


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































80287 ADVANGCE INFORMATION
MEMORY
OFFSET
15 0
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
INSTRUCTION POINTER (15-0) +6
INSTRUCTION INSTRUCTION 8
POINTER (19-16)| © OPCODE (10-0) +
DATA POINTER (15-0) +10
DATA POINTER
(19-16) 0 +12
15 121 0

Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory

16

0

I X X X l IC] RC I PC IXI XIPMIUMIOMIZM]DM IM]

"PRECISION CONTROL
00 = 24 BITS (SHORT REAL)
01 = RESERVED
10 =53 BITS (LONG REAL)
11 =64 BITS (TEMP REAL)

“ROUNDING CONTROL
00 = ROUND TO NEAREST OR EVEN
01 = ROUND DOWN (TOWARD —x)
10 = ROUND UP (TOWARD +>)
11 = CHOP (TRUNCATE TOWARD ZERO)

EXCEPTION MASKS (1=EXCEPTION IS MASKED)

INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE
OVERFLOW
UNDERFLOW
PRECISION

(RESERVED)

(RESERVED)

PRECISION CONTROL "

ROUNDING CONTROL'?

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE)

(RESERVED)

Figure 9. 80287 Control
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80287

ADVANCE INFORMATION

Denormalized Operand: At least one of the
operands is.denormalized; it has the smallest ex-
ponent but a non-zero significand. Normal pro-
cessing continues if this exception is masked off.

Inexact Result: The true resuit is not exactly repre-
sentable in the specified format, the result is rounded
according to the roundmg mode, and this flag is set.
If this exception is masked, processmg will simply
continue.

If the error is not masked, the corresponding error
bit and the error status bit (ES) in the control word
will be set, and the ERROR output signal will be
asserted. If the CPU attempts to execute another
ESC or WAIT instruction, exception 7 will occur.

The error condition must be resolved via an inter-
rupt service routine. The 80287 saves the address
of the floating point instruction causing the error
as well as the address of the lowest memory loca-
tion of any memory operand requured by that
instruction.

iAPX 86/20 COMPATIBILITY:

iAPX 286/20 supports portability of iAPX 86/20
programs when it is in the real address mode.
However, because of differences in the numeric
error handing techniques, error handling routines
may need to be changed. The differences between
an iAPX 286/20 and iAPX 86/20 are:

1. The NPX error signal does not pass through an
interrupt controller (8087 INT signal does).

4-67

Therefore, any interrupt controller oriented in-
structions for the iAPX 86/20 may have to be
deleted.

2. Interrupt vector 16 must point at the numeric
error handler routine.

3. The saved floating point instruction address in
the 80287 includes any leading prefixes before
the ESCAPE opcode. The corresponding saved
address of the 8087 does not include leading
prefixes.

4. In protected mode, the format of the saved in-
struction and operand pointers is different than
for the 8087. The instruction opcode is not
saved—it must be read from memory if needed.

5. Interrupt 7 will occur when executing ESC in-
structions with either TS orEM of MSW=1.If TS
of MSW=1 then WAIT will also cause interrupt
7. An interrupt handler should be added to han-
dle this situation.

6. Interrupt 9 will occur if the second or subse-
quent words of a floating point operand fall
outside a segment’s size. Interrupt 13 will occur
if the starting address of a numeric operand
falls outside a segment’s size. An interrupt
handler should be added to report these pro-
gramming errors.

In the protected mode, iAPX 86/20 application

code can be directly ported via recompilation if the
286 memory protection rules are not violated.
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80287

ADVANGE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .. 0°C to 70°C
Storage Temperature ........ —65°C to +150°C
Voltage on Any Pin with

Respect to Ground ............... —-1.0to +7V
Power Dissipation .................... 3.0 Watt

*NOTICE: Stresses above those listed under Ab-
solute 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
conditions for extended petiods may affect device
reliability.

D.C. CHARACTERISTICS T, = 0°C to 70°C, V¢ = 5V, +/-5%

5 MHz
Symbol Parameter -3 Min -3 max Unit Test Conditions
Vi Input LOW Voltage -5 8 \'
Vi Input HIGH Voltage 20 Voo + .5 v ’
Vic Clock Input LOW Voltage *
CKM=1: -5 8 \i
CKM=0: - -5 .6 \'
Vive Clock Input HIGH Voltage !
CKM=1: 20 Ve +1 \i
CKM =0: 38 Voo +1 \'
VoL Output LOW Voltage .45 \ loo =3.0 mA
VoH Output HIGH Voltage 24 \' lon =-400 pA
Iy Input Leakage Current +10 pA OV =V =V
ho Output Leakage Current +10 pA A5V = Vour = Ve
lec Power Supply Current 600 mA
Cin Input Capacitance 10 pF Fc=1MHz
Co Input/Output Capacitance 20 pF Fc=1MHz
(DO-D15)
Cork CLK Capacitance 12 pF Fc=1MHz

4-68
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A.C. CHARACTERISTICS (T, = 0°C to 70°C, V¢ + 5V,=/-5%)
TIMING REQUIREMENTS
A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted.

5 MHz 8 MHz

Symbol Parameter -3 Min -3 max Min max Unit Test Conditions
Tocl | CLK Period

CKM=1: 200 500 125 500 ns

CKM=0: 62.5 166 62.5 166 ns
TeLeH CLK LOW Time

CKM=1: 118 343 68 343 ns At 0.8V

CKM=0: 15 146 15 146 ns At 0.6V
ToncL | CLK HIGH Time

CKM=1: 69 230 43 230 ns At 2.0V

CKM =0: 20 151 20 151 ns At 3.8V
Tenicnz | CLK Rise Time . 10 . 10 ns 1.0Vto 3.6V if CKM =1
Terzcls | CLK Fall Time . 10 . 10 ns | 36Vto1.0Vif CKM=1
Towwx | Data Setup to NPWR Inactive 75 . 75 . ns
TwHox Data Hold from NPWR Inactive 30 . 15 . ns
Twiwh:
TRLRH NPWR, NPRD Active Time, 95 . 90 . ns At 0.8V
TavAL Command Valid to NPWR or
TawL NPRD Active 0 . 0 . ns
TMHRL Minimum Delay from PEREQ

Active to NPRD Active 130 . 130 . ns
TkikH PEACK Active Time 85 . 85 . ns At 0.8V
TKHKL PEACK Inactive Time 250 . 250 . ns At 2.0V
Tkwen | PEACK Inactive to NPWR, NPRD

Inactive 50 . 40 . ns
Teuke | NPWR, NPRD Inactive to PEACK ’

Active -30 . -30 . ns
Twhax: | Command Hold from NPWR,
TrHAX NPRD Inactive 30 . 30 . ns
TreeL PEACK_Active Setup to NPWR,

Active 50 . 40 . ns

Tocc. | CLK286 Period 62,5 . 625 ) ns
Tocien | CLK286 LOW Time 15 . 15 . ns | AtO.8V
Tocher | CLK286 HIGH Time 20 . 20 . ns At 2.0V
Tosver | SO. ST Setup Time to CLK286 22 . 22 . ns
Tocisn | SO, ST Hold Time from CLK286 0 . 0 . ns
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A.C. CHARACTERISTICS, continued ) '
TIMING REQUIREMENTS

5 MHz 8 MHz
" Sym Parameter _|-3 Min | -3 Max | Min Max |Unit|Test Conditions
Teved | COD/INTA Setup Time to CLK286 0 N 0 ns
ToLom | COD/INTA Hold Time from CLK286 0 - 0 ns
TrvcL | READY Setup Time to CLK286 385 385 ns
ToLru | READY Hold Time from CLK286 25 25 ns
Thver | HLDA Setup Time to CLK286 0 0 ns
Tcwnn | HLDA Hold Time from CLK286 0 0 ns
Twee |NPWR, NPRD to CLK Setup Time| 70 70 ns NOTE 1
Teun | NPWR, NPRD from CLK Hold Time| 45 45 ns |NOTE 1
TRSCL‘ RESET to CLK Setup Time .20 . ‘ 20 | ns [NOTE 1
Tcirs | RESET from CLK Hold Time 20 20 : ns |NOTE 1
A.C. CHARACTERISTICS,
TIMING RESPONSES *
5 MHz 8 MHz
Sym Parameter -3 Min | -3 Max | Min Max [Unit| Test Condition
Truaz | NPRD Inactive to Data Float 375 35 | ns |NOTE 2
Traiqv | NPRD Active to Data Valid 60 . 60 ns [NOTE 3
TiLeH ERAOR Active to BUSY Inactive 100 100 ns |NOTE 4
Twisy | NPWR Active to BUSY Active 100 100 | ns [NOTE 5
Txume | PEACK Active to PEREQ Inactive 127 127 | ns [NOTE 6
Tempr | Command Inactive Time
Write-to-Write 95 ) 9%5 | ns | At 2.0V
Read-to-Read 250 325.- ns | At 2.0V
Write-to-Read 105 95 | ns [At 2.0V
Read-to-Write 95 95 ns | At 2.0V
TRHQH Data Hold from NPRD Inactive 5 5 ns | NOTE 7

NOTES:

1.

AV ON

This is an asynchronous input. This specification is given for testing purposes only, to assure
recognition at a specific CLK edge.
Float condition occurs when output current is less than 1, o on D0-D15.
DO0-D15 loading: CL = 100pF
BUSY loading: CL = 100pF
BUSY loading: CL = 100pF
On last data transfer of numeric instruction.
D0-D15 loading: CL = 100pF
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ADVANGCE INFORMATION

aoy SKM-0O
24y CKM:=1
045V CKM =0
0.2V CKM=1

3.6V CKM=0
20V CKM=1

1.0V CKM =0
08V CKM=1

NOTE 8: AC Drive and Measurement Points — CLK Input

40V CKM=0
24V CKM=1 3.6V CKM=0 3.6VCKM =0
20V CKM-1 2.0V CKM = 1
CLK
INPUT \ 10V CKM =0 LoV CKM =0
g.45V CKM =0 0.8V CKM=1 0.8' =1
45V CKM =1
i‘tsz'rup —»a— tHoLD —‘
2.4v
OTHER :0’0’: X 20v 20v X
DEVICE LKA N)
KXY
oasv CQLLRK 08v 0.8v
Fe— tDELAY
DEVICE
OUTPUT

NOTE 9: AC Setup, Hold and Delay Time Measurement — General

DEVICE
OUTPUT

CL

NOTE 10: AC Test Loading on Outputs
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WAVEFORMS (cont)
DATA TRANSFER TIMING (INITIATED BY 80286)
CMDO CMD1
NPST,NPS2 )Zc VALID x
<¢——TRLRH———»|«—————— TRHAX————
NPRD
TAVRL\ DATA
- - — —/|<«—TRHGZ—> - TRANSFER
—»| TRLQV |=— <«—TRHQH—» gg&lgl
Do-Dss5 IV DATA OUT -
UTE VALID
TAVWL i
- TWLWH—» | ————— TWHAX ————
NPWR \ [
DATA
TDVWH | TWHDX TRANSFER
T0
¢ - 80287
Dp-Dis DATA MAY CHANGE DATA IN DATA MAY CHANGE
s VALID .
—»| TWLBN |«
BUSY X
-
R]
DATA CHANNELTIMING (INITIATED BY 80287)
&
-
CMDO,CMD1 .
NPS1,NPS2 N >§ VALID
(
o TAVWL »| TRHAX | ‘
TAVRL | TWHAX
NPRD-NPWR \ [
\ N 7
-————TCMDl————|
l«—— TMHRL > TCLML >
. «—— TCHKL——>
PEREQ ! X
TKLCL—>  |— —
< TKLML ———|" —»| TKHCH |<— |<—-TKHKL—>
) ) T — — —— —— ——v— — | -
PEACK e E R / -
- 2 \_._
—————— TKLKH———————
v
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WAVEFORMS (cont)

BUSY

ERROR OUTPUT TIMING

ERROR

T2CLCH
CLK286

80286 STATUS TIMING

TCLSH—>~

1-50

TCLSH—>]

wa

l '<—TSVCL->

COD/INTA /////m

HLDA

NOTES:

THVCL—>
NOTE 1

=y, | Wiy

I THVCL->{

1. This input transition occurs before Tg.
2. This input transition occurs after Tc.
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80287 ADVANCE INFORMATION

WAVEFORMS

(Riqet,_NWR, NPRD areinputs asynchronousto CLK.1‘|ming requirements on this page
are given for testing purposes only, to assure recognition ata specific CLK edge.)

CLK, RESET TIMING (CKM = 1)

&, | 23 ?, | 2
CLK \
(IFCKM=1)
Teum —>te—> ’4— Tiver
\
RESET ;
CLK, NPRD, NPWR TIMING (CKM =1)
l ‘ &, | L2 ’ ?, ‘ 2 .
CLK
(IF CKM =1)
< Teum . "—TNCL
NeD, AN
NPWR i

4

PHASE INDETERMINATE

CLK, RESET TIMING (CKM = 0)

RESET

M 7,

NOTE: Reset must meet timing shown to guarantee known phase of internal +~ 3 circuit.

/L
24

AN

NPRD,
NPWR

TRy

AJ////Z‘

4-74 210920-003



intgl’

80287

ADVANCE INFORMATION

Table 6. 80287 Extensions to the 80286 Instruction Set

Optional Clock Count Range
8,16 Bit 32Bit | 32Bit | 64 Bit | 16 Bit
Data Transfer Displacement Real | Integer | Real | Integer
/ v
FLD = LOAD MF = 00 01 10 1
Integer/Real Memory to ST(0) [ ESCAPE MF__ 1 | MOD 0 0 0 RM| _ _ DISP_ | 38-56 52-60 40-60  46-54
Long Integer Memory to ST(0) |ESCAPE 1 1 1 | MOD 1 0 1 RM| _ T pisP_ ! 60-68
Temporary Real Memory to [EscaPE 0 1 1 [ mMoD 1 0 1 RM| bisP 53-65
st 00 " "~ == -
BCD Memory to ST(0) |ESCAPE 111 LMOD 100 R/M] bisP | 290-310
ST() to ST(0) LESCAPE 00 1 l 11000 sr(.)[ 17-22
FST=sTORE
ST(0) to Integer/Real Memory [ESCAPE MF 1 ! MOD 0 1 0 R/M[ DISP | 84-90 82-92 96-104  80-90
ST(0) to ST() IESCAPE 101 [ 11010 ST(l)J 15-22
FSTP = STORE ANDPOP
ST(0) to Integer/Real Memory [ESCAPE MF 1 ] MOD 0 1 1 R/M] DISP | 86-92 84-94 98-106  82-92
ST(0) to Long Integer Memory | ESCAPE 1 1 .1 | MOD 1 1 1 RM | pisp | 94-105
ST(0) to Temporary Real lESCAPE 01 1 ] MOD 1 1 1 R/M] DIsP | 52-58
memory  -— - - - - - ==
ST(0) to BCD Memory lESCAPE 111 IMOD 110 R/Ml pisP ! 520-540
ST(0) to ST() [ ESCAPE 1 0 1 I 1101 1 smﬂ 17-24
FXCH = Exchange ST() and IESCAPE 001 ] 11001 ST(i)J 10-15
ST(0)
Comparison
FCOM = Compare
Integer/Real Memory to ST(0) LESCAPE MF 0 ] MOD 0 1 0 R/Ml DISP | 60-70 78-91 65-75  72-86
ST(i) to ST (0) [EscaPE 0 0 0 [ 11 0 1 0 s 40-50
FCOMP = Compare and Pop
Integer/Real Memory to ST(0) | ESCAPE MF 0 | MOD 0 1 1 RM _ DISP_ | 63-73 80-93 67-77  74-88
ST() to ST(0) ESCAPE 0 0 0 | 1 1 0 1 1 ST() 45-52
FCOMPP = Compare ST(1) to IESCAPE 110 Ll 1 01100 1—| 45-55
ST(0) and Pop Twice
FTST = Test ST(0) [EscaPE 0 0 1 [ 11 100100 | 38-48
FXAM = Examine ST(0) lescape 0 0 1 [11 100101 | 12-23
Mnemonics © Intel 1982
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.)

Optional Clock Count Range
8,16 Bit 32Bit | 32Bit | 64Bit | 16 Bit
Constants Displacement Real | Integer | Real Integer
{MF = 00 o1 10 1
FLDZ = LOAD +001ntoST(0) | ESCAPE 0 0 1 [1 1 10 1 11 0 | 11-17
FLD1=LOAD +10intoST(0) | ESCAPE 0 0 1 [1 1 1 01000 | - 15-21
FLDPI = LOAD  into ST(0) [ESCAPE 001 [11 101011 ] 16-22
FLDL2T = LOAD logz 101nto | ESCAPE 0 0 1 [1 1 10 10 0 1 | 16-22
ST(0)
FLDL2E = LOAD logoeimto | ESCAPE 0 0 1 [1 1 1 010 1 0 | 15-21
ST(0)
FLDLG2 = LOAD log1g 2 into
sT(0) [EscaE 0 01 [11 101100 | 18-24
FLDLN2 = LOAD loge2 into IESCAPE 00 1 | 11101101 | - 17-23
ST(0) :
Arithmetic
FADD = Aadition o
Integer/Real Memory with ST(0) [ ESCAPE MF 0 Lmoo 000 RM | DISP |  90-120 108-143 95-125 102-137
ST(i) and ST(0) [EscapE ¢ Po 11 000 sT0) | 70-100 (Note 1)
FSUB = Subtraction )
Integer/Real Memory with ST(0) [ ESCAPE MF__ 0 | MOD 1 0 R ARM | DISP |  90-120 108-143 95-125 102-137
ST(i) and ST(0) [ESCAPE d PO l 1110R RM | 70-100 (Note 1)
FMUL = Multplicaton
Integer/Real Memory with ST(0) LESCAPE MF 0 ] MOD 0 0 1 RM J DISP !  110-125 130-144 112-168 124-138
ST(i) and ST(0) [ EscaPE d P o |11 001 AM ] . 90-145 (Note 1)
FDIV = Division - - - -
Integer/Real Memory with ST(0) | ESCAPE MF 0 [ MOD 1 1 R RM | DISP | 215-225 230-243 220-230 224-238
ST() and ST(0) [escape a Po 1111 RAM | 193-203 (Note 1)
FSQRT = Square Root of ST(0) ] ESCAPE 0 0 1 | 11111010 | 180-186
FSCALE = Scale ST(0) by ST(1) | ESCAPE 0 0 1 |11 11110 1 | 32-38
FPREM = Partial Remainderof | ESCAPE 0 0 1 |11 11100 0 | 15-190
ST(0) -ST(1)
FRNDINT = Round ST(O)to | ESCAPE 0 0 1 |11 1 11100 | 16-50
Integer ) g
NOTE:
1. If P=1 then add 5 clocks.
4-76 - 210920-003



80287

ADVANGE INFORMATION

Table 6. 80287 Extensions to the 80286 instruction Set (cont.)

Optional
8,16 Bit
Displacement

Clock Count Range

FXTRACT = Extract [TESCAPE 111110100 ] 27-55
Components of St(0) -
FABS = Absolute Value of ‘ESCAF‘E 1 I 11 10000 14] 10-17
ST(0)
FCHS = Change Sign of ST(0) rESCAPE 1 [ 11100000 ] 10-17
Transcendental
FPTAN = Partial Tangent of l ESCAPE 1 I 11 1t 100 1 OJ 30-540
ST(0)
FPATAN = Partial Arctangent IESCAPE 1 ! 11 110011 j 250-800
of ST(0) —ST(1)
Faxm1 = 25Ty ‘ESCAPE J 1111000 oj 310-630
FYL2X = ST(1)* Logz [ ESCAPE 1 I 11 11000 1 | 900-1100
[ST(0)
FYL2XP1 = ST(1) - Logs |ESCAPE 1 | 11111001 ] 700-1000
IST(0) +1]
Processor Control
FINIT = Initialize NPX | Escare 11110001 1] 2-8
FSETPM = Enter Protected lESCAPE 1]11 100100] 2-8
Mode
FSTSW AX = Store Control | ESCAPE 111 100000 | 10-16
Word
FLDCW = Load Controi Word (ESCAPE 1J MOD 1 0 t RM l DISP 7-14
FSTCW = Store Control Word [ESCAPE 1 I MOD 1 1 1 RM ] DIsP | 12-18
FSTSW = Store Status Word lESCAPE 1 l MOD 1 1 1 RM T DIsP | 12-18
FCLEX = Clear Exceptions | ESGAPE 1]11 10001 0] 2-8
FSTENV = Store Environment | ESCAPE 1]wmoo 1 1 0omRM | Disp | 40-50
FLDENV = Load Environment | ESCAPE 1Moo 100 mM | osP | 35-45
FSAVE = Save State | Escape 1Moo 1 10RM ]| Disp | 205-215
FRSTOR = Restore State | escape 1]moD 100 RM | DisP | 205-215
FINCSTP = Increment Stack . .
Pointer IESCAPE 111 11101 1 1] 6-12
FDECSTP = Decrement Stack | ESCAPE 1 [ 11 110110 6-12
Pointer
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.)

