NEC

_ uPD8086
NEC Electronics Inc. 16-BIT MICROPROCESSOR
Description Pin Identification
The uPD8086 is a 16-bit microprocessor that has both N Symbol Function
8-bit and 16-bit attributes. It has a 16-bit wide physical 1,20 GND Ground
pﬁih tohmimorg for ';ight ‘t):rfotrrTag;\:neH Its :l;ggggzt;re 2-16, 39 ADy-ADs5 Address / data bus
:hows igher throughpu ‘ anthe ‘ z : PD808-6' 17 NMI Non-maskabie interrupt
e maximum operating frequency of the u is B INTR
. . Interrupt t
5MHz. The uPD8086-2 is an 8-MHz version. TeTTupt reques
19 CLK Clock
Features 21 RESET Reset
O Candirectly address 1 megabyte of memory 22 READY Ready
O Fourteen 16-bit registers with symmetrical 23 TEST Test
operations 24 NTA Interrupt acknowledge
O Bit, byte, word, and block operations 2% ALE
) » WOTG, ) " . Address latch enable
0O 8- and 16-bit signed and unsigned binary or decimal —
arithmetic operations % DEN_ Data enable
1 Muitiply and divide instructions a7 OT/R Data transmit/ receive
O 24 operand addressing modes . 28 M/10 Memory /10 status
O ggassembly language compatible with the uPD8080/ 2 R Wiite
O Complete famiiy of components for design % HLDA Hold acknowledge
flexibility 3 HOLD Hold
32 RD Read
Ordering Information 33 MN / MX Minimum / maximum
Max Frequency 34 BHE/S; Bus / high enable
Part Number Package Type of Operation —— -
- - 35-38 Ag~A1g Most significant address bits
1PD8086D 40-pin ceramic DIP 5 MHz
- - 26-28, 34-38 Sp-S7 Status outputs
uPD8086D 40-pin cerdip 5 MHz
PDB0BGD 2 00l i aNH 24,25 Qs,, A4Sy Queue status
- -pin cerdi 4 ——
“ P P 29 TocK Lock
s 30, 31 RQ/GTy Request / grant
Pin Configuration Ra/GT
eno T\ wh vee 40 Vee Power supply
ADy O 2 29 [0 ADss
ADp 3 38 [ Avp/Sa
ADyp [} 4 37 P AniSe
ADy O 5 36 [ Aqa/Ss
ADp 3 6 35 P AwiSe
ADp Q7 34 [ BHE(S;
ADg T} 8 33 [0 MN/NMX
AD; O 8 32 A1 RD
ADg ] 10 § 31 1 HOLD (RQIGTq)
ADs ] 11 & 30 [ HLDA  (RQJGTy)
ADs O 92 20 WR (IOCK)
ADy O} 13 zsp Mo &
AD; [} 14 27 P oTIR (]
AD L 15 26 [J DEN o)
ADg ] 16 25 [J ALE (QSq)
NMI ] 17 24 [ INTA @Sy
INTR ] 18 23 A TEST
cLk O 19 22 [1 READY
GND O 20 21 |1 RESET
83-002802A
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Pin Functions
Ground
Ground.

Address/Data Bus

Multiplexed address (T1) and data (T2, T3, TW, T4) bus. 8-
bit peripherals tied to the lower 8 bits use Ag to condi-
tion chip select functions. These lines are three-state
during interrupt acknowledge and hold states.

Non-Maskable Interrupt

This is an edge-triggered input causing a type 2 inter-
rupt. A look-up table is used by the processor for vector-
ing information.

Interrupt Request

A level-triggered input sampled on the last clock cycle
of each instruction. Vectoring is via an interrupt look-up
table. INTR can mask in software by resetting the inter-
rupt enable bit.

Clock

The clock input is a s duty cycle input 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
cycleitis low.

Address Latch Enable

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

This is the output enable for the uPD8282/8287 trans-
ceivers. It is active low during each memory and /O
access and INTA cycles.

Data Transmit/Receive

Used to control the direction of data flow through the
transceivers.

Memory/10 Status

This is used to separate memory access from 1/O
access.

Write

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

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 goes low again.

Hold

When another device requests the local bus, driving
HOLD high will cause the uPD8086 to issue a HLDA.
Read

Depending on the state of the M/1O line, the processor
is reading from either memory or i/0.
Minimum/Maximum

This input is to tell the processor which mode it is to be
used in. This effects some of the pin descriptions.
Bus/High Enable

This is used in conjunction with the most significant
half of the data bus. Peripheral devices on this half of
the bus use BHE to condition chip select functions.

