; e3e$$\ VB6XxT) 1 DESCRIPTION - 6 J AN 2003 Integrated Optical Elenent,
Optical Pickup, and Optical Disc Device Technical Field This i n&enti ?@3
I:MJN :

rel ates t i ated optical elenent used for an optical pF

recordi r‘mmﬂm\“\ﬂ\mﬁ&r oduction of signals by irradiating with a Iight beam a
signal r surface of an optical type disc (hereinafter referred to
as optical df%¥¥y such as a mini disc (MD)] a magneto-optical disc (M), a
conpact disc (CD) or a COROM an optical pickup using this integrated
optical elenent, and an optical di SDESRYRIETIGN ng this optical pickup.
Background Art Conventionally, an optical pickup constituted, for exanple,

as shown in Fig: | I (zgtt el . th di sc.
The optical pi Cl{r&ﬂgg‘hﬁgﬁ%@ﬁ@&ﬁge ﬂP’ Sé%qégﬁéﬁguéﬁg?ﬁ[gggrbé\ﬁ!éemant 2 as
a light source, an optical nmenber 3 e.of _.a.transparent material such as
gl ass or plastics, an objective Ienﬁzﬂf"é@i géﬁ*aer ging a light, and a
photodetector 5 for receiving a light and converting the light to an

el ectric si gnal Thi®intdntion rel atestotan intepxhieduwtptivgl elemenphseddor an optigal pickuye
light-emtting elenment 2, the optical nmenber 3 and the photodetector 5 are

i nt egr at edfopseddtdiny Sgd/8t 65hroliasBsh of‘é‘iogg}%’& by h@é@mhﬁggﬁm allipht Bbainea Slonal

being fixed to a base, not 'shown. The ective lens I's provided on-the

base via . axl al akor,. .ng hown. he  bi axt al actuator js.dviven,
Che - obj ecttegaRiihg suffahe 81k opiRtn Rtilss (Roshiiprll Pifefiod aiiptioal dish e
2008 2 that is,.in.the direction of radius of an optical disc D _and in_the
direction %Sowalgm évl&) prigagrete-opitead shsq(MOpa qampagtsdise (£EH oo &iddp,
as the base is fed in the direction of radius of the optical disc D by the
drivi ng of ROMharaxpticak picktpounsingathis hegrated dpsicaleelenssy and gnt optidal alisd he
optical disc can be accessed. In this optical pickup I, the optical nenber

3 has two gVié@h '?Qhﬁ%ﬁida@biéﬁ;ﬁ“h ot her. These two surfaces are
arranged to be substantially perpéndicular to the optical axis of the |ight

beam from t he sem conductor | aser e ) a first surface
(lower-center side in Fig. | ) of t%%gg{qtég%enber 3 on the side of the

sem conductor |aser elenent 2, a grating 3a for diffracting a Light. bhea

Gt rect od -t ovar dCPRESTHATAL a8 optich] Pk BatastiRttedio eGP RINMLIY itk he
direction along the recording track on the optical disc D and for splitting
the |ight ISaaeppsadbananoptigal pigkup fbemp'tmf dsicnglhe optigsl prknpi Inshosemimnd
two side beans is fornmed on the optical axis of the light beamfromthe
sem conducFigr1 hasesemicvmdoctor ladretement 21as & tightlsquteé ageoriticabeienttwrBanade

surface in Fig. | ) of the optical nenber 3 on the side of the optical disc
D, a hol ogspanrasparentidahérdaidetl 4 g1gis b plakG8d, daHkctive lens 4 for converging
a light, and a photodetector 5 for receiving a light and converting the light to an
electric signal.
Of these elements constituting the optical pickup 1, the light-emitting element
2, the optical member 3 and the photodetector 5 are integrated as an integrated
element, which is provided in the state of being fixed to a base, not shown. The

objective lens 4 is provided on the base via a biaxial actuator, not shown. As the

biaxial actuator is driven, the objective lens 4 is minutely moved in biaxial directions,
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reflected fromthe signal recording surface of the optical disc D angn or
guiding the return light beamto the photodetector 5 is forned &AM
optical axis of the Iight beam fromthe sem conductor |aser elenment 2. The
hol ogram 3b functions as optical path branching neans for branching the
optical path of the return Iight beamdirected toward the photodetector 5
fromthe - 6 JAN 2003 3 optical path of, the I'ight beamdirected toward
the optical disc D, by diffracting the return |ight beamfromthe opti cal

di sc D ingi dent. the seco urface of..t he,.opty cal . ngnber 3. and t hys

di r oot ng it igthe el RR Poaiilis S OprbaHst DLaRLin TR Erechid Ratedlitad oo
has two hol ogram areas 3b-1 and 3b-2 for diffracting the incident return

| i ght bea#ﬂﬁ?“@@ﬁﬁ@ﬁéﬁﬁ“@ﬂﬁh$%@tion angl es, respectively, as shown in Fig.1
The boundary between t hese hol ogram areas 3b-1 and 3b-2 is fornmed on the

second sur f ace Inthishptal pkupiestierbaseds fedir thebdireutiont eivaidals of theiopeicalent
with the direction corresponding to the direction of radius of the optical

disc D T t | | [ ' i NGl n
the. hol ograia BebanerdiPrbe ST AL Rl GRLaHRE AU SRR Ral iy 150k o
hol ogr am eas.Sqli and 3b-2, and is bisected along the boundary. The

bi sect ed BaF PPHRAZ! Gse CaNOCasCEe¥doy different diffracti on angl es,
respectively. That is, the hologram 3b also functions as return |ight beam
splitting nmeandnftbrs tptseadtpickup hetliencptiesltmentber 3 hasyiwo befaces iorparallel to
splitting line in the direction corresponding to the direction of radius of

the opti ca@lachictleerD. THéR tWns@dedeRGire arfanad té beaibefantiallptpetparlivilas to the
section 5a for receiving a return |ight of the nain beam from anong the

plurality Q& t LOd; [ Vi

Cect | ons” STLSA FRGPE ML BRnr ot PEroNE LRI RN s ERLRAE™ O o 5 o
both sides of the center |ight-.receixn ection.5 a, . specifically, on _both
ordes of - SHELgPdevebserist  dpana ot BT thE QRIKEL M GHbEF chany B #lcPh
track on the optical disc D, as shown in Fig.1l. The center |ight-receiving
secti on Sa@emicomductprdaser-elemgni22 @@ratingoda for ghffracsing ¢ilrghtskaam sheected b,
c and d which are divided by a division line d 1 in the direction

cor r espondowgrd chéd bptidalr diet D intofthe dldieesionfcorteapondingato tileslirdotianchleng the
division line d2 in the direction along the recording track on the optical
di sc D. Th@c&'dﬁiqéﬂr@ék bh e Gpﬂicélrtli&cf@ é}ﬁﬁfcﬁrsglihﬂlfg tHeSfgHt Welfh 196 h pMirabitof

extends in the direction corresponding to the ditection of radius of the

optical di I [ t: i 1] . I i N:
o der t o 1RUB R Rlu 4F B! £ Dot sFT8k BEmES i RiwieRlsHehP Sl s
| evel of a light spot ip a focused state dque to a change in the oscillation
wavel engt ng&klgﬁ’r@tz’ém% HHbPH%?eWJ&QBFlu%tIOéiW exgelgpngﬁe to a change in the
refractive index of the optical nenber 3 by a tenperature change. In this
optical pickup Alsot bralsegbnd parface(vpperdentessurface sehigchrnfithe opticalynember

el ement 2 becones incident on the optical nmenber 3 fromits first surface,
then i s sB oh thatideaoPther@tiday disc Deadwldyraih8b goatifficciag aartunhiéghtissses
through the optical member 3. The optical beam which has passed through the
optical naEhREted front /S sldrelasraihg éﬁ?fa%%%f"tﬁe'cfﬁﬁ&aﬂdﬁ!&%'aid%?(gB?&P% %_ﬂe

| i ght spot onto the signal” recording surface of e optical disc i's

case, thr i ght S A i ecar.di surfac f1.the
opt 1 cal ci SR o8 16 B RSBl ¢ Relheatf g
3a. In Fig. |, _only the main beamis shown. The |ight beans cast on the

si gnal redsPm the sstnicarduetor daser glamenti 2.di sc D reflected by the signal
recordi ng surface of the optical disc D so as to be return light beans. The
return |ight bebhshhphszaagab fundtionsgs dptecadpptdrbranehimymednsfut branoching the
incident on the optical menber 3 fromits second surface. The return |ight

beans Goptfdl 4498 oF the return light beam directed toward the photodetector 5 from the



incident on the optical nmenber 3 are diffracted by the hol ogram 3b forned
on the second surface of the optical menber 3. Specifically, the.gefAN B3
| i ght beans becone incident on the hologram 3b with their centers | ocated
on the boundary between the two hol ogram areas 3b-1 and 3b-2, and the
portions incident on the individual hol ogramareas 3b-1 and 3b-2 are
diffracted by different diffraction anglgs, respectively. The return Iight
beans diffracted by the hol ogram areas 3b-1 and 3b-2 of the hol ogram 3b

pass t hrough: FGal q: er 3;:s0.as. to be,directed.t d the ..

phot odet e?&glrcfai]gaﬂfhtﬂﬁellgﬁﬁ?%rﬂléeﬁéﬁovﬁ?@e € ?{C&ﬁg}s&(}[\pﬁéy f}t‘& .‘if&]é]tge@teor
5 the return |jght beamwhjch is a return light of the main beamand is
di f f r act edeynigat bean aens ghe apticaldispDingidenfhenile sepcmne swfassadiibe optical
incident on the two |light receiving sections a and b of the center

| i ght - r ecenernbgr 3 endithus Yireofing ke pitatwiighebéan tbwafd thdghsteteteotdri ght
beans directed toward the photodetector 5, the return light begin which is

t l'i ght i dp, j i.f f t :
ot T 0 RS E ot st o loin  hes ekapie
e 50 T e T L, S B

photodetector 5, the return |ight beans of the side beanms becone incident
on the |idhglr ethe bongdemcbetwresnthasehologramrerephdb-ddaddber issformied on the
phot odetector S converts the lights incident on the |ight-receiving

sections aectnd surfdce af dneloptital wbadet BcscsadAbé subsinGMBPLo@Riddhe with the
resultant signals to a signal processing circuit, not shown. The detection

signal s f r%&gﬁe@?%%gﬁhgf%% R @fr€ction of radifis wfzﬂé%ggcgg?fgg[ﬂ).g?g%gégﬁgg,

anplifiersint rocessing circuit so as to

Sh, Sc, S and. Sf, . and_ .predet erm ned arithneti r qcessi i erfarnmed
Cher con by'ebhbspRLrenhE brBa{se BliRedies heidthhon irlicl e B wily fScedter
generated.. Alsq, a focusing error signal FEO jis generated by a so-called
Foucaul t rec#sd amdhe houwnderybesveen the gwa holeram gsaedbrboansy 3k-2, and is

t hr ee- beam net hod. The reproduction signal RFO is cal culated, for exanple,
by the aritibeated calong cthiet bowdariyng Thiet bsectednpoitionsr aeedififngted by diferent
following equation ( 1 ). RFO = (Sa+Sh) + (Sc+Sd) ... (1) The focusing

error si grifrE&Rd gnglag,cwsﬁé@&,e]yor exanple, by the arithmetic circuit
carrying out arithnetic processing with the follow ng equation (2), (3) or

(301720, 3 B b S50 e 5T 53R 14553 s o
o LT GuFLASH SRR et RS BESE 5T SRS St BE 8 RO

FEO t hus generated, the optical pickup 1 carries out focusing servo for
driving t HOTHsPRRding s thet direatiwmetadas oftheecoptical digcedt i ve Iens 4 in the
direction toward and away fromthe optical disc D and thus controls the

focal point of Thephditgletebtoarh lasmoengmdighy-redeivily sectionSalfentecdiving asetuen be

light of the main beam, from among the plurality of beams generated by the grating 3a,
and light-receiving sections e and f for receiving return lights of the side beams,
provided on both sides of the center light-receiving section Sa, specifically, on both
sides of the direction corresponding to the direction along the recording track on the

optical disc D, as shown in Fig.1. The center light-receiving section Sa further has



constantly located on the signal recording surface of the opticat 6disc 2003
,~ 6 J ANZ2003 7 In addition, on the basis of the tracking error signal
TRO generated in the above descri bed manner, the optical pickup 1 carries
out tracking servo for driving the biaxial actuator to mnutely nove the
objective lens 4 in the direction of radius of the optical disc D and thus
causes the spot of the light beam converged by the objective lens 4 to
follow the recording track on the optical disc D. By thus carrying out

focusi ng A L0g: seryv Lhe recordinal.r | ; k

tor from « AQUbRROcERE Bt B AR BRER . ARAFEREHA Bhe L e
si gnal regfrding/reproduction even in the case where the gptical disc Dis
f I uct uat edIERCtion|cOEESPRBAMGHOIthe dirgctipn of aadivsiedithe opypall disc D and a division
recording/reproduction is to be carried out with the optical disc Din the

optical piloiew? in tHehdiréetion aloag the rédording gdck ontthe ogticgicdisod.of radi us of
the optical disc to access a predeterm ned recording track, as descri bed

above, In the stid giWigheidd Ak Ihe BEMer ifiiirbeeiTlif ORIER SYS4EDS fh iR

provi ded novably on the base via the braxi act ua SCri ove.
Therefore, ;.when the base j.s fed,in,the. directi.on radi us.of. t tigal
di'sc D or JFSHOPhEFERPTSiRe 561 (bR diteedionpbaaditn ot sbe; qhbiel s A abIG B ve
lens with respect to the base is deviated in the direction of radius of the
optical didireationt of difdractionr of thehologsamedb diderdef to IprFewpnti generatier of)ary om
t he normal position because of inertia, as shown in Fig.2 The devi ation of

the obj ectdewgaticanef thd fovtisipeenor sighaPRyel bPA light poMinnates:set ishatt Riviel taps e
of a predeterm ned tune period. However, during this time period for 6

o 2005 BGOSR BRI A0 o o BRI E B foens 2 g ot
carried ouf éha-lilhgiésmi tﬁe?gﬁ‘aggi\?ﬁlr&extoqathesolf) *a H{ein?tl)éry 3 by a temperature change.

In this optical pickup 1, the light beam emitted from the semiconductor laser
element 2 becomes incident on the optical member 3 from its first surface, then is split
into a plurality of beams by the grating 3a, and then passes through the optical member
3. The optical beam which has passed through the optical member 3 is converged by
the objective lens 4 and is cast as a fine light spot onto the signal recording surface of
the optical disc D. In this case, three light spots are formed on the signal recording
surface of the optical disc D by the main beam and two side beams generated by the
grating 3a. In Fig.1, only the main beam is shown.

The light beams cast on the signal recording surface of the optical disc D
reflected by the signal recording surface of the optical disc D so as to be return light

beams. The return light beams pass again through the objective lens 4 and become

incident on the optical member 3 from its second surface. The return light beams



di sturbs the high-speed access property of the optical pickup 1. Eﬁ geﬁﬂize
t he hi gh-speed property of such optical pickup 1, the position ot A
objective lens 4 may be instantaneously recovered by detecting the

devi ation of the objective lens 4 fromthe normal position, then feeding

t he detected deviation back to the biaxial actuator, and controlling the
driving of the biaxial actuator to elimnate the deviation of the objective
|l ens 4. To detect the deviation of the objective lens 4 fromthe nornal
position, .there is consi.dered, for,exanp.e,  a,technique of tachi a

Posi t1 on’ darident v R opyERL vt 1AL AsGesd b e ndidedim 3 Bidr sttt on
of the objective lens 4 by the position sensor and thus detecting the

posi tion @¢evenrd swhacs of the enticad miemaberhs Spetifieally Hbeaeturallight beames begpnrehe
objective lens 4 and the quantity of feeding of the base. However, this

t echni que ineideht 68 théBoREhin 3B witfidir Ettetielottlednsh tHebMardary Gatwéed i
objective lens 4 to be separately provided in the optical pickup 1, and

t herefore u b h i.NGrease |.F e c is,
i ner case. Cs g eBpR WS T dar; dd, HALER" Poldons TaBUP b Jhp cRERG G
the Inventign In view of the foregoing status of the art, it_is an object
of the pré’é’i‘hg'fai'fhvﬂiﬁﬁ oo aﬁfio@%d% e épﬁ%&%g d?)bkd}fémtcﬁlfﬁ@&tlpﬁegnglﬁé:
hi gh- speed access property by appropriately and sinply detecting the

posi ti on despadtively.oThe returhjliptit beamk eliffrated be the h6loppdin2G68s Ibd1li gid 3b&am

converging nmeans at the tinme of access w thout adding any new conponent, an

i nt egr at ehfaRk ﬂl@?dgxﬁh?ﬂ@ﬁbsélﬁﬁgugﬁﬁi@E) fcal 36NBEr DR hE & bedaecHabGardaYd Ng
this optical pickup. An integrated optical elenent according to the present

i nventi On.’plf&g&et%?{or?n optical pickup for carrying out recording and/or
reproductiton of srgnals by irradiating a signal recording surface of an

optical disc wth.a light beam incgludes: a |I|ght source for_emtting..the
light beam a p(hgfm lagbhtﬁmﬂbﬁgeweéﬁ@waégmh@méem%ﬁ,ftg% r?t@sgilsﬂhg
areturn light beamreflected by the signal recording surface of the
optical dibeam which kagectnenbight b6thehmam hegamtaad is ghffranted by theone helogram
phot odet ector therein; an optical nenber arranged on the package nenber for

transm ttigtgaBhel bf ghé hbRpiet becorhes ditiént drotie SdIlight AteiviRg sections a
transmtting the return light beamdirected toward the photodetector; and

opti cal pa&rjq I i - e L s 1 I &al r
separating t gog.g{i?ggﬁtép?gt oﬂfee%ﬁ}gﬁgiséﬁ&ggg&g&%Hﬁgg%tgﬁo%‘%é ?I g t%st(l)l{l}?ce
and the opti,cal path.of  t return |Jght begincdjrected {.oward the,. . .
oot odet e brdtR} ilerdd Bab Sl ik pboBde R SrtHe et BT bpasy ik is o
return |1 GRUBIBHLRATEATED hog N1t GRCiRALS! BershSLReloBERD arem -3 5t s
return |i r i
disc, into different directions, respectively, and the boundary between the
di f fract i dmwlogras 3bsbéovmésiadident anghe demeimmg éwodiglitacodiving sespions ctand the

direction corresponding to the direction of radius of the optical disc. At
| east one of gY cémteclighPBeceitinbRclbnt SiLoP iRt ?H@ﬁo@l@twtoﬂ S. dD¥ teteeeti Qight

portion for receiving a returnlight beamdiffracted by one diffraction
area of thg Al bfiBbteBdbWard the photodetector 5, the return light beams of the side beams
become incident on the light-receiving sections e and f of the photodetector 5.
The photodetector 5 converts the lights incident on the light-receiving sections

a, b, ¢, d, e and f to electric signals, and supplies the resultant signals to a signal

processing circuit, not shown. The detection signals from the photodetector 5 are



