P1385 Ag- Bi - BASE ALLOY SPUTTERI NG TARGET, AND METHOD FOR PRODUCI NG THE SAME
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to Ag-Bi-base alloy sputtering targets usef uFl #8° f or ni ng
Ag-Bi -base alloy filnms by sputtering, a nethod for manufacturing the
sputtering targets, and a nethod for producing the Ag-Bi-base alloy filns
using the sputtering targets. 2. Description of the Related Art Ag-base

films (hereinafter, ag+ei\BasK hedoessPUErENING RPARGEERJANY pure Ag or Ag

all oy are superior in optical properties such as high reflectance and high

transmttance, and |ow th‘@ﬁ ?ﬂ@éﬁdﬂcﬁ‘i‘h MI’I or in thernal

properties such as thermal conductivity, superior 1n electrical properties
such as low electrical resistivity, and are superior in surface fineness.
OM ng to these properties, the Ag filnms are wdely used as reflective
films, sem - transparent reflective films, and heat diffusion filns for
optical BACEERADNBNOF JTHE (INWENRION. refl ective el ectrode films or

i nterconnection films for flat panel displays, LowE filns for heat-ray
refl ectidg/ shieldliofy tyleadoyentdbhel d filnms of shielding el ectromagnetic
waves, and the |ike. Numerous study on inprovenent of sputtering targets to
1 P1385 be usedrhe fprfaseng t havAgtiohnsrébatel) tfiesagsBRebase HIDPErties
has been nade (see Japanese Unexam ned Patent Publication No. 9-324264,

and Japaresetbrexgnitaederst %refuﬁuqﬂ CE Hipthd\Oa g 2903543983010y JRAPBRESE

Unexam ned Patent ~ Publication No. 9-324264 dlscloses forn1ng a sputtering
by sputtering, a method for manufacturing the sputtering

targets, and a method for producing the Ag-Bi-base alloy
films using the sputtering targets.
2. Description of the Related Art

Ag-base films (hereinafter, simply called as "Ag
films") made of pure Ag or Ag allcocy are superior in optical
properties such as high reflectance and high transmittance,
and low extinction coefficient, superior in thermal
properties such as thermal conductivity, superior 1in
electrical properties such as low electrical resistivity, and
are superior in surface fineness. Owing to these properties,
the Ag films are widely used as reflective films, semi-
transparent reflective films, and heat diffusion films for
optical information recording media, reflective electrode
films or interconnection films for flat panel displays, Low-E
films for heat-ray reflecting/shielding glasses, shield films
of shielding electromagnetic waves, and the like.

Numerous study on improvement of sputtering targets to
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target made of a silver alloy containing gold in the range of fromO.1 to
2.5 at% and copper in the range of from0.3 to 3 at% or of a silver-base
conposite netal is advantageous in preventing adverse effects By3%as

at nosphere such as oxygen supplied in sputtering, such as |owering of
optic transmttance/optic reflectance in a short wavel ength band of a

vi si bl e rays range. Japanese Unexam ned Patent Publication No. 2000-239835

recites gitiygada iati formidd YHhd a9 i 20imd | Huwing Nendgesp '
target. rameraet (1S es ) a0 Y Ty & Aing "RneBe> Dbl

g (  2.20 or mre is effective
ci 11 cf anyoPRE AR [ ad J0BerlHadE e Cald Tkpalfid Mhenanbd Hitedt

ti th | ties, d electrical tie i to th
af or erenEEOHATAPRoUNS T mit oSt anfhesRRARatbs SNSHRBIPGH pPRIRRY | e,

the currently available Ag filnms may encounter deterioration resulting
fron1oxi@§@ﬂéﬁ?ti@6rﬂ$%4oﬁpo@oﬁégﬁéﬁg-peeﬂangnQﬁ¢, Unexarmiaedf aBatent n t he
case where applied products of the Ag filnms are placed in an environnment
of use f®ubdikandoherFo. | n9viniéf tdis;losesr e fosm2n§1385 spdetanthd or
securing stable, long-termuse of the filns. For instance, pure Ag filns

obt ai ned t@ygeRUinh8ei 88 &f silder COMENtddAiniRYt E81ANEnt Bh8eta e
mul titude o crystal defects such as vacancy, dislocation, and grain

boundary e8 8 9o 5| bE| 4nhOCBABLLYLHT BEE! Faldk St NERG O1Y S

defects. For exanple, if the pure s are Storeé under a cond%tion of

LN LeTRghat e A O UL ol AOTR B 14 Kbl egiaiat s, and

surface p;g%gggggg g%%eggerg%%ggtgn%ypigéfué%%g%%ggghgﬂ;ﬁnggtgiygen
supplied in sputtering, such as lowering of optic
transmittance/optic reflectance in a short wavelength band of
a visible rays range. Japanese Unexamined Patent Publication
No. 2000-239835 recites setting a ratio 1in crystal
orientation of the Ag sputtering target, namely,
({(111)+(200))/(220) at 2.20 or more is effective in raising a
sputtering rate, and accordingly, raising £film production
efficiency.

As mentioned above, the Ag films are superior in
optical properties, thermal properties, and electrical
properties owing to the aforementioned wvarious improvements.
Despite these superior properties, the currently available Ag
films may encounter deterioration resulting from oxidation,
corrosion, cohesion, peeling-off, or other factor in the case
where applied products of the Ag films are placed in an

environment of use for a long term. In view of this, there is
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grains may appear. Likew se, Ag atons may likely to easily mgrate and
cohere (condense) in an environnent containing halogen ions such as
chlorine ions. The inventors made an extensive study on securi nglt3&%abl e,
|l ong-termuse of Ag filnms, and filed a patent application identified by
Japanese Patent Application No. 2002-361117. In this study, followng is
di scovered: when prepared is a conposite sputtering target constructed

such  thal gehhRE BbrVeédtine!sMIeS a3ngdeethVesé! SMles fAnks.pl aced on a
sputtering target nmade of pure Ag, and AQ-Bi-base alloy filns are forned

fromsuch a co [ teri r t - Bi -,.bas lloy. filmsuch as
Ag-Bi all oy fiﬁﬁgf £§§ﬁ%§£ﬁ¢jéﬂ#%nééﬂ%ﬁéﬂsAéﬁ%fgvg%J%gys#ﬁﬁﬁﬁfa%ﬁ}ég-(m

al | oy fihgs, Ag-Bi-Au loy filns, Ag-Bi-Nd-Cu alloy fil s A‘%-Bi- Nd- Au
al oy filthe ggBEPhtienal) sputteming oA@cagtei hevay 3 PIakEitidey 9F Ins is
effective in preventing cohesion (aggregation) of Ag atons in the presence
of hal ogenystas, Aetects semgh ngs svabarcy ! ortisl@cation. of anfle gwain | ns.
However, as nentioned in the specification, there is a tendency that the
Bi cont ebbunfathe fAjmatemseames,likelycarpasad W tii gt eBi irctantedsd n t he
sputtering target in formng the Ag-Bi-base alloy filns. Further, a

nateri al crgarBgeasHEdt s ebackkhtpis, foEiNthd HudrePRGCe33mef abé Ogtisidd
sputtering targets made of the Ag-Bi-base alloy conprising the steps of:

o9, Bl B EANE AR s T IR MBSO
vkt il e ML 5P E Y, BRE Sl ooty | MR 1
defective locations, with the result that the surface
roughness may be raised and oversized growth of crystal
grains may appear. Likewise, Ag atoms may likely to easily
migrate and cohere {(condense) in an environment containing
halogen ions such as chlorine ions.

The inventors made an extensive study on securing
stable, long-term use of Ag films, and filed a patent
application identified by Japanese Patent Application No.
2002-361117. In this study. following is discovered: when
prepared is a composite sputtering target constructed such
that chips of various elements as additive elements are
Placed on a sputtering target made of pure Ag, and Ag-Bi-base
alloy films are formed from such a composite sputtering
target, the Ag-Bi-base alloy film such as Ag-Bi alloy films,
Ag-Bi-Nd alloy films, Ag-Bi-Y alloy films, Ag-Bi-Cu alloy
films, Ag-Bi-Au alloy films, Ag-Bi-Nd-Cu alloy films, Ag-Bi-
Nd-Au alloy films, Ag-Bi-¥-Cu alloy films, and Ag-Bi-Y-Au
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invention to provide a Ag-Bi-base alloy sputtering target capable of
suppressing remarkable lowering of the yield of the Bi content in filns
(=Bi content in the f1lmBi content in the sputtering target), P43&®t hod
for manufacturing the sputtering target, and a nethod for producing
Ag-Bi -base alloy filnms using the sputtering target. A sputtering target
made of a Ag-Bi-base alloy according to the present invention has a

feature thaloyl ®illhe iSPEEEEELNYe! BhIfteversind ctMledilonn (RhgBeghtibRy Med
with Ag. 4 P1385 According to an aspect of the present invéntion, a

sputteri t f 8. Ag-Bi -ha |_I a ayera LN ity of
precipitgg%ééégﬁ%?ﬁﬁg%ﬁq%%@éﬁgﬁgnfgé?& %glgﬁggrggggfe§géygﬁhge %ﬁﬁi&h ng

mat hemat i cal _expression, the erage intensity being obtained by sel ecting
plural si (i:é’él(?n §r°n§b§?mr‘?% @@ur%é%f@lﬁﬂﬁ'sputteri ng target and by
measuring peak intensities of X-ray diffraction, according to an X-ray

di ffracti on metHRWeves+ RS é'!@ﬁ@é{onle@%/tiﬁe the cpecifprahion hbhege I90D)

pl ane, the Ag (220) plane, the Ag (311) plane, and the Bi (102) pl ane,

i nt ensi t yteodepcygci Phatat dtheBi B | 8oQtié®) / in the £film decreases, as

| Ag(111) +1 Ag(200) +1 Ag(220) +1 Ag(311) )1/ [BI] where 1B1(102) represents a

peak i nt empayeGUiith COH8t BipetontekONAn( Case . spi€tdpihgi Tard@tsaig in the
following) of X-ray diffraction with respect to the Bi ?102) pl ane;

| Ag(111) S KyhBLENS ofrj Xgkay o ion W ect to
| 29111 prtngecpis, Agpsslongienetioy Ok abay ShiLbAct 0B veiforoap

diffracti it spect e (200) .pl.ane; 1Ag(220) .represents a peak
intensity o0 \éf%_ %éf;/:%diq’sf r%c%f%ir}’%\f?ﬁ r%gg}ﬁgcfm o Qﬁ"lo(e]éeﬁf (%O?Pﬁﬁ?lé%gr,’g and
| Ag(311) re%resgnts a peak int nsi%y of X-ray diffraction with respect to
the Ag (§Pf)tﬁF Hg,q5€gets made of° the Ag-Bi-base alloy comprisin
the steps of: melting Ag with Bi to produce ingots, and hot-
working the ingots of Ag-Bi-base alloy. It is conceived that

such a damage occurs because of low workability of the Ag-Bi-

base alloy ingots.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the present
invention to provide a Ag-Bi-base alloy sputtering target
capable of suppressing remarkable lowering of the yield of
the Bi content in films (=Bi content in the film/Bi content
in the sputtering target), a method for manufacturing the
sputtering target, and a method for producing Ag-Bi-base
alloy films using the sputtering target.

A sputtering target made of a Ag-Bi-base alloy
according to the present invention has a feature that in the
sputtering target a solid solution of Bi is formed with Ag.
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[Bi] represents a content of Bi (unit: at% in the sputtering target nade
of the Ag-Bi-base alloy. According to another aspect of the present

i nvention, a sputtering target made of a Ag-Bi-base all oy has 8138/ of 5
P1385 area ratios of a third intensity through a sixth intensity of 89% or
nore, the area ratios being cal cul ated by neasuring a planar distribution
of characteristic X-ray intensities of Bi on a sputtering surface of the

sputtering targetceedinigli 19 t&n Xspaygtnmicd OgRal Vstesenitheifheiaiiner i gtic
X-ray intensities being proportionally classified into 8 levels froma

first int t@emgo t%%%@?nq{aﬂg (oF 3! RYEEE- B! al e,gnheé ghh #@Eﬁﬁé' ty

correspon |ng to est |evel and respectlve ar rati os o e first

SnST O 08 UL AORIST B 640 ) GHlal s gt e sum

of the respect areas it
ei ght h intensi s 100% These and ot her obj ects features and advant ages

of the p?eé’é"@ﬁFXFﬁgen‘?Yo thG | Foddenipg nﬂ@lﬁ’ﬁ‘ﬁéi‘éﬂi 9554@ng &Re t he
foll owi ng detail ed description along with the accorrpanyl ng draw ngs. BRI EF
DESCRI PTIa@¢rageTHELeRAWIINGS 1ngGobtained iy sedechbnd npluxal alidesons &et ween
cases where a solution treatnment is inplemented and a case where the

sol uti on spugdemeny iserfiate i 0Pl ehentspaittanting ntanget yand bpr eeiasurahgd Bi .
FIG 2 is a graph showi ng correl ations between the Bi content in

sputteri p@akargfiehsidndsi BEED@r(a.z AirBiractPbd At @6cdddiny to r 88PRCEaF O Cases

where the solution treatnent is P1385
diffraction method, with respect to the Ag (111) plane, the Ag
(200} plane, the Ag (220) plane, the Ag (311) plane, and the Bi

(102) plane,

intensity of precipitated Bi=
[ Imi(102)/ ( Tag(111)+Iag(200)+Iage220)+Iag(ar1y) 1/[Bi]
where TIgpi(1027 represents a peak intensity (unit: counts per
second {cps), the unit is the same in the following) of X-ray
diffraction with respect to the Bi (102} plane; Ixg111)
represents a peak intensity of X-ray diffraction with respect
to the Ag (111) plane; Iag200) represents a peak intensity of
X-ray diffraction with respect to the Ag (200) plane; Iag(220)
represents a peak intensity of X-ray diffraction with respect
to the Ag (220) plane; and Ings11) represents a peak intensity
of X-ray diffraction with respect to the Ag (311) plane, and
[Bi] represents a content of Bi (unit: at%) in the sputtering
target made of the Ag-Bi-base alloy.

