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As explai ned before, a triodé sputtering process is suitable for depositing.
the magneto optic filnms of this invention. In the experinents by which thi
process was reduced to practice, the argon used for the sputtering was

ul tfahi gh purity, (99.999 percent mninumpurity). Argon flowrate into the
triode sputtering apparatus wage ! tandard cubic centineters per
mnute (scc/mn), at a pressur(?%%)!ggﬁﬁ B,‘?‘;3x [err] 15 Pa (1.3

mll ig_;f?l'@gz%g%emﬁivﬂinid thpGd-T-Faftioa to 13 gbautt200 trees ledsithandtis inftheySiO,, pr ySimplication t he
syst emn) .abqyii0z} stemrrererti s a decrease in the presence, of en present in
and {1 uspelis -qxﬁgggw"lggf"gg%ﬁgﬂgﬁﬁwﬁﬁw Frekrastrieg iR oI T e s eHoR

| ess tshan ordinary 3F PP LT ERt Yor “radio frequency cathode sputtering.
The tri elgmg@utteri ng apparatus conpri ses a vacuum chanber containing a
sput t er i ngAaesghetd epticafiimenf a\shenified ttiicknese twab derosited dnga yeflestandThisThidayerl was\then

Sput t er Sverepataddih adhitdiavee L$¢ﬁl|d.§! o Thpchoise °$ﬂ%)‘§f'n é".’%&{ﬁ"ﬁvfﬁl'ai':s? 1ot e"':}f!"’:‘;It’i:,';ed on
R R B e G e S

Vol t age nyist bk deMitrstsiiskiVe inldfder (dUBRM indhslisés in rotition AEM 8GR tHeFa@Bdy and KVAbiRCts.
cool ed, Famslot G (13 Whai patedt) TaMN 1DRonTReleent)withah@balancs bangFe (asdeeortnbied i xdayi ve
T s e o

al | ow h ! - .

sput t é“fiﬁ@&%’?'s“sg?'gﬁg?%" ?gel Jr:g'v%alv?:ﬁ"gah %6‘% I _ca?ﬁ%‘f"&s’% Zhei rrsposs eﬁg}' nqﬁ:ane 1Wi th
the thermoni c cathode and anode to confine the electrons to the plasnma of -
ionizing 25 gas and keep them away f1ABHE #he substrate where el ectron
bonmbar dnent - weul-d--eaus: Ilbgt\?tfct—‘;l-ng.- The-sputtering chanber-itself i.s+made of
stkﬁi/,nlz"ess steel .- 1 rtimana‘&;,oag amor pgpus thi kofatibddgie 2
f UMt i on ofankyM h t bE CoRBMOSUKdoEd and tfiwn Plyocess. bym._v(/ﬁi)_ch he_caonpasition
i s fornmed mmbdeposi tgaks |t i glaknown ffilvathickaese ear tthickmedsal s ‘HeNedi zelbPeadil y,.
and t he—comtrot—over thrs—oxrdatTon [porta_gar t—of —the—prycess of
this Phventit¥h to leall to a pr oduct 3?3&8}’ i ghe 3& ity I:P-'._;-'he'j“a dbe is
given a negadg ve potegtial, with respeet (dggayt he § ssye, t he qrasul t'yh@ -
technique is referred to as bias sputtering. This bias-is believed to caus
a preferent#13 renovaK of inpurities stcksssd oxy@® {192 t hd3gmi n BT m by
respuPering,. Radi o frequency (RF) spuitepring (r er fhan direct -cuyrrent)
can b:{\Jsedq?oo éffectkcl eaning and to deg%éﬁt .igin-.g&t?}%aé%gr?g, _sﬂi:z_r[']_-__a's ?Bﬁ
franspar e ofihectrig films.. I'n this teqdgshque, 1@ afd) o freggency1:n .
alternating 35 voltage i's-applied to the sputtering chanber..by:means of RF.
el ect eodes. ¥4I operatXon, the sputterifig{@nber 13950029 cal. 1N punp@8® down

to sone ini t‘jf’ﬁl' backggound pressure .( e"-gmsgA)?’?’X Eﬁrqimﬁa (4.0% [erg Torr))-
e tro |

after which sputter gas (argon) .is'i. duced. Typically, the-suUbstrate .
is cleaned has pre-spuktering or sputter «¢3sehi ng fzer(13doput -6@4seconagsat a
bi as-waml-t age of about 300 volts. The substrate is exposed 'to the flux of
atoms firom #¥e targetXafter the pr_ed_e?%?ﬁ_oP&d spik 399 ng cofdti on84have

been reached,q The depgsition rate of the net.o 4k - i 1 Mgag. gengpal |y
0% G20 R (3084 Wﬁdtaﬁ 0.38 6%

