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12.2 Socket Layout }

This section discusses four aspects for the Upgrade
Socket: compatibility, size, upgradability, and ven-
dors.

12.2.1 BACKWARD COMPATIBILITY

The Upgrade Socket for Intel486 DX2 Microproces-
sor-based systems is designed to be compatible

moved for orientation purposes. The Upgrade Proc-
essor will be provided with a heat sink attached (see
Section 12.3), to dissipate heat.

The maximum and minimum dimensions of the Up-
grade Processor package with the heat sink are
shown in Table 12-1.

Table 12-1. Upgrade Processor, 237-Pin, PGA
Package Dimensions with Heat Sink Attached

with the Upgrade Processor for Intel486 DX2 CPU- Dimension (Inches) | Minimum | Maximum
based systems as well as the Upgrade Processor for N -
Intel486 SX CPU- and Intel486 DX CPU-based sys- A. Heat Sink Width 1.772 1.790
tems. B. PGA Package 1.950 1.975
. Width

The Upgrade Socket for Intel486 DX2 microproces- -
sor-based systems has a fourth row of contacts C. Heat Sink Edge 0.037 0.138
around the outside of the 169 contacts defined for Gap
the Intel486 SX CPU- and Intel486 DX CPU-based D. Heat Sink Helght 0.312 0.360
Upgrade Processor sockets. The three inner rows, -
with inner key pin, are 100% compatible with the E. Adhesive 0.008 0.012
169-pin PGA Upgrade Processor, for Intel486-based Thickness
systems. For backward compatibility, the inner row .
key pin location (E5) must be included in the Up- | |- ackage Height 0.140 0.180
grade Socket for Intel486 DX2 CPU-based systems.

G. Total Height from 0.460 0.552

Stand-Offs to To|
12.2.2 PHYSICAL DIMENSIONS Srheat Stk
The Upgrade Socket for Intel486 DX2 microproces-
sor-based systems is equivalent to a standard
240-lead PGA package with three corner pins re-
B
_>| C |
I A 1
UPGRADE PROCESSOR
OMNI-DIRECTIONAL HEAT SINK D G
ADHESIVE i
UPGRADE PROCESSOR, 237 PIN, PGA PACKAGE I 1
i I I J l
241245-84

Figure 12-2. Upgrade Processor, 237-Pin, PGA Package with Heat Sink Attached
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12.2.3 “END USER EASY” stallation in the Upgrade Socket simple and fool-
proof for the end user and reseller by implementing
PC buyers value easy and safe upgrade installation. the suggestions listed in Table 12-2.

PC manufacturers can make upgrade component in-

Table 12-2. Upgrade Socket and Layout Considerations

“End User Easy” Implementation
Feature P
Visible Upgrade Socket The Upgrade Socket should be easily visible when the PC’s cover is

removed. Label the Upgrade Socket and the location of Pin 1 by silk
screening this information on the PC board.

Accessible Upgrade Socket | Make the Upgrade Socket easily accessible to the end user (i.e., do not
place the Upgrade Socket under a disk drive). If a Low Insertion Force (LIF)
or screw machine socket is used, position the Upgrade Socket on the PC
board such that there is enough clearance around the socket to use a chip
removal tool.

Foolproof Chip Orientation This Upgrade Socket must insure proper orientation of the Upgrade
Processor for Intel486 DX2 CPU-based systems and also the Upgrade
Processor for Intel486 SX/Intel486 DX CPU-based systems. The 237-pin,
PGA package of the Upgrade Processor for Intel486 DX2 CPU-based
systems is oriented by the three corner pins that have been removed from
the “Pin 1” corner. These three contacts (A1, A2, and B1) should be
plugged, such that PGA pins cannot be inserted, in order to assure correct
orientation. The 169-pin PGA package of the Upgrade Processor for
Intel486 SX/Intel486 DX CPU-based systems is oriented by the “key” pin
located in the inside corner of the “Pin 1”” corner. All inside contacts (11
innermost rows) should be plugged, except the “key” pin (E5), to ensure
correct orientation and alignment. The total number of contacts for the
Upgrade Socket is therefore 238; a standard 240-pin socket plus the inside
“key” pin and less the three outside corner pins. Supplying a 238-pin
socket as the Upgrade Socket eliminates the possibility of end users or
resellers damaging the PC board or Upgrade Processor by powering up the
system with the Upgrade Processor in an incorrect orientation.

Zero Insertion Force The high pin count of the Upgrade Processor makes the insertion force
Upgrade Socket required for installation in a screw machine PGA socket excessive by end
users or resellers. Even most Low Insertion Force (LIF) sockets often
require more than 60 Ibs. of insertion force. A Zero Insertion Force (ZIF)
socket ensures that the chip insertion force does not damage the PC board.
If the ZIF socket has a handle, be sure to allow enough clearance for the
socket handle. If a LIF or screw machine socket is used, additional PC
board support is recommended.

“Plug and Play” Jumper or switch changes should not be needed to electrically configure
the system for the Upgrade Processor.

Thorough Documentation Describe the Upgrade Socket and the installation procedure for the
Upgrade Processor in the PC’s User Manual.

12-4
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12.2.4 LIF AND ZIF SOCKET VENDORS

The following lists provide socket vendor information
based on products offered for the Upgrade Socket
for Intel486 DX and Intel486 SX CPU Systems

NOTE:
This is not a comprehensive list. Intel has not test-
ed the sockets listed below and cannot guarantee
that these sockets will meet every PC manufactur-
er’s specific requirements.

Zero Insertion Force Upgrade Sockets and
Vendors:

1. AMP Inc.
P.O. Box 3608
Harrisburg, PA 17105-3608
Tel: (800) 522-6752
Part Number: TBD
Contact: Rick Simonic, New Product Manager
(717) 561-6143

. Aries Electronics
P.O. Box 130
Frenchtown, NJ 08825
Tel: (908) 996-6841
Part Number: TBD
Contact: Frank Folmsbee, Marketing Manager
(908) 996-6841

. JAE
599 N. Mathilda Ave., Suite 8
Sunnyvale, CA 94086
Tel: (408) 733-0493
Part Number: TBD
Contact: Bob Gerleman, Western Sales
Manager (408) 733-0493

. Thomas and Betts
200 Executive Center Drive
P.O. Box 24901
Greenville, SC 29616-2401
Tel: (803) 676-2900
Part Number: TBD
Contact: Scott Roland, Product Marketing
Manager (803) 676-2910

. Yamaichi Electronics
1420 Koll Circle, Suite B
San José, CA 95112
Tel: (408) 452-0797
Part Number: TBD
Contact: Jim Bennett, Sales Manager
(408) 452-0797

12-5

12.3 Thermal Management

The Upgrade Socket must be designed to dissipate
the heat generated by the Upgrade Processor. In the
following Sections the airflow required over the Up-
grade Socket is calculated for a hypothetical system
design where there is a maximum ambient tempera-
ture of 45°C inside the system box.

12.3.1 THERMAL CALCULATIONS FOR
HYPOTHETICAL SYSTEM

The maximum temperature specification for the Up-
grade Processor is 80°C (with heat sink attached).
Therefore, the temperature of the heat sink surface
(Ts) cannot exceed 80°C under the worst case spec-
ified operating conditions for the system. The vari-
ables which affect the heat sink temperature include
ambient temperature inside the system box (Ta),
Vce, and Igc. An equation for the approximate Up-
grade Processor temperature (Tg) is:

Tg = Ta + Power * 6gp where Power = Ve * Icc
In the above equation, the variables under worst
case conditions are specified as follows:

Ts: Specified as 80°C for the Upgrade Processor.
Ta: Specified by the PC manufacturer for the
worst case system operating conditions.

Vce: Specified for the Upgrade Processor as 5V.

lcc:  Specified for the Upgrade Processor and relat-
ed to clock frequency.

Osa: Osa = 64a — Oys.

044 and 6yg are specified in Table 12-4.

Icc is dependent upon the system’s Vg, bus load-
ing, software code sequences, and silicon process
variations. For the Upgrade Socket specifications,
the typical Igc value will be derived by testing a sam-
ple of components under the following worst case
conditions: Vgg = 5.3V, full D.C. current loads on all
output pins, and running a file with the predicted
worst case software code sequences at the speci-
fied frequency. Igg typical is not a guaranteed speci-
fication.

The Igc maximum values in Table 12-3 is the best
known design estimate and should be used as a
guaranteed maximum specification.
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Table 12-3. Upgrade Processor
Typical and Maximum Igc Values

System Upgrade Upgrade
Frequency P’roce.ssor Proc_essor
(MHz) Typical Maximum
Icc (mA) Icc (MA)
25 TBD 1600
33 TBD 1900

The Upgrade Processor for Intel4d86 DX2 CPU-
based systems will be provided with a heat sink. The
05 and 0 4 values for the Upgrade Processor with a
heat sink are shown in Table 12-4. The maximum Tp
values for the 25 MHz and 33 MHz Upgrade Proces-
sor are shown in Table 12-5. The maximum Tp val-
ues shown in Table 12-5 were calculated using Tg
= 80°C, Voo = 5V, the maximum Igg value shown
in Table 12-3, and the 6,¢ and 0 g values shown in
Table 2-4.

Table 12-4. Thermal Resistance
(°C/W) 045 and 64

Upgrade CPU O4s Airflow (ft/min, LFM)

with Heat Sink| 2. 5cc/w| 0 {200|400]600|800

64a (°C/W) 11.5/8.3|6.0(5.0| 4.7

Table 12-5. Maximum T4 for 25 MHz and
33 MHz Upgrade Processor

Upgrade Linear Airflow (ft/min)
Processor
with Heat | ¢
CLK
Sink (MHz) 0 | 200 | 400 | 600 | 800
Ta 25 8|33 (52| 60| 62
°C) 33 | —5| 24| 46 | 56 | 59

12.3.2 HEAT SINKS

The Upgrade Processor will be shipped with a heat
sink attached. Because of the heat sink attached to
the Upgrade Processor, it is vital that vertical clear-
ance is provided for the Upgrade Socket. The height
of the package and the heat sink is shown in Table
12-1 in Section 12.2.2.

12.3.3 AIRFLOW

The Upgrade Socket for Intel486 DX2 Microproces-
sor-based systems must be positioned such that the
airflow over the socket has the velocity, volume, and
ambient temperature to satisfy the thermal calcula-
tions in Section 12.3.1. Because the heatsink at-
tached to the Upgrade Processor is omni-directional,
the specified airflow may come from any direction.
However, because the Upgrade Processor will gen-
erate more power than the Intel486 DX2 Microproc-
essor, it is recommended that the airflow reach the
Upgrade Socket before or at the same time that it
reaches the Intel486 DX2 CPU.

