
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































inter 80287 

NOTE: The index i of tag(i) is not top-relative. A program 
typically uses the "top" field of Status Word to deter­
mine which tag(i) field refers to logical top of stack. 

TAG VALUES: 
00 = VALID 
01 = ZERO 
10 = INVALID or INFINITY 
11 = EMPTY 

Figure 7. 80287 Tag Word 

MEMORY OFFSET 

15 o 

CONTROL WORD +0 

STATUS WORD +2 

TAG WORD +4 

IPOFFSET +6 

CS SELECTOR +8 

DATA OPERAND OFFSET +10 

DATA OPERAND SELECTOR +12 

Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory 

EXCEPTION HANDLING 

The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause the assertion of external 
El1RCJR" signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 

The exceptions that the 80287 detects and the 'default' 
procedures that will be carried out if the exception is 
masked, are as follows: 

Invalid Operation: Stack overflow, stack underflow, 
indeterminate form (0/0, 00, - 00, etc) or the use of a 
Non-Number (NAN) as an operand. An exponent value 
of all ones and non-zero significand is reserved to 
identify NANs. If this exception is masked, the 80287 
default response is to generate a specific NAN called 

4-65 

INDEFINITE, or to propagate already existing NANs 
as the calculation result. 

Overflow: The result is too large in magnitude to 
fit the specified format. The 80287 will generate an 
encoding for infinity if this exception is masked. 

Zero Divisor: The divisor is zero while the divi­
dend is a non-infinite, non-zero number. Again, the 
80287 will generate an encodjng for infinity if this 
exception is masked. 

Underflow: The result is non-zero but too small in 
magnitude to fit in the specified format. If this 
exception is masked the 82087 will denormalize 
(shift right) the fraction until the exponent is in 
range. The process is called gradual underflow. 

210920-003 
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80287 

15 

CONTROL WORD 

STATUS WORD 

TAG WORD 

INSTRUCTION POINTER (1!>-0) 

INSTRUCTION ;)1 1 INSTRUCTION 
POINTER (19-16) 0 OPCODE (10-0) 

DATA POINTER (1!>-0) 

DATA POINTER I 
(19-16) 0 

15 1211 

o 

o 

MEMORY 
OFFSET 

+0 

+2 

+4 

+6 

+8 

+10 

+12 

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

o 
IxxxllclRCl PC 1 xl xjPMlu~oMlzMIDt.1IMJ 

11)PRECISION CONTROL 
00 = 24 BITS (SHORT REAL) 
01 = RESERVED 
10 = 53 BITS (LONG REAL) 
'1 = 64 BITS (TEMP REAL) 

I 

(2)ROUNDING CONTROL 
00 : ROUND TO NEAREST OR EVEN 
01 : ROUND DOWN (TOWARD -x) 
10 : ROUND UP (TOWARD +x) 
11 : CHOP (TRUNCATE TOWARD ZERO) 

EXCEPTION MASKS (1: EXCEPTION IS MASKED) 

INVALID OPERATION 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 
PRECISION 

(RESERVED) 

(RESERVED) 

PRECISION CONTROL 11) 

RpUNDING CONTROLI2) 

INFINITY CONTROL (0 : PROJECTIVE, 1 : AFFINE) 

(RESERVED) 

Figure 9. 80287 Control Word 
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Denormallzed 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 result is not exactly repre­
sentable in the specified format, the result is rounded 
according to the rounding mode, and this flag is set. 
If this exception is masked, processing will simply 
continue. 

If the error is not masked, the corresponding error 
bi! 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 required 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 eitherTS or EM of MSW=1.lfTS 
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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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .. O·C to 70·C 
Storage Temperature ........ -65·C to +150·C 
Voltage on Any Pin with 
Respect to Ground ............... -1.0 to +7V 
Power Dissipation .................... 3.0 Watt 

·NOT/CE: 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 TA = O°C to 70°C, Vee = 5V, +1-5% 
5 MHz 

Symbol Parameter -3 Min -3 max Unit Test Conditions 

V1l Input lOW Voltage -.5 .8 V 
0 

VIH Input HIGH Voltage 2.0 Vcc +.5 V 

VllC Clock Input lOW Voltage , 
CKM=1: -.5 .8 V 
CKM=O: -.5 .6 V 

VIHC Clock Input HIGH Voltage 
CKM=1: 2.0 Vee + 1 V 
CKM=O: 3.8 Vcc +1 V 

VOL Output lOW Voltage .45 V IOL =3.0 rnA 

VOH Output HIGH Voltage 2.4 V IOH = -400 iJ,A 

III Input leakage Current ±10 ,.,.A OV ::sV1N ::sVcc 

ILO Output leakage Current ±10 iJ,A .45V ::s VOUT ::s Vee 

Icc Power Supply Current 600 rnA 

CIN Input Capacitance 10 pF Fc= 1 MHz 

Co InpuVOutput Capacitance 20 pF Fc= 1 MHz 
(00-015) 

CCLK ClK Capacitance 12 pF Fc= 1 MHz 
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A.C. CHARACTERISTICS (T A = O°C to 70°C, Vee + 5V,=/-5%) 
TIMING REQUIREMENTS 
A.C. timings are referenced to O.BV and 2.0V points on signals unless otherwise noted. 

5 MHz 8 MHz 

Symbol Parameter ·3 Min -3 max Min max Unit 

TCLCL ClK Period 
CKM=l: 200 500 125 500 ns 
CKM=O: 62.5 166 62.5 166 ns 

TCLCH ClKlOWTime 
CKM=l: 118 343 68 343 ns 
CKM=O: 15 146 15 146 ns 

TCHCL ClK HIGH Time 
CKM=l: 69 230 43 230 ns 
CKM=O: 20 151 20 151 ns 

TCH1CH2 ClK Rise Time 10 10 ns 

TCL2CL1 ClK Fall Time 10 10 ns 

TOVWH Data Setup to iii'PWfi Inactive 75 75 ns 

TWHOX Data Hold from ~ Inactive 30 15 ns 

TWLWH' 
TRLRH JiIPWR, 'fiII5R[j Active Time. 95 90 ns 

TAVRL, Command Valid to ~ or 
TAVWL 'fiII5R[j Active 0 0 ns 

TMHRL Minimum Delay from PEREQ 
Active to 'fiII5R[j Active 130 130 ns 

TKLKH J5EACK Active Time 85 85 ns 

TKHKL ~ Inactive Time 250 250 ns 

TKHCH ~ Inactive to ~, 'fiII5R[j 
Inactive 50 40 ns 

TCHKL 'NPWR, 'fiII5R[j Inactive to ~ 
Active ·30 -30 ns 

TWHAX, Command Hold from ~, 
TRHAX 'fiII5R[j Inactive 30 30 ns 

TKLCL J5EACK Active Setup to ~, 
'fiII5R[j Active 50 40 ns 

T2CLCL ClK286 Period 62.5 62.5 ns 

T2CLCH ClK286 lOW Time 15 15 ns 

T2CHCL ClK286 HIGH Time 20 20 ns 

T2SVCL SO, 'Sl Setup Time to ClK286 22 22 ns 

T2CLSH SO, 'Sl Hold Time from CLK286 0 0 ns 

4-69 

Test Conditions 

At 0.8V 
AtO.6V 

At2.0V 
At3.8V 

1.0V to 3.6V if CKM = 1 

3.6V to 1.0V If CKM = 1 

AtO.8V 

At 0.8V 

At2.0V 

At 0.8V 

At 2.0V 

210920·003 



A.C. CHARACTERISTICS, continued 
TIMING REQUIREMENTS 

80287 

5 MHz 

Sym Parameter . -3 Min -3 Max 

TCIVCL COO/INTA Setup Time to ClK286 

TCLCIH COO/INTA Hold Time from ClK286 

TRVCL REAOY Setup Time to ClK286 

TCLRH REAOY Hold Time from ClK286 

THVCL HlOA Setup Time to ClK286 

TCLHH HlOA Hold Time from ClK286 

T1vCL NPWR, NPRO to ClK Setup Time 

TCLIH NPWR, NPRO from ClK Hold Time 

TRSCL RESET to ClK Setup Time 

TCLRS RESET from ClK Hold Time 

A.C. CHARACTERISTICS, 
TIMING RESPONSES 

Sym Parameter 

TRHQZ NPRO Inactive to Oata Float 

TRLQV NPRO Active to Oata Valid 

TILBH ERROR Active to BUSY Inactive 

TwLBV NPWR Active to BUSY Active 

TKLML PEACK Active to PEREQ Inactive 

TCMDI Command Inactive Time 
Write-to-Write 
Read-to-Read 
Write-to-Read 
Read-to-Write 

TRHQH Data Hold from NPRO Inactive 

NOTES: 

0 , 

0 

38.5 

25 

0 

0 

70 

45 

.20 

20 

5MHz 

-3 Min -3 Max 

37.5 

60 

100 

100 

127 

95 
250 
·105 
95 

5 

8 MHz 

Min Max Unit Test Conditions 

0 ns 

0 ns 

38.5 ns 

25 ns 

0 ns 

0 ns 

70 ns NOTE 1 

45 ns NOTE 1 

20 ns NOTE 1 

20 ns NOTE 1 

8MHz 

Min Max Unit Test Condition 

35 ns NOTE 2 

60 ns NOTE 3 

100 ns NOTE 4 

100 ns NOTE 5 

127 ns NOTE 6 

95 ns At 2.0V 
325 ns At 2.0V 
95 ns At 2.0V 
95 ns At 2.0V 

5 ns NOTE 7 

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

2. Float condition occurs when output current is less than ILO on 00-015. 
3. 00-015 loading: Cl = 100pF 
4. BUSY loading: Cl = 100pF 
5. BUSY loading: Cl = 100pF 
6. On last data transfer of numeric instruction. 
4. 00-015 loading: Cl = 100pF 
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ClK 
INPUT 

4.0V 
2.4V 

0.4SV CKM = 0 
0.2V CKM = 1 

80287 

CKM =0 
CKM =1 

NOTE 8: AC Drive and Measurement Points - ClK Input 

4.0V 
2.4V 

0.4SV 
O.45V 

CKM=O 
CKM = 1 

CKM =0 
CKM = 1 

1.0V CKM =0 
0.8V CKM = 1 

tHOLO 

3.6V CKM = 0 
2.0V CKM = 1 

CKM=O 
CKM =1 

2'4VmFT~m OTHER 2.0V 
DEVICE 
INPUT 

DEVICE 
OUTPUT 

tOELAY ----I 

2.0V 

O.8V 

NOTE 9: AC Setup. Hold and Delay Time Measurement - General 

DEVICE 
OUTPUT 

NOTE 10: AC Test loading on Outputs 

4-71 210920-003 



inter 80287 

WAVEFORMS I(cont.) 

DATA TRANSFER TIMING (INmATED BY 80286) 

CMDO CMD1 
Nm,NPS2 

NPRD 

) VALID 

_TRLRH TRHAX 

~~VRL; ,v -- TRHQZ_ 
_ TRLQV I- _TRHQH_ 

I ILL-'Y DATA OUT 1\ 

TAVWL'-
\.\.\.\. VALID 1/ .. __ TWLW_ .. 

TWHAX -

\ -, I{ 
TDVWH TWHDX -

l( 
.. 

-

-

) = ~ DATA MAY CHANGE DATA MAY CHANGE DATA IN 
VALID 

- TWLBN ---
BUSY ~J --4--

DATA CHANNEL TIMING (INITIATED BY 80287) 

C~CMD1---1~ 
NI':;l,NPS2 J---J--.:r 

---l 
TAVWL -TAVRL 

'\ 

VALID 

- TRHAX -TWHAX 

,t 

) 
DATA 
TRANSFER 
FROM 
80287 

I DATA 
TRANSFER 
TO 
80287 

\ .. TCMDI_ 
_TMHRL _TCLML_ 

_TCHKL_ 

TKLCL_ - ~ r-.. TKLML_' -TKHCH --- __ TKHKL ___ 

S ------------- i }f- ~ 

.- "--
_---I 
PEACK 

.. TKLKH .. 
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WAVEFORMS (cont.) 

ERROR OUTPUT TIMING 

BUSy ____ , r"'~d' 
ERROR ~ 

80286 STATUS TIMING 

.. 

NOTES: 
1. This input transition occu rs before T5. 
2. This input transition occurs after Te. 
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WAVEFORMS 

ClK 
(IFCKM = 1) 

RESET 

ClK 
(IFCKM = 1) 

NPRD, 
NPWR 

RESET 

80287 

(Reset, iiiPWR, NPiIDare inpulsasynchronoustoCLk TIming requlremenlsonthispage 

are given fortesting purposes only, to assure recognition at a specific ClK edge.) 

ClK, RESET TIMING (CKM = 1) 

f/J 1 f/J2 f/J 1 f/J2 

\. ~ 

TOC," __ • TNCO.,. 

ClK, NPRD, NPWR TIMING (CKM = 1) 

1/)1 1/)2 

I 
1/)1 f/J2 

~ ~ 

- T~" ~!TNCO.-
\\\\\\\\\ 

ClK, RESET TIMING (CKM = 0) 

d::--------1! 

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

CLK, NPRD, NPWR TIMING (CKM = 0) 

I 

\\\\\\\\\\\ 

4-74 
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Data Transfer 

I 
FLO ~ LOAD 

Integer/Real Memory to ST(O) 

Long Integer Memory to ST(O) 

Temporary Real Memory to 
ST(O) 

BCD Memory to ST(O) 

ST(I) to ST(O) 

FST ~ STORE 

ST(O) to Integer/Real Memory 

ST(O) to ST(I) 

FSTP ~ STORE AND POP 

ST(O) to Integer/Real Memory 

ST(O) to Long Integer Memory 

ST(O) to Temporary Real 
Memory 

ST(O) to BCD Memory 

ST(O) to STi'l 

FXCH ~ Exchange ST(I) and 
ST(O) 

Comparison 

FCOM ~ Compare 

Integer/Real Memory to ST(O) 

ST(i) to ST (0) 

FCOMP ~ Compare and Pop 

Integer/Real Memory to ST(O) 

ST(I) to ST(O) 

FCOMPP ~ Compare ST(I) to 
ST(O) and Pop TWice 

FTST ~ Test ST(O) 

FXAM ~ Examine ST(O) 

Mnemonlcs@lnteI1982 

80287 

Table 6. 80287 Extensions to the 80286 Instruction Set 

I Optional Clock Count Range 
8,16 Bit 32 Bit 32 Bit 64 Bit 16 Bit 

Displacement Real Integer Real Integer 

1 MF 

1 ESCAPE MF 1 1 MOD 0 0 0 R/M 1_ 

LI E_S_C_A_P_E __ l_l_l--LI_M_O_D_l __ 0_1_R_/M---..J[ = = 

I ESCAPE 0 1 1 I MOD 1 0 1 R/M r 
1 ESCAPE 1 1 1 1 

1 ESCAPE 0 0 1 1 

MOD 1 0 0 R/M [ ~ ~ ~I~P ~ J 
1 1 0 0 0 ST(ll 1 

1 ESCAPE MF 1 1 MOD 0 1 0 R/M 1- = = ~I~P= -: 

I ESCAPE 1 0 1 1 1 1 0 1 ~ 

~I E=S=C=A=P=E==M=F==I~I=M=O=D=O==I=I=R=/=M~I:_ ~ ~ ~I~P ~ J 
LI E_S_C_A_P_E __ l_1_'I--LI_M_O_D_l __ 1_1_R_/M--lI_ ~ ~ ~I~P ~ J 
=1 E=S=C=A=P=E===O==I==I==I==M=O=D==I===I==I==R=/M=:::1~ ~ ~ ~I~~ J 
1 ESCAPE 1 1 1 1 MOD 1 1 0 R/M 1_ ~ ~ '~I~ ~ 1 
~======~=======: 
1 ESCAPE 1 0 1 1 1 1 0 1 1 ST(I) 1 

I ESCAPE 0 0 1 I 1 1 0 0 1 ST(i) I 

LIE_S_C_A_P_E __ M_F __ 0--,I_M_O_D_0 __ l_0_~_M~I_- ~ ~ DISP 

I ESCAPE 0 0 0 I 1 1 0 1 0 STi'l I 

:=1 E=S=C=A=P=E==M=F==0=tI=M=O=D=O==1 =1=R=/M===lI_ ~I~P = =: 
1 ESCAPE 0 0 0 1 1 1 0 1 1 STi'l 1 

I ESCAPE 1 1 0 I 1 1 0 1 1 0 0 1 I 
I ESCAPE 0 0 1 I 1 1 1 0 0 1 0 0 I 

I ESCAPE 0 0 1 I 1 1 1 0 0 1 0 1 I 

4-75 

00 01 10 11 

38-56 52-60 40-60 46-54 

60-68 

53-65 

290-310 

17-22 

84-90 82-92 96-104 80-90 

15-22 

86-92 84-94 98-106 82-92 

94-105 

52-58 

520-540 

17-24 

10-15 

60-70 78-91 65-75 72-86 

40-50 

63-73 80-93 67-77 74-88 

45-52 

45-55 

38-48 

12-23 
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Tab,le 6. 80287 Extensions to the 80286 Instruction Set (cont.) 

