1 [Docunent Nane] Specification [Titleofthelnvention]

H ghPurityCopper Wr ef or Connecti ng Sem conduct or Apparat uses [ 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 made of a
copper - based all oy formed by doping infinitesimal anount of silver (Ag) to
copper (Cu) of 99.9999 nmass % purity. [Background Technol ogy] [0002] A
bondi n .S Lnstal | n_semni duct or devices, which are nade of
nateriglgﬁgﬂéﬁm%£§s$+$§gng? ?}?&ég 20n carbi de (SIC) and galliumnitride
(GaN), and consists of a base plate that may be made of al um num (Al),

al um num pasete 8kl Shedn asoa Umng?ﬂMﬂft cBBpa rWitid £ &PBoANLeY 1 neoPPer,
). Such base plates nmay be coated with

nickel (N,),.silyer, an | atj num (

a nobl e 2%%%}C%%%%C5%rg%?ﬁafitysﬁﬁd silver by wet plating or dry plating

| i ke magnetron sputtering and vapor deposition, or may be plated with
nickel . | prdbisospeei F1&a41 on, "al um num pad” neans any of these base

pl ates un g@i ot herw se expl ained. Now, the high purity copper wire is used
to connec hluninun1pad of a sem conductor device to a |lead frame or the
li ke by nEtdedeseudhiasehal bnbosthings twl & riaisanipe rheydiagpands ardylricd of

t hese t h i ' per. W res, round-section
fine w1 e hoTT G W ra i deacor of T pthhh¥cEBEREy N B8 ot s el

t here ar e bRea5dhs 208 MHichathiexiralyi Arigh BuhabYmprPaM ¥ erdivamster of

O 01 nmMmh&y D% ricwytiherrEPOpeedurandnal $ 4 fakdadr PR MR HriReber,
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 (SiC)
and gallium nitride (GaN), and consists of a base plate that
may be made of aluminum (Al), aluminum-based alloy such as
aluminum-plus-1l-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. 1In 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]

Of thehigh purity copper wires, a round-section fine wire 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 0.01lmm-0.025mm is adopted, andalso 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 amount of silver (0.0006
mass % or lower) is also used in the above-described application

(her ei naf¥lkCh His Megigpbr- bhableningya i xoyd e3¢ @di i Wwig evsitavePedsped copper

al loy" fofosiggmidddaictd appagatase, [h sSmd @@wg,althrérs@cteb&eat ahet he
wreis s b ect ed to.a frars]c[al t her nal treat nt of SOggdeggﬁes or t he

pur pose o Jlre? HG M e cdtfsednbv “weced eFl I'B*

easrng
Publ i cat i eprUirgdoeFobiseati on 2, which are descri bed herein-below). This
is to make use of the fact that the hi gh purity copper wire which is drawn

continuo densel acked sectional text re t hat h hig

oy o e Bt T e BRhebr * S AR B by OPRE RS et & BboY A ELR o
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t hat the nei ghboring cryst tal gralns unit each her to transtormto a
recryst al$§ dl%ttfer%tt}?%ver%rcrﬂfa?%stt?etete@’él%cétrervmaﬁaeeoﬁelef t he
crystal ogt@pmsr-hegied holbgciryséakkirzatd mr‘demtratcl—y&opeatocfb@eflag&oyr

t hr ough d‘glevét%rg laél t entire £ross sagt |%n o en&?geﬁc%r\égt\ﬁncreet the
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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 asituationwhereinthe crystal 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 99.9295 mass % to 99.99894 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 wige diameter. In Fig. 3, the
dianeters of the |large crystal grains arée seen to exceed 50 % of the wre
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10 nanomet®igs(nm) , which forms all over the high purity copper wire, to
t her eby expose the netal atons such as alum numwhere the wre and the
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intermediate therfmal treatnment on this wire preformin the atnposphere;
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W re prefatigcand detddalg didtesdhi gh purity copper wire sit in the

at m)spher[q)od&ow]
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 gas mixed 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; thejefore, even when a free air ball
(FAB) was nade froma high-purity copper extra fine wire having a wre

di ameter G071 - 0.08 nmfor ball bondi ng, the nolten ball tended to be
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poorer the ability becones, so that it has not been industrially
practiced. On the other hand, when a ultrasoni ¢ bondi ngpi s conducted with a

hi gh pur |]¥C§F ddbipe TR i fEehéehaddpPeading 45t RRPARFtE edPAdft of
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[ 0010] On account of this, if has een 0 prevent a

for mat | orﬁ‘blftcﬁfhé?%@%iegl%l}ﬁerafbrﬁltwel@mfm@ o¥f tHe dietpa it 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
contrelling 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 thernal treatment at high tenperatures it has been

t hought that it is inpossible to stop pa§5|ng of the oxygen fromthe

at nosphere_ t hrough the noble netal |ayer; and thus such wires with an
overlayer[%&%%}lenced simlar problens as the wires w thout overlayer did.
[0011] Ot haeostiesr hand, i_rhehalcﬁbepumlat MiGBRAEI tW &@ppérm%&hbv&ﬁ be

useful fao n EVICES ch equire.d rab|I i.nst |gh
t enper at uarr Sggsucﬁl%l%%%ﬁ T dey ngs < Bégﬁg‘m arl Jm? ol.’L (ﬁ/\gg%géﬁlu&induct or
devi ces usedisvert dhe @@ﬁélkﬂhgn@f Cfalmothﬁqmla@lt@epcmstgémeattu@a

system aidiyddigh &8y af@eredr%:hak@aiﬂawmf %@heo@éxamﬂe ta@%eklak%he%hﬁh
experience fre uent Egt}ﬁ %:?cqrb of on-off, switchin nper_at ur es,
[

and its fieta-B 4p e ﬁgCO?HBC\%%kFﬁ@eégﬁa?i%%t}e& t hese
power sentifvondue tdoa wien) 10wsa aredans el d@mmarkedidnee ¢ et 4 hloseed et rnatmek

sem conduptof ded con o R6G0URLSAT 1B Ob 1 ETRETALAING, SPeCHlSal N, For

exarrpl e, 1In the case of F‘OWEI’ sem conductor used 1n a Vv

necessar yﬂf%‘faﬁ%l%“’@t‘(epu*ﬁ ByiRRFRRT e ROt BeAPE KSERRCITRS Nyt pon of

t enper at urtee Giffia:raagé$amhte!ﬂg$eccﬁméﬂEJalng,erﬂBXFﬁl:lﬂhé@ﬁorel&ﬂlﬂ@@lﬁ@ﬁsnﬁlét t he
bondi ng m_of nder. _such

Cemper ot ﬁ*"?é%i.*?ié%%sf%%%{@te e Ofi?l“w"'?égnaco PR Roit Rgs8einyer

has not BeEEte imRiEe ritdlg ygliﬁs?é‘{ﬁr “ﬁl§60|dla@(§tﬁ}r¢tn 4t the paererhgheif a

hi gh pur idson&opPe t W bechass pesn tiehel at Babi §btt BEBLr dhyn8trih1wgpder goes a
change - eve if it is a high purity copper wire having a crystal "texture

as shown §Ff Jg Ci i medi ately after the wire drawing - a change whereby
the wire drawing texture in the high purity copper wire transforns from

recover echlhGlcOSLhUGt HERq ! Q&L m&%kh‘séﬁﬁcs}%ff&i%%s A tuh gﬂl@ﬁ begi n
In the en e

to grow, and part of the wire starts. turnin
entire wit &8t Hgd WorOPPeET ViERgWhEEh | e%r%u@ﬁﬂq & PohEP PR
Publ i cat itnsd tihDA 2F 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 0.01mm - 0.08 mm for ball bonding,
a high purity copper wire of a diameter 0.06 mm — 1.0 mm for
stitchbonding, and a high purity 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 phenomenon 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 c rg)%)er wire on an al um num pad t he bondi n%ngtrength bet ween the
copper k& g upui Fey %Ebérswi?@%ﬁé e DAIGNP WEHRT BICAPRE TaMdRPRUM pad
becones umsWa@éﬁ,eﬁﬁdlalﬁ@baesmﬂmmu&ayet+ﬁﬁ nd&eﬂrée&@ﬂk&@mmgcpahhdaélCe i's

