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(7) fa. u ""l r 1) 'J 77,);::~~g'li::!C.~C1.J-.t,i;t.4'.1fa. uiS-~1.J-·G~ ~, ~fa. u ""l t 1) 'J 7 
/\h\ Be'l'3-15~!ilppm, Ca'l'3-40~!ilppm, La'l'3-20~!ilpp 
rn, ~;i~iJ)fa. u ir·G7J::'4) fa. u*~'-C'~ ~, tw:·~~·1·fi:Ji:;¥;J.: L.'t", ~3 .._, 8 0 ~~ppm 
, Jl J: if C e &if /JZI~ E u 'l' 3 - 2 O %!il p pm o'l::ff L ;{\A u a'1"V'lfE~>i<- JvV'l§; 
l'lllfl&V'VJ A II if~ '71 ·VV'lM'. li!ii;l;1nHf!JJ: l .fe::: !: ~:4o/ll'k !:: T "' '!';ij;Jt:.'f !fl A II ;jf / 30 

'?' ,( / 7·ry 1 "\" () 
(8) fa. u""l }'- 1) 'J 7 7~C.mt'fi~'i·§:j{;;{{};::it·67J::4'.>fa. ui\'1t13'·6rJ::!-), ~fa. u_,_<} 1) 'J 7 

/\h\ B e'l'3- l 5~!ilp pm, C ali'3-4 O~!ilp pm, L a'l'3-·2 Of!i!ilp p 
m, 1£5~11) fa. ll ,,J-.t, iJ: ;:, fa. 11.g..4·~-J;\ ~.) t*'!lli'l'iif;~},;;_l:~lvI g XLl:Ji . .l .. b?.~ .. G.~~£J1.;;:, )/' 
>J: < !:: t 1 ll~ 3 - 2 0 1'f:Oi p pm, !kV'C e ,lkU' /):J;l E u ~ 3 - 2 01'f:Oi p pm i:' G 
;: Y 'l' 3 - 2 0 ~!il p pm ;'l;:ll' L i«Au§'1"V'lfE~>i<- .'vV'l§[ll!tnV''i{\A u a'1"'71 "f 
J12M'li!ii;l;111'·@JJ: Ltc::: !: ~4tfi& !:: T .lo'i';ij;Jt:•'f !fl A u if Y ·T·i Y 7 '71 ·\' o 
i9 i Au" I-'!,,, 7 ;1;: l"!'il't' tt:<> A uV'l*1\ith'9 9, 9 9 ~!il%t\J:'C' ;Ji,;<,.:!: 

1'·4t1l& 
!: i"<biill!fZJ'A l - 8 d)c>ftl;N:~ciW.V'l'l'~i<:'Ni+lllA u >J'/ 7.; / 7''71 "f o '" 

( 1 0) if;'71·V(l)if;All!l-1'?0!£i!l'>f-)v(l)J3;f'J!lbo'O. 9 5 - L 0 5;:J,~, 11"'.:'·fi!: 
Auk1"'71"fV'l••Z~h'23kg/m~t\J:'C'Ji,:<>:::i:'l'.Wi:-t:<>•*•1-9 
d)c>f ttn'•:~cif:{V'l'l'~i<:'t+lllA u #/ 7 .; ;,, 7'71 "f. 
( l l ! 11iti£0' 2 3 p mJ;,\ T<:"Jo "'::: !:: 1'·4%'1'& !: 1' "' Jl'll:;JUJ'l 1 •· 1 o d)•,»ni,H: ~cit\\ 

V'l'l'•••+mAu>l'/71/7'71"1'. 
[0008] 
;$'.i;liljlj;:JJ1t:<>EE~>li-Jvd)ffi;;f'J(ll'i;L ';f;;d)i: Jl !) iE\iitt' tl<bo 
T(f ~:) t, .m3/ffl1:t1l0f-'/ T~-1 / Y 71 ·Vii"& itffM;~- Ji.-·~·"-='< ·;> "t :¥- JV:;i{/ T~-1 / '7 

L tcfflld)fE~ft'l'fE~}Jlo)h>GJUc\lla', "'/ j'" / )'? y / h>GV'ltllifiiliV'l"PhD:iJloJ,,. 
Yil\UI' l, Ytl\IH~ii!:XT<;<!ili~X'ill;!:: l, !£'11fi£(1)X;j\lj};tO'Yil\lV'liiii;;l;:{Jl!Jt·X'lll;(l){Jl! (xi) i:Y so 



(S) 

il\hQ)fl@ (yi) l::TZ-io -t"L"l, :¥/f'~.1/Y~f~).::.J:-::i't·Z00*~:$-:¥/1-QJ..: l., i­
tt-fit0~0i!lll5;:fi!> (xi) !.:Yi!ll0i!lll5;:fi)> (yii ,,;>;j(&'):6 0 -t' VC ,:0200;$:0~1; 
0··Gtf:~o:>5 0*1':il:l:iRL-, fo:>5 O*l:-c>«»1'.flt-f'ltX!Wio:>i!ll)5'0fiO (xil 'dcY<!llio:>iPJJ5!0 
iii> (yi) -C¥'1\ Ltc !.: ~0lltl'l=fii>li';i(&':>:bo l1Hk1: ,:0 5 Oilil0lltl'l=li1>0'l'l:\Jiil>li'i±;§'>Y­
lvo:>'-"Pl.!Jt!.: LJ:o 

[0009] 
;$'.;;/;il'J l:;fl1t:;, l)/(l!!ifZ;i:Jij:, ii!~l$.!\H: ·cft~ L tcj!Ki1iil'Jt0>¥;,. T-f ;,. 7'7 1 "Hr 4 0 

0 ~ 5 0 O\:c!O!\l!!!:!fill:'1'.f$1f$4 %l:~1H.fcl:: i\o:>51',lPl'5t\lltl:t31Hoii!i'li!i5ill!Jt'!:·~ 
'.7 1"\' o:>li!iffiiij\'c·iiit L tcfl"'!:· ?itlili!t1J I:: T z, o 10 

[ ;;/;ll'l 0 AA !I'd 
[0010] 
;$:;;/;il'Jd)'J'ilj:iif~'f !llAu,Y;,. T -r ;,. ~r '7 1 -Y IL Au' !- <J y 7 "' !.: l!i;il~'li!o.7£~ !.: n' G >:;: 

