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NfE“ : uPD8088
. HIGH-PERFORMANCE
NEC Electronics Inc. 8-BIT MICROPROCESSOR
Description Pin Identification
The uPD8088 and PD8088-2 are powerful 8-bit micro-  No. Symbol Function
processors that are software-compatible with the 1,20 GND Ground
ygggggg‘.:h? have t?: sanr:e buts ufnerfagg S!%nals.?ﬁ 2-8, 35-39 Atg-Ag Most significant address bits
M , allowing them to interface directly wi - .
multiplexed bus peripherals. Both having a 20-bit 0 AD7-ADo Address/data 9”5
address space which can be divided into four segments 17 NMI Non-maskable interrupt
of up to 64K bytes each. 18 INTR Interrupt request
Feat 19 CLK Ciock
eatures 21 RESET Reset
O 8-bit data bus interface 2 READY Ready
O 16-bit internal architecture 7 TesT Tost
O Addresses 1 Mbyte of memory —
O Software-compatible with the 8086 2 INTA Interrupt acknowledge
0 Provides byte, word, and block operations 25 ALE Address latch enable
O Performs 8- and 16-bit signed and unsigned 24. 25 0S4, 0Sg Queue status
arithmetic in binary and decimal % DEN Data enable
O Multiply and divide instruction : :
O Directly interfaces to 8155, 8355, and 8755A multi- 7 0T/R Data transmit/ receive
plexed peripherals 28 10/M 10 status/memory
) ) 29 WR Write
Ordering Information P LOCK Lock
Max Frequency
Part Number Package Type of Operation ) HLDA Hold acknowledge
4PD808ED 40-pin ceramic DIP 5 MHz 31 HoLD Hold
4PD808BD-2 40-pin ceramic DIP 8 MHz 30,31 RU/GTo Request/grant
RQ/GT4
- - 32 RD Read
Pin Configuration — e
33 MN/MX Minimum/maximum
Min Max } 34 S§S0 Status line
Mode I Mode 55 Status output
oo = vee 26-28 $p-S atus outputs
AD1 [ 2 39 1 ADys 35-38 S3-Sg Status outputs
AD1z [ 3 38 [ A1e/S3
and 4 a7 |1 A, 4 Voe Power supply
AD11 Qs 36 {1 A13/Ss
ADwo ] & 35 7 A19/Sg
ADs [} 7 34 D sso [HIGH]
ADe ] 8 33 P MN/MIX
AD7 Q9 § 2 AD
ADs ] 10 a 31 (3 HOLD [RQ/GTO]
aps]nn % smphwoa  EeeTy
ADs [} 12 29 O Wh [LOCK]
AD3 ] 13 28 110/ (52)
AD2[] 14 27 (1 DT/R 5]
AD1 [ 15 26 [0 DEN [So)
ADo [ 16 25 [ ALE [@Sp]
NMI ] 17 24 P INTA {@S4]
INTRC] 18 23 O TEST
CcLK[] 19 22 1 READY
GND 20 21 ] RESET
83-DOC759A
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uPD8088

NEC

Pin Function
Ground
Ground.

Most Significant Address Bits
Most significant bits for memory operations.

Address/Data Bus

Multiplexed address and data bus. 8-bit peripherals tied
to these bits use Ag to condition chip select functions.
These lines are three-state during interrupt acknowl-
edge and hold states.

Non-Maskable Interrupt

This edge-triggered input causes a type 2 interrupt. The
processor uses a look-up table for vectoring informa-
tion.

Interrupt Request

This is a level-triggered interrupt sampled on the last
clock cycle of each instruction. A look-up table is used
for vectoring. INTR can be masked in software by reset-
ting the interrupt enable bit.

Clock

The clock input is a /s duty cycle input providing basic
timing for the processor and bus controller.

Reset

This active high signal must be high for 4 clock cycles.
When it returns low, the processor restarts execution.
Ready

An acknowledgement from memory or I/ O that data will
be transferred. Synchronization is done by the .PD8284
clock generator.

Test

This input is examined by the “WAIT” instruction, and if
low, execution continues. Otherwise the processor
waits in an “Idle” state. Synchronized by the processor
on the leading edge of CLK.

