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An Analysis on Thermal Stress
of High Frequency Flip—-Chip Package

Student : Feng-Ting Xu Advisor : Prof. Jenn-Der Lin

Abstract

Considering the M-V group high frequency flip chip package, in

this thesis we apply finite element and finite volume methods to
investigate the residual stress after bonding process and total thermal
stress when chip is at work. For the purpose of improving the reliable
result of simulation, it’s necessary to include the bilinear plastic feature of
the material into wire and bump, which take charge of signal transmission.
In this study, we analyze the thermomechanical phenomenon in wire and
bump at fixed dimensions, and various values of wire thickness, bump
radius and height, for two kind materials of substrate.

The results show that thickened wire will benefit on the thermal
dissipation in package, but it also makes the thermal stress of wire and
bump rise up. Because the thermal and mechanical properties in Cu bump
are different from those in Au bump, is found that using Cu bump can

decrease the residual and final stresses much more efficiently than Au

bump. Comparing with the cases of Al,O, substrates, results show that

AIN substrates can not only significantly reduce the maximum
temperature in chip, but also lower the stress in wire. Besides, it can

avoid deflection in wire and bump.
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I Sl VA Vev=0 (2-6)
g AR Ve (oWW)=-VP+Ve(7)+pg (2-7)
R Rl 2 Ve(phv)=Ve(kvT) (2-8)
2-2-2-2 M F% B

FIEFTAR2ZPIIHGET * - - iR A G ES f750

0=a(V2T):a(62T Gl azTJ (2-9)

+ +
P 0Y ° o

A - 5 - = P (%% Iap— o E
AR E—HE e FE AR ETE T

00, )
e — k S = h 0 2'10
f az S az coc sf ( )

ook, L1 Al AR e kL EAE L M Al b L&

¥ % % e(Coefficient Of Convection) °
2:2:0-4  HiREST
BT A PR 2 R R ARG 5 222x43um’ eh T G o S
VB L 0.04W ;3 EA A BUR IR 28 R GE ST 5 F] R G 58 (2-3)
Zoae B AN P ¥ &S 7B o a1 E (Heat Flux) ™ 58 g #ia &
THPERFERE > BRI R ETELE T

20, 00,

k51§=k32§+q (2'11)

R0 SINS2AN A AT F2 B > q &7 b EM-FEM P L
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Ik

23 B RS
PR VR R AL R MR RS
EREF O RFT RN ENRLS DR TR HFEHRRES o H -
Bt A TR 2 G e 4 hoF] 26 40 o
2-3-1 EMEMMEHHFE
ERedt Xk 2B/ SR </ CE L] B A
{o}=[Dle* (2-12)
7 {0} 5 & 4 %L (Stress Matrix) » ¥ % 77 40 F
lof=lox o 0, o0 on okl (2-13)
[D] % W+ 4E "L (Stiffness Matrix) & £_J& 4 - & % 4B 'L (Stress-Strain
Matrix) o
T fN ALY R B T HRERET AT
= le)-{e" (2-14)

g % {e}= {ge' }+ {gth } (2-15)

le} & %R %5 (Total Strain Matrix)=[s, &, &, &y &5 &x]
{e?} % B3 i % <5 'L (Elastic Strain Matrix)

{e"} % # s % 4B *L (Thermal Strain Matrix)

15



=AT[ef o of 0 0 0] (2-16)

Bl w2 FOPE Gl AT P 0 AP ERHA S

i

BOLIE B E B o F] R

se se
Ay —Qy

af=a* - (2-17)

I3

B £ (2-12)21(2-15)5% > 7

{8}=AT[ase a* a* 0 0 O]T+[D]71{a} (2-18)

¢

- wAS:S LA 7
@é /%Y ”yg 0 0 0
ol | e L H 0 0 o

0

0

0

EX

0 0 /V 0 0
GXY

0

0

(e}

0 0 %YZ

0 0 0 }&L

(2-19)
#HPE G 1% w i R fi(Young’s Modulus) > v, 5 1% = » avjf

b (Poisson’s Ratio) » G. & 1) L & 9 4 % #c(Shear Modulus) °
ij .]