8 JAN 2003 10 branching neans and a portion for receiving a return Ii@&t
beam diffracted by the other diffraction area. In the integrated dpNi

el enent according to the present invention, the |light source is housed

i nside the package menber and emts the |light beamfor irradiating the
signal recording surface of the optical disc. The light beamemtted from
the light source is transmtted through ghe optical nember provided on the
package nmenber. Then, the light beamtransmtted through the optical nenber

is converged | ght beam.convergin ans of.the optical, pick nd then
cast ont odiimuiadeheaERRliftEs Bl M 3tui prosasing aft s dto b @BrEREntBa
cast on the signal recording surface of the optical disc is reflected by
t he si gnaSay 8boiSei $gl, Se and SfhHfandhpredptarornediasithmetict prose s ne pesformedr n
| i ght beamincluding a signal conmponent. The return |ight beam passes again
through t kigereba bl dpeaithemiticesishiitl TRad S Rpoduteivnbs 0 fcgeirpatedn AlBS,

optical nenber. The return light beamincident on the optical nenber has
its optical : . th i ' ' d
from the PSR s g B BEr TR0 bR o B Phyt e ey ARSIk
integrally with the optical nenher. Specifically, the optical path

br anchi ngemmwgmfﬁ&gewat three %é’qlgbqtg%l-forned on the surface of
the optical menber. As the return light beamis diffracted by the hol ogram
into the directiherepowhretionsegnel &ddetalcutated tbeexghpleaby fet drithinatieeirostitur n
light beamis separated fromthe optical path of the |ight beamemtted

from the lchgiing B £EthnRtIEHrddessia tvbi‘fl%'th@%l[bvbfrn@ 126D ns has at |east
t wo diffractlonéareas for ﬁlé 6 JAN 2WB 11 diffract r?g tnggreturn | i ght

beamin different di ti e rn |ight bea nci dent on the
n’ ar E%Sgﬁ h-t(fSecq_?ét) ) ;‘Tgr]lé

respective diffracti ical path b hi ng neans are
diffracted intqg.different directi y the diffraction areas of th .
optical path b(r)]a'f‘?c AG e SHET %%@2%@#&&&&?&&6%&@?@@& EﬁttBEeﬂn tr,
and directed toward the photodetector housed in the package nmenber. Since
at | east ®asult gryingoait aritlymstic proeessing withphe folewang equatsor(2)i (&don (4o
the portion for receiving the return light beamdiffracted by one
diffraction area of RE@=gy-8bal path branching meang23and the portion for
receiving the return light beamdiffracted by the other diffraction area,

the return light beagmsdidfxgcted into different dir itions by the
respective diffraction areas of the optical path branching neans are

recei ved by the corr ongi or.Li of the light-receiving section of
t he phot odet ect or . 'Il'ﬁ ,_n@r'ﬁlg't‘g"ﬁ 'tgé‘é?ggg))f the detect ﬁ signal fromthe
| i ght-receiving_sectipn of the.ph tector, a_reproductjon signal is .
generated and al Bo&@S %Fpﬁﬁlé?agtﬁlgfggi% Cﬁg‘r\%‘i‘tﬁge 1b9x'<§n§Lﬁa2é/| thegarithetie ¢
met hod. Meanwhile, in the case where the position of the |ight beam
conver gi ngirgahearrying out arithmetic processing with the following equation (5).
TRO = Se-Sf .. (5
On the basis of the focusing error signal FEO thus generated, the optical pickup
1 carries out focusing servo for driving the biaxial actuator to minutely move the
objective lens 4 in the direction toward and away from the optical disc D and thus

controls the focal point of the light beam converged by the objective lens 4 so as to be

constantly located on the signal recording surface of the optical disc D.



with respect to the integrated optical elenent is deviated in the direction
of radius of the optical disc fromthe normal position at the tiqu?R 2003
access to a desired recording track on the optical disc, the spot 0 Fhe
return |ight beamincident on the optical nenber is deviated in the
direction corresponding to the direction of radius of the optical disc, on
the optical path branchi ng neans. - 6 A N 2003 12 In the integrated
optical element according to the present invention, the optical path
branchi ng neans .at least two.diffraction ar.eas diffracti he
Ceturn [ognt DBARRRIAT oarthr brskof e e SToRHgRRl ERD siheatsH iniabVenese
diffraction areas is inclined at a predeterm ned angle with respect to the
di r ect i oslesenbedmanaenghe optieal picku 1 comiesfout trackingserichior dptvingthediaoal
Therefore, in the case where the position of the |ight beam converging

means i s adQydtat ffmifuteRemdvethé bBitctivelast 4$n tHe dibectint ofCldish sthkroptichhe

normal position, the réturn light  beamis split asymmetrically by the

opti cal i hndi i . i eam
gener at cats DRugrHils PRl e sooC Rt ey BithisFe oy W BRihfs B ETe
recei ved the corresponding portions_of the light-receiving section of

t he phot égﬁf)@’ctt rr.ecqﬂﬁngmcg,OQﬁ@ Al [dgs¢ Hevi ati on of the Iight beam
converging means wWith respect to the integrated optical el ement can be

det ected on tH8ybabiis ofartyhegdetwtct famussigynaervior oand hetradlghg - reeced viwigle
section of the photodetector. According to the integrated optical element

of the pregsrting¥sitiduethg R4S té/FoR @R dpiadh]l ARERIthe Bpﬁf:alt;ﬁ@cdp Dbén

converging means with respect to the integrated optical elenment at the tine

of access ' I 2 neal, di et ed
'n the. aooirrBudEiibael Rt Rt ES Bliph 3FeR B G T § e PRGPRLERE
opti cal e t- can,realize the high-speed access property. Also, in this

i nt egr at d 1B pUcEIAted PEMSA. the optical path branching means for separating
the optical path of the return |ight beamdirected toward the photodetector
fromthe opti chleapahnlepin thesasé wherdsignalawtonding/repnedubtion igjtetbesesuried oahd
for generating - 6 JAN 2003 I1J a focusing error signal by the Foucault
met hod i swithetthef opticidtdisd IDdgn tthe quaidal ipickuel| did bas@indsiebd ifght fodamthe
converging nmeans with respect to the integrated optical elenent, instead of

addi ti onagiryctpdP¥f dlds %Tlfhén%?gi%af Alscipt &Q:teb%‘ﬁ ?Q&tﬂ@ﬁ}ﬁé@ﬁc@%gtﬁm P13

the Iight beam convergi ng nea Therefore optical pickup uSing this

i ntegrateg opti gal el enent n realize t.he high-spged access property by
appropria °$‘tb§ﬁc?b ivﬁ'pﬁmﬁes&%@t‘?’ﬁ%rettﬁ@lﬂ%%F?W‘%ﬁlsé’ggi ation of the light beam
convergi ng ne , W thout causing the increase in _the nu r. of ., conponents,
the increase | AneREIestyE 1eas § peprpvAedmovsbhronihs base via t?éenlﬂxeb%«ttggw he
integrated optical elenent according to the present invention, it is
desi red t@escribeghabdyeantbereford, nghere s base isdfefdr mathe digeatien bf ghdiusadrthe
directed toward the optical disc and for splitting the Iight beaminto a
pl ural it yopfic)elageDiorclhidi the feedwiperdifaiisabshpedotisd plesitien st the objectvellens
integrally with the optical member. As the l'ight beamsplitting neans for
di ff ract | ggaRdoeRith thé Bisd eddvistl aAEHCLABh B thaNR'dF thoSpRAI digt DS
ed, as ed a t

into a plurality of beans 1s provi escri ove, e Integrated

optical elerent agcordi Lo t resent,.| tion forns ot.s of the in
boam and" TRGTarrgas o5 et e Lot gsscits B tat AP Har SRSt beffe it
disc and detects the return_light beans thereof. Thus, a tracking error

si gnal calepda th Big.d so-call ed t hree-beam net hod. Moreover, as the
| i ght beam splitting neans is forned integrally with the optical nenber, as
descri bed abov&hetdeeiativhadithe ebjeofitve bals 4efremethe narmal plhsigon os élhminateabwith
invention can realize mniaturization of the integrated optical elenent
itself an el | in@n opLitiaal 1 Iaagfdhi s
i nt egr at eﬂneo%)aﬁzlsé:t%\f %ﬂgﬁg%pﬁkﬁ%@?hﬁ%ﬁhgai n?%&%é;?&deg%? gcgﬁ s gﬁmbﬂ for
according to the present invention, it is desired that at |east one

i ght-receiving section of the photodetector is divided by division |ines
substantially parallel to the boundary of the diffraction areas of the
optical path branchi ng neans.



As at |east one light-receiving section of the photodetector is divided by
the division lines substantially parallel to the boundary of the
diffraction areas of the optical path branching neans, as describeﬂBaHHW@ws
the integrated optical elenent according to the present invention can
effectively restrain generation of any deviation of the signal |evel of the
focusing error signal due to a position §hange of the return |ight spot and
detect an appropriate focusing error sighal even in the case where the
position of the return light .spot .of the ,light beamin a focused state,on
the phot SERRVSEING The, PesiHaihal R ahjeerivy lenshargordimetinerodigianapf sfgnals
wavel ength of the |ight source or by a change in the refractive index of
t he opti d¢elfromrtheroptigel discaananpbe samied ohtanghis iswoeiclsment thgt swlestanipaliycal
el ement according to the present invention, used for an optical pickup for
carryi ng disturbLeRr lﬁgﬁgsp%@d/a%eisel&fdf)@ﬂgd)fOt'heCB‘ptﬁ:'aDﬁ@kﬁptly irradiating a

a

signal recording surface of an optic disc with a light beam includes: a

|l i ght source f emitting.:t i ght be a_phot o t Qr Vi .

[ gt - ecel vi nge SRR AT SatdPhlond 8 OreBIT RO EELE, PRYPOTBa oib he
signal recarding, surface of the optical di Sc;%ﬁl packa%_e nmber for h?usi ng
the |ightobjectivelensdt may bmsstatenequsly recayelp\by detesting the«jeyiationat the
optical nenber arranged on the package nmenber for transmtting the |ight
beam emi tdlgectivelens Hefrbimpthie rornrat @oanibr, diert feedary theidegedtéb dewintion back bo
beam directed toward the photodetector; optical path branchi ng neans

I nt egr al | the hediBPadbhhior! 4181 %t}&lﬁhg{fﬁ%ﬁrxfﬂ%éf &%Qﬁ%ﬁ%ﬁﬂu&%? t&BlihfiR4teRBE N

of the Iight beamemtted fromthe~light source an e optical path of the

return |ight beam.reflected t he signal recording surface of the optical
di sc; an vé?tﬁ?rhgﬂlb%)gjﬁ%ﬁ#i%rﬁ Jtcti ng neans integrally formed with the

optical nenber_for spljtting the turn light b passed through th
optical path bTard@FﬁCﬁéflﬁéaﬁ@tlmef the Qbaaaiive ies fasers. Pﬁlonmaippﬁt@gs thess
optical elenment, the return light beamsplitting neans has at |east two

sur f aces isaensgledéd,ffor exampls, metkchmigue of attanhingraep drotion aenysdréo teeobjcktive
surfaces is inclined at a predetermned angle with respect to a direction

cor r esporiéhgd doad foeddtesebkisetudlposaiiniof e dHjectors letiald WY e paitibe s&isopne
| i ght-receiving section of the photodetector is divided into a portion for

recel Vi NG e WA gt BEATLACRIANEH IMHNLEEHYE ohd AMRPARR acta

splitting neans an ( recei ving . eturn I'rght beam In
the || ghtPeutPRETeS nBiRedfeilfls 4@nETBe suBRLBG Oheslrs 2h B ChIS the | Tght
beam for However, this technique requires the position sensor for detecting the position
of the objective lens 4 to be separately provided in the optical pickup 1, and therefore
causes problems such as the increase in the number of components, increase in size
of the optical pickup 1 and rise in cost.
Disclosure of the Invention
In view of the foregoing status of the art, it is an object of the present invention

to provide an optical pickup which realizes the high-speed access property by

appropriately and simply detecting the position deviation of the objective lens as the



irradiating the signal recording surface of the optical disc. Theéi\,ghtzm
beamemtted fromthe light source is transmtted through the optica
menber provided on the package nenber. Then, the |light beamtransmtted

t hrough the optical nenber is converged by |ight beam convergi ng nmeans of
the optical pickup and then cast onto ~, 6 JAN Z003 16 the signal
recording surface of the optical disc. The |ight beam cast on the signal
recording surface of the optical disc is reflected by the signal recording

surface of: tical dis nd_t . be F ] [ ing
251 nal SR BRBR o e vl BT E GRS B Sl bbby B bR R
beam convergi ng neans and then becones incident on the optical nﬁnber. The
return | i @inbesratadeptieaiclemenhuseshthergfornanaan apkicak disepsievicg hpang this
separated fromthe optical path of the light begin emtted fromthe |ight
source, byptieal pigkupal path branching nmeans formed integrally with the
optical nenber. Specifically, the optical path branching neans includes,
for exanple, a : i : he
return i1 ght béamiresaitey BRHEH AReicaf sBLiodRae tdind BespRl IHyRhubR RNd £l
t he photodetector, t optical path qgf the return,light begin is .separated
from t e STCALPIKuPAOREHERIME FRC s aMIA BHYOF Eptusitlikil REaR by R e
return |ight beam having its optical path branched by the optical path

br anchi ng atignal resoxrding serfh¢e of an optacalldisswithvediglsbesnbynelndes:ax light souges
begin splitting neans integrally forned with the optical nmenber. Since the

return | i dot diegiting SheilighthBeamans phetodetedt6ahiyingoa S{aglft&@%ivh@/ ségtion for
different normal vectors, the return light begin incident on the return

| i ght bea bt [ j . . q#&ﬁﬁ .
surfaces. m?ﬁ%%é%%%?%@? ésf%lc?étcf?géﬁ%?l(%@gg%@??\%ggf er e%t&glﬁf e0 ttllcglns
in accordapce wi'th the no ectors, of. the surfaces on ich t are
o dent . i abackap? Buttahen tonkots Pledhptishbutce e Bie ol de el San
nenber . 8 SAN aoo3 17 Since at |east one light receiving sectiqgn_of the
phot odet ecapstcal gnember arranged amhgpackage mem eéc’@ir\ﬁrwrm%@ng dhedightbpgm
beam generated by the return light beamsplitting nmeans and the portion for
recei vi ng grhiteat fievmriheulight! sayirte mmanfort trensrritting the gbturhelaght bemrerditadedy
the return light beamsplitting nmeans are received by the correspondi ng

por t1 ons abviaa thi piroeReto BSd 8paLdIpAPbraERihAL ARG ally FTiNed wth thée

basis of the detection signal fromth i ght-receiving section of the

phot odet ect Q¢ 0, i .S Je e . f i rEQn:

G anal 1 o sl BriBEORR Sk RuR: B S BRRFR AR R e AR P 8 ke
where the position of the.light_.begin cqonyergi ng.nmeans with respect, to.the
ntegr ar e OBEF B 1ok antaeal Path o Bt B e LI EES e e d B Hatod ks
optical disc fromthe normal position at the tune of access to a desired
recordi ng tracklnothis insegrptadeentical slementetheenticsi pathebranehing megmg haseatdeast
incident on the optical menber is deviated in the direction corresponding
to the di rteed idiffradtionadieas fot diffeacting ¢lad reffusc ligin Beaen apflecteld patthe signal
branching nmeans. In this another integrated optical elenent according to

the pr ese”ﬁecb?&iﬁg_télﬂfhcetél’etheeé {dal Wi inteedfepit Af&é&ﬂoﬂg‘?@é‘s@ae‘%ﬁ%% angahk
two surfaces of different norral vectors and the boundary bétween”these

surfaces i inelined at r o Fm ned anal e.:wi respe Q. .t he_diyr {on
corres pondl?%%‘%agy%egw FPZ{BF icﬁ'ﬁﬁéﬁlﬁﬁffﬁ@ %f mtchgeci%[t iacgf)ecgelttgxépm‘:@e?rgélgf\gfthi n
the case where the positi.on of the ]ight beam converging ns i s vi at ed
i n the di rESPREOGhE CaRselion spTresROGHRS ExfhecAitect agul tﬁﬁppyagfj&isen At
the return light beamis split asymetrically by the return |ight beam
splitting leashene tight-recei8inprde @@ of ghe photodetector is divided into a portion for

receiving a return light beam diffracted by one diffraction area of the optical path



i ndi vidual parts of the return Iight beam generated by asynmmetri cal
splitting by the return Iight beamsplitting nmeans are received Ry §A\¢ 2003
correspondi ng portions of the light-receiving section of the photodetector.
Therefore, the position deviation of the |ight beam convergi ng neans with
respect to the integrated optical elenment can be detected on the basis of
the detection signal fromthe Iight-receﬁging section of the photodetector.
According to this another integrated optical elenent of the present

i nvention, since the posi,tion.dewiation.of the |i. beam conver.qi ans
wth r eopriidlfe R AR AR08 Sof tesPhaRe acrr iEAHRoHR MUEBRIGTBL A8 JTREE
desired recording track on the optical disc can be detected in the

above- deséiffiactionearear , t he optical pickup using this integrated optica

el enent can realize the high-speed access property. Also, in this another

i ntegrated optilaghe ¢hegeated dptieal elewiéht! dcgbiding aontkd ptddent gnveaiven, il light
generating a focusing error signal by the Foucault nethod is used for

ce S8 9 0 3 Al 0 BB ity

provi di ng any. neans for detecti t he position devjation of the |ight beam
conver gi néﬁ?rélﬁl?@f TepREdiBgSuEtace wggb?)ppaaaﬂ 43% kije ﬁghhéeqmi%mitﬁgémlagga light
optical elenment can realize the high-speed access property by appropriately
and si npl youeterst tramsnitedpbsouglo thalepticalimember phevitdedyion the package oregiber.
means, W thout causing the increase in the nunber of conponents, the

i ncrease iThé)&hsilgpht Yeahh radSiviteed thidakh tApGptieal freptbdrnis @@pverged byilight
anot her integrated optical elenent according to the present invention, it

|
- ~JAN 2 j ' j i 1t dn for. disf .1 ng
the 1ight Hedntdoh r%rg?%ﬁ}%gﬁgrggm%égg%lﬁ)gg%ﬂ%%%E@r?d‘gq‘sg‘rsﬁgbahlet ‘5‘%1 r%%@‘%t‘*ﬁ%m
beaminto a plur t'htpy of Eﬁam; including a main beam and two side beans is
formed i ntSBHLC tPUCRECSt i cal nember. As the |ight beamsplitting
means for diffracting and splitting the Iight beamdirected toward the
optical disc infhedi tLh@mtOprbnbgmmgnel peeordgd surdacel of cthiebepticgl odise 1s
this another integrated optical elenent according to the present invention
fornms spotreflebtddisy i dighslavcarding warfacslef thearicabdzctahd thugbatomes ardiurg
surface of the optical disc and detects the return |ight beans thereof.

