1 DESCRI PTI ON COPPER STRAND FOR BONDI NG W RE AND METHOD FOR PRODUCI NG
COPPER STRAND FOR BONDI NG WRE 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a copper strand (sem -w ought copper
wire) for a bonding wire used for_producing a bonding wire having a
wire dianeter of 180 umor |ess, Q]%%Téoﬁet hod for producing the
copper strand (sem -w ought copper wre) for a bonding wre.

The present application clains priority on Japanese Patent
Application No. 2011-161036 filed on July 22, 2011, the content of

whi ch is | KXPRER STRANTEFORMBOWDIEGEWERE & ND M BASSERAND RFDHULPQ62]

In general, in a sem conductor device having a sem conductor el enent

mount ed therein, the seg??pgﬁtgcﬁl@ANgm?e%@?\égabgﬂgvare connect ed

to each other with a bo ng 20 wire as e. Hitherto, as
the Qonding wire, an Au wire has been mainly used fromthe vi ewpoi nt
of wire drawability, conductivity, and the |ike. However, since Au is
expensi ve, a bonding wire nade of Cu has _been provided as the bonding
wire replacing the Au wire. [Oﬂa%qHﬁmg,lE]sDnce Cu is harder than
Au, there is concern that a ball formed at the tip end 2 of a wire
duri ng bondi nd0®Hy break, for exanple, an Al wiring filmforned on
the surface of a Si sem conductor elenent. In addition, since Cu has

a | ower el ongdtic@restindnvdnhiah relfitedtd, a Edppeestiand dseptiahbegAticBppdratiredfor a
appropriate wire | oop shape cannot be nmintai ned. Therefore, for

L R e N R R
908 B SR e o b I i 0 e
I S suggest ed.
wire.
The present application claims priority on Japanese Patent Application No.
2011-161036 filed on July 22, 2011, the content of which is incorporated herein by
reference.
15
BACKGROUND ART
[0002]
In general, in a semiconductor device having a semiconductor element mounted
therein, the semiconductor element and a lead are connected to each other with a bonding
20 wire as described above. Hitherto, as the bonding wire, an Au wire has been mainly used
from the viewpoint of wire drawability, conductivity, and the like. However, since Au is
expensive, a bonding wire made of Cu has been provided as the bonding wire replacing
the Au wire,
[0003]

25 Here, since Cu is harder than Au, there is concern that a ball formed at the tip end



[ 0004] However, as described in Patent Docunents 1 and 2, in the case
where the 10 ultra-pure copper (6NCu) 2having a purity of 99.9999
mass% or higher is used, a refining process is needed to obtain the
ul tra-pure copper (6NCu). Therefore, there is a problemin that the
manuf actdl rai"?‘f@é) Bying hoggégéw Rreghy dprexamgle, an Al wiringfilgytarmpdan tharwrface
bonding wire described in Patent Document 3 is still harder than that
made of oAgd Sasemisasdustirgigmeng| omgaldition, siltreteharelowsr dpegatioesharibatedt
are 15insufficient to replace the Au wire. Mor eover, in recent

years, a\u,ekitreis oproblent in@havian @pphiopfiet &Firedbomsigs dhiiet vé hrintEgel of a
Cu wire is required, and workability by which wi re breaking does not

occur is requi r ] i f hondi i
20PR CRART DOINERT Bas ot B e Soron08) "2 ondingaiis Redbi ey

Japages 1.pned P, t i Jon. .[Eir lication No..

sop- 111 aue AT ER e Bbichises) b2 R Buiighh St RabEighe i
Application, First blication_ 3 No. 4- 247630 Pat ent
DocunentSU2esFdp ai?b%‘g#@é’aﬁ‘i @aﬂt@;\fwm@nbg% ]?‘)éléfﬂigdﬁ,r ¢ madopi-Phprdding 2 on
No. HO4-012623 5DI SCLOSURE OF THE | NVENTI ON Probl ens to be Sol ved by
t he | nvémallamquoboBli. FhélfpVeseand Brivauggesed.has been made taking the
foregoing circunstances into consideration, and an object thereof is

to provi de a g$ewfid]w ought copper wire for a 10bonding wire having | ow
hardness, high el ongation, and excellent workability, and a nethod

for produci ng Hh@veeat dWeAbah re8RPBocihéRs 1 ahd 2, RIRAERE WikfeGhe MeaNs
for Solving the Probl ens
10 ultra-pure copper (6NCu) having a purity of 99.9999 mass% or higher is used, a refining
process is needed to obtain the ultra-pure copper (6NCu). Therefore, there is a problem
in that the manufacturing cost is greatly increased.
In addition, the bonding wire described in Patent Document 3 is still harder than
that made of Au and has a lower elongation. Therefore, properties thereof are
15  insufficient to replace the Au wire.
Moreover, in recent years, a reduction in the wire diameter of a bonding wire

made of a Cu wire is required, and workability by which wire breaking does not occur is

required for a semi-wrought copper wire for a bonding wire.

20 PRIOR ART DOCUMENT
Patent Documents
[0005]
Patent Document 1:  Japanese Unexamined Patent Application, First Publication
No. $62-111455

25 Patent Document 2:  Japanese Unexamined Patent Application, First Publication



[ 0007] 15In order to acconplish the ohject, there is provided a

sem - w ought copper wire for a bonding wire according to an aspect of
the present invention, which is a sem -w ought copper wire for

form ng di ire having a wire dianmeter of 180 umor |ess,
wher ei n@o'gﬁgd'ﬁ%%ﬁwof the sem -w ought copper wire is in a range of
0.15 mmor nore and 3.0 mmor |ess, the sem -wought copper wre has
a conposi ti on Pafat Desgnpditds J@apee Eﬁﬂnmﬁdel)aé@tﬂié@pg%aon ehp@hPyblication
selected fromM, Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth elenents
such t haflo.&d0detEl6280nt ent thereof is in a range of 0.0001 mass% or
nore and 0.01 mass%or |less, with a remainder being copper and
unavoi dable inpurities, and a special grain boundary ratio (Lo-/L)
which is a ratio of a special grain boundary length La to a total

crystal grain boundary | ﬁl@ﬁp method is in a
rangtg of 50% 25or nore. eg%%?@w?ﬁ%fé;\ém-wought copper wire
for a b i.n iye.has, th onposition that contains one or nore
additioﬂ{igblgﬁ%émﬁ?égﬁg%qé%ﬁ]@gn% MMy, Ca, Sr, Ba, Ra, Zr, Ti, and
rare-earth el enents such that a total content thereof is in a range
of 0.0001 nass%¥ nore 5and 0.01 mass% or less, with a remainder

bei ng copper and unavoi dable inpurities. Therefore, S contained in

t he copper reddeyprasentinvdntionheveeamamidedaiadg tednmenbdimg arduhsames ato
conmpound. Accordingly, the effect of S is reduced; and thereby, |ow

recryst abhiidédktion ah@apebrtiuhereand b prvhRIaRESWrEddht REpRE RliRVBHa | N
addition, the special grain boundary ratio (La/L) which is the ratio

of tjhe [ i a-t LY rain
bouridar s T ongy e ShoniRARSY MERE Lt BAeRGILA SrabIE) B 815 0,
nore. Ther.ef ki 1S possible to enhance el on a.ign.and wor kabi ity
AR 8 g e R S e R e e
boundari es and special grain boundaries are specified by 15an EBSD
measuring apparatus which uses a field em ssion type scai m ng

el ectron mcroscope, and the total crystal grain boundary length L
and t he Mpwsifal Sgvmeiheobghléarsy | ength La are cal cul ated. Fromthe

cal cul ated | engths, the special grain boundary ratio (La/L) in this
aspect is obtdbdeEd. The crystal grain boundary is defined as the
boundary between adjacent two 20crystals in which the difference in

ori gatation azh@kcptdPRIBRBNsH 1R 0Bl HRkSisiptovifle®a §ANOProREN LBpAEr wire
hi gher as a result of two-di nmensional cross-section observation.

I n addi t4,0npo4fife %g%éh@dé ﬂé% th Q@gﬁ%ﬁ%é st H‘?@u‘itﬁ@?%ﬁ’ég’]gggr ain

boundary I n I ch crys ographica ine sed on the
CSL th .(Kronb t.al,: T o Met. S Al ME, 185, 501 49
Sati sf 1 SETEIBOUHRGOPST i TG BT having & wife GHimeterof 180 Lk

or less, wherein a diameter of the semi-wrought copper wire is in a range of 0.15 mm or
more and 3.0 mm or less, the semi-wrought copper wire has a composition that contains
20 one or more additional elements selected from Mg, Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth
elements such that a total content thereof is in a range of 0.0001 mass% or more and 0.01
mass% or less, with a remainder being copper and unavoidable impurities, and a special
grain boundary ratio (Lo/L) which is a ratio of a special grain boundary length Lo to a
total crystal grain boundary length L measured by an EBSD method is in a range of 50%

25  ormore.



