Descri pti on ALUM NUM ALLOY BONDI NG W RE Techni cal Field 5[0001] The present
invention relates to an alumnumalloy wire material to be used for bondi ng
an el ectrode on a sem conductor el enment which is used under a high
tenperature environnent to an external electrode with the 10use of an
alumnumalloy thin wire and, particularly, to an alum num all oy bondi ng
wire which utilizes an effect attained by A13Sc particles which are
age-precipitated fromhigh purity alumnumin a semn conductor device used
under a high tenperature environmdfScSuéh &8 t hose used in 15aircrafts,

el ectric vehicles, and ships. Background Art [NOOOZ For a bondi ng pad
nmounted to a seni conduct o &I'EAERt FONGT) ﬁc@ﬁ]@& ), silicon carbide
(SiC, and gallium 20nitride (GN), a substrate of alum num (Al), copper
(Cu), and nickel (Ni), or the like is nostly used. The substrate is in sone
cases provj W _t,h | e nmetal plating of gold (Au), silver (Ag), or the
i ke or n;ﬁlc%&qu\(%@]) Eg]%gf?ng for use. These substrates are collectively
referred t@ RS 25" al um num pad" unl ess ot herw se specified. For performng
ultrasonic bonc;i ng of the alum numpad to a lead frame or the like, an

al um num al | oy 1tr{d RV Jeth tUSiRGHiGh PUide s @lUEmnumutAud $1usgd since the
hi gh purity alum num exhi bits high conductivity of the order of 60% For
the al um RuUMealrdame tikiin td e, W’eouad bhinginar @nhavieng radwl g di amet er of
50 to 500 mmis generally used, and a very thin 5wire having a wire

di anet er afenliessicduran 5@ lpmeartd woried Haviusgda vwdee di afgher exceedi ng 500
nm are occasionally used. Also, a flat rectangular thin wre (tape)

obt ai ned Wherpresding @y iowanehtt ke ehi exwerss li slsomticrey itddedhas t he
alumnumalloy thin wire for the sem conductor device. 10[ 0003]

Di f fil8ul t yrsien adngur isdgHingt eemser &hdine Wide abid-i PpriasuBéad va Heobtem wit h
the case where the alumnumalloy thin wire using the high purity alum num
(A) is usddmingdr ad 1RivgRorshpér dldee YéAFr ShieRE cCafRoSPREFE) |

rticularl
particu A bained by AlsSc particles which are age-precipitated from

high purity aluminum in a semiconductor device used under a
high temperature environment such as those used in

15 aircrafts, electric vehicles, and ships.
Background Art
[0002]

For a bonding pad mounted to & semiconductor element

such as silicon (Si), silicon carbide (S5iC), and gallium

20 nitride (GaN), a substrate of aluminum (Al), copper {(Cu),
and nickel (Ni), or the like is mostly used. The substrate
is in some cases provided with noble metal plating of gold
(Bu), silver (Ag), or the like or nickel (Ni) plating for
use, These substrates are collectively referred to as

25 “aluminum pad” unless otherwise specified. For performing
ultrasonic bonding of the aluminum pad to a lead frame or

the like, an aluminum alloy thin wire using high purity
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15as a wire material for aircrafts, autonobiles, ships, and the Iike.
Accordingly, the follow ng al um num all oys which are obtained by dissolving
scandium (Sc) into alumnum (Al) are known as wire nmaterials having
relatively small specific 20resistance, relatively high nmechani cal

strength, and excellent heat resistance. Japanese Unexam ned Pat ent
Publ i cation No. 7-316705 (referred to as Patent Literature 1 bel ow)
discloses "a wire material characterized by conprising about 0.1 to 0.3
25wt % of Selwihimure heAblal BhcesdbinignoR Eied halsdute w05 ildgemuness  of

inmpurities" and describes that "pure al um num havi nﬁg urity of 99.95% or
nore is us®dihes dbdift @Gl Vi Bt e MY sé%o 0ttt wei ght

ratio to the entire alloy is added to the al uyni num (paragraph 0012 of

Pat ent  Li 1BHEELTEN FELahe bt 251% GoridiHg: 0 port et e % o1 i ng
reduction of 50% foll d heat 5treatnment at 400C fao 500C fqr. about
one hour (%%arlg%?%%ho%ﬁ%eto? a(féﬁ[f 15 t6r'a ruap@yl)us.m’ an&ﬁl s:"oe,r}{]atghlr{ése

Unexang' negﬂgxaigf%m Mg:ésc Ilié)rhj,l,\%nne A, ]6134l8e65%7|1ﬁ{aq &d ﬁ?ﬂafa éﬂsorP ent

Literatur oses um num oy nmate aracterized by

10conpri siggy s hdd & PUrE N anBidd X NBU NG PWId YurPfa 30 R2%0r Mg, 0.05%to
0.3% of Sc and 0.1%to 0.4%of Zr in terns of weight ratio" (claim1l, etc.)

and obt ai ngséd he ne hayi g€ onghicdrioitar afh160%:1ACS tQfpdordh rdensd | e
strength of 200 MPa or nore, and residual tensile strength of 90% or 15nore
at 280C ( pay aorepdt 0 ldnwfoRatenttHd tiariat uwriar<d) "1 8" byonparifheraniugeplasti c
wor ki ng (cold working) which attains a reduction-of-area rate of 80% or
nore", foltlowedlbyitan heatoyt rdatmentratf @00t d ceA0Cndwatiaut deshirce.
(paragraph 0024 of Patent Literature 2)". 20[ 0004] However, when the
aboveltrent i@Hedl al umi num alloy thin wires are bonded to an al unmi num pad

el ectrode containing Al as_a nain conponent by the ultrasonic bonding, they
have not been iptpraedteal s SiHde dhi§ i ki tue ot ahel Pohi gh
mechani cal, strength. Part.icul artl%, in the case where the wire dianeter of

the wire %% 1T IR ISR Wit the SR SO W B0 Fma i miguet felerP i ffi cul t

to avoid H:%ﬁlﬁf%geﬂgfﬁgcgﬂé)gﬁﬁ?%ﬁ%%iy aluminum (Al) is used under

a high temperature environment (atmosphere), particularly,
15 as a wire material for aircrafts, automobiles, ships, and
the like.

Accerdingly, the following aluminum alloys which are
obtained by dissolving scandium (Sc) into aiuminum (Al) are
known as wire materials having relatively small specific

20 resistance, relatively high mechanical strength, and
excellent heat resistance.

Japanese Unexamined Patent Publication No. 7-316705
{referred to as Patent Literature 1 below) discloses “a
wire material characterized by comprising about 0.1 to 0.3

25 wt% cof Sc with the balance being Al and about 0.05 wt% or

less of impurities” and describes that “pure aluminum

having purity of 99.95% or more is used, and about 0.1% to
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[ 0005] On the other hand, it is considered that the applicable range
of the alumnumalloy thin wire will be 5expanded nore and nore from now on
since there is a demand for a sem conductor which is required to have heat
resi stance of 100C to 200C, particularly, for a power sem conductor which
is used in air conditioners, solar power generation systens, hybrid cars,
electric vehicles, 10and the |ike. Anong operation conditions of the power

sem conductor el enents, a tenperature is higher than that of ordinary
seni conduct of® et feragridimpr (SExanipl &eind e Wovwdrt gerfiicotdudther used in
vehi cl es, the alumi num all o% tdgi n wire is generally required to endure a

t enper at urStlofre ORY tie tt ¢ Hdhighdsitnul  @BFdiang Y42 ofhe pulre
| um I thi.n w whi i.st f. th i.gh it | um A
ahich s TEMITTY SOrPEat urider o SUmrA AP ¥ Ro8 hES TSt TBse 1

i I i devi S. JAh i-gh t t i t.
practica &Lat?nsgﬁ;a%q%%neq\i:){:ee&u l{sleoq] uﬁr}g%é]' eforlll%wﬁ terafiht%raec envi ronmen

20C tation én eratures at e erature 1:
Japanese Unexanminad Ratgye-Publ kgabd 0 - 0 Pa %/.,L ature 2:
Japanese Unexam ned Pat ent CPS%I Fggt¢oﬁoﬁg?b%%%ﬂ4§%%g S&?mm? %?ﬁthe

