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Shift Mode is .
Entered Here ihéf)t( ilt\ggde
1 2 127 Here
CLK
_'\‘\
Scan
SHI
Input
BREQ
Output

Figure 9-3. The Shift Mode of the Boundary Scan Mode

9.2.2 Normal Mode

During normal mode, two operations can occur simultaneously. The first is the driving of
the output lines with the test vector, while the second is the sampling the response on
the input lines. The outputs and inputs are shown in Table 9-2.

The three-state output pins A31-A3, BE7#-BEO#, W/R#, NENE#, ADS#, LOCK#,
and PTB are enabled by storing a high value in the corresponding control latches
ADDRt, BEt,W/Rt, NENEt, ADSt, LOCKt, and PTBt, respectively. If the correspond-
ing output control latch contains a low value, then the pins are tristated.

The data pins D63-DO0 are I/O pins and are enabled by the control latch, DATAt, which
is similar to the other control latches. In addition when the DATAt contains a low value,
then the data pins are configured as inputs and the values on the pins are sampled.

For each of the input pins RESET, HOLD, INT/CS8, NA#, READY#, KEN#, SHI,
BSCN, SCAN, and CC1-0, the corresponding latch is loaded with the value that is being
driven into the pin.

Normal mode is selected when the SCAN is deasserted while BSCN is asserted. All of
the signals shown in Table 9-2 are loaded serially in the shift mode (i.e. while BSCN is
high and SCAN is high.) The timings for the normal mode operation are shown in
Figure 9-4. .
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Note: The BSCN must be high during the operation. 240330-106

Figure 9-4. The Normal Mode of the Boundary Scan Mode

9.2.3 A Test Sequence Example

The following relates to a typical testing session and addresses controllability and observ-
ability issues.

1.

5.

Enter boundary scan mode.

Establish a serial link via the shift mode to shift in the test vectors and to sample the
response. Data can be serially shifted into and out of the i860 CPU. Values are
assigned to the latches that correspond with the pins, as shown in Table 9-1. The
first test vector is then transferred to the i860 microprocessor.

. Enter normal mode. The processor drives the output and also samples the inputs.

This portion of the sequence sends a test vector to the system and also reads the
response synchronously to the rising edge of CLK.

Reenter shift mode and read the response from the output of the serial chain, while
loading new values for the next test vector at the input of the serial chain. It is
possible to loop between steps 3 and 4 until finished.

Exit boundary scan mode and reset the processor.

While running the test sequence, the user must be aware that the response being re-
ceived during the normal mode may correspond to test vector presented in the previous
cycle. This is true if a scan path also exists in the peripheral circuits.
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9.3 USING THE TESTABILITY FEATURES IN A SYSTEM

The boundary scan mode can help in component-level testing and in board-level testing.
These are discussed here, with the emphasis on board level testing.

9.3.1 Component-level Testing

For incoming testing, the serial scan device uses a serial channel to provide a means for
causing the output pins to toggle. Values can be assigned to the output latches in the
shift mode. During normal mode operation, the processor will drive the output pins. The
values of the input pins can also be latched in normal mode and then read out in the
shift mode. This provides a mechanism for monitor the inputs and toggling the outputs
via a serial channel, and may reduce test program development time.

9.3.2 System-level Testing

The benefits of the boundary scan mode are even more apparent when one is debugging
or testing a system, as on a bed of nails in Automatic Test Equipment (ATE). A typical
i860 microprocessor system may consist of peripherals and memory elements, as shown
in Figure 9-5. If the system is being debugged and brought up, then the serial path can
set up test vectors to various memory elements or peripherals. The response from the
peripherals can be accessed following the propagation delay while in normal mode.
Then, the response is serially shifted out in the shift mode. The received response is
compared to the expected response. After the user knows the peripherals are function-
ing properly, code from an EPROM can be used for more extensive testing.

ADRS

7| Buffer ¢ t

SHI, BSCN, SRAM
SCAN, CLK

v

EPROM

> Controls .
# i860 CPU |« N
4 \ Data

Buffer

7

ADRS
Buffer >

BREQ

DRAM Array

Diagnostics
Circuitry

Data
—>| Buffer

240330-107

Figure 9-5. A Typical System with Diagnostics Capabilities
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The peripherals or the memory elements must observe the set-up and hold times of the
i860 microprocessor during normal mode operation. This can be accomplished by giving
multiple clocks during normal mode operation to meet the delay timing of the longest
path. A typical timing diagram for a memory access is shown in Figure 9-6. (If the
longest delay path is four clock cycles, for example, then by asserting the normal mode
for five cycles, the address and the other controls are presented to the memory element,
after which the data can be read or written.) The latching of the signals in the i860 CPU
can be carried out reliably on the last clock edge, before the shift mode operations are
performed.

RAM and other circuits external to the i860 microprocessor peripherals may consist of
state machines. The user must ensure that the state machines are enabled or disabled at
the appropriate time during boundary scan mode. One way to ensure this is to have
separate clocks for the on-board state machines.

If the peripheral or memory elements have a serial scanning scheme as well, then the
clock can be asserted for as briefly as one cycle during normal mode. This implies that
the system will be responding to the test vectors of the previous cycle. The timings would
be similar to those shown in Figure 9-6, with a smaller number of clock pulses for
timeslots 2-3 and 4-5. Again, this assumes that the peripherals have a serial scan chain as
well. This method reduces the number of clock pulses for the normal mode; however,
the overhead in the number of external components is larger than in the first method.
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Figure 9-6. A Typical Timing for Serial Scan Mode
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SIGNAL

RASx#
RAS#
LRAS#
CASx#
WEx#
DTOEx#
CPEND#
ROWE#
COLE#
WDEL#
NCLK#
REF

TRQ
TRFQ#
RASDEL#
PRECH#
REFC#
ERDL#
LERDL#
EWLD#
ERDE#
EWDE#
CLRTRQ#
CLRREF#
SRAE#
SCAE#
HBLANK
HCOUNT
HCLR#
VCLR#
VBLANK#
SYNC#
CBLANK#
SBLANK#
VD Bus
LDSR#

SC
BLANK#
VOG/VOR/VOB
PCLK

APPENDIX A
GRAPHICS FRAME BUFFER

SCHEMATICS AND PLD CODE

DESCRIPTION

RAS# for buffer #x

RAS1# ANDed with RASO#

Delayed RAS#

CAS# for buffer #x

Write control for VRAMs

Output control and SAM transfer request
Cycle pending

Row address enable

Column address enable

Write delay

Timing control for WDEL#

Refresh request

SAM transfer request

Conditioned refresh/SAM transfer request
RAS# delay for CAS-/DTOE-before RAS
Controlling RAS# precharge time
Controlling RAS# active time for TRFQ#
Expansion read data latch

Delayed ERDL#

Expansion write data latch

Expansion read data enable

Expansion write data enable

Clearing TRQ

Clearing REFRESH

Row address enable for SAM transfer
Column address enable for SAM transfer
Horizontal blank

HBLANK count for generating vertical signal
Clear counter used to generate HBLANK
Clear counter used to generate VBLANKG#.
Vertical blank

Composite sync for video DACs
Composite blank

Composite blank synchronized to PCLK
Video data bus

Loading 4 pixels into shift registers

Serial clock for shifting VRAM data out,16MHz

Blank signal for video DACs
RGB signals
Pixel clock, 64 MHz
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module FB_VRM flag '-r3'
title 'Buffer Select'

Ul device 'P16R6';

VCC,GND,OCn pin  20,10,11;
CLKC,VBF@n,RESET,VSYNC,CLRFRX@

pin 1,2,4,5,6;
NC1,NC2,NC3,NC4,NC5,NSS1,NSS2 pin  3,7,8,9,12,13,18;

SE1ln,SE@n,VSYNCS,CLRFRQn,VSYNCn
pin  14,15,16,17,19;

Equations
CLRFRQn := CLRFRX@;
VSYNCS
:= VSYNC;
VSYNCn = !VSYNC;
state_diagram  [SEln,SE@n]
- state [1,1]: if(RESET # VSYNCS) then [1,1]
else if(!VSYNCS & VBF@n) then [@,1]
else if(!VSYNCS & !VBF@n) then [1,0]
else [1,1];
state [@,1]: if(RESET # VSYNCS) then [1,1]
else [@,1];
state [1,0]: if(RESET # VSYNCS) then [1,1]
else [1,0];
state [0,0]: goto [1,1];

"Description:

" Buffer switch happens at the time of vertical
" sync. /

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Buffer Switch'

U2 device 'P16R4'; .
VCC,GND,OCn pin  20,10,11;

CLKC,RESET,LADSn, EXPSELn,A22,A3 pin 1,2,3,4,5,6;

DRMBSYn,BSYn,EXPBSYn, LADSA22n pin 7,8,9,12;

CBUSYn,VBF@n,LRDYn,VSELX@,VSELX1  pin  13,14,15,16,17;

NC1,RDYn pin  18,19;
Equations

RDYn = !(!VSELX1 & VSELX@ & DRMBSYn & BSYn & EXPBSYn) ;
enable RDYn = !VSELX1 & DRMBSYn & BSYn & EXPBSYn;
CBUSYn = BSYn & (DRMBSYn # !EXPBSYn);

LADS22n = LADSn # A22;

LRDYn := RDYn;

state_diagram [VSELX1,VSELX@]

state [1,1]: if(RESET) then [1,1]
else if(!EXPSELn & A22 & !LADSn) then [@,1]
else [1,1];

state [0,1]: if(RESET # !RDYn & DRMBSYn & BSYn & EXPBSYn) then [@,0]
else [0,1];
state [0,0]: if(!RESET & !EXPSELn & A22 & !LADSn) then [@,1]
else [1,1];
state [1,0]: goto [1,1];
state_diagram [VBF@n]
state [1]: if(RESET # !LADSn & 'EXPSELn & A22 & !A3)
then [0]
else [1];
state [@]: if('RESET & !LADSn & !EXPSELn & A22 & A3)
then [1]
else [0];
"Description:

" - READYn is asserted when accesses direct to

the expansion space when A22 = 1. It is not
enabled until no busy signals are active, i.e.,
no pipelined cycles are pending.

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Write Enable’

U3 device 'P2@L8';

VCC,GND
LWRn,LBE@n, LBE1n,LBE2n, LBE3n, LBE4n

LBE5Nn, LBE6N,LBE7n,PRECHN,CAS@n
RASNn,WE@Xn,WE@n ,WE1n,WE2n,WE3n
WE4n,WE5n,WE6N,WE7n,WE7Xn

Equations
WE@n
WEIn
WE2n
WE3n
WE4n
WESn
WE6n
WE7n

"Description:

(LBE@n
(LBE1n
(LBE2n
(LBE3n
(LBE4n
(LBE5n
(LBE6n
(LBE7n

#
#
#
#
#
#
#
#

ILWRn) & CAS@n
ILWRn) & CAS@n
ILWRn) & CAS@n
ILWRn) & CAS@n
ILWRn) & CAS@n
ILWRn) & CAS@n
'LWRn) & CAS@n
'LWRn) & CAS@n

pin 24,
pin 1,2,3,4,5,6;

12;

pin 7,8,9,10,11;
pin 13,14,15,16,17,18;
pin 19,20,21,22,23;

IPRECHn
!PRECHn
!PRECHNn
!PRECHn
TPRECHn
IPRECHNn
!PRECHn
IPRECHN

HHRHFHR BB HHR

RASN
RASN
RASN
RASn
RASN
RASn
RASNH
RASN

HHHBHFHF®RHH

# WE@Xn & !CASOn;
# WEln & !CAS@n;

&
# WE2n & !CAS@n;
# WE3n & !CAS@n;
# WE4n & !CASOn;
# WE5n & !CAS@n;
# WE6bn & !CASOn;

# WE7Xn & !CAS@n;

" The write enables are not asserted when RASn goes active
b during CAS-Before-RAS refresh and write cycles
" starting up (to disable write-per-bit).

end FB_VRM;
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module FB_VRM flag '-r3'

title 'CRT Clocks'
U7 device 'P16R8';

VCC,GND,0Cn pin 20,10,11;
PCLK,VCLRn,HCLRn,RESET pin  1,2,3,4;
NC1,NC2,NC3,NC4,NC5 pin  5,6,7,8,9;
HQd,VvQo,CDIV16,CDIVS,CDIV4,CDIV2  pin  12,13,14,15,16,17;
HCLRXn,VCLRXn pin  18,19;

CDIV = [CDIV16,CDIV8,CDIV4,CDIV2];
equations
CDIV := (CDIV + 1) & !RESET;

state_diagram [HCLRXn,HQd]
state [1,1]: if(RESET) then [1,1]
else if(!HCLRn) then [@,1]
state [0,1]: goto [1,0];
state [1,0]: if(RESET # HCLRn) then [1,1]
else [1,0];
state [0,0]: goto [1,1];

state_diagram [VCLRXn,VQ@]
state [1,1]: if(RESET) then [1,1]
else if(!VCLRn) then [@,1]
state [0,1]: goto [1,0];
state [1,0]: if(RESET # VCLRn) then [1,1]
else [1,0];
state [0,0]: goto [1,1];

"Description:
" HCLRXn and VCLRXn clear the counters for horizontal and
" vertical timings.

