; 456789: ; <=>?e3e\g \HH I L 2N 6hg 6g Tg C3 SILVER ALLOY SPUTTERI NG TARGET
AND METHOD FOR PRODUCI NG SAME The present invention relates to a silver
all oy sputtering target used in formng a thin filmby the s i

met hod and nore paxticularly to a silver alloy sputtering tamﬂwmmmﬁmmmmw of
formng a thin filmwhich is uniform3.n both filmthickness

conposi tion. BACKGROUND ART A thin filmof pure silver or silverS#®by has
such characteristics as high reflectivity and, low electric resistivity and

is therefore applied, torvexaapley dmymrrreiNeahrgerf pi in an optical
recording nmediumor to an el ectrode_and anqggtical reflective filmin a

d
reflection type |iquid crySEHECH EPRaFROPEGENGrSAME thin . film of pure
silver when exposed to air for a long tinme or exposed to hi t enper at ur e
and high humidity, is apt to be oxidized at its surface a”dﬂmwmmmﬁwn”w
occurs sucEI€¥Bh$fonEPon as the growmth of silver crystal gr
aggregatio sPrveiTatons. As a result, there arise probl ens s&uir™as
| owering of electric conductivity and reflectivity or deterioration in the
adher ence of thel#¢ IRERTN JHHSITAPR, TRbeen® | §0 4 irdrlafesr @lloy for
i nproving the corrosion resistance, etc. while maintaining a high
refl ectivi sput héeienttirggursesi lineformany at tleipt & laby heen nade to add
alloy elements to silver. In parallel with such attenpts for the
i npr ovenenspottéhimg frid thddhensl alove baveibebsrpde sf udileerahoutya target
used for formng a thin filmof silver alley. For exanple, in Japanese
Publ | shed tpexast Negl FAl@ ARRIIGALEORNng 0012 434, anBH! LErT N
target is shown as one of nmetallic materials for élect{onlc parts, the
sputtering L0 in OgBRIE {.. also containing 0.1 to
3 wt % of P3£?£§§®hgﬁpﬁg$gdggﬁsgﬁa%#ﬁgg?r32§0n re§$§35%5e, and further
containing 0.1 to 3 wt% of plural elenents selected fromthe group
consisting of A1, Au, Pt, Cu, Ta, C, Ti, N, Co, and Si to suppress an
i ncrease o I istivity caused by the addition of Pd. In Japanese
Publ i shed %ﬁEkggéggg'égfent Application No. Hei 9-324264 there is suggested
a slaver alloy s utterigg_tar et, the silver alloy sputtering target
containing 0.1 t B HHPIGHEe SLHTeY Mt 3 BT itdfryehas shaeBed by
oxygen, etc resentf in a gas atnosphere during sputtering and further
containingcb?gaFBEﬁl%E%F%ﬁa%gﬁ%%%IF31§EEbYé§¥ %F%é%?@é%@cgfipight
transm ttance caused by the addition of gold, or a 2 sputtering target of
a conposi t 8¢fed B VERYRNIY i iy thegiefese eapyeedanthbetemgdled &ndacopper
enbedded in part of the silver target at the aforesaid proportions.
Further, inelhpahive Pubhiished upéiarinedcPad g ndgriluncatri an Al.
2000- 23963S there is disclosed a silver or silver alloy sputtering target
and it i> sluggbsted am@ra ropthate]l rerfleatieast g tihe sSputrieeingnyi el d of
target at the time of formng a filmby sputtering and thereby carrying out
sngteringtypéiEi@midycryéuaknd¢$@ahystructure of target be nade a
face-centered cubic structure and the crystal orientation be set at 2.2U or
Tore in term ofEQueHANe DN TARNCHSGELE § Al OLhLLIAL2O]/ (220).
In the case where a thin filmforned by the sputtering nethod 1s used as a
sem -transgissSeye 4¢€ t4 fd { f =S - ef.structure
for exanplg} t he fiI%%f%f%%ﬁ%églggbgggégk§ 25&§T¥%§?éﬁ3§5@§rg§§ %ﬁ t he
uni form tyyi.n;higkness t hi | erts eat _influence on such
characteriEFﬁégb%g’rgfliégi%$?§aghgdﬁkéﬁgﬁgt %%g%ﬁ%égetﬁg # bFtance is
attached t 1 hin.filmhaving a nore uniformthickpess. In case of
usi ng suchgggg%ghgg?ﬁﬂéagu%Pr%ﬂﬂhggPF$g°Fi?ﬁ1? ° F RN anéﬁgY?Bn opti cal
recordi ng nedi it is required that the heat generated by |aser power at
the time oFryégg}' dP R R R AEIFCEREAORUPEKF Y Vthet i oSr-e, Ahot TRAdltexcel | ent
3 optical characteristics are required, but also it is required that the
t hermal coRBEEE; ¥F 43S RF b9y RUsRd 3R §AVeRiNT arfe elRstadet this requirenment
it as required that the thin filmbe uniformin both thickness and
conposi t i oRENEHESIvikemrhaefHiertivi iy useddese i areftlieat iuethél m or a
sem -transm ssive reflective filmin an optical recording nediumis to be
formed by tHbesputéeof ngheretidod toeuenubéttdtee CorRpeshtipn e tafget and
the crystal orientation degree ratio are controlled as in the prior art, it
is inmpossible to surely obtain a thin filmuniformin both thickness and
conposition and able to exhibit high réflectivity and hi gh thermal
conductivity required of a reflective filmin an optical recording nmedium
Therefore, it is considered necessary to nake a further inprovenent of the
target. The present invention has been acconplished in view of the
above-nentioned circunstances and it is an object of the invention to

. . o Y e 1 - - T



val ue of the equivalent area dianmeters be 50 wnor |ess. The foregoing

"average crystal grain size" is determned by the foll ow ng neasuring

met hod. ~ Tn an optical m crophotograph of 50X 1_0 100X, plural straight

| ines are drawn between edges of the m crophotograph, as shown in Fig. 1.

From t he standpoint of determ nation accuracy it is preferable that the

nunber of straight lines be four or mare. The straight |lines may be drawn,

for exanple, in such a parallel crosses shape as shown in Fig. 1 (a) or in

such a radisgl QLN E - 2= Next he .nuytber, n, of grain
8 §R§9@V§ﬁ?htﬂé e f%ﬁﬁfﬁ#tpﬁ51é%anyg, etéUr%%}f?

boundari es preseht on e stral I'nes 1S’ nea ~3 Further, an
fromthe foll ow ng expression

average cryst rai ize,, d, I eterm ne

(3) and a ﬁ%éﬁkengéaig %b?QJFQiﬁ%9 %9%3ﬂﬁ%e5§§tande?erﬁlﬁ?ﬁertraight
lines: d = L/n/n% ., %3) where d stands for_ an average crystal grain size
det er mi ned "PR¥PEHENBEF AP 3HE PeHe Nadesttandsic i lpheclengr Bs dfo one strai ght
line, n stands for the nunber of grain boundaries on one straight Iine, and
m st ands f && 1¥&gni fl%aﬁﬁ’{ﬁﬂzleﬂh@iﬁgr eyonngttemptsrufoxritst dimprgvamansi ze" has
been determ ned by observing five or nore arbitrary positions in the visual
field of arfophivafihinctbsrepalsd X% tecH@Xdandtcal sl bdwng,ain terns of
a equi valent: area dianeter, the grain dianeter of a maxi mumcrystal within
the range ekr3@tnuseastart obahing Alkhiy suakh birekdsveFher { @y e0qipg "average
of . equivalent area dianeters of 'the silver-aa.loy conmpounds present in

grain boundakn@seandhoragiysidl p @i dtg Q&@XgﬁggggeEQE lped by observing
five or nore arbitrary positions in the visua ield of an optical
m croscope : 0X. jnQ, J g _of _equi val ent area

rlre Aﬁ&:llggﬂ\éﬂ)ﬂ 139 O@f‘lféﬂ'f?éj nt% Vﬁp{@:ﬁ,}tﬁggﬁg L%rnrg%t ofS ¥R as a

di aneters, Such conpound phases presé€

total of a Lsual ] t er mning.a nean,val ue thereof. Further,

t he " nmaxi m:%# égéugko%b?hgf%%taﬁ%ta%ﬁﬁelsarrgjg %ﬁlgr"f‘éf@?%c afHe Ahe i ver-all oy
conpounds" represents, the equival ent area di aneter of a maxi num conpound
phase withisﬁ“EESIéFSrEééﬁatt%?%‘ialr%ﬂ&r a®0 enfip In TReTRRREENht dkePent i on

al so specifies a nmethod for producing a silver alloy sputtering target

whi ch sati §PRE&1PARICPy St BP ng%ﬁuQﬁi(ﬁ1ﬂ?éséhﬁbémPQDEWQenﬂTuf met hod
involves as an essential condition perform ng cold working or warm worki ng
at a wor ki R§TFrasiterote5084 ancg0%rahd wibseqgrentbynpey f OrIvitg heatt t r eat nent
under the conditions of a holding tenperature of 500 to 600C and a hol di ng
time of 0.P% pduBahogiemerbs bteimiddramsitheeyralpoyospiktiald g kar get
having a small crystal grain size it is reconmended that the above heat
treatnent. Abe ®arrtCed Oal at, arholNdi,ngd,enper aiurey afus02800C and a
holding time within the range of the follow ng expression (4): (-0, 005 x T
+ 3.5) ~ t i8cfeBs@loX dlecBiic rxesidehlvimieic@uEedt Bpdend ad QY digeg
tenperature (C) and t stands for a holding time (hour). BRIEF DE§CRIPTICN
OF THE DRAYHNGS Fig. 1 illustrates how to determ ne an average crystal.
gra;n size of a target froman optical mcrophotograph; Fig. 2 illustrates
the’ range of heatqt ‘ |t i £l in the present

i nvention; Fig. %niP%ﬁéﬁ?ﬂ%efﬂ?ﬁgggggEhggégﬁﬁggaéiﬁgﬁénegyifﬁFﬁan-ray

di ffracti og.met;nodg_ S orientation strength of target obtained in
Exanpl e 1 ggéoﬁg?na 534?ﬁ£ %ré?%ns;%%®§ﬁfﬁgﬁ;a 8910 afhoy

sputtering target, the silver alloy sputtering target
containing 0.1 to 2.5 ét% of gold to prevent a bad
influence caused by oxygen, etc. present in a gas
atmosphere during sputtering and further containing 0.3 to
3 at¥ of copper to suppress a decrease of light

transmittance caused by the addition of gold, or a



Fig. 4 illustrates the results of neasurenent, by the X-ray diffraction
nmet hod, of crystal orientation strength of a target obtained in a
conparati ve exanple described in Exanple 1; Fig. 5 illustrates content

di stributions (conposition distributions) of alloy elenents in Ag all oy
thin filns obtained in Exanple 1; Fig. 6 illustrates content distributions
(composition distributions) of alloy elenents in Ag alloy thin filns
obtained in Exanple 2; Fig. 7 illustrates content distributions

