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A Study on the Microstructure of Lead-Free
Solder Balls Fabricated by Droplet-Based
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1453 E YalMe FoEgx wxA 97| 7| Jfde] sETh I
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DBM(Droplet-Based Manufacturing) &4 & 7]&£9] 24 FAy=

dd A Z (piezo-electric material) S ©]&3to] FAWF-o A 53 oF
zfolel oA AEE FAAIAA A AV|E BAMHY HFTAHo=

A3 & 4 78 LS AR FAHIGI o]9} e

of AL A AHAY T2

0 BoRA Azt sbestth 4 AMgEA e 2eu s Ay

=

o ot Ml i

an}

forming, solder bumping ¢ Th&d Foke &&= A F Stk

mebA] 2 AFE ALY AR Qe AbEo] AlgtE I Qe
63Pb-37SnEsBAl Fv o WAL F d= FdEYH =249 £HES DBM
TS AFEete] AlxetdTh A AFEEHAXN =S
Sn-3.8Ag-0.6Zn oW &EU &9 wAx% WHstE A
of 28]9S FalA FAME BEES AGAY A2 T2 Aol AAFH A
tk. o] U /He AH AHNE orifice2HE ZH2ZE 0.16m, 0.30m, 0.50m,
0.65me] 7ol AdAlste] Zhzte] Wz mifEE AZeds AH&stith
o] AlA AHWANA MAHA AHES OM, SEM. AES, XPSH9o A A=
o] g3alo] Zhzhol Ao AlA wA 2 W3l EuEe] YT Ao] 1
23l droplet sizeoll W& WAl xA o] W3S WAL QI ARTE
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2.1 DBM(Droplet-Based Manufacturing) &3

2.1.1 DBM(Droplet-Based Manufacturing) 34 <32

ArA o7 ALE¥ = spray formingd Ao Al ®%5S Fig. 219
UERIlon, o] AL 1tvtAE ol &dte] &8H 35S BFA T &
i Ao F5 WS AAUA droplete 2 FAHE FH SR, droplet
o A7] Fx7F ddstA ot A3 SuRdAS FASIIVF FEG.
A o Fd3 A7) droplets AlFskal ZHZb droplete] 11 5AS E
235171 918 =9 ¥ A o] DBM(Droplet-Based Manufacturing) 3 74 ©]

DBM (Droplet-Based Manufacturing) & 42 MITolA 7igd A
719 7k el spray forming SAREY B FHS 7HAAL
tl Fig. 2.2014 HoFE= AAY 535S z PN
3 T, EYUe jete tAAdA tezl Wl e FUaA
g ¥ o] droplets FAstaL, oAl A =2 A 7]
of ¥l M2 ¥Xt @4, F merging@ e WA L3 dropleto]
A ZE o

32 o

[t
ME oot rir

2.1.2 DBM &A #H9 A8Q

DBM Hl= FHAE o] &3t A o ZA Asol od 4A &+
AN S Ao EF A ZH AU P, Fig, 232 2 Ao A% DBM &
g MgFes Vel 102 ole} & DBM AH|e] FAR8 AT A TH
o= o] A 4 v o] TR g8k disiA = FolA A
Av sz 3ok,

DBM #H]= A generator $-919 controller system H9 =2 F+&3
ATHY Y Generator F9 ol = Fig. 23914 ®i= A3 o] Hu| <tol] 47) 9
ME 8 "oA= AgeA AEE AMH T e Al AFYE A
Hojodtk o AlE AAdE oyIA2=ZEY Art 22 0.15m, 0.30m,



0.50m, 0.65mel™ AlHS AFHsL 31T = YA HAUH. 1
controller systemol]l ¥ generator system< X2}st ¢ =

2% o] k. Fig. 24+ ¥ A3 A&¥ DBM AH]|S HojFi
DBM H ¢ &S = 7 T3 b= PZT 4AA
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DBM7#H] = =LAl droplet generator ¢} controller system® F+ HF-#+Oo &
s F don 77Hxe F23 FA_ATVE AU o7 & 7] (crucible),
2 ]9 ~(orifice), &% ¥ (spray chamber), 7} Aol & (gas control
system), €% A% FX (melt vibration system), WA %X (charging

system), montioring system®. 2 &g 4 At}

(1) € 7](crucible)

47]+= Sni#Evk ofygt 129 AREE AFET F XS graphite A E S
Abgslgd o AR WHEE 2mmAEe odyAE A £ s
il §7] %ol graphite paper® W% 35 ofZE 7pAvE Ajo|UrtA|
o}, =5 Ao+ PID controller ¢ K-type thermocouple,
Sn¥uk ojyg} 2o AEE AT F

87
Heom, §7] APt WAFE ol gal gAMLY A

mo ¥0 nE &2

eI 2= v1ar9 Bird PrecisionAboll A Al &E Aoz Alulo]ojgFo]
sto] REEQdvh QElvlAe s @50 BrE 119 @ eld, Ankd

Itk eEy s &7 vpee] gy o] FAAE o] &)
ARAZIT 2 AFA AFEE Q¥ 2~ A 100mel A 200m7t
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Fig. 2.1 Schematic diagram of a conventional spray forming process



Thermocouple Piezoelectric actuator

f Inert gas supply

Crucible Shaft & disk
— Vibration
\ ,_/ transmitter
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O
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<4—— Uniform droplets

Fig. 2.2 Schematic diagram of the droplet generator of a DBM apparatus
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Fig. 2.3 Schematic diagram of the DBM apparatus



(a) (b)
Fig. 2.4 The photograph of DBM apparatus

(a) main generator

(b) controller system
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(3) ¥5 v (spray chamber)

i AWM e 100cme] ZHolo ulF A ZA o] 30cm HA-Ed Fold
Pyrex ™ Conical System Pipe(Corning, NY)o|t}. o] A= ¢} =
Ad= deow, 7Y A4S WASH] fs ATl O-rings A48k
o 5 AW REE EE4 £97)olth g, di7] FelA e &
dropletE 2 #2]l¥ A &1 7 wireF el 2 Yebdo} web] B3 i
4 EAF Ao e diels IFEA7E e & of2 3 Thae 9% &
g4 7t BE971E FAAAIACK g

(4) 7} Ao A X (gas control system)

7b2s Aol FAE BE AW U B2 E9UE wEx, 709 &
S 089 AE Esto] oluo] laminar jetS 3 A A ZIth 7}* Alo] Al
see FAlel Aold shs B9, WFAE, Sway BEE T4H0I3)

(5) €9 A% A X (melt vibration system)
S8 e FX= gz vAMsta AR ky AAE Jhshed,
o] A ARl AR jets BolA AT 27|19 droplets WHEO]