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Ready Logic'

U8 device 'P2@R4';

VCC,GND,OCn pin  24,12,13;
CLK,RASn,COLEn,LADSNn,WRn,TRFQn

pin 1,2,3,4,5,6;
CPENDn,WDELX@,WDELn,NC1,EXPBSYn

pin  7,8,9,10,11;
LERDLn,NC2,WAIT,LRASNn,LWRn,NAXD

pin  14,15,16,17,18,19;

RDYX@,RESET,RDYn,NENEn pin  20,21,22,23;
RIDLE = 1;
RACT = @;

equations

LRASn := RASn;
RDYn = I((WAIT & !RDYX@ & TRFQn & !COLEn

& WDELn & !CPENDn & LWRn) # (!LERDLn));
enable RDYn = !EXPBSYn; _

state_diagram [RDYX@]

state RIDLE: if (RASn) then RIDLE
else if(!RASn & TRFQn) then RACT
. else RIDLE;
state RACT : if(RASn # IRDYn & !RASn # !LADSn & NENEn) then RIDLE
else RACT;

state_diagram  [NAX@]

state [1]: if (RASn) then [1]
else if(WAIT & !CPENDn & !LWRn & !COLEn & !RASn)

then [@]
‘ else [1];
state [@] : goto [1];
state_diagram [LWRn] ‘
state [1]: if(!LADSn & !WRn) then [0]
else [1];
state [@]: if(!LADSn & WRn) then [1]
else [0];

End FB_VRM;
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module FB_VRM flag '-r3'
title 'Output Enables'

U9 device 'P20R8';

VCC,GND,OCn pin  24,12,13;
CLK,DREF,EXPSELn,CPENDN,LADSA22n, TRFQn

pin 1,2,3,4,5,6;
WRn,LWRn,RASNn,NC1,NC2,REF,NC3 pin 7,8,9,10,11,14,15;

CLRRFX@,DTOE@n,DTOE1n, EWDEN, ERDEXD
pin 16,17,18,19,20;

CLRTRQn,NC4,PRECHN pin 21,22,23;
state_diagram [DTOE1n]
state [1]: if (!CPENDn & !LWRn & !RASn
# RASn & !TRFQn & PRECHn & !REF) then [@]
else [1];
state [@]: if (DREF # !LADSA22n & WRn & !EXPSELn) then [1]
else [0];
state_diagram [DTOE@n]
state [1]: if (ICPENDn & !LWRn & !RASn
# RASn & !TRFQn & PRECHn & !REF) then [d]
else [1];
state [@]: if (DREF # !LADSA22n & WRn & !EXPSELn) then [1]
else [0];
state_diagram [CLRRFX@]
state [1]: if (RASn & REF & PRECHn & !TRFQn)
then [0] '
else [1];

state [@]: goto [1];
state_diagram [CLRTRQn]

state [1]: if(!DTOE1ln & PRECHn & !RASn)
' then [@]
else [1];
state [@]: goto [1];
state diagram [ERDEXd]
state [1]: if (RASn) then [1]

else if(!RASn & !LWRn & TRFQn
# IRASn & !LADSA22n & !'WRn & !EXPSELn) then [4]

else [1];

state [@]: if (!LADSA22n & WRn & !EXPSELn # RASn) then [1]
else [0];

state_diagram [EWDEn]

state [1]: if(RASn) then [1]
else if(!RASn & LWRn) then [d]
else [1];

state [@]: if (ILADSA22n & !WRn & !EXPSELn # RASn) then [1]
else [0];
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"Description:

" ERDEXZ is an intermediate signal to generate ERDEn.
CLRRFX@ is an intermediate signal to generate the
" CLear_Refresh_ReQuest (CLRRFQ)

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Random Logic'

Ul@ device 'P20L8';

VCC,GND pin  24,12;
RAS1n,RAS@n,SCAEn, TRFQn, PRECHNn pin 1,2,3,4,5;
REF,CAS1n,CASX1,ERDEX@,WAIT,REFCn pin 6,7,8,9,10,11;
LWRn,WRn,DREF ,ERDEn,RASDELN, TREF pin 13,14,15,16,17,18;
NC1,LADSBn,RASNn,PREF,LADSNn pin 19,20,21,22,23;
Equations
RASn = RAS1n & RASOn;
TREF = !TRFQn & REFCn & CAS1n
# !SCAEn & REFCn
# LADSn & REFCn & ICAS1n & !CASX1 & LWRn & WAIT & TRFQn
# LADSn & REFCn & !CAS1n & ICASX1 & !LWRn & TRFQn;
PREF = (!RASln # !RAS@n) & !SCAEn & RASDELn
# !TRFQn & REF & RAS1n & RAS@n & PRECHn & RASDELn;
DREF = RAS1n & RAS@n & REFCn
# ISCAEn & REFCn;
ERDEn = ERDEX@ & (LADSn # WRn # RAS1n & RAS@n);

"Description:

LADSBn = LADSn;

TREF feeds into the RAS state machine. The !TRFQn term

is for CAS-Before-RAS refresh; the !SCAEn term
for serial register load inside the VRAMs.

PREF feeds into the CAS state machine. The !TRFQn term is

for VRAM refresh request. The !SCAEn term is for
serial register Toad inside the VRAMs.

DREF feeds into the Output Enable logic.
LADSBn is for non-critical logic.
end FB_VRM;
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module FB_VRM flag '-r3'
title 'Composite Sync and Blank'

ull device 'P22V19';

VCC,GND pin  24,12;
HBLANK,NC1,HSYNCn, pin  1,2,3;
HB@,HB1,HB2,HB3,RESET pin 4,5,6,7,8;
NC2,NC3,NC4,NC5 pin  9,10,11,13;
VCLRn,HCNT2,HCNT@,HCNT4 ,HCNT5 pin  14,15,16,17,18;
VBLANKn,VSYNC,HCNT1,HCNT3,CSYNCn - pin  19,20,21,22,23;
HB = [HB3,HB2,HB1,HBd];
HCNT = [HCNT5,HCNT4,HCNT3,HCNT2,HCNT1,HCNT@] ;
equations
WHEN ((HB == 15) & !(HCNT == 5@) & !RESET)
THEN HCNT := (HCNT + 1);
ELSE HCNT := HCNT & !((HCNT == 5@) & (HB == 12)) & !RESET;

CSYNCn = !VSYNC & HSYNCn;
state_diagram [VBLANKn]

state [@]: if((HCNT == 2) & (HB ==12) & !RESET) then [1]
else [0]; "Blank for 45 horizontal
"Tines
state [1]: if((HCNT == 50) & (HB ==12) # RESET) then [d]
else [1]; "Active time = 768

"horizontal Tlines

state_diagram [VSYNC]

state [0]: if((HCNT == @) & (HB ==5) & !RESET) then [1]

else [0]; "Front Porch = 6 H Tines
state [1]: if((HCNT == @) & (HB ==11) # RESET) then [0]

else [1]; "Active for 6 H Tlines
state_diagram [VCLRn]
state [1]: if((HCNT == 5@) & (HB == 12) # RESET) then [@]

else [1];
state [0]: if(!RESET) then [1]

else [0];

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Horizontal Sync and Blank'

uld device 'P16R6';

VCC,GND,OCn pin 20,10,11;
cpbIvie,cceé,CC5,cC4,CC3,CC2,CC1,CCO  pin 1,2,3,4,5,6,7,8;
VBLANKn,NC1,HCLRn,CBLANKn,HSYNCn pin 9,12,13,14,15;
EXPINTn,EINTX@,HBLANK,RESET pin 16,17,18,19;

cc = [ccé6,cC5,CC4,CC3,CC2,CC1,CCa] 5

state_diagram [EXPINTn,EINTX@]
state [1,1]: if(RESET) then [1,1]
: else if(!VBLANKn) then [@,1]
else [1,1];

state [0,1]: goto [1,0];
state [1,0]: if(RESET # VBLANKn) then [1,1]
else [1,0];
state [0,0]: goto [1,1];
state_diagram [HBLANK] "Horizontal Blank"
state [1]: if(RESET) then [1]
else if(CC == 17) then [@]
else [1];
state [@]: if((CC == 81) # RESET) then [1]
else [@];
state_diagram [HCLRn]
state [1]: Jif((CC == 81) # RESET) then [0]
' else [1];
state [0]: if(IRESET) then [1]
else [0];
state_diagram [HSYNCn] "Horizontal Sync"
state [1]: if (RESET) then [1]
else if(CC == 1) then [0]
else [1];
state [0]: if ((CC == 7) # RESET) then [1];
' else [@];
state_diagram [CBLANKn] "Composite Blank"
state [1]: if (HBLANK # !VBLANKn # RESET) then [@]
else [1];
state [@]: if (!HBLANK & VBLANKn & !RESET) then [1]
else [@];
"Description:

" CDIV16 is a 4MHz clock; therefore, horizontal scan period
" is about 26.5 usec and the active display time is 16.9
" usec (each CC count is @.25 usec.).

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Write Data Latch'

U25 device 'P16R4';

VCC,GND,OCn pin 20,10,11;
CLK,RESET,TRFQn,COLEn,NAX@,CPENDn pin 1,2,3,4,5,6;
WDELn, LWRn,RASn,ERDLn,WAIT,LERDLN pin 7,8,9,12,13,14;
EWDLX@,EWDLn,EXPBSYn,NC1,NAn pin 15,16,17,18,19;

Equations
NAn = NAX@ # !TRFQn;
enable NAn = !EXPBSYn;
LERDLn := ERDLn;

state_diagram [EXPBSYn]

state [1]: if (RESET) then [1]
else if (!RASn & TRFQn) then [0]
else [1];

state [@]: if(RESET # CPENDn & RASn & COLEn & TRFQn) then [1]
else [4];

state_diagram [EWDLn,EWDLX@]

state [1,1]: if (RESET) then [1,1]

else if (!RASn & LWRn & TRFQn) then [@,1]
else [1,1];

state [@,1]: if(RESET # RASn # !WAIT) then [1,1]
else [1,0];

state [1,0]: if (WDELn) then [1,1]
else [@,1];

state [0,0]: goto [1,1];

"Description:

NAn is driven only when it is a VRAM cycle.
EWDLn is asserted whenever, it is a write cycle.

End FB_VRM;
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module FB_VRM flag
'-r3' title 'Cycle Pending'

U26 device 'P16R6';

VCC,GND,0Cn pin 20,10,11;
CLK,LADS22n,RESET,TRFQn,RDYn,CAS1n,RASN

. pin 1,2,3,4,5,6,7;
EXPSELn,WRn,NC1,WDELX@,WDELn,NCLKX@
pin  8,9,12,13,14,15;

NCLKn,NC2,CPENDn ,WAIT pin 16,17,18,19;

state_diagram [CPENDn]

state [1]: if (RESET) then [1]
else if(!LADS22n & IEXPSELn) then [@]
else [1];

state [@]: if(LADS22n & !CAS1n & TRFQn

# EXPSELn & !CAS1n & TRFQn # RESET) then [1]

else [@];

state_diagram [WDELn, WDELX®]

. state [1,1]: if (RESET) then [1,1] "IDLE

else if(1LADS22n & !WRn & !EXPSELn
# ICPENDn & !WRn & !EXPSELn & !RASn)
then [1,8] "INACT
else [1,1];
state [1,0]: if (RESET # RASn) then [1,1]
else if(!LADS22n & WRn & !'EXPSELn) then [@,1] "ACTIVE1
else [1,0];
state [0,1]: if (RASn) then [1,1]
) else if(INCLKX@) then [0,d]
else [@,1];

state [0,0]: goto [1,1];
state_diagram [NCLKn, NCLKX@]
state [1,1]: if(RESET) then [1,1] "IDLE

else if(!RDYn) then [@,1] "INACT
else [1,1];
state [0,1]: goto [@,0];"ACTIVE
state [0,0]: if(RESET # RDYn) then [1,1]
- else if (!RDYn) then [0,1]
else [0,0];
state [1,0]: goto [1,1];
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"Description:

CPENDn (cycle pending) is deasserted only when CASxn has
been asserted for the cycle.

WDELn is for freezing the state machines when a write
cycle is pipelined right after a read cycle. The
1860 processor does not drive the data bus until
one clock after READYn is asserted for the
previous read cycle.

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Refresh Requests'

U27 device 'P16R8';

VCC,GND,0Cn pin 20,10,11;
CLKG,PRECHn,REF, TRQ,RESET,RASN pin 1,2,3,4,5,6;
CLRTRQn,RASDELN,RDYn,ROWEN, SRAEN pin 7,8,9,12,13;
TRFQX@, TRFQn,REFCX@,REFCn, SCAEn,COLENn

pin 14,15,16,17,18,19;

TI = 3;
TAl = 1;
TA2 = @;
TIl = 2;
RIDLE = 3;
RINACT1 = 1;
RINACT2 = @;
RINACT3 = 2;
state_diagram [REFCn, REFCX@]
state RIDLE: if(RESET) then RIDLE

else if (RASn & !TRFQn) then RINACT1
else RIDLE;

state RINACT1: if(RESET) then RIDLE
else if (!RASn & RASDELn) then RINACT2
else RINACTI;

state RINACT2: goto RIDLE;

state RINACT3: goto RIDLE;

state_diagram [TRFQn,TRFQX@]

state TI: if (RESET) then TI
else if (REF & RDYn # TRQ & RDYn) then TAl
else TI;
state TAl: if (RESET) then TI
else if (!RASn & !REFCn) then TA2
else TAl;
state TA2: if (RESET # REFCn) then TI
else TA2;
state TI1: goto TI;
state_diagram [SRAEn]
state [1]: if(RESET) then [1]
else if(RASn & !TRFQn & !REF & PRECHn) then [0]
else [1];
state [0]: if(IRASn # RESET) then [1]
else [0];
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state_diagram [SCAEn]

state [1]: if(RESET) then [1] else if(!CLRTRQn) then [@]
else [1];

state [@]: if(REFCn # RESET) then [1]
else [@];

state_diagram [ROWEn]

state [0]: if(RESET) then [@]
else if(!RASn # !ITRFQn) then [1]
else [@];

state [1]: if (RESET # TRFQn & COLEn & RASn) then [@]
else [1];

state_diagram [COLEn]

state [1]: if (RESET) then [1]
else if(ROWEn & !RASn & TRFQn) then [@]
else [1];

state [@]: if (RASn) then [1]
else [0];

"Description:

ROWEn enables row address while COLEn enables column
address for 1868 processor cycles. SRAEn and

SCAEn enable the serial row and column addresses
for serial register load cycles.

