EP 0 308 201 B1 Descrl ptlon The present invention relates to a sputtering
targetgzfor use in producing a nagEro ee®201iB1 recordi ng nediumof a rare
earth-transition nmetal alloy by sputtering. 5 Such sputtering targets
have hitherto been manufactured by a casting nethod, a sintering nmethod and
a seni - mPee§IYoRet hod. The casting method has i nvol ved casting an i ngot and
machi ni ng the outer periphery of the cast ingot to obhtain a tar The

sinterin BTé'P ?Teﬂd@’ent'ﬁ(‘/éq'%cp E’H ierpef f’?@&fe '“cﬂ"lﬁ'ﬁ‘l’ﬂ%@ magnetoaREG ’W@BQ

and si nt T‘qu gr et The S t|
met hod®i s 1 ° gg%‘% is‘f'e "EH
m has .inv ved 8 machm © 0 er

95788/ 19 grr s?ﬂté? e?gd |II9£§ l‘n t crushlng
intrinsi tl lsthat
(2, 000) pQE@c d‘i .Epéﬂe&iﬂgﬂ'ha eh §peﬁ:ﬁ atu 'ﬂo@ @5 4@196 H t r an3| tion
et al s, Wi Cihg Afnforif Mbthdd, ASwevbrZ Rinsiédily b €uc Q%r J? inidg @lakd@%uﬁ%? fokyden

net hod, km Bﬁtﬁ' attth@mﬂfnﬂ 618 19 hot SuitSI ok fatel daftTirREIRnsotbls WHRHRRSasily ORdized. On
distri bUTtHeQﬁhel' RarldD e fkh&wmcfaarnmmwo@ Ih@dRadi the BrabIbR oPh nbhGhifgrAVéhehRS SoMbosios Mal |
amount  ( ai@biitio> H0thD RiA-fofMingd BHBER - spildd of the AdVamtagiest dTBrMaNl aAsuntr @sbuld500t gn) of
sem - el okygén. met hod i s advantageous in that a non-uni form chem cal

conposkt i OA htgst maditdciued by Shel samidneliipg tnethéibisadetitagants innthét endatubitobm abenigal ane,
but si nceondvsitignedistribvtidnt isnglivelyt thde produceainia nthe lsiibgtraial plotes bat sincattisr semg-mettibdrod,
t he t ar geethbdiundrotentaliysadoptna sinteingmhediiod) the dgeises setdpen inpdopristey dense sthle avdir get
cormunl c &eres injtheltargetecommunigaiepyith dife intprior pltheytatget. Theeafass, when theataat is Ie8 tq slanddt i s
I t o Hesirgoxdizatonpragrasses dremndhe yufrqerof ﬂ\ecﬁjﬂ% dowerd the intatiar fiosush af exdent thet theye

t arget®t 6’6{%?380’!'%'1’%{'%?’? élPa"P%b!SRfE'PP"Hﬂ'"&xt ent that the 20 oxidization | ayer
cannot be dt é%‘ﬁ@é‘qg f°[’%4 F° metf‘?f' 'JP‘”W’E‘IQ 1’5(5‘2@%‘%?@?"@@5‘9 reefPuttaring)” ¢

a met hod ¥4§b ?{'°5 ?“E’Eﬁ et°5'ia eﬂa"'b'f"etﬂ i are
eart h- tr?‘%’iﬁ? °f " f g A %Ee of
rare ear P?—ftt F" 'F?" gf"gta l §' Q °r %R 95F f)

si npl & (8?'%% iae‘)or s or re I

group ne 4 bm,d

Bn °L. Gheekib"
ntﬁlin %dﬁﬁ l'0 %Fr'a%' ﬁwﬁj Iloyr b;é/)

di scl osegy, eﬁlﬁrﬂgt'n ﬁ&u 9 tﬁé QQ) erE@{rﬁlsﬁﬁird"n eﬁﬁ'gllowa?a or

mDr e I Orauu&r.@lwtr% fhetalf GO b manér O:hé) HRihGS B8 cHafactbigd |a{, %ﬁﬁ@ﬁg in"B48Hidnl N
do'S miREIBV AlIRNE O o B LRSI edefiTrBAITarA ¢R13HG i rahdRlof HletafsCihto UicEcafainer;

pr 0 UCi N@ealing'the B6rtdeP Bld Bmp&RGe Bbtwgon RlinblifigQioinBof 'ty tRan§isvh tnfbtal bratRifisition Gidtaret al

al | oy by aficy Uind @el midting tpaiat crakid@ektdr Ay} SlidN@olin GheSioRing nahd lagd PENIRY ip Pwies ed

transiti eputisngadrgetr a powdered alloy of a plurality of transition netals

i Nt 0 a contAxtording totahahemedpha df the pragpniGihvantino ttiere is @abvilad acrhetiicgjiohfgrming aspditeringon a

> 30 s target & luse inofrodiwieg @rmagoete-optia rrecording triwdivent of| asragnadrtivfransitien wetalmabeye by

transiti eputteringaths nsttiod including thet stapnad rchargiegn @ ifoaged frensition mataherra fogmey alloy of a

t enper at wuelitp of fansition Mmetalagite arvgntgnﬁr nthe giethpdh boing eharartprised bynshasgingoin additigns? t i on

nmehal  al Imagterasiigy Pheneras| dra greyeari tmedals endeof (pRg P morg) trapsjtion ml%lafelm%gmtawer

resul ti ngem tp icantaingn to § tgmpgretyye ibetwpan; the mpftinaneint efdhe Yagsivog to

anot he®? Zigycand thermelting peinkefdip "‘P"i‘ﬁ?éf‘ﬂyr e, °°P'WSI”E9 Tpsulting 7"6% daf°m!'f%‘65“ o

SpUigring gt
o, fga.nam%%w on AR il ks RS, JRRL R

met hod | fal 'F]:é'e mghggg‘l fﬂ% Qnér'in%%&rlro‘?rﬂ nmetal or a foaned
alloy gf a |P il iNent thé‘h la %B@ aﬂ%ﬁ%ﬂa&?ﬂ oi‘r@ the method
bei ng Ehar A 9& n%ﬁ tal%bﬁ&rﬂ&n&gmétﬂ | ErlaRiBd o/ TS bofaindH i) BOWCH orf fho PowdBPY ©
rare ear thmn% i6n MY &iraﬁaﬁl& fRbtal HidyEmdy HavSa bdrétily Bitlefosn 309¢ ahalelR. MK Gisd1er ;
heat i ng 4&ethe Podek Bthe tréhsiior RSB Fhridiiith RELIVEIG My IRavéTBA bieRige PaHidN dithetdrvp
transiti ngg@.tﬁlm,é}gnstaﬁ@@%ﬁ,l on netal 40 alloy and the nelting point of the
mast erspal | Oyowewi i $6 @basilign maG! ératfavdition btaanof s Sargad Ghid M Komgner tin thel foom toh e
Sputteri ngm Hegaim trahSitonvasthl @k foainl taysitiva Yt alfop mrap thaldya pardsity pigbetivege BORG randit

| east on@0%aMeresar,tthe foer dtansitiod radtal loe &smhed iiansitionamstalt alioyn may have dnraverage pore

cont ai nerdiamafet @batarbenvidlnycronsiaed Jmmer al |l oy may be charged into the

cont ai ner i Thepsontaiear map berchaiged in additionawithtah lsast opeyergi sagmmetaltand atrjeast ene trgnsitioy | s
char gexd imetabintohederadriorai ner in ingot form If the transition netal or
transiti on Thercantaingr mgy be a crueible. drecropler aterisbihergin peing apiten AndRsing &pst ntpraoudye
powder ofend the moyidadaroduel heingmaghingg toderm G BYn netal al l oy may have a

porosi ty of The&ralaedip tsempuldmabrgubipgled i peat eatment oo t he powder of the
transition metal or transition netal alloy may have an average particle

di anmeter of between 10 microns and 3. 0am 50 However, if the transition
metal or transition netal alloy is charged into the container in the form
of foam the foamtransition netal or foamtransition netal alloy may have
a porosity of between 30% and 80%:- Moreover, the foamtransition netal or
foarred tran5|t|on rret aI aI | oy may have an average pore di aneter of between

o o o ~ o~




55Jr'qrret aI I n pomderee forlm The caqntainer may be a crucible, the cool ed
material therein being nolten and :ERiOBP8@asB1i nto a noul d, and the noul ded
product being machined to formthe target. The material in the nould may be
subjected to_heat treatment 2. EP O 308 201 B1 The melting point of the
master al | oy ge«r'@mem }of the enestaraliovpreferaly fiass pot exgeed 1280 Gnst i t uent s of t he

t ar get mayqol ‘i?ﬂﬁ'“ﬁgqt} I:’taeq%%ctta@?h may I“SH‘#’ ?* éﬁa%t 8%, fighty rarp-9ath meta| selectad) from de arove
group conp er, the constituents of the target
o Pnch i oo gl 'M)g‘ertgﬁo@ AT esf?‘gwéade? Aol 39Kied 4B
ot B s e s u“ﬁ% i e i A Bl S S B 8 o e

CO|

f‘“g Co. In j\%@é‘fﬁ%@ar Ghm 3 n%:ﬁi@ﬂ BE& Lmoiﬂé"la'bé’ra Oﬂtuﬁwﬂ bk Ksormed b "
apor at Orydnspbé?ng ki h$ne P(hQFS 44015 a5 FREY) G b Rardlh of'a I onerﬁéig
net al Fberggf‘ %Q‘ﬁ&mn&a%&ﬁdoﬁ nldibridation fFth s&@tra@e |§'h%Q%|an téhdér(cﬁ‘ﬂ&do&de%thﬁ?&f %'

