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8086

18-Bit Microprocesscr
iBPXBE Farmily
FINAL

D!STINCTIVE CHARACTERISTICS

Diractty addrasses up 1o 1 Mbyte of memory

24 cpetand addrassing modas

Efficient implamentation o high leve! languages
Instruction sat comcatible with 8080 sottware

Bit, byta, word, ang biock operations

8 and 16-bit signed and unsigned anthrmetic e binary or
decimal

o MULTIBUS® system interace
® Thres spood aptions

- SMHZ jor BOSE

- 8MHrz lor B0aE-2

=~ 10MHz for 80841

GENERAL DESCRIPTION

The BOBS 13 A generel purpass *o-it microprocessor TP
I architeciurg i3 built around thirteer 18-bit regstars ard
nine 1-bit flags. The CPU operates on 16-bit mddress
spaces and can directly address up o 1 megabyle using
oHset addressss within four dstinet memory segmants,
desigrated as code, data, slack and extra code. The BOBG
implaments a powerhd inatruction sat with 24 operand
addressing modes This instruclion sat 1s compatible with
that of the BOBO and A085. In addiion, !he BJOBE 8
particularly sflactva in axacuting high lavel languages.

The BOAS can aperate in minimum and maximium modes.
Maxmum mode offloads certain bus control functions 10 a
paripheral devies and aifows the CPU to cperata efficiently
na mult-procesecr syaterr. Tha CPU and 13 high pertor-
manca perpherals sre MULTIBLS compabbla, The BOBS is
wmplemented in N-channei, depteton lond, siticon gate
technology and s contained in a 40-pin CERDIP package,
Moided DIP packega, o Flasbe Leaded Chip Carrier
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CONNECTION DIAGRAMS
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ORDERING IMFORMATION

Commerclal Products

AMD commedcial products are available wn sevaral packages and operating ranges. The arder niber (Valid Combinaiion) is formed
by & combination of: a. Temperature Range

b, Package Type
c. Devica Mumber
d. Speed OQplion
e. Optional Processng
i i3 2088 =& 2
L- 4. QPTIQNAL PROCESSING
Blank = Standerd Frocessing
B = Burn-n
d. SPEED ORTION
Blank = § Wiz
-2= B MHz
~-1=10 MHz
¢. DEVICE NUMBER /DESCRIPTION
LI
16-ENi MCTORE CRES00
b. PACKAGE TYPE
P = 40-Pin Plastc OIP (FD G4Q)
O = 40-Pn Carame DIP (GO G40}
N = 4d-Pin Plaabc Lemded Chip Carmer (PL 04d)
a. VEMPERATUIRE RANGE*
Blank = Commercaal (0 to + 70°C)
b= Industnal (- 40 1o +85°C)
Valid Combinationy Yaiid Combinations
] Valid Combinations list configuraticns planned to be
P, D N BOBE-2 supported In volume for this device Consult tha local AMD
B086-1 sales otfice to confirm avalabilty of specific valid
D10 5046-20 compbinabions, t¢ check on newly released vald combinatons,
o 1 and to obtain addional data on AMD's standard mulitary
grade products.
D 80456




ORDERING INFORMATION

Military Products

AMD produstls tor Aerospace and Defense applicalons argé avalable in several packages and operaling ranges AP.
tApproved Froducts List) products are tally compliant with MIL-STD-B83C requirements The order numiber {valid Gombinatior)
for AFL precucts s formed by a combination of a.

b,

c.
d.
L2

Device Numiser
Speed Option (il applicabla)
Device Class
Package Type
Lead Finish
Q A
{ |
1
I——n-—-e. LEAD FINISH

A = Hat Soider OIP

- d. FACKAGE TYPE
O« 20-Pin Serarvic DHP (G0 240)

[, €. DEVICE CLASS
/B = Class 3

BOES

16-31t Microarocesseos

VAP Faduly

b. SPEED QFTION
Blark - 5 WHz
-2 =8 MHz

— u. DEYICE NUMBER/DESCRIPTION

V¥alid Cambinations

Valid Combinations

Vald Combmatiors hst conhigurations planned to be
supportad in wloma for this dewvice Consllt the local AMD

BOBS

BORG-2

fBOA

salas oflice 1o conlirm avalabilty of specihc vald
comtinalicns or to check for newly raleasad wvalg

combwnatiors

Group A Tests

Group A tests consist of Subgroups
1,2 3,7 8,8 10, N




PIN DESCRIPTION

The following pin funetion descnptions are for BOBS systems w either minimum or maximum mode. The "Local Bus' in
these descrplions 15 the drect mulbplexed bus interface connecton to tne BOBE (withoul regard 1o additonal bus buffers).

