Descripti on ALUM NUM ALLOY W RE FOR POAER SEM CONDUCTOR DEVI CE Techni cal
Field [0001] The present invention relates to an alumnumalloy wire to be
used for connecting an el ectrode on a senm conductor el enment and an external
el ectrode to each other by ultrasonic bonding and, particularly, to an
alum numal loy wire for power sem conductor device. Background Art [0002] A
bondi ng pad formed on a sem conductor el enent such as silicon (Si), silicon
carbide (SiC) and galliumnitride (GN) is usually forned on an el ectrode
of the seniconductor el enent as BeFFF#®b#°3 high purity al um num (Al) netal

havi ng purity of 99, 99 mass%.or re or an - 5 % Si all oy by
vapor deposi tpilg‘wﬂgwbgﬁ}tlt@r(si \E E@%@Wﬁrﬁ%ﬁﬂ%&ﬁ#@% ?%ﬁ for

ul trasoni ¢ bondi ng between the al um num pad of the sem conductor el enent
and a lead frane or the like. As the alumnumalloy wire, a round wire

havi ng aT$£BSiQE§”§g§EdOf 50 to 500 Rmis generally used, and a very thin
wire having a wre draneter of less than 50 pmor a wire having a wire

di ameter (hahger rhhBap,ra08nkMihseHEedni ReS9PBsCASESn A hhatusgyargywi re
(tape) which is obtained by flattening any one of the above-nentioned wres
is sometiyes dsedef QEcgeRbeOndHEtOtidgVhEe8lectrode bR &he ultrasonic
bondi ng enpl oyed for the alumnumalloy wire, a superhard tool is pressed
agai nst sbeiabgdiuouorakleyenir endsant datetrhel akuathumial toyeache is bonded
to the al um num pad by way of a pressing |oad and energy of ultrasonic wave
vi br at i ontheonbyhelsuperharcdbboding Thedef pactscolarhg, uttragsoni c wave
application include enlargenent of a bonding area for pronoting

nmodi f i caglonipbmt félayuminamfar| BWakr ecHACORERFEQENBAYI®E i nterat omic
bondi ng between the alum numalloy wire and the al um num pad while
progressively enlarging newy-formed surfaces which are in close contact
with each ot her by exeosing nmetal atons of alumnum (Al) and the like at a
| ower suPRSEEYPHPHUBR destruction and renmoval of a surface oxide film of

about 5 n ornmed on _the aluminumalloy wire and b enerating a
lasti o fP80PanRanoricary Rt BebhEanoine Ponbr bifriee Sa"EHE BoRdng pad
contactin he.| r rf : | yai, I L res. i i.ch a
Sl | anBant o CrronStre) Seesh SRR RN 3t B CAY PRt ot Rsn ng
exanpl es(ééﬁ)kﬂg""ﬂsus‘?wgv%xm\é’aeent Be €9BLeprbaaf ol gRepurity al um num (Al)
as a raw material 1s increased, nechanical strength of the al um num all oy
Wi re havipgiWbhAudiarekbeen@ht58st 8 890mpom hsndghepueh ayediufhanaby raising
probl enms such as a difficulty in formng a | oop as a bonding wire and

det achnenh1andedhscanpeeti purotyt Be bondbngawiskeofr partherabumanum pad due
to thermal shock in the case where the sem conductor elenent is used as a
power senB3cenductomnzaktesit helult bgsoaporbdediondciPar biccul arly, in the
fields where the use of a power sem conductor is desired, such as the

fiel ds obpatteconditi 8nepdumdolar apower wgereri st uerds ¥otrens tragbnid
vehicles, electric vehicles, and the |like, the sem conductor elenent is
heat ed dbenténa betgecouthenelumpplinepathefetbe as0lgopadur@iRg porti on
between the wire and the el ectrode pad is heated to a consi derabl e degree.
Al so, itechaBepEeandotedcPRat TRBSt Ot FB§séd kfhi cASaltéegénBlai¥d by heati ng
and coolin& when the power is turped.on and.off act on th% g nging portion
to gradullL§Yd¥E&r ofat@URShERERNGEVALEr Pald T e HLEMGEFT 815 gp &ss the
deteriors@ions to the s | est gossi |l e Ievel%h varLous Al Fe al.l oy bondi ng

I
wi res hav8bEBnlgeVErGpa41Y[ 36657 §5g8§8§§§yAl (P §¢8F H8VPRPeft Literature
1 bel ow) wEr %pgsg%eq:ierrmol%oﬂgisgg tggg\’\%%n n éléow(R%th%%EﬁgaEl Ny ire having
di anet er “of ©580 pm-and "an el éctr ode pa which i"s "an al Um”num pad or an
A S al Loynbibm By wllr 28R G0t ik bandiRg By WiheOladckarog laad and an
ul trasoni c wave, and °t akes “advant ge of prevention of recrystallization
during cupigRk YRR Y tWhiGhuhs cenahll ed by nal CHaase dnl nbeehySicald i zation
tenperature attained by incorporation of a small anount of Fe into al um num
and of syppressikebvelndevel-ppaent rek exagkmatiiclkd sisemalfloed by a reduction
in heat stress acting on an crystal grain boundary attained by a |arge
crystal geatinocsidzetoh B@vfimear. nore (paragraph 0010 of Patent Literature
1). However, along with the increase in crystal grain size,
mechani cal strength of the bonding wire per se is |owered to undesirably
i ncrease an amount of plastic strain exerted on the wire during a heat
cycle test. Accordingly, the effect of reducing grain boundary and the
effect of increased strain anpbunt cancel each other out, and, therefore,
thermal shock reliability of the bonding wire having |large crystal grain
size is in fact not inproved so nuch. [0004] Also, JP 2008-311383 Al
(listed as Patent Literature 2 below) discloses a wire having a di aneter of



wi re obtained froman Al Fe alloy by forced solid solution treatnment (JP
Pat ent Application No. 2012-134004). The application proposes an al um num
alloy wire which is obtained by forcedly dissolving iron (Fe) into alum num
(Al') as a solid solution, wherein an Al3Fe internetailic compound is
successfully fornmed to enable the alumnumalloy wire to endure a bondi ng
portion tenperature generally of 100C to 150C and 150C to 200C at maxi num
However, since it is difficult to uniforn1¥ and finely disperse the Al 3Fe
i ntermetal | i cl@ofPBuRdtFASansrabpeiiagne®hlPYied heCal tif rhi Y nat ri x, a
fluctuatigg in quality of the gondigg,mﬁres has been caused by a slight
di fferentelPH Cbhdi t7 oNSPOFPERE Fortet RFFTHFDIMFHIEL reM nent. Therefore,
in the fiflgs of afflication of %hgtptmer %eniqggd or which, requires heat
eatfng-at 10GL 1S

resi st ance agarnst repef 1iFveh a Y sihce the

sem Condﬂa‘c%c‘i’éde{c‘?”{%‘é.éfurﬁﬁﬁ?%ﬁﬂ%g&%%o%%Ff’%%a%ggﬁr&é‘é{ﬁ%éé@péﬁﬁd to the

circuit to cause considera atin di ng the slight wire

qual ity &hé‘ﬁ%}-‘a&f om PASs G LAt §Yve N HEDCsh ofr & bondi g, Priopeity. Ctation
List [0008] Patent Literature Patent Literature Patent Literature Patent

Literat uggol; 2Zhe Sffedis JdP dite I IPaSo8288vdNe 2008t BddB88h Al 2011- 252185
Al 4843745 Bl (JP 2011-256464 Al) Summary of Invention Technical Problem

