





















































































































































































































































































































































































































































































































































































































































































































































LOCAL BUS CONTROL PAL DESCRIPTIONS

PAL16R8 . o PAL DESIGN SPECIFICATIONS
PART NUMBER: 80386 LOCAL BUS CONTROLLER - PAL 1

80386 LOCAL BUS CONTROLLER : PAL 1 OF 2

INTEL, SANTA CLARA, CALIFORNIA

CLK2 CLK ADS READY WR CSOWS CS1WS CSIO RESET GND

OE Q0 Q1 Lo Ll L2 PIPE IDLE NA vce

/PIPE := RESET

/CLK * /PIPE
CLK * PIPE
/PIPE * READY
IDLE

ADS * /PIPE

+ 4+ 4+

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

/NA

/L1

L2

/CLK * /NA
CLK * LO * NA
/LO * /NA * QO
/L0 * /NA * Q1

++ 4+ +

/L2 ¢

I

/CLK * /L1 * /L2 * /RESET

/L0 * /L2 * /NA * /RESET

/Ll * /L2 * READY * /RESET

LO * L1 * /L2 * Q0 * /RESET

/L0 * /L1 * /RESET

/CLK * CSOWS * CSIWS * CSIO * /IDLE # LO * L1 * L2 * /RESET

++ 4+ +

RESET

/CLK * LO * /Ll

LO * /L1 * READY

CS1WS * /L1 * L2

LO * /L1 * L2

LO * L2 * /Q0 * /Ql

LO * /L1 * /Q0 * /Q1

/CLK * CSOWS * CSIWS * CSIO * /IDLE * LO * L2

/L1 :

+ o+ F

/L0

/LO * /L2 * /RESET

/LO * L1 * QO * /RESET

CS1WS * /CSIO * /LO * /L1 * /RESET

/ADS * CLK * CSIO * LO * /L1 * L2 * /RESET

JADS * CLK * LO * /L1 * L2 * /QO * /RESET

CLK * CSIO * /IDLE * LO * /L1 * L2 * /RESET

CLK * /IDLE * LO * /L1 * L2 * /QO * /RESET

/ADS * CLK * /L1 * /L2 * /QO * /Ql * /READY * /RESET

A+

RESET
Q0 * /Q1

CLK * QO

Lo * /Q1

CS1WS * /L1 * L2 * /Q1
Ll * /L2 * /Q1

/91

+4++++

/Q0 :=  RESET
/CLK * /Q0 * Q1

CLK * Q0 * /Q1

JLO * L1 * L2 * /QO * /Q1

LO * /L1 * /QO0 * /Ql

CS1WS * /L1 * L2 * /QO0 * /Ql
/Ll * /L2 * /Q0 * /Ql * WR
JLO * L1 * /NA * /Q0 * /Ql

R s

DESCRIPTION

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

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

PAL16R8 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 L1 L2 CSOWS GND

0E RDY DEN ALE INTA IOWC IORC MWTC MRDC VvCC

/MRDC := /L0 * L1 * /MRDC

L1 * /L2 * /MRDC

/CLK * LO * /L2 * /MRDC

L0 * /L2 * /MRDC * RDY

/CSOWS * /L0 * /L1 * L2 * MIO * /WR
DEN * /LO * L1 * MIO * /WR

DEN * L1 * /L2 * MIO * /WR

/MWTC = LO * L1 * /L2 * /MWTC

/L0 * L1 * /MWTC * RDY

LO * /L2 * /MWTC * RDY

/CSOWS * DC * /LO * /L1 * L2 * MIO * WR
DC * DEN * /LO * L1 * MIO * WR

DC * DEN * L1 * /L2 * MIO * WR

+ o+ + o+ o+

+ 4+ 4+ + +

/10RC : /IORC * /LO * L1

/IORC * L1 * /L2

/CLK * /IORC * LO * /L2

/IORC * LO * /L2 * RDY

/CSOWS * DC * /LO * /L1 * L2 * /MIO * /WR
DC * DEN * /LO * L1 * /MIO * /WR

DC * DEN * L1 * /L2 * /MIO * /WR

/IOWC * LO * L1 * /L2

/I0WC * /LO * L1 * RDY

/I0WC * LO * /L2 * RDY

/CSOWS * DC * /LO * /L1 * L2 * /MIO * WR
DC * DEN * /LO * L1 * /MIO * WR

DC * DEN * L1 * /L2 * /MIO * WR

+ 4+ + 4+ +

/I0WC :

u
+ 4+ + o+ +

JINTA :=  /INTA * /LO * L1

+ /INTA * L1 * /L2

+ /CLK * /INTA * LO * /L2

+ /INTA * L0 * /L2 * RDY

+ /CSOWS * /DC * /LO * /L1 * L2 * /MIO * /WR
+/DC * DEN * /LO * L1 * /MIO * /WR

+/DC * DEN * L1 * /L2 * /MIO * /WR

/ALE :=  /ALE * /CLK * /CSOWS * /L2
+ /ALE * /CLK * /DEN * /L2
+ /ALE * /CSOWS * /L2 * RDY
+ /L0

+ L1
+ /ALE * /DEN * /L2 * RDY

/L0 * L1
+ L1 * /12

+ /I0WC * L1

+ L1 * /MWTC

+ /CLK * /DEN * L0 * /L2

+ /DEN * 10 * /L2 * RDY

+ /ALE * /JCLK * /CSOWS * LO * /L2
+ /ALE * /CSOWS * LO * /L2 * RDY

/DEN :

/RDY

JL0 * L1 * L2
+ /CLK * LO * /L2 * /RDY
+ CLK * /DEN * LO * L1 * /L2 * RDY
+ CLK * /INTA * LO * /L1 * /L2 * RDY
+ CLK * /IORC * LO * /L1 * /L2 * RDY
+ CLK * L0 * /L1 * /L2 * /MRDC * RDY
+ CLK * /DEN * /IOWC * LO * /L2 * RDY
+ CLK * /DEN * L0 * /L2 * /MWTC * RDY

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

Figure A-4. PAL-2 Equations

A-15







Appendix
80387 Emulator PAL
Description







APPENDIX B
80387 EMULATOR PAL DESCRIPTION

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

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

PAL16L8B PAL DESIGN SPECIFICATION
386/100 27 February 1986 ED JACKS
PAL: MATH CYCle MATHCYC

INTeL Corporation
/RDY A31 LRESET /ADS MIO /RD /AVALID /DVALID /CLK16 GND
TP2 /CLK16D /READYO /DVALIDD /AVALIDD NC /IORDD /I0WCD /READYOD VCC

IF (TP2) AVALIDD =
+ /RDY *
+ A31 ¢
+ ADS *
+ /LRESET ¢

ADS *
A31 ¢

RDY * /LRESET * CLK16 *
/M10 * /LRESET * AVALID
/MI0 * /LRESET * AVALID * DVALID
/LRESET * CLK16 * /AVALID * DVALID
/CLK16 * AVALID

/AVALID

IF (TP2) DVALIDD =
+ /RDY *
+ ADS *

+ /LRESET ¢

/LRESET *
/LRESET * DVALID
/LRESET * CLK16 * /DVALID
/CLK16 * DVALID

CLK16 * AVALID * DVALID

(TP2) I10RDD =

+ A31 *

/RDY *
/M10 ¢

A31 * /MIO0 ¢
/CLK16 * RD *

/RD * AVALID * DVALID
AVALID * DVALID

(TP2) I10WCD =
+ A31 ¢

A31 * /MIOD * RD *
/CLK16 * /RD *

/RDY *
/MI0 *

AVALID * DVALID
AVALID * DVALID

(TP2) /M1g ¢
/M10 *

/CLK16 *
CLK16 *

READYOD =
+ /RDY *

A31 ¢
A31 *

READYOD * AVALID *
AVALID * DVALID

DVALID

CLK16D = /LRESET * /CLK16

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

This section describes the inputs, outputs, and functions of each of the PALs in the DRAM
design described in Chapter 6. The terms Start-Of-Phase and Middle-Of-Phase used to
describe PAL input sampling times refer to the 80386 internal CLK phase and are defined
in Figure C-1.

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-1 contains
a description of the outputs and inputs.

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

START-OF-PHASE START-OF-PHASE
MIDDLE-OF-PHASE MIDDLE-OF-PHASE

G30107

Figure C-1. PAL Sampling Edges
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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
CSO0# Chip-Select Logic DRAM access is begun (or Start-Of-Phase
CS1# (uses Address, queued if another cycle is in (Queue cleared
CS2# M/I0, W/R, D/C) 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 MUIX select Select DRAM row/column Middla-Of-Dhacs
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




DRAM PAL DESCRIPTIONS

PAL16R8 PAL DESIGN SPECIFICATIONS
PART NUMBER: 3-CLK DRAM STATE PAL

DRAM STATE PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS

INTEL, SANTA CLARA, CALIFORNI

CLK2 CLK A2 €SO CS1 Cs2 CS3 CS4 RFRQ GND

OE RASO ROWSEL MUXOE Q0 Q1 A2REG DRAMSELECT RAS1 VCC

/DRAMSELECT := CSO * /DRAMSELECT
+ CS1 * /DRAMSELECT
+ CS2 * /DRAMSELECT
+ /CS3 * /DRAMSELECT
+ /CS4 * /DRAMSELECT
+ /CLK * /DRAMSELE
+ /MUXOE * ROWSEL * /Q1 * /Q0 * /CLK

/ROWSEL := /ROWSEL * Q0 * CLK -
+ /ROWSEL * /Q1
+ ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

/Q1:= ROUSEL » /01 * /Q0 * /CLK
+ ROWSEL * Q0 *
+ /RONSEL * /Q0 o

+ ROWSEL * Q1 * /Q0 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE * A2 *

+ ROWSEL * Q1 * /Qo0 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE * /A2 * /A2REG

+ ROWSEL * /Q1 * Q0 * /CLK * /MUXOE
+ ROWSEL * /Q1 * Q0 * /CLK * /RFRQ

/Q0 := /ROWSEL * Q1 * Q0 * /CLK
/ROWSEL * /Q0 * Q1 * CLK
ROWSEL * /Q1 * /Q0 * /CL
ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE * A2 * A2REG

ROWSEL *Ql * CLK * /CSO * /CSl * /CS2 * CS3 * CS4

* /MUXOE * /A2 * /A2
ROWSEL. * /Q1 * Q0 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4 * /MUXOE
ROWSEL * /Q1 * QO * CLK * DRAMSELECT * /MUXOE
ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

/RASO := ROWSEL * /Q1 * /Q0 * /CLK * /A2REG

+ ROWSEL * /Q1 * /QO0 * /CLK * MUXOE

+ /ROWSEL * /AZREG

+ /ROWSEL * MUXOE

+ ROWSEL * Q1 * CLK * /A2 * /A2REG * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE

+ ROWSEL * /Q1 * Q0 * CLK * /A2 * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE

+ + +

+

+ + +

+ ROWSEL * /Q1 * Q0 * CLK * /A2 * DRAMSELECT * /MUXOE

/RAS := ROWSEL * /Q1 * /Q0 * /CLK * A2REG

+ ROWSEL * /Q1 * /Q0 * /CLK * MUXOE

+ /ROWSEL * A2REG

+ /ROWSEL * MUXOE

+ ROWSEL * Q1 * CLK * A2 * A2REG * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE

+ ROWSEL * /Q1 * Q0 * CLK * A2 * /CSO * /CSI * /CS2 * CS3 * CS4
* /MUXOE

+ ROWSEL * /Q1 * QO * CLK * A2 * DRAMSELECT * /MUXOE

/MUXOE := /MUXOE * /QO0
+ /MUXOE * CLK
+ /MUXOE * /ROWSEL * /Q1
+ /RFRQ * ROWSEL * /Q1 * Q0 * /CLK
+ /MUXOE * /RFRQ * Q1 * Q0 * /CLK

JA2REG := /A2REG * /QO
+ /A2REG * Q1 * CLK
+ /A2REG * ROWSEL * Q1
+ /A2REG * /ROWSEL * /Ql
+ " A2REG * /ROWSEL * Q1 * Q0 * /CLK
+ /A2 * ROWSEL * /Q1 * QO

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

FUNCTION TABLE

OE CLK2 CLK CSO CS1 Cs2 CS3 CS4 A2 RFR

Q
ROWSEL Q1 QO RASO RAS1 MUXOE DRAMSELECT A2REG

;0E

11

CLK2

CLK

| /CSO

[ | /cs1

| /CS2
CSs3

;inputs
soutputs

ROWSEL

| Q1

| | Qo

| || /RASO

| 111 /RAS]

| 1111 /MUxoE

| ||| | | DRAMSELECT

| 11111 AZREG

Tttt STATE
X3 X
X3 X
X3 X
X; X
X3 X
X; X
X; X
L; ACCESS3

ACCESS4
ACCESS5
H; ACCESS6

—r

H; ACCESS1
H; ACCESS2
H; ACCESS3
H; ACCESS4
H; ACCESS5

ACCESS6

X3
X;
X;

IDLE1
IDLE2
IDLE1
IDLE2
IDLE1

pe e ot ol ol ol aall el o 5ot and anl = % ol ol ol il il i - 2 2 o o3

ACCESS1

H; PRECHARGE1
H; PRECHARGE2

L;
L; PRECHARGE1
L; PRECHARGE2

;3 REFSTART2

initialize
initialize
initialize
initialize
initialize
initialize
initialize to
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle

no dram request pending

wait for precharge

start DRAM cycle to other bank

continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle

no dram request pending

wait for precharge

no dram request pending

wait for precharge

no dram request pending
refresh request sampled
can’t start: refresh pending
refresh address set-up

start refresh cycle

Lol el sl sl sl wll el sl sl sl sl il sl el sl skl sl el el

OCOOOOOOOOOOOOOMOOOOOOOOO0
e o i e i = s ol gl off gl o o of - S - Lt
XD K XXM XX XXX T T T
XD DX M DX DK DKM DD DK IO XX DX XK XX < >
XD IIIC M DKM DX DX DKM D I DX DX DI XX XX XXX X X<
IO M I XM DX I DD DI DX DI DI DI DX X<
IO XD DCIE DS IE DX D DK M D DX D DX DX XX DX XX DK XX >
b R PP = 2 P H e T o Rata b a b o o o

ettt kel ad el el el el el ol ool ol collanllanl ol el el ol

e ol e o= i = o o Yol

b = - = ol ol - == - = ol pall sl ol ol ol sl R . 26k o ko kol

ITXrrrrTTr-CCeT

b e e i i = P o R
b o e e o = o o B R

= o el el sl sl g =i e s e i e e o =i i =i o o o B o o o
e mad mut mudl sl sl mal sl el ll wll bl andl mll sl el b o 3o o b o o
b= -3 el mnll sl sl == == =3l aull plbe = phll pnll sl sl mull b o o o o

