NEC 4PD8039HLI49H, .PD8749H
HIGH-SPEED, 8-BIT, SINGLE-CHIP

NEC Electronics Inc. HMOS MICROCOMPUTERS
Description O External and internal interrupts
The NEC 4PD8039HL, iPDB04OH and the uPDB749H are = 0 R 70 percent single byte
high performance, single component, 8-bit parallel O Internal clockgenerétor
microcomputers using n-channel silicon gate MOS 5 g, ) apie with B0BOA/B085A peripherals
technology. The processors differ only in their internal iN
program memory options: the uPD8049H has 2K x 8 O HMOS siticon gate technology
) i O Single +5V x10 percent power supply

bytes of mask ROM, the uPD8749H has 2K x 8 of UV
erasable EPROM and the uPD8039HL has external

Ordering Information
program memary.

Part Max Frequency
The uPD8049H family functions efficiently in control as Number Package Type of Operation
weltl as aritthmetic t:tftnpriica(;:ons. Tf|1e tpowerft.::: LPDBO3OHLC 40-pin plastic DIP 11 MHz
instruction set eases bit handling applications an 7 ,
provides facilities for binary and BCD arithmetic. uPDBO4SHC Apin piastc QIF 11 MHz
Standard logic functions implementation is facilitated uPDB74GHC 40-pin plastic D/P TIMHz
by the large variety of branch and table look-up uPD8749HD 40-pin cerdip (Note 1) 11 MHz
instructions. The instruction set is comprised of 1and 2 Note:
byte instructions, most of which are single-byte. The (1) With quartz window.
instruction set requires only 10r 2 cycles per instruction
with over 50 percent of the instructions single-cycile. Pin Configuration
The uPD8049H family of microprocessers will function
as stand-alone microcomputers. Their functions can o1 N/ 0B ve
easily be expanded using standard 8080A/8085A XTAL1 O 2 Bpm
peripherals and memories. The uPDB039HL is intended XLz 8 8PP
for applications using external program memory only. It RES; E : Z; g ::z
contains all the features of the uPD8049H except for the ntds a5 |3 P2,
internal ROM. The external program memory can be a7 ubey
implemented using standard 8080A/8085A memory _RoQs F :PP,
products. The uPDB049H contains the following PEENGe 3 2pIPy
functions usually found in external peripheral devices: XEE :‘1’ § ;1; g :‘3‘
2048 X 8 bits of mask ROM program memory; 128 X 8 oBe 12 B 2p,
bits of RAM data memory; 27 H/O lines; an 8-bit interval pe, s B 2spey
timer/event counter; and oscillator and clock circuitry. b, Cj14 = 227fen
The uPD8749H ditfers from the nPDB049H in its 083 [ 15 26 Hl Voo
2048 x 8-bit UV erasable EPROM program memory E:‘E ¥ ” ;:;m
instead of the mask ROM memory. It is useful in oa. O 18 IOy iy
preproduction or prototype applications where the o8, O] 19 2 e
software design has not yet been finalized or in system vss O 20 21 e
designs whose quantities do not require a mask ROM. 83.002870A
Features
High performance 11 MHz operation
Fully compatible with industry standard B 4% 71 # #t 886-3-5753170
8039/8049/8749 k45 ) WL (i) 86-21-84970699
Pin compatible with the HPD8048I8748 H'i 4.’1'- }J [l_i. f"[i'-'ff Hl) 86-755-83298787

1.36 us cycle time. All instructions 1 or 2 bytes
Programmabile interval timer/event counter
2K x 8 bytes of ROM, 128 x 8 bytes of RAM
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Pin Identification

No. Symbol Function
1 T0 Test 0 input /output

2 XTAL1 Crystal 1 input

3 XTAL2 Crystal 2 input

4 RESET Reset input

5 5 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

1 ALE Address latch enable output
12-19 DBy-0B7 Bidirectional data bus

20 Vsg Ground

21-24 P2g-P27 Quasi-bidirectional Port 2
25, 35-38 PROG Program output

26 Voo RAM power supply
27-34 P1o-P17 Quasi-bidirectional Port 1
39 T Test 1input

40 Voo Primary power supply

Pin Functions

XTAL 1(Crystal 1)

XTAL1 is one side of the crystal, LC, or external fre-
quency source (non-TTL-compatible Viy).

