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Thia. invention rel•t.•• gc19raily to thin !:l.lm magnetic recording 
media. 

Bu'J.Ulll farrit• ·. o~ (eaapnmda of barium, .iZ"OD, · an4 ox;vvenJ 
s .bava mm widely •tu.die mcauae of their· magmatic propertie•. · . OAe •uch 

compound ia.·t.be .Oneco.;.piumbit• phase, CB&!'auOu>. which .:Ls ·frwauen~J.¥ 
referred to aa Cha M.az:o K-Jla p]3a•e. The magnet.o-plumbite phaae ha• 
hexaQ'OD&l eymmeu:y uut :I.a· campoaed ·of layera of claae-packed ~ 
5'lan .. with iron atCllll9 occ:upy!Dg several-different interstitial eitea and 

10 a :barium acom suJ>atitut.~ far mr;y;en ·on evm:y fifth la;ver. The . unit 
call is cCll,POSad ai two .fcmaula unit• of llflll'euOu. The llllignet:Lc: momenta 
of the iz'cm. atClll8 at the ~stiti•1 •it•• llZ1I pazallel to the 
cyatallogrmphia a-axi• amt partially CClllPan&ate each other, l-ding t.c a 
fan:amagnaticr •tat• billow the curie cmapcature of apprcximat•ly 450° e. 

15 At zoam tlllll'C'&tlln the. material poaaesaea large uni.IXial. c:iyatal 
aiaot:Z"oW an4 an U8l' mapet.:l.ut:l.cm ad.a parallel to the 
cryat:&llographio c-axi•. For :Heldll applied. parallel to the easy 
maanet:ll:ation axis. coercivit.1as larger tban . 6000 Oe have ~ nporced 
in 8Zllllll •~l• =7•tai part::l.:ula~ea llDd· ucrq. 5000 ·Oe. bu ~ezi. ac:h:l.ev11d 

. 20 in thin. f:Llma o! tm II pba1e .. 

Barium fazzit• hu bMz1.: u.i· a• a manat,:lc nCOZ"dinQ medium in the 
fom of aiDgle CQ'&t&l particulatas 8U8JHIDd,e4 in a l>1ndhi~ material. '1'he 

part.icul.at:•• iii tbue •di& mm ·" ori~tecl by applying • maanatic: f~eld 
co i:lla •ezua~11Z"8 dlar£acr thll ·curing or Che J:dDcter. "1'he magnet:~c: 

~5 . »erfomance of buium .. fKZ"ita .part.iaulata media :la aurpriaingly cloae to 
that of a conventicmal thin film cobalt-alloy magnetic d~sJc. !'he 
acepticmal perfcmaance of tbia putiaulate m8dia has 1'een attributed to 
it• 1";e ani•otzoow ::r.eld and the mapet:Lc: deco\lpling of Che 

part.ieulat••· W~l•••· iD the ~.be t:owazd ldfber dma:lty recording 
30 dilllca. the ability to aka aabalt-maecl. alloy media mch tlWme.r tlw1 

pa.rticulat• madia ma •de it preferdtla for usa as a reaord!no. madium. 

Barium ferrite baa al!SO been :investigat.Ml :far uae •• a thin film 

pez'Jjlendic:ular rec~ mdium~ Pezpmcliciilm:' ncorcUrig mdia •tan 

iAfozmat:l.cm ill tmi. fazm of JBfll!8ti•ed zegMmai whereiza the ~ci:1acion 
35 in Reh z-eg:Lon ls a@acatial.ly -pezpentiaular to tlMI plmut · o.£. the medium. 

Ilda 1a in c:ontra1t:.to canvmi.t.ioaal lcmtitwlbal recori.:l.q' t:aclmi9&9• 

iii~i1iii1ili1ilf 
. ; 



.. 

AS-SPRUSON 0462755296:# 8/24 

wbereiza the mapeciaed ngiau llave fi•lds that lie aumtant:.iall.¥ in Che 
plime of :the matima. :aecauaa ~ eailjr mapetization mci.• of barium 
.iernte. i• parallel to the . e-a:La. the priar Aft has ·been. clirac:te4 toward 
developing thin filnw With a· high degree of c-axia pezpmdicular 

5 m:ienut.:lcm. lZL addition to high coercivity, •uch films are amant:ageoua 
blc:auae they llZ'9 ~ ru:L•canc and exh.il)it a high reaiacance i:~ 
C:OZ:08:l.OA. 

A . !avou.recl r=eparacion cec:Jmic;ua of pezpmd:l.c:u.1ar ":ium fez:oii:e 
films i• to sputter ~sit 1-rium ferrite !%0:4 atoiehiomeeric. ceramic 

10 ~eta in a system having two tace•to-fac:e targets onto a heated 
au11atrata located at the periphery of the plamu. l)etween the targets. 
"l'h:la ~t mimmi••• t:ha :bombardmenc of the thiza film 1'y ae:ptic: 
icma mid e1.ctrcms during .film growth, thu'aby :DnV&Dting chana'e• in the 
:u.m. at:oichicaetzy caum _. th• »Z"•fer1m.tial n-•putcerinv of mrium. 

15 Bl.lbatrate temperatura durillQ depoaicicm raz:ige ~tween sso• mid. 100• C 11114 
spu~teriq guea ue typiaal~ a few percm.t ox,nen in argcm· at: • total 
praaaure of 2-8 ndllitOZ'Z'. 

While llUCb H.lma have daaireble propezt:l.ee, Chey are of limited 
utili~ in lcmgitw:Unal nc:OZ\Ung llWlicaticma, which are o~ten a 

30 :s=eferred JllDCle of magDetic: nccmlincr. L=gitudfnal .recordin; is · 
pr•fe.rred in llUiY !zaat1111au :bec:aw1• ot the %91.acive ea•e wich which high­
parfomuca read/wzite ll .... au. JM !Uricatecl to work in QCllljunct:l.an 
with a lcmsituninal medium. 'Dia UUUituility of tnditiaul larimn 
!~:I.ta tbin !ilma for llucb appl.:Lcat.:Lou is cme to their •CZ'Ollg 

25 c:zyatallogn.pbic: mm m&petie orientation ~cNl.ar to Che plane oi 
t:be f:lla. Tb!.11 ne\ll~• :lzl an iD.-z:tllUllel_c:oerc:iviiy and aii in-plmie 
:e:mmaence that are far too law 1:0 )a W!l•ful in high-pm:fcmnanae rec:arcling 
applic:ae.ion.. 