H;
ACCESS6

b= = - =i == ol gl gl off= == =¥ sl a
ITrxXxxXTTTrTrrrrerees

initialize
initialize
initialize
initialize
initialize
remain in I
remain i
remain i
remain i
remain i
VEmain i

 start DRAM cycle

continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
start DRAM cycle to
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle
continue DRAM cycle

new request

other bank

L;
L:PRECHARGEl can’t start same bank cycle

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

L;PRECHARGE2 wait for precharge

X; IDLEl] can’t start same bank cycle

X; IDLE2 wait for precharge

H; ACCESS1 start DRAM cycle to same bank
H; ACCESS2 continue DRAM cycle

H; ACCESS3 continue DRAM cycle

H; ACCESS4 continue DRAM cycle

H; ACCESSS continue DRAM cycle new request
L; ACCESS6 continue DRAM cycle refresh req
L;PRECHARGE] can’t start: refresh pending
L;PRECHARGE2 wait for precharge

X; IDLEl can’t start: refresh pending
X; REFSTART2 wait for precharge

X; ACCESS1 start refresh cycle

X; ACCESS2 continue refresh cycle

X; ACCESS3 continue refresh cycle

X; ACCESS4 continue refresh cycle

X; ACCESS5 continue refresh cycle

X; ACCESS6 continue refresh cycle
X;PRECHARGE] can’t start: refresh precharge
X;PRECHARGE2 wait for precharge

X; IDLEl1 can’t start: refresh precharge
X; IDLE2 wait for precharge

L; ACCESS1 start DRAM cycle

ACCESS2 continue DRAM cycle

Lol el el el sl sl el el ol el el el el el el sl sull sl el el
32Xz XzXzXzizkzkzXzkaialalaia e e R e o XX e Y e Na N el
rE~ XTI~ eXe
SO T IENIENIT I IR X > > I XTI >Xr >
DEDCDCDCDEDCDE DI DI D DI DKM DK™ DX DX DX DX > ><X
DEDCDCDCDCICICDC DD DD DKM DK™ DX DX XK XK X~ >
DEOCDCICICICICIIII IR MK MO I T >
DEOCDCDIDIDCDC DD DK I I T XX L DX DX XXX XX T ><
D= DCDCDCDC DI DD D DI LI I DX DK D DK T T ><
[l el el el el el ol gl pdl = i == e = oo = e i o= == =l el g
Lol == == == == b ol ol gl pali =l g =i = =i = gl gl e == == == =4
~FFFTEITXTITTE~-CTICTTITITITCCCCeT
[l gl == =i i o s e e ol pll s s e = e == == =l gl == o= 4
rrTEITXTT~CCCECCFTTITTITITITITIIXTIITT
rIrrrTrxxrrCCCXTTTTTTICCCCCrIIxxT
ol il = == =i i =i e i =i i =i e =i == == = gl all sl gl

e e e o e i ol i e e i i i e i e i o gl e = o o g

-
—

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

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

For brevity, the following keywords are used

SELECT = (/CSO * /CS1 * /CS2 * CS3 * CS4 * CLK)
schip 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:Q1:Q0:CLK].
The 4-bit binary number following the state name represents these four signals.

/
state REFSTART2 = 0101 ;cycle preceding refresh |
ON ;next cycle is first RAS for refresh|

|
| /RASO :=
| /RAS1 := ON |---+
| MUXOE := MUXOE smaintain MUXOE state | always
\ - /
|MUXOE * RFRQ
|
/ \
| state IDLEl = 1010 ;waiting for access or refresh |
I ;RASO := OFF sboth RAS’s idle |<-=]-------- +
RAS1 := OFF | |
| MUXOE := RFRQ ;sample refresh request |
— : A
|/ (MUXOE * RFRQ) | /STARTACCESS |
v | |

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




DRAM PAL DESCRIPTIONS

/ \
| state IDLE2 = 1011 ;waiting for access or refresh |
|  /RASO := (/A2 * STARTACCESS) ;start access
| . /RAS1 := ( AZ * STARTACCESS)
| A2REG := ;sample A2 state
{ MUXOE := MUXOE smaintain MUXOE state]|
|
| STARTACCESS
M
/ \
| state ACCESS1 = 1000 ;first cycle of access or refresh|<--+
|  /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |<==mmnn-
|  AZREG := R ;maintain state of sampled A2|
{ MUXOE := MUXOE ;maintain MUXOE state L< ----- +
|
|always
M g
/ \
| state ACCESS2 = 0001;second cycle of access or refresh|
|  /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RASI := A2REG + MUXOE sor refresh |
|  A2REG := R ;maintain state of sampled A2|
|  MUXOE := MUXOE ;maintain MUXOE state
\ | /
|always
v
/
| state ACCESS3 0010 ;third cycle of access or refresh
| /RASO := /A2REG + MUXOE ;RAS corresponding to A2
| /RASl := A2REG + MUXOE sor refresh
| A2REG := A2REG smaintain state of sampled A2
|  MUXOE := MUXOE ;maintain MUXOE state
\ |
|always
/ v
| state ACCESS4 = 0111;fourth cycle of access or refresh
| /RASO := /A2REG + MUXOE ;RAS corresponding to A2
| /RAS1 := A2REG + MUXOE sor refresh -
|  A2REG := A2REG . ;maintain state of sampled A2
|  MUXOE := MUXOE ;maintain MUXOE state
\ |
|always
v
/ : \
| state ACCESS5 = 1110 ;fifth cycle of access or refresh|
| /RASO := /A2REG + MUXOE sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
|  A2REG := /A2REG ;invert state of sampled A2 |
| MUXOt := MUXOE + RFRQ ;sample refresh request |/
\ /
|
always| (STARTACCESS * (( A2 * A2REG)
v +(/A2 * /AiREG)))
/
| state ACCESS6 = 1101 ;sixth cycle of access or refresh| |
| /RASO := /A2 * /A2REG * STARTACCESS;start next..
| /RAS1 := A2 * A2REG * STARTACCESS;interleave accesl ------ +
|  A2REG := A2REG smaintain state of interleave A2|
{ MUXOE := MUXOE

smaintain MUXOE state }

|/(STARTACCESS * (( A2 * A2REG)
+(/A2 * /A2REG)))

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

/ \
| state PRECHARGEl = 1110 ;first precharge after access |
| /RASO := OFF ;both RAS’s idle
| /RAS1 := OFF |
| A2REG := A2REG ;maintain state of interleave A2|
{ MUXOE := MUXOE + RFRQ ;sample refresh request }
|
always| (STARTACCESS * (( A2 * A2REG)
; v +(/A2 * /A2REG)))
| state PRECHARGE2 = 1111 ;second precharge after access|
|  /RASO := /A2 * /A2REG * STARTACCESS;start next...
| /RAS1 := A2 * A2REG * STARTACCESS;interleave acces|--------- +
|  A2REG := A2REG ;maintain state of interleave A2|
{ MUXOE := MUXOE ;maintain MUXOE state
/
/(STARTACCESS * (( A2 * A2REG) |
+(/A2 * JA2REG)))4-------ccemmmm e +
Finally, the karnaugh maps for the following signals are:
ROWSEL\QO
QI\CLK 00 01 11 10
\ MUXOE
00 MUX MUX key:
01 MUX MUX M+R MUX = MUXOE
11 MUX MUX M+R M+R = MUXOE + RFRQ
10 MUX MUX RFR RFR = RFRQ
ROWSEL\QO
QI\CLK 00 01 11 10
\ A2REG
00 A2R A2R key:
01 A2R A2R /AR A2; = A2
11 A2R A2R A2R A2R = A2REG
10 A2R A2; A2;
ROWSEL\QO
QI\CLK 00 01 11 10
RAS signals
00 /AM AM /AM AM key: [RASO:RAS1]
01 ON ON /AM AM /AM AM AM = A2REG + MUXOE
11 /AT AI /AT Al OFFOFF AS = A2 * STARTACCESS
10 | /AM AM /AS AS OFFOFF Al = A2 * STARTACCESS * interleave
ROWSEL\QO
Q1\CLK 00 01 11 10
\ ROWSEL state circled
00 0010 0111 key:  [ROWSEL:Q1:Q0:CLK]
01 1000 0110 1101 M = MUXOE * RFRQ
11 1ii0  10i0 1111 S = STARTACCESS
10 0001 10s0  mMml 1 = STARTACCESS * interleave
ROWSEL\QO
QI\CLK 00 01 11 10
\ Q1 state circled
00 0010 0111
01 1000 0110 1101
11 1ii0  10i0 1111
10 0001 10s0  mMml
ROWSEL\QO )
QI\CLK 00 01 11 10
Q0 state circled
00 0010 0111
01 1000 0110 1101
11 1110 10i0 1111
10 0001 10s0  mMml

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

PAL16R6 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 (€S0 CS1 CS2 CS3 DT%R RFRQ GND

OE RASO ROWSEL MUXOE QO Q1 A2REG DRAMSELECT RAS1 VCC

/DRAMSELECT := CSO * /DRAMSELECT
+ CS1 * /DRAMSELECT
+ CS2 * /DRAMSELECT
+ /CS3 * /DRAMSELECT
+ /CLK * /DRAMSELECT
+ /MUXOE * ROWSEL * /Q1 * /Q0 * /CLK

/ROWSEL := /ROWSEL * Q0 * CLK
+ /ROWSEL * /q1
+ ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

/Ql:= ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * Q0 * CLK
+Ql * /Q0 * CLK
+ /ROWSEL * /Q1 * /Q0 * CLK * DT%R * /MUXOE
+ ROWSEL * /Q1 * Q0 * /CLK * /MUXOE
+ ROWSEL * /Q1 * Q0 * /CLK * /RFRQ

/Q0 := /ROWSEL * Q1 * Q0 * /CLK
/ROWSEL * /Q0 * Q1 * CLK
ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3
* /MUXOE * A2 * AZREG
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 * Q0 * /CLK * MUXOE * RFRQ

/RASO = ROWSEL * /Q1 * /Q0 * /CLK * /A2REG
+ ROWSEL * /Q1 * /Q0 * /CLK * MUXOE
+ /ROWSEL * /A2REG
+ /ROWSEL * MUXOE
+ ROWSEL * QI * CLK * /A2 * /A2REG * /CSO * /CSI * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * QO * CLK * /A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * Q0 * CLK * /A2 * DRAMSELECT * /MUXOE

/RAS] = ROWSEL * /Q1 * /Q0 * /CLK * A2REG
+ ROWSEL * /Q1 * /Q0 * /CLK * MUXOE
+ /ROWSEL * A2REG
+ /ROWSEL * MUXOE
+ ROWSEL * Q1 * CLK * A2 * A2REG * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * QO * CLK * A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * QO * CLK * A2 * DRAMSELECT * /MUXOE

/MUXOE := /MUXOE * /QO0
+ /MUXOE * CLK
+ /MUXOE * /ROWSEL * /Q1
+ /RFRQ * ROWSEL * /Q1 * Q0 * /CLK
+ /MUXOE * /RFRQ * Q1 * Q0 * /CLK

/A2REG := /A2REG * /Q0
+ /A2REG * QI * CLK
+ /A2REG * ROWSEL * Q1
+ /A2REG * /ROWSEL * /qQ1
+  A2REG * /ROWSEL * Q1 * Q0 * /CLK
+ /A2 * ROWSEL * /Q1 * QO

+ +

+

+

+ +

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

FUNCTION TABLE
OE CLK2 CLK CSO CS1 CS2 CS3 CS4 A2 RFR

sinputs

Q
ROWSEL Q1 QO RASO RAS1 MUXOE DRAMSELECT A2REG soutputs

HU3
31 CLK2
31 | CLK ROWSEL
il 11 /cso | Q1
i1 /cest | | qo
sl L] ] /es2 | || /RASO
sL L1 ces3 | 111 /RASL
sP LT | DT%R | | 11| /MUXOE
2 T O I I ¥ | 1111 DRAMSELECT
UL T PRRRQT ||| | AREG
sLEL Pl STATE
LCLHXXXXXL XXXXXXXX; X
LCHHXXXXXL XXXXXXXX; X
LCLHXXXXXL XXXXXXXX; X
LCHHXXXXXL XXXXXXXX; X
LCLHXXXXXL XXXXXXXX; X
LCHHXXXXXL XXXXXXXX; X
LCLHXXXXXL XXXXXXXX; X
LCHHXXXXXL XXX XXXXX; X
LCLHXXXXXL XXXXXXXX; X
LCHHXXXXXL XXXXXXXX; X
LCLHXXXXXL XXXXXXXX; X
LCHHXXXXXL HLHHHLLX; IDLEl
LCLXXXXXXL HLHHHLLX; IDLE2
LCHXHXXXXL HLHHHLLX; IDLEl
LCLXXXXXXL HLHHHLLX; IDLE2
LCHXXHXXXL HLHHHLLX; IDLE1
LCLXXXXXXL HLHHHLLX; IDLE2
LCHLLLHXLL HLLLHLHL; ACCESS1
LCLXXXXXXL LLLLHLLL; ACCESS2
LCHXXXLHXL LLHLHLLL; ACCESS3
LCLXXXXXXL LHHLHLLL; ACCESS4
LCHLLLHXXL LHHLHLHL; ACCESSS
LCLXXXXXXL HHLLHLHH; ACCESS6
LCHLLLHHHL HLLHLLHH; ACCESS]
LCLXXXXXXL LLLHLLLH; ACCESS2
LCHXXXLLXL LHHHLLLH; ACCESSS
LCLXXXXXXL HHLHLLLL; ACCESS6
LCHLLLHHHL HLHHHLHX; IDLE1
LCLXXXXXXL HLHHHLHX; IDLE2
LCHHXXXXHL HLLHLLHH; ACCESS]
LCLXXXXXXL LLLHLLLH; ACCESS2
LCHHXXXHXL LLHHLLLH; ACCESS3
LCLXXXXXXL LHHHLLLH; ACCESS4
LCHLLLHXXL LHHHLLHH; ACCESSS
LCLXXXXXXL HHLHLLHL; ACCESS6
LCHLLLHXHL HLHHHLHX; IDLEL
LCLXXXXXXL HLHHHLHX; IDLE2
LCHHXXXXHH HLLHLLHH; ACCESS1
LCLXXXXXXH LLLHLLLH; ACCESS2
LCHHXXXHXH LLHHLLLH; ACCESS3
LCLXXXXXXH LHHHLLLH; ACCESS4
LCHLLLHXXH LHHHLLHH; ACCESSS
LCLXXXXXXH HHLHLHHL; ACCESS6
LCHLLLHXHH HLHHHHHX; IDLE1
LCLXXXXXXH LHLHHHHX
LCHHXXXXXH HLLLLHHX; ACCESS]1
LCLXXXXXXH LLLLLHHX; ACCESS2
LCHHXXXXXL LHHLLHHX; ACCESSS
LCLXXXXXXL HHLLLHHX; ACCESS6
LCHHXXXXXL HLHHHHHX; IDLE1
LCLXXXXXXL HLHHHLHX; IDLE2

