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Figure 21. Topology 15
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4.4. Board/Trace Properties 1110\133) configurable output buffers (A3-A20,

Specific board and trace properties were assumed while
performing the simulations to optimize the chip set
layout. These properties were used as the specification
or guideline the board manufacturer should use in
building boards. Figure 24 provides the board layer
stackup.

Table 6 lists the minimum and maximum trace
characteristics. These parameters along with the board
material determine the spacing between layers and the
total board thickness. See Table 7.

4.5.
1.

Design Notes

All fast-switching signals are routed near the
power and ground planes on inner layers of the
board to minimize EMI effects. However, two sets
of signals are routed on the top layer of the board:
BRDYCI1#, and JTAG signals. BRDYCIl# is
routed on top to take advantage of the higher trace
velocity. JTAG signals can be routed on any layer
because they are low-speed signals and will
probably be rerouted by each customer to suit
individual needs.

Resistor R1(0Q2) on page 2 of the 1-Mbyte and
2-Mbyte schematics is used to set the Pentium
processor’s (735\90, 815\100, 1000\20,

ADS#, W/R#, and HITM#). When the resistor is
included the buffers are set to the extra large size.
When it is not included (BUSCHK# internally
pulled high) the buffers are set to the large size.
Intel currently recommends the large buffers be
used for the 1-Mbyte layout example. The 0Q
resistor should be designed in your design for
flexibility. .

The 82498 output buffers that drive the 82493
inputs must also be configured to be large. This is
done by driving 82498 CLDRV [BGT#] high
during reset. The 82498 and 82493 memory bus
buffer sizes must be controlled by the Memory
Bus Controller. Please refer to the Pentium®
Family  Developer’s Manual Volume 2:
82496/82497/82498  Cache  Controller  and
82491/82492/82493 Cache SRAM.

Series termination resistors were added to the nets
PA19, PA20, PA21 and several other nets to
control overshoot. A value of 24Q is
recommended, but the value depends on overshoot
measurement on the actual design.

Several Topologies require different line widths on
the same trace. This information can be extracted
automatically using a Quad Design translation
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tool. For extraction procedure, please refer to Quad Databases for Simulation with TLC/XTK.”

Design’s user’s manual, “Preparing PCB Design

Inner Layers

1 Ill ||I

TEMP

Figure 24. Board Layer Stackup

Table 6. Trace Characteristics 6. Layout Rules/Common Definitions/Explanations:

Table 7. Other Printed Clrcuit Board

4 Inner Layers | 2 Outer Layers Identical symbols for transmission lines means that

- - - the lines should be identical in Length, Width, and
Width/Space 5/5 Mils 8./ 8 Mils Configuration (e.g. Strip, Microstrip etc.). The term
Z, 65Q + 10% 75Q + 10% “as short as possible but greater than a certain

- length” is defined as follows. In order to satisfy the
Velocity 1'85nt53ﬂ2'41 1.510 2.1 nsft maximum flight time requirements, generally, it is
desired that the transmission lines be as short as

possible. Many signals however have tight minimum
flight time requirements. For these signals it is
necessary to lengthen the lines, but not too long so as

Geometrles to violate the maximum flight times. Whenever
Via Pad 25 Mils possible, a length window is given so that both min
timings and max timings are specified. When both
Via Hole 10 Mils margins are very tight and the signals are heavily
Pentium® Processor (735\90, 45 Mils loaded with too many transmission lines, it is very
815\100, 1000\120, 1110\133) difficult to specify a range of lengths for every
SPGA Pad segment on that topology without being too
Pentium Processor (735\90, 29 Mils restrictive. Instead the strategy was to lengthen a
815\100, 1000\120, 1110\133) specific segment to satisfy min timings and shorten
SPGA Hole all other segments as short as possible to meet max
80498 PGA Pad 55 Mils ;imings. The exact lengths can be extracted from the
ayout.
82498 PGA Hole 38 Mils ¢
82493 Surface Mount 70x13
Package Pad Primary Side
Layout Grid 5 Mils
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4.6. Explanation of Information
Provided

The following sections outline the design files
associated with the 1-Mbyte CPU-Cache Chip Set
design example that are available from Intel. These files
are provided to simplify the task of porting the design
example into a specific design. By using these files,
designers may eliminate or minimize the amount of
duplicate effort when using the design example as the
basis for their design. The following items are available:

e  Schematics

e 1/0O Model Files

e  Board Files

e  Bill of Materials

e  Photoplot Log

e Netlist Report

e  Placed Component Report

e Artwork for Each Board Layer
e Trace Segment Line Lengths

Hard copies of the schematics are provided in the
following section. ASCII or soft copies of all the
information are available from Intel Order Number
242658.

4.6.1. SCHEMATICS

Schematics for the 1-Mbyte CPU-Cache Chip Set design
example were created using Cadence/Valid Concept
Schematic Capture program V1.5-p3. The schematics
are 11 pages long and are provided in A-size format.
Both the Cadence and the postscript files (A-size format)
are available from Intel as described above.

4.6.2. /O MODEL FILES

All electrical 1/0 simulations were performed using
TLC* V4.2.8 from Quad Design Technology, Inc. The
simulations were performed at the fast and slow corners
to verify that all signal quality and flight time
specifications were met. The files used for these
simulations are available from Intel as described above.
These files include the topology, model, and control
files needed to run the simulations for all nets in the
optimized interface.

4.6.3. BOARD FILES

The board files for the design example were created
using Allegro* V6.1 from Cadence Design Systems, Inc.

AP-521

The files are available from Intel as described above.
These files may be used to import the design example
into a specific system design.

NOTE

Some changes to the layout and nets may be
necessary to complete importing these files into a
specific system design.

4.6.4. BILL OF MATERIALS

The bill of materials file was created using Allegro V6.1
from Cadence Design Systems, Inc. The file is available
from Intel as described above.

4.6.5. PHOTOPLOT LOG

The photoplot log file was created using Allegro V6.1
from Cadence Design Systems, Inc. The file is available
from Intel as described above.

4.6.6. NETLIST REPORT

The netlist report was created using Allegro V6.1 from
Cadence Design Systems, Inc. The file is available from
Intel as described above.

4.6.7. PLACED COMPONENT REPORT

The placed component report was created using Allegro
V6.1 from Cadence Design Systems, Inc. The file is
available from Intel as described above.

4.6.8. ARTWORK FOR EACH BOARD
LAYER

The artwork for the six board layers was created using
Allegro V6.1 from Cadence Design Systems, Inc. The
files are available from Intel in a Gerber* format as
described above.

4.6.9. TRACE SEGMENT LINE LENGTHS

The file containing the trace segment line lengths was
created from the artwork files of section 4.6.8. All
lengths are provide in mils (1/1000 inch). The stubs
listed in the tables are associated with the pin escapes
required for the 82493s. The file is available from Intel
as described above.
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4.6.10.  I/O SIMULATION RESULTS FOR
EACH NET

Electrical simulations were performed on each net
within the optimized interface of the 1-Mbyte CPU-
Cache Chip Set design example. The simulations were
done at the fast and slow corners to verify that signal
quality and flight time specifications are met. The

intel.

simulations were done using TLC V4.2.8 from Quad
Design Technology, Inc. using the files described in
section 4.6.2. Table 8 summarizes the slow corner
simulation results and Table 9. summarizes the fast
corner simulation results.

The flight time specifications listed in Tables 8 and 9 are
the 60/66-MHz flight times.

Table 8. 1-Mbyte Slow Corner Simulation Resuits

F-I'IgTﬁme (ns) Signal Quality
Maximum
Maximum Flight Time Flight Time Settling Time Overshoot
Net Flight Time Specification Margin (ns) (V)
82498 Driving
PA3-18 5.72 11.2 5.48 15.91 0
PA19-31 2.47 3.2 0.73 71 0
AHOLD 0.77 1.5 0.73 3.88 0.11
AP 1.23 3.2 1.97 45 0.1
BRDYC1# 0.72 1.5 0.78 3.86 0.09
EADS# 0.8 1.5 0.73 3.9 0.06
EWBE# 0.85 1.5 0.65 3.95 0.18
INV 1.39 1.5 0.11 4.53 0.27
KEN# 0.77 1.5 0.73 3.88 0.11
NA# 0.74 1.5 0.76 3.79 0.09
WB/WT# 0.92 1.5 0.58 3.91 0.19
BLAST# 2.42 3.2 0.78 5.55 0.46
BLEC# 1.89 25 0.61 5.73 0.06
BOFF1# at CPU 1.5
BOFF2# at SRAM 1.87 3.2 1.33 4.87 0.36
BRDYC2# 23 3.2 0.9 5.42 0.4
BUS# 2.14 3.2 1.06 524 0.35
MAWEA# 2.13 3.2 1.07 5.24 0.26
MCYC# 2.14 3.2 1.06 5.21 0.33
WAY 2.27 3.2 0.93 5.36 0.44
WBA 241 3.2 1.1 5.24 0.36
WBTYP 2.19 3.2 1.01 522 0.47
WBWE# 2.26 3.2 0.94 5.41 0.29
WRARR# 2.37 3.2 0.83 5.53 0.37
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Table 8. 1-Mbyte Slow Corner Simulation Results (Contd.)

Flight Time (ns) Signal Quality
Maximum
Maximum Flight Time Flight Time Settling Time Overshoot
Net Flight Time Specification Margin (ns) )
Pentlum® Processor (735\90, 815\100, 1000\120, 1110\133) Driving
PA3-18 2.94 3.7 0.76 22.19 0.41
PA19-31 1.66 1.8 0.14 4.99 0.09
CPO0-7, CD0-63 1.47 2.0 0.53 4.75 0.17
ADS# 2.27 3.3 1.03 5.27 0.45
HITM# 2.37 3.6 1.23 5.43 0.5
WR# 2.43 3.6 1.17 5.52 0.52
ADSC# 1.36 1.5 0.14 4.7 0.16
AP 1.45 1.5 0.05 4.62 0.09
CACHE# 1.45 1.5 0.05 4.79 0.17
D/C# 1.36 1.5 0.14 4.7 0.16
LOCK# 1.36 1.5 0.14 4.7 0.16
M/IO# 1.46 1.5 0.04 48 0.18
PCD 1.36 1.5 0.14 4.7 0.16
PWT 1.36 1.5 0.14 47 0.16
SCYC 1.34 1.5 0.16 4.68 0.16
CBEO-7# 2.08 2.8 0.72 6.16 0.07
82493 Driving

cPo7,CD0-63 | 193 | 2.3 | o037 | 40 0.15
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Table 9. 1-Mbyte Fast Corner Simulation Results
Minimum Flight Time (ns) Signal Quality (V)
Minimum Minimum
Minimum Flight Time | Flight Time Overshoot | Overshoot
Net Flight Time | Specification Margin Overshoot | Specification | Margin
82498 Driving ‘
PA3-18 1.63 0.8 0.73 0.77 2.6 1.83
PA19-31 0.86 0.6 0.26 2.03 2.6 0.57
AHOLD 0.65 0.6 0.05 2.49 2.6 0.11
AP 0.86 0.6 0.26 2.01 26 0.59
BRDYC1# 0.61 0.6 0.01 245 2.6 0.15
EADS# 0.68 0.6 0.08 2.34 2.6 0.26
EWBE# 0.72 0.6 0.12 2.53 2.6 0.07
INV 1.03 0.6 0.43 2.43 2.6 0.17
KEN# 0.65 0.6 0.05 2.48 2.6 0.12
NA# 0.63 0.6 0.03 2.45 2.6 0.15
WB/WT# 0.95 0.6 0.35 2.61 2.6 -0.01
BLAST# 1.33 0.8 0.53 2.29 2.6 0.31
BLEC# 0.94 0.8 0.14 1.59 2.6 1.01
BOFF# at CPU 0.84 0.8 0.04 2.57 2.6 0.03
BOFF# at SRAM 1.06 0.8 0.26 2.1 2.6 0.49
BRDYC2# 1.27 0.8 0.47 2.25 2.6 0.35
BUS# 1.13 0.8 0.33 2.02 2.6 0.58
MAWEA# 1.1 0.8 0.31 1.93 2.6 0.67
MCYC# 1.14 0.8 0.34 2.04 2.6 0.56
WAY 1.26 0.8 0.46 225 2.6 0.35
WBA 1.12 0.8 0.32 1.99 2.6 0.61
WBTYP 1.27 0.8 0.47 2.34 26 0.26
WBWE# 1.19 0.8 0.39 2.01 2.6 0.59
WRARR# 1.28 0.8 0.48 2.18 2.6 0.42
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Table 9. 1-Mbyte Fast Corner Simulation Results (Contd.)

Minimum Flight Time (ns) Signal Quality (V)
Minimum Minimum
Minimum Flight Time | Flight Time Overshoot | Overshoot
Net Flight Time | Specification Margin Overshoot | Speclification | Margin
Pentlum® Processor (735\90, 815\100, 1000\120, 1110\133) Driving
PA3-18 1.07 0.8 0.27 1.49 2.6 1.1
PA19-31 1.04 0.6 0.44 2.11 2.6 0.49
CP0-7, CD0-63 1.1 0.8 0.3 2.01 2.6 0.59
ADS# at SRAM 1.33 0.8 0.53 2.28 2.6 0.32
HITM# 1.35 0.8 0.55 2.42 2.6 0.18
WR# 1.1 0.8 0.06 2.02 2.6 0.58
ADSC# 0.86 0.6 0.26 2.02 2.6 0.58
AP 0.93 0.6 0.33 2.08 2.6 0.52
CACHE# 0.93 0.6 0.33 2.04 2.6 0.56
D/C# 0.86 0.6 0.26 2.02 2.6 0.58
LOCK# 0.86 0.6 0.26 2.02 2.6 0.58
M/IO# 0.94 0.6 0.34 2.04 2.6 0.56
PCD 0.86 0.6 0.26 2.02 2.6 0.58
PWT 0.86 0.6 0.26 2.02 2.6 0.58
SCYC 0.85 0.6 0.25 2.05 2.6 0.55
CBEO-7# 1 0.6 0.4 2.21 2.6 0.39
82493 Driving
CP0-7, CD0-63 l 1.05 0.8 0.25 2.07 l 2.6 0.53

Note: An overshoot specification voltage in parentheses denotes the value for Vss if different from Vec.

| 2-1583



¥8S1-¢

PRP/CC/CS 1IMB INTERFACE

LIST OF POWER SUPRLY PINS AND NO CONNECT PINS:

L2S-dV

REF DES NAME GROUND NC
ur L 22123, 24,25, 26, 27, 28, 29, 30, 31, 32 2, 19, 20, 136, 141
142,161, 182, 242
B 251,279, 280, 296
. P YeC a8 s 10 12,13, 17, 19,22 : 1. 14, 150 161 18, 20,21, 23, 24
vz e §.se 7.60,81, 74 13315556, 08 7§ 7.
:aa. u:. 194, 7960 153, 163, 103 3 '1341 155 4801, nn. Tadiise
193, 2e2, 2.3-213'218'222 1
. 43 250,361 271273
: 1 206, 266!
: . 3227864, 202, 200 . 382138, 283:300, 530358583
u3-ue ‘s * UEC3. 5.9 13,29, 35, 50, 56, 74 . 7011415, 19,31,33, 47,53, 72
uli-uie . uees: 17 ¢
DRAWING' TITLE DATI

€
T1TLE=nY HYDRA 1MB KIT 0/7,94
ABBRECTIRGE L) s I 1a/7/9

COMPANY. PAGE "
Tu Jun 1 15:20.25 1998 INTEL Lo

T 7 | 6 I s | a | 3 | 2 | 1




AP-521

2-1585

: T : T < | : _ : T : _ . I
TR TIINT e
v6/L/01 1w LIM GWT oSOAH - °
da .
. : :
= 2] w
¢
1]
. i SR e T R T T
LR i
S T m.?Exaﬁ%ﬁmzmmmg TR FTE T T
H susssfisil BRS¢ i 3
- il 1 Zo
it Lol Lo,k ,m_ P ooy
& gaaas g
5 B
, | i
8re wm.,, &r¢
x '%w. -%v.
. b Py Py By
B ¢_~ 3 4 SR 4 mW




98St-¢

] v 1 s ] > I z
- POWER=VCC3
u cC
076542 QBRI
u [CFAZ |30 RG]
CFARL €31 AF34
_E_ CrAe B32 AE33
Rl =T
c5Le D34 AC33 )
68 {SeTi2 AL23
- SET11 c21 Axa22
SErie B2 ALZS
SETS B34 ARG
£ SETE €23 AL27
- SET7 B26 Ax28
K SE16 €3S AL29
¥ SeTS 024 ARde
M SET4 D28 A
- SETI €27 AL31
- SET2 c29 A3z -,
-— SET1 Ds AJ3I3
—_ SET@ D28 AG3S
1AG11 D12 Axi4
TAG1@ Bl4a AM14
czmm o) ci3 ALIS
TAGE D14 AMI6
1AG7 €IS AxI6
TAGE Bl16 ALI7
TAGS D16 AMIB c
TAG4 D18 Ax18
TAG3 B18 AL1S
Srm— ] Ci7  Anze
A () €19 Ax28
Nt —— ) B2 AL21
pSLNO 67 ok D22 ng WB_WT_N
240 EADS_N
KEN_N
NAN
TV -
EWBE _N
AST_N
)
L
TITLE BATE,
HYDRA IMB KIT 10/7/94
[CorPANY. —n
INTEL e n
1 3 z

>
?
[
N
-




/8S1-¢

T 7 | 3 1 B 3 1 2 T
POWER=UCCI
32 BAIL .2 u cs 1559
T8 ATE
ALS rdw.-ll—o s A
aiz coataz | 82 24ser M cpata? 2ese?
A13 CDATAG A13 coates 52
A12 cpatas 3] a12 cpatas 311
A S A e S
) CDATAZ ) CDATA2
g CDAT a8 CpATAl
A7 CDATS A7 TAS
A6 A6
AS LRG0 as67 AS ass7
A4 MDATA? MDATA?
A3 MDATAG MDATAE A
A2 MDATAS MDATAS It
A1 mDATA4 [ 16 HDATAX 1
AB MDATAZ MDATA3 L
MDAT t) MDATAZ 1§
MDATAL 4 MDATAL h
MDATS L IDATAR
a2
2
2
28
3
H
3
3
3
3
3
3
3
H
MBE_N [y22 HBE_N a2
3
H
— I -
e s Tooj &  TDICB2 4. Tooles  TDICBY __ pe
2 101
b T
’i__r -
R TITLE DATE
HYDRA IMB KIT 18/7,94
4 OF 11

T INTEL -
1 2

12S-dv



88G1-¢

l 6 J s 4 1 3 | 2 | 1
CS #3 CS #4
FoEr=vcca POUER=UCC

c

32 o
1S 24367 ais
24367
A1a A1 cpatATl 57
a13 A1l CDATAE
12 A12 CoAT
A1T AT cDATA4
Aie AL2 €DATA3
5 CDATAZ ) cpATAZ
he CDATAL e coATAL
rl peALl a7 <patAd
A6 5
s e 0SERuR2 (54 567 s aser
A4 MDATA? |4 R4 MDATAT
A3 7RG | § A3 MDATAG | ¢
A2 MDATAS [} a2 nparas H
a1 HDATAZ Al rpATA2 [
PO MDATA3 191 L MDATA3
HDATAZ yt HpATA2 [
HDATAL "' mpaTAt e
MDATAS 1E MDAT: 24
02
H
2
H
s 3
3 3
3 3
3 3
3 3
3 3
3 3
H 3
3 3
3 3
- sl MDOE_N HBE_N [y32
2 BLECTN
3 BOFF_N
Tooleda  TDICAS s Toope4  TDICEID 4
™S
s 1
-3 TCrC
’SIV__[_L USREF
TITLE - DATE-
HYDRA I1MB KIT 1a,7,94
[CorPANY PAGE.
INTEL S OF 11
| s 1 S 4 | 3 | 2 | 1

12S-dv



68G1-2

| 7 | s 4 3 | 2 T 1
CS #5 CS #6
D
1558
A8 nuces POWER=UCC3
22y PR u (o] 32p £2
ALl
A
Al coata? Bese” & e
AL CDATAS —‘
A1 CDAT AS [S]
AL CDATA4 &
AL CDATA3
A3 CDAT:
e ¢patal
A7 CDAT!
s aser
R4 MDATA? ® e
A3 MDAT
2 MDAT
(A1 MDATA4 <
~3 MDATA3
npAaTA2
x HDATAL r
TR
L1 BE_N L]
2 ADS_N H
2 W_R_N 2
2 IRITA_N 2
BRDY_N
! 9 i3
BLAST_N H: N
H BN 3 BN
3 N 3 MAWEA_N
3 3 mcve
3 H Ay
3 3 WBA
3 3 WBTYP
3 H WBE N
3 s WRARR_N
H 3 PRDYC N
MBRDY_N
rEoc_ i B
MFRZ_N
MOCLK
HBE_N nBe_N 32
3 B 3
3 L 100 25 Toojes  Tpices 4 ]
i ™S = *
. o1 e
b Tox
+5v USReF
L]
TITE DATE.
HYDRA IMB KIT 18,7/94
carPAny: PAGE
INTEL 5o u
T 7 T s s . 3 1 z | !

