8088

T T2 T3 Tw Ta
TCH1CH2~] |+ TCL2CLY
Ve : /
CLK (8284 Output) 7" 5( A‘ 3 A \
cL
TCLAV~ — Igtz;’: ot TCHDZ—|  |+—
AD; - ADp AD7 - Ag DATA OUT
~TWHDX =
TCVCTV | . i TeveTX

WRITE CYCLE ——

DEN
NOTE 1

TCVCTV—+| ‘-—
TWLWH
|
WR \ 4
TCVCTX — -—
— ~TCLAZ
~—TDVCL—* «—TCLDX
AD; - ADg POINTER
_ FLOAT \__POINTER] FLOAT
—| - TCHCTV —=| |=—TCHCTV

DTR

INTA CYCLE
TCveT
NOTES 1,3 Vo
RD, WR=V —
( oH) NTA
TCVCTV—| | TCVCTX—~
DEN
SOFTWARE HALT — (DEN =
VoLiRD.WR,INTA DTIR=Vo: 5. ap INVALID ADDRESS
TCLAV -—

NOTES: 1. ALL SIGNALS SWITCH BETWEEN Vou AND Vo UNLESS OTHERWISE
SPECIFIED.

. RDY IS SAMPLED NEAR THE END OF Ty, T3, Tw TO DETERMINE IF Tw
MACHINES STATES ARE TO BE INSERTED.

. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS
ARE SHOWN FOR THE SECOND INTA CYCLE.

. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY.

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE
NOTED.

@ N

on

Figure 10. 8088 Bus Timing — Minimum Mode System (cont.)
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8088

8088 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Symbol Parameter Min.
TCLCL CLK Cycle Period 200
ATCL_C'H CLK Low Time (23TCLCL)-15
TCHCL CLK High Time (YaTCLCL) + 2 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 30 ns
_TCLDX Data In Hold Time 10 ns
TR1VCL RDY Setup Time into 8284 (See Notes 1, 2) 35 ns
TCLR1X RDY Hold Time into 8284 (See Notes 1, 2) 0 ns
TRYHCH READY Setup Time into 8088 (23TCLCL)-15 ns
TCHRYX READY Hold Time into 8088 30 ns
TRYLCL READY Inactive to CLK (See Note 4) -8 ns
TINVCH Setup Time forHecognmon(lNTR,NML@)(See Note 2) 30 ns
TGVCH RQIGT Setup Time 30 ns
TCHGX RQ Hold Time into 8086 40 ns

TIMING RESPONSES

Symbol Parameter Min. Max. Units Test Conditions

TCLML Command Active Delay {See Note 1) 10 35 ns

TCLMH Command Inactive Delay (See Note 1) 10 35 ns

TRYHSH READY Active to Status Passive (See Note 3) 110 ns

TCHSV Status Active Delay 10 110 ns

TCLSH Status Inactive Delay 10 130 ns

TCLAV Address Valid Delay 15 110 ns

TCLAX Address Hold Time 10 ns

TCLAZ Address Float Delay TCLAX 80 ns

TSVLH Status Valid to ALE High (See Note 1) 15 ns

TSVMCH Status Valid to MCE High (See Note 1) 15 ns

TCLLH CLK Low to ALE Valid {See Note 1) 15 ns

TCLMCH CLK Low to MCE High (See Note 1) 15 ns

TCHLL ALE Inactive Delay (See Note 1) 15 ns C=20-100 pF for

TCLMCL MCE Inactive Delay (See Note 1) 15 ns all 8088 Outputs
- in addition to

TCLDV Data Valid Delay 15 110 ns internal loads

TCHDX Data Hold Time 10 ns

TCVNV Control Active Delay (See Note 1) 5 45 ns

TCVNX Control Inactive Delay (See Note 1) 10 45 ns

TAZRL Address Float to Read Active 0 ns

TCLRL RD Active Delay 10 165 ns

TCLRH RD Inactive Delay 10 150 ns

TRHAV RD Inactive to Next Address Active TCLCL-45 ns

TCHDTL Direction Control Active Delay (See Note 1) 50 ns

TCHDTH Direction Control Inactive Delay (See Note 1) 30 ns

TCLGL GT Active Delay 110 ns

TCLGH GT Inactive Delay 85 ns

TRLRH RD Width 2TCLCL-75 ns

NOTES: 1. Signal at 8284 or 8288 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. Applies only to T2 state (8 ns into T3 state).
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8088

CLK

Q80,QS1

§2,51,50 (EXCEPT HALT)

Ays—Ag

A1g/Se-A16/S3

ALE (8288 OUTPUT)

SEE NOTE 5

RDY (8284 INPUT)
READY (8088 INPUT)

READ CYCLE
AD7 - ADg
RD
DT/R
8288 OUTPUTS | Lo - fomE

SEE NOTES 5,6
DEN

VCL—A

— i

T T2 Ta Ts
TeLeL TCH1CH2 TeLeu gy,
VCH
X F X 2N SN
TCLAV—~] F TCHCL fe—TCLCH —|
TCHSV —|  ~TCLSH
/ / AV
/ (SEE NOTE 8) \
N\ /L N
Ay - Ag
— TCLAV TcLov TCcHDX—]
CLAX —
X Atg-Atg S7-83
TSVLH - — LTCHLL
TCLLH=  |=— -
/
d
~—TRVCL
N \ N NN
AN NN \\§ N\
e NN
= TCLRIX
= +— TCHRYX
TCLAV—| — TDVCL TCLDX
- TAIN
APz~ Ao oA FLOAT
TAZ TCLRH TRHAV
TCHDTL —| ~— TCHDTH
K TRLRH
TCLML~ " \ TCLMH—| [~
TCVNV—| J«(—
TCVNX —|

Figure 11. 8088 Bus Timing — Maximum Mode System (Using 8288)
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8088

CLK

§;. 53, So (EXCEPT HALT)
WRITE CYCLE

AD7 - ADg

DEN

8288 OUTPUTS

SEE NOTES 5,8 AMWC OR AIOWC

MWTC OR [OWC

INTA CYCLE

A1s - Ag
(SEE NOTES 3,4)

AD7-ADg

MCE/

DT/R

8288 OUTPUTS

SEE NOTES 5,6 | INTA

DEN
SOFTWARE

HALT ~ (DEN = Vo ;RD,MADC,TORC, MWTC,AMWC,IOWC ATOWC,INTA,DT/R = Vou.

AD7 - ADg, A1 - Ag

Ty
TCHSV =
VCH [——\
veL / \
TCLAV = [~ «—TCLDV  —+] [«—TCLSH | TCHDX—> -—
DATA
TCYNV -+ TCVNX—
—  |e—TCLML TCLMH —=|
— TCLML  — |~ TCLMH
i
|
FLOAT RESERVED F
CASCADE A FLOAT FLOAT \
- \I.TCLAZ ' E TOVCL—|
1 POINTER
/ FLOAT !
| TCLMCL :
TSVMCH ! -
' ; ~
! /
‘{ W A,
TCLMCH—=| =  —f <~ TCHOTL — TCHDTH
i
TCLML *‘ t
—|\ [=—Tevay T I=TetMH
TCYNX > é
INVALID ADDRESS
TCLAY —=|
c—————--
\
| VO,
NOTES: 1. ALL SIGNALS SWITCH BETWEEN Von AND Vo_ UNLESS OTHERWISE

T

LT

® o~

SPECIFIED.

RDY IS SAMPLED NEAR THE END OF Tp, T3, Tw TO DETERMINE IF Tw
MACHINES STATES ARE TO BE INSERTED.

CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA
CYCLES.

TWO INTA CYCLES RUN BACK.TO-BACK. THE 8088 LOCAL ADDR/DATA
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL FOR
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE.

SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY.

THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS
y Y ) , TOWC, ATOWT, INTA AND DEN) LAGS THE
ACTIVE HIGH 8288 CEN.
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE

NOTED.
. STATUS INACTIVE IN STATE JUST PRIOR TO Ta.

Figure 12. 8088 Bus Timing — Maximum Mode System (Using 8288)
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TEST

NMI I g‘ j=— TINVCH (see note 1)

NOTE:
1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK

Figure 13. Asynchronous Signal Recognition

— Any CLK Cycle «‘ Any CLK Cycle —l

JYCLAV ‘<7 ‘-—lvcuv‘o—

LOCK

Figure 14. Bus Lock Signal Timing (Maximum Mode Only)

|~ - AnyCLK Cycle =ie - 0-CLK Cycle —=
|
» m — /—\ —\ /_\K j/——\‘\_4
TCLGH = = — i~ —TGVCH ;
le ——— TCLCL— 4-‘ r TCHGX = —-TCLGL‘- - ‘r TCLGH
— PULSE 1 el T PULSE 3
RoiGT COPROCESSOR PULSE 2 COPROCESSOR,
a0 8088 GT RELEASE
Previous grant TCLAZ
A19/Se ~ A1e/Sy - l e -
Ats—As © )
Agl:y S'M;:‘ 8088 ¢ COPROCESSOR 8088
. 1.
L —_ Ok
RD, COCK +— T (SEE NOTE 1)

NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE THE REGION
SHOWN WITHOUT RISKING CONTENTION.

Figure 15. Request/Grant Sequence Timing (Maximum Mode Only)

. hz 1 CLK CYCLE—| [-— 1 OR 2 CYCLES
cu '_/—\ ﬂ_\
. ! < !
— le—THVCH ISEERETET «— THVCH H
; ; i
| |
HOLD i
f— — —
— == TCLHAV AJ = TCLHAV
i -
i 3
HLDA / \-‘
\ _
— r
—} «—TCLaz
— i —
— — ] H¢ {
8088 COPROCESSOR 8088
— {— |

Figure 16. Hold/Hold Acknowledge Timing (Minimum Mode Only)
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8088

OATA TRANSFER

MOV Move:

Register/memory to-from register
immediate t¢ register memory
immediate 1o regrster

Memory to accumulator
Accumulator to memory
Regisler:memory to segment register

Segment register 1o register- memoty

PUSH  Push,
Register /memory
Register
Segment register

POP  Pop:
Registes /memary
Register

Segment reqgister

XCHE  Exchange:
Register/memory with register
Register with accumuiator

IN=Input from
Fixed port
Variable port

0UT = Output to

Fixed port

Varable port

XLAT: Transiate byte to AL
LEA-Load EA to register
LDS-toad pornter 1o DS
LES=Load pointer to ES
LANF-Load AH with flags
SAHE -Store AH into fags
PUSHF=Push Hags
POPF-Pop tlags

ARITHMETIC

ADD  Add

Reg /memory with register 10 either
Immediate to reqister/memory

Immediate to accumuiator

ADC  Add with carry
Reg /memory with register 1o either
Immediate 10 register/memory

Immedsate to accumulator

INC - increment:

Register /memory

Register

AAA-ASCH adjust for ad¢
DAA=Decimal adjust tor add

8UB - Bubtract:
Reg /memary and register o erther
Immediate from register/memory

Immediate from accumulator

888 - Subiract with barrow

Reg /memary and register to esther
Immediate from register/memory
Immediate from accumulator

