respectively reloaded from the save areas of the register banks as indicated in Fig. 3-3. (recovery 
of register banks is not carried out using RETI instruction so that return to main program can normally not be executed. 

When using the register bank switching function, it is necessary to initialize beforehand the PS from the register bank of 
the switching destination, the vectors PC, SS, and SP. The other registers should be initialized as needed. However, care 
must be taken with PC when modifying during the interrupt processing routine. 

The register bank switching function can be used only for one interrupt in each interrupt group with the same priority. 
(See 3.7 (1) IF) 
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Fig. 3-2 Register bank switching sequence 
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Rg. 3-3 Register bank return sequence 
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The macro-service function is a function which carries out data transfer between special function register areas and the 
memory space depending on the interrupt request. The function makes is possible to reduce the overhead (operations for 
save, initialization, and return of registers) on interrupt processing making it unnecessary to carry out simple processing of 
simple data transmission by interrupt processing using software. It is also unnecessary to execute program when proces­
sing with macro-service and it is now possible to process a portion of data with effective programming results which have 
traditionally been processed in 1 byte units using software. The macro-service function differs from other interrupt response 
modes in that the IMK bit (interrupt mask bit) of the interrupt control register which has been provided for every interrupt 
source is reset and macro service will be operated if the MS/INT bit (macro-service enable bit) is set whether it is in El or in DI 
condition (See 3.7). 

There are two types of operational mode for the macro-service function as follows: 
(1) Normal mode 

a pre-established number of data transfers are carried out, one byte or one word for every interrupt request occurrence. 
(2) Character search mode 

One byte of data transfer is carried out for each interrupt request occurrence until a pre-established number of bytes has 
been transferred or the data coincide with pre-established 8-bil data. 

The macro-service function is controlled by macro-service channels specified by macro-service control registers; a 
macro-service control register is provided for each interrupt source for which macro-service is possible. 

The macro-service control register is configured as indicated in Fig. 3-4 and are within the special function register area. 

Fig. 3-4 Format of Macro-Service Control Register 

MSM2 l\ISMI 

macro service mode 
specification 

000: normal mode 
(8-bit transfer) 

001 : normal mode 
( 16-bit transfer) 

MSMO 

100: character search mode 
(8-bit transfer) 
use of other combinations 
is prohibited 

IJlll 

specifies the direction 
of data transfer 

Q 

0: memory-special function 
register 

1: special function 
register--memory 

Cll2 Clll 

macro-service 
channel (0-7) 
specification 

CllO 

The macro-service channel is assigned to the XXEOOH-E3FH (XX is value designated by IDB) of internal RAM, as shown 
in Figure 3-5. The macro-service channel is used lo define the transfer destination, transfer source, number of transfers, 
search character for the macro-service data and one can use a maximum of eight channels. 
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Fig. 3-5 Configuration of Macro-Senrice Channel 
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MSC (+OH): Number of transfers carried out by macro-service. 

MSP 

~155 

SFRP (+1H)· Offset value of special funclion register address, XXFOOH+SFRP 

(XX is specified by IDB) is special function register address. 

SCHR (+2HJ · 8-bit data compared during character search mode 

MSP (+4H): Offset value of memory address which is object of macro service 

data transfer 

MSS (+6H): value of memory address segment which is object of data transfer 

in macro-service. The memory address which is the object of data 

transfer is MSS x 16 +MSP. 

NEC 

MSC 

SCHR 

The MSC of the macro-service channel is decremented (-1) after each data transfer (8-biV16-bit), MSP is incremented 
(+ 1). Afterwards the interrupt request flags are cleared unless when MSC is 0 or when the transferred data is equal with the 
search data (only during character search mode), the interrupt request flags force an interrupt by not being cleared. 
3.5 NMI (Non-Maskable Interrupt) 

The NMI is the highest priority interrupt which cannot be disabled. This interrupt is edge-detected. The direction of the 
edge is selected by the special function register INTM register bit 0 the ESNMI bit. When ESNMI bit is 0 and when the comple­
tion edge is 1, interrupt is generated by the starting edge. This interrupt is capable of vector response only and the vector type 
is fixed at 2. This input is used in conjunction with terminal P10 and the level can be checked by reading P10. When NMI is 
received it causes the DI condition and disables other interrupts. 
3.6 INTR (Interrupt) 

INTR is a maskable interrupt and the interrupt is detected by level (active high). INTR does not receive multiprocessing 
control by using interrupt controller and ii it is an interrupt enable condition (IE= 1) it can be received at any time. However, its 
priority when there is a simultaneous generation of interrupts is the lowest. The INTR is capable of vector response and the 
vector address is supplied from the data bus by the interrupt acknowledge cycle. The interrupt acknowledge cycle is defined 
via INTAK ouput. The INTR terminal is used in conjunction with P14 and POLL and is selected by bit 4 of the special function 
register port 1 mode control register (PMC 1 ). As a result, interrupt does not take place even in interrupt enable condition 
(IE= 1) when the INTR function is not selected. INTAK is used in conjunction with P13 and INTP2 and the function is selected 
using PMC1 bit 3. 

The external interrupt input can be expanded to a maximum of 64 by connecting the µPD71059 interrupt controlle' 
When the interrupt is received, it causes the interrupt disable condition (IE= 0) 
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3.7 lnlemlpts other than NMI and INTR 
The interrupts other than NMI and INTR receives multiprocessing control using the interrupt controller. When the interrupt 

is accepted, the interrupt is automatically set in disable condition (IE= 0). However, when an interrupt with a priority higher 
than that of the interrupt being processed is generated, that interrupt can be accepted by setting it in an interrupt disable 
condition during interrupt processing routine. When an interrupt is generated with lower or with same priority, the interrupt is 
held over. 

The 15 interrupt sources are divided into six priority groups. It is possible to set up arbitrarily 8 levels from Oto 7 (0 being 
the highest) of priorities for each group. However, the priority for INTIB (Time Base Counter Interrupt) is fixed at level 7 by 
hardware. These priority levels also express the numbers of switching destination banks when using the bank switching 
function. The priorities are initialized at level 7 by resetting. 

When interrupts are generated simultaneously, the interrupt in a group established with higher priority is accepted. When 
interrupts which have been set up on the same level are generated simultaneously, the one with the highest priority among 
the groups which are fixed by hardware and software and inside the same group with the highest priority inside that group 
which is fixed by hardware, is accepted. 

Each interrupt source has a register for interrupt control used inside the special function registers. The bit configuration 
of this control register is indicated in Fig. 3-6. 

Fig. 3-6 Format of Interrupt Requ.t Control Register 

IF l\11\ l'H2 !'HI !'HO 

(1) IF (Interrupt Flag) 
Flag indicates that there is an interrupt request It indicates that there is an interrupt request and indicates that it is not 

served. This flag is set by the generation of the interrupt requests and is reset by interrupt acceptance, by BTCLR instruction 
(an instruction additional to the µP070108/70116), and by other instructions. 
(2) IMK (Interrupt Mask) 

A bit which sets up interrupt mask. 1 indicates that interrupt is masked, 0 indicates that mask has been released. 
(3) MS/INT (Macro-Service/Interrupt) 

This is a bit which specifies whether an interrupt response is processed by macro-service or by vector interrupt or 
register bank switching function; 1 is used for macro-service function, 0 for vector interrupt or register bank switching 
function. 
(4) ENCS (Enable Context Switching) 

This is a bit which specifies whether the register bank switching function is used or not; 1 indicates that register bank 
switching function is used; 0 indicates that vector interrupt is used. 

(5) PR0-2 (Priority 0-2) 

This are the bijs which indicate the priority of the interrupt group with specifications from Othrough 7. This specification is 
possible only for the interrupt registers which have the highest priority within the group and specification by other interrupt 
control registers is invalid. (During Read, 7 is fixed). 

These priorities indicate the number of the register banks for switching destination within the register bank switching 
function. 
3.8 External Interrupt 

There are five extemal interrupt sources. Among these INTR is detected by level and all others are detected by edge. For 
the interrupts which are detected by edge exclusive of INTR the respective effective edges are designated by the extemal 
interrupt mode register (INTM) of the special function registers. 
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Symbol 

INlM 

F'"ig. 3-7 Format of External Interrupt Mode Register (INTll) 

5 

0 t:S2 0 t:SI 0 i::so 

ESNMI: Designation ol effective edge tor NMI input 

ES0-2: Designation ol effective edge of iNTP0--2 input 

Effective edge: 0: falling edge 

1 : rising edge 

3.9 SoftwMt.Ac:llvl lntemipls 

t:SNMI 

NEC 

Address 

xx F4011 

The µP070322/70320 has a total ol eight types ol interrupts using software (Table 3-2). Six types are compatible with 
interrupts for µP070108/70116 software (there is no interrupt tor emulation mode. however). The other two types ol inter­
rupts have a special function for the ii'070322/70320. 

The vectors tor these interrupts are predefined. 
When conditions tor generation ol that interrupt are realized - exclusive ol BRK interrupt (single step interrupt) - it is 

accepted as usual (it has a greater priority than hardware interrupt). However, the BRK flag interrupt is generated when BRK 
= 1 (with no distinction made for hardware or software) and when the interrupt is accepted the BRK flag is automatically reset 
so that it has a lower priority than the other interrupts (for both hardware and software) and the BRK flag interrupt is not gene­
rated during interrupt processing. 

Table 3-2 Software Interrupt 

interrupt source vector priority 

DIVU divide error 
0 

.DIV divide error 

CHKIND boundary overflow 5 1 --
BRKV 4 I 

BRK3 3 i 
t-·. 

48-2551 BRKimmB 
1--

1 T BRK flag (single step) 2 

inpuUoutput instruction (IBRK flag) 20 j t- 1 
1 

FPO instruction 7 

3.9.1 General Software Interrupts 
The execution sequence for receiving ol software interrupt exclusive ol inpuUoutput instruction interrupt and FPO ins­

truction interrupt is identical to that ol the vector interrupt In olherwords, the address information for the following instruction 
(PC) and PSW are saved to the stack. IE = BAK = 0, and vector contents are loaded to PS and PC. 
Each software interrupt is described as follows: 
( 1 I DIVU divide error, DIV divide error. 

Always occurs when a quotient overflow occurs due to the execution of a division instruction. 
(2) CHKIND boundary overflow. 

Takes place when it is determined whether the index value has exceeded the boundary by executing instruction 
(CHKINDJ which checks to see if the index value has exceeded the boundary ol predefined arrays. 
(3) BRKV 

Occurs when V (overflow flag) is set during execution ol BRKV instruction. 
(4) BRK3 

Occurs with execution of BRK3 instruction. 
(5)BRK imm 

Occurs with execution of BRK imm instruction. 
(6) BRK flag (single step) 

When BRK is set at 1, occurs 8118ry lime one instruction is executed. 
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3.9.2 lnpuVOulpul Instruction Interrupt 
When IBRK = 0, interrupt takes place when an inpuVoutput instruction is attempted. The address information which is 

saved to stack when this interrupt is accepted differs from ordinary interrupt using software (see 3.91) in that it goes to the 
address where the inpuVoutput instructions are located. When the prefix is added to that inpuVoutput instruction, it goes to 
the address where the prefix is located. The other operations are the same as for ordinary interrupt using software. When 
returning from inpuVoutput instruction interrupt, it is necessary to adjust the PC value in the stack in order to return lo normal. 
II is possible to use software to find out exactly which instructions have been executed to cause interrupt generation by 
making the address information which has been sa11ed to stack the lead address. This function facilitates the transplantation 
of programs which have previously been used with the µP070108/70116. 

The contents of PSW are saved to stack immediately before interrupt has taken place and afterwards the flags are set 
automatically so that IE=BRK=O and IBRK=1. IBRK is set to 1 so that the inpuVoutput instruction/during interrupt processing 
are executed as inpuVoutput instructions and it is automatically returned to the original condition (IBRK=O) by return from 
interrupt 

3.9.3 FPO Instruction Interrupt 

Example 1: 1/0 instruction without prefix 

Address Instruction 

00183H OUT A.DX 

Example 2: 1/0 instruction with prefix 

Address 

0183H 
0184H 

Instruction 

REP 
INBK 

Reference: Normal software interrupt 
Address Instruction 

0183H BRK3 

0183H -SP 

PS 

PSW 

Stack 

0183H 

PS 

PSW 

Stack 

-SP 

0184H +SP 

PS 

PSW 

Stack 

The external bus configuration of the µPD70322170320 differs from that of the µP070108/70116 in that the coprocessor 
tor use in floating point operations can not be connected. As a result, when the use of the FPO instruction is attempted with 
this coprocessor, an interrupt is generated for the purpose of emulating the operation of the instruction. The PC value of this 
interrupt which is saved to stack becomes the starting address (see 3.9.2 for inpuVoutput instruction interrupt) (the prefix 
lead address when the prefix has been attached). As a result, the FPO instruction is decoded and software emulation is pos­
sible. It is necessary to adjust the PC value which has been saved to stack when returning from FPO instruction interrupt just 
as with the inpuVoutput instruction interrupt. 
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4. Bus Control 

The µPD70322170320 has bus control pins as shown in Table 4. 
When using a multi-function pin, it is necessary to select the desired function by means of the port mode control register 
(PMGn). 

Chart 4-1 Pin Functions for Bus Control 

Name of Pin lnpuV . 
j Output. 

Function 

AO-A19 Output address bus 

DO-DB 

R/W 

MREQ 

MSTB 

IOStB 

REFRQ 

Input/ . data bus 
Output 
Output 1 read/write identification 

Output indicates memory cycle 

Output strobe signal for memory read/memory write 
' Output strobe signal for 1/0 cycle 

Output indicates memory refresh cycle 

Comments 

HLDRQ Input bus hold request signal for use with P27 

HILDAK : Outp~t i bus hold acknowledgement signal use with P26 

DMAAKO Output indicates OMA acknowledgement cycle .. l fo_r __ use with P21 

DMAAK1 Output indicates OMA acknowledgement cycle for use with P24 

READY ' Input insert wait in external bus cycle for use with P17 

INTAK 

POLL 

Output indicates interrupt acknowledgement cycle !for use w•th P13 and tNTP2 

Input polling input for use with P11.1 and INTR 

4.1 Programmable Wait Function 
The µPD70322/70320 insertion of wait state during bus cycle (exclusive of the memory refresh cycle) can be specified by 

software. It specifies a 1 megabyte memory space in 8 units of 128 kilobyte and 110 space using the wait control register 
(WTG) as shown in Fig. 4-1. However, memory space block 6 (GOOOH-DFFFH) and block 7 (EOOOH-FFFFFH) and are set up in 
the same way. 

The wait state specification can easily be programmed independentfor each block with one out off our possibilities using 
READY pin with 0,1, 2 and more cycles, as indicated in Chart 4-2. When using READY pin control, the READY pin is used in 
conjunction with Pl 7 so that bit 7 of port 1 mode control register (PMC1) must be set at 1. When bit 7 of PMG1 is 0, READY con­
dition or wait state always goes to 2 state. If control by READY terminal is selected 2 wait states are inserted regardless of the 
READY pin condition. The READY pin is level-triggered and in case of a low level wait states are inserted. 

