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Reliability Estimation of High Voltage Ceramic Capacitor
by Failure Analysis
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Abstract This paper presents a result of failure analysis and reliability evaluation for high voltage ceramic capacitors. The
failure modes and failure mechanisms were studied in two ways in order to estimate component life and failure rate. The
causes of fallwe mechanisms for zero resistance phenomena under withstanding voltage test in high voltage ceramic
capacitors molded by epoxy resin were studied by establishing an effective root cause failure analysis. Particular emphasis
was placed on breakdown phenomena at the ceramic—epoxy interface. The validity of the results in this study was confirmed
by the results of accelerated testing. Thermal cycling test for high voltage ceramic capacitor mounted on a magnetron were
implemented. Delamination between ceramic and epoxy, which might cause electrical short in underlying circuitry, can occur
during curing or thermal cycle. The results can be conveniently used to quickly identify defective lots, determine Bio life
estimation each lot at the level of inspection, and detect major changes in the vendors processes. Also, the condition for
dielectric breakdown was investigated for the estimation of failure rate with load-strength interference model.
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Fig.? Flowchart of failure analysis
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Fig. 4 Construction of a HV ceramic capacitor

Table 1  Failure criteria for test sample and test
results
) ) Drift
: Drift Drift !
Failure Mode I : Insulation
Capacitance tané resistance
#1 82 uF 398 Short
) #2 258 uF 716 Short
Failed
#3 176 uF 655 Short
Sample
# 195 uF 820 Short
#5 977 uF 1461 Short
More than More More than
Failure +35% drift than 10,000 mega
Criteria from the initial 001 tan & ohm insulation
value ) resistance
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Fig. 5 X-ray image of bumnt component. Arrow at right
indicates area where epoxy charred
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Fig. 6 Optical photograph of a failed sample cross—
section showing cracks along the ceramic surface
and combustion of epoxy resin

Table 2 TGA results generated on cured epoxy resin

Contents Epoxy | Epoxy |l
Dgcomposmon 257°C 327°C
Transition Temperature
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Table 3 TMA resulis for cured epoxy and ceramic

Contents Epoxy | Epoxy 11 Ceramic

Glass Transition
Temperature(TyC)

CTE Before Tq 47 65 8~10
((m/mC) | After T, 148 160 -

51 39 N.A.

DSCE Age] Fol, A 2 FIeE 4
T de AHloltk AR vAEsE Hdwge dg
Axgtozd ARE 4 9lvk DSCE gk dlFA X
Alxele] Aghte-g sl 9y AR Holgoi{17].
TAAF DSC2010& AMHg3te] 43t ol EAl A9 feld
o].QE_E_ z;%a_oﬂx;} Smg xh:o ;\1.37]. ;zl/\ H_c‘zp]oﬂ
A A2RE A4 1605704 10T/ mine s A4S

NArBEE AFFE(acid anhydride) 22 44 100%
oA BAZFESr AslE DGEBA(diglycidyl ether of
bisphenol A) Z#]E2]n] A FA] 2|71 ARSI

mlm m%

Heat Flow (Wig)

0 120 140 160
Tempereture (°C) Universel V2.3¢

Fig. 7 DSC curves for isothermal cure of DGEBA with

acid anhydride

for epoxy |
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Fig. 8 DSC curves for isothermal cure of DGEBA with
acid anhydride for epoxy
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Table 4 Porosity and density results

Absolute density
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Open porosity
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Fig. 9 SEM photograph of momhology of ceramic
outer surface(2500X)

Fig. 10 SEM photograph of morphology of ceramic
inner surface(2500X)
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Fig. 11 Opftical photomacrograph showing a sample

failure due to arc tracking
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Fig. 12 Optical photomacrograph of an overstress site Elele 747 2oz MAsriy oA
in a ceramic capacitor, resulting in localized
dielectric  breakdown. Fracture surface of a
sample failed after withstanding voltage test.
Failure analysis on these sample revealed that
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Fig. 13 Thermal cycling life distribution of HV ceramic
capacitor resulting from TC test
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Fig. 15 Field cumulative failure distribution of HV ceramic

capacitor
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Table 5 Normality test results

Manufacturer | Strength | Load Remarks
P Value
A 0.188 0.078 More than 0.005

Table 6 Estimated mean and variance for a HV
ceramic capacitor
Distribution Strength Load
Number n=10 n=10
Mean(X) 3200 5.66
Variance(S”) 7174 0.038
265 <u< 385 b5 =u<5h8
pog/tljle;?or?(f ) (Student t (Student t
distribution) distribution)
Variance of, | 339 <o®< 239 0018 <o°< 0.12
population(o) {Chi-square (Chi-square
distribution) distribution)

Table 7 Estimated reliability for a HV ceramic capacitor

Manufacturing A
SM(Safety Margin) 312
R(Reliability) 0.99902
Failure Rate 0.098 %
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