2l U num o T A iha | e s Bet er  He Eap e iR LR SSTGRnG of the

al um num pagh WF@@R%S v tt hes Heepn mljquulgshtc@bpérlwlrfe impogetiddsetiof rom

the al um s padsing 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 such as 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-poweredcar andthe like, whichexperience frequent
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 i1f it is a high purity
copperwirehavingacrystal textureas showninFig. 1 immediately
after thewiredrawing - a change whereby the wire drawing texture
in the high purity copper wire transforms from recovered
microstructure torecrystallizedstructure, andthegrainsbegin
to grow, and part of the wire starts turning saggy and in the
end the entire wire becomes soft (ref. Fig. 3).

[Prior 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, 11% Bgrlicahiee 5t age wherein after the solid-vapor phase st age
has taken plmpazté@evwwezdtf byl Eexl ok ephipl t ber Dbgh2 poL-bga0epper wire
transforns f{)%gn tbejkrecoveryzftructure to the recrystallization structure
and grain gr h 1 tdee ! In other words, when the t enperature of high
purity coppefapamese sPammd%ymlieathenmPulellsakepm 2enged 13539 const ant
tension the §ppeﬂ1kg)jlé@_el@ﬁ<pyj sion of the oxygen fromthe high purity
copper wire s |ncrea ed. hﬁ; ﬂ%lng the short time prior to the
occurrence of*RHEYr "hte%t Wh/Sthat is, during the short noment of |ess

than several hundred mlli seconds in which the heated high purity copper
wire is quiClhyrg Oc%el‘?hé’yh‘{‘@éﬁ{l% the like, the growth of the grains of
t he hi gh ur|t opper wire is sto ped and at the sanme tinme intensify the

har dness bf*® e’FﬁgW%u:FlilY‘?méb%egeWFetﬁysééiﬁﬂng nuner ous nunber of
crystal dpf@r3p such as pit and void to occur, by effecting thernal
contracti i Nt ai.Ai N h nst.an nsi, on |nteV| |n|t of the
recr ystal |z\§’g1 ?b{?ﬁ]%g R ﬁglﬂée %Iﬁggn% ttlo \%n dﬁa gYdertha l%s F\Cal)\él ng a

t hi cknesstimtt @enr figsitepostiingeodi a l@i’l Pirithe ¢NRpepuring wopper

wire. [O004dDBhmi Mumedid s bogﬁﬁsf@;ssﬁyéhgeﬁ Bé@éeﬂ@ﬁe&f&pﬁ@%%’f e Bilghe
crystal defects in the surfa

Ee hi )Y tyf er w during the
o ok ot g Rl T UEBP (b RLSEE YRR AL P LUBORUE A ol
surface ofngthebht glargual sy coeppertiwionetaa e wheal edsanidpndiectioedevgas and

other gasses; Jhe-eUange L 0y YehdNLANA LR ! YSIAlrigihl Bhouadari es s

prevent ed ’Eﬂ# consol.1dating texture beforé the grains Start
grow ng fPBHIEHET é‘chE{néHH} Ef@(ﬂ’ $TPUctRP el R P EFRCAIRFT AT (R GOPECTwi I e,

it becomesngosse kduriimyi everihd kel wiianks dau el kivgh tualilly weppearghw re
from grow nhg. and e r C e T If from saggi ng
during t\fl'}ge&\g\nl%' céggée)#v‘%{ggéllig d%g{ghgghk%?ﬂegg%n \rMenpglt %nt ?)%n ‘of of -off
switching operation at high tenperatures nerely pronotes lattice rel axation

of the nupeEHUS €6 YSbBbe deh&ChbsobneB¢ surface layer gradually. [0016] The
hi gh puri L@/%fé)gper wire of the present invention for connecting the

sem condu pparatus is characteristic in that, in the continuously
drawn hi ghn purddy tooppérewihe athihedrdssct ddedipiviaeroxi dehd illmentas sa

purity of;,9%1299, 1R%S 170 hveR+I2AM FIRSS ;{‘hléngnhééténﬂ‘iéﬁ b &Rt e, @f not

smal | er than 1 nmmbut smaller than 1 hm the copper wre _has a sectlonal
struct ur eEh&t v&he&% R&r §e'stma ot Heterapive O %teaharequsftfaq SQrlalic VARSE
account i nthdo¢ dadfe w%e@feltmehéﬁt‘aﬂle ariegh @lurtihe sepbeenairstisitidatad and 80

0,

s defi e Co et SPR kb Bs b AT SEE O ot ClReot P dl e
surface of and 1n81de 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
thewiredrawing textureinthehighpurity 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 ¥EXttRe %Rt ddry siuglinioz EBesshaet urenam athdetshéhgrasayesear t

tgr O\tNi ng, mmldd‘rd@d mﬁpqgge:dn@tstr] h Shsehi @se ﬁ%aen;léangaﬁq bart e ﬁp@é@htiﬁ@ai nh
exture c ng, e.,oxygen.,in.the c er ri ves throug
the grai nf%t?ﬁlr% giﬁiyegg%;gﬁﬁ%ga&?ro‘% ?féle( &Ejg@m“%) g|ré’;r‘;“§§7 ?% t?}n)eegé?tléllsi or,
and as t hef ridsulhi abhpuCl tyxEdep¢ CUG Cu2B) sitapped andhet sivd scanchédores
thinner. TheeREDERhQf hiPREnéBPWH LthETIRMCHHIE 8Y Sidpdr wh 830, BBSS 1RRM OF
snal | er. Jhe mai nnlu%*ﬁ)url t%e% i r%ai hlgh ‘Eurlt Co p%r are |,rotn Fe), "ni ckel,
TRl Rl AL R L e
ese i etfifes teéxg eess rpgti ohhen plemaing tefihea e thas rities
alters theedyehalid eXbU & Aty 8@0'@6? 6’5%5 23308 Le-aaphEl i d Rgccrystal
cool i ng. 1 e

texture through héating and ) ~These 1 nmpurity enent’s are
di ffi cul tO%eEelret #hich ie espperdnadrPaving @ N HEves S ditdP ©F the
copper nadmaXleandf eviesd dfandeyrfofmnxi Heghi pukheycepppermatitex, they
scarcely the series of changes in the crystal grain texture forned
of the co£>per )Xi de caused by thernal changes. For this reason, it becones
possi bl e 1® agldidd dhegasyse ALy abnineit gas afetindeanl ghtpurtia grooppdr wire
It E [efﬁo%@f_ %&éhﬁgn@{e %%ﬁq@@h%é&ﬁ%%ﬂfﬁﬁg@ @ btiﬂe;dﬂffg%sary

a e hi pur i copper. re ha r 0 : pass % | f a power
seni condu@l‘ guéﬁﬁa?%‘f]lfsrp‘%)‘glgwat’éﬂ%‘de%k’%‘%deB Frﬁfggé‘tji?}fw ORGP Sspeeds,
as in theizdgde glurdlmdenwdr tbe boghrphtety coppél ngloeaures sioaltdtke wiithe

caused bycgherdmle fald gue, o@HEr‘é\%SQSQS &1y 0f 299 B d%f?}%n?/qt?ﬁrromgglher ;

