SPECI FI CATI ON Optical Pickup Device and Optical Disc Driving . Apparatus
Technical Field This invention relates to an optical pickup device and an
optical @isc driving apparatus adapted for enploying a variety of optical
di scs, such as a play-only optical disc, a recordabl e phase-change opti cal
di sc or a magneto-optical disc. ‘Background Art As optical discs for
recordi ng/ reproducing the information by irradiation of a | aser beam a
magnet o-opti cal disc, a variety ofSPEGIEFCATEONMpPti cal discs, a digital -
audi o di scs, such as a so- called conpact disc or an optical video disc,
have been put to practical Opéicell Phekepopeivdiake dnegcs, the conpact disc or
the optical video disc is a play-only disc, and is conprised of a
transparent substrate, inOmtiichld@tiacpPrdviogr éopemdittg to i nformation
signals are forned as recesses, and a reflective |ayer formed on the
transparent substrate. As the traiephital stigtdate, a di sc-shaped
substrate, forned by injection nolding a resin, such as polycarbonate, is
pr edoni nant | y E¥st OVé'ﬂ‘?nE’r%erﬂfr%t%%sgon‘&? Beti6Rer Bdcé%‘ﬁe&yeéﬂllcf 2R fde of

mass productjon concentric or spirally extendi ng track(s) of the
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re.f lecti Véaf Io(’ai}/t‘.eircai.lS dliaé%esr,e%u%rlll %QeaSBiL?ESn?gr opt12ca.l disc, a recordable
phase—-change optical disc or a magnéto—optical disc.

Background Art
" As optical discs for recording/reproducing the information

by irradiation of a laser beam, a magneto—-optical disc, a variety
of write—once optical discs, a digital audio discs, such as a so-—
called compact disc or an optical video disc, have been put to
practical use.

Of these optical disecs, the compact disc or the optical
video disc is a play-only disc, and is comprised of a transparent
substrate, in which data pits corresponding to. information
signals are formed as recesses, and a reflective layer formed on
the transparent substrate.

As the transparent substrate, a disc—shaﬁed substrate,
formed by injection molding a resin, such as ﬁolycarbonate, is
predominantly employed, sinée the cost may be lowered especially
in case of mass production. On concentric or spirally extending

track(s) of the transparent substrate, there are formed data pits

as recesses. The reflective layer is layered on the surface of



the transparent substrate carrying the data pits. |In general, an A
reflective filmis used because it- has high refl ectance and gpod thernal
conductivity. Wth the above-described play-only. optical disc, the
difference in the amount of reflected |ight between the pits and mrrors,
that is disc portions devoid of the pit®e on laser light irradiation from
the transparent substrate, is detected, and a bit pattern on the track(s)
i s accor dilregltyramypeotcte dsubbot r£i0s rect tyitigptbeludahg pitse - f Tee gengralls by
t he above techni que, |aser light spots need to be radiated correctly on a
track onamhAdhrafbectpuet £k bmtbs hesedechecouse ¢ tfmasgdiglToatier tante tana
optical disc driving apparatus performs tracking servo of the optical

pi ckup déAace theameg gandutidisly systens for scanning the concentric or
spirally extendi ng track(s) with the laser |ight beam for
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For correctly reproducing error—free signals by the above
technique, laser light spots need to be radiated correctly on a
track on which a bit pattern to be read out is formed. To this
end, the optical disc driving apparatus performs tracking servo
of the optical pickup device. Among optical disc systems for
scanning the concentric or spirally extending track(s) with the
laser light beam for recording/reproducing various sorts of data,
there are known a CLV system for rotationally driving the optical
disc at a constant linear veldcity (CLV) for
recording/reprodu?ing data, and a CAVlsystem for rbtatiqnally
driving the optical disc at a constant angular velocity (CAV) for
recording/reproducing data. There are also known a continuous
servo system in which tracking'control is done using a continuous
pre—groove formed along the track, and a sample—servo system in
which tracking control is done using servo areas provided

discretely on the track(s).

A conventional optical pickup device for a magneto—optical



disc i's confi gured as shown for exanple in Fig. 1. During reproduction or
recording, a |laser beam as an outgoing |ight beamof a P-polarized '
conmponent, is radiated froma | aser diode 1. - This outgoing light is
collimated by a collimator- lens 2 so as to be shaped by a shaping prism3
to fall on an S-polarizing beamsplitters 4. The S-polarizing beamsplitter
4 has a |ight polarization beamsplitter film4a having characteristics of
reflecti g ddheis padrpigintkd | gt swdponanir haxamgléhd i Fegl.ilon oDuring
pol ari zati on perpendi cular to the P-polarized |ight conmponent and
refl ecti nepandidatarnenotrt ragob8¥ngf, 4 himdRmpdlemn asdahi gint gaimlg tlhiszhrte lbsiam ng
50% t hereof, respectively. Thus, one-half of the outgoing |ight of the
P- pol ari oddal Pgholarhgedenomponeht s pelddaitadd riomght 1deamdidde tler This s
refl ected, while the remaining one-half thereof is transmitted. The
out goi ng-dutgEning drighitt tied aotrldmpt achdysa o ldrimsatey denf Splsior esr to jbe
reflected by a 45 -mirror 5 and thence radiated via an_objective |l ens 6 on
a magnet AR PY desShePing | RgisBcsr dithgfalht &1 LB uBpPPearizangn Bedut
termnal 8 on.a magnetic head 9. This drives the magnetic head 9 responsive
to the d&® ¥dreiyéhrerating a magnetic field corresponding to the data. This
magnetic field,is Jdnpressed on an area, of the net o-
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irradiated wit OB A5 tm PO r ERbE B R GabdSt ﬁetlégﬁ%l %%nggl{i%??ttzi(?n ,
i ght be%@éﬁségf¥gg§¥i§?&$rf%nﬁgo?ﬁg'gﬂangkeriséics of reflecting the
S—-polarized light component having the direction of polarization
perpendicular to the P-polarized light component and reflecting
and transmitting 50% of the P-polarized light and the remaining
50% thereof, respéctively. Thus, one—half of the outgoing light
of the P-polarized light, incident on the S—polarizing light beam
splitter 4, is reflected, while the remaining one—half thereof
is transmitted. The outgoing light transmitted through the S-
polarizing beam splitter 4 ié reflected by a 45 —-mirror 5 and
thence radiated via an objective lens 6 on a magneto—optical disc
(& b
During recording, data is supplied via an input terminal 8
on a magnetic head 9. This drives the magnetic head 9 responsive
to the data for .generating a magnetic field corresponding to the
'data. This magnetic field is.impressed on an area of the magneto-
optical disc 7 irradiated with the laser beam for recording data

thereon.

A reflected light beam is produced by the magneto—optical



disc 7 being irradiated with the outgoing light. This reflected light is
reflected by the 45 mrror 5 via the'objective lens 6 to fall on the
S-polarizing beamsplitter 4. This reflected light is polarized responsive
to data recorded on the magneto-optical disc 7 and thereby reflected as an
S-pol arized |ight conponent. The anount of the polarized Iight is delicate
and the major portion of the reflected light is the P-polarized |ight
conponentdisiher Lreddl gl izt dili dAMWIH 141 ohvegRfilngct1s gh0%1ofid heflected
S-pol ari zed |ight conponent, while reflecting and transmtting 50% and t he
remai ni ngl ig1P6 dfs treef IRctpad ay 2tk |4 himicomorertia espetijestliwve Tuiss 6S
for the reflected light, the reflected portion of the S-polarized |ight
beam i s rtef |fchlecbn nthe sS-epnlaetizying téwm Spbiarezati on beamsplitter 4 to
fall on a polarizing beamsplitter 10, while one- half and the renaining
hal f of the P-Tolsriredd ecitgio dégpcbnefns apelarizedt etk dpormive r ais mdated
through the S-polarizing beamsplitter 4, respectively. The polarizing .
l'i ght beaFrﬁQﬂ)‘rff 4 @n f@%d@@%mﬁtzmﬁlorﬂllﬂﬂghﬁ apeh hhegiabn @refliqahed®shas
characteristics of transmitting the P-polarized |ight corrponent inits
entirety aéh&‘#’@fllaé"étzleﬁglﬂﬁgtSC%’BP‘A‘P?IEEd Trh@mm%@ﬁpeﬁehhemﬂ%l iright
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reflects 100% of the S—polarlzed light component, while
reflecting and transmitting 50% and the remaining 50% of the P-
polarized 1light component, respectively. Thus, as for the
reflected light; the reflected portion of the S—polarized light
beam is reflected in its entirety by the S-~polarization beam
splitter 4 to fall on a polarizing beam'splitter 10, while one-
half and the remaining half of the P-polarized light compoﬁent
are reflected by and transmitted through the S—ﬁolarizing beam
splitter 4, respectively.

The polarizipg light beam splitter 10 has a polarization
light beﬁm splitter film 10a has characteristics of transmitting
the P—polarized light component in its entirety and reflecting
the S-polarized light component in-its entirety. Consequently,
as for the reflected light incident on the polarizing beam
splitter 10, the reflected light of the P-polarized component is
transmitted through the polarization light beam splitter film 10a

to fall on a servo signal detection system 11, while the light



of the S-polarized conponent is reflected by the polarizing beamsplitter
firlm 10a so as to fall on a data detection system 12. The reflected |ight
of the P-polarized |light conponent, incident on the servo signal detection
system 11, is converged by a lens 13 and a cylindrical lens 14 to fall on a
phot odet ector 15 used for detecting serwp signals. The photodetector 15
receives the reflected light of the P-polarized |ight conponent and
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gener at essgloicttsé MOf £ OIOélg:Slaé.§ BNOfAT BCkh Ng @itDrdst@oion Haseemuppn the
detection signal fromthe photodetector 15, and transmts ‘the focusing
error signal ditethefieatkdnd ightorofi ghel R-palEnieeaxdnl i ght cicampdrsninot
shown. These servo control circuits effectuate tracking error control and
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splitter
signal generating circuit generates focusing error signals and

tracking error signals, based upon the detection signal from the
photodetector 15, and transmits the focusing error signal and the
tracking error signal to servo control circuits, not shown. These
servo control circuits effectuate tracking error control and
focusing error control based upon the focusing error and tracking
error signals. This assures data reprodﬁction under just-track
and just—focus conditions at all times;

The S—polari%ation light beam splitter 4 reflects 50% of the
P-polarized light component, while transmitting the remaining 50%
thereof, while the servo signal detéction system 11 detects the
tracking error. and focusing error signals based wupon the
reflected light of the P-polarized light components reflected by
the S-polarizing light beam splitter 4. Since the major portion
of the reflected light is the P—pélarized light component, the

tracking and focusing errors may be detected with a sufficient



configured for reflecting and transmtting 50% and the remai ning 5. 0% of
the P-pol arized Iight conponent, respectively. The reflected Iight of the
S-pol ari zed Iight conponent, reflected by the polarization beamsplitter

10, is converted by a [err] plate 16 of the data detection system 12 into a
reflected light of the P-polarized |ightgconmponent which is then incident
via a condensing lens 17 on a pol ari zation beamsplitter 18. The

pol ari zatiightheagL i titfer t A8 BapodaRalkzakiidat i Dight gbkaheaspsplids en fid m
18a having characteristics of reflecting 50% of the P-polarized |ight-
conponenteanth gurests Mdrt ined lidee ihgmand bgahlfitbengos0% Tans fhee meadd iacireg

i ght of the p-polarized |ight conponent, incident on the polarization beam
splitter 58 af5 theviRtaub byr idesd plod ghit zadmpon dream sgspeceivélym 18a into two
portions which are incident on data-detection photodi odes 19A, 19B. The
phot odet ect or STHDArefdgctedeilighitheo f wh heefd-autlear i dqfht 1hahis cammpnent,
transmt detection signals of signal I|evel's corresponding to the

vol unes dfeflfc et &w ddrd inphianigat it P eRliidit &t i tis reanvariad behe
data detection circuit detects data based upon.the detection signals and
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polarization beam splitter 18 has a polarization light beam
splitter film 18a having characteristics of reflecting 50% of the
P-polarized light component and transmitting the remaining 50%
thereof. Thus the reflected 1light of the p—-polarized 1light
component, incident on the polarization beam splitter 18, is
divided by the polarization beam splitter film.18a into two
portions which are incidenf on data—detection photodiodes 18A,
19B.

The photodetectors 19A, 19B receive the two reflected light
beams and tran§mit detection signals of signal levels
corresponding to the volumes of.the received light to a data
detection circuit, not shown. The data detection ciréuit detects
data based upon.the detection signals and transmits the detected
data to a data processing system. The data processiné system
processes the data in a preset manner and transmits the'processed
data to an external equipment,.such as a computer or a speaker.

There has also been known a phase-change type optical disc



t he anorphous sate and the crystal state of a substance. The optical pickup
devi ce, reproducing data fromthe phase- change optical disc, has a
structure as shown in Fig.2, and is configured for radiating a | aser beans
as an outgoing light of, for exanple, the P-polarized |ight conponent. The
outgoing light is collimated by a collimator lens 21 and reflected by a 45
mrror 22 to fall on a hologramfilm17. The hologramfilm 27 is formed as

a planar dwlgr 38dotrdiftey FRARELYf eRpLOLL 8REI ¥Rah@b S| €8 441G £ @PE N e dh
pol ari zati on beamsplitter for transmtting the Iight of the P-polarized
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i ght conponent after changing its |light path. Thus the outgoing |ight of

t he P-pol ari zethd i gyt i colhmpdrednip  dievdicégnireprotibe ihgl dgtanf fohnt 29 ,phiase—
directly transmtted through the hologramfilm27 to fall on a quarter wave
pl at e 28.chignseuert¢aliadisc pl bee a28trechueet 8s shewn| iimedi-g@ aringed s
‘radiation into circular polarized light which is radiated via an objective
| ens 29 crrnhisyred doharpbiafping s Hisar Reamhes gt durgpoigiriigahit of,
outgoing light is radiated on _and reflected by the phase change opti cal
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The hologram film 27 is formed as a planar hologram in the
shape of a refractive lattice functioning as a polarization beam
splitter for transmitting the light of the P-polarized 1light
components as it is and for radiating the 1light of the 8-
polarized light component after changing its light path. Thus the
outgoing light of the P-polarized light component, incident on
the hologram film 27, is directly transmitted through the
hologram film 27 to fall on a quarter wave plate 28. The quarter
wave plate 28 converts the 1inear—poldrized radiation into
circular polarize@ light which is radiated via an objective lens
29 on the phase—change optical disc 24.