I Optional Clock Count Range 
8,16 Bit 32 Bit 32 Bit 64 Bit 16 Bit 

Constants Displacement Real Integer Real Integer 

I MF ~ 00 01 10 11 

FLDZ ~ LOAD + 0 0 Into ST(O) I ESCAPE 0 0 1 I 1 1 1 0 1 1 1 0 I 11-17 

FLD1 ~ LOAD + 1 0 Into ST(O) I ESCAPE 0 0 1 I 1 1 1 0 1 0 0 0 I 15-21 

FLDPI ~ LOAD" into ST(O) I 'ESCAPE 0 0 1 I 1 1 1 0 1 0 1 1 I 16-22 

FLDL2T ~ LOAD log2 10 Into I ESCAPE 0 0 1 I 1 1 1 0 1 0 0 1 I 16-22 
ST(O) 

FLDL2E ~ LOAD log2 e Into I ESCAPE 0 0 1 I 1 1 1 0 1 0 1 0 I 15-21 
ST(O) 

FLDLG2 ~ LOAD log, 0 2 Into 
ST(O) I ESCAPE 0 0 1 I 1 1 1 0 1 1 0 0 I 18-24 

FLDLN2 ~ LOAD 10ge2 Into I ESCAPE 0 0 1 I 1 1 1 0 1 1 0 1 I 17-23 
ST(O) 

Arithmetic 

FADD ~ Aadition 

I I [ - - -
IntegerlReal Memory with ST(O) ESCAPE MF 0 MOD 0 0 0 RIM DISP 

I 
90-120 108-143 95-125 102-137 - - - -' 

ST(i) and ST(O) I ESCAF!E d P 0 I 1 1 0 0 0 ST(i) I 70-100 (Note 1) 

FSUB ~ Subtraction 

I I L - - - -, 
IntegerlReal Memory with ST(O) ESCAPE MF 0 MOD 1 0 R RIM DISP 90-120 108-143 95-125 102-137 - - - _, 

ST(i) and ST(O) I ESCAPE d P 0 I 1 1 1 0 R RIM I 70-100 (Note 1) 

FMUL ~ Multiplication - - - -
IntegerlReal Memory with ST(O) 

1 
ESCAPE MF 0 

1 
MOD 0 0 1 RIM 1- DISP I 110-125 130-144 112-168 124-138 

-,- .... -' 

I I I 
, 

ST(i) and ST(O) ESCAPE d P 0 t 1 0 0 1 RIM 90-145 (Note 1) 

FDIV ~ Division - - -
IntegerlReal Memory with ST(O) I ESCAPE MF 0 I MOD 1 1 R RIM [ DISP 

-, 
215-225 230-243 220-230 224-238 - - - -' 

ST(I) and ST(O) I ESCAPE d P 0 I 1 1 1 1 R RIM I 193-203 (Note 1) 

FSQRT ~ Square Root of ST(O) 
1 

ESCAPE 0 0 1 
1 

1 1 1 1 1 0 1 0 I 180-186 

FSCALE ~ Scale ST(O) by ST(I) I ESCAPE 0 0 1 I 1 1 1 1 1 1 0 1 I 32-38 

FPREM ~ Partial Remainder of I ESCAPE 0 0 1 I 1 1 1 1 1 0 0 0 I 15-190 
ST(O) -ST(l) 

FRNDINT ~ Round ST(O) to I ESCAPE 0 0 1 I 1 1 1 1 1 1 0 0 I 16-50 
Integer 

NOTE: 
1. If P= 1 then add 5 clocks. 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 

FXTRACT ~ Extract 
Components of St(O) 

FABS = Absolute Value of 
ST(O) 

FCHS ~ Change Sign of ST(O) 

Transcendental 

FPTAN '=' Partial Tangent of 
ST(O) 

FPATAN ~ Partral Arctangent 
of ST(O) -ST(1) 

F2XMl ~ 2STlOI _l 

FYL2X ~ ST(l)' Log2 
[ST(O)) 

FYL2XPl ~ ST(l)' Log2 
[ST(O) +11 

Processor Control 

FINIT ~ Initialize NPX 

FSETPM ~ Enter Protected 
Mode 

FSTSW AX ~ Store Contr~1 
Word 

FLDCW ~ Load Control Word 

FSTCW ~ Store Control Word 

FSTSW ~ Store Status Word 

FCLEX ~ Clear Exceptions 

FSTENV ~ Store Environment 

ESCAPE 0 0 1 

ESCAPE o 1 

ESCAPE o 1 

ESCAPE 0 0 1 

ESCAPE o 1 

ESCAPE o 1 

ESCAPE 0 0 1 

ESCAPE 0 0 

ESCAPE 0 

ESCAPE 0 1 

ESCAPE 1 1 

ESCAPE o 

1 1 1 1 0 1 0 0 

1 1 1 0 0 0 0 1 

1 1 0 0 0 

1 1 1 1 0 0 1 0 

1 1 o 1 1 

o 

1 1 1 1 0 0 0 1 

1 1 

o 

1 1 o 

o 0 

MOD o RIM 

Optional 
8,16 Bit 

Displacement 

DISP : 

L-E_S_C_A_P_E __ O_--'L-M_O_D _____ R_I_M~ _ ~ ~I~~ ~ ~: 

L-E_S_C_A_P_E __ 0 __ 1_ ---'-_M_O_D ____ R~ _ ~ ~I~~ ~ J 
ESCAPE 0 1 1 1 ° o 1 ° 

DISP : L-__________ ~ ______________ ~ ______ _ ESCAPE RIM ° MOD 

FLDENV ~ Load Environment li_S_C_A_P_E_O_O __ L-M_O_D ____ O_R_I_M_-----' DISP : 

FSAVE ~ Save State 

FRSTOR ~ Restore State 

FINCSTP ~ Increment Stack 
Pomter 

FDECSTP ~ Decrement Stack 
Pomter 

L-E_S_C_A_P_E __ O __ L-M_O_D ___ O __ R/_M __ ..JI- - Disp - : 

'--E_S_C_A_P_E __ O __ '--M_O_D __ O_O __ R/_M_----'I_ ~ ~~~ = J 

ESCAPE ° ° 6 

ESCAPE 0 0 1 1 1 0 1 1 0 

4-77 

Clock Count Range 

27-55 

10-17 

10-17 

30-540 

250-800 

310-630 

900-1100 

700-1000 

2-8 

2-8 

10-16 

7-14 

12-18 

12-18 

2-8 

40-50 

35-45 

205-215 

205-215 

6-12 

6-12 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 

FFREE = Free ST(i) ESCAPE 1 0 1 I 1 1 0 0 0 ST(I) 

FNOP = No Operation ESCAPE 0 0 1 I 1 1 0 1 0 0 0 0 

NOTES: 
1. if mod=OO then DISP=O', disp-Iow and disp-high are absent 

if mod=Ol then DISP=disp-low sign-extended to 16-bits, disp-high is absent 
if mod=10 then DISP=disp-high; disp-Iow 
if mod=ll then rim is treated as an ST(i) field 

2. if r/m=OOO then EA=(BX) + (51) +DISP 
if r/m=OOl then EA=(BX) + (01) +DISP 
if r/m=010 then EA=(BP) + (51) +DISP 
if r/m=Oll then EA=(BP) + (01) +DISP 
if r/m=100 then EA=(SI) + DISP 
if r/m=101 then EA=(DI) + DISP 
if r/m=110 then EA=(BP) + DISP 
if r/m=lll then EA=(BX) + DISP 

'except if mod=OOO and r/m=110 then EA =disp-high; disp-Iow. 
3. MF= Memory Format 

00-32-bit Real 
01-32-bit Integer 
10-64-bit Real 
11-16-bit Integer 

4. ST(O) = Current stack top 
ST(i) ith register below stack top 

5. d= Destination 
O-Destination is ST(O) 
I-Destination is ST(i) 

6. P= Pop 
O-No pop 
I-POP ST(O) 

7. R= Reverse: When d",l reverse the sense of R 
" O-Destination (op) Source 

I-Source (op) Destination 
8. For FSQRT: -0 .;; ST(O) .;; +00 

For FSCALE: _215 .;; ST(l) < +215 and ST(l) integer 
For F2XM1: 0.;; ST(O).;; 2-1 

For FYL2X: 0 < ST(O) <00 
-00 < ST(l) < + 00 

For FYL2XP1: 0.;; IST(O)I < (2 -\1'2)/2 
-00 < ST(l) < 00 

For FPTAN: 0.;; ST(O) ';;1T/4 
For FPATAN: 0.;; ST(O) < ST(l) < +00 

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 

• Multiplexor channel operation for up to 32 I/O 
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 
duringDMA 

• 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 l6-bit wide bus 
operations by software. Figure I 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 buscycJe is4 
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 ofDMA). 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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82258 OVERVIEW 

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. 

• 
• 
• 

< 

IOREQ 

UPTO 
32 REQUEST 

LINES 
MULTI- IOACK 

PLEXOR 

b) Block Multiplex Operation: Here the channel IS 

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 bytejword 
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. 

> CH.O 

HOLD 

HLDA 
CH.1 T 

0 
82258 

C 
P 

CH.2 U 

CH.3 

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

Figure 3. Multiplexor Channel Configuration 
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intel" 82258 OVERVIEW 

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
rerred 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/ disassem\lly of data. This means that 
data can be read as one word (16 bits) and written as 

• SINGLE 

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 retched 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 I, 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 . 

MEMORY PERIPHERAL 

82258 

• DOUBLE 

MEMORY PERIPHERAL 

82258 

ADVANTAGE: 

"SPEED-
1 BUS CYCLEITRANSFER 

ADVANTAGE: 

"'ON THE FLY" 
• MASK/COMPARE 
• TRANSLATE 
• VERIFY 

"MEM. TO MEM. 
TRANSFERS 

"DISSIMILAR BUS 
WIDTH SUPPORT 

Figure 4. Single/double cycle transfer 
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82258 OVERVIEW 

16 MBYTE ADDRESSING 

Being the D MA 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 M Bytes. That is, the byte 
count for the transfet 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) 

GCR 

GSR 

GMR 

15 

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 "cOJ;nmand 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 D MA. After completing operation 
on Ii 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. 

o 
COMMAND 

STATUS 

MODE 

GBR l BURST 

GDR l DELAY 

7 o 
GENERAL REGISTERS 

CPR 

SPR 

DPR 

TTPR 

LPR 

BCR 

CCR 

CHANNEL REGISTERS (4 SETS: 1 PER CHANNEL) 

23 

COMMAND POINTER 

SOURCE POINTER 

DESTINTATION POINTER 

TRANSLATE TABLE POINTER 

LIST POINTER 
, 

BYTE COUNT 

CHANNEL COMMAND 

MASKR MASK 

COMPR COMPARE 

DAR ASSEMBLY 

15 CSR L CHANNEL STATUS 

7 

Figure 5. 82258 Register Set 
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u 
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0 
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w 
t< 
w 

COMPARE 

lII: 
TRANSLATE POINTER U 

9 
m -0- I ..L 

CHANNEL COMMAND BLOCK 

Figure 6. Command Block 

COMMAND CHAINING 

It is possible to have command blocks in a chain as shown 
in Figure 7. After completing one block, the 82258 starts 
processing the next block automatically, This is called 
command chaining. It is therefore possible to execute a 
sequence of different types of DMAs without CPU inter­
vention. Besides standard DMA command blocks, there 
are special command blocks which execute unconditional 
~d 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 
microprocessors. 

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

DMA #1 

DMA #2 

CONDITIONAL 
JUMP 

STOP 

0 

) 
0 

DMA #3 

STOP 

Figure I Command Chaining 

4-85 



82258 OVERVIEW . 

DMA 

STOP 

A) SIMPLEST DMA OPERATION 

(r 
I 

DMA 

~ I--J-U-M-P- .... 

DMA 
#1 

B) AUTO-RELOAD DMA 

JUMP IF 
~ "CONDITION" 
~ MET 

"CONDITION" = 
MASK COMPARE HIT 

OR 
EXTERNAL TERMINATE 

OR r-----, 

DMA 
#2 

DMA 
#3 

STOP 

BYTE COUNT END 

STOP 
C) CONDITIONAL DMA OPERATION 

Figure 8. Complexities In Command Chaining 

DATA CHAINING 

Very often it is necessary tp 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 implemented using command chaining. Using 

( 

command blocks for data chaining is comparatively 
slower because the whole command block must be loaded 
befo~ 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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Figure 10. Data Chaining (List Chaining) 
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82258 OVERVIEW 

VERIFY 

Verification of data read from the peripheral is also an often 
required function. It is like a block-compare operation. See 
Figure II. A byte (or word) read from peripheral and a 
memory block are compared. The transfer can be halted 
if a mismatch occurs. It is 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 III the channel com­
mand block (Figure 5). Up to 22 bits are used to specify 
the command. There are two types of channel commands: 

• Type I: tor data movement 
• Type 2: for command chaining control 

Type 1 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 

c. If source/destination is in memory or I/O space 
d. If data chaining (list or linked list) is to be pertormed 
e. If the data transfer is synchronized (source or 

destination) 
f. If an "on the fly" match operatIon and lor translate 

operation has to be pertormed 
g. If a verify operation has to be performed 

For certain type I transfers which, for example, do not use 
"on the fly" match, translate or venfy 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: 

I. 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 
• 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 1 and 2 commands gives the 82258 
a high degree of "programmability". It can thus execute quite 
complex algonthms with a fairly low demand tor CPU 
service. 