Clock Count Range
FFREE = Free ST(i) [EscapE 1 0 1] 11 00 0 s ] 9-16
FNOP = No Operation [escaPe 0 0 1111 010000 | 10-16"
NOTES:
1. if 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 is absent .

if mod=10 then DISP=disp-high; disp-low

if mod=11 then r/m is treated as an ST(i) field
2. if ’/m=000 then EA=(BX) + (SI) +DISP

if /m=001 then EA=(BX) + (DI) +DISP

if /m=010 then EA=(BP) + (SI) +DISP

if Yfm=011 then EA=(BP) + (DI) +DISP

if /m=100 then EA=(SI) + DISP

if /m=101 then EA=(DI) + DISP

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

if ym=111 then EA=(BX) + DISP

*except if mod=000 and r/m=110 then EA =disp-high; disp-low.
3. MF= Memory Format
00—32-bit Real
01—32-bit integer
10—64-bit Real
11—16-bit Integer
4. ST(0)= Current stack top
ST(i) ith register below stack top
5. d= Destination
0—Destination is ST(0)
1—Destination is ST(i)
6. P= Pop
0—No pop
1—Pop ST(0)
7. R= Reverse: When d=1 reverse the sense of R
~ 0—Destination (op) Source
1—Source (op) Destination

8. For FSQRT: ~0 < ST(0) < +»
For FSCALE: -2'% < 57(1) < +2'% and ST(1) integer
For F2XM1: 0<sTO)<2"
For FYL2X: 0 < 8T(0) <®
—0 <ST(1) < +
For FYL2XP1: 0 <IST(0)I < (2 -V2)/2
. —e<ST(l) <
For FPTAN: 0 < ST(0) <w/4
For FPATAN: 0 < ST(0) < ST(1) < +=

9. ESCAPE bit pattern is 11011.
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82258 OVERVIEW

INTRODUCTION

As the processing of microprocessor based systems grows,
it is increasingly necessary to have support components
which relieve the processor from jobs like data movement,
peripheral control, etc., and leave it to do what it can do
best—data processing. Among the support components
necessary is a DMA (Direct Memory Access) controller.
A DMA controller must match the performance and archi-
tectural needs of the processor it supports to optimize the
performance.

The 82258 is a 16-bit DMA controller designed primarily
to meet the needs of systems based on the 80286 and 80186
processors. The 80286 is the fastest 16-bit processor avail-
able commercially with more than five times the through-
put of the standard 8086. The 80186, on the other hand,
integrates the functions of a CPU board (CPU, Clock,
DMA, Interrupt Control, Timer Counter, Chip Select) on
one chip, replacing 15-20 IC’s. The 82258 is designed to
support this level of performance and integration by offer-
ing features generally found only in mainframe computer
systems.

FEATURES

® 8 MBytes/second transfer rate in 8 MHz iAPX 286
Systems
® 4 independent channels—each channel having its
own set of registers and control lines
e Multiplexor channel operation for up to 32 1/0O
subchannels
16 MByte physical addressing range
Block size (byte count) up to 16 MBytes
Command chaining
Data chaining
Adaptive bus interface for
— 80286
— 80186
— 80188
— 8086
— 8088 processors

® Automatic assembly-disassembly for dissimilar bus
widths

® “On the fly” compare, verify and trdnsiate operations
during DMA

® Single and double bus cycle transfers

® Local (with CPU) and remote (stand-alone) modes
of operation ,

FLEXIBLE BUS INTERFACE

Although the 82258 is primarily designed for the 80286,
it fits equally well in 8086, 8088, 80188, and 80186 based
systems. This is possible because of its adaptive bus inter-
face. The logic level on a specific pin on RESET configures
the bus interface of the 82258 for the 80286 (demultiplexed)
bus, or for the 80186 or minimum mode 8086 (multi-
plexed) bus, with all the necessary signals and timing. In
the 8086 mode, the 82258 can have RQ/ GT signals for the
maximum mode 8086 or 8088. This adaptive bus interface
makes it very easy to use the 82258 in different processor
systems. It is possible to select 8- or 16-bit wide bus
operations by software. Figure 1 shows the pin configu-
ration of the 82258 in the 286 and 186 modes.

The high performance (8 MB/sec) pipelined bus of the 286
allows the 82258 to provide maximum performance. This
bus enables the 80286 and the 82258 to read or write a word
(16 bits) in 250 ns, when operating at 8 MHz. Therefore,
in the 286 mode, the 82258 can achieve data transfer rates
of 8 MBytes/second. In the 186 and 8086 mode, the data
transfer rate is4 MBytes/ second, since each bus cycle is 4
clocks or 500 ns at 8 MHz.

The 82258 has four (4) independent channels. Each chan-
nel has three (3) dedicated pins: DREQ (DMA request),
DACK (DMA acknowledge) and EOD (End of DMA). See
Figure 2. A peripheral generates request for DMA over the
DREQ line. DACK is sent by the 82258 to the peripheral,
indicating that a data transfer operation can begin. EOD
is used by the 82258 to generate an interrupt on the com-
pletion of a DMA operation. The EOD line can also be
used by a peripheral to terminate the DMA.
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HOLD HLDA

!

CLK —_—]

RESET ——]

DREQ 3
DRéQ 0
BRGKS
DACKG

EOD 3

e

om—

EOD 0

O

82258
(IN 286 MODE)

[+——READY

j«e—CS
-—m
[*—WR

Fryr

Vss Vss Vec Vee

Vss Vss Vcc Vec

HOLD HLDA
Lk A19/56
—_— :
| Ai6/S3
| RESET ———»f A15
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MULTIPLEXOR CHANNEL

For supporting a large number of relatively slow equip-
ment (e.g. 9600 baud) like CRT terminals and line printers
etc., channel 3 of the 82258 can be programmed to be a
multiplexor channel. In this mode channel 3 can service
up to 32 subchannel request lines. The multiplexor net-
work is implemented using 8259A interrupt controllers.
The multiplexor channel has two modes of operation:

a) Byte or Word Multiplex Operation: In this case the
channel is enabled for another device after each byte or
word transfer. The maximum cumulative data rate for
multiplexor channel in this mode is approximately 275 K
byte per second.

b) Block Multiplex Operation: Here the channel 1s
enabled for another device only after transfer of complete
data block. The actual block transfer is carried out at a
rate of 4M Byte/sec (maximum).

Each individual device can be programmed into its own
operating mode so various combinations of byte/word
and block multiplex are possible. Each device on the
multiplexor channel has its own program. Command
chaining is supported on the multiplexor channel. Single
cycle transfers are not allowed on the multiplexor
channel.

G LT

HLDA
e L Plin
e L

IOREQ

HOLD

coO O+

10ACK

CH.3

UPTO
32 REQUEST MULTI- |
LINES PLEXOR
. / '
)
°

MULTIPLEXOR CONSISTS OF ONE
OR MORE 8259A
(INTERRUPT CONTROLLER)

Figure 3. Multiplexor Channel Configuration
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TRANSFER IN 1 OR 2 BUS CYCLES

The 82258 is capable of doing single cycle and two cycle
data transfers. See Figure 4. In a single cycle transfer, the
data is transferred between a peripheral and memory (in
either direction) in a single bus cycle. Single cycle transfers
provide the maximum DMA throughput. In a two cycle
operation, the data is read by the 82258 using a normal bus
operation before sending it out to the destination using a
normal bus operation.

The 82258 can do “on the fly” operations like translate and
compare during a two cycle transfer. The data being trans-
ferred can be compared with a given pattern (mask-compare)
and the DMA transfer can be optionally stopped on encoun-
tering that pattern. The 82258 supports this mask-compare
operation on 8- and 16-bit patterns. The data can also be
- translated on the fly before sending it to the destination.
Data can be transferred from one memory region to another
in a two cycle transfer mode—this is not possible with single
cycle transfer. Another feature of two cycle transfer is
automatic assembly/ disassembly of data. This means that
data can be read as one word (16 bits) and written as

two bytes or vice versa. Automatic assembly/disassembly
is very often desirable when using 8-bit wide peripherals
in a 16-bit system. When writing data to the 8-bit periph-
eral from memory, data could be fetched as a 16-bit word
and written out as two 8-bit bytes. The reverse is true for
reading data out of an 8-bit peripheral. This feature saves
time and reduces the number of bus cycles to transfer a
given block of data.

FAST CHANNEL SWITCHING

For high speed DMA controllers with multiple channels,
it is very important to minimize overhead for switching from
one channel to another. The 82258 imposes no performance
penalty for switching channels. Therefore, the maximum
cumulative transfer rate of an 82258 is 8 MBytes/second
even if multiple channels are used. The priority of dif-
ferent channels can be programmed to be fixed or
rotating. It is also possible to have a combination of the
two, i.e., channels 0 and 1, having higher priority than
channels 2 and 3, and rotating priority within each pair.
The channel with the highest priority gets processed first
when multiple channels have to be serviced at the same
time.

® SINGLE

MEMORY PERIPHERAL

Q‘\/’Q

) . ADVANTAGE:
< BUS >  *SPEED—
N O ¥ 1 BUS CYCLE/TRANSFER
82258
® DOUBLE
MEMORY PERIPHERAL
p 4 ADVANTAGE:
*“ON THE FLY”
O 0 « MASK/COMPARE
A - N  TRANSLATE
< BUS ) * VERIFY
h “MEM. TO MEM.
TRANSFERS
¥ T *DISSIMILAR BUS
WIDTH SUPPORT
82258

Figure 4. Single/double cycle transfer
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16 MBYTE ADDRESSING

Being the DMA controller for the 80286, the 82258 sup-
ports an address range of 16 MBytes in memory and I/O
space. Thus, the source and destination pointers for a
DMA are each twenty-four bits long. The 82258 can
transfer data blocks as big as 16 MBytes. That is, the byte
count for the transfer is also twenty-four bits long.

Figure 5 shows the user visible registers of the 82258. A set
of five registers, called the General Registers, is used for
all four channels. There is a set of channel registers for
each of the four channels. The mode register is written
first after reset and describes the 82258 environment—bus
widths, priorities, etc. The General Command Register
(GCR)is used to start and stop the DMA transfer on dif-
ferent channels. The General Status Register (GSR)
shows the status of all four channels: i.e., if the channel is
running, if an interrupt is pending, etc. The General Burst
Register (GBR) and the General Delay Register (GDR)

are used to specify the bus load which is permissible for
the 82258.

MEMORY BASED COMMANDS

The 82258 and the CPU communicate via memory based
commands. All relevant data (parameters) for DMA
transfer is written by the CPU in a “command block” in
memory which is accessible to the CPU and the 82258. See
Figure 6. the command pointer on the 82258 is loaded
with the based address of the command block by the CPU.
After getting a start channel command from the CPU, the
82258 loads the contents of the command block into its
registers and starts the DM A. After completing operation
ona command block, the 82258 writes back the channel
status in the command block in memory. Optionally,
source pointer, destination pointer and byte counter
register may also be written out to the command block.
Although all channel registers are user accessible, they
need to be directly accessed only for diagnostic purposes.

15 (]
GCR COMMAND
GSR STATUS
GMR MODE
GBR BURST
- GDR DELAY
GENERAL REGISTERS 4 0
CHANNEL REGISTERS (4 SETS: 1 PER CHANNEL)
23 0
CPR COMMAND POINTER
SPR SOURCE POINTER
DPR DESTINTATION POINTER
TTPR TRANSLATE TABLE POINTER
LPR LIST POINTER !
BCR BYTE COUNT
CCR CHANNEL COMMAND
. ‘ MASKR MASK
COMPR COMPARE
DAR ASSEMBLY
15 CSR [ CHANNEL STATUS
7 0

Figure 5. 82258 Register Set
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ON
CHIP 1:3 COMMAND POINTER QI

IN MEMORY
15 TYPE1COMMAND

SOURCE POINTER

—0-

DESTINATION POINTER

-0-

BYTE COUNT

-0~

CHANNEL STATUS

COMMAND EXTENSION

MASK

COMPARE

TRANSLATE POINTER
—0-
CHANNEL COMMAND BLOCK

|«BLOCK EXTENSION®t<€——SHORT COMMAND BLOCK —»{

Figure 6. Command Block

COMMAND CHAINING

Itis possible to have command blocks ina chain as shown
in Figure 7. After completing one block, the 82258 starts DMA #1
processing the next block automatically, This is called
command chaining. It is therefore possible to execute a
sequence of different types of DM As without CPU inter-
vention. Besides standard DM A command blocks, there
are special command blocks which execute unconditional DMA #2
and conditional branching (depending on the type of
DMA termination), and (un) conditional stop. Condi-
tional command chaining offers tremendous flexibility
since it is possible to do conditional DMA processing

with a degree of flexibility previously found only in ' Sgn’:ng'ONAL >
microprocessors. /
STOP DMA #3

The shortest and simplest DMA implementation consists
of a normal command block followed by a “STOP”” com-
mand block. A simple auto-reload DMA can be imple-
mented with a DMA command block followed by a JUMP STOP
to top command block. More complex structures are also
easily implemented. See Figure 8.

Figure 7. Command Chaining
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#2
sToP
P
ST C) CONDITIONAL DMA OPERATION

DMA

JUMP

B) AUTO-RELOAD DMA

Figure 8. Complexities in Command Chaining

DATA CHAINING

Very often it is necessary to collect data from different
data blocks and send it out to a peripheral. This can be
done very efficiently by data chaining. Figure 9 shows an

example of data chaining. Each block on the right consists ~

of byte count, data pointer and link pointer. As soon as
the data from block 1 has been sent out to the destination,
the next data block is located through the link pointer and
is sent out. This process continues until a zero is encoun-
tered in the byte count field. The big advantage here is that
the data blocks can be included, removed, or their
sequence altered dynamically, allowing the CPU to
manipulate the link pointers. Data chaining can be used
for serial data communications controllers where differ-
ent blocks represent different types of information (e.g.,
header, address, tail, etc.). Such linking of data blocks can
also be impl/ememed using command chaining. Using

command blocks for data chaining is comparatively
slower because the whole command block must be loaded
before the DMA can start.

Another form of data chaining called list chaining (as
opposed to “linked list” data chainin described above) is
still faster. It is illustrated in Figure 10. In this case, there
is only one list containing details on all the data blocks to
be chained. The latency of going from one data block to
the next is of the order of 1 microsecond. List chaining is
preferred to linked list chaining when speed of going to the
next block is of prime importance. Linked list chaining offers
greater flexibility, however.

Data chaining enables “gathering” of data from various data
blocks to one destination and “scattering” of data from one
source to several data blocks.
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Figure 9. Data Chaining (Linked List)
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VERIFY

Verification of data read from the peripheral is also an often
required function. It is like a block-compare operation. See
Figure 11. A byte (or word) read from peripheral and a
memory block are compared. The transfer can be halted
if a mismatch occurs. Itis very useful to compare the data
on a disk sector with a memory block.

The *““verify and save” mode of the 82258 also supports a
simultaneous data transfer (in single cycle mode) followed
by a verify. Here the byte (or word) being transferred is
read by the 82258, saved in memory, and then compared
with another byte/word fetched from memory.

CHANNEL COMMANDS

The channel commands are contained 1n the channel com-
mand block (Figure 5). Up to 22 bits are used to specify
the command. There are two types of channel commands:

e Type 1: for data movement
® Type 2: for command chaining control

Type | command bits contain information on:

a. Source and destination bus width
b. If source and/or destination address should be incre-
mented or decremented or kept constant during the
transfer
. If source/destination is in memory or I/O space
. If data chaining (list or linked list) is to be performed
e. If the data transfer is synchronized (source or
destination)
f. If an “on the fly”” match operation and /or translate
operation has to be performed
g. If a verify operation has to be performed

[="¢)

For certain type 1 transfers which, for example, do not use
“on the fly” match, translate or verify feature, the com-
mand is only 16 bits long and only a short command block
is necessary (Figure 6).

Type 2 command blocks are 6 bytes long of which the first
2 bytes form the command and the rest is either a relative
displacement or an absolute address for the JUMP opera-
tion. There are two basic type 2 commands:

1. JUMP—conditional and non-conditional
2. STOP—conditional and non-conditional

The conditional case tests for either of the four condition
bits which are altered at the termination of any DMA
operation:

¢ Termination due to byte count being zero

¢ Termination due to mask-compare

e Termination due to external terminate

® Verify operation resulting in mismatch

It is thus possible to JUMP or STOP further execution of
commands based on any of these conditions and option-
ally generate EOD or an interrupt signal.

A combination of type | and 2 commands gives the 82258
a high degree of ““programmability”. It can thus execute quite
complex algorithms with a fairly low demand for CPU
service.

82258—80286 SYSTEM

Figure 12 shows the 82258 in an 80286 system. As
described earlier, it is tailored to fit not only in an 80286
system but also in 8086, 8088, 80186, and 80188 systems.
The 80286 can synchronously access the DM A controller
through status lines. The 82258 and 80286 share the same
local bus and support components, 82284, 82288, 82289,
and 8287 and 8283. The bus arbitration between the 82258
and 80286 is done through HOLD and HOLDA lines.
The protocol ensures that only one of them possesses the
bus at any time.

REMOTE MODE

To achieve a yet higher throughput it is imperative that both
the processor and the DMA controller possess a private bus.
This is called the remote mode of operation for the 82258
and is illustrated in Figure 13. When operating in the
remote mode, the 82258 can work in parallel with the
main processor (which may also possess its own private
bus) accessing resources on the resident bus most of the
time. Only for communication with the processor does the
82258 have to access the system bus. The registers of the
82258 are always accessible to the processor over the
system bus. In addition to achieving a higher throughput
due to parallel processing, remote mode is also preferred
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Figure 11. Verify Operation

for good system partitioning. For example, subsystem
dealing with winchester and floppy disk could be put
separately on a board with the 82258, sufficient resident
memory, and the necessary controllers.

PROTECTION ISSUE

The 80286 is a processor with memory management and
protection functions on-chip. The 82258 does not directly
support the protected virtual addressing mechanism of the
80286. This does not hurt the protection, since the 80286
has to program the ADMA with real (physical) addresses
for source, destination and other pointers. These real

addresses are, as such, generated through the protection
mechanism of the 80286 and are hence checked against pro-
tection violation. Normally, an I/O utility routine is pro-
vided by the Operating System to service the 82258. No
direct user access should be allowed to the 82258 from lower
privilege levels. The OS utility converts the virtual addresses
to real addresses when programming the 82258.

IMPLEMENTATION

The 82258 will be implemented in Intel’s HMOS II
process technology and packaged in a 68-pin JEDEC
type A leadless chip carrier.
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Figure 12. 82258 in 80286 System
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82284 :
CLOCK GENERATOR AND READY INTERFACE

FOR iAPX 286 PROCESSORS
(82284, 82284-6)

m Generates System Clock for iAPX 286 m 18-pin Package
Processors
m Single +5V Power Supply

Uses Crystal or TTL Signal for Frequenc
- eesdutd e ° 9 4 = Generates System Reset Output from

Source Schmitt Trigger Input
= Provides Local READY and Multibus* = Available in EXPRESS
READY Synchronization - Standard Temperature Range

- Extended Temperature Range

The 82284 is a clock generator/driver which provides clock signals for iAPX 286 processors and support compo-
nents. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and
synchronous RESET from an asynchronous input with hysteresis.

RESET
RES 17 > RESET
SYNCHRONIZER
X1 \ ARDY E 1 18 j ch
XTAL — h—
osc SRDY [] 2 17 ] ARDYEN
X2 MUX -+ CLK o —
— SRDYEN [] 3 16181
EFl — /1/ READY [] 4 15[1S0
F/C EFIC]5 g2284 14[1N.C.
— Fice - 13[JPCLK
ARDYEN — .
aov | )| swewonzzr X, 7 12[ ] RESET
T X,[] 8 11 JRES
woen——q—) [ nenor : GND[] 9 10 cLk
SRDY — LOGIC READY
§1— :D___ PCLK
S0 — GENERATOR PCLK
Figure 2.
Figure 1. 82284 Block Diagram 82284 Pin Configuration
* Multibus is a patented bus of intel
Intel C No for the Use of Any Circurtry Other Than Circuitry Embodied in an Intel Product No Other Circutt Patent Licenses are implied

January 1985
© INTEL CORPORATION 1982 4-92 ORDER NUMBER' 210453-003
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Table 1. Pin Description

The following pin function descriptions are for the 82284 clock generator.