10 (TM, t corrp05|t|on dlstrlbutlon In the substrate pl ane
exhibits a tgg %B&mcame ol c@sd @ tHeltBinpdifte RArgeRithb cRsdr @6 filntisd&h posildh Aght over the
speci fi calthrget, thé gleiér i€ thé RELdnd tHaclosér iRCirh iso & Posilioh besldb eheGdr@ist,atie drékor fsithg M. S

t 0 a posi tOrothe lothgihhand e thetdage dfakie]eist, allby Rarggt, @at oliseri the filnds kb padhioch tight ok 6ser
the fil m itargbtpth@grpaterii¢ the MMbaralitichecidsérahd film gsctd a pbditien fesiattiertarget, thdgrealdvlis thaRE.he
ot her handp other Wwinds, thaeds @ torbdeesatoasislatidnshipy betwesy) the, scatiaingdbrasmey of the sputtbredl RE t 0
a posi ti onendiTyhpariplegrin thiaeasebof tusing) e, cattialioylamgett and that int thee cabi/jof using théreomposiser
the fil m itergetolt is tpmaidre pessiblp dxsioiea filmeof panifpern chentical gpmpesition distjbutiprein (e, supstyate
owsher wor dejane tifiadprgst |csnseﬂr@mﬁﬂem@p@ﬁtwmw@map! BORE Pﬂ‘qjﬂ ehesana &M Single phesg apcan Ry

t endencs® ofM flloy Phase istobipigef: RE and TM art icles in the case of using the cast
alloy tar get Thaniqllowing (wq methqgls wil 'aP?é”'Eﬂ "Pf'i'éd EfdPPﬁbfg‘ft‘E"ég ol Qjef'a‘""Pta packing

t heref ore 6%‘¥|°b1°8%t“19d1" Fhaq bp pxi

dized "'& em aI
is g havmga low
o o B R g*‘fé*"* @'”@ ?fﬂ% a et bt
T™ al | of? aa%f{h Re_ a.fa °§om

Id
a met hod ,ﬁxg wbg r&ﬁlo lay )Qt gg th
whi ch can R?Mmm R aweyt. éﬁ ' M.ch fasen H t:q o rtﬁdraﬁ RE

particl es {afing bb osbibing oo 4ulih cRdi res@ﬂg .rryrl oy having a I'ow
ekt i N3P Ol NiheAEntdh X iiBtradtddShibrely B w@} %ﬁanip& ﬁtﬂs%m{éar@fng dizvings, mivdigha TM
powder (or yaRt1 isl ) scheratic Vel of Md sifface Ripactivd of & eputivving Adigdd laCudking o tHdCPréstnt
phase at thenbérte® of solidification. In both nmethods, since the nolten

met al of t heigie-2liblaakhematicaswpbial higerisg idevioel mehich e targowbeme presdnhiaventivdanay biehe
noul ded prodsstt obtained is free fromm nute pores which are inevitable in
a sintesed [Figodustshowd thercompdsitiom distiputioniasd thenmagnblicr chataciedstic lgistripvtios @hta film
| nvention i prdduded onasebsiratehalder by theese opandiitiRyFeCovidgat Aecdiding totha presontrimventionit e
h the i ntFiguieris a sthemaligyieiv ot/ be suriace struoctyse aic Kopwn qagt alidy tarprs oKDY ERGe:

ox i zat i on Fispegy ehows g chemical comppsitien g@stributign and the Wetlch%'FR“?"é‘f? qiggribution of a

i |1 ustrat edfimerpduced ‘U‘f suBspratgrholder by Hieqise pfithe target ot ?Yg:m, MP fhas. in
i o oo pows, et compnalty AFTMAGD Sl PNl MR, o sputon of o
sputtering tf'!i? fucat et ﬂﬁbﬁﬁhth{?'d?’ﬂ’éf “ber‘@g &t k"PY‘R/@?Ry e ta’ﬁ?‘ﬁﬂ‘?‘@“ﬂ’ylasseﬁ"me't'"g

schematic vi 2 .M h fhe am biabrid cnfactbridfc BRI
gentLon ¢ "n:éﬂ ok e °° ﬁi 3 ”%ﬁxg"" %"r*ﬁtﬁebmm
Substr af% h@ :ﬁ g{a ‘i'orE 9& [ﬂpeda ta d ai?ib@w %ﬁw ﬂ{hgamethod

tar e aCCOI’dI ng to the present
i nvention;

l-ér @sh ws the Tolati ﬁ%&%@en\ﬁlae&pmdeﬁcg%f b mbgHefc chbrasterisiit & tHef fiind ofdRO VN
cast all oy trﬁibgﬂco rgdtldbdifR(EY, a SomBMbIBng IMSRbA\WR tilelsPutfenfyTinfeddnd GRNEARSdukingOWhich

di stri but i onhexaxgettidrett FRGAGIINS shar.acteri stic distribution of a film

pr oducegs ON FgufUd stiowé tie dompebion bigtributien ardiehdadnsi: dhamageristiodistisiiynref Gofilra oo \an

i n Figure 4;suésitate holier ghithecase sflusing a ThRaCe tagyet acedrdimgiothe presend mvahtiot r i but i on and
t he magnet i Fignleatoashbves the themicdi simpoditiot idistibwibn andf thé megneticicharacleristic distdhution of at e
hol der by t Higm ors@substrate Holdenim thhic&pe lBbing aknayetcas lbloxitangst ofl FpFeCos e - el ti ng

met hod; Fi gufigere7! 1sshowssthe Hemicel campesition digiribitionsand the: megnelig cheregtarigliy distribetionred 2t he
magnet i e chdiron arubstiate hoidex inethd pasenof msinch: keow TOERCoiraplPbipiteNIDRFReTHMiidg et
accordi ng t dnethed: present invention af t er st andi ng | n the air for 24 45

r [atiqpghi l\tﬂg And the
2 glrjnr S rrg |n? i L gp&f;;lc‘gp;gm;g%%w%o t[grg ot a ordmg to the present invention a;?ereq%as stood in tﬁe ar ?) rv 24

3




JFa .
st andi ng in the air for 24 hours; Figure 8 shows the relationship between
the dependence of the magnetic CHER ©308:201B1 c of the film of an NdDy Fe Co
target obt ai ned by a sem - rreltlng met hod on the sputtering tine and the

ime d 45 d in th 9
Shovs. the. Y fgpég i } B SR s & froum St iy hatf'tms*e%vﬁamm}hr% il e
distributig oy SO o8} 3t of B b eCo
Lar get accyly Jﬁ% “E gm o ”émr{f,’%nmﬁagwggnmsaﬁﬁ% fie{‘zﬁp 1

conpos ti oigﬂ StVC dr st but

filmon a et
of ThReCo: o 5"“"@‘% “"a“*e**’;’ﬁa%“ﬁ;?ﬁ@ﬁ“ Pl b 4ot kfiladoR u*t“?‘*o"ﬁ*’%“‘aa“%

magneti c chgrraes m s&hbﬁa | Vit & Y $uRiie Ofu@urS 31 a tahdel BRcBRING 165 B Shesdrk Gvirabdler
in the casebtded by bmighpeghationhetida-eCo t arget obtained by a senmi-melting

met hodp Fi Bgure 16 showk BéScoinPaitione tigktibulioHs dhd Rhdmigneir rthirBdterisi Ldistition &f & ikorpdn d

t he magnet substatlvahicdet @ thetdase of udidgea ftargetacdordingeto e Presdnt ivéntich abtdikdde’yoan

t ar get acciowdgmgjort methdde present invention after it has stood in the air for
24 3 EPFigurg 08is 2B gheBitichiiaw of aaetil tiveitre joha taiget acersdingdb the piesapt aventianmhtaindd Fe Co
t arget obt by ysingd atisamad selaisheat| t i ng net hod after standing in the air for 24
hour s;"8 Fi gligwe 13showg e cheical eampositon sksiripution mogbibp megnsticiehawpteristic distdiutierhen a
magnet i c cﬁﬁ?“{f@t '@qu"sl“ltbe gAse ohsing; 4 farask acgordipg-todthe prasegkinvestion gbigised by using a

sem -nel tif} Bh the s utterlng time and on the tine the target is 5
left to stH °‘ a)t' és%h"}“a“%‘{)ﬁ @n-{ngoty o ad“%?t‘?h@\‘?ﬁ??fEm\PP'é%\/“S'Fedd“‘&P‘acPP'%F & i ch

a e N e 'f%?’heg‘weé' Syeet € Hpue Spahf 1w 5 e e b g of e °
structure H urg‘z ( IQ gtsujﬁﬁigt%r wng a;i anétho? ﬁ%a@%f ﬂ?ay IbQXrg %mé’ nlel?elaws P\ %Brlg%( ofaa

| mpregnati ity of Ion ron and

the magnet #-&ur&?@ﬁ)ﬁ&&%&ﬂeﬁr&do%e 's‘ﬁﬁuﬁhﬁlﬁghl‘%réoﬁf buﬁ‘sﬁob«lnH‘trQr%ta?e SHORS fnﬁl[; SRiof O r ' n
the cage ohadislafty: @ target according to the present invention obtaine

an i npr egnAgi®B1 SRS B chdrhiGkt Edinpbdition isRibBREEPS bubstithePWida inGheBabeds 1 dsd o ur e
of a tar geNduye6cy a6t obitsinetd MBm PbRdeRy Havihg WaRdls ipbrsitee;t ai ned by using a foaned
met al sheeFigurd 52 show§ thg EhénidaB compasitionldbRibGHBRSTOIC A bubSiRR IR Tof in @b dAbes il thddisb ioPp N
and t he naNdDBFecH taéts ottdindifvinifeamed Stiebts havingearicdsparoskied)St r at e hol der in the
caSe ab uskiguge 28 stawg tie chersical dormmsitian disvibuiinne sie A tsulistatechivtdbioin tehdass ofcieb Usg ofisi ng
a foaned nHifaCo iaigete bbtaikedftomepok8drahaving vasiossiomsitidsi c vi ew of an ingot of a
nmast er al | iigurh@s shows teichgmicab Lampdsifiantdistribltionsorr @ subsifateahojsienidl dive daseyfritp ugo of

por osi ty ofbFaBolatgeis Obipingrom fogmed ghasts heying) vatiays poresiflesnmt i ¢ vi ew sinilar to

Fi gur e 19(FEgure2f shewdthp riptionship Setweean thef magnpeticicharacipristicrof @ fimand e spylleringdigedy

al I oy;® Fi e easp 9{ ty usesof AdRyHieEprargets optaisgd A pewdprs Gaiingpertigle dignetars 0h1q 19,70

before beiM® nelted into the ores of a owder havin

80%  Fi gur i Characiegsteiof & e a porOSIt "%fﬁla?ah‘om

Chevst ate $ ‘H%“?erﬁeﬁ% T e o Sy "%ﬂ"i‘e %ﬁ BT 18 0w

the chenicg !@x 34 o i AsﬁgE G ol R e%&ufc% fold ns’fa LehiGmgase of
re g8/

t he use of rg@g Y& 10 570
Dor osi L este Eraiete ys ¥ Hisco sﬁg 3 Qf:gpaf;ln 1 iHBANS B 12

