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CUSTOMER SUPPORT

INTEL’S COMPLETE SUPPORT SOLUTION WORLDWIDE

Customer Support is Intel’s complete support service that provides Intel customers with hardware support,
software support, customer training, consulting services and network management services. For detailed infor-
mation contact your local sales offices.

After a customer purchases any system hardware or software product, service and support become major
factors in determining whether that product will continue to meet a customer’s expectations. Such support
requires an international support organization and a breadth of programs to meet a variety of customer needs.
As you might expect, Intel’s customer support is extensive. It can start with assistance during your development
effort to network management. 100 Intel sales and service offices are located worldwide —in the U.S., Canada,
Europe and the Far East. So wherever you’re using Intel technology, our professional staff is within close
reach.

HARDWARE SUPPORT SERVICES

Intel’s hardware maintenance service, starting with complete on-site installation will boost your productivity
from the start and keep you running at maximum efficiency. Support for system or board level products can be
tailored to match your needs, from complete on-site repair and maintenance support to economical carry-in or
mail-in factory service.

Intel can provide support service for not only Intel systems and emulators, but also support for equipment in
your development lab or provide service on your product to your end-user/customer.

SOFTWARE SUPPORT SERVICES

Software products are supported by our Technical Information Service (TIPS) that has a special toll free
number to provide you with direct, ready information on known, documented problems and deficiencies, as
well as work-arounds, patches and other solutions.

Intel’s software support consists of two levels of contracts. Standard support includes TIPS (Technical Infor-
mation Phone Service), updates and subscription service (product-specific troubleshooting guides and;
COMMENTS Magazine). Basic support consists of updates and the subscription service. Contracts are sold in
environments which represent product groupings (e.g., iIRMX® environment).

NETWORK SERVICE AND SUPPORT

Today’s broad spectrum of powerful networking capabilities are only as good as the customer support provided
by the vendor. Intel offers network services and support structured to meet a wide variety of end-user comput-
ing needs. From a ground up design of your network’s physical and logical design to implementation, installa-
tion and network wide maintenance. From software products to turn-key system solutions; Intel offers the
customer a complete networked solution. With over 10 years of network experience in both the commercial
and Government arena; network products, services and support from Intel provide you the most optimized
network offering in the industry.

CONSULTING SERVICES

Intel provides field system engineering consulting services for any phase of your development or application
effort. You can use our system engineers in a variety of ways ranging from assistance in using a new product,
developing an application, personalizing training and customizing an Intel product to providing technical and
management consulting. Systems Engineers are well versed in technical areas such as microcommunications,
real-time applications, embedded microcontrollers, and network services. You know your application needs;
we know our products. Working together we can help you get a successful product to market in the least
possible time.

CUSTOMER TRAINING

Intel offers a wide range of instructional programs covering various aspects of system design and implementa-
tion. In just three to ten days a limited number of individuals learn more in a single workshop than in weeks of
self-study. For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we
can take our workshops to you for on-site instruction. Covering a wide variety of topics, Intel’s major course
categories include: architecture and assembly language, programming and operating systems, BITBUS™ and
LAN applications.
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DATA SHEET DESIGNATIONS

Intel uses various data sheet markings to designate each phase of the document as it
relates to the product. The marking appears in the upper, right-hand corner of the data
sheet. The following is the definition of these markings:

Data Sheet Marking Description

Product Preview Contains information on products in the design phase of
development. Do not finalize a design with this
information. Revised information will be published when
the product becomes available.

Advanced Information Contains information on products being sampled or in
the initial production phase of development.*

Preliminary Contains preliminary information on new products in
production.*

No Marking Contains information on products in full production.*

*Specifications within these data sheets are subject to change without notice. Verify with your local Intel sales
office that you have the latest data sheet before finalizing a design.
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CHAPTER 1
INTRODUCTION

OVERVIEW OF INTEL PACKAGING TECHNOLOGY

As semiconductor devices become significantly more complex, electronics designers are chal-
lenged to fully harness their computing power. Today’s products can feature more than one
million transistors, and device count is expected to increase more than a hundredfold by the
year 2000. With a greater number of functions integrated on a die or chip of silicon, manufac-
turers and users will face new and increasingly challenging electrical interconnect issues. To
tap the power of the die efficiently, each level of electrical interconnect from the die to the
functional hardware or equipment must also keep pace with these revolutionary devices.
Package design, at the first interconnect level, has a major impact on device performance and
functionality.

Today, submicron feature size at the die level are driving package feature size down to the
design-rule level of the early transistors. At the same time, electronic equipment designers are
shrinking their products, increasing complexity, and setting higher expectations for perform-
ance. To meet these demands, package technology must deliver higher lead counts, reduced
pitch, minimum footprint area, and significant overall volume reduction.

Circuit performance is only as good as the weakest link. Therefore, device performance is for
all practical purposes determined by the package. While packaging cannot add to the theoret-
ical performance of the device design, it can have adverse effects if not optimized. An opti-
mum package design would achieve 100% of the theoretical device, application-specific per-
formance, which in practice is un-achievable, Package performance, therefore, is the best
compromise of electrical, thermal, and mechanical attributes, as well as physical outline, to
meet product specific reliability and cost objectives.

These factors have driven a variety of major innovations in Intel package design, such as
surface mount, small out-line, and very thin packages. The introduction of additional ad-
vanced Intel packaging technologies to evolving needs will continue aggressively throughout
the 1990s. For example, in 1990, Intel introduced the multilayer molded plastic quad flatpack
(MM-PQFP) and Land Grid Array (LGA). The MM-PQFP, Intel’s patented concept, en-
hances the electrical performance of the molded lead frame package by incorporating isolated
ground and power planes within the assembly. After molding, the multilayer construction is
totally embedded in the molded body and is not evident on the outside. The LGA is a new
package/socket concept for semiconductor devices that uses a standard multilayer, co-fired
ceramic package in conjunction with several unique board-level, Z-direction interconnect,
low-profile sockets.

Among the new packages now on the drawing board, with introductions planned for 1992, is
the high-density plastic quad flatpack (HD-PQFP). This package, featuring a unique film-
embedded perimeter lead concept, is targeted for applications requiring plastic packages with
more than 200 1/Os.

Fit, form, and function are in the eye of the beholder, and any Intel device can serve more
than one market and/or application requiring widely divergent package attributes.

141 Order Number: 240817-001
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Therefore, “one size fits all” is not a practical approach to device packaging. Packaging
technology is not a single technology, but instead consists of more than 20 industry proven
combinations of technologies or technology sets that can be categorized by package families.
In support of the growing number of Intel devices and to meet the industry demand for
package-specific applications, Intel’s package portfolio has more than doubled during the last
eight years.

PURPOSE OF THIS HANDBOOK

Intel’s Packaging Handbook is intended to serve as a data reference for engineering design, as
well as a guide to Intel package selection and availability. Each of the eight chapters provides
a comprehensive and in-depth analysis of Intel packaging technology, from information on
IC assembly, performance characteristics, and physical constants, to detailed discussions of
surface mount technology and Intel shipping and packing.

Chapter 1 provides an analysis of Intel’s package families, including package attributes, pack-
age types, and a package selection guide. (CD-ROM Literature Order Number: 240817-001)

Chapter 2 offers a detailed view into Intel package module outlines and dimensions. (CD-
ROM Literature Order Number: 231369-007)

Chapter 3 covers assembly manufacturing technology. The chapter begins with a brief intro-
duction and a discussion of statistical tools used in the manufacturing process. It also in-
cludes a comprehensive analysis of Intel’s IC assembly process flow. (CD-ROM Literature
Order Number: 240818-001)

Chapter 4 explores package characteristics and tabulates in-depth data of electrical, mechani-
cal, and thermal IC package characteristics. (CD-ROM Literature Order Number: 240819-
001)

Chapter 5 addresses physical constants of IC package materials. The charts in this chapter
provide valuable information on mechanical, electrical, and thermal properties of case mate-
rials, lead/lead frames, and soldering material characteristics. (CD-ROM Literature Order
Number: 240820-001)

Chapter 6 explores surface mount technology, desiccant pack, and board removal techniques.
(CD-ROM Literature Order Number: 240821-001)

Chapier 7 describes the various packing and shipping methods used at Intel. Packing media,
desiccant pack materials, and shipping data are clearly illustrated. (CD-ROM Literature
Order Number: 240822-001)

Chapter 8 provides the reader with a listing of international packaging specifications and a
comprehensive resource library. (CD-ROM Literature Order Number: 240829-001)

Glossary offers a detailed view of packaging related technical terminolgy. (CD-ROM Litera-
ture Order Number: 240823-001)

1-2



|nte[ PACKAGING

PACKAGE TYPES

CERAMIC PACKAGES

— CQFP
(Ceramic Quad Flatpack).
Surface Mount

— CQFP
(Ceramic Quad Flatpack)

(Formed Leads)

—— LGA
(Land Grid Array)

Socket Mount

— PGA
(Pin Grid Array)

(Bottom View)

C-DIP

(Ceramic Dual In-Line Package)
Insertion/Socket Mount  (Side-Braze)

240817-1
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PACKAGE TYPES (Continued)

LEADLESS CHIP CARRIER PACKAGES

LCC
(Socket Mount)

LCC '
(Surface Mount) @ (Bottom View)

GLASS-SEALED PACKAGES

(Bottom View)

CERDIP

(Ceramic Dual In-Line Package)
(Insertion Mount; UV Window)

CERQUAD
(Ceramic Quadpack)

(Surface Mount)

MODULES
siMM N
(Single In-Line Leadless o o
Memory Module)
[STalalslalnlalalalalalalalalalalalnlalalulnlalalalnlninlnln)

(Top View)
SIP ]
(Single In-Line Leaded _J
Memory. Module T

y ) TR T
(Top View)

240817-2
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PACKAGE TYPES (Continued)

PLASTIC PACKAGES
- Surface Mount

—— SOP
(Small Outline Package)

(Gull-Wing)

Dual Row

SoJ
(Small Outline Package)

(J-Lead)
—— TsoP
(Thin Small Outline Package)

— PLCC
(Plastic Leaded Chip Carrier)

—— PQFP
(Plastic Quad Flatpack)

Quad Row

—— QFP
(Quad Flatpack)

— FLATPACK

240817-3
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PACKAGE TYPES (continued)

PLASTIC PACKAGES

- Insertion Mount

ZIP 7
Single Row (ZigZag In-Line Package) > \\\\\\
(Side View)
— P-DIP

(Plastic Dual In-Line Package)

Dual Row

SHRINK DIP
(Shrink Dual In-Line Package)

——— SKINNY DIP
(Skinny Dual In-Line Package)

240817-4
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CERAMIC PACKAGE ATTRIBUTES

Ceramic Dual In-Line Package (C-DIP)
Lead Count 16 18 22 24 28 32 40 48
Sq./Rect. R R R R R R R R
Pitch (inches) 0.100 | 0.100 | 0.100 0.100 0.100 0.100 0.100 0.100

Package Thickness *0.130 *0.132 *0.154 *0.172
(inches) 0.109 0.109 0.109 0.100 0.102 0.120 0.128 0.142
Weight (gm)
Max. Footprint
(inches)
UV Eraseable X X X X X
Shipping Media
Tubes X X X X X X X X

Tape & Reel
Trays

Desiccant Package

Comments/ *EPROM Lid
Footnotes

Ceramic Land Grid Array
Lead Count 144 168 227
Sq./Rect. S S S
Pitch (inches) 0.050 0.100 0.050

Package Thickness 0.113 0.125 0.113
(inches)

Weight (gm) 4.0 4.0

Max. Footprint Up Down Up
Cavity Up/Down

UV Eraseable
Shipping Media:
Tubes

Tape & Reel
Trays X X X

Desiccant Pack

Comments/
Footnotes
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PACKAGING

CERAMIC PACKAGE ATTRIBUTES (Continued)

Leadless Chip Carrier (LCC)

Lead Count

18 20 28 32

44

68

68

Sq./Rect.

R R S R

Pitch (inches)

0.050 0.050 0.050 0.050

0.050

0.050

0.050

Package Thickness
(inches)

*0.080
0.068 0.068 0.073 0.108

*0.092
0.120

0.096

0.130

Weight (gm)

Max. Footprint
(inches)

UV Eraseable

X X X See
Note

See
Note

Shipping Media:
Tubes
Tape & Reel
Trays

Desiccant Pack

Comments/
Footnotes

32L— 0.080 = Solid Lid, Non-UV.
32L—0.108 = EPROM Lid, UV.
44— 0.092 = Solid Lid, Non-UV.
441—0.120 = EPROM Lid, UV.

Pin Grid Array (PGA)

Lead Count

68 68 68 88 88 88

132

168

208

240-280

Sq./Rect.

S S *S S S *S

S

Pitch (inches)

0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100

0.100

0.100

0.100

0.100

Package Thickness
(inches)

0.105 | 0.110 | 0.125 | 0.105 | 0.110 | 0.125

0.110

0.110

0.110

0.110

Weight (Gm)

Max. Footprint
(inches)

115 | 116 | 115 | 135 | 1.35 1.35

1.450

1.750

1.750

1.950

UV Eraseable

Shipping Media:
Tubes
Tape & Reel
Trays

Desiccant Pack

Comments/
Footnotes

*With EPROM
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CERAMIC PACKAGE ATTRIBUTES (Continued)
Ceramic Quad Flatpack (CQFP)

Lead Count 68 164 196
Sq./Rect. S S S
Pitch (inches) 0.050 0.025 0.025
Package Thickness
(inches)
Weight (gm) 12 12 17
Max. Footprint
(inches)
UV Eraseable X
Shipping Media:
Carrier X X X
Tape & Reel
Trays X
Desiccant Pack
Comments/ 196L is also Available with Formed Leads (Shipped in Trays)
Footnotes
CERDIP
Lead Count 16 18 20 22 24 28 32 40 42
Sq./Rect.
Pitch (mm) 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100

Package Thickness | 0.157 | 0.157 | 0.153 | 0.165 | 0.165 | 0.167 | 0.167 | 0.167 | 0.167
(inches)

Weight (gm) 1.69

Max. Footprint
(inches)

UV Eraseable X X X X X X X X X

Shipping Media:
Tubes X X X X X X X X X
Tape & Reel
Trays

Desiccant Pack

Comments/ Available with or without UV Window
Footnotes
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PACKAGING

CERAMIC PACKAGE ATTRIBUTES (Continued)

Ceramic QuadPack (CERQUAD)

Lead Count 44 52 68
Sq./Rect. S S S
Pitch (inches) 0.050 0.050 0.050
Package Thickness 0.172 0.172 0.172
(inches)
Weight (gm) 2.85 3.59 714
Max. Footprint 0.72 0.82 1.02
(inches)
UV Eraseable X X X
Shipping Media:
Tubes X X X
Tape & Reel
Trays
Desiccant Pack
Comments/ Available with or without UV Window
Footnotes
PLASTIC PACKAGE ATTRIBUTES
Plastic Dual In-Line (PDIP)
Lead Count 16 18 20 24 28 32 40 48 64
Sq./Rect. R R R R R R R R R
Pitch (inches) 0.100 | 0.100 | 0.100 | 0.100 0.100 | 0.100 [ 0.100 | 0.100 | 0.100
Package Thickness | 0.132 | 0.132 | 0.132 | 0.152 0.152 | 0.150 | 0.160 0.162 | 0.167
(inches)
Weight (gm) 1.045 1.248 1.418 4815 | 6.128 7.912
Max. Footprint
(inches)
UV Eraseable
Shipping Media:
Tubes X X X X X X X X X
Tape & Reel
Trays
Desiccant Pack
Comments/ Some pin counts available in; Halflead, Widebody; Widebody; and Standard Type P.
Footnotes




Intel. PACKAGING

PLASTIC PACKAGE ATTRIBUTES (Continued)

Plastic (Flatpack)
Lead Count 68
Sq./Rect. S
Pitch (inches) 0.050
Package Thickness 0.168
(inches)
Weight (gm)
Max. Footprint
(inches)
UV Eraseable
Shipping Media:
Tubes
Tape & Reel
Carrier X
Desiccant Pack
Comments/ Through Hole
Footnotes Use Only
Plastic Quad Flatpack (PQFP)
Lead Count 68 84 100 132 164 196
Sq./Rect. S S S S S S
Pitch (inches) 0.025 0.025 0.025 0.025 0.025 0.025
Package Thickness 0.170 0.170 0.170 0.170 0.170 0.170
(inches) :
Weight (gm) 2.8 4.2 6.1
Max. Footprint
(inches)
UV Eraseable
Shipping Media:
Tubes X X X X X X
Tape & Reel X X X X X X
Trays X X X X X X
Desiccant Pack X X X X X X
Comments/ All PQFPs are “Gull Wing” with bumpers
Footnotes
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PLASTIC PACKAGE ATTRIBUTES (Continued)

Quad Flatpack (QFP)
Lead Count 44 48 64 80 80 208
Sqg./Rect. S S S S R S
Pitch (mm) 0.800 0.500 0.650 0.500 0.800 0.500
Package Thickness 0.096 0.065 0.100 0.065 0.114 0.140
(inches)
Weight (gm)
Max. Footprint
(inches)
UV Eraseable
Shipping Media:
Tubes
Tape & Reel
Trays X X X X X X
Desiccant Pack
Comments/ Gull Wing Lead Configuration, non-bumpered
Footnotes
Plastic Leaded Chip Carrier (PLCC)
Lead Count 20 28 28 32 44 52 68 84
Sq./Rect. S S R R S S S S
Pitch (inches) 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
Package Thickness 0.152 0.152 0.108 0.108 0.148 0.150 0.150 0.150
(inches)
Weight (gm) 0.705 1.15 0.85 1.1 2.31 3.17 4.8 6.2
Max. Footprint 0.390 0.490 See See 0.690 0.790 0.990 0.190
(inches) Note Note
UV Eraseable
Shipping Media:
Tubes X X X X X X X X
Tape & Reel X X X X X X X
Trays X X X X X X X
Desiccant Pack X X X X X X X X
Comments/ All PLCC'’s are “J” Lead
Footnotes 28R—0.39 x 0.59
32R—0.49 x 0.59




lntel‘ PACKAGING

PLASTIC PACKAGE ATTRIBUTES (Continued)

Small Outline Package (SOJ)

Lead Count 20 24
Sq./Rect. R R
Pitch (mm) 1.27 1.27
Package Thickness 0.105 0.113
(Inches)
Weight (gm)
Max. Footprint 0.300 0.300
Inches
UV Eraseable
Shipping Media:
Tubes X X
Tape & Reel X X
Trays
Desiccant Pack X X
Comments/ “J” Lead
Footnotes Configuration

Small Outline Package (SOP)

Lead Count 28
Sq./Rect. R
Pitch (mm) 1.27
Package Thickness 0.108
(inches)
Weight (gm) 0.70
Max. Footprint 0.330
(inches)
UV Eraseable
Shipping Media:
Tubes X
Tape & Reel
Trays
Desiccant Pack X
Comments/ Gull Wing Lead Configuration
Footnotes
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PLASTIC PACKAGE ATTRIBUTES (Gontinued)

Thin Small Outline Package (TSOP)

Lead Count 32
Sq./Rect. R
Pitch (mm) 0.50
Package Thickness 1.2
(inches)
Weight (gm) 0.37
Max. Footprint
(inches)
UV Eraseable
Shipping Media:

Tubes

Tape & Reel

Trays X
Desiccant Pack X
Comments/ TSOP is “Gull Wing”

Configuration

Footnotes

Zig-Zag In-Line Package (ZIP)

Lead Count 16 20

Sq./Rect. R R

Pitch (mm) 1.27 1.27

Package Thickness 0.115 0.118
(inches)

Weight (gm)

Max. Footprint
(inches)

UV Eraseable

Shipping Media:
Tubes X X
Tape & Reel
Trays

Desiccant Pack

Comments/ Zig-Zag Lead
Footnotes Configuration
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MODULE ATTRIBUTES

Single In-Line Leaded Memory Module

(SIP)

Lead Count

30

Sq./Rect.

R

Pitch (mm)

2.54

Package Thickness
(inches)

2.00

Weight (gm)

Max. Footprint
(inches)

3.10

UV Eraseable

Shipping Media:
Tubes
Tape & Reel
Trays

Desiccant Pack

Comments/
Footnotes

Insertable Module

Single In-Line Leadless Memory Module

(SIMM)

Lead Count 30 80
Sq./Rect. R R
Pitch (inches) 0.100 0.050
Package Thickness 0.20 0.33
(inches)
Weight (gm) 15.7
Max. Footprint 3.50 4.65
(inches)
UV Eraseable
Shipping Media:

Tubes

Tape & Reel

Trays X X
Desiccant Pack
Comments/ JEDEC Standard

Insertable Module

Footnotes
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PACKAGE/MODULE SELECTION GUIDE

Nominal

Lead Package Package Pitch Special
Count Designator Type (inches) Notes
16 C C-DIP 0.100
18 C C-DIP 0.100
22 C C-DIP 0.100
24 C C-DIP 0.100
28 C C-DIP 0.100
32 C C-DIP 0.100
40 C C-DIP 0.100
48 C C-DIP 0.100
18 R LCC 0.050
20 R LCC 0.050
28 R LCcC 0.050
32 R LCC 0.050
44 R LCC 0.050
68 R LCC 0.050
68 R LCcC 0.050 UV Window
68 A PGA 0.100
88 A PGA 0.100
68 A PGA 0.100
88 A PGA 0.100 Cavity Down
132 A PGA 0.100 Cavity Down
168 A PGA 0.100 Cavity Down
208 A PGA 0.100 Cavity Down
240-280 A PGA 0.100 Cavity Down
16 D CERDIP 0.100
18 D CERDIP 0.100
20 D CERDIP 0.100
22 D CERDIP 0.100
24 D CERDIP 0.100 Skinny DIP
24 D CERDIP 0.100
28 D CERDIP 0.100
28 D CERDIP 0.100 Skinny DIP
32 D CERDIP 0.100
40 D CERDIP 0.100
42 D CERDIP 0.100
44 J CERQUAD 0.050
52 J CERQUAD 0.050
68 J CERQUAD 0.050
68 Q CQFP 0.050
164 K CQFP 0.025 Fine Pitch
196 K CQFP 0.025 Fine Pitch
196 KK CQFP 0.025 Fine Pitch
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PACKAGE/MODULE SELECTION GUIDE (Continued)

Lead Package Package N::;!;:al Special
Count Designator Type (inches) Notes

16 P PDIP 0.100

16 P PDIP 0.100 Widebody
18 P PDIP 0.100

18 P PDIP 0.100 Widebody
18 P PDIP 0.100 1, Lead

20 P PDIP 0.100

24 P PDIP 0.100

24 P PDIP 0.100 Skinny DIP
24 P PDIP 0.100 600 mil

28 P PDIP 0.100

28 P PDIP 0.100 Skinny DIP
28 P PDIP 0.100

32 P PDIP 0.100

40 P PDIP 0.100 1, Lead

40 P PDIP 0.100

48 P PDIP 0.100

64 P PDIP 0.070 Shrink DIP
68 KD PQFP 0.025 Die Down
68 NG PQFP 0.025 DD/Heatspreader
84 KD PQFP 0.025 Die Down
100 KD PQFP 0.025 Die Down
100 KU PQFP 0.025 Die Up

100 NG PQFP 0.025 DD/Heatspreader
132 KD PQFP 0.025 Die Down
132 KU PQFP 0.025 Die Up

132 NG PQFP 0.025 DD/Heatspreader
164 KU PQFP 0.025 Die Up

196 KU PQFP 0.025 Die Up

28 N PLCC 0.050 Rect.

32 N PLCC 0.050 Rect.

20 N PLCC 0.050 Sgq.

28 N PLCC 0.050 Sq.

44 N PLCC 0.050 Saq.

68 N PLCC 0.050 Sq.

52 N PLCC 0.050 Saq.

84 N PLCC 0.050 Sq.

68 FP PFP 0.050

144 B LGA 0.050

168 B LGA 0.100
227 B LGA 0.050

30 SM SIMM 0.100

80 SM SIMM 0.100




mte[ PACKAGING

PACKAGE/MODULE SELECTION GUIDE (Continued)

Lead Package ~ Package NoEmnaI Special
Count Designator Type Pitch Notes
u 9 yP (inches)
32 E TSOP 0.500 Die Up
32 F TSOP 0.500 Die Down
30 GB SIP 2.54
16 4 ZIP —- 127
20 Z ZIP 1.27
28 PA SOP 1.27
20 PE SOJ 1.27
24 PE SOJ 1.27
44 S QFP 0.800 Square
48 S QFP 0.500 Square
64 S QFP 0.650 Square
80 S QFP 0.500 Square
80 S QFP 0.800 Rectangular
208 S QFP 0.500

NOTE:
For packages without “Special Notes,” contact your local Intel FSE for additional package information and specifications.
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I PACKAGE/MODULE OUTLINES AND DIMENSIONS

Intel Product Identification Codes
NG 80386 SX16SX3387

—— R o\ J
Up to 15 Alphanumeric Characters Up to 6 Alphanumeric Characters to
for Device Types Show Customer Specific requirements
Package Type
A =~  Ceramic Pin Grid Array
B = Ceramic Land Grid Array
C = Ceramic Dual In=Line Package
D = Cerdip Dual In=Line Package
E = Thin Small Out-Line Package, Die Up
F = Thin Small Out-Line Package, Die Down
FP =  Plostic Flatpack Package
GB =~ Single In=Line Leaded Memory Module
J = Cerquad Package
K = Ceramic Quad Flatpack Package, Fine Pitch, Flat Leads

KD = Plastic Quad Flatpack Package, Fine Pitch, Die Down

KK = Ceramic Quad Flatpack Package, Fine Pitch, Formed Leads
KU = Plastic Quad Flatpack Package, Fine Pitch, Die Up

N =  Plastic Leaded Chip Carrier

NG =  Plastic Quad Flatpack, Fine Pitch, Die Down w/ Heat spreader
P = Plastic Dual In=Line Package

PA =  Small Out=Line "Gull=Wing" Package

PE = Small Out=Line "J'"=Lead Package

Q = Ceramic Quad Flatpack Package

R = Ceramic Leadless Chip Carrier

S = Quad Flatpack Package

SM =  Single In=Line Leadless Memory Module

X = Unpackaged Devices

Z =~ Zigzag In=Line Package

= Indicates automotive operating temperature range
= Indicates industrial grade
Indicates extended operating temperature range (=40°C to +85°C) express product with 160 % 8 hrs. dynamic
burn=in.
Q - |Indicates commercial temperature range (0°C to 70°C) express product with 160 & 8 hrs. dynamic burn=in.
T = Indicates extended temperature range (=40°C to +85°C) express product without burn=in.

r—=>

231369-1

EXAMPLES:
A80486DX258X387  32-Bit Microprocessor, 25 MHz, 168-Lead Ceramic Pin Grid Array
NG80386SX16SX159 16-Bit Microprocessor, 16 MHz, 100-Lead Plastic Quad Flatpack
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CERAMIC SIDEBRAZE DUAL IN-LINE PACKAGE

Symbol List for Ceramic Side Braze Dual In-Line Family

I'Se;tr:;;' Description of Dimensions

A Distance from seating plane to highest point of body (lid)

Aq Distance between seating plane and base plane

Ao Distance from base plane to highest point of body (lid)

Ag Base body thickness

B Width of terminal leads

B4 Width of terminal lead shoulder which locate seating plane (standoff geometry optional)

C Thickness of terminal leads

D Largest overall package dimension of length

Do A body length dimension, end lead center to end lead center

E Largest overall package width dimension outside of lead

Eq Body width dimensions not including leads

ea Linear spacing of true minimum lead position center line to center line

eg Linear spacing between true lead position outside of lead to outside of lead

€4 Linear spacing between centerlines of body standoffs (terminal leads)

L Distance from seating plane to end of lead

N The total number of potentially useable lead positions

S Distance from true position centerline of No. 1 lead position to the extremity of the body

S4 Distance from other end lead edge positions to the extremity of the body

a Angular spacing between minimum and maximum lead positions measured at the gauge plane
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. Dimension “B4” is nominal.

Packaging Family Attributes

Category Ceramic Dual-In-Line
Acronym C-DIP or Side Brazed

Lead Configuration | Sidebraze

Lead Counts 16, 18, 22, 24, 32, 40, 48
Lead Finish Gold Plate

Lead Pitch 0.100"

Board Assembly Type | Socket and Insertion Mount
Standard Registration | JEDEC

NOTES:
1. Alloy 42 or Kovar Leads.
2. Multilayer Co-Fired Ceramic Body.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

16 LEAD CERAMIC DUAL IN-LINE PACKAGE

N

l/ R

\

/%
PIN #1 ‘

re—— M —
M

INDICATOR
AREA

I D
’-—s
BASE ===

o=

PLANE '\
SEATING

PLANE L "
Ay Az A A, v o
| ULLIECE o8
B le— €, —
D, Ce
231369-2
Family: Ceramic Side Braze Dual In-Line
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 2.79 4.32 0.110 0.170
Aq 0.64 1.27 0.025 0.050
Ao 2.16 3.40 0.085 0.134
Az 1.91 3.05 0.075 0.120
B 0.38 0.56 0.015 0.022
B4 1.37 Typical 0.054 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 20.07 20.57 0.790 0.810
Do 17.78 Reference 0.700 Reference
E 7.62 8.13 0.300 0.320
Eq 7.37 7.62 0.290 0.300
ey 2.29 2.79 0.090 0.110 Typical
ea 7.37 Reference 0.290 Reference
eg 7.62 8.38 0.300 0.330
L 3.18 4.06 0.125 0.160
N 16 16
S 0.76 1.78 0.030 0.070
Sq 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

18 LEAD CERAMIC DUAL IN-LINE PACKAGE

]

le—m—
M —

PIN 41—
INDICATOR
AREA
D
— r—S S‘—— fa——
BASE pr |44 PU
PUANE 1 7 1
\ |
SEATING ——
PLANE ——~ b
__1_ AL Az A A v o
A“k > T -
B o— €, —o
D, €s

““

231369-2

Family: Ceramic Side Braze Dual In-Line

Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 2.79 4.32 0.110 0.170
Aq 0.64 1.27 0.025 0.050
Ao 2.16 3.40 0.085 0.134
Ag 1.91 3.05 0.075 0.120
B 0.38 0.56 0.015 0.022
B4 1.37 Typical 0.054 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 22.61 23.11 0.890 0.910
Do 20.32 Reference 0.800 Reference
E 7.62 8.13 0.300 0.320
Eq 7.37 7.62 0.290 0.300
eq 2.29 2.79 0.090 0.110
ea 7.37 Reference 0.290 Reference
e 7.62 8.38 0.300 0.330
L 3.18 4.06 0.125 0.160
N 18 18
S 0.76 1.78 0.030 0.070
S4 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

22 LEAD CERAMIC DUAL IN-LINE PACKAGE

N

s ~
[ I’ 35 ;
! )
\ ’
~ b
PIN #1 \

INDICATOR
AREA

e D
,-—s
BASE S

P4
PLANE \ i =
SEATING u—i-ﬁ—F{ A 3
Ay As A A, N o %
I LULULEEEN O
B le— €, —o
D, €s
231369-2
Family: Ceramic Side Braze Dual In-Line
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 2.79 4.32 0.110 0.170
A4 0.64 1.27 0.025 0.050
Ao 2.16 3.40 0.085 0.134
Ag 2.03 3.05 0.080 0.120
B 0.38 0.56 0.015 0.022
B4 1.27 Typical 0.050 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 27.56 28.32 1.085 1.115
Do 25.40 Reference 1.000 Reference
E 7.62 8.13 0.300 0.320
Eq 7.37 7.62 0.290 0.300
ey 2.29 2.79 0.090 0.110
ea 7.37 Reference 0.290 Reference
eg 7.62 9.14 0.300 0.360
L 3.18 4.06 0.125 0.160
N 22 22
S 0.76 1.78 0.030 0.070
Sy 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

24 LEAD CERAMIC DUAL IN-LINE PACKAGE

N

L I"3$ \\‘
L J
PIN #1 ¢ l

fe—M—o]
f—1T:

INDICATOR
AREA

Si—»{ fe—

e D
I-—s
BASE ==o

PLANE '\
SEATING U—
PLANE

JLB e1j

B

D,

A As A Ay

ey

\"-—‘O(

a
()
.
)
C—»
l— €, —»
€

231369-2

Family: Ceramic Side Braze Dual In-Line

Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°
A 3.18 4.44 Solid Lid 0.125 0.175 Solid Lid
A 3.81 5.33 EPROM Lid 0.150 0.210 EPROM Lid
Aq 1.02 1.52 0.040 0.060
Ao 2.16 2.92 Solid Lid 0.085 0.115 Solid Lid
Ao 2.79 3.81 EPROM Lid 0.110 0.150 EPROM Lid
Ag 1.91 2.54 0.075 - 0.100
B 0.38 0.56 0.015 0.022
B4 1.27 Typical 0.050 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 30.10 30.86 1.185 1.215
Do 27.94 Reference 1.100 Reference
E 15.24 16.75 0.600 0.620
Eq 14.86 15.37 0.585 0.605
eq 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
eB 15.24 17.15 0.600 0.665
L 3.18 4.06 0.125 0.160
N 24 24
S 0.76 1.78 0.030 0.070
S 0.13 0.005

ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

28 LEAD CERAMIC DUAL IN-LINE PACKAGE

ol
PIN #1 —V \

INDICATOR
AREA

—

BASE

r—S

PLANE \
SEATING
PLANE

B

1

S [—

Dy

———a

6“'

i
»]
ﬁ Jo—OX

C—»
EpCy—
eE

231369-2
Family: Ceramic Side Braze Dual In-Line
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°

A 3.30 4.44 Solid Lid 0.130 0.175 Solid Lid
A 3.94 5.33 EPROM Lid 0.155 0.210 EPROM Lid
A4 1.02 1.52 0.040 0.060

Ao 2.29 2.92 Solid Lid 0.090 0.115 Solid Lid
Ao 2.92 3.81 EPROM Lid 0.115 0.150 EPROM Lid
A3 2.03 2.54 0.080 0.100

B 0.38 0.56 0.015 0.022

B4 1.27 Typical 0.050 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 35.18 35.94 1.385 1.415

Do 33.02 Reference 1.300 Reference
E 15.24 15.75 0.600 0.620

Eq 14.86 15.37 0.585 0.605

eq 2.29 2.79 0.090 0.110

ea 14.99 Reference 0.590 Reference
e 15.24 17.15 0.600 0.675

L 3.18 4.06 0.125 0.160

28 28
S 0.76 1.78 ' 0.030 0.070
S 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

32 LEAD CERAMIC DUAL IN-LINE PACKAGE

PIN

BASE

W\—
PLANE

#1
INDICATOR
AREA

—

SEATING

’-—S Si—| fe—

Ij'

JL _If"_A1A3A Ay
B, € f—

D,

231369-2

Family: Ceramic Side Braze Dual in-Line

Symbol Millimeters Inches

Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 3.94 5.23 EPROM Lid 0.155 0.206 EPROM Lid
Aq 1.02 1.52 0.040 0.060
Ao 3.00 3.7 EPROM Lid 0.118 0.146 EPROM Lid
A3 2.03 2.54 0.080 0.100
B 0.38 0.56 0.015 0.022
B4 1.27 Typical 0.050 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 40.28 41.00 1.586 1.614
D2 38.10 Reference 1.500 Reference
E 16.24 15.75 0.600 0.620
E4 14.86 16.37 0.585 0.605
€4 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
e 15.24 17.15 0.600 0.675
L 3.18 4.06 0.125 0.160

32 32
S 0.76 1.78 0.030 0.070
S1 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

40 LEAD CERAMIC DUAL IN-LINE PACKAGE

1S
—Y2

PIN #1
INDICATOR
AREA
D
Sy—+{|[—
BASE - L4 Ezssa
PLANE _—
SEATING U*“Lf—[ 4 b
TTEEctati ko B
:f o
e eA——
2 eB
231369-2
Family: Ceramic Side Braze Dual In-Line
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 3.30 5.51 Solid Lid 0.130 0.217 Solid Lid
A 4.04 6.58 EPROM Lid 0.159 0.259 EPROM Lid
Aq 1.02 1.52 0.040 0.060
Ao 2.29 3.99 Solid Lid 0.090 0.157 Solid Lid
Ao 3.02 4.87 EPROM Lid 0.119 0.190 EPROM Lid
Az 2.03 3.66 0.080 0.144
B 0.38 0.56 0.015 0.022
B4 1.27 Typical 0.050 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 50.29 51.31 1.980 2.020
D> 48.26 Reference 1.900 Reference
E 15.24 15.75 0.600 0.620
Eq 14.86 15.37 0.585 0.605
eq 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
e 156.24 17.15 0.600 0.675
L 3.18 4.06 0.125 0.160
N 40 40
S 0.76 1.78 0.030 0.070
Sy 0.13 0.005
ISSUE IWS 10/12/88

2-14




intel

PACKAGE/MODULE OUTLINES AND DIMENSIONS

48 LEAD CERAMIC DUAL IN-LINE PACKAGE

ol

INDICATOR
AREA

Si— fe—

e l
e My
J L [N} I[J Lhaka
La, ol
B
D
231369-2
Family: Ceramic Side Braze Dual In-Line
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 4.24 5.51 Solid Lid 0.167 0.217 Solid Lid
A 4.95 6.32 EPROM Lid 0.195 0.249 EPROM Lid
Aq 1.02 1.52 0.040 0.060
A2 3.23 3.99 Solid Lid 0.127 0.157 Solid Lid
Az 3.94 4.80 EPROM Lid 0.155 0.189 EPROM Lid
Ag 2.95 3.66 0.116 0.144
B 0.38 0.56 0.015 0.022
B4 1.27 Typical 0.050 Typical
o] 0.23 0.30 Typical 0.009 0.012 Typical
D 60.45 61.47 2.380 2.420
D> 58.42 Reference 2.3 Reference
E 156.24 156.75 0.600 0.620
Eq 14.86 156.37 0.585 0.605
€4 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
ep 15.24 16.89 0.600 0.665
L 3.18 4.06 0.125 0.160
48 48
S 0.76 1.78 0.030 0.070
Sy 0.13 0.005
ISSUE IWS 10/12/88
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CERAMIC LAND GRID ARRAY PACKAGE (LGA)

Symbol List for Ceramic Land Grid Array Family

orLse;::l';ol Description of Dimensions

A Overall Height

Aq Shoulder to Board Height

B4 Width of Terminal Lead Shoulder which Locate Seating Plane
(Standoff Geometry Optional)

D Largest Overall Package Dimension of Length

D4 Plastic Body Dimension

D2 Foot Print

eq Linear Spacing between Centerline of Body
Terminal Leads (Standoffs)

ea Linear Spacing of True Minimum Lead Position
Center Line to Center Line

eB Linear Spacing between True Lead Position
Outside of Lead to Outside of Lead

F Index Corner

Fiq Corner Chamfer Dimension

N Total Number of Leads

Packaging Family Attributes

Category Land Grid Array
Acronym LGA

Lead Configuration N/A

Lead Counts 144, 168, 277
Land Finish Gold Plate
Land Pitch See Notes
Board Assembly Custom Socket

Standard Registration | TBD

NOTES:

1. Multilayered Co-Fired Ceramic Body.

2. Land Pitch  0.050"” - 144, 277
0.100" - 168
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

144 LEAD CERAMIC LAND GRID ARRAY (LGA)
VIEW: CAVITY UP

N PIN B2
459K F / )
T— oogoo0o00D00Do0N00ood
oEFooooooO00OODODDO00
INDEX oo oo
CORNER | OO oo
oo oo
PIN #1 oo oo
| a8 a8
1] oo VIEW
8o a0 0t xp
oo oo
-1} [-]-] PAD #1
on ao INDICATOR
[-]-] [-]-] AREA
oo oo | ..
NN gg 33 _L‘ 231369-4
~ooooooooooooooooooos
*gnunnuunnnnuuuuuun* T
EN -
3X 45° X Fy B sQ. ﬂﬂﬂ —c=
231369-3
Family: Ceramic Land Grid Array Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 2.46 3.58 0.097 0.125
Aq 0.23 0.43 0.009 0.017
B 0.69 0.84 0.027 0.033
D 28.96 29.46 1.140 1.160
D4 24.13 BASIC 0.950 BASIC
Do 2413 0.950
eq 1.27 BASIC 0.050 BASIC
F 1.65 2.16 0.065 0.085
Fq 0.0025 0.076 0.010 0.030
N 144 144
ISSUE IWS 7/25/90




Inter PACKAGE/MODULE OUTLINES AND DIMENSIONS

168 LEAD CERAMIC LAND GRID ARRAY (LGA)
VIEW: CAVITY DOWN

[} ] A
L) i l - Al
450 X F 0000000000000000 | _
wies | 198288838888580588 ]
,o/go ooo
000 000
PADC3 |]OOO PR o000
000 ’ A [+ XoXe)
o000 t ) ooo 2X D
oo0o0 \ ’ o000
PIN #1 ooo S oo0o0 D2
INDICATOR o000 [ XeXe)
AREA o000 oo0o0
co0O0 oo0o0
00000000000000000
N—400000000000000000
00000000000000000, —C—
\
o8 [00150[A[8]c] L Fi |-
— 231369-5 \ )
o e Ay
A=
231369-6
Family: Ceramic Land Grid Array Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 2.79 3.56 0.110 0.140
Aq 0.23 0.43 0.009 0.017
B 1.65 1.91 0.065 0.075
D 44.20 44.83 1.740 1.765
Dy 40.64 BASIC 1.600 BASIC
Do 26.92 1.060
eq 2.54 BASIC 0.100 BASIC
F 1.65 2.16 0.065 0.085
Fq 0.25 0.76 0.010 0.030
N 168 168
ISSUE 9/90
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lntel" PACKAGE/MODULE OUTLINES AND DIMENSIONS

227 LEAD CERAMIC LAND GRID ARRAY (LGA)

VIEW: CAVITY UP

PAD C3
| = A
T (s3s8aanaconnsaconaany T
45° CHAMFER ooWO0oDDDOO0OODOOODOOODODOOO
(INDEX CORNER) | OOD ooo
ooo ooo
ooo ooo
ooo ooo
TOP Qoo opoo
VIEW ooo ooo
oo oo b2
aea S
ooo
L i o2
ooco ooo
231369-4 ggg ggg £
B sQ.
N g53383380a3an00000300e | | -
$— o_o|5® AlB|C \%E\DDDDDDBDDDDDDDDDUE.,., 1 L/
" £ _,| ‘_‘ =B | e Ay
D1 A=
> 231369-6
231369-7
Family: Ceramic Land Grid Array Package
Millimeters Inches
Symbol
Min Max Notes Min Max Notes
A 2.46 3.18 0.097 0.125
Aq 0.23 0.43 0.009 0.017
B 0.69 0.84 0.027 0.033
D 28.96 29.46 1.140 1.160
Dy 26.67 BASIC 1.050 BASIC
Do 24.13 0.950
e4 1.27 BASIC 0.050 BASIC
F 1.65 2.16 0.065 0.085
Fq 0.25 0.76 0.010 0.30
N 227 227
ISSUE IWS 9/90
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CERAMIC LEADLESS CHIP CARRIER

Symbol List for Ceramic Leadless Chip Carrier Family

Lse;'t:;:'r Description of Dimensions
A Thickness of base body
A4 Total package height
Ao Distance from base body to highest point of body (lid)
B Width of terminal lead pin
D Largest overall package dimension of length
Dy, Eq A body length dimension, corner cutout to corner cutout or end lead center to end
lead center
Do, Ep A body length dimension, end lead center to end lead center
Dg, Eg A body length dimension, corner cutout to index corner cutout
Dy, E4 Ceramic body fixture
E Largest overali package dimension of width
e Linear spacing
eq Linear spacing between edges of true lead positions (of corner terminal lead
pads) lead corner to lead corner
h Depth of major index feature
i Width of minor index feature
L Distance from package edge to end of effective pad
N The total number of potentially useable lead positions
R1 Inner notch radius
NOTES:

1. Controlling dimension: millimeter.

2. Dimension *“eq” (“e”) is non-cumulative.

3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.430 inch.
4. Dimensions “B”, “B4” and “C’”” are nominal.

