


























































































































































































































































































































































































































































































































LOCAL BUS CONTROL PAL DESCRIPTIONS 

PALl6R8 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 CSlWS CSIO RESET GND 
OE 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 * /RESET 
+ /LO * /L2 * /NA * /RESET 
+ /Ll * /L2 * READY * /RESET 
+ LO * Ll * /L2 * QO * /RESET 
+ /LO * /Ll * /RESET 
+ /CLK * CSOWS * CSlWS * CSIO * /IDLE * LO * Ll * L2 * /RESET 

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

/LO:= /LO * /L2 * /RESET 
+ /LO * Ll * QO * /RESET 
+ CSlWS * /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 * /RESET 

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

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

DESCRIPTION 

This PAL is the first 0' 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 
DE ROY DEN ALE INTA IOwe IORC MWTC MRDe VCC 

IMRDC : = IlO * Ll * IMRDC 
+ Ll * Il2 * IMRDe 
+ IClK * lO * Il2 * IMRDC 
+ lO * Il2 * IMRDC * ROY 
+ ICSOWS * IlO * III * l2 * MID * IWR 
+ DEN * IlO * Ll * MIO * IWR 
+ DEN * Ll * Il2 * MIO * IWR 

IMWTC .- lO * Ll * Il2 * /MWTC 
+ flO * Ll * /MWTC * ROY 
+ lO * /l2 * /MWTC * ROY 
+ /csows * DC * flO * /Ll * l2 * MIO * WR 
+ DC * DEN * flO * Ll * MIO * WR 
+ DC * DEN * Ll * /l2 * MIO * WR 

/IORC . - /IORC * flO * Ll 
+ /IORC * Ll * /l2 
+ /ClK * /IORC * lO * /l2 
+ /IORC * lO * /l2 * ROY 
+ /csows * DC * flO * /Ll * l2 * /MIO * /WR 
+ DC * DEN * flO * Ll * /MIO * /WR 
+ DC * DEN * Ll * Il2 * /MIO * /WR 

/IOWC .- /IOWC * lO * Ll * /l2 
+ /IOWC * flO * Ll * ROY 
+ /IOWC * lO * /l2 * ROY 
+ /csows * DC * flO * /Ll * l2 * /MIO * WR 
+ DC * DEN * flO * Ll * /M 10 * WR 
+ DC * DEN * Ll * Il2 * /MIO * WR 

/INTA : ;: /INTA * flO * Ll 
+ /INTA * Ll * /l2 
+ /ClK * /INTA * lO * Il2 
+ /INTA * lO * /l2 * ROY 
+ /CSOWS * /DC * flO * III * l2 * /MIO * /WR 
+ /oc * DEN * flO * Ll * /MIO * /WR 
+ /DC * DEN * Ll * /l2 * /MIO * /WR 

IAlE : .. /AlE * /ClK * /csows * /l2 
+ /AlE * /ClK * /DEN * /l2 
+ /AlE * ICSOWS * /l2 * ROY 
+ flO 
+ Ll 
+ /AlE * /OEN * /l2 * ROY 

/DEN :: flO * Ll 
+ Ll * /l2 
+ /IOWC * Ll 
+ Ll * /MWTC 
+ /ClK * /DEN * lO * /l2 
+ /DEN * lO * /l2 * ROY 
+ /AlE * /ClK * /csows * lO * /l2 
+ /AlE * /CSOWS * lO * /l2 * ROY 

/ROY : :: flO * Ll * l2 
+ /ClK * lO * /l2 * /RDY 
+ ClK * /DEN * lO * Ll * /l2 * ROY 
+ ClK * /INTA * lO * /Ll * /l2 * ROY 
+ ClK * /IORC * lO * /Ll * /l2 * ROY 
+ ClK * lO * III * /l2 * /MROC * ROY 
+ ClK * IDEN * /IOWC * lO * /l2 * ROY 
+ ClK * /OEN * lO * /l2 * /MWTC * ROY 

DESCRIPTION 

Th is PAL is the second of two PAls that implement a 386 bus contra 11 er 

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. 

PAL16LBB PAL DESIGN SPECIFICATION 
386/100 27 February 1986 ED JACKS 
PAL: MATH CYCle MATHCYC 
INTeL Corporation 
IRDY A31 LRESET lADS MIO IRD IAVALID IDVALID ICLK16 GND 
TP2 ICLK16D IREADYO IDVALIDD IAVALIDD NC IIORDD IIOWCD IREADYOD VCC 

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

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

IF (TP2) IORDD • IRDY • A31 • IMIO • IRD • AVALID • DVALID 
+ A31 • IMIO • ICLK16 • RD • AVALID • DVALID 

IF (TP2) IOWCD • IRDY • A31 • IMIO • RD • AVALID • DVALID 
+ A31 • IMIO • ICLK16 • IRD • AVALID • DVALID 

IF (TP2) READYOD • A31 • IMIO • ICLK16 • READYO • AVALID • DVALID 
+ IRDY • A31 • IMIO • CLK16 • AVALID • DVALID 

CLK16D • ILRESET • ICLK16 

Figure 8-1. 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 

elK 

G30107 

Figure C-1. PAL Sampling Edges 
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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-Of-Phase 
CS1# (uses Address, queued if another cycle is in (Queue cleared 
CS2# M/IO, W/R, D/G) progress) when all selects after first cycle of 
CS3# are sampled active access) 
CS4# 

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

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

access starts 

RFRQ Refresh Interval Starts refresh cycle as soon Middle-Of-Phase 
Count as possible 

PAL OUTPUTS 

Name Connects To PAL Usage Changes State 

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

RAS1# DRAM Bank 1 

ROWSEl Addr MUX select Select DRAM row/column Middle-Of-Phase 

MUXOE# Addr MUX enable Disable MUX on refresh Middle-Of-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 C52 C53 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 * DRAMSELECT * /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 
+ ROW5EL * /QI * QO * CLK * A2 * /CSO * /CSI * /CS2 * CS3 * CS4 

* /MUXOE 
+ ROWSEL * /QI * 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 

Figure C-2. 3-CLK DRAM State PAL Equations 
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DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

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

; inputs 
;outputs 

; I CLK2 
; I I CLK ROWSEL 
; I I I ICSO I Q! 
; I I I I ICS! I I QO 
; I I I I I ICS2 I I I IRASO 
; I I I I I I CS3 I I I I IRAS! 
; I I I I I I I CS4 I I I I I IMUXOE 
; 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 I I I I I STATE COMMENTS 

L·C H H X X X X X L 
LCLHXXXXXL 
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 
LCHHXXXXXL 
L C L X X X X X X L 
LCHHXXXXXL 
LCLXXXXXXL 
LCHHXXXXXL 
LCLXXXXXXL 
L C H L L L H H H L 
LCLXXXXXXL 
L C H H X X X X X L 
LCLXXXXXXL 
L C H H X X X X X L 
LCLXXXXXXL 
LCHHXXXXXL 
LCLXXXXXXL 
LCHHXXXXXL 
LCLXXXXXXL 
L C H H X X X X X H 
LCLXXXXXXH 
L C H L L L H H H H 
LCLXXXXXXH 
L C H H X X X X X H 

LCLHXXXXXL 
LCHHXXXXXL 
LCLHXXXXXL 
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 X X X X X X L 
LCHXHXXXXL 
L C L X X X X X X L 
L C H X X H X X X L 
L C L X X X X X X L 
LCHLLLHHLL 
LCLXXXXXXL 
LCHXXXLXXL 
LCLXXXXXXL 
LCHLLLHHXL 
LCLXXXXXXL 
LCHLLLHHHL 
L C L X X X X X X L 
LCHXXXLXXL 
LCLXXXXXXL 
LCHXXXXLXL 
L C L X X X X X X L 
LCHLLLHHHL 

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 
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 cycl e 
L H H L H L L L; ACCESS4 continue DRAM cycle 
L H H L H L L L; ACCESS5 continue DRAM cycle 
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 wait for precharge 
H L L H L L H H; ACCESSl 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 L X; 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; IDLE! remain 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 
H L H H H L L X; IDLE2 remain in IDLE 
H L L L H L H L; ACCESS! start DRAM cycle 
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 cycle 
L H H L H L H L; ACCESS5 continue 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 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 H L;PRECHARGEl can't start same bank cycle 

Figure C-2. 3-CLK DRAM State PAL Equations (Cont'd.) 
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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 
LCHHXXXXHH 
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 L L L H H 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 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 
LCHHXXXXLL 
L C L X X X X X X L 

DESCRIPTION 

DRAM PAL DESCRIPTIONS 

H H H H H L H L; PRECHARGE2 wa it for precharge 
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; ACCESS! start DRAM cycl e 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; ACCESSS continue DRAM cycle new request 
H H L H L H H L; ACCESS6 continue DRAM cycl e refresh req 
H H H H H H H L; PRECHARGE! can't start: refresh pend i ng 
H H H H H H H L; PRECHARGE2 wait for precharge 
H L H H H H H X; IDLE! 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; ACCESS! start refresh cycle 
L L L L L H H X; ACCESS2 continue refresh cycl e 
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; ACCESSS continue refresh cycle 
H H L L L H H X; ACCESS6 cant i nue refresh cycle 
H H H H H H H X;PRECHARGE! can't start: refresh precharge 
H H H H H H H X; PRECHARGE2 wa i t 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; ACCESS! start DRAM cycle 
L L L L H L L L; ACCESS2 continue DRAM cycl e 

*** NOTE - SOME VERSIONS OF PALASM WILL CRASH !F 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 = (ICSO * ICS! * 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 defined below and indicated by [ROWSEL:Q! :QO:CLKj. 
The 4- bit bi nary number fo 11 owi ng the state name represents these four signals. 

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

A I 
I MUXOE * RFRQ I 
I I 

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

I A I I 
II (MUXOE * RFRQ) I/STARTACCESS I I 
v I I I 

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

1=======================================================\ I 
I state IDLE2 = 1011 ;wa it i ng for access or refresh I I 
I IRASO:= UA2 * STARTACCESS) ;start access I I 
I IRASl:= ( A2 * STARTACCESS) I I 
I A2REG:= A2 ;sample A2 state I I 
I MUXOE:= MUXOE ;maintain MUXOE state I I 
\=======================================================1 I 

I I 
I STARTACCESS I 
v I 

1=======================================================\ I 
state ACCESSI = 1000 ;first cycle of access or refreshl<--+ 

lRASO : = IA2REG + MUXOE ; RAS correspondi ng to A2 I 
lRASl := A2REG + MUXOE ;or refresh 1<--------+ 

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

I 
I always 
v 

1=======================================================\ 
I state ACCESS2 = 0001 ;second cycle of access or refresh I 
I lRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASl:= A2REG + MUXOE ;or refresh I 
I A2REG:= A2REG ;maintain state of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\=======================================================1 

I 
I always 
v 

I ====a=====_============================================ \ 
I state ACCESS3 - 0010 ;third cycle of access or refresh I 
I lRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASl:= A2REG + MUXOE ;or refresh I 
I A2REG:= A2REG ;maintain state of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\======================================================-1 

I 
I always 
v 

1=======================================================\ 
I state ACCESS4 = 011l;fourth cycle of access or refresh I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASl: = A2REG + MUXOE ; or refresh I 
I A2REG:= A2REG ;maintain state of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\=======================================================1 

I 
I always 
v 

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

I 
always I (STARTACCESS * « A2 * A2REG) 

v +UA2 * IA2REG))) 
1=======================================================\ 
I state ACCESS6 = 1101 ;sixth cycle of access or refresh I 
I lRASO:= IA2 * IA2REG * STARTACCESS;start next... I 
I IRASl:= A2 * A2REG * STARTACCESS; interleave acces 1------+ 
I A2REG:= A2REG ;maintain state of interleave A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\=======================================================1 

I 
I/(STARTACCESS * « A2 * A2REG) 
v +UA2 * IA2REG))) 

Figure C-2. 3-CLK DRAM State PAL Equations (Cont'd.) 
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I ======================================================= \ 1 
1 state PRECHARGE1 = 1110 ; fi rst precharge after access 1 1 
1 IRASO:= OFF ;both RAS's idle 1 1 
1 IRAS1:= OFF 1 1 
1 A2REG:= A2REG ;maintain state of interleave A21 1 
1 MUXOE: = MUXOE + RFRQ ; samp 1 e refresh request 1 1 
\=======================================================1 1 

1 1 
alwaysl (STARTACCESS * « A2 * A2REG) 1 

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

+{/A2 * IA2REG)))+-----------------------------------+ 

Finally, the karnaugh maps for the fo 11 owi ng signals are: 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ MUXOE 
00 1 MUX MUX key: 
01 1 MUX MUX M+R MUX = MUXOE 
111 MUX MUX M+R M+R = MUXOE + RFRQ 
10 1 MUX MUX RFR RFR = RFRQ 

RO,'SEl \QO 
Q1 \ClK 00 01 11 10 

\ A2REG 
00 1 A2R A2R key: 
01 1 A2R A2R IA2R A2; = A2 
111 A2R A2R A2R A2R = A2REG 
10 1 A2R A2; A2; 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ RAS signal s 
00 1 lAM AM lAM AM key: [RASO:RAS1] 
01 1 ON ON lAM AM lAM AM AM = A2REG + MUXOE 
111 IAI AI IAI AI OFFOFF AS = A2 * STARTACCESS 
10 1 lAM AM lAS AS OFFOFF AI = A2 * STARTACCESS * i nterl eave 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ ROWSEl state circled 
00 1 0010 0111 key: [ROWSEl: Q1: QO: ClK] 
01 1 1000 0110 1101 M = MUXOE * RFRQ 
111 1 i i 0 10iO 1111 S = STARTACCESS 
10 1 0001 10s0 mMm1 I = STARTACCESS * i nterl eave 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ Q1 state circled 
00 1 0010 0111 
01 1 1000 0110 1101 
111 1iiO lOiO 1111 
10 1 0001 10s0 mMml 

ROWSEl \QO 
Q1 \ClK 00 01 11 10 

\ QO state ci rcl ed 
00 1 0010 0111 
01 1 1000 0110 1101 
111 1 i iO 10iO 1111 
10 1 0001 10s0 mMml 