According to another aspect of the present invention, a

sputtering target made of a Ag-Bi-base alloy has a sum of



I mpl enmented and a case where the solution treatnent is not inplenented.
FIG 3 is an illustration show ng an X-ray diffraction pattern of sanple
No. 4 in Exanple 1. FIG 4 is a graph showi ng correl ati ons bet wBéA88ases
where the solution treatnent is inplenented and a case where the solution
treatnment is not inplenented, and distribution of Bi atons wth respect to
third through sixth intensities. FIG. 5 Is a graph show ng correl ati ons
bet ween the Bi conte t _in_spytt r and di stribution of Bi
atoms. | @kea §3ta0H,5f Fu%P%ga SR ESRRR G it dn Sirrige 1BEeRST5Y of

m croanal ysis result of sanple No. 14 in Exanple 2. FIG 7 is an

i |l ust ratqy(%n L&ty dhsc iHREE SoPeXNIr £7LAPEAEEAPYsMEAFUELRG Bf
sanple No. 21 (reference Exanple in Exanple 2. FIG 8 is a conceptual

di agr am fdanaxplddshributiont ebdcharackardsiai ¥grake ioitgasitieg oot Bi ze.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As a result of an

ext ensi venstaudputdesdhgesuhfape 00f ehge spstitimggargett laecondimg ots
elucidated that the following phenonenon relating to use of Ag-Bi-base

al | oy i s ¥-magl meédroandlystise fhebthasactepdsiticcattray Hgcdisihdee Belwy has
properties: (1) the alloy is a eutectic alloy; (2) the solid solution

range ofpriBpottitndOly cladsieWedanttd 33 L&l tidid HFiHst( ABREhs ty1385
271C) of Bi is extrenely low, as conpared with the nelting point (about

962C) of RAgreBPondihd Nage R ONRWEseS 2bvehe AY- Bi- hasmtdl | QheehbeEF rises
a problemthat segregation of Bi of single phase is ITkely to appear in

crystal Qigir-BsBONRHR oS aoiugﬁest'i?x}élqptaiahilégga?fw éleas‘i-g&%aéta@n are

subj ected to hot wor ki ng, sdch as forging an a tenperature of

about the first intensity through the eighth intensity being
calculated, wherein the sum of the respective areas

representing the first intensity through the eighth intensity

is 100%.

These and other objects, features and advantages of the
present invention will become more apparent upon reading of
the following detailed description along with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing correlations between cases
where a solution treatment is implemented and a case where the
solution treatment is not implemented, and intensity of
precipitated Bi.

FIG. 2 is a graph showing correlations between the Bi
content in sputtering targets, and intensity of precipitated Bi

with respect to cases where the solution treatment is



350 to 830C, in a worst case, the segregated region of Bi which is
segregated due to the lownelting point of Bi may be nelted, and a

mat eri al danage such as cracking nmay start from the nelted reg?5%95ENen if
such a material damage does not occur, and a final product of Ag-Bi-base
all oy sputtering target is obtained, the yield of the Bi content in
resulting filnms produced by sputtering the sputtering target is

kabl, ' di.f.f ' i i
yi o beriBaNEREsy, ARECHCe Fubfer oBRT NordeaoR TeSehpBuast i bai on.

In view qf &he agqie, the inventors found that formation of a solid

sol uti on BP B uppress non-uniformdistribution of Bi such as Bl
segregation is advantageous in_suppressing a_ material damage during hot
wor ki ng and i n Eifppriss ng? tihas ien 1A én ¢heay didfspctinn Bi
content in resulting filns, and thus, acconplished the present invention.
Her ei naf Patteph c9fergaaplenodi ekt Expleelpresent invention will be
described in detail. A sputtering target made of a Ag-Bi-base all oy
accordi ng 8 P138%.t o4 adsermbodiapint sbbwihe presehdtionsenbeoredmscasdsat ure
that a solid solution of Bi is formed with Ag in the sputtering target,
wher eas ahepavéhei godbitsput teeatmgerntar et inmplemeniteidhaindBia chass widgre Si nply
pl aced on a pure Ag sputtering target. Formation of the solid solution of

Bi with Agei sodhfi®i i tifedtmenttp R&E HdiNGmplafentdd,olafiadidasktirbbht Loh odf Bi  such
as segregation of Bi, thereby contributing to suppressing remarkabl e

| over i ngpef atbfs witdl Fe8beBt €ONMHEINHA HtArbhghSsi it inbnsBtiyy essing
non-uni form distribution of Bi is advantageous in suppressing a materi al

damage Wwhi ch MayCGrd NaPiRdyAI %aoégnﬁl cbas&1 A 1dns S‘t%l*gwte%i NGhe g g€tS

containing Ag and Bi by hot "working such as rolling an

content in sputtering targets, and distribution of Bi atoms.

FIG. 6 is an illustration showing a screen image of X-
ray microanalysis result of sample No. 14 in Example 2.

FIG. 7 is an illustration showing a screen image of X-
ray microanalysis result of sample No. 21 {(reference Example)
in Example 2.

FIG. 8 is a conceptual diagram for explaining a method

of determining the crystal grain size.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a result of an extensive study to solve the problems
residing above, the inventors elucidated that the following
phenomenon relating to use of Ag-Bi-base alloy is involved with
the problems. Specifically, Ag-Bi-base alloy has properties:
(1) the alloy is a eutectic alloy; (2) the solid solution range

of Bi with Ag is narrow; and (3) the melting point (about



forging. The degree of formng a solid solution of Bi, nanely, the degree
of segregation of Bi can be evaluated by neasuring a peak intensitg of
X-ray diffraction with respect to precipitated Bi, nore exact!§i3%
relative intensity of a peak intensity of X-ray diffraction with respect
to precipitated Bi per atomc percent (at% of the Bi content

(hereinafter, sinply called as "intensity of precipitated Bi"), or by

exam nin o Pl @par,.distribution of. characteristic. X-r [ntensifjes of Bi,
nor e exa%t"'l?y(,: )Ot ﬁg gﬂ‘ealsr a?’f%%e"b?rlych]a?wactaeﬁi gpiRazseq avla%/n#%?‘lsf"?#t%n%f Bi on
a sputtering szrface of fhe sputteriqg target where the characteristic
X-rays i @OATbr 4ARPRY P92 &) Oft &si t YUP atRytinse inropgEhies noExERe 9y t he
planar distribution of the characteristic X-ray intensities of Bi 9 P1385
( her ei naPlePass ablsy cdfhar® F5isegi &t problemnthat gearegation gheBl @nsity
of precipitated Bi can be obtained by neasuring a peak intensity of X-ray
di ffract isdngde phage Bis Hd&kelyaltbogppgan tigr icnystal gerairadoundaniyes cofan X-ray
diffraction nmethod, with respect to the (111) plane of Ag, the (200) plane
of Ag, thg.(220)imjeie hdvisg, stich BR1skgpégaicicf aAg sabdethed {A0R)t pl ane
of Bi, and by obtaining a relative intensity of a peak intensity of X-ray

di ffract wekhg ) swdpest foegihg 4ddZolldnanecaefl aBBtemparedthiranothgbdtt | owi ng
mat hemati cal expression: intensity of precipitated Bi= Bi(102)/ (

I AI(] LI Bsol +A9(280rt! AGl 220)vbrbt Adadel) tHe [Rigdegettac rebBohl®d Bi

represents a peak intensity (unit. counts per second (cps), the unit is

the saﬁewh@cﬁhﬁsfeé{ip bdKHd Guel tAVendl IdW-REl £ PG Whoint 6SPE by the B
(102) plane; 1A9(111) “represents a peak intensiiy of X-ray diffraction

W th respefteal OahdCa Matdlidl Phdiliye 'ARMZ YY) JraRKERE Ty 2sPEAK HRLENSI LY

of X-
the melted region. Even if such a material damage does not

occur, and a final preoduct of Ag-Bi-base alloy sputtering
target is obtained, the yield of the Bi content in resulting
films produced by sputtering the sputtering target is
remarkably lowered, because there 1s a great difference in Bi
sputtering yield between the Bi segregated region and the Bi
non-segregated region.

In view of the above, the inventors found that formation
of a so0lid seolution of Bi to suppress non-uniform distribution
of Bi such as Bi segregation 1is advantageous in suppressing a
material damage during hot working and in suppressing
remarkable lowering of the yield of the Bi content in resulting
films, and thus, accomplished the present invention.

Hereinafter, preferred embodiments of the present
invention will be described in detail.

A sputtering target made of a Ag-Bi-base alloy according



ray diffraction with respect to the Ag (200) plane; 1A9(220) represents a
peak intensity of X-ray diffraction with respect to the Ag (220 | ane;
and [Ag(311) represents a peak intensity of X-ray diffraction Il’£5respect
to the Ag (311) plane, and [Bil represents the Bi content (unit: at% in
the Ag-Bi-base alloy sputtering target. In order to accurately eval uate
the properties of the sputtering target, arbitrary plural sites on the
sputterin surface. of the sputtering target are selected, for, jinstance, 10
P1385 ar E?’t P8Br ?“EB@H{“*I}‘} v o‘ﬁ‘%r?rr?s?ﬁ?e%n%‘?ﬂ@foé‘r AR5y @ £6350re; that@ npre
different sites substantially equidistantly away fromeach other) in the
case whef@lifeSeputidy i9g Bduifatermed “élﬁhaﬁgalﬁf the RRuttegdagptarggt.
intensities of precipitated Bi at the selected sites are neasured, and an
aver age ®herfasnppasorerntiongdnspbtéering stargaes 4§ istchnshay Bi ghimws pit at ed
Bi on the sputtering target. The less the intensity of precipitated Bi is,
t he nor earef éoply aplacedyoagat puneohg sspufiteringstaBget s Foppatiemdf

Accordi ngly, producing a sputtering target having a small intensity of
preci pi t ahed sBilids sefifietén vefi Bisunphedgi ng affeptevealindaippgeessid i ng
fromthe single-phase Bi segregated region. The intensity (average

i nt ensi t yhnoltinPE&H Paiatedbition Sogb®E Bullk ais - begreq&6fon €od. .BAPOUL
0.014 at% 1 or less, preferably, 0.013 at% 1 or |less, and nore preferably,

0.011 ak¥oteny E6FErithtaAG! iteUlstbbYes SOMTRAIR%aBYBM 28R RGNS [hof
precipitat ede%? S 0.1005 atb%l gr bPegs, foor exam:E)lI e, 0.0%2 atud or |ess.

e it s St L i AL e g
surface ﬁg.sﬁ:gfb@&g& 6511.' Bi is advantageous 1in suppressing a material
damage which may occur in producing Ag-Bi-base alloy sputtering
targets containing Ag and Bi by hot working such as rolling and
forging.
The degree of forming a solid solution of Bi, namely,
the degree of segregation of Bi can be evaluated by measuring a
peak intensity of X-ray diffraction with respect to
precipitated Bi, more exactly, a relative intensity of a peak
intensity of X-ray diffraction with respect to precipitated Bi
per atomic percent (at%} of the Bi content (hereinafter, simply
called as "intensity of precipitated Bi"), or by examining a
planar distribution of characteristic X-ray intensities of Bi,
more exactly, the area ratios of characteristic X-ray
intensities of Bi on a sputtering surface of the sputtering
target where the characteristic X-rays in a predetermined
intensity range are incident in examining the planar

distribution of the characteristic X-ray intensities of Bi



target by X-ray mcroanal ysis. Mre specifically, the characteristic X-ray
intensities are proportionally classified into 8 levels fromthe first
intensity (lowest level) to the eighth intensity (highest |eveP}38and the
respective area 11 P1385 ratios of these 8 intensities are cal cul at ed,
wherein the sum of the respective areas representing these 8 intensities
Is 100% Then, the sumof the area ratios of the third through sixth
intensities is calculated.to estimate the. distribution of Bi atoms. The

| argor ¢ HESEEPOFEEhe SHRAY, SARbEd 1S T SERLPHELER (SigH BFRR Pt ensi (1 s
Is, the nore uniformy the solid solution of Bi is fornmed, while

suppr essi ng nonttfhi ABERRSHESt PfpRTSSIPItaERd BipdGaR ndea kpined oY t ar get
having such a large sumof the area ratios is effective in suppressing

r emar kabMeasyRiRg gy RFak HOtensiy off tharay dffrastiom ofha AgeBitbase fil ns.
In view of this, the sumof the area ratios of the third through sixth

i nt ensi t iaddoiys shuhiterday otawrgete, aprefdimabl yo %% Errapr difdmdchboe
preferably, 98% or nore. Generally, a sputtering target having a snaller
crystal mgthbd, swithisegpesftertoedhel { 113) cphame Vel Adattha qRODY) eplage tar get
having a large crystal grain size may result in film formation of uneven

t hi cknessfodf,aither § 200 ) upilhAe MoEORRYSithe0N31d) ShlLakelt 6PNA§N 4ie fhdNMB. In
view of this, it is desirable that the inventive Ag-Bi-base all oy

sputteringob3r gehnbagrapi SMBAE By C6BEL ikt rdllAliReSiidtend Ay I SSTANCE,
about 200 pmor |less, preferably about 100 pmor less, and nore preferably