XTAL 2 (Crystal 2)

XTAL2 is the other side of the crystal or frequency
source. For external sources, XTAL2 must be driven with
the logical complement of the XTAL1 input.

TO (Test 0)

TO is the testable input using conditional transfer func-
tions JTO and JNTO. The internal state clock (CLK) is
available to TO using the ENTO CLK instruction. T0 can
also be used during programming as a testable flag.

T1(Test 1)

T1is the testable input using conditional transfer func-
tions JT1 and JNT1. T1 can be made the counter/timer
input using the STRT CNT instruction.

RESET (Reset)

An active low on RESET initializes the processor. RE-
SET is also used for PROM programming verification
and power-down {non-TTL compatible V).
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SS (Single Step)

An active low on S—S, together with ALE, causes the
processor to execute the program one step at a time.

INT (Interrupt)

An active low on INT starts an interrupt if interrupts are
enabled. A reset disables an interrupt. INT can be tested
with the JNI instruction and, depending on the results, a
jump to the specified address can occur.

EA (Extemal Access)

An active high on EA disables internal program memaory
and fetches and accesses external program memory.
EA is used for system testing and debugging.

RD (Read)

RD will pulse low when the processor performs a bus
read. An active low on RD enables data onto the proces-
sor bus from a peripheral device and functions as aread
strobe for external data memory.

WR (Write)

WR will pulse low when the processor performs a bus
write. WR can also function as a write strobe for exter-
nal data memory.

PSEN (Program Store Enable)

PSEN becomes active only during an external memory
fetch. (Active low).

ALE (Address Latch Enable)

ALE occurs at each cycle. ALE can also be used as a
clock output. The falling edge of ALE addresses exter-
nal data memory or external program memaory.

DBg-DB7 (Data Bus)

DBg-DBy is a bidirectional port. Synchronous reads and
writes can be performed on this port using RD and WR
strobes. The contents of the DBg-DB7 bus can be
latched in a static mode.

During an external memory fetch, DBg-DB7 output the
low order eight bits of the memory address. PSEN
fetches the instruction. DBg-DB7 also output the ad-
dress of an external data memory fetch. The addressed
data is controlled by ALE, RD, and WR.

P1p-P17 (Port 1)
P1p-P17 is an 8-bit quasi-bidirectional port.
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P29-P27 (Port 2)

P2p-P27 is an 8-bit quasi-bidirectional port. P2p-P23
output the high order four bits of the address during an
external program memory fetch. P2p-P23 also function
as a 4-bit 1/0 bus for the uPD82C43 |/ O port expander.

PROG (Program Pulse)

PROG is used as an output pulse during a fetch when
interfacing with the uPD82C43 I/ O port expander. When
the uPD8049H is used in a stand-alone mode, PROG can
be allowed to float.

Ve (Primary Power Supply)

Vg is the primary power supply. Voo is +5V during
normal operation.

Vpp (RAM Power Supply)

Vpp provides +5V to the 128 x 8-bit RAM section. Dur-
ing normal operation, Vcc must also be +5V to provide
power to the other functions in the device. During
standby operation, Vpp must remain at +5V while Vcg
is at ground potential.

Vgs (Ground)
Vgg is ground potential.