Figure C-2. 3-ClK DRAM State PAL Equations (Cont'd.) 
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PALl6R6 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 
OE RASO ROWSEL MUXOE QO QI A2REG DRAMS ELECT RASI VCC 

/DRAMSELECT:= CSO * /DRAMSELECT 
+ CS1 * /DRAMSELECT 
+ CS2 * /DRAMSELECT 
+ /CS3 * /DRAMSELECT 
+ /CLK * /DRAMSELECT 
+ /MUXOE * ROWSEL * /Q1 * /QO * /CLK 

/ROWSEL : = /ROWSEL * QO * CLK 
+ /ROWSEl * /QI 
+ ROWSEL * /Q1 * /QO * /CLK 
+ ROWSEL * /QI * QO * /CLK * MUXOE * RFRQ 

/Q1:= ROWSEL * /QI * /QO * /CLK 
+ ROWSEL * QO * CLK 
+ Q1 * /QO * CLK 
+ /ROWSEL * /Q1 * /QO * CLK * DT%R * /MUXOE 
+ 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 * /CS1 * /CS2 * CS3 

* /MUXOE * A2 * A2REG 
+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3 

* /MUXOE * /A2 * /A2REG 
+ ROWSEL * /Q1 * QO * CLK * /CSO * /CS1 * /CS2 * CS3 * /MUXOE 
+ ROWSEL * /Q1 * QO * CLK * DRAMSElECT * /MUXOE 
+ ROWSEL * /Q1 * QO * /CLK * MUXOE * RFRQ 

/RASO = ROWSEL * /QI * /QO * /CLK * /A2REG 
+ ROWSEL * /Q1 * /QO * /CLK * MUXOE 
+ /ROWSEL * /A2REG 
+ /ROWSEL * MUXOE 
+ ROWSEL * QI * CLK * /A2 * /A2REG * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEL * /QI * QO * CLK * /A2 * /CSO * /CSI * /CS2 * CS3 * /MUXOE 
+ ROWSEL * /Q1 * QO * CLK * /A2 * DRAMSElECT * /MUXOE 

/RAS1 = ROWSEL * /QI * /QO * /CLK * A2REG 
+ ROWSEL * /QI * /QO * /CLK * MUXOE 
+ /ROWSEL * A2REG 
+ /ROWSEl * MUXOE 
+ ROWSEL * QI * CLK * A2 * A2REG * /CSO * /CS1 * /CS2 * CS3 * /MUXOE 
+ ROWSEL * /Q1 * QO * CLK * A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE 
+ ROWSEL * /QI * QO * CLK * A2 * DRAMSELECT * /MUXOE 

/MUXOE : = /MUXOE * /QO 
+ /MUXOE * CLK 
+ /MUXOE * /ROWSEL * /QI 
+ /RFRQ * ROWSEL * /QI * QO * /CLK 
+ /MUXOE * /RFRQ * Q1 * QO * /CLK 

/A2REG:= /A2REG * /QO 
+ /A2REG * Q1 * CLK 
+ /A2REG * ROWSEL * QI . 
+ /A2REG * /ROWSEL * /QI 
+ A2REG * /ROWSEL * Q1 * QO * /CLK 
+ /A2 * ROWSEL * /QI * QO 

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

OE CLK2 CLK CSO CSt CS2 CS3 CS4 A2 RFRQ 
ROWSEL Q! QO RASO RAS! MUXOE DRAMSE[ECT A2REG 
;OE 

; inputs 
; outputs 

; I CLK2 
; I I CLK ROWSEL 
; I I ICSO I Q! 
; I I I ICS! I I QO 
; I I I I ICS2 I I I IRASO 
; I I I I I CS3 I I I I IRAS! 
; I I I I I I DT%R 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 
- - - - - - - - - - - - - - - - - - - -',!, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LCLHXXXXXL 
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 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 
LCLXXXXXXL 
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 
L C L X X X X X X L 
LCHLLLHXLL 
L C L X X X X X X L 
LCHXXXLHXL 
L C L X X X X X X L 
LCHLLLHXXL 
LCLXXXXXXL 
L C H L L L H H H L 
L C L X X X X X X L 
LCHXXXLLXL 
L C L X X X X X X L 
LCHLLLHHHL 
LCLXXXXXXL 
L C H H X X X X H L 
L C L X X X X X X L 
LCHHXXXHXL 
L C L X X X X X X L 
LCHLLLHXXL 
L C L X X X X X X L 
LCHLLLHXHL 
L C L X X X X X X L 
L C H H X X X X H H 
L C L X X X X X X H 
L C H H X X X H X H 
L C L X X X X X X H 
LCHLLLHXXH 
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 
L C L X X X X X X H 
L C H H X X X X X L 
LCLXXXXXXL 
L C H H X X X X X L 
LCLXXXXXXL 

X X X X X X X X; 
X,X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
X X X X X X X X; 
HLHHHLLX; 
H L H H H L L X; 
HLHHHLLX; 
H L H H H L L X; 
H L H H H L L X; 
H L H H H L L X; 
HLLLHLHL; 
LLLLHLLL; 
LLHLHLLL; 
L H H L H L L L; 
L H H L H L H L; 
H H L L H L H H; 
HLLHLLHH; 
LLLHLLLH; 
LHHHLLLH; 
HHLHLLLL; 
HLHHHLHX; 
H L H H H L H X; 
HLLHLLHH; 
LLLHLLLH; 
L L H H L L L H; 
L H H H L L L H; 
L H H H L L H H; 
H H L H L L H L; 
H L H H H L H X; 
H L H H H L H X; 
H L L H L L H H; 
L L L H L L L H; 
L L H H L L L H; 
L H H H L L L H; 
LHHHLLHH; 
H H L H L H H L; 
H L H H H H H X; 
LHLHHHHX; 
H L L L L H H X; 
LLLLLHHX; 
LHHLLHHX; 
H H L L L H H X; 
H L H H H H H X; 
H L H H H L H X; 

X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 
X initialize to IDLE 

IDLE! rema in in IDLE 
IDLE2 rema in in IDLE 
IDLE! rem a in in IDLE 
IDLE2 rema in in IDLE 
IDLE! remain in IDLE 
IDLE2 remain in IDLE 

ACCESS! start DRAM cycle 
ACCESS2 cant i nue DRAM cycle 
ACCESS3 cant i nue DRAM cycle: it's write 
ACCESS4 cant i nue DRAM cycle 
ACCESS5 cant i nue DRAM cycle new request 
ACCESS6 continue DRAM cycl e 
ACCESS! start DRAM cycl e to other bank 
ACCESS2 cant i nue DRAM cycle 
ACCESS5 continue DRAM cycle: it's read 
ACCESS6 continue DRAM cycl e 

IDLE! can't start same bank cycl e 
IDLE2 wait for precharge 

ACCESS! start DRAM cycle to same bank 
ACCESS2 cant i nue DRAM cycle 
ACCESS3 cant i nue DRAM cycl e: it's write 
ACCESS4 continue DRAM cycl e 
ACCESS5 cant i nue DRAM cycle new request 
ACCESS6 continue DRAM cycle 

IDLE! can't start same bank cycle 
IDLE2 wait for precharge 

ACCESS! start DRAM cycle to same bank 
ACCESS2 continue DRAM cycl e 
ACCESS3 cant i nue DRAM cycle: it's write 
ACCESS4 continue DRAM cycl e 
ACCESS5 continue DRAM cycle new request 
ACCESS6 continue DRAM cycle refresh req 

IDLE! can't start: refresh pending 
REFSTART2 wait for precharge 

ACCESS! start refresh cycl e 
ACCESS2 cant i nue refresh cycle 
ACCESS5 cant i nue refresh cycle 
ACCESS6 continue refresh cycle 

IDLE! can't start: refresh precharge 
IDLE2 wait for precharge 

Figure C-3. 2-CLK DRAM State PAL Equations (Cont'd.) 
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ACCESSI start DRAM cycle 
ACCESS2 continue DRAM cycle 

LCHHXXXXLL 
LCLXXXXXXL 
LCHLLLHLXL 
L C L X X X X X X L 
L C H L L L H X H L 
L C L X X X X X X L 
LCHHXXXLXL 
LCLXXXXXXL 
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 
LCLXXXXXXH 
LCHLLLHXHH 
LCLXXXXXXH 
LCHHXXXXXH 

HLLLHLHL; 
LLLLHLLL; 
L H H L H L H L; 
H H L L H L H H; 
H L L H L L H H; 
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; 
H L H H H L L X; 
H L H H H L L X; 
H L H H H H L X; 
H L H H H H H X; 
L H L H H H H X; 
H L L L L H H X; 

ACCESS5 continue DRAM cycle: it's read 
ACCESS6 continue DRAM cycle 
ACCESSI start DRAM cycle to other bank 
ACCESS2 continue DRAM cycle 
ACCESS5 continue DRAM cycle: it's read 
ACCESS6 continue DRAM cycle. 

IDLE! no dram request pending 
IDLE2 wait for precharge 
IDLE 1 no dram request pending 
IDLE2 refresh request sampled 
IDLE 1 can't start: refresh pending 

REFSTART2 refresh address set-up 
ACCESSI start refresh cycl e 

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 = (lCSO * /CSI * /CS2 * 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 * /MUXOE) ;start dram access cycle from idle 

The states are defined below and indicated by ROWSEL:Ql:QO:CLK. 
The 4- bi t bi nary number foll owi ng the state name represents these four signals. 

/=======================================================\ 
1 state REFSTART2 = 0101 ;cycle preceding refresh 1 
1 /RASO:= ON ;next cycle is first RAS for refresh 1 
1 /RASl:= ON I--~+ 
1 MUXOE:= MUXOE ;maintain MUXOE state 1 always 
\=======================================================/ 

A 

1 MUXOE * RFRQ 
1 

/=======================================================\ 
1 state IDLE! = 1010 ;waiting for access or refresh 1 

1 /RASO:= OFF ;both RAS's idle 1<--
1 /RASl:= OFF 1 

1 MUXOE:= RFRQ ;sample refresh request 1 

\=======================================================/ 
1 A 

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

/=======================================================\ 
1 state IDLE2 = 1011 ;waiting for access or refresh 1 
1 /RASO:= (lA2 * STARTACCESS) ;start access 1 
1 /RASl: = ( A2 * STARTACCESS) 1 

1 A2REG:= A2 ;sample A2 state 1 
1 MUXOE:= MUXOE ;maintain MUXOE statel 
\=======================================================/ 

1 
1 STARTACCESS 
v 

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

Figure C-3. 2-CLK DRAM State PAL Equations (Cont'd.) 
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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 I 
I A2REG: = A2REG ;ma i nta instate of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state 1<-----+ 
\=======================================================1 

I 
lalways 
v 

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

I IDT%R + MUXOE I 
I/UDT%R + MUXOE) I 
v I 

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

I 
lalways 
v 

1= == ==================================================== \ 
I state ACCESS4 = 0 111; fourth cycle of access or refresh I 
I IRASO:= IA2REG + MUXOE ;RAS corresponding to A2 I 
I IRASI:= A2REG + MUXOE ;or refresh I 
I A2REG:= A2REG ;maintain state of sampled A21 
I MUXOE:= MUXOE ;maintain MUXOE state I 
\==================,;,,===================================1 

I 
I always 
v 

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

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

v +UA2 * IA2REG))) 
1=======================================================\ 
I state ACCESS6 = 1101 ;sixth cycle of access or refresh I 
I IRASO:= IA2 * IA2REG * STARTACCESS;start next... I 
I IRASI:= 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 

+UA2 * 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 
Ql\CLK 00 01 11 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 
Ql\CLK 00 01 11 10 

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

ROWSEL\QO 
Ql\CLK 00 01 11 10 

\ RAS signals 
00 I lAM AM lAM AM key: [RASO:RASl] 
01 I ON ON lAM AM lAM AM AM = A2REG + MUXOE 
111 IAI AI AS = A2 * STARTACCESS 
10 I lAM AM lAS AS OFFOFF AI = A2 * STARTACCESS * i nterl eave 

ROWSEL \QO 
Ql\CLK 00 01 11 10 

\ ROWSEL state circled 
00 I OWI0 0111 key: [ROWSEL: Ql: QO: CLK] 
01 I 1000 0110 1101 M = MUXOE * RFRQ 
111 10iO S = STARTACCESS 
10 I 0001 10s0 mMml I = STARTACCESS * interl eave 

W = W%R + MUXOE 
ROWSEL\QO 

Ql\CLK 00 01 11 10 
\ Ql state circled 

00 I OWI0 0111 
01 I 1000 0110 1101 
111 10iO 
10 I 0001 10s0 mMml 

ROWSEL\QO 
Ql\CLK 00 01 11 10 

\ QO state circled 
10 I OWI0 0111 
111 1000 0110 1101 
01 I 10iO 
00 I 0001 10s0 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 jR# 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 16R8 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 20XlO 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 20XlO 
PAL. For a system operating at any speed, standard-PAL speeds are sufficient. 
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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-Of-Phase for 
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-Of-Phase 

DISABLE DRAM STATE PAL Disable controls during Middle-Of-Phase 
MUXOE refresh 

PAL OUTPUTS 

Name Connects To PAL Usage Changes State 

CASO# DRAM Byte 0 
Start-Of-Phase for 

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

(Separate controls for writes 
read/write inactive 

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

CAS3# DRAM Byte 3 

DEN# Transceiver Control xcvr enable Start-Of-Phase 

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

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

PAL16R8 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%R ROWSEl DISABLE GND 
OE CASO CASI DT%R DEN ROY WC CAS2 CAS3 VCC 

;drop CAS on read 
;drop on write 

/CASO :~ /ROWSEl * ClK * /DT%R * /DISABlE 
+ /ROWSEl * WC * ROY * /ClK * /BEO 
+ /ROWSEl * /CASO ;ma i nta i n throughout eyel e 

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

/CASI := /ROWSEl * ClK * /DT%R * /DISA8lE 
+ /ROWSEl * WC * ROY * /ClK * /8EI 
+ /ROWSEl * /CASI 

/CAS2 : = /ROWSEl * ClK * /DT%R * /DISA8lE 
+ /ROWSEl * WC * ROY * /ClK * /BE2 
+ /ROWSEl * /CAS2 

/CAS3 := /ROWSEl * ClK * /DT%R * /DISABlE 
+ /ROWSEl * WC * ROY * /ClK * /8E3 
+ /ROWSEl * /CAS3 

;drop CAS on read 
;drop on write 
;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%R when /ROWSEl * DEN 
;otherwise: maintain state 