NOTE:
An airflow of at least 400 linear feet per minute
(LFM) will be required to cool the Upgrade Proces-
sor at 33 MHz. It is essential that care be taken to
ensure sufficient airflow over the Upgrade Socket.
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12.4 BIOS and Software

The following should be considered when designing
the Upgrade Socket for a Intel486 DX2 microproces-
sor-based system.

12.4.1 UPGRADE PROCESSOR DETECTION

The component identifier and stepping/revision
identifier for the Upgrade Processor for Intel486 DX2
CPU-based systems is readable in the DH and DL
registers respectively, immediately after RESET,
where

DH
DL

= 14h
= 30h-3Fh

As with the Intel486 DX2 microprocessor specifica-
tion, it is recommended that the BIOS save the con-
tents of the DX register, immediately after RESET,
so that this information can be used later, if required.

12.4.2. TIMING DEPENDENT LOOPS

The Upgrade Processor for Intel486 DX2 microproc-
essor-based systems executes instructions at twice
the frequency of the input clock. This Upgrade Proc-
essor also will use advanced design techniques to
decrease the number of clocks per instruction (cpi)
from that of the Intel486 DX2 microprocessor. Thus
software, such as instruction-based timing loops, will
execute faster on this Upgrade Processor than on
either the Intel486 DX CPU or the Intel486 DX2 mi-
croprocessor at the same input clock frequency. In-
structions such as NOP, LOOP, and JMP $+2 are
frequently used by the BIOS to implement timing
loops that are required, for example, to enforce re-
covery time between consecutive accesses for 1/0
devices. These instruction-based, timing-loop imple-
mentations may require modification to be compati-
ble with this Upgrade Socket.

In order to avoid any incompatibilities, timing loops
must be implemented in hardware rather than in
software. This provides transparency and also does
not require any change in BIOS or I/0 device drivers
in the future when moving to higher processor clock
speeds.

As an example, a timing loop may be implemented
as follows: The software performs a dummy 1/0 in-
struction to an unused |I/O port. The hardware for
the bus controller logic recognizes this I/0 instruc-
tion and delays the termination of the 1/0 cycle by
keeping RDY # or BRDY # deasserted for the appro-
priate amount of time.

12.5 Test Requirements

The Upgrade Socket's electrical functionality can be
verified by fully testing the PC with a populated Up-
grade Socket. We recommend that the system is
tested with all available Upgrade Processors to en-
sure that there are no BIOS issues. This Upgrade
Socket can be electrically tested with the Upgrade
Processor for Intel486 SX/Intel486 DX CPU-based
systems. The Upgrade Processor for Intel486 DX2
CPU-based systems should also be used to test the
hardware and software when it is available. The
BIOS requirements to maintain compatibility with all
Upgrade Processors are discussed in Section 12.4
of this document. All Upgrade Processors undergo
thorough application software compatibility testing
prior to their introduction.

12.6 Upgrade Socket Pinout

12-7

The Upgrade Socket for Intel486 DX2 Microproces-
sor-based systems specifies 238 contacts. The 238
contacts correspond to a standard 240-pin socket
with one “KEY” contact inside and three “orienta-
tion” contacts plugged on the outside corner. The
“KEY” contact provides backward compatibility for
the Intel487 SX Math CoProcessor and the Upgrade
Processor for Intel486 SX/Intel486 DX CPU-based
systems. The three contacts plugged on the outside
corner ensure proper orientation for the Upgrade
Processor for Intel486 DX2 CPU-based systems.
Additionally, all 120 inner contacts of a standard
240-pin socket (the inner 11 rows minus the “KEY”
pin) should be plugged to ensure proper alignment
of the 169-pin PGA Intel487 SX Math CoProcessor
and Upgrade Processor.
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12.6.1 PINOUT

Uu T S R Q P N M L K J H G F E D C B A
N
1 O O O O o©O O O O O O o O O O O 1
ne  NC o ovss VOO yss. NCne VSSyee VEC yee VSS e MO yss VEC s
2 O O O O O O O O O O o O O O O 2
Ne AZ7 e RS 0 D2y VSS oo VGG oo VS o VSS o D11 .o D20
3 O O 0O 0O 0O O o 0O o o o o O O O O O 0|3
vss A28 a5 VSS ap9 D1 yoe DBy DS py VEC 55 VEC 5y D18 pp, D22 o
4 O O O O O O O O O O o O O O O OoO|4
vee A2 yee A7 30 DPO py D7 gy D16 gpy D12 pyg D10 5y CK ygs N yee
5 O O O O 20 O O O O |5
vss NC  yss A9 ey V€ vss DB yss
6 O O O O O O O OoO|]6s6
o A4 g A2 VEC e P3¢
7 O O O O O O O 0]}7
e VS oo Az 027 o D24 o
8 O O O O O O O o |8
vss A2, A22 026 oo VSS o
9 O O O O O O O O0O}9
vee VSS  yoe A2 028 [ D29
10 O O O O O O O o |10
vee VSS e AlS 030 yoo VSS  yec
11 O O O O O O O o |11
vee VSS yee A3 N e MO vee
12 O O O O O O O 0O ]12
vss  VSS yec A0 NC vee  VSS vss
13 O O O O O. 0 O O0}]13
o VS gy A8 N e N e
14 O O O O O O O O |14
Res7 A0 ap A7 NC no  FERR® pes2
15 O O O O O O O O |15
vss  VSS vec A2 NG ype NC yss
16 O O O O 0 0 0O O 0O 0O O O O O O O O O oO|]1se
voe  AS ag BREQ Lo, LOCK Lo PWT oo BEZ# po. NG, HOLD oo FLUSHE L IGNNER o
17 O 0O O O O O O O O OO 0O 0o O O o o o o]}17
vss A% pasrs PLOCK¥ oo M/I0R o VCC oo BEI® oo VCC oo VEC g RESET o INTR o
18 O O 0O O 0O O O O OO O 0O 0O 0O O o o0 o o]|18
o ADSH o PCHKE oo W/RE oo VSS oo POD oo VSS o VSS o BSIGH oo AMOD o
19 O O 0.0 O O O O O O O O O O O O O O o |19
ne  NC vss VO yss RESE Tpres VS yee VOO yee VSS gess RES3 yss VOO yss NC e
U T S R Q P N M L K J H G F E D C B A
241245-85

Figure 12-3. Upgrade Socket Pinout for Intel486 DX2 Microprocessor System (Top Side View)
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A B CDE F G H J KLMNZPG QR ST U
/
1 O O O O O O O O 0O 0O O o o o o o o 1
vss V€ yss NC ¢ VS yee VE€ yoe VSS ¢ NG yss VO yss NC e
2 O O O O O O O 0O O O O 0O 0O O O O 0o o01}2
D20 o DIt [ VSS L VSS o VOC oo VSS oo D2 o A3 oo A7 o
3 O O O O 0O O O o o o o o o O O O 0|3
vss D22 gy D18 5 VOO g VEC 5z DSy D8 yee D1 apg VSS pp5 A28 g
4 O O O O 0O O O O O O 0O O O 0O O O 0o o o|4
vee MO oyss OK gy D10 55 D12 gp, D16 gy D7 gy DO 50 AV ygp A28 yge
5 O O O O O > O O O OoO|s5
vss D23 yss  VCC ey A8 yss MO yss
6 o O O O O O O OoO|es
we DP5 yes  VEC AZI g A4 o
7 o O O O O O O 017
jes1 D24 o 027 AZ4 oo VSS o
8] o o o o O O O o8
vss  VSS  yec D26 A22 a5 A2 yss
9 O O O O O O O o019
vec 029 3, D28 A20 oo VSS oo
10 O O O O i486 DX2 O O O oO|10
vee VS5 yeo D30 : AE e VSS oo
11 O O O O O O O o |11
vee Ny N A3 e VSS e
12 O O O O O O O O |12
vss  VSS yee M€ A% vee VSS yss
13 O O O O O O O 0|13
e N R AS A VSS e
14 o O O O O O O O |14
Resz FERR# o NC AT 8 MO Resy
15 O O O O O O O o |15
vss N e N A2 yee VSS yss
16 O O O O O O o O O O O O O O O O o\}16
voe IGNNE# |l FLUSHW o0l HOLD oy NG gorv, BE2# oo WD o ol LOCKK o0 BREQ .o A6 oo
17 O O O O O O 0O 0O OO OO 0O 0o 0O o o o o017
ves TR o RESET [l VCC oo VOC oo BEME o VEC oo M/IO# oo PLOCKEL . AR o
18 O 0O O O O O O O O O O O 0O O O O 0o o o]18
o AHOLD oo BSIER . VSS oo VSS oo PCD oo VSS oo W/R# | o PCHK# . ADS#
19 O O O O O O O O O O 0O O O O O O 0 O o01}19
ne  NC o yss VG yss RES3 ppgy VSS yoe VEC yoe VSS gess RESE ygs VO yss NC e
A B C D E F G H J K L M N P Q R S T U
241245-86

Figure 12-4. Upgrade Socket Pinout for Intel486 DX2 Microprocessor System (Bottom Side View)
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Table 12-6. Upgrade Socket Pin Cross Reference

Address Data Control Control N/C Vee Vss

A, RI15| Dy Q2 | A20M# E16 | PLOCK# | R17 | A6 | A4 | C8 | A3 | B8
A3 S16 | Dy P3 | ADS# T18 | RDY# G17 | A18 | A9 [ c10 | A5 | B10
Ay T17 | D P2 | AHOLD B18 | RESET | D17 | A19 | A10 | C12 | A8 | B12
As Ri13 | D3 J3 | BEO# L16 | W/R# P18 | B4 | A11 | D5 | Al2 | C4
As T16 | Dy N4 | BE1# K17 | UP# C15 | B11 | A16 | D6 | A15 | C5
A; R14 | Ds K3 | BE2# K16 B13 | D1 | F3 | A17 | Cs
As S14 | Dg M3 | BE3# G18 Reserved | 45 | D19 | F17 | 1 | F2
Ag R12 | D; M4 | BLAST# S17 | REST A7 | B19 | J1 H3 | C19 | F18
Ao T14 | Dg G3 | BOFF# Eis | RES2 A4 | c11 | J19 | H17 | E1 H2
Ay S13 | Dy E2 | BRDY# J16 | RES3 F19 | ¢c13 | K1 | 417 | E19 | H18
A2 T8 | Dy F4 | BREQ# Rie | RES4 G19 | c14 | K19 | K2 H1 J2
A1z R11 | Dyy D2 | BS8# E17 | RESS N19 | c17 | L1 L3 | H19 | J18
Ais T6 | D2 H4 | BS16# D18 | RES6 P19 | p11 [ L19 | L17 | M1 | L2
Ais S8 | Dy3g E3 | CLK D4 | RES?7 U4 | p12 | R1 | M17 | M19 | L18
Ajg R10 | D14 L4 | D/C# N16 Position D13 | R19 | N3 | Q1 | M2
A;7 R4 | Dis G4 | DPO P4 D14 | U4 | N17 | Q19 | M18
Aig S6 | Dig K4 | DP1 G2 | KEY BS b5 |uo | Q17| st | N2
Aie R5 | D7 E4 | DP2 Ja | PLUG Al 1 F1 | ut0 | s4 | st19 | Ni8
A R9 | Dig D3 | DP3 Bs | PLUG A2 1'g1 [ut1|s7 |us | as
A»y R6 | Djg C2 | EADS# c1s | PLUG Bl ' Hie|ue|s9 |us |Rs
Ay R8 | Dy B2 | FERR# Bi4 N1 S10 | Us | S5
A3 T4 | Dyy C3 | FLUSH# D16 P1 s11 | u12 | 17
A4 R7 | D B3 | HLDA Q16 s18 S12 [ U5 | T9
Axs S3 Dog BS HOLD F16 T1 S15 u17 | T10
A T3 | Das B7 | IGNNE# B16 T5 T
A7z T2 Dos C7 INTR B17 T19 T12
Ag S2 | Dog D8 | KEN# G16 U1 T13
Ay Q3 | Dyy D7 | LOCK# P16 U2 T15
Azg Q4 | Dsg D9 | M/IO# P17 ue
Az; R2 Dyg B9 NMI C16 u7z