TRFQn combines the VRAM refresh and serial register load
requests.

end FB_VRM;
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module FB_VRM flag '-r3'
title 'CAS Logic'

U28 device 'P16R6';

VCC,GND,OCn pin  20,10,11;
CLK,CPENDn,RASn,WAIT, LWRn,WDELN pin 1,2,3,4,5,6;
COLEn,TRFQn, PREF,RESET,ERDLn pin 7,8,9,12,13;
CASX@,CASX1,CAS@n,CAS1n,CAS2n,NC1  pin  14,15,16,17,18,19;

CIDLE = -~b11111;

CACTIVEL = -~b@@@11;
CACTIVE2 = ~b@0@1d;
CACTIVE3 = ~b@@@a1;

CNS1 = @;

CNS2 = 4,

CNS3 = 5;

CNS4 = 6;

CNS5 = 7;

CNS6 = 8;

CNS7 = 9;
CNS8 = 10;
CNS9 = 11;
CNS19 = 12;
CNS11 = 13;
CNS12 = 14;
CNS13 = 15;
CNS14 = 16;
CNS15 = 17;
CNS16 = 18;
CNS17 = 19;
CNS18 = 20;
CNS19 = 21;
CNS20 = 22;
CNS21 = 23;
CNS22 = 24,
CNS23 = 25;
CNS24 = 26;
CNS25 = 27;
CNS26 = 28;
CNS27 = 29;
CNS28 = 30;

'state_diagram [CAS2n, CAS1n, CAS@n, CASX1, CASXd]
state CIDLE: if (RESET) then CIDLE

else if(!RASn & !COLEn & !CPENDn & TRFQn & WDELn
# PREF) then CACTIVEL
else CIDLE;
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state CACTIVEL :if(WAIT & LWRn & !RASn & !COLEn
# IWAIT & 'LWRn & !RASn & !COLEn
# 1TRFQn & COLEn)
then CACTIVE3
else if(!RASn & WAIT & !LWRn & !COLEn) then CACTIVEZ2
else if(!RASn & !WAIT & LWRn & !COLEn # RESET) then
CIDLE
else CACTIVE];

state CACTIVE2: goto CACTIVE3;
state CACTIVE3: goto CIDLE;
state CNS1: goto CIDLE;
state CNS2:  goto CIDLE;
state CNS3: goto CIDLE;
state CNS4: goto CIDLE;
state CNS5:  goto CIDLE;
state CNS6: goto CIDLE;
state CNS7: goto CIDLE;
state CNS8:  goto CIDLE;
state CNS9:  goto CIDLE;
state CNS1@: goto CIDLE;
state CNS11: goto CIDLE;
state CNS12: goto CIDLE;
state CNS13: goto CIDLE;
state CNS14: goto CIDLE;
state CNS15: goto CIDLE;
state CNS16: goto CIDLE;
state CNS17: goto CIDLE;
state CNS18: goto CIDLE;
state CNS19: goto CIDLE;
state CNS2@: goto CIDLE;
state CNS21: -goto CIDLE;
state CNS21: goto CIDLE;
state CNS23: goto CIDLE;
state CNS24: goto CIDLE;
state CNS25: goto CIDLE;
state CNS26: goto CIDLE;
state CNS27: goto CIDLE;
state CNS28: goto CIDLE;

state_diagram [ERDLn]

state [1]: if(RESET) then [1]
else if(IWAIT & !COLEn & !LWRn & !CASIn & CASX1 & CASXd
# WAIT & !COLEn & !LWRn & ICAS1n & CASX1
& !CASX@) then [@]
else [1];
state [@]: goto [1]; -
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"Description:

" The SCAEn term in the CAS state machine is for serial
" register Toad cycle while the REF term for

" CAS-Before-RAS refresh request.

end FB_VRM;
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module FB_VRM flag '-r3'
title 'Serial Clocks'

U29 device 'P16R8';

VCC,GND,OCn pin  20,10,11;
PCLK, SBLANKn,SC@,SC1,LDSRn, SCX@

pin 1,2,12,13,14,15;
NC1,NC2,NC3,NC4,NC5,NC6,NC7 pin  3,4,5,6,7,8,9;
BLANKn,BLANKX1,BLANKX@,NSS1

pin 16,17,18,19;

SI = ~b@@ll;

SAl = -~bllll;

SA2 = ~bl118@;

SI1 = ~bogog;

SNS1 = 5;

SNS2 = 4;

SNS3 = 2;

SNS4 = 1;

SNS5 = 6;

SNS6 = 7;

SNS7 = 8;

SNS8 = 9;

SNS9 = 1@;

SNS16 = 11;

SNS11 = 12;

SNS12 = 13;

BI = ~b@ll;

BIl = ~blll;

BI2 = ~bl1@;

BI3 = ~bl@l;

BI4 = ~b10gd;

BNS1 = 2;

BNS2 = 1;

BNS3 = 4;
equations
state_diagram [SC1,SC@,LDSR,SCX@]
state SI: if(SBLANKn) then SAl

else SI;

state SAl: goto SA2;
state SA2: goto SI1;
state SI1: goto SI;
state SNS1: goto SI;
state SNS2: goto SI;
state SNS3: ~ goto SI;
state SNS4: goto SI;
state SNS5: goto SI;
state SNS6: goto SI;
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state
state
state
state
state
state

SNS7:
SNS8:
SNS9:

SNS1@:
SNS11:
SNS12:

goto SI;
goto SI;
goto SI;
goto SI;
goto SI;
goto SI;

state_diagram [BLANKn,BLANKX1,BLANKX@]

state
state
state
state
state
state
state
state

"Description:

BI:
BI1:
BI2:
BI3:
BI4:
BNS1:
BNS2:
BNS3:

if(SBLANKn) then BI1 else BI;
if(!SBLANKn) then BI2 else BIl;
goto BI3;

goto BI4;

goto BI;

goto BI;

goto BI;

goto BI;

SCO and SC1 control the serial register loading inside

the VRAMs.

BLANKn feeds into the video DAC to blank out the monitor

end FB_VRM;

screen.
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module FB_VRM flag '-r3'
title 'RAS Logic'

U34 device 'P20R8';

VCC,GND,OCn pin 24,12,13;
CLK,LADSn,NENEn,A22,A21,CBUSYn, TRFQn

pin 1,2,3,4,5,6,7;
TREF,RESET,EXPSELn,CPENDNn,NC1,NC2 pin 8,9,10,11,14,15;
PRCHX@, PRECHn,NC3,RASDELN,RAS1,RAS@n

pin 16,17,18,19,20,21;
NC4,NC5 pin 22,23;

IDLE = 1;
ACTIVE =

PIDLE
PACT1
PACT2
PNS1 = 2;

state_diagram [RAS@n]

H

.
s

3
1;
[']

1

1

state IDLE: if(1LADSn & !EXPSELn & !A22 & !A21 & CBUSYn
& TRFQn & PRECHn
# ICPENDn & !EXPSELn & !A22 & !A21 & PRECHn
& CBUSYn & TRFQn
# ITRFQn & PRECHn & !RASDELn) then ACTIVE
else IDLE;
state ACTIVE :if ( TREF
' RESET
'LADSn & EXPSELn & TRFQn
ILADSn & A22 & TRFQn
ILADSn & A21 & TRFQn
ILADSn & !'EXPSELn & !'A22 & !A21
& NENEn & TRFQn)
then IDLE
else ACTIVE;

state_diagram [RAS1n]
state IDLE: if(!'LADSn & !'EXPSELn & !A22 & A21 & CBUSYn
& TRFQn & PRECHn
# ICPENDn & !EXPSELn & !A22 & A21 & PRECHn
& CBUSYn & TRFQn
# ITRFQn & PRECHn & !RASDELn) then ACTIVE
else IDLE;

HH W HH
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state

ACTIVE :if ( TREF
# RESET
# 1LADSn & EXPSELn & TRFQn
# 1LADSn & A22 & TRFQn
# I1LADSn & !'A21 & TRFQn
# ILADSn & !EXPSELn & !'A22 & A21
& NENEn & TRFQn)

then IDLE

else ACTIVE;

state_diagram [RASDELn]

state [1]: if (RESET) then [1]
else if (!TRFQn & PRECHn) then [@]
else [1];

state [@]: if(RESET # !PRECHn) then [1]

' else [0];

state_diagram [PRECHn, PRCHX@]
state PIDLE: if (RESET) THEN PIDLE

else if (IRASOn # !RAS1n) then PACT1
else PIDLE;

state PACT1: if (RESET) THEN PIDLE

else if (RASIn & RAS@n) then PACT2
else PACT1;

state PACT2: goto PIDLE;
state PNS1: goto PIDLE;
"Description:

RASxn is asserted only for VRAM cycles and only when no
other non-VRAM cycles are pending.

RASDELn delays RASxn activation when refresh and serial
register Toad requests are detected.

PRECHn guarantees minium RASxn precharge time.

end N19 VRM;
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intel” MEMORY INTERFACE SCHEMATICS AND PLD CODE

"TITLE DRAM Control A.
"PATTERN DCTLA@.ABL

" U98
" Reference Sheet 4 of the Schematics.
" This PLD must have a propagation delay of 1@ns or faster

module dctla@d

U98 device 'E@320'; "Intel 85C220 PLD

A31, A23, A22, A21, !S@ . pin 1,2,3,4,5;

151, 1S2, 1S3, !S4, GND pin 6,7,8,9,18;

NC@, HOLD, !'HREQ, 'RASP@, !RAS3 pin 11,12,13,14,15;

1RAS2, !RAS1, !RAS@, !KEN, VCC pin 16,17,18,19,20;

EQUATIONS

RASG = A23 & A22 & A21 & S4 & S3 & !S2 & !S1 & !S@ "start write
# A23 & A22 & A21 & 1S4 & 1S3 & S2 & !S1 & !S@ "start read
# 1S48& S3&1S28&!S18& SO "start refresh
# RASO & S4 "hold
# RASG & S3 "hold
# RASO & S2; "hold

RASI = A23 & A22 & 'A21 & S4 & S3 & !S2 & !S1 & !S@ "start write
# A23 & A22 & 'A21 & 'S4 & !S3 & S2 & IS1 & !S@ "start read
# 1S4 & S3&!S2 & !S18& SO "start refresh
# RAS1 & S4 "hold
# RAS1 & S3 "hold
# RAS1 & S2; "hold

RAS2 = A23 & 1A22 & A21 & S4 & S3 & !S2 & !S1 & !S@ "start write
# A23 & 'A22 & A21 & 1S4 & !S3 & S2 & !IS1 & !S@ "start read
# 1S4 & S3 & 1S2 & IS1& S@ "start refresh
# RAS2 & S4 "hold
# RAS2 & S3 "hold
# RAS2 & S2; "hold

RAS3 = A23 & 1A22 & !A21 & S4 & S3 & !S2 & IS1 & !S@ "start write
# A23 & 1A22 & 'A21 & !S4 & !S3 & S2 & !S1 & !S@ "start read
# 1S4 & S3&1S2&!S1& SO "start refresh
# RAS3 & S4 "hold
# RAS3 & S3 "hold
# RAS3 & S2; "hold
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RASPO = A23 & S4 & S3 & IS2 & IS1 & 150 "start write
# A23 & 1S4 8 1S3 & S2 & IS1 & 150 "start read
# 1S4 & S3&1S28& IS1 & SO "start refresh
# RASPO & S4 "hold
# RASPO & S3 "hold
# RASPO & S2; "hold

KEN = A31;

IHOLD = IHREQ;

end dctlaf

" Description:

"This PLD decodes and drives the RAS lines for the DRAMs from

"the main state machine and the N19 addresses. It drives the RAS
"lines for the 8 Mbytes on the EV-AT board.

" The addresses (A21-A23) are decoded and activated when the
"DRAM state machine starts a read or a write cycle. They are held
"active until the state machine enters the Precharge sequence
"(State 31). A1l RAS Tines are active during a refresh cycle.

n
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"TITLE DRAM Control B.
"PATTERN DCTLB1.ABL

" U99

” This PLD decodes and drives numerous DRAM control signals.
" This PLD must have an external clock frequency of 58MHz or faster.

module dctlbl
U99 device 'E@320';

(@ALTERNATE

- DCLK, /EWDL, /ERDL, /S@, /S1
/82, /S3, /S4, /RTDS, GND

/OE, /RTAB, /WDL, /RDL, /WEL
/CSX, /CAE, /CAL, /RTBA, VCC

EQUATIONS
RTAB
RTBA
RDL

RTDS;
RTDS;

/ERDL * /S@
/ERDL * /S1
/ERDL * /S2
JERDL * S3 * S4;

S4 * S3 * S2 *
S4 * S3 * S2 *
S4 * S3 * /S2 *
S4 * S3 * /S2 *

/EWDL * /S@
JEWDL * /S3
JEWDL * /S4;

S4 * S3 * S2
S4 * S3 * /S2
S4 * /S3 * S2
S4 * /S3 * /S2
/S4 * S3 * S2
/S4 * S3 * /S2
/S4 * /S3 * S2
/54 * S2

/50;

+ 4+ +

WEL

+ 4+

WDL

+ +

CSX

L S B R

e e e e

CAL

S1
/1
S1
/S1

S1
S1
S1
S1
/S1
S1
/51

* /S@
* /SO
* /S@
* /S8

* /S8

* /S8

*

S@;

"Intel 85C22@ PLD

pin 1,2,3,4,5,;
pin 6,7,8,9,10;
pin 11,12,13,14,15;
pin 16,17,18,19,20;

"/RDL IS HIGH DURING
"STATE 8,16,24

”

”

"state
"state
"state
"state

"/WDL IS HIGH DURING
"STATE 9,2,4,6

"

N O W =

"state 1, 3
"state 5

"state 8, 9
"state 12,13
"state 16,17
"state 22,23
"state 24,25

"state 18,26
" all odd states.
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intgl®

CAE = S4
+ S4
+ S4
+ S4
+ /S4
+ /S4
+ /S4

end dctlbl

" Description:

CAE

CAL

CSX

WEL

WDL

RDL

* §3* S2 "states 0,1,2,3
* §3 * /S2 * S1 "states 4,5
* S3 * /S2 * /S1 * SO "state 6
* /S3 * S1 "states 8,9,12,13
* §3* S2* S1 "states 16,17
* /S3 * §2 * S1 "states 24,25
L% S2 * /S1 * S@; "state 18,26

Refer to the DRAM State Machine document for an explaination
of when these signals are to be active. .

Column Address Enable. Turns on the Column address drivers.

Column Address Latch. Latches the N1@ addresses for the DRAM
column address.

Chip Select for the DRAM array.

Write Enable Latch. Latches the BEN bits to drive the active
DRAM WEs.

Write Data Latch. For DRAM accesses only.

Read Data Latch. For DRAM accesses only.

CHANGE HISTORY:
This PLD adds the state 18 to eliminate the tCAC timing violation
“for reads immediately following writes.
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"TITLE DRAM Control C.
"PATTERN DCTLC3.ABL

" U100

" This PLD decodes and drives numerous DRAM control signals.
" This PLD must have an external count frequency of 58MHz or faster

module dctlc3
U109 device 'E@320';

@ALTERNATE

CLKA, WR, /S@, /S1, /S2

/S3, /S4, [EWDE, /ERDE, GND

/OE, /PERLTCH, /DRMEN, /DRMDIR, /CLRFRQ
/WPL, /OEX, /RAE, /CLRCYC, VCC

EQUATIONS
PERLTCH = S4 * /S3 * S2 * S1 * /S@
+ S4 * /S3 */S2 * S1* /S@;
CLRCYC = S4 * S3 * 'S2 * S1* /SO
+ S4* S3* /S2* S1*/S@
+ S4 * /S3* S2* S1* /S@
+ /S4 * S3 * S2* [/S1* S@
+ /S4 * /S3 * S2 * S1 * /S@;
OEX = S4* S3* S2* S1* S@* /WR
+ S4* S3*/S2* S1* S@ * [WR
+ S4 * /S3* S2 * Sl
+ /S4* S3* S2* S1
+ /S4 * S3 * S2* /S1* S@
+ /S4 * [S3 * S2;
RAE t= /S4 * /S3 * /S2 * S1
+ /S4 * [S3 * /S2 * /S1 * S@;
CLRFRQ := S4
+ /sS4 * S3 * S2
+ /S4 * S3 * /S2 * Sl
+ /sS4 * S3 * /S2 * [S1 * S@
+ /S4 * /S3;
WPL := S4* S3* S2* S1* /S@
+ S4* S3* S2* /S1* /S@
+ S4* S3*/S2* S1*/S@
+ S4* S3* /S2 * /S1 * /S@;

C-14

"Intel 85C22@ PLD

pin 1,2,3,4,5;
pin 6,7,8,9,10;
pin 11,12,13,14,15;
pin 16,17,18,19,28;

"state 9
"state 13

"state 1
"state 5
"state 9
"state 18
"state 25

"state @ 1if near read cycle.
"state 4 if near read cycle.
"state 8,9

"state 16,17

"state 18

"state 24,25,26,27

"state 28,29
"state 30

"ALL EXCEPT state 23

"state 1
"state 3
"state 5
"state 7
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DRMEN := S4 * S3 * /S1 "state 2,3,6,7
+ S4 * S3 * S1* /S@ "state 1,5
+ S4* /S3* S2 * S1 "state 8,9
+ /5S4 * 52 * S1 "state 16,17,24,25
+ S4* S3 * S1* S@* WR "state @,4 if write cycle.
+ EWDE
+ ERDE;
DRMDIR := S4 * /S3 * S2 * S] "state 8,9
+ S4* /S3* /S2 * S1* /S@ "state 13
+ /S4 * S2 * /S1* S@ "state 18,26
+ /S4 * S2 * S1 "state 16,17,24,25
+ ERDE;
end dctlc3

" Descriptionﬁ Refer to the DRAM State Machine document for an explaination
" of when these signals are to be active.

