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Abstract

By the trends of electronic package to be high performance and high integrative, build-up printed circuit
boards (PCBs) are required to be highly integrated circuits and highly reliable circuits. PCBs are subjected
to varying temperature and moisture exposures throughout whole their lives. This paper reports on the life-
time predictions of printed circuit boards under biased highly accelerated stress testing (HAST). In the fail-
ure analysis, it is found that porous Cu,O colloids and Cu dendrites were formed at anode (+) trace and
at cathode (-) trace, respectively. It is clear that the failure mechanism of the test legs is Cu corrosion, Cu ion-
migration, and Cu metallization between a couple of test traces. The median lives of the test legs were cal-
culated by the log-normal distribution. Based on the failure mechanism, the lifetime model for temperature
and humidity stress is assumed to be a modified Peck model. We obtained the lifetime’s equation using
the time to failure of the biased HAST, the median lifetime in the user condition was calculated as 19,321
years and 95% confidence interval (42876.9, 8706.7).
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Table 1 Pre-conditioning and sample size for each DOE

condition

Lee| " Gkt | (V| siecondiion| Remark

1 110 85 3.5 15 |Level 3 | Reference
2 120 85 35 10 | Level 3 [Temperature]
3 130 85 3.5 14 | Level 3 [Temperature]
4 130 90 35 15 |Level 3| Humidity
5 130 95 35 15 |Level 3 | Humidity
6 130 85 7 15 |Level 3| Voltage
7 130 85 10.5 15 |Level 3| Voltage

Temperature cycling test @ B condition
(-55~1257TC, 5 cycle)

\ 4

Baking
(125 C, 24hr)

¥

Temperature humidity test @ moisture sensitivity level 3
(60C /60%Rh, 45hr)

\ 4

Reflow
(260C, 3 cycle)

Fig. 2 Pre-conditioning sequence flow at moisture sensi-
tivity level 3%

(b)

Solder Dielectr

Item . . Trace
resist ic layer
Base Epoxy Epo Elle::.trop
materials & acryl Poxy ahng
Cu
Filler BaSO, .
materials & SiO, 8i0,
Thickness 21 m 20m 15pm

Dielectric material 13/m

Fig. 1 Optical micrographic image (a), materials information (b) and dimension (c) of a couple of test nets
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Fig. 3 Horizontal optical views for the failed samples after biased HAST; (a) Leg 1, (b) Leg 2, (c) Leg 3, (d) Leg 4,

(e) Leg 5, (f) Leg 6, and (g) Leg 7
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Fig. 4 FIB images and EDS profile of Leg 6 failed at 187.6h under biased HAST; (a) vertical view for a couple of test
nets and solder resist, (b) and (¢c) SEM images enlarged m and n in (a), and (d) and (e) EDS profile of yellow ar-

row in (b) and (c)
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Table 2 Observed and calculated median lives for log-normal distributions

Leg | Temp. (C) Izlol/in};ild) V(%vt)' Szr:;gle | .Observation | .Calculation
Median life (h) Rot Median life (h) Rc#
1 110 85 3.5 15 1196.8 1 1884.0 1
2 120 85 35 10 514.7 2.355 748.4 2.464
3 130 85 35 14 204.2 5.968 317.7 5.805
4 130 90 35 15 98.2 11.751 140.3 13.145
5 130 95 3.5 15 41.0 29.672 64.7 28.481
6 130 85 7 15 164.8 7.389 255.8 7.210
7 130 85 10.5 15 142.5 8.477 225.3 8.184
user 50 60 1.9 1.693x10°

+ Ro: Ratio of observed median life of Legs to that in Legl (110°C/85%Rh/3.5V)
¥ Rc: Ratio of calculated median life of Legs to that in Legl (110C/85%Rh/3.5V)
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Fig. 5 Log-normal plots for the Legs under biased HAST
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