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Abstract: Through-silicon-vias (TSVs) has been identified as one of the most significant devices
in 3D -integration. This paper addresses the comparative studies of two types of TSVs, i.e.
copper-based TSVs (Cu-TSV) and low resistivity silicon pillar based TSVs (LRS-TSV),
focusing on impact of geometric dimensions on their thermal-mechanical reliabilities. During the
studies, finite element analysis (FEA) were utilized. First, based on the experimental dimension
of the two kinds of TSV, the maximal protrusion height and thermal stress were simulated and
compared under 350 ‘C. Second, by changing the factors of experimental model such as TSV
diameter, height and pitch, the difference of their thermal mechanical characteristics was
investigated and compared. The results show that the LRS-TSV performs better in terms of
thermal mechanical properties.
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Fig. 1 The vision of 2. 5D integration circuit system

SiO, 1E R4 2k )2 # B HF CulSi0, LU KA IS M
St Z AR Ik R BAFE R K ZERY L8 TSV
S AR 2 BTG QAR A R A 0T R R AR — R IR
A REPE RS MR TS TSV T 289 KB &E
TSV(LRS-TSV) 44l T UURR 4 4 2 B A 4 1.2
HPRGEE T TSV 1 T2 R SR, 1K B Ak 1
5 AR A A P B RSB [ . Ay g A Y B
BRI RC FER , LRS- TSV fd FI A o 3 BUBAR (1 5
AT B (BCB) i 43 + R A W AE o 4 2 2 41 kL,
BN TSV 5460 K 0] /) 27 A= L 45, [FIEE, T BCB
) 4 FCABE AR /N0 AT AAE ol S M R Ao IS 22 1)
] — 7 1Y 2% vV LA BN TSV I HA 7).

ARSI A FRIT A3 B (FEA) 4 75 3, %% BH ik
TSV(LRS-TSV) 5% 4t 4l TSV (Cu-TSV) iy #41]
WA TR R ML, B T TSV R+ 3
Fift TSV fe KM g B2 RN 7 I 52l Lh e 17— 5%
) 25 5.

1 {FE#ER
A0SR Fi A R 647 2L 10 7 (FEA) J B 5%

LRS- TSV 5 Cu-TSV By # Jy 22 K¢ ok, XF = 2 ] 1
225 HEAT LB SR I A BR oT 0 B S AN-
SYSI18.0. [E 2 & TSV MR i F TSV il fL
S AR ELAT X RRE S B GE] 2 AR R SE R TSV ALY
L/4 i AE Bl S 1A BRIT o0 B by o 1 i — P s
AN A SOA g 2 TSV ALK 1/8 H T4 KR
JCl BRI 2 th 2k bR Ay, kPRI A LT R
A% SOLIDI185. LAZR 1 v iy RF Flbf AL Ay ik v AR
RUGHEAT AL (5 ELef  BRIGUAE A1 o A0 BE 4 A 18 5 % 1
AR E X AR, R IR R E D 25 °C L, LRS- TSV
F TSV 7597 46 i BT 09 R J3 #5R 0. f FUUH
SiO, 2l H i F§ PECVD % 75 %, Hil & oh 350 C.
PRI I s A SCARSEADL > UL B F 40 R B B3k 1) 350 “C
LRS-TSV Fl Cu-TSV Wy 77 4315 1% O b T 15 7
] L A 1 T

(a) fEFHLEETSV (b) HATSV

& 2 L ™ s AL
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Tab. 1 The model dimension and material applied in FEA

N BIE B e BHIAEIE RWSOUFE o RDLEE
/pm /pm /}Lm /}Lm /ym /“m
LRS- TSV 79 195 30 90 50 BCB 4.0 1 Al 1
Cu-TSV 91 039 30 90 50 SiO; 0.3 1 Cu 1
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Fig. 3 von Mises stress contour
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Fig. 5 Impact of TSV diameter on the maximum of von Mises

stress and protrusion height of LRS-TSV and Cu-TSV
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Fig. 6 Impact of TSV height on the maximum of von Mises
stress and protrusion height of LRS-TSV and Cu-TSV
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