Dy D10 | PCD K18 u13

D3y C9 | PCHK# Ri8 uis

PWT M16 u19

NOTE:

‘The Upgrade Socket for Intel486 DX2 Microprocessor-based systems provides orientation guides for Upgrade Processors

via one “KEY” pin and three corner plugs.

12.6.2 PIN DESCRIPTION

The signal pin descriptions for the Upgrade Proces-
sor are identical to the pin descriptions for the
Intel486 DX2 Microprocessor except for the Up-
grade Present pin (UP#) and KEY pin. The pin de-
scriptions for these two signals are shown in Table
12-7.

12.6.3 RESERVED PIN SPECIFICATION

Seven pins in the Upgrade Socket are defined as
reserved. The function of these pins is documented
separately. These signals will be used to implement
a Write Back level 1 (on-chip) cache protocol. These
signals must not be connected unless they are used
to implement a level 1 Write Back solution using the
information available separately.

12-10
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Table 12-7. Upgrade Socket Pin Description

Symbol | Type | Name and Function

Intel486 DX2 CPU INTERFACE

UP# (0] The Upgrade Present pin is used to signal the Intel486 DX2 microprocessor to float its
outputs and get-off the bus. It is active low and is never floated. UP # is driven low at
power-up and remains active for the entire duration of the Upgrade Processor
operation.

KEY PIN

KEY The Key pin is an electrically non-functional pin which provides backward compatibility
to the Upgrade Processor for Intel486 SX/Intel486 DX CPU-based systems and is
used to ensure correct orientation for 169-pin upgrade products. Proper orientation of
the Upgrade Processor for Intel486 DX2 Microprocessor systems (237-pin PGA) is
insured by the three socket contacts which must be plugged (A1, A2, and B1); the
Upgrade Processor will not have pins in these locations.

12.7 D.C./A.C. Specifications Upgrade Processor will be compatible to the maxi-

mum ratings and A.C. Specifications of the Intel486
The electrical specifications in this section represent DX2 Microprocessor. Table 12-8 provides the D.C.
the electrical interface of the Upgrade Processor for Operating Conditions for the Upgrade Processor.

a Intel486 DX2 microprocessor-based system. The

Table 12-8. Upgrade Socket D.C. Parametric Values(1)

Symbol Parameter Min Max Unit Notes
ViL Input Low Voltage —-0.3 +0.8 \"
ViH Input High Voltage 2.0 Voc + 0.3 \"
VoL Output Low Voltage 0.45 " (Note 2)
VoH Output High Voltage 24 Vv (Note 3)
Icc Power Supply Current
CLK = 25 MHz 1600 mA
CLK = 33 MHz 1900
I Input Leakage Current "_r,1 5 pA (Note 4)
i Input Leakage Current 200 pA (Note 5)
liL Input Leakage Current —400 MA (Note 6)
ILo Output Leakage Current +15 pA
CiN Input Capacitance 13 pF Fc = 1 MHz(D
Co 1/0 or Output Capacitance 17 pF Fc = 1 MHz(?
CoLk CLK Capacitance 15 pF Fc = 1 MHz(?)
NOTES:

1. Functional operating range: Vg = 5V; Tg = 0°C to +80°C.
2. This parameter is measured at:

— Address, Data, BEn 4.0 mA

— Definition, Control 5.0 mA
3. This parameter is measured at:

— Address, Data, BEn —1.0mA

— Definition, Control —0.9mA

4. This parameter is for inputs without pullups or pulldowns and 0 < V|y < V.
5. This parameter is for inputs with pulldowns and V| = 2.4V.

6. This parameter is for inputs with pullups and V| = 0.45V.

7. Not 100% tested.
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13.0 CONVERTING AN EXISTING
Intel486™ DX CPU DESIGN

Converting an Intel486 DX CPU system design to an
Intel486 DX2 CPU design provides more perform-
ance for a small difference in cost. Three conversion
possibilities are available as shown in Table 13.1.
Migrating from a 33 MHz Intel486 DX CPU to a 50
MHz Intel486 DX2 CPU could increase performance
by 35%, and migrating from a 25 MHz Intel486 .DX
CPU to a 50 MHz Intel486 DX2 CPU could increase
performance by an average of 70%. See the
Intel486™ DX2 Microprocessor Performance Brief
(Order #241254) for more details on performance.
Conversion can be as easy as replacing one or two
devices.

Table 13.1. Converting Intel486™ DX CPU
Designs to Intel486™ DX2 CPU Designs

Initial Converted Typical
Design Design Performance
(Intel486 DX CPU)|(Intel486 DX2 CPU) Gain
25 MHz 50 MHz 70%
33 MHz 50 MHz 35%
33 MHz 66 MHz 70%

A few system details should be checked first to be
sure the design is ready for the Intel486 DX2 CPU.
Check with your BIOS vendor to be sure any BIOS
issues have been resolved. The BIOS for the
Intel486 DX CPU may have timing loops. Since the
Intel486 DX2 CPU runs instructions twice as fast as
the Intel486 DX CPU, timing loops may no longer
return the required results. Most of the timing loops
have been removed from a standard BIOS, but there
may be some versions that need updating. Another
BIOS issue that may not be critical, is the processor
identification code. There are different ID codes in
the Intel486 DX CPU and the Intel486 DX2 CPU.
The BIOS may need to be modified to identify the
Intel486 DX2 CPU properly. Refer to Table 6.3 for
the component ID code.

Other system parameters to watch out for are the
thermal and power supply specifications. Table 14.2
details the Power Supply Current information, and
Table 15.2 outlines the Thermal Resistance. Since
the processor core runs twice as fast for the same
input clock, the Intel486 DX2 CPU uses more power
and generates more heat than the Intel486 DX CPU.
Be sure that there is adequate cooling and adequate
power built into the design. A heat sink is a recom-
mended method to help provide cooling for the
Intel486 DX2 CPU.
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The system checks mentioned above are common
to all conversions from an Intel486 DX CPU to an
Intel486 DX2 CPU regardless of the speed of the
processor or system.

A few system implications exist for converting from
one frequency to another as shown in Figure 13.1.
The first case is migrating from a 25 MHz Intel486
DX CPU to a 50 MHz Intel486 DX2 CPU (the bus
runs at the same speed for both parts). System
hardware modifications need not be made to plug in
the 50 MHz Intel486 DX2 CPU and achieve the de-
sired performance. When all instructions are running
out of the on-chip cache, performance increases by
a maximum of 100%.

The second case is migrating from a 33 MHz
Intel486 DX CPU to a 50 MHz Intel486 DX2 CPU.
This conversion is a two step process. The first step
is to change the frequency source for the CPU from
33 MHz to 25 MHz. The Intel486 DX2 CPU can then
be inserted into the system. Without any tuning of
the memory and depending on the application, only
a modest performance improvement may be ob-
served. For programs running entirely out of the on-
chip cache, however, performance can increase up
to 50%. There are many factors which contribute to
the performance of an application, including whether
there is a second-level (L2) cache, the cache size if
present, the memory subsystem design, and many
other factors beyond the scope of this introduction.
A comprehensive memory subsystem design guide,
AP469: Cache and Memory Design Considerations
for Intel486™ DX2 Microprocessor, is available
which includes more detailed information on how
each of these many factors affects Intel486 DX2
CPU-based system performance.

Because the Intel486 DX2 core runs twice as fast as
its external bus, it is more sensitive to wait states.
The Intel486 DX2 CPU needs to be fed instructions
and data quickly. Either a high performance memory
subsystem is needed or an external cache should be
added. An external cache benefits the Intel486 DX2
CPU even more than it benefits the Intel486 DX
CPU, and helps to hide the effects of a slower mem-
ory subsystem. The Intel486 DX CPU gains an aver-
age of 3%-9% performance by the addition of a
second-level cache, but the Intel486 DX2 CPU gains
an average of 20-30% performance by adding a
second level cache. It should be noted however,
that an external cache does not preclude the bene-
fits of tuning the memory subsystem.
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Figure 13.1. Flowchart for Intel486™ DX CPU to Intel486™ DX2 CPU Conversion
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The graph shown in Figure 13.2 shows a set of
benchmarks known to have a poor cache hit rate.
This is shown for purposes of memory tuning and
not to be taken as absolute performance. Please re-
fer to the /Intel486™ DX2 Microprocessor Perform-
ance Brief (Order # 241254) for performance de-
tails.

With the absence of a second-level cache, the mem-
ory subsystem becomes critical to gaining perform-
ance when converting from a 33 MHz Intel486 DX
CPU to a 50 MHz Intel486 DX2 CPU. For slow mem-
ory systems without tuning, the 50 MHz Intel486
DX2 CPU can possibly run slower than the 33 MHz
Intel486 DX CPU (see Figure 13.2). By tuning the
memory design, the 50 MHz Intel486 DX2 CPU can
reach equivalent performance to the 33 MHz
Intel486 DX CPU running applications with low
cache hit rates, and increase performance for appli-
cations with higher hit rates. Tuning the memory de-
sign can be done easily by either removing a wait
state from the memory design (if timing permits),
and/or adding faster DRAM and removing wait
state(s) from the memory design.

Changing the wait state configuration for the system
is often done by programming the DRAM controller
in the chip set on the motherboard. Each chip set is
programmed differently at the BIOS level, requiring a
BIOS modification. For testing purposes, the chip
set may be programmed on the fly from a DOS pro-
gram if the register locations are known.

