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The Fluxless Wetting Properties of UBM-Coated Si-Wafer to the Pb-Free Solders
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Abstract

The fluxless wetting properties of UBM-coated Si-wafer to the binary lead-free solders(Sn-Ag, Sn-Sb,
Sn-In, Sn-Bi) were estimated by wetting balance method. With the new wettability indices from the
wetting curves of one side coated specimen, the wetting property estimation of UBM-coated Si-wafer
was possible. For UBM of Si-chip, Au/Cu/Cr UBM was better than Au/Ni/Ti in the point of wetting
time. At general reflow process temperature, the wettability of high melting point solders(Sn-Sb, Sn-
Ag) was better than that of low melting point ones(Sn-Bi, Sn-In). The contact angle of the one side
coated Si-plate to the solder could be calculated from the force balance equation by measuring the

static state force and the tilt angle.
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Fig. 1 Si~chip on glass flip-chip bonding system

Journal of KWS, Vol. 18, No. 6, December, 2000



UBMo| & 449 Si-wafere] & Pb-free £T19] ¥E 2 28 B4 75

Bump Metallurgy)el =t
%3 TSMZ2 £t9

Mg
oX
[y
1
=
o
=y
vy
o
r.l
)

7+’

9, 19909 &4 ge] <lAlo] gt fal4de] Al
71H WA Sng 7N 23 Ph-free £ that A
7} st A=At AT, Sn-Pb €69 2
43} Agl ol A 13 Ph-free ETIE 27] o}
3 7]E Sn-Pb &0l %3 AW AiEAE
Pb-free U428 wAdted t& GG H &S
FHRTE A HAH HAld= EF3IIL Pb-free &
tze] AAFAQ wArt FRHR e 4Felt, 2
2t 1990 Toll B9} dE £ FX9 AA
AE YA NNAE 749 ©] 88} green marketing 7
Aol s AWM FAFEo| FAETE AH| A A
Hoh 83334 AFE AFstnA she 1t 7Y
2te) 7AYol FEH o R 283} Ph-freegtio] U
& A7t OAl SahA AdE D 9E Aol

E Ao X = wetting balance &2 UBM 3
%9] Pb-free solderd] 3t 2HSA S Hrietna} 3t
t}. Wetting balance ¥ globule test, dip test,
area of spread test & U& 229 7Py} v
ng o AFAI] APGol Hojvka A7t mE
A 54 HstE #EE 4 9oy FFgHed BN
of 7hdtthe Aol guk’. &fust ohet st
WgatA He 71Re 542 wetting balance
method& F3te} B7Askele A7, Cinique 9
Lee %ol 98 #£3] A71¥o] =t} 7129
wetting balance¥ < ZYF &3] Yaie
&3S 71w S FAs ol gk, ¥, /¥
o] g FE3E TG Ay AAF EAE A
At F W F& 3H & AXA =M olu o]
Ao FHE F&F0] F& FaAgH &) I
W7] el AlEe] Jhd| T stEe] IHES
A7171 Wi o2 L EE RS A A dolelg A
Fxrl WojAl & g4l ot

Fig. 2& 99 %3 Ags gd 3 Ao &t
bathel ©71 el U272 (meniscus) RHES
Zyzh JeRdT), 3% ol 2A] gk Holy] wj o]
W ¥4 &8 (non-wetting force)o| 2H&3shm witj
A ol MUaA29 oo 93t HEFol| Fg3lm
2 FAd oA g FEol 7 AJHE] 7] ol
g et aH SFE AHe] AE AL &
W =2y AlEg g2 548 HolA "Hr}. Racz et

Kb HEEEE 184 6%, 20004 127

At
AR A5, g8 AEYY] ¥
ol

Non-wettable

A

/' Wettablev\

oth sides coating One side coating

Fig. 2 Meniscus shape of one and both side-coated
specimens

st g3 F4E sfAste] A
A AABIL o] & ¥l O E Pb-fre
UBMZ9 F-EZgxsloMe 2& 54F B8t
&t

o
@
>
hn
=
[ )
o

Si-wafere ¥ ¥utE p-type (100) waferg A
gt e FAE 0.5mmelth. Al lemX2em
o] A7 2 At THLE AL &S o BSA
& Y17 98t G 1R 710A 4talkE] x|
g AuZE F00A S BRizow Z2FaYct. Si-
wafere] UBMZ2 &% Table 13 #Z°] Au/Cu/Cr
2 Au/Ni/Ti¢] 5 ¥F¢ UBM< 338, o=
2& E-gun Evaporation®& Ap&8}<d 3.0x10"
torre] FFENA F45E AR FHAY.