Symbol Type
CLK (o}

Name and Function

System Clock is the signal used by the processor and support devices which must be synchro-
nous with the processor. The frequency of the CLK output has twice the desired internal pro-
cessor clock frequency. CLK can drive both TTL and MOS level inputs.

Frequency/Crystal Select is a strapping option to select the source for the CLK output. When
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH,
the EFI input drives the CLK output.

Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the
crystal frequency. The crystal frequency must be twice the desired internal processor clock
frequency.

External Frequency In drives CLK when the F/C input is strapped HIGH The EFI input fre-
quency must be twice the desired internal processor clock frequency.

Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of
CLK. PLCK will be in phase with the internal processor clock following the first bus cycle after
the processor has been reset.

Asynchronous Ready Enable is an active LOW input which qualifies the ARDY _input.
ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed
response to synchronous inputs.

Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK.
Setup and hold times are given to assure aguaranteedresponse to synchronous inputs.

Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times
must be satisfied for proper operation.

Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY
input s qualified by the SRDYEN input. Setup and hold times must be satisfied for proper oper-
ation.

Ready Is an active LOW output which signals the current bus cycle is to be completed. The
SRDY, SRDYEN, ARDY, ARDYEN, S1, S0 and RES inputs control READY as explained later in
the READY generator section. READY is an open collector output requiring an external 300
ohm pullup resistor.

Status inputs prepare the 82284 for a subsequent bus cycle. S0 and ST synchronize PCLK to
the internal processor clock and control READY. These inputs have pullup resistors to keep
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper oper-
ation.

Reset is an active HIGH output which is derived from the RES input. RESET is used to force the
system into an initial state. When RESET is active, READY will be active (LOW).

Reset In is an active LOW input which generates the system reset slgnal RESET. Signals to
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure
a guaranteed response to synchronous inputs.

Ve System Power: +5V power supply

GND System Ground: 0 volts

F/IC |

X1, X2 |

EFI I

PCLK o

ARDYEN 1

SRDYEN |

)|
D
w)
=<

FUNCTIONAL DESCRIPTION ready synchronization logic and system reset genera-

tion logic.

Introduction Clock Generator .

The 82284 generates the clock, ready, and reset sig-
nals required for iAPX 286 processors and support
components. The 82284 is packaged in an 18-pin DIP
and contains a crystal controlled oscillator, MOS
clock generator, peripheral clock generator, Multibus

The CLK output provides the basic timing control for
an iAPX 286 system. CLK has output characteristics
sufficient to drive MOS devices. CLK is generated by
either an internal crystal oscillator or an external
source as selected by the F/C strapping option. When
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F/C is LOW, the crystal oscillator drives the CLK out-
put. When F/C is HIGH, the EFI input drives the CLK
output.

The 82284 provides a second clock output (PCLK) for
peripheral devices. PCLK is’ CLK divided by two.
PCLK has a duty cycle of 50% and TTL output drive
characteristics. PCLK is normally synchronized to the
internal processor clock.

After reset, the PCLK signal may be out of phase with
the internal processor clock. The S1 and S0 signals of
the first bus cycle are used to synchronize PCLK to
the internal processor clock. The phase of the PCLK
output changes by extending its HIGH time beyond
one system clock (see waveforms). PCLK is forced
HIGH whenever either S0 or ST were active (LOW) for
the two previous CLK cycles. PCLK continues to os-
cillate when both S0 and ST are HIGH.

Since the phase of the internal processor clock will
not change except during reset, the phase of PCLK
will not change except during the first bus cycle after
reset.

Oscillator

The oscillator circuit of the 82284 is a linear Pierce os-
cillator which requires an external parallel resonant,
fundamental mode, crystal. The output of the oscilla-
tor is internally buffered. The crystal frequency cho-
sen should be twice the required internal processor
clock frequency. The crystal should have a typical
load capacitance of 32 pF.

X1 and X2 are the oscillator crystal connections. For
stable operation of the oscillator, two loading capacitors
are recommended, as shown in Table 2. The sum of
the board capacitance and loading capacitance should
equal the values shown. 1t is advisable to limit stray
board capacitances (not including the effect of the
loading capacitors or crystal capacitance) to less than
10 pF between the X1 and X2 pines. Decouple V¢ and
GND as close to the 82284 as possible.

7 10
x1 o — CLK
cc IAPX 286
D s . CPUor
910] SUPPORT
[ X2 82284 o | COMPONENT
a II c2 READY |——&——] READY
= = 6 18
= = FiC Vee Vee
SEE TABLE
2 FOR DECOUPLING
CAPACITOR T CAPACITOR
VALUES = =

Figure 3. Recommended Crystal and READY
Connections

4-94

Reset Operation

The reset logic provides the RESET output to force
the system into a known, initial state. When the RES
input is active (LOW), the RESET output becomes ac-
tive (HIGH). RES is synchronized internally at the fall-
ing edge of CLK before generating the RESET output
(see waveforms). Synchronization of the RES
input introduces a one or two CLK delay before affect-
ing the RESET output.

At power up, a system does not have have a stable V¢
and CLK. To prevent spurious activity, RES should be
asserted until Vg and CLK stabilize at their operating
values. iAPX 286 processors and support components
also require their RESET inputs be HIGH a minimum of
16 CLK cycles. An RC network, as shown in Figure 4,
will keep RES LOW longenough to satisfy both needs.

Vee

‘i
1N914 $10Ka
"
VR E

VWA

82284 -

|

'll[ 470 Lo,
1

Figure 4. Typical RC RES Timing Circuit

A Schmitt trigger input with hysteresis on RES as-
sures a single transition of RESET.with an RC circuit
on RES. The hysteresis separates the input voltage
level at which the circuit output switches between
HIGH to LOW from the input voltage level at which the
circuit output switches between LOW to HIGH. The
RES HIGH to LOW input transition voltage is lower
than the RES LOW to HIGH input transition voltage.
As long as the slope of the RES input voltage remains
in the same direction (increasing or decreasing)
around the RES input transition voltage, the RESET
output will make a single transition.

Ready Operation

The 82284 accepts two ready sources for the system
ready signal which terminates the current bus cycle.
Either a synchronous (SRDY) or asynchronous ready
(ARDY) source may be used. Each ready input has an
enable (SRDYEN and ARDYEN) for selecting the type
of ready source required to terminate the current bus
cycle. An address decoder would normally select one
of the enable inputs. ’ )
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READY is enabled (LOW), if either SRDY +
SRDYEN = 0 or ARDY + ARDYEN = 0 when sam-
pled by the 82284 READY generation logic. READY
will remain active for at least two CLK cycles.

The READY output has an open-collector driver allowing
other ready circuits to be wire or’ed with it, as shown in
Figure 3. The READY signal of an iAPX 286 system
requires an external 910 ohm = 5% pull-up resistor. To
force the READY signal inactive (HIGH) at the start of a
bus cycle, the READY output floats when either ST or SO
are sampled LOW at the falling edge of CLK. Two system
clock periods are allowed for the pull-up resistor to pull
the READY signal to V. When RESET is active, READY
is forced active one CLK later (see waveforms).

Figure 5 illustrates the operation of SRDY and

SRDYEN. These inputs are sampled on the falling
edge of CLK when ST and S0 are inactive and PCLK is
HIGH. READY is forced active when both SRDY and
SRDYEN are sampled as LOW.

Figure 6 shows the operation of ARDY and ARDYEN.
These inputs are sampled by an internal synchronizer
at each falling edge of CLK. The output of the synchro-
nizer is then sampled when PCLK is HIGH. If the syn-
chronizer resolved both the ARDY and ARDYEN have
been resolved as active, the SRDY and SRDYEN inputs
are ignored. Either ARDY or ARDYEN must be HIGH at
end of Tg (see figure 6).

READY remains active until either ST or S0 are sam-
pled LOW, or the ready inputs are sampled as inac-
tive.

Table 2. 82284 Crystal Loading Capacitance Values

Crystal Frequency C1 Capacitance C2 Capacitance
(pin 7) (pin 8)
1to 8 MHz 60 pF 40 pF
8t016MHz 25 pF 15 pF

NOTE: Capacitance values must include stray board capacitance.
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VIH

Te Te

T

ARDYEN .

SRDYEN
_t
SRDY

=5

\TIIN

=

M\

AN

Figure 5. Synchronous Ready Operation
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Ts | Te Te ’ T

READY
Figure 6. Asynchronous Ready Operation
ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Absolute
: Maxmum Ratings'* may cause permanent damage to
Temperature Under Bias . .. ......... 0°Cto70°C the device. This is a stress rating only and functional
Storage Temp’erature .......... -65°C to +150°C operation of the device at these or any other condi-
tions above those indicated in the operational sec-
All Output and Supply Voltages ...... -0.5Vto +7V tions of this specification is not implied. Exposure to
All Input Voltages ............... -1.0Vto +5.5V absolute maximum rating conditions for extended
. periods may affect device reliability.
Power Dissipation . ............ ... ..... 1 Watt

D.C. CHARACTERISTICS (Ta =0°Cto 70°C, Vcc = 5V, £ 5%)

6 MHz 8 MHz
-6 -6 -8 -8
Sym Parameter Min Max Min Max Unit | Test Condition
Vi Input LOW Voltage 8 8 Vv
Vi Input HIGH Voltage 20 20 '
ViHr RES and EFl Input HIGH Voltage 26 26 \Y
Viys | RES Input hysteresis 0.25 0.25 g v
VoL RESET, PCLK Output LOW Voltage 45 45 V [lo.=5mA
Vou RESET, PCLK Output HIGH Voltage | 24 24 V |loy=-1mA
Vor READY, Output LOW Voltage 45 .45 V |lo.=7mA
Voic | CLK Output LOW Voltage 45 45 V |lop=5mA
Vouc | CLK Output HIGH Voltage ) 40 40 V | loy =-800uA
Ve Input Forward Clamp Voltage -1.0 -10 V |lc=-5mA
'3 Forward Input Current -5 -5 mA | Ve = 45V
I Reverse Input Current 50 50 uA | Vg=Vcc
lee Power Supply Current 145 145 mA
C Input Capacitance 10 10 pF | Fc=1MHz
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A.C CHARACTERISTICS (Ta=0°Cto 70°C, Vcc = 5V, £ 5%)
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise

noted.
6MHz 8MHz
-6 -6 -8 -8
Sym Parameter Min Max Min Max Unit | Test Condition
1  EFlto CLK Delay | 35 30 ns at 1.5V Note 1
2 EFILOW Time 40 25 ns at 15V Note1 Note 7
3 EFIHIGH Time 35 25 ns at 1.5V Note 1 Note 7
4  CLK Period 83 500 62 500 ns
5 CLKLOW Time 20 15 ns at 1.0V Note 1 Note 2,8
6 CLKHIGH Time 25 25 ns at3.6V Note 1 Note 2,8
7 CLKRise Time 10 10 ns 1.0V to 3.6V Note 1
8 CLKFall Time 10 10 ns 3.6V to 1.0V Note 1
9  Status Setup Time 28 22 ns Note 1
10  Status Hold Time 1 1 ns Note 1
11 SRDY or SRDYEN Setup Time 25 15 ns Note 1
12 'SRDY or SRDYEN Hold Time 0 0 ns Note 1
13 'ARDY or ARDYEN Setup Time 5 0 ns Note 1 Note 3
14  ARDY or ARDYEN Hold Time 30 30 ns Note 1 Note 3
15 . RES Setup Time 25 20 ns Note 1 Note 3
16 RES Hold Time 10 10 ns | Note1 Note3
17 READY Inactive Delay 5 5 ns at 0.8V Note 4
18  READY Active Delay 0 33 0 24 ns at 0.8V Note 4
19 PCLK Delay 0 45 0 45 ns Note 5
20 RESET Delay 5 50 5 34 ns Note 5
21 PCLK LOW Time 14-20 t4-20 ns Note 5 Note 6
22 PCLK HIGH Time t4-20 t4-20 ns Note 5 Note 6
NOTE 1: CLK loading. C_ = 150pF.

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:
NOTE 6:
NOTE 7:

NOTE 8:

With the internal crystal oscillator using recommended crystal and capacitive loading, or with the EFI input meeting
specifications t2, and t3 Use a parallel-resonant, fundamental mode crystal. The recommended crystal loading for
CLK frequencies of 8-16MHz are 25pF from pin X; to ground, and 15pF from pin X, to ground. These recommended
values are =+ 5pF and include all stray capacitance, Decouple Vs and GND as close to the 82284 as possible.

This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific
CLK edge.

READY loading: lo_ = 7mA, C, = 150pF. In system application, use 910 ohm 5% pullup resistor to meet 80286,
80286-6 and 80286-4 timing requirements.

PCLK and RESET loading: C|_ = 75pF. PCLK also has 750 ohm pullup.
t4 refers to any allowable CLK period.
When driving the 82284 with EFI, provide minimum EFI HIGH and LOW times as follows:

CLK Output Frequency: 8MHz | 12MHz | 16MHz *
CLK CLK | CLK*
Min. required EFl HIGH time 52ns | 35ns 25ns
Min. required EFI LOW time 52ns 40ns 25ns

At CLK frequencies above 12MHz, CLK output HIGH and LOW times are guaranteed only when using crystal with
recommended capacitive loading per Table 2, not when driving component from EF1 All features of the 82284 remain
functional whether EFI or crystal is used to drive the 82284.

When using crystal (with recommended capacitive loading per Table 2) approprlate for speed of 80286, CLK output
HIGH and LOW times guaranteed to meet 80286 requirements.
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82284

CLK Output Measurement Points

EFI Drive and Measurement Points

24V

1.5V

1.5V

0.45V

NOTE 10:

NOTE 9:

3ev

10v

1ov

toELay

82284
CLK
OuTPUT

i"sswr‘-*- 'nom“

NOTE 11. AC Setup, Hold and Delay Time Measurement — General

Vee

910ohm

Vee

7500hm

Other
outputs

READY
output

PCLK
output

NOTE 12. AC Test Loading on Outputs

210453-003
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Waveforms

CLK as a Function of EFI

® ®

NOTE: The EFl input LOW and HIGH times as shown are required to
guarentee the CLK LOW and HIGH times shown.

RESET and READY Timing as a Function of RES
with S1 and SO HIGH

CLK

RES

&)
N\ a7/
Reser  Dependso 'X_;Es"’“’ e
AT

NOTE 1: This I1s an asynchronous input. The setup and hold times
shown are required to guarantee the response shown.

NOTE 2: Tie 910 ohm +5% pullup resistor to the READY output

READY and PCLK Timing with RES HIGH
@)

51,50 @-— — }_

PCLK. X UndeﬁnedX if thas is / () .I.

SRDY
+

SRDYEN

ARDY

@
AFDVEN ////////////

® - o
READY //////////////////////////////// ////’ E

NOTE 1 Th asynchronous input. The setup and hold times
shown quu dt guarantee the response shown.

NOTE 2: Tie 910 ohm +5% pullup resistor to the READY output

S
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82288 4
BUS CONTROLLER
FOR iAPX 286 PROCESSORS

(82288-8, 82288-6)

s Provides Commands and Control for s Optional Multibus* Compatible
Local and System Bus Timing
n Offers Wide Flexibility in System a Control Drivers with 16 ma lg. and |
Configurations 3-State Command Drivers with
32malg.

» Flexible Command Timing
= Single + 5V Supply

The Intel 82288 Bus Controller is a 20-pin HMOS component for use in iAPX 286 microsystems. The bus
controller provides command and control outputs with flexible timing options. Separate command out-
puts are used for memory and |/O devices. The data bus is controlled with separate data enable and direc-
tion control signals.

Two modes of operation are possible via a strapping option: Multibus compatible bus cycles, and high
speed bus cycles.

At o [r wf]
READY | |1 200 | ve
STATUS OUTPUTS : ¢
— — CLK 2 19| ] S0
50— > INTA O 15
& —h| sTaTUS = —
§1—1"| bECODER [ —| commanD [1>IORC SEEE 18 [ ] mio
Mo —}~ QUIFUT  [=Towe 82288
I mce []4 17 ] oTR
H->-MWTC
- ae []s 16 [ ] pEN
STATE =
CLK MTATE CONTROL me [ e 15 | ] CENAEN
CONTROL OUTPUTS
INPUTS _ cmoLy []7 14[] cenL
CEN/AEN—1+ > DT/R
—1-{ CONTROL CONTROL H mRDC [ |8 1 iNTA
CENL—~| CONTROL | | | | CONTROL |- DEN O 3[] iNTA
CMDLY—} LOGIC LOGIC [1™ALE . TS [ , ] o
READY—+ > MCE | Mwr ® 12
/)
] aNp 10 11| ] iowe
MB
Figure 1. 82288 Block Diagram ‘ Figure 2. 88228 Pin Configuration
*Multibus is a patented bus of Intel.
Intel Corp A No R } for the Use of Any Cjrcuitry Other Than Circuitry Embodied in an Intet Product No Other Circuit Patent Licenses are Implied

v January 1985
©INTEL CORPORATION, 1982 4-100 ORDER NUMBER: 21m¥1-oo4
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Table 1. Pin Description

The following pin function descriptions are for the 82288 bus controller.

Symbol

Type

Name and Function

CLK

System Clock provides the basic timing control for the 82288 in an iAPX 286 micro-
system. Its frequency is twice the internal processor clock frequency. The falling edge
of this input signal establishes when inputs are sampled and command and control
outputs change.

gl
2l
@

Bus Cycle Status starts a bus cycle and, along with M/TO, defines the type of bus cycle.
These inputs are active LOW. A bus cycle is started when either S1 or S0 is sampled
LOW at the falling edge of CLK. Setup and hold times must be met for proper operation.

iAPX 286 Bus Cycle Status Definition

£
o

Type of Bus Cycle

Interrupt acknowledge
/0 Read

/O Write

None; idle

Halt or shutdown
Memory read

Memory write

None, idle

D“aO0O0aa0O Ql
404020 =0 g|

dAaaa0000

M/i0

Memory or I/0 Select determines whether the current bus cycle is in the memory space or /O
space. When LOW, the current bus cycle is in the I/0O space. Setup and hold times must be met
for proper operation.

MB

Multibus Mode Select determines timing of the command and control outputs. When HIGH,
the bus controller operates with Multibus-compatible timings. When LOW, the bus controller
optimizes the command and control output timing for short bus cycles. The function of the
CEN/AEN input pin is selected by this signal. Thisinput s typically a strapping option and not
dynamically changed.

CENL

Ci d Enable Latched is a bus controller select signal which enables the bus controller to
respond to the current bus cycle being initiated. CENL is an active HIGH input latched internally
at the end of each Tg cycle. CENL is used to select the appropriate bus controiler for each bus
cycle in a system where the CPU has more than one bus it can use. This input may be connected
to Vgc to select this 82288 for all transfers. No control inputs affect CENL. Setup and hold times
must be met for proper operation.

CMDLY

Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. |f sampled
HIGH, the command output is not activiated and CMDLY is again sampled at the next CLK cycle.
When sampled LOW the selected command is enabled. If READY is detected LOW before the
command output is activated, the 82288 will terminate the bus cycle, even if no command was
issued. Setup and hold times must be satisfied for proper operation. This input may be connected
to GND if no delays are required before starting a command. This input has no effect on 82288
control outputs.

READY

READY indicates the end of the current bus cycle. READY is an active LOW input. Multibus mode
requires at least one wait state to allow the command outputs to become active. READY must be
LOW during reset, to force the 82288 into the idle state. Setup and hold times must be met for
proper operation. The 82284 drives READY LOW during RESET.
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Table 2. Command and Control Outputs for Each Type of Bus Cycle

S

Type of Mio Si Command DT/R | ALE, DEN MCE
Bus Cycle Activated State. Issued? Issued?

