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Effects of typical defects on TSV reliability under
thermomechanical loading

HE Jing, CHEN Long
(China Electronics Technology Group Corporation No.58 Research Institute, Wuxi 214000, China)

Abstract: In advanced packaging, silicon through-silicon vias (TSVs) face significant reliability
challenges under mechanical vibration and thermal stress loads. This study constructs three-dimensional
finite element models incorporating gradient void and crack defect ratios of 20%, 40%, and 60% to
systematically investigate the mechanical response of TSVs under random vibration and thermal cycling
conditions. Model validation is performed through thermal cycling experiments. Results demonstrate that
under random vibration loading, the equivalent stress at critical locations in void-defect models increases
significantly with higher void ratios, whereas crack-defect models exhibit no clear correlation between
crack ratio and stress response. Under thermal cycling, both void and crack defects induce elevated stress

levels that scale proportionally with defect ratio; furthermore, void expansion progressively intensifies and
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shows a positive correlation with contact impedance variation. Extraction of RLC parameters reveals that

void defect extension substantially increases the equivalent resistance of the TSV structure, thereby

degrading its electrical performance. Experimental results confirm that as the number of temperature

cycles increases, void defects in TSVs grow larger, exhibiting a positive correlation with changes in

contact resistance.
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Fig. 1 Schematic diagram of premature pore closure during the
electroplating filling process
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Fig. 2 Void defects at various ratios
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Fig. 4 TSV structure of a certain 3D packaging circuit
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Fig. 5 Defect model (a) defect-free model and its (b) geometric
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Table 2 Dimensional parameters of the TSV model

ZH A B a b c d

I fE/pum 100 30 10 200 30 2.5

22 4PFLIEEMERIE
Sy B AIE K438 FL7E B ) 3 R 7 A R A
SR, LTI S(b) TR (9 T BRI, #5 T 3x3
SRR TSV G544 (945 BROTHIRY, B8 R~ 280
MBS E— 2, SRR 125 C IREEIR .
ZERLNIE 6 TR . AR TRRZ, 3 L T4
2% SMI 19 45 4 7R 2 BN ST, Tiang 45 (R SE AR
W, Wi 25 R A% B R84 0, TSV-Cu 74 Ak el 4
b2 IV BURE S b R, PRV Ak DT L
WS 2 P 45 SRR, 3 AR AL I 2 A 1

K6 3x3 Hi[F TSV 45t A BRTEEAL (FLf7: MPa)
Fig. 6 Finite-element model of the 3%3 matrix TSV (unit: MPa)
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Table 4 Random-vibration simulation results
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Fig. 7 Random-vibration simulation stress contour (a) 20%
void; (b) 40% void; (c) 60% void; (d) 20% crack; (e) 40% crack;
(f) 60% crack
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Fig. 8 Boundary conditions for thermal cycling
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Fig. 10 Strain at the critical site for (a) void defects and (b)
crack defects
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