Block Diagram
Expansion to Additional
External Memory and 1/0
illat
Igr::u:nzry Resident Program Memory Bus Latch t 8
‘ 8 ROM (.PDB048H only) 11— Low Prog
1024 x 8
Cou; "’l"‘ Tomp Bus Buffer
| Decode 1 egister
+« 480 Bus Buifer
Port 2 t 8 [} [)
Port 2 Latch (Low 4) Port 2 8 | Higher Program Lower Program
and Expander Latch Counter {4) Program Status
"'01' 1 Port 1/0 (High 4) Counter Word
¥
4 4
t 4 b N
Buffer 8
Timer and 8-Bit Internal Bus and |
Event Counter Latch
A U Temp y Flags Instruction RAM Address
8) Ragister (8) 9 Register/ Decoder Register
L, Accumulator Arithmatic - TostD Multipiexer ]
Latch —>| Logic Unit e Tosti Register 0
> (ALY) .
l - [NT Register 1
@ Conditional Flag0 Register 2
Branch -«— Flag1 Register 3
- r
t Logic -«— Timer Flag
Register 4
— V¢ Program Supply Decimal - Carry § gister
Supply ——= Vpp +5 V (Low Power Standby) Adjust +— ACC § bt 5
— Vgs Ground |- «— ACCBit Test Register 6
3 Register 7
8-Level Stack
(Variable Word Length)
Control and Timing
o o XTAL XTAL Optional Second
INT RESET  PROG EA 12 ALE PSEN 85 RD WR Register Bank
oy vty bt 1
o Resident Data Memory —
Interrupt  Initialize PROM/  External  Oscillator/ Address Program Single Read Write RAM (128 x 8)
Expander Memory Crystal Laich Memory Step Strobes
Strobe Access Strobe/ Enable
Cycle
Clock
Note: .PDB03BHL does not include ROM.
83-002880C
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Logic Symbol
XTAL 4L> Port1
8
le— Port 2
Reset —»
s‘gtge'; A z F— Read
g % |
% - S
— Program Store
Test -[ Enable
|, Address Latch
Interrupt — §::b:; d
L ALR pander
Bus -B—-l- Strobe

Limits

83-002892A

Absolute Maximum Ratings
Ta=25°C

Operating temperature, Topr

0°C 10 +70°C

~65°C to +150°C
—0.5V10 +7.0V (Note 1)
15W

Storage temperature, Tgrg
Voltage on any pin

Power dissipation, Pp

Note:
(1} With respect to ground.

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the limits
described in the operational sections of the specification. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

DC Characteristics
Ta=0°Cto +70°C,Voc=Vpp = +5V =10%, Vgg =0V

Limits
Ty

Tost
Conditions

Parameter Symbol

Input low ViL
voltage (All

except XTAL1,
XTAL2)

Input high Viy 2.0
voitage (Al
except XTALY,

XTAL2, RESET}

Input high
voltage (XTAL1,
XTAL2, RESET)

Qutput low
voftage (BUS,_
RD, WR, PSEN,
ALE)

Output low
voltage (All
others except
PROG)

Output low VoL
voltage {PROG)

Min
-05

Max  Unit
0.8 v

Voc v

3.8

0.45

<

loL=2.0mA

045 V  lg =2.0mA

VoLt

045 V Ig =2.0mA
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Test
Parameter Symbol Min Typ Max Unit Conditions
Qutput high Vou 2.4 V  lgp=-4004A
voitage (#ee)
Qutput high VoH1 2.4 V  lgy=—4004A
voltage (RD,
WR, PSEN, ALE)
QOutput high Vous 2.4 Vo lgy=—40pA
voltage (all other
outputs)
Input leakage ). 10 pA Vgs < Viy<Vee
current (71, EA,
INT)
Input leakage I -500 pA Ves+0.45V
current < Viy € Ve
(P1g-P17.
P2-P27, EA,
SS)
Output leakage |lio +10  pA Vee2Vin=Vgg+
current (BUS, 0.45V
T0, high
impedance
state)
Power down lop 5 10 mA  Ta=25°C
supply current 9 5 8749H only
Total supply Ipp+ 80 10 mA Ta=25°C
current lo 85 10 8749H only

DC Programming Characteristics
To=25°C +5°C, Vog = +5V £5%, Vpp= +21V £05V

Limits

Test
Parameter Symbol Min Typ Max VUnit Conditions
Vppprogram  Vppy  20.5 21.5 v
voltage high
level
Vppprogram  Vppr  4.75 5.25 v
voltage low level
PROG program  Vpy 1.5 18.5 v
voltage high
level
PROG voltage  Vp_ 4.0 Vae v
low level
EAprogram/  Veay 175 18.5 v
verify voltage
high level
Vpp high voltage Ipp 2000 mA
supply current
PROG high lpPROG 1.0 mA
voitage supply
current
EA high voltage Iga 1.0 mA