Thus, a tr iwﬁﬁdiﬁg%%ﬁ@mﬁﬁem%nﬁﬁ l%h?@é&ﬁ' a@&s_tdr'ga‘?r?tlﬁ%ﬁgh

nmet hod. Moreover, as the'lig Itting neans 1s formed imntegral

with the gpt.i . described oV this.anether inte

opt 1 cal el Drdfte HEET Epmyt B e BEATRE ReedhbrS itidirttn, i e Bfember

m niaturization gf the i tegéated_o ical el ement Ltsel% agd . .

mi ni at uri zati onlBf r@ﬂgno@shfc pargi W&i@qss% ¢ RPEcRhsgRReeRad s Qptical path
element. Also, in this another integrated optical elenment according to the
present i nseparated from the optisak pathtafabe Hght beam eontedifrpm the ight/sougce,dyt then
of the photodetector is divided by division Iines substantially parallel to
the boundagptied] pattebragiching hieghs forard iamgrally withtheopticdlanamberdSpecifieally,

|l i ght-receiving section of the photodetector is divided by the division

lines substandtdddl papR bad Hing édifs RRINGE, YoPbxdhifled a HJ1B8Et AR FofhE@Dr0the

t he

surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
1s separated from the optical path of the light beam emitted from the light source.

Since the optical path branching means has at least two diffraction areas for



optical path branching neans, as described above, the integrated opti cal

el ement according to the present invention can effectively rest r aPnJAN 2003
generation of any deviation - 6 JAN 2003 20 of the signal |evel of the
focusing error signal due to a position change of the return |ight spot and
detect an appropriate focusing error signal even in the case where the
position of the return light spot of the,}ight beamin a focused state on

t he photodetector is somewhat changed by a change in the oscillation

wavel engt h,. the light sou or .by.a change in the refractiye index ,of
e opt - cAlifrastigs thgSetus hight Beabh ik fiffer SR e S s el 2 DR AECIORRS ng
to the present invention for carrying out recording and/or reproduction of
si gnal s byni theadspadtivg diffsactmen alfﬁ@&@%(dlilmgpsqalfpﬁtb boancrng paanalareldffragted a
| ight beamincludes: a light source for emtting the |ight beam I|ight beam
conver gi ndnfPdiffertRi dieetySHisby thel digfrhétobtt aRBBIYHE bpﬁealf pARbrAecHihg Rieans,

source and for irradiating the signal recording surface of the optical disc

with the N tect Vi a lli - W

secti on ooy SRt @ throngfithe RBR! BEREY. hd IRER Bnabd b PRSI ARar g
surface of the ogptjical disc; an optical nmenber arranged between the |ight
source an&%ﬁédé@lé‘ﬁ%@ﬂ@fﬁgﬁﬁn@lﬁ@e@i de and the |ight beam convergi ng means on
the other side, for transmtting the light beamemtted fromthe . ~ |ight
source and for Sineeatieast owge higle reetiving sectibih ob denplibtodeteetbriiodanded heo the
phot odet ector; optical path branching neans integrally fornmed with the
optical myEfibn!fRF ré@&@%‘? 1Ha%ehitd Hgl}lﬂ BédmPdfadedititohd BiFEraRABM 284 bEERe

fromthe I'ight source and the optic path of the réturn I'ight beam

directed t { t [; bi.axial. actuat or, for j

1 ght beard R adf HBARERE FELEY pnddfie ol fr JRENBEInG Bl el Uy o,
of radius qgf the optjcal, di and the direction, toyward and, away. -.6J AN
2003 21 11 %ﬁéd%ytt}leathwﬁgﬁaqtmwg, BRI 1@3&% ,nsgﬁgr%&(i/ e dpfgﬁwnt
branching means has at least two diffraction areas for diffracting the
return |i ghredssgisrbyr thiel respeativeydifiractsomyarsias oddhbe dptigalspath dcanading heeamgstare al
disc, into different directions, respectively, and the boundary between the
di ffracti agcaiveds biys thdcddri@shoating Poedeher of nhe HpBi-eediling’ es@eed 60 thee
direction corresponding to the direction of radius of the optical disc. At

| east one i 5 iving section of the photodetector is divided into a
portion foéﬂcgggg{egfcﬁ‘g a return light beamdiffracted by one diffraction
area of the optigal h.branchin ns and ord i for receivin

Ceturn 11 gnt el Gtk bR hjhe RefeSng el SR the Rl ke i anii T the
pi ckup accar di gg to the present invention, the Ijght beamemtted fromthe
|i ght sourPROtOLEtECks A TeRPIURten ggRaleisopeneaied@nted [aRUSIAg radEPe 18RS d
the |Iight beam converging neans. The |light beamis then converged by I|ight
beam convegeiargteddang sarmhlleddrourastt methodt he si gnal recordi ng surface of
the optical disc. In the case where the spot of the |ight beam cast on the
signal recordi nMeamwWHRs in the case where the position of the light beam converging means

with respect to the integrated optical element is deviated in the direction of radius of
the optical disc from the normal position at the time of access to a desired recording
track on the optical disc, the spot of the return light beam incident on the optical
member is deviated in the direction corresponding to the direction of radius of the

optical disc, on the optical path branching means.



of the optical disc is deviated froma predeterm ned recording track on the
signal recording surface of the optical disc, or in the case mherq_yg Hq@g
point is formed on the signal recording surface of the optical disc, # e

bi axi al actuator is driven on the basis of a tracking error signal or a
focusing error signal, and the |ight beam converging nmeans is noved by the
bi axi al actuator into the direction of radius of the optical disc or into
the direction toward and away fromthe optical disc. Thus, the spot 6 SAN

2003 22 of the_ljght be converged by the.liqght, beam convergi ng,neans_and
cast onto t he IBipREteRER BRI nsitachOding g e B e B EhHht i opcal
follows a predeterm ned recording track on the signal recording surfgce of
the opt i ®&th Branchinginreansbag at lsest twodHfragtiontaseas ign ditfrastivgdhe setvm highe of
the optical disc. The |ight beam cast on the signal recording surface of
the opti dafantlisto difereind értetomy dndethei taldare betvikderotire fdiffeactiont oreas is

optical disc and thus becones a return |ight beamincluding a signal

conmponent;: i ( : i

conver gi e HEE EA MERCHEARnc CATIBAR ARG Bo 1 HERiOA PolrbBndiRER) the
return Ihg?t bea igcide on thg optical mher. has its optical.. at?
separat e agpts epticabdisch d herefiore.gahe eage whererthe RP$IHED (O &H‘?
source, by the optical path branching neans forned integrally with the

opti cal rhghideanspenvdrgom ngans edoypatedan tbatdhrebhanafiraguuﬁ@é'rﬁbe ppttalddse

for exanple, a hologramformed on the surface of the optical nenber. As the
return |ifgbin theaibriial Positict tthe rétink ighhbe Adiamplitdsgmimetriballgdy i dpival d

t he photodetector, the optical path of the return |Tght beamis separated

fromthe i h i b 1 t I .
Since th optq}%lé?}ﬁggp Hgé?%ngﬁgen%ﬁkgﬁ?nh% tg%‘?ﬁ%gést;ﬁ EI?tlvl\/@‘ll1 éib'F ?Jrqlt a%?‘?%f%&girb S
for diffracting the return Iiggt beangin different directions, .th retHrn
1 ght beAWTRAEIRA SRTDADY J8p QRICH: Rith {5raBEHBE Beans a5F ThEVER Peahe
pat h branching neans are diffracted into different directions by the

di f f r act i earrespeading penwnswfitbelightrecebving seetien abthephotodaiestonnt herefere,

t hrough the optical nenber, and directed toward the photodetector. Since at
| east onethei ghsitinacdeviatignsef ttheright béean pbatedginec heanks swithviedpdct né ahehe
- 6 JAN 2'~ 23 portion for receiving the return |light beamdiffracted by

one diffr ﬁﬁég'rﬁfbc%;ﬁf’ca%lérﬂ&%i&ﬂiet@&w oRtBOBALI BB f TRANTe@h éi?ﬁ‘allf!%l_hi the
for receiving the return light beamdiffracted by the other diffraction

area, thep.pet - ' into different directions by the
respecti Sléélgllt #&?Q&gg#@f@it@# I’%@%E&FQ‘; pat h branchi ng nmeans are

ived by th : di ti f the |ight- i Vi ti f
the phot odet ecfSPOTUFREA0 tamintRerales PRticAl ol raenke Ehel RER S gREFI AR iGehie
| i ght-receiving section of the photodetector, a reproduction signal is
gener at edpesition deytatimaf the laghtshepmaconvergimgmeansg wWith respecictel thednteguatgd| t
met hod. Meanwhile, in the case where the position of the |ight beam
conver gi ngptieardemiehhat dapagic dfoaddess aphidesiredrobarding trdek ioatthd dpticahdisc
direction of radius of the optical disc fromthe normal position at the

t f . ) ! tion t
une of aggeBsdéRchdifthé SHovadRsCHIY 1hhﬁﬁé’r,ﬂfbc?ﬂli%aﬁ@fg?<ﬁ?'gs§i§ﬁls ihhrated

of the return [ight beamincident on the optical ne ated 1 n the

direction espondi ng.to (. he.di:ection i f the optical disc, on
the opti cgﬁaéélﬁig%aghg%? ﬁ%ﬂl}%at#}g.mgﬁ'spﬁ%d géﬁrs%%rgé?&'up according to the
present inventiqgn, the optical path branching nmeans has_at | east two

di ffracti on ar &as0,figrthif lrrftearcamcggptlﬁ@l ﬁ@m@nh the giptics aﬁﬁh%rtaaclamgﬂamﬁ for
directions, and the boundary between these diffraction areas is inclined at
a predet eseparetingtigd eptidal Ipattes Htt returnt lightdienet tirected dowasg tredpnatodetecha
direction of radius of the optical disc. Therefore, in the case where the

position @om g é}bt%ﬁl plﬁfh’iﬂf HeNigHt Hetdh dHREd fremARY ligh€sburde AdtPfotigefetdting of
radi us of the optical "disc from 6 JAN 2003 24 the normal position, the
return light beamis split asymmetrically by the optical path branching
means. The individual parts of the return |ight beam generated by
asymmetrical splitting by the optical path branching nmeans are received by
the correspondi ng portions of the light-receiving section of the
phot odet ector. Therefore, the position deviation of the |ight beam
converging neans with respect to the optical nenber can be detected on the
basis of the detection signal fromthe |ight-receiving section of the

phot odet ect or.



According to the optical pickup of the present invention, since Lh@JAN 003
position deviation of the |light beam converging neans with respect to t%e
optical nenber at the tinme of access to a desired recording track on the
optical disc can be detected in the above-described manner, the position of
the I'ight beam convergi ng neans can be instantaneously recovered to secure
the accuracy and stability of the access,gperation and to realize the

hi gh- speed access property. Al so, in this’optical pi ckup according to the
present invention, the opti,cal path branchi means far separ.ati t he.
Dot cal pa FOGIStRth et ugnal B e ousnalt Be i onsads o S BatiG BE atosgion
fromthe optical path of the |light beamemtted fromthe |ight source and
for gener ai)dvn@tlm pbtheslight beamrcanivgrgingipearnsewitbueapeat toethhantegsatad axptical
detecting the position deviation of the |ight beam converging neans with

respect t celeRRnOpPidsted GEMdRNitiondls Grevidingdeit ieans | for RQ¥E K ghamosIBaDS
for detecting the position deviatiion of the |ight beam convergi ng neans.

Ther ef or e, . Fgali: R C realize th iLgh- e by
2ppr opr 1 at T URGROEHR & REHRL Gt 5t ERl i eansg Tk a5 3RS B EETATR Bk s o
of the lIight beam convergi ng neans, W { hout causing the increase in the
nunber of B¢aEFaiedmapiical glementcangealize the bigh-speegracchss pROPEER hytapprepuately he
rise in cost. Another optical pickup according to the present invention for
carryi ng oard senplyddegcang/ the pegptionwsviatiorobf shgright bam rcoademinggneans,
signal recording surface of an optical disc with a light beamincludes: a
l'ight sourgahbaf gzﬁfﬁ'iﬁ%-tﬁ&?irfc?@asle'iﬂ ifhe RQABEr bF %hp@ﬁ&ﬁﬂs?ﬂﬁ‘ﬁﬁ&@a@g iBRNGzE OF
converging the light beamemtted fromthe |Iight source and for irradiating
t he signal 4recordi . optical disc with the converged |ight
begin; a pﬁ%ﬁ%ﬁ@ﬁ%@g%?gﬁ§3§§58§lﬁgéﬁ -receiving section for receiving a
return |ight befqhéeflectea b .tﬂa signal r cordiﬂg surface of the optjc

di sc; an opti calll iReABeerate &@ésa EMRFALACAOTEING tGHPC PERSFRIENYER{10Ih At I§GEE BB or
on one side and the |ight beam convergi ng means on the other side, for
transmittithgt tlight [Heght sphtamgenieanedforrdifitra¢teng thphilighv beem direlctedrtoward the
transmtting the return light beamdirected toward the phot odetector;
optical papptiddldishandforapligingitRdigtbeahPint®d pMitdlity BE beRinsGatludRipPLindiar
separating ﬂts‘the opti cal dg??h ofgqt he %ﬂl ght beam gnhttgi fromthe |ight source

and the opbLefladlh SletENTsa 1bnkd SiehB MR hE ChELainehifrs onal

recordi ng sur e optical g eamsplitting nmeans
integrally formgd with.the optigal nenber .for..spljitting the.retur i ght
beam passad ¢ nr dadhedtt iRt spifina ognan & fistRetng Al splfify b Rekd fedm

beans; and _a bi gxi al acjuator r noving the |ight beam convergi ng, means
into biaxi élreaﬁeaet@waé&s&f}e m&paf 81,Sct1ﬁ@ ainletqhtb;rpfobe%%imgr%ﬂE@CE@Sd&scabpd
disc and the direction toward and away fromthe optical disc. 6 JAN
208 26 | nabdwe theintegrated optipal ¢lemenetocording)td tHeepresept intventign feans spats
at least two surfaces having different normal vectors, and the boundary

bet ween t hgf thestalrdb&smiand thed 4i8€ Beadhs dnks ﬁﬂ%igﬁﬁﬂ?ﬂéesrcﬁﬁg'sﬁrfé&é Bf ElesepGEalt O
a direction corresponding to the direction of radius of the optical disc.

a direction correspondi ng dr recton of
por 1 on 1 or e UotRESThE Pt T BRaths O o PR R GFlHing DL MR e

beam splittin ns and ortion for receiving the other return |ight
beam In tﬁF’%fg'& P%{)‘fﬁ@@tﬁjﬁ%‘ﬁgg?’nﬂ‘é&‘)ﬁi ng to the present invention,
the light beamenitted fromthe Iight source is transmtted through the
optical nember Mhoregvenas s ightheam splittingmeans asfaroredantsgnallyrwathshe opiaeal
the light beamis converged by |Iight beam convergi ng neans and then cast

onto the sigmber, agded&xﬁlgec’ﬁwbd\aegeh@int‘egﬂn@@b'f)ﬁaél élesent hocdideng asthevhresent
the spot of the Iight beam cast on the signal recording surface of the

optical di -8 (V) : 3 : ryp fped: i ; t ignal
Fecor di ng TePRioReYd rptind AR REREE oF (U ERALG BLaPElemihe (RIP B
is formed on the signal recording surface of the optical disc, the biaxial
actuator is driven on the basis of a tracking error signal or a focusing
error signal, and the |ight beam convergi ng nmeans is noved by the biaxial
actuator into the direction of radius of the



optical disc or into the direction toward and away fromthe optical disc.
Thus, the spot of the Iight beam converged by the |ight beam converging
means and cast onto the signal recording surface of the optical ok ggAN 2003
constantly follows a predeterm ned - 6 JAN 2003 27 recording track on the
signal recording surface of the optical disc and forns a focal point on the
signal recording surface of the optical gi sc. The |ight beam cast on the
signal recording surface of the optical disc is reflected by the signal

recording surface of t optical .di sc and .t.hus becoges a return |ight beam
o udi ngm R a MBI BR SRtICaR RiSKLRr USRS FHigHe cBEARY PRUSALEISHA t br ough
the |ight beam convergi ng neans and then becones incident on the optical
menber. The redlsopin thghintégrated opfickd el eruant deeoogingdalthepntrent asenitios, it is
optical path separated fromthe optical path of the |light beamemtted from

the 1ightdedtydCthat By 1648 GRS lighl-reRivinBraebh N RapIsotbdefRtbr R EWIdd by
with the optical nenber. Specrfically, "'the optical path branchi ng neans

ronber - A RS oo PSSR ARIEE LR B0l of HEE Riftinghidh, £ SPihe

direction toward the photodetector, the optical path of the return |ight
beam i s sepia¢aath braphim@ megScal path of the |ight beamenitted fromthe

| ight source. The return light beam having its optical path branched by the
optical path bAsratheasy onealight-ecehdng sptiion ioftthe photedetectonis deaded by thbe
return light beamsplitting neans integrally forned wth the optical

nmenber. S§RSGoh rlﬁlerseédUSFaﬂtiagfy ng#‘%?g%: ?(2 lrﬂéé tﬂoﬁﬂd%’a% tﬁ?ﬂi%adtﬁﬁséteﬁ%f the

surfaces having different n the return light beam incident on

h l.i gh litti i | j | .th d

e Lot Bl ARSI bIRS TR Rl in e v BRSOl PR BRI
directions in accortgance with the norng| vech&rs of the suyrfaces (c)ln whi ch
they are ?GRQTQB}EQO Adrescat g;\fe@@p@cpapg&quc@wp eSHetbEEation of anyg dgvigRON - -

28 Since at |east one |light receiving section of the photodetector is

di vi ded i af the signgblevebot ther focasmigvémor sigeak duaitma ipogitiohelanggeofethatretirhy

the return |ight beamsplitting
light spot and detect an appropriate focusing error signal even in the case where the
position of the return light spot of the light beam in a focused state on the
photodetector is somewhat changed by a change in the oscillation wavelength of the
light source or by a change in the refractive index of the optical member due to a
temperature change.