(conposi ti i i j al l.ements_in_Ag aJ.loy thin filns

obt ai ned I%ﬁ%{%&;ﬂ% Ogial Iét?s rogtlgg Engﬁﬁbén?org??ﬁjirk%tai c?r’rgver
(composition_distributigns) of al]oy elenents in Ag alloy thin filns

obt ai ned iﬁaﬁﬁﬁp?réggfoé? gS.OJQJ ialricijé%lpﬁeé"s e@%ﬁ?@?ﬁi H RFTHRG dhe
(conmposition distributions) of alloy elenents in Ag alloy thin filns
obt ai ned i hl EX@hpFareet anel the Ffayespddi praspraiessal | oy el ement cont ent
distributions (conposition distributions) in Ag alloy thin filns obtained
in Exanple 7. BESIEIVEDE FOR JBARRY¥ISNGPOUT 1 FhiEd | DivENTW N JT e tehes ent

i nventors have made studies fromvarious standpoints for the purpose of

obt ai ni ng Bpslivetieah |Ny. SNO0C-23983 St ahget (Aayibelssderd ed k@ rSioRply as
"target" hereinafter) which can afford a thin filmuniformin both

t hi ckness §Dﬂv§9”§9§$§’i§¢h@6’eﬁﬁi~!§tt%&ig@9. WRder +t he %?%/ees{?d‘@h%@%Qn

circunstances. As a result, we found out that controffing the c¢crystal
orientatio t t Y5y icularl ffectlv d acc i shed the
present i n?/%ﬁ%i oﬁgf)nﬁﬁﬁgé asl Sp%.get tsﬁjgtt%fefﬁalsngsg%e&r eg% e%’?_hg crystal.
ori entatiop. e is.specified,in the present invention will. be
destri bed g%ﬁ%mﬁ?nf%éﬁéﬁﬁ.arﬁizﬁ, Y ﬁPFﬁéeﬁﬁgge%?giB@%%ﬁ?%ﬂF%ﬁ?%%§gan

essenti al %ﬁ difion that wggn crystal orientation strengths are determ ned
at four ardBrir®YCpostty ofst it N?aFggtcﬁySFﬁé KEFREH § [Afad@irdftet hod,
the orientation mhjcg exhibits the highest crystal orientation strength
(X,) shoul 3% R2¢fe? sEHEe 2N HRF 3D b a s Gr8RERE e poRd t Hsh T Wasied
specifically, in the present invention, the orientation which exhibits tree
hi ghest cr9stePsabieentatish atU2. 24 cangekei snnberwpeet & Ipiadef i ned, but no
matter which of (111), (200), (220), and (311) planes may be the

ori ent at i oPr &xht &t iomgdedredigatast off yidlall) enRen) ptf (2a0)strength, it is

al l owabl e, provided it is necessary that the orientation exhibiting the

hi ghest crystal Dmith atdsm wgtarengt thhe fhensasened ¥ypwhearbitrary

measur enent positions. If the orientation which exhibits the highest

crystal orspataérbng sheegd hid uddiisst he seanet abn QUL s BFditdALLFBasur enent
positions, the nunber of atons which reach a substrate at the tinme of.
sput t er i ngf DERONRSDVINI & Or 4N dri-a 1D Fibal g ah_raaer@@@hwl&ﬁsﬂ lexlafhpR@SSi bl e to
obtain a thin filmuniformin thickness, yt is preferable that thé

Mt ELAﬂS?*@E%Eﬁ??ﬂ%‘?“?%ﬁ?&%fS’"@?& %ﬁ‘é?}%;ése"i %ff%ttrnwr}é ﬁs}:%?ﬁﬁﬁ at
strength ?g??gg%éf?y)é% {Egééggfilig ﬁ?&ﬁégggcﬁgé AP Dri%ert &85 strengt h
(Xa) and ! Reeseeood O ONRSE Grastale Ak eULaLLon SILEDEH (), be 20% or
transmittance, so that importance is attached to forming a

thin film having a more uniform thickness. In case of

using such a thin £ilm as a reflective film in a next

generation optical recording medium, it is required that

the heat generated by laser power at the time of recording

be transmitted quickly. Therefore, not only excellent



This is for the follow ng reason.. Even if the orientation which exhibits
the highest crystal orientation strength is the sane at arbitrary
positions, if variations in strength ratio (Xb/Xa) between the hi ghest
crystal 11 orientation strength (X;,) and the second hi ghest crystal
orientation strength (Xb) are too |arge, the nunber of atons reaching a
substrate at the tinme of sputtering is apt to be non-uniformin the
substrate plane and thus it is difficult to obtain a thin filmhaving a
uniformthickness, It is mare . preferable thgi t.he ahove variations in
strength r%ﬁ?hFﬁé RALaFLerdsEics pre; REULbERD i ALi%nd tak& within the
specified range at arbitrary positions, the second hi ghest crystal

ori ent at i oFeSEieedt thaXmhadhesaaldicpndpeht vbey veemnigasor erdnhigosi ti ons,
but it ia preferable that the orientation which exhibits the second hi ghest
crystal orikmhineon Sor eegththXb) rbeulhenaand tati sf gequireaduriementhe
positions. because the nunber o:C atons reaching a substrate becones

uni f or m notigigasily wadidieren danpbeheash kynobt almekanddyiifibhl m uniformin
t hi ckness. If the crystal orientation is thus specified and if the grain
di ameter of silveugr yadal snandntifessige;0fqsid Vﬁm@l‘&%‘i‘%@”@ﬁmd ¢ Present
in grain boundaries and/or crystal grains are controlled, a thin film
uniformin_b s thi ss. .and iit.ion.can. be forned hy sputtering.
Thus, thi s°| g&g? e'\mera es.ss%r er%gg%%i%fl};’gaﬁhfﬁi Jfrt‘)ie'lslj‘ p?perEf%ec gblI f’%gf'n%n
average crystal grain size of t t et be set at 7.00 mor |ess 12 and
a maxi num %?éﬁ‘f%l -5 gif%?t?]e sfiozré“etcﬂgﬁ’e%;‘%bépgEFe%‘cn%dﬁftb&% G§VehedS, with the
targft sma||] in the average crystal grain size, it is possible to easily
form a thi RRR| THIRATHotR i9F 17 itaEseds 2aAd tRe ePE YRTAY qrdesititécno i nprove

t he performance of an optical recording nmedium etc. The above average
crystal . gP@PRes| ¥atie arefwrdiolles dgniortheserior myte pitefierably 50 ~m
or less. Even if the average crystal grain size as |00 ~mor less, if
crystal granpesseibientd ysumrlge dhtadnaretbinaf elpreseftrm timeboehul ting thin
filmis apt to be locally non uniformin thickness. Therefore, for

obt ai ni ng &hiokhesal amécormfiasy edi wmiwhbie tocakhideiterighation in
performance is suppressed, it is preferable that the crystal grain size of
a target usedléotioftyngnd Hiym thHdrahe c3d8Buct IR DIy k- BA/S R¥ERTAg a maxi mum
nore preferably J.50 dun or less, still nore preferably 100 ~mor less. If

silver-al | eyrrospOvEdsi Bl eirpraeﬁeiytiicalg&@kez-éﬂu@%dﬁﬁn.angf@fef?ézy
grains of a silver alloy sputtering target, it is preferable to a

control thetsizecghsiher LOMUNLPRRAIES mafhesS %ﬁgrtfﬁ?fﬁﬁéﬁeﬂg %Ee
conpound phases, the nore preferable, because the conposition o e

resul ting %Hgntgiggkgasily becones uniform In the case where the site of
13 t he conpound™phases is represented in terns of a equival ent area
dianeter, it is preferable that an average thereof he 30 ~. un or |less, nore
preferably 20 ~n?%? PERyT \ﬁé%%ﬁ%lPﬂe 8578°%}F ??ﬁ?%ﬁ%ﬁ%ﬁfﬁdiﬁhgé%ﬁ is 30 ~m
or {ess, if_ap extrenely |arge conpound phase is_present, a discharge
condition 8f gBGt?E?Yﬁ‘ %EF%éheq(?Hﬁ%?@ﬁﬁaﬂﬁgﬁa%W% Hnd-§ 27peB3REs Affficult

to obtain a thin. filmwhich is _
the invention to provide a silver alloy sputtering target

;al
SO

which is useful in forming a thin film uniform in both
thickness and composition by the sputtering method.

The silver alloy sputtering target according to the
present invention is characterized in that when crystal
orientation strengths are determined with respect to four

arb-trary positions by the X-ray diffraction method, the



uniformin conposition. Therefore, it is preferable that the maxi num
conpound phase be SU umor less, nore preferably 30 ~mor less, in terns of
a equivalent area dianeter. It is not that the present invention specifies
even conposition of the conpound phases. As exanples of conpound phases to
be controlled there are nmentioned Ag~I Ndl, or Ag,Nd present in Ag-Nd. alloy
target, Ag5lY" or AgzY pxesent in Ag-Y alloy target, and AgTi present in Rg
Ti, alloy target. In order to obtain a target which satisfies the crysta
orientation specif.ied abaove, it.iis preferable that cold working,or warm

wor ki ng béo%%§ﬁ'%§f%ﬂnw o ae%bFE?§§ %g?i léhe%ﬁ%5ﬁ¥$% ~°FﬁePﬁéglon

manuf acturing process. Wth such a cold or warmworking, not only it is
possi bl e tRTEHIER Wol di igtBapsItmtatalihe Jipuongaprsement shRp i al so a
wor ki ng strain is accunulated and it is possible to 1 ~I attain a uniform
crystal oriehtHdtorvaniatdongstial skzarobh ratiteXkuBsedieanteehe&bet r eat nent .
If the working ratio is |less than 30a, the anount of strain applied is

i nsuf fi ci emtghsst tdratstAvenriiehtheabnt seatngtt (X5 )penbotnedséheieafter,
"there occurs recrystallization only partially and it is inpossible to
fully attahigiestidofgnaar petiaht@rient atiOAgtht (1,5 Brefgeabbe t hat col d
wor ki ng or warm working be carried out at a working ratio of 350 or nore.
On the ot ngsahigftherd ddis 4RI Bger abkOoexgeeds 10% <t hecFeplyptal | ization
speed in heat 'treatnment becones too high and also in s case there
eventual ly var.at| LN _cryst orientation nmore,easily. Preferably,
cold or Watr%&vxgt;}fﬁ ﬁ%fl?eyt%gﬁrﬁneggééf’ g%hzlib\l/\ggkﬁﬁ% %’eaciolnode&flg §§¥or | ess. The
working ratio ns_[(the size of materjal before working - the size of

mat eri al a?’f%?g%agr% t/atecﬂré’nsisfér%g%hat(%ﬁi &e B ‘or’émﬁof"EiF@? 50900 (%
(this also applies to the followng). for exanple, in case of forging or
rolling a.?ﬁéghi?mﬁﬁ§rﬂﬁ%ﬁq%ﬂnsrnto a plate-like product, the plate

t hi ckness may be used as the "size" to calculate the working ratio. In case
of producing a plft e pebiacions tin uweenigth cptindiXed,) noeewéal thehe

wor king ratio cal culating nethod differs depending on the working nethod
adopt ed. Forgksshptrysial cadendttpenf stnength otXyj) ngndr tid secald i ng whil e
applying force in the height direction of a cylindrical material, a working
rati o can heglteserqd etk rementhei ght sefehben cyt j ndriGalasrmt-as hak before
wor ki ng thickness of a plate-like materiel after working)/height of the
cylindri cainneterial ldeimy emanoreki. Ngdr ¥s ¥a 0B A1%ntlat 1688t knpesd ofd ng
forging or rolling while applying force radially of a cylindrical material,
a wor ki ng gétéanoey bel Wetergpered cbr epuk (dharet &y ¢foihe ogy! bgd%&a'
material before working - thickness of a plate-like material after

wor ki ng) / dk apey edi of rd e oy hithokC 8haMBt RELA! v DRIOT euor i pg) X o200 (a).

