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Effect of UBM structure on Electromigration and

thermomigration behavior in flip chip SnPb solder joints
Student : Yu-Cheng Lee Advisor : Dr. Chih Chen
Dr. Chin-Horng Yau
Program of Semiconductor Material and Processing Equipment College of
Engineering
National Chiao Tung University
Abstract
Electronic Packaging Technology is a process to fabricate all of the electronic
devices in one interconnection structure. As the consumer electronic products move
toward more lightly, thinner and smaller, we need higher density of input/output joints.
Therefore, Flip Chip Technology is a best solution. Along with the solder bump
shrinking and current density increased. Reliability issue is more and more important.
In the study, we investigate the behavior of Electromigration and

Thermomigration by using Kelvin Structure to measure the resistance of solder bump.

We define the experiment condition as the resistance increased 20% - 100% ~ 500%

and opening stage. We also evaluate the thermal gradient of bump cross-section
from IR’s snapshot. Finally, we can use the OM and SEM to look into the mix
mechanism of Electromigration and Thermomigration.

When the current stress were applied on a hotplate with temperature at 150C -
160°C and the current is 0.8 ampere at the same time. The difference of atomic

migration force direction will influence the failure time and Intermetallic compound
(IMC) growth. If Electromigration and Thermomigration force are in the favorable

direction, it will speed the failure mechanism. If Electromigration and

il



Thermomigration force are unfavorable direction, it will slow down the failure

mechanism.
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R

{e}SnIder Paste Printing

o

{f) Solder Reflow

[jil 1-10Printing Bump Process

)

(a) BCB / P1/ PBO Coating
Repsv.

Iy

(k) UBM Sputtering and patterning
UBM

]

(¢) Flux dispense
Flux

I’i

———

(d) Solder Ball Placement

.— Solder hall

1

(&) Solder Reflow & flux clean

q%.j' 1-11Ball Placement Process
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]

{A)Wafer Clean |

. ee—

(D) Solder Electroplating

{(B) RDL Metal Deposited & |

BCB Re-Passivation {(E)Plating Template Strip

(C) Evaporate or Sputter UBM (F)Solder Reflow & UBM Etch

ﬁ%ﬂ[ 1-12 Plating Bump with RDL Process

Area array Pad:

P ettt 000000000000 Q00000000000

[n] (=) Qo000 oDao0od O
CO00000000000 o o Qo 0o
CO00000000000 & ooooo o gp coecoo 95
0000000000000 O goooao o o0 coooo Yo
CO00000000000 ¢ Comoao © 90 coooo 0o
CO00000000000 o o oa Oo
ooO0D00000000 o ogoooa g g Qooo0 0
000o000000 000 g Qoooo 2 gg oeooo0 gg
2200000000000 ®soooooooooon” S sonsoonaona
00oD0000000

Peripheral Pad:

000000000000 000000000000
o] o Ooo0000a0000_0
Q 5} o 2o
o o o0 2o
=) 0 [=T5] =
o a oo =l
0 o = 2a
0 o o0 S
Q o oo o
o o o0 Oa
o o O 00000000000 O

QOODOoo0o000 Qoo0a0000000

[ﬁ[ 1-13Area array Pad and Peripheral Pad
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ROL Fad and bump

ff4l 1-14Plating Bump with RDL Process - Hi[f!
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Table 620 Single Chip Packages: Ball Grid Array Packages—Long Term

YEAR T O EE]

TECHNOLOGY NODE 7l S F5 mm
BGA solder ball Piicl jmm)
Low rost 1.0 0.8 0.4
Hand-held 0.8 0.8 0.65
Cost-perlformance 0.8 0.8 0.65
High-performance 0.65 0.5 05
Harsh 1.0 0.8 0.8
I0A PossiBle Moo
Low coxst 6e4 200 62
Hand-held a0 Pl 1200
Cest-performance 2112 2664 3612
High-performanoe 3612 244 2448
Harsh 6ed 200 Q62

A = fmreger (BGA steespitcli); R = fndeger (AS3) pracoved = (A1 w0 R 0 4] body sizes
rovnded fosearest DD st

* Vs is dhe £ Dy for the 500 BOA package, and 15 nof sudfictend for the 8758
s sfwewar fn Table 58,

% 1-1 Single Chip Packages: Ball Grid Array Packages-Near and Long Term

2005 2606 2608 2410 12 14
High Parformance Low Cozt, Handheld
Capacitor olo olo ola olo o'o oo
Passive devices Resistor o for YES - olo oo olo oo oo
Inductor o ola ola ola oo oo
Oprical oo oo oo oo oo oo
Active