Z-i 15-~ir·G ij. Z-i iQ)'(', i-Q):tll.@1'~ 2 .3 µ mJ,,:.t T Q);re:iv)~@t.::. ij. ·::i ""C <(,, 71 ·"'rt§ f,tQ)ife 
t-ra~>:: ~1~'11 {!:'. illl&':>tc ll: ll: r±;§' '" - Jvd)fa;;f'I W:0»JJ1!{!' i!Htlii k-1'.·:;, ,: !.: !J<-c ~ ;.so -t 0;11; *' W5-:¥/ Vt.::.}3iJZ-i:¥/ V'{.::.J3iJZ-iifil~il~'.iX<""CTJJ-, ;if;@f.t$;~~·IT·::i't"<bH~~~T 
b'71-V,\':'-'a- 1-'tb,:!.:IJ:t.i'.c'o 
[ ;;/;ll'l li' ;I< !lli 't ;.s 1'.: t> 0 M El 0 If Pi~ J 
[0011] 
;$'.;;j;il'J0'1'ili:iif~'f !llAu>i1;,. T ·i ;,. )'''J 1-Y r:;s ,,-c -t'(!)Au? )- <) :·> 7 A Ii, Ge!.: Ca 20 

!.: Lal:: All0'•G >:;: z, 0 *Ulflllo:>AlN r 1) 'J )' 7 [:)ij ,,, G Jq, J\. u i;l/ii;~JJt~'c"<b ·? '1'., f(I) 
*1!W:IJ:9 9. 9 9),;)l:%U.L Hll: L< IJ:9 9. 9 9 9~fit%U..t·c-<bbo ,:ttll:-c, lllr 
~['.O)Atr-l r 1} 'J ¢' 7~~J:~ ~4c'"'l r 1) 'J J; 7,%:~< l,--CfPl.l~'l'i~·:!.VJT::.l:'('~flG~'l,.,(Vl.f_:o L 
n'L, >Y>r-1;,.7·ry1.Y0l\!tt1!'25pmh>G2 3pnr..!.:%1Il<ti-:»CC'< !.:, ,:ttG0 
m:~0ALr" r '! ') 7 7, '!:· m "' tcAui'>~i;l@ < >:: ~ ., !!"'1'. +;i;;w+ " /il'~llt "'" < >:r z, 1.: 
v~ -? './(,¢,i', {!: 11f L 't" 11• i...:o 
[0012] 
:t:Ulf\Jl~i;l, ¥.fliJl\o:>:ii;~'!:·i'l\iJH-'1'.t@~l::fil~·lio:>$'5'0L-'1'.v>ZoAlr1r'):;!l7,'d:l1\'. 

;j( L tc !.: ,: 6, Ge, Ca& i'..FLa,,;> &tot-C 7 5 ~fit p p mt\ T, H ll: L < Ii 5 9 ~fit p p mt\ 
T fl;-1'f'9 z,hr1 r •) :; 7 7,il'fl!lo:>i3\JJU:it~ (lJU~·l'.t:it~) t:M L- '1'.@ ~ I:: fi]g•1i0,\'l:c·!).'"1 30 

VCC>:b ,: !.: 1J<b:ih1 lco Ge, La&i'..FCaiL c>f tt t*1!Ji'i1-:t-r VCi!J.iM\>K- !vd)lf):iK ,,;> ' ' 
0-=-1 {.::. L.Z:>Tv•)t;~'Z:·~Z-iil~ .. ;:_(7)/'iM-8e-Ca-La'"'? f ')-; 1l A{.::.}31,-."(~;l:Beil~:i:.i.::.~~ 
::? J\l)'tW) ~ {!:'. :# L, Ge, La.is J: i'.J'Ca!J<c >-ftt t ~l~H::?J\ll'TW! ~ ::?:# L CafJ<:E.1: :§:14-0,.' 
7 / 7, !.: Zoiiil! l5c 1'.· l'fT ,;:, 0 ,:: le G01iil! !\ 1'.·f\lllllifl: ~-it z, fc «)Bel:: Cal:: La0),\4,JJti;l % 4 9 9 
~~%W,..t, H£ L<IJ9 9. 9~~%}.:ll:il'J'l'''• 
[0013] 
*-·ffi3-flfll.::.J:z-i;:O).A. u-B e-C a-L U'"'l ,_ 1) ') 7 7, (fa. U'"'! r I) :;JJ;7,J ~j:, ~1~ 

•7£• (Be, Ca&ULal 0*:#•1'~5;:0•l~5;:&':>b!.:,~e>¥-~0Rf'IW:li' 
rf.IJ..t ~ 11:- 4.-i 2:. l: 1'~k.)if··:> f-.: 0 i-(7)~~~ ~j, 71 -\~ ~·'tf~:QtT Z-i fa. u -8'-~0)£14:.0)~~t.::.~-
VC B elJ:3-- l 5~fitp pm, CalJ:3-4 O~fitp pm, -t'VCL alJ:3-2 O~fit 40 

ppm01iill!ll'c'J6~, ~}£L.<i;l, Bei;l7-13~~ppm, Cai;l7-30~~PP 
m, La IJ:8 - l 6 ~fit p pm0~~1-C;bb, Be, Call: tclJ:L a !J<-t'tti'tt 3 ~fit p 
p m:$:il'i-C-IJ:, *'/ T -i ;,. 7 'H -v1: L le!.: !SC 0M§M~t.J'.filli'l't/J<ift: < >:;: (l, llil!~-i:- !v I" 
0•~¥/f1/7~h/c'.71~il•n0•Ji~mX.Grt>J:<>:i:~'1'.L£~,.::rtt71 
-y 7 D- !.: ,, ~ 0 'i\'1:t1tff::i' 2 3 fl mt\r1:%1Il< Ltc~IJ:,:0'71-'f 7 D-01bJ[i;J,j<j;:~ 
< ~~Jt-<:1, Beil' 1 5 ~~ p p mN~;l '1'.i3\!JU ~ Jiz, !.: , '.71 ·\•i(!;!ll!!!:J! VCf$1f$ 4 % 
1:jj~'t :6 tw.1: '7 1-Vll;,~/J<ift:T L ·c L ll: ~ o C a 1!'4 O ~fit p pm ::?!ill),, :b b '' IJ:, 
La !J' 2 O ~~pp m'dc~!l --Ci>\JJU ~Ji,;:, I::, ¥- !v¥/·Y·i / 7t: }3ftz,f£~¥- lvo:> 
i!tlf3/J'T''t<5;:1:« 9, i±e>Y- ,>vft0,.'7 ·y '1'1!':t:% < ,;;:,,-c L ll: 0. 

