IPC-4413

2023 - December

Specification for Finished Fabric
Woven from Low Dk Glass
for Printed Boards

An international standard developed by 1PC

Cipc

BUILD ELECTRONICS BETTER


https://www.stdhive.com/standards/ipc-44132023-pdf/

IPC Mission

About IPC
Standards

IPC Position
Statement on
Specification
Revision Change

Standards
Improvement
Recommendations

IPC is a global trade association dedicated to furthering the competitive excellence and financial
success of its members, who are participants in the electronics industry.

In pursuit of these objectives, IPC will devote resources to management improvement and
technology enhancement programs, the creation of relevant standards, protection of the
environment, and pertinent government relations.

IPC encourages the active participation of all its members in these activities and commits to full
cooperation with all related organizations.

IPC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability a>d
improvement of products, and assisting the purchaser in selecting and obtaining with min.'mu.»
delay the proper product for their particular need. Existence of such IPC standards and
publications shall not in any respect preclude any entity from manufacturing or s:lli.x prcucts
not conforming to such IPC standards and publication, nor shall the existence of such [FC
standards and publications preclude their voluntary use.

IPC standards and publications are approved by IPC committees without :egarc o whether the
IPC standards or publications may involve patents on articles, materiai: or |.-ocesses. By such
action, IPC does not assume any liability to any patent owner, nr/doc: IFC assume any obligation
whatsoever to parties adopting an IPC standard or publication. Usc s 2.e wholly responsible for
protecting themselves against all claims of liabilities for:natc nt infringement.

The use and implementation of IPC standards and pub’ication; are voluntary and part of a
relationship entered into by customer and supplier. *Vhun 2.1 IPC standard or publication is revised
or amended, the use of the latest revision or amer.'me.t as part of an existing relationship is

not automatic unless required by the contract’ [PC recommends the use of the latest revision or
amendment.

IPC welcomes comments for improvei.ents to any standard in its library. All comments will be
provided to the appropriate committ:e.

If a change to technical conte 1#'1s “equested, data to support the request is recommended.
Technical comments to incicde new technologies or make changes to published requirements
should be accompaniad b - technical data to support the request. This information will be used by
the committee to riscve tiie comment.

To submit you. comments, visit the IPC Status of Standardization page at www.ipc.org/status.

Copyright 2023 by IPC International, Inc. (“IPC”). All rights reserved. These materials may only be used in
accordance with the terms of any end-user license granted by IPC. No other uses of this document in whole or in
part are allowed, including, but not limited to, no commercial use, reproduction, retransmission, sharing, editing or
creating of derivative works, without the prior written permission of IPC.


https://www.stdhive.com/standards/ipc-44132023-pdf/

Ciprc

IPC-4413

Specification for Finished
Fabric Woven from Low Dk
Glass for Printed Boards

Developed by the Woven Glass Reinforcei~erit Task Group (3-12D)
of the Base Materials General Com -itte. 3-10 of IPC

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

Contact:

IPC

3000 Lakeside Drive, Suite 105N
Bannockburn, lllinois
60015-1249

Tel 847 615.7100

Fax 847 615.7105


https://www.stdhive.com/standards/ipc-44132023-pdf/



https://www.stdhive.com/standards/ipc-44132023-pdf/

December 2023

IPC-4413

Acknowledgment

Any document involving a complex technology draws material from a vast number of sources across many continents.
While the principal members of the 3-12D of the Woven Glass Reinforcement Task Group 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 members of the IPC

extend their gratitude.

3-10 Base Materials

General Committee

Chair

Steven Bowles
Lockheed Martin

3-12 D Woven Glass
Reinforcement Task Group
Chair
Thomas Keily

JPS Composite Materials Corp.
Vice Chair

Bo Wang

BoTech Enterprises

Technical Liaisons of the
IPC Board of Directors
Bob Neves
Microtek (Changzhou)
Laboratories

3-12D Woven Glass Reinforcement Task Group

Masahiro Awano
Nitto Boseki Co., Ltd.
Erik Bergum
Founder PCB USA
Albert B. Block
National Instruments
Gerald Leslie Bogert
Bechtel Plant Machinery Inc.
Jack Bramel
Jack Bramel & Associates
Ralph Buoniconti
Sabic
JianWei Cai
Shengyi Technology Co., Ltd.

Shrinvas Chada
General Dynamics Advanced
Information Systems.

