Specification Title of the Invention: Gold-Platinum Pal |l adi um Al |l oy Bondi ng
Wre Technical Field [0001] The present invention relates to

gol d- pl ati num pal | adi um al | oy bonding wire suitable in connecting
substrates including IC chip el ectrodes and external |eads used in

sem conductor devices, and especially relates to gol d-platinum palladi um
all oy bonding wire for encapsul ation with hal ogen-free epoxy resin, which

i s used under conditions of high_t r res |ike autonobiles and high
speed devi ces. Background of thgpF%ggﬁf%E# 002] Conventionally, gold
all oy wires used to connect sem conductor devices including IC chip

el ectr odes +and cexteeenah L-eads,f.or autonobile use are demanded to be
dependable.in HheLr connection durability, and for the reason of high
dependabFPPiey Plgia parrddrciual Pdy-om BONRHINGh Wdéigsi sts of gold by about 99
mass % and includes palladiumby 0.5 - 1.2 mass %is frequently used. A
gol.d allggcw%{é%fifgg this is connected at its one end to a pure al um num
pad or an-a un1nun1aﬂ?oy pad on an I C chip electrode by neans of a therno
conpressi on-ul trasoni ¢ hybrid bondi ng nethod, and is connected at the other
end to appgxiernal lead wire or the like on a substrate, and thereafter the
bonding area is encapsulated with an epoxy resin to conplete a

seni conddBedtr ¢Esi e dnvsugh opurel 3t eFriteuse pade badl alurpalhadl ko lpay ar e
formed ngoRalihy by EPANS cabh1KACHUBAGRRS] R s e Ll ke LAGRR] (cThe

surroundigg environnent in whic e sem conductor devices utonotive
vehi cl esCAre RS o2haveiteiperiat deedshivssst i haserdoaidusiveinr onment
for the deasemsof drkntedde-deNiese BALeySCE gl 10k iintind PR 1MiaGiiRid ¥ Of
engi ne rggg%of tgﬁévethles It is known that a cqnventional high
connect i on~ pér PEFHARE e §bF of Pl FHcARMH F By 6Hdt gt?]\ﬂ‘-’feé"lﬁéeeae@@ﬁﬁecti on
dependabikbty, bétier ishased ypuleer gohdibandsngf Wigd tates 0it @999 inmss %
pure gol d,yhennt ested hn,a glggeggngggﬁg%%g storage test (HTS) wherein an
encapsul ation resin contalﬁlng a hal'ogén €l'enent is used. In sone cases,
for exanple, a wire is required to endure a tenperature of 175 degrees C
for 2,008ateg#4000@ REUEHONnS@An:-kAKA USe environnment like this, it is

i nportant to secure the connection strength for a long term between the
gol d-pal | adium al l oy bonding wire and a pad el ectrode. As bonding wres
satisfyi ngoohis there are known: a gold alloy bonding wire conposed of Ca

by 0. 0003 - kght % by 0.0005 - 01 weight % .at | east one of

Pt Pd and by Bo01T: 9L GASYORE T ArP Y RE BHIARCe SEU G A S

i nevi t abflevifparinrésdiabaim thop kReRulricidest iaon Exteangal dealdsoyokondi ng

wire. T 0hudohbghi LEIMEL AL W RILONMICLELAARLEE (WALED; L 20l hned i th a

pad of alum num netal or alum num all oy, ﬁe W re bel'ng conpose ot

pal | adi ufFh§PBL-5tY/ 0. #Faskon, Hrat iTrRAsdy RL highs dependaixid isal.ance

g;)l d th@@Qdfﬁﬁmllhﬂyuﬁfagﬂo99\9_if@5‘?hiyéﬁrc5h;,ﬁbgb5% (clg‘ ajdnd kﬁ{ R Ruldlgi cat i on
, and a_gold alloy bondin re for use when hal ogep-contai ni ng epoxy

resin i smflg‘?:d" é“éldaﬁxgggaﬁﬁ%lma&%@?l Py ?)hé Wi ¥ PGREar rﬁ%érl‘?%’é’@%éé’e by

0. 005 - Os&dweiXyhtold apablyadine byke.105s -isl cOnneicgbt ¥ Pt atdwingy 0. 01 -

2.0 wei 9 t lea f _cal ci berylliumand rare earth

el enent gp ya@ap‘?%jaﬁalué\#ﬁg%@%glep%oé&a\%gﬁé tum%"%{ggi%? Gt 3P Pubit®at i on
3). [000a}erhrededhy Mewrs,okpoemrapswiraes siegi-ng trhatordentgibrild ttl e
hal ogen @J;ﬁ:agﬂ&;snéar?ow,ssqdvnsd%b;an%t%cgynéhé)atﬁ@\_t'ér&i‘%[grﬁ:eggt%@%'ﬂef ation.