I nvention ggheshid oalr SroklemdA004 1y~. An object of the invention of the

present application is to provide an alumnumalloy wire material which is
as 5soft as a purs Al xupaneaal troyk 4ol e ¥ guicionsd st ofo hi gh purity

al um num (Al') during wiring on a sem conductor chip and is not softened
under a hiI-enEEt ufre: ondid itan af thert drite Twitrd meg-.u rSolutiedrowt)o Pr obl em
discloses “an aluminum alloy material characterized by
10 comprising, in a pure Al matrix having purity of 99.95% or
meore, G.05% to 0.3% of S5c and 0.1% te 0.4% of Zr in terms
cf weight ratio” {(claim 1, etc.) and obtains “the one
having conductivity of 60% IACS or more, tensile strength
of 200 MPa or more, and residual tensile strength of 90% or
15 more at 280°C (paragraph 0011 of Patent Literature 2)” “by
performing plastic working (cold working) which attains a
reduction-of~area rate of 80% or more”, followed by “a heat
treatment at 300°C to 400°C x about 1 hr (paragraph 0024 of
Patent Literature 2)”.
20 [0004]

However, when the above-mentioned aluminum alloy thin
wires are bonded to an aluminum pad electrode containing Al
as a main component by the ultrasonic bonding, they have
not been in practical use since chip is broken due to the

25 high mechanical strength. Particularly, in the case where
the wire diameter of the wire is relatively large, i.e.

from 50 to 500 um, it has been difficult to avoid the
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10[ 0008] In order to attain the object, the inventors contenpl at ed
utilization of the fact that scandium (Sc) hardly contributes to

i mprovenent of strength unless it is age-precipitated froma state in which
scandiumis 15di ssolved into al um num (Al). More specifically, they
confirmed that it is possible to suppress the age-hardeni ng caused by Sc
by: performng a solution treatnent for forcedly dissolving all of fine Sc
precipitates by an internedi ate heat treatment of an 20al um num (Al) all oy
wire naterP%@bZ%mp@f§ﬂW§H¥Wﬁ%%RQ%wn1ned amount of scandi um (Sc);
performng wire drawing up to a desired wire dianmeter; and performng a
refining hedYtt eat ment at a t enperature and under conditions where the
fine precipitat§§ of Sc _.are not 25generated., Since the alumnumalloy wre

material is sof " and®iSitbj st of pl =3t T ¥ W Or e ioH i 'S he
b -d i bed t | i | | t-hi i1, i 1
Shove: deschnpEfraBtELband 0% A WIE TR LUJL il BRI be 4 wire
di aneter, can he. Mied ta,d g—méa Soet s m.ped odd aid,- by dld ge?%}icgsi g

bondi ng onto an al um num pad 1 n the 5same nmanner as 1n the ca

the pure afspn puiad dQyaldidy WHEh is rediSd itde WasiLofdy med that it is
possible to attain the sane effects by adding a certain anmount of zirconium

(Zr) in adebdiotaie scandiorm ¢ocpooTbe pdeatttonastiy, 10021 & comvem exhibits
the effects sane as those exhibited by scandium (Sc) in the alum num (Al)
al l oy w resamt@rnd@lctand waisch hies efdettirofa i mprend ing dresvpor alolstrabi lity
relative to a tenperature history of age hardening. [0009] 15As descri bed
above, wherowdie ggngnaiuimraldwytand n wilrel & ubjeot ed 4o tive wdliutlicon heat
treatment is subjected to the wiring and then to the agi ng heat treatnent,
mechal calard ridhgyt hi ke, | fererss ab oW Nt ekl tAl @se Parttiec 9t eci pi t at ed
fromthe alumnum (Al) matrix as described in 20Patent Literatures 1 and 2.
Further, iTSMEECHIEVEN thedM et s chi TRIFRFL S 5sarks dPieh Hardidr gitvdeeds in
repetitive use under high tenperature environnment since conpatihility
bet ween t He- AAZS Pa¥ 11 Je‘“smgﬁﬂzﬁ% WhHE (AT R s Bk delg ent .
25[ 0010] ower %1eem£)f I;t@uectaclrung num al Ivog W re ter ia Ius iof tha pr esent
i nvention Y Be use(fcf or conne_(ﬁef i n }Eecrﬁ condutt or” devites ed under
hi gh temperatiirg S0V I QRIS 1§ Aty A M TN Al e W 6 1%, 13, SOMRPST t on
15 100°C to 150°C at the highest at a bonding part. The pure
aluminum alloy thin wire which consists of the high purity
aluminum (Al) which is readily softened under the
temperature range has not been in practical use in the
devices used under the high temperature environment.
20 Citation List
Patent Literatures
(0006}
Patent Literature 1: Japanese Unexamined Patent
Publication No. 7-316705
25 Patent Literature 2: Japanese Unexamined Patent
Publication No. 2001-348637

Summary of the Invention



conprising 0.15 to 0.5 mass% of scandium (Sc) with the bal ance being

al um num (Al) having purity of 99.99 mass% or 5nore; has a recrystallized
structure in an alum numalloy matri x obtained by a forced sol ution
treatnment; and has Vickers hardness of 21 to 30 Hv. [0011] Another one of
the alumnumalloy wire materials of 10the present invention to be used for
connection in sem conductor devices used under high tenperature
environnments is an al um num all oy which has a conposition conprising 0.15
to 0.5 masE¥%iicehnitied¢sc) and 0.01 to 0.2 mass% of zirconium (Zr)
(provided that the anmobunt of 15zirconium (Zr) is equal to or less than a
hal f of the?Yhbunt of scandium (Sc)) with the bal ance being al um num (Al)

havi n urity of 99.998 nass% or, npbre; . has recrystallized structure in an
ot Sum 1 | oy e b o b by e bt Boe Sl | e S s Al has

Vi ckers 20h§r19@3§n%so‘ﬁ%glarg Oaft?mlt 301 ([ia?lngo(Z)\% V{jhree ma-q:heerj?athovvﬁ{idcﬁqscirsi ba?sd two

ki nds of alunin a y W re mdteri present 1 nvention to be used

for copnectipn in é%ﬁ.ﬁ@@ﬂsﬁdﬂgun@%f &d pnder, i gh S%Es%h@% aiure

envi ronments may be subj ected to an ‘agi ng heat treatnent thin a

tenper at urg; g1anger oy 2006 050G AfdeF i W N NG A MVANGS H o ROsd
treatnent and processing to be perforned after the wring. Since the shape

of the al whiwnmed | 0y Wi esdBt@iddlutees Haoti ghageafdaird ot gh
sem conductor chip breakage does not occur even when the nechanica

strength isftercrgasedirfruyt her, since 5a difference in thermal expansion
coefficient between the alumnumalloy wiring material and the al um num pad
is small, rhckiohich Psolotdrer wi se caused by repetitive heat expansion and
heat shri nkage does not proceed at a bonding interface. 10[0013] In
the ilfventi@0%F the prevent application, when the purity of al uminum (Al)
is 99.998 mass% or nore, Vickers hardness which is al nost the sane as that
of an al um num &} 9y9PaviPE it yEif 99 oo nesedvremiresis attai ned.

15Therefore, the higher the purjty of aluninu the nore_ preferred the
aluninun1i%9nﬁ%ﬁﬁkﬁé£ ut{hi ation of t ergac{nthat scandfﬁm (Sc)

hardly contributes to improvement cof strength unless it is
age-precipitated from a state in which scandium is
15 dissclved into aluminum (Al).
More specifically, they confirmed that it is possible
to suppress the age-hardening caused by Sc by: performing a
solution treatment for forcedly dissolving all of fine Sc
precipitates by an intermediate heat treatment of an
20 aluminum (Al) alloy wire material comprising a
predetermined amount of scandium {(Sc); performing wire
drawing up to z desired wire diameter; and performing a
refining heat treatment at a temperature and under
conditions where the fine precipitates of Sc are not
25 generated.
Since the aluminum alloy wire material is soft and is

subject to plastic deformaticn in the above-described
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In the invention of the present application, the anount of scandium (Sc) to
be added may preferably be 0.3 20mass% or | ess since such an anmpbunt enabl es
to forcedly dissolve scandium (Sc) so that scandium (Sc) is uniformy

