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Characteristics of Sn-Pb Electroplating and Bump Formation for Flip Chip Fabrication
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Abstract

The Sn-Pb eutectic solder bump formation (150um diameter, 250um pitch) by electroplating was studied for
flip chip package fabrication. The effect of current density and plating time on Sn-Pb deposit was
investigated. The morphology and composition of plated solder surface was examined by scanning electron
microscopy. The plating thickness increased with increasing time. The plating rate became constant at
limiting current density. After the characteristics of Sn-Pb plating were investigated, Sn-Pb solder bumps
were fabricated in optimal condition of 7A/dm?® 4hr. Ball shear test after reflow was performed to measure
adhesion strength between solder bump and UBM (Under Bump Metallurgy). The shear strength of Sn-Pb
bump after reflow was higher than that of before reflow.
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A &Y YUY 71e2 Ay 719 7143 £ g 88 Fo] old &Fdde Aseltt A HE Ax
ANz 7FF 0] v H& FAHNS 7Rz ok, whelA Z1eRA o8 7hR] o] dFE I AT dAl =S
o= A7FE 2.2 PCB(Printed Circuit Board) of 93t X AZ V&L A 2olA o]FofA 1 A7}
o} 2o F71E 7)1HE ALgE] Yl HEHo]l v o FA oW HEHo| ¢4 B ope}, nAIA
Agd 23 £9YZ Sn-37mass%Pb7} Bo| AH&H THo] golgt A& 7 ER EHF #7139 AF}
Tt @9 F FE wEe 7|29 stolo] Ero FAA % go] 24 H 1 et
Y TAB(Tape Automated Bonding)el 23t H& B Aol = Cr/Cu/Ni/Au & UBMLZE AL&
Mo g Ry HENAS Felu H45ZdolE #A & & A7 130w, HF] 250me] HE S 2t= Sn-Pb
& 9= WA (area array assembly) WAooz H W2 A z2tsly] ¢etd Az o &) Axte

520 Journal of KWS. Vol. 19, No. 5. October, 2001



e egol o) AR S &) W] A 73
HAz2AS gdohhr] P& APL gk AFLUE  glE TiE £v] 9oz 2004 e £38 YT
3 A zkol whe) FAEE e 4% T ¥ 9] FolE& A 98l FA 40me] FH HEA
3E zAslgon ol5e mgd IAEES wiEst (photo resist) & AF8-8t] 2173 130un, ##] 250um =
Gt o] AL uito g o AR WA £ UBM&ell HE =3 B=& gAstgon, Ti A3 +

T2 A eIsld FARE Frlsidon, gEas duddddd 4 5]'31355 stejr] &8 Hlleam

nAASRES FPTe

U Haflewx
AFAdws A7t W 2 £xol A9 #AE
A gt Adedg A Al 1.5em X 1lem?®

i-glold ol Cr/Cu/Ni/Aug®l UBM <& #7t
700/5.000/1,000/500 A $7A & E-gun evaporator
2 %—%‘ﬂ“ o A2 oM BeflA] 23 AH
1 gol 42 33 AlHsted mgdd ZOL{P R
As) =g 0}»\\4. Sn-PbE29 e Sn’' (20g/1),
Pb” (10g/1)9) ol &n) 2 A8stgon, FFoi Sn-
Pb #4&UE A4, 5% &5 4L
27TmmE A3t e, awte 27|uwt7l g Abg-st
o FHrEEE 240rpm, EFE £5¢ 26~26TE
SR, B, 228 24 T AFURe 2347
wEe s WA 7IHAY mgEe] T 24 ¥
g BEsIA

ofr

iR

i

1.UBM deposition{Cr/Cu/Ni/Au)
A/UBM

5.Solder electroplating

Si-waler
2 .Solder dam deposition(Ti)

‘/rl

3.Thick PR pattern(40um} 6.PR strip

Fig. 1 Schematic illustration of experimental
procedure

AA=FE sh7] A3 AHz2AE B F Fig. 1
S e “6‘73?—* AggslAct. 4 2em ¥ 2em
Si-gle]® 9o UBML.& Cr/Cu/Ni/Au th& wehg
700/5.000/1,000/500 A Z3a+ & &r)st 3240l

KEBIEHEEEE $£19% $55, 20014 108

et Sn-Pb U7t =8E ¥ =8 228 AAs
of A FEele &y B‘E% Ao ol Hie] e
& a -stepPB & o] &8ty FsIATE o] FA St
wEo]A A7 130um 91 vl HEZE RMA(Rosin
Mildly Activated) Z2H 25 Algsle] =Xg & o)
714891719 E dof A ?4 F2¢ et "4~i~rﬂ
Sn-Pb &3 &H 9 R ¢ 30CHE B2 210TC
oM 5&, 10%, 15& &<t A&stgm o] 27A= 13
o] £ MEZE A2 4= dAh 13 RS AR

ol

o ohE 243 sgee) 4% 9 Anwgol &9

AR AE 9B Tab) A A
%—i—% Stk HYYE 33 & AW O ZRE Smigol

%Jé(styluq)a nA3sk 200um/secd] ol FELE
< HollA “101 —'Jr‘:‘r 2 7] dele 3

&

AFYE ARbe mE =g FAE AR
Fig. 2+ ‘,Tr“'E"ﬂ 2 &9 s
23_40]1;} solvyl 2713 S
7)ol = "7}0}134 4A/dm* -2 9
Mg dout AP AL dehle A ¢ %
st} ol @wz: € SR04 M ARUEE
4 = 2

0.8

0.7

-
-

0.6 7 L]

0.1 '

Plating rate (um/min)

0.3

02 '

Current density (A/dm?)

