MAGNETO- OPTI CAL RECORDI NG:MEDI UM REPRODUCI NG METHOD, AND
REPRODUCI NG APPARATUS THEREFOR <o . TECHNI CAL FI ELD
The present invention relat'es to a nmagneto-optical recording nmedi um which -
makes it possible to reproduce information recorded in mnute nmagnetic
domains, with high reésolving power and high SSNratio. In particular, the

present i nventipQENiErd-ARSIdaL RECUHANG MHDIVM, TRONOHURE NG TREITEODIN AR

makes it possible to performreproduction individually i'n a nagnffied

manner froma plurality of rREPROUDEBCIRGNEPPERAPURI REERMFORI N W thin a
reproduci ng | aser spot when reproduction is perforned for the

maghet o-opti cal recording nediumincluding mnute magnetic domai ns which
have been recorded. The present invention also relates to a reproducing

met hod therefor, and a reproducingﬁygﬁﬁ' S if able for the
magnet o- opti cal recordi ng nmedium and t giﬁ#bgF%gﬁiing met hod.

The present invention relates to a magneto-optical

recording.medium which makes it possible to reprodqce

< information recorded in minute magnetic domains, with high:_’?~:
resolving power and high S/N ratio. In particular, fhet :
present invention relafes to a magneto-opﬁical recording.
medium which makes it possible to perform reproduction
individually in a magnified manner from a plurality 6f
minute magnetic domains existing within a reproducing lﬁser
spot when reproduction is performed ﬁor the magneto-optical
recording medium including minute magnetic domains which
have been recorded. The present invention also relates to
a reproducing method therefor, and a reproducihg apparatus
suitable for the magneto-optical recording medium and tﬁe

reproducing method.
BACKGROUND ART

Magneto-optical recording media such as magneto-
optical disks are known as an optical memory having a large
storage capacity on which infqrmation is rewritable. 1In

order to allow such a magneto-optical recording medium to



BACKGROUND ART Magnet o-opti cal_ recordi ng nedi a such as nagnet o-
optical disks are known as, an-optical nenory having a | arge storage
capacity on which information is rewitable. In order to allow such a
magnet o- opti cal recording nediumto have a high density, it is
concei ved that mnute recording mnagnetic donmamins are used to perform
recording. |thdve adsghbldensdtyer fier der eoncdivgdwthhtnninbeer £6668d18g
magneti ¢ domai ns by using the magneto-optical field nodulation system
However, in adaifetie demadtisc areadsednitoupertioghcirecoddingn i pgependent |y,
it is.desired to decrease the spot size of a reproducing |ight beam

However, the pradilierad pelrifdirinedelbriiing! withopinGée Peadrdidgerefore, a
techni que i s demanded, ich nmakes it possible to reproduce information

from-mnute FRGiRitic domline Wy ueingBitAbainBgRatbbeppieatnEiepat size.
Wien-it is intended to reproduce information fromextrenely m nute

recording mRRilatideeyBte) | AofBvBY3 BhNBriBe BHCEEBLodLes Ghchhe SOl
size of the reproducing lNaser beam it is necessary to -

minute magnetic domain independently, it is desired to
decreasé the spot size of_a rep;oducing light beamt___
Hoﬁever, the spot sizé.is'limited by NAﬁof an optiéél hgéd._?"
Therefore, é technique is demanded, which.ﬁakes it éoSgibléj i
to reproduce information from minute magnetic-domainé thle
maintaining the present spoé size. When it is intended to
reproduce information from extremely minute recording

magnetic domains while ﬁaintaihing the present size of the
spot size of the reproducing laser beam, it is necessary.to :
solve the following problems.

(1) Since the spot size of the reproducing light beam
is too large as compared with the size of the recording
magneti¢ domain (recording mark), it is impossible to
individually detect a .plurality .of magnetic doniains-
existing within the reproducing light beam spot. Namely,
the reproduqing resolving power is insufficient. For this
reaSon,.it ié impoésible'to reprbduce informatibn from
individual recording magnetic domains.

(2) Each of fecording magnetic domains has a small

areal size, and hence the reproduction signal has a small

output. For this reason, the reproduction signal has low



solve the follow ng problens. (1) Since the spot size of the
reproducing |ight beam is too. large 8s conpared with the size of the
recordi ng. magnetic domain ‘(recordi ng mark),; it is inmpossible to

i ndi vidual |y detect a plurality of nagnetic donmins existing within the
reproduci ng |ight beam spot. Nanely, the reproducing resolving power is
insufficient S/Ncor this reason, it is inpossible to reproduce information

from individual recording magnetic domai ns. (2) Each of recording
magneti ¢ domai ns IThe magneklicadlgalinduced aupebhenesolbueiorptechmidque, S|gnal
has a smali- output. For this reason, the reproduction signal has | ow

2 7 Stlich has BbenNBQQQESteHLyfonduneﬂpxupeinresﬁfualoﬂftechnlque,

whi ch has been suggested, for exanple, in Journal of Magnetic Society of
Japan, Vol. Magnettip soeietyNof Japan, vadl 1199§ﬁ?pl§meﬂe ; Ofio e$ PG, t

solve the foregoing problem (1). A nagneto-optical recording nedlun1used
for 201 (1993), is one of methods to solve the foregoing
problem (1). A ﬁagneto-optical recording medium used for
the magnetically induced super resolution éenerally
comprises a reproducing layer for maghefically induced
super resolution, an exchange.fofce control layer, an&
information-recording laye?. When the'magnefo-optical
récording medium for the magnetically induced supér
resolution is subjected to reproduction by using a |
reproducing iaser beam, if a certain area on the disk_on'
which information to be reproduced is recorded is locéted
outside the light beam spot, all magnetic domains subjected
to recording iﬁ the info:mation-reéording layer undergo
transfer to the reproducing layer for magnetically induced
super resolutioh. When this area enters the ligh£ beam
spot, two.magnetic domains exist in an identical light beam:
spot. A reproduction signaL is given as a sum 6f signals
formed by the respe@tive magnetic domains. Therefore, it
is impossible to sepérate and reproduce, from the sum
signal, the signals originating from the individual
magnetic domainé; Accordi#gly, one of the magneﬁic domains

is masked so that it is not observed, and thus only the

other magnetic domain can be used for reproduction. Thus,



t he magnetically induced super resolution generally conprises a
reproduci ng | ayer for magneticall.y induced super resolution, an exchange
force control layer, and information-recording |ayer. Wen the

magnet o-optical recording mediumfor the magnetically induced super
resolution is subjected to reproduction by using a_ reproducing |aser beam
i f a certain theaagneticallk inducgd swpest aesaliusiono tieehndgueddeed i s
recorded is located outside the light beam spot, all magnetic domains
subj ected t onetduast dimyhiich tde repnasvicing Fesodvigg ppweruigeigproved
transfer to the reproducing layer for magnetically induced super

resol uti on. \Wemaniawing dhentefifeatiivd ifjieldoedmthepradineo ofaghet léght
domai ns exist in an identical |ight beam spot. A reproduction signal is

given as a siead spamal Howewerd the tfioeegedmnec probleng{2l)i cadaoti be.
Theréfore, it is inpossible to separate and reproduce, fromthe sum

signal, the sawd evergibyniging the tagnetdicaldyalindueedesupedonai ns.
Accordingly, one of the magnetic domains is masked so that it is not

observed, andréduolutivyy tdvhnitjues’ bEeansle Q:héOli&It&nedltybertﬁé for
reproductlon Thus,
reproduction signal from each of the magnetlc domains does
not change. | |

A reproducing apparatus has been contrived in order.to
perform reproduction from recording domains having been
subjected to high density récording. Such an apparatus is’
exemplified by those based on the optical super resolution
technique in which a shielding element is inserted into an
optical path so thé# a light-collecting spot which exceeds
the diffraction limit of the laser beam is obtained by
means of optical super resolution. This technique is
discussed in detail in Yamanaka et al., "High Density
Optical Recording by Super Resolutioh", Jan. J. Appl.
Pilys., _28_, Supplément'28-3,_ 1989, pp. 197-200.. 'Besides, a
method is also known, in which an'ordinary laser beam or a
laser beam comprising a main“lobe and a pair of side lobes’
produced by means of the optical super resolution technique
is allowed to have a pulsed waveform to decrease an area on
a medium on which the temperature is raised so that high

density recording/reproduction is realized.

The present inventors have disclosed, in Japanese



the magnetically induced super resolution technique is a nethod in which

t he reproducing resolving power is inproved by narrow ng the effective
field of the radius of the Iight beam spot: However, the foregoing problem
(2) cannot be solved even by using the nmagnetically induced super

resol ution techni que, because the intensity of the reproduction signal
from each of Haiti-OpenePatethtrPubd idedson Mo .CI8a7360, a maghetopbpdiehald
apparatus has been contrived in order to performreproduction from

recordi ng doriderding m@diten comprieing] ba A gabderatey heeepdbadcifych an
apparatus is exenplified by those based on the optical super resolution

t echni que i n Mdyieih andshl elediordifige TRiyer, S whish ndftesNti® PBss@BLeC/b path so
that a light-collecting spot which exceeds the diffraction limt of the

| aser- beam i snaggmen’ Qfdb ¥ epFodieefa MAlgnedics upfhihceRhHEFeRpredts the
techni que is |scggsed in detail in Yg#hnaka et al., "H gh Density

Opti cal RecorfigipditifgPayBesObyt k¥ans £édRing (6RPkranBRYSting$ th
Suppl ement 28- 3, 1989§@Bp. 197- 200. Besi es} é (nethodn?s a éga nomﬁ, in

o "o S RS che LEREAlRTISNE b5, bhe xRl EbEg  ©
t echni que 1ayer,.and'épplying a reprodﬁcing magnetic field during
< reprodﬁction. An alternating magnetic field is used=as fhe -
reproducing magnetic field. Namely, a magnetid field in a’
direcfion to magnify the magnetic domain and a mégnetic
field in a direction opposite thereto are 5pplied
alternately to magnify and reduce (or shrink) respective
magnetic domains. The use of the.magneto-optical recording
medium makes it possible to solve the foregoing problem (2)
and amplify the reproduction signal obtained from the
magnetic domain. However, it is not eaéy to control the
reproducing ﬁagnetic field which is used to magnify'the
magnetic domain in the reproducing layer; In this -
viewpoint, this technique requires further improvement.
On the other hand, as disclosed in Japanese LaidfOpen

Patent Publication No. 8-7850, when the magnetic doméih is
transferred by the aid of the exchange coupling force, the
magnification for the magnetic domain effected in the
reproducing layer for transferring the magnetic domain

thereto is restricted by the size of the magnetic .domain in

the recording layer. Namely, the size of the magnetic



is allowed to-have a pul sed waveformto decrease an area on a nedium on
which the tenperature is rajsed so t hat ‘high density
recordi ng/ reproduction is real i zed. The present inventors- have

di scl osed, in Japanese 4 Lai d- Open
Pat ent Publication No. 8-7350, a magneto-optical recording nedium '
conpri si ng, clomaivlrsinn@ite bea magmidded 1@ beaargenrd thancchadi 0§ thger,

whi ch nakes it possible to mnmagnify and reproduce a magnetic domain -
transferred tmadgretic elomaduciing they eecdrdingnayer,i at @oportaoanoft the)

the .magnetic domain in the recording layer to the reproducing |ayer, and

appl yi ng a r efsprbdiciggragyer onf ittled side oF thepredosding. 1agealt efnati ng
nmagneti c field is used as the Teproducing magnetic field. Nanely, a

magnetic fielgiden of the @Rignetilco dor@iin’ incieadeanasi ¢hdoBBpArating
magnetic field in a direction opposite thereto are applied alternately to

magni fy and rdiehded ' ron ithe) reddRes Sg\/&aya%%bﬁ.egomaé The use of the

magnet o-optical recording nedi um makes it “possible to sofve the foregoing

probl em (2) eqherefore, the following problem arises. Namely, in an
area of the reproducing layer just over the magnetic domain

N in the recording layer intended to be reproduced,
magnetization is in a direction idenrical withrthat in the
recording layer in the depth-direction for all concerning -
~magnetic domains, however, in an area deviated in the in-
plane direction from the magnetic domain intended to be
réproduced, a state tends to.oécur, in which magnetic
domain portions having a direction identical with that of
magnetization in the recording layer in the depth direction
_and magnetic domain portions'having a direction different
therefrom co-exist in a mixed manner.
in order to.respond to the multimedia technology

developed for the recent information instruments and
systems, it is demanded to realize a magneto-optical
.recording medium oﬁ which recording can be performed at a
higher recording density. lMoreover,'it is necessary to
devgiop a technique with which ‘minute magnetic domains
subjected to recording on such a high density recording

medium can be reproduced at a higher resolving power, at a

higher sensitivity, and with higher reliability.



and-anplify the reproduction signal obtained fromthe nagnetic domain.
However, it is not easy to control the *reproduci ng magnetic field which is
used to magnify the nmagnetic domain in the reproducing layer. 1In this
-viewpoint, this technique requires further inprovenent. On the ot her
hand, as disclosed in Japanese Lai d-Open Patent Publication No. 8-7850,

when the nagneti cadegPsf 6Bjeét 08l €hé @é’eﬁ@eiﬁ{rélnﬁoﬁhﬁs%%ﬁﬁa_
coupling force, the magnification for the magnetic domain effected in the

reproduci ng ka¥efot8§olh n,tsésmézng( i Peai@IPLEY £dé OBy nd LGP d L

restricted by the size o he magnetic domain in the Tecordi'ng |ayer..

Narel y, the $j ebd Cohi 3 :
§éESr8in%, ?ggaﬁoéﬁnglCh co?ﬁg%lt%%? %) ?$§}1¥nP$ﬁ§é%?e<anain

dormai n cannot be naghi ar ger )

in the recor hgg {“ﬁ'éﬁ%ti@%‘ﬁgmggﬁéz?%? t %@ffiégpggd%}gé' ”Qi& QYEr4 ON t he side

of the recording magnet | mal n i ncreases as the

b ol 00, SeBRRNREL UG CCpLgan | et becomes Targe.  Therefore

A second object of the present invention is to
simultaneously solve the foregoing problems (1) and (2) and

. provide a n0§e1 magneto-optical recording medium on which - |
minute magnetic domains can be used for recording,-and a
reproduction signal can be.obtained from minute magnetic
domains which have been recorded, at a high resolving powef
and at a high sensitivity.

A third object of the present invention is to
simultaneously solve the foregoing'problems (1) and (2) and -
provide a novel reproducing method for a magneto-optical
recording medium, with which minute magnetic domains
recorded can be subjected to reproduction at a high
sensitivity. |

A fourth object of the present invention is to provide -
a reproducing apparatus suitable for reproduction on a

magneto-optical recording medium which achieves the

foregoing first and second objects.
DISCLOSURE OF THE INVENTION

According to a first aspect of the present invention,



area of the reproducing |layer just over the magnetic donmain

recording | ayer intended to be reproduced, magnetiz hﬁp Hﬁﬂ'ﬁA&EﬁﬁN tion
identical with that in.the recording layer in the d hﬂgg@Ebn for)al
concerning nagnetic donains, however, in an area de\i al
pl ane direction fromthe nmagnetic domain_intended to be reproduced, a

state tends kRedaCp, pkBvihbaNa RAGRELE-ofPTBLT PAELLATAg AN direct i on

i denti cal mnth that o magneti zation In e recordi ng yer 1n the depth

Cheretrom coldnp2desht; 678 BuBREELRE7 BRYififolngkiBhLi0Bofalhs! Fifor,

therefron1co ex m xed nmanne er to respon

nul'ti medi a t%ﬁﬁ”%‘ﬂgéngg?EGHBBﬁgn-ﬂégﬁﬁfxiﬁgeHﬁ9'QE FBBbLERy | fggLyrent s and

syst ens, it 1's deman O reallze recor nedr um on

v el necor deagapaa Bg 8 "9WF“%ﬁ%{*%ue%??ﬁﬁa%ﬁﬁ%ﬂ%ﬂg%?%@“3' A ol ne

bj d di d b
"ept oduced. aEABRERR %d"@gswna PBRErneRsoh e REG RIS aT et 11 Y and wi th
hi gher

rellablli Xng an external magnetic field havgng a polarlty
' identical with that of magnetization of the magnetic
: domain, characterized in thaﬁ:

the information-recording layer has a thickness‘h
which satisfies h/d > 0.5 for a radius d of a minimum
magnetic domain which has been recorded.

Awano, who is one of the inventors of the present
invention, has been disclosed, in Japanese Laid-Open Pafent
Publication No. 8-7350, a magneto-optical £ecording medium
comprising a reproducing layer and a recording layer, which
is capable of transferring a magnetic domain from the
reéording layer to the reproducing layer during
reproduction of information,'magnifying the size of the |
magnetic domain in the reproducing layer to be 1argér_than
the size of the magnetic domain in the recording layer, and
reproducing the magnetic domain by applying an external
magnetic field having a polarity identical with that of
magnetizétion of the magnetic domain. The first aspect of
the present invention, which is relevant to the magneto-

optical recording medium disclosed in Japanese Laid-Open

Patent Publication No. 8-7350, specifies the magneto-

' nnxiih‘iﬁﬁ‘ﬁii‘ i




A first object of the present invention is to solve the foregoing problem
(1) and provide a magneto-optical recording nedi umon which control can be
easily performed when nagnetic donains are-magnified by the aid of a
reproduci ng magnetic field. A second object of the present invention
Is to sinultaneously solve the foregoing problens (1) and (2) and provide
a novel magnadptigdl asicoreliovgd imed ined haviog \shistiructure! #hiedndki modenai ns
can be used for recording, and a reproduction signal can be obtained from
m nut e nagnetdppropyirites tohimaiynifye thee maghevide domalina tiapls feezedv sy
power. and at a high sensitivity. A third object of the present

i nvention is die rEpRddudiiaeayeiobye appa yhi it 3dicn @xitedBlad Mhaghttdad (2)
and provide a novel reproducing nmethod for a magneto-optical  recording
medi um Wit h g1 MiNsided yTRGhenl ¢hdoRightto-Rpriidad Fekolaifdbmediam t o
reproduction at a high sensitivity. A fourth object of the present

i nvention is dgp t‘lféjgx‘i%erﬂ: gﬁ%ﬂ‘i‘i | 3%%%&%“%&%%&%%%& 8b ERREOgHE! ! on

on a mgneto-optic recordi ng ne achi eves t
thickness of the information~recording layer satisfies h/d

> 0.5, is used, the magnification of the magnetic domain is

realized in a suitable manner. Thus, it is possible to

)

easily control the change in size of the magnetiq domain- in -
the magnetic domain-magnifying and reproducing layer, with
respect to the reproducing magnetic field.

In a preferred embodiment of the magneto-optical
recording medium according to the first aspect of the
present invention, the magnetic domain-magnifying and
reproducing layer can be composed of a rare earth
transition metal having a compensation temperature within a
range of -100 to 50 °C. In accordance with this preferred
embodiment, when the magnetic domain transferred from the
information-recording layer to the magnetic domain-
'magnifying and reproducing layer is magnified and
reproduded, the obtained magnéto-optical recording medium
provides a high resolving power and high S/N.

According to a second aspect of thé present invention,
there is provided a magneto-optiéal recording medium
comprising at least an information-recording layer on a

substrate, for reproducing information by irradiating the



foregoing first and second objects. : DI SCLOSURE OF THE

| NVENTI ON According to a first aspect of the present invention,

7 First Amendnent - there is provided a nagneto-optical recording

medi um conprising, on a substrate, an information-recording |ayer, and a
magneti ¢ domai n- magni fyi ng and reproduci ng | ayer capable of magnifying and:
reproduci ng anaggimi+aptdicrali redoratisige medd uir erbtthha ireparodaciog ddghtdi ng

| ayer, by applying an external magnetic field having a polarity identical
with that of bemymeipotat ichraractierd zeahiet ithatdomai n, characterized in that:
the i.nformation-recording |ayer has a thickness h which satisfies h/d >
0.5 for a length dthe magneticroptitagnaldcordingy mediueh coapriees,r enorted.
Awano, who is one of the inventors of the present invention, has been

di scl-osed, | subsianfss lRintgieaiddomalinMayniying" aba. répfdlcing

magnet o- optlcal recordi ng nmedi um :
layer, a gate layer, and the information-recording layer in .
this order; |

only one magnetic domain of a plurality of magnetic

domains, subjected to recording in the information-

recording layer and existing within the reproducing light
beam spot, is transferred to the gate layer from the
information-recording layer on the basis of.a temperature
distribution in the gate layer generated within the
reproducing light beam spot when the magneto-optical
recording medium is irradiate with the réproducipg light
beam spot; and

the magnetic domain-magnifying and reproducing layer
enables the magnetic domain transferred from the gate layer
to be magnified by applying an external magnetic field
having a polarity identical with that of magnetization of
the magnetic domain.

Acéording to the second aspect of the present
invention, one recording magnetic domain of the plurality
of recording magnetic domains in the information-recording
layer included in the reproducing light beam spot is
transferred to the gate 1a§er'by utilizing the temperature

distribution characteristic of the gate layer, the magnetic

10



conprising a reproducing |layer and a recording l'ayer, which is capable of
transferring a magnetic donmain fromthe recording |layer to the reproducing
| ayer during reproduction of information, rmagnifying the size of the
magneti ¢ domain in the reproducing |ayer to be larger than the size of the
magnetic domain in the recording |ayer, and reproducing the magnetic

domi n by appioiaih 33 aERrRed tEPEMR! igathl RagnBRYcNTagepokarity identical

with that of rmagnetization of the nagnetic domain. The first aspect of

the present E&%%%&b&&edwﬁbpihkﬁmk%b%%&%tdb&a&hﬂmﬁgﬂﬂﬁgﬁh 8Rbi cal recording
medi um di scl osed i n Japanese Lai d-Open Patent Public tlgn No. 8-7350,

specifies th e@&%@%@&' 1 _ d th d in trafisf opi Lcal
recordi ng ne?iunlhaviﬁg aagffﬁcfﬂre wﬁig eiso#g%g ggp?osffgget?oeh%gnify

Lhe TRgnet | C 08 LSRR Rk Sy e dhBPLRUIGH0 haY Shyby SgPLYIN Lhe
oh ot e, B gl Ak B9 e b FRBRDOURIGY BRshdRLc! EerdPughrese of
detected. Accordingly, the reproducing resolving power- is
impfoved by the gate magnetic layer, and the intensityiof
the reprbduction signal is increased by means of the
magnetic domain-magnifying;and reproducing technique.
Thus, it is.possible td improve S/N.

At first,iexplanation will be made for the principle
of the magneto-optical recording medium according to the
secpnd aspect of the present invention and a method for
reproduction theréon, with reference to Figs. 1 to 5. fig.
1A illustratively shows a concept for recording infdrmation
as minute magnetic domains on a magneto-optical recording
medium 11 of the present invention by applying a recording
magnetic field 15 while irradiating the magneto-optical -
recording medium 11 with a recording-laéer beam'13. The
magneto-optical recording medium 11 cbmprises a magnetic_
domain-magnifying and reproducing layer 3, an intermediaté
layer 4, a gate layer ‘16, an exchange coupling force |
control layer 17, and an information-recording layer 18.
Information can be recorded on the magneto-optical

recording medium 11 based on the use of the magneto-optical

. field modulation system, wherein the magneto-optical

11



> 0.5, iss used, the magnification of the magnetic domain is realized in a
sui tabl e manner. Thus, it is possible to easily control the change in size
of the nmagnetic domain in the nagnetic domai n-magni fyi ng and reproduci ng

| ayer, with respect to the reproduci ng nmagnetic field. Ina
preferred enbodi nent of the nmagneto-optical recording mediumaccording to

the first aspRetdo ‘iq é}ﬁlggr%rugéqut isn g&%ﬁ%tehh%lﬁgge;hgﬁ ogﬁigl magni fying

and reprodu0|ng conmpos rare eart on neta

QZ‘XLPgaﬁCZO@Sﬁ%°Z{1§F§‘%ﬁF ¥ Bl C%Egapﬁéenéﬁéa&%?egﬁahﬁf ol

t f df t h t di to t d in- .
g fyi g MRS G dAate PAYERY ée‘#%&a'f#gd%%%espea 388c Eea't he obt ai ned
magnet o- optlcal recordin d|u rOVI s a hi,gh.reso V|n r ang hi gh
SN A ESERTAI g, 53 Srfpt et FEcPFOLe BRaiufndte <

provi ded a na net o- opt,i cal recordln nmedi um cQnpr.i Si ng at Ieast an , .
i nf or mati on- qi;HQa?eFr@Neél 9§FF§Fé0“f& pdicats uPYn@niﬁFBPWa%Pon'by

irradiating the 9
Flg. 1A with respect to a recording laser beam 13.

Therefore, an area 19, which is deviated backward from the
spot center, is heated to a higher temperature. The
coercivity of the area 19 in the information-recordiné'
layer iB is loweréd due to the heating. Accordingly{:a
minute-maghetic domain, which has a direction of
magnetization directed in the direction of the recording
magnetic field 15, is formed during its cooling process.
It is assumed in the description of the principle that-fhe
magneto-optical recording medium is'subjected to recording
and reproduction by using, for examplg, a magneto-optical
recording and reproducing apparatus 200 conceptually
illustrated in Fig. 2. With reference to Fig. 2, thé'
magneto-optical recording medium 210 is.rotationally
movable with respect to an optical head 213 and a flying
magnetic head 215 by_the'aid.of a spindle motor 217, aqd an
iﬁitializing magnetic field is applied to the magneto; 
optical recording medium 210 by the aid of an initializing
magnet 211 upon reproduction. |

As shown in Fig. 1B, the ihitializing magnetic field

12 is applied to the magneto-optical recording medium 11,

12



magnet o-opti cal recording nmediumw th a reproducing |ight beam spot,
characterized in that: t he magnet o-optical recordi ng nedi um
conprises, on the substrate, a magnetic domai n-magnifying and reproducing
| ayer, a gate layer, and the information-recording |layer in this order;
only one magnetic domain of a plurality of magnetic donains, subjected to

recording in jtrhhg 3RO Bppd=ate ‘ibnihleamﬁ:e%%ﬁ.oﬁx bt 'r. g Yok kalh

reproducing l'ight beam spot, |s transferred to the gate ayer rom

i nfor mati on- pREAIIRD FiAVY 18N t RfbaYetAk s Prn%'fp%h@t Hgﬁe Q'ag[ai" th@.n in

the gate layer "generated within the reproduc eam s en the

magnet o- opt | ffgiom et TP Jis! Bl ﬁl'errr fi;‘i’x'a?lt %}1&4 Eﬂﬂtﬁ‘élﬁgﬁp Epﬁgtﬁbght

beam spot; a the magnetic

enabl-es t he t'C'I‘i’x QPRI 2 feinra eftrlﬂ- qbfS 188! EubJ¥&teg! Ro°
& nar o magrietic fi1e ?lt

magni fi ed by applying an éx aving a pol a

ot o NG T, 2 R ARl M P8
- magnetic dom% y OEx%P%lr%%E%h?E% the direction of the 1n1t1a1121ng
magnetic fleld 12. On the contrary, the coerc1v1ty of the .
1nformat10n—record1ng 1ayer 18 is extremely larger than the =
coe:civity of the geteﬁlayer 16. Therefore, magnetization
of a recording.magnetic domain 313b in the information-
‘ reeording layer 18 remeins as it is. Magnetization of the'
-'gate 1ayer 16 is antiparallel to that of the magnetic
domain 313b in the information-recording layer 18.
Therefore, an interface therebetween is in an unstable
magnetization state.

After the gate layer 16 is initialized as déescribed
above, the magneto-optical recording medium 11 is subjected
to reproduction under a reprodu01ng light beam as shown in
Fig. 3. During reproductlon, the magneto-optical recordlng :
medium 11 is irradiated with the ;eproducing lightlbeam
having a poﬁer lower than that of the recording light beam.
An area 314, .which is devieted backward from the spot
center, is heated_to a higher temperature in the same:
manner as heated by the recording light beam. The

coercivity of the gate layer 16, which corresponds to the

area 314 heated to the higher temperature, is lonered. The

13



of recording magnetic domains in the information-recording |ayer included
in the reproducing light beamspot is transferred to the gate |ayer by
utilizing the tenperature distribution characteristic of the gate |ayer,

t he magnetic .10 domai n transferred
to the gate magnetic layer is transferred to the nagnetic

domai n- Magn! fndigAgt389dohBRhOIYSH dn! BHE" inPOmhbE oﬂnfeggfaiﬂ%ti e%éed to

the nmagnetic donmai n-nmagni fying an repro uci ng layer

using ne T cRpodyehagerRaackbochbeldsandayUE! £61 58 £HE% ¢ﬂ9$§a_£$§ee

reproduci ng resol ving power e nagne yer, and
mgnet | i”ébhé?ﬁiﬁgiﬂmgﬁg?iﬁ v Efiecallivhg Eud %*%ﬁfﬁge T%oégﬂ‘?gé%%%si bl
of the magnePBTHEERcEPe: bbpRALTBPRRbLATRY A REE ofF e KaG P pect "o
the present haventign 2ad 3PLMRdrtRL: ESRASPUELLE") "BHE Mughbile
domaln—magnlfylng and reproducing layer 3. On the other
hand, another recording magnetic domain 313a ip the
; information-recording layer 18 is-not'transferred'to the
gate laﬁer 16, because an area in the gate layer 16
corresponding to the magnetic domain 313a has a relatively
low temperature, and its coercivity is not lowered.

- Therefore, as shown in a lower part of Fig.'3, when the
magneto-opticél recording medium 11 is enlarged aﬁd viewed
f;om an upyard position, only an area 315, which has
arrived at a high temperature in the laser spot 311,
undergoes decrease in magnetic energy. Accordingly, the
‘recording magnetic domain 313b in the information-recording
layer 18 appears as a recording mark 316 on the gate layer
16, and it appears on the magnetic domain-magnifying and
reproducing layer 3. On the other hand, the other magnetic
domains 313 are preyented from transfer by the gate.layer
16, in areas other than the area 315 in the spot 311.

Therefore, the.recording magnetic domain 313a in the

information-recording layer 18 remains latent.
Accordingly, it is possible to independently reproduce only

one minute magnetic domain of a plurality of minute

14



1A illustratively shows a concept for recording information as mnute
magneti c domai ns on a magneto-optical recording nedium 1l of the present

i nvention by applying a recording nagnetic field 15 while irradiating the
magnet o-optical recording nmedium 1l with a recording | aser-beam 13. The
magnet o- opti cal recordi ng nmedi um 11 conprises a magnetic domai n- magni fyi ng

and reproduci REgheyfé domaihs %ﬂé@ﬂ@tvﬁtﬂme&hé spbtddi&d Ay 16, an

exchange coupling force control Iayer and an 1'nfornation- recordlng

| ayer 18. In é@%tm
medi um 11 basiegfﬁ;{%ﬁ%h%?éh%?n% EEﬂpto opt I ca | eﬁ'gédrmq'gdul aJI | on syst em

\thagglep Enfse@%ﬂ%&hron#zeog ?rlelgg&g’lr ngdgf LR Qi et a},gl rx{cq_g,]_%t gg with-

magnetic fiel cfa O|?Ilty corresponding to a recording signal. The
magnet o- opti ca recor % medium 11 is noved in a traveling direction

13 Thoret oo alloadtng ¢ o ARSI i 6 ST OO

magnetic domain, which is focused by using the gate layer
16 as described abové, can be transferred to the magnetic
domain-magnifying and reproducing layer 3, aﬁd it can Be
magnified within the reproducing laser spot. _This.process
is performed in the magnetic domain-magnifying and
reproducing layer 3 of the magneto-optical recording medium
11. This principle will be explained with reference to
Fig. 4A. It is noted that the magnetic domain-magnifying
and reproducing layer 3 is a magnetic layer to which a
minute magnetic domain is transferred from the gate layer
16, and on which the transferred magnetic domain can be
magnified by the aid of the reproducing magnetic field.

The magnetic domain-magnifying and reprqducing layer 3 is a
perpendicularly magnetizable film having a magnetic force
resistance of the magnetic wall which is smaller than the
- force of the reproducing magnetic field upon being
.irradiated with the reproducing light beam so that the
magnetic wall is moved by application of the reproducing
magnetic field to magnify the magnetic domain. When a
magnifying reproducing magnetic field 411 is applied in a

direction identical with that of magnetization of the
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spot center, is heated to a higher tenperature. The coercivity of the area
19 in the information-recording layer 18 is |owered due to the heating.
Accordi-ngly, a mnute nmagnetic donmain, which has a direction of _
magnetization directed in the direction of the recording magnetic field
15, is formed during its cooling process. It is assuned in the description
of the principle. that the. net.o- Lcal recording ,nediumis,subjected to
recordi ng ar‘@'t}%‘iﬁ mq%&?%%nngﬁ% ortPe glﬁpFSPr dicdng: 51858 ghpwn
recordi ng and reproduci ng apparatus 200.conceptuyall illustrated in,Fig.

2. Wth ref elrr}a%%eq‘t 'Filg.e'Z,'llnl'né"%enﬁ%ﬁ o%pfe’?‘&&#‘ ¥880F‘&PH enBRIRRE3%0 i s
rotationally , novabl i t.h respe to opti cal ,head 213 and a fl ying
magneti c headi%rbfejtavﬁ\ge 15 Frame, %ﬁeﬂg{}goﬁbgzgg 3B ,"rﬁ'ﬁ&l&H'rFﬁPFF’iPﬂzi ng
magnetic field is lied. .to the rmagnetqQ- optical recording medi um 210 by
the aid of antd@¥%f%ilH itA fhe gadferla¥er JfoAndefhgamagnskic domaips shown in
Fig. 1B, the initjaljzing magnetic field 12 is agplied to the

nmagnet o- opt i MAINEYINY ARde@preducing layer 3, then the magnetic wa}l

is moved in a direction to magnify the magnetic domain,
because the magnetié force resistance of the magnetic wall
is'smail in the magnetic domain-magnifying and reproducing
layer 3. Thus, a magnified magnetic domain 419 is formed.
As a result, as shdwn in a lower part of Fig. 4A, it is
possible to observe_a magnified mark 413 (the magﬁetic
domain 419 magnified in the magnetic domain-magnifying and
reproducing layer) magnified within the reproducing spot
311. As described above, the minute magnetic domain which
has been magnified éppears on'the surface of the magneto-
optical recording medium. Therefore, a reproduction signal
having a sufficient intensity can be obtained from the
magnified magnetic domaiﬁ.

After the magnified magnetic domain 419 in the
information-recording layer 18 is subjected to
reproduction, a reducing rebroducing magnetic field 415 is
applied in a direction opposite'fo that of the magnifying '
reproducing magnetic field 411 as shown in Fig. 4B.
Accordiﬂgly, the magnified magnetic domain 419 in the
magnetic domain-magnifying and reproducing layer 3 is

reduced. As a result, areas having a direction of
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in a direction opposite to the direction of the recording magnetic field
15. The coercivity of the gate layer 16 at roomtenperature is snaller
than the initializing magnetic' force. Therefore, the magnetic domains
subjected to recording in the gate |layer 16 are inverted, and all of them
are directed in the direction of the initializing magnetic field 12. On

the contrary, the coercivity, of th i.nforpatiQn-regording layer 18 is
extromel y | AMATHENIEALIAN LARItACAL yioh EHE gAFEcEipn, oFethenRgRetis

magneti zation, Qf a recording magneti c domain 313b in the information-
recording | a;}ére%i% Qéﬁ&erﬁ' GiNg repyegNsingapgResict Rdeldaddd ayer 16 is

ant’iparallel to that of the magnetic - domain 313b in the | L.
i nf or mat i on- MRESFMINENtyy o Theg redncdngs Feprogucingempgnetifefdpddnddh is in
an.unstable nagnetization state. After the gate layer 16 is
initialized &hddhe masnifying reprodugdng: magpetigl fieddr dlAgeandbem 11 is
subjected to reproduction under a reproducing |ight beam as shown in Fig.
3. During remprrdied dy, usiagrégnalsespatiag magoetiagfieddi undll is
irradiated with the reproducing |ight beam having a power |ower than that
of the recor diepFddugiiione srhgnaln witda appd ifigathons fdeveachdofatheard from
the spot <center, is heated to a higher tenperature in the sane
minute magnetic domains can be obtained by synchronizing
‘the period of the alternating magnetic field with a
recording clock.
Now, explanation will be made with referenée to a
- hysteresis curve shown in fig. 5A for the relationship
among the magnitude of the magnifying reproducing magnetic
field applied during reproduction, the applied magnetid
field, and the size of the mark appearing on the magnetic
domain-magnifying and reprdducing layer 3. The hysteresis
curve shown in Fig. S5A illustrates the change in Kerr
rotation angle O, of the magnetic domain—magnifyihg and
reproducing layer 3 with respéét to the magnetic field H.
The Kerr rotation angle 0, is observed when various
magnetic fields H are applied to the magneto-optical
recording medium while irradiating the magngto-opiical -
recording medium with a reproducing light beam having the
same power as that used during reproduction. It is noted
that the hysteresis curve shows a hysteresis curve of the

magnetic domain-magnifyihg and reproducing layer of the

magneto—oppicai recording medium having the structure shown
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manner as heated by the recording |ight beam The coercivity of the gate

| ayer 16, which corresponds to the area 314 heated to the higher
tenmperature, is |lowered. The _ 13 .

magneti c domain 313b in the information-recording layer 18 is transferred
to the gate layer 16 via the exchange force control layer 17 by the aid of

the gate  |aydr Y8e-add4e Grs HUMHER EREnEPEPFBIPBonPRBShAGndoRaLn 10
Fecor di ng madHis HECESHAIRSS LAt En-F AP BT 4P A AV EC oLt FESNJEFEes i s
Cor r espondi n% ARG TESHELAE ARt $PSaTREEOMOPIG, L4Ehy DREl: A o
tenperature, and its coercivity is not |owered. Therefore, as shown in a
| oner part ofpreidgtezminiedh Kers ro&gtdon- epgileaf iecprovidede(poimtilaiin
enl arged and viewed from an upward position, only an area 315, which has
arrived at aFfiiggh s)eepeniwhen ithel MRAgnetet FhReld3filis zero, because the
magnétic domain in the information-recording layer has been
transferred. When the magnetic field H having é polariﬁy'ﬂ
identical with the polarity of'magnetization of the - -
recording magnetic domain is gradually applied, the initial
magnetization curve rises. .ihe point b represéﬁts én
initial rising-point. The rise of the initial
magnetization cufve corresponds to magnification of the
magnetic domain in the layer (the magnetic domain 419 in
Fig. 4A) as a result of movement of the magnetic wall of.
the magnetic domain-magnifying and reproducing iéyer 3 from
-the center of the magnetic domain toward the outside
depending on thé magnitude of the magnetic field H. In £he
initial magnetization curve, no more ihcreaSe in Kerr :
‘rotation angle océufs when maghetizati6n~is séturated; 'inr
. Fig. 5A, conéeptual photomicrographs of magnetic domain .
patterns are shoﬁﬁ; in which the magnetic domaiq-magnifying
and reproducing layer 3 is viewed from an upward poéition,
~ at respective points including the pointé a and.B on the
initial magnetization curve of the hysteresis curve. The

magnetic domain pattern (black circle pattern) at the point.

a concerns magnetic domains obtained when magnetic domains
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under goes decrease in magnetic energy. Accordingly, the recording
magneti c domain 313b in the information-recording | ayer 18 appears as
recording mark 316 on the gate layer 16, and it appears on the magneti
domai n- magni fyi ng and reproducing |layer 3. On the other -hand, the othe
magneti c domains 313 are prevented fromtransfer by the gate |layer 16

mmgnet o domheres RaRetas: tepalab iRl Rbe o AFarRE S Bpar tarrEn, AGYFR!

Accordi hgly

v qlof
magneti c dordi®n

dsp 23R etrid ILRAAISALLY 1LSRLONCRCOMY nOfSeHLE  ®

magneti ¢ domgj ns .existing within the spqt size, b i.rradi ati ng.the
nagneto-optF?EWEP§EUP§Pﬁ%YﬁE§iGHFWFFHrBﬁHC1P8piBUéEihggyiﬁ £ Bgén?fn

accordance wi,th the principle as shown in Fi

_ ] . 3.
pr esent inveHFF@H}aGHanWHﬁPethﬁagﬁBFpéuﬁéﬂﬂig}gﬁﬁiéﬁaps f ShEseat

According?L8§;
|

the gate layer 16 as descri bed above, can be transferred to the nagnet

at the respective points comprehensively suggest the
situation in which the magnetic domains are magnified in
accordance with the increase of the magnetic field oﬁ the
initial magnetiiation curve stariing from ﬁhe state'-
represented by the poin£ a. When the Kerr rotation éﬁgle 0
is saturated, the magnetic domains are inverted on £he
entire sﬁrface of the magnetic domain-magnifying and
reproducing layer 3.

In the hysteresis curve shown in Fig. 5A, the magnetic
field at the rising point c of the major loop of the
hysteresis curve (outef loop which represehts a locus after
the initial magnetization curves is once saturated), which
has the same polarity as that of the magnetic field applied
in.the direction to magnify the magnetization of the
magnetic domain-magnifjing'and reproducing'léyer, is
referred to as “"new creation magnetic fieldf. The absolute
value thereof is represented by Hn. The magnetic field at
the initial rising point b of the initia; magnetizatidn
cuiﬁe, which is obtained by applying the magnetic field in
the direction to expand the recording magnetic domain in |
the magnetic domain-magnifying and reproducing layer 3

transferred from the information-recording layer 5 via the
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domai n- magni fyi ng and reproducing layer 3, and it can be magnified within
the reproducing | aser spot. This process is perforned-in the nmagnetic
domai n- magni fyi ng and reproducing |layer 3 of the magneto-optical recording:
medium 11. This principle will be explained with reference to Fig. 4A It
I's noted that the magnetic domai n-magni fying and reproducing layer 3 is a

gate | ayer  teete BV 6, B USTIBUR LS 4 bt d 3R R sy iR
o n- magn; (O REHt SiEin c I R YRS, o Batnt, JRS gt etented
wnen |5 o P o AT SR e b R e 0 gt o
Dot ng, 1 o0 AL R D 010 d Gl BB o S g geanet
2ppl i 6d i n o SCRTRTLN MAMSEE AHAI WIRBIS Sagee BE Hon <offt foin
15 because of the following reason. Namely, if Hr is smaller
than He, the recording magnetic domain transferred to the
magnetic domain-magnifying and reproducing layer 3 is not
magnified. If Hr is larger than Hn, even'whEn no recbrdihg
magnetic domain (éeed magnetic domain) exists in the
information-recofding layexr 18, then the magnetic domain iﬁ
the magnetic domain—magnifying and reproducing layer 3
disposed thereover is inverted( and ‘it is read as a signal.
Fig. 5B shows an initial magnetization curve obtained
when the magnetic field is applied in a direction to reduce
the recording magnetic domain in the magnetic domain-
magnifying and reproducing layer 3 tranéfefred via the gate
layer 16 from the information-recording layer 18, in the
hysteresis curve shown in Fig; 5A. The.magnetic field at
" the initial dropping point ¢' of the major loop (outer loop
which représents a locus aftér the initial magnetization
curve is once saturated) of the hysteresis curve, which is
located on the side of the same polarity as that of the
initial magnetization cufve, is referred to as "new

creation magnetic field". The absolute value thereof is

represented by Hn. The magnetic field at the dropping
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m nute magnetic domain 313b in the reproducing state showmn in Fig. 3,

l.e., in the state in which the mnute nagnetic donmain 313b is transferred
fromthe information-recording layer 18 to-the gate |layer 16 .and the
magneti ¢ domai n- magnifying and reproducing |layer 3, then the magnetic
wall is noved in a direction to nmagnify the nmagnetic domain, because the

magnetic force_ resistanc of,the,qP neti'‘c wall, is small, in the magnetic
domai n- magni fHPHAL APR PO AR R ﬂme@:zm Py S | i

domain 419 is formed. As a result, as shown in a lower part of Fig. 4A it
is possible #® URaEISie kkireduring magre it L inlfiet | Fhed@hsolutey
magni fied in the magnetic domai n-magni fyi ng and reproducing | ayer) o
magni fi ed wi tidlue Hehexephdirirrprarantesl by As dedMedheymagnetiee ninute
magnetic donmai n which has been magnified appears on the surface of the
magnet o- opt field ris apphipdaoitthan @haranas ©f He ¢ rigudtheo magngtdic
having a sufficient intensity can be obtained fromthe magnified magnetic
domai n. fi¢ldrhaningreheer i sab jesriread it dwangri i iddd diom tainel : '
i nformation-recording layer 18 is subjected to reproduction, a reducing
reproduci ng negpeteductice dcall be sredyged.ed Im Rigl 158, iconcepuali e to that
of the magnifying .

photomicrographs of magnetic domain patterns are also

shown, in which the magnetic domain-magnifying and

reproducing layer is viewed from an upward position, at

respective points including the péints a and d on the

initial magnetization curve of the hysteresis curve. Since

the magnetic field in the reducing direction is too large

at the point e, the recording magnetization transferred to

the magnetic dbmain—magﬂifying and reproducing 1ayer-.

completely disappears. Therefore,-when it is intended to

reliably erase the recording magnetization, it is

appropriate to:adjust the magnefic field to satisfy Hs < Hn

< Hr. The hystéresis curves depicted in Fig. 5A and Fig.

5B and hystereéié.durves referred to herein are hystefesis

curves obtained under'the condition in which magneto- -

optical reproduction is performed in accordance with the

reproducing method for the magneto-optical recording medium

of the present invention, and they represent

characteristics of the Kerr rotation angle (or

magnetization) with respect to various magnetic fields,

obtained when the reproducing light beam is radiated and
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reproducing magnetic field 411 as shown in Fig. 4B. Accordingly, the.
magni fi ed magnetic domain 419 in the magnetic domain-nmagnifying and
reproducing layer 8 is reduced. As a result, areas having a direction of
16 magneti zation identical with the direction of the magnetic
field of the reducing reproduci ng magnetic field 415 are predom nant. The

reduci ng repr | netic field 4 ~and t magni f yi ng reproduci ng
magnetic fi el% 4?'-1&}%5# éf(g"-'eureaﬁ'ﬁl T8 SHT gé’l A ) FECnE§FOrAAng; el d..
A reproductioq%é%%?al wi.th anplification for each of the_ mnute magnetic

dompins can BEDHHTHENGPS FRRATGHIS £9T the Pagnekosopticad recanding
gnet ¥t %l S 08 oot i B b e
duri ng. 1 epr ol HLRBRIE 36 BbEhETRe Py Ueiesds awacticedi nagoEtoRe mar k
appgaring °”3§¥i&2¥”¥3€6§ding and reproducing apparatus while radiating
the reproducing light beam having the power for
reprqduction.
Accdrding to the present invention, owing tb the
provision of thée gate layer as described above,'bnlyﬁéné.
magnetic domain.is allowed to emerge on the gate'iﬁyér 16;'
or it can be transferred to the gate layer 16 even when:a |
plurality of magnétic domains exist in the information—l
recording layer. Further, the one minute magnetic domaip
having been trapsferred to the gate layer 16 can be
fransferred to the magnetic domain-magnifying and
reproducing layer 3, and it can be magnified and detected
(reproduced) by using the reproducing magnetic field.
'Therefore, the minute magnetic domain formed in'accordance”
with the magneto-optical field modulation syétem can be
subjected to reproduction at a high resolving power and at
high S/N.
The principle-has been explained by illustrating the.
gate layer as the magnetic layer which undergoes |
temperature distribution of the gate layer generated.in the

reproducing light beam spot, in which the magnetic domain

in the information-recording layer is transferred to the
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domai n- magni fyi ng and reproducing | ayer 3. The hysteresis curve shown in
Fig. BAillustrates the change in Kerr rotation angle [err] of the
magneti ¢ domai n-magni fying and .reproducing:layer 3 with respect to the
magnetic field H The Kerr rotation angle [err] is observed when various
magnetic fields H are applied to the nagneto-optical recordi ng nmedi um

whi | e |rrad|at|ng t he na net tical _recordin umwith a reproducing
|'i ght bean1h§9|ﬁglﬁwgr & Bbﬂg LEEPFﬁﬁguﬁgeﬁrgﬁnﬁﬂ&‘?@p?oﬁﬁ%?? ture g
noted that ¥§%§re3|s curve shows ?%stere3|s curve of the pagnetic
donai n- magni H& aPeBrBHﬁéFﬁﬁr?éQQ? b Pﬂﬁatﬁﬁﬁnetﬁ°8ﬁY?Eal1?e£%rd|ng
nedlun1haV|n the tructure s

in Figs. 3t gewﬁPcHthE ?ﬁﬂﬁ?ﬁFﬁglﬁﬁﬁﬁévpécﬁoﬂﬁ?ﬁrgﬂestﬁ%eunderIy|ng
i nf ormat i on- recordln | ayer is transferred by being irradiated wjth the
reproduci ng [ F@RFIB§§FF dAStEFBBE%QPniHeHhReggt?o% PEnoengrated rin the

provided (point a_in && % even when the magnetic field His_zero,
because the rﬁﬂgﬁéppénﬂo gh heﬁﬁespﬂtorhﬂtthchebb?dm%gnﬁby@rd¢m@l®een

in the information-recording layer is transferred to the
.gate layer in a low temperature area having a temperature -
lower than a predetermined teﬁperature. Aiternati?el&, it
is possible to use a magnetic layer which undergoes the
temperature distribution in the gate layer generated in thé
reproducing light beam spot, in which the magnetic domain
in the information-recording layer is.transferred to the
gate layer in a predetermined temperature range.

According to a third aspect of the present inventién,
‘there is provided a magneto-optical recording medium
comprising a recording layer for récording information
therein, a noﬁ-magnetic layer, and a reproducing layer,
characerized in that:

ﬁagnetization is transferred from the recording layer’
to the reproducingflayer in accordance with magnetostatic
coupling forée'by heéting the magneto-optical récording
medium to a bredetermined temperature, and a magnetic
domain having the transferred magnetization is magnified
for reproduction to be larger than a magnetic domain
subjected to recording in the recording layer under a

reproducing external magnetic field.
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transferred. Wen the magnetic field H having a polarity identical with
the polarity of magnetization of the recording magnetic donmain is
gradual ly applied, the initial nmagnetization curve rises. The point b
represents an initial rising point. The rise of the initial nmagnetization
curve corresponds to magnification of the nagnetic domain in the |ayer
(the magnetic dongin,419 in lg. ,4A).as _a result of venen{ of the
magnetic wal | ofn?PhEhﬁaBﬁgP?gigoﬁ%?%*ﬂﬁﬂﬂ9?§fﬁbnﬁnﬂn$gﬁ? Yot ayer 3
from the center of the,magnetic, domain toward, the outside . depending on
the magni t udBSGRnLAES SiABEPEST | 1M (IRPANeRE ( HaLldT OpER FateRket | zat i on
curve, no nore ncrease in Kerr_ _rotation angle occurs when nagnetization
i s saturat ed?ubhﬁcaﬁlﬁ?‘ Ba. 8phidedt ubhe preceritnggtayes, themgnetic domain
patterns are_shown, .in which the nagnetic domai n-magnifying and
reproduci ng LByermadiate; magaetigniavernpwend Hhei reproduging ckayex jaxe
points including the points a and b on the initial magnetization curve of
t he hyst er esmagietigaliveconpledite orenarobher by ablewingithee pattern)

at the point a concerns nmagnetic donai ns obtai ned when nagnetic donai ns
18 intermediate magnetic layer to intervene between the

) recording layer and the reproducing lafer. However, in the
magneto-optical recording medium aécording to the thir&
aspect of the present invention, the recording layer and
the reproducing layer are magnetostatically coupled to one
another by allowing the.non—magnetic layer to intervené
between the recordiﬁg layer and the reproducing layer.
Thus, transfer is effected from the recordiné-layer to the
reproducing layer.

In the magneto-optical recording medium according to
the third aspect of the present invéntion, the reproducing
layer may bé a magnetic layer which behaves as an in-plane'
magnetizable film at room temperature and which behaves as
a perbendicularly magnetizable film at a temperature not
less than the predetermined temperature described above.

In this aspect, the tempefature coefficient for making the
change from the in-plane magnetizable film to the
perpendicularly magnetizable film may be not less than 8.0.
The magnetic domain éubjectgd to recording in the

reproducing layer may have a minimum length in the track

direction which is not more than 1/2 of a size of the
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(seed magnetic domains) in the information-recording Iayér
transferred via the gate layer 16 to the nagnetic donai n-

18 are
magni fyi ng and

reproduci ng layer 3 by the aid of irradiation with the reproducing |ight
beam The patterns at the respective points conprehensively suggest the

situation in which the nagnetic domains are magnified in
the increase of the nagnetic field on the initial magneti

accordance with
zation curve

starting frofePKeducing lightcbeAM8PBY-the point a. Wen the Kerr
rotation angle [err] is saturated, the magnetic domains are inverted on
the .entire surfa®EcOrding kAgRefPBrEBnaPReRbgAL thagPEASENt chRvention,

| ayer 3. In the hysteresis curve shown in Fig. 5A t

he magnetic

field at thethesendspprevideds at magpateropbigadf reqerdingimedinvm curve
(outer loop which represents a |locus after the initial magnetization
curves i s oncenmpxriginged) regprdinghiayverefountegordingyinformation the
magnetic field applied in the direction to magnify the magneti zati on of
the magneti ¢theredna- angantermngdiatier tpyeducand aayeprodecingflayeu, to as

"new creation magnetic field". The absolute value thereof

i's represented

by Hn. The ndgmetreprbdecdngt informahionabyrdetegtpngna maghetizationi al

magneti zati on

state of a magnetic domain transferred from the recording

layer to the reproducing layer, characterized in that:

a minimum stable magnetic domain radius in the

reproducing 1ayer'is larger than a size of a magnetic

domain subjected to recording in the recording layer.