When such ngxy encapsul ant resin is used, a conventiona connecti on

per f or meh?@ goitk pal 1Rl difeaPt dySubsharhg - vitd thessakberat mponshiow

superi oraceanedd i encppehiorrBACE 1 Oh t Rat @ﬁoﬁﬁ- 9 4msS % PRy potd Bondi ng
wire in high tenperature storage test, and ere were occasions on which a
gold-pal?%ﬂ}%ﬁ?gﬁ?g9rb8ﬁaﬁﬁ8'mjEB AiH%EF 1D SRS Bt 8pdr edW Nl a
pure gol @l bondiar awier €ormtdhasriet by eSO BEr yaPi@t tdege 4 it 1die ogase of

| C packages iggegutonntive vehi cl es to conduct a screening of the

sem conduct or devices w thout resin encapsul ation through the high
tenperature storage test, which conprises a pulling test after |eaving the
devi ces f@ipdP00 hours at 175 degrees C. Wien a test like this high
tenperature storage test is conducted on non-capsul ated devi ces, the
interface between the bonding wire at the first bonding part and the

al um num pad woul d deteriorate pronptlly in the case of a conventional high
connecti on performance gol d-pall adium all oy bonding wre, and the result
woul d sonetines show that its high tenperature connection reliability is
inferior to that of the pure gold bonding wire. [00051 The conventi onal
hi gh connection performance gol d-palladiumalloy wire is designed to retard
the diffusion of the gol d-al um num bonding area in the al um num pad




[ 0011] Anot her kind of gold-platinumpalladiumalloy bonding wire for

- sem conductor devices to solve the problens of the present invention is a
bondi ng wire conposed of platinumby 0.4 - 1.2 nass % palladiumby 0.01 -
0.5 mass % alum numby 10 - 30 mass ppm at |east one of cal ci um and
magnesi um by 10 - 60 mass ppmin sum berylliumplus at |east one selected
fromrare earth elenments by 1 - 30 nass ppmin sum and a balance, which is
gold of a purity of 99.999 mass % or er. [0012 .

(ol a° pl BeF At AT R By e AL gt AT e PR R FSYL685 he

present faveatktomoiksvanvahlioy ceonsiestugwyl oferad cwrphetrel yempiafcettrreel id

sol ution_conpos Iatlnumb 0.4 - % 1-05
mass % h(&gg ?‘ance Or%lcherlné oI?m i ggﬁgr%?lt% IO a% nass 8}10
greater. demithe @resemdeMqaow: ﬁtrhé:freeafslmnmw mfaeln@umel gogdopted as a
mai n el epg ?r% u onet - &t e HiSiH QosHLEABLY control
t he speed of t P@% u%%%&?}?%’g}éﬁ%&?p aceelg1£ 8@@ hlu%ncteloonb%gt \%/een t he
gol d andpﬁrﬁﬁfﬁaﬁﬂﬁrg%lcb‘m%l]eﬂciﬂrﬁ%@ﬁqlﬁé[db%@dh%géﬁlufrﬁ ffnarrsyepad oo

t her eby éé‘ﬁ@ﬁ§§§1lBEyQ%tﬁfélotﬁthH‘pr:etcj’tﬂdD@Bﬂldnﬁglvlﬂi[ﬁf fnaee Ssbngga high
tenperature storage. Therefore, plati nugpé'gzlbl ncl u 1.2 mass %

and pal | BeFam BY'6. 0319 ‘010 fessesh b F?mlf’ﬁﬁa*f%’f SR tapt pl at i num
and pal | gdTam el dn Seﬂas]ss&’datﬁ)eﬂS]relsridn wiatuad irying tai appeker abl e
that platinum ontent i's n I 1 adi, C n 0.05 -
0.4 nass® aﬂe EA usleg rm?ze S|5)rme ce%%%? teg ﬁgggﬁumg%gﬁ@t esg?te%gtlﬁe - 0.7
mass % ahd epzdula&jﬁm”mmneemre ef0L 15 degrselﬁfe&iO%ZAOQﬁi§9 420G hoturpl ati num
to pall agxéwﬁ ' SIBr§t1§reaQJn)[13?nme4n@'1q}c@Eﬁl§rqftefggln%o%t%nt 2o Secliie reason
why a go aving a purity o . mass % or |%er is used as the

bal ance FBet hgPnB§csaoni nPtrf§Ithe &RBUNE oflCPe TRER t&@lté’eleﬁquPﬁ es to

| ess tha@oi@ ﬁmﬁaamm taheo@olkﬁ;rﬁflddﬂeufélahaeel pal eci@cttlr\beeel ep@nt s

i ncl udi ng al.um num and cal ci.um or ﬁ}agneg umis better effect [0014] In
the presBAETAGeREFER, SEheS AV afPnbif tohf8ht 75°cHOSEN: t & l?é’ Mass
ppm Al urfbndﬁmtgownseadﬂommeedrmf atd iy @om@@@nd memgtmdaﬂgh‘so"—,t ma;t, b|yt isin
general po ed in 0 e _ar ogol d=p bondlng
Wre. HOQB@OE% b ‘Péj{(gh f°' Eibc rl%a%%l \r%gur% Bgl gﬁl g%’l ‘J:“?(IIl b@fé]l (r% wire of
the presert.Q weeghtomandtthaﬂpaba@getuﬁen@ahm%anewt@lﬁ@@ nmurtutee@ondu ng

wire and ewiig §0,2 SYNRIGISAMW D 163l 6i yAN ar o MRgPesb Mg Jields f%l%St ain
t he high puII strength even when the wire is let tqQ sit in a hig

t enper at are P FCFPYF e aﬁmﬁpﬁaﬁpeaﬁeeﬂ%weewéeﬁ REneTe PRRS “ﬁﬁ&h t he
above- nmegt p@lae%ﬁfiE@ﬁlﬁn@ﬁem@thobtrald’lQﬁnlraﬁd abhesy ) t tRxceeds I2IMRSS ppm
t he circul arité egées%ed bgll b co S PQOL . Ther foreu t.he d’i| um num
content FE"RREEENEoP T PPt R IRy ‘—ﬁ'u 5 ge U i's