Fig. 2 Relation between plating thickness and
current density in Sn-Pb plating

521



74

I e o] 9] AErgo] YA EHolee] AFEE A =9 239 2 v avgmy

o] Aatslo] §43] AAYE It kA= FAAFE IR

E(limiting current density)ell AIsted o] o] itel =

AFAE F7te FH3MA 43 FAE Hele 2o A

2 g =
Fig. 32 Fig. 24 Asl=g Al AFL=7} 44/

2
B ATl HE f50] Aok 9
S

LT

- . h=1
Holu =35l YA Jge 27 T
o WEH A AL & & YA w

o
AWEE 240rpme L WS

= .
Fig. 55 €tle] 23Atd] g =554 S do}

dm® o] 4ol X dF e EFEEE HolE o[ f5 HY B7] 98te] o2 2A/dm*e] AFEE 2T eA
YA -2V {vs SCE)7}4] scan rate 2mV/secE A Aot TFFA= Alztel] AF vl
S 25 FHo2 Ay ot g FAH g 5 UdNen, ol uieoez g2 AFUroA ¥
AYYE &ML SEE 9ol BYE S Sn ZE AT FAS 47 2EEEE VFoE dde
I Pbel EFSLHL7 v =3 A HAAHE 49 Fol|RhEe] & WA, da g st UFHY ~8
ol CPHL Fart e ddelth. B & AzE 428 & I} AFL =] & Sn-Ph F
4A/dm* F-ZolA 7ste] ®igtoll = AfFgte]l Skt &ule 2AWHIE Fig. 60 JYelldth AA4E &
2 e SAAF vdEbES 200% £ Uk wnks AN = AFEEe Ftol upet B} 7R
=9 E5F TAdY BAE dolr ] At wnkE Edhol BA E&o] F7hete dAAFELE o))
2 delole] BE20] FAE 233 4AE Fig. 4 =9 FF29 240 A gFsitt’ . wabx AR
o ehith &z F#HSHA EHE FAE  WEyF F7kshd PbEd Snol o 44 AHeg
Aol AL Wol=H o] Rvans' S0 & &F
6 Current density:2Adm? -
*(),4i
op A —~
a 70_8_: i 4 /dmzfor Sn-Pb i, \Z 5
Z a2 ,—2‘5 4]
~ i}
5 14 £
E fl_G: £ 3 W
£ 5] 1
4 Sn-Pb solution
-2.04 gold working 2 —— T T T T — T T
4 scan rate 2 mV/sec 4 6 " 10 12 14 16
22 , , r—r R
0.01 0.1 1 10 100 Plating time (min)
Current density (A/dm®) Fig. 5 Relation between plating thickness and
Fig. 3 Polarization curve of Sn-Pb time in Sn-Pb plating (2A/dm?)
5 100
R 90 ] —a— Su-Pb(Pb%)
41— 80
& A s 70
3 3 % 0 1
@ | ] 4
£ ] ) i ' £
e £ }
w2 w40
2 = ]
ey q “ 30 o
LVS il -
A1 - B 20 4
] 10
0 LA L B R S I R S R B 0 | LI ERUNL NS SO B R S S B R S N S S
150 180 210 240 270 300 330 0 1 2 3 4 5 6 7 8 9
Stirring rate (rpm) Current density (A/dm?)
Fig. 4 Relation between plating thickness and Fig. 6 Composition of Sn-Pb solder with respect

522

stirring rate in Sn—-Pb plating

to current density

Journal of KWS. Vol. 19, No. 5, October, 2001



mk)
s

A=l o Mz €A W o] E4

it

Sn-Pb EF&0Md AFd=r} F7h et =5
2%9] Sn go] Fubsta AHH R PoEEFS Ha
atad 4A/dm® ol FHHE Avd Fvht A glo]
TA/dm* A 4R s 35~40mass% =9 #e
0;(]?‘3}_04 E‘_@]?FE} é‘ X«] auluoﬂﬁ ;qenlE
7} Z71ake whgl Phdakol 60~65mass% & A Asl
3 o|F FAMFUR oj2A HW Ao FA 7t
e b 2oz s FAEE ¢ F Utk
Fig. 7 2A/dm” 2 7A/dm* 8] AFHR LN =5
¥ Sn-Pb &9 W& SEMO R e Abzlo|ty,
24-e] Arle AFUEsE S7HEol e} vl gy
= Aol k. AFUEsL B 2A/dm* e 7§l
EARUEY 20t 3 7Ud AP HHE o) FA
b AFREst Fohgte] el TA/dmid M e AR
Eo @77 R v A gdatse] A4 *HE ol
zg Fel7} slol THe] AR &3S vebdn. o
1

218 At AdntAQ E AL AAEE Aoz A

(‘

r

rt

- p=

o
RO B24S ARSEE Webn AR g

(a) Current density (2A/dm?)

