




































































































































































































































































































































































































































































































LOCAL BUS CONTROL PAL DESCRIPTIONS 

PAL16R8 PAL DESIGN SPECIFICATIONS 
PART NUMBER: 80386 LOCAL BUS CONTROLLER' - PAL 1 
80386 LOCAL BUS CONTROLLER : PAL 1 OF 2 
INTEL, SANTA CLARA, CALIFORNIA 
CLK2 CLK ADS READY WR CSOWS CS1WS CSIO RESET GND 
DE QO Ql LO Ll L2 PIPE IDLE NA VCC 

/PIPE:= RESET 
+ /CLK * /PIPE 
+ CLK * PIPE 
+ /PIPE * READY 
+ IDLE 
+ ADS * /PIPE 

/IDLE:= /CLK * /IDLE * /RESET 
+ /IDLE * PIPE * /RESET 
+ /IDLE * READY * /RESET 
+ /ADS * CLK * /PIPE * /RESET 

/NA /Ll 
+ L2 
+ /CLK * /NA 
+ CLK * LO * NA 
+ /LO * /NA * QO 
+ /LO * /NA * Ql 

/L2:= /CLK * /Ll * /L2 * jRESET 
+ /LO * /L2 * /NA * /RESET 
+ /Ll * /L2 * READY * /RESET 
+ LO * Ll * /L2 * QO * /RESET 
+ /LO * /Ll * /RESET 
+ /CLK * CSOWS * CS1WS * CSIO * /IDLE * LO * Ll * L2 * /RESET 

/Ll:= RESET 
+ /CLK * LO * /Ll 
+ LO * /Ll * READY 
+ CS1WS * /Ll * L2 
+ LO * /Ll * L2 
+ LO * L2 * /QO * /Ql 
+ LO * /Ll * /QO * /Ql 
+ /CLK * CSOWS * CS1WS * CSIO * /IDLE * LO * L2 

/LO:= /LO * /L2 * /RESET 
+ /LO * Ll * QO * /RESET 
+ CS1WS * /CSIO * /LO * /Ll * /RESET 
+ /ADS * CLK * CSIO * LO * /Ll * L2 * /RESET 
+ /ADS * CLK * LO * /Ll * L2 * /QO * /RESET 
+ CLK * CSIO * /IDLE * LO * /Ll * L2 * /RESET 
+ CLK * /IDLE * LO * /Ll * L2* /QO * /RESET 
+ /ADS * CLK * /Ll * /L2 * /QO * /Ql * /READY * jRESET 

/Ql:= RESET 
+ QO * /Ql 
+ CLK * QO 
+ LO * /Ql 
+ CS1WS * /Ll * L2 * /Ql 
+ Ll * /L2 * /Ql 

/QO:= RESET 
+ /CLK * /QO * Ql 
+ CLK * QO * /Ql 
+ /LO * Ll * L2 * /QO * /Ql 
+ LO * /Ll * /QO * /Ql 
+ CS1WS * /Ll * L2 * /QO * /Ql 
+ /Ll * /L2 * /QO * /Ql * WR 
+ /LO * Ll * /NA * /QO * /Ql 

DESCRIPTION 

This PAL is the first of two PALs that implement a 386 bus controller 

Figure A-3. PAL-1 Equations 
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LOCAL BUS CONTROL PAL DESCRIPTIONS 

PALl6R8 PAL DESIGN SPECIFICATIONS 
PART NUMBER: 80386 LOCAL BUS CONTROLLER - PAL 2 
80386 LOCAL BUS CONTROLLER : PAL 2 OF 2 
INTEL, SANTA CLARA, CALIFORNIA 
CLK2 CLK MIO DC WR LO Ll L2 CSOWS GND 
OE ROY DEN ALE INTA IOWC IORC MWTC MRDC VCC 

/MRDC : = flO • Ll • /MROC 
+ Ll • /L2 • /MROC 
+ /CLK • LO • /L2 • /MRDC 
+ lO • /L2 • /MRDC • ROY 
+ /csows • /LO • /Ll • L2 • MID • /WR 
+ DEN' /LO • Ll • MIO • /WR 
+ DEN' Ll • /L2 • MIO • /WR 

/MWTC : = LO • Ll • /L2 • /MWTC 
+ flO • Ll • /MWTC • ROY 
+ LO • /l2 • /MWTC • ROY 
+ /csows • DC • /LO • /Ll • l2 • MIO • WR 
+ DC • DEN' /LO • Ll • MIO • WR 
+ DC • DEN' II • /L2 • MIO • WR 

/IORC := /IORC • /LO • Ll 
+ /IORC • Ll • /L2 
+ /CLK • /IORC • LO • /L2 
+ /IORC • LO • /L2 • ROY 
+ /CSOWS • DC • /LO • /Ll • L2 • /MIO • /WR 
+ DC • DEN' /LO • Ll • /MIO • /WR 
+ DC • DEN • Ll • /L2 • /MIO • /WR 

/IOWC := /IOWC • LO • Ll • /L2 
+ /IOWC • /LO • Ll • ROY 
+ /IOWC • LO • /L2 • ROY 
+ /CSOWS • DC • /LO • /Ll • L2 • /MIO • WR 
+ DC • DEN • /LO • Ll • /M IO • WR 
+ DC • DEN • Ll • /L2 • /MIO • WR 

/INTA /INTA • /LO • Ll 
+ /INTA • Ll • /L2 
+ /CLK • /INTA • LO • /L2 
+ /INTA • LO • /L2 • ROY 
+ /CSOWS • /DC • /LO • /Ll • L2 • /MIO • /WR 
+ /DC • DEN • /LO • Ll • /MIO • /WR 
+ /DC • DEN • Ll • /L2 • /MIO • /WR 

/ALE ,- /ALE • /CLK • /CSOWS • /L2 
+ /ALE • /CLK • /DEN • /L2 
+ /ALE • /CSOWS • /L2 • ROY 
+ /LO 
+ Ll 
+ /ALE • /DEN' /L2 • ROY 

/DEN , - /LO • Ll 
+ 1I • /L2 
+ /IOWC • 1I 
+ 1I • /MWTC 
+ /CLK • /DEN • LO • /L2 
+ /OEN • LO • /L2 • ROY 
+ /ALE • /CLK • /CSOWS • LO • /L2 
+ /ALE • /CSOWS • LO • /L2 • ROY 

/RDY ,- /LO • 1I • L2 
+ /CLK • LO • /L2 • /RDY 
+ CLK • /DEN • LO • Ll • /L2 • ROY 
+ CLK • /INTA • LO • III • /L2 • ROY 
+ CLK • /IORC • LO • III • /L2 • ROY 
+ CLK • LO • /ll • /L2 • /MRDC • ROY 
+ CLK • /DEN • /IOWC • LO • /L2 • ROY 
+ CLK • /DEN • LO • IL2 • IMWTC • ROY 

DESCRIPTION 

This PAL is the second of two PALs that implement a 386 bus controller 

Figure A-4. PAL-2 Equations 
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APPENDIX B 
80387 EMULATOR PAL DESCRIPTION 

This section describes the PAL equations for the Math Control PAL in the 80386 emulator 
circuit. These equations are listed in Figure B-1. 

The primary function of the PAL is to decode the 80386 outputs and generate 80287 inputs. 
The CLK16D#, DVALID#, and AVALID# signals provide for the correct timing of the 
outputs. The TP2 input provides the ability to force the PAL outputs to the high impedance 
state. For normal operation, TP2 is pulled high. 

PAL16L8B PAL DESIGN SPECIFICATION 
386/100 27 February 1986 ED JACKS 
PAL: MATH CYCle MATHCYC 
INTeL Corporation 
IRDY A31 LRESET lADS MID IRD IAVALID IDVALID ICLK16 GND 
TP2 ICLK16D IREADYO IDVALIDD IAVALIDD NC IIDRDD IIOWCD IREADYDD VCC 

IF (TP2) AVALIDD • ADS • RDY • ILRESET • CLK16 I IAVALID 
• IRDY • A31 • IMIO • ILRESET • AVALID 
• A31 • IMIO • ILRESET • AVALID I DVALID 
• ADS • ILRESET I CLK16 • IAVALID • DVALID 
• ILRESET I ICLK16 • AVALID 

IF (TP2) DVALIDD • ILRESET • CLK16 • AVALID I DVALID 
• IRDY • ILRESET • DVALID 
• ADS • ILRESET • CLK16 I IDVALID 
• ILRESET • ICLK16 • DVALID 

IF (TP2) IDRDD • IRDY I A31 • IMID • IRD • AVALID • DVALID 
• A31 • IMID I ICLK16 • RD • AVALID • DVALID 

IF (TP2) IOWCD • IRDY • A31 I IMID I RD I AVALID • DVALID 
• A31 • IMID I ICLK16 • IRD I AVALID I DVALID 

IF (TP2) READYDD • A31 I IMID I ICLK16 I READYD I AVALID I DVALID 
• IRDY I A31 I IMIO I CLK16 I AVALID I DVALID 

CLK16D • ILRESET I ICLK16 

Figure B-1. 80387 Emulator PAL Equations 
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APPENDIX C 
DRAM PAL DESCRIPTIONS 

This section describes the inputs, outputs, and functions of each of the PALs in the DRAM 
design described in Chapter 6. The terms Start-Of-Phase and Middle-Of-Phase used to 
describe PAL input sampling times refer to the 80386 internal CLK phase and are defined 
in Figure C-l. 

The setup, hold, and propagation delay times for each PAL input and output can be deter­
mined from the PAL data sheets. In a few cases, the setup and hold times during certain 
events must be violated; in these cases, the PAL equations mask these inputs so they are not 
sampled. Because the states are fully registered and because inputs are masked when their 
setup or hold times cannot be guaranteed, no hazards exist. 

DRAM STATE PAL 

The DRAM State PAL determines when to run a new DRAM cycle and tracks the state of 
the DRAM through the cycle. The inputs sample DRAM requests from the processor (or 
any other bus master) as well as requests for refresh. The outputs store state information 
and generate the two RAS signals and two multiplexer control signals. Table C-l contains 
a description of the outputs and inputs. 

The equations for the 3-CLK DRAM State PAL are shown in Figure C-2; those for the 
2-CLK DRAM State PAL are shown in Figure C-3. The DRAM State PAL is implemented 
in a 16R8 PAL if the RAS signals are registered internally, or in a 16R6 PAL if external 
registers are used. For a 16-MHz system, B-series PAL speeds are required. 

START·OF·PHASE START·OF·PHASE 

MIDDLE·OF·PHASE MIDDLE·OF·PHASE 

G30107 

Figure C-1. PAL Sampling Edges 
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inter DRAM PAL DESCRIPTIONS 

Table C-1. DRAM State PAL Pin Description 

PAL CONTROLS 

Name Connects From PAL Usage 

ClK2 Systems ClK2 PAL register clock 

OE Tied low Outputs always enabled 

PAL INPUTS 

Name Connects From PAL Usage Sampled 

ClK System ClK Indicates clock phase Every ClK2 

CSO# Chip-Select logic DRAM access is begun (or Start-Ot-Phase 
CS1# (uses Address, queued it another cycle is in (Queue cleared 
CS2# M/IO, W/R, D/G) progress) when all selects atter tirst cycle at 
CS3# are sampled active access) 
CS4# 

DT/R# DRAM CONTROL Indicates write/read Start-Ot-Phase on 
PAL DT/R# out Used only in 2cClK 2nd ClK at access 

A2 System Address Selects one at the two DRAM Start-Ot-Phase in 
bit 2 banks which DRAM 

access starts 

RFRQ Retresh Interval Starts retresh cycle as soon Middle-Ot-Phase 
Count as possible 

PAL OUTPUTS 

Name Connects To PAL Usage Changes State 

RASO# DRAM Bank 0 Controls DRAM RAS signals Start-Ot-Phase 

RAS1# DRAM Bank 1 

ROW8E~ Addr MUX se!ect .c:.c.lot"'t n~A~JI rn\AlIt"'nhll''nn ~.~!dd!e-Of-Phase __ • __ ~ _. o ...... .., ." __ ._ ..... 

MUXOE# Addr MUX enable Disable MUX on retresh Middle-Ot-Phase 

A2REG Not connected Store active DRAM bank 

DRAMSELECT Not connected Queue DRAM requests 

QO For NA in 2-CLK Stores PAL State 

Q1 Not connected 
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DRAM PAL DESCRIPTIONS 

PALl6R8 PAL DESIGN SPECIFICATIONS 
PART NUMBER: 3-CLK DRAM STATE PAL 
DRAM STATE PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
CLK2 CLK A2 CSO CSI CS2 CS3 CS4 RFRQ GND 
OE RASO ROWSEL MUXOE QO QI A2REG DRAMSELECT RASI VCC 

/DRAMSELECT :" CSO" /DRAMSELECT 
+ CSI .. /DRAMSELECT 
+ CS2 .. /DRAMSELECT 
+ /CS3 .. /DRAMSELECT 
+ /CS4 .. /DRAMSELECT 
+ /CLK .. /DRAMSELECT 
+ /MUXOE .. ROWSEL .. /QI .. /QO .. /CLK 

/ROWSEL :" /ROWSEL" QO .. CLK 
+ /ROWSEL .. /QI 
+ ROWSEL .. /QI .. /QO .. /CLK 
+ ROWSEL .. /QI .. QO .. /CLK .. MUXOE .. RFRQ 

/QI:" ROWSEL" /QI .. /QO .. /CLK 
+ ROWSEL .. QO .. CLK 
+ /ROWSEL .. /QO .. CLK 
+ ROWSEL .. QI .. /QO .. CLK .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE" A2" A2REG 
+ ROWSEL .. QI .. /QO .. CLK .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE .. /A2 .. /A2REG 
+ ROWSEL .. /QI .. QO .. /CLK .. /MUXOE 
+ ROWSEL .. /QI .. QO .. /CLK .. /RFRQ 

/QO :" /ROWSEL" QI .. QO .. /CLK 
+ /ROWSEL .. /QO .. QI .. CLK 
+ ROWSEL .. /QI .. /QO .. /CLK 
+ ROWSEL .. QI .. ClK .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE" A2" A2REG 
+ ROWSEL .. QI .. ClK .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE .. /A2 .. /A2REG 
+ ROWSEL .. /QI .. QO .. CLK .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 .. /MUXOE 
+ ROWSEL .. /QI ~ QO ~ CLK .. DRAMSELECT .. /MUXOE 
+ ROWSEL .. /QI .. QO .. /CLK .. MUXOE .. RFRQ 

/RASO:- ROWSEL" /QI .. /QO .. /CLK .. /A2REG 
+ ROWSEL .. /QI .. /QO .. /CLK .. MUXOE 
+ /ROWSEL .. /A2REG 
+ /ROWSEL .. MUXOE 
+ ROWSEL .. QI .. CLK .. /A2 .. /A2REG .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE 
+ ROWSEL .. /QI .. QO .. CLK .. /A2 .. /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE . 
+ ROWSEL .. /QI .. QO .. ClK .. /A2 .. DRAMS ELECT .. /MUXOE 

/RASI := ROWSEL" /QI .. /QO .. /CLK" A2REG 
+ ROWSEL .. /QI .. /QO .. /CLK" MUXOE 
+ /ROWSEL" A2REG 
+ /ROWSEL" MUXOE 
+ ROWSEL .. QI .. CLK" A2" A2REG" /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE 
+ ROWSEL .. /QI .. QO .. CLK" A2" /CSO .. /CSI .. /CS2 .. CS3 .. CS4 

.. /MUXOE 
+ ROWSEL .. /Ql .. QO .. CLK" A2" DRAMS ELECT .. /MUXOE 

/MUXOE :" /MUXOE" /QO 
+ /MUXOE .. CLK 
+ /MUXOE * /ROWSEL .. /QI 
+ /RFRQ .. ROWSEL .. /QI .. QO .. /CLK 
+ /MUXOE .. /RFRQ .. QI .. QO .. /CLK 

/A2REG :" /A2REG" /QO 
+ /A2REG .. QI .. ClK 
+ /A2REG .. ROWSEL .. QI 
:. /A2REG .. /ROWSEL .. /QI 
+ A2REG" /ROWSEL .. QI .. QO .. /CLK 
+ /A2 .. ROWSEL .. /QI .. QO 

FigureC-2. 3-ClK DRAM State PAL Equations 
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DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

OE CLK2 CLK CSO CS! CS2 CS3 CS4 A2 RFRQ 
ROWSEL Q! QO RASa RAS! MUXOE DRAMSELECT A2REG 
;OE 

; inputs 
;outputs 

; I CLK2 
; I I CLK ROWSEL 
; I I /CSO I Q! 
; I I I /CS! I I QO 
; I I I I /CS2 I I I /RASO 
; I I I I I CS3 I I I I /RAS! 
; I I I I I I CS4 I I I I I /MUXOE 
; I I I I I I I A2 I I I I I I DRAMSELECT 
; I I I I I I I I RFRQ I I I I I I I A2REG 
; I I I I I I I I I I I I I I I I I STATE COMMENTS 