A typical ISA chip set with an L2 cache, for example,
allows 6-4-4-4 bus cycles at 33 MHz with 80 ns
DRAMSs for the Intel486 DX CPU. Without modifying
the memory subsystem, the 50 MHz Intel486 DX2
CPU achieved an average of 7%-12% improve-
ment over the 33 MHz Intel486 DX CPU. By reduc-
ing the bus cycles at 25 MHz to 5-2-2-2 (still with
80 ns DRAMs), the 50 MHz Intel486 DX2 CPU im-
proved to achieve an average of 16%-20% more
performance than the 33 MHz Intel486 DX CPU. By
replacing the DRAMs with faster devices (70 ns) bus
cycles could be reduced to 4-2-2-2 at 25 MHz, im-
proving the performance of the 50 MHz Intel486
DX2 CPU even greater.

A typical EISA solution is shown in Figure 13.3, using
the Intel 82350DT Chip Set, which was specifically
designed to permit variation in CPU type and fre-
quency.

In an 82350DT based design the memory subsys-
tem is controlled by the combination of a flexible
Programmable State Tracker (PST) and a highly
configurable 82359 DRAM Controller. The PST,
which is typically implemented as a 3 to 5 PLD solu-
tion, is responsible for converting the CPU’s clock-
dependent handshake protocol into a clock-less
memory interface protocol. The 82359 in turn uses
the clock-less memory interface protocol to control
main memory as well as to forward host CPU cycles
to the EISA bus if needed. As a result of this clock-

—&— 33 MHz
Intel486 DX
CPU

—0— 33 MHz
Intel486 DX
CPU
w/ cache

—— 50 MHz
Intel486 DX2
CPU

—O— 50 MHz
Intel486 DX2
CPU
w/ cache

140.00% 1
120.00% -
100.00% J

80.00%-1-- - -

Average Performance

—_

0.00%

0000(0) 312'1(6) 312
0(0) 2(6) 3(6)

Decreasing Memory

1(6) 3222(7) 3222(8) 4222(8) 4333(8) 6444(3)

Cycles (Page Miss) / Write Bus Cycles (Page Miss)

2(6) 3(6) 3(6) 3(6) 4(7)

Subsystem Performance - Read Bus

241245-94

Figure 13.2. Performance of 50 MHz Intel486™ DX2 CPU vs. 33 MHz Intel486™ DX CPU
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less protocol, the system design becomes indepen-
dent of the CPU and cache combination being used
and the speed of the CPU clock. Therefore, whenev-
er a new CPU and cache combination is to be used
with an 82350DT based system, the only re-design
that is necessary is to the CPU subsection, leaving
the main memory and EISA subsections unchanged.
Typically, this CPU subsection re-design entails
modifying only the PST functionality and the pro-
grammable registers of the 82359.

There are five steps to determine whether wait
states can be removed from the main memory de-
sign of an 82350DT system when converting from a
33 MHz Intel486 DX CPU to a 50 MHz Intel486 DX2
CPU. An overview of these five steps is covered
here; the system designer is referred to the
82350DT EISA Chip Set Design Guide (Order
#296911) for detailed design information.

1. Calculate the 82359 delay line tap values for opti-
mal 25 MHz operation

Determine all memory cycle lengths for operation
at 25 MHz

. Re-evaluate the PST design (deterministic &
snoop cycle trackers)
. Modify the PLD equations for the PST

. Update system BIOS to reflect new 82359 pro-
grammable register values

2.

Step one is to perform a timing analysis of the main
memory subsystem to determine the minimurn num-
ber of CPU clocks required for each memory cycle.
Once the memory cycle lengths are known, the PST
design can be re-evaluated with the goal of remov-
ing unnecessary weit states. Before the system de-
signer can determine the memory cycle lengths, the
delay line timings of the 82359 must be analyzed.

The timing for the DRAM control and address sig-
nals of the 82358 is based on four integrated asyn-
chronous delay line elements which can be con-
trolled by the 82359 programmable registers. Once
the delay line tap values have beer verified or modi-
fied, the system designer should determine the mini-
mum number of CPU clocks required for the differ-
ent memory cycles (i.e., read page hit, page miss
write, burst read, etc.). Armed with the delay line tap
programming values and the number of CPU clocks
required for each type of memory cycle, the system
designer can now evaluate the PST design to deter-
mine if any unneeded wait states can be removed.

The PST for an 82350DT based systsm can be sep-
arated into four primary functions: bus cycle control
(including arbitration and posted write control), cycle
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length tracking, CPU “Ready” generation, and
cache invalidation control. Although the PST con-
tains a number of state machines only a few of the
state machines need to be re-evaluated to deter-
mine whether any wait states can be removed for
converting from a 33 MHz Intel486 DX CPU to a
50 MHz Intel486 DX2 CPU. The state machines that
need to be re-evaluated are the deterministic cycle
tracker and the snoop cycle tracker.

The deterministic cycle tracker is responsible for
generating RDY or BRDY to the CPU and cache for
cycles that are deterministic in length. All main mem-
ory cycles, except locked cycles which require EISA
arbitration, are deterministic cycles. Once the deter-
ministic cycle tracker knows that a deterministic cy-
cle is occurring, it uses the 82359 CYCLN(2:0) and
PAGEHIT # outputs to determine when to generate
RDY or BRDY to the CPU. For burst cycles the de-
terministic cycle tracker also uses the IF(1:0) and
SPEED(1:0) outputs of the 82359 for generating
BRDY. After this analysis has been completed the
system designer can then determine if the determi-
nistic cycle tracker can be optimized to take advan-
tage of converting from a 33 MHz Intel486 DX CPU
to a 50 MHz Intel486 DX2 CPU.

The other state machine that must be re-evaluated
for correct system functionality is the snoop cycle
tracker. The snoop cycle tracker state machine de-
sign must meet two goals; respond to a SNUPRQ
with a SNUPACK # within 180 ns (based on an EISA
burst write cycle), and maintain a snoop cycle fre-
quency capability that is equal to or faster than the
fastest system bus master write cycle frequency.
Due to the change of CPU clock frequency from
33 MHz to 25 MHz, the system designer must re-
evaluate the snoop cycle tracker state machine to
determine if the two design goals are still being met
in the 50 MHz Intel486 DX2 CPU implementation.

In conclusion, when converting an 82350DT based
design from a 33 MHz Intel486 DX CPU to a 50 MHz
Intel486 DX2 CPU the system designer must re-eval-
uate the main memory cycle timings to determine
whether the PST and 82359 programmable registers
need to be modified to take advantage of the in-
creased performance benefits of the 50 MHz
Intel486 DX2 CPU. Once the system designer has
decided to modify the PST and the 82359 program-
mable registers, the conversion from a 33 MHz
Intel486 DX CPU to a 50 MHz Intel486 DX2 CPU is
usually just as simple as modifying the PLD equa-
tions, re-programming the PST PLDs, and upgrading
the system BIOS to reflect the new 82359 program-
mable register values.
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14.0 ELECTRICAL DATA

The following sections describe recommended elec-
trical connections for the Intel486 DX2 microproces-
sor, and its electrical specifications.

14.1 Power and Grounding

14.1.1 POWER CONNECTIONS

The intel486 DX2 microprocessor is implemented in
CHMOS V technology and has modest power re-
quirements. However, its high clock frequency out-
put buffers can cause power surges as multiple out-
put buffers drive new signal levels simultaneously.
For clean on-chip power distribution at high frequen-
¢y, 24 Vgc and 28 Vgg pins feed the Intel486 DX2
microprocessor.

Power and ground connections must be made to all
external Vg and GND pins of the Intel486 DX2 mi-
croprocessor. On the circuit board, all Vg pins must
be connected on a Vg plane. All Vgg pins must be
likewise connected on a GND plane.

14.1.2 POWER DECOUPLING
RECOMMENDATIONS

Liberal decoupling capacitance should be placed
near the Intel486 DX2 microprocessor. The Intel486
DX2 microprocessor driving its 32-bit parallel ad-
dress and data busses at high frequencies can
cause transient power surges, particularly when driv-
ing large capacitive loads.

Low inductance capacitors and interconnects are
recommended for best high frequency electrical per-
formance. Inductance can be reduced by shortening
circuit board traces between the Intel486 DX2 micro-
processor and decoupling capacitors as much as
possible. Capacitors specifically for PGA packages
are also commercially available.

14.1.3 OTHER CONNECTION
RECOMMENDATIONS

N.C. pins should always remain unconnected.

For reliable operation, always connect unused in-
puts to an appropriate signal level. Active LOW in-
puts should be connected to Vgc through a pullup
resistor. Pullups in the range of 20 KQ are recom-
mended. Active HIGH inputs should be connected to
GND.

14.2 Maximum Ratings

Table 14.1 is a stress rating only, and functional op-
eration at the maximums is not guaranteed. Function
operating conditions are given in 14.3 D.C. Specifi-
cations and 14.4 A.C. Specifications.

Extended exposure to the Maximum Ratings may af-
fect device reliability. Furthermore, although the
Intel486 DX2 microprocessor contains protective cir-
cuitry to resist damage from static electric discharge,
always take precautions to avoid high static voltages
or electric fields.

Table 12.1. Absolute Maximum Ratings

Case Temperature under Bias ... —65°Cto +110°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

Respect to Ground. ......... —0.5t0 Vg + 0.5V

' Supply Voltage with

14-1

Respect to Vgs —0.5Vto +6.5V
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14.3 Intel486 DX2 D.C. Specifications

Functional Operating Range: Vog = 5V £5%; Tcase =

0°C to +85°C

Table 14-2. DC Parametric Values

Symbol Parameter Min Max Unit Notes
ViL Input Low Voltage -03 +0.8 \"
VIH Input High Voltage 2.0 Veg 0.3 \"
VoL Output Low Véltage Vv (Note 1)
VoH Output High Voltage \" (Note 2)
lcc Power Supply Current

(66 MHz) mA (Note 3)

(50 MHz)
lccr Power Supply Current in mA (Note 8)

Power Down Mode
I Input Leakage Current BA (Note 4)
IH Input Leakage Current RA (Note 5)
IR Input Leakage Current« : —400 nA (Note 6)
ILo Output Leakage Current +15 pA
CiNn Input Capacitance 13 pF Fc = 1 MHz (Note 7)
Co 1/0 or Output Capacitance 17 pF Fc = 1 MHz (Note 7)
CcLk CLK Capacitance 15 pF Fc =1 MHz (Note 7)
NOTES:

1. This parameter is measured at:
Address, Data, BEn 4.0 mA
Definition, Control 5.0 mA

2. This parameter is measured at:
Address, Data, BEn —1.0 mA
Definition, Control —0.9 mA

3. Typical supply current:

775 mA @ 50 MHz
975 mA @ 66 MHz

4. This parameter is for inputs without internal pullups or pulldowns and 0 < Vy < Vce.

5. This parameter is for inputs with internal pulldowns and V| =

2.4V.