Interrupt Acknowledge 0 0 0 INTA LOW YES YES
/0 Read 0 0 1 IORC LOW YES NO
/0 Write 0 1 0 JOWG HIGH YES NO
None; idle 0 1 1 None HIGH NO NO
Halt/Shutdown 1 0 0 None HIGH NO NO
Memory Read 1 0 1 MRDC LOW YES NO
Memory Write 1 1 0 MWTC HIGH YES NO
None; idle 1 1 1 None HIGH NO NO

Operating Modes

Two types of buses are supported by the 82288:
Multibus and non-Muitibus. When the MB input is
strapped HIGH, Muitibus timing is used. In
Multibus mode, the 82288 delays command and
data activation to meet IEEE-796 requirements on
address to command active and write data to com-
mand active setup timing. Multibus mode requires
at least one wait state in the bus cycle since the
command outputs are delayed. The non-Multibus
mode does not delay any outputs and does not re-
quire wait states. The MB input affects the timing
of the command and DEN outputs.

Command and Control Outputs

The type of bus cycle performed by the local bus
master is encoded in the M/iO, S1, and SO inputs.
Different command and control outputs are ac-
tivated depending on the type of bus cycle. Table 2
indicates the cycle decode done by the 82288 and
the effect on command, DT/R, ALE, DEN, and MCE
outputs.

4-102

Bus cycles come in three forms: read, write, and
halt. Read bus cycles include memory read, 1/0
read, and interrupt acknowledge. The timing of the
associated read command outputs (MRDC, IORC,
and INTA), control outputs (ALE, DEN, DT/R) and
control inputs (CEN/AEN, CENL, CMDLY, MB, and
READY) are identical for all read bus cycles. Read
cycles differ only in which command output is ac-
tivated. The MCE control output is only asserted
during interrupt acknowledge cycles.

Write bus cycles activate different control and
command outputs with different timing than read
bus cycles. Memory write and /O write are write
bus cycles whose timing for command outputs
(MWTC and TOWC), control outputs (ALE, DEN,
DT/R) and control inputs (CEN/AEN, CENL, CMDLY,
MB, and READY) are identical. They differ only in
which command output is activated.

Halt bus cycles are different because no command
or control output is activated. All control inputs are
ignored until the next bus cycle is started via S1
and SO.
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Table 1. Pin Description (Cont.)

Symbol

Type

Name and Function

CEN/AEN

Command Enable/Address Enable controls the command and DEN outputs of the bus
controller. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are
given to assure a guaranteed response to synchronous inputs. This input may be con-
nected to Vo or GND.

When MB is HIGH this pin has the AEN function. AEN is an active LOW input which in-
dicates that the CPU has been granted use of a shared bus and the bus controlier com-
mand outputs may exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates
that the CPU does not have control of the shared bus and forces the command outputs
into 3-state OFF and DEN inactive (LOW). AEN would normally be controlled by an
82289 bus arbiter which activates AEN when that arbiter owns the bus to which the bus
controller is attached.

When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW
forces the command and DEN outputs inactive but does not tristate them.

ALE

Address Latch Enable controls the address latches used to hold an address stable dur-
ing a bus cycle. This control output is active HIGH. ALE will not be issued for the halt
bus cycle and is not affected by any of the control inputs.

MCE

Master Cascade Enable signals that a cascade address from a master 8259A interrupt
controller may be placed onto the CPU address bus for latching by the address latches
under ALE control. The CPU’s address bus may then be used to broadcast the cascade
address to slave interrupt controllers so only one of them will respond to the interrupt
acknowledge cycle. This control output is active HIGH. MCE is only active during inter-
rupt acknowledge cycles and is not affected by any control input. Using MCE to enable
cascade address drivers requires latches which save the cascade address on the falling
edge of ALE.

Data Enable controls when data transceivers connected to the local data bus should
be enabled. DEN is an active HIGH control output. DEN is delayed for write cycles in
the Multibus mode.

Data Transmit/Receive establishes the direction of data flow to or from the local data
bus. When HIGH, this control output indicates that a write bus cycle is being performed.
A LOW indicates a read bus cycle. DEN is always inactive when DT/R changes states.
This output is HIGH when no bus cycle is active. DT/R is not affected by any of the con-
trol inputs.

110 Write Command instructs an |/O device to read the data on the data bus. This com-
mand output is active LOW. The MB and CMDLY inputs control when this output
becomes active. READY controls when it becomes inactive.

1/0 Read Command instructs an I/O device to place data onto the data bus. This com-
mand output is active LOW. The MB and CMDLY inputs control when this output
becomes active. READY controls when it becomes inactive.

Memory Write Command instructs a memory device to read the data on the data bus.
This command output is active LOW. The MB and CMDLY inputs control when this out-
put becomes active. READY controls when it becomes inactive.

Memory Read Command instructs the memory device to place data onto the data bus.
This command output s active LOW. The MB and CMDLY inputs control when this out-
put becomes active. READY controls when it becomes inactive.

Interrupt Acknowledge tells an interrupting device that its interrupt request is being
acknowledged. This command output is active LOW. The MB and CMDLY inputs con-
trol when this output becomes active. READY controls when it becomes inactive.

System Power: + 5V power supply

System Ground: 0 volts
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FUNCTIONAL DESCRIPTION

Introduction

The 82288 bus controller is used in iAPX 286
systems to provide address latch control, data
transceiver control, and standard level-type com-
mand outputs. The command outputs are timed
and have sufficient drive capabilities for large TTL
buses and meet all IEEE-796 requirements for
Multibus. A special Multibus mode is provided to
statisfy all address/data setup and hold time re-
quirements. Command timing may be tailored to
special needs via a CMDLY input to determine the
start of a command and READY to determine the
end of a command.

Connection to multiple buses are supported with
a latched enable input (CENL). An address
decoder can determine, which, if any, bus con-
troller should be enabled for the bus cycle. This
input is latched to allow an address decoder to
take full advantage of the pipelined timing on the
iAPX 286 local bus.

Buses shared by several bus controllers are sup-
ported. An AEN input prevents the bus controller

from driving the shared bus command and data
signals except when enabled by an external bus
arbiter such as the 82289.

Separate DEN and DT/R outputs control the data
transceivers for all buses. Bus contention is
eliminated by disabling DEN before changing
DT/R. The DEN timing allows sufficient time for
tristate bus drivers to enter 3-state OFF before
enabling other drivers onto the same bus.

The term CPU refers to any iAPX 286 processor or

- iAPX 286 support component which may become

an iAPX 286 local bus master and thereby drive the
82288 status inputs.

Processor Cycle Definition

Any CPU which drives the local bus uses an internal
clock which is one half the frequency of the system
clock (CLK) (see Figure 3). Knowledge of the phase
of the local bus master internal clock is required for
proper operation of the iAPX 286 local bus. The local
bus master informs the bus controller of its internal
clock phase when it asserts the status signals. Status
signals are always asserted beginning in Phase 1 of
the local bus master’s internal clock.

PHASE 1

CLK

PCLK

82284
(FOR REFERENCE)

[«———ONE PROCESSOR CLOCK CYCLE ——

[#———ONE BUS T STATE—— >

PHASE 2
|<«— OF PROCESSOR —»{<«— OF PROCESSOR —»|
CLOCK CYCLE

TN N/ N
/T \ /

CLOCK CYCLE

Figure 3.
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CLK Relationship to the Processor Clock and Bus T-States
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Bus State Definition

The 82288 bus controller has three bus states (see
Figure 4): Idle (T, Status (Ts) and Command (T).
Each bus state is two CLK cycles long. Bus state
phases correspond to the internal CPU processor
clock phases.

The T, bus state occurs when no bus cycle is cur-
rently active on the iAPX 286 local bus. This state
may be repeated indefinitely. When control of the
local bus is being passed between masters, the
bus remains in the T, state.

NEW CYCLE

READY

.
NEW CYCLE

NEW
CYCLE

T

READY
.
NEW CYCLE

Figure 4. 82288 Bus States

Bus Cycle Definition

The Si and S0 inputs signal the start of a bus cy-
cle. When either input becomes LOW, a bus cycle
is started. The T bus state is defined to be the two
CLK cycles during which either S1 or SO are active
(see Figure 5). These inputs are sampled by the
82288 at every falling edge of CLK. When either S$1
or SO are sampled LOW, the next CLK cycle is con-
sidered the second phase of the internal CPU clock
cycle.

The local bus enters the T, bus state after the Tg
state. The shortest bus cycle may have one T, state
and one T, state. Longer bus cycles are formed by
repeating T states. A repeated T, bus state is
called a wait state.

The READY input determines whether the current
T bus state is to be repeated. The REAUY input
has the same timing and effect for all bus cycles.
READY is sampled at the end of each T bus state
to see if it is active. If sampled HIGH, the T bus
state is repeated. This is called inserting a wait
state. The control and command outputs do not
change during wait states.

When READY is sampled LOW, the current bus cy-
cle is terminated. Note that the bus controller may
enter the T bus state directly from T if the status
lines are sampled active at the next falling edge of
CLK.

SamElc

Figure 5. Bus Cycle Definition
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Figures 6-10 show the basic command and control

-output timing for read and write bus cycles. Halt READ BUS CYCLE .
T ' Ts

bus cycles are not shown since they activate no
outputs. The basic idle-read-idle and idle-write-idle
bus cycles are shown. The signal label CMD CLK
represents the appropriate command output for
the bus cycle. For Figures 6-10, the CMDLY input is

| Te

§1+50
connected to GND and CENL to V.. The effects of
CENL and CMDLY are described later in the sec-
tion on control inputs. ALE q

Figures 6, 7 and 8 show non-Multibus cycles. MB is
connected to GND while CEN is connected to V. DEN
Figure 6 shows a read cycle with no wait states while
Figure 7 shows a write cycle with one wait state. The
READY input is shown to illustrate how wait states
are added.

DTR

CMD

READY

Figure 6. Idle-Read-Idle Bus Cycles with MB =0

. WRITE BUS CYCLE
WAIT STATE
T Ts | Te Te T |

T
\ N\

i g i

s T\, 77777777

Figure 7. Idle-Write-ldle Bus Cycles with MB =0
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Bus cycles can occur back to back with no T, bus
states between T; and Ts. Back to back cycles do
not affect the timing of the command and control
outputs. Command and control outputs always
reach the states shown for the same clock edge
(within Ts, T, or following bus state) of a bus cycle.

A special case in control timing occurs for back to
back write cycles with MB=0. In this case, DT/R
and DEN remain HIGH between the bus cycles (see
Figure 8). The command and ALE output timing
does not change.

Figures 9 and 10 show a Multibus cycle with
MB=1. AEN and CMDLY are connected to GND.
The effects of CMDLY and AEN are described later
in the section on control inputs. Figure 9 shows a
read cycle with one wait state and Figure 10 shows
a write cycle with two wait states. The second wait
state of the write cycle is shown only for example
purposes and is not required. The READY input is
shown to illustrate how wait states are added.

1ST WRITE CYCLE 2ND WRITE CYCLE

Te Ts Te

Vou
DEN

DEN
REMAINS
HIGH

Vou
DTR

Figure 8. Write-Write Bus Cycles with MB =0

T | Ts |

CLK

a
.
4]

ALE -q

L
—

. g

T

CMD

READY

Figure 9. Idle-Read-Idle Bus Cycles with MB = 1
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READY

The MB control input affects the timing of the com-
mand and DEN outputs. These outputs are
automatically delayed in Multibus mode to satisfy
three requirements:

1)50 ns minimum setup time for valid address
before any command output becomes active.

2)50 ns minimum setup time forﬁ valid write data
before any write command output becomes ac-
tive.

3)65 ns maximum time from when any read com-
mand becomes inactive until the slave’s read
data drivers reach 3-state OFF.

Three signal transitions are delayed by MB=1 as
compared to MB=0:

1) The HIGH to LOW transition of the read com-
mand outputs (IORC, MRDC, and INTA) are
delayed one CLK cycle.

2) The HIGH to LOW transition of the write com-
mand outputs (IOWC and MWTC) are delayed
two CLK cycles.

3) The LOW to HIGH transition of DEN for write
cycles is delayed one CLK cycle.

Figure 10. ldle-Write-ldle Bus Cycles with MB =1

Back to back bus cycles with MB=1 do not
change the timing of any of the command or con-
trol outputs. DEN always becomes inactive be-
tween bus cycles with MB=1.

Except for a halt or shutdown bus cycle, ALE will
be issued during the second half of T for any bus
cycle. ALE becomes inactive at the end of the Tg
to allow latching the address to keep it stable dur-
ing the entire bus cycle. The address outputs may
change during Phase 2 of any T bus state. ALE is
not affected by any control input.

Figure 11 shows how MCE is timed during inter-
rupt acknowledge (INTA) bus cycles. MCE is one
CLK cycle longer than ALE to hold the cascade
address from a master 8259A valid after the falling
edge of ALE. With the exception of the MCE con-
trol output, an INTA bus cycle is identical in tim-
ing to a read bus cycle. MCE is not affected by any
control input. p

4-108 ., 210471-004



82288

ADVANCE INFORMATION

L Ts Te

CLK

el
g

ALE

MCE Operation for an INTA Bus Cycle

Figure 11.

Control Inputs

The control inputs can alter the basic timing of
command outputs, allow interfacing to multiple
buses, and share a bus between different
masters. For many iAPX 286 systems, each CPU
will have more than one bus which may be used to
perform a bus cycle. Normally, a CPU will only
have one bus controller active for each bus cycle.
Some buses may be shared by more than one CPU
(i.e. Multibus) requiring only one of them use the
bus at a time.

Systems with multiple and shared buses use two
control input signals of the 82288 bus controller,
CENL and AEN (see Figure 12). CENL enables the
bus controller to control the current bus cycle.
The AEN input prevents a bus controller from driv-
ing its command outputs. AEN HIGH means that
another bus controller may be driving the shared
bus.

In Figure 12, two buses are shown: a local bus and
a Multibus. Only one bus is used for each CPU bus
cycle. The CENL inputs of the bus controllers
~ select which bus controller is to perform the bus
cycle. An address decoder determines which bus
to use for each bus cycle. The 82288 connected to
the shared Multibus must be selected by CENL
and be given access to the Multibus by AEN
before it will begin a Multibus operation.

4-109

CENL must be sampled HIGH at the end of the Ts
bus state (see waveforms) to enable the bus con-
troller to activate its command and control out-
puts. If sampled LOW the commands and DEN
will not go active and DT/R will remain HIGH. The
bus controller will ignore the CMDLY, CEN, and
READY inputs until another bus cycle is started
via S1 and $0. Since an address decoder is com-
monly used to identify which bus is required for
each bus cycle, CENL is latched to avoid the need
for latching its input.

The CENL input can affect the DEN control out-
put. When MB =0, DEN normally becomes active
during Phase 2 of Tg in write bus cycles. This tran-
sition occurs before CENL is sampled. If CENL is
sampled LOW, the DEN output will be forced LOW"
during T as shown in the timing waveforms.

When MB = 1, CEN/AEN becomes AEN. AEN con-
trols when the bus controller command outputs
enter and exit 3-state OFF. AEN is intended to be
driven by a bus arbiter, like the 82289, which
assures only one bus controller is driving the
shared bus at any time. When AEN makes a LOW
to HIGH transition, the command outputs im-
mediately enter 3-state OFF and DEN is forced in-
active. An inactive DEN should force the local
data transceivers connected to the shared data
bus into 3-state OFF (see Figure 12). The LOW to
HIGH transition of AEN should only occur during
T, or Tg bus states.

The HIGH to LOW transition of AEN signals that
the bus controller may now drive the shared bus
command signals. Since a bus cycle may be ac-
tive or be in the process of starting, AEN can
become active during any T-state. AEN LOW im-
mediately allows DEN to go to the appropriate
state. Three CLK edges later, the command out-
puts will go active (see timing waveforms). The
Multibus requires this delay for the address and
data to be valid on the bus before the commands
become active.

When MB =0, CEN/AEN becomes CEN. CEN is an
asynchronous input which immediately affects
the command and DEN outputs. When CEN
makes a HIGH to LOW transition, the commands
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and DEN are immediately forced inactive. When
CEN makes a LOW to HIGH transition, the com-
mands and DEN outputs immediately go to the
appropriate state (see timing waveforms). READY
must still become active to terminate a bus cycle
if CEN remains LOW for a selected bus controller
(CENL was latched HIGH).

Some memory or I/O systems may require more
address or write data setup time to command ac-
tive than provided by the basic command output
timing. To provide flexible command timing, the
CMDLY input can delay the activation of com-
mand outputs. The CMDLY input must be
sampled LOW to activate the command outputs.
CMDLY does not affect the control outputs ALE,
MCE, DEN, and DT/R.

T i X1 X2 T
READY SHEV — XACK
82284 fEovE—
—_— ARDYEN
g SRDYEN 9100 2.5%
= CLK READY §i,
READY READY COMMANDS
N
cmp ¢ cMD cMD )
82288 CLK CLK g22g8 Y
G |4 N\ mio DEN J‘>0—1
51,50 |\ v]|§i. 5 _
DT/R
CENL ﬁ — CENL ALE
MB  CEN MB  AEN
[72]
1723
2 1t ! 2
2 = +5V +5V 2
g -t
8 =2
S H
READY AEN
ONTROL
CLK g2289 . con
ADDRESS | mie CNTL v ')
DECODER S50
I SYS/RESB
Mo L
1y 20KQ
F——AA——O
51 +5V
151 _sav—o0 ADDRESS
N A
ADDRESS )
DATA I I || 8283
Az CLK READY MW/i0
51,50
80286 DATA
A A\
DisoRer A 8287
Figure 12. System Use of AEN and CENL
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CMDLY is first sampled on the falling edge of the
CLK ending T,. If sampled HIGH, the command
output is not activated, and CMDLY is again
sampled on the next falling edge of CLK. Once
sampled LOW, the proper command output
becomes active immediately if MB=0. If MB=1,
the proper command goes active no earlier than
shown in Figures 9 and 10.

READY can terminate a bus cycle before CMDLY
allows a command to be issued. In this case no
commands are issued and the bus controller will
deactivate DEN and DT/R in the same manner as if
a command had been issued.

Waveforms Discussion

The waveforms show the timing relationships of in-
puts and outputs and do not show all possible tran-

sitions of all signals in all modes. Instead, all
signal timing relationships are shown via the
general cases. Special cases are shown when
needed. The waveforms provide some functional
descriptions of the 82288; however, most func-
tional descriptions are provided in Figures 5
through 11.