12S-dVv



AP-521

2

CS #8

CS #7

155P
POLER=UCCI

24567
4567

CS BYTE 6 & 7

7
&
HYDRA 1MB KIT

mvmﬁuum

™S
To1

b T
UsREF

s

24567
ase?

Ccs

— 5 aiiebage,
5 -mmmmmmﬁ&z?& a. xm:mz&m mmm.um
5

8,2/94

7 0F 11

PAGE

TITLE

INTEL

COMPANY

2-1590



L6GL-C

POWER=UCC3 POWER=UCCI
225 PAALLD '] (&) 22 A, \.il cs 1719
B 7 1S
A CDATA? as ALa cpATA? | 57 ZaN 27
A EpAT +H Ai3 CDATAG 27
A CDAT 24 12 cpATAS 28
A CpATAL 24 A1 T CpATA4 26
A cpaTA3 A0 CDATA3 7
EDAT/ ) cpatA2
CDATAL A8 cbATAL
CpAT A7 CDAT
20

o

YuuuvuuLLLw

o 32R223R383
%

A=

ULuLLLLLLL

MBE_N MBE_N
00 R o e Sma— D0 b >
sE g
CS PARITY @-7
e HYDRA IMB KI1T pate 18/7/94
[CorPANY
INTEL 8 OF 11
T 7 T 3 | s . B 3 [ 2 1 1

12S-dv



' 1 c 1 v 1 s 1 s | . | e

: 1
| I I A3INT e
v6/2/01 LI GWT H0AH
13190 37114 -

- SO NOS
-
=T
o a2
6D A2
i
T
ELRC
= = = = = = = =
8120 net e NeZ 86D reZ ™D nes oD ns2 Lol €D 052 "D naz o1 Ae2
A i It 1 It 1 It o i
T T LR zIT AL LALUR] LALURS LU T
o1 721 e w2 e e e e nt o 2 N @2 o PR
o1 net o9 NS &0 nez &30 MRS Brd NaZ BED sz 820 a2 81D na2 B nez
L 1 b i 1 I n i I
TILT Tire T T LRI LALURI LIRS e ZAT
oot 21 anr e e e ELN R e ez ELN R e Bz Nt e @ e a2
h-ﬂv:-‘- g—n’ E_—‘ﬁn L) ~‘a L o) o ez N . _sm 82 nsz B> na2 IU:»&
| 1 il i I i
LA Tz T U T T LAl AU T —Z T =T
o071 721 oo sz o o Nt e e e a2 a e a2 N e e ELN RS e a2 ELN R
08D NE2 wd re2 90 s 450 res wd a2 D Me2 w2 AR =X
95 nat {- I It - I 1} I i i
AT 2T ERUR AL T T LRL LRLUR] AL LR
Tk T a2 am ez e oz e e N e LR e 2 e me e e
ot oty o012t
TV
jroc L 8L Ns2 W M2 950 1OS 180 ne2 9¥D N2 9ED NE2 92D NE2 91D s 9 ne2
o I I I it It i 1t it -
H ol pan & 3400020 Tz T T T AL T T AR T
o a2 amsze o o e oz ez o e Yy e e oo e
e o
UL A
1 m((lﬂ SEO NS2 SO nez SS90 NOS S8 nes S0 As2 ED nSe 820 hs2 81D ne2 O ez
poez o o L] i I It i {}— 11 it it I
e Oz Tz T AU —= T T T LA —ZIrT T
i 2y e o ome e e i e @2 PR e e e w2 e w2 o oz
7T
e
ol SEY vruMﬁ 980 rS2 O MOS oo nez s e NS2 "2 ns2 :v::” » e
W - | It I i 1 1t )
JENLLFVPY..] ez @ TirE LAUR] L i 1T LAURS CRUR CAUN U
“u ® T ez e nt e vae AU ELRR e @z LR e ez e e
Y ez
Wyt
L] L] 200 ns2 €0 re2 €0 Mes €50 nes EvD NS2 €ED N5 2 ne2 E1D A2 €2 na2
Tz M - It - i It 1 1 i
]w . o 2w T T AT ZArT - LU LAURS T =T LR
SN P e e 2 a0z ot e e e e e e e e e w2
JEN Y kesd e
s ° 2 sz e Ms2 290 nes 280 nes 2rd na2 ZED a2 220 ns2 210 ns2 2 ns2
A i - 1t I It il I} it it
Yl aan 16N kos? o LA Y LA U LA AL talme =T =
TN —4 e an vme i e w2 e @z e e nr 0 w2 e @z a0 oz ot w2
=)
SlaaaS2y
.m YT 1 sz €80 MS2 190 nes 150 nes w2 1€ N2 2 N2 T A2 s
a4 ® L 1t i L It 1} It 1 Il
loo? Vo SN T T T AT LU T T Y
o2 oz nt e e e ae nt o e o ez e @2 e 2 e 2
AE e+ 3WODDON  AEE+  FWOIIN 305990 ne €+ nees ne e e aee ne e e neer

AP-521

2-1592



AP-521

ﬂ T I : I ; T : I 5 T : T :

2-1593

1T 40 o1 e I—M;—:ZH s

. w101 c
v6/L/0T LIX BWT BHOAH a9 o101 ce
3iva RIS 71 0 o101 z
s veor0s z
°s o c
v zo10 z
ve o101 e
c 10 z
ccosree 201 3
c wwus ecesvee
3 el s
© s e
s s z
3 s cz
c O ce
3 »ooe 3
c W aGaee ce
s N EOw ©
3 e c
e I c
e W iwie z
ce 4% ez
e wea scosve
£ wroumm c
e noizm ©
ecvses ©ux se
c a0 3
se ina c
e D es
e T °
e o o
z "wa es
z MO0 '
ce 0o cz
¢ NITee c
GeosrEE  « c
e v c9sve
c o s
cec won wee
ocosy waaz sez
c Wi ese
s Wt ese
a5y ] esz
ace W ese
c WO eve
& Nl ave
o @ 0w c
o5y »roou €
sew oo cz
c e s
ce wom acssve
c e .
v Nz seosve
v WO cz
s w00 ‘s
v T30 °
° R0 o
v @ cs
¢ N s
v o ce
< wa0mn z
o5y " z
scn W ocases
ecasree wen c 20w sz
ecosrc Rl < T cesve
ce - ecosrs e siosre
scasrs - c e s
eLssve anom < an c
ecesrc - . 20w e
cosrs - s ™ ce
ce Wi E w o w ce
scssvrce o ce w001 scesve
. ooy 5 o cz
ce notas c w00 z
9s sto se W
o @10 c L - UBiaso suiius B w0y e
LIS wD10L z n wee B2uBLB 09800 (WUBIE aee

' | 2 | < | v [ s 1 9 | B T a




AP-521

DATE
PAGE.

10,7/,94
11 OF 11

)
. 2 |ld
2|k
JAZ
& [+
mquumn-wulumummunlmmgwl\mwomnuu-nnnu- comanmeyenmooOONR
LD
TR -
1 | EE58BBRE888E88536553sveannesBilEiRt8aRE ts0050s58335]
it
it
2 cnseensoonsosasanansacanasasasasasanasasasassasasasassasasasasasasasanasas
U A
sovsusses3iiiiIioesnasss5anasa5i88EE88:333583 380807 000085888885888588¢
a l v ' @ ] <
2-1594



1 i 1 s ] s 1 ‘ 1 2 1 2 ] :

PRCC/CHS 2MB INTERF ACE

LIST OF POWER SUPPLY PINS AND NO CONNECT PINS:

REF DES NAME POWER SUPPLY GROUND NC
ui2 PP CC3 1@, 114 124 13, 14, 1S, 82,93 221231241 23,26,27,29: 29,22, 31132 2,19, 28, 136, 141
1830111, 113, 123, 132, 143,146,151 ° 43 187, 114, 117, 127 142,161, 162, 242
153, 163, 173, 183, 133, 203, 213, 289 N 251,279, 280, 296
23@, 291, 292, 293 .
YECCORE 4:5:8,7.:0,9,80.90, 108,110 207, 214,223, 260, 264, 265, 266,267
V55: 36 148 156, 158: 138, 108 268, 270, 271, 272, 273, 274, 275, 297
228, 283, 284, 285, 266, 287, 268
ue cc YGCR, 2,461 7:9,10,12,43, 17, 19, 22 1141151 16, 18,28, 24, 23, 24
4,36 38, 48, 41, 43,57, 68,61, 55,56, 58, 59, 75, 78, 79
33,85+ 89: 66 86. 93, 165115, 133+ 154 187,381,387, 108, 113, 114
128, 143, 144, 148, 153, 163, 183, 186 + 134139, 148, 147, 149, 150
188, 192, 193, 2@2, 283, 213, 218, 22: 157,173 1740 1770 17
2251227, 240, 244, 268, 261, 271,273 3
598,57, 200, 504, 206, 260, 590,595 . 329, 323, 324, 508, 54
293, 259, 262, 263, 272, 27-
UCCS” 264, 282, 283 265, 267, 289, 291, 29
U1-U7,Us-Ut1 CS VUCCI 5,9, 13, 291 35, 581 561 74 7111115119, 31,33, 47,53, 72
u13-20 Uees. 17
U21-U28,U38 7451053 wea 128 RRLEY

TITLE BATE
HYDRA 2MB KIT 4
pehiT i 2, DRA 2MB KI 8/2/9

Thu Jun 1 16 @7 23 1995 T INTEL e 1 OF 19

| R B | : I : 1 : 1 : I :

S6St-¢

12S-dv



AP-521

YASNSSNNENRRRRENNNSNNNNNSNEN]

27

8,2,94

BATE

2 OF 19

PAGE

HYDRA 2MB KIT

TITLE

INTEL

ComPANY

O vse e et 1

) I o 1 o
-
~
1
- 2et ANdD |seo  €x
€Er
€7
o~ n X N
661 4N” O 3
o31e s vex
SRIEEE
681
SEN
vez
n €60
E=9
€ 300D €N vEd
o6 veau
o8 cews
[POY  SAA
leo0 “ean
e
0 LW
" leen “sax
- I SEA  Sen
€ % A3E i em
vax
van
ron
Py
SoM
Sew
€D
veau
. o
02
rogy
Y
%6
eeg
2t a N-038  fpen S2o
21 8t ~138 oM eta
21 N-238 11w 80
- 218 IN"E38 I 904 S0
21 T N-vIa 1w 2es Saa
2t s NS piw SN il
21s N~ i
a2ty —R=7 N"238 ot vex ea
s€o 1a
Ser 2a
EED €a
9€4 va
" ves sal
€3 s
~o1-w [ver €E3 a
570 pew ved &
= =4
v} s erg
E 110
prertret6eL9 3 TATM 20 e1a
¥ 21 1T BT 66 SaY Y vEE €10
5 €0 vig
D e Sy s1a
€ 20071 28 sig
2 rv 163 210
ey a1g
< = 2 ©20 61
vaveseLasys T B sl %
e L2
NHD 6w 220
3@ flany s20 €eg
N F] HHI4 (SAO0 12D =0
° €2 20
v2a s2a
123 s2a
22a 82a
672 =
e2q eeq
50 R -
€ ~osay >
Nos0y 91a €ea
€2 vEq
e oy W ria s€a
— b5 A o T s€a
= S 2 P
F———— Y ow 620 oca.
- 0 W otg sea
- 8 800 eva
8u Sy IvQ
oty ow 603 2va
1o JEW voE €50
219 % 900
~ € 1o £
1 o3
S1Y €0
> 91y )
19 2N 583
a1y 260
61 vas
@20 12w €83
b= 250 =]
€2y X €0
L L B Y cor
Le— y
4 = ser
L29 oy
- 52y w580
g == W €07
(3 2 vou
T Te2 LIEY Ly _EoN
° oty diec dd
W T T veud
¥ w2 /S
e, oty
81 st 21 11 @1
68L95reOETIESTT uxw e /s
a 1 v | E)

2-1596




POWER=VCCS
18151210199 8 7 6 5 4 3 GunBPAGLL
FAZ T30 AC3
Fal =11
craa |u32
-L CSL L 33
= C50 B34
se1i2 [nze
€ c21
110 [Ba2
SET9 B24
SETO ca23
SET7 B26
SETE c2s
€13 524
SET4 B28
SET3 c27
€12 c29
SETT
Et] 028
1AG1) D:2
T1AaG18 Bi4 AMi4
1469 Ci3 ALIS
Bia AFIE
ci5 Adig
Bi6 ALI7
bt &8
88 ALL9 23
i s S 2
528 AZT| mTAGE
o L
a
S6789 101203
2
s6789 w2
2
is6789 W
45672008
SEREE
is8re00
is8703
issre
isera3
issres
456709 .8012:3
“se783 021

I
AF@4  WAS| MAITH.N HHITH.N
AE@3  X@2| MTHIT N

AE@S  Q@3| SNPCYCIN

AMIG  X@a| SNPBSY N

Jos| Tpol iea  TDICRU 42 CC

GOS|  SMUN.N TITLE DATE
CCACHE _N| HYDRA 2M| T 4
B P oA 2 I a2

e INTEL e 3 OF 19
1 2

16St-¢

12S-dVv



8651-C

7 0 1 s 1 “ 1 3 1 2 1 1
CS #1 CS #2
POMER=UCC3 POUER=UCC
a2 PALLD Y] 1370 a2 u cs 1360
¥ A1S A
- 14 CDATA? A
N e 3
Nrme m PIY ShATas 24358789 01 . 2458789 mu
Semom it ) cpata3 A
A CDATA2 A9 CDATA2
S ] cpatal £ cpatal
A7 CDATAG A7 CDATAR 4
= =
8 AS
[ aa mpataz i o 4 Aa mpatA7 | o |
~4 A3 MDATAE [ & A3 MDATAG ’_l L4
S A2 HDATAS ._E a2 mpaTas I
= AL MDATA4 4SS 67809 010 AL HMpATA4 || 456789 @11
G cl noaray "o tiaray 2 -
ax mpaTAl a1 o Hbara;
BE_N e 22 BEN e =
122, s 252
2 = 3 RITRN =
BRDY_N
55
YN
3 3 BLAST N B
3 3 BUS N
3 3 [ MALEA_N
3 3 MCYC_t
3 3 WAY
H ) 3 k WBTYP
H Ha= e
F) a3 WRARR.
3 sh— BROYC N
- ",:'58' N
| — a7 R,
‘-
o MBE_N [y32 MBE_N h32
3 B
Toojes TDIcE? . TDojes  TRO 4
™s kL hia]
s 0] . 701
b h( - Tox
+5v s [usrer Ao d— (V-

CS BYTE @
[TITLE" DA
HYDRA 2MB KIT 8,2/94
[COMPANY : PAGE:
4 OF 18

: INTEL

L2S-dv



6651-¢

32 3
7
248567889 @0
T
N -
Y
18
LR )
g @
122
2
H i
H =
3
3
3
3
3
3
3
3
3
3
N 32
3 CR— 73 o
3p
|84 . TDICBL  pe
TMS
» )

2 PAQILLL 2

FEEEEEER 3

5;

s
S

RODDDRRD
BERGR:

R
3

o
2
\'A
o
%

s
zz

TE D
=i O

e

T
%dl

ORR AT
L &2 z2z

g?ﬁﬁ

33
&R
zz x?z&&z

EE
R

A
%

,:
38
22z

=
7§
CF

CocuG e

MBE N [y32

Toofea  TDICES

CS_BYTE 1

24586789 161

ase&788 0

TITLE

DATE
HYDRA 2MB KIT

B8/2,94

CoMPANY

INTEL -

S OF 19

L2S-dv



0091-¢

P

CS #5 CS #6

POWER=UCCI PORER=VCC3
u__ CS i
R16
RIS
[A14 CDATA7 14
A13 CDATAE
A12 CDATAS
= A e 2essr00 02es87 00w
AS < ; 18
&
5 aras
L 1A6
RS
A4 MDATA7 | 4
A3 MDATAG d
MDATAS
i A secesaen Ges e e
MDAT/ &
MDATAL 4 1L
MDATAQ
MBE_N

| e« vorcmiz 4.

D0

CS BYTE 2

L2S-dv

TITLE DATE
HYDRA 2MB KIT B8r2,94

o INTEL " sorus
1 2




2 1
° | i | s | s ] - 1 2 ] 1
CS #7 CS #8
o
POWER=UCCI POWER=UCCI
22 PA3L .3 u cs 136P 32y PAQLLY cs 13sP
TS
A
R‘:? cpATA? L 57 gﬁ;ﬂ'l
a2 aras FH &aras
I~ a1t CDATA4 %81 24587859100 cBata 2456789 w0
Al CDATA3 T
= Eart ] !
:g CDATAR CDATAB
RS
A4 MDATA7 | 4 :&ﬂ;g
22 ntee i e cresun
, .
c A% rpatad €3 aserasian mpated o4 s .
i) MDATA3 Fal MDATA2
Hm;al |14l Hm;,“l
DATAS | 18] z BEN MDA
122 ADS_N
p R
: = PRy =
! S RESET
d JCRDY_N
- 3 - jJBLasin
3 BUS_!
-3 3 22 2, —Tp S (== N
H 3 (R, —3 § (*57
3 3 - £Quay
3 3 3_JuBA
3 3 2_JWBTYP
H: 3 el 3 WBWE _N
: 3 co Yo
3 8. -
B MFRZN
b MoCLKC
MSEL_N
=
X
= MDOE N MBE_N 32
~p= qaec N P
3 6 2 BOFF_N 0 .
] ofse  voices p ol oo Torces
TDI
5V 3 JSREF
L)
TITLE DATE"
HYDRA 2MB KIT 8/2/94
[CorPAnY PAGE:
INTEL 2 0r 18
2 1
s ] i ] s 1 s | 4 1 2 ] 1

L2s-dv



AP-521

L]
r
°
.