= A W3] (piezoelectric transducer), 7% WA 7]
function genertor), < 7|(amplifier), Y 3%7](transformer), A& HI=}
shaft and disk vibration transmitter) Z#]3l 3 34 7](frequency
counter) 2 T E ] Attt A A= lead zirconate titanate (PZT-5A/Navy
Type-2)Z A7 1/2 inch, 77 0.125 inch® olt}. 7|5 HA7], FTH7]
a8 a MEE b A4S 400V 7hA0.1-30kHzo] 9ol A 2 E A g

o #3347 A% A5Y 23 BBUY o ABe AF AW

(6) 1A A (charging system)

Fig. 2.59] droplet 3 &= dropletE©] jetoll A #22 w A7]%
WHAAIA FoJA Aar dropletEo] Hojd uwf A2 o= IS 2zt
W1 DropletE o] AR A &S o= dropletE7l8] A2 X& @
i e = S R R s EHZ S & A%, dropletE7]gl= M2 FXA
gold w Mz EojxA "l EAES g AgS WAz ezA
g g Ut dd A= DCXJ%“ Sem A7 ol ol Ade 1/490A F

&194 O.|>:4 rlr 10‘

2
2 K o oo

3
4
X
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of g1~ ~HRE P 74 e S W x5y o
ol jete 7 SAE FASHA Ha gtow wmAurEr] el droplet >
2 e,

(7) Monitoring system

Monitoring system= Z%7] droplet =7], droplet Ale]e] 7+A 18|11
4 FAE Aojdt=d do] J=wS A-F3 T Monitoring systems &
o] QE]9 25 UeA break-up A4S THotd 4 A F oA=IF HF

CCD 7tz T8 wHe Axuon T

i ol Mz

2.1.4 DBM &4 &&&°k

M

DBM &4l ot v FPEg Az 9o A A DBM¥
S %3 solder bumping, spray forming, RP(rapid prototyping) & 7l

85014+ gk,

of A3tgl 7l&olth, Uty o2 HX(bumps)s2 "-F " Al solder paste
(¢F 10m =719 FFEE TFH)S A&t AHHA 4 Y™ (pick-and-place
techniques)ell ]3] Azx= o] vk 28 o] F7kx By EF Qe W
v 79 balls G717 A= B ZE S (re-flow) &gl LFT
o]¢} #-2 solder bumping process’F 7125 7] 934 = 100-150me]
$+ solder droplet A Z7F 7hs3dlofol shal, solder droplets W3ate 9149
olFA717] 3t olF AR A WHI FFH solder droplete] HA = &
Fe 2AsE ol Fag vigo|n

pul
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Jet diameter, d; —» <+—
+ o+ 4+ o+ o+ + + o+ o+ o+ o+ o+
+ + - -+ +
+ Y P - . 1
Wayealength, A4 . - . i p—
+ y + = -4 "
+ + - -+ +
* * : : + +
+ t—s "
S S-S P - N
Charging plate [&—=——%»

diameter, d. -

—» 4 Droplet diameter, d,

Fig. 2.5 Schematic diagram of the droplet charging mechanism

_15_



(3) Spray forming o}

Spray forming &2 A= WFo x4 HA 9 FAE fdstH,
A 5 943 FdHY FERES in-situ Wl o8te] Alxs= Wy ol
DBM #49 shEA<l F<to]l 7Ie} ¥FAgol H|ste] njuwx fo|d Zo=
AzZrEA, e DBM 4L atomization® 2] T3¢l €S dE B X ¢
g &4l modeling®] A77F AHAE ZAHS HAANE F A= AA

o it e] <l

A3 oy, ddozE Aol Hojdrke Hat dx
| AZ¥ 3 9= Aolu)

(4) Rapid prototyping

Rapid prototyping ¢k T4FE o] A= droplets focusingd o= A sk
= A YA EFAE ThsstEE ForA A HA = Al Fe] s
StEE st 7ottt o] fofe FE PN F Ax IAGA HAE AT
AAGES S A F v 284 FHo= dddEn. 18y DBM ¥
AL o] Hoko] HEA7]7] YA E droplet®] 7 ZE(trajectory) ZAol| 3
g FAR Aol g Aot

2.2 Droplet?9 2 1(Solidification of Droplet)

Spray¥® droplet®] 1 2 9-e Passowol 2|3]A droplete] $i %7}
Uad #Zol o SHAT. Droplete] =% 7,9 A & e @9 Z
Fd droplete] d=yjol] ofs) A E )

Hy= C,( T,~28+x4H) (1)
A7 H = droplete] €Y, ¢ = BlE, g Aol HldE AMS
sto] A L= 39| droplete] HEI7F 2 dEY dE &9
T

Hy= C,/( T;—28)+4H, " (2-1)
H,= Cp( Td_298)+XA Hf T,/ T, (2-2)
H,= C,,( T;—2%) TX T, (2-3)

Droplet2 ®o= Wel7bdA §a7h dojdrt olgp 22 gie oifF
(convective) & W3} ¢ EAM(radiative) & W3} wfjFo LASCH hHFO
EAL o] A7 E Wsl Qv v 2ol Aoy,
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Q=hA(T;— T+ owecA(Ty—T%) 3)

o]7]4 he Wit @ W3, A T droplet®] ®WA, T, & droplets &
YL = gas®] &=(ambient temperature), ¢ = Stefan-Boltzmann
A e 03 140l o] EAMS(hEE BE B EALgS A 1xT)

Aol e},

DBM A= ¥ 8525 553 AFESHY] wol HAF &2 O
F g3 vl FAEYE stk "ojx = Fotke] droplete] € &4 o}
S} 7ol FHIFIT}Y,
o=l 4)

Biot &+ dropletoﬂfﬂ T Byl #Y98% olUAE AAs = L x L)
2420tk Biot number, Bix 240z HHLE droplet THOlA o F <
g WA 82 At the o] Fo] R,
Bi=— . 5)
_Ryq
dq

A71A k= droplete] @ HEx olnh ®b droplet®] HIHE=R=7} o
d Wshg Hoh 84 ¢ Aud dropletd A9 &&=
d=59t. Biot numberZF 001XHt A& W diFEHEEH 4

2
=
interface—controlled ©]x 1831 tF 4 WINFT= thS3 go] 2ozt

7,20),21)

hzig(z.0+0.6Rel/2Prl/3)(£gM ©
dy C.

o] 71 A k= gas 7oA e] dHd %%, Pr2 Prandtl number, Cg—“:‘ T
oAl o] Hldo|tt, aglal ¢, & Tg.moﬂjﬂfﬂ gas® H|dolt}y. 1Ela

g.ave

= o o] FelHt)

0g

g ave

= Let T @

T3 9] droplete]l %3l Reynolds A& th23 o] A3,
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Ro— Ll dy 8)
kg

