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The Principles of
Standardization

In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should:
• Show relationship to Design for Manufacturability

(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot

be defended with data

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
lished, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision. Adopted October 6. 1998

Why is there
a charge for
this standard?

Your purchase of this document contributes to the ongoing development of new and updated
industry standards. Standards allow manufacturers, customers, and suppliers to understand one
another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low in order to allow as many companies as possible
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strictly prohibited and
constitutes infringement under the Copyright Law of the United States.

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


ANSI/IPC-SM-780

Component Packaging

and Interconnecting

with Emphasis on

Surface Mounting

Developed by the Technical Committees of IPC

Users of this standard are encouraged to participate in the
development of future revisions.

Contact:

IPC
2215 Sanders Road
Northbrook, Illinois
60062-6135
Tel 847 509.9700
Fax 847 509.9798

ASSOCIATION CONNECTING
ELECTRONICS INDUSTRIES

APPROVED MARCH 31, 1988 BY

AMERICAN NATIONAL STANDARDS INSTITUTE

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


Acknowledgment
Any Standard involving a complex technology draws material from a vast number of sources. While the principal members
of the IPC Advanced Packaging Guidelines Subcommittee of the IPC Advanced Packaging Committee are shown below, it
is not possible to include all of those who assisted in the evolution of this Guidelines. To each of them, the members of the
IPC extend their gratitude.

Advanced Packaging
Committee

Advanced Packaging Guidelines
Subcommittee

Technical Liaison of the
IPC Board of Directors

Chairman
Foster Gray
Texas Instruments

Chairman
Harvey R. Waltersdorf
Thomas & Betts Corp.

Vice Chairman
Jerry D. Holly
Tektronix

William Miller
Prestwick Circuits

Advanced Packaging Guidelines Subcommittee

P.N. Albaugh, Rockwell International

J. Arabian, Digital Equipment

D. Ashendorf, Emulex

J. Augis, AT&T Bell Labs

F.E. Bader, AT&T Bell Labs

J.J. Baird, General Dynamics

J. Balde, Interconn Decision
Consulting

E. Banas, Sperry

S. Banks, Intergraph

E.A. Barbeau, Delco Systems
Operation

J.S. Barrick, Allen-Bradley

C.E. Bauer, Tektronix

M. Beam, Hughes Aircraft

D. Benezra, Boeing

G.L. Branch, Hughes Aircraft

C. Brill, Amp Inc.

P. Browning, Northern Telecom

R. Callanan, Wang Laboratories
Ireland B.V.

T. Canning, Rockwell International

J.R. Cannizzaro, Digital Equipment

J. Canright, Martin-Marietta

E. Cassinelli, Prime Computer

R. Castonguay, Hicks & Otis Prints

G.T. Chiurazzi, Goodyear Aerospace

E. Chu, Honeywell (LCPD)

F.X. Classon, Martin-Marietta

J.P. Clech, AT&T Bell Labs

C. Cleveland, Boeing

M.F. Conway, Shell Development

J. Cordum, Teledyne Lewisburg

L.A. Crouch, Martin-Marietta

D. Currie, Teledyne Systems

O. Denes, Allen-Bradley

A. Doehla, Hughes Aircraft

D. Dorinski, Motorola

K. Drain, Locktite

J.J. Dumont, Souriau & Cie

F. Durso, MacDermid

R.V. Edwin, PCK Technology

W. Engelmaier, AT&T Bell Labs

A.A. Evans, Rockwell International

F.W. Evans, Bell Northern Research

R.J. Fedor, Gould

J. Fennimore, Martin-Marietta

G.M. Ferrari, Pitney Bowes

R. Figalora, Grumman Aerospace

J. Force, AC Spark Plug

K.J. Gainor, Texas Instruments

K.B. Gilleo, Sheldahl

B. Gillmouth, Tektronix

P. Gilmore, Dynachem

G. Ginsberg, Component Data
Associates

C. Gonder, Multiwire/EED

T.J. Gonzalez, Magnetic Peripherals

F.L. Gopez, DuPont Connectors

W.E. Greiner, Kollmorgen

G. Hearn, Cincinnati Microwave

A. Hedenstrom, Northrop

R.J. Hersey, Lawrence Livermore
Nat’l Lab

J.P. Hewitt, AT&T Technology
Systems

P.E. Hinton, Hinton ‘‘PWB’’
Engineering

L.C. Hymes, General Electric
Medical Sys.

D.C. Jarvis, Lockheed Georgia

M.W. Jawitz, Litton Guidance &
Control

C. Jennings, Sandia Nat’l Labs

J.A. Johnson, MacDermid

R.A. Jones, IBM

S. Kandybowski, Amp Inc.

L.J. Kane, Hughes Aircraft

T. Kingston, Texas Instruments

K. Klatt, Scientific Calculations

C.W. Knapp, Litton Guidance &
Control

S. Korchynsky, IBM

L. Kray, Data General

C.D. LaGree, Boeing Military
Airplane

J.W. Lampe, Martin-Marietta

F. Landavazo, Delco Systems
Operation

J. P.L. Langan, Enthone

W.K. Lange, Lange Associates

IPC-SM-780 July 1988

ii

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


J.F. Legein, Raytheon

J.D. Leibowitz, TRW Systems Group

H.F. Leshinsky, AC Spark Plug

R.G. Logeland, Control Data

G.F. Love, Martin-Marietta

C. MacKay, Microelectronics &
Computer

B. Mahler, Ohmega Technologies

J. Manikowski, Litton Systems/
Amecom Div.

J. Martin, Avco

W.N. Martin, Honeywell

E. Mathias, W.R. Grace

V. Vosberg, Teradyne
Telecommunication

M.C. McClendon, AT&T Technology
Systems

R. McDonald, Teradyne
Telecommunication

B. McManus, Raytheon

C.A. McPherson, AT&T Bell Labs

G. Messner, PCK Technology

J.J. Mikschl, Unisys

R. Mlcoch, Bell Industries

R.O. Moser, General Electric

D.W. Norling, Methode

J.W. Norton, Goodyear Aerospace

A.G. Osborne, Honeywell MSD

S. Ostrow, Polyclad Laminates

J.L. Parker, AT&T Bell Labs

J. Paulus, Nelco

C.E. Pericich, McDonnell Douglas

G.K. Peterson, ETD Technology

L.M. Peterson, Johnson Controls

S. Pincott, United Technologies

R. Prasad, Intel Corp.

D.W. Read, Boeing Military Airplane

W. Rehberg, Sundstrand Advanced
Tech Group

J.E. Rie, Dymax Engineering
Adhesives

B.C. Rietdorf, Magnavox

A.P. Righini, GTE

L.W. Ritchey, Shared Resources

S.J. Roberts, Sheldahl

J. Rothenbach, Kenco Industries

G. Rudisill, Aerojet Electrosystems

D. Rudy, AT&T Bell Laboratories

M.A. Savrin, Kulicke & Soffa

B. Scheingold, Amp Inc.

R.E. Schneider, Lorain Products

D.P. Schnorr, RCA

D. Schoenthaler, AT&T Technologies

S. Schramme, Methode Electronics

J.C. Sekutowski, AT&T Technologies

J.S. Shaik, Automata

J. Sharma, Northern Telecom

T. Shman, Ericsson Telecom

R.G. Silvey, Detrex Chemical
Industries

W.G. Simons, U.S. Prolam

A. Smith, Boeing

J.F. Smith, Raytheon

T.H. Stearns, Advanced Circuit
Technology

W.R. Steinacker, DuPont

J. Svensson, Ericsson Telecom

R.P. Terrell, Dept. of Defense

R.T. Traskos, Rogers Corp.

M.A. Trent, Allied Bendix Aerospace

J.W. Vargo, Allen-Bradley

D.A. Vaughan, DuPont

J.A. Veras, McDonnell Douglas

D. Verbeten, Norplex/Oak

E. Vollmar, Methode Electronics

R. Wang, Northern Telecom

S. Witzman, Bell Northern Research

C. Wynn, Raychem

J. Wynschenk, Enthone

S.G. Zaiontz, Martin-Marietta

A special note of thanks to the key members of the working group that met several times during the development of
this standard and prepared the material reviewed by the committee and the IPC membership: Steven Kandybowski,
Amp, Inc.; Colin MacKay, Microelectronics & Computer; Werner Engelmaier, AT&T Bell Laboratories; Harvey Walters-
dorf, Thomas & Betts; Gerry Ginsberg, Component Data Associates; Jerry Holly, Tektronix; Terry Kingston, Texas
Instruments

July 1988 IPC-SM-780

iii

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


Table of Contents

1.0 INTRODUCTION....................................................... 1

1.1 Scope.................................................................. 1

1.2 Purpose .............................................................. 1

1.3 Classification...................................................... 1

1.4 Terms and Definitions ....................................... 1

1.4.1 Castellations....................................................... 1

1.4.2 Chip Carrier ....................................................... 1

1.4.3 Coefficient of Thermal Expansion Mismatch .. 1

1.4.4 Component......................................................... 2

1.4.5 Component Mounting Site ................................ 2

1.4.6 Constraining Core.............................................. 2

1.4.7 Double-Sided Assembly .................................... 2

1.4.8 Dual In-Line Package........................................ 2

1.4.9 Flat Pack ............................................................ 2

1.4.10 Footprint ............................................................ 2

1.4.11 Grid .................................................................... 2

1.4.12 Integrated Circuit (IC)....................................... 2

1.4.13 Land Pattern ...................................................... 2

1.4.14 Leaded Chip Carrier.......................................... 2

1.4.15 Leadless Chip Carrier........................................ 2

1.4.16 Mixed Mounting Technology............................ 2

1.4.17 Packaging and Interconnecting Structure ......... 2

1.4.18 Primary Side ...................................................... 2

1.4.19 Secondary Side .................................................. 2

1.4.20 Single In-Line Package ..................................... 2

1.4.21 Single-Sided Assembly...................................... 2

1.4.22 Supporting Plane ............................................... 2

1.4.23 Surface Mounting .............................................. 2

1.4.24 Thermal Expansion Mismatch .......................... 2

1.4.25 Via Hole............................................................. 2

2.0 REFERENCE DOCUMENTS .................................. 3

2.1 Institute for Interconnecting and Packaging
Electronic Circuits (IPC)................................... 3

2.2 Electronic Industries Association (EIA) ........... 3

2.3 Military .............................................................. 3

2.3.1 Standards .......................................................... 3

2.3.2 Specifications .................................................... 4

2.4 Federal ............................................................... 4

2.5 American National Standards Institute
(ANSI) ............................................................... 4

3.0 COMPONENT PACKAGING AND
INTERCONNECTION (CPI) IMPLEMENTATION
CONCEPT................................................................. 4