Most Significant Address Bits
These are the four most significant address bits for
memory operations. Low during I/O operations.

Status Outputs

These are the status outputs from the processor. They
are used by the uPD8288 to generate bus control sig-
nals.



NEC

uPD8086

Queue Status
Used to track the internal uPD8086 instruction queue.

Lock

This output is set by the LOCK instruction to prevent
other system bus masters from gaining control.

Block Diagram

Request/Grant

Other local bus masters can force the processor to re-
base the local bus at the end of the current bus cycle.

Vee

This is the +5V power supply.

Execution Unit Bus Interface Unit
Relocation
Register File Register File
Segment
Data, Registers
Pointer, And And
Index Regs Instsuction
(8 Words) Painter
(5 Words)
16-Bit ALY
Flags

Bus
Interface
Unit

| —— o BHE/S;
Aw_l S¢
Am.'sa
AD15-ADg

INTA, RD, WR

DT/R, DEN, ALE

Uyl

U

6-Byte
Instruction
Queue

L

TEST «—]
INT ¢———

NM| ——

B

HOLD «——

HLDA +——

Control & Timing
ot T )

CLK RESEY READY MNIMX GND

Vee

83-0028038
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Absolute Maximum Ratings

DC Characteristics

Ta=25°C Ta=0°Cto +70°C, Voo = +5V£10%
Power supply voltage, Vg -1.0Vio +7V Limits Tost
Operating temperature, Tppr 0°C to +70°C Parameter Symbol Min Typ Max Unit Conditions
Storage temperature, TsTg -65°C to +150°C Inputvoltage V.~ -05 +08 V¥
low
Power dissipation, Pp 2.5W
- - - Input voltage Viy 2 Vec+05 v
Comment: Exposing the device to stresses above those listed in Abso- high
lute Maximum Ratings touid cause permanent damage. The device is
not meant to be operated under conditions outside the limits de- Output voltage  Vor +0.45 V. Ig=2.5mA
scribed in the operational sections of the specification. Exposure to low
abs'olute rna?d.mum rating conditions for extended periods may affect Outputvoltage Vo 24 V. lgy=—400 uA
device reliability. high
. Input clock Vo -05 +06 ¥V
Capacitance voltage low
f,=10MHz
Output clock VeH 3.9 Vee+1.0 v
Limits Tost voltage high
Paramster Symbol Min Typ Max Unit Conditions Input leakage I, =10 WA OV<ViN<Vee
Input G 15 pF (Note 1) current
capacitance Output leakage I g +10  pA  0.45V<Vpyr<
1/0 Cip 15 pF (Note 2} current Vee
capacitance Power supply e
Note: o current
(1) Al input pins except ADg-ADy5and RQIGT. uPD8086 / 340 mA Tp=25°C
{2} Only input pins ADg-AD;5 and RQ/GT. uPD8086-2 350  mA Ty=25°C
AC Characteristics
Minimum Complexity System
uPD8086: Ty =0°C to +70°C, Ve =5V £ 10%
Limits
1PD8086 PD808S-2 Tost
Parameter Symbol Min Max Min Max Unit Conditions
CLK cycle period toLoL 200 500 125 500 ns
CLK low time toLeH (2/3%cL)-15 (2/3tc1cL)-15 ns
CLK high time toHL (1/31cLoL)+2 (1/31gcL)+2 ns
CLK rise time toHiCH? 10 10 ns Fram1.0V1t0 3.5V
CLK fail time toLacut 10 10 ns From 3.5Vt0 1.0V
Data in setup time toveL 30 20 ns
Data in hold time toLpx 10 10 ns
READY setup time into uPD8284 taveL 35 35 ns (Notes 1& 2)
READY hold time into .PD8284 toLRIX 0 0 ns (Notes 1& 2)
READY setup time into uPD8086 tRyHoH  (2/31tgLcl)—15 (2/ 31100} -15 ns
READY hold time into uPD8086 {CHRYX 30 20 ns
READY inactive to CLK tRYLCL -8 -8 ns (Note 3)
HOLD setup time tHyveH 35 20 ns
INTR, NM{, TEST setup time tinveh 30 15 ns (Note 2)
Input rise time LK 20 20 ns From0.8Vto2.0V
Input fatl time tHIL 12 12 ns Fram2.0V1i0 0.8V
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AC Characteristics (cont)

Timing Responses
uPDB086: Ta =0°Cto +70°C, Voo =5V £10%

Limits
uPD8086 4PDB086-2 Test

Parameter Symbol Min Max Min Max Unit Conditions
Address valid delay toLav 10 10 10 80 ng {Note 4)
Address hold time toLax 10 10 ns {Note 4)
Address float delay toLaz toLax 80 toLax 50 ns (Note 4}