6. This parameter is for inputs with internal pullups and Vi = 0.45V.

7. Not 100% tested. :

8. The Iccr specification in the above table is a target value. It has not been tested.

i14.4 A.C. Specifications

The A.C. specifications, given in Table 14.3, consist
of output delays, input setup requirements and input
hold requirements. All A.C. specifications are rela-
tive to the rising edge of the CLK signal.

A.C. specifications measurement is defined by Fig-

ures 14.1-14.7. All timings are referenced to 1.5V
unless otherwise specified. Inputs must be driven to

14-2

the voltage levels indicated by Figure 14.3 when
A.C. specifications are measured. Intel486 DX2 mi-
croprocessor output delays are specified with mini-
mum and maximum limits, measured as shown. The
minimum Intel486 DX2 microprocessor delay times
are hold times provided to external,circuitry. Intel486
DX2 microprocessor input setup and hold times are
specified as minimums, defining the smallest ac-
ceptable sampling window. Within the sampling win-
dow, a synchronous input signal must be stable for
correct Intel486 DX2 microprocessor operation.
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Table 14.4.1. 50 MHz Intel486 DX2 Microprocessor A.C. Characteristics
Vce = 5V +£5%; Teage = 0°C to +85°C; C; = 50 pF unless otherwise specified

Symbol Parameter Min| Max | Unit| Figure Notes
Frequency 8 | 25 |MHz 1X Clock Driven to Intel486 DX2
Y CLK Period 40| 125 | ns 141
t1a CLK Period Stability 0.1%| A Adjacent Clocks
t2 CLK High Time 14 ns 141 |at2v
t3 CLK Low Time 14 ns 1441 at0.8v
t4 CLK Fall Time 4 ns 1441 2V+t0 0.8V
ts CLK Rise Time 4 ns 1441 0.8Vto2Vv
fe A2-A31, PWT, PCD, BEO-3#, 3] 19 | ns 14.5

M/10#,D/C#,W/R#, ADS #,
LOCK#, FERR#, BREQ, HLDA
Valid Delay

t7 A2-A31, PWT, PCD, BEO-3#, 28 | ns 146 |(Note 1)
M/10#,D/C#, W/R#, ADS #,
LOCK # Float Delay

tg PCHK# Valid Delay 3| 24 | ns 14.4 | (Note 3)

tga BLAST#, PLOCK# Valid Delay 3| 24 | ns 14.5 |(Note 3)

tg BLAST #, PLOCK # Float Delay 28 | ns 14.6 | (Note 1)

t10 D0-D31, DP0-3 Write Data Valid 3 20 | ns 14.5 (Note 3)
Delay

t14 D0-D31, DP0O-3 Write Data Float 28 | ns 146 |(Note 1)
Delay

t12 EADS # Setup Time 8 ns 14.2

t3 EADS # Hold Time 3 ns 14.2

t14 KEN#, BS16#, BS8# Setup Time | 8 ns 14.2

t15 KEN#, BS16#, BS8# Hold Time 3 ns 14.2

t1e RDY #, BRDY # Setup Time 8 ns 143

t17 RDY #, BRDY # Hold Time 3 ns 14.3

ts HOLD, AHOLD, BOFF # Setup Time| 8 ns 14.2

tg HOLD, AHOLD, BOFF # Hold Time | 3 ns 14.2

t20 RESET, FLUSH#, A20M #, NMI, 8 ns 14.2 | (Note 4)

INTR, IGNNE # Setup Time

to1 RESET, FLUSH#, A20M #, NMI, 3 | ns 14.2 [(Note 4)
INTR, IGNNE # Hold Time

too D0-D31, DP0-3, A4-A31 Read 5 ns [14.2,14.3
Setup Time

to3 D0-D31, DP0-3, A4—-A31 Read 3 ns [14.2,14.3
Hold Time

NOTES:

1. Not 100% tested. Guaranteed by design characterization.

2. All timing specifications assume C| = 50 pF. Charts 14.4.3 provides the charts that may be used to determine the delay
due to derating, depending on the lumped capacitive loading, that must be added to these specification values.

3. The minimum Intel486 DX2 output valid delays are hold times provided to external circuitry.

4. A reset pulse width of 15 CLK cycles is required for warm resets. Power-up resets require RESET to be asserted for at
least 1 ms after Ve and CLK are stable.

14-3



intelo Intel486™ DX2 MICROPROCESSOR PRELIMINARY

Table 14.4.2 66 MHz Intel486 DX2 Microprocessor A.C. Characteristics
Veg = 5V £5%; Tease = 0°C to +85°C; C; = 50 pF unless otherwise specified (Note 2)

Symbol Parameter Min | Max | Unit| Figure Notes
Frequency 1 8 33 |MHz 1X Clock Driven to Intel486 DX2
t4 CLK Period 30| 125 | ns 141
t1a CLK Period Stability 0.1%| A Adjacent Clocks
to CLK High Time 11 ns 141 atav
t3 CLK Low Time 11 ns 14.1 at0.8v
t4 CLK Fall Time 3 ns 141 2Vt0 0.8V
ts CLK Rise Time 3 ns 141 0.8V to
ts A2-A31, PWT, PCD, BEO-3 #, 3| 14 | ns
M/IO#,D/C#, W/R#, ADS#,
LOCK#, FERR#, BREQ, HLDA
Valid Delay
t7 A2-A31, PWT, PCD, BEO-3#,
M/IO#,D/C#, W/R#, ADS#,
LOCK# Float Delay
ts PCHK # Valid Delay
tga BLAST #, PLOCK # Valid Delay (Note 3)
tg BLAST #, PLOCK # Float Del ,y (Note 1)
t1o DO-D31, DPO- Vi (Note 3)
Delay ¢
t11 D0-D31, DP0-3 wmg E:git Float, ’ . (Note 1)
Delay . Qb
t1o EADS# Setup Time P ns | 142
t13 EADS # Hold Time 1 ns 14.2
t1a KEN#, BS16#, BS8# 5 ns 14.2
t45 3 ns 14.2
t1e ) 5 ns 14.3
t17 RDY #, B # Hold Time 3 ns 143
t1s HOLD, AHGLD, Setup Time 6 ns 14.2
t18a BOFF # Setup Time 7 ns 14.2
t19 HOLD, AHOLD, BOFF # Hold Time | 3 ns 14.2
too RESET, FLUSH#, A20M#, NMI, 5 ns 14.2 [ (Note 4)
INTR, IGNNE # Setup Time _
toq RESET, FLUSH#, A20M #, NMI, 3 ns 14.2° | (Note 4)
. INTR, IGNNE # Hold Time
too D0-D31, DP0-3, A4-A31 Read 5 ns |14.2,143
Setup Time
to3 D0-D31, DP0-3, A4-A31 Read 3 ns |14.2,14.3
Hold Time
NOTES:

1. Not 100% tested. Guaranteed by design characterization.

2. All timing specifications assume C_ = 50 pF. Charts 14.4.3 provides the charts that may be used to determine the delay
due to derating, depending on the lumped capacitive loading, that must be added to these specification values.

3. The minimum Intel486 DX2 output valid delays are hold times provided to external circuitry.

4. A reset pulse width of 15 CLK cycles is required for warm resets. Power-up resets require RESET to be asserted for at
least 1 ms after Vg and CLK are stable.
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Table 14.4.3. Intel486 DX2 Microprocessor A.C. Characteristics for Boundary Scan Test Signals

Vee = 5V +£5%, Tease = 0°C to +85°C,C. = 0 pF
All Inputs and Outputs are TTL Level (Note 4)
Symbol Parameter Min Max Unit Figure Notes
tog TCK Frequency 25 MHz 1x Clock
tos TCK Period 40 ns (Note 2)
tog TCK High Time 10 ns at 2.0V
to7 TCK Low Time 10 ns at0.8Vv
tog TCK Rise Time 4 ns (Note 1)
tag TCK Fall Time 4 ns (Note 1)
t30 TDI, TMS Setup Time 8 ns 14.7 (Note 3)
t31 TDI, TMS Hold Time 7 ns 14.7 (Note 3)
t30 TDO Valid Delay 3 25 ns 14.7 (Note 3)
tas TDO Float Delay TBD
34 All Outputs (Non-Test) Valid Delay 3 25 ns 147 (Note 3)
t35 All Outputs (Non-Test) Float Delay 36 ns 14.7 (Note 3)
t36 All Inputs (Non-Test) Setup Time 8 ns 14.7 (Note 3)
t37 All Inputs (Non-Test) Hold Time 7 ns 14.7 (Note 3)
NOTES:
; é:?(i)s(f/Fall times are measured between 0.8V and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10 ns increase in TCK

2. TCK period = CLK period.

3. Parameter measured from TCK.

4. Boundary Scan A.C. Specifications in the above table are target values. They have not been characterized. Therefore
they are subject to change.

14-5



Intel486™ DX2 MICROPROCESSOR PRELIMINARY

I t 1

241245-70

Tx ‘ Tx Tx Tx
CLK |: \ 71 \ 7(

ST\ G m—
L h

e s [ X

RESET, FLUSH#,

A20M#, IGNNE#, |: AN

INTR, NMI

e w“—@_’ %

A

A

P
A

Z|

A

241245-71
Figure 14.2. Input Setup and Hold Timing
Ty Tx Tx Tx
CLK |: 71 \ ;l \
(19 17
RDY#, BRDY# I: NN N— 1.5v
. r—@—' 23
oro-ors | \NNNK N— v
241245-72

~ Figure 14.3. Input Setup and Hold Timing

14-6



Intel486™ DX2 MICROPROCESSOR

PRELIMINARY

T, Tx Tx Tx
CLK [ / \ ;f \
srove, rove [ AWM AR
DO-D31 \}
DPO-DP3 I: W VALID N
MIN
MAX
PCHKs# I: VALID m
241245-73
Figure 14.4. PCHK # Valid Delay Timing
Tx Tx Tx Tx
o [ N/ \ \
MIN
A2-A31, PWT, PCD, @ MAX
BEO-3#, M/IO#, ]
D/C#,W/R#, ADS#, [ VALID n VALID n+1
LOCK#, FERR#, BREQ, —t
HLDA MAX
]
D0-D31, DPO-3,
(WRITE) [ VALID n VALID n+1
MIN
BLAST#, PLOCK# [ VALID n VALID n+1
241245-74
Figure 14.5. Output Valid Delay Timing
Tx Tx Tx Tx
e [ \_1 \ \
MIN
A2-A31, PWT, PCD, O
BEO-3#,M/I0#, —
D/C#,W/R#, ADS#, [
LOCK#, FERR#, BREQ,
HLDA
D0-D31, DPO-3, [
(WRITE)
BLAST#, PLOCK# I:
241245-75

Figure 14.6. Maximum Float Delay Timing

14-7



inteL Intel486™ DX2 MICROPROCESSOR PRELIMINARY

— '\j’zs N/

TCK

TDI, TMS

KAXXXXXXX)

—t34 135
signats QQQQQQOOOXXX X j——

t36>1e—1t37
Input
Signals

Figure 14.7. Test Signal Timing Diagram

241245-76

14.4.1 TYPICAL OUTPUT VALID DELAY VERSUS LOAD CAPACITANCE UNDER WORST CASE
CONDITIONS FOR THE 50 MHz AND 66 MHz INTEL486 DX2 CPU

nom+6

TYPICAL OUTPUT DELAY (ns)

75 100
NOTE C, (picofarads)

This graph will not be linear outside of the C|_ range shown.
nom=nominal value given in A.C. Characteristics table.