In the magneto-optical recording medium according to

the fourth aspect of the present invention, the minimum:

stable magnetic domain radius in the reproducing layer is

larger than the size of the magnetic domain subjected to

recording in the recording layer. Therefore, the magnetic

domain transferred to the reproducing layer is magnified to

be larger than the recording magnetic domain.

Aécordingly,

a reproduction signal having high C/N is obtained by

reading magnetization information from the magnified

magnetic domain as described above. The magneto-optical

recording medium according to this aspect is different from
the magneto-optical recording media according to the first
to third aspects, in which the magnetic domain transferred
from the recording layer to the repfoducing léyer can bé

magnified even when no reproducing magnetic field is
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curve,  which is obtained by applying the magnetic field in the direction

to expand the recording magnetic domain in the magnetic demmin.negnifying
and reproducing layer 3 transferred fromthe information-§ &gty QHEEjI' |I-MBeBEE$.I

via the .19 ~ gate Iaynr 16, EﬁPLACED
referred to as "magnetic wall-magnifying magnetic fheld" dv SBSeue

val ue thereof re He._ Assu hat t he repro ucing magnetic
fiel d has @b%%?ut Zf‘{%}qe{jfg'#ly’l tref%rqig,‘gq ;ﬂfef ¢ g:‘edlrl r oduci ng
magneti c flel hi < H < Hn because .0 e follow ng
reason. Nanel fﬂ# 4ﬁrq9f HQﬂ aﬁﬂﬁi?ﬁ%§ qﬂﬂ? trucked Ag H§neame donai n

transferred to the etic domai,n gni f g and reprodUC|Qg | ayer 3 is
not magnifi RTR9T 138 g@‘ %ran n &€ &€SFYi"AdnifiBnet i c

domai:n (seed tic do |n) exi,sts in the |nfornat|on recording | ayer
18, then the %Z%?rfﬁ ‘-ﬂ’ﬁg Jt‘héfaﬁ’e}g’ﬁ\et meangd Fafdysi ofi #eand

reproducing | ayer dlsposed t hereover is inverted, and-it is read as a
si gnal . a%} un: magneld o, dlomain shiehycan sikebdy exdiss sbt sheed

magnetic thin film. The minimum stable magnetic domain
radiué is given by the following expression (1).
 du. = o, / (2MH,) | o cen(l)

‘ wherein c, represénts enérgy density of thejﬁagnetic wall,
M, represents saturatidﬁ magnetizatioh, anleL.represents
coercivity.

The intermediate iayer of the magneto-optical
recording medium acéording to the fourth aspect of the
present‘invéﬁtion may be a magnetic layer or a non-magnetic
layef. Namely, when the intermediate layer is a magnetic
layer, the recording magnetic domain in the recording layer
is transferred to the reproducing layer by the aid of the
exchange cbupling effected by the recording layer, the -
intermediatg iafer, and the reproduéing layer.' When fhe
intermediate layer is a non-magnetic layer, the recording
magﬁetic domain in the fecording layer is transferred to
the reproducing layer by the aid of the magnetostatic
coupling effécted between the recording layer and the
reproducing layer.

In the magneto-optical recording medium according to

the first, second, and fourth aspects of the present
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when the magnetic field is applied in-a direction to reduce the recording
magneti c domain in the magneti c domain- rmagni fying and reproduci ng | ayer 3
transferred via the gate layer 16 fromthe .information-recording |ayer 18,
in the hysteresis curve shown in Fig. 5A. The magnetic field at the
initial dropping point ¢' of the major |oop (outer loop which represents a

| ocus after t.he initial petizati.on, cyrve i nce saturated) of the
hssteresis c&PV@Pt%ﬁPChtgggngeﬁyﬁglﬁﬁetE@Yngztg? tREexmedidbParity as

mmaneti ¢ f1 cPASneEAE JBIBFUPE TAPUESEROLEBFT)s VRLGRLBNIBEEBYSAN. T
magnetic field at the droppin . L. 20 .
point d on t §tﬁﬁFPi&penE§§5982§%FSnlEMF§e(Fger@FSP%gﬂlﬁﬁ apd "mgnetic
wal-1 -reduci ng nagnetic field'. The absolute value thereof is represented
by Hs. Wen gﬁ@r fénpclayee) dapd spgl regordingnlavesntehef Hs < Hr, the
magnetic field having been subjected to magnification and reproduction
can be reducd@formatign-gecordingplayer), is a magnetic layer, it is
| ‘desirable that the thickness of the intermediate layer is
not less than the thickness of the magnetic wall of the
magnetig domain in the interme&iate layer, because'bf the
following reasoh. Namely, for éxample, when a magnetic
"film, which exhibits in-plane magnetizatioﬁ at rbom_
; temperature and which makes transition froﬁ in-plane
magnetization to perpendicular magnetization at a
_ temperature'hot less than a predetermined temperature
(critiéal temperature), is used for the intermediate layer,
it is necessary that the magnetic spiﬁ is Ewisﬁed by 90
_ deérees in the magnetic wall (hereinafter referred to as
"magnetic wall of the intermediate layer”) between the
magnetic domain in which the transition oédurs and the
magnetic domain adjacent to the foregoing magnetié domain;
in_ordef to effect the transition. The thickness of the
magnetic wall can be measured, for example, in accordance
ﬁith the following operation based on the use of the Hall
effect. The intermediate layer, the reproducing layer, and '
the recording layer are magnetized in one direction to

measure the Hall voltage (V,) at this time. Assuming that

the Hall resistances and the thicknesses of the films
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phot om crographs of nmagnetic domain patterns are also shown, in which the
magneti ¢ domai n- magnifying and reproducing |layer is viewed froman upward
position, at respective points including the points a and d on the _
initial magnetization curve of the hysteresis curve. Since the magnetic
field in the reducing direction is too large at the point e, the recording

magneti zatio tg,@}_%fer 0+ i i l.{.xi,ng. and
regroducingix%gr JO§EF§P5|§H§?§§%§§§$§.&?ﬁgggfgpg?g%kgédﬁelﬁg %ﬂ¥§ﬁded to
reliably erasg recordin netization, it is appropriate to adjust

t he, r_rag%et ic "’ﬂ‘{elqglet 5e§gg:|d§.%§n&‘gygrl_ﬁre<pw P2 TRe Hyst EresdE dur ves
depicted in Fig. 5A.and Fig. 5B and hysteresis curves referred to herein
are hyst er esitESREGHIYE LYt g—hﬁeﬂaéﬂdérpltﬁgecUncﬂbﬂ-aﬂcn&ﬁ witer it hexgeitso-no
optical reproduction is perforned in accordance with the reproducing

net hod for tHatexfaceomagnetitc watdr deny, nedt wn (Hp, thee,py esafp, J Amgnt on,
and they represent . characteristics of the Kerr rotation angle %or

magnet i zat i on) Wi ¢])?] OGREEEIH OF VAEhPESe B NEhé Colii Ao £1 MM A ri"r&&"‘ﬁgﬁt he

reprodUC|ng | irght beamis radiated and :
film (layer). Therefore, the difference (V,) between the
absolute value IVII- V,| of the voltage including the
interface magnetic wall and 2V, represents the thickness of
tﬁe interface maghétic wall. It is aisc possible to
estimate the_magnétic épin state which indicates the Hall
voltage V,, by using the exchange stiffness constant, the
perpendicular magnetically anisotropié energy constant, and
the saturation magnetization of the'respective layers.
Suqh a method for calculating the extent of the interface
magnetic wall is described in R. Malﬁhall,'ét al.,
Prdceedings of Optical bata Strange, 1993, pp. 204-213.
Reference may be hade to this document. In the present
invention, it is desirable that the thickness of.the
intermediéte layer is not lésé than the thickneéé'of the
magnetic wall measured in accordance with the measuring
method based.on the use of the Hall effect as described

above. For example, when the magnetic material of the

intermediate layer is composed of a GdFeCo sjstemlsuch as
Gd,Fe,Co, (20 < X £ 35, 50 <Y <100, 0 < Z < 50), the
thickness of the magnetic wall is calculated to be about 50

nm on the basis of the calculating method described above.
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the tenperature is raised by actually using the recording &nd reproducing
apparatus for the magneto-optical recording nedium Therefore, the
hysteresis curves, Hs, Hn, and H to be applied are observed by using a
practical magneto- optical recording and reproducing apparatus while
radirating the reproducing Iight beam having the power for reproduction.

According to the esent invention, owing to-the provision of the gate
| ayer as desd???ﬁé&?ﬁﬁnu? hegy the, dat te davem iiss aompesed ©f energe on

the gate layer 16, or it can be transferred to the gate layer 16 even when
a plurality deFﬁa@%et(iZ@ goHakn3d5exb0t<i ¥ £hk00 pforLez io©r50) ;s adwy di ng
| ayer. Further, the one m nute nmagnetic donain havi ng been-transferred to

the gate |ayethidkmsss b thentlopetad 1@ {0 PeTROR! &&sgg and
reproducing layer 3, and it can be magnified and etected (reproduced) by

using the reptmglBNhmegnetic field. Therefore, the mnute magnetic
domain formed in accordance wth the nagneto-optical field nodul ation

system can be  suliedeitalibePRbV;! ke hidiiedd LIS BAoRALIE 4ad13t
ig ._ : : '

) differs depending on the type and the composition of the
magnetic material for the intermediate layer (or the gate
layer). However, in the case of the magnetic'material to
be used for a magnetic'layer of the magneto-optical
recording medium, the thickness is generally required to be
10 nm at ‘minimum. Therefore, it is preferable that the
thickness of the intermediate layer exceeds 10 nm. The
upper limit of the thickness of the intermediate layer is
preferably less than 100 nm, due to the limitation for the
semiconductor laser power. Accordingly, it is preferable
for the thickness t of the intermediate layer to satisfy 10
<t <100 nm o |

In the magneto-optical recording media according to
the first, second, and fourth aspects of the present
invention, when the intermediate layer is “the- magnetic
layer, it is preferable that the 512e of the magnetic
domain magnetically transferred from the recording layer to
the ‘intermediate layer (gate layer) is smaller than the
size of the recorded magnetic domain, in order to stabilize
the magnetic domain transferred from the- recording layer to

the intérmediate layer (gate layer).
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The principle has been explained by illustrating the gate |ayer as the
magneti c | ayer which undergoes tenperature distribution of the gate | ayer
generated in the reproducing |light beam spot, in which the nagnetic donain
in the information-recording layer is transferred to the

22 gate layer in a high tenperature area having a tenperature

hi gher than a predeterm.ned . te Howeve it is gQssi bl e t.o use a
magnetic |ayer whi ?#afé} ?%‘aft#’emturoé{ aah& POSHEEh inyentdogat e

| ayer generated in fhe repyoduci . beam spot,_ in which the magnetic
dormin T CHISTE cHhar et ¢ ey adifehng SeCHRR o ESRESAHInsgatc
layer in a. lowje erature ar ea aV|n a tenperature |ower than a

pr edet er ni ned® taon Fecr 8 magnetioroptdsal Fecorddada magnet ic

| ayer: whi ch undgr goes the tenperature distribution in the gate |ayer
gener at ed iFIWQé;éh 0% %0 fhe Fdaints fePectn ofhithe PRESeREneti c donmi n

in the infornation- recordlng layer is transferred to the gate layer in a
pr edet er ni ned-R¥SRelQR L IGOMPEHiGing the steps of transferring a magnetic

domain subjected to recording in an information-recording
layer to a'magnetic domain-magnifying and reproducing. layer
by irradiating the magnete-eptical recording medium_with a
reproducing light.beem, and magnifying the transfefre&
magnetie domain to be larger than a size of the magnetic
domain subjected to recording in the informatioh-recordihg 
layer to perform reproduction by applying a reproducing
magnetic field having a polafity identical with that of
magnetization of the transferred magnefic.domain.

In this aspect, it is preferable that an alternating
magnetic field synchronized with a reproducing clock is

' ﬁsed as the reprdduciné magnetic field; the transferred
magnetic domain is'magnified by using a magnetic field
having a polériffiidehfical'with that of magnetization of
. the magnetic- domaln subjected to recordlng in . the

informatlon-recordlng layer, and the: magnlfled magnetlc
domain is reduced by using a magnetic field hav1ng a |
polarity opposite:. theréto. . ”

In the method'of the present invention, a plurality of
recording magnetic domains in the information-recording

layer capabie of being included in a spot of the
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According to a third aspect of the present invention, there is provi ded a
magnet o- opti cal recording nmedium conprising a recording |ayer for
recotrding information therein, a non-magnetic |ayer, and a reproducing

| ayer, characerized in that: magnetization is transferred fromthe
recording layer to the reproducing layer in accordance wth magnetostatic
coupling force b heating_the magnet o-optical recording nediumto a

pr edet er ni neFYRARAIGANT L ighHd heamgast ke inshintiduadiin ¢ nans fierxest &ored
magnetization is magnified for reproduction to be larger than a magnetic
domai.n  subj dhedragnetek [danain-magnd fvdang dindy nepredugider layergpaoduci ng
external magnetic field. L . . . %3. . . I n
the magnetic thprdinanainnred mpnet ice sogic may tec maignid idids toobed in -
Japanese Lai d-Open Patent Publication No. 8-7350, the recording |ayer, the
i nt er nedi at e kargen ithamythe size wfe thep magneitig Idowai nasabjesgesdt toal | y
coupled to one another by allow ng the '
recording in the information-recording layer to perform
reproduction by applying a reproducing magnetic field
having a polarity identical with that of magnetization1of
the transferred magnetic domain.

According to a sixth aspect of the present invention,
there is provided a reproducing method for reproducing,i
information recorded in a recording area of the magneto-
optical recording medium according to the second aspéct of
the present invention, comprising the steps of transferring
a magnetic domain subjected to recording in an information-
recording layer to a magnetic domain-magnifying and
reproducing layer via a gate magnetic layer by irradiating

- the magneto-optical recording medium with a reproducing
light beam, and magnifying the transferred magnetic domain
to be larger than a size of the magnetic domain subjected
to recording in the information-recording layer to perform
reproduction by applying a reproducing magnetic field
having a direction identical with that of magnetization of
the transferréd{mégnétic5dOmaing“-'

According to this method, one magnetic domain is

selected via the gate 1aper from a plurality of recording

magnetic domains in the information-recording layer
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i nternedi ate nmagnetic |ayer to intervene between the . recording | ayer and
the reproducing | ayer. However, in the nmagneto-optical recordi ng nedium
according to the third aspect of the present invention, the recording

| ayer and the reproducing |ayer are nmagnetostatically coupled to one

anot her by allow ng the non-magnetic |layer to intervene between the
recordi ng | ayer ! ' Thus,, transfer is effected from

hy d I
the recordi ng”f%ﬁg‘fe‘i £ r r?sé%(f:%g%c.%e rgproducing Lighth beagydurdngpt i cal

recordi ng nmedi um a cordlng to the third aspect of the present invention,

t he. repr oduciiftP ‘gl'!f'etr" SheFAded ang sadnetde 1Wom@ias iss an i n- pl ane
magneti zabl e fil m at roonltenperature and whi ch behaves as a

per pendi cul art5AnRifTIed 49 £he magnetda dopaiamagnifyingeand: han t he
predeterm ned tenperature described above. In this aspect, the tenperature

coeffici ent f%ﬁPWRQHQﬁ?QI%?YQﬁWnﬂﬂﬁ1ﬂhﬁnﬂﬂﬁ@ﬁf#rpﬁdhGﬁmmgﬁeplQamhenfchnlto
the perpendicularly magnetizable filmmay be not Iess than 8.0. The -
magnet i ¢ donde magy}iddes tioo heedamngiery than the sdzeoddfcithe mageetiey have a
mnimumlength in the track direction which is not nore than 1/2 of a size
of the domain subjected to recorzing in the information-recording

layer to perform reproduction by applylng the reproduclng
magnetic f1e1d 1n the same direction as that of the
magnetization of the transferred magnetic domain.
According to a seventh aspect of the present
'invenfion, there is provided -a reproducing method for a
magnetd-opfical recording medium, for reproducihg
information recorded on the magneto-optical recording
medium by the aid of the magneto-optical effect,
characterized in that: |
a magneto-optical recording medium comprising, on a
substrate, an information-recording layer, and a magnetic
" domain-magnifying and reproducing layer for transferring a
magnetic domain in'the information-recording layer thereto
and-magnifying the transferred magnetic domain by the aid
of an external magnetic f1e1d is used as the magneto-
opt1cal recordlng medlum, and
the magnetic domain transferred from the 1nformat10n—
recording layer to the magnetic domain-magnifying and
reproducing layer is magnified to be larger than a size of

the magnetic domain subjected to recording in the
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reproduci ng |ight beam spot. - According to a fourth aspect of the
present invention, there is provided a nagneto-optical recording nmedi um
conprising a recording |ayer for recording information therein, an
internmedi ate | ayer, and a reproducing layer, for reproducing information
by detecting a nmagnetization state of a magnetic domain transferred from
the recordin Ia er to the %aprodUC|gg | ayer, characterized in that:

a ni ni mum st 3BEL FeP-regeRarRgr 48 tﬂ PﬁEfoF@pFSBHB¢H§t¥99ePY|s | ar ger

than a size of a nagnetic, donmin subjected to recording in the recording

| ayer. aPﬁlﬂﬁégnaSHéﬂBgoﬁppcEPPFQQBFHPHB B8 4AREECORAI A§ 80 the

fourth aspect of the present invention, m ni_mum stable magnetic donmain

radi us in thEePﬁﬁﬂﬁﬁééﬂngaB&?§Fcl§1eﬂ§r§@ﬂuiﬁ§ﬁdtﬁé shecbagishef nagnetic

domai-n subjected to recording in the recording |ayer. Therefore, the

magnetic doREP¥odugispeciegk: andha repredusing Light beampmedelatedonbe

| arger than the recording magnetic domain. Accordingly, a reproduction

si gnal havi n§hei has@sNofstbset zepradbeingegdpak, mhgnbhe magnetonoptical on

fromthe magnified magnetic domain as described above. The nmgneto-opti cal
recording medium. : .

The intensities of the reproducing magnetic fieldiand-
the reproducing light beam may be simultaneously modnlated
during the reproduction, and thus the error rate of e
reproduction signal can be further lowered.

In the reproducing methods according to the fifth to
seventh aspects of the present invention, the reproducing
magnetic field has its absolute value Hr which relates to
an absolute value Hn of the new creation magnetic field of
the hysteresis curve'of the magnetic domain-magnifying and
reproducing layer as explained With reference to Fig. 5, an
absolute value He of the magnetic wall-magnifying magnetic
field, and an absolute value Hs of the'magnetic wall-
reducing magnetic field, as measured by using a reprbducing
power of a recording and reproducing apparatus, such that .
the reproducing magnetic field is applied_to satisfy He <i
Hr < Hn in a magnifying direction and Hs < Hr in an erasing
direction. If a magnifying magnetic field having an
intensity not less than Hn is applied, then the

magnetization in the reproducing layer is inverted even at

portions in which no information is recorded in the
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e o o -

recordi ng nedium according to this aspect is different from the-
magnet o- opti cal recording nedia according to the first to third aspects,
in which the nagnetic domain transferred fromthe recording |ayer to the
reproduci ng | ayer can be magnified even when no reproducing magnetic field

S 25 applied. Accordingly,
r epr oducti on .c be perforned.h sing a reprodycing a tus cqQnstructed
in the sane lﬁgnﬁgptégnfﬁgceaﬂ&éﬂt&Gﬂﬁg'téeﬁnFﬁués 1ﬂp°gggﬁzeih?e$ﬁﬁﬁ?ﬁte

| ayer of the nagneto-%pticaL r corgLng qediunlacc%rdina to the fourth
aspect of th@MYpFreSexaing, 8Agpan nHPis8 As BghePreteryed- or WAeRoR- magnetic
| ayer. Nanely, when the internedi ate |ayer is a magnetic_ |ayer, the
recordi ng nagfeucdngomagnetic: fideld bpuing PRydntepsityahargercthan e
reproducing layer by the aid of the exchange coupling effected by the
recordi ng | ay& apphdedintbendagaeticagemainndnt kber EpPEaduring| h9Eer imen
the internediate layer is a non-magnetic |ayer, the recording magnetic
dommi n in t herasedrdi A9 pajecipdeyr thef megpdfydng reproduction is not
| obstructed even when the magnetic domain in the reproducing
layer is not completely erased. However, the signal
efficiency is rather improved when the magnetic domain is
completely erased. |
According to an eighth aspect of the present
invention, there is provided a reproducing apparatus for
reproducing informatidn recorded oﬁ a magneto-optical
recording medium, characterized in that:
the reproducing apparatus comprises;
a magnetic head for applying a reproducing magnetic
field to the mhgneto-optical recording medium,
an optical head for irradiating the magneto-optical
recording medium with a'réproducing light beam,
'a'clock-generating unit for generating a reproducing
clock, and
' . a control unit for controlling at least one of the
magnetic head and the optical head to perform pulse
modulation for-at least one of the reproducing magnetic
field and the reproducing light beam on the basis of the

reproducing clock.

This apparatus makes it possible to magnify the
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the reproducing layer by the aid of the magnetostatic coupling effected
between the recording | ayer and the reproducing |ayer. In the
magnet o- opti cal recordi ng nedium according to the first, second, and
fourth aspects of the present

26 I nvention, the internediate |ayer (the internediate nagnetic
| ayer or the gate |ayer), which is inserted between the reproducing |ayer

(the nagni fyiPRIBEEAC rdoRah GrRPIESRNSd 4R BhR FeRKadNGing dpyier ©fe the
magneto-optical recording medium of the present invenﬁion
and reproduce information. The reproducing apparatus also
functions as a recording apparatus by controlling the |
magnetic head and the optical head in accordance with a
recording signal.

It is necessary for the reproducing apparatus of the

present iﬁvention to control thé'timing for giving the

' magnetic domain-magnifying magnetic field during
reproduction. Namely, it is necessary that when thé 
magnetic domain transferred from the information—recording.
layer to the magnetic domain-magnifying and reproducing
layer appears, the magnetic field is applied in the
direction to magnify the magneiic domain, and then the
polarity of the magnetic field is inverted to reduce the
magnified magnetic domain. It is preferéble to use, as the
magnetic fieia; an alternating magnetic field having the
same period as that of the reproducing clock or modulated
with a second synchronization signal generated from a
secon& synchronization signal-generating circuit
(reproducing magnetic-field pulse width/phése-adjusting_
_circuit 131) on the bésis of the reproducing clock, Suchla
period makes it possible'not only to magnify and reproduce
portions in which seed magnetic domains (magnetic domains
subjected to recording in the recording direction) exist,

but also recognize portions in which no seed magnetic
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i nformati on-recording layer), is a magnetic layer, it is desirable that
the thickness of the internediate |layer is not |less than the thickness of
t he ymagnetic wall of the nmagnetic domain in the internediate |ayer,
because of the follow ng reason. Nanely, for exanple, when a magnetic
film which exhibits in-plane nmagnetization at room tenperature and which
makes transition fromin-plane magnetization (o perpendi cul.ar

¢y aPted

magnet i zati oAORAiRS EXABEr AMAFREELE feualpf fRub] B nFeer 4Pt Bt ur e
(critical tenperature), is used for the internediatg Ia%erl, it s .
necessary t hihe: pEagiBgcdizeshinn) s « hepchhpyreprodugiRaslight ReamtRiic
wall (hereinafter referred to as "magnetic wall of the intermedjate .
| ayer”) bet weontinuougdynsadiabedni khe tamPeratuee: PE khei 68 bEelrs and the
magneti c domai n adj acent to the foregoing magnetic domain, -[n prder t{o
effect the tpesticnorf ¥he tracknessthe magnerigndemainzpagpifyiRg ured,
for exanple, in accordance wth the follow ng operation based on the use
of the Hal|l repreducingelayesrinareasesapdengt hher tpackiuci Faerefere, and
the recording layer are nmagnetized in one direction to neasure the Hal
vol tage (V2) the pbrsiongeinAwbdghngot Beed mhgnekitc demainaexistain the
t hi cknesses of the filns 27
information-recording layer, tends to be inverted, because
the coercivity of the central portion of the magnetic
domain-magnifying and reproducing layer is decreased at a
" high temperature. In order to avoid this phenomenon, the
temperature of the track center is lowered in the presént"
invention by modulating the intensity of the reproducing
light beam in synchronization with the reproducing clock or
by using a first synchronization signal generated from a
first synchronization signal-generating. circuit
(reproducing light beam pulse width/phase-adjusting circuit
53) on the basis of the reproducing clock. 1In an
alternative method, for'example, when a rare earth
transition metal is used for the magnetic domain-magnifying
and reproducing layer, the compensation temperature is set
to be about 80 to'200'9c considered to be the temperature
of the track center under the reproducing light beam so
" that the coerci#ity is increased. Alternatively,
information may be recorded by using a short wavelength

laser, and information may be reproduced by using a long

wavelength laser in order to lower the temperature of the
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(layers) of the internediate |ayer, the reproducing layer, and the

recording layer.are [err], [err], [err, t[err], t[err], and t[err]
respectively, the Hall voltage V[err] obtained when there is no interface
magnetic wall is V3 =1 x (t[err] + t[err] + t[err])/(t[err] + t[err] +

t[err])[err], wherein | represents the current flowng into the film
(layer). Therefore, the difference (Verr],) between the absolute val ue
[V[err] - V[&%a9k senter ¢aninge reprodwctdohe interface magnetic wall and
2V[err] represents the thickness of the interface magnetic wall. It is
al so .possi bl e to AXtinkeraalneleghnor ansgrternale chRCkhTAEIPEaRESIt AE Hal
voltage V[err], by using the exchange stiffness constant, the '
per pendi cul attheagieprnaduicing, Glesk. opThee p&teFnadnsiank, candbet he saturation
magneti zati on of the reiPective | ayers. Such a nethod for calculating the
extent of thaenerateshe forngxampdewalfiroms ajdetectdon sipnajnfrom pitet al .
Proceedi ngs of Optical Data Strange, 1993, pp. 204-213. Reference may be
made to thi s cdodimentclockn markspfosmed onntbet magnetb-optdealr eterdhayg t he
thickness of the .internmediate layer is not |less than the thickness of the
nmagneti c wal meckiamyr et ianwabbledperdodi bif the magaetorgptical recording.
medium formed with wobbie-shaped grooves (l#nds).
The use of the magneto-optical rechding.apparatus of
the present invention makes it possible to magnify and
' reproduce recording domains of 0.1 micron. Therefore, it
is possible to densify not only the linear density but also
the track density. Accordingly, it is possible to achieve
recording and reproduction at an areal recording density of
50 Gbit/inch?’. 1In such an aspect, it is conceived that the
present invention may be applied for animation editing and
so-called electronic refrigerators. The present invention
is also advantageoﬁs in that a compact information
processing system can be constructed.
According to a ninth aspeét of the present invention,
there is provided a reproducing apparatus for a magneto—
Opticai reédrding medium, for reproducing information
recorded on the magnetb-optical recording medium,
characterized in that:
the reproducing apparatus comprises;

an optical head for irradiating the magneto-optical

recording medium with a reproducing light beam,
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et —— e

met hod based on the use of the Hall effect as described above. For
exanpl e, when the magnetic material of the internediate layer is conposed
of a GdFeCo system such as Gd[err]Fe[err]Co[err] (20 [err] X [err] 35, 50
[err] Y [err] 100, O [err] Z [err] 50), the thickness of the magnetic wall
is calculated to be about 50 nmon the basis of the calculating nethod
descri bed above. . . . . 28, Theref ore, when
the internedi ate apyeptigatohpededriyinggpnit|fer dlrivine e (mE1eal] x
[err] 35 50 [err] Y [err] 100, O [err] Z [err] 50), the thickness of the
magneti c Iayh?ads required to be not less than 50 nm. As descri bed
above, the thickness of the magnetic wall differs depending on the type
and the conposi ti ancbeckhgenenghing cumdt efPE| IERPTAHENG M FIREPIELNGy er
(or the gate layer). However, in the case of the magnetic material to be
used for a nayoekicahdyer of the magneto-optical recording medium the
thickness is generally required to be 10 nmat mninmum Therefore, it is
pLeferabIe t.hat thaecohtroknessitoforheontrelhingatke | opeicakchead-10 nm -
The - :
' driving unit to perform pulse modulation for the
" reproducing light beam on the basis of the reproducing
clock; wherein
the magneto-optical recording medium comprises a
recording layer for recording information therein, an
intermediate layer, and a reproducing layer, the
reproducing layer has a minimum stable magnetic domain
radius which is larger than a size of a magnetic domain
subjected to recording in the recording layer, and the
information is reproduced by detecting a magnetization
state of the magnetic domain magnified and transferred from
the recording layer to the reproducing layer.
This reproducing apparatus is preferably used for.
performing reproduction on the magneto-optical recording
medium according to the fourth aspect of the present

invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B explain the principle of recording and

reproduction on the magneto-optical recording medium of the
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upper limt of the-thickness of the internediate | ayer is preferably less
than 100 nm due to the limtation for the  sem conductor | aser power.
Accordingly, it is preferable for the thickness t of the internediate
| ayer to satisfy 10 J[err] t < 100 nm In the magnet o- opti cal
recording nmedia according to the first, second, and fourth aspects of the
present invention, when the internediate |layer is the-magnetic |ayer, it
i s preferabl Brépght: havention; vherainnBige llchhlustrakrsithe|y
transferred fromthe recording layer to the internediate |layer (gate
| ayer) is snBFieeipherof hinfermatienrecerdinge Anddhia i clBoklustyates der
to stabilize -the magnetic domain transferred fromthe recording |layer to
t he internedtheepripeirlgaef injbiglization for a magnifying and 29
According to a fifth aspect of the present invention, there is provided a
r epr oduci ng rephodué¢ingrbayeduci ng information recorded on the .
magnet o-optical recording nediumaccording to the first aspect of the
pr esent Fig. 2 shows a schematic arrangement of a recording

and reproducing apparatus used for recording and

reproduction on the magneto-optical recording medium of théffg*q

present invention. |

Fig. 3 explains the principle of magnetic transfér in
which only one magnetic domain of-a plurality of reCprding
magnetic domains in an information-recording layer existin§
within a reproducing light beam spot is selected by the aid -
of a gate layer during reproduction on the magneto-optical
recording medium of the present invention.

Figs. 4A and 4B explain the principle of magnification
and reproduction for a minute magnetic domain during
reproduction on the magneto-optical recording medium of the

-preéent invention, wherein Fig.-4A illustrates a situation
in which the magnetic domain is magnified by using a
magnifying reproducing magnetic field, and Fig. 4B

 illustrates a situatioh in which the magnetic domain is
reduced by using a reducing reproducing magnetic field.

Figs. 5A and 5B show graphs illustrating hysteresis
curves of a magnifying and reproducing layer of the

magneto-optical recording medium of the present invention,‘

wherein Fig. 5A illustrates an initial magnetization curve
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I nvention, conprising the steps of transferring a magnetic domain
subjected to recording in an information-recording |ayer to a nmagnetic
domai n- magni fyi ng and reproduci ng. |l ayer by .irradiating the nagneto-optical
recording mediumwi th a reproducing |ight beam and nmagnifying the
transferred nmagnetic donmain to be larger than a size of the magnetic
domai n subjected to recording in the infornption-recoydi gjgéayer t.o,
per f or m r epr@@oR{ 2BRliGation of gthe rpagnitving magneiis f¥¢ldyg andififg
polarity identical with that of  nmgnetization of the transferred magnetic
donai n. 5B| hllustrageecan ipitiah magriblcatinn Y tWMting
magnetic field synchronized with a reproducing clock is used as the

reproduci ng apphécationcofl thecreduaing magnetign&tetddomin is magnified
by-using a magnetic field having-a polarity identical with that of
magneti zati on of FPige Gnghewscadoness-sectienal view ctbluptrating
i nformation-recording |ayer, and the magnified magnetic donmain is reduced
by using a mapeeifiedi embodiméeny of aahagnetocppiitak rerording mediumn the
met hod of the present invention, a plurality of recording nmagnetic domai ns
in the inforgetbedingctodthg séagrd aspett coffthei present uthwentienspot of
e .- Figs. 7A and 7B_s§gw cross-sectional views
illustrating specified embodiments @f the magneto-optical
recording medium according to first embodiments (A) and (B)
of the present invention respectiveiy;

Figs. BA to 8D shows graphs illustrating reproduction'
signals obtained from the magneto-optical recording medium
according to the first embodiment of thg p;esent invention,
wherein Figs. 8A, 8B, 8C, and 8D illustrate those obtained
for intensities of the reproducing magnetic field H = 0
(Oe), H = 130 (Oe), H = 215 (Oe), and H = 260 (Oe)
respectively.

Fig. 9 shows a cross-sectionai view of a specified
embodiment of a magneto-optical recording medium according
to a second embodiment of the present invention.

Fig. 10 shéws a schematic arrangement of a magneto-
optical recording and reproducing apparatus according to a
third embodimen£ of the present invention.

Fig. 11 shows a timing chart illustrating a

relationship between a recording laser pulse, a recording

external magnetic field, and recording magnetic domains
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reprbducing | i ght beam may be individually transferred to the magnet i c
domai n- magni fyi ng and reproducing |ayer, and the transferred nmagnetic
domai n may be magnified to be  larger than the size of the magnetic domain
subjected to recording in the information-recording layer to perform
reproduction by applying a reproducing magnetic field having a polarity
i dentical w CONCEINIHY afgRagneio-optacalt fidedldanofivlatdonageebirdidgnai n
According to a sixth aspect of the present invention, there is.provided a
repr oduci ng methed referzgdo#ocingthimboandt fonrtbcembodimantsr e€otHeng
area’of the magneto- optical recording nediumaccording to the second
aspect of tpreseateAnventdeni.on, conprising the steps of transferring a
magnetic donmain subjected to recording in an information- recording |ayer
to-a“magneti c donfiig.ndgnshpwsgaandmingpchdrti hlhayeating a gate magnetic
layer by irradiating the magneto-optical recording nediumwth a o :
reproduci ng repghtdubdag caodkyagnréprodutiingt ertetnal elagnebeti €i8bapia to
be larger than a size of the nagnetic donmain subjected to recording in the
i nf or mat i on- reproduegibaysigh@lpRay@EBrm obtained by using the pulsed
magnetic field, and a reproduction signal waveform after
sampling and holding in the reproducing method according £o
the third embodiment of the present invention.
Fig. 13 shows a graph illustrating a relationship
between the error rate and the recording mark length in 1-7
modulation in the reproducing method according to the third
embodiment of the present invention.
Fig. 14 shows a schematic arrangement of a magneto-
optical recording and reproducing apparatus according to a
fourth embodiment of the present invention.
Fig. 15 shows a timing chart illustrating a
reproducing clock, a reproducing external magnetic field, a
reproduction signal waveform obtained by using the pulsed
light beam/pulsed magnetic field, and a reproduction signal
waveform after sampling and holding in the reproducing
method according to the fourth embodiment of the present
invention.
Fig. 16 shows a graph illustrating a relationship

between the error rate and the recording mark length in 1-7

modulation in the reproducing method according to the
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reproduction by applying a reproducing magnetic field having a direction
identical with that of magnetization of the transferred magnetic domain.
According to this nethod, one magnetic domain is selected via the gate.

| ayer froma plurality of recording nmagnetic domains in the

I nformati on-recordi ng | ayer 31

i ncl uded i n tfensfivtenifodimentepfodhe paecsiepit! :Jmmntdm ng reproduction,

t he generated one magnetic domain is transferred to the magnetic

domai n- magni f yi ng mirgl Jﬂeaﬂmd&cwngehwbﬁhxuaeddhhtrhb&mibﬂraeﬁeﬁagngtbﬁ
domain .can be magnified to be larger than the size of the nmagnetic donain

subj ect ed t o 4lfs Pobirgon drhalienlddsKgt oo eeprdidueingalaselr0 19ghtObam -
reproduction by applying the reproducing nagnetic field in the sane
direction as g of the magnetization of the transferred nmagneti c domai n..

According to a sevent h aspect of the present invention, there is prOV|ded .

a reproduci ng net g ,0n g d?%'i%taoe%&tl'a%' th%%&‘ih@gp'ﬁdb!m for

repr oduci ng
reproduction on the magneto-optical recording medium
according to the first embodiment (B), wherein Fig. 18A
illustrates transfer of magnetization from the recordihg >
‘layer to the reproducing layer, and Fig. 18B illustrates a-
situation in which a transferred magnetic domain is
magnified. |

Fig. 19 shows a graph illustrating dependency of Hs
and Hn on the power of the reproducing light beam, measuréd
By using the magneto-optical recording medium according to |
the first embodiment (B). |

Fig. 20 shows a graph illustrating the minimum stable
magnetic domain radius r,, of the magnetic domain which can
stably exist, with respect to the température.

Fig. 21 explains the principlé to disappear the
magnetic domain magnified on the magneto-optical recording
-mediﬁm according to the first embodiment (B) by applyiﬁg
the reducing magne;ic field. -

. Fig. 22 explains a reproducing system in which a
system to cause transfer in a high temperature area at a

backward portion in the reproducing light beam spot is

combined with a system to cause transfer in a low
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I nformati on recorded on the magneto-optical recording nediumby the aid of
the magneto-optical effect, characterized in that: .a magnet o- opti cal
recordi ng medi um conprising, on a substrate, an information-recording .

| ayer, and a magnetic domai n-magnifying and reproducing |ayer for
transferring a magnetic domain i'n the information-recording |ayer thereto
and nagnlfy|ngmpbeatunesaneaedtnagﬁnbmtwatdmpmrt@omhEnatme véprodwedmy nal
magnetic field is used as the magneto- optical recording medium and

t he magneti cldlghti beamaspéerred fromthe information- recording layer to

t he magneti c domai n-magni fying and reproducing layer is magnified to be

| arger than a sizpigt 2Bhexpbgirsi selpr@ynckidnedeion oto egenetiage ia t he

32 i nformati on-recording | ayer to performreproduction by
applyi ng, duelegkt Bﬁﬁh&hrﬁﬁﬂehlﬂﬂy B¢ hoestfSneL e SppdtRtwsesi ng rragnet iC
field nodul ated on the basis of reproduci ng cl ock and a reproducing:

- I'ight beam nageb2lieflgOBo the third and fourth embodiments.

Fig. 24 explains external éynchronization to generate
a clock signal which may be used by employing a land-groove .
type magneto-optical recording medium in the apparatuses
according to the thi:d and fourth embodiments. -

Fig. 25 explains external synchronization to generate
a clock signal which may be used by employing a wobble-
shaped land-groove type magneto-optical recording medium in
the apparatuses according to the third and fourth
embodiments.

Fig. 26 explains external synchronization to generate
a clock signal which may be used by employing a land-groove
type magneto-optical recordipg medium having fine clock |
marks in the apparatuses according to the third and fourth
embodiments.

Fig. 27 explains two-period sampling to generate a

- clock signal which may be used in the-apparatuses accordin§

to the third or fourth embodiment.

Figs. 28A and 28B show the applicable period of a
pulsed laser beam or a pulsed magnetic field, wherein Fig.
28A illustrates a relationship between the periods of

magnifying and reducing magnetic fields, and Fig. 28B
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the basis of the reproduci ng clock, to the nmagneto-optical recording

medi um The intensities.of the reproducing nagnetic field and the
repr.oducing I'ight beam may be simultaneously nmodul ated during the
reproduction, and thus the error rate of a reproduction signal can be
further | owered. I n the reproducing nethods according to the fifth to
sevent h aspectldusitrates,td: periode ofi dhe tlasercpeatupulse mhgheirespeice! d
has its absol ute value H which relates to an absolute value Hn of the new
creation magi& ithe jaditerpxating megoesiesifieddrve of the magnetic
domai n- magni fyi ng _and reproducing | ayer as explained with reference to
Fig. 5, an absol Rig.v2Ushwsofan kxampdeebifc anmaignerdoi field tegiayi a
field, and an absolute value Hs of the magnetic wall- reducing magnetic
fi-eld, as medsueagulpn siaveformewhichcinay bpowsedobsaar magnetie #ield
reproduci ng apparatus, such that the reproducing nmagnetic field is applied
to satisfy Héor magndfigingn andmaredutinggtier payhesiandoain. H in an
erasing direction. If a magnifying nagnetic field having an intensity not
less than Hn is apilg.e30 ishowst bn exafpeel 88t A0BikrBuibetbegbadratadal ayer

Is inverted even at portions in which no information is récorded in the

33 - sine-wave or sinusoidal waveform which may be used as a
magnetic'field.for magnifying and reducing the.magnétic
domain.

Fig. 31 shows reproduction signals obtained when '
magnifying and reducing magnetic fields having various
intensities are applied to the maéneto-bptical recording
medium accordin§ to the first embodiment (B).

Fig. 32 shows a schematic arrangement illustrating a
modified embodiment of the magneto-optical recording and
reproducing apparatus'shown in Fig. 10.

Fig. 33 shows a stackgd structure of a magneto-optical
recording medium preferably used to perform recording and
repfoduction by using the magneto-optical recording and
reproducing apparatus shown in Fig. 32.

Figs. 34A and 34B show shortest magnetic domain
configurations of recording magnetic domains preferably
used for magnification.and reproduction of the magnetic
domains. |

Fig. 35 shows a stacked structure of a magneto-optical

recording medium according to a ninth embodiment.
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I nformati on-recording layer, and it is inpossible to detect any recordfng
signal, which is not preferred. When a reducing magnetic field having an
intensity larger than Hs is applied, the magnetic domain in the .
‘reproducing layer is erased. In principle, the magnifying reproduction is
.-not obstructed even when the magnetic domain in the reproducing |ayer is.
not conpl etely er&ed. 3fowxpdainshéhei prihciplei tbepeyfosmr aepeoduopioned
when the magnetic domain is conpletely erased. According to an
ei ght h aspecbonofthehamagneteropticadniriecordihgr mediumr accdediagr €pr dleci ng
apparatus for reproducing information recorded on a nmagnet o-opti cal '
recordi ng nediimeh efboadmenitzed in that: t he reproduci ng apparat us
conpri ses; a magnetic head for applying a reproducing magnetic field
to the nmagnet o- opiFigal 37eexpliaipsmadindghetic domainpkteacttieadofor N
irradiating the magneto-optical recording mediumwth a reproducing |ight
beam Anothelt- gRlgpleto-optital reto#dRagainbasum h@éb?dﬂﬁbnﬂq the

ninth embodiment.

Fig. 38 explains the principle of reproduchion-cn the
medium having the magnetic domain structure shown iﬁ;rig._
37. | |
Figs. 39A and 39B explain an advantage obtained when a
magnetic domain transferred to an'intermediate magnetic'
layer or a gate layer is smaller than a magnetic doméin

subjected to recording in a recording layer.
BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the magneto-optical recording media
according to the first and second aspects of the preéent
invention will be explained with reference to the drawings.
Fig. 6 shows an examplé of the structure of the magneto-
optical recording medium according to the second aspect of
the present invention. The magneto-optical recording
me&ium according. to the fifst aspect of the present
invention is obtained, with reference to Fig. 6, by
replacing the gate layer 16, the exchange coupling force

control layer 17, and the information-recording layer 18

45



cl ock, and a control unit for controlling at | east one of the
magneti ¢ head and the optical head to perform pul se nodul ation for at

| east one of the reproducing magnetic field and the reproducing |ight beam
on the basis of the reproducing cl ock. Thi s apparatus nakes it
possible to magnify the : 34 magneti c
domai n transﬁeﬂme¢ha)nnﬁpnmghmmmunemgruapgrla&emhdlniagmatdonprecabdlng
recordi ng medi um of the present invention and reproduce information. The
reproduci ng dmyexatils shicsm ifnultilg.079 ,asnd ddedtdinggthppthitkaebg of -
controlling the magnetic head and the optical head in accordance with a

recordi ng si gial .informatiion-reterding’ Yayer tiheacepiradueengitnpanat us of
the present invention to control the tim-ng for giving the nagnetic

doiai-n- nagnr@wes@nﬁagmw@ntibmeldT@b&bﬁ@rereﬁh@dE@l&@ﬂlnﬁaaébtrlbtlbﬁ
~necessary that when the magnetic domain transferred fromthe
i nf or mat i on- rfeORGieNgedium structure basically relates to the
construction of the magneto-optical recording medium
according to the second aspect of the present invention. -
However, the following description is also applied £61theﬁ
magneto-optical recording medium according to the'fifst
aspect provided that the information—recordiﬂg 1éyer'iswnot
limited to the stacked structure composed of the gate 1ayef
16, the exchange coupling férce control layer 17, and the
information-recording layer 18.

The magneto-optical recording medium 61 is provided as
a recording medium ﬁhich makes it possible to transfer only
one of a plurality of minute magnetic domains in the
information-recording layer to the magnetic domain-
ﬁagnifying and reproducing layer 3, and simultaneously
magnify and reproduce the transferred magnetic domain in
accordance witﬁ the principle as described above. The
magneto-optical recording medium 61 comprises a dielectric
layef 2, a magnetic domain-magnifying and reproducing layer
3, a non-magnetic layer 4, a gate layer 16, an exchange
coupling force control layer 17, an information-recording

layer 18, and a transparent dielectric layer 6, the layers

being successively stacked on a transparent substrate 1. A

46



| ayer to the magnetic donain-magnifying and reproducing |ayer appears, the
magnetic field is applied in the direction to magnify the magnetic domain,
and then the polarity of the magnetic field is inverted to reduce the
magni fi ed magnetic domain. It is preferable to use, as the magnetic field,
an alternating magnetic field having the sanme period as that of the
reproduci ng peppéndicubaplytmagnetitable £, Sim okl Zeghe Qiadrdlig
generated froma second synchronization signal-generating circuit
(reproduci ngforgeeresiétahce pof sehei i diebbe ewall] Ubd | $16a1 Xér Gilidn he On
-the basis of ‘the reproducing clock. Such a period makes it possible not
onl'y to magnrépreddcingrmagmeti®ofiéIdSupon i E4d SQAEIbrBea] ithelomai ns
(magnetic domains subjected to recording in the recording directi.on)

exist, but peppod@eiegi ILgROIbéaANS ¢dn e Gl SSCANR MY Fying and
35 domai ns” exi st (nagnetic domains subjected to recordinig in the

erasing di reﬁé%’:ﬁaauciwenaié@ 3 648 QRS Ibéd HBoREAM 1S i€ YIS b

radi ated, the tenperature ‘of the central o
‘use, for example, a rare earth transition metal alloy such
as GdFe, GdFeCo, and GdCo; an alloy or an alternately
stacked material of a Pd or Pt layer and a Co layer; or a -
magnetic material of garnet-based oxide.

