FDESCRIPTICN - MAGNETO- OPTI CAL RECORDI NG MEDI UM AND
: MAGNETO- OPTI CAL RECCRDER USI NG THE MEDI UM -

TECHNI CAL FI EL.D The present invention relates to a

magnet o- opt i cal recordi ng medium for recording information by
utilizing 10 magneto-optical effects of a netallic thin film and to a
magnet o- opti cal recorder using the nmedium and ultraviol et l'ight.
BACKGROUND ART 15 ConveRESERAPT{ONmagnet o- opti cal recordi ng has
been known i n which an anorphous film such as TbFeCo (terbium iron,

cobalt), a Bi (bismuth)-substitutional garnet thin film and a
nmetallic thin film such as CoPt. (cobalt, platinum, are used 20 as a

recording nedium  MAGNEFO-OPIHIAL REGORDING iNEDIUMaWD  ~verti cal
nmagnetic ani sotropy and a significant polar Kerr rotation angle or Kerr

ellipticity (e.g.. wlchE@OLbPPECANCRECADER USRHRCHAROMEbEEM of fect with
respect to VISIb|e I'i ght of nm Therefore, these netallic

thingfilms are used as a 25 nagneto optlcal recordi ng medi um

TECHNICAL FIELD

The present invention relates to a magneto-optical
recording mediﬁm for recording information by ufilizing

10 magneto-optical effects of a metallic thin film, and to a
magnéto—optical recorder using the medium and ultraviolet

light.

BACKGROUND ART

15
Conventionally, magneto-optical recording has been known
in whiéh an amorphous film, such as TbFeCo (terbium, iron,
cobalt), a Bi (bismuth)-substitutional garnet thin film, and a
metallic thin film, such as CoPt (cobalt, platinum), are used
20 as a fecording medium. These metallic -thin films have

vertical magnetic anisotropy and a significant polar Kerr
rotation angle or Kerr eiliptiéity (e.g., 0.1° or over) as
magneto-optical effect with respect to wvisible light of 400-
860 nm. Therefore, these metaliic thin films are used as a

25 magneto-optical recording medium.



¥
On the other hand, an increase of recording density is al ways required

£0 recording nedia. Although a nagneto- optical recording nediumis
adapt abl e for higher-density recordi ng conpared to a conventi onal
magnetic recording medium 5 still higher-density recording is desired.

An increase of recording density requires the use of l'i ght having a
short wavel ength.. That_.is, .short waves nust be used {o I ncrease a,

resol ution, i dthe sogbez, h a@Borthcgease of {FecordiPrenstansdty idht in
use. 10 However, it is known that although a TbFeCo thin film

whi ch i 8lwaysenrequired ytosegegordingyn@madiaecorBibhoudgli ua magneke- g
polar rotation angle of 0.3 or over with respect to I nfrared

radi-at i opticahe redicmding otmedium angl eadsgimibds forignidhenrdéysity
smaller as the wavelength becories shorter. 15 Therefore, a ThFeCo

thin fiecegdnay eompaged do rAGEIvent ionalkt naghet&eordbgtdifigC hediam,
short waves such ul traviol et light. . A neasur ement devi ce -

for 5 Mgpel 9- ARhhetldeRisfits! TecordB fk! degipb@ys a xenon lanp as a |ight-

source. However, 20 the light intensity of a xenon lanp is weak for '
wavel engt hs : n r é‘écﬁr r Y %}gﬁ# r vel.engt of
200 nm g‘?‘ IJéIsKs:r;hj grgﬁ’gre% 1 |%ﬁggvi(§%(ﬁ$s UBST A |éa% }\f%se ggs or
measur eggn in_an ultraviol et region VariQus repqrts an :
manet oLsabEc BRvaRe & SHOLE raPifdtny Ml Rele BHP Y, Yates ANTEpons

of light having | onger wavel 'engt hs than that .of, . .
2 used to 1increase a resolution, which is determined according

to the wavelength éf light in use.

10 However, it is known that although a TbFeCo thin film,
which is currently widely used as a magnetic recording medium,
'has a polar rotation angle of 0.35 or over with respect to
infrared ©radiation, +the polar rotation angle becomes
significantly ‘smaller as the wavelength becomes .shorter.

15 Therefore, a TbFeCo thin film cannot be used for magneto-
optical recording which uses short wéves such ultraviolet
light.

A measurement deviqe for magnéto-optical effects
generally employs a xenon lamp as a light éource. However p

20 the light intensity of a xenon lamp is weak for wavelengths of
300 nm or less, and remarkably weak for wavelengths of.200 nm
‘or less. Therefore, this device is substantially useless for
‘measurement in an ultraviolet region. Varioﬁs reports on

magneto-optical effects are available, but are limited to the

25 regions of 1light having longer wavelengths than that of



visible light. According to Jpn. J. Appl. Phys..VbI. 21(1993)Pt. 1

NO. 2, pp. 989- 995, Pr oceedi ngs of Magnet o- Opt i cal Recor di ng

I nternational Synposium'94, J. Magn. Soc. Jpn., Vol. 19, 5 Suppl enent No
S1(1995), pp, 267-270, nmeasurenent results as t o magnet o- opti cal
effects of Fe- and Co-related materials are available with respect to a
wavel en th 0 200nn1 However, these docunents nerely confirmthe
fact th %Sé iﬁl t- rotation angle is very small for a wavel ength of

about 200nm 10 Also according to Physical Review B Vol. 48, No. 22 1993
The ArrerA@ﬁﬁrd’hygl &R Jgsei ety ABPL eaPbysr-c Y- 2 (19 Fdtetls No.2
optical effects of iron-related material is available with respect to

t he wavpp.PA%2af9hlt r avPodeeedingsn andfl ongdagnetesOpticaHowe\Regoxding
report is concerned only with extrenely limted 15 Fe-related materi al

Wi t hout T¥eerhadlionmalnesympesiamt r opy, J. Vigd. | dar Upam,beveoy. uspp) e as
a magnet o-optical recording medi um whi ch uses ultraviolet |ight.

DI S@-OStlbp YEmehYEND C]\51@52995) pp, 12€70293CN né Ay eRémoRt N3esha®s as
conceived In view of the above,” and ains to provi de a magnet o-opti cal

recor di Egoﬂﬁghgﬁbrtopa e{&lﬁﬂ% £8P ﬁema%ﬁt CoUU1% defoaF‘tcé d Nare

r espect and a magnet o-optical recor u3|ng t he

25 nEdlgghllable with respect to a wavele%gth of about 200nm.

However, these documents merely confirm the fact that a polar
rotation angle is very small for a wavelength of about 200nm.
10 Also, according to Physical Review B Vol. 48, No. 22, 1993 The
American Physical Society, a search result as to magneto-
optical effects of iron-related material ;is available with
respect to the waves in an ultraviolet region and longer waves.
However, this report is concerned only with extremely limited
15 Fe-relatéd material without vertical magnetic anisotropy,
which is far from being usable as a magneto-optical recording

medium which uses ultraviolet light.

