; e3eAV, AB+6, TV, 5 SI LVER ALLOY SPUTTERI NG TARGET AND METHOD FOR PRODUCI NG
SAME FI ELD OF ART The present invention relates to a silv

sputtering target used in formng a thin filmby the sput ﬂ@\ﬂl@mﬁmmmmw and
nore particularly to a silver alloy sputtering target cap ng a
chin filmwhich is ' uniformin both filmthickness and conposSt¥¥¥n.
BACKGOUND ART A thin filmof pure silver or silver alloy has such
characteristics as high reflectivity and. low electric resistivity and is

therefore applied, forsexawlgdyoseuretkenti vyeréit MNm an opti cal
recording nmediumor to an electrode and an optical reflective filmin a

d
reflection type liquid cry¥EaRORi 5o} RRO SAME thin filmof pure
silver, when exposed to air for a long tinme or exposed to high tenperature
and high humdity, is apt to be oxidized at its surface and there easily
occurs such aDphenorrenon as the growth of silver crystal grains or
aggregat i 653 OF P& atons. As a result, there arise problens such as
| owering of electric conductivity and reflectivity or deterioration in the
adherence of th&hki bresens snbertire. reRaed@n by, &t Bétveénralloy for inproving
the corrosion resistance,etc. while maintaining a high reflectivity
i nher ent ispuytree isigl tergemanyedt fenfdsniray e keam fade bo ad all oy el enents
to silver. In parallel with such attenpts for the inprovenent of thin film
there al sgdimte ieen miraedSkHE Rer bt ddianast tysadsiorefosnifg a thin
filmof silver alloy. For exanple, in Japanese Published Unexam'ned Patent
Appl i cati ol - 2 tierd ; ety - e_ of
metallic %%egﬁg&‘lg%%légc?ragﬁﬁgyp%ftfsc,ﬂg%% %pl}thtlzlr ?Egm@% nlcsont ai ni ng
Ag as a j ent .. .al C | Nj ] % of Pd for the
i npr ovenenﬁ{nqo@qgg?&ogogr}? Fé?f“sgg%g%f?é% q}dar"{qr%lgisﬁ%r{fjgfni ng 0.1 to 3 wt % of
plural elenents selected fromthe group consisting of A, Au, Pt, Cu, Ta,
Cr, Ti, Ni, Co, and 5i to suppress an increase of electric resistivity
caused by t%%\w n,of Fd. 1 n Japanese Published Unexam ned 1>atent
Applicati it o2 329264 there is suggested a silver alloy sputtering
target, the silver allaqy_sputtering target containing 0.1 to 2.5 ate of
gol d to prevent #atBad ifRfPuBACRURRLSEY By Oéxfdéﬁ,ereﬁg.lobrlé%%rﬁuqm a gas
at nosphere during sputtering and further containing 0.3 to 3 ate of copper
t 0 suppr esSPAH FFIGETERSS 5 251 §AENt Fahkis tidtce a@duded pyeeheiadditi on of
gold, or a 2 sputtering target of a conposite netal conprising a silver
target andr ot igulty and deppeerefpesicarbliirdarfiorokxahplei |verat arget at
the aforesaid proportions. Further, in Japanese Published Unexam ned Patent
Appl i cat i oreN®ct2060-f2139835 therptisaldimspicskHohganedivaronrtsidwer al |l oy
sputtering target and it i:> suggested therein that, for increasing the
sputteri ngeddctmbdyf arar get optithe téfeafiforatilngia ki keTbycsiwr teri ng and
thereby carrying out sputtering efficiently, the crystal structure of
target be tpske b frace-agnteledigpbig. structure and the crystal orientation
be.set at 2.2U or nore in terns of a plane orientation degree ratio of

((11'1) +(20U) ) / (HfNeveh!) bhencase: whede gudisn kM rered, hysdhe sputtering

method is used as a sem -transm ssive reflective filmin DVD of a one-side
two-layer sty URdurg iy DiaRPLE, ekPSsdd 4B tHitkReaS kSt @5 V @l as
1U0. or so and the uni fgormty inet isckness ofg%t he ?ﬁlkn ??T m%%:elﬁ%a gr eat

i nfluence - c eri.s{.L.C : | ect.ivit nd transmttance, so

t hat irrpor%%%q{ys' Y Ao Tbobes g’r‘?néln%ee%‘t ed 39 R&RL Ui for m
thi ckness. _|In case of using such a thin filmas a reflective filmin a next
gener at i one%?)lfllcﬁaqcﬁggcsors&ﬁcﬂgang FORTER™ i3 E&’c‘fuigrtgﬁ%l’hgf the’fRat generat ed
by | aser power at the tinme of recording be transmtted quickly. Therefore,
not only e%%’éﬂ%ntgrsamso&ri CIPTEAAF 2R hY tYlverapdorgquifted eFldkso it i5
required that the thermal conductivity be uniformand high in plane. To
nmeet this FREE rfeTR ARobdemeegurheds therening i glectrmide uniformin both
t hi ckness and conposition, Thus, when the thin. filmused as a reflective
filmor a semduttanicty sgid/eefdkbéttive d1 |datiariaratophi tal tiiecor di ng nedi um
is to be fornmed by the sputtering nethod, even if the conposition of a
target andadheretystal ther ifdnhatbon SesHe et | RedéSL LENHRINSY,@S 1N the
prior art, it is inmpossible to surely obtain a than filmuniformin both

t hi ckness and conposition and able to exhibit high reflectivity and high
thermal conductivity required of a reflective filmin an opti gwmmm‘ﬁmﬂ‘MME
medi um Therefore, it is considered necessary to make a furth t
of the target. The present invention has been acconplished in vi ewssboos*) of
t he above-nentioned circunstances and it is an object of the invention to
provide a silver alloy sputtering target which is useful in formng a thin

o L . a



orientation strength (X~) and thE~ second hi ghest crystal orientation
strength (Xb) at the four neasurenent positions is determ ned. Next, there
is determ ned an absol ute value of the follow ng expression (1) ox (2),
assum ng that at the four neasurenent positions a maxi num val ue of (Xb/Xa)
is MAX (Xb/ Xa) and a m nimumvalue of (Xh/X;) is MN(Xb/X,) . Then, of the
absol ute values, the larger one is represented in terns of g:. 5 ~MAX
(Xb/ Xe ) -AVE (X~,/Xa) ~ [AVE (Y,~, /X" ) . . . (1) fIINC(;Iblx~) -AVE
(X, ., 1Xa) foy/ A¥ X g}ue- corro(ﬁ%nl FebSsPisiér able fgn khe silver alloy

Sputtering target according to the present 1nvention to satisfy the

condition that,t n.average §r shgl graip Si ze shotul.d be 1D0.~. mor |ess and
a maxi mumrEAYSRAT 151% % 9% TERGEF B B B0t iR T 1TEs PUTFhE L85 on i s t hat
if "this condition is satisfjied, thin filnms formed by using this target
have uni f SPMYcR&TEEPES dEVes el PREGI 5P 1§99 HtHe SLe&ensF &Osi |l ver al | oy
sputtering target with silver-alloy conpounds present in grain boundaries
and/ or crydti¥ergr alnsparelisl pritlersibite atiampdguifeal ehe dmprovémardt er s of
t he conpound phases be 30 ~mor |ess on the average and that a nmaxi num

val ue of tdfe té&du \fallentthereaadsaneteeshben AN snui despoutha foregoi ng
"average crystal grain size" is determned by the foll ow ng neasuring

net hod. ~ tHygait Qﬁécp%rmf%&@l@hgt o0t RPR o 1RO i 510 30X 1 1BWUN afk oSt T ai ght
| ines are drawn between edges of ~ the m crophot ograph, as Shown in Fig. 1.

From the siandnel nt 0l AekeL BaLIOmNBGCHEAE I fod Sligfierabl e that e

nunber of straight |inesS be four or nore. e straight '1ines may be drawn,
for exanpl iy aral l.e ses sh s shown i.n . Fi 1 (a) or in
such ‘a raéﬁjﬁlls azcg(ebh}ag\]o?i r%%lgilgb%e%%) < gﬁgﬁﬁi’f%“% he i iTthér, gﬁfwa grain
boundari es present. on .t St raight |lines is neasured. ~3,Further, an
aver age crafgtog"le grgjrfa?‘h(':tsr}gL c H‘)atlgglag'?elrﬂfn%{sf‘fi}]f)‘?ﬂjt%é’afrglsl'oiﬁﬁg expr essi on
(3) an d a n value is gobtained fromthe values of d of plural Straight
lines: d -—Splr_Tu/%%Ierﬁl.n.c-‘. fEHIEPBLA1BERRRI BF AM&Ve Pt aklgPai n si ze
determ ne fxomone straight Iline, L stands for the length of one straight
line, n st@feirgma He Indtber V6P gfaFPa Beunths i Bexavemedtsefai ght |ine, and
m stands for magnification. The foregoing "maxi numcrystal. grain size" has
been det ergAnyas inn glesdodiangef i vadofunbher actitaEringdsilt itons wWwh%t he vi sual
field of an optical mcroscope of 50X to 100X and cal culating, in ternms of
a equi val enft :plarmed di lemetrdrs, seiecgedi frdnank¢ eyr@fp aomedistimgcoyshal within
the range of 20 mm2 as a total of all visual fields. The foregoing "average
of . equi valwentPtar e, diTevetcer,s Taf Nthecsj | aed - $i7, Itoy sepppesndsn present in
grai n boundari es and/or crystal grains" has been determ ned by observing
five or nurecmydd raf elpaddiicongsiceivheyvisuads By alnd elagarient beal

m croscope of 100X to 200X, calculating, in ternms of equival ent area

di anet er s,pguch conpound phases present within the range of 20 nm as a
total of all visual fields, and determ ning a nean val ue thereof. Further,
the "maXi mum valye Qfddie LoubYakaoh 8% &2.M] ARt Snf Afp%gizatiéh' ver-al | oy
conpounds" represents the equival ent area dianeter of a faxi num conpound
phase wi t i the af 4 4L 1620060620 (ML e gnggent | nvent ! on

al so specifies a nmethod for produci vet oy sputtering target

whi ch sati sf.i he t Lien Lon scribed ahove. The_net hod

i nvol ves a daﬁéeeélg"e%ﬁ%ﬁsgecdn&htei Sﬁii%gff 8? %gs%%%aewgkitﬁgggF war m wor ki ng
at a working ratio of 30%taq 70% and _subsequently perform ng heat treatnent
under the TONGIYHOHE bf! &hd-di ﬁ‘éﬁt @ﬁ’p@?igui:% I&ﬁgw % Y%600C: and a hol di ng
time of 0.75 to 3 hours. For obtaining a silver alloy sputtering target
havi ng a shafluensatcausahihy skreert RECr cRDRPRUE tthatast he above heat
treatment. be carried out at a holding tenperature of 500 to 600C and a

hol di ng tiaemedpiere tdur irghgeuditeriegf ehtofinghex preegsdionng). 3(£6. D05 x T
+ 3.5 ~t <(-001 xT+8) ... (9 where T stands for a hol ding
tenperatur® 4€) ahdcdpsdnngs supprasBobkdisgrésise 4haurght BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. | illustrates how to determ ne an average crystal.
grain sizetpindni@ff8de fEABAN RPLheak alk €5 ORNOE AgiAph; o Fig- 2 illustrates

the range of heat treatnent 8



conditions specified in the prescnt invention; Fig. 3 illustrates the
results of neasurenent, by the h-ray diffraction nethod, of crystal
orientation strength of a target obtained in Exanple 1 according to the
present invention; Fig, 9 illustrates the results of neasurenent, by the
X-ray diffraction nmethod, of crystal orientation strength of a target
obtained in a conparative exanple described in Exanple 1; Fig. 5
illustrates content distributions (conmposition distributions) of alloy

el ements i A t.h n . fil i i | - sFi g, L] lustrates
cont ent di%tlﬁ '%th'ln%stﬂ(@I or?pgsj,fi |§§fﬂ§|b§§?|ebﬁ F%%g)omg}rjiaslllngyae?éy‘éﬁ’fs in Ag
alloy thin filns obtained in Exanple 2; Fig. illustrates content

di stri but it@ﬁ’&e(%c?rﬁ%iﬁﬁbﬂO&i%ﬁPPbﬁPFBﬁg)e’glPe%qiﬁr%Wéméﬁénpé theag al | oy
thin filns obtained in Exanple 3; Fig. 8 illustrates content distributions
(conposi t isor W Xs tha s st @r‘ts)r{%@f agbrepaetiepenapsriyonsy alloy thin filns

obtained in Exanple 5; Fig. 9 illustrates content distributions
(conposi tion di Fudthustri,ons) JapaakkeyPebetents UnexAgialddoyatlbhn fil s
obtained in Exanple 6; and 9 Fig. 10 illustrates alloy el enent content

di stri but ixgns (amRRSING .0 odiosbiicbBEi @RsY i Ns A% & 1ded hi B ifiiles opbt ai ned

in Exanple 7. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present

i nventors j fr l,Qus andpol h rpose of
ﬂ%‘éﬁf’“ﬂ%é}t uecscerl(?x:a]_ ‘r%&[b@'d il (.?rgyﬁbglfgei Uy ‘Egaggselfﬂﬁp

obtaining a ver al’l oy sputteri ar get erred ly as
"target” rei nafter.) ich can.afford,.a thin fi uni.form.in _both

t hi cknessh%n%! ’cgfrgprgsll]}%nasgfgs 5ll}tet SPngéeﬁﬁa%rny %Je@aon{(;\}:earr?@ﬁt ia(;ng&]e

ci rcunst ances. result, found o that controlling the ¢rystal

ori ent at i o't ﬁefa‘%ré?ldﬁ %Aé\ﬁﬁ‘a?’t‘/i éﬁ}lgfﬂﬁgila‘ﬁf%’&%]ﬁ)‘&r d CAEEYHBEI shed t he

present invention on the basis of that findi ng. The reason why the crystal
ori ent at i G ofSRHE §Emykte §1d 58E i eQRPnCERE T BT eSEHC HURRe R GATERFI be
descri bed below in detail. i First, in the present invention it is an
essenti al RAMIS Gh 3R~ GAdE ety SLRLCopL ERERET e sty SEEd det er ni ned
at four arbitrary positions of the target by the X-ray diffraction nethod,
t he ori ent@tierntathiarh exddi ¢ £hé@Ohpghesteciysteimordfert gtliane strength
(X~) should be the sanme at the four neasurenent positions. Mre

speci fi caldngentptim pleagmd rnatvdenbifor,( 10 he+ 620 @nt/Aatdan) whi ch exhibits the
hi ghest crystal orientation 1U strength is riot specially defined, but no
matter which of Frllthe da2@0Whet22Q) thandsf Bdljophanes, may be the
orientation exhibiting the highest crystal orientation strength, it is

al | owabl e, spariové ety ine dlfodacesSRAY abhat skhe-ordediialdan erbictipg the

hi ghest crystal orientation strength be the same at four arbitary

measur enenti BRSid iS5 of fa iR -@hideNtab-0aywhi shrexihi t .t kg hizghest

crystal orientation strength is thus the sane at four arbitrary nmeasurenent
posi tions, Myrbs! s i e te at the,tinme of.