Prandtl &+ o33 2ol gt

_ 1. Cy (9)
kg
21 6] dF € AT e o' Foi AZtel A droplete] =X} o
Aol &S A 4 At} Droplete] ofglEZ Wo]x|E= E<¢to] dropletd]
T 7#AaAE= d W3t 9] A5 of7]gt}t. uEbA] dropletd] &

Joll whel g med Sas H°ﬂ*ﬂ/l 715
Pz

= “
Tl A ZRel M Sarsmel dA FHE At

}6]_
droplete] o}zl = Hof
7HA e ol e A

o L o (%
ro

.:1

2.2.1 Simulation of Droplet
AP Aoz Fgo] AWt spary @ wlis 159 £§ =R 50K
A Enp. A ey agRE Bolx e droplet N -
Aeel 3 AeREE uA AR dzZEdh Fig. 269 (a)E "ojA =
o] mE Sxf WstE BT (b)e "olxe Agld mE HA9
E&S HoFa Yk o] droplets 200um # 7 o]al 555K9] 7| XE,
T Snolth o 7|4 "WolX = Ayt HolAsE 2
S WAl e o] fAAste s 7 7 Uth
Droplet®] €4 historye= Al 79 A= & Wz d H
oEr”. Hx2 HdH droplet2 EolA= St WFE Fdte] FEd
th. Doplete] break-up©] dojupz] AlZF 3 ol i <4 = s
Sas HFA 2moA AAE L TEa §aF = A=
el @AaE Fol Ao il wEbA Fagith o] 3] 1
2 W7bA] droplet Al&aA 8L
Fig. 27614 F7k#] Wel §1 A4S BoFa itk 3 HA7ZE 19
oM FY TFdstA a7t Aoy Aol F ®A7L droplete] bulks F
A Sk AET. o714 A HA = droplete] ®H
2 2% Sa7F JaEo] #dg St dojyta F oW
A 24 AdRor A AAstr] A
Droplet®] 272 mAx29 el @& F3FS w7 wiol %QE
O Bo] E&c] a4

w92
(o3

A

¢

rui HO,XL
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2.2.2 +A A €1 (Dendrite solidification)

e PAlRAS 2rxd B dZAxde] wel  F#]/H(dendrite
4 (eutectic) & 7dold FHH= AA AT

= 9 Yzt 270 A4 AdEHE= G
24 249 7H 8% dHolt. FASE 1A THAE FHoE o
o] 2zt 7FA| 7} wAStaL 22 74A] FAL F7] wol 23 JHA] AdERE
Alelstar 12 7Rl A 23} 7HA = dAE T Yk T olE 2% JMAZYE-H
17k el 2 o2 E7]7F Bolw 1 R A aATE Hastd 33 7HA|
2 2= Flojtt o] 3a ZHAelE 1 Fol gS Ak AR U]
A A 7HAS] Bl AA e w Ho] 19 AAHY 45 ¥
ot 7} 7EA] Apol o] fAto] GarehH A o] Hop.

structure), A2 (cell structure), ¥
Woole FALE FHLS 27 F

(1) 7FA7e 4303

FAGe] A= A AGEATE ded WA AT A gl
e <100>H3Fo 2 TXVJ A= AR Austs wEgow Hojub
S 204 A= <1010>3Fe] 4 AT, A FRzAdAE
T A2 72 Hﬁok&i FAgo] waasta vk FEW| THhE
Fol A= HlaA] wAlg J2+e] random 9] A A Yol v Kol
T Aol AW I FolA dEaE wE(FIde 2 wahd <100>
Ae 2t FASS w24 JFstA e Wl #2447 vasia Bt
whg] Adste] ZElE A <100> EE 2R e W E zte A4
gro] ol REESLo] 7hA7F ol A 3L ol A WA At FAEE F
3 gkt
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Tarpaesium (K)

§ & 8 &8 5 § 8

Flighi cistancs (m)

(a)

Liquid mothon %)

1 oz D:-l s ﬂ-:l 1
Fight cistance |m]
(b)

Fig. 2.6 Typical solidification curves for droplets
(a) droplet temperature versus distance
(b) liquid fraction of droplet versus distance
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Solid

Liquid

Solidification from the surface Dendritic solidification

Fig. 2.7 Possible solidification fronts for dorplets
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(2) X% 71A ¢ 7+3 (Dendrite Arm Spacing)
FAG F5 (H7HA) 2 2x374A 9] Zhzhe] 7hA
SHETE Foplth o E 5W 7 F9Y dAgelA =
st 7HA7E ERbA A Ho] THAE RbEo] 2AA H
of 7FA7ke] AL FopXith R R WAL LETL 3FAS
7b FFaste] 7hA Fell vl A AAdekar
Asta 1 AW 7R EA 0] Frheb Al Ak webA] WS E(dT/dO e A
2 7FA1 9] 7+A (dendrite arm spacing @ DAS)S T3} 7to] Az g rpom®,

o] DAS( Dendrite Arm Spacing)= WZ& %ol W3} solid +&o A
o] o]&Estx] ferh weEkA] HAo] WZFstE Fotd W7 X dendrite
arm spacingel] ¢]&3kt}

AX FEEFS dury o

b o] m A FEHTS SA FALIE A GelA FAAHY wA AR
AE 7] w1 @A77 BRetal, webs s oS 2 Aloj7E A
Al FEF vlE] ddAor ofHr O] Al 5 P4 DFAST A
ol ek 7h2~e] E# B (trapping) ¥ 2) 1/ FEFIE Yol A FI) 5
SO =2 st BFd WAool FHUJoE IdHA Yo

FaA HEs T AT FA7IFE olslE A ste ="E

=
|
lemingsell 9l8] HExZ A|ZFHAT®, o5 FAFAHT &9

= F
freel Hitid v Darcy's WHOA FoIx hH ek A9

= a1
A3 o= As &5t FAF wide A Aol fsstr] Sl e
g AGstP)E A %3t st a/d FESIFA FAY Ador e
& fFE] Age] o|g tHAte] ARz A 4l F-(centerline) 5 R WA
TFEHvol dET= As TSI, Sa ko] &2 el A FAA
42 (centerline shrinkage)o] A3t $-31 F-7ko] W& A o A= wA
FEFo] yehdth o] FAR FFo gk o]ZA < HwH-e MITY



Taylorsol 93] =YHJATGP0 o]l a4 tsle] dHoZFEH A
o] 3R diE e dEHASE Al el (hydrodynamic principle) =

FE Ak

g T2
L=y o= RE #g
T=57
Ap=Ae] LS wtet A7]E g A st
m=& Lol e AYFHe] dx

R
243 e 2

&

2.3 ¥d< 1 (Lead-Free Solder)

231 Fd&99 NLFF

—L
.

lo

FAEYe] 27 A AFfoA 2 AL Thsd Al FRY =

S 2o, AL 2F2M A applications $13+ Sn-Bi

% applicationS $3F Sn-Ag, Sn-Ag-Bi &4 ¢&o] 1A

T HiuANe SA4A R AL & e oA ol ok Fxes
Sn-Ag % Sn-Ag-Bi 5 Pb-Sn &5XHT o] =} o]

210TC o)A =7 Al&fst=d], olgs 5= IR
o]%o] = ofof gtrh. Sn-Zn B An-Zn- Blé}%‘;% 200C K.