cont ai ned.Bymd8s- 3 24ndussl ppae n[]@DdSr]laVnngh@ presentof MM IdOmast 9 east
one of cgkald L%i@mcm& Sl | pgAntAldet b0 & RUIRA REPYBY Rinclihg

mass ppm enera cium an nesi um are thought as 'enent s V\:hl ch
i nprove Weeﬁ calsstherghplagendeprésdad NeabPOEY rieqf Ht iltsyused @heérbondi ng

wire to \é’ﬁbgpshﬁe»&tafesﬁ@d%e Lhrthecasen oig Enlé(ﬁgﬁ@'e@'epﬂ)ﬁtﬂ s paj |sdi um
al I oy bondin present |nvention, . a_res |V|n riseto

wre
syner gi s?‘ﬁe\?vggﬁ ar uﬂ??ﬂhﬁ’ijlﬁﬁlm’ din Qo ks 4t-d Wﬁﬁrg et h@fﬁiei:%‘élﬁ %194t engt h
of the benzi mgvamgte: ar)daﬂﬂaganes_leulr@t\/\ﬁn&sOf ad Inprovebeleldinaubaditareof the

and magnBer o EXCCELTP B ahBhRt PEc” THAR 107 haSa BHRIT re Sl Lhe

above- nentfi dRedubflfieets car €)not obtai ned, and if the sum exceeds 60 mass
ppm the nmechanical strength of the bondi ng wire becones so high that the
al um num pad undergoes breakage. Therefore, at |east one of calcium and
magnesi urPP84ppm i ncluded by 10 - 60 summed content nmass ppmin sum of
cal ci um Qﬂdr@ééﬁﬁr)@@éﬁst f@éog B ap AR MBS Teditdlehatncbheapheseidle

i nvention, _berylliumplus at |east one._sel ected from are earth el epents
are cont Qraﬁ@&eﬁyeieme§ésnﬁ§§ BpRTI HidEhY PR Jeneral, ObhetRT I RREN T ar e
earth el egBstigleate ie@NSI ﬁﬁéedsasrledapﬁegt entbpsu%hanﬁesihelsre@@e@; cal
strength of the, t he case of the aum | adi um
al | oy boﬁ&?ﬁ& ngag“f H?ﬁ% cp?% (?:!% (i’rh\]})grﬁl onotas resﬁgﬁ | vﬁig Yise to
synergismw th al um num and cal ci um or magne3| um beryl |l ium or rare earths
work to inprove the nmechanical strength of the bonding wire and inprove the
circularity of the depressed ball of the bonding wire at the first bondi ng.
[0017] It is preferable that berylliumin an amount of 1 - 20 mass ppm and
rare earth elenments in an amount of 1 - 60 mass ppm are co-doped. The rare
earth conponents preferably include lantern by 1 - 30 mass ppm or cerium
by 1 - 30 mass ppm and it is nore preferable that |antern in an anmount of



[ 0018] As described above, the gol d-platinumpalladiumalloy bonding wre
of the present invention produces dependabl e connection between its nolten
ball and a pure al um num pad or an al um num al |l oy pad, and sustai ns good
circularity in depressed ball, and even when it is let to sit at a place of
hi gh tenperatures, a void in the connection interface at the first bondi ng
woul d not enl arge and evolve so that a stable and reliable connection is
naintaingd dand t he strength i.s k%Pt Furt her nore hg bondi ng
wire of PREYYBEd-PHh | ?ﬁ%aﬂ i Gy S‘ro h&'BPdEht FRUBRET AR does not
shom1detpekéoamaoneatotﬂh&ﬁbaﬁﬂ@@g9Bnmesba%epu¢equkd Hyowdimg weweninf it is
seal ed w rtH? ey r%slsﬁof:ég@ a%}ﬁ&%%e%'eew”@%%c%ﬂglo%% %’Pwﬁﬁghat a

pl ace of gh eratures that ‘the el 6Ctric connection does no

under go @Ieg@wopa Lapiun pédpynpaading piaet feingdt Ke FAYEnRi BALEOO19]

[ Enbodi n?eghltAtgghdapbakbngmeabb%m@ ahikay having a conponent
conposition as shown in the'left half of Table 1 (the purity of gold being
99. 9999 nmass % or higher) was cast by nelting and was subjected to an
anneal heathis aaddwin aafcﬁl@tdntaﬂga@ré@ugbbyldram caddl dthaw phcwages
continUOﬁély dr€mn to a final thinness of m cronet er - di aneter,  and thus

20- ni cr ohBf er2 U AARYL£YE gof L BH4iS nd% pSPPgbﬁcﬁm Al 1By Bohdithg i r 81 - 27

of the psemenbndnvénrumﬂv(©e$euhﬁtnﬂrreeﬁereedapauhati®nWHnmmM£1mhee(s) )
bt I

out i de [ha it oF The Aol Uong A iPHe b ECHIS TurbisRPEcyea wres

convent i 8AAPTgotaiziged ItﬁélCﬂ;@ﬁmﬂszﬁo@oh@i@%@%rrseétv%@r%dag§@eﬁéhe Wieich are

desi gnat gd: &st Win&s +88 s-n 36n (1ald eedd ved Sétroecfa?'er edst0i @ ok pbhve
wire(s)"). [0020] These i nventive wires conparative wires were