this is prevented because the recCrystallization tenperature I s Iow“and thus
the recrystalFrE3td brif i ghRAqpdai ¢ oy e e RN s dBY conesila deit imschi ni ng
and rendetlise iintdifdd lc Wk thte delfogeaths oalnsmtart herowieg fGonsegeent |y,

the purity, % g@%lfigg puL ] p ire need be.g& 7 ss. % or .hi gher,

and pref era )f/ ris % él%@étlﬁrlggsfﬁ% oreh}qéﬁgn ?ugﬁ yr_n%r%gppr Ief"'érraebl ylt99 9999

mass % orPeFYrey Possuder Lo rray artiet harquackexdaddse 8999904l fmeopren he

over hi ghy s i £ ok apsRSi dd1@rl @ Wy YralJd ZaldHin HigH §ka ifhACRptle f QQlPe

t enper at ure f\gdfthl s leads tp a w er dl.srgk)ﬁae,rlt in thelﬁgtj ami]té_L r of the

def or med HaiF 1 htf T HE SFFE G hd:"G urt r?m%%‘”icnet T ¢ extra

fine WI _reflfmumfl:l rbpadﬁngpnwdﬁ:hof\-aefﬁ wiwriecdhiia)rtyet@emtﬂorﬁ)lamnhig@l 08 mm

the rigi puémio@faw@e%@%eug@ﬁéme)@eéQ%tttig@féﬂgggﬁwn otﬂﬂeh@%g%e%oglf t he

hi gh purltly coé;l)]t_)er wire neéd be in a range of 99.999 mass % - 99.9 394
cryst defects in the surface layer 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 area of 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 0.1mm the wire itself is so
weak that it becomes necessary to do such things as nolding the entire wire
wth a ref(%(?]aﬁter t he bondi ng or designing a shorter | oop distance. [0020]
When t he anount of the inpurities (excluding silver, referred to

| at er) i STI8H puasis yppim e griedt enritheseppapuriid asebopa axdidesnadtnthhe
copper MRl inic AT4SL0 GOUDI L0 961 8ob G, VgD 6x1 8hDY LA copper MRl x.

The grains of these oxides are |lia parate’in rai n boundari es

of strondl§FhaRHihed tdengehywhibrey. & pgratygarcmr-r%r LEYT l@r@eﬁ@r@lﬁeél stive
agai tnst tmd@mﬁtmwbycm@%e&éxh@] tb@tﬁk&%?'tlh@r@iﬂel%td?étéﬁgﬁdﬁ.?e hi gh
purity c IS a redo e sta ture o e

purity co Ztrhevme}leg 15:% ]taﬁ\’ Q%[Ceuzgéh%aﬁé ?l%d:qlsc ful Feﬁeé’Srag to
change t HRHEMse? %S packed |nner texture (ref. Fig. 1) to an anneal ed inner

texture (ref. Fig. 3), the 11 transformati on takes place at once at a

certain t erature or i gher and S not possi ble to change the crystal
grain te ﬁ%ﬁﬁfﬁqa bﬁﬁ@@d\m F@egFiﬁﬂﬁﬁllﬁ’ypafbéﬁl]:egfi}l?@r

el ement @(ﬁtsﬁls tihle Wheec@m)exngrﬁtrransfa:srm caopl ehe sotdwksplute wadd Rot he
copper . andk 8} d e d08s SRokcRERr &tm%nt@ﬁ halihPounda gfr%%u%f t hgqcopper

crystal grains han al tho I'vér 1s close to o pper in
i oni zat i ot FERBRAES tenEh thaRFdSS BF Gbéﬁgﬁésm the cyvphrd Baidt EOPSELEi ve

than coppeussdlblessat gt ithe ok fde®Xygehe IdoppeGORREriksovRd ¥RkolYhK takes
OXYEN, ! Wit NSt PO BELTY, B BLEN Lluofnd ] Qi prygen Lo

pass thro PS5 'réason, eve frass ppm
is cont aleﬁ@‘dﬂilfp% Fde s ithe cﬂ%iilkfoptpls@ Cof oo il i tCyﬂfoCIEQ)anymssn% -

99. 9994 mass feridis méwttmiﬂn@y ecthd hﬁnd{lﬁﬂl%f I eragddon: pef ween the

copper tr| Cf.nd th@ oxygeg However, if silver content exceeds 25
mass ppm° the FelBbivESdets st%a%%ppﬁle%& S5t cOPpEr i IBRERIEASE it
becones dirf &ilcigh ptinithamgedhereriystiral( Fgr aimi dlesd uténofsheshiigbopyrity

copper wgm@a@smn%aos&mﬁe )eneff%mwéafra%&%b Wg;ié;g- Hence

the contént of, the silver i1Is I ed “as 25 mass
| ar gest df“ﬁ%tc’r%tea}fceg‘?%? n%olfi*\aﬁ%e?@@ct’?}é%apl%]ﬂw@t 9?—@361‘: ehethegh purity
copper er@mrtleaepaﬂlde$ﬂdd&ﬂb}tyb}tatLhieéjQﬁJr@M@feﬁ&eﬁb@%lm@ogbﬁlblg

However, S | I mc copper Ing_a.puri 99. 997
mas o6 - 66 SBGPm (ERRAL ot € B S OPE e 0B P aRel Frpiie

t hr oughodtPX4d matrix, and thus |arge cr yst aI gr ains grow nearly unifornly
(ref. Fi ghebe 11ﬁ§u@15:95éliémeﬂi‘@§ a%esﬁﬁ-kkleumeio % g%‘i@stteaﬁ]ﬁ'@é ¥obBEge

crystal grains are e crfystal
grains aré qn-d rel é:?ﬁ é’ﬁs@fﬁ&’&&:@d %Elet ﬁﬁ?pteﬁe“?\Féﬁé‘ge gfialeﬁeal amet er
of a | argd thgyt é@ﬂgr@xx\des Jspetefceppas atr2b, Wiody tsoarwiale dhaseter. As

a result tpid s%%q@@%fp%%'n@e% e E:‘E'ry g g&%‘ j! %%@J&%%e' FoLAG ol B%f ma'

energy which takes pl ace between t or phase age erel

interior "Gy §ORPEL Q%ﬁélel @auﬁﬁfiobfh*éh%%ln W%ﬂd E% té'@lsI éeﬁﬁéﬁe stage
whi ch happebecomsadpatelilpleetoreltbe gnaidrgsomt hytakesddaAGR of the

high purity copper wire in response to thermal energy amount
created by heating. Tt 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 contreoller, cracking occurs in
the wire caused by thermal fatigue, but with a purity of 99.997
mass % or higher, thisispreventedbecause 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 nagnitude of the average
grain dianmeter of the |largest crystal gr@ ns as of the time i medi ately
follow ng the exEuIsmn of _.the oxygen |n o t he vapor phase frominside the
copper IS E%é@lsfldé@la%t@m o5 M iRy 3R éeaﬁﬁﬁéﬁé’rdlﬁ?é%i‘ébl Y,

the aver ager gnai-yrdiiaeter fotmt he t@e geiste cr ¢ohakqgeaitny,i shé pu2dcfo of the
wire dia (K I t olgh t iof LS

necessar;@% ﬁglt iﬁ(gh ﬁ)n%loéip%ﬁ)?pc rnWELQ]S rpér‘g(?%%ar ga\sé% Ih‘?%e 9 a"ﬂfgiré%%I %6 grains
in the sedtd Bﬁalfeﬁbébftldfr &s5¥0 497 mpgh qoarm)gl@;pp@nd\mqr@ pEeEerabbyoy of
the totaloaremomdde saot ipnglesiructure 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 cknesdimfevigR0woent blee Wy Wi aneceds ¥ e?2?abimass ke Hhamoofent hégbr yst al
grain argas-iafy thd&d gasd ﬂ@cﬂf@&e{@lizsa@-@on 20 fapt phgcioial rgpga of the

secti onal structure and al so % or .nore of the sum of the crystal
grain ar 8RR I §aPgesth ﬁ%HGF‘QIS ns® @sw}ﬂ‘?lérdil@rpatr&ttyhénézﬁlrefgé@mﬁ*é?}é
which is cﬂ'eftll'meaﬂeefs:rhrmd bgld thi cheesimef of/ BOndinghefwrtkedmamet ein(ref.

