

























































































































































































































































































































































































































































































































































































































































































































































































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

OE

/MWTC

/I0RC :

/I0WC :

/INTA

/ALE :

JDEN :

/RDY :

RDY DEN ALE INTA IOWC IORC MWTC MRDC VCC
/MROC :=

/L0 * L1 * /MRDC

L1 * /L2 * /MRDC

/CLK * L0 * /L2 * /MRDC

L0 * /L2 * /MRDC * RDY

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

DEN * L1 * /L2 * MIO * /WR

o+

= L0 * L1 * /L2 * /MWTC

/L0 * L1 * /MWTC * RDY

L0 * /L2 * /MWTC * RDY

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

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

+ 4+ o+

/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

JIONC * LO * L1 * /L2

/IOWC * /LO * L1 * RDY

/I0WC * L0 * /L2 * RDY

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

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

JINTA * /L0 * L1
+ /INTA * L1 * /L2
+ /CLK * /INTA * L0 * /L2
+ /INTA ¥ LO * /L2 * RDY
+ /CSOWS * /DC * /LO * /L1 * L2 * /MIO * /WR
+/DC * DEN * /LO * L1 * /MIO * /WR
+/DC * DEN * L1 * /L2 * /MIO * /WR

n
+ 4+ + + + + o+

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

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

/L0 * L1
+ 11 * /L2
+ /IONC * L1
+ L1 * /MuTC
+ /CLK * /DEN * LO * /L2
+ /DEN * L0 * /L2 * RDY
+ /ALE * /CLK * /CSOWS * LO * /L2
+ /ALE * /CSOWS * LO * /L2 * RDY

/L0 * L1 * L2
+ /CLK * L0 * /L2 * /RDY
CLK * /DEN * L0 * 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

+ o+ + o+ 4+

DESCRIPTION

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

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

This section describes the PAL equations for the Math Control PAL in the 80386 emulator

circuit. These equations are listed in Figure B-1.

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

state. For normal operation, TP2 is pulled high.

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

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

IF (TP2) AVALIDD =
+ /RDY *

ADS * RDY * /LRESET * CLK16 *
A31 * /MIO * /LRESET * AVALID

+ A31 * /MIO * /LRESET * AVALID * DVALID

+ ADS * /LRESET * CLK16 * /AVALID * DVALID
+

/LRESET * /CLK16 * AVALID

/AVALID

IF (TP2) DVALIDD =
+# /RDY * /LRESET *
+ ADS * /LRESET *
+ /LRESET ¢

/LRESET * CLK16 *
DVALID
CLK16 * /DVALID

/CLK16 * DVALID

AVALID * DVALID

IF (TP2) I0RDD =

+ A31 *

/RDY *
/M1Q

A31 * /MID *
/CLK16 * RD *

/RD * AVALID * DVALID
AVALID * DVALID

IF (TP2) I10WCD =

+ A31 ¢

/RDY *
/M1o ¢

A3t * /MIO * RD *
/CLK16 * /RD *

AVALID * DVALID
AVALID * DVALID

IF (TP2) READYOD =
+ /RDY *

A31 ¢
A31 *

/Mo
/MIo ¢

/CLK16 * READYD *
CLK16 * 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
CLKZ\_—/ _\_/_\_/ \_

-\
= N/ N/

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
CS0# 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/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 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
Qi 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, CALIFORNIA

CLK2 CLK A2 CSO CS1 CS2 CS3 CS4 RFRQ GND

OE RASO ROWSEL MUXOE Q0 Q1 A2REG DRAMSELECT RAS1 VCC

/DRAMSELECT := CSO * /DRAMSELECT
+ CS1 * /DRAMSELECT
+ €S2 * /DRAMSELECT
+ /CS3 * /DRAMSELECT
+ /CS4 * /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 * /QO0 * /CLK
ROWSEL * Q0 * CLK

/ROWSEL * /Q0 *

ROWSEL * Q1 * /oo " CLK * /cso * JCS] * /CS2 * CS3 * CS4

* /MUXOE * A2 *

+ ROWSEL * Q1 * /Q0 * CLK : /cso * /JCS1 * /CS2 * CS3 * CS4
* /MUXOE * /A2 * /AZREG

+ ROMSEL * /Q1 * QO * /CLK * /MUXOE

+ ROMSEL * /Q1 * Q0 * /CLK * /RFRQ

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

+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4

* /MUXOE * /A2 * /A2REG
ROWSEL * /Q1 * Q0 * CLK * /CSO * /CSI * /CS2 * CS3 * CS4 * /MUXOE
ROWSEL * /Q1 * Q0 * CLK * DRAMSELECT * /MUXOE
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

+ + +

+ +

+ +

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

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

+ /ROWSEL * /A2REG

+ /ROWSEL * MUXOE

+ ROWS;L * gl * CLK * /A2 * /A2REG * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXO

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

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

/RAS1 := ROWSEL * /Q1 * /Q0 * /CLK * A2REG
+ ROWSEL * /Q1 * /Q0 * /CLK * MUXOE
+ /ROWSEL * A2REG
+ /ROWSEL * MUXOE
+ RONSEL *Ql * 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

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

/A2REG := /A2REG * /QO0
+ /A2REG * Q1 * CLK
+ /A2REG * ROWSEL * Q1
+ /A2REG * /ROWSEL * /Q1
+ A2REG * /ROWSEL * Q1 * Q0 * /CLK
+ /A2 * ROWSEL * /Q1 * Q0

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

C-3




DRAM PAL DESCRIPTIONS

FUNCTION TABLE

OE CLK2 CLK CSO CS1 CS2 CS3 C(CS4 A2 RFRQ sinputs
ROWSEL Q1 Q0 RASO RAS1 MUXOE DRAMSELECT A2REG soutputs
He

;] CLK2

31 | CLK ROWSEL

31| /cso | Q1

;1111 /cs] | | Qo

5111 /cs2 | | | /RASO

E I O I | |11 /RAS1

I O O B Y || ||| /MUXoE

I I I I O I A A I || ]| | DRAMSELECT

sPP LT TP TRRRQY ||| || | A2REG

H N A N A I I O A STATE COMMENTS

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle
ACCESS6 continue DRAM cycle

;PRECHARGE]1 no dram request pending

PRECHARGEZ wait for precharge
ACCESS1 start DRAM cycle to other bank

5 ACCESS2 continue DRAM cycle

5 ACCESS3 continue DRAM cycle

3 ACCESS4 continue DRAM cycle

3 ACCESSS continue DRAM cycle

;5 ACCESS6 continue DRAM cycle

;PRECHARGE] no dram request pending

;PRECHARGE2 wait for precharge

3 IDLEl1  no dram request pending

b

bl

k]

9

e kala koot tod

IDLE2 wait for precharge
IDLEl]  no dram request pending
IDLE2  refresh request sampled
IDLE] can’t start: refresh pending
REFSTART2 refresh address set-up
ACCESS1 start refresh cycle
initialize to IDLE
initialize to IDLE
X initialize to IDLE
initialize to IDLE
X initialize to IDLE
IDLE1  remain in IDLE
IDLE2  remain in IDLE
IDLEl]  remain in IDLE
IDLE2  remain in IDLE
IDLE1  remain in IDLE
IDLE2  remain in IDLE
ACCESS1 start DRAM cycle
ACCESS2 continue DRAM cycle
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle new request
ACCESS6 continue DRAM cycle
ACCESS1 start DRAM cycle to other bank
ACCESS2 continue DRAM cycle
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle
ACCESS6 continue DRAM cycle
sPRECHARGEL can’t start same bank cycle

o el el ol el el el el el e el el el T
>3 T><>¢>>mmm TE T T T T TN (717 > > > > >< > >¢

> >

>

M e r Y

ol mnd st sl sl sl sl sl el mdl el sl sl sl el sl sl ekt el el sl el el
OO0
b = e =l e ol i = s o s o i o gl o i o - "Lt Ll ~f
XXM RN XX XXX IT T TIT I T
<D DD DM DX ™ DX DX DK M DX DK D<K 0 DX D<K X DX X X< <
M= 2< D DD DKM DX M D> DK DK M >< TE D<K 2K D<K DX DX DX DX X< ><
OO DX T < IE < ™ DX T D<K < DK DX DK DK DK D<K DK D<K <
5K 2K > < I D< I < < D<K T D<K DK DK DX DK <3< DX DX <X <
DD DD D T DI DX D DK DKM D DK DK DK DX DI XX DX XX >< <
[ ufl sl el mall et sl sl el sl mell sl sl sl el ol el ol pl el sl
bo o= < ol ol el e = ol pll ll pall s e i e i =i ofies = o B> o P 4> 9P
T T Xrrr T T e e > > <
fe = s i e =l il e =i o =l gl =i =i i nie i = £ Sto ke
e e b o e =i =i ol el pll el el el gl =i =i i o == = o3 o 3 2 S
be 3 ol el pall gl =i o i i e mien s i e =i i = oS o o o
f ol sl sl sl sl ancll sl el el sl sl sl sl sl sl o b o P o Hb o o 3
= = gl == == = sl pll s =l el sl o b3 o > 2

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

c-4




DRAM PAL DESCRIPTIONS

PRECHARGE2 wait for precharge
IDLE]  can’t start same bank cycle
IDLE2 wait for precharge
ACCESS1 start DRAM cycle to same bank
ACCESS2 continue DRAM cycle
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle new request
ACCESS6 continue DRAM cycle refresh req
L;PRECHARGE] can’t start: refresh pending
L;PRECHARGE2 wait for precharge
X; IDLE1 can’t start: refresh pending
; 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
5 IDLEl1 can’t start: refresh precharge
;  IDLE2 wait for precharge
; ACCESS1 start DRAM cycle
3 ACCESS2 continue DRAM cycle

L
X
X
H
H
H
H
H
L

ol el sl el el el el el el el sl el el el sl sl sl el sl pall
OOOOOOOOOOOOOOOOOOOOO0O0OO0
[l =l ol ol ol = padi o e ol - o - o - L =~ =l == == o
NI LTI IEINTEIIIEXMT XXX >xXI>XIT>xXr >
DLOC DI DI DI DI D DI DI DI D DI D M DX DX DD XXX < <
DIDI DI DCDC DD DE DD DI DD DX DKM DL D DI > ><
DI D DI DD DD D DE D D D I > T <X T DX DX DK X > T <
DEDC DL DI ICDI DI DI D OC T > IE DX T X DX XX XX >< - <
DI DX DI DD DI DI DI MM XD Im I I DX MDD XX I > T ><
ol sl el sl sl el el pll s i i i i e o i =i i == == = gl pll
rEIrrTrrTrx~-~~-CFI~-I>IT>ITXIC-rCEeCrIT T xT
~re~rFITTITITX~CCITCTTXTT>ITCCCer T
rFXITrTT-rTIITIT-r-~FCF>TT>TCC-CIIXTCCITITT
Lol = == == == =l el el pll ll gulier i fbe afies i e e sfin i =fies opn s i =3
rTrxrrrxrTxr~r~-~~— XTI~ ITX
rFCFIITrXITrITXXrXITIITrXrTrTxrTrTrTr~~r~~rreeee
FrrIrrrrTIrIIXrXrXrIrXTrTIITIr-rC-xT>TIT>T
>

DESCRIPTION
*%%x NOTE - SOME VERSIONS OF PALASM WILL CRASH IF THE FILE IS TOO LONG ***
*** [F 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 * 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 * /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 snext cycle is first RAS for refresh|

| /RAS1 := ON |---+

{ MUXOE := MUXOE smaintain MUXOE state | always
/

A

[MUXOE * RFRQ
|

/ \
| state IDLEl = 1010 ;waiting for access or refresh |
| /RASO := ;both RAS’s idle |<-=]-nmnmn-- +
| /RAS1 := OFF |
{ MUXOE := RFRQ ;sample refresh request |
/

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

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 |
| /RASI := ( A2 * STARTACCESS) |
| A2REG := A2 ;sample A2 state |
|  MUXOE := MUXOE ;maintain MUXOE state|
\ I /
| STARTACCESS
v
/ \
| state ACCESS1 = 1000 ;first cycle of access or refresh|<--+
|  /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |<--memmn-
| 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 := A2ZREG smaintain state of sampled A2|
| MUXOE := MUXOE smaintain MUXOE state
\ /
|always
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 smaintain 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 smaintain state of sampled A2]|
|  MUXOE := MUXOE smaintain MUXOE state
\ /
|always
v
/ \
| state ACCESSS = 1110 ;fifth cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
|  A2REG := /A2REG ;invert state of sampled A2 |
| MUXOE := MUXOE + RFRQ ssample refresh request |
\

|
always| (STARTACCESS * (( A2 * A2REG)
v

e

+(/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 ;maintain 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.)

