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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 * 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

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 industry
a charge for standards and publications. Standards allow manufacturers, customers, and suppliers to understand
this document? 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.
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Guideline on Flexibility and Stretchability
Testing for Printed Electronics

1 SCOPE

This guideline describes flexibility and stretchability tests that may be used to evaluate printed electronics for flexible,
stretchable and wearable applications.

1.1 Purpose This guideline describes tests which the IPC D-65 Printed Electronics Test Methods and Validation Subcom-
mittee deemed appropriate for consideration for flexibility and stretchability testing of printable electronics. The descriptions
of these tests were provided by members of the D-65 Subcommittee.

This guideline does not represent an endorsement of any of the described tests. It is intended only as an educational resource,
especially for the smart textiles and wearable printed electronics markets, until standardized test methods are developed and
approved.

The D-65 Subcommittee invites users, suppliers, test laboratories and other interested parties to submit additional tests or
modifications to those explained herein for next revisions of this guideline.

This guideline also includes references to industry-approved test methods which can be used or adapted for flexibility and
stretchability testing for printed electronics (see Section 5 and Appendix B).

2 APPLICABLE DOCUMENTS

The documents listed in this section are those which are referenced in the body of this guideline. Appendix B also provides
a compendium of industry-approved test methods which may be adapted for flexibility and stretchability testing of printed
electronics.

2.1 IPC?

IPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronic Circuits
IPC-TM-650 Test Methods Manual

IPC-6903 Terms and Definitions for the Design and Manufacture of Printed Electronics

2.2 ASTM?

ASTM F392 Standard Practice for Conditioning Flexible Barrier Materials for Flex Durability
ASTM D430 Standard Test Methods for Rubber Deterioration—Dynamic Fatigue

ASTM D813 Standard Test Method for Rubber Deterioration—Crack Growth

ASTM F2749 Standard Test Method for Determining the Effects of Creasing a Membrane Switch or Printed Electronic
Device

ASTM F2750 Standard Test Method for Determining the Effects of Bending a Membrane Switch or Printed Electronic
Device

ASTM D6182 Standard Test Method for Flexibility and Adhesion of Finish on Leather

1. www.ipc.org

2. www.astm.org DOCU ments
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2.3 International Electrotechnical Commission (IEC)3

IEC 62715-6-1 Flexible display devices - Part 6-1: Mechanical stress test methods

IEC 62899-201 Printed electronics - Part 201: Materials - Substrates

2.4 International Organization for Standardization (1SO)4

ISO 5402-2 Leather—Determination of flex resistance—Part 2: Vamp flex method

ISO 5626 Paper—Determination of folding endurance

ISO 7854 Rubber- or plastics-coated fabrics—Determination of resistance to damage by flexing

3 TERMS AND DEFINITIONS

In addition to the terms and definitions listed here, the reader is referred to IPC-6903 for additional terms on flexible hybrid
printed electronics and printed electronics and to IPC-T-50 for terms on PCBs and PCB assemblies.

3.1 Bending Deformation of printed electronics caused by external stress perpendicular to the flat plane of specimen.

3.2 Crease To make a line, ridge or groove on a printed electronic device which uses a substrate such as cloth or paper
by adding pressure to fold the substrate or device.

3.3 Crumple To crush a printed electronic device which uses a substrate such as cloth or paper so that it forms nonuni-
form folds.

3.4 Curing A process during which volatile components, if present, evaporate and materials undergo chemical reactions to
form a continuous bulk material.

3.5 Flexibility The propensity of a printed electronic device to be bent, creased or stretched.

3.6 Flexography Printing A printing process which uses a flexible positive master (flexo plate) to transfer a medium from
a source to a target substrate via pressure using an anilox roller.

3.7 Gravure Printing Printing method in which an image is applied to a printing substrate by use of a master image car-
rier and then the reverse of the image to be transferred is engraved and etched.

3.8 Ink Jet Printing A type of noncontact printing method that recreates a digital image by propelling droplets of ink onto
paper, plastic or other substrates.

