1 [Docunent Nane] Specification [Titleofthelnvention]

H ghPuri t yCopper Wr ef or Connecti ng Sem conduct or Apparatuses [ Technol ogy
Field] [0001] The present invention relates to a high purity copper wire
used to connect an el ectrode on a sem conductor device to an external

el ectrode, andnore particularly, a high purity copper wire which has a
strengt hened texture and a dianeter on subm cron order, and is nmade of a
copper - based all oy formed by doping infinitesimal anount of silver (Ag) to
copper (Cu) of 99. 9999 mass @6purity [ Backgr ound Technol ogy] [0002] A

bondi ng p?g IS in ﬁ g an Pductor devi ces, which are made of
mat eri al s' sOEH SR 51 F1E ?%F} BF@Bn carbide (SiC) and gal lium nitride

(&N, and consists of a base plate that may be nmade of al um num (Al),

al um num P?:?@ﬁe el 1 QY SHEOLAS AN UM puy& topRes V\%‘r_sé kb £eBnld WnLopper,
ni ckel ver nd platinum ( . % base plates may be coat'ed with

a nobl e n%%%}cgﬁ€%652rg%Paa(¢Ey83ﬁd S|Iver by wet plating or dry plating
i ke nagnetron sputtering and vapor deposition, or nay be plated with

ni ckel . al um num pad" neans any of these base
pl ates un e%ghﬁoﬁgggnggggéglalned Now, the high purity copper wire is used

to connectO@A1 Al uni num pad of a seniconductor device to a lead frame or the

| i ke by nehdodssdighiasebalibnbeatipgs 4 hrkaﬁcgmlp@rawadtagp@mddﬁr@xmédi of

t hese two, met hods 0003 he hi gh pu Qpper. W res, und ection

e wi 1 - RETRGEE b A apansorn ot S LRt SRRy 4L Fo o i ce:

there arecbechspdns apa ndiichaahiextpalyi wehh puatyriprped vérdivinstrer of 0
01 MM -pfs . a A5 APt RAPRILE uRNA nal §04 Bathd Bl r LRSS WM& AR der,

and ismade of a copper-basedalloy formedbydopinginfinitesimal
amount of silver (Ag) to copper (Cu) of 99.9999 mass % purity.

[Background Technology]

[0002]

A bonding pad is installed on semiconductor devices, which are
made of materials such as silicon (Si), silicon carbide (S5iC)
and gallium nitride (GaN), and consists of a base plate that
may be made of aluminum (Al}), aluminum-based alloy such as
aluminum-plus-l-mass % silicon alloy, copper, nickel (Ni),
silver, and platinum (Pt). Such base plates may be coated with
a noble metal such as gold {(Au) and silver by wet plating or
dry plating like magnetron sputtering and vapor deposition, or
may be plated with nickel. In this specification, “aluminum
pad” means any of these base plates unless otherwise explained.
Now, the high purity copper wire is used to connect an aluminum
pad of a semiconductor device to a lead frame or the like by
methods such as ball bonding, ultrasonic bonding and a hybrid
of these two methods.

[0003]

Cf the highpurity copper wires, a round-section finewire having
a wire diameter of 0.1 mm — 0.9 mm is generally used; there are
occasions on which an extra fine wire having a wire diameter
of 0.0imm-0.025mm is adopted, and alsc a flat type wire (tape),



2 which is made by flattening a round-section wire, may be used for

sem conduct or apparatus. In sone cases, these extra fine wres and not-that
fine wires may be clad with a thin silver coating before use. A high purity
copper wire nade of a copper-based alloy made froma copper of 99.9995 nass
% =) 99. 99994 mass % purity and an infinitesimal anmount of silver (0.0006
mass % or lower) is also used in the above-described application
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al loy" fofosiggiciidictdmn dppagcase, iTh koma maltrﬁﬁ@xﬁg Fahet he
wireis St?ﬂ%?t%%t f.i nal thermal treat nt of 50(% réeles Cfolrg t he
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is to make use of the fact that the hi gh purity copper wire which is drawn

conti nuo has ](:jense acked s (ictl onal text e6$ g t hat uch hi gh
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densely packed sectional texture, and that such high purity

copper wire is scarcely affected by the heat of 500 degrees C

or lower (ref. Fig. 1).

[0004]

Fig. 1 shows asituationwhereinthecrystal grains inthe texture

of a heavily drawn wire are affected by heat such that the

neighboring crystal grains unite with each other to transform

to a recrystallized structure after microstructure recovery,

and some of the crystal grains begin to recrystallize.

Incidentally, each of Figs. 1 through 5 depicts almost entire

cross section of respective wire.

On the other hand, when a continuously drawn high purity copper
wire is heated to a temperature of 500 degrees C or higher in
a reducing atmosphere, it generally happens that the drawn
structure transforms to recrystallized structure after
microstructure recovery, and then grains start growing.

However, in the case of a high purity copper wire made of a copper
alloy made from 99.9995 mass % to 99.99994 mass %$-pure copper
and infinitesimal amount of silver, this kind of transformation



3 inthe internal texture proceeds at higher speeds, and sone of the
crystal grains enlarge coarsely (ref. Fig. 2), and this transformation
propagat es t hroughout the entire wire and an anneal ed situation is
established (ref. Fig. 3). In Fig. 2, the dianeter of the central crystal
grain is seen to be about 40 % of the wire diameter. In Fig. 3, the
dianeters of the large crystal grains aré seen to exceed 50 % of the wre
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at nospher FOO(B@POS]
On the other hand, in the case of an application of the ball

bonding method to the high purity copper wire which has been
subjected to a final thermal treatment of 500 degrees or higher,
a high voltage is impressed on the high purity copper wire to
thereby make a molten ball at its end while blowing to the high
purity copper wire an inert gas such as nitrogen gas or a reducing
gas such as nitrogen gasmixed with hydrogen by 5%, and themolten
ball is pressed onto the aluminum pad by means of a carbide tool
to thereby effect a bonding between the high purity copper wire
and the aluminum pad.



For this reason, even when a ball bonding is conducted while a reducing gas
is kept blowing to the high purity copper wire, the oxygen existing inside
the high purity copper wire and in the grain boundaries noves endl essly
into the oxide layer on the surface, so that it is difficult to eradicate
the Cu oxide |layer fromthe surface; thepefore, even when a free air bal
(FAB) was nade froma high-purity copper extra fine wire having a wire

di aneter b$9®7b1 - 0.08 nmfor ball bondi ng, the nolten ball tended to be
hard and liswefsen eQ&USQ(ﬂleacﬁppék Wﬂr@ nfdd @@ achbppe Al S0LoevRId fframgood
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practi ced t he ot her hand, when a ultrasonic bonding is conducted with a
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[0010] On account of t has been gene to prevent

f or mat i oS B¥t @%@%@H&l%%r%rﬁl%%%fm o¥fth1'e ¥ gheturq tSit at a

high temperature, an aluminum oxide grows from the bonding
interface between the copper of the high purity copper wire and
the aluminum of the aluminum pad, and forms an oxide layer before
long, which leads to detachment of the high purity copper wire
from the bonding interface.

This phenomenon was more difficult to prevent in the case of
thinner wires having diameters of 0.06 mm to 0.1 mm, for which
controlling of the load is difficult.



copper wire by thinly providing a | ayer of a noble nmetal such 6 as

pal | adium (Pd) on the surface of the high purity copper wire. However, a
thin noble netal layer is not free of crack, pinhole and the like init,
and during the final thermal treatnent at high tenperatures it has been

t hought that it is inpossible to stop pagsing of the oxygen fromthe

at nosphere t hrough the noble netal |ayer, and thus such wires with an
overlayer[%Q%%}ienced simlar problens as the wires w thout overlayer did.
[ 001}1} fODrt hecos tiesr hand, imenbi @ibmﬁglfihat Migagpmidw &gPFértﬁ%@hhvtiﬁﬁbeh
usefu o] 1 r. devi ces o equi re rabil.ity i-nst -hig
tenperatJgggﬁgbgﬁﬂggg%%6(gﬁﬂﬁﬂﬁgﬁﬁggé ,6égﬁghi%Fﬁj%?b%tﬁﬁﬁgg%géﬁP&Snductor
devi ces usedigved: dibhe esagkingnef, claiphothmcamizaitdepowystgéntratioon

system aiiydiish &8y araB rediRCh kealdairiRRYer @t Lok Bt bR el KeheWhigh
experience frequent eagjg%tl%%:;’cqrb of on-off, swtchin h
i S

at _high t eratures,
and its frefatBrihg AGH&5H r?g.co”f‘ﬁélc\?ﬁ%kilw&el(@gﬁaﬁﬁi%ﬁg f%r t hese
pover sentltorduetorawied vesa mredanse l demmkdidge ¢iwsitd hbszed ok rnotuek
sem conductoF . devd ces o RGERUALLA! 1 i gh enperalang Sag%gagﬁegfga%p?yfgr

exanple, 1n the case of aFBow_er sem conduct or used 1I.n

necessar Yt of 2$ WL R Spuk Py BRPPEF Chil At SSAPLRSHPRCPRRS refed$ % ASn of
t enper at utlee chargdsatbt enghe corms srdldrge maxForrhé@ore]1581 tlegugrsitCiat t he
bondi ng L L] i ; 0 i i r..such high
onper at (Do S TR e A b P LT Lo L E B M S R o1
has not HRRFEiPkRIEE ritdlS WisREET His Wigphlissasden éf the pgoreghabei f a

‘hi-.gh purigine&opper c bechass pees hehd at Babi gt BARAr ahdu8t riikidRpder goes a
change - even if it is a high purity copper wire having a crystal texture
as shown §H %Y i nmedi ately after the wire drawing - a change wher eby
the wire drawing texture in the high purity copper wire transforns from

recover ethG{OSt et HERAt Qi &E Y al akhisa8d cSHEHGE HE S s e &M 3iiRg begin
to grow, agld, art qftsythe Wire starts turning saggy .and in the end the
Jtiﬁb 0

entire wi# S W FPPPreT WIEFgWREFh o7 pe AU && iPohSP IR

Publ i cat i omns3d tih@0A 2 about 800 degrees C for several hundredmilliseconds
or shorter immediately after the wire drawing and thereby has
a texture as shown in Fig. 3, while a reducing gas is kept blown
to the high purity copper wire (such as a high purity copper
extra fine wire of a diameter 0.0l mm — 0.08 mm for ball bonding,
a high purity copper wire of a diameter 0.06 mm - 1.0 mm for
stitchbonding, and a highpurity copper wire of a sub-millimeter
diameter), although the silicon chip will not be cracked during
the first bonding because these cooper wires do not make amolten
ball, but as they are so soft that the bonding strength at the
first bonding is insufficient and a phenomenon occurs in which
as the thermal cycle test is repeated the bonding strength
decreases. This phenomencn is similarly experience by copper
wires for audio equipment wherein the grain size is relatively
large and approximately uniform (ref. IP Publication 3
hereinafter described).