Au"< r '! "7 7,<f>(:fl;-£Jiz,,::ii,;,01%X~:it;¥;0-s-~t~1;19~~P pmYJ...t, H£ so 



L. <a 2 2 ~'<':pp mJ:JJc«:'«iH:'o 
[0014] 

(5) JP '11!7331 B:? :?003,7.15 

C:,fJ)fa. u -Be-ca - La.," 1! ~ !17-<:J'JL!i&ii~'l!i'icJ!i{i:: vcee£ tcUEu~:l!lt'<':I: 
i&iJOLtcA u-B e-C a-La -C eii'i'ill.IJA u-B e-C a-L a-Euii'il'l:I: 
, v»fltt, j,.',('<':Jl;ji/{fJ);'l,-l'f'<':'$.·ff,\EfJ)O'ii[llit:\E&)<:, i::, ilil!JilZ:1Jil'lliJJ: L, 0'<;;, Rill' 
>t!-!v<l)ff\fIJ(th<fiiJ_tL.tco -'('o>~'!i'!!lli, A uii'Jll'tJ)§:j0:fJ)%i!!li:MV(B eli3- l 
5~'<':p pm, C ai;lJ ·-4 O~'<i:p pm, -t-L:1'.La!J:3-2 O~'<':p pmfJ)il'iil!il'c·J;, 
'J, HiL<IJ:BeiJ:7-l 3%i!!lpprrt- Cali7-30%i!!lppm, Lal:l:S-·16 
~'<': p p mil'ii!lll·c·Jq, o B e, C a :U: ;;l L a il'-'t lt{'lt 3 I'<': p p m*J.i·c·IL iL·"r· 
' Y Y '7 1 ·V fJ);fetj'fr; i:tro:J~·liil'l!l; < i:t ~ , '71 "! 1 o - t:@H .. G Ji i:t < i:t ·o '1'. L. £ 'i o t~ 10 

<:i~tlI':i' 2 3I'mJ.Xf1:~ < L tc8"'1i .:<1)1'~fiilh't: !lo O!Ht :& o B e h'l 5 %i!!l p pm ':i' 
·~"(m~8n6i::, '71¥t8~RL'1'.81J$•%<:•1~6-K'71¥M~ii•TL 
-cL;t ~o Ca/!'4 O%i:!il:p pm':i';lllL ;Ji,:&C\1:1:, L ah'2 O%i:!il:p pm':i';lll?.-c?&im 
8n6i::,¥-~M/f4/YKblf6!I•¥-~fJ)8tiil~*\EK(t~,JI•M-~& 
(/)!'7 ._, ~·l!<t:i'f < 1'.:0-c ut ~ o 

[0015] 
.iiltflt'l'E7G~'-';Ji,4'Cell: tcliEUJl*l\fti;I:, 9 9 %i!i%L\_t, H;t L <Ii 9 9. 9 %i:!il:%L\ 

_t 'C';Ji, :& o -'(' <l)~;fj':!il: IL '7 1 'V ;;< )f_!,i;l': 't :& A u ii'il'i':it<I) %i!i 1:7')' VC 3 - 2 o %i!i p 
pm, H£ L.<l;l8- l 6l'<i:p pmfJ)O'iil!il"(:·;j;,,;:, 0 Ce;lfciJEui;l, hl-Be-(a-La[gjl; 
a'il'ii' 1:;s c;-(j~!!l 1: :\-}lit L , 'I':' L < !lli l!i'ilt:ti ;;< fiiJ_t i" 1!.· :& .: i:: II''-' i'f :& 1G~'-';Ji, :& .: i:: '" '°''"""·;; tc 0 £ tc, Ce;! tc !;l EUJ) {;-:;;i}'i llfif,/;)J '$.· fli]_t 8 '1!: ,;:, 3"JlllH;l, iiit'ii~'liJ\;Jii{ i:: L. "C Si 
'?Mg\'Ga, ;Ji,;& H;i:Sl)\'Sn\'Bi, ;Ji,;& H;i:Y<l)j~:!il:jG~;;i'*i&iJaL.-( {,, \:e;t t.; i;l:ELVJ)!)/( 
l!Jir,t;)Jtl)lliJ_t3"J!Ji'J:i-t L "C -t0iii!ll!l' 'ii:~ ttl: < ,,.:::, i:: ti'b:O"·o t.: 0 L. ii' L Ce:l' f: ;;1 Eu0' 
3 %i:!il: o o m*ii'l'-'li, lllil!i'ilt:i:i<l)fiiJ_t)JJ!;th't':fr'-'lit.: <, ;t t.;, ce;t t.:IHuh< 2 o %i 
'<':pp ,;,i-'1l~ '1'.i1\bU 8 l1.lo I::, JI•M- Jvf/)/('j ·/ '1'017: !' < (t.lo 0 -t C:, '(:·, Ce;! f.;l;l 

EUfJ)O'iil!il 'ii: _t;cfJ)iil! ~ \E&) i.:o 
[0016] 
C:,f/)fau-Be-ca-La•? " ') y 7 7,t:tt L.£1t~~'i't5l;Jii{ i:: L "(Mg, SH tc i;lGa'$.·j~'<i:'ci1\bu 

Lt.;Au-Ge-Ca-La-1,\gii'il', Au-Be-Ca-La-Si€J'itli' tc1Mu-Ge-Ca-La-Ga€J'il'i;I: 
, l!lt\li:Jl;ji/{fJ);'l,-l'f'<':>;:P,ii\E(l)O'iillllt:\Eo)~, i::, ilillfi1Z:1J0'ili1Jc L h'·-::o, !I;!1;·M- J\,0):¢;; io 

filill''1'fiiJ_t L t.:o Jf <l)&:fi·:!il:i;I:, '7 1-V ':\')f~i;J!;'t ;&Au;§'Jll'<l)§:j0:o:>%i!U:;oJ' VCl.lgi;I: 3 -
2 O I'<': ppm, Sil;) 3 - 2 O ~'<':ppm, -t L.'1'.Gai;l 3 - 2 O ~'<':pp mfJ)O'ii!lll·c·<b '1 
, H ;t L < i;I:, l.!gl;t 7 - l 8 %i!i p pm, Sil;t 7 - l 8 ~:!il: p pm, .Z. VCGai;I: 7 - l 8 
I'<': pp m0il'iillll·c·J;,,;:,o Mg, Si£ tc!;lGM'-'tlt{'lt 3 ~'<':pp m*frli'c·i;l, .:¢<fllJJ!:'$.·lliJ 
JcT-lo3"!l*il'i:t < i:t·o"C L £ 'i 0 Mgil' 2 O I'<': ppm>;,·-~, Siil' 2 O I'<': pp m>;.·'1J~ 
, ;Ji,;&c'IL Ga;\<2 o%i:!il:p pmt;lllf_-(i;J.\iJUi"tl<bi::. >t!-Jv>t!:·"f·r :,-7·1:;stt:&I± 
~:¥- ;i,..<7):t~tff3il~JG*;E{: 1J: liJ ~ EE~-:¥ - i1---g0:> ,i {'J ·; .3f iJ~7\ ~ < t;r ·::> '"C L. £ 1 o -t" ~ -z:, 
, I.lg, Si ;t t.: i;l:Ga(l)~~llil ;;< _t~co>im '1 )E&'.>tc o 

[0017] 
Mg, Si >l'kl:l:Ga<l)*l\W:l;i:\'l-kil'99%i!i%U_t, H>l'L<li99~9~:!il:%J:J_t '" 