%)0#; kgg%@?cggnESﬁgit heg Cxys4pl agk 'ambaevﬂfﬁnc%galig{ efoagnd of{@yp: step
ptical mcrograph of the surface o
plane of Bi, based on the following mathematical expression:
intensity of precipitated
Bi=[lg(102)/ (age111)+Iag200)+ agi220)+ lag(si1y ) 1/ [Bi]
where: Ipij(102) represents a peak intensity (unit: counts per
second (cps), the unit is the same in the following) of X-ray
diffraction with respect to the Bi (102) plane: IAg(lll]
represents a peak intensity of X-ray diffraction with respect
to the Ag (111) plane; Ip,g(zoo} represents a peak intensity of X-
ray diffraction with respect to the Ag (200) plane:; Ihgmo}
represents a peak intensity of X-ray diffraction with respect
to the Ag (220) plane; and l,g 31, represents a peak intensity of
¥X-ray diffraction with respect to the Ag (311) plane, and [Bil]
represents the Bi content (unit: at%) in the Ag-Bi-base alloy
sputtering target.
In order to accurately evaluate the properties of the
sputtering target, arbitrary plural sites on the sputtering

surface of the sputtering target are selected, for instance,
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P1385 each Ag-Bi-base alloy sputtering target to be sputtered. The | arger
the magnification ratio of the mcroscope is, the nore accurately the
crystal grain size can be neasured. Normally, the nagnlflcatloﬁ 3% o is
set about 100 to 500 tines. step 2) Four or nore straight |ines are drawn
on each of the optical mcrographs in a doubl e-cross manner (see FIG 8).
The | arger the nunber of the straight lines is, the nore accurately the

crystal Rral-$Cahll PRI FRASH & 95 %feeéh(tp %eQ%Yﬁtogﬁ(? tvaeC%ﬁt al

grai n boun arles appearlng on eac I'ne I's and

ggﬁﬁéglles&§L§é§#?§Eﬁ¥ f%%?h gggfﬁét%$ﬁgg&%Plafﬁg%gﬁi§lgﬁé@g%Fé?eﬁmHhsed on

t he foIIow%ﬁg equat% L/ n/mwhere L denotes the | ength of the
strai ght APRE) Aldk %t%%set HERCTR S SHREERELRG \RUTHACS: BAS BBUARSR | %
appearing on the sty alg line, and m denotes the magnification ratio of
the opt %8Rt 4PeFRaphthet eﬁn'@ﬁ}n%e&vepﬁgepm%m%ﬁ’ﬁst 8 gahi ntke zes d

obtained with respect to the respective straight lines is set as an

aver age éejechedgpeates shre wmeashredpuandriay averpge JhetBe weasersdis not
specifically limted, as far as a solid solution of Bi is fornmed in the
Ag- Bi - basatehsbyiespist seef ngst angdintenairty yof apréeipiasatedorBidairer thened
intensity of precipitated Bi is obtainable, or a predeterm ned 13 P1385
di stri buspantetily tairger.i s obt ai nabl e. However, the Bi content is, for
exanple, 3 at%or less excluding O at% preferably, 2 at%or |ess, and
nore preferabl ythel Bi% athd emftensReGUBENPrebepBatant BNt i sPkese i hofssi bl e

to achi eve

effectively segregation of single-phase Bi 1is suppressed.
Accordingly, producing a sputtering target having a small
intensity of precipitated Bi is effective in suppressing a
material damage starting from the single-phase Bi segregated
region. The intensity (average intensity) of precipitated Bi
is about 0.01 at%™' or less, e.g., about 0.014 at%! or less,
preferably, 0.013 at%! or less, and more preferably, 0.011
at3™! or less. A particularly recommended average intensity of
precipitated Bi is 0.005 at%™' or less, for example, 0.002 at%™*
or less.

The distribution of Bi atoms can be calculated by
measuring a planar distribution of characteristic X-ray
intensities of Bi on the sputtering surface of the sputtering
target by X-ray microanalysis. More specifically, the
characteristic X-ray intensities are proportionally classified

intc 8 levels from the first intensity (lowest level) to the

eighth intensity (highest level}, and the respective area

11



substantially conplete formation of Bi solid solution by a solution
treatnment, which will be described |later. By achieving such a %fgggete
formation of Bi solid solution, the intensity of precipitated n be
m nimzed, and the distribution of Bi atons, nanely, the sum of area
ratios of the third through sixth intensities can be maxim zed. A | arger
Bi content in the sputtering target is advantageous in obtaining

Ag- Bi - asqeabboye fthleGE BAhRGnDI Olkd h&“é“’éafé?ﬂ%i%&' Vihdreld gfhé ebifct ance,

and high durability, with use o e |nvent|ve Bi - base

sputtering t e stance, te l.at%or, . nore, and
preferabl Y, tg{eg L?ﬁ}ggétln%r eé'r JLB&?con rgheﬁg 051 E)n ?la/sjbtrler?orJes e.g.
1.5 at% r The Bi - bas onsutt ring

substantqugg cgﬂﬁﬁsegﬁﬁfsﬂﬁ Qﬁd%h EFSE ?%rﬂ t 8%I§g?¥@aFFBﬁggmetal

el ements (hereinafter, called as "supportive netal elenents") to secure or
i nprove FRKAPLBEERTI desdy Falcy tt® &5EAMake ctheAisiTiRstien ¢Hpair
the effects of the enbodinent of the present invention. The supportive
metal eBdnBRe®Si ncl ude, but are not limted thereto: elenents that forma
solid solution with Ag in the Ag-Bi-base alloy, such as M), Pd, Pt, Au,
Zn, A, G, |n,T®n, 1labgeri thed,sung, ofindhas drkaP]885iqsherEi rtdkfet ethted | ed as
"first supportive nmetal elenents"), preferably, My, Pd, Pt, Au, Zn, A,
Ga, In, $hroagh Shxthorinteprsdftéeabliy, Pthe PmorandinAformlgneites s4hid are
precipitated as single phase netals in the Ag-Bi-base alloy, such as Be,

Ru, Rh, s6&ution Gof @Bi \is Nforied,Cr while VupfredsdngFenofouniforndi, TI,
and Pb (hereinafter, called as "second supportive netal elenents"),

pr ef er ablaystBebuflon R BB, IProdGUingnd Sputtdritg paehetahhyindhsadd Cu;

and elements that are precipitated as internmetallic conpounds with Ag in

t he Ag- Bia- bRsQedl $@Y, 08UGhe area ratios is effective in suppressing
remarkable lowering of the yield of the Bi content in the
resultant films. In view of this, the sum of the area ratios
of the third through sixth intensities is about 89% or more,
preferably, 95% or more, and more preferably, 98% or more.

Generally, a sputtering target having a smaller crystal

grain size 1is preferred. It is conceived that a sputtering
target having a large c¢rystal grain size may result in film
formation of uneven thickness or failure of uniform composition
distribution in the films. In view of this, it is desirable
that the inventive Ag-Bi-base alloy sputtering target has a
small average crystal grain size, for instance, about 200 um or
less, preferably about 100 pm or less, and more preferably
about 50 um or less.

The crystal grain size is calculated as follows:

step 1) Taken is an optical micrograph of the surface of

12



as Y, La, C¢, Nd, Sm &, Tb, Dy, Ti, Zr, H , Na, Ca, Sr, Ba, Sc, Pr, Eu,

Ho, Er, Tm Yb, Lu, S, Se, and Te (hereinafter, called as "third

supportive netal element"), preferably, Y, La, Ce, Nd, Sm Gd,PIﬁP,E’Dy, Ti,

Zr, and Hf , nore preferably, Y and Nd. The first supportive netal

el ements may be used alone or in conbination of two or nore Kkinds thereof
Li kewi se, the second supportive netal elenents (or the third supportive

netal el.enent ] . N L nati e kinds
t her eof .e%égr ﬁif)ersgg?g?ggn%flf%eﬁé%glppr gtgggggcg%d?’gangutttwgfgé' gﬁ%foeort ive
metal el enents be us l.one or .in __C ination of two oy nore kinds
Chereot . APOPE §BY; PARMEEfertidh b Lolisso the, BkEParoRs ehin: o Mekfh
degree as not to ir’rPair t he hasic properties of the Ag- Bi-base alloy
films, sGEFURELAIHnthRr PEYT HHe ITHTyIF1%e £78nike FFasuTrdw eNPFRe Hn
coefficient, high thermal conductivity, and |low el ectrical resistivity. In
vi ew of thesragaificaiion: ragie b Aftn@RauE hbRO thfe 506t fimesnt ent of the
supportive netal elenents be, for exanple, 5 at%or |ess, preferably, 3
at% or | ess, argkeiord praikabigre stvaight ddéses Tare idrnavmt pneedgh RIf base
all oy sputtering target containing a solid solution of Bi, in other words,
havi ng athpr eptieali mixcidgriaphsi in af dpukbe prrcstse haBnerofseéaviIg. a8) .
predeterm ned distribution of Bi atons can be produced by allow ng

Ag- Bi - bagheal 1langepr othet aumbeeh &S ithgotstrafighg- Biindsases al lthy abvdmd ned by
melting Ag with Bi. or processed products thereof to go into a solution
treat nentaccaphtély SMeltrgstAl ONesis) siber eal tsdredsaekdti on of Bi is forned
with Ag. Inplenenting the solution treatnment nakes it possible to form
the solid sol utdtep of) Bimyd t hufbr tHEsLO¥NEURRYEES1 NgraskIbeaAdatiLf Bi .

appearing on each straight line is counted, and the crystal
grain size d (unit: pm) of the crystal grain boundary or
boundaries appearing on each of the straight lines is
calculated based on the following equation:

d = L/n/m
where L denotes the length of the straight line, n denotes the
number of the crystal grain boundaries appearing on the
straight line, and m denotes the magnification ratio of the
optical micrograph.

step 4) The average of the crystal grain sizes d
obtained with respect to the respective straight lines is set
as an average crystal grain size of the sputtering target.

The Bi content is not specifically limited, as far as a
sclid solution of Bi is formed in the Ag-Bi-base alloy
sputtering target, namely, as far as a predetermined intensity

of precipitated Bi 1is obtainable, or a predetermined

13



The solution treatnent conditions are optionally settable, as far as there
I's secured sufficient formation of a solid solution of Bi. For_jnstance,
the tenperature for the solution treatnent is about 3500C or h ,
preferably, about 4000C or higher, nore preferably about 500" C or higher,
and a particularly desired solution treatnment tenperature is about 6000C
or higher. Atine for the solution treatnent is about 0.3 hr or |onger,

pr ef er abl .05 I , s por ably 2.4 | onger
and a paF%FggFQ# vgbeggiegi solu |oﬁggfggfﬁé%%i%ine ?g&%%%ht }nﬁrq%%

| onger. 1t 1| reco nded to cool the Ag-Bi-base alloy products
innediatgpgtégtPf%%gngPFereﬁqW§i$0Iu i&ﬁé?rgﬁtggﬁF t8x5¥% e-%%%Tegation
of the Bi that Egs ﬁeen uniformy distributed as the solid solution. The
cool i ng PEEESHRPEY . the bW 165 5e r BRENPATS | RrefeI@blyapnd at? 308 4858 or
faster, preferably, about 50C/ mn or faster, and nore preferably about

10' ¢/ mi nReAUEERG or thandBlur C9BLRBEe PREREr ably PaBsilRle(’ B2 ni AchieYeast er.
The solution treatnment is effective in formng a solid solution of Bi. It

i s, howevdbstartbrhihdedmplete ofexwatievepy Bdarsgliglt sohetton ubvora
treatnment , considering a drawback that an excessive solution treatnent
may r esulsbluhiowetsaetaengr, owhhch ofi Lk st @esgribed . ldtervi 8y efhieévimgit is
preferable that the tenperature for the solution treatnent nay not exceed
€e.g., 830chCa pombtetdl JormHONn ahdBisELipl efcdnabby, FhO0CntdhsDLy it s
preferable that the tinme for the solution treatnment may not exceed e.g.,
13 hr, pogf pradlyitddrdd Bineas beahbiiamizedd Bhd el digartibaulien! y£ mef erably
6 hr. The timng of inplenenting the solution treatnent is not

particul akbis!| i Hahedy, Arhexefid | & edrph06asSok Ol rPHARCEINO-d hehrd\ggiBi - base
all oy sputtering target conprises: subjecting ingots
sixth intensities can be maximized. A larger Bi content in the
sputtering target is advantageocus in obtaining Ag-Bi-base alloy
films having high thermal conductivity, high reflectance, and
high durability, with use of the inventive Ag-Bi-base alloy
sputtering target. For instance, the Bi content is 0.1 at% or
more, and preferably, 0.5 at%¥ or more. The Bi content may be
1.0 at% or more, e.g., 1.5 at% or more.

