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Thermal Strain Measurement on Electronic Packages
Using Digital Image Correlation Method
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An effective strain measurement system for small region in electronic packages using digital image correlation
method (DICM) was developed. The accuracy of measurement using the DICM was affected by the distortion of cap-
tured images. An error correction method using a piezo-stage was proposed to improve the accuracy of the DICM.
The measured distribution of thermal strain in a print circuit board accurately correlated to the macroscopic warpage
measured by a laser displacement meter. It proved the accuracy of the measured strain. The distributions of thermal
strain in chip embedded print circuit boards were measured using the DICM. The measured distributions of strain
qualitatively corresponded with those calculated by the finite element method.
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Fig.1 Coordinate system and subset models.
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Fig. 2 Schematic diagram of a measuring system.
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Fig. 3 Distributions of measured displacement for a
rigid body movement using a piezo-actuated stage.
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Fig. 5 Distribution of the distortion of a captured image.
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Fig. 6 Configuration of a print circuit board (PCB).
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Fig. 7 Variation of the curvature of a PCB specimen
with temperature.

Table 1 Temperature histories for the DICM measurements
of a PCB specimen.

Temp. history Reference Deformed
A 73.4°C 19.7°C
(Stress free temp.) (Room temp.)
B 73.4°C 138.3°C
(Stress free temp.) (Lower than T};)
C 73.4°C 168.5°C

(Stress free temp.) (Higher than T;)
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Fig. 11 Schematic of a chip embedded board.
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Fig. 13 Analysis model for the finite element method.

Table 2 Material properties of materials in a chip embedded

board.
v T e
(GPa)

Cu 25.2 0.343 16.5

Resin A
higher filler content 8.48 03 348
fower filler content 5.30 0.3 70.5
Resin B 4.00 0.258 433
Resin C 6.40 03 57.0
Resist 3.31 0.3 373
Si 112 0.28 2.49

CTE: Coefficient of linear thermal expansion.
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Fig. 14 Distribution of strain around the corner of Si chip measured by DICM.
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Fig. 15 Distribution of strain around the corner of Si chip calculated by FEM under plane stress condition.
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