+ /DEN * /DT%R 

/DEN:= ClK * /ROWSEl * /DISA8lE 
+ /ClK * /DEN 

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

/RDY ,- WC * ClK 
+ /RDY * /DEN 

;when ClK: sampl e ROWSEl 
;otherwi se: rna i nta instate 

; keep low if DISA8lE 
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 BEQ BEl BE2 BE3 W";';R ROWSEL DISABLE ; inputs 
CASQ CASI CAS2 CAS3 DT%R DEN ROY WC ;outputs 

;OE 
; 1 CLK2 
; 1 1 CLK CASQ 
; 1 1 1 BEQ 1 CASI 
; 1 1 liBEl 1 1 CAS2 
; 1 1 1 1 1 BE2 1 1 1 CAS3 
; 1 1 1 1 1 1 BE3 1 1 1 1 DT%R 
; 1 1 1 1 1 1 1 W%R 1 1 1 1 1 DEN 
; 1 1 1 1 1 1 1 1 ROWSEL 1 1 1 1 1 1 ROY 
; 1 1 1 1 1 1 1 1 1 DISABLE 1 1 1 1 1 1 1 WC 
;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

LCHXXXXXHL 
LCLXXXXLHL 
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 
LCLXXXXXLL 
L C H X X X X X H L 
L C L X X X X H H L 
L C H X X X X X L L 
LCLHLLHXLL 
LCHXXXXXLL 
LCLXXXXXLL 
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 
LCLXXXXXLL 
L C H X X X X X L L 
LCLXXXXXLL 
L C H X X X X X H L 
L C L X X X X X H L 
LCHXXXXXLH 
L C L X X X X X L H 
LCHXXXXXLH 
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 

DESCRI PTION 

XXXXXHXL 
H H H H L H H L 
HHHHHHHL 
H H H H L H H L 
LLLLLLHH 
LLLLLLHH 
LLLLLLLH 
LLLLLLLL 
HHHHLHLL 
HHHHHHHL 
HHHHHLHH 
H L L H H L H H 
HLLHHLLH 
HLLHHLLL 
HHHHHHLL 
H H H H L H H L 
LLLLLLHH 
LLLLLLHH 
LLLLLLLH 
LLLLLLLL 
HHHHLHLL 
HHHHXHHL 
HHHHXHHL 
HHHHXHHL 
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: ROY active 
; 1 ast read cycl e 
; CAS's and DEN ri se 
; DT%R and ROY ri ses 
; begi n wri te: assert DEN and WE 
; continue write: assert valid CAS's 
; cont i nue write: ROY act i ve 
; cont i nue wri te: 
; CAS's and DEN ri se 
; ROY rises 
; begi n read: assert all CAS's 

cont i nue read: 
cont i nue read: ROY act i ve 
last read cycle 
CAS's and DEN ri se 
ROY ri ses 
begin refresh 
conti nue refresh 

; continue refresh 
; last refresh cycle 
; IDLE 
; IDLE 

This PAL implements most of the control signals 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 RDY WE CAS2 CAS3 VCC 

/CASO = /ROWSEl * /DT%R * CLK * /DlSABlE ;drop CAS on read 
+ /ROWSEL * /DT%R * /DEN ;maintain CAS on read 
+ /ROWSEl * /DEN * /BEO * /DISABlE ;activate CAS on write 

; BEx must be ma i nta i ned throughout 
;DISABlE must be maintained through last /ROWSEL * CLK 

/CASl = /ROWSEL * /DT%R * CLK * /DISABLE 
+ /ROWSEL * /DT%R * /DEN 
+ /ROWSEL * /DEN * /BEI * /DISABLE 

/CAS2 = /ROWSEL * /DT%R * CLK * /DISABLE 
+ /ROWSEL * /DT%R * /DEN 
+ /ROWSEL * /DEN * /BE2 * /DISABLE 

/CAS3 = /ROWSEL * /DT%R * CLK * /DISABLE 
+ /ROWSEL * /DT%R * /DEN 
+ /ROWSEL * /DEN * /BE3 * /DISABLE 

;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 

; samp 1 e W%R when /ROWSEl * DEN 
;otherwise: maintain state 

+ /DEN * /DT%R 

/DEN.- ClK * /ROWSEL * /DISABlE 
+ /CLK * /DEN 

;when elK: sample ROWSEL 
;otherwise: maintain state 

/WE:= /ROWSEL * DT%R * RDY * /DISABLE ;only drops for writes 

/RDY := /ROWSEl * /DT%R * /DISABLE * elK ;drop RDY immediately for read 
+ /WE * eLK ;drop RDY 1 ater for write 
+ /RDY * /DEN ;ma i ntai n RDY 

Figure C-5. 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 CASl CAS2 CAS3 DT%R DEN ROY WE ; outputs 

;OE 
; 1 CLK2 
; 1 1 CLK CASO 
; 1 1 1 BED 1 CASl 
; 1 1 liBEl 1 1 CAS2 
; 1 1 1 1 1 BE2 1 1 1 CAS3 
; 1 1 1 1 1 1 BE3 1 1 1 1 DT%R 
; 1 1 1 1 1 1 1 W%R 1 1 1 1 1 DEN 
; 1 1 1 1 1 1 1 1 ROWSEL 1 1 1 1 1 1 ROY 
; 1 1 1 1 1 1 1 1 1 DISABLE 1 1 1 1 1 1 1 WE 
;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 COMMENTS 

LCHXXXXXHL 
LCLXXXXLHL 
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 
LCHXXXXXHL 
LCLXXXXHHL 
L C H H L L H X L L 
L C L H L L H X L L 
L C H H L L H X L L 
L C L H L L H X L L 
LCHXXXXXHL 
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 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 
LCLXXXXXHL 

DESCRIPTION 

x X X X X H X H ; initialize to IDLE 
H H H H L H H H ; IDLE: DT%R tracking W%R 
H H H H H H H H ; IDLE: DT%R tracking W%R 
H H H H L H H H ; IDLE: DT%R tracking W%R 
L L L L L L L H ; begin read: assert all CAS's 
L L L L L L L H ; last read cycle 
H H H H L H L H ; CAS's and DEN rise 
H H H H H H H H ; DT%R and ROY ri ses 
H L L H H L H L ; begin write: assert DEN and WE 
H L L H H L H L ; continue write: assert valid CAS's 
H L L H H L L L ; continue write: ROY active 
H L L H H L L H ; continue write: 
H H H H H H L H ; CAS's and DEN ri se 
H H H H L H H H ; ROY ri ses 
L L L L L L L H ; begin read: assert all CAS's 
L L L L L L L H ; 1 ast read cycl e 
H H H H L H L H ; CAS's and DEN rise 
H H H H X H H H ; ROY ri ses 
H H H H X H H H ; begi n refresh 
H H H H X H H H ; continue refresh 
H H H H X H H H ; continue refresh 
H H H H X H H H ; last refresh cycle 
H H H H X H H H ; IDLE 
H H H H X H H H ; 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 Ne NC NC NC GND 
OE RFRQ NC QO Ql Q2 Q3 Q4 Q5 Q6 Q7 vce 

/RFRQ := /RFRQ * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * 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 
:+: vec ;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 * /Ql * /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 
;el se 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 * /Ql * /QO ;else decrement 

Figure C-6_ Refresh Interval Counter PAL Equations 
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inter DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

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

, 
;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 

DESCRIPTION 

REFACKO 
1 REFACKI 
1 1 RFRQ 
1 1 1 

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

Q7 
1 Q6 
1 1 Q5 
1 1 1 Q4 
1 1 1 1 Q3 
1 1 1 1 1 Q2 
1 1 1 1 1 1 Ql 
1 1 1 1 1 1 1 QO 
1 1 1 1 1 1 1 1 

L L L L H L H H; 
L L L L H L H L; 
L L L L H L L H; 
LLLLHLLL; 
L L L L L H H H; 
H H H H H H H H; 
H H H H H H H L; 
H H H H H H L H; 
H H H H H H L L; 
H H H H H L H H; 
H H H H H L H L; 

; inputs 
;outputs 

COMMENTS 

initial ize(ignore errors 
decrement 
decrement 
decrement 
decrement to 7 
reset to 255 
decrement, activate RFRQ 
decrement, sample REFACKs 
decrement, sample REFACKs 

on vector) 

decrement, both REFACKs: cl ear RFRQ 
decrement 

Th i s PAL i mpl ements the counter to determi ne when d i stri buted 
refresh cycles should be run. This counter counts 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 wi 11 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 
07 Muxed Addr 7 
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DRAM PAL DESCRIPTIONS 

PALl6R8 PAL DESIGN SPECIFICATIONS 
PART NUMBER: REFRESH ADDRESS COUNTER PAL 
REFRESH ADDRESS PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS 
INTEL, SANTA CLARA, CALIFORNIA 
CLOCK NC NC NC NC NC NC NC NC GND 
DE AO Al A2 A3 A4 A5 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 

/A5 := A5 * A4 * A3 * A2 * Al * AO 
+/A5 */A4 
+/A5 */A3 
+/A5 */A2 
+/A5 */AI 
+/A5 */AO 

/A6 := A6 * A5 * A4 * A3 * A2 * Al * AO 
+/A6 */A5 
+/A6 */A4 
+/A6 */A3 
+/A6*/A2 
+/A6 */AI 
+/A6 */AO 

/A7 := A7 * A6 * A5 * A4 * A3 * A2 * Al * AO;most-significant bit of counter 
+/A7 */A6 
+/A7 */A5 
+/A7 */A4 
+/A7 */A3 
+/A7 */A2 
+/A7 */AI 
+/A7 */AO 

Figure C-7. Refresh Address Counter PAL Equations 

C-23 



DRAM PAL DESCRIPTIONS 

FUNCTION TABLE 

OE CLOCK 
A7 A6 AS A4 A3 A2 Al AO 

, 
;OE 
; I CLOCK 
;1 I 

A7 
I A6 
I I AS 
I I I A4 
II II A3 
I I I I I A2 
I I I I I I Al 
I II II II AO 
11111111 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. 

C-25 



o 
I 

I\) 
C» 

". STATE 

eLK 

cm 

ROW SEL 

RAS. 

REAO-1 REA[)'2 REAO·3 WRITE·1 WRITE·2 WRITE·3 

t, I I, I I, I I, I II I I, I 1--''''''''--1 I, I I, 
f---tRDWAIT---J 

I, I I, I I, I I I, I I I, I 
r--tWRTWAIT--1-tBAK2I1AK-j 

Ipi Ipi Ipi H Ipl 
\ I \ I \ 

10 1: I", "e 101 I" 10 1: I,,, I" 101 '''=E1 
\ I -\ I '--

I ICAP t--- tRCO 1;1: tR5H(Rl 

tCAs{R) l-c-I,e'==r:t 
-Iep ~CSH 

tCRp------l ICRP 

?R·? l--- tCSH 

I R I 
CASt ~-_________ / \ I 

H .. '·"., ::~~ !twCS+----tcw .. tWCH~ tWRP----l 
r---1RWH. IRWL 

Iw I., i--w 
WEI -----1~----------------------,\ I 

!--tl+IMUX+tASR+-I"AH I 'CAR I f---1ASR-t=tRAH-----t-tASC1---tC ... H~ 
IAsl tCAH--------ct _ t-'MUX-j ~ 

1----';::.","---1,,11 ~ I"ux 1 ... 11-------1 

I---t,+tMUX------l 

~~~~ ~ ROW X COLUMN 0 ROW X COLUMN X'-______ _ 

'-----I,,,~ 1- r- 1CM teAe 

r---1RAC 10M 

r--10FF 
+-105 I tOH ____ ---j 

~~~~ RD DATA WAT DATA }---

r-'m,--+--',,---I i------I-Im,. /-1'-1 
r---t22~ 112+-1 

r-112+tXCVR-! 