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

remain in IDLE

remain in IDLE

remain in IDLE

remain in IDLE

remain in IDLE

remain in IDLE

start DRAM cycle

continue DRAM cycle

continue DRAM cycle: it’s write
continue DRAM cycle

continue DRAM cycle new request
continue DRAM cycle

start DRAM cycle to other bank
continue DRAM cycle

continue DRAM cycle: it’s read
continue DRAM cycle

can’t start same bank cycle
wait for precharge

start DRAM cycle to same bank
continue DRAM cycle

continue DRAM cycle: it’s write
continue DRAM cycle

continue DRAM cycle new request
continue DRAM cycle

can’t start same bank cycle
wait for precharge

start DRAM cycle to same bank
continue DRAM cycle

continue DRAM cycle: it’s write
continue DRAM cycle

continue DRAM cycle new request
continue DRAM cycle refresh req
can’t start: refresh pending

; REFSTART2 wait for precharge

start refresh cycle

continue refresh cycle
continue refresh cycle
continue refresh cycle

can’t start: refresh precharge
wait for precharge

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

LCHHXXXXLL HLLLHLHL; ACCESS] start DRAM cycle
LCLXXXXXXL LLLLHLLL; ACCESS2 continue DRAM cycle
LCHLLLELEXL LHHLHLHL; ACCESS5 continue DRAM cycle: it’s read
LCLXXXXXx L HHLLHLHH; ACCESS6 continue DRAM cycle
LCHLLLHXHL HLLHLLHH; ACCESS] start DRAM cycle to other bank
LCLXXXXXXL LLLHLLLH; ACCESS2 continue DRAM cycle
LCHHXXXLXL LHHHLLLH; ACCESSS continue DRAM cycle: it’s read
LCLXXXXXXL HHLHLLLL; ACCESS6 continue DRAM cycle
LCHHXXXXXL HLHHHLLX; IDLEl no dram request pending
LCLXXXXXXL HLHHHLLX; IDLE2 wait for precharge
LCHHXXXXXHK HLHHHLLX; IDLEl no dram request pending
LCLXXXXXXH HLHHHHLX; IDLE2 refresh request sampled
LCHLLLHXHH HLHHHHHX; IDLEl can’t start: refresh pending
LCLXXXXXXH LHLHHHHX; REFSTART2 refresh address set-up
LCHHXXXXXH HLLLLHHX; ACCESS] start réfresh cycle
DESCRIPTION

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

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

For brevity, the following keywords are used

SELECT = (/CSO * /CSI * /CS2 * CS3 * CLK)
schip selects and clock must be active to select

SELECTED = (SELECT + DRAMSELECT) ;true if DRAM is now or has been selected
STARTACCESS = (SELECTEDA* /MUXOE) ;start dram access cycle from idle

The states are defined below and indicated by ROWSEL:Q1:Q0:CLK.
The 4-bit binary number following the state name represents these four signals.

/ \
| state REFSTART2 = 0101 ;cycle preceding refresh
| /RASO := ON .- j;next cycle is first RAS for refresh|
| /RASI := ON = |---+
|  MUXOE := MUXOE smaintain MUXOE state | always
\ A
|MUXOE * RFRQ
|
/ \
| state IDLEl = 1010 ;waiting for access or refresh |
| /RASO := OFF ;both ‘RAS’s idle [<-=]-====--- +
| /RAS1 := OFF . |
| -~ MUXOE := RFRQ ;sample refresh request |
\ /
I A
|/(MUXOE * RFRQ) | /STARTACCESS
v | y
/ > \
| state IDLE2 = 1011 ;waiting for access or refresh |
|  /RASO := (/A2 * STARTACCESS) ;start access
| /RAS1 := ( A2 * STARTACCESS)
| A2REG := A2 ;sample A2 state
|  MUXOE := MUXOE smaintain MUXOE state|
\ | E===s /
| STARTACCESS
v

Figure C-3. 2-CLK DRAM State PAL Equations (Cont’d.)
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/ \
| state ACCESS1 = 1000 ;first cycle of access or refresh|<--+
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := A2REG ;maintain state of sampled A2|
|  MUXOE := MUXOE smaintain MUXOE state |<==-=--- +
\ /
|always
v
/ \
| state ACCESS2 = 0001;second cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |--+
| A2REG := A2REG smaintain state of sampled A2|
{ MUXOE := MUXOE ;maintain MUXOE state }
| /DT%R + MUXOE
|1/(/DT%R + MUXOE)
v
/ \
| state ACCESS3 = 0010 ;third cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh
| A2REG := A2REG smaintain state of sampled A2|
| MUXOE := MUXOE ;maintain MUXOE state |
\ /
|always
v
/ \
| state ACCESS4 = 0111;fourth cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := A2REG ;maintain state of sampled A2|
| MUXOE := MUXOE smaintain MUXOE state |
\ L /
|always
v
/ \
| state ACCESS5 = 1110 ;fifth cycle of access or refresh|
| /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh l<-+
| A2REG := /A2REG sinvert state of sampled A2 |
{ MUXOE := MUXOE + RFRQ ;sample refresh request |
|
always| (STARTACCESS * (( A2 * A2REG)
y v +(/A2 * /ASREG)))
| state ACCESS6 = 1101 ;sixth cycle of access or refresh| |
| /RASO := /A2 * /A2REG * STARTACCESS;start next... |
| /RAS1 := A2 * A2REG * STARTACCESS;interleave acces|------ +
| A2REG := A2REG ;maintain state of interleave A2|
| MUXOE := MUXOE ;maintain MUXOE state }
\
/(STARTACCESS * (( A2 * A2REG) |
+(/A2 * JA2REG)))+----nmmmmmmmm oo +

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

ROWSEL\QO
QI\CLK 00 01 11 10
\
00 MUX MUX
01 | MUX MUX  M+R
11 | MUX
10 | MuX MUX  RFR
ROWSEL\QO
QI\CLK 00 01 11 10
\
00 AZR AR
01 A2R AR AR
11 A2R
10 | AR A2;  A2;
ROWSEL\QO
QI\CLK 00 01 11 10
00 7RM AN 7R AW
0l ON ON /AM AM /AM AM
11 Al AI
10 | /AM AM /AS AS OFFOFF
ROWSEL\QO
QI\CLK 00 01 11 10
\
00 OWIO 0111
01 1000 0110 1101
11 100
10 | 0001 10s0  mMml
ROWSEL\QO
QI\CLK 00 01 11 10
\
00 | OWIO 0111
01 | 1000 0110 1101
11 | 1040
10 | 0001 10s0  mMml
ROWSEL\QO
Ql\iLK 00 01 11 10
10 ] OWIO 0111
11 | 1000 0110 1101
01 | 10i0
00 | 0001 10s0  mMml

MUXOE
key:
MUX = MUXOE
M+R = MUXOE + RFRQ
RFR = RFRQ
A2REG
key:
A2; = A2
A2R = A2REG
RAS signals

key: [RASO:RAS1]
AM = AZREG + MUXOE

AS = A2 * STARTACCESS

Al = A2 * STARTACCESS * interleave
ROWSEL state circled

key: [ROWSEL:Q1:Q0:CLK]

M = MUXOE * RFRQ

S = STARTACCESS

I = STARTACCESS * interleave

W = WZR + MUXOE

Q1 state circled

Q0 state circled

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

The DRAM Control PAL generates the majority of the control signals for the DRAM circuit.
The inputs sample the W/R# and byte-enable outputs of the 80386 as well as status signals
from the DRAM State PAL. The outputs generate the four CAS signals, two transceiver
_control signals, and the signals for the 80386 READY# and Next Address (NA#) logic.
Table C-2 contains a description of the outputs and inputs.

The equations for the 3-CLK DRAM Control PAL are shown in Figure C-4; those for the
2-CLK DRAM Control PAL are shown in Figure C-5. A 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 REFACK inputs are not met. Therefore, the REFACK 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 20X10 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 20X10
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
. read/write inactive
(Separate controls for writes
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# DRAM WE# Control DRAM WE# used Rise: Start-Phase

only in 2-CLK

Fall: Middle-Phase




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 WZR ROWSEL DISABLE GND

OE CASO CAS1 DT%R DEN RDY HWC CAS2 CAS3 VvCC

/CASO := /ROWSEL * CLK * /DT%R * /DISABLE  ;drop CAS on read
+ /ROWSEL * WC * RDY * /CLK * /BEO  ;drop on write
+ /ROWSEL * /CASO ;maintain throughout cycle
;BEx can disappear after CAS drop
sDISABLE must be maintained through last /ROWSEL * CLK

/CAS1 := /ROWSEL * CLK * /DT%R * /DISABLE  ;drop CAS on read
+ /ROWSEL * WC * RDY * /CLK * /BE1  ;drop on write
+ /ROWSEL * /CAS1 smaintain throughout cycle

/CAS2 := /ROWSEL * CLK * /DT%R * /DISABLE  ;drop CAS on read
+ /ROWSEL * WC * RDY * /CLK * /BE2  ;drop on write
+ /ROWSEL * /CAS2 ;maintain throughout cycle

/CAS3 := /ROWSEL * CLK * /DT%R * /DISABLE  ;drop CAS on read
+ /ROWSEL * WC * RDY * /CLK * /BE3  ;drop on write

+ /ROWSEL * /CAS3 ;maintain throughout cycle
/DT%R := ROWSEL * DEN * /W%R ;sample W%R when /ROWSEL * DEN
+ /ROWSEL * /DT%R ;otherwise: maintain state
+ /DEN * /DT%R
/DEN :=  CLK * /ROWSEL * /DISABLE ;when CLK: sample ROWSEL
+ /CLK * /DEN ;otherwise: maintain state
/WC := DISABLE skeep low if DISABLE
+ ROWSEL H or /ROWSEL
+ /RDY H or /RDY
+ /WC * /CLK : or already Tow * /CLK
/RDY := WC * CLK ;drop RDY
+ /RDY * /DEN smaintain RDY

Figure C-4. 3-CLK DRAM Control PAL Equations
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FUNCTION TABLE

OE CLK2 CLK BEO BE1

CASO CAsl

BE2 BE3 W%R ROWSEL DISABLE ;inputs
CAS2 CAS3 DT%R DEN RDY WC

soutputs

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
continue read:

continue read: RDY active
last read cycle

CAS’s and DEN rise

DT%R and RDY rises

begin write: assert DEN and WE
continue write: assert valid CAS’s
continue write: RDY active
continue write:

CAS’s and DEN rise

RDY rises

begin read: assert all CAS’s
continue read:

continue read: RDY active
last read cycle

CAS’s and DEN rise

RDY rises

begin refresh

continue refresh

continue refresh

last refresh cycle

IDLE

IDLE

DESCRIPTION

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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PAL16R4 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 BE1 BE2 BE3 W%R ROWSEL DISABLE GND

OE CASO CAS1 DT%R DEN RDY WE CAS2 CAS3 VCC

/CASO = /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read
+ /ROWSEL * /DT%R * /DEN smaintain CAS on read
+ /ROWSEL * /DEN * /BEO * /DISABLE ;activate CAS on write
;BEx must be maintained throughout
sDISABLE must be maintained through last /ROWSEL * CLK

/CAS1 =  /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read
+ /ROWSEL * /DT%R * /DEN smaintain CAS on read
+ /ROWSEL * /DEN * /BE1 * /DISABLE ;activate CAS on write

/CAS2 =  /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read
+ /ROWSEL * /DT%R * /DEN smaintain CAS on read
+ /ROWSEL * /DEN * /BE2 * /DISABLE ;activate CAS on write

/CAS3 = /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read

+ /ROWSEL * /DT%R * /DEN smaintain CAS on read

+ /ROWSEL * /DEN * /BE3 * /DISABLE ;activate CAS on write
/DT%R := ROWSEL * DEN * /W%R ;sample W%R when /ROWSEL * DEN

+ /ROWSEL * /DT%R sotherwise: maintain state

+ /DEN * /DT%R
/DEN :=  CLK * /ROWSEL * /DISABLE swhen CLK: sample ROWSEL

+ /CLK * /DEN ;otherwise: maintain state
/WE :=  /ROWSEL * DT%R * RDY * /DISABLE ;only drops for writes
/RDY := /ROWSEL * /DT%R * /DISABLE * CLK ;drop RDY immediately for read

+ /ME * CLK ;drop RDY later for write

+ /RDY * /DEN smaintain RDY

Figure C-5. 2-CLK DRAM Control PAL Equations
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FUNCTION TABLE
OE CLK2 CLK BEO BEl BE2 BE3 W%R ROWSEL DISABLE ;inputs

CASO CAS1 CAS2 CAS3 DT%R DEN RDY WE ;outputs
Hu3

;| CLK2

51 ] CLK CASO

;1 | | BEO | CASI

;11| | BEL | | CAS2

;11| BE2 | | | CAS3

501111 | BE3 | |11 DT%R

H A | | |1 | DEN

sU L LT ]| | ROWSEL — { | | | | | RDY

sE LT L1111 | DISABLE | | | | || | WE

3 T I I I O [ I I A A COMMENTS

; initialize to IDLE

5 IDLE: DT%R tracking W%R
5 IDLE: DT%R tracking W%R
3 IDLE: DT%R tracking W%R
; begin read: assert all CAS’s
5 last read cycie