82258;::--80286 SYSTEM 
Figure 12 shows the 82258 in an 80286 system. As 
descnbed 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 DMA 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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• VERIFY 

MEMORY 

• VERIFY AND SAVE 

MEMORY 
B 

82258 

MEMORY 
A 

PERIPHERAL 

DATA READ 
FROM PERIPHERAL 
AND COMPARED 
WITH THAT 
FROM MEMORY 

PERIPHERAL 

82258 

DATA TRANSFERRED FROM 
PERIPHERAL TO MEMORY A 
IN SINGLE CYCLE MODE 
AND SIMULTANEOUSLY 
COMPARED WITH THAT IN 
MEMORY B 

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 doe~ 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 110 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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82284 
CLOCK GENERATOR AND READY INTERFACE 

FOR iAPX 286 PROCESSORS 
(82284, 82284-6) 

• Generates System Clock for iAPX 286 
Processors 

• Uses Crystal or TTL Signal for Frequency 
Source 

• Provides Local READY and Multibus* 
READY Synchronization 

• 18-pin Package 

• Single + 5V Power Supply 

• Generates System Reset Output from 
Schmitt Trigger Input 

• Available in EXPRESS 
- Standard Temperature Range 
- Extended Temperature Range 

The 82284 is a clock generator/driver which proviQes 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 

fJ 
SYNCHRONIZER 

x1_1--r=-l 
X21IL=-J 
EFI--t-------' 

FIC -+----------' 

ARDYEN -+---<>1'"""'\ 
ARDY -t--d...J 

SRDYEN -+-~~ 

SRDY -t---d...J 

S1 -+--<11"-'" 
so -+--<:11._ 

Figure 1. 82284 Block Diagram 

* Multibus is a patented bus of Intel 
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X2 8 RES 

GND 9 ClK 

Figure 2. 
82284 Pin Configuration 
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82284 

Table 1. Pin Description 

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

Symbol Type Name and Function 

ClK a 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 MaS level inputs. 

F/C I Fr~quency/Crystal Select is a strapping option to select the source for th~ ClK output. When 
F/C is strapped lOW, the internal crystal oscillator drives ClK. When Fie is strapped HIGH, 
the EFI input drives the ClK output. 

X1, X2 I Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When FIG 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. 

EFI I 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. 

PClK a Peripheral Clock is an output which provides a SO% duty cycle clock with 112 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. 

ARDYEN I 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. 

ARDY I 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 aguaranteed response to synchronous inputs. 

SRDYEN I 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. 

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

READY a Ready IS an active lOW output which ~nals~ current bus cycle is to be completed. The 
SRDY, SRDYEN, ARDY, ARDYEN, S1, SO 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. 

SO,S1 I Status inputs prepare the 82284 for a subsequent bus cycle. SO and S1 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 a 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). 

RES I Reset In is an active lOW input which generates the system reset signal RESET. Si~s 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. 

Vee System Power: +SV power supply 

GND System Ground: 0 volts 

FUNCTIONAL DESCRIPTION ready synchronization logic and system reset genera­
tion logic. 

Introduction 

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 

4-93 

Clock Generator _ 

The elK output provides the basic timing control for 
an iAPX 286 system. elK has output characteristics 
sufficient to drive MOS devices. elK is generated by 
either an internal crystal oscillator or an external 
source as selected by the Fie strapping option. When 
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Ftc is 'lOW, the crystal oscillator drives the ClK out" 
put. When Ftc 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 'Sf and 'SO 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 'SO or Sf were active (lOW) for 
the two previous ClK cycles. PClK continues to os­
cillate when both 'SO and Sf 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. It 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 Vee and 
GND as close to the 82284 as possible. 

CLK 1-'1.:..0 --I ClK 
Vee ,APX286 

CPU or D 
r-........ --'i8 X2 82284 '9!~OI c~::O~~k 

. __ 4 

SEE TABLE 
2 FOR 

CAIW:ITOR 
VALUES 

READY h,;: .... Il!:R~'i!A~D~Y_.-J I 
,18 

DECOUPLING I CAPlACI10R 

Figure 3. Recommended Crystal and RElDV 
Connections 

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 fail­
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 Vce 
and ClK. To prevent spurious activity, RES should be 
asserted until Vcc and ClK stabilize at their operating 
values. iAPX 286 processors and support components 
also require their 'RESET inputs be HIGH a minimum of 
16 C,lK cycles. An RC network, as shown in Figure 4, 
will keep RES lOW long' enough to satisfy both needs. 
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Vee 

82284 ' 

Figure 4. lYPical 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 
(AROY) 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 READ? Signal inactive (HIGH) at the start of a 
bus cycle, the READY output floats when either S1 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 V1H• 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 S1 and SO are inactive and PClK is 
HIGH. READY is forced active when both SRDY and 
SRDYEN are sampled as lOW. 

Rgure 6 shows the operation of ARDY and ARlJYEiiI. 
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 ARl:i"Yrn have 
been resolved as active, the SRDY and SRDYEN inputs 
are ignored. Either ARDY or ARDYEN must be HIGH at 
end of T s (see figure 6). 

READY remains active until either 51 or SO are sam­
pl~d 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) 

1 to 8 MHz 60 pF 40 pF 
8 to 16MHz 25 pF 15 pF 

NOTE: Capacitance values must include stray board capacitance. 

T, 

ClK 

PClK 

READY -----___ , 

Figure 5. Synchronous Ready Operation 
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Ts 

elK 

PClK 

READY ________ ......l .... 

Figure 6. Asynchronous Ready Operation 

ABSOLUTE MAXIMUM RATINGS" 

Temperature Under Bias ............ ooe to 700 e 

Storage Temperature .......... -6Soe to + 1S0oe 

All Output and Supply Voltages ....... -O.SV to + 7V 

AlllnputVoltages ............... -1.0Vto +S.SV 

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

*Notice: Stresses above those listed under "Absolute 
Maxmum 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 condi­
tions above those indicated in the operational sec­
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = ooe to 7ooe, Vee = SV, ± 5%) 

6 MHz 8 MHz 

-6 -6 -8 -8 
Sym Parameter Min Max Min Max Unit Test Condition 

V1L Input lOW Voltage .8 8 V 

V1H Input HIGH Voltage 20 2.0 V 

V1HR RES and EFI Input HIGH Voltage 2.6 26 V 

VHYS RES Input hysteresis 0.25 0.25 V 

VOL RESET. PClK Output lOW Voltage 45 45 V IOL -5mA 

VOH RESET. PClK Output HIGH Voltage 24 2.4 V IOH - -1mA 

VOLR ~, Output lOW Voltage .45 .45 V IOL =7mA 

VOLe ClK Output lOW Voltage 45 45 V IOL =5mA 
----

VoHe ClK Output HIGH Voltage 4.0 40 V IOH - -8001lA 
-

Ve Input Forward Clamp Voltage -1.0 -10 V le=-5mA 

iF Forward Input Current - 5 -.5 mA VF~ 45V 

IR Reverse Input Current 50 50 uA VR-Vee 

Icc Power Supply Current 145 145 mA 

C1 Input Capacitance 10 10 pF Fe=1MHz 
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A.C. CHARACTERISTICS (TA = D·C to 7D·C, vee = 5V, ± 5%) 
AC timings are referenced to O.SV and 2.0V points of signals as Illustrated In datasheet waveforms, unless otherwise 
noted. 

6MHz SMHz 

-6 -6 -S -S 
Sym Parameter Min Max Min Max Unit Test Condition 

1 EFI to ClK Delay 35 30 ns at 1.5V Note 1 

2 EFI lOW Time 40 25 ns at 1 5V Note 1 Note 7 

3 EFI HIGH Time 35 25 ns at 1.5V Note 1 Note 7 

4 ClK Penod 83 500 62 500 ns 

5 ClK lOW Time 20 15 ns at 1.0V Note 1 Note 2,8 

6 ClK HIGH Time 25 25 ns at 3.6V Note 1 Note 2,8 

7 ClK Rise Time 10 10 ns 1.0V to 3.6V Note 1 

8 ClK Fall 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 Note 1 Note 3 

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 NoteS 

21 PClK lOW Time t4-20 t4-20 ns Note 5 Note 6 

22 PClK HIGH Time t4-20 t4-20 ns Note 5 Note 6 

NOTE 1: ClK loading. CL = 150pF. 

NOTE 2: 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 of8-16MHz are 25pF from pin X1 to ground, and 15pF from pin X2 to ground. These recommended 
values are ± 5pF and include all stray capacitance, Decouple Vee and GND as close to the 82284 as possible. 

NOTE 3: This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific 
ClKedge. 

NOTE 4: READY loading: IOL = 7mA, CL = 150pF. In system application, use 910 ohm ±5% pull up resistor to meet 80286, 
80286-6 and 80286-4 timing requirements. 

NOTE 5: PClK and RESET loading: CL = 75pF. PClK also has 750 ohm pullup. 

NOTE 6: t4 refers to any allowable ClK period. 

NOTE 7: 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 EFI 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 dnvlng componentfrom EFI All features ofthe 82284 remain 
functional whether EFI or crystal is used to drive the 82284. 

NOTE S: When using crystal (with recommended capacitive loading per Table 2) appropriate for speed of 80286, ClK output 
HIGH and lOW times guaranteed to meet 80286 requirements. 
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Waveforms 

82284 

CLK as a Function of EFI 

EFI 

CLK 

NOTE: The EFllnput lOW and HIGH times as shown are required to 
guarentee the elK lOW and HIGH times shown. 

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

NOTE 1: This IS 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 

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

NOTE 2: Tie 910 ohm ±5'10 pullup resistor to the READY output 
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82288 
BUS CONTROLLER 

FOR iAPX 286 PROCESSORS 
(82288-8, 82288-6) 

• Provides Commands and Control for 
Local and System Bus 

• Offers Wide Flexibility in System 
Configurations 

• Flexible Command Timing 

• Optional Multibus· Compatible 
Timing 

• Control Drivers with 16 ma IOL and 
3·State Command Drivers with 
32 ma IOL 

• 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 I/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. 

3-STATE 
COMMAND 
OUTPUTS 

[

STATU; 

51 
M/iO 

r;:D=~T=lo=T~=~=R::;---;::::cg=L~=~=P~=c~=D::;' :~:~] 
Mii5C 
MWi'C 

ClK-+--i 
CONTROL 

INPUTS 

CEN/AEN 

CENl 

CMDlY 

REAiiY 

MB 

Figure 1_ 82288 Block Diagram 

*Multibus is a patented bus of Intel. 

READY VCC 

ClK So 

51 M/iO 

MCE DTiA" 

ALE DEN 

MB CEN/AEN 

CMDlY CENl 

MRDC INTA 

MWTC IORC 

GND IOWC 

Figure 2. 88228 Pin Configuration 

Intel Corporation Assumes No Responsibility for the Use of Any C)rcultry Other Than Circuitry Embodied In an Intel Product No Other Circuit Patent Licenses are Implied 

©INTELCORPORATION,1982 4-100 
January 1985 

ORDER NUMBER: 210471-004 
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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 I 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. 

SO, S1 I Bus Cycle Status starts a bus cycle and, along with MilO, defines the type of bus cycle. 
These inputs are active lOW. A bus cycle is started when either S1 or SO is sampled 
lOW at the falling edge of ClK. Setup and hold times must be me1 for proper operation. 

iAPX 286 Bus Cycle Status Definition 

MilO S1 SO Type of Bus Cycle 

0 0 0 Interrupt acknowledge 
0 0 1 I/O Read 
0 t 0 I/O Write 
0 1 1 None; idle 
1 0 0 Halt or shutdown 
1 0 1 Memory read 
1 1 0 Memory write 
1 1 1 None, idle 

MIlO I Memory or I/O Select determines whether the current bus cycle is in the memory space or 110 
space. When LOW, the current bus cycle is in the 110 space. Setup and hold times must be met 
for proper operation. 

MB I 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. This input is typically a strapping option and not 
dynamically changed. 

CENL I Command 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 T s cycle. CENl is used to select the appropriate bus controller for each bus 
cycle in a system where the CPU has more than one bus it can use. This input may be connected 
to Vcc to select this 82288 for all transfers. No control inputs affect CENL. Setup and hold times 
must be met for proper operation. 

CMDLY I Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If sampled 
HIGH, the command output is not activiated and CMDLY is again sampled at the next eLK 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 I 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 

Type of MIlO S1 SO 
Bus Cycle 

Interrupt Acknowledge 0 0 0 
I/O Read 0 0 1 

I/O Write 0 1 0 

None; idle 0 1 1 

Halt/Shutdown 1 0 0 

Memory Read 1 0 1 
Memory Write 1 1 0 
None; idle 1 1 1 

Operating Modes 
Two types of buses are supported by the 82288: 
Multibus and non·Multlbus. When the MB input is 
strapped HIGH, Multibus 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-Multi bus 
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. 

Command DT/R ALE, DEN MCE 
Activated State. Issued? Issued? 

INTA LOW YES YES 

10RC LOW YES NO 

10WC HIGH YES NO 

None HIGH NO NO 

None HIGH NO NO 

MRDC LOW YES NO 

MWTC HIGH YES NO 

None HIGH NO NO 

Bus cycles come in three forms: read, write, and 
halt. Read bus cycles Include memory read, I/O 
read, and interrupt acknowledge. The timing of the 
associated read command outputs (MRDC, 10RC, 
and INTA), control outputs (ALE, DEN, DT/R) and 
control inputs (CEN/AEiii, 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 
dl!ring interrupt acknowledge cycles. 

Write bus cycles activate different control and 
command outputs with different timing than read 
bus cycles. Memory write and I/O write are write 
bus cycles whose timing for command outputs 
(MWi'C and iO"IiV"e), 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 I 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 VCC 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 controller com-
mand outputs may exit 3-state OFF and become inactive (HIGH). AElii HIGH indicates 
that the CPU does not have control of the shared bus and forces the command outputs 
into 3-state OFF and DEN inacti~OW). AEN would normally be controlled by an 
82289 bus arbiter which activates A N 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 0 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 0 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. 

DEN 0 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. 

DTIR 0 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 i~being performed. 
A LOW indicates a read bus cycle. DEN is always inactive when DTIR changes states. 
This output is HIGH when no bus cycle is active. DTiR is not affected by any of the con-
trol inputs. 

10WC 0 1/0 Write Command instructs an I/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. 

10RC 0 I/O Read Command instructs an I/O device to place data onto the data bus. This com-
mand output is active LOW. The MB and CMDL Y Inputs control when thiS output 
becomes active. READY controls when it becomes inactive. 

MWTC 0 Memory Write Command instructs a memory device to read the data on the data bus. 
T\his command output is active LOW. The MB and CMDL Y inputs control when this out-
put becomes active. READY controls when it becomes inactive. 

MRDC 0 Memory Read Command instructs the memory device to place data onto the data bus. 
This command output Js active LOW. The MB and CMDL Y inputs control when this out-
put becomes active. READY controls when it becomes inactive. 

INTA 0 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. 

VCC System Power: + 5V power supply 

GND 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 
statlsfy 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 

VeH 
ClK 

Vel 

82284 PClK 
(FOR REFERENCE) __ I-J 

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, 

Figure 3. 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 m Status (TS> and Command (Te>. 
Each bus state Is two ClK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 

The TI 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 TI state. 

READY . 
NEW CYCLE 

Figure 4. 82288 Bus States 

VCH 
ClK 

VeL 

iI.iii V .. ....,._""""\ 
FROM 
CPU VOL 

Bus Cycle Definition 
The 51 and SO inputs signal the start of a bus cy­
cle. When either input becomes lOW, a bus cycle 
is started. The Ts 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'i 
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 Te bus state after the Ts 
state. The shortest bus cycle may have one Ts state 
and one Testate. longer bus cycles are formed by 
repeating T e states. A repeated T e bus state is 
called a walt state. 

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

When READY is sampled lOW, the current bus cy­
cle is terminated. Note that the bus controller may 
enter the Ts bus state directly from Te if the status 
lines are sampled active at the next falling edge of 
ClK. 

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 
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 
represents the appropriate command output for 
the bus cycle. For Figures 6-10, the CMDL Y input is 
connected to GND and CENL to Vee. The effects of 
CENL and CMDLY are described later in the sec­
tion on control inputs. 