td 0.4 nm (0.5 t0o 4.0 angstrons) per second I n the.case of the __
gadol ki um tze bi umiran ternary al l'oy.*A(300ANn fi Bhiedler nocoupl e i sofocated
near the anogde substrate holder to neasure the aj _r"o>si mat’e’ substrate_and
equi-l i brium'B asma t effper at ure. "The ' hi gh’é?o- acuu --814°t he.tri-ode apP& at us
appears to 'i‘,ﬁ,sul t inghin filnms of highensdfnsityapdghi gheryjgndexq,9f
-refraggion than known magneto optic.filnms such as those of. U S~ Patent No.
3, 965, 463.° 137 has beeK observed that : the (38Ar act 8% (@59) t he efleto. 08%ic
filmati its _surface .cgn be different fjpomthe bul raperties,.of t film -
Thi s has beé%“ particultarly evident in 'cog%g&l'ng -&Aéeaéﬁ%gi-ty f?ébgsur-e tsfor . i
t he '-S?gff.ace@l@d' the byl k of an unpassi vatsdAf i | moes @oso) ( coargei Vit ¥)s has
been found to vary by an order of 50 magnitude in extrene cases. These :
changes are1®special | ¥ inportant in an”of%P8kl it (119)st eR88si ncd48 he
i nteract’ion the read optic beam ¢ e  RE- TM.st.or age .eria occurs
in t-h'gofi.rst19{15 to 20 -'nm'(150q{0 200 gﬁgéésrg@ns-) gﬂ?h’e film O dal'P'ﬁz)n of _
the rare eangdh i s suspected ofx bei ng the (38An caes@sof changag i n bhs _
characteristics of thin filmat the surface, Passivation is the change of a
chenically d88ive netal surface to a nich33Bks r 402 (10%) st at0h! By OBRting . |
the RE-TM fi wi th a passivation | ayer, ica i stigwg of s than
30 nmf{ 300 élr‘lgztrorrs) t hi ck o?s[err] (x I(%égépt ha#syﬁﬁte%z chadf}%e inlo"§§
characteristics with tine has been nearly elimnated, and hi gher nmagneto _
optic .rotations have been neasured th were previously obtained for RE-TM
films without such a layer. This represents a significant increase.in the
stability of rare earth-transition netal magneto optical nenory materials:. -
-0 her materials useful for the passivating |layer are: titanium dioxide, '
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EI‘D 0 1 25881 Bl oxygen l'evel within the Gd-Th-Fe filnms to be about 200"

s less than it is in the [err], or by inplication about 0.3 atom :
percent. This invention will be further clarified by consi dering the /@

exanpl es which will followin this description. They are intended to be
purely exenpl ary. Exanple | A magn@&P ®p25881 1Bl of a specified fhickness

was deposited on a reflector. This blflg%_(gr Was then overcoated with a
third L ayer of [err] dielectric. The REF ddoBH t he reflector general ly
relates to its efficiency QupdtRted ectivity at the wavel ength of interest.

- The thickness of the weagiete—ept+e—F+ m MagretdamptidependesiO, upon R&tatidnSAngle
opti cal pfoper§amele as EGbSesteced UYncoatede wayer®rdt h of t Hm Kjlht -ofFnterest.”
The magnet o od¥MPeivat er WSS nust H8Sseni - LIRSS ve F'}‘FB er tEN8pt a| InD
increases in rojgtiron fromboth the Faraday yRerrogfifpet s- Fhb
(11 atom percent) Thb (11 atom percent) wth e bal ance eing Fe as
determ ned by xigay fluorescence)Xwere deprosdasm on 120[012¢0) coat @68 0.26
(reflective laygr) and uncoated plain glass slides. The angl e of rotation,

theta, was neasPed both with a h8lium neon E8e) 1'32&B%Nayel St h @2 8

nm (6328 15 ang@prons)) and a | asgr di odesg(plizhoA) Wavelqagi h 830 pag (83Gf,
angstrons®). The results are given in Table 1 beI ow. TABLE 1-20

Substrate Magnet28-optic [ eXr] " mnAatuomsAngese Sanp0.e6 Y

Coat ed Uncoat _ nm (A) . N ) . gl ass -

glass fil hi ckness t ¥ ckness H%’-‘é?\le - o g\?.’- D. 25 132

X 20 126 38.5 (3858)  27~(2@6HA) 74 (740 27 g0 47 k39

X | " (385A) 95 (950) 1.12 1.10 138

X\~ 133 " (385 10275 (@addps) 878 @7832 0.031. 37 01120

X . " (385 106. 65) 4 | 1.55°145

X 1aa X i A (385/5601\? 6 950 51 | 1100) L et S

1.71 35 14184 X X ~  (300A) {@ﬁm) g;zo (%280) -

1.21 - 1.69 142 X o 385A) - 124

(1240) . . 0. g6 1.96 143 X >< (300A) 105 (1050) " 0.18. “ (3958)

130 (130Q) - 1. 73 4 130 X ISR ; :

30.0 (300A) g 40 (300) . . 30 B P '_'"95‘"95’x 7.3-_-.;-1-.;,_“4'

" (300A) 4845 (435) X 1 0.35 03844(38558 C==0—) X 023 . .040

" (300A) 61 (610) . 070,126 . . X

"(300A) 4 1494 (740) X S 979 @HA 33 9 (850)  x 070 " 076

" (300A)  1487.8 (878) 1675 ol o %5 X g s

"(300A) 95 (950) 1.30° 1. ‘43 % % (950) [ o088 - 075

" (3004 i&%iﬁ%ﬁd the m oﬁ§c6f' Im_an g nsuboxnde film reXmeasured byadouble
(300A) bea These ndlcate thJPd of rotation angle on both the thickness of the

"(300A) “. nabfetb obticlfli)and that Of ¥ interference m4‘&\e$3[§o indicate the clear advantage of usm&a -
38. 5(385A) 'magneto 2ptiq fH0Y eposned overca @fector. (.17 60 139 '

. o apparatus avallable and knowmto the a d ata stored in magneto
é\/ . ;g%?%‘ﬁe is illus 53 3,65 8 ‘%83 ‘and onrzga mg 7. The same" sort of o
. : ay be u t opti ia with so scte S
X - ® omprises a Iaw |o'ile a be@n ich’is dlrthea Y mea#egoﬂiﬁ |c o
TABL E1¢co nmrr prs s iviadre; phiadpesst Iensespind(pnsms to the[neegindto optic medluﬁoirﬂlfmmﬂheﬁe’lg Iaeet5 .
Sarrpl e @getm which tranpjate g_'teerﬂenslty of the rotate t beam into an elepﬁ-pnlc 9:gnal The laser diode
: - emits a diverging beam at a wavelength about 830 n 00 angstroms), which'is polanzed, ‘modulated,