(b)Y Current density (7A/dm?)

Fig. 7 Morphologies of deposited Sn-Pb particles
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RERGHEHERE B 19% M58k, 20014 10A

woll M FeElah ANEES =Y 4 vk w2
AT dudg AT Sn-Pb E52d F

B3 FHRAPE Hole TA/dm*Y AFLEE A
o) EFEAoR Adsid £ W AAE A2t
o} Fig. 8& 274 130um . 32 250um <] %53% A}
W27 243 PR BE 9ol 1 ARbESt &
utg} 25 E Sn-Pb £09 =8 & UrEM
ojty, 2 AltbEet e ARU=IAY (347
dm?)ell= PR 829 Fo]BT} @A U7t a2
2 EEEL st FE AVl dIHEE I
de ¥ Foln ARUES UF 52 4F
(9A/dmY)el= £u7t =44 =35WA PR 229
gol o] Ao =gso FHa Ade WEs} oA &

)

(a) Current density (3A/dm?)

(h) Current density (7A/dm?)

(¢) Current density (9A/dm?)

Fig. 8 Morphologies of Sn-Pb bump plated on PR

mold

523



e
r‘g“)
O‘O‘l
A
2
o

F=4 - A

2ol €6 MEZE Fig. 9ol YT M Fo)
o] #YAE @ -stepeE e B A7} 80um+10
me] HAAE Bgon o]F RMA ZTHAE AFR3)A]
oM 21225 3t Fig. 107 2o] 2 g9 &
o MEE PR HFHoE AZd Yre A
Ao ok 150meol 2 HAHF L 250mo] Ut W=
SRR o RYgE ZYAE AMES F Y
Aol &A3 o] FoA|A| &

o} 471 27 F 2ot}
M A A GEZS ARl mE Wxe) A

D
=

T & Hrtetr] Y3t S E2 L AIHE gt A
A 4% A%E Fig. 114 EA&AT. &2

$ olAHe Fx A=+ oF 30g-forced oY 10%
A BEERS A AEAEIE oF 120g-forceE F7}
5 B HFEES FS de

Al 80g-

Fig. 9 Morphology of Sn-Pb solder bump after PR
strip

Fig. 10 Morphology of Sn-Pb solder bumps after
reflow with RMA flux

524

140
= SnPb]

120

100 ~

80

60

Shear strength (g-force)

40

20

Reflow time (sec)

Fig. 11 Shear strength of Sn-Pb bump with respect
to reflow time

force3 =2 7HAsdth o]A& Sn# Cuzte AW
oMol 247t e T THH o] AW &
E 3 EF 4 FAAAE FAN FESFS

& Wxel UBMZHY A3 o] F7tsitrt 1 o)
o] FAME Al FEo| #AaTo s Bago gt
O metd, B AT HZ2e A7k 1528 2

~°ﬂ 4611 H“E o}— 22
o A ol % A
A o=
o o1& wige. 2 ot o mjAd S W Z Aol
olsta &, & FAEH et Hla, HET o] o]
Ackl AnA o A &0 W Az oA 2
Al $87Fe S ¢35 o v F A

r&"J

AL

4. 4 =
Qe =g ol ofa & A7 150um, #X|250umE
Sn-Pb €0 HZE I4 & + UddeH 42
& g8 ohg3t Lok
JEF AlZko] 7Kg ok £35e) %7} )
et Frtelg o, AHLEr}t Eo1ebE SAAF
DEQl 4A/dm AR £ &=t F7tstth) ol Felle
#5}7} glgiet.
NETEY 2AL AFURY 27l whe =
£t Wel sngol A8 371 3 HA 3%

1

N

M
= rlr )

PNal
ox i

fhd

Journal of KWS, Vol. 19, No. 5, October, 2001



77

g 29¢ 2% Uz
A Fbe e 102 5

E dTE 200095 AAL R A7 &4
o A7uistel] A ofd A=Y

bl

ibal
Ao
rar

1. S.Y.Jang. K.W.Paik : Korean Journal of Materials

KERHREEE B 19% B59. 20014 108

(@]

Research, Vol.19, No.3 (1999). 288

H. Lau ed : Flip Chip Technologies, McGraw-Hill,
New York (1995), 123

Addi Mistry, John Czarnowski and Craig Beddingfield
¢ [EEE/CPMT Int'l Electronics Manufacturing
Technology Symposium (1998).J .Evans, Electroplating
and metal finishing, June (1972), 29~31

A . Brenner ° Electrodeposition of Alloy, Academic
press, New York (1963)

Kwang-Lung Lin  Plating & surface finishing (1996),
59

T.Y.Pang, H.D.Brair. J.M.Nicholson and S.W.Oh :
Advanced in Electronic Packaging, ASME, NY, 2
(1997), 13

525