~ the fGZ'8goillg' J:WQIW, Cl:IKe ia a zi.eecl for a thin film a;zsetic 
30 z•c:cmUrlsr medium tac utili•• ta &dvmlta;eoa• manecic:, .atzuc:t'llZ'al. llD4 

cUmlca1 p:opm:tiu ·of ~ :1111 mr:Lum ferzita wit:bout the l:lmitaticm ot 
being •t:onsrly oriented P8%1*ldicUlar to the plu• of the f:Llm. . . 

filll pre88Dt iDvantioD ia d.incted to a •gnetic recording medium 
tba~ aat::l•iiu thia need qr !ozmizlg a .lm:'ium ~errit.e t:hizi f illll wic:h a 

35 Z'&lldnml)" m:-.t.eatt!!d, :H.M-gzaiDed polyc:i:yacallille ac:ucture. JW.ndmly 
oz-i~c.ecS_ :Ulm• of Jar1um ferrit~ are obtai:Aed 1'y roam t.empe.rat:ure apu.tt.u-
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aepoaitioza of ·a aaazp1:aoaa oxide !:I.la followed b.i a high tempantm:e 
QIMIAlinQ' proc:••• in a.i.r or mQIPA. .'!Jla :film Which i• w-ma;ne~ie and 

. . . 

amozphou• a:Cter c!epoaiticm :beccme• 111&GD9t:La Bel GZJ'•talline afts 
mmaalin9. the r~ ~iatation .of tba.ra.ultant J:)ariUlll faniee 

5 m:yatala result• iD ezaouQ'h in-pi.me 0o8raivity lllHi :-.nae• to maJce th• 

medium \l8e:E\ll for lcmsr:L ~u.clinal .rae=dinf. 

A prefarred. •;natic: medium bavin; fei.turea of the preaenc 
inveni:icm CQmpi"iaaa a bad.um tard.te film whJ.ch hu Jam 11p11t.ter 
c!epos:Ltecl at Ulb:L~t C'81DPG'•t:uzu f:-om Bal'•:u"1.1 ur;ats and than 

10 aubjacted. to high t~ntun ameal.:LAG' ta fozm a ma;netic: atzuctuz-a wil;h 

'randcm CZ'Y•tallization. De ccmpo•ition of the film i• •ubllemitiall,y 
BaPeu011, • hexagcm&l M-aa ferrite acm;»ound. 

:cu ozie eml:3odimmt of the invent::tcm, anneal.in; oc:c:w:a when the film 

1• e\lb~ect:e4 to aso• c lor 10 :m:bmt•• in an atmo8plwre of mr;vgen. Jfm:h 

15 mhorter azmealinsr t:lmu an poa11U,le if the .zm-1.ing. occur• at a hi.gher' 

t~erature. ror example, in imother embcdilllent of the invent.ian, 
mmeali.ng oc:Cn.Jr• iD 10 Hccmda ... at tso• c. Altez21ati,,.1Y, the film cu a 
amiealea·b,y' l•••r.tr:acli&t.:L=•o • t-.o avoid eubjeeting the •ubatrate to 

t:he dem&ging efteots of .high. teqseratw:ea. Ozie sucb embodimtmt ~ec:ts 

ao the f:l.lm to irradiation b.v a 110 watt ·co.. la•er operat.::tng at a wawlength 

o:e 10.6 micron• £or 80 aeaonda. 

11Wiaa1 -;mt.a.a ;copwtiu :Eo:- film pr~ in acc:ordlmce with 

the praamt iz:Lvmt::l.cm. are1 S.-2500-5000 o., M;.t-11Mm/maw for t•70mn, 

X.•375 ..u/oc:, 18•.SS-.&S end s• •• a. '!'he leqe &Di•otzow of the m&tU"ial 

25 CH,•i7,000 Oe) ia ze•pouiOle for tm ~ ooez-c:ivity ot tbeae films ad 

make• tJlem di~tic:\llC t:o ••tm:ate .,,.,,. with ca -Wlilid f:Leld of 10, 000 oe. . . 

Zn .a4£tioa, the nlNltu.c fUaa ave an imLertmt aw:fac:e text=• that ia 
advantagaoua wba tl\s.:ftlm i11 wad fOZ' c.Uak at0%&ge applieatiozul .. 

· Anot2'.a' ~o~:l.mt: of t:be inv.tioa. a.pOaita, ~eh 8PQCCeriiw, a 

30 thin film o:! barium fenite while 11imltaaoualy dorain; th9 film with 

:l'elat:ively 1111111.ll perceatae-• of CZ.A, SJO,, Tio,, ZrO,, Y10a, YA·Z~ 
CYSI), AlaCJ, eoo·tiea cs otber o3d.4u hnvmsr a ca~ion valance of +3 er 

+4. 'thin ~ilmll doped :ln tJU.a.-=er baft a amaller grain. aize and 

therefore a higher aJ.gnal to zioi•• ~ ratio • 

. ; 
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'l'tU.a iD'vatic:m thWI provida• a barium :.fe=:U:e ~1lm. with 

a4vmbgeolla magnecic: properties, eon"08iOA Z'Ui.81:&08, 4\.arabtliey mid 

imlaze= texture without. the limi.Ut.ion of J:leincr acrongly ma;ae~ic:ally 

· c=ieDted pmpemlic:ulaz' to the pl.AM oi t!ie f:l.lm. ll!mbgdiment.a ot the 

5 . invat:l.on will m:nr be c!e•c:u-1, :by way of exUl:Pl• only, widl refenmce 

to the acCQ11'1anv1Dg drawmga in wbic:lu 

l'icr. l ia a =oaa-•ec:ticm!ll. vi• oi a J:w:imn ferrite film cm a 

aubetrateJ 
• 

Fig. 2A ia a magnetic byacana:l.a loop of 1m 850 A bai'ium im:rite 

10 thin ·film of moderaee coercivitl' with the appl:l.84 i1ald in t:!le »lue of 

tba film~ 

·!':Lg. 23 :Ls • magnetic h,vat:m:eau loop of llD 850 A bariml ferrite 

t1'dn film o~ J.uve caera:Lvi~.with the applied field in t:be plane of~ 

film; 

15 J'ig. 3A :La • pz-oiil.meter sea of a 1,000 A :baz'i.'llm fC"Z'ita thin 

f ila after depoai.t:lonr 

Fig. lB i• a pro!i~t~·9CllD oi.a l,000 i barium:fezrite.thin 

film after azmeali.nri 

Pig. 4 i• a magmt:.:la J:w8teru1• loop~ a Jartum ~-=:1.te ~ i£1m 

ao dopecS with chzmium oxide cm. u s:to3 au12atrat:e1 

l'ig. 5 is a~ iUuatratiDg the nla.~mahtp bltwaaa coerc::::Lvi~ 

llD4 grain •i•• for Y&Z'ious -- mn4 ~ mrilml ferrite . thin filma1 

l'ig. ' :I.a a graph _.Uluatn.tbg ·the rel&tiamlbip bat.wee ;n:lza size 

ad c:rae. ·doping.· c:cmcentrac.f.cm for barium fur:Lca thin filu depo8:l.tac1 on 

25 SiOa nmtntes1 

J'ig-. 7A is a 1\v•t-..aia loop ot a barium fezr:lte film mmealecl t:iy 

COa la•er iz:ratiatio1u 

. 
Pig. "1B i• • 1\Y8tere•la .looJI of a hip ~ua.f.riq. barium fezT:lta 

film mmaaled bl' CCa luu kr&tiat:Lcm1 
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1'£1'• IA i• a Q'r.a.ph 11lu•trat!Js; Cha ralaticmahip .be~wan laaer 
irradia~icm time aD4 c:OG"ci'V'icy ac a .luer »Olf8I" o! 300 watt:•1 

:rs.11. 8B i• a graph illuatrat:ing the relacicmsb:Lp between laaer 
· i~r&eliaticm t:illle 11114 c:oarairit.y at a laae.r power o! 110 wattaa 

S l'ig. 9 ia a adMm&tic tia;ram of a cliU: drive 8Y•tmn wsetul for 
pracciain; the preaem; izmmtiCD1 and 

:rig. 10 is a top-plaa. vi• of a 41sk drive ayatem u•e:ful. :far 

»ractiaiq the sv:•••t bvmtion. 

