W RE BUWP MATERI AL FI ELD OF THE | NVENTI ON The present invention relates to
netal alloy or material for wire bunping to form bunp, using w re bondi ng
t echni que. STATE OF THE ART Conventionally, it is known that nethod of
formng netallic bunp, using wire bonding nethod, bonding with el ectrodes
on the | C chips or transistorsVWIRE BeHRIR MATERMIL ( Tape Aut onat ed Bondi ng),

| ead frames and/or outer termnals on ceramc substrates. This wire

bunmpi ng nmet hod has an advantage to manufacture high density packages and

t hi n t ypeFFACk@pasic iEMNTIGNOf direct bonding to el ectrode pads on IC
chips and outer term nals through bunp and | ower hei ght of bonded part
conparing wth a case of using wre-bonding. For exanple, there are flip
chi p met hod, f dhevbregenbinprtiooneitesctor matsd addy bCraitdriagl far veithy wopingBondi ng
with thes er on conductive circuit of printed
circuit S@B@tﬁmeag%g’% bg%bg:{brﬁhﬁapgl er nmethod, nolten bonding with Cu
tape plated solder. H gh purity Au, under constraint of which purity should
be nore tg 2R Q%FQ?HE % has been used for wire bunmpi ng alloy so far.
Whereas in tne case oOf using high purity Au, after ultrasonic bonding to

| C chip formng balls on ultra fine wire in advance, tearing off a part of

the wire held WotfanfofdigMPis KA mm %wd c;fh dﬁa' e?%llic M\Mﬁhuéiﬁq Rirknci pal

cause of incorrect cont act remal ned unps, nane on

remai ned PREstings mleﬂméhbwmgrwmeleﬁreﬁgﬁ thf*@H&Q@ﬁ @rgtramsetqreﬁgwe afai | s had

been dO”‘?AéLtﬁ‘rQEQ%MnH@HV B&%d%d{;%a@oﬁ%éé 'arrkafo?fo&er5tehﬂmé% &ﬁ'&@mi% Pd
(Japanese Pat en . 2737953 Au matrix alloy consisting of 0.003 to 5

wei ght % febs{raigpahiis wire rbsmmng mpihieH has a6 mdvaitagedsenamiattinedtigotensdy
9- 321076) s gHGeLMhdBid fySe %Ebiea})ﬁes R3S bﬂﬂregf b(QmQ%IlDtoteﬁ?éroWQ 8%‘% onaEt, Pd

and/ or Ru Japanese Patent I'i’cation Lal catl
10- 2879369h:p9r@wé9@t|er tees tbrroqghamrmmwd lawes hp@ht et eonded pavte:rq,mmp@nm ve,

mor eover .k b%a@é%‘?%%i%%r]u%o&@e dfrg® FB@%kémﬂilbeﬁe?é‘Qre”ﬂ?ﬁ gh§>‘rﬁé’tﬂ§b V@Lm,ﬁﬁﬁpa“ ng

with Au, conventi onal use urit
cont ai nedourRsON ﬁ*ﬁgwctase)é IC Kpdboérance rmnéaeumtj! theief bwme%aqﬁmsgmﬂjen of

plati num goi Sdggﬁn%ct%pdu cbi%?’ghrﬁe&%& d!b@?r‘ia’-t]‘é aﬁc?gisb'ﬂlrﬁ I ﬁlétr A 1 on make

non- spheri ca attached wWre becone and Si chip
i s br okenmgiteielponalingosith Ce dape @QI@%SQlld@fbl enms, practically, it had been used
Au-1% Pd alloy. 1 Though this Au-1% Pd al | oy has advantage such as effect

of repression ﬁk‘sﬁﬂmﬁtcgm%&qs iAeTAES ﬁgéhlou pask ARt AkiarPdo 86| oY

bunmp, at the no earin t|| talls emerge occasionally.
Mor eover , mpec¥nthiy been degd i@gwyadwmg alleyt spo‘ar ofyeeesee lrathemagh@uf usiggper at ur e

such as qugh Suf]tgfr/glpoaftgr uRSRESE %lohéﬁné Bo ti@%hﬁ)af%ﬁnﬂé Has ofw\kﬁt?'a e WALk X

sol dering, "hig tenperature operation i s noticeable en operating
t enper at vddvabes daering gihér parkaptheaviie deldpWidih eneiarap oprosieideecus dnaiuait i on

occur,  Naneh ¥ ;ﬁ?hc[pgpbﬂl% I dorreB Qnbh efnainkh dnSthl QeSS tLmpePREALE

solderlng under st
on remained has of IC chips. Hence study on shortening the length of tails had been

done such as Au matrix alloy consisting of 0.5 to 10 weight % Pd (Japanese Patent
No. 2737953) and Au matrix alloy consisting of 0.003 to 5 weight % Pd (Japanese
Patent Application Laid-Open Publication No. 9-321076), and Au matrix alloy
consisting of 0.001 to 5 weight % Pt, Pd and/or Ru (Japanese Patent Application
Laid-Open Publication No. 10-287936). However, genus of platinum, like Pd, etc. is
very expensive, moreover it is necessary specific facilities and more expensive
comparing with Au, conventionally had been used as purity of 99.9 % Au, which
contained much impurities. Moreover, increasing additives of genus of platinum,
inside of capillary is contaminated, and this contamination make non-spherical ball
attached to wire, and balls become harder and Si chip is broken under Al pad, for

such problems, practically, it had been used Au-1% Pd alloy.