[ 0009] Ammobi@etewiatdenpriesentaibvedih®naisa tboprovomret ang al um num al | oy
wire which enables to prevent chip breakage in ultrasonic bonding to an

al um nunmpaddfipsevent sf sthengl tmofiura dbholy gl rat end ageh oéverental afri num
alloy wire and the alum num pad after the bonding frombecom ng unstable in
t he caselmherataniht ghor@hperheuveet hehend 1 whbelmt akioy swirepwad edie and has
a strong crystalline structure which prevents detachnment of the al um num

al | oy wi #EUREBw t PR At iybd A UuRT PaEe s SbY et Y of o Pt 0% | e YOOI THe | nventors
i nvestigated the detachnment froma b interface between al um num (Al)

ondi n
of an al TWY haFEpath %¥%n¥%uﬁjr?§?)c%$t%g‘bo%?khge§\ﬁeoElé%’ée}Ely by a thernal
shock test to.find Ehﬂt t he cagselof.destr gtion of thﬁ.gond%ng interface
is fatiguePPattartetahe® FAURND br 3 PO R (‘YS bR the thiSe*bfTthe fatigue
failure In t r opl | des i j olytjio of iron
(Fe) of %\ﬁf%}ﬁ %ﬁ%gg{ﬁ 0{;@5}?‘(1@%08%%)%3?21%? s%% ng%h&é‘gag J%%I%dé]%%#%{:fgon in an
al um nu i renSpeckf | I i when
i ron (F%zéﬁ%% ?%%né?gg‘e]?‘g%?%%@v o fs‘g Iﬁﬁél%’?yﬂf‘?\rﬁ?&% %i%yi s
preci pi tgf ed 4R abPng ey 4-A )gUROP] SEOW- CODLY, NGn | Bn ai PFOEESSe Step of
mel ting and casting an alum num (Al)-iron (Fe) alloy ingot and, thus, is
not di sspbteseh othidiel s@bt dsspbabe | dhy thaiboheidgt patiotaheastiggngth of the
alumnumalloy wire. [0011] In order to solve the above-described probl em
iron (Felhésidweceshyraissol ved into alum numas a solid solution by a
solution heat treatnment at an internmediate wire dianeter and a foll ow ng
guenchi ng treasnehtmimhe atdaywhichsi snfentedl § dingddl smduns afsolid
solution prevents coarsening of a wire crystal structure during bondi ng and
a thermalrghotkel ebt , comea ehydebabilvginen pheventhehotbovigue fail ure.
[0012] Also, the inventors investigated the cause of the unstabl eness in
t he ther®dMRBhdekaXesknewnfi ndovaaer ¢ heherauske oFCnRSPALPENRSS i s a

precipitation formof an Al Fe conpound. Mre specifically, the uniformy
di stri buPeet fY el WFRUR o O UNES nBkERY P SERF24r AP nsNFFR&PF0 i nprove

strength of the wire, thereby_contributing to.the prevention of, fatigue

ol bure MESPRECOL 1ok T HARHT SReTPF el A FRTRcRbbHRATSEF vBs  SaT A L b e r ound
whi ch regr | i zation grains are_gener resuliing,.in_a.reduction in
recrysta }%ié.?%nofe%geF%tgég.w%hésiﬁ%g%?%ggaE%ﬁfi%h%ﬁg?ﬁa¥g%%%g$eduction
in recry. izati t r j he.c - he stabl eness in

t her mal é%%%Léﬁgs%gggsﬁgFg.aﬁyfféhiﬁ%ugﬂ ﬁffﬁlg réng?ﬂﬁm%?c% suppresses the
fatigue faikine | DrLombinati vnehp Lhe giEeshnefcthr yri fteenly dispersed
fine Al Fe conpound is ensured in the prior application (JP Patent

Appl i catihoidNeg 0A2- 4:34006h < by 1 iRiAtal phaddaeFeocentent1wshbEr Lhe range
of 0.2 to 2.0 nass% and dissolving Fe as a solid solutionin a mtrix to

t he sol itheotabs | wiiyrdi theé Hymibenaboverdesemehedikonsed sel kdpsekuti on
treatnment, it was confirnmed that, even when the Fe content is |ower than
the lower Iimt, it is possible to ensure satisfactory resistance agai nst a
thermal shock by adding Si under the €onditions that a predeterni ned anount
of Fe is dissolved as a solid solution in the matrix.



Therefore, the inventors stabilized the recrystallization tenperature by
suppressing the iron (Fe) content to equal to or |ower than the
above-specified range and maintaining a ratio between a Fe precipitation
amount and a Fe solid solution anbunt within a predeterm ned range and,
further, inproved the strength by adding a very small anmount of Si, thereby
successful Iy achieving stabilization of thermal shock results. [0013] An
aluminum al oy wire for power sem conductor device according to the present
i nvent i oACTSCBRIBFLAT nehy arF | BYewr } erdRPRRCCBAPAIBEs | PRRC{Fe}anhY. silicon
(Si) with the %, gge beln% a hlﬁ? purity aluntnunté % alloy and is used
for ultraBohf® AgvEerantifu ﬁuﬂfp%dpﬁVeﬁ ST CON %%Y%F efenent ,
wherein the alymnumal loy wire is an_alloy co ising 0.01.to 0.2 mass% of
ron (Re e 81 R B et DBt of Sat R CBR t )RR e bt arcbobei ng al uni num
(Al') bhavj u S r S tructure having
8dcP é h¥9F: 89 Q?Ztgﬁ§ %?EEH$O$?39919§ [§b§§f£§§

an average cryst graln df anetef o anpl es of

'”pur'tyVEBQEEQES thatHQ1PyﬂbgA%%eh§¥hﬂgoHHﬁb£¥r0@1@@@@@71 ﬁéé@@& for €

according to the present invention include transition nmetal elements such
as coppeguéCdd, ampAg eé@rféﬁi,sﬁFﬁM@éﬁuﬁhéB@io,Zéﬂﬁ 4 ZPdnd@Ag titani um
(Ti), alkali netal elenents, alkali earth netal elenents, and the |like. The
purity opoatushnbet{¢de) By pteéeéablyheee98c998deapsaﬁp£ HBEEedPs €
preferably 99.999 nass% or nore, in order to pronote work softening of the
al um nunratboyiderebidl degrpari tiled, t he hhanbaem (Atgdrehati keato the
entire alloy of the alumnumalloy wire may preferably be 99.99 mass% or
more (ansaneaaesofhbehatrénpenétiesdabyahehdliegi sniiessol am ¥béOnmass ppn),
nore preferably 99.995 mass% or nore %an amount of netal inpurities as a
whol e |sth@sEOWﬁénlgothﬁ%§dp9h)and[9@ SRcAcedr Bhagberding ppEsLAn
invention, a content of iron is within the range of 0.01 to 0.2 mass%
as one oFotﬁéageahtYeﬁ%h?EloF?Bﬁ eFe?neéna|s§BFtéeC?n al" afbURt BAly of

| dr ed f d i th | Al t
and 15 uRPPEFRRS ﬁhap$$%§f§05$§thﬁﬁf§9§%h S PR hechr PRRFERLFN  he’ al unt num

(Al') matrix ter neltln ver en. the iron (Fe) content
exceeds g%e ?%thEE% 552% maSS/f ﬁro%?gh%gsﬁéﬁeggﬁc %reakage caused by
too highystg eggg@ and unstabl e thermal shock test results caused by a
reductlon nr crystalllzatlon t enperature can occur. On the ot her

hand, “h?@obﬁﬁ Fpop-§583 &Pntfﬂétéé Lespothap 919%r§€§§éblnﬁéﬂéﬂ ca
strength of the bonding wire beconmes unsatisfactory, and

recryst %kbé@éé@nflﬁﬁpﬁéﬁayﬁg betleuer g4, AtherebywﬂakF@gatto fikgult to
endure the thermal shock test. Therefore, the range of iron (Fe) content is
set to Oné@tihg 0iddebasssf Howeperandnanrdeectocakt phd sRiERf ast eny bondi ng
property to the alum num pad and to endure repetitive thermal shocks, the
content aifumionm(fFed ocayaprdlegabkylbg Fowerbg tdot0abdbitowdrd nmass%