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

T, 

f-o---READ BUS CYCLE 

I Ts I Tc 'I T, 

ClK 

AlE ____ ---' 

DEN ______ +---' 

DTfR 

CMD -------"r-\ 

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

WRITE BUS CYCLE ::j 
Tc ~WAIT~:ATE I T, T, Ts 

elK 

ALE ____ -¥ 

DEN ____ --' 

VOH 
DTiR -------f------+------Jr-------

Figure 7. Idle·Wrlte·ldle Bus Cycles with MB = 0 
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Bus cycles can occur back to back with no T, bus 
states between T e and T s. 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, Te, or following bus state) of a bus cycle. 

A special case in control timing occurs for back to 
back write cycles with MB = O. 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. 

T, Ts 

ClK 

AlE ____ --' 

OEN _______ +--rJ 

OT/II --------;-,\ 

CMO 

Tc 

1ST WRITE CYCLE + 2ND WRITE CYCLE 

Tc I Ts I Tc 

ClK 

OE~OH --+---------+ 

VOH 
OT/ii ---+----------j-

CMD ___ --' 

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

Tc T, 

Figure 9. Idle·Read·ldle Bus Cycles with MB = 1 
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ClK 

j§'i.§ii 
j 

T, T. 

AlE _____ ..J 

DEN ________ -' 

To To T, 

CMD-----------~-~ 

Figure 10. Idle·Wrlte·ldle Bus Cycles with MB = 1 

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 for'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=O: 

1) The HIGH to lOW transition of the' read com­
mand outputs (IORC, MRDe, 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. 

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 Ts for any bus 
cycle. ALE becomes inactive at the end of the Ts 
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 Tc 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 failing 
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. 
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T, T, Tc 

ClK 

ALE ____ '\--' 

MCE _____ _ 

Figure 11. MCE Operation for an INTA Bus Cycle 

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 
(Le. 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. 

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 51 and SO. 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 Ts 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 Tc 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 Ts 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 M B = 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). 

rD~ 
X1 X2 

READY 
SRDY ARiiY 

82284 ARDYEN SRDffi 

CMD 

ADDRESS 
DATA 

<= 
READY 

CMD 82288 ClK 

MliO 
51,So 

CENl 

MB CEN 

t +!v 

ADDRESS 

DECODER 

n 
II 
A2So0 

F ClK READY 51.S0 

~ 

~ 

MilO 
so 
§1 

ClK READY MilO 
51,So 

80286 

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 CM DL Y input must be 
sampled LOW to activate the command outputs. 
CMDL Y does not affect the control outputs ALE, 
MCE, DEN, and DTiR. 

XACK 

9100 ±S% 

READY COMM ANDS 

ClK 82288 
CMD 

MiiO DEN ~ S1.So 
DTIR ,.. CENl ALE 

MB AEN 

Jv 
t 

READY AEN 

ClK 82289 CON TROl 

MliO CNTl 

S1.So 

SYSIRESB 

/Si-ii= ,...., 
20KO .... / +5V L ADD RESS 

8283 

V~ 

1.1 
/Tm 

DATA 

D, .. I-- ----'\ ) 8287 

V 
-

Figure 12. System Use of AEN arid CENL 
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CMDl Y is first sampled on the falling edge of the 
ClK ending Ts. If sampled HIGH, the command 
output is not activated, and CMDl Y is again 
sampled on the next falling edge of ClK. Once 
sampled lOW, the proper command output 
becomes active immediately if MB = O. 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 specifi'cation for the same or 
related function In another mode. 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias .... O°C to 70°C 
Storage Temperature ......... -65°C to + 150°C 
Voltage on Any Pin with 

Respect to G N D ............... - O.5V to + 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 (TA ~ ooe to 7ooe, vcc ~ 5V, ± 5%) 

6 MHz 

-6 -6 
Symbol Parameter Min_ Max. 

VIL Input lOW Voltage -.5 .8 

Vi}:{ Input HIGH Voltage 20 Vcc +.5 

VILC ClK Input lOW Voltage -.5 .6 

VIHC ClK Input HIGH Voltage 3.8 Vcc +.5 

VOL Output lOW Voltage 
Command Outputs .45 
Control Outputs .45 

VOH Output HIGH Voltage 
Command Outputs 2.4 
Control Outputs 2.4 

IF Input Current (80 and 81 inputs) -.5 

IlL Input leakage current (all 
other inputs) ±10 

ILO Output leakage Current ±10 

Icc Power Supply Current 120 

CCLK ClK Input Capacitance 12 

CI Input Capacitance 10 

Co Input/Output Capacitance 20 

NOTE: 1: Command Outputs are INTA, IORC, IOWC, MRDC, MWRC. 
2. Control Outputs are DT IR, DEN, ALE and MCE. 

4-112 

8 MHz 

-8 -8 
Min. Max. Units Test Conditions 

-5 .8 V 

2.0 Vcc +.5 V 

-.5 .6 V 

3.8 Vcc +.5 V 

.45 V IOL ~ 32 mA Note 1 
45 V IOL ~ 16mA Note 2 

2.4 V IOH ~ -5mA Note 1 
2.4 V IOH ~ -lmANote2 

-.5 mA VI ~ .45V 

±10 ~A OV :5 VI IN :5 Vce 

± 10 ~A .45V :5 VOUT :5 Vcc 

120 mA 

12 pF Fc ~ 1 MHz 

10 pF Fc ~ 1 MHz 

20 pF Fc ~ 1 MHz 
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A.C. CHARACTERISTICS 
(TA ~ OOG to 70oG, Vcc ~ 5V, ± 5%) 
AG timings are referenced to O.BV 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 al36V 

3 CLKLOWT,me 20 225 15 230 ns all0V 

4 CLK Rise Time 10 10 ns 1 OV 10 3 6V 

5 CLK Fall Time , 
10 10 ns 36Vlol0V 

6 MilO and Status Setup Time 28 22 ns 

7 MilO and Status Hold Time 1 1 ns 

8 CENL Setup Time 30 20 ns 

9 CENL Hold Time 1 1 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 IR LOW from CLK 40 25 ns Note 4 

20 DEN (Read) Active from DT IR 5 50 5 35 ns Note 4 

21 DEN (Read) Inactive Diy from CLK 3 40 3 35 ns Nole 4 

22 DT IR 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 (Wrile) Inactive Diy 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 IR HIGH from CLK 

(when CEN 0 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 Nole5 

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 Nole 5 

33 CMD Inactive Enable from AEN 40 40 ns Note 5 

34 CMD Float Oelay from AEN 40 40 ns Note 6 

35 MB Setup Time 25 20 ns 

36 MB Hold Time 0 0 ns 

37 Command Inacllve Enable 
fromMBI 40 40 ns Nole 5 

38 Command Floal Time from MBI 40 40 ns Note 6 

39 DEN Inacllve from MBI 40 30 ns Nole 4 

40 DEN Active from MBI 35 30 ns Note 4 

NOTE: 3 AEN IS an asynchronous Input ThiS specification IS for testing purposes only, to assure recognition at a specific 

CLK edge 

4 Control oulput load CI = 150pF 

5 Command' oulpulload CI = 300pF 

6 Float conditIOn occurs when output current IS less then ILO In magnitude 
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4.0V 

O.4SV 

NOTE 7: AC Drive and Measurement Points - ClK Input 

4.0V 

CLKINPUT 

1.OV 

O.45V 

'HOLD 

2.4V 

OTHER 
DEVICE 
:INPUT 

O.8V 
O.45V 

'DELAY 

2.0V 

DEVICE 
OUTPUT 

O.8V 

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 

CLK 

STATUS, ALE, MCE, CHARACTERISTICS 

1+---- Ta -----t ....... ---

CLK 

M/iO,S1,Sii ---t=liLI+< 

ALE ______ ~ 

MCE ______ ---J 

CENL, CMDlY, DEN CHARACTERISTICS WITH MB=O AND CEN=1 DURING WRITE CYCLE 

CLK 

DEN ____ +-J 

CENL 
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WAVEFORMS (Continued) 

READ CYCLE CHARACTERISTICS WITH MB = 0 AND CEN = 1 

TS---+/-O-----

ClK 

CMDlY 

DTiii"----+-'=\ 

DEN __ -+=--, 

CMD----+-'\ 

CENl 

WRITE CYCLE CHARACTERISTICS WITH MB = 0 AND CEN = 1 

ClK 

DEN ______ -' 

VOH---------H---+--,..---j/-----t----­
DT/A 

CMDlY 

CENl 
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WAVEFORMS (Continued) 

CEN CHARACTERISTICS WITH MB = O' 

ClK 

CEN 

DEN 

CMD 

DT/R ___________ II ___ +./ 

ill CHARACTERISTICS WITH MB = 1 

ClK 

AEN 

DEN ___ .J 

NOTE 1: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown In the waveforms. 
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BUS ARBITER 

FOR iAPX 286 PROCESSOR FAMILY 

• Supports Multi-master System Bus 
Arbitration Protocol 

• Synchronizes 80286 Processor with Multl­
master Bus 

• Compatible With Intel Bus Standard 
Multibus®* (IEEE 796 Standard) 

• Three Modes of Bus Release Operation for 
Flexible System Configuration 

• Supports Parallel, Serial, and Rotating 
Priority Resolving Schemes 

• Available in EXPRESS - Standard 
Temperature Range 

The Intel 82289 Bus Arbiter is a 5-Volt, 20-pin HMOS III 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. 

STATUS lSO#/HOLD 
INPUTS Sl# 

M/IO# 

LOCAL 
SYSTEM r REA~~~ 

CONTROL LOCK# 
ALWAYS #/CBQLCK # 

-I-
-f-
-f-
-I-
-I-

SYl' SB/~E::E~ 
AEN# 

PROCESSOR 
INTERFACE 

STATE 
MACHINE 

MULTIBUS 
INTERFACE' 

STATE 
~ACHINE 

BUS REQUEST 
AND 

RELEASE 
LOGIC 

'1 
M/IO# Vee 

READY# Sl# 
SYSB/RESB# 3 Soo/HOlD 

RESET ClK 
BCLK# LOCK# 

INIT# 6 ALWAYS# 
BREQ# 7 lLOCK# I CBQLCK# 

BPRO# AEN# 

BPRN# CBRQ# 
GND BUSY# 

# INDICATES FUNCTION IS ACTIVE LOW 

I-
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I-
~ 

l lOCK# 

---
I-

MULTIBUS 

BREQ# INTERFACE 
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Figure 1. 82289 Block Diagram Figure 2. 82289 Pin Diagram 
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Table 1. 82289 Pin Definition 

Symbol Pin(s) Type Name and Function 

ClK 17 I 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 I STATUS INPUT SO# 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 SO# pin meets the setup and hold time requirements 
of this pin. 

The SO# pin function is selected by forcing this input high during the 
falling edgeof 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 SO# pin 
together with the other status input pins, S1# and M/IO#, 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 

I-
initiate bus request and surrender actions. 

sm. M/IO# 19, 1 I 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 SO# 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/IO# S1# SO#/HOLD Type 01 Bus Cycle 
0 0 0 Interrupt acknowledge 
0 0 1 I/O Read 
0 1 0 I/O Write 
0 1 1 None; bus idle 
1 0 0 Halt or shutdown 
1 0 1 Memory read 
1 1 0 Memory write 
1 1 1 None; bus idle 

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

SYSB/RESB# 3 I 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 Ts bus 
state. 

During an interrupt acknowledge cycle, this input is sampled on every 
falling edge of ClK starting at the end of .the Ts 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 Pines) Type Name and Function 

READY# 2 I 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 I LOCK # is a processor-generated signal which when asserted (lOW) 
prevents the arbiter from surrendering the multi-master system bus to 
ariy other bus arbiter, regardless of its priority. lOCK# is sampled by 
the arbiter at the end of the Ts (status) bus state. Setup and hold times 
for this pin must be met for proper operation. --- --

AlWAYS#/ 15 I 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 activeclOW 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 I PROCESSOR RESET is an active-HIGH i"nput synchronous to the 
system clock (ClK). RESET is the processor initialization ofthe arbiter 
to release the mUlti-master bus and clear any pending request. 

INIT# 6 I INITIALlZE# is an active-low Multibus signal used to reset all arbiters 
on the Multlbus 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 multi-master bus Immediately after initialization. INIT# is an 
asynchronous signal to ClK. 

BClK# 5 I BUS CLOCK# is the multi-master system bus clock to which the 
multi-master bus interface signalsare synchronized. BClK# can be 
asynchronous to ClK. 

BREQ# 7 a 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 I/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 forthis 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 it issues a 
BREQ#. The arbiter release CBRQ# when it obtains the Multibus. 
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Table 1. 82289 Pin Definition (continued) 

Symbol Pin(s) Type Name and Function 

BPRN# 9 I 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. 

BPRO# 8 0 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# 11 I/O BUSY# is a Multibus signal which is asserted when the system bus 
(open- is in use. 
drain) 

BUSY# is an open drain input/outp'ut requiring an external pullup 
resistor. 

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 
control of the Multibus. 

AEN# 13 0 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 
input (ARDY#). 

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 
relative to ClK. 

llOCK# 14 0 LEVEL LOCK# 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#. 

Vee 20 I +5 volts supply voltage 

GND 10 I Ground 

FUNCTIONAL DESCRIPTION determine which bus cycles require the system bus 
and to resolve priorities of simultaneous requests 
for control of the system bus. The 82289 Bus Arbiter in conj unction 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 
synchronou~ 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 
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82289 with 80286 

In an iAPX 286 system using ar:1 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 a;s "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 
acknowledg~ (HlDA) input forthe 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 
it will 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 ofthe 
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 p'hase 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. 

ClK ~ONE SYSTEM _ I 
ClKCYClE-J 

PClKY ' .... ___ --:1 

Figure 3: elK 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 (TI), Status (T s), Command 
(T d. Each bus state is two ClK cycles long. Bus 
state phases correspond to the internal CPU pro­
cessor clock phases. 

RE~DY 

NEW ,CYCLE 

Figure 4: 82289 Pr~essor, 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 elK and signal the start 
of a bus cycle by going active (lOW). The T s bus 
state is defined to be the two elK cycles during 
which either S1# or SO# is active (see figure 5). 
When either S1# or SO# is sampled lOW, the next 
elK cycle is considered the second phase of the 
associated processor clock cycle. 

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

VCH 

ClK 
VCl 

51.SO VIH ---"" J 
FROM 
cpu Vil 

The READY# input determines whether the current 
T c 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 c bus state 
to see if it is active. If sampled HIGH, the T c bus 
state is repeated. This is called inserting a wait state. 

When READY# is sampled lOW, the current bus 
cycle is terminated. Note that the bus arbiter may 
enter the T s bus state directly from T c if the status 
lines are sampled active (l.:OW) at the next falling 
edge of elK (see Figure 5). If neither of the status 
lines are sample.d active at that time the 82289 will 
enter the TI bus state. The TI bus state will be 
repeated until the status inputs are sampled active. 

!!I!I !ll!11J 

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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BCLK ________________________ -' 

o HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTER SYSTEM BUS. o ATTAINS PRIORITY. (DOES NOT YET OWN BUS) o LOWER PRIORITY BUS ARBITER RELEASES BUSY. 

o HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS iiiJSVLOW. 

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 itscurrenttransaction 
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(0 read, I/O write or interrupt acknowledge cycle, 
and SYSB/RESB# is HIGH at the end of Ts, a bus 
request is generated. 

When the status inputs indicate'an interrupt acknow­
ledge bus cycle, tne 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 schem'e, 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. SU,ch 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 
lower priority arbiter (see Figure 9). The highest 
priority bus arbiter would have its BPRN# tied LOW 
in this configuration, signifying to the arbiter that it 
always has the highest priority when requesting the 
system bus. In a serial scheme, the BREQ# output is 
not used. 

