24 April 2003 DATA REPRODUCI NG APPARATUS AND METHOD It BACKGROUND OF THE

| NVENTI ON The present invention relates to a data reproduci ng apparatus
and nmet hod handl i ng a nagnet o-optical recording nediun1mhich ?i 003
magnetic three-layer filmconsisting at |east of a dlsplacenen fayer
switching layer and a nenory |layer so fornmed that, in any region where the
tenperature of the magnetic filmexceeds the Curie tenperature of the

swi tching | ayer, displacenment of a nmagnetic wall is generated in the

di-spl acenent layer to dinensionally enlarge the effectively recorded
magnetic domai n. More QA iREFPRODUYCING HPESRATUSNKEDt M@nunel ates to a
data reproduci ng apparatus and net hod capabl e of detecting generation of a
magneti c wall displacenent from a differential signal of a reproduced
signal or a difference signal thereof in the'tine base direction and

detecti ng daizrrardig use ©fg Suehm¢ei&e§t i on out put, hence performng
proper reproduction of the data at a sufficiently lowbit error rate even

; i1 any sudden DC- &ﬁ%ekreﬁﬂh'taﬁh%nfﬁ%‘ﬁ' 'raerla at{)V\DD Jode 'S ca Sed in the

reproduced signal. There are known magnet o- op |c

enpl O_VEd as ab%‘é(rr]att%l?sl %.nry gn tql rés'}}%c{ll &sordi nrgagn d#:o opglcal recording

‘medium wbich has a magnetic three-layer film consisting
at least of a dispiacement layer, a switching laver and a
Ci, mMeEmMoxry layer S0 formed;that, in any region where the
temperature of the magnetic film exceeds the Curie
temperature of the switching-layer, displacement of a
magnetic wall is generatéd in the displacement léyer to
dimensiogaliy enlarge the effectively recorded magnetic
domainl More particularly, - the present invention relates
to a data reproducing apparaﬁus and method capable of
detecting generation of a magnetic wall displacement from
a differential signal of a réproduced signal or a
difference signal thereof in the time base direction and
detecting data by the use of such detection output, hence
pgrforming proper reproduction of the data at a
sufficiently low bit error rate even if any sudden DC -
ulevel variation peculiar to a DWDD mode is caused in the
reproduced signal.
Thére are known maéneto-optical recording media

employed as rewritable high-density recording media. And



24 April 2003 anpng such magneto-optical recording media, one type is
attracting notice recently, It has a magnetic three-layer filmconsisting

at |east of a displacenent layer, a switching |ayer and a neggg%ﬂlgxﬁ{,
wherein a nmagnetic wall displacenent of the displacenent |ayer I's
generated in any region where the magnetic filmtenperature is rendered
hi gher than the Curie .tenperature of the switching |ayer, so that the size
of an effectively recorded magnetic domain is enlarged. A reproduction
met hod handling such a magneto-optical recording mediumis termed a DWD
~ (Domai n Wl Ia‘E‘ng%I seeheht Ipetecrrdiralngd@s orabicsr dadhia.o aie stywPDisode, a
very large signal can be reproduced also froma tiny recording domain of a
peri od bel owtEhea@pinganokiget reesoltdyi.onIof has| aghtghearme whetebyl aa <y gh
density is attainable without the necessity of changing the wavel ength of
light, the Hiberécasiapinguae Naast aff abjddehilwechens and &0 forth. Now a
further detailed explanation will be given on such DWD node. As shown in

Fig. 9A a nmghetloinptigpbrresardi AgmodRdiupel) hasraithiLedawaid il m of
swi tched connection consisting of a displacement”layer- 11, a sw tching

layer 12 andval medmdyladRénd Sofotnrdal 8pti Abamehdenayihe PR JAvg 13 is

conposed of a perpendi cul ar magneti zi ng Flln12
in any region where the magnetic film temperature is
rendered higher than the Cﬁrie temperature of the

-(j switching layer, so that the size of an effectively
recorded magnetic domain is enlarged. A reproduction
method handling such a magneto-pptical recording medium
is termed a DWDD (Domain Wall Displacement Detection)
mode. According to this DWDD mode, a verf large signal
can Be-reproduced also from a tiny récording domain of a
period below the optical limit resolution of a lith beam,
whereby a high density is attainable without Ehe
necessity of changing the wavelength of light, the

(h' numerical aperture NA of an objective lens and so forth.

Now a further detailed explanation will be given on
such DWDD mode. |
As shown in Fig. 9A, a magneto-optical recording

medium 10 has a three-layer film of switched connection
consisting'of a displacement layer 11, a switéhing layer
12 and a memory layer 13 formed in this order. -Tﬁe memory

layer 13 is composed of a perpendicular magnetizing film



24 April 2003 indicating a great magnetic wall rel uctance. The .

di spl acenent layer 11 is conposed of another perpendicul ar magneti zi ng
filmindicating a snmall nmagnetic wall reluctance and havi ng a82%%$%903
a

magnetic wall displaceability. The switching layer 12 is conp

.magnetic | ayer whose curie tenperature Ts is |ower than

di spl acenent |ayer 11 and the nenory layer .13. Each arrow 14 in the

i ndi vi dual

| ayers denotes the direction of atomc spin. A nagnetic wall

is formed in the boundary between regi ons where the atom c spin

di rections atBdigpanpyar evensenaphettic swiflacelofctaaneeor dibeg filmis

| ocal | y heated by the use of a reproducing |ight beam (Il aser bean) 16,
there is fordkdpaadementblityen ofl tienpempiosel bf .amptghown in Frig. 9B, and

accordingly a distribution of magnetic wall

shown in Fi gperféndSrutert RggABENet hg Wallkh QReriGk (densid Ysdbdgeneral Iy

becones | ower in accordance with a tenperature rise, the distribution is

t hose of the

energy density Uis forned as

15

such that thgagRepeti at®l FoPREEaNcdeRRh %ad1RECAMRS JH R Al R{Hi o
I Ic wal d?lVlng

position of the highest tenperature. As a resdlt, a~“nagn

i o ot gt A AR Gl B2

magnetic wall energy density

w, 1's ~generated

Fig. 9E shoug dhe 24 ALl #9938 curie temperature Ts is lower than

&

™

those of the displacement layer 11 and the memory laver

13. Each arrow 14 in the individual layers denotes the

direction of atomic spin. A magnetic wall 15 is formed in

the boundary between regions where the atomic spin

. directions are mutually reverse.

If the surface of a recording film is locally
AN - . "
heated by the use of a reproducing light beam (laser

beam) 16, there is formed a distribution of temperature T

. as shown in F}g. 9B, and accordingly a distribution of

magnetic wall energy density O is formed as shown in Fig.
9C. Since the magnetic wall energy density O generally

becomes lower in accordance with a temperature rise, the
distribution is such that the magnetic wall energy

density O becomes minimum at the position of the highest

- temperature. As a result, a magnetic wall driving force

F{(x) for displacement toward the high temperature side,

where the magnetic wall energy density O is low, is

generated as shown in Fig. 9D. Fig. 9E shows the

g2 9D-.



positional relationship between a spot 16P of the light beam 16 and a
region 17 whose tenperature is higher than .the Curie tenperature Ts of

the switching layer 12, In any area of the nedium 10 where th34%§pwﬁﬁégure
is lower than the Curie tenperature Ts of the switching |ayer

magnetic |layers are nutually in switched connection, so that even when the
magnetic wall driving force F(x) due to the above-descri bed tenperature
gradient is applied, it is checked by the great magnetic wall reluctance
of the nenory layer 13 to eventually cause no displacenment of the nmagnetic
wal | 15. Howe9&tEtiopglamplatdenshirhdeatetiamel soier k6t hef t Enperaguee is
hi gher than the Curie tenperature Ts, the switched connection between the
di spl acementbeagel 61andnd tregiomenor whoayert ehibda ute ofd . nsonihathihe
magnetic wall 15 of the displacenent |ayer 11 having asmal |l nagnetic wall

reluctance isheeodeiedtdinppl-acazll esby st haragnatdwi w1y dEiyvi ng force
F(x) due to the tenperature gradient. Consequently, ‘upon entrance of the

magnetic wall 15 int® adPea£ONNSEL R s Q5f 1 heod beyand the position of
the Curie tenperaturéifg with scanﬁ?ﬁgg%%g%hébnggggﬁ1?égbﬁempﬁégi”&Wi beam

i gher tenper ot os, Gathr PheCuegneerRR At ts 1%, B, T DG e
: layer 12, the magnetic layers are mutually in switched

connection, so that even when the magnetic wall driving

(: force F(x) due to tﬁé above-described temperature
gradient is applied, it is checked by the great magnetic
wall relucéance of the memory layer 13 to eventually
cause no displacement of the magnetic wall 15. However,
in any area of the medium 10 where the temperature is
highéf than the Cu:ie temperature Ts, the switched
connectioﬁ between the displacement layer 11 and the
memory layer 13 isAcut off, so that the magnetic wall 15
of the displacement layer 11 having a small ﬁagnetic wall

Cﬂﬁ _ reluctance is rendered displaceable by the magnetic wall
driving force F(x) due to the temperature graéient.
Consequently, upon entrance of the magnetic wall 15 into
the connection cut-off region beyond the position of the
Curie temperature Ts with scanning of the medium 10 by
the light beam 16, then the displacement layer 12 begins

to be displaced toward the higher temperature side of the

magnetic wall 15. -



Whenever any of the magnetic walls 15 formed at intervals corresponding to
the recorded signal on the nedium 10 passes the position of the Curie

tenperature Ts with scanning of the medium by the |ight bean1£§, b
occurs a di splacenent of the magnetic wall 15 of the displaceneﬁ - ég%r

11. Since the effectively recorded nmagnetic donmain is enlarged

di nensional ly hy such displacenent, it becones possible to reproduce a
very large signal as well even fromtiny recorded domains of a period
below the optical Iimt resolution of the light beam 16. As the |ight beam
16 scans the medi ufRBPEYeR fhXedfspBedmagnetisoveldesds fedmemigreat i ¢ wal |
di spl acenent is generated at a tenporal interval corresponding to the
spatial intetBaFTBRlEhEcrEespoad imaghet itheavatd ibed THignaensat athon of such
magneti c wal |l displacenent can be detected as a change in the polarization
pl ane of themeddtmetfedakisght the phbeiltight dfeamd |@aeTe baaie AuAS SHOWN
by broken lines in Fig. 9A, a magnetic wall displacenent is generated from

the rear of wheh seghnind7o8stwel hedsamt B3t thle 1Sianal, due 1t e
magneti c wal |l displacenent fromthe rear Is superinposed as a ghost signal

on-the reprosteesls Sh g@8kpUHBehonthes FRENGLGRMA] Wwdi1sPhaceent, from the
front. Although an 5 24 April 2003
displacement. layer 11. Since the effectiveiy recorded
magnetic domain is enlarged dimensionally by such
(j“ displacement, it becomes possible to-?ep;oduce a very
large signal as well even from tiny recorded domains of a
period below the optical limit resolution of the light
béam 16.