. DISCLOSURE OF INVENTION
20
The present invention has been conéeived in view of the
above, and aims to provide a magneto-optical récording medium
having preferable magneto-optical effects with respect to
ultraviolet light and a .magneto-optiéal recorder using the

25 medium.



x

The inventors began w th devel opnent of a device for measuri ng

magnet o-optical effects in an ultraviolet region wWth respect to
various materials, and succeeded in devel opi ng a preferabl e device,
which is disclosed in Japanese Patent 5 Application Laid-open No. He
8-96887. ‘Using this device, the I nvent ors nmeasur ed nagnet o-opti cal
effects in an_ultraviol et _region wth respect to various naterials,
and succeeded® invenyiprg ,heg ré’dﬂzﬁl’hi %"r?z‘tﬂﬂﬂﬁqﬁ P%e Br elentce afl°r :
I nventi on. . According to the present invention, there is provided a
10 magnaeAPIing| mmm@mumqtgfee‘éﬁoranngam nfktavinlely region
utilizing magneto-optical effects of -a netallic thin film the magnet o
thin filvithonpespéoty o, vandomsgmattemialsal apfif succeseded ina demedrogdarg
rotation angle and/or Kerr ellipticity -which have/ has an absol ute

val ue ofa Optegeirhblle odevivelh wREERCtlid 0 dibrlddadvial efapatdse NPEHHN
wavel ength of 400 nm or | ess. The aforementi oned Co-related thin

fil m5ha%?§ppﬁé‘ii&?ri.aid-opéﬁt fo OB Lo8BB) | GsDRGaLhY8 WelceSSREd 1O
vi si bl e [ight, and shrfts to positive when it reCeives irradiating

l'ight w quﬁ h dql | ar ge_ ol gt Ny
rotati onimé%fl%%xé%e.ﬁ@%% glge hi gaﬁgtgérf)gf&shgsl aeggé?glsvg' oar‘@e alézrxjg%;lgr}&}gh
to maintain, magneto-electric effects.. Therefore when .
it 121 riOR PRTeR ZrEEbReE, Mo caious  matarddisy cahd, Uerededndn
repr oduct.i on, usi ng q@;got ) haying a snall dianeter is achieved using
ul travi PRkainipg a EALGI Redinl of hhe RresenlyARRFER®Rric recording
medi u 4 '

m According to the present invention, there is provided a

10 magneto-optical recording medium for recording information by
utilizing magneto-optical effects of a metallic thin film; the
magneto thin film comprising Co, the magnetg—optical effect is
a polar Kerr rotétion angle and/or Kerr ellipticity which
have/has an absolute value of 0.1° or over with respect to

15 ultraviolet light having a wavelength of 400 nm or less.

The aforementioned Co-related thin film has a polar Kerr
rotation angle which is negative with respect to visible light,
aﬁd shifts to positive when it receives irradiating light with
a shorter wavelength until it has a large polar Kerr roﬁation

20 angle. Also, this material has a coercive force large enough
to maintain magneto-electric effects.

Therefore, when - utiiizing ~ the aforementioned
characteristics, recordingl and reproduction using a spot
having a small diameter is achieved using ultraviolet light.

25 Using this material for a magneto-electric recording medium,



it 1.5 possible to significantly increase the recordi ng density.

: According to the present invention, the netallic thin filmhas vertical
magneti ¢ ani sotropy which is a magnetic ani sotropy in a nornal
direction of the thin 5 film A Co-related thin film has
vertical magnetic ani sotropy Therefore, by utilizing this -

characteristic, it is possjib ohtain a net o- optj.cal .l ng
medi umifl 16 MAHFIRARIYS s:.gnlflcanﬁa.gomat S t é%ﬁ \fi ﬁo *the
netallic thin 10 filmis a Co crystalline thin fllmhaw ng a crystalllne
structure ofacedrting ckn eﬂéﬂ puesentainventianct ure. Crystal
having a face-centered cubic lattice structure has a | arge Kerr

r ot at i aheanmeabl iapphdni MEtle yhas Afertlidal magnemic| andsobrepyr vhiich
havi ng a wavel ength of about 200 nm 15 (185-248 nn). Accordi ng
to the jy egeadrivtsit | anisoteopst aihi & t hormal dirédtionaofo thestalin ne
thin filmhaving a crystalline structure of a hexagonal cl ose-packed

| at &i ceg i Uct ure. The fil mof a hexagonal cl ose-packed |attice
structuré 20 has a Kerr rotation angle of about 0.3 [err] with respect to

a _wavel -¥8i?§g8u§:h%.qp £iip. pas ver (rjl}l n%?&&h%n&r esi r?g

I nventi on, I'C thi mi sa

nuber oﬂbé’%f 39 B i1l s %ﬁ%%éﬁﬁl%% IR
Vo R, '‘obtain a magneto-optical recordlng medJ.um with high density.
According to the present invention, the metallic thin
10 film is a Co crystalline thin film having a crystalline
structure of a face-centered cubic lattice structure.
Crystal having a face-centered cubiq ia_ttice structure
has a larée Kerr rotation angle of approximately 0.4° in
an ultraviolet region having a wavelength of about 200 nm
15 (185-248 nm). |
According to the present invention, the metallic thin
film is a Co crystailine thin film having a crystalline
structure of a hexagonal close-packed lattice structure.
The film of a hexagonal ciose-packed lattice structure
20 has a Kerr rotation angle of about 0.3 ° with respect to a
wavelength of about 200 nm.
According to the present invention, the metallic thin
film is a CoypRXxX (X is a de'sired numbér under 100, here)

alloy crystalline thin film, R containing at least one of

25 +transition metals, rare-earth elements, Pt, Ta, Zr, Nb, Mo, Ru,



Rh, Pd, Ag, Au, and W According to the present invention, the
:iretallic thin filmis a nmulti-layered filmincluding a Co crystalline
thin filmand a crystalline thin filmwith R conponents, R may be 5
at | east any one of transition nmetals, rare-earth elenments, Pt, Ta,
Zr, Nb, Mb, Ru, Rh, Pd, Ag, Au, and W Here, transition nmetal may
preferaply_he gne gr nor Ti, V, &, M, Fe, N, Cu, and Zn, while
rare-eﬁﬁfhpal'eagntgu' a'ﬁayw'be one or nmore of Ce, Pr, Nd, Pm Sm Eu, d,
Tb, Dy, Ho, 10 Er, Tmor Tb. The thus formed alloy_crystalline
thin fil mofcgording. to theyaxesent mingentionge thesi Retalpdrartihin,
rotation angle in an ultraviolet region as descri bed above.