3.1 System Design Sequence .................................. 5

3.1.1 System Requirements ........................................ 5

3.1.2 Circuit Requirements......................................... 5

3.1.3 Performance Considerations.............................. 6

3.1.4 Reliability Considerations ................................. 6

3.1.5 System Integration............................................. 7

3.2 Technology Trends ............................................ 9

3.2.1 Package Technology........................................ 10

3.2.2 Interconnect Technology ................................. 10

3.2.3 Size Considerations ......................................... 11

3.3 Packaging/Interconnection Assembly
Implementation Techniques............................. 11

3.3.1 Comparisons .................................................... 12

3.3.2 Size .................................................................. 12

3.3.3 Through-Hole Mounting Technology ............. 13

3.3.4 Surface Mount Technology ............................. 14

3.3.5 Intermixed Technology.................................... 16

3.3.6 Other Considerations ...................................... 17

4.0 ELECTRONIC COMPONENT TYPES AND
INTERCONNECTION DEVICES ............................ 17

4.1 General Considerations ................................... 17

4.1.1 Lead/Termination Finishes .............................. 17

4.1.2 Component Handling ...................................... 18

4.1.3 Precleaning Techniques ................................... 20

4.2 Discrete Component Types ............................. 20

4.2.1 Axial Leaded ................................................... 20

4.2.2 Radial Leaded Components ............................ 20

4.2.3 Chip Components (Leaded and Leadless)...... 20

4.2.4 Direct Deposition ............................................ 22

4.2.5 Switches........................................................... 23

4.2.6 Other Devices .................................................. 23

4.3 Semiconductor Package Types........................ 23

4.3.1 Multileaded Radial Type Components............ 24

4.3.2 Small Outline Packages .................................. 24

4.3.3 In-Line Packages Configurations ................... 26

4.3.4 Ribbon Multileaded Component Types
(Flat Packs and Quad Packs) .......................... 28

4.3.5 Chip Carriers (Leaded and Leadless) ............. 29

4.3.6 Grid Arrays ...................................................... 36

4.4 Sockets and Connectors .................................. 38

4.4.1 Materials .......................................................... 38

4.4.2 Lead Configuration and Spacing .................... 38

4.4.3 Socket Types.................................................... 39

IPC-SM-780 July 1988

iv

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


4.4.4 Connectors ....................................................... 41

5.0 PACKAGING AND INTERCONNECTING
STRUCTURE (P&IS) TYPE ................................... 42

5.1 General Considerations ................................... 44

5.1.1 Categories ........................................................ 46

5.1.2 Design .............................................................. 46

5.1.3 Performance..................................................... 46

5.1.4 Thermal Expansion Mismatch ........................ 47

5.1.5 Chip-on-Board/TAB ........................................ 47

5.2 Organic-Base Material P&IS .......................... 47

5.2.1 Epoxy-Fiberglass Materials............................. 47

5.2.2 Polyimide-Fiberglass Materials....................... 47

5.2.3 Epoxy Aramid Fiber Materials ....................... 47

5.2.4 Polyimide Aramid Fiber Materials ................. 47

5.2.5 Polyimide Quartz Materials ............................ 47

5.2.6 Fiberglass/Aramid Fiber Materials ................. 48

5.2.7 Teflon® Fiberglass Materials .......................... 48

5.2.8 Flexible-Dielectric Structures.......................... 48

5.2.9 Thermoplastic Resin P&I Structures .............. 48

5.3 Non-Organic Base Materials........................... 48

5.3.1 Hybrid Circuits ................................................ 48

5.3.2 Ceramic Printed Boards .................................. 48

5.4 Supporting-Plane P&I Structures.................... 48

5.4.1 Printed Board Bonded to Support Plane
(Metal or Non-Metal)...................................... 48

5.4.2 Sequentially-Processed Structures with
Metal Support Plane........................................ 49

5.4.3 Discrete-Wire Structures with Metal
Support Plane .................................................. 49

5.4.4 Flexible Printed Board with Metal
Support Plane .................................................. 49

5.5 Constraining Core P&I Structures .................. 50

5.5.1 Porcelainized-Metal (Metal Core)
Structures ......................................................... 50

5.5.2 Printed Board With Constraining (not
electrically functioning) Core ......................... 51

5.5.3 Printed Boards with Electrically-Functional
Constraining Cores .......................................... 51

5.5.4 Printed Board With Constraining Core........... 51

5.5.5 Compliant-Layer Structures ............................ 52

6.0 DESIGN PARAMETERS ........................................ 52

6.1 General Considerations .................................. 52

6.1.1 Specifications................................................... 52

6.1.2 Design Responsibilities ................................... 54

6.2 System Requirements ...................................... 54

6.2.1 Partitioning ...................................................... 54

6.2.2 Mechanical Configurations.............................. 54

6.2.3 Electrical Configuration .................................. 54

6.2.4 Component Considerations ............................. 55

6.2.5 Cost Consideration .......................................... 55

6.2.6 Design Checklist.............................................. 55

6.2.7 Reliability ........................................................ 55

6.2.8 Thermal Management...................................... 55

6.2.9 Vibration and Shock........................................ 56

6.2.10 Simplified Cyclic Strain Considerations......... 56

6.2.11 Power Consumption ........................................ 56

6.2.12 Power Cycling ................................................. 56

6.2.13 Warpage and Rigidity...................................... 56

6.2.14 Testing.............................................................. 57

6.2.15 High Speed ...................................................... 57

6.2.16 High Frequency ............................................... 57

6.2.17 EMI/RFI........................................................... 57

6.2.18 Parasitic Elements ........................................... 59

6.2.19 ESD.................................................................. 59

6.2.20 EOS.................................................................. 59

6.2.21 Commonality ................................................... 59

6.2.22 Pin Count ......................................................... 59

6.2.23 Storage and Handling...................................... 60

6.2.24 Safety and Handling........................................ 60

6.3 Packaging Considerations .............................. 60

6.3.1 Density ............................................................. 60

6.3.2 Gross Estimate................................................. 60

6.3.3 Detail Estimate ................................................ 60

6.3.4 Final Design Review....................................... 61

6.3.5 End Product Considerations............................ 61

6.4 Performance, Reliability and Producibility .... 62

6.5 CAD/CAM Relationships................................ 62

6.6 Testing Considerations .................................... 64

6.6.1 Design to Test.................................................. 64

6.6.2 Fan Out ............................................................ 64

6.7 P&IS Design Issues......................................... 64

6.7.1 Through-the-Board ......................................... 64

6.7.2 Land Pattern Considerations ........................... 66

6.7.3 Mixed Mounting.............................................. 73

6.7.4 Chip-on-Board Considerations........................ 73

7.0 P&I STRUCTURE (P&IS) FABRICATION ............. 74

7.1 Organic Printed Boards ................................... 74

7.2 Constraining Core P&IS ................................ 74

7.2.1 Types................................................................ 74

7.2.2 Spray Coating Process .................................... 74

7.2.3 Electrophoretic Deposition Process ................ 74

7.2.4 Fluidized Bed Process..................................... 75

July 1988 IPC-SM-780

v

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


7.2.5 Molding Process .............................................. 75

7.3 Material Considerations .................................. 75

7.3.1 Incoming Tests................................................. 75

7.3.2 Safety ............................................................... 75

7.3.3 Material Storage .............................................. 75

7.4 Process Flow and Control .............................. 76

7.4.1 Process Flow Charts ...................................... 76

7.4.2 Process Control Environmental Conditions.... 76

7.5 Fabricating Techniques .................................. 77

7.5.1 Parallel Processing for Multilayer Printed
Boards (Blind and Buried Vias) ..................... 77

7.5.2 Processing for Single-and Double-
Sided Boards.................................................... 80

7.5.3 Non-Organic Printed Board ............................ 80

7.6 Quality Conformance Coupons....................... 81

7.6.1 Quantity and Location..................................... 81

7.6.2 Identification .................................................... 81

7.6.3 Tolerances ........................................................ 81

7.6.4 Lands and Holes.............................................. 81

7.6.5 Conductors....................................................... 82

7.6.6 Etched Letters.................................................. 82

7.6.7 Number of Layers ........................................... 82

7.6.8 Coupon Length ................................................ 82

7.6.9 Test Coupon Examples .................................. 82

8.0 ASSEMBLY PROCESSES ..................................... 86

8.1 General Considerations ................................... 86

8.1.1 P&IS Assembly Techniques............................ 86

8.1.2 Epoxy Attachment ........................................... 87

8.1.3 Solderability..................................................... 87

8.1.4 Conformal Coating .......................................... 87

8.2 Process Flow .................................................. 88

8.2.1 Introduction...................................................... 88

8.3 Materials .......................................................... 88

8.3.1 Flux .................................................................. 88

8.3.2 Solders ............................................................. 90

8.3.3 Adhesives......................................................... 92

8.3.4 Conformal Coating .......................................... 93

8.4 Component Preparation................................... 94

8.4.1 Through Hole Mounting ................................. 94

8.4.2 Straight Through Leads................................... 94

8.4.3 Performed Leads.............................................. 95

8.4.4 Surface Mounting Leaded Components ........ 97

8.4.5 Surface Mounted Leadless Device ................. 98

8.4.6 Connectors/Sockets.......................................... 99

8.5 Solder Placement .......................................... 100

8.5.1 Solder Paste Placement ................................. 100

8.5.2 Solder Preforms............................................. 101

8.6 Component Placement................................... 101

8.6.1 Through Hole Placement .............................. 102

8.6.2 Manual Techniques........................................ 103

8.6.3 Intermixed Technology.................................. 106

8.7 Surface Mounting .......................................... 108

8.7.1 Manual Assembly .......................................... 108

8.7.2 Automated Assembly .................................... 108

8.8 Chip-on-Board Placement ............................. 108

8.8.1 Low-Volume Equipment ............................... 109

8.8.2 Fully-Integrated Systems............................... 110

8.9 Component Attachment ................................. 111

8.9.1 Soldering, General ......................................... 111

8.9.2 Wave Soldering.............................................. 111

8.9.3 Reflow Soldering ........................................... 113

8.9.4 Adhesive Bonding ......................................... 115

8.9.5 Wire Bonding ............................................... 115

8.10 Cleaning ......................................................... 117

8.10.1 Post-soldering Cleaning................................. 117

8.10.2 Surface Mount Considerations ...................... 117

8.11 Conformal Coating ....................................... 119

8.11.1 Masking.......................................................... 119

8.11.2 Application .................................................... 120

8.11.3 Bake ............................................................... 120

8.11.4 Handling ........................................................ 120

8.11.5 Results............................................................ 120

9.0 QUALITY ASSURANCE AND TESTING ............. 120

9.1 Quality Assurance and Testing...................... 120

9.1.1 Preassembly Assurance ................................. 121

9.2 Solderability................................................... 121

9.2.1 Acceptable Solderability Criteria ................. 121

9.2.2 Surface Solderability Tests............................ 122

9.3 Quality Assurance Provisions ...................... 123

9.3.1 Materials Inspection ...................................... 123

9.3.2 Quality Conformance Inspection .................. 123

9.4 Post Assembly Assurance.............................. 127

9.4.1 Visual Joint Inspection .................................. 127

9.4.2 Verification Inspection................................... 128

9.4.3 Workmanship ................................................. 128

9.5 Mechanical and Electrical Testing ............... 134

9.6 Solder Joint Mechanism of Failure............... 135

9.7 Handling Electronic Assemblies ................... 136

9.7.1 Metal Fatigue Failure .................................... 137

9.7.2 Brittle Failure ................................................ 138

9.7.3 Overstress Conditions.................................... 138

IPC-SM-780 July 1988

vi

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


9.7.4 Handling and Shipping Damage................... 138

10.0 MODIFICATION AND REPAIR ........................... 138

10.1 Basic Rules .................................................... 138

10.2 Handling Electronic Assemblies .................. 139

10.2.1 General Guidelines ........................................ 139

10.2.2 Handling After Cleaning .............................. 139

10.2.3 Electrostatic Discharge (ESD) Damage
Prevention ...................................................... 139

10.2.4 Electrical Overstress (EOS) Damage
Prevention ...................................................... 139

10.2.5 Warning Labels.............................................. 140

10.2.6 EOS/ESD Sensitivity Markings .................... 140

10.2.7 Protective Methods ...................................... 140

10.2.8 EOS/ESD Safe Work Station ........................ 141

10.3 General Modification/Repair Procedures...... 141

10.3.1 Cleaning......................................................... 141

10.3.2 Identification of Coatings.............................. 141

10.3.3 Coating Removal ........................................... 142

10.3.4 Legends and Markings .................................. 142

10.4 P&I Structure Modification/Repair ............... 142

10.5 P&I Assembly Modification/Repair
Methods ......................................................... 142

10.5.1 Removal and Replacement of
Components .................................................. 143

10.5.2 Heat Factors................................................... 143

10.5.3 Through-Hole Mounted Components ........... 144

10.5.4 Surface Mounted Devices ............................. 145

10.5.5 Through-Hole and Surface Mounted
Component Removal ..................................... 147

10.5.6 Replacement of Surface Mounted
Devices ......................................................... 148

Figures

Figure 3-1 Ideal connective length needed versus
number of pins and package type (all
dimensions in inches) ........................................ 6

Figure 3-2 Cooling option combinations ............................. 8

Figure 3-3 Packaging and assembling integrated
circuits (all dimensions in inches).................... 10

Figure 3-4 Semiconductor technology development ......... 11

Figure 3-5 Gate density comparison (all dimensions
in inches) ......................................................... 12

Figure 3-6 Packaging technology comparisons (all
dimensions in inches) ...................................... 12

Figure 3-7 Joint geometries .............................................. 15

Figure 4-1 Interrelated package design factors ................ 18

Figure 4-2 Matrix tray ........................................................ 19

Figure 4-3 Tube or magazine packaging .......................... 19

Figure 4-4 Bulk packaging ................................................ 19

Figure 4-5 Pin and hole locating feature........................... 19

Figure 4-6 Axial leaded component .................................. 20

Figure 4-7 Radial lead (dipped) capacitor......................... 20

Figure 4-8 Radial lead transistor can................................ 20

Figure 4-9 Flat rectangular chip resistor ........................... 21

Figure 4-10 Chip resistor constructions .............................. 21

Figure 4-11 Multiple layer ceramic chip capacitor .............. 22

Figure 4-12 Chip capacitor package ................................... 22

Figure 4-13 MELF body outlines......................................... 22

Figure 4-14 A chip inductor ................................................. 22

Figure 4-15 Typical surface mount inductor........................ 23

Figure 4-16 Surface mount cermet trimmer........................ 23

Figure 4-17 ‘‘TO’’ can outline drawing................................. 24

Figure 4-18 SOT-23 package.............................................. 25

Figure 4-19 SOT-89 package.............................................. 25

Figure 4-20 SOT-23 comparisons ....................................... 25

Figure 4-21 SOT-143 dimensions ....................................... 25

Figure 4-22 16-pin SO and SOL outline ............................. 26

Figure 4-23 Proposed JEDEC outline for SOJ packages... 27

Figure 4-24 Typical DIP outline........................................... 27

Figure 4-25 Typical SIP outline ........................................... 27

Figure 4-26 Typical QUIP outline ........................................ 28

Figure 4-27 Typical QUIL outline......................................... 28

Figure 4-28 Flatpack outline................................................ 28

Figure 4-29 Quad pack configuration.................................. 29

Figure 4-30 Typical ribbon leaded transistor....................... 29

Figure 4-31 The 50-mil center JEDEC packages ............... 30

Figure 4-32 Mounting compatibility of JEDEC packages ... 31

Figure 4-33 Features common to the 50-mil center
packages.......................................................... 31

Figure 4-34 Type E package variations .............................. 32

Figure 4-35A Chip carrier land pattern design ...................... 32

Figure 4-35B Leadless ceramic chip carrier attached
to a CTE-tailored P&I structure with solder
columns............................................................ 33

Figure 4-36 Square plastic chip carrier............................... 34

Figure 4-37 Rectangular plastic chip carrier ....................... 35

Figure 4-38 Double row plastic chip carrier ........................ 36

Figure 4-39 Open-via chip carrier (OVCC) ......................... 37

Figure 4-40 149-pin array package..................................... 37

Figure 4-41 I/O density versus lead count.......................... 37

Figure 4-42 Surface mount connector land pattern
criteria .............................................................. 39

Figure 4-43 Surface mount connector hold down
features ............................................................ 39

Figure 4-44 Surface mounting socket ................................. 40

Figure 4-45 Section through socket solder contact ............ 40

Figure 4-46 Screw down cover ........................................... 41

Figure 4-47 Section through pressure-mounted socket...... 42

Figure 4-48 Section through through-hole mounting
socket contact.................................................. 42

July 1988 IPC-SM-780

vii

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


Figure 4-49 Surface-mount DIP socket............................... 42

Figure 4-50 Pin grid array sockets...................................... 43

Figure 4-51 Leadless grid array socket .............................. 43

Figure 4-52 D-subminiature surface mount connector ....... 43

Figure 4-53 Surface mount receptacle................................ 44

Figure 4-54 Box-contact surface mount receptacle ............ 44

Figure 4-55 Surface mount header ..................................... 44

Figure 4-56 Surface mount card edge connector ............... 44

Figure 5-1 Printed board bonded to supporting plane...... 49

Figure 5-2 Sequentially-processed structure with
supporting plane .............................................. 49

Figure 5-3 Discrete-wire structure with low-expansion
metal support plane ......................................... 50

Figure 5-4 Flexible printed board with metal support
plane ................................................................ 50

Figure 5-5 Printed board with supporting plane (not
electrically-functional constraining core).......... 51

Figure 5–6 Multilayer P&I structure with copper-clad
Invar power and ground planes
(electrically-functional constraining cores)....... 51

Figure 5–7 Balanced structure with constraining core
not at neutral axis ............................................ 52

Figure 5–8 Balanced structure with constraining core
on neutral axis ................................................. 52

Figure 5–9 Compliant-layer P&I structure.......................... 52

Figure 6–1 Design flow chart ............................................. 53

Figure 6–2 Productivity plan .............................................. 54

Figure 6–3 Manufacturing cost vs. complexity of circuit.... 55

Figure 6–4 P&I structure signal loop ................................. 58

Figure 6–5 Power ground interconnections ....................... 58

Figure 6–6 Decoupling capacitor placement ..................... 59

Figure 6–7 High I/O component decoupling capacitor
design .............................................................. 59

Figure 6–8 Crosstalk situation ........................................... 60

Figure 6–9 Design N/C documentation options................. 63

Figure 6–10 Clipped-land conductor routing (dimensions
in inches) ......................................................... 65

Figure 6–11 Filleted land (dimensions in inches) ................ 65

Figure 6–12 Typical one-conductor routing ........................ 66

Figure 6–13 Typical two-conductor routing ......................... 66

Figure 6–14 Typical three-conductor routing ...................... 66

Figure 6–15 Staggered grid—3 lines/channel ..................... 66

Figure 6–16 Chip resistor..................................................... 67

Figure 6–17 Land patterns for rectangular chip resistors.... 67

Figure 6–18 Outline of a small outline integrated circuit
(SOIC).............................................................. 67

Figure 6–19 Land pattern design for SOICs........................ 68

Figure 6–20 Land patterns for square outline JEDEC
premolded plastic J-leaded chip carriers......... 69

Figure 6–21 Section view of plastic leaded chip carrier
(PLCC) ............................................................. 69

Figure 6–22 Land patterns for standard leadless
chip carriers (LCC) .......................................... 70

Figure 6–23 1.27 mm [0.050 in] pitch chip carrier site
with ‘‘IL’’ fan-out for leadless type C................ 71

Figure 6–24 1.27 mm [0.050 in.] pitch chip carrier site
with ‘‘II’’ fan out ................................................ 71

Figure 6–25 Modified fan out patterns................................. 71

Figure 6–26 Peripheral fan out ............................................ 72

Figure 6–27 Solid fan out..................................................... 72

Figure 6–28 High package density fan out.......................... 72

Figure 6–29 Multilayer fabrication (standard parallel
process with buried via layers)........................ 72

Figure 6–30 Buried via on internal layer between
2.54 mm [0.100 in] centers through-vias......... 72

Figure 7-1 Double-sided rigid printed board process
flow chart ......................................................... 76

Figure 7-2 Multilayer board process flow chart................. 77

Figure 7-3 Multilayer flexible printed board process
flow chart ......................................................... 77

Figure 7-4 Rigid-flex multilayer process flow chart ........... 78

Figure 7-5 Non-organic printed board process flow
chart ................................................................. 78

Figure 7-6 Gang soldermask window ............................... 80

Figure 7-7 Individual soldermask windows ....................... 81

Figure 7-8 A + B coupon (types 2 and 3) ......................... 83

Figure 7-9 C coupon details.............................................. 83

Figure 7-10 D coupons details ............................................ 83

Figure 7-11 E coupon details .............................................. 84

Figure 7-12 F coupon details (type 3)................................. 84

Figure 7-13 G coupon details.............................................. 84

Figure 7-14 H coupon details.............................................. 85

Figure 7-15 J coupon details............................................... 85

Figure 8-1 Minimum inside bend radius............................ 95

Figure 8-2 Single in-line component ................................. 95

Figure 8-3 Staggered hole pattern mounting. ‘‘MO’’ flat
pack outline drawing (only inches shown). ..... 96

Figure 8-4 Through hole mounting. ‘‘MO’’ flat pack
outline drawing................................................. 96

Figure 8-5 Loop bends ...................................................... 96

Figure 8-6 Axial-lead stress relief ..................................... 96

Figure 8-7 Stress relief leads ............................................ 96

Figure 8-8 Simple-offset preformed leads......................... 96

Figure 8-9 Dimple preformed leads .................................. 97

Figure 8-10 Compound preformed leads ............................ 97

Figure 8-11 Combination preformed leads ......................... 97

Figure 8-12 Lead bend for surface mounting ..................... 97

Figure 8-13 Lead bending requirements for surface
mounting .......................................................... 97

Figure 8-14 SO-16 package drawings typical
dimensions....................................................... 98

Figure 8-15 Typical SOT packages..................................... 99

Figure 8-16 Modifying DIP for surface mounting ................ 99

IPC-SM-780 July 1988

viii

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


Figure 8-17 Gull wing lead for SIP type component........... 99

Figure 8-18 Criteria for lead attachment to leadless
type A (leaded type B) ..................................... 99

Figure 8-19 Example of assembly process....................... 100

Figure 8-20 Single-sided boards ....................................... 102

Figure 8-21 Double-sided/multilayer boards ..................... 102

Figure 8-22 Components mounted over conductors ........ 103

Figure 8-23 Alignment/boundaries .................................... 104

Figure 8-24 Horizontally mounted components ................ 104

Figure 8-25 Clearance....................................................... 104

Figure 8-26 Vertical mounted axial lead components....... 105

Figure 8-27 Component types through boards ................ 105

Figure 8-28 Individual work station ................................... 106

Figure 8-29 Multiple work station ...................................... 106

Figure 8-30 Assembly station............................................ 106

Figure 8-31 Programmable assembly station ................... 106

Figure 8-32 Placement machine considerations............... 107

Figure 8-33 Panel assembly tooling holes........................ 107

Figure 8-34 Positive symbol machine correction .............. 107

Figure 8-35 Chip placement.............................................. 108

Figure 8-36 Surface mount component types................... 109

Figure 8-37 Preferred mounting orientations .................... 109

Figure 8-38 Clip carrier alignment..................................... 109

Figure 8-39 Typical low-volume COB chip handling
systems .......................................................... 110

Figure 8-40 COB chip handling system block diagram..... 111

Figure 8-41 Fully-integrated COB assembly system......... 111

Figure 8-42 Mechanics of thermocompression ball wire
bonding .......................................................... 116

Figure 8-43 Thermocompression stitch wire bonding ....... 117

Figure 8-44 Mechanics of ultrasonic bond wiring.............. 118

Figure 8-45 Mechanics of thermosonic wire bonding ....... 119

Figure 9-1 Effectiveness of solder wetting of plated-
through holes ................................................. 122

Figure 9-2 Edge dip solderability test ............................. 122

Figure 9-3 Sketch of specimen holder and timing
needle for performing the rotary dip test
(time solder rise test) ..................................... 123