[ 0016] According to the present invention, a wre dianeter of the

al um nunPahdibygwpy ewamyobref baapeylbedsentoas00lRaesAnial waivaumeadl oy wire
having a wire dianmeter less than 50 jimis not usable for large current
pover sehfkdndaevertageroliserevertéenrpé veRrrpbsllnapléont dugigdfficult to
performultrasonic boding to the alum num pad when the wire dianeter
exceeds %@Br?PhtS?ﬂ%lﬂl%ﬂ%@%rlefeﬁﬁélﬁﬁuﬁynéﬁtéPF69aﬁFrénnay be
approprlateﬁ¥ seL cted, dependlng pover s onductor devi ce i.n which

t he al unffit %F? glﬁ?FéO?st?%P% aE§E8 tféét?ﬁ ¥c6P8PHBOF8ttHE Bf esent

i nvention, s ugbg ntgag ﬁét re e&agh ge an Al - Si rgssg n si nce
conponen?s ?here Sa hose of e Eonﬂ?ﬁg Wre. R content of

silicon &é%%l eéfr?P£¥ﬁ2§h9c§ Eg $n3pTBISKR, JoLesOret spably 0.8 to 1.2

mass % resent 1 nvention; continuous wre dramnng

nmay prefﬁéé@'¥t9§sg'§c9£§&‘8ﬂ aHaEEyQHEQrb¥aﬁheﬁghﬁ95¥ydb€€QEHe9'S wire

drawing. The die wire drawi ng enables to unif di sperse and ar?ange t he
iron (Fe) pargickesstd) ageongestEbCokashi pa. or moreTmea@hgﬂhPHnnatboy wire
after the continuous wire drawing is subjected to a final i ni ng heat

t reat mrens £ Wi bent predeteraiaed) t ensi on being applied thereto. [0018] The
size of a grain boundary of a fine recrystallization structure is changed
depending on a tenperature and a tinme of the refining heat treatnent, and
the tenperature and the tine of the reéfining heat treatnent vary dependlng
on an reduction in area of the wire drawi ng processing and are not uniquely
defined. According to the present invention, the refining heat treatnent is
performed after the continuous wire drawing in such a manner that the wire
after the continuous wire drawing is directly subjected to the heat
treatment under a non-oxidi zi ng at nosphere, preferably under a reductive



Advant ageous Effects of Invention [0024] Wth the use of the alum num all oy
wire for connection in sem conductor device according to the present

i nvention, since the bonding wire per se becones soft due to work
softening, satisfactory bonding to the alum num pad is attained even when
the bonding wire having a large wire dianmeter is subjected to ultrasonic
bondi ng, and chi p breakage does not occur during wedge bonding as first
bondi ng. Al so, even when the bonding wire is fatigued b{ repeating a high
t enper at ur e- | Baveeaper atane vhehntheshoeckeaest int peyaadl shbakir esi st ance
simlar to that of an aluninun1allo¥ matrix is maiptained owng to a

wor k- sof t&hed BEFheRLfal oft¥RRIRKRgh pE??t?O%ﬁh%?n%h¥%A@§rn%?r?i and a

pi nni ng fffect attaln§eSl¥abTe intermetallic conp iron

t |
(Fe) andlarehrfluns (& be?%réﬁa%.chsW?vn DL S S Rl e,
i th hock t h
{ orpor at GFE" %hgégyas %eég?enu%gfn%fei %%Q?B?U?L””*@%%fé%ﬁgikgeated
L, numbef oL ¢ LIPS of - auriefyg 0B g %Qﬁ%&? 300 (0n8 £8c0c7) gfn a ratio of

a shear reng e re on to an Initi shear strength is

| argely iH@EQgggdtgtéaY§lgﬁowﬁtceahéeiw@g@hoétﬁegoaagnta&aal exanpl e.
Further, since the effect is based on the work- softened structure of the

hi gh purtﬁér@fﬁﬂbpuﬁherﬁéi)sH@&klXepﬁéb§$1t9|@B1HH@1BthYn@AWEEeWhICh are
produced in large scale is stably free froma fluctuation anong lots of the
al um nunhat-boy wergs. cThetel ogeaihheiabutsnum ahtoynatr empfotrbhe poesent
invention is usable as an alumnumalloy wire for ultrasonic bonding which
i s suitablhehfor power cycle sem conductors and the |ike of electric
vehicles and the |ike which are used under a high tenperature. Brief
Descripti®A061 Biawing8 POO2SBLERE3 Ali $lasdpdgranPshentnhlaeprebtre of a
Cross- sectlon structure of an alumnumalloy wire of the present invention;
and 2 ppgowd ﬁésalaﬁaaranwsﬁ@mhﬁglagcﬁaﬁgémﬁaﬁroOéf3§ﬁeam §h%6hgth of
the alumnumalloy wire of the present |nvent|on DESCFIEtIOH

Enbodlneh?SOFBBQBFdEEEthFméPHn?nﬁﬁrgpl8§§ haV7 n§1eBnBBEFtY oftd ~8t 2 Exanpl es
1to 29 t 14 sh Table 1 d
iroﬁ_<pe?99-%b”5ﬁi%g;¥§ae Bgﬁaalaﬁ ﬁpauwie°“?ré§gnﬁnp?gﬁe§%anéﬁEFéLfgﬁgto
conti nuou Vne%g?%g%ﬁbn agrg eg]gklgﬁ b@g@&rhyyyéghﬁkéganeter of

300 nm Thé was §ub 0 ro I|n g using a grooved roller

and theng &91$%5§agg?§p Fﬂgﬂﬁﬁf§§Egsggt89&ﬁbntenaﬂluﬂkaagbahkoy el enent

wire having a enent "wire was subjected to a

SO'Ut'0”boEH§ﬁ%“§ﬁbl§EaElQr@Q@E@rthﬁgcb%ﬂﬁﬁﬁétH&@hf96w8rdﬁ¥§ulég||0“Bd by
guenching In water. Subsequently, the elenent wire was subjected to

contlnuow%awhgeaghamnmgsofnpa@éﬁt totathaurepredahar geedivese cdbanet ers,

t her eby obt ai ni ng bonding wires having the predetermned wire dianeters (a
reduct i oggi AgabgathasabBo¥eotbipliacinweaehzaf 1ER&OPt@s}CC°C for One hundred
wi res of each of the above-obtained wires were bonded to an Al-1.0% Si

al | oy al mimntum padlbjioulkt rdseni clberdiondcbyonsiing enabllesasoni ¢ bondi ng
machi ne (REBO7 manufactured by U trasonic Engineering Co., Ltd.) under the
condi ti oasppfeasf degyaénpyeot ©20akkzack Wbaghofl sBOBOSHNLEG! PPagoni ¢ power
of 15 W and a bonding tinme of 180 nms. Also, an Al-100 ppm N alloy wire
was usedPasdangoReskiPondPeekanprectaiives EMBRGY. Of0G2FPTEEI CHALERIte

Bondi ng COndltlons) The wire dianeters of the alum numalloy wres

were 0. 19HFITE. 3SANFYEAAVDSE ANTeA FYBp PERGER Rad BRI “41& &% oop hei ght
1.3 b t I I Al -1.0% Si

r?Fn1(thgabﬁ%siggég%%g%%gng@§gcﬁ?% ??%'céﬁggggg gt 8¥E¥A %rﬁe?POrned by

usi ng the aut%natlc bogd&&ﬁ(@%B%?tn%Quf@%%erong%hw |%ﬁﬁng|neer|ng

Co., Ltd.) VIR P S one con |t|ons was set to

130 khz, : ggec9§ﬁ %gtﬁﬁg gaiglrgnC%Qégkh%%% ver %r@ﬂ@yiy .ﬁ@@kﬁﬁkﬁd S0

that a f ene t bonding part becane s of the wire

d'a”EtertoThgnnglﬁ&ﬁ§08k03@@ﬁ§'98r'@@lﬂghﬁgeE'r?Bl@@QQHngyand second
bondi ng was perforned on the 100 sanpl es under the same conditions. As a

super har gutaeh i agd acegaéb@gnguh@etotNQ@&ﬂMymanﬂgﬁﬁﬂﬂ@aamamwﬂkﬁy with the
W re sizes and Manufactured by U trasoni c Engineering Co., Ltd. were used.