: CA o for TES - A - A - )
devices CCDCMOS Sensor o o o o bl -'o
MEMS - /- o -lo o -'a
Wire -lg -lo -lg -la -lo -lo

. for - - - -
IC to IC Connection "‘_p;l::bl Flip Chip -lo olo oo olo o'o oo

H C L= -

Package Via Hole - -fo -lo -fo -lo -lo
Tnner — - - -
T . Wire oo olo olo olo oo oo

IC te Substrare o for - , , .
a . Flip Chap oo oo oo oo oo oo
Intercennecnion Applicable -
Wia Hole -- -'o -'a -la -'o -'o
IC IC ola /- o /o oo oo
Embedded o for Capacitor - oo oo oo oo oo
- A ek y y N
Components Passives Applicabla Resistor o olo olo olo olo o
Induector - -la oo oo oo oo
. Fagzd olo olo ola olo o'o oo
Orgamic — - -
Substrate o for Flaxibla -lo -lo -lo -fo -lo -lo
= A P " , . .
Marerial ) Applicable Ceramie olo oo oo oo oo oo
Inorganic — - - -
Silicon - alo alo alo oo olo

%< 1-2 Comparison between Wire / Flip Chip in High Performance application
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Alloy System ErC{:dE r Melting r Shear Strength

[mass%] ! |  Temperature | 4t 1 mm min-]
| [°C] ! [Nmm-2]

Sn |Pb iAg iSbiln (Bi | iSolid  iLiquid |20°C  |100°C
100 | : o 1 i1sn {232 ' 21 1190
63 |37 Sn63 183 183 - -
60 140 i P01 iSn60 183 1188 1336 (216
50 |50 Sn30 {183 216 30,0 240
40 160 | Pl b 1Snd0 1183 234 1343 1137
10 |90 275 302 289 147
3 95 310 314
62 136 |2 ISn62 {179 1179 30 186
10 |88 |2 268 299 - -
5 1935 115 s i206 1301 238 1157
96.3 35 Ag3 5 {221 221 37.7 225
95 | 5 P50 1 ISbS 1236 1243 372 1211

140 | P 160 | iIn60 174 (183 |- [ -

50 50 In50 {180 209 - -
37T 137 123 | 1In25 138 1138 | - |-
42 | i | 158 {Bi58 {139 1139 (500 {195
15 |33 52 |Bi52 |96 06 - -
34 {42 124 1Bi24 1100 1146 343 1175
43 |43 14 |Bil4 |143 163 - -

13 TG & O
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2-1 % @%EJFS@
HRFE (Electromlgratlon)[ﬂ%’f]":F'J e fﬂéipujﬂ?ﬁﬁs[%& 1F{_I§“%J£§-FJ

—

RLKEGeradin (1861) 7%/ [ UM IFRIT0] « = 1914 & - Skaupyjilil i it
(electron wind ) pui &, - “Jﬁ#ﬂ%éﬁf[lﬁﬁ%‘é'?’ﬁir HIFVEE R 42 FJ' Rl
i1V SRy PO R ] o PSS TR AR (T R s R g
SSFUTTE 2 - Blechi? 1976 5 I 2-19:40 %] Blechiiifg [11] - i Ry -
Ao S PRI SHARL o SETHERA AR IR YA o i R R T

PR [ o Rl 5 PR IR ER »  EAER  55
IO > 7 SkaupyfIofes BRI« i agie PRV aER 1 > Blech SI7H 7% 4
PR Y ?ﬁﬁ‘uﬁﬁ%?ﬁ@ﬁﬁf@"{'ﬁﬂ’ﬁ T IR R E S HIFEFE g ST (W
2-2) -

FERBFERVRREY 2 feLhLE 1S Ju(electron wind force S FH & 4 i)y
(electrostatic force) ity o £ [ (et Jogp FR A o RLEGSPIT - & PR ik
(ER o BRIV IR ok Rl RS &Y - bl W (R
BHTE ] o ALRLEACVEE S S EFRHI (A 0y 5 2 EFEAVEREY TS o 5 IR AN Ry
FERREY]) o RBESGE T - RS U 2-3fs R T R R
TSGR SR RS A A TR - SE[ & 2 L ASEORRE UL RS
[T > SRS 2-375 M I AR RS2 vl kL FEENERIRL 3 [y 2 R D
SRR R T A o BRI R R )l ) RO
TRl o FERTRC PEfRRI PV R sy N 12)
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:—D—+ZCM F (1)

El

Y PN RPURL IR A PERRE BRI 0 T TSR
R PFET- SRR o BRSSPI A R B | ORI > - R £ P L R
9o 7 (2) £LHuntington# Grone &l 155 i ffz"/urwf U ,g* ! Qg@gm-pmjtﬂ%g'@n-p
P