ARG P AR S S E e s AP E T

E,=E,=Ez=E (2-20)
Viy TVyx TVyz TV TV TV TV (2'21)
GXY :GYZ :ze =G (2'22)

B RNR-1)T # T AN
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£, = AT +%—"i—"az : (2-23)

E E
g, =aAT—%+%—%’ (2-24)
e, =aAT—‘”A—V%+“EZ : (2-25)
Exy =2 (2-26)
bz = (2-27)
£y = chxz : (2-28)

Z —\Bf;;v = ﬁi—\ EV ipe ]f};ﬂ

oy = E(l v )ey —aAT)+§(v)+v (& —ozAT)+§(v+v2XgZ —aAT) » (2-29)
oy %(v+v Xey —aAT)+E(1 V)&, —aAT)+ E(v+v2)(gZ —aAT) > (2-30)
o, = 5(v+v Yey —aAT)+5(v+v Y&, —anT)+ 5(1—V2X5z ~aAT) > (2-31)
£ =Gey, (2-32)
r, =Géy, (2-33)
Ty =Gy ° (2-34)
He
H=1-3v"-2v’e (2-35)
G :ﬁ : (2-36)

2-3-2 EAEEP R ER
AT BRER DI F BEELOLRE ER — B

ESIE -3 5 3 BRI ENE Lk AT
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FTLAEP w0 A2 AR Bk o LT g { BamiE LAY £ R
75 0 A0 F 1 ANSYS oz SR Es LA 1 % 4 (Bilinear
Kinematic Hardening Plasticity ;BKIN)[17]32 4 k i& {7 firft » 7 o
2-3-2-1 % (kg

- AR R4 A g~ H R4 (Principle Normal Stress) 7 "%

R4 2P RIS A SR p 5 F 2 14 R R
Tt 2 vho RIS HARE > LA R o G OBR R M AR T R

#20 &~ % ANSYS fivon Mises & RARH - F B KX f ;“E% ,

3 S dhA4 7 U - Tt o R 2 BN A 2 B

e

BERRAAREERED o THERFLENPEREFH O SLE
HREEFE SIS FRC RS 07 3 ARGk TREER

; — f8E_% % 55 14 3 P (Isotropic Hardening Rule) » ¥ —#& % 4§ #
5 1t & P (Kinematic Hardening Rule) > i&# 8324 e £ W] 4e§] 2-7(a)

fr®) TR F —HHEr TR TFEPEL AL A o
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2-3-2-2 ERPEE REHS

—HHz A RRBREF I MP R R RS I

A

B2 7R T U S BRI AU T R4 ] T

mp

E LR oF] 285 B D BREAS THE LR R

I

PAER SRR - 2 AR A R R PR
(Elastic Modulus) » ¥ £ 4p T 4482 "8 REEE & & 14 % 38 a7 B4

#<(Tangent Modulus) -
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A BT R g0k ICEPAK 2 ANSYS & HORE S 4F B &b 1
W+ 75 0 BRA BT A L 2 35 o (1)ANSYS + 5
L L flAee R ERE AT R4 5 (IDICEPAK 245 & & 1 7§

B 5 (IMANSYS 228 &% 5 % 1 iveanih B4 B 5 ez ﬁ‘ 27

NS

3
Juh

2 B oAz 1 @ g2 (Pre-Processing) ~ 4 7 £ f#(Solve) ~ {é 2

)

(Post-Processing) » A58 cificsig & 7 i A2 4o 8] 3-1 #7o1 ©

3-1 ANSYS: 5L 44 e RO R T R4

3-1-1 %R ERZELERFALT

3-1-1-1  w gun
PSR AERALA T E § 0 ARG R
5 BT B T AT R S b B A T2 PR R e

L PP E o B BdeT 5] HoT
(D:E#H L& L2475 5
B Ex ANSYS p ¥R e Thermal &2 Structure # ic o
Q) H5 Wid
12 Top-Down = 422 403] » 22 2 = A2 —ehip RHHEE] -
G)E#HTF L%

iF % Solid90 #4445 % (F13-2) 2 & mdet A2 HE— fd A

20



LG BCRE B AT o gheh o Solid90 T T L i

AE XD AR HR-BHEME ST L EER S SoliddS B
A o

(46 THFLE
AR B Gl A S B AUUNE Tl Pt
PEACHC >~ EREE S R A D 2 R .