Accessing of internal ROM (µPD70322 only) and internal data areas is not influencect by the programmable wait func­
tions. This set-up applies to access of everything in the external areas with the exception of refresh time. 

The WTG register is initialized to FFFFH at reset time. 
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Symbol 

\\'TC 

Fig. 4-1 Format of Wait control Register (WTC) 

JS 14 JJ J2 II JO 9 8 1 6 s 4 J 
address 

[ 1/0 I llLOCKI 111.0CKJ BLOCKI BLOCK_l BLOCK l BLOCKl BLOCK xx FESH space 1 . 6 s 4 3 2 1 o 

1 L BLOCKO 

BLOCK! 

llLOCK2 

llLOCKJ 

BLOCK< 

BLOCKS 

llLOCK6. 7 

110 space 

Table 4-2 Designation of wait State 

BLOCKn/1/0 space Wait state 

0 0 O state 

0 1 1 state 

I 0 2 state 

11 2 state + READY pin 

4.2 Bus Hold Function 

0000011-IFFFFH 

20000H-JFFFFll 

40000H·SFFFF11 

60000H-7FFFFH 

80000H-9FFFFH 

AOOOOH-BFFFFll 

COOOOH-FFFFFH 

0 0 0 0 II - FFFFH 

The µPD70322/70320 has a bus hold function. Input of external high level to HLDRQ terminal indicates that the external 
element wants to use the bus. When the µPD70322/70320 detects that the HLDRQ terminal is high level, it puts all of the 
AO-A19, 00-7. MREO, MSTB, and IOSTB outputs on high impedance, puts the HLDAK terminal on low level, and indicates 
that the external elements have been opened to the buses and switches to the hold mode. During the hold mode, the 
µPD70322/70320 stops execution of instructions and reception of prefetch data. Only the on-chip peripheral hardware 
which does not use a bus is operated. When the HLDRQ pin is checked and a low level is detected during hold mode, the 
HLDAK signal is placed on high level, this 1s an indication that the bus is not opened any more to the external elements, and 
execute is restarted after a one clock interval. 

Even during HALT mode (one type of standby function: see 11.2), the bus hold requirement can be received and when the 
hold mode is released (if the HLDRQ signal is low level), it returns to HALT mode. The hold mode conditions is the same as 
normal mode. 

During execution of one instruction following BUSLOCK prefix and during interrupt acknowledge operation, bus hold 
requests are not accepted 

The µPD70322/70320 can execute insertion of memory refresh cycle during hold mode and it is executed by setting 
refresh mode (RFM) register HLDRF {bit 6). The HLDAK signal is forced to a high level for each refresh timing and the refresh 
cycle is carried out after confirming that HLDRQ has gone to low level. Afterwards, if the HLDRQ signal reaches high level, it 
again shifts to the hold mode. If the HLORQ signal remains at low level, the hold mode is released and instruction execution is 
restarted. Since HLDRQ pin is combined with P27 and HLDAK with P26, to use the bus hold function it is necessary to set bits 
6 and 7 of the PORT 2 mode control register (PMC2) to 1. 
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4.3 Refresh Function 

The iJ'C)70322/70320 has a number of functions for refreshing of DRAM and the pseudo-SAAM. There are functions for 
insertion of refresh cycle on a regular basis for a series of bus cycles, for outputting of refresh address for the support of the 
DRAM and pseudo-SAAM power down self refresh mode, a function which generates a refresh cycle during HALT mode and 
a function for the insertion of wait state during refresh cycle. 

4.3.1 Refresh Mode Register (RFM) 
The RFM register is an 8-bit register which enables refresh function control. It can be accessed with 8/1-bit Read/Write 

operations using memory access. 
The RFM register is initialized at FCH during reset. 
The RFM register has the following bit functions and configuration: 

address 1 

Rl'M RFLV HLIJRI' HLTRI' Rl'EN Rl'IVI Rl'IVO RFTI 

[ffi'TJ] [RJ=il] are bits which specify refresh synchronization 

RFTO 

symbol 

I 
xx f"ElH 

Refresh synchronization is selected from time base counter (see 7.1) outputtaps 3-6. Refresh cycle is generated at syn­
chronous intervals as shown in Table 4-3. 

Table 4-3 Refresh Synchronization 

fCLK = 5 MHZ(= Y, fx; fx = 10MHz) 

RFT RFT 
refresh cycle 

1 0 

0 0 2'/fcc• ( J.z, .. > 

0 1 2°/lcLK ( 6.4µs) 

1 0 2°/ fcLK (JZ.81,.J 

1 I Z' I fcLK (25. 6µo) 

jRFWO] LR~-- are bits which specify the number of wait states to be inserted during refresh cycle. 
The number of wait states during refresh cycle is defined by designation of RFWO, 1 independently of previously descr 

bed programmable wait function (see 4.1) as shown in Table 4-4 
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Table 4-4 Wait State during Refresh Cycle 

RFW RFW 

I 0 
wait state 

0 0 0 state 

0 1 1 state 

I 0 2 state 

1 1 2 state 

I RFEN I is a bit which enables automatic insertion of refresh cycles 
When it is 1, it permits automatic insertion of refresh cycles, when it is 0, it disables automatic insertion of refresh cycles, 

REFRQ pin output is controlled by RFLV bit contents (for further details, see description of RFLV bit). 
I HLTRF I is a bit which enables automatic insertion of refresh cycles during HALT mode. 

1 indicates enabling of automatic insertion, and 0 indicates disable. However, when RFEN bit=(), it is disabled regardles 
of the HLTRF bit contents. 
HLDRF I is a bit which enables automatic insertion of refresh cycles during hold mode. 

1 indicates enable, O indicates disable. When in enable condition (1), it is forced to start HLDAK output at high level for 
each refresh timini:i, and inserts refresh cvcle automatically. 
l RFLV I is a bit which defines the output level for REFRQ signal. 

Fig. 4-2 indicates the circuit configuration. Output is determined logically as in Chart 4-5. 
The RFLV bit becomes master RFLV output at read time and is written for RFLV slave. Writing of master RFLV is carried out 

when refresh timing takes places. 
Use of the RFLV bit enables support of power down self refresh mode for pseudo-SAAM 

Fig. 4-2 Control Circuitry Using RFLV Bit 

RD WR 

Data Line 

Table 4-5 Output Level for REFRQ Signal 

RFLV RFEN REFRQ condition 

0 0 0 

0 1 0 

1 0 1 

I t refresh pulse output 
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Insertion of refresh cycle is carried out when RFEN bit goes to 1. At this time, MREQ. MSTB, and IOSTB goto high level, 

refresh address is output to AO-AS and the high level is output to A9-A19, and refresh pulse is output from REFRQ pin. 
Gare must be taken when using the bit operation instructions as the RFLV bit does not go to read data up to the following 

refresh timing even with write. 
4.4 Bus Usage Privileges 

The priority for bus usage privileges for the µPD70322/70320 is as follows: 
( 1) Refresh cycle (see 4.3) 

The refresh cycle will always take place if insertion of the refresh cycle is enabled. However, if insertion of refresh cycle at 
time of hold mode is enabled during hold mode, HLDAK signal is forced to high level and refresh cycle is carried out while 
waiting for HLDRQ signal to go to low level. 
(2) Hold mode (see 4.2) 

The system goes into the hold mode except during execution of one instruction following BUSLOCK prefix and during 
interrupt acknowledgement cycle. 
(3) DMA cycle (see 5) 
(4) Normal bus cycle 

However, other requests are temporarily retained in the following cases: 
• During execution of interrupt acknowledgement cycle and processing related to it. 
• During execution of instructions with BUSLOCK prefix. Bus will not operate during stop mode. (See 11, Chart t 1-2 for 

bus conditions). 
4.5 Bus Timing 

Figs. 4-3 through 4-10 show principal bus timings (exept for OMA) 

Fig. 4-3 Memory Read 
Cycle 

Fig. 4-4 Memory Write 
Cycle 

Fig. 4-5 110 Read Cycle Fig. 4-6 110 Write Cycle 

Fig. 4-7 Memory Read 
Cycle (During insertion 
of 1 wait state) 

Cl.K 

Ab-19 

R/W 

p;mE<1 

mT1l 

00-7 

Cl.K 

A0-15 

R/W 

Fig. 4-8 Refresh Cycle 
(During 2 Wait State) 
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CLK 

A0-19 

R/W 

D0-7 

HLDRQ 

Fig. 4-9 Memory Write 
Cycle (During operation 
with READY terminal) 

Fig. 4-11 Bus Hold Accept 
and Release Tming 
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Fig. 4-10 Refresh Cycle 
(During insertion of 1 
wait state) 

F'ig. 4-12 Refresh Cycle 
during Hold Mode 
(0 number of wait states) 
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Fig. 4-13 HOLD Accept and Release during HALT Mode 

CLK 

00-7 

R/W 

!ll"STll 

HLDRtl 

HALT HOLD HALT 
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5 OMA Controller 
There is a built-in two-channel OMA controller which can directly specify 1 megabyte memory space in the µPD70322/ 

70320. 
5.1 Pin Functions 

The OMA controller provides pins with the following functions. These pins can all be used in conjunction with the port; 
therefore it is necessary to put the bit of the corresponding port 2 mode control register (PMC2) during use to 1. 
(1) OMARQ 0, OMARQ 1 (P20, P23). 

Acli11e high OMA request input pin. 
(2) OMAAK 0, OMAAK 1 (P21, P24). 

An active low OMA response signal pin. Howe11er. there is no output during memory-to-memory OMA transfer (burst 
mode, single step mode). 
(3) TC 0, TC 1 (P22, P25). 

An acli11e low OMA completion signal output terminal. It is output when TCO or TC1 of the OMA service channel are 0. 
5.2 OMA Oper8tlon 

Thera are four types of OMA transmit mode in the µPD70322/70320. Functions of each transfer mode are indicated in 
Table 5-1. 

Table 5-1 Transfer Mode Functions 

Mode Tr,:;:!"' j Function . OMA start DIM Stop 

Single ;t;;--~-~orY. al1~mately ~-;;.~~;xe~ 10 DMA r~ing ~;,--- j softw~re 
to cut1on ol 1 instruction O setting TOMA bit of 
memory I =~~1fi~~~r~:',8~,for a OMA conlrol register 

times only using 1 OMA 

I--·--·_ ... r~uest 

burst 
I ~emory ~a;~i~3:J ~~=~:iv g =RY ~~~~r 

memory · OMA transfers using 1 of D~ control 

NMI input only 

1 OMA request I register 

f-- - ---;· 
single 
transfer 

: ~ir~ry ! ~:~~:rC:~~~~A I o DMARO rising edge software control 

reQuests are generated 

demand 
release 

memory I car~ies out transfer 0 OMARQ high level 
to 110 ~rH~~hP~~vel penod 

8 slopped at low 
level of OMARQ 
dunng OMA 
lransfer 

•>all others use soft­
ware control 
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Interrupts 

receive all 

can receive NMI 
only 

receive all 

:_' ~~~1acc8f4':d 
tran~r 

, . 1n an other 
cases. all 
interrupts 
accepted 

During HALT 
OMA request during 

OMA operabon 

carries out OMA channel 1 ts 
specified eilher re1a1ned or 
number of interrupted and then 
OMA transfers carries out channel 

carnes oul 
specified 
number of 
OMA transfers 

OOMA. 

New OMA'S are held 
unltl OMA transfer is 
finished 

same as usual '.~~~;~~e:ft~r current 
OMA transfer is 
completed 

same as usual New DMAs are held 
until OMA transfer is 
finished 
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In memory-to-memory OMA transfer, DMAAK signal is not output. In memory-to-1/0 OMA transfer, DMAAK signal is out­

put for every 1 OMA cycle. 
The programmable wait function (see 4.1) is effective even during DMA transfer In memory-to-memory transfer the spe­

cified wait state is inserted at every transfer destination and transfer source. In memory-to-1/0 transfer a wait state which is 
slow between memory and 1/0 is inserted so as to complete one transfer in one bus cycle. 

The bus hold function and refresh function are effective even during OMA transfer and DMA transfer 1s interrupted by 
them. 

All interrupts which were generated and could not be received during DMA transfer are reatained. 
OMA transfer during HALT mode can be carried out if there are requests. When OMA transfer has ended, 1t returns to HALT 

mode. If OMA transfer end interrupt occurs when it returns to HALT mode. the HALT mode is released. 
Channel O is given priority when OMA requests are generated at the same time. 
When OMA transfer is ended (when a specific number of OMA transfers is executed), it can generate an interrupt 

5.3 OMA Control Registers 
The DMA mode register and OMA control register help to program the specification of DMA transfer mode. The OMA ser­

vice channels are mapped in internal RAM in order to specify transfer destination. transfer source and number of transfers. 
There are also registers for interrupt control and they are provided for each channel. 
5.3.1 OMA Mode Registers (DMAMO, DMAM1) 

These are bit registers which designate OMA transfer mode. The DMAMn register (n=0,1) can be accessed with 8/1-bit 
Read/Write operations by memory access. 

(channel 0) 

(channel 1) 

Symbol 
1•\I \\111 

I '" '' \I I •I '" '" \\ I I •'I\ I I•\!\ 

l•\I \ \\ 1 L--------------------~ 

\11 J~ \I I 1 J • \I IJO are bits which specify transfer mode 

MD MD MD Transfer Mode 
2 1 0 

0 0 0 single step mode 

0 0 demand release mode (l/0--Memory) 

0 0 demand release mode (Memory--1/0) 

oJ [1 l disable 

0 0 burst mode 

l 0 1 single transfer mode (1/0--Memory) 

0 single transfer mode (Memory--1/0) 

disable 

1WJ A bit which specifies whether transfer processing 1s to be carried out by byte or by word. 
IEOliiI8l A bit which specifies enable or disable for OMA transfer. 

address 
l·.\111 

I ·\ :~ I! 

·-1 

1 indicates enable, 0 enable disable. This bit is automatically cleared (0) when the DMA service channel terminal 
counter (TC) is 0. 
ITDMAI Transfer Start Bit 

This is effective only with single step mode or burst mode. OMA is started up when 1 is written into this bit. (However, 
only when EDMA is set (1)). Read level for this bit isalwaysO. It is insignificant with demand release mode and single transfer 
mode. 
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Fig. 5-1 Format for OMA Mode Registers (OMAMO, OMAM1) 

Symbol 

OMAMO (channel 0) 
OMAM1 (channel 1) [ MD2I MDII MDO] 

l 1 

5.3.2 OMA Control Registers (OMACO, OMAC1) 

W ] EOM,1 TOMA 

address 

0 ] 
OJ xxFAlH 

xxFAJH 

l:l>MA TDMA Transfer Start 

0 D OMA disable condition 

1 0 Hold status 

1 1 OMA transfer start 

F.llAI.\ OMA transfer enable/disable 

0 OMA disable condition 

1 OMA enable condition 

\V Transfer/processing method 

0 byte transfer 

I word transfer 

MD2 MDI MOO Transfer mode 

0 0 0 single step mode 

0 0 I jdemand releasemode(memory--110) 

0 1 0 demandreleasemode (l/0--memory 

0 1 1 

1 0 0 burst mode 

1 0 I single transfer mode (l/0--memory) 

I I 0 single transfer mode (memory--1/0) 

1 1 I disable 

These are 8-bit registers which specify the influence on the source address and destination address in OMA transfer. The 
OMAC register (n=0,1) can be accessed wtth 8/1-bit Read/Write operations using memory access. 