di spersed into the alumnummatrix. It is possible to determ ne whether or
not the forced solid solution is uniformfroma distribution of Al135c
particles precipitated 25fromthe alum num (Al) matrix. The a forced
solution treatnment may preferably be performed near 580C to 630C which is
cl ose to a®mtei rig ol rigium| ald MuBIEAN wing hevigeydrm #fows: [ 0015] In
the invention of the present application, the alumnumalloy wire materi al
to be usedFUTE EUHMSETTRAS Il Bse i tgHtue GO FEARRY Bt GilddHe @gi ng heat

treatment may. be. subjected t fining heat treatment aft f or i
col o i re UTabi il 1o Bt I o tesiHed W o drbrei it HAFSE YShBE S 50 to
500 gm TthejbIaZ%\ﬁlgl], A\ me\filézoa}’séxﬂieé;t}é’%ﬁir?%oﬁr{té hafrhcaol”&;ﬁi”n“%?gfﬁé’% r& dnawing is

subj ect ed ni ng rea W a cons ensi on” bei ng

appl i ed theretq,, he. constant, t ensi i Q@% BRpl f 93{\3 tlet
of a final di armanrl iceto erilén éencggr%ér)lzbefg% a Gﬁ{cﬁ r%)g spodojlqgndluélﬁlglng (&l

conti nuoustpM ¢« 8,0k Nng and is particularly maintained constant during the
refining heat 15treatnent step and the cooling step by preventing vibration

caused in otheraps®cess w4£pSohf Dihdd afsdt t14 NOs two ddeo ad urd g alh oy thin
wire with the use of a dancer roller or the like, so that it is possible to

i mpart pr edet esamaneslf freat s anergyding thecatttrdmumalid oyt hincodrieby the set
heat 20treatnent tenperature and heat treatnent interval. The cold
wire drawn(&ty uct vrddat @i ned dyardreinc ol 3w r ety aamidiig: Wi ot i s per f or ned
after the forced solution treatnent becones the recrystallized structure
havi N mechart sl upropereies e tebiectorsang eahoddisry dnhithiec @briaf i ni ng
heat treatnent, , , ,
scandium {Sc) in the aluminum (Al}) alloy wire material and
has the effect of improving temporal stability relative to
a temperature history of age hardening.
f0009]
i5 As described above, when the aluminum alloy thin wire
subjected to the soluticon heat treatment is subjected to
the wiring and then to the aging heat treatment, mechanical
strength is increased owing to the AlsSc particles
precipitated from the aluminum (Al) matrix as described in
20 Patent Literatures 1 and 2. Further, it was proved that
coarsening of Sc particles hardly proceeds in repetitive
use under high temperature environment since compatibility
between the Al;Sc particles and the aluminum (Al) matrix is
excellent.
25 [0010]

Cne of the aluminum alloy wire materials of the

present invention to be used for connection in
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Exanpl es of the heating nmethod for the refining heat treatnent include
heating in an electric furnace, electric conduction heating, heating by
light irradiation, water vapor heating, and the like. Since the refining
heat treatnment is perforned for a several seconds to a several tens of
seconds, the Al3Sc particles are not precipitated 5fromthe al um num (Al)
matri x. Likew se, when the aluminumalloy wire material after the refining
heat treatment is subjected to ultrasonic bonding to an al um num pad, the
al um num af$BICN I e Predericds s erdtutidg Kdnedh dripaterefor e, does not
cause chi p breakage of a sem conductor 10el ement. [0016] _As descri bed
above, the*AY U HUERET |0y 3% rael bt sin o L bt aifhisd? B2 um FmRSs Jhie® or cedl y

di ssol ving_scandium (Sc).into the alumnummatrix is free fromthe chip
br eakage 157TKeTH& p(ﬁ‘r?e5 atf%nf?n{]rﬂ“%i%yc%ﬁhﬁanbf (Ssé%\)si‘”ﬂ}“? dr'¥ing a | oop
to enable W] n_a sem conduct device. Further, si he agi ng heat
treatmont b uat e SHERHE' 0T e 0L o S R Ll Bt
mechany cal e S - i nar j t.he. reci pitation
of Algj)Sc p%?%%bpgigfa?o%%ﬁgg%ﬁlﬁn%%t é19rr%rtér):/!><r{1 galalg[?lnlégﬁe%ﬂ eat nent

may be perhor ped Hefore 4 es) h S LY. s 05t SXANPLE A8PENdINY 100 r esi st ance

against a thermal history of the sem conductor device after wiring

formati on.v25e matieit@ed Orot hel pad predem nantly is alum num (Al) or an

al umi num (Al') alloy, but copper (Cu) or nickel (N) which has a high

ul trasoni c[®ohd] ng property to the alumnumalloy wire material may be
used as the material, and a noble netal such as gold (Au) nmay be coated on
the material. Abvanbhageous &f feoe sabfimlmyent 1 ooy 5§ 004 7aiStncel $ hef al um num
alloy wire material of the present invention before wiring is soft as a
pur e Hl uni Fen BReFen ra et serabl @ od | esa bl Bomi edmmepctiton sitbonded to an

semiconductor devices used under high temperature
environments is an aluminum alloy which has a composition
comprising 0.15 to 0.5 mass% of scandium (Sc) and 0.01 to
0.2 mass% of zirconium (Zr) (provided that the amount of
15 zirconium (Zr) is equal to or less than a half of the
amount of scandium (Sc)) with the balance being aluminum
{(Al) having purity of 99.998 mass% or more; has a
recrystallized structure in an aluminum alloy matrix
cbtained by a forced solution treatment; and has Vickers
20 hardness of 21 to 30 Hv.
[0012]

The above-described two kinds of aluminum alloy wire
materials of the present invention to be used for
connection in semiconductor devices used under high

25 temperature environments may be subjected to an aging heat
treatment within a temperature range of 200°C to 450°C

after wiring in advance of a post treatment and processing
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al um num pad by ultrasonic bonding |like a pure alum num 10alloy thin wre.
On the other hand, it is possible to enhance nechanical strength of a
wiring after the wiring owing to the precipitation of A 3Sc particles from
the alum num (Al') matrix. Since the amount of scandium (Sc) is snmall, and
15since conpatibility between the precipitate and the alum num (Al) matrix
is good, a crack which is otherw se caused by nechanical strain is not
generated froma bonding interface even when the A135c particles are

preci pi t at &d. PFUPE heprnetcabreti Pie df B 11 3ScS pare | Gresshiie haf dilye

20coar sened_ under repetitive high tenperature environnents in a power

sem conduc? BrEHER Aslehoskr etttz CvhiPlesChate ettt tRenore
favorably exhibit aluminumalloy thin wire than by a 4N al um num

d by N
al oy thin"Wted gﬁ?m%/%%n%\%t%rﬁw atP{fFﬁ A9y rf‘_?ﬁ W'te 7€ preferred
when 25pr"915%11éy?1’1$ rﬁé%?%e 1 &l astpz[ér?@fl?ngs'fnélh%aglé‘.m nﬂ“'l.g,@lel%gy WM&

mat eri al suitably use Or “power” cycle sem conhduct ors. ef~Description of

Drawi ng [0018}cEig.cd {5 éndlARgr ang sho &%@P@M&Sﬂ%&zeéﬁe@{estrength

s %"i
val ues of an a%um num anon thin wire of the present invention and a pure

al um num t@itﬂn%lﬁrﬁ-aﬁf@?%i@iﬁ&%&éeﬁf@?@rﬁ@n@% [O0kR]nbered paff er,

enbodi nents of the present invention wll be described. [Exanple 1]

10[ 0020] EeedlDf &oautk twpesh of s AriAsrdd 4 OYSa ki & o Wase f &t ety T had 1im num
(Al') having purity of 99.99 mass% and scandium (Sc) having purity of 99.9

mass% nanekyan#le. dibY8eeatAl shOl 2%USge Aed. BHBCHr @A, H%sendivas nol ten
and then 15subjected to continuous casting to obtain an alum num all oy
interface.
10 [CC13}

In the invention of the prevent application, when the
purity of aluminum (Al) is 99,998 mass% or more, Vickers
hardness which is almost the same as that of an aluminum
alloy having purity of 99.999 mass% or more is attained.