[0010]

On account of this, it has been a general practice to prevent
a formation of the oxide layer on the surface of the high purity
copper wire by thinly providing a layer of a noble metal such



7 [P Publication 1] Japanese Patent Application Publication 2004-064033

[ P Publication 2] Japanese Patent Application Publication 2010-153539 [IP
Publ i cati on 3] Japanese Patent 4815878 [ Sunmary of the Invention] [Problens
the Invention Seeks to Solve] [0013] It is an obj ect of the present
invention to do away wWith a situation that after a first bonding of a high
purity copper wire on an alum num pad the bondi.rﬁ‘nis)t rength between the
copper of 2R Miath BudPey evsperswfacarnd the M RGi-gfeQrreaMiFenum pad
becones unstabke, antiial SObacsidtitl ilayetrhas WhedraesemcdlCianndawd ce is

at ur num PP ot ] e FAdc Bet RH s Hel Eoppdl AR LAS AT it of ¢ he

al unmi num padh drriRSieHt wee $ \i it heshpgen purdughte hedr 1ii Yo impadstidehed o rom

the al um sgspRAsing of the oxygen from the atmosphere through the noble
metal layer, and thus such wires with an overlayer experienced
similar problems as the wires without overlayer did.
[0011]
On the other hand, the high purity copper wire is thought to
be useful for semiconductor devices, which require durability
against high temperatures suchas 100 - 200 degrees C, especially
for power semiconductor devices used in an air conditioner, a
photo-voltaic power generation system, a hybrid car, an
electrically-poweredcarandthe like, whichexperience freguent
repetition of on-off switching at high temperatures, and its
field of application is expanding. The working conditions for
these power semiconductor devices are more demanding than those
for normal semiconductor devices on account of high temperature
specification. Forexample, inthe caseof apower semiconductor
used in a vehicle, it is necessary for the high purity copper
wire towithstand the repetition of temperature changes through,
normally, maximum 100 - 150 degrees C at the bonding positions.
As there is a problem of oxidation under such high temperature
circumstances, the high purity copper wire without overlayer
has not been industrially used. This is on account of the fact
that if a high purity copper wire has been held at a high
temperature, it undergoes a change - even if it is a high purity
copperwirehavingacrystal textureas showninFig. 1 immediately
after thewire drawing - a change whereby the wire drawing texture
in the high purity copper wire transforms from recovered
microstructuretorecrystallizedstructure, andthegrainsbegin
to grow, and part of the wire starts turning saggy and in the
end the entire wire becomes soft (ref. Fig. 3).

[Pricor Art Publications]
[IP Publications]
[0012]



[ Means to solve the Problens] [0014] In order to solve the above-descri bed
probl ens, the inventors of the present inventions first paid an attention
to the fact that there is a tine |ag between, on one hand, the solid-vapor
phase stage wherein when the high purity copper wire is heated to a high
tenperature in an inert atnosphere the oxygen in the surface of and inside
the high purity copper wire is expelled into the vapor phase and, on the

ot her hand, i%é E%@fﬁcﬁﬁh@% slage wherein after the solid-vapor phase st age
has taken plaggatbeeWseedt anppyitextynepiinlibethbgh2poaibygsogpper wre
transforns fL§E1£hg rec veryz?tructure to the recrystallization structure
and grain gr h akes pf%% In other words, when the tenperature of high
purity coppeﬂapﬁmQSésPaaesedApplieathenmPublhsakeph pemsedl HY52a9 const ant
tension the pgeﬁugjl@g@lgﬁpg55|on of the oxygen fromthe high purity
copper wire | s incre ing the short tine prior to the
occurrence o#a?ﬂ%eﬁ?a?ﬁte%tggg%?gygthat is, during the short moment of |ess
t han several hundred milliseconds in which the heated high purity copper
wre is qysggﬁgrgogkeghgylﬂ@égglgﬁ]the | i ke, the growth of the grains of

t he high gurlti Eer wire s stopped and at the sanme tinme intensify the
har dness 6FTPHESHRg h%u????“EbBEeﬁeﬁfﬁetByS@AH§|ng nuner ous nunber of
crystal defet8s such as pit and void to occur, by effecting thernal

contracti \Whi R i.nin nst nS| N |n the VI n|ty of the
recrystal??zé%i ?bﬂg%ﬁﬁgtﬂﬁaﬁﬁéggﬁﬁgn%i%tlo ﬁh NS Y ne& SV hg a

t hi cknesstlaet 13 Dioewra drgldte poriditige odi rré@@h I@tﬁrlhﬁ Wmﬁlpm‘lltey Qo pper
wre. [Ooé-ﬁﬂlmiﬂulﬂ(fﬁljd t@@,bcgﬁﬁ%@sﬁyehg@ﬁ kbéﬁéer@%ﬁe%@pﬁé‘f%& tRE qlltde
crystal defec%s in the surf ac Ee hi $P rit f er Wi r dur t he
U ok coot FhoERAIPRE B3R iR e RCCEPERAE s AL BBURUE TS

surface ofnshabhéghlrmleiley a:@p[halatquetlaa’e v»skwi edsewmictpmcﬂmct@erdevgam and

ot her gassgsjdh f Al ries is
prevent ed. Eg{ cgtncgggjlf%g?né)h ?ﬁll nt er nal text ure M:ﬁ)r efltg%gd IP)rotaﬁl(&nigl dtart

growi ng fPHMiEReLT @&%ﬂwm 97 §Fpﬁb€hﬁelmﬁe¥%%0ﬁu%twmtt;h%w@@em re,

it beconesngosise b BurhDnyt everthd hel wniiaoks g tared Rivgh fualilty weppaighv re
from gr ow, ng. and e e r C e e its If from saggi ng
during tn%u%%?g'césggﬁvygg& EP d%%gphg?th¥Pe§§§n ﬁgpePHEF%n ‘of of-off
switching operation at high tenperatures nerely pronotes lattice rel axation

of the nupesans escysbaledehechbsobneiB® surface |ayer gradually. [0016] The
hi gh puritq%fggper wire of the present invention for connecting the

sem condu pparatus is characteristic in that, in the continuously
drawn hi ghn purdaly teoppérewihe s eh-dgscradedi piolbens dehd ilmmertas sa

purity of099cr9e9 ﬂ&%%é’/%&%&%%%ﬁlﬂ&%% Ynigndnhascanvi bg db ayed e, Qf not

smal | er thp 1 nmbut smaller than 1 nm the copper wre has a sectional
struct ur e*RHt vﬁhecfr? & §est™Me 0 3 ASTIIRRre OF Peeahlare@ysft%ﬁ Syl g vaRer
accounti nothdoe S:=2fe wieak ithehtat ahe ariagh efurting seppbeenal ratigicidytead and 80

0, i .
s el T neid o R B PRk AE s B A ot A EIELr ot P Re i P e o her
surface of and inside the high purity copper wire is expelled
into the vapor phase and, on the other hand, the solid phase
stage wherein after the solid-vapor phase stage has taken place
thewiredrawingtextureinthehighpurity copperwire transforms
from the recovery structure to the recrystallization structure
and grain growth takes place. In other words, when the
temperature of high purity copper wire is raised while the wire
is kept tensed by a constant tension the speed of the expulsion
of the oxygen from the high purity copper wire is increased.

Then, during the short time prior to the occurrence of the grain



9 [0018] The purity of the high purity copper wire need be such that the
copper accounts for 99.999 mass % - 99.99994 mass % The nmechani cal
strength of the high purity copper wire is determ ned predom nantly by the
internal texture of the wire, and secondly by the Cu oxide |layer (CuQ Cu20)
havi ng a thickness of several nanoneters, Wen a material worked is heated,
the densely packed texture after the wire drawng transforms fromthe
recovery PERVHRe RRT dysgiing, éBesshost urenant Ahdeshéhgrassyesear t
growi ng, huddiad eIparRsedreid th Fhehi €Se ok atkangesh borihe e Akyigeai n

texture c h kng, the _oxygen.in,the c er ri ves t.hrough
the grai nf%(?ﬁ% g(éyegg%?(%%kf%ga&%% & bﬁgeo}%g‘? gF%‘/n"g&‘ ?% 1:{}ﬁee‘-:%f‘tléllsi or,
and as t hef ridziht ghhpui toxFappe CUG G20 sitapeed anthet sihd seechédores
thinner. TheeAsDeptcnf nhhEnksPBWH LhESQCHULE RY SIdper wi 830, BRES sRRM OF
smal ler. The main inmpurities in hi ghpurity ogger, are iro éFe), nickel
tin (Sn) ,méIP‘FF%‘éﬁ,““%EP%pﬂtrcf(Yﬁ)tain%eg%&f%P“é) 1S Pt 3pd PO CARGENE s of
these i npuy ietfifes tdxgesusrBdl wass rppini ohheh pl aniang tefihéay ofe thasitepri ti es
alters the.gsyshalid exbur & 5{9@0'95? fetc;i Vi Lo-foehE 14 ReLrystal
cool i.ng. [0019], e

texture through heating and _ ese Inpurity enents are
di ffi cul t°beEelRves dhith He E65p8Fonafr PRV1RY  HL HEves&idh ditdP ©F the
copper nmasmaXleandfeviea diatwbeyrfofnthsi Heghi pukheycepppermatitey, they
scarcely thwaet the series of changes in the crystal grain texture forned
of the coé)per )Xi de caused by thernal changes. For this reason, it becones
possi bl e 1B 2gididri arhege Py 6 AU abnl neKt gee aretipker ghtpurtia yroyspedr wire
![E {efﬁoﬁéf%@téhﬁ?nﬁe %%ﬁ'q@rﬂmhrﬁhecm@kﬁ%mfthﬁgw &r htiﬂe;dﬁhﬁi%%_,sary
a e hi pur i coppetr. re ha r 0 : mass % | f. a power
seni condu%?%guéﬁﬁa?%?{fﬁé)glgw% Eﬁﬁﬂf}—)%%{:l&%ﬁrﬁ@%@l}i e ;Oéhndﬁirg}l‘?ss peeds,
as in theigade (ﬁfula§aC§m\@ér tée bcbghrplllt?ety. CORRET NGLI0E GUTeSs siera Itk wiitihe
caused by:gder{wl: fatd gue OIEHEI\Q%SES@S hL Y 0f 9% 997 d?ﬁr?%n%t‘ﬂ]&o@gglher’

this is prevented because the re€rystallization tenperatdre Is Iow”and thus
the recryst@lFrE3td bRy damt ¢ ooy e RIS diY Conesild det imechi ni ng
and rendetlse iintdh fifa * Wexthore pelfograiche §oainsmtart herowiey Gonseqgwent |y,

the purity ]Fé{l lmggp i p re,.need : g é ss. .% or .hi gher,
and pref er%(g X/ |‘? 'S %ggg&%%‘ggg%g{lh%%epgsgnge%? %’r% P& al‘ﬁ“’llfeg9.l§999
mass % orPeFYhR? Possber towmrayartet parguac ek daddye 839990941 tRSOPELT he
over i ghepie | £ york aysasi AdiGa i@y Prdvdratd N HigH i ifhAeR pife ! QQMe
t enper at ur.e f]gdfthl s leads to a w &r d"szﬁeg’“t in theiﬂ.gg amil'ie.L r of the
def or ned bal T at™ 1He I3HESY cﬁﬁd?% 9 b r?m%%,wicr?t T BA% extra
fine w _reflfmumw rbp_ﬁdiiragpnv\/rﬂﬁ:hoflaefé \&iwdaodﬁia)rgetcapemtﬂommpmbig@l 08 mMm
the rioldidtodfatihfe i 1yS8tmbbel asle CRNPEINLRELYn JNERPULILE S t e
hi gh purlt]}/ copper_wre nee be in arange of 99.999 mass % - 99. 99994.

cryst detects 1n the surface Iayer gradually.