supply current
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AC Characteristics
Ta=0°Cto +70°C,Voc =Vpp = +5V £10%, Vgg =0V
Limits Toat Limits Tost
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min  Typ Max  Unit Conditions
ALE pulse width t. 150 ns Port 21/0 data tp_ 160 ns
Address setup  ta 70 ns setup to ALE
to ALE Port21/0data tp 40 ns
Addresshold  ta 50 ns hold to ALE
from ALE Port output from tpy 510 ns
Control pulse  tgcy 480 ns ALE
width (RO, WR) Cycle time toy 1.36 15 us
Control pulse  tggo 350 ns 170 rep rate torRR 270 ns
ontrol puise 0
width (PSEN) Note:
Data setup tow 390 ns (1) Control outputs: G =60 pF, bus outputs: C| =150pF
before WR (2) Bus high impedance, load = 20 pF
Data hold after  twp 40 ns (Note 2) (3) Caiculated values will be equal to or better than published 8049
WR values.
Data hold (RD, Ipr 0 10 ns
PSEN) AC Programming Characteristics
D to data in tRo1 350 n Ta=25°C +5°C, Voo = +5V £5%,Vpp= +21V 0.5V
PSENtodatain 1gpo 20 ns Mmity Test
Address setup 300 o Parameter Symbol Min Typ Max Unit Conditions
to WR A_ddress setup  taw 4icy
Address setup taps 750 ns time JQRESETY
to data (RD) Address hold  twa 41y
Address setup to tap> 480 ns g?%:—t: d
data (PSEN)
Address floatto tapcy 140 ns Pi:':g t'g :gtgg ' fow ey
RD, WR
Data in hoid time twp Ay
ggg;less ficatto tarco 10 ns after PROG
ALEfocontrol  tapcy 200 ns RESET holdtime tpy  4tcy
(RD WR) to verify
ALEtoconirol  liarco 60 ns Voo voow 0 L0
(PSEN) Vpp hold time  typpH 0 1.0 ms
Control0ALE tgay 50 ns fer FROGY
(RD, WR, PROG) PROG pulise tew 50 60 ms
Conrol 0ALE  toap 320 ns width
(PSEN) TESTO setup trw 4oy
Portcontral tcp 100 ns tlmz for program
setup to PROG (noce
Port control hold tpg 160 ns TESTOhold time twr  41cy
to PROG after program
mode
PROG to P2 t
b gt TESTOtodata  tpo atgy
out delay(1)
| hold =
f?opmm:RL(t)EE; oo e ° "5 RESET pulse  tww  4lgy
width to latch
Qutput data top 400 ns address
setup
Vppand PROG  tr, 1 0.5 100 us
QOutput data hold tpp 90 ns rise and fall
PROGpulse  tp 700 ns times

width
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AC Programming Characteristics {(cont)
Ta=25°C +5°C, Voo = +5V 5%, Vpp= +21V =05V

Limits

Timing Waveforms

Instruction Feich from External Memory

Tost
Parameter Symbol Min Typ Max Unit' Conditions
CPU operation oy 4.0 15 us | tev |
cycle time ALE l
RESET setup  1gg ey
time before EA et — le—tccz—+fe—tcaz—|
Note: PSEN
() Control outputs: C_ =60 pF, bus outputs: G =150pF
(2) Bus high impedance, load = 20pF 1AL '“‘*"AF‘”‘| [+ ton+
(3) Calculated values will be equal to or better than published 8049 Bus FIoniing)( Address Floating )(ﬂs!mction Floating X
values.
—1iRD2
Bus Timing Requirements 1AD2
Symbol _ Timing Formula MiniMax Unit i
t 7/30) toy— i
W (7/30) tgy 170 Min ns Read from External Data Memory
taL (2/15) tgy— 110 Min ns
tA (1/19)1cy—40 Min ns | tcy |
tec (1/2)tgy—200 Min ns ALE |
t 2/5)tgy—200 Min ns
cc2 (2/%8) tey |<— L I ILAFCH f+—tcct tCm"'l
tow (13/30) ty - 200 Min ns B
two (1/15) oy 50 Min ns i
1o0R {1/10) toy - 30 Max ns tm1—| ]“Dﬂ
tRD1 (2/5) tcy—200 Max ns Bus Floating Address Floating ( Data Floating
Ny (3/10) tgy— 200 Max hs o
taw (1/ 3} tgy—150 Min ns
83.002865A
tAD1 (11/15) toy - 250 Max ns
tAp2 (8/15) tgy - 250 Max ns Write to External Memory
tAFC (2/15) toy—40 Min ns
taFg? (1/30) toy—40 Min ns A E I
tL AFCT (1/5)toy~75 Min ns
¢ - |-—— tLarCt—efe—tecr—fe—tcar—|
tLaFC? {1/10) toy—75 Min ns
tan (1/15) tgy—40 Min ns WK
toaz (4/15) tgy—40 Min ns | taw Imw WD+
tcp (2/15) ¢y~ 80 Min ns Bus Floating * Address X Floating Data Fioating
tog (4/15) toy— 200 Min ns p—
tpR (17 /30y tgy —120 Max ns
tor (1710) tgy Max ns
tpp {2/5) tgy—150 Min ns
top (1/10) tgy - 50 Min ns
top (7/10) toy — 250 Min ns
oL (4/15) toy— 200 Min ns
iLp (1/10) toy - 100 Min ns
tpy (3/10) toy— 100 Max ns
toPRR (3/19) toy Min ns
toy 11 MHz s