°
"
o
o

04567839 01

135P

Ccs

CS #10@

POWER=UCC3

NIV~
slececc 280N

3

iistes

24356789 a1
«ss709 w1

i .vna
e
nenn-e

P
0 vn:mm. w
u-mmmmmzmg ?m 3 E“&ﬁmmmmwm

CS #9
POUER=UCC
CS

ik | _

CS _BYTE 4

HYDRA 2MB KI1T

8s2/94

8 OF 19

PAGE

TITLE

INTEL

(COMPANY.

2-1602



AP-521

67T 40 6
30ud

134NIT

ANGGHOD

v6/2/8

3ivg

11X 8Wwe PHCAH

ERIS Y

S d1AH SO

s goTar T v o o & —gTesTar e | ot
= n3aw = n3au
3 TBr ] ovivas euLuan
-2 3 ToluGH 12 Te1oCi
R [ e
el se sy o = o e 59 L9y fo] i
b2 suloan cm [
- 6] Svivan
Loigdn PTG
¥v oy | @vivldd 2v1vdd
2 M TY1uad v 1oivad
e el
N v
e sac9sy e RS2 Fvnvs e seL9s e 45 voivad
ﬁ So1va) $15] Sulvad
Soivad t==] suiba>
5] Loivad L5103
L
EES ) E=F)
€30n=u3M0c €30n=43M00
T ~
cT# GO TT# G2
! 2 — € _ S — 9 —

2-1603



¥091-2

12S-dv

POWER=UCC3
136F 32
]
CDATA?
CpaTAs
cpatas 5
CpATAs 24567889 01 3 07456783 11
Cm¥“ N
& ¥
CpaTAd N7
[
MDATA7
HBATAs i Pe—
mpAaTAs [ E -
rpatas [ 456709 wu L% o¢s6 783100
MDATA3 | € -
g Hie
MDATAG -
122
2
o 2
= 2
: ]
3 H
3 3
3 3
3 3
3 3
3 3
3 3
3 38
e~ fys2
3p—B % norr
tojes  Toices e lee  micaie .
kit
u
b Tex
TITLE DATE:

HYDRA 2MB KIT 8/2/94

o INTEL = 1@ oF 19

] ’ 1 s ] s ] ‘ ] 3 ] ] [




AP-521

_ I [ : [ : _ : C : _ " _

2-1605

2
st o A3ANT o

v6/2/8 LIX BHZ ody0AH
I ERN S

2o 31LAE SO

pre S B

° nee
sortT————" —33p
>’ —_ S 3"
. oy
e ¥Te5Tar -~s oy

N7 4408 - ¢
ESS R N-3dan —-xy3oma

T T ¢ I— 0 o [
: i > N g
v s B [BT | @uiuOn
e Tuisan S
29 el ] 2uiudn Tor ] 2uivdn
b Evivdn —HH T
et s 9 ¢ 95 vO— £ $s5i rurvan e _ i
2] Suivan i
s 5] 9uLudn
y | L9160W o i
o] oviuad 3 ou1ba>
P Torvad yi3 Tuluad
t £ [Bv | 2vilwd>
€wivdd Y [ S5} Cuivdd
Te8 oSy T 5 yuiudd ° Nel 6B LIS e b e
HEE : J15] Svivad
i g {e5_] Svivdd
5| L9ludd M o
v
% e
dsetr s2 n TTOog s — S
nuu)&uxoa £29A=43M0s

gT1# GO cis oo

zc




9091-¢

Prrrrrrers

2333

D3
Wi

MBE_N

222D
CEUFINTIE

}_, 3232233233,
%

vuuLULLULL

MBE.N

b=
00 mj:_ﬁmg_ s

CS PARITY @-7

TITLE

DATE.

HYDRA 2MB KIT 8/2,94

COMPANY

| 1 :

INTEL e 12 OF 19

L2S-dv



AP-521

2-1607

-
«
—
n
]
©
~
—

: T T 3

Z
TEE e A3UINT

v6/2/8 11X 8WZ pudan
3190 3ty

T 630010 nE'E

= A - —wsoade - [ - el - e
T v T o T o m,_ ozn
re re v ’ 37

. ee
miﬂnmﬂaluﬁ: N ~~zsxaEa d € ﬁ|1|: Zsxauad ©

Tt Tk Tpp b

e et () Esoisv.

!
n

—wIswde

ot " st

£s2iSv: copisre

= X - N
F b T

v
e
I




intgl.

AP-521

: L

€

61 40 ¢T
3oHd

: [
IINT

etacl

r6/2/8

3Lva

LIM GWE BYdAH

31y

)

¢ S3001a

NE '€

UL A0 YLaaarie Saan B
W VWA L
. ° °
Wlaan B8 YLaanO WLAAASTY
WA W T WA~
Ve LM 4
W, S ) SLABTY
Wy VW VWA
TV LM T
oL ew a0 YLl
AT WA W
LA LA+ L4
il e Ul aaTY
WA W1 YW
T H » »
a9
" e+ 300550 3 300900 LM
ACEE 3M0:

2-1608



AP-521

: [ : 1 3 | r 1 s | ° ] . |

B AIAINT e

v6/2/8 11X 8we G¥dAH
3190 RS

«

€ S30010 nE'E

—TrTsegdee - STl - [ Tt - T aseades
H T T 5 ven Jl.. b oen - B _ean
Loy Lonp -
lﬁl&! Ll‘y B V‘Lyv :
ﬂem espISNC eso1sve @ esorsre
v
e et e
d.i«a e - - gTgades - S a,ﬂaA e - [~ @eadee
* oo F o b = pe
T g L Lol
- ] -y s §
e'e e ~E
- " .‘.gfn - e - W||A3|mm~_ e - —\Irﬂmﬁ«MA_“n
Tyt Tty o L
b f- e DL
csotse Aw esoisy/ mms sve ot
' nee ~E
- T euede - \ﬁ ..... —ruadec - ﬁ ai\aA“ - T @sat e - —r AL
el T v e T = e = . e
- - [ N N [
FQE D LD D LlY D~
1Sv. L E£SR15v. ESRISPe “espise,
g ) s b =g < 5
e e < ~e nc'e
- <rruadec - Treadee [ ~water - — Teadee - ——eadee
+ ien T Fe kv F s e = : n
L. -l Lo a - “. i { .. — o N [o— - —
D 1 — DI | [ DD
€seisy €sersy, @ ,w €se1SK, G ESRISPL ¢
e e < ~'c
- Caugdec - | e er @ gelen - “aspaler - - |ul.A EmAwn
H “_H . T ke - _s s2n
ﬁakv_m. Ry o P LT
" s, s 5 eseisre
g [ I se1sv. o SoisvL ¢
e e e e
- - gﬁﬁ - — rewter - [ esswadee . S —mpadec - e tesdes
- _u ren - - [ lﬂ:\ R
NN L. Lo o B o VU, -
- o D oS5 :
“esetse. Aw sotsel coeisre et E-serinn
v v
e nE T neE ne e
Twrgad - |7 Toserdec - [ ooeadee - AL - [ eales
g o mw; |ﬂ RS - o _Eer - r een W oew
ENEEN D DL
na_m. eseise K2 esotse. - seram
e e e
—teeedee - I e = G = euatee
- Fo hm 5 zen = fo omo
- {_ N NI f—
PVT o i DF=—Df T
) S| iyl oot
R oy e cE

2-1609




AP-521

3

61 40 971

2 ]
A3INT .

v6/2/8

LIN GWE U¥OAH
30411

NE '€

2-1610



AP-521

¥ | | 3 1 v | s 1 o | B |

2-1611

e
6T 40 L1 JQ;FZM = = =
E) ANYHOD| - T l._ul Jll
o nse 15 nse B11> ne2
v6/2/8 LI BWE BMAH ! W § =t -
31v0 ERINSY —re ; i 1 e,n
= 10 /e O e e
Sdud SSUdAd
 nse 1 ees e 1o nz
I ! . -
= iz IT_ b
o1 e ez oo e oo
- v = A
% ey }.A_Tﬂ},_ 553 o5 21> nsz i 2 mse 2oz 20> mee |
i - g o - - - -  —
teihT o | b Al -z -1 7t _A_WL_
o1 o1 h ot o e o ez o | o o e
| o osz | = | !
© net _ (M.;J1+ v sz 2010 1o 1213 ne2 vsd As2 A s ns2 _ € fse _
ik 4 oo - - = t—z {r Abr— ﬂ!lﬂ’
root v | A PR PR A PRASN Lor's oz
| % res i
veer | b e8> rsz o115 nos a11o nse | oo nse o~z > e | o nee
- p i it | 1t 4 - it
) e e t {1 i Al IPEAN i1 b= Tz
oo 72, ot nez oz oo e rie e o e o e o oo oz
v | |
> cer pAAS a3 e 215 mez L s ez ez | eris ree
N !
R t—h 21— S S = 4= Z1rT
s001 /B [ e e nie ez L0 ipe o w2 e e
| i |
3 UM 13 nsz 21> res o rse ! | woonee vo1> nsz 99> sz
w0920 —fb -l 1t A - =t -
[ ez ooz | ne ez 10 e [ 0 2 EXNTY
i : ;
I : i
L | | | 1
e | % 0se | I e e & mz s> s |
-kt = = ==t
saﬂm oo | Tfik PR 1o e
— - ' |
1 e e 59> s | e | | ess w2 | 89> nez 063 ns2 163 nsz
| ; \
w3 ns2 \ AR T et o e t—sfr 4 =1
B i | e e e | Lo o 0r ez | oo oer |0 e e
o ooee | | : ' : ! I _
500 2 PER T esnse | @95 mse | | eso nee s ez | . oad rs2
t - t . — - R— - —4 —
523 52 =i Al =t b=t = iz s—riFe—
g_“r_ o o pe £l e ree | @ 2 1 n e e B o2 oo g
3 P | i
1
S110 A2 98D N2 w 9 ns2 | _ B A2 | svd ha2 o ns2 |
\ . ol
€3 nsz it S - ik N\A L + - SR
i The e PR fotooe | o | oo ez |
! . { . !
e i .
|
915 nsz o> e 60 nez 22nse | | oz | 15 ~sz 697 nsz ve> nez
I g (TR i 1 -
L I =k t—z{f—4 ey = T o
PARe Tirez" 7 e o mesee | tae ez Nt e ez £ see 0 @2
o o2 i | *
ﬁ_mﬁw ¥8D NS 11D nse 22> ns2 ZED Ns2 65D nsZ 68D ne2
It e it it it
CRU CRim ke z i Tz it i
PO P e | e oo e o me oo e
! : {
e € 300900 nE €r e er ne er ne v ne v ne Er ne e




T 1 | 3 | v 1 s 1 9 1 . 1 s

3
L ETTY) S
A
o sz :
»6s2/8 . 1IN GWE GUAAH - ; 1MEe NviE YIEZTTIBIEBLOCKER NHATH
3ivq JIULY ‘ nele e . wio1Es
eres ez H N
a5y gz H e
isvy sz e Nwrs
c i ce o
c i : ey
srcesy N ce -
aneree e c "
M o .
c it c
o @ o H
zers Srom H
nes oo cvesacasyc
were oo <
cssece e eres oo c
sissec vman a5 oo sz @
ce e arn Pred oo c
scasre - c e c -
scasve ‘axiwn cz o s
sissve - H iz Y
scssrc - s o s
ce rigm se Nevza o s
casvee o nere ez 2t e
v oas eres ez e
ce oot ssr izna 55
ere o cer oma et
e e oo s som oc
n S0t e rv3o3 ez
e e nee e c ~ei
" e eres N0 c -
os creom S5 V13030 nersaLesr: @ 2o
e e ise N80 c 3000
s Treotas aers NS0 e o
H ori0; nee w300 zere Vs
et e s TTere NTEI00M 2rse NTSHD
oe w1 eres N zee vom>
.8 e asr 1300 Giee wem>
os seor01 e Neou sae e
ss w101 HerEscssy @ £w 0w arse >
as vest0 cevrerssiassE e arve o>
s o erers precn < o>
’ o nes »aou H ~eow>
sy ren wers P ce w30u
< 01 eres oon £ wemm
crersacesrce o1 sco ou cetnmescasre
< s ‘s e H
c "o c N2 cornerssiasyE weam
< [y etors N-saseeu ce aoama
< e nea e sy Eaes
< rwias e e e s oo
< ey Zres AT s ~-uoes
< roee a5y T o e Nouma
< oy cer o ety Nsam
< jeleued c o e rane
< e € b o5 Nioea
H w1 Glermerseissse Wz e -z
M e c [iateony ae iom
ce 206 . - ce banea
M wes . o H
e wnoee < T M
H fitetey £ o« swowm Metnersscese v
snesscossc e ce w3001 ce ey
H Ey c o sinesacaseE w>ra
ce n c oo cermeEa oSy visva
H 2080 ez jees ¢ -
e ™ e ~ : v
H I . m H e
e v c bzt ce
N wos ce i ce
ce Y z et venesscas e
< T H oL ce W
msenesecasrce © 0w z o1 H "
H T z e
H ey H et ST,
ce e H oo PR

_ | z | € 1 v 1 s 1 9 I . 1 °

AP-521

2-1612



AP-521

v 1 < | d |

2-1613

z 1
6T 40 61 s I._ul—.ZH e

—
v6s2/8 1IXM W2 U8dAH
+31v0 31y

cesers

8555355588

3

- “Bisep 8. 1us sur w0y -
e 83us.0sm-660) 3 un <ea

; T .




AP-521

4.7. Non-Parity Layout

Intel has not simulated a non-parity layout example. The
following suggestions will assist in modifying the
design example for non-parity implementations. You
must simulate all paths that are altered when the parity
components are removed to ensure that flight time and
signal quality specifications are still met.

Modify the following aspects of the layout example:

1.  Remove the two leftmost 82493 components.
These are the parity components.

2. Rework Topology 1. Keep the trace leading to the
Pentium processor (735\90, 815\100, 1000\120,
1110\133) length La. Retune (if needed) the trace
to the 82498 of length Lb to be electrically
equivalent.

3.  Rework topologies 3 and 3b. Remove the traces
which led to the parity components which have
already been removed.

4. Remove the Byte Enable traces that connect to the
parity chips.

Making traces electrically equivalent means that
reflections from all branches return to the source at the
same point in time. In simple cases, electrically
equivalent traces are the same length. In all cases,
simulate the effects of changing trace lengths to find the
proper trace length and routing.

5.0. 2-MBYTE PENTIUM®
PROCESSOR (735\90, 815\100,
1000\120, 1110\133)/82498/82493
CPU-CACHE CHIP SET LAYOUT
EXAMPLE

This chapter contains an example layout design for
Intel’s 2-Mbyte CPU-Cache Chip Set. Intel has
simulated and validated the design by measuring the
flight time and signal quality parameters on boards
based on the design example.

The intent of the design example is to provide system
designers a starting point. It provides one solution of
how the Pentium processor (735\90, 815\100, 1000\120,
1110\133), 82498 cache controller, and 82493 cache
SRAM components can be placed and routed to ensure
flight time and signal quality specifications are met. It is
not the only soluticn. System designers can alter the
layout to meet their system requirements as long as the
flight time and signal quality specifications are met.
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The 2-Mbyte layout is an example of a CPU-Cache chip
set arrangement that meets Intel’s chip set specifications.
The layout consists of one Pentium processor (735\90,
815\100, 1000\120, 1110\M33), one 82498 cache
controller, and eighteen 82493 cache SRAMs for a
2-Mbyte second-level cache with parity. Although the
layout is specifically designed for a chip set with parity,
conversion to a non-parity layout will also be discussed.

5.1. Layout Objectives

This example layout follows the chip set’s flight time
and signal quality specifications. In addition to meeting
those specifications, these objectives were used:

1. To design the optimized portion of the interface so
that the layout is not limited by interconnect
performance. By not artificially creating any
critical paths, the interface can yield maximum
performance of the chip set.

2. To be consistent with EMI and thermal
requirements.

3. To have the layout be used as a validation and
correlation vehicle by Intel. Intel used the layout to
validate the optimized interface of the chip set,
measure flight times and signal quality, and tune
input and output buffers.

Provided are complete specifications for a board layout:
patts list, board layer plots, and the electronic files in
Gerber format. Also provided are a set of topologies and
line lengths so it will be easy to understand how the
layout was generated.

5.2. Component Placement

To meet flight time with clock skew restrictions the
parts should be placed in relative proximity to each
other. At the same time, we ensured that the layout’s
Memory Bus Controller (MBC) interface signals are
routable. Figure 25 illustrates how the chip set
components are placed in the layout example. The dot
indicates the location of pin 1. Figure 25 is a component
top view of the layout.

5.3. Signal Routing/Topologies
Tables 10 and 11 list the signal nets and their
corresponding topologies for the optimized and external

interfaces of the CPU-Cache Chip Set.

All chip set signals in the optimized interface fall into
six groups: Low addresses, High addresses, Pentium
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processor (735\90, 815\100, 1000\120, 1110\133)
control, 82498 control, CPU data and parity, and Byte
enables. Within each group are subsets of signals that
share common origination and destination points. Each
subset has a unique routing called a “topology". Groups,
subsets, and topologies are listed in Table 10.

Topologies are given only for signals that are routed to
multiple chips. It is the system designer’s responsibility
for routing the “point-to-point” signals such as CADS#.

Topologies are also supplied for the external interface.
These topologies provide channels for routing signals
from the chip set components to the periphery where
they can be connected to the memory bus and memory
bus controller (MBC). However, topologies are not

AP-521

supplied for point to point signals in the MBC interface
(e.g. CRDY#). Instead, the system designer must
optimize these for the particular application.

Table 11 lists the topologies provided for the MBC
interface signals which are not point to point.