"" ~ DATA 

Figure C-S. DRAM Circuit Timing Diagram 

G30107 

l 

c 
:u 
> 
i: 
"U 
> r-
C 
m 
Ui o 
:u 
:v 
-t o z en 



-. 
366 DRAM Control ter ~ T I H I N G PARAMETERS 

Chip Syrrbol 10 Description From To Hin Max "Hin Max Hin Hall. Hin Max Hin Max Hin Hall. 
51C64-8 51C64-10 51C25~-12 51C256-15 2164-15 51C256-20 

82384 ,1 o CLK2 per i od 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 
ClKl I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
ClK2 I ClK2 I 
CLK2 I CLK2 I 0 ClK2 I ClK2 I 
ClK2 I ClK2 I ::c 
ClK2 I eLK2 I » 

82384 trciJAIT a ClKperiod(s) rd Uai tState ClK2 I ClK2 I 0 0 0 0 0 0 62 64 62 64 80 84 s:: 
82384 twrtUAIT a CLKperiod(s) wt lJaitState ClK2 I ClK2 I 62 64 62 64 80 84 62 64 62 64 80 84 "'C 
82384 tBAK2BAK 0 ClKperiod(s) back-to-back CLK2 I ClK2 I 62 64 62 64 160 168 124 128 124 128 160 168 » 

ClK2 I ClK2 I r-
() 386 '12 o wri te data out-delay ClK2 I 386 Date< 50 50 50 50 50 50 0 
I ClK2 I 386 Data> m l\J 386 * t21 o read data llet-l4l 386 Datll< ClK2 I 0 10 10 0 10 10 10 10 CII -.J 386 ,22 o read data hold ClK2 I 366 Data> 2 999 999 2 999 999 999 999 () 

366+HUX t6+tHUX o addr fr 386 thru LatchHux ClK2 I rowe 3 46 46 3 46 46 46 46 ::c Cu::2 I rowe =c PAL o clock. to PAL outputs ClK2 I Row Set \ 12 12 12 12 12 12 
ClK2 I Row Sell -i 
ClK2 I Row Set \ 5 
ClK2 I Row Sell Z 
ClK2 I Row Set\ CII 

PAlorREG Q a clock. to PAL or REG outpt CH2 I RAS' \ 12 12 12 12 10 12 
ClK2 I RAS' I .. 
ClK2 I RAS' \ 
cu:Z I RAS' I 
cu::z I us# \ 

Register R a clock. to register output CLK2 I CASA! I 12 12 12 12 10 12 
ClK2 I CAS' \ 
ClK2 I CAS' I 
ClK2 I CAS# \ 
ClK2 I CAS' I 
ClK2 I CAS' \ 

PAl-tNANO Y o pal and wri te logic delay ClK2 I lIE' I 18 18 18 18 18 18 
ClK2 I UE# \ 
ClK2 I lIE, f 

Transcvr txCVR o transc .... r prop in-to-out rd data< 386 Data< 
DrarrOata> 386 Data> 
386 Data< wrt data< 
386 Data> DrarrOata> 

Table CoS. DRAM Circuit Timing Parameters 



386 DRAM Controller cl TIM I N G PARAMETERS 

Chip S)1lboI 10 Description from To Min Max Min Max Min Max Min Max Hin Max Min Max 
51C64-8 51C64-10 51C256-12 51C256-15 2164-15 51C256-20 

DRAM tRAS I RASM pulse width RASM \ RAS' 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999 
RASM \ RAS' 

DRAM tRC I random read/wri te cycle RAS' \ RAS# 140 9999 160 9999 200 9999 245 9999 260 9999 315 9999 
HAS' \ HAS' 

DRAM tRP I RAS' precharge time HAS' I .AS# 50 9999 50 9999 70 9999 85 9999 100 9999 105 9999 
RAS' I RAS' 

DRAM tCSH CAS' hold time HAS' \ CASt 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999 
RAS' \ CAS' 

DRAM tCAS(R) CASM pulse width(rd cycl) CAS' \ CAS' IS 9999 20 9999 25 9999 30 9999 85 9999 35 9999 
OR"H tCAS(W) CAS' pulse width(wrt eye) CAsM \ CAS' 25 9999 30 9999 25 9999 30 9999 85 9999 35 9999 
DRAH tllRP wr i te to RAS' precharge lIE' I RAS# -30 9999 -30 9999 10 9999 10 9999 -30 9999 10 9999 lIE, I RAS' e DRAM tRUH RAS#' to write hold time RAS' \ lIE, 09999 09999 15 9999 20 9999 09999 2S 9999 ::0 DRAM USR row address set-up time row< RAS' 09999 09999 09999 09999 09999 09999 > row< RAS' 3: DRAM tRAH row address hold time RAS' \ colurn< 15 9999 15 9999 15 9999 20 9999 20 9999 25 9999 

.AS' \ colum< "'C 
DRAM tCP CAS' precharge CAS' I CAS' \ 10 9999 10 9999 10 9999 10 9999 25 9999 10 9999 > 

CAS' I CAS' \ r 
0 DRAM tCRP I CAS' to RASIJ precharge CAS' I RAS' \ -20 9999 -20 9999 -20 9999 -20 9999 -20 9999 -20 9999 e 
I CAS' I RASII \ m I\J CAS' I RAslI \ rJ) (Xl 

DRAM # tRCO RAS#' to CASII del8Y RAS' \ CAsM \ 30 9999 30 9999 30 9999 35 9999 30 9999 40 9999 0 
RAS' \ CAS' \ ::0 

DRAM tASC I ealum address set-l4l colum< CAS. \ 09999 09999 59999 59999 09999 59999 ;:; 
colum< CAS#' \ -I DRAM tCAH I colum address hold CAS' \ DrarrAddr< 10 9999 10 9999 15 9999 20 9999 25 9999 2S 9999 0 CAS' \ DrarMddr< 

DRAM tAR I eolum addr hold fr RASII RAS# \ Dr8IMddr< 40 9999 40 9999 60 0999 70 9999 90 9999 80 9999 Z 
RAS' \ DramAddr< rJ) 

DRAM • tON output buffer turn 00 CAS' \ rd data< 20 9999 20 9999 25 9999 30 9999 85 9999 35 9999 
DRAM * tOFF output buffer turn off CAS' / wrt data< 20 9999 20 9999 20 9999 25 9999 30 9999 30 9999 
ORAH * tRAC access time from RAS' RAS' \ rd data< 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999 
DRAM * tCAC access time from CAS' CAS' \ rd data< 20 9999 20 9999 25 9999 30 9999 85 9999 35 9999 
ORAH * tCAA access time fr colllTfl adr colt.rrn< rd data< 45 9999 55 9999 55 9999 70 9999 85 9999 90 9999 
DRAM IRSH(') RAS# hold time (rd cycle) CAS' \ RAS' I 10 9999 10 9999 10 9999 10 9999 85 9999 10 9999 
DRAM tRCS read coornand set-up time RAS' \ rd datB< 09999 09999 09999 09999 09999 09999 
DRAM tCAR colLllYl address to RAS#' colurn< RAS# I 45 9999 55 9999 55 9999 70 9999 85 9999 90 9999 
DRAM tRCH read com hold ref to CAS# CAStI I WE# \ 09999 09999 09999 09999 5 9999 09999 
DRAM tRRH read com hold ref to RAS# .AS# I WE# \ 10 9999 10 9999 10 9999 10 9999 20 9999 10 9999 
DRAM tRSH(IJ) RAS# hold time (wrt cycl) C",slt \ RAS# I 35 9999 35 9999 25 9999 30 9999 85 9999 35 9999 
DRAM tRUL wr i te coomand to RASII WE' \ RASIt I 25 9999 30 9999 25 9999 30 9999 40 9999 35 9999 
DRAM tC\oIL write coomand to CAS' WE' \ CASt I 25 9999 30 9999 25 9999 30 9999 40 9999 35 9999 
DRAM tUP write conmand pulse width WE' \ WE' I 20 9999 20 9999 20 9999 25 9999 30 9999 30 9999 
DRAM tYCS write conmand set-up time WE' \ CAS# \ 09999 09999 09999 09999 10 9999 09999 
ORAH tYCH write cQITfTland hold time CAS' \ WEN I 25 9999 30 9999 25 9999 30 9999 30 9999 35 9999 
DRAM tOS data- in set-up time wrt data< CAS# \ 09999 o 9999 o 9999 09999 09999 09999 
DRAM tOH data- in hold time CAS It \ Dranilata> 20 9999 20 9999 20 9999 25 9999 3D 9999 30 9999 

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



386 DRAH Controller 

I Ii T I H I N G CALCULAT o N 5 

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

DR"" tRAS RAS# pulse width 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999 
'0 ... trd.JAI T ... t 1 +,1 +,1 +,1 -0 

'AS' \ 'AS' 112 140 112 140 148 180 174 204 180 198 228 264 
'0 ... twrtIJAIT ... t1 +,1 +,1 +,1 -g 

'A5I \ RAS' 174 204 174 204 228 264 174 204 180 198 228 264 

DR"" IRC random read/write cycle 140 9999 160 9999 200 9999 245 9999 260 9999 315 9999 
+0 ... tBAK2BAK ... trcA.lAIT H1 +,1 +11 +11 -Q 

'AS' \ 'AS' \ 174 204 174 204 308 348 298 332 304 326 188 432 
.Q ... tBAK2BAK ... twrtIJAI T+t 1 +,1 +,1 +,1 -Q 

us. \ 'AS' \ 236 268 236 268 188 432 298 332 304 326 188 432 

oRAH IRP RAS' precharge time 50 9999 50 9999 70 9999 85 9999 100 9999 105 9999 

I I 
0 
:0 '0 ... tBAK2BAK-g 'AS' 'AS' 50 76 50 76 148 180 112 140 118 134 148 180 > +Q ... tBAK2BA;:::-g RAS' RAS' 50 76 50 76 148 180 112 140 118 134 148 180 
3: 
"tI 

DR"" tCSH CAS' hold ti...e 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999 > +, ... trct.JAIT ... t1 +,1 +,1 +,1 -Q r 
() 'AS' \ CAS' 112 140 112 140 148 180 174 204 180 198 228 264 0 I ., HwrtIJAIT ... t1 +,1 +,1 +,1 -Q m I\:) 

'AS' \ CAS' 174 204 174 204 228 264 174 204 180 198 228 264 CJ) (!) 

() 

CAS' pulse width(rd eyel) 35 9999 
:0 DRAM 'CAS(') 15 9999 20 9999 25 9999 30 9999 85 9999 i5 'R ... trcA.lAIT ... t1 +,1 -, CAS' \ CAS' 50 76 50 76 68 96 112 140 118 134 148 180 
-t 

ORAH tCAS(IJ) CAS' pulse width(wrt eye) 25 9999 30 9999 25 9999 30 9999 85 9999 35 9999 I I~ .R ... twrtI.lAIT ... t1 -, CAS' \ CAS' 81 108 81 108 108 .138 81 108 87 102 108 138 

DRAM tl.lRP wr i te to RAS' preeharge -30 9999 -30 9999 10 9999 10 9999 -30 9999 10 9999 
.0 +,1 -~ ~E' RAS# 13 42 13 42 22 52 13 42 17 40 22 52 
+0 ... tBAK2BAK ... twrtI.lAI T - t 1 -~ ~E' RAS' 74 107 74 107 180 222 136 171 140 169 180 222 

DRAM tRIJH RAStt to write hold time 09999 09999 15 9999 20 9999 09999 25 9999 
+" +,1 +,1 -0 RAS' lIE' 52 82 52 82 70 102 52 82 54 78 70 102 

DRAM tASR row address set-up time 09999 o 9999 09999 09999 09999 09999 
.0 +,1 ·,1 -t6+tHU)( row< RAS# 16 13 16 13 34 93 16 13 20 71 34 93 
.a -ttBAK2BAK ... trd.lAIT -t6HHU)( row< RAS' 16 13 16 13 114 177 140 201 144 199 194 261 

DRAM tRAH row address hold time 15 9999 15 9999 15 9999 20 9999 20 9999 25 9999 
+tHUX .p .,1 -0 RAS# colurn< 23 55 23 55 32 65 23 55 25 51 32 65 
+tHUX 'P .,1 -0 RAS# colurn< 23 5S 23 SS 32 6S 23 55 25 51 32 6S 

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



_. 
366 DRAM Controller I Ie[: T J H J N G CALCULATIONS 

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

DRAM ,CP CAS. precharge 10 9999 10 9999 10 9999 10 9999 25 9999 10 9999 
+R +t1 +tl +tl .. tBAIC28AK-R 

CAS. CAS' 143 In 143 In 268 306 205 236 211 230 268 306 
+R +t1 +t1 ... tBAK2BAIC·R CAS' CAS' 112 140 112 140 228 264 114 204 180 198 228 264 

aRAM lCRP CAS' to RAS' precharge -20 9999 -209999 -20 9999 -20 9999 -20 9999 -20 9999 
+0 -R CAS. lAS' -12 12 -12 12 -12 12 -12 12 -6 6 -12 12 
+0 +tSAK28AIC-R CAS' RAS' 50 76 50 76 148 180 112 140 118 134 148 180 
+0 +tBAKlBAK-R CAS' RAS' 50 76 50 76 148 180 112 140 118 134 148 180 

DRAM • ,Rca RAS' '0 CAS' delay 30 9999 309999 30 9999 35 9999 30 9999 40 9999 
'R +t1 +', -Q RAS' CAS' ~O 76 50 76 68 96 50 76 56 70 68 96 
+R +', +', +', -Q RAS' CAS' 81 108 81 108 108 138 81 108 87 102 108 138 

C 
:u 

aRAM usc colum address set-up 09999 09999 09999 59999 59999 59999 > +R +t1 -p -tI«JX colum< CAS' 8 40 8 40 17 50 8 40 12 38 17 50 :s: 
'R +', +', -p -tMUX col\ll'll< CAS' 39 n 39 n 57 92 39 n 43 70 57 92 

'tI 
> 

DRAM tCAH colum address hold 10 9999 10 9999 15 9999 20 9999 25 9999 25 9999 

I I~ () .. tHUX .p +t1 +', +t1 -R 
J CAS' \ DramAddr< 85 119 85 119 112 149 85 119 87 115 112 149 

CJJ 
0 .. tNUX +p +t1 +t1 -R CAS' \ DramAddr< 54 87 54 87 n 107 54 87 56 83 72 107 

() 
:u 

aRAM tAR colutl"l addr hold fr RAS. 40 9999 40 9999 60 9999 70 9999 90 9999 80 9999 =a 
.. tNUX .p +tl +', +t1 +', +t1 -Q -I 

lAS' \ Or~ddr< 147 183 147 183 192 233 147 183 149 179 192 233 (5 
.. tHUX +p +t1 +', +t1 +t1 +', -Q 

RAS' \ DramAddr< 147 183 147 183 192 233 141 183 149 179 192 233 Z 
C/l 

DRAM .. tON output buffer turn on 20 9999 20 9999 25 9999 30 9999 85 9999 35 9999 
• txCVR -,21 +crcAJAIT +tl +t1 -R 

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 30 9999 30 9999 
+tXC'IIi +t12 +', +tBAK28AK-R CAS. I Nrc data< 84 153 82 146 191 261 146 211 148 213 191 261 

DRAM .. tRAC access time from RAS# 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999 
-txCVR -,21 +trdWAIT +t1 +', +', +tl -0 

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

ORAH .. tCAe access time from CAS# 20 9999 20 9999 25 9999 30 9999 85 9999 35 9999 
. (XCIIR -,21 +trdUAIT +t1 +', -R 

CAS# \ rd data< 33 62 40 64 51 82 95 126 91 122 131 166 

Table C-S. DRAM Circuit Timing Parameters (Cont'd.) 
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386 DRAM Controller l 1 MIN G CALCULAT 1 OMS I . 