tested fBPPFAEPFUNEFEIIT Bt s EhPheRbaT Fare %‘?% FESVRENEET WA I8 wire

bonder maaufrctured };h:ynditﬂg p&r& &0d tae(Pprasietn @ammo&m@@tlelrtlm)ateand a
with an aimof 40 are

free air_ball, (FAB o]

bl uni nunPAPTBY -Sad haddioor CAPm umio. SRRt oo 8 bpai T | 69T RA rTed on a
sem condpetrdprin@nchi @oldrpa bbadi wy aﬂabom@wmn@wmmderamdhammsul@ns of
heati ng e t P Rgl 0 pm
depressehgggﬁl %&&%%%%% 4 g"‘r?n ts%n cll'%Peised Egﬁ?%tg 3 %é%&ttéﬁ) t he

di spersi 88LLAPERETYI T UlErSERO NES EVQEL@E éd'e PHER TR vmréim Wige-to sit
for 1,000 hours at 175 degrees C, and a pull test was conducted on the
bondi ng ﬁ”@ Further the bonded sanple was sealed with a resin and let to
sit for 08 6'hours at 175 degrees C, and thereafter electric resistance
was rreasmhedcob@aafc]xobE\lahuqhi annmtchdﬁbnofpe\Mfro&mmrc@w@tdl]d—Watmardas:pect to
cach. all gY160TROSEL AL Bl90HI | 000 SAIRLE Was PU el alaa (Al T
mimnina enS| ype sion |ng macme

t he tensggfhdagl@fﬂlnh@ e iof bm@@ka@etmamgmpaﬂwem‘ms‘i@r@m vvas

done at fib¥BsROF AES 1 BBGS 116 @ zﬁﬁﬁm%?c&%é’ﬁp‘&%%ﬂﬁﬁﬂ foHé ? onlhe
results of the evaluafion are shown in thée right half of Table 1. [0022]

[ Eval uat Pénafet Rbar oReERbl &F r eRMRPTRY, ofNiFe CRIpPRS SRF V]2 Wah Hespect

to each @thNoﬁ@Hﬂ@Spér@rbf a:hleoﬂlotl.ltlé& bgmdl ngsvxpés@;_eié@édired mjweafer,
eval uation ICc a engt t he de bal |

i recti onEXLb o SRBEBal b TGS UITT SLEn L VERRE SHpT T 10 IR RCAiBh) and
in di recthonth(e(tinetelt%masa)hlmcap@émptam@n atcestion) y weret amds urtgck and

shown | nCeRd CERgHREaPP st raie P u5ar ST b1 8 A B R R, 1o
each all égzdcbhpésml oarnarpontiaglines tohducs edff soril nestuidurgiosd | C chip

using a Whheihgnderer g‘%‘iﬁ al ludest Masepstcheriedel maRdi allly-RPQue the
first bond sitée at 10 oints using a universal -type Bond Tester_ Series

4000 nan@faétgies Bg}doeaa FeEpfol bgye | FRter hpEr Bl pul ¢f sthengtie essur ement
\r/]vas Condu@l?c@@dpmeéeafét €he @BEdféaMEmb?ﬂﬁil ﬁlgnaam@he Vasr |etid oféagorf,gr 1, 800
ours at ees n a I N u st asur,e t was onduct e

no o0 nit e T R, meadl TR AR B e LRt B AR e e Sy I SO o oo
pul | strengek Hdwough bden hisghl feniérptakegexposuretandtmmetheri aresnot

det achne of e di rt .. The s t | uation
of the parf SPBRErt S eoSn o PR SR YER it “spEdshe e Ehe dRYT
[Electric resistance] Wth respect to each alloy conposition, a bonding was
conduct ed upon a test-purpose IC chipasing a wire bonder, and the
resulting assenbly was sealed with an epoxy resin free of hal ogen el enents
(product nane: GE-74700, manufacturedbyN TTO DENKO CORPORATI ON), and a
sanpl e for measurenent of electric resistance was obtai ned. The neasurenent
of electric resistance was conducted by means of an equi pnent " Sour ceMet er
(model 2004) , " manufactured by Keithley Instrunments Inc. , using a test

and
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encapsulant resin.

[0006]

IP Publication 1:

Japanese Patent Application Publication HO09-321075(1997)
I? Publication 2:

Japanese Patent Application Publication 2011-155129

IP Publication 3:

Japanese Patent Application Publication H10-321075(1998)

Disclosure of the Invention

Problems the Invention seeks to solve

[0007]

It is an object of the present invention to provide a
geld-platinum-palladium alloy bonding wire for use with
semiconductor devices for automotive vehicles, which exhibits
excellent connection performance reliability when connected to
an aluminum pad even if the semiconductor device encapsulated
with a resin is used in severe environments such as high

temperature, high humidity and high pressure.

It is another object of the present invention to provide a
gold-platinum-palladium alloy bonding wire for use with
semiconductor devices for automotive vehicles, which exhibits
excellent connection performance reliability when connected to
an aluminum pad such that even in a case wherein an epoxy resin
free of halogen elements such as bromine is used, the durability
throughout high temperature exposure and the capability of
maintaining electric properties despite high temperature

exXposure are excellent.
Means to sclve the Procblems

[0608]
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The present invention seeks to appropriately control the
diffusion of the gold—-aluminum juncticn across the aluminum pad
interface and at the same time seeks to restrict the production
or growth o©of inter-metallic compound, which causes
deterioration of bonding part of a molten ball, even on
occasions where an epoxy resin free of haiogen elements is used,
by means of including platinum, which is more expensive than
pailladium, by about 1 mass % or less as a main component element
in gold, and including palladium by 0.5 mass % or smaller as
a subcomponent element. In the case of a conventional bonding
wire wherein palladium is included in gold by about 1 mass %,
the diffusion in the bonding part of the aluminum pad is
excessively restricted so that when it is subjected to a high
ftemperature storage (HTS), it 1is thought the bonding wire
undergoes deterioration at the aluminum pad interface,

especially when an epoxy resin free of halogen elements is used.