5 grain boundary iii which an intrinsic correspondi ng position

| attice azinuth defect Dg in the corréspondi ng grain boundary
satisfies D:05 1E1/2 (D. G Brandon: Acta. Mtallurgica. Vol. 14, p.
1479, (1966)).0(5 10] 5In the sem -wought copper wire for a bonding
Wi re accordin t he aspect of the present invention, it is
preferable that the total content of the additional elenents be in a
range of 0. 0003CHEREYYHHhfpPeRntre dorppondineswiro hag the somposition that t hi s
case, recrystallization tenperature can be reliably suppressed to be
| ow and deatagrsems oc anrbaddiowet eldmeidQ[sel0didd fom eiddThH, SanBa,iRa, 78 Ti, and
preferable that regarding contents of Fe, Pb, and S which are the

unavoi dabteccartiRiihdnitLtich (1€ a ¢RAL DRtenPiheR®f REn latafse FVIDOP ImBs R hore
mass% or | ess, the content of Pb be in a range of 0.0001 nass% or

| esss a b f W 0] 9 . 15By
spocttyi g (AR AR with B finge RIS be iyl RIS RS
recrystallization te rature can be reljab suppressed to be | ow
ind har disedBic, b EES bl oSpis8 foap wifh 1 RbSyeSBRiER Slsmenisrine fobs
nunber of acid-insoluble residues having particle sizes of 30 pun or
more, wi COMRUBd.opfesordinglyytha dested Sdmedurest nd theiebydowgeerystakigation
sem -w ought 20copper wire for a bonding wire in a nitric acid

sol ut i orfemperaiure endlandmrdifess1Gddeachicess. In this case, the
particle sizes of the acid-insoluble residues that are present in the

sem -w ought g@B@EfioMithEspetial dralOnhasy WiE1E) wiRhlis thangid Hansunber
thereof is small. Therefore, 1t is posSible to suppress occurrence of

5[ 813 Beria bt oty SgfR e BV 20 Bt epf . Ressifiy

aci d-insol ubl e resi dues obtained by heating and di ssol ving the

seni - w diyRBSPIpeibed isi1n @ range of SBYRTi merew ngerﬁferq, eis piossitle faerihdnce
solution be in a range of 0.00015 nass%or less. In this case, the
abundancdongatidproarsf worebidit whilemelntdihing l@s handessspr esent in the 5
sem -w ought copper wire for a bonding wire is small. Therefore, it
is possible tgo®gppress occurrence of wire breaking during wire
drawi ng when a bonding wire is produced. [0014]

In addition, crystal grain boundaries and special grain boundaries are specified by
15 an EBSD measuring apparatus which uses a field emission type scanning electron
microscope, and the total crystal grain boundary length L and the special grain boundary
length Lo are calculated. From the calculated lengths, the special grain boundary ratio
(Lo/L) in this aspect is obtained.
The crystal grain boundary is defined as the boundary between adjacent two
20 crystals in which the difference in orientation azimuth between the crystals is in a range of
15° or higher as a result of two-dimensional cross-section observation.
In addition, the special grain boundary is a corresponding grain boundary in

which a Z value crystallographically defined based on the CSL theory (Kronberg et al.:

Trans. Met. Soc. AIME, 185, 501 (1949)) satisfies 3<¥<29, and is defined as a crystal



A nmet hod for producing a sem -w ought copper wire for a bonding wire
10according to an aspect of the preseét invention is a nmethod for
producing the above descrlbed senl wwought copper wire for a bondlng
wire, and.the | t en..copper generatin s, of
Gener at (N SORIGH BoBBER abybiis AY SHENIRE Rovorace oA RS u
selected fromM, Ca, Sr, Ba, Ra, Zr, Ti, al d rare-earth elements to
a copperth¢ a@vrm@aeimggrawabnungara Spﬁlﬂﬁets ‘Jj)qdﬂ 5%99. 9®. aBsandon: Aitgher and
99. 998 nass% or 15l ower; a continuous casting process of continuously
prOdUCIngmﬁnmhﬂQOWﬁbw1%Up¢ﬂ¥(ﬂ56whe nol ten copper to a belt-whee
type continuous castlng machi ne; and a continuous rolling process of
conti nuously ng the produced ingot under a condition where an
initial tenpe#at&pe is in a range of 800C or higher. [0015]

20Acgor di ng tg he net hod .f or rodu sem - w ough opper_ wre
for & bond'ng \A}l}eéemem%ﬁag? b b oSk afieli o HoRGHor gl &S
purity of 99.99 nass% or er and 99.998 mass% or |l ower is used.
Ther ef o rpéeseﬁblﬂﬁ%ﬁt@éia ité Rfﬁ@f%éf‘s@a‘;/ﬂhé ftalgqotent of the additipnqd clsgisnbdgtingi ng
cost of the sem -w ought copper wire for a bonding wire can be

gr eat | y raegiuddd)002 5055 %o engre ehd0.60h hianstouwslesol | i ng process of
continuously rolling the produced 7 ingot under the condition where

the initial teampds edsel@cdyStailizators @h@eratire 840K @liati @hﬂfreds@é o leded.
Therefore, the special grain boundary ratio (Lo- /L;’ in the

sem - W opd b HORREH HWidweE@r @ bonding wire can be in a range 50% or
nore. [0016] 5In addition, a method for producing a sem -w ought
CopRgr wre f%o q]bondl ng wire according to anot her aspect of the
present |nvent|on is a nethod for producing the above-descri bed
sem -w ought co . wi.re far bondln W re and the nethod includes:
a nolten COppg]Il gg@ﬁ%‘i‘ éftlpl%efﬁr,as]@égzg regardy Eﬁé?lgﬁl?tﬁa%%lppeﬁldc%ﬂ’ lﬁ?ﬁ %?/ihe
addi ng one or nore additional elenments selected from Ca, Ba,
Ra, Zr, .mayoidekle impuitiearthp cententwis bedn arage 0659601 massnat less, @he
having a purity of 99.99 mass% or hi gher and 99.998 mass% or |ower; a
cast i ng oneoestSPtobe raodngs o). @00 1i mgwts drjlepoad thg cormentbStherin a eppRerof
into a nold; an extrusion process of producing an extruded w re by
ext rudi mogshezebi &leed i ngot under a condition where an initial
tenperature is in a range of 800C or higher; a processing and

annqal i ng pr O%ﬁﬁﬁigﬁigﬁﬁ%ﬁ%% TR i g’fptuiriﬂgs 55“&3@?&"8‘51881% ?8&&§s§%f§£’a§?&1r €

to either one or wre annea

light rqllin SS er orm at, a rolling reduction
ate of EmpBR R AR e auD R S8 s v A auBeichnpe AEE et or
of 0.15 mmor nore and 3.0 nmor |ess. [0017] According to the method
for producing [P%2lseni - wr ought copper wire for a 20bonding wire, the
copper raw material so-called 4NCu having a purity of 99.99 nass% or
It is preferable that the number of acid-insoluble residues having particle sizes of

30 um or more, which are obtained by heating and dissolving 100 g of the semi-wrought
20 copper wire for a bonding wire in a nitric acid solution, be in a range of 1000 or less.

In this case, the particle sizes of the acid-insoluble residues that are present in the
semi-wrought copper wire for a bonding wire are small, and the number thereof is small.
Therefore, it is possible to suppress occurrence of wire breaking during wire drawing
when a bonding wire is produced.

25 [0013]



hi gher and 99.998 mass% or |ower is used. Therefore, conpared to the
case where 6NCu is used, the manufact @i ng cost of the sem -w ought
copper wire for a bonding wire can be greatly reduced. Moreover, the

t hod i ncl ud d i.n ocess of 25r eatedl
Cubj ect ng. ¢ ndUERsTALE (atra Hhsa o BY Satamat B Gr R hey O pgq sy ating

drawi ng, and 8 annealing, and the light rolling process of

per f or mag dissplvingghasenai-wislehimgpperduise fase hoadiag sfireaintie: nifrby asidismutians,
or less to achieve a final wire dianmeter of 0.15 mmor nore and 3.0

i nm or |begs aThegeaefdr(@015 haspecleas. grain boundary ratio (La/L) in the
sem -vvrought copper wire for a bonding wire can be in a range of 50%

or nore. 5 Ef fig@iisc@b, thhabldiues ia@d of B8 h8L-insoluble ASFRES RS ¢ ’Eh@e
aspect of the present invention, the sem -wought copper wire a

bondisng qahf %vr@ﬁ%{t ?8{(}%9%@%&95" G@ﬁhn@{wgg &40 atT‘h%fE’fox@ nﬁi is Olﬁ)gsﬁ He%gt

wor kabi l'ity, or ?)ro ucing the's copper

wire for bondi n vi ded. | EF PTI O\I OF. THE
DR NGS DRG] e daloe of i bregii it o @wa A SDQSHG Wb s
casting and rolling apparatus used when a sem -w ought copper wre
for a bd¥edus§dwire in an enbodi nent of the present invention is

pr oduced. FIG 2 is a flowhart of a nethod for producing the
sem -w ought dopldér wire for a bonding wire in the enbodi nent of the
present invention. 20FIG 3 is a flowhart of a nmethod for producing

the sem - w oughinetiop per producend Hfend- mﬂglhmpmrrxﬁre for ameh{MAE weredodi ment
of the present invention. is a graph show ng eval uation

resybpt s REordfledo AN aQleePbBnE FREGN %ﬁ/ehﬁod RuERLhoR rdp R fgthe ©

above-described semi-wrought copper wire for a bonding wire, and the method includes: a
molten copper generating process of generating molten copper by adding one or more
additional elements selected from Mg, Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth elements to a
copper raw material having a purity of 99.99 mass% or higher and 99.998 mass% or

15 lower; a continuous casting process of continuously producing an ingot by supplying the
molten copper to a belt-wheel type continuous casting machine; and a continuous rolling
process of continuously rolling the produced ingot under a condition where an initial
temperature 1s in a range of 800°C or higher.

[0015]

20 According to the method for producing the semi-wrought copper wire for a
bonding wire, the copper raw material so-called 4NCu having a purity of 99.99 mass% or
higher and 99.998 mass% or lower is used. Therefore, compared to the case where
6NCu is used, the manufacturing cost of the semi-wrought copper wire for a bonding wire
can be greatly reduced.

