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Application of Moiré Interferometry to
Determine Strain Fields and Debonding

of Solder Joints in BGA Packages
Heng Liu, Member, IEEE, Cemal Basaran, Alexander N. Cartwright, and William Casey

Abstract—Moiré interferometry (MI) has proven to be a very
useful tool for testing the reliability of many different electronic
packages. Historically, MI has been used for monotonic thermo-
mechanical loading or steady-state conditions induced strain mea-
surements but never for fatigue testing. Interface failure of micro-
electronics devices is a significant concern in packaging since it
may cause a device to malfunction while in service. In this study,
solder joint fatigue mechanisms, and their interfaces, are experi-
mentally observed by means of a MI system. In addition, scanning
electronic microscopy (SEM) was extensively utilized to support
and document the MI observations. The combination of these two
techniques and the robustness of the MI system is shown to be effec-
tive for the determination of the failure mechanisms of electronic
packaging interfaces.

Index Terms—Fatigue test, interface reliability, microelectronic
packaging, moiré interferometry.

I. INTRODUCTION

DRIVEN BY trends toward miniaturization and
higher-levels of integration, the complexity of electronic

packaging grows every day. High reliability of assembled
components is critical to maintain final product quality. Ball
grid array (BGA) and fine ball grid array (FBGA) packages
are some of the most popular packaging choices in the micro-
electronics industry due to the ever shrinking device size and
increasing need for input and output. These packages continue
to be the technology of choice for both single and multi-chip
module products.

The Pb/Sn eutectic solder alloy, which is highly studied and
documented, is widely used as a joint material for BGA and
FBGA. It is well known that the dominant failure mode for
solder joints is low cycle thermal fatigue caused by mismatches
of the coefficient of thermal expansion (CTE) of the joined com-
ponent. Thermally induced stresses within a package can be at-
tributed to heat dissipation of high power densities during device
operation. Traditionally, the solder interconnects and interfaces
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Fig. 1. Temperature profile used in the thermal cycling of the FBGA packages.

have been evaluated in order to assess the overall reliability and
integrity of the package in question.

Although many researchers have studied thermal cycling,
until recently it was not possible to quantitatively measure
thermal plastic strains in a package during cyclic fatigue testing.
Due to their small size, traditional strain gauge technology for
measuring strains cannot be used for electronic packaging.

Recently there has been an increasing interest in experi-
mental analysis of solder joints and interfaces subjected to
thermo-mechanical loading. A Moiré interferometry system
developed in the UB Electronic Packaging Laboratory allows
the recording of inelastic strain accumulations for cycled
thermomechanical fatigue loading. Moiré interferometry
provides whole field maps of in-plane deformation contours
with sub-micron resolution. This technology also provides
valuable information on both normal and induced shear strain
deformation values. Such a capability is extremely useful
for studying the thermo-mechanical behavior of electronic
packaging structures. In this paper, the term MI system refers
to the entire process of testing including but not limited to
specimen preparation, optical diffraction grating replication,
measurement process and digital signal processing. The in-
elastic strain accumulation behavior of the package can be used
to evaluate the solder joint reliability of electronic package
because inelastic deformation is directly related to fatigue life.

Historically Moiré interferometry has been used to measure
the response to instantaneous and steady state temperature
change and various material properties but not for solder joint
fatigue testing [1]–[18], [20]–[22]. The Moiré interferometry
technology developed at the University at Buffalo Electronic
Packaging Laboratory allows measuring of the plastic strain
field in a package during fatigue testing up to and including
the failure point of the suspect area. The sensitivity of the
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Fig. 2. (a) Side view of specimen on fixture (b)Top view showing where the crosssection was exposed (not to scale).

technique is 0.417 m fringe. This experimental technique
allows for easy determination of failure mechanisms and allows
one to measure the plastic strain accumulation with micron
accuracy. Furthermore, the technique can be used to determine
the interfacial delamination point, along with the plastic strain
field as a function of thermal cycles.