[ 0028] The bonded alum numalloy wires were subjected to a chi p breakage
observation test and a thermal shock td%est. (Chip Breakage Observation Test)
The Al-1.0% Si pad of the sanple after the bonding was dissolved with a 20%
NaCH sol ution, and absence/ presence of chip breakage was confirned by using
an optical mcroscope (neasurenent mcroscope "STM 6" nmanufactured by

A ynpus Corporation) at a magnification of x100. After observing 100 parts,
the sanple in which there was no chip breakage was eval uated as o, the



[0032] (Crystal Gain D aneter Observation) A wire cross-section was

formed by using a cross-section mlling machi ne (1 M 4000 manuf actured by

Hi t achi Hi gh- Technol ogi es Corporation), and a focused i on beam processing

and observation system (JI B-4000 manufactured by JEO., Ltd.) was used for

structure observation. The nethod of section was enployed for measurenent

of a crystal grain dianeter. As an average size of the crystal grains, an

average value of the wire lengths in a horizontal direction and a vertical

di rect i orhofptéeect obsverttdon Weso uskd. 1§ 00338} 1 o ek ditya tHakidnes s

Measur enent ) A Vi ckers hardness tester (MWK-G3 nmanufactured by

M t sut oyon GeRged at ¢ olpryeise ushdl o rmehsthedente bfali ket Lharkfess.

(Tensi on Test) A tension test was conducted fﬁi using a tension tester
)

( Aut ogr SRR K YebFif Rt 1R SeE B TShi thife 25F Yo pbratd bh)Safd amder ¢

diti f i b | uat | i nt f. 100 d t rok
7 Sl ACONErE Shedh BTOSE ot oL TR (Beey v R T A5t ot et b r ey
Th i bef . r.ef i ni.ng. t i to heat
Feat e O e b o A L s b LR Tl M oL 0 1t es, ana

a heat tgﬁﬁg@p&ntwggﬁﬁj;@fﬁgn@t@ﬁ@ed strength which was internediate

between the tensile stren e Wwre before the heat treatnent and the

tensile strenghhepl LhgeW REnaf t 8intbecsoONPl ebi VEcOhes cESyShaLLI zation was
considered as a recrystallization tenperature. The results obtai ned

under t hei @hovies deserbbesh condid i HNBo @y €1 showmédedadt ¢ tlo (Loavensd onal
Exanpl e and Conparative Exanples) and Table 2 (Exanples). [Table 1]
Convent i ®nabndxagpl €eaandt Genglay at4 wel fx agehesa t Compefierh oneceadck nim : bal ance

A, Al raw nacanal onnity Solution treatnent tanaPeraturo Resistevity m
11334 nta oganchigr fiyr Feighl temgetatton senCondactr FAUOOODV030: 03 ant | a
15, ba ultrasoconic bonding.
[0005] Also, the invention described in Jp 2011-252185 Al
(listed as Patent Literature 3 below) provides an Al alloy
conductive wire in which iren (Fe), silicon (Si), and
copper (Cu) coexist in aluminum (Al), wherein a length in
longitudinal direction of a precipitate formed of Fe in an
Al-Si-Cu alloy matrix is controlled so as to obtain the Al
alloy conductive wire which is excellent in elongation and
tensile strength while maintaining conductivity required
for a conductive wire, and the Al alloy conductive wire is
used for wire harnesses, battery cables, and the like
(paragraph 0013, etc. of Patent Literature 3).
In Examples of Patent Literature 3, a die-casted Al
alloy is subjected to wire drawing processing to attain
$5.65 mm, followed by a solution treatment at 550°C for 3

hours, and the wire is cooled by water cooling after the

solution treatment and then is subjected to cold wire
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drawing processing to attain ¢0.33 mm. It is described
that the Al alloy wire is subjected to a heat treatment at
230°C to 240°C.

However, with the Al-Si-Cu alloy matrix, the wire per
se becomes too hard like the Al-Cu alloy matrix of JP 2008-
311383 Al (listed as Patent Literature 2 below) and
undesirably causes a chip crack during ultrasonic bonding
when the wire is bonded as a bonding wire for a high
temperature semiconductor. Further, since conductivity
(IACS) is considerably lowered to 55% to 61% from the
appropriate range of 62% or more, large heat generation is
entailed to raise a risk of shortening a life of the
semiconductor element. JP 4843745 Bl (listed as Patent
Literature 4 below) has the same drawback as JP 2011-252185
Al (listed as Patent Literature 3 below).
[0006] As described above, the conventional bonding wires
for high temperature semiconductors are proposed for the
purpose of prevention of the disconnection from the bonding
interface which can be caused by thermal shock. The
disconnection prevention is attained by preventing the chip
breakage during ultrasonic bonding owing to the coarsening
of the crystal grain boundaryv in the aluminum (Al) matrix.

Since silicon having the remarkably small thermal
expansion coefficient (3.5x107%/°C) and aluminum having
large thermal expansion coefficient (24.3x107%/°C) are
combined on the bonding portion of the electrode pad and

the aluminum alloy wire on the semiconductor element, and
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since the bonding portion is heated due to the large
current supply during operation of the semiconductor and
thus exposed tc the highest temperature, a large thermal
stress is exerted on the bonding interface between the
electrode pad and the aluminum alloy wire. As a result, a
crack is developed in a peripheral portion of the bonded
wire to cause the problem of detachment of the wire in a
short time.

More specifically, in the conventional aluminum alloy
wires, sub-grains attributable to the thermal shock strain
are formed in the aluminum matrix due to the difference in
thermal expansion ccoefficient between the aluminum alloy
wire and the silicon chip even in the case where the
aluminum matrix having large crystal grains is used, and
the crack runs in the aluminum alloy wire along the sub-
grains, thereby leaving the drawback of detachment of
aluminum alloy wire from the silicon chip unsolved.

[0007] Therefore, the inventors had developed a bonding
wire obtained from an AlFe alloy by forced sclid solution
treatment (JP Patent Application No. 2012-134004). The
application proposes an aluminum alloy wire which is
obtained by forcedly dissolving iron (Fe) intc aluminum
(A1) as a scolid solution, wherein an AlzFe intermetallic
compound is successfully formed to enable the aluminum
alloy wire to endure a bonding portion temperature
generally of 100°C to 150°C and 150°C to 200°C at maximum.

However, since it is difficult to uniformly and
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finely disperse the AljFe intermetallic compound in a
stable fashion in the aluminum (Al) matrix, a fluctuation
in quality of the bonding wires has been caused by a slight
difference in conditions of the forced solid solution
treatment. Therefore, in the fields of application of the
power semiconductor which reguires heat resistance against
repetitive heating at 100°C to 200°C, since the
semiconductor element 1s heated due to the large current
supplied to the circuit to cause considerable heating of
the bonding wire, the slight wire quality fluctuation has
greatly influenced on a bonding property.
Citation List
[0008]

Patent Literature 1: JPF 8-8288 Al

Patent Literature 2: JpP 2008-311383 Al

Patent Literature 3: JP 2011-252185 Al

Patent Literature 4; JP 4843745 Bl {(JP 2011-256464

Al)

Summary of Invention

Technical Problem

[0009] An object of the present invention is to provide an
aluminum alloy wire which enables to prevent chip breakage
in ultrasonic bonding to an aluminum pad, prevents strength
of a bonding interface of the aluminum alloy wire and the
aluminum pad after the bonding from becoming unstable in

the case where a high temperature thermal shock test is
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repeated, and has a strong crystalline structure which
prevents detachment of the aluminum alloy wire from the
aluminum pad.