25 Moreover, the continuous rolling process of continuously rolling the produced



[0020] Hereinafter, a sem -wouyght copper wire for a bonding
wire and a nethod for produ0| ng the sdni - wr ought copper wire for a
bonding wire accordl ng to an embodi nent of the present invention wll
be descr.i bed. 5 .The sem_-w ought co? per wire for a bonding wire
accor di d@gwﬂéﬂl t e% e fhe 1pitightegwerniyrg isdniagpngerfifog dy eehigher is
bonding wre having a wre dianeter of 180 pmor |ess, and nore

pr ef er abhgludal. wiliheretbraytht epecedl g20h poondarymatie (lasvdl) kBhe pembwrdughscoppbr
addition, the dianmeter of the sem -wought copper wire for a bonding
wire 10%?&1’0@'%%&@0%&%%@%%%@E 508 dr'lnéter ange of 0.15 nmor nore
and 3.0 mn or |ess. “The sem - wrought copper wire for a
bonding wre @@ﬁ corrp05| t| on that contains one or nore additional

el enents sele froml\/g Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth
el ements such th t he toh‘a{i content t her eof ﬁ in a rangfe of 0 .0001
mass% or nor e RAIHEH agaet Ew&&qdup@gsasemlt“ﬁ%pvémeﬁwﬁ Bt hgddshper
and unavoi dable inpurities. Preferably, the total content of the one
or nor e vEdiqch g oanethenespeetalf dost present oxenipn ica megiod aprodagingthe Ti |
and rare-earth elements is in a range of 0.0003 mass% or nore and

0. 002 nmbsve-desctipsbseniinwradghitcopper wiegfar dibogdih evieant ent methbd fRludeh, a
and S which are the unavoi dable 20i npurities, the content of Fe is in

a range it QBP& d%ﬁ@rﬁf’{ﬁg)ﬁrob&%%f o&ﬁeeatﬁfanﬁ&% Rbpddy Ridink (ﬁ’ie E)@Hﬂ)?e of
0.0001 mass% or |ess, and the content Of isina range of 0.

mass% or, r ¢ I a,
Ce. Pr. a[%gﬁi%éai el@entéé%c%&l ﬁé}ﬁ M& Cea ng BtaERg ﬁrn% P%ﬁd k gﬂ'ﬂ? elg't%ua%tg §€i 5‘
25T speC|aI grain undar ratig (Ler/L the s 0 copper
¢ 48 oRoRb ¥ sEal Gevane & bt qi%a? BT e and 088 e o e
speC|aI graln boundary ratio |s t he ratlo of a special grain boundary
| engt h Laweio acAdingaredescoiypaitcing &1 ingeiduriaryg engelien copenigton mgldai n
boundari es and special grain boundaries are specified by an EBSD

measur i rig eappapapusesttf phodismg aa ekireda weire by extrudiygpthe sbamridngeot under
el ectron mcroscope, and 5the total crystal grain boundary length L

and the sRagitRh viHedd & AR EXipPerdtRas th 4BndE 6f 800°C or higher; a processing and
annealing process of repeatedly subjecting the obtained extruded wire to either one of
15 rolling or wire drawing, and annealing; and a light rolling process of performing rolling at
a rolling reduction rate of 5% or more and 25% or less to achieve a final wire diameter of
0.15 mm or more and 3.0 mm or less.
[0017]
According to the method for producing the semi-wrought copper wire for a
20 bonding wire, the copper raw material so-called 4NCu having a purity of 99.99 mass% or
higher and 99.998 mass% or lower is used. Therefore, compared to the case where
6NCu is used, the manufacturing cost of the semi-wrought copper wire for a bonding wire
can be greatly reduced.
Moreover, the method includes the processing and annealing process of

25  repeatedly subjecting the extruded wire to either one of rolling or wire drawing, and



cal cul ated. The special grain boundar§ ratio is obtained fromthe
calculated lengths. That is, in the s&m -w ought copper wire for a
bonding wire in this enbodi nent, the special grain boundaries are

present at a proporti.on higher than.that of typical .ystal grain
boundar i2Bueatingaiid the liEhlpli e Rrorenteh redPyning rolbbi alarolling yedug Bdak iy
bet ween adjacent two crystals in which the difference in orientation
azi mut h XePWeH AKe25Cr Psles to ackicyha Anplavgedigmetesof @5 By Remogsand 3.0
result of two-dinensional cross-section observation. In

addi t i omymtdndesspeThatfogy, ahaspociangtaimybouadary eatfo @sployidithgsegtiaimught
boundary in which a E val ue crystall ographically defined based on the
CSL the ; -1 , 185, 501
(1949))Q@gﬁéﬁﬁﬁﬂgﬁé%éﬁ%g?“gﬁﬁéﬁggﬂg Fﬁ%gbggégquegggl grai n boundary
in ich an intrinsic corresponding position |attice azinuth defect
Dg in the correspondi ng grain boundary satisfies Dgl5/E112 (D. G

Br andon:_ Act a. allurgica. Vol. 14, p. 1479, (1966)). [0024] 20In
addi t i oreCRLIAIGWEENE aci d- i nsol ubl e resi dues having particle sizes
of 30um or nore, which are obtained by heating and di ssol ving 100 g
of the sem -w{eight copper wire for a bonding wire in this enbodi ment
inanitric acid solution, is in a range of 1000 or | ess.

Furthernore, theoalngahesspeetdfthofreicheinabiticer, RntmoMecught copper wire
acid-insoluble residues is in a range of 0.00015 mass% or less. |1

[0025]  for a bondiREwdY Rh¥ak 1R h&lindddenisk e@nbArRl MR &cEesi %ﬁ&bgﬁy, and

performed by the foll ow hg procedureS. Fifst, a predeterm ned anmount

(10Q49) i I: > sem - W O t C . Wre
For 18 et RuRAToL TRy 3R IR PR TS v REPE s e
i s heated agd di ssolved in a heated nitric acid solution. The
sol uti o490l ed to the room tenperature and is thereafter filtered
by a filter to collect residues. The filter that collects the
residues is weighed, and the residue mass of the residues is
measured. In addition, the ratio of the amount of the resides
(residue nmass) to 10 t BRIBFERCRIPTION GHEHEMRRAMINGSem - wr ought
copper wire for a bonding wire) is calculated. As a result, the
anmount (abundqm@l]rati o) of the acid-insoluble residues obtained by
heati ng and di ssolving the sem -w ought copper wire for a bonding
W rqsin the niggti Ci.86I i i i t
95 HE! Cis3h eflﬂ%ﬁigl‘]fj Al loF a@gﬁtﬁﬂ{(})ﬁgcas é%x;a/d Faotﬁg%gfaérﬁﬁ%ﬁaéus Jaad

collects the acid-inso esi dues 1I's observe _
1561 ect 1T SRASG8RE AR TEM BOSKRZLAR LRERESKinieh SN Brescht®
1vention is produced.
FIG. 2 is a flowchart of a method for producing the semi-wrought copper wire for
a bonding wire in the embodiment of the present invention.
20 F1G. 3 1s a flowchart of a method for producing the semi-wrought copper wire for
a bonding wire in another embodiment of the present invention.

F1G. 4 is a graph showing evaluation results of acid-insoluble residues in

Invention Example 1.

25 EMBODIMENTS OF THE INVENTION



subj ected to inage analysis to nmeasure the sizes and the nunber of
the residues. In addition, the nunber “of the residues havi ng particle
sizes of 30 uin or nore is obtained. As a result, the nunber of

aci d-i nsol ubl gobﬁﬁi dues having particle sizes of 30 pmor nore, which
are obtai ned by ating and di ssolving 100 g of the sem -w ought
copper wire for a 20bonding wire in the nitric acid solution, is
measur ed. [ 00Z#jremnafter, a sequxyroughtifgppeavirolor pheadiog miretand ageethodosught
copper wire for a bonding wire in this enbodinent will be descri bed.
The seniprosusunghthe sepperounght eopper wae foradiomging wiee actominigto dnfembodirhant
(Lo-/L) of the 25total special grain boundary Iength La of the

speci al @nhd prebaydanti@bwliobd fecdiiigal crystal 12 grain boundary

|l ength L of the crystal grain boundaries is in a range of 50% or nore
i's produced bypgpigontinuous casting and rolling method or an ingot

extrusi on net hod. [ 0027] In this enbodi nent, an exanple in
whi ch a continyaqus_casting and rolling 5 aratus 10 illustrated in
FIG1 is used i’ GRETPYslifjcopper wire f%éb%@ﬁfg Wﬁ%@l“s"‘)&‘g’%ﬁ lsa?ﬁﬁmﬁﬁml}tng
apparatus 10 illustrated in FIG 1 includes a nelting furnace 11, a

hol di ng if Usedaase materig te peadperya bersligghwirg having e wiradiemeter ¢k O0qonor esus
casting machine 30, a continuous rolling device 15, and a coiler 18.

[0028] Xdtmdrbipscfeabigdi WasdiangSertdt0 Rl bi MOrd 4HdNB0§ind &5 leg. Shaf t
furnace which includes a cylindrical furnace body is used. A

ot PR RERAHTLOPLEH SR LGRS 19 LBy
o 8 AR BaPFEE  SEeh IS RS AL o L6 e

upper part of éhe furnace body. The electrolytic copper is nelted by
15conmbusti on ¢#04%e burners; and thereby, nolten copper is
conti nuously produced. [0029] The hol di ng furnace 12
tenmporarily stlbesemi-weoyght eoppet wem foropipewd iy wite hasch ¢ompidaitiomehdt icogtains
furnace 11 while being held at a predeterm ned tenperature and sends

a const amt camuhiddifiortahelenehtsgtlceod Pem M@, CHESICBE tRADr T O@iarkDarth
20[ 0030] The casting trough 13 sends the nolten copper sent

from t he)dedild fQh fibt ARGStal orltQt Andretds ﬁ{hnl%g%%blsﬁgﬁ@ﬁdlngg%v& &€ an

bel t -wheel type continuous casting nmachi ne casting trougﬂ 13

I's qgal %lbﬁﬁassf)/(?{)%lg%%gg@lil%’rei %]inidgr réillggéaospgglgzﬁ%rtﬁ]ise%éh?@éflﬁ;élirﬁ%gf Ing gas.

