Association Connecting Electronics Industries

Cipc

IPC-4101C

Specification for Base Materials
for Rigid and Multilayer
Printed Boards

August 200¢

Supersedes IPC-41013
with Amendmenis &2

April. 2007
A standard develcoed by IPC


https://www.stdhive.com/standards/ipc-4101c2009-pdf/

The Principles of
Standardization

Notice

IPC Position
Statement on
Specification
Revision Change

Why is there
a charge for
this document?

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

Standards Should: Standards Should Not:
 Show relationship to Design for Manufacturability e Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* Minimize time to market * Keep people out
* Contain simple (simplified) language e Increase cycle time
¢ Just include spec information * Tell you how to make something
* Focus on end product performance * Contain anything that cannot
* Include a feedback system on use and be defended with data

problems for future improvement

IPC Standards and Publications are designed to serve the public interest through eliminati. o niis-
understandings between manufacturers and purchasers, facilitating interchangeabili = and' iriprove-
ment of products, and assisting the purchaser in selecting and obtaining with minimu.» delay the
proper product for his particular need. Existence of such Standards and Publica ions shall not in
any respect preclude any member or nonmember of IPC from manufacturing <= elling products
not conforming to such Standards and Publication, nor shall the existerce o. such Standards and
Publications preclude their voluntary use by those other than IPC m<mbe.= whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IP(’ without regard to whether their adop-
tion may involve patents on articles, materials, or processes. >y sach action, IPC does not assume
any liability to any patent owner, nor do they assume ¢ ny obligation whatever to parties adopting
the Recommended Standard or Publication. Usess aic alsawholly responsible for protecting them-
selves against all claims of liabilities for patent ini.‘ngc ment.

It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
of IPC publications is voluntary and is nart of a relationship entered into by customer and supplier.
When an IPC publication is updated 4.:1 2 new revision is published, it is the opinion of the TAEC
that the use of the new revisior-~s pai© of an existing relationship is not automatic unless required
by the contract. The TAET re« o7anrznds the use of the latest revision. Adopted October 6, 1998

Your purchase of this uecn nent contributes to the ongoing development of new and updated industry
standards and publ ca‘ions. Standards allow manufacturers, customers, and suppliers to understand
one another betier. _*»=dards allow manufacturers greater efficiencies when they can set up their
processes to-mec. industry standards, allowing them to offer their customers lower costs.

IPC spends hurdreds of thousands of dollars annually to support IPC’s volunteers in the standards
and ;zblicatio. s development process. There are many rounds of drafts sent out for review and
the comunittees spend hundreds of hours in review and development. IPC’s staff attends and par-
Licipacss 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 to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, 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 847/597-2872.

Thank you for your continued support.

©Copyright 2009. IPC, Bannockburn, lllinois, USA. All rights reserved under both international and Pan-American copyright conventions. Any
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.


https://www.stdhive.com/standards/ipc-4101c2009-pdf/

Ciprc

Supersedes:

IPC-4101B with

Amendments 1 ¢ 2 - April 2007
IPC-4101E with

Ame.dme.. 1 - February 2007
IP-4101B - June 2006
n"C-4701A with

Amcndment 1 - June 2002
[’°C-4101A - December 2001
IPC-4101 - December 1997
IPC-L-108

IPC-L-109

IPC-L-112

IPC-L-115

IPC-AM-361

IPC-4101C

Specification for Base
Materials for Rigid and
Multilayer Printed Bceards

Developed by the L am.~ate, 7 repreg Materials Subcommittee (3-11) of
the Printed Board Bas = Materials Committee (3-10) of IPC

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

Contact:

IPC

3000 Lakeside Drive, Suite 309S
Bannockburn, lllinois
60015-1249

Tel 847 615.7100

Fax 847 615.7105


https://www.stdhive.com/standards/ipc-4101c2009-pdf/



https://www.stdhive.com/standards/ipc-4101c2009-pdf/

August 2009 IPC-4101C

Acknowledgment

Any document involving a complex technology draws material from a vast number of sources. While the principal members
of the Laminate/Prepreg Materials Subcommittee (3-11) of the Printed Board Base Materials Committee (3-10) are shown
below, it is not possible to include all of those who assisted in the evolution of this standard. To each of them, the mem-
bers of the IPC extend their gratitude.