With reference to Pig. 1, a cross-aac:ticmal_view of a mrium 
l.O fC'Z":Lt:e film 60 deposiced cm a am.trace 70 i• illustrated. 

'1'he film 60 has an ~er aurface 65 and a Oct:tcm surface 67 tb&c foms 

Che iACU'~aa• wid:I. mm.e.:nte 70. 'l'he i£lm &O i• depo•ited b.V rea=:1,,. 

ma~ ISp\ltt:~ o! a barium furi~e target in an cm-axis rpltterinQ' 
ayat•.. awm as the 2• :!.zacb Re•earch s-gwi mcdel manufaat1=11d by 

15. Sputtcec! 'ilma, Inc. o! s1nta Barbara, C&lifm:nia. on-axis aputteri:ra; 

ayatau·orient tbe DPittu1Jl; .ta:g.at_ao &.•to be parallel to ll1'1d :J:ac:ing 
Che anmatrata. ~· cc:m.figuratte:n:Z'HiUlt•_ in _J:Ugher· depo•:Ltion rates 
tl:2alL that aclU.ava4 _. apattub.g syst:ame Wb.ic:h pos:Lticm a 8\11:3•trate 

~ to the tar;et~ 11.t tbe pmr:i.phmy of ta plamaa. The blrium 
20 fe=ite eputteri'Dsr targat.li &re •t:oiC!l:aiamecric:: ar nearly seoic!d.ametr:Lc., 

hat-prasaacl C!C'maica, which an JuulatiD;' ad magnaeiaally urJP01arise4 

pr~OZ' t:o •p.attuho. fte !il.118 mQ" 1'• mccHafully sputtced under a · 

'Id.de :rango• o~ ecm4U.ioaa,, iziolwlincr tho•• :i.n4iea~e4 in rabla :r. 
Subatr&t•• Z' ... .iil -~ ambient: t:emperatun during depoait:ion (typio&ll.y so• 

25 C) and move with a contimaous •pluetuy• motion owZ. four di~terent 
aputtC"inSJ gwm. Therefore, film dePO•ition cecura onq during Chat 

fnat:icm. of t:lme wha. the •ubllb:at:ee an over the :bl.ri\am fC"rite t:uget.. 

30 

35 

ke••=• 
'Oa in ArgOD 

l'J.GW 

1'awm' 

llept:i."n •••• 

'l'ld.ea. .. 
late 

2.5-8 atl'oZ'Z' 

. 1-~o• 
40 •c:c:a 

200-500 w DC or .RF 

. 0-80 v EiC· 

soo-1100 A 

a.s-11 A/mm 
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'l'm:Q•t• an ::Lzd.t!.&lly apu.ttcecl with radio fr~ency {RF) POWC'J 
hawllvar, after aflYU'A1 !lour• of R7 epu.c.earing the tuereta 1-e1ome 
~tive aD4 nc: eputt8i"i.nsr i• poaai~l•· .Tazvet conductivity :lnc:rea•e• 

, •. , • . • I 

during the ini::Lal apatterins of • new ·carpt. 'l'hi• :L• lilcel.lr the reault 

5 of p%8.fere.ncial sputtu-inQ' •~ the target•• surface. . '.L'aZVet h:l.•t:OZ'Y ha• a 
l~ ef:fct cm the. e~it:l.cm and propart:iea of the apuetered mrimn . 

iBZ"ite .tilmll. !'~ axa,ple, !! depoaiticm conditicma are Ghancrad., tha 

c:oiqpoaitio.a. of the nsultant filmll cbm1;•• until 1:128 target agaill raacbaa 
a sce&Qy atate. :ct .. 1.· ~laved ~t the c~oait•. oxidl!I carget chaiipa 

10 :!.t• •urface cam.pmitiCD with Z"••IMI= co che J:Nlk cupt. canpo11.:l.tion due 

to.the 4:1.fferent 9P\1ttering yields for •ach canpmanc. When apuccerizig 
cOACSi~ic:m• ue cbaDged, a Dew •UZ°fac:e ccxqpo9J.cicm ~·c·be achieved to 

~t&in astead.v.State t:ranster of~ ~t CQlll)O&itioA. 

the apUtter. deposited ~i\Dll fezorite film is initially DOm\UlgD&tie, 
l.5 imulatin;', amc:arpbou• and extremely •ta]:)l.• in· air. <:zystall.ine ma;net1e 

f:LllU are cmt:aiDed 1'y •=•lis2o" the •lllPl•a ·after Z'8110ft1 frc:a the 
apgt:termg qat•. lmnMlinsi 1• perfozmed. uaing a c;uari:z lamp rapid 

thelnal mmaalizg ova or .by· •imilar teclmi;uea as are known iri. the art. 

A typical e=eal:blg co:ncliticm i• 850°. C far 10 mbucea in OIUI atmosphere 

20 of Oa. ~c•••i.Dg t.:!:mea u .Um:t u 10 ••c:cmda are po••ible ior 

azmealiD; tea;.eratw:e• of 950° c. Mditlonally, ezystalliAe f.U.u can. :be 

. ~·:l.lled ·at tem,peraturu :below eoo• a if •nn•l:i.zzv t::l.me i• i:a.c:rea•ed to 

•WU'al lU:ru.rll. %! ~ filma ~ dapoaica4 an S:l.Oa or otl:ulr cam,patibla 

aubat:ntea, tlle t...,.tm'e •t wbic::b am.1Mlingoc:c:ura baa veZY littJ.a 
35 ~ct m tll8 magnetic pz'OpC't:l.il• of the re.v.ltat. cqata11in• larim 

:e41Z'Z'ite !Uma. 