Interrupt Acknowledge

This is a read strobe for reading vectoring information.
During T2, T3, and TW of each interrupt acknowledge
cycleit is low.
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Address Latch Enable

This is used in conjunction with the uPD8282/8283
latches to latch the address, during T1of any bus cycle.
Queue Status

(Max mode) tracks the internal uPD8088 instruction
queue.

Data Enable

This is the output enable for the uPD8286/8287 trans-
ceivers. It is active low during memory and 1/O access
and INTA cycles.

Data Transmit/Receive

Controls the direction of data fiow through the trans-
ceivers.

10 Status/ Memory

Separates memory access from /O access.

Write

Depending on the state of the 10/M line, the processor
is either writing to 1/O or memory.

Lock

(Max mode) this output is set by the “LOCK” instruction
to prevent other system bus masters from gaining con-
trol.

Hold Acknowledge

A response to the HOLD input, causing the processor to
three-state the local bus. The bus becomes active one
cycle after HOLD returns low.

Hold

When another device requests the local bus, HOLD is
driven high, causing the uPD8088 to issue a HLDA.
Request/Grant

(Max mode) other local bus masters can force the proc-
essor to rebase the local bus at the end of the current
bus cycle.

Read

Depending on the state of the 10/M line, the processor
is reading from either memory or I/O.
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NEC

uPD8088
Minimum/Maximum DC Characteristics
L . . . TA=0°Cto +70°C, Voo = +5V +10%
This input tells the processor in which mode it is to be A ce ’
used. This affects some of the pin descriptions. Limits Tost
Parameter Symbol Min Typ Max  Unit Conditions
Status Outputs Input voltage -05 +08 V
low
(Max mode) These are the status outputs from the proc-
essor. They are used by the uPD8288 to generate bus :]';pﬁt voltage Vi 2.0 Voc+0.5 v
control signals. 8
Output voltage Vo +0.45 Vg =2.0mA
VCC low
. Output voltage  Voy 2.4 V. lgy=-400
5V power supply input. high 0 KA
. Input clock Vel -0.5 +0.6 v
Block Diagram voltage low
Input clock VeH 3.9 Veg+1.0 Vv
Memory Interface voltage high
] [ C-Bus Input leakage 1, =10 pA OV<V<Veg
current
> ] Output leakage 1o *10  pA  0.45V<Vg<ige
Instruction 3 current
Stream Byte
B-Bus Queve | 2 Power supply  igg
T current
ous - ' uPD8088 / 340 mA  Ty=25°C
Interface ss uPD8088-2 350 mA Ta=25°C
0s Execution Unit
2 S
St
iC ABus Capacitance
ks -
L Test
A AL Parameter Symbol Min Typ Max  Unit Conditions
oot Input C 5 pF (Note 1)
E DH DL T capacitance
Unit SP !
BP | 1/0 Cio 15 pF (Note 2)
g: m_ﬂ capacitance
~ Note:

Absolute Maximum Ratings
Ta = 25°C, Tentative

Power supply voltage, Vpp -0.5Vto +7V
Inpui voltage, V, —-0.5Vto +7V
Output voltage, Vg —-0.5Vto +7V

0°Cto +70°C
—65°C to +150°C
Power dissipation. Pp 2.5W

Operating temperature, Topr

Storage temperature, Tgrg

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

(1) Altinput pins except ADg~AD7 and RQ/GT.
(2) Only input pins ADg-AD7 and RQ/GT.
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1PD8088