. g0 -.collected and collimated by a lens and made circular by a prism. This circular beam is directed by mirrors
- through a focusing head onto the medium. By virtue of the combined- Kerr and Faraday rotations, theplane
- of polarization of the light is rotated through angle theta. Upon reflection, ali of the rotated light, as well as
part of the non-rotated light, is directed onto a read path through polarizing peam splltters and toward
photodiode detectors. Focusing of the read beam onto the medium can be done by |magmg optm means
55 . (e.g., a TAOHS type .6 NA lens head from Olympus Co.). L AN

: A biasing magnet is located near the medium at the point where the beam stnkes it. The bsas field used :
" in recording cah influence carrier-to-noise ratio. However, as long as the bias field is more than about
24x 10* A/m (300 Oersteds), CNR is relatively independent of bias field strength.
"The triode sputtering process can be used to control several parameters of the final magneto optlc film.
60 The magnetic and optical hysteresis curves depicted in Figures 5 and 6 represent the characteristics of
three gadolinium, terbium, iron alloy films produced by triode sputtering under 3 different conditions. The
films were all of the same composition (13.5 percent gadolinium, 16 percent terbium and 70 percent iron),
and they were all about 200 nm (2000 angstroms) thick. Film DC1 was sputtered on at 130°C.; DC2 at 200°C;
and DC11 at 270°C. It is the more rectangular hysteresis loops of Sample DC11 which are desired.
&5 An additional series of experiments showed that a decreasing rare earth concentration results in an
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nupber ; | ~ glass glass . filmthickness t hi ckness HeNe -
LD. 141 . ) X " (385A) 120 (1200) 0.24
0.18 10 - 142 X " (385A) 124 (12484

0.58" 0.26 143 X " (385A) 130 (130( 7/
0. 47 0:54 130 30.0 (300A) 30 (300
0.04 - 0.11 15 129 EP 0125 8‘1 ?1 " (300A) 43. 5
( 435) A mcr@s@@endencv tfomya IbR@tudinal component in the magneto oplic film. An applled rhagnéﬁﬂ‘@l@)
61 (610) amgnd the targetsin the sputtering process also resultsxn the formation of a Igng lly orienfed
( 7 40) mediu Ob e other RZ nﬁ‘ :l ase in the deposition rate resuits in th%uppress on ongltc.lgvabl A)
87 8 v g mpon ig extent.

(8 The dlff orphous h are necessary to the existence of d%mams adjacent to ‘each

othet) ap be dependentlu depositidd. r p re, and film thickness. .

(300A) 0% ﬁéiBEB ) ﬁ:’h . ritd, 2mpdratd X

(300A) Also,the anm Pr gubstiaty buas@xasﬁeen found 19 b¢ 8 uspBycontrol in the triode sputtering procesi;

" ( 300 Ai?og:e se Il‘st( EPHMMS' keepugb nditions the spme gyrept for substuste bias, which was varied
0.vol olts, it wa th ilinearity of the magnetic hyste curve was increaged
X 70 su tantiall creasing ﬁaffgd wﬁ % eB I'izt Tﬁﬁ X
38.5 (38 When a fnaghetizable amorphous fith #3eposité ¢Hla rbflettor, it is known tht the magneto ‘optic

97.0 ( 97@di)t|on is iBéred s%ﬁécause the Faragay/dfect is add@d 63he&KerrleffBct. The former effect rotates the X
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head ont §oVNEUIRLHiL TP 'BV“\? ipte (Yo in TSt KEPOUNE + agﬂ'él)"rsﬁ't"‘&t'?ons |
't he plﬁn@xg,f, Rl arization of the light is rot ated through angle theta: Upon .
refl ection, Aabwmericanyhabmtpaﬁsadd blugintm dae, hﬁhé a aampear of 30 tertivetersOias pRivitied: d

light, |§hemsemd¢serunmbacpa@ama pofisheciely wupmzqd ihgertpeevinusip umaemhand ]
Loverd oRYRS be ey ,.a.,mmdgg s @ggégﬁw i gg.g
be do atdd, 16y ubbqu ﬁr Th T bin ;;wg |

fromd yrvw& h surf .a&b&gmecagﬂ lymer bHOURI Wet ane Abihdré B KB QlurHiund ee IOOI nt

wher e the. bﬁurmbhedldmsvas tcoatddneittha pdming dayer. aﬂbubmmm o:edn)(mpmgotaanhesiohloﬂ thece
carrier- treflampéayemtthvub %F‘a!!'!?@ envifering using ajshramium taragt inen mmermf

o & B g e U LR S B s

.f|6|d St g ' nh |- lOther .
sever.al |saitableegriedisg ﬁﬁtehhewf:uldaie tlmgme‘scnf mp!‘niuﬁ'i, ianEaIDm Y] alummiﬂhe rrag netic and
optical ‘hysgr aid; 8 rEﬂéEt\éﬁSco NfybrCfbobt oG nBLAIH aRgRBRsORERE

char aCjoerrés&tahﬁﬁerf it fﬁ’mmpwg%uré errabbaiw:ng-ona CSQHIWT iy Tlﬁsﬁu w&;‘ﬁ% by

triode s p[ﬂP@feﬁ lmekébv @uuhrfefcbmefw aboyt, 8 secands at albias voitdge®f ateniEB0A vbitsdd thehe