The cold working or warmworking is followed by heat treatnent under the

condi tions @feﬁbgﬁxt'@Qx;qqggﬁgtgk%w%EPSQgetglgggg:%%ggﬁﬁﬁplding time of

0.76 to 3 ﬁours. such eat treatnent, i e to attain a

unitformcr j entat.iqn..lf . the | di ng tenpetature . is |lower' than
500C, t he %?%%’Ltr%%‘ﬁ?e%fue%ﬁﬁh r‘écfyasrpcgﬂiq]e‘zgitﬁ%ﬁ bé&SﬁSEH%&‘}% while if

t he holding tengerature exceeds 600C; ) the recrystallization speed becones
hi gher, anBFFFRTREIR & SPEitat Foh2t hthd o iie SHF SRR brPeditsiqnd n, the
recrystallization is pronpted at a portion where the anmount of strain is

| arge, thusSnBRFEEIRCY £ Ne&br t therat s df e minesr arcrsehrteryahiat i on,

which is not desirable. More 16 preferably, the heat treatnment is carried
out at a ©f the following expression (1) or (2), assuming that at

the four measurement positions a maximum value of (X,/X.)
is MAX(X,/X,) and a minimum value of (X,/X,) is MIN(X,/X,) .
Then, of the absolute values, the larger one is represented

in terms of .



tenperature in the range of 52U to 580C. even if the holding tenperature i5
within an appropriate range, if the holding tinme is too short,
recrystallization will. not be carried out to a satisfactory extent, while
if the holding tinme is too long, recrystallization will proceed too much,
making it difficult to attain a uniformcrystal orientation. Therefore, it
is preferable that the holding tinme be set within the range of 0. 75 to 3
hours , For making crystal grains fine, it is preferable to carry out heat

t

treat ment under ongi ti o] i tenperature of 500 to 600C
(rmore preferabl J@dﬁt’m\%é %ﬁé’r&ag‘ mfgmgxﬂi me it ther ange of the
follow ng expression (9) c (-0.005 T+ 3,5 < t< (-0001xTte ...
(4) where T st aﬁﬁng(Eib/gahéA%EI(Hi/ﬁg) féﬁﬁ)“éf&(ﬁﬂe (O and2) stands for the
hol ding tinme (hour). In the range of the above expression (4) it is
reconngnded tgailﬁgkﬁ mmaﬁeﬁgbﬂﬁgﬁobetEQtsNﬁﬁ&ﬁrﬁhﬂay ﬁangeeépégified by the
follow ng expression (5). Preferred ranges of the holding tinme and hol di ng
ten}[)er at ?rgaio%'et hz_?_:ctteai7 15r§g et@'; m:?g'; pﬁ&esmﬂmvérgrtjlﬁ[rg.tf.sfa(c-:i.@;f%OBlﬁél -cli_ + 3.75)
< t < (-0, X + 7. .. ere stands for e hol di ng
t enper at ur €of &) t ot thad andsvieegtherpol gi ngrdinmes iFowhbullinpkhe g esent
invention, other conditions associated with target production are not
strictly dghi dethedUitaddic bAARknCaRy DL, OOLA NP, JOInBXaBPLE pb8 L he
follomnrghnanner. A@cgrdlng_to one o rfpo ende lge;hp s,ds!lverballfyd t
mat eri a in re rog.n co siti,qQn is ne and is subjecte o]

g fedd %ES gkagg %éT¥ﬁ§t f¥15§§§r§?nﬁ6F£

casting to obt ai f Igot'. "Thereaft nece aBrk?ng' such as hot

forging or_hpt rolli is rfornmed for the inapt. Next, cold working or
war m wor Ki ﬁﬁgéﬁél%%’a{%%aﬁ t fSFE‘eBe?Yo?%WﬁtﬂHesr ttaﬁ@eitogé&ﬁi ng
conditions, followed by machining into a desired shape. The above nelting
of the si |%’r?%W\g@l%g%ﬁ%ﬂsw-beP%frfeCU&;PrahYnogﬁhéchC%‘Ft?%g’ii n, a

resi stance heating type electric furnace or by induction nmelting in an

i nert at moSpheee. aPY TP hardndaltrEgebxtii b t 81 BV HiGH loxy §enpeBRadi lity, so
in the case of atnospheric nelting referred to above it is necessary, for
prevent i ngPBRFeRE | Bh IR heunseaéesr gnekeentryite luswaingraphi ie crucibl e
and cover the nolten alloy surface with flux. Fromthe standpoint of
prevent i ngpbgienthbn, that iesyrveflendbbeet hat amet ¢1ngp heheorndupbeddi n vacuum
or “n an inert atnosphere. The foregoing casting nethod is not specially

limted. Nohad8s b&MY |Gadd NG sFAYNDELEOREe HiSGA i GiHAtOL RaiARRI te nol d,
but al so sl ow cooling casting which uses a refractory or a sand nold may be

performed gp)gengditind ddatyd1eaG! iR Wat Bnthersidyefo 3l @y material does
not occur. Hot working iS not essential, but for exanple in case of making
a cylindrical shape $dd&QdJLCtangl Al Nafakhe ggkgegigg’pkgte-like shape,
there may be perforned a hot” working such as hét forging if necessary
However, i f.i Y t-he .war ki i i ot rki.ng be set

Wi tpi n sucﬁeggfgﬁg?;@y p%é%ﬁosllgﬁéu i ﬁ%ggu%%%gpeééﬂrlﬁé]ﬁed%ﬁdaﬁg ratio in

t he” subseq - | A i Py~ Thi Sy 1 u i_f. e cold

UBBLcaol Ml OBl AN B9 ShRPco TThoy ! HARGANSR LT L

wor Ki ng or S not "carried out actory-extent,

tallizati t d due to i fficient strai d t ual
Crystal or FAESLFoR Tee T Ry GAORR, POy AR 1 CoMP B Bar or fFng & hot

wor ki ng, other conditions are not_ specially limted, but there may be
adopt ed cofi BHPibﬂaklﬁor inJTP@n%E?afEﬁ¥eEé%ﬁqiqﬁadeﬁﬁrpénﬂEé??able that a
prelimnary experinment be conducted prior to operation to determ ne optinma
wor ki ng andC585PCYréEth%ﬁ@r%ﬁﬁﬁﬁQMeoﬁga§otE§ renbel O tHeakiohd AkBeanount of
all oy el enent used. The present invention does not specify a conposition of
t he target bebdPuropr obeEs ni Fget RErehglyet l et Mdredealbsarnioforit is
recommended to use the foll ow ng conpositions for exanple . As noted above,
t he target exempddi njh $och he grrddrtl creentsosh@oayd Sowal LiveFigs a base
material and any of the follow ng el enents added thereto. Preferably, one
or nore of jtlae tel hg%thgaéI@ydieglerg@l@b? ﬁéemqﬁféi__: 1 at@) esani ng atomc

ratio, also in the followng or less 0 ich"is effective i n making the

crystal grat [ f the,gesiy id Lo EE] L tabiLltzipg the
thin filmaos E’I‘sltﬁﬁgétf,“’ Tof “gradd BuhBaBiby! JrLL O eog{r]%f}]l%e?élﬁ%%%h?e, 9.) Y
whi ch exhibits the same effect as Nd, 2. U at%or |less of Au which is
effective in inproving the corrosion resistance of the resulting thin film
2.U at% ox ,less of Cu which, like Au, %al so exhibits the corrosion

resi stance inproving effect, and other elenents such as Ti arid Zn. for
exanple, inpurities attributable tp the nmaterials used in producing the
target of the present invention or to the target producing atnosphere nay
be contained in the target within such a range as does not affect the

Y oy o 1 - T . ——



target may be changed in the :stage of design as necessary according to the
sputtering apparatus used. Exanples] The present invention will be

descri bed below in nore detail by way of working exanples thereof, but the
invention is not limted by the foll ow ng working exanples, ) and suitable
changes may be made within the scope conformng to the above and foll ow ng
gists of the invention, which are all included in the technical scope of
the invention. Silver alloy material: Ag - 1.Uate Cu - 0.7 at% Au

Manuf act uri,ng _met_hod: a the present_inventi | nduction nelting
(Ar atnns&ﬁ 8) *2 EggFﬁ%ﬁ%?iﬁg%%ggkpﬁfé gﬁa%ge%fgg §£i§§§h695ﬁ -y cold
,rolling (working rati,o 50%, > heat treatn 920C x 2 hours) chining (a
di sc shapé&%60 #ﬂldﬁaﬁeﬁfr lﬁﬁﬁtﬁfew) be Egﬂéﬁé%ﬁ$\ﬁfﬁ§§ﬁﬁﬂQ? Nﬁgﬁction
melting (Ar atnosphere) -~ casting (into a plate shape with use of a nold)
~ hot rol |angg & pelan ¥§ lgearis obfpengdufs8omODr: Vidtkeher ¥ & if ®Bral- heat
treatnment (50CGC x 1 hour) ~ machining (a disc shape 200 ?1 mm dia. by 6
mm t hi ck) skhe irgdgulltiineg :t argets were each checked for crystal orientation
strength in the follow ng manner. The surface of each target was subjected
to X-ray diffraetizon, /at/nf our, arpiytrary positions under the follow ng
conditions and crystal orientation strength was checked. In the Exanpl e of
t he prese |, Vventd N S i,pe a u I s shown
nF g 3 R 6 T Gear a6 A o fhor o e B A
measur enent_ resul t . i.n Fig. 4. _Fkro h surenent_results there
wer e det er#ﬁo eso%eorslatzrnatslgﬁw;r%l&hi %I tsi%ﬁadtshgotﬁi gﬁgspg]g? tat Y5 entati on
strength (X~,), and orientation exhi biting the second hjghest crystal

ori ént at i otF 1r‘ﬁ'ﬁ’gtlﬁ-l'(E)(u)I) We&pri %1‘Fh8u§’3ﬁ6 Hﬁnﬂ%?“gsb 1&Rriations
in strength ratio (Xb/Xa) between the highest crystal orientation strength
(x.~) and AhensecdirrHhjhdsiner podam sitpadeatprsntagnbhgentiom) were:

determ ned at the four neasurenent positions. In the case where the
orientation exhithe ifiugedeeirhi glestimuny st stadr igeratiat isdredt riengtdednXa) i s
different at the four neasurenment position s 'the above variations are not
det er m neddqttdrnsined & mdsderwiage Adivieh otrheoexaapbésrahy chofdt i @ve .irX-r ay
Diffractoneter: RINT 7.00, a product of Rigaku Denka. Co. Target: Cu 22

Li ne vol t ages vk LfnE S w1 ent (op2QQamAnSeanriagespeedox 4 noGanpl e
rotation: 100 r.p.m The targets were al so checked for netal structure in
the foll owiflg fRNACTat AEUDIE S @0 E8uiWaXch® APLX 40 pIR yRS obtained

fromeach of the targets after machining and an observation surface thereof

was polis t he S ed gh:an. optical_J croscope
magni fyi ngﬁg?) %Itc:ae%oad?rgr@ e‘reosf,\ganér%gﬁg\%g\gr"arg%g? PﬁgﬁLﬁaéh%ijae% nog% for
average crystal;, _grain size and XL opum crystal grain size in the manner
descri bed %@d@%.alnatﬁg%géOQE ﬁ#gﬁgééﬁg}c£%%£€$Vation, pol ari zati on was
performed as necessary in the gptical mcroscope so that crystal grains
cou}]d be observeth®akty8a0 e ra¥arese obf FHeVaresem? idiarabrEsl, Next,
usinhg the targets thus obtained, thin filns having an_ average thi ckness of
1000 were $5r¥ee Dhlveytabkos wapaieshariasgnd dpagseér beundathedhy a DC
magnetron sputtering nmethod [ Ar gas pressure: 0.267 Pa (2nforr), sputter
power: 1008Wd/stbstystel t @rpiaisit uhes beem ferpenated &y cHwrvinigt h respect
to each of the thin filns, filmthickness was neasured successively at five
positions fiom an mhde ofriadtedby tpayit ieard rial thieneisthe Fesuditsf Zan
obtained are shown in Table 1 ("Di stance fromsubstrate end" ) . Further,