=

S
o rlo v
of
ol
o

N
R

(¢}

o
"E
flo
rlo
H
o

il
g3 FAE 8 r:} JEM o}Oﬂol Askse EAb ol

A} S nom o
ARAA 7ol AR oA % st= Ao ANE dA X
olth. AtstE whr] 9% ‘3*4 BiE Ab&stes W E A /\]Q%\* o] 31

fo plo o o WH o _*_
fuj
iy
)
o
A
ox
o
ox N
o o
do
ol
ol
2
2
w
(o,
Er
il
i)
N
=
ol
ol
2
OO
(o,
Eg
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232 ¥A&Ue FFH} 57

(1) Sn

Sn& oA F/FY 7B A5AdS A o wekA] Sne diFEe
A &l AMEEE 2otk Sn 231TColA xow Aol F
A 2 AAFZE zhe=t) v body-centered tetragonal 2 TR
7IA W oA kA3 white =& f-tine]2} &8+ Aol ©E sty+=
diamond AT %E ztom 13T o|&toll A <Ak gray or a-tinelz} &
= Aolt}. P-tind A n-tin®Z°] WElE tin pestzt 3t=dl, ©] tin pest
2 Qlste] 13T olst7h ¥ Fuj7p sAste] ddo] LA dAv ot
Ao oA HA7 77 As e -l tin pest7t 2 A7 AT,

fi-tin®] 7% body-centered tetragonal T%ZE zt= AR A A
=7} 8] (anistropic) S Hol2 2 F7]% ¢l AMo]F(thermal cycling)l
&2 o) 2AWAE Y grain boundaryoll A o] WA HE T o]zd AL
30-75TC2] EMolZo A #EFHAJY. o] 7 Sn T+ Sn-rich phase?] 4%
QoA ol VA WES AVbstA FEete Sn 1 AAA 95t
a2 ddgo] HAgTE Lewis 9 A7l 93k, 05wt.% Sb, 0.1wt.% Bi
TE S5wt% Pb o]are]l #H7E7F tin peste] A Aol ofF JIpAHo|zgta 3}
gy ol gk AQIEA S oA EHEtA ¢tk ¥ Snd WH-&
Holup o et o5kl whisker Aol 2 dojdriir Fth. Whiskers=
HE A @E-tneZ Hu 064m7HA AsE Aoz BuEATh
51CollA & whiskerd o] dojyn] Zmgzxdoluy 7o) ddd 3
W=t} 71 whisker= A7]4 @E(short)S 4o 4 o Phe} 22

2+ whisker®] A4S AL

e o 12

(2) Sn-Zn Al

Sn-9wt.%Zn = FHol 198C=E 7]E Pb-Sn ¥4 &4 &4
(I83C)rAkete] migHolt}, o] &EHe] T4 P-tin ¥ 1% vrte]
Sn & %=E ZEE hexagonal Zn 7ol WHEE = lamella 722 T 3l

E]’. Sl’lj'/]' 7n< 2 F Cuﬂ E’l’%‘c_ﬂ—oq %é?z_]— ?:’:]'@'%—% %*é% zl: 9}]\1;]_31;—33).
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(3) Sn-Cu A

Sn-0.7wt.2%Cu’t FA@ Aol FHLE 227Colty. Cu precipitate2}
CueSns 553 sttE= Aol vk o = Addel g Helyrt
o}z WA= EA W Spe| stako] T2 TAE whisker growth®} tin pest7}

v
o] 418 Aol

(4) Sn-Bi A
o} Ao A= A &+
o] Zt}. 130T = Bi

il

1=
2AAwt.% = A ) 7o ex=r Uy
= MEEc ZHge YzkEro|A Sn-Bid vA T EE
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(5) Sn-Ag Al
T2 Sn-35wt.%Agel L T 221TColth 254 2 A
=7} 958y, ¥ & 4ol Ztt Dendritic globule X9 [-tind}
dendrite AFo]el thin platelet ¥l =57 FEQ AgsSn7t A E5 o] 3
= 2AE ztev Zng #HUetA & f-tin dendritic globuleS A A 3dFaL
gt} o] £6E Sn-0.07Cust FAbs
Al Sne ghaFo]l =7] witol Sn whiskerd Aol dojibr] HE Aot
Cugs 0.7% 7}=F H7istd 92540 7ldEw, Cu7b £Y = dissolution
He AL WA=y 3 BiE 48%%3 AL g0 208-215C AE

=
ol HSEAo L AP,
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(6) Sn-In A

In-48Sn & ] SMT (surface mounting technolgy)ol o] o]& %t}
In-49.18n0] FAZAol, TALEE 117Co . 257 T2 e F A7t
ZA3tt.  In-rich’ (pseudo-body-centered tetragonal phase, [, 44.8wt.
%Sn)¥} Sn-rich*H(hexagonal, v, 77.6wt.2%Sn)e] LA o]t} Ine A&52 ¢
7}7F o T o] e,

(7) Sn-Sb A
ARAETL $5ota, M2sws a9 Ay AW 88 5S40 F
A Bsha, Curt EURel ATse], FH1 HFBS 4A AR @

Mol Utk §H & 232-240°C ko h,
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T &9 FFOZE Sn, Sn-35wt%Ag, Sn-3.8wt%Ag-0.6wt%Zn A=
gt =d Aget ZnSs H7ME o 2ZHA melting pointe] A&, £ A7) A,
A EAS 7MA = aog BuEa gt o] U%%g xﬂio}ﬂ 21 8te
T £09 4E& 4dkgol HE 0}01 2t AAE AR FARNE v 1Y
59 ez gafstd

2 AFolA AHES DBM a4 MEFE Fig 23914 ®eo| £t DBM
2l Aol 7 e AXdE 72 180°3] Ho] hsshAl AR ol it
aear o] Al A Aol 4789 A AH A F AXEH o A= 4709 AA
AN e =225E 22 0.15m, 0.30m, 0.50m, 0.65m A ]el A %] & o]
Utk LA A AXHE I AATIEA LY ARRY FE Ues
droplet< 470 Al A FA ol A ZH2+o] AAS AT o+ St

olef Zo] AlHE AMASY] o] WA dst= AA] LYy E =
o] Bird PrecisionAt25E FYd3 T oy A2S £7]9 niyg R i
ceramic FZAE o] &ate] HHAAIA 2ol HdEz=AZ F 150TE >%9
QE A oF TAIZF Ak {A|stH A