L C H H X X X X X L 
L C L H X X X X X L 
L C H H X X X X X L 
L C L H X X X X X L 
L C H H X X X X X L 
L C L H X X X X X L 
L C H H X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H L L L H H H L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X H 
L C L X X X X X X H 
L C H L L L H H H H 
L C L X X X X X X H 
L C H H X X X X X H 

L C L H X X X X X L 
L C H H X X X X X L 
L C L H X X X X X L 
L C H H X X X X X L 
LCLHXXXXXL 
L C H H X X X X X L 
L C L X X X X X X L 
L C H X H X X X X L 
L C L X X X X X X L 
L C H X X H X X X L 
."IVVVVVVI 
L v L A A A A A A L 

L C H L L L H H L L 
L C L X X X X X X L 
L C H X X X L X X L 
L C L X X X X X X L 
L C H L L L H H X L 
L C L X X X X X X L 
L C H L L L H H H L 
L C L X X X X X X L 
L C H X X X L X X L 
L C L X X X X X X L 
L C H X X X X L X L 
L C L X X X X X X L 
L C H L L L H H H L 

x x x x x x X X; X initialize to IDLE 
X X xx X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
L L H L H L L L; ACCESS3 continue DRAM cycle 
L H H L H L L L; ACCESS4 continue DRAM cycle 
L H H L H L L L; ACCESS5 continue DRAMcycl e 
H H L L H L L H; ACCESS6 continue DRAM cycle 
H H H H H L L H;PRECHARGE! no dram request pending 
H H H H H L L H; PRECHARGE2 wai t for precharge 
H L L H L L H H; ACCESS! start DRAM cycle to other bank 
L L L H L L L H; ACCESS2 continue DRAM cycle 
L L H H L L L H; ACCESS3 continue DRAM cycle 
L H H H L L L H; ACCESS4 continue DRAM cycle 
L H H H L L L H; ACCESS5 continue DRAM cycle 
H H L H L L L L; ACCESS6 continue DRAM cycle 
H H H H H L L L;PRECHARGE! no dram request pending 
H H H H H L L L; PRECHARGE2 wait for precharge 
H L H H H L L X; IDLE! no dram request pending 
H L H H H L L X; IDLE2 wait for precharge 
H L H H H L L X; IDLE! no dram request pending 
H L H H H H LX; IDLE2 refresh request sampled 
H L H H H H H H; IDLE! can't start: refresh pending 
L H L H H H H X; REFSTART2 refresh address set-up 
H L L L L H H X; ACCESS! start refresh cycle 

X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
X X X X X X X X; X initialize to IDLE 
H L H H H L L X; IDLE! remain in IDLE 
H L H H H L L X; IDLE2 remain in IDLE 
H L H H H L L X; IDLEl remai n in IDLE 
H L H H H L L X; IDLE2 remain in IDLE 
H L H H H L L X; IDLE! remain in IDLE 
II I II II It I I v. • ____ .! __ -'_. TI''''' r-
II LillI 11 L L 1\, lULLe. I t::IIIQIIi III LULL 

HLLLHLHL; ACCESS! start DRAM cycl e 
L L L L H L L L; ACCESS2 continue DRAM cycle 
L L H L H L L L; ACCESS3 continue DRAM cycle 
L H H L H L L L; ACCESS4 continue DRAM cycl e 
L H H L H L H L; ACCESS5 c'ontinue DRAM cycle new request 
H H L L H L H H; ACCESS6 continue DRAM cycle 
H L L H L L H H; ACCESS! start DRAM cycle to other bank 
L L L H L L L H; ACCESS2 continue DRAM cycl e 
L L H H L L L H; ACCESS3 continue DRAM cycle 
L H H H L L L H; ACCESS4 continue DRAM cycle 
L H H H L L L H; ACCESS5 continue DRAM cycle 
H H L H L L L L; ACCESS6 cont i nue DRAM cyc 1 e 
H H H H H L H L;PRECHARGE! can't start same bank cycle 

Figure C-2. 3-CLK DRAM State PAL Equations (Cont'd.) 
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DRAM PAL DESCRIPTIONS 

H H H H H L H L; PRECHARGE2 wait for precharge L C L X X X X X X L 
LCHLLLHHHL 
L C L X X X X X X L 
L C H H X X X X H H 
LCLXXXXXXH 
L C H H X X X X X H 
L C L X X X X X X H 
LCHLLLHHXH 
L C L X X X X X X H 
LCHLLLHHHH 
LCLXXXXXXH 
L C H L L L H H H H 
L C L X X X X X X H 
L C H H X X X X X H 
L C L X X X X X X H 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X X L 
L C L X X X X X X L 
L C H H X X X X L L 
L C L X X X X X X L 

H L H H H L H X; IDLE! can't start same bank cycle 
H L H H H L H X; IDLE2 wait for precharge 
H L L H L L H H; ACCESSI start DRAM cycle to same bank 
L L L H L L L H; ACCESS2 continue DRAM cycle 
L L H H L L L H; ACCESS3 continue DRAM cycle 
L H H H L L L H; ACCESS4 continue DRAM cycle 
L H H H L L H H; ACCESS5 continue DRAM cycle new request 
H H L H L H H L; ACCESS6 cont i nue DRAM cycl e refresh req 
H H H H H H H L;PRECHARGE! can't start: refresh pending 
H H H H H H H L; PRECHARGE2 wait for precharge 
H L H H H H H X; IDLEI can't start: refresh pending 
L H L H H H H X; REFSTART2 wait for precharge 
H L L L L H H X; ACCESSI start refresh cycle 
L L L L L H H X; ACCESS2 continue refresh cycle 
L L H L L H H X; ACCESS3 continue refresh cycle 
L H H L L H H X; ACCESS4 continue refresh cycle 
L H H L L H H X; ACCESS5 continue refresh cycle 
H H L L L H H X; ACCESS6 cont i nue refresh cycle 
H H H H H H H X;PRECHARGEI can't start: refresh precharge 
H H H H H H H X; PRECHARGE2 wait for precharge 
H L H H H H H X; IDLE! can't start: refresh precharge 
H L H H H L H X; IDLE2 wait for precharge 
H L L L H L H L; ACCESSI start DRAM cycl e 
L L L L H L L L; ACCESS2 continue DRAM cycle 

DESCRIPTION 
*** NOTE - SOME VERSIONS OF PALASM WILL CRASH IF THE FILE IS TOO LONG *** 
*** IF YOURS DOES, DELETE THIS DESCRIPTION (FROM HERE TO END-OF-FILE) *** 

This PAL implements the main state machine of the DRAM controller. 
The state machine is described below. 

For brevity, the following keywords are used 

SELECT = (/CSO * ICSI * ICS2 * CS3 * CS4 * CLK) 
;chip selects and clock must be active to select 

SELECTED = (SELECT + DRAMSELECT) ;true if DRAM is now or has been selected 

STARTACCESS = (SELECTED * IMUXOE) ;start dram access cycle from idle 

The states are defi ned below and i ndi cated by [ROWSEL: QI: QO: CLK]. 
The 4 -bit bi nary number fall owi ng the state name represents these four signals. 

1= == ======== ===== = ===================== = === === ==== ==== == \ 
1 state REFSTART2 = 0101 ;cycle preceding refresh 1 
1 IRASO: = ON ; next cycl e is fi rst RAS for refresh 1 
1 IRASI:= ON 1---+ 
1 MUXOE:= MUXOE ;maintain MUXOE state 1 always 
\=======================================================1 

A 

IMUXOE * RFRQ 
1 

1=======================================================\ 
1 state IDLEI = 1010 ;waiting for access or refresh 1 

1 IRASO:= OFF ;both RAS's idle 1<--
1 IRASI:= OFF 1 

1 MUXOE:= RFRQ ;sample refresh request 1 
\=======================================================1 

1 A 

I/(MUXOE * RFRQ) I/STARTACCESS 
v 1 

--------+ 
1 
1 
1 
1 
1 
1 

Figure C-2. 3-CLK DRAM State PAL Equations (Cont'd.) 
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1== ==== ============ ======= ============== ======== ======= = \ 
I state IDLE2 = 1011 ;waiting for access or refresh I 
I IRASO:= (jA2 * STARTACCESS) ;start access I 
I IRASI:= ( A2 * STARTACCESS) I 
I A2REG: = A2 ; sampl e A2 state I 
I MUXOE:= MUXOE ;maintain MUXOE statel 
\=======================================================1 

I 
I STARTACCESS 
v 

1=======================================================\ I 
I state ACCESSI = 1000 ;first cycle of access or refreshl<--+ 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASI:= A2REG + MUXOE ;or refresh 1<--------+ 
I A2REG:= A2REG ;maintain state of sampled A21 I 
I MUXOE:= MUXOE ;maintain MUXOE state 1<-----+ I 
\=======================================================1 I I 

I I I 
I always I 
v I 

1=======================================================\ I 
I state ACCESS2 = 0001; second cycl e of access or refresh I I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I I 
I IRASI:= A2REG + MUXOE ;or refresh I I 
I A2REG:= A2REG ;maintain state of sampled A21 I 
I MUXOE:= MUXOE ;maintain MUXOE state I I 
\=======================================================1 I 

I I 
lalways I 
v I 

1== ========== = ======= ====== ============= ================ \ I 
I state ACCESS3 = 0010 ;third cycle of access or refresh I I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I I 
I IRASI:= A2REG + MUXOE ;or refresh I I 
I A2REG:= A2REG ;maintain state of sampled A21 I 
I MUXOE:= MUXOE ;maintain MUXOE state I I 
\=======================================================1 I 

I I 
l~wQs I 
v I 

1=======================================================\ I 
I state ACCESS4 = 0111; fourth cycl e of access or refresh I I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I I 
I IRASI:= A2REG + MUXOE ;or refresh I I 
I A2REG:= A2REG ;maintain state of sampled A21 I 
I MUXOE:= MUXOE ;maintain MUXOE state I I 
\=======================================================1 I 

I I 
l~wQs I 
v I 

1=======================================================\ I 
I state ACCESS5 = 1110 ;fifth cycle of access or refresh I I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I I 
I IRASI:= A2REG + MUXOE ;or refresh I I 
I A2REG:= IA2REG ; invert state of sampled A2 I I 
I MUXUt: = MUXOE + RFRQ ; samp I e ret"resh request I I 
\=======================================================1 I 

I I 
always I (STARTACCESS * « A2 * A2REG) I 

v +(jA2 * IA2REG))) I I 
1=======================================================\ I 
I state ACCESS6 = 1101 ;sixth cycle of access or refreshl I 
I IRASO:= IA2 * IA2REG * STARTACCESS;start next... I I I 
I IRASI:= A2 * A2REG * STARTACCESS;interleave accesl------+ I 
I A2REG:= A2REG ;maintain state of interleave A21 I 
I MUXOE: = MUXOE ;mai ntai n MUXOE state I I 
\=======================================================1 I 

I I 
I/(STARTACCESS * « A2 * A2REG) I 
v +(jA2 * IA2REG))) I 

Figure C-2. 3-CLK DRAM State PAL Equations (Cont'd.) 
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1= ===== ==== = ======= = = ===== === ========== = === ==== ==== ===== \ 
I state PRECHARGE1 = 1110 ; fi rst precharge after access I 
I IRASO:= OFF ;both RAS's idle I 
I IRAS1:= OFF I 
I A2REG: = A2REG ;ma i nta instate of i nterl eave A21 
I MUXOE:= MUXOE + RFRQ ;sample refresh request I 
\======================""===============================1 

I 
always I (STARTACCESS * « A2 * A2REG) 

v +(/A2 * IA2REG))) I 
1= ==== == = === = = = = ======= = ============= ======== === ==== ==== \ I 
I state PRECHARGE2 = 1111 ;second precharge after accessl I 
I IRASO:= IA2 * IA2REG * STARTACCESS;start next... I I 
I IRAS1:= A2 * A2REG * STARTACCESS;interleave accesl---------+ 
I A2REG:= A2REG ;maintain state of interleave A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\=======================================================1 
I(STARTACCESS * « A2 * A2REG) I I 

+(/A2 * IA2REG)))+-----------------------------------+ 

Finally, the karnaugh maps for the following signals are: 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ MUXOE 
00 I MUX MUX key: 
01 I MUX MUX M+R MUX = MUXOE 
11 I MUX MUX M+R M+R = MUXOE + RFRQ 
10 I MUX MUX RFR RFR = RFRQ 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ A2REG 
00 I A2R A2R key: 
01 I A2R A2R IA2R A2; = A2 
111 A2R A2R A2R A2R = A2REG 
10 I A2R A2; A2; 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ 
OO~I-----,/A~M·A~M.-----/~A~M·A~M 

RAS signal s 
key: [RASO:RAS1] 

01 I ON ON lAM AM lAM AM AM = A2REG + MUXOE 
11 I IAI AI IAI AI OFFOFF AS = A2 * STARTACCESS 
10 I lAM AM lAS AS OFFOFF AI = A2 * STARTACCESS * interl eave 

ROWSEl\QO 
Q1\ClK 00 01 11 10 

\ ROWSEl state ci rcl ed 
00 I 0010 0111 key: [ROWSEl: Q1: QO: ClK] 
01 I 1000 0110 1101 M = MUXOE * RFRQ 
11 I 1 i iO 10iO 1111 S = STARTACCESS 
10 I 0001 10s0 mMm1 I = STARTACCESS * interleave 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ Q1 state circled 
00 I 0010 0111 
01 I 1000 0110 1101 
111 1 i iO 10iO 1111 
10 I 0001 10s0 mMm1 

ROWSEl \QO 
Q1\ClK 00 01 11 10 

\ QO state circled 
00 I 0010 0111 
01 I 1000 0110 1101 
11 I 1 i i 0 10iO 1111 
10 I 0001 10s0 mMm1 

Figure C-2. 3-CLK DRAM State PAL Equations (Cont'd.) 
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PALI6R6 PAL DESIGN SPECIFICATIONS 
PART NUMBER: 2-ClK DRAM STATE PAL 
DRAM STATE PAL OF INTERLEAVED DRAM CONTROllER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
ClK2 ClK A2 CSO CSI CS2 CS3 DT%R RFRQ GND 
DE RASO ROWSEl MUXOE QO Ql A2REG DRAMSElECT RASI VCC 

/DRAMSElECT : = CSO * /DRAMSElECT 
+ CSI * /DRAMSElECT 
+ CS2 * /DRAMSElECT 
+ /CS3 * /DRAMSElECT 
+ /ClK * /DRAMSElECT 
+ /MUXOE * ROWSEl * /Ql * /QO * /ClK 

/ROWSEl := /ROWSEl * QO * ClK 
+ /ROWSEl * /Ql 
+ ROWSEl * /Ql * /QO * /ClK 
+ ROWSEl * /Ql * QO * /ClK * MUXOE * RFRQ 

/Ql:= ROWSEl * /Ql * /QO * /ClK 
+ ROWSEl * QO * ClK 
+ Ql * /QO * ClK 
+ /ROWSEl * /Ql * /QO * ClK * DT%R * /MUXOE 
+ ROWSEl * /Ql * QO * /ClK * /MUXOE 
+ ROWSEl * /Ql * QO * /ClK * /RFRQ 

/QO := /ROWSEl * Ql * QO * /ClK 
+ /ROWSEl * /QO * Ql * ClK 
+ ROWSEl * /Ql * /QO * /ClK 
+ ROWSEl * Ql * ClK * /CSO * /CSI * /CS2 * CS3 

* /MUXOE * A2 * A2REG 
+ ROWSEl * Ql * ClK * /CSO * /CSI * /CS2 * CS3 

* /MUXOE * /A2 * /A2REG 
+ ROWSEl * /Ql * QO * ClK * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEl * /Ql * QO * CLK * DRAMSElECT * /MUXOE 
+ ROWSEl * /Ql * QO * /ClK * MUXOE * RFRQ 

/RASO = ROWSEl * /Ql * /QO * /ClK * /A2REG 
+ ROWSEl * /Ql * /QO * /ClK * MUXOE 
+ /ROWSEl * /A2REG 
+ /ROWSEl * MUXOE 
+ ROWSEl * Ql * ClK * /A2 * /A2REG * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEl * /Ql * QO * ClK * /A2 * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEl * /Ql * QO * ClK * /A2 * DRAMSElECT * /MUXOE 

/RASI = ROWSEl * /Ql * /QO * /ClK * A2REG 
+ ROWSEl * /Ql * /QO * /ClK * MUXOE 
+ /ROWSEl * A2REG 
+ /ROWSEL * MUXOE 
+ ROWSEl * Ql * ClK * A2 * A2REG * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEl * /Ql * QO * ClK * A2 * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEl * /Ql * QO * ClK * A2 * DRAMS ELECT * /MUXOE 