sput t)eri ngtk%é;g%rres unjlL orlre?nsts?nq%a\gs%uggg&a?g@% a%%bg(ﬁl%ﬂt ﬁsglotarlu% tB'bessi ble to
obtai'n a thi i i A i clken . L i s areferabl e that . the
orientati Oﬁﬂﬁc&r{\]ﬂe&‘m%?{ﬂsﬁd{ eets%i %ﬁegﬁéc#ﬁg?a?l%{r‘l ige)‘ﬁ ati on gsrteraé:ngt h be
(111) plan e it_is possible to,.increase the fil.pform ng speed at
the tine Ofng%ﬁ%;f%%% .Slf—‘%’rtcl(%’ea ,ac’ltteritlgtﬂiFéf gﬁaﬁ?%f?frﬁitvl\%’ri i ons in
strength ratio (7 [ X,) bet n.the highest crystal orientation strength
(X3) and t%a%gﬁb&jérh?%h&q tﬁ%&st‘&?%??ﬁﬁ?a??o#/ﬁ? th? ERBTiBE 20% or

| ess at four K neasurenent positions. This is for the follow ng reason.. Even
if the oriemtati bWt ®xdnibites Wi oRrghBiEX e %5t alnoeRrEAt @i on strengt h
is the sane at arbitrary positions, if variations in strength ratio (Xb/Xa)
bet ween t heshRgheseh cz yEhial fHim asr izenedliechive rEnlgt Hin X% Nexand the second
hi ghest crystal orientation strength (Xb) are too | arge, the nunber of

at ons r eachemerat Soséplat e latr ddeer dingenefiisput teringrdquiarid toake
non-uniformin the substrate plane and thus it is difficult to obtain a

thin filmtieyingad genéested MyCkness. pblelrsatiDige P BfE AR dRat nyhe above
variations in strength ratio be 10% or | ess.

be transmitted quickly. Therefore, not only excellent



I f the above variations are within the specified range at arbitrary
positions, thc~ second highest crystal orientation strength (Xh) may be

di fferent between nmeasurenent positions, but it is preferable that the
orientation which exhibits the second highest crystal orientation strength
(Xb) be the sane at four neasurenent positions, because the nunber of atons
reaching a substrate becones uniformnore easily and there can be easily
obtained a thin filmuniformin thickness If the crystal orientation is
thus specified and  if the grain dianmeter of silver crystals and the size of
siIver-alIQinﬁéhuﬂhﬂfPﬁﬁﬁggé CFnaéﬁaFﬁqﬁbﬁﬁﬁar?%E drt éfystal grains
are controlled, a thin filmuniformin both thickness and conposition can
be forned ¥BAGHIRD difiafg. thrhisermails cosdpebl et bl e Worforgpasidf péehly, it is
preferable that an average crystal grain size of the target be set at 100
dun or |l essnl2lanandTa meeintuhisrysyalrgnaitn id zZes theneokdbehsettlad 200 Eun
or less. Wth the target small in the average crystal grain size, it is
possi bl e tengastd ¥m i MrA AdH ifyl bEcunkhormé bs t heknagso Ard ogvent ual |y
possible to inprove the performance of an optical recording nedium etc.

The above aver ag@, oyl 9eakR 5 281hSyBLE! £ abl Yo Fit Uy Ok 1hfs5, MO e

preferably 50 ~-mor less. Even It the average crystal grain size 1s 100 ~m

or less, if crystal_ grains extr | y.large.,in.di areter. are present, the
Cesul ting THEAET THTEUHPE {5 58 IE6EATy TABT 1 For i T thiteneseny
Therefore, for obfaining an optjcal. recording, nmedi um whose | ocal

det eri or atTeH ¥R borfriancFmed Qpﬁ@séBHFthlP% PE eI alfiven™ Adt t he
crystal grain size of a target used in forming a thin filmbe 200 wm or

| ess even BBe aCHBRP Tl Ohtitle Bprtefrgesdblepdzsbedehydkal exslenstatiion1 nore
preferably 100 ~mor less. If silver-alloy conpounds ire present in grain
boundar i esdagdi¢erretistane graitroldfeda asi inekhal boyosputteritngstarget, it is
preferable to al so control the size of the conpound phases. The smaller the
si ze of thimpospiohe phasessly edtraime aprafiar Able, ubhetatseit e thonposi tion
of the resulting thin filmeasily beconmes uniform In the case where the
site of 13thithkeesonpodincbnptasias drs shgpedsentedexnibef i@ a equival ent
area dianeter, it is preferable that an average thereof be 30 ~. un or |ess,

nore prefegabl¥clOvitly 0ind asigh Bl Badstzevolytheqeonpourd sphases is
30 umor less, if an extrenely | arge conpound phase is present, a discharge

condi tion ebrsputieei NP Sirlin tdptHRGAMe ceBShaRl enead Rl heepres g fficult
to obtain a thin. filmwhich is uniformin conposition. Therefore, it is

preferablejthal thgs (Bt &M &Y R3S DG ?Prfﬁwrirh&}mn@%@of _
preferably 30 ~mor less, in terns of a equivalent area dianeter. It is
not that tgﬁepggfggE_invention speci fies even conposition of the conpound
phases. As exanplés of conpound phases to be controlled there are nentioned

Ag~l Nd" or Ag, Nd.prESent i,n .Ag: al | target, Ag5l.Y' .or, .AgzY present in
Ag-Y alloy tal :gg{:‘)‘,E %ﬁ%seﬂbtrilrg‘reﬁw ?’%sAée.gLn ~'.:C%T'Ifjoﬁlsqeaq’ g&t V*ePn order to
obtaih a targg% mhgch satisfies the crystal orientation specified above, it
i s preferaBfetPRaCREPA SR ot AOROFRE NG Beltat T i WY BUESAt °4 wor ki ng
ratio of 30%to 70%in the manufacturing process) Wth such a cold or warm
wor ki ng, néPeonPYePrtierR poRIWIEe ¢ ofiflder aslayngreubstang it@Msgtup to a
product shape, but also a working strain is accunulated and it is possible
to 1 ~J a’gﬂéhnlé uhefel derimteingrd éiigt £Ambynise¥ystrmlddthation in the
subsequent heat treatnent. If the working ratio is |l ess than 30% the
anount of #$hiakneappbhddcompimisufdn diyerithe sputhatrineveathdd heat treat nent
is performed thereafter,there occurs recrystallization only partially and
it is inpossibleThe bulvyrailddwn sputteanm ¢ceystal aocdedidy itenthlet is
preferable that cold working or warm working be carried out at a working
ratio of 33QeQEnfDRBveRibhei tARIfand i Ady EﬂetHQEkWHQnré%#é%dixceeds 70s,
the recrystallization speed in heat treatnent becones too High and also in
this case I u r riati isN, ,CLYS ientatiqQn nore
A o S R AWAT

of GSg or |eg: Strary positions by the X-ray diffraction method, the



The working ratio neans [(the size of material before working - the size of
mat ernal after working)/the size of i material before working] x 100 (~;)
(this also applies to the following). For exanple, in case of forging or
rolling a plate-like material into a plate-Li ke product, the plate

t hi ckness may be used as the "size" to calculate the working ratio. In case
of producing a plate product with use of a cylindrical material, the

wor ki ng ratio calculating nethod differs depending on the working nethod
adopted. For exanple, in _case af. perform.ng forging or 15, rolling while
appl yi ng PSF‘EBthBPHeWhéFBh?E}Hf?Je'E i G 3%1%’65% i‘ﬁéf%itéél ChafRTEHC™ a wor ki ng
ratio can be determ ned from[(height of the cylindrical material before
wor ki ng ®hirergéss (8f) al ltdte-Samee afataei EPuafPer SWorGHy)FIfeitdRRSof ' t he
cylindrical material before working) x i.00 (~). In case of performng

f or gi ng orndolthiang vemikeiappl yingtfengeh rediia | (K, 6%, )abeyierdr tbal materi al ,
a working ratio Can be determned from ((di aneter of the cylindrical
material beloeetwerkisngl- ot Deskaes6n Oft Berpdta X, ) kendreties i dccafd er

wor ki ng) / di anmeter of the cylindrical nmaterial before working) x 100 ( ~ )

The col d workicRg Q& yWaem MEEhBQti&anHQW by, heat txeatggnt under the
conditions of a hol 5| ng tenperature of 50U to 600C and a hol di ng tinme of

0.75 to 3: rs.. . Wth : eat _t tent, at i SSi attain a
uni form g{é%s%tuglem\gﬁj}teﬁt%gﬁ?(l)ﬁygi g%? %ﬁg Jf:te(;lfdelsnf’g' tg?rpgrga %E%eg]iés wer than
500C, the ti required until recrystall.izatiqn becones.l.onger, while if
t he hol di r?é)‘atr{gﬁ:ﬂ?& é’tr&re@té‘§&88d§hfﬁ%§>?)“%%tsre %/ﬁeéloﬁ%zgﬁﬁggsgpeed becones
"Higher, and if there are variations in the ampunt of material strain, the
recryst al |9524tGadn 9rd epitdideadShEeagdpbr tFanPRhEPE BARE aRbubite dfP%train is
| arge, thus making it difficult to attain a uniformcrystal orientation,
whi ch i s AsasdEsEnesy POospBEens.- Fi preferably, the heat treatnent is
carried out at a tenperature in the range of 52U to 580C. 'even it the
hol di ng t enper athiee |'sa mi 4t onsan naptrepoitat eat angeX,/Xi) thetvodrdithg tine is
too short, recrystallization wll not be carried out to a satisfactory
extent, whighdst tdreystelldiondetitaeiohsstoendtdng(x,j eengstiat | s@airicoon w | |
proceed too nmuch, nmaking it difficult to attain a uinformcrystal
orientati o qnidiey efdfstall brisnpeelshabt et bl Ghe” haldi R@rei@nbg set
within the range of '0.75 to 3 hours. For meking crystal grains fine, it is
pref er abl ejf ccyeargyn 1@ lieatanheeat nenfs windeyr ithe ag9Bdi tteBsgeE s ol di ng
tenperature of SO0 to 600C (nore preferably 520 to 580C) and a holding tine
in the range: Ofmities fL0ldOWRGeXPEESSERR LM itr b RO HsTHY 8ho) <t <
(-0.01 x T+ 8) ... (4 i where T stands for the "holding tenperature (O
and t stangds, {pry{ie NAidmedhBR 6RRUE) medR $N84 2088 Qk, kNG, abeve
expression (4) it is reconmended that the holding tinme be set within the
range specifl ol how, ng ressiqr Pre ranges of the
ci{iatfy dhads GYk D9 rRrRERS LAY KPdnefL elRIdad

hol.di ng tine ing te ature in at'ment” are shown in

Fig. 2. (-0.005 x. T + 3.75 .5 < (:0,07. X T + 7, .. (5)_1~ where T
stands for®ihe" %iilocfrhgs:)‘ireer?{?e at(gr’)é ?’gﬁot Yd btecgpgnaéggéfttﬁéﬁ%ﬁldi ng tinme
(hour) . In the present invention, other conditions associated with target
product i on°%t EPhoti Rt r$tAInE e Pk Pt Hﬁ‘tetﬁ’élrt BFGENTERR beP O B HE, for
exanple, in the foll ow ng manner. According to one of recommended net hods,
silver alldy Aetefrredaviigta phedet b M daRfosdrt PBACLYTIAeY3 B and i s
subj ected to casting to obtain ingot. Thereafter, if necessary, hot

wor ki ng' seéhthe fiotldwrgd mrroresisaony dl)i ny (3) pearsomisd ftoatt BE i napt.
Next, cold working or warm wor ki ng and heat treatnent are perfornmed under
t he foregothg touditeans;erfarii gued thpnsaehinak gum ntaol we ddsi (XedX shape. The
above nelting of the silver alloy material nay be done by atnospheric

mel ting injisaMARSKYN)Fean@ad i iith ivPe va@heChbEi ¢xfAx pace 01N Py /knduct i on
nmelting in an inert 1" at nosphere. Ml ten silver alloy exhibits a high
oxygen sol *ﬂabh',tx; §He'£b§$‘ﬁu€@%ﬁal‘h§s?.t TRePherier n@r{%'i@ feyr%@reﬁ@eao above
it is necesSsary, for preventing oxidation to a satisfactory extent, to use
a graphite.crgéci bl e ?ng cover the nolten alloy surface with flux. Fromthe
st andpoi nt *8f “pr&vedti ny oxidation, it is preferable that melting be

5



conducted in vacuumor in an inert atnosphere. The foregoi ng casting nethod
is not specially limted. Not 18 only casting nmay be done using a die or
a graphite nold, but also slowcooling casting which user a refractory or a
sand nold may be perforned on condition that reaction with the silver alloy
materi al doe; not occur. Hot working is not essential, but for exanple in
case of making a cylindrical shape into a rectangul ar parall el epi ped or

pl ate-1i ke shape, there may be performed a hot working such as hot forging
i f necessary, o T4 Ss|ar; al tthe wor Ki ratio .in hot
wor ki ng be setkmﬁ?%ﬁ%Jéﬁtﬁbéapgzgg‘ng%g?ﬁ%¥* ensdfrngqg pr edet er m ned
working ratio in the subsequent cold or, r m wor ki ng ep, This is because
if the cold mor&M%@(éw”%bng%meKnbLV§EH5£?édrried'ouﬂ%bo a satisfactory
extent, recrystallization cannot be done due to _insufficient strain and
eventual |y cryst#l i6r Peafafebhe i S0Mdthe eiddiedd AdAPYoPRII TR Ba%e of
performng a hot working, other conditions are not specially |imted, but

t here may the gedoptedrdangenbdi bhal prevorrki nigpveerdenator eadndiyitee It is
desirable that a prelimnary experinment be conducted prior to operation to
det er m ne @pidiralonwatkirngnaadeheat ¢reatatenir dondiizicoshosddaset aavat ch t he
kind and anmount of alloy el enent used. The present invention does not
specify a Ialls0n naf At RExE e ty f.or. iaptai-ni r descri bed
above 19 Lﬁfgﬂfge%gcoﬁ%eﬁdgghégﬁﬂs%f¥%E§%f%%ﬁ%ﬁ%%%fgcggggggtangﬁﬁor

exanpl e. As naqted _above, the r get or.gl 1.0 . e i nvention
conpri ses WY |RFer<55 "a 48 Pea%éhgl Eﬁ% 1? Q%%Ltﬁéﬂg6?{§ﬁ_fg

ase nuterial a any o ow hg el enents added

thereto. Preferably, .qne aqr..nore of e Fol.l ow all g I nts axe added:
10 ot ok (TR IE S fatfe, Tafhsd W (R 1D ks gy st FALE of Nd whi ch
is effective jn mar;ing.the crystal_grain.size of t resulti thin film
finer and ST ANF §rﬁﬁiﬁxﬁﬂ|ﬁ%hﬁﬁ9¥&?rﬁ€atf”l?geaf@g%rof s of arare
earth element (e, g.) Y) which exhibits the same effect as Nd, 2. U at % or