I'n addition, 1n “casting troug _ _ _
Iplr lo\ljlsfj; _reefg@Iy?‘EhestE)tlaT (r;énrt]gat to?t 1er(r)?1|eto? 230%65 g(%?t?(}nenral gl%hlgl%stsggctleg %)121 ]9128 Cg,s
Sr, Ba, Ra, Zr, Ti, and rare-earth elements is in a range of 0.0003 mass% or more and
0.002 mass% or less.
In addition, regarding the contents of Fe, Pb, and S which are the unavoidable
20 mpurities, the content of Fe is in a range of 0.0001 mass% or less, the content of Pbis in a
range of 0.0001 mass% or less, and the content of S is in a range of 0.005 mass% or less.
Here, the rare-earth elements include Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, and Lu.

[0023]

25 The special grain boundary ratio (Lo/L) of the semi-wrought copper wire for a



[ 0031] In the tundish 20, an el nt addi ng device 21 for
addi ng elenents to the sent nolten coﬁggr is provided. In addition, a
pouring nozzle 22 is disposed on the end side of the flow ng
directiqn of the mlten co in the tundjish 20. The nolien co r
'n' the SRORMESHER & g 3 Pl e HEF: DRAREI e bEOKER B0 S e
casting machine 30 via the pouring nozzle 22. The belt-wheel type
cont i nudaio ebasnentyl srnbaiadany lprath Lads the tetad enypigl sthmdiovddarkdengtigLa
groove fornmed in the outer peripheral surface, and an endl ess belt
32, whi drysteV@hinduaddicioue spdctal gRiebouHda iRt asdcifdtyy &a HESD of the
outer peripheral surface of the 10casting wheel 31. The nolten copper
supplie o @i i I LS. ROU L0 : d

Dot neen | Ha e R PSS SIS B BR SR e SRR el AR and

t her gby,,, a r-like i.ngot 40 is nti,nuousl y casted. [0032 n

addi o oriné E“:@ CE’éHf Sy lpur dﬁ’aele%‘ﬁ& anddhesnes el 1Ay %leﬂ% e‘@%ﬁ Lg are
connected to the 15continuous rolling device 15. The conti nuous

rol | i ng caulaged. 15 he spedial gonis byunrdary etip heoljained fikm thegdeulaed pngthsced
fromthe belt-wheel type continuous casting machi ne 30; and thereby,
a copperThabisgin-ttie smmi-wicughSédpheaiving foa aproadievird inells enibsddentditenet er
i s produced. The copper rough-drawn wire 50 produced fromthe

cont i nuUGYEciilrhinMBuAkRiieS Bre e RASA D& AMIR sRe MASNHLAG DA st Srain
device 16 and a flaw detector 17 and is coiled by 20the coiler 18.
[0033] poun mﬁ%xt, the nethod for producing the sem -w ought copper

wire for a bonding wire using the belt-wheel type continuous casting

machi,ne 30 is.described.by using FIGS. 1 d 2. 25First, a copper raw
mat leou al (so- 1F|¢8”d{ai&@dﬁ g‘h%ﬂ%sgeffﬁmﬁ%wﬁ%?wééryg)%@w@wenti 0

hi gher and 99, 998 nmass%or |ower is charged in the nelting furnace 11
and is eyt whishihe ditfersneccin arisplgtien pridiuth brywpindbe seysetslly in 2 rangp ef
melting process SO, an air-fuel ratio of the plurality of burners of
t he shafl5® buhigherasiasreadf efdtveeiimongimied ctobesdcnisn dbsepfatione nel ti ng
furnace 11 have a reduci ng at nosphere. 5[ 0034] The nol ten

copper obt ai neglafitibf ehdlebian aﬁwdﬂlﬁﬁf{y}sla E&réﬁ%i}diﬁ%g&ﬁﬁ?@%%éﬁ 20

via the holding furnace 12 and the casfing tro

mer - gaangy & Foule RERIRR I e ARG o s o e Tk RERe S A ng
devi ce. Thereby, the 10reacti on between the nolten copper and the
i nedf gasansy Meadhnsi ABVGabss, SO0hEGIPBrsatidies 3<2<29, and is defined as a crystal
grain boundary in which an intrinsic corresponding position lattice azimuth defect Dq in
the corresponding grain boundary satisfies Dq<15°/£'? (D. G Brandon: Acta.
Metallurgica. Vol. [4, p. 1479, (1966)).
[0024]
20 In addition, the number of acid-insoluble residues having particle sizes of 30 pm
or more, which are obtained by heating and dissolving 100 g of the semi-wrought copper
wire for a bonding wire in this embodiment in a nitric acid solution, is in a range of 1000

or less. Furthermore, the abundance ratio of the above-mentioned acid-insoluble residues

15 in a range of 0.00015 mass% or less.



[ 0035] Next, by the el enent addlpg nmeans (device) 21, one or
nore el ements selected fromM, Ca, SI, Ba, Ra, Zr, Ti, and
rare-earth el enments are continuously added to the nolten copper in

t he tundi sh ngﬁﬁ enent addi ng process S02). Thereby, nolten copper
15i s generate mhich the total content of the one or nore el enents
selected from My Ba, Ra, Zr, Ti, and rare-earth elenents is
adj usted to béd hP ﬁVﬁu?t‘a{WgQ.f thy aqid-nohiblpessi duesris perfemed by shopllagaey, or

| ess, and nore preferably in a range of 0.0003 mass% or nore and
0.002 massdilores] ess. [0036] 20The nol ten copper having the adj usted
conponents is supplied to the belt-wheel type continuous casting

machi ne 30 vi Fikha ppalketdrthed@amet G20 cpofth §feeinaris kdrifled RBALHE0 1S
conti nuously produced (continuous castl ng process S03 Here, in the

cont knuQysj %éﬁéh@go e?ﬁ/‘ﬁ%sforsr?g@n&lggevﬁpgg% REENEGALDR \%899 %119&11 o he

casting wheel the endl ess orms a trapezoi

Thereforg, .t he ot . 40 ha R u ntia SLr al
Cross- segg?cilglﬁéllsb%eﬁ%?s ﬁéi &X%E]e%he égt[”(? 'ffosl‘ﬁ nbairh%{?(ﬁ]ét“?‘h BP&ﬁg
is supplied to the continuous roll device_ 15 to be subjected to
rolling;© %domée@wat%eﬂddéﬁpf@?a%ﬁ ered PR ATl Fecobigctigvurg. a
predeterm ned outside dianeter (in this enbodinent, a dianmeter of 8
m is producddie fidlonthiahemigsts Shaotebidnes ipmoighed, @04he fesidubimasoofithauous
rolling process 804, rolling is performed at a tenperature of 400C to

900C. | nedithies iembamiiatentn additibmithd @kio bE tRemaiut 6f Mo fdsns (1ekididBiaéss to
set to be in a range of 800C or higher. The initial tenperature

duriing rmd bmae«mtwsﬁéeﬁehl(melsanw e BRERT I;Ungﬁl?evai?‘epqs 1 050C

or |ower. [0038] 10The copper rough wre 50 pro romthe

conti NuQHRylAld | N8 ALUE el ik ﬁa*;)ﬁnaﬁcePaqlogkf&g'g@h@lg(guﬁ“gﬁsgcﬁmi8

devi ce aw de

The vvash coalin ce 16 washes and cool s the surface of the
copper EE?SW%Q% g %és YiBa IS P aR S SORBRPIR O OTshng Yiige in

device 15 with a cl eaner such as alcohol. In addition, the flaw
det ect orthamiligeidd squtiomisgnagsutehe copper 15rough-drawn wire 50 sent
fromthe washing and cooling device 16. [0039] Next, the

obt ai ned coppéfext, cheghltaitbatrcolieatethd Acikisansulidyle adseties ohiserrEecﬂHi}aWs(ragnﬁa(g
as to achieve a final wire diameter of 0.15 mmor nore and 3.0 nmm or

1382 ;l 5(1 rldchiof nelBHdOEHpEEANd, ansS EN piBloefapRithPedt iffhked W TIR SHMWHOSPHAGESS
subjected to image analysis to measure the sizes and the number of the residues. In
addition, the number of the residues having particle sizes of 30 pum or more is obtained.

As a result, the number of acid-insoluble residues having particle sizes of 30 um or more,
which are obtained by heating and dissolving 100 g of the semi-wrought copper wire for a
20 bonding wire in the nitric acid solution, is measured.
[0026]
Next, a method for producing the semi-wrought copper wire for a bonding wire in
this embodiment will be described.