Accor dfagmt dst e pndtdnilayered i Dhimt Hiacimding cat 8on crystallaneasthin
magnet o-optical effect which is a polar Kerr rotation angl e and/or

Kerr efelilft iagid ya Werpstaldine GHier filmr with RveompbhéntespBctmay be
ultraviolet Iight having a wavel ength of 200 nm or". Usi ng

ul tg avihel ebakitdRhyOobnd0@ M Brindittitn he6185NEhirk-edPtheedefents;ampthe

achieved. Also, a Co-related thin filmhas a | arge polar Kerr rotation

cnale e, ks 699, ma sy ooy g, ghPg present nvent ion. the
SO opebba s GPue R e e AL BeRERPRSS d L) 87 S o
6 Ti, vV, Cxr, Mn, Fe, Ni, Cu, and Zn, while rare-earth element
may be one or more of Ce, Pr,'Nﬂ, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
10 Er, Tm or Tb.
| The thﬁs formed alloy crystalline thin film or a multi-
léyered film has a large positive polar Kery rotation angle in
an ultraviolet region as described above.
According to the present invention, the metallic thin
15 film has a magneto-optical effect which is a polar Kerr
rotation angie and/or Kerr ellipticity which are/is 0.1°- or
over with respect to ultraviclet light having a wavelength of
200 nm or.
Using ultraviolet light of 200 nm or under, high density
20 recording can be achieved. Also, a Co-related thin film has a
large polar Kerr rotation angle in this region.
According to the present invention, the metallic thin
film has a negative Kerr rotation angle in most of a visible
light region, and a positive polar Kerr rotation angle of

25 0.1° or over in a visible light region or an ultraviolet



regi-on with a short wavel ength. A Co-related thin filmhas a Kerr

:fotation angle which is negative in a visible light region and shifts
to positive in an ultraviolet region while increasing the val ue
thereof. 5 Therefore, while using ultraviolet light in this region,
favorabl e recordi ng can be achi eved. According to the present

I nvention, there is provided a pgnet o- opti cal recordi ng nmedi um whi ch
utiIizé?géoﬁa&HSPi@ S%oqaﬂﬂﬁYﬁ}EPﬂgﬁrun1including a Co-related thin film
having a 10 |arge nagneto-optical ef f ect with respect _to . the
af or enent i oRe§ogredaked dihin ghilm:Bas: & KRFY rFekRion rRghaswhichs g
irradiating ultraviolet |ight of 400 nmor |ess wavel ength onto a
magnet aegpttiivel imecar viisdbdedi Lbghtindregion cand| shifter to pesitigengn t he
magnet o- opt i cal recording medium in an 15 atnosphere with a snal
rate ohanul ilévavlieletbsoeptionn. while incddasdivigpl e¢he i ghllues theoebed by
oxygen. Therefore, in a ni trogen atnosphere, absorption of ultraviolet
i ght mhereforYdPr 4hS9@ Saditid aPFedeisbbe OpegRti ONni StAEHI exegiohot e
that when using ultraviolet Iight having a shortér wavel ength, 2 it is’
prefer |4 p. a vacuum Further; in a
nagnetgg%%F%%gggﬁg%%?%ﬁggyggﬁégg§o$8§ﬁggéd' present invention, the

2 on AR R BHSREY ol O RO 0 R B
vavel englh By TeAN%a' r2Roddisl oA AP e A 118 k2508 18
recording medium including a Co-related thin film having a
10 1large magneto;optical effect with respect to the
aforementioned ultraviolet 1ight, comprising irradiation means
for irradiating ultraviolet light of 400 nm or less wavelength
onto a magneto-optical recording medium, and a =~ vessel for
enclosing ‘the magneto-optical recording medium in an
15 atmosphere with a small rate of ultrafiolet absorption.
Ultraviolet light is absorbed by oxygen. Therefore, in a
nitrogen afmosphere, absorption of ulf:aviolet light is
suppressed so that a preferable operation is achieved. Note
that Qhen using ultraviolet light having a shorter wavelength,
20 it is preferable to have a helium atmosbhere or a vacuum.
Furthér, in a magneto-optical recording device of the
'present invention, the irradiation means includes frequency
doubling means for converting light supplied from a 1light

source into ‘light having a halved ,wavelength by means of

25 frequency doubling, and the magneto-bptical recording means



Is irfadiated by the light fromthe |ight source after halving t he
wavel engt h t hereof. When utilizing such frequency doubling, it is
possible to obtain laser light in an wultraviolet region by using
a 5 sem conductor |laser as a |ight source. BRI EF
DESCRI PTI ON OF DRAW NGS Fig. 1 is a diagramshowi ng a schenmatic

structure of a ,10 rmgneto-optical _ recordi medi um accordi tp a
first 1S prapdiatedBodilfntioht from theylights spufics afheh Jig hitde
rel ati onshi p between photon energy and a polar Kerr rotation angle in a
magnet othe waygilieagthr éhengafy- medi um according to the first preferred 15
enbodi nent ; Fig. 3 is a diagram show ng the relationship between

- phot on ener gyhand utddrizdng Eucht frequencygdenbldmg,cdlt is possihliengto
medi um according to the first preferred enbodi nent; Fig. 4is a

di agr amppit@winng 1a¥eirer adightivi tih r egpeailtravidlebanpegion dynoieing fael d
I n a magnet o-optical recording ‘medi um according to the first preferred

enbogli "BRiniconductor Nlaber d$ & ﬂagﬁagbﬁf@@_ng a schematic structure of a-
magnet o-optlcéﬁ recording nedium according to a second preferred

enbodi nent; 25 Fig. 6 is a diagramshowi ng the relationship between
8 :

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a diagram showing a schematic structure of a
10 magneto-optical recording medium according to a first
preferred embodiment;

Fig. 2 1is a diagram showing the re}ationship between
photon energy and a polar Kerr rotation angle in a magneto-'
optical recording mediﬁm according to the first preferred

15 embodiment;

Fig. 3 ié a diagram Showing the relationship between
photon energy and Kerr ellipticity in a magneto-optical
recording medium according.to the first preferred embodiment;

Fig. 4 is a diagram showiﬁg hysteresis with respect to

20 changes of a magnetic fieJ.d ih a magneto-optical recording
medium according to the first preferred embodiment;

Fig. 5 is a diagram showing a schematic structure of a
magneto-optical recording medium according to a second
preferred embodiment;

25 'Fig. 6 is a diagram showing the relationship between



phot oh energy and a polar Kerr rotation angle in a nagneto- opti cal
récordi ng medi um according to the second preferred enbodi nment ;

Fig. 7 is a diagramshowi ng the relationship between 5 photon energy and
Kerr ellipticity in a nmagneto-optical recordi ng medi um according to the
second preferred enbodi nent; Fig. 8 is a di agram showi ng a _

schematl tructure of optical . recordi di_um ac or di ng
to a PheRgR’ entray cafdy . BBdARe KoL |sotation andle; IR 4 maFhRpet
shovm ng the relationship between phot.on energy and a pol_ar Kerr

rot ati oRPkAGRd | FegoRaiRgt dnedlumop?‘?%‘aFdF-EGor‘éFP nd-hfdPERPREC PEPRETEB! he
third preferred enbodi nent ; Fig. 10 is a diagram show ng the
rel ati oegbodimentgen 15 photon energy and Kerr ellipticity in a

magnet o- opt i cal recordi ng nmedi um according to the third preferred
enbodi ment; Fig. 7 #Isg.a llisyrani ahowirshowheg redatébabhdpshbetweeneen
photon energy and R err][[err]k[err]+[err]k[err]]; Fig. 12 is a

di agh amphbeWnNd eheTeReMHAE Skepet Ued18ptdcidy HONed O-RAGhEBb-opLERATI NY.
medi umnbgccordl ng to a third pr ef erré%%'enbodl manté)é P Fig. 13

m :
s a di URPS! rota I on at'ﬁf a&fé@f"fﬁ%h*é‘?o?ﬁw@g%&di Brglir%tg%%rgl ng rTE:Lgllré

pol ar Kerr e 1n a nagn

gCCOfdl ng toghhe fé)UE_Lh Pr 818556 &?ov?mgdiamégﬁematlc structure of a

magneto-optical recording medium aécording to a third
preferred embodiment ;

10 Fig. 9 is a diagram showing the relationship between
photon energy and a polar Kerr rotation ahgle in a magneto-
optical recording medium -according to the third preferred
embodiment ;

Fig. 10 is a diagram showihg the relationship between

15 photon energy and XKerr ellipticity in a magneto-optical
recording medium according to the third préferred embodiment;

Fig. 11 is a diagram showing the reiationship between
photon energy and R/ [Ok*+7nk*];
Fig. 12 is a diagram showing a schematic structure of a

20 .magneto-optical recording medium according to a third
preferred embodiment;

Fig. 13 is a diagram showing the relationship between
photon energy and a polar Kerr rotation angle in a magneto-
optical recording medium accorciing to the fourth preferred

25 émbodiment;



Fig. 14 is a diagram showi ng the relationship between phot on energy and
Kerr.ellipticity in a magneto-optical recordi ng medi um according to the.
fourth preferred enbodi nent; and 5 Fig. 15 is a di agram show ng
a schematic structure of a magnet o- opti cal recorder.