The Ag-Bi-base alloy sputtering target may be
substantially composed of Ag and Bi alone. Alternatively,
various metal elements (hereinafter, called as "supportiwve
metal elements") to secure or improve film properties may be
added to such an extent as not to impair the effects of the
embodiment of the present invention. The supportive metal
elements‘include, but are not limited thereto: elements that

form a solid solution with Ag in the Ag-Bi-base alloy, such as

Mg, P4, Pt, Au, Zn, Al, Ga, In, Sn, Sb, Li, Cd, Hg, and As

14



.of Ag-Bi-base alloy to hot working such as hot rolling, or hot forging
into a predeterm ned shape; subjecting the resultant products %ﬁ%ﬂ?
appropriate process such as cold or warmworking, or heat trea ,
according to needs; and inplenmenting nachining such as cutting or shaving.
The solution treatment can be inplenented at any timng during the
production process. 17 P1385 As far as a solid solution of Bi can be forned

N 3 SPUlhBrelal fOCloaIHAN 45 SPULIRL nguﬂﬁﬁ&;é,ecaﬂeéwprq;}ﬁ]ehwa[ kabl e

| owering o e yle content 1In obt ar ned sputtering
the sputterli g 451 Spdesirab tp,C y t e utj. on treat nent
prior totpt% geg%%i%\b?ﬁ?hgf)%t e%gf o}?‘&t h%g‘pu‘gjbbgéébf ﬂgUp%{']és%?clrl]gé%‘ 'ﬁé %rial

damage duri tg h% W)gn tep. In this rrw1mmm,ihes%uﬂon
treat rrenlprﬁggrﬁ f%ar ?edlg Ut%’(?n%g'peeﬁg‘ﬂﬁqtf ﬁalth RoPTRGIRIFY*E 5 or
alternativelx, heat treatnent, which is inplenented i mediately before the
hot wor RHRELS: Bask matals: éBrH‘e LB PEFeWRL RO heSUR 3RoBR nBUstRd,  may
be carried out as the solution treatnent. The atnosphere to be. drawn into
a furnac®sinltheCusoftiti ¥n WP ealdefir.mdip bd.aMnai Re. afei n€et Nhs, Shr
vacuum The inner tenperature of the furnace in |oading the Ag-Bi-base
al | oy i sThequindedPl o (berebwaftarmhancakiedreds i fgepotdt supbortive eyl of Bi .
This is because a segregated region of Bi which is segregated due to the
| ow nel t edgmentst) of pBifermpllye Mel.t &, &h.t st ilre dfu,l cadl nGe t heore
Ag- Bi - base alloy. Because the inventive Ag-Bi-base alloy sputtering target
cont ai nspBefetdlelwpukit candigChiar gatl iedements that papdupragipitatdia base al | oy
films of |ong-termuse. Further, since a solid solution of Bi is forned
despi t e theefwatslNiendonPoune Rithaaghdherthel AdaBRgbBasklr ADToP) OslE | on of
the sputtering target can

as Y, La, Ce, Nd, Sm, G4, Tb, Dy, Ti, Zr, Hf, Na, Ca, Sr, Ba,

Sc, Pr, Eu, Ho, Er, Tm, Yb, Lu, S, Se, and Te (hereinafter,

called as "third supportive metal element"), preferably, Y, La,

Ce, Nd, Sm, G4, Tb, Dy, Ti, 2Zr, and Hf, more preferably, Y and

Nd. The first supportive metal elements may be used alone or

in combination of twe or more kinds thereof. Likewise, the

second supportive metal elements {(or the third supportive metal

elements) may be used alone or in combination of twoc or more

kinds thereof. Further alternmatively, the first, second, and

third supportive metal elements may be used alone or in

combination of two or more kinds thereof.

It is desirable to add the supportive metal element to
such a degree as not to impair the basic properties of the Ag-
Bi-base alloy f£films, such as high reflectance, high

transmittance, lJow extinction coefficient, high thermal

conductivity, and low electrical resistivity. In view of this,
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.be suppressed, and the yield of the sputtering targets can be 18 P1385
rai sed. Furthernore, this arrangenent nmakes it possible to sugﬁgﬁgi

remar kabl e | owering of the yield of the Bi content in filnms, theteby
produci ng Ag-Bi-base alloy filns having high thermal conductivity, high
refl ectance, and high durability. The sputtering can be perforned by a
known techni que, such as DC magnetron sputtering. EXAMPLES 1In the

foll owi n ts SeindedaV [40N 4 S il tr LN t Al ' | es,
whi ch, hg\ﬁevlre}'f,P%(g not %ﬁmﬁéﬁéttﬁeth%ré:gletﬁti ic%&ggfllior#eA%%u%%B?m I'T1cation
is allo as,far S, it s.h epas t om.the object.of .t-he esent
I nventi \gﬁgkgjésca;%‘lﬂﬁ%%tsgb%%é %&Pbgiiovg J('jea'n ee/{‘aér y°]§ u@ﬁsﬁdeF%%%{?b&Y I ?’

i nt ended be enbraced in the technical scope qQf the present invention.
|1 the. EREADPESIOTire 200) IPFOPRTEFANLN, 2i SLEAT: 168%0ut | acoording Lo t he
foll owi ng procedures, and results of @ experinments are eval uated accordi ng
to the bel ow stBed HY{IRIdVe | DI BINser caabhitt | EPAHRIING atakgediial for
the solution treatnment (in the Exanples, ingots made of a Ag-Bi alloy or
Ag- Bi - basenbtaiming anselidf gehakion | pfedivi R Afhermyisis.e hsvingom
tenperature. After the inner tenperature of the furnace was raised to a
pr edet er preéetemmmedat dingensitmi t of C)prrcipitateAngBiat eonf h&Qddchr a t he
predeterm ned tenperature was maintained for a 19 P1385 predeterm ned tine
1 (unit: phedetearriiorm adsstribwdlont | off &fi Batoms heaeafber prodecedgdiys were
taken out of the furnace to air- cool the ingots at roomtenperature at a
cool i ng aalewixig ahgtBi-base alloy products, such as ingots of Ag-Bi-

base alloy obtained by melting Ag with Bi, or processed
products thereof to go into a solution treatment (solid
solution process) where a sollid soluticn of Bi is formed with
Ag. Implementing the solution treatment makes it possible to
form the solid solution of Bi with Ag, thereby suppressing
segregation of Bi.

The solution treatment conditions are optionally
settable, as far as there is secured sufficient formation of a
s0lid solution of Bi. For instance, the temperature f£for the
solution treatment is about 350°C or higher, preferably, about
400°C or higher, more preferably about 500°C or higher, and a
particularly desired sclution treatment temperature is about
600°C or higher. A time for the solution treatment is about 0.3
hr or longer, preferably, about 0.5 hr or longer, more
preferably, about 2 hr or longer, and a particularly desired
solution treatment time is about 4 hr or longer. It is

recommended to cool the Ag-Bi-base alloy products immediately
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5C mn. Thus, the solution treatnent was inplenented. The solution
treatnent is indicated as "tenperature: a(C - tine: P(hr) - cooling rate:
5 mn" in the Exanples. [Bi content] A sanple of about Ig Waspg%:q%ped of f
froma test chip of 20 mm (length) X 20 nm (width) X 5 mm (thickness) each
collected in the experinments, and the sanple was al nost conpletely

di ssol ved in an aqueous solution of nitric acid [70 mass% of nitric acid:

ot plat S oFLo0E REPFoRoEEPEEICE o P, FeReBBEdaRP o 2 (B P rod.

Then, the. sol uti l. d.th tent. of Bi in.each I
reasur cd By Pduser, SRS oc e Eem Y el b el e setafo bRy 8GR T e
of "SPQ 8000" %eiko Igstrﬁ ntg%elnc.%._,[lntensit of,gr_eci itated Bi] Five
Lest chi BECOFOSEIt FRERGRRYSH S0P nie P ) ERASTERT L8 Ekfles SO0 ¢

collected, substantially equidistantly, nanely, in a uniformmanner, from
each i ngotCi{min 18F ERFERT nepraterady. palrut rﬁ%ﬁ@i‘-@i‘é‘% S tRI: 2l RPFeCt | on
with respect to the Ag (111) plane, the Ag (200) plane, the Ag (220)

pl ane, t prefigrably 1gbqutad®’Camkn tare fRstero2png| Swethermesiey prefieralk
intensities | ASF(111) . 1Ag(200) , I1Ag(220) . 1Ag(311) , and IBi(102)

(unit: 2@bpuBsBoE€gminvwer efastegur ed according to an X-ray diffraction nethod
under the follow ng conditions. The intensity of precipitated Bi with
respect to eacliTHeestolaitipn [treBit(éfR) As( kAfédliiver 1Agf @tling |aAg$RIIG ) |
/[Bi] 1Ag (200) + was cal cul ated, based on the neasurenents of the peak

I nt ensi t se3utdol diheBineaIur eSpnhowessd,! recbiimended not to excessively

carry out the solution treatment , considering a drawback that
an excessive solution treatment may result in oversized growth
of crystal grains. In view of this, it is preferable that the
temperature for the solution treatment may not exceed e.g.,
830°C, preferably, 800°C, and more preferably, 750°C. Also, it
is preferable that the time for the solution treatment may not
exceed e.g., 13 hr, preferably 10 hr, more preferably 8 hr, and
particularly preferably 6 hr.

The timing of implementing the solution treatment is not
particularly limited. An exemplified process for producing the
Ag-Bi-base alloy sputtering target comprises: subjecting ingots
of Ag-Bi-base alloy to hot working such as hot rolling, or hot
forging into a predetermined shape; subjecting the resultant
products to an appropriate process such as cold or warm working,
or heat treatment, according to needs; and implementing
machining such as cutting or shaving. The solution treatment

can be implemented at any timing during the production process.
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respect to the Bi content (unit: at%, which was obtained as described in
t he above section of [Bi content]. Thus, an average of the intensities of
precipitated Bi was obtained. X-ray diffraction conditions: <PFEpFdcess of
test chips> In the Exanpl es, preprocess was not carried out because the
surfaces of the test chips were snooth. It should be noted, however, that
it is preferable to etch the surfaces of test chips with diluted nitric

d aft d d
Fesul nérfr*%%qgé'r?a%§9ﬂ°s?ﬂﬁogﬁ%%? Lnth B B 05 B ShRRaELASS! S
<Anal yzer> ) was used. <Nbasurkggle

00" (H rpoyatiqn
condi ti or§59¢ rg ?uc %%FSH&??C { %tl&ﬁn URBrSss, TSR
nonochr onet er . out put ; 50 kV—200 mA slit: gree,of dlvergence 1 degree of
di f f usi oftOWering; et khat Higdd PEodhgi Bd Hogﬁ nt o185 fidms c SRRAHREL e
4/mn 21 P1385 sanpling width: 0.02 scanning range (20) : 10 to 130
[ Di stri bgPHsRering thy sRELtardnantdrafitst ri buti on of characteristic X-ray
intensities of Bi in a test chip of 20 mm (length) X 20 nm (width) X 5 nm
(t hi ckness), eath &8l |dasigable tie crpryi owht sthe waeolekion nddeatwentling to
X-ray m croanal ysis under the followng conditions. Specifically, the
char act epribrcti- thgy honhtwnkingestep Borwthe pummeeset icdnauppresatsg faed into
8 levels fromthe first intensity (lowest level) to the eighth intensity
material damage during the hot working step. In this
arrangement, the solution treatment may be carried out
independently of the hot working step, or alternatively, heat
treatment, which is implemented immediately before the hot
working step as an integral operation with the hot working step,
may be carried cut as the solution treatment.
The atmosphere to be drawn into a furnace in the
solution treatment may be an air, an inert gas., or wvacuum. The
inner temperature of the furnace in loading the Ag-Bi-base
alloy is required to be lower than the melting point (about
271°C) of Bi. This is because a segregated region of Bi which
is segregated due to the low melting point of Bi may be melted
at the time of loading the Ag-Bi-base alloy.
Because the inventive Ag-Bi-base alloy sputtering target
contains Bi, the sputtering target is useful in producing Ag-
Bi-base alloy films of long-term use. Further, since a solid
solution of Bi is formed despite the containment of the Bi, a

material damage during production of the sputtering target can

be suppressed, and the yield of the sputtering targets can be
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(highest level), and the respective area ratios of these 8 intensities
were cal cul ated, wherein the sumof the respective areas repr Eﬁ]&g{

these 8 intensities was 100% Then, the sum of the area ratios

third through sixth intensities, nanely, the distribution of Bi atoms was
cal cul ated. X-ray mcroanal ysis conditions: <Preprocess of test chips> The
test chips were enbedded in resin, and the surface of the resin was wet

d f <E
Ccombi ned UBTED ~ EStBARAPYEE] fnien FOSRERERG clpkef y U e Y
<Me t] I 15, kV 22
Plaas. appLPERSEty T IR TpuRFaRd aﬁ‘ez BRI hl EPREang e

di at ti unh f 400 . X 400 t t | :
X_ai s dERQBEr orfheF o8y BRARECIan, Aa-FrDase s AhPFWA kI | SRS PHEnce or
absence of cracking on the hot-rolled pl at es respectlvely obtained in the

experi mefeIHal eEMGTdyiby- vﬁl%%lref&%éﬁ'{}ﬁ?i dhd Jah Aerakihitys of

observation were evaluated according to the following criteria. Good(Q;
no cracki ng of & ePRutEeIring0 Gan ope | BAEEermass bibbdekiew NeCHBEING) :
cracking of a length of 10 nmor |onger was observed.

such as DC magnetron sputtering.

