AR M E T3 BGA #7149 &9 Ball 4 dFo] #¢ A+
Analysis of the Wetting Curve and It's Application to the Prediction of Ball
Shape of BGA Package

uhA) gx, 7

iy

Al
2] %

B Fwx, A A Hokx

« Agystm AT

o gAYt ATty

1. A48

H7)1 Ao} viAs B 2o}, H¥Y FFS +

£ AAste A4 Bt Fo45E HAA Fvkstn 9l
=], creep test, € E AlY To=2 &v AFH9 A
g dddts 39 33 Edyog Ry &y
THE dEds A7 Bol MAHL gtk o#d A
oA R 712AQ HFL &9 4R AL o
Zate A, ol &9y &Y F Y AP
#g BAzAE 9iEeE A3 HrIRdAS A7
o) o] }.{1]

2 dAFdAE reflow Aol B F 2438 &4

o F4E oFE £ e P @ d7eHd.
wetting balance testZ25E &t B d o] gloiA] #1#
FaP Apd A &0y RUFAHE AT F, o F
o] 23l Laplace equationg Fa|A &£r] 29 A

At &, AXARRe} vjwsz) st ¥
reflow €68 FAE o83l £ E2 reflow
= Bygsgo. & 9 AEZE, Sn-Pb &4 B
#A Pb-free 6] AL 5 7173 dEHoje & &+ U=
Sn-Ag #AEHE AEEY. 3HERALE Fu &%
2 conveyor £ 58 Aojdld reflow 2A& Astg )

o>

ax Ax
e o

A

2. ol&3 WA
_gzz]z}g;’ol =]

wetting Balance Test23¥ R HAHS F&= 4
W& Wilhelmy plate 2@ o]|F &3] A)7]Ho] g+
o, o] Zdo] ¢stH, plateE ANo] B F plated

dIl= JYFE T3 Lol AA .
F=pycos @ (1
pE plated E#, r= A4 FFAEH, 6+ plate
o} o] o} F = FHZFZo|t) wilA, wetting balance
testol Al Dol = FP el 3 platedt HAHE
B Atele) HEZ we g dgErie IWAHE 7
T A B9, 28y, 7]£ 322 wetting balance test

F4NN FEAe Far FAZ 44 %2, 239
Sues oAzt =27 WEd, 4 1B ol gHN X
WAL AN R4 BA, o] mAL AR
o2 s, A&z 24 glol XRRYL Adals

£

Ho] F3 Alx=Ho] ¢, RJ. Wassink, Makato
Miyazaki et al. 5o 93] AAE 2yo] gt [2][3]
ol#gt Almee g, B dAFAE D wetting

balance test A#2 UAF = wetting curve FolA,
plateE FolF7lEe HAoA FAHE A&FJFHoz
FH EA3EE Addste HHe Adsigen, B o
ToMAE S B oz FURHE AdsAd. [5]-(7]
withdrawal force curves 4gd&Eviol AHE plate
g oA dEste HAHodA APHE FHOREA, o X
Aol HAanHoME platest A& T e HEZo] (o
2ot mEkA, DA ZAQ go] 1o] HEZ Any
Mo 3 Fye &3 o
Fuy=07—Feu (2)
Feg & wetting curve 9 vl o] 2A 5= glo g
A, platedl o3l €£de FAE wrgd. A ()9
A 8 Fu, Fea & wetting curveZHE 48 4 g+
#eln2, A 4T wetting force® T3 BHAHy
g 7% + A dd.

&o2 o] At
Py =ag Hido gao] B AAL Laplace
Aoz By &y, g3 2o
to—p= A+ ) 3)
p= W 4, pat FAYH, & A9 xuF
gola, Ry 2 R JAEH ZgwAFo|th Bo 7
gste €8S A4y U2 HARSE AQ) Y9y
Haole pgy 2 UEYE § dx, g 4Q)E g
I Zo]l BEE 4+ ok

—243—



dy— . sin 8d6
2sinfy  sinf  _pgy (4.a)
X0 X Y
e — cos 8df
2sin6y _ sing _ _pgy (4P
Xg X 7

deop Erige] HFn e 27 HFEZG 608
T3t71 3l reflow WF AN £riE9 FHW7
St 7HgetE o 22 A4S e 7 At

h
V= ﬁfo x’dy= % xr’ (5)