The circular—-polarized outgoing light is radiated on and
reflected by the phase change optical disc 24, whereby the
circular—-polarized reflected light, opposite in the direction of
polarization to the outgoing 1light, is produced. This S-—
polarized reflec£ed light falls via the objective lens 29 on the

quarter wave plate 28. When the circular—-polarized 1light,



pol ari zed | aser |ight beam is incident on the quarter wave plate 2.8, the
quarter wave plate 28 converts it into a reflected light of the S polarized
| i ght conponent. This reflected |light of the S-polarized |ight conmponent
falls on the hologramfilm27. The hologram film 27 has characteristics of
functioning as a polarizing beamsplittgy for bending the Iight path of an
incident light of the S-polarized |ight conponent a pre-set angle and

radi ati ngpggusitghtinal oRg e NlorOPbiCalo Rt Tkatlivis the tigd| eqtadldght

of the S-polarized |light conponent, incident on the hologramfilm 27, has .
its |ightpgidii 2edtl algye ra Ipg@tSBéanNol € ine identhenhoghanybat e 2 ivase mlatted be
radi ated on two photodetectors 26a, 26b of the |aser nodule 20 via a 45
mrror 22&ndhehguagitieimwase pdase228 domvehbdsotliet brtors r2fd ecifdu rlegditve
the reflected light and output detection signals corresponding to the
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signal processing systens, not shown. These signal processing systems
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and radiating the light along the bent optical path. Thus the
reflected light of the S-polarized light component, incident on
the hologram film 27, has its light path bent by a pre—set angle
by the hologram film 27, so as to be radiated on two
photodetectors 26a, 26b of the laser module 20 via a 45 mirror
22 and the collimator lens 21.

The photodetectors 2Ba, 26b receive the reflected light and
output detecfion signals corresponding to the received 1light
volumes. These detection signals are supplied to signal
processiﬁg system§, not shown. These signal processing systems
detect the focusing and tracking error signals and data recorded
on the phase change optical disc 24, based upon detection signals
from the photodetectors 26a and 26b, and transmit these to a
sérvo control system and to a data processing system. This
enables the data to be read under the just—-track and just—focus
states. |

The optical pickup device for the phase—change optical disc,



reflected light by exploiting the characteristics of the hologramfilm 27.
Thus the reflected |ight can be received by the photodetectors 26a, 26b
provided.in the vicinity of the | aser diode 25, thus enabling the overal
light path to be reduced. In addition, the optical pickup device itself and
t he apparatus provided with such opticalg pi ckup devi ce can be reduced in
size. However, with the optical pickup device for the magneto- optical

di sc, in skuwah itohe& igutagoiing dorgfitguaied tivr efddiiged e ghitghar e idf uHeng
the polarizing |ight beamsplitters 4, 10 and 18 for detecting the data and
t he focusiefeiced ddghitnhy exxmwko &t QrAlthe theragiteed séfi csoopartenthogiagramnd
hence the costs are increased. In addition, since it is necessary to secure
| i ght patfisl®f 02 7t-heThueé| echeed reifdlecs eslpl Lighy t¢mn bdem spreiveds Wy Theand
18, the optical pickup device itself is increased in size. On the other
hand, théemtsslatactars e, cdfboneavddade imefihect e Hhbt ¥ r afis het deser
amounts of 50% by the polarizing |light beamsplitter 10. This refl ectance
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optical disc, in which the outgoing light and the reflected light

are split using the polarizing light beam splitters 4, 10 and 18

for detecting the data and the focusing and tracking error

signals, the number of component parts and hence the costs are

increased. In addition, since it is necessary to secure light

- paths for the reflected lights split by the beam splitters 4,_10

and 18, the optical pickup device itself is increased in size.

On the other hand, the P-polarized light components are

reflected and tr#nsmitted in amounts of 50% by the polarizing

light beam splittgr 10. This reflectance is set on fhe basis of

the volume of light radiated on the servo signal detection system

11 and the shot noise of the photodetector 15 for servo signal

detection or the noise produced by double refraction by the

magneto—optical disc 7. The coupling efficiency and the S/N

ratio are related to each other by trade—off, such that, if the

coupling efficiency is increased, the S/N ratio is 1lowered,

whereas, if the S8/N ratio is improved, the coupling efficiency



Al t hough the light path | ength may be reduced with the optical pickup
device for the phase change optical di'sc for reducing the size of the
optical pickup deviceitself, it is difficult to detect the playback data
of low signal intensity fromthe magneto-optical disc because the quarter
wave plate 28 is enployed. It is therefgpe an object of the present .
invention to provide an optical pickup device and an optical disc driving
appar at us; averdyidher 0l ari zing beamsplitter is elimnated and the nunber
of conponents nmay be dim nished for reducing the size and cost. It is

anot her obj ectalofhduih ptRsemnti ghv/epat BN ledghhoviiale B8 apEduedd pwikhp tdewi ce
and an optical disc driving apparatus whereby the coupling efficiency and
the S/' N rait icainypbekupprdeseitd ofosatthef aohiase | yhapgeoduct itp Hatlasececdmrmed
on the magneto- optical disc. DI SCLOSURE OF THE | NVENTI ON An optical pickup
devi ce acreshutiimg tbhe heipeesenttheventionali pdkkdes deviazer itpghf, sddir des f or
radiating a laser light, an objective lens for radiating an outgoing |ight
from t he didsfercyifghio strifeet t bhan ppevbarkdisse oftilem siengli o trAnnisty
arranged between the | aser |ight source and the objective | ens and beiq?
split intirem tihfhmaghekampricale Hifr Pecruse dihg i ifieh daomiate 2
splitting |ine extending along the radius of the optical disc with an
optical a& s ? ctenter, a light polarization hol ogram arranged between

the laser li gkft s?gr Ctehearnedfgpee %.%t I()Cé;l}eégt %tfl O{'he present invention to

provide an optical pickup device and an optical disc driving
apparatus whereby the polarizing beam splitter is eliminated and
‘the number of components may be diminished for reducing the size
and cost. -

It is another object of the present invention to provide an
optical pickup devicé and an optical disc driving apparatus
whereby the coupling efficiency and the S/N ratio may be improved
for satisfactorily reproducing data recorded on the magneto-
optical disc.

-_DISCLOSURE OF THE INVENTION

An optical pickup device according to the présent invention
includes a laser light source for radiating a laser light, an
objective lens .for radiating an outgoing light from the laser
light source to an optical disc, opfical rotation means arranged
between.the laser light source and the objective lens and being
split into.a right rotation plate and a left rotation plate along

a splitting line extending:along the radius of the optical disc



)
means, and |ight receiving nmeans for receiving the reflected |ight fromthe
optical disc incident via the light polarizing hol ogram and outputting a
detection signal of an output |evel corresponding to the volume of the
received light. The light polarizing hologramtransmts an outgoing |ight
fromthe laser light source as it is framthe laser |ight source w thout
bending its light path and radiates a reflected |ight of the outgoing |ight
whi ch i s witlhmmabpedcan akesopsi thd cdint@r,akon@ght| pgldr ppdbideologram
responsive to the direction of polarization. The light receiving neans has
at | east darraegehdiadeiacttires lfager dsghtt sueryer andi Vhagpmt Deal deotation
diffracted light, a +one order diffracted |ight conponent and a -one order
di f f r act eeednght apdnpgdighit déceheingf meened fdmghre¢ebyindie toyst i vl 1ati trd
passed through the optical rotation neans by the |ight polarization
hol ogram 1 figtet | oM FBEeioRtig atedHss thakn el deivt onbe eéher Mightr kelan iminge
+one order diffracted |ight conponent and a photodetector for receiving the
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state, the ume
its light path and radiates a reflected light of the outgoing

-t .

light which is illuminated on the optical ‘disc along a light
path bent reSponsive to the direction of polérization.

The light receiving means has at least three photodetectors
for respectively repeiving a O—order diffracted light, a +one
order diffracted light component and a —-one order diffracted
light component of the reflected light from the optical disc
passed through the optiéal rotation means by the light
polarization hologram.

The light receiving means has a photodetector for receiving
the +one order diffracted light component and a photodetector for
receiving thé —one order diffracted 1light éomponent. Each
photodetector has a plurality of light receiviné areas obtained
by splitting into at least two along a splitting line extending
along the radius of the optical disc.

At least three photodetectors of the light receiving means

are arranged so that, when the photodetector of such at least



recei ved by one of such at |east three photodetectors receiving the +one
order diffracted |light conponent wll 'be equal to the volune of |ight

recei ved,by one of such at |east three photodetectors receiving the -one
order diffracted |ight conponent. The |ight polarizing hologramis a planar
hol ogramin the shape of a diffraction hattice having a uniformlattice
spaci ng t hroughout an entire hol ogramregi on. The phot odetector receiving
t he +one thrkes ghbftodettedtiorght recsponagt e Ohergdleat odef echotedeckightng
the -one order diffracted |light conponent are nmounted with a pre-set :

di st ance cdmpahemtl dis baok e t jasdptfiocals astateit thespedumeo 0fie light
phot odet ect or of such at |east three photodetectors of the light receiving
means recedeshed iy ong def slidh ractlendt ghrapmimtadet e ts girceiving
pol ari zing hologramis a substantially planar hologramin the shape of a
di ffractitke 'T%RGEi%%d?)?e@éﬁfrﬁgtadcmEhguﬁéﬂ@énﬁﬁét wililobgl ssoiadt tM the
respect to the -one order diffracted |ight conponent differs froma focal
poi nt wi t¥YP Y eRHe@t t d HF - Ffcedvas  BVT f PREt eBE1 i FRERcORbonRSt THE TSNt

recei ving nmeans has_such at | east three photodetectors aryanged on _.
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splittinqzhﬁnﬁugxtending along the radius of the optical disc into an area
13 havi ng ?cﬁ?&xp¥herein a light polarizing hologramin the shape of a

diffractive 'afﬁéCf&éﬁyiS&l@rf?ﬁﬁéehQiBEPQﬁtEQ”a‘%ﬁ%h%? hologram in the
shape of a diffraction lattice having a uniform 1attice'spacing
throughout an entire hologram region. The photodetector receifing
the +one ordef diffracted light component and the photodetector
receiving the —one order diffracted light component are mounte&
with a pre-set distance ahead and at back of the optical axis
with respect to the photodetector of such at least three
photodetectors of the light receiving means receiving the O—order
diffracted light component.

The_lighﬂ polarizing hologram is a substantially planar
hologram in the shape of a diffractive lattice presenting a
curvature so that a focal point with respect to the -—-one order
diffracted light component differs from a focal point with
respect to the —one order diffracted light component. The light
receiving means has such at least thrée photodetectors arranged
on substantially the same plane.

The light polarizing hpldgram is split by a splitting line

extending along the radius of the optical disc into an area



spaci ng and an area having fornmed therein a light polarizing hologramin
the shape of a diffractive lattice. having a dense diffraction lattice
spaci ng. ,The |ight receiving nmeans has photodetectors for receiving the
+one order diffracted Iight conponent and the -one order diffracted |ight
conponent of the reflected |ight havingipassed through the left rotation
plate of said optical rotation neans and having the |ight path bent by the
area of tHwevinghfompmddirtiéengihodopiant havilagienagoholbgrbnglin gdiears ey
patterns of the |ight polarizing hologram The |ight receiving neans al so
has phot odiet @ctidifs rfagit ivecel ak hice hbavdng o devaxsé f dadfedctiight lodripioirent
and the -one order diffracted |ight conponent of the reflected |ight having
passed t teRAinNg hend| ght axsaat henipgateraed Hdegptincag Léshti de Ladbtinghd
having the |light path bent by the area of the |ight Eglarizing hol ogr am
having hHegramein thghshaps &fi A ndibbraethee brttipe hpvdRe ﬁol%ﬂ% ng
hol ogram _The |ight paql arization hgologramis split into.fqour areas each

havi ng a TerEzacHifm e 16t tdGeanaPra¥ PRy 1 TR%t WAl i ZRRGIKAPEGrBFRDAL tHrshs
formed for_bending the reflected |ight havin assed through the . opt.ical
rotati on HRH éj?%eg‘fto‘lﬁs rggﬁec"telc\?évy1 f%@?eﬁ%n(%i e ?%nglggﬁﬁag?gdﬁaﬁ%ﬁtg
the thus bent reflected . light. The.light .r.eceivi.ng. n

phot odet eetore %r%t raé%(giti‘/l?eng_?ﬂ% 6?%?agrglglfﬂa§g\éfieg1glﬁgh?:oglg)?r)ﬁ%r?etnt°fbytqehe
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said optical rotation means and having the light path bent by the_
area of the light polarizing holograﬁ having one of the light
polarizing patterns of the light polarizing hologram. The light
receiving means also has photbdetectors for feceiving the +one
order diffracted light component and the —one order diffracted
light component of the reflected light having passed through the
right rotation plate of the optical rotation means and having the
light path bent by the area of the light polarizing hologram
having the other 1light polarizing patterns of the 1light
polarizing hologram.

The light polarization hologram is split into four areas
each having a center angle of 90 and having light polarizing
hologram patterns formed for.bending the reflected light having
passed through the optical rotation means in four respectively.
different directions and radiating the thus bent reflected

light. The 1light receiving means has a photodetector for

receiving the O-order diffracted light component by the light



phot odet ectors for receiving the reflected light bent in the four
directions by the light polarizing.holrogram The |ight polarizing hol ogram
opti.cal rotation nmeans and the objective lens are unitarily constructed as
a novabl e unit servo-controlled on the basis of a detection signal fromthe
light receiving neans. The laser |ight ggurce and the |ight receiving neans
are unitarily constructed as a | aser nodul e associated with the novabl e

uni t. An pafitdrciad i $10 1digiramng funiie aGfrat v 10 ghke fpoASEhE dpwiddl @isc
includes a laser light source for radiating a |l aser light, an objective

| ens for hsadireg | pg.saedouthoonghl it fopiniddie fraset ibinghhesosr cend o farur
optical disc, optical rotation means arranged between the | aser I|ight

- sour ce armhattrdeigaiatsy doremecanttibei bige sy fitedtrad ld ghitghentointilon flvat e
and a left rotation plate along a splitting line extending along the radius
of the optinsdtifing By tthanl bght olaxizing hgkogeamer, a |ight

pol ari zati on hol ogram arranged between the |aser |ight source and the
optical rotati %e‘aﬁﬁf; Roterighne e ko gTam, neRhicprdr rréadiipnngepns and
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di sc receiving means are unitarily constructed as a laser module
associated with the movable unit.

An optical disc driving unit according to the present
invention includes a laser light source for radiating a laser
light, an objectivé lens for radiating an outgoing light from the
laser light source to an optical disc, optical rotation means
arranged between the laser light source and the objective lens
and being split into a right rotation plate and a left rotation
plate along a splitting line extending along the radius of the
optical disc witb an optical axis as the center, a 1light
polarization holoéram arranged between the laser light source and
the optical rotation_.means, and 1light receiving means for
receiving the reflected light from the optical disc incident via
the light polarizing hologram and outputting a detection signal
of an output level corresponding to the volume of the received

~light. The light polarizing hologram transmits an outgoing light

from the laser light source as it is from the laser light source



along a light path bent responsive to the direction of polarization. The

| rght pol ari zing hol ogram optical .rotation neans and the objective |lens
are unitarily constructed as a novable unit servo-controlled on the basis
of a detection signal fromthe |ight receiving nmeans. The | aser |ight
source and the light receiving neans areggnitarily constructed as a | aser
nodul e. associ ated with the novable unit. The optical disc driving apparatus

al so i'nclwileRodtsBenatiaki 1g sdniighty paRINaddIrddilatiiny 4 heeppéctad dightand
servo control means for controlling the novable unit based upon a detection
signal frof the bughbtingcdiightgwidHams iaf ileumiptateal i ctdup apvicel BREEF
DESCRI PTION OF THE DRAWNGS Fig.1 illustrates the structure of a

convent i oadbngpt acalightkupatlbvi benfor respondiigengtdat bhe ecdi dedt bona of
magnet o-optical disc. Fig.2 illustrates the structure of a conventi onal

opti cal prekapigavien.f dher ehighlucPogadizingcboldédann Phizzrl chahgbion
optical disc. Fig.3 is a.block diagram show ng the structure of an opti cal
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present i nvengl on. Fig.4 illustrates a typical structure of am,oBti cal
pi ckup dePPYBPLE PRET FREEATCPMLERNL 1 8% Uity &dsils PRe2aBBYE s PRCEFBREL 16
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light receiving means are unitarily constructed as a laser module
associated with the mbvable unit. The optical disc driving
apparétus also includes disc rotating driving means for rotating
the-optical disc and servo control means for controlling the
movable wunit based upon a detection signal from the 1light
receiving means of the optical pickup device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1l illustrates the structure of a conventional optical
pickup device for reproducing data recorded on.a magneto-optical
disc.