Another integrated optical element according to the present invention, used for

an optical pickup for carrying out recording and/or reproduction of signals by
irradiating a signal recording surface of an optical disc with a light beam, includes: a
light source for emitting the light beam; a photodetector having a light-receiving

section for receiving a return light beam reflected by the signal recording surface of

the optical disc; a package member for housing the light source and the photodetector



means and the portion for receiving the other return |ight beam the return
| i ght beans generated by the return |ight beamsplitting nmeans are=gegey\vved
by the corresponding portions of the |ight-receiving section of the

phot odetector. Thus, on the basis of the detection signal fromthe

| i ght-receiving section of the photodetector, a reproduction signal is
generated and a focusing error signal is1 enerated by a so-called Foucault
nmet hod. Meanwhile, in the case where the %osition of the Iight beam
convergi ng means wi th respect to th ophical menber is_deviated.in tqe

di rect i onthisrenaan @ptisal mambss araagediosdhe paskageanpwbsalorfsasmiging the ight
time of access to a desired recording track on the optical disc, the spot
of the rebeam dmiglet] fhmarthe hightsmircerantfer tphsmittingehdestuisliglenbente directethe
direction corresponding to the direction of radius of the optical disc, on

the opti cadwRa fhe @d%ﬁﬁét‘é@tﬁ%?xzical ?afﬁl‘gmlﬁgg&a%ﬁfe E’tiﬁtfé%alﬁ’éans PGEQ Beng

to the present Invention, t tur splitt as at

| east two surfaces,of .different pormal vyectors, and e boundar,y. be

these sur PREEAITRETORE Fineaasainis (hatitical Bt oA eat Bfam HatpEtom o flht
direction corresponding to the direction_of radius of the optical disc,
Ther ef or esouigetand thgnwptighb path ebtheostuindiglyfbeanerafiepted by dhe sigmabresfionding
nmeans is deviated in the direction of radius of the optical disc fromthe
nor mal posiifaceof theaptiehldisc;| andiveniiediphit besmlsplittasymerig intedrally fyrrhedwith
return |ight beamsplitting nmeans. The individual parts r g JAN Z~ 29 of
the retur I SRRl @&x{a;qp-' R

| i ght bea%i%?ﬁ%l?ﬁ%%neans Sgglglqrrlgzhel ve Ef;élf{ltﬁdééaggp Erléestsetpioﬂr}g?‘%' %%ﬁqtgctﬁgbgt’fh
the |ight Les . Vi nlg sectjon of the BhOt odetector. Therefore, the position
devi at i on PHFIGHRS FIRSARS I3, 1EashEYQ PEYfeans with respect to the optical
menber can be detected on the basis of the detection signal fromthe

| i ght - r ecei vi ngndbistinwgratediansiqah slesaente theoretumclightdrasgn splittinigsmgang hag at
optical pickup of the present invention, since the position deviation of
the |ight lemsatwomuvacgs hgvimpadefevenhnoaapkedctors, thé thpboaatanyebdiereeatthedee
time of access to a desired recording track on the optical disc can be

det ect ed isfirfades RUAYEn&ES fg&%@téﬁrﬂﬁ@d ang1B8SvilPRdshb&todf ditdtidn AireHRAding
conver gi ng neans can be instantaneously Tecovered to secure the accCuracy

and stabi l,t¥e 8freltiéh of radius of the optical disc. Atleast one light-receiving section of the

photodetector is divided into a portion for receiving one return light beam generated
by the return light beam splitting means and a portion for receiving the other return
light beam.

In this another integrated optical element according to the present invention, the
light source is housed inside the package member and emits the light beam for
irradiating the signal recording surface of the optical disc. The light beam emitted
from the light source is transmitted through the optical member provided on the
package member. Then, the light beam transmitted through the optical member is

converged by light beam converging means of the optical pickup and then cast onto



access operation and to realize the high-speed access property Al so,_in
this anot her optical pickup according to the present invention, t h& & JANr203
light beamsplitting means for generating a focusing error signal by the
Foucault nethod is used for detecting the position deviation of the |ight
beam converging neans with respect to the optical nenber, instead of
additionally providing any neans for de fcti ng the position deviation of
the |ight beam convergi ng neans. TherefoOre, the optical pickup can realize
t he hi gh-speed access, property appropr.jately and supply detecting the
posi ti ontﬁgﬂ%ﬁ B OpfIngHAIr acgrﬂfb%sm@aﬁdhspgi ng neans, W thout causing the
increase in the nunber of conponents, the increase in the size of the

devi ce itsel f Tredlight beasecast coshe signalpteicordingi swfatevot ¢haopticdl disa s t he
present invention includes: disc rotating s JAN 2D0 30 neans for rotating
an opti C%ﬂ@bt%ﬁibgiatge%@ﬂa‘??éqdiﬂ furkRle SRR ¥piifaloitc 5186 Be BYE ol DFeturn

r epr oducti on of nals by irradiating with I ght beam a signal recording
surface qf e optigal disc rotated by the disc qtating means; i

ot ocessi qigt BEed e iBfingp Sfabl btpBinchl, o GG fberPERiiiRE auah BLAMA

pi ckup; and_an access nmechani smfor mving the optjcal pickup in the

di r ect i othefightbpaum esmvergingpneans andl then bagomassneident an the optigal memberne
optical pickup includes a light source for emtting the |ight beam 1ight

beam conver gi rtheveetngn fliwht dwaverigeident e {hegbptidulameaibertled its apticak phtlght
source and for irradiating the signal recording surface of the optical disc

with the j t nitfg i - I W
section fsgﬁgﬁég%cgﬁﬂl{g@mg%g?hﬂﬁgﬂ? l%]gtr%%‘ragﬁlect edﬁ g{/[ﬂt eel%tsggf@ér"eé (??edi ng
surface of .the optical,.di sc, an optical er. arranged between. the. | ight
sour ce. anPtsopERERt e asTdoBRal ikarTevi Bir CHESR rEET Srrg il on
the other _side,- for transmtting the |ight beamemtted fromthe |]ght

sour ce ariherapticg} ﬁﬁ@&ﬁr"fatnp & meanginelndes gfar e@@amrpm twam)%@m fia the
phot odet ector, optical path branching neans integrally forned with the

opti cal rembme dfahe 9ppaalmembper.hAsdhe retain hghhbedm ishdiffriagted yethe lmlogasu
fromthe |light source and the optical path of the return |ight beam

di rect ed jheyveeldirberieh fwatel @etHotoddtdcrPilRdfticat phtlrd Pthel RIuADN b e
| i ght beam convergi ng nmeans into biaxial directions, that is, the direction

opt | cal - dSePh e Bt B Sttt bE N BRE b AR RN RN bR 0T

opti cal anchi ng®neans has a raction

areas for diffracti t.he return |light beamreflected b he,si gnal
recordi ng surfiﬁ% TS%ﬁé&leP‘?%lr}lad’i 1ts; ?Rtbcﬂiﬁqtgftgﬁ’ém}&‘%/q bé(t‘ihﬁn otical path
respectively, and the boundary . .. g J AN 2003 31 between,thg diffraction
areas i s prsachmggmgansisthenspletiptoaideastgme baams bythsaetumdighideany siitipg
corresponding to the direction of radius of the optical disc. At |east one
| i ght - r eceieans tntegrallydiormfedtvash phe bptealamenmbers di vi ded into a portion for
receiving a return light beamdiffracted by one diffraction area of the
optical path bgaeitheGefiRANSglRKkain @?Iiitiﬁ‘lﬁéb&lsf}%edt%ﬂﬁ twd Shtfhfed haihg
beam diffracted by the other diffraction area. In the optical disc device
accordi ng i nyent.i Lca ! r i: um
o ot at e it nBHREE Vbelol ' A REnE Beblnciaft AT e rPaRRCAR BF
recorded tq.and/or reprqduced frgmthe optical disc rotated. by the disc
ot at i ng SRMASE TeasIIPIHAoN S die Touadagy brotasnthe NHEAGES, (0RO BERehe
optical pickup to the optical disc rotated by the disc rotating neans. The
optical pbylkphtting proceadiin differant dicections o ageaidance witththeopenmal| vegiers Ay
the access nechanismso as to access a desired recording track. The |ight

beam eni t #irdsiirfadest die which thgoufecicidedt! and aré dadctedrowairdithe pltodedector
menber and directed toward the |ight beam converging neans. The |ight beam

is then Cﬁ&‘fé;é'cpﬁldth%%alckggé l&mﬁonver gi ng neans and then cast onto the
|

si gnal recording



surface of the optical disc. In the case where the spot of the |ight beam
cast on the signal recording surface of the optical disc is deviatseg JANOZDR
predeterm ned recording track on the signal recording surface of the
optical disc, or in the case where no focal point is forned on the signal
recording surface of the optical disc, the biaxial actuator is driven on

t he g J AN 2003 32 basis of a tracki ng.error signal or a focusing error
signal fromthe signal processing circui F and the |ight beam convergi ng
means i s noved, by t bi axial actuator into e direction of radius of the
optical disc g$mpﬁ@ ceplconf hightreesivingsgetong gw&}otpawmfés Qbﬂgéﬁgmt@iﬂ%@:.
Thus, the spot of the Iight begin converged by the |ight beam converging
nmeans andpbartion fontereiving shgneturn Hght béany genefasatbpthareturafight beani splitting
constantly follows a predeterm ned recording track on the signal recording

surface j i - P! t | i ng
surf ace oPetheaRbHeaR nidhTer ARRIVRETR: S FALPRLAL b e reu i AEhl Boih
surface of the tical disg.is,reflected by the signal cording surface of
The opt i el by R fitiighd b8 sHiiite Meangirs sekhayed B S htaSid
conponent. The return |ight begin passes again through the |ight begin
conver gi ngeteas ©The light-netaaviogeectingiofdhe pbatadeteddpr.i cal nenber. The

return |light beamincident on the optical nenber has its optical path

separ at ed fronThbg onphedakispHAlthe dbtechion!sigiil flvpathedightiredeivigimddienl dfghe
source, by the optical path branching nmeans forned integrally with the

opti cal ifi I : : i eal r,anchi NSiere)
for examﬁ e, geﬁgpdggraa%éﬁgéiﬁgngﬁs@xﬁéel gsﬁﬁfg?g?%‘}b a?ﬁeg'ofg P%{gg %%&;Qfﬁiﬁst he
return |ight begrgi s dif ra&ted bt/ thtEl olograminto the direction toward
t he phot og@feéette roy ?ﬁ@"iﬁ"b? AUeBUttime1o%the return Iight beamis separated
fromthe optical path of the light beamenitted fromthe |ight squrce.
Si nce the opti¥aganydule, bt theceasagvimraithe pasitign afghe lightlbeamiconserging mgasss
for diffracting the return light beamin different directions, the return
| i ght beawsthi nespeteito the intbgrated pptitalvelentieht isad¢viatedanahe dirfectibr odpadinalof
path branching neans are diffracted
the optical disc from the normal position at the time of access to a desired recording
track on the optical disc, the spot of the return light beam incident on the optical
member is deviated in the direction corresponding to the direction of radius of the
optical disc, on the optical path branching means.

In this another integrated optical element according to the present invention, the
return light beam splitting means has at least two surfaces of different normal vectors
and the boundary between these surfaces is inclined at a predetermined angle with
respect to the direction corresponding to the direction of radius of the optical disc.
Therefore, in the case where the position of the light beam converging means is

deviated in the direction of radius of the optical disc from the normal position, the

return light beam is split asymmetrically by the return light beam splitting means. The



- 6 JAN 20U3 33 into different directions by the diffraction areas of the
optical path branching neans, then transmtted through the opti ed8 JANMEGE
and directed toward the photodetector. Since at |east one |ight receiving
section of the photodetector is divided into the portion for receiving the
return light beamdiffracted by one diffraction area of the optical path
branchi ng neans and the portion for receiéli ng the return light beam
diffracted by the other diffraction area, the return |ight beans diffracted
into differgnt, directi by the.respective diffraction areas of .th

opti cal pHIdivISuah BATS ot HBs TErvin dighé Heain, aengratadDX asyERsSHeA wpUSHRE Baribeor
the light-receiving section of the photodetector. The return |ight beans
recei ved nﬁyturmhghegpmntsiph'étipgmemwafrecedewedibghﬁercanﬁspiondir@poﬂmnswf thiee
phot odet ect or are photoel ectrically converted by the photodetector and

supplied ﬁghﬂ%&%ﬂn@%eéﬁgﬂ A thd ghbfb“&%&&@ﬁ' THERESES itH@g@éifiBﬂidev_idtibri 6fthe

signal procCessing circuit, predetermned arithmeti ¢ processing is carried

out on th is of the detection.signal her eb eneratin reproducti on
oonal andelERERR Ty Eeingatirns P R Bepieiieopedt SEA G Boell R B
met hod. Meanwhile, in_the case where signals are to be recorded to and/or

r epr oducedetactifl oRshe dasisa0f thesdeteetiomisignap freral thailight-wecsivimg sqction ehthe
optical pickup is noved in the direction of radius by the access nechani sm
so as to phossktectdesired recording track, as described above. In this
case, the position of the |light beam convergi ng neans of the optical pickup
W th respect t tel Rtk irK@%r Lat L L i :

radi us of the g\pc%c%%gg?@(}:cﬁgisf rom t&Le n ra?nida?ﬁ%%%ie?ggﬁﬂtgggﬂﬁg%&(%?ﬁ?%graﬁ?gﬁ’

- 6 JAN 2-~. 34 en the posit.ion t.he l.ight beam convergi ng..means wt
espect ¢ SR B el AERistoRrY ekt et oORET LR N SO TR EL b ne
optical diisc fromthe normal position, the spot of the return |ight beam

i nci dent &tegrated antical elesmantratithe duneAferraess tha desiredirreprding t@askatthey
to the direction of radius of the optical disc, on the optical path

br anchi ng optigakdist cantbe dgitcted|indhe abdesidescrabbabminngr, tthe bpacpl pisknp using

i nvention, the optical path branching nmeans of the optical pickup has at
Id_e?fst tW?tlgi_sfiﬁfe%%ﬂeﬂfb;ﬁfdgﬁtéh:ﬁl@(f)nt(ﬂaglfﬂeﬁﬁﬁé Fﬁe Pu@ht- r?é%ﬁragp%%@]bpéﬁ?m into
ifferen i rections, an e boundary between these diffraction areas is
inclined at a e a1 | ' 219 e
correspondi ng P%]gghfél i r%%ﬂ?%%?%%‘?ﬂéﬁgg%? %gggtpﬁﬁgﬁhéfgéb%ag}gpgggg in
t he case where Lhe é)osit.i on gf t he |ight .beelr’?%c%lv rgi nglﬁmaa S s dev(L t ed
in the di PEXSotPToBCHIRATES dofOUENEG BITOL MBWRSY D APERRYH IR °dpb%}‘§? or
the return light beamis split asymmetrically by the optical path branching
means. Th éieﬁfmg!mg g osiitan cEeveattn@rh@f therlight beageonyegingmeans i nggpect to the
asyirunetrical splitting by the optical path branching nmeans are received
by the conntegpatediopgicabelenmag, misteadeofl adghtionalte prowvidingentyi means farhdetecting
phot odet ector. Therefore, the position deviation of the |ight beam

conver gi NghERRAStdh deviZeRRest Heolighebothi coHycFERRShe AR TRAFHASIRE ditical

carrying out predeterm ned arithnetic processing in the signal processing

Circuit om. h ¢ tion. si T ' e
ection oA ARk T8 inteRhe8 REALNRealeHE B L0aBER ik ABEeG B0R bbby,
present invention, .sipce herP si(ﬁi on.devi ati on .of éhe L. i ght thealin
conver gi nd¥@RREORFAALY, 88t pﬁ)ﬂ HECWR 105 PsiHER e&gatgq)fg of the light beam
converging means, without causing the increase in the number of components, the

increase in the size of the device itself and the rise in cost.

In this another integrated optical element according to the present invention, it



- s JAN 2003 35 tune when causing the optical pickup to access a qQ§i£§g
recording track on the optical disc can be detected in the above-desér QH
manner, the position of the |ight beam convergi ng neans can be

i nst ant aneously recovered to secure the accuracy and stability of the
access operation and to realize the high-speed access property. Also, in
this optical disc device according to the present invention, the optical
pat h branchi ng nmeans of the optical pickU% for separating the optical path
of the return light beamdirected toward the photodetector fromthe optical
path of t kedesirgdithatdaghtdeam splitting means for giffractong the lipht bean djrasseditawiarda
focusing error signal by the Foucault nethod is used for detecting the

posi tion deyopticaindieé ahtieot splittirpedhen]iptn\trac figo meslngalivy (of easmeiichiding ae
optical nenber, instead of additionally providing any neans for detecting
the positi ALl fe: o] ; i : e, the
opt i cal. ariandgRhEh@R side Feah P (R SR it BRAical sGEGLEE
appropriately and,sinply detecting the pagsitigon deviatjon, af the |ight beam
conver gi ng means thy 4 e%@eflﬂgl& S anhdpE dUdHacHREI I ARHSRE e HEhE OReR <.
the increase in the size of the device itself and the rise in cost. Another
optical didrectil/taveardctherajitiogl tosat imto jarplnealityi ofVlesamors proohiddésas desaibed
rotating neans for rotating an optical disc; an optical pickup for carrying

out recor gbige ARTY Hoth&ihfbealeddptieh] SearRak fcddtdingtd thepreRbntthlEnton fehis
beam a signal recording surface of the optical disc rotated by the disc

gnal | Tr OROTE et bSO R KA BB R TG iRice fene

optical pickup, in the directjon of radiys of the qptical disg. 6 JAN 2009
36 1n thi SRsisel dise andseetaetsit %retﬂlﬁ’éilagf Be@m;ﬂtﬂ%ﬂseg e uisching il SEmAbo
for emtting the |ight beam |ight beam convergi ng neans for converging the
| i ght bearpasrhe gesteratedrbyt asotdaljed themerbeamamaethod. i rradi ati ng the signal
recording surface of the optical disc with the converged |ight beam a

phot odet ect or IMloréwyer, 45 thBlighebedsplittipahbas ik formiet@itegraly svittetheropticap ht
beam refl ected by the signal recording surface of the optical disc, an

opti cal nqﬂpﬁ:‘ r 6o ok t :

side and the %FGﬁ%qg%gﬂngﬁverdﬁ%%q%%ans18§£¥%§ﬁbt S?nggggﬁfggaﬁhngQOQHg
transmtting the |light beamemtted fromthe Lj,ght source and,for .