Since arbitration must be resolved within one 
BCLK# period the number of arbiters connected 

Ts Tc 

ClK [ 

SO#/HOlDoS1# [ 

together in the senal priority is limited by arbiter 
BPRN# to BPRO# propagation delay (18 ns). For a 
10 MHz Multibus BCLK#, five 82289 Bus Arbiters 
may be connected together in senal configuration. 

Maximum number of chained-priority devices = 

BCLK# period 

BPRN# to BPRO# delay 

Tc TC 

Figure 7: Bus Request Timing During an Interrupt Acknowledge Cycle 

+vcc 

74148 
PRIORITY 

4 ENCODER 

Figure 8: Parallel Priority Resolving Technique 
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+Vcc 

: BUSY 

Figure 9: Connections for Serial Priority Resolving Technique 

BPRN#[ ~~~.f-'----""f~f-' ______ _ 

BPRO#[ ~~~'~_-f/F. \>-____ _ 

BREQ# [ ---__J/.f-' ----_/.f-' -----,r·;.--J+-\-\\ ... F_. ____ -DT-'Jr------

l THE LOCAL J ~ THE LOCAL ~ 
80286 REQUESTS 80286 NO LONGER 
THE MULTIBUS NEEDS THE MULTIBU 

Note: Events A through F described above. 

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 & 1(}'b. An arbiter's BPRO# is 

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

Rotating Priority Resolving Technique 

asserted if the arbiter has priority (BPRN# is The rotating priority resolving technique is similar 
asserted) but is not accessing or requesting the to the parallel priority resolving technique except 
system bus (as indicated by BREQ# inactive as that priority is dynamically re-assigned. The priority 
shown in Figure 10-c and 10-e for arbiter 3). encoder is replaced by a more complex circuit 
Whenever a higher priority arbiter (arbiter 3) issues which rotates priority between requesting arbiters, 
a bus request its BPRO# goes inactive causing the thus allowing each arbiter an equal chance to use 
next lower priority arbiter (arbiter 4) to lose its bus the multi-master system bus over a given period of 
priority (Figure 10-f). Any arbiter (arbiter 3) will also time. 

I 

( 4-126 231095-002 



82289 

Selecting 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 is in general 
a compromise between the other two techniques. 
(For example parallel priority configuration in 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 
Release Arbiter releases the system bus 
Mode (unless cycles are LOCKed) 

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 

• a lower-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, 

the arbiter is forced off of the bus by the loss of 
BPRN# (Mode 2 or 3), or by a common 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 not another 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 haveto 
be released, thereby eliminating the delay of 
regaining the bus at the start of the next cycle. 

The LOQK# input to the arbiter can be used to over­
ride any of the conditions shown in Table 2. While 
LOCK# is asserted, the arbiter will not surrender 
control of the Multibus to any other requesting 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. 

An isolated 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, 

B, 

C, 

Figure 11: Effects of Bus Contention on Bus Efficiency 

The three release modes of the 82289 allow the 
designer to optimize the system use of the Multibus, 

Configuring the 82289 Release Mode 

The 82289 Bus Arbiter can be configured in any of 
its three bus release modes without additional 

822889 

RESET----IRESET 

MODEl 

822889 

RESET 

hardware, the 82289 can also be configured to 
switch between Mode 2 and Mode 3 under software 
control of the 80286 processor, requiring that a 
parallel port or addressable latch be used to drive 
the ALWAYS#/CBQLCK# input pin of the 82289 (see 
Figure 12), 

822889 

RESET ---tRESET 

vcc _____ ~/~ 

MODE 2 

822889 

RESET-_-----I 

MODE3 $ PARALLEL 
1/0 OR 

DATA ADDRESSABLE 
LATCH 

D 
C 

ENABLE '"--...... C.t----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 
lOCK# 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 llOCK# is set or reset depending on 
processor lOCK# at the end of the Ts 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 ofthe Multibus, until the end of 
the first 'unlOCKed' 80286 bus cycle (80286 dis­
ables its lOCK# output on 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-

nected to a tri-state buffer in orderto 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 cleared and 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. 
~ I 

Note that when the 82289 is initialized by the RESET 
input it does not wait until the end of the current bus 
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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Schematic 1: TypicallAPX 286 Subsystem MULTIBUS Interface 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature 
Under Bias .................•... O°C to 70°C 

Storage Temperature .......... -65°C to +150°C 
Voltage on Any Pin With 

Respect to GND ., ............... -0.5V to + 7V 
Power Dissipation ...................... 1 Watt 

Electrical Characteristics and Waveforms 

"Notice: Stresses above those listed under ':4bsolute 
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 opera­
tional sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

D.C. Characteristics (TA = 0° to 70°C, Vee = 5V ± 5%) 

Preliminary 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input low Voltage -0.5 .8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VILe ClK Input low Voltage -0.5 .6 V 

VIHe ClK Input High Voltage 3.8 Vee + 1.0 V 

Output low Voltage: 

VOL 
BUSY#, CBRQ# .45 V IOL = 32mA 
BPRO#,BREQ#,AEN# .45 V IOL = 16mA 
llOCK# .45 V IOL = 5mA 

VOH Output High Voltage 2.4 V IOH = 400llA 

III Input leakage Current ±10 IlA 0.45V:O;; VIN :0;; Vee 
±1 mA OV:5; VIN < 0.45V 

ILO Output leakage Current ±10 IlA 0.45V:O;; VOUT:O;; Vee 

Icc Power Supply Current 120 mA 

CeLK ClK, BClK# Input Capacitance 12 pF Fe = 1 MHz 

CIN Input Capacitance 10 pF Fe = 1 MHz 

Co Input/Output Capacitance 20 pF Fe = 1 MHz 
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A.C. Characteristics ,(,TA = DOC to 70°C, Vee = 5V ± 5%) 
ACtimings are referenced to 0 8V and 2,OV points of signals as Illustrated in datasheet waveforms, unless 
otherwise noted, 
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26 

27 

28 

29 
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31 

32 

NOTES: 
NOTE 1. 
NOTE 2 
NOTE 3 
NOTE 4 
NOTE 5 
NOTE 6 
NOTE? 
NOTES 

NOTE 9 

Parameter 

ClK Cycle Period 

ClK low Time 

ClK High Time 

CLiS Rise/Fail Time 

BClK# Cycle Time 

BClK# High/low Time 

SO#/HOlD, S1#, M/IO# Setup 

SO#/HOLD, S1#, M/IO# Hold 

READY# Setup 

READY# Hold Time 

LOCK#, SYSB/RESB# Setup Time 

LOCK#, SYSB/RESB# Hold Time 

RESET Setup Time 

RESET Hold Time 

RESET ACTIVE Pulse Width 

INIT# Setup Time 

INIT# Hold Time 
. -~--~~-.--.,---

INIT# Active Pulse Width 

BUSY#, BPRN#, CBRQ#, 
CBQLCK#/AlWAYS# Setup 
to BCLK# (or to RESET) 

BUSY#, BPRN#, CBRQ#, 
CBQLCK#/ALWAYS# Hold , 
to BClK# (or to RESET) 

BCLK# to BREQ# Delay 

BCLK# to BPRO# Delay 

BPRN# to BPRO# Delay 

BClK# to BUSY# Active Delay 

BCLK# to BUSY# Float Delay 

BCLK# to CBRQ# Active Delay 

BCLK# to CBRQ# Float Delay 

BCLK to AEN# Active Delay 

ClK to AEN# Inactive Delay 

CLK to LLOCK# Delay 

RESET to LLOCK# Delay 

ClKto BClK# Setup Time 

BREQ# load CL = 60pF 
BPRO# load CL = 60pF 
BUSY# load CL = 300pF 

Preliminary Preliminary 
6MHz 8MHz 

Min. Max. Min. Max. 

83 t5+ 62 t5+ 
50 50 

20 225 15 230 

25 230 20 235 

10 10 

100 oc 100 00 

30 30 

28 22 

1 1 

50 38 

35 25 

28 20 

1 1 

28 20 

1 1 

16 16 

45 45 

1 1 

3(t1) 3(t1) 
+3(t14) +3(t14) 

20 20 

1 1 

30 30 

35 35 

25 25 

1 60 1 60 

35 35 

55 55 

35 35 

1 25 1 25 

3 25 3 25 

20 20 

35 35 

38 38 

Float condition occurs when output current IS less that 1LO In magnitude 
CBRQ# load CL = 300pF 
AEN# load CL = 150pF 
llOCK# load CL = 60pF 

Shown 
Test in 

Unit Conditions Figure 

ns 13 

ns at 1,0 V 13 

ns at 36 V 13 

hS 10 to 3 6 V 13 

ns 13 

ns 13 

ns 13 

ns 13 

ns 13 

ns 13 

ns 13, 18 

ns 13, 18 

ns 19 

ns 19 

CLKs 
, 

19 

ns Note 9 20 

flS Note 9 20 

20 
ns 

ns 13, 15, 21 

ns 13,15,21 

ns Note 1 13, 14 

ns Note 2 17 

ns Note 2 17 

ns Note 3 13 

ns Note 4 13, 14 

'ns Note 5 13 

ns Note 4 13, 20 

ns Note 6 13 

ns Note 6 13, 14 

ns Note 7 18 

ns Note 7 19 

ns Note 8 13, 16,20 

In actual use, ClK and BClK# are usually asynchronous to each other However, for component tesllng 
purposes, this specification IS reqUIred to assure signal recognition at specific ClK and BClK# edges 
INIT# IS asynchronous to ClK and to BCLK# However for component tesllng purposes, this specification IS 

required to assure signal recognition at specific elK and BCLK# edges 
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4.0V 
(2.4V) 

CLKINPUT 
(BCLK # INPUT) 

82289 

NOTE 10: AC Drive and Measurement Points - ClK Input (BClK# Input) 

4.0V 
(2.4V) 

CLKINPUT 

(BCLK# INPUT) 

O.4SV -----___ -+_'-_____ ..J 

(O.4SV) 

OTHER 
DEVICE 
INPUT 

2.4V 

DEVICE 
OUTPUT 

tDELAY -----I 

2.0V 

O.SV 

NOTE 11: AC Setup, Hold and Delay Time Measurement - General 

DEVICE 
OUTPUT 

NOTE 12: AC Test loading on Outputs 
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inter 82289 

Wavefonns 

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. 

To find 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, then use a 
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 

Ts Tc 

<1>1 <1>2 <1>1 <1>2 

ClK [ 

SO#/HOloeS1# [ 

M/IO# [ 

REAOY# [ 

lOCK#, [ 
SYSB/RESB# 

BClK# [ 

BREQ# [ 

BPRN# [ 

BUSY# [ 

CBRQ# [ 

AEN# [ 

<1>1 

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 + SOns), 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 synch ronous 
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. 

Tc Tc 

<1>2 <1>1 <1>2 <1>1. <1>2 <1>1 

'ONlY FOR 82289 TEST PURPOSES 

Figure 13: Multibus Acquisition and Always-Release Operation 
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CLK [ 

SO#/I:tOLDeS1# [ 

TS Tc 

82289 

TC Ts TC 

M/IO# [7Zl2)C===:t~?Zl2?ZZZrzz~W7Zl2?Z22?Zl2Cll2~x:::=~=:::t:J(~~7Zl27Zl2tzl2?Zl2~ 

READY# [ZZZ;m7Zl2?lZ.1?lZ.1~cz?z?ZZ2i7Zl27T-I~~~_-4-....J.qzz~m~7Zl2?Z22?Zl2'1lJ"-I"""\'iZ:; 

SYSB/~~~~:' [?Zl2?Zl2?ZZZwrl.....,~?Zl2~~WW7Zl2?Z22?Z22C4?2?Zl2?ZZZ~7Zl2~?Z22?Z22?Z22?Zl2:zz~W~ 

BCLK# [ 

BPRN# [~?Zl2?Zl2?Zl2:zz:zz~~-~~?Z22?Z22?Z22?Zl2?Zl2:zz:zzW~?Z22?Z22?Z22?Zl2?Zl2:zzWW7Zl2~ 

BUSY# [-------------------1-+-' 

BREQ# [-------------------1-+-' 
AEN# [ ___________________ ~ 

·ONLY FOR 82289 TEST PURPOSES 

Figure 14: Multibus Release due to BPRN# Inactive 
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82289 

T5 TC Tc T5 Tc 

<1>1 <1>2 <1>1 <1>2 <1>1 <1>2 <1>1 <1>2 <1>1 

CLK [ 

SO#/HOLoeS1# [ 

M/IO# [ 

REAOY# [ 

LOCK#, [ 
SYSB/RESB# 

BCLK# [ 

BPRN# [ 

CBRO# [ 

CRQLCK# [ 

BREQ# [ 

BUSY# [ 

AEN# [ 

'ONLY FOR 82289 TEST PURPOSES 

Figure 15: Multibus Release due to CBRQ# Active 
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ClK [ 

SO#/HOlDeS1# [ 

BClK# [ 

BREQ# [ 

BREQ# [ 

82289 

T8 Tc Tc TC 

4>1 4>2 4>1 4>2 4>1 4>2 4>1 4>2 4>1 4>2 

·ONlY FOR 82289 TEST PURPOSES 

Figure 16: Multibus Acquisition During 80286 INTA Cycles 

'f ,r/ 

THE lOCAL 
80286 REQUESTS 
THE MUlTIBUS 

Figure 17: BPRN# to BPRO# Timing Relationship 

4-137 

THE lOCAL 
80286 NO LONGER 

NEEDS THE MUlTIBUS 

231095-002 
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CLK [ 

lLOCK# [ 
(FROM 82289) 

ClK .c 
RESET [ 

AEN# [ 

BCLK# [ 

BUSY# [ 

BREQ# [ 

CBRQI! [ 

lLOCKII [ 

4>1 

82289 

TS TC TS Tc 

4>2 4>1 4>2 4>1 4>2 4>1 4>2 4>1 4>2 

Figure 18: 80286 LOCK# and 82289 LLOCK# Relationship 

Tx 

4>2 4>1 <1>2 4>1 4>2 <1>1 <1>2 4>1 

·FOR 82289.TEST PURPOSES ONLY 

Figure 19: RESET Active Pulse 
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82289 

ClK [ 

INIT# [ 

AEN# [ZZZZZZZZZZZZ~~~~~~~r--------------------t---------

BClK# [ 

BUSY# [ZZ~~~~~~~ZZZZZZZZ~~r----------------------------

BREQ# [ZZ~~~ZZ~ZZZZ~~~~~~r----------------------------

~ CBRO# [ Wli I///II//$)/;///)//J///II/I///II//// Ii//I@ 

llOCK# [ ZI!I////)IiII//)//(I//I//)IiI/(@/jllOCK# IS UNAFFECTED BY INIT#7I/I/I///;//)//;IIiII)IiI/IJ;jJjjffi 

"FOR 82289 TEST PURPOSES ONLY 

Figure 20: INIT# Active Pulse 

Figure 21: Programming the Always-Release/Common-Bus-Request-Release Option 

4-139 231095-002 





inter 
ALABAMA 

Intel Corp 
50t5 Bradford Drive 
SUite 2 
Huntsville 35805 
Tel (205) 830·4010 

ARIZONA 

Intel Corp 
11225 N 28th Dnve 
SUite 2140 
PhoeniX 85029 
Tel (602) 869-4980 

Intel Corp 
1161 N EI Dorado Place 
SUite 301 
Tucson 85715 
Tel (602) 299-6815 

CALIFORNIA 

Intel Corp 
21515 Vanowen Street 
SUite 116 
Canoga Park 91303 
Tel (StS) 704-8500 

Intel Corp 
2250 E Impenal Highway 
SUite 218 
EI Segundo 90245 
Tel (213) 640·6040 