C-6




DRAM PAL DESCRIPTIONS

/ \
| state PRECHARGE1 = 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
\ I /
always| (STARTACCESS * (( A2 * A2REG)
v +(/A2 * /A2REG)))
/ \
| state PRECHARGE2 = 1111 j;second precharge after access|
| /RASO := /A2 * /A2REG * STARTACCESS;start next.
| /RASI := A2 * A2REG * STARTACCESS;interleave acces] --------- +
| A2REG := AZREG ;maintain state of interleave A2|
{ MUXOE := MUXOE ;maintain MUXOE state
/
/(STARTACCESS * (( A2 * A2REG)

+(/A2 * /AZREG)))l

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  /A2R 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 /Al AI /Al AI OFFOFF AS = A2 * STARTACCESS
10 | /AM AM /AS AS OFFOFF Al = A2 * STARTACCESS * interleave
ROWSEL\QO
QI\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 I = 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 1ii0  10i0 1111
10 0001 10s0  mMml

Figure C-2. 3-CLK DRAM State PAL Equations (Cont’d.)
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PAL16R
PART N
DRAM §
INTEL,
CLK2

OE RA

/DRAMS

/ROWSE

/0=
+
+
+
+
+

/Q0 :=

/RASO

/RAS1

/MUXOE

/A2REG

6 PAL DESIGN SPECIFICATIONS
UMBER: 2-CLK DRAM STATE PAL

TATE PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS

SANTA CLARA, CALIFORNIA

CLK A2 CSO CS1 (€S2 CS3 DT%R RFRQ GND

SO ROWSEL MUXOE QO Q1 A2REG DRAMSELECT RAS1 VCC

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

L := /ROWSEL * Q0 * CLK
+ /ROWSEL * /Q1
+ ROWSEL * /qQ1 * /Q0 * /CLK
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

ROWSEL * /Q1 * /QO * /CLK

ROWSEL * Q0 *

Ql * /Q0 * CLK

/ROWSEL * /Q1 * /Q0 * CLK * DT%R * /MUXOE
ROWSEL * /Q1 * Q0 * /CLK * /MUXOE

ROWSEL * /Q1 * QO * /CLK * /RFRQ

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

= 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 * Q0 * CLK * /A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE

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

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

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

+ /ROWSEL * A2REG

+ /ROWSEL * MUXOE

+ ROWSEL * Q1 * CLK * A2 * A2REG * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * Q0 * CLK * A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE

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

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

1= /A2REG * /QO0
+ /AZREG * Q1 * CLK
+ /A2REG * ROWSEL * Q1 .
+ /A2REG * /ROWSEL * /Q1
+ A2REG * /ROWSEL * Q1 * Q0 * /CLK
+ /A2 * ROWSEL * /Q1 * Q0

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

OE CLK2 CLK CSO CS1 CS2 CS3 CS4 A2 RFRQ ;inputs
RggssL Ql Q0 RASO RAS1 MUXOE DRAMSELECT A2REG  ;outputs
3| CLk2

3| ] CLK ROWSEL

3111 /Cso | a1

b1 /cest | | Qo

L1 /es2 | |1 /RASO

sL L] css I 111 /RAS

s LT 1] DTZR |1 11| /mMuxoe

2 O I O A .4 |1 11| | DRAMSELECT

s LT PRERQ ][] | || A2REG

1 T I O O O I I STATE COMMENTS
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X; X
X;  IDLE1
X;  IDLE2
X;  IDLE1
X;  IDLE2
X;  IDLE1
X;  IDLE2
L; ACCESS1
L; ACCESS2
L; ACCESS3
L; ACCESS4
L; ACCESS5
5 ACCESS6
3 ACCESS1
ACCESS2
ACCESS5
ACCESS6
IDLE1
IDLE2
ACCESS1
ACCESS2
ACCESS3
ACCESS4
ACCESS5
ACCESS6
IDLE1
IDLE2
ACCESS1
ACCESS2
ACCESS3
ACCESS4
ACCESS5
ACCESS6
IDLE1
REFSTART2
ACCESS1
ACCESS2
ACCESS5
ACCESS6
IDLE1
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
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
LCHLLLHLXL LHHLHLHL; ACCESS5 continue DRAM cycle: it’s read
LCLXXXXXXL HHLLHLHH; ACCESS6 continue DRAM cycle
LCHLLLHXHL HLLHLLHH; ACCESS] start DRAM cycle to other bank
LCLXXXXXXL LLLHLLLH; ACCESS2 continue DRAM cycle
LCHHXXXLXL LHHHLLLH; ACCESS5 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
LCHHXXXXXH HLHHHLLX; IDLEl] no dram request pending
LCLXXXXXXH HLHHHHLX; IDLE2  refresh request sampled
LCHLLLHXHH HLHHHHHX; IDLEl1 can’t start: refresh pending
LCLXXXXXXH LHLHHHHX; REFSTART2 refresh address set-up
LCHHXXXXXH HLLLLHHX; ACCESS1 start refresh 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 * /CS1 * /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 = (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 snext cycle is first RAS for refresh|

|
| /RASO :=
| /RAS1 := ON |---+
| MUXOE := MUXOE ;maintain MUXOE state | always
\ /

A

|MUXOE * RFRQ

|
/ \
| state IDLEl = 1010 ;waiting for access or refresh |
| /RASO := sboth RAS’s idle |<--}--===--- +
| /RAS1 := OFF |
{ MUXOE := RFRQ ssample refresh request |

/

A

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

\

state IDLE2 = 1011 ;waiting for access or refresh |
/RASO := (/A2 * STARTACCESS) ;start access |

|

|

|

e e e N

/RAS1 := ( A2 * STARTACCESS)
A2REG := A2 ;sample A2 state
MUXOE := MUXOE smaintain MUXOE state
/
|
| 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 ;sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := AZREG ;maintain state of sampled A2|
| MUXOE := MUXOE smaintain MUXOE state |<----- +
\ | /
|always
v
/ \
| state ACCESS2 = 0001;second cycle of access or refresh|
| /RASO := /A2REG + MUXOE sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |--+
| A2REG := A2REG ;maintain state of sampled A2|
I\ MUXOE := MUXOE smaintain MUXOE state /[
| /DT%R + MUXOE
|/(/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 := AZ2REG ;maintain state of sampled A2|
|  MUXOE := MUXOE smaintain 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 smaintain state of sampled A2|
|  MUXOE := MUXOE _ smaintain MUXOE state |
\ ) /
|always
v
/
| state ACCESSS = 1110 ;fifth cycle of access or refresh|
| /RASO := /A2REG + MUXOE sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |<-+
|  A2REG := /A2REG sinvert state of sampled A2 |
|  MUXOE := MUXOE + RFRQ ;sample refresh request |
\
|
always| (STARTACCESS * (( A2 * A2REG)
v +(/A2 * /AiREG)))
/
| state ACCESS6 = 1101 ;sixth cycle of access or refreshj |
| /RASO := /A2 * /A2REG * STARTACCESS;start next... | |
| /RAS1 := A2 * A2REG * STARTACCESS;interleave acces|------ +
| A2REG := A2REG smaintain state of interleave A2|
| MUXOE := MUXOE smaintain MUXOE state /|
\
/(STARTACCESS * (( A2 * A2REG) |
+(/A2 * JA2REG)))+----=--ccmmmcmmmmm 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
\ MUXOE
00 MUX MUX
01 MUX MUX M+R X = MUXOE
11 MUX M+R = MUXOE + RFRQ
10 MUX MUX RFR RFR = RFRQ
ROWSEL\QO
QI\CLK 00 01 11 10
A2REG
00 AZR A2R key:
01 A2R A2R A2R A2; = A2
11 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 Al AS = A2 * STARTACCESS
10 | /AM AM /AS AS OFFOFF Al = A2 * STARTACCESS * interleave
ROWSEL\QO

QI\CLK 00 01 11 10
ROWSEL state circled

00 0W10 0111 key: [ROWSEL:Q1:Q0:CLK]
01 1000 0110 1101 M = MUXOE * RFRQ
11 10i0 S = STARTACCESS
10 0001 10s0  mMml I = STARTACCESS * interleave
W = WZR + MUXOE
ROWSEL\QO
QI\CLK 00 01 11 10
\. Q1 state circled
00 0W10 0111
01 1000 0110 1101
11 10i0
10 | 0001 10s0  mMml
ROWSEL\QO
QI\CLK 00 01 11 10
\ Q0 state circled
10 | oW10 0111
11 | 1000 0110 1101
ol | 1090
00 | 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/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.

Cc-13
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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
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PAL16R8

PART NUMBER: 3-CLK DRAM CONTROL PAL
DRAM CONTROL PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS
INTEL, SANTA CLARA, CALIFORNIA '
CLK2 CLK BEO BE1 BE2 BE3 WZR ROWSEL DISABLE GND

OE CASO CASl

/CASO :

/CAS1

JCAS2 :

/CAS3

/DT%R

/DEN :=

/HC :=

JRDY :=

/ROWSEL
+ /ROWSEL
+ /ROWSEL

/ROWSEL
+ /ROWSEL
+ /ROWSEL

/ROMSEL
+ /ROWSEL

* CLK * /DT%R * /DISABLE
* WC * RDY * /CLK * /BEO
* /CASO

PAL DESIGN SPECIFICATIONS

DT%R DEN RDY WC CAS2 CAS3 VCC

sdrop CAS on read
;drop on write
smaintain throughout cycle

3BEx can disappear after CAS drop
;DISABLE must be maintained through last /ROWSEL * CLK

* CLK * /DT%R * /DISABLE
* WC * RDY * /CLK * /BE1
* /CAS1

* CLK * /DT%R * /DISABLE
* WC * RDY * /CLK * /BE2

sdrop CAS on read
;drop on write
smaintain throughout cycle

;drop CAS on read
;drop on write

+ /ROWSEL * /CAS2 smaintain throughout cycle
/ROWSEL * CLK * /DT%R * /DISABLE  ;drop CAS on read

+ /ROWSEL * WC * RDY * /CLK * /BE3  ;drop on write

+ /ROWSEL * /CAS3 smaintain throughout cycle
ROWSEL * DEN * /W%R ssample W%R when /ROWSEL * DEN