Figure 9-4 Zero defects graphic illustration .................... 125

Figure 9-5 Class 3 Defect Classification Criteria ............ 126

Figure 9-6 Flat ribbon solder joint ................................... 129

Figure 9-7 Round or coined leads .................................. 130

Figure 9-8 J and V lead solder joints.............................. 130

Figure 9-9 Rectangular or square end component
solder joints.................................................... 131

Figure 9-10 Cylindrical component solder joint................. 131

Figure 9-11 Bottom only terminations ............................... 132

Figure 9-12 I-beam solder joint ......................................... 132

Figure 9-13 Leadless chip carriers with castellated
terminations—joint geometrical description... 133

Figure 9-14 Leadless chip carriers with castellated
terminations—joint fillet appearance ............. 133

Figure 9-15 Acceptable—handle with clean hands on
board edges................................................... 137

Figure 9-16 Not recommended—hands placed on
conductive patterns and components............ 137

Figure 9-17 Preferred—handle printed board assembly
with clean cloth or rubber gloves on printed
board edges................................................... 137

Figure A MIL-STD-129H symbol .................................. 140

Figure B EIA RS-471 symbol ....................................... 140

Figure C No official status ............................................ 140

Figure D EOS/ESD Association & ITT Research
Institute .......................................................... 140

Figure 10-2 Typical manufacturing work station ............... 141

Figure 10-3 R&R system having a very high degree
of air/gas flow control .................................... 146

Figure 10-4 Commercially available surface mount
component R&R system................................ 146

Figure 10-5 Single-sided hot air component remover ...... 146

Figure 10-6 Double-sided hot air component remover ..... 146

Figure 10-7 Commercial hot air component remover ....... 147

Figure 10-8 Small hot air jet lap solder joint
component removal ....................................... 147

Figure 10-9 Lap reflow soldering tool used for
component removal ....................................... 147

Figure 10-10 Hot gripper—hand force component
remover.......................................................... 147

Figure 10-11 Thermal tweezer—finger tip controlled
component remover....................................... 148

Tables

Table 3-1 System Design Sequence.................................... 5

Table 3-2 Connectivity Capacity Requirements for
DIPs and Small Chip Carriers (Dimensions
only in inches) .................................................... 11

Table 3-3 Relative Size of Packaging Techniques............. 13

Table 3-4 A Comparison of Integrated Circuit
Packaging Technologies..................................... 13

Table 3-5 Joint Geometry Benefits and Problems ............. 15

Table 4-1 Film Resistor Characteristics ............................. 23

Table 4-2 Typical Integrated Circuit Packages................... 24

Table 4-3 JEDEC Ceramic Sizes and
Fine Pitch Terminal Counts ................................ 32

Table 5-1 Packaging and Interconnecting Structure
Comparison ........................................................ 45

Table 5-2 P&L Structure Selection Considerations ............ 46

Table 5-3 P&L Structure Material Properties...................... 46

Table 6-1 Shock and Vibration Parameters ....................... 56

Table 6–2 Table of General COB Design Guidelines ......... 73

Table 7–1 Areas of Concern ............................................... 74

Table 7–2 Organic Printed Board Processes...................... 75

Table 7–3 Coupon Frequency Recommendations,
Design Complexity Class, Coupon Frequency
Recommendations.............................................. 82

July 1988 IPC-SM-780

ix

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


Table 8–1 Assembly Process Flow Comparison ................ 89

Table 8–2 Solder Alloys....................................................... 90

Table 8–3 Solder-Bath Contaminant Limits ........................ 91

Table 8–4 Various Bonding Adhesive Types....................... 93

Table 8–5 Epoxy Device—Attachment Materials................ 93

Table 8–6 Component Placement Force .......................... 109

Table 9-1 Quality Conformance Testing and
Frequency......................................................... 124

Table 9-2 Zero Defect Sampling Plan for Equipment
Classes per Lot Size ........................................ 125

Table 9-3 Example of Several Major Defects .................. 127

Table 9-4 Examples of Some of the Minor Defects ......... 127

Table 9-5 Dimensional Criteria—Leadless Chip
Carriers with Castellated Terminations
Dimensions in mm [in.] — (Minimum
Values Apply).................................................... 133

Table 9-6 Cyclic Fatique Testing ...................................... 134

Table 9-7 Typical Fatigue Test Parameters...................... 134

Table 9-8 Environmental Tests ......................................... 135

Table 9-9 Summary of Basic Analytical Techniques ........ 136

Table 10-1 Approximate ESD Damage
Range for Some Components ......................... 139

IPC-SM-780 July 1988

x

Full document details: IPC SM-780-1988

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


July 1988 IPC-SM-780

Full document
Guidelines for Component Packaging and
Interconnection with Emphasis on Surface Mounting
iza-
w
m-
r in
ses

gin
hat
sse
isad
and
ol-
ish
es
nt.
be

ate,
ed.

r-
ce
, it
ub
s.

e
id-

ub-

and
d.
rk,

ill
of
be

ll
xity

of
ese

rd

en

h-
bly.

ld
nd-
ich
eral

pe
on

ing

nd
een
l as

to

to
or
s 1
ity
th

ol-
)

he
ur-

t
vity
and

of

al
ar
his
is-
1.0 INTRODUCTION

Today’s advanced electronic designs combine miniatur
tion and weight savings with high performance and lo
power consumption. To achieve all this, electronic asse
blers often use surface mount technology, either alone o
combination with other sophisticated attachment proces

This document examines key issues in advanced packa
techniques. These guidelines provide information on w
type of parts are available, the techniques and proce
necessary for their proper use, possible advantages, d
vantages or problems, how to start implementation,
where to find additional information. Since no one techn
ogy will provide all of the answers, the guidelines establ
criteria for intermixing the processes, and define the nec
sary steps for producing quality electronic equipme
When other specific documents are cited, they should
reviewed for the current requirements. Where appropri
sections from other IPC documents have been excerpt

1.1 Scope This document provides guidelines for su
face mounting electronic parts, and for intermixing surfa
and through-the-board mounting techniques. In addition
describes the types of materials and interconnection s
strates necessary for sophisticated electronic assemblie

1.2 Purpose This document is intended to aid th
designer in designing a manufacturable product by prov
ing information on processing and on various types of s
strate and joining materials.

The substrate physical and electrical characteristics
their compatibility for surface mounting are discusse
Land pattern designs, solder joint configurations, rewo
and repair are also covered.

Adherence to the guidelines set forth in this document w
generally assure adequate reliability for the majority
applications; however, more rigid requirements may
appropriate for more critical applications.

1.3 Classification When appropriate, this guideline wi
refer to three classes of component mounting comple
which reflect progressive increases in sophistication
tooling, assembly and joining techniques, and cost. Th
classes are as follows:

A) Simple assembly techniques for through-the-boa
component mounting;

B) Moderate assembly techniques for surface compon
mounting
 details: IPC SM-780-1988
.

g

s
-

-

-

t

C) Complex assembly techniques for intermixing throug
the- board and surface mounting on the same assem

Classification of component mounting complexity shou
not be confused with the performance classification of e
item use, as referenced in other IPC documents, wh
refers to Class 1) consumer products, Class 2) gen
industrial and Class 3) high reliability equipment types.

In addition to component mounting classification, a ty
designation may be specified for components mounted
one or both sides of the packaging and interconnect
structure:

Type 1 Components mounted on one side only;

Type 2 Components on both sides.

Type 2 is limited to only class B or C assemblies. Class a
type designations help establish communication betw
design, manufacturing and assembly disciplines, as wel
identify the precision and processing steps needed
assemble the board.

Any component mounting class and type may be applied
any of the end-product equipment classifications. F
example, a consumer product designed to meet Clas
requirements could have component mounting complex
Class A, B or C with components on either one or bo
sides of the board (Type 1 or 2).

1.4 Terms and Definitions The definition of terms used
herein shall be in accordance with IPC-T-50 and the f
lowing: Note: Any definition denoted with an asterisk (*
is a reprint of the definition in IPC-T-50.

1.4.1 *Castellations Recessed metallized features on t
edges of a chip carrier which interconnect conducting s
faces or planes within or on the chip carrier.

1.4.2 *Chip Carrier A low-profile rectangular componen
package, usually square, whose semiconductor chip ca
or mounting area is a large fraction of the package size
whose external connections are usually on all four sides
the package.

1.4.3 *Coefficient of Thermal Expansion Mismatch (∆
CTE) The difference between the coefficients of therm
expansion of two components, i.e., the difference in line
thermal expansion per unit change in temperature. (T
term is not to be confused with Thermal Expansion M
match.)
1
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1.4.4 Component A separable part of a printed board
assembly which performs a circuit function (e.g., a resist
capacitor, transistor, etc.)

1.4.5 *Component Mounting Site A location on a P&I
structure, consisting of a land pattern and conductor fa
out to additional lands for testing or vias, used for moun
ing a single component.

1.4.6 *Constraining Core An internal supporting plane
in a packaging and interconnecting structure, used to a
the P&I structure coefficient of thermal expansion.

1.4.7 *Double-Sided Assembly A packaging and inter-
connecting structure with components mounted on both
primary and secondary side.

1.4.8 *Dual In-Line Package (DIP) A component which
terminates in two straight, parallel rows of pins or lea
wires.

1.4.9 *Flat Pack A component with two straight rows of
leads (normally on 0.050 inch centers) which are parallel
the component body.

1.4.10 *Footprint (See preferred termLand Pattern)

1.4.11 *Grid An orthogonal network of two sets of par
allel equidistant lines used for locating points on a print
board.

1.4.12 Integrated Circuit (IC) An assembly of miniature
electronic components simultaneously produced in ba
processing, on or within a single substrate, which perform
an electronic circuit function.

1.4.13 *Land Pattern A combination of lands intended
for the mounting, interconnection and testing of a partic
lar component.

1.4.14 Leaded Chip Carrier A chip carrier whose exter-
nal connections consist of leads around and down the si
of the package.

1.4.15 Leadless Chip Carrier A chip carrier whose
external connections consist of metallized terminations.

1.4.16 *Mixed Mounting Technology A component
mounting technology that uses both through-hole a
surface- mounting technologies on the same P&I structu

1.4.17 *Packaging and Interconnecting Structure
(P&IS) The generic term for a completely processed com
bination of substrates, metal planes or constraining cor
and interconnection wiring, used for mounting compo
nents.
2
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1.4.18 *Primary Side That side of the packaging an
interconnecting structure closest to layer number o
(Also called the component side in through-hole comp
nent mounting technology.)

1.4.19 *Secondary Side That side of the packaging an
interconnecting structure farthest from layer number o
(Also called the solder side in through-hole compone
mounting technology.)

1.4.20 Single In-Line Package (SIP) A component which
terminates in one straight row of pins and lead wires.

1.4.21 *Single-Sided Assembly A packaging and inter-
connecting structure with components mounted only on
primary side.

1.4.22 *Supporting Plane A planar structure that is a
part of a packaging and interconnecting structure and p
vides mechanical support, thermo-mechanical constra
thermal conduction and/or electrical characteristics. (It m
be either internal or external to the packaging and interc
necting structure.)

1.4.23 *Surface Mounting The electrical connection o
components to the surface of a conductive pattern with
component lead holes.

1.4.24 *Thermal Expansion Mismatch The absolute dif-
ference in thermal expansion of two components, usual
component and a packaging and interconnecting struct
due to the influence of heat dissipation of an operating
cuit and/or to changes in ambient temperature. (This te
is not to be confused with Coefficient of Thermal Expa
sion Mismatch).

1.4.25 *Via Hole A plated-through hole used as a throug
connection, into which no component lead or other re
forcing material is inserted.

• Blind Via A plated-through hole connected to eith
the primary side or secondary side an
one or more internal layers of a mult
layer packaging and interconnectin
structure.

• Buried Via A plated-through hole connected to ne
ther the primary side nor the seconda
side of a multilayer packaging and inte
connecting structure; i.e., it connects on
internal layers.

• Tented Via A blind or through via whose expose
surface(s) is fully covered by a maskin
material, such as a dry film polymer coa
ing (solder mask), preimpregnated gla
cloth (prepreg), etc., in order to preven
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hole access by process solutions, so
or contamination.

• Through Via A plated-through hole that connects
primary side and secondary side o
packaging and interconnecting structu

2.0 REFERENCE DOCUMENTS

2.1 Institute for Interconnecting and Packaging Elec-
tronic Circuits (IPC)1
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Packaging Electronic Circuits

IPC-SC-60 Post Soldering Solvent Cleaning Handbook
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IPC-CM-78 Guidelines for Surface Mounting and Int
connecting Chip Carriers

IPC-RF-245 Rigid-Flex Printed Boards
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IPC-SM-782 Surface Mount Land Patterns (Configuration
and Design Rules)

IPC-SM-784 Guidelines for Chip-On-Board Technology
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Terminations
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ing
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Boards
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Electronic Grade Solder Paste Materials

2.2 Electronic Industries Association (EIA)2

Publication 95 JEDEC Registered and Standard Outlin
for Solid State Products

EIA-RS-178 No longer available—replaced by

IPC-RS-186-9E Standard Test Methods for Passive Ele
tronic Component Parts—Method 9: solderability Rev.

2.3 Military3

2.3.1 Standards

MIL-STD-129 Marking for Shipment and Storage

MIL-STD-202 Test Methods for Electronic and Electrica
Component Parts

MIL-STD-275 Printed Wiring for Electronic Equipment
1. IPC, 2215 Sanders Road, Northbrook, IL 60062
2. Electronic Industries Association, 2001 Eye St., N.W., Washington, D.C. 20006
3. Publications are available from Naval Publications and Forms Control, 5801 Tabor Road, Philadelphia, PA 19120
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MIL-STD-454 Standard General Requirements for Elec
tronic Equipment

MIL-STD-883 Test Methods and Procedures for Microelec
tronics

2.3.2 Specifications

MIL-P-13949 Plastic Sheet, Laminated, Metal Clad, for
Printed Wiring Boards

MIL-P-28809 Printed Wiring Assemblies

MIL-M-38510 Microcircuits, General Specification for

MIL-C-45662 Calibration System Requirements

MIL-P-55110 Printed-Wiring Boards, General Specifica-
tion for

2.4 Federal3

QQ-S-571 Solder, Tin Alloy, Lead-Tin Alloy and Lead
Alloy

2.5 American National Standards Institute (ANSI)4

ANSI Y-14.5 Dimensioning and Tolerancing

3.0 COMPONENT PACKAGING AND INTERCONNECTION
(CPI) IMPLEMENTATION CONCEPT

An electronic system or subsystem design should conta
the following:

• Needs Analysis

• Constraints

• Objective

• Feasibility Study

• Design Evaluation

This section will help the designer understand how to
evaluate a design with respect to the parameters list
above, and how to judge the cost/benefits of minor varia
tions in the selected design.

Relative cost comparisons of P&I structures and custom
VLSI should not be done on a function-to-function basis
but on the complete electronic system. In order to compa
costs realistically, you should compare a P&I structur
which uses machine-inserted components and wave sold
ing to a P&I structure with components on both sides hav
ing less complex printed board assemblies. These latt
assemblies will usually have less system interconnection
and fewer card connectors making the more complex sy
tem more cost effective.

4. American National Standards Institute, 1430 Broadway, New York, NY 10018
4

ocument details: IPC SM-780-1988
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Also, volume or quantity considerations should be applie
to any cost tradeoff. Custom LSI may prove to be the mo
effective for very large quantities, but due to the highe
nonrecurring costs of LSI circuits, they may not be cos
effective for low volume systems.

The following are some of the specific items which ca
affect recurring and nonrecurring costs:

A. Circuit Partitioning—Partition the circuit for both test-
ability and complexity; i.e., select a partitioning schem
which incorporates external test points for fault isola
tion at the component level and which also allows
reasonable first functional yield after test.

B. Circuit Pinout Identification—The P&I structure
designer (not the circuit designer) should specify th
pinout locations. This will simplify the layout task and
allow the layout designer to design for cost effectiv
production methods.

C. Component Specification—Select components with
multiple sourcing so that costs remain competitive an
delivery times short. Match component specifications
system requirements; i.e. use commercial parts on
common system, not military parts.

D. Environmental Requirements—Specify environments
for the P&I assembly that are consistent with the sy
tems true environment. This can significantly affec
package selection (hermetic vs. nonhermetic), par
selection, electrical and environmental testing cost
and final circuit yields.

E. Circuit Element Tolerances—Specify tolerance values
on resistors, capacitors, etc. The wider the tolerance
the higher the yields and the lower the cost. Also
where possible, specify matching tolerances rather th
absolute tolerances since it is usually easier to mat
resistors and capacitors than to obtain precise absol
values.

In addition to costs, reliability considerations should be a
important a part of the design cycle as financial, electrica
mechanical, and thermal considerations. Therefore the f
lowing should be considered:

• What is the expected life of the circuit?

• What is the specified failure rate of the final circuit?

• What failure modes are likely?

• To what types of environment will the assembly b
exposed?

• What benefits will mechanical screening and electric
burn-in give?

• Will accelerated testing lead to reliable estimates of com
ponent reliability?
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3.1 System Design Sequence A successful design usu
ally follows an optimized sequence of steps or states. T
design sequence presented in Table 3–1 indicates the
formance or design parameters to be considered at e
step. At any step in this sequence, one or more of the
teria may constrain the design and require a reevaluation
previous steps.

3.1.1 System Requirements The environment in which
the system must operate, system size, weight, reliabil
power, and signal sources and levels should all be inclu
in the system specification. In addition, manufactured-ite
cost, life-cycle cost, and cost-versus-performance crite
should be specified. System definition may include a sc
matic diagram or may be limited to block diagrams indica
ing simple functions and signal flow information. In eithe
case, the system must be partitioned into realizable circ
functions.