The semi-wrought copper wire for a bonding wire in which the ratio (Lo/L) of the

25 total special grain boundary length Lo of the special grain boundaries to the total crystal



20l n addition, after the above-described wire drawi ng process SCS, a
recrystallization heat treatnent is pQ’fonned at a tenperature of
150C or hi gher and 250C or |ower (finishing heat treatnent process
806). In t.his embodi t heat . treatnment .is perforned_in an .

ot s phertin spuS T ER k o6 etk Eloi b kv Peb el BB b Buttes,

t he sem -w ought copper wire for a bonding 16 wire in this

enbodi neRedyce byg@g@f@meuf opapg and rolling metipd o5 amingk GigRlondtet. wire
for a bonding wire in this enbodinment is further subjected to a

drawi ng proced®027d be processed into a fine wire having a dianeter of
180 Sumor less, and the fine wire is used as a bonding wire. [0041]

The sem - wr oughthi€@RP&TIMeh, 8n E:@fmPe RORAICAE cohfifiol 8 cdsiihg afdRAGTeNt
havi ng the above properties has a conposition that confains one or

rmresadgipgaﬁﬂ@ho?hﬁ%%&h%%ﬁqggggedpggégcme Ca, Sr, Ba, Ra, Zr, Ti,

and rar arth elenents su otal” content thereof 10is in a
range of 0.00 mass % or re apnd.0.01 nmass%.ar. | ess,. w a

renai nder bei 658?)%8%0”%%8%3\]/(8{0 WP rﬁotlgiﬂ%tfa%%flgléﬁe?’@lr”gﬁﬁ ¥,
the total content of the additional elenents is in a range of 0.0003
mass% or§tipe fapsed 1 ppboldigdusgee | o scastmgdraehld, a Elewhedityisd i n t he
copper fornms a conpound with the above-nentioned additional elenents.
Accor di mghimuduk eaihg egachik 38, i sontimdoesedlingnttvichd b s, a dodler 18.
recrystallization tenperature and 15| ow hardness can be achi eved.

[ 0042] [boR8ddi tion, the special grain boundary ratio (La/L) of
the sem -w ought copper wire for a bonding wwre in this enbodinent is

, : a " . _ ! d
In ggrange of ;0% &hn&RMent, hsnth@%]t?l:lée)fé'm a&é?ﬁgﬁé&%{f)ﬁ' 1gceb\9h‘1r3ﬂ%dhﬁﬁs gn

speci al grain boundaries are speci measuri ng
appar at MR- field 1 SSi.0n e_scanni glectron ..
m cr osc%%gm%gﬁ#ﬁ%%tbép gfs ]%:Sr%?/stgl%ud ?iétlyr? f%ﬁ%ﬁr&:‘g’@t ‘ﬂ%ﬁ%&“‘r‘#’ AreAERnggbin
special grain boundary length La are calculated. In addition, the
speci al ! ?QF%’“HOBE?HHQ%YCF%‘EI} ) tll%%a’%ffaﬁlﬁ@tit damAehRO 4y AN G A B SEE Ak hs.
In the case where the special grain boundary ratio is high, the
consi st endii-seFeeipen oy g verticgrdifentiorou idestiadgid eoppereviioh isreerastmatetigirie
i s enhanced, and dislocations are less likely 25t0 be accunul at ed.
Ther ef oneserted fiom tho sppdriparttod tlenfaarace bedyongadkictuetralydc wopteaki heltad twhi | e
17 maintaining | ow hardness. [0043]
15 combustion of the bumers; and thereby, molten copper is continuously produced.
[0029]
The holding furnace 12 temporarily stores the pure molten copper produced in the
melting furnace 11 while being held at a predetermined temperature and sends a constant
amount of the molten copper to the casting trough 13.
20 [0030]
The casting trough 13 sends the molten copper sent from the holding furnace 12
to a tundish 20 disposed above the belt-wheel type continuous casting machine 30. The
casting trough 13 is sealed by, for example, an inert gas such as Ar or a reducing gas. In

addition, in the casting trough 13, a stirring device (not illustrated) for stirring the molten

25 copper using the inert gas is provided.



In addition, the nunber of acid-insoluble residues having particle
sizes of 30 umor nore, which are obt&f ned by heating and di ssol ving
100 g of the sem -wought copper 5wire for a bonding wire in this
enbodi nment in&%&j nitric acid solution, is in a range of 1000 or

| ess. Further I the anmount (abundance ratio) of the acid-insoluble
residues is in a range of 0.00015 mass%or |ess. As descri bed
above, the part heltendsly2s apfelenirat adding deviest Libfoe adding dewentatethersant |

t he nunber thereof is small, and the abundance ratio thereof is

suppr essedtenTopp@fiopmyidetl. | b dddjpxams b bberingoncler2ds dispbsee ohnkeddtidide
when the sem -w ought copper wire for a bonding wire is subjected to

wire drQiﬂtlihgﬂéﬁnbQ}n’@étﬁﬁﬁﬁf’tﬁ@mbﬁé@céﬂb%r fﬂQHgtd%lsWEOe ThOBMfdn copper in thé
addition, accordr ng to the method for producing the sem -w ought

copper aw
COPPS!  oidl 3 3 BB S Bk RIBRE BB b g IRUE IR P2,
and 99.998 mass%or, |l ower is used Therefore conpared to the case
wher e GPH@HrlllgnE@ledi, ‘the nmanufacturing cost of the seni-w ought copper
wire for a bonding wire can be greatly reduced. Moreover, the
product i on netlhedckiwdiealdare eordindow Gasted iagiues $ngwb1ﬂ©i:@@z§tlmwh@¢1 31
conti nuously producing the bar-like ingot 40 using the belt-wheel
cont i nudasingasgroowg 20m@tini theo®er; paiplietahsurfoatand wowadless Beltrdg, phatess
SO4 of continuously rolling the produced bar-1ike ingot 40 under the

condi ti gevoM@radinieres Bj Edndd intCEMRIRINE daft dfthePoul @28 pREraBRRfacObf the
hi gher. Therefore, the special grain boundary ratio (Eo /L) of the

proqgced, e wM:’ePB'ghtT] in é’Mg@\% {agf)hﬁde\hg% dﬁ)@rﬂ% 1822? f? Ejaoh&d%to 2

range of 50% or nore. pr esent

I%e[‘fah%ﬁﬁ“ SRR %%ﬁtﬁsgpoiﬁgﬁﬁﬁﬁrﬂls@? ML, DA Hisi Fng

fromth eﬁtures of the present i nvention. Inthls

enbodi ¢ HgOLH S CRPERIPNELY C8HB_r wire for a bonding wire is

pr oduced by usi n% t he belt-wheel type continuous casting machine in

t he descri pti @®32but the present 5invention is not linited thereto.

[ 0046] For exanple, as illustrated in FIG 3, the sem -w ought
copper wire fdunadditiondhalgelwivhes] ingpel dogtirucmp eadtiak ngiching 30euasaesed & the
(La/L) of 50% or nore may be produced by perform ng a nolten copper

SRR S G L
rol 1 ng i AREFiBoAPproduced from the belt-wheel type continuous casting machine 30; and
thereby, a copper rough-drawn wire 50 having a predetermined outside diameter is
produced. The copper rough-drawn wire 50 produced from the continuous rolling device
15 passes through a washing and cooling device 16 and a flaw detector 17 and is coiled by
20 the coiler 18.
[0033]
Next, the method for producing the semi-wrought copper wire for a bonding wire
using the belt-wheel type continuous casting machine 30 is described by using FIGS. 1

and 2.

25 First, a copper raw material (so-called 4NCu) having a purity of 99.99 mass% or



In the nolten copper generating proce 3 S11, nolten copper is
obt ai ned by adding one or nore additionhal elenents selected from M,

Ca, Sr, Bo, Ra, Zr, Ti, and rare-earth elenents to a copper raw
teri p)
Zﬁdeébaéaéﬁ?rgﬁ@?? 905 FRR o RUEER, e e et ARATESS TP FURSE

copper our nto dtoo n,in t havi n di a r of
506 mm (B AR Biof cOr%r fnflfng PW&eﬁgoﬂxtl%JE? liedtess’sdls o st

is extruded under the condition where an initial tenperature is |r] a
range ofofdobiduEhitheigneners alide shaft Biyace anadivated i@evpkgitheinkide o6 theimatdng
The initial tenperature during the extrusion is preferably in a range
of 800C fEface hi hhera radutiiD&OCsherd.oner . In the processing and
anneal i ng process S14, the extruded wire is repeatedly subjected to
ei thgr one of [p@d4]i ng or wire drawi ng, and annealing. The annealing

i s perforned whenever a cross-section reduction ratio reaches 80% or
nore. In the | I I S:

rolling reductT:hgErlior]{'ilati:?f be())éhg o?%ﬂ@ fgﬂ%ﬁ%@ letl’rngn h@%%%lolse {etst(gEE nd%%'}l eve a
final W|re di.a nor e 3.0 mmor |ess. EXAMPLES
5[ 0047] g@ﬁrﬁ? ngi rifdce 2% a“iilg]}g aﬁtﬁ} é?ug%q sults of an eval uation test
on the sem -wrought copper wire for a bonding wwre in this enbodi nent
descri bed abo%@rwthq H@Em‘d%@@ﬁﬁ thalpasssy thrpug 1h’élewaﬂmb|tmgb daseaied by thee
flowchart of FIG 2, sem -wought copper wires 10 for a bonding wire
of | nventérbpasraepicer gos iostBredrny toapancanintiengkstimihg devicandll2rabgy the
produced. Specifically, nolten copper was obtai ned by adding

addil0i onedctioh @eBwics tishawiten ddppeddind the nert4hCUr redh@ngBhstie AcceRpRed. Was
poured into a belt-wheel type continuous castlng nachlne and
continuous cagppyzg and rolling was performed thereon. Furthernore,
wire drawing and a finishing heat treatnent were perfornmed to produce