Pin No.*

WO

Description

309, 216

ADs-Alg

KO

Addrerss Data Bus These hnes consituls the tme mulliplexed mamary/ 10} address (T} and data {Tz. Ty, Tw. Ta)
bus Ag 15 analogous to BHE for Ine lower byle of Ing data bus, pins D7-Og 1115 LOW durng T whan a byle s to
be lrangfamed on the lower porton of tha bus in mamory ¢ I/0 oparaiuns Exght-tnt oienied dewces ted to tha
lower hall would normally use Ag 1o condison chip select funcuons (See BHE ) These lines are actve HIGH and
tioat to Ihege-stale OFF dunng mismmupt acknowledge and local bus “held acknowlsdon ™

3518

A10i5e
AypiSg
Ay7i8g
AigiSq

Address/Slatus Dunng Ty thase ara Lha lour most signiicant addrgss inas (o mamory operabons. Dung WO
opsrations these hines are LOW,. Dunng memory nd |#0 operauons, sialus miormation s avalable on thess ines
duning Tz, Ty, Ty and Ty, Tho status of e inlarrupl enalds FLAG bit [Ss) 15 updated a1 the beginrang of sach CLK
cycle Awr/Ss and Ayg/53 are sncoded as shown

Ths intgrmation indicates wch relocalion register s presently being usad for data accessing
Thesa hras lipat 1o Ibme-stale OFF dunng local bus "hold acknowkedge ™

Aq7iSy A15-S3 Characteristica
O (LOW) 0 Altarnale Data

0 1 Stack

1 (HIGH) i} Code or Nora

1 1 Dala

Sg s 0
(LW}

BHE /57

Bus High Enabla/Status Dunng Ty the bus high enable sgnal (BHE) shoukd be used to enable data onto
the mosl sigrubzant half of Ihe dale bus, ping Oy5-Dy Exghl-bil onented devices ted to The uepor had of
the bus would noemally use BHE 1o conditon chip select funchons. BHE & LOW dunng Ty for read, wite,
and inlemupl acknowledge cycles whan a Dyla 15 1o ba transferred on the high pertan ol e bus The Sy
stalus mfarmation s avarlabla dunng T, Ts, and Ty The sgnal & active LOW and fosts to

three-stale OFF i “hokd ™" It 13 LOW dunng T« lor the lirst interrupt ackrowledge cycle

BHE Ay Charagtoreticn
0 i Whaie word

0 1 Uppar byle fram/
to odd address

1 0 Lowar byte Irom/
o awen address

1 1 Hone

R’

Read FAead strobe wucales that the Wocessar s peronming 2 Memory of 1Y0 read cycle, depending on
the stala of lhe S; pe This signal 15 used 1o read devicas which rogsde on the BOBS local bus Fﬂgg-s
aclive LOW duning Tz Ta, and Ty ol any resd cycke snd s guaranteed 1o reman HIGH m T uobl the
BOaG locel bus has llgated

Ths signal Noats (o three-statsa OFF n “'hold achnowledge ™'

22

READY

READY s the acknowledgmant from the addrassed memory o M0 deviea thal 1 will completa tha data
wvansfer Tha READRY wgnal hom memony /10 15 aynchronized by the 8284a Clock Ganeraldr to form
READY Thes smignat is actrva HIGH Tha EDBE READY npul » nol synchionized Correct operalion 1s not
guaranteed f Ihe salup and hokd umps ara not met,

18

INTAR

inlatrupt Request Is a teval Inggerad input which 15 sanpled duing the last clock cycla ol sach nstruce
bon 1o oetercune (1 INe processor shoukd enter anto an mlarrupl acknowledge opedebon A subrouting s
vactared 10 via A0 Internapl vedtor lookup table localed n syslem memoen, N can be imtomally masked by
soltware resattng the interrupt enatike til. INTR 12 ntemally synchionzed Ths signal 1s acive HIGH

23

g

TEET inpui 15 exammed by the “Wad" wmsbucton If Dw TEST mpul 5 LOW, exaculion conlinues, ather-
wiga, the processor waits i an ' ldle” stale. This input 15 syach-omzed wlernally dunng gach clock sychke
on the {eatng edge of CLK.