't:'J)Z>o r.tig~ S i £ t-.:~JG a~;!:~ P.. u -Be - Ca - La -c1 t 1) 'J 7 7.>f3t:J:i 1.-~"'C1~ 
1::\-}lff L 'I':' L < l±'l!'>¥- ,'v<l)ff\fIJft;;i'fiiJ_t i" 1!.· :& .: i:: /)<·t: § :& 1G~·t:;J;,:& .: i:: h'hl'0 
tco it.:Mg, S ;, ltt.:liGa<l){i-:)ff\fIJlt':i'fiiJ_t;o<-tl.·:&m!itlL Ce, Eu;Jl,:&H;t 
Y fJ)j~'<'::!Cji/{'$.·~i1\bU L. '1'. t -tfJ)iii!ll!i't~fH: < "':::, i:: il'b0·"o tc 0 

[0018] 
2:fJ), Au-Be-ca-La'?"') y !l 7,!:M' Lii&#g'['i'Jl;ji/{i:: L.'1'.Sn, Sb:l' f.;i;lBi>;,·jilt'<':!:it 

iJO L t.;Au-Ge-Ca-La-Sn;§'f.t, Au-Ge-Ca-La-Sl>€J'il'& U'Au-Ge-01-La-Bia'il' IJ: 
, v>-flt'hjilt'<'::!CJ!i{fJ);'l,-l'f'<':'$.·P,Ji\EfJ)O'iil!ill:\E&)<:, i::, ililiiilZ:1Jil'lliJ_t L, h'·-::o, JI•# 
- )v(/)ff\filft/)<[ii)_t 't :& .: i:: /)<bn'0 tc 0 Aui;'il'7 1' ') :i 7 A lf1(/)~:/l:!il: IL '7 1 'V "')f~ 
litT .loAuil'<&ttJ)£#;tJ)l'<i: 1:J;.t· L '1'.Sl>i;l.3 - 8 0 I'<': p p rn, Sni;l 3 - 8 0 ~-;: p pm, so 



(7) JP ~117331 B2 2008.7.!'5 

-tVCBi!t.3-8 o~~P pm(l)i11i!l!J·c·J;,O), H£ L<1h»?Jtt3 o-6 o~~P pm 
<l)~ftllll "C<h :6, Sn, Sb£ t.; i;Wih'-'f tt-t:'tt 3 f!l§ p p m*ii>llFY 8 o 'f/i>'fi p p mJ:JJ:r&!Jn 
if Jc 4, i'. , T:Eiiif ¥- 1v(l).J'\ f'l ilti:lJIUlil 1: ~?lil::t 4, :<'!!!lb:i'i-l:l"c»'oi: < (): ~ , ¥- 11; i<>T .{ 
:;,- )'t:.tHf :.tJ±:!\'¥- Jv<l)!\i')f;h<:;r'l<>E't:,;;:" -cJ±:§'>T'- Jvt£<1)117 ;1 +h"'k Ii; < ,;;: 0 -c 
L.l'lo 
[0019) 
Sn, Sbj' t.:!J:Bi(l).IJll!JtlJ: 9 9 ~~%J:JJ:, H£ L < iJ: 9 9. 9 ~~%J;!J:·c·J;,4,o Sn, 

Sli;t /.; i;lBiiL Au-Be-G>-La? 1' 1) :·1 :7 ;t, rf't:.i'lC'-Ci'lUffit: :'.0-li.l: L ~ L < 1±:§'¥- Jv 
(l)J'\f'J.IJl' "-'"'1 J: if -tt -'• ;: i'. h''c· iH• J'G*'c·J;, z, ;: i'. h';f'1'i'"? t.; 0 j' t.;, Sn, Sbj' i.; !J:Bi(I) 
t0T:Eiiit¥-IH7)1'\f'Jilti:ftiJJ:.!;:'1tZo:<'i!'!U;l, Ce, Eu(l)j~~J'G*"-'~il\~H-"Ct, 'C(l)l'\i 10 

~"-''tlfl: < ,, .: );; h'hi1'0 t.;, 
[0020] 
():$, *i;Sljlj<l)Aucz 1' 1) :·1 :7 ;;,1:tti':.t:§:i*l"'15"~<1);3'~tiL l 0 0 p pmJ,;.\'f, ~};t 

L<lol2 0-9 0 p pm(l)i!illllJh'~'H l-'''o 19 9. 9 9~~%J;!J:.(l)fa. uJ l'.£<11''<:'·!\ 
:6 I:!"" AU? c ') ;1 :7 ;t, cp<l)-'i)'~f.·l'tb' Et v' t.; 16 '7 1 '\'<l)ljtf!: >' 2 5 µmil' I? 2 3 µ m"'-c 
.iffi < l T <;Lo "Ct t,';E L. f.;"" F'l,1Jl'h'1% C, lH> ;0-.c, '(·Ji, ./o o 

'71'\'<l)fjlf!:iL 2 5-5µm, Hlt L<i;l2 3-8pmKT:60h«l:c>, 
[0021) 
:XI:, :l;~ljfj~·$;lf!im)l:J: ~i)lljfj-<-.10 0 

[ 0 0 2 2] '" 
$:li!imJ 1 - ,5 3 
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Au bonding wire for semiconductor device 

(57) [CLAIMS] 

[CLAIM 1] 

Au bonding wire for semiconductor device featured for improving 

roundness of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass 
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ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 20 

mass ppm of Ce and/or Eu as said functional additives; the residual 

of Au alloy is Au. 

[CLAIM 2] 

Au bonding wire for semiconductor device featured for improving 

roundess of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass 

ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 20 

mass ppm of at least one element selected from Mg or Si as said 

functional additives; the residual of Au alloy is Au. 

[CLAIM 3] 

Au bonding wire for semiconductor device featured for improving 

roundness of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass 

ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 80 

mass ppm of Sn as said functional additives; the residual of Au alloy 

is Au .. 

[CLAIM 4] 

Au bonding wire for semiconductor device featured for improving 

roundness of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass 

ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 20 

mass ppm ppm of at least one element selected from Mg or Si and 3 

- 20 mass ppm of Y as said functional additives; the residual of Au 

alloy is Au. 

[CLAIM 5] 

Au bonding wire for semiconductor device featured for improving 

roundness of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass 

ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 20 

mass ppm of at least one element selected from Mg or Si and 3 - 20 

mass ppm of Ce and/or Eu as said functional additives; the residual 

of Au alloy is Au .. 

[CLAIM 6] 
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Au bonding wire for semiconductor device featured for improving 

roundness of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass 

ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 80 

mass ppm of Sn and 3 - 20 mass ppm of Ce and/or Eu as said functional 

additives; the residual of Au alloy is Au. 

[CLAIM 7] 

Au bonding wire for semiconductor device featured for improving 

roundness of a bonded ball and for increasing breaking stress of said 

bonding wire, the bonding wire comprising: Au matrix and functional 

additives; said Au matrix alloy includes 3 - 15 mass ppm of Be, 3 

- 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 

3 - 20 mass ppm of at least one element selected from Mg or Si, and 

3 - 20 mass ppm of Ce and/or Eu moreover 3 - 20 mass ppm of Y as said 

functional additives; the residual of Au alloy is Au. 