AlEe B710 Far §71ek & Apolel ThAAE 719 Aol w2 A
= As %7 A8 7Y wAkR BU1E A § 2EA, ddas 2
ot z4F AL A" Adste] JMeyHze E5 Aueh &7ItS of
0.7 X 10* Torr® M¥r=s FAHAA, 225 A2 (250T)7HA] 524
A 2% AWE F 9 Adetr] fa s da e2EH= S 10
0CellM 19, 200TolA 29 of2x7k2E ol g8ty & 3 HAS AT
kool ko] 250Cel =eetar y §7]ek AHel 100kPael & 27}
WA ES Ttas Fdste]l 86 wHol LdyaE FEA S8 v
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e olu FuE 5kHzE FA8H] jets EE A7 A A
FgoRA QEHa B EHS WstAZIY oA st T
droplete] &# Wew™ ogu~z2Ry Agrt 7bF 77k 0.15mFH Al %
ato] AlES FHSH7] Al AlSSiA the dAlOl A AFH ST fE Al
A AANE HAAAA w4 0.65m7HA] AlHE 2 3 gt

o]y o] AMFHE A|HAL Al 2 A(silicone oi)Eol A sHA A} w
g od AAE QA WA 29S e &0 Fe F Fe ede F
FAol FL& Y oz 2 A8 AAG L, 2SRAHE 9 AxE B
S AFAEAT AHD AL rFol AxA F 2o nAzZ R
Woaga FEEE #Es] 91814 SEM, OM, AES, XPS& &34 24
3tk Fig. 312 DBM & Aol 93 2do AFHel TAHS HojFa 9l
=3
3.3 Droplet®]
(1) SEM(Scanning electron microscopy)

A dropletS BT ARRE MZ U2 "olx: At 9y 9

a7)e) we FHE 63%-3— #2a7] 99 zztel droplete] AHE
Hol L ol gato] RFAAMN SEM A em HAlstar,

(2) OM(Optical microscopy)

Zkzk el mAl G xE #ES] A rheE F 7IAA duks A &
BAANZAY, Fado g Spn-35AgeE CHz;0H 95ml, HCl 3ml, HNO; 2ml,
HF 2mlZ o]Fojz H2 oo o 13# 20% A% chemical etching it}

a8]3 Sn-3.8Ag-06Zn= CHs;OH 95ml, HCL 3ml, HNO; 2ml& ¢F 30%
A S chemical etching 8+ & IMTAFe] 33 dn| AL AlEste] EA s %t)

(3) AES(Auger electron spectroscopy)

Droplet Al 2] T Zo] 3} ES BX38l7] 91alA AES(Auger electron
spectroscopy) #41831th. ©] AES #4L& VG ScientificAte] Microlab
310D “Hlell A A a3t
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(4) XPS(X-ray photoelectron spectroscopy)

Al Z2WF dad st AFEHE Fetstr] s XPS(X-ray
photoelectron spectroscopy)i-4< sttt o] XPSH#4S VG ScientificAt
o] ESCALAB 200R #H]eo|A 3§3ted # il photoemission chamber®] 7]4
& (base pressure)= 5X10"° Torre] Z1d-g AHE FX 3t 238 Fo

Sd=d F&= WA
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Vhterial — Sn, Sn-3.5Ag, Sn-3.8Ag-0.6Zn

1l

DBM process
iL Orifice size : 10041, 15041, 200/
Variation of parameters Frequency difference — SkHz
] constant
@ Pressure difference — 100kPa

Collection of balls ™ Four Collectors ( 0.15m, 0.30m, 0.50m,0.65m)

s
Characterization of balls

AES

XPS

Fig. 3.1 Experimental procedure of DBM process

_30_



A4 A9 A9 2 3%
4.1 Droplet®] T+3 %=

Fig. 41914 432 Sn, Sn-3.5wtAg, Sn-3.8wt%Ag-0.6wtZn®] 3FHa ol A
gy A7)} "ol = A e W3le] wE droplete] ¥4 W3S SEM
ARRlo® sk Avjolt), Ad 2He BEFA &899 2% 250C, &7]¢9
A ole]l F#HAHAP) 100kPa, =34 % 5.0kHz, A2 200V, charge #<¢t
2 DC 600VZ 3}% L orifice 72 ZFZF 100gm, 150m, 200pm= ¥ 8}A] 7]
WA g 228H Adle 42 0.15m, 0.30m, 0.50m, 0.66m= W 3AIF
o AAAA dropletd] FHFEE #TEEW DBM T 9s] Alxd
droplet I+ ol 7M7h& AR 454 dEdEn. 53 L8922 5H
A= 7} 7W7hE5 droplet®] & =7} °ok;3}ﬂ ey awRE At E
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4.1.1 23ty de] J4

Fig. 41914 Fig. 43¢ SEM AFZl& F3l|l A droplete] FEej7l L9~ =
HFE A7 "ol weps FHEVF AdtE = slow dEEn. 2y
<288 Azt 0156melA AHE  droplete] Fejel 0.65melH AFH
droplet®] FElE Hla d|HA 0.65mel A A3 droplete] 3 Ef7}F 0.15mol
A AHFHE droplete] FEIET FEE7F O A= Aol #EEAT. o]
ol "Wolxi= Azt HolHdl wet droplete] FE| Wste] 71 2 olf=
droplet ™ol Absta]vto] HJAAH7] wjto = FehEt

Qe 225 E U2 droplet HEE JFAEH A HojAHA A
o Az Asket ojul Akl droplet silicone oilS W7 WiAER S
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g Abst mute] P om Q13 droplete] TFEEE ASHAIZIT whebA
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Hop edo] o3 =9 o] &olatr| e FE = YEea o
gyl 228 Azt HojHol| whEbA ko] ofgk Abstuuhe] f ko] ¢
7] wjiEell Y E7F AstE T,

ol¢} & droplet ¥wWo] 2bstyerS BEA37] ¢4 AES(Auger
Electron Spectroscopy)®t XPS(X-ray photoelectron spectroscopy)i21S 3}
Atk AESEA S &dllA dropletixWol stsiAd el SAs 2 = 1 33t

Qrel AGARe BAes] faA XPSEAL et
4.1.1.1 AES (Auger Electron Spectroscopy)

Fig. 44% Sn-35wt%Agdt+2o] AESe| ¢9s] 413t =9 st
FS HAFEr o] EAAE ostH xHd O(tAL), C(EA), Sn(F4)
AIZEAL Aol ol 1A o] Aol oJefA droplet®] FEHWol+=
spray chamberell ZHF38}aL 9l@ Abao] gk qbstyjete] A= s &
Sl 4 Atk 18 3 silicone oil i W& FFetd g

e Aom ddEn o)y o] Zhzbe] ghaol A
Ao RRE Art A4 "Hojdol wel A4 it Snk BWE
23Y A7t A "ol wel dAsHA FAE