[0016]

The high purity copper wire of the present invention for

connecting the semiconductor apparatus is characteristicinthat,

in the continuously drawn high purity copper wire which is clad

with an oxide film, has a purity of 99.999 mass % ~ 99.99994

mass %, and has a wire diameter of not smaller than 0.01 mm but

smaller than 1 mm, the copper wire has a sectional structure

in which largest 10 grains have a total crystal grain area

accounting for 5-25% of the total areaof the sectional structure,

and 80 % or more of this crystal grain area is interior to a

surface layer, which is defined to have a thickness of 1/20 or

smaller of the wire diameter.



Al so, since the high purity copper wire has high thermal conductivity, it
is preferable that the wire dianeter is on sub-mllineter |evel fromthe

vi ewpoi nt of controllability of the crystal texture of the high purity
copper wire. If the dianeter is smaller than 0.1 nm the wire itself is so
weak that it becones necessary to do such things as nolding the entire wire
wth a resin after t he bondi ng or designing a shorter | oop distance. [0020]
Wien the tYEF! anount of the inmpurities (excluding silver, referred to

| ater) i STE3H piESS ypm e griegt enritheseppapwiind aseﬂobmslwrdestajtnthbe

copperMRld i TS SLo GAUDl F0G b Lhod i, oxvgen exis6b0g histhe copper matrix.
The grains

t hese oxides are |lia o Separate in the grain oundari es

of st rongﬁ%ﬂhﬁéw%étééﬁ§§hyo%§éﬁe@@t PYratyfoanes vand igrdehereinedi stive
agai nst  thieed S @t Ly @yctna@g_e&etﬂtfm tagtgwsiﬁlth@r@iﬂe;%@@@ceﬁdtpe hi gh

purity c s that redo e st al ure af. the

Doty camparantreoRigr 1Y MR Ba LT A Pt ettt tal o
change ttrearctm%@gﬁpacked inner texture (ref. Fig. 1) to an anneal ed inner
texture (ref. Fig. 3), the 11 transformation takes place at once at a

certain t erature or _higher and it not . possi bl e to change the crystal
grain teﬂertnép% DY Ff%dﬁﬁqay}scélﬁﬁéredw r8eqy a&&&& Vy?a[:gﬁglfegtth@r
el enent exfitsds tibre wmeeccdnpqaeingrmﬂanemﬂas efcmpd the soidwkispltete wid hot he

copper, e %géﬁ’%]l Pﬁ@& 9L, RGN AL & t {‘ﬁ g{r%h@astHQQF‘ Od;e tchg t DEqcopper

crystal ot her "hand, _al t lver 1s c o Coppeér in
i oni zat i olﬂf1 EERBERES tanbh ERSRrdEs OF Qbéﬂgﬁésln FThe cEyRbrd BTk EBE6YIEi ve

t-han coppﬂumblyas@atﬂa@; e my@e@&mﬁﬁetdﬁpibéi@m&eklk%oﬁd varolyhk takes

oxygen intg s I v.er mat rix .wW_t hout bei OXI nd aII oxygen

Co pass TR It PORGRaEAce ForBorie dobm P e Pyl Cheo bty s P Er85 hacs
ppmis C(ﬂﬁt’ﬁWd rerd o¢ derd |J¢Etﬁtdl’fad:1tﬁ)t§fpem@td% (tﬂantq;h@f) Q@nglmﬁss % -
99. 9994 m@ass %rftﬁé H@@émé@tthﬂmél{*feeﬁhé handuHuad £ it e ardhoN: pet ween the

copper matri wever, if t silv cont ent exceeds 25
ot ppmEt T ire sLia oS GOsBET f FEeC by - ¢ OBpaIe 11 LUBGR ERED | ¢
becones dirf hilcudh ptioithangepdhererydral{ Fgn aimi dlext uténofsSitheshilghopyrity
copper wi tﬁaééhéﬁsP@i‘s&&osﬁff’uPe%‘ )enefﬁytmafr%mb%g@fétg Hence

t he cont e silver is nmass
| ar gest OfMRWEL eFGSt A PP n%olIﬁaﬁﬁePE@ctFBﬁaP%WHSt ﬁlféeétt PhethPgh purity
copper W inpwait Bxpana esuddeslor eyt dlheerahrengidy casesBonn impokisgb12.

e A s T o i

t hr oughout®@h2] matri x, and thus |arge crystal gr ains grow nearly uniformy
(ref. Figrmdde ln@%r@tryeéyéﬁtenﬁgtaz?e amlfllc@q%beé a%éh:sé Qﬁtﬁt?é t:)épb%rrge

crystal ns are SIZ i vi dua ar cryst al
grai ns a?@%?ﬁ’é’ r&y aft % Vr%é‘f?fédugféﬂ W?Q%“l‘i\%e‘r% ag’lda Ny&‘t anet er
of a | ar gef cthyest ﬁbrgtraxmdes Bpedief r:e;tpasr ﬁatrﬂs %lméytsh:eamerlej dihsmmtter . As

aresult, St@k%@ Q.sh%l ts %}9 Ghangg- mal
ener gy Whl C%] t akes S(ngc rp%év\\sleelﬁtht soI id-va ?(??J [ﬂtase st gge%ovt%hﬁ%rer&%rt he
interior G GEPRY &%l ééulsﬁtdobﬁ/h*éhQ@&Gil phasecand THe WbiS depisase stage

whi ch hapipens domedipatsadiyp lkefter a1the ghai Orgsoul hgtakestekagss of the
high purity copper wire in response to thermal energy amount
created by heating. It is necessary that the high purity copper
wire has a purity of 99.997 mass %. If a power semiconductor
apparatus is switched on and off repetitively at high speeds,
as in the case of an inverter controller, cracking occurs in
the wire caused by thermal fatigue, but with a purity of 99,997
mass % or higher, this ispreventedbecause the recrystallization
temperature is low and thus the recrystallization promptly



12 [0023] In the present invention, it is preferable that the average grain
di aneter of the largest crystal grains is as snmall as possible, for the
reason that the nmechanical strength of the high purity copper wire is
covered by the crystal grain texture, and thus the magni tude of the average
grain diameter of the largest crystal grains as of the tine imredi ately
follow ng the expul sion of the oxygen into the vapor phase from.inside the
copper nmet¥PRXVES tgﬁé%ﬁsflidé%fla§t55‘ln?§ 3 G e A& SdicsFst ey I pLdrEd bl Y,

t he aver afer grubh+yeh anettey fofrd he thegeste or Yoinde@iaaitisy, i $he pu2@t% of the
wire dia I; 4)..]100 I ; i t] id 1 I
necessargg ﬁc;n[e( Fﬁghs ‘?ﬁ?b’%gt‘ﬁoﬁp&lﬂé"@g& géglaﬁ&%rggé?%gf hgﬁtsa Té)rrzggtg%%ﬁ’grai ns
in the sextd praifesabdot it 5099t He9 maghs poririshappendinere pseferaps yo, of
the totalgareasofnibe sestipnghestructure of the high purity copper wire
and that 80 % or nore of the sumof the crystal grain areas of the |argest
10 grains is interior to the surface layer, which is defined as having a

t hi cknesshiofed¢ 2P wifert hbewuel ty sneteards PPeP8Pabingss Re shenwmfex hegbr yst al

grain areas-Pfytbeulasoest 10-918t0%165a40n 28 YaRE bhackohal apga of the
sectional structure and also that 90 % or no um of the crystal

: re of the's
grain ar €a3"RF EHarfargestn1d foraé%snEOiastLﬂ?melo?rp%lﬁshénsﬁner ddemeiger
whi ch i s dffilne dasoded e lal tdl dkreegsinef off 2onofi nighe fwirtt@ediramet,erin( r ef .
Ao, 4). dhe £88500 101 iV .S SR A0 465 1HAYL DG pr GRaRln iention
the | argest crystal grains grow nearJ1y equal Ty "and i'f srfall crys asl grains
in which Wh’éed%‘sqﬂb%faﬂdhfoq-% M8hg <t A s thee irdistidy cdwahe tfHeewal | s
of the gratsebpungdarses.exist in the surface | ayer, the nechanical strength
of the high purity copper wire is intensified owng to the double structure
effect. [0025] It is also preferable in the present invention that the
t hi cknessCofsetecniide therpusity -o6 e Mgl dur Bec apswef wile haed t hat

when the jxygensi pshge Lheo60pPermABRLT kX _i $9exp6bled into the vapor phase
as a result of thernal treatnent the thickness of the oxide filmbecones

t hi nner, and when the thickness of the 13 oxide filmis as snmall as |ess
than 1 nmMlsbhe aimoattbé bxyhepurhsiydeopbercepper hamt hixyyhbetemaslt oo smal |

for a cl eé‘éﬁ&lg&tf{;i’é%?' #%Q%ﬂf&?aﬁ%Es?tha%“‘éhésw%r%e%%'a‘inat]t%‘?c mRchani cal
strength i1 nside_ the high puri cop%er wire becones weak. the other
hand, if $#He Thi tkRetsr ofethk BEhe VALVBOENAN® bredrdrgeylakidry ©fa good
first bonghagcrgseshi e¥gturtheroxygenigh bheiegppeppedt kixe WhLghtBYi sts

o ot BabPL SRR sICHBRIES 00 0% MRy bk L1 bondLD.

weakened.1§ Jo@jmes necessary to do such things as molding the entire
wire with a resin after the bonding or designing a shorter loop
distance.
f0020]
When the total amount of the impurities (excluding silver,
referred to later) is 30 mass ppm or greater, these impurities
form oxides in the copper matrix after coupling with the oxygen
existing in the copper matrix. The grains of these oxides are
liable to separate in the grain boundaries of strongly machined
densely packed crystal grains, and are more resistive against
the temperature changes than the crystal grain texture of the
high purity copper so that it predominates the crystal texture
of the high purity copper wire. For this reason, as a heating
is conducted so as to change the densely packed inner texture
(ref. Fig. 1) to an annealed inner texture (ref. Fig. 3), the



Now, the continuously drawn high purity copper wire is kept under a
constant tension while it is heat treated. This constant tension is
basically inposed on the wire fromthe exit of the final dianond die to the
entrance of the w nding spool in the continuous drawing system and it is
so designed that the vibration occurringqn other stages does not propagate
to the copper wire through a dancer roller or the Iike, and the tension is

kept constiafts uinderon e kasePhaFet 2 e anfEn At st 45 tarid! CREPESSIIUASG Stage,
anddl t i shingder @aas_ubh@ ddt paPaLblkad Bﬂahb@ftl’ﬁilégﬁr&'tépﬁﬁ%rdlﬂé\téﬁtgre

predet er m t ener ni t et erm ned dependi ng on

t he terrperf;?t&} e ‘of g?E?Hpe e‘?n%?pﬁf?]éa‘fh%%tg]é%%u?jn%; treatnent | ocation.