Wi th respegpriaeagiicebstbige tdf nLdok s WY, enta1@usbiipyl i eAStefnal | oy
el ements were determ ned successively froman end of an arbitary central

i ne of a grSeahiv@1bit Nabbs T AET O SURRYT ARindN oia 6 BY E;Lgé&geal ysi's

met hod ( EPMA) ere were obtained such results™as shown | Table 1
A lenlollon stal, Grain_SizoFil m Thi cwnHSS sl ki bylion .
Ch) Ot ont SRTERERnEBE L FRBSErE0m § Dions et 21 S0k B 1Pfsual £1enas,

and determining a mean value thereof. Further, the

“maximum value of the equivalent area diameters of the



_exhibiting I hoSecondcrystal _ ~ , pvcrafl Max Distenee fre~n ::uh:lrole ena
(nm hi ghest crystal ihighest t lorientationt th tia ~. on orientatcrys as
reng ra o--slrengl horientation(k) umpmto 30 60 90 110strengt hExanpl e or
the present(qll) al ell 1hs(110) al alllh9 10 51 104 9D0 g050 1000 10z0
9BO0i nvonl i ont our poeilionsfour positions(111) al Iwo(Z20) al

t woConpar ati vepo:ilionspositions, 120 297 360 11Z0 890 00 1060Exanpl e(220)
al two(11t) at |woposillonspositions Fromthe above results at is seen that
if sputtering is perfor i,ng I whi | Sf4 t condi tions
defined i né q%eeﬁs)raggléjrf ﬁ%%l&é)n?‘fign, a("t %re%%l&‘st Sogﬁgi %%%igajt%‘ftn ars}i%laver -al |l oy
filmwhich,is Lgﬂ;(gfﬂg n thicknes% giséribuhlqp qq %ﬁECh can_exhi bi t

stabl e chaqla%?ee Tsticd A HHE &REROGY t%]%a'ctar St : tﬁgoﬁ%%%
conpositions Fig. 5 shows that there is little difference in conposition

di stri but i FEDetREER tHe 4 Fpl e of the present invention and the
Conpar ati ve Exanple, 24 Silver alloy material: Ag - 0.6 at%Y - 1.0 at Au
Manuf act uri ng métfodr eseEtanplendion hel e exesiti fipsent mefihvdcied i nduct i on
melting -3 casting (produce a cylindrical ingot with use of a retold) -~
hot forgi nrdguothr e & slvdr atl loyO08ERther kingtaagato wBAcd) satisftesd rol ling
(working ratio 50% > heat treatnent (550C x 1.5 hours) -~ nmachining (into
the snme shape @sys e BExanre ak)ionCdapar abed ealfxenpl ehVagdtmadd nducti on
melting ~ casting (produce a cylindrical ingot with use of a nold) -~ hot

forging (pioebiCees £ adh alsHRGa1WRBKENYI bRt O fOMiry RRAW Lberingnt (400C
X 1 hour) --~ machining (into the sanme shape as in Exanple 1) The resulting

targets wege K260 Sheeked 10T, GLyghal 95&%‘?&%@6‘-'1]. J engt 'an'ﬁn the fol [ ow ng

manher and there were 1 determ ned orientation exhibiting the highest

crystal or] i r . ri.entati i.biting t nd

hi ghest cr%gﬁggﬁﬁ%g%%ﬁnéﬁgﬁé}ngéﬁéR§€h %gffgﬁéggﬁgﬁgafﬁéfigﬁEQ?Efgggength
ratio (X~,/ Xa) beiween the highest crystal orientation strength (Xa) and

t he secondoﬁi%;hlé%ig\ﬁ??s?%p%?ﬁ%é‘ﬁteapﬁoﬁgggr@ngﬁ%@%Xﬁlj‘geﬁ RN WFasur enent
positions. The tar e{% were al so checked for netal s;ructure in 2525 the
same way a&'Ph aﬁp 90 PHE -si FeroRf 1 R Watesital chsedt f¥r ei n,
silver-alloy conpounds are present in grain boundaries and crystal grains,
and the | a?BUbFe¥iRd corptihd PHades RAILENBEXER MM BdlZEOM NgS manner. An
observation surface of a sanple simlar to that used in the nmeasurenent of
the cryst aregPamPAndedethpls Hi iadwee ARatwascabesnis iy aaradedoontsatt abl e
etching with use of nitric acid for. exanple in order to clarify the
profil e of achapding, teheesatfurr ofad0desce i bEfCabnied hdbdiayplimenas
observed at five or nore arbitrary positions through an optical mcroscope
magni f yi ngwi®binotROOr ghaeret£rihe theddowduovekenéssaidra di)anmet ers of conpound
phases present within the range of a total of 20 nm- in all visual fields
and a mean val ue (theoesfx mas dahegntned(- A mo xdet er gi ned .was (&) equi val ent
ar eq di aneter of the maxi mum conpound phase in the total visual field. In

the case whgeeel t kcafibftsnld H diegoaBhEerhBEr£OMROURddPRaseanddie above
optical m croscopic observation nmay be substituted by face anal ysis

(mappi ng) u4gi-ng EBEVAiARdt gmdeabudl ue and a maxi num val ue of the conpound
phase sites may be detérm ned by the conventional inage anal ysis nethod.

The results obtained are shown in Table 2.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates how to determine an average
crystal grain size of a target from an optical
microphotograph;

Fig. 2 illustrates the range of heat treatment



Next, using the targets and in the same way as in Exanple 1 thin filns were
formed and then checked for 26 t hi ckness distribution and conposition

di stribution Thickness distributions and conposition distributions of the
thin filnms are shown in Table 2 and Fig. 6, respectively. Table 2
OienlalionOienlelion ~rialions inCy~lal GamBi GCom~ p tunrJs Film

Thi ckness Disiribulion (~:)exhibitingexnlbhlna crystal C the higheallhc
acoond orientationcrystalhI9hesIstrengthA‘ ~Max, Aw~oMex. Di st ance from
subatral e end ( ~| Y~ tat ntat n =ri tIon Ilostren I h

gst rengt h(%*§ :Vﬁﬁﬁfﬁ BE& %Ib Hﬁh ff at ah(110) al al
present | h~ IourIheIour|tddgy37689951D409951015985|nventlonPoRlIIon5poe|I|orh
Conpar e(Z20) a) Pid-( £t BF1USFratsesi bas mee§bify [fd measurement, by t
four281152G635@9651t 108859D51065Exanpl eposi ti onspogi ti ong From t hese

resul ts itXisapedif frteattilop sptbvdri of arystagetomiurdlatdani stresgthe
onditions specified in the present invention there can be obatined a thin
silver-alley 4itawdetvidnFadned iar Bxhfp cknesscabsiimigoiiol ameapde sapabl e of
exhi biting stable characteristics. Reference to Fig. 6 shows that if the
crystal grahfestZenof a target is set within the range preferred in the
present. invention, there can be formed a thin filmnmnore uniformin

conposi tion di Stﬂriutd qruéu:ﬂ% akhgyrg% §8Ed Alf fdlsur@ndndt epPldire 0.5 ate

Cu Manufacturin present invention Vatuum

| nduction gelLlng, sz £ASH ewadu 2, Prybloy SYINATGAl Logatypi th use of

a nold) -~ ho forglng pro uce a's ab a ng ratio old
rolling (worLking ratjo heat treatnent (550C .x hour, a. machi ni ng
('nlo" The Shne CrEget eetatnsh il 8 sphean "§+\é~?.wr@<‘-§nﬁeéc\‘9a%aawnduct. on
melting -~_casting (produce a cylindrical ingot with use of a nold) --~~>

heat treatﬁ%ﬁ@P%gobC X 1 hour) > machining (into the gane shape as in
Exanpl e 1) The resulting targets were each checked for crystal orientation
strength in the Bigre el lastirgtEragpneent agbs it ineise (¢emephi hiban
orientation exhibiting the highest crystal orientation strength (Xa),
orientatiodiekhibutioms) hef sddond eliieghass émy&@a&lknyeﬁhnmﬁf@hmstrength
(Xb), and variations in strength ratio (X'/X;) between the hi ghest crystal
ori ent ati onbstaieadt in (Megmalred it;he second hi ghest crystal orientation
strength (X) at the measurenent positions. The results obtained are shown
in Table 3. Furthed, @siligsitretledr gehseanddi ittiensians Wwaymasshioifxanpl e 1
thin filnms were formed and checked for thickness distribution and

conposi ti 0Ridicsi bhPUGAIN: o HIGKIL S el BEEI thA@n§1 1AM @S k0N
di stributions of the thin filnms are shown in Table 3 and Fig. 7,

respectivebyrs2Beg TAPEEamb1 lallon Cflcnlallon yarlallonsCryshI G ain
Si ze Cowpoungg FF n#hlcﬁﬁégs slrlbullon (A oXhlbiting '~ 'cxhlblllngin

cry?tal Fig. 7 illustrates content distributions (composition
” distributions) of alloy elements in Ag alloy thin films
cbtained in Example 3;
Fig. 8 illustrates content distributions (composition
distributions) of alloy elements in Ag alloy thin films
obtained in Example 5;
Fig. 9 illustrates content distributions (composition

distributions) of alloy elements in Ag alloy thin £films

obtained in Example 6; and



- for metal struc

t he highestthe second bi hral 9 orientation Avereg a Max. Averag Mex.

D sl anee tram substrate end (mjcrystal t |strengthaorientationa crys
orientationratiosiren ihstrength( YWn!Jmtm t mLO306090110E7r anpl e of (111)
al all(1t0) al nilthe presentthe toutthe

| our 1164713325399010309Ef 01D10990I nvent i onposi ti onspositions(117) al (220)

al hvot woConper al i vpositionspositions ' 2tt 56v 76 14 97D 770D 8A0 91D 1070a
Exenpl a(220) al(t71) allwotwoosilionsositions Fromthese results it i.;
seen that by sputtering, a target which satisfies the conditions defined in
t he present invgﬁﬂioﬁotﬁg}%sEéhF?ﬁa & ( ﬁé&nﬁngrﬁpﬂgi??ver-alloy fil mwhich
is uniformin both thickness distribution and conposition_distribution and
whi ch can déshirbbutdeasl dcenapatt ton sty Ludiiegsdi ApeRdak i H9Y ettial s of

t he conpositions shown in Table 9, targets were produced by various nethods
shown i n tfiénsambtkabhkd andExamplewete nmeasured for crystal orientation
strength in the sane manner as in Exanple 1r further, there were determ ned
orientation exhibiting the highest crystal. orientation strength (Xa,
orientation exhibiting the second highest crystal orientation strength (Xe)

. and var igdoORpoEn k! eAFRDTRA! b (tord Xluitresen the hi ghest crysial.

orientation strength an e second highest crystal orientation strength

(Xh) at the neagurenent 79 . posjtions. The target u e hecked
?g‘FepirﬁsFﬁg %8]9@“{(7\% S asa‘fenhg&aerrﬁﬁgléﬁf\éﬁﬁgoé. {,%g}(%%sct he
targets, thin filns m%ge fgrned in the,sane manner. as.in Exiggle 1 and were
Fs '

checked f Gt FoREFBAS &Nt ¢ ¥ioR dtFFobtidh. In this
Eanple, t he eval uation of film Thickness distribution was made by

measuri ng SAUTHaHink fesged dmayi pe poEPYT Mt S uTiEwddi @6l y §a%fitan end of an
arbitrary central line of each thin filmto determne a ratio between a

m ni mum f itenaaiins Wridha caaxpAfiardi & nFin ddnlds sindfeammiim Pt

t hi ckness/ maxi mum : fil mthickness), and when the ratio was 0,90 or higher,
it was detterin ek g heatd tdeanphislitibhi bknesst wasisybstdent ithlel gbameform As to
the conposition distribution, it was determned in the follow ng manner. In

t he case afiert v eididueitadldegy Y isdNg 5i weefoand one dhdoy el enent
contents of the alloy conponent were determ ned successively at five

positions &sormau ey afe &y yarhilt bagyneepisrl of itee afargetthivasfi | m and the
conposition distribution was evaluated in ternms of (m ninmum content

val ue/ maxi i oo en Meddie)ivef, the akkeMpel ef@ntchd pridiengase of a
ternary silver alloy conprising silver and two alloy elenents, the
conposi tiopy, di st pull ahas S¥alkuatedsi B: EIAF. OlrneM-ALEYM sRPtaN 30
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 orientation 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 orientation

10



val ue/ maxi mum content value) of the alloy elenent exhibiting a m ni num

val ue of m ni mum content val ue/ maxi nrum content val ue) out of the two all oy
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 table 5. Table 9 Ra n No Conposition (at'~)

| ngot Shape Hol Working Cold Working Ratio (96) Heat

Tr eat ment 1Ag0, 9%CuPl at e- 1 i ke- 50520C x 2h2Ag- 0. 4%Cul. 096AuCyl i ndri cal For gi ng

700C, j ti. 9 1 Q%QQQ%S -Q,.5 - 70550C
(1 haAg-\SP;%%%bg%J&%ﬁ? %g??gg}lﬁ%r%l ng ( LJ(‘?@.‘E \%o’or B?ﬁg%g‘%}&%oo 50550C y )i
h5Ag0, 896Nd- 1, 096CuP| at e- | | ke- 5 1h6Ag- 0. 596 | 'i ndri cal For gi
(700G vor ki hgt Fat 14 000308508 2h ag. 2 B9BF B0 BUPI AL e- || keFor gi ng.
(650C, worKing ratjio 25% 60550C x. 1 h 8 A-%g 49%Cu- O, B¥%Au Cyl i ndri cal For gi ng
r