/MUXOE : = /MUXOE * /QO 
+ /MUXOE * ClK 
+ /MUXOE * /ROWSEl * /Ql 
+ /RFRQ * ROWSEl * /Ql * QO * /ClK 
+ /MUXOE * /RFRQ * Ql * QO * /ClK 

/A2REG := /A2REG * /QO 
+ /A2REG * Ql * ClK 
+ /A2REG * ROWSEl * Ql 
+ /A2REG * /ROWSEl * /Ql 
+ A2REG * /ROWSEl * Ql * QO * /ClK 
+ /A2 * ROWSEl * /Ql * QO 

Figure C-3. 2-CLK DRAM State PAL Equations 
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FUNCTION TABLE 

DE CLK2 CLK CSO CS! CS2 CS3 CS4 A2 RFRQ 
ROWSEL Q! QO RASO RAS! MUXOE DRAMSELECT A2REG 
;OE 
; I CLK2 
; I I CLK ROWSEL 
; I I I /CSO I Q! 
; I I I I /CS! I I QO 
; I I I I I /CS2 I I I /RASO 
; I I I I I I CS3 I I I I /RAS! 
; I I I I I I I DT%R I I I I I /MUXOE 
; I I I I I I I I A2 I I I I I I DRAMSELECT 
; I I I I I I I I I RFRQ I I I I I I I A2REG 
; I I I I I I I I I I I I I II I I I STATE 

; inputs 
;outputs 

COMMENTS 
------------------ - .-" - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - -- - - - - - - - - - - - - - - --

LCLHXXXXXL XXXXXXXX; X initialize to IDLE 
L C H H X X X X X L X X X X X X X X; X initial ize to IDLE 
L C L H X X X X X L X X X X X X X X; X initial ize to IDLE 
L C H H X X X X X L X X X X X X X X; X initial ize to IDLE 
L C L H X X X X X L X X X X X X X X; X initialize to IDLE 
L C H H X X X X X L X X X X X X X X; X initialize to IDLE 
L C L H X X X X X L X X X X X X X X; X initialize to IDLE 
LCHHXXXXXL XXXXXXXX; X initialize to IDLE 
L C L H X X X X X L X X X X X X X X; X initial ize to IDLE 
LCHHXXXXXL XXXXXXXX; X initialize to IDLE 
L C L H X X X X X L X X X X X X X X; X in it i ali ze to IDLE 
L C H H X X X X X L H L H H H L L X; IDLE! remain in IDLE 
L C L X X X X X X L H L H H H L L X; IDLE2 remain in IDLE 
L C H X H X X X X L H L H H H L L X; IDLE! remain in IDLE 
L C L X X X X X X L H L H H H L L X; IDLE2 remain in IDLE 
L C H X X H X X X L H L H H H L L X; IDLE! remain in IDLE 
L C L X X X X X X L H L H H H L L X; IDLE2 remain in IDLE 
L C H L L L H X L L H L L L H L H L; ACCESS! start DRAM cycle 
L C L X X X X X X L L L L L H L L L; ACCESS2 continue DRAM cycle 
L C H X X X L H X L L L H L H L L L; ACCESS3 continue DRAM cycle: it's write 
L C L X X X X X X L L H H L H L L L; ACCESS4 continue DRAM cycle 
L C H L L L H X X L L H H L H L H L; ACCESSS continue DRAM cycle new request 
L C L X X X X X X L H H L L H L H H; ACCESS6 continue DRAM cycle 
L C H L L L H H H L H L L H L L H H; ACCESS! start DRAM cycle to other bank 
L C L X X X X X X L L L L H L L L H; ACCESS2 continue DRAM cycle 
L C H X X X L L X L L H H H L L L H; ACCESSS continue DRAM cycle: it's read 
L C L X X X X X X L H H L H L L L L; ACCESS6 continue DRAM cycle 
L C H L L L H H H L H L H H H L H X; IDLE! can't start same bank cycle 
L C L X X X X X X L H L H H H L H X; IDLE2 wait for precharge 
L C H H X X X X H L H L L H L L H H; ACCESS! start DRAM cycle to same bank 
L C L X X X X X X L L L L H L L L H; ACCESS2 continue DRAM cycle 
L C H H X X X H X L L L H H L L L H; ACCESS3 continue DRAM cycle: it's write 
L C L X X X X X X L L H H H L L L H; ACCESS4 continue DRAM cycle 
L C H L L L H X X L L H H H L L H H; ACCESSS continue DRAM cycle new request 
L C L X X X X X X L H H L H L L H L; ACCESS6 continue DRAM cycle 
LCHLLLHXHL HLHHHLHX; IDLE! can't start same bank cycle 
L C L X X X X X X L H L H H H L H X; IDLE2 wait for precharge 
L C H H X X X X H H H L L H L L H H; ACCESS! start DRAM cycle to same bank 
L C L X X X X X X H L L L H L L L H; ACCESS2 continue DRAM cycle 
L C H H X X X H X H L L H H L L L H; ACCESS3 continue DRAM cycle: it's write 
L C L X X X X X X H L H H H L L L H; ACCESS4 continue DRAM cycle 
L C H L L L H X X H L H H H L L H H; ACCESSS continue DRAM cycle new request 
L C L X X X X X X H H H L H L H H L; ACCESS6 continue DRAM cycle refresh req 
L C H L L L H X H H H L H H H H H X; IDLE! can't start: refresh pending 
L C L X X X X X X H L H L H H H H X; REFSTART2 wait for precharge 
L C H H X X X X X H H L L L L H H X; ACCESS! start refresh cycle 
L C L X X X X X X H L L L L L H H X; ACCESS2 continue refresh cycle 
L C H H X X X X X L L H H L L H H X; ACCESSS continue refresh cycle 
L C L X X X X X X L H H L L L H H X; ACCESS6 continue refresh cycle 
L C H H X X X X X L H L H H H H H X; IDLE! can't start: refresh precharge 
L C L X X X X X X L H L H H H L H X; IDLE2 wait for precharge 

Figure C-3. 2-CLK DRAM State PAL Equations (Cont'd.) 
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L C H H X X X X L L 
L C L X X 1 X X X L 
L C H L L L l X L 
L C L X X X Xl: L 
L C H L L L H X ~ l 
L C L X X X X X X L 
L C H H X X X L X L 
L C L X X X X X X L 
L C H H X X X X X L 
LCLXXXXXXI 
l C H H X X X X X H 
L C L X X X X X X H 
L C H L L L H X H H 
L C L X X X X X X H 
l C H H X X X X X H 

DESCRIPTION 

DRAM PAL DESCRIPTIONS 

HLLLHLHL; 
L L L L H L L L; 
LHHLHLHL; 
HHLLHLHH; 
HLLHLLHH; 
L L L H L L L H; 
L H H H L L L H; 
H H L H L L L L; 
H L H H H L L X; 
HLHHHLLX; 
H L H H H L L X; 
HLHHHHLX; 
H L H H H H H X; 
L H L H H H H X; 
H L L L L H H X; 

ACCESSI start DRAM cycle 
ACCESS2 continue DRAM cycle 
ACCESSS cont i nue DRAM cycl e: it's read 
ACCESS6 cont i nue DRAM cycle 
ACCESS 1 start DRAM cycle to other bank 
ACCESS2 continue DRAM cycle 
ACCESSS continue DRAM cycle: it's read 
ACCESS6 continue DRAM cycle 

IDLEI no dram request pendi ng 
IDLE2 wait for precharge 
IDLEI no dram request pendi ng 
IDLE2 refresh request sampled 
IDLE! can't start: refresh pending 

REFSTART2 refresh address set-up 
ACCESS 1 start refresh cycle 

*** NOTE - SOME VERSIONS OF PALASM WILL CRASH IF THE FILE IS TOO LONG *** 
*** IF YOURS DOES, DELETE THIS DESCRIPTION (FROM HERE TO END-OF-FILE) *** 

This PAL implements the main state machine of the DRAM controller. 
The state machine is described below. 

For brevity, the following keywords are used 

SELECT = (/CSO * ICSI * ICS2 * CS3 * CLK) 
;chip selects and clock must be active to select 

SELECTED = (SELECT + DRAMSELECT) ;true if DRAM is now or has been selected 

STARTACCESS = (SELECTED'* IMUXOE) ;start dram access cycle from idle 

The states are defi ned below and i nd i cated by ROWSEL: Ql: QO: CLK. 
The 4 -bi t bi nary number fo 11 owi ng the state name represents these four si gna 1 s. 

1 ==== ==== = = ====================== ======== ===== = = ====== == \ 
1 state REFSTART2 = 0101 ;cycle preceding refresh 1 
1 IRASO:= ON· ;next cycle is first RAS for refreshl 
1 IRAS1:= ON 1---+ 
1 MUXOE:= MUXOE ;maintain MUXOE state 1 lalways 
\=======================================================1 1 

A 1 

1 MUXOE * RFRQ 1 

. 1 1 
I================~======================================\ 1 
1 state IDLEI = 1010 ;waiting for access or refresh 1 1 
1 IRASO:= OFF ;both RAS's idle 1<--1--------+ 
1 IRASI: = OFF 1 1 1 
1 MUXOE :.= RFRQ ;sample refresh request 1 1 1 
\================================~======================1 1 1 

1 All 
I/(MUXOE * RFRQ) I/STARTACCESS 1 1 
vii I 

1=======================================================\ I 1 
1 state IDLE2 = 1011 ;waiting for access'or refresh 1 I 1 
I IRASO: = (/A2 * STARTACCESS) ; start access 1 I 1 
I IRAS1:= ( A2 * STARTACCESS) 1 1 I 
I A2REG:= A2 ;sample A2 state 1 1 I 
I MUXOE:= MUXDE ;maintaih MUXOE state 1 1 1 
\==========================================~============1 1 I 

1 1 I 
1 STARTACCESS 1 I 

1 1 

Figure C-3. 2-CLK DRAM State PAL Equations (Cont'd.) 
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1=======================================================\ I 
state ACCESSI = 1000 ;first cycle of access or refreshl<--+ 

IRASO := IA2REG + MUXOE ;RAS corresponding to A2 I 
IRASI := A2REG + MUXOE lor refresh I 

I A2REG:= A2REG ;maintain state of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state 1<-----+ 
\=======================================================1 

I 
I always 
v 

1=======================================================\ 
I state ACCESS2 = OOOI;second cycle of access or refresh I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASI: = A2REG + MUXOE ; or refresh 1--+ 
I A2REG:= A2REG ;maintain state of sampled A21 I 
I MUXOE:= MUXOE ;maintain MUXOE state I I 
\=======================================================1 I 

I IOT%R + MUXOE I 
II (/OT%R + MUXOE) I 
v I 

1=======================================================\ I 
I state ACCESS3 = 0010 ;third cycle of access or refresh I I 
I IRASO: = I A2REG + MUXOE ; RAS correspond i ng to A2 I I 
I IRASI:= A2REG + MUXOE lor refresh I I 
I A2REG:= A2REG ;maintain state of sampled A21 I 
I MUXOE:= MUXOE ;maintain MUXOE state I I 
\=======================================================1 I 

I I 
I always 
v 

I ======================================================= \ 
I state ACCESS4 = Olll;fourth cycle of access or refresh I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASI:= A2REG + MUXOE lor refresh I 
I A2REG:= A2REG ;maintain state of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\==================.;~===================================1 

I 
I always 
v 

1=======================================================\ 
, state ACCESS5 = 1110 ;fifth cycle of access or refresh I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 , 
, IRASI:= A2REG + MUXOE lor refresh 1<-+ 
, A2REG:= IA2REG ;invert state of sampled A2 I 
, MUXOE:= MUXOE + RFRQ ;sample refresh request I 
\=======-===============================================1 , 

always' (STARTACCESS * « A2 * A2REG) 
v +(/A2 * IA2REG») 

1=======================================================\ 
I state ACCESS6 = 1101 ;sixth cycle of access or refresh, 
, IRASO:= IA2 * IA2REG * STARTACCESS;start next... , 
, IRASI:= A2 * A2REG * STARTACCESS;interleave accesl------+ 
, A2REG:= A2REG ;maintain state of interleave A2, 
, MUXOE:= MUXOE ;maintain MUXOE state , 
\========================-=-=====-======================1 
I(STARTACCESS * « A2 * A2REG) , 

+(/A2 * IA2REG) »+-- - - - - -- - - - - -- -- - - - - - - - - - - - - - - - - - --+ 

Figure C-3. 2-CLK DRAM State PAL Equations (Cont'd.) 
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Finally, the karnaugh maps for the following signals are: 

ROWSEL \QO 
QI \CLK 00 01 II 10 

\ MUXOE 
00 I MUX MUX key: 
01 I MUX MUX M+R MUX = MUXOE 
111 MUX M+R = MUXOE + RFRQ 
10 I MUX MUX RFR RFR = RFRQ 

ROWSEL \QO 
QI \CLK 00 01 11 10 

\ A2REG 
00 I A2R A2R key: 
01 I A2R A2R A2R A2; = A2 
II I A2R A2R = A2REG 
10 I A2R A2; A2; 

ROWSEL \QO 
QI \CLK 00 01 II 10 

\ RAS signal s 
00 I lAM AM lAM AM key: [RASO: RASI] 
01 I ON ON lAM AM lAM AM AM = A2REG + MUXOE 
II I IAI AI AS = A2 * STARTACCESS 
10 I lAM AM lAS AS OFFOFF AI = A2 * STARTACCESS * interleave 

ROWSEL \QO 
QI \CLK 00 01 11 10 

\ ROWSEL state circled 
00 I OWIO Dill key: [ROWSEL:QI :QO:CLK] 
01 I 1000 0110 1101 M = MUXOE * RFRQ 
111 10iO S = STARTACCESS 
10 I 0001 10sO mMml I = STARTACCESS * interleave 

W = W%R + MUXOE 
ROWSEL \QO 

QI \CLK 00 01 11 10 
\ QI state circled 

00 I OWIO 0111 
01 I 1000 0110 1101 
111 lOiO 
10 I 0001 10sO mMml 

ROWSEL \QO 
QI\CLK 00 01 11 10 

\ QO state ci rcl ed 
10 I OWIO 0111 
II I 1000 0110 1101 
01 I 10iO 
00 I 0001 1050 mMml 

Figure C-3. 2-CLK DRAM State PAL Equations (Cont'd.) 
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DRAM CONTROL PAL 

The DRAM Control PAL generates the majority of the control signals for the DRAM circuit. 
The inputs sample the W /R# and byte-enable outputs of the 80386 as well as status signals 
from the DRAM State PAL. The outputs generate the four CAS signals, two transceiver 

. control signals, and the signals for the 80386 READY # and Next Address (NA#) logic. 
Table C-2 contains a description of the outputs and inputs. 

The equations for the 3-CLK DRAM Control PAL are shown in Figure C-4; those for the 
2-CLK DRAM Control PAL are shown in Figure C-5. A l6R8 PAL is needed to register 
the CAS signals internally. A 16R4 PAL is needed when external registers drive the CAS 
signals. For a 16-MHz system, B-series PAL speeds are required. 

REFRESH INTERVAL COUNTER PAL 

The Refresh Interval Counter PAL, which periodically generates refresh requests to the 
DRAM State PAL, operates as a counter decremented every CLK cycle. Once the counter 
reaches a preset value, it resets its value to 255 and activates its RFRQ (refresh request) 
output. This output remains active until both REFACK (refresh acknowledge) inputs are 
sampled simultaneously active. 

Setup and hold times for RFRQ to the DRAM State PAL are guaranteed even with a large 
CLK2-to-CLK skew because the Refresh Interval Counter PAL is clocked by the rising edge 
of CLK, and the RFRQ output is only sampled by the DRAM State PAL at the middle-of­
phase CLK2 edge. However, the CLK2-to-CLK and output delays can add up so that the 
setup and hold times for the REF ACK inputs are not met. Therefore, the REF ACK inputs 
are activated for a minimum of four CLK2 periods to ensure deactivation of RFRQ. The 
exact CLK in which RFRQ is deactivated is not critical. 

Table C-3 shows the inputs and outputs of the Refresh Interval Counter PAL. Figure C-6 
shows its PAL equations. The same equations are used for both the 3-CLK and 2-CLK 
designs. A 20XI0 PAL is used to implement this counter. For 16-MHz systems, A-series 
PAL speeds are sufficient. 

REFRESH ADDRESS COUNTER PAL 

The Refresh Address Counter PAL maintains the address of the next DRAM row to be 
refreshed. After every refresh cycle, the PAL increments this address. Table C-4 shows the 
inputs and outputs of the Refresh Address Counter PAL. 