DMACn register contents are retained during RESET and are undefined. 
As fig. 5-2 indicates, btt 1,0 (PS1, PSO) ofDMACn register specifies the influence on the source side address offset value. 

Fig. 5-2 Format of OMA Control Register (OMACO, OMAC1) 

symbol 

OMACO (channel 0) 
OMAC1 (channel 1) 

5.3.3 OMA Service Channel 

POI PDO rs1 PSO 

address 
xxFAOH 

xxFAZH 

P$1/PD1 1 PSO/POO update mode tor address offset value ·-+- t--- .. 
t 1~re~ent of addr~s offset 11~l~e 

decrement ol address offset value 

t- · · not used 

This is used to specify transfer source, transfer destination, and number of transfers used in OMA transfer and it is map­
ped in internal RAM. The internal RAM addresses are assigned as follows: channel 0 to XXEOOH-XXEO?H and channel 1 to 
XXE08H-XXEOFH (XX is the value designated by IDB register). Care must be taken with these areas as they are assigned 10 
!he same areas as macro-service channel O and 1 as well as register bank 0. 
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Designation of addresses for DMA source side and destination side is the same as the method for normal memory 

access and is specified by offset from segment and segment. However, only the higher 8 bits of the segments can be speci­
fied-and the lower 8 bits are fixed to Q_ Only this offset can be changed when changing the address using DMA transfer. As a 
result, a 64K-byte transfer is possible as far as any number oflransfers goes, and when DMA transfer of data exceeds 61441 
bytes (61441 times during byte transfer, 30720 times during word transfer). and care must be taken as there are cases in 
which it cannot be processed by a series of DMA transfers using addresses of transfer source and transfer destination. 
However, ii is wise to be cautious even in cases in which data do not exceed 61441 bytes when segment and offset value are 
initialized. Fig. 5-3 shows configuration of DMA service channel; Fig. 5-4 shows method generation of DMA addresses. 

Fig. 5-3 Format of OMA Service Channel 

(offset value) JS 8 7 

+ 0 11 S,\R 

+2H lMll 

+4H s.11rn l O,.\flll 

+6H TC 

• SAR (+OH)· specifies offset (least significant 16-bit of address of DMA transfer source side. 
•DAR (+2H): specifies offset (least significant 16-bil) of address of DMA transfer destination side. 
• DARH (+4H): specifies most significant 8-bit of segment value of DMA transfer destination side. 
• SARH (+5H): specifies most significant 8-bil of segment value of DMA transfer source side address. However, the least 

significant 8-bil for the segment value is O fixed. 
•TC (+6H): specifies number of DMA transfers. 

Fig. 5-4 Method of OMA Address Generation 

O source side O destination side 

segment (16) segment (16) 

U ~RH ! __ :~:::::::~:::: 
12 bit 12 bit 

+) SA~ (161 +) : DA~ 1161 

DMA service channel 0 is assigned to XXEOOH and DMA service channel 1 is assigned to XXE08H (XX is value designa­
ted by IDB register). 

The DMA service channel is automatically changed by DMA operations. TC value is decremented by 1 for every DMA 
transfer (byte data and word data are the same.)_ 

Address offset value is changed in accordance with mode specified by DMA control register (DMACn): ±1 or unchanged 
for byte data. ±2 or unchanged for word data. 
5.3.4 DMA Interrupt Request Control Registers (DICO, DIC1). 

These are 8-bit registers for control of interrupts generated by completion of a DMA transfer. Interrupt is generated when 
terminal counter (TC)=O. 

The DICn (n=0,1) registers can be accessed with 8/1-bit Read/Write operations using memory access. The DICn register 
is initialized at 4 7H at reset lime. 

The macro-service functions are not supported in these interrupts. The OMA transfer completion interrupt of channel 0 
(INTDO) and channel 1 (INTD1) form one group, the channel 0 taking a higher interrupt priorily. INTDO conirol is carried out by 
using the DICO register and the vector is 36. INTC1 control is carried out by DIC1 and the vector is 37 (see 2.4.5). 
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Fig. 5-5 Format of OMA Interrupt Request Registers (DICO, DIC1). 

symbol 7 • 4 __ address 

(interrupt DICOI 

priority 

Dl'O I DMKO I 0 I ENCS I 0 I PR2 PRI PRO lO<l'ACH 

DFO>DF1) 
DICll I DMKI I I ENCS I I I I I DFI 0 0 I I I XX FA DH 

(Note) The DIC1 register bit 2-0 is fixed at ·1 • using hardware. Bit 2-0 is a bit field (PR2-0) which specifies 
interrupt request priority by group and forms one group with the OICO register. The priority of the 
OIC1 register interrupt requests conforms to the setting of the PR2-0 bit of the OICO register. 

The OFO/DF1 bit is an interrupt request flag lor DMA transfer completion and the OMKO/OMK1 are masked 
bits for DMA transfer completion interrupt. 

For description of other bit fields. see 3.7. 

5.4 OMA Transfer Timing 

Fig. 5-6 through 5-9 illustrate principal OMA transfer timing. 

Fig. 5-6 Timing of burst mode (timing for 1 wait state insertion for transfer destination and no wait state inaartion 
for transfer source when starting OMA using DMARQ signal when TC=1). 

Cl.K 

AO-i\19 

IJ0-07 

DMARQO 

R/\V I \ \ I 
I I 

I I 

instruction 1 OMA transfer 1 DMA transfer (when TC=O) instruction 
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Fig. 5-7 Single Step Mode 

CLK 

AO-All 

D0-01 

·ml!Q 

R/\9 

instruction! 1 OMA transfer 

Fig. 5-8 Single transfer mode 
(memory--1/0, no wait) 

1 instruction 
executed 1 OMA transfer 

NEC 

instruction 

Fig. 5-9 Demand Rel- mode 
(1/0--memory 1/0; 1 wait, memory: no wait) 

Cl.K 

AO-hl9 

I I 

I I 

I I 

Instruction DMA1ransfer instruction instruction OMA transfer Dummy cycle OMA transfer instruction 

6-44 



NEC 
Fig. 5-10 Memory to Memory transfer mode 

3 4 5 6 

CLKOUT 

µPD70320/322·5/-8 

8 9 10 11 12 

OMA WRITE CYCLE 

~ 

1 OMA TRANSFER CYCLE 12 CLOCKS 
(MEMORY TO MEMORY TRANSFER, 0 WAin 
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6. Clock G-.tion Circuit 

The Clock generation circuit supplies all types of clock to the CPU and to peripheral hardware and is a circuit which 
controls the CPU's operation mode. 6.1 Configuration of clock generation circuitry 
Clock generation circuit is configured as in Fig. 6-1 

Fig. 6-1 Block diagram of clock generation circuit 

waveform 
..------.adjustment 

'frequency 
{ 

o 16-bit timer 
0 baud rate generator 

O refresh circuit 

clock 
generation 

circuit 

l'HC 

RAM EN 

time base counter (20) 

2' 011CLK. 2"ifCLK,2"11CLK. 2'0ifCLK 

interval specification for time base interrupt 

fx: oscillation frequency 

fclk: system clock frequency 

PRC: processor control register 

TBF: time base interrupt request flag 

CLKOUT: system clock output flag 

TIU: 

Cl.K 

Cl.KOL'T P07 

The clock generation circuit uses a crystal oscillator connected to X1 and X2 pins or a ceramic oscillator. Clock genera­
tion circuit output undergoes a .. waveform adjustment" (1/2 .. frequency division"), selects .frequency division" ratio and is 
used as a system clock (CLK). 

The CLK ,,frequency division" ratio can select oscillation frequencies of 1/2, 1/4, and 1/8 by specifying bit 0, 1 (PCKO, 
PCK1) of the processor control register {PRC). 

Low-speed use of clock guarantees long periods of stable operation even if the voltage of a battery-driven system de­
creases. 
6.2 Processor Control Register (PRC) 

The PRC register is an 8-bit register which carries out concentrated control of CPU operations clock, time base interrupt 
periods, internal RAM access and other items related to the CPU and internal system control. 

The PRC register can be accessed with 8/1-bit Read/Write operations using memory access. 
It is initialized al 4EH using RESET input. 
The PCK0,1 bits determine the system clock Jrequency division" ratio. After Jrequency division" of the frequency of the 

oscillator via PCK0,1, ii is used as system clock (CLK). 
The TB0,1 bits specify the time base interrupt interval. Four types of long interval time can be selected by using the 

TB0,1 bil 
The RAMEN bit controls enable for internal RAM access. It makes no distinction of internal RAM address in disable condi­

tions (RAMEN bit .O") and accessing is always the object of external memory. When RAM is referenced as a register, internal 
RAM is always the object of accessing. 
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Fig. 6-2 Format of Processor Control Register (PRC) 

1bol~--.---.----,---r--....,-----.--,--o-, 
PRC[ O JRAME1 0 I 0 I TB! TBO I l'CKllPCKOJ xxFEBH 

address 

T_J 11--PC-~-K1-+-PC-~-K0--+-·-'-1req=u-e-nc_y_d_iv_i51-·o_n_· •_•_li.o_sp_ec_ifi_ca_b_o_"_°'_.~·=yst=--e=m=c-loc_k __ (_C_L_K) _ _, fCLK""' oscillation frequency (flt) x '·i 

fCLK = oscillation frequency (fx) x ~. 

o --1 fCLK =oscillation frequency (fx) x 1 le 

1 disabled 

TB1 TBO interval destgnation for lime base interrupt 

o O generation of interrupt each 210ttcLK interval _____ _ 

0 1 213ilCLK 
~------~1---r--r-------~-----·----------1 

1 0 216ilCLK 
f----+---t------------··- ------------; 

1 1 22011CLK 

RAMEN specification of internal RAM enable 

O internal RAM disable 

1 1n1ema.I RAM enable 
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7 Time Base Counter 
The µPD70322170320 stores a long interval timer function for clock function. 

7.1 Configuration of Time Base Counter 
Configuration of time base counter is illustrated in Fig. 7 -1. 

NEC 

The time base counter is configured of 20 .,frequency dividers" which divide the frequency of the system clock (CLK). The 
,.frequency divider's lower side of the tap output is used for time count clock, baud rate generation input clock, refresh timing 
generation and refresh address generation. Of the 20 tap outputs, output taps 9, 12, 15, and 19 are used for time base 
interrupts. 
The time base counter is cleared OOH only by RESET input and afterwards it is always incremented continnously. 

Fig. 7-1 Configuration of Time Base Counter 

time base counter (20-bit = 2•--220 ) 

ICLKl2' fCLKl2 1-2• ICLKl2'-2' 

16-bit timer baud rate generator refresh timing 

7.2 Specification of Time Base Interval 

refresh address time base 
interrupt request 

The interrupt request interval time which is generated from the time base counter can be selected from four types (as 
indicated in Fig. 7-2) using bit 2,3 (TB0,1) of the processor control register (PRC). 

Fig. 7-2 Interval Timer Mode of the Processor Control Register (PRC) 

symbol 

PRC r 0 T RAMENl 1 ] Tnt Too T PCKl rcKo 

a re 

0 0 xx F'EBH 

CJ fCLK= 5MHz (=/\Ix, Ix = 10MHz) 

TB! TOO interval time 

dd SS 

0 0 2111/ lt:u: 120511•) 

0 I 211/ft:u: (l.64ms) 

I 0 219/fcLI UJ.lmsJ 

I I Z"/ let.a (210ms) 

Note: time immediately after setting TBO, 1 bit until generation of initial interrupt request is undefined. 
7.3 Time Base Interrupt Request Control Register (TBIC) 

The TBIC is an 8-bit register used to carry out mask control for interrupt requests generated from the time base counter. 
TBIC can be accessed with 811-bit Read/Write operations using memory access. 
TBIC is initialized at 07H using RESET input. 
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Fig. 7-3 Format of time base interrupt request control register (TBIC) 

symbol s 

TBIC I TBF I TBMK I 
address 

0 xx FECH 

Interrupt requests are generated once the output tap of the time base counter specified by processor control register 
(PRC) has gone to high level and the interrupt request flag (TBF) is set 

The TBIC bit 4.5 is fixed .O'' and there is no context-switching function or macro-service function using the timer base 
counter interrupt. The TBIC bit 0-2 are fixed at ..1". priority of time base interwpt (INTIB) is .. T' fixed, and is fixed atthe lowest 
position even among the other interrupts which have priority 7. Multiprocessing control, is accepted, however. 
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8. Serial Interface 
8.1 Configuration of Serial Interface 

The µPD70322/µP070320 has two serial interface channels with built-in special baud rate generators. The serial int­
erface has two types of operational mode: an asynchronous (starVstop transmission) mode which takes data bit synchroni­
zation and charakter synchronization using start bit in the asynchronous mode and an 110 interface mode which carries out 
data transmission by synchronizing in the serial clock which has been controlled in the same way as the µCOM-87 group 
and other serial data transmission modes. 

Fig. 8-1 gives a configuration diagram once for setting of serial interface asynchronous mode and once for 110 interface 
set-up. 

The serial interface part is comprised of serial data input (RxDn). serial data output (TxDn), serial clock output (SCKO) 
transmission-enabling control input terminal (CTSn1), a transmission controller. an 8-bit serial register tor send/receive, a 
transmission buffer (TxBn), a receive buffer (RxBn) and a baud rate generato~ 

It has serial registers and serial buffers for each transmission and receiving so that the transmission and reception can 
be carried out independently (all overlapping operations are possible). The CTSn terminal has functions for the receive 
clock in pull output terminal during 110 interface mode so that all serial operations are possible and rTllY overlap, even in 110 
interface mode. 

T:dln 

·~:Tsn 

Fig. 8-1 Configuration of Serial Interface 

(a) when asynchronous mode is set up (n-0, 1) 

internal bus 

STl-"n 

serial register 

>----~transmission SEFn 
conlrol 

l'.\ICl 

•(channel 0) 

baud rate 
generator 
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(b) when 1/0 interface mode is set up (channel O only) 

STFO 

TxOO 

cTSO 

RSC"K 

SCl\O <.>-----< 

T:itE 

H,f)[] o-----< 

8.2 Asynchronous Mode 

serial register 

transmission 
control 

internal bus 

SC~10 

baud rate 
generator 

During asynchronous mode, the specification of character length, number of stop bits, parity enable, odd/even parity is 
made by the serial mode register (SCMn). 

( 1) Transmission 
In transmission operations bit 7 (TxRDY) of serial mode register (SCMn) is set (1) and the CTSn terminal goes to transmit 

enable condition at active time (0). 
There are three methods of transmission start: 
(i) transmission buffer (TxB) is set up in transmission condition when empty which generates transmission completion 

interrupt requests and carries out transmission data write operations to the transmission buffer within interrupt processing. 
(ii) when transmission data are transmitted to transmission buffer at transmission enable condition, this transmission 

data are continuosly sent after the preceding transmission operation has ended. 
(iii) in transmission disable condition, transmission data are writen beforehand in transmission buffer and the data reati­

ned in the transmission buffer are sent afterwards when it is put in transmission enable condition. 
•:there are no restrictions as such in the procedure for setting up the transmission enable condition; ii is possible to make 

TxRDY= .. 1" active and set it at TxRDY= .. 1". 
In the transmission data format, one data frame is comprised of start bit, character bit, parity bit and stop bit as the follow­

ing figure indicates; the data transmitted is senlfrom the TxDn terminal starting with least significant bit (LSB). The TxDn termi­
nal is in mark condition (1) during transmit disable or when it has no data which it is transmitting to serial register. 

