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Abstract: By the trends of electronic package to be smaller, thinner and more integrative, organic printed circuit board
is required to be finer Cu trace pitch. This paper reports on a study of failure mechanism for PCB with fine Cu trace
pitch using biased HAST. In weibull analysis of the biased HAST lifetime, it is found that the acceleration factor (AF)
of between 135°C/90%RH/3.3V and 130°C/85%RH/3.3V is 2.079. A focused ion beam (FIB) was used to polish the cross
sections to reveal details of the microstructure of the failure mode. It is found that Cu,O/Cu(OH), colloids and Cu dendrites
were formed at anode (+) and at cathode (—), respectively. Thus, this gives the evidence that Cu dendrites formed at cathode
by Cu?* ion migration lead to a short failure between a pair of Cu nets.
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Fig. 1. Biased HAST system (a) consists of auto measurement
system and HAST chamber, and specimens (b) for biased.
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Table 1. Target space between two nets, biased HAST condition and sample size for each DOE condition

Sample condition

Test condition

Space between two nets Temperature (°C)

Relative humidity (%)

- Sample size
Applied voltage (V)

130
135

13 pum
13 pm

85
90

33
33

1 pair of nets/unit x 15 unit

wlo]l 22 A= @ 7| A EFE]A] A|227 A|1E (2015)
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Fig. 2. In-situ resistance plots of each specimen during 130°C/85%RH/3.3 V applied HAST test.
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Fig. 3. Weibull plots of specimens with 13 pm spacing as a func-
tion of biased HAST conditions. Red line and black line
represents 135°C/90%RH/3.3V and 130°C/85%RH/3.3V
biased HAST condition, respectively.
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Fig. 4. Plane view optical images of specimen after 130°C/85%RH
/3.3V biased HAST test for 278 hrs: (b, ¢, d) optical images
are magnified in (a).
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Fig. 5. Vertical view optical images (a, b), EDX Cu element
mapping images (c, d), and SEM images (e, f) of specimen
after 130°C/85%RH/3.3V biased HAST testing for 48 hrs
(a, ¢, e) and 278 hrs (b, d, f): (c, d) are analyzed in
rectangular area of (a, b) using EDX. (e, f) are magnified
in 1 and 2 area of (c, d).
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Fig. 6. Plane view optical image (a), FIB image (b), and magnified FIB images (1, 2, 3) of specimen with 13 pm spacing after 135°C/
90%RH/3.3V biased HAST testing for 211 hrs: White line between two nets (+ and —) in (a) was etched by FIB, and 1. 2. 3

FIB images are magnified in (b).
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Fig. 7. Vertical view FIB images (a) are magnified in near cathode in Figure 5 (1): (1, 2) are magnified in (a), and EDX analysis (b) is
analyzed in (3).
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Fig. 8. Vertical view FIB images (a) are magnified in near anode in Figure 5 (3): FIB image (1) is magnified in (a), and EDX analysis
(b) is analyzed in (2).
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Fig. 9. High resolution SEM image is magnified in Figure 7 (3):
Cu,O/Cu(OH), and SiO, are observed in this image.
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Fig. 10. Schematic of reaction and reaction products for organic
printed circuit board during biased HAST test.
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