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Abstract: This paper shows quantitative reliability evaluations of a Bluetooth module through extending
previous qualitative methods limited to structure reliability tests and solder joint reliability tests for
Bluetooth modules. Accelerated Life Testing (ALT) of the modules using temperature difference in
temperature cycling as an accelerated stress was conducted for quantitative reliability evaluation under
field environment conditions. Lifetime distribution parameters were estimated using the failure times
obtained through the ALT, and then Coffin-Manson model was implemented. Results of the ALT showed
that the failure mode of the modules was open and the failure mechanisms are both crack and
delamination. The ALT reproduced the failure mode and mechanisms of failed Bluetooth modules
collected from the field. Further, a quantitative reliability evaluation method with respect to various
temperature differences in temperature cycling was proposed in this paper. Bq lifetime of the module for
the temperature difference 70°C using the proposed method would be estimated as about 4 years.

Keywords: Bluetooth module, Crack, Delamination, Lifetime evaluation, Accelerated Life
Testing(ALT), Coffin-Manson Model
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(a) Photo view of Bluetooth module

Surface mount

crystal Input/output line
Smgle-chip radio
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(b) X-ray Radiography
Fig. 1. Structure of Bluetooth module.

Table 1. Bluetooth module specification

[tem Range
Input Voltage 0.4V-~4.2V
Output Voltage 2.7V~3.0V
Operating Current 4.0 mA
Operating Temperature -20°C~105°C
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Fig. 2. Failure images of Bluetooth module in the field.
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Fig. 3. FTA for Bluetooth module.
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(b) Matrix 2 — Test Method

Fig. 6. Samples in the thermal shock chamber.

Bluetooth module

Inpuﬂ()uut terminals

Fig. 7. Test apparatus to check failure in Bluetooth module.
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