0.0 mm o Sel RO kRl B B Pk PR RR ik o B et SFRET 5
3 3”110“23%0‘?%%5 VA e

nol ten copper was obtalned by addi ng additional elenments shown in
Tabl e | t/BOlIENEEPPHEN ﬂwgmtldlﬁia%@/f@enaelmaé@ag@rocg$s 3020 mhharehy, mrobducenper
from 20 the nolten copper. The ingot was subjected to hot extrusion
at 860C i$ gerpracilimewlaioh ehettotableshtait bEtHrank g nardtlanette selodte Bfrom MEhEa,
extruded wire was repeatedly subjected to rolling and annealing to

produce St B&Ma, ¥, 0UIAHd rﬁl%lmﬂh e%ﬁ&tﬁ@‘éﬁjﬂgte@tcﬂb@ﬁﬂi 1@hgeddf 0,000 mass% or
Thereafter, the sem - wr ought copper wire was su jected torolling at

a rolli qgoxg?qggg)‘éQHasE%t&rl%guce h %‘Zﬁ‘éferaﬁ gf 1%‘@1@6’1&0%5 nrlarsgﬁﬁoqg%e Was

per f orme Cto 25p copper wre
bondi ng wdrogoolae}h/ésrsl% k! Eglslsarret er of 0.9 mm
[0036]
20 ‘The molten copper having the adjusted components is supplied to the belt-wheel

type continuous casting machine 30 via the pouring nozzle 22, and the bar-like ingot 40 is
continuously produced (continuous casting process S03).  Here, in the continuous casting
process S03, the space between the groove of the casting wheel 31 and the endless belt 32
forms a trapezoidal shape. Therefore, the bar-like ingot 40 having a substantially

25  trapezoidal cross-sectional shape is produced.



A sem -w ought copper wire for a bondijng wire of a related art

exanpl e was produced by the foll ow ng@ret hod. First, nolten copper
was obt ai ned by adding 0.0030 nmass% of Zr to 4NCu. An ingot having a
di anet er of Zi@ 3%? was produced fromthe nolten copper. The ingot was
subj ected to Q xtrusion at 800C to produce an 5 extruded wre
having a dianeter of 8 mm The extruded wire was subjected to wire
drawi ng. Next ,Thg bpj-Rireskielgthis sepnlied 4 Herontioup erlfing devdesald @A6C t o
produce a sem -w ought copper wire for a bonding wire having a

di anet ersubject®d & rohing; and thetabyatldicoppenrouchelrobt airéd haeme-aywredegdrmined
copper wires for a bonding wire of Invention Exanples Ito 10,

Conpar atgyweddrxanBlean ti®eibodfnt AYid@hatES BfY iSradRbe (dMBESS
subjected to wire drawi ng to produce bonding wires having a di aneter

R S e S SR

grai n boun y ratio a

wres for a bondi i.re of Invention Exanples.1 to 10, Conparative
Bl cdebergtins g b RE O EF it SPpC ey e idH G RERHRARTE 1 he
fol |l owi ng net hod. Mechani cal polishing was perforned on each
speci menolliggngseit lex inreovhgcadlr PV er pigber  dihd indiialrremperatmradinm ghaigns .
Next, finishing polishing was perforned using a colloidal silica

sol ut i ofyre bR ofHISE 8 highd dhdDPYHLas! BReANd Special grain
boundaries were specified 20 by "an EBSB neasuring appar at us

($S4300- SEM maggd%g ured by Hitachi, Ltd., O MData Collection

manuf act ur ed AX/ TSL I nc.) and an anal ysis software (O M Dat a
Anal ysis ver. 5.2 manufactured hy EDAX/TSL Inc.), and a total crystal
gr aill boundar yI e ARG reuhrdiayn ghisci Oprodycs( Aropp g ganrtnuoeh ilking deviger
cal cul ated. Accordingly, the average crystal grain size and the

speci al mgsws thrbegindiamashioggedhcodingalewse é6 andihy Ao, det@torDet aidlis cafedt he
nmeasuri ng method are described bel ow. First, by using a

scanni nghyaheediledn /M Thosasieg andebioting déficdTERsusiRiand cqdd Mk Suifitedf the
measur enent range of the specinmen surface were irradiated with

el ectr 0%oﬁﬁﬁ%ugfﬁ&ﬁ\ﬁhﬁréﬂ?ﬁﬂoﬁﬁ&d%ﬁ ﬁ%o!\ﬁt?uéu‘ﬁ@?i%%é\@%@&ﬂwhﬁ a

scanned with the electron beans. By azinu Sanal ysf's ectron

backscatheheALHLAGRIAN. i AR IOl AU AN, S50 Dot et veen

t he adj acent neasurenent poi e azl eren

bet ween th asure t ints was .in a,range of 1 or nore. The

t ot al grr8P°1’%??%‘?%%]%‘?’98%9“‘(@?’1é""“PIHP%F‘“q %ﬁﬁdﬁ?lcﬁig the crystal
grain boundaries) L of the crystal grain boundaries in the
nmeasurenment rd Iwas measured. 10In addition, the position of a
crystal grain boundary at which the interface between adjacent
crystal grai ndNexfshe dlefaimpe copgler grughairbauwdany inadjdciertt Mifeadtawardotabe
total grain boundary length (the total |length of all the speci al

grai n bayne@eeslindlavief dikiietes BES1 find bRnBrdd AN s MAS(iNBRsUred. I n
addition, the ratio La/L of the neasured special grain boundary

length LandRichéif, 4 @iheted 6209 MAYRHR drabiifiiBcdss 8bsy he crystal grain

boundari es

20 In addition, after the above-described wire drawing process S05, a
recrystallization heat treatment is performed at a temperature of 150°C or higher and
250°C or lower (finishing heat treatment process S06). In this embodiment, a heat
treatment is performed in an atmosphere at 220°C for two hours.

In the above-described procedures, the semi-wrought copper wire for a bonding



15was obtained as a special grain boupglary ratio (La/L). [0049]
(Har dness Test) Next, hardnesses” of the sem -w ought copper
wires for a bonding wire of Invention Exanples Ito 10, Conparative

Exanmpl esyikd @ s eAtddl E art exanpl e 20and the bonding wres
pr oduce?inférorrtﬁshe se%ﬁ&\fw%urgﬁlﬁggbpper wires for a bonding wire were

measur ed. 4 addition, a hardness test was perforned based on
JIS Z 2241 by [91% OEg the Vickers m crohardness tester MK-700

manuf actured by Akashi Corporation. [0050] 22 (Elongation) Next, the
seni - wr ought SRRt ERPERWHS hdi Apndingeviss 1o thisentbiodimdnt infurtber 1
to 10, Conparative Exanples 1 to 4, and the related art exanple and

t he bondiuhgcisi tes dprongipdesstobe ploeesedrintae fiug hiredapipgr didmetsr gfdrg0a
bonding wire were subjected to a 5tensile test by using a Amster

ver tiscalydh ¥PRs, @NG HiRTirleasird RAsERS Béhdiwhact ured by Akashi
Corporation so as to evaluate elongation. [0051] (Wrkability) The

obt ai ned sem '[M gght copper wires for a bonding wire of Invention
10Exanples 1 to@ , Conparative Exanples 1 to 4, and the related art

exanple were further subjected to re drawi ng to produce wres

havi ng di amet e ST I-BTOUEHY CHRPELITe SH1ch UG Ve hiarrEodgrentmeng the

breakages during the wire drawing was eval uated. [0052] The

eval uat i39AVE RONEHEs bas a ¢penpnsision alat geatais boandiaese additionsl dmerty selected

hardnesses, 15 and el ongations of the sem -wought wires for a

bondi ng fwm &g, tar Bn@zskRs, Anti, ehdngatartndeméntt hl&:lﬂﬂﬁtdhm@tal\/bﬁlﬁsm tAdr8of

the nunber of wire breakages during wire drawing are shown in Table

1. 10 isinarange of 0.0001 mass% or more and 0.01 mass% or less, with a remainder being
copper and unavoidable impurities. More preferably, the total content of the additional
elements is in a range of 0.0003 mass% or more and 0.002 mass% or less. Therefore, S
contained in the copper forms a compound with the above-mentioned additional elements.
Accordingly, the effect of S is reduced; and thereby, low recrystallization temperature and

15  low hardness can be achieved.

[0042]

In addition, the special grain boundary ratio (Lo/L) of the semi-wrought copper
wire for a bonding wire in this embodiment is in a range of 50% or more. In addition,
crystal grain boundaries and special grain boundaries are specified by the EBSD

20 measuring apparatus which uses the field emission type scanning electron microscope, and
the total crystal grain boundary length L and the special grain boundary length Lo are
calculated. In addition, the special grain boundary ratio is obtained from the calculated
lengths. In the case where the special grain boundary ratio is high, the consistency of the

crystal grain boundaries in the entire structure is enhanced, and dislocations are less likely

25  tobeaccumulated. Therefore, it is possible to enhance elongation and workability while
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maintaining low hardness.

[0043]

[n addition, the number of acid-insoluble residues having particle sizes of 30 um
or more, which are obtained by heating and dissolving 100 g of the semi-wrought copper
wire for a bonding wire in this embodiment in the nitric acid solution, is in a range of 1000
orless. Furthermore, the amount (abundance ratio) of the acid-insoluble residues is in a
range of 0.00015 mass% or less.

As described above, the particle sizes of the acid-insoluble residues are small, the
number thereof is small, and the abundance ratio thereof is suppressed. Therefore, it is
possible to suppress wire breaking when the semi-wrought copper wire for a bonding wire
is subjected to wire drawing to be processed into the bonding wire.