I g1r I 00 DI 

start bit 
character btl 
parity bit 
stop bit 

one dataframe 

: 07 jg~rity I stop bit 

.. 1 bit 

.. 718 bit 
odd/even/O/unattached 
1/2 bit 
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When the transmission buffer becomes empty the interrupt request for transmission completion is immediately genera­

ted and the transmission buffer goes to empty condition due to RESET input. When ii is setto transmission enable condition 
at this lime, the interrupt requests for transmission completion are generated. When transmit data from the transmit buffer 
are sent to the shift register by starting transmission operations, the transmission buffer goes to empty condition and there 
interrupt requests for transmission completion are generated. 

Each lime an interrupt request for transmission completion is generated continuous data transmission is possible by 
writing the transmission data in the transmission buffer without the mark condition (1) becoming inserted. 

While transmission operations are being carried out the data being transmitted are sent one frame at a time until the end 
of the data or when switched to transmit disable condition. However, when new transmission data have already been written 
into the transmission buffer, sending from transmission buffer to shift register is disabled and transmission buffer contents 
are retained as they are. When it is again set to transmit enable condition, the transmission buffer contents coinciding with 
this liming are sent to shift register and interrupt request for transmission completion are generated at the same time that 
transmission has started. 

(2) Receiving 
In receiving operations, it goes to receive enable condition when bit 6 (RxE) of serial mode register (SCMn) is set (1 ). (In 

receive disable condition (RxE=O) the hardware for receive is in a standby condition). 
Sampling is carried out on the RxDn terminal input using the input clock to the baud rate generator; when the trailing edge 

is detected, receive operations are started up and a receive baud rate generator is started. When a RxDn pin input low level is 
detected using the initial timing signal from the receive baud rate generator. receiving operations are carried out alter they 
have been recognized as a start bit When high level has been detected by the initial timing signal, the baud rate generator is 
initialized without having recognized a start bit and operations are suspended. 

Sampling of receiving data is carried out through synchronization with rise of a shift clock after the start bit has been 
detected, as indicated in the following figure. 

Sampling timing of receive data 

shiftclockLJLflJU1~ 

Rao. 

The receive interrupt requests are generated when the receive data from the shift register are sent to receive buffer 
(RxBn) when reception of data whose character length has been specified by serial mode register bit 3 (Cl) has ended. 
During reception, receive error flag is set and receive error interrupt requests are generated, a parity check of even and odd 
numbers is carried out (when parity 1 bit=1•1. and if they do not match (parity error). or when stop bit is low level (framing 
error).or when receive buffer is full and the subsequent data are sent lo receive buffer (overrun error). (See 8.6). 
Note: The PRTY1 bit is Bil 5 of the serial mode register. 

8.3 VO lnterfKe Mode 
VO interface mode is identical to the µCOM-87 serial interface and is effective either when expanding VO to external parts 

or when connecting peripheral controllers (AID converter. LCD controller). 
When using 110 interface mode, data transmission is carried out starting with ihe most significant bit (MSB) with 8-bitfixed 

character length and without parity bit. 1/0 interface mode is used on channel 0. 
(1) Transmission 

Transmission operations go to transmit enable condition when bit 7 (TxE) of serial mode register is set 
The SCKO terminal becomes transmission clock output pin in 110 interface mode. As with asynchronous mode, there are 

three types of transmission operation start-ups as follows: 
(i) when transmission buffer (TxBO) is in empty condition, an interrupt request for transmission completion is generated by 

setting the buffer in transmit enable condition, and transmission data write operations to transmission buffer are carried 
out 

(ii) when transmission data are sent to transmission buffer (TxBO) in transmit enable condition, when the preceding trans­
mission operation is completed, this transmission is continuously sent. 

(iii) in transmit disable condition, transmission data are written in transmission buffer beforehand and when buffer is later put 
in transmit enable condition, the data retained in transmission buffer (TxBO) are sent 
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07 DS D4 03 DZ DI· DO 

Interrupt requests for transmission completion are generated as soon as transmission buffer (TxBO) is empty Transmis­
sion buffer (TxBO) goes to empty condition due to RESET input Atthis time, when it is set at transmit enable condition, inter­
rupt requests for transmission completion are generated. When transmission data from transmission buffer (TxBO) are sent 
by starting transmission operations. the transmission buffer goes to empty condition and an interrupt request for transmis­
sion is generated. 
(2) Receive 

In receive operations, when bit 6 (RxE) in the serial mode register is set (1). it goes to receive enable condition. Receive 
data are input to serial register on receive clock rising edge. When the serial register receives 8-bit data. data are sent from 
the serial register to the receive buffer (RxBO) and an interrupt request for receive completion is generated. 

Receive clocks in 1/0 interlace mode are selected from both the external receive clocks and from the internal receive 
clocks by specifying bit 2 (RSCK) of the serial mode register (SCMO). 

The CTSO terminal also functions as an input/output pin during 1/0 interlace mode. Receive error flag is set and the inter­
rupt requestlor receive error are generated at receive time when the receive buffer is lull (RxBO) and when the following data 
have been sent to the receive buffer. 
8.4 Serial Mode Register (SCMO, SCM1) 

The SCMn register (n = 0, 1) is an 8-bit register which specifies the transmission mode for the serial interlace and is set up 
at both channel 0 (SCMO) and channel 1 (SCM1). The assigned meanings of bits 7 to 2 on the SCMn vary according to speci­
fication of bits 1. O (M D1. M DO) 

symbol address 
(channel 0) SCMo 

1 
xx F68H 

MD MD 
I 0 

(channel 1) SCMI xxF78H 

MD1. MD0=0,1 (asynchronous mode) 
7 6 s 4 ] 2 

SCMOI I 
R•E I PR~Y I PROTY I tL I SL I 

SC~ll 

TxRDY 

MD1. MDO=O. 0 010 interlace mode) 
3 

50101 T•E I R•E I I 0 I TSK I RSCK I 0 
I 

M01 and MOO bits are bit fields which specify transmission mode of serial interlace. When they are set at M01. MOO= O. 1. 
they go to asynchronous mode; when set at M01. MOO= O. 0, they go to 1/0 interlace mode. However. 1/0 interlace mode can 
be set up only in SCMO. 

SCMn can be accessed by 8/1-bit Read/Write operations by using memory access. 
These registers are cleared to OOH by RESET input. 

(1) Setting up of asynchronous mode 
~a bit which carries out receive enable control. 

When placed in receive disable condition (RxE = 0) during receive operations. receive processing is interrupted and no 
interrupt requests for receive completion are generated. 
ISJ:]a bit which specifies stop bit 

When SL bit is reset (0). the stop bit is 1 bit and it is 2 bits when set (1). 
RX!a bit which specifies character length. 

When CL bis is reset (0) it is 7 characters long and 8 characters long when set (1). 
~~bits which specify parity assignment. 

PRTYO, 1 bits specify no parity, odd and even number parity, and 0 parity 0 parity makes parity bit "O" during transmission 
and ignores it during receive. 
~is a bit which controls transmission enable condition. 

When CTSn pin is low level and when TxRDY = 1, it causes the transmit enable condition. 
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Fig. 8-2 Format for Serial Mode Register (SCMO, SCM1) •.• when setting up 
Asynchronous Mode 

6 
symbol 

SCMO 

lT1RDi R1E }RT\"! PRTY1 

SC~ll 

L,..J 
CL I SL I D l 

address 

I J ><>< F68H 

><>< F71H 
specification of stop bit length 

0 1 stop bit 

I 2 stop bits 

character length specification 
T 

D 7 bits 

I B bits 

parity assignment specification 

PRTY PRTY parity specification 
1 0 

0 0 no parity 

0 I 0 parity• 

I 0 odd parity 

1 I even parity 

·o parity means that parity bit is 0 at 
transmission lime and ignored at receive ti 

receive enable control 
0 receive disable condition 

1 receive enable condition 

transmission enable condition 

0 transmission disable condition 

I WhenCTSn terminal"is low level, 
transmission enable condition 

(2) Setting up of VO Interface Mode 
liSCK!a bit which specifies source of serial receive clocks 

me 

When RSCK bit is reset (0), receive operations are carried out by external receive clock; when RSCK bit is set (1), receive 
operations are carried out by internal receive clock. lnpuVoutput for receive clock is carried out by CTSO pin. 
IISKlan output trigger bit for receive clock. 

This is effective only when RSCK bit is set (1) and eight receive shift clocks are output from CTSO terminal by write opera­
tion of 1 to TSK bit 
l:iiEla bit which carries out receive enable control. 

When RxE bit is set (1 ), ii goes to receive enable condition; when reset (0). it goes to receive disable condition. When put in 
receive disable condition during receiveoperetions, receive processing is interrupted at that po in~ and no interrupt requests 
for receive completion are generated. 
lliEJa bit which carries out transmission enable control. 

When TxE bit is set (1), It goes to transmission enable condition; when is is reset (0). it goes to transmission disable 
condition. 
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When transmission data are written into transmission buffer during transmission enable condition (TxE=1), corre­
sponding serial transmission is started after completion of running transmisson. and started immediately if no transmission 
is being carried out When transmission data are written into transmission buffer during transmission disable condition 
(TxE = 0), serial transmission is not carried out and data in the transmission buffer is retained unchanged. Afterwards, trans­
mission processing of transmission data retained in the buffer is started at the same time when switching to transmission 
enable condition takes place. 

Even if the TxE bit is reset (0) (transmission disable conditiont during transmission operations, transmission operations 
are carried out until completion. Howewr, the next transmission data which have already been stored in the transmission 
buffer at the point when ii has been set to disable condition, the transmission following this transmission is omitted and the 
data are remaining in the buffer. 

Fig. 8-3 Format for Serial Mode Ragiater (SCMO) .... 1/0 Interface Mode 

symbol address 

SCMO [ TxE 1 RxE 1 0 T 0 T m}scKJ 0 l 0 I xx F&BH 

receive clock specification 

0 
receive (CTSO terminal input 
mode) with external clock 

I 
receive'<CTSO terminal output 
mode) with internal clock 

serial interface control 

0 -

I 
writing '1' triggers 
8 shift clock pulses 

receive enable control 

0 receive disable condition 

1 receive enable condition 

transmission enable condition 

0 transmission-disable condition 

I transmission enable condition 

8.5 Baud Rate Gen«ator 
The baud rate generator is an 8-bil timerfor the serial interface which generates shift clocks for transmission and receive. 

Each channel is provided with an own baud rate generator for transmission and receiving. The baud rate is the same both 
transmission and receiving and the baud rate is determined by writing the value to the baud rate generator register (BRGn). 

The specification oflhe input clock for the baud rate generator is done by selecting the time base counter (see 7. 1) output 
tap using the PRS3-0 bits of the serial control register (SCCn). The serial interface shift clock uses the baud rate generator 
output signals which have been divided by two. Setting up the baud rate generator for the transmit rate the parameter values 
satisfy the following formula: 

CLK 
BxG=106x 2n+1 
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Where the parameters are defined as follows: 

B: transmission baud rate (bps) 
B = 110, ..... 9600, 19200 ... 

G: set value for baud rate register (BRGn) 
(1--G--255) 

n: Input clock specification number (0--n--7) 
for baud rate generator specified by serial control register (SCC). 

CLK: system clock frequency (MHz) 

NEC 

Based on the above formula, the set values for the baud rate generator for all standard transmission baud rates when 
using a 10MHz crystal attached to the outside are as follows. 

Chart 8-1 Set values for Baud Rate Generator (for reference) 

ICLK = 5MHz (=V,fx; Ix= 10MHz) 

transfer set value G for error 
baud rate n BRGn register (%) 

110 7 178 0.25 

150 7 130 0.16 

300 6 130 0.16 

600 5 130 0.16 

1200 4 130 0.16 

2400 3 130 0.16 

4800 2 130 0.16 

9600 1 130 0.16 

19200 0 130 0.16 

38400 0 65 0.16 

1.25M 0 2 0 

n: input clock specification number of baud rate 
generator 

8.5.1 Serial Control Registers (SCCO, SCC1) 
The seen register (n = 0, 1) is a register which controls serial interface transmission rate. 
seen can be accessed by 8/1-bit Read/Write operations using memory access. 
It is initialized at OOH using RESET input 
It specifies the output tap of the time base counter which is input to the baud rate generator in the PRS3-0 bil field 
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symbol; 

SCCO (channel 0) 
SCC1 (channel 1) 

Fig. 8-4 Formet for Serial Control Registers (SCCO, SCC1) 

address 

toJojoJ 0 l P:s l P:s 

xx FUH 

PRS l PRS 
1 0 

1 I I J 
xx F79H 

PRS PRS PRS PRS 
3 2 I 0 

0 0 0 0 

0 0 0 I 

0 0 I 0 

0 0 I 1 

0 1 0 0 

0 I 0 1 

0 1 1 0 

0 I 1 I 

1 0 0 0 

input clock to baud 
rate generator 

· fcu 

lcu/2 

lcu/f 

lei.all 

lcu/11 

lcu/32 

lcu/N 

fcu/ID 

fcu/251 

ICLK: system clock frequency 

a& Serial Error Proc:MSing 
The following three types of serial interface errors during reception can be detected. 

(i) Parity error (asynchronous mode) 
Transmit parity and receive parity are different 

(ii) Framing error (asynchronous mode) 
Stop bit is not detected. 

(iii) Overrun error (asynchronous mode, 110 interface mode). 
Before taking over the previous receive data from RxB, the following reception is completed. 
8.6.1 Serial Error Registers (SCEO, SCE1) 

These are 8-bit registers which indicate three types of error flag conditions corresponding to each receive error. Both 
channel 0 and channel 1 are provided with them. 

SCEn (n=0, 1) can be accessed only by 8-bit Read operations using memory access. 
SCEn is initialized with OOH during RESET. 

~Parity error flag 

ERP flag is set when transmit parity and receive parity do not agree and is reset (1) during receive data read from receive 
buffer. 
IEBEiil Framing error flag 

ERF flag is set (1) when stop bit is not detected and reset (0) during receive data read from receive buffer. 
EBOiilOverrun error flag 

ERO flag is set (1) when before receiving the preceding receive data from RxB the next receive is completed, and reset (0) 
~ receive data read from receive buffer. 
BxCDJis a bit which checks receiver terminal input condition using RxB bit. 

The serial error register (SCEn) is initialized at OOH using RESET input 
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Fig. 8-5 Format of Serial Error Registers (SCEO, SCE1 I 

symbol 

SCEOl(channel 0) 
SCEli(channel 1) 

0 
.--~"T"~--i.--~"'T""---.~-...--........ ~~..-~-. 

