J‘C]T%‘JDL asfH IF;SH-B-SAgé%-‘ﬂﬁl f%ﬁﬁﬂ/ 7% e f“‘ﬁ?ﬁjﬂﬁmﬁ
Influence of lanthanum additions on the microsueet and refined
mechanism of the Sn-3.5Ag solder

BEE S AR M
H.T. Lee Y.F. Chen K.T. Shih K.Y. Lin

) addition of La increased the microhardness of the

dditi fLa i d the microhard f th
zt@;’;{@[ﬁ@ﬁgﬁéﬁi Sn-3.5Ag H Ff[#lg,g;{gm, Sn-Ag solder due to the refining effect of S

ﬁ%l{[f%}%iﬁiﬁ-m%“a, 0-1.0 Wt.%) $fE particles and increased formation of LaSn

P © 2 1) bt 2EDAT , compounds. As aging time was increased, the

AdfE ~ P EERY RO RV SR SRR BT U By E - _

’ )f_ﬁ / PI i L / . ﬂ,?{:] i E,/% microhardness of the solders decreased and the

RIS FITH B e P R S (B-SEM o/

AgsSn compounds coarsened. However, the
S e Ly R D L Ly o SEE T ZEDN St .
N Fi PEE 250°C SR JU}"?E"IHE‘JTA coarsening of Agsn compounds was retarded by

W P B B o PR BT Sn- the La, and the size and amount of LaSn
3.5Ag-xLa &R r%"ﬁ“ﬁ% » 2 ol kLT B-Sn compounds did not change perceptibly with aging
AgsSnE? LaSrgF[”riﬁ*:fjﬁ*} » &' LaSn tﬁ?ﬁﬁ_;;ﬂa time. Therefore, La additions can improve the
HlF@@ﬁﬁﬁ,pJ Ifﬁg?“q:&%ﬂg]\{gv{{m[ﬁgj;Flejg';fgrgﬁ*gk}‘,m,’i—, microhardness and thermal resistance of solder
f‘F'I' R La ﬁﬁpfg',ﬁ@igﬁp ) gLi-ﬂjH[FlfJ LaSn |~ joints.
EPIEl VR - SRl B-SNE AgsSn [+ ,
R K eywords: th element terf
AP RLVA (" RS i layor, taSg agng
SIGUIPE i - (] La DRI A AgsSn
AVE A (=1 I IMC gfuss = - S55R(f[1 LaShy iR ) .
N - \, o e i N 12006 % 7 E| 1 p1E > @l WEEE K
(* (PIRNI S 2 BER BER A el
iy ROHS §14j Il 3 16 31 [ prrery
B B g'%l’fﬁjﬁ'j\fﬂgﬁv‘l‘ﬁ“@‘* faészl\f;fg;i:
iR 71t 7% + AgsSN R Lashy I a%‘@»ﬁ%i;ﬁj ﬁt‘ﬁ‘[%ﬂﬁfl’ﬁﬁ”*@ﬁﬁ%*
j,‘%c‘ 3 I SIS e ) LA J [ =N =25
Bt Pl R o PR T
This study evaluates the effects of lanthanum Eﬁ)ﬁg;{g@ﬁl[g%‘[ﬁcﬁiﬁﬁé% 2010 & [1] - [H

gt

Ell;s:)ros?rdu(j:lzj)rre]s a(r):j (:r:fifcerroe:;rd?erzz(;uné? SO: 3 :]:g FEREmEE B E%ﬁ%ﬂmg Bl
’ NARFEVEIRIT (. SN-AgEHR|(Sn-Ag solderf
solders. Sn-3.5Ag-xLa ternary solders were ;J[t[w, %[% ! . m,ﬂag& 7[;:[( Mg,L II’B%
prepared by adding 0-1.0wt% La to Sn-3.5Ag alloy. [ PURLIE S | '%{“‘ﬁ%éﬁ%;{e[ Fu%.:;{a]f
The Sn-3.5Ag-xLa solders comprisesn, Agsn, -~ [2] ° Sn-3.5Ag 1% | IR AU UEFH LT ~ il
and LaSp phases, and their microstructure was 1% ~ ¥%f& F'W?‘f’%%?]ﬁlﬁiﬁ"ﬁ F“, X% - 7 Flanders
refined by La additions. The electron backscatter%“EIU’FIEZIE[B]HI?F“H',‘.I',’ Sn-3.5Ag =5, i‘é{‘?ﬁ\i}‘
diffraction (EI?%SD) results confirmed that the face- =~ i Eﬁ %'7 TP PR S & R (e Fﬁl 2
centered cubic (fcc) structure of LaStompounds (Intermetallic Compound) GBn~ CuSn; - j{,?J
dlstr|buted randomly in .the§3—$n matrix had no AgsSR 15 VT - [’%@Eﬁf’sﬂ L s
obvious preferred orientation and act 1 s BT T BT
heterogeneous nucleation sites in refining the : [ SR
microstructure of the Sn matrix. As-cast, the

i B i i e = e 2 4
2. [l 55 A SRR T AR



FTJE'II'“‘F&[‘V’J (ClSn~ CuSms) 7 15 = A
FlU g BRI R iy B R
AgsSn IV A (7 o L Sn-Ag %ﬂ;{a]ﬁuf\iﬂg?
AL el o I f“\?EJ?,*Jﬁ"JDiFI l*’ﬁﬁfﬁi !
A I I (OB ALY -