Printed Board Base
Materials Committee

Chair

Douglas J. Sober
Kaneka Texas Corporation

Vice Chair
Dewey Whittaker
Honeywell Inc.

Laminate/Prepreg
Materials Subcommittee

Chair
Antonio R. Senese
Panasonic Electric Works

Vice Chair
Douglas J. Sober
Kaneka Texas Corporation

Technical Liaisons of the
IPC Board of Directors

Peter Bigelow
IMI Inc.

Sammy Yi
Aptina Imaging Corpo.atio.i

Laminate/Prepreg Materials Subcommittee

Wolfgang Alberth, Isola GmbH
John Andresakis, Oak-Mitsui, Inc.
Masamitsu (Matt) Aoki, JPCA-Japan

Electronics Packaging and Circuits
Association

Tim Bacso, Panasonic Electric Works

Robert Bagsby, Rockwell Collins

Richard Barnett, Hewlett-Packard
Company

Leonard Barrett, Ph.D., W. L. Gore
& Associates Inc.

Jasbir Bath, Bath Technical
Consultancy

Michael Beauchesne, Amphenol
Printed Circuits, Inc.

Don Belanger, Pacific Testing
Laboratories, Inc.

Keith Bendyk, JPS Composite
Materials Corp.

Elizabeth Benedetto, Hewlett- -ickard
Company

Silvio Bertling, N.ltec, Inc.

Bill Birch, P*VB Intecconnect
Solvtion= In..

Robe Biock, Northrop Grumman
Corpyration

Jock bramel, Jack Bramel &
Associates

Thomas Bresnan, R & D Circuits

Mike Bryant, BGF Industries Inc.

Victor Brzozowski, Northrop
Grumman Corporation

Tracy Cai, Guangdong Shengyi Sci.
Tech. Co., Ltd.

John Callahan, High Performance
Copper Foil Inc.

H. Landis Carter, JPS Composite
Materials Corp.

Gerard Cave, Pacific Testin_
Laboratories, Inc.

Clifton Cavin, Gener \l Dynamics,
C4 Systems

Phillip Chen, . -3 Communications
Electronic Cyv.:tems

Wenn~i Chew: Northrop Grumman
Ae.~spa:e Systems

s2nn.er Chung, Hexion Specialty
“hemicals

Christine Coapman, Delphi
Electronics and Safety

Paul Cooke, Coretec Inc.
Dennis DeBord, Nortel

Nitin Desai, Motorola Inc.

William Dieffenbacher, BAE Systems

Platform Solutions

Denise Dodge, Maxim Integrated
Products

Raimund Doppelreiter, P-D Interglas
Technologies AG

Paul DuFresne, Inselectro

Patricia Dupuis, Raytheon Company
Theodore Edwards, Dynaco Corp.
Douglas Eng, PPG Industries Inc.

Werner “ngelaier, Engelmaier
As.ociaes, L.C.

Stev n Ethridge, Dell Inc.

Thomas Farrell, Thomas G. Farrell
Associates

Terry Fischer, Hitachi Chemical Co.
America, Ltd.

Satoshi Fujiki, Panasonic Electric
Works

Kent Fujiwara, Sumitomo Plastics
America Inc.

Lionel Fullwood, WKK Distribution
Ltd.

Mahendra Gandhi, Northrop
Grumman Aerospace Systems

Patricia Goldman, Dielectric
Solutions, LLC

William Hall, Oak-Mitsui, Inc.

Robert Hearn, Dow Chemical USA

Adam Hen, Celestica

Philip Henault, Raytheon Company

Joseph Ho, Multek Electronics
Limited

Happy Holden, Mentor Graphics
Corporation

Shinji Hosoki, Panasonic Electric
Works

Shelly Hsu, Compeq Manufacturing
Co., Ltd.

Anderson Huang, Nan Ya Plastics
Corporation

il


https://www.stdhive.com/standards/ipc-4101c2009-pdf/

IPC-4101C

August 2009

John Jephson, Circuit Foil Trading,
Inc.