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

+ /DEN * /DT%R

CLK * /ROWSEL * /DISABLE
+ /CLK * /DEN

DISABLE

+ ROWSEL

+ /RDY
+ /WC * /CLK H

WC * CLK
+ /RDY * /DEN

swhen CLK: sample ROWSEL
sotherwise: maintain state

skeep Tow if DISABLE

?
’

or /ROWSEL
or /RDY
or already Tow * /CLK

;drop RDY
smaintain RDY

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

OE CLK2 CLK BEO BEl

CASO CAsl

WZR

ROWSEL
DISABLE

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

sinputs
soutputs

COMMENTS

initialize to IDLE

IDLE: DT%R tracking WZ%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
Tast read cycle

CAS’s and DEN rise

RDY rises

begin refresh

continue refresh

continue refresh

Tast refresh cycle

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 BEl "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 ;maintain 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 ;ymaintain CAS on read

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

+ /ROWSEL * /DT%R ;otherwise: 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 := /RONSEL * /DTVR * /DISABLE * CLK ;drop RDY immediately for read

+ /! ,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 BEl1 BE2 BE3 W%R ROWSEL DISABLE ;inputs

CASO CAS1 CAS2 CAS3 DT%R DEN RDY WE soutputs
Hod

;] CLK2

3] | CLK CASO

;1 | | BEO | CAS1

i1 11| BEL | | CAS2

il 11| | BE2 | || CAS3

sP 111 ] BE3 | 11| DT%R

LT ] weR | 111 DEN

sU L1 F T 1T ] ROWSEL I 111 | ROY

sEL LT L | DISABLE | | | ] | || W

LT FErrirnd COMMENTS

; initialize to IDLE

5 IDLE: DT%R tracking WZR
5 IDLE: DT%R tracking W%R
5 IDLE: DT%R tracking W%ZR
; begin read: assert all CAS’s
5 last read cycle
3 CAS’s and DEN rise
s DT%R and RDY rises
;5 begin write: assert DEN and WE
;5 continue write: assert valid CAS’s
5 continue write: RDY active
; continue write:
; CAS’s and DEN rise

5 RDY rises

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

s CAS’s and DEN rise

5 RDY rises

; begin refresh

s continue refresh

3 continue refresh

; last refresh cycle

3 1D

[t~ 3 = = = 3 =~ gl =i i = g~ = e = gl o g = gl < gl 4
DEOCICICICDCIC I DD DD T L TE L DX DX DX DD DX XX >
SEOCIC DD DC DDA DI DE DL D™ 1 1= 1 DX DX DX DX D DK XX X<
DI DCIC D DC DI DI DI DI DI M 1 1 DX D D DK D D DX <
D€ D€ DC < D D D D<K DK > D > I I T I DX B DK DK DK XK X >
DEICICICICICICIC K RN NI IR T KX T ><
= g = ol adl - 3= f ol - - 4 ol il - - ~L = = = ==
rIrrrrrTx>rr~~rXTIrrcececrXT TR
XTI XTIrrIIIr-erCeIIICrXXITII
I XXX Tr-rTIXTITTXTTITIrrrIXI
I NN}~ LT TTTTrrrrrrXIxr>
b B = B i B B B ol gl == =l il gl gl == = gl padie o= == ~e =3
TTXIXTrTXTXIrrr-xXr-rer XTI XTI
rIrIrXrrIrIXrXIXIXXTXrrr-rITIIXIIIIIIT

DESCRIPTION
This PAL implements most of the control signals of the DRAM controlier.

Figure C-5. 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
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
Q1
Q2
o 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 REFACKI NC NC NC NC NC NC NC NC GND
OE RFRQ NC Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 VvcC

/RFRQ * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Q1 * Q0 ;raise at 255

/RFRQ :=

/Q0

/a

/Q2

/@3

/04

/05

/06

/a7

S

+ RFRQ * /REFACKO * /REFACK1

/RFRQ
/Q

0
+/Q7 * /Q6 * /Q5
o vee

/Q

1
+/Q7 * /06 * /Q5

/Q7 * /06 * /Q5

/Q2
+/Q7 * /Q6 * /Q5
7 * /Q6 * /Q5

i+ /Q
+/Q1 * /Q0

/Q3

4/ * /06 * /05

/Q7 * /Q6 * /Q5

4 /Q2 * /Q1 * /Q0

/04

o/ /06 * /05

/Q7 * /Q6 * /Q5

T4 /0 % /02 * /01

/05

/T /06 * /05

/37 * /06 * /05

T4 704 * /03 * /02

/06

+/Q7 * /Q6 * /Q5
. * * /05

/q7

T4 /05 % /04 * /@3

/7

/A7 % /06 * /05

/Q7 * /Q6 * /Q5

" 4706 * /05 * /04

* /Q4

* /Q4
* /Q4

* /04
* /04

sclear when both ACKs Tow
;else: don’t change state

;least-significant bit of counter

* /Q3 ;set at 7 or less
;else decrement

* /Q3 ;set at 7 or less

* /Q3 ;set at 7 or less
;else decrement

*/Q3 ;set at 7 or less

*/Q3 ;set at 7 or less
;else decrement

* /Q3 ;set at 7 or Tess

*/Q3 ;set at 7 or Tess
;else decrement

* /Q3 ;set at 7 or less

*/Q3 ;set at 7 or less
selse decrement

* /Q3 ;set at 7 or less

* /Q3 sset at 7 or less

* /Q0 selse decrement

* /Q3 ;set at 7 or less

* /Q3 ;set at 7 or less

* /Q1 * /QO0 ;else decrement

smost-significant bit of counter

* /Q3 ;set at 7 or less

* /Q3 ;set at 7 or less

* /Q2 * /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 ;inputs
RFRQ Q7 Q6 Q5 Q4 Q3 Q2 Q1 Qo ;outputs
H Q7
; | Q6
; | 105
; | |04
; [ 11103
H REFACKO 1111 Q2
Hol3 | REFACK1 111 ]a1
;| CLK |1 RFRQ [ 1111100
H | | [ COMMENTS
LcC HX H LLLLHLHBH; initialize(ignore errors on vector)
LC X H H LLLLHLHL; decrement
LcC LL L LLLLHLLH; decrement
LC X X L LLLLHLLL; decrement
LC X X L LLLLLHHH; decrement to 7
Lc X X L HHHHHHHH; reset to 255
LC XX H HHHHHHHL; decrement, activate RFRQ
LC H X H HHHHHHLH; decrement, sample REFACKs
LC X H H HHHHHHLL; decrement, sample REFACKs
LC LL L HHHHHLHH; decrement, both REFACKs: clear RFRQ
LcC X X L HHHHHLHL; decrement
DESCRIPTION

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 low.

Figure C-6. Refresh Interval Counter PAL Equations (Cont’d.)
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nte| 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

NCA1

NC2

NC3 ’ g

NC4 Not connected Not used Never
NC5

NC6

NC7

PAL OUTPUTS

Name Connects To PAL Usage Changes State

Qo Muxed Addr 0

Q1 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

Qb6 Muxed Addr 6

Q7 Muxed Addr 7

C-22




DRAM PAL DESCRIPTIONS

PAL16R8 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

OE A0 Al A2 A3 A4 A5 A6 A7 VCC

/A0 = AO sleast significant bit of 8-bit counter

/Al := Al * AOQ
+/A1 */A0

/A2 := A2 * Al * AO
+/A2 */Al
+/A2 */A0

/A3 = A3 * A2 * Al * AQ
+/A3 */A2
+/A3 */Al
+/A3 */A0

/A i= A4 * A3 * A2 * Al * AD
+/A4 */A3
+/A8 */A2
+/A4 */Al
+/A% */A0

JA5 := A5 * A4 * A3 * A2 * Al * AQ
+/A5 */A4
+/A5 */A3
+/A5 */A2
+/A5 */Al1
+/A5 */A0

JA6 = A6 * A5 * A4 * A3 * A2 * Al * AD
+/A6 */A5
+/A6 */A4
+/A6 */A3
+/R6 */A2
+/A6 */Al
+/A6 */A0

JAT := A7 * A6 * A5 * A4 * A3 * A2 * Al * AO;most-significant bit of counter
+/AT */A6
+/AT */A5
+/A7 */A4
+/AT */A3
+/AT */A2
+/A7 */A1
+/AT */A0

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

FUNCTION TABLE

OE CLOCK ;inputs
A7 A6 A5 A4 A3 A2 Al A0 soutputs

i)

—_——————

[ COMMENTS

H H; initialize (ignore any errors on this vector)
L L; increment

L H; increment

H L; increment

H H; increment

L L; increment

Z 7; 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.)

C-24




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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386 DRAM Controller

TIMING PARAMETERS

Max

32

64
64
128

50
10
999
46

12

Chip Symbol 10 Description From To Hin Max ‘Min MNax Min Max Min
51C64-8  51C64-10 51C256-12 51€256-15
82384 tl 0 CLK2 period clk2 /7 ck2 /7 31 32 31 32 40 42 3
CcLlk2  / ck2 /
k2 / ck2  /
cLk2 4/ ck2 ¢/
k2 / cwke2 /
K2/ ck2  /
Cclk2  / Ck2 7/
cLk2  / clk2  /
k2 /7 Ck2 /
CLk2 /7 ck2 7/
Clk2  / cik2  /
Cclk2  / Cck2 7/
clk2 7/ cwk2 /
Clk2 / Ck2 /
cLk2 /7 ck2  /
82384 trdWAIT O ClKperiod(s) rd WaitState  CLk2 / CLK2 / [ ] [ 0 0 62
82384 tWrtWAIT O ClKperiod(s) wt WaitState CLk2 / CLk2 / 62 64 62 64 80 84 62
82384 tBAK2BAK O CLKperiod(s) back-to-back CLk2 / CLk2 / 62 64 62 64 160 168 124
cLk2 7/ ck2 /7
386 t12 0 write data out-detay CLK2 / 385 Data< 1 S0 1 50 1 50 1
CLK2 /7 386 Data>
386 * 21 0 read data set-up 386 Data< CLK2 / o 10 0 10 0 10 0
386 22 0 read data hold CLK2  / 386 Data> 2 99 2 999 2 99 2
386+MUX t6+tMUX O addr fr 386 thru LatchMux  CLK2 / rows< 3 46 3 46 3 4 3
ck2  / row<
PAL P 0 clock to PAL outputs CLK2 /7 Row Sel\ 0 12 0 12 0 12 0
CLK2 / Row Sel/
CLK2 / Row Sel\
CLK2 / Row Sel/
CLK2 / -Row Sel\
PALOrREG Q 0 clock to PAL.or REG outpt CLK2 / RAS# \ 0 1 0 12 0 12 0
CLKZ / RAS¥ /
CLK2 / RAS# \
CLK2 / RAS#¥ /
CLK2 / RAS¥ \
Register R 0 clock to register output CLk2 / CAS# / 0 12 0 12 0 1 0
Clk2 / CAs# \
CLK2 / CAS# /
CLK2 / CAS# \
CLK2 / CAS# /
CLK2 / CAS# \
PAL+NAND W 0 pal and write logic delay CLK2 / WER [ 2 18 2 18 2 18 2
CLK2 7/ WER \
CLk2 /7 vE# /
0 transcvr prop in-to-out rd data< 386 Datac< 2 7 o 0 2 7 2

Transcvr tXCVR

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

Min

3

62
62
124

-

© wno

Max

32

64
64
128
50
10
999
46

12

10

18

Min Max
2164-15 51C256-20

40

80
80
160

© wNno

42

SRR

50
10
46
12

12

Table C-5. DRAM Circuit Timing Parameters
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Chip