I:driving ol ZCMIF |:I field + med (2)

o HI’F:‘:T‘%'Cﬁ‘ﬁf@)\’rﬁ%;ﬂ&ﬁ&ﬂ"%@% J?@"F%T“)J : Eﬁl‘}@;ﬁﬁp;{gg@fﬁ}ﬁ:[gﬁ@ﬁ}

T
T
T
ISy
jl

K@) (1) ST
J= CMFWInd (3)
BRI G T S g S ()

F

wind

=EZ% (4)

E FA T (HVE=pjo p Ry AL )

zZ* FeA F%fé ZHN }f“ﬂ jglr(effectlve charge number of electromigration)
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TIRIFE R @) = 3) o TR EE]

J =CMEZ"e

7 (5) FlIFICRLFLY % > [iMELLY 1958755 (mobility)

e = N

S (6) F2 50 (B) it B B EERY 1T

J :CREZ*e
kT

C  AARYRE

O
Vo

3 ??%ﬁh’%?@\'f

=
Vo
2y

REE i

\'
Vo
2y

AT ERE

N
*
K
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®
Vo
2
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—m[]
s
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o
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22 SRS TSR
221 SR £ W P

Kim == Tu =57~ 3P50Sn/Cu U AR i1 [6] » S8 00 0 ™ il 7
CueSns = T4 Sn/Cu T i [P~ TEAEE A =" 150CRY - T Sn/Cult iy .2

5 CueSns » I i F 5T CusSns/Cu it 75 CusSn » il il 2-4 Sn/Pb/Cu phase
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diagram i I'| i 51 > 7 170 CEﬂanPb/Cul SERFRIFRRURY ST AT RY - PRIFZS P T ﬁkﬁl[ﬁ“ﬁi
Iﬁﬂiﬂ\ Fﬂ:{lsneﬂpbss A Y Y l’ﬁfl@%ﬁﬁéﬁ'q%ﬂlfll CUE"UTEJ%#WE“ [UECSES Eﬁ’ﬁﬂ'ﬁ#ﬂﬁfi%’?‘? T &g
f“‘F/‘IfP'JE?]f » I 8Sn/Pb el im0 Cu TRi="1E > PHIF= 1% 55985 Sn+ Pb +n
(CueSns) ; IR CueSns ™ AR E: (unstable) - )& Cu’pl—~ ﬁ%@?ﬁ?ﬁﬁﬁji}%@fﬂ » A
qﬁg[l%iéj‘rié_%?u N (CugSns) + €(CuzSn)+ Pb » 1 [£&.CusSn+fiig V & 1Y -

T.Y.Lee > W. J. Choi & * #% 2002 = ffi ™ |4 ;#,%,HT} Cu UBM # F’—‘, % 0 125
€~ 150  170°C FUFEf ™ R BOHR « TsHSF R CusSnsfiv /1 & (™
255 scallop-type [iuadify » i ¥ AR Fspmit! - 5 /7 2 (™ 51 7 Praf iRy
fH (~rY layered-type pJﬁ%ﬁ‘  ELFLIpSTT & T [fF’Jﬂ“d*EHF[ 1. n (CueSns) == ¢(CuzSn)
R

2-2-2 SIS AR
EN) il ELAR TN ,E J}P?ﬁﬁ_ft" » 1 D. Gupta, K. Vieregge#™ 1999 {1}

[13] » #j2] 2P M8 o oo A R U - 7 120C)k - R il
AU [ 1200CT) N o SR R EE =S T -

[1/Q.T. Huynh % 2001 & [14] 5 f7fHIE_FEETE -V EAG » I1iR 2-5 - 3 e
PUEEL 100 m > iz .ﬂj’v l—lﬁ?ﬁ—f—ﬁ] BRI AR g ﬁgiﬁ!ﬁ*vw ]F
FIP] o WAL S 150°C OB - ?ﬁﬁﬁﬂ;’@ 2.8 10" Alom” [ 8 i » g 2-67

L [ o R G RN SR | o e R e RS et (e
F7 » Huynhi2h 7 150 CIRHHRAVIEEET) 95%UEI 173 L34 + Huynh~ 4 k)
Eﬁxjfﬁ?ﬁﬁiﬁ@ﬁiﬁiﬁ* i i?,[‘lih’%f%?aﬁ i > ST TR RO POBRAT
ifﬁ.}f‘@’?}ﬁg BIF 155 F 92%p9EH - lﬂﬂﬂﬁ%ijﬁ v F,T‘i 150 Cﬁftu %Ijﬁ%ﬁffﬁ&%' s ol
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[ - Frear et al. 1997 FrAIAHAR R [~ [0 RUN o FRT L] [IR8 [= RLEWL Z
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PR m L 3 RS RORREEIEE 5.5 5 RS o IR
(T I PRt A om0 P S oSy R O RIS