(700C, worRFhephatich 3o9htbREEPEN§NE 00T WordG ¥ erlaPr 6 ©8h3k 1 o0
Ag0. 890Nd1. 0%Cu Plate-like ~ - 25 550C x

1h10Ag- 0, 5sBReR @t I50ZC)iS rdidiowablker ghrev BBDGEL Lkorecrgseayi Bh&D% ~6D0C x
1h The rolling tenperature represents a rolling slant tenperature 31 ~~
Ec omE ' the.ortentetNan exhiki@ing, tiwe dg ghGt~ cr ys®BD00OpXationa O eroa
cUWwvuUzzr U~-ZE E0o mv~' SE EN~ E ~~ Ed~m~~0 ~,ormcc . C_ ~ro-~ Go COd O o,
oC strength be the same at four arbitrary measurement
positions. If the orientation which exhibits the highest
) crystal orientation strength is thus the same at four
arbitrary measurement positions, fthe number of atoms which
reach a substrate at the time of sputtering becomes uniform
in a substrate plane and thus it is possible to obtain a
thin film uniform in thickness,
It is preferable that the orientation which exhibits
the highest crystal crientation strength be (111) plane,
because it is possible to increase the film-forming speed
at the time of sputtering.
Further, it is preferable that variations in strength
ratio (X,/X.,) between the highest crystal orientation
strength (X,) and the second highest crystal orientation
strength (X,) be 20% or less at four measurement positions.
This is for the following reason. Even if the
orientation which exhibits the highest crystal orientation

strength is the same at arbitrary positions, if variations

in strength ratio (%,/X,) between the highest crystal

11



GEo~u. .c ~. .~VIC 7InVv>1f7iii110 apl a E!'7 m C. N/Nma QDI 1dn~N~ " 1IN NCy_

.WN. E~' w~, c~71lmmr ot ~n~v~ alAro jo)mm NNc ~ ¢ ,Q..~ror-(,S ~mc 'c aO
"yco~0 obc~~ N~aC~~ NGL V) aC’ly) aVvl VV61VINVI~II, Ny. f C~~
~C~~O g C &C=CgdgLco~am_c-c_?009-,Rg6l Q- & ~~ OyTC
~ 010 ~fO Nle z gtE ~~IC~N~~~~Ay,, ~~NOs~I! O~~ O
HOaa~%$a4" ~' a€tmx~ ,y ,sssosssr a ~ Sr-8 vvVbvmm~ co~o000 ~ a ~a '.s a

af ~-bDSO~a~~fqg s ~.~ e~~c~~ca - O Zo nLC ~m ~H10 ~16

orientation strength (X,) and the second highest crystal
orientation strength (X,) are too large, the nqmber of
atoms reaching a substrate at the time of sputtering is apt
to be non-uniform in the substrate plane and thus it is
difficult to obtain a thin film having a uniform thickness.
It is more preferable that the above variations in strength
ratio be 10% or less.

) If the above variations are within the specified
range at arbitrary positions, the second highest crystal
orientation strength (X,) may be different between
measurement positions, but it is preferable that the
orientation which exhibits the second highest crystal
orientation strength (Xb) be the same at four measurement
positions, because the number of atoms reaching a substrate
becomes uniform more easily and there can be easily
obtained a thin film uniform in thickness.

If the crystal orientation is thus specified and if
the grain diameter of silver crystals and the size of
silver-alloy compounds present in grain boundaries and/or
crystal drains 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 pm or less

12



~NIE ~ ~10l 4N To' ¢’ ~~~a~g~ ~isO~- ~'eas a-,--~ -,.. Q~V U~ , 7 CFa, N
o~az2p~yno, WB~o UQmw_ N o~U~~ ~~7ra-~1~vu

7v, oou7M/, mu~~cRoQc9cDr n~~' a~a~a' ~aab ¢ z..nMWO .eam~ mc 0 0 a mS mDn c
d NO,ioCvtLare G.aLNcOCa~-,C0cNcOA N The follow ng
can be estimated from Tables 4 and 5. No. in the follow ng 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 form.ng thin films_by the sputteri,. t ho re were

obt ai ned t‘*rﬂd;afilrlarzfﬁs1 fc&yr%tiah Bﬁ?xntméin@é%recﬁf;%rei”%&tti gﬁ %QQ conposi tion
di stribution _and capable of exhibiting such stable characteristics as high
reerctivFFy]éﬁ§'excelIent thermal conductivity. It is seemthat in the
case of a target wherein the orientation exhibiting the highest crystal
orientation strdldthh the tprpett pBakhnd! ath¢ RYFGRe FESGAREnBRE Posi ti ons
and the orientation exhibiting the second highest crystal. orientation
strengt h (349e,i sitaliso pdss iddme tat eabhalfofie tmeastiriendhitlmpugifponsint here i s
obtained a thin filmnore uniformin filmthickness distribution. In
contrast tiercdds a8 teveNeuadliyopblesiBle theymglowotcheati sfy the
conditions defined in the present invention, the orientation exhibiting the

hi ghest cryst - &N 10D o3RGt RebXRUihE A1 ddle SAUTE fhedddowd the
measur enent positions, variations in strength ratio (Xb/X~) between the

hi ghest crystal orientation strength.(X nd_.t cond hi,ghest crystal
orientatio v%ﬁ??ﬁmﬁﬁV?S&b U 5?38,l%ng%?ﬁgr%?gg{gfLa}gfnlgﬁ € is also
large, so that all of thin film obtained are not uniformin thickness
distri buti’?)?lr%rﬂr%%@rﬁﬁ}%li’firgoon“ﬁi S&rit66fron and the exhibition of stable
characteristics .referred to above cannot be expected. i Silver alloy
material: Ag - EEhtl NPe ayesagee CEYSMAAUPERIUIrTIFE st HIF: HBLOExanpl e of
the present invention Induction nelting (Ar_atnosphere) -~ casting (into a
pl ate shapke§ft hifiservital moiadps. exgasenedl| | agat r ot |9ifiedtedr @*fenper at ur e
650C, working ratio 7099 -~ cold rolling (working ratio 50% heat treatnent
(500C x 2 posEelt, Sthechs siiigne tdiisc fé%apéSZQP)t nee diea.ldeeld ynienhi ck)
Conpar ati ve Exanpl e Induction nelting (Ar atnosphere) -~ casting (into a
pl ate shapeniféimuse Oiickmadsl) Thehefordplfompl{tadhlinggast aptitahperature
700C, working ratio 90a) -> heat treatnent ( 500C x 1 hour) machining (a
di sc shaper208rainglimedbym GwHoBd Nicele)l Taeectresubtidng imngatfdrmenheeneasur ed
for crystal orientation strength in the same way as in Exanple 1 and there
were deterpknedppréentdf i pn BxHhifdnellthenbt ghest ceysdialgrerinertaki on
strength (Xa), orientation exhibiting the second highest crystal
orientati ogeStr ( 3 rj-ati I £Rq St 0 - X))

bet ween thgfh%g ggéggrég%%JMﬁ?ﬁﬁﬁ?ﬁ#ﬁ%thﬁpeﬁg%ﬁ %igghgﬁgg%%é¢%§gond

hi ghest crystal _orjientation strength h) ,at e nmeasuy enent itions,

Furt her, t ée a?gefsmaﬁ%%Q%hé%ﬁga SFQEE%AS %%?uc Lﬁ%:qﬁfﬁfhgtggze manner as

in exanplem%renge%g§g££§ 3&5%hP%g-%2%s§hown in Table 6. ;3 4

If silver-zlloy compounds are 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
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Using the targets and in the same manner as in Exanple 1 there were forned
thin filnms. The thin filnms were then evaluated fox thickness distribution
and conposition distribution in the same way as in Exanple 1. Thickness

di stributions and conposition distributions of the thin filnms are ;shown in
Table 6 below and Fig. E, respectively. Table 6 OientationCrysl:rl Gain
1, Com ounds PFi|l m Thi ckness Dislribullon A ( )AlenletionVariationx

I ngi ?e, cxhl biling the highestexhibiting the secondcrystal orientation
pvenB_ Max,.~ Avar r.. . Dist I trata d _( ~~9h
8~streng|n5%3 %ﬁ%ﬁﬁﬁ%ﬁﬁ&ﬂ#ge rﬁgg%gP%ggégfggs]?éﬁaﬁ& Ofng)%QU§$£ﬂen€

S renAl h(-) pryrp, 103060901105 guple, of (A1), €1, Ar(220) 2l 3 radt e

f our 122D50~B: i 5A7010201020t 0309B0i nvent i onposi ti onsposilionS(111) al

t hreen20) &0 pm or less, more preferably 20 um or less.

t hr eeConpar ati veposi tionsposi tions25' 1D03004d80Aa01100920990900Exanpl e(220)
al one(111l) at dEneposif ithypodizei o th¥acompdend pheses est avign 4411 )

exhi biting the highest crystal orientation strength at three positions From
t hese resuléssjtifsaseentdmatly flaageatgrpouhdsghasd als sirfesehtiy easati sfies
the conditions defined in the present invention is used in sputtering,
there can hesehhiphoedoaittidh Yl weitakkodgf it mpaviddbadtel hasmabhé ckness
distribution within the thin fil msurface and capabl e of exhibiting stable
charact eri shisce: FELERENE 40 e 3 3BPUSn! hatnider qmasichi o8

distributions o argets obtal ned according to the present invention

are,nore unifarmthan_in the Conparative Exanple._ Sl .alloy. material: Ag
s at v B5B e  P R E T Sre P 2B R ot e
present invention, Vacuum induction nmelting ~ castin roduce a cylindrical
i ngot wi t hth€eM8¥iRWpF PN, Rhasgstrngl( #HoeT %ﬁﬁ%ﬁ%@“ﬁatio 35% . ~ hot
working (rolling start tenperature 700C, working ratio 35% ~ cold rolling
(worki ng r 8FF&e5BPLlH RRakmtPRdsfent ipsseEms af 52 hetitkyalent g¥ERi ning (into
the sane shape as in Exanple 1) Conparative Exanple Vacuum i nducti on
nmel ti ng > €asPPRBT¢produce a cylindrical ingot with use of a nold) ~ hot
forging (650C, working ratio 40% into a cylindrical shape) -~ heat
treatment (400C Xtiisowe) weethitdiin®resand theerbhen siRAE fdesi aAvERanpl e 1)
The resulting targets were determned for crystal orientation strength in
t he Sanme wapmpssihiBranpl thd eonpdirnet phases . deiererargd esr cént at i on
exhi biting the highest crystal orientation strength (Xa), orientation
exhi bi ti ng cohposaedoptzhieghestbergstaloldridenhat koar stmeangitdnedX, ,) , and
variations in strength ratio (Xb/ X, ) between the hi ghest crystal
ori ent ati omggNENGih APiNd wrekdiite iseragrtichgbegt tLx st alaQ, erirat i on
strength (Xu) at the neasurenent positions. Further, the targets were
checked fomngyetgtesdkticing -y aiheysaapgsBNNEld a5 1iN peeaepkesn lagnd 2. The
resylts obtained are shown in Table 7. Using the targets and in the sane
manner as if Bxagpl ealgkhin ?6 . films were formed arid then evaluated .for
t hi ckness distribution“and conposition distribution. Thickness
di stributions and._c itLo | Strd ians. nt i he ip fdlas are shown in
95, guHa> £b.5’b%ﬂ #a&‘été‘d%@ VOIBE/CB £ \El;én%éé R