5. Corner configuration optional.

Packaging Family Attributes

Category Ceramic Leadless Chip Carrier
Acronym LCC

Lead Configuration N/A

Lead Counts 18, 20, 28, 32, 44, 68

Lead Finish Gold Plate

Lead Pitch 0.050"

Board Assembly Type | Socket and Surface Mount

Standard Registration

NOTES:

1. 68L not certified for Surface Mount, must be socketed.
2. Multilayer Co-Fired Ceramic Body.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

18 CERAMIC LEADLESS CHIP CARRIER

D PLANE 2+ |«PLANE 1 '——Q———L
Aza] . EH
a1 v N\
I . -1
- I’ \\
oL ) E 'E
A J
y: i -1
i 30 1] )
B[ A AN
. —A B j x 45°
h x 45 o kea, INDEX CORNER
TERMINAL #1
INDICATOR
FOS—  (SIZE AND TYPE OF
INDICATOR MAY VARY)
231369-8
Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.35 1.78 0.053 0.070
Aq 1.60 1.88 0.063 0.074
Ao 0.25 0.36 0.010 0.014
B 0.51 0.76 0.020 0.030
D 10.54 11.18 0.415 0.440
D4 5.08 Reference 0.200 Reference
E 6.99 7.62 0.275 0.300
Eq 3.81 Reference 0.150 Reference
[e] 1.09 1.45 Typical 0.043 0.057 Typical
L 1.02 2.29 0.040 0.090
N 18 18
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

20 CERAMIC LEADLESS CHIP CARRIER

PLANE 2—+ [—PLANE 1 r——D'
% L
E :[
IL T 71...
h x 45%+1 = ] :A1 ° IND—EX‘_CgOT?:ESR
TERMINAL #1
SEATING — (SIZE AND TYPE OF
INDICATOR MAY VARY)
231369-8
Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.35 1.78 0.053 0.070
A4 1.60 1.88 0.063 0.074
Ao 0.25 0.36 0.010 0.014
B 0.51 0.76 0.020 0.030
D 10.54 11.18 0.415 0.440
D 6.35 Reference 0.250 Reference
E 7.11 7.62 0.280 0.300
Eq 3.81 Reference 0.150 Reference
[e] 1.09 1.45 Typical 0.043 0.057 Typical
L 1.02 2.29 0.040 0.090
N 20 20
ISSUE IWS 10/12/88
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32 CERAMIC LEADLESS CHIP CARRIER

PACKAGE/MODULE OUTLINES AND DIMENSIONS

PLANE 2—+ |—PLANE 1 l——Q—L '
Az—‘ N EH
E ! N
1] n
—-l f
A L B j x 45°
_.I A, INDEX CORNER
TERMINAL #1
INDICATOR
SEANNC—  (SIZE AND TYPE OF
INDICATOR MAY VARY)
231369-8
Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.45 2.03 0.057 0.080
A4 1.70 2.39 Solid Lid 0.067 0.094 Solid Lid
Aq 2.39 3.12 EPROM Lid 0.094 0.123 EPROM Lid
Ao 0.25 0.36 Solid Lid 0.010 0.014 Solid Lid
Ao 0.94 1.09 EPROM Lid 0.037 0.043 EPROM Lid
B 0.51 0.76 0.020 0.030
D 13.72 14.22. 0.540 0.560
D4 10.16 Reference 0.400 Reference
E 11.18 11.68 0.440 0.460
Eq 7.62 Reference 0.300 Reference
[e] 1.09 1.45 Typical 0.043 0.057 Typical
L 1.02 2.29 0.040 0.090
N 32 32
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

28 CERAMIC LEADLESS CHIP CARRIER

PLANE 2
Ar-l

l— PLANE 1

| i

*—N

E
h x 45 fe— A B-—“—— .} x 45°
—A INDEX CORNER
TERMINAL #1
SEATNG (S|z+:lNADr\:gA;$§E OF
INDICATOR MAY VARY)
231369-9
Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.35 1.78 0.053 0.070
Aq 1.60 2.13 0.063 0.084
Az 0.25 0.36 0.010 0.014
B 0.51 0.76 0.020 0.030
D 11.18 11.68 0.440 0.460
D4 7.62 Reference 0.300 Reference
E 11.18 11.68 0.440 0.460
Eq 7.62 Reference 0.300 Reference
[e] 1.09 1.45 Typical 0.043 0.057 Typical
L 1.02 2.29 0.040 0.090
N 28 28
ISSUE IWS 10/12/88
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lnter PACKAGE/MODULE OUTLINES AND DIMENSIONS

44 CERAMIC LEADLESS CHIP CARRIER

D PLANE 2 l— PLANE 1 D,
Ay ot [EH
S A
E: . <1
- /, \\ i,
Hi || E : N
\ J
= IR =
t T/
h x 45&[ . A B——H-— l—j x 45°
—Aq INDEX CORNER
TERMINAL #1
INDICATOR
SPEQ\T,L'}G—- (SIZE AND TYPE OF
INDICATOR MAY VARY)
231369-9
Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.52 2.54 0.060 0.100
Aq 1.78 2.90 Solid Lid 0.070 0.114 Solid Lid
Aq 2.46 3.63 EPROM Lid 0.097 0.143 EPROM Lid
Ao 0.25 0.36 Solid Lid 0.010 0.014 Solid Lid
Ao 0.94 1.09 EPROM Lid 0.037 0.043 EPROM Lid
B 0.51 0.76 0.020 0.030
D 16.13 16.89 0.635 0.665
D4 12.70 Reference 0.500 Reference
E 16.13 16.89 0.635 0.665
Eq 12.70 Reference 0.500 Reference
[e] 1.09 1.45 Typical 0.043 0.057 Typical
L 1.02 2.29 0.040 0.090
N 44 44
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

68 CERAMIC LEADLESS CHIP CARRIER

Ll

M

q M
-
r

E, 4
I ! L
A
R PLANE 2:] ~— PLANE 1
TERMINAL SPEOHQNEG
#1
231369-10
Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.37 1.68 0.054 0.066
Aq 2.16 2.72 0.085 0.107
B 0.84 0.99 Typical 0.033 0.039 Typical
D 23.88 24.38 0.940 0.960
D 21.39 21.39 0.842 0.858
Do 20.32 Reference 0.800 Reference
D3 21.92 Reference 0.863 Reference
Dy 16.76 17.27 0.660 0.680
E 23.88 24.38 0.940 0.960
Eq 21.39 21.79 0.842 0.858
Es 20.32 Reference 0.800 Reference
Ej 21.92 Reference 0.863 Reference
Eq 16.76 17.27 0.660 0.680
e 1.04 1.50 Typical 0.041 0.059 Typical
L 0.94 0.037
N 68 68
Ry 0.25 0.010
ISSUE IWS 10/12/88
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|nter PACKAGE/MODULE OUTLINES AND DIMENSIONS

68 CERAMIC LEADLESS CHIP CARRIER

— T'—A1

e |_— TERMINAL #1 T
/

ll‘:lrg"éXCHAMFEER PLANE 1 —{ [=— PLANE 2
( CORNER) SEATING —#

PLANE

231369-11

Family: Ceramic Leadless Chip Carrier
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 1.91 2.41 0.075 0.095
A4 2.92 3.68 W/EPROM 0.115 0.145 W/EPROM
B 0.84 1.12 0.033 0.044
23.88 24.38 0.940 0.960
D4 21.39 21.79 0.842 0.858
Do 20.32 Reference 0.800 Reference
D3 22.05 Reference 0.868 Reference
E 23.88 24.38 0.940 0.960
Eq 21.39 21.79 0.842 0.858
= 20.32 Reference 0.800 Reference
E3 22.05 Reference 0.868 Reference
E4 14.33 15.14 0.564 0.596
1.04 1.50 Typical 0.041 0.059 Typical
1.27 0.050
68 68
R 0.25 | o010
ISSUE IWS 10/12/88
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CERAMIC PIN GRID ARRAY PACKAGE

Symbol List for Ceramic Pin Grid Array Family

l:;:::’:lr Description of Dimensions
A Distance from seating plane to highest point of body
Aq Distance between seating plane and base plane
Ao Distance from base plane to highest point of body
Ag Distance from seating plane to bottom of body
B Diameter of terminal lead pin

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

S Other body dimension, outer lead center to edge of body

NOTES:

1. Controlling dimension: millimeter.

2. Dimension “e¢” (“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.

Packaging Family Attributes

Category Ceramic Pin Grid Array
Acronym C-PGA or PGA

Lead Configuration Array

Lead Counts 68, 88, 132, 168, 208, 240-280
Lead Finish Gold Plate

Lead Pitch 0.100"

Board Assembly Type | Socket and Insertion Mount
Standard Registration | JEDEC and EIAJ

NOTES:

1. Alloy 42 or Kovar Leads.

2. Multilayer Co-Fired Ceramic Body.
3. 240-280 has variable pin count.
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|ntd PACKAGE/MODULE OUTLINES AND DIMENSIONS

68 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING __
D PLANE | , .
1 - j-— L e
‘”R‘E'ES PErRRERREE 4*1
i |oeceeeeeoeo SEATING _,
o © ©0 I HH PLANE
©o ©o et 0B (ALL PINS)
@® @® 5 == 1
@0 ©0e =
PIN B2—\|© © ©® = T:‘
(OXO] © O =
}g\g ©® U SWAGGED
PBEEOEOO®® QO =t PIN
4 | cove000ed | i =k DETAIL
) ;9 SWAGGEDJ : I)z Ay~ -
£:£2 REF. PIN 2% REF. —~ Azt
1.52 4PL 0.25 BASE _|
45° CHAMFER (4PL) 450 CHAMFER  PLANE (inch)
(INDEX CORNER) (3 PL) mm ine
231369-12
Family: Ceramic Pin Grid Array Package (Cavity Up)
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 4.06 5.21 EPROM Lid 0.160 0.205 EPROM Lid
A 3.30 432 Solid Lid 0.130 0.170 Solid Lid
Ay 1.14 1.40 0.045 0.055
Ao 2.16 3.18 Solid Lid 0.085 0.125 Solid Lid
Az 2.67 3.94 EPROM Lid 0.105 0.155 EPROM Lid
B 0.43 0.51 0.017 0.020
D 28.96 29.59 1.140 1.165
D1 25.27 25.53 0.995 1.005
e4 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 0.130
N 68 68
Sy 1.27 2.54 0.050 0.100
ISSUE IWS  04/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

88 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING
D - PLANE 7| , .
D,
St~ Ll
0,;;:‘??0@@@@@@@@@@@@ 3 b ]
i |cecoeecceooe0
o ® s | SEATING __,
T lee o¥o) 1 = PLANE
©@© ©® = @8 (ALL PINS)
@® ©@® ! == s
©0® @0 ==
00 0o s | [ c—
PIN B2~ @ @ ©@® =
No o ©6 = SWAGGED
® @® = H
PBOEOEPOOOOE QO =+ DETAIL
1 lweoovooooooood@] | =
) gg SWAGGED —— : Lz Ay~ |-
. 1.4 —»{ Ay |
£:27 REF. PIN REF. 2
1.52 0.25 BASE __|
45° CHAMFER (4PL) 450 CHAMFER  PLANE mm (inch)
(INDEX CORNER) (3 PL)
231369-13
Family: Ceramic Pin Grid Array Package (Cavity Up)
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 4.06 5.21 EPROM Lid 0.160 0.205 EPROM Lid
A 3.30 4.32 Solid Lid 0.130 0.170 Solid Lid
Aq 1.14 1.4 0.045 0.055
Ao 2.16 3.18 Solid Lid 0.085 0.125 Solid Lid
Ao 2.67 3.94 EPROM Lid 0.105 0.155 EPROM Lid
B 0.43 0.51 0.017 0.020
D 34.04 34.67 1.340 1.365
D4 30.35 30.61 1.195 1.205
e 2.29 2.79 0.090 0.110
L 3.05 3.56 0.120 0.140
88 88
S 1.27 254 | 0.050 0.100
ISSUE IWS 10/21/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

intel

68 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING
PLANE
D Af—
D, Ay I“*
L L
2o i |
’ J SEATING—»]
{ [| 000000000 PLANE
KoX JoJoJoJoJoJoJoX Yol
f 0 00 I
® - [0Y0) e 2B (ALL PINS)
ee| ~ N\ |ee 1
oo | ! ] |@® D
PIN B24®0® o 0 ::
® = (oJo) 't_
© 00
I OBOOOOOOOQO
cdcZodofofofo)o) ) 1 SWéIGNGED
2.99 SWAGGED-A1 OZT DETAIL
. PIN . A F
1.52 REF. (4 PL) 0.25 REF. ! .
45° CHAMFER 45° CHAMFER BASE 2 mm (inch)
(INDEX CORNER) (3 PL) PLANE
231369-14
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 0.76 1.27 Solid Lid 0.030 0.050 Solid Lid
Aq 0.41 EPROM Lid 0.016 EPROM Lid
Ao 2.72 3.43 Solid Lid 0.107 0.135 Solid Lid
Ao 3.43 4.32 EPROM Lid 0.135 0.170 EPROM Lid
Ag 1.14 1.40 0.045 0.055
B 0.43 0.51 0.017 0.020
D 28.83 29.59 1.135 1.165
D4 25.27 25.53 0.995 1.005
eq 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 0.130
68 68
S4 1.27 2.54 0.050 0.100
ISSUE IWS 12/08/88
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mtef PACKAGE/MODULE OUTLINES AND DIMENSIONS

88 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING
PLANE
D At
D, As |"‘“
81_'—" b — L L
QRE?? ] SEATING—»]
’)eeeeeooeooeo PLANE
[oX YoXoXoXoXoXoXoXoJoX XoJ
§oJo] [oXo) -f_
I L e, 2B (ALL PINS)
ss| (s o
PIN B2—eo| ' ’ 00
| T:
1 (gBessszesesss) |
| smgem | a] SWageED
2.29 . DETAIL
152 0 (4 PL) Q.25 REF. Agf—
45° CHAMFER 45 g'jﬁLMFER BASE
(INDEX CORNER) ( ) PLANE mm (inch)
231369-15
Family: Ceramic Pin Grid Array Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 3.56 457 0.140 0.180
Ay 0.76 1.27 Solid Lid 0.030 0.050 Solid Lid
As 2.67 3.43 Solid Lid 0.105 0.135 Solid Lid
Az 1.14 1.40 0.045 0.055
B 0.43 0.51 0.017 0.020
D 33.91 34.67 1.335 1.365
D4 30.35 30.61 1.195 1.205
e1 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 0.130
N 88 88
St 1.27 254 | 0050 | o100 |
ISSUE IWS 10/12/88
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lnter PACKAGE/MODULE OUTLINES AND DIMENSIONS

132 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING
PLANE

D Afe—
D, As —
2 1.65 S - r
REF. ——‘ I SEATING—]
(000000000 PLANE
LedodoZoXoXoXoZ o oRoRoXoXoXol
.gg;@@@@@@@@ggg |
i 000| __-._ |o000e €, @B (ALL PINS)
ooe| i v |eee |
PIN C3— 83 ' ) 833 D
o3l -7 [853 | G
80009096090088 l
i 0000@@@@@0@5&0
X oXooXoXoXoXoXoXoXoXoXcXo)
I l SWAGGED
SWAGGED——X A I PIN
1 DETAIL
1552 4 PL) 45° CHAMFER o
45° CHAMFER °
(INDEX CORNER) (S BLANE mm (inch)
231369-16
Family: Ceramic Pin Grid Array Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 3.56 457 0.140 0.180
Aq 0.76 1.27 Solid Lid 0.030 0.050 Solid Lid
Ao 2.67 3.43 Solid Lid 0.105 0.135 Solid Lid
Ag 1.14 1.40 0.045 0.055
B 0.43 0.51 0.017 0.020
D 36.45 37.21 1.435 1.465
Dy 32.89 33.15 1.295 1.305
eq 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 0.130
N 132 132
S 1.27 2.54 0.050 0.100
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS
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168 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING __
D PLANE | ,
D —
L Sy~ | Ai] L
O eoo00o0000000000] T 1 B
PEPEEPOOEOOOOOOOO ¥
cYoXYoyoycyeYoclofcYofofoRcXo¥e) o =
T leeo ®0e0 T
loXoXC) ®6O 6 — SEATING
CYoRe) U, . cXoRe) = PLANE
©00 K @O0 = 2B (ALL PINS)
@e06 ' \ [CXCXC)] b = j_
00 ' ' ©0® =
ool i i 3| ~—
PINC3~ | @@ c¥o¥o) =
No o o 0006 — SWAGGED
B© © 00 = PIN
©BO 00 = DETAIL
POREEPOOOOOEOO QOO =
PPEEOOOOOOOOO O OWY O
1 lerooe0o00000000d0@f | | |
) gg SWAGGED — Ay
. Aol
=== REF. PIN 2
1.52 (4 PL) BASE
45° CHAMFER PLANE :
(INDEX CORNER) mm (inch)
231369-17
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 1.14 Solid Lid 0.025 0.045 Solid Lid
Ao 0.23 0.30 Solid Lid 0.110 0.140 Solid Lid
A3 1.14 1.40 0.045 0.055
B 0.43 0.51 0.017 0.020
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
N 168 168
Sy 1.52 L 2.54 0.060 —l 0.100
ISSUE IWS 11/29/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

208 LEAD CERAMIC PIN GRID ARRAY PACKAGE

SEATING __
D PLANE | ,
01.65 S I
REF. |[0©©000000000000000 3 ‘;
PRPPEPPOPOOOOOOOOC OO T
efofcJoJofcXecycycyoolcycycX-XoXo) o =
T eoo @06 T
®e 06 ®0 06 p— SEATING _
@06 PPN . ®E 0 = PLANE
o¥cXo) " Yoo =
aeo ; \ coa | = @8 (ALL PINS)
©e 0 ! ' ©E® =
oo0| A . T:‘
B0 S @e® =
PINDAN{® oo - 500 - SWAGGED
cXeje) @O = PIN
© BE @06 = DETAIL
POEOOOPOOROOOOO QOO =
PPPEPPPOOEOOOOOOY O
! lereereeee00006 6 R
2* SWAGGED — Aq L
.29 A
55 REF. PIN BASE 2
: (4 PL) PLANE
45° CHAMFER .
(INDEX CORNER) mm (inch)
231369-18
Family: Ceramic Pin Grid Array Package
Millimeters Inches
Symbol
Min Max Notes Min Max Notes
A 3.56 4.57 0.140 0.180
Aq 0.64 1.14 Solid Lid 0.025 0.045 Solid Lid
Ao 0.23 0.30 Solid Lid 0.110 0.140 Solid Lid
A3 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
D4 40.51 40.77 1.595 1.605
e 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 0.130
N 208 208
Sq 1.52 2.54 0.060 0.100 |
ISSUE IWS  8/1/90
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Inter PACKAGE/MODULE OUTLINES AND DIMENSIONS

1.95” SQ CERAMIC PIN GRID ARRAY PACKAGE

SEATING
PLANE
D 4 A
D, Az |
S1 — ~—| L [—
ﬂfgégs PPOPOOO0POOOEPOOEBO] | i B
T |loRPPPRPRAEEOROROROROBO I
oJoJcyoJoycNcyoyoJofoXoo oo JooXoXo) o, =
! @@@0@@@@@@@@@@@0@@@ T
@O O @i i HOOOO =
@@@@»- OO =
OO OO O = SEATING _,
e OO coreKo) = PLANE
[OXOXOXO] SAEONONOXO] = 2B (ALL PINS)
PO®O O e D = N
OO O OO = G
PIN C3 —] g g g g = T
L0666 . Sw,;?NGED
: DETAIL
=
J’—. o) 1 ||
2.29 SWAGGED A A1
752 REF. ( PIN ) Agle—
45° CHAMFER 4 PL BASE .
(INDEX CORNER) PLANE mm (inch)
231369-19
Family: Ceramic Pin Grid Array Package
o Millimeters Inches
Symbol -
Min Max Notes Min Max Notes
A 3.56 4,57 0.140 0.180
Aq 0.64 1.14 Solid Lid 0.025 0.045 Solid Lid
Ao 0.23 0.30 Solid Lid 0.110 0.140 Solid Lid
Ag 1.14 1.40 0.045 0.055
B 0.43 0.51 0.017 0.020
49.53 50.17 1.950 1.975
D4 45.59 45.85 1.795 1.805
eq 2.29 2.79 0.090 0.110
L 2.54 3.30 0.100 0.130
N 240 280 240 280
S 1.62 2.54 0.060 0.100
ISSUE IWS 9/90
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CERAMIC PIN GRID ARRAY MODULE

Symbol List for Pin Grid Array Module

I:;::;;r Description of Dimensions
A Distance from seating plane to highest point of body
Aq Distance between seating plane and base plane
Ao Distance from base plane to highest point of body
A3 PGA body thickness including lid
Ay Distance from seating plane to base of body
D Largest overall package dimension of length
D3 PGA to LCC start (LCC long dim)
Dy PGA to LCC start (LCC short dim)
Ds PGA to LCC end (LCC long dim)
De PGA to LCC end (LCC short dim)
eq Linear spacing between centerlines of body standoffs (terminal leads)
L Distance from seating plane to end of lead
NOTES:

1. Controlling dimension: millimeter.

2. Dimension “eq” (“e”) is non-cumulative.

3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch.
4. Dimensions “B”, “B1"” and “C” are nominal.
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|ntel' PACKAGE/MODULE OUTLINES AND DIMENSIONS

CERAMIC PIN GRID ARRAY MODULE

Ds

2.29
1.52 REF.
45° CHAMFER
(INDEX CORNER)

L

8:% REF.
45° CHAMFER .
(3 PL) mm (inch)
231639-20
Family: Ceramic Pin Grid Array Module
Symbol Millimeters Inches
Min Max Notes Min Max Notes

A 6.10 7.62 0.240 0.300
Aq 0.64 1.19 0.025 0.047
Ao 5.21 6.60 0.205 0.260
Ag 1.14 1.40 0.045 0.055
Ay 2.72 3.56 0.107 0.140
D 28.83 29.59 1.135 1.165
D3 6.35 8.64 0.250 0.340
Dy 7.37 9.40 0.290 0.370
Ds 20.07 23.62 0.790 0.930
Dg 18.54 22.61 0.730 0.890
€4 2.29 2.79 0.090 0.110
L 2.41 3.18 0.095 0.125
N 68 PGA 68 PGA
N 32LCC 32LCC

ISSUE 10/12/88
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CERAMIC QUADPACK PACKAGE

Symbol List for Ceramic Quadpack Family
Lse;'t;r);r Description of Dimensions

A Distance from seating plane to highest point of body (lid)

B Width of terminal leads

C Thickness of terminal leads

D Largest overall package dimension of length

D4 Largest overall package dimension of length excluding leads

Do A body length dimension, outer lead center to outer lead center

eq Linear spacing between centerlines of terminal leads

L Lead dimension free lead length

S Distance from true position centerline of end lead position to the extremity of the

body

Sy Linear spacing of true maximum lead position from lead edge to package edge

NOTES:

Controlling dimension: millimeter.
Dimension “e4” (“‘€”) is non-cumulative.
Pin numbering is ascending in the counterclockwise direction.

Dimensions “B”, “B4” and

“C” are nominal.

Packaging Family Attributes

Category Ceramic Quadpack
Acronym CQFP

Lead Configuration Quad

Lead Counts 68

Lead Finish Gold Plate or SolderCoat
Lead Pitch 0.050"

Board Assembly Type | Socket and Surface Mount
Standard Registration | JEDEC

NOTES:

1. Alloy 42 or Kovar Leads.
2. Sold unformed in carrier.

2-39




intel

PACKAGE/MODULE OUTLINES AND DIMENSIONS

68 LEAD CERAMIC QUADPACK PACKAGE

f 2D : - seatne. S5
4§ A ANE =
68X L~ A
C—a
‘ i I r_
' 3X J45° X 1.02 (.040) L
DETAL » iHiHHII” | -
] i e —
N =
J= i 2X D
=R
=1\
RN —
45° x 0.51 (.020)/[{ l ‘
w OPTIONAL
SEE DETALL'A ‘ | 1 =P 1
CURTE INDICATOR
e wes Ak
231369-21
Figure 1. Principle Dimensions and Datums
.! 3.81 (.150)
EDGE OF LID l'
OR SEAL RING N )
i
F—7—1.91 (.075)
[
EDGE OF LID
OR SEAL RING
2.54 (.100)
f i
1.91 (.075)
8X 5y
8X s
Detail A 231369-22
i
1.02 (040 N
NN
2.29 (.090) -
231369-23
Detail B
Figure 2. Details A, B
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

CERAMIC QUADPACK PACKAGE

Family: 68 Lead Ceramic Quadpack Family
Symbol Millimeters Inches

Min Max Notes Min Max Notes
A 2.03 2.69 Solid Lid 0.080 0.106 Solid Lid
A 2.29 3.68 EPROM Lid 0.090 0.145 EPROM Lid
Aq 1.78 2.29 0.070 0.090
B 0.41 0.53 68 Places 0.016 0.021 68 Places
B4 1.02 1.52 Typical 0.040 0.060 Typical
Bs 0.76 1.02 Typical 0.030 0.040 Typical
Bs 0.13 0.51 Typical 0.005 0.020 Typical
o] 0.20 0.31 0.008 0.012
D 41.66 47.50 1.640 1.870
Dy 23.52 24.64 0.926 0.970
Do 20.32 BSC 0.800 BSC
eq 1.27 BSC 64 Places 0.050 BSC 64 Places
L 8.89 11.43 0.350 0.450
L4 1.02 1.52 0.040 0.060
N 68 68
S 1.91 REF 0.075 REF
Sy 1.27 0.050

ISSUE IWS 10/12/88
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CERAMIC QUAD FLATPACK PACKAGE

Symbol List for Quadpack Family (Military)

l:;::;;r Description of Dimensions
A Distance from Seating Plane to Highest Point of Body (Lid)
A4 Ceramic Body Thickness
Ao Distance from Top of Ceramic to Bottom of Lead
B Width of Terminal Leads
C Thickness of Terminal Leads
D Largest Overall Package Dimension of Length
D4 Largest Overall Package Dimension of Length Excluding Leads
Do A Body Length Dimension, Outer Lead Center to Outer Lead Center
eq Linear Spacing between Centerlines of Terminal Leads
H Distance from Body Centerline to Locator Holes
Hy Distance between Opposite Locator Holes
Ho Distance from End Lead Centerline to Locator Holes
L Lead Dimension Free Lead Length
S Distance from True Position Centerline of End Lead Position to the Extremity of
the Body
S Linear Spacing of True Maximum Lead Position from Lead Edge to Package Edge
NOTES:

1. Dimension “e4” (“‘e”) is non-cumulative.
2. Pin numbering is ascending in the counterclockwise direction.

Packaging Family Attributes

Category Ceramic Quad Flatpack (Military)
Acronym CQFP

Lead Configuration Quad

Lead Counts 164, 196

Lead Finish SolderCoat or SolderPlate

Lead Pitch 0.025"

Board Assembly Type | Socket and Surface Mount
Standard Registration | JEDEC

NOTES:
1. Kovar Leads.

2. Multilayer Co-Fired Alumina Ceramic Body.
3. 164L—SolderCoat or SolderPlate (unformed only in carrier).
4. 196L—SolderPlate only (formed and unformed).

5. Military use only.
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Inter PACKAGE/MODULE OUTLINES AND DIMENSIONS

164 LEAD CERAMIC QUADPACK PACKAGE
VERSION: CAVITY UP, WITH N/C TIE BAR

2x 0,
4X .080(2.03)
REF .
| 2X O —] .
ee—2 b7 |
ow
.050(1. g
05001.27) \Z — 4 <] :5’
w
23
45% X .020(051) 3K 45+ X_.030(.76) I~
ReF .
4 (e s
PIN §1 L_-:=
INDICATOR !
Hy
20 N
’
=
’ _..025(.64
T 4X 45 ".owé.zs;
.d} A -$‘ 4x .247(6.29) =l
e 0
~f=A |
2X R.045+.003
2X .004(2.38) (1:14+.08)
REF §
7X_066(1.68) REF_ | | Al _$_
i == Al
4X 060£.003 |
(1.524.08) ©
8x “x-—'—-‘”" & zxd?.dggiﬁi tx .035(.89)
8 W .% REF
231369-24
.005¢13)
== Max
.012+.003
(.30+.08>
164X .050¢1.27>
REF
DETAIL A DETAIL B
231369-25
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

164 LEAD CERAMIC QUADPACK PACKAGE
VERSION: CAVITY UP, WITH N/C TIE BAR (Continued)

Family: Ceramic Quadpack (Military)
Symbol Millimeters Inches
Min Max Notes Min Max Notes

A 2.23 2.92 Solid Lid 0.088 0.115 Solid Lid
A 2.92 3.56 EPROM Lid 0.115 0.140 EPROM Lid
Aq 1.98 2.39 0.078 0.094
Ao 0.15 0.30 0.006 0.012

B 0.18 0.25 0.007 0.010

0.10 0.15 0.004 0.006

D 63.50 64.01 2.500 2.520

D4 28.45 28.96 1.120 1.140

Do 25.40 Basic 1.000 Basic
eq 0.58 0.69 0.023 0.027

H 29.21 Basic 1.150 Basic
H4 58.42 Basic 2.30 Basic
Ho 16.51 Basic 0.650 Basic
L 9.27 10.03 0.365 0.395

N 164 164

S 1.52 2.03 Reference 0.060 0.080 Reference
Sy 1.52 1.93 0.060 0.076

ISSUE IWS 7/90
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Inl'e[ PACKAGE/MODULE OUTLINES AND DIMENSIONS

196 LEAD CERAMIC QUADPACK PACKAGE
VERSION: CAVITY UP, WITH N/C TIE BAR

2X Dy
4X .0:2}(_240!)
} 2X Dy ] j T
( & =& P ]
.050(1.27) L =-\/ g‘g
REF <] g
45* X
a0 ¥ 31
& VA 2 I
PIN §1 —\
INDICATOR
)
| H
|
/"—\
// | N
/ | \
\ / \
___4_-+__L___
20 \ N\
\ 1 // ‘./
\
N B
A
|
} u
I -
’ x 4s-x 323058
, — L
{ 4X .247(6.28)
.éb_ A _G REF 4 A [
Es asc AN
2X R.045+.003
2 .094(2.38) (1.14+.08) <
REF
] —y
2X_.066(1.68) REF P4 (@, J
( —J \{/ \P —\4
G o
521 -
T | T 2x80.1005.003 {Lex osscom
ax H 1 REF
231369-26
.005(.13)
== MAX
.012+.003
(.30+.08)
196X .050(1.27)
REF
DETAIL A DETAIL B
231369-27
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

196 LEAD CERAMIC QUADPACK PACKAGE
VERSION: CAVITY UP, WITH N/C TIE BAR (Continued)

Family: Ceramic Quadpack (Military)

Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 2.23 2.92 Solid Lid 0.088 0.115 Solid Lid
A 2.92 3.56 EPROM Lid 0.115 0.140 EPROM Lid
Aq 1.96 2.39 0.077 0.094
Ao 0.15 0.30 0.006 0.012
B 0.20 0.25 0.008 0.010
C 0.10 0.20 0.004 0.008
D 63.50 64.01 2.500 2.520
D4 33.65 34.16 1.325 1.345
D> 30.48 Basic 1.200 Basic
e 058 | 069 0.023 0.027
H 29.21 Basic 1.150 Basic
Hy 58.42 Basic 2.30 Basic
Ho 19.05 Basic 0.750 Basic
L 9.27 10.03 0365 | 0.395
N 196 196
S 1.27 2.03 Reference 0.050 0.080 Reference
S4 1.14 1.93 0.045 0.076
ISSUE IWS 7/90
NOTE:

1. Currently for Military application only.
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CERDIP DUAL IN-LINE PACKAGE

Symbol List for Cerdip Dual In-Line Family

Lse;::l; :Ir Description of Dimensions

A Distance from seating plane to highest point of body (lid)

A4 Distance between seating plane and base plane

Ao Distance from base plane to highest point of body (lid)

Ag Base body thickness

B Width of terminal leads

B4 Width of terminal lead shoulder which locate seating plane (standoff geometry optional)

C Thickness of terminal leads

D Largest overall package dimension of length

Do A body length dimension, end lead center to end lead center

E Largest overall package width dimension outside of lead

Eq Body width dimensions not including leads

ea Linear spacing of true minimum lead position center line to center line

eB Linear spacing between true lead position outside of lead to outside of lead

eq Linear spacing between centerlines of body standoffs (terminal leads)

L Distance from seating plane to end of lead

N The total number of potentially useable lead positions

S Distance from true position centerline of No. 1 lead position to the extremity of the body

Sq Distance from other end lead edge positions to the extremity of the body

a Angular spacing between minimum and maximum lead positions measured at the gauge
plane :

NOTES:

1. Controlling dimension: millimeter.

2. Dimension “eq” (“‘e”) is non-cumulative.

3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch.
4. Dimension “B4” is nominal.

Packaging Family Attributes

Category Cerdip

Acronym Cerdip

Lead Configuration Dual-In-Line

Lead Counts 16, 18, 20, 22, 24, 32, 40, 44
Lead Finish Tin Plate of SolderPlate
Lead Pitch 0.100”

Board Assembly Type | Socket and Surface Mount
Standard Registration | JEDEC and EIAJ

NOTES:

1. Alloy 42 Leads.

2. Pressed Ceramic Body.

3. UV Window available for reprogramming.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

16 LEAD CERDIP DUAL IN-LINE PACKAGE

PIN #1 4—1
INDICATOR |
AREA
BASE
PLANE —
SEATING i
PLANE \"7
c
€
g —»
231369-28
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Ay 0.38 0.015
Ao 3.56 4.44 0.140 0.175
A3 3.56 4.44 0.140 0.175
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 19.05 19.94 0.750 0.785
Do 17.78 Reference 0.700 Reference
E 7.62 8.13 0.300 0.320
E4 7.1 7.90 0.280 0.311
eq 2.29 2.79 0.090 0.110
ea 7.87 Reference 0.310 Reference
eg 8.13 10.16 0.320 0.400
L 3.18 3.81 0.125 0.150
N 16 1/, Leads 16 1/, Leads
S 0.25 1.27 0.010 0.050
Sy 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

18 LEAD CERDIP DUAL IN-LINE PACKAGE

PIN #1 N4
INDICATOR
AREA L = = R = G = =

BASE ‘-‘
PLANE \
SEATING X

PLANE

_ ~ .
c
B—+ Ep —=
eg —
231369-28
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.56 4.44 0.140 0.175
As 3.56 4.44 0.140 0.175
B 0.41 0.51 0.016 0.020
B 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 22.35 23.24 0.880 0.915
D2 20.32 Reference 0.800 Reference
E 7.62 8.13 0.300 0.320
E4 7.11 7.90 0.280 0.311
ey 2.29 2.79 0.090 0.110
ea 7.87 Reference 0.310 Reference
eg 8.13 10.16 0.320 0.400
L 3.18 3.81 0.125 0.150
N 18 1> Leads 18 1/, Leads
S 0.64 1.78 0.025 0.070
S4 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

20 LEAD CERDIP DUAL IN-LINE PACKAGE

PIN #1

INDICATOR

AREA

AHHEHHHHT

/

\

BASE
PLANE
SEATING =2
PLANE
231369-28
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.56 4.24 0.140 0.167
As 3.56 4.24 0.140 0.167
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 24.38 25.27 0.960 0.995
Do 22.86 Reference 0.900 Reference
E 7.62 8.13 0.300 0.320
E4 7.11 7.90 0.280 0.311
eq 2.29 2.79 0.090 0.110
ea ' 7.87 Reference 0.310 Reference
eg 8.13 10.16 0.320 0.400
L 3.18 3.81 0.125 0.150
N 20 1/, Leads 20 1/, Leads
S 0.38 1.78 0.015 0.070
S 0.13 0.005
ISSUE IWS 10/12/88
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Inter PACKAGE/MODULE OUTLINES AND DIMENSIONS

22 LEAD CERDIP DUAL IN-LINE PACKAGE

PIN #1 /
INDICATOR
AREA
k
BASE *.
PLANE |

SEATING =

PLANE .1

B —+

231369-28

Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°

A 5.08 0.200
Aq 0.38 0.015
Ao 3.81 4.57 0.150 0.180
Ag 3.81 4.57 0.150 0.180

B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 26.92 27.81 1.060 1.095
Do 25.40 Reference 1.000 Reference
E 10.16 10.67 0.400 0.420
Eq 9.53 10.29 0.375 0.405

€4 2.29 2.79 0.090 0.110
ea 10.41 Reference 0.410 Reference
e 10.67 12.70 0.420 0.500

L 3.18 3.81 0.125 0.150

N 22 5 Leads/400 MIL 22 » Leads/400 MIL
S 0.38 1.52 0.015 0.060
Sy 0.13 0.005

ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

24 LEAD CERDIP DUAL IN-LINE PACKAGE (300 MIL)

PIN #1
AREA

BASE -’l le-S
PLANE

SEATING aUm
PLANE J
. iy
231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.72 0.225
Aq 0.38 0.015
Ao 3.56 4.83 0.140 0.190
A3 3.56 4.44 0.140 0.175
B 0.41 0.51 0.016 0.020 Typical
B4 1.42 Typical 0.056 Typical
o] 0.23 0.30 Typical 0.009 0.012
D 31.50 32.64 1.240 1.285
Do 27.94 Reference 1.100 Reference
E 7.62 8.13 0.300 0.320
Eq 7.11 7.87 0.280 0.310
eq 2.29 2.79 0.090 0.110
ea 7.87 Reference 0.310 Reference
eg 8.13 10.16 0.320 0.400
L 3.18 4.06 0.125 0.160
N 24 300 MIL 24 300 MIL
S 2.29 0.090
Sq 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

24 LEAD CERDIP DUAL IN-LINE PACKAGE (600 MIL)

PIN #1
INDICATOR
AREA
D
BASE > oS S —
PLANE  \ ocooa 1*“] ___l_u
L —) T
SEATING . - . —l—‘—{——r
PLANE ' L -3
—F AAs A A,
= B1 €,
B —eljla—
Dz 1
231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.56 4.70 0.140 0.185
Ag 3.56 4.44 0.140 0.175
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 31.50 32.64 1.240 1.285
D2 27.94 Reference 1.100 Reference
E 15.24 15.75 0.600 0.620
Eq 13.08 15.24 0.515 0.600
eq 2.29 2.79 0.090 0.110
ea 15.49 Reference 0.610 Reference
e 15.75 17.78 0.620 0.700
L 3.18 3.81 0.125 0.150
24 600 MIL 24 600 MIL
S 1.40 2.29 0.055 0.090
S4 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

28 LEAD CERDIP DUAL IN-LINE PACKAGE (300 MIL)
VERSION: SKINNY DIP

PIN

#1
INDICATOR
AREA

BASE -‘ [-S el S1—-| o ¢_Ll
. ﬁ A, A:fx A,
> 231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.72 0.225
Aq 0.38 0.015
Ao 3.56 4.83 0.140 0.190
A3 3.56 4.44 0.140 0.175
B 0.41 0.51 0.016 0.020 Typical
B4 1.42 Typical 0.056 Typical
C 0.23 0.30 Typical 0.009 0.012
D 36.58 37.72 1.440 1.485
Do 33.02 Reference 1.300 Reference
E 7.62 8.13 0.300 0.320
Eq 7.1 7.87 0.280 0.310
e1 2.29 2.79 0.090 0.110
ea 7.87 Reference 0.310 Reference
eg 8.13 10.16 0.320 0.400
L 3.18 4.06 0.125 0.160
N 28 300 MIL 28 300 MIL
S 2.29 0.090
Sy 0.13 0.005
ISSUE IWS 9/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

28 LEAD CERDIP DUAL IN-LINE PACKAGE (600 MIL)

N
hhﬁnhhﬁhj
AL I
N
4 \

H ] E,E

PIN #1 N (%
INDICATOR a5
AREA

b !
SEATING :J:VL’——[
PLANE = L -3
—F AALA A,
231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.72 0.225
Aq 0.38 0.015
Ao 3.56 4.95 0.140 0.195
Az 3.56 4.70 0.140 0.185
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 36.58 37.72 1.440 1.485
Do 33.02 Reference 1.300 Reference
E 15.24 15.75 0.600 0.620
Eq 13.08 16.37 0.515 0.605
eq 2.29 2.79 0.090 0.110
ea 15.49 Reference 0.610 Reference
eg 16.75 17.78 0.620 0.700
L 3.18 4.32 0.125 0.170
N 28 28
S 1.40 2.29 0.055 0.090
S4 0.13 0.005
ISSUE WS 04/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

32 LEAD CERDIP DUAL IN-LINE PACKAGE

PIN #1
INDICATOR
AREA
BASE
PLANE
SEATING
PLANE >
231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.72 0.225
Aq 0.38 0.015
Ao 3.56 4.95 0.140 0.195
Az 3.56 4.70 0.140 0.185
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 41.66 42.67 1.640 1.680
Do 41.91 Reference 1.650 Reference
E 16.24 15.75 0.600 0.620
Eq 14.48 15.37 0.570 0.605
eq 2.29 2.79 0.090 0.110
eA 15.49 Reference 0.610 Reference
eg 15.75 17.78 0.620 0.700
L 3.18 4.32 0.125 0.170
N 32 32
S 1.40 2.29 0.055 0.090
S 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

40 LEAD CERDIP DUAL IN-LINE PACKAGE

Neme oo =T
PIN #1
INDICATOR
AREA
|
BASE -—‘
PLANE
SEATING
PLANE ’I
B—+
231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.72 0.225
A 0.38 0.015
Ao 3.56 4.95 0.140 0.195
Ag 3.56 4.70 0.140 0.185
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 0.009 0.012
D 51.69 52.96 2.035 2.085
Do 48.26 Reference 1.900 Reference
E 15.24 15.75 0.600 0.620
E4 13.08 16.37 0.515 0.605
eq 2.29 2.79 0.090 0.110
ea 15.49 Reference 0.610 Reference
e 15.75 17.78 0.620 0.700
L 3.18 4.32 0.125 0.170
40 40
S 1.40 2.29 0.055 0.090
Sy 0.13 0.005
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

42 LEAD CERDIP DUAL IN-LINE PACKAGE

PIN #1
INDICATOR
AREA

Iﬂf‘lhhﬂhﬁr‘lﬂ

BASE
PLANE
SEATING
PLANE =
231369-29
Family: Cerdip Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°

A 5.72 0.225
Aq 0.38 0.015
Ao 3.56 4.95 0.140 0.195
Az 3.56 4.70 0.140 0.185

B 0.41 0.51 0.016 0.020

B4 1.52 Typical 0.060 Typical
C 0.23 0.30 0.009 0.012

D 54.23 55.50 2.135 2.185

Do 50.80 Reference 2.000 Reference
E 15.24 15.75 0.600 0.620

Eq 13.08 16.37 0.515 0.605

eq 2.29 2.79 0.090 0.110

ea 15.49 Reference 0.610 Reference
eg 15.75 17.78 0.620 0.700

L 3.18 4.32 0.125 0.170

N 42 42

S 1.40 2.29 0.055 0.090

Sy 0.13 0.005

ISSUE IWS 9/19/90
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CERQUAD PACKAGE

Symbol List for Cerquad Family

Lse;lt:;;r Description of Dimensions

A Overall Height
Aq Shoulder to Board Height
C Lead Thickness
CP Seating Plane Coplanarity
D : Outside Dimension
D4 Ceramic Body Dimension
Do Footprint
D3 Footprint
E Outside Dimension
Eq Ceramic Body Dimension
Eo Footprint
E3 Footprint
N No. of Leads

NOTES:

1. All dimensions and tolerances conform to ANS| Y14.5M-1982.

2. To be determined at seating plane —E—.

3. Dimensions D1 and E1 do not include glass protrusion.

4. Controlling dimension, inch.

5. All dimensions and tolerances include lead trim offset and lead plating finish.

Packaging Family Attributes
Category Cerquad
Acronym Cerquad
Lead Configuration Quad

Lead Counts 44,52, 68
Lead Finish SolderCoat
Lead Pitch 0.050"
Board Assembly Type | Socket
Standard Registration | JEDEC

NOTES:

1. Alloy 42 - “J” Leads.

2. Pressed Ceramic Body.

3. UV Window available for reprogramming.

4. Compatible with PLCC Footprint.

5. Not certified for Surface Mount, must be Socketed.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

CERQUAD PACKAGE (SQUARE)

Family: 44 Lead Cerquad Square

Millimeters

Inches

Symbol Notes
Min Max Min Max Nominal

A 3.94 4.57 0.155 0.180

Aq 2.29 3.05 0.090 0.120 0.100

C 0.15 0.25 0.006 0.010 0.007
cP 0.00 0.15 0.000 0.006

D 17.40 17.65 0.685 0.695 0.690

D1 16.00 16.66 0.630 0.656 0.650 (Note 3)
Do 15.24 16.75 0.590 0.630 0.620 (Note 2)
Dg 12.70 0.500 Reference
E 17.40 17.65 0.685 0.695 0.690

Eq 16.36 16.66 0.635 0.656 0.650 (Note 3)
Es 15.24 15.75 0.590 0.630 0.620 (Note 2)
E3 12.70 0.500 Reference
N 44 44

Issue IWS 04/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

CERQUAD PACKAGE (SQUARE)

Family: 52 Lead Cerquad Square
Symbol Millimeters Inches Notes
Min Max Min Max Nominal

A 4.20 4.83 0.165 0.190
Aq 2.29 3.30 0.090 0.130 0.100

C 0.15 0.25 0.006 0.010 0.007
CP 0.00 0.15 0.000 0.006

D 19.94 20.19 0.785 0.795 0.790

D4 18.542 19.202 0.730 0.756 0.750 (Note 3)
Do 17.53 18.54 0.690 0.730 0.720 (Note 2)
D3 ‘ 15.24 0.600 Reference
E 19.94 20.19 0.785 0.795 0.790

E4 18.669 19.202 0.735 0.756 0.750 (Note 3)
=) 17.53 18.54 0.690 0.730 0.720 (Note 2)
Ej 15.24 0.600 Reference
N 52 52

Issue IWS 04/19/90
Family: 68 Lead Cerquad Square
Symbol Millimeters Inches Notes
Min Max Min Max Nominal

A 3.94 4.83 0.1565 0.190

Ay 2.29 3.05 0.090 0.120 0.100

C 0.15 0.25 0.006 0.010 0.007

CP 0.00 0.15 0.000 0.006

D 25.02 25.27 0.985 0.995 0.990

D4 23.62 24.33 0.930 0.958 0.950 (Note 3)
Do 22.86 23.37 0.890 0.930 0.920 (Note 2)
D3 20.32 0.800 Reference

E 25.02 25.27 0.985 0.995 0.990

Eq 23.93 24.33 0.935 0.958 0.950 (Note 3)
Es 22.86 23.37 0.890 0.930 0.920 (Note 2)
E3 20.32 0.800 Reference
N 68 68

Issue IWS 07/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

i i [$]0:51 (0.020) ®[C[AG[BO)
OTTEAA

— Irmz (0.040) x 45° 0.20 lo'fa) hA,jjs (0015 &\
| \ N
L 0.89 (0.035) 0.51 (0.020) A&\
E x 459 x 45°
O
O
@ El E
O £
C
i

\ ) )

3x(0.025 R MAX.) (€051 (0.020) ®[C[AG[BB)] A
SEATING

. PLANE
mm (inch) 231369-30

Figure 1. Principal Dimensions and Datums

1.27 (0.050) [—

TWO SIDES
:" NN EREE R
SEATING ‘Lllllll‘

PLANE—‘ '

Aee A
SEE DETAIL H

[/
.

f D3/E3 ! SEE DETAIL J

D2/Ez 1 $]0.38 (0.015) B[Pl
mm (inch) 231369-31

Figure 2. Terminal Details
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

o +0°
90 -100

0.010 MIN——J

0.015 R

I

0.076 (0.003) MIN

0.787 (0 .031) R.M
mm (inch) ( ) N 231369-32
Detail H
0.73 (0.029 10.008
I
? |
1.27 (0.050) TYP.
1.52 (0.060) REF
) / / l—aonom OF SHOULDER
A \ N
SEATING LBASE PLANE
PLANE .
CP[—E—
4_] ]_ 0.482 (0.019 % 0.002)
1.02 (0.040 % 0.005) [¢]o.18 (0.007)®[c-DB)]
mm (inch) 231369-33
Detail J
Typ All Sides
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PLASTIC DUAL IN-LINE PACKAGE

Symbol List for Plastic Dual In-Line Family
Lse;'t:;&r Description of Dimensions

a Angular spacing between minimum and maximum lead positions measured at the gauge plane
A Distance from seating plane to highest point of body (lid)
Aq Distance between seating plane and base plane
Ao Distance from base plane to highest point of body (lid)
As Base body thickness
B Width of terminal leads
B4 Width of terminal lead shoulder which locates seating plane (standoff geometry optional)
C Thickness of terminal leads
D Largest overall package dimension of length
Do A body length dimension, end lead center to end lead center
E Largest overall package width dimension outside of lead
E4 Body width dimensions not including leads
€A Linear spacing of true minimum lead position center line to center line
eg Linear spacing between true lead position outside of lead to outside of lead
€4 Linear spacing between centerlines of body standoffs (terminal leads)
L Distance from seating plane to end of lead
N The total number of potentially useable lead positions
S Distance from true position centerline of No. 1 lead position to the extremity of the body
Sy Distance from other end lead edge positions to the extremity of the body

NOTES:

1. Controlling dimension: millimeter.

2. Dimension *

‘eq” (“e”) is non-cumulative.

3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch.
4. Dimension “B4” is nominal.
5. Details of Pin 1 identifier are optional.

