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Design of evaluation system for electromigration lifetime of
through-silicon via

Zhang Liting' Gong Tao'® Chen Si* Zhou Bin®* Lu Xiangjun'
(1. School of Material Science and Engineering, Xiamen University of Technology,Xiamen 351024, China;
2. Science and Technology on Reliability Physics and Application of Electronic Component Laboratory, The Fifth

Electronics Research Institute of the Ministry of Industry and Information Technology,Guangzhou 511370, China)

Abstract: The evaluation of electromigration lifetime of through-silicon via in 3D packaging often requires multiple
equipment and instruments to cope with different test requirements, which not only increases the complexity, but also
may introduce uncertainties. The LabVIEW was conducted as the upper computer, the programmable controller and
industrial personal computer were used as the core control unit, and the lifetime evaluation system of TSV
electromigration was developed by combining the precision power supply, high-precision multimeter, relay array, and
sample connecting terminal, so as to ensure the accurate acquisition and monitoring of the key parameters. With the aid
of the developed evaluation system for electromigration lifetime of TSV, the characteristic failure properties of TSV
were analyzed under different electrical stresses (1X10°.5X 10" and 1X10° A/cm®) and temperature stresses (25°C .
50°C and 75°C) by carrying out the accelerated electromigration lifetime tests on dual-via TSV samples. The
experimental results show that at the same temperature, the higher the current, the faster the TSV samples fail. The
failure time of the samples at the current density of 1>X10° A/em” at 25°C is about 56. 2 h, while it is only 10. 5 h at
1X10° A/em®. When the current is the same, the higher the temperature, the faster the TSV samples fail, and the
failure time decreases as the temperature is increased from 25°C to 75°C by about 64.9%. The characteristic failure
time of the TSV samples is obtained based on their failure time, and the Black lifetime model of TSV electromigration
and its parameters are obtained through design algorithms, with E, =0. 672, n=0. 665 825, and A=6.089 9X10 '*,
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Table 2 Data table of Weibull distribution
S5 4 KRB E] /s RBAHL B R4 BIFRBEF Lnl —Ln(1—F)] Ln/t
41 885 1 1 0. 33 —0.915 1 10. 642 7
1% 47 398 1 2 0. 66 0.075 8 10. 766 3
23 695 1 3 1 2.443 4 10. 073 0
29 221 1 1 0. 33 —0.915 1 10. 282 6
2% 179 688 1 2 0. 66 0.075 8 12.099 0
19 232 1 3 1 2.443 4 9. 864 3
268 412 1 1 0. 33 —0.915 1 12.500 3
RE= 284 367 1 2 0. 66 0.075 8 12.558 0
54 066 1 3 1 2.443 4 10. 898 0
75 308 1 1 0. 33 —0.915 1 11.229 3
4% 31 144 1 2 0. 66 0.075 8 10. 346 4
91 109 1 3 1 2.443 4 11.419 8
28 857 1 1 0. 33 —0.915 1 10. 270 1
5% 8 817 1 2 0. 66 0.075 8 9.084 4
41 885 1 1 0. 33 —0.915 1 10. 642 7
Fz 3 54 TSV # & T 545 4E K BT 1E system and heterogeneous integration with TSV

Table 3 Mean characteristic failure time for 5

groups of samples

il 14 2% 3 44 5#

FRAE 9 5%
X 41 304 117 417 218 202 37 878 2 616
i) /s
4 % it

A2 T REAE [ M 2 A FE L 1 TSV LI B 75 i i
ROV 2R GE . R o R BE B U B T RORS 25 L IR TSV
RO A% A b R TR 5 R O A S B S RO AT R R A AR
il 5 38 2 IR S 4k RS232 5L 8L T LabVIEW 5 PLC. HR
H T T RO 25 P JR A A5 4, SR T B ALY 2 R
BRI W DU R 2 . HE T A i TSV LT 75 An iR AN &
45 T e 7 XGHE AL TSV HL i 78 % iy il 46, SR A 2R 73 A
B R PR AT 2 T TSV AR S e A 8] B IS, g I BE R
FIFAF T MR AE R R ) A &R GE 1Y 75 A B0 iR 5
THRSHG A I T AR S 1 TSV ;LT Black 7 fiy
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