15 Therefore, the higher the purity of aluminum, the more
preferred the aluminum is.
[0014]

In the invention of the present application, the

amount of scandium (Sc) to be added may preferably be 0.3
20 mass% or less since such an amount enables to forcedly

dissolve scandium (Sc} so that scandium (Sc¢) is uniformly

dispersed into the aluminum matrix. It is possible to

determine whether or not the forced solid solution is

uniform from a distribution of Al;Sc particles precipitated
25 from the aluminum (Al) matrix. The a forced solution

treatment may preferably be performed near 580°C to 630°C

which is close to a melting point of aluminum (Al) for a

8



i ngot having a dianeter of 300 mm An alum num all oy elenent wire
havi ng a dianeter of 5 mm was produced by subjecting each of the ingots to
rolling using grooved rollers and then to wire drawi ng. Next, the 20el enent
wire was subjected to a solution heat treatnment of 630C x 120 mn, foll owed
by quenching in water. After that, continuous wire drawing was perforned in
wat er by using a dianond dice to attain a dianeter of 0.5 mm and then a
refining heat treatnment of 620C x 1 m n was 25performed, followed by water
cooling. severghehganples were used as Exanple 1 (sanples 1 to 4). Each of
Exanple 1 was subjected to a neasurenent using a mcrovickers hardness
meter (Typé?®#4&l G manufactured by Akashi Corporation). The measured

har ness val ues are, shown in Table_1. One hundred mnrln s of each of Exanple

1 were bonded 5bY Eb?ré@%ﬁ?Elﬁ%nﬂfnbh?OP¢SSQHEQG@P F5¢ ?@hl%@%ess 4 nm
Si h hi ck d dit 02

Ut ra'soﬁ.iz P o DR T En RO REEL TRt o O TS+ e hath o i r e

di ameter of.Q; 3 c@oJ:Oc?@YJh@QQtﬁ'ePérem a c?{&ﬂc% ahéélé)pt{]eeé%ﬂéngm > W

The ulTrasoni ¢ bondi A e al'um num a nwre ip was

performed By ushNG- 88 aus Oémféf?lr]-ﬁl?c?r&‘?@ét (ﬁ@ﬂméﬂ@%mf ACt £t 8 Dy

U trasoni ¢ Engi neering Co., Ltd Bondi ng condi tions were as

fol | ows. T@@wonmﬂr@gdﬂ\@@l@@rﬁ@rw@a@ﬁ a dsepuencyi 8f Jd20nktr Wiidni0ad and
ultrasonic conditions being arbitrarily adjusted in order 20that a

deformati on waekdd af 20 fisssobona ngrpardl wesnum a1idestiofn tdieravi re

di aneter, and the ultrasonic bonding including first bonding and second
bondi ng wasfper f theredonundenct hew seered caondid | Dnsswy ¢dies@ntd rehd 00 wi ri ngs
of each of the sanples. As a superhard tool and a bondi ng gui de, 25the ones
whi chlther erebiuipetheed byedinessoni th Engioresramy Consien doedmg fit to the

W re size were, used. _ _
applied thereto. The constant tension is basically applied

from an outlet of a final diamond dice to an entrance of a
winding spool during the continuous wire drawing and is
particularly maintained constant during the refining heat
15 treatment step and the cooling step by preventing vibration
caused in other process steps from transmitting to the
aluminum alloy thin wire with the use of a dancer roller or
the like, so that it is possible to impart predetermined
heat energy to the aluminum alloy thin wire by the set heat
20 treatment temperature and heat treatment interval.

The cold wire drawn structure attained by the cold
wire drawing which is performed after the forced solution
treatment becomes the recrystallized structure having
mechanical properties suitable for wire bonding by the

25 refining heat treatment.
Examples of the heating method for the refining heat

treatment include heating in an electric furnace, electric

9



Next, the bonded alum numalloy thin wires of Exanple 1 were subjected to
an aging treatnent under aging treatnent conditions of 300C for 2 hours.
Next, the bonded alum numalloy thin wires of Exanple 1 were subjected to
the followng tests. Results of the 5tests are shown in Table 1. [0022]
(Thermal Shock Test) A smal |l size cold inpact device (TSE-11

manuf actured by Espec Corp.) was used as a thermal shock testing device,
10and the test was repeated for 10000 tines each of which was perforned for
3 minutes apndpgdbConnhaahiigh,t bapbiagube sidet ahyrs#diaBiainuvesesnt -50C on
a low tenperature side. As to a result of a damage applied to the wre
bondi ng paVfPBy PRELLREr nANdshoeklibst, algefreleoret helngdapdbe was

evaluated by the foll owi ng_shear strength test. [002 Shear Strength
oot} N ahekerheh st Svnad oA Mg BAr PRIl Lest LOSAIh (e sevhren hy Dage

Japan Co., .Lid. ncand shear ofrengtd of, 20Lhe first banding part ues

measured after performng test i Tes,

and 10000 tipes e L vel o] a i t initia th
and 10900, ERERSECaBEALLKR! (o | CubE SOTPRLERMLY, (DA ok She
CD”Ve”t'0”§h15§aQPE@ ﬁé@e§@9%ﬂafﬂe§5fh8-réfiﬂin&oﬁ@éf'@9@atﬁ§n@ fatio of

the shear strength after the repetition to the initial shear strength, the
sanpl e in wihbgbctbB8 to ultrasonic bonding to an aluminum pad, the
aluminum alloy wiring material is not hardened and,
therefore, does not cause chip breakage of a semiconductor
10 element.
[0016]

As described above, the aluminum alloy wire material
obtained by uniformly and forcedly dissolving scandium (Sc¢)
into the aluminum matrix is free from the chip breakage

15 like the pure aluminum and is capable of easily forming a
loop to enable wiring on a semiconductor device.

Further, since the aging heat treatment is performed
after the wiring, it is possible to exhibit mechanical
strength as an Al-Sc¢ binary alloy owing to the

20 precipitation of Ali;Sc particles from the aluminum (Al)
matrix. The aging heat treatment may be performed before
resin sealing, for example, depending on resistance against
a thermal history of the semiconductor device after wiring
formation.

25 A material for the pad predominantly is aluminum ({Al)
or an aluminum (Al) alloy, but copper (Cu) or nickel (Ni)

which has a high ultrasonic bonding property to the

10



nunber of reductions in shear strength to 20% (0.8) fromthe initial
strength is less than twi ce a value of Conventional Exanple is indicated as
X, and the sanple in which the nunber is equal to or nore than tw ce the
val ue 50of the conventional exanple is indicated as 0. A test height was 5
"ma, and a test speed was 500 1.1nfsec. [0024] (Chip Breakage Observation
Test) The Al-0.1%5i pad was nolten by using a 20% NaCOH 10sol ution, and chip
breakage of the sanple after the bondi ng was observed by using an optical

m cr oscoped { STMBUM g2 fpag uv eFe e ittt abcope hanusedt 4® cdhyndr yrbas,
Corporation) at a nmagnification of x100. The observation was perfornmed on
10 poi nts. 3@@dndrafPbn BeLehi pubhedkagelfs (RudiBary Joe byeatsdegenten only
one chi p breakage was found, and no chip breakage is indicated by O

[ Exanpl e 2F2F®52%} - Al uninum alloy thin wires each having a di aneter of

200.5 mMm ced t he_sape.nmanner _as in Exanple 1 by using
Al-O.Z%Bcvgégagﬁggﬁ%uiltgfgg C-BESE@&?D f?%ys each of which was forned of

al um num (Ah)-having purity of 99.99 mass% scandium (Sc) having purity of
99.9 mass% and zirconium (Zr) having purity of 99.9 nass%to serve as

25Exanpl e 2 (sapphes BnandiGhinhexhiibhe,sapphescneke éPbkﬁétﬁgeEQnt
ul trasoni ¢ bondi ng and an agi ng heat treatnent under the conditions sane

as those oin&xappbe Before wiFlBgabovecdesgsibeguiest sumerenCoORdyCct ed on
t he sanpl es under the conditions sane as those of Exanple 1. Results of the

tests are shownahsl dabbeed. fbEkxanpl ®i3In§P026]is bonddiundngm al l oy thin
wires having a dianeter of 0.1 mmand a dianeter of 0.3 mm respectively,
wer e produgédninutheadanoe whbhnesomscilpokstanpl bile by psiagadnmAduf. 3%Sc
allole alloy thin wire.
On the other hand, it is possible to enhance
mechanical strength of a wiring after the wiring owing to
the precipitation of AlsSc particles from the aluminum (Al)
matrix., Since the amount of scandium (Sc) is small, and
15 since compatibility between the precipitate and the
aluminum {Al) matrix is good, a crack which is otherwise
caused by mechanical strain is not generated from a bonding
interface even when the Al;3;Sc particles are precipitated.
Further, the precipitated Al;Sc particles are hardly
20 coarsened under repetitive high temperature environments in
a power semiconductor such as those of electric vehicles,
The effect is more favorably exhibited by a 5N aluminum
alloy thin wire than by a 4N aluminum alloy thin wire, but
the 4N8 purity aluminum alloy thin wire is preferred when
25 priority is placed on a price and is the aluminum alloy

wire material suitably used for power cycle semiconductors.