UBM C2& FEY2 AuoA £97 A8 24 &
€ 54§ o R-type ZHAE HLslyen, 44
FSHANHE A AFste] U S G Z- S
o A& FME vastgr}. £ 2 Sn-37wt%Pb,
Sn-3.5wt%Ag, Sn-5wt%Sb, Sn-57wt%Bi, Sn-
51wt%In 3HaS AH&EATE 2 £119 wetting 4
Y 22 4 &6 §3-& aelsle] Table 29+ Zo]
A3t9 k. Wetting balance testert RHESCA
SAT-5000% A3t o HH4EE Smm/s, A3
Zole 3mm=E IS AEH AAE ofAE, o)
BE, olaZay 429 M2 44 58% 2

746



76

T - uAs A8 - BAAE - ZEY

Table 1 Thickness of the metal layers in the UBM
of Si-wafer(unit:A)

Au Cu Cr Ni Ti
Wafer1(C1)| 500 1,000 | 700 - -
Wafer2(C2) | - 5,000 | 700 - -
Wafer3(C3) | 500 5,000 | 700 - -

Waferd(C4) | 500 - - 1,000 | 700

Table 2 Wetting test temperature of each solder

Solders Il)\gfrlxt{;i{l .,Cg ) Test temperature(C)
Sn-37Pb 183 210 230 250
Sn-3.5Ag 221 250 270 290

Sn-53b 246 270 290 310
Sn-57Bi 139 170 190 210
Sn-51In 120 150 180 210
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Fig. 3 A typical wetting curve and wettability indices
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Fig. 4 Wetting curves of the both side-coated UBM
C, for the Sn-Ag solder

d3A GeRIA R, o] % B go] Azl 327 o]
F7Vei7t A& 718k Raka Rkl &9 z&oﬂ
HED vlE Aot o#jt FAo] el o f
Si-wafer o] & F3¥ ZoAEe £0i9 éin
o] doua BENA Alzke] EAetAgt, F:& o] ¢k
¥ Si-wafer RN = A &vi7} 24 G vz S
EA4€ Yer7] Wil &3 v R g B34 g
o] gl Ao AZEY, W Fig. 59 290C ©
W F& AlHAA 5x o] Fof o] FAI] i
ol &1l W% CuZol oA Uzky) w&olr},
Fig. 5% A8 2&o] dojur] &ol sEAA Azt
o] UEh}A| g ¥ 8 & (non-wetting) ¥ tha
2 A28 Fig. 49 ¥H A M 2SI 2
o] Axgge] FAE& /MY B, ¥ F Fugkol &
o] el MED YA AIHY Yo} W FF
2 Fig. 49} 1A% Aotk &, Fig. 6 2 Fig. 7oA

Journal of KWS, Vol. 18, No. 6, December, 2000



UBM°| &4

Z2t9 Si-waferd)] 3 Pbfree €019 FEYx A&

o] ¥ 4 UH 3 AW BF, 25 wel A

AellA BEE ol 3‘5]'4177%%34-4 37 H& A3
of =@dt= AHA tys S A (characteristic
time)°olY A 5% (maximum wetting force)]
37} Aol dAZ APt & HEFAe] A
ERAE el A 2 9 A|Y BF 2 m
2 Fd3 ¥3 4¢SS vehlle Aolth. Leaw %
Wo] L& 270l $U3 A|HA wetting balance
test H71 T 2& AL 5T REFAM =
2% F e 2 A4 (wettability 1ndex)‘£ |
Ag F, 247k A FEo] 7"X]Y_‘ o v ¢} A A 5
Qe BAE AReg . B d7dAE "}7‘}7}74
2, 9d 53 ANy 34, TR & SiH qE

Wetting force(mN)

Fig. 5 Wetting curves of the one side-coated UBM
C. for the Sn-Ag solder

2.0
1.8
1.6
@ 14+
© —{@-— One side
---@-~- Both side
1.2 \.
1.0
0.8 T g T v T
250 270 290
Temp.(C)

Fig. 6 t; characteristic wetting time of the UBM C,
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Fig. 7 Maximum wetting force of the UBM C; for
the Sn-Ag solder
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Fig. 9 Minimum wetting force(Fus) of the UBM-
coated Si-wafer to the Sn-Ag solder
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Fig. 10 Static state wetting force(F,) of the UBM-
coated Si~wafer to the Sn-Ag solder
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Fig. 12 Meniscus height(H) of the UBM-coated
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