S B Y B R A O o GO R, 1
&ﬁ was

DC1 wag sp UTﬁthlidiﬂ sﬂﬁk to Sdaf the p@ﬁé}emﬂ&raﬁtw:{h%ﬁédhniuﬁwt tel'bﬁm{ he

nor e r ectramgidyaMigipeihesrgen gaslvae Mkeﬂf intBahvettiedel3pitierind) agparatis @redirg d udkgriin
An addi t |Pmre @eb%é 610 ERad bR X 15HTosr). andthe depobition q tmqrmendlon Iny wascansied cdn

concent r#j‘ ﬂf %ﬁg% gbo‘g“ ofn‘;ﬂ?o;s erisezcéoggwnt nsﬂw E% wesdn r m a
| ongi t ydigRgthrom ST ROES innof‘fu b0 S0+ ' eld ., 4
around 't 86 hir (Y380 angstiohe )ﬁu&uwaerdbmnwmﬁss Ssﬁxok£ s | “n t or rrat 'on F
-of a | ongi tTwiaketh etusodant:ceteﬂwnwmto(@ntldﬂlmms & mpsdicand the desired mﬁm Finalt he
deposi ti qnmptwt@n ®ifiqpesited ﬁi"f?g”%ﬂ oY gnesgy ‘!"FP@"SP’BHgﬂVtﬂHEFF?P&Fe spectroscopy.
e composition of the produced sam er 34-195 was determinied to be 6.5 atom percent
é5 gadolinium, 10.0 percent terbium and 83.5 percent iron.




fiponent of the ternary alloy to sonme extent. 5 The different - a
atror phous phases whi ch are necessary to the existence of domains adj O
'to each other, appear to be dependent upon deposition rate, tenperatung o
and filmthickness. Al so, the ang ﬁeooh% Q ga‘te bi as has been found t &\bs
a useful control in the triode sputteri g 3 cess. In one series of
experinents, Tah'e@ {indicateg [variqus maphetoemtic ipfopertiesel. Savple 38-1950d sorbpdrescthem ki @stain
whi ch wasP °'F?sd’|fr¥'l9 G1agretq eptig medig. A\l the dataforggraple 319§ wesrasordedand read ata
rect‘flneérltg'ﬁmeﬂgtW£%ﬁ%tlc ‘hysteresis curve was increased 10 .
substardially with increasing anode bias. Wien a magneti zabl e anorphous.
filmis deposited on a reflector, it is known that the magneto optic .
rotation is increased because the Faraday effect is added to the Kerr
effect. The fornmer effect rotates the plane of polarization of the [ight as
it pasggs back and forth through the nmagneto-optic |ayer while the Kerr
effect rotates it at the surface of the |ayer. Therefore, it is beneficial
to deposit the magneti zabl e .anorphous 15 filnms on a substrate which has
been reflectorized. Typical reflecting |layers are copper, alum num or gold.
The performance of these nedia may al so be inproved by interference '
enhancenent. The read beamreflected froma nagneto optic nedium has a
regul ar conmponent [err] and a magneto optically induced -conponent [err].

The magnitude of the light rotation effect [err] 'is determ ned both by the
inheren} properties of the mediumand the ability to transmt the rotated
radi ation fromthe nediumto sone outside detecting 20 neans. This latter
aspect is affected by optical interference layers. In addition to optical
efN¢cts, an overlayer of transparent dielectricc, such as glass, can reduce

t he eff?ct of oxidation on the anorphous netal aIon Such overlayers -al so
reduce ‘the effect of dust and inpurities on the transnission of theé: read
beam These nedia are generally known as interference enhanced nedla .The
recording sensitivity of the magnetic thin layer varies in response-to the

t hi ckness of the dielectric interference |ayer covering it and 25"also with
t he madhet o optic anorphous all oy conposition and.the wave | ength of t he o
incident light. The dielectric anti-reflection coating on top produces some . -
gai n; however, further increases in the efficiency of conversion can be -
brought about by a tri-layer filmin which the nagneto optic filmis o
deposi t*d on a.transparent dielectric filmwhich itself rests on an opaque. .
refl'ector. Thi's internmediate dielectric Iayer i deal 'y has athickness of

sone integer nultiple of [err], where [err] is the wavel ength of ‘the read -
beam |ight. Wen this condition isimet, the rotated conponent- Terr] of the .
magnet @@ optical ly induced light, which is emtted both forwards and- R
backwards fromthe magneto optic thiin film is maximzed by in phase.-- L
addition of the exiting rays. An overlayer of a transparent ‘anti-refléctive -
djelectric filmcan also be used in conjunction with the internediate a

| ayer. &n this case, the structure is known as a quadrilayer strueture. 35
Exanple 11 A pol ynerical l'y subbed polished al uni-num di sc, having ‘a di aneter
of 30 centinmeters was provided. This disc had been nade by coating a -
pol i shed al um num di sc, which had been’ previously cleaned, 'with a polyner o
(e.q. sﬁyrene-butadiene polymer). A solution of the polyner (e.g. about 4% .-
solids in a solvent with a boiling point greater than about [err]),. -had. '
been applied to the disc (while it was spinning).: The solvent was = -
evaporated, |eaving a thin polyneric subbing |ayer. The function of the
subbi ngs| ayer is to provide a very snmooth surface for recording.  The