Figures 26 through 41 contain the topologies which are
described in Tables 10 and 11. A topology is a graphical
representation of how specific sets of signals are routed.
A topology shows the components that share a specific
signal and the relative lengths of the traces between
components. A small box with a capital D inside
represents a clamping diode in the topology diagrams.
Refer to the schematics (section 5.6.1) for details on the
type of diode required.

o o [
Ccs Ccs Cs
cd52-55 ¢d60-63 cd56-59
o o (4] o °
CS
t - I N I
-47 ¢d40-43 cd48-51 Processor
o (=] (] o
Ccs [of] Cs CS
cd20-23 cd28-31 cd36-39 cd32-35
o =] o o
CS cC
“’85") cs Ccs Ccs
cd12-15 cd16-19 cd24-27
(o]
o o (o]
Ccs CS Cs o =Pin1
cd4-7 cd0-3 cd8-11
PP2020

Figure 25. Component Placement
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Table 10. 2-Mbyte Optimized interface Signal Net/Topology Assignments
Grouping [ ‘ Routing Requirements | Topology
Low Addresses
(PA3-PA19) Lines as short as possible. Line segments between all 1
82493s in the array are equal to retain symmetry. La,Lc: as
short as possible. Diodes at the end of the 82493 array and
at the 82498 cache controller. La: 0.9~1.2", W=15 Mils. Lb:
3.7-39". Lc: 1.0~1.17". Ld: <1.2". Le: <1.0".
' High Addresses
(PA20-PA21) Point to point links wnh resistors. PA20: La + Lb = 4.270". 2b
PA21: La + Lb=4.150'
(PA22-PA31) Point to point links. L: 4.0~4.2". 2
Pentlum® Processor (735\90, 815\100, 1000\120, 1110\133) Control
(HITM#, W/R#) Lines as short as possible. Line segments between all 1
82493s in the array are equal to retain symmetry. La, Lc as
short as possible. La: Surface layer, W = 50 Mils or as wide
as possible. Lc: 1.0~1.17", Ld: <1.2”, Le: <1.0". For HITM#,
La:2.7", Lb::5.075". For W/R#, La: 2.65", Lb: 4.6".
(ADS#) Lines as short as possible. Line segments between all 3
82493s in the array are equal to retain symmetry. La: 3.94"
and as short as possible, W = 15 Mils or as wide as possible.
All traces on surface Iayer Diodes at the end of the 82493
array. Ld: 1.2". Le: 1.0"
(ADSC#, AP, BOFF1#, Pomt to point links. L: 4.0~4.2". BOFF1# and BRDYC1# 2
CACHE#, D/C#, L=5.5", AP: >4", surface layer, and as short as possible.
LOCK#, M/IO#, PCD, WB/WT # is surface layer.
PWT, SCYC, WB/WT#) .
82498 Control
(BLAST#, BOFF2#, Lines as short as possible. Line segments between all 3b
BUS#, MAWEA#, WBA, | 82493s in the array are equal to retain symmetry. Lb:
WBTYP, WBWE#, <2.587" and as short as possible. Diodes at the end of the
BRDYC2#, MCYC#, 82493 array. Ld: <1.2". Le: <1.0". For these signals
WRARR#, WAY) (priority top to bottom), Lb is surface layer and greater than or
equal to 15 Mils (or if not possible, then inner layer is greater
than or equal to 5 Mils wide) or as wide as possible:
BRDYC2#, BOFF2#, BLAST#, WBTYP, WBWE#, WBA,
MWEA#, BUS#
(BLEC#) Connected to the Cache controller and eight of the 82493s. 4
Laand La: 2.72" and Ld: 1.795" and as short as possible.
AHOLD, BRDYC1#, Point to point links. Must be kept as short as'possible. 2
ADS#, INV, KEN#, .
NA#, EWBE#)
CPU Data and Parity
(CD0-CD63, CPO-CP7) | Point to point links. L: 5.50~7.4" | 2
Byte Enables
(CBEO#-CBE7#) Connected to the Pentium processor (735\90, 815\100, 5
10001120, 1110\133), two cache 82493s and one parity
82493, La: 5~9".
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Table 11. 2-Mbyte External Interface Signal Net/Topology Assignments

Signal Topology
MDO0-63, Parity0-7 8
BRDYO0#, CLKO 9
CRDY#, RESETC 10
MBRDY#, MOCLK, MDOE#, MEOC# 11
BRDY#'s, CLK's 12
MFRZ#, MZBT#, MCLK 14
RESETCPU 15
MSEL# 16 & 17
Le Le
of - - -
D o o o
Ccs [ CcSs Ld
cd52-55 ¢d60-63 cd56-59
Le Le Ld |
/ / / / / o
D l o [ [ o
cs cs cs cs L¢
(Pﬂy)
- cd44-47 cd40-43 cd48-51 Processor
Le Le Ld Tee La
/ / / / / Lc —e
D ° ° ° °
cs cs cs (of]
¢d20-23 cd28-31 ¢d36-39 ¢d32-35 L
Le Le Ld
E( / / / ~ N ]\Lb
° o (-] o
CS CcC
“’8’5‘” CS CS CS
- cd12-15 cd16-19 cd24-27
Le Le .
( / / / Ld
o (=] o
cs cs CS o =Pin1
cd4-7 cd0-3 cd8-11 Dj-]
PP2021

Figure 26. Topology 1
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Processor CcC
® or
CS

PP2002

Figure 27. Topology 2

cC

Processor

SERIES Lb

.| RESISTOR

PP2002

Figure 28. Topology 2b
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Le Le
ol : - -
cs cs cs Ld
cd52-55 ¢d60-63 cd56-59
Le Le Ld V.
/ / / / / o
D ° o ) ©
CS La
(Pf_l?y) Ccs Cs CS
cd44-47 cd40-43 cd48-51 Processor
Le Le Ld La
/ / / / /
D ° ° ° °
CS CS Ccs CS /La
cd20-23 cd28-31 cd36-39 cd32-35
Le Le Ld /
/ / / /N—
o o o )
CcS cs cs cs cc
(Partty)
8‘% cd12-15 cd16-19 cd24-27
Le Le o
/ / / / Ld
(o] o o
Ccs CS Ccs o =Pin1
cd4-7 cd0-3 cds8-11
PP2022

Figure 29. Topology 3
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Le Le
of - - :
o
Cs CS CS Ld
¢d52-55 ¢d60-63 ¢d56-59
Le Le Ld
/ / / / / o
L D] °
CS
(F’i\_l’l,l)’) CSs Cs Cs
cdd4-47 cd40-43 cd48-51 Processor
Le Le Ld
( / / / / Lb
CS CsS CsS CS Lb \
¢d20-23 cd28-31 cd36-39 cd32-35
Le Le Ld .
[I( / / / /N—
<]
CS cs cs cs cc
(Parity)
85’ cd12-15 cd16-19 cd24-27 |Lb
Le Le o
E{ / / / Ld
CS CS CcS o =Pin1
cd4-7 cd0-3 cd8-11
PP2023
Figure 30. Topology 3b
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®
— =
o o
cs cs cs L4
cd52-55 ¢d60-63 cd56-59
/ o
o o
CS
(3 cs cs cs
- cd44-47 cd40-43 cd48-51 Processor
I
7 Lb
(o] o
cs cs cs cs b K
cd20-23 cd28-31 ¢d36-39 cd32-35
[0} “
/. /
o o
cs S cc
Y C cs cs
- cd12-15 cd16-19 cd24-27 ﬂLb
Ld b
(D] 7 7 2
o o
cs cs cs o =Pin1
cd4-7 cdo-3 cd8-11
PP2024
Figure 31. Topology 4
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[+ o [«
CcSs cs cs
cd52-55 cd60-63 cd56-59
L o
[ o <] o
CS La
(P“a_r%ty) cs cs cs
cd44-47 cd40-43 1 cd4s-51 Processor .
o (<] o (<]
cs Ccs cs cs
cd20-23 cd28-31 cd36-39 cd32-35
() (] -] o
cs cs cs cc
(Patjty) ©s
0- cd12-15 cd16-19 cd24-27
o
o o o
CSs CS cs o =Pin1
cd4-7 cdo0-3 cd8-11
PP2025
Flgure 32. Topology 5
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®
o o
cs | cs | cs
cd52-55 cd60-63 cd56-59
(e}
o o o
CS
(Pﬁy) - cs | cs | cs
cd44-47 ©d40-43 cd48-51 Processor
(<] o o
c cs cs Cs
) - m
cd20-23 cd28-31 cd36-39 cd32-35
o o o
CS cc
Fw | cs | cs | cs
- cd12-15 cd16-19 cd24-27
o ]
cs cs cs o =Pin1
cdd-7 'l od0-3 1 cd8-11
PP2026
Filgure 33. Topology 8
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cs cs cs
¢d52-55 ¢d60-63 ¢d56-59
]
o (o] o o
CS
(quy) cs cs Cs
- cd44-47 | ©d40-43 cd48-51 Processor
®
(9] o} [ o
cs cs cs cs
¢d20-23 cd28-31 ¢d36-39 cd32-35
CS cc
(ngy) cs cs cs
cd12-15 cd16-19 cd24-27 ®
o
[} o o
cs CS cs o =Pin1
cd4-7 cd0-3 cd8-11
PP2027
Flgure 34. Topology 9
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Processor

cC

o o
cs cs cs
NS N
cd52-55 cd60-63 cd56-59
o o o
CS cs cs cs
(Parily) |~
bl cdaa-a7 |1 | cda0-43 | | cdssst
o o o
c s ||| es ||| o
cd2023 | | cd2s-31 ¢d36-39 cd32-35
[e] o o
CS
P cs || es |]| os
- cd12-15 cd16-19 cd24-27
o o
cs | cs ||| cs
cdd-7 cd0-3 cd8-11

o =Pin1

PP2028

Figure 35. Topology 10
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o o o
cs cs cs
L1/ cd52-65 ¢d60-63 cd56-59
L1
L1/\u1 L -
o (] o o
eSS cs MY s A cs
g cd44-47 cd40-43 cd48-51 Processor
L1 L1
o o o o
cs cs cs cs
¢d20-23 cd28-31 cd36-39 ¢d32-35
14
HL ) L2
o [e] [} o
cS cc
G cs 0 cs cs
cd12-15 cd16-19 L1 cd24-27
L1
L2||L2 L1 L1A[LY -
o (<3 o
cs cs cs o =Pin1
cdd-7 cd0-3 cd8-11
<2> <4> <1> <5> <0> <3>
PP2029

Figure 36. Topology 11
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Processor

cC

o
cs cs Cs
cd52-55 ¢d60-63 cd56-59
o [
C$
(Pf L}iy) cs Ccs Cs
- cd44-47 cd40-43 cd48-51
o o
Cs cs Cs Cs
¢d20-23 cd28-31 cd36-39 cd32-35
o o
CS
(PG EY) cs Ccs cs
cd12-15 cd16-19 cd24-27
[
cs Cs Cs
cd4-7 cd0-3 cds-11
T ! | T
5 3 219

o =Pin1

FP2030

Figure 37. Topology 12
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(e} o (o]
CS Ccs CS
L1 cd52-55 ¢d60-63 cd56-59
L1
L1/\L1 L °
) ) ) )
(PC%y) cs | es [ cs
2— cd44-47 cd40-43 cd48-51 Processor
L1 L1
[+] (e} o ©
Ccs Ccs CcS Ccs \
cd20-23 cd28-31 cd36-39- cd32-35
14
BT he L
[+ o o o
cS : cc
(Pgsty) Ccs L1 CS cs
cd12-15 cd16-19 |L1 cd24-27
L1
L2||L2 L1 LIAILY -
(o) (o] o
cs cs cs o =Pin1
cd4-7 cd0-3 cd8-11
<2> <4> <1> <5> <0> <3>
PP2032
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o o [¢]
cs cs Ccs
cd52-55 cd60-63 ¢d56-59
=]
o o o o
CS
® 2-"})') cs Ccs CS
cd44-47 cd40-43 cd48-51 Processor
°
o o o o
CS Ccs CcS Cs
cd20-23 cd28-31 ¢d36-39 cd32-35
[ (e} o o
CS cc
(Pg%‘)') CcS (of] (o1}
- cd12-15 cd16-19 cd24-27
o
o o [}
Ccs Ccs (01 o =Pin1
cd4-7 cd0-3 cd8-11
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Figure 39. Topology 15
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© (] o
CS cs CS
cd52-55 ¢d60-63 cd56-59
L1 L1
L1
L1ALY o
o o o o
CS L1 L1
5 cs cs L1 cs
- cd44-47 cd40-43 cd48-51 Processor
L L1
[o} o [ o
CcS cs cs Ccs
cd20-23 cd28-31 cd36-39 cd32-35
o =] [} ! o
CS i cC
(PSS‘V) CS CS Ccs
cd12-15 cd16-19 cd24-27
L2 L2 L2 o
o o o
CS (o] CS o =Pint
cd4-7 cd0-3 cds-11
PP2034

Figure 40. Topology 16
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o o
cs cs cs
cd52-55 cd60-63 cd56-59
o
o o} o
(PCr?ty) (o cs cs
& cd44-47 cd40-43 cd48-51 Processor
o o [}
cs cs cs cs
cd20-23 L% cd28-31 cd36-39 cd32-35
L1
o o )
(o] cc
(Pglgy) cs U cs cs
- cd12-15 cd16-19 L1/} cd24-27
L1 L L1 S
o [} [+
cs cs cs o =Pin1
cd4-7 cd0-3 cd8-11
L2 L. L2
PP2035

Figure 41. Topology 17

5.4. Board/Trace Properties -

Specific board and trace properties were assumed while
performing the simulations to optimize the chip set
layout. These properties were used as the specification
or guideline the board manufacturer should use in
building boards. Figure 42 provides the board layer
stackup.

Table 12 lists the minimum and maximum trace
characteristics. These parameters along with the board

material determine the spacing between layers and the
total board thickness. See Table 13.

5.5. Variable Line Widths

Variable Line Widths are used for impedance matching
between driver and receiver, consequently increasing a

signal’s velocity. Tables 14 and 15 show the impedance
and velocities for a given line width.
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L]
L
C ]
Inner Layers
L]

*

PP2018

Figure 42. Board Layer Stackup

Table 12. TT_TraceChar2Trace Characteristics Table 14. TT_NomLineWidthMicrostrip Line

4 Inner Layers | 2 Outer Layers Impedance and Velocity as a Function of Nominal
1
Width/Space | 5/5 Mils #/8 Mils Line Width
Wnom Zmin Zmax VMin Vmax
Z, 65Q + 10% 75Q £ 10%
8.00 69.60 105.00 1.61 1.98
Velocity 1.85t02.41 ns/ft| 1.5t02.1 ns/ft

10.00 62.80 | 94.70 1.64 2.01
15.00 76.10 52,00 | 1.64 2.03
20.00 44.20 65.60 1.67 2.06

Table 13. TT_OtherPCBGeos20ther Printed
Circuit Board Geometries

Via Pag 25 Miis 2500 | 3430 | 5060 | 167 | 208
Vie ot oM 3000 | 3090 | 4590 | 170 | 208
Pentium® Processor (735\90, 45 Mils 3500 | 2820 | 41.60 1.70 211
8151100, 10004120, 11101133) 4000 | 2570 | 3840 | 170 | 213
Pentium Processor (735\90, 29 Mils 45.00 23.'80 35.30 1.73 2.13
8151100, 10007120, 1110133) 5000 | 2220 | 3280 | 173 | 213
82498 PGA Pad 55 Mils
82498 PGA Hole 38 Mils
82493 Surface Mount 70x13
Package Pad Primary Side
Layout Grid 5 Mils
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Table 15. Stripline Impedance and Velocity as a
Function of Line Width

Wnom Zmin Zyax Vmin Vmax
5.00 48.00 89.20 1.90 2.36
10.00 35.10 60.00 1.90 2.36
15.00 49.20 27.90 1.90 2.36
20.00 23.20 41.10 1.90 2.36
25.00 19.80 35.30 1.90 2.36
30.00 17.40 31.10 1.90 2.36
35.00 15.50 28.00 1.90 2.36
40.00 14.10 25.30 1.90 2.36
45.00 12.80 23.10 1.90 2.36
50.00 11.80 21.20 1.90 2.36

5.6. Design Notes

1. All fast-switching signals are routed near the
power and ground planes on inner layers of the
board to minimize EMI effects. However, two sets
of signals are routed on the top layer of the board:
BRDYC1#, and JTAG signals. BRDYCl# is
routed on top to take advantage of the higher trace
velocity. JTAG signals can be routed on any layer
because they are low-speed signals and will
probably be rerouted by each customer to suit
individual needs.

2. Resistor R1(0Q) on page 2 of the 1-Mbyte and
2-Mbyte schematics is used to set the Pentium
processor (735\90, 815\100, 1000\120, 1110\133)
configurable output buffers (A3-A20, ADS#,
W/R#, and HITM#). When the resistor is included
the buffers are set to the extra large size. When it is
not included (BUSCHK# internally pulled high)
the buffers are set to the large size. Intel currently
recommends the extra-large buffers be used for the
2-Mbyte layout example. The 0Q resistor should
be designed in your design for flexibility.

3. The 82498 output buffers that drive the 82493
inputs must also be configured to be large. This is
done by driving 82498 CLDRV [BGT#] high
during reset. The 82498 and 82493 memory bus
buffer sizes must be controlled by the Memory Bus
Controller. Please refer to the Pentium® Family
Developer’s Manual Volume 2:
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82496/82497/82498  Cache  Controller — and
82491/82492/82493 Cache SRAM.

4. Series termination resistors were added to the nets,
PA20, PA21 and several other nets to -control
overshoot. A value of 24Q is recommended, but
the value depends on overshoot measurement on
the actual design.

5. Several Topologies require different line widths on
the same trace. This information can be extracted
automatically using a Quad Design translation
tool. For extraction procedure, please refer to Quad
Design’s user’s manual, “Preparing PCB Design
Databases for Simulation with TLC/XTK.”

6. Layout Rules/Common Definitions/Explanations:
Identical symbols for transmission lines means that
the lines should be identical in Length, Width, and
Configuration (e.g. Strip, Microstrip etc.). The
term “as short as possible but greater than a certain
length” is defined as follows. In order to satisfy the
maximum flight time requirements, generally, it is
desired that the transmission lines be as short as
possible. Many signals however have tight
minimum flight time requirements. For these
signals it is necessary to lengthen the lines, but not
too long so as to violate the maximum flight times.
Whenever possible, a length window is given so
that both min timings and max timings are
specified. When both margins are very tight and
the signals are heavily loaded with too many
transmission lines, it is very difficult to specify a
range of lengths for every segment on that
topology without being too restrictive. Instead the
strategy was to lengthen a specific segment to
satisfy min timings and shorten all other segments
as short as possible to meet max timings. The exact
lengths can be extracted from the layout.

5.7. Explanation of Information
Provided

The following sections outline the design files
associated with the 2-Mbyte CPU-Cache Chip Set
design example that are available from Intel. These files
are provided to simplify the task of porting the design
example into a specific design. By using these files,
designers may eliminate or minimize the amount of
duplicate effort when using the design example as the
basis for their design. The following items are available:

e  Schematics
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¢  I/O Model Files

e  Board Files

e Bill of Materials

e Photoplot Log

e  Netlist Report

e  Placed Component Report

e Artwork for Each Board Layer
e Trace Segment Line Lengths

Hard copies of the schematics are provided in the
following section. ASCII or soft copies of all the
information are available from Intel Order Number
242658.

5.7.1. SCHEMATICS

Schematics for the 2-Mbyte CPU-Cache Chip Set design
example were created using Cadence/Valid “Concept”
Schematic Capture program V1.5-p3. The schematics
are 19 pages long and are provided in A size format.
Both the Cadence and the postscript files (A size format)
are available from Intel as described above.

5.7.2. 1/0 MODEL FILES

All electrical I/O simulations were performed using TLC
V4.2.8 from Quad Design Technology, Inc. The
simulations were performed at the fast and slow corners
to verify that all signal quality and flight time
specifications  were met. The files used for these
simulations are available from Intel as described above.
These files include the topology, model, and control
files needed to run the simulations for all nets in the
optimized interface.