[CLAIM 8] 

Au bonding wire for semiconductor device according to one of claims 

1 to 7, wherein said Au alloy matrix is of more than 99. 99 wt% purity 

of Au. 

[CLAIM 9] 

Au bonding wire for semiconductor device according to claims 1 to 

8, wherein the roundness of compressed bonded ball of said Au alloy 

is 0.95 - 1.05 and fracture stress of said Au alloy bonding wire is 

more than 23 kg/mm2
· 

[CLAIM 10] 

Au bonding wire for semiconductor device according to claims 1 to 

9, wherein the diameter of said Au alloy bonding wire is not more 

than 23 microns. 
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[DETAILED DESCRIPTION OF INVENTION] 

[TECHNICAL FIELD] 

[0001] 

The present invention relates to Au bonding wire for semiconductor 

device, which is used for connecting outer leads on printed circuit 

of substrates with electrodes of integrated circuit devices. Moreover 

particularly, it relates to Au bonding wire, which has superior 

roundness of compressed bonded ball. 

[BACKGROUND OF THE ART] 

[0002] 

Conventionally, it is well used that ultra fine wire, which is Au 

matrix purity of more than 99.99 mass % with a small amount of 

additive elements has been used for bonding wire for semiconductor 

devices, which has diameter of 15 - 30 microns connecting outer leads 

to IC chip electrodes. Usually as a method of connecting Au bonding 

wire for semiconductor, at the first bonding, mainly ultrasonic 

combined heat compressing bonding method is used. According to this 

method, the wire tip is heated and melted with arc heating, a ball 

formed by surface tension, then the ball is stuck by compressed 

bonding to electrode of semiconductor, which is heated in the range 

of 150 - 300 degrees in Celsius, thereafter the bonding wire is 

directly wedge bonded to outer lead by ultrasonic compression. In 

order to be used as transistor or semiconductor devices such as IC 

chip, after bonding by bonding wire mentioned above, it is sealed 

by epoxy resin for protecting Si chip, bonding wire or lead frame 

where Si chip is connected. 

[0003] 

Recently it has been required that Au bonding wire should be more 

fine because of narrower pitch corresponding to multi pins of IC chip 

under circumstances of semiconductor devices should be smaller and 

higher density of itself. Especially the size of semiconductor 

device becomes smaller corresponding to higher integration and 

smaller, thinner and higher functional of semiconductor devices. 

Accordingly, size of bonding pad becomes smaller from 100 microns 

to 40 microns. In order to avoid absolute stiffness of wire decreased 

due to finer bonding wire diameter, and short-circuit with 

neighboring wire due to narrower bonding pad distance, higher 

breaking strength of bonding wire is required. Moreover in case of 
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narrower bonding pad distance, dispersion of ball diameter should 

be smaller for bonding wire in order to prevent contact with 

neighboring bonded ball. 

[0004] 

However, 

strength 

according to conventional bonding wires, 

and dispersion of ball diameter 

since tensile 

have opposite 

characteristics, these two characteristics are incompatible. If the 

strength of bonding wire is increased in order to avoid contact of 

one bonding wire to another, dispersion of diameter of bonded ball 

become broader, after all bonded ball is apt to be contacted. On the 

other hand, if the wire strength is decreased in order to decrease 

dispersion of ball diameter, wire flow becomes bigger in molding 

process. After all bonding wire is apt to be contacted with each other. 

Thus, higher density package has not been realized because of these 

opposite characteristics. 

[ 0005 J 

For instance, documents on wire bonding hereinbefore are listed 

below: 

[PATENT DOCUMENT l] Japanese Patent No. H2-12022 

[PATENT DOCUMENT 2] Japanese Patent file 3143755 

[PATENT DOCUMENT 3] Japanese Patent Application Laid-Open 

Publication No. H5-179375 

[PATENT DOCUMENT 4] Japanese Patent Application Laid-Open 

Publication No. H6-145842 

[PATENT DOCUMENT 5] Japanese Patent Application Laid-Open 

Publication No. H7-335686 

[PATENT DOCUMENT 6] Japanese Patent Application Laid-Open 

Publication No. 2004-22887 

[DISCLOSURE OF INVENTION] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

[0006] 

The present invention provides Au bonding wire for semiconductor 

device characterized that compressed bonded ball is formed superior 

roundness, and it has enough breaking stress against wire flow, even 

if diameter of bonding wire becomes less than 23 microns,. 

[MEANS TO SOLVE THE PROBLEMS] 

[0007] 

The inventor had been researched to solve said problem, hence the 
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present invention has been accomplished. 

Namely, according to the present invention the following Au bonding 

wire for semiconductor device is provided. 

(1) Au bonding wire for semiconductor device featured for 

improving roundess of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; the residual of Au alloy is comprised 

Au. 

(2) Au bonding wire for semiconductor device featured for 

improving roundess of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix includes 3 - 15 mass ppm 

of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au 

alloy includes 3 - 20 mass ppm of Ce and/or Eu as said functional 

additives; the residual of Au alloy is Au. 

(3) Au bonding wire for semiconductor device featured for 

improving roundess of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix includes 3 - 15 mass ppm 

of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au 

alloy includes 3 - 20 mass ppm of at least one element selected 

from Mg or Si as said functional additives; the residual of Au 

alloy is Au. 

(4) Au bonding wire for semiconductor device featured for 

improving roundess of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix includes 3 - 15 mass ppm 

of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au 

alloy includes 3 - 80 mass ppm of Sn as said functional additives; 

the residual of Au alloy is comprised Au. 

(5) Au bonding wire for semiconductor device featured for 

improving roundess of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix includes 3 - 15 mass ppm 

of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au 

alloy includes 3 - 20 mass ppm of at least one element selected 

from Mg or Si and 3 - 20 mass ppm of Y as said functional additives; 

the residual of Au alloy is Au. 
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(6) Au bonding wire for semiconductor device featured for 

improving roundess of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix includes 3 - 15 mass ppm 

of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au 

alloy includes 3 - 20 mass ppm of at least one element selected 

from Mg or Si and 3 - 20 mass ppm of Ce and/or Eu as said functional 

additives; the residual of Au alloy is Au. 

(7) Au bonding wire for semiconductor device featured for 

improving roundness of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix includes 3 - 15 mass ppm 

of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au 

alloy includes 3 - 80 mass ppm of Sn and 3 - 20 mass ppm of Ce 

and/or Eu as said functional additives; the residual of Au alloy 

is Au. 

(8) Au bonding wire for semiconductor device featured for 

improving roundness of a bonded ball and for increasing breaking 

stress of said bonding wire, the bonding wire comprising: Au matrix 

and functional additives; said Au matrix alloy includes 3 - 15 

mass ppm of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; 

said Au alloy includes 3 - 20 mass ppm of at least one element 

selected from Mg or Si, and 3 - 20 mass ppm of Ce and/or Eu moreover 

3 - 20 mass ppm of Y as said functional additives; the residual 

of Au alloy is Au. 