pol ymer shoul d wet and adhere to the al um num surface. The subbed disc was
coated with a primng |layer of chrom um oxide (to pronote adhesion of the
reflecting layer to the substrate) by magnetron sputtering using a chrom um
target jn an atnosphere of argon, water vapor and air. The chrom um oxi de
sputtering was continued for about one to two minutes at a target current
of about 500 mA and a background operating pressure of about 2.7x [err] Pa
(2x [err] Torr), thereby obtaining a nucleation, adhesion-pronoting |ayer
of about 4.0 nm (40 angstrons) thick. OQther suitable primng nmaterials
woul d be the oxides of titanium tantalum and alum num Over this,. a
reflecting copper |ayer about 100 nm (1900 angstrons) thick was applled by
vacuum 50 resistance evaporation a a background pressure of about 2.7x
[err] Pa (2x [err] Torr). The substrate thus prepared was cl eaned by
sputter etching for about 60 seconds at a bias voltage of about 300 volts
in:the presence of argon. An internediate glass film of si |.i con .suboxi de ..
[err] mas dep05|ted fron1a SI|ICOﬂ nDnOX|de snoke source (obtalned fron1RD
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Torr),
deposi‘ted from an- [err] snoke source.
EPn0 125 8g9dgqonst i tuents. Fi nal

magneto optic filmwas a nosaic of
conposi tion of the deposited fi was determ ned by energy dispersive:
x-ray f:l uoresence_ spectrosco ’ conposition of the produced sanple
nunber ™54-195 was deterni neddl p b8«6. 5 at @n pegceat 65 gyadol i nium 10.0
percent terbiumand 83.5 perceht iron. 8 EP 0125881 ™1 Table 2 indicates
various..magneto optic pr opertgi es of Sanple 34-195 and conpares themto

certain - ~publ i shed val ugsf ®f known nmagnetw tiec @dia. Al the data
for. sanple 34-195 was recorded and read al’ a fi5 ~r al us on the disc. 5

60 65 9 EP O 125 881 Bl [err] 10 EP

10 15 20 25 30 35 40 45 50 5%
0125881 Bl Sanples Pub 1-4 28¢ faken from,| magu

Devel opnent of .Magneto-Opti &all Di sc Menory W &h $en®- c®nduct or Lasers",
Research and Devel opnent Li%g ‘atory, Tokyo, Japan, and the data_for sanple
Pub-5 is taken.from Bel |, gah E., " Optical Data Storage" Laser Focus,
January, 1983. Figure 1 is & ffansnissio® el €ftrgn $i & oscope '
phot oni cr ogr aph of the medi unp of sanple 34-195 at 5 200,000 x. The very
smal | domain size is suggestgd by this photograph. The space between the
“hash marks A denotes a dist@noe of 200 aggstnqon%, gnd@t he smal |
identifiable spots, believed|to represent doffai ¥s, ~appear snaller than

di stance: A in-largest dinmei@n.. Figuces 2 and 3 are the el ectron beam

di f¥faction pattern and pr<§' e es tiyel yof o tge gedi um of sanpl e
34-195, showing its amorph6us character.® 10~ &xcept®for the carrierto
noi.se ratio at the-lowest #|ge |aser. power of 6 mlliwatts, the _
carrier-to-noise ratio of &heri n‘\‘/erﬁ@/e sample s s significantly greater
t han that of .the published dia. 177 s‘?‘f el Nt [Bht 7 &NR of at l|'east 60 can

ues and materials described above. Example I11

~ be.obtained using the techsi
sdrr&de,':bg pl-aci ng ferbi um chips onto an iron
772 [& . FheBchips were about 10

15 . A sputtering target _
tar get _h'ayi ng .an approxi.-_ -"aré‘a__d'_f~— _ B
mx25 nmin size, and tlie afeal ratio used was 25.8% Tb to 74.2% Fe. .
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60 angstroms). At a vacuum of less than about 1.2x [err] Pa (9.0x [err]
a gl ass overcoat of about 136 nm (1360 angstrons) thick was Vi U
The alloy target used to create th"

ra, take, "The . :
KDD




< 4 jnch (133 nmm diameter pol'ymethyl nethacrylate (PMVA) di scs were used
*as substrates. The discs were grooved and had a subbing |ayer nmade of 1Q0% o
'sol ids phot opoI ynmer cured with ultraviolet 20 light. One substrate plu '
four: slides (two PMVA and two gl ) d into the sputtering

chanber, the disc being nounted gﬁpa“\ﬂse?#ﬁgégr aten. After punping do

the pr essure&lmplat)aum 1-546mtil@m fr]nmmaargﬁa,@lo ekaf ’Themt)lqp eet of]Mmetommnac ed

by rgsi staME@°M¥\aé?'sﬁgﬂ°£m 3 ! 1
aranures. MO SETRLR a%::r, g.qén:dr,t eggn 112855
nni sec (5. JpoocL evérpsnaau aeesss oy hr o space Bt h RGrks
[err] evapaudéiotesra didtence 61200 aﬁgsﬁdrm{ and the Biaal( aerﬁma resgois aveyl to Rp@sant tarhains,
evapor at i ospppar sypalierzthasudistincg A [nelpng Stlﬂaninfomx [err] nbar). The next step was
to radio frewg ;\}% ggatateéte @?‘E’H" Prre’,fa Fagtion;pgtgrn afle peapectivelydorthamagiymof -
argon ugj NG Ekoe o G S Satio bl e lowe I ivsBbAE hie s ARRARA i Saliato HBRE
ready for e he'iméhil\%rshrﬂﬂe IS-E Bifi ﬁnﬂﬁ’@eét&r@ﬂin\tmoﬁﬁﬂpuﬁ lishédmédia3 ¢ isTEIEWEt a CNR of

(st andar d stuésst 6@ eamt bealitaine] ysiw tbe colridduesviand ateligs tlescrlsbd abnvel t er was

warm ng up. The triode was stable with argon pressure at 1.3x [err] Pa

(1.3¢ gt rT""KBS%té?mg et B E%tmsq?ﬁaﬁbﬁrﬁ o BBl oHBRHC RS

The targetFeNas shuttered dur| ng these operatlons to prevent prerrature
deposi ti on. B4 ineh (o@Bem dipmbtetipalymettyl snettmwh;el( @td@b%wererussﬂm@ubssetes The

