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In 3D integration package using TSV technology, bonding is the core technology for stacking and
interconnecting the chips or wafers. During bonding process, however, warpage and high stress
are introduced, and will lead to the misalignment problem between two chips being bonded and
failure of the chips. In this paper, a finite element approach is used to predict the warpages and
stresses during the bonding process. In particular, in-plane deformation which directly affects the
bonding misalignment is closely analyzed. Three types of bonding technology, which are Sn-Ag
solder bonding, Cu-Cu direct bonding and SiO; direct bonding, are compared. Numerical analysis
indicates that warpage and stress are accumulated and become larger for each bonding step. In-
plane deformation is much larger than out-of-plane deformation during bonding process. Cu-Cu
bonding shows the largest warpage, while SiO; direct bonding shows the smallest warpage. For
stress, Sn-Ag solder bonding shows the largest stress, while Cu-Cu bonding shows the smallest.
The stress is mainly concentrated at the interface between the via hole and silicon chip or via
hole and bonding area. Misalignment induced during Cu-Cu and Sn-Ag solder bonding is equal to
or larger than the size of via diameter, therefore should be reduced by lowering bonding
temperature and proper selection of package materials.
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E = Young’s modulus
v = Poisson’s ratio
CTE = Coefficient of Thermal Expansion
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Fig. 1 (a) Schematic drawing of Si chip bonding process
(b) Out-of-plane deformation (z-direction) and in-
plane deformation (xy-direction) after completion
of 8th chip bonding process

Copper Via
Fig. 2 3D FE model of TSV structure with 8 silicon chip

integration
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Fig. 3 Schematic drawing of 3D packaging using TSV
interconnection, (b) detailed drawing of TSV
interconnection area
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Fig. 4 Schematic drawing of different types of bonding

Cu to Cu Bonding Si0, Bonding

technology and bonding temperature (a) Sn-Ag
solder bonding at typical bonding temperature of
280C (b) Cu-Cu direct bonding at typical
bonding temperature of 350C (c) SiO, direct
bonding at typical bonding temperature of 300 C
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714, 2 Si0, A4 ¥d(oxide direct bonding) 7] % Table 1 Material properties used in FEM simulation

of WA 7t 71ee Aesge 49 8 24 Parts | Material | o |Poissow’s) CTE

3 9L HNAAT Fig 4 = 2 BY A% - (GPa)  Ratio (v} (ppm7C)
u

A% a0 Aol TSV 722 EAHoR e , (Elastic) | 120

W itk B el weky By ews} 747t Via Cu o | Y

g2t B A7gAE A 74 Z1EdN tEA (Plastic)

o AgHEa & ¥y emE Ageign. | Chip si 130 | 028 | 28

Eutectic &0 EQ& Udo 98x0 L& AL Substrate

3lo] HES ALor] EYA7|s Yoz = Dielectric SiO, 70 0.16 0.6
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o] o]FojXt} B Ao ALLE Fig. 4(a)d] Solder |Sn96.5-Ag3.5 52.7 0.4 21.85
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(a) Variation of stress distribution around via hole and bonding area during bonding process from 1st chip bonding to 8th

ch1p bonding step
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2nd bonding step
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1t bonding step
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(b) Variation of warpage contour during bonding process from 1st chip bonding to 8th chip bonding step

Fig. 6 Stress distribution and warpage contour for each bonding process step using Sn-Ag solder bonding
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Table 3 Maximum warpage and stress values induced
during Sn-Ag solder bonding process at 280°C

Chip | . Max. Max. Max.. I.\/Ia?c.
bonding in-plane |out-of-plane| von Mises prlnchal.
step warpage | warpage stress str.ess in Si
(um) | (um) | (MPa) [chip(MPa)
Ist 3.6 -0.5 763 279
2nd 4.3 -0.9 793 367
3rd 5.1 -1.2 801 370
4th 5.9 -1.6 817 372
5th 6.9 -2.0 835 373
6th 7.8 2.4 854 373
7th 8.8 -2.8 872 373
8th 9.6 -3.2 888 373
4 ZRAz 24 Sol o@ WP Aol Ba
3lt}h. Out-of-plane M & =, z Wake] WP L 8 59
Hol 25 AHAFHAJAS W Hol -3 um o] W] B
Astdom, W] FHE= crying(~) FE eItk
A E AN BT F3H e A3 o
et A AT e e glen, Hdg
373 MPa = s =t 22 AL g3 &Y
ol 1G] A& sk del Gol gl
=

o

& H“Mfg 7}%*301 @l Zang 9 Aol <9
st ozl gk BtE sl TGl ofsto] HElE 7o
337 §Ho] 175 MPa A= §2438] A=
A%E AAG v ok wEld A He
=2 A e Yais Y 71 2 Ho 9
g3zt ¥H, 29 ¥4 9 WEsY 4y F, B,
U] 2 (debonding) FA A o] &£Ato] HAH @
T froslof g

32 Cu-Cu 23 29

Fig. 4(b)2] NUF 2 A% Cu-Cu 2o 2%
o el 8 =9 Hlo} TS 7 HEE HS Ao}
7k A S TS - von Mises 52T & WY
E¥ A%E Fig Na~dol FEMAI, Aol g
3 Ho) gL Table 4 o Al Ao &