Chip Sl"i>ol 10 Description fran To Min Max Min Max Min Max Min Max Min Max Min Max 
51C64-8 51C64-10 51C256-12 51C256-15 2164-15 51C256-20 

ORA" • ,eM access t ilne fr colLlln edr 45 9999 55 9999 55 9999 70 9999 85 9999 90 9999 
- <xCVR -'21 +trcllAIT +11 +'1 +'1 -p -'NUX 

colurn< rd datae 53 90 60 92 80 -120 115 154 115 154 160 204 

DRAM 'RSH(R) RAS' hold 'ime (rd cycle) 109999 10 9999 10 9999 109999 85 9999 109999 
+0 +trdJAn +t1 +,1 -R CAS' \ HAst 50 76 50 76 68 96 112 140 118 134 148 180 

DRAM ,RCS read cClllRllrd set·. ti .. 09999 09999 09999 09999 09999 09999 
-tXCW -,21 +trd.lAIT +t1 +,1 +t1 +t1 -Q 

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

DRAM 'CAR cohlln address to RAS' 45 9999 55 9999 55 9999 70 9999 85 9999 90 9999 I I~ +0 +trc:llAIT +t1 +'1 +t1 -p - tIIJX 
coll.lln< HAst 70 104 70 104 97 134 132 168 136 166 177 218 

'tI 
DRAM IRCH read COllI hold ref to CAS. 09999 09999 09999 09999 59999 09999 > 
+W +,1 +,1 +'BAK2BAK-R CAst WE' 114 146 114 146 230 270 176 210 178 206 230 270 r-

0 C I m 
~ DRAM tRRH read COlD hold ref to RAS' 109999 10 9999 109999 109999 20 9999 10 9999 en 

+W +'1 +'1 +tBAK28AK -Q HAst WE' 114 146 114 146 230 270 176 210 178 206 230 270 0 
:D 

DRAM tRSH(W) RAS' hold 'ime (wr' eyell 35 9999 35 9999 25 9999 309999 85 9999 35 9999 
;; 
-I +0 +twrUIAIT+tl -R CAS' \ RAS' 81 108 81 108 108 138 81 108 87 102 108 138 0 
Z 

DRAM ,RWL write ccxrmand to RAS' 25 9999 30 9999 25 9<>99 309999 409999 35 9999 en 
+0 +tvrtWAIT+t1 +,1 -W WE' \ HAS' 106 138 106 138 142 178 106 138 110 136 142 178 

ORAM 'CWL uri te camnand to CAS' 25 9999 30 9999 25 9999 309999 40 9999 35 9999 
+R +twrtVAIT+tl +'1 -W WE' \ CAS' 106 138 106 138 142 178 106 138 110 136 142 178 

DRAM 'WP write conmand pulse width 20 9999 209999 209999 25 9999 30 9999 30 9999 
+W +,1 +'1 +,1 -W WE' lIE' 77 112 77112 104 142 77 112 77 112 104 142 

DRAM ttolCS wri Ie comnand set·up time 09999 09999 09999 09999 -109999 09999 
+R +tl -W lIE' \ CAS' 13 42 13 42 22 52 13 42 17 40 22 52 

DRAM ,WCH write corrmand hold time 25 9999 30 9999 25 9999 309999 30 9999 35 9999 
'W +,1 +,1 -R CAS' lIE' i 52 82 52 82 70 102 52 82 54 78 70 102 

Table C-S. DRAM Circuit Timing Parameters (Cont'd.) 
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386 DRAM Controller 

T I H I N G CALCULATIONS 

10 Description from To Min Max Min Max Min Max Min Max 
51C64-8 51C64-10 51C256-12 51C256-15 

data- in set-up time 09999 09999 09999 09999 
+', -112 'UCVR wrt daU< CAS' 5 73 12 75 23 93 5 73 

data- in hold time 20 9999 20 9999 20 9999 25 9999 
+', +twrU'AIT+t1 -R 

CAS' \ DrllillOata> 115 185 113 178 151 225 115 185 

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

!~,t~1 ~~drord Dr., #2 
Huntsville 35605 
Tel: (205) 630-4010 

ARIZONA 

n~~k ~~r~6Ih Dr., #0214 
Phoenix 85029 
Tal: (602) 869-4980 

~n,I~~ ~~r~i Dorado Place 
Suite 301 
Tucson 85715 
Tel: (602) 299·6615 

CALIFORNIA 

~~nJ~k ~C;:AOwen Street 
Suite 116 

~:I~(3:8j~~~81~g 

!~JOI ~~Perial Highway 
Suile218 

f~~~r3)d6.t~~~ctfo 
InleICo~. 

~~~~a~61~~ ~561~uite 101 
Tel: (916) 920-8096 

tlntel Corp, 
4350 Executive Drive 
Suite 105 

~:t (~~~04~~~~J80 
Intel Corp.' 
400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 

~i;J1b~~~~4124 

;~~e};~~.~ 
2700 San Tomas Expressway 
Santa Clara, CA 95051 

~~;t~fb?~~~O~~65 
COLORADO 

Intel Corp. 
4445 Northpark Drive 
Suite 100 

~~t~O{3~) ~ct~~~:0907 
~nteICorp: 
De~!r~~~~ St., Suite 915 

~~~~~il~288~ 
CONNECTICUT 

~~~:I~~;' Road 
oanbu~06811 

~~~,~~~',39~ 
FLORIDA 

~~~~~'J'stmonte Dr. 
Suite 105 

*~~(3~5\e6~~~~2:a 32714 

Intel cove' 

~~~deid~l~ ~uite 100 

~~~b?15to:.~ 

~n,t~~~~. Street North 
Suite 170 

~;t:~~\e3i~7~2~~02 

tSetes and Service Office 
'field Application LocatIon 

DOMESTIC SALES OFFICES 
GEORGIA 

l~Jg' ~o~~~e Parkway 
Suile200 
Norcross 30092 
Tel: (404) 449-0541 

ILLINOIS 

InleICo~.' 

~~~a~mb~7in~O~~~oad, Suite 400 

Tel: (312) 3rO.8031 

INDIANA 

!j~~I~~~ue Road 
Suite 125 

~:r~(3~~~7t.~~~~ 
IOWA 

Inlel Corp. 
SI. Andrews Building 
1930 SI. Andrews Drive N.E. 
Cedar Rapids 52402 
Tel: (319) 393-5510 

KANSAS 

tlnlel Corp. 
8400 W. IIOth Streel 
Suite 170 
Overland Park 66210 
Tel: (913) 345-2727 

MARYLAND 

Inlel Corp: 
7321 Parkway Drive South 
SuiteC 
Hanover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 

Intel Corp. 
5th Floor 
7833 Walker Orive 
Greenbelt 20770 
Tel: (301) 441-1020 

MASSACHUSETTS 

tlnlel Corp.' 
Westford Corp. Cenler 
3 Carlisle Road 
Westford 01886 
Tel: (617) 692-3222 
TWX: 710-343-6333 

MICHIGAN 

tlntelCorp. 
7071 Orchard Lake Road 
Suite 100 
West Bloomfield 48033 
Tel: (313) 851-8096 

MINNESOTA 

Intel Corp. 
3500 W. 80th St., Suite 360 

~~f<'~~2~~5:gi:J 
TWX: 910-576-2867 

MISSOURI 

InlelCorp. 
4203 Earth City Expressway 
Suile131 
Earth City 63045 
Tel: (314) 291-1990 

NEW JERSEY 

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

Intel Corp. 
280 Corporate Center 
75 Livingston Avenue 
First Floor 
Roseland 07066 
Tel: (201) 740-0111 

NEW MEXICO 

Intel Corp. 
8500 Menual Boulevard N.E. 
Suite B 295 
Albuquerque 67112 
Tel: (505) 292-6086 

NEW YORK 

Intel Corp. 
127 Main Slreet 
Binghamlon 13905 
Tet: (607) 773-0337 

Intel Corp." 

~~~~~s,~~~~s Ollice Park 

Tel: (716)425-2750 
lWX: 510-253-7391 

InlelCorp. 
Suite 2B Hollowbrook Park 
15 Myers Corners Road 

re~rm~2)e~:;.I~sl ~f590 
lWX: 510-248-0060 

NORTH CAROLINA 

InlelCorp. 
5700 Executive Cenler Drive 
Suile213 
Charlotte 28212 
Tel: (704) 566-8966 

tlntetCorp. 

~~?t~ 16'ihff Road 

~:II:ei~f 9~77~~~8022 
OHIO 

Intel Corp.' 
3401 Park Cenler Drive 
Suite 220 
Dayton 45414 
Tet: (513) 890-5350 
TWX: 810-450-2528 

Intel Corp.' 
25700 Science Park Dr. Suite 100 
Beachwood 44122 
Tel: (216) 464-2736 
TWX: 810-427-9296 

OKLAHOMA 

~Jg~ ~~rgroadWay 
SUite 115 
Oklahoma City 73116 
Tel: (405) 846-6086 

OREGON 

t~~~~ ~~~: Greenbrier Parkway, Bldg. B 
Beaverton 97006 

~:~:5~b~:i~l4" 
PENNSYLVANIA 

Inlel Corp. 
1513 Cedar Cliff Orive 

~:I~~,~;I il~.1~35 
Inlel Corp.' 
455 Pennsylvania Avenue 
Fort Washington 19034 
Tel: (215) 641-1000 
TWX: 510-661-2077 

Intel Corp.' 
400 Penn Center Blvd., Suite 610 

~~~:s~~r~t61~~70 
PUERTO RICO 

Inlel Microprocessor Corp. 
South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733-6616 

TEXAS 

I~nje~.'t~gerson Lane 
Suite 314 
Austin 78752 
Tel: (512) 454-3628 

tlnlelCorp.' 
12300 Ford Road 
SUlle380 
Dallas 75234 

i:iJ:2Jtb~8~~~5~~77 
Inlel Corp.' 
7322 S.W. Freeway 
Suite 1490 
Houston 77074 
Tel: (713)966-6086 
TWX: 910-881-2490 

UTAH 

Inlel Corp. 
5201 Green Streel 
Suite 290 
Murray 84123 
Tel: (801) 263-8051 

VIRGINIA 

tlnlel Corp. 
1603 Sanla Rosa Road 
Suile 109 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

Intel Corp. 
155-108 Avenue N.E. 
Suite 366 
Bellevue 96004 

i:i~~~rb~5li~W080~ 

~nri~1 ,r.°tT~lIan Road 
Suite 102 
Spokane 99206 
Tel: (509) 928-8086 

WISCONSIN 

tlnlelCorp. 
330 S. Execulive Or. 
Suile 102 
Brookfield 53005 
Tel: (414) 784-8087 
FAX: (414) 79ij.2115 

CANADA 
BRITISH COLUMBIA 

Intel Semiconductor 01 Canada, Ltd. 

~~~~a~~n~~~ f&' Suite 202 
Tel: (604) 298-0367 
FAX: (604) 298-6234 

ONTARIO 

tlnlel Semiconductor of Canada, Ltd. 
2650 Oueensview Drive 
Suite 250 
Ottawa K2B 8H6 

+tc:(~~fi59714 

tlntel Semiconductor of Canada, ltd. 
190 Attwell Drive 
Suite 500 
Rexdale M9W 6H8 
Tel: (416) 675-2105 
TLX: 06963574 
FAX: (416) 675-2436 

QUEBEC 

Iinlel Semiconductor 01 Canada, Ltd. 
20 St. Jean Boulevard 

Pointe Claire H9R 3K3 
Tel: (514) 694-9130 
TWX: 514-694-9134 

CQ-8/28/87 



DOMESTIC DISTRIBUTORS 
ALABAMA CALIFORNIA (Cont'd) CONNECTICUT ILLINOIS (Cont'd) MICHIGAN 

Arrow Electronics, Inc. tHamillon Electro Sales tArrow Electronics, Inc. ~~Os*~:lm,.sh~~~~~le Arrow Electronics, Inc. 
t015 Henderson Road 10950 W. Washington Blvd. 12 Beaumont Road 755 Phoenix Drive 
Huntsvilie35B05 ~~II:V(;l ~;t~~~~~~8 re~~'~2nmrg6~~i~~ 1 

IIa5ca60143 Ann Arbor 48104 
Tel: (205) 837·6955 Tel: (312) 773-2300 ~~~Jn:J2~::O~OO TWX: 910-340-6364 TWX: 710-476-0162 
tHamilton/Avnet Electronics 

Hamilton/Avnet Electronics 
tPioneer Electronics 

4940 ResearCh Drive Hamilton Electro Sales 1551 Carmen Drive tHamiltonfAvnet Electronics 
Huntsville 35805 1361 B West 190th Street Commerce Industrial Park i~~:~3~2i ~~~a68~0007 32487 Schoolcraft Road 
Tel: (205) 837-7210 Gardena 90248 Commerce Drive Uvonia 48150 
TWX: 610·726-2162 Tel: (213) 558·2131 ~:1~~~~)07:~.~800 TWX: 910-222·1834 Tel: (313) 522-4700 

Pioneer/Technologies Group Inc. tHamilton Electro Sales TWX: 710·456-9974 INDIANA 
TWX: 819.242-8775 

~~~~s~i71~e;5~~5Square 3170 Pullman Street ~;~iI~~~hASt~:~tE~~.ronics Costa Mesa 92626 tPloneer Northeast Electronics tArrow Electronics, Inc. 
Tel: (205) 837-9300 Tel: (714) 641-4150 112 Main Street 2495 Directors Row. Suite H Space AS 
TWX: 810·726·2197 TWX: 910-595·2636 Norwalk 06651 Indianapolis 46241 Grand Rapids 49508 

Tel: (203) 853·1515 Tel: (317) 243-9353 Tel: (616) 243-6805 
ARIZONA Klerulff Electronics, Inc. TWX: 710-468-3373 TWX: 810·341·3119 TWX: 810·273·6921 

10824 Hope Street 
FLORIDA Pioneer Electronics tHamllton/Avnet Electronics Cypress 90430 ~:;'~t~"dr:V8r~!eElectronics 50S S. Madison Drive Tel: (714) 220-6300 4505 Broadmoor Ave. S.E. 