3.1.2 Circuit Requirements Form, fit and function are
primary considerations at this stage of design. Partition
repetitive functions into multiple configurations can c
costs, while conversely, increasing complexity within
packaged function may increase costs. Also, consider o
put and input pinout requirements in the partitioning step
order to achieve final package commonality.

3.1.2.1 Breadboard Demonstration of the circuit func-
tion in breadboard form identifies performance restrictio
that affect eventual substrate layout. Testability and ver
cation of functional performance are determined at th
stage.

3.1.2.2 Final Circuit Schematic Final definition of the
circuit schematic diagram will follow a successful brea
board evaluation. At this stage, components must
selected that meet performance specifications and pack
compatibility with respect to alternate assembly process
ent details: IPC SM-780-1988
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The availability of semiconductor devices may well dete
mine the process methods and/or the assembly sequen
be used.

3.1.2.3 Component Count and Availability Component
definition and count will affect size because of topograp
cal considerations. Layout restrictions associated w
alternate process design rules and performance-related
teria developed in the breadboard stage must also be
sidered. If required, the custom development of a semic
ductor package may affect the project schedule.

3.1.2.4 Process Definition Process definition follows
final component selection. The assembly techniques to
used (e.g. surface mount, through-the-board mounti
mixed technologies), the reflowed solder assembly te
perature hierarchy (for solder reflow, epoxy cure) and
system interconnect are influenced by component select
packaging selection and system requirements.

3.1.2.5 Design Review The final design and selecte
processes should be evaluated at this stage. Comprom
previously made should be reconsidered if they affect
product manufacturability.

3.1.2.6 Substrate Layout When component process an
productibility issues have been resolved, substrate (circ
layout can commence. This involves coupling module si
pinout, performance, and testability requirements w
established design rules.

Figure 3–1 shows the relationship for P&I conductor rou
ing lengths required to interconnect various package typ
Routing density requirements are compared for stand
dual-in- line packages, pin-grid arrays on 2.54 mm a
1.27 mm [0.100- and 0.050-inch] centers as well as c
carriers on 1.27 mm and 0.63 mm [0.050- and 0.025-in
centers.
Table 3-1 System Design Sequence

State of Design Parameters Considered

1. System Requirements Environment • Size • Weight • Cost • Reliability • Power Supply • Signal

2. Circuit Requirements Partitioning • Complexity • Form • Fit • Count • Input/Output (I/O) • Function

3. Breadboard Testability • Functional Verification • Performance Restrictions

4. Final Circuit Schematic Pinout/Layout Restrictions • Component Definition

5. Component Count and Availability Layout Restrictions • Module Size • Component Compatibility/Availability

6. Process Definition Technology Definition • Package Temperature Hierarchy • Assembly Techniques

7. Design Review Producibility • Cost

8. Substrate Layout Size • Pinout • Package

9. Prototype Fabrication Process Verification • Producibility • Performance

10. Critical Design Review Manufacturing Resources • Producibility • Cost • Performance • System Integration

11. Manufacturing Capability Design Rule Update
5
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Figure 3-1 Ideal connective length needed versus number of pins and package type (all dimensions in inches)
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3.1.2.7 Prototype Fabrication The inherent electronic
performance improvement resulting from reducing t
magnitude and complexity of interconnections must be b
anced against possible interference due to this increa
packaging density. With experience, design rules w
evolve to increase the predictability of this tradeoff, b
verification is best accomplished by prototype evaluati
Any addition to performance criteria should be evaluat
for its effect on cost projections, producibility and the st
tus of manufacturing resources.

3.1.2.8 Critical Design Review System design, Quality
Control and Assurance, Manufacturing, Cost Accountin
and Management personnel should participate in a fi
Critical Design Review. Related personnel should agree
the design, or at least be aware of design parameter
they are to effectively meet project objectives.

3.1.2.9 Manufacture Experience accumulated in manu
facturing should be communicated to other various pers
nel to insure that product designs reflect changes in proc
capability.

3.1.3 Performance Considerations Some P&I struc-
tures offer distinct advantages over other circuit packag
6

ocument details: IPC SM-780-1988
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techniques with respect to performance parameters suc
switching speed, high frequency applications, filter a
tuning circuits, thermal characteristics, etc.

High-speed digital circuits require short interconnectio
between active elements. Surface mounted compon
offer short interconnections and transmission lines w
well-controlled impedance. Such circuits can increase
operating rates of circuits using ECL, TTL and other dig
tal techniques. Microwave circuitry is very susceptible
external and internal circuit noise and may necessitate
tom laminates such as Teflon, or other special mater
which can lower noise.

3.1.4 Reliability Considerations The P&I structure is
the mechanical base and electrical insulating material u
in fabrication. The material properties of the substra
affect both the fabrication processes and the inherent
ability of the final circuit. Important substrate properties f
high reliability are dielectric strength, thermal conductivit
thermal coefficient of expansion, camber, surface finish a
materials compatibility. A great deal of the circuit reliabi
ity depends on the reliability of the components. Thu
specifying components with known reliability is importan
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Most commonly used silicon devices, monolithic capa
tors, resistors, inductors, etc. have varying levels of re
ability and thus should be chosen carefully.

When using chip-and-wire components, the compone
cannot be tested prior to assembly. Therefore, it may
advisable to burn-in the assembly to weed out infant m
tality failures.

3.1.5 System Integration A P&I assembly is not an
independent unit, but part of a system (or subsyste
Matching assembly characteristics to the system requ
ments can influence, or even determine the selection of
materials, devices and technologies for the assembly. P
lems created by integration into the system are b
handled at the first stage of design.

3.1.5.1 Position of P&IA Inside the System Some P&I
assemblies withstand abnormal conditions better than o
ers, due to their position and function in the system. Des
for the worst conditions or for each assembly’s individu
condition. This can determine the materials, the sizes a
the technologies that have to be selected.

3.1.5.2 Environmental Consideration P&I assemblies
should be designed for their worst case stress conditio
which could be very different from the normal/functiona
conditions. Worst case stress conditions involve both fu
tional and environmental conditions. Environmental con
tions are related to, but not necessarily the same as,
ambient conditions. A good system designer will add pr
tection elements. If protection elements are not used or
inadequate, the density of the P&IA may have to b
reduced. Select materials, devices and interconnection
meet stress conditions.

3.1.5.3 System Cooling Heat dissipation is a major limi-
tation in electronic equipment miniaturization. In man
cases, the capacity for heat dissipation limits volum
reduction. Air will remain the cooling media for sometim
to come, even though liquids or other high pressure ga
have been used. The cooling media, however, is only o
factor in the cooling process selection. The selection of
cooling path(s), heat transfer mode and the ultimate h
sink is equally important.

Figure 3–2 represents a matrix of the cooling option co
binations. However, not all of these combinations are fe
sible. The geometry of the P&IA, the materials, and t
manufacturing technologies have to be consistent with
selected cooling process. The cooling process has to
selected during the initial design, in accord with th
imposed system requirements stage.

3.1.5.4 Thermal Management While the power con-
sumed per IC-function is decreasing, the number of fun
tions per chip is increasing, thereby increasing power c
nt details: IPC SM-780-1988
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sumption per device. Opinion is divided on what power
VLSI of the 1990s will dissipate, but a few watts p
device is probable.

The greatest impact on thermal management will be
high density of devices. For one 68 pin chip carrier p
square inch, the power density will be a few watts p
square inch. Thermal management will not only determ
junction temperature, but will also affect attachment re
ability. If junction temperatures of the IC devices are to
held to a reasonable level (about 100°C) by using conv
tion cooling or forced-air cooling in the worst case, a go
thermal path from the chip to the P&I structure or to
own heatsink will be necessary. The heatsink (cooling
could be integrated into the individual chip carrier and
else chip carriers will have integral cooling fins mount
together on a mothercarrier. However, the weight of th
cooling fins might cause solder creep failures, depend
upon the fin weight and mounting orientation.

With their multitude of high-speed, high-power chip car
ers, highly sophisticated electronic computers dissipate
amounts of power. Such a system may need to dissi
kilowatts of power to several thousand 5-watt devices, o
several one-kilowatt individual subassemblies. In the
instances, complex compressors, manifolds, and tub
may be the only solution.

The technology for cooling these is based on water coo
pairs of board assemblies with leaded chip carriers that
separated by an aluminum cold plate. The outer layer of
cold plate is a plastic membrane of Tedlar compliant fi
enclosing a thermally conductive paste. The boards
pressed against the membrane forcing the chip carr
against the film, and the thermal paste conducts the he
the chip carriers to circulating water running through t
cold plate. The water flows from the cold plate to a co
ing unit that serves as a heat exchanger between the
ant and a chilled water system.

Many other sophisticated thermal management tools e
Some cool the P&I structure instead of the chip carri
directly; others use forced air cooling, and yet others util
a high degree of conduction cooling.

All system designs involve extensive thermal managem
which must take into account the thermal properties of b
the chip carrier and the P&I structure. Therefore, give ca
ful consideration to this when a high degree of heat di
pation is required.

3.1.5.5 Corrosion Protection Corrosion involves mois-
ture and high humidity. A common practice to prote
against corrosion is coating. A good coating (applied on
board level) should reduce moisture penetration and
reduce corrosion. This same improvement is expected f
a hermetic enclosure for a device. However, neither
coating nor the enclosure can guarantee that corrosion
7
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Figure 3-2 Cooling option combinations
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never occur. Water can be captured inside the enclos
during the manufacturing process. More important, coat
and enclosure can create some logistic problems conne
with the heat dissipation.

In some conditions, the corrosion generated by humid
can be eliminated by maintaining a temperature differen
between the air inside the cabinet and the ambient.
temperature differential can be achieved through a he
circuit or by the judicious distribution of the normal he
generated by the components and circuitry. As an exam
a temperature difference of 5°C (25°C at ambient heate
30°C) could reduce 100% RH at ambient to 75% R
heated condition.

The cabinet design and cooling option selected could c
ate different environmental conditions than the natu
ambient conditions and minimize some corrosion pro
lems. Conversely, an inadequate system design can a
erate degradation of the P&I assembly.

3.1.5.6 Electrical Overstress Protection Induced cur-
rents and voltages in transmission lines as well as fault
the network could create (usually for very short time
8
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abnormal conditions of electrical stress that in some ca
could be orders of magnitude higher than under norm
operational conditions. If the transient pulses pass ins
the enclosure without causing breakdown of the interco
nect system, the devices and the circuitry could be stres
by the voltages and currents that they are not designe
carry. If stress clamping or reduction elements are n
available in the system, all exposed elements and the in
connection lines have to be selected to survive overstr
conditions, at the expense of the density criteria.

A. Overvoltage Protection—Transient pulses of substan
tial amplitude could be caused by lightning, ESD, tr
boelectricity and steady state induction into conducto
and cable pairs. The preferential entry port for the
currents are the cables and the connections to the c
munication network. Lightning may induce voltage
higher than 600 V into the P&I assembly. Overvoltag
protectors are necessary, or to avoid catastrophic v
age breakdowns the distance between conductors m
be selected according to the requirements of the abn
mal conditions, and in this case the density of the P&
may have to be reduced.
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B. Overcurrent Protection—If current surges brought in
by the connecting lines are not stopped before th
reach the P&IA, they can easily melt the P&IS condu
tors. To avoid the catastrophic failure of the equipme
if overcurrent protectors are not available in the syste
the conductor must be designed for current carry
capacity at surge levels. This may reduce the densit
the P&IA and exclude materials (such as polym
films) that have low power transfer capacity.

C. Electrostatic Discharge Protection—ESD, as a
dynamic process, is one of the most powerful transi
voltage inducers. If the path of the currents created
ESD activities cannot be kept under control, t
devices and their packages have to be selected to
vive the maximum possible stress created by these
rents.

D. Electromagnetic Interference Protection—EMI pro-
tection can be divided in two major concerns:

• Reduction of the effects that reception of extern
radiation has on electrical performance.

• Reducing the emissivity of the system to a lev
required by the legislation or customer requirements

The first concern is treated (in most of the cases) at
electronic design stage. Filters and specific types
connectors are selected and introduced in the elect
layout. The second concern is mainly a function of t
mechanical design and has to be solved at a later st
From this point of view, for the designer, EMI prote
tion involves reducing the emissivity more than redu
ing the susceptibility of the circuits to external EMI.

Emissivity can be reduced by the following:

• Controlling the design of the layout in order t
achieve the minimum possible radiation from the s
tem,

• Cutting down the radiation by using sealing an
shielding against EMI. Both ways have a great imp
on the P&IA layout design. Controlling the emissio
levels will change the layout design requirements a
introduce new constraints on the design, affect
manufacturing technology selection. Shielding m
cause other problems. Shielding could reduce heat
sipation and it usually interferes with most of the com
mercially available cooling options.

3.1.5.7 Design for Test Surface mount technology ha
raised new issues in designing systems which accom
date testing. The relatively higher cost of surface mo
devices and the larger number of pinouts requires that t
ing be designed into the system to prevent use of detec
parts and to insure that committed parts are easily testa
preferably without removal.
nt details: IPC SM-780-1988
,

f

t

r-
r-

f
l

e.

-

-
t
t-
e
e,

A. Component—Specifically, this means that the packag
ing design should incorporate easily testable comp
nents along with test sockets and burn-in sockets. T
component should be compatible to rapid tests, bo
static and dynamic.

B. In Circuit Testing—The P&I structure should be
designed to allow in-circuit testing of component part
Because devices are costly and difficult to remove wit
out damaging the P&I structure, it is imperative t
build in design features which allow testing of compo
nents. One method for doing this is cuttable link
Other features should be built into the P&I structure
allow for in-circuit testing.

C. Functional—Functional testing means the ability to
test the system by function. For this reason, the P
structure must be designed to include some method
isolating functional elements of the circuitry in order t
test by function, as opposed to board or chassis le
tests.

D. Prototype—Prototype testing means testing of proto
type assemblies instead of production type assembl
the latter allows more permanent packaging techniqu
and closer conformity to the customer requirements a
applicable specifications. The prototype design allo
more liberty in land spacing, component spacing, a
line widths and spaces in the interest of expedien
Necessarily, a prototype design must be capable
change, but close enough to the end item part
assembly) that mechanical and electrical characteris
of the final equipment are duplicated in the prototyp
design.

3.2 Technology Trends Considerable progress has bee
achieved in extending the capabilities, conductor dens
and yields of printed wiring technology. At present, how
ever, further improvements in the state-of-the-art brin
diminishing returns at greater cost. Also, it may be arg
able that more stringent future demands can be met by
direct linear extension of current methods. An importa
factor is the emergence of new package types for comp
LSI and VLSI devices, (see Figure 3–3). As LSI circui
grow in complexity, they require more input/output (I/O
capabilities for communication with the outside world
Advances in interconnection systems have occurred
response to the evolution of electronic technology, partic
larly the growth in component sophistication, complexi
and number of terminals to be connected. It should a
come as no surprise to find that printed wiring remains t
most popular and universal method of interconnectio
However, a basic concern has developed with the progr
of printed-wiring technology.

A variety of factors contribute to this growing concern
including the following:
9
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Figure 3-3 Packaging and assembling integrated circuits (all dimensions in inches)
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A. Interconnection Costs—These have not followed the
decline in device costs. Today a complete computer-
a-chip costs less than the surrounding components
interconnection system.

B. Operating Speeds—The use of the faster-operatin
integrated circuits is increasing. The interconnecti
system serving them should have configurations t
make it possible to locate all such devices within a ve
limited area in order to avoid or minimize excessiv
propagation delays in the wiring.

C. Integration of Functions—Further integration of cir-
cuit functions within dual-in-line-packages is becomin
more limited, in part by the practical considerations
the economical size of the ICs and DIPs suitable
easy design change and field repair.

D. Lead Spacing—Any increase in the number of lead
per IC package calls for increased interconnectio
between them (Table 3–2). LSIs having more than
leads cannot be efficiently packaged in the familiar D
configuration with two rows of leads on 2.54 mm
(0.400 inch) centers. These devices will require the n
packages that are coming onto the market.

3.2.1 Package Technology The emerging higher-speed
higher-density ICs can increase the performance of co
plex electronic systems. This is especially true in appli
tions where size, weight and power requirements are c
cal.

However, these new devices require compatible packag
technology, a new interconnection system. The significa
of these new interconnection system requirements can
seen appreciated by reviewing the development of se
conductor technology (see Figure 3–4).

As VLSI use increases, a greater percentage of the t
system cost, of the total design and manufacturing tim
10
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and of the testing costs will be affected by the packagin
interconnection system technology. Also, chip packag
levels will increase to over 10,000 gates/chip and bo
pinouts will approach 300, with proportional increases
power to be dissipated per unit volume (see Figure 3–
Peripheral devices such as DIPs and chip carriers, or ma
devices such as pin-grid-arrays, will significantly affe
packaging density (Figure 3–6) and therefore the interc
nection system.

3.2.2 Interconnect Technology Until recently, compo-
nent interconnection technology was almost exclusiv
based on plated-through holes and therefore, all device
their packages had leads that were eventually soldered
these holes. These component leads added to mat
costs, assembly labor, and manufacturing problems.
newly-emerging packages resolve this problem, since t
are designed for the surface mounting of planar packa
and unpackaged components on a planar surface and do
require discrete component leads and plated-through ho
This development will have a profound effect on futu
interconnection methods, because the surface attachm
approach achieves the following:

• Eliminates the cost and labor for component leads a
their forming.

• Simplifies the problems of component shipping and ha
dling by the elimination of their delicate leads.

