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The Principles of
Standardization

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

Standards Should:
• Show relationship to Design for Manufacturability

(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot

be defended with data

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
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC publication is updated and a new revision is published, it
is the opinion of the TAEC 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
a charge for
this document?

Your purchase of this document contributes to the ongoing development of new and updated industry
standards and publications. Standards allow manufacturers, customers, and suppliers to understand
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 847/790-5372.

Thank you for your continued support.
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Monotonic Bend Characterization
of Board-Level Interconnects

1 FOREWORD

This publication on monotonic bend testing is intended to
characterize the fracture strength of a component’s board-
level interconnects. The document is applicable to surface
mount components attached to printed wiring boards using
conventional solder reflow technologies. The monotonic
bend characterization results provide a measure of fracture
resistance to flexural loading that may occur during con-
ventional non-cyclic board assembly and test operations,
and supplements existing standards that address mechani-
cal shock or impact during shipping, handling or field
operation.

2 INTRODUCTION

Semiconductor devices are assembled in a variety of pack-
age configurations, and are used in a multitude of applica-
tions. Given the diversity of package constructions and
end-use conditions, it is not feasible to establish a single
qualification requirement relating to bend testing; however,
definition of a uniform test methodology and a standard
reliability characterization reporting process are increas-
ingly necessary to ensure adequate product quality.

3 SCOPE

This publication specifies a common method of establish-
ing the fracture resistance of board-level device intercon-
nects to flexural loading during non-cyclic board assembly
and test operations. Monotonic bend test qualification pass/
fail requirements are typically specific to each device appli-
cation and areoutsidethe scope of this document.

4 TERMS AND DEFINITIONS

For the purposes of this standard, the selected terms and
definitions listed below apply.

General Terms

Component: Packaged semiconductor device

Interconnect: Conductive element used for electrical
interconnection, e.g., solder ball, lead, etc.

Monotonic Test: Non-reversing, test to fail

Strain Related Terms

Global PWB Strain: Four-point bending strain of uniform
printed wiring board, ignoring any effects due to the pack-
age(s)

Microstrain: Dimensionless unit, 106 x (change in length)
÷ (original length)

Strain: Dimensionless unit, (change in length)÷ (original
length)

Strain-Rate: Change in strain divided by the time interval
during which this change is measured

Strain Gage: Planar copper foil pattern that is adhered to
an underlying surface and exhibits a change in resistance
when subjected to a strain

Strain Gage Element: Sensing area of strain gage defined
by the serpentine copper grid pattern

Uniaxial Strain Gage: Strain gage incorporating a single
strain gage element, i.e., capable of detecting strain along a
single axis

Mechanical Test Equipment Terms

Anvil: Four-point assembly fixture support with a rounded
contact surface

Crosshead Assembly: Clamping/attachment assembly of
universal tester that moves relative to the base of the test
equipment, and creates the forces necessary for specimen
testing

Four-Point Bending Fixture: Test assembly that supports a
specimen on two anvils or rollers, and symmetrically loads
the specimen on the opposite surface with two anvils or
rollers

Load Span: Distance between the two anvils or rollers
that load the test specimen

Roller: Four-point assembly fixture support that incorpo-
rates a cylindrical bar as the contact surface

Support Span: Distance between the two anvils or rollers
that support the test specimen

Universal Tester: Test equipment capable of tensile/
compressive loading using controlled linear motion of a
crosshead assembly

Electrical Test Terms

Daisy-Chain: A conductive link that can be connected in
series with other conductive links (like a chain of daisies)
to form a continuous electrical net

In-Situ Measurement: Measurement conducted during a
test, i.e., in place, rather than during an interruption of the
test condition

Failure Analysis Term

Dye-and-Pry: Dye exposure of package/board assembly
followed by mechanical removal of the package

June 2004 IPC/JEDEC-9702
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5 SYMBOLS AND ABBREVIATED TERMS

Unit Symbol
board thickness t
crosshead travel distance δ
crosshead speed δ̇
degree Celsius °C
degree Fahrenheit °F
Hertz Hz
load span LL
microstrain µε or µStrain
second (time) s
strain ε
strain-rate ε̇
support span LS

Term Abbreviation
ball grid array BGA
chip scale (size) package CSP
intermetallic compound IMC
organic solderability preservative OSP
printed wiring board PWB
surface mount SMT
small outline package SOP

6 SAMPLING

A statistically relevant sample size is required. It is recom-
mended that several manufacturing lots be sampled to
evaluate lot-to-lot variability. Depending on failure distri-
bution, desired sensitivity, confidence limits, etc., sample
quantities such as 23, 30, 45, etc., may be appropriate.

7 APPARATUS

7.1 Universal Tester A universal tensile tester incorpo-
rating a deflection measuring device shall be used to gen-
erate a controlled board deflection rate. The tester shall
include a four-point bending fixture (see Figure 7-1) to
apply a theoretically uniform bending moment across the
load span.