Preferably, the magnetic domain-magnifying and
reproducing layer 3 is constructed to have its compensaiion'
temperature of -100 to 50 °C. When the compeﬁsation
temperature is in ihe foregoing range, the saturation
magnetization (Ms) is small in the vicinity of room
temperature, and Ms is large only at a high temperature
portion (the coercivity is increased in the vicinity of
room temperature, and'thé coercivity is lowered at a high
temperature). Namely, the coercivity Hc is lowered in an
area of the magnetic domain;magnifying and reproducing
layer 3 in which the temperature is high at the central

- portion within the.laser spot, because Ms is.increased.
Accordingly, only one recording magnetic domain, which is
located in the information-recording layer existing under
the high temperature area of the magnetic domain-magnifying
and reproducing layer 3, is transferréd to the reproducing

layer. Thus, only the transferred magnetic domain in the
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portion of -.the track of the magnetic domai n-nmagni fying and reproducing

| ayer increases along the track. Therefore, the portion, in which no seed
magnetic domain exist in the information-recording |ayer, tends to be

i nverted, because the coercivity of the central portion of the nagnetic
donmi n-magni fyi ng and reproducing layer is decreased at a high

t enper at ur e. MagNGtder domadnsi@gnifyipge ande reproducingedpyesnt Ar eanf behe
track center is lowered in the present invention by nodul ating the
intensity of magaifd@dodycusdng thet repaoducingnmagoetiat fdeldith t he
reproducing clock or by using a first synchronization signal generated "
froma firstThenefioreni the oagpifiehtdoncaatd reproduction( feprehaci ng | i ght
beam pul se wi dt h/ phase-adjusting circuit 53) on the basis of the
reproduci ng clagnetiicndamaial cannbei realdzeddbyf asiagathkesimpla a rare
earth transition netal is used for the magnetic domain-magnifying and .

reproduci ng Istyecturee byosptiing ehet coppeakations tefperhtube 8b0the80 tO
200 [err] C considered to be the tenperature of the track center under the

reproduci ng aginetieadomaint-hagniigifgeasdyirkprodutifge2s9er 3 to be - -

Alternatively, .information may be recorded by using a short wavelength - -
| aser, and i {ip@r ¥Rt is@ne@By be reproduced by using a long wavel ength | aser
in order to lower the tenperature.of the : L

. - Several methods are available to transfer, to the gate:f
layer 16, only one magnetic domain of a plurality of.'
magnetic domains in the information-recording layer
irradiated with the réproducing laser.beaﬁ,spot. Namely,
there are (1) a method in which a magnetic domain in the
information-recording layer 18 is transferred to the gate
layer 16, the magnetic domain being in an area having a
'temperatﬁre higher than a predetermined temperature in a
temperature distribution in the gate layer 16 and the
information-recording léyer 18 within the reproducing laser
beam spot, (2)'a methéd-in wﬁich a magnetic domain in the
infotmation—iecording'1ayer 18 is transferred to the gate
layer 16, the ﬁagnetic domain being in an area haviné a-
temperature lower than a prédetermined température in a
temperatﬁre distribution in the gate layer 16 and the

- information-recording layer 18 within the repﬁoducing laser
beam spot, and (3) a method in which a magnetic domain in
the information-recording layer 18 is transferred to the

gate layer 16, the magnetic domain being in.an area within
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36 - track center during reproduction. An internal clock or an
external clock may be used as the reproducing clock. The external clock
can -be generated, for exanple, froma detection signal frompits or fine
clock marks fornmed on the magneto-optical recording medium or a wobble
period of the magneto-optical recording nediumforned with wobbl e-shaped
grooves (| andspredetermiihed utempératerenparye- tpt & coémpexatulierg appar at us
of the present invention makes it possible to nagnify and reproduce
recordi ng dodiéshsibatdod imcthe. gatitelayerel6iandith@oinfofmationtensi fy not
only the linear density but also the track density. Accordingly, it is
possi bl e t 0 zmebordingrkaperi 18§ withiepthe uréprodating hasert beamrspot. _
density of 50 Goit/inch[err]. In such an aspect, it is conceived that the
present inventi onThayméthagp{l pdhésrbeen ndésonilbed t imgthe dexphanaticn

el ectronic refrigerators. The present invention is also advantageous in
that a conpagbri Bher prineiplerof cche NPréyéheninvenbion onbth usd fekence

According to a ninth aspect of the present invention,

to Fig. 3, which is based on the fact that the coercivity
is decreased in oniy the high temperature area ig the gate
layer irradiated with the reproducing laser beam spét, and
oniy that portion undergoes the exchange coupling force
exerted from the information-recording layer. Naﬁely, the
magnetic domain is'tiansferréd from the information-
recording léyer to the gate layer'only in the temperature
area in which the coercivity of the gate layer is smaller
than the exchange coﬁpling force exerted from the
information-recording layer. In the method (2), the
coercivity of the high température portion of the gate
layer .irradiated with the reproducing laser beam spot is
lowered in the same manner as in the method (1); and all of
the magnetization'of the high temperature portion is
aligned to the external magnetic field when the external
magnetic field is applied for magnification and
reproductioh. On the other hand, the magnetic domain in
the information-recording layer 18 is transferred to the
gate layer 16 at the low temperature portion by the aid of

the exchange coupling force of the information-recording

layer 18 and the gate layer 16. The film of this type
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_theré is provided a reproducing apparatus for a magneto- optical recording
medi um for reproducing information recorded on the magneto-optical

recording medium characterized in that: : t he reproduci ng apparat us
conpri ses; an optical head for irradiating the nagneto-optical
recording mediumw th a reproducing |ight beam

37 preferabdyt hazl ahsttudtuyengroridedowidhi wnngntBemedibheal

head, a clock-generating unit for generating a reproducing clock,
and a Qayterolbetvicen ehecgateollbiyeg tha epbi Salfokpadiondibdbr@ingit to

perform pul se nodul ation for the reproducing light beamon the basis" of
the reproducivagerc! ogk; ishgossible to LBe, EBRcbRafple;abdLPetdi Pgatedi um
an

conprises a recording |ayer for recording information therein,
inTerﬁEdiateﬂa&ﬁ&h,(amﬁ-?eLebLRIUQEﬂﬁekﬁﬁaiatbhiayer ) / Tb-Fe-Co
(information—reCordin§ layer). In the method (3), it is
convenient to stack the gate layers exhibiting the
charaéteristics as described in the foregoing (i) and (2).
. - For example, a ﬁagnetic layer is provided as an ﬁpper layér
in which the magnetic domain in the information-recording
layér is transferred only in a high temperature'areé, and a
magnetic iayer'is provided aé é lower layer in which the
magnetic domain in the information-recording layer is
transferred only in a low temperature area. Without
adopting the stacked strucﬁure, a single magnetic layer may
be used to construct a magnetic layer in which the magnetic
domain in the information-recording layer is transferred
only in a predetermined température range as well. For
example, in the case of the use of a magnetic méterial in
which thé compensation temperature T,, exists in the
vicinity of room temperature, and the magnetization-easy
axis is directed in the in-plane direction in the film at a
predetermined temperature T, transfer from the
information-recording layer occurs only at a temperature

('l‘cw' + AT) ~ T, which is higher to some extent than the

compensation temperature depending on the magnetic

material.
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reproduci ng | ayer has a m ni num stabl e magnetic domain radius which is.

| arger than a size of a nagnetic domain subjected to recording in the
recording |layer, and the information is reproduced by detecting a

magneti zation state of the nagnetic domain nmagnified and transferred from
“the recording layer to the reproducing |ayer. Thi s reproduci ng
apparatus is prefdnagenerad]j the Cpeibotempgratpredoft the énfommation-
magnet o- opti cal recording nediumaccording to the fourth aspect of the
present inveeldo¥ding layer is usualB® EbokESEBOPIE ON&Ns lddr DRAWRSS

Figs. 1A and 1B explain the principle of recording and reproduction on the

net o- opt | | BT A 38
g?gg:;? ?ﬁbgﬁﬁkmﬁsggrge&&ﬁ@gﬁ%ﬁ%?% }%P%g available as. prodpcts

_ € _ tion, wherel _ _ rates the principle of
| nformati on 5@&%%&5&%&3%%2 gkﬁerlgéhkkugkr@hgsrekggdgﬁbnﬁighesﬁgjected

initialization a gnif g an

to the increase in temperature caused by the reproducing
light beam spot is about 170 °C, because if the temperature
is higher than the above, the éoercivity of the
info‘rmation-récording layer is de.creased, "and hence ﬁhe
recording magnetic domain possibiy changes. Thereforé, in
the method (2) deséribed above, it is preferable to'qesign
the respective magnetic layersaso that magnetic domains in-
the information-recording layer 18 in an area at a
temberature lower than 170 °C are transferred to the gate
layer 16. In general, the temperature in the magneto-
optical recording and reproduging appafatﬁs is.about 50 °C.
Accordingly, in order to make a difference from the
critical temperﬁture in the method (1) so that only one
magnetic domain in the information—récording layer 18 is
distinguished by using the gate layer 16, a margin of 30 °C
is necessary at the minimum. Therefore, it is preferable
to design the respective hagnetic layers in the method (1)
so that magnetic domains in the inférmatioh-fecordihg layer
18 in a high temperature area of not less than 80 °C are
transferred to the gate layer 16. Because of the same

reason, it is preferable to design the respective magnetic
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repr oduci ng | ayer. Fig. 2 shows a schematic arrangenent of. a
recordi ng and reproduci ng apparatus used for recording and rep+edusiion —
on t-he magnet o-optical recordi ng nediumof the present i nvent.if&*ﬁ' SHEET HAS BEEN
Fig. 3 explains the principle of magnetic transfer in which qnly OREPLACED
magneti c domain of a plurality of recording nagnetic domai ns TTram
i nf ormati on- lagerdi of thgemagnesbiopgtieal hrecarding adedivm in gthe beam spot
is selected by the aid of a gate layer during reproduction on the
magnet o- opt i mekhode¢d) dsagthati magynétitedpnainst innykat imformation+i gs. 4A
and 4B explain the principle of magnification and reproduction for a
m nut e magnet.j N N P& O ; t t il '
recording negFg%gg?’ﬂ?hégy%?eggn{'ﬁi %vgﬁﬁ)gﬁ&%rgﬁ&%?gf gijAOﬂ?:It It(l?gtlr-’e(l)t es a -
situation ip which the nefic dqomain is magnified by using a magnifying
r epr oduci ng Erl‘ég?‘?é?i’b‘?’?%g%?r%éud‘qii e gatq I]tﬁ.lgqrr HKs a situation in which
the magnetic domain is reduced by using a reducing reproduci ng magnetic
field. Fi gsInsgenauatp thewinfapmationvxecording hlayereb8s curves of
a magni fying and reproduci ng | ayer of the nagneto-optical recording nmedium
of the presemequavedttonhaveharcharacyersstic| that stke coercivity He is
magneti zation curve _ : :

several times larger than the reproducing magnetic field

éven at the temperatﬁ:e of the center of the light beam
spot during reproduction. Those usable for the
information-recording-layer include, for example, rare
earth transition metal alloys such asITbFecO, GdTbFeCo,
DyFeCo, GdDyFeCo, GdDybeeCo, and/or those added with non-
magnetic elements such as Cr and Ti as added elemehts; ét-
Co alloys; Pt/Co two-layered'filhs; and garnet materials.
In general, it is necessary for the gate layer that fhe
coercivity Hc is-considerébly smaller than that of the
information-recording laYerf Those .usable as the gate
layer include, for ékample, rafe earth transition metal
alloys such as GdFeCo, GdFe, and GdW; Pd-Co alloys; Pt=Co
alloys; Pd/Co two-layered films; Pt/Co twoflayered.films;
and garnet. In order to fa€i1itate the control for |
magnification and reduction of the magnetic domain in the
magnetié domain-magnifying and reproducing layer, the
thickness (h) of the gate layer + the exchange coupling

force control layer + the information-recording layer

prefefably satisfies (h/r)_z 0.5 for the radius (r) of the

This Sheet Has Been Reﬂ]aced

A




39 upon application of the magnifying magnetic field, and Fig. 5B
illustrates an initial magnification curve upon application of the

reduci ng magnetic field. Fig. 6 shows a cross-sectional view _
i{lustrating a specified enbodi nent of a nagneto-optical recordi ng nmedi um
according to the second aspect of the present invention. Figs. 7A and

7B show cr os seiseiatuno magnetd\es donlains whilchnaspbeiehi eecordedi fantheof the
magnet o-opti cal recording nmedium according to first enbodi nents (A) and

(B) of the dmformationsdicicordiegpdelyere! yAccording ¢o. thAst 2ifPeatowvn,
graphs illustrating reproduction signals obtained fromthe magneto-optical-

recor di ng nmedhenmagnhetidi ﬂ@mhﬁnth%nfbES&eQEdePWEthQEe&hédpb9sEﬁb aid _
i nvention, wherein.Figs. 8A 8B, 8C, and 8D i strate those obtained for

intensities of the nepkosagnes ieaFielidc ori ehe Hagn@tlf:oﬂ.elhl fe&ﬁQgéOe)
= 215 (Ce), and H = 260 (Ce) respectively. Fig. 9 shows a
Cross-secti odlrected ¥rom theCihfedmation-recording layer toward the
magnetic domain-magnifying and reproducing layer. Further,
= it is possible to obtain a relatively flat distribution of
the léak magnetic field in the in-plane direction in the
layer. Therefore, it i#_easy to controi magnification aﬁd
reduction of magnetic domains in tﬁe magnetic domain-
magnifying'aﬁd reproducing layer. |
In the magneto-optical recording medium of the present
invention, as shown in Fig. 6, the non-magnetic layer 4 can
be inserted between the magnetic domain-magnifying and
reproducing layer 3 and the gate layer 16 (the information-
recording layer in the magneto-optical récording medium
according to the first aséect). Those usable as 5 material-
for the non-magnetic layer include dielectrics such as
S8i0o,, AlIN, and SiN; metals such as Al, AlTi,. Au, Ag, Cu,
AuAl, and AgAl; and structural materials in which metals
and dielectrics are stacked. When the non-magnetic layer 4
exists between the magﬁetic domain-magnifying and.
reproducing iayer 3 and the gate layer or the information-
recording layer 5, an advantage is obtained in that the
magnetic domain transferred to the magnetic domain-
magnifying and reproducing layer 3 is smoothly magnified

: _ THIS SHEET HAS BEEN _
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enbodi nent of a magneto-optical recording nediumaccording to a second

enbodi nent of the present invention. Fig. 10 shows a schematic
arrangenent of - a magneto- optical recording and reproducing apparatus
according to a third enbodi mrent of the present invention. Fig. 11
shows a timng chart illustrating a relationship between a recording |aser
pul se, a recoaddngedasear bl tmgaﬁaléfftﬁedreﬁfgdﬁéfﬁ’g ﬂn dj_&l&'mm' ns
40 concerni ng an nagnet o-opti cal d nodul ati oh recordi ng

met hod YEferrEﬂetﬁagﬁethbrdoﬁaﬂnfQﬁrEﬂeeﬂﬁ?@fﬁ?ﬂiéngﬁeégfdlﬁﬁ d} _

I nyention: Fig. 12 shows a timng chart illustrating a® reproducing

clock, a1 epr aguphgHeRtberaibatBiNerhfitbebds fia  ERE oML RAVSL Wb

maveforn1obtained y using the pulse magneti c and a Téproduc

b Vo RERBELEE, SMEBALARGaey IOUChRY LOIOREERE MRS Y Wy

shows a graphaill 8¢t tAe! 1aR ﬁﬁbﬁéﬁf@sgigld from the gate layer + the

exchange coupling force control layer + the information-
= recording layer (or simply hhe information-recording-

. layer). .The nohémaghetiC'layer 4 may be constructed?by a
single layer or a multi-layered.film. When the nonﬁ 
magnetic layer 4 exiets between the magnetic domain-
magnifying and reprddpcing layer 3 and the gate laye% 16 in

" the magneto-opticelI;ecording medium of the presen£ ‘
invention, the magnehic domain is transferred in accordance
with the magnetostat;c coupling between thelmagnetic‘
domain-magnifying and reproducing layer 3 and the combined -
magnetic field of the leak magnetic field concerning the
magnetic domain'trahsferred to the gate layer 16 and the
magnetic domain wrltten in the 1nformat10n—record1ng layer
18. When the non-magnetic layer 4 does not exist, the
magnetic domain transferred from the_information-recording'
layer 18 to the gate layer 16_is magnetically transferred
to the magnetic domaih-magnifying and reproducing lafer 3
by the aid of the exchange coupling magnetic filed of the -
gate layer 16 and the magnetic domain-magnifying and
reproducing layer 3.' |

In the magneto-optical recording medium 61 shown in
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between the error rate and the recording mark length in 1-7 nodulation in
the reproduci ng nmethod according to the third enbodinent of the present

i nventi on. . Fig. 14 shows a schematic arrangenent of a nagneto-
gptical recording and reproduci ng apparatus according to a fourth
enbodi nent of the present invention. Fig. 15 shows a timng chart

illustrating mpigl e@) othei deTéOEkic aléﬁ@f@dzlpl O L& s ndmpetd e, fig¢ d, a
reproduction signal waveform obtai ned using the pulsed |ight

beant pul sed nagasplie, fhetdidesdand r@ﬂaw::t | 'Pifle Si0060 ferEid EFfait Wf
sanmpling and holding in the reproducing method according to the fourth.

enbodi ment of gh&er ﬁ@&@élng ﬂ t Beam in the Widledtid FayH@Rkhkes it

|IIustrat|ng a reI ationship ween the error rate.and the recording mark
l.ength in 1- 7po§§£iyié‘tt@”1hé‘ré5'§e FEé O&lbisa Féh¥TBkdyad Mﬁ:{l%ﬁl_ﬁé he In
41 fourth enbodi nent of the present I nvention 7 shows

a tenperat ur ea@i St {6RUES OPhe SPPEH &% vn in Fig. 6, it is allowable to
form a metal reflective layér composed of, for example, Al
I alloy, Au alloy, éilver alloy; or copper alloy on tﬁe non-

magnetic layer 4 on thé side of the maghetic domain- '
magnifying and reproducing layer 3 (or as a part of the -
non-magnetic layer) in order to obtain a uniform
temperature distribution in the magnetic domain-magniinog
and reproducing layer 3. When the track centér of the
magnetic domaih-magnifying and reproducing layer 3 has a

" temperature higher than those of outer portions upon
application of the reproducing magnetic field, those
included in an area not corresponding to the magnetic
domain subjected to_recording in the information-recording
layer tend to be inverted by the reproducing magnetic
field.  For this.reason, it is avoided that only the track

" center has a high temperature, by allowing the heat to
escape owing to the provision of the metal reflective

: layer; Thos, it is possible to avoid inversion of magnetic
domains at unnecessary portions in the reproducing layer

" when the reproducing magnetic fiold-iS'applied.

As described above, the portion of (the gate layer 16

+ the exchange coupling force control layer 17 + the

55 -



t he position on the disk, of a reproducing |aser |ight beam spot.

Figs. 18A and 18B explain the principle of reproduction on the

magnet o-opti cal recording nmedium according to the first enmbodi nent (B)
wherein Fig. 18A illustrates transfér of magnetization fromthe recording
| ayer to the reproducing layer, and Fig. 18B illustrates a situation in

whi ch a transfefdethiBsistddo i Ndyer rmnisfﬂcﬁﬁ. in Fig.Fisgl'tﬁlJygbﬁ"OV‘B a
t he thé rep

graph illustrating dependency o and Hn on power~ of roduci ng

li ght beam &l e S iﬁﬁ%ﬁﬂ%@ng’zgﬁ edi.ng x?ie%gh@

according to the first enbodi nent hows a gra
illdstrating L SR I ] <y%$ﬂ : iU r : :
magneti c dona%fr}ea\/éﬁ% ca'nsglg%)ace[ﬂg; exi stl,dhvvit rée}sa[)t??te ?_,g-r Etﬁ% %nea eeﬁtg'?ur_e.
Fi-g.~. 21 expl g 1€ | N .éﬁygﬁﬁy' '%Qgg et mai n magni fi ed
on the nagne%éhg%]{[ﬂp?%%dri(ﬂ)ir}{oqen%ﬁ%e Ium aclcnt(#:&a g tg {oﬁgt I'rst enbodi ment
(B) by applyigq Iy | t el d. . Ea 22, expl.aing a
reproduci ng s °§ﬁ%‘&ﬁ”¥%@%?@f§% @u?g tﬁda"ﬁlfftg itﬁ Rehl"&ﬂo to
tenperature area at. @ backward portion in the reproducing |Iight beam spot
i's  conbined 3 t'F-a FPSt E¥AMPLEauSeTRFENSAEED; hranpéfion metal is used

as a magnetic material for the information-recording layer,

s ~and the compensation temperature is set to be -100 to 50 °C
in the same manner as the magnetic domain-maénifying and
- reproducing layer so that the leak magnetic'field is
increased only at a high temperature portion. Thﬁs, it is
possible to perform reproduction while magnifying a
magnetic domain of 0.3 micron three times.-

When the portion of (the gate layer 16 + the exchange
coupling force control layer 17 + the information-recording
layer 18) is simply replaced with the information-recording
layer, it is possible to provide, between the magnetic
domain-magnifying and reproducing layer 3 and.the gate
layer 16, a magnetic layer or an intermediate layer which
behaves as an in-plane magnetizable film at room

-tgmperature,-which makes transition from the in-plane

magnetizable film to a perpendicularly magnetizable film
within a temperature range of 80 to 150 °C, and which

behaves as the perpendicularly magnetizable £ilm at a
temperature higher than the above. .Owing to the

intermediate layer, even when a plurality of magnetic
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42 - tenperature area at a frontward portion in the repr oduci ng

| i ght beam spot. _ Fig. 23 explains self-synchronization to generate a
cl ock signal which may be used for the apparatuses according to the third
and fourth enbodi ments. Fig. 24 explains external synchronization to

generate a clock signal which may be used by enploying a | and-groove type
nmagnet o- opt i Cddmd BES' bk N "Bl tife | FepEuwPRRY. A LGRS bednf ¥t tihe the third
and fourth enbodi nents. Fig. expl ains external synchronization to

generate a ctowlsAGNEE fedt COF NBie Reatis Slhyir MENEY 1RO poo¥iMiles to Shaped
| and- gr oove type magnet o-optical recording nmediumin the apparatuses

according to 4o Nbk Ll Wik fRidde xﬁ‘éﬁ’rﬂi[@%ain smavﬁéi: tHan®tie! NS

external synchronizati'on to generate ock si gnal ch nmay be used by:

enmpl aying a | ALl Qi ROMEy 1 df TBEHIR &) tg&aéﬁlgggt)r(grnq: j um having fine

clock’ marks in the apparatuses according to hird and fourth
e transferred) onto the magnetic domain-magnifying and

-—

reproducing layer.

. ~ TTHIS SHEET HAS BEEN
First Embodiment (A) REPLACED _

At first, embodiments of. the magneto-optical-recording”

medium according to the first aspect of the present
invention will be more specifically explained with
reference to the drawings. However, the present invention
is not limited thereto. |

Fig. 7 shows an example of a cross-sectional structure
of a magneto-optical recording medium 71 according to the
present invention. The magneto-optical recording medium 71
comprises a dielectric layer 2, a magnifying and |
reproducing layer 3, a non-magnetic layer 4, an
.information—recording layer 75, and a dielectric layer, the
layers being successively stacked on a transparent
substrate 1. A polycarbonate substrate having a thickness
6f 1.2 mm was used as the transparent substrate 1. A
silicon nitride material having a film thickness of 70 nm
was used as the dielectric layers 2, 6. A GdFeCo alloy

having a film thickness of 20 nm, a compensation

temperature of -10 °C, and a Curie temperature of 350 °C

This Sheet Has Been Reﬁaced
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enbodi nent s. Fig. 27 explains two-period sanpling to.generate a .
cl ock signal which may be used in the apparatuses according to the third
or fourth enbodi rrent. Figs. 28A and 28B show the applicabl e period of
a pulsed | aser beamor a pul sed magnetic field, wherein Fig. 28A
illustrates a relationship between the periods of magnifying and reducing
magneti c fiel das asddFag. tR8Bmagnifying and reproducing laye¥3. A
illustrates the period of the | aser beam pulse with respect to the

al ternati ng majbteon hierfide materfal. h&Vindoast ilm exteigkmess f ML C
field having a triangular waveform which may be used as a magnetic field

for magni fyi ngn@ndnr Allual Doyt hevingnet f£1dMopkickness of M. nns Qe Wis e
example of a circuit to generate a sine-wave or sinusoidal waveform which

may he used agsathavgoflmaghéeid 18yeragDi fyiMEPErs 4EIBE I KOy idy am?ﬂﬂﬁi' c
domai n. Fig. 31 shows reproduction signals obtained when

thickness of 200 nm, a compensation temperature of -50 °C,

and a Curie temperature of 270 °C was used as the
informétion-recording layer 75.. Films of these layers were
formed by meah§ of sputtering by uéing a magnetron |
sputtering apparatus respectively. |
Predetermined data wés recoraed on the magnetp-bﬁﬁicai.
recording medium 71 shown in Fig. 7 by using the reéofdiné
and reproducing apparatus shown in Fig. 2 in accordance
with the magneto-optical field modulatioﬂ syétem. Detaiis
of recording and reproduction based on the magneto-optical
field modulation system will be explained in third and
fourth embodiments described later on; Alternatively, as
explained in another émbodiment;.the magnetic field
modulation system may be used to form recording magnetic
domains in the informatibn-recprding layer so that the
magnetic domain length of the minimum magngtic domain in
the widthwise direction of the track is shorter than the
length in the linear direction. The optical head shown_in
Fig. 2 had a laser wavelength of 680 nm, and én opticgl
“system having a numerical aperture of 0.55 was used. The
effective spot size was 1.2 micron. Therefore, when
continuous magnetic domains each.having a size of 0.4

THIS SHEET HAS BEEN
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magni fyi ng and reduci ng nagnetic fields having various intensities are
applied to the magneto-optical recording nediumaccording to the first

enbodi ment (B). Fig. 32 shows a schematic arrangenent illustrating a
nodi fi ed enbodi nment of the magneto-optical recording and reproducing
apparatus shown in Fig. 10. Fig. 33 shows a stacked structure of a

magnet o- opt i CAkcréRCAFEI AEcHREEd DR Bl 'MiNe tS S8t Lo PE F B R d AP hbbdurtNd
reproduction by using the nmagneto-optical recording and reproducCing

apparat us shom, i fwsi flagietic domafhdSsimdrtambbidy, sevsshTdesd tRgnetic
damai n  configurations of recording nmagnetic domains preferably used for

magni ficati onrgﬁfloa@eiﬂeljﬂ-m Kark @pg@gn.eiﬂ Cthdl ldnt inv(ﬁnﬁ&l. ﬁ(ﬁ n g

shows a stacked structure of a magneto-optical recording medium acc
to a.ninth enpodi fRoketic domain? can be separated %ﬁﬁﬁ%ﬁgroduc%d by 19

36 explains the prinhciple to performreproduction magnet o- opt i cal
recorging medy i §CERE Yige L Padd¥ included in the magneto-optical
recording medium.

At first, the:reproducing power was set to be 1.0 mv
to.pérform reproduction. However, the recording magnetic
domain was not transferred td the magnifying and
reproducing layer 3, and no reproduction signal appeared,
becéuse of the followiﬁg reason. Namely, ﬁhe compensétioﬁ
témperature of the magnifying and reproducing layer 3 of
the magneto-optical recording medium 71 was not more than
room temperature, and it was impossible to heat the
magnifying and_reproducing layer 3 up to a temperature
sufficient to transfer the recording magnetic domain to the
magnifying and reproducing layer 3 by using the reproducing
power of 1.0 ﬁw. No reproduction waveform.appeared as welL
even when the reproduéing power was 1.8 mW.

Next, wﬁen-the feproducing power was increased to 2.0
mW, an area having a diameter of about 0.7 micron in the
vicinity of the center of the spot on the maénifyiné and -
reproducing layer 3 was heated to be not less than 80 °C.
Only one magnetic domain having a size of 0.4 ﬁicron was
transferred to the heated area on the magnifying and

reproducing layer 3. Namely, the two magnetic domains in
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ni nt.h enbodi nent . Fig. 37 explains a magnetic domain structure of
anot her nmagnet o-optical recording nmedium according to the ninth

enbodi ment . Fig. 38 explains the principle of reproduction on the
nedi um havi ng the magnetic domain structure shown in Fig. 37. Fi gs.
39A and 39B expl ain an advantage obtai ned when a magnetic domain

transferred teheninFopmaedbal-eefBgALhyClayayes kistiACiho¥Re sSo€bLeEr
than a magnetic domain subjected to recording in a recording |ayer.

BEST MODE FORswoBRELHE1DYTdibEihdWERREANErom eachEB@Hékngagﬁe?fokﬂe

magnet o-optical recording nedia according to the first and second aspects

of the presentepirduaBtion, hebalifecs?! Eh8°Fotionihg! £68868,  orhue draw ngs.

Fig. 6 shows an exanple of the structure of e magneto- optical recording

medi um accor dpagutAciln #8GABH:2aRE6h BE rb6R PEMBEPhchUCI Bal lF

magnet o-opti cal recording “nmedium according to the first aspect of the

present | nveghign 109 ghupkBcdn UhiNoFeLRECREFolfaFl on fecdiai AEPIAgLFOs  he

gate 1ayer 16, the exchangé coup orce ~control Tayer
i nformation-reaar §hB9mbdH§tyiflg and reproducing layer 3, and hence no

magnetic domain in the information-recording layer 5 was

_ transferred to low temperature portions at 80 °C oi less in
thé light beam spot. Namely, the recording magnetic domain
of 0.4 micron was successfully transferred only to the area
of the magnifying and reproducing layer 3 heated to the |
temperature higher than 80 °C. A reproduction waveform
obtained in this;procedure is shown in Fig. 8A. No
reproducing magnetic field was applied (H ='0) during the
reproduction. A signal of an alternating magnetic field is
simultaneously shown in a lower part of Fig. 8A. |

Next, the recoraing data was reproduced from the

magneto-optical recording medium 71 under the saﬁe
condition as described above by applying, to the magnetic
head, an alternating magnetic field as the reproducing

magnetic field of H = #215 (Oe) with modulation in

synchronization with a recording clock. As a result, a

reproductioﬁ wavefdrm was obtained as shown in Fig. 8C. 1In
the reproduction signal shown in Fig. 8C, the amplitude of
the reproduction signal is increased threefold as compared

with the signal obtained with no reproducing magnetic field
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45 . with the information recording |ayer (information recording
| ayer 75 shown in Fig. 7), and limting the thickness of the

i nformati on-recording |ayer in accordance with the present invention.
Therefore, the followi ng description for the nediumstructure basically
relates to the construction of the magneto-optical recording nedi um

di d fs ' i
o o ng. ocLFRRR TR EPE nghls 5 MORRADE A Ol ced T bl
di . . : ]
imrslf Bma?fggr %%%\%%éé%% %}f%ﬁiﬁ m (Becﬁjcfig: t Ee slttlgc aesd ng-:trreulgt ure
d of t . i t I
177 he A W e 8 BRI
- di | Ss ‘ |
possi bl egt o] ﬁ%@\&s‘fée% oﬂ?yﬂl%t?fe%ﬁs 5“331&&31%?% y‘}% %;n%r%rgg\gr?aéﬁg{%?%é&ai ns in

the informat| % Lnfdl it | eIl dS MG AT (P Pldb 1803

of the magnetic domain transferréd to the magnifying and
reproducing lajer 3. Fig. 8B shows a waveform obtained
when an élternating magnetic field of'ﬁ = +130 (Oe) was.  

- applied in synchronization with the recording clock.- It is
understood that the amplitude of the reproduction signalz.
was also increased in this case as compared with the case
in which no reproducing magnetic field was applied. Fig.
8D shows a waveform obtained when an alternating magnetic
field of H = 1260 (Oe) was applied in synchronization with
the recording clock. 1In this éase, thé amplitude of the |
reproduction signal was slightly decreaéed as compared with
the case of H = +215 (Oe), probably because of the
following reason. Namely, magnetic domains in'the:
magnifying and repréducing layer 5 corresponding to an area
including no recording magnetic domain were also-inverted
due to the téo_large reproducing magnetic field, and the
reducing reproducing magnetic field failed to erase the

. invertéd magnetic domains. Namely, the signal amplitude
was apparently decreased since the base line of the signal
level was raised when the reducing magnetic field was

applied.
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nmagni-fy and reproduce the transferred magnetic domain in a
the principle as described above. The nagneto-optical reco
conprises a dielectric |layer 2, a nmagnetic domain-nmagnifyi
reproducing layer 3, a non-magnetic |ayer 4, a gate |ayer
coupling force control layer 17, an information-recording

ccordance wi.th
rdi ng nmedi um 61
ng and

16, an exchange
| ayer 18, and a

t ranspar ent die'ecmkb&OH%§Q5051whbepbﬁf@fﬁedbﬁhﬂﬁeSEﬁSﬁ@ihéekﬁesEﬁiﬁed on a,

transparent substrate 1. _ _ _ _
per pendi cul ar kuhiEaiels 230he 200 Bin £B Wi G EBE PRENChESrmh
of . the magnetic wall is snaller than the reproducing magne
| rradiation virtkording RyRHUSI BembbBl BEHbrCAR B8 LREnL
magni fyi ng and reproduci iig | ayer as descri bed above.
. ,.'.f . . h it o)
GireCo, and CIoeoaing feSdh" 74" SHlbE pnd hae ZtoBloditly
Pt layer and 3gORnbdYGsedOlntn FRANGLLELIEL Fhhahaghe Rl "Ele

Prefefably, the magnetic domal n-rmagni Tyl ng

?igﬁ_resistance

Ic field upaon
fhefiSorticat
g foniiion
Passg gxide.

1215 (Oe) was applied. 1In this case, the reproduction

waveform was instantaneously increased by the alternating

reproducing magnetic fieid, however, magnetic domains were

immediately linkéd.ﬁith adjacent magnetic domains, and it

was impossible to detect individual magnetic'domains,

probably'because of the following reason. Namely,'the fiimi

thickness of TbFeCo of the information-recording layer 3

was thin as compared with the size of the recording

magnetic domain, and hence the leak magnetic field thereof

was insufficient. According to experiments performed by

the present inventors, it has been revealed that the

information-recording layer has its film thickness which is

'required to be at least 100 nm or more in order to magnify

and reproduce the magnetic domain of 0.4 micron.

Therefore, it is. preferable that the ratio (h/r) of the

thickness (h) of the recording layer to the length radius

(r) in the linear direction (the track direction) of the

minimum recording magnetic domain is not less than 0.5.
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reproducing layer 3 is constructed to have its conpensation tenperature of
100 to 50 [err]C. -Wen the conpensation tenperature is in the foregoing
range, the saturation nmagnetization (Ms) is snmall in the vicinity of room
tenperature, and Ms is large only at a high tenperature portion (the
coercivity is increased in the vicinity of roomtenperature, and the

coercivity i $phaMmededb athhgﬁa?}xgqggﬁgk%si- rlé?afhingh diﬁﬁrgéx‘/'iﬂ% §c 1s

| owered i-n an area of the magne I n-magni Tyl ng reproduci n

layer 3 i n wiiehdieo! eupevatune 8 Bhgh 8k LHE ARGRERb-oBLILAPN W thin the

| aser spot, because Ms i's increas ccordingly, “only ohe recording

magneti ¢ do”&je%of#g.hﬁrg{gﬁtighng%ﬁb?ﬂ' 1) EEQ.L?K” n&hien-s{olsgfg%ag | ayer

exi sting under erature are f he nagne omai n- magni fyi ng

and "t epr oducighpoAughe o Snb’ ASHEELSHpEPCLICrLEREATHS' RdaibAYe - TUS,

only the transterred magnetTc dormarn if _
T it oy BB B RIS K S0 BELPRNCbOSab R EndofEloR?

: ' With reference to Fig. 7B, the magneto-optical recording

' ﬁedium,72 has a structqre'comprising ; dielectric layer 2
composed of SiN, a magnifying and reproducing layer
(hereinafter abbreviated as "magnifying layer") 3 composed
of GdFeCo, a non—magnetic'layer.4'composed of SiN/AlTi, an
information-recording layer (hereioafter abbreviated as |
“recording layer") 75 composed of TbFeCo, and a protective
layer 76 composed of SiN, the layers being successively
stacked on a light-transmissive substrate 1 made of, for
example, glass or polycarbonate. The film thickness of the
dielectric layer 2 may be adjusted to be 600 to 800
angstroms (hereinafter indicated by "A"). The film
thickness of the reproducing layer 3 may be adjusted to be
50 to 100 A. The film thickness of the non-magnetic layer
4 may be adjusted to be 50 to 300 A; The film thickness of
the recording layer 75 may be adjusted to be 500 fo 3000 A.
The film thickhess of the protective layer 1 may be
adjusted to be 500 to 1000 A. The respective layers can be
formed by means of the magnetron sputtering method by using
Ar as a sputtering gas. .

In the stacked structure shown in Fig. 7A
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Therefore, the magnification and reproduction for the magnetic domain can
be realized by using the sinple structure by setting the conpensation
tenmperature of the nmagnetic domai n-magnifyi-ng and reproducing |layer 3 to.
be - 100 to 50 [err]C. Several nethods are available to transfer, to
the gate layer 16, only one magnetic donmin of a plurality of nagnetlc
domai ns in t REPFRARGENG hnyer i dish otayldmitied 4 dRECa,t Whilch mayr beuci ng
| aser. beam spot. Nanely, there are (1) a method in which a nagnetic

donmgi n in t heSdFer FdRA @F e dioyw 4 magnetdd £itlmcsimposed of ohe gat e

| ayer 16, the magnetic domain being in an area having a tenperature higher
than a predetesl:mﬁmd selgohed firon He, Gy, atande DY, s tanidoonieoe liemehlte gat e
| ayer 16 and the information-recording |ayer 18 within the reproducing
|'aser- beam sgmlected) frometFend Coy wndNia maynetliaced @faiSiN/AITHG the

I nformati on-recording layer 18 is transferred to the gate I|ayer 16, the

magneti c dommion-magrnptic dayercd hmy e conposed ifuRdN, 0N, 830, 2
predeterm ned tenperature in a tmmmahnechﬁrﬂmhon|nthegMeIawH

16 and the ixi,0fe8iON-THC,OrZH0W SIAKON, &M, B Siivs. re@hedﬁébaﬁdiﬂéef

beam spot, and (3) a method in which a magnetic domain in the

i nformati on- riepyei 7H) dsA¥Rt Jnitdd oS tdie’ ®bFeo R31oy, which may be a*
single-layered magnetlc film or a multl-layered magnetlc '
film composed qf an element selected from Tb, Dy, and Nd,
and an element selected_from Fe, Co, and Ni. The recording
layer 75 may be a singie—layered magnetic'film or a multi--
layered magnetic film composed of an element selected from
Pt and Pd, and an element selected from Fe, Co, and Ni.
Further, it is also possible to use other materials which
can be used for the reproducing layer, the recording layer,
and the non-magnetic layer as disclosed herein.

The principle of-the magneto-optical recording medium
of the present invention will be explained with reference
to Fig. 17 and Figs. 18A -and 18B. In the case of the
magneto-optical recording medium 72 of this specified
embodiment, a minute magnetic domain 7 in the recording
layer 75lis firstly transferred to the reproducing layer 3

.in accordance with magnetostatic coupling by radiating the
‘reproducing laser beam, and then the transferred magnetic

domain is magnified and reproduced. When the magneto-

optical recording medium is irradiated with the reproducing
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gate | ayer 16, the magnetic domai n being in an-area within

48 a predeterm ned tenperature range in a tenperature
distribution in the gate |layer 16 and the information- recording |ayer 18
within the reproducing | aser beam spot. The nethod (1) has been

described in the explanation for the principle of the present invention

with referencpagéf bdain, phe'idipdfatianted Gt A ivud 2 &diﬂntyln%dé%rsc on 1Y

is decreased in only the high tenperature area in the gate ayer

i rradi ated Wi {he thedI R AUNidIh | AP F1PLAY SPGPig aNG dhdhik i Yrapl ti On

under goes the exchange coupling force ~ exerted fromthe

| nf or mat i on- ! £pASLARk1 Y ne NIt orldifLp 'BIEHY :ifBidtubrs \iRS! e T ed

fromthe informati on- cord ayer t yer only inthe

t enper at ur e fég,;ge%gu%iﬂ{é (0 ORI | 1] e leddik BRI, obeTRC!

t han t he exchan ing force exerte rom n ornaflon-recording
L ET o " 1B e (lond i crfift ot Sl e P R GE POT1 O
reproducing light beam in a spot form. A high temperature
area exists at the backward position from the spot center
of the reproducing lighf beam. This temperature
‘aistribution can be-utilized.to transfer only magnetizétibh:
.of the recording layer 75 in a specified temperature.area
to the réproducing 1ayer 3.

" With reference to Fig; 1§A, explanation will be made
for the process in which magnetization of the recording
layer 75 is transferred to the reproducing layer 3& only at
the central portion (high temperature portion) of the
reproducing lighf beam spot. For convenience of
explanation, only the recording layer 75, the non-magnetic
layer 4,-and the reproducin§ layer 3a are shown.in Fig.
18A; ovér which the tempe:ature'distribution,'obtéined when
the magneto-optical iecording medium is irradiated with the
reproducing light beam spot, is simultaneously shown. When
the.magneto-optical recording medium is irradiated with the
reproducing 1igh£ beam spdé, only a magnetic domain 7 in
the ;ecordingllayer 75 in the high temperature area having

a temperature not less than a predetermined temperature is

transferred to the reproducing layer 3 via the non-magnetic
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| owered in the same manner as in the nmethod (1), and all of the

magneti zation of the high tenperature portion is aligned to the external
magnetic field when the external magnetic field is applied for
magni fi cati on and reproduction. On the other hand, the magnetic domai n in
the information-recording layer 18 is transferred to the gate |ayer 16 at
the | ow t enpelayered pordimaghstidadenalinfg, twielek dias gehe aame ng f orce of
the information-recording |ayer 18 and the gate layer 16.. The filmof this
type magnetization as that ol the magnetpiefdomdily Hhdan ahe ruct ure
provided with an internediate |ayer between the gate |ayer and the

i nf or mat i on- r eecoxidimg layex .75; appemssiin ethe reproducimxdmyer, 3&l- Fe- Co
(gate layer) / Th-Fe-Co-A (internediate layer ) / Th-Fe-Co

(i nf or mati on- Ircthilé ncpsey ckBe magrdicioaddmain s transfermntl Brica ttHed
stack the gate layers exhibiting the characteristics as described in the

foregoing (1)resordig laysr X540 he r@diuCingVRiydrs T Ml ehedhon

upper-layer in which the nmagnetic domain in the 1nformation-recording
magnetic layer 4. Accordingly, the transfer is effected by
the magnetostat.tc coupling rather than by the exchange .
coupling force. In order to perform th:.s type of _transfer,
it is preferable to use, as the reproducing layer 3a, a
magnetic film which behaves as an 1n-plane magnetz.zable
film at room temperature, and th.ch behaves as a
perpendicularly magnetizable fllm at a temperature not less

than a predetermined temperature (critical temperature).
The critical temperature is usually within a range of 100
to 170 éc. It is preferable to use a magnetic film which
quickly changes from an in-piane magnetizable film to a
perpendicularly ﬁagnetizable film when it arrives at a
temperature ﬁithin the foregoing range. An index to
indicate the degree of gquick change from the in-plane .
magnetizable film to the perpendicularly magnetizable film
is exemplified by the'temperature coefficient C of the Kerr
rotation angle. The magneto-optical recording medium
according to this embodiment uses a magnetic film having a
temperature coefficient C of not less than 8.0. When the
magnetic film, which behaves as an in-plane magnetizable

film at room temperature, and which behaves as a
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l.ayer is transferred'only in a high tenperature area,'ahd a nmagnetic |ayer

is provided as a | ower layer in which the magnetic domain in the

i nformation-recording layer is transferred only in a |ow tenperature area.

Wthout adopting the stacked structure, a single magnetic |ayer may be

used to construct a nmagnetic layer in which the magnetic domain |3 t he

i nf or mat i on- reGesEHdIEY 1By nhdiet13a®neCd 1 18 aE o tanPegdElsh

tenperature range as mel!.y%org%gxangle, i# the cgée g@E?%e usghgﬁ.&ess.

magnetic mat el tne HGRAING Todle s GERY A6theTLERELARIRGS "

the: vicinity of roomtenperature, an hé nagnetlzatlonaeas Xt S

directed in t: IN-i ¥ Haohiekb2dn! e fi A [ i, pe :

t enperature 'I;[ta;’rér] ]mt rans?iearg%%?:gmagﬁgcglﬁ'nF%th#})‘ﬁ?ﬁggéﬁq?%gof'%lg? 5%curs

only-at a teng : Stk s TLer A | t me

~extent than the a%%ﬁ%@ﬁé%%lon Fe4§§%a?&%%%d%%e?%k%&hoéspﬁgpﬁigﬂgt?gr .
eneral, the

material . res inventipn, it i ' 'n
Curi e terrperft ureené:f {fyenca O(ﬁé':[tl 5R- prefggable to use thg magnetlc_

film having a temperature coefficient C of not less than
8.0. For details of the calculating method for the
temperature coefficiep£ c, reference'maylbe made to
*Washimi et al, Proceedings of 43th Lecture.ﬂeeting of
Appiied Physics Society Association, 27p-PD-26 (1996)".

In order tolcarry out the transfer of the type shown
in Fig. 18A, it is appropriate to use GdFeCo, GdFé, and
GdCo for the magnetic film to be used for the reprdducing
layér 3a. The materials déscribed in this embodiment can
be used as mate:ials for constructing the non-magnetic
'layer 4 and the recording iayer 75.

After the magnetization of the magnetic domain 7 is
transferred as the magnetic domain 8:to the reproducing
layer 3a, an external magnetic field Hep is applied to .
magnify the magnetic domain 8 as shown in Fig. 188. An
_ alte:nating magnetic field is used as the external magnetic
field'Hep to be appliéd. When the polarity of the
alternating magnetic field is identical with that of the
mégnefization of fhe magnetic'domain 8 transferred to the_
reproducing layer 3a, magnetic domains 8a, 8b having the

same direction as that of the magnetization of the magnetic
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recording layer is usually about 250 [err]C, considering the power of

sem conduct or | asers avail able as products. Therefore, the upper limt of
the recording filmsubjected to the increase in tenperature caused by the
reproducing |ight beam spot is about 170 [err]C, because if the
tenperature is higher than the above, the coercivity of the

i nformati on- IRt W dpbelir i BRANCATRGs ol deente tbhehe QQBQEEG magnet i ¢

dormai n possi bly changes. Therefore, in the method (2) descri above, it

i s preferabl Qidnfaide Y .IN THYS ﬁ:?:%o%&tah\éQém'aeHa‘énbilﬂr aoﬁtglhhﬁt igagnetic

domains in the information- recordlng | ayer I"n an area at a tenperature

lower: than 19 driaieildd.ar aHd fdneat! ¢ile! %rfa';s% 35‘%9 mdyRbeil gbﬁaﬂﬁnﬁr%

the tenperature in the magnet o- -optical recor re ro

apparat us. | ofie | I LG oRECRRd BE o reBrBEREiEA §§ ﬁgf Egpence

fromthe crltlcal te erature 1 n the net ghetic

gate ayer 16°EE R ﬁ"%ﬁ%&%%??esiﬂi’ﬁé‘*&eigrﬁ'°§I»' ?EE' ﬁf‘ﬁf’nﬁryn using the
oo S R Sk pES A ch A GRS g R R | D
PRI 1 A e b e bS. i HhETE T
design the r%%ﬁ%&&%%%hﬁ%g% Eween the foregoing magnetlc -field and the
size of the mark (magnetlc domain) appearing on the
ireproducxng layer 3a have been exactly exp1a1ned in the
fore901ng section of the explanation for the pr1n01ple with
reference to the hysteresis curve shown in Fig. S5A.
Fig. 19 shows deéendency of Hn and He measured by
using the magneto;optical recording medium_72 shown in Fig.
7B, on the reproducing power. The reproducing laser beam
had a wavélength of 830 nm. When the reprdducing laéer
beam power is in.a range of 1.0 to 2.2 mW, a distinct
difference exists between He and Hn. Therefore, the
external magnetic fiela Hep may be determined between Hs
and Hn determined depending on the respective reproducing
powers. For example, when the reproducing laser beam power
is 1.4 mW, the extérnal magnetic field Hep may be set
between 200 and 250 (Oe). 'Accofding to Fig. 19,“the
external magnetic field Hep can be decreased in accordance

with increase in the reproducing laser beam power. The

frequency of the alternating magnetic field can be within a
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51 | ayers of the magneto-optical recording nediumin the nethod
(3) so that magnetic domains in the information- recording layer 18 in a
tenperature range of 80 [err]Cto 170 [err]C are transferred to the gate
layer 16. In general, the information-recording layer is required to
have a characteristic that the coercivity Hc is several tines |arger than

‘the reproduci pghga@rety & figld ygven at the tenperature of the center of
the |Iight beam spot during reproduction. Those usable for the

ot 1A oy S A Ml 0 SRS il B8 20

o o o PSS e B8 DAL S 30 Gty

LD, on ) a6 SR b AU B0 5 R AT paBRRRRY I 1

usabl e as theg O3 nd AHary' Yo' Wice Yrade® Tle madgditid rgngggli-z%%i hhoninet &
in order to transfer, magnify, and reproduce the next
magnetic domain. Two ﬁéthods are available to erase.the
magnetic domain. One.method is based on the ﬁse'éf the
minimum stable magnetic domain radius determined depéhaing'.
on the type of the magnetic film. The size of the.recdfded
magnetic domain provides different stabilities dependihg on
" the atmospheric temperature, and it is difficult for minute
magnetic domains to stably exist at a low temperature. .
Fig. 20 shows the minimum stable magnetic domain radiu's.r,liu
of the magnetic domain which can be stably exist as defined
in the expression (1) described above, with respect to the
temperature. The.miniﬁum stable magnetic domain radius r,,,
decreases as the temperatﬁre of the magnetic film

increases. In the case of GdFeCo used for the reproducing
layer 3, r,, at room temperature.is 0.5 to 0.6 um, and r,,,

at 120 °C ig_o;l pm. Namely, magnetic domains of not less.
than 0.1 pm can stably exist at 126 °C. However, magnefic

domains having a size of 0.1 um cannot stably exist no

longer, and such magnetic domains disappear. Therefore,

the magnetic domain behaves as follows on the basis of this
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al l oys such as GdFeCo, GdFe, and GIW Pd-Co al loys; Pt-Co alloys; Pd/Co
two-layered filns; Pt/Co two-layered films; and garnet. In order to .
facilitate the control for magnification and reduction of the nmagnetic
domain in the magnetic domain-magnifying and reproducing |ayer, the

t hi ckness (h) of the gate | ayer + the exchange coupling force control

| ayer + the ip n-r NOLh@Y; edid dn Saf 1sdd Uddnd €7 "]
Oaéefor t he Iengtsﬁéjrﬁ ofﬁfiﬁééw ﬁégn&fé il 3 FH é-fé %WA’J'“J

m ni mum magnei dge #o&i fr ik £4rPéd 5 thd efé%zﬂﬁht% r#r%xegn at tl

i nformation-recording |ayer. According to e magneti c

donain can b f netlcfleld
ecéRttap! o££ ge@ﬂ{@iect e%ésrear

or the magnetic fiel Iea orng}lon ecor di ng

L3¥$Le£0mr? %s poﬁ‘?ﬁ% to‘ﬂ@gtaémn a 4 at1vely fJ1 &[%%ﬁegh 0 h(?ff aid, o t

< easy o cont rare e (¥t B AeAc B st HisId C AfsE: 0t 1§ he

magnetic dongile, (A9 Mé’dé‘?&cargio LR ST iy io'w temperature portion
within the reproducing light beam spot, the minimum stable
magnétic domain radius becomes large with respect to tﬁé
transferred and magnified magnetic domain. Accordingiy;'
the magnetic domain spontaneously disappears. The method
for erasing the magnified magnetic domain is not limited to
this embodiment, which is applicable to the magneto-optical
recording media and the reproducing methods therefor
according to all of the aspects of the present invention.

Another method for erasing the magnetic domain

transferred to the reproducing iayer 3 and magnified
therein is based on the application of a magnetic field Hsr
having a direction opposite to that of the external
magnetic field Hep appiied when thé magnetic domain is
magnified, as éxplained in relation to Fig. 5B in the
foregoing explanation for the principle. Fig. 21
conceptually shows the neighborhood of the magnetic domain
8 in the reproducing layer 3a shown in Fig. 18B,
illustrating a situation in which thé magnified magnetic
domains 8a, 8b are reduced by applying the magnetic field.

Hsr in the direction opposite to that of the external
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| n the magnet o-optical recordi ng.nmediumof the present invention, as shown
Iin Fig. 6, the non-magnetic |ayer. 4 can be inserted between the nmagnetic
domai n- magni fyi ng and reproducing l'ayer 3 and the gate | ayer 16 (the
Lnformation- ‘recording |ayer in the nagneto-optical recording nmedi um
according to the first aspect). Those usable as a material for the

non- magnet | sl icnehudn Hef eohieChaBpRias£1 Sl P AEE)uadlNo SPEIRLY

netal s such a g, ructura

meter ol s | 0ol GAgHENLS aofdnCbhoB! WESePhtnshoGkethe MHEDS B tne

non- magneti c er exi sts between the magnetic donmal n-rmagni fyr ng and

"epr oduci N9 b330 hRGORhEAN R ¢, B8 | NERLTBEL AR p1LCGPT O NG | ayer

18, an advantage is O I'ne maghet i ¢ dona ransterred to

the magnet i c 4oRRy +HRIHEREc Alnb IR §HChan' BYELady| ScSTRALhYL,

magni fi ed

nf ormat | on- FECBEAPRG tPabif-1 58| ¥nifh uiad: Pk cBF | Jorrahed ReBiB o (he
gate layer to theThe wavelength of the laser beam used to transfer and
magnify the magneﬁic domain, i.e., used for reproduction is
preferably 300 to 830 nm. The objective lens for

'collectiqg the lasér beam may have a numerical aperture of

0.55 (allowable error: +0.05). The spot Size of the laser

beam may be 1.0 pm (allowable error: +0.1).

In this specified embodiment, explanation has been
made for the case in which the minute magnetic domain in
the recording layer 75 existing in the high temperature
area at the central portion within the reproducing light
beam spot is transferred to the reproducing layer 3.
Besides, it is allowable to use a method for transferring a
magnetic domain existing in a backward high temperature
area or in a frontward low temperature area within £he
reproducing light beam spot. In the case of the magneto-
optical recording medium of the former type,. a |
pérpendicularly magnetizable film is used for the
repréducing layer, and it is necessary to apply an
initializing magnetic field in orderlto align the
magnetization direction of the reproducing layer 3 before

being irradiated with the reproducing'iaser beam. When the
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magnet i ¢ domai n- magni fyi ng and reproducing layer 3 by the aid of the leak
magnetic field fromthe gate |layer + the exchange coupling force control .

| ayer + the information- recording layer (or sinply the
information-recording layer). The non-nmagnetic |ayer 4 may be constructed
by a single layer or a multi-layered film \Wen the non- nagnetic |ayer

4 exists bet Wagds {5 SBHPRLd £a O0d B {ER W%%é’éf‘eg%éég@nr Iu%éo%gc{xﬁ?e{ 3

and the gate layer 16 in .the nagneto optl _
present invegtiQnnet égmﬁgg dance wth
t he nagnetostatlceg% ﬂflng et ween t % {Enmun nagnl yi ng and

field concer s ?ﬁeﬁﬂﬁ%%‘ﬂi‘f&@“%’*ﬁ?rne ﬁ%ﬁ#@?ﬁ%ﬁ St S By
the non-magneFie aye%f“a*%&ﬂs $or B et Ty e Mibogutioncd
mmgnet | cal ny"i?%% oV Ui Yone %@fﬁ%f%tﬁﬁﬁﬁf P A, w oduci ng
EERR R g e i
In the nagneto OPtIC A fé¥“%é§ J?%E“ J’é¥g§1n&) the magnetic domaln
"as shown in Fig. 18B. Those preferably used for the
reproducing layer appropriate for the system to perform
transfer by using the high temperature area at the backward.
portion within the reproducing light beam spot include a
magnetic film composed of an alloy containing one or more
rare earth metals such as Tb, Dy, and Gd, and one or more
transition metais such as Fe, Co, and Ni. It is preferable
to use, for example, GdFeCo, GdFe, GdCo, and TbCo. Those |
'usedlfor the non-magnetic layer 4 and the recording layer
75 may be selected from those described abo&e.