BEST MODE FOR CARRYI NG OUT THE | NENTI ON 10 In the following,_a
preferred enbodi nent of the present .l.nvent.i on erei natter referred to
as a preferr &d%nmddi féht P HlagﬁFW1 fRoWLRg, & B 35518HS&HQ dﬁ%ﬁfﬁﬁg.

FI RST PREFERRED EMBODI MENT 15 Fig. 1 shows a structure of one,

pr ef er r phodesodienengy i rand  Kereh glddptHicidy | in s 3 oreanekeoephical
evaporation on an Si substrate 10 having a Cu sheet |ayer 12 between

t he Co frndoordingmediiem RBcoxdbngr fibe thi) . fourfithe pSifextidt embedinentyst h
an orientation (100) or (111) is used. The thickness of the Cu 20 -
seed lawx (12) and the Co thin film (14) are both
approxi matel y-100 nm The Co thin film. (14) is a single © crystal

thingfilm ha\ﬂirg(a a4 agg- %\er}ifdﬁﬁalﬁuEh%ﬁig\fgtoio&fschemalﬁiéu%‘tlﬂﬁt\ﬂx@ & a

orientation of (100) or (111). hin film 14 having the above

StrUCtugﬁgﬁﬁﬁé;égﬁfﬂélzgécégﬁérEOtatiOn angle of the maximum 0.4 [err]

with re 10

BEST MODE FOR CARRYING OUT THE INENTION

10 © In the following, a preferred embodiment of the present .
invention (hereinafter referred to as a preferred embodiment)

will be described based on the drawings.

FIRST PREFERRED EMBODIMENT
15 Fig. 1 shows a structufe of one preferred embodiment, in
which a Co thin film is formed thrqugh evaporation on an Si
substrate 10 having a.Cu sheet layer 12 between the Co film
and the Si .substrate 10. The Si substrate ;6_ with an
.orientation (100) or-(111) is used. The thickness of the Cu
20 seed - layer (12) and the Co .thin film (14) are both
approximateiy 100 nm. The Co thin film (14) is a single
crystal thin film having a face-centered cubic lattice
structure with an orientation of (100) or (111).
A Co thin film 14 having the abqvé structure has a polar

25 Xerr rotation angle of the maximum 0.4 ° with respect to

10



ultraviolet |light having a wavel ength 200-230 nm Al so, the Co thin

:Film 14 has sufficient hysteresis (coercive force) with respect to
changes of a magnetic field. Therefore, high- density information
recording is achieved by utilizing this 5 polar Kerr rotation angle.
Here, an exanple nmethod for formng a Co thin filmwll be descrlbed.
Initially, two types of Si substrates (10), ne co r|S|n

si ngl e udibravdiolgt rl%%tohaéfrw.%nwwe(lmth 2bﬁna39h@“bth %”th
orientation of (111), are prepared, and 10 the surfaces of the substrat es
(10) ace ethbed filnh BR has (syffigbent| Jystieyesist Heosneiveroforche

oxi de | ayer thereon. Then, a Cu seed layer 12 and a Co thin film 14
are  witheGuIpdd lto f@nandeghbcugh meadpet B¢ | 8fledd. eathepéfbbe, t Migh~
types of Si substrates 10. The evaporation is carried out by 15 nmeans of

el ect r%ﬂ@?ﬂ}?oei(ﬁfefﬁhtﬁ’ﬂnu et P dhlyY £Yaakdlit¥ed bORM il EHAt tﬁ:Ls

pressure o [err]Torr or less. An @évaporation speed is set” at

nm gec Qg&{ ray diffraction, it |sfoundthat theCu :
see?i 3’}:'elr"’lr err]fd ﬁn fll?gnf?ayer 14 formed on the Si substrate 10
conpri sing are_si hav n cen ed_cuybic
lattice str IFc? a*“ﬁ’?’%u (fﬁg) 0&19%& gPrgﬁbléh %ﬁ'&l Wé‘ RV\A th
t he substrate, Whl | e those fo on the Si suybstrate 10 corrprl sing Si

(111) & ‘%qsrﬁjfllé"‘%ﬂfys?h’rtlallyha‘&‘l’ﬂgtxpﬁécgfcéﬁ-t Subptaaties |GQlice - €.y

structure (fcc) including 25 a (111) face parallel with the substrate.
11 one comprising Si s:.ngle crystal with the orientation of (100)

and. the other with the orientation of (111), are prepared, and
10 the surfaces of the substrates (10) are etched with HF
(hydrogen fluoride) to thereby remove the oxide layer thereon.
Then, a Cu. seed layer 12 and a Co ;hin film 14 are
sequentially formed through evaporation on each of the two
types of Si .substrates 10. The évaporation is carried out by
15 means of electron bgam. evaporation under highly evacuated
conditions at a pressure of 10Torr or less. An evaporation
speed is set at 1 nm/sec.
| According to X-ray diffraction, it is found that the Cu
seed layer 12 and Co thin film layer 14 formed on the Si
20 substrate 10 comp;ising si (160) are single crystal having a
faée—centered cubic lattice structure (fcc) including a (100)
face arranged parallel with the substrate, while those formed
on the Si substrate 10 comprising Si (111) are sihgle crystal
having a face-centered cubic lattice structure (fcc) including

25 a (111) face paréllel_ with the substrate.