Mnemonics ©|me\, 1978

76543210 76543210 76543210 ‘

8086/8088
INSTRUCTION SET SUMMARY

76543210 DEC  Decrement: 765432 543210 76543210
1000100 w|mod reg rim Register ‘memary L 1w mea0o 1 om
11000 1w md000 m daa | gaaaw 1 ] Register [0r0071 reg
1011w reg data data i w MEG Change sign [0y w megd 11 em |
1010000w a1 low 001 high
1010001 w 3001 low 000 ngh CMP Compare:
10001110 [md0ieg rim ‘ Register memory and register 0011100 w/mod reg r'm
T390 00 met0res 1 Immediate with reqister memory 1000005 w]mdt 11 cm saa | gaaidsw O
| immediate with accumtatos 0011110w data dataitw 1|
‘ AAS ASCE adjus! for subtract 001 1T
VT 1 Jmeg 110 m | oS Decima adyust for subtract 00101111
01010 req | MUL Multiply iwnsigned) 1110t wimed1 00 1 m
(000wg 110 i IMUL integer multiply 1signedt 111101 1w modt 01 «m
L AAM ASCI adjust for multiply 11010100 [00001010
| 0w Dwige unsignear 11 10t i wmdt 10 1 m
(10601111 Tmos000 rm 101V integer divide 15igned) TI1 100 T modt 11 (m
[o1011 ] AD ASCU adjust for divide 11010101 00001010
CBW Conver! byle 10 word 1001100
CWO Convert word to double wore 10011001 |
1000011 w[mod reg rm |
10010 reg ‘
|
|
[ocow] port |
14101 10w 1
© LOGIC
R NOT Invert A0 w [md010 m
[roorvw] ET SHL/SAL SPift logical annmetic teft | 110 100 v w modt 00 «m
110w SHR Shift logical right 110100 w |mdi0l 1 m
11010119 SAR Shift arthmenc right 110100 w|modt 11 i'm
10001101 [mos eg v | " RoL Rotare ren 110100vw|[ma000 «m
110001071 [mod reg ROR Rotate nght T10100vw|mod0o ! rm
11000100 [mos reg vm | ; REL Rotate thiough carry flag left [ 1 16 100 v w [mod0 10 +m
100ttt ACR Rotale through carry 1ight 110100y w mog0 11 im
10011110 |
10011100 | AND An¢
10011101 . Reg -memary and register o either 001000¢ w mod reg /m
Immediate 1o register :memory 1000000w [mod100 r/m data | odatailw 1
Immediate to accumulator 0010010w data datadtw 1 |
TEST  And function to (lags. no resuil:
Register memory and register 100001 0w |mod reg r/m
immediate 6ata and register ‘memory |1 1 1 1011 w [mod0 00 r/m sata | catadw
0000000 w[mog veg _m Immediate dala and accumulator 1010100w data datadw 1|
1000005 w [ mg00a rm | gaa | daanew o]
0000010w Tdata | daadw | 0RO
Reg /memory and register to etrer [0 000 10d w [mod req r/m
e Immediate 1o register/memory 1000000w [mod0 01 r/m data l data f w1
000100dw[mod reg rm | Immediate to accumulator 0000110w data daadw 1|
100000sw|med010 im sats | daaitsw 01 ]
0001010w data Gata w1 | T XOR  Exclusive or:
Reg /memory and regester to either 001100dw [mod reg 1/m
Immediate fo reqister/memory 1000000w |modt 10 r/m data_ | daadw i
1T 1111 1w mod000 rm | Immedrate to accumutator 0011010w dara gatariw 1|
01000 eg
0011011
00100111
001010dw]|mod reg rm
1000005 w|mad1 01 r/m data_ | dataifsw 0l STRING MAMPULATION
0010110w aata dataitw 1| REP=Repeat 1111001;
MOVS-Move bytefword 1010010w
CMPS=Compare byte/word 101001 tw
0001 10dw]mod reg rm | SCAS=Scan byte/word 10101 11w
1000005w][mod0i 1 om | sata | datadsw 0] LODS=Load byte/wd to AL/AX 1010110w
0001 110w data_ | dataiw 1 | STOS=Stor byte/wd from AL/A 1010101 w
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8088

CONTROL TRANSFER
CALL - Call: 78543210 76543210 76543210 76543210 76543210
Direct within segment 11101000 hsp-low aisphigh_| JNB/JAE Jump g0 ot below/above  [971 10011 aisp
Indirect within segment 11111111 ]mod010 tim JllE/JlEémea%rwy beiow ot IEEXEEE disp
Direct intersegment 10011010 oltset-low oftset-high INP/JPO Jump on not par/parodd [0 111101 1 @isp
seg-low seghigh | JIND Jump on not overllow [0 110001 a1sp
Indirect intersegment 11111111 [mod011 rim NS Jump on not sign 01111001 aisp
IMP . Unconditionat Jump: LOOP Loop CX times 11100010 aisp
L00P2/LOOPE Loop while zeso/equal [ 1110000 1 aisp
Direct within segment 11101001 disp-low disp-mgh LOOPNZ/LOOPNE Loop while not 11100000 aisp
Direct within segment-short 11101011 arsp o Ju”:gn’:‘lc“;’lm » EEEEETEE —
Indwect within segment (1111111 mog 100 /m
Direct intersegment 11101010 oftset-low oftset-nigh J INT  interrupt
seg-low seg-high ] Type specified 11001101 1ype ]
Indurect intersegment [t mg 101 vm Type 3 11001100
INTO interrupt on overfiow V1001110
RET - Ratum from CALL: S, IRET Interrupt return
Within segment 11000001
Within seg adding immed to SP 11000010 saaiow | datanan |
Intersegment 11001011
Intersegment. adding immediate to SP{ 11001010 datalow | datamgn | PROCESSOR CONTROL
JE/J2-Jump on equal/zero 01110100 asp | CLC Ciear carry Mi1i1000 |
JL/JNBE-Jump on less/not greater
of equal 01111100 disp CMC Complement carry [EEEEREE
JL(/JIG;J’ump’un less or equat/not Ty g g S50 STC Set carry T oo
JB/JMAE-Jump on below /ot above {07 1100010 ) CL0 Clear duection EERRET
JI!/JIA;.L\:I:gO%f;beIow or eaual! p1110110 diso $T0 Set direction ARRRRRNN]
JP1PE-Jump on parity/panty even [0 1 111010 aisp CLI Cleac mterrup! (1010
J0=Jump on overtiow 03110000 disp ST Set interrupt IEEEEEEER
J48-Jump on sign 01111000 aisp HLT Hait
JINE/INZ-Jump on not equal/not zero [0 1 110101 disp P WA wau I EEREER
Jm”“;ﬂ“:”‘nﬂa?n not lessfgreater g4 v 45101 oisp €SC Escape 1o external device! [1T701 1 xx x[modx x x im]
JILUJE;}!::;:’M not less or equat/ [0y 4 1 ¢ ¢ 1 aep LOCK Bus lock orefix Tjjﬂ e 2 2l
Feotnotes:
AL = 8-bit accumulator it s'w =01 then 16 bits of immediate data torm the operand
AX = 16-bit accumulator i s w =11 then an immediate data byte is sign extended to
CX = Count register form the 16-bit operand
22 : ED:ttraassegg"r‘neenr:t v =0then count’ =1, v=1then count’ in (CL)
Above/below refers to unsigned value x = don't care
Greater = mare positive; 7 15 used for stning primitives for companson with Zf FLAG

Less = less positive (more negative) signed values

i d =1 then “to" reg; if d = 0 then “from" reg SEGMENT OVERRIDE PREFIX

il w = 1 then word instruction; if w = 0 then byte instruction

it mod = 11 then r/m is treated as a REG field REG is assigned according to the tollowing table

it mod = 00 then DISP = 0". disp-low and disp-high are absent

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high 1s absent 168it w 1) 88it w_0) Segment
if mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 ES
i ¢/ = 000 then EA = (BX) + (SI) « DISP o iy o
if r/m = 001 then EA = (BX) + (DI) « DISP 011 BX 011 BL 11 08
it r/m = 010 then EA = (BP) + (S) + DISP 100 SP 100 AH

if r/m = 011 then EA = (BP) + (DI} + DISP 101 B8P 101 CH

it r/m = 100 then EA = (SI) + DISP 1o sl 110 OH

it r/m = 101 then EA = (DI) + DISP mo 1t BH

if r/m = 110 then EA = (BP) + DISP*

it r/m = 111 then EA = (BX) « DISP

DISP follows 2nd byte of instruction (betore data if required) Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to
represent the file

*except if mod = 00 and r/m = 110 then EA = disp-high disp-low FLAGS - XXX X:(OF) (DF) (IF) (TF) (SF).(ZF) X {AF) X {PF) X:(CF)

Mnemonics© Intel, 1978
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8089
8/16-BIT HMOS 1/0 PROCESSOR

s High Speed DMA capabilities including s Memory based communication with
/O to memory, memory to I/O, memory CPU

|
to memory and /0 to I/O = Supports LOCAL or REMOTE /0

= MCS-80™, MCS-85™, MCS-86™ and processing
8088 compatible, removes 110 . . ) .
overhead s Flexible, intelligent DMA functions
including Translation, Search, Word
n A"ows mixed iniel’face of 8/16'bit Assemb'leisassemb'y

peripherals, to 8/16-bit processor busses ™
s MULTIBUS ™ compatible system

a 1 Mbyte addressability interface

The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP
package, the 8089 is a high performance processor implemented in N-channe, depletion load silicon gate technology
(HMOS). The 8089's instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It
allows easy interface of Intel's 16-bit 8086 and 8-bit 8088 microprocessors with 8/16-bit peripherals. In the REMOTE
mode, the 8089 bus is user definable allowing it to be compatible with any 8/16-bit Intel microprocessor, interfacing
easily to the Intel multiprocessor system bus standard MULTIBUSTM,

The 8089 performs the function of an intelligent DMA controller for the Intel MCS-86 family and with its processing
power, can remove /O overhead from the 8086 or 8088. It may operate completely in parallel with a CPU, giving
dramatically improved performance in I/O intensive applications. The 8089 provides two /O channels, each supporting
a transfer rate up to 1.25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between
the I0P and CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to
develop systems.

CPu
170 CHANNEL 1 - j
l MAIN I " e H
ss (1 4[] Vee
DOMA REQ, ——a CHANNEL l CONTROL I Ava014 [] 2 39[ ] A15/D15
DMA = CONTROL A13013 ] 3 38[] A16/S3
TERMINATE. I I CO?JEIJ’?XOL A12012 4 ar[] at7isa
AND :> STATUS Ao ] 5 361 A18/S5
REGISTER A I l ARBITRATION Ato/10[]6 357 Ataiss
FILE ALL AeDe []7 34[7) BHE
N l l ADDRESS/ Asins [} a8 33[] Exr1
170 BUS DATA A707 [ 9 3207 Ext2
l— Astos [] 10 aoss 31 bRt
—= Asios ] 11 30 [ pra2
/0 CHANNEL 2 | awpa 12 2017 ek
ap3 13 818
A2p2([]14 27[] 5
DMA REQ, =] CHANNEL i i A1 1s 267 56
DMA  — CONTROL A0Do (] 16 25 [ Ra/GT
TERMINATE.. SINTR-1[} 17 2a[7 sEL
' ASSEMBLY/ A
SINTR-2 [ 18 23] ca
p— N DISASSEMBLY [N etk 1o 2|7 Reaoy
FILE vss[]20 21[] RESET
INSTRUCTION
FETCH UNIT
Figure 1. 8089 I/0O Processor Block Diagram Figure 2. 8089 Pin Diagram
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8089 H
A

b, CHe
FUNCTIONAL DESCRIPTION scan control. CRT control, sﬂi%,g?{c;gr&' G#nigol and
auto scrolling, is simplified with thg, 8089, 1
The 8089 10P has been designed to remove /O proces- control, communication control and geﬁ%aﬁ]ﬁﬂ@ 6 §

sing, control and high speed transfers from the central a few of the typical applications for the 80887:
processing unit. Its major capabilities include that of in-

itializing and maintaining peripheral components and Remote and Local Modes
supporting versatile DMA. This DMA function boasts

flexible termination conditions (such as external termi- Shown in Figure 3 is the 8089 configured in a LOCAL
nate, mask compare, single transfer and byte count ex- mode. The 8086 (or 8088) is used in its maximum mode
pired). The DMA function of the 8089 IOP uses a two cy- configuration. The 8089 and 8086 reside on the same
cle approach where the information actually fiows local bus, sharing the same set of system buffers.
through the 8089 IOP. This approach to DMA vastly sim- Peripherals located on the system bus can be ad-
plifies the bus timings and enhances compatibility with dressed by either the 8086 or the 8089. The 8089
memory and peripherals, in addition to allowing opera- requests the use of the LOCAL bus by means of the
tions to be performed on the data as it is transferred. RQ/GT line. This performs a similar function to that of
Operations can include such constructs as translate, HOLD and HLDA on the Intel 8085A, B080A and 8086
where the 8089 automatically vectors through a lookup minimum mode, but is implemented on one physical
table and mask compare, both on the “fly”, line. When the 8086 relinquishes the system bus, the
8089 uses the same bus control, latches and transceiver
The 8089 is functionally compatible with Intel’s 8086, components to generate the system address, control
8088 family. It supports any combination of 8/16-bit and data lines. This mode allows a more economical
busses. In the REMOTE mode it can be used to comple- system configuration at the expense of reduced CPU
ment other Intel processor families. Hardware and com- thruput due to IOP bus utilization.
munication architecture are designed to provide simple
mechanisms for system upgrade. A typical REMOTE configuration is shown in Figure 4. In

this mode, the 10P’s bus is physically separated from
the system bus by means of system buffers/latches. The
|OP maintains its own local bus and can operate out of
Jocal or system memory. The system bus interface con-
tains the following components:

The only direct communication between the IOP and
CPU is handled by the Channel Attention and Interrupt
lines. Status information, parameters and task pro-
grams are passed via blocks of shared memory, simpli-
fying hardware interface and encouraging structured

programming. ¢ Up to three 8282 buffer/latches to latch the address to
The 8089 can be used in applications such as file and the system bus
buffer management in hard disk or floppy disk control. It e Up to two 8286 devices bidirectionally buffer the
can also provide for soft error recovery routines and system data bus

— ano o CLX gRpe
0 W
S JN8  AMWCI—NC
§2 con. oRC
DEN TROLLER 1OWC
OTR ATOWE |— N.C.