DRAM
DRAM
DRAM
DRAM

DRAM
DRAM
DRAM

DRAM
DRAM

DRAM
DRAM

DRAM

DRAM
DRAM
DRAM
DRAM

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

=

* e e

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
tcwL
twp
tes
tWCH
tDS

tOH

1
1
1

386 DRAM Controller

TIMING PARAMETERS

Description

RAS# pulse width

random read/write cycle
RAS# precharge time
CAS# hold time

CAS¥ pulse width(rd cycl)
CAS¥ pulse width(urt cyc)
write to RAS¥ precharge

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

From To
RAS# \ RAS# /
RAS¥ \ RAS#¥ /
RAS¥  \ RAS# \
RAS¥  \ RAS# \
RASE  / RAS# \
RAS#  / RASHE \
RAS#  \ CAS# /
RAS# \ CAS#
CAS#  \ CAs# 7/
CAS# \ CAs# /
WE# / RAS# \
WE# / RASH \
RAS® \  WE¥ \
row< RASH \
row< RAS# \
RAS# \  colum<
RAS# columnc<
CAS# / CAS¥ \
CAS¥ / CAs# \
CAS# / RASK \
CAS¥  / RAS# \
CASH  / RASH \
RAS# \ CAs¥ \
RAS# \ CAS¥ \
column< CAS# \

colum< CAS#

CAS# \ DramAddr<
CAS# \ DramAddr<
RAS#  \ DramAddr<
RAS¥  \ DramAddr<
CAS# \ rd data<
CAS#  / wrt data<
RAS# \ rd data<
CAS#  \ rd data<

column< rd data<
CAS# \ RAS# /
RAS# \ rd datac<

colum< RAS# /
CAS# / ME# \
RAS# / MEH \
CAS# \ RAS# /

WE# \ RAS¥ /

WE# \ CAs¥ /

WE# \  WEX¥ /

WE# \ CAS# \
CAS¥ \ WE# /
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

30 9999

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
0 9999
10 9999
40 9999
20 9999

Min Max
51C256-12

120
200
70

9999
9999
9999

120 9999

25
25
10

15
0

15
10
-20

30
5
15

9999
9999
9999

9999
9999

9999
9999
9999

9999
9999
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

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

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

DRAM
+Q

+Q

DRAN
+Q

+Q

DRAM
+Q
+Q

DRAM
+R

+R

DRAM
+R

ORAM
+R

DRAM
+Q
+Q

DRAM
W

DRAM
+Q
+Q

DRAM
+tMUX
+tHUX

386 DRAM Controller

TIHING CALCULATIO

Symbol 10 Description

tRAS RAS# pulse width

+trdWAIT +t1 +t1 +t1
+TWrtWAI T+t +t1 +ti
tRC random read/write cycle
+tBAK2BAK+trdWAlT +t1 +t1
+tBAK2BAK+twrtWAIT+t1 +t1
tRP RAS¥ precharge time

+tBAK2BAK-Q
+tBAK2BAK-Q

tCSH CAS# hold time
+EraWAIT +t1 +t1 +t1

+turtWAI T+t +t1 +t1

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

tCAS(W) CAS# pulse width(wrt cyc)
+turtWAI T+t R

tWRP write to RAS# precharge
+t1 -

+tBAK2BAK+ tWrtWAIT-t1 -W
tRWH RAS# to write hold time
+t1 +t1 -Q

tASR row address set-up time
+t1 +t1 - t6+tHUX

+tBAK2BAK+trdWAIT - t6+tMUX

tRAH row address hold time
+P +t1 -Q
+P +tl -Q

+t1

+t1

+t1

+t1

+t1

+t1

From

RASE  \
RASE \

RAS# \

RASE \

RASH
RASH

~~

RASE \
RAS®

-~

CAS#

-

CAs#

-

WE#
WE#

SN~

RASE \

row<
FoW<

RAS#  \
RASH \

NS
To
RASE  /
RASE /
-Q
RASE  \
RASE \
RASE  \
RAS# \
CAS®  /
CASK¥  /
CAS¥ /
CAS¥ /
RASE \
RASKE \
WER O\
RAS# \
RAS# \
column<
columc<

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 &2
7% 107

0 9999
52 82

0 9999
16 73
16 73

15 9999
23 55
23 55

Min Hax
51C64-10

100 9999
112 140
174 204

160 9999
174 204
236 268
50 9999
S0 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

Min 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
22 52
180 222

15 9999
70 102

0 9999
36 93
16 177

15 9999
32 65
32 65

Min Max
51€256-15

150 9999
174 204
174 204

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

30 9999
112 140

30 9999
81 108

10 9999
13 42
136 171

20 9999
52 82

0 9999
16 73
140 201

20 9999
23 55
23 55

Min HMax
2164-15

150 9999
180 198
180 198

260 9999
304 326
304 326
100 9999
18 134
18 134
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
1446 199

20 9999
25 51
25 51

Min Hax
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.)
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Chip
DRAM
+R
+R
DRAM
+Q
+Q
+Q
DRAM
+R
DRAM

R
+R

DRAM
+THUX
+THUX

DRAM
+tHUX

-+ tHUX

DRAM
- tXCVR

DRAM
+tXCVR

DRAM
- IXCVR

DRAM
- tXCVR

-

-

Symbol
tcp
+t1

+t1

tCRP
-R

386 DRAM Controller
TIMING CALCULATIONS

10 Description
CAS# precharge
+t1 +t1

+t1 +tBAK2BAK-R

CAS# to RAS# precharge

+tBAK2BAK-R
+tBAK2BAK-R

tRCO
+t1
+t1

tASC
+t1
3

tCAH
+P
+P
tAR
+P

+P

TON
-t21

tOFF
+t12

tRAC
-t21

tCAC
-t21

RAS# to CAS# delay
+t1 -Q
+t1 +t1 -Q

column address set-up
-P - tHUX
+t1 -P - tMUX

column address hold

+t1 +t1 +t1
+t1 +t1 -R
column addr hold fr RAS#
+t1 +t1 +t1

+t1 +t1 +t1

output buffer turn on
+TraWAlT +t1 +t1

output buffer turn off
+t1 +tBAK2BAK-R

access time from RAS#
+TraWAIT +tl +t1

access time from CAS#
+traWAlT +td +t1

+tBAK2BAK-R

+t1

+t1

+t1

From To
CAS# / CAs# \
CAS# / CAs# \
CAS¥ / RAS#¥ \
CAS¥  / RASE \
CAS# / RAS# \
RAS# \ CAs¥ \
RAS#¥ \ CAS¥ \
colum< CAS¥ \
colum< CAS# \

CAS#  \ DramAddr<
CAS#  \ DramAddr<

-Q
RAS# \ DramAddr<

Q
RAS# \ DramAddr<

CAS# \ rd data<
CAS#  / wrt data<

+tl -Q
RAS# \ rd data<

CAS# \ rd data<

Min Max
51C64-8

10 9999
1463 172
112 140

-20 9999
1212
50 76
50 76

30 9999
50 76
81 108

0 9999

8 40
3 n
10 9999
85 119
56 &7
40 999
147 183
147 183

20 9999
33 62

20 9999
84 153

80 9999
95 126

20 9999
33 62

Min Max
51C64-10

10 9999
143 172
112 140

-20 9999
12 1
50 76
50 76

30 9999
50 76
81 108

0 9999

8 40
3 n
10 9999
85 119
54 87
40 9999
147 183
147 183

20 9999
40 64

20 9999
82 146

100 9999
102 128

20 9999

40 64

Min Max
51€256-12

10 9999
268 306
228 264

-20 9999
-12 12
148 180
148 180
30 9999
68 96
108 138

5 9999
17 50
57 92
15 9999
112 149
” 107
60 9999
192 233
192 233

25 9999
51 82

20 9999
191 267

120 9999
131 166

25 9999
51 82

Min Max
51€256-15

10 9999
205 236
174 204

-20 9999
12 12
112 140
112 140

35 9999
50 76
81 108

5 9999

8 40
¥ nr
20 9999
85 19
56 87
70 9999
147 183
147 183

30 9999
95 126

25 9999
146 217

150 9999
157 190

30 9999
95 126

Hin Max
2164-15

25 9999
211 230
180 198

-20 9999

6 6
118 134
118 134

30 9999
56 70
87 102

0 9999
12 38
3 70
25 9999
87 115
56 83
90 9999
%9 179
%9 179

85 9999
97 122

30 9999
148 213

150 9999
159 186

85 9999
97 122

Hin Max
51€256-20

10 9999
268 306
228 264

-20 9999
12 12
148 180
148 180

40 9999
68 96
108 138

5 9999
17 50
57 92
25 9999

12 149
72 107
80 9999
192 233
192 233

35 9999
131 166

30 9999
191 267

200 9999
211 250

35 9999
131 166

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

DRAM  *
< TXCVR

DRAM
+Q

DRAN
- tXCVR

DRAM
+Q

DRAM
*»

DRAM
-

DORAM
+Q

DRAM
+Q

DRAM
+R

ORAM
W

DRAM
+R

DRAM
W

386 DRAN Controller

TIMING CALCULATIONS

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

colum< rd data<

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

+LraMALT +t1 +t1 CAS# \ RASH

tRCS read command set-up time
-t21 +EravALT +t1 +t1 +t1 +t1 -Q

RAS# \ rd datac<

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

tRCH read com hold ref to CASK

+tl +t1 +tBAK2BAK-R CASE  /  wEX
tRRH read com hold ref to RAS#
+t1 +t1 +tBAK2BAK-Q RASE  / wE#

tRSH(W) RAS¥ hold time (wrt cycl)

+turtWAl Tt -R CAS# \ RAS#
TRWL write command to RASK

+turtWAIT+t1 +t1 -¥ VE¥ \ RASH
tCuL write command to CASK

+turtUAI T+t +t1 -o WE#  \ CASH
WP write command pulse width

+tl +t1 +tl -W VEF  \  WES
tHCS write command set-up time

+tl W WE# \ CASH
tWCH write command hold time

+t! +t1 R CAS¥  \  WEN

Min Max
51C64-8

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

45 9999
70 104

0 9999
116 1466

10 9999
114 146

35 9999
81 108

25 9999
106 138

25 9999
106 138

20 9999
7 112

0 9999
13 &2

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 o1

0 9999
13 &2

30 9999
52 8

Min Max
51C256-12

55 9999
80 120
10 9999
68 96

0 9999
131 166

55 9999
97 134

0 9999
230 270

10 9999
230 270

25 9999
108 138

25 9999
142 178

25 9999
142 178

20 9999
104 142

0 9999
22 52

25 9999
70 102

Min Max
51C256-15

70 9999
115 154
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
712

0 9999
13 42

30 9999
52 8

Min Max
2164-15

85 9999
115 154
85 9999
18 134
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 o2

-10 9999
17 40

30 9999
S4 78

Hin Max
51C256-20

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

35 999
142 178

30 9999
104 142

0 9999
22 52

35 9999
70 102

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

TIMING CALCULATIONS

Chip Symbol 10 Description From 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
DRAM tDS data-in set-up time 0 9999 0 9999 0 9999 0 9999 0 9999 0 9999
+R +t1 +t1 -t12 - tXCVR wrt data< CAS¥ \ 5 3 12 75 23 93 s 3 s n 23 93
DRAM tOH data-in hold time 20 9999 20 9999 20 9999 25 9999 30 9999 30 9999
+IXCVR  +t12 +t1 +turtWAIT+t1 -R

CAS# \ DramData> 115 185 113 178 151 225 115 185 117 181 151 225

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

Intel Corp.