[ 0027] | t{G&2Tr ef erabl e that the copper wire after bei ng continuously drawn

i s heat edsyapidlol cierd E%E@%rsaiﬂrtﬁ‘lé)fco%%rdﬁg&§§§ 510 80 1@%9; gesig for a
eral hundred s or shorter successi vely

brief none of s secCo
kept undei® th‘htee Héﬁg‘tt&}ﬁ “PBRST o™ ﬁ%?’&éré}f%s EBElﬁeéﬁFaéiﬁmiLPdﬁ%? H&3¢Pyst al
texture dfourmahieh Uity wopgper avysecdll drsinor.e Prnetbeabtbetrohaddpt a

t enper at LHlecIR% at egéﬂrn%%%éecté%%éé’r degr %‘?ﬁ zgttlon Eﬁd@n%h BUE Ty

copper wire IS a non-oxi di zi at nosphere, irst thing that
happens |C§“%‘3€pﬁ-ﬂ]} PhEPSIEtdRPgeht |lﬁt%o¥%§%w?§§6pp&r§d§€"fer BRPFRKEORRAY 488 and
interior lofsd heeduighvpuritly eoppar tMdre.coppehiigher siheetrhpomal ttkeat nent

Lemper at uiRiddy 1hDE Jiander e ONFRANL Iy ensed, hiahopyr Ly, sopper i re i

expanded e crysta raln"boun are ForwardSand
backwar d U y¥Een |t@ns>a§§ W@rpugb ¥t ghtFahdhief Feéﬁﬁéetﬁ?‘i)ﬁm l%@dlaz@malsesul t

14 the em}&lﬁla%nlof 20XYHE8 it Qsté@nwp@éd&haaeoﬁ@@@%mr&i ebbeeti vely,
but the t| an untlctjorﬁ$§1 al n_gr,owt %ﬁts becones shorter, and it

becones oﬁ' 2:[lttyo foer c?f BEPSt & §PAPnEoRS DRE hi gh
purity cctplp]efaf/ﬁercet tbylermatrnsabflndpanalcta@m begwbynvtzstm;mppethmﬂrj@eand

| nci dent alily o, yhen t NeoheaLing d eAperatiecha LD earans o6 Rlssopand Lhe

heating tinme | s severa un re | 1 seconds or orter
reduci ng HtsdSifdr e sviecd s7cte AickheeBbEdtYhet &Pmﬂé% Sph dhadedér aI
nanormet erkse ddmek d.w.nfﬂzhﬁnsmrﬁcaczmaﬁget heh iy gl o acoppextire ofASe, | f

t he anou t t, t i of .a
t hi cknesgo%qiéevera‘} C%é) e?r:gﬁg%% %ﬁl %ggﬁgﬁgg eﬂgeu%ééagee( g]%‘ tgﬁ%%hlouﬁltpurl ty
copper WY HRGREN G TGl ﬁw@eltéz%éﬁnb@@é@’@tbﬁ@éwarpw ISP?CéIféﬁ’élnt S

easily react: W tds thesOxy@en in the copper matrix to formoxides, so that
the chip fHoeﬁﬁage beconmes nore liable to occur during the bonding. [0028]

The largest of the crystal grains in the sectional structure
of the high purity copper wire can expand suddenly by thermal
energy as shown in Fig. 2. However, in the case of an oxide
film-clad copper having a purity of 99.997 mass % - 99.99994
mass %, the thermal energy is equally distributed throughout
the matrix, and thus large crystal grains grow nearly uniformly
(ref. Fig. 4). As a result, not a small number of substantially
large crystal grains are formed, and as the sizes of individual
large crystal grains are in a relative sense reduced, and thus
the average grain diameter of a large crystal grain is specified
as 5 -25% of thewirediameter. Asaresult, it becomes possible
to control the small change in the thermal energy which takes
place between the solid-vapor phase stage wherein the interior
oxygen is expelled into the vapor phase and the solid phase stage
which happens immediately before the grain growth takes place.



It is thought that the solid-vapor stage wherein the Cu oxide |ayer |essens
has the foll owi ng nechanism The outernost cupric oxide (CuO |ayer of the
hi gh purity copper wire cones off one atom c |ayer after another when
heated to a high tenperature and is released in the inert atnosphere. Then
the cuprous oxide (Cu20) |ayer, which was, i medi ately beneath the outernost
| ayer of the high purity copper wire, separates. copper and becomes a cupric
oxi de (Cu@@%&er Thi s reduced copper couples with oxygen which arrives

]l; r omdt he Topperpreidntxiaitat th; site p@%ﬁ:leif%rtafﬁl@@hat heeGystfbe ghrain
oundari e cupro oxi de However , since

t he anoun ioﬁg?%%%o%hggfl ng(ﬁ'u L’IZ %a?%flx %Ssaéos%%rg’ Iast ﬁgtgstlh& 6xygen
to be pasbed the é@gﬁwhbh@ty@u%ﬂne@éwdaqalegtmng@moﬁelﬂcer @igngurang t hus

t he reduc&? @f)p:@lfré’\’f].'§&o@é|r%69gy| f‘héh@r%tgl Qféafr&l&re%t%r@(' ded EneQ) |ayer
is absorb |ckness of the

t
out or oot S BRI LE AR e L Ko7 VEDHF G TUC Heb PEdLES S T o CEatal
i mredi at _efJJJyaumieamefa& Ehel § iceprious dieited y Cuw20owiaye thshierpuishienpodmt | y.
Wen a hlﬂbet&@fé@wt% tt'a%r (@#Okr ﬁggsnf @ﬁl ﬁ?&ﬂie %@% 1R§S Qtﬁﬁapp' i ed

in a reducin JJEséé]Eere ness oxl yer V\:hl ch is the
sum of t hat Bfi ¢ o%|5de ekep Wé?%rd%ﬁﬂ??%t St e aUpf o & Soxi de
(Cu20) | aa;eez)ag@gﬂamseﬂametbe &f mmeolag@eatejfryiﬂcarlegsasn@ol@tﬂ)utzcl%nm
[0029] Whep the &PPQQ?] X\‘Pé*@e}_“h }g;fgha%bbeen continuously drawn is next

a t

subjected to erature of 600 degrees C or higher
for a spahOQﬁ lseveral hundreds mlliseconds or shorter and maintained at a

certain tEAp&iaidHeddnt anﬁr@&t%ndu%l ng @w@&p&@é@sawecw&% WUe ogegi ns
to underg%a charﬁgg such that th ry t al gjbure after the wire drawi ng as
i

shown in Fi 9o ¥ tFanst or'hE 1665t LI OT AT & TR ApStarifZat i on
as shown $W1|R‘P1gurel OfThEEétlrgisphe‘neyfmpphe wiler mal 5 tr 2attnenttot ttohtalpr esent

i nvent i 0”a§$@'df @ﬁe@@c@fbﬂhi'é‘tgr@é{@%’hﬁr %henﬁﬂsh uﬂﬁ he&lod
at m)spher éél ng at nosphere. Since recry SEf }é C? tI‘UCt ure in

the high p&rOHiPRrE L &%&%05 Fﬂaﬁ %&Y%ﬁ%} r‘ibraaltrhﬁsrﬁr?e?é’ no
extra oxytgem laonﬁsst i gheickystainbeubdartestiod duef paperyamt WihXch

| nci dent t t r I 0 in.the

envi ronment narskn o, FARERE {hiRERTES OF 3B0 bP e A B g

t enper at PSR IMbyY mitthe diumeer] fhehetsbal ghelniareaural heoppagedtr e was
seen to hewvgraidariks 1ed peatofahel tdOathelayof @heCOLOf i BYa Vist¥lcture

observat iaorpd 4 dsoI %hg\‘szsmdotromcpge Ior'f %hr an]glnei‘ Og tggociysggldgeglenesare'as
of the largest 10 grains is interior to the surface layer, which
is defined as having a thickness of 1/20 of the wire diameter
(ref. Fig. 4). The reason for this specifying is that in the
present invention the largest crystal grains grownearly equally
and if small crystal grains in which the dislocation of strong
strain is accumulated toward the walls of the grain boundaries
exist in the surface layer, the mechanical strength of the high
purity copper wire is intensified owing to the double structure
effect.
[0025]
It isalsopreferable in the present invention that the thickness
of the oxide film is 1 — 6 nm. This is because of the fact that
when the oxygen inside the copper matrix is expelled into the
vapor phase as a result of thermal treatment the thickness of
the oxide film becomes thinner, and when the thickness of the



Now, when the tenperature of the thermal treatnent becones too high, the
wire being drawn starts expanding very loosely at a certain tenperature of
hi gher, and the high purity copper wire breaks, and hence the

above-nenti oned upper tenperature limt. POSSIb|e met hod for the heating
may include heating by electric furnace,,.electrical heating, heating by
l'ight irradjation and steam heating. [O ] Arapid cooling of a high

purity coppede e figoft Bnghl tahpgass then lenWoviHia ety 86nPEFEBEr at ur e
whi | ﬁ nBiMQidlile ﬁﬂe%%ﬂ@%@be@ﬁﬁ_@é&@dﬁxﬁeﬁﬁﬁE@_B aV@léadr—Ftth eay&ea@ chﬁnge
in the crystal teture re stal li i uri.t ut the

t her mal c%n‘f r ac]f)l’)g< se’d e rlegbliigd%}beoﬁieﬁgaﬁil\%% %p ﬁf}ﬁé%

crystal dleh@dtlsgfsmmhrlézsf poppevoidrandecomek wackhe Gr ¢ine pyh@rr thhed,

:ﬁcrystalif@%s&m@m&% ioF the egeeerfﬂ%rig 6 &y tdie 1Widee rsolelv@nf gs. For
IS reason

h of .the grain ndaries |n eh urity copper
h e (F ot Bepl A TR i St Sy PHE ey b sh et s Bk i oo b
whi ch haw@bﬂemmsqﬂ;emgmﬂcﬂqd iby tifies caye,eperaraéals, ndufriel theg. 3)
and by vigtdle ;ak tNRSBARY LA A8 86 8ha d:h J@é@ﬁ&o%x%ﬁd@ggg@e“es

the high purify copper wre~i's provi a certain-expansi ess and a
certain FRAKIAY Rerdhrg hSt}E%‘ﬂt}Pslst‘ﬁ%aH?@ﬁ purity copper wire is provided
with mechpoiz@] strength. Al so, nunerous crystal def ects such as pit and

voi d occyg i thg oucrfac S;)fl{}%hgﬁhlhglh}p % wre.as, \%ﬁlﬁlt of a

wat er cont ac’t an a co vo ving ste il had
been a paatC@ﬁsitmtmmzeﬁoran‘dhxm sl‘@aueeleeehetgaatede oThitﬂheC@mSt@ﬁltl ed

‘hi gh purigen€oppers Warsgd&lgﬁ\i%p%sfé@ gt enedwﬂeeheﬂe@adhestéﬁrtgfdr tH@031]
Thi s ki nd_ of hnomennof cts _occurrence and soljdificat mIarIy
{hkes pl doha b STAEHL @i e tB0, RRAEABGP oo et o 1S SEHGL G THE hi oh
purity cocmuetrimilcmes odemg)regemm; needt ibnisand pabﬁgdbdmt(lﬁd) the

especi al |y;0f§ £C44 Vc?ccQﬁ%‘%ﬁge. il o%%' Ug‘éﬁgat)éfﬁ%g%é%éﬁ%e Hh L EMRELRLUT €.