ALE INTA

wr-ﬂl‘
*Ih

l'

1!

11

H

-

w (10 ) .
< |
2 o i
8284 E LS L — 1
cLock E] [
| aeneRaTOR [ LAT s ADBR 4
(12003 T T =
N 1
T )
aND
I | t— -
- T
GE
N .
ADDR/GATA 8286 DATA
TRANSCEIVER <~ 1 > ey <~
. (10R2) a0
o
g
2 =212 < < -
[§ ‘§ ¥l [ Bl |8 2gi|[es ©
8 18 21162 MCS- MCS-80
[ 2142 RAM (& EPROM (2) PERIPHERAL | | | PERIPHERAL
@ @ INT INT
- OWE 1Kx8 1K x8 2kx8 2Kx8| |OMG_DMac]| | [DMa_Dwacj.

|
16 817 4O ADDR |
DECODE

NOTE: ONLY ONE LATCH 1S NEEDED IF CONFIGURED WITH 8088 AND ONLY 84K
ADDRESSING 1S USED. ONLY ONE TRANSCEIVER IS NEEDED IF USING A
PHYSICAL 8-BIT DATA BUS {8088).

Figure 3. Typical 8088, 8086/8089 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode
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8089

An 8288 bus controller supplies the control signals
necessary for buffer operation as well as MRDC
(Memory Read) and MWTC (Memory Write) signals.

An 8289 bus arbiter performs all the functions
necessary to arbitrate the use of the system bus. This
is used in place of the RQ/GT logic in the LOCAL
mode. This arbiter decodes type of cycle information
from the 8089 status lines to determine if the IOP
desires to perform a transfer over the ‘“‘common” or
system bus.

The peripheral devices P1 and P2 are supported on their
own data and address bus. The 8089 communicates with
the peripherals without affecting system bus operation.
Optional buffers may be used on the local bus when
capacitive loading conditions so dictate. I/O programs
and RAM buffers may also reside on the local bus to fur-
ther reduce system bus utilization.

COMMUNICATION MECHANISM

Fundamentally, communication between the CPU and
IOP is performed through messages prepared in shared
memory. The CPU can cause the 8089 to execute a pro-
gram by placing it in the 8089's memory space and/or
directing the 8089’s attention to it by asserting a hard-
ware Channel Attention (CA) signal to the IOP, ac-
tivating the proper I/0O channel. The SEL Pin indicates to

.
the IOP which channel is belfﬁ’g;,gdd{,gs . munica-
tion from the IOP to the processor‘cgﬁ*bg ina
similar manner via a system mterrupfﬁS}m

CPU has enabled interrupts for this purpéisg, Kﬂd @&
ally, the 8089 can store messages in memory e@ar’dmg é
its status and the status of any peripherals. This Com- ¢ -
munication mechanism is supported by a hierarchial ¢
data structure to provide a maximum amount of flexi-
bility of memory use with the added capability of handl-
ing multiple IOP’s.

lllustrated in Figure 5 is an overview of the communica-
tion data structure hierarchy that exists for the 8089 1/0
processor. Upon the first CA from RESET, 5 bytes of in-
formation are read into the 8089 starting at location
FFFF6 (FFFF6, FFFF8-FFFFB) where the type of
system bus (16-bit or 8-bit) and pointers to the system
configuration are obtained. This is the only fixed loca-
tion the 8089 accesses. The remaining addresses are
obtained via the data structure hierarchy. The 8089
determines addresses in the same manner as does the
8086; i.e., a 16-bit relocation pointer is offset left 4 bits
and added to the 16-bit address offset, obtaining a 20-bit
address. Once these 20-bit addresses are formed, they
are stored as such, as all the 8089 address registers are
20-bits long. After the system configuration pointer ad-
dress is formed, the 8089 IOP accesses the system con-
figuration block.

oW
TO LOCAL
0495t | w
§ CLK
LOCAL
MEMORY - um MULTIBUS
ROM/RAM
ARBITRATION SIGNALS
P (OPTIONAL—IF =
9 Iy NEEDED TO REDUCE SO REN
LOADING ON 8089) g
PDEN ||
DEN
DTR 55":?55
§~? CON-
S5 TROLLER [ MEMRD
ALE ¢k MEMWR
]
8089
LocaL |g
BUS =
9 \r N 828283
w U } ‘ LATCH \ cpu
2 L N SYSTEM
2 S: S S g BUS
PERIPHERAL [Cmm e — 1
— i o
<: EXT1 ‘D“‘_’ OE I pi1sDo
—
8089 ADDRESSIDATA ¥ |4 1\]  FaseR7 (:::>
DRQz CLK :
PERIPHERAL READY I
L p2 RESET
EXT2 6t LJ AEN
.
o . l«——READY
M TO ANOTHER 8284
1op |——Reser

GoH

Figure 4. Typical REMOTE Configuration
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7 07
ADDRESS | svs Bus
INCREASE SCB ADDRESS

l SCB RELOCATION

LOCATION
FFFF6

SYSTEM [ soc
CONFIGURATION CB ADDRESS

BLOCK
CB RELOCATION

CCNTROL BUSY ccw
BLoCK f PB ADDRESS

|| B RELOCATION

PARAMETER
BLOCK

CHANNEL
1

BUSY | cow
PB ADDRESS
PB RELOCATION

TASK BLOCK J

oy USER DEFINED 10P TASK

T T T PROGRAM j

Figure 5. Communication Data Structure Hierarchy

CHANNEL
2

TB ADDRESS
T8 RELOCATION

The System Configuration Block (SCB), used only dur-
ing startup, points to the Control Block (CB) and provides
IOP system configuration data via the SOC byte. The
SOC byte initializes 10P 1/O bus width to 8/16, and
defines one of two 10P RQ/GT operating modes. For
RQ/GT mode 0, the IOP is typically initialized as SLAVE
and has its RQ/GT line tied to a MASTER CPU (typical
LOCAL configuration). In this mode, the CPU normally
has control of the bus, grants control to the IOP as need-
ed, and has the bus restored to it upon IOP task comple-
tion (IOP request—CPU grant—IOP done). For RQ/IGT
mode 1, useful only in remote mode between two IOPs,
MASTER/SLAVE designation is used only to initialize
bus control: from then on, each IOP requests and grants
as the bus is needed (IOP1 request—I0OP2 grant—I0P2
request—IOP1 grant). Thus, each |OP retains bus con-
trol until the other requests it. The completion of in-
itialization is signalled by the IOP clearing the BUSY
flag in the CB. This type of startup allows the user to
have the startup pointers in ROM with the SCB in RAM.
Allowing the SCB to be in RAM gives the user the flex-
ibility of being able to initialize multiple IOPs.

The Control Block furnishes bus control Initialization for
the IOP operation (CCW or Channel Control Word) and
provides pointers to the Parameter Block or ‘‘data”
memory for both channeis 1 and 2. The CCW is retrieved
and analyzed upon all CA’s other than the first after a
reset. The CCW byte is decoded to determine channel
operation.

The Parameter Block contains the address of the Task
Block and acts as a messge center between the |IOP and
CPU. Parameters or variable information is passed from
the CPU to its IOP in this block to customize the soft-
ware interface to the peripheral device. It is also used
for transferring data and status information between the
1OP and CPU.

The Task Block contains the instructions for the respec-
tive channel. This block can reside on the local bus of

the CPU or reside in system memo’

The advantage of this type of communi
the processor, IOP and peripheral, is that lt
very clean method for the operating system to handle:
1/0 routines. Canned programs or '‘Task Blocks’ allow
for execution of general purpose /O routines with the
status and peripheral command information being
passed via the Parameter Block (“‘data” memory). Task
Blocks (or “program’” memory) can be terminated or
restarted by the CPU, if need be. Clearly, the flexibility
of this communication lends itself to modularity and ap-
plicability to a large number of peripheral devices and
upward compatibility to future end user systems and
microprocessor families.

Register Set

The 8089 maintains separate registers for its two /O
channels as well as some common registers (see Figure
6). There are sufficient registers for each channel to sus-
tain its own DMA transfers, and process its own instruc-
tion stream. The basic DMA pointer registers (GA, GB —
20 bits each), can point to either the system bus or local
bus, DMA source or destination, and can be autoincre-
mented. A third register set (GC) can be used to allow
translation during the DMA process through a lookup
table it points to. Additionally, registers are provided fora
masked compare during the data transfer and can be set
up to act as one of the termination conditions. Other
registers are also provided. Many of theseregisterscanbe
used as general purpose registers during program execu-
tion, when the IOP is not performing DMA cycles.

USER PROGRAMMABLE
TAG 19 0
G.P. ADDRESS A (GA)
G.P. ADDRESS B (GB)
G.P. ADDRESS € (GC)
TASK POINTER (TP) —
—__1-BIT POINTER TO EITHER 1/0 OR SYSTEM MEMORY SPACE
15[ 0
INDEX (IX)
BYTE COUNT (8C)
MASK COMPARE (MC)
CHANNEL CONTROL (CC) —

NON USER PROGRAMMABLE
(ALWAYS POINTS TO SYSTEM MEMORY)

19 [ 0
| PARAMETER POINTER (PP)

[ CHANNEL CONTROL POINTER (CP) ]

(PHANTOM REGISTERS DENOTE 1 FOR EACH CHANNEL)

Figure 6. Register Model

Bus Operation

The 8089 utilizes the same bus structure as the
8086/8088 in their maximum mode configurations (see
Figure 7). The address is time muitiplexed with the data
on the first 16/8 lines. A16 through A19 are time muiti-
plexed with four status lines $3-S6. For 8089 cycles, S4
and S3 determine what type of cycle (DMA versus non-
DMA) is being performed on channels 1 or 2. S5 and S6
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8089 QQ

¥,

are a unique code assigned to the 8089 IOP, enabling
the user to detect which processor is performing a bus
cycle in a multiprocessing environment.

6/& 3
16-bits wide with either an 8- b?f“bg ﬁm;g
column) or 16-bit peripheral (word coi’(fqg\f&)gg

sl

The latency refers to the worst case respo

the IOP to a DMA request, without the bus arbit ?i"&?, %
times. Notice that the word transfer allows 50% m“’%ﬁe }m
bandwidth. This occurs since three bus cycles are re-

quired to map 8-bit data into a 16-bit location, versus two

for a 16-bit to 16-bit transfer. Note that it is possible to

fully saturate the system bus in the LOCAL mode
whereas in the REMOTE mode this is reduced to a max-

imum of 50%.

The first three status lines, S0-S2, are used with an 8288
bus controller to determine if an instruction fetch or
data transfer is being performed in /O or system
memory space.

DMA transfers require at least two bus cycles with each
bus cycle requiring a minimum of four clock cycles. Ad-
ditional clock cycles are added if wait states are re-
quired. This two cycle approach simplifies considerably
the bus timings in burst DMA. The 8089 optimizes the

transfer between two different bus widths by using Local Remote
three bus cycles versus four to transfer 1 word. More

g ; Byt
than one read (write) is performed when mapping an yte Word Byte Word
8-bit bus onto a 16-bit bus (vice versa). For example, a Bandwidth | 830 KB/S | 1250 KB/S | 830 KB/S | 1250 KB/S
data transfer from an 8-bit peripheral to a 16-bit physical Latency 1.012.4 usec | 1.0/2.4 sec* | 1.0/2.4 usec*|1.0/2.4 ysec*

location in memory is performed by first doing two
reads, with word assembly within the IOP assembly
register file and then one write.

2.4 usec 1.6 usec 0.8 usec 0.8 usec
PER PER PER PER
TRANSFER | TRANSFER | TRANSFER | TRANSFER

Table 1. 5 MHz 8089 Operation — With 16-Bit BUS

System Bus
Utilization

As can be expected, the data bandwidth of the IOP is a
function of the physical bus width of the system and I/O
busses. Table 1 gives the bandwidth, latency and bus

- A . *2.4 psec if interleaving with other channel and no wait states. 1usec if
utilization of the 8089. The system bus is assumed to be

channel is waiting for request.

Nwar) = Tov
‘ woln | twar | T |

GOES INACTIVE IN THE STATE

/_\ 4,31@‘\’“"‘"
it 0 j— 1
CD R C G G
D CORCED €0 S G o o

ADDRISTATYS

SEE NOTE 1

ADDRIDATA
(18817
PHYSICAL BUS)

READY READY

WAIT

7\ /
S U I

ACCESS
" \—/————

NOTE t: BRE 1S STABLE {i.e., NON MULTIPLEXED) THROUGHOUT EACH TRANSFER
CYCLE. Ag-Ays ARE ALSO STABLE ON TRANSFERS TO A PHYSICAL 8-BIT
aus.