[0009]

The inventors of the present invention also sought to
appropriately control the diffusion of the gold-aluminum
junction across the aluminum pad interface and at the same time
sought to improve the mechanical properties of the bonding wire
and the circularity of the depressed ball by means of adding
infinitesimal amount of aluminum and co-doping calcium or
magnesium whereby they are dispersed finely throughout the
gold-platinum-palladium alloy matrix. The mechanical
properties and depression circularity of the bonding wire are
improved further through infinitesimal addition of beryllium,

lantern, or rare earth elements such as cerium.

[0010]

One kind of gold-platinum-palladium alloy bonding wire for
semiconductor devices to solve the problems of the present
invention is a bonding wire composed of platinum by 0.5 - 0.7
mass %, palladium by 0.1 - 0.3 mass %, aluminum by 10 — 30 mass

ppm, at least one of calcium and magnesium by 10 - 60 mass ppm
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in sum, and a balance, which is gold of a purity of 99.999 mass %

or greater.

[0011]

Another kind of gold-platinum-palladium alloy bonding wire for
semiconductor devices to solve the problems of the present
invention is a bonding wire composed of platinum by 0.4 - 1.2
mass %, palladium by 0.01 - 0.5 mass %, aluminum by 10 — 30 mass
ppm, at least one of calcium and magnesium by 10 - 60 mass ppm
in sum, beryllium plus at least one selected from rare earth
elements by 1 — 30 mass ppm in sum, and a balance, which is gold

of a purity of 95.999 mass % or greater.

[0012]

(Gold-platinum-~palladium alloy)

A gold-platinum~palladium alloy of the present invention is an
alloy consisting of a completely uniform solid solution
composed of platinum by 0.4 — 1.2 mass %, palladium by 0.01 -

0.5 mass %, and a balance, which is gold of a purity of 99.999
mass % or greater.

In the present invention, the reason why platinum is adopted
as a main element and palladium as a subcomponent element is
to suitably control the speed of the diffusion which takes place
at the junction between the gold and aluminum on a pure aluminum
pad or an aluminum alioy pad to thereby suppress the
deterioration of the bonding interface during a high

temperature storage.

Therefore, pilatinumis included by 0.4 - 1.2 mass % and palladium
by 0.01 - 0.5 mass %. Preferably the total amount of platinum
and palladium is 0.6 - 1.3 mass %.

[G013]

Individually, it is preferable that platinum content is 0.4 -

0.8 mass %, and palladium content is 0.05 - 0.4 mass %, and it
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is more preferable that platinum content is 0.5 — 0.7 mass %
and palladium content is 0.1 - 0.3 mass %. A mass ratioc of
platinum to palladium is preferably 2 - 4 and more preferably
2.5 - 3.5.

The reason why a gold having a purity of 99.999 mass % or higher
is used as the balance is that by so limiting the amount of the
inevitable impurities to less than 10 mass ppm, The role of the
infinitesimal additive elements including aluminum and calcium

or magnesium is better effected.

[0014]
In the present invention, the aluminum content is chosen to be

10 - 30 mass ppm.

Aluminum forms an inter-metallic compound with gold, so that
it is in general not used in a pure gold bonding wire or
gold-platinum alloy bonding wire. However, in the case of
gold-platinum-palladium alloy bonding wire of the present
invention, it improves the mechanical strength of the bonding
wire and owing to a synergism with calcium or magnesium it helps
sustain the high pull strength even when the wire is let to sit
in a high temperature place.

If the aluminum content is less than 10 mass ppm, the
above-mentioned effects are not obtained, and when it exceeds
30 mass ppm, the circularity of depressed ball becomes poor.
Therefore, the aluminum content is chosen to be 10 - 30 mass

ppm. Preferably the aluminum is contained by 16 — 24 mass ppmn.

[0015]
In the present invention, at least one of calcium and magnesium

is contaired in a summed amount of 10 - 60 mass ppm.

In general, calcium and magnesium are thought as elements which

improve mechanical strength and depressed ball circularity of
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the bonding wire to which they are added. In the case of the
gold-platinum-palladium alloy bonding wire of the present
invention, as a result of giving rise to synergismwith aluminum,
calcium works to improve the mechanical strength of the bonding
wire and magnesium works to improve the circularity of the

depressed ball of the bonding wire.

However, when at least one of calcium and magnesium exists in
an amount less than 10 mass ppm in sum, the above-mentioned
effects are not obtained, and if the sum exceeds 60 mass ppm,
the mechanical strength of the bonding wire becomes so high that
the aluminum pad undergoes breakage. Therefore, at least one
of calcium and magnesium is included by 10 — 60 mass ppm in sum.
It is preferable that the summed content of calcium and
magnesium is 10 - 30 mass ppm, and it if more preferable that
both of them are contained in a total amount of 16 ~ 24 mass
ppm.