As the light beam 16 scans the medium 10 at a fixed
speea,-the'above-described magnetic wall displacement is
generated at a temporal interval corresponding to the
spatial interval of the rec&rded‘magnetic walls 15. The
generation of such magnetic wall displacement can be

.(ﬁ? ' detected és a change in the polarization plane of the
reflected light of the light beam (laser beam) 16.

As shown by broken lines in Fig. 9A, a magneﬁic
wall displacement is.generated from the rear of the
region 17 as well} so that the signal due to such
magnetic wall displacement from the rear is superimposed

as a ghost signal on the reproduced signal due to the

magnetic wall displacement from the front. Although an



expl anation on this. ghost signal is omtted here, the problemarising
therefrom can be solved by properly contriving the application of a
reproduci ng magnetic field or the recording film The DWD typge, .
magnet o- opti cal di sk apparatus nentioned above is substantia#ﬁfﬂgqggq%r in
structure to any general magneto-optical disk recording/reproducing
apparatus. Fig. 10 shows a partial structure of a conventional reproducing

"section in such an apparatus. A reproduced signal SMO obtained from an

optical head (not shown) is supplied to an equalizer circuit 21 where the
frequency che¥RtRR?FEPTRcORNEREST IhesEoRpOnedt ¢, onditedudedr s, grted S't |

obt ai ned after such frequency characteristic conpensation,is supplied to
.a binary doEehteRriacisin@2thehethonhenncbrventisethey ppasignal into a
bi nary signal S2. The binary signal S2 outputted fromthe binary coding

circuit 22 ieomupbrimg tioe samial bcalei eat bonacirepbliucldqand o dilile
(phase-1| ocked loop) circuit 24. In the PLL circuit 24, a clock signal CLK

synchroni zedE M lid dihethd eashodnng il i ng edges of the binary signal S2
is . produced, and then the clock signal CLK is supplied to the data

e Glr o0 S o SR DRI ARGyl Bla spushiay 22, s
mentioned above is substantially similar in structure to |
any general magneto-optical disk recording/reproducing

-(M ' apparatus. Fig. 10 shows a partial structure of a
conventional reproducing section in such an apparatus. A
reproduced signal Sm'obtaiﬁed from an_opticél head {not
shown) is supplied to an equalizer circuitrzl where the
frequency characteristic thereof is compehsated. A
reprédﬁced signal S,,. obtained after such fregquency
characteristic compensation is supplied to a binary
coding circuit_zz, which then converts the input signal
into a binary signal s2.

Cﬁ‘ The binary siénal S2 outputted from the binary

cdding circuit 22 is supplied to a data detection circuit

- 23 and a PLL (phase-locked loop) circuit 24. 1In the PL£

circuit 24, a clock signal CLK synchronized with the
leading and trailing edges of the binary signal 82 is
produced, and then the clock signal CLK is supplied to

-thg data detection dircuit 23. Subsequently in the data

detection circuit 23, data are detected from the binary



signal S2 by the use of the clock signal CLK and then are outputted as
reproduced data PD. On a DWDD type magneto-optical disk, signals are
recorded in such a manner that data bit strings are first coaﬁggkﬁﬂxkpto,
e.g., RLL nodulated bits and then are processed in NRZI (Non-Return to
Zero Inverted) node where a portion with data inversion is expressed as 1
| while a portion without data inversion is expressed as 0. 1in this case,
{ the data detection circuit 23 converts, e.g., NRZI data into NRZ data,
whereby RLL nodul tgﬂ data,. are obtaipned as reproduced data PD_The binary
codi ng ci rcui¥92%! cBhsP¥t ERBf USecBipAtist 61 oska SHERAg &K isad thershot d
val ue as shown in Fig. 11A or a conparator 22b of Fig. 11B for integrating
t he binaryfﬁ%ﬁﬁﬂtﬁﬁgb?saﬁepﬁpégﬁaﬁo@aZQ &Rd feeding back the same to a
threshol d value, or a conparator 22c of Fig. 11C equipped with, on its
i nput side, a DC c&m reo|0¥aID 2yp4 gragmée ol epthgal hdiehyekapaagcentee val ue
by the use of - a peak hold circuit or a bottomhold circuit and then
f eedi ng backeadwrdshtior sathea hanhbe ahaveddescbiihed tPARYd WRe fougver,
there still exist many problens to be solved. For exanple, sone variation
i s caused susiarintdd irdwo DGelevel rof. mbheiatenr sducednd ¥9aly SV Such a
phenonmenon i s supposed to be 7 24 April 2003 ,

processed in NRZI (Non-Return to Zero Inverted) mode

where a portion witﬁ data inversion is expressed as 1

(h while a portion without data inversion is expressed as 0.
In this case, the data detection circuit 23 converts,
€.g., NRZI data into NRZ data, whereby RLL modulated data
are obtained as reproduced data PD. |

The binary coding circuit 22 consists of a

compgrétor 22a having a fixed threshold value as shown in
'Fig. 112, or a comparator 22b of Fig; 11B for integrating
the.binary signal S2 by an integrator 23 an% feeding_back

the same to a threshold value, or a comparator 22c¢ of Fig.

/"N\E

11C equipped with, on its input side, a DC controller 24
for calculating the envelope center value by the use of a
peak hold circuit or a bottom hold circuit and then
feeding back the center value..

In the above;described DWDD type, however, there
still exist many problems to be solved. For\example, some

va;iation is caused suddenly in the DC level of-the °

reprqduced signal S,. Such a phenomenon is supposed to be



derived fromthat the direction of magnetization'is indefinite and may be
inverted with a certain probability in any region other than those
contributing to detection of the signal by magnetic wall dis@'%@ﬁﬁiﬂb in
the light beamspot Fig. 12 graphically shows an actual reproéu ed™
wavef orm representing the above phenonenon. On a DADD type nagnet o- opti cal
di sk, signal is recorded in the NRZI node as described, and it is seen in
this diagramthat the .DC |evel of the reproduced signal is suddenly varied
upward in the portion indicated by an arrow P. Upon occurrence of such a
phenonenon, PBETi¥eAndEes khatt dheotigiar td gy opermagmerjzatyoml isn t he
binary coding circuit of Fig. 11A which converts the input signal into

bi nary one winfiefifikedantr eslyobe Viaves:t e en in ausiagraihepbbivas y1 £ogi ng
circuit of Fig. 11B or 11C .the relevant DC | evel variations are extremely

faster than imhanyespothsr spaed ahabheheed RSB L1 @Ncd dTBYeHECOIEN
continuous bit errors during a period prior to the. followup of the coding

circuit. SUMARMERs Tikal NVENREGNekt o fraiieiiafeene amall a6t Ofe & nt
present-invention to provide a data reproduci ng appar at us andéneﬁhod 8 24
April 2003 cspabl &p&f  reproducing data at a sufficiently low bit error rate

Fig. 12 graphically shows an actual reproduced
waveform fepresenting the above phenomenon. On a DWDD
(ﬁ type magneto-optical disk, signal is recorded in the NRZI
mode as described, and it is seen in this diagram that
the DC level of thé reproduced signal is s;ddenly varied -
ﬁpvard in the portion indicated by an arrow P. Upon
occurrence of éuch a phenomenon, it is impossible t6
obtain a proper binary sigﬁal in the binary coding
circuit of Fig. 11a which éonverts the input signal into
binary one with a fixed threshold value. Even in using
" the binary coding circuit of Fig. 11B or 11C, the
(_ relevant DC level variations are extremely faster than
the response spééd of the coding circuit and may become
continuous bit errors during a period prior to £he

follow-up of the coding circuit.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention

to provide a data reproducing apparatus and method



despite any sudden DC | evel variation caused in the reproduced signal.
According to one aspect of the present invention, there is provided a DWD
type data reproduci ng apparatus which includes a signal reproduci ng neans
for irradiating a light beamfromthe side of a displacenent |ayer onto a
magnet o-optical recording mediumwhile nmoving the |ight. beapypglipgaosel y
to the medium and displacing a magnetic wall which has a gradient on the
magnetic recording nediumin the direction of notion of the |ight beam
spot and is fornmed in the displacenent |layer with a tenperature

di stributicdpdtavi B 2epespedidigUi@rhedton Bhahesidnray 4B Fufi errdLMRalature
of at least the switching |ayer, thereby obtaining a reproduced signal

whi ch cor respards 49 theidehange 1eval arPt 864 Zaki iy Planenof L dgfdect ed
light of the light beami a nmagnetic .wall displacenent detection neans for

detecting sigereration of the nmagnetic wall displacenment by the use of a
difference signal thereof in the tinme base direction; and a_data detection

means for detectddgddalatrbyohdeassestofod h@@%ﬁ@%h@ﬂmsélg@pcln,ob&@reeqsfrom
the magnetic wall 9 24 April 2003 di spl acenent detection neans. According

to anot herpmaspaetl of pbe PyRSeiitad PepRLERHInd NBR rat 8s PRRVEEth A BWDDt ype
data reproduci ng method which includes a first step of irradiating a |light