MHon-Maskable inlerrupt An edge-Inggored mpul which causes & type 2 mberupt A subroulne s veclored
10 wa an ntemupl vactor lookap lable located in sysiarm mamory NMI s not mashable inlernally by
sofMware A tran§mon from & LOW 10 HIGH intizles the inlerrupt al tha end of the curren nstruction This
Inpul 15 nledmally syncheamized

RESET

Heset Causes lhe processor to immeddalely terminate 4% prasenl acturly The sgnal must be actve HIGH
for al laag! lewr clock cycles |1 restads axeculon. as described In the Irstruction Set descriphon, when
AESET ieiuing LOW RESET 5 intemally synchronized

CLr

Clack Prowdes the basic bmng far the procetsor and bus controller 1F 15 asymmeing wilh a 33% duly
cycle to prowwde optmized mernal biming

Yoo

Voo The + 6 W power supply pon

anND
MM /RS

Ground The ground mn

Mirrum/Maxrmum  Indicglas whal mede the pocessor s 1o operaie-ln The two modes are discussed n
the loliowing secions

“Pin numbers correspond 1o DiPs

Oy




PiN DESCRIPTION {continued)

Fin No.*

Hame

/0

Description

28-28

B2. %1 B

Slatus Actwve dunng Ta4 Tq and Tz and 15 returnad te the passwe slate {1 1, ') dunng T3 or dunng Ty
whern AEADY s HIGH This stalus 15 used by \he 8288 Bus Comlroller 1o gensgrale all memory and

[/Q access contral signals Any charge by Sz Sy, or S dunng Te v used to rdcatle the begining of a
bus cycla and the refurn o the passme Slale in T3 o Ty e wsad to mdicate the and o 4 bus ¢ycla
These signals {loal io three-stale OFF n “hold acknowledge * These slatus fines are ancoded as shown

- f - Charactenstics i

0 (oW o 4] \ntarrup!
Aoknpwledge

0 ¢ 1 Raad 1/Cr Fort
il Wnte |0 Pen
4] 1 1 Hal

1 (HIH) @ Code Accoss
Head Meamory

=1

] Wnie Memony
- FPasswvo

- e DO

3%, 30

ma'mo.
ROAETY

WO

Fequast/Grant Pirs are used by othar Iocal bus masters 10 lorce Lhe processor o reledse the local tus
2l the and o tha processor's currenl bus oycle Each pin s bidirectional with ﬁﬁr(?fg taving hrgher
prionty than AT, PG/GAT bas anonternal pull-uf resstor S0 may be et wnconnected The request’
grant sequence s as follows

1 A pulse o1 | CLK wada from ancther [0cal bus master indicales a focal bus reques! [ 'hald '] 1o the
BOAG {pulse 1)

2 Durng a Ty or Ty clock ¢ygle, a pulse 1 CLK wide Irom the BOB6 ¢ 1he requestng master (puse 2),
inchcates Mt the BOSE has allowsd the local ows o floal and that it will anier the “held acknowledge
stake an the neat CLK The CPU ¢ bug mteraca umi s discormectad logcally rom the local hus cunng
"hold acknowlodge,”

3 A putza 1 CLK wide lrom Ihe ragueshng master ndicatlas o the BOBE (pulse 3) 'hat the “hold”
fequest 15 aboul 1o end and that the BCBE can reclam the Iscal bus at the newd CLK

Each masigr-masier exchange of the ocal bus 15 a sequence o) 3 pulses Thers must ba one dead CLK
cytle after each bus exchange Pulses are actree LOW

I tha request 18 made while the CPU s pertormmg a memery cyche, it wil release the local bus duning Ty
cl ihe cychr when al the tllcwng condibions ar met

1 Request occurs on or betore T

2 Cumanl cycle 2 npt the low byte of a word (on an odd gddress).

3 Currarni cycle 15 not the frst acknowledge of an nterrupd acknowledge Securnce
4 A lockéd INStruchon 13 ol currently executng.