Fig.2 illust;ates the structure of a conventional optical
pickup device for feproducing déta recorded on a ﬁhase—change
optical disc.

Fig.3 is a block diagram showing the structure of an optical
disc driving apparatus employing an optical pickup Aevice
according to the present invention.

Fig.4 illustrates a typical structuré of am optical pickup

device of the present invention employed in the above optical



light by a light polarizing hol ogram provided on a novable unit of the
optical pickup device shown in Fig.4. '‘Fig.6 shows the positional relation
of photodetectors provided on a | aser nodul e of the optical pickup device
shown in Fig.4 and the state of radiation of the refliected light. Fig.7
illustrates the state of optical rotatigg of an outgoing light fromthe

| aser nodul e having passed through a right rotation plate of a two-segnent
optical rdisdidwiplmg cappbovatheed. on a novable unit of the optical pickup
device shown in Fig.4. Fig.8 illustrates the state of optical rotation of
an outgoing |ilig.5rdbluberatesr thedultatieavs hgs ppssetiionr ofigh adffdcted
rotation plate of the two-segnent optical rotation plate.” Fig.9 illustrates
an illustkightvédita uciahte rdlar 55 gral haleygran pray ided ton re timevadpkd calit

pi ckup device shown in Fig.4. Fig.10 illustrates another typical structure
of an optetathpiexkpcab\piekep déeipe eskowniiwehi&oh- enpl oyed in the above
optical disc drjving apparatus. Fig. 1l illustrates the state of separation
of a reflectedigdht Shpws | itdet peFatignad hoe byt bR proli et ephagt e

unit of the'og%“;al pi ckup device shown in Fig.lo. Fig. 12 shows the -
posi ti ond®TIRIRT AP & 1pRGFode0EdtoPE pREBVPALICEH Bl FEURAEHTS SRAWR Hi
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Fig.7 illustrates the state of optical rotation of an
outgoing light from the laser module having passed through a
right rotation plate of a twb—segment optical rotating plate
provided on a movable unit of the optical pickup device shown.in
Fig.4.

Fig.8 illustrates the state of optical rotation of an
outgoing light ffom the laser module having passed through a_léft
rotation plate of the two—segment optical rotation pléte.

Fig.9 illustrates an illustrative structure of a signal
aetection circuit in the optical pickup device shown in Fig.4.

Fig.10 illusErates another typical structure of an optical
pickup_device of the present invention employed in the above
optical disc driving apparatus.

Fig.11 illustrates the state of separﬁtion of a reflected
light by a light polarizing hologram provided on a movable unit
of the optidal'pickup device shown in Fig.10.

Fig.12 shows the positional relation of photodetectors

provided on a laser module of the optical pickup device shown in



optical pickup device of the present invention enployed in the above
“optical disc driving apparatus. Fig.14 illustrates the state of separation
of the reflected light by the polarizing hol ogram provided in a novabl e
unit of the optical pickup device shown in Fig.13. Fig.15 shows the
positional relation of photodetectors pgevided on a |aser nodule of the
optical pickup device shown in Fig.12 and the state of radiation of the
reflectedrig oI .arfd gtHE dddtstsntesdpafidd hef thdi catlséte€t LIghof an
optical pickup device of the present invention enployed in the above
optical disc drigiigy dppasatrasesFigetl7anbabert heypisal | grauctelrat | of @n
phot odet ectors provided on a | aser nodule of the optical pickup device
shown i n dityidél anickure dewniee obfrbble apresent theentfbaceay loyglkd .inFitdhels
illustrates the structure of a novabl.e unit in the further structure of the
opti cal RS Wlierl diishdpiebehtappaesitu®dn enpl oyed in the optical disc
driving apparatus. Fig.1 illustrates t he posi ti onal rel ation of
a phot odet ect Fridrifi shred asadde goatrecéonsPeration ehepnatdecdiest
driving apparatus of the gresent i nvention alonagmjth the novable unit _

shown i n FgPuPLBANE ROL2Ri21RE RALPEF#BNPEPVEAGT, AP Bc MOy PG N IBESE

MODE FOR ,CARRYI NG JTHE | NVENTI ON 18, Referrjng to the draw ngs, the
best nmode"HOroREt T iyt GEHP (HeY IF <MY ni ’r%hi\{/]\ﬁ || be explained in
detail.

Fig.15 shows the positional relation of photodetectors
provided on a laser module of the opﬁical pibkup device shown in
Fig.12 and the state of radiation of the reflected light.

Fig.16 illustrates a further typical structure of an optical
pickup device of the present invention employed in the above
optical disc driving apparatus.

Fig.1l7 shows the positional relatioﬂ of photodetectors
provided_on a laser module of the optidal pickup device shown in
Fig.16 and the state of radiation of the reflected light.

Fig.18 illustrates the structure of a movable unit in the
further structuremof the optical pickup device of the present
invention employed in the optical disc driving apparatus.

Fig.19 illustrates the positional relation of a
photodetector provided on a laser module cénstituting the optical
disc driving apparatus of the present invention along with the
movable unit shown in Fig.18 and the state of radiation of the
reflected light.

BEST MODE FOR CARRYING OUT THE INVENTION



The optical pickup device according to the present invention is enployed as
an optical head device in an optical disc driving apparatus configured as
shown for exanple in Fig.3. In the optical disc driving apparatus, an
optical head device 31 records/reproduces signals by optically scanning the
recordi ng surface of an optical disc 331gotationally driven by a spindle
notor 32 for recording/reproducing signals, and is configured for being
nmoved radi al | yRefetthingli 566 bHeadkawéAgsyOthe Bést\Wnblet Ffo roplaraglingeadit
device 31, the anpunt of the outgoing |aser light beamis controlled by a
| aser poviche corgsenit cimeemti@d wbdli hia¢ ¢kplaitneddimgdsuaihce of the optical
disc 33 is scanned with a pre-set volune of the |aser beam suitable for
r ecor di ng/.-r eprBeRiGFtdealTpd chppi dav i ek cending 30 tharmrdsenty inverkiinp
error signal THE and a focusing error signal FE, obtained on optically
scanni ng thenrkwied #§¢ ey Padd cgfl hpedogevéar dnsen 3pticpl whiss&riying
control such as tracking or focusing control is done on the basis of the
tracki ng FRRIFLIYCINTHEUERY 2heShoRysTRy 2¥2BPle YRl i&B by a servo
control circuij 3 The present optigcal disc drivipg apparatus.is.adapted
For enpl oyt ng 10 pEaS PRSI | 646 o GE wing olPrERh s PaboPbBbPEL otie
di-scs, sugh as hase- change optical disc or magnet o-, .opti cal .di sc., The
opt 1 cal - dTeereh 3P nbsEaEdRLT e PebEB, Puifal’ BvIaHGrSdthg odln iy v
system conl{old g Sul Pad§°0F LRILLERERTUEAE FBIGD b cBYRIYI Wil By
various optica SCS.

a spindle motor 32 for recording/reproducing signals, and is

configured for being moved rédially of the disc by a linear motor
34. With the optical head device 31, the amount of the outgoing
laser light beam is controlléd by a laser power control circuit
35 so .that the repording surface of the optical disc 33 is
scanned with a pre—-set volume of the laser beam suitable for
récording/reproduction. The optical head device 31 transmits a
tracking error signal THE and a focusing error signal FE,
obtained on optically scanning the recording surface of the
optical disc 33,‘so that servo control such as tracking or
focusing control is done on the basis of the tracking error
signal THE and the focusing error signal FE by &a servo control
circuit 36.

The present optical disc driying apparatus is adapted for
employing a play-only optical disc or a variety of fecordable

optical discs, such as a phase-change optical disc or a magneto—

optical disc. The optical disc driving apparatus is configured



For the recording node for the phase-change optical disc, recording signals
are processed by a signal processing circuit 38 with pre-set encoding or
appendage of error correction codes. The processed recording signals are
supplied to the |aser power control circuit 35. The | aser power control
circuit 35 controls the light volune of ighe | aser |ight beam radiated by
the optical head device 31 in accordance with the recording signals for

i ght nodfdatbheing et dyen bgabem ténthellerco8Tity € gnad sng /epmpduciig
head device 31, servo-controlled as descri bed above, scans a desired area
of the recodels nfosucdpirgofithetbpt vaniodssepBicaltiishe. | aser beam

| i'ght-nodul ated.with the recording signals for recording signals on a
phase- change rEeorthagraceadingt medphdos- thisampesepohedzeadiont.igadr dige,
‘recording node_for the nagneto-optical disc, recording signals are
processedr%®°¥%bn%|@h%?ab$06§§spﬁg°€Fﬁ89|PY38\ﬁ#ﬂ?ﬁ%wﬂﬁﬁﬁeﬁﬁkﬂﬁhQ&f%ﬂlt
appendage, of error correction codes. The rocessed recordin nal s are
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of the optic Isc 33 I's scanne Sor BeAmM TY om the optica
device 3lpedd dhB M th"Bc@Srdance with the recording signals for light

modulating the laser beam with the recording signals. The optical
head device 31, servo-controlled as described above, scans a
desired area of the recording surface of the optical qisc 31 with
the laser beam light-modulated with the recording signals for
recording signals on a phase—change recording area of the phase—
change optical disc.

For the recording mode for the magneto-optical disc,
recording signals are processed by the signal processing circuit
38 with pre—-set quoding or appendage of error correction codes.
The processed recording signals are supplied to a magnetic head

" driving circuit 39. lThe magﬁetic head driving circuit 39 drives
a magnetic head 40 reSponsive to the recording signals. The
magnetic head 40, facing the opﬁical head device 31 with the
optical disc 33 in-between, is moved by the linear motor 34 along
the radius of the disc along with the opticalfhead device 31. As

the servo control as described above is going on, a desired area



it is scanned with a nodul ated nmagnetic field corresponding to the
recordi ng signals. Thus the nodul ated 'magnetic field, corresponding to the
recaording signals, is inpressed on a nmagneto-optical area (MO area) raised
in tenpérature to the Curie tenperature by irradiation with the | aser beam
for recording signals on the MO area. Fgo the playback node for .the

pl ay-only optical disc or the phase-change optical disc, a desired area on
t he recorgli Rghes Weforaal iafg tdhar foid ol s @ptsi it idciadd B3sdanmedrined fy a
optical head device, as servo control as described above is going on, so

t hat pl ayleeske Rieesi ditadns tdree quoicheclechdadbmavtic @l calt dihee same Hedme as
phase-change optical disc and supplied to the signal processing circuit
38. Thiet i geednned oeéthi agmodiletied magnptieedded di ko rFesPRacing- to
signals supplied fromthe optical head device 31 with_pre-set denodul ation
or error W reeconding §dgaedsi-ngThraybhBr sPeialategomagne bt aybEad drode
for the nagneto-optical disc, a desired area on the necotdingﬁsurface of
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For the playback mode for the play-only optical disc or the

phase—change optical disc, a desired area on the recording
surface of the optical disc is optically scanned by the optical
head device, as servo control as described above is going on, so
that playback RF signals are produced from the optical disc or
the phase—-change optical disc and supplied to the signal
processing circuit 38. The signal prqcessing cjrcuit 38
processes the playback RF signals supplied from the optical head
device 31 with pre—-set demodulation or error correction for
generating playba?k signéls.

For the playback mode for the magneto-optical disc, a
desired area on the recording surface of thé magneto—-optical disc
is optically scanned by thé optical head device, as servo control
as described abové is going on, so that playback_RF signals are
produced from the magneto-optical disc is supplied to the signai
ﬁrocessing ciréuit 38. The signal processing _circuif 38

procésses the playback RF signals supplied from the optical head



as the above-nentioned optical head device 31, is nmade up of a |aser nodule
41 and a novable unit 50, as shown for exanple in Figs.4 and 5. The | aser’
nodul e 41 is constructed as shown and described in JP Patent Kokai
Publ i cation JP-A-7-114746 proposed by the present Assignee, and is
conprised of a |aser diode 42 for radiaghng a | aser beamin a direction
parallel to the nmagneto- optical disc 33, a reflecting mrror 43 for.

reflectingedite 0Bt gaitth | bgbt-sbEodntud Bsefonli e6e At droVabdset BeofimgmtAt O-
optical disc 33 and first to fifth photodetectors 44 to 48. These

phot odet egdriéSa¥ling @ 14 vack aligaagded FThdeopyisallephtiomy ddwei ¢ afiansp lfyddie
disc for receiving five reflected |ight portions split by a light

pol ari zi ngs hthe Elkovwdinemt it drwedrovpbi ealinhead0devsceh8Wn iis RaglebupThd a
novabl e unit 50 includes the polarizing hol ogram 51, functioning as a

pol ari zi Nepdrmmaedile t4k | andt aomgeghbat uopti 88, est shioym Float exaBP ¢ virded
by a partitioning |ine extending along the radius of the disc passing

t hrough thiB®ptiand xis into a right rotation plate 52R and a | eft

rotation plate 52L, and an_objective |ens 53. The pol ari zi ng hol ogram 51
and the two- sERfrelRsentRA1? ofht iBncpratausieds esorheva sndsiigreTibede

sane di angter_and ,bonded together to forma unifary structure. Th
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radiating a laser beam in a direction parallel to the magneto-
optical disc 33, a reflecting mirror 43 for reflecting the
outgoing light from the laser diode 42 towards the magneto-
optical disc 33 and first to fifth photodetectors 44 to 48.

These photodetectors 44 to 48 are arranged side-by-side
along the radius of the disc for receiving five reflected light
portions split by a light polarizing hologram 51 in the movable
unit 50, as shown in Fig.6.