5.7.3. BOARD FILES
The board files for the design example were created
using Allegro V6.1 from Cadence Design Systems, Inc.
The files are available from Intel as described above.
These files may be used to import the design example
into a specific system design.

NOTE

Some changes to the layout and nets may be
necessary to complete importing these files into a
specific system design.
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The bill of materials file was created using Allegro V6.1
from Cadence Design Systems, Inc. The file is available
from Intel as described above.

5.7.4. BILL OF MATERIALS

5.7.5. PHOTOPLOT LOG

The photoplot log file was created using Allegro V6.1
from Cadence Design Systems, Inc. The file is available
from Intel as described above.

5.7.6. NETLIST REPORT

The netlist report was created using Allegro V6.1 from
Cadence Design Systems, Inc. The file is available from
Intel as described above.

5.7.7. PLACED COMPONENT REPORT

The placed component report was created using Allegro
V6.1 from Cadence Design Systems, Inc. The file is
available from Intel as described above.

5.7.8. ARTWORK FOR EACH BOARD
LAYER

The artwork for the six board layers was created using
Allegro V6.1 from Cadence Design Systems, Inc. The
files are available from Intel in a Gerber format as
described above.

5.7.9. TRACE SEGMENT LINE LENGTHS

The file containing the trace segment line lengths was
created from the artwork files of section 5.6.8. All
lengths are provided in mils (1/1000 inch). The stubs
listed in the tables are associated with the pin escapes
required for the 82493s. The file is available from Intel
as described above.

5.7.10.  1/0 SIMULATION RESULTS FOR
EACH NET

Electrical simulations were performed on each net
within the optimized interface of the 2-Mbyte CPU-
Cache Chip Set design example. The simulations were
done at the fast and slow corners to verify that signal
quality and flight time specifications are met. The
simulations were done using TLC V4.2.8 from Quad
Design Technology, Inc. using the files described in
section 5.6.2. Table 16 summarizes the slow corner



intel , AP-521

simulation results and Table 17 summarizes the fast The flight time specifications listed in Tables 16 and 17
corner simulation results. are the 60/66-MHz flight times.

Table 16. 2-Mbyte Slow Corner Simulation Results

Flight Time (ns) Signal Quality
Maximum
Maximum Flight Time Flight Time Settling Time Overshoot
Net Flight Time Specification Margin (ns) )
82498 Driving

PA3-19 11.41 11.2 -0.21 24.78 0
PA20-31 2.35 3.2 0.85 7.49 0
AHOLD 0.71 1.5 0.79 . 3.85 0.08
AP 1.17 3.2 2.03 4.43 0.17
BRDYC1# 0.97 1.5 0.53 7.35 0.27
EADS# 0.64 1.5 0.86 3.83 0.06
EWBE# 0.79 1.5 0.71 3.9 0.13
INV 1.32 1.5 0.18 4.46 0.24
KEN# 0.71 1.5 0.79 3.85 0.08
NA# 0.67 1.5 0.83 3.77 0.06
WB/WT# 0.86 1.5 0.64 3.85 0.17
BLAST# 3 3.2 0.2 24.16 0.76
BLEC# 1.73 25 0.77 3.93 0.68
BOFF1# at CPU 1.21 1.5 0.29 4.55 0.15
BOFF2# at SRAM 2.73 3.2 0.47 18.96 1.95
BRDYC2# 2.76 3.2 0.44 21.59 0.8
BUS# 2.87 3.2 0.33 24.41 0.73
MAWEA# 2.88 3.2 0.32 24.56 0.73
MCYC# 2.91 3.2 0.29 23.84 0.81
WAY 2.91 3.2 0.29 23.77 0.82
WBA 2.93 3.2 0.27 24.89 0.72
WBTYP 2.93 3.2 0.27 24.96 0.72
WBWE# 2.89 3.2 0.29 24.83 0.7
WRARR# 2.98 3.2 0.22 24.78 0.75
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Table 16. 2-Mbyte Slow Corner Simulation Results (Contd.)
Flight Time (ns) Signal Quality
Maximum
Maximum Flight Time Flight Time Settling Time Overshoot
Net Flight Time Specification Margin (ns) V)
Pentlum® Processor (735\90, 815\100, 1000\120, 1110\133) Driving
PA3-19 3.45 3.7 0.25 6.76 0.56
PA20-31 1.61 1.8 0.19 3.49 0.76
CP0-7, CD0-63 1.77 2.0 0.23 5.06 0.18
ADS# 2.77 3.3 0.53 24.93 0.78
HITM# 34 3.6 0.2 6.73 0.65
WR# 3.2 36 0.4 6.52 0.63
ADSC# 1.32 1.5 0.18 4.65 0.14
AP 1.39 1.5 0.11 4.55 0.22
CACHE# 1.17 15 0.33 4.49 0.1
D/C# 1.16 15 0.34 4.48 0.1
LOCK# 1.16 1.5 0.34 4.48 0.1
MNO# 1.17 1.5 0.33 449 0.09
PCD 1.17 1.5 0.33 4.49 0.09
PWT 1.17 1.5 0.33 4.49 0.1
SCYC 1.17 1.5 0.33 4.49 0.09
CBEO-7# 2.57 2.8 0.23 6.73 0.04
82493 Driving
CP0-7, CD0-63 2.24 23 [ oo0s 5.21 0.17
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Table 17. 2-Mbyte Fast Corner Simulation Results

Minimum Flight Time (ns) Slignal Quality (V)
Minimum Minimum
Minimum Flight Time | Flight Time Overshoot | Overshoot
Net Flight Time | Speclfication Margin Overshoot | Specification Margin
82498 Driving
PA3-19 2.24 0.8 1.44 0.33 26 2.27
PA20-31 0.7 0.6 0.1 2.05 2.6 0.55
AHOLD 0.58 0.6 -0.02 2.38 2.6 0.22
AP 0.65 0.6 0.05 245 2.6 0.15
BRDYC1# 0.8 0.6 0.2 2.58 26 0.02
EADS# 0.52 0.6 -0.08 2.3 2.6 0.3
EWBE# 0.63 0.6 0.03 2.46 2.6 0.3
INV 0.95 0.6 0.35 2.35 26 0.25
KEN# 0.58 0.6 -0.02 2.39 2.6 0.21
NA# 0.56 0.6 -0.04 2.36 2.6 0.24
WB/WT# 0.7 0.6 0.1 2.51 2.6 0.09
BLAST# 0.65 0.8 -0.15 1.36 26 124
BLEC# 0.71 0.8 -0.09 0.97 2.6 1.63
BOFF# at CPU 1 0.8 0.2 2.03 2.6 0.57
BOFF# at SRAM 0.51 0.8 -0.29 1.38 2.6 1.22
BRDYC2# 0.57 0.8 -0.23 1.35 2.6 1.25
BUS# 0.61 0.8 -0.19 1.42 2.6 1.18
MAWEA# 0.61 0.8 -0.19 1.42 2.6 1.18
MCYC# 0.61 0.8 -0.19 1.4 26 1.2
WAY 0.61 0.8 -0.19 1.4 2.6 1.2
WBA 0.67 0.8 -0.13 1.34 26 1.26
WBTYP 0.63 0.8 -0.17 1.39 26 1.21
WBWE# 0.61 0.8 -0.19 1.42 2.6 1.18
WRARR# 0.69 0.8 -0.11 1.26 2.6 1.34
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Table 17. 2-Mbyte Fast Corner Simulation Resuilts (Contd.)
Minimum Flight Time (ns) Signal Quality (V)
Minimum | Minimum
Minimum Flight Time | Flight Time Overshoot | Overshoot
Net Flight Time | Specification argin Overshoot | Specification Margin
Pentium® Processor (73590, 815\100, 1000\120, 1110\133) Driving
PA3-19 1.2 0.8 0.4 1.09 2.6 1.51
PA20-31 0.89 0.6 0.29 2.07 2.6 0.53
CPo0-7, CD0-63 0.96 . 08 0.16 2.01 2.6 0.59
ADS# 0.89 0.8 0.09 1.2 2.6 1.4
HITM# 1.31 0.8 0.51 1.03 2.6 1.57
WR# 1.13 0.8 0.33 1 2.6 1.6
ADSC# 0.83 0.6 0.23 2 2.6 0.6
AP 0.85 0.6 0.25 2.44 2.6 0.16
CACHE# 0.72 0.6 0.12 2.02 2.6 0.58
D/C# ‘ 0.71 0.6 0.11 2.02 2.6 0.58
LOCK# 0.71 .06 0.11" 2.02 2.6 0.58
M/IO# 0.71 06 0.11 1.99 2.6 0.61
PCD 0.72 0.6 0.12 2.02 2.6 0.58
PWT 0.71 06 0.11 2.02 2.6 0.58
SCYC 0.71 0.6 0.11 2 2.6 0.6
CBEO-7# 0.69 - 0.6 0.09 1.89 2.6 0.71,
82493 Driving
CPo-7,CD0-63 | o091 | o8 | o 208 | 26 0.52

Note: An overshoot specification voltage in parentheses denotes the value for Vs if different from Vec.
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1.0. INTRODUCTION

In addition to standard 3.3V Pentium® processors, Intel
is offering 3.3V Pentium processors with VRE
specifications to enable quicker time-to-market cycles,
and higher-performance desktop and server systems.
This document will explain the voltage specifications,
recommend solutions for supplying consistent power,
and suggest validation techniques to ensure robust
3.3V Pentium processor-based desktop or server
systems. VRE (Voltage Regulated Extension)
components have stricter supply voltage specifications
than standard components, and as such VRE-based
designs bring additional challenges to power regulation.
Although this document focuses on VRE designs, the
system design and voltage measurement concepts also
apply to designs for standard components.

This document contains five key sections:

Chapter 2.0 discusses the standard and VRE
specifications. The VRE and standard voltage ranges
have been adjusted for the C2-step and all subsequent
processors. These changes are reflected in the chapter
(and the entire document). Chapter 2.0 also gives an
overview of some important system design and voltage
measurement considerations associated with VRE
components. The consequences of specification
violations are also discussed.

Chapter 3.0 deals with the power supply and regulation.
It contains power implementation recommendations to
ensure a robust system design. In addition, this chapter
contains detailed low cost bulk and high speed
decoupling recommendations for Socket 5, Socket 7,
and standard 3.3V designs.

Chapter 4.0 explains the proper measurement techniques
to verify that systems meet their respective voltage
specifications. These measurement techniques apply to
all Pentium processors. Measurement results from the
Pentium® Processor Flexible Motherboard Reference
Design are shown in this chapter.

Appendix A provides information about tools to assist in
both simulating decoupling solutions, and in taking
voltage measurements. This section also contains
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information on how to obtain and use the recommended
“stress” code for voltage noise measurement.

Finally, Appendix B provides a list of third party
vendors. These vendors include suppliers of regulators,
resistors, capacitors, and sockets.

2.0. SPECIFICATIONS
2.1. The VRE Specification

The main difference between the VRE, and standard
3.3V specifications are the voltage supply requirements
(see Table 1). Since the VRE specification has a stricter
V. requirement than the standard voltage specification,
VRE-based systems are very sensitive to voltage supply
noise and transients. Any overshoot or undershoot
beyond the voltage range (at a measurement
bandwidth of 20MHz) is not permitted. Any transient
excursion beyond the specified voltage range may result
in unstable system behavior. Note that socket type and
measuring techniques are also specified and should be
followed to ensure consistent and accurate
measurements. .

Complete S-Specs, and availability of the Pentium
processor family may be found in the latest Pentium
processor stepping information or Pentium® Processor
Specification Update (Order Number 242480).

The complete specifications shown above must be
met to ensure a robust VRE-based platform. All
measurements must be made and guaranteed at the back
of the motherboard at the CPU socket pins. The voltage
specifications assume an oscilloscope measurement
bandwidth of 20MHz. Socket 5 or Socket 7 (or an
equivalent socket of less than 5nH) should be used to
ensure upgradability to future Pentium OverDrive®
processors and to ensure accurate transient
measurements.

Note that standard voltage range encompasses the VRE
range, hence standard parts will operate in VRE systems
(see Figure 1).
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Table 1. Comparison of Standard Specifications to VRE Specifications

Speclfications Standard VRE
Voo 3.135V' to 3.6V 3.4V*to 3.6V
No overshoot or undershoot No overshoot or undershoot
allowed allowed
Timings Standard and MD * MD only
Thermals Same Maximum |, and Maximum Power Dissipation
Socket Pentium® OverDrive® Processor Upgrade Socket 5 or Socket 7
Measurement Transients must be measured and guaranteed at the back of the
motherboard at the CPU socket pins. The measurement should be
taken with a bandwidth of at least 20MHz (see section 4.2).

Notes: 'Applies to the C2 stepping, and all subsequent Pentium® pi
*Applies to the C2 stepping, and all subsequent Penhum" processors with the VRE specification.

nanoseconds. Since power supply units and voltage
regulators can at best respond in a time frame on the
order of milliseconds, bulk decoupling capacitors are
X required to act as current reservoirs until the power
VRE components allow less transient tolerance tl‘xan supply unit or voltage regulators regulate to the new
standard components. To compensat for the I load. Due to the high operation speed of the internal
transient tolerance, VRE-based platforms must use core of the Pentium processor, high frequency capacitors
accurate  voltage regulators and adequate local are also required to filter the excessive noise
decoupling capacitors. During worst-case transient components. Failure to provide adequate power
conditions (transition into and out of Stop Grant Mode regulation during this transition may result in
or Halt Power Down Mode), current supplied to the undershoot and  overshoot beyond the voltage
processor can change by several amperes in tens of specifications of the processor.

2.1.1.  The VRE Supply Voltage Range

3.40V VRE Range 3.60V

. | Standard Range
3.135v 3.60V

Figure 1. A Comparison of Standard and VRE Speclfications

execution of a BAPC093* benchmark trace (BAPCo093
is a system benchmark used for measuring system
performance). These quick transitions in current occur in
a shorter time frame than that in which the power supply
unit or voltage regulator may be able to respond.

2.2. Typical Application Behavior

Poorly designed desktop and server systems may violate
VRE specifications during normal operation. An
unusual application instruction mix can cause large
current spikes from clock cycle to clock cycle. Figure 2 Worst-case transients occur during power management.
shows the rapid fluctuations of system power during Figure 3 shows an oscilloscope trace of a system leaving
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the low-power Stop Grant State (via a deassertion of
STPCLK#). The supply voltage “droops” due to ESL
and ESR effects (see section 3.5), and because the
voltage regulator cannot respond quickly enough to the
large, instantaneous change in current. Droops and
surges also occur in systems with proper decoupling, but
to a lesser extent. The system also has high frequency
noise due to high operation speed of the internal core.
Figure 3 shows the “droop” due to ESR/ESL effects
when exiting the Stop Grant state. The longer term

AP-522

voltage variations ( on the order of milliseconds) are not
shown in this plot. Violating the VRE specifications by
undershooting or overshooting the voltage range may
result in unreliable and unstable behavior. The
consequences of voltage specification violations are
explained in the next section. Chapter 3.0 will
recommend techmques for providing accurate regulation
and proper decoupling to ensure a robust VRE-based
platform.

5
3
£ 3

2

1

0

Trace Execution Time = 1 hour 59 minutes and 8 seconds

Figure 2. Rapld Fluctuations of System Power While During Active Operation (BAPC093*)
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Figure 3. Voltage “Droop” when Exiting Stop Grant State

23. Voltage Specification

Violations

Overshooting the voltage specification can cause certain
signals to violate their Minimum Valid Delay timing
specifications. This timing violation will in turn lead to
a failure in the system. Excessive and sustained
overshooting can also cause hot electron related effects
which can compromise the reliability of the part.

Undershooting causes a reduction in the performance of
the component, and may also lead to timing related
failures. The processor will not function properly at its
correct clock frequency. :

Extensive die probing experiments show that high
frequency overshooting and undershooting of the
voltage specification are filtered by the processor’s
package parasitics, and are accounted for during the
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testing of the processor. As a result, the recommended
oscilloscope measurement bandwidth has been adjusted
to 20MHz (see section 4.2 for details).

3.0. THE POWER SUPPLY

Until traditional power supply units with 3.3V DC
outputs are widely available, supplying power to the
3.3V Pentium processor requires a 5V-t0-3.3V voltage
regulator. In addition, robust local decoupling must be
provided to accommodate the transition to and from
low-power modes. It is important to select the
components to be as accurate as possible. A platform
based on an inaccurate power supply unit must be
compensated with a more accurate regulator and extra
local decoupling. Similarly, a platform based on an
inaccurate regulator requires accurate supporting
components and additional decoupling capacitors. As
shown next, selecting accurate components will
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maximize the voltage transient allowed.

The VRE specification allows a total voltage budget of
200mV. It is important to understand the voltage budget
must include any deviation in the voltage regulator, the
inaccuracy of its supporting components, and other non-
ideal behavior of real comp ts. When designing for a
VRE-based platform, these DC factors must be
subtracted from the total VRE budget. The remaining
allowance should be targeted when measuring the
voltage transient. It is hence important to select accurate
voltage regulators and precise support components to
allow maximum voltage transients.

VRE Specifications = ¥ Voltage Regulator Accuracy
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3.1. an Accurate Power

nit

Selectin
Supply

The power supply unit must provide a minimum
setpoint equal to, or higher than the minimum input
voltage required by the regulator (see Figure 4). Off-the-
shelf SV power supply units with a 5% accuracy
specification can meet the typical 4.75V requirement of
most regulators. However, a 5V power supply unit with
an accuracy of 10% may provide a setpoint as low as
4.5V and fail the minimum input requirement. Similarly,
an accurate power supply unit may also fail if the
voltage regulator has minimum input voltages higher
than 4.75V. If using a less accurate power supply unit,
the minimum setpoint must be raised to meet or exceed
the minimum input voltage required by the voltage

+ Support Comp t A Y

regulator. If a voltage regulator requires an input voltage

+  Themmal Drift and Aging Effects

+ Measured Voltage Translent

higher than 4.75V, consider choosing a more accurate
power supply unit to raise the minimum setpoint.

Sufficient decoupling must be provided between the
power supply unit and the voltage regulator to minimize
any noise. The disturbance on the 5V power supply unit
may exceed the specification of TTL logic devices if the
decoupling capacitance is insufficient.