Laurence Johnson, LGJ Technologies
Ted Jones, NSWC Crane

Yvonne Julian-Hargrove, Dow
Chemical USA

Joan Karner, Holaday Circuits Inc.
Hideo Kato, Nitto Boseki Co., Ltd.

Makoto Kato, Hitachi Chemical Co.
America, Ltd.

Roy Keen, Rockwell Collins

Stephen Keller, Trace Laboratories -
East

Edward Kelley, Isola Group SARL
Thomas Kemp, Rockwell Collins

Frank Kimmey, Powerwave
Technologies

John Kozuch, CEM - Contract
Engineering & Mfg.

Karin LaBerge, Microtek
Laboratories

Susan Landry, Albermarle
Corporation

Fen-Yi Lee, Nan Ya Plastics
Corporation

Minsu (Tim) Lee, Ph.D., Doosan
Electro-Materials Corporation

Doug Leys, Nelco Products, Inc.

Peter Liang, Nan Ya Plastics
Corporation

Louis Lin, Nan Ya Plastics
Corporation

Anne Lomonte, Draeger Medical
Systems, Inc.

Gary Long, Intel Corporation

David Lowery, Summit Products &
Services

Emily Luo, Suzhou Shei.ryi Sci.
Tech. Co., Ltd.

Clifford Maa.'ox, 2oing Company

Brian Mad:. 'n, }.» D., Continental AG

Kennetl: Manniug, Raytheon
Camypny

Br =i N cCrory, Delsen Testing
Laporatories

David McGowan, Electropac Co. Inc.

Chetan Mehta, OneSource Group

Bill Mercer, Dow Chemical USA

Renee Michalkiewicz, Trace
Laboratories - East

Roger Miedico, Raytheon Company
Sean Mirshafiei, Isola Group SARL

Keita Miyasato, Nitto Boseki Co.,
Ltd.

Mike Monnin, Panasonic Electric
Works

Noe Navarro, Underwriters
Laboratories Inc.

David Nelson, Raytheon Company
Randy Nesbit, Norplex-Micarta
Bob Neves, Microtek Laboratories

Steven Nolan, Lockheed Martin
Maritime Systems & Sensors

Thomas Nowak, Nowak & Associates

Debora Obitz, Trace Laboratories -
East

Gerard O’Brien, Solderability Testing
& Solutions

Deepak Pai, General Dynamics:Infc
Sys., Inc.

Richard Pangier, Isola Grorg SACL
J. Lee Parker, Ph.D., JLP

Bihari Patel, MacDermid, Inc.
Thierry Philibert; *GY

John Radma~ 11oc > Laboratories -
Denver

Terry eg.n, Coetec Inc.

Pau: e 4, PWB Interconnect
Solutions Inc.

Pau1 Rose, Lockheed Martin Missile
& Fire Control

Visa Ruuhonen, Nokia Siemens
Networks

Jerome Sallo, Ph.D., Sallo Consulting
Services

Karl Sauter, Sun Microsystems Inc.

Rolland Savage, High Performance
Copper Foil Inc.

Fabio Scari, Isola Fabrics S.r.l.
Marco Scari, Isola Fabrics S.r.l.
Friedrich Schlitter, Ruwel GmbH
Steven Sekanina, Isola Group SARL

Kenneth Selk, Northrop Grumman
Aerospace Systems

Russell Shepherd, Microtek
Laboratories

Lowell Sherman, Defense Supply
Center Columbus

Hans Shin, Pacific Testing
Laboratories, Inc.

Michael Shin, Pacific Testing
Laboratories, Inc.

David Shirrell, Hexion Specia. v
Chemicals

Joseph Slanina, Honeywell ixc.
Clark Smedstad, BG) " (na.=tr.es
Michael Smith, Arlon Mi°D

George Sotoleno0, Boeing Company

James Stack, J'ndicc 't Interconnect
Technolcsies Inc.

Geoi, = St ddart, CSA International
Tulie Strickland, Raytheon Company

viicaael Sullivan, Arlon Materials for
Electronics

Kurt Summa, FTG Circuits, Inc.

Yoshiyuki Takeda, Hitachi Chemical
Co., Ltd.

Valentin Tereshkin, Elma, Ltd.