7t Jong-Kai Lin 2003 [15]%} Frs4El UBMfYE, ;,&I%Fl%%ﬂﬁﬁﬂ?ﬁflléﬁ P
AR PI9H SR 1601 TEIAHE 15 5.1x10° A Jem® 1) o 5
3 30 [ PRI R I > M SRR PIRRAL T BE 5 AR LR R - (I =
£ IMCHS = » (L 7 38 3 PARIRN T & 7 Rl P

2-2-3 FiERfl 35
C. Y. Liu KN, Tu 5"~ 7 2000 £ I'|BlechfiUsffe i i 3 ) ot Bk (7]

sﬁi:ﬁ'%’fﬁj [l EE F/E&Hﬁ&ﬁﬁﬂjﬂ R “Jﬁbﬂ%ﬂ@ F'_{Tﬂ FY i YRR AL
BRI SR | IR T o PR AR (B R 2 1S ) - P
LA IR T IR | R T BRI PR 7 R YR
I—g“jmﬂ glkﬂ RET U'[ﬁ% o

C.C.Yeh, W. J. Choi¥=ZK. N. TuZ" * 5§ #. 73 Applied Physics L. Vol. 80 (2002)
[16] popderln » fh B RS Eﬂ}ﬁ\ % i BTRp f F’j;ﬁﬁiy%ﬁ%}% Eﬁﬁ Jﬁ[ﬁﬁfj?ﬁﬁ% Fli
#5[E f*ﬂl?ﬁﬁ?ﬂgﬁ%ﬁjﬁ?ﬁ’ﬁﬁi%ﬁiﬁ’?}%%%%ﬂm'?ﬂ;’ﬁ% R Rl [ E AR A =2
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T. L. Shao ¥t JAP.2005 [21] {fiI"] ANSYSH ™ fig S5 irLisyiofin] (ff 2-8)
SRR IR Sk T ATR B AR R BRI AT > T AT H o R A
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NCTU COMFO 150KV XB00 10um WD 10.4mm

ﬁ%ﬂ' 4-15 SnPb 150C 0.8A ”Fjiﬂi'fv‘l open > bl ﬁﬂflﬁ%ﬁ' o

56



NCTU COMPO 150kY  XGOO 10pm WD 10.4mm

[fi! 4-16 SnPb 150°C 0.8A %‘ﬁj’fﬂ open » b2 ‘ﬁﬂflﬁ%\' o

57
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ﬁ%ﬂ' 4-18 SnPb 150°C 0.8A ”Fjiﬂi'fv‘l open > b4 ﬁﬂflﬁ%ﬁ' o

59
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NCTU COMFO 150KV  XG00 10um WD 11.0mm

q*;q[ 4-22 SnPb 160°C 0.8A %ﬁi’fﬂ 20% > b4 ﬁﬂflﬁ%' °
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NCTU COMFO 150KV  XG0O0 10um WD 10.6mm

ﬁ%ﬂ' 4-23 SnPb 160°C 0.8A ”thﬁfj'fv‘[ 100% > bl ﬁﬂﬁlﬁ‘?ﬂ[ °
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NCTU COMFO 150KV  XG0O0 10pum WD 10.4mm

ﬁ%ﬂ' 4-30 SnPb 160°C 0.8A ”thﬁfj'fv‘[ 500% - b4 ﬁﬂﬁlﬁ‘?ﬂ[ °
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COMFO 150KV HE00 10um WD 10.5mm

ﬁ%ﬂ' 4-31 SnPb 160°C 0.8A ”Fjiﬂi'fv‘l open > bl ﬁﬂflﬁ%ﬁ' °
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NCTU COMPO 150kV KGO0 10pm WD 10.5mm

[l 4-32 SnPb 160°C 0.8A %‘ﬁj’fﬂ open » b2 ‘ﬁﬂflﬁ%\' o
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COMPO  15.0kY A0 10um WD 10.dmm

[l 4-33 SnPb 160°C 0.8A %‘ﬁj’fﬂ open ° b3 ‘ﬁﬂflﬁ%\' o
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NCTU COMFO 150KV XB00 10um WD 10.5mm

ﬁ%ﬂ' 4-34 SnPb 160°C 0.8A ”FI*IELF#‘I open > b4 ﬁﬂflﬁ%ﬁ' °
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