—r-5.50V
5V 5.25V
12V -
5V DC Power
Supply Unit 4.75V
_1 450V

Voltage
Power Supply Regulator
Min Setpoint
> | BEEY |
Min Input
Voltage

Figure 4. Setpoint Requirement of Power Supply

3.2. Selecting an Accurate Voltage

Regulator

There are two types of voltage regulators: switching
and linear. Switching regulators provide power by
pulsing the voltages and currents to the load, thus
resulting in lower heat dissipation and higher efficiency.
Switching regulators are however generally more
expensive and require more supporting components than
linear regulators. Linear regulators essentially are

voltage dividers and provide power by “dividing down”
the S5V inputs to 3.3V outputs. Linear regulators
dissipate more power, but are less expensive and
typically require only two additional (feedback)
resistors. Unless the system has strict thermal
requirements, linear regulators generally are suited for
high-volume designs. Both types of regulators can meet
the VRE voltage range if they have accurate outputs and
precise supporting components. Table 2 below compares
the two types of voltage regulators:
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An inaccurate regulator leaves little room for transient
tolerance. For example, VRE specifications allow a
voltage regulator solution to deviate only two percent
(3.4V to 3.6V) from the desired regulator setpoint of
3.5V. Static specifications such as line regulation,
temperature drift, and the initial setpoint must be held to
1% if any transient is to be permitted at all. Table 3
recommends the voltage regulator module accuracy
required to ensure a robust VRE-based platform.
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There are direct tradeoffs between the accuracy of the.
regulator and the amount of local decoupling. Using an
inaccurate regulator requires more accurate dividing
resistors and more decoupling. Conversely, using high-
ESR, quick-aging capacitors necessitates accurate
regulators. The next section recommends the bulk and
high-speed decoupling required to ensure a robust VRE-
based platform. The recommendations were based on
extensive simulations and empirical measurements.

Table 2. Comparison of Voltage Regulators

Characteristics (Typlcal) Linear Regulator Switching Regulgtor
Maximum Efficiency 67% 95%
Maximum Power Dissipation 33% 5%
2106 5t012
Supporting Components (feedback resistors) (feedback resistors, MOSFET
switches, inductor, diode, caps)
Approximate Total Cost Moderate Moderately High

Table 3. Recommendations for Linear Voltage Regulator

Parameters Total Accuracy Maximum Deviation
Voltage Regulator Setpoint * 1% (VRE) +35mV (VRE)
+
Feedback Resistors
+ + 2% (STD) + e6mV (STD)
Thermal Drift, Aging Effects
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3.3. Bulk Decoupling

Recommendations

The Pentium processor can be shut down and restarted
very quickly with either the STPCLK# signal, or the
HALT instruction. Switching the supply current on and
off in very short time may cause serious power supply
surges and droops in syst with inadequate bulk
decoupling. Adequate bulk decoupling capacitors,
located between the power and ground planes, near the
processor, are necessary to filter these surges and
droops. Adequate bulk capacitance is necessary to
provide a current reservoir until the regulator can

respond to the new load. It is important to use tantalum
capacitors to minimize any aging effect. Electrolytic
capacitors age faster, are inaccurate and are not stable
over a wider temperature range. Capacitors with long
leads add inductance and increase transients. Figure 5
shows the bulk decoupling required and a layout
example to ensure the effectiveness of bulk decoupling.

Table 4 shows the decoupling recommendations for
Socket 5, Socket 7 and standard 3.3V designs. Socket 7
is backward-compatible with Socket 5, and in addition it
allows for upgradability to a future OverDrive
processor. Note that the recommendations in Table 4
have already been optimized for cost efficiency.
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Figure 5. Recommended Bulk Decoupling Capacltor Values and Layout for VRE-based Design
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3.4. High Speed Decoupling

Recommendations

Due to its high speed core activity, the Pentium
processor generates high frequency noise components
and higher current spikes in the power supply. High
frequency capacitors between the power and ground
planes and near the processor, are required to filter these
high frequency noise components. Since the inductive
effects of circuit board traces and component leads
become more critical at higher frequencies, it is critical
to place high frequency capacitors as near as possible to
the processor, using short traces to minimize inductance.
Surface mount capacitors should be placed inside and
around the socket cavity as shown in Figure 6.

intal.

The recommendations shown in Table 4 and Table 5
were based on extensive simulations and experiments.
They provide a robust solution to accommodate various
Pentium processors and Pentium Overdrive processors.
During system design cycles, questions may arise about
reducing cost by reducing the amount of decoupling,
substituting with different capacitor dielectrics, and
using less accurate resistors. Before committing to any
deviations from the recommendations, it is highly
recommended that the solution be simulated and
certified for the variety in components, temperatures,
and lifetime degradations. The use of fewer, lower
quality decoupling than indicated in this section is
discouraged, even if voltage measurements indicate
that the margin exists at 20MHz.

Table 4. Bulk Decoupling Recommendations for 3.3V Platforms

Design Qty Value Type Maximum ESR Maximum ESL

Socket 5 4 100 pF Tantalum 25 mQ 0.68nH
(100 my/cap) (2.7 nH/cap)

Socket 7 4 100 pF Tantalum 25 mQ 0.68 nH
(100 mQ/cap) (2.7 nH/cap)

Standard 4 100 pF Tantalum 25 mQ 0.68 nH

(low cost, (100 mQ/cap) (2.7 nH/cap)

non -VRE)

Footnotes

! The product test environment assumes a certain minimum amount of decoupling.
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®
Table 5. High Speed Decoupling Recommendations for 3.3V Platforms
Socket Qty Value Type Maximum ESR Maximum ESL
Socket 5 18 1puF X7R/X7S 0.83 mQ 0.117 nH
ceramic caps (15 mQy/cap) (2.1 nH/cap)
Socket 7 25 1puF X7R/X7S 0.6 mQ 0.084 nH
ceramic caps (15 mQucap) (2.1 nH/cap)
Standard 12 1pF X7R/X7S 1.25mQ 0.175 nH
ceramic caps (156 mQucap) (2.1 nH/cap)
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Figure 6. Recommended High Speed Decoupling Capacitors and Layout for VRE-based

Unifled-Plane Designs
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Figure 7. Recommended High Speed Decoupling Capacitors and Layout for VRE-based
Unified-Plane Designs

35 ESR and ESL: Why Less is

Better?

Effective Series Resistance (ESR) and Effective Series
Inductance (ESL) are elements of non-ideal behavior of
real components. The ESR and ESL determine how
quickly a capacitor can source current to regulate a new
load. More importantly, the ESR must be low enough at
high frequencies to not offset the desired filtering effects
of bulk decoupling capacitors. For a given current
transient, the voitage transient is proportional to the ESL
and ESR. The use of capacitors with high ESR and ESL
hence contributes to higher voltage transients and may
cause overshooting or undershooting. Aluminum
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electrolytic capacitors degrade at a relatively low
frequency. Low ESR tantalum caps can retain ESR
specifications up to about 1-10 MHz. Low ESR ceramic
capacitors can retain ESR specifications up to 100MHz.
Do not reduce the quantity of capacitors shown in Table
4 and Table 5 if substituting with capacitors with a
larger value. When placed in parallel, two 220uF
tantalum capacitors may have higher ESR than four 100
WF capacitors. Placing capacitors in parallel reduces the
maximum overall ESR. The maximum overall ESR
specifications listed in Table 4 are the same for
capacitors with values of 100uF, 220uF, and 330puF.
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3.6. Decoupling Recommendations

for Split-Plane Designs

A split-plane design using Socket 7 should have all the
decoupling capacitors recommended for Socket 7 (in
Tables 4 and 5) placed on the core power plane. In
addition 12 capacitors, each with a value of 0.1pF,
should be used to decouple the I/O power plane.

4.0. TAKING VOLTAGE

MEASUREMENTS

4.1. Creating Worst-Case Transient
Excursion

The recc dations for lators and local

decoupling can be validated by creating worst-case
supply transient conditions and measuring accurately as
shown in Figure 8. Worst-case transients may be
generated by executing the “stress” program on a
Pentium processor test sample (refer to Appendix A for
directions on obtaining test samples and the “stress”
program). Table 6 explains the steps to create the worst-

AP-522

case transient conditions. Table 7 provides the
measurement technique summary.

It is necessary to assert and deassert the STPCLK#
signal while executing the “stress” program to create the
worst-case transient conditions. Asserting the STPCLK#
signal will place the processor into the Stop Grant mode
(consuming about 15% of active current). Deasserting
the STPCLK# signal will return the processor to the
Normal state. To simulate actual system behavior, V.
should be stabilized before asserting or deasserting
STPCLK# as shown below. Asserting and deasserting
STPCLK# too rapidly may generate unrealistic voltage
transients. There are no minimum time specifications
required to stabilize V. since the estimated time is
highly dependent on the system (length of current
instruction, outstanding write cycles, response time of
voltage regulator, and accuracy and quantity of
decoupling). However, based on experiments from the
Pentium® Processor Flexible Motherboard Reference
Design, STPCLK# should be asserted and deasserted at
a rate of 10-100KHz. As part of their power saving
features, certain BIOS are able to assert/deassert
STPCLK# during execution of a batch file such as
described in Table 6.

Table 6. Directlons to Generate Worst-Case Translent

Step One A Install Pentium® processor

Step Two B Insert diskette containing the “stress” program

Step Three (o} Copy “STR4Y.EXE" to the C drive

Step Four D Create a batch file with an infinite loop that executes “STRY4.EXE" once in every
loop. See Appendix A.

Step Five E Run the batch file created in step four.

Step Six F Measure V., and set oscilloscope as shown in Table 8 to obtain the voltage
transient. The voltage transient must not overshoot 3.6V, or dip lower than 3.4V
for VRE systems.

Step Seven G Assert and deassert STPCLK# while the “stress” program is executing.

Table 7. Measurement Technlque Summary

Measurement Bandwidth' > 20 MHz

Probe Bandwidth > 250 MHz

Board Location

At the back of the board, at Socket pins

Pin Locations

12 Pins (listed above)

Note: 'Signals should be attenuated by no more than 3dB at 20MHz, and 6dB at 40MHz.
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STPCLK# Here

Maximum VCC: 3.6V
Assert / Deassert
STPCLKi# Here
Center VCC|[  Regulated VCC Level /

l N

Minimum VCC: VRE: 3.4V
STD: 3.135V

Figure 8. Method for Generating Worst-Case Translent via STPCLK#

with a bandwidth of at least 250MHz should be used.

This high bandwidth probe ensures a total effective
4.2, Measurement Technique bandwidth of 20MHz. The trigger point should be set in

the middle of the range and slowly moved to both the
All transient measurements must be taken at the back of high and low ends of the VRE range.
the motherboard at the socket pins on an iPSL-certified
Socket 5, Socket 7, or an equivalent socket of 5SnH or
less. Measuring transients on an unspecified socket or at
a different location will result in inaccurate readings.

Table 8. Recommended Oscllloscope
Configurations to Capture Voltage

For accurate readings, all probe connections must be —— Tranﬂenzt
clean. Shorten the ground lead of the probe to minimize Bandwidth 20 MHz
any extra inductance. A specially-made probe as shown Sampling > 100 Million Samples /
in Figure 9A will ensure accurate readings by Rate Second
connecting the probe tip directly to the V; signal and Vertical < 20 mV/division
connecting four standoffs to the V plane. Figure 9B Reading -
roposes an alternate solution by providing a short loop - —
gf \Sire around the ground shield of the probe. Figure 9C Hggé?nmal 2 500 nS/division
is a good example of how not to perform ts 9
The ground cable of the probe will add significant noise Display Infinite Persistence

to the transient measurements. Notes: ' Signals should be attenuated by no more than 3dB

at 20MHz, and 6dB at 40MHz.
The following V/V,, pairs should be measured, and ? A probe with a bandwidth of at least 250mhz
must all meet the voltage specification: AN13/AM10, should be used.
AN21/AM18, . AN29/AM26, AC37/236, U37/R36,
L37/H36, A25/B28, A17/B20, A7/B10, G1/K2, S1/V2,
AC1/Z2. These pins are a subset of all V. /V pairs,
and hence should not be singled out when placing
decoupling capacitors.

The scope settings shown in Table 8 are recommended
for accurate measurements. Although the measurement
bandwidth of the scope should be set at 20MHz, a probe
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Correct Correct

Probe

S —"Around Probe

Ground Retur
from Probe

Ground Wire

c

Not Correct!!!

Figure 9. Correct and Incorrect Probe Connectlons for Measuring Translent

43. Measurement Results

The voltage transient measurement shown in Figure 10
was taken on the Pentium Processor Flexible
Motherboard Reference Design (FMB) using the
technique shown in Figure 9B. The Pentium processor
FMB is an actual motherboard designed to
accommodate various Pentium Processors and Pentium
OverDrive processors, regardless of specifications. The
Pentium processor FMB ensures accurate voltage
regulation and proper decoupling through the Voltage
Regulator Module (VRM), a small add-on module. To
allow maximum flexibility, a variety of VRM models
are available to accommodate all voltage specifications
on the  Pentium processors. For more detailed
specifications of the Pentium processor FMB or VRM,
please refer to the Pentium® Processor Flexible
Motherboard Design  Guidelines, Revision 2.0
(Reference Number SC-0990).

Figure 10 shows the Pentium processor exiting the Stop
Grant Mode. Measurements were taken with a Tektronix

TDS-684A oscilloscope and P6245 probe, while running
the “stress” program with STPCLK# togghng to
potentially create worst case transients. STPCLK# was
also used to trigger the measurement. The platform used
a VRE Spec VRM.

The VRE specification can tolerate voltage transients
from 3.4V to 3.6V. The available tolerance of 200mV
allows for voltage deviations due to transients and for
VRM setpoint accuracy. VRM setpoint accuracy refers
to the range in which the VRM maintains the output
voltage (i.e. DC offset, noise, regulation tolerance
including reference resistor tolerance under line and
temperature variations). In this case, the setpoint
accuracy is 70mV. The maximum voltage transients
measured was about 58mV. This demonstrates that the
Pentium processor flexible motherboard reference
design meets the VRE voltage specification. It is
important to note that the VRM and motherboard
decoupling should allow for the main processor or
Pentium OverDrive processor with the worst case
current ramp.

2-1653




AP-522

2-1654

Tek Run: IOOMS/s[

Sample
s S

. Fine Scale: 20.0mv

A 58.0mV
@: 3.501V

[mn 20.0mvos

Coupling
oC

Bandwidth RN
20 M2z

20.umv
| /div

M 500ns Ch2 s -3.28V

®
Chi

Fine Scale

Position
a div

Offset
3.5250v

Cal Probe
Pass

Figure 10. Translent Measurements with VRE Spec VRM
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Appendix A: Test Samples and “Stress” Code

The “stress” program and may be obtained through a local Intel Field Sales representative or by calling Intel Technical
Support at 1-800-628-8686. Intel Field Sales representatives may obtain the stress program from Sales Library
Database (Technical Documents).

After the “stress” program has been obtained and installed on the C drive, a batch file should be written to run an
infinite loop. The following is an example. The file is called STRESS.BAT:

:loop
STRY4.exe
echo on
goto loop

At the DOS* prompt, type STRESS and take measurements as explained in Chapter 4.0.
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Appendix B: Third Party Components

intel.

The following vendors offer various solutions to ensure a robust VRE-based platform. Please contact the following
vendors for specifications, samples, and design support. '

Table 9. Voltage Regulator Modules

Vendor | North America Europe APAC | Japan
Linear Bob Scott Fred Killinger Dick Collins
Tech Tel: (408)432-1900 | Tel: (49) 89-3197410 Tel: (65)293-5322
Fax: (408) 434-0507 | Fax: (49) 89-3194821 Fax: (65) 292-0398
Maxim/ David Timm (Maxim) Jacob Huang (Ambit) David Timm (Maxim)
Ambit Tel: (408) 737-7600 Tel: 886 35-784975 | Tel: (408) 737-7600
Fax: (408) 737-7194 Fax: 886-35-775100 | Fax: (408) 737-7194
Power Phil Lulewicz Joe Ywli Ken Katsumoto
Trends’ Tel: (708) 406-0900 Tel: (408) 737-7600 | Tel: (81)3-5367-9000
Fax: (708) 406-0901 Fax: (408) 737-7194 | Fax: (81) 3-5467-0777
Semtech' | Art Fury Julian Foster Art Fury
Tel: (805)498-2111 | Tel: (44) 592630350 Tel: (805) 498-2111
Fax: (805) 498-3804 | Fax: (44) 592-774781 Fax: (805) 498-3804
Siliconix | Howard Chen Eric Williams Howard Chen Tony Grizelj
Tel: (408) 970-4151 | Tel: (44) 344-485757 | Tel: (408)970-4151 | Tel: (81) 3-5562-3321
Fax: (408) 970-3910 | Fax: (44) 344-427371 | Fax: (408)970-3910 | Fax: (81) 3-5562-3316

Note: ' DP VRM available
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Table 10. Socket 7

AP-522

Vendor North America Europe APAC ] Japan
Amp Jim Crompton Rob Rix H. Itoh
Tel: (910) 8552338 | Tel: (44) 753-67-6892 Tel: (81) 44-844-8086
Fax: (910) 855-2224 Fax: (44) 753-67-6808 Fax: (81) 44-812-3203
Appros Tony Goulart Appros Taiwan Inc. Appros Inc.
Tel: (415) 548-1636 Tel: (886) 2-718-4774 Tel: (03) 3358-4857
Fax: (415) 548-1124 Fax: (886)2-718-4344 Fax: (03) 3358-5734
Augat David M. Barnum Arif Shahab Atsushi Sasaki
Tel: (508) 699-9890 Tel: (44) 952-670-281 Tel: (81) 44-853-5400
Fax: (508) 695-8111 | Fax: (44) 952-670-342 Fax: (81) 44-853-1113
Foxconn Julia Jang or Paul Fitting Ronny Chiou or Ivan Liaw
Tel: (408) 749-1228 Tel: (886) 2-268-3466
Fax: (408) 749-1266 Fax: (886) 2-268-3225
Yamaichi Ann Sheperd Mr. Matsuda Alan Liu Mr. Shiwaku
Tel: (408) 456-0797 Tel: (49) 89-451021-43 Tel: (886) 02-546-0507 Tel: (81) 3-3778-6161
Fax: (408) 456-0779 | Fax: (49)89-451021-10 Fax: (886) 02-546-0509 Fax: (81) 3-3778-6181
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Table 11. Decoupling Capacltors
Vendor Part No. Type North America APAC
' Singapore
Dennis Lieberman Steve Chan
AVX 1206YZ105KAT1A 1uF, X7S Tel: (803) 946-0616 Tel: (65) 258-2833
Fax: (803) 448-2606 Fax: (65) 258-8221
Korea
TPSD107K010R0100 100pF, Tantalum K.J. Kim
Tel: (82) 2-785-6504
Fax: (82) 2-784-5411
Taiwan
Nanco Electronics
Johanson Sales Department Bill Yu
Dielectrics Tel: (818) 364-9800 | Tel: (886)2-758-4650
160R18W105K4 1uF, X7R Fax: (818) 364-6100 Fax: (886) 2-729-4209
Hong Kong
Tel: (852) 765-3029
Fax: (852) 330-2560
KEMET Richey-Cypress Intemation Accounts
Electronics | T495X107K010AS 100pF, Tantalum Electronics Warren Marshall
Tel: (408) 956-8010 | Tel: (800) 421-7258
Fax: (408) 956-8245 | Fax: (714) 895-0060
Taiwan
Tel: (886) 2-562-4218
Fax: (886) 2-536-6721
Murata Sales Department
Electronics Tel: (404) 436-1300 | Hong Kong
GRM40X7R105J016 1uF, X7R Fax: (404) 436-3030 Tel: (852) 782-2618
Fax: (852) 782-1545
Korea
Tel: (82) 2-730-7605
Fax: (82) 2-739-5483
Korea
Tel: (82) 2-554-6633
Fax: (82) 2-712-6631
TDK
Sales Department Taiwan
CC1206HX7R105K 1 uF, X7R/IX7S Tel: (708) 803-6100 Tel: (886) 2-712-5090
’ Fax: (708) 803-6296 Fax: (886) 2-712-3090
Hong Kong
Tel: (852) 736-2238
Fax: (852) 736-2108
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Table 12. Header 7

