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Three-dimensional (3D) structure with through silicon via (TSV)
technology is emerging as a key issue in microelectronic packag-
ing industry, and electrical reliability has become one of the main
technical subjects for the TSV designs. However, criteria used for
TSV reliability tests have not been consistent in the literature, so
that the criterion itself becomes a technical argument. To this end,
this paper first performed several different reliability tests on the
testing packaging with TSV chains, then statistically analyzed the
experimental data with different failure criteria on resistance
increasing, and finally constructed the Weibull failure curves with
parameter extractions. After comparing the results, it is suggested
that using different criteria may lead to the same failure mode on
Weibull analyses, and 65% of failed devices are recommended as
a suitable termination for reliability tests.
[DOI: 10.1115/1.4032932]

Keywords: TSV (through silicon via), reliability criterion, 3D
packaging

1 Introduction

Through silicon via is a key technology for the 2.5D and 3D
electronic packaging since it has a number of the advantages,
including shorter electrical connections, reduced form factor,
higher density, lower power consumption, and the capability of
heterogeneous integrations. Despite these improvements, an accu-
rate and efficient reliability analysis methodology on TSV struc-
tures is needed before the new technology can be widely applied.

A testing sample is recorded as a failure once the criterion con-
dition is met during the reliability tests. Although various criteri-
ons may lead to wide variation in results, packaging reliability
tests with different criterions were found from the literatures and
the industrial standards. For example, the failure criterions for
direct current electrical reliability measurement used in a single
conference included relative resistance change at 5% [1], 10%

[2–6], 15% [7,8], 20% [3,9–11], or a resistance threshold [12]. Af-
ter reviewing typical TSV reliability paper, it was interesting to
note that a large variety of criterions were used in the literatures
[13–21]. A survey on industrial standards also indicated different
failure criterions for electrical reliability tests. For example, IPC
9701A takes 20% nominal resistance increase as the criterion
[22], but many of the JEDCE standards state that a sample is fail
if parameter limits are exceeded or functionality cannot be dem-
onstrated [23–29]. Furthermore, different criterions such as 5%
[30], 10% [31], and 20% [31–33] of resistance change or a spe-
cific resistance value [31,33] are also found in JEDEC standards.
Different requirements from the industrial standards and experi-
mental time consideration are believed to be the reasons why a va-
riety of criterions were employed in the literature.

It is observed from the aforementioned literature survey that many
different criterions were used for packaging reliability tests, but the
10% and 20% were the most popular ones. Reasons for using a spe-
cific criterion were hardly found in the literatures, except the 10% of
relative resistance change used by Frank et al. [15] since they
claimed that circuits are generally designed to work with a maximum
10% on resistor-capacitor delay. Furthermore, Pan explained why
20% resistance increase is a reasonable criterion for their experi-
ments according to the control chart theory by considering size and
material properties of their test samples [34]. To study the effects of
criterion itself on TSV structures, several reliability tests on packag-
ing with TSV chains were performed, and the experimental data
were statistically analyzed through different but commonly used cri-
terions on resistance increase. Comparisons of the analysis results
will be discussed next after Weibull parameter extractions. Accord-
ing to the experimental data, this paper finally investigates a suitable
duration for a reliability test.

2 The Experiments and the Weibull Reliability Model

The test samples (which is 2.9 mm� 2.9 mm flip chip TSV
packaging with 300 lm leadless solder balls) for our experiments
are the daisy chain (via chain) of the TSV structures with 14 vias,
as the sketch presented in Fig. 1. The via diameter for the TSV is
60 lm and the total resistance for a via chain is about 7 X. To con-
struct current paths through the TSV chain, test chips for current
bias tests were mounted on a self-design, FR-4 printed circuit
board (PCB) as shown in Fig. 2. For nonbias testing samples, pre-
conditionings process to simulate PCB mounting was performed
so that both bias and nonbias samples are comparable. To resolve
a low resistance change on test samples, four-point-probe method-
ology with an Agilent 4156 C Precision Semiconductor Parameter
Analyzer was used [32]. To avoid thermal effect, resistances were
measured at room temperature (25 �C).