015 Bradford Dr., #2
Huntsville 35805
Tel: (205) 830-4010

ARIZONA

tintel Cor g
Ph225 N. am Dr., #D214
Tel: (602) 869—4980

Intel Cor|
||6| N. Ei Dorado Place

3
Tucs
Tel: 1602) 299 6815

CALIFORNIA

intel Col

1515 Vanowen Street
Suite 116
Canoga Park 91303
Tol: (818) 704-8500

zlzme
50 g i’mperlal Highway
uite

Els undo 90245

Tel: (213) 640-6040

tel
1510 Avmsn Way, Suite 101
Sacramento 95815
Tel: (916) 920-8096

tintel Corp.
050 Execullve Drive

Sun DI o 92121
Tel: (619) 452-5880
Intel Corp.*
400 N. Tustin Avenue
Suite 450
Santa Ana 92705
TWX 9‘2’-595-1‘ 14
gl:lel Cofp,'

n Tom:

S 4
2700 San Tomas Expresswuy
Santa Clara. CA 95051

Tel: (408) 986-8086
TW)é: 91(’)‘338‘0255
COLORADO

Intel .
msmhpark Drive
Suite 100

3
Colorado Springs 80907
Tel: (303) 5

153% gv?«g St., Suite 915
nver 802:

TV 51801 2208

CONNECTICUT

%E:»E:x%ﬁ Road

8-3130
6-1199

FLORIDA

Intel Corp.
;42 Ni ovgestmoma Dr.
A onte Springs 32714
Tel: (305) 869-5588

Intel Col
6363 N.W. 6th Way, Suite 100
Ft. Lauderdale
Tel: (305) 771-0800
: 510-956-9407

Intel Col

+ ot
Tel (013) 57?2"3

tSales and Service Office
*Field Application Location

DOMESTIC SALES OFFICES

GEORGIA

zlnlel Corp.

280 Pmme Parkway
Suite

Norc r

Tel: (404) 449 054'

ILLINOIS

In'el COJ)
rtingale Roaa Suite 400
Schaumbur 173

Tel: (312) 310-8031

INDIANA

tintel Cor
8777 Punﬁne Road

lndxann hs 46268
Tel: (317) 875-0623

10WA

Sl Andrews Building

1930 St. Andrews Dnve NE.
Cedar Rapids

Tel: (319) 393 55!0

KANSAS

tintel Corp.
8400 W. 110th Street
Suite 170

Overland Park 66210
Tel: (913) 345-2727

MARYLAND

Intel Corp.*
7321 Zavkway Drive South

HGHW
Tl (301 e 7500
TWX: 710-862-1944

Intel Covp.
5th Floor

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

MASSACHUSETTS

tintel Corp.*

Waestford Corp. Center
3 Carlisle Road
Westford 01886

617) 692-3222

: 710-343-6333

MICHIGAN

Intel C
O7| Orchard Lake Road

Wesl Bloomheld 48033
Tel: (313) 851-8096

MINNESOTA
Intel Corp.
3500 W. an St., Suite 360
Bloomington 55431
Tel: (612) 835-6722
TWX: 910-576-2867
MISSOURI
Intel Cor
4203 Eann City Expressway
Suite 13!
Earth
Tel: (31 4?29!41 990
NEW JERSEY
tel Corp.*

Palkwsy 109 Office Center
32& Newman Sprlngs Road
Tel (201) 747- 2233
Intel Co

280 Corpomls Center
75 lelngston Avenue

First

Roseiund 07068
Tel: (201) 740-0111

NEW MEXICO

Intel Corp.

8500 Menual Boulevard N.E.
Suite B 295

Albuquerque 87112

Tel: (505) 292-8086

NEW YORK

Intel Cor|

127 Maln Street
Binghamton 13905
Tel: (607) 773-0337

Intel Cor|

250 Cross Ke s Office Park
air

Tel: (7I6) 425 2750

TWX: 510-253-7391

Intel Corp.*

Motor Parkway

aupgauge 11787

TWX 510 227 6236
Intel Corp.
Suite 2B Hollowbrook Park
15 Myers Corners Road
Wappmger Falls 12590
Tel: (914) 297-6161

: 510-248-0060
NORTH CAROLINA

Intel Corp.
5700 Execuuve Center Drive

Suite 21
Charlotte 28212
Tel: (704) 568-8966

tintel Cor
2700 w chn Road

Ral |g
Tel: (919) 731-8022

OHIO

Intel Corp.

3401 Pavk Cantar Drive
Suite 220

Dayton 45414

Tel: (513) 890-5350
TWX: 810-450-2528
intel Corp.

25700 Sclanoe Park Dr., Suite 100
Beachwood 4

Tol: (216) 464- 2736
TWX: 810-427-9298
OKLAHOMA

Intel Corp.

630! N.rsgroadway
Oklahoma City 73116
Tel: (405) 848-8086
OREGON

tintel Cor,

15254 N.! »5 Greenbner Parkway, Bldg. B

Beaverton 97006
Tel: (503) 645-8051
TWX: 910-467-8741

PENNSYLVANIA

‘51 3 Cedal Cllﬂ Drive
Camp Hill 17011
Tel: (717) 737-5035

Intel Corp.*
455 Pennsylvania Avenue
rt Washington 1

Fort
Tel: (215 641-1000
Sibser 2077

Intel Corp.*

400 Penn Center Bivd., Suite 610
Pmsbu?h 15235

Tel: (412) 823-4970

PUERTO RICO

Intel Microj ssor Corp.
South Indgetrial Park *
P.O. Box 910

Las Piedras 00671

Tel: (809) 733-8616

TEXAS

gln tel Corp.
3E. Anderson Lane
uite e

A
Tel: (5!2) 45443628

tintel Corp.

12300 Ford Rowd

Suite

Dallas 75234

Tel: (214) 241-8087

TWX: 910-860-5617

Intel Corp.*

7322 S w Flseway

aullo 149

Ta| (713) 988 5085
X: 910-881-2490

UTAH

Intel Corp.
5201 Green Street
280

uite
Murra %
Tol: (8 |)263 8051

VIRGINIA

tintel Co
1603 Sanm Rosa Road

Suif
nuchmond 23288
Tel: (804) 282-5668

WASHINGTON

Intel Corp.

155-108 Avenue N.E.
Suite 386

Bellevue 98004

Tel: (206) 453-8086
TWX: 910-443-3002

Intel Corj
408 N. Mullan Road
unle 02

Spol
Tel: (509) 928-8086
WISCONSIN

tintel Corp.

330 S. Executive Dr.
Suite 102
Brookfield

Tel: (414) 784 8087
FAX: (414) 796-2115

CANADA
BRITISH COLUMBIA

Intel Semiconductor of Canada, Ltd.
4585 Canada Way, Suite 202
Bumaby V5G 4L
Tel: (604) 298-0387
AX: (604) 298-8234

ONTARIO

‘tintel Semiconductor of Canada, Ltd.
gsso Queensview Drive

Ottawa K2B 8H6

Tel: (613) 829-9714

TLX: 053-4115

tintel Samloondumar of Canada, Ltd.
190 Attwell Di

Suite 500
Rexdalo MW 6H8
Tel: (416) 675-2105
LX: 06983574
FAX: (416) 675-2438
QUEBEC
msl Semk:onducw ol Canada, Ltd.
Jean Boulev
Ponmo Claire HIR 3!(3

Tel: (514) 694-9130
TWX: 514-694-9134
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ALABAMA

Arrow Electronics, Inc.
1015 Henderson Road
Huntsville 35805

Tel: (205) 837-6955

‘tHamilton/Avnet Electronics
4940 Research Drive
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162

Pioneer/Technologies Group Inc.
4825 Univer: ;élz Square
Huntsville 3!

Tel: (205) 837-9300

TWX: 810-726-2197

ARIZONA

tHamnlon/Avnet Electronics
. Madison Drive
pe 85281
Tel: (602) 231-5100
TWX: 910-950-0077
Kierulff Electronics, Inc.
4134 E. Wood Street

Phoenix 85040

Tel: (602) 437-0750

TWX: 910-951-1550

Wyle Distribution Group
17855 N. Bla ck Canyon Highway

Pnoe nix 85023

Tel: (602) 866-2888

CALIFORNIA

Arrow Electronics, Inc.

1
Tel (818) 701-7500
TWX: 910-493-2086

Arrow Electronics, Inc.
1502 Crocker Avenue

Hayward 94544

Tel: (408) 487-4600
Arrow Electronics, Inc.
9511 Rldgehaven Court

San Dleg 212!
Tel (6 )565-4800

tArrow Electronics, Inc.
521 Weddell Drive
Sunnyvale 94086

Tel: (408) 745-6600
TWX: 910-339-9371

Arrow Electronics, Inc.
2961 Dow Avenue
Tustin

Tel: (714) 336_5422
TWX: 910-595-2860

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

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

Hamullon/Avnel Electronics
175 Bofdeaux Drive

xv 086
Tel: (408) 743-3300
TWX: 910-339-9332

‘tHamilton/Avnet Electronics
4545 Viewridge Avenue
San Diego 921.

Tel: (61 571 -7500

TWX: 910-595-2638

lﬂammon/Avnel Electronics
0501 Plummer Street
Chatsworth 91311

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

fHamulton /Avnet Electronics
gate Boulevard

Sul:lamento 95

Tel: (916) 920-3150

‘tHamilton/Avnet Electronics
G Street
Ontario 91311
Tel: (714) 989-9411
Hamilton/Avnet Electronics
9515 So. Vermont Avenue

Torrance 90502
Tel: (213) 615-3909
TWX: 910-349-6263

Hamilton Electro Sales
9650 De Soto Avenue
Chatsworth 91311

Tel: (818) 700-6500

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)

tHam-lIon Electro Sales
10950 W. Washington Bivd.

Culver City 90230

Tel: (213) 558-2458

TWX: 910-340-6364

Hamilton Electro Sales
1361 B West 190th Street
Gardena 90248

Tel: (213) 558-2131

tHamilton Electro Sales
3170 Puliman Street
Costa Mesa 92626

Tel: (714) 641-4150
TWX: 910-595-2638

Kierulff Electronics, Inc.
10824 Hope Street
Cypress 90430

Tel: (714) 220-6300

tKierulff Electronics, Inc.
1180 Murphy Avenue
San Jose 95131

Tel: (408) 971-2600
TWX: 910-379-6430

tKierulff Electronics, Inc.
14101 Fwnklln Avenue
Tustin 92680

Tel: (714) 731-5711
TWX: 910-595-2599

1Kierulff Electronics, Inc.
5650 Jillson Street
Commerce 0

Tel: (213) 725-0325
TWX: 910-580-3666

Wyle Distribution Group

26560 Agoura Street

Calabasas 91302

Tel: (318) 880-9000
TWX: 818-372-0232

1Wyle Distribution Group
124 Maryland Street

El Segundo 90245

Tel: (213) 322-8100

TWX: 910-348-7140 or 7111

1Wyle Distribution Group
179 2 Cowan Avenue

Tel (7|4) 863 9953
TWX: 910-595-1572

Wyle Distribution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282

tWyle Distribution Group
525 Chesapeake Drive

San Dlego 92123

Tel: (619) 565-9171

TWX: 910-335-1590

Wyle Distribution Group
wers Avenue
Santa Clara 95051
Tel: (408) 727-2500
TWX: 910-338-0296

Wyle Military
1 891 0 Teller Avenue

e 9.
Tel (714) 851-9958
TWX: 310-371-9127

W:%Ie Systems

7382 Lampson Avenue
Garden Grove 92641
Tel: (714) 891-1717
TWX: 910-595-2642

COLORADO

Arrow Electronics, Inc.

1390 S. Potomac Street

Suite 136

Aurora 80012

Tel: (303) 696-1111
Hamilton/Avnet Electronics
765 E. Orchard Road

Suite 708

Englewood 80111

Tel: (303) 740-1017
TWX: 910-935-0787

le Distribution Grou
4!?15 124th Avenue P

Tel (303) 457-9953
910-936-0770

tMicrocomputer System Technical Distributor Centers

CONNECTICUT

tArrow Electronics, Inc.