“beam fromdilRasi depebdaci i &ioelaaccaenﬂ”tt 13RI 200HE 3 MagRet 8=aRt ir68h the
recordi ng mediumwhile
side of a displacement layer onto a magneto-optical recording
(" medium while moving the light beam relatively- to the medium, and
displacing a magnetic wall which has a gradient on the magnetic
recording medium in the direction of métion of the light beam
spot and is formed in the displacement layer with a temperature
distribution having a temperature region higher than the Curie
temperature of at least the switching layer, thereby ‘obtaining a
reproduced . signal which corresponds to the change on a
polarization plane of the reflected light of the light beam; a
magnetic . wall displacement detection means for detecting
( generation of the magnetic wall displacement by the use of a
difference signal thereof in the time base direction; and a data

detection means for detecting data by the use of the detection

signal obtained from the magnetic wall



nmoving the light beamrelatively to the nedium and displacing a magnetic
wal | which has a gradient on the nagnetic recording nediumin the
direction of notion of the Iight beamspot and is forned in the
di spl acenent |layer with a tenperature distribution having a tenperature
region higher than the Curie tenperature of at |east the swjighpf@obayer.
t hereby obtaining a reproduced signal which corresponds to the change on a
pol ari zation plane of the reflected Iight beam a second step of detecting
generation of the magnetic wall displacenent by the use of a difference

si gnal thejiephsbondhe Lokl basediection; and a third step of detecting
data by the use of a detection signal which represents generation of the

magnetic wal | gispl-aceqent &Fott%%&eqsaécﬂ@f &%Cmséhﬁpmér&%%%,prtﬁé@@t

invention, every time any of the maghetic walls fornmed in

nmagnet 0- optd ¢abyvigLor di Mighpl g%% Arth! 2003 ymdibupah o b NI MAl Siciudes a

corresponding to the recorded signal passes the Curie tenperature position

in accord%&%twgdepscwnlﬁgagia{ﬂ?g aediwntbybéet}@ Iﬁrgﬁt Hram;; yhe orfaggetl c.
wal | of the displacenent |ayer is displaced, so that the |evel of the

repr OdUCGQil%Fﬁlﬂé‘émér& 16hargedrshar ﬂggn@mo%%@gml Yot SHY Bith Whi Do SUCh

magneti c di spl acenent. Therefore, upon generation of the magnetic

wal | di Sph@%ﬁﬂﬁnihetﬁ‘g) te%%lamot_»ew@l‘f:glfyf QILREE abamﬁ | ghd f@stpllaem@aée

direction is raised nsequently, genération of the nagnetic wal

di spl ace”ﬁlﬁbnéﬂﬂ: badet gated Byst he Ys£aihSUSH the magnetic recording

(j medium in the direction of motion of the light beam spot and is
formed in the displacement layer with a temperature distribution
having a temperature region higher than the Curie temperature of
ét least the switching layer, thereby obtaining a reproduced
signal which corresponds to the change on a polarization plane of
the reflected light beam; a second step of detecting generation
of the magnetic wall displacement 'by the use of a difference
signél thereof in the time base direction; and a third step of
detecting data by the use of a detection signal which represents

(“\ generation of the magnetic wall displacement detected at the
second step.

In the present invention, every time any of the magnetic

walls formed in the magneto-optical recording

10



difference signal. As |light beam scans the nediumat a fixed speed, the

af orenenti oned magnetic wall displacenents are generated at a tenpora
interval corresponding to the spatial interval of the recorded nagnetic
wal I's. Therefore, it becones possible to performdetection of data by the
use of a detection signal representing the generation of suc@qugngbc
wal | displacenent. 1In this case, generation of the magnetic wal

di spl acenent is detected by using the difference signal thereof in the
time base direction, so that detection of the 11 24 April 2003

di spl acemapiyiGan ke iexaeyl ed %Hﬁ%ﬁ%@gtgaw&u&wog@a eci fh 10 RR%s

variation caused in the DC | evel e “reproduced signal. Thus,

reproductiteR ehiriberdilar4aRebEos PEIdOrNRLcabrdn i figheBLhyn i VI knerror
rate despite any sudden DC | evel variation. of the reproduced ‘signal

peculiar tRdihe m&ymg?hﬁ he. abovgnanthRkher gt upescrOdaadyiani-agas of
the present invention will becone apparent fromthe follow ng description

which w11 0erghyen witdrtef ghenca: tQiet hevil | M8taal IM¢8 r886OMPAHNWNATY is
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. | is a block diragram

show ng arnexga®! ah¥rpsy WetuUreidebndy MaNelProphi €4l wdigk RRRaAMRMEtic
represented as a pre?erred enbodi nent of the invention;
wall displacement. Therefore, upon generation of the magnetic
wall displacement, the level of the difference signal in thé time
(f base direction 1is raised. Consequently, generation of the
magnetic wall displacement can be detected by the use of such
difference signalf
As 1light beam scans the medium at a fixed speed, the
aforementioned magnetic wall displacements are generated at a
temporal interval corresponding to the spatial interval of the
recorded magnetic walls. Therefore, it becomes possible to
perform detection of data by the use of a detection signal
representing the generation of such magnetic wall displacement.
("J In this case, generation of the magnetic wall displacement is

detected by using the difference signal thereof in the time base

direction, so that detection of the

11



Fig. 2 is a block diagramshowi ng a structural exanple of a .nmagnetic wall
di spl acenent detec.tion <circuit; Fig. 3'is a block diagram show ng a

structural exanple of a difference circuit; Figs. 4A to 4J a?gAtphr?q&
.charts of signals for explait.ing the operation of the magnetiCc wa

di spl acenent-detection circuit; Fig.. 5 is.a block diagram show ng a
structural 12 24 April 2003 exanple of a data detection circuit; Figs. 6A
to GG are timng chart of signals for explaining the operation of the data

detect i on iepibbondd caly i AL ARk S POLAM SO 09 ADOLRS, ot T uct ural

exanpl e of the magnetic wall” di Splacénen I 'on” ci recul

gr aphi cal | | pput - out put, .characteristjcs_of C at or havi.ng

hyst er esi s?{fﬁfgg\gg% r'i){t 3“@’E%Felae%3p?%ncaai‘b§‘§/§djr%gtf%?m€%f %P%%\Ubgnﬁla%; Fig. 10
is a bl ock_di %gr am gart,i al .y showing a reproducing section of a

convent i onAFPREJHERS- SiERed-  GhER . apFRFRCAYSTiongST the Wt cashd® sone

structural exanples of a binary coding circuit; and
' performed at a sufficiently low bit error rate despite

anf sudden DC level variation of the réproduced signal
peculiar to the DWDD type.
Thée above and other features and advantages.of the
(“\, present inveq;ion will become apparent from the following
description which #ill be given with reference to the

illustrative accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a Block diagram showing an exemplary
structure of a magneto-optical disk épparatus represented
as a preferred embodiment of the invention;

Fig. 2 is_a'block diagram showing a.structural

{ example of a magnetic wall displaﬁement detection

circuit;

Fig. 3 is a block diagram showing a sﬁructural
example of a difference-circuit;

figs. 4A to 4J are timing charts of signals for
explaining the operation of the magnetic wall
displacemént\detectioh circuit;

Fig. 5 is a block diagram showing a structural

12



Fig. 12 graphically shows an exenpl ary reproduced waveformw th occurrence
of DC level variations peculiar to the DWD type. DESCRI PTION OF THE

PREFERRED EMBODI MENTS Hereinafter sonme preferred enbodi mantszgf t‘E€003 ,
present invention will be described in detail with reference t@pf'
acconpanyi ng drawings. Fig. 1 shows a DWD type nmagneto-optical disk
apparatus 100 as one 13 24 April 2003 enmbodi ment. A magneto-optical disk
111 handled in this disk apparatus 100 is so conposed that a

nmagnet o- optigcal. ;L egprdi rre(gi méo descri beg_al ready in connection with
Fig. 9Ais d?gpo%lé%edpoah é;a‘?%%b ?E%? t8F GPASE1Sf plastic material, and a
protective filmi %.forrr%d t hereon. The dj sk apparatus 100 has a spindle
notor 113 for drivifg t*He Yradfettdoptitidty ofekra1af (pigpaheefehe sane.
The magneto-optical disk 111 is driven to be rotated at a constant angul ar
vel oci ty i Bt HatbridihPrawrpr odficihg dedasdepettéquendycyétier at or 114
is attached to the rotary shaft of the spindle notor 113 for detecting
the rotation speedighe’eds. aThd odiks ldigwamatals il fandtiesr has a nmagnetic
head 115 for generating anaexternal nagnetic field; a nagnetic head driver
116 for comtmidtim@plgenemgiliombftidanagnetic wall displacement
detection circuit;
Fig. 8 graphically shows input-output
'(' characteristics of a comparator having hysteresis;
Figs. 9A to 9E are explanatory diagrams of a DWDD
- mode;
Fig. 10 is a block diagram partially showing a
reproducing section of a conventional magneto-optical
disk apparatus;
Figs. 11A to 11C show some structural examples of a
binary coding circuit: and
Fig. 12 graphically shows an exemplary reproduced
- _

(. ~ waveform with occurrence of DC level variations peculiar

to the DWDD type.