; CAS’s and DEN rise
; DT%R and RDY rises
; begin write: assert DEN and WE
; continue write: assert valid CAS’s
; continue write: RDY active
; continue write:

3 CAS’s and DEN rise
5 RDY rises

; begin read: assert all CAS’s
; last read cycle

5 CAS’s and DEN rise

5 RDY rises

; begin refresh

; continue refresh

s continue refresh

; last refresh cycle

; IDLE

;3 IDLE

DESCRIPTION

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

Figure C-5. 2-CLK DRAM Control PAL Equations (Cont’d.)
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DESCRIPTIONS

Table C-3. Refresh Interval Counter PAL Pin Description

PAL CONTROLS

Name Connects From PAL Usage
CLK Systemns CLK PAL register clock
OE Tied low Outputs always

enabled
PAL INPUTS

Name Connects From PAL Usage Sampled
REFACKO# DRAM RASO# Indicates when refreéh Every CLK that
REFACK1 # DRAM RAS1# starts: turns off RFRQ RFRQ is active
NCO
NC1
NC2
NC3
NC4 Not connected Not used Never
NC5
NC6
NC7

PAL OUTPUTS

Name Connects To PAL Usage Changes State
RFRQ DRAM STATE RFRQ Latch refresh request Any CLK
Qo
Qi
Q2
82 Not connected Implements up to 9-bit Any CLK
a5 modulo counter Y
Q6
Q7
Q8
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PAL20X10 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 REFACK1 NC NC NC NC NC NC NC NC GND

OE RFRQ NC Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 VvCC

/RFRQ := /RFRQ * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Q1 * Q0 ;raise at 255
+ RFRQ * /REFACKO * /REFACK1 sclear when both ACKs Tow
/RFRQ ;else: don’t change state

/Q0 := /Q0 ;least-significant bit of counter
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
¢ VCC ;else decrement
/Q1 := /a1
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
4+t /Q7 * /Q6 *./Q5 * /Q4 * /Q3 ;set at 7 or less
+ /Q0 selse decrement
/@2 := /Q2
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
4 /Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+/Q1 * /Q0 ;else decrement
/@B := /@3
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+:1 /Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+/Q2 * /Q1 * /Q0 selse decrement
/4 = /04
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
41 /Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+/Q3 * /Q2 * /Q1 * /QO0 ;else decrement

/05 = /95

+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+: /Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+/Q4 * /Q3 * /Q2 * /Q1 * /Q0 ;else decrement
/6 := /06 :
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+/Q7 * /Q6 * /Q5 * /Q4 * /Q3 ;set at 7 or less
+/Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /Q0 ;else decrement
/Q7 = /Q7 ;most-significant bit of counter
+/Q7 * /Q6 * /Q5 * /Q4* /Q3 ;set at 7 or less
+: /Q7 * /Q6 * /Q5 * /Q4 ;set at 7 or less

e * /@3 H
+/Q6 * /Q5 * /Q4 * /Q3 * 502 * /Q1 * /Q0 ;else decrement

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

FUNCTION TABLE

OE CLK REFACKO REFACK1
RFRQ Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO

H Q7

; | 06

; | | Qs

; | 1104

3 | 111]@3

H REFACKO 1111 Q

;OE | REFACK1 TPl a
;| CLK || RFRQ | [ ] 11 1]1Qo
H 1 | Frirtrrnd
LC H X H LLLLHLHEH;
LC XH H LLLLHLHL;
LcC LL L LLLLHLLH;
LC X X L LLLLHLLL;
LC X X L LLLLLHHEH;
LcC X X L HHHHHHHH;
LC XX H HHHHHHHL;
LC H X H HHHHHHLH;
LC X H H HHHHHHLL;
LC LL L HHHHHLHH;
LC X X L HHHHHLHL;
DESCRIPTION

sinputs
soutputs

COMMENTS

5 initialize(ignore errors on vector)

decrement
decrement

; decrement
;5 decrement to 7
; reset to 255

decrement, activate RFRQ

decrement, sample REFACKs
decrement, sample REFACKs
decrement, both REFACKs: clear RFRQ
decrement

This PAL implements the counter to determine when distributed
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 will then continues

to decrement. Also when 7 is hit, RFRQ

is activated until both

REFACKO and REFACK1 are simultaneously sampled Tow.

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 RFRQ & MUXOE# PAL register clock
OE RFRQ & MUXOE# outputs enable on refresh

PAL INPUTS

Name Connects From PAL Usage Sampled
NCO
NC1
NC2
NC3
NC4 Not connected Not used Never
NC5

NC6

NC7

PAL OUTPUTS

Name Connects To PAL Usage Changes State
Qo Muxed Addr 0
Qi Muxed Addr 1
Q2 Muxed Addr. 2
Q3 Muxed Addr 3 . |
Q4 Muxed Addr 4 Implements 8-bit counter Any Clock
Q5 Muxed Addr 5
Q6 Muxed Addr 6
Q7 Muxed Addr 7

Cc-22




DRAM PAL DESCRIPTIONS

PAL16R8
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

OE A0 Al A2 A3 A4 A5 A6 A7 VCC

/A0
/Al

/A2

/A3

/A4

/A5

/A6

/A7

n

PAL DESIGN SPECIFICATIONS

A0 ;Teast significant bit of 8-bit counter

A2 * Al * AO

A3 * A2 * Al * A0

A4 * A3 * A2 * Al * AQ

A5 * A4 * A3 * A2 * Al * AO
4

A6 * A5 * A4 * A3 * A2 * Al * AQ

A7 * A6 * A5 * A4 * A3 * A2 * Al * AO;most-significant bit of counter

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

FUNCTION TABLE

0E CLOCK ;inputs
A7 A6 A5 A4 A3 A2 Al A0 soutputs
H A7
H | A6
H | | A5
5 | || A4
H |11 1A3
; P A
;OE LA
;] CLock | 1|1 1]t A0
H Pt COMMENTS
LC HHHHHHHH; initialize (ignore any errors on this vector)
LC LLLLLLLL; increment
LC LLLLLLLH; increment
LC LLLLLLHL; increment
LC LLLLLLHH; increment
LC LLLLLHLL; increment
HH 27211111711 1; 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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Intel DRAM PAL DESCRIPTIONS

TIMING PARAMETERS
Figure C-8 shows the timing of signals for DRAM read and write cycles. Table C-5 displays

the worst-case timing parameters for six DRAM circuits, each of which uses a different type
of DRAM.
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Figure C-8. DRAM Circuit Timing Diagram
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Chip Symbol

82384 t1

82384 TrauALT
82384 turtWAlT
82384 tBAK2BAK
386 t12

386 * 2l

386 t22
386+MUX b+ tHUX
PAL P
PALOrREG @
Register R
PAL+NAND W

Transcvr tXCVR

10

o

o

(=]

o

o

386 DRAM Controller

TIMING PARAMETERS

Description From To Min Max Min Max Min Max Min Max
51C64-8 51C64-10 51C256-12 51C256-15
CLK2 period Clke / cClk2 /7 31 32 31 3 40 42 31 32
ck2 / ck2  /
Clk2 /7 Ccwk2 7
clk2 / k2 /
K2 7 cwke 7
k2 / Ck2  /
ck2  / Cck2  /
€k / ck2  /
cLk2 7 k2 /
k2  / Ck2  /
cLlk2  / cwk2  /
Clk2 / k2 /
CcLk2 /7 Ck2  /
k2  / Ck2  /
CLke  / Ck2 7
Clkperiod(s) rd WaitState CLk2 / Clk2 / 0 O 0 0 0 0 62 64
CLKperiod(s) wt WaitState Clk2 / CLK2 / 62 64 62 64 80 84 62 64
Clkperiod(s) back-to-back  CLk2 / CLk2 / 62 64 62 64 160 168 124 128
cLk2 / cwk2 7
write data out-delay CLk2 /7 386 Datac< 1 50 1 50 1 SO0 1 S0
CLK2  / 386 Data>
read data set-up 386 Data< CLK2 / 0o 10 0 10 0 10 0o 10
read data hold CLK2  / 386 Data> 2 999 2 99 2 99 2 99
addr fr 386 thru LatchMux ke / rou< 3 46 3 46 3 46 3 46
ck2  / romw<
clock to PAL outputs CLk2 / Row Sel\ 0 12 0 12 0 12 0 12
CLk2 / Row Sel/ :
CLK2 / Row Sel\
CLK2 / Row Sel/
CLK2 / Row Sel\
clock to PAL or REG outpt CLK2 / RAS# \ 0 1 0 12 7 12 (LI 3
CLK2 / RAS# /
CLK2 / RAS# \
CLK2 / RAS# /
CLK2 / RAS# \
clock to register output CLk2 / CAs# [/ 0 12 0 12 0 12 0 12
CLK2 / CAS# \
CLK2 / CAs# /
CLK2 / CAS# \
CLK2 / CAS# /
CLK2 / CAS# \
pal and write logic delay CLk2  / WE#  / 2 18 2 18 2 18 2 18
CLk2  /  MER \
cLk2 / HER [/
transcvr prop in-to-out rd data< 386 Data< 2 7 0 0 2 7 2 7

DramData> 386 Data>
386 Data< wrt data<
386 Data> DramData>

Min Max
31 3R
62 64
62 64
124 128

1 50
0 10
2 99
3 46
0 1
4 10
4 10
2 18
2 7

Min Max
2164-15 51C256-20

40

80
80
160

-

o wNno

42

ERR

50
10
46
12

12

‘12

18

Table C-5. DRAM Circuit Timing Parameters
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Chip

DRAM
DRAM
DRAM
DRAM

DRAM
DRAM
DRAM

DRAM
DRAM

DRAM
oRAN

DRAM

DRAM
DRAM
DRAM
DRAM

DRAM
DRAM
ORAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM

LI

Symbol

tRAS
tRC
tRP
tCSH

tCAS(R)
TCAS(W)
tWRP

TRWH
tASR

tRAH
tcP

tCRP

tRCD
tASC
tCAH
tAR

tON
tOFF
tRAC
tCAC
tCAA
tRSH(R)
tRCS
tCAR
TRCH
tRRH
TRSH(W)
tRWL
towL
tWP
tWes
TWCH
tDS

tOH

386 DRAM Control ler

TIMING PARAMETERS

10 Description

RASH pulse width
random read/write cycle

‘RAS# precharge time

CAS# hold time

CAS# pulse width(rd cycl)
CAS# pulse width(wrt cyc)
write to RAS# precharge

RAS# to write hold time

1 row address set-up time

row address hold time
CAS# precharge

CAS# to RAS# precharge

RAS# to CAS# delay
column address set-up
colum address hold
colum addr hold fr RAS#

output buffer turn on
output buffer turn off
access time from RAS#
access time from CAS#
access time fr colum adr
RAS# hold time (rd cycle)
read command set-up time
column address to RAS#
read com hold ref to CAS¥
read com hold ref to RASH
RAS# hold time (wrt cycl)
write command to RAS#
write command to CAS#
write comand pulse width
write command set-up time
write command hold time
data-in set-up time
data-in hold time

Ed
>
I3
»
ANN NN s

CAS#
CAS#
RAS#
RAS#
columc<
column<

o
>
i3
*
A r NSNS NN

CAS#  \ Dramaddr<
CAS#  \ DramAddr<
RAS#  \ DramAddr<
RAS#¥  \ DramAddr<

CAS# \ rd data<
CAS#  / wrt datac<
RAS# \ rd data<
CAS# \ rd datac
colum< rd datac<
CAS#  \ RASK /
RAS# \ rd data<
column< RAS# /
CAS# / WEX \
RAS#  /  WERA \
CAS# \ RASH® /
WE# \ RAS¥ /
WE# \ CAS# /
WE# \ WEX /
WE# \ CAS¥ \
CASH WEX  /
wrt data< CAS# \
>

CAS#  \ DramData

Min Max
51C64-8

80 9999
140 9999
50 9999
80 9999
15 9999
25 9999
-30 9999

0 9999
0 9999

15 9999
10 9999
-20 9999

0 9999
45 9999
0 9999
10 9999
35 9999
25 9999
25 9999
20 9999
0 9999
25 9999
0 9999
20 9999

s53838 & 3 o 8
I8
HEHREE

Min Max
51C64-10

100 9999
160 9999
50 9999
100 9999
20 9999
30 9999
-30 9999

0 9999
0 9999

15 9999
10 9999
-20 9999

30 9999

NN W= Wn
w

w
CX-R-E-R-R-X-RvF-¥-3

$334483448

~n

Hin Max
51c256-12

120 9999
200 9999
70 9999
120 9999
25 9999
25 9999
10 9999

15 9999
0 9999

15 9999
10 9999
-20 9999

30 9999
5 9999

Min Max
51C256-15

150 9999
245 9999
85 9999
150 9999
30 9999
30 9999
10 9999

20 9999
0 9999

20 9999
10 9999
-20 9999

35 9999
5 9999
20 9999
70 9999

30 9999
25 9999
150 9999
30 9999
70 9999
10 9999
0 9999
70 9999

NN Ll

i

N

Min Max
2164-15

150 9999
260 9999
100 9999
150 9999
85 9999
85 9999
-30 9999

0 9999
0 9999

20 9999
25 9999
-20 9999

30 9999
0 9999
25 9999
90 9999
85 9999
30 9999

150 9999
85 9999

]
§
80338

RRRRRERARREEE

[

Wawss@N
dododocohdudnot

REERRRRERAEE

w

Min Max
51C256-20

200 9999
315 9999
105 9999
200 9999
35 9999
35 9999
10 9999

25 9999
0 9999

25 9999
10 9999

“Buy 8 B w5 B
3838 § ¥ 3§ ¢

[FEREV Ry

w
cCovwoouUuunoo

w

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

DRAM
+Q

DRAM
+Q

+Q

DRAM
+Q
+Q

DRAM
+R

+R

DRAM
+R

DRAM
+R

DRAM
+Q
+Q

DRAM
W
DRAM
+Q
DRAM

+ tMUX
+tMUX

386 DRAM Controller

TIMING CALCULATIONS

Symbol 10 Description From

tRAS RAS# pulse width

+trdWAIT <t +t1 +t1 +t1 -Q
RASKE \
+turtWAI T+t +t1 +t1 +t1 -Q
RAS¥ \
tRC random read/write cycle
+tBAK2BAK+traWAlT +t1 +t1 +t1 +t1
RASK  \
+tBAK2BAK+ twrtWAIT+t1 +t1 +t1 +t1
RASH# \
tRP RAS# precharge time
+tBAK2BAK-Q RASE  /
+tBAK2BAK-Q RASE  /
tCSH CAS# hold time
+traWAIT +t1 +t1 +t1 +t1 -Q
RASK  \
+turtWAlTet] +t1 +t1 +t1 -Q
RASE  \

tCAS(R) CAS# pulse width(rd cycl)
+t1 -R

+LrawAlT +t1 CAS¥  \
tCAS(W) CAS# pulse width(wrt cyc)