" PERLTCH Parity Error Latch. Latches parity errors (if any)
" during DRAM read cycles.
" CLRFRQ Clear Refresh Request. Restarts the refresh counter.

" WPL Write Parity Latch. Latches the parity bits during a
" DRAM write.

" 0EX Output Enable. For the DRAMS.

" RAE Row Address Enable. Turns on the row addresses to the
" DRAM,

" CLRCYC Clear Cycle. Clears queued cycles.

" CHANGE HISTORY

" REV 1 change to 16R6D to correct for speed path problem, and fix
" possible buffer contention.

" REV 2 add state 18 to fix tCAC violation.

" REV 3 Added state 1 to CLRCYC
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"TITLE

" Ulo4

MEMORY INTERFACE SCHEMATICS AND PLD CODE

N1@ EV-AT DRAM Control State Machine.
"PATTERN DSTAT1.PDS

" This PLD contains the state machine for the DRAM controller.
" This PLD must have an external clock frequency of 58MHz or faster.

module dstatl

U104 device 'E@320';

(@ALTERNATE

CLKA, WR, /NENE, /LADS, /CPEN
/EXPBSY, ATMBSY, /DSEL, REFREQ, GND

/OE, /NA, /S4, /S3, /S2

/S1, /S@, /DRAMBSY, /RDY, VCC

EQUATIONS
S@

S1

S2

++++++ 0 A+

+ 4+ Y4+ 4+ 4+ 4+

S4 * S3

S4 * /S3 * [S2
S4 * /S3 * /S2
/S4 * S3 * /S2
/S4 * /S3 * /S2
/S4 * /S3 * [S2
/58;

S4 * S3
S4 * /S3 * S2
/54 * S2
/S4 * [/S3 * /S2
/S4 * [S3 * [S2
/S1 * S@
S1 * /S@;

S4

S4 * /S3 * [S2

S4 * /S3 * /S2
/54 * S2
/S4 * /S3 * /S2

/EXPBSY  * /ATMBSY

/S& * [S3 * [S2

/EXPBSY  * /ATMBSY

S2 * /sl
S2 * /S8;

* F X * * %k * X F *

E

*

*

S1
S1
S1
S1
S1
S1

S1
S1
S1
S1
S1

S1
S1
S1
S1
S1

S1

* % ¥ * F * ok ok X X X

* 0k % k%

S *
S *

S@
S@
So
SO

S@
So
SO
S@
So

S@
SO
S@
S@
S@

SO

"Intel 85C228 PLD

pin 1
pin 6
pin 1
pin 1

LADS * /WR * DSEL *
LADS * /WR * DSEL *
* CPEN * /WR * DSEL *

* /LADS * /CPEN * /REFREQ

* /DSEL * /REFREQ

* LADS * WR * DSEL *

* /LADS * /CPEN * /REFREQ

* /DSEL * /REFREQ

LADS * /WR
LADS
CPEN
LADS * /WR
LADS * /WR

DSEL *
DSEL *
DSEL *
DSEL *
DSEL

* % * X *
* Ok %k *

*

* CPEN * /WR DSEL

NENE
NENE
NENE

NENE

NENE
NENE
NENE
NENE

* /REFREQ
* /REFREQ
* /REFREQ

* /REFREQ

* /REFREQ
* /REFREQ
* /REFREQ
* [REFREQ
* /REFREQ

* /REFREQ
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S@ * LADS

S3 HE S4 * S3 * §1 * * DSEL * NENE * /REFREQ
+ S4 * /S3 * /S2 * S1 * S@ * LADS * WR * DSEL * NENE * /REFREQ
+ S4* /S3* /S2 * S1 * S@* CPEN * WR * DSEL * NENE * /REFREQ
+ /S4 * /S3 * /S2 * S1 * S@ * LADS * WR * DSEL * /REFREQ
*  JEXPBSY * /ATMBSY ,
+ /S4 * /S3 * /S2 * S1* S@* CPEN * WR * DSEL * /REFREQ
*  JEXPBSY * /ATMBSY -
+ /S4 * /S3 * /S2 * S1 * S@ * REFREQ
+ S3* /S1
+ S3 * /S@;

S4 =S4 * S1* Sg* LADS * WR * DSEL * NENE * /REFREQ
+ S4* /S3*x S2* S1* SO
+ S4* /S3 * /S2 * S1* S@* CPEN * WR * DSEL * NENE * /REFREQ
+ /sS4 * S2* S1* S@
+ /S4 * /S3 * /S2 * S1 * S@ * LADS * WR * DSEL * /REFREQ
*  JEXPBSY * /ATMBSY
+ /S4 * /S3 * /S2 * S1 * S@* CPEN * WR * DSEL * /REFREQ
*  /EXPBSY = * /ATMBSY
+ S4* /S1
+ S4 * /S@;

DRAMBSY : = S4 * S3
+ S4 * /S3
+ /S4* S3* S2
+ /S4 * /S3* S2
+  CPEN
+  EXPBSY
+  ATMBSY;

NA = S4 * S3 * S1 * S@ * LADS * /WR * NENE * /REFREQ
+ S4* /S3* S2* S1* S@* LADS * /WR * NENE * /REFREQ
+ /S4 * §2* S1* S@* LADS * /WR * NENE * /REFREQ
+ /S4 * /S3 * S2 * /S1 * S@;

ENABLE NA = /EXPBSY * /ATMBSY * DRAMBSY;

RDY = S4 * S3 * S1* S@* LADS * WR * NENE * /REFREQ
+ S4* S3 * /S1* S@
+ S4 * /S3 * S1 * /S@;

ENABLE RDY = /EXPBSY * /ATMBSY * DRAMBSY;

end dstatl

" Description: This PLD is the state machine for the DRAM interface to the N14@.
- " There are 32 states some of which are redundant to minimize the number of

" product terms. This design supports a non-interleaved memory design using

" Static-column 256K x4 DRAMs for the main memory, and 1M x1 DRAMs for the

" parity bits.

"
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There are six types of cycles possible: far read, far write, near read,
near write, refresh, and idle. Near read and near write cycles imply memory
accesses with the same row address as the preceeding cycle. Refresh request
has the highest priority and will interrupt near memory cycles.

Read cycles will use full pipelining, write cycles are never pipelined.
Near read cycles will be zero wait-state when following read cycles, and
near write cycles will be zero wait-state when following write cycles.

DRAMBSY prevents other units from starting a cycle when the DRAM controller
is busy.



intgl” MEMORY INTERFACE SCHEMATICS AND PLD CODE

TITLE DRAM Control State Machine.
PATTERN  DSTAT1.PDS

s U1g4
; This PLD contains the state machine for the DRAM controller.

CHIP DSTAT1 PAL16R6

CLKA WR /NENE /LADS /CPEN /EXPBSY ATMBSY /DSEL REFREQ GND
/OE /NNA /S4 /S3 /S2 /S1 /SO /DRAMBSY /NRDY VCC

EOUATIONS
SO := S4 * S3 * S1 * SO * LADS * /WR * DSEL * NENE * /REFREQ
+ S4 * /S3 * /S2 * S1 * SO * LADS * /WR * DSEL * NENE * /REFREQ
+ S4 * /S3 * /S2 * S1 * SO * CPEN */WR * DSEL * NENE */REFREQ
+ /S4 * S3 */S2 * S1 * SO
+ /S4 */S3 */S2 * S1 * SO */LADS */CPEN */REFREQ
+ /S4 */S3 */S2 * S1 * SO */DSEL */REFREQ
+ /S0 ‘
S1 1= S4 * S3 * S1 * SO * LADS * WR * DSEL * NENE * /REFREQ
+ S4 */S3 * S2 * S1 * SO
+ /S4 * 82 *S1*S0
+ /S4 * /S3 */S2 * S1 * SO */LADS */CPEN */REFREQ
+ /S4 * /S3 */S2 * S1 * SO */DSEL * /REFREQ
+ /S1 * S0
+ S1 */S0
S2 := S4 * S1 * SO * LADS * /WR * DSEL * NENE * /REFREQ
+ S4 */S3 */S2 * S1 * SO * LADS * DSEL * NENE * /REFREQ
+ S4 */S3 */S2 * S1 * SO * CPEN * DSEL * NENE * /REFREQ
+ /S4 * S2 * S1 * SO * LADS * /WR * DSEL * NENE * /REFREQ
+ /S4 */S3 */S2 * S1 * SO * LADS * /WR * DSEL * /REFREQ
* /EXPBSY */ATMBSY
.+ /S4 */S3 */S2 * S1 * SO * CPEN */WR * DSEL * /REFREQ
* [EXPBSY */ATMBSY
+ S2 */S1
+ S2 */S0
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S3 = S4 * S3 * S§1 * SO * LADS * DSEL * NENE * /REFREQ
+ S4 * /S3 * /S2 * S1 * SO * LADS * WR * DSEL * NENE * /REFREQ
+ S4 * /S3 * /S2 * S1 * SO * CPEN * WR * DSEL * NENE * /REFREQ
+ /S4 * /S3 * /S2 * S1 * SO * LADS * WR * DSEL * /REFREQ
* JEXPBSY * /ATMBSY
+ /S4 * /S3 * /S2 * S1 * SO * CPEN * WR * DSEL * /REFREQ
* JEXPBSY */ATMBSY
+ /S4 * /S3 * /S2 * S1 * SO * REFREQ
+ S3 * /S1
+ S3 * /SO
S4 1= S4 * S1 * SO * LADS * WR * DSEL * NENE * /REFREQ
+ S4 * /S3 * S2 * S1 * S0
+ S4 * /S3 * /S2 * S1 * SO * CPEN * WR * DSEL * NENE * /REFREQ
+ /S4 * S2 * S1 * S0
+ /S4 */S3 */S2 * S1 * SO * LADS * WR * DSEL * /REFREQ
* JEXPBSY * /ATMBSY
+ /S4 * /S3 * /S2 * S1 * SO * CPEN * WR * DSEL * /REFREQ
*  JEXPBSY* /ATMBSY
+ S4 * /S1
+ S4 * /SO
DRAMBSY := S4 * S3
+ S4 * /S3
+ /S4 * S3 * S2
+ /S4 * /S3 * S2
+ CPEN
+ EXPBSY
+ ATMBSY
NNA = S4 * S3 * S1 * SO * LADS * /WR * NENE * /REFREQ
+ S4 * /S3 * S2 * S1 * SO * LADS * /WR * NENE * /REFREQ
+ /S4 * §2 * S1 * SO * LADS * /WR * NENE * /REFREQ
+ /S4 * /S3 * S2 * /S1 * SO

NNA.TRST = /EXPBSY * /ATMBSY * DRAMBSY

NRDY =S4 * §3 * S1 * SO * LADS * WR * NENE * /REFREQ
+ S4 * §3 * /S1 * SO
+ S4 * /S3 * S1 * /SO

NRDY.TRST = /EXPBSY * /ATMBSY * DRAMBSY

; Description: This PLD is the state machine for the 1860 DRAM interface.

; There are 32 states some of which are redundant to minimize the number of
s product terms. This design supports a non-interleaved memory design using
; Static-column 256K x4 DRAMs for the main memory, and IM X1 DRAMs for the
s parity bits. .
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There are six types of cycles possible: far read, far write, near read,
near write, refresh, and idle. Near read and near write cycles imply
memory accesses with the same row address as the preceeding cycle.
Refresh request has the highest priority and will interrupt near
memory cycles. '

e we we we we

; Read cycles will use full pipelining, write cycles are never pipelined.
; Near read cycles will be zero wait-state when following read cycles, and
; near write cycles wiil be zero wait-state when following write cycles.

; DRAMBSY prevents other units from starting a cycle when the DRAM controller
; is busy.

TITLE DRAM Control A.
PATTERN  DCTLA@.PDS

;U98
; Reference Sheet 4 of the Schematics.

CHIP DCTLAO PAL16L8

A31 A23 A22 A21 /S8 /S1 /S2 /S3 /S4 GND
NCO HOLD /HREQ /RASPO /RAS3 /RAS2 /RAS1 /RAS@ /KEN VCC

EQUATIONS

RASH = A23 * A22 * A21 * S4 * S3 * /S2 * /S1 * /SO ;start write
+ A23 * A22 * A21 * /SA4 * /S3 * S2 * /S1 * /SO ;start read
+ /S4 * S3 * /S2 * /S1 * SO sstart refresh
+ RASO * S4 shold
+ RASO * S3 shold
+ RASO * S2 shold

RAS1 = A23 * A22 * /A21 * S4 * S3 * /S2 * /S1 * /SO sstart write
+ A23 * A22 * /A21 * /S4 * /S3 * S2 * /S1 * /SO ;start read
+ /S4 * S3 * /S2 * /S1 * SO ;start refresh
+ RAS1 * S$4 shold
+ RAS1 * S3 shold
+ RAS1 * S2 shold

RAS2 = A23 * /A22 * A21 * S4 * S3 * /S2 * [/S1 * /SO ;start write
+ A23 * /A22 * A21 * /S4 * /S3 * S2 * /S1 * /SO ;start read
+ /S4 * S3 * /S2 * /S1 * S@ ;start refresh
+ RAS2 * S4 shold
+ RAS2 * S3 shold
+ RAS2 * S2 shold
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RAS3 = A23 * /A22 * [A21 * S4 * S3 */S2 * /S1 * /SO ;start write
+ A23 * [A22 * [/A21 * /SA4 * /S3 * S2 * /S1 * /SO  ;start read
+ /S4 * S3 * /S2 * /S1 * SO ;start refresh
+ RAS3 * S4 ;hold
+ RAS3 * S3 : ;hold
+ RAS3 * S2 shold

RASPO = A23 * S4 * S3 * /S2 * /S1 * /SO ;start write
+ A23 * /S4 * /S3.* S2 * /S1 * /SO sstart read
+ /S4 * S3 * /S2 * /S1 * SO ;start refresh
+ RASPg * S4 shold
+ RASPZ * S3 ;hold
+ RASPg * S2 shold

KEN = A31

/HOLD = /HREQ

sDescription:

: This PLD decodes and drives the RAS lines for the DRAMs from
; the main state machine and the i860 addresses. It drives the RAS
H lines for the 8 Mbytes on the board.