[0016]
In the present invention, beryilium plus at least one selected
from rare earth elements are contained by 1 - 30 mass ppm in

Sum.,

In general, beryllium and rare earth elements are considered
as elements that enhance the mechanical strength of the bonding
wire. 1In the case of the gold-platinum-palladiumalloy bonding
wire of the present invention, as a result of giving rise to
synergism with aluminum and calcium or magnesium, beryllium or
rare earths work to improve the mechanical strength of the
bonding wire and improve the circularity of the depressed ball
of the bonding wire at the first bonding.

[0017]
It is preferable that beryllium in an amount of 1 - 20 mass ppm
and rare earth elements in an amount of 1 - 60 mass ppm are

co-doped. The rare earth components preferably include
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lantern by 1 - 30 mass ppm or cerium by 1 - 30 mass ppm, and
it is more preferable that lantern in an amount of 1 - 30 mass
ppm and cerium in an amount of 1 — 30 mass ppm are co-doped.
Preferable combinations are 6 - 14 mass ppm of beryllium plus
1 - 30 mass ppm of lantern plus 1 - 30 mass ppm of cerium, and
1 = 20 mass ppm of beryllium plus 10 - 30 mass ppm of lantern
plus 1 - 30 mass ppm of cerium; a more preferable combination
is 1 - 20 mass ppm of beryllium plus 1 - 30 mass ppm of lantern
and 10 - 30 mass ppm of cerium; a still more preferable
combination is 6 - 14 mass ppm of beryllium plus 10 — 30 mass
ppm of lantern plus 10 — 30 mass ppm of cerium; a most preferable
combination is 6 — 14 mass ppm of beryllium plus 14 - 26 mass

ppm of lantern plus 14 - 26 mass ppm of cerium, .

Effects of the Invention

(0018]

As described above, the gold-platinum-palladium alloy bonding
wire of the present invention produces dependable connection
between its molten ball and a pure aluminum pad or an aluminum
alloy pad, and sustains good circularity in depressed ball, and
even when it is let to sit at a place of high temperatures, a
void in the connection interface at the first bonding would not
enlarge and evolve so that a stable and reliable connection is
maintained, and the pull strength is kept high. Furthermore,
the bonding wire of the gold-platinum-palladium alloy cf the
present invention does not show deterioration at the bonding
interface of first bonding even if it is sealed with an epoxy
resin free of halogen elements and let to sit at a place of high
temperatures, so that the electric connection does not undergo

deterioration.

A best mode for practicing the Invention

[0019]
[Embodiment ]

91 L3
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A gold-platinum-palladiumalloy having a component composition
as shown in the left half of Table 1 (the purity of gold being
99.9999% mass % or higher) was cast by melting and was subjected
to an anneal heat treatment after it was roughly drawn, and then
it was continucusly drawn to a final thinness of 20
micrometer-diameter, and thus Z0-micrometer-diameter
gold-platinum-palladium alloy bonding wires 1 - 27 of the
present inventicon (hereinafter referred to as ™“inventive
wire(s)"”) were obtained; and comparative
gold-platinum-palladium alloy bonding wires outside the scope
of the compositions of the present invention and conventional
gold-palladium alloy bonding wires were also made, which are
designated as wires 28 -~ 36 (collectively referred to as

“comparative wire(s)”).

[0020]

These inventive wires 1 — 27 and comparative wires were tested
for their wire strengths. Thereafter, each wire was set in a
wire bonder manufactured by Kulick & Soffa (product name: Maxunm
ultra), and a free air ball (FAR) was made with an aim of 40
um on a 70-um-square aluminum alloy pad made of aluminum-0.5
mass % copper alloy installed on a semiconductor IC chip, and
bonding was conducted under the conditions of heating
temperature 200 degrees C, loop length 5 mm, lcoop height 220
um, depressed ball diameter 48 um, and depressed ball height

14 pm, and the dispersion in the circularity was evaluated.
Then the wire was let to sit for 1,000 hours at 175 degrees C,

and a pull test was conducted on the bonding wire. Further the
bonded sample was sealed with a resin and let to sit for 4,000
hours at 175 degrees C, and thereafter electric resistance was

measured.

[0021)
[Evaluation method of wire strengthl
With respect to each alloy composition, a 100-mm-long sample

was pulled at a rate of 10 mm/min in a Tensilon-type tension

10
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testing machine (Model name: UTM-2), and the tension as of the
time of breakage was measured. The measurement was done at five
peints and the average value was used for evaluation. The
results of the evaluation are shown in the right half of Table
1.

[0022]

[Evaluation method of the circularity of the depressed ball]
With respect to each alloy composition, a 100-time bonding was
performed on an evaluation-purpose IC chip, and the lengths of
the depressed ball in direction X (orthogonal.to the ultrasonic
wave application direction) and in direction ¥ (the ultrasonic
application directicon) were measured and their ratio was used
for evaluation. The results of the evaluation are shown in the
right half of Table 1.

[0023]

[Pull strength]

With respect to each alloy composition, a bonding was conducted
upon a test-purpose IC chip using a wire bonder, and a pull test
was performed immediately above the first bond site at 100
points wusing a universal-type Bond Tester Series 4000
manufactured by Dega Technolegy Inc., and a pull strength
measurement was conducted. Thereafter, the same bonding
sample was let to sit for 1,000 hours at 175 degrees C, and again
pull strengthmeasurement was conducted at 100 points. Thepull
strength was evaluated in terms of the lowering of pull strength
through the high temperature exposure and whether or not
detachment of the first boding part occurred. The results of
the evaluation of the pull strength are shown in the right half
of Table 1.