(5)E =

PRAOZEFLGEHE S FLR Bl - e oy B

AL A 4
F ~ Ty

Ik

» ANSYS &R B2 it o iv 5 p d 345 (Free
Mesh) £z LR 4 1 (Mapped Mesh) o g d]4 @ o dird gl
e kE Db e e RGl ez 0 BY A £ ME IRRIVH R
Bprmene b A o B4 BT 2 R 4oRI(3-3) 0 RIS G
Bod R L hBC] R U 3K A B 444 10pum~ 15um - 20pm
B2 R L ERITRE REAPEY B T [Sum kiF
PR R iRy o Aot VO TR R 2 B enle gt R At
IR R IR A N E S R 0 e
(6)35 TA~ 40k &2 f
REPFEMEMLER > L AR A6 frAF T 46 L2
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s % i (Ramp) k & 7 i R A ph o' R4 > ¥ F4p THL
EPEE R IEA > A rE R EPER S 600 45 0 R RIR B
54 o
3-1-1-2  Ff2L 47
BRI AL o BN S R E B P IR A
RerAg A e RAF 03] Ma gt - i d 2747 29 Fde™ o
()2 454 i 2 7
A A5 G BRI A 4T o
Q)& £
ANSYS 7 fj2ig2 7 #-p 2 15~26 =t fp % o gt b A L B EHR
B~ #0n & (Heat Flow) & £ 12 8 i (T e et F 37 0 TR & TR
BEal10® do% s P H P — 37 Ak Fandp (N B R A B,

AN

e 7 °

(3)E w3+ 5 > ¢
ANSYS # &5 #8723 f5 hfdiE > &~ % 5 E B f#% (Direct
Elimination Solvers)#? & X §2 ;2 (Iterative Solvers); & #: /%2 ¥_i%iF
- AR ATROHEIT > LU 3 U el 0 qf g
SR AL AL HAET R FI SRR b

Fofpig Bt £ B 8RR Y I R R R
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(Preconditioned Conjugate Gradient;PCG)f#;2 - p* f&;2 $> 7]

FRAZT LS E SO TR REORBERE ST o

Y

(4) K fz
BieR AT > EFF g [~2 ) pF o

3-12 ATk E

3-1-2-1 w0 e

(1)# 4~ 47 ~ &
#-# o 47~ % Solid90 # 4% 2 FHA % Solid95 - Solid90 & #t
Afragk o W RBLOFORIRY PG REAZEd R S
TR—H LTSRS R e BB E2Z pd R @ ~F Solidds
",/TT T¢bA588 Solid90 dpfe o Ty HEF P D R o

)k Tf R Fe
Bmom T E R TRR RS ;ue; RPN (I A =
w2 FFER FE 2 Feg s Hag Bl g

3-1-2-2 RKfEs 45

(Dicack 4
VR R R XA RSRE S eaER o ARSI R

Holeacde Bl 5 0.005 0 fpt AR ac K RIER Ts 0.001 -

(F T35 = 2
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3-1-2-3 {8 R

Dt

= # & -~ von Mises & »cji 4 & 8

ST E

(

|
‘%*
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=
Ak

3-2 ICEPAK: & & ¥ 1T R
3-2-1 =0 g2
(EBFHFE 22
LA BB >~ p AR ER e .
() = F WH3
i 2 B P g ERHCE] o
(3K TR
HIRBIR A OB IO R D RS T A AW
RS RGE il R L RERT
(4)4 &) -
ICEPAK # % il & 4 407 385 = % #8(Hexahedra) ~ = &
18 (Tetrahedral) 2 7 & 3% 5 o >0 A8 @ AR5 Bk & 7
HP) 2o A5k o Fp A G R R B BT R R T
PR & ReIR i ¥ mpdt A Rl 4 3 o & ICEPAK

she e fpy o AAH XY Z 23 vz b F R RITR
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o RAEGELS O TR L R A A il
£ 1000pum ~ 300pm ~ 200pm F= 100pm % 38 {7 4 $2 B 28 0 s 2
P et x BE 200um kRl i dl e kdi o

G)k T f &g R g
LB PT I RRE— SR RL X E 0.04 3 0 TR A BB
FRALER -

3-22  ffEA¥

(DfeacE 3
A A E (RS @ R)EEARS(RR R E)RFY

Bleac BTy feacif EBRRLI10°4107

Q) F&fz:+ &

i

* 5 LR 20 X R MUR 4 i 02 (Semi-Implicit Method for

Pressure-Linked Equation ; SIMPLE)#37 » kit {7345 o 3+ & pFfF

FERER CRER RS CERESGH oW 3-5) -

3-3 ANSYS:EE % B P 1ivenid B4 &
3-3-1 % AT

(1) T~ 4731 &
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# & #ir
Cabinet .
13700*13000*18000 Dry Air
(um)
T
S v W1 600%500%100 GaAs
(um)
L]
A¥Uf 1600%2200%250 AIN, ALO,
(um)
R E R
B 2.4.8 Au
(um)
Iy
15,25,35 Au ,Cu
(um)
LE -
50,100 Au.Cu
(um)
PCB
gk 5500%5500*350 AIN
(um)
FLiE -3 A
250,500 PbSn
(um)
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222%43 Total 0.04W
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F 2-2 MMEHPEE A
Hl oA GaAs AIN Al,O, PbSn
R R
54 170 27 34
)
(kg 5230 3260 3650 8640
P /Tﬁ
] 910 910 910 150
C
’ Agfk
6 4.6 7.4 24.5
CTE(ppm)
0.31 0.26 0.22 0.35
1%
85.9 275 370 10.3
E(GPa)