Solution to Froblem

[0010] The inventors investigated the detachment from a
bonding interface between aluminum (Al) of an aluminum pad
and aluminum (Al) of a bonding wire caused by a thermal
shock test to find that the cause of destructicn of the
bonding interface is fatigue failure. The inventors
further pursued the cause of the fatigue failure to find
that the problem resides in a sclid solution state of iron
(Fe} of which only 0.052% (520 ppm) is dissolved as a solid
solution in an aluminum (Al) matrix at 650°C. More
specifically, it was found that, when iron (Fe) has a
considerably low solid solubility limit, iron (Fe) 1is
precipitated in aluminum (Al) upon slow cooling in a
process step of melting and casting an aluminum (Al)-iron
(Fe} alloy ingot and, thus, 1s not dissclved to the solid
solubility limit to deteriorate strength of the aluminum
alloy wire.

[0011] In order to solve the above-described problem, iron
(Fe) is forcedly dissolved into aluminum as a solid
solution by a solution heat treatment at an intermediate
wire diameter and a following quenching treatment. The
iron which is forcedly dissolved as a sclid sclution
prevents coarsening of a wire crystal structure during

bonding and a thermal shock test, thereby enabling to
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prevent the fatigue failure.

[0012] Also, the inventors investigated the cause of the
unstableness in the thermal shock test to find that the
cause of unstableness is a precipitation form of an Alle
compound. More specifically, the uniformly distributed
fine AlFe compound makes crystal grains finer to improve
strength of the wire, thereby contributing to the
prevention of fatigue failure. ©On the other hand, the fine
AlFe compound serves as a core around which
recrystallization grains are generated, resulting in a
reduction in recrystallization temperature. The inventors
confirmed that the reduction in recrystallization
temperature is the cause of the unstableness in thermal
shock test results.

Though wire strength which suppresses the fatigue
failure in combination with the effect of the uniformly
dispersed fine AlFe compound is ensured in the prior
application (JP Patent Application No. 2012-134004) by
maintaining a Fe content within the range of 0.2 to 2.0
mass% and dissolving Fe as a solid solution in a matrix to
the solid solubility limit by the above-described forced
solid solution treatment, it was confirmed that, even when
the Fe content is lower than the lower limit, it is
possible to ensure satisfactory resistance against a
thermal shock by adding Si under the conditions that a
predetermined amount of Fe is dissolved as a solid solution

in the matrix.

10
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Therefore, the inventors stabilized the
recrystallization temperature by suppressing the iron (Fe)
content to equal to or lower than the above-specified range
and maintaining & ratic between a Fe precipitation amount
and 2 Fe sclid solution amount within a predetermined range
and, further, improved the strength by adding a very small
amount of Si, thereby successfully achieving stabilization
of thermal shock results.

[0013] An aluminum alloy wire for power semiconductor
device according tc the present invention is an aluminum
alloy wire which comprises iron (Fe) and silicon (Si) with
the balance being a high purity aluminum (Al) allcy and is
used for ultrasonic bonding to an aluminum pad of a
semiconductor element, wherein the aluminum alloy wire is
an alloy comprising 0.01 to 0.2 mass% of iron (Fe}, 1 to 20
mass ppm of silicon (Si) with the balance being aluminum
(Al) having purity of 9292.997 mass% or more and has a
microstructure having an average crystal grain diameter of
5 to 12 pm.

[0014]) Examples of impurity elements in aluminum (Al)
having purity of 99.997 mass% or more according to the
present invention include transition metal elements such as
copper (Cu), manganese (Mn), magnesium (Mg), zinc (Zn), and
titanium (Ti), alkali metal elements, alkali earth metal
elements, and the like. The purity of aluminum (Al) may
preferably be 99.9297 mass% or more, more preferably 99.99%5°

mass% or more, in order to promote work softening of the

11
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aluminum alley wire. Also, purity of the aluminum (A1)
relative to the entire zlioy of the aluminum alloy wire may
preferably be 99.99 mass% or more (an amount of metal
impurities as a whole is less than 100 mass ppm), more
preferably 99.995 mass% cor more (an amount of metal
impurities as a whole is less than 50 mass ppm).

[CC15] According to the present invention, a content of
iron (Fe) is within the range of 0.01 to 0.2 mass$% as one
0f the requirements. TIron (Fe) is dissclved in an amount
only of several hundreds of ppm as a solid sclution into
the aluminum (Al) matrix and is uniformly and finely
precipitated as fine particles in the aluminum {Al) matrix
after melting and casting. However, when the iron {(Fe)
content exceeds the range of 0.24 mass%, problems such as
chip breakage caused by too high strength and unstable
thermal shock test results caused by a reduction in
recrystallization temperature can occur.

On the other hand, when the ircen (Fe) content is less
than 0.0l mass%, mechanical strength of the bonding wire
becomes unsatisfactory, and the recrystallization
temperature is lowered, thereby making it difficult to
endure the thermal shock test. Therefore, the range of
iron (Fe) content is set to 0.01 to 0.24 mass%. However,
in order to attain satisfactory bonding property to the
aluminum pad and to endure repetitive thermal shocks, the
content of iron (Fe) may preferably be lowered to 0.015 to

0.1 mass%.

12
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[0016]

According to the present invention, a wire diameter
of the aluminum alloy wire may preferably be 50 to 500 pm.
An aluminum alloy wire having a wire diameter less than 50
um is not usable for large current power semiconductors for
use in electric vehicles, while it is difficult to perform
ultrasonic boding to the aluminum pad when the wire
diameter exceeds 500 pm. The diameter of the aluminum
alloy wire may be appropriately selected depending on a
power semiconductor device in which the aluminum alloy wire
is to be used.

[0017] According to the present invention, the aluminum pad
may preferably be an Al-351 alloy pad since components
thereof are the same as those of the bonding wire. A
content of silicon (Si} may preferably be 0.5 to 1.5 mass%,
more preferably 0.8 to 1.2 mass%.

According to the present invention, continuous wire
drawing may preferably be die drawing, particularly
preferably diamond die wire drawing. The die wire drawing
enables to uniformly disperse and arrange the iron (Fe)
particles in a concentric fashion.

The aluminum alloy wire after the continuous wire
drawing is subjected to a final refining heat treatment
with a predetermined tension being applied thereto.

[0018] The size of a grain boundary of a fine
recrystallization structure is changed depending on a

temperature and a time of the refining heat treatment, and

13
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the temperature and the time of the refining heat treatment
vary depending on an reduction in area of the wire drawing
processing and are not uniquely defined. According to the
present invention, the refining heat treatment is performed
after the continuous wire drawing in such a manner that the
wire after the continuous wire drawing is directly
subjected to the heat treatment under a non-oxidizing
atmosphere, preferably under a reductive atmosphere. A
temperature range for attaining the recrystallization of
the aluminum alloy wire of the present invention may
preferably be 350°C to 500°C, more preferably 380°C to
430°C. Examples of a heating method of the heat treatment
include heating in an electric furnace, Joule heating,
heating with light irradiation, water wvapcr heating, and
the like.
[0019] When the aluminum alloy wire after the wire drawing
processing is subjected to water cooling after the refining
heat treatment (final heat treatment), voids and the like
are formed on a surface of the aluminum alloy wire to cause
heat generation of an ultrasonic wave around the voids and
the like, thereby making it easier to attain the ultrasonic
bonding of the aluminum alloy wire to the aluminum pad.
The ultrasonic bonding is more facilitated by adding water-
soluble alcoheol such as ethanol and isobutyl alcohol to
water for cocling.
On the other hand, intermetallic compound particles

of iron {(Fe) and aluminum (Al) precipitated by the melting

14



and casting are uniformly and finely dispersed into the
aluminum (Al) matrix by the wire drawing processing to
enhance, owing to a pinning effect, mechanical strength of
the aluminum (Al) matrix and to prevent coarsening of the
fine recrystallization structure otherwise caused by
heating. The iron (Fe)-aluminum (Al) intermetallic
compound particles are considered to be FeAlz or FeAle.
[0020] Hardness of the bonding wire according to the
present invention may preferably be 22 to 28 Hv, more
preferably 23 to 27 Hv, in terms of Vickers hardness. From
the viewpoint of chip breakage during ultrasonic bonding,
the hardness of the wire is generally preferred to be as
low as possible. However, since the bonding wire of the
present invention is used for power semiconductors and is
therefore repetitively subjected to high temperature
thermal shock, the Vickers hardness of 22 to 28 Hv is
required. Also, purity of the aluminum (Al) is necessarily
99.997 mass% or more and may preferably be 99.999 mass% or
mnore.