[0044]

In addition, according to the method for producing the semi-wrought copper wire
for a bonding wire in this embodiment, the copper raw material so-called 4NCu having a
purity of 99.99 mass% or higher and 99.998 mass% or lower is used. Therefore,
compared to the case where 6NCu is used, the manufacturing cost of the semi-wrought
copper wire for a bonding wire can be greatly reduced.

Moreover, the production method includes the continuous casting process S03 of
continuously producing the bar-like ingot 40 using the belt-wheel continuous casting
machine 30, and the continuous rolling process S04 of continuously rolling the produced
bar-like ingot 40 under the condition where the initial temperature is in a range of 800°C
or higher. Therefore, the special grain boundary ratio (Lo/L) of the produced
semi-wrought copper wire for a bonding wire can be in a range of 50% or more.

[0045]

While the embodiments of the present invention have been described above, the
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present invention is not limited thereto and can be appropriately modified without
departing from the features of the present invention.

In this embodiment, the semi-wrought copper wire for a bonding wire is produced
by using the belt-wheel type continuous casting machine in the description, but the present
invention is not limited thereto.

[0046]

For example, as illustrated in FIG. 3, the semi-wrought copper wire for a bonding
wire having a special grain boundary ratio (Lo/L) of 50% or more may be produced by
performing a molten copper generating process S11, a casting process S12, a hot extrusion
process S13, a processing and annealing process S14, and a light rolling process S15.

In the molten copper generating process S11, molten copper is obtained by adding
one or more additional elements selected from Mg, Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth
elements to a copper raw material (so-called 4NCu) having a purity of 99.99 mass% or
higher and 99.998 mass% or lower.

In the casting process S12, the molten copper is poured into a mold to obtain an
ingot having a diameter of 200 mm to 400 mm.

In the hot extrusion process S13, the ingot is extruded under the condition where
an initial temperature is in a range of 800°C or higher; and thereby, an extruded wire is
obatined. The initial temperature during the extrusion is preferably in a range of 800°C
or higher and 1050°C or lower.

In the processing and annealing process S14, the extruded wire is repeatedly
subjected to either one of rolling or wire drawing, and annealing. The annealing is
performed whenever a cross-section reduction ratio reaches 80% or more.

In the light rolling process S135, rolling is performed at a rolling reduction rate of
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5% or more and 25% or less to achieve a final wire diameter of 0.15 mm or more and 3.0

mm or less.

EXAMPLES

[0047]

(Example 1)

Hereinafter, results of an evaluation test on the semi-wrought copper wire for a
bonding wire n this embodiment described above will be described.

By the method illustrated in the flowchart of FIG. 2, semi-wrought copper wires
for a bonding wire of Invention Examples 1 to 5 and Comparative Examples 1 and 2 were
produced. Specifically, molten copper was obtained by adding additional elements
shown in Table 1 to 4NCu. The molten copper was poured into a belt-wheel type
continuous casting machine, and continuous casting and rolling was performed thereon.
Furthermore, wire drawing and a finishing heat treatment were performed to produce a
semi-wrought copper wire for a bonding wire having a diameter of 0.9 mm.

By the method illustrated in the flowchart of FIG. 3, semi-wrought copper wires
for a bonding wire of Invention Examples 6 to 10 and Comparative Examples 3 and 4
were produced.  Specifically, molten copper was obtained by adding additional elements
shown in Table 1 to 4NCu.  An ingot having a diameter of 240 mm was produced from
the molten copper.  The ingot was subjected to hot extrusion at 800°C to produce an
extruded wire having a diameter of 8 mm. The extruded wire was repeatedly subjected
to rolling and annealing to produce a semi-wrought copper wire having a diameter of |
mm. Thereafter, the semi-wrought copper wire was subjected to rolling at a rolling
reduction rate of 10%. Next, a finishing heat treatment was performed at 220°C to

produce a semi-wrought copper wire for a bonding wire having a diameter of 0.9 mm.
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A semi-wrought copper wire for a bonding wire of a related art example was
produced by the following method.  First, molten copper was obtained by adding 0.0030
mass% of Zr to 4NCu.  An ingot having a diameter of 240 mm was produced from the
molten copper. The ingot was subjected to hot extrusion at 800°C to produce an
extruded wire having a diameter of § mm. The extruded wire was subjected to wire
drawing. Next, a finishing heat treatment was performed at 220°C to produce a
semi-wrought copper wire for a bonding wire having a diameter of 0.9 mm.

In addition, the obtained semi-wrought copper wires for a bonding wire of
Invention Examples 1 to 10, Comparative Examples 1 to 4, and the related art example
were subjected to wire drawing to produce bonding wires having a diameter of 180 um.

[0048]

(Special Grain Boundary Ratio)

Special grain boundary ratios (Lo/L) of the obtained semi-wrought copper wires
for a bonding wire of Invention Examples 1 to 10, Comparative Examples 1 to 4, and the
related art example were measured by the following method.

Mechanical polishing was performed on each specimen using waterproof abrasive
paper and diamond abrasive grains. Next, finishing polishing was performed using a
colloidal silica solution.

In addition, crystal grain boundaries and special grain boundaries were specified
by an EBSB measuring apparatus (S4300-SEM manufactured by Hitachi, Ltd., OIM Data
Collection manufactured by EDAX/TSL Inc.) and an analysis software (OIM Data
Analysis ver. 5.2 manufactured by EDAX/TSL Inc.), and a total crystal grain boundary
length L and a special grain boundary length Lo were calculated.  Accordingly, the

average crystal grain size and the special grain boundary length ratio were analyzed.
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Details of the measuring method are described below.

First, by using a scanning electron microscope, individual measurement points in
a measurement range of the specimen surface were irradiated with electron beams, and the
specimen surface was two-dimensionally scanned with the electron beams. By azimuth
analysis by electron backscatter diffraction, a crystal grain boundary was defined between
the adjacent measurement points in which the azimuth difference between the
measurement points was in a range of 15° or more.

The total grain boundary length (the total length of all the crystal grain
boundaries) L of the crystal grain boundaries in the measurement range was measured.

In addition, the position of a crystal grain boundary at which the interface between
adjacent crystal grains was the special grain boundary was identified, and the total grain
boundary length (the total length of all the special grain boundaries) Lo of the special
grain boundaries was measured. In addition, the ratio Lo/L of the measured special grain
boundary length Lo to the total grain boundary length L of the crystal grain boundaries
was obtained as a special grain boundary ratio (Lo/L).

[0049]

(Hardness Test)

Next, hardnesses of the semi-wrought copper wires for a bonding wire of
Invention Examples 1 to 10, Comparative Examples 1 to 4, and the related art example
and the bonding wires produced from the semi-wrought copper wires for a bonding wire
were measured.

In addition, a hardness test was performed based on JIS Z 2241 by using the
Vickers microhardness tester MVK-700 manufactured by Akashi Corporation,

[0050]
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(Elongation)

Next, the semi-wrought copper wires for a bonding wire of Invention Examples 1
to 10, Comparative Examples 1 to 4, and the related art example and the bonding wires
produced from the semi-wrought copper wires for a bonding wire were subjected to a
tensile test by using a Amsler vertical type tension testing machine manufactured by
Akashi Corporation so as to evaluate elongation.

[0051]

(Workability)

The obtained semi-wrought copper wires for a bonding wire of Invention
Examples 1 to 10, Comparative Examples 1 to 4, and the related art example were further
subjected to wire drawing to produce wires having diameters of 87 pm, 50 um, and 20 um.
The number of wire breakages during the wire drawing was evaluated.

[0052]

The evaluation results on the special grain boundary ratios (Lo/L), hardnesses,
and elongations of the semi-wrought wires for a bonding wire, hardnesses and elongations

of the bonding wires, and the number of wire breakages during wire drawing are shown in

Table 1.

[0053]
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bondi ng wi re Remai nder Copper and unayoi dable inpurities Copper and
unavoi dabl e inmpurities Copper and unavbdi dable inpurities Copper and
unavoi dabl e i mpurities Copper and unavoidable inmpurities Copper and
unavoi dabl e ‘hﬁ‘t t i es Copper and unavoi dable inpurities Copper and
unavoi dabl e m ties Oopper and unavoi dabl e i npuri ti es Oopper and
unavoi dabl e urities unavoi dable inpuritie and
unavoi dabl e i 3&1‘# ragpiglkto é@\@ﬁépn Eﬁ@lmnkf&\}@p dent @as @ﬁy@m@d @@t th@psp@qdaimn
unavoi dabl e inmpurities Copper and unavoi dable inpurities Additional
el ement Hoomday pgtivs (Cofll) raroinsa 2bgeof 50% or more.  On the other hand, with regard
to Comparative Examples 1 to 4 and the related art example, the special grain boundary
5  ratios (Lo/L) were less than 50%. In comparison between Invention Examples 6 to 10
and the related art example, it was confirmed that it is possible to increase the special
grain boundary ratio (Lo/L) by performing processing at a rolling reduction rate of 10%
before subjecting the semi-wrought wire having the final wire diameter to the finishing
heat treatment.
10 With regard to Invention Examples 1 to 10 in which the special grain boundary
ratios (Lo/L.) were in a range of 50% or more, it was confirmed that the hardnesses were
reduced to 40 Hv or less in the state of the bonding wires having a wire diameter of 180
um.
In addition, with regard to Invention Examples 1 to 10, it was confirmed that,
15  compared to Comparative Examples, wire breaking was suppressed during wire drawing,
and thus the wire could be drawn to have a small diameter.
[0055]
(Example 2)
Next, the residue amount of the acid-insoluble residues and the particle size
20  distribution thereof were evaluated using the semi-wrought copper wires for a bonding
wire of Invention Examples 1 to 10.
The specimen was subjected to an etching process in a nitric acid to remove

impurities adhering to the surface. Next, 100 g of the specimen was weighed. The

specimen was heated and dissolved in a nitric acid solution. The heating temperature
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1S operation was repeat

Next, the solution was cooled to the room temperature and filtered by a filter to
collect residues.