23 TRHHERT 4

it LA Au Cu
PR
313 387.6
Lz
(ky ) 19281 8954
P m?
J 97 383.1
c
P Ag—"k
CTE(ppm) 16.7 16.4
Vv 0.42 0.343
E(GPa) 77.2 110
Y (MPa) 215 200
Tangent 300 800
Moduls(MPa)
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4 4.1

Au MBS 2

AEHE | MAHT | GRFA | HRLID | ERER | B
2pm A
AIN Au 50pm 25pum 4pm B
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15pm D
AIN Au S0pm Sum 25Spm C
35pum E
15pm F
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% 42 Cu /Y HHCEE % 0] %

APHT | £RER | MEHT | WRFAE | DRLZE | HE
1Spm I
50pm 25pm J
35pum K
AIN Spm Cu
15pm L
100pm 25pm M
35pum N
REHET | &RER | DEABMT | MRF R | LHEZID | B
15pm 0
50pm 25pm P
35um Q
Al,O, 8]1[11 Cu
15pm R
100pm 25pm S
35pum T

44




% 4-3 MMBB A RS Eh L 2B E

ANE Bump B.W Bump A.W
e Stress Displacement Stress Displacement
% eI P P
(MPa) (1 m) (MPa) (1 m)
A 261.642 0.538379 251.418 0.302335
B 275.556 0.560891 270.007 0.327686
C 273.969 0.607927 268.492 0.370332
D 262.166 0.602488 277.389 0.362268
E 266.933 0.615634 276.905 0.380229
F 265.893 0.775112 264.379 0.48842
G 264.473 0.767065 247.135 0.477049
H 262.902 0.758244 233.168 0.462913
I 252.016 0.594227 250.131 0.357139
J 260.325 0.594729 256.661 0.362281
K 258.761 0.600911 247.524 0.370771
L 266.988 0.747017 255.625 0.45597
M 246.88 0.751738 248.968 0.466272
N 245.817 0.756843 247.298 0.475584
(0] 243.143 0.719018 249.567 0.349001
P 253.604 0.734049 256.409 0.37047
Q 241.323 0.752524 242.366 0.392703
R 250.065 0.870291 221.079 0.423903
S 243.299 0.884042 245.476 0.443939
T 244.275 0.899752 248.107 0.463508
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144 ERBAEVRA BB A CBELS A
ANE Wire B.W Wire AW
e Stress Displacement Stress Displacement
% eI P P
(MPa) (1 m) (MPa) (1 m)

A 257.177 0.640597 268.075 0.423774
B 250.546 0.709276 272.883 0.467504
C 265.795 0.833028 265.649 0.566034
D 279.772 0.863078 282.124 0.581903
E 263.656 0.808611 259.498 0.551782
F 284.721 0.970541 263.874 0.662663
G 282.265 0.992285 259.582 0.674841
H 271.221 1.009 262.302 0.679082
I 279.573 0.855697 281.925 0.577262
J 265.518 0.819021 265.692 0.557405
K 263.865 0.792349 259.507 0.54097
L 270.62 0.998339 261.608 0.672911
M 269.819 0.977654 268.541 0.664267
N 274.267 0.951316 263.159 0.648688
0] 288.888 0.966653 279.25 0.725873
P 279.731 0.95552 281.908 0.725844
Q 279.381 0.948845 282.157 0.726267
R 275.241 1.112 285.158 0.72517
S 277.914 1.103 282.296 0.725818
T 280.63 1.093 281.601 0.726257
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245 L R1ETRESEE A
&% AR =N fifrHh =
et b TRNOES

3 bl () Efhl (W)
A 58.8802 0.0393047
B 58.1023 0.0393675
C 57.6111 0.0394004
D 58.9708 0.039038
E 57.1638 0.0395202
F 60.4010 0.0389231
G SEel S 0.0393506
H 57.4260 0.0394854
I 58.6869 0.0391139
J 57.5058 0.0394278
K 57.1093 0.0395338
L 59.8372 0.0390289
M 57.9195 0.0393893
N 57.3182 0.0395049
O 59.8335 0.0389614
P 58.6038 0.0392903
Q 58.1620 0.0394097
R 60.9510 0.0389015
S 58.9913 0.0392695
T 58.3403 0.0393943
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