AT S UE R g I 2k -FG 4 3 (RE,
Rare Earth Element) £l [ 225 1% ﬁgjiﬂ";ﬁ
WL O AR TR S R S
EERIpY e o Wﬁéﬁi?ﬂ?ﬁ*ﬂ PRIV RENF
PSS SREPLR U RERE o P ST
“lEp - a'ﬂilfiﬁmt’i?l B RITEREpVRYE - Mas*
[4]%7 Sn-40Pl| l?T\:\ pLa EJE?EJLaEMT% Ry ;ﬁﬂﬁiu
ARTERES N IMCTg IRy = - WU~ [5, 6]
Sn-CLi%HSIHI?j?’UDf%?E FURET 3 » A=A
fﬁlCL@Smf‘Fﬁ,i’aﬁ%ﬁE'E 15255 f‘ﬁjif?é_?,ii”af[l o
[715Sn-37PbI IV Ik RE » LI § iy 3
ﬁ%’[ﬁtﬁ (R @ﬁ‘ﬁ%éﬁﬂ ﬁ#lf%'#l 2 == Sn-
STPHRIHEI} - 8, Ol ks Sn-AgHE (1
?j?ﬁ[lf%“rﬁ‘l RE - %‘E‘ﬁ’REFW?ﬁJDP‘ AL [ AgsSn B-
S+ SR F | O I [V S < 0]
F 15T L IREi S84 S50 PR ~
(A9 Eﬁu%‘?ﬁ@‘[‘% o Chuang[11}g Zfl 7 Sn-3Ag-
0.5Cu-0.5CHH i [ [1Y CeSnfy ) il =
WG [ E G S EREY ] 2 RIRLN B ST E
3 CeSryF’?Hﬂ%”ﬂﬁ%ﬁﬁ%g’l@ﬁ%ﬁ’ﬁ%‘}lﬁ’?? - Hao%"
* [12)4Sn-3.8Ag-0.7CH N AR Y 7 3k o
TEFIE VS AT S Y B
1 0 I TR P0.15w % ViR (5 [l IMC et
R BRI - Suns (18]
(4 R £ 858 Sn-8Zn-3Bi 13 [INd % La 7
* cﬁfﬂ?jﬁ"{l e it HHF] IR T e o
H o P9 N i (R8O A PV S [ B o

fly Féﬁﬁ@@i%ﬁ%ﬁ% RE’[:E\E'JF??\%‘F‘[%%I
SUEPAEHY L IRR BRI ETE R
VIR o =9 R & R E}E&J‘??ﬁljﬁ'
(B REEISN-AGH R Ry Ve 1 % > Z &)
SR A PR (B g 4 T - P
T R TR AL [#I%ﬂf[l?ﬁ"{'f%@ La -
ﬁﬁr:?]‘i?! r%“(ﬁﬂ‘ﬁ s PETEY S R SR AR
VR S TR R

2. HEHE
Sn-3.5AQ-XLEH B G 4 PRV — o i
AR A RS A R A

[F=7 *ﬁ%ﬁ”ﬁiﬁﬁ G R I )4 d R
ﬁ’\ il La K E’!,‘ﬁ' g SnF!,'J e 2
(Sn:231.9°C: La:920°C)> [} 4 Sn-La~ 7 #1[i
[ éﬁfﬂSrﬂiLaﬁﬁ'xjﬁ i?jiif"[ﬁ‘/ﬁcé H ﬁf:[[*:’
T SHRIE ﬂ/?@ﬂﬂﬁiﬁ!{ﬁﬁﬁﬁa;‘/%%ﬁ’ T
FERAR Lag AR SR B ﬁ#ﬂﬂj\ &5
[el:RE I'M’FEJEEL%’%L’%WZEW* SRS ERR e £
AR A Sk LS f“’“ﬁ!ﬂ@%ﬂﬁmﬁ‘l‘iﬁ ]
ﬁ?ﬂfj’%@ﬁlﬂ/%ﬂ’?‘?l’ﬁ e HFF TR
ES &ﬁ,‘ﬂﬂ*\%ﬁfﬁiﬁjﬁ'}’ﬁﬁ (B2 S s o A
2k ﬁ{ﬁ ﬁﬁ% #3755 Sn-Ag-xLa  (0-1wt%}4
Bl o SR f%ﬂ‘%@*?f fel RLF R P~ P
o F1115% HCHOIRTAIiff - 6 el JOM P
SEMEIS o SRR fEfil 15 =~ E'*HE'J?Ei%?“?ﬂ'E{
%ﬁ’@%(E-SEMEE %E&i;‘/ Heating Stagif
(F o SE SR % > (E150°CopEi AR
fi1 4% 250°C - $50R] VIR F| M | Vickerst iR 45
(Akashi MVK-H113% 5 £ > 2 [ E15510g «