Dung Tiet, Lockheed Martin Space
Systems Company

Stephen Tisdale, Intel Corporation

John Tobin, Underwriters
Laboratories Inc.

Chris Totten, Rogers Corporation

Dwayne Unglesbee, Lockheed Martin
Maritime Systems & Sensors

Crystal Vanderpan, Underwriters
Laboratories Inc.

Clark Webster, ALL Flex LLC
Daniel Welch, Arlon MED
James White, Hallmark Circuits Inc.

Vicka White, Honeywell Inc. Air
Transport Systems

Dewey Whittaker, Honeywell Inc. Air
Transport Systems

Wally Younger, Orbital Sciences
Corporation

iv


https://www.stdhive.com/standards/ipc-4101c2009-pdf/

August 2009 IPC-4101C
Table of Contents
T SCOPE ... 34 Qualification TeStiNG ......cccceevveevreerierieeriiennnenn 6
1.1 Classification ......c.ceeeeeerieeeenenienienieieeeeiene 34.1 Qualification Testing of Laminate ................... 9
1.1.1 Specification Sheet Description ...................... 342 Qualification Testing of Prepreg ..................... 9
1.1.2 Nominal Laminate Thickness ..........ccccceeueneee. 3.5 Verification of Manufacturer’s Quality
113 Metal Cladding Type and Nominal Weight/ SYSIM .eeniiiiiieiieiieeieeeeeeee et eeees e 9
ThiCKNESS ..eovvevieiiiiiniieicneccetcce et 3.6 Conflict ..ooveveeniriininiccncieececcec D g
1.1.3.1  Metal Cladding TYPe .....cceovervvenerierieeieieeeenne. 3.7 Materials .....ooceeevrereenieieiniieeeee e e 9
1.1.3.2  Nominal Weight/Thickness .......c...cccceeveenuenne 3.7.1 Metal Cladding .......cccceeveevviies e 9
1.1.4 Thickness Tolerance (Laminate) ...................... 3.7.2 Reinforcement Fabric ...............ocoooiienennn. 9
1.1.5 Surface Quality Class ......ccccceververenencnennenne 373 Resin Systems .......... P e Moo eeeeereeneesnnenee 9
1.1.6 Reinforcement Style .......ccccoovvvviiiieniiiiiiennene 3.8 General Requirements ... ......iiceceeveevieeneennnenn 9
1.1.7 Prepreg Parameters .........cccooceveevenenicniennenn. 3.8.1 Fabricated Sheets ¢nd Panels ........ccoccoeeeennees 9
1.1.8 COLOT ittt 3.8.1.1 Fabricated Lamu.>te Sheet Material ................ 9
[.1.8.1  Contrast AZENtS ......cccceeveereercreereeneenieeneennnns 3.8.1.2  Fabricated T.am. ate ) anel Material ................ 9
1.2 Dimensions and Tolerances ............c.ccocceveenee 3.8.1.3  Fabricatcd Prepieg Panels ..o 9
1.2.1 Metric and Imperial Measurements ................. 3.8.1.4  Fabrica.xd T repreg ROIIS ..c.coovvvverieniiiiiiiene 9
2 APPLICABLE DOCUMENTS .. 3.8.2 T spection Lot ...ooovveiiienieniiciieieec e 9
2.1 IPC e 3.8.2.1 1 spection Lot for Laminate ..........cccccecevueneee 9
29 National Conference of Standards 5.82.° nspection Lot for Prepreg ........ccccoocveveennns 10
Laboratories (NCSL) ....c.coovevveviieieiicieeeeeneenas 2.8.23  Preparation of Samples ........cccceecveveriiniinnnnnn 10
2.3 International Standards .............ccccoeevievieiennnne. 3.8.24  Etching Process and Etchant Removal for
24 Underwriters Laboratories (UL) oo Copper Foil Specimens .........ccoceeeveeneneenne. 10
2.5 European Union .........ccceoevieiinienencenenc e 3.8.25  Standard Laboratory Conditions ................... 10
26 ASTM International ... 3.8.3 Visual Properties .........cccceveveeviiereeniennieennens 10
3.8.3.1 Laminate Visual Properties .........cc.ccccceeuennene. 10
3 REQUIREMENTS ..oooocovivnrsnvrrsnrgprness g 3.83.1.1 Foil Indentations .............cccoorroooorrrooerr. 10
31 Terms and DEfinitions ........ g Mo 3.8.3.1.2 WHKIES oo 10
3.11 Qualification ASSeSSMENt Aggl-wrersrerseven 3.8.3.1.3 SCIACNES oo 10
3.1.2 Quality Conformance Testiag ....c.ccoevvennennnen 38314 Plastic Surface Finish of Metal-Clad
3.13 Manufacturer’s Quaitty S o@m ..o, Single-Sided Base Material ............ccccoeveneee. 10
3.14 Process Contro’ 1eStng weveeeeveerveeneeeneenieeiens 3.8.3.1.5 Surface Finish of Foil after Curing —
315 Self DeClaration: .. w.veeeenerreeenmereesnesseeennnns 5 Except Double Treat ..., 10
3.1.6 Quality /Aczessmenc Data ..o..oeeveiviniiiicniennnen. 3.8.3.1.6 Surface and Subsurface Imperfections — ........ 10
3.1.7 Samnle Qualification ........cccocceeveeviieenieniennens 3.8.3.2  Prepreg Visual Properties ...........ccccocveunnnne. 11
3.1.8 Producion Data c..eeeeeeeeeeeeeeeeeeeeeeeee e 3.8.3.2.1 INCIUSIONS ..eovinienieiieiiiicicreeeeeeee e 11
3.1.9 Castomer Test Data .......cccooceeviviiieiieieeeee, 3.8.3.2.2 Impregnation Imperfections ...........cccceeeueeene 11
3110 Int rnal ASSESSMEN ....cccvevveeevenueeeeneeienienrennns 3.84 Dimensional .......c..coceceviiiiniininiiicnricee 11
2107 Individual Customer Audit ........cccoeoeevenveneenne 3.8.4.1 Length and Width .......c.cooceiiiiiiiiiiieeee 11
3.1.22  Independent Third Party Assessment .............. 3.8.4.1.1 Length and Width of Laminate .........c........... 11
3.1.13  Epoxy, Multifunctional .........c.ccccooererieinnnnenn. 3.8.4.1.2 Length and Width of Prepreg ........c..cccecennee. 11
3.1.14  Epoxy, Difunctional ..........cccceeeirvimririienerinanns 3.8.4.1.3 Prepreg Roll Width .......cccccoovieiiiiiiiiene 11
3115 AABUS e 3.8.4.1.4 Prepreg Roll Length ......ccccceveviiinincnineene. 11
32 Specification Sheets ........cccocevverenenierieneeennns 3.8.4.2  ThiCKNess .....ccocevuieieniieienieeieie e 12
33 Manufacturer Quality Profile ..........ccccccoveeneen. 3.8.4.2.1 Class A, B and C Laminate Materials .......... 12