EXAMPLES

In the following, the present inventicon is illustrated
in detail with Examples, which, however, do not 1limit the
present invention. Adecuate modification is allowable as far
as it does not depart from the object of the present invention
described above or below, and every such modification is
intended to be embraced in the technical scope of the present
invention.

In the Examples, the solution treatment is carried out
according to the following procedures, and results of
experiments are evaluated according to the below-stated method.
[Solution treatment]

Loaded was a material for the solution treatment (in the
Examples, ingots made of a Ag-Bi alloy or Ag-Bi-base alloy)
into a furnace filled with an atmosphere of room temperature.
After the inner temperature of the furnace was raised to a
predetermined temperature o (unit: °C) at a raising rate of

50°C/hr, the predetermined temperature was maintained for a
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[ Lowering of yield of Bi content in film The Bi content in each of the
films made of a Ag-Bi-base alloy obtained in the experinents mg 3ggasured
according to ICP mmss spectronetry in a simlar manner as havi 3 en done
with respect to the test chips. The nass of each f il msanple was 100 ny
or nore. The Bi content in the test chips, and the Bi content in the film
sanpl es were conpared with each other, and the conparison results were

eval uat ed, @ tedindfed felnli ewi |ty . ower kg of the
yi el d of Ck% he Bi cont eﬁ%ﬁinﬁ l3t h(gllngg Pf%% gﬂ# if‘drmasggggg%%lcﬂﬂﬁé ggogﬂ( NG :

yield ont ent T'n 't he 23 P13S5 ;
[ Oversi 2o grauthror (apy pPeE, uERD' faket coptopr el MERARECKE S i

and the syrf.a sin tao be ohserved, by an tical mcroscope was
vet ool Ge; daebhE FEH I S MReIRTPFY ot of FORTHY Fel Phe8boshr (e
pr eproce wet - groun surface of the resin were  taken, and four
straight%§ﬁzﬁinin Ydou Q}§998§§oﬂaﬁﬁﬁﬂ?m%ﬂ§ wafonprismented-g were drawn on

each m crograph. The nunber n of the crystal grain boundaries appearing on
each straight |ThHe Sggytisuntd®atagptt ne cipdicateft aprs <iteapgrature: vm
with respect to the crystal grain boundary or boundaries appearing on
each of tHeCstr afiame: Pi(hsd weeodddingurated, S{ma8" obn tte Exempdes ng
equation: d = L/n/m where L denotes the length of the straight line, n
denot es tld cooheet]l of the crystal grain boundaries appearing on the
straight line, and mdenotes the magnification ratio of the optical

m cr ogr aph. A sample of about 1lg was scraped off from a test chip of

20 mm {(length) X 20 mm (width) X 5 mm (thickness) each
collected in the experiments, and the sample was almost
completely dissolved in an aquecus scolution of nitric acid [70
mass¥ of nitric acid: de-ionized water = 1 : 1 in specific
volume]. The solution was heated on a hot plate of 200°C until
complete dissolution of the sample was confirmed. Then, the
solution was cooled, and the content of Bi in each sample was
measured by inductively coupled plasma (ICP) mass spectrometry,
with use of "SPQ-8000" (Seiko Instruments Inc.).
[Intensity of precipitated Bil

Five test chips of 20 mm {(length) X 20 mm (width) X 5 mm
(thickness) were collected substantially equidistantly, namely,
in a uniform manner, from each ingot in the experiments, and
peak intensities of X-ray diffraction with respect to the Ag
(111) plane, the Ag (200) plane, the Ag (220) plane, the Ag
(311) plane, and the Bi (102) plane, namely, the peak

intensities TIaguuiiy. Iagi2o0).  Iage220y, Iagrainy. and Isyqez) (unit:
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The average of the crystal grain sizes obtained with respect to the four
straight lines was set as an average crystal grain size of theE,ffa? chi p.
Judgnent as to whether the crystal grains outsized a predetermned val ue
was eval uated, based on the average crystal grain size. 24 P1385 Good (G

no oversized growth of crystal grains appeared. (average crystal grain
size was 200 pmor less.) No good(NG: oversized growh of crystal grains

appear ed cps( avRiradanddiredl LAraitgZ arxaeetedag0iprricEGH PhEthodd and
Bi whose conpositions had been adjusted were inductively nelted under Ar

gas al MSPRRLe vndNfoPl QHILE bRlid10haur Hhd T BEElHsiityIde ProbinBiadld

oy

i ngots each having a rent Bi content, nanely, "Ag with of 0.5 at-9%
Ag with B dI ) 9 ? '%}IB' .%éatcy and {-T\%ﬂvmtp i of 4. 0
at % Thr%lé'e Ql?t%efgﬁﬁéﬁn g\g‘%é relatte%nﬁjgu S e[%“é?‘?%{ ‘%’th%r“%é"ﬁgct to
each of the four_ Ag- B ?Ibtc{ ingots: the first treatnent was __no sol ution
t r eat ment sy gé?félﬁalt d ﬁeﬁ?g\/\ﬁgl%ﬂsagﬁe&ti §ﬁse‘§r%tét f“egfufgﬂ%réﬁsature:
700("'C) - tinme: 10(hr) .- cooling ratfé: 50C/ min; and the thi ﬁ trfaiinent
was a solPditi 5Ret ReEFehttersitistyer 4P re'?heBOG’(eéﬁ)lr@m‘?’?frre;efﬁé' Nt ool i ng
rate: 50C/ mn. After either one of the three treatnents was inplenented,
t hese i ng&e8edkr EostbpeBleFondenst (WBLki ngthl - aWhbeh b2k obtaines s
tenperature of 7000C, and rolling reduction [=((plate thickness before hot
rol | i ng) descpibe@ thi ciiesabareesessionr ¢iff ) copgent b t hiltMfes stbef or e
hot rolling)] of 50% Thus, hot rolled plates were produced. These hot
rol | ed plaxezsgecee theubdngensiities cfl pregirivatgd @il wag eetrinddbn: 50% and
heat treatnent (tenperature: 6000C, time: 1.5 hr). Thus, sputtering 25

X-ray diffraction conditions:

<{Preprocess of test chips>

In the Examples, preprocess was not carried out because

the surfaces of the test chips were smooth. It should be noted,

however, that it is preferable to etch the surfaces of test

chips with diluted nitric acid after wet grinding for the

purpose of eliminating adverse effects resulting from surface

distortion of the test chips by machining.

<Analyzer>

"RINT 1500" (Rigaku Corporation) was used.

<{Measuring cenditions>

target: Cu

monochromatic radiation: Cu-Ka ray using a monochrometer

output: 50 kV-200 mA

slit: degree of divergence 1°, degree of diffusion: 1°, slit

width for receiving light: 0.15 mm

scanning speed: 4°/min
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P1385 targets (dianeter: 101.6 mm thickness: 5 mm), and a certain nunber
of test chips of 20 nm (length) X 20 mm (width) X5 mm (thick

necessary for inplenmenting the experinments were obtained by cﬂ?ﬁ%#b or
shaving the heat-treated plates. The evaluation results of Exanple 1 are
shown in Table 1, and FIGS. 1 to 2. An X-ray diffraction analysis result
of sanple No. 4 is shown in FIG 3. 26 P1385 14 zz~'zzzz >4 b -, V14

500000006085 524 FEHBE000800 43 4+4 & . 0 rq 1d RO
a , 0rqg 1d HU

scanning range (28): 10 to 130°
[Distribution of Bi atoms]

A planar distribution of characteristic X-ray
intensities of Bi in a test chip of 20 mm (length) X 20 mm
(width} X 5 mm {thickness), each collected in the experiments,
was examined according to X-ray microanalysis under the
following conditions. Specifically, the characteristic X-ray
intensities of Bi were proportionally classified into 8 levels
from the first intensity (lowest level) to the eighth intensity
{highest level), and the respective area ratios of these 8
intensities were calculated, wherein the sum of the respective
areas representing these 8 intensities was 100%. Then, the sum
of the area ratios of the third through sixth intensities,
namely, the distribution of Bi atoms was calculated.
X-ray microanalysis conditions:
{Preprocess of test chips>

The test chips were embedded in resin, and the surface
of the resin was wet ground for analysis.

<Analyzer>

"Electron ©Probe Micro AnalyzZer {EPMA) {combined WD/ED
microanalyzer) JXA-8900RL" (JEOL Ltd.) was used.

<Measuring conditions>

type: stage scan

acceleration voltage: 15 kV
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applied current for irradiation: 0.2 pa

beam diameter: 1 um

jrradiation time: 100 ms

number of dots: 400 X 400

irradiation interval: X-axis direction: 1.5 uym, Y-axis

direction: 1.5 um

[Workability]

Presence or absence of cracking on the hot-rolled plates
respectively obtained in the experiments was examined by visual
observation, and the results of observation were evaluated
according to the following criteria.

Good(G): no cracking of a length of 10 mm or longer was
observed.

No good(NG): cracking of a length of 10 mm or longer was
observed.

[Lowering of yield of Bi content in film]

The Bi content in each of the films made of a Ag-Bi-base
alloy obtained in the experiments was measured according to ICP
mass spectrometry in a similar manner as having been done with
respect to the test chips. The mass of each film sample was
100 mg or more. The Bi content in the test chips, and the Bi
content in the film samples were compared with each other, and
the comparison results were evaluated according to the
following criteria.

Good(G) : no lowering of the yield of the Bi content in the
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film was observed.

No good (NG): lowering of the yield of the Bi content in the
film was observed.

[Oversized growth of crystal grain]

The test chips were embedded in resin, and the surface
of the resin to be observed by an optical microscope was wet
ground. Optical micrographs (magnification ratio: 400 times)
of the preprocessed (wet-ground) surface of the resin were
taken, and four straight lines in a double-cross manner, as
shown in FIG. 8 were drawn on each micrograph. The number n of
the crystal grain boundaries appearing on each straight line
was counted, and the crystal grain size 4 (unit: upm) with
respect to the crystal grain boundary or boundaries appearing
on each of the straight lines was calculated, based on the
following equation:

d = L/n/m
where L denotes the length of the straight line, n denctes the
number of the crystal grain boundaries appearing on the
straight line, and m denotes the magnification ratic of the
optical micrograph.

The average of the crystal grain sizes obtained with
respect to the four straight 1lines was set as an average
crystal grain size of the test chip. Judgment as to whether
the crystal grains outsized a predetermined value was evaluated,

based on the average crystal grain size.
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Good(G): no oversized growth of crystal grains appeared.
(average crystal grain size was 200 um or less.)

No good{(NG): oversized growth of crystal grains appeared.

(average crystal dgrain size exceeded 200 pm.)

Example 1
Ag and Bi whose compositions had been adjusted were
inductively melted under Ar gas atmosphere, and produced were
four different kinds of Ag-Bi alloy ingots each having a
different Bi content, namely, Ag with Bi of 0.5 at%, Ag with Bi
of 1.5 at%, Ag with Bi of 3.0 at%, and Ag with Bi of 4.0 at%.
Three different kinds of treatments were performed with respect
to each of the four Ag-Bi alloy ingots: the first treatment was
no solution treatment; the second treatment was a solution
treatment of temperature: 700(°C} - time: 10(hr) - cooling
rate: 5°C/min; and the third treatment was a solution treatment
of temperature: 800(°C) - time: 10(hr) - cooling rate: 5°C/min.
After either one of the three treatments was implemented,
these ingots were subjected to hot working at a hot work
initiate temperature of 700°C, and rolling reduction [={(plate
thickness before hot rolling) - (plate thickness after hot
rolling)}/(plate thickness before hot rolling)] of 50%. Thus,
hot rolled plates were produced. These hot rolled plates were
subjected to cold rolling (rolling reduction: 50%) and heat

treatment (temperature: 600°C, time: 1.5 hr). Thus, sputtering
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tU GZ-iNdvintiOt-CO'HN 27 P1385 In Table 1, sanple Nos. 1-3

correspond to the Ag-Bi alloy ingot with Bi content of 0.5 at% fﬁ'ﬁ)l e Nos.