Brief Description of Drawing
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10f ormed of al um num (Al') having purity of 99.99 mass% and scandi um ( Sc)
having purity of 99.9 mass% to serve as Exanple 3 (sanples 7 and 8).

Next, the sanples were subjected to ultrasonic bonding and an agi ng heat
treatment under the conditions 15sane as those of Exanple 1. The
above-descri bed tests were conducted on the sanples under the conditions
sane as those of Exanple 1. Results of the tests are shown in Table 1

[ Exanpl e 4£ 20[ 0027] An alum numalloy thin wire having a di aneter of
0.5 ram wasOpivtuced in the sane manner as in Exanple 1 by using an

Al-0. 15%c al l oy formed of alum num (Al) having purity of 99.998 nmass% and
scandi um ( Sc) hé@gnglphﬁi@yde99@m9529ﬁh§§@§F@n§%rV@thgsE&ﬁnﬁh@aa (sanpl e
9). Next, the sanples. were subjected to ultrasoni ¢ bonding_and an agi ng
heat treat ﬁ?n%ﬂ@eYa%%%sc% df B i DM RWRES 55°Y hiosE® of * Bl €14 The

above-descr i bed Lests re conducted on np%es under the conditions
s

he.
Sant a5 LHBKETOPC EXANHI B 0" MeQTtRUET THA AT s arE Thidtn i Table 1
5[Cbnpgratbggcg§§gP$§séf[Qgg§ iments Aluminumalloy thin wires each having

a dianeter o mm wer e produced in the sanme manner as in Exanple 1 by
using Al-0;d4%e)and Al-0.8%bc alloys each of which was 10formed of al um num
(Al') having purity of 99.99 nmass% and scandi um (Sc) having purity of 99.9

mass% to serve asr&pRRarak| venbXampbesslodndhe. present inteXtiohhe sanples
were subjected to ultrasonic bonding and an agi ng heat treatnent under the

condi ti onswibsamne assthisedof Exanple 1. The above-described tests
wer e conducted on the sanples under the conditions sane as those of Exanple
1. Resul ts{Bkampeetets are shown in Table 1. [Conventional Exanpl e]
20[ 0029] An al um numingot having a dianmeter of 300 nm was obtai ned
by mel®ingi®Pghl purity Al having purity of 99.995 mass% (5N) and then
perform ng continuous casting, and the_ingot was subjected to rolling using
grooved rol | erstafl o5t henrt BYREEeclrAhihg eblebfavhlah wpanfaoneel enent
wre
of aluminum (Al) having purity of 99.99 mass% and scandium
(Sc) having purity of 99.9 mass%, namely, Al-0.15%Sc, Al-
0.2%S8c, Al-0.3%Sc, and Al-0.5%Sc, was molten and then
15 subjected to continuous casting to obtain an aluminum alloy
ingot having a diameter of 300 mm.
An aluminum alloy element wire having a diameter of 5
mm was produced by subjecting each of the ingots tc rolling
using grooved rollers and then to wire drawing. Next, the
20 element wire was subjected to & solution heat treatment of
630°C x 120 min, followed by quenching in water. After
that, continuocus wire drawing was performed in water by
using a diamond dice to attain a diameter of 0.5 mm, and
then a refining heat treatment of 620°C x 1 min was
25 performed, followed by water cooling.

The samples were used as Example 1 (samples 1 to 4).

Each of Example 1 was subjected to a measurement using a

12



having a dianeter of 5 mm The elenment wre was subjected to an

I nternedi ate heat treatnent of 400C x 60 min and 300C x 1 mn. After that,
continuous wire drawing was perforned to attain a dianmeter of 0.5 mm and
then a final heat treatnment was performed at 330C to obtain Conventi onal
Exanpl e. This Conventional Exanple was 5subjected to the tests in the sane
manner as in Exanple 1, and results of the tests are shown in Table 1.

[ Table 1] SanPi No ' Conponent nil es% Solution treatnent tenperature ")
're di aretBECY)CRer$ nhagdrespanater e(Tyed Wafdheseuifagtueedilng (/e) CRP

breanane ---- Acting heat i-- treatnment Hardness after aging heat
Akashi Corporation). The measured harness valdes "are shown
in Takle 1.

One hundred wirings of each of Example 1 were bonded
5 by ultrasonic bonding to Al~1.0% Si film (thickness: 4 um)
on a Si chip (thickness: 0.5 mm) under the following
conditions.
[0021]
(Ultrascnic Bonding Conditions)
10 The aluminum alloy thin wire had a wire diameter of
0.5 mm, a loop length of 10 mm, and a loop height of 1.5
mm.

The ultrasonic bonding of the aluminum alloy thin

wire to the Si chip was performed by using an automatic
15 bonder (REBO7 Type manufactured by Ultrasonic Engineering
Co., Ltd.).

Bonding conditions were as follows. The bonding was
performed at a frequency of 120 kHz with load and
ultrasonic conditions being arbitrarily adjusted in order

20 that a deformation width at a first bonding part was 1.3
times of the wire diameter, and the ultrasoconic bonding
including first bonding and second bonding was performed
under the same conditions on the entire 100 wirings of each
of the samples. As a superhard tool and a bonding guide,

25 the ones which were manufactured by Ultrasonic Engineering
Co., Ltd. and fit to the wire size were used.

Next, the bonded aluminum alloy thin wires of Example 1

13



treat nent NA Heat shock test St Zr Al x E8 015 Balance 030 0.5
620 22

were subjected to an aging treatment under aging treatment
conditions of 300°C for 2 hours.
Next, the bonded aluminum alloy thin wires of Exampie
1 were subjected to the following tests. Results of the
5 tests are shown in Table 1.
[0022]
(Thermal Shock Test)
A small size cold impact device (TSE-11 manufactured
by Espec Corp.) was used as a thermal shock testing device,
10 and the test was repeated for 10000 times each of which was
performed for 3 minutes at 4+200°C on a high temperature
side and for 3 minutes at -50°C on a low temperature side.
As to a result cf a damage applied to the wire
bonding part by the thermal shock test, a degree of the
15 damage was evaluated by the following shear strength test.
(00231
{Shear Strength Test)
A shearing test was performed by using Type 2400
manufactured by Dage Japan Co., Ltd., and shear strength of
20 the first bonding part was measured after performing the
test for 1000 times, 2000 times, 5000 times, and 10000
times, respectively, to be compared with the initial
strength measured before starting the test. Graphs of
Exampie 1 (No. 4) and Conventional Example are shown in
25 Fig. 1 for comparison.
As a ratioc of the shear strength after the repetition

to the initial shear strength, the sample in which the
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number of reductions in shear strength to 20% (0.8) from
the initial strength is less than twice a value of
Conventional Example is indicated as x, and the sample in
which the number is equal to or more than twice the wvalue
5 of the conventional example is indicated as 0. A test
height was 5 pum, and a test speed was 500 um/sec.
[0024]
(Chip Breakage Observation Test)
The Al-0.1%S81 pad was molten by using a 20% NaOH
10 sclution, and chip breakage of the sample after the bonding
was observed by using an optical microscope (STM6, a
measurement microscope manufactured by Olympus Corporation)
at a magnification of x100. The observation was performed
on 10 points. Generation of chip breakage is indicated by
15 x even when only one chip breakage was found, and no chip
breakage is indicated by O.
[Example 2)
[00625]
Aluminum alloy thin wires each having a diameter of
20 0.5 mm were produced in the same manner as in Exanple 1 by
using Al~0.2%8c-0.1%Zr and Ai-0.5%5c-0.25%Zr alloys each of
which was formed of aluminum (Al) having purity of 99.99
mass%, scandium (Sc) having purity of 99.9 mass%, and
zirconium (Zr) having purity of 99.9 mass% to serve as
25 Example 2 (samples 5 and 6).
Next, the samples were subjected to ultrasonic

bonding and an aging heat treatment under the conditions

15
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same as those of Example 1.