The addresses (A21-A23) are decoded and activated when the

DRAM state machine starts a read or a write cycle. They are held
active until ths state machine enters the Precharge sequence
(State 31). A11 RAS lines are active during a refresh cycle.

e we. ws we we we

This PLD must be "D" speed.

TITLE DRAM Control B.
PATTERN  DCTLB1.PDS

s U99
s This PLD decodes and drives numerous DRAM control signals.
s Must be "D" speed.

CHIP DCTLB1 PAL16R6

DCLK /EWDL /ERDL /SO /S1 /S2 /S3 /S4 /RTDS GND
/OE /RTAB /WDL /RDL /WEL /CSX /CAE /CAL /RTBA VCC

EQUATIONS
RTAB = RTDS
RTBA = RTDS
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RDL

WEL

WDL

CSX

CAL
CAE

we we we we we

we we we we we we ue

we we we we we we we

:= /ERDL * /SO

+ /ERDL * /S1

+ /ERDL * /S2

+ /JERDL * S3 * S4

t= S4 * S3 * S2 * S1 * /S0
+ S4 * S3 * S2 * /S1 * /SO
+ S4 * S3 * /S2 * S1 * /SO
+ S4 * S3 * /S2 * /S1 * /SO

:= JEWDL * /SO
+ JEWDL * /S3
+ /JEWDL * /S4

t= S4 * S3 * S2 * /SO

S4 * §3 * /S2 * S1 * /SO
S4 * /S3 *'S2 * S1

S4 * /S3 * /S2 * S1

/S4 * S3 * S2 * S1

/S4 * S3 * /S2 * /S1

/S4 * /S3 * S2 * S1

/54 * 82 * /S1 * S0

= /SO

1= S4 * S3 * S2

S4 * S3 * /S2 * Sl

S4 * S3 * /S2 * /S1 * SO
S4 * /S3 * S1

/S4 * S3 * S2 * S1

/S4 * /S3 * S2 * Sl

/54 * S2 * /S1 * SO

+ 4+ o+ o+

++ 4+ + + +

Description:

CAE Column Address Enable. Turns on the Column address drivers.

CAL Column Address Latch. Latches the N10 addresses for the DRAM

column address.

CSX Chip Select for the DRAM array.

WEL Write Enable Latch. Latches the BEN bits to drive the active

DRAM WEs.

s/RDL IS HIGH DURING
sSTATE 8,16,24
;state 1

;state 3

;state 5

;state 7

;/WDL IS HIGH DURING
;STATE #,2,4,6

;state 1, 3
;state 5
sstate 8, 9
;state 12,13
;state 16,17
;state 22,23
;state 24,25
;state 18,26

;all odd states.

;states 4,1,2,3
;states 4,5
sstate 6

;states 8,9,12,13
;states 16,17
;states 24,25
;state 18,26

WDL Write Data Latch. For DRAM accesses only.

RDL Read Data Latch. For DRAM accesses only.
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s This PLD decodes and drives numerous DRAM control signals.

TITLE DRAM Control C.
PATTERN DCTLC2.PDS

s U100

3 Must be "D" speed.

CHIP DCTLC2 PAL16R6

CLKA WR /SO /S1 /S2 /S3 /SA /EWDE /ERDE GND
/OE /PERLTCH /DRMEN /DRMDIR /CLRFRQ /WPL /OEX /RAE /CLRCYC VCC

EQUATIO
PERLTCH

NS
= S4 * /S3 * S2 * S1 * /SO

+ S4 * /S3 * /S2 * S1 * /SO

CLRCYC

= S4 * $3 *S2 * S1 * /SO

+ S4 * S3 * /S2 * S1 * /SO

+ S4 * /S3 * S2 * S1 * /SO

+ /S4 * S3 * S2 * /S1 * SO
<+ /S& * [S3 * S2 * S1 * /SO

OEX : =

+ 4+ + +

RAE

+ /S4 * /S3 * /S2 * /S1 * SO

CLRFRQ

+ 4+ +

WPL :

+ 4+ + 0

DRMEN: =

++ o+t

DRMDIR
+
+

S4 * S3 * S2 * S1, SO * /WR

S4 * /S3 * S2 * S1

/S4 * S3 * S2 * S1

/54 * S3 * S2 * /S1 * SO
/S4 * /S3 * S2

/S4 * /S3 */S2 * S1

:= S4

/S4 * S3 * S2

/S4 * S3 * /S2 * S1

/S4 * S3 * /S2 * [S1 * S@
/S4 * /S3

S4 * S3 * S2 * S1 * /SO
S4 * S3 * S2 * /S1 * /SO
S4 * §3 * /S2 * S1 * /SO
S4 * S3 * /S2 * /S1 * /SO
S4 * S3 */S1

S4 * S3 * S1 * /S0

S4 * /S3 * S2 * S1

/sS4 * 52 * S1

S4 * §3 *S1* S0 *WR
EWDE

ERDE

1= S4 * /S3 * §2 * S1
S4 * /S3 * /S2 * S1 * /SO
/54 *S§2 * /S1* S0

S4 * §3 * /S2 * S1 * SO * /WR

;state 9
;state 13

sstate 1
sstate 5
sstate 9
;state 18
;state 25

;state @ if near read cycle.
;state 4 if near read cycle.
;state 8,9

;state 16,17

;state 18

;state 24,25,26,27

;state 28,29
;state 30

sALL EXCEPT state 23

;state 1
;state 3
;state 5
sstate 7

;state 2,3,6,7

;state 1,5

;state 8,9

;state 16,17,24,25

;state 8,4 if write cycle.

;state 8,9
;state 13
;state 18,26
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+ /54 * §2 * S1 ;state 16,17,24,25
+ ERDE

3 Description:

5 PERLTCH Parity Error Latch. Latches parity errors (if any)

5 during DRAM read cycles.

H CLRFRQ Clear Refresh Request. Restarts the refresh counter.
; WPL Write Parity Latch. Latches the parity bits during a
H DRAM write.

H 0EX Qutput Enable. For the DRAMS.

5 RAE Row Address Enable. Turns on the row addresses to the
5 DRAM,

5 CLRCYC Clear Cycle. Clears queued cycles.

TITLE DRAM Control D.

PATTERN DCTLD@.PDS

sThis PLD decodes and drives the DRAM Write Enable signals.
;Can be "B" speed.

CHIP DCTLDO PAL2@R8

/WEL /CPEN /DSEL /WR /BEO /BE1 /BE2 /BE3 /BE4 /BE5 /BE6 GND
/OE /BE7 /WE7 /WE6 /WE5 /WE4 /WE3 /WE2 /WE1 /WEO /LADS VCC

EOUATIONS

WE7 := LADS * DSEL * /WR * BE7
+ CPEN * DSEL * /WR * BE7
WE6 := LADS * DSEL * /WR * BE6
+ CPEN * DSEL * /WR * BE6
WE5 := LADS * DSEL * /WR * BE5
+ CPEN * DSEL * /WR * BE5
WE4 := LADS * DSEL * /WR * BE4
+ CPEN * DSEL * /WR * BE4
WE3 := LADS * DSEL * /WR * BE3
+ CPEN * DSEL * /WR * BE3
WE2  := LADS * DSEL * /WR * BE2
+ CPEN * DSEL * /WR * BE2
WEl  := LADS * DSEL * /WR * BEl
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+ CPEN * DSEL * /WR * BE1

WEO  := LADS * DSEL * /WR * BEO
+ CPEN * DSEL * /WR * BEO

s Description: This PLD samples the BEN lines during write cycles and
; drives the DRAM Write Enables directly.

.
’
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ALABAMA

tintel Corp.

5015 Bradford Dr., #2
Huntsville 35805

Tel: (205) 830-4010
FAX: (205) 837-2640

ARIZONA

tintel Corp.

11225 N. 28th Dr.
Suite D 214

Phoenix 85029

Tel: (602) 869-4980
FAX: (602) 869-4294

Inlel Corp.

1161 N EI Dorado Place
Suite 3
TUCson 85715
Tel: (602) 299-6815
FAX: (602) 296-8234

CALIFORNIA
tintel Corp.

21515 Vanowen Street
Suite 116

Canoga Park 91303
Tel: (818) 704-8500
FAX: (818) 340-1144
tintel Corp.

2250 E. Imperial Highway
Suite 218

El Segundo 90245

Tel: (213) 640-6040

FAX: (213) 640-7133

Intel Corp.

1510 Arden Way
Suite 101
Sacramento 95815
Tel: (916) 920-8096
FAX: (916) 920-8253

tintel Corp.

9665 Chesapeake Dr.
Suite 325

San Diego 95123
Tel: (619) 292-8086
FAX: (619) 292-0628

tintel Corp.*

400 N. Tustin Avenue
Suite 450

Santa Ana 92705

Tel: (714) 835-9642
TWX: 910-595-1114
FAX: (714) 541-9157

tintel Corp.*
San Tomas 4

2700 San Tomas Expressway

2nd Floor

Santa Clara 95051

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

FAX: (408) 727-2620

COLORADO

Intel Corp.

4445 Northpark Drive
Suite 100

Colorado Springs 80907
Tel: (719) 594-6622 -
FAX: (303) 594-0720

tintel Corp.*

650 S. Cherry St.

Suite 915

Denver 80222

Tel: (303) 321-8086
910-931-2289

FAX ' (303) 322-8670

tSales and Service Office

*Field Application Location

DOMESTIC SALES OFFICES

CONNECTICUT

tintel Corp.

301 Lee Farm Corporate Park
83 Wooster Heights. Rd.
Danbury 06810

Tel: (203) 748-3130

FAX: (203) 794-0339

FLORIDA

tintel Corp.

6363 N.W. 6th Way
Sune 100
Ft. Lauderdale 33309

FAX: (305) 7728193

tintel Corp.
BSO T G Lee Bivd.

uite 3
Ot 32822
Tel: (407) 240-8000
FAX: (407) 240-8097

Intel Corp.

11300 4th Street North
Suite 170

St. Petersburg 33716
Tel: (813) 577-2413
FAX: (813) 578-1607

GEORGIA
Intel Corp.

20 Technélogy Parkway, N.W.
Suite 150

Norcross 30092
Tel: (404) 449-0541
FAX: (404) 605-9762

ILLINOIS

tintel Corp.*

300 N. Martingale Road
Suite 400

Schaumburg 60173
Tel: (312) 605-8031
FAX: (312) 706-9762

INDIANA

tintel Corp.

8777 Purdue Road
Suite 125
indianapolis 46268
Tel: (317) 875-0623
FAX: (317) 875-8938

IOWA

Intel Corp.

1930 St. Andrews Drive N.E.
2nd Floor

Cedar Rapids 52402

Tel: (319) 393-1294

KANSAS

tintel Corp.

10985 Cody St.

Suite 140, Bidg. D
Overland Park 66210
Tel: (913) 345-2727
FAX: (913) 345-2076

MARYLAND

tintel Corp.*
10010 Junction Dr.
Suite 200
Annapolls Junction 20701
Tel: (301) 206-2860
FAX: (301) 206-3677
(301) 206-3678

MASSACHUSETTS

tintel Corp.*

Westford Corp. Center
3 Carlisle Road

2nd Floor

Westford 01886

Tel: (508) 692-3222
TWX: 710-343-6333
FAX: (508) 692-7867

MICHIGAN

tintel Corp.

7071 Orchard Lake Road
Suite 100

West Bloomfield 48322
Tel: (313) 851-8096

FAX: (313) 851-8770

MINNESOTA

tintel Corp.

3500 W. 80th St.
Suite 360
Bloomington 55431

FAX: (612) 831-6497
MISSOURI

tintel Cor, ng

4203 Earth City Expressway
Suite 131

Earth City 63045

Tel: (314) 291-1990

FAX: (314) 291-4341

NEW JERSEY

tintel Corp.*

Parkway 109 Office Center
328 Newman Springs Road
Red Bank 07701

Tel: (201) 747-2233

FAX: (201) 747-0983

tintel Corp.

280 Corporate Center
75 Livingston Avenue
First Floor

Roseland 07068

Tel: (201) 740-0111
FAX: (201) 740-0626

NEW YORK

Intel Corp.*

850 Cross Keys Office Park
Fairport 14450

Tel: (716) 425-2750

TWX: 510-253-7391

FAX: (716) 223-2561

tintel Corp.*

2950 Expressway Dr., South
Suite 1

Islandia 11722

10-: 6
FAX: (51 6) 348-7939

tintel Corp.

Westage Business Center
Bldg. 300, Route 9
Fishkill 12524

Tel: (914) 897-3860

FAX: (914) 897-3125

NORTH CAROLINA

tintel Corp.

5800 Executive Center Dr.
Suite 105

Charlotte 28212

Tel: (704) 568-8966

FAX: (704) 535-2236

Intel Corp.

5540 Cenlervnew Dr.

Suite 2

Raleigh 27606

Tel: (919) 851-9537

FAX: (919) 851-8974

OHIO

tintel Corp.*

3401 Park Center Drive
Suite 220

Dayton 45414

Tel: (513) 890-5350
TWX: 810-450-2528
FAX: (513) 890-8658

tintel Corp.*

25700 Science Park Dr.

Suite 100

Beachwood 44122

Tel: (216) 464-2736
810-427-9298

FAX: (804) 282-0673

OKLAHOMA

Intel Corp.
6801 N. Broadway
Suite 115

Oklahoma City 73162
Tel: (405) 848-8086
FAX: (405) 840-9819

OREGON
Tintel Corp.