ALE width LHLL ooy —20 toLoy—10 ns {Note 4)

ALE active delay toLLH 80 50 ns {Note 4)

ALE inactive delay toHLL 85 55 ns (Note 4)
Address hold time to ALE inactive frLax teHoL—10 tcHeL—10 ns {Note 4)

Data vaiid defay foLov 10 110 10 60 ns (Note 4}

Data hold time tCHDX 10 10 ns (Note 4}

Data hold time after WR tWHDX toLcn—30 toloy—30 ns (Note 4)
Control active delay 1 tovety 10 110 10 70 ns (Note 4)
Control active delay 2 {CHCTY 10 110 10 60 ns (Note 4)
Control active delay toveTx 10 10 10 70 ns (Note 4)
Address float to READ active tazRL 0 0 ns (Note 4)

RO active delay teLRL 10 165 10 80 ns (Note 4)

RD inactive delay toLaH 10 150 10 80 ns (Note 4)

RD inactive to next address active tRHAV toloL— 45 toLoL—40 ns (Note 4)

HLDA valid delay toLHAY 10 160 10 100 ns (Note 4)

RD width tRLRH 2eioL—75 2o e - 50 ns (Note 4)

WR width tLwH oL —60 oL —40 ns (Note 4)
Address valid to ALE low tAvAL toLeH—60 toLoH —40 ns (Note 4)

Output rise time toLoH 20 20 ns From0.8Vto2.0V
Output fall time toHoL 12 12 ns From2.0V1t0 0.8V

Note:
(1) Signal at uPD8284 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) C=20-100pF for all uPD8086 outputs (in addition to uPDB086 self-load).
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AC Characteristics (cont)

Maximum Mode System with .PB8288 Bus Controlier
uPD80B6: Ty = 0°C to +70°C, Vog =5V =10%

Limits

4PD80B6 4uPD8086-2 Tost
Parameter Symbol Min Max Min Max Unit Conditions
CLK cycle period toLer 200 500 125 500 ns
GLK low time toLeH (2/3tgLoL)—15 (2/3tgLgL)—15 ns
CLK high time teHeL (1731t o) +2 (1/3teroL) +2 ns
CLK rise time teHICH? 10 10 ns From1.0Vt0 3.5V
CLK fall time teLacL 10 10 ns From3.5V1t01.0V
Data in setup time toveL 30 20 ns
Data in hoid time 1eLDX 10 10 ns
READY setup time into .PD8284 1R1VCL 35 35 ns (Notes 1& 2)
READY hold time into PD8284 1oLRIX 0 0 ns (Notes 1& 2)
READY setup time into (PD8086 tRyHcH  (2/3tgLe) 15 (2/3tgcL)—-15 ns
READY hold time info uPD8086 tCHRYX 30 20 ns
READY inactive to CLK tryLCL -8 -8 ns (Note 5)
INTR, NML, TEST setup time HINVCH 30 15 ns (Note 2)
RQ/GT setup time teveH 30 15 ns
RQ hold time into uPD8086 teHGX 40 30 ns
Input rise time UM 20 20 ns From0.8Vt0 2.0V
Input fall time YHIL 12 12 ns From2.0V10 0.8V
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AC Characteristics (cont)

Timing Responses
uPDB086: Ty =0°Cto +70°C, Voo =5V =10%

Limits

1PDB086 uPD80B6-2 Tost
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 tRYRSH 110 65 ns {Notes 3 & 4)
Status active defay tcHsY 10 110 10 60 ns {Nate 4)
Status inactive delay toLsH 10 130 10 70 ns {Note 4)
Address valid delay toLav 10 10 10 60 ns {Naote 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 tsyLH 15 15 ns (Notes 1& 4)
Status valid to MCE high tsymeH 15 15 ns (Notes 1& 4}
GLK low to ALE valid toLLH 15 15 ns (Notes 1& 4)
CLK low to MCE high tCLMCH 15 15 ns (Notes 1& 4)
ALE inactive delay teHLL 15 15 ns (Notes 1& 4)
MCE inactive delay toLmeL 15 15 ns {Notes 1& 4)
Data valid delay toLoy 10 10 10 60 ns (Note 4)
Data hold time teHDX 0 10 ns (Note 4)
Control active delay toyny 5 45 5 45 ns (Notes 1& 4)
Control inactive delay townx 10 45 10 45 ns (Notes 1& 4)
Address 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 tRHAY toLoL—45 toLeL—40 ns (Note 4)
Direction control active delay tCHDTL 50 50 ns {Notes 1&4)
Direction control inactive delay cHDTH 30 30 ns (Notes 1& 4)
GT active delay teLoL 0 85 0 50 ns (Note 4)
GT inactive delay teugH 0 85 0 50 ns (Note 4)
RD width taLRH 2teLcL—50 2t oL —50 s (Note 4)
Output rise time toLoH 20 20 ns From0.8Vio2.0V
Output falf time toHoL 12 12 ns From2.0Vto 0.8V

Note:
(1) Signal at uPB8284 or uPB8288 shown for reference only.