Figure 7. 8089 Bus Operation
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PIN DESCRIPTION
Pin Name(s) /O Description

AO0-A15/
DO-D15

A16-A19/
S3-S6

a
o
@
2
e

READY

I/0 Multiplexed address and data bus. The

function of these lines are defined by
the state of 30, ST and 32 lines. The
pins are floated after reset and when
the bus is not acquired. A8-A15 are
stable on transfers to a physical 8-bit
data bus (same bus as 8088), and are
muitiplexed with data on transfers to a
16-bit physical bus.

Multiplexed most significant address
lines and status information. The ad-
dress lines are active only when ad-
dressing memory. Otherwise, the
status lines are active and are encoded
as shown below. The pins are floated
after reset and when the bus is not
acquired.

S6 S5 54 S3

1 1 0 0 DMA cycle on CH1
1 1 0 1 DMA cycle on CH2
1 1 1 0 Non-DMA cycle on CH1
1 1 1 1 Non-DMA cycle on CH2

The Bus High Enable signal is used to
enable data operations on the most
significant half of the data bus (D8-
D15). The signal is active low when a
byte is to be transferred on the upper
half of the data bus. The pin is floated
after reset and when the bus is not
acquired. BHE does not have to be
latched.

These are the status pins that define

the IOP activity during any given cycle.

They are encoded as shown below:

§251S0

0 O Instruction fetch; /O space

0 1 Data fetch; I/O space

1 0 Data store; /O space

1 1 Not used

0 O Instruction fetch; System
Memory

1 Data fetch; System Memory

0 Data store; System Memory

1 1 1 Passive

The status lines are utilized by the bus
controller and bus arbiter to generate
all memory and I/O control signals. The
signals change during T4 if a new
cycle is to be entered while the return
to passive state in T3 or Ty indicates
the end of a cycle. The pins are floated
after system reset and when the bus is
not acquired.

- QOoOoC

1
1

- O

The ready signal received from the ad-
dressed device indicates that the
device is ready for data transfer. The
signal is active high and is synchro-
nized by the 8284 clock generator.

Pin Name(s) 110

LOCK

RESET

CLK

CA

SEL

DRQ1-2

SINTR1-2

EXT1-2

@)

[{e]

(0]

The lock output signaliin ‘

bus controller that the bu rreede
for more than one contiguous tyg
is set via the channel control register,
and during the TSL instruction. The pin
floats after reset and when the bus is
not acquired. This output is active low.

The receipt of a reset signal causes
the IOP to suspend all its activities and
enter an idle state until a channel at-
tention is received.

System clock which provides all timing
needed for internal IOP operation.

Channel Attention. Used to get the at-
tention of the IOP. Upon the falling
edge of this signal, the SEL input pin is
examined to determine Master/Slave or
CH1/CH2 information. This input is ac-
tive high.

The first CA received after system
reset informs the IOP via the SEL line,
whether it is a Master or Slave (0/1 for
Master/Slave respectively) and starts
the initialization sequence. During any
other CA the SEL line signifies the
selection of CH1/CH2. (0/1 re-
spectively)

DMA request inputs which signal the
0P that a peripheral is ready to trans-
fer/receive data using channels 1 or 2
respectively. The signals are active
high.

The ReQuest GranT pin implements
the communication dialogue required
to arbitrate the use of the system bus
(between IOP and CPU, LOCAL mode)
or O bus when two |OPs share the
same bus (REMOTE mode). The RQ/GT
signal is active low. An internal pull-up
permits RQ/GT to be left floating if not
used.

Interrupt outputs from channels 1 and
2 respectively. The interrupts may be
sent directly to the CPU or through the
8259A interrupt controller. They are
used to indicate to the system the oc-
currence of user defined events.

External terminate inputs for channels
1 and 2 respectively. The EXT signals
will cause the termination of the cur-
rent DMA transfer operation if the
channel is so programmed by the
channel control register. The signals
are active high.

+ 5 voit power input.

Ground pins.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. ...... 0°Cto70°C
Storage Temperature. ............ -65°C to + 150°C
Voltage on Any Pin with

Respectto Ground.................. -03to +7V
Power Dissipation ..................... ... 2.5 Watt

D.C. CHARACTERISTICS
8089: To=0°Cto70°C, V=5V £10%

rating only and functional operation of the device at these or dfiy, Of
conditions above those indicated in the operational sections of thi
specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliabitity.

Symbol Parameter Min. Max. Units Test Conditions

ViL Input Low Voltage -05 +0.8 v
Vin Input High Voltage 20 Vee+1.0 v
VoL Output Low Voltage 0.45 v loL=2.0 mA®@
Vou Output High Voltage 2.4 \ lon = —400 uA
lee Power Supply Current 350 mA Ta=25°C
L Input Leakage Current" +10 HA Vin = Vee
Lo Output Leakage Current +10 uA 0.45V < Vout € Ve
VoL Clock Input Low Voltage -05 +06 \
Veu Clock Input High Voltage 39 Vec+ 1.0 v

Capacitance of Input Buffer
CiN (All input-except 10 pF fc = 1 MHz

ADg— AD;5, RQ/IGT)

Capacitance of I/O Buffer _
Cio (ADo— AD,s, RQ/GT) 20 pF fc = 1 MHz

NOTES: 1. Except RQ/GT.
2. Test Circuits:
ALL OUTPUTS EXCEPT: RQ/GT RQ/GT
= 20/150 pf == 30 pf
DEPENDING ON WHICH IS
WORST CASE
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A.C. CHARACTERISTICS
8089: To=0°Cto 70°C, Vo =5V = 10%
8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS

Symbol Parameter Min. Max. Units Test Conditions
TCLCL CLK Cycle Period 200 500 ns
TCLCH CLK Low Time (24TCLCL)- 15 ns
TCHCL CLK High Time (BTCLCL) + 2 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0v
TDVCL Data In Setup Time 30 ns
TCLDX Data In Hold Time 10 ns
TR1VCL RDY Setup Time into 8284 (See Notes 1, 2) 35 ns
TCLR1X RDY Hold Time into 8284 (See Notes 1, 2) 0 ns
TRYHCH READY Setup Time into 8089 (2ATCLCL) - 15 ns
TCHRYX READY Hold Time into 8089 30 ns
TRYLCL READY Inactive to CLK (See Note 4) -8 ns
TINVCH Setup Time Recognition (DRQ 1,2 RESET, Ext 1.2) (See Note 2) 30 ns
TGVCH BQIGT Setup Time 30 ns
TCAHCAL CA Width 95 ns
TSLVCAL SEL Setup Time 75 ns
TCALSLX SEL Hold Time 0 ns
TCHGX RQ Hold Time into 8089 40 ns
TIMING RESPONSES
Symboi Parameter Min. Max Units Test Conditions
TCLML Command Active Delay (See Note 1) 10 35 ns C| =80 pF
ﬁhTCLMH Eommand Inactive Delay (See Note 1) 10 35 ns
TRYHSH READY Active to Status Passive (See Note 3) 110 ns
TCHSV Status Active Delay 10 110 ns
- TCLSH Status Inactive Delay 10 130 ns
TCLAV Address Valid Delay 10 110 ns
TCLAX Address Hold Time 10 ns
; TCLAZ Address Float Delay TCLAX 80 ns
TSVLH Status Valid to ALE ngﬁ (See Note 1) 15 ns
 TCLLH CLK Low to ALE Valid (See Note 1) 15 ns C,_ = 150 pt
TCHLL ALE Inactive Delay (See Note 1) 15 ns
TCLDV Data Valid Delay T 10 110 ns
- 7T6;|DX ) Data Hold Time - ' 10 ns
- TCVNV Control Active Delay (See Note 1) 5 45 ns
N 7TCﬁ\7hF Controi Inactive Delay (See Note 1) 10 45 ns
TCHDTL Direction Control Active Delay (See Note 1) 50 ns
TCHDTH Direction Control Inactive Delay (See Note 1) 30 ns
TCLGL GT Active Delay 0 85 ns CL =30 pF
TCLGH GT Inactive Delay 85 ns CL=230pF
"~ TCLsAv SINTR Valid Delay 150 ns CL =100 pF

NOTES: 1 Signal at 8284 or 8288 shown for reference only
2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK

3 Apphes only to T3 and TW states
4. Applhes only to T2 state




8089

Ty

|
TCH1CH2

T2

Ta

fe- TCL2CLY Tw

VCH
vcn.—] — / N /|
TCHCL
| Ag-Ay5 ON TRA R
SEE NOTE 7 | TO AN 8BIT PHYSICAL BUS
AND BHE + FLOAT
. L« TCLSH (SEE NOTE 3)
. Y [
$2.51.50 (EXCEPT HALT)
\ | I
) -~—TCLAV TeLDy TCHDX—~]
TCLAX —
T T
A19/Se-A16/S3 Aw*AvsJ Sg-S3
TSVLH-»| fomv (SEE NOTE 3)
TCLLH,{ . TCHLL
b — -
ALE (8288 OUTPUT) ! : ‘ /
— \ VA
SEE NOTE 4 I —

RDY (8284 INPUT)

READY (8089 INPUT) I

=

4— TCHRYX

| -
READ — (MWTC,AMWC,IOWC.AIGWE = Vor) _ - -
TCLAV— ‘ -—TOVCL t=-TCLDX
SEENOTE7 | AD1AD N A
AND ABOVE 15:Abo | DATA IN
BHE) | f | FLOA;[
| - |
} I«r‘cnorn
OT/R | | 1 }
|
[ | TCLMH ——=
8288 OUTPUTS | . . __ ‘ !
MRDC OR [ORC | ‘ H i H
SEE NOTES 4, 5 i | + + ' ‘
. " TCVNV —-’ - ! !
DEN | i 1
| \ 1 ! l ‘
; | I ;
| i TCVNX = —
\
- |
WRITE — (RD,MRDC,IORC,DT/R = Vo) TCLAV = |‘ TCLDV!~— | TCHOX —=
il FLOAT
SEE NOTET | (SEE
AND ABOVE | AD15:ADo Ars-Ao DATA OUT
(BHE) ’ NOTE 3)
TCUNV—~>| e TCVNX —| —|
DEN
L _—
—| |—TCLML TCLMH -~ =
8288 OUTPUTS
SEE NOTES 4,5 AMWC OR AIOWC
—| J=—TCLML  —| |« TCLMH
MWTC OR IGWC
! !

NOTES:

1
H

N

ALL SIGNALS SWITCH BETWEEN Vo AND Vo, UNLESS OTHERWISE SPECIFIED
RDY iS SAMPLED NEAR THE END OF T, T)T,, TO DETERMINE IF Ty, MACHINE STATES ARE TO BE INSERTED
FOLLOWING & WRITE CYCLE DATA REMAINS VALID ON THE 8069 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIVES T0 AUN ANCTHER 8US
CYCLE THE LOCAL BUS IS FLOATED BY THE 8089 WHEN THE 3089 ENTERS A REQUEST BUS ACKNOWLEDGE STATE
SIGNALS AT 8264 OR 5288 ARE SHOWN FOR REFERENCE ONLY —_ —
THE ISSUANCE OF THE 8268 COMMAND AND CONTROL SIGNALS (MRDC. MWTC. AMWC . TORC TOWC. ATOWE. INTA, AND DEN| LAGS THE
ACTIVE HIGH 8288 CEN
ALL TIMING MEASUREMENTS ARE VADE AT 15V UNLESS OTHERWISE NOTED.
By-Au, ARE STABLE ON TRANSFERS TO ANG BITPHYSICAL DATA BUS 6 - A..
OONT FLOAT ON & READ FROM AN 8 81T PHYSICAL BUS OR MULTIPLEX WiTh
N A WRITE TO AN 8BIT PHYSICAL BUS BHE 'S STABLE INON
MULTIPLEXED) FOR ALL TRANSEERS

Figure 8. 8089 Bus Timing — (Using 8288)
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DRQ 1,2

signal
RESET

NOTES:
4. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO-GUARANTEE
RECOGNITION AT NEXT CLK.

-— TINVCH (SEE NOTE 1)

NEGATIVE EDGE TRIGGERED.
3. DRQ BECOMING ACTIVE GREATER THAN 30 ns AFTER THE RISING EDGE OF CLK

WILL GUARANTEE NON-RECOGNITION UNTIL THE NEXT RISING CLOCK EDGE.