[0021] According to the present invention, a content of
silicon (Si) is within the range of 1 to 20 mass ppm as one
of the requirements. When the silicon (Si) content is
above the range of 200 mass ppm, strength of the bonding
wire is increased too much, and such strength leads to
susceptibility to chip breakage. On the other hand, when
the silicon (Si) content is less than 1 mass ppm,

mechanical strength of the bonding wire becomes

15
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unsatisfactory. Therefore, the range of silicon (S5i)
content is set to 1 teo 20 mass ppm. However, in order to
attain a satisfactory bonding property to the aluminum pad
and to endure the repetitive thermal shock, the content of
silicon (Si) may preferably be 2 to 10 mass ppm.

[0022] According to the present invention, a Fe
precipitation amount may preferably be 7 times or less,
more preferably 3 times or less, of a Fe solid solution
amount. Fe has the effect of increasing the
recrystallization temperature when it is dissolved into Al
as a solid solution, but, in the case where Fe is
precipitated, the FeAl compound serves as a core for the
recrystallization to undesirably reduce the
recrystallization temperature. Since the bonding wire is
repetitively exposed to a high temperature in the thermal
shock test, a material having low recrystallization
temperature is softened during the thermal shock test to be
susceptible to a thermal fatigue failure.

[0023] According to the present invention, the Fe solid
solution amount may preferably be 0.01 to 0.06%. Though Fe
has the effect of increasing the recrystallization
temperature of Al when it is dissolved into Al as a solid
solution, the recrystallization temperature increase effect
is scarcely confirmed when the Fe solid solution amount is
less than 0.01%. Aalso, electric resistance 1s increased
when the Fe sold solution amount is too large, thereby

making it difficult to attain the desired property when

16
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such a bonding wire is used for connection of terminals.
Therefore, the upper limit of the Fe solid solution amount
may preferably be 0.06%.
Bdvantageous Effects of Invention
[0024] With the use of the aluminum alloy wire for
connection in semiconductor device according to the present
invention, since the bonding wire per se becomes soft due
to work softening, satisfactory bonding to the aluminum pad
is attained even when the bonding wire having a large wire
diameter is subjected to ultrasonic bending, and chip
breakage does not occur during wedge bonding as first
bonding. Also, even when the bonding wire is fatigued by
repeating a high temperature-low temperature thermal shock
test, thermal shock resistance similar to that of an
aluminum alloy matrix is maintained owing to a work-
softened structure of the high purity aluminum (Al) matrix
and a pinning effect attained by the intermetallic compound
particles of iron (Fe) and aluminum (Al).

More specifically, as described in Examples, in the
case where a thermal shock test including 3 minutes of a
high temperature (200°C) and 3 minutes of a low temperature
(-50°C) is repeated, the number of times of a reduction of

20

oe

to 30% (0.8 to 0.7) in a ratio of a shear strength
after the repetition to an initial shear strength is
largely improved to a value which is twice of a
conventional example. Further, since the effect is based

on the work-softened structure of the high purity aluminum
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(Al) matrix per se, aluminum alloy wires which are produced
in large scale 1is stably free from a fluctuation among lots
of the aluminum alloy wires. Therefore, the aluminum alloy
wire of the present invention is usable as an aluminum
alloy wire for ultrasonic bonding which is suitable for
power cycle semiconductors and the like of electric
vehicles and the like which are used under a high

temperature.

Brief Description of Drawings
[0025] Fig. 1 is a diagram showing a picture of a cross-
section structure of an aluminum alloy wire of the present
invention; and

Fig. 2 is a diagram showing a change ratio of shear
strength ¢f the aluminum allcy wire of the present

invention.

Descripticn of Embodiments

[0026] Each of aluminum alloys having compositions of
Examples 1 to 29 and Comparative Examples 1 to 14 shown in
Table 1 and comprising iron (Fe) with the balance being
aluminum (Al) was molten and subjected to continuous
casting to obtain an aluminum alloy ingot having a diameter
cf 300 mm. The obtained ingot was subjected to reolling
using a grooved roller and then to wire drawing processing
to obtain an aluminum alloy element wire having a diameter

cf 5 mm. The element wire was subjected to a solution

18
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treatment at a predetermined temperature for 2 days,
followed by gquenching in water. Subsequently, the element
wire was subjected to continuocus wire drawings in water to
attain predetermined wire diameters, thereby obtaining
bonding wires having the predetermined wire diameters {a
reduction in area was 29% or more in each of Examples).

One hundred wires of each of the above-cbtained wires
were bonded to an Al-1.0% S5i alloy aluminum pad by
ultrasonic bonding by using an ultrasconic bonding machine
(REBO7 manufactured by Ultrasonic Engineering Co., Ltd.)
under the conditions of a frequency of 120 kHz, a load of
8000 mN, ultrascnic power cf 15 W, and & bonding time of
180 ms. Also, an Al-100 ppm Ni alloy wire was used as a
conventional example for reference.
[0G27]
(Gltrasonic Bonding Conditions)

The wire diameters of the aluminum alloy wires were
C.1 mm, 0.3 mm, and 0.5 mm. A loop length was 8 mm, and a
loop height was 1.3 mm. Ultrasonic bonding of the aluminum
alioy wire to an Al-1.0% Si film (thickness: 3 m) on a Si
chip (thickness: 0.2 mm) was performed by using the
automatic bonder (REBO7 manufactured by Ultrasonic
Engineering Co., Ltd.).

A frequency as one of the bonding conditions was set
to 130 kHz, and load and ultrasonic conditions were
arbitrarily adjusted so that a flattened width of a first

bonding part became 1.3 times of the wire diameter. The
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ultrasenic bonding including first bonding and second
bonding was performed on the 100 samples under the same
conditions. As a superhard tool and a bonding guide, those
which were in conformity with the wire sizes and
manufactured by Ultrasonic Engineering Co., Ltd. were used.
[0028] The bonded aluminum alloy wires were subjected tc a
chip breakage cbservation test and a thermal shock test.
{Chip Breakage Observation Test)

The Al1-1.0% Si pad of the sample after the bonding
was dissolved with a 20% NaOH solution, and
absence/presence of chip breakage was confirmed by using an
optical microscope (measurement microscope “STM 6”
manufactured by Olympus Corporation) at a magnification of
x100. After observing 100 parts, the sample in which there
was no chip breakage was evaluated as o, the sample in
which chip breakage was observed in 1 to 3 parts was
evaluated as A, and the sample in which chip breakage was
observed in 4 or more parts was evaluated as x.

[0029]
{Thermal 3Shock Test)

A small cold and hot thermal shock apparatus “TSE-11"
manufactured by ESPEC CORP. was used as a thermal shock
test apparatus, and each of a high temperature of +200°C
for 3 minutes and a low temperature of -50°C for 3 minutes
was repeated for 10000 times.

[0030]

(Shear Strength Test)

20
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Shear strength of the first bonding part was measured
by using Type 2400 manufactured by Dage Japan Co., Ltd. at
after 1000 times, 2000 times, 5000 times, and 10000 times
of the thermal shock test, and the results were compared
with the initial strength. The sample in which the number
of times of a reduction of 20% (0.8) in a ratio of the
shear strength after the repetition to the initial shear
strength was twice of the conventional example was
evaluated as o, the sample in which the number was 1.5 to 2
times was evaluated as A, and the sample in which the
nunber was less than 1.5 times was evaluated as x. As the
conventional example, the commercially available Al-100 ppm
Ni was used. A test height was 3 um, and a test speed was
300 pm.

0031}
(Resistivity Measurement)

Resistivity at 77 K of each of the wires was measured
by using a direct current source (Type 2400 manufactured by
Keithley Instruments, Inc.) and a nanovoltmeter (Type 2182
manufactured by Keithley Instruments, Inc.) by employing a
DC 4-terminal method. A length of the sample was 300 mm,
and a measurement current was 1 A.