Fig. 4). (e Jeaso fof EJ%'x% $RGE ‘Za)i' 29 £,$ fu?%tl bgnhflﬁg ﬁﬁ?gk hggegt i on

t he Iargest crystal grains grow nearly equa rystal grains
in whi ch Wi dHamsdas af & St mhg & IO§| A s tg@cﬁﬁfﬂlléitléd Pgw*éhé vh&ewal | s
of the griaigelbbungardss. exi st 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 cknes$-afsadieergx e g munitly o e THigh puridyvagopretr wheef acedt hat

when the laxygen insigle dheosopperma®d ré x-i goegpebhed 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 nildde sairmlmtthﬁ Mglgqvuimjfdeoppercv@pperha'athiighbtahemalt oo smal |

f I . . i cal
or a cl ey fitle G H |th purIqt?fgféfaﬁféS£ha@néhésw§réegg%ﬁ%@&g@g?ﬁg;Ca

strength 1nsi e t he Eger W re becones th
hand, if ST CIgRRT &fevteﬁefasarﬂd £iTHRYRO B R forconargdrl abdvdrt Y fa good
first bOﬁﬂd\Q:ﬁ;Sst&f:Jhlt&yz&dlréfwfowy@emlgn phei epppeppaat wixe. \Am'ﬁht}%i sts

oot 8 G0 (POUBRbE L0 U Lt L 1bosk U Bopid oo,

weakened.1q G@EzBmes necessary to do such thlngs as molding the entlre
wire with a resin after the bonding or designing a shorter loop
distance.
[0020]
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 wre through a dancer roller or the |like, and the tension is
kept constiits iuadePn he kefeP haretaleANPENRt R 46& tarid EREPEBBILLAS SFage,

and it i ipde aﬁasﬂjﬁohe o pa@@_-:blée;d Seahgght Heutst§ ¥t £ORPER N &Lt are

pr edet er m t ose megn tu det erm ned dependi ng on
t he terrperf;'?clc}lr erho gq?l?e ég Yed mentgra dlEtdh%F treatnent | ocation.

[ 0027] | t{4021gr ef er abl e t hat the copper wire after be| ng continuously drawn
i s heat ectlrlamldbﬁe&ten% égﬁraeéaiﬁlrt_@leoeca%erdﬁgfeeﬁ &taocéﬁl 1@%@ g8$i& for a

brief nonme of s ral hundred seconds or_shorter successi vel
cept undeP i EDRETIR CPEREF ot ALbTAEAYED SEEGRHF AontT S HEScryst al
t ext ur e dfourivahierh qfurihtey cogprer cwiyse ailt girsuimsr.e Pnetbeabteerohaddpt a
tenper at lglecrpﬁigﬁ%ql@%q d89r888e G 8Nhh rg‘i&aci@g&% zgtl'ofn ‘c?ﬁd@hgs}hBHB' ty

copper wire is ated in,a non-oxidizi t nos ere I rst t hat
happens DGR PREPEECARFgeht RTINS \?&66Ppﬁﬁé§évﬁr51h$rﬂ FOPRHYT aB€ and
interior lafsd hedutghyepuriitty ccopper thiare copperhiigher st heethienhil thkeat nent

Lemer at ubR day LhDe <l 9088 18 LONSRAE L stensed, 1l alhoputl L £aRpsL W e i s

expanded g'crysta ‘al n-boun s are Torward®and
backwar d Q%6 ¢@n§aa§ Wemuals ¥ ghtFOz;:nahrLéf re@'ﬁ@@ctem lfaﬁéla'§raa|3esul t

14 the emdrsaenlofzgwae@ pp&t Ostdh vanesd ahﬁe%ﬁd@eqdﬁl S EG] eiaf;ee&l vel Y,
but the tI#TE gpan untlcg ral n growt 5? s_becoges Ehorter g
becomes @f A ENT o r?t9r tﬁ@sr?ur?ber & PSSt ar §raPndors Pﬁ hi gh
purity copperaMiadt bempansa bfingeirek tdool heigwdgn watcecoppe r e trilkeand
| nci dent alHey oxYhen. th@oxb@@éf”&ftﬁ@% a_LtvlérrecbﬁtéQQ M&@z&%éggﬁnd the

heating time i s several hundreds of |1 seconds or shorter of a
reduci ng t&l 5; 1 S\GECd SRS ﬁfﬂcﬁh?eﬂﬁ’éetifh%f GPRBG e I e shadedér al
nanomnet efsddnek dirf fiike 1urfachavigd hel&lcqusmtam t;‘}taﬁ@plﬁ&E{tVMrleeofAt&@ i f

th t i j I t
i cknes i sELA] BYBEEIRALE L 1080088 co cHe MLab R uBlSholhel i1y
copper wWiEHaDRES@AMCUI ﬁeﬂ@elté@eﬁnbeewietm@géwemﬁ SP?CéPfeﬁ‘ﬁlnt s

easily reactl W tds tlhgss Oxgen in the copper matrix to form oxides, so that
the chip Ho%ﬁage 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 thewire diameter. Asa result, 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) l|ayer, which was imediately beneath the outernost
| ayer of the high purity copper wre, separates copper and becones a cupric
oxi de (ChtﬁOQ%&er Thi s reduced copper couples with oxygen which arrives
L r on*éI hecomeh@qiﬂd%ra:f 1ﬂreiﬁ1‘;i§ﬁ Rasss @getfbﬁ:@bgé e ﬁhﬁé%tv'ﬁl_llroagj’e’ibﬁain_
oundari e I ain cu S OXI r weve si nce
:Larﬁl %fr@hggi r?eﬁ'.t c%gsg éls a% smz%l t%?i?sf’h%

t he anoun fie oxygen 9 I's"So s 0xygen
to be pasbed tie éagﬁonh@h@t M@me@@@m@@lestrangbhtobétf@ éipbngurang t hus

t he reduc&ﬁ; SOPRAraMIsCRoe¥rshedy | Phd he o L rgadalqyl%%%r%x' dea( HgQ) layer
is absorb into esult i ckness of tT

out or oSt B?Pel%ségag%(%@vmg? ggﬁ&&%f@ﬁ%%%?é&?&é%&ﬁ%%@ta
innediateyyalmﬁkﬂsunﬁItheliluupummgdamt@éy(ﬁbzmpwhamethehensumenenpoﬁnptIy

When a highe tanperatiuee Eh@r\v&% lqg%e o % @sgbe?cs gt'r_SL appl i ed
in a reducin atnDsphere h ﬁ ess oxl| yer ? is the
sum of t hat %éeq ifd eSuBRi T %P de fch W%&%ﬁj%ﬂﬁFWQﬁm: gFetﬁéaéﬂﬁ%oEEEOX|de