11



Al so,” observation using an electron m croscope with high resol ution
:proves that they are single crystal, simlar to the X-ray diffraction.
It is found that the interface between the Co thin film 14 and the Cu
seed layer 12 and that between the 5 Cu seed layer 12 and the Si substrate
10 are flat in the atom c scal e. Also according to Auger nol ecul ar
spectroscop I s _confirmed_that urities wthin the re or
the co - Piikae 1  PhgaEvARIoRn Board n: SLEFEToR %%r%ﬁfb%se%n‘ﬁg# E}lgfh
negligible. This result corresponds to the result obtained in

Rut her TSP AR DTRVeS jEhAReRReY are single EYsFALd BHBYAAri £, §heound
that the Co thin film 14 of this exanple is Co single crystal w thout

i npur i t-emy diffractivex:, Heghet foupd ddlatefthet intérfacet hetweenaithed
material- will be described. Fig. 2 shows dependency of a 15 polar Kerr
rotati @o agie dhlmhdgoandnatgy .CiBosdedo1aye?) Idcand tKat (bétyeehovhe

| arge peak of polar Kerr rotation angle with respect to photon energy

bet peef. gedd? FIyéA8121Murdd tHe - si sdBStFREeTUIDValee E3af. 4id OkheO
(100) and O.2[err] for Co (111). - In particular, it is al nost

| oSSR RS1IP! Q> adbesly o0 aeg%iabhaa@' speetiosioy | o

caused ter a rotati on rom negati V

thet kit LA ERRELPASE) EhaE o %‘ylén%% G518, o LR 8o

consi denedh Okl Yh! i i QLeTERL Ct’“ef_'arazr.lgeiza%rseho‘é"&bs%aﬁ'tga1125 3

negligible. This result corresponds to the result'obtalned in
10 a Rutﬁerford scattering experiment.
As described above, it is found that the Co thin film 14
of this example is Co single crystal withoutzimpurities.
Next, magneto-optical effects of +the thus obtained
material will be described. Fig. 2 shows dependency of a
15 polar Kerr rotation angle on photon energy. Both Co (100) and
Co (111) show a large peak of polaf Kerr rotation angle with
respect to photon energy betweén 6.7-5.2 eV (185 nm-238 nm).
The maximum value is 0.4° for Co (100) and,0.2° for Co (111).
In particular, it is almost impossible to estimate this
20 peak through conventioﬁal access as it is caused after a
rotation angle shifts from negative to positive with
.increaéing photon energy (decreasing of a wavelength). Note
that Kerr ellipticity presents so small a value that it can be

considered 0° within the aforementioned range, as shown in Fig.

25 3.
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Fi~g.. 4 shows hysteresis characteristics of the Co thin film1l4. As is

shown, a polar Kerr rotation angle and a Kerr ellipticity present
hysteresis of about [err]0.3T between changes fromthe negative
magnetic field to the positive magnetic 5 field and vice versa. .
Therefore, it is known that this Co thin film14 has a sufficient
coercive force to preserve a recor di rl?ghstate EOCC%D PREFEI?E}ED
EMBODI MENT 10 Fig. exshoyschygheresis Tharachexistics p § &P Ithin
described. Fig. 5 shows a structure of this enbodinent, in whi ch Pt

| ayers 22 EhimC34l-aydss i shewny t ar pollary Kexe krehation angjlesamek mntkerm.
Usi ng a recordi ng nedi um having the above nulti-layered 15 structure, a
| arge pol aelke¢ptichtyt presend cysiebes bt eifnabout = i0n 38N bettwesmn athenges

region, simlar to the above enbodi nent. This thin filmis obtained
t hr ough segpent i Bhe EHYHEIVEON ntfgnetic Pifialer £o22tned $osieyess wigmatide
Si substrate 20. SpeC|f|caI ly, a Pt layer 22 and a Co | ayer 24,

ek g#igg ad‘glnm t%l ckness unt ;qlr tRer @88 ARl Vs | th Sat aenlgl l\éo

substrate forty palrs of Pt layers

(Coai pr 3y EBARC e V) hlR By 9y EfEToht; BIEETRE! gorer %&EQ%W%

| ayer 24 of 0.3 nmthlckness are 25 alternately formed on a simlar SiN

substrate BBCOREFPI: AEALE- 13

SECOND PREFERRED EMBODIMENT
16 Next, a Co and Pt muiti-layered film (Co/Pt) will be
| descrit)ed. Fig. 5 shovts a structure of this embodiment, in
which Pt layers 22 and Co layers 24 are alte_rnately stuck on a
Si substrate 20.
Using a recording medium having the above multi-~layered
15 structure, a large polar Kerr rotation artgle can be obtained
in an ultraviolet region, similar to the above embodiment.
This thin film-.is obtained through sequential evaporation of
Pt layers 22 and-Co layers 24 on the Si substrate 20.
Specifically, a Pt layer 22 and a Co layer 24, eact1
20 having 0.3 thickness, are alternately formed on an SiN
substrate 20 of 80 nm thickness until forty 'pairs of Pt layers.
22 and Co layers 24 constitute a multi-layered film of about
25 nm thickness (Co3/Pt3). Altefnatively, a Pt layer 22 of
0.5 nm thickness and a Co layer 24 of 0.3 nm thickness are

25 alternately formed on a similar SiN substrate 20 until thirty

_ “This Sheet Has Been Reilacet: ' THIS SHEET HAS BEEN
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pai?s‘constitute a multiple-layered filmof 25 nmthickness (Co3/ Pt5).

Further alternatively, a Pt layer 22 of 1.1 nm t hi ckness and a Co | ayer
24 of 0.3 nmthickness are alternately formed on the SiN substrate 20
until eighteen 5 pairs constitute a nmulti-layered filmof about 23 nm

t hi ckness (Co3/Ptll). Note that the three nmulti-layered filns each
have .,a pure crystalline sfructure. . .. Figs.. 6 and 7 shqw pol ar
Kerr ef PBAFS Lans&tute agmy F%Ei?yiBYeFﬁgsef%WegfmﬁiBfnaﬁ?-’éﬁ“?‘?psﬁm,
namely Co3/Pt3, 10 Co3/Pt5, and Co3/Pt11. Regarding the

mul ti -1 §0eBéBt5)i.| mFurtites/ mRlterngbleelXer @ rBtathiayermngle ahi 1+d fmmm
negative to positive with photon energy of about 5.5 eV, and becones

about +thiBkdApssr] anid h gphofon dageyy &4 abofit 6.3 edm Addakdiess t @xdi s

result, it is known that this multi-layered filmco3/Pt3 is 15 preferably
used asaatbendtelpy FEghed UShNOche t TSN Olstibsitr@ite 20 until Relfikeéry the
multi-layered filnms Co3/Pt5 and Co3/Ptl|, the shift occurs with photon

energly Qf :ahog trod B § h n i idd vely
015 fhishotrbcienle o m-teetpILE WSO B VAR e

h K LLioticit : vel v i :
about 5.EoR(TEAD"  Higte el MIREOHRr RV KT Y alielrad B3GR, R hate
Further, the %Igr.Kerr rotation angles of these filnms Co3/Pt3 and

Co3/ Pt 52 Pur?aEEY§ PHLADS, SEFUC Y negat i ve val ue with photon energy of

25 about 3.7 eV and 5_eV, respectively. This can also be
14 Figs. 6 and 7 -show polar Kerr effects and Kerr

ellipticitf of these three multi-layered films, namely Co3/Pt3,
10 cCo3/pt5, and Co3/Ptll. Regarding the -multi-layered film
Co3/Pt3, a polar Kerr rotation angle shifts frqm negative to
positive Wiﬁh photon energy of about 5.5 th and becomes about
0.4° with photon energy of about 6.5 eV. According to this
résult) it is known that this multi—layered filmlco3/Pt5 is
15 preferably used as a recording medium using ultraviolet light.
Regarding fhe multi-layered films Co3/Pt5 and Co3/Ptll,
the shift occurs with photon energy of. about 6.5 ev. It is
presumed that the angle peaks positively in a short-waﬁe
region.
20 Also, the films Co3/Pt3 and Co3/Pt5 have Kerr ellipticity
which peaks negatively with.photon energy of about 5.5 eV and
6.5 eV} respectively, and this can be utilized. Further, the
polaf Kerr rotation angles of fhese films Co3/Pt3 and Co3/Pt5
take a relatively large négative value with photon energy of