To find the timing specification for a signal transi-
tion in a particular mode, first look for a special
case in the waveforms. If no special case applies,
then use a timing specification for the same or
related function in another mode.
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias....0°C to 70°C

Storage Temperature......... —65°C to +150°C

Voltage on Any Pin with
RespecttoGND............... —-05Vto +7V

Power Dissipation. ..................... 1 Watt

*NOTICE: Stresses above those listed under “Ab-
solute 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 im-
plied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (T, - 0°C to 70°C, Vi = 5V, + 5%))

6 MHz 8 MHz
-6 -6 -8 -8

Symbol Parameter Min. Max. Min. Max. Units Test Conditions
ViL Input LOW Voltage -5 8 -5 8 7 \
Vin Input HIGH Voltage 20 Vec + -5 20 Ve + -5 \
Viie CLK Input LOW Voltage -5 6 -5 .6 \
Viie CLK Input HIGH Voltage 3.8 Vee +.5 38 Vee +.5 \
VoL Output LOW Voltage

Command Outputs 45 45 \" loL = 32mA Note 1

Control Outputs .45 45 \ loL = 16mA Note 2
Vou Output HIGH Voltage

Command Outputs 24 24 \ lon = —5mA Note 1

Control Outputs 24 24 v loy = —1mA Note 2
I Input Current (S0 and ST inputs) -5 -5 mA Vi = 45V
" Input Leakage current (all

other inputs) +10 +10 vA OV =Vl = Veo
o Output Leakage Current +10 +10 uA A5V < Vour < Vgo
lec Power Supply Current 120 120 mA
Ceik CLK Input Capacitance 12 12 pF Fc = 1MHz
C Input Capacitance 10 10 pF Fc =1MHz
Co Input/Output Capacitance 20 20 pF Fc=1MHz

NOTE: 1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC.
2. Control Outputs are DT/R, DEN, ALE and MCE.
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A.C. CHARACTERISTICS
(Ta = 0°C to 70°C, Ve - 5V, = 5%)

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted

6 MHz 8 MHz
-6 -6 -8 -8
Sym Parameter Min. Max. Min. Max. Unit Test Condition
1 CLK Period 83 250 62 250 ns
2 CLK HIGH Time 25 230 20 235 ns at36v
3 CLK LOW Time 20 225 15 230 ns at 10V
4 CLK Rise Time 10 10 ns 10Vto36V
5 CLK Fall Time ' 10 10 ns 36Vto10V
6 M/IO and Status Setup Time 28 22 ns
7 M/IO and Status Hold Time 1 1 ns
8 CENL Setup Time 30 20 ns
9 CENL Hold Time 1 100 ns
10 READY Setup Time 50 38 ns
11 READY Hold Time 35 25 ns
12 CMDLY Setup Time 25 20 ns
13 CMDLY Hold Time 1 1 ns
14 AEN Setup Time 25 20 ns Note 3
15 AEN Hold Time 0 0 ns Note 3
16 ALE, MCE Active Delay from CLK 3 25 3 20 ns Note 4
17 ALE, MCE Inactive Delay from CLK 35 25 ns Note 4
18 DEN (Write) Inactive from CENL 35 35 ns Note 4
19 DT/R LOW from CLK 40 25 ns Note 4
20 DEN (Read) Active from DT/R 5 50 5 35 ns Note 4
21 DEN (Read) Inactive Dly from CLK 3 40 3 35 ns Note 4
22 DT/R HIGH from DEN Inactive 5 45 5 35 ns Note 4
23 DEN (Write) Active Delay from CLK 35 30 ns Note 4
24 DEN (Write) Inactive Dly from CLK 3 35 3 30 ns Note 4
25 DEN Inactive from CEN 40 30 ns Note 4
26 DEN Active from CEN 35 30 ns Note 4
27 DT/R HIGH from CLK
(when CEN = LOW) 50 35 ns Note 4
28 DEN Active from AEN 35 30 ns Note 4
29 CMD Active Delay from CLK 3 40 3 25 ns Note 5
30 CMD Inactive Delay from CLK 3 30 3 25 ns Note 5
31 CMD Inactive from CEN 35 25 ns Note 5
32 CMD Active from CEN 45 25 ns Note 5
33 CMD Inactive Enable from AEN 40 40 ns Note 5
34 CMD Float Delay from AEN 40 40 ns Note 6
35 MB Setup Time 25 20 ns
36 MB Hold Time | 0 0 ns
37 Command Inactive Enable
from MBI 40 40 ns Note 5
38 Command Float Time from MB! 40 40 ns Note 6
39 DEN Inactive from MB? 40 30 ns Note 4
40 DEN Active from MBI 35 30 ns Note 4

NOTE: 3 AEN s an asynchronous input This specification is for testing purposes only, to assure recognition at a specific

CLK edge
4 Control output load CI = 150pF
s
5 Command output load ClI = 300pF

6 Float condition occurs when output current is less then ILO 1n magnitude
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4.0v

0.45v

NOTE 7: AC Drive and Measurement Points — CLK Input

4.0v
3.6V 3.6V

\ 1.0v

[‘lsewp ~»ta— tHoLD A’

CLK INPUT
1.0v

0.45V

2.4v
OTHER :’:’:’:‘3’:’. 20v 20v
DEVICE 0,0.:.0.0.«:‘
INPUT ":’0:“:7/"
’:’"0‘:""0‘* 0.8V 0.8V
0.45V
e— tDELAY
K 2,0V
DEVICE
OUTPUT
0.8V
T

NOTE 8: AC Setup, Hold and Delay Time Measurement — General

DEVICE
OUTPUT

NOTE 9: AC Test Loading on Outputs
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WAVEFORMS

CLK CHARACTERISTICS
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WAVEFORMS (Continued)

READ CYCLE CHARACTERISTICS WITH MB=0 AND CEN =1
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WAVEFORMS (Continued)

CEN CHARACTERISTICS WITH MB=0

—Te Te Ts | Te—
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NOTE 1: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms.

5
>
JESIS

4-117 210471-004



I ADVANCE INFORMATION

82289
BUS ARBITER
FOR iAPX 286 PROCESSOR FAMILY

» Supports Multi-master System Bus m» Three Modes of Bus Release Operation for
Arbitration Protocol Flexible System Configuration

L] Synchroﬁizes 80286 Processor with Multi- = Supports Parallel, Serial, and Rotéting
master Bus Priority Resolving Schemes

= Compatible With Intel Bus Standard = Available in EXPRESé - Standard
Multibus®* (IEEE 796 Standard) Temperature Range

The Intel 82289 Bus Arbiter is a 5-Volt, 20-pin HMOS 11l component for use in multiple bus master iAPX 286
systems. The 82289 provides a compact solution to system bus arbitration for the 80286 CPU.

The complete IEEE 796 Standard bus arbitration protocol is supported. Three modes of bus release operation
support a number of bus usage models.

.

LLOCK#]
MULTIBUS
- . INTERFACE
STATUS | so#/HOLD PROCESSOR MULTIBUS BREG#
INPUTS 14 INTERFACE INTERFACE |« | pppny[SIGNALS
L wios# BPRO#
r CLK——1  STATE STATE  [+«— BCLK#
READY# MACHINE :> <:> MACHINE CBRQ#
LOCAL BUS Ri%UEST ‘ BUSY#
: Al
SYSTEM ) RELEASE INIT#
CONTROL LOCK# LOGIC -
ALWAYS #/CBQLCK #
SYSB/RESB #
RESET
AEN#
82289 .
mioxg 1 [ Vee
READY#[]2 19[St
SYSB/RESB#[]3 18 [JS0#/HOLD
ReseTl4 17fcLk
BCLK# 16 J LOCK#
INITE]6 15 [JALWAYSH
BREQ#[] 7 LLOCK# / CBQLCK#
BPRO#[]8  13[JAEN#
BPRN#[]9  12[1CBRQ#
GNDLOJ10  11[3BUSY#
# INDICATES FUNCTION IS ACTIVE LOW
Figure 1. 82289 Block Diagram Figure 2. 82289 Pin Diagram

Intel Corporation Assumes No Responsiblity for the Use of Any Circuitry Other Than Circuitry Embodied inan Intel Product No Other Circurt
. Patent Licenses are Implied Information Contained Herein Supercedes Previously Published Specifications of These Devices from Intel
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Table 1. 82289 Pin Definition

Symbol Pin(s) | Type " Name and Function

CLK 17 | SYSTEM CLOCK accepts the CLK signal from the 82284 Clock
Generator chip as the timing reference for the bus arbiter and
processor interface signals.

SO#/HOLD 18 | STATUS INPUT SO0# or HOLD is either the SO# status signal from
80286 or the HOLD signal from some other bus master. The function of
this input is established during the processor reset of the 82289 Bus
Arbiter. The 80286 S0# pin meets the setup and hold time requirements
of this pin.

The SO# piﬁ function is selected by forcing this input high during the
falling edge of processor reset. If the 82289 is used to support an 80286
processor, the SO# output of the processor will be high during reset.

In supporting the 80286 processor, the 82289 decodes the S0# pin
together with the other status input pins, S1# and M/10#, to determine
the beginning of a processor bus cycle and initiate bus request and
surrender actions.

The HOLD function of the SO#/HOLD pin is selected by holding this
input low during the falling edge of processor reset. When supporting
a bus master other than 80286, the 82289 monitors the HOLD signal to
initiate bus request and surrender actions.

Si#, M/IO# 19,1 | STATUS INPUTS are the status input signal pins from the 80286
processor. The arbiter decodes these inputs together with SO#/HOLD
input to initiate bus request and surrender actions. A bus cycle is
started when either S1# or S0# is sampled LOW at the falling edge of
CLK. The 80286 S1# and M/IO# pins meet the setup and hold time
requirements of these pins.

80286 Bus Cycle Status Encoding

M/10# S1# S0#/HOLD Type of Bus Cycle
Interrupt acknowledge
1/0 Read

1/0 Write

None; bus idle

Halt or shutdown .
Memory read

Memory write

None; bus idle

4a4a2a0000
_ OO0 A 00
N R N Y =)

When supporting the HOLD output of another bus master, the S1# and
M/10# pins must be held HIGH during Tg, the Status Cycle, for proper
operation.

SYSB/RESB# 3 | SYSTEM BUS/RESIDENT BUS# is an input signal which determines
when the multi-master system bus is required for the current bus cycle.
The signal can originate from address mapping circuitry such as a
decoder or PROM attached to the processor address and status pins.
The arbiter will request or retain control of the multi-master system bus
when the SYSB/RESB# pin is sampled HIGH at the end of the Tg bus
state.

During aninterruptacknowledge cycle, thisinputis sampled on every
falling edge of CLK starting at the end of the Tg state until either
SYSB/RESB# is sampled HIGH or the bus cycle is terminated by the
READY# signal. Setup and hold times for this pin must be met for
proper operation.
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Table 1. 82289 Pin Definition (continued)

Symbol Pin(s) | Type Name and Function

READY# 2 | READY# is an active-LOW signal which indicates the end of the bus
cycle. The 80286 halt or shutdown cycle does not require READY# to
terminate the bus cycle. Setup and hold times for this pin must be met |
for proper operation.

LOCK# 16 | LOCK # is a processor-generated signal which when asserted (LOW)
prevents the arbiter from surrendering the multi-master system bus to
any other bus arbiter, regardless of its priority. LOCK# is sampled by
the arbiter at the end of the Tg (status) bus state. Setup and hold times
for this pin must be met for proper operation.

ALWAYS#/ 15 1 ALWAYS RELEASE# or COMMON BUS REQUEST LOCK# can be
CBQLCK# programmed at processor reset to be either the ALWAYS RELEASE
(ALWAYS#) strapping option or the COMMON BUS REQUEST LOCK
(CBQLCK#) control input. Setup and hold times for this pin must be
met for proper programming.

When this pin is LOW during the falling edge of processor reset
(ALWAYS# option) the arbiter is programmed to surrender the multi-
master system bus after each bus transfer cycle. The 82289 will remain
in the ALWAYS RELEASE mode until it is reprogrammed during the
next processor reset.

The bus arbiter is programmed to support the COMMON BUS
REQUEST LOCK function by forcing this input pin HIGH during the
falling edge of the processor reset.

CBQLCK# itself is an active-LOW signal which when active prevents
the arbiter from surrendering the multi-master system bus to a
common bus request through the CBRQ# input pin.

RESET 4 | PROCESSOR RESET is an active-HIGH input synchronous to the
system clock (CLK). RESET is the processor initialization of the arbiter
to release the multi-master bus and clear any pending request.

INIT# 6 I | INITIALIZE# is an active-low Multibus signal used to reset all arbiters
on the Multibus system. It will cause the release of the multi-master
bus, but will not clear the pending bus master request so that the
arbiter can again request the multi-master bus. No arbiters have the
use of the muliti-master bus immediately after initialization. INIT#isan
asynchronous signal to CLK.

BCLK# 5 | BUS CLOCK# is the multi-master system bus clock to which the
multi-master bus interface signals are synchronized. BCLK# can be
asynchronous to CLK. '

BREQ# 7 O BUS REQUEST# is an active-LOW output signal used in the parallel
and rotating priority resolving schemes. The arbiter activates BREQ#
to request the use of the multi-master system bus. The arbiter holds
BREQ# active as long as it is requesting or has possession of the
multi-master system bus.

CBRQ# 12 | /O COMMON BUS REQUEST# is a Multibus signal that indicates when
(open-| an arbiter is requesting the Multibus. This pin is an open-drain
drain) | input/output requiring an external pullup resistor.

As an input CBRQ# indicates that another arbiter is requesting the
multi-master system bus. The input function of this pin is enabled by
the CBQLCK# signal. Setup and hold times for this pin must be met for
proper operation.

As an output CBRQ# is asserted to indicate that this arbiter is
requesting the Multibus. The arbiter pulls CBRQ# low when itissues a
BREQ#. The arbiter release CBRQ# when it obtains the Multibus.
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Table 1. 82289 Pin Definition (continued)

Name and Function

BUS PRIORITY IN# is an active-low input indicating that this arbiter
has the highest priority of any arbiter requesting the system bus.
BPRN# HIGH signals the arbiter that a higher priority arbiter is
requesting or has possession of the system bus. Setup and hold times
for this pin must be met for proper operation.

BUS PRIORITY OUT# is an active-low output signal used in the serial
priority resolving scheme. BRPO# is connected to BPRN# of the next
lower priority to grant or revoke priority from that arbiter.

BUSY# is a Multibus signal which is asserted when the system bus
BUSY# is an open drain input/outant requiring an external pullup
As an input BUSY# asserted indicates when the Multibus is in use.

Setup and hold times must be met for proper operation.

As an output BUSY# is asserted to signal when this arbiter has taken

ADDRESS ENABLE# is the output of the arbiter which goes directly to
the processor’s address latches, the 82288 Bus Controller and the
82284 Clock Generator. AEN# asserted causes the bus controller and
address latches to enable their output drivers. AEN# also drives the
clock generator ARDYEN# input to enable its asynchronous ready

AEN# can‘also be used as an active-LOW Hold Acknowledge to a bus
master other than 80286. It signals to the bus master that control of the
system bus has been relinquished when AEN# is inactive (HIGH).

Note that AEN# goes active relative to BCLK# and goes inactive

LEVEL LOCKH# is an active-low output signal decoded from processor
LOCK# signal. LLOCK# can be used as Multibus LOCK# when
buffered with a tri-state buffer enabled by the AEN# signal. LLOCK#
will be cleared by RESET but not by INIT#.

Symbol Pin(s) | Type
BPRN# 9 |
BPRO# 8 (0]
BUSY# 11 1/0
(open-| isin use.
drain)
resistor.
‘ control of the Multibus.
AEN# 13 (e}
input (ARDY#).
relative to CLK.
LLOCK# 14 (@)
Vee 20 | +5 volts supply voltage
GND 10 | Ground

FUNCTIONAL DESCRIPTION

determine which bus cycles require the system bus

The 82289 Bus Arbiter in conjunction with the 82288
Bus Controller and the 82284 Clock Generator
interfaces the 80286 processor or some other bus
master to a multi-master system bus. The arbiter
multiplexes a processor onto a multi-master system
bus. It avoids contention with other bus masters.

The 82289 has two separate state machines which
communicate through bus request and release
logic. The processor interface state machine is
synchronous with the local system clock (CLK) and
the multi-master system bus interface state machine
is synchronous with the bus clock (BCLK#).

The 82289 performs all signalling to request, obtain,
and release the system bus. External logic is used to

and to resolve priorities of simultaneous requests
for control of the system bus.

82289 with 80286

In an iAPX 286 system using an 82289 Bus Arbiter,
the 80286 processor is unaware of the arbiter’s
existence and issues cammands as though it had
exclusive use of the multi-master system bus such
as Multibus™. If the processor cycle requires
Multibus access, the arbiter requests control of the
Multibus. Until the request is granted the 82289
keeps AEN# disabled to prevent the 82288 Bus
Controller and the address latches from accessing
the Multibus. AEN# inactive also disasserts the
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asynchronous ready enable (ARDYEN#) input of
the 82284 clock chip so that the system bus will
appear as “NOT READY” to the 80286 processor.

Once the 82289 Bus Arbiter ha acquired the bus, it
will assert AEN# allowing the 82288 Bus Controller
and the address latches to access the system bus
and asserting the ARDYEN# input of the 82284
Clock chip.

Typically, once the data transfer command has been
issued by the 82288 and the data transfer has taken
place, a transfer acknowledge (XACK#) signal is
returned to the processor on the multi-master
system bus to indicate “Ready” from the accessed
slave device. The processor remains in a series of
“Wait States” (Repeated Tc states) unitl the ad-
dressed device responds with XACK# asserted
signal to the 82284 ARDY# input and the 82284
asserts READY# to the processor. The processor
then completes its bus cycle.

82289 with other Bus Masters

When supporting other bus masters, the SO#/HOLD
and READY# pins of the bus arbiter can be connected
to the ‘Hold’ pin of that master. The inverted AEN#
signal from the 82289 can be used as the hold
acknowledge (HLDA) input for the other bus master.

The bus master sends a HOLD signal to the bus
arbiter when it needs the system bus for a memory
access. If the arbiter currently controls the system
bus, AEN# will be active. Otherwise, AEN# will be
inactive and the arbiter will request control of the
system bus. The bus master will have to wait until
the 82289 has asserted AEN# (LOW), before it starts
its bus cycle.

When the bus master no longer requires the Multibus
itwill have to inactivate the HOLD signal. The arbiter
interprets the Multibus access as a single bus cycle
which is terminated by HOLD going inactive (LOW).
Thus the arbiter will not release the Multibus to any
other bus master during a bus access cycle.

Processor Cycle Definition

Any iAPX 286 system which gains access to the
Multibus through the 82289 Bus Arbiter uses an
internal clock which is one half the frequency of the
system clock (CLK) (see figure 3). Knowledge of the
phase of the local bus master internal clock is
required for proper 82289 control of the iAPX 286
interface to Multibus. The local bus master informs
the bus arbiter of its internal clock phase when it
asserts the status signals. The 80286 SO# and S1#
status signals are always first asserted in phase 1 of
the local bus master’s internal clock.

‘ONE PROCESSOR CLOCK CYCLE>|
ONE BUS T-STATE ——

. PHASE 1 PHASE 2
OF PROCESSOR ->‘<— OF PROCESSOR —D‘
CLOCK CYCLE CLOCK CYCLE

CLK |‘ / \ / N

ONE SYSTEM

CLK CYCLE

PCLK

Figure 3: CLK Relationship to Internal Processor
Phase, and Bus T-States

Bus State Definition

The 82289 Bus Arbiter has three processor bus
states (see figure 4): Idle (T}), Status (Tg), Command
(T¢). Each bus state is two CLK cycles long. Bus
state phases correspond to the internal CPU pro-
cessor clock phases.

NEW CYCLE

NEW CYCLE
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Figure 4: 82289 Processor Bus States
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Bus Cycle Definition

The S1# and SO# status inputs are sampled by the
82289 on the falling edge of CLK and signal the start
of a bus cycle by going active (LOW). The Tg bus
state is defined to be the two CLK cycles during
. which either S1# or SO# is active (see figure 5).
When either S1# or SO# is sampled LOW, the next
CLK cycle is considered the second phase of the
associated processor clock cycle.

The arbiter enters the T bus state after the T state.
The shortest bus cycle may have one Tg state and
one T state. Longer bus cycles are formed by
repeating T states. A repeated Tg bus state is
called a wait state.

The READY# input determines whether the current
T bus state is to be repeated. The READY# input
has the same timing and effect for all bus cycles.
READY# is sampled at the end of each T bus state
to see if it is active. If sampled HIGH, the T bus
state isrepeated. Thisis called inserting a wait state.

When READY# is sampled LOW, the current bus
cycle is terminated. Note that the bus arbiter may
enter the Tg bus state directly from T if the status
lines are sampled active (LOW) at the next falling
edge of CLK (see Figure 5). If neither of the status
lines are sampled active at that time the 82289 will
enter the T, bus state. The T, bus state will be
repeated until the status inputs are sampled active.

Ve
CLK
Ve

Sie50 VM

FROM
CPU vy,

PHASE 1

Sample
READY

Figure 5: 80286 Bus Cycle Definition (without wait states)

Arbitration Between Bus Masters

The Multibus protocol allows multiple processing
elements to compete with each other to access
common system resources. Since the local 80286
processor does not have exclusive use of the system
bus, if the Multibus is “BUSY” the 80286 processor
will have to wait before it can access the system bus.

The 82289 Bus Arbiter provides an integrated
solution for controlling access to a multi-master
system bus. The bus arbiter allows both higher and
lower priority bus masters to acquire the system bus
depending on which release mode is used. In
general, higher priority masters obtain the bus
immediately after any lower priority master com-
pletes its present transfer cycle. Lower priority bus
masters obtain the bus when a higher priority
master is not accessing the system bus or the
proper surrender conditions exist. The 82289 handles

4-123

this arbitration in a manner completely transparent
to the bus master (e.g. 80286 processor).

At the end of each transfer, the arbiter may retain or
release the system bus. This decision is controlled
by the processor state, bus arbitration inputs and
arbiter strapping options. (See Releasing The
Multibus, ahead).

Priority Resolving Techniques

Some means of resolving priority between bus
masters requesting the multi-master bus simulta-
neously must be provided. The 82289 Bus Arbiter
supports parallel, serial, and rotating system bus
priority resolving techniques. All of these techniques
are based on the concept that at a given time, one
bus master will have priority above all the others.
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@ LOWER PRIORITY BUS ARBITER RELEASES BUSY.

@ HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS ANDPULLS BUSY LOW.