[0032]
(Crystal Grain Diameter Observation)

A wire cross-section was formed by using a cross-
section milling machine {(IM-4000 manufactured by Hitachi

High-Technologies Corporation), and a focused ion beam
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processing and observation system (JIB-4000 manufactured by
JEQL, Ltd.) was used for structure observation. The method
of section was employed for measurement of a crystal grain
diameter. As an average size of the crystal grains, an
average value of the wire lengths in a horizontal direction
and a vertical direction of the cross-section was used.
[0033]

{Vickers Hardness Measurement)

A Vickers hardness tester (MVK-G3 manufactured by
Mitsutoyo Corporation) was used for measurement of Vickers
hardness.

(Tension Test)

A tension test was conducted by using a tension
tester (Autograph AG-X manufactured by Shimadzu
Corporation) and under the conditions of a distance between
evaluation pecints of 100 mm and a stroke displacement speed
of 20 mm/min.

[0034]
(Recrystallization Temperature)

The wire before the refining heat treatment was
subjected to heat treatments at various temperatures each
in a salt bath for 30 minutes, and a heat treatment
temperature which attained strength which was intermediate
between the tensile strength of the wire before the heat
treatment and the tensile strength of the wire after the
completion of recrystallization was considered as a

recrystallization temperature.
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The results obtained under the above-described

conditicns are shown in Table 1

Comparative Examples)

and Table 2

{Examples) .

{Conventional Exampie and

fTable 1]
Conventional Example and Comparative Examples
cert o i Average
Comporiert cancomration |\ | Sohtion | Resistity | Fa sold Fe
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Fai%: Seppm) . . it mmi | dameter (Hu? test
. &) °cy {nGeni &% Nl
wm}
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5] 005 5 99999 535 3413 0.040 0010 0.z 95 0.5 72 251 Q o]
18 005 S 98999 653 NG G050 0 0o 205 0.5 "‘55 271 8] o]
17 o1 S 99.999 580 2804 0920 [elilin] 41 212 05 88 240 O Fay
13 o1 5 99989 610 3.092 0028 0071 24 285 03 ;53 242 o] o]
19 01 5 99.999 £35 3413 0.040 0060 15 290 a5 13 255 (@] <
20 [+R] S 99.999 B35 a710 0.052 0048 ca 00 05 To %4 Q o
21 .15 5 99,999 580 2804 0020 0130 &8 20 05 83 233 O &
22 015 § 90 999 810 3082 0029 0121 41 272 a5 LR 236 Q A
23 015 5 95 999 §35 3413 a.040 0110 27 282 05 82 248 Q O
24 015 H £9 999 855 3770 4.052 s1H:E) 19 298 43 75 25.7 [&] (o]
29 0.2 5 99999 630 3092 002% a1 33 210 0.5 96 229 O Fa
26 a2z 5 99999 635 3413 0040 {1460 40 214 05 87 241 Q P
&1 4z § 99999 555 710 0.052 0.148 28 285 05 8.0 251 0 0
28 Q0% ] 99984 600 2957 0.02% 0025 i 290 o3 - 253 o] (8]
24 Q.05 5 29599 [19) 2957 04025 0.025 1 290 Q1 g2z 248 < <

[0035] In Tables 1 and 2, Comparative Examples 1 to 3 and
Examples 1 to 6 show the infiuence exerted by the added
amount of Fe. Comparative Example 1 is too soft due to the
too small Fe content and results in the poor thermal shock
test result. Also, the Fe precipitation amount/Fe solid
solution amount of each of Comparative Examples 2 and 3
exceeds 7 due to the too large Fe content, resulting in the
large Vickers hardness and the occurrence of chip breakage.
In contrast, the Fe contents of Examples 1 and © are

the upper limit wvalue and the lower limit value. When the
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2.804 0.020 0.130 6,6 270 0.5 93 233 0 A 22 1095 5 99 999 570 3.092 0 029 O
121 4! 272 0.5 97 23.6 0 A 23 1015 5 99 999 535 3413 0. 040

Vickers hardness is compared with the chip breakage and the
thermal shock test result, Examplie 1 is free from chip
breakage since it is scoft, but the thermal shock test
result thereof is a little poorer. The Vickers hardness of
Example 6 is not so large as to cause chip breakage, but,
due to the large Fe content, the Fe precipitation amount of
Example 6 is large, resulting in the upper limit Fe
precipitation amount/Fe solid sclution amount ratio. Thus,
Example 6 shows the tendency of deterioration of fatigue
failure property under high temperature due to the
reduction in recrystallization temperature caused by the
influence of the precipitated AlFe compound.

Even when the Fe content is less than the upper limit
value, the Fe precipitation amount/Fe solid scolution amount
exceeding 7 which is caused by the high Fe precipitétion
amount leads to the poor thermal shock test result as can
be seen in Comparative Examples 7 to 14.

[0036] Also, Comparative Example 4 and Example 7 show the
influence of the purity of the Al material. The Vickers
hardness of Comparative Example 4 is considerably high to
cause the poor chip breakage and thermal shock test
results. Since the purity of the Al material of Example 7
is within the range of the present invention, kxamples 7
attains the Vickers hardness within the appropriate range
and attains the favorable chip breakage and thermal shock
test results despite the fact that the Fe content of

Example 7 is the same as that of Comparative Example 4.
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0110 27 288 0.5 82 248 0 0 24 0.15 5 99 999 655 3.770 0 052 0.098 19 298
0.5 75 25.7 00 25 0.2 5 99 999 610 3,092 0.029 O 111 58

[0037] Comparative Examples 5 and 6 and Examples 8 to 11l
show the influence exerted by the added amount of Si.

The Si added amounts deviate from the upper limit and
the lower limit of the range cof the present invention in
Comparative Examples 5 and 6, and the upper and lower
limits of the Si added amount of the present invention are
confirmed by Examples 8 to 11. More specifically, the wire
becomes too soft to endure the thermal shock test when the
Si added amount is too small, while the wire is hardened to
cause the chip breakage when the Si added amount is too
large.

[0038] Comparative Examples 7 to 14 and Example 12 to 27
reveal the “effect of Fe precipitation amount/Fe solid
sclution amount”.

Comparative Examples 7 to 14 reveal that the Fe
precipitation amount/Fe solid solution amount exceeding 7
which is the upper limit of the present invention leads to
the poor thermal shock test result even when the Fe content
is within the range of the present invention. In contrast,
Examples 12 to 27 show the comparison between the changes
in Fe precipitation amount/Fe solid sclution amount and the
thermal shock test results, and further prove the upper and
lower limits and the preferred range.

More specifically, the recrystallization temperature
is lowered too much to endure the thermal shock test when
the Fe precipitation amount/Fe solid solution amount is

more than 7. Also, the range of the Fe precipitation
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270 0.5 90 22,9 0 A 26 02 5 99 999 035 3,413 0.040 0 160 4,0 274 0.5 81
24,9 0 17 0.2 5 99.999 655 3.790 0.052 0.148 2.8 285 0.5

amount/Fe solid solution amount of 3 to 7 results in the
thermal shcck test of A, and the Fe precipitation amount/Fe
solid soluticn amount of 3 or less results in the thermal
shock test of o.

[0039] Examples 28 and 29 show the effect of wire diameter.
The wire diameter of other examples is 0.5 mm, and the
effects of the wire diameters of 0.3 mm and 0.1 mm are
confirmed by Examples 28 and 29.

[0040] Fig. 1 is a diagram showing a picture of a cross-
section structure of the aluminum alloy wire, and, as is
determined by the indicated gauge, the grains are
substantially uniform in size near an average grain
diameter of 10 pum to show that the stable structure is
obtained.

Fig. 2 is a diagram showing a change ratio of the
shear strength of the aluminum alloy wire of the present
invention, and it is confirmed that the shear strength
after the reduction is about 80% of the initial value at
the test cycle of 10 x 1000 times, -and that the reliability
of the bonding part is considerably improved as compared to
the reduction to 30% detected with the conventional
example.