4-240



NEC uPD8039HLI/49H, .PD8749H

Timing Waveforms (cont)

Port 2 Timing

fLa tPL tcal
ALE
I‘_'AL"“‘ ‘LP-| |4— i.—lpp—u
Expander
Port PCH P2g-P23Data Port Control Output Data
Output

tpF

Port PCH P29-P23Data X Port Control
Input
tcp |[o—ei
PROG
tpp
83-002893A
Waveforms for Programming the uPD8749H
Progra Verify rog

T0 —B‘ 7

fo—— tww ——|

RESET _XK 7(_ \ /

i‘t,\w-a- o——-lqw;;

.
DBp-DB Address Data To Be Data Y Next Address
7 =\ ©7 Valld Programmed Valid valid Valid

tWT—
P2p-P2¢ Acll';rse‘ss X Address (8-9) Valid X Next Address
tvpow tVODH
+20V
Vop l
+5V
+18V
PROG
N | T \
tow | twp
83-002885A
Program/Verify Timing (ROM/EPROM)
T0 \ / \ /
RESET \
DBg-DBy >-—--< Address (0-7) Valid X D:nod“' )—--—( Next Address X 'gu"t‘vgfl'; )—-—-———---
XC X
83-0028686A
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Instruction Set Symbol Definitions Operating Characteristics
Symbol Description }
A Accumulator Bus Output High Voltage vs. Source Current
1 Tvp
AC Auxiliary carry tlag \ Ve =45V
addr Pragram memory address (12 bits) 3mA
By Bit designator (h=0-7)
BS Bank switch
2mA
BUS Bus port 3
C Carry flag
CLK Clock signal 1mA
CNT Event counter
<
D Nibble designator (4 bits) é
data Number of expression (8 bits) 2
ov 2V T4V 6V
DBF Memory bank flip-flop VoH
FO, Ft Flags 0, 1
| Interrupt
P “In-page’’ operation designator
- Port P1 & P2 Qutput High Voltage vs. Source Current
Pp Port designator (p=1, 2 or 4-7}
PSW Program status word Vee =45V
Rr Register designator (r=0, 10r 0-7)
Sp Stack pointer
100 uA
T Timer Typ
TF Timer flag g
o
T0, T1 Testable flags 0, 1 O
X External RAM e \
# Pretix for immediate data -
@ Prefix for indirect address §
$ Program counter’s current value ov 2V 7y svg
(x) Contents of external RAM location Vou2
((x)) Contents of memory location addressed by the
contents of external RAM location
- Replaced by
AND Logical product (logical AND) Bus Output Low Voltage vs. Sink Current
OR Logical sum (logical OR)
T =4,
EXOR Exclusive-OR /" vae =ARY
20mA /
o
10mA
8
ov v 2v
VoL
Bi 4% 1 4 4 886-3-5753170
i
: 4-247

Ji: 4 ) WL (P 86-21-34970699
JH: 4 ML (i 4I1) 86-755-83298787
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