DESCRIPTIGN OF THE PREFERRED EMBODIMENTS
Hereinafter some preferred embodiments of the
present invention will be described in detail with
" reference to the accompanying drawings. Fig. 1 shows a

' DWDD type magneto-optical disk apparatus 100 as one
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magnetic field fromthe magnetic head 115; an optical head 117 consistlng
of a sem conductor |aser, an. objective lens, an optical detector and so

forth; and a |laser driver 118 for controlling em ssion of th?4k%gﬂﬁ :%rom
t he sem conductor | aser in the optical head 117. The magneti 12Q0

and-the optical head 117 are disposed .opposite to each other in a--manner
to interpose the magneto-optical disk 111 therebetween. 14 24 April 2003 A

| aser power control signal S., is supplied froman undernentioned servo

control l er dfdodPuthe | aser driver 118, and the power of the |laser beam
emtted fromthe sem conductor |aser of the optical head 111 serves as a

recording power P,, in a recordjn de, or as a__reproduci ng power PR
which is |ower thah SRR g&k?kFg}% Pandledpindtbingdielie. In a
dat a vvritearmde %recordi ng node), record data Dr is supplied as NRZI data
to the magretic hedd 479 veF s216°mBORRA| thatdesmrobedol-apeicaand a’ magneti ¢
field corresponding to such record data Dr is generated fromthe magnetic
head 115, GG inhdrnediwndl@adasOribedr etordds inncbheeragoat @iepti cal
disk 111 in cooperation with the |ight beam (laser beam obtained fromthe
optical hedd9-1PA iFhelebiokl tppasmtassiboctateher §assa 68 ¥Qastic

‘material, and a protective film is formed thereon.
The disk apparatus 100 has a spindle motor 113 for
(f driving the magneto-optical disk 111 to rotate the same,.
The magneto-optical disk 111 is dfiven to be rotated at a
constant angular velocity in both recording and
reproducing modes. A frequency generator 114 is attached
to the rotary shaft of the spindle motor 113 for
detecting the rotation speed therebf.
The disk apparatus 100 further has a magnetic head
115 for generating am external magnetic fiela; a magnetic
i
head driver 116 for céntrolling generation of the
{f, magnetic field from the magnetic head 115; an optical
head 117 consisting of a semiconductor laser, an
objective lens, an optical detector and so forth; and a
laser driver 118 for controlling emission of the light
from the semiconductor laser in the optical head 117. The
magnetic head 115 and the optical head 117 are disposed

-Oopposite to each other in a-manner to interpose the

magneto-optical disk'111 therebetween.

14



controll er 141 equipped with a CPU (central processing unit). To this
servo controller 141, there are supplied a focus error signal S., and a

tracking error signal STE produced in the optical head 117, gﬂgVﬁJ
frequency signal S., outputted fromthe aforenentioned frequ dgﬁ@rator

114. The operation of the servo controller 141 is controlled by an

under menti oned system controller 151. 15 24 April 2003 The servo control.ler
141 controls an actuator 145 which includes a tracking coil, a focus coi
and a linear notor _ for radially noving the optical head 117 wher eby
tracki ng and focus %ARPTHIT crtons sFenakeBut éd, suppd itk fradi ain
notion of the optical head 117 is also controlled. The servo controller
141 further Tofe¥BeRtivredspendd ecomtvrllds, 1¢hetobyheontseld idig vidie
magneto- optical disk 111 in a manner to rotate the same at a constant
angul ar vel okl8y dmd bdid ndweer ecdr thagl aner bepmnoswstpgamedes +Hhe disk
apparatus 100 further has a system controller 151 equipped with a CPU, a

data buffer géb@icordcss BakdCH (Shal bp COTPUL BEASY ST M LRt aLS age 153 for
transferring data and commands therefromor to a host conputer. e system
controller Hﬁbdﬁﬂﬁﬁﬁfﬂd&&@ﬂﬁrQh th@ecording modé, or as a

reproducing power P,, which is lower than the recording

power'PH, in a reprodﬁcing mode.
(_ ) In a data write mode (recording mode), record data

D, is supplied as NRZI data'to the magnetic head driver

116 as will be described later, and a ' magnetic field

cor;espoﬁding to such record data D, is generated from the

magnetic head 115, so that‘the record data D, is recorded

on ;ﬁeimagneto-optical disk 111 in cooperation with the

light beam (laser beam) obtained from the optical ﬁead

117.

The disk apparatus 100 further has a serva

{7: controllier 14i equipped with a CPU (central processing

unit). To this servo controller 141, there are supplied a

focus error signal SFE and a tracking error signal S

-produced in the optical head 117 and also a frequency

signal S,, outputted from the aforementioned frequenéy

generator 114,

The operation of the servo controller 141 is

controlled by an undermentioned system controller 151.

15



entire system The disk apparatus 100 further has an ECC (error correction
code) circuit 154 for additionally attaching an error correction code to

the wite data supplied from the host conputer via the SCSI a
serving to correct any error in the output data of an under né%%pgﬂgqp%ata

denodul at or 159; and a data nodul ator 155 for converting bit strings of
the wite data where the error correction code has been attached by the
ECC circuit 154, into RLL 16 24 April 2003 nodul ated bits and then
converting the same into NRZI data to thereby obtain record data D=. The
di sk appar atTise 196rvar thetrhadeanléqualontafol sCiamC @dt ukai f ara copensat i ng
the freguency characteristic of the reproduced signal SMO obtained from

the optical imemsddd7a arﬂagmﬁgleom@||adE%Qh%C%%&ﬁta@%ﬁ%?ﬁ&%%d%'ﬂﬁﬂér 157
for detecting generation of a magnetic wall displacenent fromt

reproduced signata®Mi1pRseink’ eANCBEY sehAr GLAr hYi C en Cormensated
by the equalizer C|ch$?915%n£a PLL %I%CUII 1%2 ?iH %?hl cl ock

si gnal OLK s&m% et byt hee 1808 coddea8l Iggsgggrgctegfn f*':'g nal (pul se

si gnal) mhlch SI ies generatron o ment

out putted %I Cot‘:":’?‘c';' # %acg lcagehectdl on_circuit 157;. a

dat a detectlon CIrCUI bt % 8 P sad 117 is also
controlled. The servo controller 141 further controls the
spindle motor 113, thereby controlling the magneto-

(; optical disk 111 in a manner to rotate the same at a
constant angular velocity in both the recording and
reproducing modes.

The disk apparatus 100 further has a system
controllier 151 equipped with a CPU; a data buffer 152;
and an ScsI {Small Computer System Interface) 153 for
transferring data and commands therefrom or to a host

computer. The system controller 151 serXves to control the

entire system.

/"\\

The disk apparatus 100 furthér has an ECC (error
correction code) circuit 154 for additionally attaching
an error correction code to the write data supplied from
the hosﬁ-computer via the SCSI 153 and serving to correct
any error in the output data of an undermentioned data
demodulator 159; and a data modulator 155 for converting
bit strings of the write data where the errér orrection

code has been attached by the ECC circuit 154, into RLL

16



E

"signal 512. Practically, either of the differentiators

reproduced data (NRZ data) fromthe detection signal P1 by the use of the
clock signal CLK; and a data denodul ator 160 for obtaining read data

t hrough denodul ati on of the reproduced data Dp (e.g., RLL npdul ated
data). Now the structure of the magnetic wall displacenent défté@fi #Ps3
circuit 157 will be described below. Fig. 2 shows a structural exanple of
the magnetic wall- displacenent detection circuit 157. This detection 17 24
April 2003 circuit 157 conprises.a differentiator 171 for obtaining a
differential signal Sil through differentiation of the

f requency- conpéntated pepsoaudethsngnahvekRing ahedm%heianﬁkﬂb@@”£72 for
obtai ning a secondary differential signal S12 through differentiation of

the differendatd tsighetelbilobesntnardebay aateubt. 173 for delaying the
differential signal Sli to thereby obtain a di fferential signal S11' which

i s synchroni zed wi trhd kg sXUtapHa dd i N 0 OF 4 hen seCQOgAL ¥ %LLE%S 5;' al
1 and- I

2 need

b u
not be one dhad ik\@%%rgﬂifégﬁace 1¥is rfﬁ%.?%&%ﬁéﬁQ&'%%%%%Ftefégtép Fi g.

characteristic, and may be d wt ence
3 consi st neofu SROAILEH 11 J06 AN%B.24RLRSLER 101 (TS gt ection

circuit 157 conprises a CoO

head 117; a magnetic wall displacement detection circuit

157 for detecting generation of a magnetic wall
(: . - displacement from.the reproduced signal S,,. whose
frequency characteristic has been compensated by the
equalizer circuit 156; a PLL circuit 158 for obtaining a
clock signal CLK synchronized with the leading.edge of a
detection signél (pulée signal) which signifies
generation of the magnetic wall displacement outputted
from the magnetic wall displacement detection circuit
157; 2 data detection circuit 159 for cbtaining
reproduced data (NRZ data) from the detection signal P,
byrthe use of the clock signal éLK; and a data
dgmodulator 160 for obtéining read data through
demodulation of the reproduced data D, (e.g., RLL
modulatea data) .