'substrate {okslglor h&‘u&e@?TGF’ééS’tanBtsto unélﬁﬁ‘onpéoww §Ba ci’ef&é?&e?e 780 R 4.6 oM
.f oanmed she@.t“s havi ng various porosities; 30 F| gure 23 shows the chem cal
|CONMPOSkt i OFgh 24 SHoRs!inb AkFordip BethbEAIRAhRINGIRIchdictsristiclon & IMARE thefspitiBgUm® i
‘TbFeCo tar metcﬁsetbb&:alueest NJDOIFSCH Aty Sbidirdl ifrbl foambd Méfl ghedtORdving Pore dlaingtuis@f 24
shows the odwesra@h; conposition distributions on a substrate holder in the
case of thEguesao P k- @dEdioriship tetivesnalid raagnetic charaptariSticah® timsine ¢ Spltanirigrtigne in
various pothesaseiobthp ubé ofINdDYERS0 Sdgatssotidined fra ddamed siefajpshibai¢ bavieg porb diamatgrsof i C
char acper | 80jugn ©f4.0anrfii | m and t he sputtering tinme in 35 t he case of the

use of NdDjge€a! shawgtee solaipnship hetwedn tenmegnelis shasackergtic eha filarand dwspyliedngdimenns of
10 to 570 rng asp of the use of TbFeCo targets obtained from foamed metal sheets having pore diameters of 10

570 um;
Figure 32 shows the relationship between the magnetic characteristic of a film and the spuitering time in
55 the case of the use of TbFeCo targets obtained from foamed metal sheets having pore diameters of 730
um to 4.0 mm;
Figure 33 is a schematic view of a sputtering device showing a stationary substrate facing a target;
- Figure 34 is a schematic view of a sputtering device in which a substrate passes over a target; and

4



' T

Fi gure 26 shows the reI atlonshl p between the nmagnetic characteristic of a
filmand the sputtering tinme in thepompe 20f Bithe use of NdDyFeCo targets
obt ai ned from powders having particle dianmeters of 730 [err] to 4.0 mm 40
Figure 27 shows the rel ationship hetween the magnetic characteristic of a
filmand t h&98eAtshwsihp sipeiwe pip magaete-griic resprding mediwe which Wasmeaduced &y g cpustering
obt ai ned f r &H99 8%60WIng t91a%, pragentdavertion| e di aneters of 10 to 570 [err] Figure
28 shows the“?ee'l“ﬁt‘tl%r'%w vRedpllovRe Expagie®t i ¢ characteristic of a film and
t he sputte ing ti.me in the case of the use of TbFeCo targets obtained from
powder s haéﬁa—'ﬁé—é&rtlcle dianeters of 730 [err] to 4.0 mm 45 Figure 29

shous the remtnfmftu Bop 54560 m %Bﬁ%@t ofD ﬁhﬁa@te“ & dsa By midstids 'ﬁt‘%
icl % éa?

the sputtegjng b 3n &hg prihe! b
stgervle ??}gﬂffﬁ%vﬁtot%%gﬁtaﬁby 'ant chf%e%n % & %ba °6E "ﬁéqﬁé 30
the sputteri g, dy, naaﬂdrc&me @ﬁ&?g@d mfpotvtr@eméuﬁa formiGthy % 8rk&ibid Wtﬂe&&m@m-@bm‘é

from f oaness.oral.al: 166 &R word @wpBBIyRRIE] KU ERg Wefn 19 5§ﬂc Thereaftsr b8 idnipelafirevad
MM Fi gur Gowstedstt @260 *IChedd theINaDy péviied 4ad IFedo/soater e adBeding thb moldnavietdt biNdD§kdce Of
a film andiisyhia theperudilss.iShge tienfReling politof Dy vk 11406 QUa thd mdibrdgefeint o FeIt was
obt ai ned f1.53071¢.dmtied teet edistesihie diesmbl@n infetal POT,2006IC aithb dérd of INdY povadeb #idl Fetor |
Fi gure 32 mhdaxsrespedlivelr | withaubdissolving heteinc e rétoef NayfeCd, tldRyhandFeCe tintshis cverdfas a
filmand tfhllewgputtering tine in 55 the case of the use of ThFeCo targets
bt ai ned from foaned netal sheets having pore dianeters of 730 [err] to 4.0
%‘LH:I gur eNByFpGo)al(NdOlstFafeldds vi ew of a sputtering device showing a
stafion#y substrate faC| ng a target; Figure 34 is a schematic view of a

sputteri n |ch a substrate passes over a target; and 4 EP O
308 201 Bl re_of a ma neto o ' cordin
nmedi um whi ch ﬁé‘é‘}gﬁ )E§5°C[° e'f at"{)t gi“%
'“Ve“t'é’é‘ t af 'gie iﬁ ér d Q a&?a e""g

S wn| e o asg 0 at
Er(gggr ed gg, L % éi sg)g ) Tﬁrggﬁg"gér o
havi ng an ﬁé{ﬁﬁ% ppégtlrop cmy c'@,rreter o?' iE g@%d [err er?ar ate yeforom

this, an i ngRtso-Rfméd NdbyFéts tathet 39 was Mbited fon E%pﬁ@ﬂ\g]&wgs SbVaOhat SRowAGS Figure 2
Pr&par egh g imFetwRtion A the\RBgnakL chafdbtbrisBe bricPiile Ichéntical Borkpdéiibn RisibBfion Fb e im 2N
aver age pagbtaingd Rerd iexdiiiieIn Pigurd 2 @étreréiohte nemérkl 2Didenolds a shisktraté HoideP (308 B TR Wkh ged
I N powder egming donditiond werd1thiatth Qrgan PrestRieldk 2.5t Mol BrgorplvaBmployel 1he inflikl vaduuf wab30:
44.0:  11.010ahToriveddahe airpit @pplibd/byneeb ¢ pavebsoulfte abs NABts@ovt o 1, 550* C.
Ther eaf t er t Figuré @rshawsabalichemivalscompasttivre disttitutidn 410 hecmagnetizrotiarbdiaistdodistribotiovcbe &
and FeGCy [irnwioduces prea subsiste holilet hyctheresetobatarget ai thepfesédt] DydrtidPoAsshbwry inFigurel3ein
cruci bl e. S ¢ase oftthrechamicalicorgpositionathe BE conkddy iswaifornile £§.Q andr2f.5 et¥e andbin tieregsembiha t
of FeCo weamagnelic chaatpriglics, st He ip tnifopmivi9.@ 39 Wi5dt0e; Fhus substahtialbnunifermdiim was foaned |
he f oramtes SURE!BS? ﬂS@?tdﬁ'f‘cedHﬂWMﬁ a casbalipw dhej amopnf of RiyganoYes naturally as
d| ssol vi ngs"tar'r'é? ®PMThe ratio of Nd FeCo Nd and FeCo cont ents wer e as
fol | ows% A magneto-optic [e@?rpljtg medugn was odu9 mquhlle zlgng the targed ofthjs, embodi-

S e I
surface st [l 3 ¢ J‘I’I?lgar%%éi é',“ﬂ/s c“!’c %L%r& i Ieh °”4"13L,ﬁy

R

3 denot es anpdidbipaRSASEh Nd ﬁécoltagettv mdf %@bﬁ& rmﬁ Hmoarasl Mﬁﬁ%ﬂs &fanan
RE single mdmsa:o?au@f w6l Rsitedan 4 Mu&ible @1 £500PG%d Bourdd M6 &onoaiado FrBdURE-ar INga They
phase 1 ofinguelbhtanedavas Autefd Hrotnde phidias fak NaDFRICE Gigedt AM@Sx BEDTHAtsEALCO Biriture of -
sput t er sanGhahhis-adainsd! takyetis séhb@iticallp @kowniimFiguregair e 2 30 for filmformati on and
t he magnet i cinchigurend; tiay iefotence munghral WE repleesiitsC:a phassD OfRE % i ob (Ndgli-Bokd) lantt 75#t%04f
the fil m oférCanaandwe eprexaofidte di% of (NdgbRygs) end66 7% nefFay:Cne)e Thatisiotl phads are
denot es a NrPyEsQoaliey heseddn the3Mole [compdkitidriag the surface structure, Nd was 6.5 at%, Dy 21.5 at%,
Fe 568 at% and Co 14 at%. This target was mounted on the sputtering device shown in Figure 2 for film
6 formation.
Figure 5 shows the chemical composition distribution and the magnetic characteristic distribution of a
film on a substrate holder produced by using the cast NdDyFeCo target shown in Figure 4. As shown in
Figure 5, in the case of the chemical composition, the RE content varies from 29.8 to 26.8 at%, and the
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characteristic distribution of a 20 film produced on a substrate hol der by
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Pr, Tb, Fe and Co were charged in powdered form into a crucible in the atomic ratio of 10.0 : 35.0 :
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lowered to 1,200°C and the PrTb powder and FeCo powder were added to the molten metal of PrTbFeCo
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nmetal phase and the transition netal phase has a conposition such that the
magnetic nonent of the rare 20 eER0Bo08201aB1 and t he nmagnetic nonment of the
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hereafter, an experinent simlar-to that illustrated in Figure 7 was

carried &E‘.‘Hﬂ)‘.ﬁsxam ne the dependence of the magnetic characteristic of the

filmdA the s ttering tine. The results are shown in 35 Figure 8. The
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magnet i C (SeIFachRsmad)iEecoil,the film The fact that |eaving a target to
stand in the air has a deleterious influence on the nmagnetic characteristic
of the filhrps0dues a big problemat the tinme of mass production of

magnet o- ptic28 ef2a%li ng nedia in respect of yield and cost. The target of
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oxygen was as small as 380 ppm Wen the target was used again after
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5.0 : 35. Omolter dnefhl ofl 1,200 *Grial thacioen ofoTHD pavided yhdnfECh eewdiny, ragpattively with@mdiseoiving
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p0| nt of FeCo was 1,530 [err] of themexisted in the nolten netal of 1,200
kg/ t he f’br‘?n'o?s G’él"ﬁ"by powder and FeCo povvder respect ively, without 55
di sso
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of the CePwdsyiérm@domthb eybstrate hoider. Since this target was made of a cast alloy, the amount of oxygen was
naturally as small as 350 ppm.
A magneto-optic recording medium was produced by sputtering by the use of the target of the present
invention, described above. The C/N ratio of the thus-obtained medium was as high as 60 dB at a linear
56 velocity of 5.7 m/sec and a Domain length of 1.4 um. In a reliability test of the medium, no pitting corrosion
was produced for as long as 3,000 hours at a constant temperature of 80°C and at a constant relative
humidity of 80%, and an increase in error rate was not observed.
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magnet o- opti c recordlng medi um was produced by sputtering by the use of the
target of the present invention, described, above. The C N ratio of the

t hus- ot ai ned nedi um was as high as 60 dB at a |linear 55 vel ocity of 5.7
m sec and a Domain length of 1.4 [err] In areliability test of the nedium
no pitting corrosion was produced for as long as 3,000 hours at a constant
tenperature of 90 C and at a constant relative humdity of 90% and an