| ess of Awﬁ%%ﬁ%ﬂlQ£1Qﬁ1§ﬂﬂﬁt@élﬁﬁ Fﬂﬁ?%@i?&ﬁqrﬁf%ﬁﬁﬁﬁéi G¥ FEEPSPRHEe of the
resulting thin film 2.U at%or less of Cu which, |ike Au, also exhibits

t he corrosPXRsendsiist HEdN PeHdRRgeef 2RR{0T Sy Ttdle9raliBFents &8ch as Ti
and Zn. For exanple, inpurities attributable to the materials used in
produci ng phreferalget tdfatt rgyivesent bneentizrelrrsy @f tdet segerupdoduci ng

at nosphere may be contained in the target within such a range as does not
af fect thephosemtiedBoOfud e Areygst ah she ustersgaefidathatr @ mhripwesent
invention. The target of the present invention is applicable to, for

exanpl e, apy1@¢ & putdfrivig oiet heda REaspuit e ogihed, 1@Bgnet ron
sputtering nmethod, and reactive sputtering nethod, and is effective ire
formng a. thin e reddgifimal ' O¥eddddncdlysaboulyrddnt 91 88004ik. . The shape of
the target may be changed in the stage of design as necessary according to
t he SpUtteBE@?rﬂPﬂ@tﬁ_ af wsc s ety 1 10EXagPheaku ey PreseM. i Qyentign will be
descry"bed below in nore detail by way of morilng exanpl es thereof, but the
i nvention pgeRgh) et sth oo e Ol atkngo nopkk NG AXATP!tvaigRd sul tabl e
changes may be made wi t'hin the scope conform ng to the above "and fol |l owi ng
gists of the_Lpv i i e i pel L i 5§%% pcal, .scope of

t he invent?gﬁ%Q %?%v%?a%#ﬂgiﬂﬁ%%éfﬁé%s gg ?Q§9T}£Eééﬁgﬁ- E 'aﬁg Au

Manuf act uri met hod: 1~ EX e, nf sent_J ny I nduction nelting
(Ar atnospﬁggg? 3?~9%%3t}hg%g§htggg %F%?@ggﬁggéjwﬂ?ﬁgkggggggngie) ~ cold
.rolling (working ratio 500)_> heat ,treatpent (520C hou machi ning (a
di sc shapeBEGBrﬁg¥d?E.lByp%g#ﬁﬁ%ﬁ%%:f%ag~ig§nﬁﬁ$ﬁf¥¢§FE% qéﬁ%AGBSFion
nmelting (Ar atnosphere) -~ casting (into a plate shape with use of a nold)
-~ hot rol bengoproPy. PRry- stThe Stianpel at iRES L LSRRy £8Fi 0 700) -~
heat treatnment (500C x 1 hour) -~ machining (a disc shape 200 ?1 nm di a.
by 6 nmm t hiezkynplke fesabthng paradiesd weosseachheheckedshiain dmydilgl
orientation strength in the follow ng manner. The surface of each target
was subj ectigd )t @ rXina¥udhf &ragdifn sHapgfeous anbrigary (ppsi @ anseynder the
followi ng conditions and crystal orientation strength was checked. In the
Exanpl e of e prggent ni ”8%3#9:[&1 Rl was soptat e SMchha Jmasyhenent
result as shown in Fig. 3) ile in the Conparative Exanple there was
obt ai ned such a neasur enent



result as shown in Fig. 4. Fromthese neasurenent results there were
determ ned orientation exhibiting the highest crystal orientation strength
(K~) and orientation exhibiting the second highest crystal orientation
strength (X~). Further, in the same nanner as above, variations in strength
ratio (Xb/ Xa) between the highest crystal orientation strength (xa) and Lhe
second hi ghest crystal orientation strength (Xe) were: determ ned at the
tour measurenent positions. In the case where the orientation exhibiting

t he highest crystal,_orientat#o gth ( 1.S. di r.an t. .t he four
measur erreﬁ%n%%sﬁi%%i?ur?%e g%o&‘é?%%ereﬁn’at%%n‘gs@al}%&ngtwdﬁtagr :%r%ég (this is

al so the case with the exanple i ch . fol X-ray D ffract ter: PINT
7a00, a pfbétictdof IR %R%r’g’h%% %g?m%egejiqﬁ%wﬁﬁ BERE v ol gg : 50 kv
Lire current: 200 mA Scanni ng speed: ~/nmin Sanple rotation: .109 r. E m The
targets wene almeanhezked foropkrinedtiit dilee 'HRideRs Gl IoRiing HaAker. A
cubic sanple of 10 mmx 10 mm x 10 nm was obt ai ned from each of the targets
after machiphpgnh@ndiassoebservation surface thereof was polished, then the
sanpl e was observed through an optical mcroscope magnifying 50 to 100

di aneters and pRotogrgphed, themywas determ ned for average crystal. grain
size and maxi num crystal grain size in the nmanner described above. In the
above m crpscopi,c rvati.o i || S : ary in
fhe opt1 oA ShfcFosane scrnar Bryoraf Grornar cobrh By B aatoaniass Y. e
results obtained are shown in Table_l1. Nex usi ng, the .tar S thus

obt ai ned, TERMNOFE ﬁsrﬁé\#‘%gléﬁeav rﬁé@nflﬁi %‘ﬁjﬁe@%&o eri%tdb ngr%%mf ormed on a
gl ass substrate having a dianeter of 12 cm by a DC nagnetron sputtering

net hod [ Astgas gpiteddmee: nO.SZG?*dPafPErﬁF]a?eréﬁﬁt‘P%rgﬁ)’v%rl?o Ssubstrat e
tenperature: roomtenperature]. Then, with respect to each of the thin
filnms, filom thieclkhess ovds livasuead sustessdrvEPy BeIRiLECHOIN4 ons from an
end of an arbitrary cent: al line. The results 23 obt ai ned are shown in
Table 1 ("Distange fogroeubst rgie:ankl JoryEradlherain shzeéspest Hegneach of
the thin filnms, content distributions of alloy elenents were determ ned
successi Velet efrifamean BN defe ran nar Hitvar yrceoteakrbi heaof moglisiceds kier t hi n
filmform ng substrate by an X-ray . mcroanal ysis nmethod (EPMA). There

wer e obt aigied SUGH I St AS 3Nt ilcA 1Fndcrbscdpbl ef 156X | enl B d0nCryst al
G ain SizeFi Il mThicHness Dislribulion (A Oientationexhibiting

thevari ati i jJoitdn d Crystabiant_afNErdgaexe P st ance
f~~m: uhsIaﬁ{ﬁed%ncgﬁ(mr%ﬁ'gﬁgs?%c%%g?gl ﬁi Sﬁg[él (lgri eﬁt ation ta
~.oricnlalj,oncrystal strength r . ~ PR

i 0-- . st rengtthSFieht 4 llaor?lr}‘%ryr?pfr&ao%d%ﬂ O'é?’rséﬁgll H%ﬁ%ﬁ%u £he F3Ree of
present (11 el, ell the(11D) .al ;all .the, 10. 0d 9f1 0 1D50 1000 102D

9B0i nvonl i%%t%raﬁoéi |t|°§}ﬁi| %ér aﬂjgsi" F%ﬁ%(gi%dél | vw( 220) al

t woConpar ati veposi ti onspositions1202973GD1120s909001D60Exanpl e(220) el
two(111) at |wopds | §OrRIVGIZ i 0A¥EFREM P hee TbbIR! s AT (1 ETEEEN that i f
sputtiering is performed using a target which sati~;fies the gonditions
defined i nof hehereaskner t HvERY | GHIPQHE e HrseS@tﬁlt’ffatilr’*i’e€Fél’E’*hF‘ﬁ"“’égFVT/\%'?§ al | oy
filmwhich is uniformin thickness distribution and which can exhi bit

stabl e chasp€teristyssal |l gréhes’caresobethedebegrisedfby tdies abtive
conpositions, Fig. 5 shows that there i5 little difference Zn conposition
di stri buti ppvbesnersréheritxanpte ©fsitheny dserthd mienkilod iahd bliesn
Conpar ati ve Exanple, 24 Silver alloy material: Ag - 0.6 at%Y - 1.0 at%
Au Manuf acﬁfgﬂegl gt BedscBpexaspl e00ftd heo mr eseritc latdmig, onny aeuns

i nducti on lting -3 casting (produce a cylindrical ingot with use of a

mold) -~ h8§f Eaﬁgbggent area diameters, such compound phases present
within the range of 20 mm’ as a total of all visual fields,

and determining a mean value thereof. Further, the

“maximum value of the equivalent area diameters of the



(produce a slab a't 100C, working ratio 30b) ~-~ cold rolling (working
ratio 50~) > heat treatnent (550C x 1.5 hours) > nmachining (into the sane
shape as in Exanple 1) Conparative Exanple Vacuum induction nelting -3
casting (produce a cylindrical ingot with use of a nold) ~ hot forging
(produce a slab at 650C, working ratio 60~) -~ heat treatnment (400C x 1
tour) -~ machining (into the sanme shape as in Exanple 1) The resulting
targets were each checked for crystal orientation strength in the foll ow ng

manner and.iggggﬁgﬁh§(§§§§§§%£§d Qgéggggﬁ{QQQﬁ%E%ﬁﬁkgqgnghgrggghest crysta

ori entati 8h ori.entata. on. ng the second hi ghest

crystal orientation_strength (X ari_at i i tr ratio (Xn/X;
) bet V\eend%ﬁ@eﬁieﬁhfégt ac?‘?%’f’&lﬂr& o(‘quraéjnciug{glj(?xmssfar g%gﬁfin(%§ aang t%emsecond

hi ghest crystal orientation strength (X') at the measurenment positions. The
targets wip&aal §8PgReCked?fBF ‘netal structure in ~5 the sane way as in
Exanple 1, In the silver alloy material used herein, silver-alloy conpounds
are present in @fhai nrbeantatiesnitbmn eyt sPegiiing, 2 anetheR 1%8ze of the
conpound phases was checked in the foll ow ng manner. An observation surface
of a sanpkeosiudihar at @ ifthar abkdy i sputhe:meas drewent wbichheatiy®ted grain
size was polished and was then subjected to a suitable etching wth use of
nitric acigef @hyvsexanplye chfa®l6grdéscedipad fapdvie pried inetrafd conpound,
thereafter, as described above, the sanple was observed at five or. nore
arbi trary ;pQsi tjans <t RROWGRAP; 9Pt &R i ¥4 & WmﬁﬁganYHnﬁoﬂ}@ﬂxcjo 200
di aneters, then equivalent aria dianeters of conpound phases present within
t he rangemﬁﬁﬁOWrﬁEﬁgz%thg?lé?&n% visual, 4 i-glds ;andsaggan val ue

t her eof détermned. SO ned was a equi val ent area di aneter of

the maxi mum conpound phase_in the tptal wi fiel d, . Ln : where it
i's difficﬁqgﬁ?éqéﬁg@hﬁfg PEQJESng%%ﬁdEEﬁaégg‘ ﬁ@dgﬁo$geoﬁ Fgé J(:J‘iﬁiﬁscroscopic
observation may be substituted by face anal ysis, (m ingégysing EPMVA and a
mean val ue® arl e kb MmATPEras UsF Phe” ROmIGuRE Cphat & HE? be

determ ned by the conventional inmage analysis method, The results obtained
are shown H¥eerabf & 275 Nekt® he8fAg %‘FR%"' € ngnd FhiThE %gjncéy way as in
Exanple 1 thin films were formed and them checked for 26  thickness

di st ri but i SRR ERE Fempoxidatomavdrgt pi BlE L bnCTh A &S g SEERbUTI bRs and
conposition distributions of the thin filnms are shown in Table 2 and Fig.

5, respectiwedymnended etipat Ghicegbarroherf ekt @? VAP VRS &eirdAsd ALFyat| al
GranCom ounrJ~ rFitm Thickness Disiribulion A ( )xhibitinanlbhl npc

st al 5i zce g hdedimghestbpduztaceond BOGhest ra00SCi entlad i lonl diMkg tilwe, Ava-~a
Max. Di stance from substrate and (mjcrystal cty"tatstrengthorieniotion

ol i enl ol | oni ghinsthenpimgstaferdgtehfob)lowapayeyplO3D o*60801:10Exanpl o( 111) al
ah(110) al allof thethe lourlhc |ourl114d9237GS995104099510159B5pr esent

Posl I | onR posi ti pnsi ovent ioRCanpar €(220) (0. &l Ix T11) sul ... (4)

al I{ivel hctourl hcfour281152G635598651110B8590S1065Exanpl eposi ti onspo.itiony
From't heseyrestl tSsthnis s&em thaldiby spwbbkesthge a(tcar gatd whiténsati sfies
the conditions specified in the present invention there can be obtained a
thin silveggal Loyt kk Ayhavhegaumiform thickness distribution and capabl e
of exhibiting stable characteristics. Reference to Fig. 6 shows that if the
crystal grain size of a target is set wthin the range preferred in the
present. invention, there can be forned a thin filmnmore uniformin

conpositi Oﬁﬁgﬁgbﬁgﬁﬁggﬁﬁﬁéﬁf&%d ,I%tseri al: Ag - 0.4 ate Nd - 0.5 ate

Cu Manuf ac i _ of the present invention Vacuum
I nduction mel ti n%‘ia.Cﬁsgh?gs’gngtoedsu%%wato determine an average

crystal grain size of a target from an optical
microphotograph;

Fig. 2 illustrates the range of heat treatment



27 cylindrical ingot with use of a nold) -~ hot forging (produce a slab
at 700C, working ratio 35%)-~ cold rolling (working ratio 50~) ~ heat

treatment (550C x 1 hour) -~ machining (into the same shape as in Exanpl e
1) U Conparative Exanple Vacuum i nduction nelting -~ casting (produce a
cylindrical ingot with use of a nold) -~-~> heat treatnent (500C x 1 hour)

> machining (into the sane shape as in Exanple 1) The resulting targets
wer e each checked for crystal orientation strength in the same way as in