Tempe 85281 tArrow Electronics. Inc. Carmel 46032 Grand Rapids 49508 
Tel: (602) 231·5100 tKierulff Electronics. Inc. 350 Fairway Drive Tel: (317) 844·9333 Tel: (616) 555·1800 
TWX: 910-950-0077 1180 Murphy Avenue Deerfield BeaCh 33441 TWX: 810-260-3966 

San Jose 95131 Tel: (305) 429·8200 lPioneer Electronics 
Kierulff Electronics, Inc. Tel: (408)971-2600 TWX: 510-955-9456 tPioneer Electronics 3485 Stamford 
4134 E. Wood Street TWX: 910·379·6430 6408 CaSl1eplace Drive Livonia 48150 
Phoenix 85040 Arrow Electronics, Inc. ~e~:~3~~~4:'~~~ Tel: (313) 525-1800 
Tel: (602) 437-0750 tKierulff Electronics, Inc. 1001 N.W. 62nd St., Ste. 108 TWX: 810·242·3271 
TWX: 910-951·1550 14101 Franklin Avenue Ft. Lauderdale 33309 TW :810-260-1794 

Tustin 92680 Tel: (305) 776-7790 MINNESOTA 

f/J~5D~.t~~~~~c~~~~~ Highway 
Tel: (714)731-5711 TWX: 510-955-9456 KANSAS 
TWX: 910-595-2599 tArrow Electronics, Inc. 

Phoenix 85023 tArrow ElectroniCs. Inc. tHaml1!on/Avnet Electronics 5230 W. 73rd Street 
Tel: (602) 866-2888 tKierulff Electronics. Inc. 50 Woodlake Drive W., Bldg. B 9219 Quivera Road Edina 55435 

5650 Jillson Street ~:11~3~~r i~~-~~80 Overland Park 66215 Tel: (612) 830-1800 
CALIFORNIA Commerce 90040 ~i~Jib~7~8i~90~05 TWX: 910-576-3125 

Tel: (213)725-0325 TWX: 510-959-6337 
Arrow Electronics, Inc. TWX: 910-580-3666 ~:.roig~h~~n:Jaf!~ci~?v~CS 19748 Dearborn Street tHamilton/Avnet Electronics Pioneer Electronics 
Chatsworth 91311 Wyle Distribution Group ~~0~~d'::'~d~~!h3~;J9 10551 Lackman Rd. Minnetonka 55343 
Tel: (818) 701-7500 26560 Agoura Street Lenexa 66215 Tel: (612) 932-0600 
TWX: 910·493·2086 Calabasas 91302 Tel: (305) 971-2900 Tel: (913) 492-0500 TWX: (910) 576-2720 

Tel: (818) 880-9000 TWX: 510-956-3097 
Arrow Electronics, Inc. TWX: 818-372-0232 KENTUCKY tPioneer Electronics 
1502 Crocker Avenue Hamilton/Avnet Electronics 10203 Bren Road East 
Hayward 94544 tWyle Distribution Group 3197 Tech Drive North Hamilton/Avnet Electronics Minnetonka 55343 
Tel: (408) 487-4600 124 Maryland Street St. Petersburg 33702 1051 D. Newton Park ~~~Jf~95s.,s6-52~"3'8 

i~~(~f~)dg2~~~:gO Tel: (813) 576·3930 i:~i(3J~) 2~~:U75 Arrow Electronics. Inc. TWX: 810-863-0374 
9511 Ridgehaven Court TWX: 910-348·7140 or 7111 MISSOURI 

~:I~ (~~e~)05~~~lgoo Hamllton/Avnet Electronics MARYLAND 
tWyle DIstribution Group ~~ie~n1::~~~9~oulevard tArrow Electronics, Inc. 

TLX: 888064 17872 Cowan Avenue Arrow Electronics, Inc. 2380 Schuetz 
Irvine 92714 Tel: (385) 628-3888 8300 Gulford Road #H St. Louis 63141 

tArrow Electronics, Inc. Tel: (714) 863-9953 TWX: 810-853-0322 Rivers Center Tel: (314)567·6888 
521 Weddell Drive TWX: 910·595·1572 Columbia 21046 TWX: 910-764.Q882 

~~I~(X08:e7 ~~~:goo tPioneer Electronics Tel: (301) 995·0003 
Wyle Distribution Group 337 N. Lake Blvd .. Ste. 1000 TWX: 710-236-9005 tHamillon/Avnet Electronics 

TWX: 910-339-9371 11151 Sun Center Drive ~~I~ (~85Y8;f-~OgO 32701 
13743 Shoreline Court 

Rancho Cordova 95670 tHamilton/Avnet Electronics Earth City 63045 
Arrow Electronics. Inc. Tel: (916) 638-5282 TWX: 810-653·0284 6822 Oak Hall Lane ~:~~J{b~6~~260~ 2961 Dow Avenue Columbia 21045 
Tustin 92680 tWyle Distribution Group Pioneer Electronics Tel: (301) 995-3500 
Tel: (714) 838-5422 9525 Chesapeake Drive 674 S. Military Trail TWX: 710-862·1661 Kierulff Electronics, Inc. 
TWX: 910-595·2860 ~:I~ (~~e~)05~~~~1371 Deerfield Beach 33442 11804 Borman Dr. 

Tel: (305) 428-8877 tMesa Technology Corp. St. Luis 63146 
tAvnet Electronics TWX: 910·335·1590 TWX: 510-955-9653 9720 Patuxentwood Dr. Tel: (314) 997--4956 
350 McCormick Avenue Columbia 21046 
Costa Mesa 92626 tWyle Distribution Group GEORGIA ~p~~ b!:2~:9~20~ NEW HAMPSHIRE 

~lJ1b?t9t~o;21 3000 Bowers Avenue 
Santa Clara 95051 1Arrow Electronics, Inc. lArrow Electronics, Inc. 
Tel: (408)727-2500 155 Northwoods Parkway tPioneer Electronics Perimeter Road 

Hamilton/Avnet Electronics TWX: 910-338-0296 Suite A 9100 Gaither Road Manchester 03103 
1175 Bordeaux Drive Norcross 30071 ~:i:t~30W9;9, ~g:Jci Tel: (603) 668-6968 

~~~(X08:e7~~~~00 WyleMilitary Tel: (404) 449-8252 TWX: 710·220-1684 
18910 Telier Avenue TWX: 810-766-0439 TWX: 710-828·0545 

TWX: 910·339·9332 Irvine 92750 HamiitonfAvnet Electronics 
Tel: (714) 851·9958 ~:~il~nt~~g~:r;~ect~~~~~~ MASSACHUSETTS 444 E. Industrial Drive 

tHamiftcn/Avnet Electronics TWX: 310·371·9127 Manchester 03104 
4545 Viewridge Avenue Norcross 30092 t Arrow Electronics. Inc. Tel: (603) 624-9400 

~:I~ Ps~e£o5~~~?~00 WyleSystems Tel: (404) 447·7500 1 Arrow Drive 
7382 Lampson Avenue TWX: 810-766-0432 Woburn 01801 NEW JERSEY 

TWX: 910-595-2638 Garden Grove 92641 Tel: (617) 933·8130 
Tel: (714) 891-1717 Pioneer Electronics TWX: 710-393-6770 ~Arrow Electronics, Inc. 

~Hamjttcn/Avnel Electronics TWX: 910-595-2642 3100 F. Northwoods Place 000 Lincoln East 
0501 Plummer Streel Norcross 30071 tHamilton/Avnet Electronics Marlton 08053 

Chatsworth 91311 COLORADO Tel: (404) 448-1711 100 Centennial Drive ~i~~b:8~~:209 Tel: (816) 700-6271 TWX: 810·766-4515 ~:I~~U)~~~701 TWX: 910-494·2207 Arrow Electronics, Inc. 
1390 S. Potomac Street ILLINOIS TWX: 710-393-0382 ~Arrow Electronics, Inc. 

1~63~~~~~:~:k~~I~~~~Jcs Suite 136 Industrial Road 
Aurora 80012 tArrow Electronics, Inc. Kierulff Electronics, Inc. Fairfield 07006 

Sacramento 95834 Tel: (303) 696-1111 2000 E. Alonquin Street 13 Fortune Dr. Tel: (201) 575·5300 
Tel: (916) 920-3150 SChaumbera 60195 Billerica 01821 TWX: 710-998-2206 

lHamilton/Avnet Electronics ~~~J~b?2;;-~5~ Tel; (617) 667-8331 
tHaml1tcn/Avnet Electronics 765 E. Orchard Road tHamiiton/Avnet Electronics 
3002 G Street Suite 708 MTI Systems Sales 1 Keystone Avenue 
Ontari091311 Englewood 80111 tHamilton/Avnet Electronics 13 Fortune Drive Bldg. 36 
Tet: (714) 989-9411 Tel: (303) 740-1017 1130 Thorndale Avenue Billerica 01821 ~~I~(~0~;I~g~~'0 TWX: 910-935-0787 Bensenvitle 60106 
Hamilton/Avnet Electronics Tel: (312) 860-7780 Pioneer Northeast Electronics TWX: 710-940-0262 
19515 So. Vermont Avenue tWyle Distribution Group TWX: 910-227-0060 44 Hartwell Avenue 
Torrance 90502 451 E. 124\h Avenue Lexlnj,'0n 02173 

~:lJib~59~92o:a Thornton 80241 KierulffElectronics, Inc. ~: ~i~362~~l6~07 Tel: (303) 457-9953 1140W. Thorndale 
TWX: 910·936-0770 Itasca 60143 

Hamilton Electro Sales Tel: (312) 250-0500 
9650 De Soto Avenue 
Chatsworth 91311 
Tel: (818) 700-6500 

tMlcrocomputer System Technical Distributor Centers CG-ef29/87 



intel" 
DOMESTIC DISTRIBUTORS 

NEW JERSEY (Cont'd) 

r~i~~~~{~vnel Electronics 

Fairfield 07006 
Tel: (201) 575-3390 
TWX: 701·734·4388 

tPioneer Northeast Electronics 
45 Route 46 
Pinebrook 07058 
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. 

~~~:u(~~e;)'W:2~d~g 
TWX: 910·989·1151 

Hamilton/Avnet Electronics 
2524 Baylor Drive S.E. 

~~~:U(~05JC1J65~[J8g 
TWX: 910-989·0614 

NEW YORK 

Arrow Electronics, Inc. 
25 Hub Drive 
Melville 11747 
Tel: (516) 694-6600 
TWX: 510·224·6126 

tArrow Electronics, Inc. 
3375 Brighton-Henrietta Townline Rd. 
Rochester 14623 
Tel: (716) 427-0300 
TWX: 510-253-4766 

Arrow Electronics, rnc. 

U\l~~~~:t~~g8~rive 
Tel: (315) 652-1000 
TWX: 710-545-0230 

Hamilton/Avnel Electronics 
333 Metro Park 
Rochester 14623 

~l'Jn~55i:5~37~ 

t~~~i~nb~k~a6~~~ctronics 
Syracuse 13206 
Tel: (315) 437-2641 
TWX: 710-541-1560 

~~Mi~?;/~~~:!;~ectronlcs 

~:I~ffla~g:3~ ~l:80 
TWX: 510-224-6166 

tMTJ Systems Sales 
38 Harbor Park Drive 
P.O. Box 271 

~~I~ (~a6jhJ2~~~2dol 050 
TWX: 510-223-0846 

tPioneer Nortl1east Electronics 
1806 Vestal Parkway East 
Vestal 13850 

~lgib?2~82~O~~1 
tPioneer Northeast Electronics 
60 Crossway Park West 

ra~~(~~~79il~~~~land 11797 

TWX: 510-221-2184 

NEW YORK (Cont'd) 

tPioneer Northoast Eloctronics 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
TWX: 510-253-7001 

NORTH CAROLINA 

tArrow Electronics, Inc. 
5240 Greendairy Road 

~:II:e;~~91~~~~3132 
TWX: 510-928-1856 

tHamilton/Avnet ElectroniCS 

~~1~ Stf2i9~0~orest Drive 

Tel: (~19) 878-0819 
TWX: 510-928-1836 

Pioneer Electronics 
9801 A-Southern Pine Blvd 
Charlotte 28210 
Tel: (704) 527-8188 
TWX: 810-621-0366 

OHIO 

Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville 45459 
Tel: (513) 435-5563 
T'NX: 810-459-1611 

tArrow Electronics, Inc. 
6238 Cochran Road 
Solon 44139 
Tel (216) 248-3990 
T'NX: 810-427-9409 

Hamilton/Avnel Electronics 

~:S~;ZTII~e~~08~IVd. 
Tel: (614) 882-7004 

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

tHamilton/Avnet Electronics 
4588 Emery Industrial Parkway 

re~~(~~~)i~~'~3~0~s 44128 
TWX: 810-427-9452 

tPioneer Electronics 
4433 Interpoint Blvd. 
Dayton 45424 
Tel: (513) 236-9900 
TWX: 81 ()..459-1622 

tPioneer Eleclronics 
4800 E. 131s1 Street 
Cleveland 44105 
Tel: (216) 587-3600 
T'NX: 810-422-2211 

OKLAHOMA 

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

OREGON 

tAlmac Electronics Corpora-
lion 
18B5 N.W. 169th Place 
Beaverton 97006 
Tel: (503) 629-8090 
T'NX: 910-467-B743 

tHamilton/Avnet Electronics 
6024 S.W. Jean Road 
Bldg. C, Suite 10 
lake Osweao 97034 

~}5~~~~555!a~l9 

tMicrocomputer System Technical Oistributor Centers 

OREGON (Cont'd) UTAH 

Wyle Oistribution Group tHamiiton/Avnet Electronics 
5250 N.E. Elam Young Parkway 1585 West 2100 South 
Suite 600 ~:I~ (~o~j ~~~-g:JJ 9 Hillsboro 97124 
Tel: (503) 640-6000 TWX: 910-925-4018 
T'NX: 910-460-2203 

Kierulff Electronics, Inc. 
PENNSYLVANIA ~~~6l~k:Crkw611 ~~Vd. 

Tel: (801) 97tr-6913 Arrow ElectroniCs, Inc. 
650 Seco Road 
Monroeville 15146 Wyle Distribution Group 
Tel: (412)856-7000 1325 West 2200 South 

SuiteE 
Hamilton/Avnet Electronics ~:I~ (~'O~j ~~7-~JJ 9 
~~~~b~~be~2~~e., Bldg. E 