Now the structure of the magnetic wall displacement

detec;ion circuit 157 will be described below. Fig. 2.

shpws a structural example of the magnetic wall.

displacement detection circuit 157. This detection

17



174 for conparing the di fferential signal Sill wth the positive threshold
value +V and detecting the periphery of the |eading edge of the reproduced

signal SMD; a conparator 175 for conparing the differenti al QR Iﬂi&%
-with the negative threshold value -V and detecting the perrp he

trailing edge of the reproduced signal S, Ka; and a conparator 176 for
conparing the secondary differential signal S12 with a zero | evel and
detecting the leading and trailing edges of the reproduced signal 18 24
April 2003 SJ MO The detection circuit 157 further conprises an AND
circuit 177 $orcuiki hy? acomprtaes paodicEevbnthetout put fsrgedlra$hinef the
conparator 174 and the output signal S15 of the conparator 176; an AND

circuit 178  atififakiegti=n | opisal PI10odURtoafht hereutpyt isikgnal o$14nf the
conmparator 175 and the output signal S15 of the conparator 176; and an OR

circuit 179 frafqueaid o cinpdi0g €84 §%‘ﬂi’@:§u&£‘§ SuLh gignals 516, S17 of the
AND circuits 177, 178 to obtain a detection signal PBS which represents

gener ation ofs A6 JRANALIL 1 ook sobegenmy. o U dhE-gpoaspponaglitle

magneti c wal | displ acenent etection circu OWn™ i n
?bisg[]i)\?\:dt hlegglrgg]\gr ogfjce Si ger#'}feds.ll\% ou pu%glz&i ﬁ z%otfflhegl glffg@extltlgi "o
signal S11; and a delay circuit 173 for delaying the
diffefehtial signal S11 to thereby obtain a differential

(“' . signal S11’ which is synchronized with the output timing
of the secondar} differential signal Ss12. Practically,
eithef of the differentiators 171 and 172 need not be one
that gives mathematically strict differentiation
characteristic, and may be replaced.with a difference
circuit 165 of Fig. 3 consisting of a delay circuit 166
‘and a subtracter 16%.

The detection circuit 157 comprises a comparator
174 for comparing the differential signal S11‘’ with the
positive threshold value +V and’detecting the pe?iphery
of the leading edge of the repreduced signal S,,; a
comparator 175 for comparing the differential signal S11°
with phe-negative threshold value -V and detecting the
periphery of the trailing edge of the reproduced signal
Sye; and a comparator 176 for comparing the secondary
differentiai siénal 512 with a zero level and detecting

the leading and trailing edges of the reproduced signal

18



optical head 115, wherein it is supposed that a sudden DC | evél variation
peculiar to the DWDD type is generated in a portion indicated by an arrow
P. The reproduced signal SM) is processed in the equalizer CE&%HLFZiEP for
conpensation of its frequency characteristic, so that the pri

wavef orm equal i zed reproduced signal SMO of Fig. 4Bis obtained. This
reproduced signal s'io; is differentiated in the differentiator 171, so
that a signal S11' shown in Fig. 19 24 April 2003 4C is obtained fromthe
delay circujt 173. The signal S11' is turned to 'a positive |evel
correspondingly to the |eading edge (portion with generation of one

magnetic wall di§%Ia§g nt). of the re ﬁﬁ?y;fd signal SMJ' or is turned to
a negative level cOfr §%§ﬁ'%ﬂﬂ;?%%§%%1 r at 1 Wy e dge R pbf €7 of wR R
generation of the other. magnetic wall displacenent) of the reproduced
signal SMOS T di % h¥ntTHf 19 ghal 0B192 buPpOLREl PEofREhEUtDUL
differentiator 171 is further differentiated in the differentiator 172, so
that a secH¥AL AYF Gferiialcompapatos1R7 6f amflgthaDoiiépobt aigedl In this

. secondary differential signal S12, zero-crossing is induced in
synchroni sl of ttie |csadiang teuigel 2hd AherNP aciiogiedyesoforheakeépgoduced
signal S. For briefing the explanation, it is assuned here that the

process of adilfoldcerdt ipatddmrt of the output signal $14 of the

comparafor 175 and the output signal S15 of the
_ (ﬁ comparatbr 176; and an OR circuit 179 for taking a
logical sum of the output signals Slé, 817 of the AND
circuits 177, 178 to obtain a detection signal P, ﬁhich
represents generation of the magnetic wa}; displacement.
Now the operation'of the magnetic;wall displacement

detection circuit 157 shown in Fig. 2-wi11 be described
below with reference to timing charts of Figs. 4A to 4J.
Fig. 4A shows the reprod?ced signal S,, outputted from the
optical head 115, whérein it is supposed that a sudden DC

(NI level variation peculiar to the DWDD type is generated in
a portion indicated by an arrow P. The reproducéd signal
Sy, is processed in the equalizer circuit 156 for
compensation of its frequency characteristic, so that the
vaveform-equalized reproduced signal 8, of Fig. 4B is
obtained.

This reproduced signal S;,- is differentiated in the

differentiator 171, so that a signal S1i’ shown in Fig.
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each of the differentiators 171 and 172 is executed w thout any delay, and
therefore the delay ampbunt required in the differentiator 173 is zero. The
differential signal S11' outputted fromthe delay circuit 1ﬂ§4hgm%%eglied
to the conparator 174 and then is conpared with the threshold val ue +V,
whereby a signal S13 of Fig. 4E turned to its high level in the periphery
of the | eading edge of the reproduced. signal SMD is outputted fromthe
conparator 174. Simlarly, the 20 24 April 2003 differential signal SII'
outputted fromthe delay circuit 173 is supplied also to the conparator
115 and t hertt§G &5 rsamas vixam tHee i R it bel 79 PR ebigrasi gnal

S14 of Fig. 4F turned to its high level in the periphery of the trailing
edge of the Sldgrddudetrsidgnal S.podistivatinneleddrvesphrdivgbar abokh&75. As
will be described Ilater, the signals S13 and S14 are used as gate signals,
si nce these lsiagialgs ealge t (dradi dro wai th gledtevetidhes£obnenmatrhetperi phery of
the edge of the reproduced signal S., as nentioned above The secondary

di fferenti aka3ngrals p3b méryt ted cie aragheiidd es ephdat gL, 1% i 85 suppl i ed
to the conparator 176 and then is conpared with the zero | evel, whereby a

signal S15 @b Heq 4G4 éle%ﬂwé%*x{élorﬁ%eemﬁpy ¢d6gndhi s out put

'signal 815 falls in s~ nchronismwth

trailing edge {portion with generation of the other

magnetic wall displacement) of the reproduced signal Suo- -

(_ The differential signal S11 ocutputted from the

differentiator 171 is further differentiated in the
differentiator 172, SB that a secondary differential
signal 812 of Fig. 4D is obtained. In this secondary
differential signal S12, zero-crossing is induced in
synchronism with Fhe leading edge and the trailing edge
| of the reproduced signal S,,. For briefing the explanatioﬁ,
it is assumed here that the ﬁrocess of differentiation in
each of the differentiators 171 and 172 is executed
without any deiay, and-therefore the delay amount
required in the differentiator 173 is zero.

The différéntial signal 811’ outputted from the
delay cifcuit 173 is supplied to the comparator 174 and
then is‘compared with the threshold value +V, whereby a
signal S13 of Fig. 4E turned to its high level in the
pe?iphery of the leading edge of the reproduced signal S,

is outputted from the comparator 174. Similarly, the
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conpar at or  1¥76 %iSs s3mRdiias abse heo ANER cFPRRRF2YYE, 178 aRfch

| eadi ng edge of the reproduced signal S., and rises in synchronismwth
the trailing edge of the reproduced signal S,,.. Each of portions denoted
by I'I'XIl in Fig. 4Gis an indefinite area where the thresholg4x?@%%ogzero
| evel) of the conmparator 17& and the | evel of the secondary “differential
signal S12 are approximately equal to each other. The output signal S15 of
the conparator~-176 is, inverted and supplied to the AND circuit 177, to
which 21 24 April 2003 the output signal S13 of the conparator 174 is al so

supplied as te si.gnal ., Therefore a pul se signal 6 _of Fig.. 4H.rising
in synchroni qﬁﬁ% I%%ﬁﬁ%é %ﬁge %?gp?ﬁﬁeaegFBHuféﬁ gFéﬁXI%S?F“F§
obtained fromthe AND circuit 177. Simlarly, the output signal_SlS of the
€RelSout put

signal S14 of the comparator 175 is also supplied as a gate signal.
Ther ef ore acpips&esi gidih St ofhigghoud valeengVi nwbenehroai signalh t he
trailing edge of the reproduced signal SMOis obtained fromthe AND
circuit 178818ubdeduent 4y, thihwssl signats lsldh ahev&l7iar ehespppliprdrio t he
OR circuit 179, which then outputs a pulse detection signal P.S of Fig. 4J
rising in s¢ncheorraiidnigh ddye |leRdilng weskédacsd ngigadgessQf ikhe
reproduced signal SMO. In this stage, as the nagneto-

ocoutputted from the comparator 175. As will be described

later, the signals 813 and S14 are used as gate signals,

(ﬂ . since these signals are turned to a high level thereof in

the periphery of the edge of the reproduced signal S,, as
mentioned above. |
The secondar& differential signal S12 outputted
from the differentiator 172 is supplied ﬁo the compératér
' 176 and then is compared with the zero }evel, whereb? a
signal S15 of Fig. 4G is outputted from the comparator
176. This output signal 815 falls in s%nchronism with the
leading edge of the reproduced signal S,, and rises in
(i‘ ‘ synchronism with the trailing edge of the reproduced
_signal Sye-- anh of portions denoted by #*X” in Fig. 4G is
an indefinite area where the threshold value (zero level)
of the cémparator 176 and the level of the secondary
differential signal 812 are approximately egual to each
other.
The output signal S15 of the comparator 176 is

inverted and supplied to the AND circuit 177, to which

21



.the edge of the reproduce

optical disk 111 is scanned by the |light beamemtted fromthe optical
head 117, magnetic wall displacenents are generated at the tenpora
interval corresponding to the spatial interval of the recordegdagadagki C
wal I s 15. The reproduced signal S,,Orises in response to generation of a
di spl acenent of the magnetic wall 15 where the atomc spin direction 14
(see Fig. 9A) is changed from one to the other, or the reproduced signa
SMO falls in response to generation of a displacenent of the magnetic 22
24 April 2003 wall 15 where, contrary to the above, the atom c spin
direction 14h% WHaedsFgom t HE3 opheEhe oconparatemsadddedts vl sche

af orenenti oned detection signal PDS represents the result of detecting the
magnet i ¢ walduprdiisyd scererda fe ovd ghel r eFlotierrsi gnetl SRO: idsabbgiéus from

t he waveform of each signal, if any sudden DC | evel variation peculiar to
the DWDD typef iRig.calsediding hin poyihclonon hethcai e blieableariay Bdge bifg. 4A,
such variation brings about substantially no harnful influence on the

output si gnalie Skbroshdd dinadi§f et enbhatonsalttoml the RUDSQAURRILY,
despite. any sudden DC |evel variation caused in the reproduced signal