125 150

241245-77

14.4.2 TYPICAL OUTPUT RISE TIME VERSUS LOAD CAPACITANCE UNDER WORST-CASE
CONDITIONS

RISE TIME (ns) 0.8V-2.0V

75 100 125 150

C_ (picofarads)
241245-80

NOTE:
This graph will not be linear outside of the C|_ range shown.
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14.4.3.a TYPICAL LOADING DELAY VERSUS CAPACITIVE LOADING UNDER WORST-CASE
CONDITIONS FOR A HIGH TO LOW TRANSITION ON THE INTEL486 DX2 CPU

: 2
‘ //
) i
1 /

Loading Delay
(ns)

0 25 50 100 150

Capacitive Loading (pF)

241245-78

14.4.3.b TYPICAL LOADING DELAY VERSUS CAPACITIVE LOADING UNDER WORST-CASE
CONDITIONS FOR A LOW TO HIGH TRANSITION ON THE INTEL486 DX2 CPU

3

2.5

. i

1.5

1

Loading Delay 0.5
(ns) ’

0 25

50

Capacitive Loading (pF)

150

241245-79
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15.0 MECHANICAL DATA

SEATING

D PLANE ]
0, — A~
Sy— A3—>4_<—

“:“E’gs [CNONORCRONONONORONORONONONONONCKO) ‘
}__@@@@@@@@@@@@@@@@@ f
r.@@@@@@@@@@@@@@@@@ e

(CXOXO)] (ONOXO]
(ONOXO) @O0
®e06 — ®O® PN
©O06 ©e06 @B (ALL PINS)
000 / \ @00
[CXCXO] (ONCONON I
©00 ©00 F
PIN C3 [CXOXO) (ONONO] SWAGGED
Neoo N S @O0 DETAIL
[OXCXO)]
© QO (ONOXO)
[ONOR © FONONONONORORONONONONON o YOKO)
[CRCNORCXONONCNORONOROXONORONOACKOC)
i_\@@@@@@@@@@@@cra@@
2.29 REF. SWAGGED 4
1.22 (4PI:L) ’ BASE —
(INDEX CORNER) PLANE
241245-81
Family: Ceramic Pin Grid Array Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 3.56 4.57 0.140 | 0.180
Aq 0.64 114 | SOLIDLID | 0.025 | 0.045 | SOLIDLID
Ao 2.8 3.5 SOLIDLID | 0.110 | 0.140 | SOLIDLID
Ag 1.14 1.40 0.045 0.055
B 0.43 0.51 0.017 0.020
D 44.07 44.83 1.735 1.765
Dy 40.51 40.77 1.595 1.605
eq 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 | 0.130
168 168
S 1.52 2.54 0.060 | 0.100

Figure 15.1. 168 Lead Ceramic PGA Package Dimensions
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Table 15.1 Ceramic PGA Package Dimension Symbols

Lse;:;;r Description of Dimensions
A Distance from seating plane to highest point of body
Aq Distance between seating plane and base plane (lid)
Ao Distance from base plane to highest point of body
Az Distance from seating plane to bottom of body
B Diameter of terminal lead pin
D Largest overall package dimension of length
D4 A body length dimension, outer lead center to outer lead center
€4 Linear spacing between true lead position centerlines
L Distance from seating plane to end of lead
Sq Other body dimension, outer lead center to edge of body

NOTES:
1. Controlling dimension: millimeter.
2. Dimension “e4” (“e”) is non-cumulative.

3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch.

4. Dimensions “B”, “B4” and “C” are nominal.
5. Details of Pin 1 identifier are optional.

15.1 Package Thermal Specifications

The Intel486 DX2 microprocessor is specified for op-
eration when T¢ (the case temperature) is within the
range of 0°C-85°C. Tg may be measured in any en-
vironment to determine whether the Intel486 DX2
microprocessor is within specified operating range.
The case temperature should be measured at the
center of the top surface opposite the pins.

The ambient temperature (Tp) is guaranteed as long
as T¢ is not violated. The ambient temperature can
be calculated from 6,c and 64 from the following
equations.

Ty=Tc+P*0,c
Ta=Ty—P*0ya
Ta=Tc — (P~ 6ca)

© Tc=Ta+ P*[6ja - 64l

where Ty, Ta, Tc = Junction, Ambient and Case
Temperature respectively. 64c, ;o = Junction-to-
Case and Junction-to-Ambient Thermal Resistance,
respectively.

P = Maximum Power Consumption

The values for 844 and 6,c are given in Table 13.2
for the 1.75 sq. in., 168-pin, ceramic PGA.

Table 13.3 shows the Tp allowable (without exceed-
ing T¢) at various airflows and operating frequencies
(foLk)-

Note that Ty is greatly improved by attaching “fins”
or a “heat sink” to the package. P (the maximum
power consumption) is calculated by using the maxi-
mum Igc at 5V as tabulated in the DC Characteris-
tics of Section 14.

Table 15.2. Thermal Resistance (°C/W) 6,¢c and 6¢ca for the 50 MHz and 66 MHz Intel486 DX2 CPU

Oca vs Airflow—ft/min (m/sec)
bac 0 200 400 600 800 1000
) (1.01) (2.03) (3.04) (4.06) (5.07)
With Heat Sink* 25 10.5 7.0 45 3.5 3.0 25
Without Heat Sink 20 16 14.0 10.5 9.0 8.0 75

*0.350"” high omnidirectional heat sink (Al alloy 6063, 40 mil fin width, 155 mil center-to-center fin spacing).
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Heat Sink Dimensions

e e —

0.350"

1.53"

241245-82

Table 15.3. Maximum T at Various Airflows In°C

Airflow-ft/min (m/sec)
0 200 400 600 800 1000
(0) (1.01) (2.03) (3.04) (4.06) (5.07)
Ta with Heat Sink 50 MHz 32.6 50.0 62.5 67.5 70.0 72.5
66 MHz 18.9 40.9 56.7 62.9 66.1 69.3
Ta without Heat Sink 50 MHz 5.2 15.1 32.6 40.1 451 47.6
66 MHz —15.8 —-3.2 18.9 28.3 34.6 37.8
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16.0 SUGGESTED SOURCES FOR
INTEL486 DX2 ACCESSORIES

Following are some suggested sources of accesso-
ries for the Intel486 DX2. They are not an endorse-
ment of any kind, nor a warranty of the performance 1.

Heat Sinks/Fins
AAVID Engineering, Inc.

of any of the listed products and/or companies.

Sockets

1. McKenzie Technology
44370 Old Palmspring Blvd.
Fremont, CA 94538
Tel: (415) 651-2700

2. E-CAM Technology, Inc.
14455 North Hayden Rd.
Suite 208

One Kool Path

P.O. Box 400
Laconia, NH 03247
Tel: (603) 528-3400

TTL Crystals/Oscillators

1.

NFL Frequency Controls, Inc.
357 Beloit Street

Burlington, WI 53105

Tel: (414) 763-3591

Scottsdale, AZ 85260 2. M-Tron
Tel: (602) 443-1949 P.O. Box 630

3. Augat Inc. (for sockets with decaps) Yankton, SD 57078
Interconnection Products Group Tel: (605) 665-9321
33 Perry Ave.
P.O. Box 779 Debugging Tower

Attleboro, MA 02703
Tel: (508) 222-2202

16-1
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2344 Walsh Ave., Building F
Santa Clara, CA 95051
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ALABAMA

Intel Corp.

5015 Bradford Dr., #2
Huntsville 35805

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

ARIZONA

tintel Corp.
410 Nonh 44th Street

Suite 500

Fhoenlx 85008

Tel: (602) 231-0386
FAX: (602) 244-0446

Intel Corp.

7225 N. Mona Lisa Rd.
Suite 215

Tucson 85741

Tel: (602) 544-0227
FAX: (602) 544-0232

CALIFORNIA

tintel Corp.

21515 Vanowen Street
Suite 116

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

Tintel Corp.

300 N. Continental Blvd.
Suite 100

El Segundo 90245

Tel: (213) 640-6040
FAX: (213) 640-7133

Intel Corp.

1 Sierra Gate Plaza
Suite 280C

Roseville 95678

Tel: (916) 782-8086
FAX: (916) 782-8153

tintel Corp.

9665 Chesapeake Dr.
Suite 3.

San Dlego 92123
Tel: (619) 292-8086
FAX: (619) 292-0628

tintel Corp.*

400 N. Tusun Avenue
Suite 450

Santa Ana 92705
Tel: (714) 835-9642
TWX: 910-595-1114
FAX: (714) 541-9157

tintel Corp.*
San Tomas 4

2700 San Tomas Expressway

2nd Floor

Santa Clara 95051
Tel: (408) 986-8086
TWX: 910-338-0255
FAX: (408) 727-2620

COLORADO

Intel Corp.

4445 Northpark Drive
Suite 100

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

tintel Corp.*

600 S. Cherry St.
Suite 700

Denver 80222

Tel: (303) 321 8086
TWX: 910-931-228

FAX: (303) 322-8670

CONNECTICUT
‘tintel Corp.

301 Lee Farm Corporate Park

83 Wooster Heights Rd.
Danbury 06810

Tel: (203) 748-3130
FAX: (203) 794-0339

1Sales and Service Office
*Field Application Location

DOMESTIC SALES OFFICES

FLORIDA

tintel Corp.

800 Fairway Drive
Suite 160

Deerfield Beach 33441
Tel: (305) 421-0506
FAX: (305) 421-2444

tintel Corp.
5850 T.G. Lee Blvd.
Suute 340

Tel (407) 240 8000
FAX: (407) 240-8097

Intel G

11300 4th Street North
Suite 170

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

GEORGIA

tIntel Corp.