I ncrease in error rate was not observed. EP 0 308 201 Bl For conparison,
a TbFefo target was nmanufactured by a known met hod. The whol e conposition
of a TbFeCo all oy consisting of 22 at% of Th, 73 at% of Fe and 5 at% of Co
was dissolved in a crucible at [err] and poured into a nould to produce an
I ngot. The ingot was cut and ground to produce a TbFeCo target of [err] 5
Figure 10 shows the chem cal conposition distribution and the magnetic
charac®eristic distribution on the filmon the substrate holder in the case
of using.the cast TbFeCo target obtained in the known nethod. As shown in
Figure 10, in the conposition, the RE content is 22.8 to to 19.8 at% and
the closer to the
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centre of the substrate hoI der, the greater is the RE content, while the
clsosersto the outer periphery of t =P 0haa8den Bit he snaller is the RE content.
In tthe case of the magnetic characteristics, the Hc is 17 to 11 KCe. 10
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but unstable 15 . _
di schar §& A Dy powder having an average particle of about 300 Lum was first prepared as a raw material. An ingot

of an alloy of 93 at% of Fe and 7 at% of Co was pulverized into an FeGo powder having an average particle
diameter of about 150 um.
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5 hours after sputtering Sanme as above DC sputtering;
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apparatus and a filmformng method simlar to those described in Exanple
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10 crucible, 142 a high-frequency induction heating coil, 143 the [err]
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content was uniformy 28.0 to 28.5 at% and the Hc was uniformy 18.0 to
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di scharge was stable fromthe beginning and the magnetic characteristic of
the filmwas al so stable fromthe beginning. 13 EP 0 308 201 B1 Thus, it
was confirmed that this nethod was usable in relation to a PrTbFeCo
conposition and that the sane effects were obtai ned.



Exanple 3-3 5 The effects of the present invention in relation to a target
enpl oykng SnGdFeCo were exam ned. |EP Q380820481 way as in Exanples 3-1 and
3-2,-an ingot of a master alloy of 72.2 at%of [err] and 27.8 at% of [err]
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wer e obtai Exanpl e 3-4 The effects of the present invention in
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EP 0 308 201 Bl Exarrpl e 3 5 An ingot of a master alloy of 72 at% of Tb and
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was nelted, the nmould was 20 cool ed. The noul ded product renoved fromthe
nmoul d was nachi ned and ground so as to Pableduce a sputtering target of 4"
[err] x 3t. The surface structure of the thus-obtained target was conposed
of (three phases consisting Oﬁoﬂyﬁﬁeﬁﬁcsﬁ‘m &Rompesiton (@) Qy phase and a T™M
phase. In the case of the corr%aag,mp qf ﬁe target, Pr jwas 5.5 at% TB 11
at% Dy 11 at% Fe 58 at % gre—Ceo—3+4—5 t%ﬂmc..r a-trat{on was effected of
the magrfétic characteri stlg and e cornpo YoreEose: Vbetl on of the filmon

filmformng

the substrate hol der 25 whilch had, been {f o 143598 ?
apparatus and a filmfornirg netfod sirfi | giidd ;?g Exanpl es 4-1, 4-2
tQy nd the Hc was

etc., the RE content was urjifor 28. 0 tfq, e F &l 4G

uni formy 15.5 to 15.8 KCe.[| Thusgy a substﬂ@fﬁﬁjﬁm formfilmwas formed
on the substrate hol der. The—ahpuht—efloxyger—was—as—swdl | as 475 ppm Even
when the target was used again after standl ng in the air for 24 hours, the
sputtering discharge was stable fromthe beginning and the magnetic
characteristic of the filmwas also stable fromthe begi nning. Exanple 4-6
The effaegts of the present invention in relation to a target enploying

Pr SnDyGdFeCo were examined. 35 In.the sanme way as in Exanples 4-1, 4-2
etc., an ingot of a master alloy of 72.2 at% of [err]and 27.8 at%of [err]]
was first prepared as a raw material. The nelting point of the nmaster all oy
was about 880 [err] A foamed sheet of an alloy of 80 at% of Fe and 20 at%
of Co w#& next prepared. The foamed FeCo sheet was pressed so as to have a
porosity of 63.1% The thus obtained foamed sheet was charged into an
alumna nould of 4" [err] in inner dianeter and the naster alloy was 40

pl aced thereon. The nould was heated to [err] in vacuo in the

non- pressurized state. After the naster alloy was nelted, the nmould was
cool ed. The noul ded product renoved from®the nmoul d was nachi ned and




ground so as to produce a sputtering target of 4" [err] x 3t. The surface
st.ructure of the thus-obtained taFR0t308281 Bbnposed of three phases

consi sting of an RE phase, an RE-TM al |l oy phase and a TM phase. In the case
of the chem cal conposition of -the target, Pr was 2.75 at% Sm 2.75 at% Dy
11 at% &d 11 at% Fe 4s 58 at % and B9 45 at % When eval uation was
effected of the magnetic characteristic and the chem cgl conposition

di stribution of the fil m|oRorbdie ofdedomti rlaTergétebrdgpsitionatesh |had been forned by
using @ filmform ng appdr afa@o sheeti(%} fli | m form ng nethdd sinilar to those
in Exanples 4-1, 4-2 etc.f, The contljen 28.0 to 28.1 at%
and the Hc was uniformy|7.2 tqa?:?S KOeE vﬁf::,‘:g‘mg}ﬁténtially uniformfilm
was formed on the substrgte holsger. THe RipwYYFEI.coxYIgN was as snall as
490 ppm Wen the target |was s@2 used |agedsgovafE&l.celanding in the air for
24 houjes,. the sputtering]ldi schapge way shdbibyg,Féofhe [begi nning and t he
magneti c characteristic 4f the gbi | m wgs ndﬁmyz,?sF@bJoe,zﬁrcm t he beginning. It
was confirmed that the f maru#nﬁ rrUlfL' pnjum,rngartou get according to the

ff
g;g;gg}t: nv'gm‘t'@ @f‘ﬂﬁnéo w%ga §,§$ gﬁ’:‘% ovie "ee."ﬁ'?t’% %ﬁﬁ%t'l':g rsg"sﬁd Ihsom
n the'su

the grsu F?:hﬁﬂ&?gﬁ% der iedo Pﬁ Q‘?\éIY wE"irfeec ik N
el enent but| srd?fﬂe %Frﬁé&ﬁayc&mﬁ'ﬂ%tthtﬁﬂsg fd tr r% riGs
| east an:oFoéuﬁé’sS brid AgLrdTBS lows HeCchbrfiEal cﬁﬁﬁﬂsﬁu&ﬁduaﬁ&ti&s PH 'flﬁss' iBehe® by uSingithe CO
such as Ngkgsi&atdined lajie,@a)sheaid Raviag T&oed gorositsddly FeCo, NdSnGdFeCo, Pr TbFeCo,
CeldDyFeCo  auribs GeING R EyHon @ dhemiédt bbmpsitidnistrib TSRO Githe MSiomtda by uding @itk €S
4- 4, 475 cmied!rdin pdkBers havirig poroSiS 0P 80B6, BA%| $0%)82% FH0%0ane G0% | rosiRivély) Bhrves 221 S
possi bl e tb @2ehshoe tie diersical ecngositionaiighibatichs oithd)fjimsa thymesit bynging Ihe tdrgetsCabiingd from N

t he mast deamed [shests\tavihgepansitiesgof 8% a40%, 198% f 6284120P6 tanchB084, raspattivelyt Whiclsheratethodhe
por osi t y abhnasufgstywediefthepltarget i$ osedetie filmeshows & varyrpoalit cherhical qorapesitiondistyiputioni apsh a
et hod weiyaod unifermity. #fis pdseiblerterviatydhe filih cerhpogition biy controling the paresity of @ pawden pradt
accor di ngﬁfﬁﬂmeﬂh‘@?r esent invention. This is because a 5 nolten ingot

i nfiltrat es! wagconfried r“@%"‘@i"f‘“a‘abéw inyelationie,fargety wgﬁwﬂt%ha%oeedwg@ew. s
manuf act (PRAYMeialpe ﬁ%d B‘f"gt%émt N, d’é "q Ce. gbleast ARee E{’thge £p{ih metal

por osi t y.Selpred ¥R s° "55"'1 f‘"daD g%' !ﬁﬁv Hign, motal; sg ’;H 8 by
tcg%ogltl Pt;g&sggﬁg;?% %’P bFe @@gﬁ o°S| Ehr’g °targe't= at:cor% ng?’teo15

the pres ntion nmay be determ ned so as to satisfy this condition.
The 10 ce&Lm&Q 2 on of the target may be so controlled as to satisfy this

condi ti 0N bioyiar Yohd Shafnbe siR8Es BF bt ﬁgvmﬁ VRS Broditfes Whre Brdp @@ RpradkES bputtdring
st at e ¥hiigodiDérarbPsoby @h fhpYegnatioPM¥HE. Naving a porosity of about 30%i s
first prepaAreﬂgotaﬂau By 679 Q6% bISTHUNA 8 Gl H]FSL0Y,.1) Has HEIQEparbd) PO & ad Rlod) -
The i Ngotet bGatRdt FeEnd 1 % oNCehaRing B Parbéd\8l@hster &5 200MV\Endi pbrobiiieg oF 809, H6%) 50%4,t i S
clear fr cgameiramw ki 8094, lgspécivaly, Wére né® blopdred. M @Qiossibl folcbitdl 1S p&cHity of th powdbre
pores of dyhgregafingd pdwders Shaving\parivaldsedt viadous 13hapas [rom G sphiricall shayeo tol ir8gifldr isBapae X t
pr epar €4, siraitacly, dommien @bdetsi of aplatioyeofl 90 2% efoife, and 10 1% WHCO havifiggporositiesOdf @P%, 43%,