tr anen ¢ ¢ 1S etdnyefip SRR GRAT bR gRREEAAT @bl i daRalert R ial climnt itself
optical path branching neapns integrally forned with the optical mnenber for
separ at i ngndhaiyaturezationeithgrontical pickhp usingithipintestated opticaleclemgmt. sour ce
and the optical path of the return Iight beamreflected by the signal
recordi ng surf opfint thes ewiotleer] indegrated eptical lelegmhenb eacosiung ttoi e peeaent
integrally fornmed with the optical menber for splitting the return |ight

beam passedévemtiondbis desiedithapht leaston liglthieagivil@Bsctidit 6f thie piRAGHetevkOr is
beans, and a biaxial actuator for noving the |ight beam convergi ng neans

i At o bi axi gl Qi d : I ; i i i &?ﬁ] | 6&m
di sc and t(ﬂgm%drl?x(?ﬂlvﬁa? é%gggugsz%n%e{\}gr Irrag‘rénf ftoﬁcge g%ﬁ‘@%?lbgitfs}éc? eH eét urn

l'i ght beam ﬁghttin means has at |east two surfaces having different

nor mal vedﬁi g ﬁthe boundary between these surfaces is inclined at a
predeterm ned angle with respect to a direction corresponding to.the
direction of rath @t least ome lightiregeiving sectimn pbtha phetodetepier redaidedhjy the
section of the photodetector is divided into a portion for receiving one
return |i ghvisiemdings rsabatantially pdrelleletoutie bouhdaryeafrtlsptifftactignnaraas odrtte a
portion for 6 JAN 2D03 37 receiving the other return light beam In this

anot her Opéﬂti?@eil Jﬁﬂtﬁ%rﬁﬁé’lﬁjﬁg Re6R$, JAddedQiddie abs S b h@é’ﬁﬁféd)ﬂﬁti&ﬂeelé&lérﬁm
disc as a recording nmediun-is rotated by the disc rotati'hg neans. Then,

when signals ake to be recorded t.0 and/ .eproduced fromthe I gal. di sc
ot at ed by CEdihet (RE piRERL N Enlibn 230 s lIOBR AR AEEN e8Pl o PRy RYANbC
| i ght source of the optical pickup to the optical disc rotated by the disc
rotating neans. The optical pickup is noved in the direction of radius of
the optical disc by the access nmechanismso as to access a desired
recording track. The |ight beamemtted fromthe |light source is
transmtted through the optical nenber and directed toward the |ight begin
converging neans. The |light beamis then converged by |ight beam converging
means and then cast onto the signal recording surface of the optical disc.
In the case where the spot of the |light beam cast on the signal recording
surface of the optical disc is deviated froma predeterm ned recording
track on the signal recording surface of the optical disc, or in the case
where no focal point is formed on the signal recording surface of the

T o,



The |ight beam cast on the signal recording surface of the optical gmcmas
reflected by the signal recording surface of the optical disc and’§ us
beconmes a return |ight beamincluding a signal conponent. The return |ight
beam passes agai n through the |ight beam convergi ng neans and t hen becones
incident on the optical nmenber. The return |ight beamincident on the
optical nenber has its optical path sepiroat ed fromthe optical path of the
light beamemtted fromthe |ight sourcé,” by the optical path branching

means for integrally with the optical. er. Specifically, the optical
pat h bran%rﬁwgmmﬂwlr& thgdocusipg eés@arﬁ@ggaﬁ eHie DPPSONNIEES O thegcturn
surface of the optical nenber. As the return light beamis diffracted by

t he hol odlight spot antihdetettraecapmropriatefstusig etrot sigahbevar in theecasptwivak that h
of the return light beamis separated fromthe optical path of the |ight
beam em t fropyet | r - rnyLigh i it

opti cal p%?ﬂtlﬁpa%htgg té;%é%g‘gt%él J%Z?%q%%ngh?%gﬁnnebd:ﬁg&ﬁq%ﬂt %ﬁésp idtle
into at |east two beans by the. retu | i ght beam splitti.ng means int ally
for med i BROOAEIEGHRT 5 AOTHRHRArchaBRRR By gl s CFMIaHER S FRa g theans
has at |east two surfaces having different normal vectors, the return |ight
beam i nci lghtt saurcerer betauchangeght thoaafmastive tindexy ofishe optisakpieimbes) duegta e
boundary between the surfaces. The beans generated by splitting proceed in
di f f er ent teghpegaturerhahpe accordance with the normal vectors of the surfaces
on which they are incident, and are directed toward the photodetector.

g J AN 2003 39,Si : [ Y] ' : :

hot odet ector 2 i aBiP s BREng P e e h It rEs Wrting Bt recprdipg
beam generated by the .retyrn light begmsplitting neans and.the portion . for
oot vi norhHE" sERiOEHONol SR Dy HRUAIHE # AL SCOG ERRAC Tt SR AP by
the return |light beam splitting neans are received by the correspondi ng
portions @fsctwish hilight bﬁewmluc%ssahghbsomfcetfheem@mgdbeél@h@bcarnh ghebeam

| i ght beans received by the respective portions of the |ight-receiving
secti on otomvergpiymedrs fatconvargng kod Bghteledaih ealittyd Gonv id kghteyutdeeand for
phot odet ect or and supplied as detection signals to the signal processing

circuit. {fadi i i ' b BA73E R i foed lich
br ocessi ng ?‘?Bgﬁg tH@%igﬁlQ@@&%hﬁ@sﬁl‘fé@é‘blft}tlﬁgﬁg% 413t eith Fhé E:Bﬂ%t ﬁg?efo t

ried out on the basis o etection signal,

generatin [ ' ' angd ner at i f ' e [ (5} by
2 sor cal | Sanof B AR e R R R B TR AR R e BT P g
recorded to,and/qr reproduced frgmthe_ optical disc jn.this optical disc

devi ce, freisgctedidyothe smnabiteronsding suslacs of, the, opficab discoranopprigeh MEIMRETt he
access nechanismso as to access a desired recording track, as described

above. | narahged hewyearhthedigittsovnceodnd photadgitectbe amansrside gind ghenbight boamt he
optical pickup with respect to the optical nenber may be deviated into the

di r ect i oncofivérgthgimeahs bheheptharalidélifoe tifaneiitthe thelight beasi ématedfoatge of
inertia. When the position of the |ight beam converging neans with respect

to- the oplighal siREdesnd Sfo@?ﬁiaﬂﬁnfnﬂtéﬁxgpgl?@ol;@t{lﬁgtﬁgm BEaﬁlfi@il‘é%Eélf tbar@PiHecal

disc fromthe normal position, return |1 ght beami nci dent

on the optical rd vigted in.the directjon rg.espondi.ng. .t o

i rect i onPPRISRIBES g aft Biichiag ey hleBPaty SOSREAIGYAG " bl
member for separating the optical path of the light beamn emitted from the light source
and the optical path of the return light beam directed toward the photodetector; and a

biaxial actuator for moving the light beam converging means into biaxial directions,

that is, the direction of radius of the optical disc and the direction toward and away



optical path branching neans. In this another optical disc device according
to the present invention, the return |ight beamsplitting nmeans of.ghgan 2003
optical pickup has at |east two surfaces of different normal vectors and

t he boundary between these surfaces is inclined at a predeterm ned angl e
with respect to the direction corresponding to the direction of radius of
the optical disc. Therefore, in the case where the position of the |ight
begi n converging neans is deviated in tid direction of radius of the
optical disc fromthe normal position, the return light beamis split
asymet r i fram thepyptidad disst urn i ght beam splitting neans. The individua
parts of the return |light begin generated by asymmetrical splitting by the
return |ight bBﬁltThiSpd)lbtﬁédlnpickapﬂ$h@ro@tirc§b?'aﬂed)rbﬂchih§ meanednondi legst two
portions of the light-recelving section of the photodetector. Therefore,

the posit} L at.d . 1L . I | £ o o)
the opti ctiaih el TopLifhabubt B 1 ORATN AKEIH M EERS O SilndFRBGRInEY, o
processing in th i gnal pr,ocessing.circujt on the basis . of t et ection
signal frJmaeRof itk OpHea dkﬁpngltgégffPEﬁ*iltGiﬂqCH@nﬁhEﬁSBE@ﬂ‘é‘éYao@J] thechRURIRYL o
this another optical disc device of the present invention, since the

posi ti on Hetwieznithe diffradteord aglas ivarbnedav epyedetermanes] anglé witspspect to thiee
optical nenber at the tune when causing the optical pickup to access a

desired r Gﬁ_@ét‘i’&rﬂ%?ﬂe@ﬁ&n%gtt*éethfépdi'ké‘éiondbﬁ fadiftd o7eheJpRichPdiscn Ahfast one
above-descri bed manner, the position of the Iight begin convergi ng neans

can be in I ecoV, . . C N f
the acceslEBpLAarngn SehSRS LS il oFHEMF 4t By el hECL s8Ry T sk ving'a,
JAN 211 41 Al'sg,.in this, anoth opt i di sc devi cg accor.din t he, .
present i FREEHR Tight beam Aifdtaced %ymneoﬁﬁ%&sm ﬁqagO%gpmalu?ﬁéflﬁa@pe}amg
pi ckup for generating a focusing error signal by the Foucault nethod is
used for deaestind) a pertposi farorecdexingtd oatuwh h'gﬁt begmt diffactasbbyeths wgher
means with respect to the optical nenber, instead of additionally providing
any mneans difffaceiehestang the position deviation of the |ight beam convergi ng
means. Therefore, the optical disc device can realize the high-speed access

property by appep 5@% | r}ém?rlglg% g&%hﬁ%@&ﬁ&g}éégnf Ql%ﬁﬁéhfﬁl%’i@%k%&ﬂjt@c

the |ight beam conve ut causing the irncrease in e nunber
of conponents,, the,jncrease.in th i,z 0 he device iitself, and_ t ris
" ot a8t PHERHS sitteinifed iSugh thf otk Bemtck And AR el fr ey
schemati cal | i; showi ng a conventional optical pickup. Fig.2 is,a view for
expl ai ni nghe Hehbbeamtqanyesgingrmepns c Thedightheam iy henggansergeshby ighh eam of
an optical disc at the tine of access by the optical pickup. Fig.3 is a

bl ock di agoawerggnegnaandxthenplcastorgtorthe signal oéccardingptiirtade afithe ogpecakdisto
whi ch the present invention is applied. Fig.4 is a perspective view

schematical |y $hené dsseanhénithe 3poPdLtheighe behinCdust 68 thy sighaliret onding b@Facd
applied. Fig.5 is a side view schematically showi ng the state inside the

opt1 o DB e e BRI (R el gk o S

_ _ _ _ _ present invention I's a the optica
pi ckup. Flge 85, Buth Sk SERTTRL S SORY LS RLA bR HSaldioon
the signal recording surface of the optical disc, the biaxial actuator is driven on the
basis of a tracking error signal or a focusing error signal, and the light beam

converging means is moved by the biaxial actuator into the direction of radius of the

optical disc or into the direction toward and away from the optical disc. Thus, the spot



42 el enment to which the present invention is applied. Fig.7 is a 2003
perspective view schematically show ng the positional relation of -6 JAN

i ndi vi dual nenbers constituting the optical pickup to which the present
invention is applied. Figs.8A to 8C show the relation between the position
of an objective lens in the optical pickup to which the present invention
is applied and the position of a return,y]ight spot formed on a hol ogram
Fig. 8A shows the state where the objeciive lens is |ocated at a nornal

osition. .H gs. 8B, and SC show, { he, state,where the position of, the objective
Pons | o QEshaTight bAm PTEraed bdng IGhT bEREcotVeTeliE isshr Agd.cast oftd &8

i nside another integrated optical elenent to which the present invention is
appl i ed. signgl Irecorling psurdpes: wif ibievoptical cispetanstantly Soldowwaga predgiormnimednal

relation of individual menbers constituting another optical pickup to which
the presegtoridiyerthtiRdni theapdldl edcordiy shrfhed 6f et eptiedlaRse BAd $986§ h\fecall ew

showi ng essential portions of an optical nenber provided in another optical

pi ckup t i h e -' i i i€ Figs.12A to 12C show t he
rel ati on%g\g@v\(égtnﬁetﬁ%ﬂélors%?pi%"hgéﬁ%ﬁg%gjﬂz%?B@ééllCg & in anot her opti cal

pi ckup to whi the, present invention ig applj.ed ang the_position of a.
return |ight gﬂtﬁﬂgbf PearbRast e fag sign rﬁ@mdmggsur espbBe 1apkical 4ise ther e
the objective lens is located at a normal position. Figs.12B and 12C show

t he st at ecflheted tyhthepogidl recording Sierfady ettheopticalndise and éwisshedmes a @tirN
2003; 43 Fig.13 is a side view schematically show ng the state inside still

anot her Ak cRREAE S 1A TBRIpdnenIMTRE rédieh REIRIRAI HRXEOLEAM though

applied. Fig.l4 is a perspective view schematicalTy show ng the positional
oo on L B RS SRS BT R DTSR pR
doscri bod i n- dOIGFFrugR ENt chedin 106ideBt oReiTt SUNHomera hassoBteAl PRy,
showe heseggreartgci 1|?rorer trhueccsputirceal g;thagf t%)éelirgillt %rezmoe%}ttceegll ﬁglinst%eciieg\gt (;gurtc%, wit}(feh
optical path branching means formed integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
1s separated from the optical path of the light beam emitted from the light source.
Since the optical path branching means has at least two diffraction areas for
diffracting the return light beam in different directions, the return light beams incident
on the respective diffraction areas of the optical path branching means are diffracted
into different directions by the diffraction areas of the optical path branching means,

then transmitted through the optical member, and directed toward the photodetector.

Since at least one light receiving section of the photodetector is divided into the



the present invention is applied. This optical disc device 10 haS’%Jéﬂi%%1e
notor 12 for rotationally driving an optical disc 11 as a recording nmedi um
an optical pickup 20 for irradiating with a |ight beamthe signal recording
surface of the optical disc 11 rotationally driven by the spindle notor 12
and for receiving a return |ight beamreflected by the signal recording
surface of the optical disc 11 so as to %fad record signals recorded on the
signal recording surface of the optical sc 11, and a control section 13

for controlling the spindle notor 12 and the optical pic 20, as s in
Fi g. 3. Th®OE&eR fer recedyingithe sehs lbgint&&mftaxfﬁ@icge& @ﬁ@p@dﬁ?@actm aréasqqo &
processing circuit 15, an interface 17, a head access control section 18,
and a ser vpticehpaihl beechimn midins arl theApdirtiom fort gedieingpthiecritumii Bght beam
controller 14 controls the driving of the spindle notor 12 with a

pr edet er migpgeh fheoéthepa@ﬂae@n P! rt]lgﬁf’%tflﬂ{ ﬁ%m?ea?mﬁrﬁh@ﬂed%toecﬁfﬂarmr t

i nsi de the control” section he ‘si g processing circuit 15 generates a
reproduction signal based on a detection si | fromth tical pickup 20,
hod ¢ r ansieeof By hEreeatyd of firstionaieds ghie e bafh BRRsfesattires,
the like via the interface 17. This allows the external conputer or the

li ke to raeeesived the hiegratrespondingd pontions afptthe alight-gasevingssachion of the
reproduction signal. The signal processing circuit 15 al so generates
control siphoeddetsdtoh as a tracking error signal, a focusing error signal
and a signal indicating the position informati on of an objective |ens on
the basis of t e j 'S} I i i . : £S5
the gonerated ooy Ko heo R dtf A dEn B The et et bing Bk BE L
control segtion 18 noves the gptical pi.ckup 20 at a, high speed into the.

di rect i on BHPIOdRIPEIOnoR TeREORRGH Rk Siknal dS engraied A A BrreRBIE GFTOf gt ital
disc controller -14 so as to cause the optical pickup 20 to access a

pr edet er nigeagrated by di snycalled Kovpaulhmethethal recording surface of the
optical disc 11, for exanple, by track junp or the like. The servo control
section 19 dri \Msamwhilexinahe gateiahere the pdvitiopof dad lighttaam 26nvargidgembarss s
of the tracking error signal or focusing error signal under the control of

the opticaljd &&ﬁ)_f:%?fbt thel dpticallthedifb &Ss HevRk Wl dTRMSRion W 2B A1 the dpeieal
hel d by the biaxial actuator into biaxial directions, that is, the

direction I - | i Laberm 1 RAGKI I {: I

the di rect@%cnﬁt%(;mwaredr? %%%Q}VO\/;%E& é‘?gm%ﬁé%% Eoé‘ r?%%;“% t.b ag&%'s&ﬁ dﬂ% c&@ﬁé@%@ﬁi})?\g@
surface of the.optical disc (i.e., focysing.direction), thus,carryin

Ut Focusi A0S, dha RO My 5 LEPh DeaBr HFident oI the erticoh PgnbFogs
drives the_ biaxial actuator of the q&;ﬁcal pi ckup 20 on the basis of the

si gnal i ndieyaateddn the dpection soriespondingitorthe iditdesioniy faadiuseof theopsisahdisco
m nutely nove the objective I ens held by the biaxial actuator into the

di recti on af theagipticznl phth baanehing aleadssc 11, thus carrying out so-called

m dpoi nt servo for correcting the position deviation of the objective |ens
in the directiop gfe B?thﬂsggskuhrl‘_ﬁcéﬁ?ﬁi@&? dﬂh,%cﬁl%tseﬁf‘%ﬁtén‘i%nm%‘ dpiRaPRlatical

pi ckup is operated for acc e optical pickup 20 has a base 21 which is

Chread f edyaufiind 58Tt 1cHet WS a1fAGiBT RES BR0 ke THE Pllprflisfhhdhon
hr ough- hollo S TesEReFRRTIaRg. ARALHE e ED RsmsFn SheRe i BagHeR, FiFas ismeped
end thereof. As the thread feed shaft 22 is inserted into the through hole

23, the baate predeternunedanght withtrespddite sie doectioncortespomdidgde ks direotion ol
section 18 via the thread feed shaft 22 and is made novable in the

di rection &f radael s tloé oEﬁ@apﬂfsbpal“héjrieﬁﬁre,lﬂn tdbsst RUeRy tiRNpaditio of the 1iphd. 4

by the driving of the thread notor.

beam converging means is deviated in the direction of radius of the optical disc from



As the base 21 is noved in the direction of radius of the optical disc 11
by the driving of the thread notor of the head access control sectf JANLE)?
the optical pickup 20 can access a predeterni ned recording track on the
signal recording surface of the optical disc 11. At the other end of the
base 21, an engagenent piece 25 to be engaged with a .. g, AN 20t1 46
gui de shaft 24 of the optical disc devigg 10 is provided. As the engagenent
piece 25 is engaged with the guide shaft” 24, the base 21 can maintain its
attitude and be stahly ved by the . driving ,of the thread nmotor. On th
base 21, t eBPQ%?EPO%EPE;ESrTeHHBSIFQB@&lso‘?i)hié‘s}’%m&‘rf{i%ﬁ)é@y PAPtiGALRAthi n a
mai n surface section facing the optical disc 11. Inside the biaxial

act uat or brendiing means.onTR&,indivadeali phrtactfldicore8ni Eghtobsenh whnetatéds by
adapted for mnutely noving an objective lens 27 into the direction of

radi us ofg &Pﬁcbp@bgﬁg@‘?fb}ltﬂe”ggﬁé‘éleﬁa&y bfthcAlP WehnsNarel geckivel bynfhe t he

direction toward and omthe sighal recording surface of the optical

disc 11 indicated. by an arr -i,n Fig. 4. The biaxi al, act,uat or

{1 xed portrispogdinghoafoft ppielisl-ssiving sBoR sP i Eep ISR or Thesef,
supported to the fixed portion 29 via a suspension 30, and a driyving,
portion 3hepasition deviation afithealighighrsm converging wegnswvihigspeet todhe optiral ng
portion 31 in biaxial directions by an el ectromagnetic force. The objective