+turtWAlT+t1 -R CAS¥  \
tWRP write to RAS¥ precharge

+t1 W WE#  /
+tBAK2BAK+twrtWAIT-t1 W WEX  /
tRWH RAS# to write hold time

+t1 +t1 -Q RASHE  \
tASR row address set-up time

+t1 +t1 - to+tMUX row<
+tBAK2BAK+traWAIT - té+tMUX row<
tRAH row address hold time

+P +t1 -Q RASH# \
+P +t1 -Q RASH \

To

RASY  /
RASK  /
RASE  \

-Q

RAS¥  \
RASE  \
RASY  \
CAS®  /
CASY /
CAs¥  /
CAS#  /
RASH  \
RASK  \
WEX \
RASH \
RAS# \
column<
columnc<

Min Max
51C64-8

80 9999
112 140
174 204

140 9999
174 204
236 268
50 9999
50 76
50 76
80 9999
112 140
174 204

15 9999
50 76

25 9999
81 108

=30 9999
13 42
7% 107

0 9999
52 82

0 9999
16 73
16 73

15 9999
23 55
23 55

Hin  Max
51C64-10

100 9999
12 140
174 204

160 9999
174 204
236 268
50 9999
50 76
50 76
100 9999
112 140
174 204

20 9999
50 76

30 9999
81 108

-30 9999
13 42
7% 107

0 9999
52 82

0 9999
16 73
16 73

15 9999
23 55
23 55

Hin Max
51C256-12

120 9999
148 180
228 264

200 9999
308 348
388 432
70 9999
148 180
148 180
120 9999
148 180
228 264

25 9999
68 96

25 9999
108 .138

10 9999
2 52
180 222

15 9999
70 102

0 9999
3 93
14 177

15 9999
32 65
32 65

Hin Max
51C256-15

150 9999
174 204
174 204

245 9999
298 332
298 332
85 9999
112 140
112 %0
150 9999
174 204
174 204

30 9999
112 140

30 9999
81 108

10 9999
13 42
136 M

20 9999
52 82

0 9999
16 73
140 201

20 9999
23 55
23 55

Min Max
2164-15

150 9999
180 198
180 198

260 9999
304 326
304 326
100 9999
18 134
118 134
150 9999
180 198
180 198

85 9999
118 134

85 9999
87 102

-30 9999
17 40
140 169

0 9999
54 78

0 9999
20 N
144 199

20 9999
25 51
25 51

Min Max
51€256-20

200 9999
228 264
228 264

315 9999
388 432
388 432
105 9999
148 180
148 180
200 9999
228 264
228 264

35 9999
148 180

35 9999
108 138

10 9999
22 52
180 222

25 9999
70 102

0 9999
36 93
194 261

25 9999
32 65
32 65

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

SNOILdIHOS3A 1vd Wvdd



0€-0

- 386 DRAM Controller
TIMING CALCULATIONS

Chip Symbol 10 Description From To Min Max Min Max Min Max Min Max Min HMax Hin Max
51C64-8 51C64-10 51C256-12 51C256-15  2164-15 51C256-20
DRAM e CAS# precharge 10 9999 10 9999 10 9999 109999 25 9999 10 9999
+R +t1 +t1 +t1 +tBAK2BAK-R
. CAS# / CASH# '\ 143 172 143 172 268 306 205 236 211 230 268 306
R +t1 +t1 +tBAK2BAK-R CAS# / CAS# \ 112 140 112 140 228 264 174 204 180 198 228 264
DRAM tCRP CAS# to RAS# precharge -20 9999  -20 9999  -20 9999 -20 9999  -20 9999  -20 9999
+Q R CAS# / RAS# \ -12 12 -12 12 -2 12 -12 12 -6 6 -12 11
+Q +tBAK2BAK-R CAS# / RAS¥ \ S50 76 50 76 148 180 112 140 118 134 148 180
+Q +tBAK2BAK-R CAS# / RAS# \ 50 76 S0 76 148 180 112 140 118 134 148 180
DRAM  # tRCD RAS# to CASH delay 309999 309999 30 9999 359999 30 9999 40 9999
+R +t1 ! -Q RAS# \ CAs# \ 50 76 50 76 68 96 50 76 56 70 68 - 96
R +t1 +tl +t1 -Q RAS# \ CAs# \ 81 108 81 108 108 138 81 108 87 102 108 138
DRAM tASC column address set-up 0 9999 0 9999 5 9999 5 9999 0 9999 5 9999
+R +tl -P - tHUX colum< CAS# \ 8 40 8 40 17 50 8 40 12 38 17 50
+R +tl +t1 -P - tHUX columec CAS¥ \ 39 72 39 72 57 92 39 72 43 70 57 92
DRAM TCAH column address hold 10 9999 10 9999 15 9999 20 9999 25 9999 25 9999
THUX +P +tl +t1 +t1 -R . .
CAS# \ DramAddr< 85 119 85 119 112 149 85 119 87 115 112 19
+TMUX +P +t1 +t1 -R CAS# \ DramAddr< 54 87 S4 87 T2 107 54 8 56 8 T2 107
DRAM tAR column addr hold fr RAS# 40 9999 409999 60 9999 709999 90 9999 80 9999
+THUX +P +t1 +t1 +t1 +t1 +t1 -Q
RAS# \ Dramaddr< 147 183 147 183 192 233 147 183 149 179 192 233
+tMUX +P +t1 +t +t1 +t1 +t1 -Q
RAS# \ DramAddr< 147 183 147 183 192 233 147 183 149 179 192 233
DRAM  * tON output buffer turn on 209999 209999 25 9999 30 9999 85 9999 35 9999
StXCVR  -t21 +traWAIT +t1 +t1 -R
CAS# \ rddatac- 33 62 40 64 51 82 95 126 97 122 131 166
DRAM  * tOFF output buffer turn off 209999 209999 20 9999 259999 30 9999 30 9999
+IXCVR  +t12 +t1 +tBAK2BAK-R CAS# / wrt data< 86 153 B2 146 191 267 146 217 148 213 191 267
DRAM  * tRAC access time from RAS# 80 9999 100 9999 120 9999 150 9999 150 9999 200 9999
SIXCVR - -t21 +TrawAlT +t1 +t1 +t1 +t1 -Q
RAS# \ rd datac 95 126 102 128 131 166 157 190 159 186 211 250
{
DRAM  * tCAC access time from CAS# 20 9999 20 9999 25 9999 30 9999 85 9999 35 9999
StXCVR  -t21 +traWAlT +t1 +t1 R
CAS# \ rd.data< 33 62 40 64 51 82 95 126 97 122 131 166
Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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Chip

DRAM  *
- IXCVR

DRAM
+Q

DRAM
- TXCVR

DRAM
+Q

DRAM
-u

DRAM
*w

DRAM
+Q

DRAM
+Q

DRAM
+R

DRAM
AL

DRAM
+R

DRAM
AL

386 DRAM Control ler

TIMING CALCULATIONS

Symbol 10 Description From To
tCAA access time fr colum adr
-t21 +IrQMALT +t1 +t1 +t1 -P - tHUX

colum< rd data<

tRSH(R) RAS# hold time (rd cycle)
R

+trdwAlT +t1 +tl CAS# \ RASF# /
tRCS read command set-up time
-2t +trawAlT +t1 +t1 +t1 +t1 -Q

RAS# \ rd data<

tCAR colum address to RASH
+traWAIT +t1 +t1 +t1 -P - tHUX
column< RAS# /

tRCH read com hold ref to CAS¥
+t1 +t1 +tBAK2BAK-R CAS®  / wE# \

tRRH read com hold ref to RAS#
+t1 +t1 +tBAK2BAK-Q RASE  / E#® \

tRSH(W) RAS¥ hold time (wrt cycl)
+turtWAIT+t1 -R CAS# \ RAS® /

tRWL write command to RAS#

+turtiAIT+t1 +t1 Bl WE#  \ RASK /
tCWL write command to CAS#

+twrtlAIT+t] +t1 ¥ WE# \ CAS¥ /
twp write command pulse width

+t1 +t1 +t1 W ME¥ \  WER /
tHCS write command set-up time

+t1 ¥ WER \ CAS#¥ \
tWCH write command hold time R
+t1 +t1 -R CAS# \ WE# /

Min Max
51C64-8

45 9999
53 90
10 9999
50 76
0 9999
95 126

45 9999
70 104

0 9999
16 146

10 9999
1146 146

35 9999
81 108

25 9999
106 138

25 9999
106 138

20 9999
7 112

0 9999
13 42

25 9999
52 82

Min Max
51C64-10

55 9999
60 92
10 9999
50 76

0 9999
102 128

55 9999
70 104

0 9999
114 146

10 9999
114 146

35 9999
81 108

30 9999
106 138

30 9999
106 138

20 9999
7 1

0 9999
13 42

30 9999
52 8

Min Max
51C256-12

55 9999
80 "120
10 9999
68 96

0 999
131 166

55 9999
97 134

0 9999
230 270

10 9999
230 270

25 9999
108 138

25 9999
12 178

25 9999
142 178

20 9999
104 142

0 9999
22 52

25 9999
70 102

Min Max
51c256-15

70 9999
15 154
10 9999
112 140

0 9999
157 190

70 9999
132 168

0 9999
176 210

10 9999
176 210

30 9999
81 108

30 9999
106 138

30 9999
106 138

25 9999
7o

0 9999
13 42

30 9999
s2 82

Min Max
2164-15

85 9999
115 154
85 9999
118 134
0 9999
159 186

85 9999
136 166

5 9999
178 206

20 9999
178 206

85 9999
87 102

40 9999
110 136

40 9999
110 136

30 9999
7 12

-10 9999
17 40

30 9999
54 78

MHin Max
51€256-20

90 9999
160 204

10 9999
148 180

0 9999
211 250

90 9999
177 218

0 9999
230 270

10 9999
230 270

35 9999
108 138

35 9999
142 178

35 9999
142 178

30 9999
104 142

0 9999
2 S2

35 9999
70 102

Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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c€-0

Chip

DRAM
+R

DRAM
+IXCVR

symbol

tDS
+t1

tOH
+t12

386 DRAM Controller

TIMING CALCULATIONS

10 Description From To Hin Max

51C64-8
data-in set-up time 0 9999
+t1 -t12 -tXCVR wrt data< CASHE \ 5 3
data-in hold time 20 9999
+t1 +turtWALT+t1 -R

CAS# \ DramData> 115 185

Min Max
51C64-10

0.9999
12
20 9999
113 178

Min Max
51€256-12

0 9999
23 93
20 9999

151 225

Min Max
51C256-15

0 9999
s 73
25 9999
115 185

Min Max
2164-15

0 9999
9 n
30 9999
17 181

Hin Max
51C256-20

0 9999
23 93
30 9999

151 225

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

SNOILdIHOS3A Tvd WVHA



ALABAMA

Intel Corp.
5015 E!vadlord Drive

Hun(svnllo 35805
Tel: (205) 830-4010

ARIZONA

Intel Cory

11225 N “281h Drive
Suite 214D

Pnoemx 85029

Tel: (602) 869-4980

Intel Corp.

1161 N. El Dorado Place
Suite 30

Tucson

Tel: (602' 29963|5

CALIFORNIA

Intel Corp.

21515 Vanowen Street
Su 16

Canoga Park 91303
Tel: (818) 704-8500

Intel Cory

gzso E. Impenal Highway
El Se gund 90245

Tel: (213) 640-6040

Intel Cory J)

1510 Arden Way, Suite 101
Sacramento 9581:

Tel: (916) 920-8096

Intel Corp.

4350 Execuhva Crive
Suite

San Diego 92121
(619) 452-5880

Intel Corp.

2000 Easl 4th Street
S DO

2705
(714) ee5i2
;9105951114

Intel Corp.*

San Thomas 4

2700 San Thomas Expressway
Santa Clara, CA 95051

Tel: (408) 986-8086
910-338-0255

COLORADO

Intel Corp.
3300 Mitchell Lane, Suite 210
Boulder 8030

Tel: (303) 442-8088

Inte! Corp.

4445 Northpark Drive
Suite 100

Colorado Springs 80907
Tel: (303) 594-6622

Intel Corp.*
650 S. Cherry Street
Suite 915

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

Intel C Bi

26 Mill Plain Road
Danbu % 0681

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

FLORIDA

Intel Co

242 N. Westmonte Drive
Suite 105

Altamonte Springs 32714
Tel: (305) 869-5588

In\el Co
6th Way, Suite 100

F| Lauderdale 33309

Tel: (305) 771-0600

TWX:  510-956-9407

DOMESTIC SALES OFFICES

FLORIDA (Cont'd)
Intel Cory
“300 4( ' Street North

Sl Pe(ersburg 33702
Tel: (813) 577-2413

GEORGIA

Intel Corp.
g280 Ponnlu Parkway
uite
Norcross 30092
: (404) 449-0541

ILLINOIS

lnlel Co E/I
amnga!e Road, Suite 400

Schaumbuvg
Tel: (312) 310-8031

INDIANA

Intel_Corp.
8777 Purdue Road

lnd\anapohs 46268
Tel: (317) 875.0623

IOWA

Intel Corp.

St. Andrews Building

1930 St. Andrews Dan NE.
Cedar_Rapids 52402

Tel: (319) 393-5510

KANSAS

Intel Corp.
8400 W. 110th Street
Sutle 170
Park
(913) 345 2727

MARYLAND
Intel Corp.*
7321 Parkway Drive South

H
Tel: (301 796 7500
TWX: -862-1944

Intel Corp.