20 Technology Parkway
Suite 150

Norcross 30092

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

ILLINOIS

intel Cor J)
Woodfield Corp. Center Il
00 N Martingale Road

;chaumburg 60173
Tel: (708) 605-8031
FAX: (708) 706-9762

INDIANA

tinte! Corp.

8910 Purdue Road
Suite 350
Indianapolis 46268
Tel: (317) 875-0623
FAX: (317) 875-8938

IOWA
Intel Corp.

1930 St Andrews Drive N.E.

2nd Flo
Cedar Rapxds 5240;
Tel: (319) 393-! 5510

KANSAS

tintel Corp.

10985 Cody St.
Suite 140

Overland Park 66210
Tel: (913) 345-2727
FAX: (913) 345-2076

MARYLAND

tintel Corp.*

10010 Junction Dr.

Suite 200

Annapolis Junction 20701

Tel: (301) 206-2860

FAX: (301) 206-3677
(301) 206-3678

MASSACHUSETTS

tintel Corp.*

Westford Corp. Center
3 Carlisle Road

2nd Floor

Westford 01886

Tel: (508) 692-0960
TWX: 710-343-6333
FAX: (508) 692-7867

MICHIGAN

tintel Corp.

7071 Orchard Lake Road
Suite 1

West Bloomﬂeld 48322
Tel: (313) 851-8096

FAX: (313) 851-8770

MINNESOTA

Fintel Corp.

3500 W. 80th St.
Suite 360
Bloomington 55431
Tel: (612) 835-6722
TWX: 910-576-2867
FAX: (612) 831-6497

MISSOURI

tintel Corp.
3300 Rider Trail South
Sune 170

o (313' 2911990
FAX: (314) 291-4341

NEW JERSEY

Inte! Corp.

Arbor Circle South

8 Campus Dnve
Parsippany 0

Tel: 201) 455 1868
FAX: (201) 644-0680

tintel Corp.*

Lincroft Office Center
125 Half Mile Road
Red Bank 07701

Tel: (908) 747-2233
FAX: (908) 747-0983

NEW YORK

Intel Corp.*

850 Crosskeys Office Park
Fairport 14450

Tel: (716) 425-2750

TWX: 510-253-7391

FAX: (716) 223-2561

tintel Corp.*

2950 Express Dr., South
Suite 130

Islandia 11722

Tel: (516) 231-3300
TWX: 510-227-6236
FAX: (516) 348-7939

tinte! Co

p.
300 Westage Business Center
Suite 230

Fishkill 12524
Tel: (914) 897-3860
FAX: (914) 897-3125

Intet Corp.

Seventeen State Street
Suite 1400

New York 10004

Tel: (212) 248-8086
FAX: (212) 248-0888

NORTH CAROLINA

tintel Corp.

5800 Executive Center Dr.
Suite 105

Charlotte 28212

Tel: (704) 568-8966

FAX: (704) 535-2236

tintel Corp.

5540 Centerview Dr.
Suite 215

Raleigh 27606

Tel: (919) 851-9537

FAX: (919) 851-8974

OHIO

tintel Corp.*
3401 Park Center Drive
Sunte 220

Day
T (513) ago 5350
TWX: 810-450-2528
FAX: (513) 890-8658

tintel Corp.*

p.
25700 Science Park Dr.

Suite 100
Beachwood 44122
Tel: (216) 464-2736
TWX: 810-427-9298
FAX: (804) 282-0673

OKLAHOMA

Intel G g

gsm N. - roadway
Oklahoma City 73162
Tel: (405) 848-8086
FAX: (405) 840-9819

OREGON
tintel Corp.

15254 N.W. Greenbrier Pkwy.

Building B
Beaverton 97006
Tel: (503) 645-8051
TWX: 910-467-8741
FAX: (503) 645-8181

PENNSYLVANIA

tintel Corp.*

925 Harvest Drive
Suite 200

Blue Bell 19422

Tel: (215) 641-1000
FAX: (215) 641-0785

tintel Corp.*

400 Penn Center Bivd.
Suite 610

Pittsburgh 15235

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

PUERTO RICO
tintel Corp.

South Industrial Park
P.O. Box 910

Las Piedras 00671
Tel: (809) 733-8616
TEXAS

tintel Co

orp.
8911 N. Capltal of Texas Hwy.

Suite 4230

Austin 78759

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

tintel Corp.*

12000 Ford Road
Suite 400

Dallas 75234

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

tintel Corp.*

7322 S.W. Freeway
Suite 1490
Houston 77074

FAX: (71 3) 988-3660

UTAH

tintel Corp.

428 East 6400 South
Suite 104

Murray 84107

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

VIRGINIA

tintel Corp.

9030 Stony Point Pkwy.
Suite 3

Rlchmond 23235

Tel: (804) 330-9393
FAX: (804) 330-3019

WASHINGTON

tintel Corp.
155 108th Avenue N.E.

Sui
Bellevue 98004

FAX: (206) 451-9556

Intel Corp.

408 N. Mullan Road

Suite 102

Spokane 99206

Tel: (509) 928-8086

FAX: (509) 928-9467

WISCONSIN

Intel Corp.

330 S. Executive Dr.
Suite 102

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

CANADA

BRITISH COLUMBIA

Intel Semiconductor of

Canada, Ltd.

48535 Canada Way
uite

Bumaby V5G 4L6

Tel: (604) 298-0387

FAX: (604) 298-8234

ONTARIO
Tlntel Sar&nconductor of

2650 Queensview Drive
Suite 250

Ottawa K2B 8H6

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

tintel Semiconductor of
Canada, Ltd.

190 Attwell Drive

Suite 500

Rexdale MOW 6H8

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

QUEBEC

tintel Semiconductor of
Canada, Ltd.

1 Rue Holiday

Suite 115

Tour East

Pt. Claire H9R 5N3

Tel: (514) 694-9130
FAX: 514-694-0064

CG/SALE/073191
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FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
FAX: (358) 0 544 030

FRANCE

Intel Corporation S.A.R.L.
1, Rue Edison-BP 303
78054 St. Quentin-en-Yvelines

Cedex
Tel: (33) (1) 30 57 70 00
FAX: (33) (1) 30 64 6032

GERMANY

Intel GmbH

Dornacher Strasse 1

8016 Feldkirchen bei Muenchen
Tel: (49) 089/90992-0

FAX: (49) 089/904/3948

EUROPEAN SALES OFFICES

Intel GmbH

Abraham Lincoln Strasse 16-18
6200 Wiesbaden

Tel: (49) 06121/7605-0

FAX: (49) 06121 718615

Intel GmbH

Zettachring 10A

7000 Stuttgart 80

Tel: (49) 0711/7287-280
FAX: (49) 0711 7280137

ISRAEL

Intel Semiconductor Ltd,

Atidim |ndus|nal Park-Neve Sharet
P.O. Box 43202

Tel-Aviv 61430

Tel: (972) 03-498080

FAX: (972) 03-491870

ITALY

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

20094 Assago

Milano

Tel: (39) (02) 89200950
FAX: (39) (2) 3498464

NETHERLANDS

Intel Semiconduclor B.V.
Postbus 8413
30 CC Rotterdam

Tel: (31) 10 407 11 11
FAX: (31) 10 455 46 88

SPAIN

Intel Iberia S.A.
Zurbaran, 28
28010 Madrid

Tel: (34) 308 25 52
FAX: (34) 410 7570

SWEDEN

Intel Sweden A.B.
Dalvagen 24

171 36 Solna

Tel: (46) 8 734 01 00
FAX: (46) 8 278085

SWITZERLAND

Intel Semiconductor A.G.
Zuerichstrasse

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

FAX: (41) 01/860 0201

UNITED KINGDOM

Intei Corporatlon (U.K) Ltd.
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (44) (0793) 696000
FAX: (44) (0793) 641440

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics GmbH
Rotenmuehlgasse 26
A-1120 Wien

Tel: 43 222 81356460
FAX: 43 222 834276

BELGIUM

Inelco Belgium S.A.
Oorlogskruisenlaan 94
B-1120 Bruxelles

Tel: 32 2 244 2811
FAX: 32 2 216 3304

FRANCE

Almy
48 Rue de I'Aubepine

92164 Antony Cedex
Tel: 33 1 4096 5400
FAX: 33 1 4666 6028

Jermyn

73-79 Rue des Solets
Silic 585

94663 Rungis Cedex
Tel: 33 1 4978 4878
FAX: 33 1 4978 0599

Metrologie

Tour d'Asnieres

4, Avenue Laurent Cely
92606 Asnieres Cedex
Tel: 33 1 4790 6240
FAX: 33 1 4790 5947

Tekelec-Airtronic

Cite des Bruyeres

Rue Carle Vernet - BP 2
92310 Sevres

Tel: 33 1 4534 7535
FAX: 33 1 4507 2191

GERMANY

E2000 Vertriebs-AG
Stahigruberring 12
8000 Muenchen 82
Tel: 49 89 420010
FAX: 49 89 42001209

Jermyn GmbH

Im Dachsstueck 9
6250 Limburg

Tel: 49 6431 5080
FAX: 49 6431 508289

Metrologie GmbH
Steinerstrasse 15
8000 Muenchen 70
Tel: 49 89 724470
FAX: 49 89 72447111

ITT Multikomponent Elektronik
Vertrieb

Bahnhofstr. 44

7141 Moeglingen

Tel: 49 7141 4879

FAX: 49 7141 487210

Proelectron Vertriebs GmbH
Max-Planck-Strasse 1-3
6072 Dreieich

Tel: 49 6103 3040

FAX: 49 6103 304344

GREECE

Pouliadis Associates Corp.
5 Koumbari Street
Kolonaki Square

106 74 Athens

Tel: 30 1 360 3741

FAX: 30 1 360 7501

IRELAND

Micro Markelmg
Tony Hall

Eglinton Terrace
Dundrum, Dublin
Tel: 0001 989 400
FAX: 0001 989 8282

ISRAEL

Eastronics Ltd.

