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Microstructures and Shear Strength of Sn-Zn Lead-free Solder Joints
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Abstract

Microstructure and shear strength of Sn-Zn lead-free solders and AwNi/Cu UBM joint under thermal aging
conditions was investigated. The samples were aged isothermally at 100°C and 150C for 300, 600, and 900 hours.
The IMCs(Intermetallic Compound) at the interface between solder and UBM were examined by FESEM and TEM.
The results showed that the shear strength was decreased with aging time and temperature. The solder ball with high
activated RA flux had about 8.2% higher shear strength than that of RMA flux. Poor wetting and many voids were
observed in the fractured solder joint with of RMA flux. The decreased shear strengths were caused by IMC growth
and Zn grain coarsening. Zn reacted with Au and then was transformed to the A3-AuZn compound. Although AuZn
grew first, 7 -NisZny compounds were formed with aging time. The layers indicated by NisZnxu(l), (2), and (3) were
formed with the thickness of ~0.7 um, ~4 um, and ~2 um, respectively.
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1. M = REo mAglo] A 4 3, Znol Arte] Féol

o2 Sn-ZnA £t Az ZAZH HelM $-918 A}

s ARRET 233 A 2 ;rise AT F Utk 2EU Znd 840 & F50)7] i
Agow wdsly glor, AT FAed e #a AL HFol T Sn-Pb THEW Ho} HA=
o] AXAAN o] galdel e Lelv} molR: 9 °}E} tZo] 54 Zi'é} Absh, AgRA TSt
BEAAL 2] Y8 o] HrEHA 71Z(void) ] Ao, E25 &udde U 5 &

e B At ek 2o xS Paixla 9 0}3}% A7} ‘E%E‘r“. Sn—Zn &9 A A=A
DAg2A 2AFAE g &) o WANE Z4F Aol dAHel & Jz $£EF9

E Alolo M Sn-ZnAl €UE Sn-AgA €09 viws  H7PL olFA 1 slov FFAo|m A AT
o] £g257l v, Sn-Pb 2AEUY ¢ vl FET A%tk SnZn €99 AW v GnkEl
= =29 o] &8 Sp-Pb ALUY gAlEre =2  Sn-base €09 WeHE 28 AuZn, CuZn,
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Ni-Zn9] ©o]4A4 S43% &35 (intermetallic
compound, IMC)e] UBM{(Under Bump Metallurgy)
3 A9z we} AT S AZELEY A7
wgl F52t S3Ee FAe xistEnt ol FAe
Wkl gl MaEoy 2,

2 dFdMe ASH SnZndl FAEHE CSP
(Chip Scale Package) Si71#le] #©lE2% &9Y3
T S2AE AP wWE rEE S,
Au/Ni/Cu UBM 24 |43t 8389 A7e
o mAZAS BB T} BYx FFHo wel
Aol Sn-ZnAl EUHTH A e dIE £Y
Elai=a

2 M W

Ao ARSE AEL2 CSP 288 1/0(Input/
Output)ol®, 7|x|2] & =7]= 13x13mmela,
FAE Immeltt &v] 89 A7)e AEC] 0.3%
0.0lmmelx, A= =& 0.33+£0.05me]H, HAXe
0.5mmeltt. UBM F#&E  Au(0.5m)/Ni(10~15
m)/Cu(22~32m)E H=aggez AReMc}. &
& FY2o] digt dIFE Blwdr] ¢, Zng RA
(Rosin Activated) &8 2(ZA650: Nihon genma)
9} BGA/CSP€ RMA(Rosin Mildly Activated) &
A A(390DH3LV: Alpha metal) & T8l 17]7)
g Azt Ao ARE F FF FIAECCNA
Sn-8Zn-3Bi(wt%, °)3t wt%& vehd)el nidde
187C, H3de 197Ce™, Sn-7Zne z/dAe
199C, A& 201Coltt. Table 19 5829 &
de e 2E2 S gl Al - 4% &%
WAoo AA 2lZ2S AR 5Eolx, Mol &
T2 0.55m/minclt}. H1 2%E Sn-8Zn-3BiE
230+5T, Sn-7Zn 240+-5TAA 2zt 10%, 44
e fAAEE 6022 AH st