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

MASSACHUSETTS

Intel Corp.*
Wes(!ord Corp Center
Carhsl

Tel: (617& 692 -3222
43-6333

MICHIGAN

§07| Orchard Lake Road
West Bloomfeld 48033
Tel: (313) 851-8096

MINNESOTA

intel Corp.
3500 W 80th Street

uite 360
Bloomington 55431
Tel: (612) 835-6722
TWX: 910-576-2867

MISSOURI

Intel Cor
4203 Earlh City Expressway

o (au'{ 2501800
NEW JERSEY

Intel Corp.*
Parkway 109 Office Center
328 Newman Springs Road

Red Bank 07701
Tel: (201) 747-2233
Intel Corp.

75 Livingston Avenue
First Floor

Roseland 0706!

Tel: (201) 740 01||

NEW MEXICO

Intet Corp.

8500 Menual Boulevard N.E.
Suite B 295

Albuquerque 87112

Tel: (505) 292-8086

NEW YORK

Intel Corp.*

300 Vanderblll Molcr Parkway
Hauppauge 1

Tel: (516) 231 3300

TWX: 510-227-6236

Intel Corp.
Suite. ZB "Hollowbrook Park
15 Myers Corners Road
Wapplnger Falls 12590

91 &
TWX 51 248 0060

Intel Corp.*

211 White Spruce Boulevard
Rochester 1462:

Tel: (716) 424-1050

TWX: 510-253-7391

NORTH CAROLINA

Intel Corp.
2700 Execullve Center Drive

Chavlo(le 28212
Tel: (704) 568-8966

Intel Corp.
2700 Wycli" Road

Haleug
Tel: (919) Sana022

OHIO

Intel Cory
3401 Park Cenler Drive

Day\on 45414
Tel: (513) 890-5350
TWX: 810-450-2528

25700 Sclence Park Drive
Beachwood 44122

Tel: (216) 464-2736

TWX: 810-427-9298

OKLAHOMA

Intel Corp.

6801 N. Broadway
Suite 115

Oklahoma City 73116
Tel: (405) 848-8086

OREGON

Intel Cory
15230 NW Greenbrier Parkway
Beaven 97005

(503) 641-8086
wa 910-467-8741
PENNSYLVANIA
Intel Corp.
1513 Cedav Cliff Drive
Camphill 1701
Tel: (717) 737-5035
Intel Corp.
455 Pennsylvania Avenue
Fort Washmglon 19034
Tel: (215)
WX: 51 GSI 2077

Intel Corp.
400 Pcnr\ Genter Boulovard

Plllsbur h 15235
Tel: (412) 823-4970

PUERTO RICO
Intel Mlcropvocesgor Corp.

0
Tel (809) 733 3030
TEXAS

Intel  C X
313 E3 \nderson Lane
ite

Su
Austin
Tel: (5!2) v

TEXAS (Cont'd)

Intet Cor,

152300 Fovd Road
te

Dallas 7523

Tel: (2|4) 241 8087

TWX: " 910-860-5617

Intel Corp.*

7322 SW Freeway

Suite 149

Houston 770 74

Tel: (713) 988-8086

TWX: 910-881-2490

Industrial Digital Systems Corp.
5925 Sovereign

Suite 101
Houston 77036
Tel: (713)988-9421
UTAH

520| Green Street

Muna 23
Tel: (501) 263-8051

VIRGINIA
Intel C:
1603 Sanla Rosa Road

1
Rnchmond 23288
Tel: (804) 282-5668

WASHINGTON

Intel Cory
110 ||Olh "Avenue N.E.

Bellevue
(206) 453 8086
TWX 910-443-3002

Inlel Co
E/Iullan Road

e |
Spokane 99206
Tel: (509) 928-8086

WISCONSIN

Intel Corp.

450 N, Sunnyslope Road
Suite 1

Chan cellory Park |
Brookfield 53005

Tel: (414) 784-8087

CANADA

BRITISH COLUMBIA

Inlel Semiwnduclor Ol Canada,
301-2245 W. Broa

Vancouver VEK 4

Tel: (604) 738-6522
ONTARIO

Intel Semiconductor_of Canada,
2650 Queensvnew Drive

Suit

Oltawa KZB 8HE
Tel: (613) 829-9714
TELEX: 053-4115

Intel Semiconductor of Canada,

190 Attwell Drive

Suite 500
dale MW 6H8

Tel: (416) 675-2105

TELEX: 06983574

QUEBEC

Inlel Semiconductor of Canada,
0 St Jean B

Pomte Claire HOR 3K3

(514) 694-9130
Toix: 3146545154

*Field Application Location
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ALABAMA
Arrow Electronics, Inc.

Tel: (205) 837-6955

tHamilton/Avnet Electronics
4812 Commercial Drive N.W.
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162

Puoneer/Technolo%es Group Inc.
uare

(20.7) 837 9300
TWX 810-726-2197

ARIZONA

1Hamvllon/Avnel Electronics
505 S. Madison Drive

Tempe 85281

Tel (602) 231-5100
TWX: 910-950-0077

Klerulﬂ Electronics
Wood Street

F’hoemx 5040

Tel: (802) 437-0750

TWX: 910-951-1550

Wyle stlnbuhon Group

Black Canyon Highway
Phoenlx 85023
Tel: (602) 866-2888

CALIFORNIA

Arrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

Tel: (818) 701-7500
TWX: 910-493-2086

Arrow Electronics, Inc.
1502 Crocker Avenue
Hayward 94544

Tel: (408) 487-4600

Arrow _Electronics

9511 Ridgehaven Court
San Diego 9212
Tel>< (619) 565 4800

TArrow Electronics, Inc.
521 Weddell Drlve
Sunnyvale 94086

TWX: 910-339- 9371

Arrow Electronics, Inc.

Tel: (714) 838-5422
TWX: 910-595-2860

7Avne| Electronics
McCormick Avenue
Cosla Mesa 92626
Tel: (714) 754-6051
TWX: 910-595-1928

Hamillon/Avnet  Electronics
1175 Bordeaux

TWX: 910-339-9332

tHamilton/Avnet Electronics
4545 Vlewrld e Avenue
San Diego 92123

Tel: (619) 571-7500

TWX: 910-595-2638

tHamilton/Avnet  Electronics.
20501 Plummer Street

Tel: (818) 700-6271
TWX: 910-494-2207

‘tHamilton/Avnet  Electronics
4103 Northgate Boulevard
Sacramento” 95834
Tel. (916) 920-3150

Hamlllun/Avnel Electronics
002

Omano 91
Tel: (714) 9899411

Hamwlton/Avnet Electronics
om Avenue
Torrance
(213) 615 3909
TWX 910-349-6263

Hamilton Electro Sales
9650 De o Avenue
Chaiswor(h 913"

Tel: (818) 700-6500

fHamion Electo Sal
950 W, Washingion Boulevard
Cover City 90230
Tel: (213) 558-2458
TWX: 910-340-6364

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)
Hamilton Electro Sal

1361 B West 190th Street
Gardena 90:

Tel: (213) 558-2131

tHamilton Electro Sales
3170 Pullman suee«

Cost 92626
Tel (IM) 64| 4150
TWX: 910-595-2638

Klelum Electronucs
lope Stree!

Cy ress 90430

Tel: (714) 220-6300

Kierulff Electronics, Inc.

1180 Murphy Avenue
n Jose 95131

Tel: (408) 971-2600

TWX: 910-379-6430

Kierulff Electronics, Inc.

14101 Fvanklm Avenue

Tustin

Tel: (714) 731 5711

TWX: 910-595-2599

tKierulff Eiectronics, Inc.

5650 Jillson_Street

Commerce 9004

Tel, @19) 7250325
0-580-3666

Wyle Distribution_Group
26560 Agoura Street
Calabasas 91302

Tel: (818) 880-9000
TWX: 818-372-0232

{Wyle Distribution Group
124 Maryland_Street

El Segundo 90245

Tel: (213) 322

xS0 3a 740 or 7111

Wyle Distribution Group
17872 Cowan Avenue

rvine 92714
Tel (714) 843-9953
TWX: 910-595-1572
thle Distribution  Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282
‘Wyle Distribution Grou
Tg Che peake Dnvep
San Dieg
Tel: (619) 565-9171
TWX: 910-335-1590

tWyle Distribution Group

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

Wyle Miltary

Jeato Teller Averue

Irvine_9:

Tet 1714) “Bstoass
310-371-9127

Wyle Systems

7382 Lampson Avenue
Garden Grove 92641
Tel: (714) 851-9953
TWX: 910-595-2642

COLORADO

Arrow Electronics,  Inc.
1390 S. Potomac Street

Uit 135
Auvora 0012
Tel: (303) 696-1111

tHamilton/Avnet Electronics
8765 E. Orchard Road
Suite 70!

Englewood

Tel: (303) 740 1017

TWX: 910-935-0787

1Wyle Distribution Group

Thoml
(303) 457 9953
TW)(. 910-936-0770

CONNECTICUT

fArrow Electronics, Inc.
12 Beaumont Road
Wallmglovd 06492
(203) 265-7741
TWX 710-476-0162

tHamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drlve

D (203) 7392600
TWX: 710-456-9974

CONNECTICUT (Cont'd)

tPioneer Nonheasl Electronics
12 Maln Street

Norwz 6851
Tel: (203} 853-1515
TWX: 710-468-3373

FLORIDA

tArrow Electronics, Inc.
350 Fairway Drive
Deerfield Beach 33441
Tel: (305) 429-8200
WX: 510-955-9456

tArrow  Electronics, Inc.
1001 N.W. 62nd Street
Suite 108

Ft. Lauderdale 33309
Tel: (305) 776-7790
TWX: 610-955-9456

tArrow Electronics, Inc.
50 Woodlake Drive W., Bldg. B
Paim Bay 32905
Tel: (305) 725-1480
TWX: 510-959-6337
THamdton/Avnel Electronics,

6801 N. 15th

ay
Ft. Lauderdale 33309
Tél. (305) 971-2900
TWX: 510-056-3007

tHamilton/Avnet Electronics
3197 Tech. Drive North
St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

Hamilton/Avnet Electronics

6947 University Boulevard

Winterpark 32792

Tel (305) 628-3838
TWX: 810-853-0322

TPloneer Elec(vomcs

N. @ Boulevard
Sull 412
Alta’ Monte Spnngs 32701
Tel: (305) 834-
TWX: 810-853- 0284

tPioneer Electronics
674 S. Miltary Trail
Deerfieid Beach 33442
Tel: (305) 428-8877
TWX: 510-955-9653

GEORGIA

{Arrow Electronics, Inc

3155 Northwoods Parkway, Suite A
Norcross 30071

Tel: (404) 449-8252

TWX: 810-766-0439

Hamilton/Avnet Electronics
5825 D. Peachtree Corners
Norcross 30092,

Tel: (404) 447-7500

TWX: 810-766-0432

Pioneer Electronics

58358 Peachiree Corners E
Norcross 30092

Tel: (404) 448-1711

TWX: 810-766-4515

ILLINOIS

TArrow_Electronics, Inc.
2000 E. Alonguin_Street
Schaumberg 60195

Tel: (312) 397-3440
TWX: 910-291-3544

Tramiton/aunet. Elecronics
lale e

Bensenuiie 60106

Tel: (312) 860-7780

TWX: 910-227-0060

MTI Systems Sales
1100 Wes! Thorndale

ltasca 80143
Tel: (312) 773-2300

TPloneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA

tArrow_Electronics, Inc.
2495 Directors Row, Suite H
Indlanapohs 46241
(317) 243-9353
810-341-3119

Hamll(on/Avne( Eleclmmcs
485 Gra dle D

Carmel

Tet: 1317 844-9333
TWX: 810-260-3966

INDIANA (Cont'd)
tPioneer Electronics

849-7300
: 810-260-1794

KANSAS

{Hamiton/Avnet. Eleclromcs
9219 Quiver

Overiand Sac Sests

Tel: (913) 888-8900

TWX: 910-743-0005

KENTUCKY
Hamilton/Avnet Electronics
1051 D. Newton Park
Lexington 40511
MARYLAND

Arrow Electronics, Inc,
8300 Gulford Road #H
e

Tel (301) 995 0003
TWX: 710-236-9005

tHamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045

Tel: (301) 995-3500

TWX: 710-862-1861

tMesa Technology Corporation
16021 Industrial Drive
Gaithersburg 20877

Tel: (301) 948-4350

TWX: 710-828-9702

tPioneer Electronics
9100 Gaither Road

Tel: (301) 948-0710
TWX. 710-828-0545

MASSACHUSETTS

fAnow Electronics, Inc.
Arrow Drive

Wohurn 01801

Tel: (617) 933-8130

TWX: 710-393-6770

tHamnl!on/Avne( Electronics
100 Cenlenna

Peabod) (
Tel: (6 & 532 3701
TWX: -393-0382

MTI Sys'ems Sales
Fortune Drive
Bmenca 01821

Pioneer Northeast Electronics
44 Hartwell Avenue
Lexington 02173

el: (617) 863-1200

TWX: 710-326-6617

MICHIGAN

Arrow_Electronics, Inc.
755 Phoenix Drive

Ann  Arbor 48104

Tel: (313) 971-8220

TWX: 810-223-6020
‘tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48

Tel: (313) 522-4700

TWX: 810-242-8775

Hembon/Awet. Elegionios
2215 20th Street S.E.
Space AS

Grand_Rapids 49508
Tel: (616) 243-8305
TWX: 810-273-6921

tPioneer Eleclvomcs
13485 S d
Livonia

Tel: (513) 5251300
TWX: 810-242-3271

MINNESOTA
tArrow Electronics, Inc.
5230 W. 73rd Street

Edina 55435

Tel: (612) 830-1800
TWX: 910-576-3125
Hamilton/Avnet Electronics
10300 Bren Road East
Minnetonka 55343

Tel: 16122 932-0600
TWX: (910) 576-2720
1Pioneer Electronics
10203 Bren Road East
Minnetonka 55343

Tel: (612) 935-5444
TWX: 910-576-2738

System Technical De Centers



MISSOURI

tArrow_Electronics, Inc.
380 Schuetz
Louis 63141

Tel (314) 567-6888

TWX: 910-764-0882
1Ham|llon/Avne| Elecnomcs
13743 Shomlme
Eanh City
1314{ 344 1200
TWX 910-762-0684

NEW HAMPSHIRE

tAmow_Electronics, Inc.
3 Perimeter Road
Manchester 03103

Tel: (603) 668-6968
TWX: 710-220-1684

Hamlnon/A\mel Electronics
E. Industrial Orive
anches(cr 03104
:(603) 624-9400

NEW JERSEY

tArrow Electronics,  Inc.
6000 Lincoln East
Mariton 08053

Tel: (609) 596-8000
TWX: 710-897-0829

tArrow Electronics, Inc.