Packaging Family Attributes

Category Plastic Dual-In-Line

Acronym PDIP

Lead Configuration Dual-In-Line

Lead Counts 16, 18, 20, 24, 28, 32, 40, 48, 64
Lead Finish SolderCoat

Lead Pitch 0.100"

Board Assembly Type | Socket and Insertion Mount
Standard Registration | JEDEC and EIAJ

NOTES:

1. Alloy 42 and Cu Alloy Leads.
2. Novalac Body.
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lntd PACKAGE/MODULE OUTLINES AND DIMENSIONS

16 LEAD PLASTIC DUAL IN-LINE PACKAGE
VARIATION: ¥, LEAD

N

) EE
PIN #1
INDICATOR
AREA
BASE - =S
PLANE \
SEATING - K 3
PLANE HJI n L)
~alt “
] [
C
B—e € \—o
e e

231369-34

Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°

A 5.08 0.200
Aq 0.38 0.015
Ao 3.18 3.56 0.125 0.140

B 0.41 0.53 0.016 0.021
B4 1.52 Typical 0.060 Typical
(o} 0.20 0.36 Typical 0.008 0.014 Typical
D 18.78 19.81 0.74 0.780
Do 17.78 Reference 0.700 Reference
E 8.13 0.320

Eq 6.10 6.60 0.240 0.260

eq 2.29 2.79 Typical 0.090 0.110 Typical
eA 7.37 Reference 0.290 Reference
eg 7.62 10.16 0.300 0.400

L 3.05 3.68 0.120 0.145

16 1/2 Lead 16 1/2 Lead
S 0.51 1.02 0.020 0.040
S4 0.23 0.009
ISSUE IWS  4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

16 LEAD PLASTIC DUAL IN-LINE PACKAGE
VARIATION: /2, LEAD/WIDEBODY

N

PIN #1
INDICATOR

AREA

I

BASE '!
PLANE \
SEATING

TPLANE T ! \
e K
| C
B— ep—o
€p—>
231369-34
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.18 3.61 0.125 0.142
B 0.41 0.51 0.016 0.020
B4 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 19.18 19.81 0.755 0.780
Do 17.78 Reference 0.700 Reference
E 8.13 0.320
Eq 6.73 6.99 0.265 0.275
eq 2.29 0.090 0.110
ea 7.37 Reference 0.290 Reference
e 7.62 10.16 0.300 0.400
L 3.05 3.68 0.120 0.145
N 16 /> Lead/Widebody 16 1/, Lead/Widebody
S 0.51 1.02 0.020 0.040
Sy 0.23 0.009
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

18 LEAD PLASTIC DUAL IN-LINE PACKAGE
VARIATION: 1, LEAD

PIN #1
INDICATOR
AREA

BASE

PLANE  \
SEATING -

N

-

£ E

PLANE " [}
) e \
- c
B € p—
ep—
231369-34
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°

A 3.57 4.57 0.140 0.180
Aq 0.51 0.020
Ao 3.06 4.06 0.120 0.160

B 0.36 0.56 0.014 0.022

B4 1.27 Typical 0.050 Typical
C 0.20 0.30 0.008 0.012

D 22.83 23.09 0.899 0.909

D2

E 8.13 Typical 0.320 Typical
E4 6.27 6.53 0.247 0.257

eq 2.54 Typical 0.100 Typical
ea 7.62 Typical 0.300 Typical
es

L 3.05 0.120

N 18 1/, Lead 18 1, Lead
S

S1

ISSUE IWS  4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

18 LEAD PLASTIC DUAL IN-LINE PACKAGE
VARIATION: V> LEAD/WIDEBODY

N

PIN #1
INDICATOR
AREA

SFLARE B \
= fe—ox \
c
€ p—
€eg—=
231369-34
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.004 0.197
Aq 0.51 0.020
Ao 3.43 3.68 0.135 0.145
B 0.41 0.58 0.016 0.023
B4 1.19 1.49 0.047 0.065
o] 0.20 0.30 0.008 0.012
D 21.84 22.37 0.860 0.875
Dz
E 7.62 Typical 0.300 Typical
Eq 7.37 0.290
eq 2.54 0.100 Typical
€A
es
L 3.00 3.68 0.118
N 18 Widebody 18 Widebody
S
Sy
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

intal
18 LEAD PLASTIC DUAL IN-LINE PACKAGE

N

11
PIN #1 bk
INDICATOR __LL
AREA
I D
B I i
_; 0 G A 3
D, . el
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 5° 0° 5°
A 5.08 0.200
Ay 0.38 0.015
Ao 3.18 3.68 0.125 0.145
B 0.41 0.53 0.016 0.021
B4 1.52 Typical 0.060 Typical
Cc 0.20 0.36 Typical 0.008 0.014 Typical
D 21.34 23.37 0.240 0.920
Do 20.32 Reference 0.800 Reference
E 8.26 0.320
Eq 6.10 7.37 0.240 0.290
e 2.29 2.79 0.090 0.110
ea 7.66 Reference 0.290 Reference
eg 7.62 10.16 0.300 0.400
L 3.05 3.68 0.120 0.145
) 18 18
S 1.02 1.52 0.040 0.060
S4 0.23 0.009
ISSUE IWS  4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

18 LEAD PLASTIC DUAL IN-LINE PACKAGE
VARIATION: WIDEBODY

PIN #1

N

INDICATOR

AREA

BASE
PLANE
SEATING
PLANE
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.18 3.56 0.125 0.140
B 0.41 0.51 0.016 0.020
B 1.52 Typical 0.060 Typical
c 0.23 0.30 Typical 0.009 0.012 Typical
D 22.73 23.37 0.895 0.920
Do 20.32 Reference 0.800 Reference
E 8.13 0.320
Eq 6.73 6.98 0.265 0.275
eq 2.29 2.79 0.090 0.110
ea 7.37 Reference 0.290 Reference
e 7.62 10.16 0.300 0.400
L 3.18 3.68 0.125 0.145
N 18 Widebody 18 Widebody
S 1.02 1.52 0.040 0.060
Sy 0.23 0.009
ISSUE IWS 10/12/88
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20 LEAD PLASTIC DUAL IN-LINE PACKAGE

N

PIN #1
INDICATOR _L I
AREA

I D
RS i

SEATING

2 N i

PLANE ‘,

B —o{lje—

231369-35

Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0°- 10° 0° 10°

A 5.08 0.200
A4 0.38 0.015
Ao 3.18 3.68 0.125 0.145

B 0.41 0.58 0.016 0.023

B4 1.19 1.52 0.047 0.060

C 0.20 0.30 0.008 0.012

D 24.43 26.67 0.962 1.050
Do 22.86 Reference 0.900 Reference
E 7.62 8.13 0.300 0.320

Eq 6.22 6.48 0.245 0.255

e 2.29 2.79 0.090 0.110
eA 7.37 Reference 0.290 Reference
e 7.62 10.16 0.300 0.400

L 3.00 3.68 0.118 0.145

N 20 20

S 1.40 1.91 0.055 0.075
Sy - 061 0.024

ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

24 LEAD PLASTIC DUAL IN-LINE PACKAGE (300 MIL)
VARIATION: SKINNY DIP

N

EE
PIN #1
INDICATOR _l
AREA
Je D

BASE -—,— (=S Sy~ [+

PLANE 1_-1

SEATING —

PLANE = L
-5
€,
B
L B,
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 15° 0° 15°
A 4.32 0.170
Aq 0.38 0.015
Az 3.18 3.65 0.130
B 0.41 0.51 0.016 0.020
B4 1.40 1.65 0.055 0.065
C 0.20 0.30 0.008 0.012
D 31.34 31.88 1.245 1.255
Do 27.94 Reference 1.100 Reference
E 7.62 8.26 0.300 0.325
Eq 6.35 8.26 0.250 0.325
eq 2.54 Reference 0.100 Reference
eA 7.62 Reference 0.300 Reference
eg 7.62 10.16 0.300 0.400
L 3.05 3.68 0.120 0.145
N 24 300 MIL 24 300 MIL
S 1.78 2.03 0.070 0.080
S4 1.02 0.040
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

24 LEAD PLASTIC DUAL IN-LINE PACKAGE (600 MIL)

PIN #1
INDICATOR
AREA

BASE
PLANE

N

I D
I

SEATING
PLANE
A
. — AA
D,
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.68 4.06 0.145 0.160
B 0.41 0.51 0.016 0.020
B 1.52 Typical 0.060 Typical
C 0.23 0.30 Typical 0.009 0.012 Typical
D 31.37 32.00 1.235 1.260
D> 27.94 Reference 1.100 Reference
E 156.75 0.620
E4 13.59 13.84 0.535 0.545
eq 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
eg 16.24 17.78 0.600 0.700
L 3.18 3.68 0.125 0.145
24 24
S 1.62 2.03 0.060 0.080
Sq 0.74 0.029
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

28 LEAD PLASTIC DUAL IN-LINE PACKAGE (300 MIL)

PIN #1
INDICATOR
AREA

BASE
PLANE

SEATING —
PLANE = L
m M‘*
B
D, {
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 15° 0° 15°

A 4.32 0.170
Aq 0.38 0.015
Ao 3.30 Typical 0.130 Typical
B 0.41 0.51 0.016 0.020

B4 1.14 1.40 0.045 0.055

C 0.20 0.30 0.008 0.012

D 34.16 34.42 1.345 1.355
Do 33.02 Reference 1.300 Reference
E 7.62 8.62 0.300 0.339

Eq 6.86 7.37 0.270 0.290

eq 2.54 Reference 0.100 Reference
ea 7.62 Reference 0.300 Reference
e 7.62 10.16 0.300 0.400

L 3.18 3.43 0.125 0.135

N 28 300 MIL 28 300 MIL
S 0.051 0.76 0.020 0.030

S 0.23 0.009

ISSUE IWS  4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

28 LEAD PLASTIC DUAL IN-LINE PACKAGE (600 MIL)

PIN #1
INDICATOR
AREA

BASE
PLANE

gl i

SEATING
PLANE =
B
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min - Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.68 4.06 0.145 0.160
B 0.36 0.56 0.014 0.022
B4 1.52 Typical 0.060 Typical
C 0:23. 0.30 0.009 0.012
D 36.70 37.34 1.445 1.470
Do 33.02 Reference 1.300 Reference
E 16.75 . 0.620
Eq 13.59 14.0 0.535 0.551
eq 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
e 16.24 17.78 0.600 0.700
L 3.18 . 3.68 0.125 0.145
28 600 MIL 28 600 MIL
S 1.65 2.16 0.065 0.085
S4 0.86 0.034
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

32 LEAD PLASTIC DUAL IN-LINE PACKAGE (600 MIL)

N

D E,E
PIN #1
INDICATOR _l
AREA
BASE
PLANE
SEATING
PLANE N .
~al x I‘
c
€a
ea—n
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 15° 0° 156°
A 4.83 0.190
A4 0.38 0.015
Ao 3.81 Typical 0.150 Typical
B 0.41 0.51 0.016 0.020
B4 1.14 1.40 0.045 0.055
C 0.20 0.30 0.008 0.012
D 41.78 42.04 1.645 1.655
Do 38.10 Reference 1.500 Reference
E 15.24 15.88 0.600 0.625
E4 13.46 13.97 0.530 0.550
e 2.54 Reference 0.100 Reference
ea 15.24 Reference 0.600 Reference
e 15.24 17.78 0.600 0.700
L 3.18 3.43 0.125 0.135
32 600 MIL 32 600 MIL
S 1.78 2.03 0.070 0.080
S 1.14 0.045
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

40 LEAD PLASTIC DUAL IN-LINE PACKAGE

PIN #1
INDICATOR
AREA

BASE
PLANE

SEATING

2= —

PLANE

N

231369-35

Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a 0° 10° 0° 10°

A 5.08 0.200
Aq 0.38 0.015
Ao 3.94 4.19 0.155 0.165

B 0.41 0.51 0.016 0.020

B4 1.27 Typical 0.050 Typical
C 0.23 0.30 0.009 0.012

D 51.94 52.58 2.045 2.070

Do 48.26 Reference 1.900 Reference
E 16.75 0.620

Eq 13.59 13.84 0.535 0.545

e 2.29 2.79 0.090 0.110

ea 14.99 Reference 0.590 Reference
ep 156.24 17.78 0.600 0.700

L 3.18 3.68 0.125 0.145

40 40
S 1.65 2.16 0.065 0.085
S 0.99 0.039
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

40 LEAD PLASTIC DUAL IN-LINE PACKAGE
VARIATION: 1, LEAD

N

PIN #1
INDICATOR
AREA

e
BASE "“

PLANE "\
SEATING :

PLANE J i Q““
. L.
B er—-
D, €g—
231369-34
Family: Plastic Dual In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 4.55 0.179
Aq 0.38 0.015
Ao 3.75 3.95 Nom 3.85 0.147 0.155
B 0.35 0.51 0.014 0.020
B4 1.4 1.6 0.055 0.063
] 0.25 0.45 Nom 0.35 0.009 0.018
D 52.3 2.06
D2
E 13.5 13.9 Nom 13.7 0.531 0.547
E4
[ 2.29 2.79 Nom 2.54 0.090 0.110
ea 14.74 15.74 Nom 15.24 0.580 0.619
es
L 3.0 3.6 Nom 3.3 0.118 0.141
N 40 1, Lead 40 1, Lead
S 1.65 2.16 0.065 0.080
S1
ISSUE IWS  4/19/90
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Inter PACKAGE/MODULE OUTLINES AND DIMENSIONS

48 LEAD PLASTIC DUAL IN-LINE PACKAGE

PIN #1
INDICATOR _ll
AREA e
I D
B s S 4y
SEATING ;Lj‘:f
PLANE .] L A1A2—£
B4 e, _t
B—a{le—
D, {
231369-35
Family: Plastic Dual In-Line Package
Symbol Millimeters - Inches
Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 5.08 0.200
Aq 0.38 0.015
Ao 3.94 4.32 0.155 0.170
B 0.41 0.51 0.016 0.020
B4 1.27 Typical 0.050 Typical
C 0.23 0.30 0.009 0.012
D 61.60 61.98 2.425 2.440
Do 58.42 Reference 2.300 Reference
E 15.75 0.620
Eq 13.84 14.10 0.545 0.555
eq 2.29 2.79 0.090 0.110
ea 14.99 Reference 0.590 Reference
eB 16.24 17.78 0.600 0.700
L 3.18 3.68 0.125 0.145
N 48 48 )
S 1.65 2.16 0.065 0.085
Sq 0.99 1.40 0.039 0.055
ISSUE IWS 4/19/90
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

64 LEAD PLASTIC DUAL IN-LINE PACKAGE (SHRINK)

annoanon

PIN #1
INDICATOR —*1
AREA

BASE —_— e —
PLANE

SEATING %ﬁ‘ | g
4 I T
| ,

e he—

D,

231369-36

Family: Plastic Dual In-Line Package

Symbol Millimeters Inches
Min Max Notes Min Max Notes
a 0° 15° 0° 15°
A 5.65 0.22
Aq 0.51 0.020
Ao 4.15 4.35 0.163 0.171
B 0.35 0.55 0.014 0.022
B4 1.0 Typical 0.040 Typical
C 0.20 0.30 0.008 0.012
D 57.8 58.2 2.28 2.29
Do 55.12 Reference 2.170 Reference
E
Eq 16.8 17.2 0.661 0.677
eq 1.60 1.96 0.063 0.077
ea 19.05 0.745 BSC
eg 19.5 21.0 0.767 0.826
L 3.0 3.6 0.118 0.142
N 64 64
ISSUE 9/19/90
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PLASTIC FLATPACK PACKAGE

Symbol List for Plastic Flatpack Family

Lseyt::;:'r Description of Dimensions
A Distance from seating plane to highest point of body (lid)
B Width of terminal leads
Cc Thickness of terminal leads
D Largest overall package dimension of length
D4 Largest overall package dimension of length excluding leads
D2 A body length dimension, outer lead center to outer lead center
eq Linear spacing between centerlines of terminal leads
L Lead dimension free lead length
N The total number of potentially useable lead positions
Q Lead plane to top of body plane distance
S Distance from true position centerline of end lead position to the extremity of the
body
S Linear spacing of true maximum lead position from lead edge to package edge
NOTES:

1. Controlling dimension: millimeter.

2. Dimension “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.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

68 LEAD PLASTIC FLATPACK PACKAGE

D SEATING
> SR
02 — A o
- (=S Q—f p=t
re e A T
L
\ J—::
N —ee—e——] || ==
L ——
Lo —— _ ]
——
e _—
Ere— — D
e |
[ _—
[—— —_ )
[—— - ———— p———————
— —————| e — )
e —  ———— = —}
i — 28
PIN #1
1.02(0.04) INDICATOR
45° CHAMFER i
(4 PL) mm (inch)
231369-37
Family: Plastic Flatpack Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 4.19 4.34 0.165 0.171
B 0.46 0.56 0.018 0.022 Typical
C 0.18 0.25 0.007 0.010 Typical
D 44.45 45.21 1.750 1.780
D4 24.08 24.26 0.948 0.955
Do 20.22 20.42 0.796 0.804
eq 1.22 1.32 Typical 0.048 0.052 Typical
L 10.16 10.80 0.400 0.425
N 68 68
Q 2.01 2.06 0.079 0.081
S 1.73 2.08 0.068 0.082
Sy 1.47 0.058
ISSUE IWS 10/12/88
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PLASTIC LEADED CHIP CARRIER PACKAGE

Symbol List for Plastic Leaded Chip Carrier Family

Letter or Symbol Description of Dimensions
A Overall Height: Distance from seating plane to highest point of body
A1 Distance from lead shoulder to seating plane

CP Seating plane coplanarity

D/E Overall package dimension

D1/E1 Plastic body dimension

D2/E2 Footprint

LT Lead thickness

N Total number of leads

Nd Total number of leads on short side

Ne Total number of leads on long side

TCP Tweezing coplanarity

NOTES RECTANGLE PACKAGE:

NogrwP

. All dimensions and tolerances conform to ANSI Y14.5M-1982.
Datum plane —H— located at top of mold parting line and coincident with top of lead, where lead exits plastic body.
Datums A—B and —D— to be determined where center leads exit plastic body at datum plane —H—.

To be determined at seating plane —C—.

. Dimensions D1 and E1 do not include mold protrusion.
. Pin 1 identifier is located within the defined zone.

. These two dimensions determine maximum angle of the lead for certain socket applications. If unit is intended to be

socketed, it is advisable to review these dimensions with the socket supplier.

8. Nd denotes the number of leads on the two short sides of the package, one of which contains pin #1. Ne denotes the

number of leads on the two long sides of the package.
9. Controlling dimension, inch.
10. All dimensions and tolerances include lead trim offset and lead plating finish.

11. Tweezing surface planarity is defined as the furthest any lead on a side may be from the datum. The datum is estab-

lished by touching the outermost lead on that side and parallel to- A—B or —D—.

Packaging Family Attributes

Category Plastic Leaded Chip Carrier
Acronym PLCCC

Lead Configuration Quad

Lead Counts 28,32, 44,52, 68, 84

Lead Finish SolderPlate

Lead Pitch 0.050”

Board Assembly Type | Socket and Surface Mount

Standard Registration

JEDEC and EIAJ

NOTES:

1. Copper Alloy Leads.

2. Novalac Body.

3. Bake and dessicant packaging required.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

Family: Plastic Leaded Chip Carrier-Rectangular (mm)

Symbol 28 Lead 32 Lead
Min Max Notes Min Max Notes

A 3.20 3.56 3.20 3.56
Aq 1.93 2.29 1.93 2.29

D 9.78 10.0 123 12.6
D4 8.81 8.97 11.4 11.5
Do 7.37 8.38 9.91 10.9

E 14.9 15.1 14.9 15.1

Eq 13.9 14.0 13.9 14.0
E> 12.4 13.5 12.4 13.5
N 28 32

Ng

Ne

CP 0.00 0.10 0.00 0.10
TCP 0.00 0.10 0.00 0.10
LT 0.23 0.38 0.23 0.38
ISSUE IWS 10/12/88

Family: Plastic Leaded Chip Carrier-Rectangular (inch)
Symbol 28 Lead 32 Lead
Min Max Notes Min Max Notes

A 0.126 0.140 0.126 0.140
Aq 0.076 0.090 0.076 0.090
D 0.385 0.395 0.485 0.495
D4 0.347 0.353 0.447 0.453
D> 0.290 0.330 0.390 0.430
E 0.585 0.595 0.585 0.595
Eq 0.547 0.553 0.547 0.553
Eo 0.490 0.530 0.490 0.530
N 28 32

Ng

Ne 9

CP 0.000 0.004 0.000 0.004
TCP 0.000 0.004 0.000 0.004
LT 0.009 0.015 0.009 0.015
ISSUE IWS 10/12/88
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nte[ PACKAGE/MODULE OUTLINES AND DIMENSIONS
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Figure 1. Principal Dimensions and Datums
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Figure 2. Molded Details
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Iﬂte[ PACKAGE/MODULE OUTLINES AND DIMENSIONS

i - oe—————— D _ =
[ ] T
' I [&] oas00n ®[c[a®-8®[0® ]
(] A

i

CUO

SEATING A1
PLANE ‘
D cr]
.
SEE DETAIL J

© ] 0.38.015) @]cLA@-B(@lD@l/‘\

——— SEE DETAIL L
D2

231369-40
Figure 3A. Terminal Details Np Side
E
1.27(.050)
~H-
. :
e 7
o] ce]
-C-
SEE DETAIL J FOR
E2 1 MEASUREMENT ZONE
S 038.015@ [c[A®-8O [/t\
231369-41

Figure 3B. Terminal Details Ng Side
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

0.91(.036)
0.71(.028)

1.67(.082)
1.37(.054)

1.09(.043)

(::.q.oas)

% ™~ 0.46(.018)

)\ . io.ae(.om
)

MM(INCH)
231369-42
Figure 4. Standard Package Bottom View
0.81(.032)
0.64(.025) MIN —— 0.66(.026)
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SEATING i
PLANE \
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0.64(.025) MIN —— " - gzﬂtgfg; L BOTTOM OF PLASTIC BODY
(@] o1800n® [c[A®-BE[0@]
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Figure 5. Detail J. Terminal Details
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lﬂter PACKAGE/MODULE OUTLINES AND DIMENSIONS

A 0.13(.005) MAX ————={
[y o o]

1.02(.040) o 1.02(.040) o
0.76(.030) 0.76(.030)

MM(INCH) 231369-3

Figure 7. Detail L. Terminal Details
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nter PACKAGE/MODULE OUTLINES AND DIMENSIONS

Family: Plastic Leaded Chip Carrier-Square (mm)
Symbol 20 Lead 28 Lead 44 Lead
Min Max Notes Min Max Notes Min Max Notes
A 419 4.57 4.19 4.57 4.19 4.57
Aq 2.29 3.05 2.29 3.05 2.29 3.05
D 9.78 10.0 12.3 12.6 17.4 17.7
D4 8.89 9.04 11.4 11.6 16.5 16.7
Do 7.37 8.38 9.91 10.9 15.0 16.0
E 9.78 10.0 12.3 12.6 17.4 17.7
E4 8.89 9.04 11.4 11.6 16.5 16.7
Eo 7.37 8.38 - 9.91 10.9 156.0 16.0
N 20 28 44
CP 0.00 0.10 0.00 0.10 0.00 0.10
TCP 0.00 0.10 0.00 0.10 0.00 0.10
LT 0.23 0.38 0.23 0.38 0.23 0.38
ISSUE IWS 10/12/88
Family: Plastic Leaded Chip Carrier-Square (inch)
Symbol 20 Lead ‘ 28 Lead 44 Lead
Min Max Notes Min Max Notes Min Max Notes
A 0.165 0.180 0.165 0.180 0.165 0.180
Aq 0.090 0.120 | 0.090 0.120 0.090 0.120
D 0.385 0.395 0.485 0.495 0.685 0.695
D4 0.350 0.356 0.450 0.456 0.650 0.656
Do 0.290 0.330 0.390 0.430 0.590 0.630
E 0.385 0.395 0.485 0.495 0.685 0.695
Eq 0.350 | 0.356 0.450 0.456 0.650 0.656
Eo 0.290 0.330 0.390 0.430 0.590 0.630
N 20 28 44
CP 0.000 0.004 0.000 0.004 0.000 0.004
TCP 0.000 0.004 0.000 0.004 0.000 0.004
LT 0.009 0.015 0.009 0.015 0.009 0.015
ISSUE IWS 10/12/88
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

Family: Plastic Leaded Chip Carrier-Square (mm)

Symbol 68 Lead 52 Lead 84 Lead
Min Max Notes Min Max Notes Min Max Notes

A 4.19 4.83 4.19 4.57 419 4.83

A4 2.29 3.05 2.29 3.05 2.29 3.05

D 25.0 25.3 19.9 20.2 30.1 30.4

Dy 241 243 19.1 19.2 29.2 29.4
Do 22.6 23.6 17.5 18.5 27.7 28.7

E 25.0 25.3 19.9 20.2 30.1 30.4

Eq 241 24.3 191 19.2 29.2 29.4
Eo 22.6 23.6 17.5 18.5 27.7 28.7

N 68 52 84

CP 0.00 0.10 0.00 0.10 0.00 0.10
TCP 0.00 0.10 0.00 0.10 0.00 0.10
LT 0.20 0.36 0.23 0.38 0.20 0.36
ISSUE IWS 10/12/88

Family: Plastic Leaded Chip Carrier-Square (inch)
Symbol 68 Lead 52 Lead 84 Lead
Min Max Notes Min Max Notes Min Max Notes

A 0.165 0.190 0.165 0.180 0.165 0.190
Aq 0.090 0.120 0.090 0.120 0.090 0.120
D 0.985 0.995 0.785 0.795 1.185 1.195
D4 0.950 0.958 0.750 0.756 1.150 1.158
Do 0.890 0.930 0.690 0.730 1.090 1.130
E 0.985 0.995 0.785 0.795 1.185 1.195
Eq 0.950 0.958 0.750 0.756 1.150 1.158
Eo 0.890 0.930 0.690 0.730 1.090 1.130
N 68 52 84

CP 0.000 0.004 0.000 0.004 0.000 0.004
TCP 0.000 0.004 0.000 0.004 0.000 0.004
LT 0.008 0.014 0.009 0.015 0.008 0.014
ISSUE IWS 10/12/88 ‘
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|nte[ PACKAGE/MODULE OUTLINES AND DIMENSIONS
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Figure 2. Molded Details

2-91



ntel

PACKAGE/MODULE OUTLINES AND DIMENSIONS
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Figure 4A. Standard Package Bottom View (Tooling Option I.)
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Inter PACKAGE/MODULE OUTLINES AND DIMENSIONS
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Figure 4B. Standard Package Bottom View (Tooling Option Il.)
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Figure 5. Detail J. Terminal Detail
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ll"lter PACKAGE/MODULE OUTLINES AND DIMENSIONS

A 0.25(.010) MAX 0.25(.010) MAX =1

1.14(.045) o

0.64(.025)

DETAIL L

231369-51

Figure 6. Detail L. Terminal Details

NOTES SQUARE PACKAGE:

. All dimensions and tolerances conform to ANS! Y14.5M-1982.

. Datum plane —H— located at top of mold parting line and coincident with top of lead, where lead exits plastic body.
Datums D—E and F—G to be determined where center leads exit plastic body at datum plane —H—.

To be determined at seating plane —C—.

. Dimensions D1 and E1 do not include mold protrusion.

. Pin 1 identifier is located within one of the two defined zones.

. Locations to datum —A-— and —B— to be determined at plane —H—.

. These two dimensions determine maximum angle of the lead for certain socket applications. If unit is intended to be
socketed, it is advisable to review these dimensions with the socket supplier.

9. Controlling dimension, inch.

10. All dimensions and tolerances include lead trim offset and lead plating finish.

11. Tweezing surface planarity is defined as the furthest any lead on a side may be from the datum. The datum is estab-
lished by touching the outermost lead on that side and parallel to D—E or F—G.

PN WN S
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PLASTIC QUAD FLATPACK PACKAGE

Symbol List for Plastic Quad Flatpack Family

Symbol Description
N Leadcount
A Package Height
A1l Standoff
D, E Terminal Dimension
D1, E1 Package Body
D2, E2 Bumper Distance
D3, E3 Foot Print
D4, E4 Foot Radius Location
L1 Foot Length
NOTES: ’

1. All dimensions and tolerances conform to ANSI Y14.5M-1982.

2. Datum plane -H- located at the mold parting line and coincident with the bottom of the lead where lead exits plastic body.
3. Datums A-B and -D- to be determined where center leads exit plastic body at datum plane -H-.

4. Controlling Dimension, Inch. )
5. Dimensions D1,:D2, E1 and E2 are measured at the mold parting line. D1 and E1 do not include an allowable mold
protrusion of 0.25' mm (0.010 in) per side. D2 and E2 do not include a total allowable mold protrusion of 0.25 mm (0.010 in)
at maximum package size.

6. Pin 1 identifier is located within one of the two zones indicated.

7. Measured at datum plane -H-.

8. Measured at seating plane datum -C-.

Packaging Family Attributes

Category Plastic Quad Flatpack
Acronym PQFP

Lead Configuration Gull-Wing

Lead Counts 68, 84, 100, 132, 164, 196
Lead Finish SolderPlate

Lead Pitch 0.025"

Board Assembly Type | Surface Mount

Standard Registration | JEDEC
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

Plastic Quad Flatpack (PQFP) 0.025 Inch (0.635mm) Pitch

Symbol Description Min | Max | Min | Max Min | Max | Min | Max
N Leadcount 84 100 164 196

A Package Height 0.160(0.180|0.160|0.180 0.160|0.180{0.160{0.180
A1 Standoff 0.020{0.040|0.020{0.040 0.020/0.040|0.020|0.040
D E Terminal Dimension 0.770]0.790{0.870(0.890 1.270(1.290{1.470{1.490
D1, E1 |Package Body 0.647{0.653(0.747|0.753 1.147]1.153|1.347|1.353
D2, E2 |Bumper Distance 0.797|0.803(0.897|0.903 1.297|1.303{1.497|1.503
D3, E3 (Lead Dimension 0.500 REF | 0.600 REF 1.000 REF | 1.200 REF
D4, E4 |Foot Radius Location 0.723|0.737{0.823|0.837 1.223|1.237|1.423{1.437
L1 Foot Length 0.020{0.030{0.020|0.030 0.020{0.030|0.020{0.030
Issue |IWS Preliminary 12/12/88 INCH
Symbol Description Min | Max | Min | Max Min | Max | Min | Max
N Leadcount - 84 100 164 196

A Package Height 4.06 | 4.57 | 4.06 | 4.57 4.06 | 4.57 | 4.06 | 4.57
Al Standoff 0.51(1.02]0.51 | 1.02 0.51|1.02 | 0.51 | 1.02
D, E Terminal Dimension 19.56|20.07|22.01(22.61 32.26{32.77|37.34(37.85
D1, E1 |Package Body 16.43/16.59(18.97(19.13 29.13{29.29|34.21(34.37
D2, E2 |Bumper Distance 20.24(20.39|22.78|22.93 32.94(33.09(38.02{38.18
D3, E3 |Lead Dimension 12.70 REF | 15.24 REF 25.40 REF | 30.48 REF
D4, E4 |Foot Radius Location 18.36(18.71{20.90(21.25 31.06(31.41({36.14{36.49
L1 Foot Length 0.51]0.76 | 0.51 | 0.76 0.51 | 0.76 | 0.51 | 0.76

V.V =] A/N4 /0N
1IVWwo “4/Vvi/ oV

mm
[1AiL4]
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Figure 1. Principal Dimensions and Datums
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L o1 ©18.25 (.01OM[C[A®-BO DO |A
L |.982 MM/MM (IN/IN) [A-B]
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I
E2
SEE DETAIL M
1 \)/_
1.91 (.B75) MAX TYP
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Figure 2. Molded Details
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Figure 3. Terminal Details
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Figure 4. Typical Lead
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D2
231369-56
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Figure 5. Detail M
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QUAD FLATPACK PACKAGE

Symbol List for Quad Flatpack Family

Lse;::;;r Description of Dimensions
A Overall Height
Aq Stand Off
B Lead Width
C Lead Thickness
D Terminal
D4 Largest Body Dimension (Long Side)
E Terminal
Eq Largest Body Dimension (Short Side)
eq Lead Spacing
N Lead Count

NOTE:

4. Not all packages are available with all products. Contact local FSE for further package information.

Packaging Family Attributes

Category Quad Flatpack

Acronym QFP

Lead Configuration Quad

Lead Counts 44, 48, 64, 80, 208

Lead Finish SolderPlate

Lead Pitch 0.05, 0.65,0.8 mm

Board Assembly Type | Socket and Surface Mount

Standard Registration

JEDEC and EIAJ

NOTE:
1. Alloy 42 leads.
2. Novalac body.

3. Not all packages are available with all products. Contact local FSE for further package information.

2-100
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44 LEAD QUAD FLATPACK PACKAGE
VARIATION: SQUARE

) 71 |
o | -
niinnnnntin [
— ; H’
N 1

Family: Quad Flatpack Package
Symbol Millimeters
Min Max Notes
A 2.45
A 0.0 0.10
.20 45
0.10 0.25
1.9 12.8 12.30 Nom
O | 10.0 » Nominal
E 11.9 I 128
B 10.0 Nominal
€4 .65 I 95
N 44
ISSUE 9/19/90

231369-70
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48 LEAD QUAD FLATPACK PACKAGE

A
m
Y

>

- ¢ e |
o=
)
o
I D1
== o
-1
-]
=i -]
Y
i
231369-57
Family: Quad Flatpack Package
Symbol Millimeters
Min Max Notes
A 1.66
Aq 0.0
B 0.14 0.26
C 0.077 0.177
D 8.7 9.3
D4 7.0 Nominal
E 8.7 9.3
Eq 7.0 Nominal
eq 0.40 0.60 Lead Spacing
ISSUE Preliminary

NOTE:
Available in 1991.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

64 LEAD QUAD FLATPACK PACKAGE

D1

D1

A1

231369-58

Family: Quad Flatpack Package
Symbol Millimeters
Min Max Notes
A 2.55
Aq 0.0
B 0.20 ‘ 0.40 0.3 +0.1
C 0.05 0.25
D 14.9 15.7
D4 12.0 Nominal
E 14.9 15.7
Eq 12.0 Nominal
e 0.53 0.77 Lead Spacing
N 64
ISSUE

2-103




'nte[ PACKAGE/MODULE OUTLINES AND DIMENSIONS

80 LEAD QUAD FLATPACK PACKAGE

A
v
| g

1 D1
At
Y
231369-59
Family: Quad Flatpack Package
Symbol Millimeters
Min Max Notes
A 1.66
A1 0.0
B 0.14 0.26
C 0.117 0.177
D 13.7 14.3
D1 120 Nominal
E 137 14.3
E4 12.0 Nominal
€1 0.40 0.60
N 80
ISSUE Preliminary
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80 LEAD QUAD FLATPACK PACKAGE
VARIATION: RECTANGULAR

D

D1

i BAGL SRR
l

Family: Quad Flatpack Package
Symbol Millimeters
Min Max Notes
A 2.9
Ay 0.0
B 0.25 0.45
0.1 0.2
D 235 243
D, 20.0 Nominal
E 175 | 183
al 14.0 Nominal
e 0.65 | 0.95
N 80
ISSUE 9/19/90

231369-71
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208 LEAD QUAD FLATPACK PACKAGE

A1 ]
(11.81) L

Al

PIN #1
23136960
Family: Quad Flatpack Package
Symbol Millimeters
Min Max Notes
A 3.56
Aq 0.0
B 0.10 0.30 0.25 Typical
C 0.10 0.20
D 29.5 30.5
D4 28.0 Nominal
E 29.5 30.5
E4 28.0 Nominal
o4 0.35 0.65
N 208
ISSUE Preliminary
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SMALL OUT-LINE J-LEAD PACKAGE (SOJ)

Symbol List for Small Out-Line J-Lead Family

Lse;:::;‘c:lr Description of Dimensions
A Overall Height
Ao Distance from Base Plane to Highest Point of Body (Lid)
B Width of Terminal Leads
B4 Width of Terminal Lead Shoulder Which Locate Seating Plane
(Standoff Geometry Optional)
Largest Overall Package Dimension of Length
E Largest Overall Package Width Dimension Outside of Leads
Eq Body Width Dimension Not Including Leads
eq Linear Spacing between Center Line of Body Terminal Leads (Standoffs)
ea Linear Spacing of True Minimum Lead Position Center Line to Center Line
N Total Number of Leads

Packaging Family Attributes

Category Small Qutline J-Lead
Acronym SOJ

Lead Configuration Dual-in-Line

Lead Counts 28

Lead Finish SolderPlate

Lead Pitch 0.050"

Board Assembly Type | Surface Mount

Standard Registration

JEDEC and EIAJ

NOTES:
1. Alloy 42 Leads.
2. Novalac Body.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

20 LEAD SMALL OUT-LINE PACKAGE (SOJ)
VERSION: J-LEAD

o o O o O o |

o O Y o

O

0 WBN
| A I N O | N N I O =1
D l—a
— Jl
B L— By
231369-61
Family: Small Out-Line J-Lead Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 3.04 3.61 0.120 0.142
Ao 2.36 3.00 0.093 0.118
B 0.38 0.51 0.015 0.020
B 0.58 0.84 0.023 0.033
D 17.02 17.27 0.67 0.680
E 8.31 8.64 0.327 0.340
Eq 7.49 7.75 0.295 0.305
€4 1.27 Typical 0.050 Typical
ea 6.60 6.99 0.260 0.275
eg 7.62 10.16 0.300 0.400
N 20 20
ISSUE 9/19/90
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24 LEAD SMALL OUT-LINE PACKAGE (SOJ)
VERSION: J-LEAD

iniminininisinininEninEs

) O Ey

O

/L_IL.II_Il_lLJI_II_II_II_ILJI_H:r
PIN 1

SEATING PLANE

) g
A
2 /

I~

|— > —|

231369-62

Family: Small Out-Line J-Lead Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes

a

A 3.35 3.61 0.132 0.142
Ay
Ao 2.74 3.00 0.108 0.118
A3

B 0.38 0.51 0.015 0.020

D 15.75 16.18 0.620 0.637

Do

E 8.38 8.64 0.330 0.340

E4 7.49 7.75 0.295 0.305

e 1.27 Typical 0.050 Typical
ea 6.60 6.99 0.260 0.275

e

L

N 24 24

ISSUE
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SMALL OUT-LINE PACKAGE (SOP)

Symbol List for Small Out-Line Package Family

Lse;:lr):lr Description of Dimensions
A Overall Height
C Thickness of Terminal Leads
D Plastic Body Dimension
E Largest Overall Package Width Dimension Outside of Leads
eq Body Width Dimension Not Including Leads
N Total Number of Leads

Packaging Family Attributes

Category Small Out-Line Package
Acronym SOP

Lead Configuration Dual-In-Line

Lead Counts 28

Lead Finish SolderPlate

Lead Pitch 0.050"

Board Assembly Type | Surface Mount
Standard Registration | JEDEC and EIAJ

NOTES:

1. Alloy 42 and Cu Alloy Leads.

2. Novalac Body.

3. Bake and dessicant packaging required.
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28 LEAD SMALL OUT-LINE PACKAGE (SOP)
VARIATION: GULL-WING

fnnnnfnonnnnni

A\

g4

LO J
L[JUIJIJIJUULIUIJIJIJULI____

N\

[ \ !
A A o

231369-63

Family: Small Out-Line Package
Symbol Millimeters Inches -
Min Max Notes Min Max Notes
A 2.62 2.87 0.103 0.113
C 0.152 0.203 0.006 0.008
D 17.80 18.20
E 11.68 11.94 0.460 0.470
= 8.509 8.255 0.325 0.335
ey 1.27 Typical 0.05 " ‘Typical ’
N 28 28
ISSUE 9/19/90 !
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THIN SMALL OUT-LINE PACKAGE (TSOP)

Symbol List for Thin Small Out-Line Package Family

I:;::;;r Description of Dimensions
A Overall Height
Aq Shoulder to Board Height
Ao Distance from Base Plane to Highest Point of Body (Lid)
B Width of Terminal Leads
C Thickness of Terminal Leads
CP Seating Plane Coplanarity
D Plastic Body Length
E Package Body Width
Hp Terminal Dimension
L1 Lead Tip Length
N Total Number of Leads
Y Seating Plane Coplanarity
z Lead to Package Offset
0 Lead Tip Angle
Packaging Family Attributes
Category Thin Small Out-Line
Acronym TSOP
Lead Configuration Dual-In-Line
Lead Counts 32
Lead Finish SolderPlate
Lead Pitch 0.5 mm

Board Assembly Type | Surface Mount

Standard Registration .| JEDEC and EIAJ

NOTES:

1. Alloy 42 Leads.

2. Novalac Body.

3. Bake and dessicant packaging required.

4. Offered in Reverse Pin-Out for special circuit layout.
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32 LEAD THIN SMALL OUT-LINE PACKAGE (TSOP)

[il5[i]]ilslils

i

- /—SEE DETALL B

/— SEE DETAIL A

.

A h D

o 231369-64

DETAIL A
DETAIL B
-
duk 4T
231369-65
Family: Thin Small Out-Line
Symbol Min Max Notes

a 0° 5°

A 1.20

Ay 0.05

Ao 0.96 1.06

B 0.15 0.30

C 0.10 0.20

D 18.20 18.60

E 7.80 8.20
Hp 19.80 20.20

L1 0.30 0.35

N 32

Y 0.00 0.10

z 0.20 0.30

ISSUE 1-1-91
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PLASTIC ZIGZAG IN-LINE PACKAGE (ZIP)

Symbol List for ZigZag In-Line Package Family

Lse;'t:;;r Description of Dimensions
A Overall Height
Aq Shoulder to Board Height
Ao Distance from Base Plane to Highest Point of Body (Lid)
B Width of Terminal Leads
o] Thickness of Terminal Leads
D Largest Overall Package Dimension of Length
E4 Body Width Dimension Not Including Leads
eq Linear Spacing between Center Line of Body Terminal Leads (Standoffs)
ea Linear Spacing of True Minimum Lead Position Center Line to Center Line
L Distance from Seating Plane to End of Lead
N Total Number of Leads

Packaging Family Attributes

Category ZigZag In-Line

Acronym ZIP

Lead Configuration Dual-In-Line

Lead Counts 16, 20

Lead Finish SolderCoat

Lead Pitch 1.27mm

Board Assembly Type | Socket or Insertion Mount
Standard Registration | EIAJ

NOTES:
1. Alloy 42 Leads.
2. Novalac Body.
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16 LEAD PLASTIC ZIGZAG IN-LINE PACKAGE (ZIP)

TOP SIDE

D £~

s

Az
PIN #1
INDICATOR AREA bk -
A
—f—'—r—ssmnc PLANE
c—# e L

L AL P
EES— m

BOTTOM

e T

231369-66

Family: Plastic ZigZag In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 8.90 0.350
Aq 1.14 1.91 0.045 0.075
Ao 6.09 6.73 0.255 0.265
B 0.41 0.61 0.016 0.024
0.20 0.36 0.008 0.014
D 20.05 20.70 0.790 0.815
Eq 2.72 3.12 0.107 0.123
e 1.27 Typical 0.050 Typical
ea 2.54 Typical 0.050 Typical
L 2.54 3.56 0.10 0.14
N 16 16
ISSUE
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20 LEAD PLASTIC ZIGZAG IN-LINE PACKAGE (ZIP)

TOP SIDE
D el 1——
T s
Az
PIN #1
INDICATOR AREA | e | e i
Aq
——f—q—~ SEATING PLANE
H C - [ L
U i
€ B—J l-— ; L—eA——I
D2 1
BOTTOM
231369-66
Family: Plastic ZigZag In-Line Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 10.16 0.400
Ao 8.26 8.51 0.325 0.335
B 0.46 0.56 0.018 0.022
C 0.20 0.30 0.008 0.012
D 26.04 26.29 1.025 1.035
Eq 2.87 3.12 0.113 0.123
eq 1.27 Typical 0.050 Typical
ea 2.54 Typical 0.100 Typical
L 3.05 0.120
N 20 20
ISSUE
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| SINGLE IN-LINE LEADED

MEMORY MODULE PACKAGE (SIP)

Symbol List for Single In-Line Leaded Memory Module Family

Lse;:;:lr Description of Dimensions
A Overall Height
B Width of Terminal Leads
C Thickness of Terminal Leads _
E Largest Overall Package Width Dimension Outside of Leads
eq Linear Spacing between Centerline of Body Terminal Leads (Standoffs)
L Distance from Seating Plane to End of Lead

Packaging Family Attributes

Category Single In-Line Leaded Package
Acronym SIP

Lead Configuration Single Row

Lead Counts 30

Lead Finish Tin/Nickel

Lead Pitch 2.5mm

Board Assembly Type | Socket and Insertion Mount

Standard Registration

JEDEC
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30 LEAD SINGLE IN-LINE LEADED MEMORY MODULE PACKAGE
(SIP) '

L

i "‘ l‘—°1 "L—B

231369-67

Family: Single In-Line Leaded Memory Moduie (SIP)

Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 16.43 16.59 0.647 0.653
B 0.557 0.559 . 0.018 0.022
C 0.229 0.279 0.009 0.011
D 78.61 78.87 3.095 3.105
E 5.08 0.200
e 2.54 0.110
L 3.18 Typical 0.125 Typical
N 30 30
ISSUE
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SINGLE IN-LINE LEADLESS MEMORY MODULE (SIMM)

Symbol List for Single In-Line Leadless Memory Module Family

Lse;'t:;::lr Description of Dimensions
B Width of Terminal Leads
C Thickness of Terminal Leads
D Largest Overall Package Dimension of Length
E Largest Overall Package Width Dimension Outside of Leads
eq Linear Spacing between Centerline of Body Terminal Leads (Standoffs)
N Total Number of Leads

Packaging Family Attributes

Category Single In-Line Leadless Memory Module
Acronym SIMM
Lead Configuration Single Row
Lead Counts 30, 80
Lead Finish SolderCoat
Lead Pitch 0.100"
Board Assembly Type | Socket and Insertion Mount
Standard Registration | JEDEC
NOTES:
1. Alloy 42.

2. Plastic body.
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PACKAGE/MODULE OUTLINES AND DIMENSIONS

30 PIN SINGLE IN-LINE LEADLESS MEMORY MODULE (SIMM)

¢3.18 £ 0.05

A
N 2
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5 DEPEPEIEIL‘.IEIDDDDDEIDEIEIDEIDDEIDDP'EIDDEIEID ;_
*‘%L- ‘J L‘B ‘ 3.38
TOP VIEW
—~{|—cC
1T
SIDE VIEW
231369-68
Family: Single In-Line Leadless Memory Module
Symbol Millimeters Inches
Min Max Notes Min Max Notes
B 1.78 Typical 0.070 Typical
C 1.19 1.40 0.047 0.055
D 88.77 89.03 3.495 3.505
E 5.08 0.200
eq 2.54 Typical 0.100 Typical
N 30 30
ISSUE
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intel

80 PIN SINGLE IN-LINE LEADLESS MEMORY MODULE (SIMM)
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BACK VIEW

E
1 Mbit

32=LEAD
PLCC
(550 x 450 MILS)

0.05" +0.004/-0.003 ——I l'—

SIDE VIEW

n

231369-69

Family: Single In-Line Leadless Memory Module
Symbol Millimeters Inches
Min Max Notes Min li Max Notes

B 1.04 Typical 0.041 Typical

C 1.19 1.37 0.047 0.054

D 117.98 118.24 4.645 4.655

E 8.38 0.33

eq 1.27 Typical 0.050

N 80 80 Typical
ISSUE IWS  9/19/90
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CHAPTER 3
IC ASSEMBLY TECHNOLOGY

INTRODUCTION

The material and process technology steps used to manufacture or assemble Intel’s three
basic types of component packages differ only in detail.

The package families, described in Chapter 1, provide the functional specialization and diver-
sity required by our customers. Material and construction attributes of individual family
members are provided by the following package technologies: (1) laminated ceramic, (2)
pressed ceramic, and (3) molded plastic.

As shown in Table 3-1, not all combinations of package families (form, fit, function) and
package assembly technologies are available.

Figure 3-1 illustrates the package assembly steps common to the three basic package technol-
ogies. The descriptions of Intel assembly technologies that follow are arranged in sequence of
these process steps, and are preceded by a description of the statistical methods used through-
out process development to ensure a reliable, high-quality, manufacturable product.

Table 3-1. Intel Package Families and Technologies

Package/Assembly Technologies
Package Family Single Layer Multilayer
Pressed Molded Laminated
Ceramic Plastic Ceramic
Dual In-Line Pin (DIP) X X X
Chip Carrier:
Leadless X
Leaded X X X
Pin Grid Array X

STATISTICAL TOOLS IN ASSEMBLY TECHNOLOGY

Statistical tools are critical to achieving the high yields and extremely low defect levels
required in today’s competitive component manufacturing environment.

As shown in Figure 3-2, new Intel processes undergo three development phases using a wide
variety of statistical tools prior to production:

® Feasibility demonstration
® Process characterization
® Manufacturing validation

31 Order Number: 240818-001
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LAMINATED CERAMIC

DIE ATTACH

BOND

PRESSED CERAMIC

DIE ATTACH DIE ATTACH
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R

240818-1

Figure 3-1. Generic Package Technologies—Process Steps

Feasibility
Demonstration
v

Process
Characterization

Manufacturing
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240818-2

Figure 3-2. Development Statistical Methods Model
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Feasibility Demonstration

At this stage of development, Intel engineers use small laboratory experiments to determine
the manufacturability of a new process. Obvious design flaws and process difficulties, as well
as areas in which the process differs significantly from expectations, are identified during
feasibility demonstration.

The most valuable statistical tools used to determine feasibility are simple graphical tech-
niques, including scatter plots, histograms, boxplots, and bar graphs. While data may be
insufficient to represent the process variation fully, plotting of the data provides the insight
necessary for making critical decisions on the process.

Process Characterization

During this phase, Intel engineers characterize process performance by determining how all
important input variables to the process (e.g., temperature and material characteristics) affect
the response or output variable of the process to be measured, such as bond line thickness,
adhesion, package moisture content, and package reliability under environmental stress.

Process characterization makes extensive use of systematic design of experiments (DOE)
methodology. In planning experiments, DOE allows consideration of all important input and
output variables and includes such techniques as randomization, replication, and blocking. A
common type of experiment is the factorial design, in which combinations of factors are
changed systematically to learn how factors interact to affect a specific response.

In the early development phases of a new process when there is usually a wide range of
variables to consider, Intel engineers study a fraction of the many combinations of variables
possible, thus conserving resources. These experiments are known as fractional factorial de-
signs or screening designs. As more is understood about a process, some variables may be set
constant at optimum levels, while others continue to be investigated and refined in follow-up
experiments. This “phased experimentation” approach systematically identifies and modifies
variables until the critical process parameters have been determined and an optimum operat-
ing window has been established.

Often during the process characterization stage, Intel engineers must develop the metrology
for a given process. In this case, a measurement capability study is a useful tool for ensuring
that the measurement process can provide the precision required.

Another key statistical tool useful in the characterization phase is the process capability
study. During these studies, Intel engineers use control charts such as the one shown in
Figure 3-3 to monitor critical process parameters at regular intervals and examine process
stability over time.

3-3
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Figure 3-3. X-Bar Control Chart, Bond Line Thickness (mils)
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As shown in Figure 3-4, problem-solving tools such as cause-and-effect (fishbone) diagrams
and process flow charts are useful in all stages of process development and are invaluable
during the design of an experiment.

Manufacturing Validation

During the manufacturing validation stage, the process is piloted in Intel’s Advanced Manu-
facturing Module (AMM), an engineering development line where processes/products are
engineered and fully characterized before introduction to assembly production lines. At this
time, results of the characterization are verified using production equipment, and other neces-
sary experiments are performed. The process remains in the validation stage until it is proven
and accepted as a manufacturable, high-quality, reliable process.

DIE PREPARATION

Intel protects the surface of silicon devices from handling-induced defects by using contact-
less handling throughout wafer processing and die singulation, the separation of dies from the
wafer.

Wafer preparation for sawing is also contactless, from wafer mounting and application of
supporting tape (by balanced air-pressure technique) to the sawing operation itself. Intel uses
through-wafer sawing to eliminate surface contact during die separation and follows with a
high-pressure DI (deionized water) wafer wash to eliminate particulate contamination.

In addition, special care is taken to minimize surface contact in all subsequent assembly
process steps.

DIE ATTACH

Intel die attach materials fall into two categories: (1) adhesives, both organic and inorganic;
and (2) hard solders (gold-silicon eutectic). The choice of die attach materials depends on the
specific applications and is compatible with the particular packaging technologies to ensure
the highest levels of performance and reliability. Table 3-2 summarizes the die attach materi-
als used at Intel by package type.

Environment Material Method
ﬂ;\\ Effect
Measurement Manpower Machinery

240818-4

Figure 3-4. Cause/Effect Diagram
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Table 3-3 is a summary of the properties of die attach materials used at Intel.

Table 3-2. Die Attach Materials by Package Type

Package Die Attach Material Type
Pressed Alumina Ceramic Silver-Filled Glass Inorganic Adhesive
(CERDIP, Cerquad)
Laminated Alumina Ceramic Gold-Silicon Eutectic Hard Solder
(PGA, CQFP, Side-Braze)
Molded Plastic Silver-Filled Polyimide Organic Adhesive
(Alloy 42 Lead Frame)
Molded Plastc Silver-Filled Epoxy Organic Adhesive
(Copper Lead Frame)

Table 3-3. Die Attach Material Summary

Au-Si Silver-Filled Silver-Filled Silver-Filled
Glass Polyimide Epoxy
Wafer Backside Metallization Required Not Required Not Required Not Required
for Die Attach
Wafer Backside Metallization Not Required Required Required Required
for Ohmic Contact
Thermal Dissipation Good Good Fair Fair
Electrical Conductivity Good Good Fair Fair
Lead Frame Compatibility
(a) Alloy 42 N/A N/A Good Good
(b) Cu Alloy N/A N/A Poor Good
Substrate Metallization
Compatibility
(a) Gold Good Poor Good Good
(b) Silver Good Good Good Good
(c) AloO3 N/A Good N/A N/A

Figures 3-5 through 3-7 are schematic cross-sections through each of the different die attach
systems currently in use at Intel, i.e., gold/silicon eutectic, silver-filled glass, and silver-filled
organic adhesives, both polyimide and epoxy. The components of each system are identified.
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Figure 3-5. Gold-Silicon Eutectic
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Figure 3-6. Silver-Filled Glass
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POLYIMIDE OR EPOXY/Ag-FILLED ADHESIVE
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Figure 3-7. Silver-Filled Adhesive

Purpose of Each Component

The wafer metallization is used to provide an ohmic contact to the silicon die for the purpose
of substrate biasing for those die attach media that do not readily form any ohmic junction,
i.e., silver-filled glasses, epoxies, and polyimides. It provides a readily wettable surface for
gold/silicon hard soldering and prevents premature oxidation (or aging) of the wafer back-
side during storage by acting as a diffusion barrier, thus ensuring that die attach integrity
remains uncompromised.

Like the wafer backside, the substrate metallization is used to provide a readily wetted
surface for hard soldering. The metallizations used in hermetic package technologies, both
gold and silver, are readily wetted by the liquid solder at die attach temperatures and actually
react with the solder to provide a high-integrity metallurgical bond to the substrate. Both
substrate metallizations resist oxidation, which can impede wetting, and are electrically con-
ductive for those devices that require electrical contact.

Plastic packages use a plated silver metallization that is wetted by and adherent to organic
adhesives, and that is electrically conductive. Silver-filled glass does not require a metalliza-
tion, though it will adhere quite readily to silver.

The die attach media themselves serve several purposes other than the obvious one of attach-
ing the silicon to the substrate. They also provide a means of making an electrical connection
to the die backside for those devices requiring it, as well as a path for conduction of heat from
the die to the ambient. For these reasons, the die attach media used at Intel exhibit good
thermal and electrical conductivity.

The incoming quality of die attach materials is monitored through a series of specifications
unique to each of the die attach media. Tests are performed at Intel and by our material
vendors to measure those specific characteristics necessary to ensure that materials meet the
requirements of die attach applications.
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Process Limitations

From the standpoint of process design, it is necessary to understand the limitations of each
die attach process. Each of the die attach technologies used at Intel has its own limitations
with an impact on applications.

Au-Si EUTECTIC

There are three key limitations to this process. Foremost is the effect of processing tempera-
ture on die reliability and performance; it is necessary to design silicon fabrication processes
so that they can withstand the Au-Si process temperatures for the die attach duration. Next is
the need for die backside metallization for even moderate die sizes and for those applications
demanding the highest reliability. All Intel dies use a wafer backside metallization. The third
limitation is the need for excellent process control. This limitation is discussed in a later
section. '

SILVER-FILLED GLASS (SFG)

SFG, like Au-Si eutectic, is limited to those devices that can withstand the SFG processing
temperature and time. Again, the silicon fabrication processes need to be designed to with-
stand the die attach process. Because of the organic content (solvent and resin binder) of the
SFG paste, there are limits on the minimum dry times versus die size that constrain the
process. Larger dies mean longer drying/processing times.

There are also limits to the bond line thickness, both thin and thick, that constrain the
process. In addition, it is imperative to maintain a nearly void-free die attachment. SFG is
limited to (1) nongold wafer backsides and substrates due to poor adherence to gold, and (2)
inert or oxidizing processing ambients.

Like Au-Si eutectic, SFG requires close process control. Once processed, the SFG material is
stable to extremely high temperatures.

