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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 ¢ Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* Minimize time to market * Keep people out
* Contain simple (simplified) language * 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 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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Printed Circuit Assembly Strain Gage Test Guideline

1 SCOPE

This document is meant to be used as a methodology for strain gage placement and subsequent testing of Printed Circuit
Assemblies (PCAs) using strain gages. The method describes specific guidelines for strain gage testing of PCAs during the
printed board manufacturing process, including assembly, test, system integration, and other types of operations that may
induce board flexure.

The suggested procedure enables printed board assemblers to conduct strain gage testing independently, and provides a
quantitative method for measuring board flexure, and assessing risk levels.

The topics covered include:

» Test setup and equipment requirements

* Strain measurement

* Report format

This document assumes the methodology is being used to test a surface mount device such as Ball Grid Array (BGA), Small
Outline Package (SOP), Chip Scale (Size) Package (CSP), and area-array surface mount (SMT) connectors/sockets. In

certain cases, the described test approach may be used for non-area-array discrete SMT devices such as capacitors or
resistors.

1.1 Purpose Strain gage testing allows objective analysis of the strain and strain rate levels to which a surface mount
component may be subjected during PCA assembly, test, and operation.

Characterization of worst-case PCA strain is critical due to the susceptibility of component interconnects to strain-induced
failures. Excessive strain can result in various failure modes for different solder alloys, package types, surface finishes, or
laminate materials. Such failures include solder ball cracking, trace damage, laminate related adhesive failure (pad lifting)
or cohesive failure (pad cratering) and package substrate cracking (see Figure 1-1).

1.2 Background Board flexure control using strain gage measurement has proven beneficial to the electronics industry,
and continues to gain acceptance as a method to identify and improve manufacturing operations that can pose a high risk
for interconnect damage. However, with the rapid transition to lead-free assembly technology, increased interconnect densi-
ties, and new laminate materials, the potential for flexure-induced damage has increased. Many board assemblers are now
required to operate under strain levels specified by their customers or component suppliers.

As strain measurement technology has matured, different methodologies have developed. Variations in strain gage method-
ology inhibit reliable data collection and prevent data comparison across the industry. This document provides a standard-
ized set of guidelines to address variations in gage mounting, gage placement, experiment design, data acquisition system
variables, and strain metrics.

PCA strain measurement includes application of strain gages to the printed board near specified components, followed by
subjecting the instrumented board to various test, assembly, and handling operations. Steps which exceed strain limits are
deemed excessive and are identified so that corrective actions can be made. Strain limits may come from the customer, com-
ponent supplier or internal best known practices. Examples of strain measurement criteria are shown in the www.ipc.org/
IPC-WP-011 white paper.

By identifying areas sensitive to manufacturing variation, strain gage testing provides insight into the effects of a produc-
tion ramp. Strain gage measurements become the baseline for future process improvement activities, and quantify the effec-
tiveness of adjustments. Manufacturing steps that are typically characterized are listed below:

1. SMT assembly process:
* Printed board depanelization processes
* All manual handling processes
 All rework and retouch processes

e Connector installation

* Component installation DOC um ents
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Solder Ball

IPC-9704a-1-01

Figure 1-1 Examples of Solder Joint Damage (top: pad cratering, bottom left: bulk solder joint failure,
bottom right: solder interfacial fracture)

2. Printed board test processes:
* In-Circuit Test (ICT), or equivalent “‘shorts and opens” type test
* Board Functional Test (BFT), or equivalent functional test
3. Mechanical assembly:
* Heat sink assembly
* Printed board support/stiffener assembly
* System board integration, or system assembly
* Peripheral Component Interconnect (PCI) or daughter card installation
* Dual In-line Memory Module (DIMM) installation
4. Shipping and Handling

Assembly processes for different printed boards and assemblers vary. Tests such as ICT and BFT are referred to generically
in this document; nomenclature can vary at different manufacturing sites. In such cases, apply the same requirements to the
equivalent test processes. However, the goal is to characterize all assembly steps involving mechanical loading. Do not con-
strain testing to the steps listed above, or only to perceived high risk areas. The data from these tests can serve as a base-
line for future reference.
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