Il the locel bus is 0@ when the reguest 15 made, two possible events will follow

1 Local bus will'ba released dunng tha next clock
2 A memary cycla will Blar wathin 3 tlocks Now the four rules 1of & curenlly aclive Thamory Cycle apply
with Ccondiion number 1 airsady saushed

[OCK Output indicates hat oter system bus maslers sra nol Lo gan control of the system bus while
[OCK is schive LOW Tha TOUK signal 15 aclveted by tha "LOCK' prefn nstruction and remans aclive
und the compheton of e next mElraction This signal 1s achve LOW, and Noals o inree-siaie OFF n
“hokd acknowhodge

24, 25

OBy, OSg

Cuaun Slelus, The queus siatus s vald dunrg the CLK cycle aMar which the queue operalon 15 per-
formeg

Q5% and O5p prowde Slatus o allow exledna trackesg of the mternal 8068 nslrucban quewe

28

M/

Status line Logically equivalant 1o 53 in the maamum mode, 1S used o disbnguish a momory &ccess
from an {/Q access. MAG Lecormas valid in e T4 proceding 2 bus cycle and emaing valid untd the final
Ta of the cycle (M =HIGH, IO~ LOVWA. M/TD fioats to three-state OFF in local bus “hold acknowledgs

28

WwH

Wnie Irdicates thal the processor 1S performing & wnta momory of while 10 oycha, depending an the
slale o MAD sgnal WA 15 acwe for Tz, Ty and Tw ol any wnte cycla N e aciva LOW and floats io
threa-siate OFF i jocal Bus “hold acknowiedge ™

24

IHTA 15 wed as a read skobe lor mberupt pckmowlecge cycles N is acbve LOW dunng Tz, Ta, and Ty
o each imtemum achnowlegde cycle

25

ALE

Address Latch Enable Prowded by the processor 1o laleh the address o B2E2/82BD address latch Ml 1§
a HIGH pulse achve durng T, of any bus cycle MNole that ALE o newer Aoated

27

pT/R

Oata Transmd/Receve Mesded wn mimmum systom that desiras 1o use an B2BE/E82AT gata bus transoev-
& Il is wsed 1o conlrgl the direchion of dava fiow (hrough the ranscewver Logicaly DT/F s equwalent 1o
& 0 the maximum mode, and 1g bming 5 ke same as lor 1,10 (T = HGH, R=LOW} This signai
ficats ta Ihree-stale OFF in Ical Dus 'hold ackiowledge

26

Data Enable. Provided as an oulpul enable for the B206/B287 in & mimmum systerm which uses |he
wanscever DEN £ aclve LW durmg sach memory and |/ acgass and for [NTA oycles For a read of
[ cycle, L 15 achve from the middle of T; until the muddle of T4, whie lor a wnle cycle, f 15 actve
wom Ine beginmung of Ty untd the muddle of Tq BER loais to three-sigie OFF n iocal bus “hold
acknowledg

"Bin numbers comespond 1o OIPs only,




PIN DESCRIPTION (continued)

Pln No.* Name [Fi4]

Descriplion

a1, 30 HOLD, 1O

hnas

wise guarantes the sel-up nme

HOLD Incales thal another master 5 requestng a local ks “hold ™ To be achrowledged, AOLD must
HLDA e athve HHGH The pracessor recewing the “hold” request will ssue HLDE (HIGH) s an Acknowledgo-
mant m b mackdie of & Tg & T Goth opcle Simulanecus with The 1ssuance of HLDA, tha processor wall
fiokl the local bus and control Wnes After HOLD 15 delected as baing LOW, the piocessor il LOWer
HLDA angd when the processor naeds to run another oyele @ will again drive the local bus and conirod

Tha same ndes as lor AG/GT apply, regarding when the local bus wil be réieased
HOLD » not asynchroneous mput Exiernal synchromzation should be prowesed d the system canndt othar

*Pin numbers. corraspond o DIPs onky,
DETAILED DESCRIPTION

The BOBG CPJ is internally organized 1o two processing
units. Thase two unis are the Bus Interface Und (BIU) and the
Execulicn Unit [EL). A block diagram of this organization is
shown on page 1.