SILVER-FILLED POLYIMIDE

Like SFG, the silver-filled polyimides contain a significant volume of solvent that must be
carefully removed during processing to minimize voiding. Also, water vapor is released dur-
ing the imidization reaction and must be carefully removed to prevent voiding:

Because of these considerations, the polyimide process must be designed properly, allowing
long processing times for large dies. As die size increases, processing times may become
prohibitive from a manufacturing point of view. Because of the large volume changes (shrink-
age) associated with the solvent loss, die attach stress occurs; in most applications, however,
this is not a concern, since the stresses tend to be compressive. However, with copper lead
frames, the stress can increase to a point where the frames are damaged during processing,
especially with larger dies. There is a minimum bond line thickness limitation for polyimide,
below which stresses on the die can increase.

Polyimide adhesives are stable to very high temperatures and are not affected by temperature
exposure during subsequent processing. The polyimide material used at Intel is stable to at
least 450°C for short periods of time.
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SILVER-FILLED EPOXY

There are two significant limitations on epoxy. The first is the upper temperature that the
material can tolerate before decomposition occurs, which is approximately 200°C. The sec-
ond is a limitation on the minimum bond line thickness, again a die stress concern. As with
the other paste technologies, it is important to maintain a nearly void-free die attachment
through control of the dispensed paste volume.

Processes

Au-Si

Figure 3-8 is a representation of the gold-silicon phase diagram. In this process, a pure gold
preform is placed into a preheated ceramic package under a heated inert gas. The die is
placed onto the preform and allowed to reach the preset die attach temperature.
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Figure 3-8. Au-Si Gold-Silicon

As the temperature is raised, silicon from the die begins to diffuse through the diffusion
barrier on the die backside, and at 363°C, forms eutectic composition liquid. Once liquid
formation occurs, the reactions proceed rapidly by liquid phase diffusion. As the temperature
increases beyond the eutectic temperature, more silicon is dissolved from the die backside
until the equilibrium volume of silicon is reached. The liquid also begins to dissolve the gold
or silver substrate. The amount of gold or silver that dissolves depends on the temperature
and the time of die attach.

At this point, a circular motion is used to distribute the liquid evenly across the silicon
backside to ensure intimate contact with all areas. Once this is accomplished, the package and
die are cooled. During cooling, silicon begins to precipitate from the saturated gold-silicon
liquid. These precipitates grow epitaxially from the silicon die backside. Analysis using a
transmission electron microscope has confirmed that the epitaxial region is continuous with
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the bulk silicon crystal structure. When the package again reaches the eutectic temperature,
the solder solidifies with a characteristic eutectic-type microstructure. There is no solid solu-
bility of silicon in gold or vice versa, as evidenced by the phase diagram for the system. The
joint obtained upon cooling is metallurgically continuous from the substrate to the die.

SILVER-FILLED GLASS

Silver-filled glass is a suspension of silver and low-softening temperature glass particles in an
organic vehicle. In this process, the paste is automatically applied to the ceramic via a paste
dispense system. After the paste is applied, the die is positioned within the dispensed pattern.
Because of the high organic content of the paste, the SFG is carefully dried in a continuous
furnace to remove the solvent. This leaves behind a resin that binds the silver and glass
particles until subsequent processing can soften the glass. After drying, the material is care-
fully heated to remove the binder; the heating rate is determined by die size.

At higher temperatures, the glass begins to soften, and the silver particles begin to sinter
together into a cohesive mass. Considerable shrinkage accompanies the reactions at higher
temperatures, and care must be taken to ensure that the minimum bond line thickness re-
quirements are maintained after shrinkage. At the highest temperatures, the glass wets the
silver particles, silicon surface, and ceramic substrate, creating a strong chemical bond be-
tween the silicon and the ceramic. Once the material has reached the maximum density, the
package is cooled and readied for subsequent assembly operations.

SILVER-FILLED POLYIMIDE

The processing for silver-filled polyimide, because it is a solvent-filled system, is similar to
that of silver-filled glass. The paste is dispensed and the die positioned on automatic equip-
ment similar to that used for SFG. Once again, it is necessary to remove the solvent from the
system in a drying step prior to the imidization reaction. The drying operation is again
dependent on die size (diffusion length) and has been designed to be compatible with all die
sizes.

After drying, the polyimide is raised in temperature to initiate the imidization reaction. This
reaction generates water vapor, and thus care must be exercised to ensure that the water is
fully removed during the process. Like drying, this operation depends on die size and has
been carefully designed to maximize water vapor desorbtion.

At the highest processing temperatures, the polyimide fully cures and forms a strong chemi-
cal bond to the lead frame and silicon. At this point, the package is cooled and sent to the
subsequent assembly operation.

SILVER-FILLED EPOXY

The silver-filled epoxy used by Intel is a so-called solventless system, which eliminates the
processing issues associated with drying. Because of the chemical structure of epoxy, water
vapor evolution during process is also not a concern. As with the other paste technologies
(polyimide and SFG), the paste is automatically dispensed and the die positioned on automat-
ed equipment, with care taken to ensure a void-free die attach. After placement, the package
is heated to the epoxy resin cure temperature to polymerize the epoxy and create the final
chemical bond between the silicon and lead frame.
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BACKSIDE REQUIREMENTS AND CONTROLS

The wafer backside process can have an effect on the integrity of the joint created during die
attach. From gold-silicon eutectic work, Intel has determined that a metallized surface is
required for highly reliable joining. The quality of the metallization modulates the wetting of
the liquid to the silicon and enhances the quality of the braze joint. It has also been deter-
mined that the roughness of the surface plays a significant role in eutectic die attach, and that
smooth surfaces wet more readily and more quickly than rougher ones.

Because there is a need to prevent premature oxidation of the metallization, a diffusion
barrier is necessary. The barrier is required to adhere to both silicon and gold, yet not
interfere with the integrity of the final joint. Finally, the barrier kinetics also must allow rapid
diffusion of silicon at the die attach temperatures. Because of this, it is necessary to control
the thicknesses of the barrier metal. The gold thickness must also be controlled to prevent
oxidation of the barrier metal.

OHMIC CONTACT

Some MOS devices require an ohmic contact to the die backside. To achieve an ohmic
contact, a metallization is required for all of the paste technologies, as the silver will not form
a low-resistance ohmic contact at any of the die attach times or temperatures. An ohmic
contact can be achieved with gold-silicon eutectic die attach without the use of a metalliza-
tion, as the gold readily diffuses at the die attach temperature, creating a low-resistance
contact. However, in Intel’s experience, a wafer backside metallization is necessary for the
creation of a highly reliable eutectic joint.

Performance and Engineering Characteristics

DIE SIZE LIMITATIONS

e Au-Si. At this time, there are no known limits to the die size that can be attached with this
technique. Dies as large as 1.8 x 1.8 cm (0.7 x 0.7 in.) have been successfully attached by
this technique.

o Silver-Filled Glass. It has been demonstrated that dies as large as 1.0 x 1.0 cm (0.4 x 0.4
in.) can be successfully attached by this technique.

¢ Silver-Filled Polyimide. It has been demonstrated that dies as large as 1.0 x 1.0 cm (0.4 x
0.4 in.) can be successfully attached by this technique.

e Silver-Filled Epoxy. Because there are no limitations on solvent or water vapor evolution
for this type of paste, there are no known die size limitations. Dies as large as 1.3 x 1.3 cm
(0.5 x 0.5 in.) have been successfully attached using this die attach material.

JOINT STRENGTHS

Table 3-4 summarizes the die attach joint strengths and typical failure modes for each of the
die attach materials used at Intel today. As shown, measured strengths easily exceed the
military specifications for die attach strength as determined by tensile testing.
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A typical failure mode for Au-Si is fracture of the silicon. For the other technologies, failure
of the adhesive material, i.e., a cohesive failure, is typical.

Table 3-4. Typical Tensile Bond Strengths
of Various Die Attach Media
Tensile Tensile
Die Attach Media Strength Strength
(kg/cm2) (psi)

Au-Si 500 >7000
Silver-Filled Glass 140 2000
Silver-Filled Polyimide 140 2000
Silver-Filled Epoxy 140 2000

MODELING RESULTS

Modeling conducted at Intel has shown that die cracking during temperature cycling can be
caused by stress risers in the die attachment. While small voids in the die attachment act as
stress risers, they do not create the type of tensile forces necessary to fracture silicon. Only
when voids occur at die corners or edges do tensile stresses result that can cause the silicon to
fail. Typically, edge voids in Au-Si are the result of improper wetting of the liquid to the
silicon surface, which causes the liquid to take up a lower surface energy configuration, and
pulling away from the die edge. Subsequent temperature cycling creates a tensile stress at the
void/solder interface that fractures the silicon. Proper metallization techniques minimize this
risk by preventing dewetting during die attach.

The same effects can occur with the paste technologies during die attach. Therefore, it is
imperative to maintain a void-free die attach, particularly edge voids. Care is taken during
paste dispense to ensure that the entire die area is fully covered by die attach media to
minimize the risk of edge void formation.

BACKSIDE METALLIZATION CONTROLS

Control of the wafer backside metallization process is essential for high-integrity gold-silicon
eutectic bonds. As mentioned, it is important to control the thicknesses of both the barrier
metal and the gold. It is also necessary to control the deposition conditions to minimize the
oxygen content of the barrier metal. Failure to do so can result in a poorly wettable surface
that does not allow rapid, uniform silicon diffusion at the Au-Si die attach temperatures.

WIRE BONDING

Wire bonding is an assembly step that connects the input/output of the device to the package
terminals. At this stage in the assembly process, the majority of the final cost is already in the
device. Thus, it is critical that the highest yield of wire bonding is achieved.

To ensure a high-quality, reliable wire bond, Intel engineers have made significant advances
in techniques to control and monitor the bonding process.
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Wire-Bonding Techniques

Intel wire-bonding techniques include (1) thermosonic, or gold ball, bonding; and (2) ultra-
sonic, or aluminum wedge, bonding.

In thermosonic bonding, a gold ball is formed at the end of the wire, and a bond is made
between the bond pad surface and gold ball. With the ultrasonic bonding technique, a bond is
made directly between the wire and the bond pad.

Bonding Parameters

Key bonding parameters include machine, material, and structural parameters. To achieve a
high-quality wire bond, bonding parameters must be well understood and controlled.

The most important machine parameters are force, ultrasonic energy, temperature, and time.
Controlling the interaction of these parameters is critical to bond quality and reliability.

Force is applied to establish and maintain an intimate contact between wire and metal sur-
faces during application of ultrasonic energy.

Ultrasonic energy is used to reduce the level of applied stresses necessary for plastic deforma-
tion of wire and metal surfaces by generating a larger number of mobile dislocations.

Heat (thermal energy) is applied in thermosonic bonding to compensate for ultrasonic energy
attenuation by gold ball and ultrasonic reflection at the interface of ball and bond pad
metallization. Applied thermal energy helps to reduce the level of stresses necessary for
plastic deformation of substrate metallization.

Finally, the function of the parameter time is to control the amount of plastic deformation at
the gold ball/pad metallization interface for bonding.

A number of material and structural parameters also have significant impact on the quality
and reliability of the wire-bonding process and are strictly controlled. Intel works closely
with wafer fab process development teams and our wire and lead frame vendors to obtain
required characteristics for wire, metal surfaces, and structural parameters.

Critical parameters for wires are diameter, tensile strength, elongation, composition, and
surface contamination.

For metal surfaces, controlled parameters include surface hardness, roughness, cleanliness
(freedom from glass residues, oxide, silicon dust), and structural parameters.

Key structural parameters include (1) shape and dimensions of bonding surfaces (bond pad
and lead tip); (2) number, thickness, and mechanical properties of underlayer materials; (3)
integrity of underlayer interface (adhesion of underlayer materials); and (4) material interac-
tions among wire-bonding elements, such as interdiffusion and intermetallic compound for-
mation.
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Bonding Process Quality Tools

To achieve high-quality wire bonds, Intel precisely measures and optimizes all bonding pa-
rameters. A number of techniques and bonding process quality tools have been developed for
measuring the parameters of force, ultrasonic energy, time, and temperature, and have con-
tributed significantly to improved bond quality and reliability.

FORCE MEASUREMENT

It is essential to measure the actual force applied to wire and metal surfaces—the work
piece—during bonding. The applied force usually consists of two distinct elements: dynamic
and static components. To measure the actual force applied to the work piece during the
bonding cycle, Intel uses a dynamic force measurement system (DFM). The heart of the
system is a very fast-response transducer with extremely high sensitivity to small force chang-
es of +1 gram. The DFM system allows Intel to measure the actual applied force in real
time. With this technique, we can identify the following:

® Actual bond force duration and amplitude

® Dynamic and static force portions of the force curve

® Repeatability of applied force from one bond to another

Machine-related problems affecting the force curve

Timing for the application of ultrasonic energy as compared to the force curve

Methods for duplicating the optimized force from one machine to another

Another important bonding parameter is time, which controls the level of plastic deformation
in wire and substrate metallization. During the selected time, ultrasonic energy and force are
applied to the wire and substrate. The application of ultrasonic energy to the work piece at
the desired time, during the application of force, is called the timing factor. This parameter
ensures consistent bond quality and reliability. The timing factor can be adjusted using the
DFM unit.

ULTRASONIC MEASUREMENTS

To obtain optimum wire-bonding results, Intel continually measures the amount of ultrasonic
energy applied to the wire or substrate.

A laser interferometry system and a special tool that precisely gauges the amount of displace-
ment of the bonding tool tip are used for these measurements. As a result, we can perform the
following with a high degree of accuracy:

® Measure the amount of ultrasonic energy
Duplicate the optimum values on other bonders
Inspect the machine set-up

Inspect all incoming transducers for efficiency

Detect defective transducers or inadequate mechanical coupling
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TEMPERATURE MEASUREMENTS

Another major bonding parameter is thermal energy, which is applied to the substrate. An
incorrect bonding temperature can result in a number of bonding problems. For example,
high temperature can result in softer bond pad metallization, which causes metal splash and
bond pad fracture. A temperature that is too low can result in harder metallization and
consequently prevent materials from sticking.

Using an infrared monitor system instead of thermocouple, Intel can measure the exact
temperature of bonding surfaces. We can also identify any design or material-related prob-
lems in our heater block system. As a result, we have achieved superior control of our
bonding process.

Bond Quality Monitors

Intel uses a variety of techniques for measuring the quality and reliability of bonds. The most
frequently used techniques are:

® Visual inspection

® Bond pull

® Shear test

® Infrared microscopy

® Bond etching

® Flectrical testing

® Bake test

® Thermal cycle/thermal shock testing

VISUAL INSPECTION

Visual inspection is used to determine bond quality problems such as smashed bonds, skinny
bonds, misplaced and deformed bonds, as well as wire conditions. It also determines metal
surface conditions, including corrosion, cracks, voids, contamination, and extent of plastic
deformation.

BOND PULL

The bond-pull strength test is a primary method used by Intel for optimizing the bonding
window schedule and quality. The pull test is a relative test for a particular package configu-
ration. Test results include bond strength and mode of failure.

SHEAR STRENGTH

Intel optimizes bond schedule by using the shear strength test, which is independent of wire
condition and measures bond strength. The failure mode and bond strength are used as
measures of bond quality and reliability.
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INFRARED MICROSCOPY

Intel uses the reflective infrared microscopy (IR) technique to inspect the integrity of bond
pad structure. This technique eliminates the need for decapping and accessing the die surface.

ELECTRICAL TESTING

Electrical testing measures the increase in ohmic resistance of bonds as a result of intermetal-
lic compound and void formations, thus determining the effect of different materials and
bonding process parameters on bond reliability.

BOND ETCHING

Bond etching measures the condition of layers under the bond pads. With this technique, the
ball (wire) and pad metallization is removed, and the condition of underlayer materials is
examined. Bond etching is useful for determining the weakest link in underlayer materials by
identifying the initiation and propagation of cracks in underlayer materials.

BAKE TEST
Bake test measures the effect of intermetallic compound formation and Kirkendall voiding at
wire/metal surface interfaces on bond reliability.

THERMAL CYCLE/THERMAL SHOCK TESTING

Thermal cycle and thermal shock testing are used to accelerate any possible bond pad frac-
ture, bond lifting, and metal lifting due to bonding process deficiency or package configura-
tion.

SURFACE ANALYSIS

Surface analysis techniques such as energy-dispersive X-ray analysis (EDX), wave-length
dispersive X-ray analysis (WDX), Auger, and scanning electron microscopy (SEM) are the
tools Intel uses to identify (1) the presence of contamination, (2) extent of intermetallic
compound formation, and (3) bond irregularities. These techniques are part of our routine
monitors of material parameters and failure analysis.

PLASTIC MOLDING

Advances in the technologies of molding compound chemistry and formulation, transfer
molding, and package design have made it possible for Intel to manufacture highly reliable
plastic component packages. Molded plastic packages have, in fact, gained a significant share
of the devices we currently sell.

Composition

Molding compound is a composite material, with each component providing a set of proper-
ties critical to the overall performance of the system.
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The composite matrix material used in Intel packages is an epoxy cresol novolac polymer.
This crosslinked material is dimensionally stable, ionically clean, and resistant to assembly
process and field-use temperatures. The composite’s largest component by weight is silica
filler, added to provide control of thermal expansion coefficient and thermal conductivity.

The balance of the compound consists of elastomeric toughening fillers, flame retardants,
coupling agents to improve adhesion between matrix and filler, and release agents to allow
removal of the product from the mold.

Molding Process

Intel suppliers provide partially reacted material in the form of pelletized powder preforms.
The epoxy is processed in a transfer molding press, which drives the compound through the
heated mold. The viscosity of the molding compound decreases as it comes in contact with
the heated mold, allowing it to flow easily around the bonding wires and to fill the package
cavity. Viscosity increases as the curing reaction takes place, until the compound is hard
enough to be removed from the mold. An extended post-mold cure is used to ensure optimum
mechanical properties in the molded package.

Molding process parameters such as cure temperature, compound transfer rate, and cure time
are controlled to ensure quality and reliability in the molded part. Of equal importance are
the designs of the mold runner and gate systems, the path through which the molding
compound enters the package cavity. Intel uses design of experiments (DOE) methodologies
that include these variables throughout the development and optimization of the molding
process.

Performance/Engineering Considerations

The molded plastic package is a composite system made up of the following:
® A copper alloy or Alloy 42 lead frame

Polymeric die attach adhesive

Silicon chip

Gold bonding wires

Epoxy molding compound

Each of these components has a unique set of physical properties, and mismatches such as
those in the coefficient of thermal expansion present a challenge to maintaining the mechani-
cal integrity of the bulk materials and the interfaces between them.

Because of different rates of expansion and contraction, stresses concentrate at the interfaces
between materials during the temperature excursions typical of accelerated reliability testing
and circuit board mounting. When these stresses exceed the interfacial strength between
materials, loss of adhesion can occur. The presence of absorbed moisture in the molding
compound exacerbates this phenomenon. The following approaches are taken to prevent
failure of the encapsulant during processing, testing, and end use. '
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From the material perspective, the supplier of the molding compound synthesizes the poly-
mer to exhibit minimum moisture absorption. In addition, coupling agents are used to maxi-
mize adhesion between the epoxy matrix and silica filler to limit moisture ingression. Opti-
mization of other material properties, such as flexural strength, modulus, and toughness,
ensures that the material can perform under severe temperature-cycling conditions without
the occurrence of cracking, which can lead to the ingress of corrosion-causing contaminants.
The molding compound contains elastomeric toughening agents that curtail the growth of
cracks should they begin. These “low-stress” materials also provide protection to the fragile
chip surface by preventing cracking and shear deformation of the thin-film structures that
make up the circuitry.

Careful package and process designs also ensure integrity of the molded package. Package
engineers employ design features that provide robustness to the component by creating me-
chanical locks between molding compound and lead frame. Assembly process engineers de-
sign material flows that maximize adhesion and limit exposure to moisture during the manu-
facture, shipping, and board mounting of the component.

LEAD FINISH

Intel provides four basic lead finishes:
¢ Gold Plate

® Tin Plate

® SolderCoat

¢ SolderPlate

Each type of lead finish offers advantages for specific applications and for internal processing.

Gold Plate

The gold-plated finish is recommended for socket applications only. The packages most often
involved are the ceramic laminate family, including pin grid arrays (PGAs), side-braze dual
in-line packages (DIPs), and both leaded and leadless chip carriers.

Not long ago, gold was considered a universally superior lead finish because of its solderabili-
ty, and electrical and nonoxidizing properties. During the past several years, however, it has
been determined that soldering gold-plated component leads directly into a PC board has
clear disadvantages. Excess gold in the solder joints can result in the formation of a brittle
alloy, causing the joints to fail over time in high-vibration or board-flexing environments. °

For example, in military applications requiring leadless chip carrier mounting, such consider-
ations become critical. Currently, military requirements demand that a solder coat replace
gold in direct soldering uses for both leadless and leaded components. Gold plating remains
the lead finish of choice for socketed units.

Tin Plate

Intel uses tin plating for selected ceramic DIP (CERDIP) packages only. The tin-plated
finish can be either directly soldered or socketed with a non-gold socket contact finish.
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Tin offers the advantage of a slightly higher melting point (232°C) than solder (180°C), and it
can be burned in at higher temperatures without melting. However, when compared to solder
coating, tin plating does not age as well in long-term storage from the standpoint of soldera-
bility. This may occur because tin plating is more porous than solder coating. In general, pure
tin plating is more susceptible to tin whisker growth under certain mechanical and environ-
mental conditions.

SolderCoat

SolderCoat component leads offers the distinct advantages of a low melting point (180°C) and
resistance to aging.

The composition of SolderCoat is the eutectic alloy of 63% tin and 37% lead. Intel normally
applies the coating in the following sequence: (1) cleaning the leads, (2) applying a flux, (3)
dipping the leads into molten solder, and (4) finishing with a hot water rinse. Great care is
taken to minimize any thermal shock to the package and die during SolderCoat processing
and cleaning of the unit after coating.

Intel provides SolderCoat lead finish on all plastic and ceramic DIPs, all military packages,
and some selected plastic leaded chip carriers (PLCCs). The customer can use this lead finish
in a variety of PC board assembly processes, including wave soldering, infrared, and vapor
phase.

SolderPlate

Intel uses tin-lead alloy plating for plastic quad fine-pitch, quad flatpack, and PLCC pack-
ages.

The codeposited elements form an alloy composition of approximately 85% tin and 15%
lead. As shown in Figure 3-9, the plating on the packages’ copper lead frames, with a
thickness of 200 microinches minimum, provides full coverage of the copper without expos-
ing any formed intermetallics to the air. At the same time, SolderPlate produces a very
solderable finish with a melting point of approximately 215°C. Like tin-plated leads, those
plated with tin-lead alloy can be directly soldered using infrared or vapor phase methods, or
socketed.

NN

NN

240818-9

Figure 3-9. Tin or SolderPlating on a Lead Frame
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Lead Finish Process Flow

The following sections illustrate the process flow for each type of Intel lead finish.

GOLD

Packages with this finish are purchased from the package vendor as raw piece parts.

SOLDERPLATE SOLDERCOAT
Package Assembly Package Assembly
Fixturing Fixturing
O ;;;?eosjaﬁ:;p Pretreatment O :;Z?e;jai:;p Pretreatment
D Gate Rinse D Cate Rinse
Plate Rinse
Rinse Dry
Dry Fluxing
Quality Assurance Preheat
240818-10 SolderCoat
Figure 3-10. Process Flow for Cool
Tin and SolderPlating Rinse
Dry
Quality Assurance
240818-11

Figure 3-11. Process Flow
for SolderCoat

Process Controls

Plating operations are controlled by monitoring a combination of several items:

® Physical arrangement and condition of the plating anodes and fixtures, as well as distance
to the work to be plated
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® Chemical analysis of plating and pretreatment solutions for all constituents and contami-
nants, including by-products

® Plating parameters such as temperatures, rinse flows, voltage and current density, and
process times

SolderCoat operations are controlled and monitored for many of the same items as plating:
® Physical height of the solder and condition of fixtures
® Chemical analysis of the pretreatment solution and solder

® Operational parameters such as conveyor speed, flux density, preheat temperature, solder
temperature, thermal package profiles, and rinse flows and temperatures

Product Controls

In addition to process controls, Intel continues to monitor IC lead-finish functionality using a
series of product tests.

Lead-finish thickness and solderability monitors are performed on all products. Intel has also
developed a supplementary solderability test to track long-term trends. Alloy thickness and
composition are tested in the tin-lead plating operations on a real-time basis. Selected prod-
ucts are also tested for wetting speed.

LEAD FORMING

Lead forming is a twofold assembly operation that bends and trims plated or solder-dipped
leads to meet specified dimensional accuracy. Leads can be formed into three standard con-
figurations: gull-wing and J-lead for surface mount packages, and straight form for through-
hole mounting. During the forming process, extreme care is taken to expose the tin-plated or
solder-coated leads to minimum stress and abrasion, thus ensuring maximum strength and
reliability.
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Figure 3-12. Formation of Gull-Wing Leads (Continued)
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Figure 3-13. Deflash, Trim, and Form of J-Leads on PLCCs
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As part of the lead-forming process, dambars and excess molding compound or flash that has
flowed between the leads and out to the dambars are removed simultaneously from the leads.
This step electrically isolates the leads.

Finally, individual units are separated or singulated from the lead frame at the tie bar support
and carefully placed into tubes or trays for lead protection. Singulation is either combined
with the forming operation or occurs separately after forming.

HERMETIC SEALING

Packaging Options

Hermetic sealing of IC packages is used to seal the silicon electronic component from the
external environment, specifically from water vapor and contaminants that can shorten the
lifetime of a sensitive electronic device. Two types of hermetic seals are used at Intel: hard-
solder precious metal brazing alloys (the laminated ceramic package family) and low melting-
temperature glasses (the pressed ceramic package family). The metal-sealed packages are of
the laminated ceramic type and involve the brazing of a metal lid to a gold-plated thick-film
seal ring on the ceramic. The glass-sealed packages utilize glass to create the seal between
pressed ceramic pieceparts. Figure 3-14 illustrates the relative hermeticity of various sealing
materials. It can be seen from the graph that metal seals provide the highest levels of herme-
ticity, followed by glasses and ceramics.
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Time required to achieve 50% of exterior humidity for various sealant materials

Figure 3-14. Relative Hermeticity of Materials

Materials

METAL-SEALED LAMINATED CERAMIC PACKAGES (CX PACKAGES)

Of the two hermetic package families, metal-sealed packages provide higher levels of herme-
ticity and reliability. At Intel, the metal-sealed packages utilize a gold-tin eutectic hard solder
to create the hermetic seal. The composition of the alloy is 80% gold, 20% tin, and has a
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melting point of 280°C (see Figure 3-15). This solder was chosen for its excellent wetting
characteristics to the seal ring and lid materials, as well as its high resistance to thermal
fatigue. Seals created by the Au-Sn alloy can withstand thousands of condition C thermal
cycles without failure.

The gold-tin eutectic seal is made to a seal ring on the surface of the aluminum oxide ceramic.
The seal ring is composed of a tungsten thick film that is fired to the ceramic material and
plated with a thin nickel diffusion barrier and a gold overplate. The gold overplate prevents
oxidation and provides a wettable surface for the solder. Figure 3-16 is a schematic of the seal
area.
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Figure 3-15. Au-Sn Phase Diagram

Construction After Seal
GOLD-PLATED KOVAR LID

GOLD TIN
P L ——
(SPOT-WELDED

TO LID)

GOLD PLATING
NICKEL PLATING
TUNGSTEN

COFIRED THICK FILM

Al,05
240818-24
240818-23

Figure 3-16. Schematic Cross-Section of a CX Package Seal
(Thicknesses Not To Scale)
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The lid material is gold-plated kovar (a nickel-iron alloy with low thermal expansion) to
which is attached an 80% gold, 20% tin alloy (eutectic composition) preform. The seal
preform is attached by spot welding. The lid material was chosen for its stiffness and because
the thermal expansion of kovar is close to that of aluminum oxide ceramic. The stiffness
prevents damage during testing, and the low thermal expansion minimizes stress at the seal
due to thermal expansion mismatch.

The thicknesses of the plating used in the seal ring area are important to the success of sealing
using this system. The thickness of the gold must be controlled to prevent premature nickel
diffusion and oxidation at the gold surface, which can create a poorly wetted surface that will
result in seal defects. The nickel diffusion barrier prevents the interdiffusion of tungsten and
gold that can also result in seal defects.

The seal preform width and thicknesses are also specified to ensure that an adequate amount
of solder is present to create a continuous seal. Too large a preform can result in excess solder
that can bleed onto the lid surface.

GLASS-SEALED PRESSED CERAMIC PACKAGES (DX PACKAGES)

In glass-sealed packages, a ceramic lid is sealed to the base ceramic with a vitreous (noncrys-
tallizing), lead-based glass having a low melting temperature. The glasses chosen for hermetic
sealing are lead-zinc borates that generally seal in the 415-450°C range. Figure 3-17 illustrates
the vitreous glass-forming region (region A) in the lead-zinc-borate system from which these
glasses are chosen. The glasses used in the industry have compositions in this range, with the
final selection based on obtaining the lowest possible processing temperature. As a result, the
most commonly available seal glasses have very similar compositions. The glasses are highly
resistant to chemical plating baths (see Table 3-5) and have excellent thermal shock resist-
ance.

Zn0

AVA
JAYAVA

B,03 PbO

240818-25
A: Clear Glass Region
B: Devitrifying Glass Region

Figure 3-17. Lead-Zinc-Borate Phase Diagram
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Table 3-5. Chemical Durability of Glasses

Chemical Glass Type
Treatment Intel B c D
50% HoSO4 8.65 2.32 5.89 0.88
95°C, 1 hr.
50% HoSO4 2.37 212 2.1 1.50
25% HNOg
25°C, 5 min.

5% HNOg3, 25°C 80.9 96.4 56.7 62.7
Direct Transfer
t0 50% HS04 at
95°C for 15 min.

*Glasses must exhibit chemical durability in order to withstand the
lead-plating baths.

The glasses used for package sealing have high thermal expansions relative to the ceramic. To
reduce thermally induced package stresses, it is necessary to reduce the thermal expansion of
the glasses by adding low-thermal-expansion fillers. These fillers are chosen to be compatible
with the lead glass and do not react during processing.

Because the glasses all have similar compositions, they have similar strengths. Table 3-6 lists
the measured bending strengths for several different sealing glasses commonly used. The glass
used by Intel can be seen to have bending strengths equivalent to other commonly used
glasses. The fracture toughness of Intel’s sealing glass is also found to be quite similar. It is
expected that the mechanical performance of Intel’s sealing glass will be equivalent to other
commonly used glasses.

Table 3-6. Bending Strengths and
Fracture Toughnesses of Several
Lead-Based Sealing Glasses

Four Point Fracture
Glass Bending Strength Toughness
(MPa) (MPa/m)
Intel 201 1.0
B 21.4 11
C 20.0 0.9
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Figure 3-18 is a schematic cross-section of a glass-sealed package.

Construction After Seal
CERAMIC
CAP \ ‘
|AI203 I_—_:
CAP |
oass T~ ZZZa
LEAD 4 %
FRAME
BASE
GLASS
BASE
CERAMIC 240818-27
240818-26
Figure 3-18. Cross Section of a Glass-Sealed Package
Processes

LAMINATED CERAMIC PROCESSING

Sealing of metal-sealed packages is accomplished in a continuous belt furnace. The metal lid
is aligned and clipped in place to ensure that the seal ring and preforms remain properly
aligned and that sufficient pressure is exerted on the lid to ensure good contact. The units are
ramped in temperature past the melting temperature of the alloy and allowed to soak at the
sealing temperature. The soak time allows the molten metal time to wet all the sealing
surfaces sufficiently and to form an integral metallurgical bond with the seal ring and lid
plating.

Sealing can be accomplished in either an inert (nitrogen) or reducing atmosphere (forming
gas NoHj). The seals obtained with either atmosphere are equivalent in performance. The
reducing atmosphere is used to build additional margin into the sealing process.

The sealing process is controlled by monitoring the seal temperatures with a thermocouple
embedded in a package and passed through a fully loaded furnace. This ensures that the
furnace profile obtained is representative of that seen by actual product. Water vapor content
of the sealing atmosphere is also controlled to ensure that the final internal-cavity water
vapor levels meet the industry requirements.

PRESSED CERAMIC PROCESSING

Glass-sealed packages are also sealed in a continuous belt furnace. For these packages, caps
are aligned to the base with fixtures as the units pass through the furnace, and no clips are
used; the weight of the package is sufficient to create the seal. Because glass does not have a
sharp melting point, it is necessary to hold the units at the seal temperature for sufficient time
to allow the glass to flow and wet the metal lead frame and ceramic, and thus create the final
seal. Insufficient time will result in noncontinuous seals or incomplete flow, causing glass
depressions between the leads. These depressions in their worst form can create a continuous
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path to the cavity (nonhermeticity), or in less severe cases act as a stress riser and result in
package damage during subsequent handling. Sealing is performed in an oxidizing ambient
(dry air) to prevent reduction of the lead glass.

As with the metal-sealed packages, the process is controlled by profiling a fully loaded
furnace by means of a thermocouple embedded in a CERDIP-type package, again to get an
accurate representation of the actual sealing conditions. Water vapor content and flow rates
of the atmosphere are controlled to ensure that the internal-cavity water vapor requirements
are met.

Performance

Intel’s hermetic packages are tested individually for hermeticity using two tests: fine and
gross leak. Two tests are required, since neither test can adequately detect the entire range of
leak sizes. Fine leak uses either radioactive tracer gases and a scintillation counter or helium
and a mass spectrograph to identify fine leaks. Larger leaks do not show up, as the gases leak
out too quickly for the detectors to identify. The industry-acceptable leak rate for hermetic
packages is less than 5 X 10~ 8 Std. CC atm/min.

Gross leak testing, which identifies larger leaks that fine leak cannot detect, uses a high-vapor
pressure fluorocarbon liquid as the detection medium. The unit is pressurized in a container
of the fluorocarbon to force the liquid into the leak. After pressurization, the unit is immersed
in a hot bath, which vaporizes the fluorocarbon trapped in the leak. A steady stream of
bubbles indicates the location of the leak. The gross leak test cannot be used for small leaks,
as the liquid will not penetrate leaks smaller than a certain size.
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CHAPTER 4

PERFORMANCE CHARACTERISTICS OF IC PACKAGES

IC PACKAGE ELECTRICAL CHARACTERISTICS

The following parameters are provided for Intel packages:

® DC resistance (R) of leads or pins

® Capacitance (C), including lead-to-lead and loading capacitances

¢ Inductance (L), including only self-inductance values for pins or leads

These parameters can be experimentally measured and theoretically calculated. The package
parameters for the following package families are representative of measured, or calculated,
values:

® Plastic quad flatpack (PQFP)

® Multilayer molded package (MM)
® (Ceramic quad flatpack (CQFP)

® Pin grid array (PGA)

The MM, CQFP, and PGA packages can be designed with ground and power planes. Since
these packages are custom-designed for each product, their parameters may not reflect the
actual values for a particular product. The actual parameters can be obtained by contacting
Intel.

For electrical parameters of packages not listed in the tables, please contact your local Intel
field sales engineer.

Package Electrical Data

Following are the electrical characteristics of Intel’s PGA packages. The three parameters
discussed are D.C. resistance (R), capacitance (C), and inductance (L). A summary of typical
ranges of values is presented in Table 1.

4-1 Order Number: 240819-001
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Table 4-1. Summary of PGA Electrical Data

1/0 Lines Power and Ground
Lead
Count L CL Crp R** L C R
(nH) (pF) (pF) (mQ) (nH) (pF) (mQ)

68(S) 9-13* 2-3 2-3 200-300 9-13% 2-3 200-300%

68(M) 5-9 2-3 <0.5 200-300 2-4 >75 50-100

88(S) 9-14* 2.5-4 2.5-4 220-350 9-14% 2.5-4 220-350%

88(M) 5.8-8.6 2.5-6 <0.5 220-350 2-3 >121 50-100
132(M)+ 6-11 6-15 <0.3 220-700 0.5-3.9 300-900 20-50
168(M) 9-22 4-9 <0.5 220-800 0.5-1.0 300-900 20-50

NOTES:

*Ground and trace are separated by 0.100".
‘tOptimized package design.
**Resistance of the gold wire (65 mQ~70 mQ for 100 mil length) is not included.
1Single lead. For multiple leads divide the tabulated value by the number of leads.
Measurement Errors: L values are £0.3 nH
C values are £0.1 pF
R values are £5 mQ

DEFINITIONS:

S — Single Layer (No Power and Ground Planes)
M — Multi-Layer (With Power and Ground Planes)
C_ — Loading capacitance

CpL — Lead to lead capacitance

Table 4-2. Summary of CQFP Electrical Data

Electrical Parameter Lead Count
164L 196L
Liead nH 33 33
Rlcad Q 0.004 0.004
Lrace (1/0) nH 5.0 60
Rrrace (170) Q 0.8 09
Cload pF 4.0 5.0
LTrace (Vco/Vss) nH 15 25
Rrace (Voo/Vss) nH 0.2 o4
Lwire nH 3.0 3.0
Rwire 0 0.08 0.08
C(vgg Plane to Vgg Plane) pF 170.0 240.0
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Table 4-3. Summary of MM Packages

Electrical Parameter Lead Count

132L | 164L | 196L
Loy [nH] 140 | 160 | 18.0
le)} <0.10 | <0.1Q | <0.10
Cload [PFI <2pF | <2pF | <2pF
Liead (Vo or Vsg) [NH]* 7.0 7.0 7.0
Lwire (Vg or Veg) [NHI* 3.0 3.0 3.0
Rwire (Ve or Vsg) <0.10 | <0.10 | <0.10
CVe or Vs, Plane to Plane) [PF1 | 90.0 | 140.0 | 210.0

NOTE:
* To calculate effective inductance and resistance of Vg or Vgs:

L1 ead +01 + Lwire
# of leads . # of pads

Left =

Rwire

Rup = —ire
eff = ¥ of pads

Table 4-4. Summary of PQFP (iMP) Electrical Data

Electrical Lead Count

Parameter 84L 100L 132L 164L 196L
R (M©) 70-80 | 70-80 | 70-80 70-80 70-80
L (nH) 58-6.6 | 6.1-7.1 | 7.3-85 | 8.0-145 | 9.0-155
C (pF) (Loading) <1.0 <15 <20 <22 <23
C (pF) (Ld/Ld) <05 <1.0 <15 <15 <1.6

Electrical Parameters

D.C. RESISTANCE (R)

The D.C. resistance is normally the cause of IR voltage drops. Reduction of D.C. resistance
is particularly important in the ground and power paths. The relatively high resistance of the
traces in the ceramic package is due to material and geometry (thickness, 0.001 in.; width,
0.006 in.; and various lengths). The resistance per square centimeter of tungsten used is
0.0109.

CAPACITANCE (C)

Capacitance is determined by the (1) length of the leads, (2) distance separating the leads,
(3) dielectric constant of the material between them, (4) lead thickness, and (5) number of
leads involved. Larger leads have larger values of capacitance. The relative dielectric constant
of the material used for ceramic PGAs is in the range of 8-10. The dielectric constant for
plastic package material is around 4-5.
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Capacitance is classified as “loading” or ‘“lead-to-lead”. The loading value represents the
capacitance of a single lead in the presence of a system of conductors. It is greater than the
lead-to-lead value, which represents the capacitance between two leads with all other conduc-
tors grounded. The loading capacitances are the diagonal terms in the C matrix, and lead-to-
lead capacitances are the off-diagonal terms.

INDUCTANCE (L)

The inductance value is influenced by the package size and the location of the leads in a given
circuit with respect to the power and ground locations. The inductance of the I/0 lines is due
to the circuit loop created by the current-in and current-out paths. If the loop area is smaller,
effective inductance is also smaller. Shorter, wider leads have smaller values of inductance.
For multiple switching, the concept of a loop breaks down and must be replaced with the
inductance matrix, which consists of self-inductance and mutual inductance. For multilayer
packages with power and ground planes, the problem is not severe, because the mutual
inductance (off-diagonal) terms in the matrix are small compared to the self-inductance
(diagonal) terms.

THEORETICAL CALCULATIONS

The theoretical values for package parameters are obtained by using an Intel proprietary
software package called iPEST (Intel Package Electrical Simulation Tool). This software
calculates the inductance, capacitance, and resistance values from the CAD-based geometry
information and material properties.

For single-layer packages without power and ground planes, the complete inductance matrix
for the leads can be calculated. The software computes the parameters for each component of
the package, such as trace, lead, bond wire, pin.

Measurement Methods

RESISTANCE

The resistance for a given package is measured from the tip of the bond finger to the pin
braze pad. The lead resistance for plastic packages is measured from tip to tip.

Figure 4-1 shows the four-probe set-up used to measure the resistance values. Two sets of
readings are taken by reversing the direction of current to eliminate the contact potential.
The average value is considered the resistance of the sample.
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Figure 4-1

CAPACITANCE

Capacitance measurements are made using two separate methods. The first method measures
the capacitance of a single lead in the presence of a system of conductors (loading capaci-
tance). In this method, all leads except one are grounded and then the capacitance of the
remaining lead is measured with respect to ground, as shown in Figure 4-2.
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Figure 4-2

In the second method, shown in Figure 4-3, all the leads except two are grounded, and the
capacitance is measured between the two leads (lead-to-lead capacitance). In the presence of a
ground plane, the lead-to-lead capacitance is very small compared to the loading capacitance.
If the ground plane is kept floating, the lead-to-lead capacitance is normally very close to the
loading capacitance.
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Figure 4-3

The measurements are performed using a current source having frequency f and then by
measuring the voltage drop and phase shift across the sample. For pure capacitance, the
phase shift is (—m/2).

INDUCTANCE

As shown in Figures 4-4 and 4-5, the inductance is measured in a circuit that includes
internal wires bonded from each of two arbitrarily chosen leads to a metal plate on the die
pad (in place of a silicon chip).

240819-4

Figure 4-4
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O
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Figure 4-5

For 1/0 lines, the current enters the trace and is distributed in the ground plane. The
interaction of the current in the trace with the current distributed in the ground plane
determines the effective inductance. In PGA packages, the magnetic field is primarily con-
tained in a plane perpendicular to the X-Y plane containing the 1/0 trace. This helps to keep
the mutual coupling between two traces to a minimum.

Like capacitance measurements, inductance measurements use a current source having fre-
quency f. By measuring the voltage drop and the phase shift across the sample, one can
determine the inductance. For a pure inductive circuit, the phase shift is (+ 7/2).

IC PACKAGE MECHANICAL CHARACTERISTICS

Sources of Stress

Each assembly step is a potential stress-inducing operation: Silicon chipping and metal peel-
ing can occur during the saw process; die backside damage and chipping during the die attach
process; bond pad and silicon substrate damage during wire bonding; and wire bond sweep
during encapsulation (plastic packages).

In addition, accelerated environmental stress tests can introduce failure modes that require
detailed modeling to provide satisfactory interpretation of the results and extrapolation to
failure rates in the field. These accelerated tests include thermal cycling to produce repeated
thermal stresses, and shock and vibration to produce dynamic and oscillatory mechanical
loads on the package and its contents.

The ability of the package to withstand these stress-inducing environments is governed by the
properties of the materials used in construction, as well as by the design geometry. The key
material properties are (1) elastic modulus, (2) density, and (3) linear coefficient of thermal
expansion (CTE). The modulus is required in all models, while density is needed in dynamic
analyses, and CTE is needed in thermal analyses. These properties are listed in Table 4-5 for
key packaging materials. Commonly referenced geometric design variables include length (L)
and thickness (h) of elements making up layers in the packages.

4.7
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Table 4-5. Room Temperature Material Properties

Elastic ) Coefficient
Material Modulus Density of Then:nal
(GPa) (kg/itr) Expans:on
(MC)—1
Silicon 150 2.3 4.2
Die Attach 5* 2.9 50.0*
Aluminum 70 2.7 23.0
Copper 120 9.0 17.0
Gold 80 18.9 14.3
Alloy 42 145 6.4
Molding Cpp 14.2* 1.80 17.0*
Al,O3 265 3.99 5.0
Solder 8.3 9.3 26.0

NOTE:
*Below Tg, glass transition temperature (~100°C, die attach
adhesive; —175°C, molding compound)

Stress, Strength, and Beyond

Much of Intel’s stress-modeling work performed using 2-D or 3-D finite element analysis
(FEA) methods is based on elastic material behavior. The limit to this behavior is governed
by the type of material being analyzed. For brittle materials such as silicon, ceramics, and
molding compounds, fracture initiation represents the limit to the elastic model. For ductile
materials such as aluminum, copper, gold, Alloy 42, and solder, onset of plastic flow becomes
the limit.

While the same 2-D/3-D stress analysis applies to both brittle and ductile materials up to
their elastic limits, different stress parameters must be calculated to determine if the elastic
limit has been reached. For brittle materials, the maximum principal stress, which is propor-
tional to the sum of the normal stresses, is compared to the ultimate tensile strength or the
fracture toughness. For ductile materials, the effective stress, which is a measure of the
maximum shear stress, is compared to the yield strength. Representative fracture toughnesses
(K1¢), ultimate tensile strengths (o), and yield strengths (o7y) are listed in Table 4-6.
Because interfacial adhesion strengths also govern the onset of delamination, these are listed
in the table for bimaterial interfaces of interest.
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Table 4-6. Fracture Toughness and Ultimate and Yield Strengths
for Selected Materials (Room Temperature Data)

Material (MP':Kr:n‘/z) WPa) (MPa)
Silicon 0.8 150
Ceramic 300
Molding Cpg 20 100
(Ammesied) 20
Copper Alloy 415
Gold 165
Alloy 42 275
Solder 25
Si’/MC 14
Cu/MC 7
Al/PI 0.02

Beyond the elastic limit, the linear stress-strain relationships must be supplemented with
crack growth formulas for brittle materials and with plastic flow rules for ductile materials.
The resulting constitutive equations are nonlinear and computation-intensive. They provide a
mathematical description of irreversible processes that can lead to functional failures in the
product if sufficient cyclic operations are completed. When supplemented with experimental
data, these post-elastic solutions are useful in providing product life estimates (reliability
prediction).

Applications

BASIC ANALYSIS

To determine thermally and mechanically induced package stresses, Intel uses both modeling
and measurement methods. Modeling is carried out at three levels: (1) laminated beam analy-
ses to establish trends as design and material properties are varied; (2) 2-D FEA when the
limits of the strength of materials model are reached for configurations that can be modeled
as plane stress or strain; and (3) 3-D FEA for configurations that defy simplification.

Measurement of stresses on the device surface is performed with piezoresistive elements
(pressure-sensitive resistors) diffused onto the surface of the silicon device. Under stress
(strain), the resistance of the elements changes and can be detected using simple bridge
circuits. Comparison of predictions and measurements provides an important self-check on
the two tools used for stress analysis.

Intel uses ANSYS software, a trademark of Swanson Systems Inc., for the 2-D and 3-D FEA
modeling. Because it allows for nonlinear material behavior (elastic, plastic, and creep), it is a
powerful analytical tool. In addition, it is widely accepted in the electronics industry and has
become a de facto standard.
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RESIDUAL THERMAL STRESSES IN PLASTIC PACKAGES

Die-level stresses are created during die attach for ceramic and plastic packages, and during
encapsulation for plastic packages. Representative stresses are shown in Figure 4-6 for die
attach and in Figure 4-7 for encapsulation.
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Figure 4-7. Die Surface Stress Variation with
Molding Compound and Lead Frame Properties

These stress fields have been calculated using laminated beam theory and thus are applicable
to regions of the die, lead frame, and package away from the edge of the laminations. Edge
effects are discussed at the end of this section. The stress levels reported here are based on
cooldown from the process temperature (T ~ 240°C for die attach, T ~ 170°C for encapsu-
lation), the zero stress state, where thermal stresses arise because of differential expansion of
the materials making up the beam laminations.

Shown in Figure 4-6a is the dependence of the die’s top-surface stress on die, die attach, and
lead frame thickness. Because the lead frame contracts more than the die during cooldown,
the laminated beam bows upward, creating a tensile stress on the die’s top surface. As the
figure illustrates, a thick die in combination with a thin pad acts to reduce the tensile stress
level. Interestingly, the converse is also true: A thin die in combination with a thick pad
reduces the stress. This seemingly anomalous result is due to the reduction in the bending
stress as one layer of the laminated beam begins to dominate the differential expansion. When
the two lamina have approximately equal bending stiffnesses—i.e., similar products of elastic
modulus and cube of thickness—bowing and top-surface stress in the beam maximize.

This result shows that the “worst case” bimetallic strip effect can be avoided by selection of
modulus and thickness values that produce a strong mismatch in the bending stiffnesses of
the two layers. Figure 4-6b shows the effect of die attach thickness on the die surface stress.
The laminated beam model predicts a reduction in stress as the thickness of the die attach is
increased. Experimental data also included in the figure shows that the trends are similar
although the effect saturates at higher attach thicknesses. This is probably due to time-depen-
dent stress relaxation effects which are not taken into account in the model. Nevertheless, it is
important to note that a die attach thickness of 0.001 to 0.002 in. is sufficient to reduce the
stresses induced in the die attach process. This effect is also exhibited in the die attach region;
a 2-D FEA model of attach shear stresses shows a similar thickness dependence (see Table
4-7).
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Table 4-7. Effect of Die Attach Thickness
on Bond Line Shear Stress Level

Die Attach Shear Stress
Thickness (in.) (psi/C)
0.000 102
0.001 33
0.002 33

Material property variations (elastic modulus, expansion coefficient) can produce significant
changes in the die top-surface stress. On the one hand, selecting layer elastic moduli to give
equal bending stiffnesses will maximize the top-surface stress for the reasons mentioned
previously. On the other, when the expansion coefficients of the layers match, no differential
expansion develops, and thermal stresses vanish.

Table 4-8 compares top-surface stresses for copper and Alloy 42 lead frame materials. As
shown, with the Alloy 42 lead frame, the die level stress is ~ 50% of that for the copper lead
frame. While the higher expansion coefficient of copper gives rise to higher process stresses at
die attach, the effect is offset following encapsulation because copper and molding compound
expansion coefficients are well matched. This effect is discussed later in this section.

Table 4-8. Effects of Lead Frame Material Properties
on Die Stress Levels

) Stress (p_si) Copper

Layer Location A|Io¥ 42F Epoxy D/AT

Eutectic D/A*

Die Top +5750 + 12200
Bottom —11600 —19500
Die Top + 33700 +33700
Attach | gottom —33100 —33100
Lead Top + 6030 +12700
Frame | gottom —3940 —2280

*Based on stress-free state of 363°C (eutectic temperature).
‘Based on stress-free state of 135°C (epoxy D/A T).