Rozanis 11

P.0.B. 39300

Tel Baruch, Tel- Avnv 61392
Tel: 972 3 47515

FAX: 9723 475125

ITALY

Intesi Div. Della Deutsche
Divisione ITT Industries GmbH
P.l. 06550110156

Milanofiori palazzo ES

20094 Assago (Milano)

Tel: 39 2 824701

FAX: 39 2 8242631

Lasi Elettronica S.p.A.
P.l. 00839000155

Viale Fulvio Testi, N.280
20126 Milano

Tel: 39 2 66101370
FAX: 39 2 66101385

ITT Multicomponents
P.l. 06550110156
Palazzo E5 Milanofiori
20094 Assago (Milano)
Tel: 39 2 824701

FAX: 39 2 8242631

Silverstar Ltd. S.p.A.
P.l. 00751300153

Viale Fulvio Testi N.280
20126 Milano

Tel: 39 2 66125

FAX: 39 2 66101359

Telcom s.r.I. —Divisione MDS

Via Trombetta

Zona Marconi—Strada Cassanese
Segrate —Milano

Tel: 39 2 48704100

FAX: 39 2 48705355

NETHERLANDS

Koning en Hartman B.V.
Energieweg 1

2627 AP Delft

The Netherlands

Tel: 31 15 609 906
FAX: 31 15 619 194

PORTUGAL

ATD Electronica LDA
Rua Dr. Faria de Vasconcelos, 3a

FAX: 351 1 8472197

SPAIN

ATD Electronica

Plaza Ciudad de Viena, 6
28040 Madrid”

Tel: 34 1 534 4000/09
FAX: 34 1 534 7663

Metrologia Iberica

Ctra De Fuencarral N.80
28100 Alcobendas (Madrid)
Tel: 34 1 6538611

FAX: 34 1 6517549

SCANDINAVIA

QY Fintronic AB
Heikkilantie 2a
SF-02100 Helsinki

inlan
Tel: 358 0 6926022
FAX: 358 0 6821251

ITT Multikomponent A/S
Naverland 29

DK-2600 Glostrup
Denmark

Tel: 010 45 42 451822
FAX: 010 45 42 457624

Nordisk Elektronik A/S
Postboks 122
Smedsvingen 4
N-1364 Hvalstad
Norway

Tel: 47 2 846210
FAX: 47 2 846545
Nordisk Electronik AB
Box 36
Torshamnsgatan 39
$-16493 Kista
Sweden

Tel: 46 8 7034630
FAX: 46 8 7039845

SWITZERLAND

Industrade A.G.
Hertistrasse 31
CH-8304 Walllsellen
Tel: 41 1 8328111
FAX: 41 1 8307550

UNITED KINGDOM

Accent Elect Comp Ltd.
Jubilee House

Jubilee Road
Letchworth
Hens{urashire

Tel: 0462 480888
FAX: 0462 682467

Bytech Components Limited
12a Cedarwood

Chineham Business Park
Crockford Lane
Basingstoke

Hants RG12 1RW

Tel: 0256 707107

FAX: 0256 707162

Bytech Systems
Unit 3 4

The Western Centre
Western Road
Bracknell

Berks RG12 1RW
Tel: 0344 55333
FAX: 0344 867270

Conformix

Rapid House
Oxford Road

High Wycombe
Bucks

Herts HP11 2EE
Tel: 0494 474147
FAX: 0494 452144

Jermyn

Vestry Estate
Otford Road
Sevenoaks

Kent TN14 SEU
Tel: 0732 450144
FAX: 0732 451251

MMD

3 Bennet Court
Bennet Road
Reading

Berkshire RG2 0QX
Tel: 0734 313232
FAX: 0734 313255

Rapid Silicon

3 Bennet Court
Bennet Road
Reading

Berks RG2 0QX
Tel: 0734 750697
FAX: 0734 312728

Metro Systems
Rapid House
Oxford Road
High Wycombe
Bucks HP11 2EE
Tel: 0494 474171
FAX: 0494 21860

YUGOSLAVIA
H.R. Microelectronics Corp.

2005 de la Cruz Blvd., Ste. 223
ﬁagt: Clara, CA 95050

Tel: (1) (408) 988-0286
TLX: 387452
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AUSTRALIA
Intel Australia Ld.
Unit 13 Py

Allamble Grove Business Park
25 Frenchs Forest Road East
Frenchs Forest, NSW, 2086
Tel: 61-2975-3300

FAX: 61-2975-3375

BRAZIL

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

Tel: 55-11-287-5899

TLX: 11-37-557-1ISDB

FAX: 65-11-287-5119

CHINA/HONG KONG

- Intel PRC Corporation
15/F, Office 1, Citic Bldg.
Jian Guo Men Wai Street
Beijing, PRC
Tel: (1) 500-4850
TLX: 22947 INTEL CN
FAX: (1) 500-2953
Intel Semiconductor Ltd.*
10/F East Tower
Bond Center
Queensway, Central

Hon ng
Tel: ?852) 844-4555
FAX: (852) 868-1989

INTERNATIONAL SALES OFFICES

INDIA

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

Tel:gQ1 -812-215773
TLX: 953-845-2646 INTEL IN
"FAX: 091-812-215067

JAPAN

Intel Japan K.K.

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

Tel: 0298-47-8511

FAX: 0298-47-8450

Intel Japan K.K.*
Hachlo;MON Bldg.
4-7-14 Myojin-machi
HaCth]l-Shl Tokyo 192
Tel: 0426-48-8770
FAX: 0426 48-8775

Intel Japan K.K.*

Bldg. Kumagaya

2-69 Hon-cho
Kumagaya-shi, Saitama 360
Tel: 0485-24-6871

FAX: 0485-24-7518

Intel Japan KK*
Kawa-asa Bidg.

2-11-5 Shin-Yokohama
Kohoku-ku, Yokohama-shi
Kanagawa, 222

Tel: 045-474-7661

FAX: 045-471-4394

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

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

FAX: 06-863-1084

Intel Japan K.K.
Shinmaru Bldg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-3201-3621

FAX: 03-3201-6850

Intel Japan K.K.
Green Bldg.

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

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

KOREA

Intel Korea, Ltd.

16th Floor, Life Bldg.

61 Ymdo—dong, Youngdeungpo-Ku
Seoul 150-010

Tel: (2) 784-8186

FAX: (2) 784-8096

SINGAPORE

Intel Singapore Technology, Ltd.
1 Thomson Road #08-03/06

Unlted Square

Singapore 1130

Tel: (65) 250-7811

FAX: (65) 250-9256

TAIWAN

Intel Technology Far East Ltd.
Taiwan Branch Office

8th Floor, No. 205

Bank Tower Bldg.

Tung Hua N. Road

Taipei
Tel: 886-2-5144202
FAX: 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

Dafsys S.R.L.
Chacabuco, 90-6 Piso
1069-Buenos Aires
Tel: 54-1-34-7726
FAX: 54-1-34-1871

AUSTRALIA

Email Electronics
15-17 Hume Street
Huntingdale, 3166

;el: 011-61-3-544-8244

FAX: 011-61-3-543-8179

NSD-Australia

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

FAX: 03 8990819

BRAZIL

Elebra Componentes
Rua Geraldo Flausina Gomes, 78

7 Andar

04575 - Sao Paulo - S.P.
Tel: 55-11-534-9641

TLX: §5-11 54593/54591
FAX: 55-11-534-9424

CHINA/HONG KONG

Novel Precision Machinery Co., Ltd.
Room 728 Trade Square

681 Cheung Sha Wan Road
Kowloon, Hong Kong

Tel: (852) 360~8999

TWX: 2 NVTNL HX

FAX: (852) 725-3695

INDIA

Micronic Devices

Arun Complex

No. 65 D.V.G. Road

Basavanagudi

Bangalore 560 004

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

TLX: 9538458332 MDBG

*Field Application Location

Micronic Devices

No. 516 5th Floor
Swastik Chambers

Sion, Trombay Road
Chembur

Bombay 400 071

TLX: 9531 171447 MDEV

Mlcronlc Devnces

25/8, 1st Floor

Bada Bazaar Marg

0ld Rajinder Nagar

New Delhi 110 060

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

TLX: 031-63253 MDND IN

Micronic Devices

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

Tel: 011-91-842-226748

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

20281
FAX: (408) 978-8635

JAPAN

Asahi Eleclronlcs Co. Ltd.
KMM Bidg. 2-14-1 Asano
Kokurakna ku

Kitakyushu-shi 802
Tel: 093-511-6471
FAX: 093-551-7861

CTC Components Systems Co., Ltd.

4-8-1 Dobashi, Miyamae-ku

Kawasaki-shi, Kanagawa 213
Tel: 044-852-5121

FAX: 044-877-4268

Dia Semicon Systems, Inc.

Flower Hill Shinmachi Higashi-kan
1-23-9 Shinmachi, Setagaya-ku
Tokyo 154

Tel: 03-3439-1600

FAX: 03-3439-1601

Okaya Koki

2-4-18 Sakae

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

FAX: 052 204 2901

Ryoyo Electro Corp.
Kcnwa Bldg.
1-12-22 Tsukiji
Chuo-ku, Tokyo 104
Tel: 03-3546-5011
FAX: 03-3546-5044

KOREA

J-Tek Corporation
Dong Sung Bldg. 9/F
158-24, Samsung-Dong, Kangnam-Ku
Seoul 135-090
Tel: (822) 557-8039
FAX: (822) 557-8304

Samsung Electronics

Samsung Main Bldg.

50 Taepyung-Ro-2KA, Chung-Ku
eoul 100-102

C.P.O. Box 8780

FAX: (822) 753-9065

MEXICO

SSB Electronics, Inc.

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

Tel: (619) 585-3253

TLX: 287751 CBALL UR

FAX: (619) 585-8322

Dicopel S.A:

Tochtli 368 Fracc. Ind. San Antonio
Azcapotzalco

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

Tel: 52-5-561-3211

TLX: 177 3790 Dicome

FAX: 52-5-561-1279

PSI S.A. de C.V.

Fco. Villa esq. Ajusco s/n
Cuernavaca—Morelos
Tel: 52-73-13-9412

FAX: 52-73-17-5333

NEW ZEALAND

Email Electronics

36 Olive Road
Penrose, Auckland
Tel: 011-64-9-591-155
FAX: 011-64-9-592-681

SAUDI ARABIA

AAE Systems, Inc.
642 N. Pastoria Ave.
Sunnyvale, CA 94086

USA

Tel: (408) 732-1710
FAX: (408) 732-3095
TLX: 494-3405 AAE SYS

SINGAPORE

Electronic Resources Pte, Ltd.
17 Harvey Roal

#03-01 S|g%apore 1336

Tel: (65)

: ERS

: i
FAX: (65) 289-5327

SOUTH AFRICA

Electronic Building Elements

178 Erasmus St. (off Watermeyet St.)
Meyerspark, Pretoria, 0184

Tel: 011-2712-803-7680

FAX: 011-2712-803-8294

TAIWAN

Micro Electronics Corporation
12th Floor, Section 3

285 Nanking East Road
Taipei, R.0.C

pei, R.0.C.
Tel: (886) 2-7198419
FAX: (886) 2-7197916
Acer Sertek Inc.
15th Floor, Section 2
Chien Kuo North Rd.
Taipei 18479 R.O.C.
Tel: 886-2-501-0055
TWX: 23756 SERTEK
FAX: (886) 2-5012521
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UNITED STATES
Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

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

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1RJ

GERMANY

Intel GmbH

Dornacher Strasse 1

8016 Feldkirchen bei Muenchen

HONG KONG

Intel Semiconguctor Ltd.
10/F East Tower

Bond Center
Queensway, Central

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