Zhiman Chen

ZhuZhou CRRC Times Electric C J.

Ltd.
Brandon Davis
Northrup Grumman Zhace Systems
Don Dupriest
Lockheed Mariin . fissiles & Fire
Control
Steven R. Ethridg.
Dell Inc
Terry M. Fischer
esos.ac -america Inc.
Mohendra Gandhi
Northrop Grumman Space Systems
Stuart Hartfield
Daikin America, Inc.
Kohji Hattori
Unitika Fiber Co. Ltd.
Daniel Heitner
Glenair Inc.

Scott Hinaga

Cisco Systems Inc.
Darren Hitchcock

Panasonic Industrial Devices Salec

Company of America
Thomas Keily

JPS Composite Materials Cory
Dana Korf

Nano Dimension
Raj Kumar

Northrop Grun. man Space Systems
Kevin Kusiak

Lockhee 1 Matin Corporation
PierreXu I

De Kin America
Terc v akoskey

Sierra Space
Christina Landon

Naval Surface Warefare Ctr
Emi Lee

Isola Group SARL
Minsu Lee

Korea Packaging Integration

Association
Doug Leys

AGC-MMA
Shenxing Liu

Shengyi Technology Co., Ltd.
John B. Marke

UL LLC
Jonathan McCarney

Albemarle Corporation
Graham Naisbitt

GEN3
Robert Neves

Microtek Laboratories China

Glenn Oli er
Lockne. 4 Martin Missile & Fire
Co ‘rol
hark Reese
Arlon Electronic Materials
Enrique P. Sanchez
Cirexx Intenational Inc.
Karl A. Sauter
Oracle America, Inc.
Tony R. Senese
Panasonic Industrial Device Sales
Company of America
Russell S. Shepherd
NTS Anaheim
Bhanu Sood
NASA Goddard Space Flight
Center
Ingrid Swenson
TTM Technologies, Inc.
Tsukasa Tawa
Asahi Kasei Corporation
Stephen L. Tisdale
Tisdale Environmental Consulting
LLC
Makoto Ueda
Nitto Boseki Co., Ltd.
Yuhei Urabayashi
Nitto Boseki Co., Ltd.
Crystal E. Vanderpan
UL LLC
Bo Wang
Botech Enterprises
John Wright
Arlon Electronic Materials
Jack Zhu
Veoneer China Co., Ltd.

Copyright 2023 by IPC International, Inc. All rights reserved.