NOTES:
1. Layer thicknesses: die, 0.015 in.; die attach, 0.001 in.; lead frame, 0.010 in.
2. Cooldown end point temperature: 20°C

The effect of die attach material properties on die stress has also been explored through both
modeling and measurement. Tables 4-9 and 4-10 show experimental stress data from two
separate tests for different adhesive die attach materials. This data indicates that top-surface
stress can vary by almost an order of magnitude, depending on the adhesive selected (polyim-
ide, epoxy, or thermoplastic). The greatest effect is found for materials with a low glass
transition temperature.
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Table 4-9. Experimental Values of Die Top-Surface
Stress Components Following Die Attach

Die Attach XX ayy oxy omax
Material (psi) (psi) (psi) (psi)
Epoxy (Ablebond 84-1) 11600 10800 90 12000
8 Samples +1020 +1220 +604 +1080
Polyimide (Ablebond 71-1) 26400 24200 —89 29300
19 Samples +13700 +10000 +1690 +12300

Table 4-10. Effect of Different Die Attach
Material Properties on Stress Level

. Corner Center
Die Attach
Material oXX ayy XX oyy
(psi) (psi) (psi) (psi)
Thermoplastic 3800 3300 3700 2200
M&T) +2000 | £1900 +2300 | +2000
Epoxy 6700 4800 10300 9500
(Ablebond 84-1) | £1700 | +1600 +1300 | +1200
Polyimide 40400 34400 45000 | 38300
(Ablebond 71-1) | £7100 | +7000 | +12500 | 8500

Stresses in the package following molding have been calculated using the laminated beam
analysis, and the results are displayed in Figures 4-7 through 4-9. As seen in Table 4-5, the
difference in the expansion coefficient between the silicon and the molding compound is of
the order of 15 (MC) L. Qualitatively, this differential gives rise to post-cooldown stresses
that are compressive in the die and tensile in the molding compound. Although the compres-
sive stress may contribute to die reliability, the corresponding stress in the molding com-
pound may lead to package cracking, particularly if the package is thin. Comparison of the
actual stress with the fracture strengths given in Table 4-6 will enable the designer to deter-
mine the amount of margin available in a design.

4-13
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Figure 4-8. Variation of Plastic Stress above Die Surface
with Molding Compound and Lead Frame Properties
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Figure 4-9. Variation of Plastic Stress below Die Paddle
with Molding Compound and Lead Frame Properties

Package geometry effects on stress are illustrated in Figures 4-10 through 4-13, which include
variations in package die, die attach, and lead frame thicknesses, as well as pad depress. The
figures show that decreasing package thickness or increasing die thickness leads to reduced
compressive stress on the die surface and increased tensile stress in the molding compound



mtel PERFORMANCE CHARACTERISTICS OF IC PACKAGES

adjacent to the die surface. Further, increasing die attach thickness has the same die-to-lead
frame decoupling effect as decreasing its modulus or decreasing lead frame thickness. Com-
pressive stresses at the top surface of the die can be increased, while tensile stresses in the
adjacent molding compound can be reduced through pad depress (see Figure 4-13). However,
tensile stresses in the compound adjacent to the die pad will increase, so a balance must be
struck between top-side and bottom-side stresses in the molding compound. Use of these
figures by package designers can lead to optimized product performance, since both device
and package can be made reliable.
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Figure 4-10. Variation of Plastic, Die and Pad Stress with Die Thickness
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Figure 4-11. Variation of Die Stress with Pad Depress and Die Thickness
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Figure 4-13. Variation of Plastic Stress below the Pad
with Pad Depress and Die Thickness

Of continuing concern to design and process engineers is the effect of die size on the integrity
and reliability of die attach. In fact, 2-D and 3-D FEA stress models confirm that once the
die exceeds a critical size-usually about 10 times the die thickness (i.e., 0.200 in. for a die
0.20 in. thick)—stress magnitudes and distributions near the edge do not change. The reason
for this seemingly anomalous result is that the characteristic length of the edge effect is
governed by the thickness of the die or substrate (lead frame, plastic or ceramic base, etc.).
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For the case of a die attached to a lead frame, the die thickness has the greatest effect. As
shown in Figure 4-14, which illustrates the die attach shear stress distributions for die sizes
varying from 0.190 to 0.390 in., the edge value is the same, although the distributions into the
interior vary somewhat.
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Figure 4-14. Shear Stress Distribution on Die Surface for Three Die Thicknesses

On an even larger scale, the 3-D FEA model of die attach shear stresses for the case of a
1.5-in. square die attached to an alumina substrate shows that the effect is limited to a border
region approximately 0.300 in. in width (see Figures 4-15a and 4-15b). Again, the border
dimension is governed by the die thickness (0.025 in.). In addition, formulas for bond stresses

hacad An haam_nn_alacticr fanndatinn analvcae ennnnnrt tha raciilte nhtainad niimerically (ces
0aschG Onl 0Cami-011-CiasiiC 1I0unGaion and:yscs suppori il résuits 00wainct NUMICIiCaiy (5CC

Reference 2). Reports of die cracking and poor die attach reliability as the die size is in-
creased beyond 0.500 in. suggest that the assumptions used in the model-i.e., constant thick-
ness and material properties along the entire bond line—are not readily achieved in practice.
Improvements in die backside preparation, in dispensing of the attach material, and in the
drying and baking processes are generally required before the “small-die” performance levels
can be reached.
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Figure 4-15a
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INTERFACIAL STRESSES AND DELAMINATION

Numerous contributions have been made toward an understanding of the mechanisms associ-
ated with delamination of the encapsulant from the elements in the package (die, lead frame,
etc.). Chief among these are the articles by Fukuzawa, et al. (see Reference 3), Belton et al.
(Reference 4), Steiner and Suhl (Reference 5), and Bhattacharyya, et al. (Reference 6).

The key events or process steps leading up to delamination can be incorporated into a
reasonably coherent picture on the basis of information presented in these references. Interfa-
cial bonding occurs during cooldown from the mold and cure temperature, usually close to
Tg, the glass transition temperature of the molding compound (see Figure 4-16a). Tensile
stresses develop across the interfaces during heatup above Ty as part of the solder reflow
process (see Figure 4-17a). Delamination sites initiate and grow under the proper set of
environmental parameters, i.e., temperature, pressure, and sorbed moisture. Each of the
process steps is reviewed in greater detail below to highlight the roles played by the important
parameters during that step.
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Figure 4-16. Cooldown Process
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In addition to bulk cross-linking, thermal stresses develop because of the differential thermal
expansion (contraction) between the encapsulant and internal elements. As Figure 4-16¢
shows, this thermal stress field—tensile in the bulk encapsulant, compressive in the enclosed
elements—is favorable to the development of a strong interfacial bond. The exact nature of the
bond-chemical, mechanical, or other—is not fully understood. However, a favorable combi-
nation of temperature and time is expected to maximize the bond strength. Room tempera-
ture measurements indicate relatively strong bonds between encapsulant and silicon (> 1 Ksi)
and somewhat weaker bonds between encapsulant and lead frame (see Figure 4-16b). Surface
treatments (oxidation) and design features such as anchor wells and/or holes enhance the
encapsulant/lead frame bond strength, although probably not above that of the encapsulant/
silicon bond. Of particular interest in recent years is the influence of sorbed moisture on the
bulk and interfacial properties of the encapsulant and internal elements. Measurements to
date do not demonstrate any strong trends, although some interfacial bond strength degrada-
tion is suggested.
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Heatup above Tg

As the package temperature is raised above Ty during the solder reflow process, the thermal
stress state passes through its neutral point and then reverses sign; i.e., the bulk encapsulant
stress becomes compressive, the internal elements tensile. The interfacial bond is placed in
tension, and delamination will occur first at sites where the bond strength is exceeded. Other
things being equal, an isotropic stress state will initiate delamination at the encapsulant/lead
frame interface because of its intrinsically lower inherent strength (see Figure 4-17b). Delami-
nation stability/instability will depend on the stress state and the intrinsic fracture resistance
of the bond; indeed, some analogy may be made to crack initiation and propagation in a
homogeneous material with known fracture toughness.

The presence of moisture can complicate the delamination process significantly, adversely
affecting mechanical properties such as modulus and thermal expansion coefficient, and
reducing interfacial bond strength. In addition, the moisture trapped at and near the interfac-
es may be in the liquid phase at the start of the heatup cycle and be driven to saturation
pressure levels associated with reflow temperatures (> 300 psi; see Figure 4-18b), since there
is insufficient time for moisture release outside the package. According to numerous indepen-
dent measurements, bulk diffusivity decreases with moisture concentration. As a result, mois-
ture discharge occurs more slowly than moisture uptake, and the reflow temperature profiles
do not allow adequate time to prevent or reduce saturation pressure build-up.
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Figure 4-18. Pressure Buildup during Reflow
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As discussed in References 3 and 6, the size and shape of the package and its contents play an
important role in the integrity and reliability of the interfacial bonds. When the package is
thin, and the die and die paddle both large, there is the potential for the development of high
tensile stress in the bulk encapsulant adjacent to the bottom corner of the die paddle or at the
top corner of the die during the reflow process. This stress results primarily from the delami-
nation caused by the heatup-induced interfacial tensile stresses in combination with the satu-
ration pressure build-up at the interface when sufficient moisture is trapped in the encapsu-
lant to act as a source of high-pressure water.

As shown in References 3 and 6, the governing geometric parameter is L/h, the ratio of the
die or die paddle size to the thickness of the package beneath the paddle or above the die.
This parameter serves as a multiplier of the saturation pressure for estimating the stresses in
the encapsulant at the critical corner zone. Theoretical considerations suggest that the encap-
sulant should not fracture as long as L/h < 6; above this level, the encapsulant fractures, and
a crack propagates from the corner outward to the free surface of the package. Data compila-
tion (see References 7 and 8) suggests that L/h < 5, although the linear relation between L
and h is confirmed. Under extreme conditions, the failure is accompanied by a snapping
sound and has been dubbed the “popcorn effect”. Bulging of the package surface above the
delaminated zone (see Figure 4-18c) reinforces this analogy. An adequate supply of high-
pressure water is necessary to support the bulging. Moisture weight gains of 0.1%, said to be
the critical level for the popcorn effect, are more than adequate for bulge heights of 0.001 in.
in a 0.200-in. delamination zone. Not only is the bulge cosmetically unacceptable, but it is
generally accompanied by cracks from the die/die paddle edge to the outside of the package.

Selection of material properties, control of the environment, and careful design can reduce, if
not prevent, delamination and associated failure mechanisms in the package. Increasing dela-
mination strength is of prime importance and can be achieved through both mechanical and
chemical means. Since die-paddle cracking is most prominent, treatment of the metallic
surface—oxidizing, roughening, or designing of anchor well or through-holes —is receiving
considerable attention. Results are still preliminary but are encouraging. Modification of
material properties to achieve higher encapsulant fracture strength and to reduce moisture
uptake is ongoing, although major breakthroughs have not been reported or expected. There
is little enthusiasm in the systems design arena to raise the package profile; indeed, there is
pressure to reduce package thickness (i.e., h) even further. As a result, it will be important to
limit die and paddle sizes as much as possible. Even this objective is thwarted by device
designers who seek to add more functionality to their product, leading to an increase in
device size (i.e., L).

Because of the key role played by trapped moisture in the internal pressurization effect,
keeping the weight gain below 0.1% is critical. This is achieved through the “bake and bag”
process before product shipment. Desiccated barrier bags have been shown to provide at least
six months’ protection against critical moisture build-up in the package. Parts used beyond
the storage life can be rebaked prior to reflow to recover safe moisture levels. Until the
enhancements discussed earlier can be accomplished, the bake and bag steps will be an
important part of the process for reliable board-level assembly.
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Bond Stresses

In addition to the mechanical and metallurgical stresses developed during the wire-bonding
process, encapsulation and environmental stresses subsequent to bonding can contribute to
degradation of the interconnection. Reliable first and second bonds can be ensured by bond-
ing within the process windows for force, power, time, and temperature. Excursions beyond
these windows are minimized through regular process monitors such as bond pulls. Both pull
strength and failure mechanism criteria must meet specifications. In particular, no cratering
failures are acceptable even if pull strength criteria are met, since craters indicate excessive
force during bonding, which could lead to reliability problems in the field.

During encapsulation, wire sweep may occur if wire lengths are too great or if drag during
molding flow is excessive. Current mold gate designs provide low drag flow patterns, and
X-ray monitors are used to confirm process stability. Wire diameter and length design rules
are strictly enforced to ensure that there is adequate mechanical stability of the bond arch to
resist the drag forces. Development of new package designs includes analysis and experiment
to ensure that wire sweep is minimized.

In plastic packages, delamination at the interface between the molding compound and silicon
or lead frame can cause high stresses at the first or second bond location, because the
differential thermal expansions must be accommodated across the bond itself. The delamina-
tion generally results from temperature cycling of packages with trapped moisture. To sup-
press the adverse effects of delamination, selection of materials with enhanced interfacial
adhesion and the design of lead frames that feature additional mold compound locking
characteristics have proven to be effective. Three-dimensional FEA models are used to guide
and optimize the designs. For packages that are particularly moisture-sensitive, shipment of
prebaked product in sealed moisture-proof bags with desiccant ensures that delamination is
minimized and operation of the assembled part will be reliable.

Compliant Leads and Solder Joint Fatigue

With the advent of surface mounted packages, solder joint integrity became an issue of
considerable concern. It was found that solder joints on leadless ceramic packages measuring
more than 0.5 in. on a side could survive only a few hundred temperature cycles (Condition
B, —55°C to + 125°C) when the packages were surface mounted to FR4-type circuit boards.
The addition of compliant leads to these packages has extended the life considerably and is
now used in the design of all new surface mounted packages.

As a means of experimentally evaluating the in situ stiffnesses of leads on packages surface-
mounted to boards, the straddle board method has proved to be a very useful tool (see
Reference 2). As shown in Figures 4-19 and 4-20, the straddle board consists of a slotted,
double-sided epoxy-glass FR-4 board that is patterned for corner leads; all other package
leads are removed.
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Figure 4-19. Lead Stiffness Straddle Board

240819-21

Figure 4-20. Straddle Board with Two Packages in Place

Units are mounted on both sides of the board using production-level processes and specifica-
tions for each package. The board is mounted vertically in a tensile test set-up such as a
materials test system (MTS), and the narrow sides of the slot are cut, separating the two ends
of the package. The MTS is fitted with a 200-1b. load cell and a 6-in. displacement actuator.
This allows the straddle board to be tested with a 0.020-in. displacement, 0.010 in. in the
tensile cycle and 0.010 in. in the compressive cycle. These values were chosen to span the
lead displacement experienced during temperature excursions from —65°C to + 150°C
(MIL-STD-883C T/C [C]).

A total cycle time of five seconds was used with a maximum load range of 0.8-8 Ib., depend-
ing on the package type and lead count. As Figure 4-21 shows, leads are loaded in both
lateral and transverse directions (i.e.; In the plane and normal to the plane of the lead bend).
Twenty-five samples per lead count per direction were evaluated. Once the board was mount-
ed, three full cycles were run, and the force vs. deflection curve was recorded. The linear
portions of the loading and unloading curves were used to determine the lead stiffness. A
typical hysteresis curve is shown in Figure 4-22.
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Figure 4-22. Lead Stiffness Determined from Hysterisis Curve

Designing leads with adequate compliance is now recognized as an important element of

~overall product design, and mechanical modeling has proved to be a useful design tool.
Lateral and transverse lead stiffnesses were calculated for PLCC, cerquad, and PQFP pack-
ages using the ANSYS 3-D elastic beam element option (see Reference 4). The calculated
stiffness for each type of package was matched to the value obtained from the straddle board
measurements by locating the point on the lead where agreement was reached. In all cases,
the point lay within the solder joint, in agreement with physical expectations.
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Of particular interest were the boundary conditions imposed by the solder joint on the foot of
the lead. In the lateral direction, the solder volume is adequate for the joint to provide built-in
support to the lead foot (zero rotation). However, in the transverse direction for the PLCC
and cerquad packages, the J-bend lead stiffnesses are large enough to produce inelastic defor-
mations in the solder joint. As-a result, the joint acts like a pinned support (free rotation). In
all cases, the PQFP gull-wing leads are sufficiently compliant for the solder joint to act as a
built-in support. This result suggests that reducing lead stiffness will significantly reduce
solder joint stresses and associated creep and fatigue. Experlmental data recently reported in
Reference 3 supports this hypothesises. .

Experience to date indicates that in situ lead stiffnesses below 100 Ib./in. give satisfactory
compliance (see References 1 and 4). Gull-wing leads on 0.025-in. pitch (PQFP and CQFP)
fall into this category. Details of the use of straddle boards for the measurement of lead
stiffnesses, both in the plane and normal to the plane of the lead bend, are given in Reference
5. Modeling of the lead stiffness using the 3-D beam element option in the ANSYS software is
described in Reference 4. Representative in situ stiffnesses for PLCCs, cerquads, and PQFPs
are shown in Table 4-11.

Table 4-11. Summary of Lateral and Transverse Lead Stiffness
Matching Points for Various Lead Geometries

Package S1 Y1 St Yt
Type (Ib./in.) (in.) (Ib./in.) (in.)
44-Lead PLCC 323.0 0.0065 440.0 0.0055
68-Lead PLCC 187.0 0.0100 330.0 0.0045
44-Lead CERQ 130.0 0.0120 374.0 0.0045
68-Lead CERQ 119.0 0.0090 308.0 0.0035
100-Lead PQFP 40.0 0.0090 38.0 0.0035

IC PACKAGE THERMAL CHARACTERISTICS

Importance of Thermal Management

Thermal management of an electronic system encompasses all the thermal processes and
technologies that must be utilized to remove and transport heat from individual components
to the system thermal sink in a controlled manner.

Thermal management has two primary objectives. The first is to ensure that the temperatures
of all components are maintained within both their functional and maximum allowable limits.
Functional temperature limits provide the temperature range within which the electrical
circuits may be expected to meet their specified performance requirements. Operation outside
this range may result in degraded machine performance or logic errors. The maximum allow-
able temperature limit is the highest temperature to which a component or part of a compo-
nent may be safely exposed. Operation above the maximum allowable temperature limit may
result in actual physical destruction of the component or irreversible changes in its operating
characteristics.
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The second objective of thermal management is to ensure that distribution of component
operating temperatures satisfies reliability objectives. Although failure to meet this objective
may not be as readily apparent as failing to remain within maximum temperature limits, in
the long run it can be equally costly. Failure mechanisms encountered in electronic compo-
nents are kinetic in nature and depend exponentially on device operating temperature. The
exact relationship between failure rate and temperature depends upon the packaging materi-
als and processes, and the failure mechanism in operation. This relationship can be illustrated
for changes in device characteristics resulting from chemical or diffusive processes by using a
normalized failure rate defined by an Arrhenius equation:

O = eﬁ- = Exp [(Ea/K) (TR1 — T-1)] (1)
Tr
where:
0 = Failure rate
0, = Normalized failure rate
T = Absolute junction temperature (K)

Tr = Reference temperature (K)
EA = Activation energy (eV)
k = Boltzmann’s constant: 8.616 X 10-5 (eV/K)

Equation 1 is plotted for a reference temperature of 100°C and activation energies of 0.4 €V to
1.0 eV in Figure 4-23. According to this figure, a 25°C increase in operating temperature
above the reference temperature results in approximately a five- to six-fold increase in failure
rate with activation energy of 0.6 eV to 0.8 eV. Thus, tight control of package temperature is
essential to product reliability.
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Figure 4-23. Component Failure Rate as a Function of Junction Temperature
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Thermal Impedance

The junction-to-ambient and junction-to-case thermal resistance values are used as measures
of IC package thermal performance. These parameters are defined by the following relations:

T, -7
| A
Oja = ) ©))
T,-T
N ¢
O]C - ) (3)

0ja = Ojc + Oca C)]
where: ‘
0ja = Junction-to-ambient thermal resistance (C/W)
0;c = Junction-to-case thermal resistance (C/W)
0., = Case-to-ambient thermal resistance (C/W)
T;j = Average die temperature (C)
T, = Case temperature at a predefined location (C)
P = Device power dissipation (W)
Ta = Ambient temperature

0;c is a measure of package internal thermal resistance from silicon die to package exterior.
This value is strongly dependent upon packaging material, thermal conductivities, and pack-
age geometry. On the other hand, 6j, values include not only package internal thermal
resistance, but also the conductive and convective thermal resistance from package exterior to
the ambient. 0;, values depend on material thermal conductivities and package geometry as
well as ambient conditions such as flow rates and coolant physical properties.

To guarantee component functionality and long-term reliability, the maximum device operat-
ing temperature is bounded by setting constraints on either ambient temperature or package
exterior temperature at predefined locations. Ambient temperature is most often measured at
an undisturbed location at a certain distance away from the package. As defined in Intel
experiments, the case temperature is measured at the center of the package’s top surface.
Depending on the ambient and board temperatures in the systems environment, thermal
enhancements such as heat fins or forced air cooling may be necessary to meet the case or
ambient temperature requirements.

Test Methodology

To calculate thermal resistance values, junction temperature is measured using the tempera-
ture-sensitive parameter (TSP) method. This method uses special test structures cut to the
same size as the actual device, consisting of resistors and diodes. Resistors are used to simu-
late the device power dissipation and thus heat up the package. Diodes located at different
points on the chip surface are used to measure the temperature.

A single package is mounted either directly or via a socket to a thermal test board, which is
oriented vertically in the test chamber. Two different test board designs are used for surface
mount and through-hole mount packages, as shown in Figure 4-24. The test chamber volume
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is 1 ft.3, and the ambient temperature is measured 12 in. away from the package (see Figure
4-25). Initially, the diodes are forward-biased to a 100 pwA constant current source, and the
test board assembly is immersed in a constant temperature dielectric fluid bath. By changing
the bath temperature, diode voltage output is calibrated vs. bath temperature.

Next, the test structure is powered up, and diode voltage drop is monitored untit no change is
detected in the voltage level, indicating an equilibrium state. At this stage, the diode voltage
drop, ambient and case temperatures, and device voltage drop and current are recorded. Case
temperature is measured at the center of the package’s top surface by means of a thermocou-
ple attached with thermally conductive paste to minimize contact thermal resistance. If a
heat fin is mounted on the package, case temperature is measured at the center of the heat fin
base (see Figure 4-26). In moving-air thermal resistance measurements, the test board assem-
bly is exposed to a uniform velocity laminar air flow. In this case, air velocity is measured
upstream 12 in. away from the board’s leading edge, using a hot wire anemometer. Air
temperature is also measured at the same point.
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Figure 4-24a. Thermal Test Board for Through Hole Mount Component
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Figure 4-24b. Thermal Test Board for Surface Mount Component
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Figure 4-25. Test Chamber for Thermal Performance Testing
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Figure 4-26. Location of Package Case Temperature Measurement

Heat Transfer Modes

To understand the thermal characteristics of ICs, it is necessary to briefly review the process-
es by which heat is transferred from one point to another. There are three heat transfer
modes: conduction, convection, and radiation.
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CONDUCTION

Conduction is a process by which heat flows from a region of higher temperature to one of
lower temperature within a medium (solid, liquid, or gaseous) or mediums in direct physical
contact. In conductive heat flow, the energy is transmitted by direct molecular communica-
tion without appreciable displacement of the molecules.

In a one-dimensional system (see Figure 4-27), conductive heat transfer is governed by the
following relation:

AT
q= —kA T )
where:
q = Heat flow rate (W)
k = Material thermal conductivity (W/C M)
A = Cross-sectional area

AT
A = Temperature gradient (C/M)

Equation 5 indicates that in conduction, the heat flow rate is directly proportional to material
thermal conductivity, temperature gradient, and cross-sectional area. Equation 5 can be writ-
ten as:

AT
9= A (6)

L/kA
Using an electrical analogy, if q and AT are analogous to current and voltage respectively,
L/kA will be analogous to thermal resistance. According to Equation 6, thermal resistance
can be expressed in terms of material thermal conductivity and geometrical parameters.
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Figure 4-27. One-Dimensional Heat Flow by Conduction
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CONVECTION

Convection is a process of energy transport by the combined action of heat conduction,
energy storage, and mixing motion. Convection is most important as the mechanism of
energy transfer between a solid surface and a fluid. The basic relation that describes heat
transfer by convection from a surface presumes a linear dependence on surface temperature
rise, and is referred to as Newtonian cooling:

dc = heA (Ts — Ta) @)
where:
qc = Convective heat flow rate from a surface to ambient (W)
A = Surface area (M2)
Ty = Surface temperature (C)

T, = Ambient temperature (C)
h. = Average convective heat transfer coefficient (W/M2C)

Equation 7 can also be written as:
Ts —Ta

9 = /hA ®)

which shows that convective thermal resistance is defined as 1/h;A.

In forced convection, fluid flow is caused by an external factor such as a fan, while in free or
natural convection, fluid motion is induced by density differences resulting from temperature
gradients in the fluid. Under the influence of gravity or other body forces, these density
differences give rise to buoyancy forces that circulate the affected fluid and convect heat
toward or away from surfaces wetted by the fluid.

RADIATION

Thermal radiation is defined as radiant energy emitted by a medium by virtue of its tempera-
ture, without the aid of any intervening medium. The physical mechanism of radiation is not
yet completely understood. Radiant energy is sometimes envisioned to be transported by
electromagnetic waves, at other times by photons. Neither viewpoint completely describes the
nature of all observed phenomena.

The amount of heat transferred by radiation between two bodies at temperatures T1 and T2 is
governed by the following expression:

q=e€ocA(T14 — T29 )]

where:
q = Amount of heat transferred by radiation (W)
€ = Emissivity 0 < € < 1
o = Stefan-Boltzmann constant, 2.36 X 10-1 (W/M2 K4)
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A = Area (M2?)
F1, = Shape factor between surfaces 1 and 2 (A fraction of surface 1 radiation seen by
surface 2)

T, To = Surface temperatures (K)

For radiation to make a rather significant contribution compared to either natural convection
or forced convection mechanisms, a relatively large temperature difference must exist be-
tween Ty and T;. In the case of most low-power electronic applications, these temperature
differences are relatively small, and therefore, radiation effects are normally neglected. But
for power applications, heat transfer by radiation should be considered. To compare radiative
and convective effects, a radiation heat transfer coefficient is defined as:

hr = € o F12 (T2 + T22) (T4 + Tp) (10)

where h; is the radiative heat transfer coefficient.

Factors Impacting Package Thermal Resistance

The thermal resistance of a package is not a constant entity. There are several packaging and
environmental parameters as well as mounting configurations that impact thermal resistance
values. The following is a summary of those parameters.

PACKAGE SIZE

As shown by the one-dimensional conductive and convective thermal resistance expressions
(see Equations 6 and 8), thermal resistance is inversely proportional to area. This means that
as the packages get larger, thermal resistance becomes smaller due to an increase in the heat
transfer area. Figure 4-28 shows typical junction-to-ambient thermal resistance values as a
function of lead count for different package families. According to this figure, thermal resist-
ance is lower for higher lead counts (larger package size) of the same package family.
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Figure 28a. Effect of Package Size on Thermal Resistance
of PLCC, PQFP, and PGA Packages
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Figure 4-28b. Effect of Package Size on Thermal Resistance
of Plastic and Ceramic Dual-In-Line Packages
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Figure 4-28c. Effect of Package Size on Thermal Resistance
of CerQuad and Leadless Ceramic Chip Carriers

PACKAGING MATERIAL THERMAL CONDUCTIVITY

Again, the one-dimensional conductive thermal resistance expression shows that thermal
resistance is inversely proportional to the thermal conductivity of the packaging material. For
example, aluminum oxide, the most commonly used ceramic material, has a thermal conduc-
tivity that is an order of magnitude larger than plastic materials. As a result, the internal
resistance of ceramic packages is substantially lower than the plastic packages from the same
family, resulting in lower overall thermal resistance (see Figure 4-29, CQFP vs. PQFP).
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Figure 4-29. Effect of Packaging Material on Thermal Resistance

DIE SIZE

As shown in Figure 4-30, thermal resistance reduces as the die size increases. Increase in die
size results in lower power density and larger effective heat transfer area. The changes in
thermal resistance are sharper at smaller die sizes, and as the die size approaches package
size, they become less significant.

DEVICE POWER DISSIPATION

An increase in device power, which will raise the temperature of the package, results in lower
junction-to-ambient thermal resistance (0;,) values in natural convection, while not affecting
0ja in forced convection. The values of djc do not change significantly as a function of the
device power both in natural and forced convection (see Figure 4-31). In natural convection,
the convective heat transfer coefficient is proportional to the temperature difference between
the case and the ambient. Therefore, the case-to-ambient thermal resistance will be inversely
proportional to this temperature, and as a result, to the device power.
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Figure 4-30. Effect of Die Size on Package Thermal Resistance
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Figure 4-31. Effect of Power Dissipation on Thermal Resistance

It should be noted that the error in Oja also increases at lower power levels, because both
temperature and power measurements are less accurate.

In the case of forced convection, the heat transfer coefficient does not depend on temperature
explicitly. Dependency on temperature is only due to changes in material properties. These
properties do not vary significantly for air within the temperature ranges normally encoun-
tered. However, at low flow rates, natural and forced convection may have effects that are of
the same order of magnitude (mixed convection). In this region, a small dependency on
power may be observed, but as the flow rate increases, power dependency disappears.

AIR FLOW RATE

In forced convection, case-to-ambient thermal resistance is a function of the air flow rate, as
shown by Equation 11:
0ja = O + K/VM

where:

K = Constant depending on air properties as well as package geometry

V = Air velocity (m/s)

m = Y, and ¥; (laminar and turbulent, respectively)

Figure 4-32 shows how 6, varies as a function of air flow rate for 168-lead PGA with and
without heat fins. At lower air flow rates, there is a strong dependency of o}jla on the air flow

rate, but as the air flow rate increases, 6, values become less sensitive to the changes in the
flow rate.
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Figure 4-32. Effect of Air Flow Rate on Thermal Resistance
of 168-Lead PGA Package

Mounting Parameters

PC BOARD SIZE AND THERMAL CONDUCTIVITY

Figure 4-33 shows that a printed circuit board can act as a heat fin, resulting in lower
junction-to-ambient thermal resistance due to the increased heat transfer area. The effect of 4

the board size on overall thermal resistance may vary, depending on the thermal resistance
between the junction and the board compared to the resistance between the case and the
ambient. Smaller packages with a relatively high case-to-ambient thermal resistance value are

more dependent on the board for transfer of heat to ambient than are the larger size packages.

Another factor that impacts the thermal resistance from board to ambient is board thermal
conductivity. As board thermal conductivity or board thickness increases, the spreading
resistance through the board reduces, and a larger board area becomes available for heat
transfer to the ambient.
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Figure 4-33. Effect of PC Board Material and Size
on Thermal Resistance of 132-Lead PQFP
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PC BOARD TEMPERATURE

PC board temperature is an important parameter that impacts package thermal resistance
and is normally ignored. For a board of specific size and properties with only the component
under consideration mounted on it, there is a unique equilibrium temperature distribution
(Tp) on the board under fixed environmental and mounting conditions. However, if there are
other components on the board or the board is attached to a heat sink, the value of Ty, may
increase or decrease. A change in board temperature will also change junction temperature
and consequently junction-to-ambient thermal resistance. This value of junction-to-ambient
thermal resistance, which is different from the value measured when the board is not influ-
enced by other heating or cooling factors (6j,), is referred to as apparent thermal resistance or
systems-level thermal resistance (0j,5)-

In almost all practical applications, PC boards are populated by many components, and
heating of one package influences other packages. In order to get a relatively good estimate of
system thermal resistance (0j,,5), and as a result, of junction temperature, j, s and 6;, values
must be correlated through another parameter. As it turns out, this parameter is Ty, and by
breaking up the package thermal resistance into a simple resistor network, a relation can be
derived between 0j, g, 0ja, and Ty, Therefore, by using the correlation 6j,, and by measuring
Ty, junction temperature can be calculated.

Figure 4-34 shows a simple equivalent single-resistor network for any package. In this model,
it is assumed that the heat path is from junction to package boundary, and from there, a
portion of the heat is transferred directly to the ambient, while the rest goes to the board and
is distributed and transferred to the ambient.
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Figure 4-34. Simplified Resistor Network
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It should be noted that the model shown in Figure 4-34 is simplified, and the actual package
resistor network model can be more complex. The following expression shows the relation
between 0j, s and 0j, and board temperature rise (T, — Tp):

Tp— T
Gjaszeja“”S( b a)_ S RaRba
’ P (Ra + Rp + Rba)

= —._.Ra
Ra + Rp

where: (12)
P = Power dissipation (W)
R, = Case-to-ambient resistance (C/W)
Ry, = Case-to-board resistance (C/W)
Ry, = Board-to-ambient resistance (C/W)
R. = Junction-to-case resistance (C/W)
S = Sensitivity parameter, R;/(R, + Rp) (0 <s < 1)
Ty — T, = Board temperature rise over ambient (C)

Equation 12 shows a linear dependence of 6j, on board temperature rise; as the board
temperature increases or decreases, the system thermal resistance will increase or decrease.
The rate of these changes is dictated by sensitivity parameter s, which in turn depends on 4
Ra/Rp. As R,/Ry increases, thermal resistance becomes more sensitive to board temperature
rise; in other words, the package becomes more thermally coupled with other components on
the board. Large values of R,/Ry, indicate that the package depends more on the board for
transfer of heat to the ambient than on direct heat transfer to the ambient (larger packages vs.
smaller packages). On the other hand, as R,/Ry, decreases, s decreases. Smaller R,/R;, means
a higher degree of insulation between the package and the board. For example, the thermal
resistance of a package with a copper lead frame is more sensitive to board temperature rise
than its counterpart with an Alloy 42 lead frame, as shown in Figure 4-35.
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Figure 4-35. Effect of Board Temperature Rise on Thermal Resistance
of 132-Lead PQFP with Copper and Alloy 42-Lead Frames
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To determine sensitivity factor s and intercept B in expression 12, the package system ther-
mal resistance can be measured under two different board temperature conditions (6j, is
assumed to be known).
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CHAPTER 5
PHYSICAL CONSTANTS OF IC PACKAGE MATERIALS

The following tables list the typical physical properties of materials used in IC packages.

Table 5-1. Case Material Characteristics

. Wt % . Sealing Molding Quartz
Properti
perties Legend Alumina Glass Compound Glass Kovar
Mechanical | Specific 3.6-3.9 4.7 1.79-1.85 2.16 8.36
Properties Gravity
Modulus of GN/m?2 390 Ei =117 69 138
Elasticity E> = 0.1
Tensile MN/m2 323 39 19.98 78 516.75
Strength
Thermal Thermal W/m°C 18 0.4-1.3 >0.5 1.4-1.7 16
Properties Conductivity
Coefficient 10-6/°C 7.0 6.3 al <23 0.6 4.3
of Thermal a2 < 80
Expansion
Electrical Electrical Qcm >1014 >1011 >1013 >1012 | 49 X 10—6
Properties Resistivity
Dielectric At 7.9-10 12.3 3.9
Constant 1 MHz
Table 5-2. Lead/Lead Frame Material Characteristics
. Wt % Copper Alloy
Properties Legend MF 202 Alloy 42 Kovar
Mechanical Specific Gravity 8.88 8.12 8.36
Properties Modulus of Elasticity GN/m2 113 145 138
Tensile Strength MN/m2 489 ~ 585 620 ~ 723 516 ~ 585
Thermal Thermal W/m°C 150 16 16
Properties Conductivity
Coefficient of 10—6/°C 17 4.3 4.3
Thermal Expansion
Electrical Electrical Qcm 58 X 10—6 58 X 10—6 49 X 106
Properties Resistivity

WT% Legend:

Table 5-3. Soldering Material Characteristics

Tin-Lead Tin-Lead .
Property Plating Eutectic Solder | 1" | Gold
Melting Point °C) | 200-225 ~ 183 232 | 1063

GN/m2—Giga newtons per meter squared
MN/m2—Mega newtons per meter squared
W/m°C—Watts per meter degrees Celsius
Qcm—Ohms per centimeter
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CHAPTER 6
SURFACE MOUNT TECHNOLOGY

INTRODUCTION

Traditional through-hole methods of assembling conventional electronic assemblies have es-
sentially reached their limits in terms of improvements in cost, weight, volume, and reliabili-
ty. For increased board density, the current trend is to use surface mount technology (SMT).
SMT allows production of more reliable assemblies at reduced weight, volume, and cost. As
shown in Figure 6-1, the weight of printed wire assemblies (PWAs) using SMT is reduced
because surface mount components (SMCs) can weigh up to 10 times less than their conven-
tional counterparts and occupy about one-half to one-third the space on the printed wiring
board (PWB) surface (see Figure 6-2). SMT also provides improved shock and vibration
resistance due to the lower mass of components. The smaller lead lengths of surface mount
components reduce parasitic losses and provide more effective decoupling (see Figure 6-3).
The source for Figures 6-1 through 6-3 is Reference 1.
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Figure 6-1. The Weight of Various Lead-Count Chip Carriers for SMT
Compared to the Weight of an Equivalent DIP
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Figure 6-2. Comparison of PCB Level Area with DIP Packaging and SMT Packaging
(Leadless Ceramic Chip Carriers and Small Outline Packages).
SMT Results in a Significant Reduction on Board Area.

6-1 Order Number: 240821-001
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Figure 6-3. Comparison of the Propagation Delays
of a Leadless Ceramic Chip Carrier and a DIP

The smaller size of SMCs and the option of mounting them on either or both sides of the
PWB can reduce board real estate by four times. For example, half a megabyte of 256K
DRAM memory with conventional DIP components will require about 4.0 x 4.0 in. of PC
board area. The same board with surface mount components attached on a single side can
accommodate one megabyte of memory. A cost savings of 30% or better can also be realized
through a reduction in material and labor costs associated with automated assembly.

TYPES OF SURFACE MOUNT TECHNOLOGY

SMT is a relatively new packaging technology that replaces through-hole by surface mount
components. The assembly is soldered by reflow (vapor phase/infrared) and/or wave solder-
ing processes depending on the mix of surface mount and through-hole mount components.
Figure 6-4 shows an example of a surface mount active plastic leaded chip carrier (PLCC)
and its conventional leaded equivalent. When attached to PWBs, both active and passive
SMCs form three major types of SMT assemblies, commonly referred to as Type 1, Type II,
and Type III (see Figure 6-5).
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240821-57
Figure 6-4. Surface Mount Active Components and its Conventional Equivalent
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Figure 6-5. Surface Mount Technology Board Types
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The process sequence for Type III SMT is shown in Figure 6-6. Leaded components are auto-
inserted using existing equipment. The assembly is turned over, and adhesive is applied. Next,
passive SMCs are placed by a “pick-and-place” robot, the adhesive is cured, the assembly is
turned over, and the wave-soldering process is used to solder both leaded and passive SMCs
in a single operation. Finally, the assembly is cleaned, inspected, repaired if necessary, and
tested. Note that only passive chip components are surface mounted by exposure to solder
wave.

The process sequence for Type I SMT is shown in Figure 6-7. Solder paste is screened,
components are placed, and the assembly is baked to drive off volatiles from the solder paste.
Currently, pastes are available that do not require baking. Finally, the assembly is reflow
soldered (vapor phase or infrared) and solvent cleaned. For double-sided Type I SMT assem-
blies, the board is turned over, and the process sequence just described is repeated.

INSERT APPLY PLACE SURFACE
—> LEADED —»{ INVERT BOARD H ADHESIVE MOUNT —>»] CURE ADHESIVE
COMPONENTS COMPONENTS |

L INVERT BOARD p—P] WAVE SOLDER —Pj CLEAN - TEST —>

240821-7

Figure 6-6. Typical Process Flow for Underwide Attachment (Type Il SMT)

SCREEN PRINT :
PLACE RerLow |
| SOLDER PASTE =1 components || ORY PASTE SOLDER SINGLE ¥
SIDE |
ONLY ¢

SIDE 2 COMPONENTS SOLDER

l—» CLEAN >, TEST —>

Figure 6-7. Typical Process Flow for Total Surface Mount (Type | SMT)

L}

L '
L}

SCREEN PRINT '

INVERT BOARD |—»| SOLDER PASTE |—p| .. PLACE [-—b DRY PASTE  |—pf  REFLOW —I

240821-8

Type II assemblies go through the process sequence of Type I SMT followed by the sequence
for Type 111, as Figure 6-8 illustrates. Note that only passive chip components are exposed to
solder wave immersion.

6-5
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There are three major process steps in the manufacturing of electronic assemblies: component
mounting, soldering, and cleaning. For conventional as well as surface mount assemblies, the
equipment required for each process step is shown in Figure 6-9. The equipment shown in
“single box” in this figure is for conventional assemblies, and in “double box” for SMT. If
Type 111 equipment is properly selected, it can be used for Type I and Type II SMT when the
decision is made to move into those technologies.

PLACE SURFACE
> SCREEN PRINT > > REFLOW > INSERT LEADED
SOLDER PASTE COI;AF?OUF:J;NTS DRY PASTE SOLDER COMPONENTS |

ADHESIVE COMPONENTS

PLACE SURFACE
L] INVERT BOARD Fb APPLY 1 MoUNT  }—| cure ADHESIVE —I

P INVERT BOARD p—P{ WAVE SOLDER b CLEAN | TEST —>

240821-9

Figure 6-8. Typical Process Flow for Mixed Technology (Type Il SMT)

ADHESIVE
SOLDER PASTE SMD
> APPLICATION —»1 THM INSERTION | PLACEMENT S ANDéUORﬁNzASTE —»
240821-10
Part Mounting
> VAPOR > WAVE »| AQuEOUs , SOLVENT
spgngER{r:g SOLDERING CLEANING CLEANING >
24082111

Soldering and Cleaning

Figure 6-9. Major Equipment for Conventional (Single Box)
and Surface Mount (Double Box) Assemblies (Type Il SMT)

SMT manufacturing is modular in nature, and the full SMT capability can evolve in steps as
needed. A line set up for Type II can be used for both Type I and Type III SMT.
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SURFACE MOUNT DESIGN

Land Pattern Design

The surface mount land patterns, also called footprints or pads, define the sites where compo-
nents are to be soldered to the PC board. The design of land patterns is very critical, because
it determines solder joint strength and thus the reliability of solder joints, and also impacts
solder defects, cleanability, testability, and repair/rework. In other words, the very produci-
bility or success of SMT is dependent upon the land pattern design.

The lack of standardization of surface mount packages has compounded the problem of
standardizing the land pattern. There are a variety of package types offered by the industry,
and the variations in a given package type can be nurnerous. For example, for the small
outline package (SOP), there are not only two lead types (gull-wing and J-lead), but there are
two body types (narrow and wide). In addition, the tolerance on components varies signifi-
cantly, adding to the manufacturing problems for SMT wsers.

In this section, we will present general guidelines for lancl pattern design that accommodate
reasonable tolerances in component packages, process, and equipment used in manufactur-
ing. These guidelines are based on manufacturability and environmental testing of different
land pattern designs for reliability.

A desirable requirement is that the land pattern design be transparent to the soldering process
used in manufacturing. This reduces the number of pad sizes in the computer-aided design
(CAD) library—some CAD systems limit the total number of different pad sizes, but this
may change with newer releases of CAD software—and is le:ss confusing for the CAD design-
er.

Also, the designer can use the land pattern document to establish standard configurations for
both manual and CAD systems.

To simplify the land pattern design guidelines, we have divided surface mount components
into three different categories: (1) passive components; (2) J-lead plastic leaded chip carriers
(PLCCs), including small outline J-leads (SOJs) and leadless ceramic chip carriers (LCCCs);
and (3) gull-wing lead small outline packages (SOPs), including surface mount R-packs.
Instead of providing specific pad sizes, the general formulas for the land pattern design
applicable to the second and third categories are shown in Figures 6-10, 6-11 and 6-12. The
formulas were developed based on reliability and producibility data. Each has a constant, K,
which can be used to determine the exact land pattern for any size package in that category.
References 2, 3, and 4 provide the details on land pattern design.

6-7
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Table 6-1. Typical Board Footprint Area for PLCC

‘ A (Width) B (Length
Lead Count (Inch) (Incr?) )
Square 20 0.420 0.420
28 0.520 0.520
44 0.720 0.720
52 0.820 0.820
68 1.020 1.020
84 1.220 1.220
Rectangular 28 0.420 0.620
32 0.520 0.620

0.070" for LCCC

Pad Length
A/B
Where K

A

on matching TCE
substrate

= ) b U

] =

] ¢

] .

B [

| Pad Width = 0.025"+0.005"
= 0.075"+0.005"
= Cmax + K
f 0.030" for PLCC

l

240821-12

Figure 6-10. Typical PLCC, LCCC Footprint for Board Layout,
Square and Rectangular Package

Table 6-2. Typical Board Footprint Area for PQFP

A (Width) B (Length)
Lead Count (Inch) (Inch)
84 0.800 0.800
100 0.900 0.900
132 1.100 1.100
164 1.300 1.300
196 1.500 1.500

6-8
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Figure 6-11. Typical PQFF> Footprint for Board Layout
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Figure 6-12. Formulas for R-Packs and SOIC Land Pattern Design

Design for Manufacturability

Design for manufacturability is gaining more recognition as it becomes clear that cost reduc-
tion of printed wiring assemblies cannot be controlled by manufacturing engineers alone.
Design for manufacturability—which includes considerations of land pattern, placement,
soldering, cleaning, repair, and test-—is essentially a yield issue. Thus, companies planning
surface mount products face a serious problem in creating manufacturable designs, generally
working by trial and error and at a considerable expense. Achieving decent yield can be a
source of constant irritation and offien total frustration.
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Of all the issues in design for manufacturability, land pattern design—discussed in the previ-
ous section—and interpackage spacing are most important. Interpackage spacing controls
cost-effectiveness of placement, soldering, testing, inspection, and repair. A minimum inter-
package spacing is required to satisfy all these manufacturing requirements, and the more
spacing provided, the better. The following guidelines meet manufacturability requirements.

Figure 6-13 shows the interpackage spacing between the pads (not component body or lead)
of SMCs, as well as the spacing between the pads of adjacent SMCs and conventional compo-
nents. The spacing from pad to pad of adjacent SMCs should be a minimum of 0.050 in. For
PLCCs, this means 0.075 in. between leads of” adjacent components. For components such as
SOJs and passives, where leads or terminations are on only two sides of the packages, the
interpackage spacing should be 0.050 in. for SOJs, and 0.040 in. for passives between the
adjacent sides without leads or terminations. The spacing between the pads of conventional
and surface mount components should be 0.060 in. to allow enough—at least a 0.100-in.—
gap for auto-insertion equipment used for conwventional components. Clear spaces of at least
0.050 in. should be allowed around all edges of the PC boards if the boards are tested off the
connector, or of 0.100 in. if vacuum seal is wsed for testing, such as bed-of-nails. These
specified requirements are absolute minimum.

T <— 0.050

oon LS

i

oo TITT JL
0.060

i

0.050

240821-14

Figure 6-13. Minimum Land-to-Land Clearanice between Component
(Surface Mount and DIP) ILands
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The interpackage spacing guideline just discussed may cause problems in some cases if the
repair tool used in manufacturing does not use a vacuum tip for component removal and
replacement during repair/rework. This problem may disappear when repair/rework with
vacuum pick-up (removal and replacement) capability becomes available for both passive and
active components. Currently, most of the hot-air repair/rework tools are intended only for
active devices.

Another manufacturing consideration is the alignment of components on the PC board.
Similar types of components should be aligned in the same orientation for ease of component
placement, inspection, and soldering.

Via holes are used to connect SMC lands to conductor layers. They may also be used as test
targets for bed-of-nails probes and/or rework ports. Via holes may be covered with solder
mask material if they are not required for node testing or rework. Such vias are called tented
vias.

Via holes may be placed under surface mount components. However, in Type II and Type 111
SMT (mix-and-match surface mount), via holes under SMCs should be minimized or tented
with solder mask to prevent trapping of flux under the packages during wave soldering. For
effective cleaning, via holes should be located beneath SMCs in Type I SMT assemblies (full
surface mount) that will not be wave soldered.

Via holes within reflow-soldered pads should be avoided because solder can flow inside these
vias during reflow soldering, causing insufficient solder fillets. Designing wide traces connect-
ed to solder pads produces the same effect as flush vias on solder pads—insufficient solder
fillets.

Chapters 5, 6, and 7 in Reference 4 provide details on design for manufacturability.

Design for Testability

In SMT boards, designing for testability requires that test nodes be accessible to automated
test equipment (ATE). This requirement naturally has an impact on board real estate. In
addition, it impacts cost, which is dependent upon defects. A lower number of test nodes can
be tolerated when defect rates are low, but higher defect occurrence demands adequate
diagnostic capability by allowing ATE access to all test nodes.

Most companies use bed-of-nails in-circuit testing for conventional assemblies. Use of SMCs
does not impact testability if the rule for testability of assemblies is strictly observed. This rule
requires that (1) 0.050-in. and 0.100-in. test probes are used, (2) solder joints are not probed,
and (3) through-hole vias or test pads are used to allow electrical access to each test node
during in-circuit testing. If possible, this electrical access should be provided both at top and
bottom, and bottom access is necessary. The main drawback of providing all the required test
pads is that the real estate savings offered by SMT are somewhat compromised. To retain the
real estate savings offered by SMT requires development of some form of self-test or reliance
upon functional tests only. However, self-test requires considerable development effort and
implementation time, and functional tests lack the diagnostic capability of in-circuit tests.
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Designing for manufacturability, test, and repair are very important for yield improvement
and thus cost reduction. Design for manufacturability and test essentially impacts SMT real
estate savings. If processes are brought under control, the need for repair and test will become
less of an issue, but until then, some real estate benefits provided by SMT and easily produci-
ble surface mount boards will be sacrificed. The following sections address process issues in
the manufacturing of surface mount assemblies that play a critical role even when boards are
designed for manufacturability.

SUBSTRATE PREPARATION: ADHESIVE, SOLDER PASTE
APPLICATION

Solder Application, Paste, and Preform

Solder paste plays an important part in reflow soldering (Type I and Type II SMT). The
paste acts as an adhesive before reflow and even may help align skewed parts during solder-
ing. It contains flux, solvent, suspending agent, and solder of the desired composition. Char-
acteristics such as viscosity, dispensing, screening, flow, and spread are key considerations in
selecting a particular paste. Susceptibility of the paste to solder ball formation and wetting
characteristics are also important selection criteria.