(9) Au bonding wire for semiconductor device according to one of 

claims 1 to 8, wherein said Au alloy matrix is consisting of more 

than 99.99 wt % purity of Au. 

(10) Au bonding wire for semiconductor device according to one of 

claims 1 to 9, wherein the roundness of compressed bonded ball 

of said Au alloy is 0.95 - 1.05 and fracture stress of said Au 

alloy bonding wire is more than 23 kg/mm2
• 

(11) Au bonding wire for semiconductor device according to claims 

1 to 10, wherein the diameter of said Au alloy bonding wire is 

not more than 23 microns. 

[0008] 

Roundness of compressed bonded ball in the present invention is 

defined as follows: 
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Namely, after forming a molten ball from ultra fine bonding wire, 

when diameter of compressed bonded ball is observed from the 

direction of pressure, ultrasonic energy imposed direction from 

bonding machine is set as Y-axis, and orthogonal direction of Y-axis 

is set as X-axis, maximum value of X-axis of compressed bonded ball 

and maximum value of Y-axis of compressed bonded ball are defined 

as value of X-axis (xi) and value of Y-axis (yi) . 200 bonds are defined 

as the first bonding by using bonding machine; each value of X-axis 

(xi) and each value of Y-axis (Yi) are measured. Then making an random 

selection of 50 bonds from the 200 bonds, for those 50 bonds, values 

are calculated from the value of X-axis (xi) divided by the value 

of Y-axis (yd Finally, roundness of said compressed bonded ball 

is defined as the mean of calculated values of these 50 bonds. 

[0009] 

In the present invention breaking stress is defined as the value of 

breaking strength divided by section area of bonding wire under 

tensile test, where this ultra fine bonding wire has 4 % elongation 

rate conditioned by heat treatment at 400 - 500 degrees Celsius after 

continuous drawing. 

[ADVANTAGES EFFECT OF THE INVENTION] 

[0010] 

Au bonding wire for semiconductor device of the present invention 

is consisting of Au matrix and functional additives, though the 

diameter of said bonding wire become less than 23 microns, it keeps 

absolute stiffness of wire itself and forms a compressed ball with 

higher roundness. Consequently bonding area is narrow enough at the 

first bonding, and short-circuit between neighboring wires does not 

occur in such higher density mounting. 

[DESCRIPTION OF THE MOST PREFERRED EMBODIMENT] 

[OOll] 

According to Au bonding wire for semiconductor device of the present 

invention, the matrix consists of Be, Ca, La and Au. Au used for 

matrix of the present invention has purity of more than 99. 99 mass % , 

more preferably 99.999 mass %. It had been well known that above 

mentioned matrix has effect of hardening and increasing stiffness 

of pure Au matrix so far. However if diameter of bonding wire becomes 
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25 to 23 microns, there are defects that Au alloy using conventional 

Au matrix becomes too hard and semiconductor chip is apt to break 

easily. 

[0012] 

The inventors of the present invention sought for Au matrix which 

is stable at hardness and stiffness though added various elements , 

and found that Au matrix containing totally less than 75 mass ppm, 

more preferably 59 mass ppm of Be, Ca and La is stable in hardness 

and stiffness. Though Be, La and Ca are element which are apt to 

deform shape of molten ball against pure Au, according to this 

Au-Be-Ca-La matrix, Be principally has effect of increasing hardness, 

each of Be, La and Ca has effect of increasing stiffness, Ca mainly 

plays a roll of balancing the whole alloy. To clarify these effects, 

each purity of Be, Ca and La should be recommended more than 99 mass % , 

preferably 99.9 mass %. 

[0013] 

The Au-Be-Ca-La matrix (Au matrix) according to the present invention, 

improves roundness of compressed ball if said the amount of additive 

elements (Be, Ca and La) are within the prescribed amount. The 

preferable amounts of each additive to the whole mass of Au alloy 

forming wire have the range of 3 - 15 mass ppm for Be, 3 - 40 mass 

ppm for Ca, 3 - 20 mass ppm for La, and more preferably the range 

of 3 - 13 mass ppm for Be, 7 - 30 mass ppm for Ca, 8 - 16 mass ppm 

for La. If either Be, Ca or La is less than 3 mass ppm, absolute 

stiffness after forming bonding wire becomes lower, and the wire 

bonded does not endure against flow of resin in molding process. It 

is so called wire flow. Especially it greatly appears tendency of 

wire flow when diameter of bonding wire is less than 23 microns. If 

more than 15 mass ppm of Be is added, wire strength is decreased while 

conditioning 4 % elongation through heat treatment. If more than 

40 mass ppm of Ca or more than 20 mass ppm of La is added, deformation 

of compressed bonded ball becomes unstable, and dispersion of 

diameter of compressed bonded ball becomes broader. 

The total amount of said additives in Au matrix should be more than 

9 mass %, preferably more than 22 mass %. 

[0014 J 

Au-Be-Ca-La-Ce alloy and Au-Be-Ca-La-Eu alloy comprising small 

amount of additives as functional element of Ce or Eu added to 
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Au-Be-Ca-La matrix, have improved breaking stress and improved 

roundness of compressed bonded ball while the amount of additives 

are within prescribed range. The amount of contents to the whole mass 

of Au alloy is 3 - 15 mass ppm for Be, 3 - 40 mass ppm for Ca, and 

3 - 20 mass ppm for La, preferably 7 - 13 mass ppm for Be, 7 - 30 

mass ppm for Ca, and 8 - 16 mass ppm for La. If the amount of Be, 

Ca or La is less than 3 mass ppm, absolute stiffness of bonding wire 

becomes lower and it does not endure against wire flow. Especially 

it remarkably appears tendency of wire flow when diameter of wire 

is less than 23 microns. If more than 15 mass ppm of Be is added, 

wire strength is decreased when conditioned 4 % elongation by heat 

treatment. If more than 40 mass ppm of Ca or more than 20 mass ppm 

of La is added, deformation of compressed ball becomes unstable and 

dispersion of diameter of compressed bonded ball become broader. 

[0015] 

Purity of functional additives of Ce or Eu is more than 99 mass %, 

preferably more than 99. 9 mass % • The amount of content to the whole 

mass of Au alloy forming wire is 3 - 20 mass ppm for Ce or Eu, preferably 

range of 8 - 16 mass ppm for Ce or Eu. It is found that Ce or Eu 

is finely dispersed in the matrix of 4 elements alloy of Au-Be-Ca-La, 

and it has an effect of greatly improving breaking stress. Moreover 

it is found that effect of improving breaking stress by Ce or Eu is 

not hardly influenced though adding Si, Mg and Ga, or Sb, Sn and Bi, 

or small amount of additive of Y as functional additive element. 