®

Figure 6: Bus Exchange Timing For The Multibus

An individual arbiter is the highest priority arbiter
requesting the Multibus when its BPRN# input is
asserted (LOW). The highest priority -requesting
arbiter cannot immediately seize the system bus. It
must wait until the present bus transaction is
completed. Upon completing its current transaction
the present bus owner surrenders the bus by releas-
ing BUSY#.

BUSY# is an active-low ‘Wired-OR’ Multibus signal
which goes to every bus arbiter on the system bus.
When BUSY# goes inactive, the arbiter which has
requested the system bus, and presently has bus
priority (BPRN# LOW), seizes the bus by pulling
BUSY# LOW (See waveform in Figure 6).

The generation of a multi-master bus request
(BREQ#) is controlled by the type of bus cycle and
the SYSB/RESB# input. Whenever the processor
signals the status for memory read, memory write,
1/O read, I/0 write or interrupt acknowledge cycle,
and SYSB/RESB# is HIGH at the end of Tg, a bus
request is generated.

When the status inputsindicate'aninterruptacknow-
ledge bus cycle, the arbiter allows external logic to
decide (through the SYSB/RESB# input) whether
the interrupt acknowledge cycle should use the
Multibus.

Figure 7 shows how SYSB/RESB# is repeatedly
sampled until it is sampled HIGH or the bus cycle is
terminated. If the bus cycle is completed (READY#
is sampled LOW) before SYSB/RESB# is sampled
HIGH, the arbiter will not request the Multibus.

The 82289 bus Arbiter does not generate a separate
BREQ# for each bus cycle. Instead the 82289
generates BREQ# when it requests the bus and
holds BREQ# active during the time that it has
possession of the bus. Note that all multi-master
system bus requests (via BREQ#) are synchronized
to the system bus clock (BCLK#).

Parallel Priority Resolving Technique

The parallel priority resolving technique requires a.
separate bus request line (BREQ#) for each arbiter
on the multi-master system bus (see Figure 8). Each
BREQ# line enters a priority encoder which gener-
ates the binary address of the highest priority
BREQ# line currently active. The binary address is
decoded to select the BPRN# line corresponding to
the highest priority arbiter requesting the bus. In a
parallel scheme, the BPRO# output is not used.

The arbiter receiving priority (BPRN# LOW) then
allows its associated bus master onto the multi-
master system bus as soon as the bus becomes
available (i.e., the bus is no longer busy). Any
number of bus masters may be acomodated in this
way, limited only by the complexity of the external
priority resolving circuitry. Such circuitry must
resolve the priority within one BCLK# period.

Serial Priority Resolving Technique

The serial priority resolving technique eliminates
the need for the priority circuitry of the parallel
technique by daisy-chaining the bus arbiters to-
gether, that is, connecting the higher priority
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arbiter's BPRO# output to the BPRN# of the next together in the senal prionty is limited by arbiter
lower priority arbiter (see Figure 9). The highest BPRN# to BPRO# propagation delay (18 ns). For a
priority bus arbiter would have its BPRN# tied LOW 10 MHz Muitibus BCLK#, five 82289 Bus Arbiters

in this configuration, signifying to the arbiter that it may be connected together in serial configuration.
always has the highest priority when requesting the

system bus. In a serial scheme, the BREQ# outputis Maximum number of chained-priority devices =
not used.

BCLK# period

Since arbitration must be resolved within one BPRN# to BPRO# delay
BCLK# period the number of arbiters connected

ck [
SO#/HOLDeS1# [
mnot [
SYSB/RESB# [
READY# [
BCLK# [
BREQ# [

BPRO# [

1

J\_/'ﬁk_/_‘%_/_\»_/—! A VAR NIV —
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7,
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Figure 7: Bus Request Timing During an Interrupt Acknowledge Cycle
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Figure 8: Parallel Priority Resolving Technique
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Figure 10: Serial Priority Bus Behavior

When using the serial priority resolving scheme, a
higher priority arbiter (for example, arbiter 2, Figure
9) passes priority to the next lower priority arbiter
(arbiter 3) by asserting its BPRO# signal (LOW).
This asserts BPRN# of next arbiter (arbiter 3) as
shown in Figure 10-a & 10~b. An arbiter's BPRO# is
asserted if the arbiter has priority (BPRN# is
asserted) but is not accessing or requesting the
system bus (as indicated by BREQ# inactive as
shown in Figure 10-c and 10-e for arbiter 3).
Whenever a higher priority arbiter (arbiter 3) issues
a bus request its BPRO# goes inactive causing the
next lower priority arbiter (arbiter 4) to lose its bus
priority (Figure 10-f). Any arbiter (arbiter 3) will also

/

bring its BPRO# inactive if its BPRN# goes inactive
(from arbiter 2), thereby passing the loss of bus
priority on to the lower priority arbiters (e.g. arbiter
4) as shown in Figure 10-d.

Rotating Priority Resolving Technique

The rotating priority resolving technique is similar
to the parallel priority resolving technique except
that priority is dynamically re-assigned. The priority
encoder is replaced by a more complex circuit
which rotates priority between requesting arbiters,
thus allowing each arbiter an equal chance to use
the multi-master system bus over a given period of
time. R
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Selectfng the Appropriate Priority
Resolving Technique

The choice of a priority resolving technique involves
a tradeoff between external logic complexity and
ease of Multibus access for the different bus mas-
ters in the system. The rotating priority resolving
technique requires a substantial amount of external
logic, but guarantees all the bus masters an equal
opportunity to access the system bus. The serial
priority resolving technique uses no external logic
but has fixed bus master priority levels and can
accommodate only a limited number of bus arbiters.
The parallel priority resolving technique isin general
a compromise between the other two techniques.
(Forexample parallel priority configurationin Fig. 8
allows up to eight arbiters to be present on the
Multibus, with fixed priority levels, while not requir-
ing a large amount of complex external logic to
implement.)

Releasing the Multibus

Following a data transfer cycle on the Multibus, the
82289 Bus Arbiter can either retain control of the
system bus or release the bus for use by some other
bus master. The 82289 can operate in one of three
modes, defining different conditions under which
the arbiter relinquishes control of the multi-master
system bus. These release modes are described in
Table 2.

Conditions under which the Bus
Arbiter releases the system bus
(unless cycles are LOCKed)

Release
Mode

Mode 1 The Bus Arbiter always releases the

bus at the end of each transfer cycle

Mode 2 The Bus Arbiter retains the bus until:

® a higher-priority bus master re-
quests the bus, driving BPRN#
HIGH

® alower-priority bus master requests|
the bus by pulling CBRQ# LOW

Mode 3 The Bus Arbiter retains the bus until:

® a higher-priority bus master re-|
quests the bus, driving BPRN#
HIGH. (CBRQ# LOW ignored)

Table 2: 82289 Release Modes

If the arbiter was programmed to operate in the
Always Release mode (Mode 1) during the previous
reset, it will surrender the Multibus after each
complete transfer cycle. If the arbiter is not in the
Always Release mode, it will not surrender the bus
until the local 80286 processor enters a halt state,
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the arbiter is forced off of the bus by the loss of
BPRN# (Mode 2 or 3), or by acommon bus request
when the CBRQ# input is enabled by the CBQLCK#
input (Mode 2).

CBRQ# can save the bus exchange overhead in
many cases. If CBRQ# is high, it indicates to the bus
master that no other master is requesting the bus
and therefore the present bus master can retain the
bus. Without CBRQ#, only BPRN# indicates whether
or notanother master Is requesting the bus and, that
only if the other master is of higher priority. Between
the master’s bus transfer cycles, in order to allow
lower priority masters to take the bus if they need it,
the master must give up the bus. At the start of the
master's next transfer cycle, the bus must be
regained. If no other master has the bus, this can
take approximately two BCLK# periods. To avoid
this overhead of unnecessarily giving up and regain-
ing the bus when no other masters need it, CBRQ#
is extremely useful. Any master that wants but does
not have the bus, must assert CBRQ# (LOW). If
CBRQ# line is not asserted the bus does not have to
be released, thereby eliminating the delay of
regaining the bus at the start of the next cycle.

The LOCK# input to the arbiter can be used to over-
ride any of the conditions shown in Table 2. While
LOCKH# is asserted, the arbiter will not surrender
control of the Multibus to any otherrequesting arbi-
ter. Note that the arbiter will surrender the Multibus
(synchronous to BCLK#) either in response to
RESET or INIT# signals independent of the current
release mode or the state of the arbiter inputs.

The three bus release modes have the same opera-
tion when supporting either the 80286 processor or
some other bus master.

Selecting the Appropriate Release Mode

The choice of which release mode to use may affect
the bus utilization of the individual subsystems, and
the system as a whole. Mode dependent perfor-
mance variations are due to the bus acquisition/
release overhead. The effect of these acquire and
release times on system bus efficiency is illustrated
in Figure 11.

Anisolated transfer on the multi-master system bus
is depicted in Figure 11-a. Figure 11-b shows utiliza-
tion for the bus arbiter operating in Mode 1. The
arbiter must request and release the system bus for
each transfer cycle. Lower priority arbiters have
easy access to the system bus, but overall bus effi-
ciency is low. Bus utilization for a bus arbiter operat-
ing in Mode 2 or 3 is shown in Figure 11-c. In this
situation the arbiter acquires the bus once for a
sequence of transfers. The arbiter retains the bus
until forced off by another bus master’s request as
defined in Table 2
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A AcQUIREY TRANSFER\/RE| EAS
:X TIME X CYCLE TIME

B. :XACQUIREXI‘RANSFEFX‘ELEASEXACQUIREx TRANSFERX?ELEAS%CQUIREXTRANSFE%ELEASXACQUIREX:
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Figure 11: Effects of Bus Contention on Bus Efficiency

The three release modes of the 82289 allow the hardware. the 82289 can also be configured to
designer to optimize the system use of the Multibus. switch between Mode 2 and Mode 3 under software

control of the 80286 processor, requiring that a
Configuring the 82289 Release Mode parallel port or addressable latch be used to drive

) i . the ALWAYS#/CBQLCK# input pin of the 82289 (see
The 82289 Bus Arbiter can be configured in any of Figure 12).

its three bus release modes without additional

822889 822889
RESET ——>|RESET RESET ——{RESET
r ALWAYS/CBALCK Vcc ——| ATWAYS/CBQALCK
MODE1 . MODE 2
822889
822889
RESET RESET RESET JRESET
ALWAYS/CBQLCK Q ALWAYS/CBQLCK
*
MODE 3 PARALLEL [P ¢
DATA 1/0 OR A
ADDRESSABLE
LATCH
ENABLE—* <} MULTIBUS BCLK
SELECTABLE BETWEEN MODES 2 AND 3
* WHEN HIGH THE 82289 IS IN MODE 2;
WHEN LOW THE 82289 IS IN MODE 3.

Figure 12: 82289 Release Mode Configurations
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Asserting the LOCK# Signal

Independent of the particular release mode of the
82289 Bus Arbiter, the 80286 processor can assert a
LOCKi# signal synchronously to CLK to prevent the
arbiter from releasing the Multibus. This software-
controlled LOCK# signal prevents the 82289 from
surrendering the system bus to any other bus mas-
ter, whether that bus master is of higher or lower
priority. The LOCK# signal is typically used for
implementing software semaphores for shared re-
sources or for critical processes that must run in
real-time.

The 82289 LLOCK# output is the Multibus signal
asserted during all bus cycles which are locked
together. The LLOCKH# is set or reset depending on
processor LOCK# at the end of the Tg cycle. The
LLOCK# will delay going inactive until the termina-
tion of the current transfer cycle.

The 82289 will continue to assert the LLOCK# sig-
nal, retaining control of the Multibus, until the end of
the first 'unLOCKed’ 80286 bus cycle (80286 dis-
ablesits LOCK# outputon the last bus cycle indicat-
ing that no future locked cycles are needed). While
the LOCK# signal will force the arbiter presently in
control to hold the system bus, it cannot force
another arbiter to surrender the bus any earlier than
it normally would.

The LLOCK# signal from the 82289 must be con-
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nected to a tri-state buffer in order to drive the Multi-
bus LOCK# signal. This tri-state buffer should be
enabled by the AEN# signal from the arbiter going
active.

82289 Reset and Initialization

The 82289 Bus Arbiter provides the RESET and
INIT# pins for initialization. RESET is a CLK syn-
chronous signal from the 80286 processor and
INIT# is an asynchronous signal on the multi-
master system bus. By having RESET pin high or
INIT# pin low, the BREQ#, BUSY#, and AEN# output
pins will all be clearedand become inactive. RESET
will also clear the LLOCK# signal. Unlike RESET,
INIT# will not clear any pending bus request; the
bus request would be asserted after the INIT# signal
goes inactive.

“ |
Note that when the 82289 is initialized by the RESET
inputitdoes not wait until the end of the currentbus
cycle to reset. Any bus cycle in process when
RESET goes active will be aborted by the arbiter.
Although the INIT# signal will also interrupt an
active bus cycle, the arbiter can request the Multi-
bus and complete the bus cycle when INIT# goes
inactive.

As mentioned in the Table 1 Pin Description and
Figure 12, the functions of the SO#/HOLD pin and
the release mode (ALWAYS#/CBQLCK# pin) are
programmed at the falling edge of RESET.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature *Notice: Stresses above those listed under "Absolute
UnderBias ............ccoueen. 0°C to 70°C Maximum Ratings” may cause permanent damage
Storage Temperature .......... -65°C to +150°C to the device. This is a stress rating only and
Voltage on Any Pin With functional operation of the device at these or any
RespecttoGND ................. -0.5V to +7V other conditions above those indicated in the opera-
Power Dissipation ............ccovveen.n 1 Watt tional sections of this specification is not implied.

Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

Electrical Characteristics and Waveforms

D.C. Characteristics (T, = 0° to 70°C, V¢ = 5V =+ 5%)

Preliminary
Symbol Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -0.5 .8 \'
Viy Input High Voltage 20 Vec + 0.5 v
ViLe CLK Input Low Voltage -0.5 .6 v
Vie CLK Input High Voltage 3.8 Vec + 1.0 \'
Output Low Voltage:
VoL BUSY#, CBRQ# 45 % lo, = 32mA
BPRO#, BREQ#, AEN# 45 Vv loL = 16mA
LLOCK# 45 v loL = 5mA
VoH Output High Voltage 24 \" lon = 400 A
Iy Input Leakage Current 1;10 r‘:& g\‘; 55V\7<; NV'<NOS 4\5/\0/0
Lo Output Leakage Current +10 MA 0.45V < Voyr < Veo
lce Power Supply Current 120 mA
Ccrk CLK, BCLK# Input Capacitance 12 pF Fc=1MHz
Cin Input Capacitance 10 pF Fc=1MHz
Co Input/Output Capacitance 20 pF Fc=1MHz
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A.C. Characteristics (T, = 0°C to 70°C, Vg = 5V + 5%)
AC timings are referenced to 0 8V and 2.0V pomts of signals as illustrated in datasheet waveforms, unless
otherwise noted.

Preliminary | Preliminary Shown
6MHz 8MHz Test in

Sym Parameter Min. |Max.| Min. | Max.| Unit | Conditions| Figure
1 | CLK Cycle Period BS 2% -
2 CLK Low Time 20 225 15 230 | ns at1.0Vv 13
3 CLK High Time 25 230 20 235 | ns at36V 13
4 CLK Rise/Fall Time 10 10 ns [10to36V 13
5 BCLK# Cycle Time 100 o 100 o0 ns 13
6 BCLK# High/Low Time 30 30 ns 13
7 SO0#/HOLD, S1#, M/I0# Setup 28 22 ns 13
8 SO#/HOLD, S1#, M/I0# Hold 1 1 ns 13
9 READY# Setup 50 38 ns 13
10 READY# Hold Time 35 25 ns 13

1 LOCK#, SYSB/RESB# Setup Time 28 20 ns 13,18

12 LOCK#, SYSB/RESB# Hold Time 1 1 ns 13, 18
13 RESET Setup Time 28 20 ns 19
14 RESET Hold Time 1 1 ns 19
15 RESET ACTIVE Pulse Width 16 16 CLKs| ' 19
16 INIT# Setup Time 45 45 ns Note 9 20
17 INIT# Hold Time ‘ 1 1 ns Note 9 20
18 | INIT# Active Pulse Width +§m‘)‘) é::‘)‘) . 20

BUSY#, BPRN#, CBRQ#, .
19 CBQLCK#/ALWAYS# Setup 20 20 : ns 13,15, 21
to BCLK# (or to RESET)

BUSY#, BPRN#, CBRQ#,

20 CBQLCK#/ALWAYS# Hold / 17 1 ns © 118,15, 21
to BCLK# (or to RESET)

21 BCLK# to BREQ# Delay 30 30 ns Note 1 13, 14
22 BCLK# to BPRO# Delay 35 35 | ns Note 2 17

23 BPRN# to BPRO# Delay 25 25 | ns Note 2 17

24 BCLK# to BUSY# Active Delay 1 60 1 60 | ns Note 3 13

25 BCLK# to BUSY# Float Delay 35 35 | ns Note 4 13, 14
26 BCLK# to CBRQ# Active Delay 55 55 | ns Note 5 13

27 BCLK# to CBRQ# Float Delay 35 35 ns Note 4 13,20
28 BCLK to AEN# Active Delay 1 25 1 25 | ns Note 6 13

29 CLK to AEN# Inactive Delay 3 25 3 25 | ns Note 6 13,14
30 CLK to LLOCK# Delay 20 20 ns Note 7 18

31 RESET to LLOCK# Delay 35 35 ns Note 7 19
32 CLK to BCLK# Setup Time 38 38 ns Note 8 |13, 16, 20

NOTES:

NOTE 1. BREQ# load C, = 60pF

NOTE2 BPRO#load C, = 60pF

NOTE3 BUSY#load C = 300pF

NOTE 4  Float condition occurs when output current is less that |, o in magnitude

NOTE5 CBRQ#load C, = 300pF

NOTE6 AEN# load C = 150pF

NOTE7 LLOCK# load C = 60pF

NOTE 8 In actual use, CLK and BCLK# are usually asynchronous to each other However, for component testing
purposes, this specification is required to assure signal recognition at specific CLK and BCLK# edges

NOTEQ INIT# 1s asynchronous to CLK and to BCLK# However for component testing purposes, this specification I1s
required to assure signal recognition at specific CLK and BCLK# edges
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NOTE 11: AC Setup, Hold and Delay Time Measurement — General
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NOTE 12: AC Test Loading on Outputs
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Waveforms

The ‘waveforms (Figure 13-21) show the timing
relationships of the inputs and the outputs and do
not show all possible transitions of all signals in all
modes. Instead, all signal timing relationships are
shown via the general cases. Special cases are
shown when needed.

Tofind the timing specification for a signal transition
in a particular mode, first look for a special case in
the waveforms. If no special case applies, thenusea
timing specification for the same or related function
in another mode.