Tel: (41~)281-4150 WASHINGTON 

Pioneer Electronics tAlmac Electronics Corp. 
259 Kappa Drive 14360 S.E. Eastgate Way 

~~~:s(~~rtt71~~ggoo Bellevue 98007 
Tel: (206) 643-9992 

T'NX: 710-795-3122 T'NX: 910-444-2067 

tPioneer Electronics Arrow Electronics, Inc. 
261 Gibralter Road 14320 N.E. 21st Street 
Horsham 19044 Bellevue 98007 
Tel: (215) 674-4000 
TWX: 510-665-6778 

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

TEXAS Hamilton/Avnet Electronics 
14212 N.E. 21st Street 

tArrow Electronics, Jnc. Bellevue 98005 
3220 Commander Drive Tel: (206) 453-5874 
Carrollton 75006 T'NX: 910-443-2469 
Tel: (214) 380-6464 
TWX: 910-860-5377 f'/~g ~~~t~i~~~~~, C;;~~p 
tArrow Electronics, Inc. Bellvue 98005 
10899 Kinghurst 
Suite 100 

Tel: (206) 453-6300 

Houston 77099 WISCONSIN 
Tel: (713) 530-4700 
TWX: 910-880-4439 tArrow Electronics, Inc. 

430 W. Rausson Avenue 
tArrow Electronics, Inc. Oakcreek 53154 
10125 Metropolitan Tel: (414) 764-6600 
Austin 78758 T'NX: 910-262-1193 
Tel: (512) 835-41 80 
T'NX: 910-874-1348 Hamilton/Avnet Electronics 

2975 Moorland Road 
tHamilton/Avnet Electronics New Berlin 53151 
2401 Rutland Tel: (414) 784-4510 
Austin 78758 TWX: 9t0-262-1182 

mlJib_883i4~93~~ KierulH Electronics, Inc. 
2238-E W. Bluemound Rd. 

tHamillon/Avnet Electronics Waukeshaw 53186 
2111 W. Walnut Hill lane Tel: (414) 784-8160 

~~;~r2r~f~~9-4100 CANADA TWX: 910-860-5929 

ALBERTA tHamiltonhAvnel Electronics 

~~;~0~Ji~7~f70ad #190 Hamilton/Avnet Electronics 
Tel: (713) 780-1771 2816 21st Street N.E. 
TWX: 910-BBI-5523 ~:II?(463T~~0~~~80 
Kierulff Electronics, Inc. TWX: 03-827-642 
9610 Skillman 

Hamilton/Avnet Electronics Dallas 75243 
Tel: (214) 343-2400 6845 Rexwoocl Road Unit 6 

~~~(~f~)u~:7~:iO l4V1R2 
tPioneer Electronics 
1826 D. Kramer lane 

Zentronics Austin 78758 
Tel: (512) 835-4000 6B1581h Street, N.E., Sle.l00 
TWX: 910-874-1323 ~:IJ:g(463n~l-~~8 
tPioneer Electronics 

BRITISH COLUMBIA b~~!~ ~s2~~a Road 
Tel: (214) 386-7300 ~8~~~5~~~~~d~I~~~~~s TWX: 910-850-5563 

Burnaby V5M 3Z3 
tPioneer Electronics Tel: (604) 437-6667 
5853 Point West Drive 
Houston 77036 
Tel: (713) 988-5555 
TWX: 910-881-1606 

BRITISH COLUMBIA (Cont'd) 

Zentronics 

~~~h~l~og ~6~~Wrt Road 
Tel: (604) 273-5575 
TWX: 04-5077-89 

MANITOBA 

Zentronics 
60-1313 Border Street 

~~(~ ~#4~'~~~ 
FAX: (204) 633-9255 

ONTARIO 

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

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

!Hamilton/Avnel Electronics 
845 Rexwoocl Road 

Units G & H 
Misslssau~a l4V 1 R2 

~i~JrblJ2?8~~27 
tHamilton/Avnel Electronics 
210 Colonnade Road South 
Nepean K2E 715 
Tel: (613) 226·1700 
T'NX: 05-349-71 

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

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

SASKATCHEWAN 

Zentronlcs 
173-1222 Alberta Avenue 
Saskatoon S7K 1 R4 
Tel: (306) 955-2202, 2207 
FAX: (306) 244-3731 

QUEBEC 

tArrow Electronics Inc. 
4050 Jean Talon Quesl 
Montreal H4P lWI 

~(~}i1~~~rs65511 

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

Hamllton/Avnet Electronics 
2795 Rue Halpern 
SI. laurent H4S lP8 

~~~J1~-~~ 
Zentronlcs 
505 locke Street 
SI. laurent H4T lX7 
Tel: (514) 735·5361 
T'NX: 05-827-535 

CG-e/29/87 



inter 
ALABAMA 

InlelCorp. 
5015 Bradford Drive, #2 
Huntsville 35805 
Tet: (205) 630-4010 

ARIZONA 

Inlel Corp. 
11225 N. 28th Dr., #0214 
Phoenix 85029 
Tet: (602) 869-4960 

Intel Corp. 
500 E. Fry Blvd., Suite M·tS 
Sierra Vista 85635 
Tel: (S02) 459·5010 

ARKANSAS 

Intel Corp. 
P.O. Bo)( 206 
Ulm 72170 
Tel: (501) 241·3264 

CALIFORNIA 

Intel Corp. 
21515 Vanowen 51. 
Suite 116 

~:I~(91a8r70~~813: 
Intel Corp. 
2250 E. Imperial Highway 
Suite 218 
EI Segundo 90245 
Tal: 1-80()..468·3548 

Intel Corp. 

~~~S~~r;5~~~5~~' 
Tel: (916)351-6143 

~nJg~ ~Tt'h Street 
Suire ItO 
Santa Ana 92705 

~f:Jj~~:5:l48i5 
Intel Corp. 
2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 970-1740 

Intel Corp. 
4350 Executive Drive 
Suite 105 

~:I~ (~~ea,°4~~~~Jeo 
COLORADO 

Intel Corp. 
650 South Cherry 
Suite 915 
Denver 80222 

~~~~~~;~2O:8~ 

CAUFORNIA 

2700 SariTomas Expressway 
Santa Clara 95051 
Tel: (408) 970-1700 

CAUFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 986-8086 

DOMESTIC SERVICE OFFICES 
CONNECTICUT 

~6te~~oPfain Road 

~:I~?23)0::J.11 30 
TWX: 710-456-1199 

FLORIDA 

~~~ 9{\e: 62, Suite 104 
Ft. Lauderdale 33309 

~i~gfb?;5~O:41lJl7 

~~~It?~stmonte Drive 
Suile 105 

~~I~Ta05\e 8~~~~~8s8 32714 

GEORGIA 

Inlel Corp. 
3280 Pointe Parkway 
Suile200 
Norcross 30092 
Tel: (404) 441·1171 

ILLINOIS 

h~1 r?°~rtingale Ad. 
Suite 300 

¥;r:(~~2~tgPO~g~~ 
INDIANA 

Intet Corp. 
8777 Purdue Rd., #125 

~~~(3~r,~~~~~~ 
KANSAS 

Intel Corp. 
8400W.l10th Street 
Suite 170 
Overland Park 66210 
Tel: (913) 345·2727 

KENTUCKY 

Intel Corp. 
3525 Tatescreek Road, #51 

i:~i(f06j 2~~~~45 
MARYLAND 

Intel Corp. 
5th Roor 
7633 Walker Drive 
Greenbelt 20770 
Tel: (301)441.1020 

MASSACHUSETTS 

~:~;o~~i::orp. Center 
3 Carlisle Road 
Westford 01886 
Tel: (617) 692·1060 

MICHIGAN 

Intel Corp. 
7071 Orchard Lake Road 
Suite tOO 
West Bloomfield 48033 
Tel: (313) 851·8905 

MISSOURI 

Intel Corp. 
4203 Earth City Expressway 
Suite 143 
Earth City 63045 
Tel: (314) 291·2015 

NEW JERSEY 

Intel Corp. 
385 Sylvan Avenue 
Englewood Cliffs 07632 
Tel: (201) 567·0821 
TWX: 710·991·8593 

~!~It~ri~aza III 
Raritan Center 
Edison 08817 
Tel: (201) 225--3000 

NORTH CAROLINA 

Intel Corp. 
2306 W. Meadowview Road 
Suite 206 
Greensboro 27407 
Tel: (919) 294·1541 

Intel Corp. 
2700 Wycliff Rd., Suite 102 

~:II:eis~9r7~~~8022 
OHIO 

Intel Corp. 
Chagrin. Brainard Bldg. 
Suite 305 

~~~~~la~~a{l~n2~oulevard 

~~~~n~S:i~:2158 
Intel Corp. 
6500 Poe 

~:r(5~:)S:J~.5350 
OREGON 

Intel Corp. 
15254 N.W. Greenbrier Parkway, Bldg. B 
Beaverton 01886 
Tel: (503) 645·8051 
TWX: 910-467·8741 

~ni6h 9{~·Elam Young Parkway 
Hillsboro 97123 
Tel: (503) 681·8080 

CUSTOMER TRAINING CENTERS 
ILLINOIS 

~~aNumM~~lna8~~3#300 
Tel: (312) 3fo.57oo 

MASSACHUSETTS 

3 Carlisle Road 
Westford 01866 
Tel: (617) 692·1000 

SYSTEMS ENGINEERING OFFICES 
ILUNOIS 

~~a~':~~inag~~3#300 
Tel: (312) 3~O-S031 

MASSACHUSETTS 

3 Carlisle Road 
Westford 01886 
Tel: (617) 692·3222 

PENNSYLVANIA 

Intel Corp. 
201 Penn Center Boulevard 
Suite 301 W 

~~~:S~~ra)h3~~~0 
TEXAS 

Intel Corp. 
313 E. Anderson Lane 
Suite 314 
Austin 78752 

~J~~~b~5f4~~~. 
Intel Corp. 
12300 Ford Road 
Suita380 
Dallas 75234 

~i~~~~~\).25~~~ 
Intat Corp. 
8815 Oyer St., Suite 225 
EI Paso 79904 
Tel: (915) 751·0186 

VIRGINIA 

Intel Corp. 
1603 Santa Rosa Rd., #109 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

\n1toI1~'lH~·AV9nue N.E. 
Suita510 
Bellevua 98004 
Tel: 1·800-468·3548 
TWX: 91Q.443·3OO2 

WISCONSIN 

Intel Corp. 
330 S. Executive Or, 
Suite 102 
BrOOkfield 53005 
Tel: (414) 784-8087 

CANADA 
Intel COrp. 
190 Anwell Drive, Suite 500 
Raxdaie, Ontario 
Canada M9W 6H8 
Tel: (416) 675-2105 

Intel COrp. 
620 SI. Jean Blvd. 
Pointe Claire, Quebec 
Canada H9R 3Ka 
Tel: (514) 694-9130 

Intel Corp. 
2650 Queensvlew Drive, #250 
Ottawa, Ontario, 
Canada K2B 8H6 
Tel: (613) 829-9714 

MARYLAND 

7833 Walker Or., 4th Floor 
Greenbelt 20770 
Tel: (301) 220-3380 

HIEWYORK 

300 Motor Parkway 

~:I~fG18m31~~ 
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BELGIUM 

~~~ ~eOt~~:~~~ ~l' 
8-11 BO Brussels 
Tel: (02) 347-0666 

DENMARK 

Intel Denmark A/S' 
Glentevej 61 - 3rd Floor 

~~~~6~~'~~CO_3~agen 
TLX; 19567 

FINLAND 

Intel Finland OY 
Aousilantie 2 
00390 Helsinki 
Tel: (8) 0544-644 
TlX: 123332 

FRANCE 

Intel Paris 
1 Rue Edison, BP 303 
78054 Saint·Quenlin-en·Yvelines Cedex 
Tel: (33) 1·30-57-7000 
TlX: 69901677 

Inial Corporation, S.A.R.l. 
Immeuble BBC 
4 Quai des Etroits 

~;~~~) ll.t°2~4089 
TLX: 305153 

EUROPEAN SALES OFFICES 
WEST GERMANY 

Intel Semiconductor GmbH" 
Seidlstrasse 27 
0·8000 Muenchen 2 

+~:(~~-~g~j: INTl 0 

Inlel Semiconductor GmbH 
Verkaufsbuero Wiesbaden 
Abraham-Uncoln Sir. 16·18 
6200 Wiesbaden 
Tel: (6121) 76050 
TlX: 04166183 INlW 0 

Intel Semiconductor GmbH 
Verkaulsbuero Hannover 
HohenzotiernslrassB 5 
3000 Hannover 1 
Tel: (511) 34-40-81 
TLX: 923625 INTH 0 

Inlel Semiconductor GmbH 
Verkaufsbuero Stuttgart 
Bruckstrasse 61 
7012 Fallbach 
Tel: (711) 58-00-82 
TlX: 7254826 INTS D 

ISRAEL 

Intel Semiconductor Ltd' 
Anidim Industrial Park 
Neve Share! 
Ovora Hanevia 
Bldg. No. 13, 4th Floor 
P.O. Box 43202 
Tel Aviv 61430 
Tel: (3) 491-099, 491-098 
TL.X: 371215 

ITALY 

Inlel Corporation S.P.A: 
Milanoliori, Palaz~o E/4 
20090 Assago (Milano) 
Tel: (02) 824-4071 
TlX: 3412861NTMIl 

NETHERLANDS 

Inlel Semiconductor (Nederland) B.V: 
Alexanderpoort Building 
Marten Meeswag 93 
3068 Rotterdam 
Tel: (10) 21-23·77 
TlX; 22283 

NORWAY 

~.~~ ~~~9al AIS 
Hvamveien 4 
N·2013, Skjetten 
Tel: 06-842420 
TLX: 78018 

SPAIN 

Inlel Iberia 
Calle Zurbaran 28·IZQOA 
28010 Madrid 

~~:(~6~~~-4004 

SWEDEN 

Intel Sweden A.B.· 
Oalvageri 24 
S-171 36 Solna 
Tel; (8) 734·0100 
TLX: 12261 

SWITZERLAND 

Intel Semiconductor A.G.· 
Talackerstrasse 17 
8152 Glattbrugg 
CH-8065 Zurich 
Tel: (01) 829-2977 
TLX: 57989 ICH CH 