1 ERyi
oo g e bt 4 ggﬁ%i ; ’ﬁ{ AT B PHES e IDSRr 1N O EAARE e

T Fe target Aigs aBolt ERSIHEP PY (558301 nitaB), S0 WasEliapsrhiedl by O
v. Th erebusmnndeweqntnasfrm 8 uzmlﬂdgs enMdenhhadihc&w mmmmhna(as It wisgdegeitedixinabe at
qut 0.56

a const ant Sl@sme ﬁ fverages@d of a ¢l 19 490 Ab PrRspyre)
sput t er |2ﬁg %ﬁ ion was ahous 8,2K10" f’?ggpfqg AR é’g"eafﬁ’é BB@?"L’T'%" wat @b%g -

0.15-0.2 n od
40 when't hey %r’gﬁﬁs?%r%ﬁeiﬁ“ﬁﬁg“ﬁpﬁﬂ?“ 86 becb e s U iRl

pressure aftemetrhuesmmmmaparnm\(lgauadémwmﬁ Fmsﬁ@nﬁﬂbem niﬁw 85 Bt 88.0 |

nbar). [%r# m\/(ﬁ%“‘%ﬁ’éﬁ"‘é@%ﬂ" _a '"1?9" @ fftode was
devcr e BRI LT i TR A
of 4. 6x[ er gdutkrad ki %[9356 r ftd p m&urﬁﬁéﬁ &Wmhéthm ﬁMﬁrs med up
m nut es, t &ete sbmmsonderrheddbmdreycmmmgms mmmd ommmﬂsﬁh& ao awWith 86

rermved”4§econd8‘li'heaﬂdl!sc and two of the slides (one plastic one Iass wer e

mount ed ont %ﬁ‘ "@f oy 3 :fs%t:'tge"’ﬁ 'E?eé?’%%f P"'&'E‘éﬁ‘dtt‘? 5%8%9‘ E;%’ b'as
chanber . pogtsy H@.gfhg ‘B.disra asrrns urat ﬁarrr

10-7 Torr)Av &ifeld pdart.bmtevvrﬁm &d1.9VEo Ak Baﬁﬁfeﬁ ioh Of the TH-Fe)vs terfadh ;ngen
at a fl o wherOthSTmmmhdkra aaout BBS smd?.ns\néa r@rambértpresmroaftdnmsﬂacmnmn {gas

chamber. Thew aff BAE100% L5r'+’ e v vec
AN Lo p e S b e

fyom a chrpg ..g? foGen s neéesqnal&m Qh\ﬂe@gen@ov&!i' mer
t hi ckness of wbau& anthamtﬁaaﬁesﬂ()me a ofie gIeyaD@ére mayrdéd okitsas HEIIOG substehtdholder - -
resi st anceaﬁmacm a:mb cyum et\ambt! mmmmawn Badqegrgmynélp pauresol O8xHHE P . 1

X[err] Pa ﬂm f e argon an [« yge%qq:g(?l?ewﬁf? c e
dertl o i‘ i ] %?ﬁgﬁﬁ SR O W

about 104 gig Tor 67 16BUoAUH, Giving S5 prithes tuaeknedarmao ap e twmm was
1. 33x[ er r] edsap]aerTayaur as defosited b%uésumk:e e@timg cobpey &1 a melgbddayo bedt.cRackgraend

t he CopperP eerwas 1ENEE Pa (8105 momedsrvw sitgd €0, primer at an
Backgr ounda@’ S e :f fN §§; ?s]°f gt 109 "‘rﬁégf g?g' f%t/a‘s"d pressure
evapor atgd "W A %é 1 v@rtth RetFhAResh Eﬁgm@ﬁon"&f&l&hgraﬁules
about 1.5 Bagkgragndpk ?ss wec) 1xmdm ($>010 Tot'rh Msressasai,mmdtwnhm etufdstréril.g'lﬁ(}t #) .
The di sk anuarmlvréaaggpoa%detmmdzg;ﬂr@gw::(és mﬁgﬁmg;;qingpﬁgahw@o t')? _
showed t he neaJaEEHINFFIFSE oV Sneen 5%
It A A G R e e ik e o

specul ar reflectance at 820 nm wavel ength (using a spectroradi oneter) 20 4%

Hc at room tenperature 2.3x[err] A/m
(2900 Ce) 5 Dynamic tests CNR at wite |aser power of 9 nW
52 background noi se | evel 70 dB bel ow

carrier T'evel 10 Exanple IV
1"




The.sputtering target as used in Exanpl e III was nodi fied by placing eight

cobal't chi ps, each being approximately 50 [err] in area, on the iron t gk

surface between the previously described Tb chips. The areal ratios w

25. 8% Th,” 67.2% Fe and 7% Co. The process was perforrred in asimlar Nm

to Exanple 11l with the follow rEpeﬁqggagi\s I n depositing the f

[err] filmthe sputtering apparatus waspunpe down to 2.6x [err] Pa (2.6x

[err]T_nbar) speguiar refirstaheerat B20Fim mw&sgt{jétpaulatseebﬂatadumglqt)2®%4 nnl sec (5.4