The 82289 Bus Arbiter serves as an interface
between the iAPX 286 subsystem which operates
synchronous to the CLK signal and Multibus which
operates synchronous to BCLK# signal. CLK and
BCLK# generally operate asynchronously to each
other and at different frequencies. Thus, the exact

clock period in which an input synchronous to one
clock will cause a response synchronous to the
other clock depends on the relative phase and
frequency of CLK and BCLK# at the time the inputis
sensed. '

One strict relation between CLK and BCLK# must
be maintained for proper Multibus arbitration. If the
CLK period is too long relative to BCLK# period (t1
greater than t5 + 50ns), another arbiter could gain
control of the system bus before this arbiter has
released AEN# synchronous to its CLK. This situa-
tion arises since the release of AEN# is synchronous
to the next falling CLK edge after the processor
cycle ends but the release of BREQ# and BUSY# is
synchronous to the next falling BCLK# edge after
the processor cycle ends. In practice, any CLK
frequency greater than 6.66MHz (ie. 80286 processor
speeds greater than 3.33MHz) will avoid conflict
with a 10MHz BCLK#. Therefore all 80286 speed
selections are Multibus compatible.
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Figure 13: Multibus Acquisition and Always-Release Operation
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Figure 14: Multibus Release due to BPRN# Inactive
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Figure 15: Multibus Release due to CBRQ# Active
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Figure 16: Multibus Acquisition During 80286 INTA Cycles
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ntel“’ 82289 ADVANGCE INFORMATION
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Figure 18: 80286 LOCK# and 82289 LLOCK# Relationship
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Figure 19: RESET Active Pulse
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ntel’ 82260  ADVANGE INFORMATION
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Figure 20: INIT# Active Pulse
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Figure 21: Programming the Always-Release/Common-Bus-Request-Release Option
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ALABAMA

intel Corp
5015 Bvadlord Drive

Hun!swlle 35805
Tel (205) 830-4010

ARIZONA

Intel Corp

11225 N 28th Drive
Sutte 214D

Phoenix 85029

Tel (602) 869-4980

Intel Corp

1161 N EI Dorado Place
Suite 3

Tucsor

Tel (soz) 299 6815

CALIFORNIA
Intel Corp
g|5|5 Vanowen Street
|l
Pavk 913
Tel ?éam) 7044 8500

Intel Corp
2250 g Fimperial Highway

Suite

El S 090245
Tel (i |3) 640 6040
Intel Corp

1010 Hurley Way
Sute

Sacramenlo

Tel (916) 929 4075

Intet Corp
4350 Execullve Drive

te 150
San Diego 92111
(619) 452-5880
Intel
2000 Easl 4th Street
Suite
Santa Ana 92705
Tel (714) 835-9642
TWX  910-595-1114

Intel Corp

1350 Shoreblrd Way
Mt View 94043

Tel (415) 968-8086
TWX  910-339-9279
910-338-0255

COLORADO

Intel Corp

4445 Nonhpark Drive
Sutte 1

Cotorado Springs 80907
Tel (303) 594-6622

Intel Corp
650 S Cherry Street

Denver 80222
Tel (303) 321-8086
TWX  910-931-2289

CONNECTICUT

Intel Cor

26 Mill Plan Road
Danbury 06810

Tel (203) 748-3130
TWX  710-456-1199

EMC Corp

222 Summer_Street
Stamford 06901

Tel (203) 327-2934

FLORIDA

intel Corp

242 N Westmonte Drive
Sute 105

Altamonte Springs 32714
Tel (305) 869-5588

Intel Corp

18500 NW 62nd Street
uite

Ft Lauderda!e 33309
Tel (305)

TWX 510+ 956 9407

DOMESTIC SALES OFFICES

FLORIDA (Cont'd)

Intel Corp

11300 4th Street South
Suite 170

St Petersburg 33702
Tel (813) 577-2413

GEORGIA

Intel Corp
3280 Pointe Parkway
Suite 200

Norcross 3009:

Tel (404) 449054‘
ILLINOIS

Intel Corp *

2550 Gulf Road

Sutte 815

Rolling Meadows 60008
Tel (312) 981-

TWX  910-651 5881

8777 Purdue Road

lndmnapolls 46268
Tel (317) 875-0623

1OWA
& anarews Bulldmg

1830 St_Andrews Drve NE
Cedar_Rapids

Tel (319) 393- &0
KANSAS

Intel Corp
8400 W 110t Sireat

Ovevland Park 66210
Tel (913) 642-8080

LOUISIANA

Industrial Digital Systems Corp
Tel (504) 899-1654

MARYLAND

Intel Corp *
7321 Parkway Drive South

Suite

Hanover 21076

Tel (301) 796-7500
TWX  710-862-1944

Intel Corp
7833 Walker Dnve
Greenbel
Tel (30‘) 441 1020
MASSACHUSETTS
Inlel Corp

Industrial Avenue
Chelmslod 01824
Tel (617) 256-1800
TWX  710-343-6333

MICHIGAN

Intel
7071 Orchard Lake Road

Suite
West Bloom!leld 48033
Tel (313) 851-8096

MINNESOTA

intel Corp
3500 W 80th Street

Bloomlnglon 55431
Tel (612) 8356722
TWX ' 910-576-2867
MISSOURI

intel Corp
4203 Eanh City Expressway
Sune

Tel (314) 291-19@0

NEW JERSEY

intel C

Rartan Plaza il
Raritan Center
Edison 08837

Tel (20‘) 225-3000
TWX  710-480-6238

NEW MEXICO

Intel Corp
8500 Menual Boulevard NE
Sute B 295
Albuauarqua 87112

(505) 292-8086

NEW YORK

intel Corp *

300 Vanderbilt Motor Parkway
Hauppat 11788

Tel (5\(8 231-3300

TWX  510-227-6236

Intel Corp
Sulle ZB Hollnmbrook Park

15 orners
prpmger Falls ‘2590
Tel (914) 297-6161
510-248-0060

Intel Corp

21 Whnto Spmoe Boulevard
Rochester 1462:

Tel (716) 424 1050

TWX  610-253-7391

T-Squared
6443 Ridings Road
Syracuse 132
Tel (315) 463 8592
TWX  710-541-0554

T~S<3uared

7353 Pittsford-Victor Road
Victor 14564

Tel (716) 924-9101

TWX  510-254-8542

NORTH CAROLINA
Intel Corp
2700 Wyt Road

HAI h 276
Tel (9(9) 761 8022

OHIO

Intel Corp *

6500 Poe Avenue

Dayton 45414

Tel (513) 890-5350
TWX  810-450-2528

Intel er
Chagrin-Branard Bldg, No 300
28 1 Chagnn Boulevard

Ts| (216) 454 2736
TWX  810-427-9298

OKLAHOMA

Intel Corp
4157 s Harva!d Avenve
Suu

Tel (916) 749-8688
OREGON

intel Corp
10700 SW Beaverton
Hilscale Highway

Beaveggn) 97005
TWX 910~ 467 5741

PENNSYLVANIA

Intel Corp

455 Pennsytvama Avenue
Fort Washington 19034

Tel (215) 641-1000

WX 510-661-2077

Intel Corp *

400 Penn Center Boulevard
Sul(e 6

Tel (4| 2) 823-4970

PENNSYLVANIA (Cont'd)

QED Electronics
139 Terwood Road
Willow Grove 19090
Tel (215) 657-5600

TEXAS

intel Corp *

12300 Ford Road
Sute 380

Dallas_ 75234

Tel (214) 241-8087
TWX  910-860-5617

Intel Corp *
7322 SW Freeway
Sutte 1490

Houston 77074

Tel (713) 988-8086

TWX  910-881-2490

Industrial D;gnlul Systems Corp
5925 Sovere

Sle 101

Houston 77036

Tel (713)988-9421

Intel Corp
313 E_Anderson Lane
Sutte 314

Austin 78752
Tel (512) 454-3628
UTAH

Intel Corp
5201 Green Street
Sute 29

Salt Lake Cif
Tel (801) 26 ~805‘
VIRGINIA

Intet Corp
1603 Sanw Rosa Road
Sul(e !

23288
T 809 2425668
WASHINGTON

Intel Corp

110 ||Oth Avenue NE
Sute 510

Bellevue 98004

Tel (206) 453-8086
WX 910-443-3002

Intel Corp
408 N Mullan Road
Sute 102

pokane 99206

Tel (509) 928-8086
WISCONSIN

Intel Corp

450 N Sunnyslope Road
Sutte 130

Chancellory Park |

Brookfield 53005
Tel (414) 784-8087

CANADA
ONTARIO

Intel Semiconductor of Canada, Ltd

Sutte 202. Bell Mews
39 Highway 7
Nepea H 8R2
(613 329-9714
TELEX 53-4115

Intel Semiconductor of Canada, Ltd

190 Attwell Drive
Sutte

Rexdale MW 6H8
Tel (416) 6752105
TELEX 06983574

‘QUEBEC

Intel Semiconductor of Canada, Ltd

Co(e Vertu Rd
Suie
St Laursnl H4R 1v4
Tel (514) 334-0560
TELEX 05-824172

*Field Application Location



ALABAMA

tArrow Electronics, Inc
3611 Memortal Parkway So
Huntsville 35801

Tel (205; 882-2730

t::mnnon/Avnel Electronics

Tel (205) 837-7210
TWX  810-726-2162
tPioneer Electronics
1207 Putnam Drive NW
Huntsville 35805

Tel (205) 837-9300
TWX ~ 810-726-2197
ARIZONA
‘tHamiiton/Avnet Electromcs
505 S Madison Drive
Tempe 85281

Tel (602) 231-5140
TWX  910-950-0077

Wyle Distnbution Group
8‘ 5 N 24Qh Aver

Tel (602 249—2232
10-951-4282

CALIFORNIA

tArrow Electronics, Inc
521 Weddell Drive
Sun le 94086

Tel (403) 745-6600
TWX * 910-339-9371
tArrow Electronics, Inc

Tel (213) 701-7500
TWX * 910-493-2086

Arrow _Electronics, inc
2961 Dow Avenue

Tustin_ 92680

Tel. (714) 838-5422
TWX  910-595-2860
tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92621

Tel (714) 754-6051
TWX  910-595-1928

Hamilton/Avnet. Electronics
175 Borde: Drve

Sunnyvale 94086
Tel (403) 743-3300
TWX ~ 910-339-9332

tHamilton/Avnet Electronics
4545 Vlewﬂd e _Avenue

Tel (5|‘9) 571-7500

tHamilton/Avnet Elec"umcs
20501 Plummer

10-494-2207

tHamilton/Avnet Electronics
4103 Noﬂhgate Boulevard
Sacramento

Tel (916) 9203150

Hamiiton/Avnet Electronics

3002 G Street

Ontario 91311

Tel (714) 989-9411

Hamunon/Avnet Electronics
515 So Vermont Avenue

Torram:e 0:

Tel (213) 615-3913

TWX * 910-349-6263

THamlIIon E|eclvo Sales

0912 W ton Boulevard

(213) senpase
Tox @b savenes

tHamlllon Electro Sales
3170 Pullman _Street
Costa_Mesa 9;

Tel (714) 641-4150
TWX  910-505-2638

Hamilton Electro Sales
to Avenue

Chatsworth 91311

Tel (818) 700-6500

Kierulff Electronics, Inc

1180 Murphy Avenue

San Jose 95131

Tel (408) 947-3471

TWX  910-379-6430

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)

Kierulff_Electronics, Inc
14101 Frankiin Avenue
n

ustin_ 9268
Tel (714) 731-5711
TWX  910-595-2599

Kierulff Electronics, Inc
5650 Jiflson Avenue
Commerce 90040

Tel (213) 725-0325
TWX ~ 910-580-3106

1Wyle D|slnbuhon GIOUD
124 Maryl

El 245
Tel (213) 32 -8100
TWX ~ 910-348-7140 or 7111

tWyle Distnibution Group
17872 Cowan Avenue
Irvine 92714

Tel (714) 843-9953
TWX  910-595-1572

f le Distibution  Group

151 Sun Center Drive
Rancho Cordova 70
Tel (916) 638-5282

1nge Distrbution  Group
5 Chesapeake Drive
San Diego 92123
Tel (619) 565-9171
TWX  910-335-1590

EWyte Drstribution  Group
000 Bowers Avenue
Santa :Clara 95051

Tel (408) 727-2500
TWX  910-338-0296

W
|7y8‘190 Teller Avenue

92750
Tel (714 851-9958
TWX  310-371-9127

Wyle 8 ems

Tel (714) 8519953
TWX  910-595-2642

COLORADO

tW{yle Osnbuton Group
124 Ave

0241
TeI (303) 457 9963
910-936-0770

tHamilton/Avnet Electronics
8765 5 Orchard Road

Englewood 80111
Tel (303) 740-1017
TWX " 910-935-0787
CONNECTICUT

tArrow Electronics, Inc
aumont Road

Wa|lmg¢ord 06492

Tel (203) 265-7741

TWX  710-476-0162

‘tHamilton/Avnet Electronics
merce Industnal Park

Tel (2rly13) 797-2800
TWX  710-456-9974

fPioneer Northeasl Electronics
112 Main _Street

Norwatk 851

Tel (203) 853-1515

TWX  710-468-3373

FLORIDA

YArvow Electronics, Inc
NW 62nd Street

Sun

Te| (305) 776 7790
510-955-9456

‘tArrow  Electronics, Inc
1530 Bottlebrush Drive NE
Palm Bay 3290!

Tel (305 725-1480
-959-6337
gHammon/Avnel Electronws

Fl Lauderdale 33309
3 2900
TWX 511 956 3097
tHamilton/Avnet Electronics
3197 Tech Drive North
, Petersburg 33702

(813) 576-3930
TWX  810-863-0374

FLORIDA (Cont'd)

Hamilton/Avnet Electronics

6947 Umversn Boulevard

Winterpark 2

Tel (308) 623 3888
810-853-0322

tPconeer Electmmcs
N ke Boulevard

2
Alla Monte Spﬂn s 32701
Tsl (305)

284

tProneer Electronics
1500 62nd Street NW

TSI 1305) 771- 7520
510-955.9653

GEORGIA/

TArrow_Electronics, Inc

2979 Pacific Drive

Norcross 30071

Tel (404) 449-8252

TWX * 810-766-0439

1Hamul(on/Avnet Electronncs
mers

Norcmss 30092

Tel (404) 447-7500

TWX ~ 810-766-0432

tPioneer Electronics

58358 Peacmree Corners E

Norcross 30092

Norcross 30092

Tel (404) 4481711

810-766-4515
ILLINOIS

tArrow_ Electronics, Inc
g

Tel (312) '397-3440

TWX 910291

130 rndale Avenue

el (312) 860-7780

TWX ~ 910-227-0060

Pioneer Elecwomcs

551 Carmen Drive

Ik Grove VIIIa e 60007

el (312) 437-

TWX * 910-222-1834

INDIANA

tArrow_Electronics, Inc

2718 Rand Road

Indrar 62

(317) 243-9353
810-341-; 3119

1Hamlh<7n/Avne| Electronics

485 Gi

Carm

Tel (317) 844«9333

TWX  810-260-3966

tPioneer Electronics
6408 Caslleplace Drive
Indlanapdns 46250

& 849- 7300
TWX 810-260-17'

KANSAS

sHamll\on/Avne( Electronics
oa

Overland Park 66215

Tel (913) 888-8900

TWX  910-743-0005

MARYLAND

Arrow Electronics, Inc
8300 Gulford Road #H
Center

710-236-9005
‘tHamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045
Tel (am) 995-3500

710-862-1861

T lesa Tec!

16021 Industrial
Gaithersburg 208;
Tel (301) %48-4
TWX  710-828-970:
tPioneer Electronics
9100 Garther Road
Garthersburg 20877
Tel (301) 948-0710
TWX * 710-828-0545

g
R8g

hnology Corporation
rve

MASSACHUSETTS

tArrow Electronics, Inc
Arrow  Drive

Woburn 01801

Tel (617) 933-8130

TWX  710-393-6770

1Hamullon/Avne\ Electromcs
Tower Office P:

Wobu
Tel (617) 935-9700
710-393-0382

fPsom)er Norlheam Electronics
Hartwell

Lexm ton 02173

Tel 617& 863-1200

TWX * 710-326-6617

MICHIGAN

tArrow Electronics, Inc

3810 Varslly Dnve

nn Arbor

Tal (313) 971 8220
810-223-6020

Proneer Electronics
13485 Slam'od

Lonia 48150

Tel (313) 525-1800

TWX  810-242-3271
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel (313) 522-4700

TWX  810-242-8775
tHamilton/Avnet Electronics
2215 29th Street SE

pace

Grand Rapids 49508
Tel (616) 243-8805
TWX  810-273-6921

MINNESOTA

TArrow Elec(romcs, Inc
5230 W rd Street

Tel 1612) 830-1800
TWX  910-576-3125

1Ham|non/Avnel Electvomcs
en Road East

anelonka 55343

Tel (612) 932-0600

TWX ' (910) 576-2720

tPioneer Electronics

10203 Bren Road East

Minnetonka 55343

Tel (612) 935-5444

TWX  910-576-2738

MISSOURI

tAm'yw Eleclronlcs. Inc

X 910.764-0882

tHamilton/Avnet Electronics
13743 hofeilg Court

Tel (314& 344-1200
TWX 762-0684

NEW HAMPSHIRE
fArrow Electronics,
1 Penmeter Road
Manchester 03103
Te -69
TWX ' 710-220-1684
NEW JERSEY

tArrow Electronics, Inc
6000 Lincoln East

Mariton 08053
Tel (2!5&_39284800
WX 710-897-0829

Inc

{Arrow Electronics, inc

2 Industnal Road

Fairfield 07006

Tel (201 575-5300 .
-998-2206

THamilton/Avnet Electronics
1 Keystone Avenue

Chegfry Hill 08003

Tel (609) 424-0110

TWX * 710-940-0262
mammoﬂ/;\vnel Electronics
Faurfrel

Tel (201) 575—3390

TWX  710-734-4388

System Technical De

Centers.



NEW JERSEY (Cont'd)
tPioneer Northeast Electronics.
45 Route

Pinebrook 07058

Tel (201) 575-3510
TWX  710-734-4382
™TI Syslems Sales
383 Ro

Fairfield

Tel (zm) 227»5552
NEW MEXICO

tAlance Electronics Inc
11030 Cochiti SE

=
g
g
5
2
2
3
g
5
®
&)
0

910-989-1 151

THamnnon/Avne( Electronics
4 Baylor Drive SE
Albuquerque 87106
(505) 765-1500
910-989-0614

NEW YORK

tArrow Electronics, Inc
25 Hub Drive

510-224-6126

rArrow Electronics, Inc
um Wmlon Road

Tel (716) 275«0300
TWX ~ 510-253-4766

tArrow Electronics, inc
7705 Mauage Drive

ool 13088
i) o000
TWX ' 710-545.0230

farow_Electronics, Inc
ser_ Avenue

Hauppauge 11788

Tel (516} 2311000
510-227-6623

THammon/Avnel Electronics
333 Metro Park
Rochesier 14623

Tel (716) 475-9130

TWX  510-253-5470

‘tHamilton/Avnet Electronics
16 Corporate Circle
£ Syracuse 13057
Tel (315) 437-2641
TWX  710-541-1560

THammon/Avnel Electronics

Melvllle, Long Island 11747
Tel (516) 454-6000
Tx “300.224'5160

tPioneer Northeast Elec!romcs
1806 Vestal Parkway

Vestal 13850

Tel (607) 748-8211

TWX * 510-252-0893

tPioneer Northeast Eleclromcs
60 Crossway Park W
Woodbury, Long Island H797
Tel (516) 921-8700
TWX  510-221-2184

tPioneer Northeast Electronics
840 Fairport Park 14450

Tel (716) 381-7070

TWX  510-253-7001

tMTI Systems Sales
38 Har r Park Drive

PO
Port asmn lon "050
Tel (516) 621-6200
TWX 0-223-0846

DOMESTIC DISTRIBUTORS

NORTH CAROLINA
'fArrow Electromics, Inc

Tel ?919) 87&3!32
TWX  510-928-1856

tHamilton/Avnet Electronics
3510 Spﬂng Foresl Drive
Raleigh

Tel (919) amome

TWX  510-928-1836

1{Pioneer _Electrons

9801 ASoumem Pme Boulevard
Charlotte 28210

Tel (704) 524-8188

TWX ~ 810-621-0366

OHIO
tArrow Electronics, Inc

9
Tel (513) 435-5563
TWX  810-459-1611

tArrow Electronics, Inc
6238 Cochran Road
Solon

Tel (216& 248-3990
TWX  810-427-9409

‘tHamilton/Avnet Electronics

954 Senale Drive

Daytor

Tel (513) 433—0610
810-450-2531

1Ham|non/Avne| Electronics
4588 Emery Induslrlal Parkway
Warrensville Heights

Tel (216) 831-3500

TWX  810-427-9452

tPioneer Electron
4433 Imerpoml Eloulevard

Dayts
Tel (513) 236 9900
TWX  810-459-1622

tPioneer Electronics

4800 E 131st Street
Cleveland 44105

Tel (216) 587-3600

TWX 810-422-2211

OKLAHOMA

fArrow Electronics, Inc
719 S Memonal Drive
Tulsa 5

Tel (918) 665-7700

OREGON

tAImac Electromcs Corporation
Nimbus, Bldg 7

Beaverton 97005

Tel (503) 641-9070

TWX  910-467-8743

{Hamiiton/Avnet Electronics

6024 SW Jean Road

Bdg C, Sute 10

Lake Oswego 97034

Tel (503) 635-7848
910-455-8179

PENNSYLVANIA

tArrow Electronics, Inc

650 0 Road

Monroeville 15146

Tel (412) 856-7000

tPloneer Elerlronlcs

259 Kappa

Pmsburgn 15258

Tel (412) 782-2300
X 710-795-3122

PENNSYLVANIA (Cont'd)

tPioneer Electronics
261 Gibralter Road
Horsham 19044

Tel (215) 674-4000
TWX  510-665-6778

TEXAS

tArrow_Electronics, Inc
3220 Commander Drive
Carroliton 75006

Tel (214) 380-6464
TWX  910-860-6377

tArrow Electronics, Inc
10899 Kinghurst

Sutte 100

Houston 77099

Tel, (743) $304700
910-880-4439

tArrow Electronics, Inc
2227 W Braker Lane
Austin 78758

Tel (612) 835-4180
TWX  910-874-1348

tHamilton/Avnet Electronics
2401 Rulang

Austn

Tel (5|2) Far-s0m

TWX  910-874-1319

tHamnllon/Avne( Electronics
Inu Hill Lane

Tel (214) 659-4100
TWX  910-860-5929

THamlIlon/Avnel Electronics
t Park

Hosu o 7063
(7!3 780-1771
WX 910-881-5523

tPioneer Electronics

Tel (512) 835-4000
TWX  910-874-1323

tPioneer Electronics
13710 Omega Road
Dallas 75234

Tel (214) 386-7300
TWX  910-850-5563

tPloneer Electronics
853 n Wes( Drve

Hous!on 036

Tel (7'3) 988-5555

TWX  910-881-1606

UTAH
‘tHamilton/Avnet Electronics
We 00 South

910+ 925—4018

Wyle Distribution G

1956 South 4130 West, Unt B
Salt Lake City 84104

Tel (801) 974-9953

WASHINGTON

TAlmac Electronics Corporation
SE Easlgale Way

Bellevue 98007

Tel (206) 643-9992

TWX  910-444-2067

tArrow Electronics, Inc
14320 NE_21st Street
Bellevue 98007

Tel (206) 643-4800
TWX  910-444-2017

‘tHamuiton/Avnet  Electronics
14212 NE 21st Street

TWX  910-443-; 2469

WISCONSIN

tArrow  Electronics, Inc
usson Avenue
4

-6600
910 252 193
tHamilton/Avnet  Electronics
2975 Moorland Road
New Berlin_53151
Tel (414) 784-4510
TWX  910-262-1182