258} Aol whE Adriest IMCY A4 HEE
Hlwsl7] Y] AlEexE 100C9 150C 2 T3}
3 0, 300, 600, 900AI1Zt EF AEAE] & Foi
ARPE S 289 AVt e 23S gystem 552
(ROYCE)E ARgstdlen, H(tip)d
0.3mm/s, B9 Eole €9 viAaA FHOERH 3.0

olFERE

Table 1 Material prooerties of fluxs

Flux Viscosity |Solid content| Flux
(Pa - s) (mass%) | activity

390DH3LV 28.5 16 RMA

ZA650 50~90 65 RA
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m= AT AGE ghe Zznitt 2709 AlHCA
zZyzk 30709 EulEs Agsidn, JANEH Haps
A e Bghs ARSI, €6 JH3 9Hs d9d
F A7 B9AE 0.05m AlOs 2S5 AMEale] n]A|
dAwnjsta, BekEn7dE FESEM(Field Emission
Scanning Electron Microscopy: S-4700)% o]&3a}
o £9ATFY 24L AASAY. IMCSo] thigt v
Al 4L FHAXEAN A (Transmission  Electron
Microscopy, TEM)® EDS(Energy Dispersive X-
ray Spectroscopy) & ©]83ted 35t TEM A
e Al W& F38la, Ga+ ©l&F source® %
7HAY 30keV FIB(Focused Ion Beam)E AFS-S
o 7Fgatden, 100 ¥ ARE Z= Gat o2
Hg ol &gt vA U Balo] wite] AR E A28}
Ak FIB A& 7F8& MC-100(MICRION) %,
TEMZ JEM-2010UHR(JEOL)E ©]&3 7R
& 200keVollM FAsIHTY
3 2T 2 2F
Fig. 1& 5 2% Fa<&dd dis) A& £E9 A1
of mE AGPE gl WIE Jehdd. Aaex
150CoHA Sn-87Zn-3BiS AHZT & AlEAHE o
el 427gflA 900 A1z AlEAE Fole 2 Fhol
382gfo 2 11% Aot ZAastddt. Sn-77nd 2%
& 270gfoll A 223gfe8 asle 2L A7k AE
A& 18% A=t Aastdct AJZ2% 100T AHe
Zo] 2348 HAYUYE %S Sn-87n-3Bi €019 B¢
AEAZ] o)He # wmsM 0.5%, Sn-TZne
12%7F zasigut. 42402 AdE e Fads
He] 243 FasA AELES At Fld) uwhet
L ko] 7AAdhe ASRS Hyrt X3 A|geRUl =

Anj
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Fig. 1 Relation between aging times and shear
strengths on various aging temperatures
and lead-free solders
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Sn-8Zn-3BiclA EA SFEHAIL, 900AZF A EA
T AGRE g 7tA AEE Sn-7ZnolA ZA U
Wt ol e A3 Sn-87Zn-3Bit U ZRA A
7v¥d BiZ Ql#] Sn-7Znkrt & AHAE e B
Ao g gord)

Fig. 2& Sn-87Zn-3BicJA A& o)dz} 9004
7t AE F 239 Addee W AL Vet
&t B& A7 98 gE22S GRS AR A
FA4E o]dY AHAME &rle] dAAog Wik
Wol A3, 900417 AlE F9 AlEL IMCY
43T AR st Hejdo] o 29% AT

Fig. 3 AdAdd o] 42 yepd Aot
Sn-7Zno & Al o|xe] &HulHoMdE dE(dimple)
ool AATEE B3, 900Xz A EAEE &h
SPEE IMC A% 2 A sz sl dAutzlos
AT A HAAg 2 Holge & + UYL

Fig. 4 (a)¥ Sn-8Zn-3BidllA A& o]xe] o
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7 #EEA1, Fig. 4 (b)= 150°CAA 900417 A
E Z AFe mpHog EDS BA27 Ni AR 34
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Fig. 2 Shear strength-displacement curve of a
solder joints
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Fig. 3 Fractured surfaces of Sn—7Zn solder joints
(a) before aging (b) after aging 150T,
900 hours
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Fig. 4 Fractured surfaces of Sn-8Zn-3Bi solder
joints (a) before aging (b) after aging
1507C, 900 hours

Sn-ZnAl &= RS0l v, HRA| JF T
o] ZAgo] WAzt EnEey . Fig. 591 RMA%
RA ZH2E H&3lo] Y Wl n2 s &
st Fig. 5 (a)9 Zo] RMA 328 A43
YoM s U 713 EE4d 868 €9 9
o] o FAHAY. a2 RAE AH83 Fig. 5
(b)) €49 oAM= 7133 E24A &8 A9
whAgElz] gkoitt RA ZEAE 184 9] 3
o] &6 UBM#E] 2242 Rl
Hrt oje} o] ZEAo] FFE A= Fig. 69 A
Bxe] ool AGAE Zho] Hlmex HPom RA
E827F RMA Z820 v]3) & 8.2% 2 HAAWE
e eI, g ZolA et A dele] A
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Fig. 5 Fractured surfaces of a sheared solder ball
before aging of Sn-7Zn (a) RMA (b) RA
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Fig. 6 Relation between aging time and shear
strength of variable fluxs
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Fig. 7% Fig. 95 150T &9]71914 A& AZo)
& 9 AL #AZG Aol &yE we 34
9] Sng BAALE A of T 4] Zno] FAHE
g ez gtk F FF <uue Znde
Zro] A $2 e A7 AR, Zne §