R11.Dn 0 ERP• ERF11 ER011 

~ ..... ~~~~~~-~~~~""T'"~.....,.--~"'T""~ 

address 
xx F&BH 

"" F?Bll overrun error flag 

reset (0) during receive data read 
from receive buffer 

set (1) when the next receive Clilals 
transferred to the receive buffer (RxB) 
~~re lhe previous data has been read out 
framing error flag 

reset (0) at time of Teceive data 
read from receive buffer 

set (1) when stop bit is not detected 

parity error flag 

reset (0) at time of receive data 
read from receive buffer 

~-------------·---- -- ·----

8.7 Break Detection Function 

set when transmission pariy and 
receive parity do not correspond 

receive pin condition 

The µPD70322170320 can be used to detect circuit break condition using software processing (asynchronous-mode 
only). Procedures for detecting a break condition are as follows: 
(1) generation of receive error interrupt using the first framing error. 

Receive data are checked inside receive error processing routine and are confirmed to be OOH. 
At the same lime, receive error flag is checked and the framing error is confirmed. 

(2) generation of receive error interrupt using second framing error. 
Framing error is again generated during break condition. 
Receive data is again OOH, and continuous reception of OOH data which accompany framing error as well as confinmation 

of direct pin condition using bit 7 (RxOoj of serial error register (SCEn) are used to decide thatthe circuit is in break condition. 
8.8 Interrupt Requmts for Serial Interface 

There are three types of interrupt requests which are generated by the serial interlace and which correspond to the two 
channels: interrupt requests for transmission completion, for receive completion, and for receive error. 
8.8.1 Control Registers for Interrupt Requests (SBCn, SRICn, STICn) n=0, 1 

These are registers which control three types of interrupt requests generated from the serial interface: interrupt requests 
for receive error (SERn), for receive completion (SRFn), and for transmission completion (STFn). The three control registers 
for interrupt requests fonm one group and can be applied a priority specified for the serial interface interrupt request The 
priorities inside the group are decided using hardware in the following way: 

SEFn > SRFn > STFn 
when SEF = 1, SRF is always set 
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Fig. 8-6 Interrupt Control Registers (SEICn, SRICn, STICn) (n=0,1) 

symbol 7 6 5 4 address 
SEICO -- xxf"&CH 

SEICI I SEFn I SEMKo IMS/1 ENCS I I PR2 PR! PRO 

xxF7CH 

:::::I SRF• I SRMKo,MS/mTI ENCS I I 
XXF"6DH 

0 ·I 

XXf7DH 

:::::I STF· I STMK• I MS/mTI ENCS I I 
XXF6EH 

0 

XXF7EH 

(Note) The SRICn and STICn bits 2-0 are fixed at '1' using hardware_ Bit 2-0 is a bit field (PR2-0) which 
specifies priority of interrupt requests according to group and form a group within SEICn. 
Interrupt request priority for SRICn and STICn conform to set-up of PRs-0 of SEICn. 

Bits SEFn, SRFn, and STFn are interrupt request flags and are all set (1) respectively according to generation of receive 
error, receive completion, and transmission completion, and are reset, by acceptance of interrupt requests or by software_ 

See 3-7 for description of other bit fields_ 
SEICn, SRICn, and STICn can be accessed by 8/1-bit Read/write operations using memory access. SEICn, SRICn, and 

STICn are initialized at 47H using RESET input 
8-8.2 Macro-Service Control Registers (SRMSn, STMSn) n=O, 1 

SRMSn is an 8-bit register which specifies macro-service processing mode which accompanies receive completion of 
serial interface_ STMSn is an 8-bit register which specifies the macro-service processing mode and the channel which 
accompany the transmission completion of the serial interface. SRMSn and STMSn correspond to the two serial interface 
channels_ 

SRMSn and STMSn can be accessP.d by 811-bit Read/Write operations using memory access. 
See 3.4.3 for description of each macro-service regsiter bit 

Fig. 8-7 Format of Macro-Service Control Register (SRMSn, STMSn) n=0,1 

symbol address 

SRMSO x '< F 6 S Et 

,\ISM2 MSl\ll MS~IO DIR Cll2 cm CHO 

SRMSI XXF75H 

sn1so XXF66H 

DIR CH2 CHI CHO 

STMSI XXf76H 
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9. Timer Unit 

The µP070322/70320 timer unit can be used as an interval timer, a one shot timer, and as a square wave output 
9.1 Configuration and Operation of Timer Unit 

The timer unit is comprised of two 16-bittimer registers, two 16-bit modulo/timer registers and an 8-biltimercontrol regis­
ter. Configuration and operation of each operational mode are described as follows. 
(1) Interval timer mode 

When timer unit is set up in interval timer mode, both timers 0 and 1 can be used as in Fig. 9-1. 

CLKi& 

CLK,'121 

CLK/128 

Fig. 9-1 Configuration of Timer Unit during Interval Timer Mode 

timerO MDOtl&l 

limer1 

TMlll&I 

preset 

preset 

OUTPUT 
control t-----o TOUT 

'----- TMFO is set 

1---+----- TMF1 is set 

'-----. TMF2 is set 
(interrupt request) 

Interval timer mode is specified by timer control register (TMCO) and when TSO bit is set (1), the MOO register value is 
loaded into the TMO register, and the clock specified by TCLKO is down counted. When an underflow is generated during 
down count, the MOO register value is again reloaded into the TMO register and the down count is again repeated. 

The same down count operations are executed for register of timer 1. 
(2) One shot timer mode 

When timer unit is set up in one shot timer mode, channel O is used as indicated in Fig. 9-2. However, it is still possible to 
operate timer 1 (channel 1) simultaneously as an interval timer. 

CLK 12 

CLK 128 

Cl.K 12 

Cl.K.128 

CLK·'6 

Cl.K 128 

Fig. 9-2 Configuration of Timer Unit during One Shot Timer Mode 

----El timer O __-i§---·--:_l ___ "_n_o(_1&_• __ _:--------·- TMF1 is set 

OUTPUT 
control --OTOIJT 

n1011&1 

timer 1 .\11>1116) 

preset 

T~ll fl6} 1--------- TMF2 is set (interrupt request) .__ _____ __, 

The one shot timer mode is specified by the timer control register (TMCO) and when TSO/MSO bit is set (1), the TMO/MDO 
register down counts clocks specified by TCLKO/MCLKO bit When an underflow is generated during counting, the count 
operations are suspended. TMO/MDO register is suspended while retaining OOOH. 
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9.2 Timer Control Registers (TMCO, TMC1) 
The TMCO register is an 8-bit register which controls operations of TMO and MDO registers. The TMC1 register is an 8-bit 

register which controls operations of TM1 and MD1 registers. 
TMCO and TMC1 registers can be accessed by 8/1-bit Read/Write operations using memory access. They are initialized 

at OOH using RESET input. TMCO and IMC1 registers have different formats as shown in the following figures. 

(interval timer mode, one shot timer mode) 

symbol 6 5 3 2 I address 

HICO TSO TCLKO MSO MCLKO f:NTO ALY MODI ~IODO xx F 9 OH· 

(interval timer mode) 

n1c1I TSl ITCLKll 0 I xxF91H 

Operational mode for timer 0 and timer 1 which are comprised respectively of TMO and MDO, and TM1 and MD1 are speci­
fied by bits 0, 1 (MODO, 1) of TMCO and TMC1 registers. 
l:MQQO] and ~ are bits which specify the operational modes for timer 0 and timer 1. 

When MODO = O and MOD1 = 0, the interval timer operation mode is set. When MODO = 1 and MOD1 =0, the one-shot tim­
er mode is set. 

During the interval timer operation mode, TMO andTM1 work as timer registers which down-count the set values, whereas 
MDO and MD1 work as modulo registers which retain the set values for the intervals. Under the one-shot timer operation 
mode both TMO and MDO work as timer registers down counting the set values. The timer 1, however has ists TMC1 bits O 
and t fixed as "O", capable of operating only as an interval timer. 

As a result, timer 0 can operate as a 16-bit interval timer or as two 16-bit one shottimers comprised ofTMO and MDO using 
TMCO register. Timer 1 can be operated as a 16-bit interval timer comprised of TM1 and MD1 using TMC1 register. 

Timer 0 can also output rectangular waves to the TOUT pin using the TMCO register. However. TOUT pin used with P15 to 
~ut rectangular waves to TOUT pin so that bit 5 (PMC15) of port 1 mode control register must be put on control mode. 
~ is a bit which specifies the active level for TOUT pin output. 

The active level of TOUT pin output when ENTO bit is reset (0) goes to low level when ALV bit is reset (0) and high active 
when set (1). 
I ENTO I is a bit which specifies operations for square waves output to TOUT pin. 

When ENTO bit is reset (0), the TOUT pin level is specified by ALV bit. When ENTO bit is set (1), the TOUT pin level is 
reserved every time the interrupt request flag of the timer unit is set. 

Descriptions of other bits of TMCO and TMC1 registers are given according to operational mode as follows. 
!TCLK I is a bit which specifies TMn register count clock. 

Chart 9-1 gives reference values for system clocks with 5MHz frequency 
[!Q!i] is a bit which controls the operations of timer n. 
When TSn bit is set (1). the value ofthe MDn register is set into the TMn regsiter and the down countofTMn register is start­

ed. When the TSn bit is cleared (0) the TMn register down count is suspended with TMn and MDn register contents retained 
unchanged. 

During down count, underflow is generated and when TSn bit is set (1) again, thevalueof MDn register is again reloaded 
into the TMn register and down count operations are restarted. 

Chart 9-1 Count Time (n=0,1) for Timer Register (TMn) During fnterval 

Timer Mode fCLK = 5 MHz (='' fx; fx = 10MHz) 

TCl.Kn l count clock 

f-- .0 T fn,/6 
t--

I 

i·· _ resolution -Pull count 

1.2 /LS 78.6 ms 
i-- . ----1 25.6 flS I 1.7 s 
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(2) One Shot Timer MOde (M000=1, MOD1=0) Howewr. timer O on!\( 
1EbKJ is a bit which specifies TMO register count clock. 

Table 9-2 indicates reference values when system clock frequency (TCLK) is 5MHz. 
Im] is a bit which controls TMO register operations. 

NEC 

When TSO bit is set. ii is down counted from values of TMO register which have been retained at that lime; TSO bit is 
cleared (0} by underflow generation, and count operations are suspended. When TSO is cleared (0), count is suspended 
while retaining TMO register value unchanged. 
~is a bit which specifies MOO register count clocks. 

Table 9-2 indicates reference values when system clock frequency (CLK) is .5MHz. When it is specified in interval timer 
mode, the MCLKO does not affect the count operation. 
~is a bit which controls count operations for MD register. 

When MSO bit is set (0}, it is down counted from the MOO register values which are retained atthattime; MSO bit is cleared 
(0) by underflow generation and count operations are suspended. When MSO bit is cleared (0), count is suspended while 
MOO register values are retained unchanged. 

The MSO bit does not affect count operations during interval timer operations. 

Chart 9-2 Count Time fCH" Timer Register O (TMO) and Modulo Timer 

Register 0 (MOO) During One Shot Timer Mode ICLK ·= 5MHz(=h Ix ; Ix= 10 MHz} 

TCLKO 1 
MCLKO I count clock resolution full count 

----0--:- - ··1,~::;z-·· ~---l.4 JlS -r- 157 .3 ms 

-··t--· ---t----- ···--------;-------
) , fcLKIJ28 , 25.6 J'S : J. 7 s 

Note: the TMO register has different count clocks depending on whether it has been specified in interval timer mode or speci­
fied in one shot time mode. 
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Fig. 9-3 Format of Timer Control Register 0 (TMCO) 

1bol 

f TOS T TCOLKJ ~~s JMC0Lj ENTOI ALV J M~D 
address 

MOD XXF90H 
0 

MCO 

-0- operational mode specifications 

tvi~o M<?0 
0 specification 

0 0 interval timer mode 

0 1 one shot timer mode 

1 x disable 

•·o· must be written in M001 

effective level specification for TOUT pin 

0 TOUT pin active level is specified at 
low level 

1 TOUT pin active level is specified at 
hjg_h level 

operation specification for TOUT pin 

0 TOUT pin level fixed at ALV bit 

1 TOUT pin level reversed by TMFO set 
timir:!.9._ 

clock source specified for MOO register (during one shot timer mode) 

0 CLK/12 specified as MOO register count 
clock 

1 CLK/128 specified as MOO register count 
clock 

operation control for MOO register (during one shot timer mode) 

0 count stopped (MOO retained) 

1 MOO down count started 

clock source specification for TMO register 

~~1'~~Q 0 fCLKi6 specified as TMO count clock 

"' ' t1ml!r 1 fCLK/128 specified as MOO count clock 

dV""9 ~~C_LKi12 specified as_TMO count clock 
OM 
sho1 

mode 1 ICLK/128 specified as TMO count clock 

operation control for TMO register 

~~;~~g 0 count stopped (TMO. MOO retained) 
"' timer 

1 MOO contents loaded to TMO, 
mode TMO down count started 
durmg 0 count stopped (TMO retained) o•• 
""" hme• 

1 TMO down count started mode 
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Fig. 9-4 Format of Timer Control Register 1 (TMC1) 

Symbol 

TMCI l T1S l TC1LK1 l 0 l 0 l l l 
Address 

0 0 0 0 xx f"9 I H 

Clock source specification for TM1 register 

0 specifies fCLK/6 as count clock 

I specifies fCLK/128 as count clock 

Operation control for TM1 register 

0 count stop (maintains TM1, M01) 

I 
Starts TM1 down count by loading the 
contents of M01on TM1 

9.3 Timer Unit Interrupt Requests 
Three interrupt requests (TMF0-2) are generated from the timer unit The generation condition for the interrupt requests 

coming from the timer unit differ according to the specification of the timer operation mode. 
When they are set up to interval timer mode, the TMFO is set (1) by the timing of underflow generated by the TMO register 

countdown, and TMF1 and TMF2 are set (1) by underflow generated by TM1 register countdown (Fig. 9-Sa). 

When TMO and MOO registers are set up in one shot timer mode, TMFO is set (1) by underflow generated by TMO register 
countdown and TMF1 is set (1) by underflow generated by MOO register countdown. In this case, TMF2 is set (1) by the 
underflow generated by TM1 regsiter countdown which operates as an interval timer. 

Fig. 9-5 Interrupt Requests from Timer Unit 

a. when TMO and MOO are specified as Interval Timer Mode 

MOO 

----------------·-----------------------------+--------TMFO set signal 

n10 

MDI 

----------------------------------------------+----.----TMF1 set signal 

l~--- TMF2 set signal 
TM! 

b. when TMO and MOO are specified as One Shot Timer Mode 

~IDO 1--------TMF1 set signal 

TMO 
,_ _______ TMFO set signal 

MDI 

·-------------------------·-········-···-·····+--------TMF2 set signal 

TM! 

TMF0-2 timer unit interrupt request flag 0-2 
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9.3.1 Interrupt Request Control Registers for Timer Unit (TMICO, TMIC1, TMIC2) 
The TMICn (n = 0-2) register is an 8-bit register which controls three interrupt requests which are generated from thetimer 

unit These three interrupts requests form one group and priority for the timer unit interrupt requests as specified by pro­
gram. Within that group, priority is fixed using hardware as follows. 