Si m | ar | ys0%; B2%,i 79ef0and i88% mebreetiyoly.ovepreprapaeadelt isinossiiad epntrobibe péresitn of the Fliegtar e
20(b) . | rbytprassingySputteling thrgetpwers irghutacturpd by weingthese feCoppawders end fgdmed ReGoehepts or
of a foarheyngfitierent pprmeiies by thresamenmethadoast in E@paigsoxT endotl-offebleh & apdip ghaw the o
Exanpl g Somsifiesyefetne noweers gagrdeames) sheets ysod ang\ihe, sompasitiensy of b 35stso Brogyoads
were preg®PedVe% produce sputtering targets of NdDyFeCo by an i npregnation
met hod. An ingot of an alloy of 72.2 at%of [err] and 27.8 at% of [err] was
first prepared. Powders 25 of an alloy of 80 at% of Fe and 20 at % of Co
having a particle dianeter of 200 [err] and porosities of 30% 40% 50%
62% 78% and 80% respectively, were next prepared. It is possible to
control the porosity of the powders by preparing powders having particles
of various shapes froma spherical shape to irregular shapes. Simlarly,
foamed sheets of an alloy of 80 at% of Fe and 20 at % of Co havi ng
porosities of 30% 40% 50% 62% 70% and 80% respectively, were prepared.
It is Possible to control the porosity of the 30 sheets by pressing.
Sputtering targets were manufactured by using these FeCo powders and foaned
FeCo sheets having different porosities by the sanme nethod as in Exanpl es
3-1 and 4-4. Tables 3 and 4 show the porosities of the powders and foaned
sheets used and the conpositions of th2e0 targets produced, respectively. 35
Tabl e 3
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Porosity of FeCo Target conposition (at% powder (% [err] 50 55 19 EP
030820% Bl Table 4 Porosity of foarkRi03082M@t conposition (at% FeCo sheet
(%9 {err] Films were formed by using these targets obtained by varying the
porosities of FeCo powders or foaned Fego sheets and by neans of a
sputtering device simlar to that shown |gure 2, and the 5 chem cal
conposi tion distributions on.t. at e ho exam ned. Figure 21
shows the chem cal conp05|t|(§’nrodiy$tFer |Taqgstoolhp¢sium(hl%) s formed by using
the targgts obtained from powdeawderli®yi nig vari ous porositlies, and Figure 22
shows the chem cal conpositjron dgglrTb '0“1%15%?975568““' 5 formed by using
the targets obtained from floamedsgheet s hawg ey g, OUS Horosities. 20 :
Curves 211 to 216 show the jchem ggl conposiy, Pa.,ﬂ,bgts“ butions of the filns
formed by using the targets] obtagmed frjom \g\ég&sﬂca@w ng porosities of 30%
40% 50% 62% 70% and 80%]( respegtivelly. QubkiPRes8del t O [226 show the

chenmi cal conposition distri butloas of the fTbLJ,'EesLoﬁsr;ed iy using the targets
obt ai ned from f oamed sheets AG% 50% 62% 70%
and 80% respectively. Wi chever rret hod of rranuf acture of the target is
used, the filmshows a very small cheni ggj,gonposition distribution and a
25 very §ood uniformty. It is possible o vary the filmconposition by

controlling the porosity o . It was confirned
that this method can be uspdl¥atitfdfoampen Taset eampetition@iebh contain at | east

%ght rare earth netal | sdeEe#e8t (%) oin t he group consi $ting of Sm Nd, Pr
a

, at least one heavy|rare egarth t al TBglFeRLGdEs f ron t he group
consi st f’lg of Gd, Tb and Dy and a8 | eas on@bhFeagSoisi on fretal sel ected from
the group consisting of Feland C80such §s PrikfFes&eGo,SnGdFeCo, SnDyTbFeCo,
NdTbFeCo, NdPrDyFeCo, NdPr pyTbFe@; Pr DyFeCobsdtd&s8elsl bFeCo, CeNdFeCo and
CeNdPr DyFeCo. Exanpl e 5-2 Powder 0 and f panedbsifess®sof a} TM havi ng vari ous
porositigs were prepared tp prod&®e spufter Thgfeas®ei s of TbFeCo by an
i npregnati on nethod. An ingot of an alloy of 72 at%of Tb and 28 at % of
[err] was fi riiins WoRPRINRA - by RRING Qficse Qdrgelolitdined YbyOlaryitg tRY %rs&nefef B pdowaérs % of
Co havi ng @amad Féco! shodld &Ry Qkin@h splieringQlevide shiiRr QD Showh @SFigure 2QM@ thé ZRemicad %0
62% 70% apsdeifion distribins in\tkd SubstiaHoIdsYONGe ¢XBrBipeY Figlre 23 shbvs theatdmizbicoinposition
cOoRLY ol sb heisgbutionsi ofythe filnish@rmmavisle Lsngdthe [targga 5o PbtaipEIVEE usind) powdess asing ivarioes
of vari ous perbsitipe and Figure 24 Sphdver the ehemithloguenpbsttion Wistibutibiesr of dheafies foried by esirigythe
f oamed shetigstsobtained by Uspy faamedehoelt Havisp viFouspwbsiligs. at % of CO havi ng
por osi ti es ofCuB@923148246 oW ghe GhsyyicayGmpesiign 8stibutionsh the ilmsdorped cwsing thedpoated.
It is possphhiged ky theuserasipowders hsving poresitied pf ke 48%cWiis 60%. ¥ieansd 808, respectively.
Sput t er ishg CuriesRé do 48 sbow i aereropitionclistribytions oiriep fim baned iz dsing el drastscakizined Bire d
FeCo sheet @eh%qﬁgoameﬁf%?%rawrwsﬁ%gf W 6, ke SRt FyH 28< 80%. B?&‘??B‘feb’s
3- 5\e?nd 4-1"" | raethag of 3 % thi eefé'"g?wfﬁéfe éwa'é?'@mg
shedt s use&' °'tﬂ€ “%Ml gii"l"ﬂ'ﬂ‘gy d‘r'sl’ gblp E?r"@@t“?f GRfepoditpn by soqirglingfhq ?‘%/‘EI“S/

irmed th

50 56 20, mas%égﬁl is mel%\og oo BeQs O tefas %ﬁ\gooomp fggyﬂeﬁ\g WRGP Lol Bt

(at% least one heavy rave earth metal selected from the group consisting of Gd, Tb and Dy and at least one
transition metal selected from the group consisting of Fe and Co such as DyFeCo, TbGdFeCo, TbFe,
GdFeCo, GdDyFeCo, GdDyTbFeCo, GdTbFeCo, ThCo, GdTbFe and ThDyCo.
Targets were manufactured from various powders of a transition metal having different particle
45 diameters.

Example 6-1

The manufacturing method employed is substantially the same as in Example 3-1.

50 An ingot (4" ¢ 4%) of a master alloy of 72.2 at% of (Ndo2Dyes) and 27.8 ai% of (Fep3C0q.2) was first
prepared as a raw material. Various powders of an alloy of 80 at% of Fe and 20 at% of Co having different
particle diameters were next prepared. The master alloy was placed on each of these powders and heated
to 1,000°C in vacuo to produce a sputtering target of 4" ¢ x 6t.

The average particle diameters of the powders used were 5 um, 8 um, 10 um, 24 um, 38 um, 53 um,

65 120 pm, 230 um, 570 um, 730 um, 1 mm, 1.5 mm, 2 mm, 3 mm, 3.2 mm and 4 mm.

Table 7 shows the finished state of the target for each powder used.
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powder (% [err] Table 6 15 Porosity of foaned Target conposition (at%
FeCo sheet (% [err] Filns were f&P@:308i2018i ng t hese targets obtai ned by
varyirng the porosities of FeCo powders or foaned FeCo sheets and by using a
sputtering device simlar to that shown in Figure 2, and the chem cal
conposition distributions in the subst € hol der were exani ned Fi gure 23
shows the chemical conpositi®n$30 distributions of -the filnms fornmed by

usi ng the taf gopsgsmarivbidameedandy] USi Ng pPowd EinBhduasae il tavdt | OUS por osilt i es
and Figure 24 showsityptieCehevlecal| conposition distributions of the fil ms

formed by us{TD T Sy 8Rks OT A ka3 oI LR oo v Fort g (30, 12 | ous
porosities. | hiit i ons
of the filns|forned8in88%ng t hq Infiratrsite 5% ot the heighit o hetpheder;fsem tb@mpowj;ers
ge;vu ng orz)grl os ties ofo %% 43% G%]EM%10690%;%%.&9%4&@9&%&.\&%% 35 i b
rves1 f24c Shu‘v.v' C IIU \lU‘II}J S' =61 u: un. ¥ T LCnSr G (?I’ITE y
usi ng the tafgets A4 B28 by tHe oﬂ?émUPg“P'é?&rred sheet s haV| nq por05|ties of
30% 43% 50ps 60%a3stbiyseead 80% foespaprsgnuﬁbhy Wi chever net hod of
manuf act ure pf—tte p - 1S US e ftriorshows—a—very—snatt—ctrem cal
conposition fistrih lﬂ" EEJ/’"mri a \e 100%'m%ﬁgnatll?nLOLmt y. 1t is possiblefto vary
the fitsm conpositi 839 uoy5tntrol | |Wg%tlmnreqmet005| ty of a povvder or a foaned
sheet. 40 T WagzoGiilsadl TEd Tra{on% eghatig]00 can be used rnmreracjon to
ot her conpos[H-er—syst-ers—whi-ch- ...%ﬁr o—east—g-na-h-e‘a-\.cy—pa-pe—ea.r-i h net al
sel ected fromthe j"d‘ﬂb“‘%nm Sti n@°°éf'mwnahpb and Dy and at |east ong