2. ALL INPUTS EXCEPT CA AI“E LATCHED ON A CLK EDGE. THE CA INPUT IS

Figure 9. Asynchronous Signal Recognition

- Any CLK Cycle —=

- Any CLK Cycle = I
TCLSAY
~ TCLAV = —= TCLAV e . .
SINTR 1,2
Lock . )

Figure 10. Bus Lock Signal Timing and SINTR Timing

Any CLK Cycle > 0-CLK Cyele

>y
D

PULSE 3 el

8088
RELEASE

PULSE 2
CPU GT

PULSE 1
8089 RQ

RO/G

PREVIOUS RELEASE ] TCLAZ — TCLAZ
-Ay5/Dg-Dys, Ayg-Arg/S3-Sy 8089
ho S5 %, tock. BRE cPy (SEE NOTE 1) cPu
¢
y
NOTES:
2. IN THE REMOTE CONFIGURATION, THE 8089 [OP CAN EITHER ISSUE OR

1, THE CPU MAY NOT DRIVE THE BUSES INSIDE THE REGION SHOWN WITHOUT
RISKING CONTENTION.

RESPOND TO RQIGT, THUS ALLOWING THE USER TO TIE 2 8089's TOGETHER. THE
PROTOCOL OF RQ/GT IN THIS CONFIGURATION CONSISTS OF ONLY ONE PULSE

TO TRANSFER THE BUS.

Figure 11. Request/Grant Sequence Timing

CLK

|« TINVCH-=|

EXT 1,2

1
r— d

CA

Figure 13. SEL Setup and Hold Timing
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8089 INSTRUCTION SET SUMMARY

Data Transfers

POINTER INSTRUCTIONS 7 0
LPD P,M Load Pointer PPP from Addressed Location PPPO 0AA1/1000 10MM
LPDI P,  Load Pointer PPP Immediate 4 Bytes PPP1 00010000 1000
MOVP M,P  Store Contents of Pointer PPP in Addressed Location |[PPPO 0AA1/1001 10MM
MOVP P,M  Restore Pointer PPPO 0OAA1/1000 11MM
MOVE DATA
. . Source— 0000 OAAW|1001 0OO0OMM
MOV MM Move from Source to Destination Destination— [0000 OAAW|T 100 11MM
MOV R,M Load Register RRR from Addressed Location RRRO OAAW|{1000 OO0OMM
MOV M,R Store Contents of Register RRR in Addressed Location [RRRO 0OAAW|1 000 01MM
MOVI R Load Register RRR Immediate (Byte) Sign Extend RRR wb OOW|0O011 0000
MOVI M Move Immediate to Addressed Location 000 wb AAW|0O 100 11MM
Control Transfer
CALLS
*CALL Call Unconditional [1oo wo AAW[1 001 11MM]
JUMP
JMP Unconditional 100 wb OOW[0010 0000
JZ M Jump on Zero Memory 000 wb AAWI1 110 01MM
JZ R Jump on Zero Register RRR wb 0000100 0100
JNZ M Jump on Non-Zero Memory 000 wb AAW[1 110 0OO0MM
JNZ R Jump on Non-Zero Register RRR wb 0000100 0000
JBT Test Bit and Jump if True BBB wb AAOI1 011 11MM
JNBT Test Bit and Jump if Not True BBB wb AAOI1011 10MM
JMCE Mask/Compare and Jump on Equal 000 wo AAOI1O0O11 OOMM
JMCNE Mask/Compare and Jump on Non-Equal 000 wb AAO|1 011 01MM
Arithmetic and Logic Instructions
INCREMENT, DECREMENT
INC M Increment Addressed Location 0000 OAAW|(1T110 1O0MM
INC R Increment Register RRRO 0000|0011 1000
DEC M Decrement Addressed Location 0000 OAAW|1T 110 11MM
DEC R Decrement Register RRRO 0000|0011 1100
ADD
ADDI M,I  ADD Immediate to Memory 000 wb AAW[1T 100 00MM
ADDI R, ADD Immediate to Register RRR wb OOWID0O10 0000
ADD M,R ADD Register to Memory RRRO OAAWH 101 0OO0OMM
ADD R,M ADD Memory to Register RRRO OCAAWloOt1t0o OOMM
AND
ANDI M,I  AND Memory with Immediate 000 wb AAWI1 100 10MM
ANDI R,I  AND Register with Immediate RRR wb OOWI|00O10 1000
AND M,R AND Memory with Register RRRO OAAWI1101 1T0MM
AND R,M  AND Register with Memory RRRO OAAW|[1010 10MM
OR
ORI M, OR Memory with Immediate 000 wb AAO[(1100 0O1MM
ORI R,JI  OR Register with immediate RRR wb AAOI0OO10 0100
OR M,R OR Memory with Register RRRO OAAW|1 101 01MM
OR RM OR Register with Memory RRRO OAAW|/1010 01MM
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Arithmetic and Logic Instructions (cont.)

NOT
NOT R Complement Register
NOT M Complement Memory
NOT R,M Complement Memory, Place in Register

Bit Manipulation and Test Instructions

BIT MANIPULATION

OPCODE
07

RRO 0000|0010

AW

DO |ID| ~
o
o
o
o
>

]
RRO 0OAAW]|1

SET Set the Selected Bit BBBO 0OAAO0|1111 01MM
CLR Clear the Selected Bit BBBO OAAO|1111 10MM
TEST
TSL Test and Set Lock [0001 1TAAO0[1001 01MM
Control
HLT Halt Channel Execution 0010 0000{0100 1000
SINTR Set Interrupt Service Flip Flop 0100 0000|0000 00O00O0
NOP No Operation 0000 0000[{0000 0000
XFER Enter DMA Transfer 0110 0000(0000 00O00O
WID Set Source, Destination Bus Width; S,D0=8, 1=16 1SD0 0000/0000 0000
NOTES:
II field i Il'instructi be 00, 01, 10 onl PP
*II field in call instruction can be 00, 01, only. .
**OPCODE is second byte fetched. 000 p0O GA !
; . R . 001 p1 GB ;
All instructions consist of at least 2 bytes, while some 010 p2 GC -

instructions may use up to 3 additional bytes to specify
literals and displacement data. The definition of the
various fields within each instruction is given below:

7 o 7 [

|RRleb|AA|wI OPCODE iM M|

PPP BBB
MM Base Pointer Select

00 GA
01 GB
10 GC
11 PP

RRR Register Field

The RRR field specifies a 16-bit register to be used in
the instruction. If GA, GB, GC or TP, are referenced by
the RRR field, the upper 4 bits of the registers are load-
ed with the sign bit (Bit 15). PPP registers are used as
20-bit address pointers.

RRR

000 0 GA

001 r1 GB

010 r2 GC

011 r3 BC ;byte count

100 r4 TP ; task block

101 5 IX ; index register

110 6 CC ; channel control (mode)
111 r7 MC ; maskicompare

MNEMONICS ' 1979 INTEL CORP.

100 p4 TP ;task block pointer

BBB Bit Select Field

The bit select field replaces the RRR field in bit manipu-
lation instructions and is used to select a bit to be oper-
ated on by those instructions. Bit 0 is the least signifi-
cant bit.

wb

01 1 byte literal or 1 byte displacement
10 2 byte (word) literal or 2 byte (word) displacement

AA Field

00 The selected pointer contains the operand address.

01 The operand address is formed by adding an 8-bit,
unsigned, offset contained in the instruction to the
selected pointer. The contents of the pointer are un-
changed.

10 The operand address is formed by adding the con-
tents of the Index register to the selected pointer.
Both registers remain unchanged.

11 Same as 10 except the Index register is post auto-
incremented (by 1 for 8-bit transfer, by 2 for 16-bit
transfer).

W Width Field

0 The selected operand is 1 byte long.
1 The selected operand is 2 bytes long.
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Additional Bytes

OFFSET : 8-bit unsigned offset.

SDISP  : 8/16-bit signed displacement.
LITERAL : 8/16-bit literal.

The order in which the above optional bytes appear in
IOP instructions is given below:

T T
l OFFSET | LI[TERAL SDISP
1

Offsets are treated as unsigned numbers. Literals and
displacements are sign extended (2's complement).
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8282/8283
OCTAL LATCH

s Fully Parallel 8-Bit Data Register and = 3-State Outputs
Buffer
m Transparent during Active Strobe

a Supports 8080, 8085, 8048, and 8086

m 20-Pin Package with 0.3” Center

Systems
= High Output Drive Capability for s No Output Low Noise when Entering
Driving System Data Bus or Leaving High Impedance State

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, butfers,
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph-
eral and input/output functions of a microcomputer system can be implemented with these devices.

PIN CONFIGURATIONS LOGIC DIAGRAMS
D'od’ ~ 201 Vee r___afiz___ﬂ
o] 2 19 [ ] DOg
o123 18 [] DO1 i
DIz [} 4 17 [] DO2 |
el P 003 I
ots[]6 15 [ ] D04 |
olg[]7  14[700s !
o7 e 13{10% b ——— { <] 7Y L
secls  wpioor [orf—p— bl
GNo[] 10 wfswe - |
o, 15 B
A ¢— _ll: b ] N —
ZE b 7 +
e B-H 8 B
o []2 wpto, pvg | t——————— 1] N e
oi2(]3 181501 ._____II L @ _‘—l
o A S O e A T e
8283 i N R N N J S—
O}~ 15100 g F—————— P P +
s R SL N ) o e ) ed——
biz [}8 13 []1D0g w [ i - q — L
oE[]o 12| 007 - H -
GND [J10 11{]sT8 — L J—< @ m ——l_
[N -
PIN NAMES S“‘Z < @

Dig-Diy | DATA IN
DOg-DO7 [ DATA OUT

OF OUTPUT ENABLE
ST8 STROBE
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8282/8283 D,

PIN DEFINITIONS

Pin Description

STB STROBE (Input). STB is an input control
pulse used to strobe data at the data input
pins (Ag-A;) into the data latches. This
signal is active HIGH to admit input data.
The data is latched at the HIGH to LOW
transition of STB.

OE OUTPUT ENABLE (Input). OE is an input
control signal which when active LOW
enables the contents of the data latches
onto the data output pin (Bg-B7). OE being
inactive HIGH forces the output buffers to
their high impedance state.

DATA INPUT PINS (input). Data presented
at these pins satisfying setup time re-
quirements when STB is strobed and
latched into the data input latches.

Dlo-Dl;

T

DO,-DO;  DATA OUTPUT PINS (Dutpuy). V
(8282) true, the data in the data’iai¢hes
DO,-DO; sented as inverted (8283) or fron.
(8283) (8282) data onto the data output pi

OPERATIONAL DESCRIPTION

The 8282 and 8283 octal latches are 8-bit latches with
3-state output buffers. Data having satisfied the setup
time requirements is latched into the data latches by
strobing the STB line HIGH to LOW. Holding the STB
line in its active HIGH state makes the latches appear
transparent. Data is presented to the data output pins by
activating the OE input line. When OE is inactive HIGH
the output buffers are in their high impedance state.
Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output
bus.

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................. 0°Cto70°C
Storage Temperature............. -65°C to +150°C
All Output and Supply Voltages........ -05Vto +7Vv
All Input Voltages. . ................ - 1.0V to +5.5V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vgc=5V+5%, Tp=0°C to 70°C

*“COMMENT: Stresses 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 con-
ditions for extended periods may affect device reliability.

Symbol Parameter Min Max Units Test Conditions

Ve Input Clamp Voltage -1 v Ic = —5mA

lcc Power Supply Current 160 mA

g Forward Input Current -0.2 mA Ve = 0.45V

IR Reverse Input Current 50 uA Vg = 5.25V

VoL Output Low Voltage 0.50 \Y loL = 32 mA

Vou Output High Voltage 24 lon = ~5mA

lorr Output Off Current +50 WA Vorr = 0.45t05.25V

Vi Input Low Voltage 0.8 \ Vec=5.0V  See Note 1

Vin Input High Voltage 2.0 v Vec=5.0V  see Note 1
F=1MHz

Cin Input Capacitance 12 pF Veias= 2.5V, Vec =5V
Ta=25°C

Notes: 1. Output Loading g =32 mA, Igy= -5 mA, C| =300 pF

B-60




8282/8283

A.C. CHARACTERISTICS FOR 8282/8283
Conditions: Voc=5V+5%, To=0°Cto70°C
Loading: Outputs — I, = 32 mA, loy = —5 mA, C = 300 pF

Symbol Parameter Min Max Units Test Conditions
TivOV Input to Output Delay (See Note 1)
—Inverting 25 ns
—Non-Inverting 35 ns
TSHOV STB to Output Delay
—Inverting 45 ns
—Non-inverting 55 ns
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns
TIVSL Input to STB Setup Time 0 ns
TSLIX Input to STB Hold Time 25 ns
TSHSL STB High Time 15 ns

NOTE: 1. See waveforms and test load circuit on following page.