Solder paste is applied on the solder pads before component placement by screening, stencil-
ing, or syringe. Screens are made from stainless steel or polyester wire mesh, and stencils are
etched stainless steel or brass sheets. Stencils are preferred for high-volume product runs,
because they are more durable than screens, are easier to align, and can apply a thicker layer
of solder paste. Because they are more expensive than screens, they may not be suitable for
small production runs.

Solder preforms, also called doughnuts, are sometimes used for through-hole mounted devic-
es. They are available in required size and composition with flux inside or as a coating, or
without flux. They may be cost-effective if there are only a few leaded components on the
board. Only the reflow (vapor phase/infrared) process can be used for both through-hole
leaded and surface mount components.

SURFACE MOUNT COMPONENTS AND THEIR PLACEMENT

Component Packaging

All active components are not currently available in surface mount, which will keep us in
mix-and-match format for some time to come. However, the situation is changing very rapid-

ly.

Intel active components are available in tubes or magazines, as well as on tapes and reels.
Tapes and reels will be the most popular packaging methods because they preserve lead
coplanarity. The EIA specification RS-481A has standardized 7-in. reels for passive compo-
nents and 13-in. reels for active components.
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Component Placement

Requirements for accuracy make it almost mandatory to use auto-placement machines for
placing surface mount components on the PC board. Selection of the appropriate auto-place-
ment machine is dictated by the type of parts to be placed and their volume. As shown in
Figure 6-14, there are basically four types of auto-placement machines available on the
market today: (1) in-line, (2) simultaneous, (3) sequential, and (4) sequential/simultaneous
placement equipment.

24082115 240821-16
® Moving board/fixed head ® Fixed table/head
e Each head places one component ¢ All components placed simultaneously
* 1.8 to 4.5 seconds/board ® Seven to 10 seconds/board
a. In-Line Placement Equipment b. Simultaneous Placement Equipment

) (~

g J J
240821-17 240821-18
® X-Y movement of table/head e X-Y table/fixed head
e Components placed in succession individually * Sequential/simultaneous firing of heads
* 0.3 to 1.8 seconds/component e 0.2 seconds/component
c. Sequential Placement Equipment d. Sequential/Simultaneous

Placement Equipment

Figure 6-14. Four Major Categories of Placement Equipment—(a) In-Line
Placement, (b) Simultaneous Placement, (c) Sequential Placement, and (d)
Sequential/Simultaneous Placement Equipment
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Shown in Figure 6-14a, in-line placement equipment employs a series of fixed-position place-
ment stations. Each station places its respective component as the PC board moves down the
line. Cycle times vary from 1.8 to 4.5 seconds per board.

Illustrated in Figure 6-14b, simultaneous placement equipment places an entire array of
components onto the PC board at the same time. Typical cycle times vary from seven to 10
seconds per board.

Sequential placement equipment, shown in Figure 6-14c, typically utilizes a software-con-
trolled X-Y moving table system. Components are individually placed on the PC board in
succession. Typical cycle times vary from 0.3 to 1.8 seconds per component.

Sequential/simultaneous placement equipment, illustrated in Figure 6-14d, features a soft-
ware-controlled X-Y moving table system. Components are individually placed on the PC
board from multiple heads in succession. Simultaneous firing of heads is possible. Typical
cycle times vary, with an average of 0.2 seconds per component.

Many models of auto-placement equipment are available in each of the four categories.
Selection criteria should consider such issues as what kind of parts are to be handled; whether
they come in tube, magazine, or on a tape; and whether the machine can accommodate future
changes in tape sizes. Selection and evaluation of tapes from various vendors for compatibil-
ity with the selected machine is very important. Off-line programming, teach mode, and edit
capability, as well as ECAD/CAM compatibility may be very desirable, especially if a com-
pany has already developed an ECAD/CAM database. Special features such as vision capa-
bility, adhesive application, component testing, board handling, and capability for further
expansion may be of interest for many applications. Vision capability is especially helpful in
accurate placement of fine-pitch packages. Reliability, accuracy of placement, and easy main-
tenance are important to all users.

Reference 4 provides the details on selection criteria for pick-and-place equipment. Since
pick-and-place equipment constitutes the major portion of the capital investment required for
SMT manufacturing lines, a detailed evaluation is essential before purchasing a particular
machine.

SOLDERING

Like the selection of auto-placement machines, the type of soldering process required depends
upon the type of components to be soldered and whether leaded and leadless parts will be
combined. For example, if all components are surface mount types, the reflow method (vapor
phase or infrared) may be desirable. However, for a combination of leaded and surface mount
components, reflow soldering for surface mount components followed by wave soldering for
through-hole mount components is optimum. No process is best for all soldering tasks. For
example, in infrared reflow, both the heating and cooling rates of assemblies can be controlled
more precisely than in vapor phase. This has a direct impact on solder defects, as discussed
later.
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Vapor Phase Soldering

Vapor phase soldering, also known as condensation soldering, uses the latent heat of vapori-
zation of an inert liquid. The latent heat is released as the vapor condenses on the part to be
soldered. The soldering temperature is constant and is controlled by the type of fluid. Thus,
unlike wave, infrared, and laser soldering, vapor phase soldering does not require control of
the heat input to the solder joints or to the PC board. It heats independent of the part
geometry, heats uniformly, and does not exceed the fluid boiling temperature. The process is
also suitable for soldering odd-shaped parts, flexible circuits, and pins and connectors, as well
as for reflow of tin-lead electroplate and surface mount packages. However, all these features
make vapor phase soldering an easily automated process. It does not require the fluxing,
preheating, and soldering adjustments so critical in other processes. Since heating is by
condensation, the rate of temperature rise depends on the mass of the part. Therefore, leads
on packages heat up faster than the component body or solder pads. With leaded compo-
nents, this can lead to the wicking of solder paste up the lead, causing open solder joints.
Vapor phase soldering also has other process-related problems, such as solder balls, part
movement, and damage to temperature-sensitive parts. Maximum temperature ramps rate
can be controlled through the use of a preheat zone. For moisture sensitive PSMC a maxi-
mum allowable ramp rate has been recommended—see Table 6-4.

Both in-line and batch-type systems are available. The in-line system is suitable for mass
production. For low-volume production or for research and development, a batch process is
generally used. A schematic of a batch-type process is shown in Figure 6-15, and an in-line
process in Figure 6-16. For both processes, the major disadvantages are price of the liquid,
vapor loss, and parts movement (which can be advantageous for part alignment). The batch
process minimizes vapor loss by using a less expensive secondary fluid as a blanket over the
primary fluid. The cooling coils shown in Figure 6-16 are also intended to minimize vapor

loss.
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Figure 6-15. Schematic—Batch-Type Vapor Phase Soldering System for SMT
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Figure 6-16. Schematic—In-Line Vapor Phase Soldering System for SMT

Infrared Reflow Soldering

In infrared (IR) reflow soldering, radiant or convective energy is used to heat the assembly.
There are basically two types of IR reflow processes: focused (radiant) and non-focused
{convective). The latter is proving to be more desirable for SMT. Focused IR radiates heat
directly on the parts and may heat assemblies unevenly. The heat input on the part may also
be color-dependent. In non-focused or diffused IR, the heating medium can be air, an inert
gas, or simply convection energy. A gradual heating of the assembly is necessary to drive off
volatiles from the solder paste. The gradual heating of boards is accomplished by various top
and bottom heating panels, as shown in Figure 6-17. After an appropriate time in preheat, the
assembly is raised to the reflow temperature for soldering and then cooled. The solder paste
used for vapor phase may not necessarily be suitable for the IR process.

The IR reflow process is generally considered more suitable for gull-wing than J-lead pack-
ages. With the advent of diffused IR, J-lead packages are also being successfully soldered by
many companies. There is concern that packages supplied by some companies may not be
compatible with certain IR ovens. The advantage of IR over vapor phase is that, if properly
designed, it can be used for baking adhesive and paste, and for reflow soldering. Another key
advantage of IR over vapor phase is the operating cost. Also, the incidence of solder joint
openings due to lead coplanarity is less frequent in the IR process than in vapor phase (see
References 4 and 5). As in the case of VPS a maximum temperature ramp rate has been
recommended for moisture sensitive PSMC—see Table 6-4. Because of these reasons, the IR
process is becoming very popular in the United States.
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Laser Reflow Soldering

Laser soldering is a relative newcomer to soldering technology. It complements other solder-
ing processes rather than replacing them, and like vapor phase and IR soldering, lends itself
well to automation. It is faster than hand soldering but not as fast as wave, vapor, or IR
soldering. Heat-sensitive components that might be damaged by vapor phase or IR can be
soldered easily by laser since only the leads are heated to reflow temperature. In laser solder-
ing, the process problems involve potential damage to adjacent components if laser beam
width is not properly adjusted.

PREHEAT REFLOW
BOARD / ZONES / ZONES ‘\
/ \
1L N I

240821-21

Figure 6-17. Schematic—In-Line Infrared (IR) Soldering System for SMT

CLEANING u

In general, cleaning of SMT assemblies is harder than that of conventional assemblies because
of smaller gaps between surface mount components and the PWB surface. The smaller gap
can entrap flux, which can potentially cause reliability problems if the PWB is not properly
cleaned. Thus, the cleaning process depends upon the spacing between component leads,
spacing between component and substrate, the source of flux residue, and the soldering
process. Most companies use synthetic or rosin-based fluxes generally known as rosin activat-
ed (RA), rosin mildly activated (RMA), synthetic activated (SA), or synthetic mildly activat-
ed (SMA). Stabilized halogenated hydrocarbon/alcohol azeotropes, such as freon TMS, are
the preferred solvents for removal of synthetic and rosin-based flux residues.

Some companies successfully use organic acid (OA) flux for wave soldering of passive surface
mount components glued to the bottom of the board (see Reference 6). Residues from OA
fluxes are generally removed with water. Success of this technique is usually directly propor-
tional to the amount of adhesive filling the potential entrapment area under the component
and pressure of the water jets in the cleaner. Use of water-soluble fluxes may increase in the
future because they are environmentally more desirable. Also, due to recent efforts to reduce
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chlorofluorocarbons (CFCs) to prevent ozone layer depletion, water-soluble fluxes and sol-
vents with lower CFCs will become almost mandatory. Environmental concern is also driving
the usage of water-soluble solder paste, which may become very common in the future.

One of the key issues in SMT has been to determine cleanliness of SMT assemblies, because
the conventional Omega meter test used for DIP boards may not be adequate. For this
reason, the industry is trying to standardize on surface insulation resistance (SIR) surface
mount boards. The current industry standard for board cleanliness is 100-megohm SIR after
cleaning, regardless of which flux or cleaning method is used.

REPAIR/REWORK

Repair/rework of SMT assemblies is easier than that of conventional components. Due to the
absence of plated through-holes, these components are easier to remove, and the possibility of
thermal damage is nonexistent. A number of tools are available for removing components,
including hot-air devices for removing active surface mounted components. A key issue in
using hot-air devices is preventing thermal damage to the component or adjacent compo-
nents.

No matter which tool is used, all the controlling desoldering/soldering variables need to be
addressed, including the number of times a component can be removed and replaced, desold-
ering temperature and time, and damage to PWAs. It is also very helpful to preheat the
assembly at 150°F-200°F for 15 to 20 minutes before rework to prevent thermal damage
such as measling or white spots of the boards, and to avoid pressure on pads during the
rework operation (see Reference 7). To prevent moisture induced damage, SMT components
may require bake-out prior to removal from the board. The guidelines outlined in the Dessi-
cant Pack Section should be followed.

TECHNICAL ISSUES IN FINE PITCH

The need for high lead-count packages in semiconductor technology has increased with the
advent of application-specific integrated circuit (ASIC) devices. As the package lead count
increases, devices will get larger and larger. To ensure that the area occupied by packages
remains within limits of manufacturing equipment, lead pitches will have to be reduced.
This—coupled with the drive toward higher functional density at the board level for en-
hanced performance and miniaturization—has fostered the introduction of many devices,
such as Intel’s 386TM SX microprocessor, in fine-pitch surface mount packages.

A fine-pitch package can be broadly defined as any package with a lead pitch finer than the
50-mil lead pitch of standard surface mount packages as PLCCs and SOPs. Most common
lead pitches are 25 mils, but lower pitch devices are also becoming available.

There are two different versions of fine-pitch packages: those with corner bumpers and those
without. Versions without bumpers are called quad flatpacks (QFPs); those with bumpers are
referred to as plastic quad flatpacks (PQFPs). The QFP types have a very low stand-off
height, making it very difficult to clean assemblies containing these packages.

The assembly process most dramatically affected by the fine-pitch package is component
placement. Placement of any surface mount package with 25 mils or less of lead pitch must be
made with the assistance of a vision system for accurate alignment.
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Placement vision systems typically consist of two cameras. The top camera system scans the
surface of the board and locates three fiducial targets that are designed into the artwork of
the board. The placement system then offsets the coordinates in the computer for any varia-
tion in true board location. The bottom camera system, located under the placement head,
views the component leads. Since the leads of fine-pitch components are too fragile to support
mechanical centering of the device, the vision system automatically offsets for )variations in
the X, Y, and theta dimensions. This system also inspects for lead integrity problems, such as
bent or missing leads.

The manufacturing issues for assembling fine-pitch components on PC boards also include
(1) printing various amounts of solder paste on the 25-mil and 50-mil lands, (2) soldering and
inspecting the fine-pitch leads and solder joints, (3) reworking defective devices, (4) cleaning
adequately under and around package leads, (5) baking of the packages to remove moisture,
and (6) handling of the packages without damaging fragile leads. These challenges are by no
means insurmountable, but require investment in capital and engineering resources.

CONCLUSION

The major technical considerations for implementing SMT include surface mount land pat-
tern design, design for manufacturability, components and their placement, adhesive-applica-
tion wave soldering, reflow soldering, cleaning, and repair/rework. These considerations
must be taken into account and thoroughly understood before converting to SMT. Surface
mount technology is revolutionary, and for most companies, requires a complete rethinking
of design and manufacturing processes, including the software and tool methodologies used
to support them. SMT is not a technology of tomorrow, but a technology of today. Intel has
made the investment in SMT for component, board, and system products to keep customers
on the leading edge.

DESICCANT PACKING (BAKE AND BAG) METHODS AND
MATERIALS

INTRODUCTION

This section of the guide examines surface mount assembly processes, proposes thermal
profile limits to these processes, and establishes a standard preconditioning flow which en-
compasses moisture absorption, thermal stress and chemical environments typical in the
variety of surface mount assembly methods currently in use. Moisture absorption/desorption
characteristics are reported and cracking danger levels are assigned to products identified as
crack susceptible by Intel. A discussion of baking to reduce package moisture level, and its
potential effect on lead finish solderability is described. In addition, drying, shipping, and
storage procedures are described to handle plastic surface mount component (PSMC) pack-
ages, which are susceptible to cracking in user’s surface mount manufacturing processes
within the limits described.
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PACKAGE CRACK SUSCEPTIBILITY

There are a number of technical issues that need to be comprehended regarding maintenance
of package integrity during board level assembly processing using PSMC. In particular, the
phenomenon of moisture induced package cracking during high temperature reflow soldering
has been identified. Surface mount assembly subjects the component body to high thermal
exposure (215°C—-260°C), and chemicals from solder fluxes and cleaning fluids during users’
board mount assembly. In through-hole technology the board assembly process uses wave
soldering which primarily heats the component leads. The printed circuit board acts as a
barrier protecting the DIP package body from solder heat and flux exposure. In order to
assure PSMC package integrity through the surface mount process, precautions must be
taken by both supplier and user to minimize the effects of reflow solder stress on the compo-
nent. Plastic molding compounds used for integrated circuit encapsulation are hydroscopic
and absorb moisture to a level dependent on storage environment. Moisture can vaporize
during rapid heating in the solder reflow process, generating pressure at metal to plastic
interfaces in the package. Further stress is applied due to thermal expansion mismatch be-
tween the plastic encapsulant and the metal lead frame. This can lead to loss of encapsulant
adhesion to the die and the lead frame followed by swelling and finally cracking of the plastic,
as illustrated in Figure 6-18. Cracks can propagate either through the body of the plastic or
along the lead frame (delamination). Subsequent high temperature exposure and moisture in
the package could drive the transport of ionic contaminants through these openings to the die
surface increasing the potential for circuit failure due to corrosion.

It should be noted that the phenomenon relates only to risk associated with direct exposure of
components to reflow solder process stresses. No loss of package integrity is expected for
socketed parts or for through-hold mounted components rot subjected to solder reflow envi-
ronment. No current data exists to indicate negative long term effects on reliability of PSMC
when package integrity is maintained through surface mount processing. The effect of mois-
ture in these packages and the critical moisture content which will result in cracking failures
is a complex function of several package design and material property variables. These in-
clude: silicon die size, encapsulant thickness, encapsulant yield strength, encapsulant adhe-
sive strength and thermal expansion properties of materials used in the package. Stress levels
imposed by user assembly processes are also obvious determinants of cracking probability.
Intel has evaluated PSMC crack jeopardy for its current portfolio. Package moisture level has
been measured as a function of temperature and relative humidity. Critical moisture level
limits to avoid cracking have been determined and products susceptible to cracking have been
identified. Intel is implementing procedures to assure that these products are delivered to
users so that packages will not crack during user solder reflow processing. The user must take
responsibility during storage, board mount assembly and board rework to avoid package over
exposure to moisture by following precautions recommended in this paper. These steps are
necessary to assure package integrity is maintained throughout the surface mount process.
Intel has developed a reliability “preconditioning” stress qualification sequence which emu-
lates surface mount assembly processing. The effect of these preconditioning stresses and
their impact on package performance is not yet fully quantified, however this method is
proposed for the purpose of emulating actual process conditions before reliability qualifica-
tion testing. Users have developed a variety of SMT process flows resulting in the need for a
standardized, industry accepted preconditioning flow. This will require a joint effort by IC
suppliers and users to define a limiting envelope for worst case process conditions which
incorporate the design and material limitations of today’s plastic components.
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Figure 6-18. Package Crack Mechanism
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Surface Mount Assembly Processes

Traditional insertion (through-hole) assembly technology involves relatively few process steps
and limits the exposure of components to harsh processing environments. Modern surface
mount assembly can be very complex, especially if mixed technologies (surface mount and
insertion) are used on the same board. Furthermore, the components are fully immersed in
the solder heating media (vapor phase or infrared reflow) in surface mount processes whereas
solder heat during solder dip (or wave solder) is applied only to leads of insertion mount
packages. Component exposure in both vapor phase and wave solder process environments is
illustrated in Figure 6-19.

B
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Figure 6-19. Component Exposure to Wave Solder and Vapor Phase Environments

Solder Process

Numerous solder processes are used in attaching components to boards. These range from
manual soldering of individual leads with a soldering iron to high volume mass bonding
techniques. The two most popular production methods are: vapor phase soldering (VPS) and
infrared reflow soldering (IR). Vapor Phase soldering uses the latent heat of condensation of a
vapor to provide heat for soldering. This latent heat is transferred to the component as the
vapor of the inert liquid condenses on the component. The VPS temperature reaches its
maximum possible value at the fluid boiling point (219°C). The maximum heating rate of the
component on the board occurs when it is initially immersed in the primary vapor, hence
control of heating rate for any part is limited to preheating the part before immersion in the
primary vapor zone. IR solder reflow processing uses radiant heating to provide heat for
soldering. IR panels heat the board traveling on the conveyor from top and/or bottom. A
gradual heating of the printed circuit board which is necessary to drive off the volatile
constituents of the solder paste assures a controlled heating rate. After an appropriate preheat
time, the assembly is raised to the reflow temperature for soldering and then cooled.

Thermal Shock on Components (Vapor Phase versus IR)

Rapid heating and cooling rates also cause thermal shock if there is insufficient time for the
center and surface of components to reach the same temperature. Surface temperature, being
higher than the internal body temperatures during heating, results in a temperature differen-
tial which generates thermo-mechanical stress. The degree of thermal shock on components
is higher in VPS than in IR. The IR soldering profile is usually designed to heat the compo-
nents at a rate of 2°C—6°C per second. Only a limited control can be exerted on the heating
rate of components and boards in VPS. The maximum heating rate during VPS is typically
much higher (up to 25°C/second). Such high rates of temperature increase can damage
PSMC which can crack due to the internal moisture vaporization mechanism described
earlier in this Appendix.
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Intel has determined guidelines for reflow soldering and post solder reflow component re-
work which if followed will minimize thermal shock to packages and meet users’ solder
reflow requirements.

Solder Fluxes

Flux used in solder paste or in board pre-tinning processes is a major source of ionic contami-
nation which can corrode IC chip metallization if transported to the chip surface. Those
fluxes containing hydrochloric acid or other halogen compounds should be avoided. Special
cleaning methods to assure complete removal of all flux residues should be implemented
where use of these materials is selected or required. Highly active fluxes such as organic acid
(OA) types should be avoided. RMA or lower activity fluxes should be used if consistent with
process yield and solder joint quality objectives.

PSMC Package Cracking

Intel has evaluated its PSMC product portfolio for susceptibility to package cracking during
solder reflow processing by subjecting samples to preconditioning stresses which include
moisture saturation in 85% RH/85°C for 168 hours, and solder reflow environment expo-
sure. Package saturation in 85% RH was chosen to simulate worst case storage humidity in
customers’ warehouses, and 85°C is used to accelerate the moisture diffusion rate into the
package. The results of this evaluation are described in Figure 6-20 and show that package
crack susceptibility is dependent on the die attach pad dimensions and the thickness of plastic
between die attach pad and nearest external surface.

A study of package absorption/desorption characteristics has been performed to understand
the affect of package moisture content on package crack susceptibility. The resulting data
from this experiment are plotted in Figure 6-21. This figure shows the absorption curves for
the three humidity levels at 85°C. It also illustrates a ““crack jeopardy” line. At any moisture
level above the crack jeopardy line, the 68L package that was studied has the potential to
generate internal package cracks during vapor phase reflow. in the moisture desorption study,
units previously saturated at the humidity levels of 24%, 40% and 85% were baked in an
oven at 125°C for a total of 168 hours. The units were removed from the oven, weighed,
exposed to VPS solder reflow environment and analyzed for package cracks. Figure 6-22
shows the desorption curves as a function of drying time. This plot also has a “crack jeopar-
dy” line. At any moisture level above this line, the 68L package that was studied has the
potential to develop internal cracks during a vapor phase reflow operation. Whereas, at
conditions below the line, cracks are not expected to form.
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Figure 6-20. Crack Sensitive Packages: Package Die Attach Pad Area
versus Package Minimum Plastic Thickness
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Figure 6-21. Crack Generation during Vapor Phase Soldering
versus Moisture Absorption: 68-Lead PLCC @85°C
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Figure 6-22. Crack Generation during Vapor Phase Soldering Moisture Desorption
from Saturation: 68-Lead PLCC @125°C

Preconditioning Flow

In order to assure that SMT process stress is comprehended in component reliability evalua-
tions, Intel has established the following product qualification preconditioning flow as shown
in Figure 6-23 to which all surface mountable plastic products will be subjected prior to
standard component reliability stressing. User assembly processes not comprehended by the
preconditioning flow should be discussed with Intel to verify package integrity of Intel PSMC
in these applications.
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Figure 6-23. Intel® Preconditioning Flow for Surface Mount Packages
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Solderability

Intel currently supplies PSMC with copper lead frames and solder finished leads. A potential
for lead finish solderability degradation can occur due to formation of CugSns intermetallic
which does not dissolve during the solder reflow cycle. In order to meet users’ solderability
requirements the formation of intermetallic must be minimized. Intel has performed evalua-
tions to determine solderability degradation of PSMC after burn-in and baking (necessary to
drive out package moisture prior to sealing crack sensitive products in moisture barrier bags).
Based on the solderability work done at Intel it is recommended that PSMC product be
baked at high temperature (125°C) no more than one time by the user. Intel monitors outgo-
ing solderability to assure that product meets user’s solderability requirements on every lot.

Conclusion

Component susceptibility to cracking in SMT solder reflow is a function of die and package
geometry and is aggravated by moisture absorption in the plastic encapsulant. Package integ-
rity of crack susceptible components can be assured through user assembly if absorbed mois-
ture is kept below critical levels and surface mount process thermal limits are observed.
Maximum temperature profile envelopes were recommended for these solder processes to
minimize crack jeopardy due to thermal stresses. A standard “preconditioning” flow was
devised to simulate SMT processing stresses on component packages prior to reliability quali-
fication stressing. Moisture absorption and desorption characteristics of these sensitive pack-
ages have been characterized and moisture concentrations (% by weight) sufficient to induce
cracking were determined. When these same packages were dried to below the crack danger
level, no cracking was detected after preconditioning (without humidity soak). Crack suscep-
tible components can maintain package integrity during use if they are dried and maintained
below critical moisture weight percent levels. Intel will bake these packages dry and seal them
in bags with desiccant before shipping. Recommended shelf life, storage conditions, redrying
and handling procedures were also described. The user must limit exposure of crack susceptl-
ble components to environmental moisture during SMT assembly and rework processing in
order to keep absorbed moisture below Intel recommended limits and assure package integri-
ty is maintained through the assembly process.

CONFIGURATIONS AND MATERIALS

Guidelines for Handling Units in Desiccant Pack

Intel will ship plastic surface mount components (PSMC’s) in a dry state inside moisture
barrier bags (MBB’s). The following information is intended to describe the appearance and
handling of components shipped in desiccant packing and the materials involved. The han-
dling information applies only to those devices subjected to SMT processes. Handling infor-
mation covers dry component storage life, manufacturing floor life (of exposed components),
rebagging information and guidelines for rebaking units if necessary.
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PACKING MATERIALS

PSMC’s packed in tubes, tape and reel or trays will be shipped in desiccant packing. Each
shipping medium will contain units that have been baked dry (24 hours at 125°C) and are
enclosed in sealed MBB’s with desiccant pouches.

® Shipping Box. The #3 shipping box will be the same in appearance as Intel’s current
shipping box, but the barcode label will indicate that desiccant packed material is included
(see Figure 6-24). This label will indicate the seal date of the enclosed MBB and, thereby,
the remaining shelf life. Quantities of units shipped per box will also differ to accommodate
the additional packing materials for shipments in tubes. Table 6-3 outlines the new tube
quantities per box for desiccant packed devices. For details on tube, tray and tape and reel
shipments, please see the following sections.
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Figure 6-24. Desiccant Barcode Label

240821-29

® Moisture Barrier Bag (MBB). Inside the shipping box is a moisture barrier bag or MBB
containing components. The three-ply bag is strong, ESD-safe, and allows minimal
moisture transmission. It has been sealed at the factory and should be handled carefully to
avoid any puncturing or tearing of the materials.

A “Warning Label” (Figure 6-25) will be on the bag, outlining precautions that should be
taken with desiccant packed units, and a Desiccant Barcode label.
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This bag is intended to protect the enclosed devices from moisture exposure and should not
be opened until the devices are ready to be board mounted. The “Supporting Technical
Information” section of this document provides information on technical aspects of the bag
and characterization information. The ‘“Materials” appendix, following the handling dia-
grams, outlines basic MBB characteristics.

SURFACE MOUNT TECHNOLOGY

® Desiccant. Each MBB will contain up to three pouches of silica gel desiccant enclosed to
absorb moisture that may be present in the bag. The Humidity Indicator card (Figure 6-26)
should be used as the primary method to determine whether the enclosed parts have ab-
sorbed excessive moisture.

Regardless of the remaining shelf life of the enclosed units, the desiccant should be discarded
after opening the sealed MBB. The desiccant should not be baked and is not reusable.

Table 6-3. Quantity Requirements for Desiccant Bags (Tubes)

Lead Quantity of
Package Type Count Bag Part # Tubes per Bag

PLCC 208 0825 56

28S 0825 42

28R 0825 56

32R 0825 42

448 0825 28

528 0919 60

68 S 0919 48

84S 0919 36
PQFP (Fine-Pitch) 84 0919 16

100 0919 12

132 0919 10

164 0919 8

196 0919 6

Reels: For PLCC and PQFP in tape and reel, use one (1) reel per bag.

Table 6-4. Quantity Requirements for Desiccant Bags (Trays)

Lead #Full Standard
Package Type Count Product Increment
Trays (Units/Box)
PQFP (Fine-Pitch) 52 4 420
68 4 312
84 4 240
100 4 220
132 5 180
164 5 120
196 5 105
244 5 60
TSOP 32 5 360

NOTE:

For kitted products, refer to the S-spec for the standard increment quantity.
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Table 6.5. Number of Desiccant Pouches
per Moisure Barrier Bag

Type of Shipment Number of Pouches
PLCC Tubes-Full Length 3
PLCC Tubes-Half Length 2
PQFP Tubes 2
Trays 2
Tape and Reel 3

® Humidity Indicator Card (HIC). Along with the desiccant pouches, each MBB will contain
a humidity indicator card (HIC). This card is a military standard moisture indicator and is
included to show the user the approximate relative humidity level within the bag. A repre-
sentation of the HIC is shown in Figure 6-26. If the 20% dot on the card is pink and the
30% dot is not blue, the components have been exposed to moisture beyond the recom-
mended limits for use in an SMT process. If this should happen, in order to use these units
“safely” in a surface mount application, units need to be baked dry (see “Rebaking” sec-
tion). The HIC is reversible and can be reused. Recommendations to avoid expiration of the
HIC and the need to rebake units are included in the “Incoming Handling”, “Shelf Life”
and “Floor Life” sections.

® Labels. Labels relevant to this process are the Desiccant Barcode label and the “Warning”
label mentioned in the section on MBB’s. The “Desiccant Barcode” label (Figure 6-24)
contains the date that the bag was sealed (MM/DD/YY) and is attached to the outside of
the box and on the MBB itself. The remaining storage life of the units in the bag is
determined from this date. All components are guaranteed 12 months of shelf life starting
from the seal date on this label (see following “Shelf Life” section).

The “Warning” label (Figure 6-25) is attached to the outside of the MBB and outlines
precautions that must be taken when handling desiccant packed units if they are to be kept
dry.

CAUTION!!!
THIS BAG CONTAINS MOISTURE SENSITIVE DEVICES
DO NOT OPEN EXCEPT UNDER CONTROLLED CONDITIONS

EXPIRATION DATE: SEAL DATE PLUS TWELVE MONTHS
. THIS BAG MAY BE STORED UNOPENED FOR UP TO TWELVE
MONTHS AT 40°C, AND 90% HUMIDITY.
2. THE CONTENTS OF THIS BAG MAY BE STORED INDEFINITELY AT
20% HUMIDITY.
3. IF UPON OPENING, THE MOISTURE INDICATOR CARD SHOWS
HUMIDITY ABOVE 20%, CONTENTS HAVE EXPIRED.
4. IF CONTENTS ARE EXPIRED, THEY MAY STILL BE USED WITH THE
ADDITION OF:
A BAKE OF 192 HOURS AT 40°C, 5% HUMIDITY,
OR A BAKE OF 24 HOURS AT 125°C.
CAUTION: THE PACKING MATERIALS WILL MELT AT 125°C,
BE USED AT HIGH TEMPERATURE
5. THE CONTENTS OF THIS BAG MUST BE MOUNTED ON A BOARD
WITHIN 48 HOURS OF OPENING THIS BAG.

-

Figure 6-25. “Warning” Label
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Figure 6-26. Humidity Indicator Card

PACKING OF SHIPMENTS

¢ Tubes. Units shipped in tubes will be packed with an additional precaution. Antistatic foam
will be used to protect the bag from the sharp edges of the tubes and tacks. Otherwise, the
units shipped in tubes will be packed with materials as indicated in Figures 6-27 through

6-31.

® Trays. Units shipped in injection-molded trays will also be packed with additional precau-
tion. Antistatic foam lids will enclose the trays to protect the bag from the sharp edges of
the trays. Trays will be packed with materials as indicated in Figures 6-32 through 6-34.

® Tape and Reel. Units shipped in tape and reel are packed as indicated in Figures 6-35

through 6-37.

DESICCANT
POUCHES

HUMIDITY
INDICATOR
CARD

240821-33

Figure 6-27. Bag Packing for PLCC Full or Half Length Tubes
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POUCHES

HUMIDITY
INDICATOR
CARD

240821-33
Figure 6-28. Box Packing for PLCC Tubes
DESICCANT DESICCANT BAG
POUCHES
HUMIDITY INDICATOR
FOAM END CAP
240821-34
Figure 6-29. Bag Packing for PQFP Tubes
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Figure 6-30. Box Packing for PQFP Tubes
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s
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Figure 6-31. Placement of Label on # 3 Shipping Box
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Figure 6-32. Bag Packing for Jedec Trays
TOP PORTION
FOLDER UNDER
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Figure 6-33. Box Packing for Jedec Trays
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\

#3 BOX DESICCANT
BARCODE LABEL JEDEC TRAY BOX
(FRONT FLAP)

240821-39

Figure 6-34. Placement of Label on Jedec Tray Box

DESICCANT BAG

REEL DESICCANT POUCHES
HUMIDITY INDICATOR CARD
240821-40
Figure 6-35. Bag Packing for Tape and Reel
J
CORNERS
TAPE & REEL FOLDED
“PIZZA” BOX UNDER
(with bubble wrap
and end foams)
240821-41

Figure 6-36. Box Packing for Tape and Reel
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Figure 6-37. Placement of Desiccant Included Label on Tape and Reel Box

HANDLING

The following information details handling procedures that should be used with PSMC’s
packed in desiccant bags and intended for surface mount applications. Following these han-
dling guidelines will ensure that PSMC’s maintain their as-shipped, dry state alleviating
package cracking and other possible moisture-related, stress-induced concerns that may be
associated with the surface mount process.

® Incoming Inspection. Upon receipt, shipments should be inspected for a seal date within the
last six months. Bag integrity should also be verified. There should not be holes, gouges,
tears, or punctures of any kind that expose either the contents or an inner layer of the bag.
The barcode label can be reviewed for conformance to the purchase order, but the bag
should not be opened until the contents are ready to be used (either inspected or board-
mounted). Please see the following “Manufacturing Conditions/Floor Life” section for
details of allowable exposure times once the devices are removed from the bag or exposed to
the ambient.

® Storage Conditions/Shelf Life. The customer will receive components in the sealed MBB
between 0 and 6 months after the seal date indicated on the Desiccant Barcode label. The
sealed bag and enclosed desiccant have been designed to provide a total of 12 months of
storage (Intel storage time + customer storage time) from the seal date in an environment
as extreme as 40°C and 90% relative humidity. The customer will have at least six months
of shelf life available on the components without the need to rebake them before use.

If the worst-case storage conditions (time, temperature, or relative humidity) are exceeded
and there is a need to verify whether inventory has been affected, a bag can be opened and
the HIC can be checked for expiration. If the HIC has not expired (as indicated in the
“Humidity Indicator Card” section), new desiccant can be added and the bag resealed
(“Resealing” section follows). If the HIC has expired, the devices should be 1) rebaked and
used in manufacturing with the guidelines outlined in the “Rebaking” section, 2) rebaked
and resealed in an MBB with fresh desiccant, or 3) rebaked and stored in an environment of
<20%RH before they are used in a surface mount process. Please see “Rebaking” section
for additional information.
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® Opening MBB’s. To open a moisture barrier bag when the contents are ready to be used or
inspected, simply cut across the top of the bag as close to the seal as possible, being careful
not to damage the enclosed materials. By cutting close to the seal, you will allow as much
room as possible for resealing possibilities. Once the bag has been opened, please follow
guidelines for ambient exposure time in the following section to ensure that devices are
maintained below the critical moisture level.

¢ Manufacturing Conditions/Floor Life. Once the barrier bag is opened, the information that
Intel currently has available indicates that the components must be surface mounted within
48 hours, based on a manufacturing environment not more extreme than 30°C/60%RH. If
the components cannot be used within 48 hours, they should be put into a dry storage
environment immediately, or resealed in an MBB with fresh desiccant as soon as possible
with the remaining parts and fresh desiccant. In either case, the allowable ambient exposure
time must be decreased by the time that the units are out of the barrier bag or dry storage
environment. In other words, if the parts are exposed to the ambient for three hours, the
remaining available exposure time would be 45 hours. 30°C/60%RH is given as a guideline
for typical worst-case conditions and is the environment that was used to evaluate compo-
nent floor life.

In an environment maintained at 40°C/40%RH (or lower temperature and/or relative
humidity—neither can be higher than 40°C or 40%RH), components may be exposed to
the ambient for up to 92 hours. All of the same restrictions for exposure time (outlined
above) apply.

In more extreme environments, “safe’” ambient exposure time will be less. If your manufac-
turing floor conditions are more extreme than 30°C/60%RH, please consult your local
Field Sales Engineer who has been given information regarding technical contacts within
Intel.

Where exposure times and/or ambient conditions are difficult to control, Intel highly rec-
ommends dry storage capability (please see following section).

® In-Process Storage. Intel Aighly recommends having dry storage capability available for
units that will not be used within the allowable exposure time. PSMC’s can be stored
outside of the barrier bag indefinitely if the ambient relative humidity is less than 20%. This
applies to both long term and in-process storage. A desiccator with dry nitrogen or air
(<5%RH source) is suggested for such storage. (Please see “Materials” appendix following
handling diagrams for more information.)

Rebaking. Units need to be rebaked if and only if they have been exposed to excessive
moisture as indicated by exceeding the recommended 48 hours of ambient exposure time or
by expiration of the HIC (see “HIC” and “Desiccant” sections for instructions on how to
determine expiration).

In the event that units need to be rebaked, Intel recommends the guidelines outlined in the
following text. If the components are to be rebaked in the shipping tube, tape and reel and
trays, they need to be baked at 40°C (+5°C/—0°C), <5%RH for 192 hours. The low
temperature bake takes longer to dry the devices sufficiently, but does not cause deforma-
tion or other detrimental effects to the shipping containers. Handling concerns introduced
by the need to transfer devices to high temperature containers associated with the 125°C
bake are, therefore, not an issue. Please note that all other packing materials such as the
bag, desiccant, humidity indicator card, and cushioning materials must be removed to
provide free air or nitrogen circulation and should not be baked.
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A faster bake of 125°C for 24 hours may be used to dry components if they are removed
from shipping tubes, or tape and reel. In this case, only the high temperature plastic trays or
metal containers can be used.

After the bake, components must be; 1) surface mounted within 48 hours for the 40°C bake
and 130 hours for the 125°C bake; 2) sealed in a moisture barrier bag with fresh desiccant;
or 3) stored in a desiccator (as described above in “In-Process Storage” section) until used.
(For technical details behind exposure time, please see “‘Supporting Technical Information”
section.) All bake times given are the time that the oven is at the required temperature and
do not include temperature ramps.

Units may be rebaked as many times as necessary using the low temperature (40°C) bake.
Units should not be rebaked more than once if using the high temperature (125°C) profile to
ensure that solderability is not degraded beyond acceptable limits during the baking pro-
cess.

Resealing Moisture Barrier Bags. If there is a need to reseal Moisture Barrier Bags for any
reason, Intel recommends the following guidelines to ensure that the bag seal does not
allow moisture into the bag. The seal area must not exhibit any separation when subject to
load and temperature conditions specified in MIL-B-81705B, Paragraph 4.8.1, and must be
impermeable to moisture according to MIL-B-81705B, Paragraph 4.8.2. Intel uses a seal
pressure to 60 psi—70 psi, and a seal time of 3—4 seconds at approximately 225°C. Intel has
qualified the sealer indicated in “Materials” appendix following handling diagrams. (Please
read “Note” following this information.) The integrity of the seal is vital to the storage life
of the devices.

® Process Flow. Intel ships moisture sensitive PSMC which have been packed following a
tightly controlled process. This flow is shown in Figure 6-38.

TEST
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PACKAGE
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SEAL

SHIP OUT

REJECT

240821-43

Figure 6-38. PSMC Packaging and Bagging Flow Chart
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SUPPORTING TECHNICAL INFORMATION

The phenomenon of moisture induced plastic package cracking during high temperature
reflow soldering for surface mount has been discussed by several investigators, including Intel
(see Reference 9). Moisture absorbed to a concentration dependent on the storage environ-
ment, can vaporize during the rapid heating of the solder reflow process and generate pres-
sure at the metal leadframe-to-plastic interfaces in the package. This, along with the further
stress of thermal expansion mismatches between the metal leadframe and plastic encapsulant,
can lead to delamination between the die/leadframe and the encapsulant, followed by swell-
ing and cracking of the plastic. Subsequent high temperature exposure and moisture in the
package can drive ionic contaminants through these openings to the die surface increasing the
potential for device failure due to corrosion. Intel has previously published the saturated
moisture level at which package cracking is observed and the safe allowable moisture content
for which package cracking jeopardy does not exist (see Reference 9).

Once the cracking jeopardy of surface mounted PSMC’s was identified, Intel characterized
component absorption/desorption rates and saturation limits as a function of temperature
and relative humidity. Intel engineers have proposed a model describing the kinetics of
PSMC moisture absorption based on this data (see Reference 10). The handling and shelf life
guidelines outlined in the first section of this document are based upon the experimental
analysis of the desiccant pack materials. The water vapor transmission rate of the moisture
barrier bag (MBB), desiccant absorption rate and saturation levels, and maintainable MBB
internal relative humidity were all important factors in developing the recommendations
given.

Customers using PSMC’s in non-SMT applications may continue to use PSMC’s without
altering their current process flow. Non-surface mounted PSMC’s do not undergo the same
temperature excursions and thermal stresses associated with the VPS or IR solder reflow
processes and, therefore, do not have the same package crack jeopardy related to them as
unprotected PSMC’s used in SMT applications.

In previous work (see Reference 9), Intel discussed the reliability “preconditioning” test
sequence developed to emulate the surface mount board assembly process prior to qualifica-
tion testing. As part of that flow, an exposure to 85°C/85%RH was listed with the exception
that it was not to be used with “moisture sensitive” product”. Following additional experi-
ments, Intel now recommends the revised flow included in Appendix A. This flow indicates
stressing “moisture sensitive” units using 85°C/30%RH.

Characterization Data

® Moisture Absorption. The moisture absorption curves for the 68-lead PSMC as a function
of temperature and percent relative humidity are shown in Figure 6-39. Moisture absorp-
tion characteristics of 68-lead PSMC’s have been used throughout this work as a worst case
behavior limit because of the large die sizes involved. As shown in the curves, temperature
is the controlling parameter determining absorption rate in the ‘“short time” view. The
saturation limit is a function of both relative humidity and temperature, relative humidity
being the major contributor to the final percent weight gain of the components. Earlier
work (see Reference 9) reported the allowable safe moisture content to be 0.11% by weight.
This line has been overlaid on Figure 6-38. Components absorb this critical amount of
moisture rapidly unless they are stored under low humidity conditions, e.g., 20%RH.
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o Exposure Times in Different Environments. The absorption curves for common manufac-
turing and warehouse environments are shown in Figure 6-40. The allowable safe moisture
content line and the intersection of that line with Intel’s standard manufacturing floor
environment of 30°C/60%RH have been added. At this condition, components absorb
0.11% moisture in 130 hours. Because Intel bakes units, then marks, packs, and ships them
to customers, some of this exposure time is expended. The customer will receive compo-
nents which have a minimum of 6 months available shelf life in the customer’s warehouse
and a 48 hour acceptable exposure time on the customer’s factory floor in manufacturing
environments of <30°C/60%RH.

Some customers will require more than 48 hours to complete their board assembly. There
are options available to extend the allowable exposure time of PSMCs before SMT reflow
processing. Storage in desiccators on the manufacturing floor will extend the working life of
units indefinitely as long as the time of exposure out of the desiccator is less than a total of
48 hours in an environment no more extreme than 30°C/60%RH. Alternately, components
may be exposed for 92 hours if the manufacturing environment is maintained at
40°C/40% RH or at less severe conditions.

More severe environments will decrease the acceptable amount of exposure time on the
customer factory floor. To assess the impact of other environments, the curves of Figure 6-41
were normalized to the time that the MBB is opened on the customer floor. This family of
normalized weight gain versus time curves is provided in Figure 6-41. For instance, the 30°C/
60%RH curve crosses the 0.11% weight gain line at 48 hours. From these curves, exposure
times in more severe factory environments can be determined.
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Figure 6-39. Unbagged Component Weight Gain versus T and RH
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Figure 6-40. Component Weight Gain in Common Manufacturing Environments
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Figure 6-41. Normalized Component Weight Gain

® Desiccant Packing (General). When components are stored in MBB’s with the appropriate
amount of silica gel desiccant, it takes much longer for packages to gain the critical mois-
ture content. After 526 hours at 65°C/60%RH, 68-lead PSMC stored in desiccant pack
had absorbed 0.008% moisture. The relative humidity inside the bag during this time was
<10%RH as measured by the humidity indicator card. The outside storage ambient has
relatively little impact on the PSMC moisture absorption within the desiccant packing. The
respective percent weight gains of bagged components stored at 40°C/25%RH,
40°C/85%RH, and 65°C/60%RH were found to be statistically indistinguishable even
after 526 hours of continuous storage. Therefore, the moisture is being absorbed preferen-
tially by the desiccant and the PSMC’s see an effective environment of <10%RH.
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® Desiccant. Desiccant moisture absorption as a function of temperture and %RH is dis-
played in Figure 6-42. The time to saturation is very rapid with increasing relative humidi-
ty—within 48 hours at the higher humidities. At 40°C/25%RH, desiccant is still absorbing
moisture after 526 hours, however. Figure 6-43 compares bagged desiccant and desiccant in
various ambient conditions. The relative humidity inside the sealed MBB is <10%—well
below the saturation level of the desiccant.
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Figure 6-42. Desiccant Absorption versus T and RH

® Moisture Barrier Bag (MBB). The opaque MBB meets MIL-STD-81705B TYPE I for
ESD and mechanical stability. The measured water vapor transmission rate (WVTR) of the
bag is better than the MIL-STD requirements for moisture protection. The WVTR =
0.004 gm/100in2/24 hrs as measured at 40°C/85%RH.
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Figure 6-43. Comparison of Bagged Desiccant and Desiccant Exposed to Ambient
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® Amount of Desiccant. The silica gel desiccant is supplied in 2 unit (50 gm) pouches. The
amount of desiccant per MBB is a function of the bag surface area, 0.24 gm/in2. See Table
6-3 in the Handling procedures section for specific number of pouches per MBB. The
saturation limit for silica gel at 10%RH is 6.8% by weight at 25°C.

o Shelf Life. Intel has determined the shelf life of bagged components based upon the bag
WYVTR, the desiccant absorption rate, and the desiccant saturation limit. The total shelf life
(Intel + customer) for bagged components in worst case warehouse conditions of
40°C/90%RH is 12 months.

Rebaking

¢ High Temp Bake. If the HIC indicates that the contents of the MBB have expired, the
components can be baked to desorb moisture. Two bake profiles are recommended. The
higher temperature bake of 125°C for 24 hours was discussed in the technical paper of the
first notification (see Reference 9). This requires that the components be removed from
plastic shipping tubes, trays or tape and reel and placed in metal or high temperature
plastic containers. Components should be handled carefully to avoid lead coplanarity prob-
lems or any other type of damage. After this bake, the units may be exposed to an environ-
ment not more extreme than 30°C/60%RH for a maximum of 130 hours.

® Low Temp Bake. Intel has also identified a low temperature bake profile. It allows compo-
nent moisture desorption in the original plastic shipping containers and, thereby, avoids
possible damage to component leads that might be introduced through additional handling.
The low temperature bake is a 192 hour dwell at 40°C (+ 5°C, —0°C)/<5%RH. Figure
6-43 shows the curves for moisture desorption in these conditions. After 192 hours, saturat-
ed components will desorb moisture down to a residual moisture content of 0.07% worst
case. This will allow a maximum of 48 hours ambient exposure time in environments not
more extreme than 30°C/60%RH before the safe allowable moisture content of the pack-
age is exceeded. Refer to Figure 6-39, “Component Weight Gain in Common Manufactur-
ing Environments”, for the exposure time allowed before the weight percent moisture gain
of the package reaches the critical level. The low %RH condition in the oven is critical.
Longer bakes are required if the humidity exceeds 5%RH. Note that the temperature of the
bake is limited by the thermal stability of the device shipping containers. The shipping
containers will not hold dimension at bake temperatures higher than 45°C (40°C +5, —0
as indicated).

® Solderability Considerations/Number of Rebakes. Solderability tests performed on
PSMC’s exposed to either bake cycle are the basis for Intel’s recommendations and limits
on the number of allowable bake cycles. Work published in the previous technical paper
(see Reference 9), established that PSMC’s should not be baked more than once by the
customer if using the high temperature bake of 125°C for 24 hours. Following this guideline
will limit the formation of CugSns intermetallic and therefore, not promote solderability
degradation. The low temperature bake of 40°C for 192 hours does not require this restric-
tion.
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Figure 6-44. Saturated Component Weight Loss at Low Temperature

® Because components are baked in the shipping containers at the 40°C bake—tubes, trays, or
tape and reel—possible outgassing products as well as intermetallic formation impact on
solderability were evaluated. Figure 6-45 is a ‘“box plot” analysis of solderability measured
by coverage of the leads in “number of squares”. There is overlap in the distributions of, 1)
the control units stored in metal trays, 2) units stored in plastic shipping containers and, 3)
units baked in plastic shipping containers, therefore, there is no statistical difference be-
tween the treatments. No difference in solderability was observed after multiple rebakes at
low temperature. Based on this data, there is no restriction on the number of times devices
can be rebaked at the recommended low temperature before solderability is degraded be-

yond acceptable limits.
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Figure 6-45. Solder Coverage versus Temperature
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EVALUATION OF PSMC DEVICES FOR MOISTURE SENSITIVITY

The problem of moisture stress sensitivity and package cracking during surface mount is not
unique to any one computer design or manufacturer. A method is needed for evaluating the
“moisture sensitivity” of devices supplied by different manufacturers. The method that Intel
has developed to determine whether a package/die combination is “moisture sensitive” with
respect to package cracking follows. Uniform application of this methodology is one way to
evaluate devices from different vendors to determine which devices, if allowed to absorb
moisture, have a high probability of cracking during surface mount procedures. Also includ-
ed is a method which can be used to assess device failure rates in surface mount applications.
This can also be useful for comparison purposes and comprehends failure rates due to any
kind of surface mount induced, stress-related failure. This method is commensurate with that
being proposed by the IPC in IPC-SM-786.

Method for Evaluating Devices for Package Cracking

NOTE:
One product cannot be used to categorize a vendor’s entire portfolio as moisture sensitive or
not, since package cracking is a function of die paddle area (the area of the lead frame where
the die is attached) and minimum package plastic thickness. Each product must be evaluated
individually.
® Bake 10 units of each product for 48 hours at 125°C to dry out any absorbed moisture
(preferably 5 units from each of 2 date codes).