il


https://www.stdhive.com/standards/ipc-44132023-pdf/



https://www.stdhive.com/standards/ipc-44132023-pdf/

December 2023 IPC-4413

Table of Contents

1 SCOPE ... e 1 1.11.14.1 Broken PicK........cccoviiineniiieceeeeeeee 3
1.2 PUIPOSE...viiiis 1 111142 MES-PACKS .o 3
1.3 DeSIZNALON oo 1 L1LIS  Plain Weave .. errrveeeeeessssnmneereresseeessssssneseen 3
1.4 ClassTfication.......ooooovvvvvvvviiissiiiis 1 LALL6  SPILS oo 3
L5 Measurement Units .........ooooovvvvvvveenninssnssssnnnne 1 1.11.17  Spread Glass Fabric ..........coc.cevuuervereeereerniin: 2
1.6 Definition of Requirements..................ocooccovvvee 1 LULI8  TRAIS covvvvvvveeeeeeseseeeeeeeeesoeeseseeseeeeeeessenns 2
1.7 Process Control ReQUITEMENtS .............oooooveeves 1 L1119 TEX SYSteM .cooumeerrrrereeeeesssssssssenseessssen 20 e 3
1.8 Order of Precedence............oooooveeeivvvviiinnisinnnnns 1 111200 WASE oo e 3
1.8.1 CONTTICE ettt 2 11121 WAVINESS oo 3
1.8.2 Clause References..........ccoeevevveveciecveceenencnncns 2 1.12 Yarn Nomenclature ...\ Ny 3
1.8.3 APPENdiCeS......couieiieiiiieiieieeceeeeee e 2 112.1 US SYSEMLerreerrec oo 3
1.8.3.1  AppendiX A ...c.coovieiiiiiiiieieeeeeee e 2 1122 SUMEHIC oo 4
1.8.3.2  Appendix B....cooiiiiiii 2 1.12.3  Conversion “rom 7JS System to SI..........cc......... 4
1.8.3.3  Appendix C...cccoiiiiiiieiiieeeee e 2
1.9 Use of “Lead” ....cocceevieiniiniiieeieeniceeeeeeen 2 2 APPLICARIFDOCUMENTS ..oovvrsvvrrsss v 4
1.10 Abbreviations and ACTONYMS.......cccveerveerueenenenne 2 22 (A 2?;;“1 Society for Testing and Materials 4
L Terms and Defnitions ... 2 23 .nternational Standards ............c..ccoeveveierennnne. 4
1.11.2  Bias Filling Yarns ........ccccoeceevemenenenciieeeee 2 N National Conference of Standards Laboratories
LIL3 Bow Filling Yamns.....ccccoosvvvessssivversssissessne 2 (NCSL) oo 4
L114  Creases c.ccoueeueeuienienieiieieeieeienieeee st 2
LR T o T OO 2 3 REQUIREMENTS......oovveoenrreseeossssresn 5
1150 Maor DEfeCt cooveeeerrrreeeeeeees e 2 32 Filament DIameLer . .o vvsvcsvvsscssscse >
1.11.5.2 MO Defect .eovvvrvrrrrrrrreesesssessfecrecct o 2 33 Bare Glass Nominal Measurement.............. 6
1.11.5.3 Defect per Hundred Units ... oo o > 34 Chemical Requirements..........ccccoeeeveeniennieennenne 6
1116 Low Dk Glass (ElectricalCrade. Slass Fiber) ...2 3.4. 1 Finish Level (Organic Content) .............cc....... 6
1.11.6.1 Permittivity (Dielectric Cans.ant) for Base Low 3.5 Workmanship ......cocceeevvenenieninieniecneeeeene 6
DK GIaSS ..ccvere e 2 3.6 Alternate Fabric Styles and Weaves................... 6
1.11.6.2 Density ......c.cccec ... P ettt 2 4 QUALITY ASSURANCE oo 6
LALT7 B0 MISSET oot 3 42 Responsibility for INSPECtion ... 7
1.11.8 Featirr Lingth ..o 3 421 Test Equipment and Inspection Facilities .......... 7
1.11.9  Tabric Finish .....cccociiiiiiniiiniiiecicnee 3 4.2.2 Preparation of Samples ..............oo.coovvecoreveene.. 7
LATH0 TN EYE oo 3 423 Standard Laboratory Conditions................. 7
10011 Leio End Out....eeeeeiiiiiiiiiiiiicicecce, 3 4.3 Inspection Requirements and Acceptability....... 7
1.TQ 12 Lot or Batch Size coovvvecvveveecsssiinrinniscrrcsssssinn 3 430 SAMPIE SIZE.rrrvveeerrrreesessesssiesernenreses e 7
TI1A3 MarK oo 3 432 SaMDHNG PIANS..oooooooooooo g
1.11.13.1 Heavy MarK.......ccccocveviiiiininiiniiiciienceccee 3 433 Acceptable Quality Level (AQL)........ove..... 3
11132 Light Mark oo 3 44 TestMethods ... g
LILA4 PICK oo 3 441 Fabtic APPearance.. ..o g

Copyright 2023 by IPC International, Inc. All rights reserved. v


https://www.stdhive.com/standards/ipc-44132023-pdf/

IPC-4413 December 2023
442 Fabric Count.........cccovveierieieiieieeeeeeeeve e 8 Tables
443 WEAVE TYPE c.eeeeeeecieiceeee s g Table3-1  Classification of Defects ... S
444 Fabric THCKNESS .ooooooooooooeoeeecececeroooeereeeee g  Table3-2  Filament Diameter Designations ... 5
445  Weight per Unit Area ........ccoooverveveveereererennennnnn. 9  Table3-3  Nominal Length per Weight .......ocooovvvviiiiiiiine 6
4.4.6 Fabric Length ..., 9 Tabled4-1 ~ Sample Size per Number of Rolls Shipped ....... 7
447 Fabric Width....ooooooooooveooeoceeoeoeeeeeeeeeeeeeeeee 9 Table4-2  Sample Size per Yardage of Individual
4.4.8 Finish Level (Organic Content) ...........c.ccceenee. 9 Roll Shipped and the Acceptable
o Quality Level.....cooovveieiiieieeeeeeesee s 7
449 Bias or Bowed Filling ......cccccocecviveiiiincencncnne. 9
Table A1-1 Cross Reference to ISO Standards................... 1t
5 PREPARATION FOR DELIVERY ....................... 10  Table AI-2 Cross Reference Between IPC-4413,
5.2 Packing......cccoveevieniiniiiicieceeeeee 10 ASTM and ISO Documents ..........cccoeeiinee. i1
53 Marking.......coeeveeuenrerieieieeeineneseseneeseenenene 10 Table BI-1 Finished Glass Styles for SI Sysem . ..... ....... 13
Table BI-2 Finished Glass Styles for US Systei.............. 14
6 NOTES ..ottt 10
6.2 NEW StYIEs c.uveeeieiiieiiieieeeeee e 10
APPENDIX A ... 1"
APPENDIX B.....cooe e eeecessnmsnnnrrre e r e 13
APPENDIX C.....oeeee s r e e e 15
vi Copyright 2023 by IPC International, Inc. All rights reserved.