SRO, the detieqti osiﬁ&qaéllgPD%h@r %&gﬁowt rSRfrRae Y 15 téﬁ_éﬁé;l%&{qﬁér%&?mi ng

‘signa i.e., generation e magnetic
wel | di spl ageRents sypplied to the AND circuit 178, to which the

output signal S14 of the comparator 175 is also suppliéd

( as a gate signal. Therefore a pulse signal 8§17 of Fig. 41

rising in sSynchronism with the trailing edge of the
reproduced signal S,, is obtained from the AND circuit i78-
Subsequently, these signals 816 and S17 are
supplied to the OR circuit 179, which then outputs a
pulse detection signal P,s of Fig. 4J rising in
synéhroniém wifh the leading and trailing edges of the
reproduced signal 8,,. In this stage, as the magnefo-
optical disk 111 is scanned by the light beam emitted
from the optical head 117, magnetic wall displacements
are generated at the temporal interval corresponding to
the spatial interval of the recorded magnetic walls 15.
The repr;duced signal 8, rises in response to géneration '
of a displacement of the magnetic wall 15 wherxe the
atomic spin direction 14 (see Fig. 9A) is changed from
one to Ehe other, or the reproduced signal S,, falls in

" response to generation of a displacement of the magnetic
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Next, the structure of the data detection circuit 159 will be descri bed
below. Fig. 5 shows a structural exanple of the data detection circuit

159. This data detection circuit 159 conprises four D fIip-fipn?mkﬁ%3184
and an exclusive OR circuit 185. .The detection signal PDS outputted from
the magnetic wall displacenent detection circuit 157 is supplied to a
clock termnal of the flip- flop 181, and-an inverted output term nal Q bar
of the flip-flop 181 is connected to a data termnal D. Thus, 23 24 Apri

2003 the flip-f 1 constitutes T flip-flop. Ap output term nal Q of
the flip-fl c‘)'%llfB%l%l ;vﬁlecroerfnecc‘%ré%raf%' gt%la iétetE¢=5€’(f"r1"’§¢’il @Beof&gﬂécf FPRPf 1 op 182,
whil e an ou%gut ternin%;, of th%%ihépﬁflo 182 is .connected to a data
termnal D SFR¥E¥IH p I{%)ﬁﬁﬁﬂg Tt bE PERRFn&PsO®ROf the
flip-flops.182 and 183 are_ connected respectively to the input side of the
excl usive GRUSHMARCINE5 then sfinaneneionedl deroftine sigpall Bp 184

serves as-a reproduced-data output termnal. And a clock signal CLK
produced i nEpEepents tdhd redd i o5 ubptéeting othe hwageepict vadlcl ock
termnals of the flip-flops 182-184. Hereinafter the operation of the data
detection diispliactd@nshdwon rthie gefrodidedesdpsarifgd with reference to

timng charts of Figs. 6Ato 6G Fig. 6A shows an exanple of the detection

signal PDS outputtes obvious from the waveform of each signal, if any
.sudden DC level variatioﬁ peculiar to the DWDD type is

(j_ caused in the portion indicated by an arréw P in FPig. 4A,
sgch variation brings about substantially no harmful
finflﬁence on the output signals Sil, 812 of the
differentiators 171, 172. Consequently, despite any
sudden DC level variation caused in the reproduced signal
Suor ‘the detection signal P, properly represents the
result of detecting the edge of £he reproducedAsignal Syor
i.e., generation of the magnetic wall displacement.

Next, the structure of the data detection circuit

(ﬂ' 159 will be described below. Fig. 5 shows a structurél
example of the data detection circuit 159. This data_
detection circuit 159 comprises four D flip-flops 181-184
and an e#clusive OR circuit 185. The detection signal P,
outputted from the magnetic wall displacement detection
circuit 157 is supplied to a clock terminal of the f;iﬁ-

flpp 181, and an inverted output terminal Q bar of the

flip-flop 181 is connected to a data terminal D. Thus,
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fromthe magnetic wall displacenent detection circuit 157, and Fig. 6C
shows a clock signal CLK outputted fromthe PLL circuit 158 and

synchroni zed with the | eading edge of the detection signal PRBa,Weg t he
detection signal PDS is supplied to the <clock termnal of the fPi p-flop
181, there is obtained, fromits output terminal Q a signal S21 whose
state is inverted at every |eading edge of the detection signal PDS, as
shown in Fig. 6B. Then the signal S21 is supplied to 24 24 April 2003 the

dat a ternm ndle Fiafp i1dd 19 fdows dB2ut @ da arsfongl £1832 synchroni zed by the
clock signal CLK as shown in Fig. 6D is obtained fromthe output term nal

Qof the flip- flap 382puFheshgnal % tiad | | pplied to the
data term nal D of the Flul p-flop 1%3,%261%@;%5%#?' n%go Sldgz#a{/)éed

correspondida@gine & d e, cgur&aégaom%m%% c[% oK ?lﬁ)%l?f%)%sﬁgggw%ﬁgp Fig. GEis

obtained fromthe output termn he f signal s S22

d S23 obtai.ned tively f. th t I jnals_d of th
11 -1 0pq "TH3 i FATTG - b (4F (TS ehkPES V6P RBLi FEui t 185, whi ch

then takes, an exclusive |ogical sumaof the input _signals. Consequently,
there i s ofPERFEXSS om3 FEOR EPERAL Bt thejghip-Sharwhfdn Fotbnes

| .at the edge %osition while being kept in synchronismwth the clock
si gnal CLK°§§P t terminals Q of the flip-flops 182 and 183 are

connected respectively to the input side of the exclusive
7 (“ ~OR circuit 185. An output terminal @ of the flip-flop 184
serves as a reproduced-data output terminal. And a clock
signal CLK produced in the PLL circuit 158 is supplied ‘to
the respective clock terminals of the flip-flops 182-184.
Hereinafter the operation 6f the data detection
circuit 159 shown in Fig. 5 will be described with
reference-to‘timing charts of Figs. 6A to 6G. Fig. 6A
shows an example of the detection signal P, outputted
from the magnetic wall displacement detection circuit 157,

and Fig. 6C shows a clock signal CLK outputted from the

/"‘-\‘
\

PLL circuit 158 and synchronized with the leading edge of
the detection signal P,.

When the detection signal P, is éupplied to the
clock terminal of the flip-flop 181, there is obtained,
from its output terminal Q, a signal $21 whose state is
inverted at every leading edge of the detection signal P,

as shown in Fig. 6B. Then the signal $21 is supplied to
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shown in Fig. 6F and becones 0 at any other position than the edge,
whereby the NRZI waveformis converted into an NRZ waveform The signal
S24 thus obtained is then supplied to the data termnal D ofz4hg;|f2b'og-flop
184, and reproduced data (NRZ data) D. synchronized by the cloc si gnal
CLK as shown in Fig. 6Gis obtained fromthe output termnal Q of the
flip-flop 184. Next, the operation of the magneto--~optical disk apparatus
shown in Fig- 1 will be described below. In 25 24 April 2003 case a data

wite commm i S lied fr th st..coO ter the_systemcontroll er
151, a dat aq:\%/re% tdeélstu rlqzeecro“?l|'-‘|"118)rB rr%%e&?% %%é%g?*elal? ilhgt hfB9c8s8198Alerror

correction ¢Qde is attached, .in the ECC.circuit 154, to the wite data
recei ved frog% l“r"é'"rfg%‘io ¥ the theck srepals8LEngssebeua iR Fhe-data

buffer 152,' and then the data are converted into RLL nodul ated bits or
NRzZI data i tife ApdEd nasfizatrthgoupps cepant 1yl @eebrthdafhi®;, in the
formof NRZI data are supplied fromthe data nodul ator 155 to the nmagnetic
head driver f1p® 183d tHbe sdanalDS23r ¢huscobdedned tike cgiEl isrdaattle
target' position on the magneto.- optical disk 11. In case a data read .
command i s sapgpl itedrfinah the £ hdsd Loiguiilasp t183 heasd sd esigoat roiier 151, a
data read (reproducing) node is executed. In this case, a

delayed correspondingly to the duration of one clock

" pulse as shown in Fig. 6E is obtained from the output
(m. terminal Q of the flip-fiop 183.

The signals S22 and 823 obtained respectively from

the output terminals O of the flip-flops 182 and 183 are

supplied to the exclusive OR circuit 185, which then

takes an exclusive logical sum of the input signals.

Conséquently, there is obtained, from the OR circuit 185,

a signal S24 which becomes 1 at the edge position while

being kept in synchronism with the clock signal CLK as

shown in Fig. 6F and becomes 0 at any other position than
Lo the edge, whereby the NRZI waveform is converted into an

NRZ waveform. The signal S$24 thus obtained is then

supplied to the data terminal D of the flip-flop 184, and

- reproduced data (NRZ data) D, synchronized by the clock
signal CLK as shown in Fig. 6G is obtained from the
output terminal Q of the flip~£lop 184.