Fig. 45 Sn-3.8wt%Ag-0.6wt%Zn o= A= thE oA &= A eolA
A E droplete] AES #2412 3lolt}, o] 1o A 495eVel A 520eV kinetic
energy W 7MA | A AbA peakso] YEFUIL, 245eVol Al 285eV W 9] 7FA|
k4 peaks ©] YERY AL 18] a1 985eVell Al 1020eV H L1 7FA] oFd peaks ©]
ety egy 228 Y Ayl dojdas A Wl Fsta de A
2ol ok Abstylure] Aol H& &oldky] wiiel =T AstdEra
= o] A Ay HuE AolE UEhlA Xskar Atk o] 9 22 o]
el disiAe e 7FA dlo] AZAMANE 1 Foll A Al A FH ol A A
Az AAS AHst dxg Fo st triFel WAst 7] wol
1 oseb Abske)l FES gk ARE A ET. o] FiES JOoREE ¢S

g @2 1#o] Zag A
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EHel
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FlgtNG 100 150 4m 200 /m

distance

0.15m

0.30m

0.50m

XY
3333
4 <

JCY L.%-.ﬁ.

0.65m %ﬁ E > T 5
2928 . Odp ) _ '-'{... !

Fig. 4.1 Morphology of Sn droplet at different levels of flight distance
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Orifice
Flight
distance

0.15m

0.30m

ST S
0.50m | ™ < [}

0.65m

Fig. 4.2 Morphology of Sn-3.5wt%Ag droplet at different levels
of flight distance




Flight

distance

Orifice

0.15m

0.30m

0.50m

0.65m

Fig. 4.3 Morphology of Sn-3.8wt2%6Ag-0.6wt%Zn droplet at

different levels of flight distance
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Fig. 462 Sn, Sn-3.5wt%Ag, Sn-3.8wt%Ag-0.6wt%7Zn &= AESY
o3t droplet W #A4ZAS HoF Qlvy. 747 a9 ®HW
Sn# Sn-35wt%Ag® 7d-$ol oxygen, carbon, tin peako] EU&+A hEd
Wk 28y Sn-3.8wt%Ag-0.6wt%Zn 394 FF oA = oxygen, carbon
peak 7} zinc peako] WERSETE o] Azfel] osiA Al o] UdA FFaol
A= Sn peako] YWERWIL 3YA el A= Zn peako] LrERH] whel el
xd 4ks ZFA 3L QA Wb 394 &

o o
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Fig. 4.4 Montage of chemical elements on surface of a Sn-3.5Ag
droplet by AES
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Fig. 45 AES analysis of Sn—-3.8Ag-0.6Zn droplet at different levels
(a) flight distance : 0.15m
(c) flight distance : 0.50m

(b) flight distance : 0.30m
(d) flight distance : 0.65m
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Fig. 4.6 AES survey for chemical elements on the surface of a sample
(a) Sn
(b) Sn-35wt%Ag
(c) Sn-3.8wt%Ag-0.6wt%Zn
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4.1.1.2 XPS (X-ray Photoelectron Spectroscopy)

Fig. 472 Sn, Sn-3.5wt%Ag, Sn-3.8wt%Ag-0.6wt%Zn droplet 3% of 4|
°] Sn 3d core level spectrum® XPS(ESCA) #4] Azeld], o] XPS &4
S A5 A B AT B4 B olydg Al 2FEH de 7 da9
stebA A3t dHE FAE = A #Wyolth. ol gk shehA ARG
Bl o] &l peake B 914 5 AFoluAs Sl AT =
gy AA spectrume Zhz+e] stateo] 23] YEYE peak 9| 713%4’\1
UEtUA Ho=z sl Fgst state 7 2 7 stated] w&S g7t
A etk 282 E o] Y3 peakS W= HAH o] peak fitting WHO R
e a2y o] B Etth o] peak fitting®HHel 93] Snd Sn-35Ag
droplet %] Sn 3d core level spectrum< SnO, Sn0,, Sn 2& o & e}
o}, o 7] A SnO Sn0; A¢¢] intensity”} Sn 239 intensity Ht} =4
el =t o] A Sn¥ Sn-35Agd =2l ®EWol= SnO9F Sn0.Z23He] 2k}
ddo] FAH Zi-‘li 2 4 dtd 283 Sn-3.8Ag-0.6Zn - Sn 3d
core level spectrum< AA Ao 2 ZE intensitys 7FA 3L A7] wfj&Fo] L
geke zZvtu B 4 vk wEbA Sn 3d core level spectrums peak
fitting3t 23 Sn¥ Sn-35Ag¥d =2l droplet EHol= SnO9 Sn0, 4Fs}hy]
o] FAH AoR #AdE 1 Sn-38Ag-06Zn T+ droplet EHo|=
SnO%t Sn0; AFsto] & w9 242 o2 Frrer,

Fig. 4.82 Sn, Sn-35wt%Ag, Sn-3.8wt%Ag-0.6wt%Zn droplet 3% of 4]
9] 7Zn 2p core level spectrum® XPSEA Aot} Zn 2p core level
spectrum= peak fittingd Z 3 Sn¥ Sn-35Ag TF9 droplet THol=
peak®] YWEIA] ¢Skl Sn-3.8Ag-0.6Zn &5 2] droplet EH AT ZnO2}
Zn ZAsto] Yerdtl walA Zn 2p core level oAl Sn-3.8Ag-0.6Zn I+
A RE ZnO Absta] o] g kil AokE

a2 2 AES$F XPS w418 &34 Sndt Sn-35Ag Fw o droplet ®
Holl = SnO2F SnO; 239 Sn oxide’} @4 % 1L, Sn-3.8Ag-0.67Zn &+
droplet o+ ZnO A9 Zn oxide?} 33*3%3}.

ol
-

T
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41.1.3 A5ty g Ao g% FIE9 A3