4-6 correspond to the Ag-Bi alloy ingot with Bi content of 1.5Pa ()

sanple Nos. 7-9 correspond to the Ag-Bi alloy ingot with Bi content of 3.0

at% and sanple Nos. 10-12 correspond to the Ag- Bi alloy ingot with Bi

content of 4.0 at% As clear fromFIG 1, inplenmenting the solution

treat Wn&al:&éﬁ@“%ﬂi&ﬁ‘eﬁélt:enﬁdlt.% Gfm, PEIRCRIEsRL €6 Bim) aTMhfSa CLEREadd OM FI G

2, reducing’the Bi content |essens the intensity of precipitated Bi. '

Furt her, | ear 13 , i N It ipitated Bi
nfifbef | S + LSOl %gf_léor gﬁyh@gﬁfégfsg b6 | Vet O Pt

I Nproves wWor ity of t oy | ereby contributing to
suppressi,on. of teri qua dur | .working, Example 2 Ag _and Bi
whose corﬁ%@%@f’i‘%nsg)ﬂ hga&%%esen ad?ﬁgte p\r/}\'e%?ng%f'% uct%'ieve?’?e ]F;F%%Sun erc Ar gas
at nospherg, and. produced were five different kinds _of_ Ag-Bi alloy ingots
cach: havPhbaEieaY GHERIngrof AiaviRe thanhest- S aeabboaT. 05 ot % g
with Bi of 1.0 at% Ag with Bi of 1.5 at%_Ag with Bi of 3.0 at% and Ag
with Bi of 4.Fh& ®VSyuehien pIHe snefeFXaMRLS nt Aufeshownpint TaP4% th use of
a nmold. Two different kinds of treatments were performed with respect to
each of and fIGE-Ad- BEo all oy An ngotay @rEfypatien swalyisds tresadiernf and
the other was a

sample No. 4 is shown in FIG. 3.
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solution treatnent of tenperature: 700(C) - time: 4(hr) 28 P138%1¢dd i ng
rate: 5C/ nmn. After either one of the treatnents was. i npl ement ed, these
ingdts were suBljected tg hot rpllijng lat A Hhot Irol|l ihitiiatd tephperature of
700C, and rok Ing reductiign wof H0% Ifel tyuco[,d ol 1@ rge( [ ol i ng
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In Table 1, sample Nos. 1-3 correspond to the Ag-Bi
alloy ingot with Bi content of 0.5 at%, sample Nos. 4-6
correspond to the Ag-Bi alloy ingot with Bi content of 1.5 at,
sample Nos. 7-9 correspond to the Ag-Bi alloy ingot with Bi
content of 3.0 at%, and sample Nos. 10-12 correspond to the Ag-
Bi alloy ingot with Bi content of 4.0 at%. As clear from FIG.
1, implementing the solution treatment lessens the intensity of
precipitated Bi, and as clear from FIG. 2, reducing the Bi
content lessens the intensity of precipitated Bi. Further, as
clear from Table 1, reducing the intensity of precipitated Bi
improves workability of the Ag-Bi alloy ingots, thereby
contributing to suppression of a material damage during hot

working.

Example 2

Ag and Bi whose compositions had been adjusted were
inductively melted under Ar gas atmosphere, and produced were
five different kinds of Ag-Bi alloy ingots each having a
different Bi content, namely, Ag with Bi of 0.5 at%, Ag with Bi
of 1.0 at%, Ag with Bi of 1.5 at%, Ag with Bi of 3.0 at%, and
Ag with Bi of 4.0 at%¥ by casting the materials into metal
plates with use of a mold. Two different kinds of treatments
were performed with respect to each of the five Ag-Bi alloy
ingots: one was no solution treatment; and the other was a

solution treatment of temperature: 700(°C) - time: 4(hr) -
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cooling rate: 5°C/min. After either one of the treatments was
implemented, these ingots were subjected to hot rolling at a
hot roll initiate temperature of 700°C, and rolling reduction
of 50%, followed by cold rolling (rolling reduction: 50%) and
heat treatment (temperature: 600°C, time: 1.5 hr}.

Ag-Bi alloy sputtering targets (diameter: 101.6 mm,
thickness: 5 mm) were obtained by cutting off discs from the
heat-treated plates and machine finishing the discs. The
ingots were subjected to cold rolling after damaged portions of
the ingots where a material damage such as cracking appeared
during the hot rolling were removed. Further, a certain number
of test chips of 20 mm (length) X 20 mm (width) X 5 mm
(thickness) necessary for implementing the experiments were cut
off from the heat-treated plates after the sputtering targets
were cut off.

Ag-Bi alloy films of 200 nm in thickness were formed on
a glass substrate (diameter: 50.8 mm, thickness: ¢.55 mm) by DC
magnetron sputtering [{vacuum reach: 2.0 X 10"® Torr or less (2.7
X 10 Pa or 1less), Ar gas pressure: 2.0 mTorr (0.27 Pa),
sputter power: 200W, target-substrate distance: 55 mm,
substrate temperature: room temperature].

The evaluation results of Example 2 are shown in Table 2,
and FIGS. 4 to 5. An image of X-ray microanalysis result of

sample No. 14, and an image of X-ray microanalysis result of

sample No. 21 are shown in FIGS. 6 and 7, respectively.
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30 P1385 In Table 2, sanple Nos. 13-14 correspond to the Ag-Bi alloy ingot
with Bi content of 0.5 at% sanple Nos. 15-16 correspond to t - Bi
alloy ingot with Bi content of 1.0 at% sanple Nos. 17-18 correspond to
the Ag-Bi alloy ingot with Bi content of 1.5 at% sanple Nos. 19-20
correspond to the Ag-Bi alloy ingot with Bi content of 3.0 at, and sanple
Nos. 21-22 correspond to the Ag-Bi alloy ingot with Bi content of 4.0 at%
respectively. As, chgdfe f50MsEhfie 4Nok TP SDEN b8Erdd}ore0I 44 | @ 4488t ment
makes it possible to increase the sumof area ratios of the thitd through
sixth in A Thi S unid o diggtri | i ( IS
%%38 ot TSRS dofidknt gﬁlﬁ t?}g?? a4 %d?ea q rgjn%’% d’f‘égﬁﬁ
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duci he Bi kes. i i b i h f j f
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of Bi atonms |s gbtained by reducing the Bi content Furthernore, as clear
rom TabPEmpLeL NES i oHin CHHSSEONE: 7 dPe B9 BLofLLeBnt IR et dL
suppressi ng renmar kabl e | owering of the ield of the Bi content_in filns

obt ai ned CB}teRit PEr Lng. aFF CS AP L NOE -ar’P <0 SoRTRABYRE EPotPAIdlul ts of
X-ray mcroanalysis in each of which the inmage representing the q%Lanar
di st ri bugildayofinggbr dttlerBst¢enbentawti i-dnhdtdi eqndf spmple nlagt y21+ i mage
noted by the termof "Bi - 100Eun” in the Ilower left section in the
dr awi ng icersbaspond|tonghei Ay-Bi eabbay iingodr wathaBi csondfenthefchal artt¥eri stic
X-ray intensities 31 P1385 shown in the right colum titled by "Bi Level
Area L" mresphetiwgiper right section of the draw ng, and the inmage
representing the planar distribution of characteristic X-ray intensities
of As clear from FIG. 4, implementing the solution
treatment makes it possible to increase the sum of area ratios
of the third through sixth intensities. This means that
uniform distribution of Bi atoms is obtained by the solution
treatment. Further, as clear from FIG. 5, reducing the Bi
makes it possible to increase the sum of area ratios of the
third through sixth intensities. This means that uniform
distribution of Bi atoms is obtained by reducing the Bi content.
Furthermore, as clear from Table 2, the uniform distribution of
Bi atoms contributes to suppressing remarkable lowering of the
yield of the Bi content in films obtained by sputtering.

FIGS. 6 and 7 are screen images showing results of X-ray
microanalysis in each of which the image representing the
planar distribution of characteristic X-ray intensities of Bi,
namely, the image noted by the term of "Bi - 100um" in the

lower left section in the drawing is shown along with

respective area ratios of the characteristic X-ray intensities
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Ag, nanely, the inmage noted by the termof "Ag - 100Vun" in the upper

m ddl e section in the drawing is shown along with respective atios
of the characteristic x-ray intensities shown in the left col %ﬁ#tled by
"Ag Level Area % in the wupper right section of the drawing. As clear from
the images in the lower left section in FIGS. 6 and 7, nanely, the inmages
representing the planar distributions of characteristic X-ray intensities

of B, sapplg M. the ér&t%ﬁt':'c@rluﬁh eRe YA Chy t gy ﬁﬁélr'f' ﬁPéé'_t%'O“irPftl?é was

formed by 1 nplenentin e solution treatmnent ex Its uniform

di stributj of . B e ar'¥0ingl e G [ i

sol uti onu[pg’éqgt %é‘ﬁ{lt\/\%\gg%%?? %prqﬂgmnte nékhl ?tgﬁ%egre%at%g\églsggg%ﬁ ns.
Exanpl e | ngQts_were praduced in a,simlar. mann as. produci, t he i ngot
made’of thE RJoREL SPFBbER ' At e oY etehsrbres ‘Shd hot
roll ed pl.ates were obhtained by subjectin the ingots tq hot working at a

hot wor k A9 PPRELY 1 cthfe riltades notedsBFo NS nte ™95 nd'S eddOOHBn 7 FR% except

that the solution treatment were differentiated fromeach other in the
sanpl es. UPREEermidfElenoseEsirRd Wt attdée WAFBithj dét eBhewn cAl@nBol ViHy
(rolling reduction: 50% and heat treatnent (tenperature: 600C, 32 P1385
time: 1. 5esppctiyaitared matiasggafs thei oheractenidgties mmran Hingkpesties m),
and a certain nunber of test chips of 20 nm (length) X 20 mm (width) X 5
mm (t hi clshews) inedd®sdeftf arolummpltEtdeti by t'3g eyerdi farsas ¥erin otheni ned by
cutting or shaving the plates. Evaluation results of Exanple 3 are shown
I n Tabl e upped33rPgRBS5sbctidn of the drawing. As clear from the images
in the lower left section in FIGS. 6 and 7, namely, the images
representing the planar distributions o¢f characteristic X-ray
intensities of Bi, sample No. 14 (see FIG. 6) in which the
so0lid solution of Bi was formed by implementing the solution
treatment exhibits uniform distribution of Bi, whereas sample

No. 21 (see FIG. 7) in which the solution treatment was not

implemented exhibits segregated Bi regions.

Example 3

Ingots were produced in a similar manner as producing
the ingot made of the Ag-Bi alloy with Bi content of 1.5 at% in
Example 1, and hot rolled plates were obtained by subjecting
the ingots to hot working at a hot work initiate temperature of
650°C and rolling reduction of 70% except that the solution
treatment were differentiated from each other in the samples.
After the hot rolled plates were subjected to cold rolling

(rolling reduction: 50%) and heat treatment (temperature: 600°C,

32



cW4 -P'4 -PEnrRg" LdC7000c7c7zzC70C) $4 wU a) asri HOg m d
r' L 0 4-, E nN~'coLnOOOOMTr 4 r~ r%ocovv%%owco ro C) H 44 EglgbgL

time: 1.5 hr), sputtering targets (diameter: 101.6 mm;
thickness: 5 mm), and a certain number of test chips of 20 mm
(length) X 20 mm (width) X 5 mm (thickness)} necessary for
implementing the experiments were obtained by cutting or

shaving the plates.

Evaluation results of Example 3 are shown in Table 3.

