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Degradation and Failure Analysis of Lead-free Silver Electrodes
with Thermal Cycling
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Abstract

Silver pastes as the outer electrodes have been prepared using Pb-free glass frits with different
content of BizOs and the effects of glass composition on the degradation behaviors of the Ag electrodes
were investigated using the change of adhesion between Ag electrode and alumina substrate with
thermal cycle stress. Low adhesion and high surface resistance were observed in Ag electrode using
glass frit with a Bi2Os content of 60 wi%, owing to the open microstructure formed at the firing
temperature of 600 °C. When the BizOs was increased to 80 wt% in the glass frit, the Ag electrodes
had a dense microstructure with high adhesion and a low surface resistance. Delamination of the Ag

electrodes was a major failure mode under thermal cycle stress and this was attributed to residual
stress due to the thermal expansion mismatch between the Ag electrode and the alumina substrate.
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Fig. 1. Fabrication procedure for lead-free glass

frit.
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Table 1. Main composition of lead-free glass

frit,

components
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A 60 9.2 3

B 70 7 11

C 80 6
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Fig. 2. Characteristics of lead-free glass frits
with various Bi2Os contents.
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Fig. 3. Surface and cross-section micrographs

of lead-free silver electrodes fired at

600 TC: (a) 60 wt% Bix0s;, (b) 70 w%
Biz0s, and (c) 80 wt% Biz0s.
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Fig. 4. Electrical
electrodes with BizOs.
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Fig. 5. Photographs after adhesion strength test
: (a) 60 wt% Biz0s, (b) 70 w% BizOs,
and (¢) 80 wt% BizOs.
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Fig. 6. SEM photographs for cross section of
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(a) before and (b) after thermal shock
cycle test.
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Fig. 7. Weibull plots on failure data of thermal
cycle test for AT=155 TC; (a) 60 wtd%
Biz0s, (b) 70 w% Bi20O3 and (c) 80 wt%
Bi:0Os.
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Table 2. The results of Weibull analysis for
thermal cycling test.

sample JAusy | 549 | HEFD
(hrs) (hrs)
60 wt2%-Biz:0s3 1.848 110 98
70 wt%-Bi2Os 2.902 201 180
80 wt%-Bi203 3.327 121 108
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