12 Beaumont Road

Wallxn%?rd 06492

Tel: (z ) 265-7741
710-476-0162

Hailton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danburg 06810

Tel: (203) 797-2800

TWX: 710-456-9974
tPioneer Norlheast Electronics
112 Main Stree

Norwalk 068

Tel: (203) 853- 1515

TWX: 710-468-3373

FLORIDA

"Arrow Electronics, Inc.

50 Fairway Drive
Deerfield Beach 33441
Tel: (305) 429-8200
TWX: 510-955-9456

Arrow Electronics, Inc.

1001 N.W. 62nd St., Ste. 108
Ft. Lauderdale 33309

Tel: (305) 776-7790

TWX: 510-955-9456

tArrow Electronics, Inc.

50 Woodlake Drive W., Bidg. B
Palm Ba

Tel: (305{ 725-1480

TWX: 510-959-6337
?Hamilton/Avne\ Electvonics

Tel (305) 971-2900
X: §10-956-3097

Hamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

Hamilton/Avnet Electronics
6947 University Boulevard

X: 810-853-0322

tPioneer Electronics
337"& Lake Blivd., 3:570
Alta Monte Springs 1
Tel: (305) 331’ g

TWX: 810-853-0284

Pioneer Electronics
674 S. Military Trail
Deerfield Beach 33442
Tel: (305{):128%877
-955-9653

GEORGIA

Arrow Electronics, Inc.
|55 Northwoods Parkway

Norcross 30071
Tel: (404) 449-1 3252
TWX: 810-766-0439

Hamilton/Avnet Electronics
5825 D. Peachtree Corners

Norcross 30092
Tel: (404) 447-7500
TWX: 810-766-0432

Pioneer Electronics

3100 F. Northwoods Place
Norcross 30071

Tel: (404) 448-1711

TWX: 810-766-4515

ILLINOIS

tArrow Electronics, Inc.
2000 E. Alonquin Street
Schaumberg 60195
Tel: (312%? 7-3440
TWX: 910-291-3544

130 Thorndale Avenue
Bensenville 60106

el: (312&860—7780
TWX: 810-227-0060

Kierulff Electronics, Inc.
rndale

1140 W. Th
Itasca 6
Tel: (312) 25{}0500

ILLINOIS (Cont'd)

MTI Systems Sales
1100 West Thorndale
Itasca 60143

Tel: (312) 773-2300

tPioneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437

TWX: 910-222-1834

INDIANA

Arrow Electronics, Inc.
495 Directors Row, Suite H
Indianapolis 46241
(317) 243-9353
: 810-341-3119

Hamilton/Avnet Electronics
485 Gradle Drive

Carmel 46032

Tel: (317) 844-9333

TWX: 810-260-3966

tPioneer Electronics
6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS

;Hamillon/kvnel Electronics
219 Quivera Road
Overland Park 662!5

Tel %
91 743 0005

Pioneer Electronics
10551 Lackman Rd.

Lenexa 66215

Tel: (913) 492-0500
KENTUCKY
Nggmlton/Avnet Eleclromcs

Lexington 40511
Tel: (goe) 259-1475

MARYLAND

Arrow Electronics, Inc.

8300 Gulford Road #H

Rivers Center

Columbia 21046

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

Es lamilton/Avnet Electronics
22 Oak Hall Lane
Columbia 21045
Tel: (301) 995-3500
TWX: 710-862-1861

tMesa Technology Corp.
9720 Patuxentwood Dr.
Columbia 21 046

Tel: (301 &

TWX: 71 828-9702

tPioneer Electronics

9100 Gaither Road

Galmersburg 20877
: (301) 92

TWX: 7|0-523<0545

MASSACHUSETTS

‘TArrow Electronics, Inc.

1 Arrow Drive

Woburn 01801

Tal (617) 933-8130
710-393-6770

‘tHamilton/Avnet Electronics
10D Centennial Drive

Peabody 01960
Tel: (617) 532-3701
TWX: 710-393-0382
Kierulff Eleclronlcs‘ Inc.
13 Fortur
B||Isnca 01 321
Tel: (617) 667-8331
MTI Systems Sales

13 Fortune Drive
Billerica 01821

Pmnesr Northeast Electronics

MICHIGAN

w Electronics, Inc.

755 Phoenlx Drive

Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020

;Humnlton/Avnet Electronics
2487 Schoolcraft Road

Tel (3'3 522-4700
810-242-8775

Hamilton/Avnet Elmvonlcs
2215 29th Street

Space A5

Grand Rapids 49508

Tel: (616) 243-8805

TWX: 810-273-6921

Pioneer Electronics

4505 Broadmoor Ave. S.E.
Grand Rapids 49508

Tel: (616) 555-1800

tPioneer Eleclromcs
13435 S( ‘ 0

TW B|%<2‘2-3271
MINNESOTA

Arrow Electronics, Inc.
230 W. 73rd Street

55435
Tel 612 830-1800
WX: 910-576-3125

Hamilton/Avnet Electronics
124 ite Water Drive
anelonka 55343

612)
(910) Trogrzo

tPioneer Electronics
10203 Bren Road East
Minnetonka 5!

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

MISSOURI

;Anow Electronics, Inc.
380 Schuetz

St. Louis 63141

Tel: (31 4&5576888

TWX: 910-764-0882
tHammon/Avnel Electronics
13743 Shoreline Court

Earth Cif 63045

Tel: (3|4 344-1200

TWX: 910-762-0684

Kierulff Electronics, Inc.
| 1804 Bo Or.

63146
Tel: (314) 997-4956
NEW HAMPSHIRE
Arrow Electronics, Inc.
Perimeter Road
Manches\er 03|03
2)- 20-‘684
Hamilton/Avnet Electronics
444 E. Industrial Drive
Manchester 03104
Tel: (603) 624-9400
NEW JERSEY
gAnow Elocuoﬂlcs. Inc.
08053
Te|~ (609)
TWX: 7|0~897—0829

"Arrow Electronics, Inc.
Industrial Road

Fairfield
Tel: (201:):‘)75 -5300

tHamilton/Avnet Electronics
1 Kays(om Avenue

C
wggs 4240110

CG-6/29/87



NEW JERSEY (Cont'd)

1Ham-lton(Avnet Electronics
10 Induslnal

Fairfiel

Tel: 4201 ) 575 3390

TWX: 701-734-4388

tPioneer r:urmaasl Electronics

45 Route
Pinebrook 07058

Tel: (201) 575-3510
TWX: 710-734-4382

1T Systams Sales
383 Route 46 W
Fairfiel

Tel: (201)227 5552

NEW MEXICO

Alllance Elac\vomcs Inc.
30 Cochiti S.E.

Albu%uerque 87123

Tel: (505) 292-3360

TWX: 910-989-1151

Hamilton/Avnet Eleclromcs

2524 Baylor Drive S.E.

Albuquerque 87106

Tel: (505) 765-1500

TWX: 910-989-0614

NEW YORK

Arrow Electronics, Inc.

25 Hub Drive

Melvi lll 11747

Tel: (516) 694-6800

TWX: 510-224-6126

tArrow Electronics, Inc.

3375 Brighton-| -Henrietta Townline Rd.

Rocheste! 14623
Tel: (716) 427-0300
TWX: SIO 253—4753

Arrow Electronics, Inc.
7705 Maltage Drive
Liverpool 13088

Tel: (315) 652-1000
TWX: 710-545-0230

Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge 1178

Tel: (516) 231- IOOO

TW)! 510-227-6623

Hamxllon/Avne\ Electronics

333 M Park

Hoches(er 14623

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

‘tHamilton/Avnet Electronics

103 Twin Oaks Drive

TWX: 710-541-1560

tHamilton/Avnet Eleclronlcs
933 Motor P:irk

laup ga 788
Tal( 16) 231-9800
TWX: 510-224-6166

gMTI Systems Sales
8 Ha:bor Park Drive

Porl Washm ton 11050
Tel: (516) 621-621
: 510-223-0846

tPioneer Northeast Electronics

1806 Vestal Parkway East
Vestal 13850

Tel: (607) 748-8211
510-252-0893

Pioneer Northeast Electronlcs

Crossway Park West
I:land 11797
Tel (5!6 921.8700
X: 510-221-2184

DOMESTIC DISTRIBUTORS

NEW YORK (Cont'd) OREGON (Cont’d)

tPion: Wyle Distribution Group

840 Fa-rpon Pavk 5250 N.E. Elam Young Parkway
Suite 600

Tel (716) 381-7070 Hillsbol

TWX: §10-253-7001
NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greendairy Road
Ralelgn 27604

Tel: (319) 876-3132
TWX: 510-928-1856

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

PENNSYLVANIA

Arrow Electronlcs Inc.
650 Seco Road
Monroevxlle 151 6
Tel: (412) 856-7000

351 [} SpnngoFures( Drive
Ralei |g

Tel: (319) 878-0819
TWX: 510-928-1836

Pioneer Electronics

9801 A-Southern Pine Bivd.
Charlotte 28210

Tel: (704) 527-8188

TWX: 810-621-0366

OHIO

Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459

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

tArrow Electronics, inc.
6238 Cochran Road
Solon 44139

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

Hamilton/Avnet Electronlcs
777 Brookedge

Westerville 4; BI

Tel: (614) 882-7004

1Hamllton/Avne' Electronics
954 Senate

Dayton 45

Tel: (513) 433-0610

TWX: 810-450-2531

tHamilton/Avnet Electronics
4588 Emery Industrial Parkway
Warmnsvulle Hel hts 44128
Tel: (216) 0
TWX: B|0<427~9452

tPioneer Electronics
4433 Interpcum Bivd.
Dayton 45424

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

tPioneer Electronics

Tel: (216) 587-3600
TWX: 810-422-2211

OKLAHOMA

Arrow Electronics, Inc.
4719 S. Memorial Drive

Tulsa 74145

Tel: (918) 665-7700

OREGON

TAImac Electronics Corpora-

385 N.W. 169th Place
Beaverton 97006

Tel: (503) 529 -8090
TWX: 910-467-8743

gHamlllon/Avne( Electronics
024 S.W. Jean Roa
Bldg. C, Suite 10
Lake Oswego 97034
Tel 503) 5-7848
: 910-455-8179

tMicrocomputer System Technical Distributor Centers

2800 Lmeng Ave., Bldg E
Pittsbu g
Tel: (41 )28!-4150

F-oneer Elec\romos
2! a Drive
Pmsbur h 15238
Tel: (412) 782-2300
TWX: 710-795-3122

tPioneer Electronics
261 Gibralter Road
Horsham 19044

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

tArrow Electronics, Inc.
mmander Drive

Carroliton 75006

Tel: (214) 380-6464

TWX: 910-860-5377

tAnow Electromcs Inc.
10899 Kinghus

e 100
Houston 77099
Tel: (713) 530-4700
TWX: 910-880-4439
‘tArrow Electronics, Inc.
10125 Metropolitan
Austin 78758
Tel: (512) 835-4180
TWX: 810-874-1348

;Hamulton/Avnat Electronics
401 Rut;

Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

THamullon/Avnal Electronics
li 1W. Walnm Hill Lane

Tel: ?2!4) 659-4100
TWX: 910-860-5929

tHamilton/Avnet Electronics
485! Wri?hl Road #190
Statford 77477

Tel: (713) 780-1771

TWX: 910-881-5523

Kisrulft Elemromcs Inc.
9610 Skillm:

Dallas 75243

Tel: (214) 343-2400

1Pioneer Electronics
‘1\ 826 D. Kramer Lane
ustir

12) 835-4000
: 910-874-1323

Pioneer Electronics
3710 Omega Road
Dallas 7523«
Tel: (214) 386-7300
TWX: 910-850-5563

tPioneer Electronics

5853 Point West Drive

Houston 77036

Tel: (7 13) 988-5555
TWX: 910-881-1606

UTAH BRITISH COLUMBIA (Cont'd)
1585 West 2100 South foa3a00 ana? oport Road
Salt Lake City 84119 Richmond V6X 1T2
Tel: (801) 972-2800 Tel: (604) 273-5575
TWX: 910-925-4018 TWX: 04-5077-89
Kierum Electronics, Inc. MANITOBA
6 W. Parkwa Blvd.
Salt Lake Cif Zentronics

Tel: (801) 97. 69!3

Wyle Distribution Group
1325 West 2200 South
Suite E

Salt Lake City 84119
Tel: (801) 974-9953

WASHINGTON

tAlmac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992
TWX: 910-444-2067
Arrow Electronics, Inc.
14320 N.E. 21st Street
Bellevue 98007

Tel: ;206) 643-4800

TWX: 910-444-2017
Hamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 453-5874

TWX: 910-443-2469

Wyle Distribution Group
1750 132nd Ave., N.E.