TMFO > TMF1 > TMF2 

Fig. 9-6 Format of Interrupt Request Control Registers for Timer Units 

(TMICO, TMIC1, TMIC2) 

Symbol Address 

TMICO Tl\IFO Tm.IKO MSirNT ENCS PR2 PRl rno )( l( F 9 c H 

n11c1 I TMFI lrnMK1 IMs1!11TI ENcs I o I 

nucz I TMF2 I rn11K2,Ms11RTJ ENcs I I 
XXf90H 

XXF9EH 

(Note) Bit 2-0 for TMIC1 and TMIC2 are fixed at "1" by hardware. Bit 2-0 is a bitfield (PR2-0) which specifies the priority of 
interrupt requests in the group and it forms one group with TMICO. Priority for TMCl1 and TMIC2 interrupt requests conforms 
with setting of PR2-0 for TMICO. 

See 3.7 for explanation of each of the TMICn register bits. 
The TMICn regsiter can be accessed by 8/1 bit Read/Write operations using memory access. 
The TMICn regsiter is initialized at 07H by RESET input 

9.3.2 Macro-Service Control Registers for Timer Unit (TMMSO, TMMS1, TMMS2) 
These are 8-bit registers which control macro-service started by the three types of interrupt requests generated from the 

timer unit 
The TMMSO register controls macro-service started by the TMFO flag. The TMMS1 and TMMS2 both control macro-ser­

vice which is started by TMF1 flag (for TMMS1) and TMF2 flag (for TMMS2). 
TMMSn (n = 0-2) can be accessed by 8/1-bit Read/Write operations using memory access. 

Fig. 9-7 Format of Macro-Service Control Registers for Timer Unit 

(TMMSO, TMMS1, TMMS2). 

Symbol 
TMMSO---------~---------~ 

TMMSI MiM 

TMMS2'----'----''---....._---'---'---'----'---' 

MS~I 

I 
MSM 

0 
Diii 

CH 
2 

CH 
I 

CH 
0 

Address 
XXF94H 

XXF95H 

XXF96H 

See 3.4 for explanation of TMMSn regiter bits. 
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10 PORT FUNCTIONS 
10.1 Port 0-2 
10.1.1 Hardware Configuration 

NEC 

The µPD70322/µPD70320 ports 0-2 are basically comprised of three state bidirectional ports as indicated in Fig. 10-1. 
Each port mode register bit is set (1) by RESET input and thus specified as input port. All port pins are placed in a high 
impedance condition. The output latch contents are not influenced by RESET input. 

inter­
nal 
bus RDnvT 

RD..., 

Fig. 10·1 Configuration of Port 0-2 

PMXn 
latch 

output 
latch r--..---o PX pin 

output buffer 

Note: PMXn latch. bit n of port mode register PMX 

(1) When specified as output port (PMXn=O) 
The output latch is effective and data exchange between output latch and accumulator can be carried out by transfer 

instructions. Output latch contents can be set without restriction by logical operation instructions. Once data are written into 
the output latch, they are retained until the next instruction to operate the port is executed. 

Fig. 10-2 Port for Output Port Specification 

WUr•oftT 

inter-
nal RDoUT 
bus 

output 
latch 
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(2) when specified as input port (PMXn=1) 
Port pin level can be loaded to the accumulator using transfer instructions. Even in this case writing into the output latch is 

possible and data sent from accumulator using transfer instructions are latched completely by the output latch regardless of 
port inpuVoutput specification. However. the bit output buffer specified at input port goes to high impedance condition so that 
there is no outputto the port pin. (When the bit for inpuVoutput specification has been switched to the output port the con­
tents of the output latch are not outputto the port terminal). The contents of the output latch ofthe bit specified as input port 
can not be loaded to the accumulator. (Fig. 10-3) 

Fig. 10-3 Port for Input Port Specification 

inter­
nal 
bus 

WRmn 

(3) with control specification (PMCXn=1) 

output 
latch P:<n 

In working with port0-2, the bit of port mode control register (PMCX) is set (1) so that it can be used as input or output for 
control signals in units of bits regardless of the port mode register (PMX) set up. When a pin is used !or a control signal the 
condition of the control signal can be checked by executing the port access instructions. 

Fig. 10-4 Port for Control Signal Specification 

control (input) ------

control (output) --------------! 
P:'<n 

RD 
P~IXn• I 

internal bus ----+~---+-------~'--__J 
(x-0-2) 
n•0-7 

(ii) when port is control signal output 
When the port mode register (PMXn) is set (1) it is possible to read the control signal pin condition when the port read 

instruction is executed. 
When the port mode register is reset (0) it is possible to read the condition of the internal control signal. 

(ii) When port is control signal input 
When the port mode register is set (1), it is possible to read the pin condition of the control signal when the port read 

instruction is executed. 

6-67 



µPD70320/322-5/-8 NEC 
1 0. 1.2 Port Functions 
(1) P00-07 (port 0) ..... three state input/output 

This is a special 8-bit input/output port Besides functioning as a general purpose input/output port whose input/output 
can be spec Hied in bit units, it can also function as a system clock pin (for use with P07). Switching for these can be carried 
out in bit units by specHying the port 0 mode register (PMO) as well as the port 0 mode control register (PMCO). 

Chart 10-1 Port 0 Operation (=0-7) 

PMCOn= 0 

PMOn= I PMOn= 0 

input port output port 

input port output port 

input port output port 

input port output port 

input port output port 

P05 

P07 CLKOUT output input port output port 

(i) Port O mode control register (PMCO) 
This is an 8-bit register used to define the use as port/system clock output for port 0 in bit units. As a result the PMCO 

register can be accessed by 8/1-bit Read/Write operations using memory access. If the corresponding bit of the PMCO 
register is set (1) it defines the system clock output mode (P07), H reset they go to port mode. All the bits of the PMCO regis­
ter during RESET input are reset (0) and it goes to port mode. 

Fig. 10-5 Format for Port 0 Mode Control Register (PMCO) 

Symbol Address 
.--~..-~T"'""~.,..-~-.-~...,.-~-.-~-r~-. 

0 - >< >< F 0 2 H 

POn=port mode l 
P07=system clock output 

(ii) port 0 mode register (PMO) 
PMO is an 8-bit register which specifies input/output for port O using bit units. 
PMO can be accessed by 8/1-bit Read/Write operations using memory access. When the corresponding bit in PMCO is 

"O", the PMO becomes valid. 
All bits are set (1) using RESET inout 

6-68 



NEC µPD70320/322-5/-8 

Fig. 10-6 Format of Port 0 Mode Register (PMO) 

Symbol 7 
~~~_;_~~~~~~~~~~~~~~-

l'MD 
..... o 

7 
l'MO 

4 
l'MO 

3 

(2) P10-17(Port1) ..... three state inpuVoutput 

l'MO 
2 

l'l'\IO 
I 

l'MO 
0 

Address 

><><FOIH 

o output 

input 

1. -o-7> 

This is a special 8-bit input/output port. Besides functioning as a general-purpose inpuVoutputportwhose input and out­
put can be specified in bit units, itfunctions as a number of control pins. Switching for these can be carried out in bit units by 
specifying the port 1 mode register (PM1) as well as port 1 mode control register (PMC1). 

The P10-P13 terminals can read the pin levels by direct accessing of port 1 (P1). 

Table 10-2 Port 1 Operations (n=0-7) 

: PMCln=l 

Pl 4 ! INTR input 

PMC1n=O 

llNTP2 input 

.JllOllJ•"" (POU1npull 

Pl 5 TOUT output input port 
·----'--

P16; SCKO output: input port output port 
------i-- .... 
Pl 7 ; READY input input port output port 

(i) Mode control register (PMC1) for port 1 
This is an 8-bit register which can specify in bit units the use of port 1 for port-control signals or as input/output. As a result 

the PMC1 register can be accessed by 8/1-bil Read/Write operations using memory access. When the corresponding bit in 
PMC1 register is set (1) it defines the control signal inpuVoutput mode, if it is reset (0), it is in the port mode. However, the P10-
P12 pins are fixed in port mode. 

Fig. 10-7 Format for port 1 mode control register (~MC1) 

Symbol 7 0 
.----.......:..~_:_"T-..;_,......:___,.....:..~...:.... ...... .:..._ 

Address 

0 XXF'OAH 

Pln=port mode 

Pln=control mode 

1 • -o-n 
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(ii) Port 1 mode register (PM1) 

The PM1 is an 8-bit register which specifies inputoroutputfor port 1 in bituni1S. As a result, thePM1 can be accessed by 
811 bit Read/Write operations using memory access. When the corresponding bit of PMC1 is "O" PM1 becomes valid. 

Fig. 10-8 Format of port 1 mode register (PPM1) 

Symbol 1 Address 

r~11 
P~ll 

7 
PMI 

6 
!'Ml 

5 
l'MI 

• 

P1n=output 
'--~~~~~~~~~~~~~~~·~~~~--lr!1;11--~-+-~~~~~~~--l 

P1n=input1 

(. =0-71 

(3) P20-27 (port 2) . . . three state inpuVoutput. 
This is a special 8-bit input/output port. A side from functioning as a general-purpose input/output port for which input/ 

output can be specified in bit units it also functions as a number of control pins. Switching for these can be carried out in bit 
units by specifying the port 2 mode register (PM2) as well as the port 2 mode control register (PMC2). 

Chart 10-3 port 2 operations 

PMC2=1 1 
. . _ PMc;=O _ 

PM2n=1 , PM2n=O ----· .. _ + ,, __ 
P20 DMARQO inpul input . output port 

-+---
P21 I DMAAKO output in put output port 

.. t - -----r--· 
P22 , TCO output : input · output port 

P23 DMARQ1 input : input output port 

P2 4 , 'l5ttliAIO output input output port 

P.25' - Tc; output input , output port 

P26 HLDAK output input output port 
-- ~-

P27 HLDAQ input input output port 

(i) Port 2 Mode Control Register (PMC2) 
This is an 8-bit register which can specify the use of port 2 for port/control signals or as input/output port for port 2 in bit 

units. H the corresponding bit of the PM2 is set (1) it defines the control signal input/output mode, rt it reset (0), it goes to port 
mode. During reset input. the PMC2 register is reset (0). and it goes to port mode. 

Rg. 10-9 Format of Port 2 Mode Control Register (PMC2) 

Symbol Address 

o P2n=port mode 

P2n=control mode 

(. •0-7) 
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(ii) Port 2 Mode Register (PM2) 
The PM2 is an 8-bit register which specifies input/output for port 2 in bit units. As a results. the PM2 can be accessed by 

8/1 bit Read/Write operations using memory access. When the corresponding bit in PMC2 is 0, PM2 becomes valid. 
All bits are set (1) by RESET input 

F"ig. 10-10 Format of Port 2 Mode Register (PM2) 

Symbol Address 
~~~~~~~~~~~~~~~~~~~ 

PM2 rm 
7 

10.2 Port T (PTO-PT7) 

PM2 

' 
l'M2 

5 
PMZ 

• 
PMZ 

3 
PM2 

2 
PMZ 

I 
l'MZ 

0 
xxF 11 H 

P2n=Output 

P2n=lnput 

Port Tis an 8-bit input port which can vary the threshold llOltage (reference wltage) in 16 stages. Comparator operations 
are carried out by analog input. 
1 0.2.1 Hardware Configurations 

Port T contains a multiplex circuitry (MPX) which selects one of PTO-PT7 comparator inputs, a Vth pin for standard power 
supply input to generate a matching wltage (Vref) in 16 steps ranging from 1/16 X Vth up to 16/16 X Vth. of a port mode T 
register (PMT) which controls MPX and of 8 latches (Fig. 10-11). The Vret and PTO-PT7 input (selected by setting up PMT) are 
c;ompared using a comparator and the result is then latched into the port T inpu1 latch. 
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PT! 

PT2 

PTJ 

PT< 

PTS 

PT6 

Vm 

Fig. 10-11 Block diagram of Port T 

MPX 

l&-1 
VRFJ 

VRF2 

VRl'I 

VRFO 

P:'llT 
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10.2.2 Port T Mode Register (PMD 
PMT sets up the comparison voltage <Vrel) for the comparator as one of the 16 steps as indicated in Rg. 10-12. 
PMT can be accessed by 811 bit Read/Write operations using memory access. All of the PMT bits are reset (0) by RESET 

input 

Fig. 10-12 Format of Port T Mode Register (PMT) 

Symbol a Address 

PMT r -1 -I -I -I VR3EFJ VR2EF VREF VREf" 
"" F 3 BH 1 0 

1 I I J 

VREF VREF VllEF VREF 
VHF 3 2 1 0 

0 0 a 0 VT11Xl6/l6 

a 0 0 1 Vn1X 1/11 

0 0 1 0 v,.x 2 /19 

0 0 1 1 VTHX 3/16 

0 1 0 0 v,..x 4/16 

0 1 0 1 Vn1X 5/16 

0 I I 0 Vn1X 6 /16 

0 I I I VTllX 7 /16 

I 0 0 0 Vn1X 8,,.-"l& 

I 0 0 1 v,,.x 9/16 

I 0 I 0 V,..><10/16 

I 0 I 1 Vn1><11/11 

I I 0 0 Yn1XJ2/l6 

1 1 0 1 Vr11 X 13/l& 

1 I I 0 Vn1X 14/Je 

I I I 1 Vn1X 15/16 
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11 STANDBY FUNCTIONS 

The µ1'070322170320/70320 has two standby function modes which control the clock operation. 

• HAIT mode ..... a mode which suspends clock supply for the CPU. However, a number of CPU status data and RAM are 
all retained and peripheral hardware continues operation. Intermittent operation by combination with 
normal operation mode is used to lower total system power consumption. 

• STOP mode ..... a modewhichstopstheoscillatorwhich leads to acompletestopoftheentiresystem. Internal RAMand 
port output data are retained as they require only very low po-r consumption. 

Setting up of various modes is carried out using the HALT and STOP instructions. 
11.1 Standby Control Register (STBC) 

The STBC is an 8-bit register which controls the standby flag (SBF). 
SBF is used for the return decision from STOP condition. SBF is reset (0) only by starting po-r supply voltage <Vdd) and 

set (1) only by instruction execution for special function registers. SBF can be tested to distinguish whether there is a release 
after reset or return from STOP mode. 

STBC is initialized by reset. 

Fig. 11-1 Format for Standby Control Register (STBC) 

Symbol 

STBC 0 

11.2 HAlJ' Mode 
This is a mode which suspends clock supply for the CPU. 

Address 

snr )( x FEOH 

Vdd rising edge • O 

operation of instruction for 
special function register - 1 

Setting up the HALT mode during CPU empty time reduces the overall po-r consumption for the system. When the HALJ 
instruction is executed, it goes into HALT condition. 