15254 N.W. Greenbrier Parkway

Building B
Beaverton 97005
Tel: (503) 645-8051
0-467-8741
FAX: (503) 645-8181

PENNSYLVANIA

tintel Corp.*

455 Pennsylvania Avenue
Suite 230

Fort Washington 19034

FAX: (215) 641-0785

tintel Corp.*

400 Penn Center Blvd.
Suite 610

Pittsburgh 15235

Tel: (412) 823-4970
FAX: (412) 829-7578

PUERTO RICO

tintel Corp.

South Industrial Park
P.0. Box 910

Las Piedras 00671
Tel: (809) 733-8616

TEXAS
Intel Corp.

8911 Capital of Texas Hwy.

Austin 78759
Tel: (512) 794-8086
FAX: (512) 338-9335

tintel Corp.*

12000 Ford Road
Suite 400

Dallas 75234

Tel: (214) 241-8087
FAX: (214) 484-1180

tintel Corp.*

7322 S.W. Freeway
Suite 1490
Houston 77074
Tel: (713) 988-8086

TWX: 910-881-2490
FAX: (713) 988-3660
UTAH

tintel Corp.

428 East 6400 South
Sunte 104

Yot (801)263 -8051
FAX: (801) 268-1457

VIRGINIA

tintel Corp.

1504 Santa Rosa Road
Suite 108

Richmond 23288

Tel: (804) 282-5668
FAX: (216) 464-2270

WASHINGTON

tintel Corp.

155 108th Avenue N.E.
Suite 386

Bellevue 98004

Tel: (206) 453-8086
TWX: 910-443-3002
FAX: (206) 451-9556
Intel Corp.

408 N. Mullan Road
Suite 1

Sp okane 99206

o (509) 928-8086
FAX: (509) 928-9467

WISCONSIN

. Intel G

v

330 S Executlve Dr.
Suite

Brookﬁeld 53005
Tel: (414) 784-8087
FAX: (414) 796-2115

CANADA

BRITISH COLUMBIA

Intel Semiconductor of
Canada, Ltd.

4585 Canada Way
Suite 202

Burnaby V5G 4

Tel: (604) 298»0387
FAX: (604) 298-8234

ONTARIO

tintel Semiconductor of
Canada, Ltd.

2650 Queensview Drive
Suite 250
Ottawa K2B 8H6
Tel: (613) 829-9714
FAX: (613) 820-5936
tintel Semiconductor of
Canada, Ltd.
190 Attwell Drive

00
MSW 6H8
Tel: (416) 675-2105
FAX: (416) 675-2438
QUEBEC

Intel Semiconductor of
Canada, Ltd.

620 St. Jean Boulevard
Pointe Claire HOR 3K2
Tel: (514} 694-9130
FAX: 514-694-0064
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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 University Square
Huntsville 35805

Tel: (205) 837-9300
TWX: 810-726-2197

ARIZONA

‘tHamilton/Avnet Electronics
505 S. Madison Drive
Tempe 85281

Tel: (602) 231-5140

TWX: 910-950-0077

Hamilton/Avnet Electronics
30 South McKiemy
Chandler 85226

Tel: (602) 961-6669

TWX: 910-950-0077

Arrow Electronics, Inc.
4134 E. Wood Street
Phoenix 85040

Tel: (602) 437-0750
TWX: 910-951-1550

Wyle Distribution Group
17855 N. Black Canyon Hwy.
Phoenix 85023

Tel: (602) 249-2232

TWX: 910-951-4282

CALIFORNIA

Arrow Electronics, Inc.
10824 Hope Street
Cypress 90

Tel: (714) 220 6300

Arrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

Tel: (213) 701-7500
TWX: 910-493-2086

tArow Electronics, Inc.
521 Weddell Drive
Sunnyvale 94086

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

Arrow Electronics, Inc.
9511 Ridgehaven Court
San Diego 92123

Tel: (619) 565-4800
TWX: 8!

tArrow Electronics, Inc.
2961 Dow Avenue
Tustin 92680

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

tAvnet Electronics
350 McCormlck Avenue
9262

TWX: 910-595-1928

‘tHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339-9332

‘tHamilton/Avnet Electronics
4545 Ridgeview Avenue
San Diego 92123

Tel: (619) 571-7500

TWX: 910-595-2638

‘tHamilton/Avnet Electronics
9650 Desoto Avenue
Chatsworth 91311

Tel: (818) 700-1161

DOMESTIC DISTRIBUTORS

THamllton Electro Sales
0950 W. Washington Blvd.

Cu!ver City 20230

Tel: (213) 558-2458

TWX: 910-340-6364

Hamilton Electro Sales
1361B West 190th Street
Gardena 90248

Tel: (213) 217-6700

‘tHamilton/Avnet Electronics
3002 ‘G’ Street

Ontario 91761

Tel: (714) 989-9411

tAvnet Electronics
20501 Plummer
Chatsworth 91351
Tel: (213) 700-6271
TWX: 910-494-2207

tHamilton Electro Sales
3170 Pullman Street
Costa Mesa 92626

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

tHamilton/Avnet Electronics
4103 Northgate Blvd.
Sacramento 95834

Tel: (916) 920-3150

Wyle Distribution Group
124 Maryland Street
4

g
Tel: (213) 322-8100

Wyle Distribution Group
7382 Lampson Ave.
Garden Grove 92641

Tel: (714) 891-1717

TWX: 910-348-7140 or 7111

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

TWyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

Tel: (619) 565-9171
TWX: 910-335-1590

1Wyle Distribution Group
Bowers Avenue

Santa Clara 95051

Tel: (408) 727-2500

TWX: 910-338-0296

1Wyle Distribution Group

17872 Cowan Avenue

Irvine 92714

Tel: (714) 863-9953
TWX: 910-595-1572

Wyle Distribution Group
26677 W. Agoura Rd.
Calabasas 91302

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

COLORADO

Arrow Electronics, Inc.
7060 South Tucson Way
Englewood 80112

Tel: (303) 790-4444

tHamilton/Avnet Electronics
8765 E. Orchard Road
Suite 708

Englewood 80111

Tel: (303) 740-1017

TWX: 910-935-0787

tWyle Distribution Group
451 E. 124th Avenue
Thornton 80241

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

‘tMicrocomputer System Technical Distributor Center

CONNECTICUT

tArrow Electronics, Inc.
12 Beaumont Road
Wallingford 06492

Tel: (203) 265-7741
TWX: 710-476-0162

Hamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX: 710-456-9974

tPioneer Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1515
TWX: 710-468-3373

FLORIDA

tArrow Electronics, Inc.
400 Fairway Drive
Suite 102

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

Arrow Electronics, Inc.
37 Skyline Drive

Suite 3101

Lake Marv 32746

Tel: (407) 323-0252
TWX: 510-959-6337

‘tHamilton/Avnet Electronics
6801 N.W. 15th Way

Ft. Lauderdale 33309

Tel: (305) 971-2900

TWX: 510-956-3097

tHamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

‘tHamilton/Avnet Electronics
6947 University Boulevard
Winter Park 32792

Tel: (305) 628-3888

TWX: 810-853-0322

tPioneer/Te echnologles Group, Inc.

337 S. Lake B

Alta Monte Sprmgs 32701
Tel: (407) 834-9090
TWX: 810-853-0284

Pioneer/Technologies Group, Inc.
674 S. Military Trail

Deerfield Beach 33442

Tel: (305) 428-8877

TWX: 510-955-9653

GEORGIA

tArrow Electronics, Inc.
3155 Northwoods Parkway
Suite A

Norcross 30071

Tel: (404) 449-8252

TWX: 810-766-0439

‘tHamilton/Avnet Electronics
5825 D Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432

Pioneer/Technologies Group, Inc.
3100 F Northwoods Place
Norcross 30071

Tel: (404) 448-1711

TWX: 810-766-4515

ILLINOIS

Arrow Electronics, Inc.
1140 W. Thorndale
Itasca 60143

Tel: (312) 250-0500
TWX: 312-250-0916

tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (312) 860-7780

TWX: 910-227-0060

MTI Systems Sales
1100 W. Thorndale
Itasca 60143

Tel: (312) 773-2300

1Pioneer 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
Indianapolis 46241

Tel: (317) 243-9353

TWX: 810-341-3119

Hamllton/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

IOWA

Hamilton/Avnet Electronics
915 33rd Avenue, S.W.
Cedar Rapids 52404

Tel: (319) 362-4757

KANSAS

Airow Electronics

8208 Melrose Dr., Suite 210
Lenexa 66214

Tel: (913) 541-9542

‘tHamilton/Avnet Electronics
9219 Quivera Road
Overland Park 66215
Tel: (913) 888-8900

WX: 910-743-0005

Pioneer/Tec Gr.
10551 Lockman Rd.
Lenexa 66215

Tel: (913) 492-0500

KENTUCKY

Hamilton/Avnet Electronics
1051 D. Newton Park
Lexington 40511

Tel: (606) 259-1475

MARYLAND

Arrow Electronics, Inc.
8300 Guilford Drive
Suite H, River Center
Columbia 21046

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

Hamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045

Tel: (301) 995-3500

TWX: 710-862-1861

tMesa Technology Corp.

9720 Patuxent Woods Dr.

Columbia 21046

Tel: (301) 290-8150
TWX: 710-828-9702

tPioneer/Technologies Group, Inc.

9100 Gaither Road

Gaithersburg 20877
Tel: (301) 921-0660
TWX: 710-828-0545

Arrow Electronics, Inc.
7524 Standish Place
Rockville 20855

Tel: 301-424-0244

MASSACHUSETTS

Arrow Electronics, Inc.
25 Upton Dr.
Wilmington 01887
Tel: (617) 935-5134

‘tHamilton/Avnet Electronics
10D Centennial Drive
Peabody 01960

Tel: (617) 531-7430

TWX: 710-393-0382

MTI Systems Sales
83 Cambridge St.
Burlington 01813

Pioneer Electronics
44 Hartwell Avenue
Lexington 02173

Tel: (617) 861-9200
TWX: 710-326-6617

MICHIGAN

Arrow Electronics, Inc.
755 Phoenix Drive
Ann Arbor 48104

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

Hamlllon/Avnel Electronics
2215 29th Street S.E.
Space A5

Grand Rapids 49508

Tel: (616) 243-8805

TWX: 810-274-6921

Pioneer Electronics
4504 Broadmoor S.E.
Grand Rapids 49508
FAX: 616-698-1831

tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-282-8775

tPioneer/Michigan
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271

MINNESOTA

tArrow Electronics, Inc.
5230 W. 73rd Street

Edina 55435

Tel: (612) 830-1800

TWX: 910-576-3125
‘tHamilton/Avnet Electronics
12400 Whitewater Drive
Minnetonka 55434

Tel: (612) 932-0600

tPioneer Electronics
7625 Golden Triange Dr.
Suite G

Eden Prairi 55343

Tel: (612) 944-3355

MISSOURI

TArrow Electronics, Inc.
2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
TWX: 910-764-0882

‘tHamilton/Avnet Electronics
13743 Shoreline Court
Earth City 63045

Tel: (314) 344-1200

TWX: 910-762-0684

NEW HAMPSHIRE

tArrow Electronics, Inc.

3 Perimeter Road
Manchester 03103

Tel: (603) 668-6968

TWX: 710-220-1684
tHamilton/Avnet Electronics
444 E. Industrial Drive
Manchester 03103

Tel: (603) 624-9400
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NEW JERSEY

TArrow Electronics, Inc.
Four East Stow Road

Mamon 08053
Tel: (609) 596-8000
TWX: 710-897-0829

tArrow Electronics
6 Century Drive
Parsipanny 07054
Tel: (201) 538-0900

‘tHamilton/Avnet Electronics
1 Keystone Ave., Bldg. 36
Cherry Hill 08003

Tel: (609) 424-0110

TWX: 710-940-0262

‘tHamilton/Avnet Electronics
10 Industrial

Fairfield 07006

Tel: (201) 575-5300

TWX: 710-734-4388

MTI Systems Sales
37 Kulick Rd.

Fairfield 07006

Tel: (201) 227-5552

tPioneer Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 575-3510
TWX: 710-734-4382

NEW MEXICO

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

Hamilton/Avnet Electronics
2524 Baylor Drive S.E.
Albuquerque 87106

Tel: (505) 765-1500

TWX: 910-989-0614

NEW YORK

TArrow Electronics, Inc.
3375 Brighton Henrietta
Townline Rd.

Rochester 14623

Tel: (716) 275-0300
TWX: 510-253-4766

Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge 11788
Tel: (516) 231-1000
TWX: 510-227-6623

Hamilton/Avnet

933 Motor Parkway
Hauppauge 11788

Tel: (516) 231-9800
TWX: 510-224-6166

‘tHamilton/Avnet Electronics
333 Metro Park

Rochester 14623

Tel: (716) 475-9130

TWKX: 510-253-5470

‘tHamilton/Avnet Electronics
103 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-0288

TWX: 710-541-1560

TMTI Systems Sales

38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200

DOMESTIC DISTRIBUTORS (Contd.)

1Pioneer Electronics
68 Corporate Drive
Binghamton 13904
Tel: (607) 722-9300
TWX: 510-252-0893

Pioneer Electronics
40 Oser Avenue
Hauppauge 11787
Tel: (516) 231-9200

tPioneer Electronics

60 Crossway Park West
Woodbury, Long Island 11797
Tel: (516) 921-8700

TWX: 510-221-2184

tPioneer Electronics
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
TWX: 510-253-7001

NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greensdairy Road
Raleigh 27604

Tel: (919) 876-3132
TWX: 510-928-1856

‘tHamilton/Avnet Electronics
3510 Spring Forest Drive
Raleigh 27604

Tel: (919) 878-0819

TWX: 510-928-1836

Pioneer/Technologies Group, Inc.

9801 A-Southern Pine Blivd.
Charlotte 28210

Tel: (919) 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

tHamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 439-6733

TWX: 810-450-2531

Hamilton/Avnet Electronics
4588 Emery Industrial Pkwy.
Warrensville Heights 44128
Tel: (216) 349-5100

TWX: 810-427-9452

tHamilton/Avnet Electronics
777 Brooksedge Blvd.
Westerville 43081

Tel: (614) 882-7004

tPioneer Electronics
4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

TWX: 810-459-1622

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

OKLAHOMA

Arrow Electronics, Inc.
1211 E. 51st St., Suite 101
Tulsa 74146

Tel: (915) 252-7537

tMicrocomputer System Technical Distributor Center

‘tHamilton/Avnet Electronics
12121 E. 51st St., Suite 102A
Tulsa 74146

Tel: (918) 252-7297

OREGON

tAlmac Electronics Corp.
1885 N.W. 168th Place
Beaverton 97005

Tel: (503) 629-8090
TWX: 910-467-8746

‘THamilton/Avnet Electronics
6024 S.W. Jean Road

Bldg. C, Suite 10

Lake Oswego 97034

Tel: (503) 635-7848

TWX: 910-455-8179

Wyle Distribution Group

5250 N.E. Elam Young Parkway
Suite 600

Hillsboro 97124

Tel: (503) 640-6000

TWX: 910-460-2203

PENNSYLVANIA

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

Hamilton/Avnet Electronics
2800 Liberty Ave.
Pittsburgh 15238

Tel: (412) 281-4150

Pioneer Electronics
259 Kappa Drive
Pittsburgh 15238
Tel: (412) 782-2300
TWX: 710-795-3122

tPioneer/Technologies Group, Inc.