In the method for transferring the magnetic domain
existing in the frontward low temperature area within the
reproducing light beam spot, a perpendicularly magnetizable
film is used for the reproducing layer. The
perpendicularly magnetizable film is_bésed on the use of a

. magnetic layer having such a propérty that magnetization is
erased when it is irradiated with the reproducing laser

beam to raise the temperature to be not less than a

predetermined temperature (Curie temperature). In this
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54 Fig. 6, the dielectric layers 2, 6 can be conposed of, for
exanpl e, nitrides and oxides. The interference effect of the reproducing
light beamin the dielectric layer nakes it - possible to increase the
apparent Kerr rotation angle. In addition to'the layers shown in Fig. 6,
it is allowable to forma netal reflective | ayer conposed of, for exanple,

A alloy, Ageddd,0)thesidifR¥ict3ldnO%e ?Jag‘i@%ﬁ.‘i%tﬁb'nolﬁtfo!Ehbh%egﬂﬁaingg%?%c

| ayer 4 on the side of the magnetic domain- nagnifying and reprodi
layer 3 (or aps aPAdimfideit with EHACUC thdy Hebrblulifg' 15gegb§%ﬂeﬁ
uni form tenperature distribution in the nmagneti omal n“maghi tyrng and

duci ng | - K f t ig
r epr oduci ng ﬁhéﬂsiﬁnaﬂNT§1f&ﬂ%ﬁg&aﬁayﬁﬁg Cth@ rbg?g#gﬂgﬂ igsﬁfg &F™ #8n

domai n- magni fyi ng and reproduc er has a erature

{ose of oul GladitfidbnaniPUhe Wablecathds B LhE LERLAANEIAG TRIDEISCss

field, those 1included in an area®not correspon
L BT ke LR 45Uk LBhpb 083,
then the magnetization in such an area is erased.
Therefore, the area havihg the temperature not less than
" - the predetermined temperature is in a state in which no
signal is recorded. Transfer is performed only at the
frontward portion having a lower temperature withinxthe
laser -beam, and the signai is réproduced. After that, the
operation for magnifying (erasing) the magnetic domain is
performed as shown in Fig. 18A. Those appropriately used
as the reproducing layer 3 based.on this method include a
magnetic film coﬁposéd of TbCo, Dy, and an element selected
from Fe, Co, and Ni. Those usable for the non-magnetic
layer 4 and the recording layer 75 may be selected from the
materials described above. |
With referénce to Fig. 22, it is possible to combine
the system for gauéing transfer at the backward high
teméerature area within the réproducing light ‘beam spot and
the system for causing transfér at the froﬂtward low
- temperature area within the reproducing light beam spot.
Fng 22 shows a recérding layer 75, a non-magnetic layer 4,

and a reproducing layer 3d of a magneto-optical recording

medium of this type, and a temperature distribution

73



field. For this reason, it is avoided that only the track center has a

hi gh tenperature, by allowing the heat to escape owing to the provision of
the metal reflective layer. Thus, it is_possible to avoid inversion of
magneti ¢ domai ns at unnecessary portions in the reproducing |ayer when

t he reproducing magnetic field is applied. As descri bed above, the

portion of (tékegede. | apertié casd W@%mwémipr@Mﬂgm | ayer

17 + the ' _ i nformation-recordi ng
| ayer 18) showédidmFog.tibi , £8P b ddithd NBayeY FdBld MignitQlddd
| ayer. In this arrangenent, e conpensation tenperature of the nagnetic

domai n- magni f ¥4 Ng Geled AP Pk EEbr %%rus')irﬂf ]émqniiﬂfﬂm{dg%a%%%@ ng

| ayer may be adjusted to be -100 to O [erTr]C. For -exanp aTrare earth

transition me¢péld S(ntebhdén P BEEEYL ie il Yuiedt¥d WY reproductio

information-recording layer, " and the conpensation tenperature |s_sgf to be
apvobo ! P A0S S M A5G LUK ISy Al Y 70 2
irradiated with the laser beam, the magnetization is erased
at a high temperature portion 19 in the reproducing layer
3d. A magnetic domain 20, which ié located frontwafd ffbm
the high temperature portion 19 (at a frontward position in
the disk-traveling direction), is magnetized in the same'__
direction as tha£ of a magnetic domain Zi in the recording
layer 75, and hence it can be reproduced by ﬁagnifying the
magnetic domain 20. A magnetic film used for the
reproducing layer 3d has the following characteristics,
assuming that it undergoes a temperature at which
magnetization is transferred froﬁ the.recording layer 75
and a temﬁerature at which or higher than which

magnetization is erased. Namely, the temperatufe for

transferring magnetization is preferably within a range of

80 to 120 °C, and.the temperature for erasing magnetization

is preferably within a range of 130 to 170 °C. The
initializing magnetic field, which is used before beginning
the reproducing operation, preferably has a magnitude of
not more than 1 k (Oe). Those appropriately used as the
reproducing layer 3d include a magnetic film composed of

TbCo, Dy, and an element selected from Fe, Co, and Ni.
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I ncreased only at a high tenperature portion. Thus, it is possible to
perform reproduction while magnifying a magnetic domain of 0.3 mcron
three tines. When the portion of (the gate layer 16 + the exchange
coupling force control layer 17 + the information-recording | ayer 18) is
simply replaced with the information-recording layer, it is possible to

provi de, bet wafskd Rfs RN + 1 HEnLniRwEW &ngg?#; Hogﬂﬁggggb\%ﬁﬁgﬁ?’

and the gate |layer 16, a mmgnetic layer or an I I at

behaves as. andy:! A l§P e 14U iR d exndlepic0 W e IARG' Blles il ch makes

transition fromthe in-plane nagnetizable Il mto a perpendicularly
magneti zabl e fdya. Within a tenperature range of 80 to 150 [err]C, and
whi ch behaves as the perpendicularly magneti zable filmat a tenperature
hi gher than the above. Oning to the internediate |ayer, even when a
plurality of magnetic ' : 56 . domai ns

exist in the reproducing |ight be { he. focusing effect of the gaté

| ayer- makes it possible to aIIomg%%igﬁ5ﬁ@hﬁaﬁgﬁginagnetTc dormain smaller -

than the In the first embodimenf, the simple structure
comprising the magnifying and reproducing layer 3 qnd:the_
information-recording 1&Yer is successfully”ﬁsed_to  |
transfer the minute magnetic domain from the-infoimaéidn;
recording layer to the magnetic domain-magnifying and
reprdducing layer and maénify and re&uce the transferred
magnetic domain. This second embodiment illustrates a
magneto-optical recording medium provided with a gate layer-
which makes it possible to select ohly one of a plurality
of magnetic domains in the information-recording layer
existing within the reproducing light beam spot. This
magneto-optical recording medium corresponds to the
magneto-optical recordipg medium according to the second
a;pect of thé present invention.

As shown in Fig. 9, the magneto-optical recording
medium 91 of this embpdiment has a structure in which the
information-recording layer 5 of the magneto-optical
recording medium 71 of the first embodiment (A) is replaced
with a gate layer 93 + exchange coﬁpling force control
layers 95, 97 + an.infbrmation-recording layer 99. A

magnetic layer composed of GdFeCo having a compensation
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reproduci ng |light beam spot to energe (or to be transferred) onto the
magneti ¢ domai n- magni fyi ng and - reproduci ng | ayer.

First Enbodi nent (A At first, enbodi ments of the nagneto-optical
recording mnmediumaccording to the first aspect of the present inveéntion
wi Il be nore specifically explained with reference to the draw ngs.

Hovever, the pupseided Y &l .Y *cS B0kukid E?ﬂg&?ﬁ{:ﬁi-gbgfp 50 9 9-afd ShOWs

an exanpl e of a cross-sectional $tructure o magnet o- opt 1 cal ‘recor ding
nmedi um 71 ac di t.0 the t invention _The.,nagneto-optical

recor di ng rneaﬁt[j'frﬁi ﬁ%tcd?ﬂﬁﬁsse‘g af[fﬂ AL NF U5 &P %’,hea%a%'ggt]r W"n§3andA

r epr oduci ng | ayer .3, non- nagnetic, | 4, n_i.nf ormati on-recqrdi ng

| ayer 75, andn%grtﬁté‘tcegltaryf?l osed W?EN&CQ g’@ivﬂ‘é‘gsecggw 19f5cked on
a transparent substrate 1. A Qlycarbonate substrate having a thickness
of 1.2 mm wasteRReratineof r’opripﬁrreﬁt Cughst temperaturesof toh 7G4 rantk a
material having a filmthickness of 70 nm was used as the dielectric

| ayers 2, 6. fAlmiRdGrkiidsy ofhi@0 non &vals hamseidhiask thes fdfrs20 ekhange
conpensation tenperature of -10 [err]C, and a Curie tenperature of 350
[err]C coupling force control layer 95. A magnetic layer composed

of GdFeCo having a compensation temperature of 90 °C, a

Curie temperature of 200 °C, and a film thickness of 10 nm

was used as the second exchange coupling force control

layer 97. A magnetic layer composed of TbFeCo having a

compensation temperature of -50 °C, a Curie temperature of

270 °C, and a film thickness of 70 nm was used as the
information-recording layer 99. The first exchange
coupling force control layer 95 is a layer to con£rol
transfer of magnetic domains in the information-recording
layer 99 in an area having a temperature of not less than
70 °C to the gate layer 93. The second exchange coupling
.force control layer 97 is-a layer to control transfer of
magnetic domains in the information-recording layer 99 in
an area having a temperature of not more than 160 °C to the
gate layer 93. The arrangement as described above makes it
possible éo transfer, to the magnifying and reproducing
layer 3, the recording magnetic domain in the information-

recording layer 99 within a temperature range of not less

than 70 °C and not more than 160 °C. Films of these layers
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57 ~was used as the magnifying and reproducing layer 3. A silicon
nitride material having a filmthickness of 15 nm and an Al alloy having a
fil mthickness of 10 nmwere used as the non-nmagnetic |ayer 4. A TbFeCo
alloy having a film thickness of 200 nm a conpensation tenperature of -50.
[err]C, and a Curie tenperature of 270 [err]C was used as the

i nformati on- wexe dorgndd by uéing-ithes magnelteon spueterimgeappargedsbynneans
of sputtering by using a nagnetron sputtering apparatus respectively.

Predet er mi nedhiatsan maney’ ded dezdribedndnctheOBirsdl embodemeney medi um 71
shown in Fig. 7A by using the recording and reproducing apparatus shown in

Fig. 2 in accordamir mégnetdlopri¢ad! eeepirdsiay meaidmaulaki sapjusteq
Details of recording and reproduction based on the magneto-optical field

(o0 A ancunsn epeduch o ankloptouied SN 8y
magnetic fielhat e lindheY FitBeTRNbBE1MeRE .t OThe' Hhgheeid AemaRaneti
| transferred to the magnifyingland reproducing layer 3 was
magnified by using a reéroducing magnetic field
(alternating mégnetié field) H = £200 (Oe). It Qas.
confirmed that the amplitude of the reproduction signaiiﬁas
increased foﬁrfold. It was found that thé magﬂétic dbmain
of 0.3 micron was reliably transferred by using the |
magneto-optical recording medium 91.°
The magnetic layer_composed of GdFeCo having the

thickness of 100 nm is used as the gate layer 93, which is
thicker than the thickness of the magnetic wall of the
magnetic domain formed ip.the GdFeCo maénetic layer.
Accordingly, twisting of magnetic spin in the magnetiq wall
is permitted uébn inve:sion of the magnetization
transférred from fhe'information;recording layer 99 to the

gate layer 93.

Third Embodi ;
This embodiment explains an illustrative arrangement
of an apparatus, and a recording and reproducing method

preferably used for'recording and reproduction on the

magneto-optical recording media specifically explained in
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dormains in the information-recording |layer so that the nagnetic domain

| ength of the m ni num magnetic domain in the w dthwi se direction of the
track is shorter than the Ilength in the Iinear direction. The optical head
shown in Fig. 2 had a | aser wavel'ength of 680 nm and an optical system
havi ng'a nunerical aperture of 0.55 was used. The effective spot size was
1.2 meron. fher eike. ebBAinéREh | (MPindCHIf dfd N déosagh having a size

of 0.4 mcron are recorded on the

megnet o- opt i gRbodSREAEL ngrﬁsdawriéus 191 "SRR | £n dOIGI NFo %%‘%/i?ngtill nI !

exist within the reproducing Tight beam spot. In the prese

the two MOBGhbEideRPhNFaseR HEaRoPAd fhetnG i CPiSI AL MYat R} ¥hd N

gate layer in ded 1 n the magnet o-optica recordi ng mec

first, the rﬁggﬁgggi_a t%%%r?x\@ﬁ PR Qeli!'%lg? r%arﬁ %%ée%)r%gorﬂepr oduct i on.

However, the recording magnetic donmarn was ranst d he
necause of ¢ nanPEERE PRELPE afiEhrehifGl VR SRS o £ MiledtE e o0

fiéid-applying unit for'applying a controlled magnetic-

fié;d fo the magneto-optical disk 100 during recording and
reprqductioh, and a signal-processing sfsﬁém for detecting
and. processing a signal'supplied-from the magneto-optical
disk 100. 1In ﬁhe laser beam-radiating uﬁit, a laser 22 is
connected to a léser-dfiQiné circuit 32 and a recording
pﬁlse width/phase-adjusting circuit 51 (RC-PPA). The
lase:-driving:circuit 32 receives a signal from the
recording pulse width/phase-adjusting circuit 51 and
controls the lasér_pulse width and the phase of the laser
22. The-recording pulse width/phaée-adjusting circuit 51
receives a clock signal described later on from a PLL
cifcuit 59, and it generates a first synchronization_signal
toladjust the phase and the pulse width of the recording
light beam.

In the magnetic field-applying unit, a magnetic coil
29 fbr applying the magnetic field is connected to a
magnetic coil-driéing'circuit (M-DRIVE) 34. 'During
recording, the magnefic coil-driving circuit 34 receives

input data from an encoder 30 into which data is inputted,

via a phase-adjusting circuit (RE-PA) 31 to control the

This Sheet Has Been Reilaced
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tenperature of the magnifying and reproduci ng | ayer 3 of the

magnet o-opti cal recordi ng nmedium 71 was not nore than roon1tenperature

and it was inpossible to heat the magnifying and reproducing layer 3 up to
a tenperature sufficient to transfer the recording magnetic domain to the
magni fyi ng and reproducing |ayer 3 by using the reproducing power of 1.0

MmN No repr oflaghéeic WsoEl 02an amnﬁaiﬁ Fép&dict Fe) Ve inddifeti’P 'ciuc ng
power was 1.8 nW Next, when the reproducing power was increased to

2.0 mA an éfﬂ@lﬁ@%ﬂﬂc@xé“wsﬁé‘éewe@@tﬂl&ﬂ SN ddbdrided’ 1@t Y Of
the center of the Spot on the magnifying and reproducing |ayer 3 was

heated to begpofrédfss PEE cHLdHE rjd@ (ié Ner¥ite 'BHKIdg donai n having a
ed to t

size of 0.4 n1cron was transferr eated area on the nagnlfylng

d d
gg ERTO ug%e I'n oférraﬁ%n recordl ng Ia@;‘edrmgiﬁl Stl?rpdln tdhe spot wer e
successful Iy Gi§ ‘fiﬂa‘tﬁh%é r&@%&ﬁi}ﬁj ;&ﬂé@@ﬂiﬂﬂ/;{ﬁy&%s@hg

because of t oW ng reason
circuit (RP-PPA) 131. The magnetic coil 29 is controlled

on the basis of the second synchronization signal. 1In

order to switch the s1gna1 +to be inputted into the magnetic
coil-driving circuit 34 between the recording and
reproduction operations, a recording/reproduction

-changeovér switch (RC/RP SWj 134 is connected tb the
magnetic coil—driving circuit 34.

In the signal-processing system, a first deflecting
prism 25 is arranged between the laser 22 and the magneto-
optical disk 100. A second deflecting prism 251 and
detectors 28, 281 are arrangéd on a side of the first
deflecting prism 25. Both of the detectors 28, 281 are
connectéd to.a subfracter 362 and an adder 301 via I/V
convertérs 311, 312 respectively. The adder 301 and is
connected to the PLL circuit 39 via_a'clock extraction
circuit (CSS) 37. The éubtracter 302 is connected to a
decoder 38 via a sample/hold (S/H) circuit 41 for holding
the signal in synchronization with the clock, an A/D
conversion circuit 42 for performing analog-digital

conversion in synchronization with the clock in the same

manner as described above, and a binary signal-processing
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saturation magnetization at roomtenperature is smal'ler than 100 enu/cc in
any of the information-recording layer 5 and the magnifying and '
reproduci ng |layer 3, and hence no nagnetic donmain in the
i’nformation-recording layer 5 was transferred to | ow tenperature portions
at 80 [err]C or less in the Iight beam spot. Nanely, the recording
magnet i ¢ dometircwit O(BBG) &n was successfully transferred only to the
area of the magni fying and reproducing |ayer 3 heated to the tenperature
hi gher than 80 [ er¥r G:heA apfaradtns: iconstavctednaso desicrdheidn abbive , praeedur e
I's shown in Fig. 8A. No reproducing nmagnetic field was applied (H = 0)
during the rlsghtdbedm remis teid) falonmofthen lalseer 22t iieg congeetied ihebdai S

si mul t aneously shown in a |lower part of Fig. 8A Next, the recording

data.was reprpaitalde) rdyhthdeab hyethreoplidc of heeoldinateRdiBAs723under the
same condition as descri bed above by applying, to the magnetic head, an

al ternating magndliightf ibdaih paskes LAPOAGHCLRS dE¥IBL:Aq! behgmofst andl°
(Ce) with nodulation in synchronization with a recording clock As™a

result, a rel ¥ GondensRecebatd vae Hﬁ?ﬂb%@doﬁils V"Plh Eflgbg gﬂuc? jqt he. |

reproductlon signal shown in Fig. 8C, e anplltu he re Rely

signal is | ngeaseéyectavel dens QarmaheQef%hleehhilahensleaﬂbkébﬁeéh&ﬂ thno

reproduci ng magnetic °f
disk 100 is dlrected toward a direction to arrive at the_-
deflecting prism 251 by the aid of the deflecting prism 25; |
The light beam passes through a half-wavelength plate 26,
-and then 1t is divided into those directed to two
directions by the aid of the deflecting prism 251. The
divided light beams are collected by detector lenses 27
respectively, and they are introduced into photodetectors
28, 281. Now, pits for generating a tracking error'signal
and for generating a clock signal are formed beforehand on
the magnetofoptical disk 100. A signal, which represents a
reflected light beam from the pits for generating the clock
signal, is detected by the detectors 28, 281, and then it
is extracted by the clock extraction circuit 37. After
that, a data channel clock is generated by the.PLL circuit
39 connected to the clock extraction circﬁit 37. |

Upon data recording, the laser 22 is modulated with a

constant frequency by the aid of the laser-driving circuit

32 to make synchronization with the data channel clock.

The laser 22 radiates a continuous pulse beam having a

' T HAS BEEN
eet Has BeenRe] laced 80 . TH‘S S;IEEiELACED :
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60 - (Fig. 8A). The anplitude should not be increased if the
transferable area for the nagnetic domain was nerely increased by the aid
of the reproducing magnetic field. However, in fact, the anplitude was
i-ncreased threefold, indicating the occurrence of nagnlflcatlon (and .
reduction) of the magnetic domain transferred to the magnifying and

repr oduci ng nayeow3dwidEhgso8Bhahotheadataetecordihgi area aficthan
alternating nmagnetic field of. H = 130 (Ce) was applied in synchronization
with the recaotiating magnetbt-opticabddiskodd0t bat lébalkppheated af t he
reproduction signal was also increased in this case as conpared with the
case in whi elquad deteedatisng Thgndata thahfelaslogk! isdusédoto Shhtsdels a
wavef or m obt ai ned when an alternating magnetic field of H= 260 (Ce) was

applied in sthehencodelri G0 int Bhet haghetoedfiglatapplyingtinst ceésechdte
anplitude of the reproduction signal was slightly decreased as conpared

with the cagedataHsigaal hﬁ?lngpéofébéﬁeﬁeéaéﬁ&cﬁfpéffbdf£%|éﬁhéﬁhiéﬁwon

Nanely, magnetic domains in the nagnifying and reproducing |ayer

COVFeSpO”d'”@hbod%%aébianal is supplied to the magnetic coil-driving
unit 34 via the phase-adjusting circuit;31. The magnefic".
éoil—driving unit 34 controls the magnetic coil 29 so’ﬁhaé;f
the magnetic field having a polarity corresponding to the
data signal is applied to a heated portioh ip the data--
recording area on the.magneto-opticél disk 100. |

The recording and reproducing characteristic of the

magneto-optical recording_medium prepared in the second
embodiment .was measured by using fhe magneto-optical
recording and reproducing apparatus 101. The optical'head-.
of the apparatus 101 had a laser wavelength of 685 nm, and
the objéctive lens had a numerical aperturé NA of 0.55.
Data were recorded by using the magneto¥optical field

modulation system fd perform recording at a linear velocity
of 5.0 m/sec by modulating the external magnetic field at

| +300 (Oe)‘while'radiatihg the iaser beam in a pulsed.mahner
at a constan£ period, in which the laser beam pulse had a
duty ratio of 50 $. Fig. 11 shows a timing'chart
illustrating the recording laser beam pulse and the
recording external magnetic field with respect to the

recording clock. Fig. 11 shows, at its upper part, a
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i ncl udi ng no recordi ng magnetic donmain were also inverted due to the too
| ar ge reproduci ng nagnetic field, and the reducing reproduci ng magneti c.
field failed to erase the inverted nmagnetic donmains. Nanely, the signa
anplitude was apparently decreased Since the base |line of the signal

| evel was raised when the reducing nmagnetic field was applied.

61 : patterapbgdmihues magnpeiéodoadlnblfernednbyngheheeéardﬁng

t hi ckness from 200 nmto 70 nmfor the information- recording |ayer 5
conposed of pekEoemetl hBedepgpibadopboval Théohihafe nBagnetid, domais t he
sane reproducing condition as that used when the alternating magnetic

field of H =weZ&bfoLhedasthPral s¢de bf 0LASmE8sen.the reproduction
wavef orm was i nstantaneously increased by the alternating reproducing

magnetic field, hgegegr tneaﬁagheeodeﬁaiealv\@é@ordmdmeaﬁhm |6 lesiom t h
adj acent magnetic domains was i npossi ble to detect individual

][ffilgnmet I c domgh@s mnﬁtebﬁabﬁeéseaaéﬁaeﬁstHadfsééﬁ%aeofeéeorkqaé\larml y, the
subjected to reproductlon as follows by using.the apparatus
shown in Flg. 10. The power of the reproduc1ng laser beam
was set to be 2.0 mW. The reproducing clock was
synchronized with.the recorded magnetic domains one bylene.
The magnetic field was modulated into a pulsed form and
applied so that it was syhchronized with the.reproducing
cioek. Fig. 12 shows a timing chart illustrating the
reproducing external magnetic field and the reproduced
signal with respect to the reproducing clock. The pulsed
magnetic field had an intensity of 150 (Oe) (H;) in the
recording direction_and an intensity of 250 (Oe) (Hg) in
the erasing direction, in the vicinity of the center of the
magnetic domain. The duty ratio of the magnetic field in
the recording direction was 25 %. The sample-hold timing
for the reproductien signal was coincident with the
modulation timing for the magnetic field.

As clarified from'the_reproduction waveform (wavefprmﬁ
reproduced with the pulsed magnetic field) shown in Fig.
12, independent reproduction signals were obtained from the

respective minute magnetic domains. For the purpose of

comparison, Fig. 12 also shows a reproduction signal
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thi ckness of TbFeCo of the information-recording layer. 3 was thin as
conpared with the size of the recording -magnetic donai n, and .hence the

| eak magnetic field.thereof was insufficient. According to experinents
performed by .the present inventors, it has been revealed that the . .

i nformati on-recording layer has its filmthickness which is required to be
at |east 100(signal meproducederitiy DRgmgnet i d ikt bRt ined gt i c
dormain of 0.4 mcron. Therefore, it is preferable that the ratio (h/r) of
the thi ckneshe(ma)gmétwefiehmmhsigx¢1aymdukat¢rb. | dergyt h When ivhe tsdgrnalnear
direction (the track direction) of the m ninmum recording magnetic domain
i s not .l ess waanrépboduced - in the same mannefﬁastddsnnxhednabqwg by Thi s
enbodi nent illustrates another specified 62

enbodi ment oappeingoachO-magnetic rebeldiof) 2001 (0o hain rithen rextonding e

equi valent to that of the magneto-optical recording medi um shown in Fig.

7A. This spegitéé€ion. In the case of the DC magnetic field,
reproductidn éignal waveforms obtained frbm adjaceﬁt
magnetic domalns are joined with each other, and it was
1mp0581b1e to separately reproduce each of the mlnute
magnetic domains. Fig. 12 shows, at its ;owest par;,
sample-hold pulse in synchronization with the clock, and a
reproduction'signal obtéined with the pulsed magnetié field
‘after sample-hold. It was revealed that the amplitﬁde of
the analog reproduction signal after the sample-hold was
greatly increased as compared with that obtained without
applying any reproducing magnetic field. Fig. 13 shows a
relationship between the recording mark length and the
error rate, obtaihed by.1-7 mbdulétion :ecor@ing, while
comparing a result obtained when ﬁhe pulsed magnetib field
was used as the reproducing magnetic field with a result
obtained when,the bc magnetié field was used. According to
the result shown in Fig. 13, it is understood that when
reproduction is performed by using the puiéed magnetic
field, the error rate is imprbved, and it is sufficiently

possible to rebroduce data even with a recording mark
length of 0.25 pm. Therefore, it is possible to realize

high density recording and reproduction therefrom by
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enbodi mrent of the magneto-optical recording nmedium corresponds to-the
third aspect of the present invention. Wth reference to Fig. 7B, the
magnet o-opti cal recording nedium 72 has a structure conprising a
dielectric layer 2 conposed of SiN a magnifying and reproducing |ayer
(hereinafter abbreviated as "magnifying |ayer") 3 conposed of GdFeCo, a
non- magnet i pdxftamifq g gprathaificn Myldfplydmg ithieo pudisiednmagoetdicng | ayer
(hereinafter abbreviated as "recording |ayer") 75 conposed of TbFeCo, and
a protectivesridRyajo the agiread-aptSiddl tiexdraings reding accordingektyp
stacked on a light-transm ssive substrate 1 nmade of, for exanple; glass or

pol ycar bonatne dartninveniviens of the dielectric layer 2 may be -
adjusted to be 600 to 800 angstrons (hereinafter indicated by "A"). The

film thickness ofp t¥ifid ebplisieid,| ARy dhtipradrdcadifuthedniagneeic50 to 100
A.  The filmthickness of the non-magnetic layer 4 nmay be adjusted to be

50 to 300 Afidiwe fd 128 t’h'ﬁkﬂﬂﬁé? rédcordihg Aidetition axoncéTning kbeadj ust ed
to be 500 to 3000 A. The filmthickness of the protective |ayer 1 may be

adj usted 10 L&, Rlifhdihd Q%tﬁtiﬁ‘%f&%?%éd’efdxaxﬂ{es z@@to%clh@r med by neans

of the magnetron sputt@ering nethod by using Ar as a sSputtering gas.

In the stackggesiithl Ur SiR¥E, tHd GutiPrdti® can be appropriately |
changed within a range of 15 % to 90 &, preferably Qithinfa
~range of 15 % to 60 %. 'Namely, it is desirable to adjust_.'
the duty ratio of the magnetic field in the recording
direction for the feproducing magnetic field.so that ghe
magnetic domain is most -appropriately magnified in the

reproducing layer.

Fourth Embodiment

This embodiment illustrates a modified embodiment of
the recording and reproducinq apparatus described in the
third embodiment. A recording and reprodhcing apparatus
103 shown in Fig..14 includes the components of the
apparatus shown in Fig. 10, and it further comprises a
reproducing pulse width/phase-adjusting circuit (RP-PPA) 53
for pulse-modulating the reproducing light beam in
synchronization with the PLL clock, and a
recording/reproduction changeover switch (RC/RP SW) 55 for
switching the recording pulse and the reproducing pulse

during recording and reproduction. The other respective
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63 reproducing layer 3 is not linmted to GdFeCo, which may be.
GdFe, GdCo, or ThCo, or a magnetic fil mconposed of one elenent selected: . ..
fromHo, Gd, Th, and Dy, and one element selected fromFe, Co, and Ni. 3dn’
place of SINATi, the non-magnetic |ayer 4 may be conposed of AIN, TiN,
SiJerr], Aferr]Jerr], SIC TiC ZnO SIAION, ITQG or Sn®2. The o
recordi ng | @pmponents aee thei tanet ast BhoseFefothel ngcortling amg be a
single-layered magnetic filmor a nulti-layered magnetic film conposed of
an el enent s¢leptioaicingmapparByusatdiNdxplaidedninl ehenthiedected from Fe,
Co, and Ni. The recording |layer 75 may be a single-layered magnetic film
or a multi- dnbvdis@ntegnatcertinglooneeseespbndingl eomponentecarel from Pt
and Pd, and an el enent selected fromFe, Co, and NN. Further, it is also

possible to Jfegighdeed Bycthal Saki eBfe¢aRckenumedali sy éhﬁléﬂ@fﬂdﬂc¢ﬂg
| ayer, the recording layer, and the non-magnetic |ayer as disclosed

herei n. whil® Ri1ncbel 8mettkRe nagneto-optical recording nedium of the.'.
present invention will be explained with reference i '

The recording and reproduc1ng characteristic of the
magneto-optical recording medium prepared in the third

embodiment was measured by using the recording and

reproducing apparatus 103. The laser 22 of the recofding O
and reproducing apparatus 103 had a wavelength of 685 nﬁ,
and the.objective lens 24 had a numerical apeiture NA of
0.55. Data was recorded by using the hagneto—optical fieid
modulation system to perform récording at a linear velocity
of 5.0 m/sec by modulating the external magnetic field at
1300 (OCe) while rédiating=the laser beam in a pulsed manner
at a constant peridd, in which thé laser beam pulse had a
duty ratio of 50 §. The timing of the recording laser beam
pulse.and of the recording external magnetic field with
respect to the recording clock was the same as that
illustrated in the timing chart shown in Fig. 11. The
minute magnetic domains were formed with a size of 0.4
" micron.

The magneto-optical recording medium, on which the
minute magnetic domains had been recorded as described
above, was subjected to reproduction as follows by using

the apparatus shown in Fig. 14. The intensity of the
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to Fig. 17 and Figs. 18A-and 18B. In the case of the nmagneto-opti-cal
recordi ng medium 72 of this specified enbodinment, a mnute magnetic domain
7 in the recording layer 75 is firstly transferred to the reproducing

| ayer 3 in accordance with nmagnetostatic coupling by radiating the
reproducing | aser beam and then the transferred magnetic donain is

magni fi ed andrepabdubiarfl.1a8@n Hdam Mg ficdulatild @t a consdiang pedt;ual i's
irradiated with the reproduci ng

| aser beam tie gﬁfmﬁroaiwaldjrﬁwﬂwtﬂwww;ddnngomm.onméhe medi um as

shown in Fig. 17. Fig. 17 shows .a graph iIIustrating the rel ationship of
the tenper at Wgppdduting Jer Peamhhaid p l;ibvie‘iGAIPr PCEE 4 IS GhW Qdhd
obtai ned when the magneto-optical disk |s irradiated wth the repr oduci ng

light. beam i ng ghttUm fhiBr (B, 88 desPmnat UrRe BESR &xtpiSario s hagkvard
position fromthe spot center of the reproducing |ight beam This

tenperature &éﬁg'wts SR x f&dddl ?dnfa%p t«'i%sff%lanwsnﬁaaﬁiaia&' on

of the recordin ayer 75 1n peC| erature area
in synchronlzatlon with the reproducing clock with respect

to the recorded magnetic domains one by one, in the;same
manner as described in the third'embodiment. ‘The pnlsed
magnetic field had'nn intensity of 150 (Oe) (H;) in the
recording direction and an intensity of 250 (Oe) (H,r_in
the erasing direction, in the vidinity of the center.of the
magnetic domain. The.duty ratio in the recording direction
was 25 $%. The sample-hold timing for the reproduction

' signal was coincident with the modulation timing for the
magnetic field. Fig. 15 shows a-timiné chart illustréting
the reproducing external magnetic field and the reproduced
signal with respect to tne reproducing clock. As shown: in

" Fig. 15, reproduction was performed while allowing the
dropping or fall of the reproducing laser beam pulse £ol
coincide with the dropping or fall of the reproducing
magnetic fiel& pulse.

As clarified from the reproduction waveform {(waveform
reproduced with rhe pnised light beam and the pulsed
magnetic field) shown in Fié. 15, independent reproduction
signals were obtained from the respective minute magnetic

domains. For the purpose of comparison, Fig. 15 also shows
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to the reproducing | ayer 3. Wth reference to Fig. 18A, explanation
will be made for the process in which nmagnetization of the recording

| ayer 75 is transferred to the reproducing 1ayer 3a only at the central
portion (high tenperature portion) of the reproducing |Iight beam spot. For
conveni ence of explanation, only the recording |layer 75, the non-magnetic
layer 4, andy tyeprFedidith i gritie’ (s3gnile repreduded-wd.th DBALligher belimch
the tenperature distribution, obtained when the magneto-optical recording
medi um i s irgpdlimt ephdideid e e PP oMlEnEd ih@h tIRAPighal, was :
si mul t aneousl y shown.  When the nmagneto-optical recording nediumis

i rradi ated Wdbrddifced o QL dind infiliind1e B We¥oribeld) abowegngt i ¢ domain 7

in the recording layer 75 in the high tenperature area having a

t enperature ) v f t
Cif%l*ngiée 4 B 18 U Bl Helvithd YRS ipowet ol 305 Al 8fd! O

t he reprodu 3 via the non-nmagnet’c

65 BE mAmet FEFRIE ORI (be VU L Tt 3AGE aiFBERTbRZAL T ON

as that of the mg I ¢ domal n
In the case of the DC light beam and the DC magnetic field,

reproduction signal waveforms obtained from adjacent
magnetic domains are joined with each other, and it was
impossible to separateiy reproduce each .of the minute
magnetic domains. Fig. 15 shows, at its_lowést part, a
sample-hold pﬁise in synchronization wiﬁh the élock, and a'.
reproduction sigﬁal obtained with the puised magnetic field
after sample-hold. In this embodiment, the magnétization
at the éortion of the magnetic domain-magnifying and
reproducing layer in which no magnetic domain to be
transferred exists can be effectively prevented from
inversion by modulating the repro&uding light beam. Fig.
16 shows a relationship between the recording mark length
and thé error réte,lobtained when 1-7 modulation recording
was performed, while comparing a result obtained when the
pulsed laser beam was used as the reproducing 1i§ht beam
with a result obtained when the continuous light beam (DC
light beam) was used. According to the result shown in
Fig. 16, it is understdod that when reproduction is
pe?formed by using the pulsed light beam, the error rate is

improved.
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recordi ng | ayer 75, appears in the reproducing layer 3a. In this case, the
magnetic domain is transferred fromthe recording |ayer 75 to the -
reproduci ng layer 3a via the non- nmgnetic |ayer 4. Accordingly, the
transfer is effected by the nagnetostatic coupling rather than by the
exchange coupling force. In order to performthis type of transfer, it is
preferabl e to useItadst hetedpthdticthg tapéng3andathendutyi ratidnofihthé
behaves as an in-plane magneti zable filmat roomtenperature, and which
behaves as arepeodacdngulldghy begmepulablethel timing amdpthatduey oatiess
than a predeterm ned tenperature (critical tenperature). The critica
tenperature of theakreprotiubingamagngeiof £i680d pulid€p andrike podlasity
preferable to use a nagnetic filmwhich quickly changes from an in-pl ane
magnet i zabl eoffi ket ¥eprodacpagdmaghetliy fRenat padséemay | beEkangédarri ves
at a tenperature within the foregoing range. An index to indicate the

degree of qudependingeoh’ ehet BerhbtikanandreaactomPES ELidh Bf Othée
per pendi cul arly magnetizable film is exenplified by the tenperature

-coefficient @e@fiufmle FB&Vex&ﬂb@éLOEsaéﬁbEaiKE& fROSRLOA PREAES | déSEPLRAY
medi um according to this enbodi nent uses a magnetic filmhaving a--

tenperature qaeklk 6h§NihenOth8OkepPSdutIAg §l@erﬂ§€ﬂnéhﬁagﬂ@ﬂﬂ@tffei&'n1

whi ch behaves as an in-plane magnetizable™ filmat roomténperature, and

whi ch behaveggagsdd, the duty ratio of the magnetic field in the
recording direction may be controlled to be within a range

"of 15 % to 90 %.

Fifth Embodiment
In the third embodiment, the clock signal is outputted
from thé PLL circuit 39 £o the phase-adjusting circuit 31
and the reproducing pulse width/phase-adjusting circuit 131
for driving the magnetié coil, as well as to the recording |
pulse width/phase-adjusting circuit 51 for driving the
laser. The clock signal in the fhird embodiment is
generated by the embedded clock extraction circuit 37 by
" detecting the reflected light beam from the pifs formed on
the substrate of the ﬁagneto—Optical recording medium 10
(100). 1In the fourth embodiment, the clock signal is
outpuited from the PLL circuit 39 to the phase-adjusting
circuit 31 and the reproducing pulse width/phase-adjusting

circuit 131 for driving the magnetic coil, as well as to
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66 per pendi cul arly magnetizable filmat a tenperature not |ess
than the criticdl tenperature, is used as the reproducing layer in the
nmagnet o-optical recording nedia according to. the various aspects (the
first to fourth aspects) of the present invention, it is preferable to use
the magnetic filmhaving a tenperature coefficient C of not |ess than

8.0. For detiaid setoridithg Pulder itk hypihaed-fadjustdng edrendtusd anef fici ent
C, reference may be nade'to "Washim et al, Proceedings of 43th Lecture

Meeting of AR pedshdAUSIng poAd e i dhiyPphade-aidjudtingDcd&cuitosp" for

In order to carry out the transfer of the type shown in Fig. 18A it is

appropri at e 4,0 55k e Gusdzlle TN & 1dek o ifgvall Ha henEougthi | m to be used
for the reproducing |ayer 3a. The materials described in this enbodi nent

o ¢ orar GBI, 20 ddlexst P i qms SHGo otsesind ano

domain 7 i's o{fA0Fd o7 cbiterdlfl "EXBUK) by WBcktdnicP thiee reflieeted N
light beam from the pits formed on the substrate of the

' magnéto-nptical recording medium. This embodiment
illustrates various methods for genefating'the clock, which
are especially effective to pulne;modulate.the reproducing
external magnetic field and the reproducing light beam in
thé reproducing apparaﬁus (the recording and reproducing
apparatus) according to the present invention. |
fhe method for generating the reproducing clock

includes the following three methods. The first method is
based on self PLL synchronization; the second method is
based on external PLL synchronization, and the third metnod
is based on two-period sampling. As for thé constnﬁction
of the apparatus, in order to realize the first and third
methods, it is preferable to use a signal-processing system
in which the embedded clock extraction circuit 37 is
omitted in the apparatuses shown in Figs. 10 and 14. On
the other hand, in order to realize the sécond method, the
signal-processing system of the apparatuses shown in Figs.
10 and 14 may be used as it is;

Fig. 23 explains the concept of the self PLL

synchronizaﬁion as the first method. In Fig. 23, recorded
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| ayer 3a, an external nmagnetic field Hep is applied to magnify the
magneti c domain 8 as shown in Fig. 18B. An alternating magnetic field is
used as the external magnetic field Hep to be-applied. Wien the polarity
of the alternating magnetic field is identical with that of the

magneti zati on of the magnetic domain 8 transferred to the reproducing

| ayer 3a, MBgAghéE€id0MGMAEN S mBFndelE NEatke) SHBIidmstdetededhat of the
magneti zati on of the magnetic 67

domai n 8 appggilbwedOb Béfﬁ% PEOEESHEA Lisy tHife NI 1301 dat@iFLIS 29Thus, the
transferred nmagneti c domain Is magnified. The nonent the transferred

magnetic donghgyR if rﬂggniéi €6r Figl S14lp! eorisk A% VUK ®HIGEs on signal by
the reproducing apparatus described |ater on. - The magni tude Hep of
t he nagnlfylggnéfg @qucing magnetic field applied upon the reproduction,
and the relationship between the foregoing nmagnetic field and the size of

the mark (magnet i gy domRt ginaPPARL ApnORrhifzat A HLGIGH dite Fedkie been

exact.ly explained ' I'n
method will be explained with reference to Figs. 24 to 26.

Fig. 24 shows a partial enlarged view of a magneto;optical
recording medium 10 obtained when the magneto-opticél
recording medium is designed to have a land-groove
structure. Pits 10P are provided at a constant period at a
land 10R (6r at a groove) of the magneto-optical recording
medium 10. The pits 10P are optically detected to generate
a clock'in conformity with the detected period. 1In this
embodiment, those provided at the land 10R at a constant
period are not limited to the pits 10P, which maf be those
optically detected such as projections and any change in
material quality such as crysfal states. Fig. 25 shows a
partial eﬁlarged view of a magneto-optical recording medium
-10'-obtaiﬁed when the magneto-optical re&ording medium is
deéigned to have a wobble-type land-groove structure. In |
the case of the wobble-type land-groove'structure, a period
of thé wobble is detected, and thus a reproducing clock
Signal can be generated on the basis of the detected
period. |

Fig. 26 shows a partial enlarged view of a magneto-

optical recor&ing medium 10" provided with fine clock marks
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foregbing section of the explanation for the principle ﬁﬁth

reference to

the hysterésis curve shown in Fig. SA . Fig. 19 shows dependency of- Hn
and He neasured by using the magneto-optical .recording medium 72 shown in
Fig. 7B, on the reproduci ng power. The reprodUC|ng | aser beam had a

mavelength of 830 nm When the reproducing | aser beam power

S |narang

of 1.0 to 2.20M/in apliace i Etthelipites enive whdcl thee maspretide-optd dal
Therefore, the external nagnetic field Hep may be deternined between Hs
and Hn det errecerd iy atedign ols tdes igrsad cio \mavee @ dcind-roqventype For
exanpl e, when the reproducing | aser beampower is 1.4 mW the external
magneti c fi eserepur@y DPhéefindadVeek mAfks kDR wan B présdded »E tap Fi g.
19, the external magnetic field Hep can be decreased in accordance wth

i ncrease in spgcing’ @fisande | AsEEh bberagsrEXimatily iR waiey a&f thiee

altefnating magnetic field can be within a

range of 0.5gh8cPndMistance WLEIWRIADSEIR Pt tIUP BHBNAL 16 YA 24 0 the

are formed. When one fine clock mark 10F is regarded as a

single wavefofm, the wavelength (length in the track

direction) may be adjusted to be 1/300 to 1/50 of the

spacing distance between the fine clock marks.lOF, and the -

amplitude (amount of variation in the widthwise directioh

of the track) may be .adjusted to be 100 to 300 nm.

Fig. 26

shows the structure in which the fine clock marks 10F are

formed on the wall on only one side of the land 10R.

However, the fine clock marks 10F may be formed on walls on

both sides of the land 10R} The fine clock marks 10F ma&

be detected by using a photodetector whose detection area

is divided into four, in which when a sum signal from each

divided detection area is observed, a waveform is obtained,

resembling the shaﬁe of the fine clock mark 10F shown in

Fig. 26. The reproduction waveform thus obtained may be

compared with a predetermined reference value to obtain a

binary signal. A clock signal for external synchronization

can be generated by makin§ synchronization with the rise

timing of the binary signal. The magneto-optical recording

medium having the wobble-type land-groove structure as

shown in Fig. 25 may be provided with the fine clock marks
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reproduci ng |l ayer 3a and magni fyi ng and -reproduci ng the nagnetic domain by
the aid of the external magnetic field, it is necessary to once erase the
magni fi ed magnetic domain in order to transfer, magnify, and reproduce the
next nmagnetic domain. Two nethods are available to erase the nmagnetic
domain. One nethod is based on the use of the mninmum stable nagnetic

domai n radi ugodehsr shoefl SRPRIFL NP6. ONAt BEoéN PEi@ial hEoraiidilat fid Rehel he
size of the recorded magnetic domain provides different stabilities

dependi ng OnrepPBdAEIRGPERELENAETREGAELIE, £PETH | dnd foli €Hd réPgrddicifigut e
magneti ¢ dommins to stably exist at"a low tenperature. Fig. 20 shows the

m ni num st abh gq Hégﬂéamcmﬂ?”ﬁénekéFaééea[ffé& tid £1Ye "EOEAL irfa 8T8 g Whi Ch
can be stably éxist as defined 1n the expression (1) descrlbed above W th
respect 1o thgq aeaaeaa&uaﬁneihslaaﬂ' féé@f&ﬁ?m kfe

rferr] decreases as the tenperature o the magne |ncreases n

t he case of e{BbH f reproducing layer 3, r[err] at room
t enperature ?ggoggb iflggGﬂ?err?m and rferr] at 120 [err]Cis 0.1 [err]m

Nanely, magnetic gggal 9% {:Pfgilag eSRe éﬂglge%J%é g‘lglgéer%@g,e}tj[% y exist at

120 [err] C. Howeve magne onal ns err]n1cannot
stably exi st ne.s t i g, p -
t he magneti ngﬁﬁB!LRQ ﬁ%l‘\:/gsggs ovvsgoljﬁg %g&rgam S pffa a %&f‘%‘?

unit recording magnetic domain (a shortest recordlng domaln:'
| .or a unit bit) 87 is subjected to reproduction, followed by
being processed by the adder 301 and PLL 39 shown in Fig. -
10 (or Fig. 14) to generate a clock 85. During this
process, the PLL circﬁit'39 is designed to produce £he
clock 85 of one period or mere for the unit recorqing
magnetic domain 87. it is possible to generate the clock
having a frequency higher than that obtained from a
repeating period of the unit recording magnetic domain 87.
In the present invention, when the reproduc1ng light
beam and/or the reproduc;ng external applying magnetlc
field is pulse-modulated, it is allowable to generate a
first synchronization siénal and/or a second
synchronization signal on the basis of a reproducing clock
generated by using any one of the foregoing three methods. -
When the recording external applying magnetic field and/or_.
the recording light beam is pulse-modulated, it is also
allowable to ﬁse a reproducing clock generated by using any

one of the foregoing three methods.
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69 principle. Nanely, the magnetic domain in the recording |ayer
Is transferred to the reproducing |layer at the <central portion (high
tenmperature area) within the reproducing |light beamspot, and it is

magni fied by the aid of the nagnifying reproducing magnetic field. After
that, when the magnetic domain enters the |ow tenperature portion wthin
the reproducing light beam spot, the m ninum stable nagnetic domain radius
beconmes large with respect to the transferred and nagnified magnetic

domai n. Accordingly, the magneti csSigtini Emsgpdimemeous! y di sappears. The’
method for erasing the magnified nmagnetic domaiin is not limted to this

enbodi nent, whi ch Ass expllaitmd dn ahehembodiaentepdeseribedcabdvey wheéna and
the reproduci ng nethods therefor according to'all of the aspects of the

present i nverlieimagneto-optdididl rezodiddnomediam 10 {(1007ag02Y)i ¢sdomain
transferred to the reproducing layer 3 and magnified therein is based on

the app"Cal'éﬁbjécﬁédﬁﬁﬁ“ﬂép%dadﬂﬂioh$rthEaék%%r%aQ'mﬁﬁhbﬂﬂcoﬁﬁéiatisto

that of the externa
applied, and the reproduclng laser beam is radiated by
using the apparatus shown in Fig. 10 or 14 -This .
embodlment illustrates 1nvest1gat10ns on the condltlon for
applyipg the magnetic field most preferable fqr
reprodugtion based on magnification of the maénetic'domain.

In the reproducing method for the magnetd%optical
recording medium'according'to the preéent invention, any
one of the "continuous (DC)" and the "pulsed” can be |
selected for the magnetic-fiéld and the laser beam
respectively. Therefore, the following four combinations
are considered.
(1) lasér'beam:'continuous light beam,'magnetic field:
continuous magnetic field;
(2) laser beam;.qontinuous light beaﬁ, magnétic field:
pulsed magnetic field;
(3) 1laser beam: pulsed light beaﬁ, magnetic field:
~continuous magnetic field; and

(4) laser beam: pulsed light beam, magnetic field: pulsed
magnetic field.

Of the foregoing four combinations, it is necessary

for the combinations (2) to (4). to adjust the magnitude of
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magnetic field Hep applied when the magnetic domain is nmagnified, as
expl.ained in relation to Fig. 5B in the foregoing explanation for the
principle. Fig. 21 conceptually shows the neighborhood of the magnetic
domain 8 in the reproducing |ayer 3a shown in Fig. 18B, illwustrating a
situation in which the magnified magnetic domains 8a, 8b are reduced by

appl yi ng the ¢hegpelsed 18kdr b@amlarthnedpﬁﬁgéaOﬁagﬁaesetﬁléndtaﬁto@f t he
ext er nal magnetic fiel.d Hep. The

magneti c fi ekfieHbotusaddt ehecdifengt 86 Bag 1£ed0BIn €RE H&sdederenged on
the basis of the  hysteresis curve shown in Fig. 4B. The principle of

reduci ng t he copthifaits ofOqRl!) Béfe?éﬁéeaiéeﬂﬂaeeﬁ@|Fi@?dzsﬂ if! whien to
Fig. 5B, which will not be descri bed agai n. he mavefength of the

| aser beamu f y e [ [ ed
for reproduc??%nh?gbiggg g?gﬁaglgggg?%BB%%En%?agﬂgaoﬁ?ggﬁgvgh?eh§° %$§ :

col | ecting tlpe, bR £9RRE R oHRY S AaBHATE fidh APRAGHIEuGE wRiSR {g!! Owabl e

error: 0.05). e“spol size o | aser
different from that of the external magnetic field Hsr

applied during the process to erase the magnetic domain.

It is assumed that the magneﬁic~domain-magnifying and
reproducing layer has a coercivitY'of Hcl, and the leak
magnetic field exerted on the réﬁroducing layer by the
recording magnetic domain in the-fecording layér is‘Hst. A
magnetic field H = Hcl + Hst is required to erase the
transferred magnetic domain. On the other hand, it is
sufficient to use the magnetic field Hcl in order to
magnify the transferred magnetic domaiﬁ. on the othér
hand, it is desirable that no influence of magnification
and reproduction remains wheh adjacent.magnetic domains are
subjected to repréduction. For this reason, the time T1
(the duty of. the magnetic field in the recording direction)
required to magnify the magnetic doﬁain is shorter than the

- time T2 required to erase the magnetic domain, which is
preferably within a range of 0.15 < T1/(T1 + T2) < 0.9.

This range is also preferred from a viewpoint to avoid

overshoot in the waveform of the reproducing magnetic field
as described later on. More preferably, 0.15 < T1/(T1 +

T2) < 0.6 is satisfied. An optimum value is selected for.
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beammay be 1.0 [err]m (allowable error: 0.1). -In this specified
enbodi nent, expl anation has been nade for the case in which the mnute
magnetic domain in the recording layer 75 existing in the high tenperature
area at the central portion within the reproducing light beamspot is
transferred to the reproducing layer 3. Besides, it is allowable to use a

method for takeShinied 34 n THENBEESsUBFRLVEAreSLS! ERGtbPsAstenkygrd high
tenperature area or in a frontward | ow tenperature area wthin the

reproduci ng kda%tettmremobha&acweis_eiesosft BRe "RdgReLic eﬂg,lt,{afe! gbgcording

medi um of the former type, a perpendicularly nmagnefiza mis used for

the orePr oduclead:Beiing? el malbficRBUBREAENL| foBBRlIYnA el 2 121 1O

magnetic field in order to alig netization rection of the

repr oduci ng | ayer 1} Rle0bBscdBE"Unk’ EaHbERELI¥h! 3} ek CPLRENCA Mol gser

beam Wen the ,

| rradiated wilihel 15 i3T6st"ER0 cBRAREELALhAE: fhniBn "B A ELLB " NaVi O
domain is magnified by transferring the magnetic domain in - |
the recording layer to the reproducing layer to give a widél
temperature distribution., Accordingly, the duty of:ﬁhe
pulse of the laser beam is preferably within a rangé!bf 20
to 70 3. In the case of the combination (4), reference is |
made to Fig. 28B which shows a rélationship between tﬁe
applied magnetic fields (Hex, Hsr) and the period of the
laser pulse. As shown in Fig. 28B, the laser beam (the
laser power is represented by Pr in Fig. 28B) is preferably
radiated such thqt the laser beam is turned ON/OFF once
during the time T1 to magnify the magnetic domain and
'during the t%me T2 to erase the magnetic domain |
respectively. 1In the present_invénfion, it is possible to
use any one of the methods base& on the combinations (1) to .
(4) described above. However, in order to most reliably
magnify the magnetic domain, it is necessary not to cause
any change of magnetic domain magnification at the portion
of the reproducing layer located just over the portion of
the recérding layer in which no recording magnetic domain
is recorded. For this purpose, it is necessary to locally

lower the film temperature of the reproducing layer at such
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predeterm ned tenperature or higher is transferred fromthe recording

| ayer 75 to a magnetic domain in the reproducing layer 3 .wvia the

non- magnetic layer 4 in accordance with magnetostatic coupling. After
that, the operation is perfornmed for nmagnifying (and erasing) the magnet i c
domain as shown in Fig. 18B. Those preferably used for the reproducing

| ayer appropal gbgif ebn! Necans1 &Sk 1y NAIERTAN ddikaRe] eft ik UStemrtarn d1itay

tenperature area at t backward portion within the reproducing |ight beam

spot i ncl udeyge pRYE ﬂ'ﬁe&h' i&f&d@&@f&h of AIrENdPy RO PYEIIOtdT0r e
rare earth netal’s such as Th, Dy, and Gd and one or nore transiti-on

netal s such Béﬁ%%%“ Hfﬁg%gtl° twiéhrgﬁg &ggéa ﬁébﬂg%hcffxélaguﬂidh

GdFeCo, &dFe Those used or the non-magnetic |ayer 4 and

the recordi ”gn%xgﬁ%rg% Hﬁiebﬁagﬁiffé%éﬁ% NAsEa R I PEG OV e.

In the nmetho errln e magneti c domaln exlsting |n the

];)re(rjgg\rllvglrgu: Oﬁfﬁﬁﬁggé Nﬂég%ﬁ ea%‘lv)q:énﬂlhghéjsed %epr%d%ﬁ ng' I ayer. tiI'hg

having. Such BOBFGRRPEYPERAFS (kb Bt S {08 flef, BT 2 |2V

with the reprod ng | ager, . beamto raise the tenperature to be not less
than a pred Hﬁ' gﬁ ?gnﬁgpature (Curie tenperature). In this :

In Figs. 28A and 28B, the magnetic field having the

rectangular or square waveform is used as the alternaiing'
-magnetic field to be applied. However, any magnetic field-
haVing any arbitrary waveform may. be used provided that £he
waveform does not substantialiy cause ovarshoot, because of
the following reason. Namely, if there is overshoot in the
waveform of the magnetlc fleld, i.e., if there is a steep
rise in the waveform of the magnetic field, and the maximum
(peak) magneticlfield intensity of the rise has a value
exceeding, for example, Hn in the hysteresis curve shown in
Fig. 5A, then the magnetic domain in tﬁe reproducing layer;
.~which is located over a portion of the.information- |
recording layer, is inverted, and it is read.as a signal,
even when the portion of the information-recording layer
contains no recarding magnetic domain. In order to avoid
the overshoot, it is possible to use a waveform of a
triangular wave as shown in Fig. 29. The use of a magnetic
field having such a waveform makes it possible to mitigate

the change in magnetic field during magnification and

96



72 _ case, the direction of nmagnetization of the recording |layer 75’
is coincident with that of the reproducing |ayer 3 when . the signal is -
recorded. Wien the reproducing | aser- beamis radiated, and the tenperature.
-of the reproducing layer 3 .is raised to be not |ess than a predeterm ned
tenperature, then the nmagnetization in such an area is erased. Therefore,

the area havigygiiieat@"RAGRE¥ieatabnl 8FSthBamaghbeipr aomatnli nede
tenperature is in a state’in which no signal is recorded. Transfer is.

perforned onlkgavlfdrie isf hot! Wakd tear tboghBavrigngulavewaverperst ise within
the laser beam and the signal is reproduced. After that, the operation

for ”HgnifYWE?é§¥H¥a'Hwnﬁﬁﬁéﬁﬁﬁﬂﬁhks Javerbring ppeviaeaedhae €hewn in Fig.