https://www.stdhive.com/standards/ipc-44132023-pdf/



https://www.stdhive.com/standards/ipc-44132023-pdf/



https://www.stdhive.com/standards/ipc-44132023-pdf/

December 2023 IPC-4413

Specification for Finished Fabric Woven from
Low Dk Glass for Printed Boards

1 SCOPE

This specification covers finished fabrics woven from low Dk electrical grade glass fiber yarns that are intended as a reinforcing
material in laminated plastics for electrical and electronic use. All fabrics covered by this specification are plain weave.

1.2 Purpose This specification determines the nomenclature, definitions, general and chemical requirements for the glass, and
physical requirements for finished woven glass fiber fabrics.

1.3 Designation Appendix II of this standard provides a style designator for each finished fabric glass style, with specifications
on yarn, fabric count, thickness and weight in both SI and US system. Fabrics listed in Appendix II also categorize fabrics by
their current availability status.

1.4 Classification

CLASS 1 General Electronic Products Includes products suitable for applications where the major requirement is function of
the completed assembly.

CLASS 2 Dedicated Service Electronic Products Includes products where continued performance and extended life is required,
and for which uninterrupted service is desired but not critical. Typically, the end-use environment would not cause failures.

CLASS 3 High Performance/Harsh Environment Electronic Products Includes products where continued high performance or
performance-on-demand is critical, equipment downtime cannot be tolerated, end-use environment may be uncommonly
harsh, and the equipment must function when required, such as life support or other critical systems.

1.5 Measurement Units All dimensions and tolerances in this specification are expressed in hard SI (metric) units and
bracketed soft imperial [inch] units. Users of this specification are expected to use metric dimensions. All dimensions > 1 mm
[0.0394 in] will be expressed in millimeters and inches. All dimensions < 1 mm [0.0394 in] will be expressed in micrometers
and microinches.

1.6 Definition of Requirements The words shall or shall not are used in the text of this document wherever there is a
requirement for materials, preparation, process control or acceptance.

The word “should” reflects recommendations and is used to reflect general industry practices and procedures for guidance only.

Line drawings and illustrations are depicted herein to assist in the interpretation of the written requirements of this Standard.
The text takes precedence over the figures.

1.7 Process Control Requirements The primary goal of process control is to continually reduce variation in the processes,
products, or services to provide products or processes meeting or exceeding User requirements. Process control tools such as
IPC-9191, JESD557 or other User-approved system may be used as guidelines for implementing process control.

Manufacturers of Class 3 products shall develop and implement a documented process control system.
A documented process control system, if established, shall define process control and corrective action limits.

This may or may not be a statistical process control system. The use of “statistical process control” (SPC) is optional and
should be based on factors such as design stability, lot size, production quantities, and the needs of the Manufacturer, see 4.1.

Process control methodologies shall be used in the planning, implementation and evaluation of the manufacturing processes
used to produce soldered electrical and electronic assemblies. The philosophy, implementation strategies, tools and techniques
may be applied in different sequences depending on the specific company, operation, or variable under consideration to relate
process control and capability to end product requirements.

When a decision or requirement is to use a documented process control system, failure to implement process corrective action
and/or the use of continually ineffective corrective actions would be grounds for disapproval of the process and associated
documentation.

1.8 Order of Precedence The contract takes precedence over this Standard, referenced standards and drawings. In the event
of conflict, the following order of precedence applies:
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