Expenimental Procedure

A &rje] FHEAHEE $18le]  wetting
balance test® A A3tGrl. wetting balance testere
Rhescadl A} %HE SAT-5000 2doln, AAAE PC
2 AL plateE2E 99.9% %, ¥4 03mme] T
d#e #Hol 20mm, WHIZE &2 6, 8 10mm 7t HEF
Adad F oAMgEAT. B A AMRE fluxe R-
type otk Atzlube A AB7] $Ete], opAES Z I3
ARG FHUDE FL date] ¢ 5RT HAH¥AND F
2L£2 AHetd AxAZ F luxE =E3AT

Ztle Sn-37Pb ¥ Sn-35AgE AlgslRen, &%

=337

of w2 FEAY %S AMNsy] HAstod, Sn-37PbY] &
T 210, 250, 290C 2 BEAH o8, Sn-35Ag9] 7
Yz 25 & 250 290CE WHIAA ZAHsHU %—'}
45 15mm/sec, AFZolE 4mm, AL 528
nARstgn. o 2P 1084 HEsted Hugy A
Azke AAg UriA gte BHE& FHATH

Results & Discussion

Surface Tension? 4}

3% 2%¥ SnPb solderg& ©] &3 wetting balance
test 23} AL £ JE wetting curveZ BoFE d=
o £x7 210CY A%, Sn-Pb TAHAEETY &
3CET 3A EA ol £u9 HAel 2 KFAC]
Yol ReEAo] X ¢SS HAEY mebA, HEA
e Az, HAdg Z2gEe 3A yehgo. oo wha,
250, 200TC oM HS5A0l Hojt A9 HFHA
wetting curveZ BHoF 3 gtk A 2d 2FoA, A
Azbol By ¥ AlHE Folgdd o ArlE d&HIA
(withdrawal force curve)2 B F 3 gluh. ShollA A
g upsl ol of JFAMojAje Huigte o] &3t AYE
Heo mvAd=He AN & Ax, 2 EHXE IH 30
[Sa=28 Fel=1
dntx oz ez wpep ol

Q x—] o] 18

N

R

i
ol r

P

57t F74E wet

Sn-Pb ¥ Sn-Ag BF EHAHO ZAAIILLE ¢ F
Utk E, Sn-Pbe] BAFHL 235Co) A 0.4~0.42N/m,
Sn-Ag® EHZHE 250TohA 045~055N/m=2 B
Ho] gEd, £ @FdA AN die T &9 2R
BxE g Aol 2gE.

Solder Ball9] ¥4 A

Reflow £ &9 AL o570 FA, EBHH
#o] Wt U E A4 vAE IS dolEr] A
st Byl B9&a (74 0.76mm) RG] o
2 £dYEg 7Hgs F A4 AFZ3A"HAAY EILE
Adbs] Bokth Foix EEAEge] WY gddAMs, F
Adst RyzAdM EHZHo F/EFE 44 %4
Fole Zasn, vl Frhstdd. E, 7@ olFE
27142x RHEZERY FUk wEt Fagrh oA
Ty, FRAHZ ] FAEFE &9 B 2Yel 9
AaAe A4S Bt oA BY R =

wHe] Xolo] WE AN AN, ZVGEI F3, Folvt
$e A9 &y Ho|, & VA=Y EoIMt S
&0 2o nlg EWFol o A wWEodh 2y, B
wAzko] 03 ~ 055 N/m 2 wste o &9 2o
¥ol, vul, 28z 27 Zx9 W¥IE ofF A v
ok AA reflow 2% #Hee] W, F 210 ~ 20T
9] 2x¥igle] W A4EHe XBFHY Wite
05 ~ 04N/m AEo|BZ reflow SAWHSFd WE
o 2o 9uate] #3le aA velux #& ez v
RS

39 4& 27|85 Wl uE & B ¥4
£ Yeid adelth. BGA 3L €d¥ g 7 73
ole} 3] & Zo WEst EAstE W=EHA Bdez A
Fact matA, N1F 9ol e &6 Bo] 4T IFF
o Heg Ade FAolng zU|EF 2 w2
e Aol gtAA Ho 273FE 001]/\1—‘?’-51
05mN7kA] 0.1mN & WA A Ais A3 27| xE,
He] 2 o] BF FRSA WIS #EE 5+
th o] Axe FAFH g & f@wste ghol
A gskd A9 vugnt o F, reflow AU
£ 5% 9o indE, A7) FAYG T dF
Q1 &Fel Wsle] 9% & B FAYIsE 4 AA
e384 4 ok o, A9 ALt dde 44 &0
7} FEI =& olF AYE FAFAUTE A s
2 AHolu 2, reflow 34 WHF F conveyor speedH
5% reflow time? W3lE Fo4¥ Part Ark weF
conveyor £57F UF el &FrjBo] dFoR Hg
WA FIOW, A AT 4P FolE HY A
o}7] ®&oltt olo] dig A &9 A =
WslE @23t kinetics Fgolx, @A = old dof