tenperature control. Though Au-5% Pd al | oy has been studied, ball bonding
in the air, because of formng hard balls, problemof grater chip damage
agai nst Al pad, and problemof big fluctuation of Pd market price, said
capillary contam nation and length of tails, it had not been in practical
use. DI SCLOSURE OF | NVENTI ON | SSUES TO BE SOLVED BY THE PRESENT | NVENTI ON
The present in ens of
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conventional Au allo resen Inve t he

f ol | owi ngAhtanpsied growtm)bebzm@m%padtancﬁ@um @i@)yauulrmy abimpiorgerdall ksring bond Al
pads to i ; r - | | bump
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capi | laryggd EeWatrl?SyémdéMnr ngg tgﬂpgﬁ@l%rg%@mgrratgb@ﬁ rﬁ%‘fﬁ@étﬁé nﬁlhteﬂ othFatlH% esent

i nvention, re are pro 1) Au- Ag
al | oy fortemneéatmen@ﬁqqgwecfmgipﬁn teinpgraferat gmmmmercémtdm comurmtwpmqowy i's

more than,39 4?9Ad7?§;§d|/0m819”r'56'33}|d%9 ﬁ‘qf%%F %?th\atﬂ%rét{e o‘?’@erﬁgséhdéor Q:‘Ttrld?‘g’

whi ch purlty S nore e bunp
accordi ngtemewbw«acomﬁnt i bmegh(AY-5%f Baelryebas hmﬂ @tud!egab&ﬂ faﬁr@mq indhe of

addi tive ?@EQ&&% 0558 Aéﬂérﬂ%a@% p$ot§lé}n%@ cﬁHnt‘?at e %ns Al ;93029,[1{,“;33 pPpm

of Be and/ o mass fare. ear nen y for
W re burrpﬁ)rﬁ@eﬁb@fdﬁ@iﬂhquat@n&f@ﬂemwm prcmeaalqppplllarealouta@unat@nmrlengih said a

particl e gf. addi isting of 10 to 90 mass ppm of one
el enent &tau eggtgav!gttﬁéct egpaf%;%%%gégroup consisting of Ge, My, Sr, Bi, Zn,

Si, @&, Sn, Sb, Li, and alloy there of. (4) Au-Ag alloy for wre bunpl ng
accordi ng to above-rrenti oned (1), featured wherein said a particle of
addi tive RBISSHERURE EMBIVENTHGNOf 5 to 50 mass ppmof Ca, 1 to 20 nass ppm

of Be andisaiuEkTdB280Mees ePTleiprtstgRlvENMROR! ement  anong rare-earth
el enents selected froma group consisting of Ge, My, Sr, Bi, Zn, S and

Ga, wherein sald in the case of single elenent; B or Li, 0.5 to 40 nmss
ppm (5) Au- Ag'hf pegenidpventipe hBﬁr’PﬁPPlgioa%é‘bP‘éiV%@b?‘t? @SBWGHB‘H?WQWEM(D

(2), (3) condfitbhal AealidyiBewinhsligbingsai d Au matrix consisting of 5 to 25
mass % of Ag. (6) Au-Ag alloy for w re bunping according to above-nentioned

(2) or (4), featured wherein said a partlcle of additive rare-earth

el enent s, conSJrl%tbrggerg nvEntidiPhasRe 1 ,g%m gl“qja s-Sm and alloy there of. (7)

Au- Ag aIon for w re bunping accor |ng ove -mentioned (1) to (6),
featured (1) approximating Au-Ag alloy bumping balls to bond Al pads to ideal sphere

shape
(2) increasing assurance of Au-Ag alloy bump bonding to Al pads
(3) shortening tail length of Au-Ag alloy bump
(4) improving anti-Au consumption into solder

(5) decreasing contamination of capillary tip by bump wire and hole around tip

According to the present invention, there are provided following wire bumping
materials :

(1) Au-Ag alloy for wire bumping comprising featured wherein Au, which purity is
more than 99.99 mass %, comprising Au matrix and o 40 mass % of Ag,
which purity is more than 99.99 mass %.

(2) Au-Ag alloy for wire bumping according to above-mentioned (1), featured
wherein said a particle of additive elements, consisting of 5 to 50 mass ppm of

Ca, 1to 20 mass ppm of Be and/or 5 to 90 mass ppm of rare-earth elements.

(3) Au-Ag alloy for wire bumping according to above-mentioned (1), featured



wherein said bonding to Pb matrix solder or Sn matrix solder. (8) Au-Ag
alloy for wire bunping according to above-nentioned (1) to (6), featured
wherein said flip chip bonding to Pb-free Sn matrix solder. (9) Au-Ag all oy
for wire bunping according to above-nentioned (1) to (6), featured wherein
said flip chip bonding to Pb-free Sn matrix solder, which has 170 Cto 260
C nelting poin F r0|mat|ng
Au- Ag al |l oy so)%vpe'%ﬁ1 4%%@ gSigﬁlcllygf fﬁggw%$%§%£hgg{£éto |§Je0ari%gsp ere shape
i s accounted hefrmenai{etnent atisdasy sewcmgi fatrhcaygroﬂpt:hmmmgscérﬁe iNgy 8t Bon,
because a sphekhcgz}le oé,t éga!jt ah&ailqur\t/gr‘:edofd“” ng ball formng process in the

air, A pad on chlp reover, Ca. Be or rare-earth

el ement S, (Qr aapagt hﬂﬂyefdewﬂar %Uﬁ’apﬂfg §J:(%'ﬁ@ﬁk§ So %ﬂ)%be—%t%nt&?ed My, redltureBi . ZN,
Si, (&, S Sb, B or Li are oxidized urln? bondi ng to Al pad, abnorrral
S|,

shape of bal | sWherefigtaidya Rarisiesd adeifye el§en 90fa8tst'iﬂ@ 0&%%5%@@99@% to

bal | - bond forchungr9 Hh@sé/\bérﬁ 058k aﬁﬂfoﬁﬂ'b@dg@ﬁ"@gs ?ﬁmaﬁaf RREt ALt i on
even in the case of smaller pad area. Next effect of increasin

assurance of ARTAR B¢ Sfj‘r*}bﬁt?ﬁ‘@@éﬁt%ﬁ'?f‘ée‘t @Ofﬁ\la paep rensisipg sline Moner gl nafter.