Furthernore, by maki ng use of electric g possi ble to
subner ge PP Q’Hrﬁuﬂiwu‘é]&ﬁp@ﬁnﬁﬁifer‘?%l%toé?r Vﬁlhlé(@crhén%tr}ee iCE€TRAPD heat ed
frominsiie kst td@mtis taar ange washerhoft Isdvng In telatdeersiuctaas dirsd @;(h@tl on

occurs in CB(pfl&Eygg%;II?graaH@ lq:o d%{é &’n?%%glhﬁere& “h)ge% {t)é)stthl gh rijldarl es

becone cl@ar-¢cu he i nter na ren urity
copper WREriky | aerpeT fveee axleeedeyevmwae eheﬂ:ﬁe dENEEEERCEH OS] t he

t her mal thy@@e§§ @@@lee@mé@caeyeﬁeeﬁ b@hW@ﬁ@ thapexkderk lop ithe he
surface of the %J;? urlt%/ co&pe fg g gerl Qr. _copper mat ri x
metal, thd* O ’?‘? Bt he W FReENPF abESA P}‘FH& °Fhi-¢cRAess of smaller
than 6 nniOpzeferably 4 nmor snaller, becomes easy to destroy at the tine
of bondi ng, i%ogﬁrﬁ%rraﬂﬁec@hé)t bc'}?@‘&%%e@ﬁ@%%f@é? beifhd eavetod, the

bondi ng stren Is inmproved and the disparity In the bonding strendgth is
miti gat edlrawn is heated rapidly at a temperature of 600 degrees C to

800 degrees C for a brief moment of several hundredmilliseconds
or shorter while successively kept under the constant tension.
In order to securely control the crystal texture of the high
purity copper wire it is more preferable to adopt a temperature
between 650 degrees C and 750 degrees C. If the high purity
copper wire is heated in a non-oxidizing atmosphere, the first
thing that happens is expelling of oxygen into the vapor phase
from the surface and interior of the high purity copper wire.
The higher the thermal treatment temperature is, the longer the
constantly tensed high purity copper wire is expanded whereby
the crystal grain boundaries are pulled in forward and backward
directicns as well as right and left directions, and as a result



As the recrystallized structure in the high purity copper wire is fornmed in
non- oxi di zi ng at nosphere, no unwel cone external oxygen enters the crystal
grain boundaries in the copper matrix so that no oxidation of the surface
of the high purity copper wire proceeds frominside the copper matrix
before the first bonding. A so, no oxygen would be added frominside the
copper matrix during the service of the sem conductor apparatus. [Effects
of the | nvedt$E]-FD0B29f WwirdenelREghthar vepoEophbesewpEaCeetiscBARECt | ng

sem condt@fﬂécap@ala; uses ﬁ@@ldﬁ@%ﬂdh tulRe inr Q&%nbrlaﬂ‘ﬁeﬂﬁ:bﬂlﬂh kearthe
reason of é dua structur

the h| it wherein the
crystal tex(f rée |Sr]?0trﬁcéerdo 8 n‘gteF %thl s %lt %Ope Er%;ec&%&u eIrargest
crystal grhitrye amnyshedl |gr(ar1y1§t ah ghallmsgl(l redr 1 rophemand fobyt heansason of
the contrefldngek Wodl @i By Wk teBf ot hengmal kecrystal grains , of the
strain that occurs with respect to the crystal defects and the like in the
surface | ayer of the copper during the rapid cooling, it is possible to
secur e t hEnmeddanaLhy, sthreenghle oéat heg kﬁegdlpqmﬂﬁmye d@pﬁé@ degeceANGor
accor di ndsd & fde nRr RESLnb WAL 1i915c08 - W}QuHérQé%Q?f‘ A1 ddhdd1g,copper

matri x and thus oxygen te ean, so t Cgh purity
copper witROEFREr & HES Pt ’E)%ﬁ‘d?h@gl%t%?ﬁﬁ’%%%%d”@blqléb&m r6AUSH- of f
swi t chi ngrheUicho:dsied Melyatresfassvéval iimehteteayitlgicl im thdisgiface

t enperat urg th h rity copper wire would hardly detach
fromthe % ‘%’Pll‘ng ﬁﬁﬁg%%ng?ﬁﬁ%ﬁ ‘9 um num pad of a sem conduct or
apparatus to which it bonded. Furtherm)re as the copper wire itself is of

hi gh puridysoj tid 3:1@%1&1'0'@1&% a\femmﬁghayhég@maﬂtstys CORPRfraMi £ t0fe @u
t hi ckness_on_ supni cr on % on .an al um num pad whi ch _has

been di ffOELTE 14 Thé fpa‘?st knaesr?alo%nﬁé?rv & PERANSEE NS e ddhd& h t he
al um num paal, swnth chieo £ ctlrtdwélﬂgiwme:crtwstcaplgpez:aMm berperest did f igzuieat
cycle fatwq%s@%asb@eau%%ﬂese 18 LQQ%?I f%ihélb@s Uher &?@gct'@l@[kt{'%h(\ease of

ul trasoni ¢ wave bondi ng on a copper ate or nic ase ate whi ch
const it ut¥YIHe SoddH Cbﬁ?in‘?rrld“athrfé‘ rté%tﬁqrwldieo% wa R V&bl e
because dirddieagxils¢enaes ohotdel exbla thi ocCurodudenbayee Ibavndriglga

t hi ckness of greater than 1 - 6 nm Furthernore, if an electrical

heati ng |% ad@gted as the thermal treatment neans, it is possible to

i ncrease tthe shireerghgs thed Ehgssalidevepes $ﬁaﬂﬁe‘ﬂfé@p%b@ the iy foxdeld ayer
such as voigs: Wiesehy hisbegonesieasiey hecABAagR.the tenperature and the
time of treatnment on the high purity copper wire with a result that
controlling of the dual structure system becones unm stakabl e. Furthernore,
it beconEEhpossiebiestoclpnic v da (€udh lewenbdoritribtigh phi pt yedereir

silicon cafhide s Gt I3 Niddlde 1(a%\.l> a(ftéz-ff Qﬁfﬁ)t@ﬁéﬂ%k}&y%éé‘té@%‘% of
al um num COBRVE ni ckel or oI d) c%{F034 It i.s nost favorable I f the high

purity cobpe %"&Dqliﬁt‘%:‘behﬁ@ t%%w@e%% BOAAUR DL EP SR HRUTREC BT - t HESBr esent
i'nventi onthes CDIIB:d‘lBB/Id)ch wiceoyli raptef v idh waanimrbdi ae 1 Oardidawens f or

t he t her t f tyr ised to
700 degrerm;s é‘ﬁ%zg}gggdte g'es %fgggg njrgHg&difﬁ %%y%%ﬁgplt & % eartsaltn%that

| apses f reRReR Est’e%rhecaﬁm%eatmm Qe nEfHO st haject o t']li‘éLSstJQ@rCtUQﬁdthe
cool | ng sacafgeer &o@@l@la,oﬁitaso@ which SEE00ds ﬁftﬁn%@ec géemalipgx it 1S
0.1 - eco t he .t her egb ment tenperat ur ower than, the
Sbove the T L s t RERRANS FOLPHEN: CLF ne B EOneR: T oh gt S13 GG thi s
makes conft'cvltmds iagpigasi eupricvs peduier édub@ngt aiyef . t Heowwatr | refated driheace
becones qIealef TRl §29ERN0T 1 18 fANAACE 1] 98N8, alsb>’sx‘3a§1 ta O LIRS €rS.

The hi gher the Eurlt of "The copper 1S, the shorter wl he required
thermal tPRETRAP RS hesSped tAgrqq@ Eh?ﬁ%ﬁﬁalt H@“EGBﬁéﬁslﬁ%ﬁ* @%é)sefqﬂr?e
recryst alldrrgt iaowl thﬂ”selrhaé weelureehaBppbewet i clh ux isitae ihhehie deLgl(hal

pr oporti ﬂ@fc&ﬁ's é)g{lh 8} Vféa}é?{“%q \éﬁls%(.:c'btéﬁ @th\é’h{:ﬁur 2 eattreiqper ature

ri ses by the 'w re tex ans orns fronthe
recryst al®§ ?a??éﬁ%t:r%@dﬂé@@@ﬁ‘é fr 4he gRERERoBEXEUPELCtoRERY CoKtirol | i ng

becones vefye:d pesd@ntly THectb8E88) while the immediately underneath



treatnment time may be controlled by elongating a vertical heat 19
treatnment furnace or by reducing the speed at which the high purity copper
Wi re passes through the heat treatnment furnace. [0035] Al so, the

above- nenti oned non-oxi di zi ng atnosphere is preferably a reducing

at mosphere not wi thout hydrogen gas. From the viewpoint of renoval of the
oxi de layer of the high purity copper wite and renoval of the oxygen in the
copper nﬁ#?%@u%y@rﬁb%n(& Avs pieetes W infe MRt RIrEfdrlabl e; however, in

consi deration of the econony and saf ety, a nrtrogen at rmsphere m'xed with 3

- 5 % of dr agen ref erred. Now, t h.purity copper
Wi re i's c@%’t iH gh %%lfaet%? éclheﬁnaplafclrga‘r Hﬁn F’Ei§ aqﬂ}% %82) d§9ﬁ8§ here is
recomrend"edssﬁ@@élpeil iadi madectingdesipihegen bhenhidkmesvatf ndid Suappl i ed
with a fldﬁ&é 1%1;)%&13' fniehal s AfheSkhines £ fl@i’dﬂ“%fatﬁélfddp’rﬁ o%%d%9 (BRgs % or

hi gher, ref ercg ggorégt?q mass % or hi.gher, i'lver IS %used to

di f fuse | td%etr TS PPHNET it erezgtur?gl)rt aVEE36Y ANt HESPr esent

i nventiontd Hree reasonot hateavad erdeontavigs i so adioptiedl i nmt he cooling stage is
to infal I!'(pdzy ]achi eve the cooling of the high speed, high tenperature