Exanple 1 and .there were d [ ting the highest
cxyst al oFP@%ﬂ&PPBﬁ §PF8ﬁg (5&)Lgirl ;b %yﬁ? 6ﬁ@§§E?E9f|ng t he second

hi ghest crystal orientation strength (X and variations in str ngth ratio
(X"/ Xy) betweenFiige Bi ghtestrziat a'flheorfee'ﬂ’t1§tsl 6h LERERGERSR 0)P %4 g"etg

second highest «crystal orientation strength (Xa) at the neasurenent

posi ti ons x-Fae rdsdlrestabhanaebods eoshonyetied Tatleatatipnr 6hERNItRI ng the
targets and ~.n the sane way as in Exanple 1 thin filns were fornmed and
checked fqs Eh&%h&ﬁ&so@hé&ﬁbéuihonyﬂﬂﬂl@Qﬂpﬂ&kﬁmﬂmadtstthbupr@ﬂenﬂhlckness
di stributions and ‘conposition distributions of the thin filnms are shown in
Tabl e 3 aq%\ ]g% ZV respectively. 28 Table 3 OlcnlallonCrystol Gain
Conpounds "Fi I'mrhi ckncss Dislrlbutlon (~)prlcnlallonexhlbilingvariations~i ~d

lcxhl bhi ng t he %econg'%é&ﬁ%?&?kesAyﬁéegbgw §“bﬁlﬂéagbggﬁ§5t, by the

hlghestorlentatl&ﬁNh ance Trom substrate end nn)crystaIEIrengIhaa

t al t at t at t t
1Y angl B( O3S A SRATHOS0B680 2 R0DS Anbt B0B1 T (1) P EE858F ol I t e

presentthe foulthe

| our 11641 | &0 32 5350910 IBYG0PSE0§ 50 An G BRP R BADDYET t TR Ss 985 5RaPET 1 P at ( 220)

al 1 wot woConpar al i vposi | | onsposi tions_2tt56r 7614~9701t 009A09101070a
Exsnpl o( 2ZDyamptetl) al | wot woosi lionsositions Fromthese results it i.,
seen that by sputtering a target which satisfies the conditions defined in
the present inventdors tiHdnesteanelsPcobtanhed! atx¥k i ofis VECPIRPESY1PRI m whi ch
is uniformin both thickness distribution and conposition distribution and
whi ch can exhtbibusiam¢ﬁcﬂmaﬂdﬂnemﬂﬁmev$s Usi hg sllaerchald gy lmaterial s of

t he conpositions shown in Table 9, targets were produced by various nethods
i shown i nobheisaaeihabkansingd it;hen were nmeasured for crystal orientation
strength in the same manner as in Exanple 1, further, there were determ ned
orientation exhipiging iheidighest conyshal dostenbaticon stacepgtsth tixe)
orientation exhibiting the second hi ghest crystal orientation strength (Xe)

, and vari é&b??%bb@hékéﬁna%haﬂaéy @& MRva) 1hehywesn) et i ghesscr yst al

orientation strength and the second highest crystal orientation strength

(X,,) at t r L le POsitions. The targets were further checked
for netal g??%@?%#e§?ﬁﬁ ﬁgs%ne way as in Exanples 1 and 2. Using the

targets, thin g vere [N dhe SATRURRASE: And N dorllie sbrand wer e

checked for thic di utlon conp05|t|on distribution. In this
Exanpl e, the eva +~ti Irn tt i Mas; e by
neasuri ng Tt g%ﬁggges at Q%eé%%% oﬁg 5 ccggg$vg$§ fr&ﬁ?ﬂn end of an
arbitrary central |ine_of e?ch thin f|In1to determne a ratio between a

m ni mum fi PohameckidsE*amate Traxa. nun1flln1th|ckness (nlnlnunlfllm

t hi ckne5s/ maxi mum : fil m thi ckness) and % ? m?.oégé) or hi gher,
it was determ nedithat ﬂﬁéuFF¥ﬁ¥?ﬁl%%H§§§ ids 5&85 éﬁ?? Ty (Miform As to
the conposition distribution, it was determr:ed in the foll Ynng manner .

In the caseligftzilhitians)siofvellay| eyerenthnpt A fgley| TR bt Bhe al | oy

el enent, contents of the all oy conponent were determ ned successively at
five positidhﬁﬁin&ﬂn&n1ﬂxampdé an arbitrary central line of a thin filmand
the conposition distribution was evaluated in terns of (mninum content

val ue/ maxi mum corgent wahuekstehtebecahteayt alianentutinnshécompesdticen ternary
silver alloy conprising silver and two alloy el enents, the conposition

distributiog; yas; gyal yaledd B1h8YTe1Bheh Tl NATIG GANENEL3A £ilns

obtained in Example 6; and



val ue/ maxi mum content value) of the alloy elenent 1 | exhibiting a m ninmum
val ue of (m ni num content val ue/ maxi mum content val ue) out of the two alloy
el enents. Then, when the ratio is U 90 or higher, it was determ ned that
the conposition ratio was substantially uniform The results of these
measurenents are shown in 'fable 5. Table 9 Ru n No Conposition (at~) Ingot
Shape Hol Working' Cold Wrking Ratio (b) Heat

Tr esl meni 1Ag- 0, 91 oCuPl at e-1i ke- 50520C ~

2h2Ag- 0. 4%Cul. O%AuCyllndrlcaIFor in rkin tio 35% 40550C ~ 1
h3Ag0. 596Cu- D. SusuP|ldt e 1pRErat Pods gk‘g anetft Conteht

haAg- 0. 4%Zn- 0. G%EUCyllndrlcalmnrkln% ratlo 30 ) Forgl BDSSOC s 1
h5Ag- 0, 8%k 1 = Tk GURIred eldaiipe-s85550C%SERERAE BOIB%\JdJ@lJ‘t é’é(li'E i ng (700G
wor ki ng rati o 30b)50550C ~ 2h7Ag- 0. 3% 0. 6%CuPl at e- IlkeForglng (650C,

wor Ki ng raf iy 25, )6 -9 BG axnpl en8Ag- 0, 4%Cu- 0, 6%AuCyl i ndr) cal For gi ng
(700C, working ratio 30% .->Rolling (700C, working ratio 50%

_-9Ag0. 8%Nd1. 096CuPt al e-1i ke- 25550C x

1h10Ag- 0, 5. 6Nd- 0, S%ZnCyIindricaIForging (650C, working ratio 6D% ~ GOOC X 1h

The rollin e ol rs tenperature 31 "able 5
Crientatl%ﬁ%iiggﬁéa%&% npoun E vag ?%Enesant sd;on I Tslr;
buI|onC}|entat|onvar|at|ons in cr I D st ri,but itsron (al Se)
e~ ibittn the A@&%lﬁﬁ???ﬁft%ﬂ¥935§é§n§ Neghast 6#88ﬁ¥alﬁ?%§q§§$é ~ Avara
a 9 Max. Avera a g Maz.inimum (b't (M nlnunphlﬁgest c;ystalgftlothlckness

| Com 0 neskzidpalives| RPErihatRIYRAS 2M PSRV ST et aF Fon™ 5tTengt h

strength(~)ax nuneasured bsMaximumtrmum Irm Wtlhiclaregss ) value)(lll)
at all thephogertisg) tatget (may be referred to simply as targ

t hreelAg- 0. 996Cvposi ti ons14&5170- 0. 9DCu0. 9t pasdi ortsl at one silion 2

Ag- 0, 4%Cuntr@96AVERE ) f phathatsntaefdoliry SHGR 118 préferPolR AYO5 177 -
0.92 Cu 0.91positionspxilins3Ag-o0.5" >0C~r0.5%Au(111) at all the lour(liD
at all thenieun83259nD. 966H6s 92pesiby mrspdslimgs uadagOtie: ZpoVe696Cu( 111)
at all the tour(11D) al all the four 9 56 98 - 0.9S Cv ~

0. 9Cpsi ti %%Qq%hte'dor&aréhmé\gaﬁcgwdms Q~ r@s(11]) wat fabhd Idut thair (t10) al
all the four ~ 1 ~~ 3 ~ 54 t) 96 Ndo O _gpositionspositionsr i t6t

Ag-0.59~ hkao@&&ﬂo)ﬁ'ﬂgl ttla%f QULGELD) akabkihefar s 13, thtdbt5uas2
particularly effective, and accomplished the present
invention on the basis of that finding. The reason why the
crystal orientation of the target is specified in the
present invention will be described below in detail.

First, in the present invention it is an essential
condition that when crystal orienfation strengths are
determined at four arbitrary positions of the target by the
X-ray diffraction method, the orientation which exhibits
the highest crystal orientation strength (X,) should be the
same at the four measurement positions.

More specifically, in the present invention, the

orientation which exhibits the highest crystal orientaticn

10



0.9J ' Nd [ 0.90positions_ positions7Ag-0.3Y Y-D.640Cu(111) at all the
four(110) al alJ the lourl t437429

(510. 9t YO. 91posi ti onsposi ti ons8Ag-0. 4: aCv0. 6~ Au(l t1) al eh the /our(110)
at all the four i25169g3D3 i-0.70 ~Cu0.81po~ilionspositions '(11 f) al alt
the four(110) at I hree ~9Ag. 0.8 YeNd-1.096CU

posi tionspositoons2311722237630. 7SNdO. 73(tpp) at one position(110) al
three(t10) al th2e

~10Ag- 05610, 3647 100RbLT B0SPASI ) QNS30ELYSB5BIAA0R, GTAMGARY( Let) at one

posi ti on( toné position Variations fn arien(ation (f 11) exhibiting

t he highest .crystal ori tion str th.at _three siitlons 32 The
foIIomﬁng(ééﬂ)be(ggpyna?g%8¥76ﬂ¥%a%ﬁgg §1§R855deb£8i%ﬁ%he f ol | owi ng
description represents Run No in Tables 4 and 5. gb. 1 to No. 7 targets
satisfy t9gicasatePans»aebi kel i e md FesdeREYPRIENPFOARTRY G is seen that
in case of using themin formng thin filnms by the sputtering nethod, there
wer e obt aistednighthn fikl s ahldozipd ¢ ,n MyEH deldi dknéssnaressabuth and
conposition distribution and capable of. exhibiting such stable

char act er itstd @3 ianthigbnr ekhest t g wrand iepeslt! emysther omlercortdeat i vity. |t
is iseen that in the case of a target wherein the orientation exhibiting
tree highestre6igrst 8l @hkeBbALi 80 SdUengl thhry) messhhemsate at the four
measur enent positions and the orientation exhibiting the second hi ghest
crystal . qdantation ptrengtdy (ftipnalaechhexsapp: atcih s rmeasur ement
positions,” there is obtained a thin filmnmore uniformin fil'mthickness

distribution |n contrast;Lheceriifiy as LMo LayM0.: 100, fhey do not

| |
satisfy tHe &5idi € rfe e orientation

exhi biting the highest crystal orientation.strenath | .( IS ;not, the sane
at all of 1H& ufrﬁﬁéﬁlr)éB‘SE‘iL‘tF?)ﬁjs?l%sr’i grthleor?;%nfgﬁ sPFe%g%Iﬂs r‘?’anji%h ( Xb/ X~)
bet ween the highest crystal orientation stre q%h, X,L and the sgecond

hi ghest criy®dl orS"Ftaeit6nast FRRgEH] X&) %ﬁd} Argé, *hthe et | grain
size is also large, so that all of thin film obtained axe not uniformin
t hi ckness ¥ st rﬁ”g%.ﬁqr@ﬁeaﬁ’éaéénﬁﬁgi ERh o sty ip&ﬁsilgﬁea 8 PREAEXHA bition of
stabl e characteristics referred to above cannot be expected. 3 :3  Ez~np~
P Silver afhiy Hetmerirdiforngin ghickresNd - O 5 at % Cu Manufacturing net hod:
Exanpl e of the present invention Induction nelting (Ar atnosphere) -~
casting (into a Ifl dtse psiedpsakilehthisl Wie Lnisindetion wbichot¥hiki S ol I i ng
start tenperature 650C, working ratio 70% -3 cold rolli.ng (working ratio
509 heat theadtighs 5006 bel2ohoantytion neotdntitiy bea (dilde Bhape 200 mm di a.
by 6 nmthick) Conparative Exanple Induction nelting (Ar atnosphere) ---~
casting (ibntoawselat e sshamesivilehtusénofeasqitd fiHnhdiormohbi age¢dol | i ng
start tenperature 700C, working ratio 90b) -a heat treatnent (r00C x 1
hour) nachiani tige (Gimk S<f Spapee2@8gom dia. by 6 mmthick) The resulting
targets were neasured for crystal orientation strength in the ganme way as

i n-ExXanp).e 1 anchithede wer asdetrersisiele ortiantwtdien iexki bht sngetidien hi ghest
crystal orientation strength (Xa), orientation exhibiting the second

hi ghest crystab oxi/&anf atdam &l eROhRgh&B} crpse: VadiadntRsohn . strength
ratio (X ,/X;,) between the highest crystal orientation strength (Xa) and
the S?CO“dsgkgﬂﬁﬁk ?)E%Staﬁt:l %beéléééﬂ@r}hfgtﬂe%&gtchry@@i 8tibheafRasur enent
positions, Further, the targets were checked fof netal structure in the
same manner _as_i anpl e The results . al [ o} j le 6. 39
Using the FﬁFSE?EhEﬁﬁHP%et%g%saﬁei%%%ﬁgfJggkihgﬁgggﬁﬁggg %&éb%égkaforned
thin filns. The thin fil re re.evaluated far thickpess distribution
and conposition @?%%r%%uﬂg%ﬁﬁvhf¥330¥éﬂ% h%@sﬁé'i%vﬁbahﬁl 9. Thickness

di stributions and conposition distributions of the thin fil are ;shown in
Tabl e 6 bePaweRRELEPH. WELCh ¥HE@itFelthe FapPesh ¥l &Filﬁg%?%%l Gain '
, Com ounds pFi |l m Thickness Distribullon k ( )Oientationthe

hi bi | | nVar isérieogthl 4Si te ~same -ate BitrERY PASH O SeddnderystaPnave~B-
Avor ag- - hi ghest hori entati onMax. fu; ax. Dinente from subslral o tnd

(m) cryst alin gtrenguBnghbas ~X, /&Nt dddtoreer the highest crystal
orientationratiostrengthsyengl h(~) Pmunt r ftHMLO3D6D901t OExanpl e of (111) at
I1(220) al vl1lthe presentthe fourthe | out1220501

B35870102010201030BBG hventionpositionggositions(lll) al three(22D)

sl Conpar al | veposi ti onst hree Positions ' 1DD 3D0 44 80 BaO 1100 920 890
9D0OExanpl e(220) at onenc (Il positionposui ~ ' Variatlans in orientation (111
) exhibiting the highest crystal orientation strength al three positihs
Fromthese results it 15 Seen 'Chat ,if a target whose netal structure
satisfies the conditions defined in the present invention is used in

. . I o L

I
S
e ‘present invention,



the thin filmsurface and capable of exhibiting stable characteristics.
Reference to Fig, 3 shows that the conposition distributions of the targets
obt ai ned according to the present |nvention are nore uniformthan in the
Conparative Exanple. Silver alloy material; Ag - 0.8 ato Y - :1,0 at$ Au 35
Manuf act uri ng net hod; Exanple of the present invention vacuum i nduction
nmelting -3 casting (produce a cylindrical ingot with use of a nold) ~~a hot
casting (7¢c)0C, working ratio 35%). -~ hot working (rolling start

tenperature 7Q0C,. worKki t1Q 35 - CO [4l 4 I ratio 50'1i)
> }seat torréaef%ﬁ%lo(%st&n%d’la‘s ﬁ‘dﬁrs d_the.2 ?%rlgcgg}ll(c‘?%t%ﬁ,\gﬁ? ggrlre shape as
in Exanple 1) Conparative Exanple Vacuum induction nelting >_casting