In the case of 7RI GhrRUGAt YnMEMmAGIRIN B¥ JaBE bF Xin@k didBeml BSENG, 0.5 Ryapti on,
since at pure Al or Al aIon pads formation of inter-netallic conpounds

bet ween Al andMAd® WM be del ayed, Au4Al does not generate anong these

inter- metmllig. A@rmewt@s,wa&o bﬁﬁt%#fgaa&,%r&]ﬁg kenshigve- rﬁ@ttlﬁhedpf{qi)s (lzljlctesase 't
is avail able that are pure PI’I nci p content alloy, for

i nst ance, 0%65&5j ‘thfea ur%ywetrem Sa'%w E@\V@tconﬁfﬁ e %taéé ’B?Ssp%é’étﬂ‘gc nol d,
because i pf tta %EL%OPWWBHﬁ?%g%C&Wn&tQ% S\Fef%%nt;dn%d Xt ef]géa‘?ureg event

corrosi on ogen m cont astic ect
short eni ng t aiwhereingald coparhile afaddiliveyrabmagrth e!eaeaeumretﬁtm@ef EiafGer. In

t he case of hleg‘hr\@uthgmAgnd\g”&Ith&g Jratrix of the present invention, a

particle of additive elenents works effectively than that of pure Au
matri x, e{fen iAu- Aglaltdyefocwse bumbingesccondingdo mbevd-mehtienepdn } todb g feafturaddi t 1 ve

I d i N ”
Gi spersi on of "W pArEe R SRRl ortR Sl B S i Sper o) on of bunp

tails, th@ynong:- m@amgﬂeew&e Bumpmgl stcelirg tb @bbee-mBRtdrRat(Yy ©de), fdNaEe are
greater de ere ce of Eck strength, a{%tntc’i' effect of ;tablllty for many number

of bunps. NextVEf§RERIMNP SR PORAMRY'C oG EENSLTRNSTon i nto sol der is
account edigyhergi. K?Bﬁc?yrfor Wite Bbﬁpﬁg%c% r‘% GRLRW. III’IEMU(ﬁH)d'%‘g | Berdt@EEi' x of

t he present i nvent i on, because ving anti-Au consu ion into

sol der, Au- Ag vdierely seidritp el sonding & B sea?m matrik goldler. advichdiasi § *Fltvp chip
bondi ng. For tRphSchRafmoik@nge of selection of solder is expanded,

t hrough hi gh terrperature reflow after soldering, flip chip bond, which has

EFFECTS OF THE PRESENT INVENTION

Effect of approximating Au-Ag alloy soft bumping ball shape to bond Al pads

to ideal sphere shape is accounted hereinafter.

Using Au-Ag alloy of the present invention, because a spherical soft ball is
formed during ball forming process in the air, Al pad on chip has no damage.
Moreover, Ca. Be or rare-earth elements, or a particle of group of elements such as
Ge, Mg, Sr, Bi, Zn, Si, Ga, Sn, Sb, B or Li are oxidized during bonding to Al pad,
abnormal shape of balls is not generated. Conseguently it is absolutely able to ball-
bond for bump-wire with set circular area at appropriate position even in the case of

smaller pad area,



stabl e bonding strength is attained. Since range of tenperature is broader
for usable specific solder, work managenent of soldering is | oosened.
Moreover, as it is able to manufacture honbgenous bunps as snall as

di spersion of bunp tails, it is able to disappear selectively only part of
tails of Au-Ag alloy bunp, therefore di stribution of tail Iength becone
nore and nore I Lal. Ag in the
Au- Ag al |l oy naﬁlrg?txéffecﬁéfpﬁ&egéi%%aééb %&%Aéj%&s:u n%tlil’on ?%@%ﬁ egad £ hi gh

t enper at upesoustedbhaseihblitg. tfntha @tsemftmie pusty doat-Ag redldy rrlwmeoﬁ/me TEsae

decreasin S e et.c,.. I nt (o] fragile
corrpounds%c\i’%&%gt %lﬁ?(&)ﬁ?’bﬁ&s Iogsm A“ﬁ@éé&?% %’—mt’lﬁ‘h%e%£%ﬁé?—lﬁﬂ§ED
EVMBODI MENPetweee Abumnp A tvelt baldaﬁyeﬂhéumbsw nping@rate remagAtiresdg imbl-oy and a
partial o | ferably,
50 25 i torintinds, SBRA ran Pk 1 Wb holelsd ol Pyl i

pr ef er r edAepdsdsdingentre ¢ ot Héppm@@mpnient/eim &, in<TanceBE0ANAIFOw alley etc..eart h

el ement s( t S I

avai I abi eprseleh o, A8, R e SloCHB, ool WG o ENS AR NE Ay e
of these getaatentis, ahimtOtmevemaswraﬁﬁor@tacmd By baogd fnes sopipimed afedtioor e
preferable 8 to 35 nass ppm In the case of Be, it is 1 to 20 nmass ppm
nore preferable 3 to 18 nass ppm In the case of rare-earth elenents, it
is 5to 90 rrassleppaifedtnoft bleoreasy ¢fil fEngthalof UseAQf allolhiegep ek eaotistedt he

t ot al armH(gr i ter content should be less than 90 mass ppm nore preferable

| ess than 50 FReS ppm As rare-earth elenents are selected fromY, La, Ce,
Eu, Nd, &Gd and Sm at |east one el enent should be selected preferably. In

ot et pref er o) BRI I, Bl 8 ALFRS kYR sy nBRBAS Boifiaddl ¢ ve
| east oneof &lddivereiensdrds vdriiseciseliatyt ban phadfod patse Au matnie emen Hin theasee
el ement S(8%%%[}&1%0%%@%%Ba@ge%éggﬁlgéézleg%ngs ntdq %Qntwgén%ﬁ%wgﬁegm ally

preferabl e el enents case of
usi ng Ge, pBh,(wBere Sreepina) Ag), SiKpsosiaabl buiﬂaﬁar@rwmrﬁlber SBioce et snaller10 to 90

eSS DPM GERISORELERANLR, 1% 18 ERoIRAS, AR Tl QURET e eyt fbod! ment

of the present 1 nven atron

i s used. lhara wegreaisedefemmee vt nedk Sramgh, Andieffecthd stai:aléyefomfmm rin@&r cont ent
is 5 to 50 ppm nore preferable 8 to 35 mass ppm in the case of Be,
content 1S to 20 mass ppm nore preferable 3 to 18 mass ppm in the case
of rare-earth elenents, content is 3 to 90 nass ppm In the case of plural