• Simplifies assembly, since there are no leads to prefo
Also, the self-centering capability of many of these ne
devices during the soldering operation makes them to
ant to some component placement misalignment.

• Increases the component placement rate from todays
units/hour for manual assembly or 3,000 units/hour
automated methods, by one more order of magnitu
e.g., 10,000 units/hour on a 200 by 250 mm [8 by
inch] board is achievable.
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Table 3-2 Connectivity Capacity Requirements for DIPs and Small Chip Carriers (Dimensions only in inches)

Case Typical Packaging Situation

Approximate
Number

of Pins per in 2

Required
Connective

Capacity, in/in 2

Wiring Levels

50 mil Grid 25 mil Grid 20 mil Grid

1 1–16 pin DIP per square inch 16 34 z2
(1.7)

z1
(0.8)

1
(0.7)

2 22-pin DIP on 1 inch centers 20 45 2–3
(2.3)

1+
(1.13)

1
(0.9)

3 2–16 pin DIPs per square inch 30 67 3–4
(3.4)

2
(1.68)

2
(1.34)

4 40-pin DIP on 1 inch centers 20 45 2–3
(2.3)

1+
(1.13)

1
(0.9)

5 24-pin chip carriers on 0.7 inch centers 50 112 z6
(5.6)

z3
(2.8)

z3
(2.2)

6 24-pin chip carriers on 0.5 inch centers 96 216 z11
(10.8)

z6
(5.4)

z5
(4.3)

Connective capacity per level, in/in2 20 40 50

IPC-780-3-4

Figure 3-4 Semiconductor technology development
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• Simplifies the soldering process by assembling w
solder- reflow systems that use the vapor-condensa
methods without the need to worry about leads protrud
on the underside of the substrate.

• Improves connectivity/unit area on the underlying s
strate by reducing the hole diameters, or by elimina
the need for holes.

3.2.3 Size Considerations A variety of packaging tech
niques are available for the production of a system. Th
range from point-to-point-wiring to custom very large sc
integration (VLSI). Selection of the technology can
based on many factors, but size of the P&IS is a m
consideration. The relative sizes of the most commo
used technologies are outlined in Table 3–3.

As can be seen in Table 3–3, there is a significant
reduction potential with the VLSI. However, the extra s
reduction can only be achieved with a significant incre
in development cost and time. Comparisons should c
sider the size, cost and delivery cycle of a complete
tem.

3.3 Packaging/Interconnection Assembly Implementa-
tion Techniques The designer should constantly revie
nt details: IPC SM-780-1988
n
g

e

r

e

e
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the end product for form, fit and function with respect
cutting costs, being competitive, and making the prod
more marketable. The concepts of form, fit and functi
are defined as follows:

A. Form: The form of a product includes size, weight an
shape.

B. Fit: The fit of a product is its relationship to othe
functions within the product.

C. Function: Each product performs different functions
The system can be analyzed for cost per functio
power dissipation per function, etc.

Having broken a system down in this manner, the desig
then needs to consider how the product function is to
achieved, i.e. as an electronic assembly or as a mecha
assembly. For example, the clock function in an automob
can be realized as an electronic assembly or as a mech
cal assembly.

Low profile (the height above the board mounting surfac
and minimum printed board mounting area are initial co
siderations for all components. These two requireme
govern the density of components on printed boards a
11
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Figure 3-5 Gate density comparison (all dimensions in inches)

IPC-780-3-6

Figure 3-6 Packaging technology comparisons (all dimensions in inches)
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the closest center-to- center dimensions for side-by-
mounting of printed boards within the card holder or equ
ment rack.

Determining factors will include development time, dev
opment cost, circuit element factors, manufacturing co
thermal considerations and reliability. The following pa
graphs will review some of the advantages and disadv
tages of realizing an electronic function as a P&I assem
12

ocument details: IPC SM-780-1988
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3.3.1 Comparisons Table 3–4 shows some of the com
parisons between through hole mounting and surfa
mounted components.

3.3.2 Size Because the dimensions of the connectors a
surfaces necessary for handling and mounting are pra
cally independent of the design and manufacturing, t
ratio of populated area to the total area is a function of t
size. The larger size P&I assemblies are typically the mo
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effective from a labor cost per unit area processed, but m
pose difficulties to the fabricator. Theoretically, considerin
printed boards as an independent entity, an optimal size
be found for any selected technology (for reference s
IPC-D-322, Guidelines for Selecting Printed Wiring Boa
Sizes Using Standard Panel Sizes).

In order to minimize cost and maximize production eff
ciency, use the largest board size that is practical; howe
size is often determined by other considerations such as
following:

• Limitation in external envelope of the equipment. Eve
though the external envelope is the ultimate constraint

Table 3-3 Relative Size of Packaging Techniques

Technique

Size
(Relative

Units)

Point-to-Point Wiring 10,000

P&IS—Through Hole (Type A1) 2,000

P&IS—Intermixed Components (Type C1, C2) 1,000

P&IS—Surface Mount (Type B1, B2) 500

P&IS—Chip & Conductive Ink Components 200

Custom Large Scale Integration (LSI) 50

Custom Very Large Scale Integration (VLSI) 10

Custom Ultra Large Scale Integration (ULSI) 1
nt details: IPC SM-780-1988
y

n

r,
e
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in some military and space applications), restrictions
the shape/ configuration of the P&IA are imposed in a
practical application.

• Testing and maintainability procedures. If a failure of th
equipment has to be identified and repaired in the field
in the communications industry), then divide the boar
according to their electrical functionability. In this case
both density and optimum size criteria may have to
sacrificed.

• Thermal and mechanical strength limitations. Large P
assemblies are more sensitive to mechanical stresses
small ones; environmental conditions and the protect
measures used against harmful environments can li
actual size.

3.3.3 Through-Hole Mounting Technology Through
hole mounting technology uses a leaded device configu
tion such as dual-in-line packages (DIP), single-in-lin
packages (SIP), or some other leaded device configurat
The DIP is approximately 15 mm [0.6 inch] wide by 2.
mm to 75 mm [1.0 to 3.0 inch] in length with wire lead
on 2.54 mm [0.1 inch] centers. The DIP is mounted wi
leads through the board usually in plated-through hol
and when the board is sent through an automatic solder
machine all connections are mass soldered in place du
Table 3-4 A Comparison of Integrated Circuit Packaging Technologies

Characteristics
Through

Hole

Leaded
Surface
Mount

Leadless
Surface
Mount

Direct
Deposit

Bare
Chip

Packaging Density low moderate good good high

Standardization very good good good good limited

Thermal Performance moderate good very good good fair

Substrate Choices very good very good good fair limited

Fab Investment low low moderate moderate high

Assembly Investment moderate low moderate moderate high

Support Investment low moderate moderate high high

External Assembly Services very high high moderate moderate limited

Maintenance Skills low moderate moderate high high

Change Risk very low low moderate moderate high

Assembly Test very easy easy moderate moderate complex

Documentation easy easy moderate complex complex

Logistics Support field change field change field change field change factory only

Inspect (Circuit) 100% test 100% test 100% test 100% test lot accept

Component Burn-in easy easy easy easy impractical

Pretest very easy very easy easy easy impractical

Change & Repair easy easy easy easy difficult

Chip availability excellent very good good good limited

Multiple Sourcing excellent very good good good limited

Footprint Commonality excellent very good good good poor

Profile high high moderate low low
13
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the single pass over the solder wave. DIPs will be used
discussion purposes. The advantages of through
mounting technologies compared to high density techn
gies are as follows:

• The technology is very mature.

• There is excellent component availability.

• Components are relatively cheap.

• Existing design systems can support the technology.

• Electrical test needs are well understood.

• Assembly tests already exist.

• Rework capability exists by using the component lead

• Systems can be designed with known reliability.

• The disadvantages are as follows:

• Density is limited by the large component size.

• Through hole mounting requires the largest volume
quirements.

• Most systems will be heavier.

• Limited interconnection, 4 to 64 I/O pins.

• Additional processing required for component lead for
ing.

• Requires increased component handling and shipp
costs.

• Low connectivity per unit area.

• Relatively low routing density can require more layers

3.3.4 Surface Mount Technology Surface mount tech
nology uses flatpacks, quadpacks, leaded or leadless
carrier devices and unpackaged devices such as Tape A
mated Bonding, (TAB) and Chip on Board (COB) that a
usually square (can be rectangular) with terminations on
sides. The surface mount devices are mounted directl
the board or ceramic substrate.

Surface mounting can decrease system volume, weight
increase system speed, but only with certain risks. The
much to be learned about system design, fabrication,
assembly, and this lack of knowledge increases system

3.3.4.1 Leaded Packages Leaded packaged devices a
those multiple I/O components that have leads, includ
the flatpacks, quadpacks, and leaded chip carriers. T
cally gull- wing, J, and I leads are commonly used on s
face mount devices. SOICs typically use gull-wing lea
while plastic chip carriers have J or I leads (see Fig
3–7).

Benefits and problems exist for each lead form, as sh
in Table 3–5.

The advantages are as follows:

• Relatively high densities are available with surface mo
technology, with slightly reduced densities with the fl
packs and quadpacks (approximately 3/1 increase
through-hole).
14
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• Most systems will not require a constraining core for ther
mal management.

• Most systems are lighter than with DIPs.

• High interconnection operating speeds.

• Increased component placement rate.

• High connectivity per unit area.

• Faster electrical characteristics. Surface mount comp
nents will increase high-frequency and high-switchin
performance due to lower inductance, capacitance a
resistance coupled with shorter lead lengths.

• High routing density allows for fewer layers.

• Self-centering capability for chip carriers makes compo
nents tolerant of some misalignment at assembly.

• The disadvantages are as follows:

• Relatively new immature technology.

• Requires the cost and labor for component lead formin

• Requires the careful shipping and handling of compo
nents due to their leads.

• Limited component availability.

• Higher component cost.

• More complex CAD systems are required.

• Limited design system function.

• New assembly technology is required.

• New board test technology is required.

3.3.4.2 Leadless Packages Leadless packaged devices
include leadless ceramic chip carriers. These compone
are mounted directly to the board without any leads. Th
advantages are as follows:

• Relatively high densities are available.

• Most systems are lighter than with DIPs.

• A significant reduction in P&I structure size (approxi-
mately 3/1) over through hole.

• High interconnect operating speeds.

• Eliminates cost and labor for component leads and the
forming.

• Simplifies the problems of component shipping and han
dling for leadless packages.

• A self-centering capability makes components more tole
ant of some misalignment at assembly.

• Increased component placement rate.

• Higher connectivity/unit area.

• Faster electrical characteristics, because the size of
surface mount components will increase high-frequenc
and high-speed switching performance due to lowe
inductance, capacitance, and resistance coupled w
shorter signal paths.

• Higher routing density uses less layers.
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Figure 3-7 Joint geometries

Table 3-5 Joint Geometry Benefits and Problems

Joint Geometry Benefits Problems

L Lead (Gull wing) • Visible solder joint
• Top-side electrical probe
• Low profile
• Easy repair

• Extends package size
• Leads easily bent
• Difficult to clean under package
• Lead planarity

J Lead • Leads are protected
• Minimum board area
• Space under body for cleaning

• Lead planarity
• Solder joint marginally visible
• Difficult to electrically probe
• High profile
• Correct lead form in IC manufacturing

process

I Lead (Butt) • Minimum board area
• Space under body for cleaning
• Easy lead formation
• Highest shipping density
• Best solder geometry

• Difficult to probe
• Solder joint marginally visible
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• The disadvantages are as follows:

• Relatively new, immature technology.

• Leadless components will likely require a constrainin
core, with its increased design, fabrication and assem
cost.

• Limited component availability.

• Higher component cost.

• Thermal expansion mismatch problem could cause lon
term reliability deficiencies.

• More complex CAD systems are required.

• New assembly technologies are required.

• New board assembly test technologies are required.

3.3.4.3 Bare Chip (Chip-On-Board) Except for hybrid
circuits, IC chips have been used almost exclusively
packages supplied by the IC manufacturer. However, d
ing the past several years, bare IC chips have begun to
used, both singly and in multiples, on printed wiring board
in what is referred to as bare chip (Chip-On-Board),
TAB (Tape Automated Bonding), and passive componen
nt details: IPC SM-780-1988
ly

-

r-
e

.

Chip on board components constitute those that do
have a package. The component is mounted directly to
board.

The advantages are as follows:

• Input/Output counts can be as high as 300 or more le

• Very low 0.75 mm [0.030 inch] profile COB assemblie
can be made.

• Bonding lands can be as small as 0.05 mm [0.002 inch
square on 0.1 mm [0.004 inch] spacing.

• A wire-bonded chip takes about 1/4 of the area of a D

• Long term cost reduction due to the elimination of t
package.

• Processing appears to be easily automated.

• The disadvantages are as follows:

• There is limited availability of unpackaged chips, bo
with respect to type and quantity.

• An additional processing step is required to protect
chip from its environment.

• The heat dissipation of bare chips is not as high as
for packaged devices, due to their small package.
15
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• Processing yields must be taken into account when dec
ing on the number of wire bonds per chip and the numb
of chips per board.

• Relatively high-production volume is usually required t
justify the capital expenditures involved.

• The technology is extremely sensitive to process contr
and substrate quality.

• As a relatively new technology, there are undefined ris
in reliability, in component availability and in processin
capability.

3.3.4.4 Tape Automated Bond (TAB) The most distinc-
tive feature of the TAB system is the carrier tape, which
stored on reels in widths from 8 to 70 millimeters. Lik
other unpackaged devices, TAB components grea
increases packaging density since there is no chip carrie
package. The chip mounts directly onto the board, elim
nating a chip carrier or other mounting device. The adva
tages are as follows:

• Component density is greatly increased.

• The bonding area on the chip can be hermetically seal

• Less gold is required for TAB than for wire bonding.

• TAB provides a means for pretesting and burn-in of th
chips prior to their mounting to the board.

• Bonding lands can be as small as 0.002 square inches
0.004 in center spacing.

• Input/Output counts exceed 300 leads.

• Very low [0.030 inch] profile assemblies.

• The TAB process chips require only a fraction of th
board surface required for mounting packaged chips.

• The rectangular TAB lead provides a lower inductan
than does a round wire.

• They can be used in other applications such as sm
credit cards that are unavailable to packaged devices.

• Relatively lower long term component costs.

The disadvantages are as follows:

• Limited availability of TAB components.

• An additional processing step is required to protect t
chip from the environment.

• The heat dissipation of small chips is not as high as th
for packaged devices, due to their small size.

• Processing yields must be taken into account when dec
ing on the number of wire bonds per chip and the numb
of wire bonds per board.

• Relatively high production volume is usually required t
justify the capital expenditures involved.

• The technology is extremely sensitive to process contr
and substrate quality.

• It requires specially-designed equipment to match ea
application, both at the chip and board interfaces.
16
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• In general, TAB chips cannot be purchased economica
in small quantities.

• TAB bonding and bonding equipment is rather sophis
cated.

• There are several risks involved including the limite
component availability, the undefined reliability risks, an
the processing capability problems.

3.3.4.5 Direct Deposition Direct deposition provides a
rigid interconnecting structure. Films of conductive, res
tive, or dielectrically insulative materials can be deposit
on the substrate to make conductors, resistors, or cap
tors. Circuits are formed by sequentially screen printing
sputtering, pastes on a substrate, then drying, and last
ing these pastes conductive, resistive, or dielectric.

The advantages are as follows:

• There is no thermal coefficient of expansion mismat
between the substrate and the component.

• A factory for relatively low volumes can be establishe
without extensive major capital costs.

• The reliability of the direct deposition systems is know

• Direct deposition may be the best alternative for lo
quantity systems.

• Monolithic integrated circuit technology can provid
semiconductor densities.

The disadvantages are as follows:

• There are limitations in the maximum attainable workin
frequencies.

• Single-layer circuit density is limited.

• The upper dimension is limited.

• Direct deposition may be expensive for high volume sy
tems.

• The direct deposition technologies are best suited for l
volume customer circuits, complex arrays, and applic
tions requiring medium to high power, high voltage an
stable, tight toleranced passive components.

3.3.5 Intermixed Technology Intermixed technology
combines through hole mounting technology with surfa
mount technology. It increases the system density
replacing through the board components with surfa
mount components as available.

The advantages are as follows:

• Increases density by using surface mount component
replace existing DIP components.

• Overcomes limited component availability in existing o
new designs.

• Discrete components can be easily accommodated.

The disadvantages are as follows:

• Requires a double assembly process.
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• Difficult board electrical test.

• Extremely difficult with leadless chip carriers and DIPs
the constraining core for the leadless chip carriers w
require special processing for the leaded components

• Only moderate density increase over through the bo
components.

• Difficult assembly test.

• Requires increased tolerance control.

• Requires special design considerations in order to as
adequate assembly location tolerance.

• Intermixed technologies increase performance over
through the board technology, including the weight, si
signal speed and signal frequency that are available
surface mounting. It still uses some of the advantage
through the board technology, such as component av
ability.

3.3.6 Other Considerations

3.3.6.1 Mechanical Tolerances Close tolerance on lead
and terminals (for electrical and mechanical connections
important to assure that components can be mated to
printed boards with minimum difficulty. An assembly wit
flexible interconnecting leads shouldn’t present mu
trouble, although time for assembly may increase. T
problem becomes more critical when components w
rigid leads are used on semi-automated or automa
machinery in high speed long production runs.