The above-described tests were conducted on the
samples under the conditions same as those of Example 1.
Results of the tests are shown in Table 1.

[Example 3]
[0C26]

Aluminum alloy thin wires having a diameter of 0.1 mm
and a diameter of 0.3 mm, respectively, were produced in
the same manner as in Example 1 by using an Al1-0.3%5c allioy
formed of aluminum (Al) having purity of 99.99 mass% and
scandium (Sc) having purity of 99.9 mass% to serve as
Example 3 (samples 7 and 8).

Next, the samples were subjected tc ultrasonic
bonding and an aging heat treatment under the conditions
same as those of Example 1.

The above-~described tests were conducted on the
samples under the conditions same as those of Example 1.
Results of the tests are shown in Table 1.

[Example 4]
[0027]

An aluminum alloy thin wire having a diameter of 0.5
mm was produced in the same manner as in Example 1 by using
an Al-0.15%5c¢ alloy formed of aluminum (Al}) having purity
of 99.998 mass% and scandium (Sc¢) having purity of 99.9
mass% to serve as Example 4 (sample 9).

Next, the samples were subjected to ultrasonic

bonding and an aging heat treatment under the conditions
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same as those of Example 1.
The above-described tests were conducted on the
samples under the conditions same as those of Example 1.
Results of the tests are shown in Table 1.
5 [Comparative Examples]
10028]
Aluminum alloy thin wires each having a diameter of
0.5 mm were produced in the same manner as in Example 1 by
using Al-0.1%Sc and Al-0.8%Sc alloys each of which was
10C formed of aluminum (Al) having purity of 99.99 mass$% and
scandium (Sc} having purity of 99.9 mass% to serve as
Comparative Examplies 1 and 2.
Next, the samples were subjected to ultrasonic
bonding and an aging heat treatment under the conditions
15 same as those of Example 1.
The above-described tests were conducted on the
samples under the conditions same as those of Example 1.
Results of the tests are shown in Table 1.
[Conventional Example]
20 [0029]
An aluminum ingot having a diameter of 300 mm was
obtained by melting high purity Al having purity of 99.995
mass% (HN) and then performing continuous casting, and the
ingot was subjected to rolliing using grooved rollers and
25 then to wire drawing to obtain an aluminum element wire
having a diameter of 5 mm. The element wire was subjected

to an intermediate heat treatment of 400°C x 60 min and
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300C X 2hr 47 0

300°C x 1 min. After that, continuous wire drawing was
performed to attain a diameter of 0.5 mm, and then a final
heat treatment was performed at 330°C to obtain
Conventional Example. This Conventional Example was

5 subjected to the tests in the same manner as in Ezample 1,

and results of the tests are shown in Table 1.

[Table 1]
oo, | Comommity | o | Vi | S| Sl | SR i) e
o ASe |z JAL jre 4 ' o : eaiment (g
glik 15| |Gaeel 630 | 05 520 iz O [‘aoeCwsr | S8 Ke)
10 E l2 102 ]  lewno) 830 jO5 {820 2 O [sw'ox?w |42 | O
g 13 {02 |7 i 520 95 | 620 25 Q. [00°Cx2he | AT [e)
o 14 {5 | |mawcs] 630 o5 620 2 O faagCxzhe | 65 )
e 46 02 [01 lisercel 630 . 1 05 G20 |27 O 00°CK2hr | 48 fe)
36 [05 025 |mencef 830 |05 [ 820 {30 %) a00°C X 2hr | 859 I3
7 lea Sience! 630, FOt 820 {28 O 0NCRMe {47 o)
g |63 Baancel 63D | 0.3 sz0 s |o WV°CxIhe | A7 0O
9 0I5 Balance| G830 0.5 620 a1 1O G | 38 Ie)
coresavimianadt | O | Bolance| GI0 05 1620 |22 G fantcxohe |23 x
Conpdeeiive ExeingH2 0.8 Bafance} 630 a6 B 620 jia2 R 300°C % 2hr 65 Q
15 coirkontBempe) Al=S0ppm{SN) 4 ~ _ _0.-'5-‘_' 330. a0 To - - T=

{Note 1) Purity of each of the Al materials of Examples 1
to 3 {sample Nos. 1 to 8) and Comparative Examples 1 and 2
is 99.99 mass%, purity of the Al material of Example 5
(sample No. 9) is 99.998 mass%, and purity of the Al

20 material of Conventional Example is 99,995 mass%.
(Note 2) cooling methoed after solutionizing examples: water
cooling.
[0030]

From the test results of Table 1, it is confirmed

25 that the Vickers hardness of each of the sample Nos. 1 to 4

of Example is suppressed to 27 at the maximum range of the

Sc content which is 0.5 mass% to be free from chip breakage
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though the Vickers hardness after refining is increased
along with the increase in Sc content from (.15 mass$ to
0.5 mass%.

Also, since the hardness is greatly improved by the

5 aging treatment performed after the wire bonding, the

Vickers hardness reaches to 38 when the Sc content is the
minimum which is 0.15 mass$% to attain the favorable thermal
shock test results,
[0031]

10 In contrast, in Comparative Examples 1 and 2 having
the Sc contents of 0.1 mass% and 0.8 mass%, respectively,
Comparative Example 1 attains the low Vickers hardness and
did not cause chip breakage, but shows the poor hardness
after the aging treatment and the poor thermal shock test

15 result. In contrast, since Comparative Exanmple 2 has the
large Sc content, it shows the high hardness owing to the
aging treatment performed after the bonding and attains
favorable thermal shock test result, but entails chip
breakage tc be unusable due to the high hardness after

20 refining.

[0032]

Further, the sample Nos. 7 and 8 in which the Sc
content was changed to 0.3 mass% and the diameters of the
aluminum alloy thin wires were changed to 0.1 mm and 0.3 mm

25 attain the favorable results in the chip breakage during
bonding and the thermal shock test performed after the

bonding to prove that the effects do not change even when
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the diameter of the aluminum alloy thin wire is changed.
[0033]
Also, from the samples 5 and ¢ to which Zr was added

in addition to Sc¢, it is confirmed that chip breakage is

5 not caused owing to suppression of the hardness after
refining heat treatment even when the addition of Zr causes
the increase in hardness after refining heat treatment,
while the hardness attained by the aging treatment
performed after the bonding is remarkably improved to give

10 the favorable thermal shock test results.

Zirconium {Zr) has the same age-hardening action as
scandium (Sc) and an action of stabilizing deterioration of
the age-hardened aluminum alloy thin wire caused by a
temperature history such as exposure to a temperature

15 change in use environment, and it is possible to treat
zirconium (Zr) as scandium (Sc) in the case where the added
amount of zirconium (Zr) is less than & half of the content
of scandium (S5¢).

[0034]

20 Further, as to the sample 9 in which the purity of
the aluminum raw material is improved by one digit (99.998
mass%) and the Sc content is suppressed to the minimum
value, it is confirmed that the hardness after aging
treatment is maintained high, namely, to 38, though the

25 hardness after refining is lowered, and the thermal shock
test result 1s favorable.