(Cu20) | aaymz)agmmlams@ﬁametbe (ﬁf lnrreolalgg@@it erydacilegsasnkol @ldout2glanm
[ 0029] oppe been continuously drawn i s next
\é\g?f ’Elji]é:" \913?68 cg]eg}%né@e tf:bg n)p

subj ect erature of 600 degrees C or higher
for a spal?@®%4 keveral hundreds mlliseconds or shorter and maintained at a

certai n teMpHaiH@ent anfentexndizi ng @Iﬁ@mﬁaﬁ@&m&% \éﬂuheo@egl ns
to underqg?a chagg; such that th ﬁry t al teibure after the wire dr

shown in FIg Y StParsi o hE T E8 StHe L OPY R Y e Lﬁ%?%ﬁ?épt?g%ﬁﬁgFéPPF atlon
as shown striRigurel ofThive dtims phei & yforpipdre wilver ral5 tr2attnehttlef tohelpr esent

i nvent i Onal.sé.@Hf Qﬁen@ébebﬁéZ'é&@éﬂm?@%% eheMUEh You i {0 bire
at nosphere gélng at nosphere. Since the recrystalllzeg tructure in

t he hi gh peroRitere soﬁ e dUtnCd Hom-o izt fF HthddsHer 85 no
extra oxytgw lmcmﬁsst i1 glaalmsyysainb@:und:artcea:kcé ddlefadmnewemt whX ch

Incidental |y ﬂ%etdﬁsstﬁgvf%ﬁt t%[tzﬁ& apg f%k{]e A 108l S Lhe

envi ronnent | Nncreases ones di Icu measur e the

t enper at (R R ANeY mithe @reet] {hehoussbal gheiniafeaudt Fheoppanedtr e was
seen to hm@réld@ril% 1ed heatofehertdOaLheehYof EHeCl O i dYa Vistalture

observati Oxpd aar1 oi %hggsmdogomc?fe Ior} %hr algg c>off tggocfysi(:)gl dgeLgar:Lene%reas
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.
f0025]
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 |imt. Possi bI e nmethod for the heating
may include heating by electric furnace,..electrical heating, heating by
light irradiation and steam heating. [0 ] Arapid cooling of a highpurity
copper wi 9%t9¢ drid Thiighaerprt htaf &©sE6 thewn ot Ha 681 ér aEYEEDWh | e
rrﬁl nt ai nlﬂgsi@@tmro@py&emawﬁﬁ?iéabmgsaw e W EbE aNfite LAUSE: argl@a_aglﬁ in

t he cryst recrystallize t oer|r ut .the

t her mal c]%J?] I?‘g%‘rtt)?on ecxalusstéd %fé/ %he I’gbll tq?) hagl Ves ftlrse ﬁﬂﬁé%us
crystal detedtsalswetridy pioppevordrandeceack wakhe Qri &b pyh@f-r thad,

{ﬁcr yst al{# zak Sctrfltaqmgs% ioF the 5&@9@ £IBLI{ X, 6 3 UielWr@%rSOEb@'nf kes. For
|1 S reason

f the bound t
wire (rors eph Eia s RehbES At ety CHE COa bh she tapry Bekr iy o ne
whi ch ha\ﬁdl:b@ereécloa:rSQﬂ;ere:ap‘aﬂd@d betlhhfs carrgl, eperaracalsi ndufriel tkeg. 3)
and by v'&géle19ftotﬁ}?ésoﬁaxabamt®£@qcééaha cﬁ:ﬂ@fﬁ'@é @ﬁkoegx%ﬁd@?ag@@' es,

t he hi ghtﬁPurlty copper wreis provid a certain-expansive es$ and a
certain HARAKIRY Rerdhyd h5t¥%‘3t1ilslst‘ﬁ%aﬁ?@ﬁ purity copper wire is provided
wi th nechphiz@] strength. Al so, numerous crystal defects such as pit and

ot d 00Ol neLBe AU LARS £, bhe I PULLLY, Sopnar, Wi € 135 4L BaULL of o

wat er cont ac’t and a con oI VIing ste Ch had
been a pa?tc@ﬁs’ﬁmtvda@%‘?lo%ri@-’elﬁ sl’éaugeée@hetgaﬁa@e ofhiheconstanti ed

hi gh puriten£oppers Wasa daq 1 mp@sfé@ ght enedy s hard it alhst:angtdy th@031]
Thi s ki nd_ of Jrh)h none (gn of ICEC ccurrenﬁg and sol.idificatian ?hm larly
St fif TF

takes pl ace'? Eih&Pe ABGFe® IG% SB4%H 3h £RE hi gh
purity copperiniees odrathmg)r@_s@tﬁmx naedt lLan.Saad gakligdednthRd) the

especi al I%&H@f&ﬂl V&&ﬁq%ge o%@ Ug‘ééga)éd&%@%@% F- Ak dempekature.

Furt her nor e, Eh%/ naki ng use of e ectric g becones possible to
submer ge FHPHF §H T5UF REGUER Fp8RNGRE & ¢ hl SR & TR Lidarh @nﬂ?mtrf? t§PREPE heat ed
frominside keot tdwatstaar Ange waamherheofc Iedrnad In thelatnersuch aae dingl edat i on

oceurs | Lddies £YSEAle 0110 ROUNdaL] 65 ANd HEREPY s O ATl Boupdar es

becone cl ear-cu he i nt'er na ren urit
copper WREiLY|eRRPRT fYEe A rRecdeyeyningd ‘éhetfﬁé d?ﬂﬁé%ncé’élolsﬁ t he

the][ mal KRPRS tu@@e§§ @@@et ERhEACHE 6ﬂ§§§gb§hW€§€ tbRpexkdarki b ![tﬂet he
surtace o ur| copp eri r copper matri X
retal, th%l%%ﬁ%iﬂ Produiddy £08) %egﬂ?faﬁaeﬁﬁwﬂb L8R pRonRt Tarnl Ter
than 6 nmMO@#eferably 4 nmor smaller, becomes easy to destroy at the time
of bondi ng, i%OFEQ%rEBQeC@th bafkf‘ea%%%ezb%?@eéfi@r?%elw EhgayeRousand the

bondi ng stren I.s 1.nmproved and the disparity 1n the bondlng strength is
mtigate lraw 1s heated rapldly at a tenmperature 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. 1If 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
directions 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. Also, no oxygen would be added frominside the
copper matrix during the service of the sem conductor apparatus. [Effects
of the | nveRtToL$E0m29E WXYIehel REGhtBEr YRHOE oPPRFCWPFRCEBASCBAKEC i Ng
seni conduet HEcappal af USes mayﬂamgsgam e ipr esengranviegkbanh kekrtke

reason Ofbé@@hgy%%oﬁ&r%CtgﬁgJﬂfb%ggm QQ%PP ﬁft%gpggntro¥%jﬁpere nthe

crystal texturé in the'¢ Ihs a mx severa Irargest
crystal ophite sy sswdl |gr@rlyl§t ap ghaimsai rrir LY goppeand feobyt heansason of
the contref | dick byodl Oh@i By Wahtepf ot hensmpl kecrystal grains, of the strain
that occurs with respect to the crystal defects and the Iike in the surface
| ayer of the copper during the rapid cooling, it is possible to secure the
mechani calngidengg hlvi v hhghheatity ttopperatre 1sAb86, dagreedithgrt o t he

present idwenld eRe H@a§yﬁal@ﬁn@wgev@&&tﬁuwréag &paaquf&tadaasa% thus
oxygen te dsto be too | ean, t hat whe hlg purity copper wlreater t he

first borfivgtes ﬁMS&Pédat’ée?‘é‘ﬁéWt?UP‘P%? DFE HFFU LW EhINGD FRdERe

assi m | atigdse £wsickiald dayefr béavéngral nanemdighs ttanpek dirlte@ecishefagtance,

t he high rd y detach fromthe bonding interface
with an a r#%%n?p%pe%?ﬂ{ge%\n&é%%ﬁﬁ? g% apparatus to which it bonded.
Furthernore, as the copper wire itself is of high purity, it is possible