Vendor North America Europe APAC | Japan
Amp Larry Freeland Rob Rix H. ltoh
Tel: (717) 780-6045 Tel: (44) 753-67-6892 Tel: (81) 44-844-8086
Fax: (717) 780-7027 Fax: (44) 753-67-6808 Fax: (81) 44-812-3203
Foxconn Julia Jang or Paul Fitting Ronny Chiou or lvan Liaw
Tel: (408) 749-1228 Tel: (886) 2-268-3466
Fax: (408) 749-1266 Fax: (886)2-268-3225
Table 13. Shorting Blocks
Vendor North America Europe APAC | Japan
Amp Larry Freeland Rob Rix H. Itoh
Tel: (717) 780-6045 Tel: (44) 753-67-6892 Tel: (81) 44-844-8086
Fax: (717) 780-7027 Fax: (44) 753-67-6808 Fax: (81) 44-812-3203
Foxconn Julia Jang or Paul Fitting Ronny Chiou or Ivan Liaw
Tel: (408) 749-1228 Tel: (886) 2-268-3466
Fax: (408)749-1266 Fax: (886)2-268-3225
Molex Micheal Gits (Molex) (Molex) (Molex)
Tel: (708) 527-4801 Tel: (49) 89-413092-0 Tel: (65) 268-6868 Tel: (81) 427-21-5539
Fax: (708) 969-1352 Fax: (49) 89-401527 Fax: (65) 265-6044 Fax: (81) 427-21-5562
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Table 14. Resistors
Vendor Slze Type Accuracy/ Value Contact
Beckman 0805 thin 0.1%, 10K-100K ohms Cathy Whittaker
Industrial thick 1-56%, 10-1M ohms (214) 392-7616
0603 thick 1-56%, 10-1M ohms
Dale Electronic 0603 thin 0.5%, 10-100K ohms Gary Bruns
thick 1%,2%, 10-1M ohms (402) 371-0080
0805 thin 0.1%, 100-100K ohms
Koa Spear 0805 thin 0.1%, 100-100K ohms T. Yogi
thick 0.5-5%, 10-1M ohms (814) 362-5536
Thin Film Technology 1206 | thin 0.1%, 100-250K ochms Thin Film TECH. (607) 625 8445
Regional Sales Managers
0.5%, 10-250K ohms Patrick J Lyons ext. 14
All states W. of Mississippi except Texas
and S. California
0805 | thin 0.1%, 100-100K ohms
0.5%, 10-1M ohms Mark Porisch ext, 12
Southern U.S. E. of Mississippi including
Texas
0603 thin 0.1%, 100-33K ohms
0.5%, 10-330K ohms Tim Goertzen ext. 13
Northen U.S. E. of Mississippi & Canada
0402 | thin 0.5%, 10-100K ohms
Mike Smith (310) 768-8923

Southern Califomia
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Tel: (800) 628-8686
FAng(g%) §28-1026

Fax ((mg) 840-9819

OREGON

w&wem

;:?;2’.?0" 97006
bt Ve
FAX: (503) 645-8181

PENNSYLVANIA

Intel 3
sstimrvesthve
Sulte 200
Bmeae

FAX (21%) 641-0785
SOUTH CAROLINA

Intel Co
7403 Parkiane Road
Suite 4

Tel: (egg%sza-asas
FAX: (803) 788-7999
intel Corp.

100 Executive Center Dr
Suite 109, 8183
Greenvme

Tel: (800)

FAX: (8! 297-3401

TEXAS

S0t aial of T Hwy
exas

Suke 4250
Austin 78759
Tel: 628-8686
FAX: (512) 338-9335
intel Corp.
5000 Quorum Drive
Sutte 750
Dallas 75240
Tel: (800) 628-8686
FAX: (214) 233-1325
intel Corp.
20405 State Hwy 249
Suite 880
Houston 77070
Tel: 2,_628-8666

: 910-881-2490
FAX: (713) 376-2891

UTAH

Tol: (&)o) 628-8686
FAX: (801) 268-1457

WASHINGTON

intel Col

2800 156":1‘\ Avenue SE

Sulte 105

Td ( 628-8686
T746-4495

WISCONSIN

Intel

400 North Executive Drive

Suite 401

Brookfield 53005

Tel: (800) 628-8686
FAX: (414) 789-2746

CANADA
BRITISH COLUMBIA

intel of Canada, Ltd.

999 Canada Place

Suite 404

Sulte 11

Vancouver V6C 3E2
Tel: (800) 628-8686

FAX: (604) 844-2813

ONTARIO

intel of Canada, Ltd.
2650 Quesnsview Drive

Sulte 250

Oftawa K2B 8H6

Tel: (800) 628-8686

FAX: (613) 820-5936

Tel: (800%623—8686
FAX: (416) 675-2438
QUEBEC

intel of Canada, Ltd.
1 Rungliday Tour West

Suite

Pt. Claire HIR 5N3
Tel: (800) 628-8686
FAX: 51
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ALABAMA CAL Hall-Mark Computer
IFORNIA 15950 erglop Ctr Dr
Anthem Electronics Anthem Electronics Sulte C'.
600 Boulevard South 9131 Olldale Av-nue San 92127
ﬁuﬁa 104F & H 2 Tel: (800) 409-1483
untsville 3580 Tol (81
X Hall-Mark Co
Tel: (205) 890-0302 FAX: (a%) 775’“3°2 175 m.:m
Electronics 1 Oldfield Drlve Tel: (800) 409-1483
1015 Henderson Road IM 9271&2809 ’
Hondauil 35605 ;,.“?7 Hall Mark Computer
4
FAX: (205) 721-1581 A7 rovcdee it g3 t1a
Halt-Mark Computer Anthem Electro Tel: (800) 409-1483
4890 Unive Sulte 8 Hall-Mark Computer
Huntsville 35816 Rocklin 95677 580 Menlo Drive
Tel: (800) 409-1483 Tel: (916) 624-9744 Rod‘-:“n 05765
R e e s o) 1014
versity Square them n :
Hamilton Hallmark
’S‘ﬁ‘he 9369 Camog ;-g Drive 317! Pﬁ“"""g’ et
Tel: (205) 837-8706 53-9005
Faxeoky FAX( {31b) 245.7853 ;;')((7(;:)4)63};‘_}122
MTl Systems Sales hem Electronics
4950 te Drive ??;o RHE“ Park Drive Hamjiton Halimark
Sulte 120 San Jose 95131 2105 Lundy Avenue
'11 un (205' S 26 Tel: (408) 453-1200 o (mm L3500
AR FAX: (408) 4414504 FAX: (408) 435-3720
Ploneer Technologh k Hamiiton Halimark
m{lnlve 5’6707 West Agoura 4545 Viewridge Avenue
4835 rsity Square Road San 921
Sulte 5 Calabasas 91302 Tel: (619) 671-7540
.;.‘ul‘u(tzme 237 Tel: (818) 880-9686 FAX: (619) 277-6136
3 -9300 FAX: (818) 772-8930 Hamilton Hallmark
e ol . e
Electronics
7800 Governers Dr., W. WKA‘&G:HM Tel: (818&594«040‘
Tower Buikding, 2nd Suite 103 FAX: (818) 694-8234
Floor Fremont 84538 Hamilton Halimark
Huntsville 35807 X
Tel: (205) 830-1119 ;ﬂxfs(é%‘fo'go.s?& 553?“”;""’ Brive

FAX: (205) 830-1520

ARIZONA slamnlet
Alliance Electronics Suite 100
7550 East Redfieid Rd Irvine 92718
Scottsdale 85260 Tel: (714) 681-4622
Tel: (602) 261-7988 FAX: (714) 454-4206
Anthem El

1555Wesl 10th Place Electronics

9511 Ridgehaven Court
o T
[

FAX: ( ) os«ezs FAX: (61%) 279-8062
Arrow/Schweber Arrow/SZhweber
Electronics Electronics
2415 West Erle Drive 1180 Mu Avenue
Temfe 85282 San Jose 95131
Tel: (602) 431-0030 Tel: (408) 441-9700
FAX: (602) 431-9555 FAX; (408) 453-4810
Avnet Comp! Avnet

1) SOuth Edwavds Dr S hiaayruter

Irvine 92718

Tel: fsoo) 426-7999 Tel: (800) 426-7999
Hall-Mark Computer Avnet Computer
4637 South 37th Place 371 Van Ns';s Way
Phoenix 85040 Tormrance 9050
Tel: (800) 409-1483 Tel: (800) 426-7999
Pioneer Standard Avnet Com

1438 West Broadway 15950 aemardomar Dr
Sulte B-140 Suite 6
Te 85282 San Diego 92127
Tel: (602) 350-9335 Tel: (¢ 426-7999
Hamiiton Halimark Avnet Computer
4637 South 36th Place 1175 Bordeaux Drive
Phoenix 85040 Suite A

Tel: (602) 437-1200 Sunn 94089
FAX: (602) 437-: 2348 Tol (800) 426-7999
Wyte Elect: Oomput
4141 Eas( Haymond 211 e o

TG| 602) 437-2088
( BOL 437-2124

Califa St
Woodland Hills 91367
Tel: (800) 408-1483

Rockiin 9
Tel: (916) 249781
FAX: (916) 961-0922

Ploneer Standard
5126 Clareton Drive
Suite 106
Agoura Hills 91301
Tel: (818) as&saoo
;z% T hnoloq Dﬂ
ec ve
Suite Y
lfvlne 713
Tel: (714) 763-5090
Pioneer Technologles
Grou|

San Jose 95
Tel: (408) 954- 100
FAX: (408) 954-9113

Ploneer Standard
4370 La Jolla Village
Drive

San Di 92122
Tel: (619) 546-4906

Tel: (714) 753-9953

FAX: (714) 753-9877
le Electronics

15360 Barranca Pkwy

e
Irvine 92713
Tel: (714) 753-9953
FAX: (714) 753-0877

mdova95742
Tei (916%
FAX: (91 )6364491

Electronics D
Chesapeake Dr.
92123

San
cl (61 565-9171
AX: (619) 365-0512

Vlyu Electronics
3000 Bowers

Irvine
Tel: (714) 863-9953
FAX: (714) 263-0473

g%h Electronics
10 Mureau Road
Suite 150

Tek (818) 880-0000
(818) 880-5510

Electronics

6276 San Ignacio
Avenue

Suite E

San Jose 95119
Tel: %629-4689
FAX: (408) 629-4792 .
Zeus Arrow
Electronics

6 Cromwell Street
Sulte 100

Irvine 92
Tel: (714) 581-46&
FAX: (714) 454-4355

fectronics
61 lnviemess Dr East
lewood 80112
Tel: (303) 799-0258
FAX: (3033) 799-0730
Avnet Computer
9605 Maroon Circle

80111
Tel: (800) 426-7999

Hall-Mark Computer
9605 Maroon Circle
lewood 80111
Tel: (800) 409-1483

Hammon Hallmark
Eaﬂ Euclid Dr

1
(3033) 7904991
Hnmllton Hallmark

710 Wooten Road
e 28

80915

Tsl (719 637-0055
19) 637-0088

Plomr Technolo,

5600 Greenwood anu

Thomton 802:
Tel: (303) 457-9953
FAX: (303) 457-4831

CONNECTICUT
Anthem Electronics
61 Mattatuck Helights

Waterburg 06705
Tel: (2(2&575-1 576
FAX: ) 696-3232

Electronics
e/so N. Main St. Ext.
Tel: gﬁ 265-7741
FAX: )265- M
”.I chorpord Cu
le Ctr
gsanbmy 06810
Tel: (800) 409-1483
Hamilton Hallmark
1 COmrnom Court,

271 -2844

Tol
(2 272- 704

Plonow

2 Trap Falls Road
Shelton 06484

Tel: (203) 929-5600
FLORIDA

Anthem Electronics
szoo%a«uvmue
Ft. Lauderdale 33309
Tel: (305) 484-0990

598 S. Northlake Bivd.

mm;&a %&mﬁ&ﬂn
TQ! (813 X 7-2900

Electronics

400 Falrway Drive
Suite 102
Deerfield Beach 33441

Tel: (305) 429-8200 |
F;X:( (30%) 428-3991

Electronics

37 Skytine Drive
Suite 3101

Lake Mary 32746
Tel: (407) 333-9300
FAX: 333-9320

78|"?.13 873-1090
FAX: (813) 873-0077

Avnat Computer
541 S. Orlando Ave.
Sulte 203

Maitland 32761

Tol' (800) 426-7999
10491 72nd m

L (300) 001

15760 201 o "‘h’
13700 58th St. North
Suite 206

e
Clearwater 34620
Tel: (800) 400-1483

H-mluon H-nmrk
smu 105-107

Ft. Lauderdale
Tel: 484-5482
FAX: ) 484-2995
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Hamiiton Halimark
10491 72nd St. North

34647
Tet: (0135541 -7440
FAX: (813) 544-4394
miiton Halimark
ML

i 407;) 6784414

Ploneer Technologies

337 lake Bivd

Su!u 1000 Spgs a2701
Monte

Td (40

FAX: (40 834-0865

Ploneer Technologies

Grou|

674 &uh Military Trall
Deerfield Beach

Tel: 428-88
FAx-((aossog‘.) 4a1-zz.z>o

'l'd (8135579-1518
FAX: (813) 579-1518

Zeus Arrow

Electronics

37 ne Drive

BidgD., Sug;_]s)em

Sutte 800

Tel: (407) 333-3055

FAX: (407) 333-9681

GEORGIA

Anthem Electronics

2400 Pleasant Hill Rd

Suftes 9 & 10

Tel: (404) 931-3900

FAX: (404) 931-3902

Arrow/Schweber

-

reen

Suite E e

Duluth 30136

Tel: (404) 497-1300

FAX: (404) 476-1493

Avnet Computer

3425 Corporate Way

Suite G

Dulut

Tel: (800) 426-7999

g:;ls-ﬂnrk CQmpvt:t-r
Corporate Wa

Suite G v

Duluth 30136
Tel: (800) 409-1483

Hamiiton Hallmark

3425 Corporate Way

Tul (404) 623

FAX: (404) 623-5490

Ploneer Technologies
Rive! Plwy

reen
D uth 30 3?
Tel (404) 623-1003
(404) 623-0665

Wyh Ehctnnlct

6025 The Comers

Sufte 111

Norcross

30092
Tel: (404) 441-9045
FAX: (404) 441-9086

iLLINOIS

Phowy

Anthem Electronics
1300 Remington Road
Suite A

Schaul

Tel:

: (708% -0200
FAX: (708) 885-0480

Electronics

1140 W Thomdale Rd
Rasca 60143

Tel: (708) 250-0500

Bensen 106
Tel: (800) 426-7999
Hall-Mark Computer
1124 Thorndale Ave
wille 60106
Tel: (800) 409-1483
Hcmll(on Halimark
1130 Thomdale Ave
Bensenville 60106
Tel: (800) 426-7999

MT] Systems Sales

1140 West Thorndale

Avenue

Hasca 60143

Tel (708% 8222
AX: (708) 250-8275

Plonocr Standard
2171 Executive Drive
Suite 200

Addison
Tel: (708) 495-9680
FAX: (708) 495-9831

Addison 60101

Tel: (800) 853-9953
Zeus Arrow
Electronics

1140 W Thomdale Ave
Hasca 60143

Tel: (708) 250-0500
INDIANA

68
Tel: (317) 299-2071
FAX: (317) 299-2379

Avnet Cof

rmel 46032
Tel: (800) 426-7999

Hall-Mark Computer
655 West Carmel Drive

Carmel 46032

Tel: (800) 409-1483

Hamilton Halimark
655 West

Carmel Drive
Suita 160

Tel (31 } 895-3500
AX: (317) 575-3535

Plonur Standard
9350 Priority Way W Dr
India lis 462!

Tel: (317) 573-0880

FAX: (317) 573-0979

KANSAS

Arrow/Schweber

5301 ml“ Road
lor

Lene; Lagez

Tel: (913%541 -9542

FAX: (913) 541-0328

Hall-Mark Computer
10809 Lakeview Ave
Lenexa 66219

Tel: (800) 409-1483
Hamiiton Halimark
10809 Lakeview
Avenue

Lenexa 66215

Tel: (913) 888-4747
FAX: (913) 888-0523

MARYLAND
Anthem Electronics
7168A Columbia
Gateway Drive

Col 21046

Tel: (800) 239-8039

Electronics
88004 Patuxent Woods
Dﬂvc

( 1)
FAX (301) 596-7821

Avmt Computer

283
Bied
3 g

Columbia 21046
Tel: (800) 409-1483
Hamiiton Hallmark
10240 Oid Columbia
Road

Columbla 21046
Tel: (410) 988-9800
FAX: (410) 381-2036
North Atiantic
industries

Sr( lems Division

7125 Rlver Wood Drive
Columbia

21046
Tel: (301) 312-5800
FAX: (301) 312-5850

Plonesr Technologies
a0
2;5:1 Gaither Road

20877
Tol: (301) 931.0660
FAX: (301) 670-6746

Zeus Arrow Vgh Electronics
Electronics 1325 East 79th Street
25 Drive Suflte 1
Tel: ( 50&658-4776 Tel: (612) 853-2280
FAX: (508) 694-2199 FAX: (612) 853-2208
MICHIGAN MISSOURI
Electronics Electronics
44720 Helm Street
h 48170 St Lwh 63141

Tel: (31 2‘4622290 Tel: (314) 567-6888
FAX: (313) 462-2686 FAX: (314) 567-1164
Avnet Computer Avnet Com, ?
41650 Garden Brk Rd 3783 Rider Train South
Sulte 120 Earth Olly 63045
Nowi 48375 Tel: (800) 426-7999
Tel: (800) 426-7999 Hall-Mark
Hall-Mark Computer 3783 Rider Trall South
41650 Garden Brk Rd Earth Olt{ 63045
SNg&a‘lazso_ls Tel: (800) 409-1483

- Hamiiton Halimark
Tel: (800) 409- “” 3783 Rider Trall South
Hamiiton Hall Earth

44191 Plymoulh OGks
Bivd.

Ptymouth 48170

Tel: (313) 416-5806
FAX: (313) 416-5811
Hamiiton Hallmark
41650 Guden Brk Rd
Sulte 1

Novi 494

Tel: (813 347-4271
FAX: (313) 347-4021
Pioneer Standard
4505

Grand Rapids 49512
Tel: (616) 698-1800
FAX: (616) 698-1831

Ploneer Standard
34"}"90 Plymouth Oaks

Wyle Ek

9101 Guitford Road
Suite 120

Columbia 21046
Tel: (301) 490-2170
FAX: (301) 490-2190
MASSACHUSETTS

Tel: (3&) 658-0900
FAX: (508) 694-1754

Avnet Computer
}2‘? Centennial Drive

01960
Tel: (800) 426-7999

Hall-Mark Computer
10 D Centennial Drive

P 01960

Tel: (800) 409-1483
Hamiiton Hallmark
10 D c«;mannia! Drive
T‘I ( 50%)531-7430

Plonur Standard
Hartwell Avonue
%'.fh(‘ 86‘ 9200
o K
7;) -1547
'“
5 gak Park Drive
Bedford 01803
Tel: (617) 271-9953
FAX: (617) 275-3809

