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Abstract: Microelectronics components contain various materials with different coefficients of thermal expansion
(CTE). Although a large amount of published data on the CTE of standard materials is available, it occasionally
becomes necessary to measure this property for a specific actual material over a particular temperature range. A
change in the temperature of a material causes a corresponding change in the output of the strain gage installed
on the specimen because of not only the mechanical load but also the temperature change. In this paper, a
detailed technique for CTE measurement based on these thermal characteristics of strain gages is proposed and
its reliability is evaluated. A steel specimen, aluminum specimen, and copper specimen, whose CTE values are
well known, were used in this evaluation. The proposed technique was successfully applied to the measurement
of the CTE of a coreless package substrate composing of electronics packages.
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Fig. 1 Thermal output variation with temperature
for several strain gage alloys®™
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Steel specimen(SCM4) Al specimen(2024-T4)

Fig. 2 Specimens with strain gages

Fig. 3 Experimental setup for measuring thermal strain
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Table 1 Coefficients of thermal output of the CEA
type strain gages

CEAO06 (steel) |CEA13 (aluminium)
Coefficient| MM, Inc |Experiment MM,Inc |[Experiment
ap -111 -44.6 -53.5 -4.25
a 6.29 3.04 3.39 0.796
a -0.0778 | -0.0499 | -0.056 0.0223
a3 0.00023 | -0.00018 | 0.00021 | 0.00012
ay 0.00000 | 0.00000 | 0.00000 | 0.00000
100
50
E o
5 50
c -100
g -150
9 200
—&— Measured strain
250 —0— Thermal output strain
-300

20 40 60 80 100 120 140 160 180
Temperature (°C)

Fig. 4 Thermal strain variation measured by the
steel strain gage(CEA06) attached on steel
specimen(SCM4)
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Fig. 5 Thermal strain variation measured by the
aluminium strain gage(CEA13) attached on
aluminium specimen(Al2024)
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Fig. 6 Thermal strains of SCM4 and 2024-T4
measured by steel strain gage(CEA06)
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Fig. 7 Thermal strains of SCM4 and 2024-T4
measured by aluminium strain gage(CEA13)
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specimen determined by Eq. (9)
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Fig. 9 Coefficient of thermal expansion of the 2024-T4
specimen determined by Eq. (9)
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