Figure 3 is the flowchart for the experimental procedure. In this
study, the initial resistances of the test samples after PCB mount-
ing or preconditioning were first measured as the baseline for the
followed experiments, and the reliability tests include the temper-
ature humidity cycling test (THCT), biasing thermal aging test
(BTAT), and biasing thermal cycling test (BTCT). Table 1 lists
the specifications of the tests.

In this study, the commonly used 5%, 10%, 15%, and 20%
resistance increase were employed as the failure criterions to per-
form reliability analyses after the experiments. Weibull

Fig. 1 The via chain structure [4]
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parameters were next extracted from the reliability data according
to the two-parameter Weibull distribution function

F tð Þ ¼ 1� exp � t

g

� �b
" #

(1)

where F(t), b, and g are, respectively, the cumulative failure rate,
the shape parameter, and the scale parameter (or characteristic
lifetime parameter since it is the time for 63.2% sample fail). In

addition, b< 1 and b> 1 indicate that the failure rate decreases
(i.e., “infant mortality”) and increases (i.e., “aging” or “wear out”)
with time, respectively. The WEIBULLþþ software (version 6) was
used for parameter extractions through data fitting, and the
strength of the fittings was checked through the correlation coeffi-
cients (q) calculated from fitting.

3 Results and Discussion

3.1 The THCT. Resistances increasing with time were moni-
tored from testing samples during the experimental process (not
show) due to the formation and growth of defects. However, indi-
vidual sample behaviors were found so that each sample reaches a
criterion at a different time. After the experiments, the relation-
ships between time and the cumulative failure rate, which is
defined as the number of the failed devices over the total device
number after preconditioning, were plotted. Figure 4 illustrates
the reliability experimental results for the test based on different
relative resistance change as the failure criteria. From Fig. 4, it is
observed that the failure rates increased with time, but the increas-
ing rates reduced with the criteria.

Figure 4 basically shows increasing failure at a decreasing rate
as time increases, and Fig. 5 plots the extracted Weibull parame-
ters, respectively, for the 5%, 10%, 15%, and 20% criterions
according to the data in Fig. 4. All of the correlation coefficients
(q) for the fitting were larger than 0.97, so that the fitting results
are good enough. From Fig. 5, it is observed that the shape
parameter (b) distributions are extremely close with 2.5% maxi-
mum differences, and all of the values indicate wear-out failure
modes. It is noted from Fig. 5 that the scale parameter (g) for the
experiments is approximately linearly rising with the percentage
of the criterions.

3.2 The BTAT. Similar as the THCT results, sample resistan-
ces for BTAT were increasing but with individual behaviors.
Furthermore, resistances of the testing samples increased more
rapidly at the first 5% but the increment became slower afterward.
Consequently, the 5% curve increases much faster than the others.
Figure 6 plots the results for the tests. Similar to Fig. 4, Fig. 6
shows smooth curves with increasing cumulative failures. Note
that the cumulative failures for the 15% and 20% curves are the
same between 120 hrs and 150 hrs because resistances of the failed

Fig. 2 Setup for the biasing tests

Fig. 3 The experimental flowchart

Table 1 Specifications of the reliability tests

Test Condition Number of samples R.S.I. (hr) Standard

THCT 8-hr cycle, 30–85 �C temp. range, 95% RH 90 80 JESD22-A100C [23]
BTAT 125 �C storages temperature 53 10 JESD22-A108C [28]
BTCT 2-hr cycle with 0–100 �C temperature range 43 20 JESD22-A104D [26]
Biasing 2� 104 A/cm2 of current density 53þ 43 JEP 154 [31]

Note: RH—relative humidity and R.S.I.—resistance scan interval.

Fig. 4 Reliability test results for THCT
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samples increased more than 20% during the time period. This
phenomenon might imply the appearance of the second physical
failure model.

Figure 7 plots the extracted Weibull parameters from different
failure criterions, and all of the correlation coefficients (q) for the
fitting are larger than 0.95. It is observed that the shape parameters
(b) imply wear-out failure modes, and the data distribution is
close (in the range of 1.66 6 8%). Similar to Fig. 5, it is interest-
ing to note that the scale parameters (g) for the experiment are
also a linearly rising profile.