Intel Corp 
1010 Hurley Way 
SUite 300 
Sacramento 95825 
Tel (9t6) 929.4078 

Intel Corp 
4350 Executive Dnve 
SUite 150 
San Diego 92111 
(619) 452-5880 

Intel Corp· 
2000 East 4th Street 
SUite 100 
Santa Ana 92705 
Tel (714) 835-9642 
TWX 910-595-1114 

Intel Corp· 
1350 Shorebird Way 
Mt View 94043 
Tel (415) 96S-S0an 
TWX 910-339-9279 
910-338-0255 

COLORADO 

Intel Corp 
4445 Northpark Drive 
SUite 100 
Colorado Sprmgs 80907 
Tel (303) 594-6622 

Intel Corp· 
650 S Cherry Street 
SUite 720 
Denver 80222 
Tel (303) 321-8086 
TWX 910-931-2289 

CONNECTICUT 

Intel Corp 
26 Mill Plain 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 
SUite 105 
Altamonte Springs 32714 
Tel (305) 869·5588 

\~66 CS~ 62nd Street 
SUite 104 
Ft Lauderdale 33309 
Tel (305) 771-0600 
TWX 510-956-9407 

DOMESTIC SALES OFFICES 

FLORIDA (Conl'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 30092 
Tel (404} 449_0541 

ILUNOIS 

Inlel Corp" 
2550 Gulf Road 
SUite 815 
Rotling Meadows 60008 

~X (3~f6_6~~~5~~~0 
INOLANA 

Intel Corp 
8777 Purdue Road 
SUite 125 
indianapolis 46268 
Tel (317) 875-0623 

IOWA 

Intel Corp 

~J30An~te~~d~e~~m8rlve N E 
Cedar Rapids 52402 
Tel (319) 393-5510 

KANSAS 

Inlel Corp 
8400 W 110th Sireet 
SUite 170 
Overland Park 66210 
Tel (913) 642-8080 

LOUISIANA 

Industrial Digital Systems Corp 
Tel (504) 899-1654 

MARYLAND 

Intel Corp· 
7321 Parkway Drive South 
SUite C 
Hanover 21076 
Tel (301) 796-7500 
TWX 710-862-1944 

Intel Corp 
7833 Walker Drive 
Greenbelt 20770 
Tel (301) 441-1020 

MASSACHUSEn5 

Intel Corp· 
27 Industnal Avenue 
Chelmsford 01824 
Tel (617) 256-1800 
TWX 710-343-6333 

MICHIGAN 

Intel Corp 
7071 Orchard Lake Road 
SUite 100 
West Bloomfield 48033 
Tel (313) 851-8096 

MINNESOTA 

Intel Corp 
3500 W 80th Street 
SUite 360 
Bloommgton 55431 
Tel (612) 835-6722 
TWX 910-576-2867 

MISSOURI 

Intel Corp 
4203 Earth City Expressway 
SUite 131 
Earth City 63045 
Tel (314) 291·1990 

NEW JERSEY 

~!~~ta~o~a:a III 
Raritan Center 
EdISon 08837 
Tel (201) 225~3000 
TWX 710-480-6238 