NEC

AC Characteristics

Minimum Complexity Systems
Ta=0°C1o +70°C, Vgc =5V =10%

Limits
.PD8088 «PD8088-2 Test
Parameter Symbol Min Max Min Max Unit Conditions
CLK cycle period toLoe 200 500 125 500 ns
CLK low time tolcH (/3 tgigL)—15 (2/31cLc)—-15 ns
CLK high time toHeL (/3o o) +2 (VatoLoL)+2 ns
CLK rise time toricH? 10 10 ns From1.0V10 3.5V
CLK fall time toLocLt 10 10 ns From3.5Vto 1.0V
Data in setup time toveL 30 20 ns
Data in hold time tcLx 10 10 ns
READY setup time into uPD8284 tRivoL 35 35 ns {Notes 1& 2)
READY hold time into uPD8284 toLRIX 0 0 ns (Notes 1& 2)
READY setup time into uPDB088 tRYHCH (2/3tgLoL) - 10 (2/3toLoL) -1 ns
READY hold time into uPD8088 ICHRYX 30 20 ns
READY inactive to CLK tRyLCL -8 -8 ns {Note 3)
HOLD setup time tHVCH 35 20 ns
INTR, NMI, TEST setup time tinveH 30 15 ns (Note 2)
Input rise time tiLiH 20 20 ns From0.8Vto 2.0V,
except ciock
Input fall time tHIL 12 12 ns From2.0Vto 0.8V,
except clock
Timing Responses
Ta=0°Cto +70°C, Voo =5V =10%
Limits
uPD8088 uPD8088-2 Test
Parameter Symbol Min Max Min Max Unit Conditions
Address valid delay toeav 10 10 10 60 ns (Note 4)
Address hold time toLax 10 10 ns (Note 4)
Address float delay cLAZ foLax 80 toLAX 50 ns (Note 4)
ALE width tLHLL toLen—20 toLey—10 ns (Note 4)
ALE active delay oL 80 50 ns {(Note 4)
ALE inactive delay toHLL 85 55 ns (Note 4)
Address hold time to ALE inactive tLLAX teHoL—10 teHoL — 10 ns (Note 4)
Data vaiid delay teLov 10 10 10 60 ns (Note 4)
Data hold time {CHDX 10 10 ns (Note 4)
Data hold time after WR twHDX toLch—30 toLcH—~ 30 ns (Note 4)
Control active delay 1 toveTy 10 10 10 70 ns (Note 4)
Conteo! active delay 2 1CHCTV 10 10 10 70 ns (Note 4)
Control inactive delay toveTx 10 110 10 70 ns {Note 4)
Address float to READ active tazRL 0 0 ns (Note 4)
RD active delay teLRL 10 165 10 80 ns (Note 4)
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NEC

uPD8088
AC Characteristics (cont)
Timing Responses (cont)
Ta=0°Cto +70°C, Voo =5V +10%
Limits
«PD8D88 «PDBOBB-2 Test
Parameter Symbol Min Max Min Max Unit Conditions
RD inactive delay tCLRH 10 150 10 80 ns (Note 4)
RD inactive to next address active tRHAV tcLoL—45 toLoL~40 ns (Note 4)
HLDA valid delay toLHAY 10 160 10 100 ns (Note 4)
RD width tRLRH 2tereL—75 2toi oL~ 50 ns (Note 4)
WR width twLwH 2tcrcL —60 2cioL~40 ns (Note 4)
Address valid to ALE low tavAL tcLcH—60 toLoH — 40 ns (Note 4)
Qutput rise time toLOH 20 20 ns From0.8Vto 2.0V
Qutput fall time toHoL 12 12 ns From2.0V10 0.8V
Note:
(1) Signal at 4PD8284 shown for reference only.
(2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
(3) Applies only to T2 state. (8 ns into T3)
(4) G| =20-100 pF for all uPD80B8 outputs (in addition to uPD8088S self-load).
Maximum Mode System with uPB8288 Bus Controller
Ta=0°Cto +70°C,Vec =5V =10%
Limits
«PD8088 4+PD8088-2 Test

Parameter Symbol Min Max Min Max Unit Conditions
CLK cycie period teLeL 200 500 125 500 ns
CLK low time toLoH (*/3tgLcL)-15 (¢/3tgLoL)-15 ns
CLK high time toHoL {/atgLoL)+2 (/3o oL)+2 ns
CLK rise time {cHICH? 10 10 ns From1.0Vto 3.5V
CLK fall time toLocLy 10 10 ns From3.5Vt01.0V
Data in setup time tover 30 20 ns
Data in hold time teLpx 10 10 ns
READY setup time into uPD8284 tRIVCL 35 35 ns (Notes 1& 2)
READY hald time into uPD8284 teLRIX 0 0 ns (Notes 1& 2)
READY setup time into ;PD8088 tRYHCH (2/3toLeL)—15 (2/3tgcL)-15 ns
READY hold time into uPD8088 toHRY X 30 20 ns
READY inactive to CLK tavLcL -8 -8 ns (Note 5)
INTR. NMI. TEST setup time tinveH 30 15 ns (Note 2)
RQ/GT setup time tevcH 30 15 ns
RQ held time inte PD808S toHex 40 30 ns
Input rise time tiLiy 20 20 ns From 0.8V 10 2.0V,