[0035]
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(Note 1) Purity of each of the Al materials of Exanples 1 to 3 (sanple Nos.
1 to 8 and Conparative Exanples 1 and 2 is 99.99 mass% purity of the Al
material of Exanple 5 (sanple No. 9) is 99.998 mass% and purity of the A
20material of Conventional Exanple is 99.995 mass% (Note 2) cooling

met hod after solutionizing exanples: water cooling. [0030] Fromthe test
results of Table 1, it is confirmed 25that the Vickers hardness of each of
the sanple Nos. 1 to 4 of Exanple is suppressed to 27 at the maxi num range
of the Sc cont eh Whi Ehei 8heas pasevstly best reestlbm chs plbrasakagent t hough

t he \ﬁckerg har dness after refining is increased along with the increase in
Sc cont ent TFYBNtee 19 AR 0BT FHY 5 QY10 Sore STHRAF tHe Httdhesst @3

reatly i oved t he 5agi ng treatment perforned after, the wre bondi ng,
Phet Vi oD RS SleAT SRty A et B T A T i e wh e
is 0.15 nmass$ ttal h rabl e, t her sho test, .results. [0031
I10I n cont r%glf/%ﬁ?%ﬁc%ﬁ;)g}éat ?%Igﬁgatf@r% e45 %‘eand; I%)ff:%\c;il( nagn hteheScaLic%@Jt%é]Ts 01‘
0.1 s% - 9 e Lvely, n;gﬁnﬁ LV, Eﬁg@- titains. t he

| ow \ﬁker?ﬁ%%ﬁeﬂ?iﬁ&l%i %@ﬁ%‘%hcg%get%i p kr?%%kcg%e, ut&sc#os\.’;\‘s&?hié@?’poor
hardness aftes) theoRoiRNg fheal BN a0d {hezpagsid heriml shoekt 68dre,

15result. In contrast, since Conparative Exanple 2 has the |large Sc

content, i¥hshewshé heutbgh harghess D0 main o ides Bghingut reatrimem rper f or med
after the bonding and attains favorable thermal shock test result, but
entail s chhpvimeakageat ot peotintisabd et tea T dEtdreo e gh Tiandnesis ad t er
20refining. [0032] Further, the sanple Nos. 7 and 8 in which the Sc
cont ent wasorhanyed tinz0. Bxamssd Anth s hehei @retrers Diodthel afeimurh al | oy
thin wres were changed to 0.1 mmand 0.3 nm 25attain the favorable results
i n t hEC chi ps bEleakadeldes | g bondi g Bl 2heh ther ey sheckowesthier f or med

after the V?pgdi ng to prove that the effects do not change even when
lre.

[0036]
From the above-described test results, the range of
Sc of 0.15 to 0.5 mass% is suitable for the Al-Sc binary
15 alloy formed of scandium (Sc) and aluminum (Al) to be used
for a wiring of a semiconductor device. In the case of the
Al-Sc~Zr ternary alloy formed of scandium (Sc), aluminum
(Al), and zirconium (Zr), zirconium (Zr) has the effect as
the third additive element within a small amount range
20 lower than that of the above-specified content relative to
0.15 to 0.5 mass% of scandium (Sc) and is suitably used
within the range of 0.01 to 0.25 mass$%. However, since the
influence exerted by Zr on the hardness is greater than
that of Sc, the content of Zr is necessarily equal to or
25 less than a half Sc.
As to the Vickers hardness after solution treatment,

since it is possible to improve the thermal shock by the
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the dianmeter of the alumnumalloy thin wwre is changed. [0033] Al so,
fromthe sanples 5 and 6 to which Zr was added in addition to Sc, it is
confirmed that chip breakage is 5not caused owi nhg to suppression of the
hardness after refining heat treatnment even when the addition of Zr causes
the increase in hardness after refining heat treatnent, while the hardness
attained by the aging treatnent perforned after the bonding is remarkably
inmproved to give 10the favorable thermal shock test results.
Zi rconi um @230 hhses Heerhnew bige- har deni add et oo sS e carh i ¢scihand an
action of stabilizing deterioration of the age-hardened_ al um numalloy thin
wire causeB@hynastehpet@attr € @R st briv sthpastexplstf el tordt tehper ature
15change in,use environnent, and it isﬁgoss' le 1o treat zi%c niun1éZr) as
d

scandi um ( SEFPRIEheCtase et 8 {FeS addd ahbtnt Bt HATEoM UM tZF§ % s | ess

than a hal content of.scandium (Sc). [0034] 20Further, as to the
sanple 9 i%agé?%gsthg %ﬁr}?yé%fﬁ?he alum numraw material is inproved by
one digit ﬁggugggiggs 9 f@gb%ff gc content is suppressed to the mninmm
value, it is confirne %at t he % rdness after aging treatnent is
mai nt ai nedpighy nanely, to 38, though the 25hardness after refining is
| onered, and the thernmal shock test result is favorable. [0035] As
to the shear stpengéhthespreesutt snvastisnappasent theomtpsrgsaphbs of Fig.
1 showi ng the shear strength ratios of the shear strength after repetition
to the iniinhatesheatostsenghdanfst hengainpdeeMNovhdn od Bxaurmpd e dhasak t he
al um num 5thin wire having SN purity, the nunber of reductions to 20% (0. 8)
fromthe ihestalsvadpeaied Exanphaudtées, 10000invembien whiheefhe awunder is
about 3000 in the alumnumthin wire having SN purity of Conventi onal
Exanpl@. Thesne¢tion wobdiehed phatr Exeivptendudber twel ¢helsrahsehotk life
which 10is three times of that of the high purity alum numthin

hybrid cars and electric vehicles as wéll as in trains,

windmill power generation, industrial robots, and the like.
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wire. [0036] From t he above-described test results, the range of Sc
of 0.15 to 0.5 mass%is suitable for the Al-Sc binary 15all oy fornmed of
scandi um (Sc) and alum num (Al') to be used for a wiring of a sem conduct or
device. In the case of the Al-Sc-Zr ternary alloy formed of scandium (Sc),
al um num (Al'), and zirconium (Zr), zirconium (Zr) has the effect as the
third additive elenment within a small anmobunt range 20l ower than that of the
above-specified content relative to 0.15 to 0.5 mass% of scandi um (Sc) and
is suitably used within the range of @&1% o0 0.25 nmass% However, since the
i nfl uence exertgd béQZr on the hardness is greater than that of Sc, the

‘ne

content of Zr i sEAPPLYUBQUEFIBoPERCDBIe¥ETENER BenaPpdSEor As to
phe Vi ckers hardﬁgss after soluéiog treatpent, Since it.isdpﬁssible to
i mprove t he“tHerraP" shBcREBY-rhe e %aneYJr%%? nBNE T oW Rt teY thE RatPEi on of

Sc_even whenohihe,NRLd0eRsai s, Less Lhan. 21, L shoune | nlapl g, 1from the

Vi ewpoi nt chip breakag ctive range of Vickers ness is 18

to 30 ky. 3pdusLA ﬁ!édﬁg%esﬁ@?h i%¥ré09%g]a.comp?s§%£'8§ é&ﬁpPiEﬁﬁ@t

invention attains t ppression I n reduction © ear strengt ven when

a thermal ghogkibestsigakepeatedbyngonducted. wihe inveptign-ispuseful as a
10connection wire of a power sem conductor which is used in hybrid cars and

el ectric vebuglesmasawel haasngnptfat PSeof W adan | ha peves r genes at h 0fn

i ndustrial robots, and the like. dains 1. An al um num wedge bondi ng
Wi re to beaAlused bonacgnagtdi onompr seimgondact bnmdeye resndhataeietimzed by
bei ng used under a high tenperature environnent, wherein the 5 al um num
wedge bondi{Ag) wi heshasraccpapasiiiod sonprisiagin. 45 &budiBunmassdepf
scandium (Sc) with the bal ance being alum num (Al') having purity of 99.99
mass%&r mBREriy ahtaAingg bynar joaredysebnpi pBi hgestamat uniischaand

al um num (Al), has a recrystallized structure in an alum numalloy 10matrix
obt ai ned byl%k?B?c@@rg%?%%i%%f@F%a%%e%g}n%nﬂe%EStreatment of 21 to 30

Hv.
2. An aluminum wedge bonding wire to be used for
connection in semiconductor devices characterized by being
15 used under a high temperature environment, wherein the
aluminum wedge bonding wire has a composition comprising
0.15 to 0.5 mass% of scandium {Sc) with the balance being
aluminum (Al) having purity of 99.99 mass% or more in an
Al-Sc binary alloy comprising scandium (Sc) and aluminum
20 (Al), has a recrystallized structure in an aluminum allcy
matrix obtained by a forced solution treatment, and forms
age-precipitated particles of AlzSc by an aging heat
treatment.
3. An aluminum wedge bonding wire to be used for
25 connection in semiconductor devices characterized by being
used under a high temperature environment, which is an

aluminum alloy having a composition comprising 0.15 to 0.5
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Vi ckers hardness before an aging heat treatnment of 21 to 30 Hv. 2. An
al um num wedge bonding wire to be used for connection in sem conduct or

devi ces characterized by being 15used under a high tenperature environnent,
wherein the al um num wedge bonding wire has a conposition conprising 0.15
to 0.5 mass% of scandium (Sc) with the bal ance being al um num (A) having
purity of 99.99 mass% or nore in an Al -Sc binary alloy conprising scandi um
(Sc) and al um num 20(Al), has a recrystallized structure in an al um num

al l oy matriwrsebt afnedapgiamf dFecedardl 4t Pbnterea medpgss apd Foreenium
age-precipitated particles of Al3Sc by an agi ng heat treatnent. 3. An
al um num wédge bBBREVAGSRi FRatothbe amednt orf 25EBFMeEERol2Th SsenfEdhtuct or

devi ces characteri zed bei sed under a hjigh_tenperature environnent,
Wi ch'1's' anoaptint i 5 FByShAGHhaoh EORPBESEoMEoRIrISIHl B4B) (6 e