.The movable unit 50 inciudes the polarizing hqlogram 51,
functioning as a Qplarizing beam splitter, a two—-segment optical
rotation plates 52 divided by a partitioning line extending along
the radius of the disc passing through the optical axis into a
right rotation plate 52R and a left rotation plate 52L, and an
objective lens 53. The polarizing hologram 51 and the two-
segment optical rotation plate 52 are pf a disc shape of the same
diameter and bonded together to form a unitary structure. The.

objective lens 53 is of the same diameter as the polarizing



optical rotation plate 52 within a cylindrically-shaped hol der 54. The

pol ari zi ng hol ogram 51 operates as a polarizing beamsplitter for directly
transmtting the incident |ight of the P- polarized conponents therethrough
and for radiating the incident light of the S-polarized conponent having
the direction of |ight polarization theggof perpendicular to the '

P- pol ari zed conponent along a |light path different fromthe |ight path of
the inci dgntodrdiht1l dha b afwa- duksl o @andall rstdiibdedlaneos2 wndleory a
partition line extending along the radius of the disc through the optical
axi s. Tha fprsilk 1balzogiam tie han sari zmen hblAgiram 8Yi snérthe tthvotise gmiegtit
rotation plate 52R and an area 51B in register wwth the left rotation plate
52R. | n tdietsicar emst libmnpl £48 52 ewibhivdaacplandrikeldyramepred: he ldsmm of
~adiffractive lattice having a coarser lattice spacing and a planar

hol ogramis. the formof a diffractive lattice having a denser lattice

spaci ng, respectively. The right rotation plate 52R rotates the . incident
light a pre-se’lfh%nmiaaizh@ge alogram 5ioRReretasys a8 BRLATLEIRE: Rl

ol oo 53R\ EER ot GARAGR ITIRIIE e ie A RS oty o i -
Fant . PR hEPRACBaRYS A PEnaRIRi ALy COR T6T B (e vt o
control cjrauit, 3¢,0nst0e 03513 OLoLBSnbhACKAPInE {RE & MR idtFor 1ight
polarization thereof perpendicular to the P—-polarized component
along a light path different from the light path of the incident
light. The polarizing hologram 51 is divided into two along a
partition line extending along the radius of the disc through the
optical axis. The optical hologram 51 has an area 51A in register
with the right rotation plate 52R and an area 51B in register
with the left rotation plate 52R. In these areas 51A and 51B are
formed a planar holégram in the form of a diffractive lattice
having a coarser lattice spacing and a planar hologram in the
form of a diffrac?ive lattice having a denser lattice spacing,
respectively. _ |
The right rotation plate 52R rotates the incident light g
ﬁre—set angle a, herein 22.5 , towards right as seen from the
outgbing side, and radiates the thus rotated light. The left
rotation plate 52R rotates the incideﬁt light a pre—set angle a,
herein 22.5 , towards left as seen from the outgoiné side, and

radiates the thus rotated light.



and a focusing error signal FE. The novable unit 50 radiates the outgoing

| rght of the laser nodule 41, incident:thereon via the polarizing hol ogram
51 and the two-segnent optical rotation plate 52, on the optical disc 33 as
‘a converging light beam by the objective lens 53. The reflected Iight by
the optical disc 33 is split fromthe o égctive | ens 53 via the two-segnent
optical .rotation plate 52 and the polari«tng hologram 51 into tight

Phe | aser moaufBeRovpbl% vt 481 Lachsdvan APGRT (3RPARAE PhoRlPe S2E o
ded back t h fl , h
'?‘ngf?rs?gn%ﬁgtloggfﬁﬁlt‘g sCop s Saiht @ ate e ﬁ‘}e&e%aﬁr?f@%“%'”ﬁl.ﬁ‘@

rece|V|ng i b Qne half the O-order light conponent of the
reflected %tgwﬁlcﬁn% %g%Punln e ereon wi thout being changed in its

[Fght path by inhg hi 941 DAL HoG *atq'a%%r 203l E0ineT1 1 BF: SEAML (9ser

fourth photodetectors 4 to 4 ot odet ector divi ded al ong

a part'“ﬁﬂdh'l@etl‘i)(t %féllagn%' qrigniéb% WAL@% pébgrﬁwﬁg%shog?amns@r\ﬁld -
of , for exanple, to 2 [err]. The second ot'odet ector 45 receives the

+one or degpdi ftivbaebgﬂ.ebrtgBbtqemomtatflr&mgf&é es4, roh athenopkaka1Sdlisc

split 24 by the polarizing hologram51 by Iight rece|V|ng areas SA and

SB. The tBBr dsphot edateekahgdt 160Li ¥eamt by +one obgdectdivkl riaaieds3. The
reflected light by the optical disc 33 is split from the
objective lens 53 via the two—segment optical rotation plate 52
and the polarizing hologram 51 into light portions prqceeding
~along five light paths. These light portions fail on the laser
module 41.

The first photodetector 44 of the laser module 41 is
provided on the back side of the reflective mirror 43, as shown
in Fig;G. The first photodetector 44 1is  configured for
receiving, by a light receiving portion SE, about one-half of the
O—order 1light component of the reflecfed light which is
illuminated thereon without being changed in its light path by
the light polarizing hologram 51.

Each of the second to fourth photodetectors 45 to 48 is a
two—-segment photodetector divided along a partition line
extending along the radius of the disc with 'an intefval of, for
example, 1 to 2 um.

The seeond photodetector 45 receives the +one order

diffracted light component from the left rotation plate 52L split



| i ght component of the reflected |light fromthe left rotation plate 52R
split by the polarizing hologram51 by-light receiving areas SC and SD. The
fourth photodetector 47 receives the -one order diffracted |ight conponent
of the reflected light fromthe left rotation plate 52R split by the

pol ari zi ng hol ogram 51 by |ight receivi nzg areas SF and SG The fifth

phot odet ect or 48 receives the -one order Hiffracted | i ght conponent from

he | ef i I . 52 lit b | ari zi ng, hol 51. by |]

Focel vi ngplr it TR RE nefasnan i BY (DLeRELACC ST TRBIEATES S et 8B

the | d 1 i I b Lof t P-pol.arized |i

PR AR L N Wy et R RS G L

paral l el §9ehbe BRbhtAntdice e TDFPOHLEON RN, Hhlog SLASTIEELCHRY (IBR
ror . e orf refl , i

reflective r avi ng an ang ction o I'n a rection

per pendi c t h p?g - lca[qj ' 7 asé)rﬁl? {,0 : |l e
unit 50. #E%Su_?gz;%i%% I Sﬁc&oqeoﬁ]de alsé;i.ré%cmhc?u]] e iss1 P%??gg?}? %-E@te%‘iﬁg
two- segnept. ARt keahnBOLH.| AheP! Al 2 AL dd @t PPl RELZE PEshehegrameS]
configured for directly transmtting the P-polarized |ight component. In

the outgoppdeki ghtrehctbe L@%EE S el o f Rhd Ir@H CREONARHE RS hbt ed
through the right rotation plate 52R of the two-segnent optical rotation

plate 52 aegtr pbabedod2plakenwd2ds spldd WE Seerpd oM £ heg ohp eegram EEnsy53,
as shown 25 in Fig.7, while the light conponents transmtted through the
| eft rotalightplraiceiydhgofaitdres t 9B- aagnelG. opTheal f rfiatploot platecter 48
' receives the —ohe order.diffracted light component from the left
rotation plate 52L split by the polarizing hologram 51 by light
receiving areas SH and SI.

In the above—described optical pickup device, the laser
module 41 radiates a laser beam of the P-polarized 1light
component from the laser diode 42 as an outgoing light in a
direction parallel to thé optical disc 33. This outgoing light
is reflected by the reflective mirror 43, haQing an angle of
reflection of 45{, in a direction perpendicular to the magneto-
optical disc 7, SO as to fall on the movable unit 50.

The outgoing light of the laser module 41 is incident on the °
two~-segment optical rotation pléte 52 via the light polarizing
hologram 51 configured for directly transmitting the P-polarized
light component. In the outgoing light of the laser module 41,
the light components transmitted through the right rotation plate

52R of the two—-segment optical rotation plate 52 are rotated

22.5 towards right as seen from the objective lens 53, as shown



are rotated 22.5 towards |eft as seen fromthe objective | ens 53, as shown
i.-n Fig.8. These |ight conponents of the outgoing |ight, thus rotated by the
t wo- segnent optical rotation plate 52, are condensed by the objective |ens
53 so as to be illumnated on the magneto- optical disc 33. The outgoing

| i ght radiated on the magneto-optical dygc 33 by the objective lens 53 is
refl ected by the magneto-optical disc 33. The outgoing |ight conponents,

rotated tjouesgs i @ht 18Nghd QWasHds cbaibonantdessahbadt abavehraughriedd detfad as
they are rotated by an angle [err] towards right and towards |eft,

respect i y@Joat inh hatkesrief §ecthei twaesogment comd dr Hatet ateicor dddten SZhe
magnet o-optical disc 33. This reflected light then falls via the objective
| ens 53 Gird o tanedaEslit bpvacdd lofttasnspeat érém. thehebdeeddventlens
transmtted through the right rotation plate 52R in the state of the

out goi ng 83 glds sslowmcindehtg oh. the | eft rotation plate 52L in the ~state

of the reflected light, while the conponents transmtted through the

left rotation These 5AY requnonandtse of thee covkEgdingg Ligdt. dhets matddifd on
the right rotation plate 52R in the state_of the reflected |light. The
reflected¥ itgiR GWRTIRSRERN oRbicel i TebthiPBNPHPEFeO82 &4TE lcé?gﬁ%ft“@(?%a§’it
is thereby rotated further by 22.5 towards .. 26 I.e; as se%%frHQa the _

| aser nodiie PIeHhiYe %ﬁ’ésrgﬁl &6t &F Itl‘b%l’el héf‘d'@hf‘ gﬁ t RE rght ;%fg:tl on
pl at e SZ%Iitsicraaldigllseg ?‘:? it is

The outgoing light radiated on the Magneto—optical disc 33
by fhe objective lens 53 is reflected by the magneto—optical disc
33. The oufgoing light components, rotated towards right and
toWards ljeft as described above, are reflected as they are
rotated by an angle 6k towards right and towards left,
respectively; by the Kerr efféct, in accordance with - data
recorded on the magneto—optical disc 33.

This reflected light then falls via the objective lens 53
on the two-segment optical rotation plate 52. The components
transmitted fhrough the right rotation plate 52R in the state of
the outgoing light are incident on the left rotation plate 52L
in the state of the reflected light, while the components
transmitted through the left rotation plate 52L in the state of
the outgoing light are incident on thé right rotation plate 52R
in the state of the reflected light.

The reflected light incident on the left rotation plate 52L

is radiated as it is thereby rotated further by 22.% towards



-

thereby rotated further by 22.5 towards right as seen fromthe |aser
modul e 41. Thus the reflected |ight outgoing fromthe |eft rotation plate
52L is radiated as it is rotated [err] (-22.5 - 22.5 + [err] (data
conponent) = -45 + [err]) towards left, as viewed fromthe | aser nodul e
41, with respect to the outgoing light izgcident on the right rotation plate
52R. On the other hand, the reflected |ight outgoing fromthe right

rotati on péfit eabMears friraai athed laseirt mbdul ot allgdwHble HtRerrdf (&2tdd H 2ghts +
[err] (data conponent) = [err] + [err]) towards left, as viewed fromthe

| aser nodineiddnt woththespéghtt orottlat iom goliate 153t is ncadéatednashd tl efs
rotation plate 52L. The reflected light, rotated in different directions by
t he two- skgemely gpntiatdd riviztihen Yyt &% H2, tawards onighve as girerpdinam Aihgy

hol ogram 51. Since the reflected |ight has been rotated [err] towards right
or left akeseRrmedphethb- | aser nodule 41, it has both P- polarized |ight

conponents and S—gol ari zed Iight conponent. It is noted that the |ight
pol ari zi ng hol BgtaintBe, reidrsaterg likdts onFeing efirPmghhecdfddnditte tbirer

bending it i path a .pres- set _angle, as desctli bed_ abpv as such.
char act er?i#"cggglhdts t'}‘?gll it ast ‘tthégS?BBﬁgngé gI i Hhek cg’rﬁej?ongnt"s %%‘Egat ed
towards rj ght seen fromthe lasgr nodule 41 is radiated along a, ldght
pat h 27 ben aftoa\L/vacrodnsp(]neefrft,h) whi | th"'ede?{f)ghttowoaf]['dtsn21esfgcn‘ea§-67011"Ja(i'vreidzeJIl % ght

component g, & of L&A A 11, €4k £ BS r8EBH L 08 LRE d 2081 AP WM gh*lincident |
on the right rotation plate 523. On the other hand, the reflected
light outgoing from the right rotation plate 52R is radiated as
it is rotated 45 "+ 0k (22.5‘ + 22.5 + 8k (data component) = 45
+ ©0k) towards left, as viewed from the laser module 41, with
respect to the outgoing light incident on the left rotation plate
52L.

The reflected light, rotated in different directions by the
two—-segment optical rotation plate 52,. falls on the 1light
polarizing hologram 51.. .

Since the reflected light has been rotated *45 + 6k towards
right of left as seen from the laser module 41, it has both P-
polarized light compongnts and S-polarized light coﬁponent. It
is noted that the light polarizing hologram 51, radiating the S-
polarized light components after bending its iight path a pres-
set angle, as described above, has such characteristics that the
light of the S—-polarized light components rotated towards right

as seen from fhe laser module 41 is radiated along a light path



is radiated along a |ight path bent towards right. The reflected |ight
transmtted through the left rotation-plate 52L has the S-polarized
conponent, rotated towards right as seen fromthe |aser nodule 41. Thus the
reflected light has its light path bent a pre-set angle towards |eft by the
area 51B of the light polarizing hologram 51 with dense diffraction

| attice, so that its +one order diffracted |ight conponent and - one order
di ffract sdnki gbivaeaspbaent wiitl e adieatleigion dfhéheccend fhpoddeieedol igBtand
the fifth photodetector 48 of the |aser nodule 41, respectively. On the

ot her hasdmpbhentef rethéddl tgherdsahshi taedsedn dinpm the deger PedHipoAl
plate 52R has the S- polarized conponent, rotated towards left as seen from
t he | aseisnvddlietsd. aliong ehd igdtl @etdd benghtt owagdist S ighght path bent a

pre-set angle towards right by the area 51A of the |jght polarizing, .
hol ogram 51 wiThie ca&afdec Pﬂf#asbwoﬁrﬂaﬁmﬂééﬁdséhfﬂashiF§e+8ﬁgtoF8&3tl°n

diffracted |ight conponent- and -one order diffracted_|jght,co nent
t her eof Qﬂ@tﬁa@%h(ﬁ?%ﬂ?ﬁqu§T99¥%Fkﬁﬁﬂ(ﬁﬁﬂ%ﬁﬁ%ﬁtﬂGr%hﬁL?aet?%g?gﬁ right

hot odet ect 47 of the | d 41 tively, .7h f d,Li.ght
D e Sy g3t (e SR 4 e TRSELEE! Kog T0RRRE! L Eghecnbls

I | Zi hol, . di at ed f t t ] It
Poht patier ahdik: RECOneRaRgad ™ Fob itle (hEs LI ROn S o 2hof e 1o
phot odet gat Of §o 44 {4 18 pbeERL Y EnkNond PELFERCE1 | WBERPARNS 03¢ tRALRSN

produced by

lattice, so that its +one order diffracted light component and -
one order diffracted light component are radiated oh the éecond
photodetector 45 and the fifth photodetectof 48 of the laser
module 41, respectively. On the other haﬁd, the reflected light
transmitted through the right rotation plate 52R has the S-
polarized component, rotated towardé left as seen from the laser
module 41. Thus the reflected light has its light path bent a
pre—set angle towards right by the area 51A of the 1light
polarizing hologram 51 with coarse diffraction lattice, so that
its +one order diffracted 1light cdmponent and -one order
diffracted light ﬁomponent thereof are radiated on the third
photodetector 46 and the fourth photodetector 47 of the laser
module 41, respectively. '

