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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of

Standardization 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) e Increase time-to-market
* Minimize time to market * Keep people out
* Contain simple (simplified) language e Increase cycle time
* Just include spec information e 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

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment 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 selling 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 adop-
tion 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 them-
selves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
Statement on of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
Specification When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC
Revision Change 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 latest revision. Adopted October 6, 1998

Why is there Your purchase of this document contributes to the ongoing development of new and updated indus-
a charge for try standards and publications. Standards allow manufacturers, customers, and suppliers to under-
this document? stand 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
and publications 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 par-
ticipates 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 2019. IPC, Bannockburn, IL, 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.
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IPC White Paper on A Framework for the
Engineering and Design of E-Textiles

IPC-D-70 E-Textiles Committee White Paper Introduction

This white paper is a benchmarking exercise of e-textile integrations, providing an introductory categorization of how the
current market sector is using textile-based electrical components to achieve integrated functionality. This peer assessment
provides a baseline understanding of e-textile process techniques, requirements and resources within this emerging sector.

The D-70 Committee seeks your feedback on this white paper and your interest in writing similar white papers on your
research and activities involving e-textiles-based materials, design concepts, technologies and end-products.

Email white paper proposals, feedback on this white paper or issues and questions about e-textiles standards to
etextiles@ipc.org.

Executive Summary

Established technical industries, such as software development or garment production, have common pools of knowledge
that create a design framework. For example, any garment designer or manufacturer would understand that behind every
garment there is a paper pattern, a sewn sample with edits and a final tech pack that is used for production. Any one of
those parts of the framework can be pointed to and edited along the path of making the final garment. For software, one
might know that any website you use has a front end and back end. Server and software engineers often specialize in one
part of this stack, allowing deep discovery in one area. For e-textiles, we often refer to the entire e-textile product with one
term. There lacks a sense of clarity around the parts that make up an electronic textile, and the purpose that each part serves.
When we better specify each element that goes into an e-textile, we can better communicate with engineering teams,
manufacturers and suppliers. This white paper suggests a framework—or a stack—that can be used to think about e-textile
development.

Introduction

“Very few users get deeply immersed in flexible circuit boards. It takes five to seven years working with it every day before :
you understand all the aspects of flexible circuit designs.” — Mark Finstad, vice chair of the IPC D-11 Flexible Circuits
Design Subcommittee

As Mark Finstad states, it can take five to seven years of working with flex printed boards every day to understand their f
complexity. Similarly, e-textiles can take years to fully grasp. Because the e-textiles industry is not fully developed, few
people have experience making scalable, robust and reliable e-textiles at affordable costs for such a period of time. Forster
Rohner and OhmaTex are examples of groups that have been focused on manufacturability and scalability for at least five
years.

The framework in this paper has been developed through extensive research and testing. This includes teardowns, knitted
circuits, stenciled circuits, plotted circuits and others. This white paper includes references to projects and products that sup-
port the conclusions drawn.

Applicable Documents

IPC1

IPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronics Circuits

UL2

UL 130 Standard for Electric Heating Pads

UL 964 Standard for Electrically Heated Bedding

UL 746C Polymeric Materials — Use in Electrical Equipment Evaluations
UL 2595 General Requirements for Battery-Powered Appliances

1. www.ipc.org
2. www.ul.com
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American Association of Textile Chemists and Colorists (AATCC)3

AATCC EP13 Electrical Resistance of Electronically Integrated Textiles

Acronyms List

AATCC — American Association of Textile Chemists and Colorists
AFFOA - Advanced Functional Fabrics of America
CE - Conformité Européenne

FCC - Federal Communications Commission

FTC - Federal Trade Commission

I/0 — Input/output

IEC - International Electrotechnical Commission
IFAI — Industrial Fabrics Association International
ISO - International Organization for Standardization
LED - Light-emitting diode

NFC — Near-field communication

PDMS - Polydimethylsiloxane

PPE — Personal protective equipment

RH - Relative humidity

TPU — Thermoplastic polyurethane

USB - Universal serial bus

Terms and Definitions

Printed board — A composite structure incorporating point-to-point interconnections for electronic circuits. It may include
embedded components. (This includes single-sided, double-sided, multilayer, rigid, rigid-flex, and flex constructions.)
Source: IPC-T-50

Lining — A fabric lining in a garment is the layer of fabric that is closest to the skin and covers internal seams of the gar-
ment shell.

Flexible printed board — A printed board using a flexible base material only. May be partially provided with electrically
nonfunctional stiffeners and/or coverlay. Source: IPC-T-50

Bend radius — The radius limit that a material can bend before exhibiting signs of permanent change or damage.

Multidimensional flex — The ability to flex in more than one direction at a time.

Common Descriptions for E-Textiles

In addition to the industry terms listed in the Terms and Definitions section, there are many evolving terms used in the
e-textiles sector.

The most popular terms used in the industry are functional fabrics, e-textiles, smart fabrics and soft circuits. Advanced
Functional Fabrics of America (AFFOA) prefers the term functional fabrics, which covers a wide range of active and pas-
sive materials. Yoel Fink, the CEO of AFFOA, has a background in fiber optics and focuses on making fiber optic threads
that have function to be woven into textiles. Industrial Fabrics Association International (IFAI) prefers to use the term smart
fabrics. Both terms, smart fabrics and functional fabrics, include passive materials in their definitions. This paper focuses
specifically on active materials that are essentially circuits with additional mechanical properties.

Soft circuits is a term that is mostly used by makers in the space. This term mostly represents conductive thread, or hand-
made circuits that are developed onto or into a textile substrate. Famed makers in this space include Hannah Perner Wilson
of KOBAKANT, Lara Grant and Maggie Orth. Ben Cooper of FLEX is expanding the definition of this term with the word
soft systems. Soft is also used by Stretchsense to define their soft sensors.

Others in the space are technical designers who focus less on the enabling technology and more on the larger category of
wearable technology. Yuchen Zhang and Hellyn Teng at Wearable Media Group are a great example of this category.

E-textiles is a more technical term (meaning electronic textiles or electronically integrated textiles) that seems to be used by
both the maker and engineering communities. One can find this term used to name papers (such as “E-Textile Technology,”

3. www.aatcc.org
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