(pr oduce & i8ntiafdrane a1t renot n&ibﬂ h2hge QP Z2ht ’d)trh-e~ We%orogi ng (650 ' C,
working ratio 40%into a cylindrical shape) --j heat treatnent (900C x 1
hour) machisnisgdactting e st stapetadhien tErgnplfe SPRLYRBIREsHT t3Ry target s
were determ ned for crystal orientation strength in the sanme way as in
Exanpl e l@rpd fderne; Wesen det ering nad sorizant atlizor exidi bhtisngttbhe hi ghest
crystal orientation strength I (Xa), orientation exhibiting the second

hi ghest C§%/<§§ﬂlbu£’{i€6‘té‘$£9{‘n st rengt e i Haviand avani&biranshi sksesengt h
rati o (Xb/'X et ween the highest crystal orientation strength (Ka) and the
second hi ghest crystal I & t] sir.en A X=)-sal ea

osi 11 onstU LR (HETS Bhe e hP oL s e f e TP et e e h ¢ he
same manner as in Exgnglef 1 and 2. The results obtained axe shown in Table
7. Using ThB1PaPBet @t anl 1A°the same manner as in Exanple 1 thin 26 filns
were fornmed arid then evaluated .for thicknes ,dis%&ibutiog.aad conposition
di stribution. Thfcknesabeyst YRbiRt ol &if & ti'6n SBFSELEFBHL i ons of the
thin filns are shown in Table 7 and Fig. 9, respectively. Table 7 i

| Ori cnl aUbanpe ktiaVeiyseey Seaihtonpoulles Fi¢saIThircighess BryEErb~don (, A) on
enlal Orexhlbltlng theon; a n orSizc ' '-.exhibltlng thecry~lal- '-"-~"#7

| hi host bHkseanandibhgbestogibntid))i omAvercabifNex cAtebefNagnDi st ance from
substral o and (mmcrystal slrcnc~l haahc,yslaltion ricnla oritnlallonra

ost rengt hpshsarghbhehpbkaNTbHapNBA806D9% Lk famible di{alltheal al | (2Z0) al
allthe presenttho | ourthe

four 14257Q75a5PRE1 BA0181@L03QAT Bl By ethé 08POShd I 101gHasi tdxna(ll7l) al
t hree(22D) at Conpar af rvoposi ti onsthree pgi hons 27" 9D 250 35 75 950 1100 9D
81D 1050.5@’1%@%%%% %'tr%?a%(t%lt(m!b@&&@%atmeoratpq%mtrl RBasu¥ahédtions in
orientation 1 exhl'bl'tIAg the highest crystal orientation strength ai
three positiqns Fromthe r I L. seseen. =f .k : I a
t ar get mh5§§q§§F§angF?ﬁ§%5rgigakﬁgk%gséghgegm?oﬂ%?%?%%lig ef?ﬁgggan t he
present invention, there is obtain a_t.hj csilver-alloy, filmuniformin
bot h t hi cF&STH é%'}%’m S &n acst%(i oglnfgli %ﬁeFéd%Elﬁr?%u%?%lnlﬁ}and capabl e of
exhi biting stable; ch%nacteristics. SilLver  al oy material; Ag - 0.5 at% Ts
Manuf act urdtid mstchéd: Tl Eddip 13 TPhd pFBSERP“Fhvent i on Vacuum i nducti on
nmelting --~ castingq(produce a cylindrical ;ingot with u e(gf a n%ld) -~ hot
forging (1 0oC, dr Kiheg SFSt@t Friensglyon_ispppusp o???%bisj(‘? 13%%g st ar t
tenperature 650 C, working ratio 40~) --~ cold rolling (working ratio 50~)
~ heat tr ezteregna(r650ENe e )sidvieackirnishglei ap8 Fhe shae Shape as in
Exanpl e 1) (> Conparative Exanple

silver-alloy compounds present in grain boundaries and/or

crystal grains are controlled, a thin film uniform in both
thickness and composition can be formed by sputtering.
Thus, this is preferable.

More specifically, it is preferable that an average

crystal grain size of the target be set at 100 um or less

12



Vacuum i nduction nelting > casting (produce a cylindrical ingot with use of
a nold) ~ heat treatnent (' ~00C x 1 hour) machining (into the sane shape as
in Exanple 1) Targets obtained in the sane way as i.n Exanple 1 were
measured for crystal orientation strength and there were determ ned
orientation exhibiting the highest. crystal orientation strength (Xa),
orientation exhi.bifiing the second highest crystal orientation strength
(Xb) , and variations in strength ratio (Xb/X~) between the highest crystal

orientation, strength (Xa) and the second highest. grystal_origenhtation
strength #%f)2aape ﬁ@“&eﬁ%ﬂgE rﬁriﬁﬂnﬁﬁaﬁmsb%ﬁﬁpﬁhéﬁ,g%hedfaéggts wer e
checked for netal structure ! in the sanme manner as in Exanples 7. and 2.
The resul 85 &Bf&ined are shown in Table 8. Using the targets and in the
same way as in Exanple 1 thin filnms were formed and then determn ned for
t hi ckness di st rWbtibi bhe abrir cohpysill o dilst Evisgegencr Yafekndsdin
di stributions and conposition distributions of the thin filns are shown in
Tabl e 8 beliew, and Fsgpodfiblespectayely. 1@ a Fahhe filef iehfath oG ysl al
G ain Conmpounds Film Thickna”, S Disllibulion (A Oientationexhibiting
Lhevar | al i g0 LRGLT AnaeybERLYL Dy LhSSEOONdoly Stiglbivehene!

a

hi ghest, | en I onAver og Max, Avorag Max. Di stance from au6slrsle and

(mm crystal strengtha”, icry { or i Jd.ent ati.onr gth

st rengt hopfj%kf%ﬂggr?cﬁmbffi ﬁ‘nﬁl\ﬁéégﬁggor%g%ﬁﬁﬁgﬁ%#&’e%t(g:plﬂ%é)aat%%\ﬁ]( 220) et
allthe present ~the ) ) .

| our | hef 0@FSF2GSDESYESBS 1650100510255 FHREH AN IS HoREpbEFEI ons_(111) al
two(z20) al Gonparal |l vepositionsthree Po'ilions 200 600 50 13D 955 111D B~5
gD5 1055ER&Rs| ec2Leyadlvf vAolm12¥ &85Hnt. positionspo~ilion From these
results it is seen that by sputtering a target whose nmetal structure
satisfies the cénent idnshdetiaeadgencrhetpF everith isdventisoAC0t Herer can be
obtained a thin silver-alloy filmuniformin both thickness distribution
and conpodietsison idi stnyistiatli gmadnd eapashel vfl &xdd bint idigretghl exe
characteristic:;. Exa Next, using silver alloy materials of the

conposi t i enesshyn the Talshe tAngt ahget §iler &s produsedeby osadhyvarhous

nmet hods as shown in Table 9. Then, in the sane manner as in Exanple 1, with
respect tardi iarigetthitdxe spr. odricesdk £ dher & oredtdehengl ardoprient ati on

exhi biting the highest crystal orientation strength (X3),orientation

exhi bi ti ngddw secpnt dighesbser ystal . deteensadt wh sty ergttbrXhke, and
variations in strength redo (X~/ X~) between the highest crystal orientation

strength (9§, Ju @t 48y 56600d 3Rerehbphestnst yoialcfdnt aken stkength
(Xn) at the medsurement positions. Further, the targets were checked for

net al strLg¥lg%%gfhé@q$%%{g§ig%@%§%ﬁa§ kHiFﬁ?Yﬂk%&a%ﬁﬂ?%m?brTﬁgsEeS“|ts

obt ai ned ar'e shown in g the rgets an the sane way as in

Exanple 1 there were formed thin fil iC re then eval yated for

t hisxckness W€t ribuft iWW’C&%&SPﬁF%&%%%?%ﬁ%#E ﬁletshsé s?gr%ré?rranner as

in EXanple 9. Table 9 Syca;lln%1n~cqld Heal NoConposi |l on (al, 6) Hol Wbr ki ng
more preferably 100 pm or less.

If silver-alloy compounds afe present in grain
boundaries and/or crystal grains of a silver alloy
sputtering target, it is preferable to also control the
size of the compound phases.

The smaller the size of the compound phases, the more
preferable, because the composition of the resulting thin

film easily becomes uniform. In the case where the size of

13



Cool i ngWor ki ngTr cal ncnl Mol d Material 1 ngot 8hapc Speed (C/s) "Rolio
(Yj t Ag- 0. 5%NdCopper Pl el s-1i ke2Rol | ; ng (7DDC. war ki ng rati o 50% 40550 C w

1h50 mm_ _ ~~_ ~2AgD, 4%N\d- 0. 5r apuG aphheCyl i ndri cal ~For gi ng (70DC, wor ki ng
rall o 35y)55550°C ~ 1 hl50 mmdie.-~. Rollin 7DOC~workin ratio

35h3Ag. O B%Nd1. 0/ CuCasl ironCylindrical O, 8Forging (700C, working rallo
d0/ 06c60D C K ih200 mmdia..-, Rollin 700"C working ratio a5

J~aAgOp96Nd- 0. 6JCuG aphite, 30 ~~ke3 ~Rol ling (70DC working ratio

509e) 4D55D.C 1h, ~, 5Ag- O. BNd- 1. 06 AuCo rPlalell, ol | L ng: wor ki ng
ratio GO%tA’(?S(‘f@@bOEHQOp 869?@.%73{????%@@4 %p&é?ﬁ%o{]gl ?k%:%%“fg%&l@ng

(700" C, working ratio 209 5555DC x 1h40 mm-s Rollin 050%wor kin ratio

35/ 7pg. 0, é90e®, Digmeteapniltedyl PReF ¢l LRoNE G 656E2H6r kP 7y Hati%

509 50550C x 1, 5h150 mm di a., 3AgO B%N\d- 1. D. ~CuG aphi tePl el e-11i kel. 5, 25S50C
x 1h50 mMm3d .pum o Wi&AG- Omb¥- Pr&f éiZakast2d nanplrolleskl keO gRol i ng (650" C
working ratio a55;)@&0 C x 1 h80 mmdia., ' The rolling tenperature

represents a rolgvieRg i$t @ht teppesatihie Qnpoulabidat@sGlysbal e n
Si zeConpoundsFi | m Thi . knes5~rnPasi | i on

Di stributignD-entatdanPi:shikilhul b egRUcofp®sid ik salisbpresekx j e4 dal i on
exhibilirg theexhibiting the second highestVariations in crysta

orientat | op, S (Gl ILANBRAGS Mo AYELA0R, o ator (M Mok (nbtot Lom oner

P i ni mum value ghest cryst Istal orlenlalionratioc ness tto
6el o. orientation sl rengt Astrength(,~) L um : : - :
t hi ckness)?i’éélsh‘?eqﬁ §Ilﬁg;{It, ﬁ?uﬁl\% i 7“3&51 CF%‘%\I(‘]’MCRI) *3t alt the
four(220) at alt the lour 14 40 t20 Z4 60 0 93 hd .
0. 91positi%%?fb@ﬂt%rbrﬁ@ﬁ@lsﬁt&PP?mﬂb‘?’S@%ﬁf(’lf% 5t PAPCFARYY A 220) at all
the lour '11451 t523460-92NdD- SSposi ti onspositions 3
Ag- 0. 8' | ENghd . 89Grun 19oroumtd phaseolf ( 2200 abr aAESHhEFSur 1 9 t~ t80 25
47 090 Nd D 93p~4;on6posilicna (11t) al all the four(22~ at lhreei | i 16
50 (30 Z1 p2efeO2>Nd IV 92 116 168, Agrot agmdde fi pasiquirpaentvasepos-. (111) al
one positron 5 Rg-0.8roNd-1.0%Arl (111) at aN rhc four(220) al aft the |our
id 35 95 18i86eDeBH5
It is not that the present invention specifies even

composition of the compound phases. As examples of

compound phases to be controlled there are mentioned

Ag,,Nd,, or Ag,Nd present in Ag-Nd alloy target, Agy,Y,, or

Ag,Y present in Ag-Y alloy target, and AgTi present in Ag-

Ti alloy target.

In order to obtain a target'which satisfies the

crystzl orientation specifiedc above, it is preferable that

cold working or warm working be carried out at a working

ratio of 30% to 70% in the manufacturing process. With

such a cold or warm working, not only it is possible to

effect molding substantially up to a product shape, but

also a working strain is accumulated and it is possible to

14



Nd D. 96posi tionspositi ons6Ag-0. 5%/ O SSSZn(111) al eN the four(220) al al
the | our 1045 ~942D400. 94Y0. 9doosi | i onsposi ti ons7Ag- O. B56Y-1. 1g5CU(111) at
all the lour(220) al a!l the |ourt~5515p24440 91Y0. 97posdi onspasitiors(1t1)
el IHree(Z2(11 al three(BAg-0.8 .eNd-1.0SCu ~positionspositions25 ~120

f 26055 ~f 05 ~0. 70Nd0. BO(220) at one position(1l1) al one position' f9l~r
-0.5.bY 0.5.~ZnC11 f) al hnn positionl1ll) at hmosition ( P- 120 350 eD 1J0
0.68 Y 0.70(22~ at hro position(220) al hnv position~~~~~~~ Variations In

orientation (111) exhibiting the highest crystal orientation strength at
three postti®hs 31unifpgEny Y%ﬁﬁ#mféiﬁ? 4 ﬁt%' Fé&rngﬁi# %ﬁ%ﬁ?nand 10.