Heo 7z AR nol T A Heo Ad
ol ] FAFPL, A HA HE A= FAH

(d) Results after 8th chlp bondlng process

Fig. 7 Stress distribution (left) and warpage contour

(right) for each bonding process step using Cu-

Cu direct bonding

Table 4 Maximum warpage and stress values induced

during Cu-Cu direct bonding process at 350°C

. Max. Max. Max. Max.
Chip | . . .o
. in-plane |out-of-plane|von Mises| principal
bonding s
o warpage | warpage stress  |stress in Si
5
P @m) | m) | (MPa) chip(MPa)
Ist 4.6 -0.7 474 347
2nd 5.5 -1.1 483 459
3rd 6.5 -1.6 484 463
4th 7.6 2.1 484 466
5th 8.7 -2.6 484 467
6th 10.0 -3.1 484 467
7th 11.2 -3.6 484 467
8th 12.3 -4.1 484 467
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(c) Results after 6th chip bonding process

(d) Results after 8th chip bonding process

Fig. 8 Stress distribution (left) and warpage contour
(right) for each bonding process step using SiO,
direct bonding

Ao SHHS Fgs molt & Wy gloA
= 3 W3 outof-plane B R T £ A
CIHES HFTgS U X in-plane WEPHo| wg- F
o o)

= . o,
Ag €49 B9 A7l Ad 7o

= Si0, B9, 183 Cu-Cu 99 $=€o] A
2SS o 4 ARy 28y Cu-Cu EHO HS=

o
=
A ol dele FE&Hol 55 ¢ T ASMTh



ol

IS Y UZSss|X| M 29F 535 pp. 563-571

May 2012 / 570

Table 5 Maximum warpage and stress values induced
during SiO, direct bonding process at 300°C

Table 6 Summary of maximum warpage and stress values
induced for each bonding technology

. Max. Max. Max. Max. Max. Max. Max. Max.
Chip | . . o . . o
bondin in-plane |out-of-plane|von Mises | principal in-plane |out-of-plane| von Mises | principal

) & warpage | warpage stress  |stress in Si warpage | warpage stress |stress in Si
ste
P (um) (um) (MPa) |chip (MPa) (um) (um) (MPa) |chip (MPa)
Ist 3.6 -0.2 393 334 Solder 888 373
2nd 43 -0.2 436 439 (Sn-Ag) 0.6 a9 (at Cu via-|(at via hole
3rd 48 0.2 456 444 bonding | ' solder -Si
4th 53 02 459 448 at 280°C interface) | interface)
sth | 57 02 460 453 Cu-Cu 484 467
483 455 bondin 123 a1 (at via hole|(at via hole
6th 6.1 -0.2 & : : si Si
(at corner) | (at corner) at 350°C . .
537 459 interface | interface
7th 6.5 -0.2 Si0 586 506
(at corner) | (at corner) 10,
586 506 bondin; 6.8 -0.2 at Si chip | (at Si chi
8th 6.8 -0.2 Og ¢ pi( P
(at corner) | (at corner) at 300°C edge) edge)
S0 HTHe= Jd& F=2 Ho} &3 A& Cu-Cu £9° A5= 8 59 A& A& A5
el AAM, vleot 3 24 si=o AAW § Foll= Hloke] AFH AU, AF Hu 2 in-
T2 olF AR AWoATE E AT 34 plane W&, & H4d EFo] LA Hol-&Y
Aol wEw A JTE e B2Y WS < Sn-Ag &0 299 A9 Ald #Hen, 1o
HEaAdE A5 Aol A45E 5 Wi 718 o2 Si0, B9, 183 Cu-Cu 99 $90]
i, 7IAA e A7 A i ZAE AL Aas & AT SEe] ATHE 9
WA Thsdol Wi o TEHor Wy H & F2 vlol 3 A Heo AAW, vlot &
Es 937 fsiME 29 349 2EE W3 W B9 =] AAY, & F=2 AgE] wga
of Hdol o3t A&HS Hasstolop gt A Aol Y Al WES Fol7] SlEiA
ol 9 BE AUt dA WY Fo|ohPM = BYY 2EE UFE by o sf7]A
g, AT AE Has & 5 e g Az, A& S0 AvB Axe H-F Aol F
Ao AE dee] FaF Jow 1= 2% Aoz o

4. 4B

2 AFdAE TSV 71=S o] &3t 3 4 A3
)71 A] FAGd WA Ve BEd VS o] &gt
A3 34 Fo T 3 Wy 45EE 7
S F A5Gl 8 T HEE HE 2
gt g Foll TS AP S d4str] 95t
4 AAE A= gHoz FYsiglen, £9 A
Y B 43HHo=2 9ol = in-plane ¥ P o
galA =ddos2 AFnggr. 3 wygol AY
B 292 Cu-Cu 90|, ¥Fo] Ad A
29 Sio, 290t 53], Sn-Ag &Y £H 3

2 dTE AAAAR, Ad7EdTIe] ¥F
ATANY G “ApAlt] WA MCP A=
AJUd &3k 2010 A
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