el ements of Guua Afedihef trapalingmacthuotorkoniption slovbdebas | &ssubtban 90
mass ppm ref erable | ess than 50 mass ppm In the case of using
Group B, %%[P’&aﬁ? ments are only B and/or Li(so called as G oup B2),
content is 0.5 to 40 nmass ppm nore preferable 0.5 to 15 mass ppm In the

case of pl uralnegheossd of Hgh GirappuBYy altdyanatek af thampeytnt Plestdnt Badausboul d be

| ess of improving anti-Au consumption into solder, Au-Ag alloy bump does not disappear
into solder during flip chip bonding. For this reason, range of selection of solder is
expanded, through high temperature reflow after soldering, flip chip bond, which has
stable bonding sirength is attained. Since range of temperature is broader for usable
specific solder, work management of soldering is loosened. Moreover, as it is able to
manufacture homogenous bumps as small as dispersion of bump tails, it is able to
disappear selectively only part of tails of Au-Ag alloy bump, therefore distribution of
tail length become more and more small. Especially in the case of 5 to 25 mass % of
Ag in the Au-Ag alloy matrix, as improving anti-Au consumption into solder at high
temperature, stable flip chip structure is obtained. Moreover since decreasing
consumption such as elements of Au etc. into solder, fragile compounds do not grow

in solder.



than 15 mass ppm preferably. 5 In the case of consisting of Goup A Goup
B 1 and Group B2, the content of said Goup B2 is 0.5 to 40 nmass ppm nore
preferable 0.5 to 15 mass ppm Moreover, in this case, the total anount of
content should be I ess than 90 mass ppm preferably |l ess than 50 mass ppm
Ef fect of approximating Au-Ag alloy bunmping balls to bond Al pads to ideal
sphere sh i t i it is easy to obtain

i deal SM@E%(?Q?P@QW@EJ%%@?S@%@%% ﬁﬁbaq%l\?%@ﬂ“ﬁém%?ch purity is higher
99.99 mass %with a partial of additive elenents, also in the case of

Au- several % Pg,.al i il ln. th of - A N , is apt to
capture oxygen%%oéﬁﬂ%? 5% t%r%riﬁgrﬂget B¢e§e@i 'ﬁygnﬁﬁ)gr'gésu% a@%ﬁ?%(ﬁt% %qéﬁﬂgo,% a

parti al ofddiaddeleimestselContent sf Ag iexii th 2&dnasndi sredgpbbly o5 ftor2 mbsofaral shape
of balls, : rJ ! it..cause of damage into Al pads. Hence the
upper Iimpgﬁg?fggﬁgt@%etggﬁg%'ggsnll%al% be |l ess than 40 mass % so circular
bonds are obtained on the Al pads through ball-bonding in the air.

Mor eover, usi nlp hafirst preférr@derdbodimsst dhtoé pAgent iheanghn com BenanditredreAg | nt o
Au, soft i i e, ddi rti i.Li i,n order to
obtain tr§%Itrl %bﬁ%ﬁ%%@ﬂ%égéﬁ’pg § efq%rﬂg%@)rr%%sh%%ém a%%S% sé@%?'lgs “mass ppm
and/ or r apwilebletth selebesiagie or apmbinticrooDMormathsn PpepmentsatCdnéad tof treseel enent
from Ce, I by b ' gBHE of

cont ent iéq/ngﬁ{sme eﬁé@%”ﬁ%?f(‘&m@g?é’gma%?&&cag@eﬁ? %lgf%bﬁtbget %goe 0 rsand Li,
10 to 90 pmssinghapasergbeeit ishiad2Gmpas ppal mofe pratlirable 8 tel@mass 0@ dop A) has
grater roll [ Auy- q@[[ ..t I r nts.
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shape of r de di_t.iaon SS, Ppm on
the contr '%Lf/e%rgf%l%geﬁtes tﬁ% ngﬂfa{égip?ﬂwap%s f%r@gég%reﬁgrﬁnrgéﬁei%%%ﬁ ?gﬂmo 'léaXcess 50
mass ppm C&heu, ish&d dridn®m, atrehst omeelehiemt shdulih bdBeelacied parfaralar t h el ement s
are from sane reason. Especially Y, La, Ce, Eu and Nd anong rare-earth

el ements at th o r 9 . e fo obtain
circul ar burrpsﬁ %Bh&?%gfe?%fihegﬁgq%g{ﬁ{t (ﬁh%eéﬁae%ggtrigé@éﬁ’ %Eg}etﬁ%%ngﬁ%gmggnsi st of
eut ecti ¢ akineytsvire kelaated domBeeMgf 8elldieZrefdi.c@s, $ro FoBrarsiplicatdsastienehe air

t han t hat el - ri I nt of
content 1 206N RGl R SR Fo kfhr@lly S Bt repe e i e s hy,
Sr, Bi, Z8gleBngntgGas 1&g 9GhasBpamd Ekpdaidlig meeferablengemasis a0é Gei BylSe Srse of B
6 and Li ’SQ'$a}l<90r4I9 mass ppnm), Au-Ag alloy bunps are formed with no problem
in practical "usé torresponding to small pitch, noreover to neet to purity
of 99.99 mass % of Au alloy(where except content of Ag) Less than 10 nass
ppm of these elnanebis(dflsingTe, CASR, Oh asd/BOSIEst sl asBSRng B cofled igTBSS

, It s, not able to obtai e le true circul ar shape. Moreover,
P hed 00! il itk Grsbaniiar waeb's b i fosoepo P

In other preferred embodiment of the present invention, combination of
elements of Group A and Group B is used. In this case, content of Group A, in the
case of said Ca, content is 5 to 50 mass ppm, more preferable 8 to 35 mass ppm, in
the case of Be, content is 1 to 20 mass ppm, more preferable 3 to 18 mass ppm, in
the case of rare-earth elements, content is 3 to 90 mass ppm. In the case of plural
elements of Group A, the total amount of content should be less than 90 mass ppm,

more preferable less than 50 mass ppm.