20 about 3.7 eV and 5 eV, respectively. This can also be

Tl
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util.ized. THI RD PREFERRED EMBODI MENT Next, a Co and Pt
:(CoPt) alloy layer will be described. 5 This alloy layer is generally:
formed by simultaneously evaporating Co and Pt on a substrate.
Alternatively, it my be formed by evaporating a Co and Pt all oy
prepared in advance. Fig. 8 shows a structure of the allay |ayer
I n which,a, Co[err]Pt[err] alloy layer 32 is formed on a sapphier-
(AI[erFFE%é???) of about 10 75 nmthickness through el ectronic beam
evaporation. The base tenperature for filmformation (the tenperature
of the base 30) is of the roomtenperature, or RT, i.e., 400 [err]C
the degree of vacuumis .10[err] Torr or over and 10[err]-10[err] Torr
bef or eTHERD PREFBRREDg EMBOPIMEANT N, respectively. 15 According to
X-ray and electron diffraction, it is found that the alloy | ayer 32
‘obt ai ned t hyesgh evap®rahdorptat (GoPtpmalloy trayer awiild e atescripedar
alloy having a hep structur.e; that -at 400 [err]C is a regular alloy.

Figs. 9n38d HQ19joW rigpendensy Gferfefl By Kebimedt athyon s il edgbsushy Ker
ellipticity on photon “energy. shown 1n Fig. 9, the Kerr rotation

angl e %(,gbg%a%g_hgy r%?%ﬁ?agta%w a” Suils¥rdte. . OA‘S}'EPn?EQ%@Qy‘?nq@m&}

about econes cl oser err| with”stronger

o g o B, Syl A A3 b4 5 <115, b Bgei g Gt o
oL P Y e WA Mocnre r, i L AAUEES B Ben o
Co,sPt,; alloy'layer 32 is formed on a sapphier (Al,0;) of about

10 75 nm thickness through electronic beam evaporation. The base

temperature for film formation (the temperature of the base

- 30) is of the room temperature, or RT, i.e.,;400 °C; the degree
of vacuum is 10 Torr or over and 107°-107 Torr before and
during'evaporation, respectively.

15 According to X-ray and electron diffraction, it is found
that the alloy layer 32 obtained through evaporation at a room
temperature is an irregular alloy having a hep structure; that
at 400°C is a regular alloy.

Figs. 9 and 10 show dependéncy of a polar Kerr rotation

20 angle and Kerr ellipticity on photon energy. As shown in Fig.
9, the Kerr rotation angle of the alloy peaks at about -0.6°
with photon energy of about 4.5 .eV, and rapidly becomes closer
to 0° with stronger photon energy, shifﬁing from negative to

pbsitive with photon energy around 6 evV. On the other hand,

25 as shown in Fig. 10, the Kerr ellipticity peaks with photon

15



alloy formed at 400 [err]C has a |larger Kerr rotation angle and Kerr
el lipticity than the irregular alloy forned at room 5 tenperature.

When such an alloy layer is used as a recording nmedium a si gnal at
reproduction is proportional to Rlerr][[err] k[err]+ [err]k[err]] ([err]k:
Kerr rotation angle, [err] k: ellapticity, R reflection rate). _ Fig.

11 shomgngegendf(r;%%?‘(}?{: Eil[jgr [ [err] Kk[err]+ [err] K[err]] on photon

ener gy. Ws a very large value, such as 0.25 or over,
with respect to photon energy of about 5.5 eV and | ess. Therefore, it

i s known t hads cBewa| A8y Figier 3fapdi 40, iten®dkpewp thatafdeagswiad as
a recordi ng nmedi um 15 FOURTH PREFERRED EMBCDI MENT Fig. 12
shows aaklowctformedcalk dd0§ "6 shasuat hlargérr Kedr rotatienli apgle wndh is
an alloy layer simlar to that of the third preferred enbodi nent, “in
whi ch agé&¥r| R ipPieitP0 than théhiiknegalas falley oformed asst swewim ate
30, and a Co and Pt 20 alloy layer 34 having 20 nm thickness 1is
furtgher ceh9er®eure. thereon. The weight ratio between Co and Pt of the

al | oy |l ayer 34 is 1:3. Note that the Pt |ayer 32 and the all oy '

Korr of fect Mo RASheag BIIHY, Kiee 15 used as 3 Berobdudd mhaian o, 2
ot at | oWSRRE c3F s TEREACUSEGN (15 PERSERIOTAE (1 R LA SR Kot on
energy Ig;rrabcz):%ttag:i%\xll (gn\gi\é?l e"r}g]t(? Oefllz"%zticity, R: reflection rate).
Fig. 11 shows dependency of R4 [ @ k*# 7 k*] on photon energy.

10 obviously, it shows a very large value, such as 0.25 or over,
with respect to photen energy of about 5.5 eV and less.

Therefore, it 1is known that CoPt alloy layer of this

embodiment is favorably used as a recording medium.

15 FOURTH PREFERRED EMBODIMENT
Fig. 12 shows a structure according to a fourth preferred
embodiment, which is an alloy layer similar to that of the
third preferred embodiment, in which a Pt layer 32 of 20 nm
thickness is formed on a gless substrate 30, and a Co and Pt
20 alloy layer 34 having 20 nm thickness is further formed
thereon. The weight ratio between Co and Pt of the alloy
layer 34 is 1:3. Note that 'the Pt layer 32 and the alloy
layer 34 have a crystalline structure.
Figs. 13 and 14 show polar Kerr effects and Kerr

25 ellipticity of such an alloy film. (CoPt3). As is shown, the

16



nm ,-  and expected to peak positively with respect to short- wave
:[ight. 5 Also, with the alloy filmof this enbodi nent, the polar
Kerr rotation angle takes a relatively | arge negative val ue wi th photo
energy of about 4-6 eV, which can be utilized. OTHER 10

Al t hough only a limted nunber of actual neasurenent exanpl es_are
expl ai tical petic | sotropy.is obtai ned with Co-rel ated
1Py BRyazhdense, Epbatiohcangils ks "Rbout 1t shikF: Eromninegativeidre; on,

a polar Kerr rotation angle peak ositively largely in an ul travi ol et
r egi onPostkdver with photon reRerqgy ef to-6o RV o a cravellengriedofin282an be
provi ded by " utilizing a Co-related film For exanple, in a
mul ti - nAyer eand | prpestieddi ¥y pedk positiyeilyl lwitth t hespéctmtandshort-
crystalline thin filmwith R conmponents, R may include at |east any
one of wawendiightn 20 netals, rare-earth elenents, Pt, Ta, Zr, Nb, M, Ru,
Rh, Pd, Ag, Au, and W “Also, a Co[err]Rerr] alloy crystalline

thif filmwaileb, neitkleshe allasy Reidh @%hf@yeﬁBSd@.&ehEan%Eé @W |
can

rare-earth elenents Pt, Ta, Zr, Mp,

25  begdbil i 25 @foR Q?Lg" m:gﬂgél 'a{)yréilaﬁvel large Ff?‘ttlgell %llil%l 0

17 e noted that ar oug

film w1tWa§hB%Be%n%i-g§“ oef‘aafﬂ&f‘t L& &y of wﬁ?ghaggﬁengﬁﬂhz ed.®

OTHER

10 Although only a 1iﬁited number of actual measurement
examples are explained, vertical magnetic anisotropy is
obtained with Co-related film, and the éoexcive force of the
film is sufficient. In addition, a polar Kerr rotation angle
peaks positively largely in an ultraviolet region. Therefore,

15 a favorable'magneto-optic recording medium can be provided by
utilizing a Co~-related film.