tﬁnsition t al sg;oeﬁ{,emfromthfaogn,ﬁpmg,ﬁmm sting of Fe and Co sug¢h as

DyFeCo? TbGdfeto; e Feto; FeCo—EdbythiFeCo—CdFbhFeCo—FED,

GdTbFe and TEQ@_MM@FE 9B DRPITRY Fr om vari ous powders of a

transition ngtal ha.smngsa%ffereqtmp%ﬁmpredneuo% di aneters. Exanple 641 The

manuf act ur i n{J et nggjnmggyea T3 ﬁ) @ n\b&b Ty the sane as 1 exanpi{e 3-1.
2

60 25An i nbat fntr nest d 2 at 9% of LPIF] and 2718 at %
of [err] wasjfi rst%ﬂ@pé?‘yed as 4 W&%'W@@Fﬁ%l Vari ous povvders of ap all oy
of 80 at% of Fe agg,,,@,%a,g% oF obﬁ\(,h,g}ggngﬁop,ferent particle diametefs were
next prepar ep—Hre—aster—at-oy-rras—paced—en—each—et—these—powders{ and
heated to 1,00 [efPTI™%Acuo td PPBIDREINEICBLyt t ering target of 4" err] x
6t \_Tha average particle diameters of the powders used were 5 [err] 8 [err]
10 [err] 24FmrTable 35it {saletr that alhbrepovdera Gavingt dieagei patislh @idmebiob 5 @ dnH® wWnaarget
f or each ysedytier mastee dlloy 2ibes. not infittréte, 3BBehy GdakiBg. thbatEnefacturé\vica met ip@ossibla| This is
di anet er tmpaise the particle diampieinarsiithal paré at sucloh powderete 6 small that the moltenrrostal tof/ the f
FeCo powdesstep allayy whicts#8% a predstermirier fWiscesityt cachot @erBiegte fthet pawdbre iPgwdersohiaving an
powder 35 rayerpgerparticle dia@etbregf ngt legs tian 10 um can, hawpyer,toragucech terget 5H408% impregrigiidnght  of
t he povvder Targais qbtained by, using Rowderg haginga particle diameteyof ot ey thap 104m| wye feintediop
hei;ght ofthq p@tt?mgvg@@cef boliil ip @urp(?pfor fiim formation. In the case of ‘gﬁ}l ch@%ts discharge
1009 | rprtes bl #pm 419 begipning vefsg aiy problom. E%%w%rgﬁeghlaw spifenng for a lapg gime
100% i ;g)rtg iney the § tl ship "between the smmpélme]ang netic characlewﬁ Oqf f@gn'lanpl on
r]’

re shown in Fl
230 [e /a re 25, reg(rﬁenoe & I 02' ? oleeiarglii usm Wi rs ?navm
| mpr egnatﬁaﬂﬂle%ﬂa‘m f10 um, 24 pfnd nE 230 um a % @31 ai 0
M 62%  confirmed th:ﬁ? fbrFﬁQ& 58 'tﬂﬂa oﬁﬂed powders havin E&fol dﬁ’rﬂ
to 570 um had a constant magnetic characteristic at any sputtering time and were adequately usable. It is
45 because the difference in the porosity among the powders makes the compositions of the targets different
that the magnetic characteristics of the films are dlfferent and this has no direct relationship with the
prosent invention.
In Figure 26, the reference numerals 261 to 267 denote targets obtained by using powders having
particle diamseters of 730 um, 1.0 mm, 1.5 mm, 2.5 mm, 3.0 mm, 3.2 mm and 4.0 mm,respectively. It was
so confirmed that the films formed by using the targets obtained from powders having particle diameters of
730 um to 2.5 mm had a constant magnétic characteristic at any sputtering time and were adequately
usable. In the film formed by using the target 265 obtained by using a powder having a particle diameter of
3.0 mm, the magnetic characteristic slightly fluctuates depending on the sputtering time. This is because
the large particle size causes some variation in the ratio of the RE, RE-TM and TM on the surface of the
55 target in dependence upon the spuitering time. The target 265 obtained by using the powder having a
particle diameter of about 3.0 mm is usable because the range of variation of the magnetic characteristic of
the film obtained is not very large. However, in the targets 266 and 267 obtained by using the powders
having particle diameters of 3.2 mm and 4.0 mm, the variation of the magnetic characteristics of the films
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2.5 mm 55% 100% i npr egnati on 25 3.0 M 53%

100% i rpregnation 3.2 mm 51 % EP 0 3080261iBfpr egnation 4.0 mm 48%
100% i npregnation 30 From Table 7, it is clear that when powders having
aver age partlcle di arreters of 5 amand 8 [err] are used, the nmaster alloy

does not i g Tﬁdr ts large, AP 356 Aad RSTnare et ypable. Accordipgly. (s averear srtigl e
This is be S'i‘]%‘%r (:‘1s 195 Py ‘étf'"“ﬁr"i‘da’??ﬁéf 'ﬁ% P'és‘iﬂf '"‘é"ﬂ(’ﬂ’? sﬂ°“|!$’o"?ﬁd‘(9r”"a'f°é’%o
smal | t hat E{Nag%gﬂ?&dqﬁtt% estsa v rLB‘eg % rp AR m
st 5 TR A m el rream el
part cj)e R g tle m ge?e@ted i*@nn %f

of 100% i ng {vgﬁp&tléa&rbne s ﬁ\etgl e oS
di anet er OgmBErech,eSEmEdTBFech) N&T“BFW N 0>

shown in FN&H@TBFJcarCJNdbypef;ggmeuNgﬂDy#e@othe case of 'eac 6* IDsuch tg? gets
di schargg was stable fromthe beginning wthout any problem Each target

was subj ecEe#hple®-mputtering for a long time to exanine the relationship

bet ween the spuftering tine and the magnetic characteristic of the film

The 40 resulTbBeCartergaiéiere manutattorad &% ulihg eanidus2fiowdérs of i Galisitio? metal R&ving &fifefepnCe

nuner al s 2pgatideddidisiorschyring same aethed as io Bkamplecdsb. by usi ng powder s havi ng

parti cl as di aretirapt4'bé x #) of amaster Aliby [oET2r g% 3BT and 12B alB3of [(feep.§Coo.1) R8s fire propar@B4 a

[err] and ®wFomaterial. Medpye pewders| of .an| alloyefsS0caitf of Fecard t10 at% fof Conbavingr diffecenb pariicdsi ng

t he target élamfaum@d'erdr erARadwdies Bagiei\Aloygwasaplaced jor eathagtdibese powdersigid[hente] tot o
70 urn ha#918°Edmepuerde py HétsP‘Etere'ﬁd#’@PéP "iot8tc at any sgutterl ng tinme and

adequat dhs,aygeage paticle qlamedoryof “lfé’ti"o'{ﬂ%%“s@%@efﬂ B B 40 BM. 4. 58 18 B3 ym.

t {1 51 2 gpm.3yam. 32 p aad 4y t that th
?rangggtlc char &% gﬁ'?%’ff(?é’"'g\edgtg"gﬁ ?ﬁﬁge%ff"eeaﬁn ‘f"i‘”@?’é’ﬁ‘i‘;@[gand t hi grﬁgs I’lOadI regt

relationship with the present i nventlon b‘(r]b Figure 26, the reference
nuneral s 261 to 267 denote targets obt ai ie by using powders having
part|c|§ diangters of 730 [Terr] 1.0 mm 1.5 mm 2 5 mn 3 0 mm 3 2 gm and
4.0 nmrespec W\@rayepﬂﬂ!cle\me@baf@ nfirmed thatFinished $t44 ofgargedr ned by usi|ng the
targets obt ai ned PPiegitnobtafa@Pdehavi ng particle diameters of 730 urn tdq 2.5

mm had a.consfant Mgk, 4%Char ack pitridd 6 3Rlor A8 HeidhP bt Holwiled frbr B8 16pd [ver e
adequat el Y US4 P-e—t+—tHre—f++m—+ Fre—tat —2G5—ebtat-Add by

Rt i S T T A A T L S
characteristig¢ sli ghtdgmf4|mct uat els inflegeito 100% aMetrbightS’pmb@\rdaﬂ@mtthmtep Thi s

i's because the¢ TdTg:EJJ‘f rg e ST ZE e@uﬁ\p%gr?;gﬁewandﬂ o T tieTattq of

the RE, RE-TMiand .T e surf target in dependence ugon the
sputtering tife. The3&wm@8% 265 obiWnimdrepnationsi ng “the powder havi ng g

particl & di angTer of sghR@res- 0 N l,dm%qﬁra,%,gt, pecause the range of varijation
Of t he n‘agnet | fa th_gr a-e-t-ett-sti-c—0of ot nnnl | S—iFOt—\-0F \14131

Hoypever, in the tari%"c‘&‘“?é% and 26 Tooﬁfb‘f"a‘ieﬂ@@"oy usi ng the Qowders haui ng
particl e di amgt ers Qéoﬁnaawﬂ and 160 imprefdaGonvar i at | on of the magnet ilc

characteristi ¢gs—of = lrlljﬁa 1 P—0308—201+Bt—obtarmed—t+s—so—+arge t hat
these t&tgets|. 266 B9%*are n ZimprRenafion: o i ngly. the average |
particle di amgter off3GunMépowder [usad% impregnationuf act uring a target of tlhe
present invent 4 oy i wWas coniir atfl it is
necessary to { i i 0 3 mMm