In the case of using Group B, said elements are only B and/or Li{so called as
Group B?), content is 0.5 to 40 mass ppm, more preferable 0.5 to 15 mass ppm. In
the case of plural elements of Group B2, the total amount of content should be less

than 15 mass ppm preferably.



mass % Au(where wi thout Ag). so inconvenience of display as "H gh purity
Au" wll occur and in the case of heterogeneous alloy, the Au-Ag all oy
beconmes to be difficult to formand approximate the balls to sphere shape
on Al pads. Especially in the case of single use of B and Li, exceed of 40
mass ppmis apt to difficult to formball to sphere shape. Purity of 99.99
mass % of Au al r ro tial of
additive el emarltri S anggltoﬁg(\sh%tst[ Eg%ﬁd%ﬁ&%@g : %bg&ﬁ“ HEetﬂ%ggnteﬁﬁ;f whi ch
is less thad GOBipnESsisphpm iondCramdgsuppmsondre prefesd biwayisd aerHéi tr@sé qypm.st abl e
circul ar 1 - bondi ng
fo A paddRraey (EVE e e O ERPLI EORBEAIERISY s Mo fae R, o

mat ri x compeieriahly ledsttharPe® evagsippmt ri x and Au- Pd alloy matrix, there |s
delay to generate inter-netallic conpound between Al and Au at Al pad, and
there is no AudAl in this inter-netallic conpound. It is also found that
Au4Al in Pure Alfecadfirappraidatig Ra-Agl 4oy huatping bals woborgeAepatsed, idealparti al
of additi I t invention for bunp in Au-Ag all oy
mat ri x re%gri]enrgisﬁggg%%cgguﬁ%eh#g@gﬁ% reaction with Al. Thus Au-Ag all oy
matrix has a roll to delay of generating inter-netallic conpounds

conparing wt hIrP?éﬁeréfJ lt”@terab% t@BQtaﬁPrngl @AHe@t}éalni?énéh% the B/Qéeeeivﬁt& allby) the
case of Au- matri x ad apar itive elenents

above- rrent"ﬁht?%é'd”’tﬂ ﬁéaghegp%e?@eﬁ@ﬁ%ufewﬂ@ aoﬁtfaaln@oﬁddﬁ%uq!e@entﬁ rl$hé tese of a

partial otascgfhliskGerd] @MPRISoF INHR BS. ANhY da88 BitAIRRg WGy MRS S BRMol N
maxi mum as purity 99.99 mass % of Au-Ag all oy matrlx(vvnere W thout Ag) is

mai nt ai n, CaRJUTE oxgeabiramthigh femeerakire ads icasrsiidoroaotagl 4pl syrastipefbondi ng

to A pad%ddatrﬂ?él@%@hél i5 YoxibilzeH %na QUAE tbhén bhRISal dapBQ BRI i @gRgt 0 Al
pad and a partial of additive elenments disperse finely by convent| onal

di ssol ut i 8ANERE tcepder IRy dereesiato Ak padst dlenesribenpres lipit gheopienboBAgass  ppm

at | east gRsfd %@@@s@@t@arﬁh@%ﬁs %f d&Ccirdihr beinds Bire dHained on@e Apadsd and
Li. 7 Effect of shorteni ng} tail l'ength of Au-Ag alloy bunp 1's accounted

her ei naf t &rough hallipnging ipthetale present invention considered that di spersion
of tail length of bunp is difference between strength of bunp wire itself

and strength ofydh&skr, atstreC,S@rﬁly op@@taéwaea%lma nﬁr&J@hSédne@ﬁtéteai'At;f.%ence)

In the case of |ess than mass % n oy matri x, Au-Ag
al | oy mat Avxseft Sails a'[?e@'éiﬁ'égblﬁaﬁ'ﬁteladgiﬁﬁta p@ﬂ@@l @ttfhﬁ\t@g "a 0§éﬁtf tgfobsain ﬁratetu al of
addi tive ghemendghag é@@S@ésE%&s%nﬁ@é tsxl to'Zﬂ) hh&s Bﬁﬁean@for%‘rgﬁ% b ence

becom ng soft, stren wi re becone weak and neck strength

becone sﬁ’ﬁm@”t@fﬁs@gm%maﬁs PREr AT posestions algmeidemceeMasoHiBipeY Sing, and
tail. Ienghhshssgps drQ; tﬂlé %dtara?ﬁounm?eottémg 1 8o méssr ?Tsrhemet@ frpeg alloy

matrix, neck strength difference is be grater than that of Pure Au
matri x an@esReiPing mwfrﬁa@rrq bd., 1%%%@% ﬁ’ﬁm)not adding a set of a parti al
of additive elenents into Au-Ag alloy matrix, heat affected part becones

br oader, becaufgrm“é# A0 @{aér‘ﬂéﬁ df%d&%&’@t’éﬁ‘r@n (ﬁﬁb gﬁgmaeébrﬁeﬁ%n%ggmé‘t'/ﬂ? pure
Ag. Consequent as tail length is apt to hav I di spersion
partial of\g matrlx than that of latter Group B elements Hereinafter, t e reason of set 5 to b0

mass ppm of Ca among the former said a partial additive elements it become to be
difficult to approximate shape of balls to true sphere under condition of less than &
mass ppm, on the contrary, shape of balls is apt to deform under condition of excess
50 mass ppm. The upper limit and lower limit for Be and rare-earth elements are from
same reason. Especially Y, La, Ce, Eu and Nd among rare-earth elements at the
range of content from 10 to 90 mass ppm are apt o obtain circular bumps. On the
other hand, the latter Group of elements consist of eutectic alloy with Au has more
feeble effect to form spheres in the air than that of former elements to Au-Ag matrix,
when the total amount of content is 10 to 90 mass ppm selected at least cne element,

from Ge, Mg, Sr, Bi, Zn, Si, Ga, Sn, Sb, B and Li(where in the case of single use of B



additive elenents should be added into Au-Ag alloy matrix inevitably. From
aspect of neck strength difference, preferable content of Ag in the Au-Ag
alloy matrix is the range of 5 to 25 nass % At |east adding one el enent
fromthe group of 5 to 50 mass ppmof Ca, 1 to 20 mass ppmof Be, or 5 to
90 mass ppmof rare-earth elenents, though it is a partial of content,
narr ow ng fiect <0 f tad I t re Au

mat ri x angﬂ& LQ?P% Satlf | oy %%tg rt{p)?f) %glp@igg?)’l 3”%%@3& f%en?eraEwM;ﬁé F&émgﬁn@ng