The reflected light of the P-polarized light components,'
transmitted through the light polarizing hologram 20, is radiated

on ﬁhe first photodetector 44 with its 1light path remaining

unchanged.



spots‘ representing the limt of diffraction. However, in the far focus
def ocused state, in which the objective | ens 53 approaches to the optical
disc 33,.the light receiving area SB of the second photodetector 45, the
| ight receiving area SC of the third photodetector 46, the |ight receiving
areas SF of the fourth photodetector 472&nd the |ight receiving areas SI of
the fifth photodetector 48 receive crescent-shaped reflected Iight
portions, as $hmer i théi guSt—foculse stedre f othes odbbbtodesecioaise 44 Whi ¢ t he
objective lens 53 is noved away fromthe optical disc 33, it is the |ight
recei vi ngearedaveSAahef relfd esdeoshd ighct adettdomsr a45 poting s| pgleducedeibyi R§ady ea
SD of the third photodetector 46, the |ight receivi ng_l areas SG of the
fourth plmodderesresest imed thiselimght of edbf ITerlt HeRadlQP VAT « hie? filte Far
phot odet ector 48 that receive crescent-shaped refl ected Ii%glt portions. The
phot odet €@catss defocyseg sippley detwlirBntle gl ective Jens 2 GRRT ABGR&Ss
correspondi n% to the Light volume of the refl ected Ii‘ght %ec i%fe%:lsb tgle
li ght redd FPRgOBFLGEISAIES & (e IHigfHar eg&tddPBofT € r ERi 3 JOIF SGTPRE as
shown in Fig.9, .The signal %ﬁiecéi.o circuit ha i.ght ders @& tq q&dand
two subt rpfi’cﬁg(d’r%etﬁetﬁfd ég’ ®a déthOF%?ﬁr’sv | ectrlg’%n sg(?g(ra\gl s R and'
obt ai ned th Ii‘%ht recei ying jareaqs éé\c]_% §%gfr t.he ssecopd, apd #J.f 2,
29 phot odk °_etc a(e;ertse AT 4%,9’ réESec]tliégl yt.s gglsu Si Snal s§e+ by the efg: er
.60 IS Su%d%é&ém atp?deir?d Gf]h@‘ngiéﬁt receiving areas SI of the fifth -
.photodetector 48 receive créscent—shaped reflected light
portions, as shown in Fig.6. In the near-focus defocused state
in which the objective lens 53 is moved away from the optical
disc 33, it is the 1light receiving area SA of the second
photodetector 45, the light receiving area SD of the third
photodetector 46, the light receiving areas SG of the fourth
photodetector 47 and the light receiVing areas SH of the fifth
photodetector 48 that receive crescent—shaped reflected light’
portions.
The photodetectors 44 to 48 supply detection signals A to
I of signal levels corresponding to the light volume of the
reflected light received by the light receiving areas SA to SI
to a signal detection circuit configured és shown in Fig.9.
The signal detection circuit has eight adders 60 to 67 and
two subtractors 68 and 69.

The adder 60 sums detection signals A and H obtained by the

light receiving areas SA and SH of the second and fifth



The adder 61 suns detection signals B and | obtained by the |ight receiving
areas SB and SI of the second and fifth photodetectors 44, 48, '
respectively. The sumsignal B + | by the adder 61 is supplied to the
adders 64 and 66. The adder 62 suns detection signals C and F obtai ned by
the Iight receiving areas SC and SF of 2Be third and fourth photodetectors
45, 47, respectively. The sumsignal C + F by the adder 62 is supplied to

t he adderphd® datee GorTHet adder 83 mats vidtyoc fThensuingaidgsab Ant 1 bttdiened
by the light receiving areas SD and SG of the third and fourth

phot odet &34 6% iumuprbirdtivectle atderun$4igpdi6® + G by the adder 63
is supplied to the adders 65 and 67. The adder 64 suns the sum si gnal + H
by the adder 6% (?dcqfé' sel}msé‘fn@nélethJ;anb?15ﬁé1§d5e?‘n@11 %@%ré%%g‘ibf ﬁdl%um
signal A+ H+ B + t he adder 64 is_su d t he subtract 8 The
adder 65 ]s’Lﬁ&ttﬁ??dPﬁl Egnite@s+ %Bbyarfche é)llg %8190 BRECBEM &Y aﬁﬁ

b h d Gb

séptpl ZSS o e o é@f FReragad éP’eﬁé’ sff?f eha gah kit of ff’dvar ﬁ; :
+ G 63 T

t5| gngl ir +<P%xt% %@?L’g&gddg) t%% %)&sldésu%p ?egﬁ? é})? he gu[)te?gcz IC)P(‘:]GSumThe

adder 67 sums lﬂ?a.%&gzs'fi@nghmg ﬁelte@('.lbges@gggg Gé Qﬂdtﬁ‘é%xﬁéy [lﬁe

by the adder 62 The resulting sum si gnal a(fder

67 is suppigdd tr@ciéh@lsltgbt bacher 88. Jhe Pt pact @he68tﬁypar agld RS
signal C+ F + D +

photodetectors 45, 47, respectively. The sum signal C + F by the
adder 62 is supplied to the adders 65 and 67. '

The adder 63 sums detection signals D énd G obtained by the
light receiving areas SD and SG@ of the third and fourth
photodetectors 45, 47, respectively. The sum signal D + G by the
adder 63 is supplied to the adders 65 and 67.

The adder 64 sums the.sum signal A + H by the adder 60 to
the sum signal B + I by the adder 61. The resulting sum signal
A+ H+ B + I by the adder 64 is supplied to the subtractor 68.

The adder 65 sums the sum signal C + F by the adder 62 to
the sum signal D ; G by the adder 63. The resulting sum signal
C+ F + D+ G by the adder 65 is supplied to the subtractor 68.

The adder 66 sums the sum signal A + H by the adder 60 to
the sum signal D + G by the adder 63. The resulting sum signal
A+ H+ D+ G by the adder 86 is supplied to the subtractor 69.

The adder 67 sums the sum signal B + I by the adder 61 to

the sum signal C + F by the adder 62. The resulting sum signal



fromthe sumsignal A+ H+ B + | by the adder 64. The subtraction signal
(A+H+B+1) - (C+F+ D+ G represents a playback MO signal. The
subtractor 69 subtracts the sumsignal B+ 1 + C+ F fromthe sumsignal A
+ H+ D+ G by the adder 68. The subtraction signal (A+ H+ D+ QG - (B
+1 + C+ F) represents the focusing errgy signal FE. The signal detection
circuit outputs a detection signal E obtained from the |I|ight receiving

area SE pof rthec ilfssyphﬁaogeasft@f #é Qﬁéﬁfiéd 85 the %@VP&‘E&BFSQ |
signal. That is, the signal detection circuit generates FE = (A D +

G - (B+1 + @hé EubMPactof B8HsuR radts -tHS su gignd1 O RFF:-fEﬂDaﬁed

upon the detection signals Ato | of signal |levels corresponding to the
i ght voEuoms thd stube sighabctaed+ |H gt B egeivedy byhet heddér glisid. The
receiving areas. SA to SI of the photodetectors 44 to 48. The servo
control ceunbtirac86onfsipeatleCardi HgtrBprodlci-nfCapplraths+et) ecépatsents
focusing control by driving the novable unit 50 in a direction of
correcting pheydetscMOi sggbaded upon the focusing error signals FE supplied
fromthe signal detection circuit. The playback MO signals or playback RF
signals are The gubbdeatby 6Re ssibjmaictsy ddessivmy 2igryl t B38 tlo prdduck

pl ayback signals which are transmtted to an externally connected conputer
from the sum signal A + H + D + G by thée adder 68. he

subtraction signal (A+ H+ D + G) - (B+ I + C + F) represents
the focusing erfor signal FE.

The signal detection circuit outputs a detection signal E
obtained from the 1light receiving area SE of the first
photodetector 44 directly as the pla&back RF signal.

That is, the signal detection circuit generates

FE=(A+H+D+G) - (B+1I+C+F)
MO = (A+H+B+1I)-(@G+D+F+C)
RF = E '

based upon the detection signals A to I of signal 1levels
corresponding to the light- volumes pf the reflected 1ight'
received "by the 1light receiving areas SA to SI of the
photodetectors 44 to 48.

The servo -control circuit 36 of the recording/reproducing
apparatus effectuates focusing control by driving the movable
unit 50 in a direction of correcting the defocusing based upon
the focusing error signals FE supplied from the signal detection

circuit. The playback MO signals or playback RF signals are



or speaker. The optical pickup device according to the present invention is
conprised of a |laser nodule 141 and a novable unit 150, as shown for
exanpl e i-n Figs.10 and 11. The present optical pickup device differs from
the optical pickup device shown in Figs.3 and 4 as to the polarizing

hol ogram 151 in the novable unit 150 angjas to the first to third

phot odetectors 144 to 146 in the |aser nodule 141, while the renmaining

conponent geavdelihipy Sthie 85ghdDSProtesHEngPtisalipi TKUo Uevo dec & hpY@yback
Figs.3 and 4. Therefore, the conponents of the present optical pickup
devi ce arsigerabdtedhinh talre saaasmnétecdnte aruextalraadly torneoteésponputigr
description is omtted for clarity. Wth the present optical pickup device,
a pl anar &l sgeakern the formof a diffractive lattice having a.uniform
lattice interval is fornmed on the entire area of the light polarizing
hol ogram 151 i Rhe P hisabipd chnin desdcef aecepling ity thieepresertt bavenr yhon
passed through the two-segnent optical rotation plate 52 into three Iight
portions, iRafePprisedopder digsamdrednle ghtlcanrpofemovaid o] amrijtonkd Gr des
diffracted Ii%gg congonentsz The first to third photodetectors 144 to 146
in the | a8BP"RoldfeeXa@PLreipr BYRBH0i ANEi fferent heights, so that, when
the first photﬂgetector é44 fece{ves t he %-order q%gfrac}ed I{@ht t.321
- conponent of th&®rBfPeER P Hhit PP« A&V ot bt | £t TABO TR dRP T TR
just-f OCUBigf(@{)ede\;Pcee ss%co%%d i%h%‘ti%%'e. e§}18r4 1a.455 troegﬁlevgglarizing hologram
151 in the movable unit 150 and as to the first to third
prhotodetectors 144 to 146 in the laser module_141, while the
remaining components are the same as those of the optical pickup
device shown in Figs.3 and 4. Therefore, the components of the
present optical pickup device are denoted by the same reference
numerals and the corresponding description is omitted for
clarity.

With the present optical pickup device, a planar hologram
in the form of a diffractive lattice having a uniform lattice
interval is formed on the entire area of the light polarizing
hologram 151 in the movable unit 150, for splitting the reflected
light passed through the two-segment optical rotation plate 52
into three light portions, namely a O-order diffracted light
component and *one order diffracted light components.

The first to third photodetectors 144 to 146 in the laser
module 141 are provided in different heights, so that, when the

first photodetector 144 receives the O-~order diffracted 1light



the +one order diffracted |ight conponent under the near-focus state, while
t.he third photodetector 146 receives the -one order diffracted |ight.
conmponent under the far-focus state, with the second and third
phot odet ectors 145, 146 receiving the sane amount of light. The first

phot odetector 144 in the |aser nodule 14% is designed as a two-segnent

phot odetector, with a partitioning line extending in a direction

per pendi cebmpohént he fr agial rdtreetban 1Qfghithe dirsm, tase showabla Rkndtl2150he
first photodetector 144 is configured for receiving about one-half of the
0- order |ughércrgpguent-forcacd atetebythdesgquaimt photgdedlecgoanidblr e ¢ ot
bei ng changed as to light path, by light receiving areas SE and SF. Each of
t he seconthantotdi pddphotiddérecteds 1i4ht todmponeats ondergientnear—focus
phot odetector, with partitioning |lines extending along the radial direction
of the distatghevkiterfthphdtiodendottodetss tiogcdidbesesgpresr e dPRerarden

| i ght conponent of the reflected light, split by the light polarizing

hol ogr am dbfifragtedghighbcepmprgeateandsa o8 fac—fofusD st + Wit the
phot odet ect or 146 receives -one order diffracted |ight copppnent of the
refl ect edSeFQRE, 288 i thbyd mhatiogiet esdoZs 21 hg hdlt8grasrasiingy thegngame
receiving area S?, SHhtSI and SJ. Wth the above-described optica

pi ckup d@MPLRt © htightss followng arithmetic operations are executed

by a signal fgglegtin Gl ulde COIPSL 599405 RAPRES 13 SURbEATLONG 10N L he
designed as a two—segment photodetector, with a partitioning line
extending in.a direction perpendicular tb the radial direction
of the disc, as shown in Fig.12. The first phafodetector 144 is
‘configured for receiving about one-half of fhe O—order light
component, radiated by the polarizing hologram 151 without being
changed as to light path, by light'réceiving areas SE and SF.

Each of thé second and third photodetectors 145, 146 is a
four—-segment photodetector, with partitioning lines extending
along the radial direction of the disc.

The sedond prthetector 145 receives +one order diffracted
light component of the reflected light, split by the light
polarizing hologram 151, by light receiving areas SA, SB, SC and
-SD. The third photodetector 146 reéeives —one order diffracted
light component of the reflected light, split by the light
polarizing hologram 151, by light receiving areas SG, SH, SI and
sJ. '

With the above—described optical pickup device, the



basis of detection signals Ato J of signal |evels corresponding to |ight
volunme of the reflected light received by light receiving areas SAto SJ of
t he .phot edetectors 144 to 146 for produci ng playback MO signals, focusing
error signals FE, playback RF signals and push-pull signals PP. That is,

t he pl ayback MO signals and the focusingserror signals FE may be produced,
fromthe detection signals Ato Dand Gto J by the photodetectors SA to SD
and SG toflebitige stk and tdpefaphoivdeieet osseddbedntbl46s signal
respectively receiving the +one order diffracted |ight conponent and -one
order difdeteteiioni glitcadnrporenirised acfonddere vartdy subtirathoesi on the
operation. MO=(A+B+1 +J) =(C+ D+ G+ H and in accordance with an
ari t hnet ikasberef idetedtE on (sAgnads+AHte J)of Qigna.l: Lew® ks Yorrssmanding y.
The pl ayback RF signals and the tracking error signals THE nay be produced
from det €& | dii&ditgnaied umeanafF e t redlgphed eddighitngrseeiveds ‘85 ahtBIgF of
the first photodetector 144 receiving the O-order diffracted lig
conponent "% tHEng ehFeeEclA| TS PlachR dehekodf tac kAT ar Ff‘ﬁr’réfpl 0146 for
operation: RF = E + F and in accordance with an arithnetic operat THE

E- F Roodyging afolﬁylpal%‘—k eré)naFégﬁ‘&Qsal 53°BBSbPSdUE’éﬁ°Fr o W\%iﬁlet%%’tl on
Slgnals A‘f éagﬁ ﬁpeéléggisrec Eﬁgﬁ— ?881gna sSyP.

