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Abstract

A Dbendable electronic module has been developed for a mobile application by using a low-cost roll-to-roll

manufacturing process.

In flexible embedded electronic module, a thin silicon chip was embedded in a

polymer-based encapsulating adhesive between flexible copper clad polyimide layers. To confirm reliability
and durability of prototype bendable module, the following tests were conducted: Moisture sensitivity level,
thermal shock test, high temperature & high humidity storage test, and pressure cooker tester. Those
experiments to induce failure of the module due to temperature variations and moisture are the experiment
to verify the reliability. Failure criterion was 20% increase in bump resistance from the initial value. The
mechanism of the increase of the bump resistance was analyzed by using non-destructive X-ray analysis
and scanning acoustic microscopy. During the pressure cooker test (PCT), delamination occurred at the

various interfaces of the bendable embedded modules.
diffusion analysis was conducted to the pressure cooker’s test.

To investigate the failure mechanism, moisture
The hygroscopic characteristics of the

encapsulating polymeric materials were experimentally determined. Analysis results have shown moisture
saturation process of flexible module under high temperature/high humidity and high atmosphere conditions.
Based on these results, stress factor and failure mechanism/mode of bendable embedded electronic module
were obtained.
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Fig. 1 (a) Photograph of developed bendable electronic
module and (b) the illustration of its cross
sectional structure

426

Table 1 Test conditions of reliability assessment
for bendable modules

Test Conditions

(MSL 3 level) Baking 125 C, 24 h — 30 C,
60% RH, 192 h — Reflow (260 C, 3 times)

TS -55 /10 min. ~125 C/10 min. , 500 Cycles
HTHH 85 T, 85% RH, 96 hrs
PCT 121 C, 100% RH, 2 atm, 96 hrs

Test Item

MSL

temperature high humidity storage test, HTHH),
271 E (pressure cooker test, PCT)E 43§}
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e AT
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X-ray H|#g]E4e X-TEKAFS] Revolution ZdE o]
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Fig. 2 &7\ %, €34, 1e1s d8la 1

Table 2 Resistance variation of bendable module

Tests Before (2) After (Q) Variation
MSL 22.49 23.16 2.95%
TS 22.77 23.06 1.28%
HTHH 22.80 22.83 0.14%
PCT 22.55 ) 26.89 > 20%
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Fig. 2 Photographs of X-ray analysis of bendable
modules after reliability test: (a) MSL,
(b) TS, (¢) HTHH and (d) PCT

Fig. 3 Photographs of scanning acoustic microscopy
analysis of bendable modules after reliability
test: (a) MSL, (b) TS, (¢) HTHH and (d)
PCT
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Fig. 4 Cross-Sectional micrographs of bendable
electronic module after various reliability
test: (a) MSL, (b) TS, (¢) HTHH and (d)
PCT
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Fig. 5 Moisture absorption content behavior with
absorption time
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Table 3 Maximum moisture absorption content of
bendable module with relative humidity

at 85 C
Temperature 85 T
Items
Humidity 85% RH 95% RH
Absorption Max. Content
(%) 1.306 1.547
Mmst}lre Sa@uratlon 30 30
Time (min.)
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Fig. 6 Fish Born analysis of delamination mechanism of bendable electronic module
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