% of dj S nd 0.01 0. % of zi i i ded
that the aiBinbeorrarreahan (oryfre SR T s Pellty Hah L1atf of the
amunt sof 563001 S6)) Wi L L1 bk Ance, bel pd 8 4 g LAL)opavi ng pur ty

of 99.998 5mass% or nore in an ernary a rising scandi um
(Sc), al umspypyé M) sand éhﬁﬁ?ﬂbﬁ”kA?Lg,%ﬂﬁViﬂﬂcéniﬁﬁrvﬁfﬁJ'Eé@ﬁn&t£UCture

in an alumnum all oy matrix obtai ned orced solution treatnent, and

Vickers haprdpess+8il21c80s80ukWurdOfn AR &l wri Num yetge hending wire to be
used for connection in sem conductor devices characterized by being used

under a hi ghthenper sy userenyedopabnt i onht £da tiie@n, ahndi Nuskaks oy having a
conposition conprising 0.15 to 0.5 mass% of scandium (Sc) and 0.01 to 0.2
mass% of zhaednesm &45(2Zt) tépBoviided that the anpunt of zirconium (Zr) is
equal to or less than a half of the amount of scandium (Sc)) with the

bal ant@ bei ng aBunm Aonalak)nhaviaggpubpngdiog 99re9Bonkssysed fore in an
Al -Sc-Zr ternary alloy conprising scandium (Sc), alumnum (Al), and

zi rconi um EZRPSCRAGN NGl oS PDE SERYSERPT | ¢@¥1 P uehareCt AT AR Al by heknal | oy
matri x obtained by a forced solution treatnent, and form ng.

age- pr eci prEatednPart # chegh of eRSRE BYe aR BT Py Bt YPREER meRit 275, The
aluninunlmegge.bondifg wire to be used fﬁ%,connection.in ¢e£$cond¢c or
devi ces ac@OPBFRE t o any BAEIRY 2 28OPRF HE 91 t 6OUWPT thhPAcY et P 28D ¥ n>t hat

the puri ty, of t heeal um augl, (L), oL, n6. 8110k nym 8k o, | 3¢99: 998, Mags™% or

15 (Zx) (provided that the amcunt of zirconium (Zr) is equal
to or less than a half of the amount of scandium {(Sc)) with
the balance being aluminum {(Al) having purity of 92.998
mass% or more in an Al-Sc-Zr ternary alloy comprising
scandium (Sc), aluminum (Al), and zirconium (Zr), having a

20 recrystallized structure in an aluminum alloy matrix
obtained by a forced solution treatment, and forming age-
precipitated particles of Al:Sc by an aging heat treatment.

5. The aluminum wedge bonding wire to be used for

connection in semiconductor devices according to any one of

25 claims 1 to 4, characterized in that the purity of the

aluminum {Al) of the aluminum alloy is ©292.998 mass% or

more.
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6. The al um num wedge bonding wire to be used for connection in

sem conduct or devi ces according to any one of clains 1 to 4, characterized
in that the amobunt of the scandium (Sc) to be added is 0.1 to 0.3 nmass%
57. The al um num wedge bonding wire to be used for connection in

sem conduct or devices according to any one of clains 1 to 4, characterized
inthat the recrystallized structure is a cold wire drawn structure which
is formed by a refining heat treatnment perforned after continuous wre

10dr awi ng per f ofredThit AlWal ermcoefingoardend t Were ok e ek So¥edi At reat nent .
8. The al um num wedge bonding wire to be used for connection in
senlconduc?BPHQEV?%%sl%c%%@ﬁ?%@d¥%t%ﬁyd%ﬁﬁﬁ%ﬁ FFH TR t'P AneHrackEri zed

h h l I bond bond h
Al uri num vBHBEBondl gt ui TR TACDerLEed Tort aofnaré%%‘:%m T s Bhductor
devi ces ac%gggaggmtgsgrytgng 00?§%§J§§5% Dc@qﬁgg%erlzed in that the

thin wire rom o 1es an 500 pm 2010. The
al um ngm wedge bonding WA {6 5Q b%&g&%&ﬁ&ﬁg%fﬁa' on ho segycppduct or

devi ces according to any one of racterized in that the

high tenperatnEer €HYi { QIR cbSa 89t uSPl s Idecdhei @ ud numy wedge, pondi ng
wre to be used for 25connection in sem conductor devices according to any

one of claibnsidstDd #o Charpgtertiaedzéd ihathdhechd ohedeppesBat LFed
environment is 150C to 250C. 12. A process for bonding a

sem conducsorudevreei gsedeohderi ve hiigiwit enperat wre @nvili cisrefibrmed by
characterized in that wedge bonding is performed by using an Al -Sc
bi nary al | eyr¢himimg rizedhiavi ngp amennpost fooned onfrési agn Ol ot o @B 5mass%
of scandium (Sc) with the bal ance being al um num (Al') having purity of
99. 991 frass9s av 1 ®riee BECENE i Wi W red Wl chohbbn g dEleey st | Foeeedtructure in
an alumnumalloy matrix which is forcedly dissolved by a solution
treat ment, S%h@té%“a@¥$@FW@%E treatnent is perforned after the 10bond|ng
13. A process f ﬁgdlng a, sem conduct or devi ce used under

ron Rta+e

tenperature env RAP ARt BPF9R PRI %%%twhﬁﬁgEobB%d?ﬁ%g Eogerforned

by using an Al -Sc-Zr
y 9 onnectlon in semiconductor devices according to any cone of

claims 1 to 4, characterized in that the aluminum alloy is

15 bonded by ultrasonic bonding.

9. The aluminum wedge bonding wire to be used for
connection in semiconductor devices according to any one of
claims 1 to 4, characterized in that the thin wire has a
wire diameter of from 50 pm to less than 500 um,

20 10. The aluminum wedge bonding wire to be used for
connection in semiconductor devices according to any one of
c¢laims 1 to 4, characterized in that the high temperature
environment is 80°C to 300°C,

11. The aluminum wedge bonding wire toc be used for

25 connection in semiconductor devices according to any one of
claims 1 to 4, characterized in that the high temperature

environment is 150°C to 250°C.
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ternary alloy thin wire having a conposition conprising 150.15 to 0.5 nmass%
of scandium (Sc) and 0.01 to 0.2 mass% of zirconium (Zr) wth the bal ance
bei ng al um num (Al') having purity of 99.998 nass% or nore as a thin wire
which has a recrystallized structure in an alumnumalloy matrix which is
forcedly dissolved by a solution treatnent, and 20an agi ng heat treatnent

Is perforned after the bonding.

10

15

20

12. A process for bonding a semiconductor device used
under a high temperature environment, characterized in that

wedge bonding is performed by using an Al-Sc binary
alloy thin wire having a composition comprising 0.15 to 0.5
mass% of scandium (Sc) with the balance being aluminum (Al)
having purity of 99.99 mass% or more as & thin wire which
has a recrystallized structure in an aluminum alloy matrix
which is forcedly dissolved by a solution treatment, and

an aging heat treatment is performed after the
bonding.

13. A process for bonding a semiconductor device used
under a high temperature environment, characterized in that

wedge bonding is performed by using an Al-Sc-Zr
ternary alloy thin wire having a composition comprising
0.15 to 0.5 mass% of scandium (Sc¢) and 0.01 to 0.2 mass% of
zirconium (Zr) with the balance being aluminum (Al} having
purity of 99.998 mass% or more as a thin wire which has a
recrystallized structure in an aluminum alloy matrix which
is forcedly dissolved by a solution treatment, and

an aging heat treatment is performed after the

bonding.
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