Ny 12

1R
e

gl

i

r

N

P)



& g dF At olHAAAE a1 drh
ol e AuE TSI ®luslr] sk, 19 5
(a)ol = wetting balance testd AI}E Fa U
Sn-Pb Ad&rle] 250ToIA e wdAAZE 040IN/m #*
& ]88t Laplace equation °f &% ZAAE Z4Z
el g2 2A494, 10 (b)e] AA reflow T3
S F3lo d& &0 @ wugS 9|, Wy

%*}6‘} ""é%% At
?——‘13}1] Fe HFEEE 98 A4
A 5l= Marangoni effect,
eoyisle @ FHEFH
Wi T2 42 ' 4 A9 x84, 89 sF%e
‘76‘91 ZHe &g 2 9%E YAA gEd
7w 9loh[9] Marangoni &3E, &1 EWHY
5 X’r°\°ﬂ O E 59 WIE Aysie ol&EdY, &
HEol A$, reflow Tzt #Wsldq Arle EEA)
7 A FEREE, old wale Ao uE THAEY
o] W3yl olF mAEy] WE] FA F dFE FA

ox flo

reflow T+7toll A 2]

2 Aoz HuwEich meba, wetting balance test ¢
JdEFFHozHE 42 HFHE T &vle EHUA

, 13 o|Z A AAE & Laplace
a1 A% &9 29 3“‘—% o) &3}
=AY 2F7 : T Aok
Summary

%ol AR MIAE Bt Vv He &9 2
G P4 4 Wi g d+& JAYsiAth g
£  wetting balance test® ¢1& 33X (withdrawal
force curve)sl A9l HagtolA Eoidery FAE 2
& gozrE AiAsFY. ANAH Sn-Pb €069 E
B38e 250TA 0.401N/m, 290°Col A 0.38ON/m =
kel Sn-Ag £09 3§, 250ColA 0522, 290C )

U<

A 04112 FAHAC.
Laplace 4-& ©| 8% &% £6iEd &g A
Aok ERgEgol ¥g dole 2714Ed £UEY

wol7t gastgn, 6 2ol Wue IARKAG. AA
reflow 5% THE Fotel SnPb uiRl WY AY
A% ANATsh FARASS FUE + A

6. References

[1] DR. Frear et al, The Mechanics of Solder Alloy
Interconnects, Van Nostrand Reinhold, NY, p361-
p413

[2] K.J. Wassink,
Electrochemical
England, p45-46

Soldering in  electronics,

publication limited, Oxon,

(31

(4]

(5]

[6]

(7

(8l

(9]

—245—

M. Miyazaki et al, Conditions for measurement of
surface tension of solders with a wetting balance
tester, Proc. 2nd symposium “Microjoining and
Assembly Technology in Electronics”, Feb. 1-2,
1996, Yokohama, p85-p88

Hisaaki Takao .et. al,
Angle Measurement in Meniscograph Method(1)”,

Paper the 2nd

"Development of Contact

presented at Symposium

"Microjoining and Assembly Technology in
Electronics”, Yokohama, Japan 1-2 February
1996), 101-106

Jae Yong Park, Jae Pil Jung, Choon Sik Kang,
IEEE Trans. CPM, 23 (9), 1999

Jae Yong Park, Jae Pil Jung, Choon Sik Kang,
Proc. 5th symposium “Microjoining and Assembly
Technology in Electronics”, Feb. 4-5, 1999,
Yokohama, p85-p88

Jae Yong Park, Jae Pil Jung, Choon Sik Kang,
JEM, v.27 (11), 1655, 1999

K.N.Chiang, W.L.Chen, "Electronic Packaging

Reflow Shape Prediction for the Solder Mask

Defined Ball Grid Array”, ]. Electronic
Packaging, V 120, June, 1998, pl75-17
KW.Moon et al,"Dynamic Aspects of Wetting

Balance Tests",
(1996), 174-183

Journal of Electronic Packaging, 118



2% 1 Schematic Diagram of Solder
Ball (dy/dx=tan @)
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1% 2 Wetting curve of Sn—Pb solder
at 210, 250, 290C
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293 3 Measured surface tensions of
Sn-Pb and Sn-Ag solders
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% 4 Calculated geometry of solder
ball after reflow under different initial
loads
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2% 4 (a) Comparison between ball
shape calculated by surface evolver and

by Laplace equation, (b) Picture of

solder ball shape after reflow at 250 C