33



jebrel ur juejuod 1d/[ ﬁA.m._”mwm4H+HQNNum4H+AQONude+n._”.H.:mﬂHv\nNo.:ﬂMH”_HHm pojeytdinead jo A3Tsusjul

(o La ' HoOO0CoaO, W ~--1Ir

rnr nr nC¥aha. o+o-nOao p 4) 41 fn

MmMOO -H 4J Z onNO%D, n. oi ncorn 4414g% m-ri

.Da)H ..

a) MrO' rn. DnNNC ) ncoLO Fi

34

41 (A p a)

J 9k (a O O.Dna0Oa0t ~0ooCOnQO. LnN °

4-J CO 44 91 U O

uuzzz

D ¥8 DN (A | STO0°0 T ¥ 0oL 12
D £9 ON 1758 21070 S z°0 0¢L cE
9 09 ON 8°6L LTO" O G 0T 00¢ it
ON 0zZg o G L6 €000 g ST QoL 0t
ON 06€E D 9°86 ¢00" 0 G S0 058 62
D 02T D S 86 z00°0 G S°0 008 8¢
D S99 9] 9° L6 L0000 G g°0 0oL LT
9] 8y B 0’86 500°0 S v 00L 97
9] 744 O €°86 L0000 otr v 0QL GZ
D Z8 2 VL6 ¥o0°0 q 0T 00L ve
D L9 ] 9’96 0T0°0Q S 0T ooy £e
[96]
L] (swoje Td L-33%] s
uteab uﬂmwmn_%_w%mp 30 (ebeIeAr) [ m..umn o] [au] (2]
vlsk1o jo - -d -0
T3 mm Io3lje K3TTTQRYIOM UOTINQTIISTD) 'a Burtood SUhL oL g N
qmox soT1TsuULluT [peje3Tdro STdwes
azTsIoAg | OZFS UTRIb .
pozt 0 Teasiion yi9 03 pig jo | -sad jo
obeIoAY soTlRI Ky1suejul SUOTITPUOD
vaIe JO umg JusuresI] UOTINTOS
£ °oTqel




04 4-) m p0000a000000 4-J LFd 04 >, E00000000000 HOUO QJ) ,
“toi n0i nLnLOLNLnLninH aip o NLC GO0) 0 w-H (D OOLOLOLOLOONV

r

0 U a~0000000C 00a v0O0O0O0O0OOLOO0O00 nnNNcocoNnN E a) p~C )diLn

ENNNNNNN(')C )OI n7 L d

R a)

ez

| O00a O
oo\ 0

As is obvious from Table 3, in the cases where the

solution treatment temperature was too low (sample No. 31), the

solution treatment time was too short (sample No. 32), and the

cooling rate was too slow (sample No. 33), the intensity of

precipitated Bi was raised, and the sum of area ratios of the

third through sixth intensities, namely, the distribution of Bi

atoms was lessened, thereby lowering the workability of the Ag-

Bi alloy ingots.

On the other hand, in the case where the solution

treatment conditions were proper, workability was improved,

thereby suppressing a material damage (sample Nos. 23 through

30). As compared with the case where the solution treatment

temperature was relatively high (sample No. 29), and the case

where the solution treatment time was relatively long (sample

No. 30), the evaluation results of sample Nos. 23 thrcocugh 28

reveal that properly setting the solution treatment conditions

is effective in suppressing oversized growth of crystal grains.

Example 4

Ag and Bi whose compositions had been adjusted were

inductively melted along with various suppeortive metal elements

such as Pd, Pt, Au, Rh, Cu, Y, and Nd under Ar gas atmosphere,

and produced were fourteen different kinds of Ag-Bi-base alloy

ingots by casting the materials intc metal plates with use of a

mold. These ingots were subjected to a solution treatment of
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Cl) 34 P1385 As is obvious fromTable 3, in the cases where the solution
treatnent tenperature was too |low (sanple No. 31), the solution treatnent
time was too short (sample No. 32), and the cooling rate was tBb3&3}ow
(sanple No. 33), the intensity of precipitated Bi was raised, and the sum
of area ratios of the third through sixth intensities, narrely, t he
distribution of Bi atons was | essened, thereby |owering the workability of
the Ag al | oy ingo t he _qt her |nth . case where,the, solution
treat rrent%eE‘BﬁH‘?‘ %%s \%@% r oper: ™ or klgg’irql ty \5588 r59§8 Y HEPLhy

suppr essi ng a material damage g | e Nos. 23 throu 30 As conpared
with the TRETEALHRT e thfe RIAHSSSA EﬁFﬁe‘ﬁ?ret%?ﬁi@rCéFGr &o §trEPhH%I y high
(sanple No. 29), and the case where the solution treatnment tine was

rel at i vel(POEoEQLY it iatendemperature: e100°Gat Fokling medacsionandP®) Nos. 23
through 28 reveal that properly setting the solution treatnent conditions
is effeccoid | robuiny edgioddingersedentignowt hOs) candt dleagr atneatmerminpl e 4
Ag and Bl whose conpositions had been adjusted were inductively nelted

al ong wi t(hemperatusesupponfc ve timeal klemhm)s isudihizs &ddert, Arhusfh, Cu,
Y, and Nd under Ar gas atnosphere, and produced were fourteen different

ki nds of spgtBérimnpaatidety (dngodtery 10as6i M@, t tiei dRieysi: abSmN} Cam@taal
plates with use of a nold. These ingots were subjected to a solution

treat menteotadd Mty (MYt ¢heps 780(50 mm t{ 1Ehgth(hK) 20 ﬁneowﬂ@tﬂ)at e:
5 mn. Thereafter, the processed ingots were subjected to hot rolling

X 5 mm (thickness) necessary for implementing the experiments
were obtained by cutting or shaving the heat-treated metal

plates.

Evaluation results of Example 4 are shown in Table 4.

36



600C,
101.6 mm

Coﬁ’h385

50%) ,
(tenperature:

rolling reduction:
sputtering targets (dianeter:

700C,
50% and heat treatnent

Thus,
certain nunmber of test chips of 20 mm (length) X

in this order.
and a

5 mm,

Initiate tenperature:

roll
rolling (rolling reduction:

time: 1.5 hr)
t hi ckness:

(hot

0 44 . H

1eb6Ie] UT JUS]U0D ._”m\mAnHﬁnumﬂH._..chNuma«H.—.ﬂQONumﬁH+Aﬂ._”.:m<Hu\ANOA:HQ.H”_“..HM poilejtdrosxd Jo K3Tsusiur

<
A“
© O
+— 00
m (0]
—
o
o Do 5 ) 1°66 900°0 PNZ°0-NDZ " 0-0¥Z ' 0-Td0 " T-6¥ LY
- M
-8 . 5 9 V' 66 S00°0 PNZ * 0-0DZ° 0-DdZ " 0-TdO " T-6¥ 9%
[@) IR N 4
C -
- 9 95 S 66 S00'0 nye-0-pNE*0-T90° T-b¥ Sy
c®o
m.m_mﬂu ) o L° 66 v00°0 PdE* 0-DNE ' 0-Td0 " T-Bv 47
— O C I~ . . “ho - “1-6
gc—0 9 9 9°66 S00°0 PNE " 0-NDE * 0-Td0 " T-6Y €Y
+— I~
- 5
mumqu ) 5 1°66 9000 noE * 0-NYE * 0-THO " T-BY Az
m — LI
—-=0np 9 9 v°66 S00°0 noE " 0-Pde * 0-TH0 " T-6¥ 187
>C o
5850 9 5 8°66 ¥00°0 PNG"0-THO " T-BV ov
— =
0 o< [
o) i~ ) ) L'66 S00°0 X6 0-TH0" T-HY 6€
goop ,
c-gp 9 0] £°66 §00°0 nog - 0-740 " T-6v gg
—~— © P
nodD D 9 1°66 900°0 WG 0-THO " T-6¥ LE
(D)
w O
.m.m,omu 5 9 v 66 5000 nyG - 0- 10" 1-6Y 9¢
—_ O 0N ] ]
22 9 o ' 66 900°0 145" 0-TH0" T-6Y Ge
—_— O -
m.m 26 ) 0 9°66 ¥00°0 pds - 0-Td0" T-6Y ve
O o
(@) A~
o oS S [96] [;-%3%]
x W.I-K WwTTy ut (swoje T4 (ebrIesr) log3e]
E w oo
— w _mu% M.mn%ﬁnw ﬂmmu A3TTIqR)ION 30 UOTANQTIISTD) 'g jebIe)y otd :ﬂmm
= n Bu SOTiIsuequl peaeltdio furxeiinds Fo uoriTsoduio)d
— TIOMOT -oxd jo
B> Y39 03 pig jo oxd 3 .
'S mE SO0T1eI BOIE JO umg KyTsuenur
EL o v oTqel
e+L®
o @ o
O X —
NoOLVOo._O

37




r 41 wOO0 4.3 -H 40rgenncoe!'r-1tibr<n .p -H4-1 0 r-, +

alaati Ca' a~alat a' OTa+a+a' - 0aONa, a+0lat a%a%@a+ONONa' a+rn 4a M4J 'H 0 4-;
04'"1to0'l d) bnd4l 14) (DWnnlflCINolL}ntoto d FaB%Tn V1
f- toGQO000000O00O0

In Table 4, "Ag — 1.0Bi — 0.5Pd" in sample No. 34
indicates that the alloy contains Bi of 1.0 at%, and Pd of 0.5
at¥, with remaining part thereof consisting of pure Ag. The
indications throughout the other sample Nos. 35 through 47
should be read in accordance with the reading of sample No. 34.
As is obvious from Table 4, all the samples produced from the
Ag-Bi-base alloy ingots of different compositions in Table 4
have a small intensity of precipitated Bi and a large sum of
area ratios of the third through sixth intensities because the
solution treatment has been conducted with respect to all the
samples. Thereby, all the samples in Table 4 exhibit superior
workability, thereby suppressing a material damage during hot
working, and are effective in suppressing remarkable lowering
of the yield of Bi content in resultant films.

To summarize the present invention, the feature of the
present invention resides in that a sputtering target made of a
Ag-Bi-base alloy contains Bi in so0lid solution with Ag.
According to one aspect of the present invention, the inventive
sputtering target containing Bi in solid solution, namely, the
sputtering target free of Bi segregation has the following
property.

Specifically, the inventive sputtering target has an
average intensity of precipitated Bi of 0.01 at$% ! or less, as
represented by the following mathematical expression, under the

conditions that plural sites are selected on the sputtering
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surface of the sputtering target, and peak intensities of X-ray
diffraction are measured according to an X-ray diffraction
method with respect to the Ag (111) plane, the Ag (200) plane,
the Ag (220) plane, the Ag (311) plane, and the Bi (102) plane:
intensity of precipitated Bi= {[Ipy(102)/( ZTaguin* Iagr2o0y+
Tag(zz0y+ Iag(anny) 1/[Bi]
where: Igpi(10;) Trepresents a peak intensity (unit: cps, the unit
is th'e same in the following) of X-ray diffraction with respect
to the Bi(102) plane; Ia;1) represents a peak intensity of X-
ray diffraction with respect to the Ag (111) plane; Iago0)
represents a peak intensity of X-ray diffraction with respect
to the Ag (200) plane; Iag(220) Fepresents a peak intensity of X-
ray diffraction with respect to the Ag (220) plane; and Iagi)
represents a peak intensity of X-ray diffraction with respect
to the Ag(311l) plane, and [Bi] represents the Bi content (unit:
at%) in the Ag-Bi-base alloy sputtering target.

According to another aspect of the present invention,
the inventive sputtering target has a sum of area ratios of the
third through sixth intensities of 89% or more in measuring a
planar distribution of characteristic X-ray intensities on the
sputtering surface of the sputtering target acceording to X-ray
microanalysis under the conditions that the characteristic X-
ray intensities are proportionally classified into 8 levels
from the first intensity (lowest level) to the eighth intensity

(highest 1level), and the respective area ratios of these 8
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37 P1385 In Table 4, "Ag - 1.0Bi - 0.5Pd" in sanple No. 34 indicates that
the alloy contains Bi of 1.0 at% and Pd of 0.5 at% wth renmaining part

t hereof consisting of pure Ag. The indications throughout the BLib&? sanple
Nos. 35 through 47 should be read in accordance with the readi ng of sanple
No. 34. As is obvious fromTable 4, all the sanples produced fromthe

Ag- Bi - base al |l oy ingots of different conpositions in Table 4 have a snal
|nten5|t§P$ Rt ﬁ |tated E and a I rge sumof area ratios of the third

t hr ough BRSHhEERSPET St IS PutPEn S EndRe FESPEEELVe
conducted with respect to all the  sanples. Thereb all the sanples in
Tabl e 4 @¥RABi FERIPREN G ﬁB?R%b@I%QﬁﬁnsﬂﬁéﬁébyséﬂﬁéTessing a materi al

darmage during hot working, and are effective in suppressing remarkabl e

| owering of t3ecending ¢p Betcameidmr iaspestubf abhe fpreasntTdnyenhien ze t he
present invention, the feature of the present invention resides in that a
sputteriddg tim gdesimatdeofthat Athddi ibesktinld ogpuwiterdings thirgett sws darsol uti on
with Ag. According to one aspect of the present invention, the inventive
sputteri ageraggetregstaRi gquiaith Biizen «f0lioh 36l wr Aressnanehy, sphetesutgt eri ng
target free of Bi segregation has the following property. Specifically,

the inverhiryetSmaly! &d NGader §t ahafy-Dasea\ldge witheBi tYoofert eCfdH t at ed
Bi of 0.01 at% ' or less, as represented by the foll ow ng nat hemati cal

expressi@ﬂmgﬂéer othe sandit i 988t hakoPhdd) G he§) ar erhel eabed s the
sputtering 38 P1385 surface of the sputtering target, and peak intensities

of X-ray i S r d ct
L hou "L PPACHLEEL, QRS SR B RO Y o (ke et

second, and the third supportive metal elements, wherein

the first supportive metal element is at 1least one
selected from Mg, Pd, Pt, Au, Zn, Al, Ga, In, Sn, and Sb;

the second supportive metal element is at least one
selected from Be, Ru, Rh, Os, Ir, Cu, and Ge; and

the third supportive metal element is at least one
selected from Y, La, Ce, N4, Sm, Gd, Tb, Dy, Ti, Zr, and Hf.