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

(4) C =20-100 pF for ail uPD8086 outputs (in addition to uPDB086 self-load).

(5) Applies only to T2 state. (8 ns into T3).
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AC Timing Waveforms

Minimum Complexity Systems (Note 4)

} toLeL

CLK {8284 Output) E
Ve

tencTv 1CHCL —f tCLCH

[« tcLDy
[« 1CLAY- [e=tCLAX t+- tCHDX

BHE/S7, A1g/S6-A16/S3 BHE, Atg-A1g S7-S3

L]
1CLLH —»{ tLHLL ———efe——tLLAX
_———
ALE y !
N P
ja-1CHLL-+ IRIVCL
tavaL ——s ViH ==

RDY (8284 Input) (Note 2 & 3)
Vi —
—:] teLRIX

E‘RVLCL

READY (8086 input) 1CHRYX —

tRYHCH —={

1AVAL —efe—tLLAX
le-tcLAV- - lcLaz
feLax tovel tcLox —s|
FLOAT FLOAT
"AD15-ADp AD15-ADo DATAIN —

ud d _ b
tazrL [— [+tCLRH tRHAY
o /

teveTv

RE‘:SV—?'%(:;?J; b tcHeTY le— torrL —ofe A RLRH

DT/R \ ;\E
1CVCTV —of teveTx — [
DEN ﬁ/

Note:

1) All signals switch betwesn Vop and VoL unless otherwise specified.

(2} RDY is sampled near the end of T2, T3, TW to determine if TW machines states are ta be
inserted.

(3) Signals at .PD8284 are shown for reference only.

{#) Alltiming measurements are made at 1.5 V unless otherwise noted.

83.003682C
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AC Timing Waveforms (cont)

Minimum Complexity Systems (Note 3)

T T2 ™ T4
1CHICH2 terect ™
VcH H
CLK {8264 Qutput) p
veu
tCHCL —] re——toLCH
X
= tcLov
retCLAv [+toLax te- 1CHDX
BHE/S7, A1g/Ss-A15/S3 E, A 5§7-S3
T
fo— lLLAX
-
ALE s
[+icLOV
letcLAX latcHDX
AD15-ADg DATA OUT
T
fe—— twHDX
teveTv —»f -
WRITE CYCLE (Note 1) fe— tLLAX - teverx
(RD,NTA,
DT/R=Vow) BEN
teven | twLwH
WR }!
teveTx
tcLaz fovel toLox
r FLOAT FLOAT
AD1y5-ADg - POINTER <
[: tCHCTY —-j tcHeTy
oTiR
INTA CYCLE {Note & 2)
(RD, WR = Von — teveTv —
BHE=VoL}
iNTA
— fovety teveTx —
L DEN
teLay
SOFTWARE HALT
DEN, D, WR., INTA = Vo INVALID ADDRESS SOFTWARE HALT
Note:

() All signais switch between Vion and VoL unless otherwise specified.

(2) Two INTA cycles run back-to-back. The .PDB086 local ADDR/Data Bus is floaling during both
INTA cycles. Controi signals shown for second INTA cycle.

(3) All timing measurements are made at 1.5 V unless otherwise noted.
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AC Timing Waveforms {cont)

Maximum Mode System Using uPB8288 Controller (Note 5)