PAL equations are shown in Figure C-7. Both the 3-CLK and the 2-CLK design use the 
same equations. Most DRAMs require only 8-bits or fewer for the refresh row address, so a 
16R8 PAL can be used. If necessary, 10 bits of row address can be provided using a 20XI0 
PAL. For a system operating at any speed, standard-PAL speeds are sufficient. 
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DRAM PAL DESCRIPTIONS 

Table C-2. DRAM Control PAL Pin Description 

PAL CONTROLS 

Name Connects From PAL Usage 

/ 

CLK2 System ClK2 PAL register clock 

OE Tied low Outputs always enabled 

PAL INPUTS 

Name Connects From PAL Usage Sampled 

ClK System ClK Indicates clock phase Every ClK2 

BEO# System Byte-Enables Used to enable the DRAM. Start -Ot -Phase tor 
BE1# CAS signals corresponding internal reg. Every 
BE2# to the active bytes ClK2 with exter-
BE3# nal reg 

W/R# System W/R# Select write/read Every ClK2 

ROWSEl DRAM STATE PAL Initiate DRAM access Middle-Ot-Phase 

DISABLE DRAM STATE PAL Disable controls during Middle-Ot-Phase 
MUXOE retresh 

PAL OUTPUTS 

Name Connects To PAL Usage Changes State 

CASO# DRAM Byte 0 
Start-Ot-Phase tor 

CAS1# DRAM Byte 1 Controls DRAM CAS signals read active and 

(Separate controls tor writes read/write inactive 

CAS2# DRAM Byte 2 to individual bytes) Middle-Of-Phase 
tor write active 

CAS3# DRAM Byte 3 

DEN# Transceiver Control xcvr enable Start-Ot-Phase 

DT/R# Transceiver Control xcvr direction Any time DEN# 
ott 

RDY System Ready logic Control system ready Rise: Start-Phase 
Fall: Middle-Phase 

WC DRAM WE# and Stores PAL state used only Rise: Start-Phase 
System NA# logic in 3-ClK • Fall: Middle-Phase 

WE# DRAM WE# Control DRAM WE# used Rise: Start-Phase 
only in 2-ClK Fall: Middle-Phase 
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DRAM PAL DESCRIPTIONS 

PALl6R8 PAL DESIGN SPECIFICATIONS 
PART NUMBER: 3-ClK DRAM CONTROL PAL 
DRAM CONTROL PAL OF INTERLEAVED DRAM CONTROllER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
ClK2 ClK BEO BEl BE2 BE3 W"IoR ROWSEl DISABLE GND 
OE CASO CASI DT%R DEN ROY WC CAS2 CAS3 VCC 

; drop CAS on read 
;drop on wri te 

/CASO : = /ROWSEl * ClK * /DT%R * /DISABlE 
+ /ROWSEl * WC * ROY * /ClK * /BEO 
+ /ROWSEl * /CASO ;maintain throughout cycl e 

;BEx can disappear after CAS drop 
;DISABlE must be maintained through last /ROWSEl * ClK 

/CASI .- /ROWSEl * ClK * /DT%R * /DISABlE 
+ /ROWSEl * WC * ROY * /ClK * /BEI 
+ /ROWSEl * /CASI 

/CAS2 := /ROWSEl * ClK * /DT%R * /DISABlE 
+ /ROWSEl * WC * ROY * /ClK * /BE2 
+ /ROWSEl * /CAS2 

/CAS3 := /ROWSEl * ClK * /DT%R * /DISABlE 
+ /ROWSEl * WC * ROY * /ClK * /BE3 
+ /ROWSEl * /CAS3 

;drop CAS on read 
; drop on wri te 
;maintain throughout cycle 

;drop CAS on read 
;drop on write 
;maintain throughout cycle 

; drop CAS on read 
;drop on write 
;maintain throughout cycle 

/DT%R : = ROWSEl * DEN * /W%R 
+ /ROWSEl * /DT%R 

; samp 1 e W"IoR when /ROWSEl * DEN 
; otherwi se: rna i nta instate 

+ /DEN * /DT%R 

/DEN : = ClK * /ROWSEl * /DISABlE 
+ /ClK * /DEN 

/WC : = DISABLE 
+ ROWSEl 
+ /RDY 
+ /WC * /ClK 

/RDY:= WC * ClK 
+ /RDY * /DEN 

;when ClK: sample ROWSEl 
; otherwi se: rna i nta instate 

;keep low if DISABLE 
or /ROWSEl 
or /RDY 
or already low * /ClK 

;drop ROY 
;maintain ROY 

Figure C-4. 3-CLK DRAM Control PAL Equations 
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DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

OE CLK2 CLK BED BEl BE2 BE3 W%R ROWSEL DISABLE ; inputs 
CASO CAS! CAS2 CAS3 DT%R DEN RDY WC ;outputs 

OE 
, CLK2 
, CLK 
, ,BEO 
, "BE! 

, '" BE2 
, "" BE3 , II II , W%R 

, """ ROWSEL 
, ""'" DISABLE 

, ""'"' 
L C H X X X X X H L 
L C L X X X X L H L 
L C H X X X X H H L 
L C L X X X X L H L 
L C H X X X X X L L 
L C L X X X X X L L 
L C H X X X X X L L 
L C L X X X X X L L 
L C H X X X X X H L 
LCLXXXXHHL 
L C H X X X X X L L 
L C L H L L H X L L 
L C H X X X X X L L 
L C L X X X X X L L 
L C H X X X X X H L 
L C L X X X X L H L 
L C H X X X X X L L 
L C L X X X X X L L 
L C H X X X X X L L 
L C L X X X X X L L 
L C H X X X X X H L 
L C L X X X X X H L 
L C H X X X X X L H 
L C L X X X X X L H 
L C H X X X X X L H 
L C L X X X X X L L 
L C H X X X X X H L 
L C L X X X X X H L 

DESCRIPTION 

CASO 
, CAS! 
, , CAS2 
, , , CAS3 
, , , , DT%R 
, , , , , DEN 
, , , , , , RDY 
II II II , wc 

""'"' 
XXXXXHXL 
H H H H L H H L 
H H H H H H H L 
HHHHLHHL 
LLLLLLHH 
LLLLLLHH 
LLLLLLLH 
LLLLLLLL 
H H H H L H L L 
H H H H H H H L 
HHHHHLHH 
H L L H H L H H 
HLLHHLLH 
HLLHHLLL 
HHHHHHLL 
H H H H L H H L 
LLLLLLHH 
LLLLLLHH 
LLLLLLLH 
LLLLLLLL 
H H H H L H L L 
H H H H X H H L 
H H H H X H H L 
H H H H X H H L 
H H H H X H H L 
HHHHXHHL 
HHHHXHHL 
H H H H X H H L 

COMMENTS 

initialize to IDLE 
IDLE: DT%R tracking W%R 
IDLE: DT%R tracking W%R 
IDLE: DT%R tracking W'!.R 
begin read: assert all CAS's 
cont i nue read: 
continue read: RDY active 
1 ast read cycl e 
CAS's and DEN rise 
DT%R and RDY ri ses 
begin write: assert DEN and WE 
continue write: assert valid CAS's 
cont i nue wri te: RDY act i ve 
cont i nue write: 
CAS's and DEN ri se 
RDY rises 
begin read: assert all CAS's 
cont i nue read: 
cont i nue read: RDY act i ve 
last read cycle 
CAS's and DEN rise 
RDY rises 
begi n refresh 
cont i nue refresh 
cont i nue refresh 
last refresh cycle 
IDLE 
IDLE 

Th is PAL implements most of the controls i gna 1 s of the DRAM controller. 

Figure C-4. 3-CLK DRAM Control PAL Equations (Cont'd.) 
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DRAM PAL DESCRIPTIONS 

PALl6R4 PAL DESIGN SPECIFICATIONS 
PART NUMBER: 2-ClK DRAM CONTROL PAL 
DRAM CONTROL PAL OF INTERLEAVED DRAM CONTROllER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
ClK2 ClK BEO BEl BE2 BE3 W%R ROWSEl DISABLE GND 
OE CASO CASI DT%R DEN ROY WE CAS2 CAS3 VCC 

/CASO = /ROWSEl * /DT%R * ClK * /DISABlE ;drop CAS on read 
+ /ROWSEl * /DT%R * /OEN ;maintain CAS on read 
+ /ROWSEl * /DEN * /BEO * /OISABlE ;activate CAS on write 

;BEx must be maintained throughout 
;DISABlE must be maintained through last /ROWSEl * ClK 

/CASI = /ROWSEl * /DT%R * ClK * /OISABlE 
+ /ROWSEl * /OT%R * /OEN 
+ /ROWSEl * /OEN * /BEI * /DISABlE 

/CAS2 = /ROWSEl * /OT%R * ClK * /OISABlE 
+ /ROWSEl * /OT%R * /OEN 
+ /ROWSEl * /OEN * /BE2 * /DISABlE 

/CAS3 = /ROWSEl * /DT%R * ClK * /DISABlE 
+ /ROWSEl * /DT%R * /DEN 
+ /ROWSEl * /OEN * /BE3 * /OISABlE 

;drop CAS on read 
;maintain CAS on read 
;activate CAS on write 

;drop CAS on read 
;maintain CAS on read 
;activate CAS on write 

; drop CAS on read 
;maintain CAS on read 
;activate CAS on write 

/DT%R : = ROWSEl * DEN * /W%R 
+ /ROWSEl * /DT%R 

; sampl e W%R when /ROWSEl * DEN 
; otherwi se: rna i ntai n state 

+ /OEN * /OT%R 

/DEN . - ClK * /ROWSEl * /DISABlE ;when ClK: sample ROWSEl 
+ /ClK * /DEN ; otherwi se: rna i nta instate 

/WE:= /ROWSEl * OT%R * RDY,* /DISABlE ;only drops for writes 

/RDY := /ROWSEl * /OT%R * /DISABlE * ClK ;drop ROY immediately for read 
+ /WE * ClK ;drop RDY later for write 
+ /RDY * /DEN ;maintain ROY 

Figure C-S. 2-CLK DRAM Control PAL Equations 
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DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

OE CLK2 CLK BEO BEl BE2 BE3 W%R ROWSEL DISABLE ; inputs 
CASO CAS] CAS2 CAS3 DT%R DEN ROY WE ;outputs 

OE 
I CLK2 
I I CLK CASO 
I I BEO I CAS] 
I I I BE I I I CAS2 
I I I I BE2 I I I CAS3 
I I I I I BE3 I I I I DT%R 
I I I I I I W%R I I I I I DEN 
I I I I I I I ROWSEL I I I I I I ROY 
I I I I I I I I DISABLE I I I I I I I WE 
II 1111111 11111111 
L C H X X X X X H l 
l C l X X X X L H l 
L C H X X X X H H l 
lClXXXXLHl 
L C H X X X X X L L 
l C L X X X XX L l 
LCHXXXXXHl 
L C L X X X X H H L 
lCHHllHXll 
LCLHlLHXlL 
L C H H l L H X l L 
L C L H L L H X L L 
L C H X X X X X H L 
LClXXXXLHL 
lCHXXXXXLL 
L C L X X X X X L l 
L C H X X X X X H L 
L C L X X X X X H l 
l C H X X X X X L H 
lCLXXXXXLH 
L C H X X X X X L H 
L C L X X X X X l l 
l C H X X X X X H L 
lClXXXXXHl 

DESCRIPTION 

XXXXXHXH 
HHHHLHHH 
H H H H H H H H 
H H H H L H H H 
LLLLLLLH 
LLLLLLLH 
H H H H L H L H 
HH H H H H H H 
HLLHHLHL 
HLLHHLHL 
H L L H H L L L 
HLLHHLLH 
H H H H H H L H 
H H H H L H H H 
LLLLLLLH 
LLLLLLLH 
H H H H L H L H 
HHHHXHHH 
H H H H X H H H 
H H H H X H H H 
H H H H X H H H 
H H H H X H H H 
H H H H X H H H 
H H H H X H H H 

COMMENTS 

initialize to IDLE 
IDLE: DT%R tracking W%R 
IDLE: DT%R tracking W%R 
IDLE: DT%R tracking W%R 
begin read: assert all CAS's 
last read cycle 
CAS's and DEN ri se 
DT%R and ROY ri ses 
begin write: assert DEN and WE 
cant i nue wri te: assert va lid CAS's 
continue write: ROY active 
continue write: 
CAS's and DEN ri se 
ROY rises 
begin read: assert all CAS's 
I ast read cycle 
CAS's and DEN ri se 
ROY ri ses 
begi n refresh 
continue refresh 
cant i nue refresh 

; I ast refresh cycle 
; IDLE 
; IDLE 

This PAL implements most of the control signals of the DRAM controller. 

Figure CoS. 2-CLK DRAM Control PAL Equations (Cont'd.) 
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DRAM PAL DESCRIPTIONS 

Table C-3. Refresh Interval Counter PAL Pin Description 

PAL CONTROLS 

Name Connects From PAL Usage 

ClK Systems ClK PAL register clock 

OE Tied low Outputs always 
enabled 

PAL INPUTS 

Name Connects From PAL Usage Sampled 

REFACKO# DRAM RASO# Indicates when refresh Every ClK that 
REFACK1# DRAM RAS1# starts: turns off RFRQ RFRQ is active 

NCO 
NC1 
NC2 
NC3 Not connected Not used Never 
NC4 
NC5 
NC6 
NC7 

PAL OUTPUTS 

Name Connects To PAL Usage Changes State 

RFRQ DRAM STATE RFRQ latch refresh request Any ClK 

QO 
Q1 
Q2 
Q3 Implements up to 9-bit 
Q4 Not connected Any ClK 
Q5 

modulo counter 

Q6 
Q7 
Q8 
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DRAM PAL DESCRIPTIONS 

PAL20XIO PAL DESIGN SPECIFICATIONS 
PART NUMBER: 16 MHz REFRESH INTERVAL COUNTER PAL 
REFRESH INTERVAL PAL OF INTERLEAVED DRAM CONTROllER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
ClK REFACKO REFACKI NC NC NC NC NC NC NC NC GND 
OE RFRQ NC QO QI Q2 Q3 Q4 Q5 Q6 Q7 vcc 
/RFRQ := /RFRQ * Q7 * Q6 * Q5 * Q4 * ,Q3 *Q2 * QI * QO ;raise at 255 

+ RFRQ * /REFACKO * /REFACKI ;clear when both ACKs low 
:+: /RFRQ ;else: don't change state 

/QO:= /QO ;least-significant bit of counter 

/QI := 

/Q2 := 

/Q3 := 

/Q4 := 

/Q5 := 

/Q6 := 

+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less 
:+: vce ;else decrement 

:+: 

:+: 

:+: 

:+: 

:+: 

:+: 

/QI 
+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 

/Q7 * /Q6 * /Q5 * /Q4 * /Q3 
+ /QO 

/Q2 
+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 

/Q7 * /Q6 * /Q5 * /Q4 * /Q3 
+ /QI * /QO 

/Q3 
+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 

/Q7 * /Q6 * /Q5 * /Q4 * /Q3 
+ /Q2 * /QI * /QO 

/Q4 
+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 

/Q7 * /Q6 * /Q5 * /Q4 * /Q3 
+ /Q3 * /Q2 * /QI * /QO 

/Q5 
+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 

/Q7 * /Q6 * /Q5 * /Q4 * /Q3 
+ /Q4 * /Q3 * /Q2 * /QI * /QO 

/Q6 
+ /Q7 * /Q6 * /Q5 * /Q4 * /Q3 

/Q7 * /Q6 * /Q5 * /Q4 * /Q3 
+ /Q5 * /Q4 * /Q3 * /Q2 * /QI * /QO 

;set at 7 or less 
;set at 7 or less 
;else decrement 

;set at 7 or less 
;set at 7 or less 
;else decrement 

;set at 7 or less 
;set at 7 or less 
;else decrement 

;set at 7 or less 
;set at 7 or less 
;else decrement 

;set at 7 or less 
;set at 7 or less 
;else decrement 

;set at 7 or less 
;set at 7 or less 
;else decrement 

/Q7:= /Q7 ;most-significant bit of counter 
+ /Q7 * /Q6 * /Q5 * /Q4'* /Q3 ;set at 7 or less 

:+: /Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less 
+ /Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /QI * /QO ;else decrement 

Figure C-6. Refresh Interval Counter PAL Equations 
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DRAM PAL DESCRIPTIONS 

REFACKI 

FUNCTION TABLE 

OE CLK REFACKO 
RFRQ Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 

; inputs 
;outputs 

;OE 
; 1 CLK 
;1 1 
L C 
L C 
L C 
L C 
L C 
L C 
L C 
L C 
L C 
L C 
L C 

REFACKO 
1 REFACKI 
1 1 RFRQ 
1 1 1 

H X 
X H 
L L 
X X 
X X 
X X 
X X 
H X 
X H 
L L 
X X 

H 
H 
L 
L 
L 
L 
H 
H 
H 
L 
L 

DESCRIPTION 

Q7 
1 Q6 
1 1 Q5 
1 1 1 Q4 
II II Q3 
1 1 1 1 1 Q2 
1 1 1 1 1 1 Ql 
1 1 1 1 1 1 1 QO 
11111111 COMMENTS 

L L L L H L H H; initial ize(ignore errors on vector) 
L L L L H L H L; decrement 
L L L L H L L H; decrement 
L L L L H L L L; decrement 
L L L L L H H H; decrement to 7 
H H H H H H H H; reset to 255 
H H H H H H H L; decrement, activate RFRQ 
H H H H H H L H; decrement, sample REFACKs 
H H H H H H L L; decrement, sample REFACKs 
H H H H H L H H; decrement, both REFACKs: clear RFRQ 
H H H H H L H L; decrement 

This PAL implements the counter to determine when distributed 
refresh cycles should be run. This counter :ounts intervals of 249 
clocks which is just under 15 uS at 16 MHz. 