TWX: 710-998-; 2206

tHamuIlon/Avnel Elec!romcs
1 Keystone

Bdg. 36
Cherry Hill 08003
Tel: (609) 424-0110
TWX: 710-940-0262

waimllon/Avne' Electronics

TWX: ' 710-734-4388
fPioneer Northeast Electronics
45 Route 4

TWX: 710-734-4382

TMTI Syslems Sales
383 Routs
Falr!leld 070

: (201) 227-5552

NEW MEXICO
Alliance Electronics Inc.

TWX: 910-989-1151
Hamnmn/Avnel E|€C|éOEICS

TWX: 9109890614
NEW YORK

tArrow Electronics, Inc
25 Hub Drive

Melville 11747

Tel: (516) 694-6800
TWX: 510-224-6126

tArrow_ Electronics, Inc.

3375 Brlghlon Hennel(a Townline Road
Rochester 1

Tel: (716) 427 0300

TWX: 510-253-4766

Arrow Electronics, Inc.
7705 Mallage Dnve
Lwerpoo

(315) 652 1000
TWX 710-545-0230

Arvow Electronics, Inc.
Avi cnue

Haupp auge

Tel: (516 231»1000

TWX: 510-227-6623

Hamilton/Avnet Electronics
333 Metro Park
Rochester 14623

Tel: (716) 475-9130
TWX: 510-253-5470

Hamillon/Avnet Electronics
108 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-2641
TWX: 710-541-1560

DOMESTIC DISTRIBUTORS

NEW YORK (Cont'd)

1Hamxl(on/Avnel I:lectromcs
lotor
auppauge
Tel: (516) 231 9800
TWX: 510-224-6166

MTI Systems Sales
38 Harbor Park Drive
PO, Box 271

Port Washington 11050
Tol. (516) 621-6200
TWX: 510-223-0846

tPioneer Northeast Electronics
1806 Vestal Parkway East
Vestal 13850

Tel: (607) 748-8211

TWX: 510-252-0893

1Pioneer Northeast Electronics
eo Crossway Park We:

bury, Long Islard 11797
Tel 15l6] 700
TWX: 5102212184

Pioneer Northeas! Electronics
840 Farport Park

Fairport 14450

Tel: (716) 3817070

TWX: 510-253-7001

NORTH CAROLINA

Arrow Electronics, Inc.
5240 Greendairy Road
Raleigh 27604

Tel: (9‘9) 876-3132
TWX: 510-928-1856

THamilton/Avnet Electronics
3510 Spnn Forest Drive

Rale 7604
(919] 878-0819
TV\:X 510-928-1836

Pioneer Electronics
9801 A-Southern Pine Boulevard

TWX: 810-621- 0366
OHIO

Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459

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

tArrow_Electronics, Inc.
6238 Cochran Road
Solon 44139

Tel: (216) 248-3990
TWX: 810-427-9409

tHamilton/Avnet Electronics
954 SenaIe Drive

Dayton 45459

Tel: (513) 433-0610

TWX: 810-450-2531

THamHan/Avnel Electronics
Industrial Parkway
Warrensvxlle H8|gh| 44128
Tel: (216) 831-
TWX: 810—4279452

fPioneer Electronics
4433 Interpoint Boulevard
Daylon 4542

Tel, (o13) 556.9900
TWX: 810-459-1622

{Pionser Eeectronics
4800 E. 131t Streel

Cleveland 44105

Tel (216) 587-3600

TWX: 810-422-2211

OKLAHOMA

Arrow Eleclmnlcs. Inc.
4719 emonal Drive
Tulsa

Tel: (9|8) 655-7700
OREGON

tAImac_Electronics_Corporation
1885 N.W. 169th Place
Beaverlon 97006

Tel: (503) 629-8090

TWX: 910-467-8746

Hamlllon/Avnjal E|ECIIOSICS

TWX 910-455- 8179

Wyle Distiouton Grou
5250 NE. Elam Young Parkway

600
Hlllsboro 97124
Tel: (503) 640-6000
TWX: 910-460-2203

PENNSYLVANIA

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

Plonoel Eh.ctronlcs
pa_Drive
P||lsbur h 15238
Tel: (412) 782-2300
TWX: 710-795-3122

tPioneer Electronics
261 Gibralter Road
Horsh 19044

B15) | 674-4000
TWX 510-665-6778

TEXAS

tArrow_Electronics, Inc.
3220 Commander Drive

Carrollton 75008
Tel: (2|4 380-6464
-860-5377

tArrow Electronics, Inc.
10899 Kinghurst

Suite 100,

Houston 77099

Tel: (713) 530-4700
TWX: 910-880-4439
Arrow  Electronics, Inc.
10125 Melropolitan
Austin_78758

Tel, (512) 8354180
TWX: 910-874-1348

- tHamilton/Avnet Electronics

1807 W. Braker Lane
Austin_ 7

Tel: (512) 837-8911
TWX: 910-874-1319

tHammon/Avnel Electronics
| Hill Lane

Tel: (214) 659-4!00
TWX: 910-860-5929

1Hamillon/Avnel Eleclronics
W R #190

Tel: (7|3) 7801771
TWX: 910-881-5523

tPioncer Electronics
9901 Burnet_Road
Austin_ 78758

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

Pioneer _Electronics
13710 Omega Road
Dallas 75234

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

Pioneer Electronics

5853 Point West Drive

Houston 77036

Tel: (713) 988-5555
TWX: 910-881-1606

UTAH
tHamilton/Avnet Electronics
1585 West 2100 South

TWX: 910-925-4018

Wyle Distribution Group

1959 South 4130 West, .Unit B
Salt Lake City 84104

Tel: (801) 974-9953

WASHINGTON

TAlmac Electronics Corpova\lon
4360 S.E. Eas(gae jay

Eellevue 98007

Tel: (206) 643-9992

TWX: 910-444-2067

Arrow  Electronics, _Inc.
14320 NvE‘ 21sl Street
Bellevue

(206) 643 4800
TV»IX 910-444-2017
Hamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005
Tel: (206) 453-5874
TWX: 910-443-2469

WISCONSIN

tArrow Electronics, Inc.
430 W. Rausson Avenue
Oakcreek 53154

Tel: (414) 764-6600
TWX: 910-262-1193

WISCONSIN (Cont'd)

Hamilton/Avnet Eleclromcs
2975 Moorland Road
New Berlin 53151

Tel: (414) 784-4510
TWX: 910-262-1182

CANADA
ALBERTA

Hemiton/Aunet Etctronics

2816 21st_Str

oy Tt 2

Tel. (doa) 2303586
03-827.642

Hamilton/Avnet Electronics
6845 Rexwood Road Unit 6
Mississauga, Onfario L4VIR2
Tel: (416) 677-0484

Zentronics

Bag No. 1

3300 14m Avenue NE.
Calga 1

Tel: (403) 272 1021

BRITISH COLUMBIA
Hamlllon/Avnel Eleclron&cs
M 323
(604) 272-4242
Zentronics
108-11400 Endgepar\ Road

Richmond
Tel (604) 273 5575

MANITOBA

Zentronics

590 Berry Street
Winnipeg R3H 0s1
Tel: (204) 775-8661

ONTARIO

Arrow Electronics Inc.
24 Martin Ross Avenue
i 2K

TELEX: 06- 2152 3

Arrow _ Electronics Inc.
148 Colonnade Road
Nepean K2E

Tel: (613) 226-6903

tHamilton/Avnet Eleclvonlcs
6845 Rexwood
Units
Mlss|ssauga L4V 1R
(418) 677- 7432
TWX' 610-492-8867

1Hamman/Avne( Electronics
10 C Ionnade Road South

K2E
Yo e 22100
TWX: 05-349-71

1Zenuonlcs

ury Court
Bramplun L6T 374
Tel: (416) 451-9600
TWX: 06-976-78

Zentronics

564/10 Weber Street North
Waterloo N2L 5C6

Tel: (519) 884-5700

Zentronics
155 Colonnade Road
Unit 17

Nepean K2E 7K1
Tel: (613) 225-8840
TWX: 06-976.78
QUEBEC

Arrow  Electronics Inc.
4050 Jean Talon Quest
Montreal

Tel: (514) 73555"
TELEX: 05-25596

Arrow_ Electronics Inc.

TWX: 610-421- 373(

Zentronics

505 Locke Street
St." Laurent_H4T 1X7
Tel: (514) 7355361
TWX: 05-827-535

tMicrocomputer System Technical Demonstrator Centers



BELGIUM

Inlel Corporation S.A.
Parc Sen

gge du zﬂ:ulm a Papier 51
B«"SO Brussels

Tel: (02)661 07 "
TELEX: 24814

DENMARK

Intel Denmark A/S*
Glenlevei 61 - 3rd Floor
DK- Oopenhagen
Tel: (01) so 33
TELEX: 19567

FINLAND

Intel Finland OY

Tel:
TELEX: 123 332
FRANCE

Intel Pari

1 Rue Ednsun BP 303
78054_Saint-Guentin en Yvelines
Tel: 7 70 00
TELEX: 69901677

EUROPEAN SALES OFFICES

FRANCE (Cont'd)

Intel Corporation, S.AR.L.
Immeuble
4 Quai des Elroits

69005 Lyon
Tel: (7) 842 40 89
TELEX: 305153
WEST GERMANY
Intel Semiconductor GmbH*
Seidlstrasse 27
unchen 2
Tel: (89) 5
TELEX: 05- 23177 INTL D

Intel Semxconduc(or GmbH*
Maunzsrstra

Tel (5121) 70 08 74
TELEX: 04168183 INTW D

Intel Semwonduclor GmbH
Bruckstra
70(2 Fellbach

tgart
Tel (711) 00 82
TELEX: 7254826 INTS D
Intel Semiconductor GmbH*
Hohenzollernstrasse 5*
0 Hanmwer 1
(511) 3

TELEX 923625 INTH D

ISRAEL

Intel Semiconductors Ltd.*
Aftidim Industrial Park -
have

Dvora
Bidg. No 13 Am Floor
P.O. Box 43202

Tel: 3-491099/8
Telex: 371215

ITALY

Intel Corporation Ilaila S .
Mﬂanoﬁnrr‘lw Palazzo E. P
20094 As: sago (Mllar\c)
Tel: (02) 824 40 71
TELEX: 3!5153 INTMIL
NETHERLANDS

Intel Semmnductur Nederland BV.*
Alexanderpoort B:
5\
Tel: (10) 21 2
TELEX: 22283
NORWAY
Intel Norwaéy A/S
P.0O. Box 92
Hvamveien 4
N 201

Tef (2) 742 420
18018

SPAIN

Intel Iberia

Calle Zurbaran
28-1-IZQDA

28010 Madrid

Tel: (34) 1410 40 04
TELEX:

SWEDEN

Intel Sweden AB.*

TELEX: 12261

SWITZERLAND

Intel Semiconductor A.G.*
Talackerstrasse 17

ngsz Glanbrugg postfach

Tel: (01) 829 29 77
TELEX: 57989 ICH CH

UNITED KINGDOM

Intel Corporation (UK.) Ltd.*
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (793) 696 000

TELEX® 444447 INT SWN

*Field Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elektronische Ges.m.b.H.
Meidlingev “Hauptsirasse 78

lien
Tar (222) 83 56 4 .
TeLeHss5 koAt A

Moor Ges.m.b.H.
smrcherwasse 1N
1150

Tel: 222-85 86 46
BELGIUM

SA Inelco_Belgium
des Crmx de Guerre 94
B1120 Bru
Tel: 102) 216 U‘ 60
TELEX:

ITT Electronic_ Components
e, Coonel Bourgstr. 105a (Bte 3)

B
T8 7357105
DENMARK

i MumKomponenl A/S
Naverlan
K2$00 Gloskmy
Tel: (02) 456 66 45
: 33355

FINLAND

Oy Fintronic AB
Melkonkalu 24

SF-00210 Helslnkl 21
Tel:_(0) 692 60 22
TELEX: 124 224 Ftron SF

FRANCE

Generim

Z.A. de Courtal boeu

Avenue de la B:

F91943 Les UIIS CedexABF'eB
Tel: (1) 69 07 78 78

TELEX: F691700

16 Kvenue de Jean-Jaures
94600 Choisy-Le-Roi

Tel: (1) 48 53 12 00
TELEX: 260 967

Tel: (1) 47 90 62 40
TELEX: 611-448

FRANCE (Cont'd)
Tekelec Airtronic
Cite des Bruyeres
Rue Carle Veme! BP. 2
92310 Sevre S
Tel: (1) 45 34 75 35
TELEX: 204552
WEST GERMANY
lectronic 2000 gamiebs AG.
000 Muni h 82

(89) 4. 10

ELEX 522561 EEC D

Jermyn GmbH
Postfach 11 80
Schuls(rasse 84

Tel (06 34
TELEX: 484426 JERM D

CES Computer Electronics Systems
GmbH

AM Moosfeld 37

8000 Munich 82

Tel:_(089) 420-430
TELEX: 2180260

Metrologie GmbH
Hansastrasse |5

(89) 570840
TELEX 5213189
Proelectron Vertriebs AG
Max P[I,anck Strasse 1-3
Tsl (6103) 3040
TELEX: 417983
TT-Multikomponent
Behnho(slrasss 44

(07‘:2?)4 70
IRELAND

Micro Marketing
Glenageary Office Park
glena ary

Tel: (1) 85 62 88
TELEX: 31584

ISRAEL
Eastronics Ltd.