copper wire to the roomtenperature. Here, the "roomtenperature" neans a
t enper at JFeBE R FERPEREY BT @ ety Ihast Peeere%rwmr%h ayhd SyRgKE

boundary dwxjeteeditd ecrgéqﬁladhlheéaim@ ato at hengeaiaf ugeowth GUGXHe@eﬁbaht hﬁ
copper t cryst n,t ature of the hig
maé 55:)8 vé?lr i %’gr a saf?an o% se% J:ysl ndr%{l 91 ll?”%% ds or S&P eﬁs t he

purity coppéer it 1S preferapry as T ow as possi
thermal coMueaiviained athea htghtpuni tgmpeppbrrai ie fsneathsidhizghg when it

is put lrhﬁ/t@é@gﬁheié %@@'@oﬂ)rﬁ@ﬁwl%teeﬂaé{glﬂl& dosuR@EsGBl£chanyses i agen

i on- conta%g &gfm@iag such as %Itectr:?‘ ytic reduction ion water, ammnra
wat er , X Yire @ FcldEft SF FY I REh ‘“H‘rdéhr Ed%sotvent
such as buraotféarsl® itheaddgstalhecarmut asheul debeyasadinlzlatdenpassi bl e

since |t digauesd qalgdual C%Q‘)éf‘tﬂé‘é;{:/ﬁ&r@% Whe RAMIC R Y2 W
descri be ‘exanples of the present ention
thepresent1nventlonshallbenon ox1d121ngatmosphere namely,

either inert atmosphere or reducing atmosphere. Since the
recrystallized structure in the highpuritycopperwire is formed
in a non-oxidizing atmosphere, no extra oxygen exists in the
crystal boundaries of the copper matrix. Incidentally, as the
temperature becomes higher the heat lost in the environment
increases, so that it becomes difficult to measure the
temperatureof thewiredirectly; however, thehighpurity copper
wire was seen to have a dark-red heat color to cherry red color
by visual observation and is assumed to be in a range of 600
- 800 degrees C.

Now, when the temperature of the thermal treatment becomes too
high, the wire being drawn starts expanding very loosely at a
certain temperature of higher, and the high purity copper wire
breaks, and hence the above-mentioned upper temperature limit.
Possible method for the heating may include heating by electric
furnace, electrical heating, heating by light irradiation and
steam heating.

[0030]

Arapidcoolingofahighpuritycopperwire fromahightemperature



{Exanpl e 1} An oxide filmof a copper wire preform having a dianeter of 2
nmm and made of copper of a purity of 99.99992 mass % consi sted of a
0.5-nmthick copper dioxide outernost |ayer and a 3-nmthick copper

nonoxi de sub-|ayer. The preformed copper wire was continuously drawn to
obtain a copper wire of 0.2 mmdianmeter (yef. Fig. 1) . As is clearly seen
in the sectional photo of Fig. 1, there was still mnute texture caused by
the w re drvawitiy the thencoppeeraeatréxwheien mafirdra in irgvthenperat undetrher nal
verti cal hea e o L e T engt )
vertica at trea rnace i ndi i on; [

having a 4 rﬁ%ﬁyﬁ%@eﬁtﬁi&ﬂeﬂ éshfr t%%ﬁ/@?%ﬁe‘ﬁlﬁ?\d 95" %nwtmaéﬁaét a
speed of d@Otmdaiied eauard by wvies ragadldedopbi ipgr @iwas erisaf t20ndegrees C.
After th j s el n p ot i il t he

i gh pur Ty Capper e e B dad, nd opbSRar 0F B SR eunityor

0. 1- nm t Hiltk *ESpyetadildxiedestayet vardl B3-5if CRPERICBPHEEX ntfokigeviL&fer . The
el ongat i asp et cRI¥ Age Fofr ﬁHﬂ§rBthnpltﬁetWekmlﬂmbf;Mwe&;J%ﬁﬁl B8ufiagndst he

br eaki ng ut 22, Pa (2 . The_sectjon

ot ruot ur e b Ens T AR AR o BBs P o (BRSO N RepRe VRS S s CoRBun i n
Fig. 4. Ahsstelanre ok Hhseetyohal phaitns ofhisly. have theeni aoaesedyture
attri but ablesdde et BE aWnd Had adhsanpedr edeand-ikpen)t ofad ky, vepkased by
recrystal| %td structgrg n.the Q%ngr matrix. Al SO, he sect.i onal . photo of
Fig. 4 shows fitat “THE p%%?eﬁ?é* SUPTBLRT FHS Pah PO e Tdisout FRP10 as
w de as theglwppeitdiyarmimer wsrdas paveddby wiritf erannfiaiut expaystiakngsai ns.
The secti fhot 0 L@ ' S . L hen t -si zed
| arge cr yés)[_%lglEl grai %&ggghglfée&rfﬁlgﬁﬁbftﬁgﬁéel%b%é%rﬁ%g?rq%{(ﬁectyﬁgggk)%yecre are
ten or ni'MerSonpviRvideEerith Zaechenieal §EaPRetin thes TogPEre RS i x and
that m nuieystrabktdd fagriad nsudh lds ipit hevdgaps carergst ihhese eny$halk gfrai ns.

oS8 LR R, LBl ar g €rE L BB B IRl b o

copper wi& €¥ftaatgimthgnvareragoase bovel vighg2ateam which had been a
part of the water, and this causes the surface of the solidified
highpuritycopperwire tohave aheightenedmechanical strength.
[0031]
This kind of phenomenon of defects occurrence and solidification
similarly takes place in the case where a thin noblie metal coat
is laid on the high purity copper wire of the present invention,
and palladium (Pd) is especially effective because it occludes
hydrogen at a high temperature. Furthermore, by making use of
electricheating, it becomes possible to submerge the highpurity
copper wire in water while the wire is kept heated from inside,
so that a large number of strainpoints suchas dislocation occurs
in the crystal grain boundaries, and thereby the crystal
boundariesbecome clear-cut andthe internal mechanical strength
of the high purity copper wire is intensified. Also, by virtue
of the differences in the thermal expansiveness and
contractiveness between the oxide film in the surface of the
high purity copper wire and the interior copper matrix metal,
the oxide film on the wire surface having a thickness of smaller
than 6 nm, preferably 4 nm oxr smaller, becomes easy to destroy
at the time of bonding, so that the chip breakage becomes less



was conducting. We call this Exanple 1. The conditions of the ultrasonic
bondi ng were as follows. The wire dianeter of the high purity copper wre
was 0.48 mm |oop length was 10 mm and | oop height was 3nm The inventors
conducting an ultrasoni c bonding of this high purity copper wire, using a
totally automatic wire bonder Type BJ935,; which is a wire bonder for thick
wi res, manufactured by H & K Corporation, on a base plate assimlating a
chip (an BFE@V PR RS RopdABaSHFI Y BD i At By sthiRAC: e siEPeRiEkness),
to whi ch i10-nheriosmd B t it ekngoppes hayegabad. been coated by magnetron
sputtering) while blow ng nitrogen gas over the base plate. O her bondi ng
condi tions were such that the frequency was 120 kHz, the | oad and the

ul t r asoni&s pdia seAryasaddjiastest vubterarin yheahtlgh tesLif i s Compe 1t e reecond

ul trasonigs bﬂf‘ﬂﬁétﬂ lqp%@um%l\&%% @@mds%e%uahbyuhge@cb%aéxeterikQQ
sanples (n = The ultra h tool s .and in %sjliﬁ?es used were ones
%?rﬁ'éln

manuf act u?%%g%]i} eﬂtgrﬁ by ﬁ?yast ILGAP PP R SOPRAT RatRé*wire
si ze. Thesditgpdr inoy oxkndditamet eff dhether Setoro®d Healhligaf peritlyecbppet:

bondi ng (@ ARG Acddds it Rfide Jtéq%B Svcsg%o&afm%@rﬁ f;'a_%or@' thal £i5850]

bondabllltg and the result o ta| ne wn | n bel ow.
Next, theP9PER or £1SShdlRt P LR @OUds PR iaAdd £ reR %Ih%l‘fl%Jé'leoGﬁﬂéﬁrhl gh

purity capperiwiderofg BXeapserdicdhds tiedi abnltbydtesbrcoapphshedsof letting
the wire sit for 96 hours at 250 degrees C, and then the wire was nmade to
go through 10,000 tenperature cycles, each cycle consisting of a

3- i nut e- | BREEBeat P hgthe Dwoereypebs C fol | owed by a 3-m nute-1ong cool i ng
at -60 degyees) C. Thereafter the shear strength of the first bond was
nmeasur ed, J?,?dthe result obtained is s wtherellablllty

No
et £ e R OB PR L et bl RoL AR s, PR B0 GRS B8 ng | he
shear st rapRa e esstcedcafdiery thethelpratsdritt yntvestlbyx t ber (dhe trealspnshear

strength seasiy Qﬂldl”@%qllﬁtqhye %J‘ft ec[het mg@pwﬂ& Pgte&%lw deerkh

greater the specific stren% he hig is rated. 22
As is cl edte [Tt §eréRy tmt%e FPEIPest Fﬁ@?&ﬁeaoﬂF@ﬁnﬁLﬁ |”t33?§tc}3c¥|@pé’|f Wire
shown i n Féegerdl \ﬂmﬂgbsh:ammtdﬂf gt-avdsbahdl ﬁnametcm’yssuam lgata itns t(Rate.in the

case, of g, Soppen ke e AL LR I BknGonRRd D35,2 01 0] Gl ol s own

and has a s%abl lized s serva { on d
surface &% Ehetsri@lérre@rstt%‘sgrgh@ﬁe@fﬁdl%vm@méh@fc G pekeh mgpem. chis

caused byr@rhaggregahiofle BécOXidas the 1hrebon@diNgslipkartacgyet Qdthe
(Exanp|e1:opper during the rapid cooling, it is possible to secure the
mechanical strength of the high purity copper wire. Also,
according to the present invention, no surplus oxygen exists
in the copper matrix and thus oxygen tends to be too lean, so
that when high purity copper wire after the first bonding is
subjected to repetition of on-off switching, which assimilates
a situation of leaving it in a high temperature circumstance,
the high purity copper wire would hardly detach from the bonding
interface with an aluminum pad of a semiconductor apparatus to
which it bonded. Furthermore, as the copper wire itself is of
high purity, it is possible even for a high purity copper wire
of a thickness on submicron order to be bonded on an aluminum
pad, which has been difficult in the past, if a hard barrier
metal is laid underneath the aluminum pad, and due to the low
recrystallization temperature, a heat cycle fatigue does not
occur.