[0024]
[Electric resistance]
With respect to each alloy composition, a bonding was conducted

upon a test-purpose IC chip using a wire bonder, and the

11
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resulting assembly was secaled with an epoxy resin free of
halogenelements(productname:GE—7470C,manufacturedbyNITTO
DENKO CORPORATION), and a sample for measurement of electric
resistance was c¢btained. The measurement of electric
resistance was conducted by means of an equipment “SourceMeter
(mode12004},”H@nufactur@dbyKeithleyInstrumentsInc.,using
a test purpose IC sockets and an automatic measurement system
constructed exclusivelily for the test purpose. The measurement
procedure adopted was in accordance with a so-called direct

current four-terminal method.

The electric resistance was measured with respect to 100 pairs
of external leads (200 pins) before the high temperature
exposure and after the high temperature exposure for 4, 000 hours
at 175 degrees C. When there was a pair of lead wires of which
the electric resistance increased during the high temperature
exposure by 20 3 or more, it is judged that a fault occurred
and the evaluation was based on the rate of this fault occurrence.
The results of the evaluation by electric resistance

measurement are shown in Table 1.

(0025]

12
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[0026]

Inventive wires Nos. 1 - 7 correspond to Claim 1 invention,
inventive wires Nos. 8 - 27 correspond to Claim 2 invention,
inventive wires No. 2 and Nos. 23 - 27 correspond to Claim 3
invention, inventive wires No. 11 and Nos. 13 - 16 and Nos. 20
- 27 correspond to claim 4 invention, inventive wires No. 15

and No. 20 and Nos. 25 - 27 correspond to Claim 6 invention.

[0027]

In the right half of Table 1, the wire strength is indicated
in terms of strength measurement results such that a dual circle
© represents about 83.4N (8.5gf) or greater, a single circle
(O represents about 68.6N (7.0gf) or greater, a triangle A

represents about 53.9N (5.5gf) or greater and a cross X
represents about 53.0N (5.4gf) or smaller, respectively.

In the right half of Table 1, the circularity of depressed bail
is indicated in terms of the ratio X/Y where X and Y are diametfers
of a depressed ball, X and Y being orthogonal to each other,
such that a dual circle represents 0.95 - 1.05, a single circle
represents 0.9 - 1.10, a triangle represents 0.8 - 1.2, a cross
represents either 0.79 or small or 1.21 or (Jgreater,

respectively.

In the right half of Table 1, the pull strength is indicated
in terms of decrement in pulil strength and whether or not
detachment of the first bonding section took place such that
aduzl circle represent a decrement of about 0 - 9.8N (0 - 1.0gf},
a single circle represents a decrement of about 10.8 - 19.6N
{t.1 - 2.0gf), a triangle represents a decrement of zbout 20.6
- 39.2N (2.1 - 4.0gf), and a cross represents a decrement of
about 40.2N (4.1gf) or greater as well as a detachment of the
first bonding part, respectively.

[0028]

14
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In the right half of Table 1, the electric resistance is
indicated in terms of occurrence rate of fault such that a dual
circle represents 0 %, a single circle represents 0.1 — 5.0 %,
a triangle represents 5.1 - 30.0 %, a cross represents 30.1 %

or higher, respectively.

As is clear from the results shown in the right half of Table
1, the inventive wires had higher wire strengths, excelled in
circularity of the depressed ball, experienced smaller
decrement in the pull strength during the high temperature
exposure, and did not show increases in electric resistance
during the high temperature exposure in the case where the epoxy
resin free of halogen elements was used for sealing; whereas
each one the comparative wires Nos. 28 - 36 showed failure in

at least one of the these properties.
Industrial Applicability

f0029]

The bonding wire of the present invention has an application
to be used in a semiconductor device encapsulated with an
halogen-free epoxy resin, which is used, in particular, in high
temperature circumstances such as automotive vehicles and high

speed devices.

15
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Scope of the Claims

[Claim 1]

A gold-platinum-palladium allecy bonding wire composed of
platinum by 0.5 - 0.7 mass %, palladium by 0.1 - 0.3 mass %,
aluminum by 10 - 30 mass ppm, at least one of calcium and
magnesium by 10 - 60 mass ppm in sum, and a balance, which is

goid of a purity of 99.999 mass % or greater.

iClaim 2]

A gold-platinum-palladium alloy bonding wire composed of
platinum by 0.4 - 1.2 mass %, palladium by 0.01 - 0.5 mass %,
aluminum by 10 - 30 mass ppm, at least one of calcium and
magnesium by 10 — 60 mass ppm in sum, beryllium plus at least
one selected from rare earth elements by 1 - 30 mass ppm in sum,

and a balance, which is gold of a purity of 99.999 mass % or

greater.

[Claim 3]

A gold-platinum-palladium alloy bonding wire as claimed in
Claim 1 or Claim 2 characterized by that the content of said
calcium is 10 - 30 mass ppm and the content of said magnesium

is 10 - 30 mass ppmn.

[Claim 4]

A gold-platinum-paliadium alloy bonding wire as claimed in
Claim 2 characterized by that the content of said beryllium is
1 - 20 mass ppm and the content of at least one of said rare
earth elements in total is 1 - 30 mass ppm.

[Claim 5]

A gold-platinum-palladium alloy bonding wire as claimed in
Claim 2 characterized by that said beryllium plus at least one
selected from rare earth elements consists of beryllium by 1

- 20 mass ppm and at least one of lantern and cerium by 1 - 30
mass ppm in sum.