The counter counts backwards from 255 to 7. The clock after the 
counter reaches 7, the counter is set to 255 and will then continues 
to decrement. Also when 7 is hit, RFRQ is activated until both 
REFACKO and REFACKI are simultaneously sampled low. 

Figure C-6. Refresh Interval Counter PAL Equations (Cont'd.) 
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DRAM PAL DESCRIPTIONS 

Table C-4. Refresh Address Counter PAL Pin Description 

PAL CONTROLS 

Name Connects From PAL Usage 

CLOCK RFRO & MUXOE# PAL register clock 

OE RFRO & MUXOE# outputs enable on refresh 

PAL INPUTS 

Name Connects From PAL Usage Sampled 

NCO 
NC1 
NC2 
NC3 Not connected Not used Never 
NC4 
NC5 
NC6 
NC7 

PAL OUTPUTS 

Name Connects To PAL Usage Changes State 

00 Muxed Addr 0 
01 Muxed Addr 1 
02 Muxed Addr 2 
03 Muxed Addr 3 

Implements 8-bit counter Any Clock 04 Muxed Addr 4 
05 Muxed Addr 5 
06 Muxed Addr 6 
Q7 Muxed Addr 7 
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DRAM PAL DESCRIPTIONS 

PAL16R8 PAL DESIGN SPECIFICATIONS 
PART NUMBER: REFRESH ADDRESS COUNTER PAL 

• REFRESH ADDRESS PAL DF INTERLEAVED DRAM CDNTROLLER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
CLOCK NC NC NC NC NC NC NC NC GND 
OE AO Al A2 A3 A4 AS A6 A7 VCC 

/AO .- AO ;least significant bit of 8-bit counter 

/AI := Al * AO 
+/AI */AO 

/A2 .- A2 * Al * AO 
+/A2 */AI 
+/A2 */AO 

/A3 .- A3 * A2 * Al * AO 
+/A3 */A2 
+/A3 */AI 
+/A3 */AO 

/A4 .- A4 * A3 * A2 * Al * AO 
+/A4 */A3 
+/A4 */A2 
+/A4 */AI 
+/A4 */AO 

/AS := AS * A4 * A3 * A2 * Al * AO 
+/AS */A4 
+/AS */A3 
+/AS */A2 
+/AS */AI 
+/AS */AO 

/A6 := A6 * AS * A4 * A3 * A2 * Al * AO 
+/A6 */AS 
+/A6 */A4 
+/A6 */A3 
+/A6 */A2 
+/A6 */AI 
+/A6 */AO 

/A7 := A7 * A6 * AS * A4 * A3 * A2 * Al * AO;most-significant bit of counter 
+/A7 */A6 
+/A7 */AS 
+/A7 */A4 
+/A7 */A3 
+/A7 */A2 
+/A7 */Al 
+/A7 */AO 

Figure C-7. Refresh Address Counter PAL Equations 
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DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

OE CLOCK 
A7 A6 AS A4 A3 A2 Al AO 

;OE 
; 1 CLOCK 
;1 1 

A7 
I A6 
liAS 
1 1 1 A4 
1 1 1 1 A3 
1 1 1 1 1 A2 
1 1 1 1 1 1 Al 
1 1 1 1 1 1 1 AO 
1 1 1 1 1 1 1 1 COMMENTS 

; Inputs 
;outputs 

L C H H H H H H H H; initialize (Ignore any errors on this vector) 
L C L L L L L L L L; increment 
L C L L L L L L L H; increment 
L C L L L L L L H L; increment 
L C L L L L L L H H; increment 
L C L L L L L H L L; increment 
H H Z Z Z Z Z Z Z Z; high-impedence state 

DESCRIPTION 

This PAL implements a simple 8-bit counter which is used to 
generate the refresh row address by the DRAM controller. 

Figure C-7. Refresh Address Counter PAL Equations (Cont'd.) 
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DRAM PAL DESCRIPTIONS 

TIMING PARAMETERS 

Figure C-8 shows the timing of signals for DRAM read and write cycles. Table C-5 displays 
the worst-case timing parameters for six DRAM circuits, each of which uses a different type 
of DRAM. 
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_. 
386 DRAM Controller ~ T I H I N G PARAMETERS 

Chip Syrrbol 10 Description from To Min MaJ( Min Max Hin Max Hin Max Min M •• Min Max 
51C64-8 51C64-10 51C25~-12 51C256-15 2164-15 51C256-20 

82384 .1 o ClK2 period ClK2 I ClK2 I 31 32 31 32 40 42 31 32 31 32 40 42 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClKZ I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I C ClK2 I ClK2 I 
ClK2 I CLK2 I :::c 
ClK2 I ClK2 I l> 

82384 trd.lAIT o ClKperiod(s) rd ~aitState ClK2 I ClK2 I 0 0 0 0 0 0 62 64 62 64 80 84 3: 
82384 twrt\JAIT a ClKperioo(s) wt UaitState cu::2 I ClK2 I 62 64 62 64 80 84 62 64 62 64 80 84 "tJ 
82384 tBAKZBAK 0 ClKperiod(s) back-to-back. ClKZ I ClK2 I 62 64 62 64 160 168 124 128 124 128 160 168 l> 

ClKZ I ClK2 I r 
() 386 .12 o uri te data out·deley ClK2 I 386 08t8< 50 50 50 50 50 50 C 
l ClK2 I 366 Data> m I\) 386 • t21 o read data aet-L4J 386 Data< ClK2 I 0 10 10 0 10 0 10 10 0 10 en ..... 386 .22 a read data hold ClK2 I 366 Data> 2 999 999 2 999 2 999 999 2 999 0 3S6tHUX t6+tHUX o addr fr 386 thru latchHux ClK2 I rowe 3 46 46 3 46 3 46 46 3 46 :::c 

ClK2 I rowe ;; 
PAl o clock to PAL outputs CU::2 I Row Sel \ 12 12 12 12 12 12 

CU:2 I Row Sell -I 
ClK2 I Row Set\ (5 
ClK2 I Row Sell Z 
ClK2 I Row Set \ en 

PAlorREG Q o clock to PAL or REG outpt ClK2 I "S' \ 12 12 12 12 10 12 
ClK2 I RAS# I 
ClKZ I "S' \ 
ClK2 I .AS' I 
ClK2 I ,AS, \ 

Register R a clock to register output ClK2 I CAS# I 12 12 12 12 10 12 
ClK2 I CAS' \ 
ClK2 I CAS' I 
ClK2 I CAS# \ 
ClK2 I CAS# I 
Cu::2 I CAS# \ 

PAl"NAND \oj o pal and write logic delay CLK2 I IIE# I 18 18 18 18 18 18 
CLK2 I VEl \ 
ClK2 I VE# I 

T ran~cvr tXCVR o transc .... r prop in-to-out rd data< 386 Data< 
Drarrflata> 366 Data> 
386 Data< wrt data< 
386 Data> DraiTOata> 

Table CoS. DRAM Circuit Timing Parameters 
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386 DRAM Controller i TIM I N G PARAMETERS 

Chip Syvb>1 10 Description Fr ... To Min Max Min Max Min Max Min Max Min Max Min Max 
51CM-8 5ICM-IO 51C256-12 5IC256-15 21M-15 51C256-20 

DRAM tRAS I RAU pulse width RAS' \ RAS' I 80 9999 100 9999 120 9999 1509999 1509999 200 9999 
RAS' \ RAS' I 

DRAM tRC J random read/write cycle RAS' \ RAU \ 140 9999 160 9999 200 9999 245 9999 260 9999 315 9999 

I "lAS' precharge tt .. 
RAS' \ RAU \ 

DRAM tRP RAS' I RAS' \ 509999 50 9999 7U 9999 85 9999 100 9999 105 9999 
RAS' I RAS' \ 

DRAM tCSH I CAS' hold t I ... RAS' \ CAS' I 80 9999 100 9999 120 9999 1509999 1509999 200 9999 
RAS' \ CAS' I 

DRAM tCAS(R) I CAS' pulse wld.h(rd eyell CAS' \ CAst I 15 9999 209999 25 9999 309999 85 9999 35 9999 
DRAM 'CAS(W) I CAS' pulse wldth(wrt eye) CAS' \ .CAS' I 25 9999 30 9999 25 9999 309999 85 9999 35 9999 
DRAM tWRf t wr i te to AAS' precharge WE. I RAS' \ -309999 -309999 109999 10 9999 -309999 109999 

WE' I RAS' \ C DRAM tRW" lAS' to write hold tfllle RAS' \ WE' \ 09999 09999 15 9999 209999 09999 25 9999 2J DRAM USR row address Bet· up t fme rowc lAS. \ 09999 09999 09999 09999 09999 09999 > rowe MS' \ 3: DRAM tRAH row address hol.d tl .. RAst \ colum< 15 9999 15 9999 15 9999 209999 20 9999 25 9999 
RAS' \ colLlln< 'tI 

DRAM tCP I CAS' precharge CAS' I CAS' \ 109999 109999 109999 109999 25 9999 109999 > 
CAS' I CAS' \ r 

(') DRAM tCRP I CAS' to RAS' procherg. CAS' I RAS' \ -20 9999 -20 9999 -209999 -209999 -20 9999 -209999 C 
I· CAS' I HAS' \ m 

I\J CAS' I HAS' \ en CO DRAM # tRCO RAS' to .CAS' deley RAS' \ CAU . \ 309999 309999 309999 35 9999 309999 409999 (') 
RAS' \ CAst \ 2J 

DRAM USC colliln address set"'4l colum< CAS' \ 09999 09999 59999 59999 09999 59999 =a colu.1< CAS' \ -I DRAM tCAH colUlll address hold CAS' \ Dr_ddr< 10 9999 10 9999 15 9999 20 9999 25 9999 25 9999 (5 CAS' \ Dram.\ddr< 
DRAM tAR col...., addr hold fr RAS. RAS' \ Dr~ddrc 40 9999 409999 6O~ 7U 9999 90 9999 80 9999 Z 

RAS' \ DraMdclr< en 
DRAM • tOH output buffer turn on CAS' \ rei data< 20 9999 209999 25 9999 309999 85 9999 359999 
DRAM • tOFF output bJffer tum off CAS' I wrt datBC 209999 209999 20 9999 25 9999 30 9999 309999 
DRAM • tRAC access time frOll lAS. RAS' \ ret datBo( 80 9999 100 9999 1209999 1509999 150 9999 2009999 
DRAM • tCAt access time trOll CAS' CAS' \ rd data< 20 9999 20 9999 25 9999 30 9999 85 9999 359999 
DRAM • tCAA access time fr calum adr colurn< rd data< 45 9999 55 9999 55 9999 TO 9999 85 9999 90 9999 
DRAM tRSHIR) RAS' hold time (rd eyele) CAS' \ RAU I 10 9999 10 9999 10 9999 10 9999 85 9999 109999 
DRAM tRCS read cc:mnand set-up time RAS' \ rd dat8< 09999 09999 09999 09999 09999 09999 
DRAM tCAR coll.lll1 address to RAS' colum< RAS' I 45 9999 55 9999 55 9999 7U 9999 85 9999 90 9999 
DRAM tRCH read com hold ref to CAS' CAS' I WE' \ 09999 09999 09999 09999 59999 09999 
DRAM tRRH read com hold ref to RAS' RAS' I WE' \ 109999 109999 10 9999 10 9999 20 9999 109999 
DRAM tRSH(W) RAS' hold time (wrt eyel) CAS' \ RAS' I 35 9999 35 9999 25 9999 30 9999. 85 9999 359999 
DRAM tR\JL wr i te conmand to RAS. WE' \ RAS' I 25 9999 30 9999 25 9999 309999 40 9999 359999 
DRAM tC\ll write coamand to CAS' WE' \ CAS' I 25 9999 30 9999 25 9999 30 9999 40 9999 35 9999 
DRAM tw. write conmand pulse width WE' \ WE' I 20 9999 209999 20 9999 25 9999 30 9999 309999 
DRAM t\.lCS wri te conmand set-up time WE' \ CAS' \ 09999 09999 09999 09999 -10 9999 09999 
DRAM tllCH wri te cocrmand hold time CAS' \ WE' I 25 9999 30 9999 25 9999 30 9999 309999 359999 
DRAM tOS data- in set-up time wrt data< CAS# \ 09999 09999 09999 09999 09999 09999 
DRAM tDH data- in hold time CAS' \ Dr8ll'Oata> 20 9999 20 9999 20 9999 25 9999 309999 30 9999 

Table CoS. DRAM Circuit Timing Parameters (Cont'd.) 



_. 
386 DRAM Controller I Ie[; T I " I N G CALCULATIONS 

Chip Synbol to Description From To Hin Max Min Max Min Hax Hin Max Min Max Min Max 
51C64-8 51C64-10 51C256-12 51C256-15 2164-15 51C256-20 

DRAM tRAS RAS' pulse width 809999 100 9999 120 9999 150 9999 150 9999 2009999 +Q HrdJAIT +t1 .tl .tl HI -Q 

RAS' \ RAS' 112 140 112 140 148 180 174 204 180 198 228 264 
+Q +twrt~AIT+t1 .tl .t1 .t1 -Q 

RAS' \ lAS' 174 204 174 204 228 264 174 204 180 198 228 264 

DRAM toC randoni read/write cycle 140 9999 160 9999 200 9999 245 9999 260 9999 3159999 
+0 +tBAK2BAIC+trdJAIT +t1 .tl HI .tl -Q 

RAS' \ RAS' \ 174 204 174 204 308 348 298 332 304 326 388 432 
+0 +tBAK28AK+twrt"AIT+t1 .tl .tl .tl -Q 

RAS' \ lAS' \ 236 268 236 268 388 432 298 332 304 326 388 432 

ORA" toP RAS' precharge t hne 509999 50 9999 70 9999 85 9999 100 9999 105 9999 I I~ +0 +tBAIC2BAIC-g RAS' RAS, 50 76 50 76 148 180 112 140 118 134 148 180 
'0 +tBAIC28AIC-g RAS' RAS' 50 76 50 76 148 180 112 140 118 134 148 180 s:: 

"U DRAM teSH CAS' hold ti ... 80 9999 100 9999 1209999 1509999 1509999 200 9999 » +R +trdJAIT +t1 .tl .tl .t1 -Q r-
0 RAS' \ CAS' 112 140 112 140 148 180 174 204 180 198 228 264 C I 'R +twrU/AIT+tl .tl .tl .t1 -Q m J\) lAst \ CAS' 174 204 174 204 228 264 174 204 180 198 228 264 en CD 

0 
DRAM tCAS(R) CAS' pulse width(rd <yell 15 9999 209999 30 9999 85 9999 35 9999 :u 25 9999 =ij 'R +trcAlAIT +t1 .tl -R CAst \ CAS' 50 76 50 76 68 96 112 140 118 134 148 180 

-I 

DRAM tCAS(W) CAS' pulse wldth(wrt eye) 25 9999 309999 25 9999 30 9999 85 9999 359999 I I~ 'R +twrU/AIHt1 -R CAS' \ CAS' 81 108 81 108 108 _138 81 108 87 102 108 138 

DRAM tWOP wri te to RAS' precharge -3D 9999 -3~ 9999 109999 10 9999 -3D 9999 ·109999 
+0 .tl -W lIE' lAS' 13 42 13 42 22 52 13 42 17 40 22 52 
.Q +tBAK2BAIC+twrUIAI T· t1 -W WE' lAS' 74 107 74 107 180 222 136 171 140 169 180 222 

DRAM toWH RAS' to uri te hold time 09999 09999 15 9999 209999 09999 259999 
'W .tl .tl -Q lAS' lIE. 52 82 52 82 70 102 52 82 54 78 70 102 

DRAM tASK row address set-up time 09999 09999 09999 09999 09999 09999 
+0 HI .tl -t6+tHUX row< lAS' 16 73 16 73 34 93 16 73 20 71 34 93 
+0 +tBAK2BAK+trdJAI T - t6+tHUX row< lAS' 16 73 16 73 114 177 140 201 144 199 194 261 

DRAM tRAH row address hold time 15 9999 15 9999 15 9999 20 9999 2Q 9999 25 9999 
+tHUX .p ·,1 -Q lAS' colum< 23 55 23 55 32 65 23 55 25 51 32 65 
+tHU)( +P .,1 -Q RAStl colum< 23 55 23 55 32 65 23 55 25 51 32 65 

Table CoS. DRAM Circuit Timing Parameters (Cont'd.) 