rare- eart iprasttiesrsse §onasmnglneé¢t emakpitahc mosdoveatar esirig phetxtof 49.P@ved%ar ea.
However, i f | S ugh
cont ent of| Ad AIeRAhef o BFXEREhEHFAL T dsS SroR IR b AR ook Bderkal Ty
heat af f etheeengsanftsingde osresf Btan@édéW meess @Ppmof it Isoved @ble tmqbtwalptﬁeuasle
necessarytrugy(:lrkmgr 'Moré ?eex% &% Btrﬁaéx %OHQWBY Pte'em& pu it %5339' S
narrow ng effec Reat  affecte area, as ove- nen , om reasons
of shape ofaspdhb|Aufebermevittgius foy. tsedncmwpelend:a nt tisplsy siet Highrpurie Aot vér  si de,
group of SR C r Li has
ef fect of %Irslarroy\n%rn%h%astg%é??t’eea% e(g{fse%”o htc?gr%m Agafdo}piﬁeocr? of ggrrpaﬁlt‘altl vely
much addi ngforwmné@@emnaajelih@g)%&@ad\em sigpeppriitdads. 0. 3 mass % effect of
heat affected. part is obtainable, but it does not neet to purity of 99.99
mass % of Au vvhe e except ) f content ex pm These
additives of for Pr%?fé”é(ﬁ% e FFES S'PA\%I t &y %et’%&?(ieﬁgop%st Rprﬁtﬁ(?%m in
purity of tQ8ffealt meean Walbfc dmxereaéHaw(\Ahere except Ag), stable effect which
shortening heat affected area is always obtained. It is found that if
content of Ag is in the range of 5 to 25 mass %in Au-Ag 8 alloy matriXx,
sati sfactory ePldiytof §8.99anasmiic rvg Anedivy acﬁriteiosétbspdortneirsmdhnt@irge:dtpiaﬁat he best
way. Effect .of d [ e ed
et ei nat ¢ Bpri8] o 4BRY AR anfHaFRBR M AR BBl e PLARE BINGE o
al | oy(Pb & lesy thaPbt000m3ssraps ifonBndiralihnoyo itﬁba&mwté’/&o&mrmlsltajye ced:utar) :
Pb-free al Ilk,QF%/(Sn alloy, Sn-3.5 mass % Ag alloy, Sn-0.8 mass % Cu al |l oy,
Sn-0.5 mass %% Ni alloy, Sn-1.0 mass % Zn alloy, Sn-3.5 mass Ag alloy, 0.5
mass % Cu all oy, Sn-20 mass % In alloy, etc.). It is found that Au-Ag all oy
mat ri X has bet Effectedff iecreasiog iaspuranes ahttiu-Agl allgohsmpptdndimgi fot 4l pédzsies sol der
conpari ng, trix, especially under higher tenperature

condi tion. X\‘Aﬁgjgée@ﬂg??'ﬁgﬁﬁq? content of Agisin the range of 5 to 25 mass %
in Au-Ag alloy matrix under high tenperature condition, it inproves
anti-Au consurmtlsi; Rifowrl tmtaomsnhd@ano‘ﬁn@tdfdbbdnm@n@ WIFERLIS A@n@trp(adrtoﬁm of

cont ent reI &ec{lﬁﬁ -Au consunption into sol in Au- %éal | oy
matrix, - Py ife’r'iSS Vt"%gﬁn%’@te igier-getglicqqmpougs ﬁﬁtﬁeﬂu”t}éf’% nent s

i mproves anAn a%,xaﬁ@mssmm h®AulAt B taRliseF-mEaNRAEdnebutit I is HE6 ud th@t ri x and
Au-Pd al | PRESENT | NVENTI ON Addi nTg a partial of

mat r E
addi ti vesg‘é‘r'“érﬂ@rﬁ%wé?@”ﬁﬁﬂ"t\q_\ ?%‘Eér TR S0t ggheraled. a BREIgheT IYE i n the
tabl e att gehedtswftiie ptesehtin@intiS?fRPAmpEs AuAPAIAUNRAL rdrbidih iry mafrix and

has no reaction with Al. Thus Au-Ag alloy matrix has a roll to delay of generating
inter-metallic compounds comparing with Pure Au matrix and Au-Pd allay matrix.
Moreover, in the case of Au-Ag alloy matrix added a partial of additive elements
above-mentioned, ideal sphere shape is obtained. Besides, in the case of a partial of
additive elements contains only less than 100 mass ppm in maximum, as purity 99.99
mass % of Au-Ag alloy matrix(where without Ag) is maintain, so it is able to increase
assurance of Au-Ag alloy bump bonding to Al pads. Incidentally it is found that there
is no chip damage to Al pad and a partial of additive elements disperse finely by
conventional dissolution and casting process, if total content is 0.009 to 0.3 mass

ppm at least more than one element of Ge, Mg, Sr, Bi, Zn, Si, Ga, Sn, Sb and Li.



99. 999 mass % of Ag(where unit is mass % said enbodi nent was di ssolved in
the vacuum furnace and was cast. Drawing this, at 25 mdianeter final heat
treatment was processed. After using this ultra fine wire on 100 g m
square Al pad in the air by the Sinkawa w re-bonder (UTC 400 type) under
condition of 0.5 nsec of discharge tine balls were farned, in general

di bal | f I
bal | bondi ng weseaar Fovens BierBly AR GATERy LA EaRlo b couar &

pads. The resulifvehtors Bpwe dr@sérﬁ%v@ﬁﬁﬂrﬁcoﬁ%&j th%@ﬁl%ﬁ@x‘sbntdf taif 199@{h|§f means
that appearance of bal | was eval uated stereo m croscop

magni f i caPHBR BETREHICK belvaes Siheaatd ¢d bggqugre '&95@“8&&859t8r%§e?155ff9§?‘?€vm as
"A", snal |paﬁ@h5'da¥ecb%ck‘§ﬁ@{g¢h Uﬁefém@w&@%e &ise ARk Ralss hlh gRVI tY