Table 7 and Fig. iespective enl a icnlallon

Vari ati ons J.0QS" a1 & 2L0: $hoGRIPAUIASEILT, Thkokoess. FEshibkhen (4!
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



h iblcxhiblllIng the- ' ~*~~ -t ng t e exhcrystal hiaheal socond higliesl
orientationAvera A Mix. Avera 9 Max. Distance from substrate end (nmcrysta
sl H cslrcnc~l haaoticnl ut %on7 orienlallonratiosiren

t hsirangl h(~7") Frnpnt er npnr 10306090110Exanpl e of (111) al all (220) ai allthe
present 1ho | ourthe

four 142570~5a5pB010a010101030970i nvent i onposi | i ohspositions _.'(111) al

| hrea(220) sl

t hr eeConpar af i,voposi ti.onsposi ti ons27902503573950110 K 0105 npl e(220)
Al onel1n B LA oRenB SR DN RBEF R bre NATTGRY G fon oPTYAC AL f bR (L)
exhl bhl ng the highest crystal orientation strength at three positions From
t hese resulnt $het supssaEgnthheabytTpRERSing a target whose metal structure
satisfies the conditions defined in the present invention, there is

obt ai ned a thinlgi lcher wakkopgf rhbieni§ oread thset B9%hi Chaessowhttef buti on
and conposition distribution and capable of exhibiting stable

char act er isstdz0% =PpiMed akl eyisuBfeciaht, Ag -tHhty atvdnTii fMasatact uring

met hod: Exanple of the present invention Vacuuminduction nmelting -~

casting (WGt O LidiFozakal BAOk e ELd USEndile BBdkd) -~ hot for ging
(70UC, working ration 37 25% ~> hot rolling (rolling start tenperature

650C, worKkin i10 .40%.- ~ I b i.ng srati %12 at

Creat mont (Rao S ™ SR BRF b ALy Eid P Rt e BFE )
Conmparativ anpl.e Vacuum.l.nduct.i on lting. ~ casting,.(produce a

cylindri cafu%%g%)tgﬂltrh auélé‘lgforg‘ %Vﬁ}gﬁ %%Ja(%ﬂfarte%[%}fen?t(gaoc x 1 hour) -~
nacpining into the sane shape, as in Exanple 1) T%égftiiobtaine intthe same
way' as in BepIE ke Verdd #eaSured<ABP eF yEREF MY Bttt o2t r&RgPHt and
there were determ ned orientation exhibiting the highest. crystal

ori entati ot s? redigting XAt icoGfedtat PEnmekA bidy tget REReECBARhi Hhest

crystal orientation strength (Xb), and variations in strength ratio (Xb/X~)
bet ween t hehdighesing ryestial exdedisal/Pédn She engery (bad)l izad iohe speednd

hi ghest crystal orientation strength (X~) at the neasurenent positions.
Further, tie héadgetSeamisnhichecicadsFaboneigh shd uctsw ein rhilse caare nmanner as
in Exanples 1 and 2. The results obtained are shown in Table 8. Using the

targets anghéfet HeeSaiEL MR A1 RaliaRbaslif hthyétd Monigme skabred and t hen
determ ned for thickness distribution and conposition distribution.

Thickness distribyiiens P%Qefi%m?@i LboA & S hbWdons ok st Berthia films are
shown in Table B below and Fig. [0, respectively. 38 Table 8

O o She BRI R Ptz BeTLIgKene DL LT ery. 1o
Ave ag Rv aghi Fﬁélwggking ratio means [ (the size of material before
working - the size of haterial after working)/the size of
material before working] x 100 (%) (this also applies to
the following). For example, in case of forging or rolliing
a plate-like material into a plate-like product, the plate
thickness 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 working ratio

calculating method differs depending on the working method

adopted. For example, in case of performing forging or

15



hest~rlenlalion c Max. e Max. Dislanee from substrate and
(mmcrystal gsl fcngl hcrystaltiorientation orientationra ostrength

st rengt h(oho) N, ~Nm ~Ei nNn.030609D110Exanpl e of (1i 1) at all (220) al alltha
presentt hef our| haf ouf 12205015309B5105010051025975i nvent i onposl | i onsposi ti on
s(111) el two(Z20) atConporall vepositionsthree PosilionS 200 800 50 130 955
1110 B95 905 1055Exanpl e(220) et two(111l) al onepositionsposition From
these results it is Seen that by sputtering a target whose netal structure

satisfies t condi ti.qgns_defined.in th res % g can be
obtai ned &% ﬁ?%nkveg ﬁPngl??r%ﬁ{ﬁﬁfgr %%éﬁh@ ﬁyéﬁﬁ dﬁétrrbutron
and conposition distribution and capabl e of exhlbltlng stable

char act er i @t idsinSa, mésﬁﬁéasrI%ewo%ﬁngrqﬁﬁ%9wC§Ps 8f SEherRYMRIbsi ti ons
shown in Table 9, targets were produced by such various nethods as shown in
Tabl e 9. Tieom ht&netquréxtsaﬁethanﬂeh@értwlamﬁﬁredi begff pherespecnd to t he
targets thus produced, there were determned orientation exhibiting the

hi ghest critsiciiness erft at baatetithgthat{eed)al arfitent abrkhnexihdighingf he
second hi ghest crystal orientation strength (Xb) , and variations in

strength rgtd %ﬁ&{d&a.t)calzetnré@ealtbeb@fcgr@s,toﬂrﬁ@tlalx Qobeniati an strength
(X,,) and the second 39 hi ghest crystal orientation strength (Xn) at the

measur ement ; QO # i rkybNebrgihg éerﬂ@tﬁﬁw&ﬂt&esﬁggyte
structure 1In the sane mannér as in Exanples I and e resuIts obt ai ned

2 Shovn HufER e 0 e et sgel s and e e iey 29 b, Eearel

1 there were mere t he or thickness
di stri but d t di t.h

ol o 4. 95 EHE ST (1B EhgbEL P f'rr@z%'rﬁ”yolsvﬁ%raﬁat@ B & ot
Wor Ki Wor Ki t |1

(9b) T cat ne%ré,ﬁéd«qr%nse; t%g hESEnAT TSSO ka2 trtiabor Py (7poc

wor ki ng rati o 5D96)

1hZAg0, 490t % %932(/ @&ﬂ%@rofnahpcaviﬁmﬁﬁﬁl ERIGE L Ao PREAGSr ati 0 359') 150
mmdia. -~ Rollin 7D0C,,workin relio 35%%55gDC 1h3A9. O. B9' Nd. 1. 0, 6CuCast

i ronCyl i ndwdrai®y BRorlfiIng %) 700C, working ratio 40%

The cold working or warm working is followed by heat
treatment under the conditions of a holding temperature of

500° to 600°C and a holding time of 0.75 to 3 hours. With

such a heat treatment, it is possible to attain a uniform
crystal orientation.

If the holding temperature is lower than 500°C, the
time required until recrystallization becomes longer, while
if the holding temperature exceeds 600°C, the
recrystallization speed becomes higher, and if there are
variations tn the amount of material styrain, the
recrystalliﬁation 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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2d0 mmdia., ~ Rollin 700"C workinu rati o a5h6560DC 1h4Ag. O, a/ Nd- O 6\WCu

_C3raphile Plate-like 30 mB IRolling (700C, working ratio 509 _4055DC ~
1 h5A - O BNd- 1. 090Au ACo ppcrPlalell ke 50 nm Z RoltinA (60DC, working ratio
60 h) 40 50DC 2h6/~. O S%. 0. 5%ZnCopper Pl at o-11i kc2 5Forgi ng (7D0O"C, working

ratio Z0~) gD nm~ ~ Rollin 650C workin ratio 35%%555DC x 1 h'rA

0, 8%r1, 1%u gGa rile pCylindrical 150 mmdia.1l Rolling (65D C, working
rati o SDOE) 50 550C X 1, 5h8Ag- O A/ Nd- 1. D¥CuG aphite5~ mmk1.5255 "'- rCx 1
M Y £ %%SJZ“@?@ enﬁk'%%éﬁﬂe 80 dmpdicgy Qu@Rgk! ing (6S0C, working
rrtlo a5 ﬁﬁ |ng tenperature represents a rolling
start tenperature 90 %~ @y r ppmEaoa, o, 000, odOr o_ ~N
Vvcd Aemperatuye jin g e>raEge>®i 52 EQ é88 ENE v~—~ " ~ ~nNONLI 1Q0a

,E~EC._" ccr~x ~00100-0LC1Cx | ~ , o
Even if the holding temperature is within an

appropriate range, if the holding time is too short,
recrystallization will not be carried out to a satisfactory
extent, while if the holding time is too long,
recrystallization will proceed too much, making it

) difficult to attain a uniform crystal orientation.
Therefore, it is preferable that the holding time be set
within the range of 0.75 to 3 hours.

For making crystal grains fine, it is preferable to
carry out heat treatment under the conditions of a holding
tenperature of 500° to 600°C (more preferably 520° to 580°C)
and a holding time in the range of the following expression
(4):

(=0.005 x T + 3.5) £t £ (-0.01 x T + 8) .o (4)
where T stands for the holding temperature (°C) and t

stands for the holding time (hour).

In the range of the above expression (4) it is
recommended that the holding time be set within the range
specified by the following expression (5). Preferred
ranges of the holding time and holding temperature in the

heat treatment are shown in Fig. 2.

(-0.005 X T + 3.75) <t < (-0.01 x T + 7.5) ... ()

17
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where T stands for the holding temperature (°C) and t
stands for the holding time (hour).

In the present iﬁvention, cther conditions associated
with target production are not strictly defined, but the
target can be obtained, for example, in the following
manner. According to one of recommended methods, silver
alloy material having a predetermined composition is melted
and is subjected to casting to obtain ingot. Thereafter,
if necessary, hot working such as hot forging or hot
rolling is performed for the ingot. Next, cold working or
warm working and heat treatment are performed under the
foregoing conditions, followed by machining into a desired
shape.

The above melting of the silver zlloy material may be
done by atmospheric 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 molten 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

18
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only casting may be done using a die or a graphite mold,
put also slow-cooling casting which uses a refractory or a
sand mecld may be performed on condition that reaction with
the silver alloy material does nol occur.

Hot working is not essential, but for example in case
of making a cylindrical shape info a rectangular
parallelepiped or plate-like shape, there may be performed

) a hot working such as hot forging if necessary. However,
it is necessary that the working ratio in hot working be
set within such a range as permits ensuring a predetermined
working ratio in the subseguent cold or warm working step.
This is because if the cold working or warm working is not
carried out to a satisfactory extent, recrystallization
cannot be done due to insufficient strain and eventually
crystal orientation is not rendered uniform. In case of
performing 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

19



ro ~-NVvecd z ~ z 2 z > > 2z > _~vENcoOENEV—~" ~
~mMNON1l 1Q0a ,E~EC._ "~ c cr~x ~00100-0Cl1OI~ T v uC&ovopopE n~ ~

_D = r~~awavma~cc ialrvrvrv~-rv ! Naa~xo ~'i 8 |~ ~ .,~__C~_~~~~n<~vaus -~z
VECH~ _v~-~~~"-"71 . 0 ~~~~NNiC. O~"Cy '0o0 3~~300 5mo ~
c~~-ma.. ~aa-'d" '

it is recommended to usze the following compositions for
example.

As noted above, the target according to the present
invention comprises silver as a base material and any of
the following elements added thereto. Preferably, one or
more of the following alloy elements are added: 1.0 at$
(meaning atomic ratio, also in the following) or less of Nd

) which is effective in making the c¢rystal grain size of the
resulting thin film finer and stabilizing the thin film
against heat, 1.0 att® or less of a rare earth element (e.g.,
Y) which exhibits the same effect as Nd, 2.0 at% or less of
Au which is effective in improving the corrosion resistance
of the resulting thin film, 2.0 at®% or less of Cu which,
like Au, also exhibits.the corrosion resistance improving
effect, and other elements such as Ti and Zn. For example,
impurities attributable fo the materials used in producing
the target of the present invention or to the target
producing atmosphere may be contained in the target within
such a range as does not affect the formation of the
crystal structure defined in the present invention.

The target of the present invention is applicable to,
for example, any of DC sputtering method, RF sputtering
nethod, magnetron sputtering method, and reactive

sputtering method, and is effective in forming a thin
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silver-alloy film of about 20 to 5000A. The shape of the
target may be changed in the stage of design as necessary
according to the sputtering apparatus used.