In HAl.T mode, the CPU clock is suspended, program execution is stopped and the contents of all of the registers and the 
internal RAM immediately before the suspension are retained. Table 11-2 illustrates conditions of all relevant hardware 
blocks. 
11.2.1 Release from the HALT Mode 

HALT mode is released by a nonmaskable interrupt (NMI) request, unmasked maskable interrupt request and RESET 
input (Rg. 11-12) It goes from HALT mode to macro-service and OMA processing using macro-service requests or OMA 
processing requests (Fig. 11-3). Wh~n macro-service and OMA processing are completed, it again returns to HALT mode. 
However, if conditions such as those illustrated in Chart 11-1 appear during macro-service and OMA processing, the HALT 
mode is released. 
( 1) Release from HALT mode through an interrupt request 
(i) when a HALJ mode is set during an interrupt processing routine, it is released by generating unmasked maskable inter­
rupt requests with a priority higher than that of the interrupt under processing or the generation of nonmaskable interrupt 
requests. 
(ii) in all other cases 

The HALT mode is released by generating a nonmaskable interrupt request or by generation of unmasked maskable 
interrupt requests regardless of their priori~ 
(2) Release by RESET input 

Identical to normal reset operations 
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Rg. 11-2 Release from HALT Mode using Interrupt Requests 

I 

CLK 

interrupt request----------~--.;)-----~ 

HALI instruction execution CPU HALT operation 

Rg. 11·3 Starting Macro-Service/OMA During HALT Mode 

I I I 

: normal operation 

mode 

<•l.K~~-~ r-----------Tj-- I macro-service/' ________ ....._......,;..-J clock suspension 1 ._ ___ ..._ _____ _ 

OMA request 
HALT instruction 

execution 
CPU HALT operations 

I 

I macro-service/ 
I OMA HALT mode 

Chart 11-1 Operations after releasing HALT mode using interrupt requests 

Release Source El Condition 

Nonmaskable I branches to vector address after release 
interrupt 
requests 

maskable 
interrupt 

branches to vector address after release 

DI Condition 

branches to vector address after release 

t-- - -- -- -
\executes next instruction after release 

request ± 
macro-service when macro-service is started and macro-

1

. when macro-service st.arts and. ma. cro-
request service counter is OH, ii branches to vector service counter is OH, HALT mode is 

address. If macro-service counter does not released and the next instruction 1s 
I reach OH, it goes to HALT condition a executed 
second time. -- -r--·-- -- .·-- ~ -- --- --

OMA request • when OMA starts and terminal counter is at I when OMA starts, and terminal counter is 
1 OH, it branches to vector address. If OH, HALT mode is released and the next 

\'terminal counter does not reach OH, it instruction is executed 
goes to HALT cond1t1on a second time ' 

11.3 STOP Mode 
This is a mode which suspends the oscillator. It results in a very low power consumption as the complete system is 

suspended. Execution of STOP instruction causes it to go into STOP condition. In STOP mode, all of the clocks are suspend­
ed. Program execution is suspended and all of the register values immediately before suspension and the contents of the 
internal RAM are retained. Table 11-2 illustrates the condition of all hardware blocks. 
11.3.1 Release from STOP Mode 

STOP mode is released by using NMI request or by RESET input 
(1) Release by NMI Request (Fig. 11-4) 

When the effective edge is input via the NMI pin, oscillation is restarted. Thetime base counter (TBC) starts operation and 
measures a period of several tens of milliseconds until the oscillation stabilizes 

As a result, after release from the stop mode, clocks are not immediately supplied, but the clock supply starts after the 
computed time of transmission stability using TBC. 
(2) Release by RESET Input 

Identical to normal reset operation 
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CLK 

interrupt request 

from NMI input 

Fig. 11-4 Release from STOP Mode Using NMI Input 

_n___n_f-~~ 
---------:----;~counter 

1 suspension of 1 
~oscillation I count time 

I 
I 

Execution of I 
STOP instruction i------CPU STOP operation---- normal operation 

Table 11-2 HALT Mode/STOP Mode 

Item . ) .. __ HALT Mo~ STOP Mode 

Oscillation 

Internal System Clock 

16-Bit timer 

Time base counter 

HOLD circuilry 

Operation 
1---­
, Stops i--

-- ---~ Operation 
Serial interface l 

------------
Interrupt request controller 

I Stops 

OMA controller______ +--- _______ ---~------
l/Olif11!_" ---~etained ___ ---~Retained 

-----r.;:; A 19 · Retained Retained 
Bus\ines ~------------ I L 

._ ______ o_o_-_D7 __ --~impedanc~~- _-~igh i-mpedanc~ 
R/W output I High level I High level 

Refresh operation Operation/Stop ~tStopped __ 

1
1 CPU status, RAM CPU status, RAM 

Data retention Jcontents and internal contents and internal 
data are all retained data are all retained 

------- --

Released by 

I' 0 nonmaskable 
interrupt 

,

1

- 0 maskable interrupt 

mffi'ert O input 
0 macro-service 

request• 
OOMA' 

0 nonmaskable inter­
rupt request 

0 RESET input 

•again returns to HALT mode after processing of macro service and OMA 
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Absolute Maximum Ratings (Ta = 25"C) 

Parameter Symbol 1Mt Condition Ratings Unit 

VDD -0.5to+7.0 v 
Power Supply Voltage 

! VTH -0.5 lo VDD+0.5 ::;+ 7.0 v 
----t-- - -----+--·-~ - ------+----; 

Input Voltage 1 VI -0.5 lo VDD+0.5 ::;+ 7.0 V 

Output Voltage VO -0.5 to VDD+0.5 :ii-+7.0 V 

All Output Pin 4.0 mA 
f--------· -·--+-------------+------! 

All Output Pin Total 50 mA 
Output Current Low IOL 

f--------------+-----+---------+----------+--~ 

mA 

All Output Pin Total -20 mA 
Output Current High IOH 

All Output Pin -2.0 

Operating Temperature Topi -4010 +85 

Storage Temperature Tstg -65to+150 'C 

Capacitance (Ta = 25"C, VDD = OV) 

Parameter 

+ 
Symbol Test Condition Min. ~ Max. Unit 

Input Capacitance 
' 

Cl lc=1MHz 10 PF 

1 
_ ___, 

Output Capacitance co Unmeasured Pins 20 PF 
- +---- ·--

110 Capacitance CIO Returned to OV 20 PF 
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DC Charcteristics (Ta= -1 O"C to + 70"C, VDD = +5.0V ± 10%) 

Parameter J Symbol Test Condition Min. 

Input Low Voltage T V1L ; 
I--------- -----+--

v --1· -All e;~t RESET --

Input High Voltage 1' _ IH1 _ P10IN_MI, X1, X2 2·2 

t----· .. VIH2 ~R~Si:T,P1~NMl,X1,X2 jo8_~~-
0_11tput '=()W "_oltage ,____ VOL --Ll()L = 2~0mf:' _ _ ; . 

0 

""fyp Max. 

... ! 0.8 

VDD 

VDD 
·---+---· 

0.45 

Output High Voltage _ --+-\'()H----tloH:=_ -0.4mA .. ___ vo~-::_~ 
1 I ' EA, P10/NMI 

Input Current 

Input Leakage Current 

I O::OV1::i>VDD . I 
··--------·· ------+ .. t 

' All Except EA, P10/NMI; 
V1::i>VDD 

±20 

±10 

-- - , a :5 vO:S_v_o_o_ --- ·----r- ±1 o 
.. -o-~-vT~~:>_--=_v-=_o-o~.· _1_ -+05. --1.o 

·----l~I 
ILO Output Leakage Current 

-··----·-
VTH Supply Current ITH 

IDD1 
Operation Mode 
ICLKOUT = 5MHz/8MHz' 

VDD Supply Current ----- - HALT Mode r--
IDD2 ICLKOUT = 5MHz/8MHz 

Jt 
IDD3 STOP Mode 

Comparator Characteristics (Ta= -10"C to+ 70°C, BDD = +5.0V±100lo) 

Parameter r Symbol I ~st Condition 

6-78 

Min. 

0 

64 

0 

50185 1001120 
--- j 

20/25 40/50 

10 30 

Typ Max. 

±100 

voo+o.1 

65 

voo 

Unit 

v 

v 

v 
v 
v 

Unit 

mV 

v 

TCYK 

v 
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A.C. Characteristics (Ta = - 1 Cl°C to + 7Cl°C, VDD = +5.0V ± 10%) 

Parameter Symbol Test Condition Min. Max. Unit 

Input Rise Time ns t1R _ Except X1, X2 I·____ 20 
Input Fall Time ! t1F RESET, NMI 20 

Input Rise Time (SCHMITI) __ --1' UtlRFSS rS~ ~~~=---- _2___300 -·---

ns 

ns 

Input Fall Time (SCHMITT) ns 
~---l 

Output Rise Time tOR Exc;e~t CLKOUT j ___ 20 ___ --r-

Output Fall Time _ 1 to£___ "I Except CLKOUT I 20 

ns 

ns 

··- ---- ·- t ---+- ------ -+--------+ 

_______ j ICYX I fCLK=5MHz/8MHz 98/62 +If 250 
X1 Input Cycle Time 

X1 Width Low 

X1 Width High 

X1 Rise Time 

X1 Fall Time 

CLKOUT Cycle Time 

CLKOUT Width Low 

CLKOUT Width High 

CLKOUT Rise Time 

CLKOUT Fall Time 

Address Delay Time 

Address Valid to 
_Input Data Vali~----­
MR-EQ to Data Delay Time 

MSTB to Data Delay Time 

MREQ to MSTB Delay Time 

MREQ Width Low 

Address Hold Time 

Input Data Hold Time 

Next Control Setup Time 

MREQ to TC Delay Time 

ns 

' ~ -i~==== ::i~t --__,__~_:_ 
IXF fCLK=5MHz/8MHz ns 

__ ICYK fQSC/2 __ 2-D0/125 _ , 2000 -- ns 

~ fcLK=5MHzl8MHz 0.5T-15 E ~-n-s___, 

· 1 """ - r~·'""""'"' o . .rr: ,-,-- - ~ ~ --· -~ - -=--_;____ ~: -~- ~: 
-+ -- --- ----+ 

' toKA 90 ns 

- =rto:DR (n+1.-5)-T---12-0-C-

IDMRD -----+-------- {n+1_)T_-_9_o __ , 
IDMSD (n+0.5)T-90 

----+---
IDMRMS 0.5T -50 --- t IWM_R_L_--+-- -----+-;;:;.;_-1)-T --4-0-

1 ----+---------

IHMA 

IHMDR 

ISCC 

tDMRTC 
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0.5T-50 

0 

T-25 

0.5T+50 

------ j 
-+-

0.5T +50 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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A. C. Characteristics (Continued) 

Parameter 

Address to Data Output 
-----·--- --------
MREQ Delay Time 

Symbol 

toADW -+----- -
to AMR 

Test Condition Min. 

0.5T-50 
-.-----------

MSiB Delay Time !DAMS T -50 

NEC 
Max. 

0.5T+50 
-+-----

Unit 

ns 

ns 

ns 
t------------------ - - --- --+--------+ ------- -+- ----- -- f-------

MREQ to MSTB Delay Time IOMRMS 0.5T -50 ------ -- ---------r------
MSIB Width Low IWMSL (n+0.5)T-40 

Data Output Setup time tsDM (n+ 1 )T -50 
---+-

--

ns 
------ - t------

ns 
i---­

ns 
------ t-----

Data Output Hold Time IHMDW 0.5T -50 ns 
1------------- ---+--------+-- --------1- --- ----+------- t----

t-------------------r ----f---------- ---It---------+-------+------< 
iO$iB Delay Time !DAIS 0.5T -50 ns 

------+--------+--~ 

1osm to Data Input tolSD ns 

1osm Width Low IWISL ns 
1----------------+-------+------+-------f-

Address Hold Time IHISA ns 

Data Input Hold Time IHISDR ns 
I---------------+-----+--------+------+------+------

Output Data Setup Time ns 

Output Data Hold Time ns 
t--------------+-------+--------+------+--------+---- -

Next DMARQ Setup Time ns 

DMARQ Hold Time ns 

DMAAK Read Width Low ns 

DMAAK to TC Delay Time ns 

TC Width Low ns 

DMAAK Write Width Low ns 

REFRQ Delay Time ns 

REFRQ Width Low ns 

Address Hold Time ns 
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----~~~~~~~~~~~~~~~~~~~~~~-----

A. C. Characteristics (Continued) 

Parameter Symbol Test Condition Min. Max. Unit 

RESET Width Low (STOP/POR.) IWRSL1 30 ms 

RESET Width Low (System Reset) IWRSL2 5 

MREQ, IOSTB to READY Setup Time ts CRY n;;;:2 (n-1) T-100 ns 

MREQ, IOSTB to READY Hold Time IHCRY (n-1)T ns 

HLDRQ Setup Time !SHQK 30 ns 

HLDAK Output Delay Time IDKHA 80 ns 

Bus Control Float to HLDAKI ICFHA 1T-50 ns 

HLDAK! to Control Output Time IHAC 1T-50 ns 

HLDRQ to HLDAK Delay Time IDHOHA 3T+160 ns 

HLDRQI to Control Float IDHQC 3T+30 ns 

HLDRQ Width Low IWHQL 1,5T ns 

HLDAK Width Low !WHAL 1T ns 

INTP, DMARQ Setup Time !SIOK 30 ns 

INTP, DMARQ Width High IWIQH 8T ns 

INTP, DMARQ Width Low IWIQL 8T ! ns 

POLL Setup Time !SPLK 30 ns 

NMI Width High IWNIH 5 
- -

NMI width Low IWNIL 5 
-

IWCTL CTS Width Low j 2T 

INTR Setup Time ts_IR_K_----< __ -_---+-- l ns 
,___INTcc_-A_K_D_e_la_y_T--im-e-------+-IDKIA ----i _ 3

0 -80----+--n-;--I 

:::":::. -- ' -=:~ ~~ 1~,,-0-1 : 
INTAK_lcl[)Ali_A_D_el~Y__Ti'."e t _ID_IA_D _ __, _____ _ j ~-- _ 

ns 

ns 
--

INTAK to DATA Hold Time j IHIAD 0 ns 
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A. C. Characteristics (Continued) 

Parameter 

SCKO Cycle Time 

SCKO (TSCK) Width High 

SCKO (TSCK) Width Low 

TXD Delay Time 

CTSCl (RSCK) Cycle Time 

CiSO (RSCK) Width High 
- --- ---- - - ------

GTSO (RSCK) Width Low 
t----- ----- ---

RXD Setup Time 
f---------- ------

RXD Hold Time 

CL= 100pF 

Symbol 

tcYTK 

twSTH 

twSTL 

IOTKD 

tcYRK 

twSRH 

Test Condition Min. 

1000 

450 
~---

450 
- -

---

1000 

420 
------- t ---

-

NEC 
Max. Unit 

! ns 

ns 
--j-----­

ns 

210 ns 

ns 
-t-----

ns 
---------- ----

- -- -- t- -- 420 I ns twSRL 
-------1- -

80 l 
------t---

ns tsROK 
--· ---t- --------+---

IHKRD 80 ns 
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NEC 
Timing Weveform1 
AC Input Waveform (1) (Except X1, X2, RESET, NMI) 

2.4V 

0.4V 
_ow?1 ++ ~R 

AC Input Wneform (2) (RESET, NM 

0.8V -----
0.8V~DD 

----- llRS 
AC Output Tnt Point (Except CLKOUT) 

Clock Timing 

CLKIN1 
(X1) 

CLKOUT-----

toR 

IWKL 

ICYK 

6-83 
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h~~F -
h-llFS 

+1-IOF -

IWKH 

2.2V 

0.8V 



µPD70320/322-5/·8 NEC 
Memory Rud Timing 

81 82 
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Memory Write Timing 

01 02 

CLKOUT 

19-Afl 

07-06------+----< 

RtW 

IDAMR------
MREQ ------+---.. 