_. 
386 DRAM Controller I It TIM I N G CALCULATIONS 

Chip SynlJoI 10 Description From To Min Max Min Max Hin Max Min Hall Hin Max Hin Hax 
51C64-8 51C64-10 51C256-12 51C256-15 2164-15 51C256-20 

DRAM tCP CAS' precharge 109999 10 9999 109999 109999 25 9999 109999 
+R +tl .tl .t1 .tBAlC2BAK-I 

CAS' CAS' 143 In 143 In 268 306 205 236 211 230 268 306 
+R +tl .t1 .tBAlC2BAK-I CAS' CAS' 112 140 112 140 228 264 174 204 180 198 228 264 

DRAM tCRP CAY to RAS' precharge -20 9999 -20 9999 -20 9999 -209999 -209999 -20 9999 
+Q -I CAS' lAS' -12 12 -12 12 -12 12 -12 12 -6 6 -12 12 
+Q +UAK28AK-R CAS' lAS' 50 76 50 76 148 180 112 140 118 134 148 180 
+Q .tBAK2BAK-R CAS' lAS' 50 76 50 76 148 180 112 140 118 134 148 180 

DRAM • tRCD RAS' to CAS' delay 3D 9999 3D 9999 30 9999 35 9999 30 9999 409999 
+R +tl .t1 -Q lAS' CAS' 50 76 50 76 68 96 50 76 56 70 68 96 
+1 .tl +tl .. , -Q RAS' CAS. 81 108 81 108 108 138 81 108 87 102 108 138 

C 

DRAM 'ASC colLiln address let-up 09999 09999 59999 59999 09999 59999 I I~ +R ." -p -'HUX colUll1< CAS' 8 40 8 40 17 50 8 40 12 38 17 50 
·R .tl ." -p -,HUX colUll\c CAS' 39 n 39 n 57 92 39 n 43 70 57 92 

"g 
)0 

DRAM tCAH cohan address hold 109999 10 9999 15 9999 209999 25 9999 25 9999 

I I~ 0 +tHUX .p .,, ." ." -I 
I CAst \ OraMddrc 85 119 85 119 112 149 85 119 8i 115 112 149 (.) 

0 ·tNUX .p .,, .t1 -R CAS' \ DralllAddrc 54 87 54 87 n 107 54 87 56 83 n 107 
0 
:D 

DRAM tAR colum oddr hold fr RAS' 409999 409999 60 9999 70 9999 90 9999 80 9999 =ij 
+tMUX .p .,, ." .t1 .tl +tl -Q -I 

lAS, \ Dr_c 147 183 147 183 192 233 147 183 149 179 192 233 0 +tMUX .p .,, .,1 .t1 .t1 .t1 -Q 
lAS. \ Dr_ddrc 147 183 147 183 192 233 \47 183 \49 179 192 233 Z en 

DRAM • 'ON outp.lt buffer turn on 20 9999 20 9999 25 9999 30 9999 85 9999 35 9999 
-txCVR -,21 +tretlAn +t1 .t1 -I 

CAS' \ rd data< 33 62 40 64 51 82 95 126 97 122 131 166 

DRAM • tOFF output buffer turn off 20 9999 20 9999 20 9999 25 9999 3D 9999 3D 9999 
+tXCVR +t12 .,, .'BU2BAK-R CAS. I wrt data< 84 153 82 146 191 267 146 211 148 213 191 267 

DRAM • tRAC access time from RAS' 80 9999 1009999 1209999 150 9999 1509999 200 9999 
-U:CVR -t21 +trdWAJT +tl .,, .t1 .t1 -Q 

RAS' \ rd data« 95 126 102 128 131 166 151 190 159 186 211 250 
I 

DRAM * tCAt access time from CAS' 20 9999 20 9999 25 9999 3D 9999 85 9999 35 9999 
• !XCVR -t21 .trdlolAIT Hi .,, -R 

CASII \ rd .data< 33 62 40 64 51 82 95 126 97 122 131 166 

Table C-5. DRAM Circuit Timing Parameters (Cont'd.) 



_. 
386 DRAM Controller Ie[: 

T I H I N G CALCULATIONS 

Chip Synbol 10 Description From To Min Max Min Max Min Max Min Max Min Max Min Max 
51C64-8 51C64-IO 51C256- 12 51C256-15 2164-15 51C256-20 

DRAM * teu access time fr catum adr 45 9999 55 9999 55 9999 70 9999 85 9999 90 9999 
-tXCVR -t21 +tr""AIT +t1 ·tl .tl -p -tHUX 

colum< rd data< 53 90 60 92 80 '120 lIS 154 lIS 154 160 204 

DRAM tRSH(Rl RAS' hold time (rd cycle) 10 9999 10 9999 10 9999 109999 85 9999 10 9999 
+0 +trd.lAIT +t1 .tl -R CAS' \ RAS' 50 76 50 76 68 96 112 140 118 134 148 180 

DRAM tRCS read comnand set-up time 09999 09999 09999 09999 09999 09999 
-tXCVR -t21 +trcAJAIT +t1 ·tt .tl .,, -0 

RAS' \ rd data< 95 126 102 128 131 166 157 190 159 186 211 250 

DRAM tCAR colutn address to HAS' 45 9999 55 9999 55 9999 70 9999 85 9999 90 9999 I I~ +0 +trcAJAIT +t1 +tl .,, -p -,HUX 
cohan< RAS' 70 104 70 104 97 134 132 168 136 166 In 218 

'tJ 
DRAM tACH read com hold ref to CAS' 09999 09999 09999 09999 59999 09999 :J> 
.~ .tl +tl +tBAK2BAK-R CAS' lie' 114 146 114 146 230 270 176 210 178 206 230 270 r-

C) C I 

~ rn 
DRAM tARH read com hold ref to RAS' 109999 10 9999 10 9999 10 9999 209999 10 9999 VI 
+~ ·tt HI +tBAIC2BAIC-g RAS' lie' 114 146 114 146 230 270 176 210 178 206 230 270 0 

" DRAM 'RSH(~l HAS' hold time (wrt cyel) 35 9999 35 9999 25 9999 30 9999 85 9999 35 9999 
=t; 
-I +0 +twrU/AIT+tl -R CAS' \ RAS' 81 108 81 108 108 138 81 108 87 102 108 138 (5 
Z 

DRAM tRWl wr i te coornand to RAS' 25 9999 30 9999 25 9099 30 9999 40 9999 35 9999 VI 
+0 +twrU/AIT+tl +tl -~ lie' \ RAS' 106 138 106 138 142 178 106 138 110 136 142 178 

DRAM tCUl wr i te conmand to CASI 25 9999 30 9999 25 9999 30 9999 40 9999 35 9999 
+R +twrtUAIT+tl +tl -~ lie' \ CAS' 106 138 106 138 142 178 106 138 110 136 142 178 

DRAM tW wri te coomand pulse width 20 9999 20 9999 20 9999 25 9999 30 9999 30 9999 
+~ +tt ·tt .tl -~ lie' lie' n 112 77 112 104 142 n 112 n 112 104 142 

DRAH tues write conmand set-up time 09999 09999 09999 09999 -10 9999 09999 
+R +tt -~ ~E' \ CAS' 13 42 13 42 22 52 13 42 17 40 22 52 

DRAM tyeH write coomand hold time 25 9999 30 9999 25 9999 30 9999 30 9999 35 9999 
+~ +tt +tl -R CAS# ~E' 52 B2 52 82 70 102 52 82 54 78 70 102 

Table CoS. DRAM Circuit Timing Parameters (Cont'd.) 



386 DRAM Controller 

T I H I N G CALCULATIONS 

Chip Synbol JO Oescription From To Min Max Min Max Min Max Hin Max 
51C64-8 51C64-10 51C256-12 51C256-15 

DRAM tOS data- in set-up time 09999 09999 09999 09999 -. -tT ,,1 -tT2 - tXCVR wrt data< CAS' 5 7J 12 1S 2] 9] 5 7J 

DRAM tOH data- in hold time 20 9999 20 9999 20 9999 25 9999 
+tXCVIl +t12 -tT +twrtUAIT+t1 -R 

CAS' \ DranOata> 115 185 11] 178 - 151 225 115 185 

() 

c!.:. 
1\) 

Table CoS. DRAM Circuit Timing Parameters (Cont'd.) 

Min Max 
2164-15 
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inter 

ALABAMA 

Intel Corp. 
5015 Bradford Drive 
Suite 2 
Huntsville 35805 
Tel: (205) 830·4010 

ARIZONA 

Inlel Corp. 
11225 N. 28th Drl1/9 
Suilo 2140 
Phoenix 85029 
Tel: (602) 869-4980 

Inlel Corp. 
1161 N. EI Dorado Placo 
SUlle 301 
Tucson 85715 
Tel: (S02) 299-6815 

CAUFORNIA 

Intel Corp. 
21515 Vanowen Street 
Suite 116 

~~~r~8ra~~4~Jgg5 

~~i6 ~~'n Way, Suite 101 
Sacramento 95815 
Tel: (916) 920·8096 

Inlel Corp. 
4350 ExecuUve Drive 
Suite 105 

r6~~) DJ5~?5i82d21 
Inlel Corp,-
2000 East 4th Street 
Suito 100 
Sanla Ana 92705 
Tel: (714) B3J:9642 
TWX: 910-59~-1114 

Inlel Corp," 
San Thomas 4 
2700 San Thomas Expressway 
Santa Clara, CA 95051 
Tel: (408) 986-8086 
910-336-0255 

COLORADO 

Intel Corp, 
3300 Mitchell Lane, Suite 210 
Boulder 80301 
Tet: (303) 442·8088 

Intel Corp. 
4445 Northpark Drive 
Suite 100 
Colorado Springs 80907 
Tel: (303) 594·6622 

Intel Corp.' 
650 S. Cherry Streel 
Suite 915 
Denver 80222 
Tel: (303) 321·8086 
TWX: 910-931·2289 

CONNECTICUT 

FLORIDA 

~nl~' ~~~estmonte Drive 
Suite 105 
Altamonte Springs 32714 
Tel: (305) 869·5588 

Intel Corp. 

~~6.[a~d~da~eth 3~!d9 Suite 100 

~: (3gp~91~9~~~0 

DOMESTIC SALES OFFICES 

FLORIDA (Cont'd) 

~~~60 C~~~. Streel North 
Suite 170 
SI. Petersburg 33702 
Tel: (813) 577-2413 

GEORGIA 

~J~~ C~~te Parkway 
Suite 200 
Norcross 30092 
Tel: (404) 449·0541 

IWNOIS 

~J~' ~~r~;rtingale Road, Suite 400 
Schaumburg 60172 
Tel: (312) 310·6031 

INDIANA 

Inlel Corp. 
8777 Purdue Road 
Suite 125 
Indianapolis 46268 
Tel: (317) 875·0623 

IOWA 

Intel Corp. 
SI. Andrews Building 
1930 SI. Andrews DrivQ. N.E. 
Cedar Rapids 52402 
Tel: (319) 393·5510 

KANSAS 

110th Street 

ark 66210 
345·2727 

MARYLAND 

Intel Corp.' 
7321 Parkway Drive South 
Suite C 
Hanover 21076 

~:(3~116-8~~~~~0 
Intel Corp. 
7833 Walker Drive 
Greenbelt 20770 
Tel: (301) 441·1020 

MASSACHUSEnS 

Intel Corp.' 
Westford Corp. Center 
3 carlisle Road 
Westford 01886 

~:(6g~3~~6~~~2 
MICHIGAN 

Intel Corp. 
7071 Orchard Lake Road 
Suite 100 
West Bloomfield 48033 
Tel: (313) 851·8096 

MINNESOTA 

Inlel Corp. 

MISSOURI 

Inlel Corp. 
4203 Earth City Expressway 
Suite 131 

i:rh (3cr~~ ~~1~~90 
NEW JERSEY 

Intel Corp.' 
Parkway 109 Office Center 
328 Newman Springs Road 
Red Bank 07701 
Tel: (201) 747-2233 

Intel Corp. 
75 Uvlngston Avenue 
First Roor 
Roseland 07068 
Tel: (201) 740-0111 

NEW MEXICO 

Intel Corp. 
8500 Menual Boulevard N.E. 
Suite B 295 

~~~:u~~~~ue29~~~b~6 
NEW YORK 

Intel Corp.' 
300 Vanderbill Molar Parkway 
Hauppauge 11788 
Tel: (516) 231·3300 
TWX: 510-227·6236 

Intel Corp. 
Suite 2B Hollowbrook Park 

~ap~rn~~r ~o:,rSer~2~8~d 
~:X: (9Jt6'2~~~~~6J 

Spruce Boulevard 
14623 

Tel: 424·1050 
TWX: -253-7391 

NORTH CAROUNA 

Inlel Corp. 
5700 Executive Center Drive 
Suite 213 
Charlotte 28212 
Tel: (704) 568·8966 

Inlel Corp. 
2700 Wycliff Road 
Suite 102 
Raleigh 27607 
Tel: (919) 781·8022 

OHIO 

Intel Corp.' 
3401 Park Center Drive 
Suite 220 
Dayton 45414 

twX: (5J~6-4~~~2~~~0 
Intel Corp.' 
25700 Science Park Drive 
Beachwood 44122 
Tel: (216) 464-2736 
TWX: 810-427-9298 

OKLAHOMA 

Intel Corp. 
6801 N. Broadway 
Suite 115 

~~I:a~6~) ~%.JgJl6 
OREGON 

Intel Corp. 
15230 N.W. Greenbrier Parkway 
Beaverton 97005 
Tel: (503) 641-8086 
TWX: 910·467-8741 

PENNSYLVANIA 

Intel Corp. 
1513 Cedar Cliff Drive 
Camphill 17011 
Tel: (717) 737·5035 

Inlel Corp.-
400 Pcnn Cenlcr Boulcvard 
Suite 610 

~~~b~'f£ 1rl:~970 
PUERTO RICO 

Intel Microprocessor Corp. 
South Industrial Park 
Las Piedras 00671 
Tel: (809) 733·3030 

TEXAS 

~1~1 ,f°'Xnderson lane 
Suite 314 
Austin 78752 
Tel: (512) 454-3628 

TEXAS (Cont'd) 

Intel Corp.-
12300 Ford Road 
Suite 380 
Dallas 75234 

~~: (2J~6.8~b~~~1~7 
Intel Corp.' 
7322 SW. Freeway 
Suite 1490 
Houston 77074 

~: (7J~6.8~~~2~g~6 
Industrial Digital Systems Corp. 
5925 Sovereign 
Suite 101 
Houston 77036 
Tel: (713)988·9421 

UTAH 

Intel Corp. 
5201 Green Street 
Suite 290 
Murray 84123 
Tel: (801) 263·8051 

VIRGINIA 

Intel Corp. 
1603 Santa Rosa Read 
Suite 109 
Richmond 23288 
Tel: (804) 282·5668 

WASHINGTON 

Intel Corp. 
110 I100h Avenue N.E. 
Suite 510 
Bellevue 98004 
Tel: (206) 453·8086 
TWX: 910·443-3002 

~J~' ~~r~ullan Road 
Suite 102 
Spokane 99206 
Tel: (509) 928·8086 

WISCONSIN 

~n~1 ~~r~·unnYSlope Road 
Suite 130 
Chancellory Park I 
Brookfield 53005 
Tel: (414) 784·8087 

CANADA 
BRITISH COLUMBIA 

Intel Semiconductor 01 Canada, Ltd. 
301·2245 W. Broadway 
Vancouver V6K 2E4 
Tel: (604) 738-6522 

ONTARIO 

Inlel Semiconductor 01 Canada, Ltd. 
2650 Oueensview Drive 
Suite 250 
Ottawa K2B 8H6 

t~tJ~I~53~~~rI4 
Inlel Semiconductor of Canada, Ltd. 
190 Atlwell Drive 
Suite 500 
Aexdale M9W 6H8 

~tJ~I~69S;3~~l05 
QUEBEC 

Intel Semiconductor of Canada, Ltd. 
620 SI. Jean Blvd. 
Pointe Claire H9R 3K3 
Tel: (514) 694·9130 
TWX: 514·694·9134 

'Field Application Location 
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ALABAMA 

Inc. 