I ens 27 irgelndltl chy behRtédred ohathdibagispef thiealetettionf sigiel fobaxthellightirdediong?8.
In this biaxial actuator 28, when a current based on a tracking error

si gnal a%C?OE%%ﬁé Bﬂoﬁﬂe@éctéfgnal is supplied to the coil of the driving
portion 32 fromthe“servo control section 19, the driving portion 32

generates an electronmagnetic f.orce. to mnyt el ve the lens holding...

por't1 on 311 n e rergFa e BpLEE! Biktp it eRybtonahetrhE rifitian,
Pol di ng pEatism AP Geht PRATBISphEREREE Fanh e Apeat I IeRR YR SorBher At
ol di ng ] i in
the direction of radius of the optical disc 11 and in the girectiog\m;oward
and away timeroftateesitoi £ désired recdpding-tBack7onitlse opti¢al disc aan bedietectedin the he
tracking error signal and the focusing error signal. At the other end of
the base ghlveadedcribedrBhfferORhe itedi GBh t HehRUBS Bt L thdatis fahMByl as
a one chip i/nc! ugi ng a sem éonq?&%r Iafsereg%grreﬁt as a Ir‘légit% source and a
phot Ot SRAA AL AN FEA RATS Wheurk g B AL Bl ncklls e
o e o R SRS A pPSIERLF of 1o C el gne Tosobl no
surface of the optical disc 11, as shown in Fig.5. In this optical pickup
20, a light bedlfoei thidepticalpickep preeishing tuthe preseat tayeaviom, tmoptical path
reflected by a reflection surface 32a of a rise mrror 32, thereby bending
t he opti cdadanphiny meaapdonsepatacng the cstipat eath of Ithadengntlightopéam alirquaed t o
the objective lens 27. As the light beamemtted fromthe integrated

opti cal eﬂo%ﬂ&hé‘@hbt%d@?éé%éﬁ tRE %ﬁﬁ%@l ;%HH of ¥ lightibéahleBaicd f8in the lighe
signal recording surface of the optical disc 11, the optical pickup 20 can

be reduced ] ' il i t r

Tant bearnple Bl EERRelngh ARl SRhr B LPIR NG 38M0d RusedFor
sem conductor .| aser el enent .41 as |, hﬁasource, a grisn142. aving a
functi on $SCHUHEL tPé’SHfﬁ”r@“a‘PaB% Hf&e 11‘8%3 CARMIOTYEFNE M EATSGVith EFARCHLLO the
senm conductor |aser elenment 41, an optical menber 43 nmade of a transparent
mat eri al ¢pticalmersher, instead ofaddisionalhy providing anysnesns foadeteating begpossiton he
prism42 and for transmtting a return |ight beamreflected by the signal

recor di ngdedsfias @ fothetlightopdars onVesging Ineaid Therefbpslathechpricdl pidkupsan

phot odet ect or for
realize the high-speed access property by appropriately and simply detecting the



g JAN 2003 48 receiving the return Iight beam as shown in Fig.6. The

sem conduct or | aser elenent 41, the prism 42 and t he photodetect 50 J4&N 2003
are provided on a board 46 arranged inside a package nenber 45. On one nain
surface portion of the package menber 45, an aperture 45a is provided. On
the main surface portion of the package nenber 45 where the aperture 45a is
provi ded, the optical nenber 43 is joined by an adhesive or the |ike so as
to close the aperture 45a. That is, the #htegrated optical elenment 40 is
constituted as one el enent including the individual nenbers integrated

t herei n. Possiomdesgataeredf tine light bedrarmemvesging snemnsnivethon cahsingdbe iikteade

t he above-described optical pickup 20 and is held in a fixed state thereon.
The sem copduCh@mMbeRSEEoRIpRMBALS, fHe indréaskiififthe 8i7eldfithe delREBRRkIfUind el ridk
reconbi nati on radi ati on of the sem conductor, and emts a | aser beam (I|i ght
beam) to qﬁ Sggt onto the signal recording surface of the optical disc 11.
The prism 5°Was an inclined surface 42a inclined at an inclination of
approximately 45 degrees, wjth respect to the board 46. This inclined
surface 42a r efA@&ggr pp@c\m Frekupeassarding & the present Beenttah o carmymesept

el enment 41 into the direction substantially parallel to the board 46 and
bends t he repording apdioh repraduetiongift sigedmbyTine digting alsigmilbecordihg surffacenef]
in a parallel-plate shape nmade of a transparent plastic material or gl ass

and havi n%@ogt&aﬁhimftﬁ%qlim@m iR 18860 gffoas:& R MiRS (R fighe %{rxh,el )

to each other. This optical “nenber 43 1's joined onto the pacgage
6 JAN 2 . 45 so as to close the aperture 4b5a. t he packa menber.

byt he- 11 it SR SefVerkthecimeans 1oF rBRVEHAE 460 Dbt ppa SRGHRY Bl fasieht
43, a grating 47 as, light beamsplitting neans is integrally fornmed at a
posi tion GRUIeR aBpe dagiatingothe sisnali ipgordiagmurscerrh dher epfiealidisg mith Hae
prism 42 and incident on the optical nenber 43. This grating 47 is a

di f f r act i cronyesgednlgglitdreatin;f 4 photddetedtbehhviglgta light-weatvih@eeatton fancchasng
plurality of grooves extending in a direction slightly inclined with

r espect t_caféianﬂli%ﬁ@bézﬁﬁ 1eflet &PBY dhd Gigha] Fordingesirface of thadptsalodisthgn
optical disc 11. The grating 47 has a function to split the light beam

i nci dent i i . i f Lnel udi t

cast a mbieaf sRhb ARt deh theLBnEliRL ahd ot i AB ok B Pk fha
beans made,up. of .plus and m.nus 1st-order diffracted |ights. by.the

Tt act dhedishs ey cORueBin Tosrds ST aep i TPt frapRmBina s AR hea by
splitting by the grating 47, the main_beamis cast onto a predetern ned
recor di ng &mitted cfmmrfbegi@naetouré@@mdi foy wamsmadtingfthe wetwpt light! bears directeds
the plurality of beans generated by splitting by the grating 47, the two

si de beanstoavaed ¢hs (photodersdtor;oostiodli path drensiengi meansyimegnalliyrfoamiedewith the
position irradiated with the nmain beam al ong the recording track and which

are hori zosjtadd] YnéiMBer for 98paAratingIRé BptiOAl Jallk of BRIt atd &ttéd from the light

approximately 1/4 track on the Signal recording surface of the optical disc

. Thus, | f : ' I | :
the opt batoticesnd e oRRPUh SAeRE FRCrRTght R leY i feiut reR6fuitly
iz of CHETHHAEE aird disk: TEG bl hSa SRl g BAFSDRARARHY CREd with the

reflected by, - 6 JAN 2u~~ 50 the signal recording surface of the optical
disc 11, topiicabanember fionsplitingethsbiesam light beamapasseddhenugh thgaoptical paib
optical nmenber 43 and which is diffracted by a hologram 48, |ater

descri bed, brndhitig weaediritowalhst e orainy endal biaxldl adthdeefornabvigcthgdight
incident. On the second surface 43b of the optical nenber 43, the hol ogram

48 as opt| @dm%h{??&{i@gﬁmaﬁg ilRPBRxia difdcERnd! e §OHE AidkriBnRASaELRD e
the optical path o

optical disc and the direction toward and away from the optical disc.



return |ight beamwhich is reflected by the signal recording surface of the
optical disc 1 1, then passed through the objective I ens 27 and imﬁdgntgms
again on the optical nenber 43. This hologram 48 directly transmts the

| i ght beamincident on the optical nenber 43 fromthe first surface 43a,
that is, the light beamdirected toward the optical disc 11, and diffracts
the light beamincident on the optical nmenber 43 fromthe second surface
43b, that is, the return |ight beamref %8¢t ed by the signal recording
surface of the optical disc 11, into the direction toward the phot odet ector
|C 44. As the Imet?mnptlmlmlcb@mheeﬂelt@m bghtoheam sphittingameans dragi afglesstr e e
of the optical disc 11 is diffracted by the hologram 48 into the direction
toward t hwirfivet bdeirgcdifferét fobmdlReceirs] al thedondaryt hetweehuhesd sighdcebeam

is separated fromthe optical path of the | i ght beamincident on the

opti cal f 11 - Thi g m\%‘

hol ogr amqglrgglgésd igt? %%g? e&%@%{lﬁlgﬁg 1f}grensé>§@b§/o El@é%? i|o(r??g&grlql%:)sﬁgj a Itjer{:g}éer y
48a passing through the optical ,axis, Oof the retyrn |ight beam of the main
beam and lﬁe%ﬂfbﬁ?%&’d’@r%gﬂlecoaﬁﬁéi 5@@- oftt dgast @Péﬂ% REIYIRE lsﬁit!‘?fbﬁ? the -
JAN 20U. 51 angles are forned, respectively, as shown in Fig.7. The

hol ogr aphplotgdeteictayss divitibe imtol mgoemwmf@ascdi®ingone fdarmiight bemhigentrdedy a
plurality of grooves extending in a substantially perpendicular direction
with res PSE thd fbtﬁﬂ?li@l@ﬂ-’@é@ﬁ%pﬁ%% Mg fede péﬁ%nﬂﬁr%@ei‘vk@ﬂleb&‘h@} rétarsent
on the hol'ogram 48 1S split into Two beans by the boundary 48a of the

hol ogramlﬁ%tfe%?na portion incident on the one hol ogram area 48b and a
portion i efit 'on the other hologram area 48c are diffracted at different
diffraction angles into the direction along,.the boundary 48a. The .

i tfract ed bealth tHF anaflicrcRRtical NEMPEE AGRTHRE 1 thmPTeReI ABVEIHiAT, dbE dighr

| C 44 as beans formng substantially semcircular spots as indicated by
spots SP heamcense@d frofi therlighthsdirgeds travismitthé theiughbibenoptscad hoember and he
optical pickup 20, as the individual portions of the return |ight beam

gener at eddipycted towatd e Mpht Beakossd@r¥ingGacais. tTigerd) eho lightbé@ndndodvérged ed

toward different positions on the phofodetector IC 44 are received by the

RN S s e G S e

met hod. In thagl 410I ogram 48, the boundary 48a between the two hol ogram ar eas
48b and 489RM$Y GI3%| ined at a predeternined inclination with respect to the
direction corresponding _to the direction of radius of the optical disc 11
so that the bolmdgcaseddisrethe meatiedthrlight beameastiondbe stgnal secasdp@ryriaget o
the direction of radius of the optical disc 11 indicated by an arrow X in
Fi g. 7 Speof the aptigal dise isodewdated #8m bgiredetermired mrondingptrack aneths sig@haland
48c of the hologram 48 is inclined at 8 JAN 2003 52 approxi mately 45

degrees WdddrdmpPRirfade®ithe opticGF8iseNofR theRed (ihdge he fbbsl phihekifoffle@bn
radius of the optical disc 11. In this case, the direction corresponding to

the dir ecfﬂeoﬁgﬁgl fe%%}&ﬁgogurfﬂ?s% &pttﬂecc?ﬂtical disc, the biaxial actuator is driven on the

basis of a tracking error signal or a focusing error signal, and the light beam
converging means is moved by the biaxial actuator into the direction of radius of the
optical disc or into the direction toward and away from the optical disc. Thus, the spot
of the light beam converged by the light beam converging means and cast onto the

signal recording surface of the optical disc constantly follows a predetermined



disc 11 is a direction substantially equivalent to the di rect T SAN Z‘Pgdi us
of the optical disc 11 with respect to the return |ight beamincident on
the hologram 48, and is a direction in which the return |ight beam i nci dent
on the hol ogram 48 noves when the spot of the |ight beam cast onto the
signal recording surface of the optical disc 11 noves in the direction of
radius of the optical disc 11. In Fig.7,p40 sinplify the description, the
rise mrror 32 is not shown which is arranged between the integrated

opti cal 7

corres ponaﬂ% ;&8‘%@4@ %cgpgn &lg(gé f%ia?gédo\fgglgﬁ gafc ?Epth%%tncér 85;% @%ﬁ@rﬁﬁ ? Eecaslarre
as the dlrectlon of ius of the opti disc 11. In Fig.7, the

seni conduBPBt O@It@ﬁéﬁgn Iech%n$)§¥“§ﬁ?%9§a¥%%ptéﬁﬁlldé$9 menber 43 and the

phot odet ector I C 44 are shown as separate nenbers. Actually, however, these
respective opt Thallightebemhscast eori thegigatabdeasrdihg surfaegref gk optiba:ladisc 18

el enrent 40, as descri bed above. As described above, in the case where the
boundary fA&geded 138af Y80 1 RfAcRIFAR t A%e A48
is not col nm"genw\?\nﬂ% ﬁe |0r§1c ion gorres%gﬁgf%gﬁ% o&%ﬂ{uélﬂr%g{}ggn of

radi us of ti.c dISC 11, ,when the sition f the objective |

-+ eapbb beRhiEpgiea sithahtmBahem, PERE 14O et sa Peoscein ek’
obj ective Iens 27 with respect to the integrated optical elenent 40 and the
base 21 othe hghtopram sonperging npanissingd; thgn thigeomes ergideridon the epticalmemwher. | s
deviated into the 8 JAN 20D3 53 direction of radius of the optical disc
11 from the nofMirl rqpesi lighe bdane ineidennohi et ofteainmasber hiab rlmJgFut:dﬂepath

objective lens 27 and incident on the hologram48 is asyrmetrl cally split
by the boy ed*BonPRleital ﬁtht(Yﬂ%lQﬁ HEB@eHh%’ﬁ ngﬁﬁ Qirct & th
hol ogram 4 Tﬁe re}spectl ve ap rt ?e return i ggml enser atceg?yby et he

asynmetri | i ng.ar eicved cor.ne Qntio
RN e g e p%ﬁagn%mb% ps‘a?l%ﬂ?
pi ckup 20 he Jposit deyvj ati on of ective Ie 27 in the dire on
of radi usth$ OPHea thflemnah% TE%HIOE\J%?J example, aihal PERR ARITREE 08
inthe light quantity of the respective parts of the return |ight beam
recei ved Byrfiake of the epfpealdhembpnr Als dhs retfirnt hght begin is diffeacted y<he hiokogram
t he photodetector |C 44.
mnto the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.
The return light beam having its optical path branched by the optical path
branching means is then split into at least two beams by the return light beam splitting
means integrally formed with the optical member.
Since the return light beam splitting means has at least two surfaces having
different normal vectors, the return light beam incident on the return light beam
splitting means is split along the boundary between the surfaces. The beams generated

by splitting proceed in different directions in accordance with the normal vectors of

the surfaces on which they are incident, and are directed toward the photodetector.



In the above description, the boundary 48a between the two hologranﬁaV@béma
48b and 48c of the hologram 48 is inclined at approximately 45 degrees with
respect to the direction corresponding to the direction of radius of the

optical disc 11. However, the angle of inclination of the boundary 48a with
respect to the direction corresponding to the direction of radius of the

optical disc 11 may be suitably set w thign such a range that a sensitivity
necessary for detecting the position deviation of the objective lens 27 in

the direction @f, radj g t.ical dj. can is . e
whi ch al | ows o%’t“&P%?Leé§E (ﬁie @@ﬁﬁf Wﬁ%%ygegb%Qiﬁ??&%gaﬁﬁgto?tl?ﬁg)lfl%@&;}é?ﬁ?| on
devi ation of, the objective lens 27 in the directjon of radius, of th?,,

opti cal dP@diontor seGepyingoneregn bghthermgenaratedby thaistwrdight beamsplitting

i ndi vi dual nenbers constituting the optical pickup 20. In general, as |ong

as the bomedas ind e pertiondot mwmg tHADh20 0Subr light Béandatieeetirpiighvbeams t h
respect to the direction corresponding to the direction of radius of the

optical dj itk M : - L :

dovi ati orEaferthd peaRRan ot beaBRAARARE i, @F cERH) Wbl 5. PORelpdiling
optical disc.11 e.obt ai.ned sat.i sf orily. ., Therefore, it is desired
that the B%‘&W&’ér(ﬁ%ﬁgil ?S\%eéﬁmtgh??cbﬁﬁ 913%‘8@&@%9%%%{914% and 48c of the

hol ogram 48 is_inclined at 15 degrees or nore with respect to the direction
corr espondi ng Thusen tierhasts afithe detestionssignal frnan g lighttreaeiving sectmmeof the
phot odet ector I C 44 has a photodetector section for receiving the return

l'i ght beaphétioldetartdgta k¥piddactiehodgna 48 prAdrdtédnad & tRdusinpoedbr tsighal is

optical nenber 43, and a voltage conversion circuit for converting a

current fé&ﬁ@rﬁt&? W?tesgg&tn%gtpaucl%g&etﬁr}?&% a voltage. These section and

circuit are 1 ntegra as one e e phot odet ector section of the
phot odet ect or 44 has,. as sho in Fig.7,.a center. . ljight-receivin

Bect fon A and M Tn ik g HaeBebe Portion dEiie Bobt béhsomSereinE roamis
slightly di,stanced fromthe light-receiving section Ainto the direction
cor r esponWithgespeetie the opticalomertbsids daeatastioythe direchianlofsadiug of g pptagal
disc 11, as indicated by an arrow Y in Fig.7. The direction correspondi ng
to the di disctfram thkarogmahpositioaratithe titrieacfaccass thea dgstiredalecording trackonathe
direction substantially equivalent to the direction along the recording

track on bPﬁcﬂpaisegkhéﬂsﬁ@t_ &1 thé trBrurisIpgat bédint ieidedk Wi thd Spticheadming gent
on the phot odetector section of the photodetector IC 44. It is the

C
di rectiong.p: WH th r ' M. of:
sect i on el ELTBrLiaH b bonaniE B CHORrBRr FUGE OELRE SHEE s e
signal recording surface of the optical disc 11 noves along the recording
track on Pﬂéﬁ88§ﬁeafpﬁﬁgeaﬁﬁh“%$n #H%e |ight-receiving sections of the
phot odet ect or section, the center lightreceiving section A is divided by
di vi si on | i nes In#his Anather pptieal pickupacossdingia the preseat ipwentiem theeetumplight
hol ogram areas 48b and 48c of the hol ogram 48, that is, a division |line d3
inclined beampsgplattinganehnys Kas debrase swoi dubfaces peadiffeeeritheordhial ectctars and the
corresponding to the direction of radius of the optical disc 11 and a

di vi si on bbigd&d Wtheanede hiRfid28 islindlficamt 'airpi%déil%mm AnpI8 WilbrdspeEt to
3 and Ad. |

i ght-receiving sections Al, A2, A t he phot odetector section of
!