Delaware Valley
261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778

TEXAS

TArrow Electronics, Inc.
3220 Commander Drive
Carroliton 75006

Tel: (214) 380-6464
TWX: 910-860-5377

TArrow Electronics, Inc.
10899 Kinghurst

Suite 100

Houston 77099

Tel: (713) 530-4700
TWX: 910-880-4439

tArrow Electronics, Inc.
2227 W. Braker Lane
Austin 78758

Tel: (512) 835-4180
TWX: 910-874-1348

THamllton/Avnet Electronics
Braker Lane

Austm 78758

Tel: (512) 837-8911

TWX: 910-874-1319

‘tHamilton/Avnet Electronics
2111 W. Walnut Hill Lane
Irving 75038

Tel: (214) 550-6111

TWX: 910-860-5929

tHamilton/Avnet Electronics
4850 Wright Rd., Suite 190
Stafford 77477

Tel: (713) 240-7733

TWX: 910-881-5523

tPioneer Electronics
18260 Kramer
Austin 78758

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

tPioneer Electronics

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

tPioneer Electronics
5853 Point West Drive
Houston 77036

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

Wyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953

UTAH

Arrow Electronics
1946 Parkway Bivd.
Salt Lake City 84119
Tel: (801) 973-6913

tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018

Wyle Distribution Group
1325 West 2200 South
Suite E

West Valley 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.
19540 68th Ave. South
Kent 98032

Tel: (206) 575-4420

‘tHamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 643-3950

TWX: 910-443-2469

Wyle Distribution Group
15385 N.E. 90th Street
Redmond 98052

Tel: (206) ee1 1150

WISCONSIN

Arrow Electronics, Inc.

200 N. Patrick Bivd., Ste. 100
Brookfield 53005

Tel: (414) 767-6600

TWX: 910-262-1193

Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin 53151

Tel: (414) 784-4510

TWX: 910-262-1182

CANADA

ALBERTA

Hamilton/Avnet Electronics
2816 21st Street N.E.
Calgary T2E 623

Tel: (403) 230-3586

TWX: 03-827-642

Zentronics

Bay No. 1

3300 14th Avenue N.E.
Calgary T2A

Tel: (403) 272- 1021

BRITISH COLUMBIA

tHamilton/Avnet Electronics
105-2550 Boundary
Burmalay V5M 3Z3
Tel: (604) 437-6667

Zentronics

108-11400 Bridgeport Road
Richmond VéX 1T2

Tel: (604) 273-5575

TWX: 04-5077-89

MANITOBA

Zentronics

60-1313 Border Unit 60
Winnipeg R3H 0X4

Tel: (204) 694-1957

ONTARIO

Arrow Electronics, Inc.
36 Antares Dr.
Nepean K2E 7W5

Tel: (613) 226-6903

Arrow Electronics, Inc.
1093 Meyerside
Mississauga L5T 1M4
Tel: (416) 673-7769
TWX: 06-218213

‘tHamilton/Avnet Electronics
6845 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel: (416) 677-7432

TWX: 610-492-8867

Hamilton/Avnet Electronics
6845 Rexwood Rd., Unit 6
Mississauga L4T 1R2

Tel: (416) 277-0484

tHamilton/Avnet Electronics
190 Colonnade Road South
Nepean K2E 7L5

Tel: (613) 226-1700

TWX: 05-349-71
tZentronics

8 Tilbury Court -
Brampton L6T 3T4

Tel: (416) 451-9600

TWX: 06-976-78

1Zentronics

155 Colonnade Road
Unit 1

Nepean K2E 7K1
Tel: (613) 226-8340

Zentronics
60-1313 Border St.
Winnipeg R3H 014
Tel: (204) 694-7957

QUEBEC

tArrow Electronics Inc.
4050 Jean Talon Quest
Montreal H4P 1W1

Tel: (514) 735-5511
TWX: 05-25590

Arrow Electronics, Inc.

500 Avenue St-Jean Baptiste
Suite 280

Quebec G2E 5R9

Tel: (418) 871-7500

FAX: 418-871-6816

Hamilton/Avnet Electronics
2795 Halpern

St. Laurent H2E 7K1

Tel: (514) 335-1000

TWX: 610-421-3731

Zentronics

817 McCaffrey

St. Laurent H4T 1M3
Tel: (514) 737-9700
TWX: 05-827-535
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DENMARK

Intel Denmark A/S

Glentevej 61, 3rd Floor
2400 Copenha en NV
Tel (45) (31) 1980 33

FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
TLX: 123332

FRANCE

Intel Corporation S., A R L.

1, Rue Edison-BP 3

78054 St. Quenun-en-Yvellnes

Cedex
Tel: (33) (1) 30 57 70 00
TLX: 699016

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Dornacher Strasse 1

8016 Feldkwchen bel Muenchen
Tel (49) 059

Intel Semiconductor GmbH
Hohenzollem Strasse 5
3000 Han

Tel (49) 0511/344081

Intel Semiconductor GmbH
Abraham Lincoln Strasse 16-18
6200 Wiesbaden

Tel: (49) 06121/7605-0

TLX: 4-186183

Intel Semiconductor GmbH
Zettachring 10A

7000 Stuttgart 80

Tel: (49) 0711[7287 280
TLX: 7-2548:

ISRAEL

Intel Semiconductor Ltd.*

Atidim Industrial Park-Neve Sharet
P.O. Box 43202

Tel-Aviv 6

Tel (972) 03 498080

ITALY

Intel Corporation Italia S.p.A.*
Milanofiori Palazzo E

20090 Assago

Milano

Tel: (39) (02) 89200950
TLX: 3

NETHERLANDS

Intel Semlconductor B.V.*
Postbus 84

3099 CC Rotterdam

Tel: (31) 10.407.11.11
TLX: 22283

NORWAY

Intel Norway A/S
Hvamvelen 4 PO Box 92
2013 S|

Tel (47) (6) 842 420

SPAIN

Intel Iberia S.A.
Zurbaran, 28

28010 Madrid

Tel: (34) (1) 308.25.52
TLX: 46880

SWEDEN

Intel Sweden A.B.*
Dalvagen 24

171 36 Solna

Tel: (46) 8 734 01 00
TLX: 12261

SWITZERLAND

Intel Semiconductor A.G.
Zuerichstrasse

8185 Winkel-Rueti bei Zuerich
Tel: (41) 01/860 62 62

TLX: 825977

UNITED KINGDOM

Inte! Corporahon (U.K.) Ltd.*
Pipers Wa

Swindon, Wiltshire SN3 1RJ
Tel: (44) (0793) 696000
TLX: 444447/8

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.
Rotenmuehlgasse 26

1120 Wiei

;el (43) (0222) 83 56 46

BELGIUM

Inelco Belgium S.A.

Av. des Croix de Guerre 94
1120 Bruxelles
Oorlogskruisenlaan, 94
1120 Brussel

Tel: (32) (02) 216 01 60
TLX: 64475 or 22090

DENMARK

ITT-Multikomponent
Naverland 29

2600 Glostrup

Tel: (45) (0) 2 45 66 45
TLX: 33 355

FINLAND

QY Fintronic AB
Melkonkatu 24A
00210 Helsinki

Tel: (358) (0) 6926022
TLX: 124224

FRANCE

Almex
Zone industrielle d’Antony
48, rue de I'Aubepine

BP 102

92164 Antony cedex
Tel: (33) (1) 46 66 21 12
TLX: 250067

Jermyn-Generim

60, rue des Gemeaux
Silic 580

94653 Rungis cedex
Tel: (33) (1) 49 78 49 78
TLX: 261585

Metrologie

Tour d'Asnieres

4, av. Laurent-Cely
92606 Asnieres Cedex
Tel: (33) (1) 47 90 62 40
TLX: 611448

*Field Application Location

Tekelec-Airtronic

Cite des Bruyeres

Rue Carle Vernet BP2
92310 Sev!

;el (33) (1) 45 347535

WEST GERMANY

Electronic 2000 AG
Stahlgruberring 12
8000 Muenchen 82
Tel: (49) 089/42001-0
TLX: 522561

T Mulnkomponem GmbH
Postfach

Bahnhotstvasse 44

7141 Moeglingen

Tel: (49) 07141/4879
TLX: 7264472

Jermyn GmbH

Im Dachsstueck 9
6250 Limburg

Tel: (49) 06431/508-0
TLX: 415257-0

Metrologie GmbH
Meglingerstrasse 49
8000 Muenchen 71
Tel: (49) 089/78042-0
TLX: 5213189

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 Dreicich

Tel (49) 06103130434-3

IRELAND

Micro Marketing Ltd.
Glenageary Office Park
Glenageary

Co.
Tel (21) (353) (01) 8563 25

ISRAEL

Eastronics Ltd.

11 Rozanis Street
P.0.B. 39300
Tel-Aviv 61392

Tel: (972) 03-475151
TLX: 33638

ITALY

Intesi

Divisione ITT Industries GmbH
Viale Milanofiori

Palazzo E/5

20090 Assago (MI)

Tel: (39) 02 824701

TLX: 311351

Lasi Elettronica S.p.A.

V. le Fulvio Testi, 126

20092 Cinisello Balsamo (MI)
Tel: (39) 02/2440012

TLX: 352040

Telcom S.r.l.

Via M. Clwtall 75
20148 Milan

Tel (39) 02/4049046

T Mumcomponents
Viale Milanofiori E/5
20090 Assago (MI)
Tel: (39) 02/824701
TLX: 311351

Silverstar

Via Dei Gracchi 20
20146 Milano

Tel: (39) 02/49961
TLX: 332189

NETHERLANDS
gonmg en Hartman Elektrotechniek

Energieweg 1

2627 AP Delft

Tel: (31) (0) 15/609906
TLX: 38250

NORWAY

Nordisk Elektronikk (Norge) A/S
Postboks 123

Smedsvingen 4

1364 Hvalstad

Tel: (47) (02) 84 62 10

TLX: 77546

PORTUGAL

ATD Portugal LDA

Rua Dos Lusiados, 5 Sala B
1300 Lisboa

Tel: (35) (1) 64 80 91

TLX: 61562

Ditram
Avenida Mlguel Bombarda, 133

1000 Lis
Tel (35) (1) 545313

SPAIN

ATD Electronica, S.A.
Plaza Ciudad de Viena, 6
28040 Madrid

Tel: (34) (1) 234 40 00
TLX: 42477

ITT-SESA .

Calle Mlguel Angel 21-3
28010 M:

Tel: (34) (1) 419 09 57
TLX: 27461

Metrologia Iberica, S.A.
Ctra. de Fuencarral, n.80
28100 Alcobendas (Madrid)
Tel: (34) (1) 653 86 11

SWEDEN

Nordisk Elektronik AB
Torshamnsgatan 39

ox
164 93 Kista
Tel: (46) 08-03 46 30
TLX: 105 47

SWITZERLAND

Industrade A.G.
Hertistrasse 31

8304 Wallisellen

Tel: (41) (01) 8328111
TLX: 56788

TURKEY

EMPA Electronic
Lindwurmstrasse 95A
8000 Muenchen 2

Tel: (49) 089/53 80 570
TLX: 528573

UNITED KINGDOM

Accent Electronic Components Ltd.

Jubilee House, Jubilee Road
Letchworth, Herts SG6 1TL
Tel: (44) (0462) 686666
TLX: 826293

Bytech-Comway Systems
3 The Western Centre
Western Road

Bracknell RG12 1RW
Tel: (44) (0344) 55333
TLX: 847201

Jermyn

Vestry Estate

Otford Road
Sevenoaks

Kent TN14 S5EU

Tel: (44) (0732) 450144
TLX: 9

MMD

Unit 8 Southview Park
Caversham

Reading

Berkshire RG4 0AF

Tel: (44) (0734) 481666
TLX: 846669

Rapid Silicon

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44) (0494) 442266
TLX: 837931

Rapid Systems

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44) (0494) 450244
TLX: 837931

YUGOSLAVIA

H.R. Microelectronics Corp.
2005 de la Cruz Bivd., Ste. 223
Sama Clara, CA 95050

Tel: (1) (408) 988-0286

TLX: 387452

gapldo Electronic Components

pa
Via C. Beccaria, 8
34133 Trieste

Ital
Tel (39) 040/360555
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AUSTRALIA

Intel Australia Pty. Ltd.*
Spectrum Building

200 Pacific Hwy., Level 6
Crows Nest, NSE, 2065
Tel: 612-957-2744

FAX: 612-923-2632

BRAZIL

Intel Semicondutores do Brazil LTDA
Av. Paulista, 1159-CJS 404/405
01311 - Sao Paulo S.P.

Tel: 55-11-287.

TLX: 3911153146 ISDB

FAX: 55-11-287-5119

CHINA/HONG KONG

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

Tel: (1) 500-4850

TLX: 22947 INTEL CN
FAX: (1) 500-2953

Intel Semiconductor Ltd.*
10/F East Tower

Bond Center
Queensway, Central
Hong Kong

Tel: (5) 8444

TLX: 63869 ISHLHK HX
FAX: (5) 8681-989

INDIA

Intel Asia Electronics, Inc.
4/2, Samrah Plaza

St. Mark's Road
Bangalore 560001

Tel: 011-91-812-215065
TLX: 9538452875 DCBY
FAX: 091-812-215067

JAPAN

Intel Japan K.K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

Tel: 0298-47-8511

TLX: 3656-160

FAX: 029747-8450

Intel Japan K.K.*
Daiichi Mitsugi Bldg.
1-8889 Fuchu-cho
Fuchu-shi, Tokyo 183
Tel: 0423-60-7871

FAX: 0423-60-0315

Intel Japan K.K.*

Bldg. Kumagaya

2-69 Hon-cho

Kumagaya- Shl Saxtama 360
Tel: 0485-24-

FAX: 0485- 24 7518

Intel Japan K.K.*

Mitsui-Seimei Musashi-kosugi Bldg.
915 Shinmaruko, Nakahara-ku
Kawasaki-shi, Kanagawa 211

Tel: 044-733-7011

FAX: 044-733-7010

Intel Japan K.K.

Nihon Seimei Atsugi Bldg.
1-2-1 Asahi-machi
Atsugi-shi, Kanagawa 243
Tel: 0462-29-3731

FAX: 0462-29-3781

Intel Japan K.K.*
Ryokuchi-Eki Bldg.