Fig. 4.1°14 43& &34l dropletd] +3%E+ v o] #FHEY. A
HA = "ol = A7t HolHeo| wel dropletd] T+ %+ AstEi F ®
A= Zn7b H7bE AFEA(Sn-3.8Ag-0.6Zn) /o] ©HA(Sn) T o] A
(Sn-35Ag)x/Ad ¥ vl A] droplete] FEE7F o] AstE e As #F &
T At

oo} e FPEo Ast UAL v Z2 dld oA dojdria
BuEa 9th. = Ozbilen etal. S0 &3t 7R s ++3 2
o A|xAl ¥ (superheating)d =71 S7Fghol| wel =7 FrkekH, H
g4 297 e IF Aawo] #Aagte wel FEEvF FrldEdga B
ST o714 A WA Rd FRe| wE FHEE] Wst= AT 3
A A Y] SFeREE ©lA 232, oAl 221T, A9A 218Telx &
Fol 255 250CE sYdatAl A7 witel doAew &§ =27t
W& 394 24 (Sn-3.8Ag-0.6Zn)°] HEAH =T FAAL o] dA e} v
A MY =S S d Uk YRR RAdAH =T SUHEe b e e
7b ST Hae 2 AFAAe] s 2 e Aow ddErh
T HA T Ak gyte] tisid = A¥e] F7H o] spray chamber
roll M= Fdg Aba s 7HA L A7) witoll spray chamber <Fell
ZHE AR vlalgide] wA kal @] AY Aol FdsA fom=
Zh7ve] A3 Aol #&EH &= st AolE Moz mHT 7 9l
S ZoE #wudth £ Sn, Ag, Zn 77t #F AbstE A ouA (

4G % ; standard free energy of oxides)E Hludf A3} &v FaolA
Zn oxide7} Sn oxide$} HluLEjA AbstE = Aol =& ASE & F UM
o awee B oAgeA 394 el TI R Aste ZnHtel <
gk Abst gl o w FekEr)

wEa] B AS oA Spn, Sn-35Ag, Sn-3.8Ag-06Zn ¥Fo TIEIEE @
oAA = A7t "ol wel P =7F AstE = o] A Sndt Sn-3.5Ag
st droplet®] ZEWeol| Sn Oxide’} #A % i, Sn-3.8Ag-06Zn g+
droplet®] EWol& Zn Oxide7} @A = o] "Hojx&= A7t Ho]d 4= 4bs)
fr A Alzke] AojA 7] witol Y E7F AsteEth 183l Sn¥# Sn-35Ag¢}
Hl 33 4] Sn-3.8Ag-0.6Zn =9 FF=7F dAA AdtE = o312 Sn
Oxide¢} Zn Oxide?] 2tstsE A AfFaAUxE vlaslE A3 Zn Oxide’}
AbsbE e Aol 7] Wil Y=V U5 o Aetdvtal ke
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Fig. 4.7 The Sn 3d core level spectra of the droplet surface
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Fig. 4.8 The Zn 2p core level spectra of the droplet surface
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Droplet®] &%= Algte] & th& stpo] Qo Es &l 5o 9%
T2 Aot} Fig. 495 Sn-3.8wt%Ag-0.6wt%Zne] A= ttE& "o
A= AgelAM e 5T ot g2 HE 0.15molA s 53 9]
Al A staL Qo FHEe AVIE AA P EH I “3}%]‘3} < 2y
22 5E Azl "HojHd wel M FAF At Y FEEo] ¢
Fow olFety] A\Fetar 1 A7) A A AA FAPAEH 5
MEE e A7)7F AA L, TPEARE A FEEo] A As @
e ¢ gt Py ARRY Tk AgdAe WASETE wEY] uE
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of slge] ;g wie] EAYYe] wWek dob Y= AP Fo| FolEol
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(a) (b)

(c) (d)
Fig. 4.9 Morphology of shrinkage at different levels of flight distance
(Sn-3.8wt%Ag-0.6wt%Zn)
(a) flight distance : 0.15m (b) flight distance : 0.30m
(c) flight distance : 0.50m  (d) flight distance : 0.65m
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4.2 Dropletd] w1 Az 3

Fig. 4109 (a)= Sn-35wt%Ag, (b)= Sn-3.8wt%Ag-0.6wt%Zne] 4
E HolF 1 k. Sn-35wt%Age FAHAZRANA e g FHE
-Sn ¥ AgsSn ©]3L Sn-3.8wt%Ag-0.6wt%Zne FHZAdAA UElY= A
o] F5F+ B-Sn I AgsSn 1|3l SnAg ©]t}.

Fig. 4119 (a)= Sn-35wt%Ag, (b)= Sn-3.8wt%Ag-0.6wt%Zn =3+
o Fstdnd #AFE E3 v A oH (a)dlA HEe FES [B-Sn
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Fig. 4.10 (a) The phase diagram of Sn-3.5wt%Ag
(b) The phase diagram of Sn-3.8wt%Ag—-0.6wt%Zn
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(a) (b)
Fig. 4.11 Microstructure of master alloy
(a) Sn-3.5wt%Ag
(b) Sn-3.8wt%Ag-0.6wt%Zn
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4.2.1 Sn-3.5wt%Ag

Fig. 4.12°14 4.14%= 292~ AZS 100gm, 150gm, 200gmol A = o] %] =
AYE 77 0.15m, 0.30, 0.50m, 0.6om<e] AzlelA A3k Sn-35wt%Ag
droplet®] @3t @mAGApzlolnt, AA Al mAZzA L Q2R E 7
b doldas 2dieh A4S 7Y S g y2=25H 0.15mé
0.30m AzlelA AT droplet> PIAIE A& 7HA AT Q2] ¥ A2 FE
A7 0.50met 0.66m Aol A A3 droplete ik vA=AS 713
=3

Fig. 4129 <2892~ #74do] 100mY 2] Sn-35wt%Age] m A Z=%
AR oz A MEA FZE(cell structure) & 7HA T & Qg d A2 5
oA = Azt 2ol s Axd F27F A3 2dsiAs s
2 4 gl Fig. 4137 4.14% @92~ H Aol 150met 200im 4
Sn-35wt%Ag2l 0.15m<et 0.30mol Al A3 s+ droplete] v A== o] 0.50me}
0.65mell Al | gk droplet®] W AlZA 3 HluefA HAHow WA 7
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Fig. 4.12 Microstructure of Sn-3.5wt%Ag droplets at different levels of flight
distance with 100um of orifice diameter
(a) flight distance : 0.156m (b) flight distance : 0.30m
(b) flight distance : 0.50m (d) flight distance : 0.65m

(c) (d)
Fig. 4.13 Microstructure of Sn-3.5wt%Ag droplets at different levels of
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flight distance with 150um of orifice diameter
(a) flight distance : 0.156m (b) flight distance : 0.30m
(b) flight distance : 0.50m (d) flight distance : 0.65m

(c) (d)
Fig. 4.14 Microstructure of Sn-3.5wt%Ag droplets at different levels of
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flight distance with 200um of orifice diameter
(a) flight distance : 0.1om (b) flight distance : 0.30m
(b) flight distance : 0.50m (d) flight distance : 0.65m