t he photo . - V] i

gt - ec By ieCheh Fofitspdrifing @ he fklibh & hfiingTank oBBHa! . Therefore,
return |ight beans of the twp,side be enerated hy splitt, by the
grating 40 the Sese WhersBepasitiono 1t B Beata s Opveraile ypmdéﬁg&aé?& ethes
the light-receiving sections Al and A2 on one side of the division |line d4
of the cedirectibhgiftradimsaifithegptiest diso ffomébenoemahposition, thie rehernrlghtbeam

| i ght beam’of the main beamwhich is diffracted by one hol ogram area 48b of
the hol Ogﬁsﬁls’@lﬁ%syﬁﬁﬁetfrﬁﬁllﬂl' he r@&£H Vigh be gl éﬂﬂﬁné\%é&?ﬁ. %eoiﬁhdiﬁﬁuﬁ’ltﬁ@{s
side of the division line d4d of the center |ight-receiving section A
receive the part of the return |ight beamof the main begin which is
diffracted by the other hologramarea 48c of the hol ogram 48. The

| i ght-receiving sections AL and A2 for receiving the return |ight
diffracted by one hol ogram area 48b of the hol ogram 48, and the

| i ght-receiving sections A3 and ~ JAN 2003



56 A4 for receiving the return light diffracted by the other hologfﬂhgépégn
48c of the hologram 48 are divided by the division line d3 which is
parallel to the boundary 48a between the two hol ogram areas 48b and 48c of
the hologram 48. In this optical pickup 20, as described above, the
respective parts of the return |ight beam of the main beam generated by
splitting by the hol ogram 48 are receiveg,by the two |ight-receiving
sections separated by the division line d3 which is parallel to the
boundary 4 of .the;.h ram 48. Therefore, for.exanple, even when e
posi t1on oh et lERLBetR g nF et By vnene Rl PR BE B ik BEam

| ight beamijn the focused state is slightly changed in the case where a
change of sphfing meanatarenresgivsidebytthe icormpspendingdporianseok the lighttuieeaving

| aser elenment 41 or in the case where a change in the refractive index is

gener at ed seetidh®fahei pladtoderdeesr. 43‘h|é?§f@¥§,eth@f]f)@iﬁ@ﬂnﬁ"v?étw1ﬁofi kg tight beans
possible to effectively restrain generation of any deviation of the signal

| evel of LrQL:,Si I t it f d

| Toht beateepEhe s ok LR s Bl Hihin R 5 REG o BB
phot odetecior, | C 44, th urrent, yal ues pased on t | i ght quantities of
the retur ﬁfw dgtactionesign ﬁow e kg%r@cpﬁwmc@mngﬁ?@emﬁl@mdemqom, A3, Ad,
B and C of the photodetector section are converted to voltage val ues by the
vol t age conver shanordimgcto thiarmhothier eptpgal iprckwgs of ithé preseneiinvendicai, ades tho
the signal processing circuit 15 of the optical disc device 10. Then, the
si gnal proeRifddetiation 6f e Hght bBEMOLSNRIrEHR! flcdhs et rédpedBtd Ghe optical
processi ng based on the light-receiving sighals, thereby generating a

reproducti i . i i i er.at
TN 57 BemRePEbtndiik o iy hREHREE eoretl ol BhgRe by L BERTNEE
is generated by the so-called three-beam nethod.. Morgover, si gnal .

i ndi catin e%e%%ithmbqvm&%regﬁn@mrh oBputione! heright beaut ganuering.
The operation for reproducing the signals recorded on the optical disc 11
by using trheamspearc he idstentateousky reooveresh fio: secate dse dearacy add spabityvof itheow
be described. In reproducing the signals recorded on the optical disc 11 by

usi ng the mpticaperdtivn adeMiocalide tHd hiph-spekd aeptéCptopdttyc 11 is nounted on
the spindle notor 12. Then, as the spindle notor 12 is rotationally driven

at a predeterm r i -dl&ige : ical

di sc controll er&gsgf W@oﬁtggft@?fggp?i | é%({dgtgg%?{HAﬁﬁ Bﬁsegggln\ﬁ?l gioglfﬁtltl? ed
fromthe sem cqn tor | r elenent 41 provided in the integrated tical
el onent  ageBpra B g artifhe FaeaRs b donaRaiia d faising diet Riparel Be riendl,
access control secti 18 is.driven under the coptrol of the optical disc
controlle rmiﬁl,"d[slﬁ @S%fggqr tecﬁl‘lﬂ@k}ﬁ pogition %mra@%eﬁsg&ﬁg%eenmwmem
direction of radius of the optical disc 11 so as to access a predeterm ned
recor di ng withakspeet toshe optizal menabet intead dHadditionaly popviding any seeats. forhe
i ght beamemtted fromthe sem conductor |aser elenent 41 is reflected by

the incli ndstestivid etepddtionfdevivdidn ofthedigiiabeconpsginpcindans. Thetdfore, the

optical menber 43 fromits first surface 43a via the aperture 45a of the

Co1 11 nt ool fkleabftanellze RRATEARPERRLCAR rlfipdl by eBprdBiTRel A tinply,

% Bl B S5eHO ok B Sind e aflr R HhoEreELaitd
the increase in the number of components, the increase in the size of the device itself

and the rise in cost.

An optical disc device according to the present invention includes: disc rotating



g JAN ~~3 58 fromthe integrated optical elenent 40. The |ight beagn ?‘T‘I jhged
fromthe integrated optical elenment 40 is reflected by the reflect o
surface 32a of the rise mrror 32 and becones incident on the objective

| ens 27. The |ight beamincident on the objective lens 27 is converged by
the objective lens 27 and then cast onto the predeterm ned recording track
on the signal recording surface of the ogjical disc 11. In this case, three
beam spots are forned on the signal recording surface of the optical disc

g at ng 4TCAER £OF TOREAE ah MBSl R DR R reraRik bul}BpBiib Ofinglor

optical disc 11 i.s reflected by the signal .recording surface of the_ optical
disc 11 sBeP59<3196t1%0 st bymracﬁf@tlagaw ﬁchgiai%ﬁgmaa §1ig§ﬁ{amC@5§lﬁgrﬁélﬁfa,ce i ch
is transmtted again through the objective |lens 27 and becones incident on
t he opti cthie optibel d48 rotated ittystiredBodosatifigaeatidpa sigealrmtocessing gtcubtefon

i ncident on the optical nmenber 43 fromits second surface 43b is diffracted

by the ho 9&%% Hetre@ﬁgn]‘c%%él‘?ro?ﬁocHE'%pﬁ%{fﬁggg?’gn&’fant&%e&oﬁe%&ﬂ

43, and the op path o Is return’lig mis thus separated from
the optical path of t.he l.ight.bgam.ncident on the.optical nber 43 from
ts fhrs: Al Jachpticf nicRp it B EHAT P PR ORI AE opl 1 ¢ i nto
two parts by the boundary 48a of the hol ogram 48. The part incident on, one
hol ogr am ar ea 48thisepticaldisrdavi¢n cheiepticalpiekw inchules adighysenicgdenemsiing e
diffracted at different diffraction angles in the direction along the

boundary 4flgalightibedra, ighebeas doamergindithé@iefir doaseidingsholighhbeamrergittbiN
20a 59 photodetector IC 44. The return light beans, diffracted by the

nol g am 5B GOS0 GHn A0 B ) TRy e DSBTT gn
e ool P DRI th AR RS REA RREH bRl Yelioh

section of the, photodetectoy IC 44. O_the return |ight beags havjng .
reached t RECHRBRERYESHER iht Eeam,refls@wirbm igmaliesOBHIg RUTIDGS 04 The OptisAk
generated by splitting by the grating 47 are received respectively by the
|'i ght - r ecelisd, ag opgictal orerBberarranged befweendbe lighhspuree andiphGtodetetter on one
phot odet ector section. O the return |ight beans having reached the

phot odet egidy arldheAi Heaimécsmleirgiﬁg 1H8&M 6 tﬁéﬁ@th%aismebmmmih% the light
di ffracted by one hol ogram area 4805 of the hol ogram 48 is recei ved by the

| i ght -recej.yj ' : i.de: t i Vi i i.nes
the | ght OPEbnRE] EORPHEH AR IRNE o Siling I ol HeRPbeddlbuitin
phot odet ect or 44 turn |ight beam of .the main .beamwhich i .

Gt act ed0Bgrd Fee Bhafhdefistin <niital path BERsHing, slors Jgromrig trunp L it Sie ny
the light-recejving sections A3 and A4 on the other side of the_ divisi.0
line d4 o1°Ptt1|<féi meg%eerrfeemﬁrﬁgng oRjiralpatinef &@Hmhﬁbpa@mmmo @ﬂlgga
by the respective light-receiving sections Al, A2, A3, A4, B and C of the
phot odet espurcesand theroptical pathef tlesirerarchightdreany directediaward thre ghivgodetghtor,
gquantities by these light-receiving sections Al, A2, A3, A4, B and C. The

and a biaxial actuator for moving the light beam converging means into biaxial

directions, that is, the direction of radius of the optical disc and the direction toward
and away from the optical disc. The optical path branching means has at least two
diffraction areas for diffracting the return light beam reflected by the signal recording

surface of the optical disc, into different directions, respectively, and the boundary



current val ues based on the light quantities of the return Iigh%Jﬂaaﬂw3are
converted to ,~ 6 JAN 60 voltage val ues by the voltage conversion circuit
and are supplied as light-receiving signals to the signal processing
circuit 15. Then, the signal processing circuit 15 carries out
predeterm ned arithmetic processing based on the |ight-receiving signals,

t hereby generating a reproduction signal3RFl. Also, a focusing error signal
FE 1 is generated by the so-called Foucault nethod and a tracking error

si gnal TR}, t‘%&fﬂﬁr V\ﬁﬁfﬁ% t[l?%gntapé'assﬁ kde%dat%@%%?eﬁﬁ%ﬁ%ggﬂ with ésfb%cf’% f@'

di sc devi ce resen Invention 1S a as t e’'sig

processing,.circuit 15 carties edeterm t hnet i roc ng based
on the n?tﬁ&eqleeeqqmgogdg}ear% eadg'ie%‘élil R %tme,thaﬁéio St %Sgtone
information of the objective lens is generated. The reproduction signal RF

1 is foundighy-reteivaiggseatiopr of #esplirgodetectartis tvidedrintag pautionrfot heoetving a
pr ocessi ng with respect to the follow ng equation (6), where SAl, SA2, SA3

and SA4 reg BheA AN t 6 icﬁfﬁ*aétgﬁ%f’bﬁtg q?fﬂib%io% DRseef e %?%cﬁ?éh'ﬂh“bﬁdrﬁmn

beam of the mai eam receive receiving sections Al, A2

and A4 of the photodete tor .section. of th t ecto cC.,4

(SAL+SA2) TIOREASRG AR POTHION §5° FHAETTIBg: BASCI PO NED GIRa RS SRAGI M 44° Bhehe
si gnal proce53|ng circuit 15 is processed by error correction and then
transni t t iiffraction aseger nal conputer or the like via the interface 17. Thus,
t he external conputer or the |ike can receive the signal recorded on the

optical disc llnake bpecaledisodevciceaocsidimgto the pres&ftinventidn, the opticalding as
error signal FE 1 is found by the signal processing circuit 15 carrying out

ari thmeti ¢ RILBFERG MEdi [s FRERAYy R difSrdiatihg Mhéhse AN, HWlien(sfgnals Be 86
be recofded to and/or reproduced from the optical disc rotated by the disc rotating
means, a light beam is first emitted from the light source of the optical pickup to the
optical disc rotated by the disc rotating means. The optical pickup is moved in the
direction of radius of the optical disc by the access mechanism so as to access a
desired recording track.

The light beam emitted from the light source is transmitted through the optical
member and directed toward the light beam converging means. The light beam is then
converged by light beam converging means and then cast onto the signal recording
surface of the optical disc.

In the case where the spot of the light beam cast on the signal recording surface
of the optical disc is deviated from a predetermined recording track on the signal
recording surface of the optical disc, or in the case where no focal point is formed on

the signal recording surface of the optical disc, the biaxial actuator is driven on the



(9), where SAl, SA2, SA3 and SA4 represent the light-receiving signals
based on the return |ight beamof the main beamreceived by the wgJAN 2003
|l i ght-receiving sections Al, A2, A3 and A4 of the photodetector section of
t he photodetector 1C 44. FE1 = SA1-SA2 ... (7) FE1l = SA3-SA4 ... (8) FEl =
(SA1+SA3) - (SA2+SA4) ... (9) The tracking error signal TRl is found by the
signal processing circuit 15 carrying oyt arithnetic processing with
respect to the follow ng equation ( 10), where SB and SC represent the

light-r Vi i qn t i f o ks
beans r g§§1§gg%bt§é<?ﬁ12é ?Plg%ﬁt% ? eég&rv%]f;og&ggg %ﬁ%ﬁ%ﬁgﬁﬁ@?g& %lggﬁpﬁ%&feggéelggct or
section of the tqdetector 1C 44. TR1L =.SB-SC,.,.. 0) .The focusing,error
S gnal PR e ek BTG BN M 1 ROVGE Y e inip S R the
processing circuit 15 are supplied to the servo control section 19 via the
opti cal directicoof radineof the opticahdisbasiistocthe diwectiontewand end awayi fyoml theel
and the tracking error signal TR1, the servo control section 19 drives the
bi axi al - atitialdnlc. 2y tﬁégp&%ﬁtﬁellig@!t BEAR 2RVERSAbY 1R 1fgile@n @cimrebging
optical disc controller 14. As the biaxial actuator 28 i's driven by The
servo control section 19 in ~ 6 JAN 2~~ 62.accordange wth t si ng
orror i Gisansand SacPhtids Piemal regCuding sicpgn o Mgt i B e AeENE: "0
carries out focusing servQ to mnutely, nove the objective | ens_q%I hel d by
the | ensapsedrta ireeerding tiack ondbe gignaé recondingwiriacantitharniical disciand
signal recording surface of the optical disc 11, thus controlling the focal
poi nt of foims hifgtdl poeanon thk sigpabirdnording suinfacetdfithe loptiscaldisso as to be
constantly |ocated on the signal recording surface of the optical disc 11.
The bi axi al aqtheatight B8al 88stCan th i@l fetafdih B Ui 81060 0f Qhé”diiﬁfcﬁl idP¥e
the objective I ens 27 held by the I ens holding Section 31 into the

ot opesiberk A8 5 Sl APl Bhopite chBUS ASEbAR S Vs i it
G gnal whieht Deamags gt siavel porRenAg: s Lhe b il ERdbsath goses pBREOuEh
optical disc device 10 can appropriately reproduce the signals recorded on
t he opti thag¢ lightbedain conyarging ttheanssansl thisarkecomesapeident onitbe opticalsmember.
fluctuated or tilted. Meanwhile, in the case where the signals recorded on

the optical dife fdtusi ¢tighe Hean épcidducod the dpticalapeinb@l ldisSkts dpvicakb path
first the optical pickup 20 is noved at a high speed into the direction of

radi us Ofse?%%é%?%ﬁﬁglg%g%ggéam%q@?% e?n?litf&‘ali?oﬁ‘)fhgrli £ sSEcaSby the

access a prede I'ng track on the signal recording surface of
AR e e e S R R e T L e
hol di ng the toip(t)irclzal p&h%r‘;nmnzgogl%agg includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.
Since the optical path branching means has at least two diffraction areas for

diffracting the return light beam in different directions, the return light beams incident

on the respective diffraction areas of the optical path branching means are diffracted



31 novably supported to the fixed portion 29 of the biaxial actuator 28 via
the suspension 30, as described above. Therefore, when the optical gRjahke3
20 is noved at a high speed into the direction of radius of the optical
disc 11, or when this novenent is stopped, the position of the objective

l ens 27 with respect to the fixed portion 29, that is, the position of the
objective lens 27 with respect to the bage 21 of the optical pickup 20 and
the portion fixed thereto is deviated into the direction of radius of the

optical dj s . ¢ iti.on, he i nfl -inertia.
h the ot 518 AR Tite RN AR pBUEE i St Y AT BB ebbS
position in this manner, appropriate recording/|eproduction of  sigpals

t o/ from t Heepansptted theough thapticalaner er,@d eCtﬁFﬂ@W@i theipbRtestetedter.
objective lens 27 fromthe normal position is elimnated with the |apse of
a predet er m ne@inderat lgast dnellighbreeearing sécticarof the photedetectoc is dinidesl 1ato thieed
out after the elimnation of the deviation of the objective lens 27, a
relativel i Sink [ Ll Eﬂﬁ% { BY/JrRPd; i fof
signal s té)/0 #r? glrgﬁfgfj%f\ceelcli@tn rm nIgA' r glé%l?tdll) énagﬁtdg ac &%Hrlggtge&o%l?ﬁ ggﬁ%lglars% 011th|es
started, thus substantially obstructing the high-speed agces r .
Thus, i1 OROCEHPARLPCCINYIETAS A5 (0F RATUPP Hb AL tinTaNt ot bam
applied, the position of the objective |ens 27 is instantaneously recovered
to real i zdliffascted by thepetber diffeassioprasparthg retuyn lightdeeamgdiffractesinta didferont
the objective lens 27 fromthe normal position as position information,

t hen causidigctiofs bgrthe réspictiob diffeddtion dr8as of thel yftidal path Branzhirgcingahoare?8
of the optical pickup 20 on the basis of the position information of the
obj ective Lemsed " pvapmd t i O 1. j S f
correcti né t&?}gea gy~&%N Cg)ggbi‘bgéa%ig; ﬁ)to?g%n% e‘if gitk:: %g}gq‘ g?ﬁieﬁ%%j %(r:cﬁé\l} e%?‘etnhse
27. In the oEtéﬁgl di sc device 10 to which the present invention is

appl i ed, Jﬂ%’o 8c$53ition of the objective lens 27 with respect to the
base 21 of the gptical pickup 20 and the portion_ fixed thereto,i s devjated
from t he nor mal Therstemdight bepmsreeeivad by thesspertivaprrtigns e€ thedighdresaiymes
of the optical disc | 1 indicated by an arrow X in Figs.8B and 8C, the spot
of the retsectiohiofhe pratodetexitoemte photo¢lecmzhily @onvertbé by4Be photddetector and
integrated optical elenment 40 fromthe second surface 43b is deviated on
the hol ogrsapptidd iagidetddtRdntigedls tPtheG 4 pROCEEsHE éi@gﬁihehﬂtlfeesighﬂrprla&esrsa@g us

of the optical disc 11. When the objective lens 27 is at the nornma

position, the.: (ST TRVA i . I 4 3
6o byt nShatin AL aRtEd e £l o 0 Salrlf A0 E R 5 B Fhedith
| i ght beam.of t&&% in beamincide an theaﬁg%ical menber, 43,. and the )
boundary 48&'He EHTRUBS ASP 19R S0 geRprages adopyRing FEQT 5184
predet erm_ned angle so as not to coincide with the direction correspondi ng
to the dirltasercaliedtamcasltonethed. optical disc 11. Thus, when the position
of the objective lens 27 with respect to the base 21 of the optical pickup
20 and the portMeanwhiedint theratse wiserd esvgrel earel tot e tdverded exandior oéproddced
of the optical disc 11 fromthe normal position, the return |ight beam of
the main b@am thedpeRAl diad in fifls BPtiearcﬁge ddvits, sy RSPt bidkupab niovdd thfike

boundary 48a betwéen the two hol ogram areas 48b and "48c of the hol ogram 48.