https://www.stdhive.com/standards/ipc-4101c2009-pdf/

IPC-4101C

August 2009

3.84.22
3.8.4.2.3
3.84.24
3.843

3.8.4.3.1

3.84.32

39
3.9.1

39.1.1
39.1.1.1
39.1.1.3

39.1.2
39.13
39.14
39.1.5
39.1.6

39.1.7
39.1.8
39.2

39.2.1
39.2.1.1

39212
39.2.13
39214
3922
39.2.2.1
39222
39223
39224
39225
39226
39227
39228
3.10
3.10.1

3..01.1
3.10.1.2
3.10.1.3
3.10.1.4
3.10.1.5

Class D Laminate Materials

Class K, L and M Laminate Materials .........

Thickness Tolerance of Laminate Materials

Bow and Twist of Laminate Materials .........

Sheets and Panels with Both Dimensions
>300 mm [11.81 in]

Panels with One or Both Dimensions

<300 mm [11.81 in] .eovoreieiieiiieeceeee
Physical Requirements .........c.cccocceevvenieenenne

Physical Requirements of Laminate

MaterialS .....cocovveeiieiiiiieeeeee e

Peel Strength

Peel Strength after Thermal Stress ...............

Peel Strength after Process Chemicals

(Optional Test) ..cccveeveeerieriieiieriesieesie s
Dimensional Stability .......c..ccccocevieninennne.
Flexural Strength ..........ccccooiiviiiiiiiiiiene.
Flexural Strength at Elevated Temperature ...