unusabl e i.'s shown a trasoni ¢ bonding ball diameter is the

mean of BrA9 %'iozén%‘ﬁx /ﬂu ﬁ%a"qvcﬂﬂa*@ééﬁe’&woawf@thai ?%V%ﬁ‘ﬂd&g yeptdf@al (v)

and di rechhaial of addid gierkals(a9 sde Gsymmasd ﬁi&ﬂlxh IFTBRS BERTBMburAp Q@S cope.
Then the difference from 9 nean was introduced i mum nean square

met hod( shERFPAIEY SOt FEREH] & WD REFIERS WaPK 25 dISrk .Sg?n@»t'n wiieronsecbachBs 0. 96

value is %H@W@%eqﬁent!y@oﬁ@pééﬁndn&ﬁ%uﬁﬂ@%re Q- et nd $ailS RAYM idspt B+ | ess
than 0.90 js shown as "C'. Myreogver, "Shear strength is nean of tenS|Ie

strength WSBRMSEehSN BS’EQ)WHE’QF%P b Airish P opalEicheokadrenginr dierycs ise Dage

Hol di ngs  &beab bStgrﬁt@ﬂtH&n'EﬁﬁtcﬂrF(LP&ﬂa%)lx aW‘WuePd aildy rhﬁ’tﬁgtl‘ho@f)verhflﬁ& was
nmeasured as ersion of neck hei , 1t ’is shown as nean. Then

snal | er t ﬁgﬁji”@@ 8 Ihdopartipl gl édditive & r an?%@ﬁ“g‘?‘ﬁ eboyngalyixi sealrasipetess -

20u m t9aﬂt©§§orﬁ£@&o§@eﬂb@&du§e$\l@1%a%§/ : ; Bomp®dogith £iBAPuRDAL bndhigh Shown
as C. Moreover Chip danmge i s shown a unber of cracks around ball on Al

pad obser Wrﬁ’gA%yCO‘Wﬁb{e@{ye@éda‘He@%‘s@oﬁ!ﬂé o AGVe Piggier jdisPe IR 2aRartialof 1 to 4

cracks i saghowcidmentd shoui@foeeadd@annté ALRE Kfoyl rﬁaﬁmmltaﬁy CFroml\éHp%etV&r " Heat
test was held to 100 Au all oy bunps a?al nst Sn- % Ag  alloy, to keep

f1i p-chi pnetly dltgngthe difigernce e pictiiabfe Hoateal OétAQZ’Bdh@: Aohd @(’J%@@é%l@ ththen for

each 10 Safige@n 536 @8NS, Mbé@ﬁ‘é@@#n@)éné@%eﬂ ﬁbﬁq%g%p drets shhafssS0 % of
before reflow section area is shown as "A" %to [ess than 50 %is shown

as "B', RoMgitGR | elos2q mags pemel Be.sHop 8@ ”@SSIF&%Of FRifree0h sgmeendhown as

"D'. ALt HosgR®iigth, pdrﬁal%%oﬁt@%ﬂaﬁr&@hg %lfflacthf heé‘t affé’@f'éc??oﬂéa@ d?@t%?tﬂahan 50 %
of before ref | ow secti on area, honpgeneous i n sol der

because t Kt of ipkEe Annmaitigrang: Absh alisr mﬁﬁ%eﬁép?fé@ilyeﬁnfﬁt GeSﬁUSBrS‘ i Ag
al l oy. OnafBgy Qbhﬁéarhha@@me@ts nad GRe@s eﬂf@cgesoft ﬁb’%Fb\nAiQ% Yoaf ahelied artef ! ow

section area, bunp itself nelted into Sn- and di sappear,
hence bunﬁo‘ﬂ%\‘ﬁil Iﬁﬁo%ﬁgt ¢f dhesggiementp is less than_lower Iert ihaug contentaf Agis m

“““““ m-the Tange of-& to-25®ass % in Au- -Ag alloy matrix, as heat affected part becomes

broader, a set of lower limit value is necessary.

By the way, if these elements exceed upper limit, there is narrowing effect of
heat affected area, as above-mentioned, from reasons of shape of ball become
distorted, upper limit is set. On the other side, group of elements such as Ge, Mg, Sr,
Bi, Zn, Si, Ga, Sn, Sb, B or Li has effect of narrowing heat affected area under

condition of comparatively much adding.

Moreover, adding exceed of 90 ppm till 0.3 mass %, effect of heat
affected.part is obtainable, but it does not meet to purity of 99.99 mass % of Au
alloy(where except Ag), if content exceed of 90 ppm. These additives of former and
latter include only below 100 ppm in maximum in purity of 99.99 mass % of Au
alloy(where except Ag), stable effect which shortening heat affected area is always

obtained. 1t is found that if content of Ag is in the range of 5 to 25 mass % in Au-Ag

8
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alloy matrix, satisfactory effect of narrowing heat affected part is obtained in the best

way.
Effect of improving anti-Au consumption into solder is accounted hereinafter.

It is known as solder alloy such as principal content of Pb alloy(Pb alloy, Pb-
0.3 mass % Sn alloy, Pb-S mass % Sn alloy, etc.), Pbh-free alloy(Sn alloy, Sn-3.5
mass % Ag alloy, Sn-0.8 mass % Cu alloy, Sn-0.5 mass % Ni alloy, Sn-1.0 mass %
Zn alloy, Sn-3.5 mass Ag alloy, 0.5 mass % Cu alloy, Sn-20 mass % In alioy, etc.).

It is found thal Au-Ag alloy matrix has better effect to improve anti-Au
consumption into these solder comparing with pure Au matrix, especially under higher
temperature condition. Especially, if content of Ag is in the range of 5 to 25 mass % in
Au-Ag alloy matrix under high temperature condition, it improves anti-Au consumption
into solder. As additive elements is a partial of content merely affect to anti-Au
consumption into solder in Au-Ag alloy matrix, Au-Ag alloy matrix with a set of a
partial of additive elements improves anti-Au consumption into solder comparing with

pure Au matrix and Au-Pd alloy matrix.