3.9 Minimum Bending Radius The smallest bending radius at which a specimen does not break or does not show perma-
nent damage.

3.10 Preconditioning A set of conditions exposed on the test specimen prior to actual testing that either simulate the real
use conditions or bring the test specimen to the required state.

3.11 Printed Electronics Devices manufactured using printed electronics processes.

3.12 Printed Electronics Process Additive printing methods used to generate electrical and electronic circuitry or devices
on a variety of substrates.

3. www.iec.ch

4. www.iso.org DOC u m ents
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3.13 Screen Printing Method of forcing materials (ink or paste) through a prepared screen (either polyester or stainless
steel) to create a design pattern.

3.14 Stretchability Mechanical property of a subject to restore to its original state after release of a tension stress which
pulls the subject to a certain elongation.

38.15 Stretchable Printed Electronics A printed electronics part or product that, due to the design and the intrinsic prop-
erties of the materials and elements used to construct it, can be subjected to static and dynamic strain without an observa-
tion in performance degradation. The supplier of the printed electronic provides guidance as to the predefined strain level
whereby the assembly will maintain at least a minimum level of performance.

8.16 Torsion The action of twisting a subject by the exertion of forces, tending to turn one end or part about a longitudi-
nal axis while the other is held fast or turned in the opposite direction.

3.17 Wearable Printed Electronics A printed electronic part or product that can be attached to a person’s body (e.g.,
arms, wrists, legs, waist, head, ear, etc.). A variety of structural elements may be used to attach these products, such as but
not limited to an elastomeric material (band), which is a mechanism that integrates a device to constrain the assembly to an
arm, wrist or leg (e.g., Velcro, buckle, compression fitting). Additionally, they can be affixed to a person’s body via biocom-
patible adhesive materials.

3.18 Wearable Smart Devices Wearable printed electronics with a functionality to connect and interact with other
devices, networks, the internet, etc.

4 TEST PREPARATION AND SETUP

4.1 Test Specimen Preparation and Storage Clearly describe the test specimen in the test report. The description should
include sample size, shape and dimensions, materials and stack-up, special treatment prior to testing, applicable standard for
specimen preparation and/or other relevant information.

Specify the specimen storage conditions prior to testing. It is recommended to store specimens at a temperature of 20 °C to
25 °C and humidity of 30 % to 60 % for at least 48 hours after fabrication prior to testing. This can be done in a controlled
environment. If there are special requirements, storage conditions may be determined between user and supplier.

4.2 Specimen Preconditioning The specimen may be subjected to preconditioning prior to stretchability and flexibility
tests, such as temperature aging, temperature cycling, high temperature with humidity, durability, etc., as agreed upon
between user and supplier.

4.3 Standard Test Conditions Specify the test conditions in terms of atmosphere, temperature and humidity. It is recom-
mended to test the specimens at 23 °C + 1 °C with a relative humidity (RH) 50 % + 5 % at ambient atmosphere unless
otherwise specified. The specimen may be tested at elevated temperature or humidity conditions as agreed upon between
user and supplier.

4.4 Test Equipment State the equipment to be used in the test, the maker of the machine and its capability. Gauge repro-
ducibility and repeatability (gauge R & R) may be performed to qualify the equipment and test process prior to stretch-
ability and flexibility testing. A test report on gauge R & R may be attached to the final test report.

4.5 Test Setup and Parameters Clearly describe the test setup in the test report (e.g., fixture design, how the specimen
is to be mounted on the fixture, etc.). Clearly describe the test parameters in the test report, such as sequence, strain rate,
frequency, speed, lower and upper limits of displacement, number of cycles, etc.

4.6 Monitoring Describe how the functionality or electrical resistance of test specimens is monitored during the stretch-

ability and flexibility testing. Monitoring may be done in situ or periodically during, prior to and after testing. Clearly state
data type, collection frequency and acceptance or rejection criteria.
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