Al sec) ness of about 80 nm (800 A). Pressur [i ration

was about Zaﬁfpf%’ﬂ]emlﬂgraf’? 2x[err] mbar) and 204x[err]§§é (QP"EQF@IB ' nbar)

after eyapopghdnfiditestsN sputtering the Th-Fe-Co |ayer: the d.c. target bias

was war med UfENRoatawrite Rsérapvivecolr 9 e of 0. 63 anps, 20 t%2 ode pl asma supply

ran at 47 v; target bias was at 0.63 anps; and chanber_pressure after

term nation d*rcke%é"dram%'e‘cﬂ filmdeposition was 2. 1x[ ef%§B pelow sarigq leye |

nbar) . ,a'h@,a,rgrgﬂq@d [err] coating step was at a pressure of 2.0x[err] Pa

(2.0x[err] puttéring tH4 QS uéeddn Bxaairiple IR vadmbdifistBySaing ight db&iEehips, dEdie baigg UUM

chanber vemgro, mpwsomnta@a.apnbm rtaygetdu eb@ueae tluef prdvidugly desclibedJ b (CBIRg. Ehe |
L% iFp Gﬂ" 7o ThePreesppwps Resfatmedgn Stsirpjlar Baeney tound

Torr) p“%g'ﬁ.‘pd{ we 31’; w”%

pressurg %%é fi 8& g& A abpartl % ddRnGS 2 Wk R0~ Bbx10-¢
depos'“Q’Hbdﬁﬁ&% h :Efﬁﬂ{%s Ghoki "E&E?B’p gg Eamtﬂmsmemmf (b0 t
deposi t i Ok). Rrésstira dudirigreadpofation Wad aby 2. zm‘aa(?ka-r fnbdthand 24k &0 Pa (24K 1075 mbar)
Anal ysi s ajhomdorpm ma neto optic Ia er to have the foll owi ng conposition:

6 y
(21|305/%Tbs pg:gé{ (2] %%1;%91 né) dl ran 323 \é;hs rg%}fé was at %‘gﬁ&i 'ﬁr:) cham ggﬂeﬁs?ﬁe after te?rwn%_ﬁsoom
t e\'ff)er at ur e Thisecond SiO, coatlng step was at a pressure of 2.0x10™* Pa (2.0x 102¢ raKa{rﬂ’nH ]:Ied&niﬁd(SRﬁQO
Ce) Dynam.& ara/sdcsi5.CMReclt write | aser power of 12 mwV .

about 53 bwl\qmbg@mp gymaped down to a background pressure of 1.2x10~* Pa (9x10"75' gre)prigy -
itio

bl ow c&f r*P 7o) b | NY
o o Yo 8 Cypol LA s, ATAARS LIRS L) REOF sl Pk T BB
an el ement ‘Badkgroaid prassate foflthal dapdsition ofiifttd fital Si0y lafter BN X 10~cRa (9RO Uy,

per pend| cuI Analysis shbwedthe mmﬁomn@avechaamh@pﬂm compesitign: @%él'bfﬁﬁmrﬁeh@ﬂém
oxygen tion of | ess tha t om percent and the conposition of
the magneti ig'bF 3°‘a'%ﬁﬁ'ﬁo"tf§° f'1°?ﬁ¥{°ﬂ %'sf ‘hat the rotation -angl e for

pol ari zed | isgdatiar RhécRimbs sk 420 Gim mmmll umis at |east {grg] neasured with a
| aser ¢jbde at a wavel ength of 780 to 850 nanometres (7800 to 8500

Angst r Ofrs) . resn tempsratyre Hecor di ng nedi um according to cR&¥10F A/m {2680 Pp) m
havi ng magn CidoIRi ns of ‘a domain: si ze | ess than 50 nanometres (500
Angst rons) ?Jkﬂna;tg,e,ﬁ; 1db BNt B2 WRAsured in the planeypfy ée film 3. A
recordi ng medi um according to claim1 or 2 further including a transparent
passi vt i ng |tagkerousdaviesilevel t op of the nmgnetizabl e anﬁ?kq)ﬂﬂ)bbwmatrm letel. A
recordi ng rredl um according to claim1, 2, or 3 further including a

refl ectin er on whi ch the 55 magnetlzabl e armr hous film has been

deposi t ed 5 ﬁls@ﬁgﬁﬂi'ﬁl shadtl :gi‘r aeeeamgnmaafemmrmmr

the andt pﬁ?&%’ I gtzuemamm ﬁ?f\ m&ﬁc O%T E?‘tﬁg
chHpJ@ﬁi”oﬁ f th efiZable b rBHou@ﬁ H%&%Wh kdtddioh &n

5 V\/ner EI rroswlaihzai Iigmyeﬂeﬁteﬁﬁbrﬁﬂieﬁﬁdﬁmﬂdaﬁ 09 raeq3ured With Slasen godx at a wavelength of
gadol i ni u?ﬂpttem panometses, (7809tb {860 ngetnoreai-d terbl umiron-cobalt. al I oys.

R B

Magnet OOID&daﬁGhﬁrto rRdgRstiREHé Ems}ﬁﬁoumflmel nem SU St rat, das -
magnet i si er BaA eeconding iunﬁﬁcdﬁmm wivtaird ) brsmrtberenchldﬁb emdhctmgrmyhadntwmquame e| n F
ungepaass t ®ag 'éR'Pram?'HBE'!H film; hag ‘hgen) deposite

n c 0| hous ﬁ%m compﬂses an
so1 61 spgal Al gfgggg;ggﬂsw e e Akl gy

spectrora m according to claim 5 wherein said alloy is selected from the group consustmg of
gadolinium-terbium-iron, terbium-iron and terbium-iron-cobalt alloys.
60 7. A recording medium according to any preceding claim wherein the said oxygen concentraﬂon is
about 0.3 atom percent.