Table 7-1 lists dimensional and operational requirements
for the universal tester.

Non-standardized bend test methods in practice today often
specify an applied load, span and/or crosshead travel dis-
tance to characterize mechanical resistance to failure of
board-level device interconnects. Unfortunately, these
parameters are not readily transferable to differing board
thicknesses, package configurations or board layouts. The
dimensionless unit of strain,ε, however, can be applied
more broadly to differing board/package geometries and
relates more directly to analytical and computational failure
models.

IPC/JEDEC-9702-7-1

Figure 7-1 Universal Tester

Table 7-1 Universal Tester Requirements

Description Requirement

Anvil/roller radius 3 mm
[0.12 in.], min.

Anvil/roller length > board width

Ambient temperature 23 °C ± 2 °C
[73 °F ± 4 °F]

IPC/JEDEC-9702 June 2004
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The crosshead travel distance (δ) and crosshead speed (δ̇)
of a universal tester are approximately proportional to the
test board assembly strain (ε) and strain-rate (ε̇), respec-
tively. The relationship between these variables can be
determined empirically by testing a mechanically represen-
tative package/board assembly (set-up test board); how-
ever, these relationships may prove non-constant or non-
determinant, depending on universal tester capability and
board/ package configuration.

This test method specifies use of the following simplified
analytical relationships (see Equations 1 & 2) to establish
the universal tester control settings for crosshead travel
distance and crosshead speed, based upon global PWB
strain and strain-rate input variables, respectively. These
equations are derived from classic beam theory and ignore
any effects due to the package(s), or to the Poisson’s ratio
effect of a plate in bending.

Equation 1

δ =
ε (LS − LL) (LS + 2LL)

6t

where

δ = crosshead travel distance
ε = global PWB strain
LS = support span
LL = load span (centered within support span)
t = PWB thickness

Equation 2

˙
δ̇ =

ε (LS − LL) (LS + 2LL)
6t

where

δ̇ = crosshead speed
ε̇ = global PWB strain-rate
LS = support span
LL = load span (centered within support span)
t = PWB thickness

7.2 Strain Measurement Equipment A strain measure-
ment equipment scan frequency of 500 Hz (min.), and a
data signal resolution of 16 bits (min.) are preferred for the
short duration (<5 seconds, typ.) monotonic bend test.

7.3 Continuity Monitoring Equipment Continuity moni-
toring is preferably performed by the same high scan fre-
quency equipment used for strain measurements, allowing
simultaneous recording of net resistance and strain.

8 PROCEDURE

8.1 Component Sample This standard assumes a surface
mount device; BGA, SOP and CSP are typical device

examples. Discrete SMT devices, e.g., capacitors, resistors,
etc., are outside the scope of this test method. The test
component must contain daisy-chain connections to allow
in-situ continuity monitoring of the device board-level
interconnects during the bend test. It is likely that the same
daisy-chain package construction may be used for both
bend testing and thermal cycle testing. For bend testing of
array-based packages; however, only the outermost pack-
age daisy-chain links need to be connected to a correspond-
ing PWB daisy-chain link and electrically monitored.

The daisy-chain package materials, dimensions, and con-
struction must be representative of a typical production
device. The layout of solder balls or leads for the daisy-
chain package should represent a typical leadcount con-
figuration expected for a production device of that package
body size. As indicated previously, the monitored daisy-
chain links on the package consist of the outer component
interconnects. Each package daisy-chain link should con-
sist of a pair of adjacent solder joints or leads.

Functional devices may be used in lieu of a daisy-chain
package if the electrical continuity monitoring require-
ments defined in this publication can be met.

8.2 Test Board Material The test board material should
match the composition of the actual end-use PWB, typi-
cally FR4 epoxy/glass laminate.

8.3 Test Board Thickness and Metal Layer Count The
test board thickness and metal layer count should match the
actual end-use PWB. Definition of a ‘‘typical’’ printed wir-
ing board is problematic given the expanding usage of
alternative board constructions and materials, and the wid-
ening form-factor gap between handheld electronic devices
and other application types. Table 8-1 provides a minimum
recommended test board thickness and metal layer count if
the device will be used in a variety of end-use applications,
or if the actual PWB configuration is unknown. Finite ele-
ment modelling suggests that the ratio between package/
solder interfacial strain and global PWB strain increases
with increased board thickness and copper layer count.
Consequently, use of a thicker test board or higher metal
layer count than listed in Table 8-1 will typically lead to
more conservative bend test results.

Table 8-1 Recommended Test
Board Thickness & Layer Count

Max. Package Body
Dimension, X (mm) [in.]

PWB Thickness,
min. (mm) [in.]

Copper
Layers,

min.

Small: X ≤15 [0.59] 1.00
[0.039] 4

Medium: 15 [0.59]
< X <40 [1.58]

1.55
[0.062] 6

Large: X ≥40 [1.58] 2.35
[0.093] 8
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