Thermal Conductivity [=] w/(m°K)
Coefficient of Thermal Expansion (CTE)

(Optional Test) ....ccceeeererienieiieiesieieeeeee e

Z-Axis CTE (Optional Test)
Fracture Toughness

Physical Requirements of Prepreg

MaterialS ....ocoovveeevieiiiieeeeeeee e

Resin Content ..........cooovveeecvvvviieieeeeeeeeeeeeeen,

Resin Content Percent (RC) (by Treated
Weight)

Resin Content Percent (RC) (by Burn-Off) ..

Treated Weight Total (TW) ...t

Variation Within a Panel .........................0..

Flow Parameter
Resin Flow Percent (MF)
Scaled Flow Thickness (SC,
No Flow (NF)

Rheological Flow (RE) .. i

Delta H (DH)
Percent Cure ‘PC,

Gel Time (GT) (Optional Test) ........ccecueeueene

Vc'atiie Centent (VC) (Optional Test)
(iem, ~al R :quirements

“heiical Requirements of Laminate

MterialS ...ooooovvveeiiiiiieeeeeeee e

Flammability

Thermal Stress ......oooovvvvvveiiiiiiiiieeeeeeeeeeeeeeeen

Solderability
Chemical Resistance (Optional Test)

Metal Surfaces Cleanability .........cccceevveennene

.12

3.10.1.7 Delta T, (Optional Test) .......ccccovriiriniirinnnne 16
3.10.2  Chemical Requirements of Prepreg

MaterialS .....ccooeeveerieienieieeeeee e 16
3.10.2.1 Flammability ......ccccccovvemiiiniinieiieenienieeene 16
3.10.2.2 Chemical Resistance (Optional Test) ............ 16
3.11 Electrical Requirements ..........ccccceceeveeeeennnnne. 16
3.11.1 Electrical Requirements of Laminate

MaterialS ....ooceevieriiinieieeeee 16
30111 Permittivity ..ooecceveveencneenicnenieieeeeieseceeees 16
3.11.1.2  LosS Tangent ......ccocceeveeeveernieenieniieenieenienneens N
3.11.1.3  Volume ResiStivity .....c..ccccerveruerrimeerieeste. 17
3.11.1.4 Surface ResiStIVILY .....cccecvvrierrieeiieennenes e 17
3.11.1.5  Arc ResiStance .......cooceveeeeeeeee e beees e 17
3.11.1.6  Dielectric Breakdown ............icociiinee. 17
3.11.1.7  Electric Strength .........cccc..lvirieninoienineeene. 17
30121 PermittiVity ...occeeeeeeeeescovs i e 17
3.11.2.2  Loss Tangent ... eveneneseenes 17
3.11.2.3  Electric Strentli .o 17
3.12 Environmental Koauirements ........ccceeeennenee. 17
3.12.1  Enviro. m¢ntal Requirements of Laminate

MaterialS  ...cooieiinieieeeeeeee e 17
3.12.1.1 “Mox ture AbSOrption ........ccccceeevevverereneennnns 17
3.12.1.2 Fuizus ReSiStance .......ccccoeeeeeerenenenienienne 17
3.12/.3  _Pressure Vessel (Optional Test) .....occeeeeeeeeee. 17
3.12.1.- Total Halogen Content (Optional Test) ......... 17
3.12.1.5 Conductive Anodic Filament (CAF)

Growth (Optional Test) ......cccccevereevereniennen. 17
3.12.2  Environmental Requirements of Prepreg

MaterialS .....ccooceeeereeienieieeeeee e 17
3.12.2.1 Fungus ReSiStance .........cccevvevverrrecvereereennenne 17
3.12.2.2 Conductive Anodic Filament (CAF)

Growth (Optional Test) .......cccceevveeverienieninennne 17
3.13 Substitutability ........cccooceeeerinieiriee e 18
3.13.1 Substitutability of Specification Sheet

MaterialS ....ooceevieriiiniiiiieeeee 18
3.13.3 Substitutability of Classes of Thickness