Here, filtration was performed by using a polycarbonate filter (having pore
diameter of 0.4 pm}. The polycarbonate filter that collected the residues was precisely
weighed in a clean room to measure the residue mass of the residues.

[0056]

In addition, the particle size distribution of the acid-insoluble residues was
measured. The above-mentioned filter that collected the residues was observed by the
scanning electron microscope, and an SEM image was taken. The image was sent to a
personal computer, and the image was analyzed through binarization processing by an
image analysis software (WinRoof Software). Then, an area on which the residue was
projected was measured, and the diameter of a circle having the same area as the
projection area (equivalent circle diameter) was calculated. The equivalent circle
diameter was used as the particle size of the residue. The size (equivalent circle
diameter) and the number of residues were measured.  In addition, a graph of the particle
size distribution was plotted from the data of Invention Example 1. The result is shown
in FIG. 4.

[0057]

As a result of the image analysis by the WinRoof Software, it was confirmed that,
when 100g of the specimen (the semi-wrought copper wire for a bonding wire) of each of
Invention Examples 1 to 10 was heated and dissolved in the nitric acid solution, the
number of acid-insoluble residues having particle sizes of 30 um or more was in a range
of 1000 or less.  In addition, as a result of measuring the residue mass of the residues by

the above-described method, it was confirmed that the mass ratios of the acid-insoluble



I I nvention Exanple 10 Conparative Exagple | Conparative Exanple 2

| Conpar ative Exanple 3 Conparative Ex le 4 Related art exanple 24
[ 0054] Wth regard to Invention Exanples 1 to 10, it was
confirmed.that. t.he special_.grain undary ratios (La/L ina
ange. orcudgdp MRGPESTER prEY i a N b T ek ke €60 B R e
Examples Ito 4 and the related art exanple, the special grain
boundar y1#8% §1desS(Ler/ L) were | ess than 50% In conparison between

I nvention Exanples 6 to 10 and the related art exanple, it was
confirmed that it is possible to increase the special grain boundary
ratio (Lcr/L) by perform ng processing at a rolling reduction rate of
10% bef ahéussii Iibﬂf[ﬁ]ifs/he sem -wrought wire having the final wire
dianeter to the finishing heat treatnent. 10Wth regard to |Invention
Exangl es 1 todfghyn which the special grain boundary ratios (La/l)
were in a rande of 50%or nore, it was confirned that the hardnesses

wer e reduced 40 Hy or.less in.the state of. the, bondi W I es

navi ng i re e anRr Srslsht §8ger firk At e ek g APREn et bERIEFon
Exanples 1 to 10, it was confirnmed that, 15conpared to Conparative
Exanpl edarqiicsse Nighehpigaonasd sushpaisyeadabilit nd hgicfac.dhasamighroastt t hus
the wire could be drawn to have a snall dianmeter. [0055] (Exanple 2)
Next, teppasviduia thiseorbodoient han ecapgéprisitdiy bipdied és b dwesfaamuding Ipeocess
particle size 20distribution thereof were eval uated using the

sem - w @fgltu baRipes witk nesl ihaéadofandi wgew re of I nvention Exanples 1
to 10. The speci mnen was subjected to an etching process in a
nitrigc acid to renove inpurities adhering to the surface. Next, 100 g
of the speci nen was wei ghed. The speci men was heated and dissolved in

anitri CBr?e?iISjeséz‘?ﬂtH)tni o‘ﬁkef&@fce@?@ﬁsi ng tenperature
[0059]

30 belt-wheel type continuous casting machine



25 was 60C. This operation was repeatf?. Next, the solution was
cooled to the roomtenperature and fiftered by a filter to coll ect
residues. Here, filtration was perfornmed by using a pol ycarbonate
filter (having pore 5dianmeter of 01@%@@% The pol ycarbonate filter
that collected the residues was preti § wei ghed in a clean roomto
measure di e residue mass of the residues. [0056] I n addition,
the particle size distribution of die acid-insoluble residues was
nmeasured. The above-nentioned filter that collected the residues was
obser ved. byA sdng-vi@ughtanonpergvied ¢ arbonding sviss wbsh, is asehmianrcBEM ¢apperewinas
taken. The inmage was sent to a personal conputer, and the inage was

anal yzedof @U@ Bindaid winé i}@ﬁg{%ﬁ QSR TFAMEeDf 130 LiniBORssanal ysi s
sof tware (W nRoof Software). en, an area on which the residue was
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area as the projection area (equivalent crrcle di arre?tler)’ was

cal cul ated. The equivalent circle 15di aneter was used as the particle
si ze of I’E“?{Eaflggiod B O si ze (equivalent circle dianmeter) and the
nunber of residues were neasured. In addition, a graph of the
particle size thit spriwaughdsoppes wirchas adompesition thatieardaing onenrendricon
Exanple 1. The result is shown in FIG 4. [0057] 20As a result of the
i mage armdy®isl digmdrhesdiicnddofodm 86¢,tCmBe Ba, Ray@érs TG and rarereattlt dlamentwlaah
100g of the specinmen (the sem -w ought copper wire for a bonding

Wi re) ofth@&aabtaPéonth Birdd I RiiREESt 1.000 14RaMsoriBak afd 8 Hiss&Urv&ad,
in the nitric acid solution, the number of acid-insoluble residues

haviipg Rk 4 fnfaitdef 88in8 o Salﬁfg& gftiav'gpd'aﬁle u.fip?]saaﬁ@nge of 1000 or

less.” In addition, as & r neasuri ng € residue nmass of the
resi dues by 25t he .above-descri bed hod,. it was confirped that the
mes ration of SPREANE oREGTENE (T5E) ar et ST e ar R gy
I nvention Exanples Ito 10 were in a range of 0.00015 nass% or | ess.

| ndust r ilaigtinpplto addtal érystalgr@i@E®pndary lengthThmesamid by aulgRS Doogthed isvin ne
for a bonding wre in this enbodi nrent has | ow hardness, high

el ongat irgilge EFdoRNCEbIeNt workability. Therefore, the sem -w ought
copper wire in this enbodi mrent can be appropriately applied to a
manuf acturi ng process of a Cu bonding wire used instead of an Au
wire. 10

15 2. The semi-wrought copper wire for a bonding wire according to claim 1, wherein the
total content of the additional elements is in a range of 0.0003 mass% or more and 0.002

mass%e or less.

3. The semi-wrought copper wire for a bonding wire according to claim 1 or 2,
20 wherein, regarding contents of Fe, Pb, and S which are the unavoidable impurities,
the content of Fe is in a range of 0.0001 mass% or less, the content of Pb is in a range of

0.0001 mass% or less, and the content of S is in a range of 0.005 mass% or less.

4. The semi-wrought copper wire for a bonding wire according to any one of claims 1 to

25 3,
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mass% or | ess, 10with a remai nder being copper and unavoi dabl e
inpurities, and a special grain boundary ratio (La/L) which is
a ratio of a special grain boundary length La to a total crystal

grai g baun 1 Sad
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accordi ng to claim1, wherein the t ot aI content of the additional

el enents™is in a range of 0.0003 mass% or nore and 0. 002 rmass% or

| ess. 3. The sem -w ought copper wire for a bonding wire according to
claim 1 or 2, vdGieaepROwHE] decncidyinselblemesduss opincAhy headnssghi ch
are the unavoidable inpurities, the content of Fe is in a range of

0. 0001 sy the egsi-widughtamppentvire forfbangingrnviee mangeicafcidscd@nt imass %
or less, and the content of Sis in a range of 0.005 nmass% or | ess.

4. The seifgde-omoONS ntePRr 18 re for a bonding wire according to any
one of claims 1 to 28 wherei n the nunber of acid-insoluble
resijgues having particle sizes of 30 pin or nore, which are obtained
by heating and dissolving 100 g of the sem wr ought copper wire for a

bondi t d ti

oss, 98" ﬁ*éw@l@%f”r'vwéﬁ‘&mc *85%&-9‘@@43@* sopper BB e et
to any ane of cl rein,an anount of the

aci d- i nd®PUHPE ¢ ?laﬁéstoébﬂ]&l‘%"éﬁo%wmé%ﬁgqg and di ssol ving the

sem -w ought copper wire for a bonding wire in a nitric acid solution
is in a range agholEnEOPNS geaerebopprobess of generating molten copper by adding one or

more additional elements selected from Mg, Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth elements
15 to acopper raw material having a purity of 99.99 mass% or higher and 99.998 mass% or
lower;
a continuous casting process of continuously producing an ingot by supplying the
molten copper to a belt-wheel type continuous casting machine; and
a continuous rolling process of continuously rolling the produced ingot under a

20 condition where an initial temperature is in a range of 800°C or higher,

7. A method for producing the semi-wrought copper wire for a bonding wire according
to any one of claims 1 to 5, the method comprising:
a molten copper generating process of generating molten copper by adding one or

25  more additional elements selected from Mg, Ca, Sr, Ba, Ra, Zr, Ti, and rare-earth elements
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| oner; 1OWel, 5 continuous casting process of continuously producing
an ingot by supplying the nolten copper to a belt-wheel type
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pouring the nolten copper into a nold; an extrusion process of
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rolling at a rolling reduction rate of 5% or nore and 25%or less to
achieve a final wire dianeter of 0.15 mmor nore and 3.0 mm or
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