3.3.6.2 Mounting and Interlead Spacing Whether a
component is self supported or employs separate faste
devices, shock and vibration characteristics are a prim
cause of failure, first for the component itself, then for t
component mounting. Interlead spacing and compatibi
with preforming operations, such as pig-tailing, pre-sold
mounting, and cutting and crimping of leads are importa
If automatic equipment is to be used for insertion, prepa
aged components can be specified with the follow
mechanical and electrical operations already performed

• Components arranged in predetermined sequences.

• Leads straightened, tinned, trimmed.

• Tests (including electrical value, working voltages, sho
opens, polarity).

3.3.6.3 Prepackaged Components There are now com-
plete systems for processing components which perf
these operations and others, including coating and dry
(infrared, radiant heat, forced hot air), banding with co
codes, printing (electrical values, tolerances, comp
identifying symbols), deflashing, and packaging. Comm
types of packaging are reel, bulk, and corrugated cardbo
packaging.

To obtain maximum economies from long production ru
prepackaged components can be assembled onto t
nt details: IPC SM-780-1988
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strips in preparation for automatic insertion. One comp
nent sequencing system available on the market is c
trolled by a conventional punched tape. Under programm
control it selects axial-lead components from up to 39 in
vidual input stations and reel-packages them in prede
mined sequences. Input stations feeding the machines
contain lead taped components, or magazine and co
gated cardboard packaged parts.

3.3.6.4 Special Mounting Polarized components must b
mounted correctly. Symmetrical leads or mounting feet
lugs must be checked (usually special visual checks)
assure that components are correctly assembled on pri
wiring boards. This usually is no problem for resistors, b
for transformers, some types of capacitors, diodes, a
semiconductor devices, incorrect mounting can lead
immediate damage when the first electrical test is ma
Transistors and diodes can be ruined in a fraction of a s
ond. It is somewhat commonplace as well as costly to fi
a blown diode which was carefully inserted and solder
into place backwards.

3.3.6.5 Identifying Components Easily identifiable
component value, polarity markings and terminal ident
are required to assure minimum maintenance time.
crowded printed wiring board complicates repair an
replacement procedures. Just as electronic packag
printed boards have become complex and valuable, so h
the rules for assuring their acceptability and repairability

3.3.6.6 Automated Assembly Component adaptability to
automatic insertion should also be considered with resp
to the number of components to be mounted per board
the total number of boards to be assembled. For very sh
production runs (prototype, and low number of units), ha
or semi-automated assembly may be most economical.

4.0 ELECTRONIC COMPONENT TYPES AND INTERCON-
NECTION DEVICES

Component packages protect components from the e
ronment, provide communication links, remove heat, a
provide a means for handling and testing. With larg
higher- density ICs, these functions will be more difficult t
meet. At the same time there will be an emphasis
decreasing the costs of these more-complex packages.
will require increases in functional density and highe
performance designs, as device density increases.

4.1 General Considerations Many factors such as board
real estate, environmental conditions, and electrical para
eters are important when choosing a component for y
specific application (Figure 4–1).

4.1.1 Lead/Termination Finishes Finishes on the leads
of leaded component packages and on the metallized te
nations of leadless packages, whether for through-hole
17
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Figure 4-1 Interrelated package design factors
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surface mounting, preserve and assure the solderability
the interconnection surfaces without decreasing the ass
bly yield or the attachment reliability. The large number o
solder joints, which frequently cannot be visually inspect
not only because of their sheer numbers but also beca
they are physically inaccessible, makes it imperative th
the solderability of the component I/Os be positive
assured prior to assembly. The only lead finish that acco
plishes this is fused or reflowed tin or solder. The sold
coating can be obtained either by solder dipping or tin/le
plating with a subsequent reflow process. It might be ne
essary to remove excess solder, which could interfere w
the assembly or socketing process, with a hot air knife
similar method.

The above conditions expressly exclude gold plating, sin
gold forms brittle intermetallics with the tin in the solde
causing solder joint reliability problems, and silver platin
since silver not only forms very brittle silver/tin intermetal
lics, replacing most of the lead in the solder, but can for
slag-like non-metallic silver/tin compounds which crea
voids in the solder joints. Caution should be used wh
leads are coated with tin or tin/lead plating without reflow
ing prior to assembly because the plating does not alwa
assure solderability.

In addition, some user specifications require fusing of
plate to eliminate the possibility of tin whisker growth.

The foregoing considerations are more critical for surfa
mounting than for through-hole mounting. Through-ho
18
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mounting provides considerable margin because of t
mechanical anchoring of the leads and the larger sold
volumes.

For devices which are exclusively destined for non
soldered interconnections (sockets, connectors, elas
meric), the surface finish coatings depend on the design
the mating contact (normal force, geometry, etc.), the nu
ber of insertion/ withdrawal cycles and the service enviro
ment. The following is a general guide:

Critical—gold

Intermediate—palladium

Non-Critical—tin/lead

It should be noted that the reliability of a tin/lead applica
tion can be increased by lubricating the contact surfac
with proper contact lubricants. Lubricants prevent fret an
corrosion that may occur on tin/lead due to changing en
ronmental conditions. For Burn-In applications, harden
gold or a nickel boron contact finish is recommended.

4.1.2 Component Handling Automated assembly for
surface mount technology involves packaging conside
ations as well as reference points on components. T
packaging scheme should maintain packaging flexibili
while protecting the compliant leads dedicated for surfa
or through-hole mount. Two basic elements of automat
assembly are package choice and conductor registra
points.

Several basic packaging schemes are in use today, so
careful consideration to the packaging used for automa
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assembly. One common method of packaging is an ‘‘e
crate’’ matrix tray, shown in Figure 4–2. This type of pack
age is usually a molded plastic tray. Keying featur
molded into the tray insure proper orientation of the pro
uct. Features can also be molded to orient the tray to
robotic assembly station.

Another form of packaging is taped product. Taped prod
positively orients the product and simplifies the feeder s
tem at the assembly station. As tape sizes grow and
technology advances, larger taped products will be av
able.

Tubes or magazines are also used for a variety of com
nent parts. Tubes can be extruded in a wide variety
shapes and sizes. Features insure proper orientation
product, as shown in Figure 4–3. Product is usually grav
fed to the assembly equipment from the tube.

A very common type of packaging used today is bulk pac
aging. All bulk packaged product must be properly reg
tered and layered. Figure 4–4 shows a typical bulk pack
ing layout.

The registration points for an automatic placement head
important for automated assembly. Three basic gripp
methods are used for automatic placement. With a vacu
head, the device must be very accurately located in

IPC-780-4-2

Figure 4-2 Matrix tray

IPC-780-4-3

Figure 4-3 Tube or magazine packaging
nt details: IPC SM-780-1988
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package or else a secondary alignment method on
assembly machine will be necessary.

A body type grip can be easily incorporated into a conne
tor design. A molded-in locating feature will help registe
the product to the assembly head.

Another method is a pin-and-hole design. Molded in ho
in the connector (as shown in Figure 4–5) mate with p
on the assembly head. A variation of this has the he
designed to simulate a mating device in the connector. T
method is the most accurate to locate the interconn
device to the assembly head.

4.1.2.1 Incoming Inspection Inspection of surface
mount product involves these vital areas:

A. Lead Position
• Absolute Position
• Coplanarity
• Relative to Reference Plane

B. Plating
• Composition
• Position
• Quality

C. Housing/Body Material

IPC-780-4-4

Figure 4-4 Bulk packaging

IPC-780-4-5

Figure 4-5 Pin and hole locating feature
19
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D. Contact/Lead Material

E. Sampling Plan
• Random
• Lot Size

4.1.2.2 Component Preparation Surface mounting uses
RMA fluxes to clean the reflow zone of the contact leg.
careful to prevent undue exposure of the separable con
interface to the flux agents. A properly designed interco
nect device will have stand-offs for adequate draining
cleaning agents used to remove flux.

4.1.3 Precleaning Techniques Printed boards and com
ponent leads may need cleaning prior to assembly an
soldering. If required, surfaces to be soldered should
cleaned as follows:

• Remove grease, oil, and other foreign matter from co
ductors and terminals with a suitable cleaning solutio
Cleaners shall not remove markings or damage the pa
any way.

• Remove oxides and varnishes by methods which do
damage leads or parts, nor cause contamination or hin
solder wetting.

• Do not sand blast.

• Remove dust or other loose matter.

4.2 Discrete Component Types Electrical circuit com-
ponents vary both in type and shape. Often the selectio
such components is limited by specification, availabil
and/or cost. However, many common components, suc
resistors and capacitors, are available in several config
tions.

Microminiature leadless devices are available in resis
capacitor, transistor, zener diode, chip form. The chips
placed in a nonconductive carrier and encapsulated
epoxy or hermetically sealed. Metallized surfaces are of
plated to permit thermocompression or ultrasonic bondi

4.2.1 Axial Leaded Perhaps the most common type
printed wiring component is the axial leaded compone
(see Figure 4–6). These are usually cylindrical and h
leads, usually round, exiting from both ends of the comp
nent along its axis. Axial leaded components are m
suited for automatic insertion. Many resistors, capacito
and diodes are supplied in this configuration.

4.2.2 Radial Leaded Components Radial lead compo-
nents are used in many printed wiring assemblies. T
type of component has all of its leads exiting from a co
mon side of the component. The actual body shape is v
able; two common types of radial lead components
dipped capacitors (Figure 4–7) and transistor cans (Fig
4–8).
20
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4.2.3 Chip Components (Leaded and Leadless) A
discrete-chip component is nothing more than a miniat
axial-leaded component minus the leads with metalliz
areas at the ends. They are available in both cylindrical
flat rectangular shapes (Figure 4–9). Although it is possi
to fabricate resistors and capacitors directly on a substr
this process has severe limitations. Also, it is difficult
obtain close tolerances, the capacitance range is restri
and close process control is required. Therefore, in m
applications, discrete chip capacitors are preferable.

4.2.3.1 Chip Resistors Chip resistors are available eithe
in a wrap-around termination configuration, or a wi
bonding configuration. Figure 4–10 shows the two config
rations.

IPC-780-4-6

Figure 4-6 Axial leaded component

IPC-780-4-7

Figure 4-7 Radial lead (dipped) capacitor

IPC-780-4-8

Figure 4-8 Radial lead transistor can
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A. Wrap-Around Terminations

This style resistor is face up after attachment so that p
attachment inspection and/or trimming is practical. Mo
importantly, the resistor itself is away from the solder jo
and from the attachment pad area.

The metallization of this style is platinum-silver or nicke
tin.

B. Wire Bond Construction

All metallization is on the top of the resistors in this styl
Wire bonds make the connections. Attachment to the s
strate is with epoxy (although it is possible to have ba
of these style chips metallized so they can be soldere
the substrate).

The standard metallization of this style is gold, althou
other materials can be used if there is a need. The back
be metallized with gold, platinum- gold, or platinum-silve

4.2.3.2 Chip Capacitors The most popular chip capac
tors are ceramic capacitors. Silicon, porcelain, tantalu
and glass capacitors are also available.

Small silicon chip capacitors are available with excelle
temperature stability and low leakage current. Howev

IPC-780-4-9

Figure 4-9 Flat rectangular chip resistor
nt details: IPC SM-780-1988
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n
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they are limited in value and have relatively loose tol
ances. Ceramic chip capacitors are used more exten
elythan any other capacitor type because of their rugg
ness, ease of handling, wide range of capacitance,
volumetric efficiency and low cost.

The cost of a capacitor in a hybrid is usually greater th
the cost of a discrete capacitor mounted on a printed bo
So before using capacitors in hybrids, consider the t
system cost and size. Also, since large-value chip cap
tors are physically large, space must be traded-off.

Chips are built in various sizes and configurations to s
user demand. Configurations include circular feed-thru
multi- feed-thru as well as standard chips. Sizes vary fr
1.27 x 1.0 mm [0.050 inch x 0.040 inch] (L x W) t
approximately 1.5 x 10 mm [0.60 inch x 0.40 inch] for th
larger units. The industry is now standardizing reco
mended dimensions. Multiple layer ceramic chip capacit
are considered ideal components for surface mounting
printed wiring boards or substrate materials such as
mina for hybrid circuits, and porcelainized metal.

These chips have a monolithic construction: A solid blo
of ceramic with an enclosed electrode system and me
lized ends for lead attachment (Figure 4–11). This so
block is rugged enough to withstand the harsh environm
and treatment associated with hybrid circuit manufactur
processes.

Electrodes are given a common terminal by coating
chip ends with a precious metal-glass formulation s
pended in an organic vehicle. Consequent drying and fi
eliminates the organic components and bonds the cera
dielectric and glass constituent in the termination. M
common termination materials include palladium-silv
alloy, silver, gold, and nickel- tin.

Common package styles are shown in Figure 4–12 w
outline drawings of the leadless cylindrical MELF (meta
lized electrode face) styles are shown in Figure 4–13.
IPC-780-4-10

Figure 4-10 Chip resistor constructions
21
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4.2.3.3 Chip Inductors Chip inductors are available i
either ceramic or ferrite variations. Typical wire used
polyurethane/nylon insulated copper magnet wire, rang
in size from 38 AWG to 48 AWG. The terminations a
usually molymanganese or nickel, coated with 95% tin,
silver solder. Typical outlines are shown in Figure 4–
and 4–15.

4.2.4 Direct Deposition Integrally-deposited capacitor
in both thick- and thin-film circuits, are used for spec
applications. However, present state-of-the-art proc
techniques and compatible dielectrics seriously limit to
ance, capacitance value and dissipation factor con
Therefore, in most cases, add-on chip capacitors
employed in circuits when optimum characteristics
achievable only by unique material systems, fabricat
techniques, and geometries.

4.2.4.1 Deposited Resistors Resistor choice depend
upon electrical, thermal, and processing capability con
erations. For example, integrally-deposited thick- and th

Figure 4-11 Multiple layer ceramic chip capacitor
22
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film resistors are frequently used if they meet circu
requirements for precision, temperature stability, e
Thecapability to trim- to-value is usually required.

If requirements cannot be met with trimmed integrall
deposited resistors, add-on chip resistors of both thick-
thin-film varieties are available in both discrete and n
work configurations.

The circuit designer must carefully specify the desir
resistor characteristics, such as ohmic value, toleran

IPC-780-4-13

Figure 4-13 MELF body outlines

IPC-780-4-14

Figure 4-14 A chip inductor
IPC-780-4-12

Figure 4-12 Chip capacitor package
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temperature range/coefficient, and power dissipation. Ho
ever, the hybrid- circuit designer has the additional pro
lem of determining what temperatures the resistor m
actually experience in use.

The importance of load-life characteristics of the resisto
depends upon the end use of the circuit.

Thick-film chip resistors are available in standard valu
and tolerances from a size of 1.27 x 1.27 x 0.5 mm [0.0
inch x 0.050 inch x 0.020 inch] at 0.1 W dissipation cap
bility to increased dimensions in proportion to highe
power dissipation capabilities. Thin-film (tantalum nitrid
and nickel-chromium) chip resistors are available in a wi
variety of networks or discrete values. Thin-film resisto
can be obtained in several configurations with sizes fro
0.4 x 0.3 mm [0.017 inch x 0.011 inch] for a single-valu
resistor. Some configurations include several different v
ues on a larger chip.

Resistive materials provide a variety of characteristics in
circuit, and these materials are considered separately
passive elements in the circuitry. Table 4–1 compares
properties of thick-polymeric and thin-film resistors.

IPC-780-4-15

Figure 4-15 Typical surface mount inductor
nt details: IPC SM-780-1988
s

4.2.5 Switches Switches in surface mount configura
tions are now becoming available. DIP, slide, pushbutt
rotary DIP and toggle switches withstand the temperatu
of batch or mass soldering as well as immersion cleani
SMD switches usually have ‘‘I’’ lead, ‘‘J’’ lead or ‘‘L’’ lead.
To ensure solder connection reliability, the lead configu
tion must comply with thermal expansions while providin
a mechanically sound solder joint during switch actuatio

4.2.6 Other Devices Other passive devices are bein
adapted to surface mounting applications. One notewor
example is a surface mount sealed single-turn cermet tr
mer in a vertical and horizontal style. This particular pro
uct is available in a 1K to 200K ohms resistance rang
Figure 4–16 shows an outline of this trimmer.

4.3 Semiconductor Package Types There are many
packages for semiconductor chips (Table 4–2).

Standard mechanical outlines have been established
these devices by JEDEC (Joint Electron Device Engine
ing Council). Complete outlines can be found in JEDE
Publication 95.