(Examples]

The present invention will be described below in more
detail by way of working examples thereof, but the
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:
@D 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 (a2 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 70%) — heat

trxeatment (500°C x 1 hour) — machining (a disc shape 200
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Ta ~mgio~m~Te ~~O'"~pl ",~yreieios ~~r- o=Ei,N’'\NN\Nv Eil QU U C-
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Z~Nf ~7~N10!~aD01 ¢ 0 .N O 0. 41 L fO v~ Table 12. Using the targets and
in the Sane manner as in'exanple 1 there were forned thin filnms while. Y~
were then evaluated for thickness distribution and conposition distribution
in the sanme way as in exanple 9. Tabl E 11 RuCasti ngNoConposition

(at % Mol dCool i ng Spes; dHot Wor ki ngWb ~ ~AHeal Treal neNMal crl al | nAof

Shepa(oC~s) ~1Ag-0Q.8 -1 aphll ePlete-1ike0.9Rol ling 70%600C ~ 2, 5h40
mm ~ 'ZAQKQ g gcﬁﬁcfg%ﬁﬁfZCylindricalo B . 65DC forging 20%R0l | i ng

80Wbfi 00C 2h90 mmdia. w3ag.0,9% Cu.l.O" eAuSIeeI llquf§§0|llng
70We550C . o 75R28 ﬁﬁﬁu'laAQGDt%%ﬁt% YISOFE<Tp ﬁPFE |%‘EFh°c‘”e\f
dia.0.5 ~700C forging 30yRolling ~0%50 C ~

1, 25h5Ag- @ramt@tgmatapngtboymﬁmuw@@mwaﬁgu ngt 180,515 £3R61 | i ng
55%550"C w 1.25h150 mm die. 700C rollin 30 % (total

60%) 6Ag0. @ )Y zehe@ aphi tebljatted | ke X -grODCifokktagnf 859 ®ROf | i ng
109850 C i hd0 mm . 7Ag- 0. 89%N\d- D, 9%CuSend nol dCyhndric: 11 D_p7DOC f orgi ng

35%0! | i NG REUERRRG okitabhemiha)0then fih Blowingd conNilNiofhk &hdE Eo' d
ao~cu~nmoE~ E ~o0~o0~a; r nnmr COOoo0OODc o0 OEa~2UZZUZVE EO U WyNd S N~J N O ~ ~

EEdONE&Gy&H I srifrA&itn strangthl w90 ked~~In the Example

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
there 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 (X,) and the second highest crystal
orientation strength (X,) were determined at the four
measurement positions. In the case where the orientation
exhibiting the highest crystal 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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Line voltage: 50 kv

Line current: 200 md

Scanning speed: 4°/min

Sample rotation: 100 r.p.m.

s

The targets were also checked for metal structure in
the following manner. A cubic sample of 10 mm x 10 mm X 10
mm was obtained from each of the targets after machining

) and an observation surface thereof was polished, then the

sample was observed through an optical microscope
magnifying 50 to 100 diameters and photographed, then was
determined for average crystal grain size and maximun
crystal grain size in the manner described above. 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 centxal line. The results
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- _ O0~c~c.~0~c-C~0. O_0OdCc ~ j~Qm'al0 NNE NAIC ~N Ha ~N O
"~ N~:2~QXxTn nTa ¢g $~hTo am.c"
odUQUUQUco, a~oa, norn, o0~O0vz~zzvzd~~~Ea oro0 ~ n a aa~c ~WNnvrt1~-DN O r N O
aaNLt~ CNWCO'GVIAdt mLO rLaQ Q The foll ow ng can
be estimated from Tables 11 and 12. No. in the follow ng description
represent Run No. in Tables 11 and 12. No. 1 to No. 5 targets satisfy the
conditions defined in the present invention and therefore when they were

used in forpng thin_ filns by the, sputteting, metho t obt ai ned
thin fi1nsChRRFREM FFE bOTHT rﬁ%&ﬁ«?ﬁ? 3 S PPEr s, %r?&‘ %gl%%gg?%?on

di stribution _and capable of exhibiting such stable characteristics as high
reflectivi 8pdahd high thernmal conductivity. Particularly, it is seen that
if not only crystal orientation but also the crystal grain_size of target
and sil ver-al | oyFeorppundsi P esspecitn tgr apak bolindt i nafd 18fystal grains
are controlled to within the preferred ranges in the present invention,
There can bhenfentedishiibfiiorss nofr eluwiyf elemient $ ek el edingnedbut i on and
conposition distribution. In contrast therewith, No_ 6 and No. 7 do not
satisfy theueesdsivenyg dedhned dry tdfe pr esbitrényetdntarelaridneldfod the
resulting thin filns are not uniformin thickness distribution and
conposi ti og;idistikBUthen ANt Agini RX HBistcraRe Oby t &g f-0F8g0i ng
characteristics cannot be expected. 45 INDUSTFXAL APPLI'CABI LI TY The

Present | NeRLLOat 960 REENES ebaapyaboRe DY, prO iR A arget whi oh s

useful in formn I'n silver a y fi ormin both thickness
di stributiagn ang conpgéi&ioy d%ftri ution by the sputtering nmethod. A thin
si | ver-al | 67 M P8r fB8 By ? he*Sputtering method using such a target

exhibits S#pg stabl e characteristics as y high reflectivity and high
thermal cond®di ity and when it is used, for exanple, as a reflective fil

In-an gptical [recordingigel um such as a sem -f_r a”SFﬁIn‘mn%n'.,%(&imEu%ﬁ {Q?Ct ve fil
in DVDlof a one-caheie tjwemiingyee| vsifinuietiUfe or 4 reflective Trlmin a
. neloeri R , .
next - ggner ati onegfieiieal fEtor di if ;gedwq?udrmas an eb&gt fRdanandmiel | eqtive
filmin a refllectgn typewquJw@qmwy°*"1 th-sptay—t+t—+s—posstpte—tp—Furt her
i mprove the perf 8PRRnge “Blorsuch "B | dctunve fun | rB 10 dan VWHAT | SecCLIAI'MED) | S:
1, A si!gcrlqllcy spHtit-eHng—target—eharagt-ereedtn—that
the prosent (M) alahine | (10)al ?l'.“"" 10 51 104 950 1050 | 1000 | 1020 980
invenlion posilions our posilions
(111) ul two (220) at two
Camparaliv silions posilions
Ex:;:h e (2P2°0)' E‘:’:wo (111) a1 two 120 297 860 1120 800 400 1060
posiilons poeilions
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 uniforxrm 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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when crystal orientation strengths are determned at four arbitrary
positions by an X-ray diffraction nethod, the orientation which exhibits

t he highest crystal orientation strength (Xa) is the sanme at the four
nmeasur enent positions, and variations in strength ratio (X~,/X~) between

t he highest crystal. orientation strength ~X,,) and the second hi ghest
crystal orientation strength (Xt,) at the four neasurenent positions are
20% or less. 2. A silver alloy sputterl ng target according to claima1,
wherein the Qr t gt s e cgnd hi ghesg yst al
orientation Sgtlb%%gtg%h?ghgqgt%f% aot r%t ﬁe%f gur ?regs% r@%t positions. 3.
A silver allo %putterl ng t t accord| ng to claiml, wherein an average
crystal graer?%éJl 5111@’“@8?‘?% less and a maximum crystal grain size is
200 ~, mor | ess, 4 A silver alloy sputtering target according to claiml,
wher ei n eqddl Earmpl capbatiie s sans dhveintien- al | oy compounds present in

grai n boundaries and/or crystal grains axe 30 ).un or |less on the average,
and a maxi num valaumuwef inkdecequhveéeningr-eacdisatmyel(srédudd =~ mor |ess. 5.
A nmet hod for producing the silver alloy sputtering target described in
claiml, charasderdziedrigdet hathcakd ot a fmoldaworki RELOForgi iy Working is
perforrred at a working ratio of 30%to 70% and thereafter heat treatnent is

perforned ypdssuddies congdi titongced, a,d0ldiNg drappenal uLe Qf1 H00 to 6DOC and
a holding tinme of U 75 to 3 hours. 6. A method accor di ng to claimb5,

e urEolieAly (AR ra8 1Bo5h Y TA er £, ERAC| EL0RS OF 8 ol di 19

tenperature o a ho di ng tine under the range of

1 19) wnerd ST EDTRREET Y ke s S TPk co) ol o O

hoI ding ti
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a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]cal, " tkadmer X(400°C x 1 hour) — machining (into the same
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cahep¢cda] ta|BXaldle" d))c"ajcal Y !
ISIGIE!N ~1 11O """ 1H#) #####5=3y $$3&Ya%84 xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cEje ajenilddnealteabeal ca ra] €adic adiealked] cakcalgatea] cal caj ca!
BORECEY &E& S p 1(NC()2))))))
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----- } seRkenZhd e ad cadmaltaakhcakaabeal £al €ad aal sl al&g %@]Cal ca] ca] ca] ca
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ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal! MVM NhNNNNOCOO

O g OO0O0OOPIPPPPQY) QcQ QY xsni d_Z] J.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cﬂ']%a] cal] ca] ca] ca] ca] ca] ca! Q Rf RRRRRR4S
[ SSSTCTI T| TTTU?Ut UUUVVWV. V/ VaVbVWVW| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! V) WIWK
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, - | vgkf " [ UnmhbU] cU] ca] cal] ca] caV] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] c
a) caV] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] cal] ca- | mADkw

~ysnhc] XmhbU] cU] ] cal] ca] cal] ca] caU] ca] caU] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca]
ca] ca] ca] calU] ca] caU] ca] caU] ca] caU] ca] cal] ca] ca

& . 1278H NOVW hi | most W{ ~| wgl f a[ VmhbU] cU] caU] ca] caV] ca] caU] ca] ca] cal] ca] ca] c
ay ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca: ;
[\]~ghm{upj e_ZTmhbU] U] ca] caU] ca] cal] ca] ca] c*a] cal] ca] cal] ca] caV] ca] cal] ca]
cal] ca

UV] ca] cal] caﬁ caaﬂ] a']ae{a] ca : ca EJ]lca]_lca]IcPa]th Séalr‘{SQtrF@H‘l %z’f‘%?%s‘j\?énhblﬂ Ul ca
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-} xrmgb] XS] ] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] c
a] ca] ca] caltsd T ol alealechaicatheafocallpe g ananner.
784G Ozeg49[ "yt ni cAXS] ] caU] ca] caV] ca] caU] ca] cal] ca] ca] ca] caU] ca] cal] ca] ca] ca
Ul ca] ca] ca] ca] carajimaifvealioalkoakaat] 68] saddmalcaldr@aar to that
99 23: ?LMIU{ upj e_ZTi c"XS] ] U] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU

]ca] ca used in the measurement of the crystal grain size was.
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MLOY&:' () Phaoes 0¥ ¢ sl 04N -Uhe” S80Ye" &F(3-total of 20 mm? in all -

10% & () -IJLMNOXmb@ ! S#10%ss& ()- 10" 10" 10", < 10% & ()-9Y10% & ()- |,

10% & () - zvi408d &E{Q1ds : a7 memin ZAL0URRREf o f Yy 9 U dmink@ . 10

10S <s10%&' ()-! s)y#10%& ()-1Yz 10%& ()-: rtuvw}”~SH= 10z 10z

10zS' <" 109B&56) d¥t dDRERd Jwd 1 F-eqlO¥@2&nE) aEeal@i’/@ngét(ér IgF t7#10% : & () -

wZ=wU6+= 10f <MLO%&R' ()-! H210%&' ()-F!' C ~$10%& ()-! $10%& ()-!'M

#10%55& () mb#1R0%h | Eofpowed FHaddlOnl@nlOtocay v:sual fleld
(c%<5100/& ()-1° 010%& ()- 9! VF10%& () -1 s#10%[ & ()-

CdEg\ OFf <MLYs10 F1004.& 1 o 0
{ 1ooes: ?) QFC{< ad%\@ﬁ%ﬂs\/l i (])(r) S i %Q‘W%z%%(‘%g)’] &k ﬁ% ()-Y 10%&

bn > SR LS BEE PSR O gen O
Tty o I Khee AT zm@pm;@ o/ b 102 Y
10z"O'" #aB:/ 10zF 109%& ((] 3 109& g“) }0%& %) 3109%& () - 'sy#lO%ﬂd& ()-
3s10% () - rhg#$ §§$§agaiue and a maximul value of’the compound p ase

1OZY 109%&' ().- Y*GLO%&' ()-!8 | (y#10%& () F, &&10%&' () - F9%$z 109&

"109& () - $FRIBRSOPRUEDE %E%Wlfmmk@ he7 covgepyipmal image ana ys1s

10%& () -12109%& ()-10GLO%& ()-I.109& () - && &&&C&} &&&HC 10z

10%&' () - F10®&hEp-3 'E_}M/&re(s)ulatfs]_@%&'a@ped are shown in Table 2.