MST0------+------,1 

IDAMS 

REFRQ ----
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110 Read Timing 

81 82 
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1/0 Write Tlmlnt 

81 82 

CLKOUT 

A19-A8 

07-06----------;----'I,. 

RtW 

MREO----------+-----------t---t------;t:--

MSTB----------1-----------+--+--------r---

twlSL tscc 
IOSTB ---------------.i 

REFRQ -------------------------->!;::--
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µPD70320/322·5/·8 NEC 
DMA(l/0-M) Timing 

B1 B2 

CLKOUT 

A19-A& 

R/W 

IDAMR IHMA 
MREQ 

ts cc 
MSTB 

IDAMS 
IOSTB 

IWTCL -----.-. 
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DMA(M •1/0) Timing 

f---------~~ ----- --1 ___ _E__ __ _, 

ICYK 

CLKOUT 

A19-AO 

07-DO ---------

-------------~!--

R/W 

MREQ -------+-----..! 

MSTB~------+---_,_ ___ " 

DMARQO 
-DMARQ1 

IDAMS 

ISDADQ 

IOSTB~---------+-----,,. 

IWDMWL 
TC1-TCO~---------+---t-----. 

IDDATC __.,._ __ __ 
i.----- IWTCL 
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µPD70320/322-5/-8 NEC 
Refresh Timing 

Bl +---- 82 - -- ------l 

CLKOUT 

A19-AO 

07-DO - -------~----

R!W 

------------------+---~· 

MSTB ~----

iOSTB------~-----------

IWRFL -4----.i... IHRFA 

REFRQ --------~ 
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RESET Timing (1) 

RESET Timing (2) 

READY Timing (1) 

81 8AW 8AW 82 
+-

MREQ ___ _ 
IOSTB 

READY Timing (2) 

91 8AW BAW 8W 82 
r--------·· + -----+--- - ----- - f -· 

~~ \C~Y --~-1- -
READY ' - -

·-------_/ 
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HLDRQ/HLDAK Timing (1) 

CLKOUT_f\ 

HLDRO 

BUS CNT 
1·11 

ISHQK_... ___ _ 

HLDAK --- - -

~ HLORQ/HLDAK Timing (2) 
ID ..., 

CLKOUT I\_F 
HLDRQ -~' -------------.... 

BUSCNT._~------~--+------------K 
r·11 

0 1: A19-AO 
07-00 
MREQ 
MSTB 
IOSTB 
R!W 

i 
8 
N e 
Cit 
N 
N 
I 

' I • 
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Timing Waveforms 

INTP2-INTPO, DMARQ1-DMARQO Input Timing 

CLKOUT 

INT ('2) 

'2: INTP2-INTPO, DMARQ1-DMARQO 

POLL Input Timing 

CLKOUT 

NMI Input Timing 

CLKOUT 

NMI 

IWNIH twNIL 

CTS1-CTSO Input Timing 

CLKOUT 
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CLKOUT e 
= N 
I 

' INTR I 

Cl 
IDKIA IHIAIQ 

IWIAL -.+--!"'"" IHIAD 
IDIAD 

07-DO 

ts cc ts cc 



NEC 
Timing Woeforms 
SIOTimlng 

CLKOUT 

TXD 

CLKOUT 

µPD70320/322·5/·8 

1..______ 
IHKRD 

ISRDK 
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Stop Mode Deta Retaintion Cheracteristics 
(Ta = -1 O"C to + 70"C) 

Parameter Symbol 

Data Retaintion Voltage VoooR 

voo Rise Time tRVD 
voo Fall Time tFVO 

Stop Mode Deta Reteintion Timing 

voo 900/o 

tFVO 

NEC 

Test Condition Min. Max. Unit 

2.5 5.5 v 

200 µS 

VODDR 
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APPENDIX 

New Mask Versions from Mask E onwards have a new \leetor table against old mask versions (K) 

OLD VECTOR NO. NEW 
VECTOR TABLE DEC HEX VECTOR TABLE MEANING OF SYMBOL 

DIVIDE ERROR 000 DIVIDE ERROR 
SINGLE STEP 1 01 SINGLE STEP 
NMI 202 NMI (NON MASKABLE INTERRUPT) 
BRK 303 BRK (BRK3 INSTRUCTION) 
BRKV 404 BRKV (BRKV INSTRUCTION) 
CH KIND 505 CHKIND (CHKIND INSTRUCTION) 

606 
FPO 707 FPO (FLOATING POINT OPERATION INSTR.) 

808 
909 

100A 
11 OB 
120C INTSERO (INTERRUPT FROM SERIAL ERROR OF CHANNEL 0) 
1300 INTSTRO (INTERRUPT FROM SERIAL RECEIVER OF CHANNEL 0) 
140E INTSTO (INTERRUPT FROM SERIAL TRANSMITTER OF CHANNEL 

0) 
150F 
1610 INTSE~ (INTERRUPT FROM SERIAL ERROR OF CHANNEL 1) 
1711 INTSR1 (INTERRUPT FROM SERIAL RECEIVER OF CHANNEL 1) 
1812 INTST1 (INTERRUPT FROM SERIAL TRANSMITTER OF CHANNEL1) 
1913 110 (110 INSTRUCTIONS) 

1/0 2014 INTDO (INTERRUPT FROM OMA CHANNEL 0) 
2115 INTD1 (INTERRUPT FROM OMA CHANNEL 1) 
2216 
2317 
2418 INTPO (INTERRUPT FROM PERIPHERAL 0) 
2519 INTP1 (INTERRUPT FROM PERIPHERAL 1) 
261A INTP2 (INTERRUPT FROM PERIPHERAL 2) 
2719 

INTSERO 281C INTTUO (INTERRUPT FROM TIMER UNIT 0) 
INTSRO 2910 INTTU1 (INTERRUPT FROM TIMER UNIT 1) 
INTSTO 301E INTTU2 (INTERRUPT FROM TIMER UNIT 2) 

311F INTIB (INTERRUPT FROM TIMER BASE COUNTER) 
INTSER1 3220 
INTSR1 3321 
INTST1 3422 

3523 
INTDO 3624 
INTD1 3725 

3826 
3927 

INTPO 4028 
INTP1 4129 
INTP2 422A 

432B 
INTTUO 442C 
INTTU1 4520 
INTTU2 462E 
INTIB 472F 
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EUROPEAN DISTRIBUTORS 

AUSTRIA 
A8D 
ABRAHAMCZIK & DEMEL 
GES MBH & CO KG 
EICHENSTRASSE 58-6411 
1120 WIEN 
TEL !2221 85 76 61 
TLX 134273 

BELGIUM 
CN ROOD 
DE JAMBUNNE DE MEUXPLEIN 37 
1040 BRUSSEL 
TEL (021 7 35 21 35 
TLX 22846 

INTRA ELECTRONICS 
BOSUIL BO BUS 1. DEURNE 
TEL 32 33 25 23 20 
TLX 061 + 31102'" 

MALCHUS ELECTRONICS PVBA 
PLANTIN EN MORETUSLEI 172 
2000 ANTWEAPEN 
TEL· (0 32) 35 32 56 
TLX 33637 

DENMARK 
MER-EL A:S 
VED KLAEDEBO 18 
2970 HOERSHOLM 
TEL.: (21 5710 00 
TLX: 37360 

FINLAND 
OY FERRADO AtB 
PO.BOX 54 
VALIMONT!E 1 
00380 HELSINKI 38 
TEL (01550002 
TLX · 122214 

FRANCE 
ASAP 
MONSIEUR LEGRIS 
42. RUE HENRI MATISSE 
59930 LA CHAPELLE D"ARMENTIEAES 
TEL 20351110 

ASAP 
RUE DE TROIS PEUPLES 
78190 MONTIGNY LE BRETONNEUX 
TEL jq 30438233 
TLX. 698887 

CCI 
5. AUE MARCELIN BERTHELOT 
BP 92 
92164 ANTONY 
TEL 11146662182 
TLX. 203881 

CCI 
5. AUE BATAILLE 
69008 LYON 
TEL 78744456 

CEDIS (TOURS) 
1. RUE DU DANEMARK 
37100 TOURS 
TEL 47417646 

CELTI 
Z. I. DE COUATABCEUF 
9. AVENUE OU QUEBEC 
91940 LES ULIS 
TEL 11~ 64460909 

DIM INTER 
65-67. AUE DES CITES 
93300 AUBERVILLIERS 
TEL.11148349370 
TLX. 230 524 

DIM INTER 1COLMAAJ 
2Z RUE KLEBER 
68000 COLMAR 
TEL 89411543 

DIM INTER IVILLEURBANNE) 
101. RUE DEDIEU 
69100 VILLEURBANNE 
TEL 78 68 32 29 

EALING 
BATIMENT AUVIDULIS 
AVENUE D"OCEANIE 
z A o·oRSAY COURTABCEUF 
BP 9<J 
91943 LES ULIS CEDEX 
TEL. ~ 1) 69 28 01 31 

GEDIS 
352. AVENUE G CLEMENCEAU 
92000 NANTERRE 
TEL 11142040404 

GEDIS (AIXI 
MERCURE C 
Z I D. AIX EN PROVENCE 
13763 LES MILLES CEDEX 
TEL. 42600177 

GEDIS !ALPES1 
21. AUE DES GLAISONS 
38400 ST. MARTIN D"HEAES 
TEL 75 512332 

SEATAONIOUE (LILLEJ 
20. AUE CABANIS 
BP35 
59007 LILLE CEDEX 
TEL 2047 7070 

SEATAONIOUE (MANSI 
60. RUE SAGEBIEN 
CEDEX 43 
72040 LE MANS 
TEL 43842460 
TLX 720019 

TEKELEC 
RUE CARLE VERNET 
CITE DES BAUYEAES 
92310 SEVRES 
TEL (1)45347535 

GERMANY 
BIT-ELECTRONIC AG 
DINGOLFINGEA STRASSE 6 
8000 MUNCHEN BO 
TEL (089)418007-0 
TLX .. 5 212 931 

GLEICHMANN + CO ELECTRONICS 
GMBH 
YIORMSER STRASSE 34 
6710 FRANKENTHAL 
TEL. (06233J 24277 
TLX · 465270 

GLYN GMBH 
SCHONE AUSSICHT 30 
6272 NIEDERNHAUSEN 
TEL (061271 80 77 
TLX:4186911 

H3W ELEKTAONIK VEATAIEB GMBH 
STAHLGRUBERAING 12 
8000 M0NCHEN 82 
TEL (0 89) 42 92 71 
TLX: 5 214 514 

MICROSCAN GMBH 
UBEASEERING 31 
2000 HAMBURG 60 
TEL· (040) 6 32 0030 
TLX.213288 

REIN ELEKTRONIK GMBH 
LOTSCHERWEG 66 
4054 NETTETAL 1 
TEL: (02153) 733111 
TLX 854251 

SYSTEM ELEKTRONIK VEATRIEB GMBH 
HEESFELD 4 
3300 BRAUNSCHWEIG 
TEL. (0531) 314095 
TLX 952351 

ULTRATAONIK GMBH 
MUNCHENER STAASSE 6 
8031 SEEFELD 
TEL (0 81 52) 70 90 
TLX 526 459 

UNIELECTRONIC VERTAIEBS GMBH 
LISE-MEITNER-STRASSE 8 
6072 DAEIEICH 1 B. FRANKFURT 
TEL. (06103) 3 5175 
TLX · 411213 

ITALY 
ADELSY SAL 
VIA DEL FONDITORE. 5 
LOCAUTA ROVEAI 
40127 BOLOGNA 
TEL (051) 532119 

CLAITRON SPA 
VIA GALLARATE. 211 
20151 MILANO 
TEL. (02) 3010091 

MELCHIONI SP.A. 
VIA COLETTA. 37 
20135 MILANO 
TEL. (021 57941 

PANTRONIC S.R.L. 
VIA MATTIA BATIISTINI, 212/a 
00167 ROMA 
TEL ~061 6273909 

NETHERLANDS 
CN ROOD 
COAT VD LINDENSTAAAT 11-13 
2288 EV RIJSWIJK 
TEL 1070~ 996360 
TLX 31238 

INNOCIRCUIT 
MALCHUS ELECTAONICA 
ADVIESGROEP 
MALCHUS B.V 
FOKKERSTAAAT 511-513 
3125 BO SCHIEDAM 
TEL [010) 4277777 
TLX. 21598 

INTRA ELECTRONICS BV 
DUIVENDIJK 5 c 
POSTBUS 424 
5672 AD NUENEN 
TEL. (0 40) 83 80 09 
TLX 044-59418 

NORWAY 
JAKOB HATTELAND ELECTRONIC AIS 
PB 25 
5578 NEDRE VATS 
TEL {47)63111 
TLX 428 50 

PORTUGAL 
AMPEREL SA 
AV FONTES PEREIRA DE MELO 47. 40 
1000 LISBOA 
TEL (1~ 532698 
TLX 18588 

SPAIN 
AMITRON SA 
AVENIDA DE VALLADOLID 47 A 
28008 MADRID 
TEL (1)2479313 
TLX .45550 

COMELTA SA 
EMILIO MUNOZ 41. NAVE 1 -1-2 
MADRID 7 
TEL (If 7543001 
TLX 42007 

LOBER SA 
MONTE ESQUINZA 28 
MADRID4 
TEL 11) 442 11 DO 
TLX 49533 

SWEDEN 
NORDQVIST & BERG 
BOX 1458 
S-17128 SOLNA 
TEL + 4687646710 
TLX 10407 NORDSWE S 

TH'S ELEKTRONIK 
BOX 3027 
16303 SPAANGA 
TEL (0) 8362970 
TLX 11145 

SWITZERLAND 
MEMOTEC AG 
GASWERKSTRASSE 32 
4901 LANGENTHAL 
TEL. {63) 281122 
TLX 982550 

TURKEY 
BURC ELEKTRONIK 
VE MAKINA 
SANAYI VE TICARET AS 
BANKATCHl-SOKAK 1512 
KOCUKESAT 
ANKARA 
TEL !0090) 41250300 
TLX 43430 

UNITED KINGDOM 
ANZAC COMPONENTS LTD 
BURNHAM LANE 
SLOUGH SL 1 6LN 
ENGLAND 
TEL (06286~ 4701 

DIALOGUE DISTRIBUTION LTD 
WATCHMOOR ROAD 
CAMBERLER 
SURREY GU15 3AO 
ENGLAND 
TEL. (0276) 688001 

FAANEHL ELECTRONIC 
COMPONENTS LTD 
CANAL ROAD 
LEEDS LS 12 2TU 
ENGLAND 
TEL (0532) 636311 

IMPULSE ELECTRONICS LTD 
HAMMOND HOUSE 
CATERHAM 
SURREY CR3 SXG 
TEL. (0883146433 

STC MULTI COMPONENTS 
EDINBURGH WAV 
HARLOW 
CM20 2DF 
ENGLAND 
TEL. (0279) 442971 

VSI ELECTRONICS LTD 
ROYDOMBURY INDUSTRIAL PARK 
HORSECROFT ROAD 9 
HARLOW. 5 
ESSEX CM 19 5BYOM 
TEL· (0279) 29666 
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