An oxide filmof a copper wire preformhaving a dianmeter of 5 nm and nade
of a five-nine-pure copper conprising 20 mass ppm of silver, 2 mass ppm of
iron and bal ance 99. 9997 mass % of copper had a 0.5-nmthick copper dioxide
outernost |ayer and a 4-nmthick copper nonoxide sub-layer, like the wire
preformof Exanple 1. This copper wire preformwas continuously drawn to
obtain a copper wire of O . 5 mmdianeter . The sectional structure of this
copper wilr&3dk roughly similar to the one shown in Fig. 4. [0042] This

cupper Wide was diHed Wa@iégh 1% ke hakel @l@ouq&a@od@zgr f8seChoMaihiycah heat
treatment_ furnace mlnle %i%) Tt |n|@9%bn|tr

at nospher® S°RPx ]B%E t%ﬁrrﬁ n]g asfnﬁ COOIEES b’i}%es [Bfer of
30 degrees=c@nd Abmdunghetmmrsudwmungd biet nakgrablpd eore rabdigobecaliske in
the case of tlEé%%Hls%egqcetcﬁetﬂ’é(égﬁr%'tlh'I‘nQ‘fu wfd@ua@ewa@ﬁgcgeﬁ% KWEES

consi sting o copper  di oxi ayer and %o per nonoxi d ad
t hi nned t®f BOFHReatRe €13vhgats 8- peitient edﬁ@:’%? thied HighEpirdt § e%éﬁ@r wire
was 30% andidwhrehkinghst rerghtaias reauten2] meabskPa t( 28 kgbbtb2e toThe

seot onal s LUELUE ROl CORBEL WS 485 5Lt batd S0l one,shawa 1

Fig. 4, consi s recryst 1ze ructure begi nni ng of
grai n gr oWt ¥ NetU @b s WalIds satWh gty @ﬁsbeﬂ?@leévélaéd@rdﬁ&nﬁ‘?élagﬁ thke | arge

crystal gféthps@raﬁuw%nfa aherwmé Y FCOPPLE mih £ e>rof hEXIaNEh ik iits, 6o§p%:of t he

w re di ameter 3 C t n the si.m| ar ner and an
esti mati oft ¥ ?ﬁltér Sflﬁf% %ﬁ%{ &R ill':l)?a?n%ffr%le g g“’:ilcsotnr %( S¥ﬁééfnesul t
is incl udwmmeél'abmes:taﬁsebdnw [ DO4Bhe fERaaplid B?C@ne@pwélhherﬁ@boadcopper
wire prefioram,havifac éeméaﬁa@&tei c'ﬁlmaadwoﬁ%%l%nac&fmféoﬁ@anml%&nng 5

T o b St (oslof BRobRRo i i Hea B S atE o BPietper ot

a 0.5-nmiiricdd coppgsldi oxi de outernost |ayer and 5-nmthick copper

nonoxi de Fé{%if\yer. Thi s copper wire preformwas
It ismost favorable if the highpurity copperwire for connecting
semiconductor apparatuses of the present invention is one having
a wire diameter of 0.1 mm - 0.6 mm. Conditions for the thermal
treatment are preferably such that the temperature is raised
to 700 degrees C - 850 degrees C suddenly and at the same time
the time that lapses from the start of the thermal treatment
stage to the start of the cooling stage is as short as 0.05 -
1.3 second, and more preferably, it is 0.1 — 1.0 second. If
the thermal treatment temperature is lower than the above the
required thermal treatment time becomes longer and although this
makes controlling easier, the required length of the heat treat
furnace becomes greater. The length of the furnace is generally
0.5 - 2.0 meters. The higher the purity of the copper is, the
shorter will the required thermal treatment time be. As the
purity of the copper increases, the recrystallization
temperature becomes lower, but since there is no proportionality
relationbetweenthe velocityat whichthewire temperaturerises
by heat and the velocity at which the wire texture transforms
fromtherecrystaliizationstructuretothegraingrowthtexture,
timely controlling becomes very important. The thermal
treatment time may be controlled by elongating a vertical heat



continuously drawn to obtain a copper wire of 0.5 mmdi aneter. The
sectional structure of this copper wire was roughly simlar to the one
shown in Fig. 4. [0044] This cupper wire was run through a red-hot (about
800 degrees C) vertical heat treatnent furnace (100 cmin |length) ,
containing a nitrogen gas atnosphere, at;q speed of 50 nfminute, and it was
cooled in pure water of 30 degrees C. ,&Tter t he water coolln% it was

€

wound on ESPEREEL tHETHGRIOT iNMMISHUHEthtEs saerecy atopperhwihe BbaEi sting
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[ 0046] of palladium hydrogen atmosphere lS recommended 51nce

' palladium occludes hydrogen atom. If a coating is applied with
a film of a noble metal of silver having a purity of 99.99 mass %
or higher, or preferably 99.999 mass % or higher, the silver
is causedtodiffuse into the copper matrix by thermal treatment.
[0036]
In the present invention the reason that water cooling is adopted
in the cooling stage is to infallibly achieve the cooling of
the high speed, high temperature copper wire to the room
temperature. Here, the “room temperature” means a temperature
at which thereoccurs littletransformationof thegrainboundary
texture of recrystallization to the grain growth texture in the
copper matrix; however, as the recrystallization temperature
of the high purity copper wire is so low, 1t is preferably as
low as possible. As the thermal conductivity of the high purity
copper wire is rather high, when it is put in water, it cools
immediately. It is possible to use hydrogen ion-containing
water such as electrolytic reduction ion water, ammonia water,
alcohol water and the like. Incidentally, when an organic
sclvent such as benzotriazole is added, the amount should be
as small as possible since it leaves residual carbon during
bonding.

[Examples]
[0037]
We will describe examples of the present invention.
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the high purity copper Wre an enper at ure ondln streng was
not st ablky éiniferrm minute crystal gralns The secticnal pho o of Fig.

4 discloses that there are three equally-sized large crystal
grains about the middle of the copper matrix, that there are
ten or nine somewhat lesser-sized crystal grains in the copper
matrix and that minute crystal grains f£fill in the gaps amongst
these crystal grains. The average diameter of the large crystal
grains in the high purity copper wire of Fig. 4 is 6.7 % of the
wire diameter.

[6039]

With the high purity copper wire of Fig. 4, anultrasonic bonding



[0049] [Table 1] <crystal texture test result average dianmeter (%
corresponding Fig. disparity in deforned ball size
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was conducting. We call this Example 1.
The conditions of the ultrasonic bonding were as follows.

The wire diameter of the high purity copper wire was 0.48 mm,
loop length was 10 mm, and loop height was 3 mm. The inventors
conductinganultrasonicbonding of thishighpuritycopperwire,
using a totally automatic wire bonder Type BJ935, which is a
wire bonder for thick wires, manufactured by H & K Corporation,
on a base plate assimilating a chip (an aluminum base plate
measuring 50 mm x 50 mm x 0.6 mm {(thickness), to which
10-micrometer-thick copper layer had been cocated by magnetron
sputtering) while blowing nitrogen gas over the base plate.
Other bonding conditions were such that the frequency was 120
kHz, the load and the ultrasonic patternwas adjustedarbitrarily,
and the first and the second ultrasonic bonding operations were
applied egually to a total of 100 samples (n = 40). The ultra
hard tools and bonding guides used were ones manufactured by
H & K Corporation, which were commensurate with the wire size.
The disparity in diameter of the deformed ball after the first
bonding (aimed at wire diameter x 1.3) was rated as the initial
bondability, and the result obtained is shown in Table 1 below.
[0040]

Next, the inventors conducted a reliability test on the thus
bonded high purity copper wire of Example 1. This reliability
test consisted of letting thewire sit for 96 hours at 250 degrees
C, and then the wire was made to go through 10,000 temperature
cycles, each cycle consisting of a 3-minute-long heating at 200
degrees C followed by a 3-minute-long cooling at -60 degrees
C. Thereafter the shear strengthof the first bond wasmeasured,
and the result obtained is shown in Table 1.

Now, thereliability (specificstrength) inthe shear test refers
toavalue obtainedbydividing the shear strengthmeasured after
the reliability test by the (initial) shear strength measured
immediately after the bonding. In other words, the greater the
specific strength is, the higher the reliability is rated.



reliability (specific strength) Exanple 1 6.7 Fig. 4 0.046 0.86 Exanple 2
6.3 Fig. 5
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As is clear from this result, the dual structured high purity
copper wire shown in Fig. 4 would have a deformed ball diameter
similar to that in the case of the copper wire after wire drawing,
andhasarigidityof itsown, andhasastabilizedshear strength.
Also, observation of the peeled surface after the shear test
showed no evidence of oxide peeling, which is caused by an
aggregation of oxides in the bonding interface.

[0041]

{Example 2}

An oxide film of a copper wire preform having a diametex of 5
mm and made of a five-nine-pure copper comprising 20 mass ppm
of siiver, 2 mass ppm of iron and balance 99.9997 mass % of copper
had a 0.5-nm-thick copper dioxide outermost layer and a
4-nm~thick copper monoxide sub-layer, like the wire preform of
Example 1. This copper wire preform was continucusliy drawn to
obtaina copperwireof 0.5mmdiameter. The secticnal structure
of this copper wire was roughly similar to the one shown in Fig.
4.

[0042]

This cupper wire was run through a red-hot (about 800 degrees
C) vertical heat treatment furnace (100 cmin length), containing
a nitrogen gas atmosphere, at a speed of 50 m/minute, and it
was cooledinpurewater of 30 degreesC. Afterthewatercooling,
it was wound on a spool; like in the case of Example 1, the oxide
film of the high purity copper wire consisting of the copper
dioxide layer and the copper monoxide layer had thinned to 3
nm. The elongation percentage of this high purity copper wire
wasBO%,andthebreakingstrengthwasabout21.6kPa(22kgf/mm%.
The sectional structure of this copper wire was similar to the
one shown in Fig. 4, consisting mostly of recrystallized
structure, and beginning of grain growth was observable at
locations. The average diameter of the large crystal grains
in the high purity copper wire of Example 2 is 6.3 % of the wire

diameter.

With this high purity copper wire an ultrasonic bonding was



0.044 0.81 Exanple 3 7.1 (simlar to Fig. 4) 0.040 0.75 Exanple 4 6.5
(simlar to Fig. 4) 0.0058
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conducted in the similarmanner as in Example 1, andanestimation
similar to the one done in Example 1 was conducted. The result
is included in Table 1 below.
[0043]
{Example 3}
An oxide film of a copper wire preform having a diameter of 5
mm and made of a copper comprising 5 mass ppm of silver, 5 mass
ppm of iron, 2 mass ppm of nickel, 5 mass ppm of silicon, 10
mass ppm of phosphorus and balance 99.9997 mass % of copper had
a 0.5-nm-thick copper dioxide outermost layer and 5-nm-thick
copper monoxide sub-layer. This copper wire preform was
continuously drawn to obtain a copper wire of 0.5 mm diameter.
The sectional structure of this copper wire was roughly similar
to the one shown in Fig. 4.
[0044]
This cupper wire was run through a red-hot (about 800 degrees
C) vertical heat treatment furnace (100 cminlength), containing
a nitrogen gas atmosphere, at a speed of 50 m/minute, and it
was cooledinpurewater of 30 degreesC. Afterthewatercooling,
it was wound on a spool; the oxide film of the high purity copper
wire consisting of the copper dioxide layer and the copper
monoxide layer had thinned to 4 nm. The average diameter of
the large crystal grainsinthe highpurity copper wire of Example
3 is 7.1 & of the wire diameter.