NEW MEXICO 

Intel Corp 
8500 Menual Boulevard N E 
SUite B 295 

~~~ut~~~ue29~~~b~6 
NEW YORK 

Intel Corp· 
300 Vanderbilt Motor Parkway 

~:luPF~6~e 21~:ggoo 
TWX 510-227-6236 

Intel Corp 
SUite 2B Hollowbrook Park 
15 Myers Comers Road 
Wappmger Falls 12590 
Tel (914) 297-6161 
'TWX 510-248-0060 

Intel Corp· 
211 White Spruce Boulevard 
Rochester 14623 
Tel {l16} 424-1050 
'TWX 510-253-7391 

~4~~U~~3rngs Road 
Syracuse 13206 
Tel (315) 463-8592 
TWX 710-541-0554 

~31~ua~tt~ford_Vlctor Road 
Victor 14564 
Tel (716) 924-9101 
TWX 510-254-8542 

NORTH CAROLINA 

Intel Corp 
2700 Wyclrfl Road 
SUite 102 
Raleigh 27607 
Tel (919) 781-8022 

OHIO 

Intel Corp" 
6500 Poe Avenue 
Dayton 45414 
Tel (513) 890-5350 
TWX 810-450-2528 

Intel Corp· 

~fi~~:~~:~~~~2d2B~~~~var~0 300 

~X (2~~6_4~~~9~~~6 
OKLAHOMA 

Intel Corp 
4157 S Harvard Avenue 
SUite 123 
Tulsa 74135 
Tel (918) 749·8688 

OREGON 

Intel Corp 
10700 S W Beaverton 
Hillsdale Highway 
SUite 22 
Beaverton 97005 
Tel (503) 641-8086 
TWX 910-467-8741 

PENNSYLVANIA 

Inlel Corp" 
455 Pennsylvania Avenue 
Fort Washington 19034 
Tel (215) 641-1000 
TWX 510·661-2077 

Intel Corp· 
400 Penn Center Boulevard 
SUite 610 
Pittsburgh 15235 
Tel (412) 823-4970 

PENNSYLVANIA (Cont'd) 

QED ElectroniCS 
139 T erwood Road 
Willow Grove 19090 
Tel (215) 657-5600 

TEXAS 
Intel Corp· 
12300 Ford Road 
SUite 380 
Dallas 75234 
Tel (214) 241-8087 
TWX 910·860-5617 

Intel Corp" 
7322 SW Freeway 
SUIte 1490 
Houston 77074 
Tel (713) 988·8086 
n,JX 910-881-2490 

Industrial Digital Systems Corp 
5925 Sovereign 
SUIte 101 
Houston 77036 
Tel (713)988-9421 

~lt~1 ~oAnderson Lane 
SUIte 314 
Austm 78752 
Tel (512) 454-3628 

UTAH 

Intel Corp 
5201 Green Street 
SUIte 290 

~:11t ~~~i ~6~.8~~~23 
VIRGINIA 

Intel Corp 
1603 Santa Rosa Road 
SUIte 109 
Richmond 23288 
Tel (804) 282-5668 

WASHINGTON 

Inlel Corp 
110 110th Avenue N E 
SUIte 510 
Bellevue 98004 
Tel (206) 453·8086 
TWX 910-443-3002 

Intel Corp 
408 N Mullan Road 
SUite 102 
Spokane 99206 
Tel (509) 928-8086 

WISCONSIN 

Intel Corp 
450 N Sunnyslope Road 
SUite 130 
Chancellory Park I 
Brookfield 53005 
Tel (414) 784-8087 

CANADA 
ONTARIO 

Intel Semiconductor of Canada, Ltd 
SUite 202, Bell Mews 
39 Highway 7 
Nepean K2H 8R2 
Tel (613) 829·9714 
TELEX 053-4115 

Inlel Semiconductor of Canada, Ltd 
190 Attwell Drive 
SUite SOD 
Rexdale M9W 6H8 
Tel (416) 675-2105 
TELEX 06983574 

QUEBEC 

Intel Semiconductor of Canada, Ltd 
3860 Cote Vertu Rd 
SUIte 210 
St Laurent H4R lV4 
Tel (514) 334-0560 
TELEX 05-824172 

"Field Appllca\lon Location 



AI,.ABAMA 

tArrow Electronics, Inc 
3611 Memonal Parkway So 
HuntSVille 35801 
Tel (205) 882"2730 

tHamllton/Avnet Electronics 
4940 Research Drive 
HuntSVille 35805 
Tel (205) 83n21O 
TWX 810-726-2162 

tPloneer ElectrOniCS 
1207 Pulnam Drive N W 
HuntSVille 35805 
Tel (205) 837·9300 
TWX 810·726-2197 

ARIZONA 

tHamllton/Avnet ElectrOnics 
505 S Madison Drive 
Tempe 85281 

~X (6~1~_9~~~o~'ijl 

~W~e NDISJ~~~tI1~e~~~up 
PhoeniX 85021 
Tel (602) 249-2232 
TWX 910-951·4282 

CAUFORNIA 

tArrow ElectrOniCS, Inc 
521 Weddell Drive 
SunnYVale 94086 
Tel (408) 745-6600 
TWX 910-339-9371 

tArrow ElectroniCS, Inc 
19748 Dearborn Street 
Chatsworth 91311 

~ (2J~L~~~Jg~g 
Arrow ElectroniCS, Inc 
2961 Dow Avenue 
T ustrn 92680 
Tel, (714) 838-5422 
TWX 910·595·2860 

tAvnet ElectroniCs 
350 McCormick Avenue 
Costa Mesa 92626 
Tel (714) 754-6051 
TWX 910-595-1928 

IHamltton/Avnet Etectronlcs 
175 Bordeaux Dnve 

Sunnyvale 94086 
Tel (408) 743-3300 
TWX 910-339-9332 

tHamllton/Avnet Electronics 
4545 Vlewndge Avenue 
San Diego 92123 
Tel (619) 571-7500 
TWX 910-595-2638 

tHamllton/Avnet ElectroniCS 
20501 Plummer Street 
Chatsworth 91311 
Tel (213) 700-6271 
TWX 910·494-2207 

tHamliton/Avnet Electronics 
4103 Northgate Boulevard 
Sacramento 95834 
Tel (916) 920-3150 

Hamllton/Avnet Electronics 
3002 G Street 
Ontano 91311 
Tel (714) 989-9411 

Hamllton/ Avnet ElectrOniCs 
19515 So Vermont Avenue 
Torrance 90502 
Tel (213) 615-3913 
TWX 910-349-6263 

tHamllton Electro Sales 

bOu1~~r ~Ity w~g~~3'0n Boulevard 

t~x (2J~6_3~~~6~~~8 
tHamllton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
Tel (714) 641-4150 
TWX 910·595-2638 

Hamilton Electro Sales 
9650 De Soto Avenue 
Chatsworth 91311 
Tel (818) 700-6500 

Klerullf ElectroniCS, Inc 
1180 Murphy Avenue 
San Jose 95131 
Tel (408) 947-3471 
TWX 910-379-6430 

DOMESTIC DISTRIBUTORS 

CALIFORNIA (Cont'd) 

Klerulff ElectrOnics, Inc 
14101 Franklin Avenue 
Tustin 92680 
Tel (714) 731-5711 
TWX 910-595-2599 

Klerulff ElectroniCs, Inc 
5650 Jltlson Avenue 
Commerce 90040 
Tel (213) 725·0325 
TWX 910-580-3106 

tWyle Dlstnbutlon Group 
124 Maryland Street 
EI Segundo 90245 
Tel (213) 322-8100 
TWX 910-348-7140 or 7111 

tWyle 'Distribution Group 
17872 Cowan Avenue 
Irvine 92714 
Tel (714) 843-9953 
TWX 910-595-1572 

tWyle Distribution Group 
11151 Sun Center Dnve 
Rancho Cordova 95670 
Tel (916) 638-5282 

tWyle Dlstnbutlon Group 
9525 Chesapeake Dnve 
San Diego 92123 ' 
Tel (619) 565-9171 
TWX 910-335-1590 

tWyle Dlstnbutlon Group 
3000 Bowers Avenue 
Santa <Clara 95051 
Tel (408) 727-2500 
TWX 910-338-0296 

Wyle Military 
17810 Telfer Avenue 
Irvine 92750 
Tel (714) 851·9958 
TWX 310-371-9127 

r;~~2 S~~'~~s Chlca 

~~lntl(~lt~) :5;~g~5f2649 
TWX 910-595-2642 

COLORADO 

tWyle Dlstnbuilon Group 
451 E 124th Avenue 
Thornton 80241 
Tef (303) 457-9953 
TWX 910-936-0770 

tHamllton/ Avnet ElectrOniCS 
8765 E Orchard Road 
SUite 708 
Englewood 80111 
Tel (303) 740-1017 
TWX 910-935-0787 

CONNECTICUT 

tArrow ElectroniCS, Inc 
12 Beaumont Road 
Wallingford 06492 
Tel (203) 265-7741 
TWX 710-476-0162 

tHamliton/ Avnet ElectrOniCs 
Commerce Induslnal Park 
Commerce Dnve 
Danbury 06810 
Tel (203) 797-2800 
TWX 710-456-9974 

tPloneer Northeast ElectrOniCS 
112 Mam Street 
Norwalk 06851 
Tel (203) 853-1515 
TWX 710-468-3373 

FLORIDA 

tArrow ElectroniCs, Inc 
1001 N W 62nd Street 
SUite 108 
Ft Lauderdale 33309 
Tel (305) 776-7790 
TWX 510-955·9456 

tArrow ElectroniCS, Jnc 
1530 Bottlebrush Dnve N E 
Palm Bay 32905 
Tel (305) 725-1480 
TWX 510-959-6337 

tHamllton/ Avnet Electronics 
6801 N W 15th Way 
Ft Lauderdale 33309 
Tel (305) 971-2900 
TWX 510·956-3097 

tHamllton/Avnet ElectroniCs 
3197 Tech Drive North 
8t Petersbur9 33702 
Tel (813) 576-3930 
TWX 810-863-0374 

FLORIDA (Cont'd) 

Hamllton/Avnel ElectrOniCS 

~~ier~a~r~S~192Boutevard 
Tel (305) 628·3888 
TWX 810-853-0322 

tPloneer ElectrOnics 
221 N Lake Boulevard 
SUite 412 
Alia Monte 8pnngs 32701 
Tel (305) 834-9090 
TWX 810-853·0284 

tPtoneer ElectrOniCs 
1500 62nd Street N W 
SUite 506 
Ft Lauderdale 33309 
Tel {305} 771-7520 
TWX 51O~955-9653 

GEORGIA 

tArrow ElectroniCs, Inc 
2979 Paofllc Drwe 
Norcross 30071 
Tel (404) 449·8252 
TWX 810-766·0439 

tHamllton/ Avnet ElectroniCs 
5825 0 Peachtree Corners 
Norcross 30092 
Tel (404) 447-7500 
TWX 810-766-0432 

tPloneer Electronlcs 
5835B Peachtree Corners E 
Norcross 30092 
Norcross 30092 
Tel (404) 448-1711 
TWX 810-766-4515 

ILUNOtS 

tArrow ElectroniCs, Inc 
2000 E Alonqum Street 
Schaumberg 60195 
Tel (312) 397-3440 
TWX 910-291-3544 

tHamllton/Avnet ElectrOniCs 
1130 Thorndale Avenue 
BensenVille 60106 
Tel (312) 860-7780 
TWX 910"227-0060 

tPloneer Electromcs 
1551 Carmen Dnve 
Elk Grove VIl!age 60007 
TeJ (312) 437-9680 
TWX 910-222-1834 

INDtANA 

tArrow ElectrOniCS, Inc 
2718 Rand Road 
IndianapoliS 46241 
(317) 243-9353 
ffiX 810·341-3119 

tHamllton/ Avnet 'Electronics 
485 Gradle Drive 
Carmel 46032 
Tel {317} 844-9333 
TWX 810-260-3966 

tPloneer ElectrOniCs 
6408 Castleplace Dnve 
IndianapoliS 46250 

~ {3Jf6_2~~;~~~0 
KANSAS 

~~f91~~~:7~e~o~~ctronlcs 
Overland Park 66215 
Tel (913) 888-8900 
TWX 910·743·0005 

MARYLAND 

Arrow ElectrOniCS, Inc 
8300 Gultord Road #H 
Rlvels Center 
Columbia 21046 
Tel (301) 995-0003 
TWX 710-236-9005 

tHamllton/ Avnet ElectroniCs 
6822 Oak Hall Lane 
Columbia 21045 
Tel (301) 995-3500 
TWX 710-862-1861 

r~o~~a l~d~~t71~(96nvc;;rporatlon 
Galthersbur9 20877 
Tel (301) 948-4350 
TWX_ 710-828-9702 

tPloneer Electromcs 
9100 Gaither Road 
Gaithersburg 20877 
Tel (301) 948·0710 
TWX 710-828-0545 

MASSACHUSEnB 

tArrow Electronics, Inc 
1 Arrow Drive 
Woburn 01801 
Tel {617} 933-8130 
1WX 710-393-6770 

tHamllion/Avnet ElectrOniCS 
50 Tower Office Park 
Woburn 01801 
Tel (617) 935-9700 
TWX 710-393-0382 

tPloneer Northeast Electronics 
44 Hartwell Avenue 
Lexmgton 02173 

~ (6g6_3~~~:1~0 

MICHIGAN 

tArrow Electrofllcs, Inc 
3810 VarSity Drrve 
Ann Arbor 48104 
Tel (313) 971-8220 
TWX 810-223-6020 

tPloneer Electronics 
13485 Siamford 
LIVOnia 48150 
Tel (313) 525-1800 
TWX 810.242-3271 

tHamllion/Avnet Electronics 
32487 Schoolcraft Road 
LIVOnia 48150 

~X (3J~6.2~~84.,j~ 
tHamllton/Avnet Electronics 
2215 29th Street S E 
Space A5 
Grand Rapids 49508 
Tel (616) 243-8805 
TWX 810-273-6921 

MINNESOTA 

tArrow ElectronICs, Inc 
5230 W 73rd Street 
Edma 55435 
Tel (612) 830-1800 
TWX 910-576-3125 

tHamlllon! Avnet ElectroniCs 
10300 Bren Road East 
Minnetonka 55343 

~X (6?j{0)9~~gmo 
tPloneer ElectrOniCs 
10203 Bren Road Easl 
Minnetonka 55343 
Tel (612) 935-5444 
TWX 910-576~2738 

MISSOURI 

tArrow ElectroniCs, Inc 
2380 Schuetz 
St LoUIS 63141 
Tel (314) 567-6888 
TWX 910_764_0882 

tHamllion/Avnet Electronics 
13743 Shoreline Court 
Earth City 63045 
Tel (314) 344-1200 
fflX 910·762-0684 

NEW HAMPSHIRE 

tArrow ElectroniCs, Inc 
1 Pen meter Road 
Manchester 03103 
Tel (603) 668-6968 
TWX 710-220-1684 

NEW JERSEY 

tArrow ElectroniCS, Inc 
6000 Lmcoln East 
Marlton 08053 
Tel (215) 928-1800 
TWX 710-897-0829 

tArrow ElectroniCs, Inc 
2 Industnal Road 
Fairfield 07006 
Tel (201) 575-5300 
1WX 710-998-2206 

tHamllton/ Avnet Electronics 
1 Keystone Avenue 
Bldg 36 
Cherry HIli 08003 
Tel (609) 424-0110 
1WX 710-940-0262 

tHamtlton/Avnet ElectronICs 
10 Industnal 
Fairfield 07006 
Tel (201) 575-3390 
TWX 710:734-4388 

tMlcrocomputer System Techmcal Demonstrator Centers 



NEW JERSEY (Cont'd) 

tPloneer Northeast ElectrOniCS 
45 Route 46 
Plnebrook 07058 
Tel (201) 575-3510 
TWX 710-734-4382 

tMTI Systems Sales 
383 Route 46 W 
Fairfield 07006 
Tel (201) 227-5552 

NEW MEXICO 

tAlliance Electronics Inc 
11030 Cochiti S E 
Albuquerque 87123 
Tel (505) 292-3360 
TWX 91O-989-tI51 

tHamllton/ Avne! Electronics 
2524 Baylor Drive S E 
Albuquerque 87106 
Tel (505) 765-1500 
TWX 910-989·0614 

NEW YORK 

tArrow Electronics, irlc 
25 Hub Drive 
Melville 11735 
Tel (516) 694-6800 
TWX 510-224-6126 

tArrow ElectroniCS, Inc 
3000 South Winton Road 
Rochester 14623 
Tel (716) 275-0300 
TWX 510-253-4766 

tArrow Electronics, Inc 
ll05 Maltage Drive 
liverpool 13088 
Tel (315) 652-1000 
TWX 710-545-0230 

tArrow ElectroniCS. Inc 
20 Oser Avenue 
Hauppauge 11788 
Tel (516) 231-1000 
TWX 510-227-6623 

tHamllton/ Avnet Electronics 
333 Metro Park 
Rochester 14623 
Tel (716) 475-9130 
TWX 510-253-5470 

tHamllton/ Avnet Electronics 
16 Corporate Circle 
E Syracuse 13057 
Tel (315) 437-2641 
TWX 710-541-1560 

tHamllton/ Avnet ElectrOniCs 
5 Hub Drive 
Melville, long Island 11747 
Tel (516) 454-6000 
TWX 510-224-6166 

tPloneer Northeast ElectrOnics 
1806 Vestal Parkway East 
Vestal 13850 
Tei (607) 748-8211 
TWX 510-252-0893 

tPloneer Northeast ElectrOnics 
60 Crossway Park West 
Woodbury, long Island 11797 
Tel (516) 921-8700 
TWX 510-221-2184 

tPloneer Northeast Electronics 
840 Fairport Park 14450 
Tei (716) 381-7070 
TWX 510-253-7001 

tMTI Systems Sales 
38 Harbor Park Drive 
PO Box 271 
Port Washington 11050 
Tel (516) 621-6200 
TWX 510-223-0846 

DOMESTIC DISTRIBUTORS 

NORTH CAROLINA 

tArrow ElectrOniCs, Inc 
5240 Greendalry Road 

~:llel~~19r~~t3132 
TWX 510-928-1856 

tHamllton/Avnet ElectroniCS 
3510 Sprmg Forest Drive 
Raleigh 27604 
Tel (919) 878-0819 
TWX 510-928-1836 

tPloneer Electronics 
9801 A-Southern Pine Boulevard 
Charlotte 28210 
Tel (704) 524-8188 
TWX 810-621-0366 

OHIO 

tArrow ElectrOniCs, Inc 
7620 McEwen Road 
Centerville 45459 
Tel (513) 435-5563 
TWX 810-459-1611 

tArrow ElectrOnics, Inc 
6238 Cochran Road 
Solon 44139 
Tel (216) 248-3990 
TWX 810-427-9409 

tHamllton/ Avnet ElectrOniCS 
954 Senate Drive 
Dayton 45459 
Tel (513) 433-0610 
TWX 810-450-2531 

tHamlllon/Avnet ElectroniCS 
4588 Emery Industrial Parkway 

fe~rr(~~~}lIe83~~3~~~ 44128 
TWX 810-427-9452 

tProneer Electromcs 
4433 Interpolnt Boulevard 
Dayton 45424 
Tel (513) 236-9900 
TWX 810-459-1622 

tPloneer ElectrOnics 
4800 E 131st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX 810-422-2211 

OKLAHOMA 

tArrow ElectroniCs, Inc 
4719 S Memorial Dnve 
Tulsa 74145 
Tel (918) 665-7700 

OREGON 

tAlmac Electronics Corporation 
8022 S W Nimbus, Bldg 7 
Beaverton 97005 
Tel (503) 641-9070 
TWX 910-467·8743 

tHamllton/Avnet ElectrOniCS 
6024 S W Jean Road 
Bldg C, SUite 10 
lake Oswego 97034 
Tel (503) 635-7848 
TWX 910-455-8179 

PENNSYLVANIA 

tArrow Electronics, Inc 
650 Seco Road 
Monroeville 15146 
Tel (412) 856-7000 

tPloneer Electronics 
259 Kappa Drive 
Pittsburgh 15238 
Tei (412) 782-2300 
TWX 710-795-3122 

PENNSYLVANIA (Cont'd) 

tPloneer ElectroOiCS 
261 Grbralter Road 
Horsham 19044 
Tel (215) 674-4000 
TWX 510-665-6ll8 

TEXAS 

tArrow ElectroniCs, Inc 
3220 Commander Dnve 
Carrollton 75006 
Tel (214) 380-6464 
TWX 910-860-5377 

tArrow Electronics, Inc 
10899 Klnghurst 
SUite 100 
Houston ll099 
Tel (713) 530-4700 
TWX 910-880-4439 

tArrow ElectrOnics, Inc 
2227 W Braker lane 
Austin 78758 
Tel (512) 835-4180 
TWX 910-874-1348 

tHamllton/ Avnet Electrollics 
2401 Rutland 
Austin 78757 
Tel (512) 837-8911 
TWX 910-874-1319 

tHamllton! Avnet Electronics 
2111 W Walnut Hrll lane 
Irving 75062 
Tel (214) 659·4100 
TWX 910-860-5929 

tHamllton/ Avnet Electronics 
8750 West Park 
Hosuton ll063 
Tel (713) 780-1771 
TWX 910-881-5523 

tPloneer Electronics 
9901 Burnet Road 
Austin 78758 
Tel (512) 835-4000 
TWX 910-874-1323 