VAliJce 1:ilm8 ftMM] e4 ill Oa1 films annaal.84 in lfJ ~ & •=•~aD~ial 

d8,Du.dellC9 of tohei.r magnetic:: properciu cm the time 11114 t1111P•rat=e of 

~ •=•al. l':L:Lma ·azmu.194 in lft for mozoe tl'lan 20 ainueea •t:- 100• c bave 
. 30 & ~ly .red.uc:e4 c:oerc:ivity • ltwliel PKfcmnec1 "Binet 1\UtheZ'!ord back­

amtoter:ing mpec:=oacomr (118) reveal tbat: ldgh t-.arature · amealizi; :izl. 

an N1 atmosphere !or a lang period o! Cima redw:u the oxygen c:ontant of 

the larium farziita fi~ when cazqpara4 to.fllma.identically mmealad in 

Ca· 

35 AltCD&tiveq. ~· amozpmus :barium ~·~:t.ce !ilm may .be azmealed. by 

lus ~acU&~im. Luer ~ticm hall die lldvant•&• o:f mini•i.s!Jag 

dam;• to t.ha au,ba~ate matarial cauaed 1'y- expoaure t:o bip t~eratii.re 
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azme&lirlg in oYeiw. %n addit:i.en, laser czyatallisaticm of the 11arium 
• femt:e ~ilm make• it ,poaaible to fom mapea:ic ragicn.a cm • ~ 

. ' 

· madiua· while laav.i.zao ~acent pGrtiona ot the udima 11omasinet.:Lc. Poz­
examp1e, d&W. craclca. cm a mapet:ic: re~ disk could be c:z:yatall::Ls:ed 

5 while leaving ac!:l•cet; ~ naamagnetic. 'l'Aia .result• in a high degree 

oi de•kBl• magnetic: ieolaticm. bl~ ~ac:en\'. · data t.r&Cka .. 

. . 

:En one embodiment of the l.aaer anmaliftg pz'Ocaaa, U.ght fram a 

Cohawlt Gmieral 117000 COa luer operating in al mode at a wavelan§Ch o~ 

10.& mic:ro.n• .ie directe4"tbrwgb'a eerie• of ZDSe ar other suitable 
10 lenaea tOVP'Cl a Rrium fen"ite thin. film cm .a SiOa substrate. 'l'he 

d.efocuecl l:Hlom frcm ~- l.uw i• u•e4 to iz'z'ad1&t:a a circular metal 

aputure which ia focuae4" cm the •ample at a nomal incidence ao as co 
fom a S.4 mmz-adius a1i-c:le. ';h• iD'adiation ia perfo:mecl in air at 
ambient preallUZ'e and telllli»cature for 5 to SO aaaonda with the laser 

15 open.tin§ at 100 to 300 •tt•. 

llm;v TU"ia~iota.11 of ~ alxwe &t•cribed. prcc•a are poaa~l•. !'er 

example, the laser my be.• lfcl-Da, ac:imar, or p.llaed :nal:ly laser, u 
l.OAQ" •• it: . can .a.l.iver the ftqlliaite ene:;y .lm4 couple the ..-ay to ~be 

i1111. All an eDJllPle, ~ Bove . da•cr1be4 prceadm'e waa used with an X&Cl 

ao excimar la•c operating·~ 308 mn to auc:c:eaafully anneal barium fcrite 

tilu m OCllllllOJl glaaa.aumtratu with no thermal dlma;e to~ glass. 

Refen-.iq now ~ P.t.r. 7A, tlMI hyaten•i• loop of an soo A mriwn 
tc:it• film depo•itacl cm a SJ.O, .W:.trate aDC1 azmealec! 1:1.V COa luar 

in'ad.i.at.ian at 300·watt• for S aec:aimi. exhibit• a coua:lv1ty of 3500 Ce 
as and ari II'" of ."15.. Sia:l.larly, Pig. 7B i• the 17¥Bt.u.!1i• loop of 11A 800 A 

bar:L\UI !•~it:• film .dope4 wJ.tb • 03 atam:l.o percent of chramimn and 

· aNM&led by COa 1a•c :Lnatia~:l.oD fm: 5 ••~· '!be in-plane aoereiviqr 

of W• .film ia slightly gretc tlum 5000 Oe. 

TM relation81dp ~t:weea laaer izzadi&tion time en4 film coeroivity 

30 ia J.llwn::rat.d ill Fig IA a4 IB. l'ig BA ia a ;re.pb.·of c::oucivity w. 
luc ~sun time for llD mnoqaboua 800 A J:w:.iwa ferrite film. •@~ected 

~ ir:ad.i&c:l.cm at. • powea" o::E 110 ..... ~t:.•. Aa i• c:l.•ar fZ'Cllll the p-apb, 

i.nl=easiasr izreai&ticm time naulca in hi;har coeraiviey films at this 
PWU' l9Yel. rig. a i• a aimil&r gr~ for a luer operat~ et: 300 

35 watta. Ac thi• powr level, co,rcivi~ drgps •ubatantial~ as 
i~at:icm t::lme• .-ee.S 5 8~ • lt: .:La l:lelieved. that. Cheae pore:i::- ; 
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lnwla lead co loeal:l.sm hm.~ of the aum=•~• and ~erebJr pramOt:e a 
~:i.cm :bet:.w.en the lau'iua ~-=:i.i:• film ··a.IMS die S\IO•t:rac.e chac reau1ta . . 

iD a nm:mi&gDatic.mater:i.al at the inurface. . . . . . . 

'.rbe suhatrata on ~Ch tM ~ium ferrii:e cl&iD film i• depo11it:ed 

s· :am.at. be able ·to w:l.thatud ·the hip. t:eapu-acun oven mmeal:i.ng pzoce•• OZ', 

a1; a min!.mum, ·tba t:~atuna u.perien.cea d\iz'U. laser inadiat.:Lon. In 

addition., it ia du:Lz'Ule tb&t cJ:aa nbatrace 08 Z"•iat.:Lvel)P UZl:ellC:t.ive 

witb 'CJm lari'Ulll-furice .film.· sumtrat•• meeting t:heae criceria inclUde: 
oxidized •ilic:ozu SiO... (fU8a4 •:Ll:l.ca or tuaecS ~· glu• J J mid Con:dng 

10 srl••• 17913 (V,vcar 96t .•111c:a ahaet srlaas>. Othc a~trat•• ue uaeh1 
with the l)J:'aaent imrenticm mt may require a :ba'ffer l~ lat.ween tbe 

:film and. aubstn.t• to pnvmt a reacticm. •~ the interface &7. However, 

aub•trate H.1111 :reac::ticms aze o!t811 r~ible .mCl ma.y lU'CllDOt• &dhes:l.on 
bocween i:he film UlCl tl&e INbe~ate. "l'hea• reaulc• u-e 8Ulllll&risec! in 

15 . !'able l%. SUl:tatrate n.cc!'V'iQI' i• det:enWled l:ly the amount ~ film­

a'libat:rat.a .incerdiffua:Lon that or:c:un aft.er hip te11S1eratura umealincJ. 
S.igmficant int:erdiffuaion Qa>icall.Y raaulca in filu having" poor 
JU.petia prcpazt:L•• Imel little CZl"•tallim.ty. •sma11• reac:t.iviey ~liu 
barium fur.it• =Y•~• with ;cod magDetic propercies, while •l.&qe• 

20 rea=.ivit:v c:~ to .:!ilmll hav.l.nQ' po0r •vn•tic: propertiee, little 
c:zy•tallinit.y, aD4 aisni!icant ·int.ezdi!.fuaica 3'etwea the aubatrate aZJd a 
iooo A tlltc:k i:U.a. Adhuion. wu cletemiml4 i,y a qual.:U:at.:Lve •=at.ch t.ut 

with-•tainl••• iiteel tW89DZ'll· 

. ' 



'96~ 2Jl20B 158'106~: ai1~ ·~-·:t..l. (I) AS-SPRUSON 0462755296:#15/24 

• 

.. 