Next, the operation of the magneto-optical disk

apparatus shown in Fig. 1 will be described below. 1In
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reproduced signal S., is obtained fromthe data area at a target position
on the magneto-optical disk Ill. The reproduced signal S., is processed in
the equalizer circuit 156 for conpensation of its frequency 24 April 2003,
characteristic, and then a reproduced signal S., after such conpensation
is supplied to the magnetic wall displacenent detection circuit 157.
Subsequently, a dete8-tion signal PDS obtained fromthe detection.circuit
157 to represent generation of a magnetic wall 26 24 April 2003 .

di spl acenent is supplied to the PLL rCU|t 128 and the _data detection
circuit 159. ?ﬁetﬁegﬁfﬁ 8FFEE|F°T§§n lglﬁePéiﬁﬁaLfQﬂﬂ< R fidioni zed with

the | eadi ng edge of the detection gnal PDS is reproduced Meanwhi l e in
the data det&ePPBReTciPclile iE@teWeEPB&E@é&eéaﬂél(NRZ@ﬁﬂ%ﬂWq}t%fe obt ai ned
fromthe detection signal PDS by the use of the clock signal CLK reproduced
in the PLL clregprdingd. mFhe 1$epxgdu¢sed data bhiareadenvdol aredrin t he
data denodul ator 160 and then are 'corrected in the ECC circuit 154,
. Wher eby readedatathor obfai hedatsabbeduennl yheh&otead rcdditta ldrde ance
stored, in the data buffer 152, and thereafter are transmtted at
predet er m nethé i wi-hget Qatherbosiveanpubar tieahbse Fhbuled ik tHHes
enbodi nent, as descri bed above, generation
8CSI 153 and stored in the data buffer 152, and then the
data are converted into RLL modulated bits or NRZI data
(ﬁ in the data modulator 155. Subsequently, record data D,
in the form of NRZI data are supplied from the data
~modulator 155 to the magnetic head driver 116, and the
data D, are recorded in the data area at a tafget'position
'on the magneto optlcal disk 11.
"In case a data read command is supplied from the
host computer to the system controller 151, a data read
{(reproducing) mode is executed. In this case, a
reproduced signal S,, is obtained from the data area at a
( ' target position on the magneto-optical disk 111. The
reproduced signal §,, is processed in the equalizer
circuit 156 for compensation of its frequency
characteristic, and then a reproduced signal §,. after
such compensation is supplied to the magnetic wall
displacement detection circuit 157. Subsequently, a

detection signal P, obtained from the detection. circuit

157 to represent generation of a magnetic wall
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of the magnetic wall displacenment is detected fromthe reproduced si gnal
S,,D by the magnetic wall displacement detection circuit'157, and
detection of the data is performed in the data detection circpinphiSfoBy the
use of the detection signal PDS to obtain reproduced data Dp. In this :
case, generation of the magnetic wall displacenent is detected in the
magnetic wall displacenent detection circuit 157 by using the differential
signal of-the reproduced signal SdO or the difference signal thereof in 27
24 April 2003 the tinme base direction. Consequently, even if any sudden DC
| evel vari atToiPIRRaMsHy 19 SWPHVeD t9phpsPEhusétchat €K medr atieced
signal SMO, it brings about substantially none of harnful influence on the.
process of1ﬁﬁ§ﬁn4QﬁﬁC%%Pnt¢kmcuh@ He?ection signal PO properly represents
the result of detecting the generati-on of the magnetic wall

di spl acenent, henc@&nr ¢aki FiLig cdesiuiad I58@)r edutidak Hfghde cglat a at a
sufficiently low bit error rate. It is to be understood that the present .

invention isynirdnifddded i alhe t0=ddenpbeyge @ﬂb@ﬂé”&QEeéwQﬁ For :
exanpl e, the equalization target waveform of the equa |zer circuit 156 may

be set to asdighbere)!idd Aodikd Ne veualHZY Gl Gl bg; ysed

also as the differentiator 171 (see Fig. 2) of the nagnetlc %Eﬁ%

di spl acenent e8¢t 18R, Cidepidautd data (NRZ data) D, are obtained
from the detection signal P,, by the use of the clock

(? éignal CLK reproduced in the PLL circuit 158. The
reproduced data D, are demodulated in the data demodulator
160 and then are '‘corrected in the ECC circuit 154,
whereby read data are obtained. Subsegquently the read
data are once stored in the data buffer 152, and
thereafter are transmitted at predetermined timing to the
host computer via the SCSI 153.

In this embodiment, as described above, generation

of the magnetic wall displacement is detected from the

( | reproduced signal S,, by the magnetic wall displacement
detection circuit 157, and detecﬁion of the data is
performed in the data detection circuit 159 by'the use of
the deteétion signal P, to obtain reproduced data D,. In
this case, generation of the ﬁagnetic wall displacement
is detected in the magnetic wall displacement detection

ci;cuit 157 by using the differential signal of. the

reproduced signal S,, or the difference signal thereof in
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In order to avoi d unnecessary power consunption or generation of noise in
any region where the output signal fromthe conparator- 176 of the magnetic
wal | di splacenment detection circuit 157 is rendered unstabl e24 Apdl 2003
conparator 176 may be replaced with two conparators each having
hysteresis. Fig. 7 shows a magnetic wall displacenment detection circuit
157" where such a nodified structure is enployed. In-Fig. 7, any conponent
parts corresponding to those in Fig. 2 are denoted by |ike 28 24 Apri

2008 et er energe NUITRS Abds OTq 3¥8LPLEn Anchl dFt L LY, CXpLANIE QH{ga&QS@SH I S

omtted here. In an equalizer circuit 156", 1ts equalization I's set

ML O o PR £ R S BT s R 0 E

differentiator 1 shown conpara

hyst d di ff S12 tputt f
011 erent © atgS TAPTRARI 1 EETD Sonont] REAPEFnGB ot R TEIAN ¢ he

conparator 176a an then is  compared with a zero-level supplied to the

“non-i nverti MPAHk BT thial 1SR E e npie PEOPREScBApaL&LEEL9RGasPs

| N+, -t he |nput out put_characteristics thereof are such as shown in Fig.
. 8. An out plthadi gt deime Biami SR ofest RECPEBAFar aPesENSaE ithesupplied to

an AND circuit 178. Each of the conparators 176a and 176b has
result of detecting the generation of the magnetic wall

displacement, hence realizing desired reproduction of the

(' data at a sufficiently low bit error rate.

It is to be understood that the present invention
is not limited merely to the above embodiment alone. For
example, the equalization target waveform of the
eﬁualizer circuit 156 may be set to a differential one,

~and Ehé equalizér circuit 156 ﬁay be used also as the
differentiatqr 171 {(see Fig. 2) of the magnetic wall
displagement detection circuit 157.

In order to avoid unnecessary power consumption or

( : generation of noise in any region where the output signal

from the comparator 176 of the magnetic wall displacemént
detection circuit 157 is rendered unstable, the
comparat&r 176 may be replaced with two comparatofs each
having hysteresis. Fig. 7 shows a magnetic wall
displacemenﬁ detection circuit 157’ where such a modified
structure is employed. In Fig. 7, any component parts

porresppnding to those in Fig. 2 are denoted by like
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hysteresis. A secondary differential signal S12 fromthe differentiator 172
is supplied to a non-inverting input termnal of the conparator 176b and
then is conpared with a zero level supplied to the non-inverting input
terminal. When the input to the conparator 176b is IN', the #hppl- 20@@t put
characteristics thereof are such as shown in Fig. 8. An out put " si gnal S15b
fromthe conparator 176b is .supplied to an AND circuit 177'. This AND
circuit 177" is a normal one differently fromthe AND circuit 177 in Fig.
29 24 April 2003 2 where one input is a negative logic, because the signal
S15b obt ai nedefenemtbenanapalat or &¥fibohsedamndt abdetiaiverd edplEiation
magnet o- opti cal di sk apparatus 100 shown in Fig. 1 is equipped with the

SCSI 153 forthewasfeisi ogideta heem. or to the host conmputer. However, the
present invention is applicable also to an apparatus equi pped wth, for

exanpl e, an MPEG engpdg /ARGO0B o+ NS{LAd: £ 0156 PET { PF M LELPE Qaeﬂo&“d

reproduction of video and audio signal data. Thus, according to the

present | nvankiql, {gepeLation @ fg?iﬂ@ﬂemCw%lekog;nspltﬁ%%@%gr s det ect ed

froma differen signal or a erence si t he oduced

Spanal and iy ?ﬁ?a]fg FETAE SELEE L0, 10E PRE' 81 RE.LRBLLERY 1407 SRBLRSTI MO
in Fig. 2. Each of comparatois 176a and 176b has
hysteresis. A secondary differential signal 812 outputted

(" ?rom a differentiator 172 is supplied to a non-inverting
input terminal of the comparator 176a and thén.is

compared with a zero level suppliéd to the nbn-inﬁerting
input terminal. When the input to the comparator 176a is
IN®, the input-output characteristics thereof are such as
shown in Fig. 8. 2An putput signal 815a obtained from the
comparator 176a is supplied to an AND circuit 178.
Each of the comparators 176a and 176b has
hysteresis. A secondary differential signal 812 from the

(_- differentiator 172 is suppiied to a non-inverting input
terminal of-the comparator 176k and then is compared with
a zero level supplied to the non-inverting input terminal.
When the-input to the comparator 176b is IN', the input-
output characteristics therecf are such as shown in Fig.

78. An output signal 815b from the comparator 176b is

"supplied to an AND circuit 177°. This AND circuit 177’ is

a normal one differently from the AND circuit 177 in Fig.
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even if any sudden DC | evel variation peculiar to the DWD type is induced
I n the reproduced signal, such DC |evel variation causes substantially
none of harnful influence on the process of detecting generation of the
magnetic wal |l displacenent, hence achi eving exact detecti on24fApriha003
magneti c wall displacenent with high precision. Consequently, it becones
possible to reproduce the data at a sufficiently low bit error rate while
ensuring a superior operation with a systematic margin. 30 24 April 2003
Further, occurrence of some sudden DC | evel variations can be permtted to
a certain exjepfemhténd egael tPst HenPUBPRvEY B8 gTRINY R RLd Gale TEGHAI NI

medi um used in the apparatus, thereby attaining contribution to

manuf et uri ro st R 2 U e SoBaP AT R S aK R ¥ Pey' 02 4

repr oduci ng quar@g s handling a nmagneto-optical recording nmedi um which
consists at 1east-°9f a di spl acenent | ayer, a switching | ayer and 'a nenory

| ayer fornmed in this order, said nenory.) ayer being conBosed of ,.a _.
perpendicular-nagngiﬁzpﬁ@nﬂq noendgap L diskK apparatus 100 shown in Fig.