3. ’éf%%f;‘x’%?jﬁﬁ
3.1L ai:]E‘Jp%fSn—&SAgﬁ%%‘i[ %1%;'/ 7%

ﬁ%\'l%Sn-&SAg,ﬂ Fﬁ#,fﬁ:’ | ﬁLaﬁfy’Jpﬁ} T
@~ r%’ﬁ?ﬂf‘ﬁ f AR SER] ?jT‘fJDLaféz%“E%“ua P
@ﬁ%?ﬁ'{ﬂéﬁgﬁ' ’ %ﬁﬁi?ﬁ'{l%j 7o S E AT
SERIAE AR AL [EH] . %#Hﬁﬁﬂxﬁ;*ﬁ £~ ZET
Bt All > fi7Sn-3.5AGH il 5] HU A A AR/
FIFTB-Sn R cAgsSn H Fﬁ#ﬂﬁ&ﬁ ARy (/[lq%'ﬂl(a)
B > E B-SnH~] A /| 54 £ 30-60 pm » Sn-
3.5Ag-La &5 FLA 5 A £ =7 Sn-3.5AgH Fﬁ,ﬁ;%’
Rl- B (HEB-Sn IS {7 Sn-3.5Ag SR [iv-
F A §98515-30 pm o fHFSB-SniLs] [ [ Af
[ o PN Sn-3.5Ag-xLa SR 55wl P ER S T
[~ ﬁlj%%jf? La?ﬁ{'lﬂfﬁl%ﬁ'ﬁ@iﬁ'f“‘ HER R RS RL
SFRIFL B9 1 Sn-Laf™ ﬁ#’ﬂ%ﬁi B-Sni- £
STISERRSAG R L > PSR o 9t
TN SRR T T R T R Laﬁ?{@ LT
SEERIRLE LR G Sn-Laf™ fﬁ*”fgj SER I I
SRS

&%\'2157&Sn-3.5Ag-xLé?:”As-casfk & AgsSnY i
TS Pl e AR R Sn-3.5AdA R I AgsSnE !
@ ﬂ?jﬁ"Jp1.0vvt.%LaflfJ§§..—'5{6]5F:i”k » T 7 AgsSn
=™ > Sn-3.5Ag) AgsSn [~ F", PR 598
30um + IfiU1L.0 Wt.%La520um » K7 AgsSi
ELar 2 VEYET o AR 50T AgsSnE | J[157



AR CEAFE £ um) ﬁljiﬁﬁfﬁﬁlwﬁﬁi 1-0La/CdﬂF‘4ﬁ€§%’%l'#i%f??%ﬁ?;j@lﬂ@%}“Jﬂ &z
(SRS [l SR PO ) T ) o [i3(2)5E Sn-3.5Ag-1.0La/Cu (As-
Sn-AgEHR] BT P sl - At g e soldered} E-d%&’ﬁ@ﬁ%ﬁ%SEMﬁﬁ%?EDSﬁ (7573
N E Pl o ft SR SFLESR] FLESH 1 F | By AR l’“f
Poo AP EELS pm Ty o FIMIEDSH [ 51
Ao 55 55 53 A DR 3(b) ¥ o SnkL75.47
at.% Lafﬁ23.6 at.% sSn¥=lLal=fy+53:1 > 2=
LF“*ET?,LaSrgf“‘f,%"’J PR N R f?‘fﬁSn-Lec Al
[+ SrELay & 7 S f £ LaSn& ifH [~ 19
Ry o

T -

7 WL ,fr t 54 i
Fig. 1 OM micrographs showing as-cast micro-

structures of: (a) Sn-3.5Ag, (b) Sn-3.5Ag-0.1L3, (c
Sn-3.5Ag-0.5La, and (d) Sn-3.5Ag-1.0La solders.
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Fig. 3 Microstructure of as-soldered Sn-3.5Ag-
1.0La solder joint and compositional analysis @& th
oval-like particles: (a) SEM image, and (b) EDS
analysis results.
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and (b) indexed EBSD pattern (Cl=0.527).
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Fig.5 Element mappin results forSn-3.5Ag-1.0La
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Fig.6 EBSD results for Sn-3.5Ag-1.0La bulk solder:
(a)Ag maps and grain boundaries, and (b) LaSn
inverse pole figure maps for the sample normal
direction.
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Table. 1 Solidification time (Gt I) of Sn-3.5Ag and
Sn-3.5Ag-1.0La solder cooled in air.
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Fig. 8 Cooling curves of Sn-3.5Ag and Sn-3.5Ag-

1.0La solders.
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Sn-3.5Ag-0.5La, and (d) Sn-3.5Ag-1.0La.
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Fig.11 Mean thickness of IMC layer in Sn-3.5Ag-

xLa solder joints as function of aging time.
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Fig. 12 Variation of solder microhardness with La

content and aging time at 150°C.



Fig.13 The indentation of solder siu‘rface after
Vickers hardness test under as-cast condition:
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