3.3 The BTCT. Figures 8 and 9 are the results for the BTCT,
and an abrupt increase at the beginning of fail (120 hrs) is
observed in Fig. 8, especially for the 5% and 10% curves. How-
ever, the 20% curve has a totally different shape from the others
since the failure rate increased slowly at a later lifetime. This is
because the sample resistances reached 5% and 10% in a relative
short period (respectively, at 120 and 140 hrs), but it took a
longer time for the resistance to reach the 20% criterion. It is also
interesting to note that the biasing samples (BTAT and BTCT)
have shorter failure times than the nonbias THCT samples due to
electromigration effect. Consequently, it is concluded that current
bias is a strong factor for TSV unreliability.

Excluding the extremely large shape parameter for the 5%
result which was derived from three-point fitting only, data in
Fig. 9 imply wear-out failure modes, and the scale parameter (g)
for the experiments is also approximately linearly rising. The cor-
relation coefficients (q) for the fitting are larger than 0.94, except
the 0.84 from the 10% criterion.

To sum up, it is found that different criteria may lead to differ-
ent shape parameters if there is an abrupt increase in accumulation
of failure. In addition, the linear g versus criterions for the three
experiments in this section is believed due to the average effect
from the samples. That is, although each sample has its individual
life-resistance record, the average behavior of a group of samples
reveals a roughly linear relationship between g and the criteria.

Furthermore, different slopes of the linear fitting lines on g may
imply different acceleration factors for the environmental condi-
tions, and the intercepts of the g curves may be explained as the
time of the dominate failure mode initiation.

3.4 Weibull Parameters From Different Percentages of
Failed Devices. A reliability test is generally a time-consuming
procedure so that the efficiency can be improved if a suitable ter-
minating time for the experimental process has been chosen. To
this end, JEP 154 standard recommended that each leg of the test
should be continued until at least 65% of the test devices have
failed [31], and testing 63% of failure is preferred in IPC-9701A
standard, although 50% is acceptable [22]. Consequently, it is
interesting to found the differences on the extracted Weibull
parameters if the aforementioned experiments on TSV were termi-
nated in an earlier time.

Tables 2 and 3, respectively, compare the extracted b and g
parameters with the results in Secs. 3.1–3.3 (rows marked as
“Previous”) if the experimental processes stopped when 65% of

Fig. 5 Extracted Weibull parameters from the results in Fig. 4

Fig. 6 Reliability test results for BTATs

Fig. 7 Extracted Weibull parameters from the results in Fig. 6

Fig. 8 Reliability test results for BTCTs

Fig. 9 Extracted Weibull parameters from the results in Fig. 8
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devices and 50% of devices were failed, respectively. Note that
the previous parameters are extracted from the dataset with at
least 80% of devices were failed, except the 20% criterion from
BTAT. Due to rapidly increasing failure rates at the beginning of
fail, BTCT data in columns mark with “�”were not reliable
because the parameters were derived from only two or three point
fitting. After comparing data in the tables, it is found that parame-
ters derived from larger failed percentage lead to better results,
but the differences between b parameters are mostly limited so
that similar conclusions may be proposed on the Weibull failure
modes. However, linearity profiles on g were missing as the termi-
nal failure percentages are reducing. This is because the average
effect deteriorates as the failure data were obtained from fewer
samples, which are relatively weak.

In summary, it is recommended that 50% of failed device is the
minimum requirement to terminate a reliability test on TSV pack-
aging, and the 65% of failed device requirement by the standards
is a reasonable demand for the reliability tests.

4 Conclusion

According to the experimental data through reliability tests on
TSV chains, different failure criterions on relative resistance
change were employed to statistically investigate the sample
behaviors through the extracted Weibull parameters. The follow-
ing conclusions are found based on the parameter analyses:

(1) Although different failure criterions were used, the
extracted shape parameters for a reliability test are not far,
so that the same Weibull failure mode will be conducted if
the failure curve does not increase abruptly.

(2) The extracted scale parameters are approximately linearly
increasing profiles with the percentage of the failure
criterions.

(3) A reliability test shall not terminate if less than 50% of the
devices has been failed, and 65% of failed devices are rec-
ommended to be a suitable duration for a reliability test.
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