5 

l.O 

15 

9 

um.11 J;~ 

aa-fez'Z'ite thiD film autl•~race• 

lub•t;rat;•• 1211;riptien 1aactintv Adhesion 

fUaec! silica Si~ glass small good 

fuaad quartz s.:1.02- glass small good 

7913 crlaaa 96t sic2 glaa11 maall good 

7059 glaaa alkali !z'ee gla•• mediua good 

0317 srla•• •oda glaa• medium good 

oxidised Si Si02 glaaa mall excellent 

1JDM: · c glass ve::i:y large vcy poor 

Si · cubic, (100) (111) large good. 

A1203 ux •• A.a.c, plane small geed. 

:wao cub1e, (100) large good 

Y203 - Zr03 cubic, (lDOJ ve::i:y amall :poor 

tiaAl.03 cubic, (100) vazy small POOZ" 

Sr'L'i03 
cubic, (100) vw:y IRllall vezy poor 

J'1srur•• 2A and. 28 are tvr•t:ere•i• loop• of two :barium fenice f:Llmll 

· oi moderate aid large c:oercivity reapec:t:i:vely :l.n field.a appU.ea pu-allel 

mm pcpend1c=u1ar to t!le ·~•trate aw:faae. 'l.b.e large czyatal aiaot:z:iopy 

ID 0:£ the mriua fm:ri~e 11-Pba•• »ftftl:lt• eatuntJ.c= of tbe•e filmll eve.za iii 

a field oC i• JcOe. ia. c:mqparcle nmen•t manan.ta o! the two 

oriantae1cms 1uwe1t1 that no strongly preferred. czystal oriantation 

exi•t• :LIL tl2a f:il.11. ea •&~urat:ioa ui;aetisaticm CH-20 kOe) of the 

25 

amapla in Pig. 2S CK -215emu/cm3) i• approx:b1Bte1y 711 oi the typical 
• . 3 

mlJc value' of J:m:ium fen"ita (375eau/cn > • It i• pre•umed that tha 

·m••ins :mcmant is the ruult of a nonmagnetic= reaction layer at: the 

aub•trata inteZ'face 17. 'l'he mad.a•t magnat.i••1:ion ·~·· ot the in­

plazLe b;y&tces:l.s loop, typ1c:all.v at.nen .45 and .so. 1• a comreczuenc:a ot 

the lack of arimtatima of the c:zyaeallita•. '1'ha c=oercive ac;uazciua, · 

30 eypically ill the ran.re of .75 1:0 .as, is c;U.te lazve, iqal:yin; a narrow 

awi~inO f.i.el.d. diauibu.cicm. A nanaw awiee!dflO' ~iel4 diaa:U::nit:Lcm la a 

Jary :requ:l.:r:-CRttnt of a awx:e••iu1 :i:ac:orcUDg medium and an important 

advantage of t.ha presct inwmt:icm. 

kenning elect:roza. mial'OROP• (SDI) mi=ogZ'apha reveal the •UZ"fac:e 

3.S o:f the J:)arium ferrite fila to ccmaiat of a collection of plate-like 

-

t 
i 
I 
! 
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gn:lu md Wdle-l:i.Jca ;raiu with aspect racioa of arJ.Proximata]a 8:1 • 
. <:ro••-•ecticmal _tz-uad.•liian elec:tz'Oll mm:a•=Pe ,.,., •tudie• renal 
tbat: 'the•• ;raizaa are c:olumaar and extend all the W8!" co t:he sub•trate. 
'1'ba :aaedle-U.Jce pains are . ••.mtiallJ" plate• wbm ·viewed edge-on. 

· S Ccmtrary to tha acic:v.ler pazt~claa ~ .iii most puticl.llate recor4irlg 
media, · the easy •;netisacion axis of ·a barium territe n9edle-sba.ped 
grain :la parallel co.the al1=i: cU.me.n•ion cSua to tba large czyatal 
.m.o~ o£ the •tvial. 

!'he neeclle-lik• araw at me surface ~ thll lariWll f8Z'Z'ita filmll . . . 
10 · pzavi&ls en inherent texc\IZ'insr that· ia dvlmt:apou in 1\\8117 nc:crcU:na 

application11. Becawaa the_nr!ace is texcund, tzoansc!uc:insr heac!a and 
t!leir actaahed. air bearing alidars are le•• liJcely to 1'0.Dd to the 
aurfac:e. AD Ulu•r:raticm Of th.a inbm:ent texturing of the mmdia i• ••an 
:bl. Fig. 3.A and 38 which ue profilameter •mm.a of 1000 A Du"ium feZ'Z'it:e 

15 filme a:eter depoai~icm and eme1U.ug, rempecd:vely. All ia apparent frcn 
the fi;urae, the SUZ'f&ee of ~ mmealed "film :la .mudl rougher than that 
of the ~· iilm.. Tl:d.• is due to tha ran&n czyatal ori•tatic:m of 
tba film U.S t:M ac:ic:ular PNtic:lu extending to different beisrh'ta above 
tlla film: It amulet .be noted that the te:m •rand.am oziencat:Lon•, as uaed 

20 a!:xml and. in the claims, a.note• a broad .ransre. of ar,vetalline a=uc:t.w:aa 
vuy~ f:rcm a complete 3-ctimenalcmal: rf.Ddam· orientaticm t:o tho•• H.lmll 
having• preftlZ'8Bial in-plane od.ent:acicm and a z-udaa orictaucm 
.no~ the pl.au of tbe f.Ua. 