Industrial Applicability

[0041] Since the aluminum alloy wire of the present
invention achieves the suppressed reduction in shear
strength in the repetitive thermal shock test, the aluminum

alloy wire is useful as a bonding wire of power
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8.0 251 0 28 1005 5 99.999 600 2,952 0.025 0025 90 0.3 7 8 25.3 0 0 29
0.05 5 99898 GO0 2,957 0.025 0.025 1 290 01 8 2 24.5

semiconductors which are used for hybrid cars and electric
vehicles or trains, wind power generatcrs, and industrial

robots.
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[0035] In Tables 1 and 2, Conparative Exanples 1 to 3 and Exanples 1 to 6
show the influence exerted by the added anobunt of Fe. Conparative Exanple 1
is too soft due to the too small Fe content and results in the poor thermal
shock test result. Al so, the Pe precipitation anount/Fe solid solution
anount of each of Conparative Exanples 2 and 3 exceeds 7 due to the too

| arge Fe content, resulting in the | arge Vickers hardness and the
occurrence of chip breakage. In contrast, the Fe contents of Exanples
1 and 6 are the upper limt value &ddittse |lower linmit value. Wen the

Vi ckers hardness is conpared with the chip breakage and the thernmal shock
test result, ExanprealupinpmealipyniéhEpinreaRugE SFRLECTEUFECE0ft, but the
thermal shock test result thereof is_a Iiitle goorer. Jhe Vi ckers hardness
of ExampFeV6-Fs WBLCRolFalgel8si#ed chubethf pSBrEakayec Bt Cdd® to the

| arge Fe_content, the Ee precipitation amunt pof EX |e. 6 is_large,
resultin@fFﬂl?HE Bﬁge?gl?n??m © $E%F%Ft% ?%%nghnﬁ%$§g%§§% iﬁrgglution
anmount rat.j 0. u | . e c deteriorati of
Fatigue forr iR s Shbe o Gl The e b rparar o erafio 13 FhRr8hkatyon in

recrystaéihﬁgﬁhﬁn(Agypg§@5§kewggy§§g by the influence of the precipitated
Al Fe conpound. Even en the Fe content is less than the upper limt

val ue, the Fegpeeghphtatiin0n12BQURt LEeigokhdasobyt boRpameunl exceedi ng 7

whi ch is caused by the high Fe precipitation anount | eads to the poor
thermal shogkotestseestl tras ¢EB) bengeentbn2 Compas appmeoExahpiesn? to 14.

[ 0036] Al so, Conparative Exanple 4 and Exanple 7 show the influence of the
purity ofsihewAthmaher balandheb¥iclessuhandnessl bf hQonparptirveyErénple 4 is
considerably high to cause the poor chip breakage and thernmal shock test
resul ts. 9% heeé nhespupict pooe,thasAk Fat epiafl epleEkasapl evguins @fthin the
range of the present invention, Exanples 7 attains the Vickers hardness
within tReOhppEepPi 86&. r hAgeaakhd BEEEiR4tERECPaTBPEBF e €T ptBREEKEGe and
thermal shock test results despite the fact that the Fe content of Exanple
7 is thel8feChsthRafcofotbftparatFvenERBAPNE 4209 BB37F Conpar ati ve
Exanpl es 5 and 6 and Ex%nBLes 8 to 11 shom/thg Enfluence.exer%eg g t he
added anBUROSFreftire AaVIHE &7 GUABAJANBENCS dedl At FioM PheCupBer ©im t
and the 5 wer |imt of the range of the present invention in Conparative
Exanpl es 4fid 6, and the upper and lower limts of the Si added anount of
the present ipgventian : fi I t ecifically,
the wire beco%és ?gg ggpﬁlﬁgﬁeﬁggﬁg ?%gg?%ggngﬁwgﬁogﬁ%%gggg&ﬁgﬁgfhe S

added angupt cLbSaEea-SARL! toWRLLEnt 18 WhEGeHS @a@dguggtpoo@aE§@ the chip
breakage when the Si added anmount i1s too |arge. [0038] Conparative Exanpl es
7 to 14 gpdsExambtemiiuho (27)r evedhet ReunghheckiobyFeipeeekspiobabioon
anount/Fe solid solution anmount™. Conparative Exanples 7 to 14 revea
t hat themkespreei potati on amount/ Fe solid sol ution anbunt exceeding 7 which
is the upper Iimt of the present invention |eads to the poor thermal shock
test result ewden when atlheikenceiflent wisewfich povee sangecofluctt@mpr esent
invention. In contrast, Exanples 12 to 27 show the conpari son between the
changes davEeeprecopitiati tn adpdnt LFewsekiednsdhet ionnarmbent candeniie t her na
shock test results, and further prove the upper and lower |imts and the
preferredsrdngéd to O.lverésdpecifically, the recrystallization tenperature
is lowered too much to endure the thernmal shock test when the Fe

preci pitati on%anodie Pe UEGINY $OIGY 8 FEnd et B SR PEMLUTAR TS tRA%0, the

range of the Fe precipitation anount/Fe sqglid solution amunt of 3 to 7
resul ts PRVERE EREPKEI"Sh&EK St EF K?e£ﬁd“tﬁ8fﬁépr§cF§Ft "6 “Sffount / Fe

solid solytion unt of or less results i e ther. k test of o.
[ 0039] Eigiﬁlésﬁgglgﬁd%§9%§ﬁo tﬁéeeﬁﬁggﬁ ggnﬁ%%eaégg%gﬁérgﬁ$%g’mjre

di anet er ot her e I o180 and the effects of the wire dianeters
o 00y e Shieh ot kRS Frﬁéégg; Exanpl es 28 and 29. [0040] Fig. 1 is
a di agram show ng g i E]lei%ug{ 22 16,0882 G O Sl G @ gt Al um num
alloy wire, and, as is determ ned by the indicated gauge, the grains are
subst ant jakh ¥ cUBickering $0Z@186ar 13N wAMeAGE tWeaidl vehiiamet @adfisl@ngm to
show that the stable structure is obtained. Fig. 2 is a diagram
showi ng a change ratio of the shear strength of the alumnumalloy wre of
the present invention, and it is conf?2?nmed that the shear strength after
the reduction is about 80%of the initial value at the test cycle of 10 x
1000 tinmes, and that the reliability of the bonding part is considerably

i nproved as conpared to the reduction to 30% detected with the conventi onal
exanple. Industrial Applicability [0041] Since the alum numalloy wre of
the present invention achieves the suppressed reduction in shear strength



5. The alum numalloy wre for power sem conductor device according to
claim1, wherein the alumnumpad is an Al -Si alloy pad. 6. The
alum num all oy wire for power sem conductor device according to claima1,
wherein the iron (Fe) content is twice or nore of the silicon (Si) content.
7. The alum numalloy wire for power sem conductor device according to
claim1, wherein the alumnumalloy wre has Vickers hardness of 22 to 28

Hy. 8. The alum numalloy wire for power sem conductor device
accordi ngltdi cdbiow Ipadvherein a wire dianmeter of the alumnumalloy wire is
50 to 500 gm 9. The alumnumalloy wire for power sem conductor

devi ce accor déng Tloe ck himinunwhkkey nivikhe Fer ppeddpi Tt PAMUE is 3 tines

or less of the Fe solid solution anount. ,
device according to claim 1, wherein the iron (Fe) content

is twice or more of the silicon (Si) content.

7. The aluminum alloy wire for power semiconductor
device according to claim 1, wherein the aluminum alloy
wire has Vickers hardness of 22 to 28 Hv.

8. The aluminum alloy wire for power semiconductor
device according to claim 1, wherein a wire diameter of the
aluminum alioy wire is 50 to 500 um.

9., The aluminum alloy wire for power semiconductor
device according to claim 1, wherein the Fe precipitation

amount is 3 times or less of the Fe solid solution amount.
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