EMBODIMENT OF THE PRESENT INVENTION

Adding a partial of additives elements(where unit is mass ppm) as same as
amount value in the table attached with purity of 99.999 mass % of Au and purity of
98.999 mass % of Ag{where unit is mass %) said embodiment was dissolved in the
vacuum furnace and was cast. Drawing this, at 256 m diameter final heat treatment
was processed. After using this ultra fine wire on 100 g m square Al pad in the air by
the Sinkawa wire-bonder(UTC-400 type) under condition of 0.5 msec of discharge
time balls were farmed, in general condition(ball diameter is 62 u m, deformed
diameter of ball is SO u m) ball bonding was performed, all balls were formed within

100 u m square Al pads. The result is shown in the table.

Where "Formability of balls" means that appearance of ball was evaluated by
stereo microscope at magnification of 400 X to formed 100 balls, good appearance is
shown as "A", small cavity but usable is shown as "B", deformed bail with cavity
unusable is shown as "C". Moreover "Ultrasonic bonding ball diameter’ is the mean of
ball size on Al pad for each 100 balls direcfion of vertical{Y) and direction of

horizontal(X) by Olympas length measurement microscope. Then the difference from
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00 M strength is mean of tensile strength when tensile upward(Z direction) for each 100
wires by the Dage Holdings Shear Strength Tester(PC-2400). Where tail length of
bump was measured as "Dispersion of neck heighi(range)", it is shown as mean.
Then smaller than 20 12 m of dispersion of neck height{range) is shown as "A", 20 u
m to less than 30 u m is shown as "B", bigger than 30 LI m is shown as 'C". Moreover
‘Chip damage’ is shown as number of cracks around ball on Al pad observing by
400X stereo microscope, no crack is shown as "A", 1 to 4 cracks is shown as "B”,

more than 5 cracks is shown as C.

Moreover, "Heat test was held to 100 Au alloy bumps against Sn-3.5 % Ag
alloy, to keep flip-chip structure, was reflowed heated at 250 °C for 60 seconds. Then
for each 10 section areas were observed by 400X stereoscope, more than 50 % of
before reflow section area is shown as "A", 30 % to less than 50 % is shown as "B",

10 % to less than 30 % is shown as 'C, less than 10 % is shown as "D".

At this point, it was found that all of "A", which has more than 50 % of bhefore
reflow section area, homogeneously has bump height in solder because tail like
whisker at tear off moment melted into Sn-3.5 % Ag alloy. On the other hand, 'C’,
which has less than 10 % of before reflow section area, bump itself melted into Sn-3.5

% Ag alloy and disappear, hence bump bonding was not done.
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14 CLAIM5 : 1. Wre bunmping material conprising the content of: Au-Ag

all oy, which purity of Au is nore than 99.99 mass % conprising Au nmatrix
and a particle of additive elenents, consisting of 1 to 40 mass % of Ag,
which purity is nore than 99.99 mass % 2. Au-Ag alloy for wire bunping as
defined in claiml, featured wherein said a particle of additive el enents,
consi stingClAIME to 50 mass ppmof Ca, 1 to 20 nmass ppmof Be and/or 5 to
90 mass ppmof rare-earth elenents. 3. Au-Ag alloy for w re bunping
according to claim1, featured wherein said a particle of additive

el enent' s, tonsiWirée hgmpihg bthtetal 80mpasisg therocafenadf: | east one el enent sel ect ed

froma group consi,stin f. Ge, . Sr, Bi n I G n, Sh, Li, and
all oy there of .'A'LAIJ.Q‘Q &HQAQ}NC}HW 89”'9%; Al Fem%'ﬁﬂé?'ﬂage??c'g?%ﬁ ﬁ"g PEPEPRY Y
f eat ured wher eimatsabdd a papmic ofcddeitiof etthintd, vonsdimgefti o 40 omssis b iohggof 5 to

50 mass ppm of 1 10 20 SS of Be and/or 10 to 90 mass ppm of at
| east one el enen 'Cho?urbg?sénorgg%rhgdéggwgﬁ? ?‘"sel ected froma group consisting

of Ge, Mj,2.Sr, Ai-Ag Afioy f8ir vdredburfising sk etefined sacldim n, fehturedhaterin saidgl e
el ement; B or Lj,. 0. 40 pm_5.. Au: Il oy for wir unmping
according to cl® glmr%?e gf %&'tgeaeq%%%tg‘f %%r}st'ﬂ”é%l O\fl\ﬁg? gilonmgsssaij%n&ﬂ C%aﬁrtlg%on

consi sting of 5Snass 5 ofeBsantd/dh (080 rAassAgpnab! mye-éarth sfemenisunpi ng accor di ng
| ai i L S i h
ol erent s, sons b a3 Y WREbEEnE Beoro B, BB REIE o 7.

Au- Ag al | oy f omarticteeoftadeiiiva glaceds,diongistrg ol B tm 9D hasbpprhedtlicast aeer ei n
S 0 oo . B TRt 30 Atropl, SR 4 el L0 o R o
bondi ng to Pb-f3teéi 8nd etidyrtharesisl der. 9. Au-Ag alloy for wre bunping
e 0 o Sh P ST A5 o k] BT
particle of additive elements, consisting of 5 to 50 mass ppm of Ca, 1 to 20
mass ppm of Be and/or 10 1o 90 mass ppm of at least one element of rare-
earth elements selected from a group consisting of Ge, Mg, Sr, Bi, Zn, Si and
Ga, wherein said in the case of single element; B or Li, 0.5 to 40 mass ppm.
5. Au-Ag alloy for wire bumping according to claim 1, 2, 3 and 4, featured wherein
said Au matrix consisting of 5 to 25 mass % Ag.
6. Au-Ag alloy for wire bumping according to claim 2 or 4, featured wherein said
a particle of additive rare-earth elements, consisting of Y, La, Ce, Eu, Nd, Gd,
Sm, and alloy there of.
7. Au-Ag alloy for wire bumping according to claim 1 to 6, featured wherein said
bonding {o Pb matrix solder or Sn matrix solder.
8. Au-Ag alloy for wire bumping according lo claim 1 to 6, featured wherein said
flip chip bonding to Pb-free Sn matrix soider.

g. Au-Ag alloy for wire bumping according to claim 1 to 6, featured wherein said
flip chip bonding to Pb-free Sn matrix solder, which has 170 °C fo 260 °C
melting point.
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