18A.h ghpsela ropriately use as theé reproducing |ayer 3 based on this
met hod inclu g fiigl :

. %@ee%ﬁél 5 @Fﬁaﬁaﬁ?d ifgtréisad By usiflgaghe! fEvaEorm
sel ected -fromTe, , an? ﬁ . _Those uSable for the non-nggnetic Ia?er 4

and the recorgid}y JA%LTs it WabedBrS 8iRtb8ddhioWaVEoriie! CReLEngRIAE! BEd

above.
square waves may be used on condition that the overshoot

does not occur. Fig; 30 shows an example of a circuit for
generating a sinusoidal or sine wave'éppropriate to-bé used
as the waveform of the'reproducing magnetic field. A
réproducing_magnetic field having a sine-wave or éinusoidal.
-waveférm can be generated.by incorporating the circuit as
shown in Fig. 30 into the magnetic coil-driving cifcuit 34
of the recording and reproducing apparatus 101 (103) shown
in Fig. 10 (Fig. 14).

Figs. 31A to 31D shows the dependency, on-the applied
magnetic field, of the reprqduction signal (amplitude)
obtainéd when'the_foregoing condition (2) was used, namely
when reproduétion was performed with the Qontihuous laser
light beam and with the éﬁlsed magnetic field. The
magneto-optical recording medium shown in Fig. 7B waé used.
The laser beam had a wavelength of 830 nm and a power of -

1.65 mW. The linear velocity was 1.7 m/sec. Recording was
pefformgd for domains of 0.4 pm at equal intervals. The

external magnetic field was H = 0 in Fig..31A, H = 130 (Oe)
in Fig. 31B, H = 215 (Oe) in Fig. 31C, and H = 260 (Oe) in

Fig. 31D. The duty of the magnetic field pulse was T1/T2 =

97



Wth reference to Fig. 22, it is possible to conmbine the systemfor
causing transfer at the backward high tenperature area within the _
reproduci ng |ight beam spot and the systemfor causing transfer at the
frontward | ow tenperature area within the reproducing |ight beam spot.
Fig. 22 shows a recording |ayer 75, a non-magnetic layer 4, and a .
reproduci ng LlayehAs3flopf themagnefornpof cthe rmagmeltivy £iheld ynamf this type, .
and a tenperature distribution 73

thereof. |In aheecnating mhgnevjcefbeddthaving ea wavefpormesimilad tdithe ype,
the reproducing layer 3d is nmagnetized in a certain direction by using-an
initializingsingseidal bresiné wave was)ubded or eThhei detsetbed cd bghdD
reproduction. After that, when the magneto-optical recording nmediumis

i rradi ated wihBehbgtyonas DREfeassd 88.0tké i éotenmal Sappbeity mdgeti@h
tenperature portion 19 in the reproducing layer 3d. A magnetic domain 20,

which is |ocgieddf wast Vacfessedl (1TReNigbereIPP’ RErivedOdt | #sdturatich
frontward position.in the disk-traveling direction), is magnetized in the
same - level at H = 260 (Oe). The increase in the reproduction

signal caused by applying the external magnetic field

indicates that the magnetic domain transferred fromfthe

recording layer to the reproducing layer is magnified.

Seventh Embodiment
Fig. 32 shows a modified embodiment of the recording
and reprodﬁcing apparatus 101 shown in Fig. 10. In the
regording and reproducing apparatﬁs 101 shown in Fig. 10,
| the external magnetic field is appiied from the position
over the mPgneto-optical recording medium 100, and the
recording liéht beam and the reproducing light beam are
radiated from the position under the magneto-opticai
recording medium 100, i.e., from the side of the sﬁbstrate;
In a recording énd reproducing'apparatus 105 fér the
magneto-optical recording medium shown in Fig. 32, it is
poséible to apply the external magnetié field and the
recording and reproducing light beams from an identical
direction. 1In ordér to rea;ize such an aérangement, the
recording and reproducing apparatus 105 comprises a

magnetic coil wound around an objective lens 24 for

- 98



direction as that of a magnetic domain 21 in the recording |ayer 75, and
hence it can be reproduced by magni fying the magnetic domain 20. A
magnetic filmused for the reproducing |layer 3d has the follow ng
characteristics, assuming that it undergoes a tenperature at which

magneti zation is transferred fromthe recording layer 75 and a tenperature

at which or donestintpehdhirdprotwiely 2dightn bearer ased. Nanely, the
tenperature for transferring nagnetization is preferably within a range of.

80 to 120 [err] Crifd 3hesHRP e aeditmi @treicitire ofignaiaignatiocoptical
preferably within a range of 130 to 170 [err]C. The initializing nmagnetic

field, whichedgombasy Midnmm DROIgHYfGablie ustid EHiCithe aReoaiding, and
preferably has a magnitude of not nore than 1 k (Ce). Those appropriately

used as the pdSRSARIGId hpattud 105 Udhel niEfiistid-Optilcalc eerorad ngf
TbCo, Dy, and %ﬁel erred]nt ésel ected fromFe, Co, and Nip.( 9

e A&8REn VPP U & mdd it WA il fBeYertt Faéni e ecor ding

yer. 75 may Dbe sel ected fromthe naterials described
structure shown in Fig. 7B. Namely, the magneto-optical
recording medium 79 has a structure comp;ising an
information-recording layer 75, a non-magnetic.layer 4, a
magnifying and reproducing layer 3, a dielectric layer 2,
and a protective layer 76, the layers being stacked on a
éﬁbstrate 1. When the magneto-optical reéording medium 79 -
is subjected to recording and reproduction, the light beam
is radiated and the magnetic field is applied not from the
side of the substrate 1 but from the side of the protective
layer 76 (frbm the side of the magnifying and reproducing
layer 3). Accordingly, it is not necessary for the
substrate 1 to use a trahsparent material. The substrate 1
may be composed of an opaque material ihcluding, for
example, metal materials such as aluminum. Further, a
magneto-Optical_reCording medium capable of double-sided
Irecording, i.e., recording on both sides may be designed by
stacking, outside the substrate 1, one more stacking
structure on the stacking structure shown in Fig. 33 so
tﬁat the two structures are symmetrical in relation to the'

substrate. The magneto-optical recording medium capable of

" double-sided recording has a twofold recording density as
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above. Second Enbodi nent ~ In the first _ :
enbodi nent, the sinple structure conprising the magnifying and reproducing

| ayer 3 and the information-recording |ayer is successfully used to
transfer the m nute magnetic domain fromthe information- recording |ayer
to the magnetic domai n-nmagni fying and reproducing | ayer and nmagnify and
reduce the tcofipheededitliaghet conveneionall magsetoropeidaklirerardingist r at es
a nmagneto-optical recording nmediumprovided with a gate |ayer which makes
it possible mediamect Espeyiabky pfwken! tiel nagnetvd-optieal cretoxdimsg i n t he

I nformati on-recording |ayer existing within the reproducing |Iight beam

spot. This  pRdignocaphblél of cdailleds ided urecord tsgoisissulpjedteed to
magnet o-optical recording nmedi umaccording to the second aspect of the

present inveppeRding and/fepiddtictiokilgy ¥sihdethagreéerdinig caid recordi ng
nedi um 91 of this enbodi nent has a structure in which the

[ of or mat i on- £apgeHlRdnboNBbaBachs | Hav RGNERE. perhcthre S ng MRl um 71

of the first odi en is replaced” with a gate layer 93 + exchange:

ZOUpl ing for %9 CRRE' RhgnbBYEHSt Peal %eéoftﬂlh&fﬁém%aj P& reliried ayer 99.
upside down every time when recording or reproduction is
completed for one side. Therefore, the recording and
reproduclng apparatus 105 makes it possible to increase the
recording capacity of the magneto-optical recordlng medium.
It is noted that the design of the magneto-optical head for
applying the magnetic field and the light beam from an
identical direction is applicable to the recording and

reproducing apparatus shown in Fig. 14.

Eighth Embodi I
In the embodiments described above, the recording
signal is recorded on the magneto-optical recordipg medium
by usin§ the magneto—opticai field modulation system or the
optical magnetic field modulation system. However, it is
possible to perform recording by'using the magnetic field

modulation system. When recording is performed in
accordance with any one of the systems, it is preferable
that the recording magnetic domain has a shape of the
shortest magnetic domain (the magnetic domain or magnetic

mark having the shortest length in the linear direction) so
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magnetic | ayer conposed of GdFeCo having a conpensatlon-

75 tenperature of -50 [err]C, anletammaUMeof3H)HHHC
and a filmthickness of 100 nmwas used as.the gate layer 93. A nagnetic
| ayer conmposed of TbFeCo having a conpensation tenperature of -80 [err]C,
a Curie tenperature of 160 [err]C, and a filmthickness of 20 nm was used
as the first tiathaheeclefgtB! bEJther RegheticOodonayRr iRSthé Whdtkiige | ayer
conposed of GdFeCo having a conpensation tenperature of 90 C, a Curie
tenperature dfirde@ibar bfCthantracki L8 L6hgépcehan§ the Dehgt¥RSin/SEle as the
second exchange coupling force control [layer -97. A magnetic |ayer conposed

of ThFeCo haviifga dieeBeHsAll Onoi'éfTFﬁéﬁéﬁéﬁlﬂ aS8oh£ighfat fotUid €
tenperature of 270 [err]C, and a filmthickness of 70 nm was used as the

i nfor mat i on- gaegrdbia,! a4ewhden €he ié&ﬁt sfﬁhafgehecxa&eﬁéwcf&wxﬁ&&%rol
| ayer 95 is a |ayer to control transfer of magneti c domains in the

| nf or mat i on- GagaaYeNdowhMCtnd 1hBid8 G CEndMatleBil CERRAM U apid - not 'eSS_f

~than. 70 [err]Cto the gate ayer e secon ange coupl1ng _
shortest magnetic domain as described above is preferably

exemplified by crescent;shaped magnetic domains as shownlinf!l
Fig. 342 and rectangular magnetic domains as shown in Fié,J#
34B. Besides, arrow—shaped or arrow wing-shaped magnetié.
domains (the arrow is directed in a d1rect10n opposite to -‘H
the disk rotatlon dlrectlon) are also preferred as the

‘'shape of the shortest magnetlc domain. When recordlng is
performed with the magnetic domain formed 'such that the |
length of the ﬁagnetic domain in the widthwise direction of
the track is longer than the length in the linear direction
(the track direction), it is effective to use the magnetic .
domain modulation system. The configuration of, for

- example, the arrow wing-shaped magnefic domain can be
adjusted by changing the configuration of the groove and'
the land of the substrate.

The shape of the magnetic domain as described above
facilitates magnification of the magnetic domain
transferred from the reproducing layer because of the
following reason. Forlexample, it is aésumed that the
crescent-shaped magnetic domains shown in Fig. 34A are

subjected to recording in the recording layer of the
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force control layer 97 is a layer to control transfer of magnetic domains
in the information-recording layer 99 in ~an area having a tenperature of
not nore than 160 Cto the gate |ayer 93. The arrangenent as descri bed
above nakes it possible to transfer, to the magnifying and reproducing

| ayer 3, the recording magnetic domain in the information- recording |ayer

99 within a maghetalopeitalyfebrafhgl R68iukhep Eﬂe[pfé&&@%ﬁ&ttme than.
160 [err]C. Filns of these |ayers

were formed Rpedstne hhgnéﬁsﬂéfaﬁﬂeaﬁpﬂéé6fﬂﬂ%&9é@i@huﬁs'éhbjé”@téd?‘r% manner
as described in the first enbodi nen e magnet o-optical recording

”Ed'U”‘91_“ﬁiePEBhﬁéiﬁén,tQhéeﬁ&éﬂéﬂ@-ﬁgﬁ;é&Prfﬁ%ﬁidfﬁbLﬁEﬁiuﬁrféSa“E

condition as hat used In the first enbodi nent. The nagnetic domain

transferred haatba B?%hé%@ﬁré&éciﬁ? PY4RE "Bedmy Cind VRS crEER4dLd by

using a reproducing magnetic fiel alternating nmagnetic fleld) H = 200

(Ce). It “653P§§F§ h??ﬂe&ﬂétd&ﬁﬁlﬁﬁpéféuéfaﬂéféffé&eEE(¥BE“f§Bk6§§HEﬂﬂ

i ncreased fo was f he magneti c domal n
was rellably15§ggsg§r£ﬁg BY4USE'Haffiétostatic coupling or exchange

coupling. In the reproducing layer, the portion
corresponding to thé-cenfer of the reproducing light beam
spot (or its backward portion) has a high temperature.
Thermodynamically, the magnefic_wall is stable at.a_high
temperature. Thergfore,'é stable state is given when tﬁe
concave portion of the crescent-shaped magnetic ddmain is
moved toward its béckward high temperature portion (the
.central portion of ﬁhe circle having the common circular
arc with the crescent). -The magnetic wall is stable when
its length is short. Therefore, a stable state is given
when a half moon-shaped or semicircular magnetic domain is
provided as if the concave portion of the crescent-shaped
' magneéic domain is expaﬁded, because the magnetic wall is
short. Therefore, the magnetic dbmain is easily magnified
on the reproducing layer, in accordance with the
‘temperature distribution and the configuration of the
magnetic domain as described above. 'Further; the crescent-
shaped magnetic domain or similar is preferred because of
the following reason. Considering the leak magnetic field

or the magnetic field leakage directed from the recording
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magnet o-opti cal recordi ng nedi um 91. The megnetic | ayer conposed of
GdFeCo having the thickness of 100 nmis used as the gate |ayer 93, which
is thicker than the thickness of the magnetic wall of the nagnetic domain
formed in the GdFeCo nmagnetic layer. Accordingly, twisting of magnetic
spin in the magnetic wall is permtted upon inversion of the nmagnetization

transterr ed.&éﬁ%éﬂ? &5}%@%@% QaN Cﬂé)}%&cﬁiﬁn@%éﬂ:ﬂﬁ%he@&f&ﬁ ayer 93.

Third Enbodi ne nment e alns dn i1 Mlustrative arrangenent

of an appar . oy di ' | d
for _r]e_cor ld: %&;%%@?%p%%ﬁ%t%%%ﬁ%eé£%€%ﬁo%ﬁ%%roﬁ??ﬂ@%dg
specifically t he

first enbodi %@%Fé%ﬁ?paélﬁ ?lﬁ %%%s‘f%nets tcl})end’:enetr'}‘b'—;‘oldipr(r%écrﬁi.ZD k?ef eﬁ?ﬁar atus 101
O ot e %18 hAVLRG e SAHRSA SEfrdul e Urd SARH Hier ettt O
in the reproducing layer located over the crescent-shaped
magnetic domain. Therefore, the magnetic domain |
transferred to the repreducing layer can easily be

magnified by the aid of the leak magnetic field.

Ninth Embodiment

This embodiment iilustrates a magneto;optical
‘recording medium according to the fourth aspect of'the
present invention. In.the first embodiments (A, B) and the -
second embediment,.the magneto-optical recording medium has
been illustrated, in which the magnetic domain transferred
from the recordihg layer to the reproducing layer is
magnified and reproduced by.applying the external magﬁetic
_field. However, this embodiment illustrates an example of
the magneto-optical recording medium in which the magnetic
domain.transferred from the recording layer eo the
reproducing layer can be magnified and reproduced without
applying any external magnetic field. | |

Fig. 35 shows a stacked structure of the magneteé
optical recording medium eccording to this embodiment. The
magneto-optical recording medium 110 has a structure

comprising a dielectric layer 65 composed of SiN, a
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magnet o-opti cal disk 100 with a |ight beam pul sed at a constant period
synchroni zed with code data, a magnetic field-applying unit for applying a
controlled nmagnetic field to the magneto-optical disk 100 during recording
and reproduction, and a signal-processing systemfor .detecting and
processing a signal supplied fromthe magneto-optical disk 100. In the

| aser beam r pghabiReiN !i%yé‘rl ?5%0_30§§d SOERESD £h IfbR-nARfS il Myl
pul s 51

circuit 32 and a recordin e w dt h/ phase-adjusting circuit

(RC-PPA). Thgs éaﬁﬁai%iafngiﬁlrs%écéﬁamgei 95| ditipoddd B4 he

recording pulse wdt hase-adjusting circuit 51 and controls the |aser
W i i phase- S oG rand 4 ot §elfd ayee 70 TolntRtd OF SUSANE | L ater
Co adj ust t ni?phEcHEing publlotlvifpbeelited i & LAME N IAR (e 0
0 e, anch S Eke: EPBLNBRCH o E Fol RS FeCollagg B O 0P 11T, L
D00, ESTSatle ROREASES EA M0 B4 Aplssgliee TP
cireurt (RE_E@%e§16ioigqaééglo£h§ material in which the minimum stable

magnetic domain radius defined in the foregoing ekpreSéion

(1) is larger thah the magnetic démain subjected to

recording in the recording layer 75. Therefore, when fhe

magnetization in the recordiné layer 75 is transférred to

the reproducing layer 64 via the non-magnetic layer 64, the

magnetic domain in the recording layer 75 can be reproduced.

as a large magnetic domain even when the magnetic domain is

not magnified by applying any external magnetic field.

Alternatively, the mégneto-optical recording ﬁedium

according to this embodiment may have a structure in which

an intermédiate magnetic layer compbsed of GdFqu is

inserted between the non—magneﬁic layer 63 and the

reproducing layer 64. The respective layers are formed by

means of the magnetron sputtering method by using Ar as a

sputtefing gas. |

With reference to'Fig. 36, explanation will be made
for the principle of reproduction based on the use of the

magneto-optical recording medium 110. "In Fig. 36, the

hagneto—oPtical recording medium 110 comprises the
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78 magnetic coil 29. During reproduction, the magnetic coil -
driving circuit 34 receives a clock signal described later on froma PLEL .~
circuit 39 to generate a second synchronization signal for adjusting the
phase and the pulse width, via a reproducing pul se w dth/ phase-adj usting
circuit (RP-PPA) 131. The magnetic coil 29 is controlled on the basis of-

the second s AP tla9ers 78N3ln whichO'ad@i ghf1SWst ¢BcbPaedl JBRE h8nbe

i nputted into the magnetic coil-driving circuit 34 between {he recordi ng

and reproducty Mak 3. a ol t chan r switch
(RO P Wy L ™ el U 2B, LT B RSER' 3

In the signalg ' t | f ti i 5 is arranged
bet veen ¢ ho. [EEHave) e Gt Kal-plar, dgtlee|Zeblel fatm BY PR ccond

defl ecting prJ &u@édgge@g_%%%e?%ge%g]ﬂa%e @;:E%?iag_g&ggrgysi de of the

first deflectirg prism _ tectofs are” connected to’
a subtracter n?’aogzne%ridza%'lea%ih %Ql a’ 't%rdp/e\f'ature not less than a '

predetermined teﬁperature (critical temperature). When the ;
magneto-optical recording medium.llo is irfadiated with the
laser beam, magnetization of a maghetic domain 15
subjected to recording in an area at a temperature raised
to be not less than the predetermined temperature is '
transferred tola magnetic domain iGO in the reproduciﬁg
layer 64 via the non-magnetic layer 63. 1In this case,
transfer from the magnetic domain 150 to the magnetic
domain 160 is performed in accordance with magnetostatic
coupling. As a result, the entire magnetic domain 160 in
the reproducing layer 64 is magnetized in the downward
direction. Therefore, the magnetic domain is transferred
from the recording layer 75 to thé reproducing 1ayer_64,
and the magnetic domain in the recording layer can be

" transferred to the reproducingllayer in the form of
magnified magnetic domaih, without involving the process to
maghify the magnetic domain by applying any external
magnétic field. After the magnetic domain 150 is
reproduced, the radiating position of the laser beam is
moved to é position of a magnetic domain 170 to be

subsequently reproduced. At this time, the effective

-
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converters 311, 312 respectively. The adder 301 is -connected to the PLL
circuit 39 via a clock extraction circuit (CSS) 37. The subtracter 302 is
connected to a decoder 38 via a sanple/hold (S/H) circuit 41 for holdlng
the signal in synchronization with the clock, an AAD conversion circuit 42
for performng anal og-digital conversion in synchronization with the: clock

in the sane pl? Eﬁﬂl?ﬁscfsﬁébﬁéﬁllébé‘ﬂfso@fépf Of et MAGHEY £ RRbS NY

79 ult he @pparatus constructed as

descri bed ab fs_ ﬁd‘%ﬂ@édbei’ﬂ%eﬂlétﬁg hEOIZAPEoR AL LI m%rfmeerted

into a para eam by e ald o a collirmator Iens The Ilght

beam passes &B %&qobgeaifﬁ& BAL M2 26n. plithe [ didSocngensaboni, he

magnet o- opti C an objective lens 24. A reflected

|1 ght beamf{ug LE@ gﬁgtﬁoi’%b%g g%%&g&g{. LSRG b ey ve at

t he deflectlng prism e a| prism 25. . The Ilght

bean{passes Losguel %h@ahég&@¥fé988ﬁ918'f%6 located over the magnetic -

domain 170 arrive at a temperature not less than the _
§redetermined temperatufe, the effective perpendicular
magnetic anisotropy of the magnetic domain 160 is -
increased. Thus, magnetization directed upward is
transferred, and a signal of the magnefic domein 170 is
feproduced. After tﬁe reproduction, the temperature is
lowered, and magnetization of the magnétic domain 160 is
directed in the ih—plane direction. This process is'
repeated, and thus the respective magnetic domains
subjected to recording in the recdrding'layer 75 are
reproduced. |

A magnetlc fllm.used for the reproduc1ng layer 64 may
.be composed of a mater1a1 which behaves as an in-plane
magnetlzable film at room temperature, and which behaves as
a perpendicularly magnetizable film at a temberature not
less than a predetermined temperature, wherein the minimum
stable magnetic domain radius is larger than the magnetic'.
-domain subjected to recording in the recording layer 75.
It.is appropriate to use a magnetic film composed of Gd and
an element selected from Fe, Co; and Ni. The recerding

layer 75 may be a single-layered_magnetie_film or a multi-
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26, and then it is divided into those directed to two directions by the
aid of the deflecting prism251. The divided |light beans are coll.ected by
detector |l enses 27 respectively, and they are introduced into

phot odetectors 28, 281. Now, pits for generating a tracking error signal
and for generating a clock signal are forned beforehand on the

magnet o- opt i gayefe@kmaghet fioSEYIR| compbEéd ' &P EISFECS, aan refidmeited | i ght
beamfromthe pits for generating the clock signal, is detected by the

detectors 28ge28étedNfirbhcPb) t Dy} Safd i N@ft &6d bin t éFemere ksededtrand i fxrom
circuit 37. After that, a data channel clock is generated by the PLL

circuit 39 EQU”@SEeQnEONihe PhaCkeSStd fied | Dayér I P5linay be a sindiwn data -
recording, the laser 22 is nodulated with a ‘constant frequency by the aid

of the |asergub¥bAOmaGhetit £3¥mt6r"&@ {\C Fec i 3 dat a
chanrniel cl oc%& The I.ager %% radi a?xés ;ﬂ%%ﬂnti%ﬁé%ulés&ehﬁﬁnﬁhiﬂ ng a

50 s o-opt EERBEEE G eAce}Mbpt 61 Bt ot o0k e e Mendle 10
from Fe, Co, and Ni. . '
~The predeterﬁined teﬁperature, at which the
.reproducing layer 64 changes from the in-plane hagnétizabié
film to the perpendicularly mégnetizable film, is within a
range of.140 to 180 °C." Preferably, the temperature
coefficient C, which represents steepness or quickness of
the changé from the in-plane ﬁagnetizable film to the
perpendicularly magnetizablé film, is not less than 8.0 in
* the same manner as described in the first embodiment (B).
The'magneto;optical recording medium 110 is not |
limited to the structure shown in Fig. 36, which may have a
structure inserted with a magnetic film'which behavgs_as an
inepiane magnetizable film at room temperature, and whiéh
behaves as a pefpeﬂdicularly magnetizable film at a
~ temperature not leSS than a predetermined temperature, in
place of the non-magnetic layer 63. Fig. 37 conceptually
shows a structure which uses, in place_of the non-magnetic
layer 63 of the magneto-optical recording medium shown in
" Fig. 36, an intermediate magnétic film 99 which behaves.as

an in-plane magnetizable film at room temperature, and

which changes from the in-plane magnetizable film to a
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equal intervals. The data channel clock is used to control the encoder 30
in the magnetic field-applying unit so that a data signal having a . .
reference clock period is generated.. The data signal is suppliedto the
magnetic coil-driving unit 34 via the phase-adjusting circuit 31. The
magnetic coil-driving unit 34 controls the nmagnetic coil 29 so that the
magneti ¢ fi epdrpandigudapliamaguethzabipofiilmgat catdeitical sempatratsre
applied to a heated portion in the data- recording area on the

magnet o- opt i ggl, . di #ke 198producing hbayer aisli plivated@EmsdEat ng The
characteristic of the mnagneto-optical recording nediumprepared in the

second e”bOq_h%&he\d@&téeﬁta?hédibﬂayéﬁ999 hBasBgneiniowhi seable ecor di ng and
reproduci ng apparatus 101. The optical head of the apparatus 101 had a

| aser wavel epgijne®ficO@emain 2Bdiukhehobhessi ¥R tRESshtd degrserasathat
aperture NA of 0.55. Data were recorded by using the magneto-optical field

modul ation sygt el QeRBrUInG 1878EAT759 agdRetbpeeard p! aadtgdcefabe 0 N sec
by nQduIating&tﬁghégfgrnal gggngtic field at 800 (Cg) while radiating the

| aser beam i . . Selici P11 99, {
S am | ggi;gwga%@er@%eEheaggé&ﬁﬂgiagge% 1ﬁ§gh@éml PiYdi 99. t henéaser

beam pul se h ty ratio of ows a timng chart

st ) PSRN e, DEALPhARGHIEER ahcthighagecx!erna
' magnetizable film to a perpendicularly magnetizable film at
a temperature not less than a critical temperature Tc,.
However, its temperature region is within a range of 100 to
170 °C. -In the magneto-optical recording medium having
this structure, £he steep or ‘quick change of the
intermediate magnetic layer 65 from the in-plane |
magnetizable film to the perpendicularly magnetizable film  |
determines the reproducing characteristic. Therefore, the
- magnetic film used for the intermediate magnetic layer 65
preferably has a teﬁperatﬁre coefficient C of not less than
8.0. It is desirable that the intermediate layer 65 has a
thickness which is not less than a thickngss of the '
magnetic wall formed between a magnetic domain 124 in the
intermediate magnetic 1éyer 65 and magnetic domains of in-
plane magnetization adjaqent thereto, in order to enable
magnetization of the intermediate layer 65 to make |
rotation.

When the magneto-optical recording medium 125 shown in

Fig. 37 is irradiéted with. a laser beam, and the
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recordi ng cl ock. 'Fig.'ll shows, at fts upper part, a
81 pattern of mnute magnetic domains fornmed by the recording

perforned as described above. .The minute magnetic domains were formed with
a size of 0.4 mcron. . Next, the magneto-optical recording nedium on

which the m nute magneti c domai ns had been recorded, was subjected to

reproducti on yasndeid e RE il M da @odRidpindl ngS ReVE hemeiget}@: d?SHu‘iiPO‘Ner

of the reproducing |aser beam was set tobe 2.0 nW The réproduci ng cl ock

was . synchronzed pidilh tiesdiRtigladydons s 91Rels @iRabxpane.  The

magnetic field was nodul ated 1nto a“pul sed app so that it was

synchroni zed ﬂ%?tex{béi%ﬁ U G0 mé%'a%‘i‘i-c dothaih? 193045 grt%hgifﬁﬂrr‘éﬁa%

illustrating t reproduci ng exterr magnetic field an reproduced.

e an 1t endr Ry Bl BRRP AN 15, P dmeEaBotatS naRRREE, Tabke

1)][“ fﬂg' tcgnf’fe re?sg?ol{ %ﬂe (ali[ae 'd Jexchanfd® Bupiing Foreel' Rich”ik"RukkhbR! Y

- transferred to the magnetic domaih 125 in the reproducing

layer 64C. Accordingly, the minute magnetic domain 123 in
the recording layer 75 is reproduéed as the large maéhetic
domain 125 in the reproducing'layef 64C. The use of the
intermediate magnetic layer 99 makes it unnecessary to
apply any extérnal magnetic field; when either an in-plane
magnetizable film or a perpendicularly magnetizable film is
used for the reproducing layer. |

In order to perform reproduction'on the magneto-
optical recording medium shown in this embodiment, it is

" sufficient to radiate only the laser beam. Methods for
radiating the laser beam include a method for radiating a
continuous light beam and a methéd for radiating a pulsed
light beam...In the case of the pulsedllight beam, the duty
is within a range of 20 to 70 %.

In Fig. 37, it is preferable that the recording
magnetic domain 123 in the recording layer 75 is
transferred to the intermediate mggneﬁic-layer 99 while
being reduced as shown in a lower part of Fig. 38. The

reason thereof will be explained with reference to Fig. 38.

Fig. 38 shows, in its upper part, a temperature

THIS SHEET HAS BEEN
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magneti c domain. The-duty ratio of the magnetic field in the recording
direction was 25 % The sanple-hold timng for the reproduction S|gnal
was coi ncident with the nodulation timng f.or the magnetic field. As
clarified fromthe reproduction waveform (wavef orm reproduced wth t he
pul sed magnetic field) shown in Fig. 12, independent reproduction signals

ver e obt af ned digyP1bE 1ohe 8BEAL LA WhBHt€h§E§?§Bé€098ﬁ@FQ§1 EQLotgngUr POSE

of conparison, Fig. 12 also s repro ) t the
82 Sl csfi n
magneti c fiefd maghh3?9%893%§§e§EEBCEEEgagHS héks?kﬁ §9m£§ E%aﬁh

| fireld f 200
(Ooy T the  eepibditdnl 18002 K61 \1alPb. K483, §§E§i§§9§§3ﬂ§f.;§f+%$d
o red i th oBidl BALE, CaReRRLECIiFe AEPLPLLRELO AP TPRTGtFon bR Bt crch
Of,Fhe ”‘n”telagggngbb% o8y B3 thglﬂag&étgbgﬂgicgi recorglnStméﬁiﬁm‘gé

viewed from a p051t10n over the reproducing layer 64C. If

the size or magnltude of the magnetic domain 124

'(magnetlzatlon in the dlrectlon T) transferred to theh

- intermediate magnetlc layer 99 is equrvalent to or 1arger )
_than the size or magnltude of the recordlng magnetic domain“

_ 123, then the magnetlc domaln 124 1n the 1ntermed1ate
magnetic layer 99 is magnetlcally affected by magnetlc.
domains S having magnetlzatlon in the direction adjacent
to the recording magnetlc domain 123, and the magnetlc.
domain 124 becomes unstable. It is necessary for the.
magnetic domain 124 transferred to the intermediate
magnetic domain 99 toﬂblay a role to transmit magnetizatidn
information of the recording magnetic domain 124 to the
reproducing layer 64C"naving the function to magnify the
magnetic domain. fherefore, the magnetic domain 124 is
‘required to be magnetically stable. Aecordingly, tne?

. influence exerted by the magnetic domains S adjacent to the
recording magnetic donain 123 on the magnetic domain i24 in
the intermediate magnetic layer 99 can be decreased by’
reducing and transferring the magnetic domain from the:

recording magnetic domain 123 to the intermediate magnetic
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sanpl e-hol d pul se in synchronization with the clock,” and a reproduct.ion
signal obtained with the pul sed magnetic field after sanple-hold. It was -
reveal ed that the anplitude of the anal og reproduction signal after the.
sanpl e-hold was greatly increased as conpared with that obtained without
appl yi ng any reproduci ng magnetic field. Fig. 13 shows a relationship .

bet ween the r2agedi 8§.mThukpgngthignposébiblertorstablisdteneed by 1-7
nodul ati on recording, while conparing a result obtained when the pul sed

magnetic fiel flagnesinatilonsof hehé cpagaeci@usmaetizg figlchev th a result
obt ai ned when the DC magnetic field was used. Accordlng to the result

shown in Fig. ihBerimbdiatenslagnéend 1ayér Weh Epert yorhi&cé) dﬁé”m?d by

using the pul sed magnetic field, the error rate is |nproved

sufficiently magﬁétbLeptﬂcarpf@éémlﬁ&txﬁe&i«ﬁﬂ # tisda T BF et 1{5?& ko ! €NGth
of 0.25 [err]m Therefore, it is possible to realize hlgh ensity

recordi-ng andréﬁfbﬂﬁéﬁibﬂnlﬁhfrféétenﬁﬁ' at1 ne the magnetic domalns 83

perform ng reproduction by applying the nagnet L
in the recording layer 75 of the magneto-opt1cal recordlng
‘medium are moved one after- another with respect to the
reproducing light beam spot as shown in Figs. 39A and 3§B. o
On the other hand, the temperature area at a temperature'
exceeding Tery in the intermediate‘layer 929 exists at a
constant p051t10n relatlve to the reproducing llght beam
spot. When the temperature area at the temperature
exceeding Tg; in the intermediate layer 99 has the same
size as tnat of the recording magnetic domain 123, only one
recording magnetic domain in movement exists only
instantaneously in the temperature area. During the other
period of time, a part of one recording magnetic domain and
a part'of another magnetic.domain adjacent thereto exist in
the temperature area. Therefore, it is extremely difficult
to read only magnetization information of a single |
recording magnetic domain from the temperature area at ther_e

- temperature exceeding T.; in the intermediate layer 99.

However,.when the temperature area at the temperature

exceeding T, in the intermediate layer 99 has a size
smaller than the size of the recording magnetic domain 123,

the period of time during which the temperature area exists -
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field to the magneto-optical recording nediumaccording to the present

I nventi.on. In this enbodinent, the duty ratio of the magnetic field
is 25 %in the recording direction, concerning the reproducing nagnetic
field used for the reproducing operation. However, the duty ratio can be
appropriately changed within a range of 15 %to 90 % preferably within a

range of 15 Y%iertOnly dbagekinglé récéfaingbhsgherdl dshain hgsduty ratio of
the magnetic field in the recording direction for the reproduci ng nagnetic

field so that relativedgelofgdonAeBor8ingEy, aDEr PP ps£iN1&ves| FdPrhpTy t he
reproduci ng | ayer. ' Fourt h Enbodi nent This =~

enbodi ment i | kyahs#eeSmaghedibhedoR "DREGFRILIOGh £E4E £5€ B8l Poidingle
reproduci ng apparatus described in the third enbodiment. A Trecordi ng and

reproduci ng a ; j L N : of the
pro g Beébiaﬂﬁg. ﬁ%énéhﬂéﬂdbﬂafhgto l¢né fﬁwﬁﬁeafﬁrée%a@n@ﬂé

apparatus shown in Fi , and it further conprises a produci ng pul se

Wi dt h/ phase- aﬂlhgté&i 99.C! #fdl For&Goifid) redsol 0{%W%Evkﬁ%a 2

reproducing lig beam in synchfonization w

o ng por SRR EL AR el 1l W s Ula Ly Y110 (e
magnetizable film at a temperature not lower than room f ”
temperature. Namely, when a magnetic material, which'
exhibits perpendicular_magnerization at a temperaturé;not
.lower than room temperature, is used for the intermediaté'
magngtic layer; it is also effectire to perform transrer sb
that the magnetic domain transferred from the recording
layer to the intermediate magnetic layer is reduced.

.In order to make the size of the magnetic domain in
the intermediate layer 99 smaller than the size of the
recording magnetic aomain 123, the laser power and Tb; of
‘the intermediate layer 99 may be adjusted so that the
temperature area at a temperature exceeding T, of the
intermediate layer 99 is smaller than the size (width) of
the recording magnetic domain 123 in the recording layer 75
as shown in Fig. 38. The fact that the size of the |
magnetic doméin 124 transferred to the intermediate
magnetic layer 99 is smailer than the recording magnetic |
domain 123 in rhe recording layer 75 can be verified, for

examplé, in accordance with the following method. The

- substrate 1 is removed from the magneto-optical recording
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during recording and reproduction. The other respective

84 conponents are the sane as those of the recording and
reproduci ng apparatus 101 explained in the third enbodinent. Accordingly,
correspondi ng conponents are designated by the sane reference nunerals,
expl anation of which will be omtted. The recordi ng and reproduci ng

characteri stiged@iuhhén wiisiet Infondtion &=y Bewh BHsbdsagd.cpamed in the
third enbodi mnent was nmeasured by using the recording and reproducing

appar at us 103didbectebers2in 0f5 tdifd e 'F¥igibautiichd Qlyeti Gan@reppar at us 103
had a wavel ength of 685 nm and the objective lens 24 had a nuneri cal

aperture NA 0éliRif@tedAlfoMasxdmMsIy dasy Medty HF Idph G e%fwﬁgl field
nodul ati on systemto perforn1record|ng at a linear velocity of m sec

by modul at i noatéer oph#E N hdBsinetdde fdfeltheéllintiihd Fat Vg etad a & the

| aser beamin a pul sed manner at a constant period, in mhlch the

beam pul se_hagg ajs didatdd!és e Fepfoduling Winferdedrd, WPl Hay %%-er

beam
- observed by using a light-optic microscope or the like.

In the case of the illustrative arrangement shown in
. Fig. 38, the rééording magnetic domain i23 in the recoidiné'
layer 75 is reduced .and transferred as the magnetic domain -
. 124 to the intermediaﬁe magnetic layer ‘99 during
teproduction. The ﬁagnetic domain -124 iS'magnified and
" transferred as the maghetic domain 125-to the reproducing
layer 64cC.

It is unnecessary to apply any magnetic field to the
magneto-optical recording medium described in this
-émbodiment during reproduction of information. Therefore,
reproduction may be.exequted without applying any
reproducing magnetic field by using the.reprodncing method 
and the recording and reproducing appafatus explained in
the third or fourth embodiment. Namely, an apparatus for
performing reproduction on-the magneto-optical recording
medium explained in this embodiment may be constructed by
omitting the magnetic field-applying unit and a part of the
signal-processing system relating thereto (the apparatus
according to the ninth aspect of the present invention),

from the apparatus shown in Fig. 10 or 14. Alternatively,
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pul se and of the recordi ng external magnetic field with respect'to t he

recording clock was the same as that illustrated in the timng chart shown
in Fig. 11. The mnute nagnetic donains were formed with a size of 0.4
m cron. The magnet o-optical recording nmedium on which the ninute

magneti ¢ domai ns had been recorded as descri bed above, was subjected to
repr oduct i on ids ifsoldlmes awailsble that &ppamagnetihoﬁdelﬂ-ipglyiﬂg dhet
intensity of the 85 repr oduci ng
| aser beam wasf rdulegipedattusa showst dnt Fieri A0 on 1dydshnoki operatedi t h t he
recordi ng clock, The reproducing |aser beam had a peak power (P[err]) of
4.5 mWand ahhsinigmepruductiion on) the hagnedo-bbeipedk resbydingi fned@emset
to be 33 % The reproducing magnetic field was nodul ated in
synchroni zat iedpMdited e hEls0@rboddineneck Wheh tBepesghtt Behleigsecor ded
magnétic domai ns one by one, in the sanme manner as described in the third
?ﬁodi ]rrfnt ;Bgﬂs@unmﬁlafw)ewtc i's podsiadeatol abgw theOt1dek-( Ce)

err in the

generating method explained in the fifth embodlment. The

method for recording with the shortest magnetic domain
configuration explained in the eighth embodiment is also
effective in the magnetofoptical'recording medium of this
embodiment (the magneto-optical recording medium according

to the fourth aspect of thé present invention).

Tenth Embodiment

The magneto-optical recording medium of the present .
invention can be applied as a_magneto~optical recording
medium'of the land-groove fype. Especially, the preéent
invention is effectively used for constructing a magneto-
optical recording medium of thelland-groove type in which
the_lénd width is narrowef.than the groove width, and
information is recorded on the land. Namely, even when
minuté recording magnetic domains are formed at the narrow
land, then the récording magnetic domains are magnified,
and information is read via the reproducing layer.
Accordingly, a reproduction signal ﬁith excellent C/N is
obtained even from the minute magnetic domains recorded at

the narrow land. The present invention makes it possible
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recording direction and an intensity of 250 (Ce) (Herr]) in the erasing
direction, in the vicinity of the center of the nmagnetic domain. The duty
ratio in the recording direction was 25 % The sanple-hold timng for the
reproduction signal was coincident with the nodulation timng for the
magnetic field. Fig. 15 shows a timng chart illustrating the reproducing

external mag Cﬁeéiﬂdah %éé‘%ﬂéﬁﬂé@%ﬁ@%aﬁ aﬂhé"‘ﬁ&éﬁ%@i}ﬁf& metft \%m e

reproducing clo own 1 n repro uctlon was per
allowng the g &l | of the reproduci ng | aser beam pul se to
coi nci-de mnth opplng or faII of the reproducing magnetic field
pul se. As clarlfled fromthe reproduction wavef orm (wavef orm

reproduced with the pul sed |Iight beam and the pulsed nagnetic field) shown

in Fig. 15, 1ndepepiente dEROMNIANL ord I edif dhdil aaelcnigfa“ &tﬁﬁ%,gdg 15

respéctive mnute Tag domal ns e purp
al so shows roductlon si gnal

(si gnal repro%%l@dr%?%e% ﬁ%rﬁh%eg.WROdlmenQ:s. However, et%e pres

invention is not limited thereto, which may include
modifications and improvements thereof. For example, as
for the materials for conétructihg the magnetosoptiéal
recording medium, various'materials can be used provided
that they realize the present invention. An arbitrary
.intermediate.layer is allowed to-intervene at arbitrary
positions such as over or under the magnetic domain-
magnifying and reproducing layer and over and Qnder the
information-recording layer or the gate layer.
Alternatively, it is also possible to process the surface
of the layer; For example, in the case of production of
the magneto-optical recording media shown in ihe first
embodiment (B) and in the ninth embodiment, the reproducing
layer is fofmed after forming the dielectric layer composed
"of SiN on the substrate. However, the surface of the
dielectric layer hay be made flat by meaﬁs of etching
before forming the reproducing layer, and then the
reproducing layer may be formed. As for the etching
condition, thé power may be adjustéd within a range of 0.05
to 0.20 W/cm?, and the sputtering time may be adjusted

within a range of 15 to 30 minutes in the magnetron
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and DC magnetic field) obt ai ned when the S|gnal was reproduced in the sane
manner as described above by applying a DC I'ight beam having a | aser power
of 1.5 nWand a DC nagnetic .field of 200 (Ce) in the recording direction:
In the case of the DC |light beam and the DC magnetic field, reproduction
signal waveforns obtained from adjacent magnetic domains are JOIned W th

ef’iCh ot her, aggu{:{;e){l@ﬁﬂsﬁl é&' Qé@eél eeﬂ%aﬁgéy £ CRY O&ége ré)rheo,hol d

m nut e magnet I c domal OV\BSt part

I | I
oot i ned w ¢ heEHE EPS 39%5?%%?‘5‘ i EitpotffLf E%ﬁ‘%[ﬁﬁ%%‘f#‘?ﬂ?s
crhodi ment . ¢ BR1EBEPELY 7 ShA8"LC s [ HEeOPEIE 0o bl RIS tho

domai n- nagnlfylng an fepr u0|ng ayer

modatati ng t neePEaaabadTe %fgﬁé%é%‘?%e@ﬁ%%ﬁw?%°' SHEHHT ripmsing

bet ween the r &8s % ng nark length and the error rate, obtained when 1-7
nodul ation recordrng was performed, while conparing a result obtained when

t he | sed | aser beam was_used as the oducgi i ht beam th a
resul Itouo?)t ai ned wheh thE PRFRTHRRRt 15 ht %%%ﬁ‘ﬁ’t'f% AM% tRed.

According to the resul S, in IS understood t hat when
reproducglon puy one ﬁ irst tog%ourth aspects, the reprodu01ng

‘layer of the magneto-opt1cal recording medlum may be elther
.a magnetlc layer.havlng perpendlcular magnetlzatlon or a
- magnetic layer in which a predeterm;ned area undergoes
'tran51t10n from 1n-p1ane magnetlzatlon to perpendicular =
I.magnetlzatlon upon being irradiated with the reproducing
light beam. In the third and fourth embodimgnts,
information is recorded in accofdance with the optical
umaéhetic field recording system. However, the present
invention is not limited thereto. It is also possible-to
~use the optical modulation system and the magnetic field

modulation system.
INDUSTRIAL_ APPLICABILIT!

In the magﬁeto-optical'recording medium of the present
invention, the thicknéss 6f the information-recording layer
is adjustgd with respect to the size of the magnetic
domain. Accordingly, it is possible to reliably perform

magnification and reproduction of the magnetic domain by.
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performed by using the pulsed |ight beam the error rate is inproved.
87 T It is noted that the timng and the duty ratio of the
reproduci ng |ight beam pul se, the tinmng and the duty ratio of the -
reproduci ng magnetic field pulse, and the polarity of the reproducing
magnetic field pul se may be changed depending on the structure and the

conposi tion ognehgia"Bei the FEPrEIGEPAE mAGnEXE A 1ETH ) Narkdroiddi yent s

described later on,.when the reproducing alternating magnetic field 'is

used, the dutyokdihPeOto! 88siPPnEbitrdl cthe | FepPEdud B ik gHbilid atld1ef), May

be controlled to be within a range of 15 %to 90 %

Fi fth Enbodi mpgt ¢ne mghﬁégﬁg%%ﬁt%ﬁgtm&f&n QOGS igFEded s

outputted fromthe PL se-adjusting circurt 31 and

e P eauet ShoBh g 4 1L p08e K4 e ace b Wlondel Uddd 0

) .ng :
a plurality of magnetic domains in the information-
recording layer irradiated'with the reproducing light beam"
spot,.i.e.,ioﬁiy one single_ﬁiﬁﬁtg-ﬁégnetic-doﬁain_having a
length not more than'1/2 bf the spot size of ‘the h _ |
reproducing light beam épdt; by the aid of the.gate'layér
or thé_inteimediate layéri and it is possible .to magnify
and réproduce the selected magnetic_domain. Accordingly,
it ié'poésible to perform recording with minute magnetic
domains and achieve high sensitive reproduction therefrom.
Therefore, the magneto-optical'recording médium of the
_present invention is preferably used as a large capacity
recording'medium directed.to the present and next |
generation.multimedia systems, because the magneto-optical
recording medium of the §resént invention makes it possible
fo record information at.a'high_dehéity and reproduce
information subjected to high density recording.

According to the magneto-optical recording medium
adcording to the third aspect bf.the present invenfion,
mﬁgnetizgtion_is transferied from the recording layer to
the reproducing layer in accordance with magnetostatic

coupling. Therefore, the magnetic domain can be magnified

in the reproducing layer without being limited by the size
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pul se w dt h/ phase-adjusting circuit 51 for driving the 'Iaser. The clock"
signal in the third enbodinent is generated by the enbedded cl ock L
extraction circuit 37 by detecting the reflected Iight beamfromthe pits
formed on the substrate of the magneto-optical recording nedium 10 -(100).
In the fourth enbodi ment, the clock signal is outputted fromthe PLL :
circuit 39 t @ff hhehifiretdicidomadn Gin’ kel rdtoradngheafep’ odeai 8epul se
wi dt h/ phase-adj usting = circuit 131 for driving the magnetic coil, as well
as to magneto-optical recordinéSmedium accbP@ihgCebdthe BBLEEh
wi dt h/ phase-adjusting circuit 51 and™ the reproduci ng pul se o
wi dt h/ phase- adedd MF GneC Priesent! Ynvedti%nd thige kicT@$1Ml OCk signal -
i'n the fourth “enbodi ment ?L generatgg'b; t e enbg%ggg éFocE extraction. -
circuit 37 ( N idd Aalhett aaliinad e t I gRt amfromthe
pits-fornmed on t'he gﬂﬁétrg%% ofﬂ?%é &#gg%%? ng%hgglgggg%rg?nghﬁediun1 Thi s
enbodi nent i s | QUS h ' t .ock, which
eSS TR 18" R ReT cB, BEBFLALETAG; 8vekoct |

are especi al pul se-no € repro

Accordingly, the magnetic domain in the recording layer .can
be magnified and reproduced without using any exte;gal |

| magnetic field. When the'maghetic film, which Steeéiy or "l
quickly changes from the in-plane magnetizable film to thé |
perpendicularly magnetizable film at a predetermined.
temperature, énd which involves ﬁagnetic domains laréer
than those in the recording 1ayef,’is used for the
reproducing layer, thenlthe magnetic domain can be :eliébly |
transferred to the reproducing layer, an amplified |
reproduction signal is obtained; and thus it is possible £o
improve the réproduciﬁg characteristic. |

According to the magneto-optical recording and

reproducing method of the'presen£ invention, a plurality of
minute magnetic domains existing within the reproducing'
light beam spot can be independently reproduced at high S/N
and at a low error rate by applying the reproducing |
magnetic field and/or the reproducing light beam.modulgted
in synchronization with the reproducing clock,'to the
magneto-optical recording mediﬁm including the magnifying
and reproducing layer and the information-recording layer.

The magneto-optical recording and reproducing apparatus of
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external magnetic field and the reproducing Iight beamin the reproducing
apparatus (the recordi ng and reproduci ng apparatus) according to the
present invention. The method for generating the reproduci ng clock

i ncludes ' the followi ng three nethods. The first nmethod is based on self
PLL -synchroni zati on, the second nethod is based on external PLL

synchroni zat k@@, predente ihvendioht isdextgehasgdesfetvivectopdthenpl i ng. As
for the construction of the apparatus, in order to realize the first and

third ﬁethOﬁagnonL%pm&eEareaberaﬂngsana segﬂaaueiﬁgeﬁétnedsuftené in
whi ch the enbedded clock extraction circuit 37 is omtted in the

~appar at uses %E@@%ntnlﬁbﬁﬁtléﬂ #6¢ appl1Pingt BReOMBAN18664. réProdEeing0
realize the second nethod, the signal-processing systemof the apparatuses

shown i n. Fi gfag néglénéléidnaﬁdysruéﬁ@ fddulatéd reprod&éﬂng2§1§K9 Béan the
concept of the se PLL - synchroni zation as the first nethod n Fig. 23,

Eﬁ;g%gfﬁc naFk hglmaggegfgoggggglegecorﬁgng medlum.”aﬁﬂétbfeQQHE'ns
1nventlon has created, for the magneto-optical recordlng
medium having the novel structure, the reproducing
apparatus prbvidéd with the magneto-optical head éapablé of
applylng the reproducing light beam and the reproducing-
magnetlc fleld in an identical dlrectlon, which makes it
possible to increase the storage capac1ty of the magneto-
'optical recording medium several £imes.

As explained above, it is expected to construct an
magneto-optical recordlng and reproduc1ng system which
enables the next generation super high density recordlng by

u51ng the magneto-oPtlcal recording medlum and the

reproducing apparatus according to the present invention.
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fol |l oned by beLng_pLgeessed—by—fhe adder 301 and PLL 29 shown in Fig. 10

(or Fig. 14). Thus a c I S generat ed. The external PLL
synchronizatio ‘ cond method will be explained with .-
reference to F| g. 24 shows a partial enlarged view of a

magnet o- opti cal recordlng medi um 10 obt ai ned when t he magnet o- opti cal
recordi ng medyHati $sdephged 18;have a land-groove structure. Pits 10P are
provi ded at a constant period at a |land 10R (or at a groove) of the
magnet o-optical recording nedium 10. The pits 10P are optically detected
to generate a clock in confornity wth the detected period. In this

i ted ro &2"2?@“%'“‘%?*# fleey otdbediid iodilin Serefid, 1
proj ections apdgaRy: e en arg%tﬂn%@éé}a’l;cf%s cr 4a| Satcgal%f'gtsic'

Fig. -25 shows” a part ew of  a magn GF i

o have & wonapBeRfmaQEtch e (BARC e ARkIeRte PR DBy B> o O

o & 1 obr odBRgRSERRLE B4 MEbolSaudefsd Faodluld GOIBH B d%recqid o

det ect ed perkggm the 1nformat10n-record1ng layer, by applying an 1

| external magnetlc fleld hav1ng a polarity 1dentlca1 with
that of magnetization of the magnetic domain, characterlzed
in that:
the information-recording layer has a thickness h

which satisfies h/d > 0.5 for a length d of a minimum
magnetic domain subjected to recqrding in the informatiOn-

recording layer.