UNITED KINGDOM 

~~~r~oyrao;ation (U.K.) ltd.' 

Swindon, Wiltshire SN3 1 FU 
Tel: (0793) 696000 
TLX: 444447 INT SWN 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA FRANCE (Cont'd) ITALY (Cont'd) UNITED KINGDOM 

Bacher Eleklronics Ges.m.b.H. TekeJec Airtronic Intesl Accent Electronic ~mponents ltd. 
Rotenmuehlgasse 26 Cite des Bruyeres Milanofiori E5 t~~~\:oHr?h~s~e~~b~~ ~~~ A-1120Wien Rue Carle Vernel BP 2 ~~?~g2~~~~OI Tel: (222) 835·6460 92310 Sevres England 
TLX: 131532 Tel: (1) 45-34-75-35 TLX: 311351 Tel: (0462) 686666 

TLX: 204552 TLX: 626923 
BELGIUM lasi Elettronica S.P.A. 

WEST GERMANY Viale Fulvio Testi, 126 Bytech ltd. 
Inelco Beioium 5.A. 20092 CiniseUo Balsamo Unit 2 Western Centre 
Ave. des ~rojx de Guerre, 94 Electronic 2000 Vertriebs AG ~~~~~2~-0012, 244-0212 Weslern Industrial Estate 
Bruxelles 1120 ~~o~t~~'::~~~~ 1~ Bracknell, Berkshire RG121RW 

+~:(~4~16.01-60 England 
TeJ: (089) 42-00·10 NORWAY Tel: (0344) 482211 
TLX: 522561 ElEC 0 TLX: 848215 . 

BENELUX Nordlsk Eleclronik AIS 

~~ri";!rs~r~:~~4 Postboks 130 Comway Microsystems ltd. 
Koning en Hartman Electrotechniek B.V. N-1364 Hvalstad John Scott House, Market St. 
Postbus 125 6277 Bad Cam berg ~~~~,~~.~1~NAS N 

Bracknell, Berkshire RJ12 lQP 
2600 AC Delft ~~!~~J2~:~3JEAM D 

England 
Tel: (15) 609·906 Tel: (0344) 55333 
TLX: 38250 PORTUGAL TLX: 847201 

DENMARK 
Metrologie GmbH 

Oitram ~~i~~~~~h:~ 71 
IBA Microcomputers ltd. 

ti~~~ap~~tibues de Tomar, 46A Unit 2 Western Centre 
In MultiKomponenl Tel: (089) 570-940 Western Industrial Estate 
Navartand 29 TLX: 5213189 Tel: (1) 545-313 Bracknelt, Berkshire RG121RW 
OK-2600 Glostrup TWX: (0404) 14182 Enp:land 
Tel: (02) 456·66-45 Metrologie GmbH ~~;(~d8186-555 TLX; 33355 InCG OK Aheinstr.94-96 SPAIN 

6100 Darmstadt 
FINLAND +~~~~~~1~~61 A.T.O. Electronlca SA Jermyn Industries 

PI. Cludad de Viena 6 Vestry Estate, Otford Road 
Oy Fintronic AB 28040 Madrid Sevenoaks, Kent TN14 5EU 
Melkonkatu 24A Proeleclron Vertriebs AG Tel: (1) 234-40-00 

~~1~!~~2450144 SF·OO210 Helsinki 21 Max·PlanCk-Strasse 1·3 TWX: 42477 
Tel: (0) 692-60-22 6072 Dreieich 
TLX: 124224 FTRON SF i~:(~~~~12304O ITISESA 

~~~r~I~~gll~ngel Rapid Silicon 
FRANCE Rapid House, Denmark SI. 

ITT·MultiKomponent Tel: (1)419-54-00 ~~g~a~combe, Bucks HP11 2ER 
Generlm Bahnholslrasse 44 TWX: 27461 
Zone d'Activite de Courtaboeuf t!~~0~m;i4R~9 TeP: (0494) 442266 
Avenue de la Baltlque SWEDEN TLX: 837931 
91943 les Ulis Cedex TLX: 7264399 MUKO 0 

+~m9~~8ci·7a-7a Notdisk Elektronlk AB Rapid Systems 
ISRAEL Box 1409 Rapid House, Denmark SI. 

8-111 27 Solna High Wycombe, Bucks HP11 2ER 

~~~l~ue des Solels 
Eastronics ltd. Tel: (8) 734-97-10 England 
11 Rosanls Street TLX: 10547 Tel: (0494) 450244 

smc 585 P.O. Box 39300 TLX: 837931 

~!~~)~~~H~Ji~3x Tel Aviv 61392 SWITZERLAND 

TLX: 290967 ~~:(~~~-15J~lTIX Il or Industrade AG ~1~~~9~:~eg~Pce Park 
33638 RONIX il Hertistrasse 31 ~!j~::aeary, Co. Cublln 

~~~~o~?2~~leres CH-8304 Wallisellen 
ITALY Tel: (01) 830-5040 Tel: (0001) 856288 

4, Avenue laurent Cely TLX: 56788 TLX; 31584 
92606 Asnleres Eledra Componentl S.P.A. 

+~~Ul1~fg-62'40 Via Giacomo Watt, 37 YUGOSLAVIA 
20143 Milano 
Tel: (02) 82821 
TLX:332332 

*Fleld Application location CG-e/29/87 



INTERNATIONAL SALES OFFICES 
AUSTRALIA 

Intel Australia Pty. Ltd: 
Spectrum Building 

~~g::~~~t~W~~O~56 
Tel: (2) 957·2744 
TLX: 20097 
FAX; (2) 923-2632 

BRAZIL 

Intel Semicondutores do Brasil L TOA 
Av. Paulisla, 1159-CJS 404/405 
01311 - Sao Paulo· S,P. 
Tel: 9-011-55-11-287-5899 
TLX: 1153146 

CHINA 

Intel PAC Corporation 
15/F, Office " Gilie Bldg. 
Jian Guo Men Wai Street 
Beijing, PRC 
Tel: (1) 500-4850 
TLX: 22947 INTEL eN 
FAX: (1) 500-2953 

HONG KONG 

Intel Semiconductor Ltd.· 
1701-3 Connaught Centre 
1 Connaught Road 
Tel: (5) 844-4555 
TWX; 63869 ISLHK HX 
FAX: (5) 294-589 

JAPAN 

Intel Japan K.K. 
5-6 Takodai Toyosato-machi 

i:~'O~9~g¥.~~~fraki-ken 300-26 
TLX: 3656-160 
FAX: 029747-8450 

Intel Japan K.K: 
Daiichi Mitsugi Bldg. 
1-8889 Fuchu-cho 

~~fh~4~~~6~~7~7,'63 
FAX: 0423-60-0315 

Intel Japan K.K.· 
Flower-Hill Shin-machi Bldg. 
1-23-9 Shinmachi 

~~~:a8~~4~~~22~~kYO 154 
FAX: 03-427-7620 

~l~~~g:i~~{~~sashi-kosugi Bldg. 
915 Shinmaruko, Nakahara-ku 
Kawasaki-shi, Kanagawa 211 
Tel: 044-733-7011 
FAX: 044-733-7010 

JAPAN (Cont'd) 

~i~~~tpe~~:i'~tsu9i Bldg. 
1-2-1 Asahi-machl 

~~~:u8.¥:~~2~_~~~~awa 243 
FAX: 0462-29-3781 

Intel Japan K.K: 
Ryokuchi-Eki !i3ldg. 
2-4-1 Terauchl 
Toyonaka-shi, Osaka 560 
Tel: (06) 863-1091 
FAX: 06-863-1084 

Intel Japan K.K. 
Shinmaru Bldg. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 
FAX: 03-201·6650 

Intel Japan K.K. 

r~~~i3~I~eieki Minami 
N.ak~mura-ku, Nagoya-shi 
Archl450 
Tel: 052·561-5161 
FAX: 052-561-5317 

KOREA 

Intel Technology Asia Ltd. 

~g~~ Y~?~o~~~~~~o~~~~'eUngpO-kU 
Seoul 150 
Tel: (2) 784-8186 
TLX: 293121NTELKO 
FAX: (2) 784-8096 

SINGAPORE 

~~rlf~~~f~~~~:~h;~lj_~~ Ltd. 
Goldhill Square 
Singapore 1130 
Tel: 250·7811 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN 

Intal Technology (Far East) Ltd. 
Taiwan Branch 
10fF., No. 205, Tun Hua N. Road 
Taipei, R.O.C. 
Tel: 886-2-716-9660 
TLX: 131591NTELTWN 
FAX: 886-2-717-2455 

INTERNATIONAL 
DISTRIBUTORS/ REPRESENTATIVES 

ARGENTINA 

VLC S.R.L. Bartaloma Mitre 1711 
3 Piso 
1037 Buenos Aires 
Tel: 54-1-49-2092 
TLX: 17575 EDARG-AR 

AUSTRALIA 

Total Electronics 
Private Bag 250 
9 Harker Street 
Burwood, Victoria 3125 
Tel: 61-3-288-4044 
TLX: AA 31261 

Total Electronics 
P.O. Box 139 
Artamon, N.S.W. 2064 
Tel: 61-02-438-1855 
TLX: 26297 

BRAZIL 

Elebra Microelectronica Sf A 
Geraldo Flausino Gomes, 78 
9 Andar 
04575 - Sao Paulo - S.P. 
Tel: 55-11-534-9600 
TLX:3911125131 ELBR BR 
FAX: 55-11-534-9424 

CHILE 

DIN Instruments 
Suecia 2323 
Casilla 6055, Correa 22 
Santiago 
Tel: 56-2-225-8139 
TLX: 440422 RUDY CZ 

CHINA 

Novel Precision Machine~ Co., Ltd. 

~I~!s~ ~,02~i~;~fWe\n£tre!~g· 
N.T., Kowloon 

~~~~5~~8~223-222 
TWX: 39114 JINMI HX 
FAX: 852-0-261-602 

·Field Application Location 

CHINA (Cont'd) 

Schmidt & Co. Ltd. 
18/F Great Eagle Centre 
23 Harbour Road 
Wanchai, Hong Kong 
Tel: 852-5-833-0222 
TWX: 74766 SCHMC HX 
FAX: 852-5-891-8754 

INDIA 

Micronic Devices 
Arun Complex 
No. 65 D.v.G. Road 
Basavanagudi 

~:I~~~I~f2~~gO~tti, 
TLX: 0845-8332 MD BG IN 

Micronic Devices 
403, Gagan Deep 
12, Rajendra Place 
New Delhi 110 008 
Tel: 91-58-97-71 
TLX: 03163235 MONO IN 

Micronic Devices 
No. 516 5th Floor 
Swastik Chambers 

~~~b~~~o801, Road 
Tel; 91-52-39-63 
TLX: 9531 171447 MDEV IN 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita-ku 

~~~~9u3~~~1~~~~~2 
FAX: 093-551-7861 

C. Itoh Techno-Science Co., Ltd. 
C.ltoh Bldg., 2-5·1 Kita-Aoyama 

~~~~~!~7~~'10o 107 
FAX: 03-497-4969 

JAPAN (Conl'd) 

Dia Semicon Systems, Inc. 
Wacore 64, 1-37-8 sa~enjaya 

~:::a8:!l8~~03T8~kYO 1 
FAX: 03-487-8088 

Okaya Koki 
2-4-18 Sakae 

~:I~ti~2:2~~~Jflshi 460 
FAX: 052-204-2901 

Ryoyo Electro Corp. 
Konwa Bldg. 
1-12-22 Tsukiji 

~~I~~t~4~~~6f,'04 
FAX: 03-546-5044 

KOREA 

J-Tek Corporation 
6th Floor, Government Pension Bldg. 

~~-~n~d~o~~~~u 
Seoul 150 
Tel; 82-2-782-8039 
TLX: 25299 KOOIGIT 
FAX: 82-2-784-8391 

Samsung Semiconductor & 
Telecommunications Co., Ltd. 
150, 2-KA, Tafpyung-ro, Chung-ku 
Seoull00 , 
Tel: 82-2-751-3987 
TLX: 27970 KORSST 
FAX: 82-2-753-0967 

MEXICO 

Dicopel SA 
Tochtli 368 Fracc. Ind. San Antonio 
Azcapotzalco 
C.P. 02760-Mexico, D.F. 
Tel: 52-5-561-3211 
TLX: 1773790 DICOME 

NEW ZEALAND 

Northrup Instruments & Systems Ltd. 

~~6. ~:9~~~ rfeO:~arket 
Auckland 1 
Tel: 64-9-501·219, 501-801 
TLX: 21570 THERMAL 

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

~e~~I~_~B~i.~~~8 
TLX: NZ3380 
FAX: 64-4-857276 

SINGAPORE 

Francotone Electronics Pte Ltd. 
17 Harvey Road #04-01 

~~I:g2~081~~89-1618 
TWX: 56541 FRELS 
FAX: 2895327 

SOUTH AFRICA 

Electronic Building Elements, Ply. Ltd. 
P.O. Box 4609 
Pine Square, 18th Street 
Hazelwood, Pretoria 0001 
Tel: 27-12-469921 
TLX; 3-227786 SA 

TAIWAN 

Mitac Corporation 
No. 565, Ming Shen East Rd. 

f:Wg~~i25~1-8231 
FAX: 886-2-501-4265 

VENEZUELA 

P. Benavides Sf A 
Avilanes a Rio 
Residencias Kamarata 
Locales 4 A 17 
La Candelaria, Caracas 
Tel: 58-2-571-0396 
TLX: 28450 PBVEN VC 
FAX: 56-2-572-3321 

CG-6/29/87 





in1:el 
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 

FRANCE 
Intel Paris 
1 Rue Edison, BP 303 
78054 Saint-Quentin-en-Yvelines Cedex 

UNITED KINGDOM 
Intel Corporation (U.K.) Ltd. 
Pipers Way 
Swindon 
Wiltshire, England SN3 1 RJ . 

WEST GERMANY 
Intel Semic(;mductor GmbH 

, Seidlstrasse 27 
0-8000 Muenchen 2 

HONG KONG 
Intel Semiconductor Ltd. 
1701-3 Connaught Centre 
1 Connaught Road 

CANADA 
Intel Semiconductor of Canada, Ltd. 
190 Attwell Drive, Suite 500 . 
Rexdale, Ontario M9W 6H8 
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