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

Example 1 thin films were formed ard then checked for
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0, ! 0, -1 0 ! R

éofgggé?()g%§/%%%é§ y A*E%@§£nd co&poslg¥%n d1=fi1butlon
(10%g& () - &10%& () - $100/ & ()--.2.h...... dE:/ 10g
109ys<s10@@@}f&ngiﬂw@%ﬁ?thﬂﬂﬁﬁﬂ§ gnd composition distributions of
410%g& ()-210%& ()- 010%& ()-...% B/ k///xY:/ 10g3s10%& ()-Y
YGLOY&' () - B10%h{) - £ 108K’ {De SIOMR' ()i- FaFlOY& £)d Flidy/ @K0000' 1aB: /
10gF! F109%&' () - F10%&' ()- " 109& ()-3s10%&' ()- 10%& ()-! vyl "10%& ()-
' 1b111282t PaBsécADegly 10%& ()-1f, 109%& ()- ~*10%&' ()-!9F( @
1098 ()-Y, &L0%& () - Y$10%& ()-t2223B33333dE:/ 10 10@10% ()- 9nLO%&' () -
6100 () - 4308 (3 - 210%: () -10° 109%' () -3333' 4° 444xY: / 101

109& () - YGLOYR: O=Y-109&R () - 109k () - 0% ()- 1045=5x5556aB:/
1010%& () -|&10%& (0)|eil§c;]no /&‘egz' Y34Q%E, [ rleBie O%&rm(n) Film Thickness Distribution (A)
Y9100& () - 50| 6BemmiraB: (di 1004 ) Ly #109
109%& () - P& () -"Eer ( %Nesn Jo‘m"’{) et ] TRE XSG vox. 1 080 Eem ¢yswsiell OME. |( ) - F4
109& () - ,2310%& &2@@@ (1) - =®0%R )+ 888888949y 9IC 10" lUV ()-J &R () -
z109&' () - yILOY&! " horae, < 067& () *oog™ 1+ detyC| | * 10
103M0%&' () =mvig &116=)=n ()- sy[o%&] () - [Fy 109&() [, T TO%& ()= [L;
;5 ; dEBC 10Y¥@&0‘d§1@ he (YlF9$ﬂ‘1)%&' )WF"lﬁwﬁwF)JQQO%& 0%5 WY& () -
<R<<<<=dEb[E™rs5 | 1004 10081 (mdl 42008 () - 11 1088

S* 109& () - FREE; :fr%%:—tﬁch% 3109, () r ARIDUK ()3 10410 L Sﬁ}()%& (915 5 Qe
109&' () - 37O (psiiers? EbC

&' ()-F 109%& 3310%& 3- 10%& ORXA
123;&9($'( 7r777Fﬁjééﬁﬂﬁ§%Iﬂ?gﬁhts it 1is leen bhaé)by sputtering a

109 () - Y 1(a)or/q<§LIe‘g)w}rlzc::l-l(l)(yg&;é:zsfileos%%h(e) ng;.g?./i&;.((ﬂ)ls 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. Reference to Fig. 6
shows that if the crystal grain size of a target is set
within the range preferred in the present invention, there
can be formed a thin film more uniform ir composition
distribution.

Example 3

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

Manufacturing method:

Q@ Example of the present invention

Vacuum induction melting — casting (produce a
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distributions and composition distributions of the thin

films are shown in Table 3 and Fig. 7, respectively.
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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 azrbitrary central

line of each thin film to determine a ratio between a

minimum f£ilm thickness and a maximum film thickness

(minimum film thickness/maximum film thickness), and when

the ratio was 0,90 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 & binary silver alloy

comprising silver and one alloy element, contents of the

alloy component were determined successively 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 zlloy

comprising silver and two alloy elements, the composition

distribution was evaluated in terms of (minimum content
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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
‘) R: Composition (at%) Inget Shape Hot Working” Wi?li;lg Heat
No Ratio (%) Treaiment
1 | Ag-0.9%Cu Plate-like - 50 520°C x 2h
2 | Ag-0.4%Cu-1.0%Au Cylindrical Forging (700°C, working ratio 35%) 40 550°C x 1h
3 | Ag-0.5%Cu-0.5%Au Plate-llke - 70 550°C x 1h
4 | Ag-0.4%Zn-0.6%Cu Cylindrical Forging (600°C, working ratio 30%) 50 550°C = 1h
$ | Ag-0.8B%Nd-1,0%Cu Plale-like - 55 550°C x 1K
6 | Ag-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 (B50°C, working ratio 25%) 60 550°C x 1h
Forging (700°C, working ratio 30%)
8 | Ag-0.4%Cu-0.6%Au Cylindrical —Rolling (700°C, workmg ratio
§0%})
9 | Ag-0.8%Nd-1.0%Cu Plate-like - 25 550°C x 1h
10 | Ag-0,5%Nd-0,5%2Zn Cylindrica! Forging (650°C, working ratio 60%) - 600°C x 1h

" The rolling temperature represents a rolling slart temperature
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$1099& ()- $1099& ()-m gK/ 4 $10%& ()- $10%& ()- $10%& ()-c $1098& () -
$1099& ()- $10%9& ()- $10%&' ()-6gK/ 4Y <|*( c"$ $10%& ()- $10%8& () -
$1099& ()- $10%& ()-hL, 4 $10%& ()- $10%& ()- $10%& ()- $10%& () -
$1099& ()- $1099& ()- $10%& ()-gGtd $10%& ()- $10%& ()- $10%8& () -
$10%0&' ()- $109& ()- $10%& ()- $10%& ()-tgGrd $10%&' ()- $10%&' () -
$10%9& ()-$ $109B& ()- $109& ()- $109& ()- $10%4& ()-j N gGtd $10%&' () -
$1090& ()- $109& ()- $1098& ()-Y <|*( c"$gG+4 $1098& ()- $L09& ()-
$10984&F ihms YEOB/EOLMeds 2R ED - evaDIRked ) Lo rg thgarkn ey s &AL i o BiemR () -
$10%9& ()- $10%& ()- $10%& ()- $10%& ()- $10%8& () -

$1098@41(9 -dInipANRROKAA sSTORRRI 6) - FTHAUWKR'eE)- Wi st * (bt Forfkl QYRR () -
$1099& ()-46?@\BCDkO34 $1098& ()-) $10%& ()- $10%& ()- $10%& () -
$1090&: dripo SHEAUWHE st r3BAWVEN ) o PERGH EKGB4Y 17ls* G re" $8own in Table 7

and Fig. 9, respectively.
Tabie 7
Orientallon Cryztal Grain . : :
Orienialion rients Variglions in Size Compounds Film Thickness Distrlbution (A)
exhiblting the ":hs':i:t'r?;he cryslal A
Tg‘;f;l highest O['Ier:'nagl::n ve;:ag Max. Ava;ag Max Distance [rom subsirale end (mm)
orientation wahllll n ralio
sirength erenae (%) m 10 30 60 90 10
sirength Hm pm nwmn B
Example of (117) at sl (220) =i all
the preseni 1he four the four 14 25 70 25 a5 L11e] 1040 | 1010 1030 970
invenlion positions posilions
{111) =l lhrea (ﬁﬁeg:i
Compartalive posilions - . )
Example (220) al one pasilions 27 90 250 35 75 950 1100 90D 810 1050
psition (111) al one
P position

* Variations in orientation (111) exhibling the highest crystal orientation strength at three positions

From these results it is seen that by sputtering a target
whose metal structure satisfies the conditiens defined in the
present invention, there is obtainéd a thin silver-alloy film

) uniform in both thickness distribution and composition

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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$109%&' ()- $10%& ()- $10%& ()- $10%& ()- $10%& () -

$1099&' ()-YZ[\]"_tX44 $109%& ()- $109%& ()- $10%& ()- $10%& () -

$10%&' ()- $10%&' ()- $10%&' ()- _ amzj N. X44 $10%&' ()- $10%&' () -

$1090&' ()- $10%&' ()-Y <|*( c"$z7kO34 $10%&' ()- $10%&' ()- $10%&' ()-)
$10%0&' ()- $10%&' ()- $10%&' ()- $10%&' ()-6kOB4Y <|*( c"$$ $10%&' ()-$
$1098& ()- $10%& ()- $10%& ()-hH34Y <|* $10%& ()- $10%& ()- $L0%& () -

$1090& ))- -$1R00Er ) 115 OV g 334¥t $200REa{)rc SADVRE @rkﬁﬂ@%@:l@

glowmaf() glowm&f() $1098& ( )-el)73 $10%M&f()- $10%0& ()-Y <| c"$
109 109 $1 $1098& W&, ) -
3100/@/%‘0% 3169 ’%%?lf%’i%/él)&’ 10 S tw}‘°< "‘é kffg‘%%&e? ’(‘EEEOW%Q‘
1098& () -
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) — hezt treatment (500°C x 1 hour) —

machining (into the same shape as in Example 1)

Targets obtained in the same way as in Example 1 were
measured 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 Examples 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 Table 8

below and Fig. 10, respectively.
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$1090& ()- 27 Y $109%& ()- $109%& ()- $10%& ()- $10%&' ()- $109%8& () -
$109%& ()-#(-2. 27 Y $10%& ()- $10%& ()- $10%& ()- $10%& ()- $10%& () -
$1099&' ()-267AKUI 1) ?7 $10%&' ()- $10%& ()- $10%& ()-Y <|*( c"$

$1090&' () - UWKYZ[\ t X< $10% $1090&' () - $10%&' ()-0 $10%&' ()- $10%&' ()-
$1090&' ()- $10%&' ()- $10%&' ()-\]~_ aR6t X< $10%&' ()-Y <|*( c"$

$10%&' ()- $10%& ()- $10%&' ()-anwxyz{| kO3 $10%& ()- $10%& () -

$1090& ()- $10%& ()- $10%8&' ()- $1098& ()- $109%& ()-|}~tkO8 $1098& () -
$109%B 4D e B $109%&' ()-$ $10%& ()-$ $10%& ()- $10%W& ()- $10%& () -f F&kOB
$109&' ()- $10%&' ()- $10%&' ()- $10%&' ()-Y <|*( c"$I PO $10%&' () -

$1098@ ()= ST0Y& 1) _SL0V8& () - $IOT&A ) SI0WE [)- SIOWE T1-TTD0
$1090@&' () - $10%ﬁ&ho()-e,gmgj,?4mbn§yn min $100848 ()} STBYWIg () - T Tricknoss Dtibulon ()
exhiblling the cryélal
‘ second ’
highes highesi odenialion | AVEIaS |y, | AVErag |y, Distance from subslrale end (mm)
cryslal crvslal strength c e
origntation orierlyﬂalion ralio
sirength sirenglh (%) pm pm pm pin 10 30 60 80 | 110
Example of (111) at all (220} at all
{he present the four the four 12 20 50 15 30 985 1050 | 1005 | 1025 975
invention posiliens, posilions
(Maltwg | @203
c‘é’:::;‘:l“e (22%‘;”;7’;:“: posilions - 200 800 50 130 | 955 | 110 | 895 | 905 | 105§
i 1
positions ( ll)sﬁil;‘"e

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.

Exanple 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 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 crientation strength (X,) and the second
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4., A silver alloy sputtering target according to claim 1,

wherein equivalent area diameters of silver-alloy compounds
present in grain boundaries and/or crysta.l grains are 30 um
or less on the average, and a maxinum value of the
equivalent area diameters is 50 pum or less.

5. A method for producing the silver alloy sputtering

target described in claim 1, characterized in that cold
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