However, when less than 3 mass ppm of Ce or Eu is added, it is not 

enough to improve breaking stress. When more than 20 mass ppm of Ce 

or Eu is added, dispersion of diameter of compressed bonded ball 

becomes broader. Hence content range of Ce or Eu has been determined 

as hereinbefore. 

[0016] 

Au-Be-Ca-La-Mg alloy, Au-Be-Ca-La-Si alloy or Au-Be-Ca-La-Ga alloy 

comprising small amount of functional elements of Mg, Si or Ga added 

to Au-Be-Ca-La matrix, has improved breaking stress and superior 

roundness of compressed bonded ball while the amount additives are 

within prescribed range. The amount of contents to the whole mass 

of Au alloy forming bonding wire is 3 - 20 mass ppm for Mg, 3 - 20 

mass ppm for Si, and 3 - 20 mass ppm for Ga, preferably 7 - 18 mass 

ppm for Mg, 7 - 18 mass ppm for Si, and 7 - 18 mass ppm for Ga. If 
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the amount of Mg, Si or Ga is less than 3 mass ppm, it has no effect 

to improve roundness. If the amount of Mg, Si or Ga is more than 

20 mass ppm, deformation of compressed bonded ball become unstable 

an d dispersion of diameter of compressed bonded ball become broader. 

Hence content range of Mg, Si or Ga is determined as hereinbefore. 

[0017] 

Purity of Mg, Si or Ga is respectively more than 99 wt %, more 

preferably more than 99. 9 wt % • It is found that Mg, Si or Ga is finely 

dispersed in Au-Be-Ca-La matrix, and it has an effect of outstandingly 

improving roundness of compressed bonded ball. Moreover it is found 

that effect of improving roundness by Mg, Si or Ga is hard to be 

influenced by adding small amount of additive of Ce, Eu or Y . 

[0018] 

It is found that Au-Be-Ca-La-Sn alloy, Au-Be-Ca-La-Sb alloy and 

Au-Be-Ca-La-Bi alloy comprising small amount functional elements of 

Sn, Sb or Bi added to Au-Be-Ca-La matrix have improved breaking stress 

and roundness of compressed ball while the amount of additives are 

within prescribed range. The amount of contents to the whole mass 

of Au alloy forming wire is 3 - 80 mass ppm for Sb, 3 - 80 mass ppm 

for Sn, and 3 - 80 mass ppm for Bi, preferably range of 30 - 60 mass 

ppm of each element. If the amount of each element of Sn, Sb or Bi 

is less than 3 mass ppm or more than 80 mass ppm, effect of tightly 

forming round shape of compressed bonded ball disappears, and 

deformation of compressed bonded ball at bonding becomes unstable, 

and dispersion of diameter of compressed bonded ball becomes broader. 

[0019] 

Purity of Sn, Sb or Bi is more than 99 mass % , preferably 99. 9 mass % • 

It is found that Sn, Sb or Bi is finely dispersed in Au-Be-Ca-La matrix, 

and it has effect of outstandingly improving roundness of compressed 

bonded ball. Moreover it is found that effect of improving roundness 

of compressed bonded ball by Sn, Sb or Bi is hard to be influenced 

though adding small amount of additive of Ce or Eu. 

[0020] 

By the way total amount of all partial additive elements to Au matrix 

is less than 100 ppm, preferably with range of 20 - 90 ppm. Because 

it allows us to use an indicator as "purity is more than 99. 99 mass % 

of Au", and because of its good dispersion in Au matrix, it makes 

it possible to get stable roundness even though wire diameter is 25 
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microns to 23 microns. 

The diameter of bonding wire should be 25 to 5 microns, preferably 

23 to 8 microns. 

[0021] 

Hereinafter, the working examples of the present invention are 

explained. 

[0022] 

Example No. 1 - No. 53: 

99. 999 mass% of high purity of Au, compounding with additive elements 

of shown values (mass ppm) in Table 1, was dissolved and cast in vacuum 

furnace. Drawing this alloy into wire until conditioned 4% 

elongation by final heat-treatment at diameters of 25 microns, 22 

microns, 20 microns and 15 microns. This ultra fine bonding wire was 

bonded as the first bonding on the 60 microns square Al pad of 

semiconductor chip in the air. All bonded balls were formed within 

60 microns square Al pads at the first bonding. The result is shown 

in Table 2. 

[0023] 

Comparative Example No.l - No. 22 

The examples, except content composition of additives varied as shown 

in Table 3, were obtained as ultra fine bonding wire by the same heat 

treatment condition. These ultra fine bonding wires were evaluated. 

The result is shown in Table 4. 

[0024] 

Meanwhile, "breaking stress" was evaluated as follows. 99. 999 mass % 

of high purity of Au, compounding with partial additive elements shown 

values (mass ppm) in Table 1, was dissolved and cast in vacuum furnace. 

Drawing this alloy into wire, until conditioned 4% elongation by final 

heat-treatment at diameters of 25 microns, 22 microns, 20 microns 

and 15 microns. Then the bonding wire was cut in 10 cm length. These 

were evaluated by mean of tensile test for each 10 bonding wire. It 

is shown as "A" for not less than 23 kg/mm2
, as "B" for not less than 

20 kg/mm2 and less than 23 kg/mm2
, and as "C" for less than 20 kg/mm'. 

[ 0025] 

"Roundness of compressed bonded ball" was evaluated as follows. 

Bonding wires, obtained by above-mentioned method, were first bonded 

to Al electrode (Thickness of Al: around 1 micron) on Silicon chip. 

Then they were second bonded to leads comprising silver-plated 
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42-alloy. At that time spans was 3 mm, 50 bonded wires are randomly 

selected from 200 bonded wires for evaluation. Diameter of compressed 

bonded ball to parallel direction of ultrasonic energy imposed 

direction and diameter of compressed bonded ball to vertical 

direction of it were measured, then the ratio is shown as "A" for 

range of 0.95 - 1.05, as "B" for range of 0.90 - 1.10 (excepting range 

of 0.95 - 1.05), and as "C" for others. 

[0026] 

"Synthesized evaluation" was carried out from above-mentioned two 

evaluations. Value "A" is given to especially excellent result with 

more than two "A"s, "B" to excellent result with one "A" without "C", 

as "C" to ordinarily result which does not receive any ''A" and "C", 

as ''D" to poor result with one or more "C". 

[0027] 

It is obvious from the above-mentioned results that the Au bonding 

wire of this invention performs satisfying boding effect as far as 

amount of functional additives of Au alloy remains in the prescribed 

range, even if diameter of fine wire is not more than 23 microns. 