tPloneer Electronics 

b3~I~Os ~5ijl: Road 
Tel (214) 386-7300 
TWX 910-850-5563 

tPloneer Eleclronlcs 
5853 POint West Dnve 
Houston 77036 
Tel (713) 988-5555 
TWX 910-881-1606 

UTAH 

tHamlltori/ Avnet Electronics 
1585 West 2100 South 
Salt Lake City 84119 
Tel (801) 972-2800 
TWX 910-925-4018 

Wyle Dlstrlbullon Group 
1959 South 4130 West, Unrl B 
Salt lake City 84104 
Tel (801) 974-9953 

WASHINGTON 

tAlmac ElectroniCS Corporation 
14360 S E Eastgate Way 
Bellevue 98007 
Tel (206) 643-9992 
TWX 910-444-2067 

tArrow ElectroniCs, Inc 
14320 N E 21st Street 
Bellevue 98007 
Tel (206) 643-4800 
TWX 910·444-2017 

tHamllton/Avnet Electronics 
14212 N E 21st Street 
Bellevue 98005 
Tel (206) 453-5874 
TWX 910·443-2469 

WISCONSIN 

tArrow Electronics, Inc 
430 W Rausson Avenue 
Oakcreek 53154 
Tei (414) 764-6600 
TWX 910-262-1193 

tHamllton/ Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel (414) 784-4510 
TWX 910-262·1182 

CANADA 
ALBERTA 

tHamllton! Avnet ElectrOniCs 
2816 21st Street N E 
Calgary T2E 6Z2 
Tel (403) 230-3586 
TWX 03-827-642 

Zentronlcs 
Bay No 1 
3300 14th Avenue N E 
Calgary T2A 6J4 
Tel (403) 272·1021 

BRITISH COWMBIA 

ZentronlCs 
108-11400 Bridgeport Road 
Richmond V6X 1T2 
Tel (604) 273-5575 
TWX 04-5077-89 

MANITOBA 

Zenlronlcs 
590 Berry Streel 
Winnipeg R3H OSI 
Tel (204) 775-8661 

ONTARIO 

Hamllton/ Avnet ElectroniCs 
6845 Rexwood Road 
UOitS G & H 
Mlsslssauga l4V lR2 
Tel (416) 677-7432 
TWX 610-492-8867 

Hamllton/ Avnet Electronics 
210 Colonnade Road South 
Nepean K2E 715 
Tel (613) 226-1700 
TWX 05-349-71 

Zentronlcs 
8 Tilbury Court 
Brampton l6T 3T4 
Tel (416) 451-9600 
TWX 06-976-78 

Zentronrcs 
564/10 Weber Street North 
Waterloo N2l 5C6 
Tel (519) 884-5700 

Zentronlcs 
155 Colonnade Road 
Unit 17 
Nepean K2E 7Kl 
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 

Zentronlcs 
505 locke Street 
St laurent H4T lX7 
Tel (514) 735-5361 
TWX 05-827-535 

tMlcrocomputer System Technical Demonstrator Centers 



BELGIUM 

Inlel Corporation S A 
Pare Seny 
Rue du Moulin a Papler 51 
BOlte 1 
8·1160 Brussels 
Tel (02)661 07 11 
TELEX 24814 

DENMARK 

Intel Denmark A/S· 
GlenteveJ 61 . 3rd Floor 
DK·2400 Copenhagen 
Tel (01) 19 80 33 
TELEX 19567 

FINLAND 

Inlel Finland OY 
Hameenlte 103 
SF - 00550 Helsinki 55 
Tel 0/716 955 
TELEX 123 332 

FRANCE 

Intel Corporation, S A R l • 
5 Place de la Balance 
Silic 223 

re~2?01~u~~ ged~1 
TELEX 270475 

EUROPEAN SALES OFFICES 

FRANCE (Cont'd) 

Intel CorporatIOn, S A R l 
Immeuble BBC 
4 Qual des Elrolts 
69005 lyon 
Tel (7) 842 40 89 
TELEX 305153 

WEST GERMANY 

Intel Semiconductor GmbH· 
Seldlslrasse 27 
0-8000 Munchen 2 
Tel (89) 53891 
TELEX 05-23177 INTl D 

Intel Semiconductor GmbH· 
Malnzer Strasse 75 
0-6200 WI9sbaden 1 
Tel (6121) 70 08 74 
TELEX 04186183 INTW 0 

Intel Semiconductor GmbH 
8rueckslrasse 61 
7012 Fellbach 
Stuttgart 

i~lEf'~2~:82~0 I~¥S 0 

Intel Semlconduclor GmbH· 
Hohenzollern Strasse 5· 
3000 Hannover 1 
Tel (511) 34 40 81 
TELEX 923625 INTH D 

ISRAEL 

Inlel Semiconductor Ltd· 
PO Box 1659 

~~tfa4/524~ 
TELEX 46511 

ITALY 

NETHERLANDS 

Inlel Semiconductor Nederland 8 V • 
Alexanderpoort BUilding 
Marten Meesweg 93 
3068 Rotterdam 
Tel (10) 21 23 77 
TELEX 22283 

NORWAY 

~ ~~~2A/S 
Hvamv&len 4 
N-2013 

¥~Ielt(~) 742 420 
TELEX 18018 

SPAIN 

Inlel Ibena 
calle Zurnaran 28 
Madnd 04 
Tel (34) 1410 40 04 
TELEX 46880 

SWEDEN 

Intel Sweden A B • 

g~17~~~n S;~a 
Tel (08) 734 01 00 
TELEX 12261 

SWITZERLAND 

Intel Semtconductor A G • 
Talackerstrasse 17 ' 
8152 Glattbrugg postfach 
CH-8065 Zurich 
Tel (01) 829 29 77 
TELEX 57989 ICH CH 

UNITED KINGDOII 

Intel Corporation (U K) Ltd· 
5 Hospital Street 
Nantwlch, Cheshire CW5 5RE 
Tel (0270) 626 560 
TELEX 36620 

Intel Corporation (U K) ltd· 
Pipers Way 
SWlndon, Wiltshire SN3 lAJ 
Tel (0793) 488 388 
TElEX 444447 INT SWN 

-Flek:! Application location 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUSTRIA 

Bacher Etektromsche Geraele GmbH 
Rotemuehlgasse 26 
A 1120 Vienna 
Tel (222) 83 56 48 
TELEX 11532 BASAT A 

BELGIUM 

tnelco Belgium SA 
Ave des CroIx de Guerre 94 
B1120 Brussels 
Tet (02) 216 01 60 
TELEX 25441 

DENMARK 

lIT MulllKomponenl A/S 
Naverland 29 
OK-2600 Gloskrup 
Tel (02) 45 66 45 
TX 33355 

FINLAND 

~lk~!~U~~IC 2:B A 
SF-00210 
HelSinki 21 
Tet (0) 692 60 22 
TELEX 124 224 Ftron SF 

FRANCE 

Genenm 
Z I de Courtaboeul 
Avenue de la Baltlque 
91943 Les Uhs Cedex-B P 88 
Tel (1) 907 78 78 
TELEX F691700 

~6~mX~en~: Jean-Jaures 
94600 Cholsy.Le-Rol 
Tel (1) 853 12 00 
TELEX 260967 

Metrologle 
la Tour d' Asnleres 
4, Avenue laurent Cely 
92606-Asmeres 
Tel (1) 790 62 40 
TELEX 611-448 

Tekelec Alilromc 
Cite des Bruyeres 
Rue Carle Vernet 8 P 2 
92310 Sevres 
Tet (1) 534 75 35 
TELEX 204552 

WEST GERMANY 

ElectronIC 2000 VertTiebs A G 
Slahlgrubernng 12 
0·8000 MuniCh 82 
Tel (89) 42 00 10 
TELEX 522561 EIEe D 

Jermyn GmbH 
Posifach 1180 
Schulstrasse 84 
0-6277 Bad Camberg 
Tel (06434) 231 
TELEX 484426 JEAM D 

CES Computer ElectroniCS Systems 
GmbH 
Gutenbergstrssse 4 
2359 Henstedl-Ulzburg 
Tel (04193) 4026 
TELEX 2180260 

Melrologle GmbH 
Hansastrasse 15 
8000 MUOlCh 21 
Tel (89) 57 30 84 
TELEX D 5213189 

Proelectron Vertnebs GmbH 
Max Planck Strasse 1-3 
6072 Drelelch bel Frankfurt 
Tel (6103) 33564 
TELEX 417983 

IRELAND 

Micro Marketln9 
Glenageary OHlce Park 

g~en~~~:x 
Tet (1) 85 62 88 
TELEX 31584 

ISRAEL 

Eastrontcs ltd 
11 Rozanls Street 
PO Box 39300 
Tel AVIV 61390 
Tel (3) 47 51 51 
TELEX 33638 

ITALY 

Eledra 3S SPA 
Vlale Etvezla, 18 
I 20154 Milano 
Tei (2) 34 97 51 
TELEX 332332 

ITALY (Confd) 

InteSI 
Mllenohon Pal E/5 
20090 Assago 
Milano 
Tel (02) 82470 
TELEX 311351 

NETHERLANDS 

Kontng & Hartman 

~~e7;~ 1~220 
2544 EN's Gravenhage 
Tel 31 (70) 210101 
TELEX 31528 

NORWAY 

Nordlsk Elektronlc (Norge) A/S 
Postofflce 80)( 122 

f3~~dS~~~~:~d 4 
Tel (2) 846 210 
TElEX 17546 

PORTUGAL 

Oltram 
Componenles E Electronlca lDA 
~l00~I~;:~ombarda, 133 

Tel (19) 545 313 
TELEX 14182 Sneks-P 

SPAIN 

Interlace SA 
Av Pompeu Fabra 12 
08024 Barcelona 
Tel (3) 219 80 11 
TELEX 51508 

lIT SESA 
Miguel Angel 21, 6 PISO 
Madrid 10 
Tel (34) 14 1954 00 
TELEX 27461 

SWEDEN 

AB Gosta Backstrom 
Box 12009 
Alstroemergatan 22 
S-10221 Stockholm 12 
Tel (8) 541 080 
TELEX 10135 

Nordfsk Electromk AS 
Box 27301 
Sandhamnsgatan 71 
S·10254 Stockholm 
Tel (8) 635 040 
TELEX 10547 

SWEDEN (Cont'd) 

Telko AB 
~~dsI~devagen 1 

S-161 26 Bromma 
Tel (8) 98 08 20 
TELEX 11941 

SWITZERLAND 

Industrade AG 
Herhslrasse 31 
CH·8304 Waillse!!en 
Tel (01) 830 50 40 
TELEX 56788 INOEl CH 

UNITED KINGDOM 

Bytech lid 
Untt 57 
london Road 
Earley, Reading 
Berkshire 
Tel (0734) 61031 
TELEX 848215 

Comway Mlcrosystems ltd 
Markel Street 
UK-Brackne!!, Berkshire 

i~LE~4 i:i~61 55333 

Jerfllyn IndustTies 
Vestry Estate 
Sevenoaks, Kent 
Tel (0732) 450144 
TELEX 95142 

MEOl 
Easl lane Road 

~?:1e~~m~~§ 7PP 

i~LE~190J88i~307 
Rapid Recal!, ltd 
Rapid House/Denmark SI 
High W£combe 
~:rkS(049~la~~ ~rll1 2ER 
TELEX 837931 

YUGOSLAVIA 

H A Mlcroelectrontcs Enterprises 
PO Box 5604 
San Jose, Caltfornta 95150 
Tel 408/978-8000 
TELEX 278-559 



AUSTRALIA 

Intel Australia Ply Ltd' 
(Mailing Address) 
PO Bo)( 571 
North Sydney NSW, 2065 

(ShiPPing Address) 
Spectrum BUilding 
200 Pacific Highway 
Level 6 
Crows Nest, NSW, 2089 
Tel 011-61,2·957·2744 
TELEX 790-20097 
FAX 011-61-2·923-2632 

HONG KONG 

tntel Semiconductor Ltd' 
1701·3/1720 Connaught Centre 
1 Connaught Road 
Tel 011-852·5·215311 
TWX 60410 ITLHK 

INTERNATIONAL SALES OFFICES 

JAPAN 

Intel Japan KK 
5-6 Tokodal, Toyosalo-machl 
Tsukuba-gun, Ibarakl-ken 300-26 
Tel 029747·8511 
TELEX 03656-160 

Intel Japan K K' 
2-1-15 Naka-machl 
Atsugl, Kanagawa 243 
Tel 0462-23-3511 

Inlel Japan K K ° 
2-51-2 KOJlma-cho 
Chofu, Tokyo 182 
Tel 0424-88-3151 

Intel Japan K K ° 
2-69 Hon-cho 
Kumagaya, Saltarna 360 
Tel 0485-24-6871 

JAPAN (Conl'd) 

Intet Japan K K' 
2-4-1 Terauchl 
Toyonaka, Osaka 560 
Tel 06-863-1091 

Intel Japan K K 
1·5-1 Marunouchl 
Chlyoda-ku, Tokyo 100 
Tel 03-201-3621 

Inlel Japan K K' 
1·23-9 Shlnmacnl 
Selagaya-ku, Tokyo 154 
Tel 03-426-2231 

Intel Japan K K ° 
Mitsul-Seimel Musashl-Kosugl Elldg 
915 Shlnmaruko, Nakahara-ku 
Kawasakl-Shl, Kanagawa 211 
Tel 044-733-7011 

JAPAN (Conl'd) 

Intel Japan K K 
1-1 Shlbahon-cho 
Mlshlma-shl 
Shlzuoka-Ken 411 
Tel 0559-72-4121 

SINGAPORE 

Intel Semiconductor Ltd 
101 Thomson Road 
21-06 Goldhlll Square 
Singapore 1130 
Tei 011-65-2507811 
TWX RS 39921 
CABLE INTELSGP 

°Fleld Application Location 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

VLC S RL 
Sarmiento 1630, 1 PISO 
1042 Buenos Aires 
Tel 011-54-1·35-1201/9242 
TELEX 17575 EDARG 

Agent 
SOlme)( International Corporation 
15 Park Row, Room #1730 
New York, New York 10038 
Tel (212) 406-3052 
Ann Gaslon Briones 

AUSTRALIA 

Total ElectroniCs 
(Mailing Address) 
Private Bag 250 
Burwood, Victoria 3125 

(ShiPPing Address) 
9 Harker Street 
Burwood 
Victoria 3125 
Tel 011-61-3-288-4044 
TELEX AA 31261 

Total ElectroniCS 
PO Bo)( 139 
Artarmon, NSW 2064 
Tei 011-61-02-438-1855 
TELEX 26297 

BRAZIL 

Icolron SA 
05110 Av Mutlnga 3650-6 Andar 
Plriluba Sao Paulo 
Tel 011-55-11-833-2572 
TELEX 1122274 ICOTBR 

CHILE 

DIN 
(Mailing Address) 
Av VIC, MacKenna 204 
Casilia 6055 

i:ttl~~~_56_2_277_564 
TELEX 352-0003 

(ShiPPing Address) 
Al02 Greenville Center 
3801 Kennen Pike 
Wilmington, Delaware 19807 

HONG KONG 

Novel PreCIsion Machmery Co, Ltd 
Flat 0 20 Kingsford Ind Bldg 
Phase 1 26 Kwal Hel Street NT 
Tel 011-852-5-0-223222 
TWX 39114 JINMI HX 

Schmidt & Co Ltd 
18/F Great Eagle Centre 
Wanchal 
Tel 011-852-5-833-0222 
TWX 74766 SCHMC HK 

INDIA 

MlcronlC DeVices 
65 ARUN Complex 
DVGRoad 
Basavan Gudl 
Bangalore 560004 
Tel 011-91-812-600-631 
TELEX 011-5947 MDEV 

MlcroniC DeVices 
104/109C Nlrmal Industrial Estate 
Sian (E) 
Bombay 400022 
Tel 011-91·22-48-61-70 
TELEX 011-71447 MDEV IN 

MlcrofllC DeVices 
R-694 New RaJinder Nager 
New Deihl 110060 

Ramlak Internallonal, Inc (Agent) 
465 S Mathilda Avenue 
SUite 302 
Sunnyvale, CA 94086 
Tel (408) 733-8767 

S & S Corporation 
(Mailing Address) 
PO Bo)( 1185 
Mauldin, South Carolina 29657 

(Shipping Address) 
308 Green Drive 
liberty, South Carolina 29657 

JAPAN 

Asahl ElectroniCS Co Ltd 
KMM Bldg Room 407 
2-14-1 Asano, Kokuraklta-Ku 
Kitakyushu City 802 
Tel (093) 511-6471 
TELEX AECKY 7t26·16 

JAPAN (Conl'd) 

Hamllton-Avnet Electronics Japan Ltd 
YU and YOU Bldg 1-5-7 Hondome­
Cho 
Nlhonbashl Chuo-Ku, Tokyo 103 
Tel (03) 662·9911 
TELEX 2523774 

Ryoyo Electnc Corporation 
Konwa Bldg 
1-12-22, TsuklJI 
Chuo-Ku, Tokyo 104 
Tel (03) 543-7711/541-7311 

Tokyo Electron Ltd 
Shlnjuku Nomura Bldg 
26-2 Nlshl-ShlnJuku 1-Chome 
Shlnjuku-Ku, Tokyo 160 
Tel (03) 343-4411 
TELEX 232-2220 LABTEL J 

KOREA 

J-TEK Corporation 
2nd Floor, Government PenSion Bldg 
24·3, YOido-Dong 
Youngdungpo-Ku 
Seoul 150 
Tel 011-82-2-782-8039 
TELEX KODIGIT K25299 

Karam Digital USA (Agent) 
14066 East Firestone Boulevard 

r:lnte(7f:) ~~9~~~64 CA 90670 
TWX 194715 KORAM DIGIT LSA 

NEW ZEALAND 

McLean Information Technology Ltd 
459 Kyber Pass Road, Newmarket, 
PO Bo)( 9464, Newmarket 
Auckland I, New Zealand 
Tel 011,64-9-501,219,501-801,587-
037 
TELEX NZ21570 THERMAL 

PAKISTAN 

Computer Applications Ltd 
7D GIZfI Boulevard 
Defense 
Karachl-46 
Tel 011-92-21-530-306/7 
TELEX 24434 GAFAR PK 

PAKISTAN (Conl'd) 

Honzon Tramlng Co, Inc (Agent) 
1 Lafayene Center 
t120 20th Street NW 
SUite 530 

~ish(~5~n'8g~90~0036 
TWX 248890 HORN 

SINGAPORE 

General Engineers Corporation Ply 
LId 
UrlIfs 1003-1008 Block 3 
10th Floor PSA Multi Storey Comple)( 
Telok Blangahl Paslr 
Pan Jang 
Singapore 5 
Tel 011-65-271-3163 
TELEX RS23987 GENERCO 
CABLE GENERRCORP 

SOUTH AFRICA 

Electronic BUilding Elements, Ply Ltd 
P 0 80~ 4609 
Pretoria' 0001 
Tel 011-27-12-46-9221 
TELEX 3-22786 SA 
TELEGRAM ELBILEM 

TAIWAN 

Mltac Corporation 
3rd Floor #75, SectIOn 4 
Nankmg East Road 
Taipei 
Tel 011-886-2-771,0940, 0941 
TELEX 11942 TAIAUTO 

Mectel International, Inc (Agent) 
3385 VISO Court 
Santa Clara, CA 95050 
Tel (408) 988-4513 
TWX 910-338-2201 
FAX 408-980-9742 

YUGOSLAVIA 

H R Microelectronics Enterprises 
PO Bo)( 5604 
San Jose, California 95150 
Tel (408) 978-8000 
TELEX 278-559 

°FleldApphcalionLocalion 



-
'''''' Corp :':150~=3Way 
~(4Jf~3~~~ 
910-338-0255 

~~rp41h Street 
Suite 110 
Bania Ana 92705 

~(7d~~Wl 

~C~ DrIve 
SUIte 150 

t" (tf4~:ao 
'''''' Corp 5530 N Corbin Avenue 
SLIde 120 
Tarzana 91356 
Tel (213) 708..Q333 -­=~ Cherry 
Suite 720 
Denver 80222 

~(:W,~~!= 
CONNICTICUT 

k':"~aIn_ 
f:~)06fJ~-3130 
fLOOIIDA 

~~ "rr& 82nd SIteeI 
Sultll 104 
Ft Laudeldale 33309 
~(3:J.e~= 

DOMESTIC SERVICE OFFICES 

-I~~p-s ... 200 
....... 30002 
Tel (404) 441·1171 

I~ 

".., Corp 
2550 Golf Road 
Su" 815 

~"I!tl~~n:-
TWX 910-253-1825 

.-
, .... Corp 
B400 W 110th Street 
Bulle 170 
Overland Park 66210 
Tel (913) 642-8080 

IIMYLAIID 
In11II Corp 
5th FJooi ProducI $8N1ce 
7833 Walker Drive 
Greenball 20770 
Tel (301) 441.1020 --'''''' Corp 27 Indu .... 18.1 Aver."e 
ChHnsIord 01824 

~16i~=-.e1s: 

--~, ~ Lake Road 
Bulle 100 
West 9IoomfIekI 48033 
Tel (313) 851-8905 _, 
~nlel Corp. = ~.:r City Expressway 

~(3~:r =,5 -­In18I Corp 
385 Sylvan Awnle 
~.'lM832 
TWX 710-991-8593 

=...,CorJ:... " _eo.... 
edISOn 08817 
Tal (201) 22l>3OOO 

~ CAIIOUNA 

~r::a ~ MeadowvIew Road 
Suite 206 
Greensboro 27407 
Tel (919) 294-1541 

,OHIO 

~~InlrdBldg 
SUl1e 305 
~-z'r22BouleYard 
~(2:~~= 
, .... Corp ........ 
~,:rJ:o.5360 

~ c:G Sarn Young Parkway 
HtlIIboto 97123 
TBI (503) SSI·aoao 
~V_ 

Cen1er ......... 
W 
15235 
354-1540 

_ __ 
Intel Corp 
110 1101h Avenue N E 
SuIte 510 
"""""" 98004 Tel 1-800-525-5580 
TWX 91().443-3002 -~r;' ~,Iope Road _'30 
BrookfIeld 53005 
Tel (4t4) 784-8067 