A •=cmsr correlaticm exiats l::letweera Grain aise ad mrium fenit.e 
25 casapoa!1:icm. z-at!o in films depoaitecl cm 1102 IND•tn.te&. GniD •ize na 

CS.tend.ned b.r •cenni ncr el~t:rcm mic:zoacope st111Ue• ud t:ha :barium to irmi 
.ratio wall cSetezm:ble4 using DB data.· illllallv grail\94 :H.llu aria olx:aiDed. 
in filma w1th • J.azgar sa-re ratio. The typical dimen•icm of t::he noadle­
lilca graine· iD ... 11 gra:l.3*1 film l• apprmcmately 300-1SOO .A, whioh 

30 appzoac:hea the di11en•ioDB at tha grains found. in ao.1'alt:-J::tue4 alloy 
madi'UlllB ta~. Filas t:binner thu 500 A bave mall magnedc --.mte ma4 
exbUdt little or :no hr'•~ia. lrea\lllal)ly, t:h.111 ia tba nau.lt of a 
ructicm. wieh tl:aa r.macrace. · 

Coe:i:ei.rity o! Jaz'iWD ferric• •tti:iala i• &ypic:all¥ om~d to 
35 incnu• with dec:raa•iial P'aiD eize .until SZ"•~ •iae• becaae so ••11 

cue. claaatalq activate« Z'IW'Clla2. e!!ec:t• become daninenc. xasrnecLzac;S.on 
i:"8Yer8&1 iZl mrium ferrit• J;NIZ1:icl• and c:uud.a• i• generally mliewd. 
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to :be c!ua to the nucleation of Z"•sricma o! nW1Z"11m maanetiaacicm at 

m:yatal u4 microatrw:tural de!ec:ta 1oc:ate4 at the edges of the graina or 
p&Z"ticlea. followed 1'lf rapid.propagation of the raver•ed re;ian 
throughout the particle. Dcm°~n· Wall motion from ;rain 1:0 gra:f.n ia not 

5 obaenea. ·The inmeaae of coezaiv:Lty with dec::raue Of G'Z'ain· size i• 

~;ht to J:le the result of a .reduaticm in the aumbe:r of def acts per 
puoeicle u pu1;£ole aise · Ge=eue•. AC V8IY BIDall pard.cle aisa, 

cahereDt rotation may :bec:ame the dmin1nt mecbaniam Z"uponsi:ble for 
ma;natiaation raveraal. Aa demcnatratad in Pig. S, a •tz'ODQ' correlai:io.n 

io exiat.i :between eoerci\\i.ty encl grain •i•e iD .barium fenite thin films • 
• '1'be ·~·• values. s a= s are relatively in•enaitive to grain •::Lze. 

Tbe 'grain a.iae of buiua ferrite dlizl ~ilma can be aontrollecl by 

dopincr the f:i.l.mll with a~ •uah u er2o3 , S:l.02 , Tio2 , azo2 , Y2o3 , 

Y
2
o

3 
•Zz0

2 
(YSZ), A12o

3
, Co0"'1'i02 or otbU' simple ax:Ldaa havizlg a metal 

15 cat1on with a valence of •3 or +4. small grain filmll are •••e12.tial for 

c:reating low-:noiae, hisrh U'8&l dane1ty·reaor4iDG Mdia. rio. 6 
illustrate• the nlaticmmt.p :batweall grain size .. and dopant conc:ctration 
fmi lluium :ferrite tbiD filmll c!opacl :rnm er2o3 ~t•. '1'be filma are 

depoaite4 uaizif aputterinf apparatus •• da•c:ril:le4 above with• aubatrate 
20 ro~ting pa•t a etaticmary er2o3 tarpt end a at.at.ionazy :BaPe12o19 

target. The aonemtraticm 0£ ohrcme b the nsulU:nt :Ulm i• eontZ"ollac! 

J;Jy adjuat.tnsr the •puttarizl§ :power applied to tbe tupt.. The malleat 

gra:Lus .re ~4 1ZL 9U\Pl• ·nth cl2rolll8 aone•tJ:aticm• betwea .1t and 

lt Jw volmDA. :rn addition to ~t.ar!Dcr film grain siae,. doping alao 

25. mollifies the coerc!'rity of the iml:Lv1dual mymtala within the film am 
m-.v affect tha pref..-t.ial m-ictat!cm of azy•t:al• •it:hin t:J:le film. 

P.roper selection of dopazlta anc1 doping ccmemtrations c:azi result in thin 
filnua havizlg auperior aape~ic ~iee. A8 illuat:r:at:ed. m Piga. 5 anc1 

5. g:ain aizaa below 200 A ad :Lil-pl.am ccere:Lviti•• UoV8 4250 oe cu be 

30 aahieftc! by do,pizlg with. ci-2o3 •~ a aonc:mt:siat:icm of .1 · to 1• 

l'illu :mac1a in~- witb t1w imtHD.t: in'Y8Dtion mmibi~ 

excellent Gaat:ac:t-atart:-ecop dural:U.litl'• A aoiataat-1tart-1top te1t: 
pc!ozmecl ca • l"UB-4.cated laz'J.a ~-=it• d:l.ak without an owraoat . 

exh:lbited ma ·~· •t:£C:t:i= !=oe of ~tal.y 5 grama after more 
35 tbalL 30,000 c:yclaa. At ~ ·.cc:molW1icn cf the taet, t!le di•k exbib1ted no 

aip of WUZ' or c:IUr:i.•. In acidition, iilzu made· :1.11 accordance w.itJi the 

preaat invcticm. exhibit no •.i&m.:!ic:ant conroaicm.. Thi• ia to 1'e 
u;peetec! g!van tbe vell-Jmotm atability of the 11-lla phase in a variety of 
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~ta. · :r!nal~, the f.il.m• are extrw1Y ~able u dannn•traee4 
by • llardDaee 9111.ue of ;s _CDa aa. ~ 1'Y nanoiadm.tai:icm teats. 

A preferrec! .,bc,,Hm.•c of ·the preaene izlvenc~on u.eil.i••• a ~ium 

ferrite dlin film cm tba aur~acea of diaks in a magnetic: recordizlg diak 
5 drive. Witb :re!arace to P1g.9, -a achemacie diacrram of a macrnetic 

re~ tiaJc drive ia l.llutrata" ad 1• daignated by the general 

re~cence 11\Dllbar 10. Systa 10 c:~i-aes a di•Jc •»indl• •••ably 12 ad 
a :b.9&4 aacua~or •••emhly 14. ·bin4le ••sambly 12 and head actuator 
assembly 14 are loeata4 witb1n a aellliad housincr 16 to :Prtl'l8Dt particulate 

10 ccmtuinaeion.. Spinal• uaembly 2.2 empri••• a plw::-ality of •anatic 
:ncordil1g 4iaJcs .30 whieh AZ"e mounted to a. apizu:Ua 22. Spinale 22 i• 

rotat::•cS by an in-bu!) electrical mot= which i• not illwatzatecl. Head 

actuator ••aambly 14 ccmpr.iaaa a voice eoil :mocor 3 o which moves an 

aatuator am •••aab1Y 32 ralat:lva = 1:ha clisle8 20. Aa•emb1Y 32 bas a 

15 plv.rali~ o:f ac~uator azm 34, each of ~ch :I.a poa.itioned in a space 
l)etweeza 1:.wa adjaomt 41•Jca 20. acb ac=atar am 34 l:laa a »a:Lr of 
nad/write heads 3,. One Mac! zeacSe the dia »o11icimed a=ve the 

actuator' um 34 and the odlc' radii Che clieJc poait~~4· :belQW the ·· · 

actuator am 34. 

ao tn operatian. GiDdJ,e 22 :l.a rotated qr the in-hub mot=· e:n4 moto~ 

30 move• tbe ·actuator am.a 3' 3-twen the dillka 20 to the da•ired. t:nck 

.. location. CDe of t:he .na4/w1te CZ"&Dllduc:ca 36 thml read8 or writu c1ata 

aa Che deairad craak. 