ARIZONA 

CALIFORNIA 

DOMESTIC DISTRIBUTORS 

CALIFORNIA (Cont'd) 

Wyle Distribution Group 
26560 Agoura Street 
Calabasas 91302 
Tel: (SIS) a80·900D 
TWX: 818-372-0232 

tWyle Dislributiorl Group 
17872 Cowan Avenue 
l[\Iine 92714 
Tel: (714) 843-9953 
lWX: 910-595-1572 

COLORADO 

CONNECTICUT 

CONNECTICUT (Cont'd) 

tPioneer Norlheast Electronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 
TWX: 710-468-3373 

FLORIDA 

tArrow Electronics, Inc 
350 Fairway Drive 
Deerfield Beach 33441 
Tel: (30S) 429·8200 
TWX: 510-955-9456 

tArrow Electronics, Inc. 
1001 N.W. 62nd Street 
Suite 108 
Ft. Lauderdale 33309 
Tel: (305) 776-7790 
TWX: 510-955-9456 

tArrow Electronics, Inc 
50 Woodlake Drive W" Bldg B 
Palm Bay 32905 
Tel: (305) 725·1480 
TWX: 510-959-6337 

tHamilton/Avnet Electronics 
6801 N.w, 15th Way 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
TWX: 510-956-3097 

tHamilton/ Avnel Electronics 
3197 Tech. Drive North 
SI. Petersburg 33702 
Tel: (813) 576-3930 
TWX: 810-863-0374 

Hamilton! Avnet Electronics 
6947 Uni'Jersity Boulevard 
Winlerpark 32792 
Tel: (305) 628-3888 
TWX: 810-853-0322 

tPlOrleer Electronics 
221 N. Lake Boulevard 
SUite 412 
Alta MOrlte Springs 32701 
Tel: (305) 834-9090 
TWX: 810-853-0284 

tPioneer Electronics 
674 S. Military Trail 
Deerfield Beach 33442 
Tei: (305) 428-8877 
TWX: 510-955-9653 

GEORGIA 

t Arrow Electronics, Inc 
3155 Norlhwoods Parkway, Suite A 
Norcross 30071 
Tel: (404) 449-8252 
TWX: 810-766-0439 

ILLINOIS 

INDIANA 

tArrow Electronics, Inc. 
2495 Directors Row, Suite H 
Indianapolis 46241 
Tel: (317) 243-9353 
TWX: 810-341-3119 

INDIANA (Cent'd) 

tPioneer Eleclronics 
64~8 Caslleplace Drive 
Indianapolis 46250 
Tel: (317) 849·7300 
TWX: 810·260-1794 

KANSAS 

tHamilton/ Avnet Eleclronics 
9219 Quivera Road 
Overland Park 66215 
Tel: (913) 888-8900 
TWX: 910-743-0005 

KENTUCKY 

Hamilton/ Avnel Electronics 
1051 D. Newton Park 
Lexington 40511 

MARYLAND 

Arrow Eleclronics, Inc 
8300 Gulford Road # H 
Rivers Center 
Columbia 21046 
Tel: (301) 995-0003 
TWX: 710-236-9005 

tHamilton/Avnel Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel' (301) 995-3500 
TWX: 710-862-1861 

tMesa Technology Corporation 
16021 Industrial Drive 
Gaithersburg 20877 
Tel: (301) 948-4350 
TWX: 710-828·9702 

tpioneer ElectroniCS 
9100 Gaither Road 
Gaithersburg 20877 
Tel: (301) 948-0710 
TWX. 710-828·0545 

MASSACHUSETTS 

tArrow ElectronicS, Inc. 
1 Arrow Drive 
Woburn 01801 
Tel: (6\7) 933-8130 
T\NX: 710·393-6770 

tHamilton/ Avnet Electronics 
100 Cerltennial Dllve 

~~~b(gr7) °1~~~3701 
TWX: 710-393-0382 

MtCHIGAN 

tpioneer Electronics 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
TWX: 810·242-3271 

MINNESOTA 

tArrow Electronics. Inc. 
5230 W. 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

tPioneer ElectroniCS 
10203 Bren Road East 
Minnetonka 55343 
Tel: (612) 935-5444 
T\NX: 910-576-273B 

tMlcrocompuler System Technical Demonstrator Centers 



MISSOURI 

tArrow Electronics, Inc. 
2380 Schuetz 
SI. Louis 63141 
Tel: (314) 567-6886 
TWX: 910-764-0862 

tHamiiton/Avnet Electronics 
13743 Shoreline Court 

fgrth (31~r ~Jg-1~00 
TWX: 910-762-0664 

NEW HAMPSHIRE 

tArrow ElectroniCS, Inc. 
3 Perimeter Road 
Manchester 03103 
Tel: (603) 668-6968 
TWX: 710-220-1664 

HamiJton/Avnel Electronics 
444 E. Industrial Dnve 
Manchester 03104 
Tel: (603) 624-9400 

NEW JERSEY 

tArrow Electronics, Inc. 
6000 Lincoln East 
Marlton 09053 

~X: (6~19J_6~~~6~~~0 
tArrow Electronics, Inc. 
2 Industrial Road 
Fairfield 07008 
Tol: (201) 575-5300 
TWX: 710-998-2206 

tHamilton/Avnet Electronics 
1 Keystone Avenue 
Bldg. 36 

¥~I~rrr80~;" 4~~~8rlO 
TWX: 710-940-0262 

tHamillon/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel: (201) 575-3390 
1WX: 710-734-4388 

tPioneer Northeast Electronics 
45 Route 46 
Pinebrook 07056 
Tel: (201) 575-3510 
.TWX: 710-734-4382 

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

NEW MEXICO 

Alliance Electronics Inc. 
11030 Cochiti S.E. 
Albuquerque 87123 
Tel: (505) 292-3360 
TWX: 910-989-1151 

Hamilton/Avnet Electronics 
2524 Baylor Drive S.E. 
Albuquerque 87106 
Tel: (505) 765-1500 
TWX: 910-989-0614 

NEW YORK 

tArrow Electronics, Inc. 
25 Hub Drive 
MelVille 11747 
Tel: (516) 694-6800 
TWX: 510-224-6126 

tArrow Electronics, Inc. 
3375 Brighton-Henrietta Townhne Road 
Rochester 14623 

~:(7J~6_2~~4~~~0 
Arrow Electronics, Inc. 
7705 Maltage Drive 
Liverpool 13088 
Tel: (315) 652-1000 
TWX: 710-545-0230 

Arrow Electronics, Inc. 
20 Oser Avenuo 

~:I~pr5aI61e 21~:18~00 
TWX: 510-227-6623 

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

Hamllton/Avnet Electronics 
103 TWin Oaks Drive 
Syracuse 13206 
Tel: (315) 437-2641 
TWX: 710-541-1560 

DOMESTIC DISTRIBUTORS 

NEW YORK (Cont'd) 

tHamilton/Avnet Electronics 
933 Motor Parkway 

~~~pr516~e 21~:g:00 
TWX: 510-224-6166 

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

lPioncer Northeast Electronics 
806 Vestal Parkway East 

Vestal 13850 
Tel: (607) 748-8211 
TWX. 510-252-0893 

tPloneer Northeast Electronics 
60 Crossway Park West 
Woodbury, Long Islal.d 11797 
Tel: (516) 921-8700 
TWX. 510-221·2184 

Pioneer Northeast ElectrOnics 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
TWX: 510-253-7001 

NORTH CAROLINA 

Arrow Electronics, Inc. 
5240 Greendairy Road 

~:II:ei~~19~7~~_3132 
TWX: 510-928-1856 

t 

PIoneer Electronics 
9801 A-Southern Pine Boulevard 
Charlot!!l 28210 
Tel: (704) 524-8188 
TWX: 810-621·0366 

OHIO 

Arrow 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 

tHamillon/Avnet Electronics 
954 Senate Drive 
Dayton 45459 
Tel: (513) 433-0610 
TWX: 810-450·2531 

tPioneer Electronics 
4433 Interpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
TWX: 810-459-1622 

tPioneer Electronics 
4800 E. 131st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX: 810-422-2211 

OKLAHOMA 

Arrow Electronics, Inc. 
4719 S. Memorial Drive 
Tulsa 74145 
Tel: (918) 665-7700 

OREGON 

tAlmac Electronics Corporation 
1885 NW. 169th Place 
Beaverton 97006 
Tel: (503) 629-8090 
TWX: 910-467-8746 

Hamilton/Avnet Electronics 
6024 S.W. Jean Road 
Bldg. C, Suile 10 
Lake Oswego 97034 

~X; (5313J.4~~~B~~~8 
Wyle Distnbution Group 
5250 N.E. Bam Young Parkway 
Suite 600 
Hiltsboro 97124 
Tel: (503) 640-6000 
TWX: 910-460-2203 

PENNSYLVANIA 

Arrow Electronics, Inc. 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856,7000 

Pioneer Electronics 
259 Kappa Drive 

~~I~b(,a~;l t.,~?~300 
TWX: 71D-795·3122 

tPioneer Electronics 
261 Gibraltar Road 
Horsham 19044 

~:(2Jf6.6~75~Sl,~~0 
TEXAS 

tArrow Electronics, Inc. 
3220 Commander Drive 
Carrollton 75006 

~: (2J~6.8~~~5~j~4 
tArrow Electronics, Inc. 
10899 Kinghurst 
Suite 100 
Houston 77099 
Tel: (713) 530-4700 
TWX: 910-880-4439 

Arrow Electronics, Inc. 
10125 Metropolitan 
Austin 78758 

~:(5Jf6.8~~~;~~~0 
. tHamilton/Avnet Electronics 

1807 W. Braker Lane 
Austin 78758 
Tel: (512) 837·8911 
TWX: 910·874-1319 

tHamiiton/Avnet Electronics 
2111 W. Walnut Hill Lane 
Irving 75062 
Tel: (214) 659-4100 
TWX: 910-860-5929 

tHamillon/Avnel Electronics 

~~~~to~ri'~~7~oad #190 
Tel: (713) 780-1771 
TWX: 910-881-5523 

tPioneer Electronics 
9901 Burnet Road 
Ausijn 78758 
Tel: (512) 835-4000 
TWX: 910-874-1323 

Pioneer Electronics 
13710 Omega Road 
Dallas 75234 
Tel: (214) :386-7300 
TWX: 910-850-5563 

Pioneer Electronics 
5853 Point Wesl Drive 
Houston 77036 
Tel: (713) 988-5555 
TWX: 910-881-1606 

UTAH 

tHamilton/Avnet Electronics 
1585 West 2100 South 

~:I:I BfOkii ~~~_2~~9 
TWX: 910-925-4018 

Wyle Distribution Group 
1959 South 4130 West, .Unit B 
Sail Lake City 84104 
Tel: (801) 974-9953 

WASHINGTON 

tAlmac Electronics Corporation 
14360 S.E. Eastgate Way 
BeUevue 98007 
Tel: (206) 643-9992 
TWX: 910-444-2067 

Amm Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue 98007 
Tel: (206) 643-4800 
TWX: 910-444-2017 

Hamillon/Avnet Electronics 
14212 N.E, 21st Street 
BeUevue 98005 
Tel: (206) 453-5874 
TWX: 910-443·2469 

WISCONSIN 

tArrow Electronics, Inc. 
430 W. Rausson Avenue 
Oakcreek 53154 
Tel: (414) 764·8600 
TWX: 910·262-1193 

WISCONSIN (Conl'd) 

Hamillon/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 764-4510 
TWX: 910-262-1182 

CANADA 
ALBERTA 

Hamilton/Avnet Electronics 
2816 21st Street N.E. 

~:II:ga(703)2~3g~~86 
TWX: 03-827-642 

Hamilton/Avnet Electronics 
6845 Rexwood Road Unit 6 
Mississauga, Ontario L4V1R2 
Tel: (416) 677-0484 

Zentronics 

~~bO Nl~1hl Avenue N.E. 

¥~~g(703)2~7~lb21 
BRITISH COLUMBIA 

Hamillon/Avnet Electronics 
105-2550 Boundry Road 
Burmalay V5M 3Z3 
Tel: (604) 272-4242 

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

MANITOBA 

Zentronics 
590 Berry Street 
Winnipeg R3H OSI 
Tel: (204) 775-8661 

ONTARIO 

Arrow Electronics Inc. 
24 Martin Ross Avenue 
Downsview M3J 2K9 
Tel: (416) 661·0220 
TELEX: 06·218213 

Arrow Electronics Inc. 
148 Colonnade Road 
Nepean K2E 7J5 
Tel: (613) 226-6903 

tHamllton/Avnet Electronics 
6845 Rexwood Road 
Units G & H 
Mississauga L4V lR2 
Tel: (416) 677-7432 
TWX: 610-492-6867 

tHamiiton/Avnet Electronics 
210 Colonnade Road South 
Nepean K2E 7L5 
Tel: (613) 226-1700 
TWX: 05-349-71 

tZentronics 
8 Tilbury Court 
Brampton L6T 3T4 
Te!: (416) 451-9600 
TWX: 06-976-78 

Zentronics 
564/10 Weber Street North 
Waterloo N2L 5C6 
Tel: (519) 884-5700 

Zentronics 
155 Colonnade Road 
Unit 17 
Nepean K2E 7K1 
Tel: (613) 225-8840 
TWX: 06-976-78 

QUEBEC 

Arrow Electronics Inc. 
4050 Jean Talon Quest 
Montreal H4P lWl 
Tel: (514) 735-5511 
TELEX: 05-25598 

Arrow Electronics Inc. 
909 Charest Blvd. 
Quebec 61N 269 
Tel: (418) 687-4231 
TLX: 05-13388 

Hamilton/Avnet Electronics 
2795 Rue Halpern 
SI. Laurent H4S lP8 
Tel: (514) 335-1000 
TWX: 610·421-3731 

Zentronics 
505 Locke Street 
SI. Laurent H4T lX7 
Tel: (514) 735-5361 
TWX: 05-827-535 

tMicrocomputer Syslem Technical Demonstrator Centers 



BELGIUM 

Intel Corporation S.A. 

~~ dsuenlioulin a Papier 51 
, 1 

11 

DENMARK 

Intel Denmark AlSo 
Glentevej 61 - 3rd Floor 

~~~218ft ?9'~3h~en 
TELEX: 19567 

FINLAND 

Intel Finland OY 
Ruosilanlie 2 
000390 Helsinki 
Tel: (0) 544 644 
TELEX: 123 332 

FRANCE 

Intel Paris 
1 Rue Edison, BP 303 
78054 Saint-Quentin en Yvellnes 
Tel: (33) 1 30 57 70 00 
TELEX: 69901677 . 