Bellvue
Tel: (206) 453-8300
WISCONSIN
tArrow Electronics, Inc.

. Rausson Avenue
TWX: 91 252-‘ 193
Hamilton/Avnet Electronics
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510
TWX: 910-262-1182
Kierulff Electronics, Inc.
22 . Bluemound Rd.

Waukeshaw 53186
Tel: (414) 784-8160

CANADA
ALBERTA

Hamilton/Avnet Electwnlcs
2316 218' Street N.E.

2E 622
Tal: (4‘33) 250-9380
TWX: 03-827-642
Hamilton/Avnet Electronics
6845 Rexwt d Unit 6
Mississauga, Ontario L4VIR2
Tel: (416) 677-0484

Zentronics
6815 8th Street. N.E., Ste. 100

Tsl (4‘33) 295-4 8333
BRITISH COLUMBIA

Hamilton/Avnet Electronics
105- 5 Boundary Road

Tel (604) 437-6667

60-1313 Border Slrae(
Winnipeg R3H

Tel: ( 694-1 957
FAX: (204) 633-9255

ONTARIO

Arrow Electronics Inc.
24 Mamn Ross Avenue

Downsview M3J 2K9
Tel: (416) 66‘ 0220
TLX: 06-21

Arrow Electronics Inc.
148 calunnada Roaa

in K2E
Tel: (6|3i 226-6903
gHamil(on/Avnet Electronics
ood Road

Units G & H

Mississauga L4V 1R2

Tel: (41 2)4 77-7432
92-8867

ZHamnnon/Avnet Electronics
onnad79 Road South

Nepean L5
Tel: (613) 226-1700
TWX: 05-349-71

Zentronics
Tilbury Court
) f%,’&?fg%%
o K
06-976-78

Zentronics

564/10 WQber Street North
Waterloo N2L 5C6

Tel: (519) 884-5700

tZentronics
155 Cglonnada Road

nit 1
Nepean K2E 7K1
Tel: (613) 225-8840
TWX: 06-976-78

SASKATCHEWAN

Zentron

1731 222 Albeml Avenue
Saskatoon S7K 1R4

Tel: (306) 955-2202, 2207
FAX: (306) 244-3731

QUEBEC

tArrow Electronics Inc.

4050 Jean Talon Oues(

Montreal H4P 1

Tel: (51 4&735 551|

TLX: 05-25596

Arrow Electronics Inc.

909 Charest Blvd.

Quebec 61N 269

Tel: (418) 687-4231

TLX: 05-13388

Hamllton/Avnet Electronics
ue pern

St Laursnt H‘S 1P8

wv;g 1)-42 1-3731

Zentronics
505 Locke Street
St. Laurent H4T 1X7
Tel: (514) 735-5361

: 05-827-635
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ALABAMA
Intel Corp.
5015 Bradford Dnve. #2
Humsvllle 805
el: (205) 830-4010

ARIZONA

Intel Corp.

11225 N. 28th Dr., #D214
Phoenix

Tel: (602) 869-4980

500 E Fry Blvd., Suite M-15
Sierra Vista 85635

Tel: (602) 459 5010
ARKANSAS

Intel Corp.
P.O. Box 206

Uim 72170
Tel: (501) 241-3264
CALIFORNIA

Tel: 131 8) 704-8500

Intel Corp.
22?‘0 E. |mpe:lal Highway

B Segundc 90245
Tel: 1-800-468-3548
Intel Corp.

1900 Prairie Gi
Folsom 95630-9597
Tel: (916) 351-6143

DOMESTIC SERVICE OFFICES

‘CONNECTICUT

26 M|II Prraln Road
bu 06811
Tel ,}2 )74&3130

FLORIDA
Intel Cor|
1500 N. x 62, Suite 104

Ft. Lauderdale 33309
Tel: (305 771-0600

956-9407
Intel
242 N Weslmonle Drive
Swt 105
itamonte Springs 32714

Tal (305) 869-5588
GEORGIA
intel Corp.
3260 Polme Parkway
Novc

Tel: (404) 441- |17|
ILLINOIS

)nt

“'?
Tel: (3!2} 3 0-5733
INDIANA

intel Corp.
8777 Purdue Rd..a#l25

Indianapolis 4626
Tel: (317) 875-0623
KANSAS

Intel Corp.

8400 W 1|0th Street
Suite 17/

Overland Park 66210

Tel: (913) 345-2727

Sal
Tel: (408) 970-1740

Intel Corp.
4850 Executlve Drive

Sln DI 0 92121
Tel: (6'03) 452-5880

COLORADO
650 saum chervy
Sulle 915

Tel 306 321 8086
-931-2289

CALIFORNIA

2700 San’Tomns Expressway
95051

Tel (wa) 970-!700

CALIFORNIA

2700 San Tomas Expressway

Suma CInru 95051
‘el: (408) 986-8086

ntel Corp.

3525 Tatesueok Road, #51

Lexington 40502

Tel: (606) 272-6745

MARYLAND

Intel Corp.

5th Flot';f'1

7833 Walkef Drive

Greenbelt 20770

Tel: (301) «l 1020

MASSACHUSETTS

Intel Corp.
fgstiore .

3 Carlisle CR?;IF\.‘I

Westford 01886

Tel: (617) 692-1060

Center

CUSTOMER TRAINING CENTERS

ILLINOIS
300 N Mmlngglo. #300
Tol (312) 3?0 5700

ILLINOIS
300 . Marti ale7, #300
Tel (312) 3?0—8031

MICHIGAN
intel Corp.
70'_1'1 Orchard Lake Road
uite
West Bloomfield 48033
Tel: (313) 851-8905
MISSOURI
el Corp.
4203 Eann City Expressway
Suite !
Earth City 63
Tel: (314) 291-2015
NEW JERSEY
Intel Cor
335 Sylvan Avenue
07632

Yel: (201 567-0821
TWX: 710-991-8593
Intel Ooer
Raritan Plaza IIf
Raritan Genter
Edison 08817
Tel: (201) 225-3000
NORTH CAROLINA
Intel Corp.
2306 W. Meadowvlw Road
Suite 206
Greensboro 2:
Tel: (919) 294~|54|

Intel Corp.

00 Wycliff Rd., Suite 102
Ralelgh
Tel: (319) 781-8022
OHIO

Chd i rg d Bldg.
agrin-Brainar

Sui vtg 305

28001 Cha rlnzzsoulevard

Tel)é216 464-6915
TWX: 810-427-9298

Intel Corp.

6500 Poe

Du?ton 45414

Tel: (513) 890-5350
OREGON

Intet Corp.
|5254 N.W. Greenbrier Parkway, Bidg. B
Bea 1886

Tol 503
15—467-8741

2 Elam Young Parkway
Hlllsbovo 97123
Tel: (503) 681-8080

MASSACHUSETTS

3 Carlisle Road
Westford 01886
Tel: (617) 692-1000

SYSTEMS ENGINEERING OFFICES

MASSACHUSETTS
3 Carlisle Road
Waestford 01886
Tel: (817) 692-3222

PENNSYLVANIA

el Corp.
201 Penn Center Boulevard
ite 301 W

Pmsbuv h 15235
Tel: (313) 354-1540

TEXAS

Intel Corp.
313 E. Anderson Lane
Suite 314.
Austin 78752
Tel: (512) 454-3628
: 910-874-1347.

Intel Corp.
12300 Ford Road

Intel Corp.

8815 Dyer St., Suite 225
El Paso 79904

Tel: (915) 751-0186
VIRGINIA

Intel Corp.
609 sanla Rosa Rd., #109
ichmond 23288

'I’ol (804) 282-5668

WASHINGTON

Intel Oorr\.

110 110th Avenue N.E.

Suite 510

Bellevue 98004

Tel: 1-800-468-3548

TWX: 910-443-3002

'WISCONSIN

Intel Corp.

3308S. E; (ecuﬂve or.

Sune 102
Brookfield 53005

Tol: (414) 784-8087

CANADA

Intel Corp.
190 Attwell Drive, Suite 500
Rexdale, Ontario

Canada MSW 6H8

Tel: (416) 675-2105

Canada K3

Tel: (514) 694-9130

Intel Cory

2850 Quoensviuw Drive, #250

a, Ontario,
Canadt K2B 8HB
Tol: (613) 829-9714

MARYLAND

7833 Walker Dr., 4th Floor
reenbelt 20770

Tel: (301) 220-3380

NEW YORK
Mmor Parkw
11788
‘I’el ( 16) 231»3300
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BELGIUM

Intel Corporation S.A.
Rue de Cottages 65
B-1180 Brussels

Tel: (02) 347-0666

DENMARK

Intel Denmark A/S*
Glentevej 61 - 3rd Floor
DK-2400 Copenhagen
Tel: (01) 19-80-33
TLX: 19567

FINLAND

Intel Finland OY
Rousilantie 2

00390 Helsinki

Tel: (8) 0544-644
TLX: 123332

FRANCE

Intel Paris
1 Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

Tel: (33) |$0-57 7000
TLX: 6990

Intel Corporation, S.A.R.L.
Immeuble BBC

4 Quai des Etroits

69005 Lg‘on

Tel: (7) 42-4089

TLX: 305153

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Seidlstrasse 27
D-8000 Muenchen 2
Tel (B 5’) 53891
LX: 05-23177 INTL D

Intel Semiconductor GmbH
Verkaulsbuero Wiesbaden

Abraham-Lincoln Str. 16-18
6200 Wiesbaden

Tel: (6121) 76050

TLX: 04186183 INTW D

Intel Semiconductor GmbH
Verkaufsbuero Hannover
Hohenzollernstrasse 5
3000 Hannover 1

Tel: (511) 34-40-81

TLX: 923625 INTH D

Intel Semiconductor GmbH
Verkaufsbuero Stuttgart
Bruckstrasse 61

7012 Fellbacl

Tel: 1711) o oo~az

TLX: 7254826 INTS D

ISRAEL

Intel Semiconductor Ltd*
Attidim Industrial Park
Neve Sharet

Dvora Hanevi

gldg No. 13 Mh Floor
Tel Avw

Tel 13) 49! 099 491-098

ITALY

Intel Corporation S.P.A.*
Milanotiori, Palazzo E/4
20090 Assago (Milano)
Tel: (02) 8249 -4071

TLX: 341286 INTMIL

NETHERLANDS

Intel Semlconductor (Nedarland) BV
Alexanderpoort Buildin,
Manan Meesweg 93
3068 Rotterdam

Tel: (10) 21-23-77
TLX: 22283
NORWAY

Inlel Norwa! A/S
Hvamvelen

N-2013, Sk]enen

Tel: 06-8424
TLX: 780‘5

SPAIN

Intel Ibe:

nge Zuvbaran 28-1ZQDA
Tel: (? 4|0~4004

TLX: 46880

SWEDEN

Intel Sweden A.B.*

Tel: (8) 734-0100

TLX: 12261
SWITZERLAND

Intel Semiconductor A.G.*

Tel (o1 329 2977
TLX: 67989 ICH CH

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.*
Pipers W‘:;

Swmdon Wlllsmro SN3 1RJ

Tel: (07" ‘)
o Thada TS SWN

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elektronics Ges m.b.H.
Rolenmuehlgas

A-1
Tel (222) 835 6460

BELGIUM

Inelco Belgium S.A.