~•rrizlg now to Fig. 10,. a data nco::clinQ d:l.alc drive U.ae!ul fOZ' 

25 practia:l.Dg ~ pracc Uwm.ticm ia illuetra~ed. llfhe cU.ak ~ile !.nc:1udea 

a housing 40 in wbidl i.!' 1101m:tad a :rotazy act:uatOZ' 42, an aeaociat.a cliak 

44 an4 a dri,,. •mHI 46 :for zatatinsJ th9 cliak ''· TM rotazy aatuator '2 

move• a a1111pasicm ua~ .&I in an anuate »ath over the cliaJc 44. The 
z-otazy.actuator 42 iDcludM a voice c:oil motor, whieh.cempri••• a coil 50 

30 mcwUle witbizl Che -..tic !iel.c1 of a fixad pezmar&ent magnet U&ambJ¥ 

52. An a=utor am 5' ia attaaluld to tlui lllOTUle ·coil so. 'l'he ~ 

end of the actuator am 5' i• attacbed to the t:raucl\ac:er-euapeuicm 
uaembl.y 48. · · 

~the ;pra!ezzecl •bo!immt, tbe CJ.a '4. ~i•e• a sio
2 

ININl=-a~e 
35· c= wld.cb i• fozmecl a 400 A mria :fUZ":l.te film .-de :S.n. accordance with 

iiiimnil11nr 
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the prea=t invention. Th• film ia doped frcm er2o3 tars:r-ta with 11 
volume of cr2o3 BllC! annealed. at 85011 c ~or 10 minucea iD air. 

The pnvioual_y ~•criba4 •bntinlanea of the invention .bave ll!m'J¥ 

adVUlt&;ea iD ad41tioD to thfiir.bigb .in-plme A'Nl"8ZlCe and inharant 
5 texturing. A8 .mationecll above, films mada iD accordance with the :praaent 

izlvauticm ccq>ri•• mull, mapetically decoupled grains. 'l'his reault• in 

a ziecorcl:Ln; :meclima chat i• ueful tor high demlity rec:OZ'd!Dg aDd :baa a 

high siG'l1al to noi•a ratio. :rn ac!dieicm, Che pzoeaent inv~ticm ha• 

aneral adventacr•• cw.- t:racliticmal cc:balc•bm.•ec1 recording aediwna. 
10 F:Lr&t, bar:lma fm'Z'ita aputter::ln; tuvets are r•latively ineJ<Peuive when 

ocmpara4 ~o col:Nalt alloy target.a, aapacially i! the cobalt ia alloyed 

with platinum. sec:cmci, the medium ia very eor.rosion :L"eaistaut and wear 
~s.:l.atu.t. 'l'hu'efore, no protective or luhrieat:ing overcoat is required 

on the murfaae of the mdium or cm the aurfaca of the alidar carry:i.zl.sr the 

15 r•d/writa head.. Thia allO'W8 a raadlwrite haa4 to fl.v cloaar = the 

magnetically acciv• portion of the recording medium and allowa.a higher 
recm:cling G.tmaity. Binall.Y, unlike aomlt bml•4 reco.rding macliume that 

often raljlll:L:e UDC1c'c:cat.a 01: a lay•n4 atzueture to aehi8Vll aatiafactczy 
mA;ll9t1c: pez"fonumc:a, • 1-z':l.Um fanit:e film made :ln aecordance with th• 

20 present invention acmievaa aat:Lafactoz'Y pm::fomance with cnJ.y a ain;le 

l~c depo•ition. ~afora, the ..Uum i• ... iu to mmiufacew:"e aA4 

la• ~i'V9 than traditional c:obalt-~ed allgya. 

Although. the present imrantion baa 1'aan deacribecl in c:onsideral:Jle 
aet:ail with r11fennca to cmrtain praferree veniona t;hereo!, othazo 

25 'VU'•iODI a:ra po•11il)le. l'or exmaDl•. although the izlvu.t:Lc:m baa O.eza 
de•CZ'im4 iD aembinaeioa. with epttei~:i.c: •-=•~t:• mat:eria1a. one •kill.ec! 
.:lJ1 Che ar~ cou14 apply 1:he pnaant invention eo other 81.lbatratea. 

SmilaZ'ly, one ald.lled in the art wo.a1d naliaa that. the t.eaahilags of t.b.e 

»resent invent.ton with reapeat to :SaPe12ou cm be applied to the al.mo11t 
30 chamically i4ent:ic:al material kh12o19 • :Et: •~d a app&reQt: that oi:har 

motif:l.caticms ud. ada.pt:atlOD• of t:ha deaeriH4 ~dimcmts Diii¥ occur to 
eaa aJcilled iza tile ut witl:MNt: Gepart:ing f'ram tbe scope ot the present 

:invention •• eet fol'CJ1 in the follMn; claims. 
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1. A t:bin film magnec:1c %ecorains1 medium campri•ings 

a bari,. fan:Lt.9 :film fomecl . on die eul)strate having an in•plane 

coeraiv£t1rtz'8aeer t::baD sooo o.. 

3. "1'be diin film magnetic rec:orcliDQ' medium of c~aim l wherein said 

bari\Jlll fez:rite .. film baa a radomly or:i.emted, czyat:alline atzucture. 

3 • ':he cbin film magnetic :recording madium of Claim 1 whez'e:l.n aa:l.d 

bu'iWA 1:m:r.t.te film cc;a;JZ"i••• Bal'SuOu• 

4. The thiD film maane:ic raaorcllng ·medium of Cla:lm 1 werein •a:Ld 

l:lm:'iWD fen-.ite film ccm;tri8M BaFeuOu do.Peel with CZ'a0s • 

5. fta thiD film matmtic: ncorcling meclium of Claim 4 wherein cbz'om9 

compr1aea .1 to 1 z,e:rcmit: J:ei volume of •aid mrim !mite :film. 

6. Tbe thizt. film magnetic z.co:dtng medium o£ Claim · 1 whC'eira. a&J.d 

:barium fe=ite. C~la i• -.a with a •cerial ••leocacl ircm the P'CNP 

ccmaiating of ZZOa mm TaOa"ZZOa· 

"I. 1't18 chiA film ~cic .na~ medium o~ Claim 5 wherein add. 

•terial ~ses l to 10 ,Pezicct 1JF volume o~ aicl barium fen"ite film. 

a. 'l'ha thiD .U.lm magnetic: rec~ znecli.Um. of Claim :i. wherein aa:ld. 

barium fe:rr:l.t:a !ila i• dclpei! ¥£.th a macer1al 11elecced from the 8Z'OQP 

couiating o:f cr.o,, 8i011 '1'10., TA, AJ.aO,, eoo·w10a. 