EUROPEAN SALES OFFICES 
fRANCE (Cont'd) 

Intel Corporation, S.A.R.L. 
Immeuble BBC 
4 Qual des Elroits 
69005 Lyon 
Tel: (7) 842 40 89 
TELEX: 305153 

WEST GERMANY 

Intel Semiconductor GmbH­
Seldlstrasse 27 
0.8000 Munchen 2 
Tel: (89) 53891 
TELEX: 05-23177 INTL D 

Int~1 Semiconductor GmbH-

Intel Semiconductor GmbH 
8ruckslrasse 61 
7012 Fellbach 
Stuttgart 
Tel: (711) 58 00 82 
TElEX: 7254826 INTS 0 

Intel Semiconductor GmbH" 
Hohenzollernstrasse 5° 
3000 Hannover 1 
Tel: (511) 34 40 81 
TElEX: 923625 INTH 0 

ISRAEL 

Inlel Semiconductors Ltd.· 
Alidim Industrial Park 
Neve Sharet 
Overa Hanevia 
Bldg. No. 13, 4th Floor 
P.O. Box 43202 
Tel Aviv 61430 
Tel: 3-491099/8 
Telex: 371215 

ITALY 

NETHERLANDS 

Intel SemiconduClor Nederland B.V.· 
AleltMderpoort Building 
Marten Meesweg 93 
3068 Rollerdam 
Tel: (10) 21 23 77 
TElEX: 22283 

NORWAY 

Al5 

~~I~) 742 420 
TELEX: 18018 

SPAIN 

Intel Iberia 
Calle Zurbaran 
28-1-IZCOA 
28010 Madrid 
Tel: (34) 1410 40 04 
TELEX: 46880 

SWEDEN 

Intel Sweden A.B." 
oalvagen 24 
S-171 36 Solna 
Tel: 817340100 
TELEX: 12261 

BWrTZERLAND 

1 

UNITED KINGDOM 

Intel Corporation (U.K.) Ltd.· 
Pipers Way . 
Swlndon, Wiltshire SN3 1RJ 
Tel: (793) 696 000 
TElEX' 444447 INT SWN 

"Field Application Location 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUSTRIA 

Bacher Eleklronische Ges.m.b.H. 
78 

Moor Ges.m.b.H. 

~~~~~~~e 111/1 
Tel: 222-85 86 46 

BELGIUM 

f;!·. 'd:~coc~~g~~ Guerre 94 
B1120 Brussels 
Tel: (02) 216 01 60 
TELEX: 25441 

lIT Electronic Components 
rue Colonel Bourgstr. 105a (ete 3) 
8-1140 
Brussels 
Tel: (02) 735-7125 

DENMARK 

FINLAND 

~I':;~~~~IC 2:B A 
SF-00210 Helsinki 21 
Tel: (0) 692 60 22 
TElEX: 124 224 Ftron SF 

fRANCE 

Generlm 
Z.A. de 
Avenue 
F·91943 
Tel: (1) 
TElEX: 

~~~mX~enue de Jean.Jaures 
94600 Choisy-Le·RoI 
Tel: (1) 46 53 12 00 
TELEX: 260 967 

¥o~~I~i~nieres 
4, Avenue Laurent Cely 
92606-Asnieres 
Tel: (1) 47 90 62 40 
TELEX: 611-448 

FRANCE CCant'd) 

Tekelec AlrIrOnic 
Cite des Bruyeres 
Rue Carle Vernel 8.P. 
92310 Sevre S 
Tel: (1) 45 34 75 35 
TELEX: 204552 

WEST GERMANY 

Vertriebs A.G. 
12 

82 
010 

EEC 0 

f';~=hG,~b~O 
Schulslrasse 84 
6277 Bad Camberg 
Tel: (06434) 231 
TELEX: 484426 JERM 0 

CES Computer Electronics Syslems 
GmbH 

Metrologle GmbH 
Hansastrasse 15 
8000 Munich 21 
Tel: (89) 570-940 
TELEX: 5213189 

ITT·Multikomponenl 
Bahnhofstrasse 44 

t!~' (~7ml~i18 
IRELAND 

AG 
1·3 

~I;~g~~k~e Park 

g~n'tru~~ 
Tel: (1) 85 62 88 
TElEX: 31564 

ISRAEL 

1TAL. 
Eledra 35 S.P.A. 
Via G. Wall, 37 
I 20143 Milano 
Tel: (2) 81 82 1 
TELEX: 332332 

lui 
Viale F. Testi, 126 
20092 CiniseUo Balsamo 
Tel: (02)244'()012 

NETHERLANDS 

ImanE1,elro1e<:h"'" k 8.V, 

NORWAY 

Nordlsk Eleklronlc AIS 
Postoffice Box 130 
N·1364 Hvaislad 
Tel: (2) ,846 210 
TELEX: 17546 

PORTUGAL 

Oitram 
Avenlda Miguel Bombarda, 133 
P-l000 Usboa . 
Tel: (1) 154 53 13 
TELEX: 14182 Brleks·P 

SPAIN 

Diode 
CaUe Gandesa 10-4 
08028 Barcelona 
Tel: (3) 322·12-51 
TELEX: 42148 

SWEDEN 

Notdisk Eleclronik AS 

~iu~~~Batan 1 

S-171 27 Solna 
Tel: (8) 734 97 70 
TELEX: 10547 

SWITZERLAND 

Induslrade AG 
Hertistrasse 
CH-8304 Waillsellen 
Tel: (01) 830 50 40 
TELEX: 56788 INOEL CH 

UNITED KINGDOM 

Accent 8ectronic Componenls Ltd 
Jubilee House 
Jubilee Way 
Letchworth 
Hertfordshire SG6 10H 
Tel: (0462) 686666 
Telex: 826293 

Bytech lid. 
2 The Western Center 
Western Industrial Estate 

Comway Microsystems Ltd. 
Market Street 
Bracknell 
Berkshire 
Tel: (344) 55333 
TELEX: 847201 

IBA Microcomputers Ltd 
Unit 2 Western Center 
Western Induslrlal Estate 
BrackneU 
Berkshire 0012 lAW 
Tel: (0344) 486555 
Telex: 849381 

Jermyn Induslries Vestry Estate 
Oxford Road 
Seven Oaks 
Kent TN 14 5EU 

tetdc~7~~'4~50144 
M.E.D.l. 
Easl lane Road 

~?d'~e::m~~ 7PP 
Tel: (190) 49307 
TELEX: 28817 

1BR 
2 The Western Center 
Western Road 
Bracknell, BerkShire 
Tel: (0344) 486-555 

YUGOSLAVIA 

51 

H. R. Microelectronics Enterprises 
P.O. BoX 5604 
SAn Jose, California 95150 
Tel: 408/978·8000 
tELEX: 278·559 



intJ 

AUSTRAUA 
Inlel Australia Pry. ltd,' 
~~8~1i1oI(A~<!JfSS) 
North Sydney NSW, 2060 

(ShipPing Address) 
Spectrum BUilding 
200 Pacific Highway 
Level 6 
Crows Nesl, NSW, 2065 
Tel: 011-61-2-957-2744 
TELEX: 790-20097 
FAX: 011-61-2-957-2744 

CHINA 

Inlel PAC CorporatIOn 
1S/F, OHice 1, Gilie Bldg. 
Jian Guo Men Wal Avenue 
Beijing, PRC 

HONG KONG 

Inlel Semiconductor ltd.' 

~:~8rl~~ii:~~i~3~;nlre 
lWX: 60410 ITLHK 

INTERNATIONAL SALES OFFICES 

JAPAN 

Inlel Japan KK 
5·6 Takedai, Toyosato·machl 

f~r:kUO~~'~7:8~~fraki-ken 300-26 
TELEX: 03656·160 

Intel Japan K.K.' 
Komeshin Bldg. 
2,,·15 Naka-machi 
Atsugi, Kanagawa 243 
Tel: 0462-23-3511 

Intel Japan K.K.° 
Oaiichi Milsugi Bldg. 
1-8889 Fuchu-cho 
Fuchu·shl, Tokyo 183 
Tel: 0423-60-7871 

Intel Japan K.K.' 

~~g~. ~~n~~~oaya 
Kumagaya, Saitama 360 
Tel: 0485-24-6871 

Intel Japan KK." 
Ryokuchi-SlaUon Bldg. 
2-4-1 Terauchl 

t~OO~~~63~~~ 560 

JAPAN (Cont'd) 

Intel Japan K.K. 
Shinmaru Bldg. 
1-5·1 Maruncuchi 
Chiyoda·ku, Tokyo 100 
Tel: 03-201-3621 

Inlel Japan KK." 
Flower-Hill Shin-~achi East Bldg. 
1-23-9 Shinmachl 
Sela9aya·ku, Tokyo 154 
Tel: 03-426-2231 

Inlel Japan K.K." 
Mltsui-Seimei Musashi·Kosugi Bldg. 
915-20 Shinmaruko, Nakahara-ku 
Kawasakl-Shi, Kanagawa 211 
Tel: 044-733-7011 

Intel Japan K.K. 
Mishima Tokyo-Kaljo Bldg. 
1-1 Shibahon-cho 
Mishima·shl 
Shizuoka·Ken 411 
Tel: 0559-72-4121 

KOREA 
Intel Semiconductor Asia Ltd. 

~b~~SOygid~lg~ng~~hy~~g~e~~g~.KU 
Seoul 150 
Tel: 011-82-2·784-8186 or 8286 
TELEX: K29312 INTELKO 

SINGAPORE 

Intel Semiconductor Ltd. 
101 Thomson Road 
21·06 Goldhlll Square 
Singapore 1130 
Tel: 011-65-250-7811 
lWX: RS 39921 

TAIWAN 

Intel Semiconductor Ltd. 

~46 ~?~' S~~~g C~as~ldRoad 
Taipei 
Tel: 011-886-2-716-9660 

"Field Application Location 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

VLC S.R.L Bartalome Mitre 1711 
3 Plso 
1037 Buenos Aires 
Tel: 011-54-1-49-2092 
Telex: 17575 EDARG-AR 

Agent: 
Soimex International Corporation 
15 Park Row, Room #1730 
New York, New York 10038 
Tel: (212) 406-3052 

AUSTRALIA 

Total Electronics 
~aihng Address) 

Bj:~~eic~r?a 3125 

(Shipping Address) 
9 Harker Street B,"""'" 
Victoria 3125 
Tel: 011-61-3-28B-4044 
TELEX: AA 31261 

Totat ElectroniCs 
P.O. Box 139 
Mamon, N.S.W. 2064 
Tel: 011-61-02-436-1855 
TELEX: 26297 

BRAZIL 

CHILE 

DIN Instrumentos 
Cuecia 2323 
CaSIlla 6055. Correo 22 

¥:tli~~~_SI39 
TELEX: 440422 Rudy CZ 

(Shipping Address) 
A102 GreenVille Center 
3S01 Kennett Pike 
Wilmington, Delaware 19S07 

CHINA 

Novel Precisi!?n, Machinery Co., Ltd. 
Flat D 20 Kingsford Ind. Bldg. 
Phase 1 26 Kwai Hei Street NT 

~~~g 01~?8n~2_5_223222 
TWX: 39114 JINMI HK 

CHINA ,Cont'd) 

Schmidt & Co. Ltd. 
18/F. Great Eagle Centre 
Wanchal 
Hong Kong 
Tel:· 011-852-5-822-0222 
TWX: 74766 SCHMC HK 

HONG KONG 

Schmidt & Co. Ltd. 
18/F. Great Eagle Centre 
Wanchal 
Tel: 011-852-5-822-0222 
TWX: 74766 SCHMC HK 

INDIA 

Mlcronlc Devices 
65 Arun Complex 
DVGRoad 
Basavan Gudi 
Bangalore 560 004 
Tel: 011-91-S12-600-631 
TELEX: 011-5947 MDEV 

Micronic Devices 
104/109C Nirmal Industrial Estate 
Sion (E) 
Bombay 400 022 
Tel: 011-91-22-48-61-70 
TELEX: 011-71447 MDEV IN 

Micronic Devices 
R-694 New Rajinder Nager 
New Dethi 110 060 

~.O~ ~xC~8f6gtion 
San Jose 95160-0160 

JAPAN 

C. Itoh Mlcronlcs Corp. 
OS 85 Bldg. 2-6-5 Suda-Cho 

~:tdf03?h~gg_~~~. Tokyo 101 

TELEX: (03) 252-3774 

~~~~ ~iV~~~bi~~o~falg.n 
4-5-4 Halchoborl 
Chuo-Ku, Tokyo 104 
Tel: (03) 555-4811 

Tokyo Electron LId. 
Shinjuku Nomura. Bldg. 
1-26-2 Nishl-ShinJuku 
Shinjuku-Ku. Tokyo 160 
Tel. (03) 343-4411 
TELEX: 232-2220 LABTEL J 

KOREA 

J-TEK Corporalion 
2nd Floor, Government Pension Bldg. 
24-3 Yolda-Dong 
Youngdungpo-Ku 
Seoul 150 
Tel: 011-82-2-782-8039 
TELEX: KODIGIT K25299 

Koram 
14066 
Sante 
Tel: (7 
TELEX: 

Samsung 
23rd FI. Dong Bang Bldg. 
1502-KA Taepyung-RU 
Chung-Ku 
Seoul 
Tel: 777-78 
TELEX 27970 KORSST K 

Tristar Semiconductor (Agent) 
5150 Great America Parkway 
Santa Clara, CA 95050 
(408) 980-1630 

MEXICO 

DICOPEL SA 
Tochtll 368 Frace. Ind. San. Antonio 
Azcapotzalco 
C.P. 02760-MeXlco, D.F. 
Tel: 90115255613211 
TELEX: 1773790 DICOME 

NEW ZEALAND 

Northrup Instruments & Systems Ltd. 
459 Kyber Pass Road 
P.O. Box 9464, Newmarket 
Auckland 1 
Tel: 011-64-9-501-219, 501-801, 587-
037 
TELEX: NZ21570 THERMAL 

Northrup Instruments & Systems Ltd. 
P.O. Box 2406 

¥f:~~~to~zg5gg58 

PAKISTAN 

~gm&r1~r :t~:~:~gns Ltd. 
Defence 
Karachi-46 
Tel: 011-92-21-530-306 
TELEX: 24434 GAFAR PK 

PAKISTAN (Cont'd) 

Horizon Training Co., Inc. (Agent) 
1 Lafayette Center 
1120 20th Street NW. 
SUite 530 

~~:shi281)n, 8f.;~90~OO36 
TWX: 248890 HORN 

SINGAPORE 

General Engineers Corporation Ply. 
Ltd. 
203 Henderson Road 
1102 Henderson Industrial Park 0315 
Tel: 011065-271-3163 
TELEX: RS23987 GENERCO 

SOUTH AFRICA 

Ele~lronic Building Elements, Ply. Ltd. 
(Mailing Address) 
P.O. Box 4609 
Pretoria 0001 
Tel: 011-27-12-469921 
TELEX: 3-22786 SA 

(Shipping Address) 
Pine Square, 18th Street 
Hazelwood Preloria 

TAIWAN 

~~~\8~or~j~~tiO~heng E. Road 
Taipei 
Tel: 011-96-2-501-8231 
TELEX: 11942 TAIAUTO 

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

VENEZULA 

P. Benavides CA 
Avilanes a Rio 
Resdenclas Kamarata 
Local 4 a L7 
Caracas 
TelA (582) 571-0396 

YUGOSLAVIA 
H. A. Microelectronics Enterprises 
P.O. Box 5604 
San Jose, Calilornia 95150 
Te[: (408) 978-8000 
TELEX: 278-559 

·Field Application Location 



intJ 

CALIFORNIA 
Intel Corp. 
21515 Vanowen 
Suite 116 

~:,~O~J'18raj~~J~gg 
Intel Corp. 
§~~~ ~18lmperlal Way 

f~l: S(~~3)d064~~~6io 

Intel Corp. 
2000 E. 4th Street 
Suite 110 
Santa Ana 92705 

~: (7Jt6_5~~~2~~17 
Inlel Corp. 
4350 Executive Drive 
Suite 150 

¥:I~ (~;e~o 4~~~~~80 
COLORADO 
Inlel Corp. 
650 South Cherry 
Suite 720 
Denver 80222 
Tel: (303) 321·8086 
TWX: 910·931·2289 

CONNECTICUT 

~n:1 M11°~ialn Aoad 
Danbury 06811 
Tel: (203) 748·3130 

FLORIDA 

Inlel Corp. 
1500 N.W. 62nd Street 
Sulle 104 
FI. Lauderdale 33309 

~~: (3~15J.9~~~~~O 

DOMESTIC SERVICE OFFICES 

FLORIDA (Confd) 

~n4~1 ~~estmonte 
Suite 105 

~:~m(~~) ~6~~~~B~2714 
GEORGIA 

~n2~~ ~~te Parkway 
Suite 200 
Norcross 30092 
Tel: (404) 441-1171 

ILLINOIS 

kANSAS 

Intel Corp. 
8400 W. 1101h Street 
Suite 170 
Overland Park 66210 
Tel: (913) 642·8080 

MARYLAND 

MASSACHUSEn& 

Intel Corp. 
27 Induslrlal Avenue 
Chelmsford 01824 

~:(6iJ6~~~il~~ 
MICHIGAN 

Intel Corp. 
7071 Orchard lake Road 
Suite 100 
Wes! Bloomfield 48033 
Tel: (313) 851·8905 

MISSOURI 

Imel Corp. 
4203 Earth City Expressway 
Suite 143 

~:rh (3~~~ :~~~15 
NEW JERSEY 

~~lta~F!laza III 
Raritan Cemer 
Edison 08817 
Tel: (201) 225·3000 

NORTH CAROUNA 

Inlel Corp. 
eadowview Road 

27407 
294·1541 

OHIO 

Inlel Corp. 
6500 Poe 
Dayton 45414 
Tel: (513) 890-5350 

OREGON 

. Beaverton-Hillsdale 

97005 
e: 641-8086 

TWX: 910-467·8741 

OREGON (COnt'lI) 

~J~b C~.r~: Elam Young Parkway 
Hillsboro 97123 
Tel: (503) 681-8080 

PENNSYLVANIA 

TEXAS 

'.Center Boulevard 
W 
15235 
354·1540 

~~~I ~~nderson lane 
SUite 314 
Austin 78752 
Tel: (512)454·3628 
TWX: 910·874·1347 

WASHINGTON 

WISCONSIN 

Inlel Corp, 
450 N, Sunnyslope Road 
Suite 130 
Brookfield 53005 
Tel: (414) 784·8087 
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UNITED STATES 
Intel. Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 

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

FRANCE 
Intel Paris 
1 Rue Edison, BP 303 
78054 Saint~Quentin en Yvelines 
France 

UNITED KINGDOM 
Intel Corporation (U.K.) Ltd. 
Piper's Way . 
Swindon 
Wiltshire, England SN3 lRJ 

WEST GERMANY 
Intel Semiconductor GmbH 
Seidlstrasse 27 
D~8000 Munchen 2 
West Germany 
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