The inventive sputtering target can be produced by
subjecting the Ag-Bi-base alloy products to the solution
treatment at 350°C or higher for 0.3 hr or longer with a
cooling rate of 3°C/min. or faster. It is recommended that the
solution treatment temperature be 830°C or lower, and the
solution treatment time be 13 hr or shorter in order to
suppress oversized growth of crystal grains.

According to a further aspect of the present invention,
provided is a method for producing films made of the Ag-Bi-base

allecy obtained by sputtering the aforementioned Ag-Bi-base
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the Ag (220) plane, the Ag (311) plane, and the Bi (102) plane: intensity
of precipitated Bi=1 1Bi (102) 1A9(111)+ [ A9(200)+ [A9(220)+

| Ag(311))]/[Bi] where: |Bi(102) represents a peak intensity (urfk38Xps, the
unit is the same in the following) of X-ray diffraction with respect to
the Bi (102) Plane; I1Ag(jil) represents a peak intensity of X- ray
diffraction with respect to the Ag (111) plane; 1Ag(200) represents a peak
intensitg f X-ray diffraction with respect to the Ag (200) plane;

| A9( 220) 24EQ¥ teringelRr 9%t ensity of X- ray diffraction with respect to
the Ag (220) plane; and | Ag(311) represents a_peak intensity of X-ray

di ffracti on w A¢ceEdpBE: tor dhehdnxgriive peihed. able [ PRFulefitlesedms t he Bi
content (unit: at% in the Ag-Bi-base alloy sputtering target. According

t o anot hareaspeee off t mompuaddnrmi ngestridytionheofnvBht | seckpuas eBing
target has a sumof area ratios of the third through sixth intensities of
89t or npegregatiras bdcamgsae aplsaidd dpittidntoHnBOf ighfomodderwith AgX-ray
intensities on the sputtering surface of the sputtering target according

t 0 X-r ayThils Cla0aagkgment Uider adven ttfediusi o Shpbrébsiwdanmachetastdic X- ray
intensities are proportionally classified into 8 levels fromthe first

i nt ensi t gaphguestedanehy t eréme Eg.ﬂ ggyegf%ghem,t Y arldhi gdhestuppr@ddinggnd the

respective area ratios of these 5 intensities are cal cul ated,

wherei n §hg.SHE Yt Ihe (EEPECHE L nRRft’ SR B8 Yi1RG TR8SStBnd ELRSI L1 es
is 100% According to yet another aspect of the present 1nvention, it is

des!rab!gitggﬁ %ﬁ§%ibgyentive sputtering target has an average crystal
grain size o :5 pmor |less. The sputtering target nmay be nade of a

Ag- b |1 i i f. 3 at %. |udi 0
2 Tho | mvenrarciafiPbothe, kenEXAThEM, TaRrl od AR e "

first, tggystal grains is prevented.

This application is based on Japanese Patent Application
No. 2003-139293 filed on May 16, 2003, the contents of which
are hereby incorporated by reference.

The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing{(s) will be
provided by the Office upon request and payment of the
necessary fee.

Although the present invention has been fully described
by way of example with reference to the accompanying drawings,
it is to be understood that various changes and modifications
will be apparent to those skilled in the art. Therefore,
unless otherwise such changes and modifications depart from
the scope of the present invention hereinafter defined, they

should be construed as being included therein.
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second, and the third supportive netal elenments, wherein the first
supportive netal elenent is at |east one selected fromM, Pd, Pt, Au, Zn,
A, G, In, Sn, and Sb; the second supportive netal element is Bl38%ast one
selected fromBe, Ru, Rh, Gs, Ir, Cu, and Ge; and the third supportive
metal elenent is at |east one selected fromY, La, Ce, Nd, Sm G&d, Thb, Dy,
Ti, Zr, and Hf. The inventive sputtering target can be produced by

subj ect i he Agnéﬁnﬂﬁa .alloy products to the solution treatnment at 350C
?ﬁﬁgr g. r r%%'

or highe or longer with a cooling rate of 3C/ mn. or faster.
It is recommrended that the, .solutiqn_ treatnment t eratuyre be 83 or

| ower, and thedequt oﬁpwﬁéﬁFﬁﬁﬂt%FFﬁ8%b§%%§ ﬁﬂsgg SHoPtebPass 8 to
suppress oversi zed grom h of crystal grains. According to a further aspect
of the pF@§§ﬁ%n+%$é%EP&hFOlbgoﬁ?%E§FQQsW&tﬁeeﬂod for producing filns nade of
the Ag-Bi-base alloy obtained by sputtering the aforenentioned Ag-Bi-base
40 P1385 alloy sputtering target. According to the inventive nethod, the
resultant filns are free of non-uniformdistribution of Bi such as B

segregati on because aAsaiputtteelingi aargétBmade foF n®@daw-Bh-gse abisy
arrangenment is advantageous in suppressing a material damage resulting

fromBi  $Q9iRgahhOAve AL iMtSHBREGSSE NBredyaited B bhReoYoe!l skot &
content in the filnms resulting from BI segregation. According to the

appl | cat ERT o BataHr e S aRando e Bt ar obap ha P akdige BhEERRER . T T e
on My 16, 2008, 250 SOMAMS 12indMioBla1RlE BT 18T 8202880 Ples
on a sputtering surface of the sputtering target and by
measuring peak intensities of X-ray diffraction, according to
an X-ray diffraction method, with respect to the Ag (111) plane,

the Ag (200) plane, the Ag (220) plane, the Ag (311) plane, and

the Bi (102) plane:

intensity of precipitated Bi= [Isi(102)/( Iag(1113+ Iag(zoo)+
Tagiz200+ Iagainy)1/[Bi]
where TIgi102) represents a peak intensity (unit: counts per
second (cps), the unit is the same in the following) of X-ray
diffraction with respect to the Bi (102) plane:; Iaga111)
represents a peak intensity of X-ray diffraction with respect
to the Ag (111) plane; Izg200) represents a peak intensity of
X-ray diffraction with respect to the Ag (200) plane; Ipg(220)
represents a peak intensity of X-ray diffraction with respect
to the Ag (220) plane; and Ing:1) represents a peak intensity
of X-ray diffraction with respect to the Ag (311} plane, and

[Bi] represents a content of Bi (unit: at%) in the sputtering
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The patent or application file contains at |east one draw ng executed in
color. Copies of this patent or patent application publication with color
~drawing(s) will be provided by the Ofice upon request and payRE&E#5 of the
necessary fee. Although the present invention has been fully described by
way of exanmple with reference to the acconpanying drawings, it is to be
under st ood that various changes and nodifications wll be apparent to

t hose skilled in éh Therefore, unless otherw se such changes and

e art.
modi f i catPEAST I8P ‘?to’?rmﬁ AHPIsOR5€ 87-1PKe present invention hereinafter
defined, they should be construed as being included therein. 41 P1385 WHAT
IS CLAIMED IS: 1. A sputtering target nmade of a Ag-Bi-base alloy
containing Bi in solid solution with Ag. 2. A sputtering target nmade of a
Ag- Bi -base al |l & havhngpatitavénagéaraetnapde of @ ckgBi-dase Bllsfy 0. 01
at% 1 or |less, as represented by the follow ng mat hemati cal expression,
t he aver hgeingt anssuny diei ageabrathes by seltddiridngimdemsdltysithaoughn a
sputtering surface of the sputtering target and by neasuring peak
i ntensi t sesthf Xateysikiy f reefct i8O8, accomoirelg tthe amrXar ayatidsr asdirmn
met hod, with respect to the Ag (111) plane, the Ag (200) plane, the Ag

(220) pl eagculéeedy (BF1l) peasaringd whe Blahiad?) plisbeibutidnsi tof of
precipitated Bi= [IBi (102)/( | Ag(111)+ 1Ag(200)+ 1Ag( 220)+ 1Ag(311)) ] /

[ B1] whegkRatSdtdiOdt ikeX-2agntifitandeeded BENE dh @INPut te¥AG SsRefagecond
(cps), the unit is the sanme in the followi ng) of X-ray diffraction with
respect 5@ the Bpufdddind’!t@fiGet! A8Cdtding to X-ray microanalysis, the
characteristic X~-ray intensities being proportionally
classified into 8 levels from a first intensity corresponding
to a lowest level to an eighth intensity corresponding to a
highest 1level, and respective area ratios of the first
intensity through the eighth intensity being calculated,

wherein the sum of the respective areas representing the first

intensity through the eighth intensity is 100%.

4. The sputtering target according to any one of
Claims 1 through 3, wherein an average crystal grain size of

the sputtering target is 200 pm or less.

5. The sputtering target according to any one of
Claims 1 through 3, wherein the sputtering target is made of
a Ag-base alloy with the content of Bi of 3 at% or less,

excluding 0 at%.
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represents a peak intensity of X-ray diffraction with respect to the Ag
(111) plane; 1Ag(200) represents a peak intensity of X-ray diffraction

" with respect to the Ag (200) plane; |Ag(220) represents a peakPid8%nsity
of X-ray diffraction with respect to the Ag (220) plane; and |Ag(311)
represents a peak intensity of X-ray diffraction with respect to the Ag
(311) plane, and [Bi] represents a content of Bi (unit: at% in the
sputtering 42 P1385 target nade of the Ag-Bi-base alloy. 3. A sputtering
target made of & Ag- B?h%a%’u&ltfaaﬁnghdiﬂr ta aqRRTOH NG eéo r 3oLt f third
intensity through a sixth intensity of 891 or nore, the area ratios being
cal cul at EdapPpsndasthiangha i avBereizt ptbdersh one Ealantesy itae the qy
intensities of Bi on a sputtering surface of the sputtering target

accor di ngroopXceagiattroaehl HErst . ty3rconshamadt ¢hizdi sufpeapivetretdl i es
being proportionally classified into 8 levels froma first intensity
correspoedemgntsoia addedttd esature mropeirgliels oiit €éhdmsyproduesdofubmg to a
hi ghest | evel, and respective area ratios of the first intensity through
t he ei ghtthei spatsetindetarggetal cul ated, wherein the sum of the respective
areas representing the first intensity through the eighth intensity is

100% 4. The spiHd efirft t MBI BGLONHE 1L QLB tONEhPfudidi 4 leddy ough 3,
wherein an average crystal grain size of the sputtering target is 200 pin

or less. oRe IhEeSPHE!£FOM IRl SSuREdishdnhOof Mg ONBaOf pr O i Mzl through
3, wherein the sputtering target is nade of "a Ag-%ase alloy with the

content g@f Bba9f1§,a§&?QLni%§§1 excluding 0 at% 43 P1385

the second supportive metal element including at least
one selected from the group consisting of Be, Ru, Rh, Os, Ir,
Cu, and Ge; and

the third supportive metal element including at least
one selected from the group consisting of ¥, La, Ce, Nd, Sm,

Gd, Tb, Dy, Ti, Zr, and Hf.

7. The sputtering target according to Claim 6,
wherein a total content of the supportive metal element(s) is
5 at¥%¥ or less relative to a total content of the sputtering

target.

8. A method for producing a sputtering target made
of a Ag-Bi-base alloy comprising a solution treatment step of
subjecting a product made of the Ag-Bi-base alloy to a solution
treatment at 350°C or higher for 0.3 hr or longer with a

cooling rate of 3°C/min or faster to form a so0lid solution of
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6. The sputtering target according to any one of Cdains 1 through 3,

. Wherein at | east one selected fromthe group consisting of first, second,
and third supportive netal elenments is added to secure propert %%8 Df filns
produced from the sputtering target, the first supportive netal el enent
including at | east one selected fromthe group consisting of My, Pd, Pt
Au, Zn, A, &, In, Sn, and Sb; the second supportive netal el enent

i ncl udi ngiatviktrasg. one selected fromthe group consisting of Be, Ru, Rnh,
GCs, Ir, Cu, and Ce; and the third supportive netal elenment including at

| east one selected fromthe group consisting of Y, La, Ce, Nd, Sm d,

Tb, Dy, Ti, Zr, and Hf. 7 The sputtering target according to Clain16,

wherein a total cont e su al nme t(s t % or
| ess rel ative to a to?ﬁ? con g’ﬁt o‘?gé%dl\ﬁ?pz?{’ercflﬁagﬂ fge‘%h r§l A % hod for
produci n utterin tar et made of a Ag-Bi-base allo rising a
solution%ﬁpgﬁg ?Eesﬁgﬁ LU AT FeRtPEBEUdE ﬁﬁﬂg:o?gtﬁgw - Bi%ase

alloy to a solution treatnment at 350C or higher for 0.3 hr or longer with
a cool i tger sime gfor3thei rodutien ttgreatmentr ks al 3d1 @rsshortem. of 44 P1385 Bi
with Ag. 9. The nethod according to Claim8, wherein the tenperature for
the solution treatnent is 830C or lower, and the tinme for the solution
treatnment is 13 hr or shorter. 45
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