8282/8283 TIMING

INPUTS }( X

i

e TiIvSL TsLix=|

STB [
—_ TSHSL
cs
= TIvOV-+| TEHOZ TELOV
OUTPUTS < _ Nou-osv_
SEE NOTE 1
TSHOV

NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION.

2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED
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OUTPUT DELAY VS. CAPACITANCE

sof” 0
8283 8282
s}
(5] € [
§ o wors! o E
> >
b =
a8 &
L PICA 20
10 10—
I | | ] | | ! ! I ]
200 200 500 800 1000 200 00 500 300 1000
pF LOAD pF LOAD
OUTPUT TEST LOAD CIRCUITS
15 15V 2.14v
L
3 30 2 1800 5279
ouT O0———o OUT O——o¢ out
== 300 pF == 300 pF 300 pF
= = I
3.STATE T0 VoL 3.STATE TO Von SWITCHING

B-62



#,
s ® 2 af’%’g,
"9":9,,7 T
ey, S,
i g
W, By
s s
Sig o

8284
CLOCK GENERATOR AND DRIVER
FOR 8086, 8088, 8089 PROCESSORS

m Generates the System Clock for the a Generates System Reset Output from

8086, 8088 and 8089

m Uses a Crystal or a TTL Signal for Fre-

quency Source
= Single + 5V Power Supply

Schmitt Trigger Input

» Provides Local Ready and MULTIBUS™
Ready Synchronization

u Capable of Clock Synchronization with

m 18-Pin Package other 8284’s

The 8284 is a bipolar clock generator/driver designed to provide clock signals for the 8086, 8088 & 8089 and
peripherals. It also contains READY logic for operation with two MULTIBUS™ systems and provides the processors
required READY synchronization and timing. Reset logic with hysteresis and synchronization is also provided.

8284 PIN CONFIGURATION 8284 BLOCK DIAGRAM

RES l% D  OF—RESET
X1 CK
CcYSNC 1 M vee XTAL
x2 > osc
pcLk (]2 [ x1 VvV
AEN1[]3 1 x2 TANK |
RDY1([] 4 1 TNK
READY []5 [ EFI =
~ FiC
RDY2 [(]& [ FiC
AEN2[]7 [Josc EFI
cLk s [] RES
aNo (o [ RESET T2 [Pek
SYNC
CSYNC

CK
RDY1
AEN1
READY

AEN2
RDY2

—> D

8284 PIN NAMES

CONNECTIONS FOR CRYSTAL

TANK  USED WITH OVERTONE CRYSTAL
FiC CLOCK SOURCE SELECT

EFI EXTERNAL CLOCK INPUT

CSYNC CLOCK SYNCHRONIZATION INPUT

READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS

ADDRESS ENABLED QUALIFIERS FOR RDY1.2

RESET INPUT

SYNCHRONIZED RESET OUTPUT
OSCILLATOR OUTPUT

MOS CLOCK FOR THE PROCESSOR
TTL CLOCK FOR PERIPHERALS
SYNCHRONIZED READY QUTPUT
+5 VOLTS

0VOLTS

B-63



8284

PIN DEFINITIONS

Pin

110

Definition

RDY1,
RDY2

READY

X1, X2,
TNK

FIC

EFI

CLK

PCLK

ADDRESS ENABLE. AEN is an active
LOW signal. AEN serves to qualify its
respective Bus Ready Signal (RDY1 or
RDY2). AENT validates RDY1 while AEN2
validates RDY2. Two AEN signal inputs
are useful in system configurations
which permit the processor to access
two Multi-Master System Busses. In non
Multi-Master configurations the AEN
signal inputs are tied true (LOW).

BUS READY (Transfer Complete). RDY is
an active HIGH signal which is an indica-
tion from a device located on the system
data bus that data has been received, or
is available. RDY1 is qualified by AENT
while RDY2 is qualified by AEN2.

READY. READY is an active HIGH signal
which is the synchronized RDY signal in-
put. Since RDY occurs asynchronously
with respect to the clock (CLK) it
may be necessary for them to be syn-
chronized before being presented to the
8284. READY is cleared after the
guaranteed hold time to the processor
has been met.

CRYSTAL IN. X1 and X2 are the pins to
which a crystal is attached with TNK
(TANK) serving as the overtone input.
The crystal frequency is 3 times the
desired processor clock frequency.

FREQUENCY/CRYSTAL SELECT. FIC is
a strapping option. When strapped LOW,
FIC permits the processor’'s clock to be
generated by the crystal. When FIC is
strapped HIGH, CLK is generated from
the EFI input.

EXTERNAL FREQUENCY IN. When FIC
is strapped HIGH, CLK is generated from
the input frequency appearing on this
pin. The input signal is a square wave 3
times the frequency of the desired CLK
output.

PROCESSOR CLOCK. CLK is the clock
output used by the processor and all
devices which directly connect to the
processor’s local bus (i.e., the bipolar
support chips and other MOS devices).
CLK has an output frequency which is
1/3 of the crystal or EFI input frequency
and a 1/3 duty cycle. An output HIGH of
4.5 volts (Vgc=5V) is provided on this
pin to drive MOS devices.

PERIPHERAL CLOCK. PCLK is a TTL
level peripheral clock signal whose out-
put frequency is 1/2 that of CLK and has
a 50% duty cycle.

Pin o

OSCILLATOR OUTPUT. ’tas is; t
level output of the internal o&ci ?ﬁtg; ci ﬁ@
cuitry. Its frequency is equal t6° fhgf”ég

the crystal. 9%‘”

RESET IN. RES is an active LOW signal
which is used to generate RESET. The
8284 provides a Schmitt trigger input so
that an RC connection can be used to
establish the power-up reset of proper
duration.

RESET. Reset is an active HIGH signal
which is used to reset the 8086 family
processors. Its timing characteristics
are determined by RES.

CLOCK SYNCHRONIZATION. CSYNC is
an active HIGH signal which allows mul-
tiple 8284's to be synchronized to pro-
vide clocks that are in phase. When
CSYNC is HIGH the internal counters are
reset. When CSYNC goes LOW the in-
ternal counters are allowed to resume
counting. CSYNC needs to be externally
synchronized to EFI. When using the in-
ternal oscillator CSYNC should be hard-
wired to ground.

RESET O

CSYNC |

Ground
+ 5V supply

GND
Vee

FUNCTIONAL DESCRIPTION

GENERAL

The 8284 is a single chip clock generator/driver for the
8086, 8088 & 8089 processors. The chip contains a
crystal controlled oscillator, a “divide by three”
counter, complete MULTIBUS™ “Ready” synchroniza-
tion and reset logic.

OSCILLATOR

The oscillator circuit of the 8284 is designed primarily
for use with an external series resonant, fundamental
mode, crystal from which the basic operating frequency
is derived. However, overtone mode crystals can be
used with a tank circuit as shown in Figure 1.

The crystal frequency should be selected at three times
the required CPU clock. X, and X, are the two crystal
input crystal connections.

The output of the oscillator is buffered and brought out
on OSC so that other system timing signals can be
derived from this stable, crystal-controlied source.
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1y —osc
- ok
X2 T
3TO10pF| 8284
Vee
— REs —— RESET
I -
! |
| |
| 1 |
1= USED WITH OVERTONE

: 28y . c | CRYSTALS ONLY

8P T i
I I I !
L= _ = __

The tank input to the oscillator allows the use of overtone mode crys-
tals. The tank circuit shunts the crystal's fundamental and high overtone
frequencies and atlows the third harmonic to oscillate. The external LC
network is connected to the TANK input and is AC coupled to ground.

Figure 1

CLOCK GENERATOR

The clock generator consists of a synchronous divide-
by-three counter with a special clear input that inhibits
the counting. This clear input (CSYNC) allows the out-
put clock to be synchronized with an external event
(such as another 8284 clock). It is necessary to synchro-
nize the CSYNC input to the EFI clock external to the
8284. This is accomplished with two Schottky flip-flops.
(See Figure 2.) The counter output is a 33% duty cycle
clock at one-third the input frequency.

The FIC input is a strapping pin that selects either the
crystal oscillator or the EF} input as the clock for the + 3
counter. If the EF] input is selected as the clock source,
the oscillator section can be used independently for
another clock source. Output is taken.from OSC.

CLOCK
SYNCHRONIZE

EFI >—4L—{> )T

(TO OTHER 8284s)

Figure 2. CSYNC Synchronization

CLOCK OUTPUTS

The CLK output is a 33% duty cycle MOS clock driver
designed to drive the 8086 processor directly. PCLK is a
TTL level peripheral clock signal whose output fre-
quency is 1/2 that of CLK. PCLK has a 50% duty cycle.

RESET LOGIC

The reset logic provides a Schmitt trigger input (RES)
and a synchronizing flip-flop to generate the reset tim-
ing. The reset signal is synchronized to the falling edge
of CLK. A simple RC network can be used to provide
power on reset by utilizing this function of the 8284.

READY SYNCHRONIZATION

Two READY inputs (RDY1, RDY2) are provided to
accomomodate two Multi-Master system busses. Each
input has a qualifier AEN1 and AEN2, respectively). The
AEN signals validate their respective RDY signals. If a
Multi-Master system is not being used the AEN pin
should be tied LOW.

Synchronization is required for all asynchronous active
going edges of either RDY input to guarantee that the
RDY setup and hold times are met. Inactive going edges
of RDY in normally ready systems do not require syn-
chronization but must satisfy RDY setup and hold as a
matter of proper system design. Synchronization may
be accomplished by inserting a D flip flop between an
asynchronous RDY source and the 8284 and clocking
the flip flop on the rising edge of CLK. The 8284 READY
logic guarantees the required 8086 READY hold time
before clearing the READY signal.

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias................. 0°Cto70°C
Storage Temperature. ............ -65°C to +150°C
All Output and Supply Voltages........ -0.5Vto +7V
All Input Voltages.................. -1.0Vto +5.5V
Power Dissipation............... .ot 1 Watt

*COMMENT: Stresses 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 con-
ditions for extended periods may affect device reliability.
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D.C. CHARACTERISTICS FOR 8284 T @?
Conditions: Tp=0°C to 70°C; Voc =5V £ 10% Pite s 4, /&
g
Symbol Parameter Min Max Units Test Conditions ’*fﬁt;g;,:%w 4 Q
R
Ir Forward Input Current -05 mA | Ve=0.45V RN }’5
g Reverse Input Current 50 uA | Vg=5.25V ¢
Ve Input Forward Clamp Voltage -1.0 \ lc= -5mA
lcc Power Supply Current 140 mA
VL Input LOW Voltage 0.8 V.  |Vge=5.0V
ViH Input HIGH Voltage 2.0 V  |Vge=5.0v
Ving Reset Input HIGH Voltage 2.6 VvV |Vge=5.0v
VoL Output LOW Voltage 0.45 vV |[5mA
Vou Output HIGH Voltage CLK 4 \' -1mA
Other Outputs 2.4 \" -1mA
VIHR-ViLg | RES Input Hysteresis 0.25 V. {Vge=5.0V
A.C. CHARACTERISTICS FOR 8284
Conditions: To=0°C to 70°C; Vcc =5V 10%
TIMING REQUIREMENTS
Symbol Parameter Min Max Units Test Conditions
TEHEL External Frequency High Time 13 ns 90% - 90% VN
TELEH External Frequency Low Time 13 ns 10% -~ 10% V)N
TELEL EFI Period TEHEL + TELEH+ ¢ ns (Note 1)
XTAL Frequency 12 25 MHz
TR1VCL RDY1, RDY2 Set-Up to CLK 35 ns
TCLR1X RDY1, RDY2 Hold to CLK 0 ns
TAIVRIV AENT, AEN2 Set-Up to RDY1, RDY2 15 ns
TCLA1X AENT, AENZ Hold to CLK 0 ns
TYHEH CSYNC Set-Up to EFI 20 ns
TEHYL CSYNC Hold to EF! 20 ns
TYHYL CSYNC Width 2-TELEL ns
TIHCL RES Set-Up to CLK 65 ns (Note 2)
TCLIH RES Hold to CLK 20 ns (Note 2)
TIMING RESPONSES
Symbot Parameter Min Max Units Test Conditions
TCLCL CLK Cycle Period 125 ns
TCHCL CLK High Time (VaTCLCL) + 2.0 ns Fig. 3 & Fig. 4
TCLCH CLK Low Time (2ATCLCL)-15.0 ns Fig. 3 & Fig. 4
TCH1CH2 . .
TCL2CLA CLK Rise or Fall Time 10 ns 1.0V to 3.5V
TPHPL PCLK High Time TCLCL- 20 ns
TPLPH PCLK Low Time TCLCL - 20 ns
TRYLCL Ready Inactive to CLK (See Note 4) -8 ns Fig. 5 & Fig. 6
TRYHCH Ready Active to CLK (See Note 3) {24TCLCL)-15.0 ns Fig. 5 & Fig. 6
TCLIL CLK to Reset Delay 40 ns
TCLPH CLK to PCLK High Delay 22 ns
TCLPL CLK to PCLK Low Delay 22 ns B B
TOLCH OSC to CLK High Delay -5 12 _ns o
TOLCL OSC to CLK Low Delay 2 20 ns