excepl clock
Input fall time tHIL 12 12 ns From2.0Vto 0.8V,

except clock
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4PD8088

NEC

AC Characteristics (cont)

Timing Responses
uPDB088: Ty = 0°C to +70°C, Vg =5V +10%

Limits
uPD808B 4PD8088-2 Test

Parameter Symbol Min Max Min Max Unit Conditions
Command active delay toLmL 10 35 10 35 ns (Notes 1& 4)
Command inactive delay toLMH 10 35 10 35 ns (Notes 1& 4)
READY active to status passive tRYHSH 110 65 ns (Notes 3 & 4)
Status active delay igHsV 10 110 10 60 ns (Note 4)
Status inactive delay teLSH 10 130 10 70 ns (Note 4)
Address valid delay toLav 10 110 10 60 ns (Note 4)
Address hold time toLax 10 10 ns {Note 4)
Address float delay toLaz toLax 80 toLax 50 ns (Note 4)
Status valid to ALE high tsvLH 15 15 ns (Nates 1& 4)
Status valid to MCE high tSVMCH 15 15 ns (Nates 1& 4)
CLK fow to ALE valid oL 15 15 ns (Notes 1& 4)
CLK low to MCE high tcLMeH 15 15 ns (Notes 1& 4)
ALE inactive delay tCHLL 15 15 ns (Notes 1& 4)
MCE inactive delay toLmeL 15 15 ns (Notes 1& 4)
Data valid delay tcLpv 10 10 10 60 ns (Note 4)
Data hold time tcHDX 10 10 ns (Note 4)
Control active delay toyny 5 45 5 45 ns (Notes 1& 4)
Controf inactive delay teyNX 10 45 10 45 ns (Notes 1& 4)
Adadress float to READ active tazRL 0 0 ns (Note 4)
RD active delay toLRL 10 165 10 100 ns (Note 4)
RD inactive delay toLRH 10 150 10 80 ns (Note 4)
RD inactive to next address active tRHAV toLcL—45 toreL—40 ns (Note 4)
Direction cantrol active delay tCHDTL 50 50 ns (Notes 1& 4)
Direction control inactive delay tCHDTH 30 30 ns (Notes 1& 4)
GT active delay toLeL 0 85 0 50 ns (Note 4)
GT inactive delay toLgH 0 85 0 50 ns (Note 4)
RD width tRLRH 2teLcL—75 2teLcL—50 ns (Note 4)
Output rise time toLoH 20 20 ns From 0.8Vt 2.0V
Qutput fall time toHoL 12 12 ns From2.0Vt0 0.8V

Note:
(1) Signal at uPB8284 or xPB8288 shown for reference only.

(2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
{3) Applies only to T3 and wait states.

{4) CL=20-100 pF for all «PDB088 outputs (in addition to «PD8088 self-load).

{5) Applies only to T2 state. (8 ns into T3).
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N E C uPD8088

Timing Waveforms

Minimum Complexity Systems (Note 5)

T2 | .

T1 i H 3 Twarr Ts
teLeL tcHichz —| b—teLzent /
VCH ;
CLK (.PD8284 Output) k L ,l( \ Vv \[
/] N N N/

veL |
[=— 1CHCTV T~ [ toHeL — t~ WCLCH =

10/M, 555 ){

N\
—
X

A1s-Ag > A15-Ag (Float During INTA}
}
LoV %
tcLay [~
tCLAX [T fcHoX
Aq9/Sg-A19/S3 >< Aro-Ats >< S-S5
—LHLL —]
1CLLH o] | H
fe—tLLAX—=1 ———
ALE \i K%
t
|CHLL tRIveL