IPC-780-4-16

Figure 4-16 Surface mount cermet trimmer
Table 4-1 Film Resistor Characteristics

Parameter Units

Thick Film Thin Film

Ceramic Polymer Ni-Cr Tantalum Nitride

Resistivity Range Ohms/Sq 1–1000 M 10–100K 10–300 5–500

Temperature Coefficient of Resistance PPM/°C ± 50–300 ± 250–1000 ± 0–50 ± 40

TCR Tracking PPM 10 50 1 1

Power Handling Capacity Watts/in2 ≤100 25 ≤100 40

Thermal Stability (150°C/1000 hrs.) %∆R ≤± 0.25 ≤± 2 ≤± 0.1 ≤± 0.2

Voltage Coefficient of Resistance PPM/V 0.5–5 25–100 0 1

High Voltage Stability %∆R <± 0.5 ≤± 2 ≤± 1 ≤± 1

Noise dB –35 to +20 0 to +35 <–30 <–10

Trim Stability %∆R ≤± 0.25 ≤± 2 ≤± 0.01 ≤± 0.01

Load Life 25°C–1000 hrs (rated power) %∆R ≤± 0.25 ≤± 3 0.1 ≤± 0.1

Aging Stability 25°C/50% RH/1000 hrs. %∆R ≤± 0.25 ≤± 2 ≤± 0.1 ≤± 0.1

Conductor Compatibility — Au, Ag, Cu,
PdAg, PtAg

Au, Ag Au, Cu, Al Au, Cu, Al
23
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Table 4-2 Typical Integrated Circuit Packages

LSI Package Type

Maximum
Number
of Leads

Method of
Attachment

Removal
from

Board
Board Area,

Including Leads (in.)
Hermetic

Seal

Co-fired ceramic DIP 64 wave solder
or socket

difficult 2 x 0.600
(40 lead)

yes

Cerdip 40 wave solder
or socket

difficult 2 x 0.600
(40 lead)

yes

Plastic DIP 40 wave solder
or socket

difficult 2 x 0.600
(40 lead)

no

Co-fired ceramic chip-carrier 150 @ 0.050″ socket simple 0.460 x 0.430
(40 lead)

no

Leaded chip carrier 156 @ 0.050″ reflow-solder simple 0.770 x 0.770
(36 lead)

yes

Minipak 26 reflow-solder simple 0.500 x 0.500
(28 lead)

no

Flatpack with leads out all four sides 64 reflow-solder simple approx. the same
as leaded chip carrier

yes

Ceramic substrate with clips on 4 sides up to 156 reflow solder
or socket

simple 0.650 x 0.650
(44 lead)

yes

Plastic pre-molded chip carrier up to 156 reflow solder
or socket

simple 0.650 x 0.650
(44 lead)

no

Leadless inverted device (LID) 40 reflow-solder simple 0.450 x 0.450
(40 lead)

no

Film carrier 40 to 64 reflow-solder
or wire-bond

simple about 0.312 x 0.132
(40 lead)
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4.3.1 Multileaded Radial Type Components The gen-
eral term for a transistor outline component is a ‘‘TO’’ c
(see Figure 4–17). This type of component consists o
hermetically sealed can with up to twelve round leads e
ing from the bottom of the device (usually in a circul
pattern).

Available tooling, hermetic sealing, and a rugged constr
tion made the can with 10 or 12 leads a natural first
package. It requires special punching dies or drilling te
plates for the 5.84 mm [0.230 inch] diameter pin circ
making it difficult for users to conform to carrier requir
ments for double-sided printed wiring and internal or c
planes for voltage and ground distribution. Printed land
line technology does not solve this problem, because
lead geometry.

4.3.2 Small Outline Packages Despite all of the recog
nition given to chip carriers, another relatively-new en

IPC-780-4-17

Figure 4-17 ‘‘TO’’ can outline drawing
24
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in the microminiature packaging arena, the small outl
(SO) package, is finding its applications. Resembling m
iature versions of molded-plastic DIPs, SO transisto
(SOTs) and SO integrated circuits (SOICs) are quic
gaining acceptance at several major semiconductor com
nies.

4.3.2.1 Small Outline Transistor package (SOT) One of
the first active devices in packaged form for surface mou
ing was the SOT device. Plastic encapsulated, three te
nal devices with leads formed out from the body were s
face mounted to overcome some of the problems a
difficulties in handling chip transistors. Common SO
packages are the SOT–23, SOT–89 and SOT–143. In
eral SOT packages are used with diodes, transistors
small I/O devices.

The SOT–23 package is the most common three lea
surface mount device configuration. Figure 4–18 sho
this device.

SOT–89 packages are used for high power devices wh
heat transfer to the supporting printed wiring board
important. Figure 4–19 shows this device.

The SOT–23 package had several redesigns by some s
conductor manufacturers. The dimensional characteris
are designed to meet differing needs of both the hybrid
surface mount industries. Figure 4–20 shows low, mediu
and high profile SOT–23s. Each of these SOT–23s
intended to provide different clearances away from t
printed board or hybrid substrate.
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SOT–143 parts are for dual diodes and Darlington trans
tors. Figure 4–21 provides the outline and dimensions
the SOT–143.

4.3.2.2 Small Outline IC Packages (SOIC) The SO or
small outline package was conceived for the watch ind
try. There are standards for the SO package establishe
the Joint Electron Device Engineering Council and by E
Japan. The standards have some minor differences
unfortunately at this time no international standard for t
SO package exists. The package style has become m
widely used in hybrid applications in the past few years f
active devices with up to 40 terminals.

IPC-780-4-18

Figure 4-18 SOT-23 package

IPC-780-4-19

Figure 4-19 SOT-89 package
nt details: IPC SM-780-1988
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The SOIC is manufactured in 150-mil wide and 300-m
wide versions. A 300-mil version is called small outline—
large (SOL) and offers a larger die cavity. Figure 4–2
shows the overall outline of a 16 pin SO and SOL packa
basically a dual-in-line package (DIP) with leads on 1.2
mm [0.050 inch] centers that are extended and form
similar to a flat pack for surface mounting.

Dimension Min.-Max. Dimensions

A 2.80–3.10 mm [0.110–0.122 inches]

B 2.10–2.60 mm [0.083–0.102 inches]

C 1.20–1.70 mm [0.047–0.067 inches]

D 0.85–1.20 mm [0.033–0.047 inches]

E 1.80–2.00 mm [0.071–0.079 inches)

F 1.60–1.80 mm [0.063–0.071 inches]

G 0.37–0.48 mm [0.015–0.019 inches]

H 0.78–0.88 mm [0.031–0.035 inches]

K 0.05–0.25 mm [0.002–0.010 inches]

L 0.09–0.15 mm [0.004–0.006 inches]

Figure 4-21 SOT-143 dimensions

Note: All dimensions apply after solder coating
IPC-780-4-21
IPC-780-4-20

Clearance from top of
board to bottom of

packages

Millimeters Inches

Min. Max. Min. Max.

High Profile 0.100 0.250 0.0040 0.0100

Medium Profile 0.076 0.130 0.0030 0.0050

Low Profile 0.010 0.100 0.0004 0.0040

Figure 4-20 SOT-23 comparisons
25
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IPC-780-4-22

Figure 4-22 16-pin SO and SOL outline
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A major advantage of this package style is that it can
pretested prior to substrate assembly while still offerin
relatively high density. It is smaller, lower, and weighs le
(1/6 to 1/10 as much) than a DIP. The package has ori
tation features on the edge of the package to aid in h
dling and identification.

4.3.2.3 Small Outline Package J Lead (SOJ) A small
outline package with J leads has been proposed a
JEDEC standard for the next generation of memory pa
ages. The small outline J (SOJ) package has leads on
sides, similar to a DIP. In some applications, the leads
each side are split into two groups separated by a la
center gap. The gap provides a space for power trace
pass under the package. An outline drawing for this pac
age is shown in Figure 4–23.

The SOJ package takes advantage of chips having par
address or data line layouts. For example, memory ICs
often used in multiples and bus lines connect to the sa
pin on each chip. Memory chips in SOJ packages can
placed close to one another because of the parallel pin
out and the use of ‘‘J’’ leads. With high capacity memor
26

ocument details: IPC SM-780-1988
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systems, the space savings can be significant. The pr
proposed outline includes terminal counts of 14, 16, 18,
22, 24, 26 and 28.

4.3.3 In-Line Packages Configurations

4.3.3.1 Dual In-Line Packages (DIPs) The dual in-line
multiple lead component (DIP) has leads pointing dow
ward, ready for insertion into holes in a printed board.

A DIP is made of metal, ceramic, glass, plastic, or a co
bination. Leads, body, and glass sealing are designe
make this a rugged package. Lead configuration (shou
provides a stand-off feature. Leads formed into a 10° ±
provide retention of the components.

The standard DIP has 2.54 mm [0.100 inch] pin spacin
each row of pins with the rows spaced 7.6, 10.2, 15.2
22.9 mm [0.300, 0.400, 0.600 and 0.900 inches] ap
depending on the lead count. Each additional two pins
an additional 2.54 mm [0.100 inch] length to the DIP.
typical DIP is shown in Figure 4–24.

A very large DIP can supply the more-than-40 pins t
most complex IC chips demand. However, since 75 mm
inch] long components take up a lot of space, designers
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IPC-780-4-23

Figure 4-23 Proposed JEDEC outline for SOJ packages

No. of Terminals

D

Min. Max.

14 .371 .379

16 .421 .429

18 .471 .479

20 .521 .529

22 .571 .579

24 .621 .729

26 .671 .679

28 .721 .729

Note: All dimensions in inches
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turning to the more exotic and more appropriate packag
To utilize all of the high performance of large-scale int
gration (LSI), the package must hold 8.9 mm [0.350 inc
square chips with lead counts up to and over 80, while d
sipating as much as 5 watts of power. Until recently, DI
have housed about 95% of all LSI. However, molde
plastic DIPs usually have no more than 40 leads and o
at the lower, metal-oxide-semiconductor (MOS) levels
power dissipation.

IPC-780-4-24

Figure 4-24 Typical DIP outline
nt details: IPC SM-780-1988
.

4.3.3.2 Single In-Line Packages (SIPs) The single
in-line (SIP) components are similar to the dual in-lin
(DIP) components with leads that exit the component bo
in-line 2.54 mm [0.100 inch] apart center to center, but
a single row pattern rather than the dual row (square) p
tern of the DIP (see Figure 4–25). As with DIP comp
nents, SIP component lead spacing is also artwork rest
tive.

4.3.3.3 Quad In-Line Package (QUIP) The QUIP is simi-
lar to the dual in-line package, however, leads are in
staggered configuration. Several I/O counts and lead sp
ing variations exist. Complete outline drawings exist
JEDEC Publication 95. Figure 4–26 shows a typical 14 p
QUIP.

IPC-780-4-25

Figure 4-25 Typical SIP outline
27
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4.3.3.4 QUIL Package The QUIL is similar to the Dua
In- Line Package, however, leads exit from all four sides
the package. Standard outlines exist for 52 I/O and 64
variations. Figure 4–27 shows a typical 64 I/O configu
tion.

4.3.4 Ribbon Multileaded Component Types (Flat Packs

and Quad Packs) Flat packs are widely used for hig
reliability application (primarily military). They are avail
able with 14 to 84 and more terminals. The typical fl
pack has leads on both sides; the leads exit the body o
package on 1.27 mm [0.050 inch] centers. They are form
in a gull-wing fashion and surface attached to a prin
wiring board. Figure 4–28 shows typical flat pack des
nated by JEDEC. Flat packs are usually metal, ceram
glass, or combinations of these materials and are herm
cally sealed. Flat packs and quad packs are similar to
devices, but with a number of important differences. F
packs are normally supplied by the vendors with the le
extending straight out from the body on two opposite sid
or from all four sides. Although this requires the user
form the leads, this permits either surface mounting
through-the-board mounting techniques. (SO device le
are preformed by the vendor for surface mounting only

IPC-780-4-26

Figure 4-26 Typical QUIP outline

IPC-780-4-27

Figure 4-27 Typical QUIL outline
28
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Flat packs are available in both hermetically sealed a
molded plastic styles. Hermetically sealed devices
packaged in metal, ceramic, glass, or combinations of th
materials. SO devices are normally available only
molded plastic cases.

Flat pack multiple lead components are highly suitable
high density printed board applications due to their clo
lead spacing 1.2 mm (0.050 inch) and small body siz
The wide variety of flat pack configurations permits a wid
variety of mounting methods.

The basic flat pack mounting techniques can be categor
as either the through-the-board or surface. These can
further divided into the following:

• Through-the-board, unclinched lead

• Through-the-board, clinched with circumscribing fu
land

• Through-the-board, clinched with offset land

• Surface post

• Surface land

• A number of discrete devices (transistors and diodes)
also available as ribbon leaded devices. Most of th
have been designed specifically for high frequency, str
line mounting.

4.3.4.1 Part Type Description

A. Flat Pack Device Type

One of the smallest multiple lead components is the
pack. The body of these components can be as sma
3.18 mm [0.125 inch] wide, 6.35 mm [0.250 inch] long
and 0.79 mm [0.031 inch] thick. The component leads
normally flat ribbons 0.5 x 0.25 mm [0.020 x 0.010 inch
or smaller, and are located on 1.27 mm [0.050 inch] ce
ters.

Flat packs are secured several ways:

• Form leads to fit a staggered hole-land pattern, using
or wave soldering.

IPC-780-4-28

Figure 4-28 Flatpack outline

http://www.avadocuments.com/doc/ipc-sm-780-1988
http://www.avadocuments.com/doc/ipc-sm-780-1988


as
.7
n
de
ti

nts
tiv
ula
su
on
se

v
er
ac
ir

ne
ac
li-

ar
ig
c

de
e
es
e-
su
uit

ead
mall
on-

he
95

om-
ded
ial
plas-
ng
inal

to
en-
tion
l for
ay

t of
most
ow-
ost

ility

and
tric
d a
as
le-
ete
ra-

imi-
ar-
or

ed
he
a

July 1988 IPC-SM-780

Full docume
• Weld or solder leads to lands or tabs.

• Form leads with stress relief bends to protect the gl
seals, then weld or solder to lands or tabs that are 0
mm [0.031 inch] wide x 1.9 mm [0.075 inch] long. In a
alternate method, all leads are simultaneously sol
coated and then reflow- soldered with semiautoma
insertion equipment. As with all metal cased compone
flat packs must be insulated when placed over conduc
traces. Unless the user has control over the partic
package material, it may be appropriate to provide in
lation between the bottom of the flat pack and any c
ductive traces, regardless of the case material being u

• Nonstandard shipping containers for flat packs ha
caused problems. Another flat pack problem is the v
high automated assembly cost, compared to other p
ages, due to the fragile leads and the special care requ
in assembly.

• Flat pack devices are usually similar to the outli
depicted in Figure 4–28. Dimensions of standard flat p
devices are listed in MIL-M-38510 and in JEDEC pub
cation 95.

B. Quad Pack Device Type

Four-sided flat packs, i.e., quad packs (Figure 4–29),
used to increase the I/O capacity of the device without s
nificantly increasing the component size. In this respe
they closely resemble leaded chip carriers.

C. Discrete Device Type

Ribbon leaded discrete devices are also very small lea
discrete devices. The case is normally no larger than n
essary to provide mechanical support for the leads. Th
devices were originally developed for use on striplin
boards, where the part body is recessed into the board
that the part leads are aligned with the stripline circ
traces.

IPC-780-4-29

Figure 4-29 Quad pack configuration
nt details: IPC SM-780-1988
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The special characteristics of these devices—small l
inductances, low capacitance between leads, and s
physical size—have made these devices useful in n
stripline applications also. Figure 4–30 is typical of t
ribbon leaded transistors available. JEDEC publication
lists the dimensions of ribbon leaded discrete devices.

4.3.5 Chip Carriers (Leaded and Leadless) Chip carri-
ers are available in many constructions and materials c
parable to dual-in-line-packages (DIPs). Plastic premol
chip carriers, recommended primarily for commerc
application, share the advantages and drawbacks of a
tic DIP: Low cost, nonhermetic, 0°C to 70°C operati
temperature range (sometimes –25° to 85°C), and nom
environmental protection.

Glass frit sealed chip carriers are similar in construction
ceramic DIPs (Cerdips). They are hermetic, environm
tally testable, and cost more than the plastic construc
but less than the solder sealed carrier. They are usefu
some high reliability packaging applications, but m
require special handling to avoid damage.

Solder-sealed 3-layer chip carriers are the equivalen
solder- sealed DIPs. These hermetic devices are the
expensive chip carriers because of high gold content. H
ever, seal temperature is lower than that of the lower c
Cerdip type, and the package accepts all high-reliab
processing required for MIL- M-38510.

There are two types of plastic chip carriers: premolded
postmolded. Both types are composite metal/dielec
assemblies that include a conductor lead frame an
molded insulating body. The premolded chip carrier h
one or more apertures for mounting microelectronic e
ments, while the postmolded chip carrier is a compl
assembly without apertures. All necessary plating ope
tions are performed by the package manufacturer to el
nate plating or tinning by the user. The ceramic chip c
rier is usually constructed from a 90% to 96% alumina
beryllia base, using a single layer or multilayer co-fir
metallization process originally developed for the DIP. T
metallization is generally a trimetal combination of

IPC-780-4-30

Figure 4-30 Typical ribbon leaded transistor
29
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refractory metal (such as tungsten or molybdenum, nic
and gold).

4.3.5.1 Centerline Families

A. 50-Mil-Center Family

Chip carriers have been used since the early seventies
became popularized, particularly for LSI applications, w
the standardization activities of the Joint Electron Devic
Engineering Council. Through an activity begun in 197
certain chip carrier packages were approved as JED
standards in April 1980. The standard defines various st
and sizes of both leadless and leaded packages. All h
their input/output terminals on the perimeter of the packa
on 1.27 mm [0.050 inch] centers.

The 50-mil-center family demonstrates the concepts de
oped for the standard. Figure 4–31 shows the variation
the 50-mil center family. There are four leadless typ
Type A, B, C, D, E and F, which mount in different orien
tations depending on the type, the mounting structure,
the preferred thermal orientation. The leadless packages
typically ceramic packages with hermetically sealed me
or ceramic lids.

When chip leads are added to the leadless types the
carriers become the Leaded Type B package. The o
leaded package is the Leaded Type A, which was initia
a plastic premolded package, but can now use other c
structions.

The 50-mil-center family, which includes both leadless a
leaded devices, can mount on a common mounting pat
(Figure 4–32). They may be directly attached to the mou
ing structure or plugged into sockets. Figure 4–33 sho
some of the common features of the 50-mil family. O
basis restriction is that there shall be no terminals in
30

cument details: IPC SM-780-1988
l

d

s
e

-
f

d
re

ip
r

-

n

corners of the package. There are a number of comm
sizes in the 50-mil-center family; they include 28-, 44
52-, 68-, 84-, 100-, 124- and 156-input/output termin
sizes. The Leadless Type C also includes 16-, 20-, a
24-terminal packages.