1 is equipped with the SCSI 153 for transferring data
from or to the host computer. However, the present
invention is applicable also to an apparatus equipped

with, for examble, an MPEG encoder/decoder instead to

N

‘perform recording and reproduction of video and audio
signal data.

Thus, acgording to thé present invention,
genefation of a magnetic wall displacement is detécted
from a differential signal or a diffeiencalsignal of the
reproduced signal, and the data are detected on the basis
of the result of detecting the displacement. Therefore,
even if any sudden DC level variation peculiar to the

( 'DWDD type is induced in Ehe reproduced signal, such DC
level wvariation causes substantially none of harmful
influence on the process of detecting generation of the
magnetic-wall displacement, hence achieving exact
detection of the magnetic wall displacement with high
precision. Consequently, it becomes possible to reproduce
thg data at a sufficiently low bit error rate while

ensuring a superior operation with a systematic margin.
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di spl acenent | ayer being conposed of another perpendi cul ar nmagneti zi ng
fi-lmwhose magnetic wall reluctance is relatively snmaller than that of
said nenory |ayer and shose nagnetic wall displaceability is relatively
greater than that of said nmenory layer, said swtching | ayer20gbf®003
conposed of a magnetic |ayer whose Curie tenperature is |ower than those
of said displacenent |ayer and said nenory | ayer; said data reproducing
apparatus conprising: a signal reproducing neans for irradiating a |ight
beam from the side of said displacenent |ayer onto said nagneto-optica
recordi ng madiignayni | i | 4 reghatively to.sai.d _nmedi um
&cé@ﬁ’fé}gc(li h&\;\fhéﬁ@% sRE80L " §Laf Ly gh das

and di splacing a magnetic wal e as a gradient on A& i C
recording negdj [ jrection, o tion of the light beam spot and is
formed in saigiggigpg%gﬁﬁﬁgélééé% %ﬁ%?ﬁ%@t%%%%?gtﬁ?5£d3§9FF3uFPoﬁhﬁavjng a
tenperature iQn__higher than the Curie t erature of. at |east said 32
24 April 203?3%&%%ﬂﬁrﬁ}QQSﬁﬁj03?ﬁﬁ?ﬂnF?ﬂﬁ%éﬁﬁ%@F%d?%ﬁrBaﬁéeénstﬁal whi ch
corresponds to the change on a polarization plane of the reflected |ight
of said |ighAPPBEEMSa nglfrrﬁtn{: a1 nging | eeeH v gkoRcEPohmpEavsmEnE

detecting generation of the magnetic wall displacenent by the use of a
di fference Sfghle Mediswr viekheatqmmshgd so to reduction of the

manufacturing cost.

N
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direction; and a data detection neans for detecting data by the wuse of the .-
detection signal obtained fromsaid magnetic wall displacenent detection
nmeans. 2. A data reproducing apparatus according to claim 1, wherein said
magnetic wal |l displacement detection neans obtains, as sai d ZEASUL008
signal, a pulse signal at the tine of generation of the magnetic wall

di spl acenent by the use of a difference signal thereof in the tine base
direction, and difference signals thereof in the tine base direction. 3. A
data reproduci ng nmet hod handling a magnet o- optical recordi ng medi um which

consi sts at WgastrofcinrMiirsptacenent |ayer, a switching |ayer and a nenory
| ayer 33 24 April 2003 formed in this order, said nenory | ayer being

conposed of a perpgendjcylar nekizi 0 E' ai d.di spl.acenent | ayer
bei ng conposed of anot her perpgnglcu ag ng %EF%?Fn&aF%ﬂﬁﬂﬁh6be magnet i c
wal | reluctanece Js relativel an{ er than that.of said nenory |ayer and
whose nagnet | @V\ﬂtﬁ O?ﬂtslﬁ“la\gce% 595 iyn? smE(?Je‘I”&t‘i’%?}ﬁ grestérst Ahnleaat of
said nmenory %a er,. said sw.tching | ayer being conposed of a nmagnetic |ayer
whose Curi &t &npér® EMERY NS hah THbE B9 shaedi apfdagerenery| ayer
and said negn&y | ayer; said data reproducing method conprising: a first
step of irr é'gfiﬁgrgepiéﬁtq&%ﬁﬂq it fg@dld memory layer being
composed of a perpendicular magnetizing film, said
displacement layer being composed of another
(“ perpendicular magnetizing film whose magnetic wall
reluctance is relatively smaller than that of said memory:
Iayer and whose magnetic wall displaceability‘is
relatively greater than that of said memory layver, said
switching layer being composed of a magnetic layer whose
Curié temperature is lower than those of said
displacement layer and said mémory layer; said data
repfoducing appaiatus comprising:

& signal reproducing means for irradiating a light

beam from the side of said displacement layer onto said

P

magneto-optical recording medium while moving the light
beam relatively to said medium, and displacing a magnetic:
wall whiéh has a gradient on the magnetic recording
medium in the direction of motion of the light beam spot
and is formed in said displacement layvyer with a h

temperature distribution having a temperature region

higher than the Curie temperature of at least said
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side of said displacenent |layer onto said magneto-optical recording nedium-
while noving the Iight beamrelatively to said nedium and displacing a
magnetic wall which has a gradient on the magnetic recording nediumin the
direction of notion of the |ight beamspot and is fornmed in said
di spl acenent |layer with a tenperature distribution having a tenperature
regi on higher than the Curie tenperature of at |east said swddprihg0dayer,
t her eby obtaining a reproduced signal which corresponds to the change on a
pol ari zation plane of the reflected light of said |light beam a second
step of detecting generation of the magnetic wall displacenent 34 24 April
2003 by t heswsechimg ldivkter eheeelisi gialkinhhes eaf reéprddedd meghasewhiit ecti on;
and a third step of detecting data by the use of a detection signal which
represents gemssgicrols afo t hiee nabaege conwal | pdizspilzaceéoenipldetectfedtlat sai d
second step. 4. A data reproducing nethod according to claim3, wherein,
at sai d secoaflisttepl laghul s ssiighalights bedstrai ned, as said detection signal,
at the time of generation of the nagnetic wall displacenent by the use of
a difference signal athegeefid nwihe tiispldasend réctdaionamtkaalssofdy t he
use of difference signals thereof in the time base direction. 35

detecting generation of the magnetic wall displacement by the

use of a difference signal thereof 1in the time base
direction; and

(j? a data detection means for detecting data by the
use of the detection signal obtained from said magnetic wall
displacement detection means.

2. A data reproducing apparatus according to claim

1, wherein said magnetic wall displacement detection means
obtains, as said detection signal, a pulse signal at the tiﬁe
of generation of the magnetic wall displacement by the use of
a difference signal thereof in the time base direction, and
difference signals thereof in the time base direction.

- 3. A data reproducing method handling a magneto-
optical recording medium which consists at least of a

displacement layer, a switching layer and a memory layer
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DATA REPRCODUCI NG APPARATUS AND METHOD ABSTRACT OF THE DI SCLoSURE A DWDD
type data reproduci ng apparatus which handles a nmagneto-optical recording
medi um having a mnagnetic three-layer filmconsisting at |east of a

di spl acenent |layer, a switching |ayer and a nenory | ayer. A nmagnetic wall

di spl acenent in the displacenent |layer is generated in any region where
the tenperature of the magnetic film becones higher than the file2003
tenperature of-the switching |ayer, so that the effectively recorded
magneti c domain is dinmensionally enlarged. A reproduced signal is first
equalized with regard to its waveformin an equalizer circuit and then is
suppl i ed t ofermesyriet ithiswekbedi sph it amsrryddegeti baley revinosedh afhias
detection <circuit, a detection signal representing generation of a
magnet i ¢ weibd rriinsidcadenaronied ipipgubiedn by addi Agsplagtirehér éay¢albsingnal or a
secondary differential signal of the reproduced signal wthout being
harnful |y atdersised byt amptbgddaerbenievelawamagnebhzidiusédinn hnse
reproduced signal. Subsequently a data detection circuit detects the data
by the use ®FITRFdRE deleéctpbucingeallsand tfdnebut padkler Haaregihdduedd dat a.
In this apparatus, the data can be reproduced at a sufficiently |ow bit
error rate Iishinemorgcéayeenmel ghoghy nsgageic DR YlevlisPareatti Gritvcddsed in

the reproduced signal. . )
relatively greater than that of said memory layer, said

switching layer being composed of a magnetic layer whose

(‘ " Curie temperature is lower than those of said displacement
layer and said memory layer; said data reproducing method
comprising:

a first step of irradiating a light beam from the
side of said displacement layer ontoe said magneto-optical
recording medium while moving the light beam relatively to
said medium, and displacing a magnetic wall which has a
gradient on the magnetic recording medium in the direction of
motion of the 1light beam spot and is formed in said

displacement layer with a temperature distribution having a

P

temperature region higher than the Curie temperature of at
.least said switching 1layer, thereby obtaining a. reproduced
signal which corresponds to the change on a polarization
plane of the reflected light of said light beam;

a second step of detecting generation of the

magnetic wall displacement
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by the use of a difference signal thereof in the time base
direction; and
a third step of detecting data by the use of a

detection signal which represents generation of the magnetic

wall displacement detected at said second step.

4. A data reproducing method according to claim 3,
wherein, at said second step, a pulse signal is cobtained, as
said detection signal, at the time of generation of the
magnetic wall displacement by the use of a difference signal
thereof in the time base direction, and alsc by the use of

difference signals therecof in the time base direction.
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