son oo et | AT

= tcLR1X

tRYLCL
RDY (,PDBO08S Input)

| 1CHRYX
{
N |-t
L icLaz cLOX
tover —— |
ADT-A
7-ADo > AD7-ADg Data in
N Float Float

i} /7 |

f tAZAL . 1CLRH [~ |

Read Cycle (Note 1)
WR, INTA = Vo) /
1CHCTV TeLRx 1 RLRH —_ tCHETY
DTR /
toverv tEVETH ]
DEN
Nate:
(1) Al signals switch between Vo and Vot unless otherwise specified.
(2) RDY is sampled nearthe end of T2, T3, TWAIT to if TWAIT tates are inserted.

(3) Two INTA cycles run back-to-back. The .PD3088 local Address/Data bus lioats during both INTA
cycles. The control signals shown are for the second INTA cycle.

{4) Signats ai the uPDB284 are shown for reference.
{5) All timing measurements are taken at 1.5 V unless otherwise specified.
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uPD8088 N E C

Timing Waveforms (cont)

Minimum Complexity Systems (Note 5)

T2 T3

Twart
T
1CH1CH2 t
veu cLzcL Te
CLK (.PD8284 Output) A X 7 N ~ Y, \
veu
tCLDV,
1CLAV ToLAX cHox
AD7-ADg AD7-ADp Data Out ){
———twHDX—~{
1CVCTV =
tcveTx
BEN 7Z
Write Cycle (Note 1)
1cveTV—-] i—_
WLWH
WA /
L 7"
eVeTX—e| |
- ICLAZ 1) L
[ e et} l=tCLDX~
AD7-ADp Pointer vy
Float N Float N
tcHeTY — tcHeTY
oA
INTA Cycle (Notes 1& 3]
{RD, WR=Voy} toveTy —
iNTA
1CVETX—
teveTv—
DEN
Software Halt
OEN, AD, WR, INTA = Vo
AD7-ADp invalid Addvess Sattware Halt
tCLAV

Note:
() All signals switch between VoH and Vp| unless otherwise specified.
(2) RDY Is sampled near the end of T2, T3, TWAIT to i TWAIT are

(3) Two INTA cycles run back-to-back. The .PD8088 local Address/Data bus floats during both INTA
cycles. The control signals shown are for the second INTA cycle.

(4) Signals at the PD8284 are shown for reference.
(5) Al timing measurements are taken at 1.5 ¥ unless otherwise specified.
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NEC

Timing Waveforms (cont)

uPD8088

Maximum Mode System Bus Timing Using .PB8288

Bus Controller (Note 7)
T T2 ¥3 Te
o e thymg
e N K 1 S SN
:Ci.:v tcHeL tcLcH

080, Gs1 X X X t

. tcHsy — L‘c:sn
e 3 7717 p——
(Nots 8)
Ays-Ag ¢ Ays-Ag
_'c_m_\{ (CHDX
H— CLAX
‘CLAV
Arg/Sg-A1g/Sa ) Atg-Ats S¢-Sy
1SV gy,
tclin || F qﬁ
ALE (uPD8288 Output) /’(— P
g ] ‘R1vee. Lo
{Note §) | RDY (.PD8264 Input)
( ANAN AR NI
[tavice

Ready (,PDE0S Input) i
—-‘ 'RYHSH | 'CHAYX

ferax | 7 tAYHCH-] l
Aead Cycle chﬂ 1CLAZ | i‘— tover =~ tCLOX
AD-AUg X AD7-ADg Wt Data In P
_— J | 'ci.nn tRHAY
o N .
CLAL

| !
tewore} i ICHDTH
A—-\ \ —
oTA i \

MRDC OR IORC

1PDA283 Outputs.
(Notes 5 & 8) tevNy —-| b—

7

— — tovex

Note:
{1} All signals switch between VoH and VoL unless otherwlse specified.

{2) RDY Is sampled near the end of T2, T3, TWAIT ta determine if TWAIT machine states are inserted.
{3 The cascade address is valld between the first and second INTA cycles.

{4 Two INTA cycles run back-to-back. The ,PD8088 local Address/Data bus floats during both INTA
cycles. The control signals shown are for the second INTA cycle.