That is, the playback MO signals and the focusing error
signals FE may be produced, from the detection signals A to D and
G to J by the photodetectors SA to SD and SG to SJ of the second
and third photodetectors 145 and 146, respectively receiving the
+one order diffracted light component and -—-one order diffracted
light component, in accordance with an arithmetic operation:

MO=(A+B+1I+J)=(C+D+ G+ H)
and in accordance with an arithmetic operation:

FE=(A+D+H+1I)=(B+C+ G+ J)
respectively. |

The playbackLRF signals and the tracking error signals THE
may be produced from detection signals E and F of the light
receiving sections SE and SF of the first photodetector 144
receiving the O-order diffracted light component of the.reflected
light in accordance with an arithmetic operation:

RF =E + F
and in accordance with an arithmetic operation:

THE = E - F



of tHe photodetectors 144 to 146 in accordance with an arithnmetic
Qperationn. RF=A+B+C+D+E+F+ G+ H+ 1 +J The optical pickup
devi,ce according to the present invention is conprised of a | aser nodul e
241 and a novabl e unit 250, as shown for exanple in Figs.13 and 14. The
present optical pickup device differs fggmthe optical pickup device shown
in Figs.11 and 12 as to the polarizing hologram 251 in the novable unit 250

and as to the fid splagbhliklr hphetigdatectmiy d44ot b@24prdduddie Easar ymdul e
241, while the renaining conponents are the sanme as those of the optical
pi ckup deddtoec tsiorws i gndii gsA 1o afdbi2théheighor eeckheingnporeest SAoftot ()
present optical pickup device are denoted by the sane reference nuneral s
and the oof taéspohditndedestoirst Loh s 10tf tinedctordehaeri vythTamtaristhmefeic
| i ght pol arizing hologram 251 in the novable unit 250 of the present
optical pim&kestidavi ce, configured for splitting the reflected |ight passed
t hrough the two-segnent optical rotation plate 52, into_the 0-order
“diffracted |i g Tohporernt @t B et r§ ohef of d@rt dftrhctedl 1i ght conponent,
has a focal point for the +one order diffracted Iighh conponent, different
froma focal pohherdtdcalhpickhp deyere RTTIEIHE tO e RO VaRt{n
noted that the fiyst to_third phot odetect 244 to 246.1n .35 t.he | aser
rzEy bhP, upita Al ok

modul e 2448 FWREFIS§ef off JAESINPAIN S pF2he® FOVR arrangenent s

SO nade-tsEanv¥g¥]é£§ﬁ£ié$£n Figs.13 and 14.

The present optical.pickup device differs from the optical
pickup device shown in Figs.11 and 12 as to .the ;mlarizing
hologram 251 in the movable unit 250 and as to the first to tﬂird
photodetectors 244 to 246 in the laser module'241, while the
remaining components are the same as those of the optical pickup
device shown in Figs.1l1l and 12. Therefore, the componeﬁts of the
present optical pickup device are denoted.by the same reference
numefals and the lcorresponding description is omitted for
clarity. .

That is, théblight polarizing hologram 251 in the movable
unit 250 of the present optical pickup device, configured for
splitting the reflected lighf passed through the two-segment
optical rotation plate 52, into the O—order diffracted light
.component and tone order diffracted light component, has a focal
point for the +one order diffracted light component different
from a focal'point for the —one order diffracted light component.

It is noted that the first to third photodetectors 244 to 246 in



phot ddet ect or 244 receives the 0O-order diffracted |ight conponent of the
reflected light fromthe novable unit 250 under the just- focus state, the
second phot odet ect or 245 recei ves the +one order diffracted |ight conponent
under the near-focus state and the third photodetector 246 receives the
-one order diffracted |ight conponent ugger the far-focus state, with the
second and the third photodetectors 245, 246 receiving the sane anount of

light. Thed | théePOhaai 2624108 2 Pdgé@r 6R @nwubsianthal bympl alame.
hol ogramin the shape of a diffraction lattice having a curvature, for

provi di ngigwdvasm] ponntabeangbmentse ebdematid f riledted |wheh cohpondritrsdnd a
focal point for the -one order diffracted |ight conponent different from
each ot hathotasistwowosCddnatediey e P-gprier Théftarcedphiglotictomponentss
in the laser nodule 241 is a two-segnent photodetector with a partitioning
| i ne ext entlith aledigcd edi Adehitod rpar peadicuibl et wnihe2 G dinde ryithee thivst of
the disc. The first photodetector 244 is designed to receive about one-half
of the O-fwcits sitiagiet, tbeporerrnd photiofadeatng wreRdueshabe Pt L1094t
path changed by the |ight polarizing hol ogram 251, by its r sgective l.i ght
recei vi n@fteactedhchight t pempersnRl yaderhithe PRABTEYELE of 5258520940 5
four-segnent photodetector, wth respecti partitioning,J)ines e&% ndj
al ong t hethirf Ahafiqdahs P He4heegedyes ¥g§6_?ﬂ% %E@%ﬂgijp#;?ao%té? ?Ilc%hr}%45
recei ves +one .order diffracted,|light co nents._aqf .t re;éggﬁgd hhgmﬁe
split by qqmpqqiﬂﬁ under %%e far ocusnggage, w1th'¥%e a

third photodetectors 245, 246 receiving the same amount of light.

The light polarizing hologram 251 forms a substantially
planar hologram in the shape of a diffraction lattice having a
curvature, for providing a focal point for the +one order
diffracted light component and a focal point for the -one order
diffracted light component different from each other, as shown
schematically in Fig.15.

The first photodetector 244 in the laser module 241 is a
two-segment photodetector with a partitioning line extending
along a direction.perpendicular to the radial direction of the
disc. The first photodetector 244 is designed to receive about
one—half of the O—order light component, radiated thereto without
having its light path changéd by the light polarizing hologram
251, by its respective light receiving areas.

Each of the second and third photodetectors 245, 246 is a

four—-segment photodetector, with respective partitioning lines

extending along the radial direction of the disc.



pol ari zi ng hol ogram 251 by .respective light receiving areas. The third
phot odet ect or 245 receives -one order diffracted |ight conponents of the
reflected Iight split by the Iight polarizing hol ogram 251 by respective
light receiving areas. Wth the above-descri bed optical pickup device, the
signal detection circuit executes arithggtic operations simlar to those
executed by the optical pickup device shown in Figs.1l1l and 12, based upon
detection sigm secdnd phododetottosdi il redteleds Jonre eapledidid fire.ctlee
light volume of the reflected Iight received by the Iight receiving areas
of the phdigidet echposeRdd toaf 24Be frorf Jorcochtti hggpkaydraickt MDysi ¢inal d,ight
focusing error signals FE, playback MO signals and the tracking error

si gnal s BdHarflwEng bologeapl &Fbaek redpsicdriales laghtt hece b iBENYreds or The
signals may be produced, fromthe detection signals Ato D and Gtq J by
the respddtiinde phohedebeetorng4fecteenives rRECsUSIRT afdffRpphed light

phot odet ectors 245, 246 receiving the +one order diffract.i light .
conponente®mganerdife odr ddye d'lefﬁ‘lr%fgteé’d Liigdve ﬁﬂ)‘fﬁoﬁé(nttg‘eoﬁﬁg?g’g rpé’fq‘laé"(}tzédlg
l'ight, i r}loaccorrdance vgth ethe f o] Ie(zwjg#tari tchmaH c oi)rerat_i ons: MO=(A+B
+ | + J) hologram 25 ichy jespretpye | geceiving a8y c + G + H)

[ acki ng. or 1 oM TR SRSVl 358 THROH A CHY SACHIPORE AY i i & R,
detection circuit executes arithmetic operations similar to those
executed by the optical pickup device shown in Figs.ll and 12,
based upon detection signals A to J of signal levels
corresponding to the light volume of the reflected light received
by the light receiving areas of the photodetectors 244 to 246,
for producing.playback MO signals, focusing error signals FE,
playback MO signals and the tracking error signals THE.

That is, the playback MO signals and the focusing error
signals may be produced, from the detection signals A to D and
G to J by the respective light receiving sections of the second
and third photodgtectors 245, 246 receiving the +one order
diffractive light components and -one order diffracted 1light
components of the reflected 1light, in accordance with the

following arithmetic operations:

MO

(A+B+I+J)~-(C+D+ G+ H)
and
FE = (A+D+H+1I)~-(B+C+ G+ H)

respectively.



F of ‘the respective light receiving sections of the first photodetector 244
rreceiving the O-order diffracted |ight conponent of the reflected

l'i ght,

in accordance with the arithnetic operations: RF = E + F THE =

- F respectively. The optical pickup device according to the present
invention is conprised of a | aser nodul @7341 and a novabl e unit 350, as
shown for exanple in Figs.16 and 17. The present optical pickup device

differs from tdre tdpt iotdlerphekdp thei péaghavk RR FHgsallsl amtl tie derackime

pol ari zi ng hol ogram 351 in the novable unit 350 and as to the first to

t hi rd phcimntet ecitanesl SAHR ma3ddde produned asbromuwdiies tison sd@naldsr E sintce

st

E

the remai ni ng conponents are the same as those of the optical Eicku& devi ce

shown in i g. 1thandespeathieve odpghént seee iy s preesdrondpt Péal
device are denoted by the same reference nunerals and the correspondi

descri pt iR iedehReteR 1344 cl BeFeivingat the Prerfegnt didifZeictiefy ol

Bec

351 in the novable unjt 350 of the present opticaldgicku devi ce

conf i gur PHIRANGDY | 195 nFhene Tedileededd LighE: paiie

opti cal

on
component®Sht et

rot at.i flate 52,.into the O-order diffracted |ight

for the +one q&ﬁ%;;ﬁiifﬁaCted | i ght conponent different

THE = E - F
respectively.

The optical pickup device according to the present invention
is comprised of a laser module 341 and a movable unit 350, as
shown for example in Figs.16 and 17.

The present optical pickup device differs from the optical
pickup device shown in Figs._14 and 15 as to the polarizing
hologram 351 in the movable unit 350 and as to the first to third
photodetectors 344 to 346 in the laser module 341. However,
since the remaining components are the same as those of the
optical pickup deYice shown in Figs.14 and 15, the.components of
the present optical pickup device are denoted by the same
reference numerals and the corresponding description is omiﬁted
for clarity.

That is, the light polarizing hologram 351 in the movable
unit 350 of the present optical pickup device, configured for
splitting the reflected light passed through the two-segment

optical rotation plate 52, into the O—order diffracted light

§ IRETH Ui ffracted i ght component, has a focal poi nt

n
& am

TEITHYRCE he il Sdhent
38



froma focal point for the -one order diffracted Iight conponent. It is
noted that the first to third photodetectors 344 to 346 in the laser nodul e
341 ,are arranged on one and the sane plane. However, the arrangenent is so
made that, when the first photodetector 344 receives the 0-order diffracted
| i ght conmponent of the reflected |ight §8omthe novable unit 350 under the
just- focus state, the second phot odetector 345 receives the -one order

di ffract ebripgogieintcengotient erdier dief masred ddghtst abepanent hehasia docal
phot odet ect or 346 receives the +one order dirffracted |ight conmponent under
t he far - foeciugt stat ethei thnehersiegondt ffwhcted t hi gt phompdaeatt ¢rif fp4ent346
receiving the same amount of light. The first photodetector has only a
light redaion agfared Brinhdaes tdenfpger eadesrdi EEeaeh e Light comROmERY . ght
of the P-_polarized |light conponent. The second photodetector 345 has its

| i ght reddiisngokeda tHaiti tthleggbrﬁf'gﬁ? vhtrd \phgtedetreiors SLb i tlffe
radius of the disc fqr receiving the -one or der fIéIJ‘I cted | i ght
conponentthe ofasep Peflder 41 i SFTEMESS- OPoloRd ?Bﬁt Eﬂﬁpé’nl e

h dth h the |eft t | at h | th :
bg\rlllt ngypt e‘?‘feg‘h{ OE angrﬁﬁgﬁﬂ?Bﬁfaﬁg aﬂe? ethltgagphg‘%'/ &t ecS It% a

its |ight I'H(:tcedae:“sggﬁ‘ ar 69 spl | L | nto I | % EQ?thgasl%ﬂp C%H?O% he

radi us ofP rece|V|ng he +one TS racted Ti ght nponent

of the ref{ e ‘}he@efl%*&tte(&f 1586579 a"théexg LighL ﬁf?i@%‘?@tur{}f’é@% Juk -
passed t hrough the ri rotation plate %R and havi ng its |ight path bent
by the |'ﬁHEu§Myt§&b%'@ﬂehQéQQﬁ@nﬁﬁgﬂcdetector 345 receives the —one order
| diffracted light component under the near—focus state and the
third photodetector'346 receives the +one order diffracted light
component under the far-focus state, with thé second and the
third photodetectors 345, 346 receiving the same amount of light.
The first photodetector has only a light receiving area SI
and is configured for receiving the reflected light of the P-
polarized light component. The second photodetector 345 has its
light receiving area split into light receiving areas SA to SD
along the radius_ of the disc for receiving the -one order
diffracted light component of the reflected light of the S5-
polarized light component having passed through the left rotation
plate 52L and having its light path bent by the light polarizing
hologram 351. The third photodetector 346 has its light receiving
area split into light receiving areas E to H along the radius of

the disc for receiving the +one order diffracted light component

of the reflected light of the S—polarized light component having



Wth the optical pickup device, having above-described | aser nodul e 341,
t.he focusing error signal, playback MO signal, tracking error signal THE
and ,t he pl ayback RF S|gnal may be produced, fromthe detection signals Ato
| of signal levels corresponding to. the Iight volunmes of the reflected
l'ight received by the Ilight receivingg areas SA to S of the
phot odet ectors 344 to 346 of the | aser nodul e 341, by executing the

fol | owi npavsddtirougipehat raght Fotat{dn+pDate52R @nd My ing it sF Hght MO
=(A+B+C+D - (E+F+G+H THE=(A+B+C+D - (C+D+E+F
RF = | bydtite tmmdly ddiecl igint gpoar iz oogpno begirast 3dber s and subtractors.
The optical pickup device according to the present invention is conprised
of a novabl e Ufith 45@ ontishdvmi ¢kup cearisies having. almovemdescriked Yfd e
441 as shown for exanple in Fig.19. The present optlcal |cku devi ce

di ffers mastuee3dpti chire pifoews ins,i e8rekovii §19 1R g®. 9Y5’ﬁ& 4 TE@ t- &1t -

pol ari zi ng hol ogram 451 in the novable unit 450  and

third photRfft s of§T924 Signads THE ¢ ABY| it rLavPachaRY | vﬁﬁ%a f ey ™oe °
O T i U
0Pt 1 o2l PAEUB,SBHd Ry i I9RGLof bt o AT BT ER6S FUFRESL S L i
received by the 1light receiving areas SA to SI of the
photodetectors 344 to 346 of the laser module 341, by executing
the following arithmetic operations:
FE = (A+D+F+G) - (B+C+E+F)
MO =(A+B+C+D) - (E+F+ G+ H)
THE = (A+B+C+D)-(C+D+E+ F)
RF = 1
by the signal detection circuit comprised of adders and
subtractors.
The optical pickup device according to the present invention
is comprised of ? movable unit 450, as shown for example in
Fig.18, and a laser module 441 as shown for example in Fig.19.
The present optical pickup device differs from the optical
pickup device shown in Figs.3 and 4 as to the polarizing hologram
451 in the movable unit 450 and as to the first to third
photodetectors 444 to 448 in the laser module 441, while the

remaining components are the same as those of the optical pickup

device shown in Figs.14 and 15. Therefore, the components of the



clarity. That is, in the present optical pickup device, the |ight

pol ari zi ng hol ogram 451 in the novable unit 450, is divided into four
areas, wth a center angle each of 90 , in which four light polarizing

hol ogram patterns, that is a first |ight polarizing hologrampattern 451a
to a fourth light polarizing hol ogram pggtern 451d, are forned, as shown in
Fig.18a. The light pol arizing hologrampatterns, formed in the |ight

pol ari zi peeReh@UbaMi 481, pakkulpOkieRd clen 22d detdtydt byohheanamkereference