Tha BIU performs instruction faich and quewsng, oparand fetch
and store. address refocation, and basic bus conirol. The EL
receives operands and mstrucbons from the BIU and process-
es them on a 16-bit ALU. The EU) accesses memory and
penpharal devicas through requesis to the BIL. The BIU
generales physical addresses in memary using 1he 4 segment
registers and ofset valuas,

The BIUJ and EU usually operate asynchronously. This permits
the 8086 10 overlap executon lalch and execution Up ic 6
instructon bytes can be queuad. The instruction queus acts as
a FIFQ buffer for insiructions, from which the EU exiracts
nstruction byles as required,

Memory Qrganization

The 8086 addresses up to 1 megabyte of memory Tha
address space is organzed as a lingar array, from 00000 1o
FFFFF in hexadecimal. Memacry (5 subdivided into segmants
of 64K byles sach. There are 4 sagments: code, stack, data,
and extra (usually employed as an extra data segmentj. Each

segment thus contans information of a similar typa, Selection
of a destnaion segment 5 automatcally peformad using the
niies i the tabie below. Ths segmentation makes memory
mare easily reiocatable and supports a rnord slruttured
programmng style.

Physical addresses in memory ata ganerated by selecng 1he
appropnate sagmant, obtairing the segment “hase” address
from the segmenl register, shifting the base address 4 digits 1o
the left, and then adding thus base tothe 'otisel” address For
programming code, the offset address is oblained from the
instructon pornlar. For opaerands, the offset address is calcu-
lated in saveral ways, depending upon inicimation contaned
n the addrassing made. Memory rganizabion and address
gereration are shown in Figure 1a.

Certain maemory locations are reserven for specihic CPU
operaticns These are shown in Figure 1b. Addresses
FFFFOH thiough FFEFFH are reserved lor operabons which_
ingiude @ ump to the initial program ioading roune  Atter
RESET, the CPL will always begin exsculion at locauon
FFFFCH, where the jump must ba located.

Addresses 00000H through 003FFH are resarved for ntermusl
operatons. The senice muting of each of the 266 possible
inlerrupt types is sgnaled by a 4-Dyte ponter The pointer
glemants must ba siored in resarved memory addresses
betore the interrupts are invoked.
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Flgure ta. Memory Organization
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Figure 1b. Reserved Memory Locatlons
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Memory Jl Segment Aegister 1

Segment Selection Hule
Reterence Need i Used
Ingtrucliors COpe 1CE) tutemelc ter ah pretetching of imslruclions
—_ SE—
Al stack pushes and pops and all memery referencee relahve tc BP base regter
Stack STACK {58 awcepl data reloranses
B Data reterences which are relalive fo 1he s1ack ftne destinatran of @ stnng operalion, or
Local Data DATA (D5) ety ouvartcan
\ f ; 1
External |Giobal) Data EXTRA [ES) :g)f;:rl;r-:atnn of alnng cperatcns, whar thoy are explioilly salerled using A segman:
)

Minimum and Maximum Modes

The B086 has two system Configurations, memimum and
maxmum mode The CPU has a strap pin, MN/MX. which
defines the System configuralon. The status of this strap pin
defines the funclon of pin Aumbars 24 through 31

when WN/MX 13 strappad to GND, the BOBG operates in
maximum moda The gparations of pins 24 through 31 are
redafined In maxmum mode, several bus tming and control
tunctions are “oftloaded™ 1o the B283 bus controller, thus

treerng up he CPU The CPU commumcales status informa-
tion to the B288 Ihrough mins Sp. Sy, and Sz In maximum
rode, the 8086 can oparale in a mMulliprocessor Syslam, using
the LOCK signal wittin a Multibus format

Wher MN/WMX & strapped to Voo, the 80BE oparates in
minimum rode The CPU sends bus control sigrals itseif
through gins 24 through 31 This 16 shown i the Conneclion
Diagrams {in parentheses| Examples of mnimum and maxe
mum mode systems are shown in Figure 2
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Figure 2a. Minimum Mode 8086 Typical Conflguration
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