Sn-35wt%Ag FwHo @y Ao mE HAxA e WEE Fig. 4.15
oA HolFa dtt. I F Aol 100mol A= AEA  FF(cell
structure) H Bl S Ho|t}7b 150met 200m= 7FHA SR Y
Aol Zofsl A Qth. o]9f o] MEFOEFE FAAFS r

obA74A ks olFE A= gkt ey M Alele] e A9
AA ol oaff Aol 1 Az WEgoRE EbAs) A 7] el Azt
o Aol JAstHA FAA FEE Wttty ddEo 7183 100
ol A 150pm, 200m= W3l wAlzF o] s A= S #ES F
A=, o] AL droplete] A7Ao] #A&4E Siye FE7F w7 i
of do] AFE AZFA AF7E 7] wiEol AAHE wAeA Av 1
2] 3L droplet®] 2 7do] &< g
o AL A7 7] W

Fig. 4.16= Sn-35wt%Ag &+9 mapping &3 23= Yeuider o
gy 22H5HE A7 0.16molA A3 3 dropletS mapping?dt 23 Ag YA
o] ol ogluA~2RE AYrt 065m 33 droplets mappingdF 2 3}
Ag YA #E7F AE & Aol7t YEET ey EY Azt |
0.65mel A AgiAte]l Aol FeletAl Uetdtt oA I ~R2HE A
27t 7H7bE 0.16me] Aol 1 Al Edstr] A7bA = 2% 4
Al AlzRe] #7] wiEol AgdAZE Sn Z1A el @A E AP oA f7F (17
5ol Q1A AA R FAAT. 2y oEyA22RE A8 0.65m
Aol 2 Al =Eaty] A7bA = 259 FA Algto] Hojx]7] o

ol Ag UAZE Sn 71AGel FiEsl A D AlFke] 7] wiEel FEiEHA

fl
E |0
ol
rr
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BNl

okt

e

ol Ay} 7ro]l Sn-35wt%Ag w9 droplete] WA FEAHLS A-Sni @
-Sn 7]#] <tel AgsSno] #AME FAY dgdo=w PN, eIz hYH
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(c)

Fig. 4.15 Microstructure of Sn-3.5wt%Ag droplets with a variation orifice
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diameter (constant flight distance of 0.65m)
(a) orifice size 100um (b) orifice size 150um (a) orifice size 200um
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50 /m
Ag Sn

(b)
Fig. 4.16 Mapping analysis result of Sn-3.5wt% droplet at different levels
of flight distance
(a) flight distance : 0.15m (b) flight distance : 0.65m

4.2.2 Sn-3.8wt%Ag-0.6wt%Zn

AS BT AT Sn-35wt%Agol A He] Zn H7bol| o8 Fx
A& vlAst Al7]aL oA ARY 2dsE JAste] A5l AA
FAE AL A A 0] W ARl AgsSnite]l ILEA EikE o] 7] A A<
o FHETE 3 o] YAEC] AAHYH AES AATOEA creep AT

Al A= 5= 7FA AL
Fig. 41794 4192 <2832 A4S 100pm, 150mm, 200gmol A 2+z¢
0.15m, 0.30, 0.50m, 0.65m<] AlelAl AHZ Sn-3.8wt%Ag-0.6wt%Zn
droplet®] #3} dAw|AALoltt, o 7]4 Hojx= A7k 0.15m%E = 100mm,
150pm, 200m droplet®] AX -2 w5 m Attt A9k @ojx]= A7t A
Z Hbo) A 0.50m, 0.66m< W droplete] ZAZAHLE w9 Zdja] A X
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A Abole AR FrbskAl ®nk o9} o] HAAQ mAxzAE o
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Fig. 417 22132 A7 o] 100m L] Sn-3.8wt%Ag-0.6wt% Zn¥+=
o] MM ZEAL HAAHoRE n Mg AEAd FZE(cell structure)S 7FATH =
LY AR HE "HojX = Ayl ool wabA AEA 27 HH 2
A= AL B F v} Fig. 4187 4.199 <y 2 7o) 150umet
200 o] droplet®] mAlZA otk AAH o8 FA4Fo] FAAEHAA 2
U225 A7l oo webA FA4e] Aol AAH © ZoiE] A
= AEs Bt F Y22 5EH "olAE Agrt 0.15m el FA
AF 7141 9] 7FA (Dendrite Arm Space : DAS)E " A A X7t @ @]y A2 5
g A7t 0.30F8 Al&ste] g "o o] weks DASE AH =
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Aol 71 == 3k},
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(c) (d)
Fig. 4.17 Microstructure of Sn-3.8wt2%Ag-0.6Zn droplets at different levels of
flight distance with 100um of orifice diameter
(a) flight distance : 0.15m (b) flight distance : 0.30m
(b) flight distance : 0.50m (d) flight distance : 0.65m
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(c) (c)
Fig. 4.18 Microstructure of Sn-3.8wt%Ag-0.6Zn droplets at different levels of
flight distance with 150um of orifice diameter
(a) flight distance : 0.15m (b) flight distance : 0.30m
(b) flight distance : 0.50m (d) flight distance : 0.65m
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(c) (d)
Fig. 4.19 Microstructure of Sn-3.8wt%Ag-0.6Zn droplets at different levels of
flight distance with 200um of orifice diameter
(a) flight distance : 0.15m (b) flight distance : 0.30m
(b) flight distance : 0.50m (d) flight distance : 0.65m
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(c)
Fig. 4.20 Microstructure of Sn-3.8wt2%6Ag-0.6wt% droplets
with a variation orifice diameter(constant flight distance of 0.65m)

(a) orifice size 100um (b) orifice size 150um (a) orifice size 200um

Al 5% A&
2 A9+ DBM +4& ©]&3t] Sn, Sn-35wt%Ag, Sn-3.8wtAg-0.6Zn
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Droplet-Based Manufacturing Process

Hwan Young Park

Department of Material Engineering,
Korea Maritime University, Busan 606-791, Korea

Abstract

The uniform droplets for lead—free solder balls fabricated by using
the Droplet-Based Manufacturing(DBM) process. The DBM process
generates uniform droplet from molten metal jets by the uniform
vibration of the piezoelectric materials, and consists of a crucible, an
orifice, a spray chamber system, a gas control system, a melt
vibration system, a charging system, and a video monitoring system.

The Sn-Pb eutentic solder balls use make of the most widly in
chip—packing technique. However the use of Pb have been resricted
due to environment and toxicologic. Therefore lead-free solder alloys
to make investigate Sn, Sn-35wt%Ag, Sn-3.8wt2%6Ag-0.6wt%Zn

materials.

In order to observe the morphology and microstructure of the
droplets, lead—free solder balls were collected at different levels of
flight distance of 0.15m, 0.30m, 0.50m, and 0.65m, respectively. The
collected solder balls were characterized by use of SEM, OM, AES,
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and XPS.
The sphericity of droplets decreased with increasing the flight

distance due to oxidation effect of droplet surface. The microstructure
of droplets changed from cell structure to dendrite structure with
increasing orifice size due to effect of cooling effect. The
microstructure of droplets showed that the arm spacing of dendrite

increased with increasing the flight distance.
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