Patentanspriiche

1. Magnetooptischer Aufzeichnungstrager mit einem Substrat, das eine magnetisierbare omorphen
65 Schicht tragt, die ein Element enthélt, das ein ungepaartes Elektron besitzt und das eine zu der Oberfidche
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Hc at rpomtenperature ' ' '2.3x[err] Alm
(2900 Ce) 5  Dynamc tests CNR at wite |aser power of 9 nW

52 background noi se | evel 70 dB bel \?/
carrier level 10 Exanple IV The sputtering target as used in Exanple Il

was nodified by placing eight cobER Octi29881e®Bh bei ng approxi mately 50
[err] in area, on the iron tartget ﬁurfhzTa‘ce bet ween J.heaéoffs/xiégusly descri bed
Tb chifps. Thé&PesHiantefiectanpe,d SEROME wanelongthiysing s SRoeN I AT 7% Co. The process
was perf or megiih r&ons kdMpeturdnner to Exanmple 11 w th thexhed ApAee® Oe)
exceptions: In depositing the first [err] filmthe sputtering apparatus was
punped down tgnemibxdsterr] Pa (2.6x [err] nbar), and the [err] filmwas
deposi ted at SBHut Witgdasanpawer of 8 MWa/ sec). to a thicknéés of about 80 nm
(800 A). Pres E,@, LinB8e G(@POr ati on was about 2.2x[err zoR@ dekowledr@eridvel
nbar) and 2.4}Fe r| Pa ?3.4x[err] nbar) after evaporation. -In sputtering
the Tbh- Fe-Gambiyer: the d.c. target bias was warnmed up to a constant .
current of 0.TB@srumpering taget asjuserkin Fixarapig I y'ﬂeaﬁv {ac'ﬂW?'tht ?%’:@Eg;gﬁs:i‘%s
ot 0,63 anffE e R T S i T " P e T T
deposi ti ongiEsieds ﬁfﬁw%é‘ oll ﬁinz' xéég{i&{s!] rar) . € secon err| coating step
was at aspr essddpBsititg the frs{ S0, film e spiditdbng [amara}usrw:;gymmcﬂodemﬁxwd Fad2.6x107f

4
0. 51 nm sembdrk arid ¢ §iOcim Wisdenasites atakothnm/ieq 6. e ajbigknessef apo '%_ ®¥nd
pressur e oﬁ"- ressurerlyriop quapqration yrag aboyig- 2105 fa(3.2018 ‘t'?ﬁ’é?’?f‘“’él@po’?ﬁ‘l’é %ﬂgn
the copper fz’s{fﬂ Sﬁgléqﬂf‘ecﬁb-ﬂ—% 59%@.&5@&%&%%&% aptola@bhstanbRirrb ok €83 anps,
Torr), anduf a sSIph faH 6473 tafjet BiaPdsIat 0.63anipas antl chimtjee prefsuReafieritedlodtion of
Tofr). Bacihgrmowradofire positioh ovastfiec10¢ Rasid k ih® gbaghe final [err] | a?ger_ was
1*2x[err] Pa T@ex'{ceq(’lg;iompi_msmmﬁysﬂ reessyre B0 e’ Atd e o-ohsf)iaed feppsifed 5i@x at
have t.he &Pl %mumm%}&é Opr&h\pg%%@oaggco %:Jggncﬁﬂgssér; £4230099a (9XHE" Torn prior
fol | ow ng gaé,@l\g@gogmg;gasurecf OnPENe 'di Sc: specular reflectance at 820 nm. .
wavel engt h  For the copper coating steb4 bddkgroarinpressneowast L2>A10tcPa (91077 Torr), and chamber
2.3x[err] pressu(e2€®0 delsitiDy masi1 65 105t Ba (RAXA°psrk e | aser Ly&" qf 12,
about 53 40 Backgr_o a@ggflﬁﬂm the, depositien, g the f;nafl l?lo,E Iayer was_t‘!. n>-(1zg% Pa 696;61Fe g:r‘:%
67.4 dB pl EXVQE'QV?'F wed the MmasRqros PR layer I hay e ey S BB S Car P R ST (]lb'ng medi um
conpri si ng " a thehsicwitgCdde AbleNBeaBureB@nald disdl e anorphous 45 film the film
containing an el enment with an unpaired el ectron and havi ng a magnetic
ani sot ropy pesppeuiadireflaptancetay 82hpmiwavglerath f ace, characteri¥d® in that the
filmhasgsan oxygen concentration of |ess than one atom pey.cgdhniided 8
conposition o'f’g'?ﬁt%m °'£g1‘r‘{8t 1zabl e anor phous filmis such Fﬁgt t he ?gt atiaon
angl e for polgynbaRGedts ght- refl ected fromthe nmediumis at least 0.4
measured w th GNR ateritedased @ower of WRew¥| engt h of 780 to 85oHa¥onetres (7800
to 8500 pngstro . 50 . 2, A recording nmedi um accordi | ai he
fil mhaving ma ng%'f"é"dd?fhs&i 8% 5f a donmin size | ess than éo}(%‘ %%H'gﬁeaéta;rneeéh(%oo
Angstrons) clailnd ar gest di nensi on, neasured in the plane of the film 3. A

recordi ng med] ym accor di.ng. b0kl MeBuh BmoAsind's UbShath B&YiNS!L g rbilbRLMIAMSH
passi vat L nggh Lﬁlé?n';ial n&é&? %l%g Qeln?éi’é?égk vﬁtée_ann'agﬁﬁi &ﬁoﬁ a’&ﬂ'ﬂfﬁ% @ugr_nfdnlaﬁﬂ ariisotrbpy
recor di N0 Fei@brBuRE RahETfilCsutfacectaranedzed & thetthdfilinuras lare pxyigercéanchintration of less than
e U e
deposi t ed. ‘gp" ! ] -
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