Notes: 1. 5 = EFI rise (5 ns max) + EFI fall (5 ns max).
2. Set up and hold only necessary to guarantee recognition at next clock.
3. Applies only to T3 and TW states.
4. Applies only to T2 states.
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TELEL TELEH
NAME 110 _/—\—/—\ ’—\_j
EFi ) -.i
S AWAWAY
TOLCH—»| e— - Tct2ctt e TOLCH o]
\ 1 ’ ) Y X
Kk o ==
TCHICH2 —=ile— TOLCL TCLPH —» fe—o —»| je—TCLPL
\ —_TPLPH \
-
PCLK ° —] - TCLRIX - TPHPL
TRIVCL — |-
ROY 2 | \ A
TATR1V = -— —e TCLAIX
i / )(( C
AENIZ | .
/ TAYLCL—] e
READY O \

TYREH—] | Fe— TRYHCH-—!
R e G
CSYNC |1 . < TCLITH —=| = TIHCL =
RES | o TYHYL ——o \ '

—=| TCLIL |=—
RESET O ...—/

ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED

A.C. TEST CIRCUITS

CLK LOAD PULSE
EFI CLK LOAD
(SEE NOTE 1) GENERATOR Vee (SEE NOTE 1)
5 pF L—‘ FIT
%
24 MHz T
YNC
- Xe CS'
FIC
CSYNC =
Figure 3. Clock High and Low Time Figure 4. Clock High and Low Time
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Vee
cLK LOAD
AEN1 (SEE NOTE 2) PULSE
5 pF GENERATOR
i
24 MHz T3 READY LoAD Vee
Xz osc (SEE NOTE 2)
PULSE TRIGGER
GENERATOR RDY2 PULSE
T FIT. GENERATOR
AEN2
CSYNC

EF1 CLK

AEN2

CSYNC READY]

l|}

LOAD

(SEE NOTE 2)

LOAD
(SEE NOTE 2)

Figure 5. Ready to Clock

Figure 6. Ready to Clock

TEST LOAD

ALL DIODES 1N3064
800t OR EQUIVALENT

FROM OUTPUT __| N N Dl Dl .
UNDER TEST i

CL
I (SEE NOTE 3)

NOTES: 1.C| =100 pF

2.CL =30 pF

3.C| INCLUDES PROBE AND JIG CAPACITANGE
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M8284
CLOCK GENERATOR AND DRIVER

FOR 8086, 8088, 8089 PROCESSORS

= Generates the System Clock for the
8086, 8088 and 8089

s Uses a Crystal or a TTL Signal for Fre-
quency Source

= Single +5V Power Supply
» 18-Pin Package

m Generates System Reset Output from
Schmitt Trigger Input

a Provides Local Ready and MULTIBUS™
Ready Synchronization

a Capable of Clock Synchronization with
other 8284’s

m Full Military Temperature Range
-55° to +125°C

The M8284 is a bipolar clock generator/driver designed to provide clock signals for the 8086, 8088 & 8089 and
peripherals. It also contains READY logic for operation with two MULTIBUS™ systems and provides the processors
required READY synchronization and timing. Reset logic with hysteresis and synchronization is also provided.

M8284 PIN CONFIGURATION

cYsNC []1 18] Vee
PcLk (]2 17[Jx1
AENT[J3 16 x2
ROY1[] 4 155 TNK
READY []5 14 JEFI
ROY2 (]6 13[JFIC
AENz (7 12[Josc
cLk 8 11[JRES
GND ]9 10[ ) RESET

M8284 BLOCK DIAGRAM

RES s} D  Q}—-RESET
X ck
XTAL
x2 osciL o —osc
LATOR
TANK —— o

-2 PCLK

SYNC

CSYNC

CK

ROV ——-j—{>°—D
AENT
[+ Q READY
KENZ ————D:D[ >
ROY2

M8284 PIN NAMES

CONNECTIONS FOR CRYSTAL

TANK USED WITH OVERTONE CRYSTAL

FIC CLOCK SOURCE SELECT
EFI EXTERNAL CLOCK INPUT

CSYNC CLOCK SYNCHRONIZATION INPUT

RES RESET INPUT

READY SIGNAL FROM TWO MULTIBUS'" SYSTEMS

ADDRESS ENABLED QUALIFIERS FOR RDY1.2

RESET SYNCHRONIZED RESET OUTPUT

osc OSCILLATOR OUTPUT

CLK MOS CLOCK FOR THE PROCESSOR
PCLK TTL CLOCK FOR PERIPHERALS
READY SYNCHRONIZED READY OUTPUT

vee +5VOLTS
GND 0 VOLTS

B-69



intal

18284

CLOCK GENERATOR AND DRIVER
FOR 8086, 8088, 8089 PROCESSORS

= Generates the System Clock for the = Generates System Reset Output from
8086, 8088 and 8089 Schmitt Trigger Input

m Uses a Crystal or a TTL Signal for Fre- = Provides Local Ready and MULTIBUS™
quency Source Ready Synchronization

= Single + 5V Power Supply = Capable of Clock Synchronization with

other 8284’s
m 18-Pin Package )
s Industrial Temperature Range

—40° to +85°C

The 18284 is a bipolar clock generator/driver designed to provide clock signals for the 8086, 8088 & 8089 and
peripherals. It also contains READY logic for operation with two MULTIBUS™ systems and provides the processors
required READY synchronization and timing. Reset logic with hysteresis and synchronization is also provided.

18284 PIN CONFIGURATION 18284 BLOCK DIAGRAM

l\
RES Q}—RESET
V

T

Xt —cK
CYSNC [t vee XTAL
g X2 No osc
PCLK []2 X1 Ll
AEN1[]3 x2 TANK cLx
RDY1[]4 TNK
READY 15 EFI
= FiT
ROY2 []6 FiC
AEN2 []7 osc eFl
cLk[]e RES
ano (s RESET B i
SYNC
CSYNC

CcK

ROY1
AENT
D Q READY
AEN2 —D
RDY2

18284 PIN NAMES

CONNECTIONS FOR CRYSTAL

TANK  USED WITH OVERTONE CRYSTAL
FiC CLOCK SOURCE SELECT

EFI EXTERNAL CLOCK INPUT

CSYNC CLOCK SYNCHRONIZATION INPUT

:g;; } READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS
:——S:; | ADDRESS ENABLED QUALIFIERS FOR RDY1.2

RES  RESET INPUT
RESET  SYNCHRONIZED RESET OUTPUT
OSC  OSCILLATOR OUTPUT

CLK  MOS CLOCK FOR THE PROCESSOR
PCLK  TTL CLOCK FOR PERIPHERALS
READY SYNCHRONIZED READY OUTPUT
Vee  +5VOLTS

GND  0VOLTS
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8286/8287 h %%%}'
OCTAL BUS TRANSCEIVER

s Data Bus Buffer Driver for MCS-86™TM, = 3-State Outputs
MCS-80™ mCS-85™, and MCS-48TM

Families
ami m 20-Pin Package with 0.3 Center

= High Output Drive Capability for

Driving System Data Bus
s No Output Low Noise when Entering

m Fully Parallel 8-Bit Transceivers or Leaving High Impedance State

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

PIN CONFIGURATIONS LOGIC DIAGRAMS
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A1[2 197 Bo I : w ! ’ :
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ag[]1 200ve¢e =000 gl pm—————— 1l m _J' _______ 1 @
A2 19 [ Bo DL~ A -{L' N
——————— Al ===+
:2[3 13:]? M @ Q q . @
3]s 17%; _______ s o TR
As]s 16 3 &
A5Esm71s > g
ag(]7 1[5 3 @ i
A7[]8 13[] 86 -
oe[]e 12|87
GND[] 10 "rT
PIN NAMES

Ag-A7 | LOCAL BUS DATA
Bo-B7 | SYSTEM BUS DATA

[OE__ | OUTPUT ENABLE
T TRANSMIT
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8286/8287

PIN DEFINITIONS

Pin Description

T TRANSMIT (input). T is an input control
signal used to control the direction of the
transceivers. When HIGH, it configures the
transceiver’s Bo-B; as outputs with Ayp-A;
as inputs. T LOW configures Ag-A; as the
outputs with Bp-B; serving as the inputs.

OE OUTPUT ENABLE (Input). OE is an input
control signal used to enable the appropri-
ate output driver (as selected by T) onto its
respective bus. This signal is active LOW.

LOCAL BUS DATA PINS (Input/Output).
These pins serve to either present data to
or accept data from the processor’s local
bus depending upon the state of the T pin.

Ap-A7

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................. 0°Cto70°C
Storage Temperature............. -65°C to +150°C
All Output and Supply Voltages. .. ... .. -05Vto +7V
All Input Voltages.................. -1.0Vto +55V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS FOR 8286/8287

Bo-B; SYSTEM BUS DATA PWS*éI

_(8286) These pins serve to elther"’b?'e_f,s
Bo-B7 or accept data from the systé
(8287) pending upon the state of the T p

OPERATIONAL DESCRIPTION

The 8286 and 8287 transceivers are 8-bit transceivers
with high impedance outputs. With T active HIGH and
OE active LOW, data at the Ag-A7 pins is driven onto the
Bo-B7 pins. With T inactive LOW and OE active LOW,
data at the By-B; pins is driven onto the Ag-A- pins. No
output low glitching will occur whenever the trans-
ceivers are entering or leaving the high impedance
state.

"COMMENT: Stresses 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 con-
ditions for extended periods may affect device reliability.

Conditions: Ve = 5V £5%, T, = 0°C to 70°C
Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 \" lc=-5mA
lce Power Supply Current—8287 130 mA
—8286 160 mA
lg Forward Input Current -0.2 mA Ve=0.45V
IR Reverse Input Current 50 uA Vr=5.25V
Vou Output Low Voltage —B Outputs 0.5 \ lop=32 mA
—A Outputs 0.5 \ lor=10 mA
VoH Output High Voitage —B Outputs 2.4 v lo=-5mA
—A Outputs 24 \" lo=-1mA
lorr Output Off Current 13 Vorp=0.45V
lorr Output Off Current 'R VOFF =5.25V
Vi Input Low Voltage  —A Side 0.8 Y Vce=5.0V, See Note 1
—B Side 0.9 \" Vee=5.0V, See Note 1
Vin Input High Voltage 2.0 \Y Vce=5.0V, See Note 1
F=1MHz
Cin Input Capacitance 12 pF Veias=2.5V, Voo =5V
Ta=25°C

Note: 1. B Outputs — g =32 mA, Ign=-5mA, C =300 pF

A Outputs — Ig| =10 mA, IgH = -1 mA, C_ =100 pF
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8286/8287

A.C. CHARACTERISTICS FOR 8286/8287
Conditions: Vgc = 5V 5%, Tp = 0°Cto 70°C

Loading: B Outputs — g = 32 mA, loy = —5mA, C_ = 300 pF
A Outputs — lg, = 10 A, lgy = — 1t mA, C_ = 100 pF
Symbol Parameter Min Max Units Test Conditions
TIVOV Input to Output Delay
Inverting 25 ns (See Note 1)
Non-Inverting 35 ns
TEHTV Transmit/Receive Hold Time TEHOZ ns
TTVEL Transmit/Receive Setup 30 ns
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns

Note: 1. See waveforms and test load circuit on following page.

8286/8287 TIMING

INPUTS

‘OTWOV

OUTPUTS

NOTE: 1. ALL TIMJNG MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
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8286/8287

OUTPUT DELAY VS. CAPACITANCE
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intel
8288
BUS CONTROLLER

FOR 8086, 8088, 8089 PROCESSORS

u Bipolar Drive Capability m 3-State Command Output Drivers

m» Provides Advanced Commands = Configurable for Use with an 1/0 Bus

» Provides Wide Flexibility in System a Facilitates Interface to One or Two
Configurations Multi-Master Busses

The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large 8086 processing systems.
The bus controller provides command and control timing generation as well as bipolar bus drive capability while
optimizing system performance.

A strapping option on the bus controller configures it for use with a multi-master system bus and separate 1/O bus.