(a) (b)

(c) (d)
Fig. 7 Cross sectional micrographs of solder joints
(a) Sn-7Zn, 0 hour (9) Sn-7Zn, 900 hours
(c) Sn-87n-3Bi, 0 hour (d) Sn-8Zn-3Bi, 900
hours

(a) (b)

Fig. 8 Micrographs of Sn phase after aging at
150C for 300 hours (a) Sn-7Zn (b) Sn-8Zn-
3Bi

(a) (b)

Fig. 9 Higher magnification micrograph images in-
terfacial reaction of solder and UBM after a
ging at 150C for 900 hours (a) Sn-7Zn (b)
Sn-8Zn-3B
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Fe &Y 24 wgt AolE KT} Fig. 8% %o
AlgXE 900217l Sn-8Zn-3Bi £Ht & AX
A(cellular) 243 ZuUstd A (needle)d] Znol
ZA=Eo] #FHJT. 283y Sn-7Zn £rielAE 900
Al M= 2 2] gAgle] NEdE Bge] ZnT
o] #AAUY. o|9} 2 A= Sn-8Zn-3Bi £UlE
2733 HFe] FEPHo] EASy] wlFo Smapy
A FAAEA 7P Sn-T7Zn £HlHU% 7Znel A%
o] &olgt Aoz FAdtH],

R R w2 g857] g Nist Zno| 133l
AWl Ni-Zn IMCE 343t T3 £43H4e o
Faol 3FES TEM-EDS ¥44% AuZn=
47.4:52.6(at%)9 4&HE 7 Au-Zn IMCE &
olslgitt, &n] F9o| 27|23 4 HYW Zne A&
Azto] ZAerE IMCES AR FWe Znol 1
ZFo], Sn7te] goo] AUt oleig Sn Y9
A& AIZrel AR £E HA gA diEioh
Sn-87Zn-3Bi&HolA Au-Zne 150°C, 900417t A&
HAg)oA] 4.2~5.0um FAZ 4Aeka, Ni-Zne 7]
0.5~0.8m T4 150°C, 900217 A &A= B4
& AXEA 11.0~12.5m FAZ A9t =g
Sn-7Zn&ddlA A9 Ni-Zn IMCE Sn-8Zn-3Bi
B2} AL 6.5~7.2m A= AASACE o] Zo]
Sn—ZnA £99A Ni-Zn IMC7} 94 B45HE e
Snoll nEEHA 2 WA ¥ 7Znol Sn FHYE
U} SnETH wEA Nidt ¥kt HEd
werdr},

Fig. 103} 112 Sn-87Zn-3Bi €t 600413t Al
aAYE UBM/&Y A9dAe SEM3 TEM #Z
A#Z Jehd Aeg &v9 IMCEe FAo] Hatst
A B2HAT HHEY 24 47 Audt Zne] Wrgo
PAH" IMCE AuZnlcubic phase, S.G.: Pm3m,
JCPDS 30-0608)22 FRI=HATE EF Ni# Zne
U202 Ni-Zn(1), Ni-Zn(2), Ni-Zn(3) Al7e =
oz FAE IMCE y-NisZnzi{cubic phase, JCPDS
06-0653)2 #HHAt. A2 F& 0.7mn, 4.0sm,
2.0pm 712 A=t} Shimozaki”el Hae] <Jst
W oy Ae] BRE AL n2dA 2RI FAYE AA
of 571 AEH, 27] AeeMe 3T FAdd
o HanEan ok o3 dzte B AddM Aled
&89 Zn F4o] 10% olldA+ Zn B3 (bulk)
AR Y 27 Nidt Zno] ¥-83-e ojnjgit}, o
E 30 =& y"(78~79 at%Zn), 7" '(80.5~
82at%7Zn), v (84~85 at%Zn)< AEHE 71 A

Journal of KWS, Vol. 21, No. 7, December, 2003



Sn-ZnA 7 TR T Fd=e vAlT

63

Fig. 10 SEM image and electron diffraction
patterns showing interfacial reaction
of Au and Zn(Sn-8Zn-3Bi)

Ni-Zn(2)

131

Fig. 11 TEM image and electron diffraction
patterns showing interfacial reaction of
Ni and Zn(Sn-8%Zn-3Bi)
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