& lar.:l.um f&Z'Z'ite f:l.111 OD Aid IUatra~ l'la.Ying an in-plazul 

c:oercivit.y grea~m: tban 2000 ca am a grain.•i•• leaa ~ 300 A. 

1111111111111111111 1111111 1111 ' 
* C L M S * 
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10. The thin f:l.lm magnetic: nc:orcli:n;-. •cUm of Cla:l.m 8 wh8zo11t:Ln •aid 

:barium f arrite :f.ilm cQDl)rise• BahuOs1 doped wi!:h CraO,. 

11. '!he tbin film ma;netie na~ iiecllma of Claim 8 wherein chrome 

c:cxapr1aea .l. to 1 percen~ by volume of said mrium ferrite film. 

:1.2. ~ tbin film magnetic Z"ecm:cli.D; me41um of Claim. 8 whm:'ein. aaicl 

mrium ferrite film i• dope4 with a •terial selected trcm the gr~ 

cozmiating ot SiOa,. TiOa, ZzOi,. YA., Y10a·Z:O,,, AlaOa• and. coo·TiDa • 
... 

13. 'the thiD film magnetic r•~ medium oC Claim a whm:e:l.r.L the 

eurface of said barium f~iE.e film has a rougJmess exceeding 20 .l DB. 

• eubatrate; a4 

a l:Jarium .ferrite film famed on the .aul:>scraz:a having an !Jl-.plane 

coerc:ivi.~ greater Clum 2000 o. G4 a gram •ize le•• than 300 A.; 

mean• cor morin; a traaducer relaeive to Rici rec:oz-d:Lng di•Jc for 

nacUq data frcm o.r vritiJll data t:a. ••id racord11:1g CU.ale. 

15. ":he magnetic: rec:ori:lDg disk drive of c:la:Lm 12 whare:ln said 1-rium 

fezr:l:c• film :ball 1JO ~actin ~oat. 

lS. A methocl fo-r :praduc::l.Dcr • barim ferrite thin film 11-••ful fo-r: 

longitudinal Jnagnet1c .rec:cmlina', ecnpris1ng the seeps of1 · 

llP\Z.tter mpg•:l.ting trcn ceruaic: lar:lum tarrii:e cara-et• an~· 
bmrima fa:r::ita clU.Zl film onto 11. a\dm'tz'aca, 

m:mealinsr ••id mrima fei::ite thin· film at t.41111Paraturaa ill excea• 
of 675• C tiler._ fOZ'Jlliq a az;racall:Lmt, map.ee.ic ~Um. 

17. A~ of Producing a J:)ari'llll ferrite thin film for lcmgieuninal 

recoz:cliDg accordi:ag t.o Cl.aim 1' wbarein aaic! 9PI~~-- depoa:l.tizag occur.a iii 

• 
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1m ~llXi• aput:~iDcr appua~ua *11• aa::l.4 auac.race ia maineainad at: 

embitm.t cem,perature. 

18. A matbc4 for pn4w:ing a Jat"ima fUTite tJWr. · f::Llm uae.£u~ fOZ' 

lcm;it.Udh,•l rac:orcli:a§'. ac:COZ'Cling to Claim. 14, wherein said mmaaling , . 

occur• in a rapid-anneal tbazmal avm at tem,para1:uraa amve sso• c. 

19. .A •tl'm4 for pmdw:ing a Jarima ~UZ"ite thin film uaeful for 

:l.cmsritwtiD&l nc:oZ'lli.Dg, ac:c::OZ'dinf to Cl.aia 14, wharain aa:Ld •u.batrate ia 
" aaleot;ea to· pz'ClllllOf:e · • -Gor5..zonba1 m=y•calline OZ"ientation of aai4 :ba.:r:i.WD 

fenJ.ce t:hJ.zi f:Llm. 

ao. . A metbod for.produciDQ' a m:i\IDL fenlte thin film uaeful for 

lcmgitudinal -~, · acc:or~ to Claim 1&, ~:ln said •W.trat• 1• 

••lected frcm tl1a gz:oup c:ampr1ah2cr SiOa. oxidiaad Si, high t.~atuz'e 

glaaaee and hicrh t81111)U'&tur'e oxides. 

21. A met:boc! tor procluciDQ' a Jar.iwa. fen:it• tb.:Ln film '1•ewl for 
: . 

lc=Pt;\ldinal zecozdilag, ·~ to Claim 1c, whenb 11aia mri"Um 

ferz"ite cermnic target oampri.ae• aubatan~iallY BaJ'euOu. 

32. A metho4 fm: pradw:hg a Jar:La terr.it•. thin· film uaa~ul for 

lcmg~tudinal magzaat::l.a :rec:orcU.aa, camp::l.aba t:he etepa o!a 

apu.ti:er cSa.Po•it:b:qr i:na canmie :barium !en:Lta targets UL amo$ou8 

mr.t.um. tC'Z':L~ tbiD film ont.o a .Ustz'ate, 

m:mea1iq ad.I! lmriwa ferrite thin film. lW expo•ing' ea:l.4 Ulm to 

la•er irracUat.:i.cm, tl:ler~ fozm:Lnsr a oryatall:lne, maanac~c film. 

23. A method. fo: pzadl.ic:in;' a barium farr:Lta thiA film. uae::eul tor 

lolleritiidir•l ~. aaem:clizl.g to Cldm 20, whareiA aa:l.4 laser 

.i.n-ad:l.&t:l.cm expoau •aid !ilm. to • flwmc:e of 200 to sao watt.a/er for 1 

co 5 aeccmda. ··.1 

.24. A metho4 for procSu.aiua' a buium fmiu thb film uaefu.l :for 

loD;it.udi:aal :r:ecorcling, accorcU.ng to Claim 20. wherein aai4 l••c: 

irradiation occw:'ll ac a wavelength mtwaen 24~ 1111 an4 10. 6 um. 
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25. A matbocl of longit.wli12&1 11a;nec.ic rac:ozdina c:CIQDZ':i.aing the acapa 
of: 

(a) moving. tramaduaer adjaeant to. racrion on Ii magnetic 

rec:orcling m.diua aaapri•ina : 

a •W.trate; an4 

• bu'ium f•nit• film fo.mad = the aumt:rate haring an. in-pl&De 
coerciVity 9%'8&tar than 2000 Ce and a grain si1• leas than JOO A1 

.t 

• 
C:bJ ~ing • c:w:rat to a&icl b:"enaducer ao aa to generate an 

1 

iZl•pl.ana mapet:.ic: fielcl of more thaD 6000 Oe at the plmie of said bad.wn 
• 

f en"ite film, thW,eby creating an in-plane nmanerit. ma;net:ic: field ot 
Mft than 3500 Ce in ad.4 ng:i.ma. 

1 

f 
' 
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