The temperature profile used in the study reported here is
shown in Fig. 1, i.e., 0 C to 100 C with 15 min peak dwells
and a 15 C min ramp. A Thermotron Super AGREE thermal
chamber, which keeps a constant humidity of 60% during
the thermal cycling and has a temperature control accuracy
of C, was used as the environmental chamber. The test
was performed on five production quality FBGA specimens,
shown in Fig. 2, with each sample being thermally cycled up
to 100 thermal cycles. Before cycling, the Moiré interferom-
etry optical system was aligned for the initial field to ensure
baseline accuracy. During the testing process, each sample was
measured using Moiré interferometry after every 20 thermal
cycles.

II. MOIRÉ INTERFEROMETRY

The MI system used in this study has been described in de-
tail by Zhao et al. [20], [21]. The major advantage of MI is its
high sensitivity, high resolution, and the whole field view of de-
formation distribution of the specimen surface. In this process,

a cross-line optical diffraction grating with 1200 lines/mm is
replicated on to the specimen surface. It is essential to ensure
that the diffraction grating remains on the specimen through the
end of the testing process. A technique has been developed to
ensure this.

Specifically, the observed fringe pattern can be related to
in-plane strains quantitatively as given by Post et al. [14]

(1)

(2)

(3)

where is the horizontal fringe order and is the vertical
fringe order and is the virtual grating frequency. In this project,
the grating frequency is m.

The specific structure of the five FBGA packages studied in
this work is shown in Fig. 2. The package has a typical sandwich
structure. The component substrate is BT and the circuit board
is a high Tg FR-4 substrate. The package size is 13 15 mm
with 165. 0.64 mm 0.43 mm balls in the FBGA which has a
5.95 11.11 mm die attached. The solder balls are distributed
evenly in 11 rows with 15 joints in each row. The separation be-
tween neighboring joints is about 0.3 mm. The exposed cross
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Fig. 3. Fringes of whole field view (a) whole U-field, initial, (b) whole V-field, initial, (c) whole U-field, 100 cycles, and (d) whole V-field, 100 cycles.

section is on the ninth row. Eutectic solder joints constitute the
FBGA which connects the die to the circuit board. In order to
test the five samples in a consistent way, the sample boundary
conditions should not vary from one temperature cycle to an-
other for the same sample, and from one sample to another.
Furthermore, any test should replicate the actual service con-
dition (boundary conditions) as closely as possible. Based on
these considerations, a special fixture was designed to hold the
sample through the thermal cycling and Moiré analysis process.
The fixture is shown at the bottom of the sample in Fig. 2(a).

The specimen preparation for the Moiré interferometry
testing procedure follows similar steps as described in [20]
and [21]. Specifically, the sample was cut through the center
of a row of BGA solder joints utilizing a high-speed precision
diamond blade saw. The exposed cross section is then polished,
cleaned and dried. The optical diffraction grating replication
procedure as described by Zhao et al. is followed to transfer a
cross-line grating pattern onto the specimen cross-section.

Moiré interferometry is used to record the deformation
field. Typical resulting Moiré fringe patterns are shown in
Fig. 3(a)–(d) for the U-field and V-field respectively. The
overall accuracy of this Moiré measurement relies on the
proper establishment of the initial reference field. Moreover,
the optical system is protected from any disturbance and
adjustment during testing. In addition, a specimen position

register is designed to ensure that the specimen always occupies
the same optical space. A commercially available kinematic
platform is modified to add the functionality as a position
register as well as to serve as a specimen-positioning platform.
Two translation stages are used to facilitate the adjustment of
the initial position of the specimen on the optical table and to
insure adequate error tolerance. To ensure the accuracy of the
alignment and the specimen holder, the specimen was placed
and removed numerous times and each time the same optical
null field was obtained. The initial null field fringes resulted
from the imprecise location of the pin in the holding fixture.
The presence of these initial fringes does not affect the results
of this study.

Some typical fringes from the tests are shown in Fig. 3.

III. STRAINS ANALYSIS

Using the strain-fringe relations, given by (1)–(3), strain can
be calculated. For example, if the horizontal separation between
two adjacent fringes is 400 m in the U-field, the corresponding
axial strain is . Similarly,
the vertical distance between two adjacent fringes in the V-field
determines the peeling strain, and the summation of horizontal
fringe pitch in the V-field and vertical fringe pitch in the U-field
determine the shear strain. The thermally induced strains are the
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