Ave. des Croix de Guerre, 94
Bruxelles 1120

Tel: (02) 216-01-60

TLX: 64475

BENELUX

Postbu:

2600 AC n |
Tel: (15) 609-906
TLX: 38250

DENMARK

ITT MultiKomponent
Naverland 29
DK-2600 Glostrup
Tel: (02) 456-66-45
TLX: 33355 ITTCG DK

FINLAND

Oy Fintronic AB
Melkonkatu 24A
SF-00210 Helsinki 21
Tel: (0) 692-60-22

TLX: 124224 FTRON SF

FRANCE

Generim

Zone d'Activite de Courtaboeuf
Avenue de la Baltique

91943 Les Ulis Cedex

Tel: (1) 69-07-78-78

TLX: 691700

J9n7ngvn

73-79 Rue des Solets
Silic 585

94663 Rungis Cedex
Tel: (1) 45- 00
TLX: 290967

Metrol
Tour d'Asnieres
4 Avsnue Laurent Cely

608 Asnieres
Tel (2 47- 9&6240

“Field Application Location

Koning en Hanman Electrotechniek B.V.
tbus 1

FRANCE (Cont'd)

Tekelec Airtronic

Cite des Bruyeres
Rue Carle Vernel BP2
92310 Sevi

Tel (1)45 34 75-35

WEST GERMANY

Electronic 2000 Vertriebs AG
Stahlgruberring 12

LX: 522561 ELEC D
Jermyn GmbH

Schu Istrasse 84

TLX 415257 OJERM D
Metrologie GmbH
Megling srslr 49

8000 chen 71
Tel 1089) 570< 0

Metrologie GmbH
Rheinstr. 94-96

Proelectron Vertriebs AG
Max-Planck-Strasse 1-3
TLX:

ITT-MultiKomponent
Behnnolsnasse 44

ot 107?9?) 875
TLX: 7264399 MUKO D

ISRAEL

Eastronics Ltd.

11 Rosanis Street

Tel: (3) 47-51-51

TLX: 342610 DATIX IL or
33638 RONIX IL.

ITALY

Eledra cumpanentl S P.A.

Via Giacomo Watt, 3

20143 Milano
Tel: (02) 82821
TLX: 332332

ITALY (Cont'd)

Intesi
Milanofiori ES
20090 Assago
Tel: (02) 824701
TLX: 311351

Lasi Elettronica S.P.A.
Viale Fulvio Testi, 126
20092 Cinisello Balsam:
Tel (025) 244-0012, 244- 0212
NORWAY
Nordlsk Elecuomk A/S
Postboks 130
N<|364 Hvalslad
TeI 7)

7546 NENAS N
PORTUGAL
Ditram
fvemda M%r ues de Tomar, 46A

is

Tel: (1) 545-313
TWX: (0404) 14182
SPAIN
A.T.D. Electronica S.A.
Pl. Ciudad de Viena 6
28040 Madrid
Tel: (1) 234-40-00
TWX: 42477

ITT SESA
21-3 Mlguel Angel

Tel (| 541 9-54-00

TWX: 27461

SWEDEN

Notrdisk Elektronik AB
ox

S-171 27 Solna

Tel: (8) 734-97-70

TLX: 10547

SWITZERLAND

Industrade AG

UNITED KINGDOM

Accent Electronic Oomponen(s Ltd.
Jubilee House, Jubilee
Letchworth, Herts SG6 10
England

Tel: (0462) 686666

TLX: 626923

By

Uml 2 Wule

Woestern Indusmal Estate
Bracknell, Berkshire RG12 1RW
England

Tel: (03442) 482211

TLX: 848215 .

Comway Microsystems Ltd.
John Scott House, Market St.
Bracknell Berkshire RJ12 1GP

Tol (0344 55333
TLX: 847201

1BR Microcomputers Ltd.

Unit 2 Western Cmve

Western Industrial E:

Bracknell Berkshire RG12 1RW

oo (0344 405-555

TLX: 849381

Jermyn Industries

Vestry Estate, Otford Road

Sevenouks, Kent TN14 5EU

ol (@732 450144

TLX: 95142

Rapid Silicon

Rapid House, Denmark

H gh combe, Bucks HPH 2ER

Tel: (0494) 442266

TLX: 837931

Rapid Sys(ems

Rapid House, D rk St.

Esqn Wycombe, Bucks HP11 2ER
ind

Tel: (049433450244

TLX: 837931

Micro Marketine

Glenageary Office Park

Glena jeary, Co. Dublin

Irel
Tel: (0001) 856288
TLX:( 31534

YUGOSLAVIA
H R. Microslectronics C
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INTERNATIONAL SALES OFFICES

AUSTRALIA

Intel Australia Ply Ltd.*
Spectrum Buildi %.

200 Pacific Hy evel 6
Crows Nest, NSW, 2065
Tel: (2) 957-2744

FAX: (2) 923-2632

BRAZIL

Inte Semicondutores do Brasi LTDA
Av. Paulista, 1159-CJS 404/40
01311 - Sao Paulo - S.P.

Tel: 9-011-55-11-287-5899
TLX: 1153146

CHINA

Intel PRC Corporation
15/F, Office 1, Citic Bldg.
Jian Guo Men Wai Street

Beijing, PRC
Tel: (1) 500-48!
TLX: 22947 INTEL CN

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

ARGENTINA
VLC S.R.L. Bartalome 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
To(al Electronics

P.O. Box 89
Artamon, N.S.W. 2064
Tel 61-02-430 1855
BRAZIL

Elebra Microelectronica S/A
Giveldo Flausino Gomes, 78
\ndar

i
04575 - Sao Paulo - S.P.
Tel: 55-11-534-9600

TLX: 3911125131 ELBR BR
FAX: 55-11-534-9424

CHILE

DIN Ins(ruments

Suecia 2

Casilla 8055 Correo 22

Santiago
Tel: 56-2-225-8139
TLX: 440422 RUDY CZ

CHINA
Nove! Precision Mechmergl(:o Ltd.

Fiat D, 20 Kingstford Ind.
Phasel 26 wai Hei Streel

FAX: 852-0-261-602

*Field Application Location

JAPAN
Intel Japan K.K.

5-6 Tokodai g -machi
Tsukuba un, | arekl ken 300-26
Tel: 029747-8511

TLX: 3656-160
FAX: 029747-8450

Intel Japan K.

FAX: 0423-60-0315

Intel Japan K.K.*

Flower-Hill Snm machl Bidg.
1-23-9 Shis

Seta aya ku, Tokyo 154

Tel:

FAX: 03—427 7620

Intel Japan K.K.*
Bidg. Kumagaya
6 oo Chg S it 360
a-shi, al ama
Tel 028;

FAX: 0485- 24 75|8

Intel Japan KK.*

Mitsui-Seimei Musashn-kosugl Bldg.
915 Shinmaruko, Nakahara:
Kawasaki-shi, Kanagawa 2"

Tel: 044-733-7011

FAX: 044-733-7010

JAPAN (Cont’d)

Intel Jaé)an
Nihon Seimei Atsugi Bldg.
1-2-1 Asahi-machi

Atsugi- shl Kanagawa 243
Tel: -29-

FAX: 0462 -29- 3731

intel Japan KK."
Flyokuchl-Ekl Bldg

2-4-1

To) onakx shn Osaka 560
Tel: (06) 863-1091

FAX: 06-863-1084

Intel Japan K.K.
Shinmaru Bldg.
1-5-1 Marunouchi
FAX: 03-201-6850
lnlel Japan KK.

-16~30 sieki Minami
Nakamura ku, Nagoya-shi

Tel 052 561-5181
FAX: 052-561-5317

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

CHINA (Cont’d)

Schmidt & Co. Ltd.

18/F Great Eagle Centre
23 Harbour Road
Wanchgl Hong Kong

2
TWX: 74766 SCHMC HX
FAX: 852-5-891-8754

INDIA

Micronic Devices

Arun Complex
0. 65 D.V.G. Road

Bssavanagudl

Bangalore 560 004

Tel: 91-812-600-631

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 MDND IN

Micronic Devices

No. 516 5th Floor

Swastik Chambers

Sion, Chambray Road
Bombay 400 071

Tel: 91-52-39-63

TLX: 9531 171447 MDEV IN

JAPAN

Asahl Electronics Co. Ltd.
KMM Bidg. 2-14-1 Asano
Kokuraklla—ku
Kits)&ushu-shi 802

Tel: -511-6471

FAX: 093-551-7861

C. Itoh Techno-Science Co., Ltd.
C. Itoh Bidg., 2-5-1 Kita- Aoyama
Minato-ku, Tokyo 107

Tel: 03-497-48

FAX: 03-497-4969

JAPAN (Cont'd)

Dia Semicon Systems, Inc.
Wacore 64, 1-37-8 Sangenjaya
Setagaya ku Tsoskyo 1

FAX: 03-487-8088
Okaya Koki

2-4-18 Sakae
Naka-ku, Nagoga shi 460

FAX: 052-204-2901

Ryoyo Electro Corp.
Konwa 8l

1-12-22 Tsuklp
Chuo-ku, Tokyo 104
Tel: 03-546-501
FAX: 03-546-5044

KOREA
J-Tek Corporation

6th Floor, Government Pension Bldg.

64-3 Ygldo—Do
‘oungdeungpo-ku
Seou?iso N
Te 82 2-782-8039
5299 KODIGIT
FAX 82-2-784-8391
Samsung Semiconductor &
Telecommunications Co., Ltd.
150, 21% Tafpyung-ro, Chung<ku

Seoul
Tel: 82-2- 7051 -3987

KORSST
FAX: 82 -2-753-0967
MEXICO
Dicoj

pel S,
Tochtli 368 Fracc. Ind. San Antonio
Axcago zalco
C.P. 2760—Mexlc0. D.F.
Tel: 52-5-561-321
TLX: 1773790 DICOME

KOREA

Intel Technology Asfa le

Room 906, Singson Yg

25-4, Yoido-Dong, oungdeungpo-ku
eoul 150

) 784-8096
SINGAPORE

Intel Singapore Technols
101 Thomson Road #2'

Goldhill Square

Singapore 1130

Tel: 250-7811

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Technodogy (Far East) Ltd.
Taiwan Bra
IO/F No 205 Tun Hua N. Road

R.O.C.
Tel 83&2-716—9650
TLX: 13159 INTELTWN
FAX: 886-2-717-2455

NEW ZEALAND

Northrup Instruments & Systems Ltd.
459 Kyber Pass Road

P.O. Box 9464, Newmarket
Auckland 1

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

TLX: 21570 THERMAL

Nonhrup Instrumanm & Systems Ltd.

Wellln ton 856658
I: 64-4-856-658

LX NZ3380
FAX: 64-4-857276
SINGAPORE
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