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Study on Effect of Annealing Process on Thermo-Mechanical
Reliability of Cu Through Silicon Via (TSV) Structure
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Abstract: In this paper, a finite element analysis method was used to study the influence of
annealing process on the thermo-mechanical reliability of Cu through-silicon via structure.
Firstly, the processing technology of TSV structure with polyimide (PI) dielectric layer was
introduced. Then, Von Mises stress distribution and Cu protrusion height of TSV structure,
which used PI and SiO, as the dielectric layer respectively, were compared under 400 °C for
30 min. On this basis, the parameters of PI-TSV were analyzed further, including size
parameters of TSV (the thickness of dielectric layer and TSV diameter, height, pitch) and
annealing process parameters (annealing temperature and time). The results show that,
compared with SiO,-TSV, PI-TSV structure possesses better thermo-mechanical reliability after
annealing, and it is an effective method for the Cu protrusion height and thermal stress reduction
to appropriately increase the thickness of PI dielectric layer.
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Fig. 1 The diagram of 3D integrated system

based on TSV structure
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Fig. 2 The process flow of PI-TSV structure



% 5

THHEE B KT X T TSV S5 1 $-HUAR AT 5 1 52 i BF 5% 521

LR HE L 7 00 R R S 0 AR — 2 T 28 A B A i
2 B e BT AR AL B TR T2 AR AT LS5 3L
BRL1S5 ] 5 S5 4 8 7 A B R A8 U0 AL BHL 3% 2 A1 Cu Fp
FJZ DL S Cus SR 5 #EAT IE T #4315 )28 (redistri-
bution layer, RDL) L K 8 A 1™ 5 ] & 5 325 5% 5 5]
G5 — it [0 368 2ok T X6 TS 2R AT G s R
(5] A7 9 Ak B DL BR 8 b T Cu A s B AR
T RDL AEEG el B 3 & Si ke B &t 5o
ol B Uk B R [ AR S TR L PT A B2 09 3 4 L B
(SEMD) | 1 [
% i A x . S

/\

Sift

B3 SiAbIE b Bz B ER B R PLAY B2 5 SEM ) 1 &
Fig. 3 SEM cross-sectional view of Si substrate after form-
ing PI dielectric layer with vacuum-assisted spin

coating approach

2 ET ANSYS BRI EIRE

AR SCHEF A BR T A ANSYS, SR H A
BRI A 5 3R 9E IR K T 5% TSV 2549 #A LA T
SEVERRS . AR TSV S A X FR . S A 4
TR B SRS, Forh, TSV S5 K 9 T 4% 35 B DL &
[E] #5205 4 6 pum 50 pm AT 18 pom, A5 R %L {5 piE

EZa

[ 4 Cutk TSV 4% R
Fig. 4 FEA model of Cu-TSV

90 pm. Z5 R A3 A 0 dE A P SRR TR AL
SOLID186 #ioT. ot TSV 45 # A HLAT 14 256 4>
P EHIT,62 995 A5 8. B BB P WO = 1 )R
JEE RS T A 52 R Ul — i B I HL 32 AR T A
JRTERE S EHIE R L A0 O TR AT BROCTE L 5
HAW T BB E L R Ca Fh7 2.

W 1R B FE AT BROT 05 B0 B R R B4 AR

x1 HEEETHHEEESH
Tab.1 The material properties applied in FEA model
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Fig. 6 Impacts of dielectric thickness, TSV diameter, height, pitch on the maximum Cu protrusion height

and Von Mises stress of PI-TSV structure
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