¢ Saturate the units by soaking in an unbiased Temperature/Humidity chamber for 168
hours using the following temperature/humidity combinations:

— Use 85°C/85%RH to simulate behavior under uncontrolled storage conditions.

— Use 85°C/30%RH to simulate behavior of “dry” units shipped in desiccant pack or
units baked prior to surface mount and then exposed to the ambient for the maximum
allowable exposure time.

® Run the units through one pass of solder reflow (vapor phase or infrared) within 8 hours of
removal from Temperature/Humidity chamber.

® Pot the units, in preparation for cross-sectioning, using an epoxy resin such as Kold-mount
(Vernon-Benshoff Co.) or Buehler Epoxide Resin. The units should be placed in the mold
with the package edge down rather than with the leads down. Several units can be potted
together.

® Cross-section the sample using a diamond saw to cut through the die center. This area has
been found to be “worst case”. A cross-section can also be taken at an edge of the die (see
attached Figure 6-46) if desired. (X-raying the units prior to potting will aid in determining
where to cross-section). Polish to a 6 micron finish.

¢ Clean the sample using isopropyl alcohol in an ultrasonic cleaner.
¢ Examine the cross-section at 30X under a stereo microscope to look for package cracks.

¢ Observations can be classified into three general categories: 1) no visible cracks, 2) short
cracks, and 3) long cracks. Any crack which reaches more than two thirds (%) of the
distance to the lead frame or package edge is considered a long crack. This distinction is for
comparision purposes only.
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Devices which exhibit package cracking after saturation at 85°C/85%RH have an increased
probability of cracking during the SMT process if they are surface mounted after storage
under uncontrolled conditions. Such devices should be treated as “moisture sensitive” and
only used in a “dry” state for SMT applications. This “dry” state can be achieved either by
baking the units prior to surface mount or by receiving “dry” devices in desiccant pack from
the vendor (as Intel currently provides).
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Figure 6-46. Package Crack Analysis Cross Sectioning Locations

The method outlined above only indicates whether or not a device is susceptible to package
cracking. To evaluate surface mount related failure rates over time, it is necessary to stress
the units. The following describes a procedure using temperature cycling and THB (tempera-
ture/humidity, biased) stressing to evaluate failure rates due to any kind of surface mount-re-
lated, stress-induced failure.

Method for Evaluating Device Failure Rates

® The following flow (as shown in Figure 6-47) will determine the failure rate of one product
from one vendor. The process should be duplicated for additional vendor/product combi-
nations that need to be assessed.

® Determination of failure rates and resulting comparisons should only be made after analysis
of failures has been completed. Invalid failures may result and should not be used in the
final failure rate assessment.
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® Precondition 154 units per lot from three different lots of the same product (462 units
total). This flow simulates the conditions and chemical exposures a device typically sees
during board mount and rework as indicated.

® A reduced sample size of 90 units per lot (270) total can also be used. Sample sizes given are
based on LTPD charts given in MIL-STD 38510.

® Please note that the preconditioning flow given here is a generic flow.

¢ Following pre-conditioning, divide each of the three lots in half and subject them to the
following stresses:

THB (85°C/85%RH, Biased) Temp Cycle MIL-STD Condition “B”
3 lots of 77 units each 3 lots of 77 units each
(45) (45)
Read-out at 168 hours Read-out at 200 cycles
500 hours 500 cycles
1000 hours 1000 cycles

BAKE AT 125°C
TO DRY COMPONENT

|

SOAK AT SPECIFIED
T/%RH COMBINATION
(SIMULATES WORST CASE
AMBIENT EXPOSURE)

|

SIMULATION OF BOARD
LEVEL ASSEMBLY PROCESS

240821-52

Figure 6-47. Preconditioning Flow for Surface Mount Packages
(before Temp Cycle and THB Stressing)

Numbers given in () represent number of units if using reduced sample size.
® All read-outs are electrical read-outs.
® Once again, failures should be analyzed before device failure rates are evaluated.

THB and Temp Cycle failure rates are not easily correlated to field failure rates unlike
failures which occur during high temperature lifetesting (burn-in). However, failures which
occur during THB and Temp Cycle stressing can indicate a potential problem and should be
discussed with the vendor.

VPS/IR SOLDER REFLOW PROCESS RECOMMENDATIONS

Reflow Profiles

A typical infrared reflow temperature-time profile of a PLCC solder joint in an in-line oven is
shown in Figure 6-48. A typical vapor phase reflow profile of a PLCC solder joint in a batch
oven is shown in Figure 6-49. Table 6-6 lists the important characteristic parameters and
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their recommended limits for these profiles. To establish an infrared reflow profile, the con-
veyor speed and the oven panel temperatures have to be established. To establish a vapor
phase profile for batch machines, the elevator speed and board dwell time in the primary zone
have to be established.

HEATING RATE

To avoid a thermal shock on sensitive components, their maximum heating rate, also called
the maximum ramp rate of the temperature, should be controlled. For infrared reflow, the
maximum heating rate can be maintained below 2°C per second in most in-line IR ovens,
even though in some ovens, this maximum may occur in zones following the preheat zone. In
Figure 6-48, the maximum ramp rate occurs in the preheat zone.

For vapor phase reflow, because of the sharp temperature transition between the primary and
the secondary vapor zones, the maximum heating rate cannot be maintained below 2°C per
second. With proper elevator or conveyor speed and preheat temperature adjustment, the
maximum heating rate can be controlled below 6°C per second.

PEAK TEMPERATURE IN PREHEAT ZONE

During infrared reflow, the boards are preheated in the initial zone of the oven, which is also
called the preheat zone. To avoid over-baking the solder paste and exceeding the glass tran-
sition temperature of the epoxy in FR-4 boards, the peak temperature in the preheat zone of
the boards and the solder paste on the lands should not exceed 125°C in IR ovens. For vapor
phase reflow, boards are generally preheated in a separate oven; either a batch convection
oven or an in-line infrared oven. In any case, the peak temperature of the boards and the
paste during preheat should not exceed 125°C.

TEMPERATURE
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Figure 6-48. A Typical Infrared Reflow Temperature-Time Profile
of a PLCC Solder Joint in an In-Line Infrared Oven
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Figure 6-49. A Typical Vapor Phase Reflow Profile for a PLCC Solder Jointin a
Batch Vapor Phase Machine
Table 6-6. Table of Limits for Critical Reflow Profile Characteristics

Characteristic # Characteristic Infrared Vapor
(Figures 6-48 & 6-49) Description Reflow Phase
1 Maximum Heating Rate 2°C/sec 6°C/sec
Peak Temperature in Preheat Zone 125°C 125°C
3 Duration of Time above Melting Point of Solder | Min—10 secs | Min—10 secs
Max—80 secs | Max—80 secs
4 Peak Reflow Temperature Min—200°C Min—205°C
Max—225°C Max—220°C

TIME ABOVE SOLDER MELTING POINT

A minimum of 10 seconds and maximum of 80 seconds is recommended for the duration of
time that the solder at the joint is above its melting point. The solder should be given
sufficient time above its melting point to flow and wet the lands and the leads. However,
extended duration above the solder melting temperature will damage the board and sensitive
components. Moreover, excessive intermetallic compound formation between the solder and
the base metal of the lands and leads will occur which may degrade solderability and solder
joint fatigue characteristics.

PEAK REFLOW TEMPERATURES

The peak temperature of the solder joint during reflow should be high enough for adequate
flux action and solder flow to obtain good wetting. However, it should not be so high as to
cause component and board damage or discoloration. In infrared reflow ovens, the peak
reflow temperature is primarily controlled by the panel temperatures in the reflow zone and
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secondarily by the conveyor speed. In infrared reflow ovens, the peak temperature of the
PSMC should be limited to 225°C. In vapor phase reflow, the peak reflow temperature of the
solder joint is determined by the boiling temperature of the primary fluid and the dwell time
of the board in the primary zone. The standard primary fluid used for surface mount assem-
blies has a boiling point of 215°C at sea level. Hence, accounting for elevation changes, the
peak temperature of the package during VPS reflow is limited to 220°C.

OTHER CHARACTERISTICS

Cooling rate: The cooling rate of the solder joint after reflow is important because the faster
the cooling rate the smaller grain size of the solder. Smaller grain size solder has a higher
fatigue resistance. If fans are used to cool the boards after they exit the oven, a cooling rate of
10°C per second at the solder freezing point can be easily achieved. However, if there are no
cooling fans, the cooling rate at the solder freezing point is less than 1°C per second. This is
illustrated in Figure 6-49.

Duration of time the board temperature is above 150°C: the duration of time the board
temperature is above 150°C should also be minimized. Glass-epoxy FR-4 boards can be
damaged if kept above 150°C for an extended duration of time because the glass transition
temperature of the epoxy is exceeded. This duration should be limited to 2 minutes maxi-
mum.

Rework Profiles

Generally, rework of surface mount components is done by using hot air reflow. Hot air is
blown on the leads and the solder joints of the part to be reworked and the part is pulled
away from the board once the solder on all solder joints is molten.

Figure 6-49 shows a typical temperature-time profile of a lead on a 84-lead PLCC while being
reworked using a hot air rework machine. Initially, the leads are preheated with the nozzle
some distance away (typically an inch or more) from the package body. Then, the nozzle is
lowered to a point just above the package body and the temperature of the leads increases
sharply till it reaches a peak. At this point the package is removed from the printed circuit
board.

To prevent moisture-related damage in SMT components during removal, perform rework/
removal before the 48 hour exposure limit has expired. If this is not possible, the populated
boards should be baked at either 125°C for 24 hours or 40°C for 192 hours. Note: if the
exposure time limit has not yet expired, storing the populated boards in a desiccator
(<20%RH) until rework/removal is done will eliminate the need for a bake.
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Figure 6-50. A Typical Temperature-Time Profile of a Lead on an 84-Lead PLCC
while the Package was being Reworked with a Hot Air Rework Machine

HEATING RATE

The quickest ramp rate in the hot air rework profile occurs when the nozzle is lowered on to
the package after preheat. This section is denoted as 1 in Figure 6-50. This temperature ramp
rate should be restricted to less than 8°C per second to avoid excessive thermal shock on the
package body.

PEAK TEMPERATURE

The peak temperature of the leads during the rework procedure should obviously be greater
than the melting point of the solder in the solder joint. However, if the peak temperature is
too high there is the possibility to damage the package or the printed board by excessive heat
application. For eutectic tin-lead solder, this peak temperature, denoted by 2 Figure 6-50,
should be in the range 200°C to 230°C. '

OTHER CONSIDERATIONS

Nozzle design is very critical to obtaining an effective rework profile using hot air rework
equipment. Generally, the leads on the edges of the package heat up quicker than the leads
towards the center. Consequently, the edge leads reach the melting point of the solder before
the center leads on each side of the package. The difference in temperature lag between the
edge and center leads is greater for larger packages and for poorly designed nozzles can be
20°C: However, with a nozzle that blows more air on the center leads, this temperature can
be reduced to less than 5°C.
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The following is a list of vendors who supply aluminum tubes suitable for baking PSMC
packages in users’ processing to remove moisture from packages prior to Solder reflow:

TDA BELL-CARRY

9124 South East 64th 14913 Gwen Christ Count
Portland, Oregon, 97206 U.S.A. Paramount, California 90723 U.S.A
Phone # (503) 775-6791 Phone # (213) 531-2070

SMC BOARD REMOVAL TECHNIQUES

Intel recognizes the need for SMC board removal procedures that maintain the electrical and
mechanical integrity of the component leads. The requirement for electrical testability of
removed SMCs is driven by the need (1) to confirm device failure as the cause of board-level
nonfunctionality, (2) correlate device failure between the customer board assembly site and
Intel, and (3) perform electrical testing as part of the failure analysis procedure. Therefore,
the following removal procedure has been developed to ensure component lead coplanarity
and lead finish integrity.

Recommended Materials for Removal of SMCs

Materials used in the removal of SMCs are as follows:

® PCB with device to be removed

® Pace Craft-100, Air-Vac DRS-21, or equivalent® hot air solder reflow system
® Nozzle for optimized air flow. The nozzle is package dependent.

® Vacuum cup. The vacuum cup should be large enough to cover the center of the device
without extending over the leads.

® Tweezers

o Safety glasses

e Pallet to retrieve component once it is removed
® Solder wick or hot air gun/blade

NOTE:
*The above is not an endorsement of any kind nor a warranty of performance of the equipment or company.

BOARD PREPARATION

Many plastic surface mount components and some ceramic chip components are moisture-
sensitive. In addition, glass fiber-reinforced PCB materials can be subject to measling and
other thermal-/humidity-induced damage.

As discussed in the section on desiccant pack, the package body is not heated by direct
impingement of hot air. However, it can reach significant temperatures by radiant and con-
vective heating from proximity to the reflow air nozzle. Therefore, rework procedures should
be calibrated to prevent package body temperature from exceeding 200°C.
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Moisture-sensitive surface mount components should be dried by a prebake prior to rework
to prevent damage to the board and the component. If it is determined that the component
for removal is not moisture-sensitive, standard assembly handling and preheat procedures
should be followed (see section below on “Removal Procedures”). If the component has been
exposed to excessive moisture, it is necessary to dry it by baking the entire assembly at either
125°C for 24 hours or 40°C for 192 hours.

The air flow of the rework nozzle should be calibrated to ensure that leads and solder exceed
the reflow temperature of the solder joint. The temperature of the package body should
remain below 200°C.

REMOVAL PROCEDURES

The following procedures are recommended for removing SMCs from the PC board:

® Turn on the rework equipment at least 20 minutes before beginning the removal procedure
to ensure that the air flow is at the correct temperature. Insert the PCB into the work
holder.

¢ Adjust the work holder so that the device is centered under the hot gas nozzle. Lower the
nozzle over the device and align. The alignment of the nozzle to the device is critical to
ensure a uniform heating rate of the leads.

® Raise the nozzle and lock it into position. Lower the vacuum cup and check that it is the
proper size.

To reflow the solder, set the timer for the appropriate dwell time for the package type and
size, as listed in Table 6-6. Pressure and time can be adjusted to optimize the process, but
any modifications for increased throughput should not increase the temperature of the
component body above 200°C.

Lower the nozzle until it is 5 mils—10 mils above the shoulder of the leads. This height is
crucial: If the nozzle is too high, the heating time must be increased; if positioned too low,
the nozzle can cause damage to the leads.

® Using the automatic mode, reflow the solder. Once the air flow has shut off, immediately
raise the component from the board. Icicling can be minimized or eliminated by removing
the component from the board surface quickly using a smooth upward motion. The direc-
tion of removal must be normal to the plane of the board to prevent bridging. Do not twist
or tilt the component during the removal process.

® To retrieve the component once it has been removed from the board, use the pallet (Pace
safety handle). Turn off the vacuum and let the part drop onto the pallet. The drop distance
should not exceed 2 in.

NOTE:
If resistance is felt when lifting the component off the board surface, do not force the part. Re-expose the unit to
the heating cycle and then repeat the removal process. If the component still will not separate from the board,
terminate the removal procedure. Determine if the component has been adhesively attached to the board. If so,
alternate removal procedures—not covered here—will be required for removal.
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Table 6-7. Parameters for Component Removal (Based on the Pace Craft-100)

Package Lead Tiead Center Tiead Edge Min Time
Type Count (°C) (°C) (sec)
PLCC 32 282 277 25 +5/—-0
44 291 281 25 +5/—0
68 277 276 35 +5/—-0
PQFP 100 270 250 35 +5/—0
132 280 250 35 +5/—0
164 280 250 35 +5/-0
Cerquad 32 269 271 55 +5/-0
44 289 277 55 +5/—-0
68 251 252 60 +5/—-0
NOTE:

Pace air stream temperature = 350°C
Pace No pressure = 40 psi

REWORK OF LEAD SURFACE MORPHOLOGY AFTER REMOVAL

Intel has found that careful removal of SMCs using the above recommended procedures
greatly reduces the need to rework leads. However, if bridging or icicling occurs, Intel recom-
mends the use of solder wick or a hot air gun for rework.

Bridging can be removed by using a solder wick. Holding the solder wick over the bridged
leads, bring a fine-tip soldering pencil in contact with the bridged area. When the solder
reflows, touch the wick to the molten solder, absorbing the excess.

Icicling can be eliminated by reflowing the solder with a hot air gun (T > 190°C). Place the
part, leads up, on a heat-resistant horizontal surface. Run the hot air blade or gun across the
affected leads, reflowing the solder. Allow the solder to fully resolidify before moving the
component. Be sure that the hot air knife does not increase the localized package body
temperature above 200°C.

NOTE:
This procedure was developed on a Pace Craft-100 rework station. Critical configuration requirements include a
hot air source capable of maintaining 350°C, a nozzle design that evenly distributes air flow to all four sides of the
package, and a timer. Intel recommends that customers calibrate their removal systems to achieve commensurate
parameters. Calibrate the component lead temperature, time to reflow, and capability for component removal nor-
mal to the plane of the PCB to correlate to this set of recommendations.

SUMMARY

Intel recommends that three critical parameters be met to ensure electrical testability of a
component® removed from printed circuit boards: (1) The solder must be completely molten
before removal is initiated; (2) the removal direction must be normal to the plane of the
board; and (3) no movement, in-plane or tilting, of the removed component should occur
until the solder completely resolidifies. Intel recommends specific temperatures and dwell
time at temperature as a function of package type and size.

NOTE:
*This pertains to components that have not been adhesively attached to the board for double-sided board usage.
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CHAPTER 7
SHIPPING AND PACKING

PACKING MEDIA

Tubes

Plastic shipping and handling tubes are manufactured from polyvinyl chloride (PVC) with an
antistatic surfactant treatment. Standard tubes for most package types are translucent and
allow visual inspection of units within the tube. Carbon-impregnated, black conductive tubes
are available for all parts, where required by device or use characteristics.

Tube profiles are designed with minimum clearance over the maximum package dimensions
to reduce damaging movement of the device within the tube. For some package types, tubes
have “riding rails” on which the packages rest while in the tube. The rails protect the fragile
leads from touching anything in the tube. All tube wall thicknesses are 0.025 in. to 0.040 in.
Tables 7-1 through 7-7 show tube dimensions, cross-sections, and quantity per tube for most
Intel package types. Further information on new packages should be requested through Intel
Field Sales.

Table 7-1. PLCC Shipping Tube Dimensions (In Inches)

Lead sCrc:_ss wall Outside Dimensions Qu;ntity
Type ection Thickness - - er
(W x H) Length (L) | Width (W) | Height (H) Tube
20L Square D] 0.030 19.375 0.480 0.263 45
28L Square @ 0.030 19.375 0.580 0.263 35
441 Square @ 0.025 19.375 0.780 0.250 25
52L Square D] 0.030 11.50 0.880 0.263 12
68L Square (:) 0.025 11.50 1.090 0.250 9
—
28L Rectangular D 0.025 19.375 0.480 0.220 30
| NR—
32L Rectangular D 0.025 19.375 0.580 0.220 30
— e/
84L Square ’_—(jj 0.040 11.50 1.300 0.288 8

7-1 Order Number: 240822-001
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Table 7-2. Cerquad Shipping Tube Dimensions (In Inches)

Lead Cross Wall Inside Dimensions Quantity
Section . Per
Type Thickness
(WxH) Height (H) | Width (W) | Length (L) Tube
445Q @ 0.030 0.200 0.730 11.50 11
525Q @ 0.025 0.203 0.820 11.50 11
68SQ @ 0.030 0.200 1.040 11.50 9
28SQ @ 0.030 0.203 0.520 11.50 15
32R @ 0.030 0.175 0.530 11.50 12
Table 7-3. PQFP Shipping Tube Dimensions (In Inches)
Lead Cross Wall Outside Dimensions Quantity
Section . Per
Type Thickness
(WxH) Length (L) | Width (W) | Height (H) | Tube
84L PQFP @ 0.030 9.50 0.999 0.280 10
100L PQFP @ 0.030 10.50 1.099 0.280 10
132L PQFP @ 0.030 12.50 1.299 0.280 10
164L PQFP  —\ 0.030 14.50 1.499 0.280 10
A A
196L PQFP — 0.030 16.50 1.699 0.280 10
A A
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Table 7-4. LCC Shipping Tube Dimensions (In Inches)

Lead Cross wall Outside Dimensions Quantity
Section . Per
Type Thickness -

(WxH) Length (L) | Width (W) | Height (H) | Tube
18L L u 0.025 11.5 0.370 0.165 25
20L U L] 0.025 11.5 0.370 0.165 25
28L U U 0.025 115 0.530 0.165 22
32L L u 0.025 11.5 0.535 0.207 18
44L LJ LJ 0.025 11.5 0.736 0.180 16
68L = = 0025 115 1.060 0.235 10

D Y

32L 0.030 11.5 0.590 0.235 12
J-Lead
Rectangular
32L 0.030 11.5 0.600 0.260 16
J-Lead
Rectangular
EPROM
44L 0.025 i1.5 0.786 0.250 15
| O
Square
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Table 7-5. PGA Shipping Tube Dimensions (In Inches)

Lead SCro_ss Wall Outside Dimensions Quantity
Type ection Thickness Per
(W x H) Length (L) | Width (W) | Height (H) Tube
68L L L 7 0.040 20 1.250 0.460 15
é—é H
—_—ur —t
88L - =) 0.050 20 1.470 0.720 12
.
132L - =) 0.045 20 1.565 0.720 11
ﬂ
Table 7-6. Flatpack Shipping Tube Dimensions (In Inches)
Lead SC":_SS Wwall Outside Dimensions Qu;ntity
Type ection Thickness er
(W x H) Length (L) | Width (W) | Height (H) Tube
18L* 0.020 20 0.810 0.290 18
Ceramic L/—\—‘H
68L 0.040 20 2.138 0.628 9
Plastic
68L 0.035 20 2.120 0.610 9
Ceramic
Quadpack

*Aluminum Tube
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Table 7-7. DIP Shipping Tube Dimensions (In Inches)

Lead Cross Wall Outside Dimensions Quantity
Section . Per
Type Thickness ;
(WxH) Length (L) | Width(W) | Height (H) Tube
16L 0.020 20 0.600 0.510 24 (P)
B 23 (D)
23 (C)
18L 0.020 20 0.600 0.510 20 (P)
) 21 (D), (C)
20L 0.020 20 0.600 0.510 18 (P), (D)
T 17 (C)
24L 0.020 20 0.600 0.510 15
(300 mil) =
28L 0.020 20 0.600 0.510 14 (P)
(300 mil) ) 13 (D)
22L 0.030 20 0.727 0.535 17
(400 mil) m
24L 0.022 20 0.890 0.495 15
(600 mil) m
28L 0.022 20 0.890 0.495 13
(600 mil) m
32L D 0.022 20 0.890 0.495 11
40L D 0.022 20 0.890 0.495 9
48L 0.022 20 0.890 0.495 7P
? = \ 8 (C)
NOTE:
(P) = PDIP

(C) = Ceramic Sidebrazed

(D) = CERDIP
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CARRIERS

Additional protection from lead damage is necessary for the fragile leads of the flatpack
packages, which are shipped flat to be trimmed and formed at the customer site. Plastic
carriers are used to hold each unit, then the loaded carrier is placed in the tube. Carriers are
coated with an antistatic surfactant treatment like the tubes, and may be manufactured from
carbon-impregnated conductive PVC or nonconductive PVC, depending on the device. Fig-
ures 7-1 through 7-3 show a variety of carrier types.

-f-
A

[e————— 25.40 (1.000) ———

-
r__ﬁU ’Q}‘oos(o.ooz)@[o‘c@‘r@‘
[
= = =

— I_ | E—
———— ‘ ———]
. ———]
19.05 (0.750) ——
———]
——]
C - v
_C_
J

F

-F -

=
1

L— 2 10.16 (0.400)
(16X 1.27 (0.050))

—
———
————
—
JNI

L L

i

2X 10.16 (0.400) 4X 45° X 0.51 (0.020)

240822-1

Figure 7-1. 18-Lead Ceramic Flatpack Carrier



Figure 7-2. 68-Lead Ceramic Flatpack Carrier
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1.995 £ 0.005

ai l‘i_ 3X 0.183 % 0.002
—

= ([T

CE:J'

2.000 % 0.005 T
A

| 1.250

ﬂﬂﬂﬁﬂﬂﬂﬂ!%\/l_j ] ]

SECTION A=A
240822-3

Figure 7-3. 68-Lead Plastic Flatpack Carrier
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intel

Tape and Reel

The tape and reel packing system places PLCCs in a tape embossed with individual carrier
pockets. The devices are then sealed with a cover tape to retain and protect them. The loaded
tapes are next wound onto a reel similar to a movie reel. The number of devices per reel (or
capacity per reel) will vary depending on the lead count of the devices involved. Tape and reel
packing is growing in popularity, especially for PLCCs, because it preserves lead coplanarity.

The Electronics Industries Association (EIA) has set tape and reel standards for tapes mea-
suring from 8mm to 56mm (EIA spec. RS-481-A), as shown in Figures 7-4 through 7-6 and
Table 7-8. Standard reel size is 13 in.

Po

By is For Machine
Reference Only

D=Round Holes

KThis Side

10 pitches cumulative
tot. on tope £0.02

V (£0.008)

DETAIL
Elongated Hole

R Min.

Bending radius
See Note 2
Table 7-8

User Direction of Feed

Embossed
carrier

Including Draft and Radii  ro o . Py ] r
[ D B vy
s ' !
! Pt Rk - F
Ko ' A Y i: J _T—
\
By - -® SO -1 O B w
\ / W s
1 Iy eyl [
, - R
'\U U[g 0 00 0/
t 3
I: — Ay |
K Dy
See Note 1
—>{ [«— £0.05mm Max. Table 7~8

*Top cover
tape thickness (t;)
0.10

(0.004) Max.

100 mm |
(3.937)
1 mm Round Holes
(0.039) Mox- }
Gones - ]
0059%% 50200
Eo"j'orgg) Max. Elongated
250 mm Holes |
(9.843) Camber (Top View)

240822-4

Figure 7-4. EIA, Tape and Reel Standard for IC Packages
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6 6-0-6-
—*i !-— £0.05mm MAX.

l
__———
| | | |

240822-5

Figure 7-5. Sprocket Hole Skew

|« 20° MAXIMUM COMPONENT
_ ROTATION

TYPICAL
COMPONENT CAVITY
CENTER LINE

TYPICAL

i \«—" COMPONENT

CENTER LINE
240822-6

Figure 7-6. Maximum Component Rotation
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Trays

Intel offers trays for all PQFP and select PGA, LGA, cerquad, CQFP, and LCC package
shipping, in addition to tubes. All TSOPs are shipped in trays. Shipping trays are JEDEC
standard dimensions and can be baked to 125°C. The material of construction is high-temper-
ature polyethersulfone (PES) chosen for its high deflection temperature, superior strength,
and dimensional stability. All JEDEC trays have the same outside dimensions and are easily
stacked for storage and manufacturing. The tray cavities are designed to prevent damage to
the devices. QFP trays are EIAJ standard dimensions due to market demands, but are
comparable in construction.

Detailed drawings of trays for PQFP, TSOP, and QFP packages are shown in Figures 7-7
through 7-9 and Tables 7-9 through 7-10. Several other package types are available in trays
by special order; Intel field sales engineers can obtain drawings and specifications upon
request.
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Table 7-9a. PQFP Tray for Handling and Shipping

Variations (All Dimensions Are in Inches)

Symbol AA AB AC AD
Min Max Note Min Max Note Min Max Note Min Max Note

J 0.594 | 0.599 0.694 | 0.699 0.794 | 0.799 0.894 | 0.899
Ji 0.385 | 0.395 0.485 | 0.495 0.585 | 0.595 0.685 | 0.695
J2 0.395 | 0.405 0.495 | 0.505 0.595 | 0.605 0.695 | 0.705
J3 0.265 | 0.275 0.365 | 0.375 0.465 | 0.475 0.565 | 0.575
Ja (0.277) 4 (0.322) 4 (0.276) 4 (0.270) 4
J5 (0.409) 4 (0.424) 4 (0.409) 4 (0.400) 4
J6 (0.205) 4 (0.220) 4 (0.205) 4 (0.196) 4
J7 (0.175) 4 (0.220) 4 (0.174) 4 (0.168) 4
K 0.594 | 0.599 0.694 | 0.699 0.794 | 0.799 0.894 | 0.899
K1 0.385 | 0.395 0.485 | 0.495 0.585 | 0.595 0.685 | 0.695
K2 0.395 | 0.405 0.495 | 0.505 0.595 | 0.605 0.695 | 0.705
K3 0.265 | 0.275 0.365 | 0.375 0.465 | 0.475 0.565 | 0.575
K4 (0.230) 4 (0.238) 4 (0.271) 4 (0.221) 4
K5 (0.315) 4 (0.333) 4 (0.397) 4 (0.297) 4
K6 (0.111) 4 (0.129) 4 (0.193) 4 (0.093) 4
K7 (0.128) 4 (0.136) 4 (0.169) 4 (0.119) 4
M 0.560 0.618 0.701 0.701
M1 0.607 0.717 0.706 0.750
M2 0.799 0.914 0.999 1.090
M3 0.705 0.823 0.987 0.987
N 52 7 68 7 84 7 100 7
N1 7 8 6 8 5 8 5 8
N2 15 8 13 8 12 8 11 8
N3 105 8 8 60 8 55 8
R 0.120 | 0.130 0.120 | 0.130 0.185 | 0.195 0.185 | 0.195
R1 0.057 | 0.067 0.057 | 0.067 0.120 | 0.130 0.120 | 0.130
Y1 3.945 | 3.955 2 4.445 | 4.455 2 4.945 | 4.955 2 5.445 | 5.455 2
Note 1,5,54,6,9,10 1,5,54,6,9,10 1,5,5a,6,9, 10 1,5,5a,6,9,10
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Table 7-9b. PQFP Tray for Handling and Shipping

Variations (All Dimensions Are in Inches)

Symbol AA AB AC AD
Min Max Note Min Max Note Min Max Note Min Max Note

J 15.09 | 15.21 1763 | 17.75 20.17 | 20.29 22.71 | 22.83
J1 9.78 10.03 12.32 | 12,57 14.86 | 15.11 17.40 | 17.65
J2 10.03 | 10.29 12.57 | 12.83 16.11 | 16.37 17.65 | 17.91
J3 6.73 6.98 9.27 9.52 11.81 | 12.07 14.35 | 14.60
J4 (7.04) 4 (8.18) 4 (7.01) 4 (6.86) 4
Js (10.39) 4 (10.77) 4 (10.39) 4 (10.16) 4
J6 (5.21) 4 (5.59) 4 (5.21) 4 (4.98) 4
J7 (4.45) 4 (5.59) 4 (4.42) 4 (4.27) 4
K 15.08 | 15.21 1762 | 17.75 20.16 | 20.29 22.70 | 22.83
K1 9.78 10.03 12.32 | 12.57 14.86 | 15.11 17.40 | 17.65
K2 10.03 | 10.29 12.57 | 12.83 15.11 | 156.37 17.65 | 17.91
K3 6.73 6.98 9.27 9.52 11.81 | 12.07 14.35 | 14.60
K4 (5.84) 4 (6.05) 4 (6.88) 4 (5.61) 4
K5 (8.00) 4 (8.46) 4 (10.09) 4 (7.55) 4
K6 (2.82) 4 (3.28) 4 (4.91) 4 (2.37) 4
K7 (3.25) 4 (3.46) 4 (4.29) 4 (3.02) 4
M 14.22 16.70 17.81 17.81
M1 15.42 18.21 17.93 19.05
M2 20.29 23.21 25.37 27.69
M3 17.91 20.90 25.07 25.07
N 52 7 68 7 84 7 100 7
N1 7 8 6 8 5 8 5 8
N2 15 8 13 8 12 8 11 8
N3 105 8 78 8 60 8 55 8
R 3.05 3.30 3.05 3.30 4.70 4.95 4.70 4.95
R1 1.45 1.70 1.45 1.70 3.05 3.30 3.05 3.30
Y1 100.20| 10046 2 |112.90|113.16| 2 125.60 | 125.86 2 138.30 | 13856 | 2
Note 1,5,56a,6,9, 10 1,5,54a,6,9, 10 1,5,5a,6,9,10 1,5,5a,6,9, 10
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Table 7-9c. PQFP Tray for Handling and Shipping

Variations (All Dimensions Are in Inches)

Symbol AA AB AC AD
Note Note Note Note

Min Max Min | Max Min Max Min | Max
J 1.094 | 1.099 1.294 | 1.299 1.494 | 1.499 1.794 | 1.799
J1 0.885 | 0.895 1.085 | 1.095 1.285 | 1.295 1.585 | 1.595
J2 0.895 | 0.905 1.095 | 1.105 1.295 | 1.305 1.595 | 1.605
J3 0.765 | 0.775 0.965 | 0.975 1.165 | 1.175 1.465 | 1.475
J4 (0.322) 4 (0.277) 4 (0.284) 4 (0.275) 4
J5 (0.424) 4 (0.408) 4 (0.422) 4 (0.408) 4
J6 (0.220) 4 (0.204) 4 (0.218) 4 (0.204) 4
J7 (0.220) 4 (0.175) 4 (0.182) 4 (0.173) 4
K 1.094 | 1.099 1.294 | 1.299 1.494 | 1.499 1.794 | 1.799
K1 0.885 | 0.895 1.085 | 1.095 1.285 | 1.295 1.585 | 1.595
K2 0.895 | 0.905 1.095 | 1.105 1.295 | 1.305 1.595 | 1.605
K3 0.765 | 0.775 0.965 | 0.975 1.165 | 1.175 1.465 | 1.475
K4 (0.244) 4 (0.322) 4 (0.250) 4 (0.322) 4
K5 (0.344) 4 (0.424) 4 (0.355) 4 (0.424) 4
K6 (0.140) 4 (0.220) 4 (0.151) 4 (0.220) 4
K7 (0.142) 4 (0.220) 4 (0.148) 4 (0.220) 4
M 0.824 1.161 1.030 1.668
M1 0.944 0.957 1.064 1.205
M2 1.314 1.498 1.712 1.998
M3 1.234 1.514 1.645 2.014
N 132 7 164 7 196 7 244 7
N1 4 8 3 8 3 8 2 8
N2 9 8 8 8 7 8 6 8
N3 36 8 24 8 21 8 12 8
R 0.185 | 0.195 0.185 | 0.195 0.185 | 0.195 0.185 | 0.195
R1 0.120 | 0.130 0.120 | 0.130 0.120 | 0.130 0.120 | 0.130
Y1 5.945 | 5.955 2 6.445 | 6.455 2 6.945 | 6.955 2 7.445 | 7.455 2
Note 1,5,54,6,9, 10 1,5,5a,6,9, 10 1,5,5a,6,9, 10 1,5,54,6,9, 10
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Table 7-9d. PQFP Tray for Handling and Shipping

Variations (All Dimensions Are in Inches)

Symbol AA AB AC AD
Min Max Note Min Max Note Min Max Note Min Max Note

J 27.79 | 27.91 32.87 | 32.99 37.95 | 38.07 45.57 | 45.69
J1 22.48 | 22.73 27.56 | 27.81 32.64 | 32.89 40.26 | 40.51
J2 22.73 | 22.99 27.81 | 28.07 32.89 | 33.15 40.51 | 40.77
J3 19.43 | 19.68 2451 | 24.76 29.59 | 29.84 37.21 | 37.46
J4 (8.18) 4 (7.04) 4 (7.21) 4 (6.99) 4
J5 (10.77) 4 (10.36) 4 (10.72) 4 (10.36) 4
J6 (5.59) 4 (5.18) 4 (5.54) 4 (5.18) 4
J7 (5.59) 4 (4.44) 4 (4.62) 4 (4.39) 4
K 27.78 | 27.91 32.86 | 32.99 37.94 | 38.07 45.56 | 45.69
K1 22.48 | 22.73 27.56 | 27.81 32.64 | 32.89 40.26 | 40.51
K2 22.73 | 22.99 27.81 | 28.07 32.89 | 33.15 40.51 | 40.77
K3 19.43 | 19.68 24,51 | 24.76 29.59 | 29.84 37.21 | 37.46
K4 (6.20) 4 (8.18) 4 (6.35) 4 (8.18) 4
K5 (8.74) 4 (10.77) 4 (9.02) 4 (10.77) 4
K6 (3.56) 4 (5.59) 4 (3.84) 4 (5.59) 4
K7 (3.61) 4 (5.59) 4 (8.76) 4 (5.59) 4
M 20.93 29.49 29.16 42.37
M1 23.98 24.31 27.03 30.61
M2 33.37 38.05 43.48 50.75
M3 31.34 38.46 41.78 51.16
N 132 7 164 7 196 7 244 7
N1 4 8 3 8 3 8 2 8
N2 9 8 8 8 7 8 6 8
N3 36 8 24 8 21 8 12 8
R 4.70 4.95 4.70 4.95 4.70 4.95 4.70 4.95
R1 3.05 3.30 3.05 3.30 3.05 3.30 3.05 3.30
Y1 151.00 | 151.26 2 163.70 | 163.96 2 176.40 | 176.66 2 189.10 | 189.36 2
Note 1,5,54,6,9, 10 1,5,54,6,9,10 1,5,5a,6,9, 10 1,5,5a,6,9,10
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Table 7-9e

NOTES:

/N These surfaces to be free of mold seams.
The fifth notch assists in the visual or mechanical orientation of the tray. Its position along the left side of the tray
indicates the specific package family, allowing the visual determination that all trays within a stack are of the same type.
Chamfer denotes package pin 1 orientation.
Reference dimensions K, through K and J4 through J are associated with tray partitions. In some cases, partitions along
the tray perimeter will not be in contact with the inside surface of the edge of the tray. Any “free” side of any partition
shall have a 7° draft angle.

VACUUM PICKUP OF EMPTY TRAYS:

/A Method one requires two separate pickup areas, resulting in two solid pedestals per tray. Locations of solid pedestals
(see Detail D) are listed here by [Row#, Column#], 2 locations for each tray:

AA [4,4] [12,4] AE [2,2] [8,3]
AB [3,3] [11,4] AF [2,2] [7,2]
AC [3,3] [10,3] AG [2,2] [6,2]
AD [3,3] [ 7,3] AH [2,1] [5,2]

Method two requires one “fenced pocket” with solid pedestal located near the center of each tray. The locations, also
listed by [Row#, Column#] are as follows:

AA [8,4] AE [5,2]
AB [7,3] AF [4,2]
AC [6,3] AG [4,2]
AD [6,3] AH [3,1]

This groove allows the use of a pin to mechanically bias the tray orientation.

The symbol N refers to the PQFP Package lead count supported.

N3 = Ny X Np (Total Tray Cavities). '

Non-tabulated dimensions are assumed to have a tolerance of £ + 0.12 (0.005).
Interpret dimensions and tolerances in accordance with ANS| Y14.5M-1982.

Table 7-10. QFP Tray for
Handling and Shipping (Typical)
Lead Count | Quantity per Tray | Trays per Box
44 50 10
48 40 10
64 64 10
80 64 10
208 — —

NOTE:

Not all products are available in all packages. Contact your
local Intel FSE for the specific availability.
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Figure 7-7a. PQFP Tray for Handling and Shipping
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Figure 7-7b. PQFP Tray for Handling and Shipping
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Figure 7-7d. PQFP Tray for Handling and Shipping
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Figure 7-7e. PQFP Tray for Handling and Shipping
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Figure 7-7h. PQFP Tray for Handling and Shipping
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NOTES

Material: PES (polyethersulfone) statically dissipative carbon-filled.

[@ Critical inspection dimension.

[8 Chamfer denotes package pin one orientation.

[@ The notch allows the use of a pin to mechanically bias the tray orientation.

[l The symbol N refers to the package lead count supported.

[6l The symbol N1 refers to the number of rows. The symbol N2 refers to the number of columns. The symbol N3 refers to the
total number of pockets (N1 X N2) for the lead count supported.

All dimensions are reported in millimeters.

Figure 7-8a. Tray Dimensional Drawings
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Figure 7-9a. QFP Tray for Handling and Shipping
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Figure 7-9b. Close-Up View of QFP Tray for Handling and Shipping
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Figure 7-9c. QFP Tray for Handling and Shipping

7-30




Inter PACKAGING

SHIPPING FORMATS

Desiccant Pack Materials

All PSMCs are shipped in desiccant pack. For a thorough discussion of the packing process
(bake and bag) and handling considerations unique to PSMCs, please consult Chapter 6,
which addresses surface mount technology.

Intel uses the following materials in desiccant pack:

Moisture Barrier Bag (MBB). Inside the shipping box is a moisture barrier bag containing
components. The opaque MBB is constructed of three layers: a conductive polyethylene
inner layer for sealing, an aluminum film mid-layer, and an aluminized tyvek outer layer.
The bag meets MIL-STD-81705B TYPE I for electrostatic discharge (ESD) and mechani-
cal stability. The measured water vapor transmission rate (WVTR) of the bag is better
than the MIL-STD requirements for moisture protection. The WVTR = 0.004 gr/100 sq.
in./24 hrs. as measured at 40°C/85% RH. '

A “warning” label on the bag outlines precautions that should be taken with desiccant-
packed units. A desiccant barcode label is also affixed to the bag.

Desiccant. Each MBB contains one or more pouches of silica gel desiccant to absorb
moisture that may be present in the bag. The silica gel desiccant is supplied in two-unit
(50-gram) pouches. The number of pouches required is a function of the bag surface area.
The saturation limit for silica gel at 109% RH is 6.8% by weight at 25°C.

Humidity Indicator Card (HIC). Along with the desiccant pouches, each MBB contains a
humidity indicator card. This card is a military-standard moisture indicator and is includ-
ed to show the user the approximate relative humidity (RH) level within the bag. The HIC
is reversible and can be reused. A representation of the HIC is shown in Figure 7-19.

Labels. The desiccant barcode label (shown in Figure 7-10), mentioned above in the
section on MBBs, contains the date that the bag was sealed (MM/DD/YY). The remain-
ing storage life of the units in the bag is determined from this date.

The “warning” label (see Figure 6-18) attached to the outside of the MBB outlines precau-
tions that must be taken when handling desiccant-packed units if they are to be kept dry.

Shipping Box. The shipping box will be the same in appearance as Intel’s standard ship-
ping box, but the barcode label will indicate that desiccant-packed material is included.
This label will indicate the seal date of the enclosed MBB, and thus, the remaining shelf
life. '

Shipping Boxes and Cartons

Intel products are placed in tubes or trays, or on reels, then packed for shipment in a box
made of corrugated fiberboard with an inner coating of carbon to provide a Faraday shield
that prevents electrostatic damage. Various materials, such as bubble wrap or antistatic foam
end pads, are used for cushioning inside the box. Outer boxes are used for increased protec-
tion during shipping. All packing materials are either conductive, static dissipative, or anti-
static, and meet the electrostatic discharge (ESD) requirements of EIA standard 541.
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Tables 7-11 through 7-12b show box dimensions, the quantity of tubes per box, and the
quantity of trays per box.

Table 7-11. Box Dimensions (In Inches)

Inside Dimensions
Use Length | Width | Height
L) (W) (H)

20" Tubes 21 5.75 2.75

19.375" Tubes

11.5” Tubes 14 7 4

JEDEC Trays

Reels 15 15 3

Table 7-12a. Quantity of Tubes per Box

Package Type Lead Count Tubes/Box

PLCC 18 84
20SQ/28R 56
28SQ/32R 42
448Q 28
528Q 60
68SQ 48
84SQ 36

Cerquad 28SQ/32R 90
445Q/528Q 70
68SQ 60

PQFP 84 16
100 12
132 10
164 8
196 6

LCC 18 200
20/28/32 160
68 60

PGA 44/68 12
88/132 9

Flatpack 18 30
68 8

DIP 300 mil 36
400 mil 32
600 mil 20

ZIP 20 88

SOJ 26 84
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Table 7-12b. Quantity of Trays per Box

Package Type Lead Count Trays/Box

PQFP 52/68/84/100 4
132/164/196/244 5

TSOP 32/44 5

QFP (EIAJ) 44/48/64/80 (208 TBD) 10

Labeling Information

¢ Tube and Reel Labels. Tube labels with information on lot traceability, part and spec
numbers, quantity of parts, and ROM and PROM codes are available by special order.
Reel labels are standard and provide the same information. Customer part number refer-
ences can be included on either type of label, also by special order.

® Box Labels. Bar-coded labels for each box are standard on Intel product shipments. Box
labels provide all the information on the tube labels, show order packing and shipping
information, and allow more space to define special requirements. Figure 7-10 shows
detail of a standard box barcode label.

( MW oesiccant iNcLubed
X SEAL DATE: 07,/24/89
"""

XXXXXXXXXXXXXXXX
SPEC CODE

URTRUNUREEARY MR SR

XXXXXX XXXXXX

intel

NTITY

T T

XXXXXXXXXXX XXXXX

CUSTOMER PART NUMBER

XXXXXXXXXXXRKKXXXXX XXX XX

PATTERN NUMBER

XXXXXXXXXXXXRRRKXX | XKXXX

PATTERN NUMBER WEEK
P 9.9:9.9.9.9:.9.9.9.9.9.9.9.9.9. 9.0 A BP0 9.9
DEVIATION NUMBER (5) ENG. CHANGE NC.  REV

XXX XXX XXX KX KX XXX KK KK
XXXXXXX' PACKED BY \DATE

XXXXXXXXXXXXXXXXXX 07-24-89

\

240822-18

Figure 7-10. Desiccant Barcode Label
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CHAPTER 8

INTERNATIONAL PACKAGING SPECIFICATIONS

ELECTRONIC INDUSTRIES ASSOCIATION OF JAPAN (EIAJ)

EIAJ publishes the following general rules and standards as they apply to preparation of
outline drawings on integrated circuits:

Number
SD-74-1

SD-74-2
SD-74-2 add 1
SD-74-2 add 2
I1C-74-1
ED-7402
IC-74-2
ED-7403-1
IC-74-4
ED-7404-1
I1C-74-5
ED-7406
ED-7407
ED-7408
ED-7413

Nomenclature

General rules for the preparation of outline drawings of semiconductor
devices

Outline drawings of semiconductor devices
Outline drawings of semiconductor devices -1
Outline drawings of semiconductor devices -2
Outline drawings of integrated circuits

Small outline packages (SOPs)

Thin small outline packages (TSOPs)

Dual in-line packages (DIPs)

Quad flat packages (QFPs)

Quad flat packages (QFPs, fine pitch)
Zig-zag in-line packages (ZIPs)

Small outline J-lead packages (SOJs)

Quad flat J-lead packages (QFPs)

Pin grid array packages (PGAs)

Small in-line packages (SIPs)

JOINT ELECTRON DEVICE ENGINEERING COUNCIL (JEDEC)
JEDEC Publication 95 lists all package outlines.

MIL STANDARDS

The following military standards include specifications required to meet U.S. Military re-

quirements:

® MIL-M-38510 General Specifications for Microcircuits
® MIL-STD-883 Test Methods/Procedures for Microelectronics
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SEMICONDUCTOR EQUIPMENT AND MATERIALS INSTITUTE, INC.
(SEMI) STANDARDS

For a list of SEMI standards, reference the Book of SEMI Standards, 1990, Vol. 4, Packaging
Division, 605 E. Middlefield Road, Mountain View, CA 94043, U.S.A. Phone: (415) 964-
5111. FAX: (415) 967-5375. TELEX: 856-777 SEMI-MNTYV.

INTERCONNECTING AND PACKAGING ELECTRONIC CIRCUITS
(IPC) STANDARDS

Number Nomenclature

ANSI/IPC-S-815B  General requirements for soldering electronic connections

ANSI/IPC-SM-780  Component packaging and inter-connecting, with emphasis on sur-
face mounting

ANSI/IPC-SM-782  Surface mount land patterns
IPC-SM-786 Impact of moisture on plastic I/C package cracking

For a list of additional IPC standards, contact: IPC, 7380 N. Lincoln Ave., Lincolnwood,
Illinois, 60646. Phone: (708) 677-2850.
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GLOSSARY
A

Access hole: A hole or series of holes in successive layers of a multilayer board that provide(s)
access to the surface of the land in one or more layers of the board.

Advanced Manufacturing Module (AMM): An engineering development line at Intel where
processes/products are engineered and fully characterized before introduction to assembly
production lines.

All-metal package: A hybrid circuit package made solely of metal, excluding glass or ceramic.

Alternating current resistance: The resistance offered by any circuit to the flow of alternating
current.

Alumina: Aluminum oxide. Alumina substrates are made of formulations that are primarily
alumina.

Ambient: The environment that surrounds a system or component.

Ampere: The unit used for measuring the quantity of an electric current flow. One ampere
represents a flow of one coulomb per second.

Annular ring: The portion of a conductive material that completely surrounds a hole.
Anode: The electrode from which the forward current flows within a device.

Application-specific integrated circuit (ASIC): An integrated circuit chip customized for a
specific product.

Area array tape-automated bonding: Tape-automated bonding in which edge-located pads
and additional pads on the inner surface area of a chip are addressed in the bonding scheme.

ATME: Assembly/Test Manufacturing Engineering.
A/T QRE: Assembly/Test Quality & Reliability Engineering.

Auger: A surface analysis technique for detecting the chemical composition of material.

Base plane: The plane through the lowest point of the mounting surface of the package,
except for packages using stand-offs.

Bipolar: A device in which both majority and minority carriers are present. Bipolar and
metal-oxide semiconductor (MOS) are the two most common device types.

Body: The main or largest portion of a connector, to which other portions are attached or
connected.

November 1990
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Bonding: The joining of two materials; for example, the attachment of wires to an integrated
circuit or the mounting of an integrated circuit to a substrate.

Bonding pads: Areas of metallization on the integrated circuit die that permit connection of
fine wires or circuit elements to the die.

Bond schedule: Bonding machine set-up parameters.

Bond window: The acceptable range of each bonding variable, including time, force, power,
and temperature.

Bump: A means of providing a connection to the terminal area of a device. A small mound is
formed on the device or substrate pads and is used as a contact for facedown bonding.

Bump contacts: Contacting pads that rise substantially above the surface level of the chip.

Bumped tape: A tape used in the tape-automated bonding process whose innerlead bond sites
have been formed into raised metal bumps, thus eliminating the need for bumps on the chip
itself.

Buried via: A via hole not extending to the surface.

Burn-in: The process of screening out marginal component parts by exposing them to elevat-
ed temperatures and voltage stress.

Butt lead: A lead count of surface mount devices in which pin tips contact the PC board.