2. The magneto-optical recording medium according to
claim 1, wherein:_

the external magnetic field has its absolute value Hr
.which satisfies a relétiOnShipiof He < Hr < Hn for an
absolute value He of the magnetic field at an initial
rising point of an initial magnetization curve of a
hysteresis curve obtained when the external magnetic field
is applied in a direction to magnify the magnetic domain |
transferred to the magnetic doﬁain-magnifyiﬁg and
reproducing layer, and an absolute value Hn of the magnetic

field at a rising point of a major loop of the hysteresis
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Fig. 26 shows—a—partiat—entarged view of a nmagneto- optical recording

medi um 10" proyi ' ' cl ock marks : . . 90
10F in pl acq’lﬂﬁ ﬂmlﬂlﬂ' IMEV\W ch the magneto-optical recording nediumis
designed to il - e type structure. The fine clock marks 10F

can be provided at a spacing distance which is approximtely the sape asd
the spacing ghgta@NCinhiPiNg €het 88mE bS1d 5 v WL HAL FdF- e 15d o med.
When one fine cloc n%?tégﬁ%gis ?egarde as éF§S|ng e mavef%#%nmégé?tlé .

wavel ength (| engi§ & e ck direction) may be adjusted to be 1/300 to
1/50 of the spacingfdﬁgfaéég between the fine clock marks 10F, and the

. s . : : g : c
my be-adj et od 1t oohe Ho9RELEE Aomals F%Sﬁ%%%&%%@%ﬁ%{fi tfm) ch
i . . Jo] e
| and-10R * rouciBifpddhifhig, SAEeBRMBIT Il Hhe A B TR S
ol A e O o B e
field applied during reproduction. : |

3. The magneto-optical recording medium acéording to
claim 2, whefein:

the external magnetic field has its absolute valﬁe-Hr
which satisfies Hs < Hr for an absolute value Hs of the
magnetic field at an initial dropping point of the initial
magnetization curve of the hysteresis curve pbtained when
the external magnetic field is applied in a direction
opposite to the direction to mggnify the magnetic domain
transferred to the magnetic domain-magnifying and
reproducing layer; and | . |

the size of the magnified magnetic domain is reduced
depending on the magnitude of the external magnetic field

in the Qppoéite direction applied during reproduction.

4. The magneto-optical recording medium according to
claim 1, further comprising at least one non-magnetic lajer
for magnetostatically coupling the information-recording
layer to the magnetic domai@-magnifying and reproducing

layer, provided between the information-recording layer and
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i s divided into four, 1Tn which™whena sun15|gnal fromeach divided

detection area is ormis obtained, ' resenbling the shape
of the fine clock m"mnﬂﬂuﬂwﬂ ﬂt’ ‘Fig. 26. The reproduction waveform
t hus obtai ned may be conpaned sw predeterm ned reference value to

obtain a binary S|gnal A cl ock 5|gnal for external synchronization can

be generated fiye kg rq3ﬁéyﬂ dreyid 7 duldi® A.he binary
signal. The rragneto opt Ical recordi ng S?r/r!éo&] a\flipﬁ'g) tur?l \%qba&fee t'ype

| and- groove structure as shomn in Fig. 25 nay be provided with the fine
cl ock marks 10F as shown in Fig.

O e e e
s 0% S ] Y S e SR U Bl T
ST 10 1 AP e e b, - b5 1 9

layer, and the 1nformat10ne:ecord1ng layer, the layers

being successively stacked on the substrate.

6. The magneto-optical recording medium according to
claim 4, comprising at least'fhe informatioﬂ-recording
layer, the non-magnetic. layer, and the magnetic doﬁain—_
magnifying and reproducing layer, the layers being
successively stacked on the substrate, wherein a
reproducing light beam and the external magnetic field are
applied during reproduction froﬁ a side of the magnetic

domain-magnifying and reproducing layer.

7. The magneto-optical recording medium according to
claim 1, further comprising an 1ntermed1ate magnetic layer
for maklng magnetlc coupllng between the magnetic domain-

- magnifying and reproducing layer and the information-

recording layer.

8. The magneto-optical recording medium according to
‘claim 7, comprising a dielectrichiayér, the magnetic

domain-magnifying and reproducing layer, the intermediate
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or a unit Uit) 5/ 'S subjected to reproduction, followed by being
processed b nd PLL 39 shown in Fig. 10 (or Fig. 14) to
generate a E@m”ﬂ)!m"t thi's process, the PLL circuit 39 is designed
to produce t e ccloc 5 of* one period or nore for the unit recording
magnetic domain 87. It is possible to generate the clock having a

frequency hi ghegndtian tdiair Okimi Ree finFormatioRedicdcoddityg 2dyel, tﬂﬁeun't
recordi ng magnetic domain 87. In the present invention, when t

reproduci ng |igfdrs txﬂaarﬂc?arsﬂdaestﬁerél@prﬁ@&déwowttearen%hb@wbxbng magnetlc
field is pul se-nodul ate is allowabl e to generate a first

synchroni zati on signal. and/or a second synchroni-zation signal on the basis
of a reproducing clock generated by using any one of the foregoing.three

met hods.  \Wen the recasyll nh et et i3 wé&rm@@ehbalhmehecaedaﬁg tbhe
recordi ng |ight beam i s pul se-nodul ated, 1t is also allowable to uSe a

reproduci ng ctPgim gze,n%?&pﬂs&wwqa% e i oA tiohegaeBedigee
met hods. _ 2
layer, the intermediate magnetic layer, and the magnetic
domain-magnifying and reproducing layer, the layers being
successively stacked on the substrate, wherein a
reproducing light. beam and the éxternal magnetic field. are ff'

applied during reproduction from a side of the magnetic

domain-magnifying and reproducing layer.

10. The magneto-optical recording medium according to
claim 9, wherein the intermediate magnetic layer is
composed of a magnetic layer which behaves as an in-plane
magnetizable film at room tempefature, which makes
transition from the in—piane magnetizable film to a

perpendicularly magnetizable film in a temperature range of

80 to 200 °C, and which behaves as the perpendicularly

magnetizable film at a temperature exceeding 200 °C.

11. The magneto-optical recording medium according to
'any one of claims 1 to 9, wherein a magnetic force
resistance of a magnetic wall of the magnetic domain-
magnifyinq and reproduciﬁg layer is smaller than the

magnetic field applied during reproduction when the
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Si xt h Enbodi nent As expl ained in the enbodi nents descri bed above,

when the magnet o- ' ﬂi medi um 10 (100, 101) is subjected to
reproduction, the |mlnﬂm|lmﬂml IIE field is applied, and the reproduci ng
| aser beam i s radiat ec by #sifhg the apparatus shown in Fig. 10 or 14. This
embodi ment illustrates investigations on the condition for appl ying the

\qqgnet ic fi e|rﬁhml@rﬁﬁﬂ{ﬂl&% [fy J_rlfgo(?glé@ng neﬁ?lf%o?%#@gal gf | cat ion of

t he magnetic domain e repro

magnet 0- opt i CRbtrad BAEE st tg%aﬂ{esent invention, any
one of the "continuous (EXD" and the ™ ﬂ can be selected for the

magnetic-field and the | aser beam respectlvely Therefore, the follow ng
four conbinations are considered. (1) |laser beam continuous |ight beam

r?gﬂgthgaalehggnetlc fpﬂﬁyﬁugg%ﬁgt na&%gSFFC h Sﬁfg?ﬁﬁﬁég§8gégﬁgo Bl sed
beart. pur sed THG RIS S TpRE oo 4G FrERRiE & eﬁheéh‘?s?tigfﬁe in- o'
magnifying and reproducing layer is composed of a rare
earth traﬁsition metal, and the rare earth transition metal
has a compensation temperature within a range-of.—idd?£§

100 °c.

13. The magneto-optical recording medium according to
any one of claims 1 to 9, wherein the information-recording
layer is composed of a rare earth transition metal, and the

rare earth transition metal has a compensation temperature

within a range of -100 td 50 °C.

14. The magneto-optical recording medium_according to
any one of claims 1 to 9; wherein the magnetic domain-
magnifying and reproducing layer is composed of .a GdFeCo
alioy, and the ihformation-recording layer is composed of a

TbFeCo alloy.

15. The magneto-optical recording medium according to
any one of claims 1 to 9, wherein an alternating magnetic
field is used as the external magnetic field while

irradiating the magneto-optical recording medium with a
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O the foregoing four conbinations, it is necessary for the combinations

'Eﬁ)e :)3| ggzj Tgsg(rjj Hmm mm mnlmnmdormgnet [ cl field or of the -bot h aag t he

tinming to be appliéd.“In tHe ¢asé of the conbination (2), reference is .
made to Fig. 28A, in which the external magnetic field Hep applied during

e 0 05eS?,  SepFRONhng I gRRABSLS SoMBbRebes FATITMLYEG ST |

different from of th magne app during the

process to er%ﬁ?a&ﬁ%g”%&”%hhcaiﬂg§h tinbtﬂééng§§gnggeiga%sgggiéaggetic

domai n- magni f yi ng an reproduci ng [ aye a coerclvit 1, and the

| eak magnet | gabhndled EhQ! hanREiENGoRERh OCHEREECEPIS ¢ium! Do I ecOr ding

magneti ¢ domal NI n e reco g layer-1s nagneti c Al Iﬁ H :hkbl +
Hst is requir _ 16 ans d t] LN .1 he-other
nand- i1 s S4PERREBh-TaBorbiAl°I BUEE A PRE) hEaRSER) “tomgiac rmgri £y
tic_d i.n. the other hapd, it is desj e that
he Lrans! ot G oRReUehoc afiTRbbroflctng PADEE, B38% highéefesHbie tha
having the other polarity in an opposite direction is used

to reduce the magnified magnetic domain to perform

' reproduction.

16. The magneto-optical recording medium according_to
any one of claims 7 to 10, wherein the intermediate
magnetic layer has a thickness which.is thicker than a
thickness of a magnetic wall of the intermediate magnetic

layer.

17. The magneto-optical recording medium according to
any one of claims 7 to 10, wherein the intermediate

magnetic layer has a thickness which exceeds 10 nm.

18. The magneto-optical recording medium according to
any one of claims 7 to 10, wherein the magnetic doméin is
reduced and transferred from the information—recording'

layer to the intermediate magnétic layer.

19. The magneto-optical recording medium according to

any one of claims 7 to 10, wherein a shortest recording
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and reproduction remal ns when adj acent magnetic domai ns_ are subj ected to

r epr oducti on. For ' t time T1 (the duty of the magnetic field
in the recording d“mmﬂmnnmlcln@ed to magnify the magnetic domain is -
shqorter than the ttnec T2 réaqusred to erase the magnetic domain, which is

preferably within a range of 0.15 [err] T1/(T1 + T2) [err] 0.9. This range

is also pref %i&%ii@%@iﬁ%jﬁcﬂéﬁ RPIrbedPETY AN tHe HFormari@nD Of

t he reproduci ng magnet leld "as described later on. Mre preferably,

0.15 [err] Thidddrding Aayé¥ Had & lchgidl iigi; i£Gi AR PR bF a

sel ected for , the tinme T1 on the
basi s of vari a éﬂ&%h : ' | @ggf 121 1CY 4 e
magneti c | ayers %’r Célgébfl]ét ruct %}gl t g%niggﬁg?gggpt%r?al rgigﬁiangl%ﬁm

In the case 3§i£%§F bination (3), it takes a long time to adjust the
condi-ti on under Ich the magnetic domain is magnified by transferring the
magnetic domain in - the recording |ayer to the reproducing |ayer to give a
wi de tenperature distribution. Accordingly, the duty of the

20. The magneto-optical recording medium according to
claim 19, wherein the shortest recording magnetic domain
has a shapé selected from the group consistihg of crescent-

shaped, arrow wing-shaped, and rectangular configurations.

21. A magneto-optical recqrding medium compriéing at 
least an information-recording layer, for reprodiucing
information by irradiating the magneto-optical recording
medium with a reproducing light beam, characterized in
that: |

the magneto-optical recording medium comprises. a
magnetic domain-magnifying and reproddcing laYer, a gate
layer, and the information-recording laiér in this order;

only one magnetic domain of a plurality of magnétic
domains, subjected to recording in the information-
recording 1ayer aﬁd existing within a spot of the
reproducing ligﬁt.béam, is transferred to the gate layer
from the information-recording layer on the basis of a 
temperature distribution in the gate layer generated.withih
the reproducing light beém spot when the magneto-optical

recording medium is irradiate with the reproducing light
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pul se of the | aser beamis preferably-w-thin a range of 20 to 70 % In the
case of the conbinatiH e is made to Fig. 28B which shows a
rel ati onship between k/§ mﬂl’meti c fields (Hex, Hsr) and the period
of .the laser pulse. As shokn Kn &i 28B, the | aser beam (the |aser power
is represented by Pr in Fig. 28B) is preferably radiated such that the

| aser beam i n ON OFE once during the time T1 to magnify the

magneti c don;?%&énggo%w?rﬁ‘g the tine T2 to erase the magnetic domain

respectively. Int present. inyention. it.is. possiple to  use any one of
t he met hods based et‘ﬂ%g%%‘f‘rb‘f qwm-rq%m[fcyl )a'kfgfcqqu?«gd’%;ayﬁﬂ\ever,

in order to npst, yeliably mqgni fy,the netic donpin, it . is necessary not
to cause anyelc\,‘m\i]%% %l}e r%?fb%’cc (ﬂﬂ%ﬁ’ﬁ‘%%ﬁc‘?ﬁﬁ%rﬂ’&“ the gate drves

t he reproduci | ayer | pcat | ust over the portion of the recording |ayer
okt on no- rEE PR IR EETRA Y FRRIFITg o SARARL BRanShls fdedebe 11 s

I
necessary to locally |o r,thewIiInjtenpqrature of the reproducing |ayer
at such . having’a polarity identicaj;with that of magnetization™ of

the magnetic domain.

22. The magneto-optical :écording medium accoidiﬁg t§
claim 21, wherein: |
the external magnetic field'ﬁas its absolute value Hr
which satisfies He < Hr < Hn for an absolute value He of
the magnetic field at an initial rising point of an initial
magnetization curve of a hysteresis curve obtained when the
external magnetic field is applied in a direction to
magnify the magnetié domain transferréd to the magnetic
domain-magnifying and reproducing layer, and an absolute
. value-Hn oflthe magnetic field at é rising point of a major
loop of the hysteresis curve, Hn having the same polarity
as that of the magnetic field of He; and
the magnetic domaiﬂ transferred to the magnetic
domain-magnifying -and reproducing layer has a size which is
magnified depending on a magnitude'of the external magnetic

field applied during repfoduction.

23. The magneto-optical recording medium according to

claim 22, wherein:
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a position. Considering such a denand, it is preferable to use pul sed beam
i rradiation. Furt ht"mm”mﬂmm ble to performreproduction with the
pul sed magnetic fi &M _ ﬂs reliabl-e magnification and reduction

" of the magnetic domaih. Acdording to the foregoing facts, it is nost
appropriate to performreproduction under the condition of (4). In

Figs. 28A and 28BtHeh@xteaadll magndtdch#yeld h??eﬁﬁgféﬁﬁgfﬁ% 95%&8“3{‘9 '

waveformis used as the alternati'ng nagnetic e applire

However, any yR@eldat ilsirgled ggasei RY 2BY% ahb'abgaﬁit&wsiaé"hwﬁbe ysed

provi ded that the waveform does not substantially cause overshoot, because

of the foll gigierieasdeadaiehty 1hhehls! ﬁgleagpﬁl%iggéaﬁﬁﬁﬁ? ERE jupuelprm of

the magnetic field, i. ere 1s a st € wavet or m o

magnet | ¢ 1 elfhgraid JeltS HRKLIVE oEPERK) ggaggf{a’%&ffhgs}ggei BbEREhLY Gledhe

ri se*has a val ue exceedi ng, r exanpl Steresi s cufVEr shown
| ocated over Bepenteencar ipgner iPCEARINCAE SppERed ' ROgAPEE on ver  ea,
i or mat  on. PERRRALSy tBaghe JTERPIRE" kb FaBBEy nEnRumhetetia tenain o
ri angular  wivETRESER S thn Chp hgnée R atma TnrRadhERiRgcand T ' ©
reproducing layer; and
the size of the magﬁified magnetic domain is reduced

dépending on the magnitude of the external magnetic field

applied during reproduction.

24. The magneto—éptical recording medium according to
claim 21, wherein a magnetic force resistance of a magnetic
wall of the magnetic domain-magnifying and reproducing
layer is smaller ‘than the magnetic field applied during
reproduction when the magnetic domain-magnifying and
reproducing layer is irradiated with the reproducing light

beam.

25. The magneto-optical recording medium according to
claim 21, wherein the magnetic layers other than the
magnetic domain-magnifying and reproducing layer have a
total thickness_h which satisfies h/d > 0.5 for a length-d
of a minimum magnetic domain in the information-recording

layer.
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field having such a waveform nmakes it p055|ble to mtigate
magnetic field during nagnlflcatlon and

facilitate magnificatj
limted to the triang”'“l
provided that the. nmaghetdiclifi @

I's~gradual |y increased by

t he change in
96

iC donaln. The waveformis not
Eﬂil possi ble to use arbitrary waveforns
1

usi ng the

wavef orm such as a sine wave or sinusoi dal waveform Rectangul ar or

square waves may be used on condition that the overshoot d
Fig. 30 shows an eénplTheoimagnetosoptical reeorddhigngediamn
wave appropriate to be used as the waveform of the reprodu

oes not occur.

#ecbdalingrtéei ne
ci ng nmagnetic

field. A remwkainci2ly oompetiising,con aasubgtraterethayvmaghetioudomsih-

wavef orm can be generated by incorporating the circuit as

shown in Fig. 30

into the nmagneigmifiding Gind ireproduednly dayee!, the gacer q!ag;erandnaeeﬁedum ng

apparatus 101 (103) shown in Fig. 10 (Fig. 14). Fi gs.

31A to 31D

showg, the depifFinmfition rétdrainly WdyeFPancthdsl bebdr.of the reproduction

signal (anplitude)

27. The magneto—optidal recording medium

according to

claim 21, comprising, on a substrate, at least the

information-recording layer, thé gate layer, and the

magnetic domain-magnifying and reproducing layer in this

.order, wherein the repfoducing light beam and the external

magnetic field are applied during reproduction

from a side

of the magnetic domain-magnifying and reproducing layer.

28. The magneto-optical recording medium

claim 27, comprising, on each of both sides of

according to

the

substrate, at least the information-recording layer, the

gate layer, and the magnetic domain-magnifyihg

and

reproducing layer in this order, wherein the reproducing

light beam and the external magnetic'field are

applied

during .reproduction from the side of the magnetic domain-

magnifying and reproducing layer.

29. The magneto-optical recording medium

any one of claims 21 to 27, further comprising

according to

at least one

non-magnetic'layef for magnetostatically coupling the
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obt ai ned when the foregoi fore90|ng conditton (2) was used, nanely when

repr oducti on was e continuous Iaser | i ght beam and with

t he pul sed mgnetl?ﬂ“ﬂmn,mgqlmgnet o-optical recording medi umshown in
Fig. 7B was used. * Tite las®er Heam had a wavel ength of 830 nm and a power of
1.65 mMN The linear velocity was 1.7 nisec. Recordlng mas performed for

domai ns of 0.4 The netic |eId was
H = 0 in Fig. %i’?éﬁ’}i"%“t %leﬁdﬂttﬁiﬁ\@gsa §e‘15 éé'ﬁ"% tt P fhesic and
= 260 (Ce) éékeriéy 1D. The duty of the magnetic fleld pul se was T1/T2 =
97 r t'he wavef orm of the magnetic field, an alternating
magnetic field having a waveformsimlar to the sinusoidal or sine wave -

was used. The detected signal intensity was increased as the external
Saturat on level 34”'*‘*1%%%9@%%?%&0%2%@'&%% s hedivy ecoEAons tpgnal
Coust DY Jobrigt) The B B3k 21"19'9Y,% whieFeln 't”%' flghet 18 Gonain 14" ©
the information-recording layer is transferred to the gate
layer, in ah.area at a temperature higher than a
predetermined teﬁperature in the temperature distributien.
in the gate layer generated within the reproducing light
beam spot, the magnetic domain transferred to the.gate
layer is transferred to. the magnifying and reproducing
magnetic 1ayer, the magnetic domain transferred to the
magnifying and reproducing magnetic layer is magnified by
applying the external magnetic field having the polarity

identical with the magnetization of the magnetic domain,

and thus a reproduction signal is enhanced. THIS SHEET HAS BEEN
REPLACED

31. The magneto-optical'recording medium according to
any one of claims 21 to 27, wherein the magnetic domain in
the information-recording layer ie transferred to the gate
layer, in an area at a temperature lower than a |
predetermined temperature in the temperature distribution
in the gate layer generated within the reproducing light
beam spot, the magnetic domain transferred to the gate
layer is transferred to the magnifying and reproducing

magnetic layer, the magnetic domain transferred to the

- This Sheet Has Been Rei 130
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recordi ng | ayer tothereproducing—| ayer i s nmagnifi ed.

Sevent h Enbodi ne ' hows a nodified enbodi ment of the
recording and rg u!’wﬂu!ﬁﬂaﬂgB&’Eus 101 shown in Fig. 10. In the ,
recordi ng and repr s 101 shown in Fi'g. 10, the external
magnetic field is applied fromthe position over the magneto-opti cal

[ ight boam areenind i dReroBlitd haghllc T3RR o HEGhTRIEE By

light beamare ~r € magn rca

di | joe.  fr i . . [ d‘-
and epr oduci TP apae Hhel el HRgeRlceibld BAVI ke pbRaBabETIT "
shown in Fig.

. d 1 qi S.: i b I h I lc ftield d
the -recordi nlgdgeg{intd'Il éraellpﬁ"olﬁgi%rixlge h%(‘?t %tﬁ.%%ﬁé_o}nr §§]e§h%ir g‘%ﬁf‘ ?gggealaﬁ?ééfe.i onfi.'nl n
d t | i h | t, .th . ' d duci .
apparat us 10RTE e £ TPTRRURETRR aRakodRa SEPARNG AN oby cotive lens 24
for - . ' 98 )
~

et
i

32. The maéneto-optical recording medium according t°’;;-n

any one of claims 21 to 27, wherein the magnetic dqmgin inif
the'information—recordiﬁg layer is transferﬁed to thg-éate:5f” 
layer, in an area at a temperature within a predeterﬁiﬁed- 54
temperature range in the temperature-distributionfin’fhe |
gate layer generated within the reproducing light .beam
spot, the magnetic domain transferred to the gate layef is -
transferred to the magnifying and reproducing magnetic
layer, the magnetic domain transferred to the magnifying

| and reproducing magnetic layer is magnified by applying the
external magnetic field having the polarity idehtical with

the magnetization of the magnetic domain, and thus a

reproduction signall is enhanced. | THIS SHEET HAS BEEN-‘
1~ _REPLACED -

33. The magneto-optical recording medium according to
any one of claims 21 to 27, wherein at least one magnetic -
layer capéble of controlling magnetic exchange coupling
force of the gate layer and the information-recording layer

is provided between the both magnetic layers.

34. The magneto-optical recording medium according to

This Sheet Has Been Repla
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col l ecting the reprodu0|ng Ilght beam . Fig. 33 shows a nedi um -
structure of a nagn ﬂ dlng medi um 79 preferably used for the
recordi ng and repr “lﬂﬂ’ 105 ~The magnet o-opti cal. recordi ng
medi,um 79 has a nedlun1strbct ret different fromthe structure shown in
Fig. 7B. Nanely, the nagneto-optical recordlng medi um 79 has a structure

conprising a | rpdi - tic.layer 4, a
magni fyi ng aﬁﬁlreprogﬁif%%' ygﬁ §%9 dle %Pctpg gg%ge%lgngoﬁggpotectlve
| ayer 76, thg, a stra enct he
magnet o- optlcjﬁ&eﬁlﬁeng me %9159.% l?%%?eé‘?e%&"#’?%@o?ﬁ ﬁgrﬁﬁﬁ
repr oducti on, I radi at.e nd_the magpetic field is lied
not fronﬂtkmaeéél t%%ﬂ%he ?@L§F§3% % ?h% gﬁF?hgaEggeLBPnFﬁg4ﬁ?dT gf
| ayer 76 (fr i he side of .t.he nm and, reproducin Layer '3).
Accordingly‘ﬂgs % SopPengakdon, fe %? %ﬁggesﬂb§§F§té ¥a ngug fépa?‘n‘%parent
mat eri al . The substrate 1 nmmay be conposed of an opaque material including,
'for',eéanple 10’8k naterials such as alum num Further, a - magnet o- opt i cal
recer.di ng nmedi um capabl e of doubl e-si ded .recording, i.e., recordi ng on
bot h 'si des may be designed by stacking, outside the substrate 1, one nore.
stacking structure on the stacking structure shown in Fig. 33 so
35. ' The magneto-optical recordlng medium accordlng to

any one of clalms 21 to 27, further comprising, between the

magnetic domaln-magnlfylng and reproducing 1ayer and the

gate layer, a magnetic layer which behaves as an in-plane

magnetizable film at room temperature, which makes

transition from the in-plane magnetizable £ilm to a

perpendicularly magnetizable film in a temperature fange of
80 to 200 °C, and which behaves as the perpendicularly

magnetizable film at a temperature exceeding 200 °C.

36. The magneto-optical recording medium.according to
any one of claims 21 to 27, wherein the magnetic domain-
magnifying and reproduc1ng layer is composed of GdFeCo, and
the information-recording layer is composed of a TbFqu

layer.

37. The magneto-optical recording medium according to
any one of claims 19 to 27, comprising.the information-
recording layer composed of TbFeCo, a first exchange

¢oupling force control layer composed of GdFeCo, a second
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‘that the two structures—are symmetrical in relation to the substrate. The

magnet o- opti cal recor,q ' | e of doubl e-sided recording has a
t wof ol d recordi ng dem‘!‘m(‘ m““mf ' : 99 - '
conpared with the co onal mmagnet o-optical recording nedium
Especi al |y, when the-nmagneto-optical recording nedium capable of

dOUb'e'Sid?de&%ﬁﬁhgbn%ohglihgiQ@Eéé tentr8gOidyas éaﬂ?bﬁeaoéﬁcibﬁ@cay usi ng
t he:recordi ng and “reproduci ng apparatus having the structure shown 1 n Fig.

32, the magnghe gRkleCahyksC ebipbdetPErUBuFBYolCahd’ BRE magREEEc d@¥Ratyer Y
time when recordi'ng or feproduction is conpleted for one side. Therefore,

the recor di nghagid £yl QHHCHRGrBARRLALUSa}HD BBHBOSEY BESGARLEO! O | nor ease

the recording capacity of the magnet 0-oplical recording medium It is
noted that the design of the magneto-optical head for applying the
magnetic field and the |ight beamfroman identical direction is

appl i__ .‘?._"_ib' e to thesgeconflNgagRdtolopt2dys! EchPai‘ﬁ&tMédf&RV‘Qcé&rﬂ&g &5
- any one of claims 21 to 27, further comprising a metal
reflective layer between the non-magnetic layer andrthe

magnetic domain-magnifying and repfoducing layer.

39. The magneto-optical recording medium éécording:td
any one of claims 21 to 27, wherein an alternating mégnetid
field is used as the exterﬁal magnetic fieid during
reproduction while irradiating the magneto-optical
recording medium with the reprdducing light beam, a
mégnétic field having one éolarity of the alternating
magnetic field is used to magnify the magnetic domain
transferred from the gate layer to the magnetic domain-
magnifying and reproducing layer, and a magnetic field
having the other polarity is used to reduce the maghified

magnetic domain to perform reproduction.

40. The magneto-optical recording medium according to
any one of claims 21 to 27, wherein the gate layer has a
thickness which is thicker than a thickness of a magnetic

wall of the gate layer.
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Eightr Enbodinegtd In the enbodi nents descri bed above, the: recording
signal is recorded on t recordi ng- medi um by usi.ng the
magnet o-optical field nE“lllEﬂ'lﬁ“lMﬂ"aMor t he Op?l cal magne%ll c fi gl d
modul ati on system Howevér,¢it-id" pPossible to performrecording by using

t he magnetic field modul ati on system When recording is perforned in
accordance with amy .Onehef magBetvsbpibicaltl reGopdehg! a8dEumt H8toidEng to
recording magnetic domain has a shape of the shortest magnetic donaln (the
magneti c donginy %err%&‘neuh&msrrmktba\zvogwhéeesh%hesgateng&iﬁer nageal i near

direction) so that the | ength of
t he nagnetlcﬁﬂy@yd@sgnwhﬁghWEQEggugelodhhect|on of the track is |onger than
the length in the linear direction. Mre preferably, a configuration is

desirable, in which the rear part of the magnetic domain is concave toward
the inside of the magnetic domain. The shortest nmagnetic domain as

descri bed above i a1 ehficaliynobke Bk 1bald rBbor iz ka2l EEoERERRY  €o

domai.ns as shown
any one of claims 21 to 27, wherein the magnetic domain is

v

reduced and transferred from the information-recording

layer to the gate layer.

43, Thé magneto-opt1ca1 recording medium according to
any one of claims 21 to 27, whereln a shortest recording
magnetic domain subjected to recording in the information-
recording layer has a length in a widthwise directioﬁ of a
track, the length being longer than a lengﬁh in a linear

direction.

44. The magneto-optical-recording medium according to
claim 43, wherein the shortest recording magnetic domain
has a shape selected from the group consisting of crescent-

shaped, arrow wing-shaped, and rectangular configurations.

45. A magneﬁo-optical recording medium comprising a
recording layer for recording information therein, a non-
magnetic layer, and a reproducing layer, characterized in
that: |

magnetization is transferred from the recording layer
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Fig. 34A and rectangﬁ%ar””’hetlc donalns as shown in Fig. 34B. Besides,
arrow shaped or arr “ﬂﬂﬂm gnetlc domains (the arrowis directed
in a. direction oppo%mm rotation direction) are also preferred
as the shape of th est!. négnetlc dormain. Wen recording is
performed with the magnetic domain forned such that the Iength of the

magneti ¢ dongig dne tﬂ%?r‘@d@dl‘ﬁé@.a@'e&e%ﬂ Qécoirdaniee Widhkmagnkesgeatiban the
length in the linear direction (the track direction), it is effective to

use the MagNgidupl Ry HE¥! andto-bpeicanf reubaling Medibm! ¢
exanpl e, the a#ﬁBM/mnn&nshapeéﬁﬂagnetlc dona??gban be adjus?ed b; chaﬁglng

the configurg P Pemptatures ladad a0ha P‘ﬂ%tiébabfnaiﬁ having g'he

shape of the gnetlc omai h as descri bed above acilitates magnificCation

of the magnetis 4QhHidE #éﬂ"i{a%r{e%q.zfarﬁ@nt g h&&h&@%aﬂﬁo&afa{oraaﬁauisnof

the follow ng reason. I s assuned that the crescent-shaped

magnetic domglqig,eshoid: tHak a°fihoHetic® din®dubebes’ tbndebbrllfig

recor.di ng | ayer 0
in the recording layer under a reproducing external

i

magnetic field.

46. The magneto-optical recording medium according to
claim 45, wherein the reprodﬁcing layer behaves as an in-
plane magnetizable film at room tempefature, and behaves as

~ a perpendicularly magnetizable film at a temperature not

less than the predetermined temperature.

47. The ﬁagneto-optical recording medium according to
claim 46, wherein the reproducing layer hés a temperature
coefficient of not less than 8.0 to change from the in-
pléne magnetizable film to the perpendicularly magnetizable

.form.

48. The magneto-optical recording medium according to
claim 45, wherein the reproducing layer is a

perpendicularly magnetizable film.

49. The magneto-optical recording medium according to

claim 45, wherein the reproducing layer has a minimum
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magnet o- opti cal recordi ng nedi um of the present invention. Wen the
magnet o- opt i cal s subjected to reproduction, the

magnet o- opt i cal ﬁmm"ﬁﬂmﬁmltﬂm heat ed by the reproducing |ight beam
and the crescent- *slkaped magmettc domains are transferred to the ,
reproducing layer by the aid of nagnetostatlc coupling or exchange

Egm:leirngf 'ltReg.'{’rjeprog{'é)éié%‘l'#gJ %@Xﬁar#;@po ﬂﬂht’?@a%?”%t%) ha;s1 ah
Fenper atar e, gy SO Hhifcdea '8 R 18| wole® BBRAE, T 00

of the cresc ey épaped magnetic domain is noved toward its backmard hi gh
t enperature por¥|on (the central portion of the circle having the conmon
circular = arc with the crescent). The magnetic wall is stable when its

| ength is short. Therefore a stable state is given when a half

noon- shaped or se I ar I ¢ .do nis rOV|ded as |f the concave
porti.on of the cr ent dﬁﬂﬂﬂgﬁh #égij 41 309 tee

magneti c wal | ?ort Therefqore, the magnetic donaln IS eaS|I “magni fi ed
on the reproo%ic"i‘% dfhexein the non-magneticdaveris somposedsof Bt ion

and the conflfuratlon of the pmagnetic domain as descr,i bed abqve. Further,
t he crescent ast-one selected from the group consisting of SlN, AlN,

Ti'u, si0,, Al,0,, SiC, nc, ZnO, SiAlON, ITO, and Sno,.

51. The magneto-pptical-recording medium according to
claim 45, wherein a shortest recording magnetie domain
subjected to recording in the recording layer hés.a length
in a linear direction, the length being not more than 1/2

of a size of a reproducing light beam spot.

52.. The magnete-optical recording medium according to
any one of claims 45 to 51; wherein a shortest recording
megnetic aomain subjected to recording in the information-
recording layer has a length in a widthwise direction of.a
track, the length being longer thaﬁ a length in a linear

direction.

53. The magneto-optical recording medium according to
claim 52, wherein the shortest recording magnetic domain
" has a shape selected from the group consisting of crescent-

shaped, arrow wing-shaped, and rectangular configurations.
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shaped magnétic domain or sinilar is preferred because of the followi ng
reason. Considering the |eak magnetic field or the magnetic field Ieakage

?f:igﬁg: 'eg ];i(r)(r)nrilnl tnhteo\rl\grcg l“MHI‘"U“Ml“M“‘I ayer, the | eak mag]:]-(r)ét i C fl.el dis

maxi m zed at the portioh corresp on ing to the center of the crescent (the
central portioon of the circle having the common circular arc with the

crescent), in the reproducing |ayer Iocated over the crescent- shaped
magnetic domai n. Eberefnﬁé Hstaasge gP%&Bfld Ag RS fuirh Sk ddx
reproducing layer can easi 3§be ni th% %Jd of the Ieak dﬁ%tic

field . nb@ﬂé fﬂq) §HEE
[ : Fust rat es anXa‘g)ﬁgt gfoc ?%% record?ﬁg ne%i@%ﬁm %I(l:c%%t %&E he T our j[%
aspect of thﬁleEgeignhséHVSEtkﬂg #H&lfﬁ£@§e€?@9§%un]has B) and the

second enbod he nmagnet 0- op recor en -

i1ustrated, pr%uselanewmgemaéifg@mgteﬁ@%wéﬁeeé’o-opucal

recording medium with a reproducing light beam, a magnetlc
field having one polarity of the alternatlng magnetlc f;eld;;f
is used to magnify the magnetic domain transferred from-the;
recording layer to the reprodﬁcing layer, and a magﬁéﬂic

field haviﬂg the o£he; polarity is used to reduce the

- magnified magnetic domain to perform reproduction.

55.' A_mégneto-optical recbrding medium comprising a
fecording layer for recording information therein, ah-
intermediate layer, and a reproducing layer, for
reproducing information by detecting a magnetization-sfate
of'a magnetic domain fransferred from the recording layer
to the reproducing layer, characterized in that:

a minimum stable magnetic domain radius in the
repfoducing layer is larger than a size of a magnetic

domain subjected to'recording in the recording layer.

56. The magneto-optical recording medium according to
claim 55, wherein the magnetic domain subjected to
recording in the recording layer is magnified and

transferred to the reproducing layer.
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fromthe recording;Lgng—Lg_Lheﬂpep%ﬁducing layer is magnified and :
reproduced by applying the external_nagnetic field. However, this :
enbodi ment illustra m b“ .the magneto-optical recording nmedium -
in which the magnet“m‘ﬁ A erred fromthe recording |ayer to the
reproduci ng | ayer cam b& nhgnl fi'ed and reproduced without applying any
external magnetic field. Fig. 35 shows a stacked structure of the
magnet o- optical recording mediumaccording to this enbodi nent. The

magnet o- opti cal 1 aopr dinhg, FaduL kg 8312 8bbHAL HECne8 2UR" h8EBEaTng to .

dielectric |ayer ‘conpose

r epr oduci ng | ayer CcCQRpQse a.noen: magnetij.c.Laye conposed of
SiN a recor & dnfgéér ’€%§p§§§§q§$erTﬁaéE%? gﬁﬁgg b%o ec?ﬁggtfgyer 76
conposed of Si N, the Ilayers being successively stacked on a

l'ight-transm i%Fe¢  substrate 1 conposed of, for exanple, glass or

pol ycarbonate. A nmagnetic filmused for the reproducing |ayer 64 is nade

of a.material in which the mninum stable

- 58. The magneto-optical recofding medium according to
claim 57, wherein the intermediate layer as the non-
magnetié layer behaves as an inéplane maénétizéble £ilm at
room temperétnre, and behaves as a perpendicularly
magnetizable.film at a temperature not less than a

predetermined temperature.

55. The magnetb-opﬁical recording medium according to
claim 58, wherein the intermediate magnetic layer has a
temperature coefficient of not less than 8.0 to change from
‘the in-plane magnetizable film to the perpendicularly

magnetizable form.

60. The magneto-optical recording medium according to
claim 55, wherein the intermediate layer as a magnetic
-layer has a thickness which is not less than a thickness of

a magnetic wall in the intermediate layer.

61. The magneto-optical recording medium according to
claim 55, wherein the intermediate layer as a magnetic

layer has a thickness which exceeds 10 nm.
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magneti ¢ dormai n radius defined in the foregoing expression (1) is larger

t han t he magnetTT domaim subjected to recording in the recording |ayer . 75..
Ther ef ore, when =r ' hon in the recording layer 75 is transferred .
to the repr oduHImJ 'lﬂmﬂﬂ% t he non-nmagnetic | ayer 64, the nagnetic
domamin in the recor |ng mayer can be reproduced as a |large magnetic

domai n even when the magnetic domain is not magnified by applying any
external magnetic field. Alternatively, the nagneto-optical recording.

i ermed at o monBerc FapcTRnREScans (P GRS Hadtdn dediidtho B

Ao forned b§eNBafEs oFPERE: hbhe PR SN é?lff%fgn et R g A aca

sputtering ga h reference t anallon Wi be made
Tor the pri nEFBRSCSTTRSLFERRCER nrﬁsgré@lmgm%sfeo ¥ w@t%é%t%pt.cm
recording medium 110. In Fig. 36 eto 0 tlcal reCO(M g medi um 110
conpr.i ses thdaver has a siz whlch 1s smalley a size o

magnetic domain subjected to recqrding.

63. The magneto-opticél recording medium'according to
claim 55, wherein the intermediaté layer is a non-maghetic

layer.

64. The magneto-optical recording medium according to
claim 63, wherein the non-magnetic layer is composed of at
least one selected from the group consisting of SiN, AlN,

TiN, Ssio,, Al,0,, SiC, TiC, .Z_nO, SiAlON, ITO, and SnO,.

65. The magneto-optical recording medium according to
claim 63, wherein the non-magnetic layer has a film

thickness within a range of 50 to 300 A.

66. . The magneto-optical recording medium according to

claim 55, wherein the predetérmined temperature is a

temperature within a range of 100 to 170 °C.

67. The magheto-optical recording medium according to

any one of claims 55 to 66, wherein the recording layer is

This Sheet Has Been Reﬂlaced




recording layer 75 in which a signal is recorded, the non- nmagnetic |ayer

63, and the

film at roomr.eﬁlmumrlllluﬂumm 4i \(lz\ﬂi ggha\egga\égsaa[s)e?geingi- Elu?g(ral. Sagnet ' zabl e

magnet i zabl e
tenperature
medi um 110 i
domai n 150
be not | ess

fitm@t ta tenperature not less than a predeterm ned
(critical tenmperature). Wien the magneto-optical recording

% igf@.ié%[lfagré’iééf' x&ﬁed:ﬁs ?riﬂ? &P a”ﬂﬁ'i%rii-igyg?%doina nsgggget I c

SUbje recordi'ng In an area at a tenpe ure rai to

Tagnet ¢ domd e SO o, A A BT eyt sIBREE (E0n BB, ¢ | yer

63. In this

domai n 160 i
result, the

magneti zed i
transferred

t he magnetic
r epr oduci ng

i nvolving th
ext ernal

i S g R R ST g B ¢
g L R T
i PR et as B L B e,
R, 3ot e B o TR R P L

least one element selected from the group consisting of Fe,

Co, and Ni.

68. The magneto-optical recording medium according.to
any one of claims 55 to 66, wherein the recording layer is

a magnetic layer composed of TbFeCo.

69. The magneto-optical recording medium according to
any oﬁe of claims 55 to 66, wherein the reproduciﬁg layer
is a magnetic filﬁ composed of at least one element
selected from the group consisting of Ho, Gd, Tb, and Dy,

and at least one element selected from the group consisting

70. The magneto-optical recording medium according to
any one of claims 55 to 66, wherein the recording layer has

a film thickness within a range of 500 to 3000 A.

~71. The magneto-optical recording medium according to

any one of claims 55 to 66, wherein the recording layer has
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magnetic field. After t he nagnetic domain 150 is reproduced, the radiating

position of the ved to a position of a nmagnetic donaln 170ﬁ
to be subseque “m] mim‘"mm t this time, the effective '
105 per pendi cul ar nmagretic ani sotropy of the magnetic donaln 160

i s decreased, and the magneti zati on of the magnetic domain 160 is directed
in the in- p'%ﬂ&lﬂhf%ﬁhb%ﬁesgh%&thﬁﬁ a"eangkl 6£d9gBL8 1d0ot R, be subsequent | y
reproduced and an area in the nmagnetic domain 160 | ocated over the ,
magnetic domain 170 arrive at a tenperature not |less than the
predeterm ned tenperature, the effective perpendicular magnetic anisotropy

of the magnetic dgmmi nﬁéogﬂagnetta%peiggl 18H8raVRg RbaLah Slcdraghib o

upward is transferred si gha t he nagnet onal n

roproduced. Abiyeonibel E1RAMCLEOR, Ehe LEERELA U EniirebPIELESralg

magneti zati on e nagnetic domaln Irec

di rection. THE@n@E&Eeﬁﬁmbin c6BSakeda %Bdrégg§diﬂs £358ﬁ8t£¥pr839n§ﬁ§?

domai-ns
~layer has a length in a linear dlgectlon, the length being. - -

not more than 1/2 of a size of a reproducing light beam..nﬂ R

spot.

73. The magneto-optical recording medium according touifff
any one of claims 55 to 66, wherein a shortest recording
magnetic domain subjeéted to recording in the information-
recording layer has a length in a widthwise direction of a
track, the 1ength'being shorter than a length in a linear

direction.

74. The magneto-optical recording medium according to
claim 73, wherein the shortest recording magnetic domain
has a shape selected from the group consisting of crescent-

shaped, arrow wing-shaped, and rectangular configurations.

75. 'A reproducing method for reproducing information
recorded on.the magneto-optical recbrding medium as set
forth in claim 1, comprising the steps of transferring a
magnetic domain subjected to recording in an information-

recording layer to a magnetic domain-magnifying and
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subj ect ed t 0 tecording—+n-the recording layer 75 are reproduced. A
magneti c f|| the reproducing |ayer 64 may be conposed of a

mat eri al ﬁﬁ i n-pl ane . magneti zable filmat room

t enmper at ure Mﬁ'l s as a perpendicularly nmagnetizable filmat a
tenperature not |ess than a predeterm ned tenperature, wherein the mnimm

To req mg”e*eﬁ’r?%?@#@@f) Aavas by, aneaRiatify, LhE REGBLAFeobRORLT 2 Ot

ngagffgd}PP I %d 4 @EQh gn & HLI§ | oet g n1Fe Cb .and Ni-.
The recordlng Iayer g% l@Ebe a S|n§§é Egye%? T Féﬁbtl Y:ﬂ?gr a nu:t|£ 4
sel ecte
from Tb, Dy "*a?fﬁﬁqn?%ﬂ? %ebhk%ﬁ%@p@%sﬂg?wo ﬁ%ﬂf%ﬁ be,, w The
Lﬁf?{?:ggeL2§ nagne eb% ﬁBSE& %?SéﬁaéPegﬁﬁsegFeé% rr?QPEHkP%n

elenent Selegte%hefEﬁgbrmatggh-regordlng layer to perform reproductlon

by applylng a reproduc1ng magnetic field having a polarlty
1dent1cal with that of magnetlzatzon of the transferred

magnetlc domain..

76. The reproducing method for the magneto-optical
reeerding medium according to claim 75, wherein an
alternating magnetic field modulated on the basis of the
reproducing clock is used as the reproducing magnetic
field, the transferred megnetic domain is magnified by
using the.magnetic field having the polarity identical with
that of magnetizatien of the magnetic domain subjected to
recording in the information-recording layer, aﬁd the

magnified magnetic domain is reduced by using a magnetic

field having a polarity opposite thereto. THIS SHEET HAS BEEN
_ ' BEPLAGED

_77} The reproducing method for the magneto-optical

s

recdrding medium according to claim 75, wherein a power of
the reproducing iight beam is modulated on the basis of.a

reproducing clock.

78. The reproducing method for the magneto-optlcal

—_—
———

_—
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The predeterm ned tenperature, at which the reproducing |ayer 64 changes

fromthe in-pla ' _ Eiln1to t he perpendicul arly nagneti zable - -
film. is withi nﬁlﬂﬁ%ﬂﬂﬁm\ﬁlﬁﬂl 0 180 C. Preferably, the tenperature
coefficient C, wh Clt represenhts steepness or quickness of the change from

t he in-plane magnetizable filmto the perpendicularly magnetizable film-

is not |ess tg)waxﬁiggi Rediln SBEB-HRNRCEOA8143RC 75D HhkRelR he! S!

“enbodi nent  ( e nmagnet o-.opt recordin um i s not

00,15, | ReOHGI AaGHRRLE LBaELf ods ALSHATEY BEfeforalayl e

inserted with a magn | _ aves-as an _ tizable
magnet | zabl o PR SeapiRRC TS %@?Bﬁéélﬁiﬁﬁa%e%?%ﬁ@{ Byt peble
y s 1 3...Fl.Q: .37
Shove a ot r UGPSR, TnE1ebd BRERTROAkPEH BETENS rebkBondind EFSRE S Yo
) eal : : h \ Fla 26 : di
ragnet 1 111 He8 a EReBdas cedits "She, hignakie, dnaiRouRuELITFRGAnd oom

Lemperature, A odieify 129025°aha tht "EranaRe?ita Rdgact {8 aSndin 50 @

; magnified to be larger than a size of the magnetic domain
subjected to récording in the infdrmation—récording léye:
to perform reproduction by applying the reproducing

' magnetic-fieid having the polafity identical with that éf

the magnetization of the transferred magnetic domain.

79. The reproducing method for the magneto-optical
recording medium according to any one of claims 75 to 78,
wherein:

the reproducing magnetic field has its absolute value
HBr which satisfies a relatibnship of He < Hr < Hn for an
absolute value He of the magneﬁic field af a rising point
of an initial magnetization Curvé of a hysteresis curve
obtained when the external magnetic field is applied in a
direction to magnify the magnetic domain transferred to the
magnetic domain-magnifying and reproducing layer; and an

 absolute value Hn of the magnetic field at a.rising poiﬁt
of a major loop of the hysteresis curve, Hn having the same
polarity as that of the magnetic field of He; and

the magnetic domain transferred to- the magnetic
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per pendi cul arly magnetizable filmat a critical tenperature T[err]. The

repr oduci ng | ' "m ﬂmﬁn as 64C. The internedi ate magnetic layer 99
has a m ni numaﬂmmml U domain radius which is in the sane degree as
that of the retordirg I"ayér 75. GdFeCo, GdFe, and GdCo are appropriate
for the internediate magnetic film99. The reproducing |ayer 64C al so

changes fromdymd ifr-Ma8 £yTREN @hiaZ éabeoa}lhﬁhboﬁgxegr REBALCEE 8L Yhich is

magnetizable filmat "a ténpérature hot |ess"t critical tenperature-

Tlerr]. Howeuf¥abld ot %@aﬁ@ahugamaaoaehgaa&hgi Bn2a' aagﬁieadéogftehe 170

[err]C. In the magneto-opti cal recording I um~havi ng I's structure, the

bl ane magoriaan) e, (ERE S BIRarc ARALTY FEBRELISRBPATTI | m

determ nes the reproduci ng characteristic. Therefore, the magnetic film
used for the internedi ate magnetic |layer 99 preferably has a tenperature

Cayer. 99 has a t B0kndle FAPERaRcing nbehia iK' ERerpeRfesegptiegl ™ 7' ¢

magnet i ¢ | ayEEOUiRg BEHTER BoRBRdrny 5P Fleln 74\ ShEERLEt Jari on ad) acent

there%o, in ordert%% %%%gkﬁucing magnetic field has its absolutg.yalue  o
Hr which satisfies a relationship of Hs < Hr < Hn fﬁr_an
absolute value Hs of the m@gnetic'field at an initiéi 
'dropping point of the initiél_magnétizaﬁion curve of the‘
hysteresis curve obtained when the external magnetic field
is applied in a direction opposite to the direction t§
magnify the magnetic domain transferred to the magnetic
domain-magnifying and reproducing layer, and an absolute
value Hn of the magnetic field at a dropping point of the
major loop of the hysteresis curve, Hn having the same
poiarity as that of the magnetié field of Hs; and

| the size of the magnified magnetic domain is capable

of being reduced.depending on the magnitude of the external

magnetic field applied during reproduction.

81l. The reproduqing method for the magneto—optical
' fecording medium according to ciaim 79, wherein: |
the reproducing magnetic field has its absolute value
Hr which satisfies a relationship of Hsl< Hr for an

absolute value Hs of the magnetic field at an initial
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magneti zati on of the intermediate tayer 99 to nake rotation. When t he

magnet o-optical r | | 25 shown in Fig. 37 is irradiated with a-
| aser beam -and tﬁm'(!:ﬂ"l"g"ﬂﬁ[iunm - -' -108 t enperature
of an area correspona ng _ gnetic domain 123 in the recording |ayer
75 i's raised, then the magnetization of the magnetic domain 123 is

99 by the ai & STPREMdoa SOVE YAl dhedl SR A e 37T o
i Ut 6 mmgnet: Fe aere B (9 CHFELREE Skt £rf Sheciia SRR i1 e
|t or o at e S AERTLA 5w d BUEe s Mitddite WP A biB 50 ornal
et penti cul a3 SEheRiS et el SRR Bo ol Raghesis,
domain-magnifying and reproducing layer; and
the magnified magnetic domain is capable of ﬁeing
erased dépending on the magnitude of the external magnetic

field applied during.reproduction.

82. The reproducing method for the magneto-optical -
recor&ing medium according-ﬁo ény one of claims 75 to 81,
wherein the magnetic doméin subjected to recording in the
information-recording layer-is subjected to recording so
that a length of the magnetic domain in a widthwise
direction of a track'ig longér than a length of the

magnetic domain in a linear direction.

83. A reproducing method for reproducing information
recorded on the'magneto-optiéal recording medium as set
forth in claim 21, comprising the steps of transfefting a
magnetic domain subjected to recording in an information-
recording layer to a magnetic domaih-magnifying and
reproducing layer via a gafe magnetic layer by irradiating
the magneto-optical recording medium with a reproducing
light beam, and magnifying the transferred magnetic domain

to be larger than a size of the magnetic domain subjected
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In order to performr jon on the magneto- optical recording nedi um
shown in tthu m“ iﬁ Tﬁuus- sufficient to radiate only the | aser beam
Met hods for Mgy er beaminclude a nethod for radiating a -

cont;i nuous |ight beam and a nmethod for radiating a pulsed |ight beam In
the case of the pulsed light beam the duty is within a range of 20 to 70
%  In Fitp recordind i &y amf%ﬁ{a%tid:meb%&‘a&%wqq@&ggﬁt P%r’f%?ﬁt' n
123-in the recording layer 75 is transferred to the intérnedi ale magnetic

layer 99 whi |jgaprfivte 16 ML Gl YRV irdpFddddehoPblnet 1B ¢1038 The
Qﬁgﬂeferenc Fi g. é. &lg

reason thereof will be explained wt eto . 38 shows,

in its upper Rafing & (BPRABON Gdentical with that of. £z
di stribution obt aigned when the magnetlo- optwilca reco?gl ﬂ‘agnﬁeélzﬁﬂ#ggv?ﬁg t he

structure shqMp ivydiskeryed ﬁﬁgg%%g@ R¥%n@in’.EProduci ng | aser spot (LS).
ts m e part

Fig. 38 also shows, 1n.i , a tenperature distribution in
relation to the |I|aser spot (LS) on the magneto-optical recordi ng nedium as

84. The reproducing method for the magneto—optigglj
recording medium according to claim 83, wherein a plurality
of reeording magnetic domain; in ﬁhe'information;redofﬁiﬁ§ ﬂ' .
1aye£ included within a spot of the reproduEing iight;$;£m  _'
are individually generated in the gate layer, one geneééted
hagnetic domain is transferred to the magnetic domain-
magnifying and reproducing layer, and the transferred
magnetic domain is magnified to be larger than the size of
fhe magnetic domain subjected to recording in the
information~recording layer to perform reproduction by
applying the reproducing magnetic field having the
direction identical with that of.magnetization of the

transferred magnetic domain.