even for zml 4% gh Pwhd )mr@@mebfmmﬁueitg éhéﬁgﬂegslgrtcwbméar@n tifeder; to be
bonded on an aI m num pad,, .whi.ch een difficult in IfS\?v har d

barrier netal®i sV & Ufdiie éﬁf’r%st%é’ alSGShGrh Bg&omgﬁ&r&usxﬁé
recryst aIﬂﬁQaﬁuR)ﬁﬁQ%@%r‘mmmqm pheaitmmp@emelg@eb@@@Sleﬁodldéamult 18
[0033] On 4 hesakhebehaibe ﬂﬂégéﬁgmgaﬁtgfe%lﬁé@@%avslwﬁegee%%%

copper base plate ar. nickel base plate; which constitutes the secon

bondi ng, THETRsR (the FWPRRF Aatrat 5P %é’dﬂléiec?ecaﬁ?sé?h@ft e &g ence
of the extreakdye lcoanéslemdayelihiavengoaotbiekdessngf the ppeatiew .t han 1- 6
nm Furthejgmge, if an electrical heating is adopted as the thermal

t r eat ment rreans it |s ossible to increase the nunber of the crystal

def ects i¥F tife tEopEEL g%u?hﬁc%"lh?eVaﬁﬂéhshég@df@%reméﬂébﬁq oxddeones
easi er tmaymag]eesté”@qé enPEr ehalr eo8N8wiRg hifRanf skhreat ment on the high
purity copper wire with a result that controlling of the dual structure
syst em beconmes unm st akable. Furthernore, it becones possible to bond the
w re on dheputendestorurhip axdde 6€uli lliaymr cdrihielbigh matlt ymoppter de
(GaN) (t hm@ct&@ég\g;ﬂst&ié 3@5&% qf o pulr: gl RRRRI WHetK 8le e 9@lM)

[0034] It st favaorabl e | h purit er wre for connectl hg
son conath P TARHRAINEE GO ifer 51 SRSrE RS O Lo BB ERA ng TR4R T 6

di anet er tdfe @ubrmms o@uﬁierrﬂﬂu@bhdlay@ns whot chh hvea 4 Henmmerd 1 Atredat rhmmteaa;lhe

pr ef er abl r r e

fear oo CEagaonTy o v netc Ehd Frof BRLEFP dohrel P Rpmiacity srart
of the tHEHRET (AAIRIANST FHEURF thexkdn t (G0} eyl | 7§ it agslviosdas
short as db@fer cbuplisecondh caqﬂ;e"fpwm@heé@fﬂ{aéy fidm tﬁeocdp edndtsasond. |f
thethermaéttlrefar nt terrpe[ébure I ovver t{ugtheaove e requi r ed
thermal tteatnent” 11 K8 beCdns PEdGe 3n%r3é? RoUgH Hhi HERES o™ 1 i ng
easi er, tﬂi@fmfe@garléd d engtrioust OtXheiehéﬁtlzm ebtvéur ndbevdseronesimgredther . The
length ofaridiend Winase b§y€@ﬂe{§|ﬂk¥e fbo'iape@n%tr%@&% s&Ngmdl YNe{ad Rgpurity

of the copper is, the short uired thermal treatnent_ tine be.
As the p bf%ﬁerot*%?epeaﬁﬁgr %&a@ crt arlee?yefiaw?fawrbﬂuwﬁ%&&rﬁure

becones |lowey,, abdttsiuacehd breldaclesi OOpper)p.mm}mmad:Jst‘qed ehathe®mdietiwzdn t he

velocity af ﬁmsc%ﬂa% "é"ch nsf ’H%ﬁsétﬂaf Pl %dentégawf.hg;k?oé}i@‘r Yelqgity at

whi ch t he re texture tr e recryst structureto

the grai MgyPoeRULEXt URe thigiEgeT &t |t6|6| Pﬁeew@éﬁeguyéw PHAER t EWMO) The

thermal layer gradually decreases, 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 nosphere not without hydrogen gas. Fromthe viewoint of renoval of the

oxi de | ayer of the high &Jri ty copper wire and renoval of the oxygen in the
copper neEtHR SOy B Eiards piieies itdifife Mg BHERdlabl e; however, in

consi deration of the econony and safety, a nitrogen atnosphere m xed with 3

- 5 % of gen is preferred. .Now, i.n_a_cas ere-.th ingh .purity copper
wre is cv@gﬁqé% gmggh %&n%%f%t% éﬁheo]%maplawggi%ﬂn%n F’?:I§ ,a}?'uo)}l rgé)gndggﬁsg here is
recommended sspRpeé ipdl fadi wadvssinedesmpgphegen Bhonmhidknesoati nde Suapplied
with a fidmad 1aeebligniehal s @heSkhies £ e rac RErduipr 1f 033429 (Frss % or

hi gher, chlr,ﬁlgrefercg I g%régc% mass % or h|.%{1er, thﬁ illveg3 |ﬁ.cgused to

di ffuse iTito t HE otdéei} (18 BPTHE MBS d5tvBht 12V BB36Y At HESPr esent
i nvent i orta Hee reasomnet hateatat erdecoda sgs | so agloptedl i mnt he cooling stage is
to infalljddyopchieve the cooling of the high speed, high tenperature
copper wire to the roomtenperature. Here, the "roomtenperature" neans a

t enper at JFPTh{ENGhFERPEREY B B L DAt PESTr GOIRE B hats bh Bia%he Syrakh
boundary dexjartedfitad ecmygtial [Wezatiingn atto at hemgeahnugeowheboxtivgeekn t he

copper TS bl tys JHALKSE » ffud DR SSEIVAIALAAZANL RT14GTRALALIIS, G obhE i oh
purity copper wire IS so low, it is preferably as 0w asS pPossi P& %As the
t hermal BHHRAINGained ahe heght LR i E§MROPPERTR 1@ dsnearasidhizghg when it
is put i muedSfheid, €06l Soppeediidieebdgihé ticcuR@ssgblLchonysasdvrdeagen

i on-cont ai,ni n V\S%tag S h asaﬁ!tectrcﬁl ytic riductlllon L of V\w/at er, _Fammal a
water, al¢bhdit Y R0 e Ai-kE. “RcY aeht AF T M th ot gdhi*d %sotvent
such as b@?ﬁzﬁﬁﬁ@m!t@ itheagdystalhé exromet agheul debevasaddakhtasnpessi bl e
since it dipaues d esigdual, capban gy ing-bonsh ngre kReamRhesk LOQ3 7 Yo will

descri be exanpl es of the present_jnvention. 20
thepresent inventionshall benon-oxidizing atmosphere, namely,

either inert atmosphere or reducing atmosphere. Since the
recrystallized structureinthehighpurity copperwire 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, thehighpuritycopper
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