No. in the follow ng description represents run No. in Tables 9 and 10. No.
1 to No. Intangetsbsagishy hért cormmittiadifs defined in the present invention
and therefore at is seen that in case of using themin forming thin filns
by the sputtering tethedrkiheresmie iobtlaissedhizhi 30fi | kBeusmdorinéh both

t hi ckness distribution and conposition distribution and capabl e of

exhi bi tingystapl spgh@eacwriﬁsﬁfﬁi@wﬁt,a%dﬂmtr,efeh@eﬂ i¥i hygagnd hi gh

t hermal conductivity. In contrast therewith, No. 8 and No, 9 do not satisfy
t he conditions _defined_i r I hventy 1 of thin filns

obt ai ned ngﬁgmfﬁgnﬁgrBe%g%pﬁﬁ?ng%%%?F% i'cﬁﬁggg g?%??%bution and
conposition distribyticn and it is_inppssible to.ex t _thei hi bition of
stabl e ch3f&EV&rd Pé§%98FePPEM Paréﬂ% .Eﬁﬁffﬁéﬁf ﬁgﬁﬁﬁgéﬁpée?éalloy
materials of the conpositions shown in Table 11, the esent inventors
produced tfafdet S i8uEh RALPENs CRED hdt sO RSB w1 n g&bf@ 11 .and, with
respect to the resulting targets, determined orientation exhibiting the

hi ghest cmoystiairadrlicerithatti onlst PerlERI (50)WaHh i HEEN D P e STBEEANG E he
second hi ghest crystal orientation strength (Xn) , and variations in
strengt h raat izo Wo¢WiXe) meetineerd BRé highese- ciOystthle ethent BeP8n Sfrength
(X~) and the second highest crystal orientation strength (Xe). The targets
wer e then tgheckedifry mmtial exiceedsuiesj nthéer samnes vell izs tilonEsgrples 1 and
2. The results obtained are shown in 42 ."able i 2 . Using the targets
and in the saim B BmdE Hacom@RPkeolht erenaves Bsd amrathitshicaski | ms) whi ch
were then eval uated for thickness distribution and conposition distribution

in the sa i . ; ¥ SN0 CONReAidtion
(Bt 9 Nbl dCaT St Bt %ﬁ?’ﬁ%@%gﬁéﬁiﬁ’éﬁé% eal ol M of I'al | ngot

Shepal O )30 B S T Q484G DAL oEDgh ol ksIR SRaliina 7 BAEG00G X 2. 5ha0

mm .~ ' 2Ag %0 | T ndrical 0. 665DC forging 20%R0l | i ng

BO% i 00C x_2h90 i & . Cul. QuAUSLegLPL~' Ir11kP 0, 9Rol | i ng 709650C
D, 75h40 nT%uRd%@-%f%&ﬁ&ggggﬁgﬁéf%%h%égc§#in%r%éelD.S?OOC forging 30
~Roiling ~0 %50 .C x 1.25h150 nmdl a, _-' < 5 £

r 5Ag- 0. 6Nd- 0. 9UIIEE APt TR DSPBSs7bBR%t 8155 ngf 318 %% * 41588 555/ 550" C
w 1.25h15D mmdis. 7D0C rolling 3D k

( .éIoL?I 60 . /
99 sAg0. BUCHRTX BYALTY BRRi $ERR (P19 RAGHie Yy BFILPAGBESRBY | HIF 5-856E ~ 1h40
7 Ad- 0. 690NdD. 9%CuSand nol dCyl i ndri cal D. 27DDC for gi ng 35hRo] | i ng 25%50C
1h(chr om-l opterikh Hedere Warkimape 189 drysttahlier al vo FEREFHIAMISFI | m
Thi cl messConposition Distribution Ot tion'iOientation Variations in cr
stal Disrribel fohRawhnghrpdisint ieswnpak; Yiencase @khf o ¢ingy IThe@hi-BPti ng t he
end hi ghesty orientation slrenAth Average Max_ | Average Max. (M ntnum
(1, f:ni mumeNphitkedtiker ystatigl cinist & rdeitentlakieontafitotr | Bhekeste 1
Conponent to value 1.orienhalion strengthstrength(y')i Maxi nunbe
nmeacur er | Maxk pupiksk” RaYL LA fisdd nd i okanesSs) yal uept 641AuBa76Cthd Ag- 0(111) al
all the four(220) at ayl | Ae four1010S206- 0. 90Cu0. 91.

. posi ti onspasikions24g,0_ 681, Nek 0.F-9C0h8t)k nat aablatdepturdtlZri tof aA the
fourthOOZ@%%?é?%.9l ~ﬁd030positionsgz~siIio%sBA%-O-EgiCJt-1.056A(111)P tns
four(220)~ /ths four 2,949:t88- 170 P8H0-385 vorking ratio

calculating method differs depending on the working method

adopted. For example, in case of performing forging or
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04Ag-0_69' Kd-0.9"6C(111) al att the four(220) al all the four8a57234
~510. 5NdO. 91posi tionspositions 5 P3-0.65ehid-0.9:wC(11 S) al all the
four(220) al alt the four 11 S& f03 23 ~ 36 094 Nd O 45positionspositionst
(1i1) allhree ~ (220) at threet I tl

~6Ag- 0. 8S6Cu- 1. 05' : Aposi tionspositions'' 0" ) 12d35D- 0. 6BCu0. 88(i 10) al
an-_ pUSitioi:(li S) al one pail~ani (iti) al atl (he |our (220)

al | hreel7Ap-0. 69sNd- 0_94>C positionspositionsld 12224t i SS940. 78Nd0. 7o(ti
t) at nne Ltion, Vari atiQns. i i.entati.@ny bt ) ¢ £Xdvi i 3 .he hi ghest
crystal oFBgifa ig%lg%rég%ﬁgghﬁr%ﬁﬁéﬁa'gogﬁgig%g&%g ¢ Thégf%%FgW%ng can be
estimated from_ tables 11 aqﬁ 12. N%% in th foll mﬁgg descric§ion
represent CEARRRBICE h FabfREa a1 HMPTIBNING 210t 5%R0°° P T R gErE Ssat i sfy t he
conditions defined in the present invention and therefore en they were
used in fdrminng (hhiahti ehsthy TWesicedr ma§erehobsf eFe @MY 6bt ai ned
thin filnms uniformin both thickness distribution and conposition

di st ri but iten candseapéabh ep bt exhi s tiatgrsadh agtabl eorhinacthegidtti ©f as high
reflectivity and high thermal conductivity, Particularly, it is seen that
if not. onhy cryshakiekriensatiom Bdrlsadhengnystabogtai n shze of target
and silver-all dy conpounds present in grain boundaries and crystal grains
are cor trgldeed st gouirbbhint neopg B{erdied gianges v theppt puentsdinxent i on,
there can be for 3 thin filns nore uniformi'n thickness distribution and

composi t1 o, fishij bt Loy, | g CONLT ARl dierewt tho-Hong b 20tk Noyy, dlo ot

sati sfy the condirtion ined 1n the present invention and all of the

resul ting in filns_are not. uniform.in.thi distri i and

conposi ti rgﬁﬁﬂﬁﬁeﬁuff8ﬂ égﬂl?ﬁ%ﬁ?ré& i q%ié¥}q§§§€gé§f%%gg%%%g
characteristics cannot be expected., 4 [.NDUSTRI, AL _APP Bl Ll TY The
present irﬁﬁﬁﬂqﬁn¥q;§188n§t?Eéfgﬂeﬁi 6@éﬂﬁﬁg éﬁéﬁiaégegi%é;%e i ch is
useful in fornin% athin silver allo wn%#ﬁl ni form.in bo%h t hi ckness

di stri but "6 EAE GBSt EF oRTdFRE r F BT Gﬁ‘\;i 17 eSpatt BFF A5 met hod. A thin
silver-alloy filmforned by the sputtering nethod using such a target

exhi bits suwtkistdblxe 1@Rarfé&cteristics as high reflectivity and high thernma
conductivity and when it i is used, for exanple, as a_reflective filmin an
optical recordi Mpemsdildntoubhnason wam HarkdmsniissifoelpeeddeyiveFilmin
DVD of a one-side two-layer structure or a reflective filmin a

next - gene, tred inpmoptrideal thecordidntyioesli @in orhEgliag desper atier aneit
reflective filmin a reflection type liquid crystal display, it is possible
to furtherspopreveobhe fed forEtagotisachiref Tectsé v hdudsns. With9 ~i

WHAT IS CLAIMED IS: 1. A silver alloy sputtering target characterized in

t hat when siystalhegt enteattiventst Lengs hsoss o dettar mttednae fioufowrbitrary
positions by an X-ray diffraction nethod, the orientation which exhibitS

t he hi ghestrgsyst abyadritentiaii.on strength (Xa) is the same at the four
measur enent positions, and variations in strength ratio (X~,/X,,) between

the highest crystalqor iigNALLO0R HbEERAGERe (6 . Dot thhe seeend thighest
crystal orientation strength”(Xt,) at the tour neasurenent positions are

20% 01" | 583 me: r Ly APNusfl 0% SRYLLRT NPa L A9 AR dichgelo Ghalan 1,

wherein the orientation exhi'bits the second hi ghest "crysta

orientation_strength.(Xh)_ is the .at _the r surenment positions. 3.
A Silver aFFo%ggpﬂ??%ﬁ?$uf%%ﬁ%ﬁéiuzggg%géﬁg“t%6§ﬁéig? , Wherein an average

crystal grain_size is 100 ~..mor, Les d, i I l_.grapn size is
200 ~m or F§§§¥Sﬁ?l;3§?Tﬁ%ﬁ %ﬁﬁ%%/gfﬁﬁP?grpgaﬂ?¥?ge§ gg%%% fﬁg%?g claimi,
wher ei n equi val ent area.gganeteggroE siLver;gllﬁ¥ %9ng9ynds present in
grai n boundarieligna/ ¢ ey AV &nd25FE130 T B 1 €5 on the average,

and a maxi nrum val ue of the ,
recrystallization is promoted at a portion where the amount

of strain is large, thus making it difficult to attain a

uniform crystal orientation, which is not desirable. More
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equi val ent area dianmeters is 50 umor less. 5 A nmethod for producing the
silver alloy sputtering target described in claim1l, characterized in that
cold ~I ") wor ki ng or warmworking is perforned at a working ratio of 30%
to 70% and thereafter heat treatnent is perfornmed under the conditions of a.
hol di ng tenperature of 500 to 600C and a holding tine of 0.75 to 3 hours.
6. P nmethod according to claim5, wherein the heat treatnent is perforned
under the conditions of a holding tenper ature of 500 to 600C and a hol di ng
time falli Er{l&‘rf Q:V.\dll g 8XBLHESsE0n (4): (-0.005 x T
+ 3.5) <- p?géei‘g?? EHST]RQ-QgetPé ereIT s?t ands ?or a hol di ng
tenperature (C) and t st ands for a haol di.ng tinme (hour). g8
. A&(e. A&SERYPASEIArASIA Bhasmngagt AR AFOAPTP Sy AL. A F. ALy. Ay. A A Ayl
AT DA
| . AP. A9H, A’ 1 y. AEvARyi ALt IchinondlenreraLuale A, ALABID ASE. AA PU. Al @ AGA. d.
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] ca] ca] ca] ] é%@ @15'] éa c&] 33} % '% J]%af\] ]]1el 3%}”96] U' X : ] Joal cal
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s*10%@& () obre—Ey-aTme@PhdPic melting in a resistance heating type

electric furnace or by induction melting in an inert
atmosphere. Molten silver alloy exhibits a high oxygen
solubility, so in the case of atmospheric melting referred
to above it is necessary, for preventing oxidation to a
satisfactory extent, to use a graphite crucible and cover
the molien alloy surface with flux. From the standpoint of
preventing oxidation, it is preferable that melting be
conducted in vacuum or in an inert atmosphere. The

foregoing casting method is not specially limited. Not
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crystal orientation is not rendered uniform. In case of
perforning a hot working, other conditions are not
specially limited, but there may be adopted conventional
working temperature aﬁd time.

It is desirable that a preliminary experiment be
conducted prior to operation to determine optimal working
and heat treatment conditions so as to match the kind and
amount of alloy element used.

The present invention does not specify a composition

of the target, but for obtaining the target described above
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invention is not limited by the following working examples,
and suitable changes may be made within the scope
conforming to the above and following gists of the
invention, which are all included in the technical scope of
the invention.

Example 1

Silver alloy material: Ag - 1.0 at$ Cu - 0.7 at® Au
Manufacturing method:
® Example of the present invention
Induction melting (Ar atmosphere) — casting (into a
plate shape with use of a die) — cold rolling {working
ratio 50%) — heat treatment (520°C x 2 hours) —
machining (a disc shape 200 mm dia. by 6 mm thick)
@ conparative Example
Induction melting (Ar atmosphere) — casting (into a
platé shape with use of a mold] — hot rolling (rolling
start temperature 700°C, working ratie 70%) - heat

txeatment (500°C x 1 hour) — machining (a disc shape 200
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of the present invention there was obtained such a

| measurement result as shown in Fig. 3, while in the
Comparative Example there was obtained such a measurement
result as shown in Fig. 4. From these measurement results
thefe were determined orientation exhibiting the highest
crystal orientation strength (X,) and orientation
exhibiting the second highest crystal orientation strength
(X,) . Further, in the same manner as above, variations in
strength ratio (X,/X,) between the highest crystal
orientation strength (%,) and the second highest crystal
orientation strength (X,) were determined at the four
measurement positions. In the case where the orientation
exhibiting the highest crystasl orientation strength (X,) is
different at the four measurement positions, the above

variations are not determined (this is also the case with

the examples which follow).

X~ray Diffractometer: RINT 1500, a product of Rigaku
Denki Co.

Target: Cu
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magnifying 50 to 100 diameters and photographed, then was

determined for average crystal grain size and maximum

crystal grain size in the manner described zbove. In the

above microscopic observation, polarization was performed

as necessary in the optical microscope so that crystal

grains could be observed easily. The results obtained are

shown in Table 1,

Next, using the targets thus obtained, thin films

having an average thickness of 1000A were formed on a

glass substrate having a diameter of 12 cm by a DC

magnetron sputtering method [Ar gas pressure: 0.267 Pa

(2mTorr), sputter power: 1000W, substrate temperature: room

temperature]. Then, with respect to each of the thin films,

film thickness was measured successively at five positions

from an end of an arbitrary central line. The results
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| results as shown in Fig. 5.

Table 1
Orlenialion Crysisl Grein Size Film Thicknass Dielibution (A)
Orienisalion exhibiling the Variations in
axhibiling the second cryslal Averag
highes! crysial highest orieniation e Max. Dislence from subsirale end {mm)
orienialion crysial strength relio |-
ienlali %,
slrength 02,'::"2:?" (%) pm pm 10 0 60 90 110
Exampic of
the present (1"1) al ‘.‘l'.' the ([”D) al ".‘".“"" 10 51 104 980 1050 | 1000 | 1020 880
invontion Our posilions our posirons .
(117) ut two (220) al two
Comparalive posilions posilions
Example (220) gl two {111) at two 120 297 060 1120 B9O 500 1060
posillons pogilions
From the above results it is seen that if sputtering
’ is performed using a target which satisfies the conditions

defined in the present invention, there is obtained a thin
silver-alloy film which is uniform in thickness
distribution and which can exhibit stable characteristics.
In the case of the targets of the above compositions, Fig.
5 shows that there is little difference in composition

distribution between the Example of the present invention

and the Comparative Example.
Example 2
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(produce a slab at 700°C, working ratio 30%) -~ cold
rolling (working ratio 50%) — heat treatment (550°C x 1.5
} hours) — machining (into the same shape as in Example 1)
@ cComparative Example

Vacuum induction melting — casting (produce a
cylindrical ingot with use of a mold) — hot forging
(produce a slab at 650°C, working ratio 60%) — heat

" treatment (400°C x 1 hour) — machining (intoc the same
shape as in Example 1)

The resulting targets were each checked for crystal
orientation strength in the following manner and there were
deternined orientation exhibiting the highest crystal
ocrientation strength (X,), orientation exhibiting the
second highest crystzl orientation strength (X,), and
variations in strength ratio (X,/X,) between the highest
crystal orientation strength (X,) and the second highest
crystal orientation strength (X,) at the measurement
positions.

The targets were also checked for metal structure in
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used in the measurement of the crystal grain size was
polished and was then subjected to a suitable etching with
use of nitric acid for example in order to clarify the
profile of compound, thereafter, as described above, the
sample wWas observed at five or more arbitrary positions
through an optical microscope magnifying 100 to 200
diameters, then equivalent area diameters of compound
phases present within the range of a total of 20 mm® in all
visual fields and a mean value thereof was determined.
Also determined was a equivalent area diameter of the
maximum compound phase in the ftotal visual field.