Specifically, the first light polarizing hologram pattern 451a has

char act emiusfeired sof aheéndthg thertéghonding ofeddweiptefdrectied lomghtted offort he
S-pol arized |ight conponent fromthe right rotation plate 52R of the

t wo- segnelltardptyi.cal rotation plate 52 towards | eft as seen fron1the | aser
modul e 441. The second |ight polarizing hologrampattern 451b ha
charact eri sti @hadf endimgthhepreghntpamt iske tm§QKHH64§%kF?4gﬁPeoﬂlgﬁé
S-polarized |ight conponent fromthe right rotation plate 52R of .

t wo- segnetlagytziced bodrgriagh 4plale theBokrBLe riht %£§’sé§ndﬁydﬁﬁphénlgser
nodul e 441. The.third _|ight polarizin hologrqggpattern ﬁﬁ r 11

char act erfiodtt] @ege -b¥AdPng FRBLPTgRREpat 2D ¢ ef 18t ﬁf“ oft 18R
S—polarlzed light c onent fromthe |left otatlo | at gg# 1%%%

t wo- segmsift %ﬁ#% GRS Prater sy t%ﬂ%ﬁdéslef gs%sge % PRE 4 58,
modul e 441.. I n addit fourth |i * 41 h]! a5 7 p?% h;ern
451d has é?%r?%tg%gn %HEndﬁﬁgzﬁhP pgﬁh gé t% re ecte ght
of the SpDacUt%rzlrFeﬂ')ld,gtEre formed, as shown in Fig.18a.

The light polarizing hologram patterns, formed in the light
polarizing hologram 451, are formed in adjacency to one another.
Specifically, the first light polarizing hologram pattern 451a
has characteristics of bending the light path of the reflected
light of the S-polarized 1light component from the right
rotation platé 52R of the two—segment optical rotation plate 52
towards left as seen from the laser module 441. The second light
polarizing hologram pattern 451b has characteristics of bending
the light path of the reflected light of the S—-polarized light
component from the right rotation plate 52R of the two—segment
optical rotation plate 52 towards right as seen from the laser
module 441. The.third light polarizing hologram pattern 451c has
characteristics of bending the light path of the reflected light
of the S—polarized light component from the left rotation plate
521 of the two—segment optical rotation plate 52 towards left as

seen from the laser module 441. In addition, the fourth light



component fromthe left rotation plate 52L of the two-segnment optical
rotation plate 52 towards right as seen fromthe |aser nodule 441. On the
ot her hand, the laser nodule 441 is provided with second to fifth

phot odet ectors 445 to 448, centered about a first photodetector 444
configured for receiving the reflected kiijght of the P-polarized |ight
conponent, radiated along a |ight path unaffected by the |ight polarizing
hol ogr am pkblla r i s Gvel 0 grdnt Qoaltdtee ril S5 i Cloasl dh ffd o e ol cl ed £ Heaidsi gl 5
to 448 have light receiving areas thereof split by splitting lines

ext endi ngtls dnighthecatddiaf e tief bsied Nt ighespeicttihee Swpp lamided ecieghvii ng
areas or portions, that is into light receiving areas SA and SB, |ight
recei vi ncemeenersB aftewCthei gaftr codpbiing nlede PRHhto fSE hendtv8B-sarhdriight
recei ving areas SG and SH, respectively. The first photodetector 444 has
a light reRleisahgratebion nkrte 3 hewardsnaightf asf sera |frgm thecciasen
area of each of the photodetectors 445 to 448. The first photodetector 445
IS provi wie sition of receiving the reflected Iight having its |ight

a

pat h bent by the urth_light polarizing hologramp ern 451d .o he, |.i ght
pol ari zi ng ho&bg{;g 0hBg! Mo e%hsee %%&%ﬂg%eg%‘ir 154@6‘"0‘4%{%5# A tded
at a position of receivin h ef|lecte i,ght havin 2_jts. light path
bent by b e ST Plobafe SERESREIBep LY 44eerRrisrs  haSeid o
phOtOdetq&ﬁ&{oé§€5é§opr9¥idggnﬁig@red for receiving the reflected light

of the P-polarized light component, radiated along a light path
unaffected by the light polarizing hologram 451, as shown in
Fig.19a.

The second to fifth photodetectors 445 to 448 have 1light
receiving areas thereof split by splitting lines extending along
the radius of the disc into respective two light receiving areas
or portions, that is into light receiving areas SA and SB, light
receiving areas SB and SC, light receiving areas light.SC and SD
and light receiving areas SG and SH, respectively. The first
photodetector 444‘has a light receiving area SI which is about
one-half of the 1light réceiving area of each of the
photodetectors 445 to 448.

The first photodetector 445 is provided at a position of
receiving the reflected light having its light path bent by the
fourth 1light polarizing hologram pattern 451d of the 1light
polarizing hologram 451. The second photodetector 446 is

provided at a position of receiving the reflected light having



position of receiving the reflected light having its light path bent by the
third light polarizing hologrampattern 451c. The fourth photodetector 448
is provided at a position of receiving the reflected light having its |ight
path bent by the third |light polarizing hol ogrampattern 45la. Wth 'the
above-descri bed construction of the optigal pickup device, the S-polarized
| i ght conmponent of the reflected |ight, rotated towards left by the left
rotation jysat ei gt Pathebénd- byeHWRNt se0bAli Aightatgo bar hsinlgs dvoilwetram
above, is incident on the third and fourth |ight polarizing hol ogram
patterns gt r5ad1of tTee | thhtrdpoplest adete didd mgrhdfh 454, pavivigledheat a
S-pol ari zed i ght conponent of the reflected light, rotated towards ri ght
by the rimditridmtiforredeitei iR tafd aohed dgraivit hagtiag dif splldights pe
descri bed above, is incident on the first and second |ight polarizin

hol ogr amizatt enstBe14hirdl1n i@htt v lanjiring| kel ograp hBfbhe &M 451c THde

third light polarizing hol ogram pattern 451c_bends the |ight path of the
ref | ect edfquzfih Rmog%tqceﬁqr e€§1£elesn F5o9th datk 3rta§erp°r?dd"dl°g" .°fo%ﬁ‘F&Vlng

radi ates the light on the fourth photodetector 447. The fourth light. |
pol ari zi n"d‘%é‘leégteéﬁﬁeﬂatltlém havdngehts Lty R é&f‘% 5?’ %ﬁ% %ﬂ‘gg{l&}’t :
| ight towards right and radiates, t he Ja% ht on the second phot odet ect or 445.
The fi rstpq]iagtf"ﬂt“%b? FLFRARABYF &R phttRr n 451a bends the light path of
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device, the S-polarized light component of the reflected light,
rotated towards left by the left rotation plate 52L of the two-—
segment rotation plate 52 as described above, is incident on the
third and  fourth light polarizing hologram patterns 451c, 451d
of the light polarizing hologram 451, while the S—pqlarized light
component of the reflected light, rotated towards right by the
right rotation plate 52R of the two—segment rotation plate 52 as
described above, is incident on the first and second 1light
polarizing hologram patterns 45la, 451b of the light polarizing
hologram 451. )

The third light polarizing hologram pattern 45lc bends the
light path of the reflected light towards left as seen from the
laser module 441 and radiates the 1light on the fourth
photodetector 447. The fourth light polarizing hologram pattern
451d bends the light path of the reflected light towards right
and radiates the light on the second photpdetector 445, The first

light polarizing hologram pattern 451la bends the light path of



pattérn 451b bends the light path of the reflected |ight towards right and

r-adi ates the light on the third photodetector 446. The reflected |ight of

t he ,P-pol ari zed |ight conponent, having passed through the two-segnent
rotation plate 52, is radiated on the first photodetector 444 w thout
having its |light path changed by the |ight polarizing hol ogram
Specifically, the reflected light is radiated under the just-focus state
a poi nt aheLadt fctdte Saamdtéwatdd t he phohnderadiates4dhet dig48 as diewn
in Fig.1l9a. However, under the near-focus defaces state in which the
obj ecti ver i 015 5o t od et awdy 8f. r Mimet s captd chighit spo38riehagr dfdlegred

light is radiated in a sector shape in each of the |ight

of the saqoorckmphdisddebentdsr th45]1ikhyhpatbeef Vi rafde Sredil ight tYawagrds
phot odet ector 446, the light receiving area SC of the fourth photodetector
447 and trhieght gind reubiatien) theal ghfon hehe | fhirgrRrotrdebedtonssit as
shown in Fig.19b. Under the far-focus defocused state in_which the

obj ective | enB8 refheobadt did@hds Qhe thst iRROpRizeh LRt GAMRANEPY i ght
is radiated in a sector shape in each of the |ight %gfei Vi Eﬂ%reeaf)g?alfsthe

second pHEOdE eRedpedahnquah  FBeei W HFHEL SET S

h@nt

as

recei ving area SA

hot odet ect or 446, 1ight recei Vi D he, det ecit Qr, 447
Bnd the ITH=IRR S 4188 CSBrORORRECPEPE: ARl bR e BT S, T o SiHRn 1

Fi g.19c.

44 Neanwhile,, the fifst 4 is irradiated with
the rofi RAEH FIame Doy e b porhf i glet PERRE ARLaRESM Dot tnaer

Specifically, the reflected light is radiated under the
just—focus state as a point on each of the second to fifth
photodetectors 445 to 448 as shown in Fig.19a. However, under the
near—focus defaces state in which the objective lens 53 is moved
away from the opticalldisc 33, the reflected light is radiated
in a sector shape in each of the light receiving area SA of the
second photodetector 445, light receiving area SF of the third
photodetector 446, the light receiving area SC of the fourth
photodetector 447 and the light receiving area SH of the fifth
photodetector 44&, as shown in Fig.19b. Under the far—focus
defocused state in which the objective lens 53 is moved towards
the optical disc 33, the reflected light is radiated in a sector
shape in each of the light receiving area SB of the second
photodetector 445, 1light receiving area SE of the third
photodetector 446, 1light receiving area ©SD of the fourth
photodetector 447 and the light receiving area SG of the fifth

photodetector 448, as shown in Fig.ch.



the near-focus and far-focus states over a w der area than under the
just-focus state. Wth the optical pickup device having the above-descri bed
construction of the |aser nodul e 441, the focusing error signal FE,

pl ayback MO signal, tracking error signal THE and the playback RG signha

may be produced by executing, on the bagis of the detection signals Ato |
of signal levels corresponding to the light volunmes of the reflected |ight
recei ved by thdrnwHiild eceie/i Higr&t eplso tidé e Stonf 4the ishdtroddtietkedr viddl to
448, the followng arithnetic operations: FE=(B+ D+ E+ QG - (A+C+ F
+ H MO xHeArefBettEd+1Dght ¢ £ the P+pGlartizeBHEL ght AcemBPoreft bdyh undgr+ D
+ G+ H RF =1 by the signal detection circuit nmade up of adders and

subt r act ditee nlenrtfe calsowadddscrifbedsenbaticreaver 2 helidegiarepttharomnsien e
52R and the left rotation plate 52L of the two-segnment light rotation plate
.52 are ddigristbtofautmtstatre. out going light and the reflected light by
22.5 , respectively. However, this is nerely illustrative _and variety:- of
nodi fi cati ons Widt &/ 0Bt L ¢hbseigkupufByiEsl hﬁ‘_’d&lge§hﬁafbr?é’eﬁ§(fes%1ﬁ’rﬁydn

t he scope of the inventjon. 45 Wth the optical pickup device accarding
to the pre¥EHiTdGHARM idn the jasgmmasids 4t ’ot‘g'ﬂﬁofirg’d’élsaf‘%leaﬁrioz’i g Peum

FE, playback MO signal, tracking error signal THE and the
playback RG signal may be produced by executing, on the basis of
the detection signals A to I of signal levels corresponding to
the light volumes of the reflected light received by the light
receiving areas AS to SI of the photodetectors 444 to 448, the
following arithmetic operations: |

FE=(B+D+E+@G) - (A+C+ F + H)

MO

(A+B+C+D) - (E+F+GH+ H)

THE = (A + B + E + F) —-(C + D+ G + H)

RF = 1I |
by the signal detection circuit made up of adders and
subtractors. )

In the above~described embodiments, the right rotation plate
52R and the left rotation plate 52L of the two-segment light
rotation plate 52 are deigned to rotate the outgoing light and
the reflected light by 22.5 , respectively. However, this is
merely illustrative and a variety of modifications inclusive of

those of numerical figures may be made within the scope of the

invention.



splitter or a beamsplitter in the light path for extracting the reflected
li ght so that the nunber of conponent parts may be di m nished. Thus the
overal|l optical path may be reduced and the construction sinplified for
reduci ng the production cost of the optical pickup device and an opti cal

di sc driving apparatus, such as a nmagnet&b-optical disc reproducing

appar atus, enploying the optical pickup device. On the other hand, there is
a rel ation of Wirthdetbé f opdtiwedn girkupugevhge efekicordiog drd the SrNseati o,
such that, if the coupling efficiency is to be inproved, the S INratio is
| oner ed dmdentdiemser 48l yis iynndpe¥awry atico rrp¥ifde b HOFIIARE Heem
coupling efficiency is |owered. However, since the Ii%pt pol ari zi n

hol ogr amsadrtdiass ooneybpam: Felitige ép the !iEheRad Hoghextwectdmg the
operating on the outgoing light, a high coupling efficiency na

b
achi eved. Tefjaptashi t {8t FRe ecthRf PBEPEA PHgifCRANS _sp‘?‘ﬂg% ’_gﬁ@ Ihiegh_t
ot ir ety S (Sl RYG R cote o1 L SRticiah DRt BaT T e i deg it ere"® !
hi d. Si it. ff.i , 1. trol _th it | lLe f
S evel S, 110588 06 Pl I8 PN AL a3, g

respecti e @ihcgatdfgglicgigl‘bp&gvgEgear(?@td.nc%lptﬁic%{iyﬂiQSV&P%&P@ oA dd, such

assenbl ed %ot In 1ts nounting position. nce the novabl e

fp;f:k: ggiéesfragpﬁéégxg%g é(?p?#é&?ndf§§p?@ﬁEBQuE@nEhﬁpE)QQ'd%iuBg @hpQbySngnajnedr
optical pickup device.