{Exanple 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 wire @@Wt@tgﬁ rhemclopnes rabie r ¢ xveldn rafirdre in dirgvthenpérat undether mal

treat ments et r88@ndegiLas Goul AR <INk aP@HQﬁ%e‘Mrf @h&\%ﬁ:ys%lt Jaé%alﬂel o
hevi g & Torri iy S m A TETE 1 59, Coh e Hw 95 ob b LT BRERAAt & 0
speed of AT rdatiinnt eaused by Mes regdldedobiipyrei was erisef t20ndegreas C.
After themaiel1 cRILNG shgh"‘%é r%%%’r”%qﬁ@' angPoPL e e ¢ g;g %c&ln'l OLft he

hi gh purity copper wi.re It consisted out er
0. 1-nmt Hi %Ekr@Gﬁéfé’Fa&|l&%|eH’eSFé&“éFuéﬁder Hha Fﬁpe@rd@wxm%#v@ewayer The
el ongat i oem]pleimm:age Fofr tiHhii Sréagbn pithiel e c0pRes £ \whieey Meish BSufdaandst he

br eaki ng ; u 23k ) The S8Gt

ot ruct u?es% PTu B AR oBeP i (E2Ek s 4 T necdlits TEGU Bhan 1y i
Fig. 4. Ads st%’iééﬁ-’q rpii He's et YDhal Phwins ofhitly. have theen aotesedyt ure
attri but ahltgaddedvoket 8 wmmét@adhéam@ﬁgr ¢§eﬁn¢1@eee toér?dl by, ¢epkaced by

tall d st t t ctlonal phot o of
Fa " oithe TERE CHTBtEogerears & PRRE FRLALXC A0 bsnagsipenab Bhote.
wi de as ttHerlwpreltyarestper wirddm paveddby wirdilf aomntanut expaysiakngsai ns.
The sect ianah ahalo ob Bhdiin® Sl scloses (HhRlsshere Al ey thias eaupbLY- sized
?;,_s hat

| arge crystal grains out the m dd he” copper ere are
ten or ni'MegSs drﬁs\m%ﬁml éffl"s"i‘z”é%c I}/%‘E%Jr %’f‘%ﬁrh%t‘iln tﬁfiléct'oﬁ}i’é?elh%iﬁl x and
that m nlmefs:traylstchelfegrt&l ridh lds ipit bedgapd dasergst ihheae esuyshak grains.

Th t copper
wre o B oy e e dh e AR ERSBh Bur by
copper wi#& @061ftaﬁtgln4than‘f@upt>ra@1@aﬁ% el g ﬂteam which had been a

part of the water, and this causes the surface of the solidified
highpuritycopperwire tohave a heightenedmechanical strength.
[0031]

This kind of phenomenon of defects occurrence and solidification
similarliy takes place in the case where a thin noble 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 strain points such asdislocation 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 or 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 ultrasonic 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 &remaeninm badels é@édﬁrﬁaﬁhﬁwtﬁolmmpmaﬁrﬁﬁdoﬁﬁ gwspehitkness),

to whi ch {10-#h&rewed Big thi ekngOPPES hayesatad. been coated by magnetron
sputtering) while bl OWI ng nitrogen gas over the base plate. O her bonding

condi tions were such that the frequency was 120 kHz, the | oad and the
ul t rasonizs gdiet epnrvasaddiastestt aubitrarin yheandgh hmﬁitrsstcomrt lhérsecond

ul trasoni£g b&%}hé&g 1910%%%%%11% gy %I%HJo's?ﬂe UathuEQe@cE%%x%rﬁQQ
sanples (n = 40). The ultra hard tools a bordi ng gui des used were ones

manuf act UPEXODy SAEETR EaF ﬁ%yﬁqa&ngr%P&PW%r%?rﬁﬁn§%? SPRRT Rt Kd=wi r e
si ze. Thesditdpar intoy oixhdeicdmet er bﬁetﬂ@rﬂaﬁ@rmdmﬁkﬂlgaﬁ patitecbppetr

bondi n9, (@ FEb Aedide diamigde Lid) dgpdiated as bheckdl thal o0 -

bondabi litYy, e resu tain bel ow.
Next, thePPmiitd or é’slé&ndn@t@@@?m éflquéﬁi lpetagﬂek%ﬁ@w imaldpddheeaaegrhi gh

puri ty Cafperi der Dig Bxaspserdicdhbs febi abhnltbyatesbreapphstedsof |etting
the wire sit for 96 hours at 250 degrees C, and then the wire was nade to

go through 10,000 tenperature cycles, each cycle consisting of a
3- mi nut e- [Bhtedeatdhgtlze O0emegerbs C fol l owed by a 3-minute-1ong cooling
at -60 de @@@ C. Thereafter the shear strength of the first bond was

measured, a he result obtained is sho n Tabl e
Now, t her e"f’%gbu G wgﬁeem&gt ‘F%ﬂ%?ﬁ)‘ﬂﬁ%%fe&f’%‘?ﬁéf‘@r sepgegngycher
obt ai ned dypalrat gsaey adoe rtieay tsttleaﬂg:triesrmﬂsmneénaﬁber, foe tled rehiskint y t est

by Lhe (i il Jansheds: sicranal b seastivadyl iedig! ebpcald e heyBonding. In

ot her wor reat er Ic stre
reliabil It?*.}}/e I@%Sétaédtexﬁﬂrﬂslnstkﬁ ERPHSTORA ﬁllé“ ?@@Eﬁ%nst%@wr%pﬁuct ured

hi gh pur lée/v@mpqraﬂ@ersec Wt ol 1N girbdn s4a @ Udmla DB ZEr s el @fraEch Palrke £di anet er

S|mlart | t se of the er wre ter wire draw ng, .and has
o T ort (T, 2Rl e CERE e A0 PR cBhEReT N BE, ohbh $oBl§ad
observat i@htbhe smﬁélpe@sétwlsgraane afft@re sheashéde tagrushehed respevitdence

of oxide fie&iHEry %b@*ﬁé?e@@é‘sﬁﬂj BheaDi REG £G3d 0 rehcexi dsridk khe

bondi ng interfac [ 004 gf %
copper urlng the apld coo ing, 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 c&pp er wwre of O . 5 mmdianeter . The sectional structure of this
copper wilr roughly simlar to the one shown in Fig. 4. [0042] This

cupper Wdre tWas JuHet Maigh ia ked- bake( apoul 1880cdear QQSe%oM@&hgcah heat

treat nent furnac 100.cmin | en con ni n anltro
L e prer CORPRE Tl aep 1A e e T pa BBt L) M D LRSI thee o
30 degr ees=d@nd Abhdinghetlwatresudookdumyd bletnaxialsra\bllmfayr@r@bsl@oberpahske in

the case ﬁt@@@g%eﬁcegﬁ%éggrg%h%@u é;bfd@&%eh?%dvﬁ)ﬁg%@ﬁ%k%é%
consi sting_of the copper dioxide |ayer and t per nonoxide | ayer had

t hi nned tF B°AREaTRE adhbatﬁ%‘ﬁ peFrLbTétrﬂea‘ij‘é”Eﬁr H%lag THYH prird 996565& Wre
was 30% iandichehtreehlkdanghst teregikvias rebanien2]l meatiskPat( 22 kst The

secti onal; SITUE L fo Bk U, CORDRE W 985 Sl A6l gl aneshowa I

Fig. 4, consistin recrystallized structure begi nning of
grain grot¥EIe @@rmmd@rawh{e@@m its be‘l?ﬁ@eév@laégérdﬂ"—an@?BFlGQf thee | arge

crystal m@hﬁ@rdﬁuﬁ@@n@ ke m&rmd ¥ FCOPPLEmdh £ &rOEhEXRIGh ©ud iicsy 6o§p%rof t he

w re di aneter 3co t n the si-m| ar n and an
oot mt O Hithee FRSTE Sint Bt ol Erehr EHF That St B sSakepaca |
is incl udE&ﬁQMESI'abmeSEabebd;w [D@n’@l]leiémaﬁpllé 133 came 9 piodes Hbillens @boadcopper
wire pref{dy anic-ag saex{»ﬂi@@i@a@&tgi chi ﬁ%ﬁ@@@l%n%moﬁemm%mng 5

ST con: g S T of o Eﬁoﬁ%ﬁm&%{g&ﬁgusiﬂé(n%dg@%%ﬂ%%igrwapggﬁpgfmhgfj

a 0. 5- nmutihtlokl oamppmlcm oxi de outernost |ayer and 5-nmthick copper

nonoxi de [sdg);d]ayer. Thi s copper wire preformwas
It ismost favorable if the highpurity copper wire 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 seccnd. 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 lengthof 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 isnoproportionality
relationbetweenthe velocityat whichthewire temperature rises
by heat and the velocity at which the wire texture transforms
fromtherecrystallizationstructuretothegraingrowthtexture,
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;qa speed of 50 nfminute, and it was
cooled in pure water of 30 degrees C . Aldter the water cooling, it was
wound on ESHERANT RETRGYIC T i9ymisucHachitdie ﬁﬁﬁﬁfﬂyaéoﬁbé?hvﬁég@ Bdabi sting
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[ 0046] of palladium ' hydrogen atmosphere 1s recommended 31nce
palladium occludes hydrogen atem. If a coating is appliedwith
a film of a noble metal of silver having a purity of 99.9% mass %
or higher, or preferably 99.999 mass % or higher, the silver
iscausedtodiffuse into the copper matrix by thermal freatment.
[0036]
In the present invention the reascn that watexr 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 little transformationof the grainboundary
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, it 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,
alcohel water and the like. Incidentally, when an organic
solvent 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.