Ply 48170
Tel: (313) 525-1800
FAX: (313) 427-3720
MINNESOTA
Anthem Electronics
7646 Golden Triangle
Drive

Eden Prairie 55344

Tel: (612) 944-5454
FAX: (612) 944-3045

Eowo \;'n':g Drive
Sutte

Eden Praifie 55344
Tel: (612) 941-5280
FAX: (612) 942-7803

Avnet Computer
9800 Bren East

Minnetonka 55343
Tel: (800) 426-7999

Hali-Mark Computer
9800 Bren East
Suite 410
Minnetonka 55343
Tel: (800) 409-1483

Hamiiton Hallmark
9401 James Ave South
Suite 140 \
Bloomng(on 5543

Tel: (612) 881-2600
FAX( (612) 881-9461
Ploneer Standard

'6625 Golden Triangle
Sulte G

Eden Prarie 55344
Tel: (612) 944-3355
FAX: (612) 944-3794

63045

Tel: (314) 291-6350
FAX: (314) 291-0362
NEW HAMPSHIRE
Avnet Computer

2 Executive Park Drive
Mord 03102
Tel: (800) 426-7999
NEW JERSEY
26 Chapin Road, Unit K
Hm Brook 07058

el: (201) 227-7960

FAX (201) 227-9246

Electronics

4 East Stow Road
Unlt 11

Mariton 08053

Tel: (609) 596-8000
FAX: (609) 596-9632

Brook 07058
o (201) 227-7880
FAX: (201) 227-2064

Avnet Computer
1B Keystom Avenue
Bulldl

b r(‘3’00) 4267999

Hall-Mark Computer
18 Koyaone Avenue
Building 36 %

%) 409-1483
Hall-Mark Computer
10 Lanidex Plau West
Parsippany 07054

Tel: (soo) 409-1483
l'hmllbn Halimark

Hystone Avenue
%9) 24-0110

FAX (609) 751-2552

Hamitton Halimark

1 Lanidex Plaza West
d ( 5-6300

FAX: (201) 515-1601

MT1 Systems Sales

43 Route 46 East

Pinebrook 07058

Tel: (201) 882-8780

FAX: (201) 539-6430
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PloneerStandard
14-A Madison Road
Fairfield 07006

Tel: (201) 675-3510
FAX: (201) 575-3454

Ploneer Standard
60 Crossway Pk West
\‘I‘ooc’mvy onglolund
Tel: (51 %

FAX: (51 )921-2143

ﬂg Route 46. Bld? F Ploneer Standard
Mountain Lakes 0 840 Falrport Park
Tel: (201) 402-4970 ;_ m’:‘s‘)?aﬁomm
Tel: %
NEW MEXICO AX: (716) 381-5955
Alllance Electronics,
Electronics
3411 Bryn Mawr N. 100Mld!andAvenue
e 87101 it Chester 10573
50% Tel (914) 937-7400
FAX (505) 275-5392 FAX: (914) 937-2553
Avnet Computer JORTH CAROLINA
7801 Acad Road N ¢
Building 1, Suite 204 Anthem Electronics
Alm%oo uerque 87109 4805 Greenwood
Tel: (B00) 426-7999 gt:le 1’?2
NEW YORK Td,:s:gm) 782-3550
Anthem E} k
47 Mall Drive Eloctro ics
5240 Gmnsdalry
Tel: (516) 864-6600
FAX: (516) 493-2244
Arrow/Schweber " Tek: 6 9 876‘3132
Electronics FAX (919) 878-9517
3375 Brighton Henrietta vhet Computer
Townline Road 4421 Stuart Andrew
Rochester 14623 Boulevard
Tel: (716) 427-0300 Suite 600
FAX: (716) 4270735 Charlotte 28217
Tel: (800) 426-7999
Electronics (Hall-Mark Computer
20 Oser Avenue 8510 sm Forest Rd
Hawgauge 11788
Tel: (516) 231-1000 uggo
FAX: (516) 231-1072 Tel: ) 409-1483
Avnet Computer Hamiiton Halimark
2 Penn Plaza 3510 Spring Forest Rd
Suite 1245 sm 8
New York 10121 elg
Tel: (800) 426-7999 Tel: (800) 409-1483
Avnet Computer Hamilton Hallmark
1057 E. Henrietta Road 5234Gfsens Dal:yad
Rochester 14623 loig
Tel: (800) 426-7999 Tel: (919) 878-0819
Hall-Mark Computer Pioneer Technologies
2 Penn Plaza Group
New York 10121 Gateway Ctr. Bivd
Tel: (800) 409-1483 f‘lgle 215 27560
Hall-Mark Computer .
1057 E Henrita Road Yol 1o 4on 1550
Rochester 1462 OHIO
Tel: (aoo) 409-1483
Hamilton Hallmark nics
933 Motor Paﬂm'v 6573 Cochean Road
T aas 770 Sute® 139
FM (516) 434-7491 Tel: (216) 248-3990
Hamilton Hallmark FAX: (216) 248-1106
1057 E Henrietta Road
Rochester 14623
Tel: (716) 475-9130

FAX: (716) 475-9119

Hamilton Hallmark
3075 Veterans
Memorial

Ronkonkoma 11779

Tel: (516) 737-0600

FAX: (516) 737-0838
MTI Systems Sales

1 Penn Plaza

250 West 34th Street
New York 10119

Tel: (212) 643-1280

FAX (21 ) 643-1288

sawpom Dri

e Drive
Binghamton 13904
Tel: (607) 722-9300
FAX: (607) 722-9562

Electronics
8200 Washington
Viltage Drive
Centerville 45458

Tel: (513) 435-5563
FAX: (513) 435-2049

Avnet Oom‘:
7764 Washington
Village Drive

Da 5459
Te(y.'?s'(‘)o) 426-7999
Avnet Computer
g snummn Park Drive
ulte

ndependence 44131
Tel (800) 426-7999
Hall-Mark Computer
5821 r Road

Solon 44139
Tel: (800) 409-1483

Hall-Mark uter
777 Dearborn Pk Lane
Suite L

Woﬂmon 43085
Tel: (800) 4091483
Hamilton Halimark
5821 Road

Solon 44139
Tel: (216) 498-1100
FAX: (216) 248-4803

Hamilton Hallmark
777 Dearbomn Pk Lane
Suite L

Worthington 43085 !

Tel: (614) 888-3313
FAX: (614) 888-0767

MTI Systems Sales
oa%)(‘:to.meme Pk

R

Beachwood 44122

Tel: (216) 464-6688

FAX: (215) 464-
:433 Int vpolm Bivd
i

Da?non 45424

Tef: (513 236-9900
AX: (513) 236-8133

Plonur Standard

4800 East 131&1 Street

Cleveland 44105

Tel: (216) 5687-3600

FAX: (216) 663-1004

Wyle Electronics

6835 Cochran Rd.

Solon 44139

Tel: (216) 248-9996

OKLAHOMA

Electronics

12101 East S1st Street
?uﬁ 106

Tel: (918) 252 7537

FAX: (918) 254-0917

Hamiiton Hallmark
5411 S, 125th E. Ave
Su e

Tulsa 74146

Tel: (918) 254-6110
FAX: (918) 254-6207

Ploneer Technologies

8905 Southwest

Numbus Ave.

Sulte 160
lon 97005

' Beavert
Tel: ( 3 626.7300

FAX: ( 626-5300
fectronics

Suvghlne Court
Sufte
Beaverton 97005
Tel: (5%643—7900
FAX: (503) 646-5466
PENNSYLVANIA
Anthem Electronics
355 Business Ctr Drive

m 19044

Tel: (21 5}‘443-5150
FAX: (215) 675-9876
Avnet Computer
213 Executive Drive
Sulte 320
Mars 16046
Tel: (800) 426-7999

Electronics

2681 Mosside Bivd
Sulte 204 15146
Tel: {412) 856-9490
Pioneer Technologles
259 1Dnve

Tel: (41 -

FAX( (41%

annr Technologles
500 ! nterprise Road
Keith Valley Bus Ctr
Horsham 19044

Tel: (215) 674-4000

w Electronics
Drlve

Sull
i

TEXAS

Pioneer
27}'7 East 42nd Street

Tuisa 4146
Tel: (918) 665-7840
FAX: (m) 665-1891

OREGON

Almac Arrow
Electronics

9500 S.W. Nimbus Ave
Suite E

Beaverton 97008

Tel: (503) 629-8090
FAX: (503) 645-0611

Anthem Electronics
9090 SW Gemini Drive
Beaverton 97005

Tel: (503) 643-1114
FAX: (503) 626-7928

net Com|
9750 SWNi s Ave.
Beaverton 97005
Tel: (aoo) 426-7999

Hail-Mark Computer
9750 SW Nimbus Ave.
Beaverton 97005

Tel: (800) 409-1483
Hamilton Hallmark

9750 SW Nimbus Ave.
Beaverton 87005

Tek
A ((50?!)641»5939

Ell
651 N. Plano Road

(7]
s
@

F
2

Richardson 75081
Tel: (214) 238-7100
FAX: (214) 238-0237

Anthem Electronics
14050 Summit Drive
Suite 119

Tel: (512) 388-0049
FAX: (512) 388-0271

Electronics

Brake Ctr lil, Bidg M1

11500 Metric Boulevard
60

Austin

Tel ( % 180

-AX: (612) 832-5921

MwlSdl
Electronics
3220 comm7 ander Drive

Canomon
ol: (214) 380-6464

FAX (214) 248-7208

Arrow/Schweber

Electronics
19416 Park Row
Suite 190

Houston 77084

Tel: (713) 647-6868
FAX: (713) 492-8722
Avnet Computer
4004 Beltline

e 200
Dallas 75244
Tel: (800) 426-799

Avnet Computer
1235 North West
Sulte 525
Houston 77008
Tel: (800) 426-7999
Hali-Mark Computer
12211 Technology Bivd
Austin
Tel: (800) 409-1483
Hall-Mark

Computer
Suite 200°
Dallas 76244
Tel: (800) 409-1483
Hall-Mark Computer
1235 North Loop West

77008
Tel: (800) 409-1483
L
Boul
T (¢
el:
(52%) 2583777
lhmm Hallmark
11420 nge Mill Road
Dallas 43
ol (214) 553-4300

FAX (214) 553-4395
Hamilton Hallmark
8000 West

Houston 77063
Tel: (719;781-6100
FAX: (713) 953-8420

Pioneer Standard
1826D Kramer Lane
Austin 78758

Tel: (512) 835-4000
FAX: (512) 835-9829

Ploneer Standard
13765 Beta Road
Dallas 75244

Tel: (214) 263-3168
FAX: (214) 490-6419
1 moig.?ddey Road
Houston 77099

Tel: (713) 495-4700
FAX: (713) 495-5642
Wyle Electronics
1810 Greenville Ave
Richardson 75081
Tel: (214) 235-9953
FAX: (214) 644-5064

Wyle Electronics
gzoa Waterford Center

Suite 150

Austin 78750
Tel: (512) 345-8853
FAX: (51 ) 345-9330

77099
Loy {713) 670-0953
FAX: (713) 879-9953

Zous Arrow

Carrolfton 7!

Tel: (214) 380-4330
FAX: (214) 447-2222
UTAH

Anﬂum

1279 84119
Tel: (sot)c%-

FAX: (801) 973-8909

Electronics
1946 West Parkway
Bouiavud

Tel: (m’%m

FAX: (801) 972-0200
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NORTH AMERICAN DISTRIBUTORS (Cont’d)

Avnet Computer
1100 East 6600 South
Sulte 150

Salt Lake City 84121
Tel: (800) 426-7999
Hall-Mark Computer
1100 East 6600 South
Sulte 150

Salt Lake c:%

Tel: (800) 409-1483
Hamilton Halimark
1100 East 6600 South
Sutte 120

Salt l.ako 84121

Tel: (80
FAX: (901)263-0104

Wyle Electronics
1325 West 2200 South

Yot (801) "oyu 9953
FAX: (801) 972-2524

WASHINGTON

Almac Arrow

Electronics

#sso S.E. Eastgate
a

Sl st

FAX: (zo%) 643-9709

Anthem Elactronics
18017 120th Ave N.E.
Suite 102

Avnd Oompuhr
8630 154th Ave, NE
Redmond 98052

Tel: (800) 426-7999

Hamiiton Hallmark
8630 154th Avenue
Redmond 9!

Tel: (206) 881-6697
FAX: (206) 867-0159

Pioneer Twhnohgls
2800 156th Ave S.E.
Sulte 100

Bellevue 98007
Tel: (206) 644-7500

vggsﬂodmla

1 NE 90th St
Tel (206) w 11
FAX: (206) 881-1567
WISCONSIN

Electronics
200 N. Patrick
Suite 100

Brookfield 53045
Tol: (414) 792-0150
FAX: (414) 792-0156

Avnet

Hall-Mark Computer
2440 South 179th St
New Berlin 53146
Tel: (800) 409-1483

Hamilton Hallmark
2440 South 178th St

New Berlin 53146
Tel: (414) 797-7844
FAX: (414) 797-9269
Standard
18?‘0 Bisbops Way

Brooklor 63005
Tel: (414) 780-3600
FAX: (414) 780-3613

Y0 N Petrick
North Patrick
Bulldmg 7, Suite 150
Brooldi ld 53045

Tel: (414) 879-0434
FAX: (414) 879-0474

ALASKA
Avnet Computer
1400 W Benson Bivd
Sulte 400

0 99503
Tel: (800) 426-7999
CANADA
ALBERTA
Avnet Computer
1144 29th Avenue NE
Sulte 108

T2E 7P1

Tel: (800) 387-3406
Ploneer/Ploneer
560, 1212-31 As.‘{e, NE

AR,
BRITISH COLUMBIA
Almac Arrow

Baxter Place

V5A 4T8
Tel: (604) 421-2333
FAX: (604) 421-5030

6 Road

V6V 1P6
Tel: (604) 273-5575
FAX: (604) 273-2413
MANITOBA

ONTARIO
Electronics
36 Antares
Unit 100
K2E 7W5
Tel: (613;226—69&
FAX: (613) 723-2018
Electronics
1093 M ide, Unit 2

L5T 1M4
Tel: (416) 670-2010
FAX: (416) 670-5863

Tal (800)

Avnet Com| uhr
19000bnageﬂo.d
Nepean K2€E 7J5
Tel: (800) 387-3406

Canada System

G
51 Superior Sovlavard

Unit
el: (416)

FA)C (416) 564-6033

Hamiiton Halimark
19000|onadekoad

g 1700
! (61 ) 226-1184

Pioneer/Ploneer

3415 American Drive

¥lsdml ( L4V 1T6
el:

6)507.2600
AX: (416) 507-2831

TQI (613) 226-8840
FAX: (613) 226-6352

QUEBEC
Arrow/Schweber
Electronics

1100 Street R?ia Bivd
Doml HIP 2T!

ol: (514) 421-7411
FAX (514) 421-7430
Gates Arrow

Eloctmmlu
Stem JBaEt' iste A
n: e Ave
H2E 5R9
Tel: (41!%371 -7500
FAX: (418) 871-6816
Avnet Computer
7576 Trans Canada
Sulte 60°

le 601
St. Laurent H4T 1V6
Tel: (800) 265-1135

Hamiiton Halimark
7675 Transcanada Hwy
Sulte 600

Street l.-urom HAT 2ve
Tel: (514) 335-1000
FAX: (514) 335-2481

Pioneer/Pioneer
520 Mc
H4T 1N1

Street
Tel: (514) 737-9700
FAX: (514) 737-5212
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NORTH AMERICAN SERVICE OFFICES

ALABAMA
Birmingham
Huntsville

ALASKA
Anchorage

ARIZONA
Phoenix
Tucson

ARKANSAS
North Little Rock

CALIFORNIA
Concord
Los Angeles
Ontario

Orange
Redwood City
Sacramento
San Diego
San Francisco
Van Nuys
COLORADO
Colorado Springs
Denver
CONNECTICUT
E. Windsor
Middiebury
FLORIDA
A Lauderdale
Jacksonville

GEORGIA
Atlanta

HAWAI
Honolulu
ILLINOIS
Chicago
Wood Dale
INDIANA
Carmel
Evansville
A. Wayne
South Bend
IOWA
Cedar Rapids
Davenport
Waest Des Moines
KANSAS
Kansas City
Wichita

KENTUCKY
Louisville
Madisonville

LOUISIANA
Baton Rouge
New Orleans

MAINE
Aubum

MARYLAND
Baltimore

MASSACHUSETTS

Bedfoird
S. Easton

Computervision

Intel Corporation's North American Preferred Service Provider
Central Dispatch: 1-800-876-SERV (1-800-876-7378)

MICHIGAN NORTH CAROLINA
Detroit Ashville
Flint Charlotte
Grand Rapids Greensboro
Lansing Raleigh
Troy Wiimington
MINNESOTA OHIO
Minneapolis Cincinnati
MISSOURI Cleveland
Springfield
Street Louis Dayton
MISSISSIPPI
homa C
Jackson Dtishome Cty
NEW HAMPSHIRE OREGON
Manchester* Beaverton
MONTANA PENNSYLVANIA
Butte Camp Hit
NEBRASKA Erie
Omaha
NEW JERSEY Wayne
Chory Hil s%mj CAROLINA
Hamitton
restfield Columbia
w " Greenville
Abuquerque TENNESSEE
Chattanooga
NEW YORK Knoxville
Albany Memphis
Binghampton Nashville
Buffalo
Fanmigdale TEXAS
New York City Austin
Rochester Houston

Dryden

UTAH
Salt Lake City

VERMONT
White River Junction
VIRGINIA
Charlottesvilie
Richmond
Roanoke
Virginia Beach

WASHINGTON
Renton
Richland

WASHINGTON D.C.*

WEST VIRGINIA
Charleston

WISCONSIN
Milwaukee

CANADA

Edmonton
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Pentium® and Pentium Pro Processors and
Related Products

In 1993, Intel introduced the Pentium® Processor, the fifth generation processor

based on the Intel Architecture. The Pentium processor is fully code-compatible

with previous members of the Intel Architecture family of microprocessors, thus |
preserving the value of user’s software investments. Up to 3-1/2 times faster than

the InteIDX2™ 66MHz processor, the Pentium processor extends the Intel processor

performance continuum while maintaining full compatibility with existing software.

The Pentium processor utilizes advanced design techniques, superscalar technology

and enhanced floating-point to speed up today’s applications and enable tomorrow’s

emerging technologies. The family is designed for mainstream desktops and power-

ful mobiles. .

In November of 1995, Intel introduced the Pentium Pro processor, Intel’s next gen-
eration of performance for high-end desktops, workstations and servers. The family
is easily scalable up to four microprocessors in a multiprocessor system. The
Pentium Pro processor delivers more performance than previous generation proces-
sors through an innovation called Dynamic Execution. This is the next step beyrond
superscalar architecture. Dynamic Execution makes possible the advanced 3D visu-
alization and interactive capabilities required by high-end commercial and technical
applications. The Pentium Pro processor includes advanced data integrity, reliability,
and serviceability features for mission critical applications.
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