On the other hand, there is a relation of trade—off between
the coupling effiéiency and the S/N ratio, such that, if the
coupling efficiency is to be improved, the 8/N ratio is lowered
and, conversely, if the S/N rgtio is to be improved, the
coupling efficiency is 1lowered. However, since the 1light
polarizing hologram operates only in the stage of the reflected
light, without operating on the outgoing light, a high coupling
efficiency may be achieved. In addition, the three reflected
light portions from the light polarizing hologram may direétly
be received substantially in their entirety by the
photodetectors, so that a high S/N ratio may be achieved.

Since it suffices to control the position of the laser
module for appropriately receiving the reflected light from the
movablé unit by the respective photodetectors, the optical pickup

device may be easily assembled or adjusted _in its mounting

position.



focusing errors and the tracking errors may be corrected while the novabl e
unit is kept inits initial pre-set position. Likew se, the magneto-optical
(MO, signals may be detected using substantially 100% of the refl ected
light rotated towards right or left responsive to data recorded on the MO
disc, the SINratio may be inproved, whjge wavel ength variations may be
coped with. In addition, the in-phase noise conponents may be elim nated

and only signditYRARERbTaBAY QRi8MPhI { 1okt aigt exd et ferateaplonig vehe
MO signal by subtracting the Iight volunme of the received |light of the

ri ght-roty egh&- Felcarsizgd ¢éi6b eoppanersr r adhekefgorenruer fstghals, the

- photodetector via the left rotation plate of the two-segnent opti cal

rotati on fdaising edrtats tded Mhsi gratlsic@nebeodst meyetier ebirablcged while

Furthernore, since the playback RF signals can be generated fromdirectly

recei ved trhef Imectadul & iwghitt fyorkedte VO discinkt ighlpromgpherm it bogi ng from

low to high ranges are conprised in the RF signals. Thus the pl%épack RF

signal s with Hiigtewd/ae r dthieo megpedo-fantiesl sh&t st &2 Ve [P6c €8 YRat ask

correctly formed even in an optical disc enploying the sanple-servo format.

47 CLAI Mmsing sapsdpmtdsl by LAR¢ @dvitdhe asipricdieny:l ightadotatisgght vamdse

for radiating a laser light; an objective lens for radiatjng.an out

| ght 11 GiAGHe OFalBR bl FERPOBBLT et et diaciae s, Ehe b1 £8, ARIY/P
ratio may be improved, while wavelength variations may be coped
with.

In addition, the in—-phase noise components may be eliminated
and only signal components may be amplified and detected by
detectihg the MO signal by subtracting the light volume of the
received light of the right-rotated S—polarized light component
radiated on the first photodetector via the left rotation plate
of the two—segment optical rotation plate, so that the MO signals
can be detected reliably.

Furthermore, since the playback RF signals can be generated
from directly received reflected light from the MO disc, signal
components ranging from low to high ranges are comprised in the
RF signals. Thus the playback RF signals with high 8/N ratio may

be formed, so that channel clocks may be correctly formed even

in an optical disc employing the sample-servo format.



optical rotation neans arranged between said | aser |ight source and said
obj ective lens and being split into a right rotation plate and a |eft
rotation: plate along a splitting |ine extending along the radius of said
optical disc with an optical axis as the center; a light polarizing
hol ogram arranged between said | aser |ight source and said optical rotation
means, said |ight polarizing hologramtransmtting an outgoing |ight from
said laser light source as it is frongpsaidsl aser |ight source w thout
bending its light path and radiating a reflected |ight of said outgoing
|'i ght radiatedmwnosiad ch bpii clahp ddeci @ oognprisghg: path bent responsive to
the direction of polarization; and |ight receiving nmeans for receiving the
reflected.light Fasem shightpiowate dier radtiakeingvaalasérd light; pol ari zi ng
hol ogram and out putting a detection signal of an output |evel corresponding
to the vol une & atieatdors Viehd ifgn rediatring @ icsdigoding d &y i fom st he
clainmed in claim1l wherein said |light receiving neans has at |east three
phot odet eka®a® ¥Fight expienes vi? yar Rt isdly di®Corder diffracted light, a
+one order diffracted |Iight conponent and a -one order dif,frict ed |ight

lh‘rghf‘gh

T

48 component otPtifRALTPRRELAN| GRS AFRARESE RRTHRAD dFeLIpadssy ¢«

e BB SRR SR % BT SR O o

means hasroa‘tfthf)cgr&)dpefa Cet Oarn({ Oa[ feetcteir\-/c;tnagtllohne p+Par%ee along a splitting line

| extending along the radius of said optical disc with an optical
axis as the center;

a light polarizing hologram arranged between said laser
light source and said optical rotation means, said 1light
polarizing hologram transmitting an outgoing light from said
laser light source as it is from said laser light source without
bending its light path and radiating a reflected light of said
outgoing light radiated on said optical disc along a light path
bent responsive to the direction of polarization; and

light receiv%ng means for receiving the reflected light from
said optical disc incident via said light polarizing hologram and
outputting a detection signal of an output_level corresponding
to the volume of the received light.

2. The optical pickup device as claimed in claim 1 wherein said
light receiving means has af least three photodetectors for
respectively receiving a O-order diffracted light, a +one order

diffracted light component and a -one order diffracted light
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order diffracted |light conponent and a photodetector for receiving the -one
order diffracted |ight conponent, each of said photodetectors having a
plurality of light receiving areas obtained by splitting into at |east two
along a splitting line extending along the radius of said optical disc. 4.
The optical pickup device as clained ingglaim2 wherein said at |east three
phot odet ectors of said |light receiving neans are arranged so that, when the
phot odet edforifnts i d e | @Bl bEGCL PERE OHObACEALE btdicwlnd itsiee plsareder
diffracted I'ight conponent is in the just-focus state, the volune of I|ight
recei ved §nrdigh oasai @pati deAastotd ben phetadetbyctwasd r @deghti myp ldrd zHorge

order diffracted |light conponent will be equal to the volune of |ight
recei ved Hylogwamwf said at | east three photodetectors receiving the -one
order diffracted |light conponent. 5. The optical pickup device as clajned

in clai m3#. whebhed wpddica 1l pdlekupodiay i gé ngs hol iketnins cdapmaharhers Hyremd n
the shape of a diffraction lattice having a uniformlattice spacing

t hr oughoutight ermdeieving owennd heg snphahadahertPR, TOF t3LTeLpEE thF thpne
phot odet ector of said at |east three photodetectors of said Iig@%)rquiving
means recetdg g diff Tactefbr HighY actRPetYgt EifhorfentPhotodgy g for

phot odet ector_receiving the +gne order diffracted |light cqonponent and ithe
(g]r a et g a.cpl 01a

phot odet et8 %7 1 Y& WiengORReC T BRE 1 §9 r A& CPPERP RS npSRER O are-t
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obtained by splitting into at least two along a splitting line
extending along the radius of said optical disc.

4, The optfcal pickup device as claimed in claim 2 wherein said
at least three photodetectors of said light receiving means are
arranged so'that, when the photodetector of said at least three
photodetectofs receiving the O-order diffracted light component
is in the just—focus state, the volume of light received by one
of said at least three photodetectors receiving the +one order
diffracted light component will be equal to the volume of light
received by one og said at least three photodetectors receiving
the —one order diffracted light component.

5. The optical pickup device as claimed in claim 4 wherein said
light polarizing hologram is a planar hologram in the shape of
a diffraction lattice having a uniform lattice spacing throughout
an entire hologram region; and wherein, with respect to ‘the
photodetector of said at least three photodetectors of said light

receiving means receiving the O-order diffracted light component,
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| i ght” pol arizing hologramis a substantially planar hologramin the shape
of adiffractive lattice presenting a curvature so that a focal point
with respect to the -one order diffracted |light conponent differs froma
focal point with respect to the - one order diffracted |ight conponent;
said light receiving neans having saidggat I|east three photodetectors
arranged on substantially the sanme plane. 7. The optical pickup device

as cl ai maghd Npababletethere Ffesdi Fidg JRhePOlGid Zibhdeltol AQFaFaLScapliighty a
splitting line extending along the radius of the optical disc into an area

havi ng f (ydmsbrdiet eighd lt1ght m tydeaai s dwl aggeeving hettshapeomd aorder
diffractive lattice having coarse diffraction lattice spacing and an area
havi ng f aikefrddiesdi hight | gbhpeoéat i aragmbohdgdamiith ehershaed ciistance
diffractive lattice having dense diffraction |attice spacing; said |ight
recei vi ngpheahsamdvangophiot ofieteetepsi¢al agtei ving the +one order
diffracted |ight conponent and the -one order diffracted |ight conponent of
the refl et ed ThegpthHaalngiskaedeyheouyh ¢hained i sladmod Whareinrsaid d
optical rotation means and having the light path bent by the area of said
|i ght polk¥ght mp o Fgingn MlagRpbnes & SURSYarhia ol RheAty RRAEras 7 50
of said light polarizing hologram said light recejving neans_al so haying
phot odet eli®rEngRg ?gc%j@?ﬁﬁrgﬁﬁlﬂ%ngaBFh%g Bf?f?ﬁtfgﬁ ?i@ﬁfv%gﬁﬁgnenfténd
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havi ng thfight component differs from a focal point with respect to the -
one order diffracted light component; said light receiving means
having séid at least three photodetectors' arranged on
substantially the same plane.
7. The optical pickup device as claimed in claim 1 wherein said
light polarizing hologram is split by a splitting line extending
along the radius of the optical disc into an area having formed
therein a light polarizing hologram in tﬁe shape of a diffractive
lattice having coarse diffraction lattice spacing and an area
having formed thepein a light polarizing hologram in the shape
of a diffractive lattice having dense diffraction lattice
spacing; said light receiving means having photodetectors for
receiving the +one order diffracted light component and the —one
order diffracted iight component of the reflected light having
passed through the left rotation plate of said optical rotation
means and having the light path bent by the area of said light

polarizing hologram having one of the light polarizing patterns

e
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|l ight path bent by the area of said |light polarizing hol ogram havi ng t he
other |ight polarizing patterns of said |ight polarizing hologram 8.
The optical pickup device as clainmed in claiml1l wherein said |ight

pol arizing hologramis split into four areas each having a center angle of
90 and having light polarizing hol ogramgatterns formed for bending the
reflected |ight having passed through the optical rotation neans in four

respectivgeysdiibif arigils ddeeti Pitse RETogAhat 5RIat HE ghhius ity il | gEd 4

l'ight; said |ight receiving neans having a photodetector for recelving the

0-order daikbachedihgghbheedperertoky t Berl i Gcdialiard Zitge ol ampypdert he
reflected light fromthe optical disc having passed t hr ough sai d

optical diofahcbad 10BROS compBéentl and Rhet cdeie Grader fdif feceiod NPighe
reflected light bent in the four directions by said |ight polarizing

hol ogr am c8mpondhé obttikalrof lsdagedddighe hdaving pedsed thaough thereighsai d
| i ght pol ari zing hologram optical rotation nmeans and said objective |ens
are unitaretgtionsplateed issaidovaicadnitotarian merns obhdd mvinege basi s
of a detection signal fromsaid |ight receiving neans; said |aser |ight
sour ce anHlstdPPgtheﬁ§c§Wv¢ﬁg areg] ofearts iski highhinekan iz iduhshe Llegeamas
a | aser npdul e associated wth said novable unit. 10. An optical disc
driving uRRYiB8nprit&engeblreaserighighPodagicd ngorPditesRe nPfa Fader 1ight,
an objectiVﬁ | ens fog ﬁadiating an outgoing light fry the laser |ight

sour ce t oP@n®bptieal "grggramn-

8. The optical pickup device as claimed in claim 1 wherein said
light polarizing hologram is split into four areas each having
a center angle of 90° and ha?ing light polarizing hologram
patterns fbrmed for bending the reflected light having passed
through the optical rotation means in four respectively different
directions and radiating the thus bent reflected light; said
light receiving means having a photodetector for receiving the
O-order diffracted 1light componeﬁt by the 1light polarizing
hologram of the reflected light from the optical disc having
passed through : said. optical rotation means and four
photodetectors for receiving the reflected light bent in the four
directions by said light polarizing hologram.
9. The optical pickup device as claimed in claim 1 wherein said
light polarizing hologram, optical rotation means and said
.objective lens are unitarily constructed as a movable unit servo-
controlled on the basis of a detection signal from said light

receiving means; said laser light source and said light receiving
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optical rotation neans arranged between said | aser | [fFH S-&

obj ective | ens ar#lisfhgetas Beanikeplagad o g rj ght rot ati on|{pTRISSHEET HAS BEEN -

rotation plate alou | ﬂin ﬁ line extending al onfj the REREAGEDf sai

optical disc with s as the center, a |rgnt—potarrzrog

hol ogram arranged between said | aser |ight source and said optical rotation

means, said |ight polarizing hologramtransmtting an outgoing |ight from

- sai d | aserealnisgte isx@iroe werity icodstometedl aaser Lasght neduleecagserdated

bending its light path and radiating a reflected |ight of said outgoing

| i ght radiidthecbadid swivebdist iwsellt -di sc along a |ight path bent responsive to

the direction of polarization; |ight receiving neans for recei in% t he

refl ect edQ.i giin PPEACaA; disptdnhying swiitner@eri sing 2a18F¢T Slmg*&m M Zng

hol ogram and out putting a detection signal of an oqt ut | evel cornespggding
I

to the vdameediatias acdiaged ILight, & eDicsht SollsrF iR RECIGTaRE

tical tati, d Ld qbj ective,l Itaril t d
OPL1Cal SN 0 PR, 2P0 GRLeel e e AL UL LBh L SRBS! iled @
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recei vi nd g i’y constructed as a | aser e associ ated

wi th sai dapvabl € §hibes f8C1ALALHA0 be 1 451 NEnEBARS rhght! GlotlltiGrsal d

optical di'sc; and servo control neans for controlling said nmovabl e unit

based up aﬁkéj%. eetl 9818l gHaht iR EALE AlGhE 4 AR MiIhdmane @xteaiding
optical pickup device.

along the radius of said optical disc with an optical axis as the

center, a light polarizing hologram arranged between said laser
light source and said optical rotation means, said 1light
polarizing hologram transmitting an outgoing light frbm said
laser light source as it is from said laser light source without
bending its light path and radiating a reflected light of said
outgoing light radiated on said optical disc along a light path
bent responsive to the direction of pqlarization; light receiving
means for receiving the reflected light from said optiéal disc
incident via said 1light polariziﬁg hologram and outputting a
detection signal ;f an output level corresponding to the volume
of the received light; said light polarizing hologram, optical
rotation means and said bbjective lens are unitarily constructed
as a movable gnit servo-controlled on the basis of a detection
signal from said light receiving means; said laser light source
and said light receiving means being unitarily constructed as a

laser module associated with said movable unit; disc rotating

-
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driving means for rotating said optical disc; and servo control
means for controlling said movable unit based upon a detection
signal from said light receiving means of said optical pickup

device.
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