PIN CONFIGURATION

[\ ]
o8] 1 20 vee
ck ]2 19[]%
s1[}3 18152
BLOCK DIAGRAM pTiR[]4 17 [ MCE/PBEN
ALE[]S o 16 [ ] DEN
i 828!
AEN[]® 15 [ ] CEN
S #RDC mMRDC[] 7 14 []INTA
8086 STATUS T T BRE
status ) 3 DECODER com. hwrc Amwc []8 13 []i0RC
2 MAND AMWC | muLTiBus™ mwtc (] o 12 7] AlowWe
SIGNAL TORC | COMMAND -
GENER: iowe | sionaLs GND [ 10 1] iowc
ATOR
ATOWC
INTA
‘ FUNCTIONAL PIN-OUT
_ GND Vee
CLK DTIR
~ CONTROL ADDRESS LATCH, DATA
CONTROL } AEN CONTROL [ SIGNAL DEN TRANSCEIVER, AND
INPUT | cen Logic || GENER MCE/PDEN | INTERRUPT CONTROL
ATOR SIG 5
108 ALE -] ATOWC |
PROCESSOR ) _| &
status ) <151 AMWC [~
T -{5; 1OWC |~
COMMAND
+5v GND MWTC [~ ¢ 5us
MRDC |
soss  [ORC[—~
+} AEN INTA |~
CONTROL } =] CLK
INPUT } o 08 DTIR |~
| CEN ALE [~ [ cONTROL
MCE/PDEN [— [ OUTPUT
DEN |
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8288 .
PIN DEFINITIONS Name  1/O
Name /lo Function AIOWC O Advanced /O Write Cont
AIOWC issues an /O Write N

Vee +5V supply. mand earlier in the machine cycle'to

GND Ground. give /O devices an early indication

5,5.5; | Status Input Pins: These pins are the of a write instruction. its timing is
status input pins from the 8086, 8088 the same as a read command signal.
or 8089 processors. The 8288 de- AIOWC is active LOW.
codes these inputs to generate com- —_— . .
mand and control signals at the ap- IOWC o I(O erte Command: ThIS. command
propriate time. When these pins are line instructs an /O devnce‘ to.read
not in use (passive) they are all HIGH. the data on the data bus. This signal
(See chart under Command and Con- is active LOW.
trol Logic.) i ) iORC O /0 Read Command: This command

CLK | Clock: This is a clock signal from the line instructs an /O device to drive
8284 clock generator and serves to its data onto the data bus. This
establish when command and con- signal is active LOW.
trol signals are generated.

ALE O Address Latch Enabie: This signal AMWC O Advanced Memory Write Command:
serves to strobe an address into the The AMWC issues a memory write
address latches. This signal is active command earlier in the machine cy-
HIGH and latching occurs on the fall- cle to give memory devices an early
ing (HIGH to LOW) transition. ALE is indication of a write instruction. Its
intended for use with transparent D timing is the same as a read com-
type latches. mand signal. AMWC is active LOW.

DEN O Data Enable: This signal serves to —_—— . T
enable data transceivers onto either MWTC o Memory Wr'lte Command: This com-
the local or system data bus. This mand line Instructs the memory to
signal is active HIGH. record fhe .data presept on the data

- bus. This signal is active LOW.

DT/R O Data Transmit/Receive: This signal
establishes the direction of data MRDC O Memory Read Command: This com-
flow through the transceivers. A mand line instructs the memory to
HIGH on this line indicates Transmit drive its data onto the data bus. This
(write to 1/0 or memory) and a LOW signal is active LOW.

Indicates Receive (Read). INTA O Interrupt Acknowledge: This com

— —_ nte : -

AEN | Address Enable: AEN enables com- mand line tells an interrupting device
mand outputs of the 8288 Bus Con- that its interrupt has been acknowl-
troller at least 105 ns_after it be- edged and that it should drive vector-
comes aCt'(;’et(LPV\g' AEN g%:ngmac- ing information onto thé data bus
tive immediately 3-states the com- L . A ’
mand output drivers. AEN does not This signal is active LOW.
affect the /O command lines if the MCE/PDEN O This is a dual function pin.

8288 is in the /O Bus mode (I0B tied MCE (IOB is tied LOW): Master Cas-
HIGH). cade Enable occurs during an inter-

CEN | Command Enable: When this signal rupt sequence and serves to read a
is LOW all 8288 command outputs Cascade Address from a master PIC
and the DEN and PDEN control out- (Priority Interrupt Controller) onto
puts are forced to their inactive the data bus. The MCE signal is ac-
state. When this signal is HIGH, tive HIGH.
these same outputs are enabled. PDEN (IOB is tied HIGH): Peripheral

0B | Input/Output Bus Mode: When the Data Enable enables the data bus

10B is strapped HIGH the 8288 func-
tions in the /O Bus mode. When it is
strapped LOW, the 8288 functions in
the System Bus mode. (See sections
on I/0 Bus and System Bus modes).

transceiver for the I/O bus during /O
instructions. It performs the same
function for the I/O bus that DEN per-
forms for the system bus. PDEN is
active LOW.
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COMMAND AND CONTROL LOGIC

The command logic decodes the three 8086, 8088 or 8089
CPU status lines (§0, S1, Sy to determine what command
is to be issued.

This chart shows the meaning of each status “word”.

S, S; Sy Processor State 8288 Command
0 0 0 InterruptAcknowledge INTA

0 0 1 Readl/OPort IORC

0 1 0 Writel/OPort IOWC,AIOWC
0 1 1 Halit None

1 0 0 CodeAccess MRDC

1 0 1 ReadMemory MRDC

1 1 0 WriteMemory MWTC,AMWC
1 1 1 Passive None

The command is issued in one of two ways dependent
on the mode of the 8288 Bus Controller.

110 Bus Mode — The 8288 is in the I/O Bus mode if the
IOB pin is strapped HIGH. In the /O Bus mode all I/O
command lines (IORC, IOWC, ATOWC, iNTA) are always
enabled (i.e., not dependent on AEN). When an /O com-
mand is initiated by the processor, the 8288 immediately
activates the command lines using PDEN and DT/R to
control the /O bus transceiver. The /O command lines
should not be used to control the system bus in this
configuration because no arbitration is present. This
mode allows one 8288 Bus Controller to handle two ex-
ternal busses. No waiting is involved when the CPU
wants to gain access to the I/O bus. Normal memory ac-
cess requires a “Bus Ready’ signal (AEN LOW) before it
will proceed. It is advantageous to use the IOB mode if
I/0 or peripherals dedicated to one processor exist ina
multi-processor system.

System Bus Mode — The 8288 is in the System Bus mode
if the IOB pin is strapped LOW. In this mode no command
is issued untit 105 ns after the AEN Line is activated
(LOW). This mode assumes bus arbitration logic will in-
form the bus controller (on the AEN line) when the bus is
free for use. Both memory and I/O commands wait for bus
arbitration. This mode is used when only one bus exists.
Here, both I/O and memory are shared by more than one
processor.

Command Outputs

The advanced write commands are made available to in-
itiate write procedures early in the machine cycle. This
signal can be used to prevent the processor from enter-
ing an unnecessary wait state.

The command outputs are:

MRDC — Memory Read Command

MWTC — Memory Write Command

— 1/0 Read Command

IOWC — I/O Write Command

AMWC — Advanced Memory Write Command
AIQWC — Advanced /O Write Command
INTA — Interrupt Acknowledge

TNTA (Interrupt Acknowledge) acts.as an ﬁ)é;gﬁ@uring
an interrupt cycle. Its purpose is form #;2’?? £
rupting device that its interrupt is being’énkrfow
and that it should place vectoring information’on
data bus. )

Control Outputs

The control outputs of the 8288 are Data Enable (DEN),
Data Transmit/Receive (DT/R) and Master Cascade
Enable/Peripheral Data Enable (MCE/PDEN). The DEN
signal determines when the external bus should be
enabled onto the local bus and the DT/R determines the
direction of data transfer. These two signals usually go
to the chip select and direction pins of a transceiver.

The MCE/PDEN pin changes function with the two
modes of the 8288. When the 8288 is in the 10B mode
(10B HIGH) the PDEN signal serves as a dedicated data
enable signal for the I/O or Peripheral System bus.

Interrupt Acknowledge and MCE

The MCE signal is used during an interrupt acknowl-
edge cycle if the 8288 is in the System Bus mode (I0B
LOW). During any interrupt sequence there are two inter-
rupt acknowledge cycles that occur back to back. Dur-
ing the first interrupt cycle no data or address transfers
take place. Logic should be provided to mask off MCE
during this cycle. Just before the second cycle begins
the MCE signal gates a master Priority Interrupt Con-
troller's (PIC) cascade address onto the processor’s
local bus where ALE (Address Latch Enable) strobes it
into the address latches. On the leading edge of the
second interrupt cycle the addressed slave PIC gates an
interrupt vector onto the system data bus where it is
read by the processor.

If the system contains only one PIC, the MCE signal is
not used. In this case the second Interrupt Acknowledge
signal gates the interrupt vector onto the processor bus.

Address Latch Enable and Halt

Address Latch Enable (ALE) occurs during each machine
cycle and serves to strobe the current address into the
address latches. ALE also serves to strobe the status (S,
§,, S into a latch for halt state decoding.

Command Enable

The Command Enable (CEN) input acts as a command
qualifier for the 8288. If the CEN pin is high the 8288
functions normally. If the CEN pin is pulled LOW, all
command lines are held in their inactive state (not
3-state). This feature can be used to implement memory
partitioning and to eliminate address conflicts between
system bus devices and resident bus devices.
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D.C. AND OPERATING CHARACTERISTICS %zf,éf's,;? N /
2,‘7"’9 7 % /
Yp o Tap
s S @
ABSOLUTE MAXIMUM RATINGS* Yooy 0, 8 Q
"COMMENT: Stresses above those listed under *“Absolute M’%Jm o
Temperature Under Bias...................... . .. .. .. 0°C to 70°C Ratings™ may cause permanent damage to the device. This is a stréés *‘éa?%
Storage Temperature....... ... 85°C to +150°C rating only and functional operation of the device at these or any other .
All Output and Supply Voltages. ...—-05Vto +7v conditions above those indicated in the operational sections of this
All Input Voltages .—1.0Vto +55V specification is not implied. Exposure to absolute maximum rating con-
Power Dissipation...................... .. ... .. .. . .. 1.5 Watt ditions for extended periods may affect device reliability.
Conditions: Voo=5V + 10%, Ta=0°Cto 70°C
Symbol Parameter Min Max Unit Test Conditions
Ve Input Cltamp Voltage -1 \ Ic=-5mA
lcc Power Supply Current 230 mA
e Forward input Current -07 mA Vg =0.45V
IR Reverse Input Current 50 HA VR=Vce
VoL Output Low Voltage— Command Outputs 05 v log =32 mA
Control Outputs 05 v loL=16mA
VoH Output High Voltage— Command Outputs 24 v loH= ~5mA
Control Outputs 24 v loH=-1mA
vViL Input Low Voltage 0.8 v
VIH Input High Voltage 2.0 A
loFF Output Off Current 100 uA VoFg=0.4105.25v
A.C. CHARACTERISTICS FOR THE 8288
Conditions: Vcc=5V +10%, To,=0°C to 70°C
TIMING REQUIREMENTS
Symbol Parameter Min Max Unit Loading
TCLCL CLK Cycle Period 125 ns
TCLCH CLK Low Time 66 ns
TCHCL CLK High Time 40 ns
TSVCH Status Active Setup Time 65 ns
TCHSV Status Active Hold Time 10 ns
TSHCL Status Inactive Setup Time 55 ns
TCLSH Status inactive Hold Time 10 ns
TIMING RESPONSES
Symbol Parameter Min Max Unit Loading
TCVNV Control Active Delay 5 45 ns
TCVNX Control inactive Delay 10 45 ns
TCLLH, TCLMCH ALE MCE Active Delay (from CLK) 15 ns
TSVLH, TSVMCH ALE MCE Active Delay (from Status) 15 ns _
TCHLL ALE Inactive Delay 15 ns :\%;C
TCLML Command Active Delay 10 35 ns MWTG loL=3%2mA
TCLMH Command Inactive Delay 10 35 ns IOWC loH=-5mA
TCHDTL Direction Control Active Delay 50 ns _ |INTA C=300 pF
TCHDTH Direction Control inactive Delay 30 ns :rgv‘xl%
TAELCH Command Enable Time 40 ns
TAEHCZ Command Disable Time 40 ns loL=16 mA
TAELCV Enable Delay Time 105 275 ns Other { loH=-1mA
TAEVNV AEN to DEN 20 ns C=80pF
TCEVNV CEN to DEN, PDEN 20 ns
TCELRH CEN to Command TCLML ns
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