(3) 47 51 51
TELEX 33638

ITALY
Eledra 35 S.PA.
Watt, 37
20143 Mllano
Tel: (2) 81 82 1
TELEX: 332332
Intesi
Milanofiori E/S
20090 Assago
Tel: (2) 824701
TELEX: 311351
Lasi
Viale F. Testi, 124
20092 C!nlsello Balsamo
Tel: (02)244-0012

NETHERLANDS

Koningo& HartmanElectrotechniek B.V.
P.O. Box 125

Delft
Tel: 15 609-906
TELEX: 31528
NORWAY
Novdusk Eleklromc A/S
Tel ) . 846
TELEX: 7546
PORTUGAL
Ditral
Avemda Miguel Bombarda. 133
PIOOO L|sboa

) 1 13
TELEX 14182 BneksP
SPAIN

T
Mlgt;tel An el 21-3

Tel (1) 4‘9 54 00
TELEX: 27461
Diode
Calle Gandesa 10-4
08028 Barcelona
Tel: (3) 322-12-51
TELEX: 42148
SWEDEN
Nordisk Electronik AB
Huvuds(aga(an 1

X 141
§-171 27 Solna

Tel: (8) 734 97 70
TELEX: 10547

SWITZERLAND
lndusuade AG

Hertistr:

H-8304 Walllsellen
Tel:_(01) 8:
TELEX: 56789 INDEL CH
UNITED KINGDOM

Accent Electronic Components Ltd
Jubilee House
Jubilee Way

Letchworth

Herﬂordshlre SG6 10H
Tel: (0462) 686666 -
Telex: 826293

ytech Ltd.

The Westem Center

festern Industrial Estate
acknell

evkshue RG12 1R
>(O.’i“) 822“

r;omway Mu:rusys(ems Ld.
larket " Stre
racknell

1344) 56333
E E)( 847201

BR Microcomputers Ltd

nit 2 Western Center

festern Industrial Estate
knell

3rach
erkshire RG12 1RW
el: (0344) 486555

Jermyn Indusmes Vestry Estate
Oxford

Seve: O

Rent TN 14 5EU
Tel: (0732) 450‘44
TELEX: 9514;

Eas\ Lane Road
North Wembl
Middlesex HAQ 7PP
Tel: (190) 49307
TELEX: 28817

Rapid Recall,

Rapid House/Denmark St
ig! om

Bucks H 2ER

Tel: (494) 26 2n
TELEX: 837931

IBR
2 The West%m Center

We
Bracknell, Berkshire
Tel: (0344) 486-555

VUGOSLAVIA

R. Mn:roelec\ronlcs Enterprises
PO Box
Sén Jose, Cahwmqa 95150
Tel: _408/978-8000
TELEX: 278! 559



AUSTRALIA

Inte! Ausuaha Ply L.
(Molhng d ss)

North Sydney NSW, 2060

(Shipping Audvess)
Spectrum_Buildin

20 Paciic Fighway
evel

Crows Nest, NSW, 2065

FAX: 01161 2 -957-2744
CHINA

Intel PRC Corporation

15/F, Office 1, Citic Bldg.
Jian Guo Men Wai Avenue
Beijing, PRC

HONG KONG

Intel Semiconductor_Ltd.*
1701-3 Connau m Centre

TWX 50‘1 0 ITLH

INTERNATIONAL SALES OFFICES

JAPAN

Intel Japan KK.

5-6 Tokodai, 'loyusatwmachl
Tsukuba- gun Ibavakl ken 300-26
Tel: 029

TELEX: 03656 160

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

Intel Japan KK.*
Daiichi Mltsugl Bldg
1-8889 Fuchu-cho
Fuchu- sm Tokyo 183
Tel: 0423-60-7871

Intel Japan K.K.*

Bldg. Kumagaya

2-69 Hon-ct

Kumagaya, Sallama 360
Tel: 0485-24-6871

Intel Japan KK.*
Ryokuchi-! Slahon Bidg.
2-4-1 Terat

Toyonaka, Osaka 560
Tel: 06-863-1091

JAPAN (canl'd)

Intel Japan K.
Shinmaru Bldg

1:5-1 Marunouchi
Chiyodaku, Tokyo 100
Tel: 03-201-3621

Intel Japan KK.*

Flower-Hill Shin-machi East BIdg.
1-23-9 Shinmachi

Setagaya-ku, Tokyo 154

Tel: 03-426-2231

Intel Japan KK.*

Mitsui-Seimei  Musashi-Kosugi  Bldg.
915-20 Shinmaruko, Nakahara-ku
Kawasaki-Shi, Kanagawa 21

Tel: 044-733-7011

Intel Japan KK

Mishima Tokyo Kal]o Bldg.
1-1 Shlb hon:

Mishima-shi

Shlzuoka Ken 411

Tel: 0559-72-4121

KOREA

Intel Semiconductor Asia Ltd.
Singsong Bldg. 8th Floor #906
254 Yoido-Dong,  Youngdeungpo-Ku

Seoul 150
Tel: 011-82-2-784-8186 or 8286
TELEX: K29312 INTELKO

SINGAPORE

Intel _Semiconductor  Ltd.
101 Thomson Road
21-06 Goldnlll Square
$ingapore 1130

Tel: 0|| 65 250 78"
TWX:

TAIWAN

Intet Semiconductor Ltd.
Rm. 808, Min Chi Ig
746 Mm Sheng East Road
Tel 0|| -886-2-716-9660

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

VLC SRL Bartalome Mitre 1711
iso

1037 Buenos Aires

Tel: 011-54-1-49-2092

Telex: 17575 EDARG-AR

Agent:

Soirr';ex Inlernational Corporanon

York, New Vc!k 10038
(212} 406-3052

AUSTRALIA
Total Electronics

Burwood, Victoria 3125

(Shipping Address)
9 Harkev Street

Vlctona
Tel: 0114 61»3 -288-4044
TELEX: AA 31261

Total Electronics

P.0. Box 139

Artamon, N.S.W. 2064
Tel: 011-61-02-438-1855
TELEX: 26297

BRAZIL

Elebra Microelectronica S/A
R. Florida, 1821-8 ander
04571 - Sao Paulo-SP
Tel: 011-55-11-533.9977
TELEX: 1125957

CHILE

DIN lnstrugfnlus
Casnla 6055 Correo 22

Tel
TELE)( 440422 Rudy CZ

(Snlppmg Address)

At02 reenwlle Cenler
3801 Kennett Pik
Wilmington, Delaware 19807

CHINA

Novel Precision Machinery Co., Ltd.
t D 20 Kingsford Ind, Bldg

PhaseKl 26 Kwai Hei Street NT

Tel: 011»8?2»&223222
TWX: 39114 JINMI HK

CHINA (Contd)

Schmidt & Co. Ltd.
‘IIA;/F Great Eagle Centre

Tel: . 0“~B$2-5~822~0222
TWX: 74766 SCHMC HK

HONG KONG

chmidt & Co. Ltd
18/F Grea( Eagle Centre

Tel: 01|~852-5»822»0222
TWX: 74766 SCHMC HK

INDIA

Micronic Devices
65 Arun Complex
D Road
Basavan Gudn
Banga lore
011-91- 812 600 631
TELEX 011-5947 MDEV

Mlcronlc Devices
IIOQC Nllmal Industrial Estate
)

Bomb 400 022
Tel: 0|| 91-22-48-61-70
TELEX: 011-71447 MDEV IN

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

S & S Corporation
P.0. Box g‘ﬁ
San Jose 95160-0160

JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. Room 407
2-14-1 Asano, Kokurakita-Ku
Kn!akyusnu City 802

Tel: (093) 511-6471

TELEX: AECKY 712616

C. Itoh Micronics Corp.
0S 85 Bldg. 2-6-5 Suda-Cho
Kanda Chi oda Ku. Tokyo 101
Tel: (03) 211

TELEX: (03) 252 3774

R‘oyo Electric Corporanon
Shuwa Sakuvab Bdg
4-5-4 Hatchobori

Chuo-Ky: Tokyo.

Tel: (03) 555- 48"

Tokyo Electron Ltd.
Shinjuku Nomura Bldg.
1-26-2 Nishi-Shinjuku
Shinjuku-Ku, Tokyo 160
Tel. (03) 343-4411

TELEX: 232-2220 LABTEL J

KOREA

J-TEK_ Corporation

2nd Floor, Government Pension Bidg
24-3 Yoido-Dong

Youngdungpo-Ku

Seoul 150

Tel: 011-82-2-782-8039

TELEX: KODIGIT K25299

Koram Digital USA (Agent)

14066 East_Firestone aulevald
Sante_Fe Springs,

Tel: (714) 739-2204

TELEX: 194715 KORAM DIGIT LSA

Samsung
23rd FI. Dong Bang Bldg.
1502-KA Taepyung-RU
hung-Ku

Seoul

Tel: 777-78

TELEX 27970 KORSST K
Tristar_Semiconductor (Agent)
5150 Greal America Parkway

Santa Clara, CA 95050
(408) 980-1630

MEXICO

DICOPEL S.A,

Tochlli 368 Frace. Ind. San. Antonio
Azcapo( alco

C.P. 02760-Mexico, D.F.

Tel: 90115255613211

TELEX: 1773790 DICOME

NEW ZEALAND

Northrup Inslrumems & Systems Ltd.
459 Kyber Pass

P.O. Box 9464 Newmarkel
Auckland 1

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

TELEX: NZ21570 THERMAL

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

Wellington 856658

TELEX: NZ3380

PAKISTAN

Computer Apphcahons Ld.
7D Gizri Boulevard
Defence

Karachi-46

Tel: 011-92-21-530-306
TELEX: 24434 GAFAR PK

PAKISTAN (Cont'd)
Horizon Training Co., Inc. (Agent)
1 Lafayette Center
20 20"‘\ Street N.W.
Washln Xon D.C. 20036
Tel: (202) 887-1900
wa. 248890 HORN
SINGAPORE
Egneral Engineers Corporation Pty.
1
203 Henderson Roa
1102 Henderson Induslnal Park 0315
Tel: 011065-271-3163
TELEX: RS23987 GENERCO
SOUTH AFRICA

Electronic Building Elements, Pty. Ltd.
Maiing Address)

P1e|0 a

011- 27 12 469921
TELEX 3-22786 SA
(Shipping Address)
Pine Square, 18th Street
Hazelwood Pretoria
TAIWAN

Mitac_Corporation
N 585 Ming Sheng E. Road

Tel 0" 96-2-501-8231
TELEX: 11942 TAIAUTO

Mectel Internatonal, Inc. (Agent)

FAX 408-980- 9742
VENEZULA
P. Benawdes CA
Avilanes a
Resdenmas Kamavata
Loca
TeIA (582) 571-0396
YUGOSLAVIA
H. R. Microelectronics Enterprises
P.O. Bc 5604
Jose, California 95150

San
Tel: (408) 978-8000
TELEX: 278-559

*Field Application Location



CALIFORNIA

Intel Corp.

21515 Vanowen
Suite 116

Canoga Park 91303
Tel: (818) 704-8500

Intel C
2250 EBImpenaI Way

El Segundo 90245
Tel: (213) 640-6040

Intel Corp.
Iasovshorebndd Way

940
Tei, s geaan
SN080ne

Intel
2000 E Am Street
uite

714 835 5577
l & 595-2475

Intel

4350 Exeauhve Drive
Sule

San |egu

Tel: (619) 452 5390

COLORADO

Intel

€50 So Sou(h Cherry
uite

Denv

Tet (303) 8086
TWX: 910-931-2289

CONNECTICUT
Intel Corp.

26 MIII aln Road
Danbu

Tel: (203) 748-3130

FLORIDA

Intel Corp.

‘500 NW 62nd Street
Fl Lauderdale 33309

Tel: (305) 771-0600
TWX: 510-956-9407

DOMESTIC SERVICE OFFICES

FLORIDA (Cont'd)

Altamonte Spnngs 32714
Tel: (305) 869-5568

GEORGIA

! Corp.
3280 Po-me Parkway

Norcross 30092
Tel: (404) 4411171

ILLINOIS

Intel Corp.

300 N. Martingale Rd.
Suite 300

Schauml buq 60194

Tel: (312) 310-8034
Dispatch: (312) 310-1803
KANSAS

Intel Corp.

8400 W ‘10th Street
Suite 170

Overland Park 66210
Tel: (913) 642-8080
MARYLAND

Intel Corp.

Sth Floor Product Service
7833 Walker Drive
Greenbelt 20770

Tel: (301) 441-1020

MASSACHUSETTS
tel Corp.
27 lnduslgal Av?‘nue

TWX: 710-343-6333
MICHIGAN

Intel Corp.
707| Orcnald Lake Road

1
Wes( Bloomfield 48033
Tel: (313) 851-8905

MISSOURI

Intel Corp.
420‘3 Earln Clry Expressway
Suite

Eartl
Tel: (314‘{ 291-20‘5
NEW JERSEY

Intel Cor

385 sylvan Avenue
Englewood Cliffs 07632
Tel: (201) 567-0820
TWX: 710-991-8593
Intel Corp.

Raritan Plaza Il
Raritan Center

Edison 08817

Tel: (201) 225-3000

NORTH CAROLINA

Intel Corp.

gaos W Meadowview Road
uit

Greansboro 2740

Tel: (919) 2944541
OHIO

Intel
Chagngﬁrﬂlnard Bidg.

28001 Chagrin Boulevard
Cleveland 44122

Tel: (216& 464-6915
TWX: 810-427-9298

Intel Corp.

6500 Poe

Dayton 45414

Tel: (513) 890-5350
OREGON

Intel _Corp.

10700 SW Beaverton-Hillsdale

TWX:  910-467-8741

OREGON (Cont'd)
l !el

Hxllsbcro 97123
: (503) 681-8080

PENNSYLVANIA

Intel Cory
201 Penn Cemer Boulevard
Suite 301
Plnsbuvgh 15
Tel: (313) 3541540

TEXAS
Inte!
313 E ndersun Lane

ute
Ausnn 78752
Tel (512)454 3628
TWX: 910-874-1347

Intel Corp.
132300 Ford Road

Dallas
Tel: (214) Sit-a087
TWX: 910-860-5617

WASHINGTON

Intel Corp.
110 nmn "Avenue N.E.
ite

TWX: 910-443-3002
WISCONSIN

Inte!

§50 N Sunnyslupe Road
Brookf ld

Tel: (414) 734 eoe7

rg Elam Young Parkway






in

UNITED STATES

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN
Intel Japan K.K.
5-6 Tokodai Toyosato-machi

- Tsukuba-gun, Ibaraki-ken 300-26

Japan

- FRANCE

Intel Paris

1 Rue Edison, BP 303

78054 Saint-Quentin en Yvelines
France

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Piper’s Way
Swindon

Wiltshire, England SN3 1R]

WEST GERMANY

Intel Semiconductor GmbH
Seidlstrasse 27

D-8000 Munchen 2

West Germany
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