In the case where it is difficult to recognize the
compound phase, the above optical'microscopic observation
may be substituted by face analysis (mapping) using EPMA
and a mean value and a maxXimum value of the compound phase
sizes may be determined by the conventional image analysis
method, The results obtained are shown in Table 2.

Next, using the targets and in the same way as in

Example 1 thin films were formed and then checked for
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\110% $' & ()-R\V110%$ & ()-R\V110%$ & ()-R\V110%$ & ()-R\110%$ & ()-R
\110% $' & ()-RnS2t X< 0L4" 1098$3& ()-,( \110% $' & ()-RY O 9EY!

\110% $' & ()-R\110%$ & ()-RRI[:< L 19%0%& ()-! LY !109%8& ()-
LY31098& ()- LF, s109%& ()- L3& 109%& ()-( L331098& ()->?| & [: <

L/ 1096& ()-! L-109%& ()- L+10%& ()- Ly)3"10%& ()- L )910%& ()-s(
LI > Z1098& ()- & [NA4 10$10$10$! L@<1098& ()- L@L09%8& ()- L610%E& () -
L3t 10%&' ()- ( L1Y10%& ()- \}|[:NA4 10 L 310%&'()4 L10%8& ()- LF

1098&' %B&' 109%8& ()-( LT10%& ()-H+ | [ NA4 10 L10%B& () -!
L310°/$<(&') )tLh (%“t’ﬁ_lbi’é@@& e%” 912%%@@&%)“(‘@@6%& ()-fAz|[:NA4 10
LI ,4100/$&' —)LI 1098& ()-Z L. L' 109%& ()-G LY% 109%& () - LY#109%& () - (
LF! s1096& %l) ighne saWnsIcchL 7H&' end! COBROIEERLGY -di4tAidU&on)- 0£S210988&' () -
L90 10%8&' ()-( LI 1098& ()- @svU4d L, 1099 9B& ()- L F1099 90& ()- L109®
Y0& ()- L10K® el (§+1h0$EIRIGBOWhLLA0YHRL¢) 2 Rhdeficvigd Lp 1090 9B& ()-p
1099 99& ()- L109® 9%®& ()- L L10%® 90& ()- LS109® 90& ()-( LIF109%®

9D& () - ehi }3 giedpi 0P, 99& ()-p 10% 9B& ()-p 1099 9B& ()-p 1090 9W& ()-Lp
1090 90& ()-p 1090 98& ()-(p 1098 9B& ()-cC+dp 1090 9%®Op 1090 9B& ()-p 109®

W& ()-p 1PUN YOK ()-p 1090 W& ()-p 1090 W& ()-p 1090 W& () -t T4+4p 1090

W& ()-p 1090 W& ()-p 1099 @@&f() 1099 & ()-p 18%@9?@&f() %WK (n 0%
/sS3+4p 109® 9 18994 T MO () - TK p
008 ()P | 25?AT s §£ 34“""0 Wb"g@& é;:idp100/§2°0/9& (anp, el bl (8 1090
W& ()-p 109 %D&QTEBI_ CHighieg U (O3 1”"1&9@3«, VO& )WaéeK Mef) pm&ﬁcoe’&mg(&&m(a.)dmﬂ) 1090
W& ()-p 109 %D&ﬁeqla ion ) lm@ V() AP —1Hp—1098 &1O=p—1¥e—Pe&H() - p
1099 99& () -p 1o (sYeqp 10%@“ %9&'»1) 0100@ 9o& () t[TE+d5 1090] 904 () -
109 1998 ()Epsa 09 I8 (s 1099 90K () [p 109 0L (1-WK {1 4SS3FAp (10%
W& ()-p 10MabDIL: P 1030, YOE() - p AOPEAPRI() - Ao rpre 164G s | o

Compars | (220) at !l (1) aral

tive the four the four 28 115 2686 25 59 965 | 1110 | 885 905 1065
Example posilions positions

From these results it is seen that by sputtering a

target which satisfies the conditions specified in the

present invention there can be obtained

-~

a

thin silver-alloy

film having a uniform thickness distribution and capable of

exhibiting stable characteristics.

shows that if the crystal grain size of

Reference to Fig. 6

=]

target is set

within the range preferred in the present invention, there

can be formed a thin film more uniform in composition

distribution.

Exanmple 3

Silver alloy material: Ag - 0.4 at$ Nd - 0.5 at% Cu

Manufacturing method:

D Example of the present invention

Vacuum induction melting — casting (produce a
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%98& () - 58CDFXcsS3+4p 1090 %0& ()-p 1099 %9& ()-p 1099 %9& ()-/K (n p 10%
098& ()-p 1099 99& ()-cO3+4p 1099 99& ()-/K (n p 1099 99& ()-p 1099 90& ()-p
1099 90& ()-p 1098 90& ()- _?+4p 10p 1090 90& ()-p 1090 9B& ()-p 109®

098& ()-p 1099 90& ()-p 1099 90& ()-p 1090 90& ()-  + tT4+4p 1099 %0& ()-p
1090 9%9& ()-p 1090 90& ()-p 1090 9& ()-/K (n p 1090 9®& ()--0; <?S_sS3+4p
1099 909& ()-p 1090 90& ()-p 1090 90& ()-/K (n p 1090 90& ()-p 109®

098& ()- _0T3+4 &10%& ()- p 1099 9%9& ()-/K (n b 1090 90& ()-p 1090 9B& ()-p

2 - ‘i/ﬁi"léia%%& oh (1 100 Hihat e TPR0S SIORY Y slos @ ()-v

310% g) v 310% & .()-v 310% &fé? v 310% &f( -v 9;;<@3l LOC 310%
&' ()-vSa" /Efoéu%io%Sl@D(?}t v?o%iewor 1195281903 5% g ) €Ll 3" abel PAC 310%
& ()-v 310% & ()-v
rolling (working ratic 50%) — heat treatment (550°C x 1
hour) — machining (into the same shape as in Example 1)
@ Comparative Example

Vacuum induction melting — casting (produce a

cylindrical ingot with use of a mold) - heat treatment
: (500°C x 1 hour) - machining (into the same shape as in
Example 1)

The resulting targets were each checked for crystal
orientation strength in the same way as in Example 1 and
there were determined orientation exhibiting the highest
crystal orientatiog strength (X,), orientation exhibiting
the second highest crystal orientation strength (X,), and
variations in strength ratio (X,/X%,) between the highest
crystal orientation strength (X,) and the second highest
crystal orientation strength (X,) at the measurement
positions. The results obtained are shown in Table 3.

Further, using the targets and in the same way as in
Example 1 thin films were formed and checked for thickness
distribution and composition distribution. Thickness

distributions and composition distributions of the thin

films are shown in Table 3 and Fig. 7, respectively.
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310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%

& ()-vcdgrst 8l P4CSa" %S*. 3 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-vtwkz{gG+C 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v(
310% & ()-v 310% & ()-v 310% & ()-vcG+C 310% & ()-v 310% & ()-v
310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-vcG+C

310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310%

Table 3
Orlentall Cryshol Grain ¢ J iim Thickness Distributlon (A
Orlentation rﬁ'r;:: O |\ ations Size ampounds Film Thickness Distributlon (A)
cxhibliing ‘:]:,e::'::d in crystal A A
" 2 . -
Ihe highest highest orientation | AVErBD | g, | RYETAD | e Distance fram cubsirate end (mm)
crysial crvslal tlrenglh e B
arientslion crysia ralio
sirenath orientation (%)
sireng sirenglh pm pm wm m 10 30 €0 950 110
Example of | (117) &l all (110) al all
the presenl the four lhe lour " 64 119 32 53 990 | 1030 | 880 | 1010 | 990
lnvenlion pesitions positions
(1) a 220) al
Iwo two
i"g‘;‘;";’: P(;;"o')”:; "(‘;’:'1")":“ - 211 | 565 | 76 | 147 | w70 | mo0 | @80 | s10 | 1070
Iwo wo
posilions pasitions

, From these results it is seen that by sputtering a
target which satisfies the conditions defined in the
present invention there can be obtazined a thin silver-alloy
film which is uniform in both thickness distribution and
composition distribution and which can exhibit stable
characteristics.

Exanmple 4
Using silver alloy materials of the compositions
shown in Table 4, targets were produced by various methods
] shown in the same table and then were measured for crystal
orientation strength in the same manner as in Example 1,
further, there were determined orientation exhibiting the
highest crystal orientation strength (X,), orientation
exhibiting the second highest crystal orientation strength
(X,), and variations in strength ratio (X,/X,) between the
highest crystal orientation strength and the second highest

crystal orientation strength (X,! at the measurement



& ()-vgG+C 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-vgG+C 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v$%pP4G+C 3

310%

& ()-v 310% & ()-v 310% & ()-vI QR\WKoS700/ C 310% & ()-v 310%

310%

& ()-vSa"¥s*.3 310% & ()-vXmopgrtoS3C

positions.
The targets were further checked for metal structure in the
same way as in Examples 1 and 2.

Using the targets, thin films were formed in the same
manner as in Example 1 and were checked for thickness
distribution and composition distribution.

In this Example, the evaluation of film thickness
distribution was made by measuring film thicknesses at five
positions successively from an end of an arbitrary central
line of each thin film to determine a ratio between a
minimum film thickness and a maximum film thickness
(minimum film thickness/maximum film thickness), and when
the ratio was 0,920 or higher, it was determined that the
film thickness was substantially uniform. As to the
composition distribution, it was determined in the
following manner. In the case of a binary silver alloy
comprising silver and one alloy element, contents of the
alloy component were determined sﬁccessively at five
positions from an end of an arbitrary central line of a
thin film and the composition distribution was evaluated in
terms of (minimum content value/maximum content value) of
the alloy element. In the case of a ternary silver alloy
comprising silver and two alloy elements, the composition

distribution was evaluated in terms of (minimum content

30

& ()-v 310% & ()-v 310% & ()-v 310% & ()-v3Sa"%s*. 3%, -./;
|00/ C 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v( 310%

& ()-v



310%
& () -
& () -
& () -
& () -
& () -
& () -

& ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
v 310% & ()-vtvxyz{030S3C 310% & ()-vSa"%s*.3 310% & ()-v 310%
v 310% & ()-v{|hLOC 310% & ()-v 310% & ()-v 310% & ()-v 310%
v 310% & ()-v 310% & ()-v 310% & ()-vhHOC 310% & ( 310%
v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
VOS7THOC 310% & ()-v 310% & ()-v 310% & ()-vSa"%s*.3( 310%

vpP4C 310%

vazlue/maximum content value) of the alloy element
exhibiting a minimum value of (minimum ccntent

value/maximum content value) out of the two alloy elements.
Then, when the ratio is 0.90 or higher, it was determined
that the composition ratio was substantially uniform. The

results of these measurements are shown in Table 5.

Table 4
N y . Cold Heat
No Compositian (at%) Ingo! Shape Hol Working® gz;zl(?:z) Tresiment
1 | Ag-0.8%Cu Plate-like - 50 520°C = 2h
2 | Ag-0.4%Cu-1.0%Au Cylingrical Farging (700°C, working ratic 35%) 40 550°C = 1h
3 | Ag-0.5%Cu-0.5%Au Plate-like - 70 550°C » 1h
4 | Ag-0.4%Zn-0.6%Cu Cylindrical Forging (600°C, working ratio 30%) 50 550-C = 1h
5 | Ag-0.8%Nd-1.0%Cu Plale-like - 55 560°C » th
6 | Ap-0.5%Nd Cylindrical Forging (700°C, working ratio 30%) 50 550°C x 2h
7 | Ag-0.3%Y-0.6%Cu Plate-like Forging (650°C, working ratic 25%) 60 §50°C x 1h
Forging (700°C, working ratio 30%)
8 | Ag-0.4%Cu-0.6%Au Cylindrical —Rolling (700°C, working ratio
50%) .
8 | Ap-0.B%Nd-1.0%Cu Plate-like - 25 550°C = 1h
10 | Ag-0.5%Nd-0,5%Zn Cylindrical Forging (650°C, working ralio 60%) - 600°C x 1h

* The roliing temperature represents a rolling start iemperaiure
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& ()-v*+58; ?AdD7C 310 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-vAB&AIOPOD7CSa"¥s*.3 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-vPQR I mol P4CS 310% & ()-v 310% & ()-v
310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-vopqrsttl PACS 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v
310% & ()-v 310% & ()-v 310% & ()-vtuvxypT4l PACS 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-vSa"us*.39G+C 310%

The following can be estimated from Tables 4 and 5. No. in

the following description represents Run No. in Tables 4 and 5.

No. 1 to No. 7 targets satisfy the conditions defined in the
present invention, so it is seen that in case of using them in
forming thin films by the sputtering method, there were obtained
thin films uniform in both thickness distribution and composition
distribution and capazble of exhibiting such stable characteristics

as high reflectivity and excellent thermal conductivity. It is

seen that in the case of a2 target wherein the orientation
exhibiting the highest crystal orientation strength (X,) is the
same at the four measurement positions and the orientation
exhibiting the second highest crystal orientation strength (X,) is
also the same at the four measurement positions, there is obtained
a thin film more uniform in film thickness distribution.
In contrast therewith, as to No. 8 to No. 10, they do not

satisfy the conditions defined in the present invention, the
y orientation exhibiting the highest cxystal orientation strength
(X,) is not the same at all of the measurement positions,
variations in strength ratio (X,/X,) between the highest crystal
orientation strength (X,) and the second highest crystal
orientation strength (X,) are large, and tﬁe crystal grain size is
also large, so that all of thin films obtzined are not uniform in
thickness distribution and composition distribution and the
exhibition of stable characteristics referred to above cannot be

expected.



& ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-vS 310%
& ()-v 310% & ()-vkkK/C 310% &' ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-v 310% & ()-vOBkK/ C 310%
& ()-vSa"¥s*.3 310% & ()-v 310% & ()-v 310% & ()-vliP4C 310% & ()-vVv
310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v<IP4C Sa"%B6*.3 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v #9;> ?24C S
Example 5
Silver alloy material: Ag - 0.4 at% Nd - 0.5 at% Cu
Manufacturing method:
@ Exemple of the present invention
Induction melting (Ar atmosphere) — casting (into a plate

shape with use of a mold) — hot rolling (rolling start temperature

650°C, working ratio 70%) — cold relling (working ratio 50%) —

! heat treatment (500°C x 2 hours) -» machining (a disc shape 200 mm

dia. by 6 mm thick)
@ Comparative Example

Induction melting (Ar atmosphere) - casting (into a plate
shape with use of a mold) — hot rolling (rolling start temperature

700°C, working ratio 40%) — heat treeatment (500°C x 1 hour) -
machiﬁing (2 disc shape 200 mm dia. by 6 mm thick)
The resulting targets were measured for crystal orientation

! strength in the same way as in Example 1 and there were determined
orientation exhibiting the highest crystal orientation strength
(X,), orientation exhibiting the second highest crystal orientation
strength (X,), and variations in strength ratio (X,/X,) between the
highest crystal orientation strength (X,) and the second highest
crystal orientation strength (X,) at the measurement positions.,

Further, the targets were checked for metal structure in the same

manner as in Example 1. The results obtained are shown in Table 6.
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310% & ()-v 310% & ()-v 310%
& ()-v>ACDI LQtCAC S 310%
310% & ()-v 310%

& ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310%
: & ()-vQRSTArgt T4CAC 310%
& ()-v 310% & ()-v3Sa"%s*. 3ghij kl mt X<C 310%
& ()-v 310% & ()-v3 310% & ()-v 310%
& ()-vnopgstt T8t X<C 310% & ()-v 310% & ()-v 310%
& ()-vtecGC 310% 310% & ()-v 310% & ()-v

Using the targets and in the same manner as in Example 1

& ()-v 310%

& ()-v 310% & ()-v

& ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310%

& ()-v 310%

& ()-vSa"¥s*.3 310%

there were formed thin films. The thin films were then evaluated
for thickness distribution and composition distribution in the
same way as in Example 1. Thickness distributions and composition

distributions of the thin films are shown in Table 6 below and Fig.