(5) Signals at the P D82B4 are shown for reference.

(6) The sPD8288 active-high CEN lags when the ,PD8288 issues command and control signals
(MRDC, MWTC, AMWC, [ORC, IOWC, AIOWC, INTA, and DEN).

(M AH timing measurements are taken at 1.5 V unless otherwise specified.
(8) Status is inactive prior to T4.
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uPD8088

NEC

Timing Waveforms (cont)

Maximum Mode System Bus Timing Using uPB8288
Bus Controller (cont) (Note 7)

T T2 T. Ts
Vew CHSV TwAIT
J {——\—
oK N/ j /]
VoL
2. 84, Bg (Excapt Haw) -
. ' L ien N
CLDV
Write Cycte toav H_‘i LA [ tersn —tcHox
ADy-ADg X DATA
DEN 1CYNV—| [ towNX
4PDa288 Outputs ] N
[Notes 5&6) ‘am LMK
ANWC OR AIOWC 4
CML —| |- CLMH
WWTC OR fOWC Y
iNTA Cycle
Float [ Fasarvedfor
Cascede ADDR
P > _( Float Fiowt
Notes 34 4) / \
I teiaz \ I-toveL ~ ’-lcmx
AD7-ADg A [
q Float > (] Float
/ |
i
tsvacH 1] toumeL / | R
/ I /'_
MCE/ 1 AN
PO T
tCLMCH teHDTL y \ .
bY/R \ [~ tcHDTH
/
4PDE28S Outputs 7 "
(Notes 5 4.6) \
s £ \
NTA o \ ¥
: ~
/
Han - (DEN = Vo, ; D, MRDC, TORC, MWTC, AMWC, IOWC, ATOWC, INTA, = Vou.
AD7-ADg, Ays-Ag
Invalid Address:
ICLAV
na% N/ N
Note:
(D Al signals switch VoH and Vgl unless specitied.
(2) RDYis sampled near the end of T2, T3, TWAIT t if TWAIT states are
(3) The cascade address is valid between the first and second IN' A cycles.
(4) Two INTA cycles run back-to-back. The uPDB08S local Address | Data bus floats during both INTA
cycles. The control signals shown are for the second INTA cycle.
{5) Signals at the ;:PD8284 are shown for reference.
(6) The ,PDB288 active-high CEN lags when the «PD8288 Issues command and control signals
(MRDC, MWTC, AMWC, IORC, IOWC, AJOWC, INTA, and DEN).
(7) Alttiming measuraments are taken at 1.5 V unless otherwise specitied.
(8) Statusls inactive prior to T4.
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N E C uPD8088

Timing Waveforms (cont)

Asynchronous Input Recognition

CLK

inven (Note )

:
<
INTR Signat x
: e

TEST

Note:
(1) Setup for asy signals at next CLK.

Maximum Mode Bus Lock Signal Timing

fe————— Any CLK Cycle ———{ fe———————— Any CLK Cycie *——l
CLK 51— / R /

- 1CLAV tCLAV

L,

Maximum Mode Request/Grant Sequence Timing

Any CLK Cycie X
/ - £ V_t tGvcH
—] ICLGH
Pulse 3
Coprocessor
Pulse 2 Release HGX
uPD8088 GT ‘eHa
teLe
t
Previous Grant — tcLaz CLGH
A19/S6-A16/S3 —
A15-Ag LPD80BO Coprocessor (Note 1) }( uPDB0BS
AD7-ADg , 2
§2.51.50
AD, LOCK
Note:
(1) The risks bus it it drives the buses outside the areas shown.
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uPD8088 N E C

Timing Waveforms (cont)

Mimimum Mode Hold Acknowledge Timing

21 CLK Cycle ——1 1 Or 2 Cycles —
\—u \—u-]
tuvcu (Note ) tHVCH
HOLD
N P
— tCLHAV
—_— r tCLHAV
HLDA 3+ s ——
- tCLAZ
t
#PDB088 Coprocessor )—{ uPD808S

Note:

(1) All signals switch between Vq,, and V5, unless otherwise specitied.
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