| 2 13 T4
et CHICH2 teLect ™
VeH
CLK
Ve
toLAV ICHCL ——= tcicH
oot X X
T
L—— tcHsy ——-I ] l I-'cn.s
2,55
(EXCEPT HALT) {Note §)
etCLAV e tcLov
l e toLaX CHDX
BHE/S?, BHE, Ayg-A $7-§:
AtgiSe-Arg/S3 BHE, A9-Aw 7-S3
T
—ol sviH
(Note 3 le—tCHLL
—] ICLLH
ALE ’,r -
8288 QUTPUT) £
RDY (Note 2)
(6284 INPUT)
tAYLCL tCLRIX
READ CYCLE (Note 1) tRYHSH [e— tCHRYX
IRYHCH—|
fcLA ' toLaz tcLax j tovel 1cLDX -j
1
FLOAT FLOAT
ADy5-ADg * ADy5-ADg DATAIN J\
lnﬁ re-teLl tRHAV
e
RD /
L‘CHDTL la— {CLRL ~>{e- } tALR {— ICHOTH
OT/R \
toLML — CLMH \
MROC OR IORC
8268 OUTPUYS 1
(Note 38:4) — \‘-— CUNY
DEN y
CVNX
Note:
) All signals switch between Vo and VoL unless otherwise specifiad.
(2) RDY Is sampled near the end of T2, T3, TW to determine i TW machines states are to be
inserted.
(3) Signais at 8284 or 8288 are shown for reference only.
{8) The issuance of the 8288 command and controf signals (WRDC, MWTC, AMWC, ICRC, IOWC,
ATOWC, INTA and DEN} iags the active high 6288 CEN.
{5) All timing measursments are made al 1.5 V unless otherwise nofed.
6) Status inactive in siate just priar 1o T4,
83-003684C
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AC Timing Waveforms (cont)

Maximum Mode System Using .PB8288 Controller (Note 6)

m T2 LK} T4
™
veu 3_\
cLK k 7! \
Ve
cHSY !cl.snol
\ Y ————
'$2,51, 5o (EXCEPT HALT) {Nota 7) \
) W,
tcLov
WRITE CYCLE (Note 1) | Ly toLAX T
L
ADy5-ADp ADy5-ADg }{ DATA
tevny [+1CVNX-
DEN }[
folm toLmH
AMWC or \
AIOWC N
5288
QUTPUTS tcLmL tcLMH
(Note4 &%)
MWTC or
iowc
AD15-ADg FLOAT / RESERVED FOR \ /
{SEENOTE 28 3) = \ CASCADE ADDR / FLOAT FLOAY \\
INTA CYCLE (Note ) fciaz \ tover toLox
_ 2 ER a
AD45-ADg oA POINT AT “
tsymcH teLMeL —
MCE/
PDEN
{CLMCH [+ ICHDTL tCHDTH
DT/R
toLML —| \
8288 QUTPUTS
(Note 48,5 INTA
tcyny —e tcLmH
DEN
—] cVNX
AD15-ADo X INVALID ADDRESS
T
~ ——————
\
tm——————

Note:

(1] Al signais switch betwesn Vou and Vo unless otherwise specified.

(2) Caacade address is valid between first and second INTA cycle.

(3) Two INTA cycles run back-to-back. The .PD808E iocal ADDR/Data Bus is fioating during both
INTA cyclas. Control for pointer address is shown for second INTA cycle.

(4) Signals at 8284 or 8238 are shown lor refsrence only. .

(8) The Issuance of the 8268 command and control signals (MRDC, MWTC, AMWC, iORG, IDWC,
AIOWC, INTA and DEN; Ings the active high 8288 CEN.

(6) Alltiming measurements are made at 1.5 V untess otherwise noted.

@) Status inactive in state just prior to T4,

83-003685C
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Timing Waveforms

Asynchronous Signal Recognition

Bus Lock Signal Timing

CLK

tINVCH (Note 1)
5

¢ °
SIGNAL a
&
Note:

(1) Setup requirements for asynchronous signals
only to guarantee recognition at next CLK.

NMI
INTR
TEST

83-D03886A

ANY CLK ANY CLK
CYCLE _’| CYCLE "

CLK

toLav tcLav

=
L

83-0036B7A

Request/Grant Sequence Timing*

ANY CLK
CYCLE

0CLK
CYCLE

Nots:

* for Maximum Mode only

tcLGH tGVCH tcLaH
cLk N /_\
d
1cL tcLeL PULSE 3
N ] oLet COPROCESSOR
o \ ?_ﬁ_ RELEASE
RO/GT
PULSE 1
PREVIOUS GRANT ==
AD‘:_A? N COPROCESSOR RG . N
1Sg-A1e/S3 ¢
FraiSp-faeiSs s0ss COPROCESSOR
RD, LOCK 2 r ¥ R 2
BHE/Sy (Note 1)

{1) The coprocessor may not drive the buses outside the region shown without risking contention.

§3-0036888

Hold/Hold Acknowledge Timing*

CLK E_/_\§ J_\§ i! \
tHVCH >1CLK CYCLE — 1HVCH 10R 2 CYCLES —+
S ?
HOLD
vy —
v 2 2
toLHay — tCLHAY —
& S
HLDA
& T € ————————
— teLaz
o ~ e
__ A19/Se-A1g
AD, BHE/S7, M0, soss COPROCESSOR ) 8086
DT/R, WR, DEN 2 S X2
* for Minimum Mode only
83-0036898
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