5 in other conposi 80 3%t ai ni (NP3 impweargtionone | i ght rare earth netlal
sel ected fromthe grgtsuﬂn@mm st 1@'?% imPlogMiflon Pr and Ce, at |east one heavy

rare earth el ¢greprt—setrected—romt corstst+1g of—e—Fb—anrd and

at |east one fransi tPPH™BFal sel e&qos%‘d"‘ﬂfgﬂﬂ ®he group consisting of He and
Co, such as PiTbFeCa,2 nbn@Bd%eCo, Srrmmliaﬁmatud\ddTbFeCO NdGdFeCo, NdPr [WFeCo,
NdPr Dy Tle¢-eCo, [Pr B A\ T |§H%nuﬂm~ e ECO_and CENdprOyFeco. 14
Exanpl e 6-2 ThEeCa fnrnm‘c wer e nianl of a
transition netal havi ng different particle dianeters by the same nethod as
in Exanpl e 3F®m Table 8, it isngleay thglowhep @pwdersthaying@yeregs pagicleijamsfersyal S4imymnsk 8 g agend
28 at % of pssfrthe W&%erf#'?ys@ego p%ﬁ“'@t? QS’e%V maldporiba wanuiacture\eh Aitges imposRiia. Jhigfs gn
alloy of®9 a‘ts%“lﬂpaﬂ@'eeﬂiﬂ!f‘ a%ﬂﬂ)@ @precsh sYph\A RoYIeY; o 8 vl ¢ F"Pl'?ﬂ“ erptah Rl ther s
wer e’ next ?F% chdstred "'%8%“’ fagpat pepmpale g, ppyd H’é’,%’ %8{3&1@@‘
] partlcle dlamete ion

and heat e d um can, owever, produce a target of 0% impr

23



[err] in vacuo to produce a sputtering target of [err]. 20 120 Lim 230
urm 570 um 730 uim 1 mm 1.5 nEROB08RY1BInMm 3.2 mMmand 4 nm Table 8
shows the finished state of the target for each powder used. Table 8 25

Aver age part icle dianmeter and Fi ni shed state of target

por osi ty of T éﬁ? ‘EW&H'@? b!S“ '@erngeﬂh%"“g a particle digmefer E"r“&'t'@ﬁﬁ “iaB 18y yyere Runted g
of the p % véest gyt ig dyigure 2 for film formation. Int b these targets, discharge
Inflltrat '"3? clgmatl

| nf i i Ity a %fts ol ’f’n F"}“ﬁ P ﬂwm o %?p%&”g%cgaﬁ a;%%"t't rg%{(@? ?J&%42%
100% i rrpr €9 Qoﬁﬁqrcj u’é@?s 2;}?;0 271702? % @%sﬁegrb@%/e \fo;gé% %

. 100% i ﬁl&é‘ﬂ h
100% i m}"a iims formed by using the 1 d:t n’i f |:90wders having £4gtion
Hi88 atlan{) spliring 818 and were adequ]:QQ able. It

730 [e”]unf‘tés%umhadaoo agheRE Sl
| npr egjatd Bébaﬂse&hmrferg&e/o in the porosikpg%dgm% BWdtkd MBked the B3Mposiiond of the targets 100%
| mpr egnaltdiferdnt3nd? tHeTagRet¥characteristics ofthéfiftnk BIRIIR@RAL bridhié h&k bMBirect dtationship witd 00
| Mpr egnatieqreskitaventiohl € 8, it is clear that when powders having average

particl e dilaRguer 28, ¢e rbiefende fumaiald 181 [t 287 dendte tatgetslobtiiftd Lyasing powdersohavielges

not i nfi Ipbicid diamétbre oY L HIOMEN, t1SemmEABIhACI.0me, 82 men dnerddatim, ragpectiselp litavas Thi S

i s 55 1sbeorditesl tha dilmsclorimed lbe usingaire taggetsanbthinedh o ppwedessf haging: partiviepdianbtars ofr780 s o

smal |t haam tol2& mm hadecansien magrfetia ¢heracteristicat aayt $potjeringiniecdnd ware adequetelyl esablerth ned

vi scosi t yhe fim famed Wmmam«ésg@pmw fror@pdwdies having jarpgrticie) diameters gis.pam; the | e .
di amet er mepnetie charastodstic ayigs slightly IEE""E &n theppyitetng timey Tl i becayse the {?Eﬂe pgticla. 00%

Leg natslzb fGausgsza variatiopinhesyatio ofthe RE, REHM %"&rTQ’b?’S‘h?)EH”a‘FerRS drerigroe §P ®r s
haV| ng®a ! t"‘Fefﬂ‘%t“‘Eﬂ Abactprgpt 285 obigited by Lising H’P&'Her ge?rﬁ’ ClRe) ?Iﬁ‘P‘é’ H‘"‘c e

sput t eri HEEP e MUt of var 8f © magnefig i f""‘ ° each
O]P these 5? ea?ggg atl 3§ Sﬂn F?? l cho :§ m d lS r %Irgtokggé
f;gb'rgmattar% @ég 1RO rﬁéma afagr fhof f3 i Ne
char ac er'+ S| tl‘ i hecBssa

I'n Figure, erc %ﬂﬁlﬁl 244y

]
0
A
Bm.clerb.aﬁie&%ﬁ% ufn 1o 3k 28-
d?lt oty fard Qanﬁ %%mgﬂr!@l&ﬁe d RPRb JrofPLakidRg by
usi ng IOO\WGHST u gm@atrnaasp 13 HehsAIR hidtaPseidbted Horh e ghoug Gorlsiging lof Péarldddl duck3
[err] 12Qs [ 8FbGo, 2AHdETo! TR Gdpdd, [IDYFeChE BAMALFACR] Yy THFbCONArbCE 0RATHFER#Ad  hat
h\e/flgorrsrbbmdred by using the targets obtained frompowders having particle
di anet ers Ofargefs whrdmbrsufadtifdd [b@ lusihg Vaficusdoaiiat Shedidlof AMmgIRibA Mol TAVIAL Hiftsrért pore  at
any sput taimetg. t i me and were adequately usable. It 10 is because the
difference in the porosity anong the powders nakes the conpositions of the
targets dhdwhge @Mt that the magnetic characteristics of the filnms are
differsnt, and this has no direct rel atlonsh%g with the present invention.
I n F| gur e 28dDyFéfo targéte wera manyfashuad iom vadpys fogm %Pﬁcﬁf@m{“&’ﬂ Q@P!;h?dm ﬁ'ﬁ?f@'l! by
povegerdiamete(s tryghemgmﬁ methed ef ip Fampled-bf 730 gt]
mn .0 mm ArBingot (& @) af pmastAr allay o £33 Attt doﬂVnW& LG %rﬂ KFPwan ¥ f"ﬂ*. | ms
formed b 'QPé’leﬁ £ T“é??%’ét"é"%ﬁf%ﬁ“ ghepts ght ﬂ'ﬂ)ﬂ%‘@%\?fﬁg’gﬁﬁ E MBters
ar & |1 gse lqam f}leets

of 7309 eﬂ' ont fa?' d‘%‘jmﬁ B "ot BBpRC e o é‘ai; et

soutter A T Bl ‘5’4% b sedw nﬁmfmsﬂuayagq@wg the
g

the magnet “fabiég&gsf tﬁ“lrﬁ]t%cfarge par p'glf xoaﬁs@ﬁ,e ungetqedt e sputtering

time. fhis is because t e Si ze causes a variation in the
ratio of the RE, RE-TM and TM on the surface of the target depending upon
20 the sputtering tinme. The target 285 obtained by using powder having a
particle dianeter of about 3.0 mmis usabl e because the anmount of variation
of the magnetic characteristic of the filmobtained is not so |arge.
Howevego, in the case of the targets 286 arid 287 obtained from powders
havi ng particle dianeters of 3.2 nmand 4.0 nm the variation of the
magnetic characteristics of the filns obtained is so great that these
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targets 286 and 287 are not usable. Accordingly, the average particle
draneter of a TM powder used for 2E&Prfe308f28¢®B1ri ng a target of the present
i nvention should be 10 [err] to 3.0 mm It was confirned that it is
necessary to use a TM powder having a particle diameter of 10 urn to 3 mm
I n other conpositions containing at | eakdledhe heavy rare earth el enent
selected fraomthe group consisting of Gd, Tb and Dy and at | east one
transiti on |eérage paritie diater] r om t he gr oup camshed staigofadrgdre and Co, such as
DyFeCo, Th(dBeGmoshiFeametifeCo, GdDyFeCo, GdDyTbFeCo, DyTbFeCo, ThCo,
GdTbFe and |30 THBQ@CsheetTar g¢t s wer e manuf act ur ed

sheets of g tran | et @ z W O JIP A L = AL P Ao Of <l s
35 NdDyFeCg- {arggf‘s'@zﬁe l:’e amvarlous Qg S
transition[met al 8 W4y di { infiltered tofidy of theihgightobihe foprped FeEo sheatdfromdaiorl as i n

|[5X ar?' e nﬁ' fL- An 16 R@0dasd 4" | erfiltrated to%i00% ©F thetheighbdf &o 117 tbdmbd PECosheet frérh e Wp
err] an —8—atYof—ter+— - - et oIS
foaned shedts of* 4 824 oy f1°%'"éPfQ%‘?5‘P;i Fe and 20 at % of Co havi ng 40 i
different pgore d8amesses S Werie0% engkegpatiowar ed. The master all oy was placed on
each of thdseT FO_ S TEet} eat to— 1000t er €T Vvacuo—toprodiice
a sputtesing targila'ﬁ’%:\s?’ [er ﬂ%%ﬂiﬁ?egn%tp average paore dianeters of the
f oaned shegts ugedmuefe 5 | dP¢% ingrggeatio) 10 [err] 24 [err] 38 [err] 53 Table
9 shows the¢ TT g RR0sedd at €] Qbosk Iiprdghdiig®t 1 Of €ach foaned netal sneet usgd.
45 50 55 2 -=R—0—3088-204—Bi—Fable—9—Average—parti-cle—diareter

ished stlat e %68 #Pefidfet  apdoPsimpEagpdfiont f oaned 5 FeCo sheet 5
[err] 62% 730 ] 8404 at efl 1box fdraghatbme hei ght of the foamed FeCo sheef
fromthe t ¢p S—aT—6454 ‘- trated—to—5%of Hlﬁﬁmtﬁ‘r‘fﬁf tre—foatfed
FeCo sheet |fronb 'ﬁ'&@éﬁi 10/ 100% 'mpregiﬁﬁn[eu_L&L% Infiltrated to 100%
of the hei ght of5mincss8the f pa00%infpedgoatisineet fromthe top 24 [err] 62%
100% i eqnatron eI T ] Z pregnat T or s 0
100% i npr ednat i B¥hm®A% er r | 1804mpregnation 00% i npr egnati on 20

=

730 [err]

64% 111)0%2 AR QeNat | PRodes hprdghatior 70 T00% i npregnation 1.5 nm
58% 00%o—+—E oh—2—b—ArR—a504 00%e-Hrpregratem—3—6—m—{ 53%
10Q% i mpg ednat i HHma: ¥ b 188% impregnaiom os, | npr egnat i on_30 4.0 mm |48%

100% i npregnation 30 From Table 9, it is clear that when foanmed sheets

havi ng aver agempreble ot a81@dae that vitfen Toaed sHeeta Inaliny dverade] pofr diamefetiof St e anths sl
al | oy doesareotedj thé mhastérrafidyedoes hat infiliisatemhéraisygmaking theamanbifactdrel piea ifgetcimpassibje.t This

I mpossi bl eis bddause thespdreedigraeser of sush p dnemed|shmatds e smafl thettbémelteh owiabef tiwreaster alby.s o
smal | t bat whidhchapm| presiatermined | visodsity.¢aanotrpermeate thie|sheet. FR@megdhshedis haying an average pore
pr edet er i fireptayjoknodlops thandlf e cap erofvcgadargdh ef 19P% dmpregngiighed sheets having an
aver age por e Tor Rrgetsebtaippd Ry psing-feamadisheets having ray ore; diameler | iietcless thagy 19ctm yere
100% i npr efeHeied G thepptering dgwieasshaws iniFigurg 2J0r il foppatien, iy the case elenach of 4ipps,fgragts,
pore di ane lghar.gﬁ w%tstaplgé@n\t Warpeglmlzjgegqﬂrthg\%rvéas no problem. Each target was subjected to

: e relay

4p. sputtering for a long time o examine onship between the sputiering time and the magnetic
characteristic of the film. The results are shown in Figures 29 and 30.