In the mean time, conventional Au bonding wire does not perform 

satisfying bonding effect having amount of functional additives are 

out of the range, if diameter of wire is not more than 23 microns. 
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[0028] 

[TABLE 1-1] 

Td- ~ 1-1 

Be 61 ass 
f\b Au ppm) 

J ll al 5 
2 Bal 5 
3 Bal 10 
4 Bal 10 
5 Bal 15 
6 Bal J5 
7 Bal 5 
8 13 al 10 
9 Bal 10 
10 Bal 5 
11 Bal 10 
12 Bal J5 
13 Bal 5 
14 Bal JO 
J5 Bal 10 
16 Bal 15 
17 Bal 5 
18 Bal 15 
19 Bal 5 
20 Bal 10 
~ 

·····~··~ ...... 
21 ll al JO 
22 Bal J5 
23 Bal 5 
24 Bal 15 
25 Bal 5 
26 Bal 10 

Ca La 61 ass 
fuass 

ppm) 
PJlH) 

J5 5 
JO 15 
10 10 
5 20 

20 15 
5 5 

20 5 
10 10 
10 15 
20 5 
JO 10 
5 15 

20 10 
10 15 
J5 10 
5 20 

25 5 
10 10 
20 10 
10 15 ··--·---
15 10 
5 20 

25 5 
10 10 
20 10 
10 15 

Ce Guass BJ foa.so; ~SS Si (n ""' 
Ge Sb qnms Sn Bi ~nass Y fua& 

ppm) r.pm) ppm) !Jn ass 
ppm) 

!Jn ass 
ppn) ppm) 

ppm) ppm) ppm) 

5 
10 
20 

5 
JO 
20 

5 
15 

10 
20 

10 
15 

20 
50 ---- ------- -~--- --

50 
70 

30 
50 

5 5 
15 10 
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[0029] 

[TABLE 1-2] 

T<t n 1-? 

Be fuass 
l'b A.J pp:n) 

27 Bal 10 
28 Bal 15 
29 Bal 5 
30 Bal 15 
31 Bal 15 
32 Bal 10 
33 Bal 10 
34 Bal 5 
35 Bal 10 
36 Bal 10 
37 Bal 15 
38 Bal 5 
39 Bal 5 
40 Bal 10 
41 Bal 10 
42 Bal 10 
43 Bal 5 
44 Bal 10 
45 Bal 10 
46 Bal 5 
47 Bal 10 
48 Bal 5 
49 Bal 5 
50 Bal 10 
51 Bal 5 
52 Bal 10 
53 Bal 5 

03 La fuass fu as;; pµn) 
pJm) 

15 10 
5 20 

25 5 
10 10 
5 5 

10 10 
25 20 
15 15 
20 10 
25 5 
10 10 
15 25 
20 5 
10 20 
20 10 
10 10 
5 15 

25 15 
10 10 
20 5 
30 5 
10 15 
10 10 
20 10 
10 20 
25 10 
15 15 

C.e Gnass 6..1 fu aIB fvlJ Si fu aIB GI Sb Qna;s Sn Bi '"ass Y fuass 
pµn) n111) Gnass pµn) Gnass 

PJ:tn) 
qlims ppn) pµn) 

pµn) pµn) pµn) 

10 15 
20 10 

10 10 
15 15 

5 5 
10 15 

15 20 
5 10 

10 10 
5 20 

5 5 
15 10 
5 10 15 
10 5 5 5 
15 30 
10 50 

10 70 
5 30 

10 50 
5 70 
5 30 

10 50 
10 70 
10 20 20 20 

10 10 5 
10 15 10 
15 10 5 
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[0030] 

[TABLE 2-1] 

Table 2-1 

No. of Table 1 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

D nm eter of 
w ire 
25 
22 
22 
22 
20 
20 
15 
15 
15 
25 
25 
25 
22 
22 
22 
20 
20 
20 
15 
15 
15 
25 
25 
25 
22 
22 
22 

Roundness B reakhg Stress Synthesized evaliatirn 

A A A 
A B B 
B A B 
B B c 
B B c 
A A A 
B A B 
B A B 
A A A 
B B c 
A B B 
B A B 
B B c 
A B B 
B A B 
A A A 
A B B 
B A B 
A A A 
B A B 
B A B 
B B c 
B A B 
B A B 
B A B 
A A A 
B A B 
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[0031] 

[TABLE 2-2] 

Tab.B 2-2 

No. ofTab.B 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

D :0m eter of 
wire 
25 
25 
25 
22 
22 
22 
20 
20 
20 
15 
15 
15 
25 
25 
25 
22 
22 
22 
20 
20 
20 
15 
15 
15 
25 

Roundness B reaki1g Stress Synthesized evaLat:bn 

B B c 
A B B 
A B B 
B B c 
B B c 
A B B 
B B c 
A A A 
B A B 
B B c 
B A B 
B B c 
B B c 
A B B 
A B B 
A B B 
B A B 
A B B 
A B B 
A B B 
A B B 
B B c 
B B c 
A B B 
B A B 
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[0032) 

[TABLE 3) 

Tabb 3 

No Au 

1 Bal 

2 Bal 

3 Bal 

4 Bal 

5 Bal 

6 Bal 

7 Bal 

8 Bal 

9 Bal 

10 Bal 

11 Bal 

12 Bal 

13 Bal 

14 Bal 

15 Bal 

16 Bal 

17 Bal 

18 Bal 

19 Bal 

20 Bal 

21 Bal 

22 Bal 

Be 
fu ass 
ppm) 

3.1 

14 

14 

16 

8 

10 

20 

5 

10 

5 

10 

15 

5 

10 

10 

5 

5 

5 

15 

5 

10 

10 

Ca La 
fo ass fo ass 
ppm) ppm) 

2.7 11.2 

3 5 

3 5 

3 3 

20 6 

20 20 

10 10 

50 10 

10 2 

10 5 

30 15 

5 15 

15 10 

20 20 

5 5 

15 5 

25 10 

10 20 

30 10 

5 15 

20 10 

30 10 

Ce Eu Mg Si Ga Sb Sn Bi y 0 1her addii..re 
fo ass fo ass foass foass fo ass fo a:;s fo ass fouss foass ehm en ts 
ppm) pµn) ppm) ppm) pµn) ppm) pµn) ppm) ppm) ~n ass ppm) 

9.6 Pr8.7 and Sm 
3.6 

10 3 Gd6 

10 3 Al6 

3 5 B 0.08 

5 10 I1 30 

10 10 10 PtlO and Gd 
10 

2 

30 

30 

2 

30 

2 

30 

2 

30 

15 l 1 

15 30 30 30 

10 50 50 

10 30 
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[0033] 

[TABLE 4] 

Table 4 

No. of Example 
com pared 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

D nm eter of\V ire 
11 m 

20 
20 
20 
15 
15 
15 
22 
15 
25 
20 
25 
25 
25 
22 
22 
22 
20 
20 
20 
22 
22 
22 

Roundness 
B reaki1g Synthesized 
S tJ:Bss evaltati:in 

B c D 
B c D 
B c D 
c c D 
c B D 
c B D 
B c D 
c A D 
B c D 
c c D 
c A D 
c c D 
c B D 
c B D 
c c D 
c c D 
c B D 
c B D 
c B D 
c c D 
c B D 
c A D 
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