85."° The reproducing methoa for the magneto-optical
recording medium accdrding'to claim 83, wherein an
aiternating magnetic field modulated on fhe basis of a
reproducing clock is used as the reproducing magnetic
field, the transferred magnetic domain is magnified by
using a magnetic field having a polarity identical with

that of magnetization of the magnetic domain subjected to
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viewed from a pbsifTﬁﬁ—BVE?fEhe reproducing layer 64C. If the size:-or
magni t ude of the ' ““m“m 124 (magnetization in the direction’
[err]) transferre““ﬂm“l““ [ Bkiedi ate magnetic layer 99 is equivalent to
or larger than the sizé of nhgnitude of the recording magnetic domain

123, then the magnetic domain 124 in the intermediate... magnetic |layer 99

: ti ot o : . . : . o th

e medTon TarspoRiia S aTHBS e RTELS g AP R R Ry o 0 e
ti d 0 s b | NS | - ti

o S RS RARRR SLARE 1o LoABeRECHT IEINLL ABefRO0C"

le tot : ation L . di ti

Gormi n_ 124 1 5 lend BRIEhS R pATara bk oBHbEREe P EEPRES et on to mmani fy the

magneti c domain. Therefore, the nmagnetic domain 124 is required to be

magnetically stable. Accordingly, the influence exerted by the magnetic

d i S adj cor,di i,c _d in 123 h i

domai.n 124 i 1t nE6r nt SfelPBFOUHEONE PECPOY cFoBoEhe MednchR s beiby

reduci ng and transferring,the magnetic domajn, fr the recordi ng nagnetic
donai n 123'tGeFﬂ§3FH9e HPﬁtécﬁaﬁﬁécht° c a1m §5q £he:ein a power of 1

the reproducing light beam is modulated on the basiS{bf.a

reproducing clock.

87. The reproducing method fbr the magnefo-optical
recording medium according to any one of claims 83 to 86,
-wherein: | -

the reproducing magnetic field has its absolute value
Hr which satisfies a'relationship of He < Hr < Hn for an
absolute value He of the magnetic fielﬁ at an initial |
rising point of an initial magnetization curve of a
hysferesis curve obtained whenlthe external magnetic field
is applied in a direction to magnify thg magnetic domain
transferred to the magﬁetic domain-magnifying and
reproducing iayer, and an absolute valﬁe Hn of the ﬁagnetic
field at a riSiﬁg'point of a majOr loop of the hysteresis
curve, Hn having the same polarity as that of the magnétic
field of He; and o

the magnetic domain transferred to the magnetic
domain-magnifying and reproducing layer has a size which is

capable of being magnified depending on a magnitude of the

147



layer 99. Thus, it is—pessibte to stabilize the magnetization of the
magneti c donaln 124 I N nt er medi at e nagnetlc | ayer 99. Especially,
since the h@e\m cordl ng mediumis usually subjected to '
reproductlon tation, the magnetic domains in the recordlng
| ayér 75 of the nagneto opti cal recording medi um are noved one after
another with to th roduci n gnt bean1s ot .as. shown in Figs.
39A and SQB.ex%%Eﬁﬁg EFHEF%ﬁSng?egﬁeaPBgﬁ@FaaBFéngrEﬁ EPdYCtifBer at ure
exceeding T[err] in the internmediate |ayer 99 exists at a constant
position relative to the reproducing Iight beam spot. Wen the tenperature
area at the tenper ture exceedln [ errLﬁln-the i nternmedi ate | ayer 99 has
the same size as®®hat THE FﬁBrPQB tagngerhgdcfrE HBﬁa@ﬂQEQQO‘@BFyGGhe
recordi ng magnetic . domain,in novenent exists onl I nstant aneously in the

t enperat ure: gFEQI dbng; Rgdine BFﬁEFdlﬁerBdcbﬂlﬂlgﬁ vhereinyf one recording
magnetic domain and a part of another nagnetic domain adjacent thereto

exi st. in the tentbBeargpEodneangTRagaesie, fieldshastitacahsalutecvaluet o

read only na%netlzatlon i nformation_of a single
r which satisfies a relationship of Hs < Hr for an

absolute value Hs of the magnetic field ét an initigl
dropﬁing point of the'initial Magneﬁizatiqn-cuive of the
hysteresis curve obtained when the extérnal magneti¢ffie1d
is applied in a direction opposite to the direction to
magnify the magnetic domain transferred to the magnetic
domain-magnifying and reproducing layef; and

the size of the magnified magnétic domain is capable
of being reduced depending on the magnitude of the external

magnetic field applied during reproduction.

89. The reproducing method for the magneto-optical.
recording medium according to claim 87, wherein:

the reproducing magnetic fiel& has its absolute value
Hr which satisfies a relationship of Hs < Hr for an
absolute value Hs of the magnetic field at an iniéial
dropping point of the initial magnetization curve of the
hysteresis curve obtained when the external magnetic field
is applied in a direction opposite to the direction ﬁo'
magnify the magnetic domain transferred to the magnetic

domain-magnifying and reproducing layer; and
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recordi ng nagnetic domai n fromthe ténperature area at the tenperature

exceedi ng T[err] H]l“lu”ﬂmmmum | ayer 99. However, when the :
tenperature area at ' exceeding T[err] in the internediate ~
| ayer 99 has a size " srfal lFer"thtn T he size of the recording magnetic ‘domain
-123,” the period of tinme during which the tenperature area exists

over only one sin L, N omalb,n LS relative | pn

e recor nmagnet i. c L Y,
Accordingly, it |ghﬁoE§FBF 1 g P@gPﬁgFﬁ gPWQﬁBfé? ﬁ%@ﬁgi?z%%ihﬁl? f ormati on
fromthe only_ogne ;si.ngle..recordj magneti ¢ dogajn to the ipternediate
nmagnet i c Iaé@?sgg.d?ggnﬁépgg8Pngﬂge§§gﬂlkggﬁpﬁgg€£?a?%@ thRgnetic
internediateﬁLaisr begavgs as.a perpendicularly magnetizable filmat a
tenperature FoEIRRBPLLRINARELRE F@Eﬁ@ Uehien- Nanely, when a magnetic
material, which exhibits perpendicular magnetization at a tenperature not
| ower than roomtenperature, is used for the internmediate magnetic |ayer
it is also effective to performtransfer so that the nagnetic domain

transferred from #8e rBckepragucingemethodhfor na cnagreteeoptigalic | ayer is

reduced. In order to make the size of the magnetic domain in
recording medium, for reproducing information recorded on

the magneto-optical recording medium by the aid of a
magneto—optiéal effect, charécteiized in ﬁhat; | |

| a magneto-optical recording medium comprising, oh a
substrate, an informatidn—recording layer, and a magnetic
démain-magnifying and reproducing layer for transferring a
magnetic domain in the informaiion—recording layer thereto
and magnifying the transferred magnetic domain by the aid
of én external magnetic field-is used as the magneto-
optical'recording medium; and

the magnetic domain transferred from the information-

recordingllayer to the magnetic domain;magnifying and
reproducing layer is magnified to be larger than a size of
the magnetic domain subjected to recording .in the
information-recording layer to perform reproduction by
applying at least one of a reproducing magnetic field
modulated on the basis of a reproducing clock and a
reproducing light beam modulated oﬁ ﬁhe basis of the

reproducing clock, to the magneto-optical recording medium.

91. The reproducing method for the magneto-optical
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the internediate I r t han the size of the recording nmagnetic

domai n 123, - the Iliﬂ i”@jﬂl]@ﬂ errj "the internediate | ayer 99 nay be
adj usted 'so that area at a-tenperature exceeding T[err] of
the internediate layer 99 is snaller than the size (width) of the

recordi ng nagnetic domain 123 in the recording layer 75 as shown in Fig.
38. The fact that,,the size of the nagnetli donsln 124 t[ansfﬁared {o the
CLAIR

|nternedlaterQﬂ§§ﬂéPﬁbmFQ}8W g§cprdipgi ter Re vREFRIP LD ﬁﬁ%?%%“
domain 123 in the recording | ayer 75 can be verified, for exanple

accor dance wish TERECHYLE Hg1ﬁ€?ﬁ&ét1¥Eeth§uB§HPSFB'9PFéc?En5§@9r¢%651the
magnet o- opti cal_ recordi ng medi um

on whi ch i nf SeddumoWifhs abeeﬁt#agepaeaepxﬁéucanm ééghtcbeammssland t he
reproducing | ayer 64 are elimnated, for example, by neans of sputtering
etching. Af BPPlydRg theerepreducing magnekier kigld: Bodudakeien eher 99 is
heated to the reproducing tenperature, and it may be observed by using a
light-optic maeisse§pther repsodnging clock.

92. The reproducing method for the magneto-optical
recording medium aécording to claim 90; wherein iﬁformatioa
is reproduced by applying a dontiﬁﬁous magnetic field while
irradiating the magaetd-optical recording medium with the
reproducing light beam modulated on the basis of the

reproducing clock.

.93. The reproducing method for the magneto-optical
recording medium according to claim 90, wherein information
is reproduced by applying the réproducing magnetic field
modulated on the basis of thé reproducing clock while
irradiating_the magneto-optical recording medium with the
reproducing light.beam modulated on the basis of the

reproducing clock.

94. The reproducing method for the magneto-optical
recording medium according to claim 90, wherein an
alternating magnetic field is used as the reproducing
magnetic field, and an amplified reproduction signal is

detected from each of magnified magnetic domains by
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I n the .case—of—the Hustrative arrangement shown in Fig. 38, the

recor di ng na in the recording - layer 75 is reduced and
transferred @nmw omain. 124 to the internedi ate magnetic | ayer .
99 during r € magnetic domain 124 is nmagnified and
transferred as the nagnetlc dormain 125 to the reprodu0|ng | ayer 64C.

Fecording mod e éf%é Rek BB B o aRehdsh iRy FBR Badeeres of

oty oduct g’ SRMBLE 35 end SN APt BRoRERhE st ot knARRLES™® °

embod; o a”%aafe&%%“? ”%55%‘) | Endh, TR B3R, of o thePoanet G domatne

Const uct ed BYPISHEEY 59" FREOTAING: AB Fe: AROEPOLIGRORRPORIARE BAYETor (e

i nth aspect B Ws%ﬂiﬁ"@%ﬁ@% #1238) Ravihgina: ROTaBIEY 2i0caAURORIORI o

10 or 14. Alg%&g%gégﬁlﬁuth that of magnetlzatlon .of theliggnetlc domaln
subjected to recordlpg in the_1nformatlon-record1ng;layer,f |
and then reducing'the maénified'maénetié'doméin in theu -
magnétic domain-magﬁifying-ah&frepfbducing layer by-dSing a

magnetic field having a polarity'dpposite thereto.

95. The reprdddcing method-fox the magﬂeto;optical
récording mediﬁm'accordinguto.claim 90, wherein the
magneto—oPticai recording medium fufther comprises an 

- intermediate magnetic layer provided betﬁeen the
information—reéprding layer and the magnetic domain-
magnifying and reproducingllayer, and wherein the magnetic
domaiﬂ subjected to recording'in the information-recording
layer is reduced and transferred to the intermediate -
‘magnetic layer by irradiafiné the magheto-optical recording
‘medium with the reproducing light beém, the magnétic domain
is transferred ffom'the intermediate magnetic layer to the
magnetic domain-magnifying and reprodﬁcing layer, and the
transferred magnetic domain is magnified to bé larger than
the size of the magnetic domain subjected to recording in

the information-recording layer to perform reproduction_by
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it is also: avallable t hat the@gnetlc field-applying unit of the

appar at us sho ﬂﬁ“‘ﬂ\ i's not operated during reproduction on .
t he magnet o- o\[l)W“M‘

dium explained in this enbodi ment. Wen
the light beamis %ul'se- rmdul ated, it is possible to apply the c]ock-
genérating nethod explained in the fifth enbodi rrent The nethod for

o1 gt - onboi WY 119 Y Yer Py SRTcR 1 Blensl bRl & Belalihy " '
Lo the. four 1 raeReered Wi, (b B0 B Rt on %‘”ﬂ' ”%a%%'t‘i@ d6adin "9

Tent h Enbodi e net.o- opt.i ¢ recordi nqg .medi um t he present
i nvention can ensafp% F%%mas%% %Eﬁ%’&@g Xd‘ngrrﬁ& um of the

| and- gr oove tx?/ dEs eC| Ilé/ t he present invention is effectively used
for construct ‘%?f fo'pt I cal recording nmedium of the | and-groove
type in which the I and vmdth is narrower than the groove w dth, and

information is recorded on the | and. Nanely, even when mnute recording

magneti ¢ donai ns abrse formed at the .narrow .
The reproducing method for the magneto-optical .

recording medium according to claim 90, wherein:
the mégneto;optiéal recordihg medium compﬁiseé ét

least the information-recording layer, an,intermediéﬁé
magnetic layer, and the magnetié domain-magnifying and :
reproducing layer, the layers being successively staékéd-oh";
the'substrate, and wherein: | |

| the magnetic domain subjected to recording in the
information-recording layer is transferred to the magnetic.
domain-magnifyiné and reproducing layer by irradiating the
magneto-optical recording medium with the reproducing light
beam from a side of the magnetic domain-magnifying and .
reproducing layer, and the transferred magnetic domain is.
magnified to be larger than the size_of the magnetic domaiﬁ
subjected to recording in the information-recording layer
to perform reproduction by applying, from the side of the
magnétic domain-magnifying and reproducing layer, the
reproducing magnetic field having a polarity identical with

that of magnetization of the transferred magnetic domain.

97. The reproducing method for the magneto-optical
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I and, then the recording-fagnetic-domains are magnified, and information

Is read via the re | a er Accordi ngly, a reproduction signal with
excellent CUNis iﬂ) EH UH ,l m the m nute nmagnetic domai ns recorded
at the narrom1|an venti on nmakes it possible

114° to desrgn and use the medi um havi ng the novel structure as
descri bed ab ention _has
expl ai ned \Jﬁﬁ? Ferere §ﬁ§%§@%n8| nfgY ﬂBﬁe?g Pé g

i nvention |s%ﬁ%¥élrnted thereto whi ch may i ncl ude nndrfrcatlons and
| nprovenent s &Y. For exanple, as for the materials for constructing
l,al s can_be used

.the magneto-optic recor um . vari_Qu teri

pr ovi dgd tha!to th eré"ﬁﬂr g“lcﬁ'é‘gpf“@ggﬁf‘ anéﬁifio asits, gpeplpte value
internedi ate | a IS aIIo d to intervene_at arbitrar positions such as
over or underﬂlrt ﬁ'z‘iﬁggﬁ@t‘ﬁ S—ﬁﬁ@;ﬂpﬁyﬁ-ﬁgognﬁer§p§5dﬁcﬂﬂgfpﬁyéﬂ and

overvand und%&s&lute value He of the magnetic field at an initial
rising point of an initial magnetization curve of a
hysteresis curve obtained when the external magnetig,fieid
is applie& in a direction to ﬁagnifj the magnetic.domain
transferred to the magnetic domain—magnifying_and |
‘reproducing léye}, and an absolute value Hn of the megnetic
field at a rising point of a major_loop of the-hysteiesis
curve, Hn having the same polaritj as that of the magnetic
field of He; and | |

- the magnetic domain transferred to the magnetic

domain-magnifying and reproducing layer has a size which is
capable of being magnified depending on a magnitude of the

external maghetic field applied during reproduction.

98. The reproducing method for the magneto-optical
recording medium according to cleim 97, wherein:

the reproducing magnetic field has its absoluﬁe value
Hr which satisfies a relationship of Hs < Hr for an
absolute value Hs of the magnetic field at an initial
dropping point of the initial magnetization'curve of the
hysteresis curve obtained when the external magnetic field

is applied in a direction opposite to the direction to
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I nformati on-+eeoerdinmgtayer or the gate layer. Alternatively, it is also

possible to pr e of the layer. For exanple, in the case of
producti on of ﬂj‘iﬂﬂmmﬁnm&ﬂml cal recording media shown in the first '
enbodi nent (B) " e it h enbodi ment, the reproducing layer is
formed after formng the dielectric |ayer conposed of SiN on the

substrat e. re., Lthe surface of, the lelegtric . |ayer may be nadé flat

by means of é |€'}Lnf t@’@f&a@"@&‘rﬁ fomede S’é'ﬁf‘ﬁgﬁf?’ﬁg EQythe Bagnekds the

r epr oduci ng | [e be farned. for the etchin condition, the power

mas be adj gst%é'v:\'ﬁ %"d‘é”&ﬁ‘@e 36‘#6‘3'9@5“1?81692 aW’gﬁr{ 8PF], and the i

Sputtering tine be .adj u wi thin,a range of 15 to, 30 mnutes_in the
nggnetrong "he’Bi%e c&t%%e magnlglf§5ma netic d?ﬂé%?eiﬁngaﬁébhﬁd

based on the aQf Ar S. doing so, it is possible to forma
magnetic fil rﬂ%ﬁ%ﬁlﬁ‘@ |r§%S'é’eda5)ﬁ/??8PF&8§, onn4hp magnibude,ef thefextesnal
' th r epr Qduci characteristic of the nmagneto-optical recording
hgﬁ{ﬁﬁf © ma neéic fygld applied during reprodugtion. P

99. The reproducing methbd for the magneto-optidal
recording medium aécording-to_cléim 96, wherein the |
information-redording.layer:COﬁprises a gate layer, éﬁr
exchange coupling force control layer, and a magnetic iéyer

for recording information.

THIS SHEET HAS BEEN
REPLACED

100. A reproducing apparatué for reproducing

information'recorded on a magneto-optical recording medium,
characterized in that: .

the reproducing apparatus comprises;

a magnetic head for apblying a reproducing magnetic
fieid to the magneto-optical recording medium,

én optical head for irradiating the magneto-optical
recording medium with a reproducing light beaﬁ, |

| a c19¢k-generating unit for generating a reproducing

clock, and

a control unit for controlling at least one of the
magnetic head and the optical head to perform pulse
modulation for at 1eést one of the reproducing magnetic

field and the reproducing light beam on the basis of the

This Sheet Has Been Reilaced
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I n the magnet o- opti cal Tecordi ng nediunmaccording to any one of the first

to fourth asp cing |ayer of the. nmagneto-optical recording
medi um may beTm,mHmrmum!JEﬂnl c- layer havi ng perpendi cul ar nagneti zation
or a magnetic*layerctimn a predeterm ned'area undergoes transition
fromin-plane magneti zation to perpendi cular nagnetizati on upon being

irradiated w eproduci.ng light beam In the third and fourth
enbodi nent s, f%k#éﬁhéﬁﬁﬁnﬁ%Qf *ecorded in accordance with the opti cal
magnetic field recording system However, the present invention is not

limted thereto. It is also possible to use the optical nodul ati on. system
and the magnetic ffd? d_.nodul ation ,system | NDUSTRI AL

APPL| CABI LI TY 101." The reprognecisdo sPPaxatug- 5P khenBagnaterophical
present invention, the thickness of the information-recording |ayer is
adj ust ed wi t (FSGEHAY @e &csorging,tongdadm d004owheEeiRECOrdingly, it
I's possible to reliabhé.perforn1,na ni fication and reproduction of the
magnetic domain b¢he gneto-optical recording medigm comprises a
| reéording layer and a reproducing layer for transferring
magnetization from the reéording layer thereto; and
the reproducing apparatus reproduces information by
magnifying a magnetic domain transferred to the reproducing

layer.

102. The reproducing apparaéuS'for the magneto-optical
recording medium according to claim 100, further comprising
an optical head-driving unit; and é first synchronization
signal-generating circuit for generating a first
synchronization signal for pulse-modulating the reproducing
light beam on the basis of the réproducing clock, wherein

the optical head-driving unit is controlled by the first

éynchronization signal.
N THIS SHEET HAS BEEN

REPLACED

103. The reproducing apparatus for the magneto-optical
recording medium according to claim 102, wherein the first
synchronization signal-generating circuit conﬁrols a pulse
period, a pulse width, and a phase of the reproducing light

beam.

This Sheet Has Been Replaced’
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the aid of the reprodueing—ragnetic field, and it is possible to eaSiry

control the rep ' netic field. -In the magneto-optical recording::
medi um of the pm mm flﬁﬁ L II it is possible to select one magnetic -
domain of a pl L Ofy ic domains in the information- recording

| ayer irradiated with the reproducing |light beam spot, i.e., only one
single mnute nagq tic_domain hgving a Iength not nnﬁe than 1/2 of ,the
spot size of the O8pr SB§cERBTPAYRLNGegRPEFBLUS L FOrHERG Haghetazophieal ayer
or the internediate |ayer, and it i.s possible to_nagnif and reproduce the
sel ect ed magRECRFIFoFaFRAiRE: BPAPRYLDYT tPt°F§1ﬁo§99blﬂhéﬁebﬁrFB?n1recordlng
with m nute nagnetjc, domains and achi eve hi gh sensitive reproduction
t her ef rom QFHFépgtﬁBPﬁESFEFohBEtchPanéBPdfﬂﬁ FeePEdind the. present
i nvention is preferaQly used as a | arge capacity recording mediumdirected
to the preseﬁpfgﬁﬂmﬁé?% ogetBRaMRGRCEAPPRAERE E§SPEASNIHRRALNM, tard it
magnet o-optical recordi ng nmedi umof the present invention makes it
possi bl e tofuktbes comprigsesoa gensralgrizenitt fornswitphiagcand
i nformati on subjected to high density recording. According to the
magnet o- opt i €@ntreddingng delBenperiod, a pulse width, and a phase of a
recording light beam, and a pulse period, a pulse width,

and a phase of the reproducing light beam respectively.;

105._The reprodﬁcing apparatﬁs for the magneto-optical
récording medium according to claim 100, further comprisiné _
a magnetic head-driving unit, and a second synchronization
_signal-geherating circuit for generating a second
synchronization signal for pulse-modulating the reproducing
magnetic field on the basi§ of the reproducing clock,
whe;ein the magnetic head-driving unit is controlled by the

second synchronization signal.

106. The reproducing apparatus'for the magneto—opticalz
recqrding medium according to claim 105, wherein the second .
synchronization signal-generating circuit is capable of
controlling a pulse period, a pulse width, and a phase of

the reproducing magnetic field.

107. The reproducing apparatus'for the magneto-optical

recording medium according to claim 105, wherein the
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according to the third-aspeet—of—the present invention, nmagnetization is

transferred fromthe r ' yer to the reproducing layer in ' "
accor dance wﬁthJﬂﬂ HH ii u ﬁ Fupling. Therefore, the nagnetic domain can
be magnified i i | ayer wi t hout being limted-by the size
117

of the magnetic domain in the recording layer. In the

t o-optical di di di to,the f th ect of th
present i nverfEBRSTUGHI% AFRBIALP, RaP BofBPFEING ARENEEFETALRi ns | ar ger

than those in the recording. layer is used.for the reproducing |ayer..,

Accor di ngly, @qmﬁ@ﬁgpi8ndgnﬁi*apﬂe?ﬂ§°9 &SﬁéiﬁﬁcPﬁéngcEﬁdlgﬁ'n%@ﬂi%?ed
and reproduc§$ wi.t hout usi,ng any exterEaI, smagnetic field, ,Wien the
magnetic fil u§HHQﬁ1QQWE§&P§SOP coptrRLy cirshits fer oavikehing pande

magneti zabl e fil m .t he gerpendicularly magnetizable filmat a -

pr edet er ni neFONEH uPePUsR8 RARFaAdy ndoPvésenuidthy candnai Phaseretra
than those in the recording |l ayer, is used for_the reproducing |ayer, then
t he magnet i c T6GPEdIngamageetiri £ipyd, and a pulse period, a pulse

width, and a phase of the reproducing magnetic field

respectively.

. 108. The ;epnoducing apparatus for the magnetoenéﬁicall
recording medium according to claim 100, further
comprising:

an optical head-driving uniﬁ, a first synchronization
signal-generating circuit for generating a first |
synchronization signal for pnlse—modulating thé reproducing
light beam on the basis of the reproducing ciock, a
magnetic'head-driving unit, and a second synchronization
signal-generating circuit for generating a second
synchronization signnl for pulse-modulating the reproducing
magnetic field on thé basié of the reproducing clock,
wherein: |

_ the optical heéd-driving unit is nontrolled by the
first.sYnchronization signal, and the nagnetic head-driving

unit is controlled by the second synchronization signal.

109. The reproducing apparatus for the magneto-opticai

recording medium according to any one of claims 100 to 108,
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transferred to the reproducing-l-ayer, an anplified reprodUction signal is

obt ai ned, and thus gufagi ' to inprove the reproduci.ng.
characteristic. Tmr‘IIMEimBﬂEuml t he magnet o-opt.i cal recording and .
reproduci ng nmet hod =0T ¢ ' nvention, a plurality of mnute
magnetic domains existing within the reproducing [|ight beam spot can be
i ndependently reproduced at high S/N _and at a low error rate by appl yi ng
t he reproducWhgredighbe epredicing etockels cperemeted frontapstgnabdul at ed
in synchronization with the reproducing clock, to the magneto-optical
recordi ng nedeERCERE bYi khet ARtiEahi h9adg and reproducing | ayer and the
I nformation-recording |ayer. The nmagneto-optical recording and reproducing
appar at us of 118 ' the present -
invention is extrenely effective for the nagneto-optical recording and
reproduci ng net hod1@+ The repreducingvappavatisrfepptlye magietomspt ixiad
reproducing magnetic field and/or the nodul ated reproducing |light beam to
t he magnet o- wpcordingemediumgacediding fbeampy eseatof claims 100 to 108,

wherein the reproducing clock is generated on the basis of

a signal detected from one selected from the group -

consisting of a pit, a fine clock mark, and a wobble-shaped

groove -formed on the magneto-optical recording medium.

111. The reprpducing apparatus for the magneto-opticai
recording medium according to any one of claims 100 to 108,
wherein the reproducing clock is generated from a signal
detected by the optical head, and it has a period of not

less than one period per unit bit.

112. The reproducing apparatus for the magneto-optical
recording medium according to any one of claims 100 to.108,
wherein the pulse-modulated magnetic field has a duty ratio

within a range of 0.15 to 0.9.

113. The reproducing apparatus for the magneto-optical
recording medium according to claim 112, wherein the pulse-
modulated magnetic field has a duty ratio within a range of

0.15 to 0.6.
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i nvention has cree;ggréigLaLDE_ﬂﬁgﬂeLo-bptical recording nedium having the
novel structure, t produci ng apparatus provided with the - S
magnet o- opti cal hea WN|EH l'yi ng the reproducing |ight bean1and

the reproducing ma ﬁmm m“) n identical direction, which nakes it
possi ble to increas € storge® cdpacity of the nagneto- optica

recordi ng nedlun1seve%§%tt|nes : As explalged g%ove |t§|s eépecied to
construct an gk - reproduscing dppraxatusp foyudhegnagaesoreptiga
enabl es the next generation super hlgh density recording by using_ the

magnet o- opt i &GO medium dogersiag ke cleimodl@8i,nyhegeinathe puisedi ng

to the present invention.
119 modulated reproducing light beam has a frequency which is

twofold a frequency of the pulse-modulated reproducing

magnetic field.

115. The reprodueing apparatus fo# the magneto-optical
recording medium according to any one of clalms 100 to 108,
wherezn the optical head and the magnetic head are
installed on an identical side with respect to the magneto-

optical recording medium.

- 116. The reproducing apparatus for the magneto-optical
recording medium accordind to any one of claims 100 to 108,
wherein the optical head and the magnetic head are
integrated into one unit by w1nd1ng a magnetic coil around

an-objective lens for eonstructing the optical head.

117. The reproducing apparatus for the magnete—optical
recording medium aecqrding to any one of claims 100 to 108;
fﬁrther eomprising a eontrol circuit for genefating a
magnetic field waveform having substantially no overshoot

from the magnetic head.

118. The reproducing apparatus for the magneto-optical

recording medium according to claim 117, wherein the
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What is claineﬂﬂ;EL’Trf;,,,,;wawAjnagneto-opticaI recordi ng nmedi um
conprising, on Substrate, an.nformation-recording |ayer, and a nagnetic:
domai n- magni f yi m (“ltr\“g | ayer capable of nmagnifying and _
reproduci ng a wmﬂm nsferred fromthe information-recording -
| ayer, by applyihg anh ‘ext'ernal’ magnetic fiel'd having a polarity identical
with that of nmagnetization of the magnetic domain, characterized in that:
t he i nf or mat contredorareyitajer angirguihi ERAegenaratitngn fxemsthes h/d >
0.5 for a length d of a mnimum nmagnetic domai n"subjected to recording in
t he i nf ormat magnetiscbeadngal mpgpetic fieldppulsgecwaugferm- tptviich
recordi ng nmedium according to claim1l, wherein: t he external
magneti c fi edateasitysofbtbeumagnetie fieldhishgradualiysincreasedonship of
He < H < Hn for an absolute value He of the magnetic field at an initial
119. The reproducing apparatus for the magneto-optical
recording medium according to claim 118, wherein the
magnetic field pulse waveform is a triangular wave or a

sinusoidal wave.

1205 A reproducing apparatus for a magneto-optical
recording medium, for reproducing information recorded on
the magneto-optical récording medium, characterized in
‘that:

the reproducing apparatus comprises;

an_opticél head for irradiating the magneto-optical
recording medium with a reproducing light beam,

an optical head—driving.unit for driving the optical
head,

-a clock-generating unit for generating a reprodﬁcing
clock, and

" a éontrol unit for controlling the optical head-
driving unit to perform pulse modulation for the
reproducing lighr beam on the basis of the reproducing
clock, wherein

the magneto-optical recording medium comprises a

recording layer for recording information therein, an
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ri sing point of—an—nitiat gnetization curve of a hysteresis curve

obt ai ned when th t| c field is applied in a direction to ¢~
magni fy the mgimﬂgla m"!! nsferred to the magnetic domai n-ragnifying
and reproducing L an «absol ute value Hn of the magnetic field at

a rising point of a major |oop of the hystere5|s

120 curve, Hn haying the sane pol ati as; that of the magnetic
field of He; 1§ﬁﬁmed1at?h%aﬁgﬁneﬂ‘€ oﬁ%’ é g cka¥er « Fh%e magneti c
domai n- magni f yi ng _.and regrodum ng | ayer, has a size which js magnified
dependi ng on*8PREgHFLdge BYth%a xB PR mum Heable magRetig A Hur i ng

reproduction. 3. he nmagnet o-optical recording nmedi um according to
claim 2, wheradjus Whlchtiaé LREGeRFham i ctize 9| @ Maghetic zﬁ%’lﬂm e val ue
Hr whi ch satisfies Hs < Hr for an absol ute value Hs of the netic field

at an initiapubiegpedgtporecordingelin nthhe grecording layer, and the
information is reproduced by detecting a magnetization
state o_f the magnetic domain magnified and transferr'.ed'.ftdm' :

the recording layer to the reprqducing layer.

This Sheet Has Been Re
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magneti zation curve of the hysteresis curve obtained when the external
magnetic field is applied in a direction opposite to the direction to
magni fy the magnetic domain transferred to the nagneti.c- donai n- magni fyi ng.

and reproducing |ayer; and . the size of the magnified magnetic domain
I's reduced depending on the magnitude of the external nmagnetic field in
the opposite direction applied during reproduction.. 4. The

magnet o- opti cal recordi ng nedi um accorBABSMRACT claim 1, further conprising
at | east one non-nmagnetic layer for nagnetostatically coupling the
information-recording -layer to the magnetic domai n-magnifyi ng and
reproduci ng |ayer, provided between the information-recording |ayer and
121 t he Ragegmietodoptiicalngecbydiggamediem d¢dutsngriragtated
5. The magneto-optical recording nediumaccording to claim4, conprising
a diel ectricwithera reprodagiag dight beam 13 so that only a minute
magnetic domain 313b, which is subjected to recording in a
recording layer 18 and which is smaller than 1/2 of a spot
. radius of the redotding light beam 13, is selected by a
gate layer 17 and transferred to a magnetic domain-
magnifying and reproducing layer 3. The magnetic domain
transferred to the magnetic domain-magnifying and
reproducing layer 3 is magnified by using a magnifying and
reproducing magnetic field 411 of an alternatiné magnetic
field. A large reproduction signal is obtained from the
magnified magnetic domain 419, and the minute magnetic
"domain can be subjected to reproduction at a high résolving
power and at a high S/N ratio. The magnified magnetic
domain 419 ié reduced by using a reducing reproducing
magnetic field 415 of the alternating magnetic field. The
gate layer 17 has a thickness which is not less than a
thickness of a magnetic wall of the magnetic domain. A

non-magnetic layer may be uséd in place of the gate layer

17.
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domai n-magni fyi ng and reproducing | ayer, the non-magnetic |ayer, and the

I nformati on-recording |layer, the |ayers being successively stacked on the
substrat e. 6. The magnet o-optical recording nmedi um according to
claim4, conprising at |east the information-recording |ayer, the

non- magneti c | ayer, and the magnetic domai n- magnifying and reproduci ng

| ayer, the | ayers being successively stacked on the substrate, wherein a
reproduci ng |Iight beam and the external magnetic field are applied during
reproduction-froma side of the magnpetigcs domai n-magni fyi ng and reproduci ng
| ayer. 7. The magnet o-optical recording nmediumaccording to claim
1, further conprising an internedi ate magnetic .l ayer for nmaking magnetic
coupl i ng between the nagnetic dbmdi @. rladghifying and reproducing | ayer and

the information- recording Iayer 8. The magneto-optica
recordi ng medi um according t REJORDIN®piising a dielectric layer, the
magneti ¢ domai n- magni fyi ng andLIGHDBEAM |ayer, the internediate
122 /3
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magnetic |layer, and the information-recording |layer, the |layers being
successively stacked on the substrate. 9.- The nagnet o-optica
recordi ng medi um according to claim7, conprising at |east the .

i nformation-recording |ayer, the internedi ate magnetic |ayer, and the
magnetic domai n-magni fying and repro@u#i3p | ayer, the layers being
successively stacked on the substrate, wherein a reproducing |ight beam
and the external magnetic field-are applied during reproduction froma .
side of the nmagnetic “domai n-nmagni fying and reproducing | ayer. 10.
The magneto-optical recording nediumaccording to claim9, wherein the
intermedi ate magnetic layer is conposed of a nmagnetic |ayer which behaves
as an in-plane magnetizable filmat roomtenperature, which makes
transition fromthe in-plagse magnetizable filmto a perpendicularly
magneti zable filmin a temﬁgrature range of 80 to 200 [err]C, and which -
behaves as the perpendi cul ar\y '

215

213

210
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magneti zable filmat a tenperature exceeding 200 [err]C. 11. The
magnet o- opti cal recordi ng nmedium according to any one of clains 1 to 9,
wherein a magnetic force resistance of a magnetic wall of the nagnetic
domai n- magni fying and reproducing |ayer is smaller than the magnetic

field applied during reproduction V\/ngrytgles 123
magneti ¢ domai n- magni fyi ng and reproducing layer is irradiated with a
reproduci ng |ight beam 12. The magnet o-opti cal recordi ng nmedi um

according to any one of clains 1 to 9, wherein the magnetic domai n-

magni fyi ng and reproducing |layer is conposed of a rare earth transition
netal, and the rare earth transition'netal has a conpensation tenperature
within a range of -100 to 100 [qrri(ﬁ. 3 13. The magnet o- opti cal
recordi ng nedi um according to any one of clains 1 to 9, wherein the

i nformation-recording




| ayer is conposed of a rare earth transition nmetal, and the rare earth
transition netal has a conpensation tenperature wthin a range of -100 to
50 [err] C 14. The nmagneto-optical recording nedium according to
any one of clains 1 to 9, wherein the magnetic domai n- rmagnifying and
reproduci ng |layer is conposed of a4gﬂE}Qb al l oy, and the

I nformati on-recording |layer is conposed of a TbFeCo alloy. " 15. The
magnet o-opti cal recordi ng nedium according to any one of clainms 1 to 9,
wherein an alternating magnetic field is used as the external nagnetic
field while irradiating the magneto-optical recording mediumwith a

124 reproducing |ight beam a nmagnetic fi'eld having one polarity
of the alternating magnetic field is used to. nmgnify the magnetic domain
transferred fromthe information-recording |layer to the nmagnetic domain-

| Fig. 4A . Fig. 4B
IUEPTK]DUCﬂjIS REPRODUCING
LIGHT BEAM LIGHT BEAM

3{{ MAGNETIC
S NN e D) 'REPRODUCING
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magni fyi ng and reproducing | ayer, and a magnetic field -having the other
polarity in an opposite direction is used to reduce the magnified magnetic
dormain to perform reproduction. 16.. The magnet o-opti cal recording
medi um according to any one of clainms 7 to 10, wherein the internediate
magnetic | ayer has a thickness which 5Z{t£i§ker than a thickness of a
magnetic wall of the internedi ate mag ' Iayer 17. The
magnet o- opti cal recording nediun1accordin%h any one of clainms 7 to 10,
wherein the ‘internediate nagneti & liager Aa thickness which exceeds 10

nm .18. The magnet o-optical recording nmedium according to any one
of clains 7 to 10, wherein the magnetic domain is reduced and transferred
fromthe information-r DOMATNe-MAGNIEEINEdi at e nmagnetic | ayer.
19. The mmgnet o- opt|cdﬂgpﬁtﬂﬂdtﬁﬁﬂhﬂ!AﬂhﬂﬁEﬂﬁr@ﬂﬂﬁﬂpo any one of clains 7
to 10, wherein a shortest recording 125
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magneti c domain subjected to recording in the information- recording |ayer
has a length in a wwdthwi se direction of a track, the length being | onger
than a length in a linear direction.:- 20. The magnet o-optica
recordi ng nmedi um according to claim 19, wherein the shortest recording
magneti c domain has a shape sel ect echférgmjt he group consisting of
crescent- shaped, arrow w ng-shaped,” and rectangul ar configurations.

21. A magnet o-optical recordi ng nmedium conprising at |east an
information-recording |ayer, for reproducing information by irradiating

t he magneto-optical recording nediumw th a reproducing |ight beam

characterized in that: - the magneto-optical recording nmedi um
conprises a nagnetic domai n-magni fyi ng and reproduci ng | ayer, a gate
| ayer, and the information-recording layer in this order, only one
magnetic domain of a plurality of magnetic
Fig. 6
61
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domai ns, subjected to recording in the information- recording |ayer and
existing within a spot of the reproducing |ight beam is transferred to
the gate layer fromthe information-recording |layer on the basis of a-
tenperature distribution in the gate |ayer generated within the
reproduci ng |ight beam spot when the pagneto-optical recording nediumis
irradiate with the reproducing I|gﬁ/35 126
beam spot; and t he magneti c domai n-magni fyi ng and reproduci ng | ayer
enabl es the magnetic domain traRsfiegr.ed7?fAomthe gate |ayer to be
magni fi ed by applying an external magnetic field having a polarity

i dentical with that of magnetization of the nagnetic domain. 22.
The nagneto-opti&gl recordi ng medi um according to claim2l, wherein:

t he external mag ic field has its absolute value H  which satisfies He <
H < Hn for an absoNute yalue He of
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the magnetic field at an initial rising point of an initial nagnetization
curve of a hysteresis curve obtained when the external magnetic field is
applied in a direction to magnify the magnetic domain transferred to the
magneti c domai n-magni fyi ng and reproducing | ayer, and an absolute value
Hn of the magnetic field at a rising Bg}/rggnf a ,or loop of the
hysteresis curve, Hn having the sane pélarity asfyhat of the magnetic

field of He; and t he magnetic domain transfégr to the magnetic
domai n- magni fyi ng and reproduci ng | ayer has a siz ch is magnified
dependi ng on a magni tude of the external nmagnetic gfigdl d applied during
reproducti on. 23. The magnet o-opti cal rece&di-ag nmedi um according to

claim 22, wherein: -

ext ernal magnetic | d} has s absol ute val ue
for an absol ute vdpue Hp of "BRhe magnetic field
point of the initi .

t he
L safisfies Hs < Hr
iTiti dr oppi ng
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magneti zati on curve of the hysteresis curve obtained when the external
magnetic field is applied in a direction opposite to the direction to
magni fy the magnetic domain transferred to the nagnetic donai n- magnifyi ng
and reproducing layer; and -the size of the magnified nagnetic donain
is reduced depending on the nagnitud§;9}3%ﬁe external magnetic field
appl i ed during reproduction. dl e magnet o-optical recording
medi um according to claim21l, wherein a magnetic force resistance of a
magnetic wall of the magnetic domai n-magni fying and reproducing |ayer is
small er than the magnetic field applied during reproduction when the
magneti ¢ domai n- magni fyi ng and renroﬂTﬁlngglayer isirradiated with the
reproduci ng light beam e magnet o tical recording nmedi um
according to claim?21, wherein the magnetic Iayerg;bther t han the
magneti ¢ domai n-magni fyi ng and reproducing | ayer have a total thickness h
which satisfies h/d > 0.5 for a length d of ¥ ni mum magnetic domain in
the informati on-recording |ayer. :
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recordi ng medirum according to

100

128 26. The magnet o- opti cal
claim 21, conprising, en a substrate, the magnetic donain- magnifying and
reproducing layer, the gate |ayer, and the information-recording |ayer
this order. 27. The magnet o-optical recordi ng nmedi um according to
claim 21, conpr|5|ng, on a substrate, the information-recording
| ayer, the gate I and the -magnetic” domai n-magni fyi ng and reproduci ng
| ayer in this r, "wherein the reproduci ng |ight beam and the external
magnetic field arana plied _during reproduction froma side of _the magnetic
domai n- magni f yi ng repr dUQinG | ayer 28. The mmgnet.o- opfli ca
recordi ng nedi um rdi ng:t clai m 27, conprli si fig, on egghfof bot
of the substrate Ieas i he |nfornat|on r dli yoE, te
| ayer, and the na i C do fn- nagnlfygg qu r duhiLeg L#ya 1this
order, wherein the ¥2produci pg '
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| i ght beamand the external magnetic field are applied during reproduction
fromthe side of the magnetic donain- rmagnifying and reproduci ng | ayer.

29. The nagneto-optical recording mediumaccording to any one of clains 21
to 27, further conprising at |least one non-magnetic |ayer for
.nagnetostatlcally coupling the 129

magneti ¢ domai n- magni fyi ng and reproddk;kélpéyer to the gate |ayer

30 (anended). The magneto-optical recording medium according to any one of
clainms 21 to 27, wherein,fhe nmagnetic domain in the information-recording
| ayer is transferred togihe gate layer, in an area at a tenperature :
hi gher than a predeterm pgd tenperature in the tenperature distribution in
the gate |layer generated&ithin the rgproducipg |ight bgam spot; the
magneti ¢ donmain - t#ansfegged o\ t he gaje | ay is transfperred tggfre
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magneti c domai n-magni fyi ng and reproduci ng |ayer, the mnagnetic domain
transferred to the magnetic domai n- magnifying and reproducing |ayer is
magni fi ed by applying the external magnetic field having the polarity
identical wth the nmagnetization of the nmagnetic domain, and thus a
reproduction signal is enhanced. @eﬁé éarrended). The magnet o-optical -
recordi ng nmedium according to any o lains 21 to 27, wherein the
magnetic domain in the informati onﬁ'ecordlg\g}\%l ayer is transferred to the
gate layer, in an area at a tenper r than a predeterm ned "
tenperature in the tenperature distribution in the gate |ayer generated

within the reproducing light beam spot, the magnetic donain transferred |
to the gate SBERVO sAREAferred to the RE MGaARERN fyi ng and
reproduci ng | ay&, The L T30 TTaEgnetic -

domain transferred to the magneti c domai MAG&@EE['(D*IOB’IHIWAEPFRMORDING

| ayer is ap ext e o g the
polarity i deyp%@%?(; gggg?ing%,r MGNEWE DOMEAT !
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wi th the magneti zation of the magnetic domain, and thus a reproduction
signal is enhanced. 32 (anended). The magneto-optical recording

medi um according to any one of clainms 21 to 27, wherein the magnetic
domain in the information-recording layer is transferred to the gate

| ayer, in an area at a tenperature wthin a predeterm ned tenperature
range in the tenperature distribution in the gate |ayer generated within
the reproducing |ight beam spot, the magnetic domain transferred to the
gate layer is transferred to the nagnetic domai n-magni fyi ng and
reproducing | ayer, the magnetic do i 8 r3&lferred to the magneti ¢ donai n-
magni fying and reproducing |ayer is nmagnified by applying the external .
magnetic field having the polarity identical wth the nagnetization of the
magnetic domain, and thus a reprodéctii @.siyr®l is enhanced. 33.

The magneto-optical recording nediumaccording to any one of clainms 21 to
27, wherein at | east one magnetic |ayer capable of controlling nmagnetic
exchange coupling force of the gate layer and the information-recording

| ayer is provided between the both magnetic |ayers. 34. The

magnet o-opti cal recordi ng nedi um according to
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131 - any one of clains 21 to 27, wherein the nmagnetic domain-

magni fyi ng and. reproducing | ayer is conposed of a rare earth-transition
metal, and the rare earth transition netal has a conpensation tenperature
within a range of -100 to 100[err]C. 35. The magnet o-opti cal
recordi ng medi um according to any one of clains 21 to 27, further
conprising, between the nagnetic donain-naga;%wagg and reproducing | ayer
and the gate |ayer, gp-agnetic |ayer whic a as an in-pl ane

magneti zable film at m t ature _which makes _transition fromthe
I n- pl ane magneti zabl Imto a _perpendicularl gnetizable filmin a
t enper ature range of toy200 [err] C, and whijch hehaves gs tlhe
per pendi cularly mag zablfelfilmat a tenp rktzre xceqdrfg |2
36. The nmagneto-optigal rec¢rdi ng nmedigim accordi pgitd gypp on
to 27, wherein the neti c,dpmai n- ﬁﬁﬁhﬁiqug!and epicdduci ng.
conmposed of GdFeCo, d ' Y '»Q :
' -~ (A
g- T Ei3)
| . "’3\ H
S | al L é L
| ol &
- :
BE e e
g % > O & =
H ™~ + + 1+
"j I 7
<« | | &3 ' é
- P \
~ |I& ] &
- ) S u:l q_ ;_s"’\ .
o 4 o AN
e ) m i~ h oy
i . ~N — ‘T)
;t N N .
Rp ]l 2 2 N l o« < |
i E; °“\>;\ | S a
L 0 o
P.-:i__—'_lf" 7 ' ' & ' & !
s8] |
| X - o U
) O' < l &% H
g = ] ~ | O
== I LE
o9 o~ ! - — N
W VA R CTL S\EE .
QI Hg" Y RIS . g
QD £
Eg Se E% g§§§
) EE
H

LASER DRIVE



the information-recording | ayer irs conposed of a ThFeCo | ayer. 37. .
The magneto-optical recordi ng nmedium according to any one of clains 19 to
27, conprising the information- recording |ayer conposed of TbFeCo, a
first exchange coupling force control |ayer conposed of GdFeCo, a second
132 exchange coupling force control |ayer conposed of TbFeCo, - the
gate | ayer conposed of GdFeCo, andc£q§/n%p%ptic domai n- magni fyi ng- and
reproduci ng | ayer conposed of GdFeCb. 38. The magneto-optica

recordi ng medi um according to any Priegof @1 &ins 21 to 27, further
conprising a netal reflective |ayer between the non-nmagnetic |ayer and the

magneti ¢ donmeSERWON 'AREN and reprodum m MING p39. _
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field is used as the external magnetic field during reproduction while
irradiating the magneto-optical recording nediumwth the reproducing

| ight beam a mnmagnetic field having one polarity of the alternating
magnetic field is used to magnify the magnetic domain transferred fromthe
gate l.ayer to the magnetic domai n- nagnifying and reproducing |ayer, and a
magneti ¢ field having the other polarity is used to reduce the magnified
magneti ¢ donmain to performreproduction. ©40. The magnet o-optica
recordi ng nmedi um according to any one of clains 21 to 27, wherein the gate
| ayer has a thickness which is thicker than a thickness of a magnetic

wal | of the gate |ayer. _ 133 _ -
41. The nmagneto-optical recording mediLr‘rﬁa(cc?roffng to any one of clains 21
to 27, wherein the gate |layer has a thickness which exceeds 10 nm
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42. The magneto-optical recordi ng medium according to any one of clains 21
to 27, wherein the magnetic domain is reduced and transferred fromthe
information-recording |layer to the gate |ayer. 43. The '
magnet o- opti cal recordi ng nmedium according to any one of clains 21 to 27,
wherein a shortest recording mnagnetic. domain subjected to recording in the
information- recording |layer has a length in a widthwi se direction of a
track, the length being longer than a length in a |inear direction.

44. The magneto-optical recordi ng nmedium according to claim43, wherein
the shortest recording magneti.c domaifn7 A% Ba shape sel ected fromthe group
consisting of crescent- shaped, arrow w ng-shaped, and rectangul ar

configurations. 45. A magneto-optical recording nediun1conprising a
recording layer for recording information therein, a non- magnetic |ayer,
and a reproducing | ayer, characterized in that: . magnetization is

transferred fromthe recording | ayer

Fig. 17
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134 - to the reproducing |ayer in accordance with magnetostatic
coupling by heating the magneto-optical recording nediumto a

predeterm ned tenperature, and a magnetic- domain having the transferred
magneti zation i s -magnified for reproduction to be larger than a magnetic
domai n subjected to recording in the recording |ayer under a reproducing
external magnetic field. 46. The nagnet o-optical recordi ng nedi um
according to claima45, wherein the reproducing |ayer behaves as an in-

pl ane magneti zable filmat room terrpfrgt)ar 5 and behaves as a

per pendi cul arly magnetizable filmat "a"t er%er ature not less than the _
predeterm ned tenperature. A47. Th net o-optical recording nedi um
according to claim46, wherein e r%proﬁté?&g | ayer has a tenperature
coefficient of not less than 8.0 to change fromthe in- plane nmagnetizable
filmto the perpendicul arly nmagnetizable form




48. The magnet o-optical recordi ng nmedium according to claim45, vherein

the reproducing layer is a perpendicularly magnetizable film 49,
The magnet o-optical recording nediumaccording to claimd45, wherein the
reproduci ng | ayer has a m ni num 135

stabl e magnetic domain radius which is larger than the nagnetic donmain
subjected to recording in the recordiwg I 5§r. 50. The
magnet o- opti cal recordi ng nmedi um accor Vﬁéﬁ o claim45, wherein the

non- magneti c | ayer is conposed of at |east one selected fromthe group
consisting of . SIN, AIN, TiN, Siderr], Aferr]Qerr], SIC TiC 2ZnO
SSAION, ITO and Snderr]. 51. The magneto-optical recording

medi um according to claima45, wherein a shortest recording magnetic domain
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subjected to recording in the recording |ayer has a length in a |inear
direction, the Iength being not nore than 1/2 of a size of a reproducing
| i ght beam spot. - 52. The magnet o- opt:i cal recordi ng nedi um accordi ng
to any one of clains 45 to 51, wherein a shortest recording magnetic
domai n subjected to recording_.in the information- recording |layer has a :
l ength in a widthw se direction of a2(5%§%¥ the I ength being | onger than a
length in a linear direction. $he magnet o- opti cal recording :
medi um according to claimb52, wherein the shortest recordi ng magnetic
domain has a shape selected fromthe group consisting of crescent-
shaped, arrow w ng-shaped, and rectaEguIar cggﬁ%guratlons

p

136 54. The magnet o- t'i &t rdi ng nedlun1accord|ng to
any one of clainms 45 to 51, wherein an alternating nmagnetic :
Tmin

RT - T (REPRODUCTION)
TEMPERATURE

¢ Hsr /3a
e
/5 / REDUCTION

0

\\ |

g




field is used as the external magnetic field. . during reproduction while
irradiating the nmagneto-optical recording nediumw th a reproducing |ight
beam a magnetic field having one polarity of the alternating magnetic
field is used to magnify the nagnetic domain transferred fromthe
recording layer to the reproducing layer, and a magnetic field having the
other polarity is used to reduce the magnified magnetic domain to perform
repr oducti on. 55. A magnet ogont)'/ogls recordi ng medi um conprising a
recording layer for recording informati'on therein, an internediate |ayer,
and a reproducing layer, for reproducing information by detecting a
magneti zation state of a magnetic domain transferred fromthe recording

| ayer to the reproducing |ayer, cﬁariaéter'gﬁgd in that: a mni mum
stabl e magnetic domainradius in the r@pro ng layer is larger than a
size of a magnetic domain subjected to recording in the recording |ayer.
56. The nagnet o- opti cy{ITEMPERATURE sifg ( 5, wherein

t he magnetic domain sﬁfctIMIAﬂﬂ%%t i %l?ﬁgﬂ ayer is
magni'fied and transferred to the reproducing |ayer.
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137 57. The magneto-optical recording nediumaccording to,
claimb55, wherein the internediate |layer is a magnetic. | ayer. 58.
The magnet o-optical recording nmedi umaccording to claimb57, wherein the
intermedi ate | ayer as the non- nmagnetic |ayer behaves as an in-plane
magneti zable filmat roomtenperature, and behaves as a perpendicularly
magneti zable filmat a tenperature not | ess than a predeterm ned:

t enper at ur e. 59. The mag’netoZoZ)Vfﬁaﬁ recordi ng medi um according to
claim58, wherein the internmedi ate magnetic |ayer has a tenperature
coefficient of not less than 8.0 to change from the in-plane magnetizabl e
filmto the perpendicularly nagnetizable form :

Fig. 23
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60. The magneto-optical recording mediumaccording to «claimb55, wherein
the internmedi ate | ayer as a magnetic |ayer has a thickness which is not

| ess than a thickness of a magnetic wall in the internediate |ayer.