In Figure 29, the reference numerais 291 to 297 denote targets obtained by sing foamed sheets having
pore diameters of 10 um, 24 um, 38 um, 53 um, 120 um, 230 um and 570 um, respectively. it was
confirmed that films formed by using the targets obtained from the foamed sheets having pore diameters of

45 10 um to 570 um had a constant magnetic characleristic at any sputtering time and were adequately
usable. It is because the difference in the porosity among the foamed sheets makes the compositions of the
targets different that the magnetic characteristics of the films are different, and this has no direct
relationship with the present invention.

In Figure 30, the reference numerals 301 to 307 denote targets obtained by using foamed sheets having

s0 pore diameters of 730 um, 1.0 mm, 1.5°'mm, 2.5 mm, 3.0 mm, 3.2 mm and 4.0 mm, respectively. 1t was
confirmed that the films formed by using the targets obtained from foamed sheets having pore diameters of
730 um to 2.5 mm had a constant magnetic characteristic at any sputtering time and were adequately
usable. In the film formed by using the target 305 obtained from a foamed sheet having a pore diameter of
3.0 mm, the magnetic characteristic slightly varies depending on the sputtering time. This is because the

55 large pore size causes a variation in the ratio of the RE, RE-TM and TM on the surface of the target
depending upon the sputtering time. The target 305 obtained from a foamed sheet having a pore diameter
of about 3.0 mm is usable because the variation of the magnetic characteristic of the film obtained is not so
large. However, in the targets 306 and 307 obtained by using a foamed sheet having pore diameters of 3.2
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mount ed on the sputtering device shown in Figure 2 for filmformation. In
the case of each of these targetsEPai3ogked Be was stable fromthe beginning
and:there was no problem Each target was subjected to 40 sputtering for a

long tinme to exanine the relationship between the sputtering tine and the

magnet i ¢ ThALE B §'P "E”at’j?" 'ffﬂ?? ’F?QF‘?PF W@W’gﬁl Pl tae EW‘%“%‘HWGI $9 larpethatdhese 9

and 30. |‘?'59“Piﬁ rag gepzrgf'afnaterz@srfmﬁsm SP%ﬁt t’@r

obt ai ned "baQItw ?]“ | ?D;@"é}] - of err

coni e @:‘ 5‘%@5 X %ﬂ?‘f ‘?fl.st. e 'zﬁazred
sheets, 2?‘%‘ a919 [of \ddbecfe t&hét.oﬂ *tZ §ct pyéuch 2
Ttis be%ﬂﬁéd‘ﬁb‘#&ﬁb&f?dﬁy%%n& 53?3‘3% &&oosmy armng t e S ee?ys rrékes
the cogpositions of the targets dlffyerent that the magnetlc characteristics

of the fiskimpler2 different, and this has no direct relationship with the
present invention. In Figure 30, the reference nunerals 301 to 307 denote
target s obtmoFeGd tagetsusere) gnahafactall By @sihgs vatiaks fo@m&d) shepio e aliranBitdneinstalORaving 0
[err] 1. @iffenent pareSliametersdyJhensane Bethodiam in Brathplariand 4. 0 nm respectively. It
was comf i r nidngoh@l ¢txivd of b imasterfatioynt @2 g of Ib Ayl 28Ht% bUFeECS.)oas tristredpaled asta
f oaned simvematerdah \Valinys framed sheatsot ar aloy bf G03A8% 10f e el 10 8%noihChdeving differant poté
magnet i c digmgloose Nestiarepargd. Tam pagien allaveras nlgeadi amsacinefi theker feanzed stretet 2ot eateddd| e.
In t he fl‘lohq f‘bPM@@B}PWB@r@Pﬂ#@E“Q‘a@ é’i4'305610bt ai ned froma foanmed sheet

ng a amw&rdwmetess o therfpamer] shepisgised vere SHa: 8emeld k.24 w38 WM, §3
varl es?d é’ﬂbﬁg’l‘ﬂg {3044, 4 gp. 1 Fgnm, Pi{prg, 3 ram32mm epd 4 M- 55 | ar ge pore
si ze causes'®] F'i'°a’ffh8rt|'"'F dts‘ﬁté r % faEP"bfP”‘laﬁb“?@d“F@ PLHRF- TM on the surface
of the target dependi ng upon the sput Bg time. The target 305 obtai ned
froma foanmed sheet having a pore dia of about 3.0 mmis usable
becaus t variation of the nagnetic characteristic of the film obtained
is not’s¢ | &verpge s dieroader and n the t ar get s 306inisied s@®0f atgetai ned by usi ng|a
foaned s Heparosiieefitoamet5aCe stebiret er s of 3.2 25 EP 0 308 201 Bl nm and|4.0

21;1 I ;PSG art atT ogl,pfasdde mg;l%ﬁﬂir&a@tb@%%@gﬁélﬂ bife 16dme#6Cd énh’la\él“?rprﬁ%%ﬂ‘e( ear e
averagg }%ore di et a f ¢oHERledriRA% PP hﬂ%ﬁfﬁwﬁﬁ%ﬁ‘?ﬂm’ﬂ 1e4R ar get

of the pflesent anﬁ.FM%On shot Indtrhajtaﬁ’odeedsmﬂe Hei@ht&fﬁefmmed Eecmeﬁ@m‘thémc
that it i ,

[err] to 117 4 Tl '

earth mef{al sel &mre.cBS%r omthm@r/ompregtmm sti ng of Sm Nd Pr and Oe at
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NdGdFeCo,| NdPr l@yd:,g%z%NdPrDy m%pregﬁaMeOo NdSm=dTbFeCo, CeNdDyFeCo jand
CeNdPr Dy FeCo—io—Exafpte——21ThleCo—targets—were—anuiacturet—by—usHe
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mast er alftoy of; o 6 Of 1D m%"mﬂ—mrmm
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to produge—a—sputtertig—tar -Sf1—x—6t—TFhe—average—poere—aargt er s
of the fganed MBPSSHsed we(éooﬁ" imaeTationa il ¢ 10 shows the finished statfle of
the targégt for xanh, 2aamed Mmpik impegiatensed. Tabl e 10 25 Aver age pdre

foaned i memmmm
. CO qheéqm'ajOERRL 4.44/100% impregnation

f oanmed Fé nfiltrated to 3% of the hejght lof
the foamed FeCo sheet fromthe top 8 [ERR] 44% Infiltrated to 5% of
t he hei ght Fuém Thtde 9.dbiscidartesCyhentfoamedfshents haking average Oorp EimRptors 4H/F wm and 8 um

| nfiltraewdsedtheogsieiofioy dnss mt|-rgmtealnerqu@ak-@mﬁwarrt@@yresxﬁe@met imgessiblacThisdp 24
[ err] s82%pcause the pore dignels! qfqg\a@gmfawqglrfshgqg i rgmall thabihe molten metal ¢{fhegnaster alloy,

i mpr egnalwplarh h§5a predetermined vnggsnﬁ ot permgate the sheet. Fo eﬁﬁ)}aggq.lgt Jvgsage pore

diameter of not less than 10 um, however, an produce a target of 100% impregnation
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120 [err] 35% 100% i npregnation 230 [err] 32% 100%

| Rpr egnati on 40 570 [ err] EB®°308 201 B1 100% i npregnation 730 [err]
44% 100% [ npregnat ion 1.0 mm 42% 100% i npregnation 1.5
mm 39% 0o | nation 45 37% 100%
inpre gn ati ng ed sheets Wg, Pbrf?t [gs h vgnswere mounted on
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700°C 20 hr 50
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As shown in Table 13, it will be understood that the higher the temperature and the longer the time, the
greater is the amount of intermetallic compound phase. Since the intermetallic compound phase is
produced by the diffusion of the solid phase, it is natural that it depends on temperature and time.

The optimum amount of intermetallic compound phase is determined by the sputtering device and the
sputtering method. Several examples will be cited below.

In the case of using a sputtering device such as that shown in Figure 2, if the substrate holder 22 is

. rotated and a substrate mounted thereon is rotated on its own axis (the subsirate rotates both together with
the substrate holder and on its own axis), the amount of intermetallic compound phase does not matter. On

&5
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As shown in Table 14, it will be understood that the higher the temperature and the longer the time, the
greater is the amount of intermetallic compound phass, as in Example 9-1.

The optimum amount of intermetallic compound phase is determined by the sputtering device and the
sputtering method.

Similar results to those of Example 9-2 were obtained in the case of other compositions containing at
least one heavy rare earth element selected from the group consisting of Gd, Tb and Dy and at least one
transition metal selected from the group consisting of Fe and Co, such as DyFeCo, TbGdFeCO, TbFe,
GdFeCo, GdDyFeCo, GdDyTbFeCo, DyTbFeCo, TbCo, GdTbFe and TbhDyCo.

In the impregnation method described above in which a master alloy is placed on a metal powder or a
foamed metal sheet, it is necessary to control the porosity of the powder or the foamed sheet in order to

60
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