8, respectively.

Table 6
| -
Crystal G " L
: Orlentalion Orientalion Varistions In v ‘5;70 e Compeunds Film Thickness Distributln (A)
hibiling 1h exhibillng the crval I -
cxnibiling the second crysia Averag Averag .
highes highes! orisntation o Max, o Maa, Distance from subsirele end (mm)
Bl I
<l orienialion o
zlrengih sirengih (%) um pm pm gm 10 30 60 %0 10
Example of (111) st all (220) sl 2l
the presen! the four tha lour 12 20 £0 1B a5 B70 1020 | 1020 1030 980
invention positions posilions
(M) sitee | o
Comparalive posilions Y. .
Example (220) af one 1P°"'"°“° 25 100 300 44 80 840 | 1100 | 920 890 900
osilion () & one
p position

* Variatlians in orientation (111) exhibiting the highest crystal orientation strength at three posiliohs

From these results it is seen that if a target whose metal
| structure satisfies the conditions defined in the present
invention is used in sputtering, there can be obtained a thin
silver-zlloy film having a uniform thickness distribution within
the thin film surface and capable of exhibiting stable
characteristics. Reference to Fig. 8 shows that the composition

distributions of the targets obtained according to the present

invention are more uniform than in the Comparative Example.

Example 6

silver alloy material: Ag - 0.8 at3 Y - 1.0 at% Au



310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-vgK/C 310% & ()-v
310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-vggK/ C 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-vtT4gK/C 310% & ()-v 310% & ()-v 310%
& ()-v3 310% & ()-vSa"¥s*. 3t X<C 310% & ()-v 310% & ()-v 310%

& ()-v3 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-vt T4t X<C 310%

Manufacturing method:
@D Example of the present invention

Vacuum induction melting — casting (produce a cylindrical
ingot with use of a mold) - hcot casting (700°C, working ratio 35%).
— hot working (rolling start temperature 700°C, working ratio 35%)
— cold rolling (working ratio 50%) — heat treatment (550°C x 1.5
hours) — machining (into the same shape as in Example 1)

@ Comparative Example

Vacuum induction melting — casting (produce a cylindrical
ingot with use of 2 mold) — hot forging (650°C, working ratio 40%,
into a cylindrical shape) — heat treatment (400°C x 1 hour) —
machining (into the same shape as in Example 1)

The resulting targets were determined for crystal orientation
strength in the same way as in Example 1 and there were determined
orientation exhibiting the highest crystal orientation strength
(X,), orientation exhibiting the secend highest crystal orientation
strength (X,), and variations in strength ratio (X,/X,) between the
highest crystal orientation strength (X,) and the second highest
crystal orientation strength (X,) at the measurement positions.
Further, the targets were checked for metal structure in the same
manner as in Examples 1 and 2. The results obtained are shown in

Table 7.

Using the targets and in the same manner as in ExXample 1 thin



& ()-v 310%
& ()-v 310%

& ()-v
& ()-v

& () - VADEJLNOcG<C 31

& ()-v 310%
& ()-

310%

& () -

N

v 310%

& ()-v
& ()-v

& ()-v 310%

v 310%

and composition distribution.

310%
310%
310%
310%
310%

& ()-v 310%
& ()-v& 310%

& ()-v3Sa" u%s+. 3 310%
& ()-v 310%
& ()-v 310%
& ()-vOTU \ _agG<C 31 310%
& ()-v 310%

& ()-vSa"us*. 3 310%

& ()-v 310%
films were formed and then evaluated for thickness distribution

& ()-v":;?AcC<C 31 310%
& ()-v 310%
& ()-v 310%

& ()-v 310%

& ()-v 310%

& ()-v 310%

& ()-v 310%

& ()-vaf ghi soS3G<C
& ()-vs}gK/ C 310%

Thickness distributions and

composition distributions of the thin films are shown in Table 7

and Fig. 9, respectively.
Table 7
Orientalln Oriehtallon )\, e in Crys'l;! Grain Compounds Film Thickness Distribution (A)
exhiblting the | ¥hiolting the | 0 e = :
; second i
h'Uh‘l”'I‘ ;|g|,eg| ':'”19"“'::" Ave;ag Mox. Ava;ag Max Distsnce from zubsirale end (mm)
crysta ) sireng
A crysirl ;
ofientstion orienlalion ratio
sirength stronglh (%) pm pm W pm 10 30 60 90 110
| L
Example of (111) at sl (220) ai all
the preseni the four Ine lour 14 25 70 25 a5 [3:1¢] 1040 1010 1030 970
invention posilions positionz
(111) al three (2‘:2:"
c‘ET::)’;:{“" (2%%5)':’:’;9 pasitions 27 50 250 35 75 | gs0 | 1o | soo | mio | 1050
" ) o (111) al one
paziiion position

~ Variations in orientstion (111) exhibiting the highest crystal orientation strength at three positions

From these results it is seen that by sputtering a target

whose metal structure satisfies the conditions defined in the

present invention, there is obtained a thin silver-alloy film

uniform in both thickness distribution and composition

v
i

distribution and capable of exhibiting stable characteristics.

Example 7

Silver alloy material: Ag - 0.5 at% Ti

Manufacturing method:

® Example of the present invention

Vacuum induction melting — casting (produce a cylindrical

ingot with use of a mold) -» hot forging (700°C, working ration
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& ()-
& () -
& ()-
& () -
& () -
& () -
& ()-

v 310% & ()-v 310% & ()-v 310% & ()-vX8gK/ C 3 310%

vSa" us*. 33 310% & ()-v 310% & ()-v 310% & ()-v_?/C 3 310%

v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
vgG+C 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
v 310% & ()-v 310% & ()-vO3gG+C 310% & ()-vSa" %s*.3 310%

v 310% & ()-v 310% & ()-vIPAC 310% & ()-v 310% & ()-v 310%
v 310%

25%) —» hot rolling (rolling start temperature 650°C, working ratio
40%) — cold rolling (working ratio 50%) -» heat treatment (550°C x
1 hour) - machining (into the same shape as in Example 1)
@ Comparative Example

Vacuum induction melting — casting (produce a cylindrical

inget with use of a mold) — heat treatment {500°C x 1 hour) —

machining (into the same shape as in Exemple 1)

Targets obtained in the same way as in Example 1 were
neasured for crystal orientation strength and there were
determined crientation exhibiting the highest crystal orientation
strength (X,), orientation exhibiting the second highest crystal
orientation strength (X,), and variations in strength ratio (X,/X,)
between the highest crystal orientation strength (X,) and the
second highest crystal orientation strength {X,) at the measurement
positions. Further, the targets were checked for metal structure
in the same manner as in Egamples 1 and 2. The results obtained
are shown in Table 8.

Using the targets and in the same way as in Example 1 thin
films were formed and then determined for thickness distribution
and composition distribution. Thickness distributions and
composition distributions of the thin films are shown in Teble B

below and Fig. 10, respectively.
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& ()-v 310% & ()-v 310% & ()-v 310% & ()-v 5KOR ?4C S 310% & ()-v

310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%

& ()-vRUZ] bdi _?24C S 310% & ()-v 310% & ()-v 310% & ()-v 310%

& ()-v 310% & ()-v 310% & ()-vijklvtT4?4C 310% & ()-v 310% & ()-v

zll(();’/o (y&'()-v%310% & ()-vSa"¥s*. 3t X<C 310% & ()-v 310% & ()-v 310%
-VY0

Table 8
. Crystal Grain . e By .
orientation ez::glrl)il::?;\\e Varialions in Size Compounds Film Thickness Distribulion (A)
e:thllnng the second fwfI?I Averag Averag .
h'ghfvll highesi of f” a :"3" c Max, o Max. Distance from subelrsle end (mm)
cryslal sirength
. . cryslal .
OQ:: 2?9’::" orienlation r(a‘/l:;) . 66
sirenglh A pm pm pm 1 Jo 80 110
Example of {111) at all (220) a all
{he present the four the four 12 20 50 15 30 985 1050 { 1005 | 1025 a75
invention posilions pozitions
amaime | @20
Comparalive | poeitions posilions - 200 600 50 130 | 955 | 1110 | BS5 | 905 | 105§
Example (220)_31 fwo (111) = one .
positions position

From these results it i1s seen that by sputtering a
target whose metal structure satisfies the conditions
defined in the present invention, there can be obtained a
thin silver-alloy film uniform in both thickness
distribution and composition distribution and capable of
exhibiting stable characteristics.

E'&a “;2 e 8

Next, using silver alloy materials of the
compositions shown in Table 9, targets were produced by
such various methods as shown in Table 9. Then, in the
same manner as in Example 1, with respect to the targets
thus produced, there were determined orientafion exhibiting
the highest crystal orientation strength (X,), orientation
exhibiting the second highest crystal orientation strength
(X,), and variations in strxength ratio (X./X,) between the

highest crystal orientation strength (X,) and the second
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310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-vpPOt X<C 310%
& ()-v 310% & ()-v 310% & ()-vSa"¥%%s*.3 310% & ()-v_C<C 310% 310%
& ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-vK/IC<C 310% & ()-vSa"%%*.3 310% & ()-v 310% & ()-v 310%
& ()-vlIP4C 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-v <IP4C Sa"¥s*.3 310% & ()-v 310%
& ()-v 310% & ()-v 310%

highest crystal orientation strength (X,) at the

measurement positiens. Further, the targets were checked

for metal structure in the same manner as in Examples 1 and

2. The results obtained are shown in Tazble 10,

Using the targets and in the same way as in Example 1
there were formed thin films, which were then evaluated for

thickness distribution and composition distribution in the

same manner as in Example 4.

Table 8
i
Ru Casling coid
n . . N Heal
Cemposillon (al5h) Hot Working® Working
[ dleriv ngol Shape N olio (%
No Mold Material | Ingol Sh sp::g'('f‘g o Rovo (g | Treotment
1 | Ag-0.5%Nd Copper ;’g‘::::"a 2 Kolling (700°C. veorking ratio 50%) 40 550:C & 1h
Cylindrical Forping (700°C, working ralle 35%)
! Dl‘: N <
2 | Ag:0.4%Nd-0.5%Au Graphhie 150 mm di. ! - Rolling (700°C, working ratip 35%) 5 SspC v h
0.6%Ndeq 0 . Cylindrical Forging (700“C, working ratio 40%)
3 | Ag-0.8%Nd-1.0%Cu Costion | 200 mm dia. o8 - Rolling (700°C, working ralio ¢5%) & Sopc =
4 | Ag-0.4%Nd-0.6%Cu Graphile .g(')“::;:'“’ 3 Rolling (700°C. warking ratio 50%) 40 550°C * 1h
5 | Ag-0.8NJ-1.0%Au Copper ':g‘:;ﬂk“ 2 Rolling (600°C, workng ralio 60%) 4o §00°C * 2h
. Plato-like Forging (700°C, working ralio 20%)
| L Cd r
6 | Ag-0.5%Y-0.5%Zn Copper 40 mm 25 - Rolling (850°C, working ratio 35%) 55 550°C > 1h
7 | Ap-0.8%Y-1.1%Cu Graphile fgg’:;“‘;‘la 1 Rolling (650°C, working ralio 50%) 50 550°C x 1,5h
8 | Ag-0.8%Nd-1.0%Cu Graphile :(';’1:;:’“’ 15 . 75 S50°C x 1h
9 | Ag05%Y-05%2n . Castifon EL“:;:";.a 09 Ralling (6509C, working ratlo 45%) . 650°C x 1h

* The rolling temperature represents a rolling start tamperaiure
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& ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%

& ()-v 310% & ()-vtpT8CSa 310% & ()-v 310% & ()-v 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-v 310% & ()-vtT4pT8CS 310% & ()-v 310%
& ()-v 310% & ()-v 310% & ()-vSa"¥%s*.3tX8CS 310% & ()-v 310% & ()-v
310% & ()-v 310% & ()-v 310% & ()-v 310% & ()-v 310%

& ()-vt T4t X8CS 310% & ()-v 310% & ()-vSa"¥s*.3 310% & ()-v 310%

& ()-v_?8CS 310% & ()-v

The following can be estimated from Tables 9 and 10. No. in
the following description represents Run No. in Tables 9 and 10.

No. 1 to No. 7 targets satisfy the conditions defined in the
present invention and therefore it is seen that in case of using
them in forming thin films by the sputtering method, there are
obtained thin films uniform in both thickness distribution and
composition distribution and capable of exhibiting stable
characteristics such as high reflectivity and high thermal

}conductivity. In contrast therewith, No. 8 and No. 2 deo not
satisfy the conditions defined in the present invention and all of
thin films obtained using them are not uniform in thickness
distribufion and composition distribution and it is impossible to
expect their exhibition of stable characteristics referred to
above.

Example 9

Further, using silver alloy materials of the compositions

| shown in Table 11, the present inventors produced targets by such
various methods as shown in Table 11 and, with respect to the
resulting targets, determined orientation exhibiting the highest
crystal orientation strength (X,), orientation exhibiting the
second highest crystal orientation strength (X,), and variations in
strength ratio (X,/X,) between the highest crystal orientation
strength (X,) and the second highest crystal orientation strength

(X,) . The targets were then checked for metal structure in the

same way as in Examples 1 and 2. The results obtained are shown in
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obtained thin films uniform in both thickness distribution
) and composition distribution and capable of exhibiting such
stable characteristics as high reflectivity and high
thermal conductivity,

Particularly, it is seen that if not only crystal
orientation but also the crystal grain size of target and
silver-alloy compounds present in grain boundaries and
crystal grains are controlled to within the preferred
ranges in the present invention, there can be formed thin

films more uniform in thickness distribution and

composition distribution.

In contrast therewith, No. 6 and No. 7 do not satisfy
the conditions defined in the present invention and all of
the resulting thin films are not uniform in thickness
distribution and composition distribution and theilr
exhibition of the foregoing characteristics cannot be

expected.
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using such a target exhibits such stable characteristics as

high reflectivity and high thermal conductivity and when it

is used, for example, as a reflective film in an optical

recording medium such as a semi-transmissive reflective

film in DVD of a one-side two-layer structure or a

reflective film in a next-generation optical recording

medium or as an electrode and reflective film in a

reflection type liquid crystal display, it is possible to

further improve the performance of such reflective films.
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