With this high purity copper wire an ultrasonic bonding was
conducted in the similarmanner as in Example 1, andanestimation
similar to the one done in Example 1 was conducted. The result
is included in Table 1 below. |

[0045]

As is clear from these results, the high purity copper wire of
the kind similar to the one shown in Fig. 4 would have a deformed
ball diameter similar to that in the case of the copper wire
after wire drawing, and has a rigidity of its own, and has a
stabilized shear strength. Also, observation of the bonding
interface after dissolving away the high purity copper wire with
acid, revealedthat thepeeledsurfaceafter the sheartest showed



0.82 Exanple 5 6.9 (simlar to Fig. 4) 0.0024 0.85 Conparative Exanple 1
25.0 (simlar to Fig. 1) 0.035
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no evidence of oxide peeling, which is caused by an aggregation
of oxides in the bonding interface.

[Comparative Example 1]

(0046]

Wewill now explain about the comparative examples to the present
invention.

{Comparative Example 1}

The same procedure was followed as Example 1 except that the
copper wire similar to the one used in Example 1 was rapidly
cooledfromadark-redhot state (500degreesCoralittlehigher).
After the water cooling, the high purity copper wire was wound
onaspool; theoxide filmof thehighpuritycopperwireconsisting
of a0.5-nm-thickoutermost copperdioxide layeranda 4-nm-thick
copper monoxide sub-layer did not undergo a change during the
thermal treatment. The elongation percentage of this high
purity copper wire was 6 %, and the breaking strength was about
31.4 kPa (32 kgf/mm?). The sectional texture of this copper
wire did not change before and after the thermal treatment and
did not have a recrystallized structure of Fig. 1. The average
grain diameter of the large crystal grains in this high purity
copper wire is 0.2 % of the wire diameter.

[0047]

With this high purity copper wire an ultrasonic bonding was
conducted in the similarmanner as in Example 1, andanestimation
similar to the one done in Example 1 was conducted. The result
is included in Table 1 below. It is clear from these results
that thehighpurity copperwire of Comparative Example 1 produces
an appropriately-sized deformed ball, but the reliability
(specific strength) as the result of the shear test was too weak
and high temperature bonding strength is not assuring. Also,
anobservationof thebondinginterfaceof thishighpuritycopper
wire having a low bonding strength revealed that the peeled face
showed an evidence of oxide peeling, which is caused by an
aggregation of oxides.

[0048]

{Comparative Example 2}



0.68 26 [0050] As is seen clear fromthe above table, the disparity in the
deforned ball size (R) was good except in the case of Conparative Exanple
2. Wth regard to the reliability (specific strength) , Conparative
Exanples 1 and 2 were poor while others were good, and it is seen that the
hi gher the copper purity is, the better %@e effect of the dual structure of
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structure 1n a case In at ment was over 1e.
copperdioxide layer and the copper monox1de layerhada thickness

of 2 nm from the surface. The elongation percentage of this
high purity copper wire was 15 %, and the breaking strength was
about 17.7 kPa (18 kgf/mm?) .

wire is shown in Fig. 3.

The sectional textureof this copper
As is clear from the sectional photo
of Fig. 3, all the crystal grains in the copper matrix had grown.
The average grain diameter of the crystal grains in this high

purity copper wire is 25 % of the wire diameter.

The result of estimation of this high purity copper wire is
included among others in the table below. Asisclear fromthese
results, the high purity copper wire of Comparative Example 2
had a substantial disparity in the size of the deformed ball
and thus unstable. The shear test showed low reliability of
the high purity copper wire and its high temperature bonding

strength was not stable either.

[0049]
iTable 1]
crystal texture test result
, . o reliability
average diameter . ] disparity in .
corresponding Fig. ) {specific
(%) deformed bali size
strength)
Example 1 6.7 Fig. 4 0.046 0.86
Example 2 6.3 Fig. 5 0.044 0.81
Example 3 7.1 | (similar to Fig. 4) 0.040 0.75
Example 4 6.5 | (similar to Fig. 4) 0.0058 0.82
Example 5 6.9 | (similar to Fig. 4) 0.0024 0.85
Comparative 250 | (similar to Fig. 1) 0.035 0.68
Example 1




[Fig. 3] Fig. 3 is a photo of the sectional structure in a case in which
the thernmal treatnent was extrenely overdone. [Fig. 4] Fig. 4 is a photo of
the sectional structure in the case of Exanple 1 after the appropriate
anount of thermal treatnent. [Fig. 5] Fig. 5is a photo of the sectional
structure in the case of Exanple 2 haviggsreceived the nost appropriate

anount of thermal 28
Comparative

Example 2

Fig. 3 0.073 1 0.49 ’

{0050]

Asisseenclear fromtheabovetable, thedisparityinthedeformed
ball size (R) was good except in the case of Comparative Exanple
2. With regard to the reliability (specific strength),
Comparative Examples 1 and 2 were poor while others were good,
and it is seen that the higher the copper purity is, the better
the effect of the dual structure of the present invention worked.

Incidentally, in the examples and the comparative examples, the
inventors used a 0.48-mm-diameter wire, and if this is drawn
thinner the distinction of the dual structure becomes difficult
to perceive, but it was confirmed that the tendency of the result
of the above tests did not alter when a wire of a diameter of
0.06 mm (60 micrometers) was used for stitch bonding and when
a wire of a3 diameter of 0.025 mm (25 micrometers) was used for
ball bonding (FAB bonding).

[Brief Description of the Drawings]

[0051]

[Fig. 1]

Fig. 1 is a photo of the sectional structure taken of the high
purity copper wire after it was continuously drawn and thermally
treated for several hundreds of milliseconds at 500 degrees C.
[Fig. 2]

Fig. 2 is a photo of the sectional structure in a case in which
the thermal treatment was overdone.

[Fig. 3]

Fig. 3 is a photo of the sectional structure in a case in which
the thermal treatment was extremely overdone.

[Fig. 4]

Fig. 4 is a photo of the sectional structure in the case of Example
1 after the appropriate amount of thermal treatment.

(Fig. 5]

Fig. 5 is a photo of the sectional structure in the case of Example
2 having received the most appropriate amount of thermal



[ Document Nane] Scope of the Cains [Claim1] A continuously drawn high
purity copper wire which is clad wwth an oxide film has a purity of 99.999
mass % - 99.99994 mass % has a wire dianeter of not smaller than 0.01 mm
but smaller than 1 mm and is useful for connecting sem conductor
apparatuses, wherein said wire has a secﬁ' onal structure in which |argest
10 grains have a total crystal grain area accounting for 5 - 25 % of the
total aredF & %sectional structure, and 80 % or nore of said crystal
grain area is interior to a surface layer, which is defined as having a

t hi ckness of 1/20 or snaller of the wire diameter. [Caim2] A high purity
copper wire for connecting sem conductor apparatuses as clainmed in Caiml,
wherein said oxide filmhas a thickness of 1 - 6 nm [Caim3] A high
purity copper wire for connecting sem conductor apparatuses as clainmed in
Claim1l, wherein a total content of silver, iron, nickel, tin, silicon,
phosphorus and sulfur is less than 10 mass ppm [Claim4] A high purity
copper wire for connecting sem conductor apparatuses as clainmed in Claiml1,
wherein the total amount of iron, nickel, tin, silicon, phosphorus and
sulfur is less than 1 mass ppm [Caimb5] A high purity copper wire for
connecting sem conductor apparatuses as clained in Caim1, wherein said

| argest 10 grains have the total crystal grain area accounting for 10 - 20
% of the total area of the sectional structure.



[Qaim6] A high purity copper wire for connecting sem conductor
apparatuses as clained in Caim1l, wherein 90 % or nore of said total
crystal grain area of the largest 10 grains is interior 29 to said surface
| ayer, which is defined to have a thickness of 1/20 or snmaller of the wire
dianeter. [Claim7] A high purity copperzé/vi re for connecting sem conduct or
apparatuses as clained in aim1l, wherein said high purity copper wire has
a dianeter of 0.1 mm- 1.0 nm [Caim8] A high purity copper wire for
connect i NgDSERMERNANEHLOT appsatasSeshascriahsed in Caim1l, wherein said

hi gh purity copper wire has a dianeter of 0.06 mMmm- 0.1 mm [Caim9] A

hi gh purity copper wire for connecting sem conductor apparatuses as cl ai ned
in CaimiGlakberein said high purity copper wire has a diameter of 0.01 mm

- 0.08 M continuously drawn high purity copper wire which is clad with
an oxide film, has a purity of 29.999 mass % - 99.99994 mass %,
has a wire diameter of not smaller than 0.01 mm but smaller than
1 mm, and is useful for connecting semiconductor apparatuses,
wherein said wire has a sectional structure in which largest
10 grains have a total crystal grain area accounting for 5 -
25 % of the total area of the sectional structure, and 80 % or
more of said crystal grain area is interior to a surface layer,
which is defined as having a thickness of 1/20 or smaller of
the wire diameter.

[Claim 2]

A high purity copper wire for connecting semiconductor
apparatuses as claimed in Claim 1, wherein said oxide film has
a thickness of 1 - 6 nm.

[Claim 3]

A high purity copper wire for connecting semiconductor
apparatuses as claimed in Claim 1, wherein a total content of
silver, iron, nickel, tin, silicon, phosphorus and sulfur is
less than 10 mass ppm.

[Claim 4]

A high purity copper wire for connecting semiconductor
apparatuses as claimed in Claim 1, wherein the total amount of
iron, nickel, tin, silicon, phosphorus and sulfur is less than
1 mass ppm.

[Claim 5] 7

A high purity copper wire for connecting semiconductor
apparatuses as claimed inClaiml, wherein said largest 10 grains
have the totél crystal grain area accounting for 10 - 20 % of
the total area of the sectional structure.

[Claim 6]

A high purity copper wire for connecting semiconductor
apparatuses as claimed in Claim 1, wherein 90 % or more of said
total crystal grain area of the largest 10 grains is interior



29
to said surface layer, which is defined to have a thickness of
1/20 or smaller of the wire diameter.
[Claim 71
A high purity copper wire for connecting semiconductor
apparatusesasclaimedinClaiml, whereinsaidhighpurity copper
wire has a diameter of 0.1 mm - 1.0 mm.
[Claim 8]
A high purity copper wire for connecting semiconductor
apparatusesasclaimedinClaiml, whereinsaidhighpurity copper
wire has a diameter of 0.06 mm - 0.1 mm.
[Claim 9]
A high purity copper wire for connecting semiconductor
apparatusesasclaimedinClaiml, whereinsaidhighpurity copper
wire has a diameter of 0.01 mm - 0.08 mm.