For example, in a multi-layered film including a Co
crystalline thin film and a crystalline thin film with R
components, R may include at least any one of transition

20 metals, rare-earth elements, Pt, Ta, Zr, Nb, Mo; Ru, Rh, Pd, .
Ag, Au, and W.

Also, a Coy,R, alloy crystalline thin film which includes,
as R, at least any 'one of transition metals, rare-earth
elements, Pt, Ta, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Au, and W, can'

25 be utilized as a Co-related alloy film.
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anﬁrphoué Co thin film an anorphous nulti-layered film or an

=an0rphous aIon filmpmay be used instead. 5 Al so note that the
"positive" and "negative relationship of the aforenentioned Kerr
rotation angle and Kerr ellipticity is determ ned generally such that
t he cl ockwi se direction in view of the direction in which the
irradiating light proceeds with respect to the nedium proceeds is
regarded as pddi t§huld jhe ?HF945$Qﬂ%1P£FhPBgPh@(Rﬁﬂﬁﬁﬁﬁ%#wmlﬁhlﬁlgéﬂ@se

conventi onal designs (except, Jpn. J. Appl. Phys. Vol. 32 (1993) Pt.
1, No. was 2ta]spn 8- ¥I5, eKﬂmﬂiGChinhealbosiﬂivhé akpvecggampdes, an
relatlonshlp Is determ ned opposite to that of this

appl i cat iamorpholfs Co HHENEF{IMPThAAamIEHIER multi-layéred fiblmpous an
schematic structure of a device using the af or ement i oned

nmagnet o- Gidrptous AU Flm 'REy Ube us¥lll §Astead.conprises a light source
100 as a source of light in an O wultraviolet region, and a resonator

102. 5The |i ghfi 3P YRS "BiYat tth"gggi%§9éxnghﬁnﬁﬁe f@eiofefgkiﬁngigoz

l'i ght of 375 nm The |1 ght of nmis converted In the resona

h |
102" CREshe At Rohed PKELE Rotanibil addte, Al T Cer L EBERC S
agat t he vvavcfl enath ﬁe(?nre(ejgcc_éed o hal f be/h%rﬁagﬁﬁof fr?‘gq%récyq*wtl?% in

converted , into a
view of the direction in which the irradiating light proceeds

with respect to the medium proceeds is regarded as positive.
10 This is similar to the documents which disclose conventional
designs (except, Jpn. J. Appl. Phys. Vol. 32 (1993) Pt. 1, No.
2, pp. 989-995, 1in which the ”positivg" and “negative”
relationship is determined opposite to that of this
application).
15
MAGNETO-OPTICAL. RECORDER
Fig. 15 shows a schematic structure of a device using the
aforementioned magneto-optical recording medium, which
comprises a light source 100 as a source of light in an
20 ultraviolet region, and a resonator 102. The light source may
be GaN semiconductor laser for emitting light of 375 mm. The
light of 375 nm is converted in the resonator 102 into light
having a half wavelength. That is, the érystal resonator 102
repeatedly reciprocates incoming 1light through'reflectipn so

25 that the wavelength is reduced to half by means of fréquency

18



predet erm ned spot through an optical system 104 before being

:transfornmed into |linear polarization having a predetermned 5 angle in a
pol ari zi ng section 106 and then irradiating the magnet o- opti cal
recordi ng nmedium 108. The magnet o-opti cal recordi ng nmedi um 108 has

t he aforenentioned Co-related thin filmand a | arge polar Kerr rotation:
angle wth_ respect to ultraviolet light. 10 After being.reflected
by t hed9R %é?ﬁ!optical recordi ng medi um 108, the light is supplied to a
detection section 110, where |ight having a predeterm ned an%le S

sel ected toThen, thensplitrayicdet | i ddghteceli nFaseantdd 1120Ther@fore,
the - | i ght receiving section 112 can detect whether or not a 15 :
pr edet predeterminedi spodf thyoughi and apipteal weysheme 104 tbhefore being
magnet o- opti cal recordi ng medium 108, so that recorded data can be -
read. trala€otined aiktowliltear ngpolxaticdatsivpmathadwing apreieicatdymninedi ded
for noving an irradiation spot to the - "nmagneto-optical recording nedi um

108 Oan%% Giden PERLELEing2Gectiok U0 andn s ¢¥badigRAhg aclertion
responsi bl e for i rradiation and reception of ultraviolet light is '

( y s LA, 114 duse basi d -
2CCOMRghEta-cpr 17 KESSSULALY EbE o3, 11 4 DIRAR il oy
o oy Lok g UL "G o AR' e Ot Fled | 8BLrbRacdd Hhiny |
e g B b A BT ek, it 4 e ek "Bempect. o

ultravidlet light.

10 After being reflected by the magneto-optical recording
medium 108, the light is supplied to a detection .section 110,
where light having a predetermined angle ;is seleéted to be
transmitted to a light receiving section 112. Therefore, the
light receiving section 112 can detect whether or not a

16 predetermined rotation of a polérized aspect was made in the
magneto-optical récording medium 108, | so that recorded data
can be read. Note that a known driving mechanism may' be
preferably provided for moving an irradiation spot to the
magneto-optical recording medium 108, or for other purposes.

20 Further, in this embodiment, a portibn respons.ible for
irradiation and reception of ultraviolet light is accommodated.
in a vessel 114. The vessel 114 is basically sealed and set
in. a nitrogen atmosphere. Therefore, favorable reading is
achieved while minimizing absorption of ultraviolet light in

25 an atmosphere.
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pl aced in a predeterm ned magnetic field. Wen a relatively strong
:light ray irradiates a magneto-optical recording nedium 5 108 in a
nono-directional magnetic field, a wvertically magneti zed m nute region
(a vertically magneti zed region). corresponding to the nagnetic field is
given to the irradiated spot. Two types of vertically magnetized

regi ons can then be given to ever pqot according to e direction of
the magneti$tild fpriher, 3 W3g ndSt i%r%‘ﬁcéescgt 'bndg?‘g a‘flmd‘ltai:d
"1, i nformation can_be_recorded. _ Recorded dafa can_then be
read bgfdshectmagnete—opticaleaedium| 198: s@ ¢ khats e Jredivhe 198

pol ari zation by using relatively weak light.. 15 I't shoul d be
not ed phated ot & i predeterndnest ageetics fieldys otWhen sharelatively
magnet o- opti cal recordi ng nedium 108. That is, t he magnet o- opti cal

recor dgggofgd nmghto&ay\mﬂmdfawea alshyneto-opiticall, recordiane medium
rotated by the rotation driving - mechanism 118 to bé thereby noved

inghe padi g3l ¢ r eréhODaPEecRiohha Mashgwed NS S€iagd| 0 il r agked ogl esired
spot " on the nedi um -~ 108. ~Industrial Applicability _ It
5 S SBhEnER Sl fLpEN OB R | Vet Sfodly ZafBEALS. agtoh) 2101 o
CLAI'\/Bcorrespondj.ng to the magnetic field is given to the irradiated
spot. lTwo types of vertically magnetized regions can then be
given to every spot according to the direction of the magnetic

10 field. By corresponding the spots to data of “0” and niw,
information can be recorded. |

Recorded data can then be read by dete?ting the reflected
light with a rotated plane of polarization by using relatively
weak light.