16



s idwexg annuam | sal dwex] siqgpiedwo [0026] Inventive wires Nos. 1 - 7
correspond to Claim1l invention, inventive wires Nos. 8 - 27 correspond to
Claim 2 invention, inventive wires No. 2 and Nos. 23 - 27 correspond to
Claim 3 invention, inventive wires No. 11 and Nos. 13 - 16 and Nos. 20 - 27
correspond to claim4 invention, inventive wires No. 15 and No. 20 and Nos.
25 - 27 correspond to Claim6 invention. [0027] In the right half of Table
1, the wire strength is indicated in terns of strength neasurenent results

such that a dual circle represents about 83.4N (8.5gf) or greater, a
single cl¢kaEn(§tepresents about 68.6N (7.0gf) or greater, a triangle A
fepreseﬂﬁSg@@@“bl§§1ghb£§a§95619& gaﬁeye%o%@qna Gi93S 2K I8l £, about
53. ON (5. 4gf) or I I'er’, respectively. he “right hal f Table 1, the

ci rcul arf+yimf2 §@§F6§§§éll§§ﬁ1 bYstW%idlséétdeBeifﬁliLéPWh#s taﬁelﬁaﬁtoow Y where

X and Y gsBegiadet esm i ra dapnessechdald ,cozﬁsa@@sYol@ebagymmﬁg@yai to each
that a dual,  circle repres - 1.05, asingle circle

ot her, suc ts

r epr esent 551% B82S AR ZAnT eIy r%pr?gjeﬁ%a?ﬁ) p§’m §ng, Cﬁr%‘ll%sgyr%present s
either G3UMossspmhl or 1.21 or greater, respectively. In the right half of
Table 1, the pull strength is indicated in ternms of decrenent in pul
strength and whet her or not detachnment of the first bondi ng section took

pl ace sut®labat7h dual circle represent a decrement of about 0 -9.8N (0-
1-000). 2 sbagle) SLifle pEPLESeHhS 23 14eChemRhOf,iah0ul 1&&%\9&9121@'\' (1.1-

2.09f), a triangle represents a decrenént of about 20.6 -

4.0gf), @hdl® tros§ledpr ésenpsagtastrereny Bratamsid mnzlmrmwmﬁ)l%r
great er gsrWehtapsuatebachientn@iotbr-fiestcponrgi pgspart, respectively.
[0028] In the right half of Table 1, the electric resistance is indicated
in ternms of occurrence rate of fault such that a dual circle represents O
% a single circle represents 0.1 - 5.0 % a triangle represents 5.1 - 30.0
% a cross represents 30.1 % or higher, respectively. As is clear fromthe
results shown in the right half of Table 1, the inventive wi res had higher
wire strengths, excelled in circularity of the depressed ball, experienced
smal | er decrenent in the pull strength during the high tenperature
exposure, and did not show increases in electric resistance during the high
tenperature exposure in the case where the epoxy resin free of hal ogen

el ements was used for sealing; whereas each one the conparative w res Nos.
28 - 36 showed failure in at |east one of the these properties. Industrial
Applicability [0029] The bonding wire of the present invention has an
application to be used in a sem conductor device encapsulated with an

hal ogen-free epoxy resin, which is used, in particular, in high tenperature
ci rcunst ances such as autonotive vehicles and hi gh speed devices. Scope of
the Cains [Claim1] A gold-platinumpalladiumalloy bonding wire conposed
of platinumby 0.5 - 0.7 mass % palladiumby 0.1 - 0.3 nmass % al um num by
10 - 30 mass ppm at |east one of cal ciumand nagnesiumby 10 - 60 nmass ppm
in sum and a bal ance, which is gold of a purity of 99.999 mass % or
greater. [Caim2] A gold-platinumpalladiumalloy bonding wire conposed of
platinumby 0.4 - 1.2 mass % palladiumby 0.01 - 0.5 mass % al um num by
10 - 30 mass ppm at |east one of cal ciumand nagnesiumby 10 - 60 nmass ppm
in sum berylliumplus at |east one selected fromrare earth elenents by 1
- 30 mass ppmin sum and a bal ance, which is gold of a purity of 99.999
mass % or greater. [Claim3] A gold-platinumpalladiumalloy bonding wire
as claimed in CGaiml1l or CQaim2 characterized by that the content of said
calciumis 10 - 30 nmass ppm and the content of said nagnesiumis 10 - 30
mass ppm [Claim4] A gold-platinumpalladiumalloy bonding wire as clai ned
in Caim2 characterized by that the content of said berylliumis 1 - 20
mass ppm and the content of at |east one of said rare earth elenents in
total is 1 - 30 mass ppm [Caimb5] A gold-platinumpalladiumalloy bonding
wire as claimed in Claim?2 characterized by that said berylliumplus at

| east one selected fromrare earth el enments consists of berylliumby 1 - 20
mass ppm and at | east one of lantern and ceriumby 1 - 30 mass ppmin sum
[Cdaim6] A gold-platinumpalladiumalloy bonding wire as clained in C aim
2 characterized by that said berylliumplus at |east one selected fromrare
earth elenents consists of berylliumby 1 - 20 mass ppm lantern by 1 - 30
mass ppm and ceriumby 1 - 30 mass ppm [Caim7] A gold-platinum palladium
alloy bonding wire as clained in Caiml1l or Caim?2 characterized by that
said bonding wire is for encapsul ation with hal ogen-free epoxy resin.