W will now expl ain about the conparative exanples to the present

i nvention. {Conparative Exanple 1} The sane procedure was foll owed as
Exanpl e 1 except that the copper wire simlar to the one used in Exanple 1
was rapidly cooled froma dark-redhot state ( 500 degrees Cor a little
higher) . After the water cooling, the high purity copper wire was wound on
a spool ; the oxide filnof the highpurity copperwire consisting of a 0 .

5- nm t hi cl&EMRYoSst copper dioxi de layer and a 4-nmthick copper nonoxide
sub- | ayerardick i fuadebgocaac@pp@gaﬂﬂmimﬁdmn trharimg) o deate®Rrir ofhe
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thi s hi gitipks Fepresppae W/aﬁ BURAVIERGOR 3 BAL boRal hgadtheerfirenedeanaget hat
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of this h'%ﬁ%”@éﬁ }j/ er wire is included anbng others in the tabl
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the high “puri'ty copper wre enperature bonding s rengt was
not st ablk¥ sniferm minute crystal gralns The sectional photo 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 £ill 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.

[0039]

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
conductinganultrasonicbondingof thishighpurity copperwire,
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 coated 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 theultrasonicpatternwas adjustedarbitrarily,
and the first and the second ultrasonic bonding operations were
applied equally to a total of 100 samples (n = 40). The ultra
hard tools and beonding 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 the wire 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 strength of the first bond wasmeasured,
and the result obtained is shown in Table 1.

Now, thereliability (specificstrength) inthe shear test refers
to a value obtainedby dividing 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 diameter of 5
mm and made of a five-nine-pure copper comprising 20 mass ppm
of silver, 2mass ppm of iron and balance 99.2%997 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 continuously drawn to
obtainacopperwireof 0.5mmdiameter. The sectional 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
was30%,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 Tabie 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 S5-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 cmin length}, containing
a nitrogen gas atmosphere, at a speed of 50 m/minute, and it
was cooled inpurewater of 30 degreesC. Afterthewater cooling,
it was wound con 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 grains in the high purity 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 similar manner as in Example 1, and anestimation
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 thepeeledsurface after the shear test 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]

We will 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
cooled fromadark-redhot state (500degreesCoralittlehigher).
After the water cooling, the high purity copper wire was wound
onaspool; theoxidefilmofthehighpuritycopperwireconsisting
of a0.5-nm-thick outermost copperdioxide layer anda 4-nm-thick
copper monoxide sub-layer did not underge 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 inthe 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 thehighpuritycopperwire 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:%ye effect of the dual structure of
the present invention worked. |ncidental in the exanples and the

conpar at Ve ERAAIEECCHE FAGEMbravebed aenmlsa fRxsretBRC A FEPPSARd i f
this is diave giifnnes Kdeisy Sdi atihovediof he Muadnstnageuse heeopper

difficult_to percei but confir t hat th t ncy of the result
of t ho- atSUPTELTE dmhths RPrept RERVEER Fo s i o PR B mhlt ) (B0
m cr onet v} odasiagked, fHmasts poh dbredilngand leheasa ren @ fophasghareser of
0.025 mﬂa(r?ébau@he@ewrﬁgmasgseoe@ffw {qaeqmmgaﬁﬁ&%ﬁm@ egbled[ Bri ef

Descrlptl n of t % ﬁé % g phoé &a
sect i onal %@?Gb? ?EIVaEEH%B d Eﬁﬁ??? 688ﬁBéP:dﬂF§l§Ft }gggr
cont i nuousttyexd rizven wertek rt Ictepma.hlgy theatdedwhovisewsralwdunticeds epool;
mi 1 seconds ot 0P dRU LR LR far 2y Hdbpck Sr8 B0RE Ps0ind R 2et T onal
structure In a case.ln erma t at nent was over done,
copper dioxide layer and the copper monoxide layer hadathickness
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?) . The sectional textureof this copper
wire is shown in Fig. 3. 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. As is clear 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]
[Table 1]
crystal texture test result
. . . reliability
average diameter . . disparity in .
corresponding Fig. ) (specific
%) deformed ball 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 8.5 | (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
Comparative

Example 2

Fig. 3 0.073 ‘ 0.49 l

[0050]

Asisseenclear fromthe above table, thedisparityinthedeformed
ball size (R) was good except in the case of Comparative Example
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 a 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. 5is aphotoof the sectional structure in the case of Example
2 having received the most appropriate amount of thermal



28 [ Docunent Nane] Scope of the Clains [Claim1l] 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 secfjonal structure in which |argest
10 grains_have a total crystal grain area accounting for 5 - 25 % of the
total ared*6PTKEsectional 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 smaller 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 [ aim 5]



A high purity copper wire for connecting sem conductor apparatuses as
claimed in daiml, wherein said |argest 10 grains have the total crystal
grain area accounting for 10 - 20 % of the total area of the sectional
structure. [Claim®6] A high purity copper wire for connecting sem conduct or
apparatuses as clainmed 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 smaller of the wire
di anet er . [f&hanent7 | Na#ndi glsqupd tof adpperlatnme for connecting sem conduct or
apparatuses as clainmed in Claim1l, wherein said high purity copper wire has
a dianmeter of 0.1 mm- 1.0 mm [Caim8] A high purity copper wire for
connect i ng-s®Ht cbhduct or apparatuses as claimed in daim1, wherein said

hi gh puriz yceeppeiousledhagnan dilapeirar yotofp8e wite Wl iknms d1G@iwALE)]
an oxide film, has a purity of 929.999 mass % - 99.9999%4 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 structurxe 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] _
A high purity copper wire for connecting semiconductor
apparatuses as claimed inClaim1, whereinsaid largest 10 grains
have the total 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



A high purity copper wire for connecting sem conductor apparatuses as
claimed in daim1l, wherein saidhigh purity copper wire has a dianeter of
0.01 mm - 0.08 nm

29
to said surface layer, which is defined to have a thickness of

1/20 or smaller of the wire diameter.

[Cilaim 7]

A high purity copper wire for connecting semiconductor
apparatusesasclaimedinClaiml, whereinsaidhighpuritycopper
wire has a diameter of 0.1 mm - 1.0 mm.

[Claim 8]

A high purity copper wire for connecting semiconductor
apparatusesasclaimedinClaiml, whereinsaidhighpuritycopper
wire has a diameter of 0.06 mm - 0.1 mm.

[Claim 9]

A high purity copper wire for connecting semiconductor
apparatusesasclaimedinClaiml, whereinsaidhighpuritycopper
wire has a diameter of 0.01 mm - 0.08 mm.