2-4-1 Terauchi
Toyonaka-shi, Osaka 560
Tel: 06-863-1091

FAX: 06-863-1084

Intel Japan K.K.
Shinmaru Bldg.

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

FAX: 03-201-6850

Intel Japan K.K.
Green Bldg.

1-16-20 Nishiki
Naka-ku, Nagoya-shi
Aichi 450

Tel: 052-204-1261
FAX: 052-204-1285

INTERNATIONAL SALES OFFICES

KOREA

Intel Technology Asia, Ltd.

16th Floor, Life Bldg.

61 Yoido-dong, Youngdeungpo-Ku
Seoul 150-010

Tel: (2) 784-8186, 8286, 8386
TLX: K29312 INTELKO

FAX: (2) 784-8096

SINGAPORE

Intel Singapore Technology, Ltd.
101 Thomson Road #21-05/06
United Square

Singapore 1130

Tel: 250-7811

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Technology Far East Ltd.
8th Floor, No. 20!

Bank Tower Bldg.

Tung Hua N. Road

Taipei

Tel: 886-2-716-9660

FAX: 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

DAFSYS S.R.L.
Chacabuco, 90-6 PISO
1069-Buenos Aires
Tel: 54-1-334-7726
FAX: 54-1-334-1871

AUSTRALIA

Email Electronics

15-17 Hume Street
Huntingdale, 3166

Tel: 011-61 3 544 8244
TLX: AA 308!

FAX: 011-61-3 543-8179

NSD-Australia

205 Middleborough Rd.
Box Hill, Victoria 3128
Tel: 03 8900970

FAX: 03 8990819

BRAZIL

Elebra Microelectronica S.A.

Rua Geraldo Flausina Gomes, 78
10th Floot

04575 - Sao Paulo - S.P.

Tel: 55-11-534-9641

TLX: 55-11-54593/54591

FAX: 55-11-534-9424

CHILE

DIN Instruments
Suecia 2323

Casilla 6055, Correo 22
Santiago

Tel: 56-2-225-8139
TLX: 240.846 RUD

CHINA/HONG KONG

Novel Precision Machineré Co., Ltd.
Flat D, 20 Kingsford Ind. Bidg.

Phase 1, 26 Kwai Hei Street

N.T., Kowloon

Hong Kong

Tel: 852-0-4223222

TWX: 39114 JINMI HX

FAX: 852-0-4261602

*Field Application Location

INDIA

Micronic Devices

Arun Complex

No. 65 D.V.G. Road

Basavanagudi

Bangalore 560 004

Tel: 011-91-812-600-631
011-91-812-611-365

TLX: 9538458332 MDBG

Micronic Devices

No. 516 5th Floor
Swastik Chambers

Sion, Trombay Road
Chembur

Bombay 400

TLX: 9531 171447 MDEV

Micronic Devices

25/8, 1st Floor

Bada Bazaar Marg

Old Rajinder Nagar

New Delhi 110 060

Tel: 011-91-11-5723509
011-91-11-589771

TLX: 031-63253 MDND IN

Micronic Devices

6-3-348/12A Dwarakapuri Colony
Hyderabad 500 482

Tel: 011-91-842-226748

S&S Corporation
1587 Kooser Road
San Jose, CA 95118
Tel: (408) 978-6216
TLX: 820281

FAX: (408) 978-8635

JAPAN

Asahi Electronics Co. Ltd.
KMM Bidg. 2-14-1 Asano
Kokurakita-ku
Kitakyushu-shi 802

Tel: 093-511-6471

FAX: 093-551-7861

C. Itoh Techno-Science Co., Ltd.
4-8-1 Dobashi, Miyamae-ku
Kawasaki-shi, Kanagawa 213
Tel: 044-852-5121

FAX: 044-877-4268

Dia Semicon Systems, Inc.
Flower Hill Shinmachi Higashi-kan
1-23-9 Shinmachi, Setagaya-ku
Tokyo 154

Tel: 03-439-1600

FAX: 03-439-1601

Okaya Koki

2-4-18 Sakae

Naka-ku, Nagoya-shi 460
Tel: 052-204-2916

FAX: 052-204-2901

Ryoyo Electro Corp.
Konwa Bldg.
1-12-22 Tsukiji
Chuo-ku, Tokyo 104
Tel: 03-546-5011
FAX: 03-546-5044

KOREA
J-Tek Corporation

6th Floor, Government Pension Bldg.

24-3 Yoido-dong
Youngdeungpo-ku
Seoul 150-010

Tel: 82-2-780-8039
TLX: 25299 KODIGIT
FAX: 82-2-784-8391

Samsung Electronics
150 Taepyungro-2 KA
Chungku, Seoul 100-102
Tel: 82-2-751-3985

TLX: 27970 KORSST
FAX: 82-2-753-0967

MEXICO

SSB Electronics, Inc.

675 Palomar Street, Bldg 4, Suite A
Chula Vista, CA 92011

Tel: (619) 585-3253

TLX: 287751 CBALL UR

FAX: (619) 585-8322

Dicopel S.A.

Tochtli 368 Fracc. Ind. San Antonio
Azcapotzalco

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

Tel: 52-5-561-3211

TLX: 177 3790 Dicome

FAX: 52-5-561-1279

PSI de Mexico

Francisco Villas Esq. Ajusto
Cuernavaca—Morelos — CEP 62130
Tel: 52-73-13-9412

FAX: 52-73-17-5333

NEW ZEALAND

Email Electronics

36 Olive Road

Penrose, Auckland

Tel: 011-64-9-591-155

FAX: 011-64-9-592-681
SINGAPORE

Electronic Resources Pte, Ltd.
17 Harvey Road #04-01
Singapore 1336

Tel: 283-0888

TWX: 56541 ERS

FAX: 2895327

SOUTH AFRICA

Electronic Building Elements

178 Erasmus Street (off Watermeyet Street)

Meyerspark, Pretoria, 0184
Tel: 011-2712-803-7680
FAX: 011-2712-803-8294

TAIWAN

Micro Electronics Corporation
5/F 587, Mlng Shen East Rd.
Taipei, R.

Tel: 886-2-501-8231

FAX: 886-2-505-6609

Sertek

15/F 135, Section 2

Chien Juo North Rd.

Taipei 10479, R.O.C.

Tel: (02) 5010055

FAX: (02) 5012521
(02) 5058414

VENEZUELA

P. Benavides S.A.
Avilanes a Rio
Residencia Kamarata
Locales 4 AL 7

La Candelaria, Caracas
Tel: 58 2-574-633

TLX: 28450

FAX: 58-2-572-3321



in

ALABAMA

*Intel Corp.

5015 Bradford Dr., Suite 2
Huntsville 35805

Tel: (205) 830-4010

ALASKA

Intel Corp.
-c/o TransAIaska Data Systems
300 Old Stee:
Fairbanks 99701 3120
Tel: (907) 452-4401

Intel Corp.

c/o TransAlaska Data Systems
1551 Lore Road

Anchorage 99507

Tel: (907) 522-1776

ARIZONA

*Intel Cor|
11225 N. 2em Dr.
* Suite D-214
Phoenix 85029
Tel: (602) 869-4980

*Intel Corp.

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

Tel: (602) 459-5010

CALIFORNIA

tintel Corp.

21515 Vanowen St., Ste. 116
Canoga Park 91303

Tel: (818) 704-8500

*Intel Corp.

2250 E. Imperial Hwy., Ste. 218
El Segundo 90245

Tel: (213) 640-6040

*Intel Corp.

1900 Prairie City Rd.

Folsom 95630-9597

Tel: (916) 351-6143
1-800-468-3548

Intel Corp.

9665 Cheasapeake Dr Suite 325
San Diego 9212:

Tel: (619) 292- 8086

**Intel Corp.

400 N. Tustin Avenue
Suite 450

Santa Ana 92705

Tel: (714) 835-9642

CALIFORNIA

2700 San Tomas Expressway

Santa Clara 95051

Tel: (408) 970-1700
1-800-421-0386

DOMESTIC SERVICE OFFICES

**tintel Corp.

San Tomas 4

2700 San Tomas Exp., 2nd Floor
Santa Clara 95051

Tel: (408) 986-8086

COLORADO

*Intel Corp.

650 S. Cherry St., Suite 915
Denver 80222

Tel: (303) 321-8086

CONNECTICUT

*Intel Corp.

301 Lee Farm Corporate Park
83 Wooster Heights Rd.
Danbury 06810

Tel: (203) 748-3130

FLORIDA

**Intel Corp.

6363 N.W. 6th Way, Ste. 100
Ft. Lauderdale 33309

Tel: (305) 771-0600

*Intel Corp.

5850 T.G. Lee Bivd., Ste. 340
Orlando 32822

Tel: (407) 240-8000

GEORGIA

*Intel Corp.

3280 Pointe Pkwy., Ste. 200
Norcross 30092

Tel: (404) 449-0541

HAWAII

"Intel Corp.
U.S.1.S.C. Signal Batt.

Building T-1521

Shafter Plats

Shafter 96856

ILLINOIS

**fIntel Corp.

300 N. Mamngale Rd., Ste. 400
Schaumburg 6017.

Tel: (312) 605-8031

INDIANA

*Intel Corp.

8777 Purdue Rd., Ste. 125
Indianapolis 46268

Tel: (317) 875-0623

KANSAS

*Intel Corp.

10985 Cody, Suite 140
Overland Park 66210
Tel: (913) 345-2727

MARYLAND

**tIntel Corp. .
10010 Junction Dr., Suite 200
Annapolis Junction 20701
Tel: (301) 206-2860

FAX: 301-208-3677

MASSACHUSETTS

**tIntel Corp.

3 Carlisle Rd., 2nd Floor
Westford 01886

Tel: (508) 692-1060

MICHIGAN

*tintel Corp.

7071 Orchard Lake Rd., Ste. 100
West Bloomfield 48322

Tel: (313) 851-8905

MINNESOTA

*tintel Corp.

3500 W. 80th St., Suite 360
Bloomington 55431

Tel: (612) 835-6722

MISSOURI

*Intel Corp.

4203 Earth City Exp., Ste. 131
Earth City 63045

Tel: (314) 291-1990

NEW JERSEY

**Intel Corp.

300 Sylvan Avenue
Englewood Cliffs 07632
Tel: (201) 567-0821

*Intel Corp.

Parkway 109 Office Center
328 Newman Springs Road
Red Bank 07701

Tel: (201) 747-2233

*Intel Corp.

280 Corporate Center

75 Livingston Ave., 1st Floor
Roseland 07068

Tel: (201) 740-0111

NEW YORK

*tintel Corp.

2950 Expressway Dr. South
Islandia 11722

Tel: (516) 231-3300

*Intel Corp.

Westage Business Center
Bldg. 300, Route 9
Fishkill 12524

Tel: (914) 897-3860

NORTH CAROLINA

*Intel Corp.

5800 Executive Dr., Ste. 105
Charlotte 28212

Tel: (704) 568-8966

**Intel Corp.

2700 Wycliff Road
Suite 102

Raleigh 2

Tel: (919) 781-8022

OHIO

**tIntel Cor|
3401 Pavk Center Dr., Ste. 220
Tel: (51 3) 890-5350

*tIntel Corp.

25700 Science Park Dr., Ste. 100
Beachwood 44122

Tel: (216) 464-2736

OREGON

Intel Corp.

15254 N.W. Greenbrier Parkway
Building B

Beaverton 97005

Tel: (503) 645-8051

*Intel Corp.

5200 N.E. Elam Young Parkway
Hillsboro 97123

Tel: (503) 681-8080

PENNSYLVANIA

*tIntel Corp.

455 Pennsylvania Ave., Ste. 230
Fort Washington 19034

Tel: (215) 641-1000

tintel Corp.

400 Penn Center Blvd., Ste. 610
Pittsburgh 15235

Tel: (412) 823-4970

CUSTOMER TRAINING CENTERS

ILLINOIS

300 N. Martingale Road

Suite 300

Schaumburg 60173

Tel: (708) 706-5700
1-800-421-0386

MASSACHUSETTS

3 Carlisle Road, First Floor

Westford 01886

Tel: (301) 220-3380
1-800-328-0386

MARYLAND

10010 Junction Dr.

Suite 200

Annapolis Junction 20701

Tel: (301) 206-2860
1-800-328-0386

Intel Corp.

1513 Cedar Cliff Dr.
Camp Hill 17011
Tel: (717) 761-0860

PUERTO RICO

Intel Corp.
South Industrial Park
P.O. Box 910

671

Las Piedras 00!

Tel: (809) 733-8616 '
TEXAS

Intel Corp.

8815 Dyer St., Suite 225

El Paso 79904
Tel: (915) 751-0186

*Intel Corp.

313E. Anderson Lane, Suite 314
Austin 78752

Tel: (512) 454-3628

**tIntel Corp.

12000 Ford Rd., Suite 401
Dallas 75234

Tel: (214) 241-8087

*Intel Corp.

7322 S.W. Freeway, Ste. 1490
Houston 77074

Tel: (713) 988-8086

UTAH

Intel Corp.

428 East 6400 South, Ste. 104
Murray 84107

Tel: (801) 263-8051

VIRGINIA

*Intel Corp.

1504 Santa Rosa Rd., Ste. 108
Richmond 23288

Tel: (804) 282-5668

WASHINGTON

*Intel Corp.

155 108th Avenue N.E., Ste. 386
Bellevue 98004

Tel: (206) 453-8086

CANADA

ONTARIO

Intel Semiconductor of

Canada, Ltd.

2650 Queensview Dr., Ste. 250
6

ttawa
Tel: (613) 829-9714
FAX: 613-820-5936

Intel Semiconductor of
Canada, Ltd.

190 Attwell Dr., Ste. 102
Rexdale MOW 6H8

Tel: (416) 675-2105
FAX: 416-675-2438

SYSTEMS ENGINEERING MANAGERS OFFICES

MINNESOTA

3500 W. 80th Street
Suite 360

Bloomington 55431
Tel: (612) 835-6722

1System Engineering locations
*Carry-in locations
**Carry-in/mail-in locations

NEW YORK -~

2950 Expressway Dr., South
Islandia 11722
Tel: (506) 231-3300



UNITED STATES
Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5.6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM :
Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon
Wiltshire, England SN3 1R]

WEST GERMANY
Intel Semiconductor GmbH

Dornacher Strasse 1
8016 Feldkirchen bei Muenchen

HONG KONG
Intel Semiconductor Ltd.

10/F East Tower
Bond Center
Queensway, Central

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario MOW 6HS8

Order Number: 240330-002

Printed in U.S.A./1289/20K/RRD JM

Microprocessors ISBN 1'55512'106-3