CANADA
ALBERTA

YHammon/Avnel Electronics
28'6 215 Street NE

7 2E 622

Tel (408) 230-3586
TWX  03-827-642
Zentronics

Bay No 1

3300 141?! Avenue NE
Calgary T:

Tel (403) 272 |02|

BRITISH COLUMBIA

Zentronics

108-11400 Bndgeqoﬂ Road
Richmond

Tel (604) 273-5575

TWX  04-5077-89

MANITOBA

Zentronics

590 Berry Street
Wlnmpeg R3H_OS1
Tel (204) 775-8661

ONTARIO

Hamilton/Avnet Eleclromcs

6845 Rexwood

Units H

Mississauga L4V 1R:

Tel (416) 677- 7432
610-492-8867

Hamilton/Avnet Electronics

210 Color nna Road South

Nepean
Tel (6!3) 226 !700
TWX  05-349-71

Iy
Brampton L6T 3T4
Tel (416) 451-9600
TWX  06-976-78

Zentronics

564/10 Weber Street North
Waterloo N2|

Tel (519) 884-5700

Zentronics

155 Colonnade Road
Unit 17

Nepean K2E 7K1

Tel (613) 225-8840
TWX  06-976-78
QUEBEC
Hamilton/Avnet  Electronics
2670 Sabourin Street
St Laurent H4S 1M2
Tel (514) 331-6443
TWX  610-421-3731

Zentronics

TWX  05-827-535

System Technical Di
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BELGIUM

Intel Corporation S A

Parc Seny

Rue du Moulin a Papier 51

%l (oz)em or 11
TELEX 248
DENMARK

Intel Denmark A/S*
Glemeva, 61 - ard Floor

Tel (0\) 19 80 33
TELEX 19567

FINLAND
Intel Finland OY
Hi nt

TELEX 123 332
FRANCE

Intel ation, SARL*®
IS
Silic 223

94528 Rungis Cedex

Tel (01) 687 22 21
TELEX 270475

EUROPEAN SALES OFFICES

FRANCE (Cont'd)
Intel Corporation, SARL
BC

69005 Ly
B e42 40 89
TELEX ' 3051

WEST GERMANY

Intel Semiconductor GmbH*
Samlslrm 27
Tel (89) 53891

TELEX 05-23177 INTL D
Intel Semiconductor GmbH*
Mainzer Strasse 75

D-6200 Wiesbaden 1

Tel (6121) 70 08 74
TELEX 04186183 INTW D

Intel Semiconductor GmbH
Brueckstrasse 61
7012 Fellbach

n 2

TELEX ;254826 INTS D

Intel Semiconductor GmbH*
Hohenzollem Sira‘sst 5
Ve

Tel (5" 34 40 81
TELEX 923625 INTH D

ISRAEL
lmei Sofmcoﬂduc(or ud*
0 Box 1

Tel 4/524 61
TELEX 4651

ITALY

Intel Cofpomnon Italia Spa*
Milanofiori, 0 E
20094 Assagc (Mllano)
Tel (02) 8

TELEX 315‘83 INTMIL

NETHERLANDS
Intel Semiconductor Nederland BV *

Alexanderpoort Building
Marten Meesweg 93

068 Rotterdam
Tel (10) 21 23 77
TELEX 22283
NORWAY

Intel Norway A/S
PO Box 92

SPAIN

Intel Ibena

Calle Zurbaran 28

Madnd

Tel (34) 1410 40 04
LEX 46880

SWEDEN

Intel Sweden AB*
Dalvagen 24
$-17136 Soina

Tel (08) 734 01 00
TELEX 12261
SWITZERLAND

Intel Sammmiuclof AG*

Talackerstrasse 1

8152 lailbm'%g poslhch
un

CH.
Tel (01) 829 29 77
TELEX 67989 ICH CH

UNITED KINGDOM

Intel Corporation (UK) Ltd*
5 Hospital Street

Nantwich, Cheshire CW5 SRE
Tel (0270) 626 560

TELEX 36620

Igtel Corporation (UK) Ltd*
indon, %/I“Shl’a SN3 1RJ

10793) 488 388
444447 INT SWN

*Field Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elaklromscne Geraete GmbH
muel

A 1120 Vienna
(222) 83 56 46

TELEX 11532 BASAT A

BELGIUM

Inelco Belgum S
ve Cro‘x de Guerre 94
B1120 Brussel:

Tel (02) 216 0‘ 60
TELEX 25441
DENMARK

\TT MultKomponent A/S
Naverland 29

DK-2600 Gloskrup

Tel (02) 45 66 45
TX 33355

FINLAND
Oy Fintronic AB
Melkonkatu 24 A
SF 00210

(0) 22
TELEX |24 224 Ftron SF

FRANCE

ZI ce Counaboevl
9|94Cz )LGQSO Ulls CadexBPSG
TELEX FGQWOO

Jermyn S A

16, Avenue Jean-Jaures
4600 Choisy-Le-Rol
Tel (1) 853 12 00
260967

Metrologie

La Tour d' Asnieres

4, Avenue Laurent Cely
92606-Asnieres

Tel (1) 790 62 40
TELEX 611-448
Tekelec Aurtronic

Cite des Bruyeres

Rue Carle Vernet BP 2
92310 Sevres

Tel (1) 534 75 35
TELEX 204552

WEST GERMANY

Electronic 2000 Vertriebs AG
$lah rubomngh 12

TELEX .))225& EIEC D
Jermyn GmbH
Postfach 1180
Schulslrasse 84

-6277 Bad Caml
Tel (06434) 231
TELEX 484426 JERM D
CES Computer Electronics Systems
GmbH
Gutenbergstrasse 4
2359 Henmedt -Ulzburg
Te| (04|93) 402
Metrologle GmbH

1

Tel (ss) 5
TELEX D 52‘3159
Proelectron Vertriebs GmbH
Max Planck straxse 1-3
6072 Drevelch Frankfurt
Tel (6103)

ELEX 41798
IREI.ANI)
Mlcro Market
Glenageary Park
Glena ary
Co
Tel (1) 85 62 88
TELEX 31584
ISRAEL

Eastronics Ltd
11 _Rozanis _Street

PO Box 39300
Tel Avv 61390
Tel (3) 47 51 51
TELEX 33638
ITALY

Eledra 35 SPA

(2) 34 97 51
TELEX 332332

ITALY (Cont'd)
Intes

Milanofion Pal E/S
20090 Assago
Milano

Tel (02) 82470
TELEX 311351
NETHERLANDS
Koning & Hartman
Koy rf 30

PO Box 43220

2544 EN's Gravenhage
Tel 31 (70) 210 101
TELEX 315

NORWAY

Nordisk Elek(mmc (Norqa) A/S
toffice Box

Smedswi
1364 Hmﬂd
Tel (2) 846 210
TELEX 17546

PORTUGAL

Ditram

Componentes E Electronica LDA
IP\;/wad uel Bombarda, 133

Tel (19) 545 313
TELEX 14182 Brieks-P

SPAIN

Interface S A
Av Pompcu Fabr!l 12

Barcel
o (3) 5550 11
TELEX 51508
ITT SESA
Miuel " Angel 21, 6 Piso

ladni
Tel (34) 14 1954 00
TELEX 27461

SWEDEN
AB Gosta Backstrom
12009

TELEX 10135

Nord<sk Elemromk AB
Box 2

Tel (©) 635 040
TELEX 1054

SWEDEN (Cont'd)

Gard: agen 1

S-161 26 Bromma
Tel (B) 8 20
TELEX 94'

SWITZERLAND

Industrade AG
Herlistrasse 31

H-8304 Wallsellen

Tel (01) 830 50 40
ELEX 56788 INDEL CH

UNITED KINGDOM

Bytech_Ltd
Untt 67

London Road
Earley, Reading
e
Tel (0734) 61031

TELEX 848215

Comway Microsystems Ltd
Market Street
UK-Bracknell, Berkshire
Tel 44 (344) 55333
TELEX 847

Jermyn Industries

Ve Estate

Sevenoaks, Kent
Tel (0732) 450144
TELEX 95142

L (190) 49307
TELEX 28817

Rapid Recall, Ltd

HRaPldh v;iwse/otnmark St
ig| EW
Berks, land HP11 2ER
Tel (0494) 26 271
TELEX 837931

YUGOSLAVIA

H R _Microelectronics Enterprises

PO Box

s an Jose Cal-lomm 95150
08/978-8000

TELEX 278-559



AUSTRALIA

Intel Australia Pty Ltd*
(Malllngo Address)

PO x 571

North Sydney NSW, 2065
gsmppmg Address)

pectrum  Building
oo acmc Highway

C 2089
Tel OII GI 2 957 2744
TELEX 790-2009

FAX  011-61- 2 -923-2632
HONG KONG

Intel Semiconductor Ltd *
1701-3/1720 Conngugm Centre

1 Oonnaugm Roa
Tel 011-852-5-215311
TWX 60410 ITLHK

INTERNATIONAL SALES OFFICES

JAPAN

Inte} Japan KK

5-6 Tokodai, Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Tel 029747-8511

TELEX 03656-160

Intel Japan KK *
2-1-15 Naka-machi
Atsugi, Kanagawa 243
Tel 0462-23-3511

Intel Japan KK*
2-51-2 Koyma-cho
Chofu, Tokyo 182
Tel 0424-88-3151

Intel Japan KK*

2»69 Hon-cho
Kumagaya, Sattama 360
Tel 04 5-24-6871

JAPAN (Cont'd)

Intel Japan KK*
2-4-1 Terauchi
Toyonaka, Osaka 560
Tel 06-863-1091

Intel Japan KK
1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel” 03-201-3621

In(el Japan KK*

1-23-9  Shinmacni
Setagaya-ku, Tokyo 154
Tel 03-426-2231

Intel Japan KK*

Mitsui-Seimer  Musashi-} KOSUQI Bldg
915 Shinmaruko, Nakahara-ku
Kawasak-Shi, Kanagawa 211

Tel 044.733-7011

JAPAN (Contd)

Intel Japan K K

1-1_ Shibahon-cho

Mishima-shi

Shizuoka-Ken 411

Tel 0559-72-4121

SINGAPORE ‘

Intel. Semicandyclor Ltd

oo ol Savere

Sngapore 1130
01165250711

CABLE iNTELSGP

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

VLC SRL

Sarmiento 1630, 1 Piso
1042 Buenos Arres

Tel 011-54-1-35- 1201/9242
TELEX 17575 EDARG

Sonmex International Ourporanon
15 Park Row, Room #1730
New York,

Tel (212)  406-3052

Atin Gaston Briones
AUSTRALIA

Total Electronics

250
Burwood, Vlclona 3125

(Shipping Address)
9 Harker Street

Victoria
Tel 011 61 3 -288-4044
TELEX AA 31261

Total Electronics

PO Box 139
Artarmon, NSW 2064
Tel 011-61-02-438-1855
TELEX 26297
BRAZIL

Icotron

05110 Av Mutmga 3650-6 Andar
Pintuba Sao Paulo

Tel 011-55-11-833-2572

TELEX 1122274 ICOTBR

CHILE '

(MEI|IH% Address)
lacKenna 204
Casnlla 605! 5

Tel 0%1 -56-2-277-564
TELEX 352-0003

(Shipping Address)

A102 Greenwlle Cen\er
3801 Kennett

Wilmington, Delawam 19807

HONG KONG

Novel Precision Machinery Co, Ltd
Flat D 20 Kingsford Ind  Bldg
Phase 1 26 Kwai Hei Street NT
Tel 011-852-5-0-223222

TWX 39114 JINMI HX

Schmidt & Co Lid
18/F Greal Eagle Centro

Wan
Tel 0" 852-5-833-0222
TWX 74766 SCHMC HK

INDIA
Mlcromc Devnces
ARUN_ Com|

mplex
D V G Road
Basavan Gudt
Bangaloe 5600
Tel 011-91-812-¢ 600 631
TELEX 011-5947 MDEV

Micronic_Devices
104/1090 Nirmal Industrial Estate
Smn

Tel 01! 91 22-4&6 -70
TELEX 011-71447 MDEV IN

Micronic Device:
R-694 New Fiapnder Nager
New Delhi 110060

Ramlak International, Inc (Agent)
465 S M thiida  Avenue

Sutte

Sunnyvale. CA 94086

Tel (408) 733 8767

S & S Corporation

gﬁallmgo Address)

O x 1185

Mauldin, South Carolina 29657
(Shipping  Address)

308 Green Drive

Liberty, South Carolina 29657
JAPAN
Asahi Electronics Co Ltd
KMM Bidg Room 407

2-14-1 Asano, Kokurakr!a-Ku
Kitakyushu cny

Tel (093) 511-6471
TELEX AECKY 7126-16

JAPAN (Cont'd)

Hamiiton-Avnet Electronics Japan Ltd
YU and YOU Bidg 1-5-7 Hondome-

Nmonbashl Chua Ku. Tokyo 103
Tel (03) 662-991
TELEX 2523774

Ryoyo Ele Eleclnc Corporation
onw.

11222, Tsukul

Chuo-Ku, Tokyo 104

Tel (03) 543-7711/541-7311
Tokyo Electron Ltd

Shinjuku Nomura Bldg

26-2 Nishi-Shinjuku  1-Chome
Shinjuku-Ku, Tokyo 160

Tel (03) 343-4411

TELEX 2322220 LABTEL J

KOREA

J-TEK_ Corporation
2nd Floor, Government Pension Bldg
24.3, Yoido-Dong
‘Youngdungpo-Ku

eoul
Tel 011-82-2-782-8039
TELEX KODIGIT K25299

Koram Digtal USA (Agent)
14066  Eat Frestong Boulovard
Sante Fe "Springs, CA 906

Tel (714) 739-2204

TWX 194715 KORAM DIGIT LSA

NEW ZEALAND

McLean Information Technology Ltd
59 Kyber Pass Road, Newmarket,
PO Box 9464, Newmar et
Auckland 1, New Zeal

Tel 011-64-9-501-219, 501 801, 587-

037

TELEX NZ21570 THERMAL
PAKISTAN

Computer Applications Ltd
7D Gizn Boulevard
Defense

Karachi-46
Tel 011-92-21-530-306/7
TELEX 24434 GAFAR PK

PAKISTAN (Cont'd)

Horizon Traming Co, Inc (Agent)
1 Lafayette Center
1120 20th Street NW
Sutte 530
Washington, DC 20036
Tel (2 2) 887-1900
890 HORN

SINGAPORE
ngeral Engineers Corporation Pty
Units 1003-1008 Block

10th Floor PSA Multi Slovey Complex
Telok Blangahl Pasir
n Jai

CABLE GENERRCORP

SOUTH AFRICA

Eleclromc Bulldlng Elements, Pty Ltd
Protona. 000, )
Tel 011 27 12 46-9221

TELEX SA
TELEGRAM ELElLEM

TAIWAN

Mitac_ Corporation

3rd Floor #75, Section 4
Nankmg East Road

Te 011 886-2-771-0940, 0941
TELEX 11942 TAIAUTO

Mectel International, Inc (Agent)
3385 Viso Court

FAX  408-980-9742
YUGOSLAVIA
;! R Mlcrsoelecnonn:s Enterprises
San Jose, Cahlomla 95150

Tel (408) 978-8000

TELEX 278- 559

*Field Application Location



CALIFORNIA

Intel

;4350 CsohfgveblvdsWay
Tel (415) 968-8211

TWX  910-339-9279
910-338-0256

92705
Tel (714&‘589355‘&35777

San D%go 92121

Tel (619) 452-5880
intel Corp

5530 N Corbin Avenue
Suite 120

TJarzana 91356

Tel (213) 708-0333
‘COLORADO

Intel

650 m Cherry

0222
Tel (303 321-8086
910-931-2289

CONNECTICUT

Intel Covgl

Banbury ‘oo o
Tel %} 748-3130
FLORIDA

Intel

|500le(vr; 62nd Street
Suite 104

Ft Lauderdale 33309
Tel* (305) 771-0600
TWX  510-956-9407

DOMESTIC SERVICE OFFICES

FLORIDA (Cont'd)
Intel Covh,
500 N Maitland Avenue

Maitiand_32;
Tel (305) 628-2393
810-853-9219

Norcross 30092
Tel (404) 441-1171
ILLINOIS
intet Corp
2550 Golf Road
Sutte 815

Rolling Meadows 60008
Tel ”&12 981-7295
TWX * 910-253-1825

KANSAS

intel Corp
W _110th Street

Suite 1
ind Park 66210
Tel (913) 642-8080

MARYLAND

Greenbel 7

Tel (301) 4411020
MASSACHUSETTS
Intel Corp

27 Indusinal Avenue
hel 01824
Tel (6‘7& 256-1800
TWX  710-343-6333

MICHIGAN

Intel Corp

7071 Orchard Lake Road
Sutte 100
West Bloomfield 48033
Tel (313) 851-8905
MISSOURI

dntel Corp.

4203 Eanh City Expressway
s.m

To\: (3"4‘{ 29‘-2015
NEW JERSEY

Intel Cor|

Rartan &aza )
Rantan Center
Edison 08817

Tel (201) 225-3000
NORTH CAROLINA
Intel
30660"’
Suite 201
Greensboro 27407
Tel (919) 294-1541

Meadowview Road

. OHIO

Intel Cory
(’:‘haunn-glmatd Bidg

28001 cn 1112 Boulevard

leveland
ol (216) 464-6915
TWX  810-427-9298

intel Corp
6500 Poe

Day 45414
Yexm(?ua) 890-5350

OREGON

intel Corp

:3700 SW Beaverton-Hilisdale
Sul

Beaverton 005

Tel (503) 64

TWX 910»467-8741

Intel

5200 Cmg lam Y Parks
Hnlsb(om )97123 o W

PENNSYLVANIA

intel Corp.

201 Penn Center Boulevard
Suite 301 W

Pmsbur?h 15235

Tel (313) 354-1540
YEXAS

313 I;:;men Lane

Tel 51 3628

¢ 2&@74 1347
12300 Fofd Road
Dallu
Tel (214& 24‘ 8087

860-5617

WASHINGTON
intel Corp
110 110th Avenue NE
Suite 510

ue
Tel 1.800-525-5560
TWX  910-443-3002

wmousm

Sumys Road
Sume 30 \ope
Brooktield
Tel (414) 784~8067



N

UNITED STATES

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.
5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

Japan

FRANCE

Intel

5 Place de la Balance

Silic 223 i
94528 Rungis Cedex

France

UNITED KINGDOM
Intel

Piper’s Way

Swindon

Wiltshire, England SN3 1R}

WEST GERMANY

Intel
Seidstrasse 27 - 1

. D-8000 Munchen 2

West Germany
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