15 ‘"It should be noted that a rotation driving mechanism 118
rotates the magneto-optical recording medium 108. That is,
the magneto-optical recording medium 108, which is generally
discal, is generally rotated by the rotation driving
mechanism 118 to be thereby moved in the radical direction of

20 the medium 108 so as to irradiate a desired spot on the medium

108.

Industrial Applicability
It is usable as a data recording medium for use in

25 computers, visual audio equipment, or the like.
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1. (Amended) A magnet o- opti cal recordin
: recording information by utilizing magneto-optical effects of a

metallic thin film t he magneto thin f Inl r]Pt[err]
alloy crystalline thin film and , Iﬁ@:ﬂ"ﬂumﬂﬂ
effects being a polar Kerr rotation angle and’ or’ Kerr"elfipticity

whi ch have/ has an absol ute val ue of .L{err] 10 or over with respect to

ultraviolet |light having a wavel eng 400 nm or | ess. 2. A
magnet o-opti cal recordi ng nedi um according to claim]l, wherein the
metallic thin filmhas vertical magnetic anisotropy 15 whi ch IS a magnetic
anisotropy in a normal direction of the thin film 3.
(cancelled) A 2&;gneto-opticall | edecording 5. medigmanc&blred) recording.
(Amrended) A magnet o- opti cal recording medium for 25 recording

I nfOrnainﬁrmwnlbylmLMQmﬁgom@uew-@ﬁmab offécts of a metallic

21 metallic thin film - the magneto thin film

COMBri sifith @ilm;
the magneto thin film comprising Co, and
the magneto-optical leffects_ being a polar Kérr rotation
angle and/or KRerr ellipticity which bhave/has an absolute value
of 0.1° or over with respect to ultraviolet 1light having a

10 wavelength of 400 nm or less.

2. A magneto-optical recording” medium according to claim 1,
wherein the metallic +thin film has vertical magnetic
anisotropy which is a magnetic anisotropy in a normal

15 direction of the thin film.

3. A magneto-optical recording medium according to any one
of claim 1 or claim 2, wherein the metallic thin film is a Co
crystalline thin film bhaving a crystalline structure of a

20 face-centered cubic lattice structure.

4. A magneto-optical recording medium according to any one
of claim 1 or claim 2, wherein the metallic thin film is a Co
crystalline thin film having a crystalline structure of a

20 hexagonal close-packed lattice structure.
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T - T e —
t he magnet o-optical effects being a polar Kerr rot'a” on angl e ‘m/or

Kerr ellipticity which have/ has an absol ute val ue o !,i m’”'n over
with respect to ultraviolet |ight having a wavel eng ” l'ﬁ

| ess, the metallic thin filmbeing a nulti-layered®™ibkm%

a Co crystalline thin filmand a crystalline thin filmwth-R _
conponents, R may be at |east any one of transition netals, 10 rare-earth
el enent s, Pt Ta, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Au, and W 7.
(Arrended) net o- opti cal recording ITEdI um according to any one of
claims 1, 3 ang @agpaieiopEeake fAAqRAing nedinmh AFCopsl ind) ke 0 285t | R
ef f ect V\/m ch is a polar Kerr rotation angle and/or Kerr ellipticity
whi ch are/of @laimrl] oar olaimwi2h whepein tthe metalliavitdlist filmt is a
havi ng a wavel ength of 200 nm or |ess. 8. (Anended) A

magnet o- opCogal RreCcQRdi g madi wWesiteed di ngmber 2@ndey onenf dexte®d lalloy
6, and 7, wherein the netallic thin film - has a negative Kerr rotation

angl e ifm ne&?sﬁammesrthlﬁ | 104, rl@%@ﬁtalnlnlgaﬁ‘fl. @Le%%é‘tl lone® gl BFadPition
rotation angle of 0 1[err] or over in avisib light region with a

short Wavqpseali a&fﬁk"&i&ﬁeﬁ%ﬁ' O%bt, 14> 2%, o, KS9egh, Arn, Pd,
magnet o- opt I ca (eco i ng devi cé usin

22 ngg 0- opti cal recordlng medi um f or recording information
by utﬁﬁ?z%ﬂg gn tfo-optical effects of a netallic thin film

cl ud| ng

6. A magnetof-optical recording medium according to any one
10 of claim 1 or claim 2, wherein the metallic thin film is a
multi~layered film including a Co crystalline thin film and a
cryst_alline thin film with R components, R may be at least any
one of trémsition metals, fare—earth elements, Pt, Ta, 2Zr, Nb,
Mo, Ru, Rh, Pd, Ag, Au, and W.
15 |
7. A magneto-optical reﬁording medium according to any one
of claims 1 to 6, wherein the metallic thin film has a
magneto-optical effect which is a polar Kerr rotation angle
and/or Kerr ellipticity which are/is 0.1° or over with respect

20 to ultraviolet light having a wavelength of 200 nm or less.

8. A magneto-optical recording medium according to any one
of claims 1 to 7, wherein the metallic thin film has a
negative Kerr rotation angle in most visible light region, and

20 a positive polar Kerr rotation angle of 0.1° or over in a
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t he magneto thin filmconprising Co, t he magnet o-optical effects
. being a polar Kerr rotation angle 5 and/ﬁmnf I ty which

have/ has an absol ute value of 0.1[err] mluen Mm”mspect to
ultraviolet light having a wavel ength of * %00 nth of |ess,

t he magneto-optical recording device conprising’ |rradiation
means for irradiating ultraviolet |igh haV|n%_ 10 %lmavelen h of.,4 0 nm

or |ess ¥Asdbdenddaito xaaion withopdshgrt wa Sy an ultravio

a vessel for enclosing the nagneto-optical recordlng mediumin an

at nospheregionh a snmal| absorption rate of ultraviol et light. 15

10. A device according to claim9, wherein : the irradiation
means i ncl udes frequency doubling neans for converting light supplied
froma light source into |ight having a hal f wavel ength by neans of
frequency doull i ngevitd WUsing a tlitadRetst @ﬂmaral rieeodddinggy rmediums
i rradi ated by Iight froma light source after halving the wavel ength

theregf. according to any one of claims 1 to 8, furtherZ@omprising
irradiation means “for irradiating wultraviolet 1light
having a waveiength of 400 nm.or less onto a magneto-optical
recording medium, and
a vessel for enclosing the magneto-optical recording
10 medium in an atmosphere with a small absorption rate of

ultraviolet light.

10. A device according to claim 9, wherein
the irradiation means includes frequency doubling means
15 for converting light supplied from a light source into light
having a half wavelength by means of frequency doubling) and
the magneto-optical recording means is irradiated by

light from a light source after halving the wavelength thereof.
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