TOIETaNCe ....c.coveveereerieiinicieneceeeceseee e 18
3.13.4  Remarking of Substituted Laminates ............ 18
3.14 Marking .....cccooeeviniiiiie e 18
3.14.1 Marking Laminate Materials .........cccccocceeene. 18
3.142  Marking Prepreg Materials .........cccceecereeneenee. 18
3.143  Marking of Shipping Containers ................... 18
3.15 Workmanship ........ocoeeeerenenieieeeceeeeeee 18
3.16 Material Safety .......cccccovveevieniiniieiiieieeiee 18
3.17 Prepreg Shelf Life .....cccooeviiiiiiniiiicee, 18
4  QUALITY ASSURANCE PROVISIONS .................. 18
4.1 Quality SYSteM ...ccceeeveeeviieiiieiierieeieeiieeie e 18

Vi


https://www.stdhive.com/standards/ipc-4101c2009-pdf/

August 2009

IPC-4101C

4.2 Responsibility for Inspection ..........cccceeneeee 19
4.2.1 Test Equipment and Inspection Facilities ..... 19
4.3 Qualification Testing .......ccccceceevereencreenennne 19
431 SAMPIES ..o 19
4.3.2 Frequency ......coceeveevieniciiieniecccceeeee 19
433 Laminator Qualification Profile .................... 19
434 Changes in CompoSition ........c.cccceeeveeerennene 19
43.5 Qualification Data Retention ...........cc........... 19
4.4 Quality Conformance Inspection ................... 19
44.1 Frequency ..o 19
4.4.2 Acceptance Criteria ....cocceeveeveereercieenvenieennne 19
443 Rejected LOtS ..c.ovuvveiviinieiiiciciciecceeeeee 19
444 Conformance Data Retention ..........cccccceeene 20
445 Certificate of Conformance ...........cccccoceevuenen. 20
4.5 Statistical Process Control (SPC) .................. 20
5 PREPARATION FOR DELIVERY ........cccccocevvenennee 20
5.1 Packaging Materials .......cccccoveveveieiniienieniiennne 20
52 Authorized Distributors ..........cccccevivininennene 20
6 NOTES ..ottt 20
6.1 Ordering Information ..........cccceeeeevcivenieninennne 20
6.1.1 Ordering Data for Laminate Materials .......... 20
6.1.2 Ordering Data for Prepreg Materials ............. 20
6.2 New MaterialS .....coccocevevcvenenienienieicneenee 21
7  KEYWORDS ......ccooiiiiiinieienicicsceeseeeeseeea 21
7.1 Keyword Search Terms (Electronic/Soft

Copy Searches) .....c.cccceceevemeenienieeneti et 21

1.2

7.3

Figure 3-1

Table 1-1
Table 1-2
Table 3-1

Table 3-2

Table 3-3

Table 3-4
Table 3-5

Table 3-6

Tahle ¢.7
.ble 3-8
Tabie 3-9
“able 4-1

Table 4-2

Segmented Keyword Search Terms and All
Specification Sheets that Use the Specific

Keywords for Searching .........ccccoevevviennenne. 22
Keyword Search Terms for All Specification
SHEELS .eeeiiieiieiieeeetee e 22
Figures
Thickness Measurements for Laminates ...... ... W3
Tables
Metal Cladding Types ..........iiieiiieeieiceee 2
Copper Foil Weight and Thicinesc .....ccccceeueenee 2
Reference Information anu Test “requency of
Laminate ...t e 6
Reference Information ana Test Frequency of
Prepreg .o 8
Point Value fC- Lonyc st
Dimensior:> of 1 dentition ... 10
Suiface Cualyy, Classification .......ccoocceeeiieeee. 10
Permicrible Variation in Length and Width of
"AMINATES oo 12
“2rmissible Variation in Length and Width of
ITTBPIEUS vttt 12
Thickness and Tolerances for Laminates ......... 13

Permissible Bow and Twist for Laminates, % .. 14
Flammability Requirements ..............ccccceeiie 16

Quality Conformance Plan for Monthly,
Quarterly and Annual Tests — Laminate ........... 19

Quality Conformance Plan for Monthly,
Quarterly and Annual Tests — Prepreg ............. 19

vii


https://www.stdhive.com/standards/ipc-4101c2009-pdf/



https://www.stdhive.com/standards/ipc-4101c2009-pdf/

August 2009

IPC-4101C

Specification for Base Materials for
Rigid and Multilayer Printed Boards

1 SCOPE

This specification covers the requirements for base materi-
als, herein referred to as laminate or prepreg, to be used
primarily for rigid or multilayer printed boards for electri-
cal and electronic circuits.