Two new additions to this family include rectangular vari
tions designated type E and type F. Type E consists
either a 28 or 32 I/O device. The type F family has two 1
I/O variations (one has a longer ceramic) and a 20 I
variation. Figure 4–34 details these types.

B. 40-Mil-Center Family

The 40-mil family is of ceramic leadless construction a
originally intended for direct attachment to ceramic P&
structures. The standard includes square chip carriers
16-, 20-, 24-, 32-, 40-, 48-, 64-, 84-, and 96- input/outp
terminals.

In addition, JEDEC recently proposed a rectangular va
tion of this package with 32 I/O and staggered terminal

C. 25-Mil-Center and 20-Mil-Center Families

The JEDEC 50-mil and 40-mil centerline standard ch
carriers are inefficient for 100 to 124 terminal counts. T
solve some limitations of JEDEC chip carriers for packa
ing LSI and VLSI circuits with high terminal counts, an a
hoc task group was established through the IEEE Comp
Society’s Technical Committee on Packaging in late 19
The group agreed on a number of basic requirements:

• Both 0.5 and 0.635 mm [0.020 and 0.025 inch] centerli
spacing chip carrier packages will be used and should
standardized.

• Ceramic and plastic packages should be standardized
lowing the compatible mounting concept of the JEDE
1.27 mm [0.050 inch] standard packages.
IPC-780-4-31

Figure 4-31 The 50-mil center JEDEC packages
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IPC-780-4-32

Figure 4-32 Mounting compatibility of JEDEC packages

IPC-780-4-33

Figure 4-33 Features common to the 50-mil center packages
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• Certain mechanical tolerances must be maintained
specific mechanical features for socketing are required

• All sizes would specify corner notches; no chamfers a
recommended except in the index corner.

• Reference notch to terminal centerline tolerance sho
be 0.05 mm [0.002 inch].

• Land width for the 0.635 mm [0.025 inch] spacing shou
be 0.3 mm [0.12 inch] 0.002 inch and, for the 0.5 m
[0.020 inch] spacing should be 0.25 mm [0.010 inc
0.025 mm [0.001 inch].

If possible, use ceramic sizes common to JEDEC st
dard packages.

A set of outline drawings has been accepted by JED
for this fine pitch family. Lead counts and ceramic siz
are shown in Table 4–3.
nt details: IPC SM-780-1988
d

-

4.3.5.2 Leadless Chip Carriers A leadless chip carrier is
a ceramic or plastic package with integral surfac
metallized terminations. Leadless Types A, B and D ch
carriers have a chamfered index corner larger than tha
Type C. Another difference between the A, B and D typ
and Type C is the feature in the other three corners (
Figure 4–32). The Types A, B and D were designed f
socket applications and printed wiring interconnection
The Type C is primarily intended for direct attachme
though reflow soldering. This application difference is th
main reason for their mechanical differences. All hav
compatible terminal locations. These packages mount
different orientations, depending on type, mounting stru
ture and preferred thermal orientation.

Leadless Type A is intended for lid-down mounting in
socket, which places the primary heat-dissipating surfa
31
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Figure 4-34 Type E package variations
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away from the mounting surface for more effective cooli
in air cooled systems. Leadless Type B is for lid-up soc
mounting on a printed board or for direct soldering to oth
types of packaging and interconnecting structures. Typ
is a ceramic package similar to Leadless Type B except
corner configuration (see Figure 4–33), and Type D is
lid-down mounting on a P&I structure. Type E packag
are for rectangular memory chips (see Figure 4–34).

Chip carriers have short leads that allow higher operat
frequencies due to less inductance and capacitance. O
advantages include reduced signal lead resistance
improved power distribution.

A disadvantage of the leadless ceramic chip carrier is
thermal expansion mismatch between the ceramic mate
and the printed board. This mismatch can cause solder j
failures, especially in surface mounting.

Table 4-3 JEDEC Ceramic Sizes and
Fine Pitch Terminal Counts

Ceramic Size

Terminal Count

0.025 in. 0.020 in.

0.450 52 64

0.560 68

0.650 84 104

0.750 100 124

0.950 132 164

1.150 164 204

1.350 196 244

1.450 264

1.550 284

1.650 244 304
32
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Castellated leadless chip carriers (see Figures 4–31
4–32, leadless types B, C, and D), can use two basic ty
of solder joints. The first type uses a footprint pad exte
sion to provide a 45° solder fillet. This type typically give
a solder joint height of 2–4 mils. The second type use
minimal pad extension past the component outline (0.01
to achieve a solder joint height in excess of 8 mils. Co
ponents without castellations may also be used with t
second method as shown in Figure 4–35A. Figure 4–3
shows a leadless ceramic chip carrier attached to a C
tailored P&I structure with solder columns. Note the defo
mation of corner solder joints due to extensive function
cycle testing.

The solder joint is designed to extend from the top of t
metallization to an elongated mounting land. This shou
produce a fillet at about a 45° angle to the substrate (
Figure 9–12).

4.3.5.3 Leaded Chip Carriers The Joint Electron Device
Engineering Council presently defines three types of lea
chip carriers. Type A is a plastic package with lea

IPC-780-4-35a

Figure 4-35A Chip carrier land pattern design
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wrapped down and around the body of all four sides. Th
packages can either be directly mounted to a printed bo
or used with a socket. This package was originally intend
as a premolded package; however, the package could
post-molded construction.

Leaded Type B packages are the type A, B, C, or D st
dard leadless chip carriers with the addition of substr
clips.

A third type is the plastic chip carrier, which has been op
mized for post-molded fabrication. This construction us
the same fabrication techniques used for plastic DIP pa
ages. Plastic chip carriers will probably replace ceram
versions as a low- cost alternative for those who do
need high temperature capabilities, high power dissipa
or hermeticity.

The leads of these packages offer compliance for sur
mount applications. They are also being specified for so
eting.

4.3.5.4 Plastic Chip Carrier Square A JEDEC regis-
tered outline exists for square plastic chip carriers hav
lead counts of 20, 28, 44, 52, 68, 84, 100 and 124. Fig
4–36 shows an abbreviated drawing of the JEDEC outlin
Note that the leads are folded under the package du
manufacture. This configuration is required for surfa
mounting, but it also reduces lead bending during shipp
and handling.

4.3.5.5 Plastic Chip Carrier Rectangular A JEDEC reg-
istered outline exists for rectangular plastic chip carri
having lead counts of 18, 22, 28 and 32. Figure 4–
shows an abbreviated drawing of the JEDEC outline.

4.3.5.6 Double-Row Plastic Chip Carrier This surface
mounting plastic chip carrier nearly doubles the number

IPC-sm-780-4-35b

Figure 4-35B Leadless ceramic chip carrier attached to a
CTE-tailored P&I structure with solder columns. Note the
deformation of corner solder joints due to extensive
functional cycle testing. (Courtesy AT&T Bell
Laboratories)
nt details: IPC SM-780-1988
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available pins in standard sized units. For example, in
0.950 sq. in. occupied by a 68-pin standard plastic lead
chip carrier, this design provides 128 pins in two rows
surface mount leads around the carriers perimeter (see
ure 4–38).

Moreover, the leads in the individual rows are still se
rated (after indentation) by standard 50 mil spacing. A c
tellated structure holds the two rows of pins an inner
an outer row 50 mils apart; within each row the leads
on 50 mil centers.

In the new two-row design, the wiring traces to the ou
row proceed along the outside of the carrier. However,
traces to the inner row pass through the board and pro
on the board’s underside to other points in the board
cuit. In this way, the spacing and width of the traces t
double-row chip carrier remain standard.

4.3.5.7 Glass Epoxy Leadless Chip Carriers A glass
epoxy chip carrier consists of three parts: a metallized b
a cavity wall and a lid to enclose the package. The bas
a double-sided plated through hole glass epoxy prin
board (normally FR–4, although other materials may
used) containing a number of outlines in array formats.
cavity walls are formed by routing out holes in anoth
piece of glass epoxy board which is then press laminate
the base. The array is then sliced into individual chip c
riers with a standard diamond impregnated dicing saw.
lids are made in similar arrays and also sliced up with
dicing saw.

The photographic precision of the metallization toget
with the accuracy of the dicing saw operation yield
extremely clean package with very close dimensional to
ances and smooth edges with no fiber dust in the bon
area. The smooth edges and surfaces together with
close tolerances make these packages particularly a
able to automatic assembly, testing and handling eq
ment.

The conductors consist of clad copper which is elec
plated with copper to 0.005 mm [2 x 10–5 inches], th
electroplated with nickel to 0.000125–0.00025 m
[0.000005–0.000010 inch] and finally electroplated w
gold to 0.00005–0.0001 mm [2–4 x 10–7 inch]. This co
bination of metallization provides an excellent base
automatic wire bonding in the cavity area, and yet does
put enough gold on the footprint to embrittle the sol
joint.

4.3.5.8 The Open Via Chip Carrier Another high density
chip carrier is the open via chip carrier (OVCC). T
salient features of the OVCC are two-fold:

• Overall package sizes are the same as those approve
JEDEC 1.27 mm [0.050 inch] terminal center chip ca
ers, but almost twice the number of terminals are av
able for a given package size.
33
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IPC-780-4-36

Figure 4-36 Square plastic chip carrier

Number of Terminals

A (Inches) B (Inches) C (Inches)

Min Max Min Max Min Max

20 0.385 0.395 0.350 0.356 0.290 0.330

28 0.485 0.495 0.450 0.456 0.390 0.430

44 0.685 0.695 0.650 0.656 0.590 0.630

52 0.785 0.795 0.750 0.756 0.690 0.730

68 0.985 0.995 0.950 0.958 0.890 0.930

84 1.185 1.195 1.150 1.158 1.090 1.130

100 1.385 1.395 1.350 1.358 1.290 1.330

124 1.685 1.695 1.650 1.658 1.540 1.630
34
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IPC-780-4-37

Figure 4-37 Rectangular plastic chip carrier

Number of Terminals

A (Inches) B (Inches) C (Inches) D (Inches)

Min Max Min Max Min Max Min Max

18 0.457 0.467 0.422 0.428 0.317 0.327 0.282 0.288

18 0.525 0.535 0.487 0.493 0.325 0.335 0.287 0.293

22 0.525 0.535 0.487 0.493 0.325 0.335 0.287 0.293

28 0.585 0.595 0.547 0.553 0.385 0.395 0.347 0.353

32 0.585 0.595 0.547 0.553 0.485 0.495 0.447 0.453
35
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Figure 4-38 Double row plastic chip carrier
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• The additional terminals are obtained through metalliz
hole terminals with pads on the top and bottom of th
package, which are arranged in rows behind (inboa
from) the peripheral contacts. These inner rows of term
nals are on 1.27 mm [0.050 inch] centers, and are off
from the peripheral terminals by 0.635 mm [0.025 inch
(see Figure 4–39).

4.3.6 Grid Arrays Grid arrays are pinned or leadless ca
riers with I/O contacts that populate one surface of t
package on a 0.100 inch (eventually 0.050 inch) grid. T
use of a solid grid necessitates placing the die cavity on
side opposite the I/O contacts. A double or multiple co
centric row grid permits having die cavity and I/O contac
on the same side with an optional heat sink on the oppos
side.

4.3.6.1 Pin Grid Arrays (PGAs) A typical pin grid array
is a square, multilayer (usually ceramic package havi
terminals on 2.54 x 2.54 mm [0.100 x 0.100 inch] cente
These packages are available in either covity up or cav
down versions.
36
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A cavity up configuration mounts the die opposite the pin
thereby allowing a full grid of pins and the highest I/O
density.

A cavity down configuration has the die on the same si
as the pins, and is generally used with high power circu
in air cooled applications to allow a heat sink opposite th
die. However, this version is not as space efficient.

Pin grid arrays have good electrical characteristics due
the short signal paths from I/O pin to die. Pin grid array
overcome thermal expansion problems typically encou
tered at ceramic/ printed board interfaces because the p
are compliant. Conventional soldering techniques such
wave soldering can attach these packages to printed boa
The higher the I/O lead count becomes, the lower the p
centage of the total package area any given-size die ca
will occupy. (For example, the 96-lead, 40-mil center ch
carrier is over one-inch square.)

For optimum packaging density, this percentage should
as high as possible. Therefore, 0.635 and 0.5 mm [0.0
and 0.020 inch] chip carriers and grid arrays are used (F
ure 4–40).
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IPC-780-4-39

Figure 4-39 Open-via chip carrier (OVCC)
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Figure 4–41 shows the I/O density achievable with
various packages. As can be seen, for lead count req
ments in excess of 100, a 0.10-mil centerline solid g
provides greater I/O density than either 50- or 40-mil ce
terline chip carriers.

The 25-mil centerline chip carrier is clearly more I/o ef
cient than is a 0.100-mil grid array. However, a double-r
50-mil solid grid provides the greatest I/O density.Wi
pins brazed on 100-mil centers, pin grid arrays are a lo

Figure 4-40 149-pin array package
nt details: IPC SM-780-1988
-

cal carrier for high lead counts intended for through-ho
(not surface mount) board assembly compatible with DIP
This should extend the useful life of present day techn
ogy for some high lead count applications.

4.3.6.2 Land (Leadless) Array The grid array package
may also be leadless. This package normally called a l

IPC-780-4-41

Figure 4-41 I/O density versus lead count (all dimensions
in inches)
37
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array package omits the pins but retains the lands wh
are reflow solder attached to a matching land matrix on
P&IS.

Making 100-mil or even 50-mil grid arrays by the co-fire
process is a known and practiced technology. Becaus
the larger dimensional tolerances, a leadless grid arra
cheaper to fabricate than a tight toleranced fine pitch c
carrier. In addition, the lack of brazed pins lowered t
package cost.

However, solder joint inspection, is now a problem.
addition, registration features are a concern.

JEDEC is developing a standard for this package; howe
only preliminary proposals exist.

Each manufacturer’s die and topography is different fro
other manufacturers. Therefore, die bonding patterns
chip sizes from different manufacturers should be exa
ined to optimize part selection. (Caution: It is easy to
design with the smallest possible component, but if deli
ery is unreliable or the source disappears, layout may b
in jeopardy.)

Often, integrated circuit substrates affect the performa
of the device. Depending upon the type of device, the s
strate may be required to float or to be tied to the m
negative potential. Unlike packaged devices, extensive t
ing cannot be performed on components in the die fo
Thus, circuit designs that require low-current/voltage o
sets, AC responses, or temperature responses, migh
function because faulty die cannot be probe tested be
incorporation. Testing die components is generally limit
to DC parameters at 25°C or, in some instances, at elev
temperatures.

Although only limited testing can be accomplished in t
unpackaged state, 100% visual inspection to MIL-STD-8
can and should be performed.

A sample quantity of selected devices may be packa
and evaluated through test and burn-in. While this does
guarantee how the remaining die will perform, it will ind
cate the electrical performance and the possible yield le
in a P&IA. It will also help to identify defective lots.

4.4 Sockets and Connectors Sockets and connectors ar
interconnection devices manufactured for various appli
tions. These devices are used to facilitate the rapid conn
disconnect of P&I assemblies or devices on those ass
blies.

Connectors and sockets are usually broken down into
major categories: production and test burn-in.

A production device is usually produced in mass quantit
for lower cost and has limited functions. Characteristics
this type of device are limited temperature extremes, du
bility cycles, and applications
38
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A test or burn-in device is built more ruggedly, because
its operating environments. This type of device could
designed for many thousands of operating cycles and la
temperature extremes. These devices are usually larger
more expensive than their production or OEM counte
parts.

4.4.1 Materials The composition and texture of th
housing material is crucial, especially in reflow processin
Proper plating on the contact areas is also fundamenta
surface mount processes, the behavior of the metal in
reflow zone is critical for a high reliability joint.

4.4.1.1 Housing Materials Plastics for connector or
sockets can be broken into two categories: thermosets
thermoplastic. Thermoset plastics are cured with the ap
cation of heat or by a chemical reaction. They survi
higher temperatures but are also more costly to m
because of processing considerations. Thermoplastics
reflow when heated. At present, few thermoplastics c
survive the rigors of burn-in applications and/o
convective/convection reflow processing. Thermoplast
are readily processed at reasonable cost.

The ideal housing material for surface mount applicatio
will exhibit the following qualities.

• High Glass Transition Temperatures

• Dimensional Stability

• Low Cost

• Chemically Process Inert

• Non-Hygroscopic

• Relatively Low Coefficient of Thermal Expansion

4.4.1.2 Contact Materials. Most contact materials, typi-
cally copper alloys, can be used with surface mount te
nology. Some alloys such as beryllium copper and ph
phor bronze have operating temperatures below th
encountered in some of the solder reflow processes. Th
usually not a problem because they are at high tempera
for only a short time and are not usually flexed or stress
during processing.

Typical production devices use materials such as phosp
bronze and beryllium copper. Burn-in devices use ber
lium copper for lower temperature (150°C) applicatio
and beryllium nickel for applications of 175°C to 200°C.

4.4.2 Lead Configuration and Spacing A variety of lead
configurations are available on surface mount produc
Selection criteria includes strength, solderability, ar
occupied, inspectability, and processability. Spacing
established along a single plane in orthogonal coordina
The state of the art is described as multiple rows of lan
located on 100 mil centerlines. 50 mil centerlines a
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