61. The magneto-optical recording nmediumaccording to claimb55, wherein
the internediate | ayer as a magnetic |ayer has a thickness which exceeds
10 nm _ ' 138 62. The

magnet o-opti cal recordi ng nedium according to claimb55, wherein the:
magneti ¢ domai n magnetically transferrsp fromthe recording |ayer to the
internedi ate |ayer has a size whi chi3 /58Pl er than a size of the

magnetic domai n subjected tq recorfipgg. 2 B 63. The nmagnet o-opti cal
recordi ng medi um according to -claimb55, wherein the internediate |ayer is
a non-magnetic | ayer. :
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64. The magnet o-optical recording nmediumaccording to claim63, wherein
the non-nmagnetic |ayer is conposed of at |east one selected fromthe group
consisting of SIN, AIN, TiN Siderr], Al[ferr]Jerr], SiC TiC ZnO
SSAION, ITO and Sngerr]. 65. The magnet o-optical recordi ng nedi um
according to .claim63, wherein the non-magnetic |layer has a film

t hi ckness within a range of 50 to 300 ﬁ%%’ : 66 (anended). The
magnet o- opti cal recordi ng nmedi um acd 'né 50 cl ai m 58, wherein the
predeterm ned tenperature is a tenperature within a range of 100 to 170

[err] C 67. The magnet o-optical recording nedium according to any
one of clains 55 to 66, wherein the. recording |ayer is '
139 a single-layered magnetic filmor a nulti-layered mgnetic

filmconposed of at |east one el enent selected fromthe
Fie. 27
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group consisting of Th, Dy, and Nd, and at |east one elenent selected from
the group consisting of Fe, Co, and N, or a single-layered magnetic film
or a multi-layered nmagnetic film conposed of one el enent of Pt and Pd, and
at |least one elenent selected fromthe group consisting of Fe, - Co, and

Ni . : 68. The magnet o-optical recording nmediumaccording to any one
~of clains 55 to 66, wherein the recording |layer is a magnetic |ayer
conposed of ThFeCo. 69. The Zrtﬁg et3050pti cal recording nedi um

according to any one of clains 55 to 66, wherein the reproducing layer is

a magnetic filmconposed of at I?ast O%PEJ enment selected fromthe group
consisting of Ho, &, Th, and 'f_)y €and : I%ast one el enent selected from.

the group consisting of Fe, Co, and N . rrl[—@ldrp/ gnet o- opti cal
recordi ng nmedi um according to any one of clai to'66, 'wherein the

recordi ng | ayer mx afilm ickn;é within a range ¢f 500 to 3000 A

71. The magnet o- cal recol i ng ium ac idg t ’any clains 55
to 66, wherein the rgcording I\\ayer has &)%‘— Ti+ 72 g“b‘g _
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140 a filmthickness within a range of 50 to 1000 A _ 72.
The magneto-optical recordi ng nmedium according to any one of clains 55 to
66, wherein a shortest recording magnetic domain subjected to recording in
the reproducing |layer has a length in a linear direction, the |length being -
not nore than 1/2 of a size of a reproducing |ight beam spot. 73.
The magnet o-opti cal recording_nediﬁglﬁ§QQ%ang to any one of clains 55 to
66, wherein a shortest recorging ghét it "domai n subjected to recording in
the information- recording |layer has a length in a wi dthw se direction of
a track, the length being shorter than a length in a linear direction.

74. The magnet o-opti cal recordinﬁ'de&tﬂnZKwading to claim73, wherein

t he shortest recordi ng magnetic domain
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has a shape selected fromthe group consisting of crescent- shaped, arrow
W ng- shaped, and rectangul ar confi gurations. 75. A reproducing

met hod for reproducing information recorded on the magneto-optical
recording mediumas set forth in claim1l, -conprising the steps of
transferring a magnetic domain subjected to recording in an information-
recording |layer to a nagnetic domai n-magni fyi ng and

141 reproduci ng | ayer by i Er?d' g igg the nagnet o-opti cal

recording mediumw th a reproducing Ilth beam and nmagnifying the
transferred magnetic domain to he larger than a size of the nmagnetic
domai n subjected to recording in the information-recording |ayer -to
perform reproduction by applying a reproducing magnetic field having a
polarity identical with that ofM~magnetization of the transferred nmagnetic
domai n. 76. The reproduEyng met hod for the magneto-optica
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recordi ng medi um according to claim 75, wherein an alternating magnetic
field nodul ated on the basis of the reproducing clock is used as the
reproduci ng magnetic - field, the transferred nmagnetic domain is magnified
by wusing the nmagnetic field having the polarity identical with that of
magneti zation of the magnetic donmin subjected to recording in the

I nformati on-recordi ng layer, and the nmagnified nagnetic domain is reduced
by using a magnetic field having azjgl/r;BtS' opposite thereto. 77
(amended). The reproducing nethod for the magneto- optical recording

medi um according to claim 76, wh& di g a 3Poler of the reproducing |ight

beamis nodul ated on the basis of a reproducing clock. - 78. The
reproduci ng nmethod for the magneto tical : _
142 (MARK dPII'CHy ué elnnprdf %cﬂ@hﬂﬂm,\/\her ein one recording
magnet i c donaln'bf/sed:waEPRQDUG‘INGd 1.65 miW)
(2) H=20 0Oe
{”""  REPRODUCTION
-..... SIGNAL

(b)H 730 Oe

_——T—_-'——_.——_.r_—-.‘

¢) H 215 Oe




nﬁgnetic domains in the infornation-fecording | ayer capabl e
I ncl uded within a spot of  the reproducing |ight

magnet i ¢ donmai n- magni fyi ng and

magnetic domain is

polarity identical
magneti ¢ domain. -

repr oduci ng | ayer,

of being
beamis transferred to the
and the transferred

magnified to be |larger than.a size of the nagnetic
domain subjected to recording in the information-recording |ayer to
perform reproducti-on by applying the

ith that of

cgng magnetic field having the

;
t he &gga9d|zat|on of the transferred

" 79. The reproduci ng met hod for the nmagneto-opti cal

recordi ng nmedi um a rding to any one of clains 75 to 78, wherein:
the reproduci ng ma C f|erd_has_LLs_absgLuLe—vakue——Hﬁ—mhreh—sa%rs%|es a
rel ati onship of He < Hn|f etHe—of—ttremagnet i ¢
field at a rising of anflinitial nmagnetization curve gd hysterjesis
curve obtained whe ¥he extkrpal magnetic fi s amﬂ_qg/l niaf drfection
to magnify the magn@tagx doma|nltransferr nagnéa
domai n- magni f yi ng reproduclng | ayer, an ibgoliuti@val ug Hif,af |t he
magnetic field at Lsing ppipt of a major o% t ystlenes yrve,
Hn having the sane [ oFﬁ?Ttﬁ ag that of the i q f of| He;
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t he magnetic domain transferred to the magnetic

143 domai n-
capabl e of bei ng mag

magni fying and reproducing | ayer has a size which is
ni fied dependi ng on a nagnitude of the external -

magnetic field applied during reproduction. 80. The reproducing
met hod for the magneto-optical recqrdin di um according to claim 79,
40758

wher ei n: t he reproduci ng nmagn

which satisfies are

magneti zati on curve
magnetic field is a
magni fy the magnetic
and reproduci ng | aye
droppi ng point of th
sane polarity as th

d has its absolute value Hr

| ati onshi p of < H < Hn for an absolute val ue Hs of
the magnetic field at an initial T oppfng BoBnt of the initia

of the hysteresis curve obtained when the external
pplied in a directio¥ 8pposite to the direction to

domain transferred t6 the nagnetic domai n-magni fying.

r, and an absol ute al ue Hn of the magnetic field at

e J | oop of the hysteresis curve, Hn having the
of the tic field of, Hs; and

_ﬂ/’l
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the size of the magnified magnetic domain is capable of being reduced
dependi ng on the magnitude of the external magnetic field applied during
repr oducti on. 81. The reproducing nmethod for the magneto-optical -
recordi ng medi um according to claim79, wherein: t he reproduci ng
magnetic field has its absolute value  H which satisfies a rel ationship of
Hs < Hr for an absolute value Hs of the magnetic field at an initial

144 droppi ng point of the irgtf g 3nggneti zati on curve of the
hysteresi s curve obtai ned when the external magnetic field is applied in a
direction opposite to the directiBnitg. n@d # the nagnetic donain
transferred to the magnetic donuin-nagni.fying and reproducing | ayer; and

t he magnified magneti c domai nDIsRE@g_egp()N qf)qugpg ggpendi ng on the
magni t ude of the external nagnetic fJ‘ﬂ d applle durlng reproductlon

o

CORDING MAGNETIC DOMATN
TRACK

Fig. 34B

TRACK RECORDING MAGNETIC DOMAIN
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82. The reproducing nmethod for the magneto-optical recording nmedi um
according to any one of clains 75 to 81, wherein the magnetic domain
subjected to recording in the information-recording |ayer is subjected to
recording so that a length of the magnetic domain in a w dthw se '
direction of a track is longer than a length of the nagnetic dormain in a

| i near direction. ' 83. A reproducing nethod for reproducing

i nformati on recorded on the nagnetoaoaU( 5 recordi ng medi umas set forth
in claim?2l, conprising the steps_of transferring a nagnetic donain
subjected to recording in an i nf of mhtBon- 3 @ecording layer to a magnetic
domai n-magni fyi ng and reproduci hg | ayer U§£a gate magnetic | ayer by
irradi ati ng the .magneto-optical recordin diumw th a reproduci ng Iight
beam and magni fying the transferred magrgtic domain to be |larger than a

size of the magnetic dongrm—stbiected : 145
to recording in the inf or MMQDPBYER)O—WVQ
(RECORDING LAYER) - 77
NON-MAGNETIC
(REPRODUCING LAYER) _|—1-64
(DIELECTRIC LAYER) - =7
(SUBSTRATE) //‘/I_
Fig. 36
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reproduction by applying a reproducing magnetic field having a direction
identical with that of magnetization of the transferred nmagnetic domai n.
84. The reproducing nmethod for the magneto-optical recording medi um.
according to claim83, wherein a plurality of recording nagnetic domains
in the information-recording |layer included within a spot of the
reproducing light beam are individually generated in the gate | ayer, one
generated magnetic domain is transferred to the nagnetic donai n-
magni fyi ng and reproducing | ayer, argl3pé3tbansferred magnetic domain is
magni fied to be larger than the size of the nagnetic domain subjected to
recording in the information-recording |ayer to performreproduction by
appl ying the reproduci ng nagnetic field having the direction identical
with that of nagnetization of the transferred magnetic domain. 85.
The reproduci ng nethod for the nmagneto-optical recording medi um according
to claim83, wherein an alternati ﬁg in@gnetd o fiel d nodul ated on the basis
of a . reproducing.clock is used as the reproducing nagnetic field, the
transferred magnetic domain is magnified by wusing a magnetic field having
a polarity identical with ' :

125
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that of nmagnetization of the magnetic domai n subjected to

146 recording in the information-recording | ayer, and t he
magni fi ed magnetic domain is reduced by using a nagnetic field having a
polarity opposite thereto. 86. The reproducing nethod for the

magnet o-optical recordi ng nedi um according to claima83, wherein a power of
the reproducing light beamis nndulqgeﬁ/bﬁ bhe basis of a reproducing

cl ock. 87. The reproducing nmethod for the magnet o-opti cal

recordi ng nmedi um according to. any one of clains 83 to 86, wherein:

the reproducing magnetic field has Ftb ghsoBuBe val ue H which satisfies a
relationship of Ho < Hr < Hn for an absolute value He of the magnetic
field at an initial rising point of an initial nagnetization curve of a
hysteresi s curve obtai ned when the external magnetic field

Tcri
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TO LASER SPOT
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is applied in a-direction to magnify the magnetic domain transferred to-
t he magneti c domai n-magni fying and reproducing |ayer, and an absol ute
value Hn of the magnetic field at a rising point of a major |oop of the
hysteresis curve, Hn having the sane polarity as that of the magnetic
field of He; and the magnetic domain transferred to the nagnetic
domai n- magni fyi ng and reproduci ng | Sga Size which is capable of
gnitying p g ﬁ?ﬁ%éhng p

bei ng magni fi ed dependi ng on a nagni t he .

147 ext er nal nagnetic_fie#d a p||%pﬁf rlng repr oducti on.

88. The reproducing nmethod for the nég et 0-0 recordi hg nmedi um
according to claim87, wherein: t he reprodUC|ng magnetic field has
its absolute value Hr which satisfies a relationship of Hs < H for an
absolute value Hs of the magndtic field at an initi &l dropping point of

the initial magnetization curVe of the hysteresis ¢urve obtained when the
external magnetic field

64C
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Is applied in a direction opposite to the direction to magnify the
magnetic donpipstr anehameae t0 the magnetic domai n-magnifyi ng and
reproduci ng layer; an the size of the magnified magnetic domain is
capabl e of being reduced dependi ng on the nagnitude of the external °
magnetic field applied during reproduction. 89. The reproducing
method for ttheragietpropided| a magnetdioptiedlurecordingngedouml ai m 87, .
wher.ei n: t he reproduci ng magnetic field has its absolute value Hr
whi ch satlsf¢dmptn5fﬁgu|dmsb|$nhétthté,thfﬂﬁfaﬁmaabeﬁLﬂéeovaiﬂg bayet,t he
magnetic field at an initial dropping point of the initial nagnetlzatlon
curve of theandystimaqsetic domabitnagriifybeg dhe eepeodatingonayes fiel d
is applied in a direction opposite to the direction to nmagnify the
magnet i c dor@aﬁhEI@rtsf aﬁagd;fplweaﬂagf@@r@dudmgl a- ﬂﬁgé{:ﬂb NdoRmafn

reproduci ng | ayer; and
magni fied Mgfghd ek firdm O 2PhfoPnabfbiirecording layer, by

t he

applying an external magnetic field having a polarity
identical with that of magnetization of the magnetic
domaiﬁ, characterized'in that: |

the information—recording'layer has a thickness h |
which satisfies h/d > 0.5 for a length d of a minimum
magnetic domain which has been recorded.

Awano, who is one of the inventors of the present
invention, has been disclosed, in Japanese Laid—Open-Patent
Publication No. 8-7350, a magneto-optical recdrding medium
comprising a reproducing layer and a recording layer, which
is capable of.transférring a magnetic domain from the
recording layer to-thé reproducing layer during
reproductlon of 1nformatlon, magnlfylng the 51ze of the
magnetic. domaln in the reproduc1ng layer to be 1arger than
the size of the magnetlc domaln in the recording layer, and
reproduc1ng the magnetlc domaln by applying an external
magnetic field: hav1ng a polarlty identical with that of
magnetization of the magnetic domain. The first aspect of

the present invention, which is relevant to the magneto-
optical recording medium disclosed in Japanese Laid-Open

Patent Publication No. 8-7350, specifies the magneto-
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erased dependi ng on the magni tude of the external- magnetic field applied
during reproduction. . 90. A reproducing nethod for a magneto-optica
recording medi um for reproducing-infornmation recorded on the ,
magnet o- opti cal recording mediumby the aid of a mnagneto-optical effect,
characterized in that: a magnet o-optical recordi ng medi um conpri si ng,

on a substraggplied. | AEEsPdingly fCPeptOGutei6h candbd pBPLELhed b _
domai n- magni fyi ng and reproducing | ayer for transferring a nagnet?c domai n

in thei'ﬁ(”ﬁgiﬂirhffﬁé&éﬁdE&ﬁéyiﬁpéfﬁﬁﬂiQcoﬁ&ér&@ﬂ@ﬁf%+”Qhéhgaﬁ ansferred

magnetic domain by the aid of” an’‘external magnetic field Is used as the

megnet - Ofjdiidy [ £6 K odREh¢nd] dechnighde magnetic domin

transferred fromthe information- recording layer to the nmagnetic
i 70 of " the TaorEry R AR of B MA St g foat ! 0°T (AN @
one of a 1o SR AdSin AH MG EEEREEONh AopdRE g e’ oo
reproduci ng ¢l ock and a reproduci,ng |light beam podul ated on the basjs of
the reprodRASRPRY cHRVenRtiqh gy, bR 3 Hagactic LR¥FR 9% aehphnfagnetic
- layer. Namely,:ﬁhen the intermediate layer is a magneﬁic
layer,_thejrecording magnetic domain in the recor&ing:iayer'
ié transferred to thé reproducing layer by the aid of'pﬁe
exchange cbupliﬁg effected by the recording layer, thé-
intermediate layer, and the reproducing layer. When the
intermédiate layer is a non-magnetic layer, the recording
magnetic domain in the recording layer is transferred to
the reproducing layer by the aid of the magnetostatic_.
coﬁpling effected between the recording layer and the
reproducing layer.
In the magneto-optical recording medium according to

the first, second, and fourth aspects of the present
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91. The reproduci ng nethod for the magneto-opti cal _

149 | recordi ng medi um according to .claim90, wherein information

is reproduced by irradiating the magneto-optical recording nmediumwth a
conti nuous reproducing |ight beamwhile applying the reproduci ng magnetic
field nodulate on the basis of the reproducing clock. ' 92. The
reproduci ng AEVes® o thee magneto-aphical recaxdinggneditiunimceledi ng to
claim90, wherein information is reproduced by applying a continuous
magnetic fi emethed o 3)i scadihat magnet it gonainptin dthe covfakimat benk um wi t h
the reproducing |light beam nodul ated on the basis of the reproducing :

clock. - recotdibige Vagrerod@c iing aiidisbriftiurid) &r ARG SO -FP%cC o 170
recordi ng nmedi um according to claim90, wherein information is reproduced

by appl ying “EeaES%QQHEkQJ‘?ng&g@St thie' 58td 1ayer 16.

In general, the ihformatién-recording 1$yer is
required to have a characteriétic that the coercivity Hc is
seﬁeral.times larger than the'reproducing magnetic-field
even at the temperature of the center of the 1ight beam
spot'during reproduction. Those usable for the |
information-recording layer inélude, for example, rare
earth transition metal alloys such as TbFeCo, GdTbFeCo,
DyFeCo, GdDyFeCo, GdDyTbFeCo, and/or thoée added with non-
magnetic elements such as Cr and Ti as added elements; Pt-
Co alloys; Pt/Co two-layered films; and garnet materials.
In general, it is necessarf for the gate layer ﬁhaﬁithe
‘coercivity Hc is considerably éhaller than that of.the
information-recording 1ayer...Those usable as the gate
layer inc1udq, for example, rare earth transition metal
alloys such as GdFeCo, GdFe, and GdW; Pd-Co alloys; Pt-Co
allofs; Pd/Co'two-layered films; Pt/Co two-layered films;
and garnet. In order to facilitate the control for
magnification and reduction of the magnetic domain in the
magnetic domain-magnifying and reproducing layer, the
thickness (h) of the gate layer + the.exchange coupling

force control layer + the information-recording layer

'preferébly satisfies (h/r) = 0.5.for the length (r) of the
59 REPLACEMENT SHEET
22DEC 997 | |




nodul ated on the basis of the reproducing clock while irradiating the
magnet o-optical recording nediumw th the reproducing |ight beam nodul at ed
on the basis of the reproducing clock. : 94. The reproduci ng met hod
for the nmagneto-optical recording nmedium according to claim90, wherein an
alternating magnetic field is used as the reproducing magnetic-field, and

an anpl i fi edmigpnoflupbgret $€0achais wHetRCchag bé@ﬂlQ%@Brﬂbd”&ﬁnthbﬁd
magneti ¢ donai ns by repeating a

process conpinfbﬂﬂaﬁaeﬁLfdeaﬁdiﬂg mageetchcéaEahagl&othﬁlgaqaﬁ&hﬁtlon
domai n- magni fyi ng and reproducing |ayer to be larger than the size of 'the

magneti c dongha mﬁéﬁé@ﬁée@oﬁ81ﬁeéahdb89rémlhﬁiy'EEQhE%kaEdrSgoiﬁan hayer
by using a magnetic field having a polarity in"a direction entlca

that of magngki gaki 28aRf mhiRetBENELLE4IBEBL A ﬁtﬂﬁh@@i@df& 16658515 '” the

I nformation-recording |ayef, and then reducing the magnitied magnéet
domain in th@jrected from the information-recording layer toward the

mégnetic domain-magnifying and reproducing layer. Further,
it is bossible to obtain a relatively flat distribution.bf'
the leak magnetic field in the in-plane directién in the
layer. Therefore, it is easy to control magnification énd
reduction of magnétic domains in thé magnetic domain- |
magnifying and reproducing layef.
o In the magneto;optical recording medium of the present
invention, as shown in Fig. 6, the'non-magﬂetic layer 4 caﬁ
be inserted between the magnetic domain-magnifying and
reproducing layer 3 and the gate layer 16 (the information-

‘ recording layef in thé magneto;optiéal recording medium-
according to the first aspect). Those usable as a material
for the non-magnet;c layer include dlelectrlcs such as

..-S:LO,, AlN, and S:|.N° metals such as Al, AlTl, Au, Ag, Cu, -

© AuAl, and AgAl; and structural materials in which metals :
and.dielectrics are stacked. When the non-magnetic 1ayér 4
exists between thé mégnetic domain-mﬁgnifying and |
reproducing layer 3 and the gate layer or the information-
recording layer 18, an .advantage is obtained in that thé
magnetic domain transferred to the magnetic domain-

magnifying and reproducing layer 3 is smoothly magnified
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nagnetlc domai n- magni fyi ng and reprodu0|ng | ayer by using a nmagnetic field
having a polarity opposite thereto. 95. The reproduci ng net hod for
the magneto-optical recording mediumaccording to claim90, wherein the
magnet o- opti cal recording medium further conprises an internediate
magnetic | ayer provided between the information-recording |ayer and the

magneti ¢ don@omainseexikyi Re & Ke g Ndydt badh \WpRAS RHde
magnetic domain subjected to recording in the information-recording |ayer

is reduced agdchbang’ erreet! oft kel YateMdiydire makednql pdsi®iebko
i rradi ati ng the magneto-optical recording nediumw th the reproducing

light beam BGheotRBRTY EnEOMBhEte Malgh@t3ledonm i %iﬁatﬂl%r' %%W%%at e
magnetic |ayer to the” magnetic domain- nagnlfylng and reproduci ng | ayer,

and the  irap8pebiedifBoNsbhe HAEA Bpot WROAEREE (B:Otd Beoer than "the

size of the netic su Jecte to recordi'ng in

il gfl ormati on- geaQEEePFelY ShtbOtAE" MAGHLIR ARG, N2 ma%fymg and

reproducing layer.

First Embodiment (A)

At first, embodiments of the magneto-optical reeordihg
medium according te the first aspect of the present
invention will be more specifically'explained with
reference to the drawings. 'However, the present invention
is not limited thereto. |

Fig. 7A shows an example of a'crpss—sectional
structure of a magneto-optical recording medium 71

" according to the present invention. The magneto-optical
recording medium 71 eomprises a dielectrie layer 2; a
_magnifjing_and reproducing layer 3, a.nen-magnetic layer 4!
_en information-recording layer 75, and a dielectric layer,
the layers being successively staeked on a transparent
substrate 1. A pelycarbonate substrate having a thickness
of 1.2 mm was used as the transparent substrate 1. A
5111con n1tr1de material having a f11m thlckness of 70 nm

was used as the dlelectrlc layers 2, 6. A GdFeCo alloy
having a film thickness of 20 nm, a compensation
temperature of -10 °C, and a Curie temperature of 350 °C
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applylng the repr oduci ng nagnetlc fleld haV|ng a polarity identical with
t hat of magnetization of the magnetic domain transferred to the magnetic

domai n- magni fyi ng and reproduci ng | ayer. . 96. The reproducing
nmet hod for the magneto-optical recording nediumaccording to claim90,
wher ei n: t he magneto-optical recording nedium conprises at |east the

i nf or mat i on-wasonsedgasaybe, magnifiyéngedndt eepradnetiing Layetr, 3andat he
magneti ¢ domai n-magni fying and reproducing |ayer, the |ayers being
successi vel ysildcbrdndbrideematépiadt havand wh€idimnthickneskhefmagnghi C
domai n subjected to recording.in the information-recording layer is

transferred andtaa ABgakloy hdeingnanEdlinf ¥hiigkneesr 6B 20UaMNFelray AkelY
|rrad|at|ng the magneto-optical recording nediumw th the reproducing

light beam asoghe AbAemagnébecnpaperi 4. doxamaraaanaixbyghaeingr 8PEQEMCI Ng
| ayer, and the transferred nmagnetic domain is magnified to be”larger than

i or mat i on- FAcoRacRg o, 200°pil & BhikFlak ahcERREERGEUPs R 5501 fom t ne

side-of the nmagnetic domai n-magni fying and reproducing | ayer, the

r epr oduci ng ﬂngnetCGrieetempenahgra p6| 270t §C ivemtused autthethat of

magneti zation of the transferred nmagnetic domain.
information-recording layer 75. Films of these layers were
formed.by meaﬁs of sputtering'by using a magnetron
sputtering apﬁarafus respectively.

| Predetermined.data was recorded on the ﬁagneto-eptieal
recording medium 71 shown in Fig. 7A by using the recordin§~
and reproducing apparatus shown in Fig. 2 in accordance
with the magneto-optical field modulation system. Details
of recording and reproductien based on the magneto-optical
field modulatien system will be explained in third and
fourth embodiments descriﬁed later on. Altereatively, as
explained in another embodiment, the magnetic field
modulation system may be used to form recording magnetic
domains in the informatién-recording layer so that fhe
magnetic domainilength of the minimum magnetic'domain in
the widthwise direction of the track is shorter than the
length in the linear.direction. The optical head shown in.
Fig. 2 had a laser wavelength of 680 nm, and an optical
system having a numerical aperture of 0.55 was used. The
" effective spot size was 1.2 micron. Therefore, when

continuous magnetic domains each having a size of 0.4
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97. The reproduci ng nethod for the nmagneto-optical

152 recordi ng medi um according to any one of clains 90 to 96,.
wherein: t he reproduci-ng magnetic field has its absolute value Hr
which satisfies a relationship of Ho < Hr < Hnh for an absolute val ue He of
the magnetic field at an initial rising point of an initial nagnetization

curve of a hyst Retaiciuntich elisipack iRy tWis Bt i ingoned i g1 fhel d s
applied in a direction to magnify the nmagnetic donmain transferred to the

magnet i ¢ dorgiekmay ferca 20 nl &Y O GiMEd Ve ﬁf%ﬁ&h lute val ue Hn.
of the magnetic field at a rising point of a major loop of the hysteresis -

curve, Hn haddurdility Juferd Yoipbsit 'd¥iTi¥edd D MU hdyndd ldbdicdP:

and t he magneti ¢ donain transferred to the nagnetic

domai n- M0l Jeddia! gl 13 NGt HE S dine | Apr il oA 6 Of

bei ng magni fi ed depending on a nmagnitu of the
as that used when the alternating magnetic field of H =

+215 (Oe) was applied. 1In this case, the reproduction

waveform was instantaneously increased by the alternating
reproducing magnetic field, however, magnetic domains were
immediately linked with adjacent magnetic domains, and it
was impossible to detect individual magnetic.domains,
probably because of the following reason. .Namely, the fi;ﬁ
thickness of TbFeCo.of the information-recording-1ayér 3
was thin as compared with the size of the recording
magnetic domain, and hence the leak mégnetic.field thereof
was.insﬁfficient. According to experiments petformed.by
the présent inventors, it has been revealed that the
information-recording layer has its film thickness which is
requireq to be at least 100 nm or more in order to magnify
and reproduce the magnetic domain of 0.4 micron.

Therefore, it is preferable that the ratio (h/r) of the
thickngss (h) of the recording layer to the length (r) in
the linear direction (the track directipn)_of the minimum

recording magnetic domain is not less than 0.5.

This embodiment illustrates another specified
| | REPLACEMENT SHEET|
62

22 DEC 1997




external magnetic field applied during reproduction. 98. The
reproduci ng met hod for the ‘magneto-optical recording mediumaccording to
clai m 97, wherein: t he reproducing magnetic field has its absolute
value H which satisfies a relationship of Hs < Hr for an absolute val ue
Hs of the magnetic field at an initial dropping point of the initial

nmagnet i zat i cemisodimernti dihechd e PieSdSoFtiy gl ChéSdrEInghRed ke ﬁé&f@%
magnetic field is applied in a direction opposite to the direction

153 Sec ELABIRRui va TEHIN €0/ LKW TGENEké CmAGRBLE-SpeNe4Er red to the

magnetic domai n-magni fyi ng and reproducing |ayer; " and the si ze of
the magni fi efbdyilg et SHowi 3R bk £y, Ofa Dei @%@@fjf flgpending on the
magni t ude of the exfgrnal magneti c fleld appl i %ﬂd%r| g reproduction. :

99.  The renumsBiinhtTedf Athd %%mm@afn}é&@fdlﬁﬁ%ﬁm medi um

according to claim90, wherein t
corresponds to the thlrd aspect of the present invention.

With reference to Fig. 7B, the magneto-optical recording
medium 72 has a structure comprising a dielectric 1aYer-2
'composed of SiN, a magnifjing and reproducing layer . |
(hereinafter abbreviated as "magnifying layer") 3 composed
of GdFeCo, a non-magnetic layerl4 compcsed of Siﬁ/AlTi, an
information-recording layer (hereinafter abbreviated as
"recording layer") 75 composed of TbFeCo, and ‘a protective
layer 75 composed of SiN, the layers being successively
stacked on a light-transmissive substrate 1 made of, for
example, glass or polycarbonate. The film thickness of the
dielectric layer 2 may be adjusted to be 600 to 800
angstroms (hereinafter indicated by EA“). The f£ilm
thickness of the reproducing layer 3 may be adjusted to be
50 to 100 A. The film thickness of the non-magnetic layer
4 may be adjusted to be 50 to 300 A. The film thickness of
the recording layer 75 may be adjusted to be 500 to 3000 A.
The film thickness of the protective layer 1 may be |
adjusted to be 500 to 1000 A. The respective layers can be
formed by means of the magnetron sputtering method.by using
Ar as a sputtering gas.

In the stacked structure shown in Fig. 7B, the
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|nfornat|on recordlng Iayer conprises a gate Iayer an exchange coupling
force control layer, and a magnetic layer for recording information..

100 (anended). A reproducing apparatus for reproducing information
recorded on a nmagneto-optical recording nmedium which conprises a recording
| ayer and a reproducing layer for transferring magnetization fromthe

recording | ayehe fihestetembadimarti=r(Xpdand {Bptand thet$e€cor@r oduci ng
apparatus conpri ses; a magnetic head for applying a reproducing

magnetic fi edmbddindift JRANRS ppirdals F PO shdven Beli By . 10 p@{h@;pg,éfﬂ
a

head for irradiating the magneto-optical recording nmediumwth

reproduci ng |ediidr ieNa laser® Badile ABIRE Bh g Neh 101 fcf Of r BEAEA LA G Y e
reproducing clock, and a control unit for controlling at | east One of the-

nmagneti c hea E%Mdé@'di}E@Q(iﬂ) WwEEA O M RS beam pulsed at
154 ~nodul ation for at |east one of the Teproducing. nagnetlc

constant period synchronized with code data, a magnetic
field-applying unit for applying a controlled magneﬁic
field to the magneto-optical disk 100 during recerding and‘
reproduction, and a signal-processing .system fer defectiﬁg
‘and processing a signal supplied from the magneto-opticel
disk 100. In the laser beam-radiating unit, a laser 22 is
connected to a laser-driving circuit 32 and a recording
pulse width/phese-adjusting cifcuit 51 (kC—PPA). The
laser-driving circuit 32 ieceives a signal from the
recording pulse width/phase-adjusﬁing circuit 51 and
controls the laser pﬁlse width and the phase of the laser‘
22. The recording pulse width/phase-adjusting circuit 51
receives a clock signal described later on from a PLL
.circuit 39, and 1t generates a first synchronlzatlon sxgnal
: ;to adjust the phase and the pulse w1dth of the record:mg
light beam.
Iﬂ the magnetic field—applying_unit, a magnetic coil
29 for applying the magnetic field is connecfed te a
magnetic coil-driving circuit (M-DRIVE) 34. During
recording, the magnetic.coil—driving circuit 34 receives
input data from an encoder 30 into which data is inputted,
via a phase-adjusting circuit (RE-PA) 31 to control the
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tleld and the reprodu0|ng Ilght beanton the ba5|s of the reproducing
cl ock, the pulse nodul ation being for preventing. inversi.on of a
magneti zation at a portion of the magnetic domai n-magnifying and

r epr oduci ng
wherein the

(cancel | ed) .

for generatigly frdu I PLE Wit 29 i€ gendvaté 0 $akdeed nodul ating the

repr oduci ng
optical hea
si gnal .

recordi ng

| ayer in which no magnetic domain to be transferred exists,

reproduci ng apparatus reproduces information by magnifying a
magnet i ¢ domEgnetiandaik 2P & o Dutieng apeprioductidmy ethe magnetid0doil-
102. The reproduci ng apparatus for the magneto-opti cal
recordi ng neitiviey coirbuit (31 ateted vl a f el ddiers Lompl | dés@rilved opatean!
head-driving unit, and a first synchronization signal-generating circuit

| i ght beam on the basis of the reproducing cl ock, wherein

Gy{dnadii 28t forl SifHY Hdeadyudtibng | €15é ﬁaeetum'a?élon

103. The reproduci ng apparatus Tor the nmagnet o- opti cal

Se W )

phase of tNhe& Rl 3YGHBLSBA P31, ‘The magnetic coil 29 is controlled

on the basis of the second synchronization signel. In
order to switch the signal to be inputted into the magnetic
coil-driving circuit 34 between the recording and

reproduction operations, a recording/reproduction

changeover switch (RC/RP SW) 134 is connected to the

magnetic coil-driving circuit 34.

In the signal-processing system, a first deflecting
prism 25 is arranged between the laser 22 and the magneto-
optical disk 100. A second deflecting prism 251 and
detectors 28, 281.a:e arranged on a side of the first
deflecting prism.25. Both of the detectors 28, 281 are
connected to a subtracter 302 and an adder 301 via 1/V
converters 311, 312 respectlvely. The adder 301 is
connected to the PLL circuit 39 via a clock egtractlon
circuit (Css) 37. The subtracter 302 is connected to a
decoder 38 via a sample/hold (S/H) circuit 41 for holdlng
the signal in synchronization with the clock, an A/D
conversion circuit 42 for performing analog-digital
conversion in synchronization with the clock.in the same

manner as described above, and a binary signal-processing

79
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beam 155 : 104. The reprodu0|ng
apparatus for the magneto-optical recording nedi umaccording to claim 100,
wherein the reproducing apparatus has a function for recording

i nfornation on the magneto-optical recording nedium and it further
conprises a control circuit for switching and controlling a pul-se period,
a pul se widtbirendta(pBeyedsdf. a recording |light beam and a pul se peri od,
a pulse width, and a phase of the reproducing |ight beamrespectively.

105. The reproductagthepapphratusr cohstiragtedoaspdesdribedc abdvey hé um
according to claim 100, further conprising a magnetic head-driving unit,

and a secondlighthbeain’ énieBeds Lgom thenaagelrn22CiikC¢onveetedeiatal ang a
second synchroni zation signal for pul se-nodul ating the reproducing

magnetic fiepgraniehelbghtsbebmt By thBr AFHC 0FJ aCltolAimatder 2eRst Rg Mgnetic

head-driving unit is controlled by the second synchronization 5|gnal
The light beam. passes through the def;ectlng prism 25, and
it is condensed onto the magneto-optical disk 100 by the
eid of an objective lens 24. A'reflected 1i§ht beeﬁ;from
the disk 100 is directed toward a direction to arrite at
the deflecting prism 251 by the aid of the deflecting prism
25. The ligﬁt beam passes throﬁgh a.half—wavelengtt plate
26, and then it is divided into those directed to two
directions by the aid of the deflecting prism 251. The
divided light beams are collected by detector lenses 27
respectively, and they are introduced into photodetectors
28, 28l1. Now, pits for generating a tracking error signal
and for generating a clock signal are formed beforehand on
the'magneto-optical disk 100. A signal, which represents a
reflected llght beam from the plts for generating the clock
signal, is detected by the detectors 28, 281, and then it
is extracted by the clock extraction circuit 37. After
that, a data channel clock ie generated by the PLL circuit
39 connected.to the clock extraetion circuit 37.°

Upon data recordiﬁg, the laser 22 is modulated with a

constant frequency by the aid of the laser-driving circuit

32 to make synchronization with the data channel clock.

The laser 22 radiates a continuous pulse beam having a
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106. The reproduci ng apparatus for the nagneto-optical recording nmedium
according to claim105, wherein the second synchronization - :
signal -generating circuit is-capable of controlling a pulse period, a
pul se wi dth, and a phase of ¥"the reproduci ng magnetic field. 107.
The reproduci ng apparatus for the nmagneto-optical recording nedium
accordi ng t oreferdingslayasr ébninhehich a signal is recorded, the f©bfi-
reproduci ng apparatus has a function for recording information on the
magnet o- opt i magnetior tayegrnedj uandabblei reptoduténgcdapersé4 whichtiro
circuit for swtching and controlling a pul se period, a pulse width, and a
phase of a behavesngsnmagnih+planel mlagnetiaaplesEipmr abdroempul se wi dth,
and a phase of the reproducing magnetic field respectively. - l08.
The reproductegpepaturéuandiovhidlk bahaeés- apt acperpendicularly
magnetizable film at a temperature not less than a
predetermined temperature (critical temperature). When the
' magneto-optical recording medium 110 is irradiated with the
laser beam, magnetization of a magnetic domain 150
subjected to récording‘in an area at a temperature raised
to be not less than the predetermined temperature is
transferred to a magnetic domain 160 in the reproducing
layer 64 via the non-magnetic layer 63. 1In this case,
transfer from the magnetic domain 150 to the magnetic
domain 160 is performed in accordance with magnetostatic
coupling. As a result, the entire magnetic domain 160 in
the reproducing layer 64 is magnetized in the downward
direction. Therefore, the magnetic domain is transferred
from the recording layer 75 to the reproducing layer 64,
and the magnetic domain in the recording layer can be
transferred to the reproducing layer in the form of
magnified magnetic domain, without involving the process to
magnify the magnetic domain by applying any external
magnetic field. After the magnetic domain 150 is
reproduced, the radiating poéition of the laser beam is

moved to a position of a magnetic domain 170 to be

subsequently reproduced. At this time, the effective
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recordi ng medi um according to claim 100, further conprising: an
optical head-driving unit, a first synchronization signal-generating .
circuit for generating a first synchronization signal for pulse- nmodul ating -
the reproducing |ight beamon the basis of the reproducing clock, a

magneti c head-driving unit, and a second synchronlzatlon 5|gnal-generating

circuit for n [
aﬁ%éﬁ&ié\ﬂl@rﬁf&@é@he’éﬂ‘&ﬁié FIPhi 8F sfﬁé %91 temperature

pul se- nodul t he reproducing nagnetlc fleld on t asi s o

reproducin | ock, V u s -
p g £ The rstrﬁ:‘d?iu in alf X t% 840, enit'ﬁe

controlled b'“ihe sync ronlz t|on 5|gn e magn

head- dr|V|ngi edfhéé”ﬁééﬂ éih ?% §§Cﬂ€g éxﬁﬁggﬂghzgéégg?5|gnal

109. The reproducl ng appar a € nmagne recordrng medi um

iggor A t er e| n iegjftgbﬁdﬁgé)n‘g}?%%'gcksi%ngfélﬁ%r%?%% ??%’Fr?% 3% ghhat

of the recording layer 75. GdFeCo, GdFe, and GdCo are

~ appropriate for the intermediate magnetic film 99. The
repfoducing layer 64C also changes from ah in-plané
magnefizable film to a perpeﬁdicularly magnetizable film at
a temperature not less than a critical temperature 1;#.
However, its tempe:atﬁre_region is withinla range of 160 to?
170 °C. In.the magneto-optical recording medium haviné-
this structure, the steep or quick change of the
intermediate magnetic layer 99 from the in-plane
magnetizable film to the'perpendicula:ly.maénetizable film
determines the reproducing characteristic. Therefore, the
mégnetic film used for the intermediate mégnetic layer 99
preferably has a temperature coefficient C of not less than
8.0. It is desirable that the intermediate layer 99 has a
thickness which is not less than a thickness of the
magnetic wall formed between a magnetic domain 124 in the
intermediate magnetic layer 99 and magnetic domains of in—
plane magnetizaﬁion adjacent thereto, in order to enable
magnetizatioﬁ of the intermediate léyer 99 to make
rotation.

When the magneto-optical recording medium 125 shown in

Fig. 37 is 1rrad1ated with a laser beam, and the
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detected by the optical head. 110. The reproduci ng apparatus: for

t he magneto-optical recording nmediumaccording to any one of clains 100 to"
108, wherein the reproducing clock is generated on the basis of a signal
detected fromone selected fromthe group consisting of a pit, a fine ’

cl ock mark, and a wobbl e-shaped groove fornmed on the magneto-opti cal
recordi ng netlemperature of 14d.arféa ceprespohdingpper 8hesmhghetiié domain
magnet o-opti cal recording nmedium according to any one of clains 100 to

108, wher ei D28 hinr€Ré OEECOrGing OLAyes PSnesaraisédpntheii gnal detected by
the optical head, and it has a period of not |ess than one period per unit

bit.  ° midRetideLicw oflUERE ImAGNEt 8&UGoMAENt D23MRENEFANEPELEEE to
recordi ng medi um according to any one of clainms 100 to 108, wherein the

pul se- nodul atpe fnagHEti€ domdin hB34aiflUkNe! fhtOrmBEIEEE RagA8EEcOfafel5 O
0.9. " 113. The reproduci ng apparatus for the nmagneto-optica

recor ding gy py A" Sid ot CeftRhitd |ouplishel Botbe, Phsen 180Bukeher
magnetic field has a duty ratio within a tangé o : _
) transferred to the magnetic domain 125 in the reproducing
layer 64C. Accordingly, the minute magnetic.domaih 123 in

the recording layer 75 is reprdduced as the large magnetic

domain 125 in the reproducing layer 64C. The use of the
intermediate magnetic layer 99.makes it unnecessary to
apply any external magnetic field, when either an in-plane
magnetizable film of a perpendicularly magnetizable film is
used for the reproducing layer.

In order to perform reprpduction on the magneto-
optical recording médium shown in this embodiment,'it is
sufficient to radiate only the laser beam. Methods for
radiating the l&ser beam include a method for radiating a
continuous light beam and a mgthod for radiating a pulsed
light beam;: In the case of thehpulsed light beam,-fhe duty
is within a range of 20 to 70 %.

In Fig. 37, it is preferable that the recording
magnetic dbmain 123.in the-reéording'layer 75 is
transferred to.the-intermediate magnetic layer 99 while
being reduced as shown in a lower part of Fig. 38. The
reason thereof will be éxplained with refeérence to Fig. 38.
Fig. 38 shows, in its upper part, a temperature _ |
| REPLACEMENT SHEET
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0.15 to 0.6 158 114. The

reprodUC|n e magnet o-opti cal recordi ng nedi um accordi ng :
to claim 1%3! am @ lﬂ | se- nodul ated reproducing |ight beam has a .
frequency a frequency of the pul se-nodul ated reproduci ng

magnetic field. ~115. The reproduci ng apparatus for the .

magnet o- opt magnetisc domaiy-magndfying atichgeporaueing lafyet diarthk00 to
108, wherein the optical head and the magnetic head are installed on an
identical-sb@&emlauemespect to the magneto- optical recording nmedi um
116. The reproduci ng apparatus for the magneto-optical recording nedium
according to any one of clains 100 to 108, wherein the optical head and
the magnetic head are integrated into one unit by wi nding a magnetic coi
ar ound 30 (amended). The magneto-optical recording medium

according to -any one of claims 21 to 27, wherein the
magnetic domain in the information-recording layer is
transferred té the gate layer, in an area at a temperature
higher than a predetermined temperature in the temperature
distribution in the gate layer generated within the
reproducing.light.beam spot, the maénetic domain |
transferred to the gate layer is transferred to the
magnetic domain-magnifying and reproducing layer, ‘the
magﬁetic domain transferred to the magnetic domain-
magnifying and reproducihg layer is magnified by applying
the external magnetic field having the polarity identical
with the magnetization of ﬁhe magnetic domain, and thus a
reproduction signal is enhanced.

31 (amended) The magneto-optlcal recording medium
according to any one of claims 21 to 27, wherein the
magnetic domain in the informatipn-recording'layer is
transferred to the gate layer, in an area at a temperature
lower than.é predetermined tem@eraturg in the température
distribution in the gate.layer generated within the
reproducing light beam spot, the magnetic domain

transferred to the gate layer is transferred to the

magnetic domaln—magnlfylng and reproduc1ng layer, the
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an obj ectivetensfor constructing the optical head. 117. The

r epr oduci ng - g magnet o-optical recording medi um accordi ng
to any one oﬁlmmm m & 0

8, further conprising a control circuit for
generating a +magneticetisel @ wavef orm havi ng substantially no overshoot

fromthe nmagnetic head. 118. The reproduci ng apparatus for the
magnet o- opt maghetiecdonadn tednsfearedr dongheomalgaetitl domatie~ei n t he
159 control circuit is a circuit for generating, fromthe magnetic

head, a nagpaghéfiyiagdandl geprodatang layeki 6b maghefFiedy byf apb2yiRgnetic
field is gradually increased. 119. The reproduci ng apparatus for

the magnet othpt ekebrnadCARghBEifEEi BMNARESE HgNEhk0polairity 1 dekeeann t he

magnetic field pul se waveformis a triangular wave or a slnu50|dal_mave.
with the magnetization of the magnetic domain, and thus a
reproduction signal is enhaqced.

32 (amended). The magneto-optical recording médium
‘according to any one of claims 21 to 27, wherein the
magnetic domain in the information-recording léyer is
transferred to the gate layer, in an area at a tempefatﬁre
within a predetermined temperatﬁre réhge in the temperatﬁre
distribution in the gate léyer geherated within the
reproducing lighﬁ beam-spét, the magnetic domain
transferred to the gate layer'is transferred to the.
magnetic domain-magnifying and reproaucing layef, the
magnetic domain transferred to the magnetic domain-
magnifying and reproducing layer is magnified by applying
the external.mégnétic field having the polarity identical

. with the magnetization of the magnetic domain, and thus a
_reproduction signai‘is enhanced. i h

33. The magneto-optical recording-medium according té,
any one of claims 21 to 27, wherein at least one magnetic
layer capable 6f éontrolling magnetic exchange coupling.

force of the gate layer and the information-recording layer

is provided between the both magnetic layers.

34. The magneto-optical recording medium according to
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120 (amended). frreprvducrng—apparatus for a nagneto- optical recording

medi um for repr ‘recofded on the nmagneto-opti cal
recording nedlu Hﬂ% ﬁﬂf@g"|n t hat : _ 7  t he reproducing appar at us
ea

conpri ses; for irradiating the magnet o-opt.i cal
recording mediumw th a reproductng |ight beam an optical.
head-driving unit for driving the optical head, -a cl ock-generating-
unit for generating a reproducing élock, and a control unit for

control ling the ol cakpHaeathgnetid-¥ Qlc‘é'fl' ek rfJg@ﬁ%&%&%ﬂg{ Qy, for

the reproducing |ight beam.on the basis o ucl ng

pul se nodul a ieng I tion at a
1P &i5) e&ne\e@,'&t gn%e%&%r %&@. :x)na% B ng

portion of the magnet’ic domai n- yi ng an yer in which.

no magnetic transferred from the recordanBQayer to Eﬂ@“@d%éfﬁéﬁiate
transferred exists,

layer has a size which is smaller than a size of the

magnetic domain subjected to recording.

'63. The magneto-optical recording'medium according to
c1a1m 55, wherein the intermediate layer is a non-magnetlc

layer.

64. The magneto-optical recording-mgdium according to
claim 63, wherein the non-magnetic layer is composed of at
least one selected from the group consisting of SiN, AlN,

TiN, S§io0,, Al,0,, SiC, TiC, ZnO, SiAlON, ITO, and SnO,.

65. The magneto-optical recording medium according to
claim 63, wherein the non-mégnetic layer has a film

thickness within a range of 50 to 300 A.

.66 (amended). The magnetq-optical récording medium
according to claim 58, wﬁerein the predeterﬁined
temperature is a temperature within a range of 100 to 170
°C.

67. The magneto-optical recording medium according to

any one of claims 55 to 66, wherein the.rec_Egigg“;aygxwlsm--
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wherei n the magnet o-optical recording nedium conprises a recording |ayer
for recordi r]m“ﬂmr"lmuﬂﬂmgerel n, an internmediate |layer, and a .
repr oduci ng |l ducing | ayer has a mni mum stable nagnetic
domai n  radi us vhi &h Ps Yar'ger than a size of a magnetic domain subjected
to recording in the recording layer, and the information is reproduced by

det ecti ng areREPREFiRg| bavesthy clbradhat hagnthe cmagheta-apgicaled and

transferred from the recording |ayer to the reproducing |ayer.
recording medium with a reproducing light beam, and

'magnifying the transferred magnetic domain to be larger
than a size.of the magnetic domain subjected to recording
in the information-recordiﬁg'layer to perform reproduction
by_applying_a reproducing magnetic fieid having a polarity
identical with that of magnetization of the transferred

magnetic domain.

76. The reproducing method for the magneto-optical
:ecording medium according to claim 75, wherein an
alternating magnetic field modulated on the basis of the
repréducing clock ié used as the reproduéiﬁg magnetic
field, the transferred-magnetic domain is magnified by
using the magnetic field havirng thé polarity identical with
that of magnetization of the magnetic domain subjected to
recording in the information-recording layer, and the
magnified magnetic domain islreduCed by using a magnetic

. field having a polarity opposité thereto.

77 (amended). The reproducing method for the magneto-
optical recording medium according to claim 76, wherein a
power of the reproducing light beam is modulated on the

basis of a reproducing clock.

78. The reproducing method for the magneto-optical
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magnify the magnetic domain transferred to the magnetic
domain-magnifying and reproducing layer; and

the size of the magnified magnetic domain is capable

of being reduced depending on the magnitude of the éxternal.

magnetic field applied during reproductibn.

99. The'reprodﬁcinéimethod for the-magneto-opéical
recording medium ac¢¢;ding to claim 90, wherein thé; B
informatiog-recording layér comprises a gate'layer, an -
exchange coupling fotce control layer, and é'mégnetic layér

for recording information.

100 (amended). A reproducing apﬁaratus for rep;oducing'
information recorded on a magneto-optical reéording.medium
which comprises a recording layer and a repfoducing.iayer'
for transferring magnetization from the recording la}er-
thereto,'characterizga in that:

the reproducing apparatus comprises;

é’magnetic head foriépplying a reprodudihg magnetic
field to the magnetofoptical'recording medium,

ah optical headhfor irradiating the magneto-optical
recérding medium with a'reproducing light beam, .

a clock-generating unit for generating a reproducing
clock, and |

a control uﬁit fér éontrolling aE least one of the

magnetic head and the optical head to perform pulse- -

gl
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modulation for at least one of the reproducing maénetic
field and the reproducing light beam on the basis.of the
. reproducing clock, the pulse modulation being for
preventing inversion of a magnetization at a portion of the
magnetic domain-magnifying and reproducing layer in which
no magnetic domain to be transferred exists,

wherein the reproducing apparatus repfod#ces
information by magnifying a magnetic doﬁain transferred to

the reproducing layer.
101 (cancelled).

102. The reproducing apparatus for the magneto-optical
reégrding medium according to claim 100; further comprising
an optical head-driving unit, and a first synchronization
signal-generating circuit for generating a fi;st
synchronization signal for pulse-modulating the reproducing
light beam on the basis of the reproducing clock, wherein
the optical head-driving unit is controlled by the first

synéhronization signal.

103. The reproducing apparatus for the magneto-optical
recording medium accordiné to claim 102, wherein the first
synchronization signal—generaﬁing circuit controls a pulse °

period, a pulse width, and a phase of the reproducing light

beam.
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control circuit is a circuit for generating, from the
magnetic'bead, a magnetic field pulse waveform in which

intensity of the magnetic field is gradually increased.

119. The reproducing apparatus for the magneto-optical
recording medium according to c¢laim 118, wherein the
‘magnetic field pulse waveform is a triangular wave or a

sinusoidal wave.

120 (amended). A reproducing apparatus for a magﬁeto-
opticél récording.medium, for reproducing information
recorded on the magneto-optical reéording medium,
chéracterized in that:

the reproducing apparatus comprises;

an optical head fof'irradiating the magneto-optical
recording medium with a reproducing light beam,

| an optical head-dfiving unit for driving the optical
head, |

a clock-generating unit for generating a reproducihg
clock, and | |

a control ﬁﬁit for controlling‘the optical head-
driving unit to perform pulse modulation for the
reproducing light beam on the basis of the feproducing
clock, the pulse modulation being for preventing inversion

of a magnetization at a portion of the magnetic domain-

magnifying and reproducing layer in which no magnetic
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domain to be transferred exists,

wherein the magneto-optical recording medium
comérises a recording layer for recording infqrmation
therein, an intermediate layer, and a reproducing layer,
the reproducing 1ayer has a minimum stable maghetic domain

radius which is larger than a size of a magnetic domain

7subjected to recording:in-the recording layer, and the

information is reproduced by detecting a magnetization

state of the magnetic domain magnified and transferred from

' the récording'layer to the feproducing layer.
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