1.1 Classification The system shown below identifies
clad and unclad laminate or prepreg base materials. The
specification sheets serve as a cross-reference connecting
the outlined callout system in this document to previously
used systems.

Example for laminate base materials where this specifica-
tion is referenced:

L Material Designator (see 1.1.1)
25 Specification Sheet Number (see 1.1.1)
1500  Nominal Laminate Thickness (see 1.1.2)

C1/C1 Metal Cladding Type and Nominal Weight/
Thickness (see 1.1.3)

A Thickness Tolerance Class (see 1.1.4)
A Surface Quality Class (see 1.1.5)

Example for prepreg base materials where this specification
is referenced:

P Material Designator (see 1.1.1)

25 Specification Sheet Number (see 1.1.1)
E7628 Reinforcement Style (see 1.1.6)

™ Resin Content Method (see 1.1.7)

RE Flow Parameter Method (see 1.1.7)
VvC Optional Prepreg Method (see 1.1.7)

1.1.1 Specification Sheet Description At the end of this
document is a series of specification sheets. Each specifi-
cation sheet outlines requirements for both laminate and
prepreg for each product grade. The specification sheets are
organized by a specific reinforcement type, resin system,
and/or construction and are provided with a specification
sheet number for ordering purposes. For convenience, the
laminate and prepreg requirements for materials of the like
composition are on the same specification sheet. Material
Designator “L” indicates laminate material and Material
Designator ““P”” indicates prepreg material as shown in des-
ignation examples in 1.1. When certifying to multiple
specification sheets, the strongest performance require-
ments shall apply.

The headings for each specification sheet include reference
definitions for the material, which cover the reinforce-
ments, resin systems, flame retardants, and fillers used, as
well as its other known identifications and glass transition
temperature, T,. The specific line items within the specifi-
cation sheets are the requirements that material shall meet
in order to be certified to this specification.

1.1.2 Nominal Laminate Thickness The nominal thick-
ness is identified by four digits. For all substrates covered
by this document, thicknesses may be specified or mea-
sured either over the cladding or over the dielectric (see
1.1.4 and 3.8.4.2). For metric specification, the first digit
represents whole millimeters, the second represents tenths
of millimeters, etc. For orders requiring Imperial units, the
four digits indicate the thickness in ten-thousandths of an
inch. In the example shown in 1.1, 1500 designates a lami-
nate with thickness of 1.5 mm [0.00591 in], which would
be specified as 0591 when using Imperial units.

1.1.3 Metal Cladding Type and Nominal Weight/
Thickness The type and nominal weight or thickness of
the metallic cladding for laminate base material is identi-
fied by five designators. The first and fourth designators
indicate the type of cladding; the third designator is a slash
mark that differentiates sides of the base material; the sec-
ond and fifth designators indicate the nominal weight or
thickness of the metallic cladding.

1.1.3.1 Metal Cladding Type The types of metallic clad-
ding and the designators representing them are shown in
Table 1-1. Table 1-1 is provided as a reference only. The
referee document is the latest version of IPC-4562, IPC-
4563, or IPC-CF-152 as appropriate. Cladding types C and
R, and cladding types H and S, may be used interchange-
ably as agreed upon between user and supplier. Cladding
type H can be used for type C and type S can be used for
type R. Cladding type R may be substituted for type C, and
cladding type S may be substituted for type H.

1.1.3.2 Nominal Weight/Thickness The weight or thick-
ness of metallic cladding and the designators representing
them are listed in Table 1-2. Table 1-2 is provided as a ref-
erence only. The referee document is the latest version of
IPC-4562, TPC-4563, or IPC-CF-152 as appropriate.

1.1.4 Thickness Tolerance (Laminate) The class of
thickness tolerance for laminate base material is identified
by either A, B, C, D, K, L, M or X (as agreed upon
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