C

Ceramic: Inorganic, nonmetallic, clay, or glasslike material whose final characteristics are
produced by subjection to high temperatures.

Ceramic quad flatpack (CQFP): An aluminum ceramic integrated circuit package with four
sets of leads extending from the sides and parallel to the base.

CERDIP: A dual in-line package composed of a ceramic header and lid, a stamped metal
lead frame, and frit glass to secure the structure.

Cerpack: A flatpack composed of a ceramic base and lid, a stamped metal lead frame, and frit
glass to secure the structure.

Cerquad: A ceramic equivalent of plastic leaded chip carriers, consisting of a glass-sealed
ceramic package with J-leads and ultraviolet window capability.

Chip: The individual circuit or component of a silicon wafer, also known as a die.

Chip carrier: An integrated circuit package, usually square, with a chip cavity in the center.
Its connections are normally on all four sides.

Circuit: The interconnection of a number of components in one or more closed paths to
perform a desired electrical or electronic function.

9-2



intal GLOSSARY

C-mode scanning acoustic microscope (CSAM): An analytical tool for the nondestructive
evaluation of microelectronic packages via acoustic waves.

Coefficient of linear thermal expansion (CTE): The change in linear dimension per degree
change in temperature, usually expressed as parts per million per degree Celsius.

Complementary metal-oxide semiconductor (CMOS): Logic in which cascaded field-effect
transistors of opposite polarity are used to minimize power consumption.

Component: An individual functional element in a physically independent body that cannot
be further reduced or divided without destroying its stated function. Examples include resis-
tors, capacitors, diodes, and transistors.

Component lead: The solid or stranded wire or formed conductor that extends from a compo-
nent and serves as a mechanical or electrical connection, or both.

Component lead hole: A hole used for the attachment and electrical connection of a compo-
nent termination, including pins and wires, to a PC board.

Conductance: A measure of the ability of a material to conduct an electrical current.
Conductivity, electrical: The capability of a material to carry an electrical current.

Conformal coating: An insulative coating that conforms to the configuration of the object
being coated.

Connector: Generally, all devices used to provide rapid connect/disconnect service for elec-
trical cable and wire terminations, board to board.

Convection: A conveying or transference of heat or electricity by moving particles of matter.

D

Dambar: A portion of the lead frame that prevents mold compound from flowing to the ends
of the lead frame.

Design of experiments: A systematic methodology for planning an experiment in order to
consider all input and output variables.

Dicing: The separation of a semiconductor wafer into individual dies.
Die: The individual semiconductor element or integrated circuit, also known as a chip.
Die bonding: The attachment of an integrated circuit chip to a substrate or header.

Die paddle: The central portion of the lead frame, onto which the die and adhesive are placed
during die attach.

Discrete: A term applied to single-element electrical components.
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Dual in-line package (DIP): A component that terminates in two straight, parallel rows of
pins or lead wires.

EIA: Electronic Industries Association.
EIAJ: Electronic Industries Association of Japan.
Electrode: A conductor through which a current enters or leaves an electrolytic cell.

Electronic packaging: The technical discipline of designing a protective enclosure for an
electronic circuit so that it will both survive and perform effectively under a variety of
environmental conditions.

Electrostatic discharge (ESD): The instantaneous transfer of charges accumulated on a non-
conductor to a conductor, into ground.

Encapsulate: To seal or cover an element or circuit for mechanical and environmental protec-
tion.

Energy-dispersive X-ray (EDX) analysis: Normally, using electron beam excitation in the
scanning electron beam microscope.

Eutectic: The minimum melting point of a combination of two or more metals.

External leads: Electronic package conductors for input and output signals, power, and
ground.

F

Facedown bonding: A method of attaching a component or circuit chip to a substrate by
inverting the chip and bonding chip contacts to the mirror-image contact points on the
substrate.

Failure mode: Failure at the macro level, i.e., the observed effect of failure.
Farad: A unit of electric capacity.

Flatpack: An integrated circuit package whose leads extend from the sides and are parallel to
the base.

Flip-chip: A chip that has bumped termination spaced on the face of the device and is
designed for facedown mounting.

Footprint: The area occupied on a substrate by a component or element.
Frequency: Of an electric current, the number of hertz, or completed alternations per second.

Frit: A relatively low softening point of glass composition.
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G

Gate array: A semicustom product, implemented from a fully diffused or ion-implanted
semiconductor wafer carrying a matrix of identical primary cells arranged into columns with
routing channels between them in x and y directions.

Ground: A common reference point for circuit returns, shielding, or heat sinking.

H

Hermetic: Sealed so that an object is gas-tight, to a specific rate, normally less than 1 x 10-6
cc/sec of helium.

High-density plastic quad flatpack (HD-PQFP): A package with greater than 196 leads and a
pitch of 0.4 mm.

Hot dip: The process of covering a surface by dipping it into a molten bath of coating
material.

I-lead: A surface mount device lead whose ends contact the board at a 90° angle; also called a
butt joint.

Imidization: The reaction comprises acylation of the diamine with dianhydride in a polar
solvent to give poly(amic acid), conversion of polyamic acid to polyimide with subsequent
loss of small molecules, such as water.

Inductance: The resistance of an electric circuit to any change of current during the building
up or decaying of a self-induced magnetic field. This property introduces a delay in current
change, with resulting operational delay.

Infrared (IR): Radiant energy that is characterized by wavelengths longer than visible red
(0.78 to 100 wm or 0.030 to 3.9 mils).

Input/output (I/0) terminal: A chip or package connector that interconnects the chip to the
package, or one package level to the physically adjacent level in the hierarchy.

Insert: To assemble components, manually or automatically, into a PC board.
Insert cavity: A defined hole in the connector insert into which the contacts are inserted.

Insertion mount: The electrical and mechanical connection of a component to the surface of a
conductive pattern utilizing component holes.

Insulators: A class of materials with high resistivity; materials that do not conduct electricity.
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Integrated circuit (IC): A microcircuit consisting of multiple interconnected elements inse-
parably associated and formed on or within a single substrate to perform an electronic circuit
function.

Integrated circuit chip: The active semiconductor element that is the functional part of the
integrated circuit.

Intermetallic compound (IMC): An intermediate phase—homogeneous phase whose compo-
sition range does not include any pure metal—in an alloy system that has a narrow range of
composition, but has an atomic bonding that can be of several types.

J

JEDEC: Joint Electronic Device Engineering Council.
J-lead: A surface mount device whose leads are formed into a “J” pattern, folding under the

device body.

K

Kirkendall voiding: The formation of voids as a result of a disproportional diffusion rate
between two neighboring materials.

Kovar: An alloy of 53% iron, 17% cobalt, 29% nickel, and trace elements, with a thermal

expansion matching alumina ceramics and sealing glasses.

L

Laminate: A product made by bonding two or more layers together, usually of different
materials, under heat and pressure to form a single structure.

Land grid array (LGA): The land grid array is a laminated ceramic multilayer package
similar to a pin grid array, but without pins. The LGA uses gold-plated “landing pads” on
50-mil pitch similar to a leadless chip carrier (LCC), but in an array form. There are no leads,
bumps, or solder. The package follows the existing laminated ceramic package manufacturing
and assembly flows. The package length and width follow existing pin grid array outlines.

Large-scale integration (LSI): Usually, monolithic digital integrated circuits with a complexi-
ty of 100 or more gates or gate-equivalent circuits.

Laser bonding: Effecting a metal-to-metal bond of two conductors by welding the two materi-
als together with a laser beam as a heat source.

Lead: A conductive path, usually self-supporting; the portion of an electrical component that
connects it to the outside world.

Lead (Pb): A soft, heavy metal used in solder compositions and other alloys.

Leaded chip carrier: A plastic or ceramic chip carrier with compliant leads for termination.
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Leaded surface mounting: The surface mounting of components to a substrate by means of
component leads and solder joints.

Lead frame: The metallic portion of the device package that completes the electrical connec-
tion path from the die or dies and from ancillary hybrid circuit elements to the outside world.

Leadless chip carrier (LCC): An integrated circuit package that allows surface mounting of
components directly into the substrate by means of solder joints.

Lead wires: Wire conductors used for intraconnections requiring fine wires or for intercon-
nections that include input/output.

Marking: A method of identifying packages with part numbers, manufacturer code, and
other information.

Mobile dislocations: Atomic line defects in polycrystalline material.
Modulus of elasticity: The ratio of stress to strain in an elastic material.

Moisture barrier bag (MBB): A strong, three-ply bag that is electrostatic discharge (ESD)-
safe and allows minimal moisture transmission. The bag is intended to protect enclosed
devices from moisture exposure and should not be opened till the devices are ready for board
mounting.

Mounting hole: A hole used for the mechanical mounting of a PC board or for the mechani-
cal attachment of components to the board.

Multichip module: A module or package supporting several chips on a single package.

Multilayer molded package (MM): A PQFP with enhanced performance achieved by a pair
of power and ground planes. These planes significantly reduce the power-ground capacitance,
making the package ideal for high-speed device operation.

(o)

Ohm: A unit of electrical resistance.

P

Package: An enclosure for a single element, integrated circuit, or hybrid circuit. It provides
hermetic or nonhermetic protection, determines the form factor, and serves as the first-level
interconnection externally for the device by means of package terminals.

Pad: The metallized area on a substrate or on the face of an integrated circuit used for
making electrical connections.

PAMM: Plastic Assembly Manufacturing Module.

Piezoresistive elements: Pressure-sensitive resistors.
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Pin grid array (PGA): A square package with pins covering the entire bottom surface at a
pitch of 0.1 in. or 0.05 in., perpendicular to the plane of the package.

Pitch: The nominal distance from center to center of adjacent conductors.

Plastic leaded chip carrier PLCC): A package with J-leads on all sides.

Plating: Metallic deposit on a surface, formed either chemically or electrochemically.
PPE: Plastic Package Engineering.

PQFP: Plastic quad flatpack.

Printed circuit board: A board with printed-on components as well as point-to-point connec-
tions.

PSMC: Plastic surface mount component.

Q

Quad flatpacks (QFPs): A generic term for surface mount technology flat packages with
leads on all four sides; commonly used to describe chip carrier-like devices with gull-wing
formed leads. The lead pitch for QFPs is in metric. The packages have no corner bumpers.

R

Real estate: The surface area of an integrated circuit or substrate.

Reflow: A soldering process that uses solder paste preprinted in a pattern on the PC board
and heats the devices in place to make connections.

Resistance: The property of an electric circuit that determines, for a given current, the rate at
which electric current is converted into heat. The power converted can be calculated by
multiplying the current squared by the resistance.

Resistivity: The ability of a material to resist the passage of electric current.

Resistor: A device that offers resistance to the flow of electric current in accordance with
Ohm’s law: R = E/I, where R = resistance, E = voltage, and I = current.

S

Scanning electron microscope (SEM): A microscope that makes use of a scanning beam of
electrons to image detail less than 100 angstroms in size (surface only).

Shrink DIP: A package resembling a DIP, with a lead pitch of 0.07 in., used in applications
requiring high mounting densities.

Single in-line module (SIM): A module to which external connection is made by a row of
conductors along one side.
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Single in-line package (SIP): A package with leads on a single side only.

Small outline with J-leads (SOJ): A small outline package with J-leads.
Small outline package (SOP): A package with two rows of narrowly spaced gull-wing leads.

Solderability: The property of a component lead to be wetted by molten solder under speci-
fied conditions.

Solder coat: A process used to apply solder to package leads directly from a molten solder
bath.

Specific gravity: The ratio of the weight of a given volume of a substance to the weight of an
equal volume of water; also known as relative density.

Surface mount technology (SMT): Electrical and mechanical connection of components to
the surface of a conductive pattern without using component holes. Components mounted in
this manner are known as surface mount devices (SMDs) or surface mount components
(SMCs).

T

Tape-automated bonding (TAB): A chip interconnect process that can be used as an alterna-
tive to wire bonding.

Tensile strength: The greatest longitudinal tensile-strength stress a substance can bear with-
out tearing apart or rupturing.

Terminal: A metallic termination device used for making electrical connections.
Thermal expansion: The expansion of a material when subjected to a temperature change.

Thermosonic bonding: The bonding of wires to metal pads on an integrated circuit by means
of heat and ultrasonic scrubbing of wire into the pad to create a metallurgical bond.

Through-hole mounting: The electrical connection of components to the surface of a conduc-
tive pattern using component holes.

Tin whisker: A hairlike, single crystal growth formed on the metal surface.

Thin small outline package (TSOP): A plastic, surface mount memory package that features
0.5 mm pitch gull-wing leads located on two sides of the package.

Transmission electron microscope (TEM): A microscope used to obtain high-resolution im-
ages with a transmitted electron beam by electron lens imaging rather than scanning.

U

Ultrasonic bond: A bond formed when a wire is pressed against a bonding pad and the
pressing mechanism is ultrasonically vibrated at a high frequency above 10 kHz.

9-9
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'

Vapor phase soldering (reflow): The technique for soldering reflow to form package intercon-
nections. The energy produced by the condensation of an inert vapor is used to heat solder
joints.

Visual index: A visible mark, chamber, notch, tab, or depression indicating the position of
pin 1, used to determine the orientation of an integrated circuit.

w

Wave soldering: A process in which PC boards are brought in contact with the surface of
continuously flowing and circulating solder.

WDX: Wave-length dispersive X-ray analysis.

Wire bond: A completed wire connection that includes all its constituents and provides
electrical continuity between the semiconductor die and a terminal.

y 4

Zigzag in-line package (ZIP): A variation of a single in-line package with a lead pitch of 0.05
in., whose leads are bent to alternate sides, forming two rows, each with a 0.1 in. pitch.
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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 North 44th Street
Suite 500

Phoenix 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

Ei 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 325

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

tlIntel Corp.*

400 N. Tustin Avenue
Suite 450

Santa Ana 92705

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

tintel Corp.*
San Tomas 4

2700 San Tomas Expressway

2nd Floor

Santa Clara 95051
Tel: (408) 986-8086
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: 910-931-2289
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

tSales 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 Bivd.
Suite 340

Orlando 32822

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

Intel Corp.

11300 4th Street North
Suite 170

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

GEORGIA

tintel Corp.

20 Technology Parkway
Suite 150

Norcross 30092

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

ILLINOIS

Tintel Corp.*

Woodfield Corp. Center Il
300 N. Martingale Road
Suite 400

Schaumburg 60173

Tel: (708) 605-8031

FAX: (708) 706-9762

INDIANA

tintel Corp.

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

IOWA

Intel Cory

p.
1930 St. Andrews Drive N.E.

2nd Floor
Cedar Rapids 52402
Tel: (319) 393-5510

KANSAS

fintel 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 Junctlon 20701
TeI (301) 20
1 (301) 206 3677
301) 206-3678

MASSACHUSETTS

tlIntel Corp.*

Westford Corp. Center
3 Carlisle Road

2nd Floor

Westford 01886

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

MICHIGAN

fintel Corp.

7071 Orchard Lake Road
Suite 100

West Bloomfield 48322
Tel: (313) 851-8096
FAX: (313) 851-8770

MINNESOTA

tintel Corp.

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

MISSOURI

tintel Corp.

4203 Eanh City Expressway
Suite 1

Earth Cny 63045

Tel: (314) 291-1990

FAX: (314) 291-4341

NEW JERSEY

tintel Corp.*

Lincroft Office Center
125 Half Mile Road
Red Bank 07701

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

Intel Corp.

280 Corporate Center
75 Livingston Avenue
First Floor

Roseland 07068

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

NEW YORK

Intel Corp.*

850 Crosskeys Office Park
Fairport 14450

Tel: (716) 425-2750

TWX: 610-253-7391

FAX: (716) 223-2561

tintel Corp.*

2950 Express Dr., South
Suite 1

Islandla 11722

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

tintel Corp.

. 300 Westage Business Center

Suite 230

Fishkill 12524

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

Intel Corp.

Seventeen State Street
14th Floor

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

tlntel Corp.*

3401 Park Center Drive
Suite 220

Dayton 45414

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

tintel Corp.*

25700 Science Park Dr.

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

OKLAHOMA

Intel Corp.

6801 N Broadway
Suite 1

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

Intel Corp.

8911 N. Capnal of Texas Hwy.

Suite 423

Austin 78759

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

tintel Corp.*

12000 Ford Road
Suite 400

Dallas 75234

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

tintel Corp.*

7322 S.W. Freeway
Suite 1490
Houston 77074
Tel: (713) 988-8086
TWX: 910-881-2490
FAX: (713) 988-3660

UTAH

Tintel Corp.

428 East 6400 South
Suite 104

Murray 84107

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

VIRGINIA

tintel Corp.

9030 Stony Point Pkwy.
Suite 360

Richmond 23235

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

WASHINGTON

tintel Corp.

155 108th Avenue N.E.
Suite 386

Bellevue 98004 .
Tel: (206) 453-8086
TWX: 910-443-3002
FAX: (206) 451-9556

Intel Corp.

408 N. Mullan Road
Suite 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.

4585 Canada Way
Suite 202

Burnaby V5G 4L6

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

ONTARIO

tintel Semiconductor of
Canada, Ltd.

2650 Queensview Drive
Suite 250

Ottawa K2B 8H6

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

TIntel Semiconductor of
Canada, Ltd.

190 Attwell Drive

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
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ALABAMA TArrow Electronics, Inc.

DOMESTIC DISTRIBUTORS

1Wyle Distribution Group tPioneer/Technologies Group, I1.c.

Arrow Electronics, Inc.
1015 Henderson Road
Huntsville 35805

Tel: (205) 837-6955
FAX: 205-751-1581

Hamilton/Avnet Computer
4930 | Corporate Drive
Huntsville 35805

Hamilton/Avnet Electronics
4940 Research Drive
Huntsville 35805

Tel: (205) 837-7210

FAX: 205-721-0356

MTI Systems Sales
4950 Corporate Drive
Suite 120

Huntsville 35806

Tel: (205) 830-9526
FAX: (205) 830-9557

Pioneer/Technologies Group, Inc.
4825 University Square

Huntsville 35805

Tel: (205) 837-9300

FAX: 205-837-9358

ALASKA

Hamilton/Avnet Computer
1400 W. Benson Blvd., Suite 400
Anchorage 99503

ARIZONA

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

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

Hamilton/Avnet Computer
30 South McKemy Avenue
Chandler 85226

Hamilton/Avnet Computer
90 South McKemy Road
Chandler 85226

tHamilton/Avnet Electronics
505 S. Madison Drive
Tempe 85281

Tel: (602) 231-5140

TWX: 910-950-0077
Hamilton/Avnet Electronics
30 South McKemy
Chandler 85226

Tel: (602) 961-6669

FAX: 602-961-4073

Wyle Distribution Group
4141 E. Raymond
Phoenix 85040

Tel: (602) 249-2232
TWX: 910-371-2871

CALIFORNIA

Arrow Commercial System Group
1502 Crocker Avenue

Hayward 94544

Tel: (415) 489-5371

FAX: (415) 489-9393

Arrow Commercial System Group
14242 Chambers Road

Tustin 92680

Tel: (714) 544-0200

FAX: (714) 731-8438

tArrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

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

tArrow Electronics, Inc.
9511 Ridgehaven Court
San Diego 92123

Tel: (619) 565-4800
FAX: 619-279-8062

TArrow Electronics, Inc.
521 Weddell Drive
Sunnyvale 94086

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

tCertified Technical Distributor

2961 Dow Avenue
Tustin 92680

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

Hamilton/Avnet Computer
3170 Pullman Street
Costa Mesa 92626

Hamilton/Avnet Computer
1361B West 190th Street
Gardena 90248

Hamilton/Avnet Computer
4103 Northgate Bivd.
Sacramento 95834

Hamilton/Avnet Computer
4545 Viewridge Avenue
San Diego 92123

Hamilton/Avnet Computer
1175 Bordeaux Drive
Sunnyvale 94089

Hamilton/Avnet Electronics
21150 Califa Street
Woodland Hills 91367

‘tHamilton/Avnet Electronics
3170 Puliman Street

Costa Mesa 92626

Tel: (714) 641-4150

TWX: 910-595-2638

‘tHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339-9332

tHamilton/Avnet Electronics
4545 Ridgeview Avenue
San Diego 92123

Tel: (619) 571-7500

TWX: 910-595-2638

‘tHamilton/Avnet Electronics
21150 Califa St.

Woodland Hills 91376

Tel: (818) 594-0404

FAX: 818-594-8233

‘tHamilton/Avnet Electronics
10950 W. Washington Blvd.
Culver City 20230

Tel: (213) 558-2458

TWX: 910-340-6364

tHamilton/Avnet Electronics
13618 West 190th Street
Gardena 90248

Tel: (213) 217-6700

TWX: 910-340-6364

tHamilton/Avnet Electronics
4103 Northgate Blvd.
Sacramento 95834

Tel: (916) 920-3150

Pioneer/Technologies Group, Inc.

134 Rio Robles
San Jose 95134
Tel: (408) 954-9100
FAX: 408-954-9113

Wyle Distribution Group
124 Maryland Street

El Segundo 90254

Tel: (213) 322-8100

Wyle Distribution Group
7431 Chapman Ave.
Garden Grove 92641
Tel: (714) 891-1717
FAX: 714-891-1621

tWyle Distribution Group
2951 Sunrise Bivd., Suite 175
Rancho Cordova 95742

Tel: (916) 638-5282

tWyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

Tel: (619) 565-9171
TWX: 910-335-15980

Wyle Distribution Group
3000 Bowers Avenue
Santa Clara 95051

Tel: (408) 727-2500
TWX: 408-988-2747

17872 Cowan Avenue
Irvine 92714

Tel: (714) 863-9953
TWX: 910-371-7127

1Wyle Distribution Group
26677 W. Agoura Rd.
Calabasas 91302

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

COLORADO

Arrow Electronics, Inc.
7060 South Tucson Way
Englewood 80112

Tel: (303) 790-4444

Hamilton/Avnet Computer
9605 Maroon Circle, Ste. 200
Engelwood 80112

tHamilton/Avnet Electronics
9605 Maroon Circle

Suite 200

Englewood 80112

Tel: (303) 799-0663

TWX: 910-935-0787

tWyle Distribution Group
451 E. 124th Avenue
Thornton 80241

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

CONNECTICUT

tArrow Electronics, Inc.
12 Beaumont Road
Wallingford 06492

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

Hamilton/Avnet Computer
Commerce Industrial Park
Commerce Drive
Danbury 06810

tHamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX: 710-456-9974

tPioneer/Standard Electronics
112 Main Street

Norwalk 06851

Tel: (203) 853-1515

FAX: 203-838-9901

FLORIDA

TArrow Electronics, Inc.
400 Fairway Drive
Suite 102

Deerfield Beach 33441
Tel: (305) 429-8200
FAX: 305-428-3991

TArrow Electronics, Inc.
37 Skyline Drive

Suite 3101

Lake Marv 32746

Tel: (407) 323-0252
FAX: 407-323-3189

Hamilton/Avnet Computer
6801 N.W. 15th Way
Ft. Lauderdale 33309

Hamilton/Avnet Computer
3247 Spring Forest Road
St. Petersburg 33702

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

Ft. Lauderdale 33309

Tel: (305) 971-2900

FAX: 305-971-5420

tHamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 573-3930

FAX: 813-572-4329

tHamilton/Avnet Electronics
6947 University Boulevard
Winter Park 32792

Tel: (407) 628-3888

FAX: 407-678-1878

337 Northiake Blvd., Suite 1000
Alta Monte Springs 32701

Tel: (407) 834-9090

FAX: 407-834-0865

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

Deerfield Beach 33442

Tel: (305) 428-8877

FAX: 305-481-2950

GEORGIA

Arrow Commercial System Group
3400 C. Corporate Way

Deluth 30139

Tel: (404) 623-8825

FAX: (404) 623-8802

tArrow Electronics, Inc.
4250 E. Rivergreen Parkway
Deluth 30136

Tel: (404) 497-1300

TWX: 810-766-0439

Hamilton/Avnet Computer
5825 D. Peachtree Corners E.
Norcross 30092

tHamilton/Avnet Electronics
5825 D Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432

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

Tel: (404) 448-1711

FAX: 404-446-8270

ILLINOIS

tArrow Electronics, Inc.
1140 W. Thorndale
ltasca 60143

Tel: (708) 250-0500
TWX: 708-250-0916

Hamilton/Avnet Computer
1130 Thorndale Avenue
Bensenville 60106

tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (708) 860-7780

TWX: 708-860-8530

MTI Systems Sales
1100 W. Thorndale
ltasca 60143

Tel: (708) 773-2300

tPioneer/Standard Electronics
2171 Executive Dr., Suite 200
Addison 60101

Tel: (708) 495-9680

FAX: 708-495-9831

INDIANA

tArrow Electronics, Inc.

7108 Lakeview Parkway West Drive

Indianapolis 46268
Tel: (317) 299-2071
FAX: 317-299-0255

Hamilton/Avnet Computer
485 Gradle Drive
Carmel 46032

Hamilton/Avnet Electronics
485 Gradle Drive

Carmel 46032

Tel: (317) 844-9333

FAX: 317-844-5921

{Pioneer/Standard Electronics
9350 Priority Way

West Drive

Indianapolis 46250

Tel: (317) 573-0880

FAX: 317-573-0979
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IOWA

Hamilton/Avnet Computer
915 33rd Avenue SW
Cedar Rapids 52404

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

Tel: (319) 362-4757

KANSAS

Arrow Electronics, Inc.
8208 Melrose Dr., Suite 210
Lenexa 66214

Tel: (913) 541-9542

FAX: 913-541-0328

Hamilton/Avnet Computer
15313 W. 95th Street
Lenexa 61219

fHamlIlon/Avnet Electronics
15313 W. 95th

Overland Park 66215

Tel: (913) 888-8900

FAX: 913-541-7951

KENTUCKY

Hamilton/Avnet Electronics
805 A. Newtown Circle
Lexmglon 40511

Tel: (606) 259-1475

MARYLAND

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

Tel: (301) 995-6002
FAX: 301-381-3854

Hamilton/Avnet Computer
6822 Oak Hall Lane
Columbia 21045

‘tHamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045

Tel: (301) 995-3500

FAX: 301-995-3593

tMesa Technolo, Wgy Corp.
9720 Patuxent Woods Dr.
Columbia 21046

Tel: (301) 290-8150
FAX: 301-290-6474

tPioneer/Technologies Group, Inc.

9100 Gaither Road

Gaithersbur, 20877
Tel: (301) 921-0660
FAX: 301-921-4255

MASSACHUSETTS

Arrow Electronics, Inc.
25 Upton Dr.
Wilmington 01887
Tel: (508) 658-0900
TWX: 710-393-6770

Hamilton/Avnet Computer
10 D Centennial Drive
Peabody 01960

‘tHamilton/Avnet Electronics
10D Centennial Drive
Peabody 01960

Tel: (508) 532-9838

FAX: 508-596-7802

tPioneer/Standard Electronics
44 Hartwell Avenue

Lexington 02173

Tel: (617) 861-9200

FAX: 617-863-1547

Wyle Distribution Group
15 Third Avenue
Burlington 01803

Tel: (617) 272-7300
FAX: 617-272-6809

MICHIGAN

TArrow Electronics, Inc.
19880 Haggerty Road
Livonia 48152

Tel: (313) 665-4100
TWX: 810-223-6020

tCertified Technical Distributor

Hamqllun/Avnet Computer
2215 S.E
Grand Raplds 49508

Hamilton/Avnet Computer
41650 Garden Rd., Ste. 100
Novi 48050

Hamilton/Avnet Electronics
2215 29th Street S.E.
Space A5

Grand Rapids 49508

Tel: (616) 243-8805

FAX: 616-698-1831

Hamilton/Avnet Electronics
41650 Garden Brook

Novi 48050

Tel: (313) 347-4271

FAX: 313-347-4021

tPioneer/Standard Electronics
4505 Broadmoor S.E

Grand Rapids 49508

Tel: (616) 698-1800

FAX: 616-698-1831

tPioneer/Standard Electronics
13485 Stamford

Livonia 48150

Tel: (313) 525-1800

FAX: 313-427-3720

MINNESOTA

TArrow Electronics, Inc.
5230 W. 73rd Street
Edina 55435

Tel: (612) 830-1800
TWX: 910-576-3125

Hamilton/Avnet Computer
12400 Whitewater Drive
Minnetonka 55343

‘THamilton/Avnet Electronics
12400 Whitewater Drive
Minnetonka 55434

Tel: (612) 932-0600

TWX: 910-576-2720

tPioneer/Standard Electronics
7625 Golden Triange Dr.
Suite G

Eden Prairie 55343

Tel: (612) 944-3355

FAX: 612-944-3794

MISSOURI

tArrow Electronics, Inc.
2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
FAX: 314-567-1164

Hamilton/Avnet Computer
739 Goddard Avenue
Chesterfield 63005

THam:Iton/Avne! Electronics
741 Goddal

Chsstameld 63005

Tel: (314) 537-1600

FAX: 314-537-4248

NEW HAMPSHIRE

Hamilton/Avnet Computer
2 Executive Park Drive
Bedford 03102

Hamilton/Avnet Computer
444 East Industrial Park Dr.
Manchester 03103

NEW JERSEY

TArrow Electronics, Inc.
4 East Stow Road

Unit 11

Mariton 08053

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

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

Hamilton/Avnet Computer
1 Keystone Ave., Bldg. 36
Cherry Hill 08003

Hamilton/Avnet Computer
10 Industrial Road
Fairfield 07006

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

Tel: (609) 424-0110

FAX: 609-751-2552

‘tHamilton/Avnet Electronics
10 Industrial

Fairfield 07006

Tel: (201) 575-3390

FAX: 201-575-5839

tMTI Systems Sales
9 Law Drive

Fairfield 07006

Tel: (201) 227-5652
FAX: 201-575-6336

tPioneer/Standard Electronics
14-A Madison Rd.

Fairfield 07006

Tel: (201) 575-3510

FAX: 201-575-3454

NEW MEXICO

Alliance Electronics Inc.
10510 Research Avenue
Albuguerque 87123
Tel: (505) 292-3360
FAX: 505-292-6537

Hamilton/Avnet Computer

5659 Jefferson, N.E. Suites A & B

Albuquerque 87109

tHamilton/Avnet Electronics
5659A Jefferson N.E.
Albuquerque 87109

Tel: (505) 765-1500

FAX: 505-243-1395

NEW YORK
tArrow Electronics, Inc.

3375 Brighton Henrietta Townline Rd.

Rochester 14623
Tel: (716) 427-0300
TWX: 510-253-4766

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

Hamilton/Avnet Computer
933 Motor Parkway
Haupauge 11788

Hamilton/Avnet Computer
2060 Townline
Rochester 14623

‘tHamilton/Avnet Electronics
933 Motor Parkway
Hauppauge 11788

Tel: (516) 231-9800

TWX: 510-224-6166

‘tHamilton/Avnet Electronics
2060 Townline Rd.
Rochester 14623

Tel: (716) 272-2744

TWX: 510-253-5470

Hamilton/Avnet Electronics
103 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-0288

TWX: 710-541-1560

1MTI Systems Sales
38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200
FAX: 510-223-0846

Pioneer/Standard Electronics
68 Corporate Drive
Binghamton 13904
Tel: (607) 722-9300
FAX: 607-722-9562

Pioneer/Standard Electronics
40 Oser Avenue

Hauppauge 11787

Tel: (516) 231-9200

FAX: 510-227-9869

DOMESTIC DISTRIBUTORS (Contd.)

tPioneer/Standard Elactronics
60 Crossway Park West
Woodbury, Long Island 11797
Tel: (516) 921-87/

FAX: 516-921 2143

tPioneer/Standard Electronics
840 Fairport Park

Fairport 14450

Tel: (716) 381-7070

FAX: 716-381-5955

NORTH CAROLINA

TArrow Electronics, Inc.
5240 Greensdairy Road
Raleigh 27604

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

Hamilton/Avnet Computer
3510 Spring Forest Road
Raleigh 27604

‘THamilton/Avnet Electronics
3510 Spring Forest Drive
Raleigh 27604

Tel: (919) 878-0819

TWX: 510-928-1836

Pioneer/Technologies Group, Inc.
9401 L-Southern Pine Blvd.
Charlotte 28210
Tel: (919) 527-8188
FAX: 704-522-8564

Pioneer Technologies Group, Inc.

2810 Meridian Parkway
Suite 148

Durham 27713

Tel: (919) 544-5400
FAX: 919-544-5885

OHIO

Arrow Commercial System Group

284 Cramer Creek Court
Dublin 43017

Tel: (614) 889-9347
FAX: (614) 889-9680

tArrow Electronics, Inc.
6238 Cochran Road
Solon 44139

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

Hamilton/Avnet Computer
7764 Washlngton Village Dr.
Dayton 454

Hamilton/Avnet Computer
30325 Bainbridge Rd., Bldg. A
Solon 44139

THamilton/Avnet Electronics
7760 Washington Village Dr.
Dayton 45459

Tel: (513) 439-6733

FAX: 513-439-6711

‘tHamilton/Avnet Electronics
30325 Bainbridge

Solon 44139

Tel: (216) 349-5100

TWX: 810-427-9452

Hamilton/Avnet Computer
777 Brooksedge Bivd.
Westerville 43081

Tel: (614) 882-7004

FAX: 614-882-8650

Hamilton/Avnet Electronics
777 Brooksedge Bivd.
Westerville 43081

Tel: (614) 882-7004

MT! Systems Sales
23400 Commerce Park Road
Beachwood 44122
Tel: (216) 464-6688

1Pioneer/Standard Electronics
4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

FAX: 513-236-8133

1Pioneer/Standard Electronics
4800 E. 131st Street
Cleveland 44105

Tel: (216) 587-3600

FAX: 216-663-1004
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OKLAHOMA

Arrow Electronics, Inc.
4719 South Memorial Dr.
Tulsa 74145

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

Tel: (918) 252-7297

OREGON

tAlmac Electronics Corp.
1885 N.W. 169th Place
Beaverton 97005

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

Hamilton/Avnet Computer
9409 Southwest Nimbus Ave.
Beaverton 97005

tHamilton/Avnet Electronics
9409 S.W. Nimbus Ave.
Beaverton 97005

Tel: (503) 627-0201

FAX: 503-641-4012

Wyle

9640 Sunshine Court
Bldg. G, Suite 200
Beaverton 97005
Tel: (503) 643-7900
FAX: 503-646-5466

PENNSYLVANIA

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

Hamilton/Avnet Computer
2800 Liberty Ave., Bldg. E
Pittsburgh 15222

Hamilton/Avnet Electronics
2800 Liberty Ave.
Pittsburgh 15238

Tel: (412) 281-4150

Pioneer/Standard Electronics
259 Kappa Drive

Pittsburgh 15238

Tel: (412) 782-2300

FAX: 412-963-8255

tPioneer/Technologies Group, Inc.

Delaware Valley
261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
FAX: 215-674-3107

TENNESSEE

Arrow Commercial System Group
3635 Knight Road

Suite 7

Memphis 38118

Tel: (901) 367-0540

FAX: (901) 367-2081

TEXAS

Arrow Electronics, Inc.
3220 Commander Drive
Carrollton 75006

Tel: (214) 380-6464
FAX: (214) 248-7208

tCertified Technical Distributor

DOMESTIC DISTRIBUTORS (Contd.)

Hamilton/Avnet Computer
1807A West Braker Lane
Austin 78758

Hamilton/Avnet Computer
Forum 2

4004 Beltline, Suite 200
Dallas 75244

Hamilton/Avnet Computer
4850 Wright Rd., Suite 190
Stafford 77477

fHamilton/Avnet Electronics
1807 W. Braker Lane
Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

tHamilton/Avnet Electronics
4004 Beltline, Suite 200
Dallas 75234

Tel: (214) 308-8111

TWX: 910-860-5929

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

Tel: (713) 240-7733

TWX: 910-881-5523

tPioneer/Standard Electronics
1826-D Kramer

Austin 78758

Tel: (512) 835-4000

FAX: 512-835-9829

tPioneer/Standard Electronics
18710 Omega Road

Dallas 75244

Tel: (214) 386-7300

FAX: 214-490-6419

tPioneer/Standard Electronics
10530 Rockley Road

Houston 77099

Tel: (713) 495-4700

FAX: 713-495-5642

tWyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953
FAX: 214-644-5064

UTAH

Hamilton/Avnet Computer
1585 West 2100 South
Salt Lake City 84119

‘tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018

1Wyle Distribution Group
1325 West 2200 South
Suite E

West Valley 84119

Tel: (801) 974-9953

WASHINGTON

‘tAImac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992

FAX: 206-643-9709

Hamilton/Avnet Computer
17761 Northeast 78th Place
Redmond 98052

THamlIton/Avnet Electronics
1 N.E. 78th Place

Redmond 98052

Tel: (206) 881-6697

FAX: 206-867-0159

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

Tel: (206) 881-1150
FAX: 206-881-1567

WISCONSIN

Arrow Electronics, Inc.

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

Tel: (414) 792-0150

FAX: 414-792-0156

Hamilton/Avnet Computer
20875 Crossroads Circle
Suite 400

Waukesha 53186

tHamilton/Avnet Electronics
28875 Crossroads Circle
Suite 400

Waukesha 53186

Tel: (414) 784-4510

FAX: 414-784-9509

CANADA

ALBERTA

Hamilton/Avnet Computer
2816 21st Street Northeast
Calgary T2E 622

Hamilton/Avnet Electronics
2816 21st Street N.E. #3
Calgary T2E 6Z3

Tel: (403) 230-3586

FAX: 403-250-1591

Zentronics

6815 #8 Street N.E.
Suite 100

Calgary T2E 7H
Tel: (403) 295-8818
FAX: 403-295-8714

BRITISH COLUMBIA

‘tHamilton/Avnet Electronics
8610 Commerce Ct.
Burnaby V5A 4N6

Tel: (604) 420-4101

FAX: 604-437-4712

Zentronics

108-11400 Bridgeport Road
Richmond VéX 1T2

Tel: (604) 273-5575

FAX: 604-273-2413

ONTARIO

Arrow Electronics, Inc.
36 Antares Dr., Unit 100
Nepean K2E 7W5

Tel: (613) 226-6903
FAX: 613-723-2018

tArrow Electronics, Inc.
1093 Meyerside, Unit 2
Mississauga L5T 1M4
Tel: (416) 673-7769
FAX: 416-672-0849

Hamilton/Avnet Computer
Canada System Engineering
Group

3688 Nashua Drive

Units 7 & 8

Mississuaga L4V 1M5

Hamilton/Avnet Computer
3688 Nashua Drive

Units 9 & 10

Mississuaga L4V 1M5

Hamilton/Avnet Computer
6845 Rexwood Road
Units 7, 8, & 9
Mississuaga L4V 1R2

Hamilton/Avnet Computer
190 Colonade Road
Nepean K2E 7J5

tHamilton/Avnet Electronics
6845 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel: (416) 677-7432

FAX: 416-677-0940

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

Tel: (613) 226-1700

FAX: 613-226-1184

1Zentronics

1355 Meyerside Drive
Mississauga L5T 1C9
Tel: (416) 564-9600
FAX: 416-564-8320
tZentronics

155 Colonnade Road
Unit 17

Nepean K2E 7K1

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

QUEBEC
Arrow Electronics Inc.

Tel: (514) 421-7411
FAX: 514-421-7430

Arrow Electronics, Inc.
500 Boul. St-Jean-Baptiste
Suite 280

Quebec G2E 5R9

Tel: (418) 871-7500

FAX: 418-871-6816
Hamilton/Avnet Computer
2795 Rue Halpern

St. Laurent H4S 1P8

‘tHamilton/Avnet Electronics
2795 Halpern

St. Laurent H2E 7K1

Tel: (514) 335-1000

FAX: 514-335-2481
tZentronics

520 McCaffrey

St. Laurent H4T 1N3

Tel: (514) 737-9700

FAX: 514-737-5212
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FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
TLX: 123332

FRANCE

Intel Corporation S.A.R.L.
1, Rue Edison-BP 303

78054 St. Quentin-en-Yvelines

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

ISRAEL
Intel Semiconductor Ltd.

Atidim Industrial Park-Neve Sharet

P.O. Box 43202
Tel-Aviv 61430

Tel: (972) 03 498080
TLX: 371

EUROPEAN SALES OFFICES

ITALY

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

20094 Assago

Milano

Tel: (39) (02) 89200950
TLX: 3412

NETHERLANDS

Intel Semiconductor B.V.
Postbus 84130

3099 CC Rotterdam

Tel: (31) 10.407.11.11
TLX: 22283

SPAIN

Intel Iberia S.A.
Zurbaran, 28

28010 Madrid

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

SWEDEN

Intel Sweden A.B.
Dalvagen 24

171 36 Solna

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

SWITZERLAND

Intel Semiconductor A.G.
Zuerichstrasse

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

TLX: 825977

UNITED KINGDOM

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

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

WEST GERMANY

Intel GmbH

Dornacher Strasse 1

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

FAX: (49) 089/904/3948

Intel GmbH

Abraham Lincoln Strasse 16-18

6200 Wiesbaden
Tel: (49) 06121/7605 0
TLX: 4

Intel GmbH
Zenachrlng 10A

7000 Stu

Tel: (49) 071 1/7287 280
TLX: 7-25482

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.

Flotenmuehlgasse 26
1120 Wi
TeI (43) (0222) 83 56 46

BELGIUM

Inelco Belgium S.A.

Av. des Croix de Guerre 94
1120 Bruxelles

Oorlo skrulsenlaan 94
1120

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

DENMARK

ITT-Multikomponent
Naverland 29

2600 Glostrup

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

FINLAND

QY Fintronic AB
Melkonkatu 24A
00210 Helsinki
;el (358) (0) 6926022

FRANCE

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

73

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

Jermyn

60, rue des Gemeaux
Silic 580

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

Metrologie

Tour d'Asnieres

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

Tekelec-Airtronic

Cite des Bruyeres

Rue Carle Vernet - BP 2
92310 Sevres

Tel: (33) (1) 45 34 75 35
TLX: 204552

IRELAND

Micro Marketing Ltd.
Glenageary Office Park
Glenageary

Co. Dublin

Tel: (21) (353) (01) 856288
FAX: (21) (353) (01) 857364
TLX: 31584

ISRAEL

Eastronics Ltd.

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

Tel: (972) 03 475151
TLX: 3

ITALY
Intesi

Divisione ITT Industries GmbH

Viale Milanofiori
Palazzo E/5

20090 Assago (M)
Tel: (39) 02/824701
TLX: 311351

Lasi Elettronica S.p.A.

V. le Fulvio Testi, 126

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

TLX: 352040

Telcom S.r.l.

Via M. Civitali 75
20148 Milano

Tel: (39) 02/4049046
TLX: 335654

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

Silverstar

Via Dei Gracchl 20
20146 Milang

Tel: (39) 02/49961
TLX: 3321

NETHERLANDS

Koning en Hartman
Elektrotechniek B.V.
Energleweg 1

2627 AP Delft
¥e| (31) (1) 15/609906

NORWAY

Nordisk E!ektromkk (Norge) A/S

Postboks 1
Smedsvmgen 4

1364 Hvalstad

Tel: (47) (02) 84 62 10
TLX: 77546
PORTUGAL

ATD Portugal LDA
Rua Dos Lusiados, 5 Sala B
1300 Lisboa

Tel: (35) (1) 64 80 91
TLX: 61562

Ditram

Avenida Miguel Bombarda, 133

1000 Lisboa
Tel: (35) (1) 54 53 13
TLX: 14182

SPAIN

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

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

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

SWEDEN

Nordisk Elektronik AB
Torshamnsgatan 39
Box 36

164 93 Kista

¥EI (46) 08 03 46 30

SWITZERLAND

Industrade A.G.
Hertistrasse 31

8304 Wallisellen

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

TURKEY

EMPA Electronic
Lindwurmstrasse 95A
8000 Muenchen 2

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

UNITED KINGDOM

Accent Electronic Components Ltd.
Jubilee House, Jubilee Road
Letchworth, Herts SG6 1QH

Tel: (44) (0462) 670011

FAX: (44) (0462) 682467

TWX: 826505

Bytech Components Ltd.
12A Cedarwood
Chineham Business Park
Crockford Lane
Basingstoke

Hants RG24 OWD

Tel: (0256) 707107

FAX: 0256-707162

Conformix

Unit 5

A1M Business Centre
Dixons Hill Road
Welham Green
South Hatfield

Herts AL9 7JE

Tel: (07072) 73282
FAX: (07072) 61678

Bytech Systems

3 The Western Centre
Western Road

Bracknell RG12 1RW
Tel: (44) (0344) 55333
FAX: (44) (0344) 867270
TWX: 849624

Jermyn

Vestry Estate

Otford Road

Sevenoaks

Kent TN14 5EU

Tel: (44) (0732) 450144
FAX: (44) (0732) 451251
TWX: 95142

MMD Ltd.

3 Bennet Court

Bennet Road

Reading

Berkshire RG2 0QX

Tel: (44) (0734) 313232
FAX: (44) (0734) 313255
TWX: 846669

Rapid Recall, Ltd.

Rapid House

Oxford Road

High Wycombe
Buckinghamshire HP11 2EE
Tel: (44) (0494) 26271

FAX: (44) (0494) 21860
TWX: 837931

Rapid Recall, Ltd.
28 High Street
Nantwich

Cheshire CW5 5AS
Tel: (0270) 627505
FAX: (0270) 629883
TWX: 36329

WEST GERMANY

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

ITT Multikomponent GmbH
Postfach 1265
Bahnhofstrasse 44

7141 Moeglingen

Tel: (49) 07141/4879

TLX: 7264472

Jermyn GmbH
Im Dachssmeck 9
6250 Limbury

I (49) 06431/508 0
TLX 415257-0

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

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 Dreieich

Tel: (49) 06103/30434-3
TLX: 417903

YUGOSLAVIA

H.R. Microelectronics Corp.

2005 de la Cruz Blvd., Ste. 223

Sama Clara, CA 95050
USA.

¥el (1) (403) 988-0286

Rapido Electronic Components

.p.a.
Via C. Beccaria, 8
341 33 Trieste

Tel (39) 040/360555
TLX:
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AUSTRALIA
Intel Australia Pty. Ltd.
nit 13

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

FAX: 61-2975-3375

BRAZIL

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

Tel: 55-11-287-5899

TLX: 3911153146 ISDB

FAX: 55-11-287-5119

CHINA/HONG KONG

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

FAX: (1) 500-2953

Intel Semiconductor Ltd.*
10/F East Tower

Bond Center
Queensway, Central
Hong Kong

Tel: (852) B44-4555

FAX: (852) 868-1989

INTERNATIONAL SALES OFFICES

INDIA

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

St. Mark’s Road

Bangalore 560001

Tel: 011-91-812-215065
TLX: 953-845-2646 INTL IN
FAX: 091-812-215067

JAPAN

Intel Japan K.K.
5-6 Tokodai, Tsukuba-shi
6

FAX: 0298 47-8450

Intei Japan K.K*
Daiichi Mitsugi Bldg.
1-8889 Fuchu-cho
Fuchu-shi, Tokyo 183
Tel: 0423-60-7871
FAX: 0423-60-0315

Intet Japan K.K.*

Bldg. Kumagaya

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

FAX: 0485-24-7518

Intel Japan K.K.*
Kawa-asa Bldg.

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: 03-201-362

FAX: 03-201- 6850

Intel Japan K.K.
Green Bldg.

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

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

KOREA

Intel Korea, Ltd.

16th Floor, Life Bldg.

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

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

FAX: (2) 784-8096

SINGAPORE

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

Singapore 1130

Tel: 250-7811

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Technology Far East Ltd.
8th Floor, No. 205

Bank Tower Bldg.

Tung Hua N. Road

Taipei

Tel: 886-2-716-9660

FAX: 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

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

AUSTRALIA

Email Electronics

15-17 Hume Street
Huntingdale, 3166

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

FAX: 011-61 35438179

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: 55-11-54593/54591
FAX: 55-11-534-9424

CHINA/HONG KONG

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

681 Cheung Sha Wan Road
Kowloon, Hong Kon

Tel: (852) 360-8999

TWX: 32032 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 40

TLX: 9531 171447 MDEV

Micronic Devices

25/8, 1st Floor

Bada Bazaar Marg

Old Rajinder Nagar

New Delhi 110 060

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

TLX: 031-63253 MDND IN

Micronic Devices

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

Tel: 011-91-842-226748

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

LX: 820281
FAX: (408) 978-8635
JAPAN

Asahi Electronics Co. Ltd.
KMM Blidg. 2-14-1 Asano
Kokurakita-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: 03-439-1600

FAX: 03-439-1601

Okaya Koki

2-4-18 Sakae

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

FAX: 052-204-2901

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

KOREA

J-Tek Corporation

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.

150 Taepyung-Ro-2KA, Chung-Ku
Seoul 100-102

C.P.O. Box 8780

Tel: (822) 751-3680

TWX: KORSST K 27970

FAX: (822) 753-9065

MEXICO

SSB Electronics, Inc.

675 Palomar Street, Bldg. 4, Suite A
Chula Vista, CA 9201

Tel: (619) 585-325:

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

PHIS.A. de C.V.

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

FAX: 62-73-17-5333

NEW ZEALAND

Email Electronics

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

SINGAPORE

Electronic Resources Pte, Ltd.
17 Harvey Road

#03-01 Singapore 1336

Tel: (65) 283-0888

TWX: RS 56541 ERS

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.O.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



intal

UNITED STATES
Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

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

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

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

Swindon
Wiltshire, England SN3 1R]

GERMANY

Intel GmbH

Dornacher Strasse 1

8016 Feldkirchen bei Muenchen

HONG KONG

Intel Semiconductor Ltd.
10/F East Tower

Bond Center
Queensway, Central

CANADA

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



Packaging

With continuing commitment to ‘quality
and customer service, Intel has developed
this first edition of the Packaging
handbook. Of particular interest to Intel’s
customers is the technical information
about its integrated circuit packaging
methods. In addition to providing detailed
IC packaging process information, this
handbook includes, in its entirety, the
Packaging Outlines and Dimensions
Guide. Thus, providing a vital tool to the
creation of quality systems products.

The industry move towards surface
mount technology, denser packages,
printed wiring boards, and systems has

“magnified the customers’ requirement for

more detailed IC packaging information
from their supplier. With this in mind,
this publication consolidates all relevant
data for the IC package user in one place.
~ This handbook describes in detail the
process flows involved in manufacturing
both plastic and ceramic packages;
electrical, thermal and mechanical data by
package family; shipping and handling
information; and a thorough discussion of
surface mount technology, handling and
assembly information for surface mount
components.

Printed in USA/0191/85K/RRD/JV
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