Speci fi cal }: e | Y . LS DOsL LIl QR
Coturn | ghfesEoE Rty B Al FRShATSI s G iel% AReuRRF s ling ik
hol ogram ar eas 48b .. 6.3 2~ 65 _and 48c of .the hql ogram 48 and split
into two R %scglgséta&mfpaﬂw a6 theypasitiam tht et Beadp SO e TRORMERES Pfio
hol ogram areas, as shown in Fig.8A. On the other hand, when the position of
t he obj ecttheeoptesed Pizkup withirzsperti tot thet hpticalr meniber wiayr bdi deviatedt inéo the
optical disc 11, the part of the return |ight beam of the nain beam which
i's inci dendirggticinef padiasodnther§icddlisod fitohe the hesmalmpdSitich bedduseroftifiaftid he
part incident on the other hologramarea 48c, as shown in Fig.8B, or the
part of the return |light beam of the main beam which is incident on the

ot her hol ogram area 48c of the hologram 48 is snmaller than the part

i ncident on the one hol ogram area 48b, as shown in Fig.8C Thus, the return
| i ght beam of the nmain beamis asymetrically split by the boundary 48a

bet ween the two hol ogram areas 48b and 48c. O the respective parts of the
return |ight beam of the main beam asymmetrically split by the boundary 48a
bet ween the two hol ogram areas 48b and 48c of the hol ogram 48, the part
diffracted by the one hol ogram area 48b of the hologram 48 is received by
the light-receiving sections AL and A2 on one side of the division line d4
of the light-receiving section A of the photodetector IC 44, and the part
diffracted by the other hologramarea 48c is received by the

o " o o A~ R L . " - e e T -



66 on the light-receiving sections Al and A2 on the one side of the
division line d4 of the light-receiving section A of the photodetectﬁﬂﬁ&?mﬁ
44, and a bright spot is forned on the |ight-receiving sections A3 and A4
on the other side of the division |ine d4 of the lightreceiving section A
of the photodetector 1C 44. Then, by fording the difference in the |ight
quantity between the light received by the |ight-receiving sections A 1 and
A2 and the light received by the light-receiving sections A3 and A4, the

positionyy I I.Qf: Qf 1 | ve : : Lle,
when t he %@éﬁttﬁgyogﬁmﬁh%f gﬁj gg!tl ‘?géeél ecndsrﬁ}%ggll%é @ggrlgt%velg??ﬁs@tg%? F\% IME?? 2@%: Jfﬂon
of radius of,the tical.di,sc,11 and the part _.of the return.light beam of
Che mai nIBUERELA BRVEEY it ReoAiTesROR o Sheo P et Tig’fhe fRanal
hol ogram 48 is smaller than the part incident on the one hol ogram area 48c,
as shown positiom tBCspet afahk repon light beamethcodent ba the gpticalameinbiengs devatashs
A3 and A4 on the other side of the division |ine d4 of the |ight-receiving
section /inhe difecBRAl &t pehding o e deetian VA dlitusSHoMd Spred s, ah tHhe
i ght-receiving sections AL and A2 on the one side of the division |line d4
of the light-receiving section A of the photodetector |IC 44. Then, by
fording t élcal P?ﬁlrlérﬁt‘}ghﬁnﬁ IPRAY ght quantity between the |ight received by
the lightreceiving sectigons Al and A2 and the |ight received by the

|i ght - recei vi g tBeoptisab dixg devicaaccendang &z the presenfyivaatPBAISTORAL path
objective lens 27 can be detected. In the optical disc device 10 to which
t he presdranchingméans dfgsheappticadickup hgsat leastdivoatifingctidreaneas fari diffracting
information of the objective |lens 27 is generated by carrying out

predet er fhae@dtdn 118HEbesmP iteeaTtétenb \itditions JRAd tHE AERIaRY Wdtivesh tthdse
based on the r 6J ANI1UU~- 67 light-receiving signals fromthe

i ght-recgky] i.0NS Aot C} Oh..S i

The si gnan PR AR gl Bo.a TSt tritar i RO AREGEI S It o
is found by the signal processing_.cirtcuit S carryjng t ithmetic
brocessi PTHPRNAREL e drection Bf F uﬁ@fééemtmﬁ disoy, %&ﬁ@raféresﬂ,th@m,se SA3
and SA4 regresent the light-receiving signals based on the return |ight
beam of twherneethe pesitinn efhiedightbganheonvayging meansisrigviatediinthe direction ofi3
and A4, respectively, of the photodetector section of the photodetector IC
44. Sl = ra8Ailst6AThe opliSABdsA4rom thd hbimaheositipngalthS réturndighat beagn tibeplit
position information of the objective |lens 27, generated by the signal

processi r%g?hh@ﬂ‘léall}rl%g the oﬁﬁ%ﬂ' 'a?l‘i'bﬁ&cthlﬁﬁ%l?%?ﬁ& 'Fl‘?ffé{dgigtd?gg[%' 8 fifleYétarh he

optical d contro r 147 Under the co of t I sC

control | g LVO, control section.19 drives the;hiaxi q t 28
of "the opisilided Eelifalt BR Ak DmgBes! Shiding bl (%o Lt Bafl bRlncRfd fisdbs
position infornatioB of the objective lens 27 As,tge bi axi al actuatqr_ 28
i's dri verATByTeogavesk by dtheoerresp g portions rof; they lighkrecsiyng s§ciion of; the

i ndicating the position information of the objective Lens 27, the biaxi al
act uat or pPisotodeteictar. clherafarpathetpossramdéviation ofitls Lightohéany convergie vidane

| ens 27 held by the | ens holding section 31 into the direction of radius of
the opti cwithdiespedtltostheasptical imeimndet %@Mﬂﬁe@erbm?m%zOﬁi prefeteieninadi on
of the objective lens 27 with respect to the base 21 of the optical pickup
20 and t hg. i i el; ! ‘hMe
ene 27 15 penie Bocestie T Mol iRnaPPlocestih ARUICHR, the Baplh bR LRELPH

di sc device 10.t0Q i.ch . the present.inventign. g applied, since the access
oper at i orSi1gRa} ey e lght-1seeiving seetion eﬁﬁ}q @?Ptea?te Tte the midpoint servo
is carried out as described above, the high-speed agcess_propertg is .

real i zed. Al soAccardihg tofite apticalidise deyiceef the psesentinventiond simsathe ppsitient he
focusing error signal FE 1 is detected by the so-called Foucault method,
the spot @éviatienfthy lightitgain &Iﬁﬁfergﬁf daywith espeatitothe optivalngesdet aptheof

t he phot odetector I C 44 has a snal Il ameter. Therefore, 1t is possible to
reduce the di stance between the respective spots when the main beam and two
si de beans generated by splitting by the grating 47 are cast onto the
signal recording surface of the optical disc 11. Thus, the tolerance of the
angl e made by the direction of the recording track on the optical disc 11
and the |line connecting the respective spots can be increased, and
appropriate tracking servo and hence accurate signal recording/reproduction
can be carried out even in the case where any defect such as scratch is
generated on the optical disc 11. Second Enbodi nent Anot her enbodi nent of
the optical disc device to which the present invention is applied will now
be described. This optical disc device has the structure simlar to that of
the first enbodi ment except for the optical nenber of the integrated

o, S 11" £ g g, Y o - I

reg




- S SAN z~0~ 69 different fromthose of the first enbodinent will be
described in detail. In the optical disc device 10 of the second «gJAN 2003
enbodi ment, an optical pickup 20 has an integrated optical elenent 50 as
shown in Fig.9 The integrated optical elenent 50 shown in Fig.9 has the
structure simlar to that of the integrated optical elenment 40 of the first
enbodi nent, except for an optical menber3§1 in place of the optical menber
43 of the integrated optical elenent 40 of the first enbodi nent. The

o astic mebas PARhS 3?ﬁafn%§§§§ﬁti@%§zi%5£5 Froclh AL PRTRAITRLE o hERRRREr™

surface 51,.b whi to each .o Thi s opti cal
j oi ned on S%C%@Eég‘é aebeae S@ebe{] fi)ﬁé?qsem@n@ggﬂbﬁlghﬁ@eam
package nenber 45 by the fi rst surface 51 a. On the first surface 51 a of

t he opti caionverding mhtans cgnabé¢ nostdftameolislyhtecowarads i iseturegtire acsuriasy and
integrally fornmed at a position on the optical path of the I ight beam whi ch

i's reflectseshifl agg{émeﬁgogeﬁdoﬁwwréanz&h% Li}ﬁ'e& Op“c%l < s

grating 47, si rating 47 of the iInt ment 40

of the first e dlrrent rality of oves_ extendin .

i rection sl i gHel: Fridis aBRCakiRe edie c‘?rcsiu?%ﬁo& e sBe apsisal o
the direction of radl us of the optical disc 11. The grating 47 has a
function tRathpranchingmeagp of thesoptiond pudup fi @hserplaéatum%@aptmhw}l ofthe retum a
plurality of beans including at | east a main beam made up of a Oth-order

di ffract edightdieanaditetted toirvded beaphotvadeecigr ©Omplhesopivdl pathust thetlightdeam
diffracted lights by the diffraction effect of these grooves. On the second

surface 5]é9nﬂfedtﬁ‘&nQRéhgﬁﬂsoﬁ%€){i‘ﬁdﬁﬂr eﬁefh%%%t b pggﬁd}eﬁg&a th@Féﬁ\':\hLﬁW?*

70 path branching nmeans™is int egra I for Ion on he opti cal

path of t rn. | I8 r i
surface op% F{@‘fb{BPF réieg%C%T& E@ 1061a &tﬁé#gﬁﬁb%afﬂqggw%fgﬁ} §Qgsl
and incident, agai n on hge op t cal menber 5 1 ke the hal ogram 48 oféi
i nt egr at edVBbtrP?:B‘FCtéPé ﬁ’lPU@é Brembe, mﬁt%% tieR YPF%Y@%?%%%“S ORs
a whole is one hol ogram area. This hol ogram area

detecting the position deviation of the light beam converging means. Therefore, the

optical disc device can realize the high-speed access property by appropriately and
simply detecting the position deviation of the light beam converging means, without
causing the increase in the number of components, the increase in the size of the
device itself and the rise in cost.

Another optical disc device according to the present invention includes: disc
rotating means for rotating an optical disc; an optical pickup for carrying out recording
and/or reproduction of signals by irradiating with a light beam a signal recording
surface of the optical disc rotated by the disc rotating means; a signal processing
circuit for processing a detection signal from the optical pickup; and an access

mechanism for moving the optical pickup in the direction of radius of the optical disc.



is made of a hol ographic grating constituted by a plurality of grooves
extending in a direction inclined at approxi mtely -45 degrees thh_EQﬁﬁpg&B
to the direction corresponding to the direction of radius of the optica
disc 11 indicated by an arrow X, as shown in Fig.10. This hol ogram 52
directly transmts the |ight beamincident on the optical nmenber 51 from
the first surface 51 a, that is, the lizght beamdirected toward the optica
disc 11, and diffracts the |ight beamincident on the optical nenber 51

fromthe sec | Sqpi : LOhi; Bﬁﬂny
t he signal rgiglgtrhgslu %&gﬁg?gv%??{%eo%&%%?@gﬁhﬁé@uégggglﬁpgﬂ%ég%ﬁc |og
toward a,photodetector I C 44. As the return |ight beamreflected by .th
signal rdedighthsagyligitbesm corvesgingmeans for aanvyesgmg the diahe gy epitted
hol ogram 52 into the direction toward the photodetector |C 44, the optical
pat h of frbm thetlight sbugletankldfamirradiagngtiat sdnilrecvtding sptfacadf hetdptehl dise

| i ght beam i ncident on the optical nenber 51 fromthe first surface 5la.

Al so, Onwlthed-ﬂtg!({&fveﬁ%bgfmﬁ Belin 04 pheﬁod%t%&ét%?'hawggéﬁpi}gia%-re@eil%ﬁgeé&fonpfdr.sm

53 as return |ight plitting neans Is inte formed a position
on the optical path - JAN 2003 71.of .the return [|ight beam.diffracted
by the MBS Rt mig R Felkeased by thh Tl refiding Hurfos Of e ppEGH

i ncl udes two surfaces 53a and 53b_which have different norma] vectors. In
this Foudisgl an pptigah membgr prianged pebreerbthakight sowece and phptadetectgnanng 53b
is formed on the first surface 5la of the optical nenber 51 so as to pass

t hrough gide ateintheright bédra coatverging ngdunsheatheafthéths depfor thammicig thrclight by

t he hol ogram 52 and so as not to coincide with the direction corresponding

to the dbéﬁﬁtérﬁ@teg‘;ftréxﬁ%b'ﬁgﬁf sditee ARHITEAraflififitid thé%ﬂﬁ%h@&a%% dhcled

inclined at a predetermned Inclination wth respect to thé direction
correspopdi n qQ the direction . of,radius of.the agpti.cal dis A .

Speci 11 oRITg (i PRGeRsIRios begal RBM bmehing Beds HiBralll Fubtedithuipe, e
Foucault prism 53 is_ inclined af approxi mately 45 degrees w respegct. to
the di r eEPHER TR¢PEE FBEPARIIG the ObticA LA of U hglaﬂmn snuﬁtﬁé?r&&flaeaﬁgleﬁ sc
11, as shown in Fig.10. In Fig.l0, it is assumed that the direction

cor r esposdiurg aml theepdicabpathoof die neadindsghafbentrereffrctediby dhe sighsl recardmgsane
as the direction of radius of the optical disc 11. O the two surfaces 53a

and 53b glirfabe ol thecsptidal @ist Seta light e @y sptiktiveaicans the%ﬂ@ly%ﬁn%drvﬁ@l@ﬂl@3a
(o}

forms the sane angle as the diffraction angle of the hologram52,
optical member for splitting the return light beam passed through the optical path

branching means into at least two beams, and a biaxial actuator for moving the light
beam converging means into biaxial directions, that is, the direction of radius of the
optical disc and the direction toward and away from the optical disc. The return light
beam splitting means has at least two surfaces having different normal vectors, and the
boundary between these surfaces is inclined at a predetermined angle with respect to
a direction corresponding to the direction of radius of the optical disc. At least one
light-receiving section of the photodetector is divided into a portion for receiving one

return light beam generated by the return light beam splitting means and a portion for



with respect to the normal vector of the other surface 53b. Moreover, the
normal vector of the other surface 53b has the sane conponent as t he= BakANaR003
vector of the first surface 5la of the optical nmenber 51. The return |ight
beam diffracted by the hol ogram 52 and incident on the Foucault prism 53,
is split into two beans by the boundary 53c between the two 6 ~~AN 2003
72 surfaces 53a and 53b of the Foucault ismb53, and a portion incident on
the one surface 53a and a portion incident on the other surface 53b travel
into different. diﬁec%ions an .%{ﬁ)directed toward different positions on
the phot offSCEEREL ?QIEZIeVHﬁgﬁgt ®@HL optical pickup 20 having this
integrated optical elenment 50, as the individual portions of the return

li ght beam genén thisanothes ppticalidise dgyiehacansdimgtoyhepresprtingentiarhshe aptical
surfaces 53a and 53b of the Foucault prism53 and directed toward different
posi tionsdixe dsherepbrdingehediufi islrotAdd dfehé disiroestinlymehes. COhée SPloatsigaals

portions of the light-receiving section of the photodetector IC 44, a
f [ [ : J.ed :
A'so oinils {6, bR 8RR B80RE SRR Bl B PRUCECUSE R P B B

Foucault prism53 is for so.ag not to coincjde wth the_direction,

cor r esponBPRENEENEANS, a&gggg?@ﬁ ipfirstaamgigddrom e B.gm Wcapgﬂwﬂptl%ﬁawkﬂp
position information of the objective | ens 27 can be detected by finding

t he di ff etetizeopticdl esd raghtedduatitel digc obtating meznsr M Hei gpiticabpakupdhs moved mhe
boundary 53c between the two surfaces 53a and 53b of the Foucault prism 53.

That is, il 8ffeceasofwhaie JfitRe bpucalliisciy & &2etSneehtisinieas &S access a
descri bed above, when the position of the objective lens 27 with respect to

t he opti Cﬁ%iﬁ@ﬂ’&{orgﬁxé{ég@ﬁ. is, the position of the objective lens 27 with

respect to e integr optical elenment 50 and the base 21 of the optical

pi ckup 20 hol difjg the .i ntegrated_.optical. elenent, is deviagted ipnto the

i rocti on of  r AdTeUehibenie Sigaked BomaHis el SouerR lstbansanien tgouehiti opfical
return |ight beam passed through the objective |ens 27, then diffracted by
6 JAN zoommbcm@CE@lrochmowar the light baamtcomverging maranauThehight hess i then
asymmetrically split by the boundary 53c between the two surfaces 53a and

53b of theohoeiged by Hphtbe&d. coliergiagnaehhy endahérs cadt dle thekipnal regdidideam
generated by the asymmetrical splitting are received by the correspondi ng

portions Qfrfke JritBEbntiesElNENY section of the photodetector |C 44,
Therefore, 1 n the op?Péaﬁpﬁickup 20, the position deviation of the

obj ective | ens intot frectio fi. Lus of . the optigal di

be det ected_ by TP WEdhe BELORSigh Retthi vt &8 b Rap e direbel
ti t f .t et ljght b I, by th d

por 1 ons Ot et dise it deviged B Gromder B PG (etRIes Gack SHRE Fghehe

above description, the boundary 53c between the two surfaces 53a and 53b of

t he Foucaukconsing suEace of thecoptnead disc, appn the cascavhertmaifapabpeingis formesherct

to the direction corresponding to the direction of radius of the optical

di sc 11. ihveiaial rederdangkarfate bfchd Bptitandiof, theehibelandarimtdr3s dtven cesiect
to the direction corresponding to the direction of radius of the optical

disc 11 i t LR . i & d M .
necessary sREof idiRid Bffor Udndl Br 8400uBnb LT BRI Romhe ikl phocessing |
the directj.on.of radi uys the optical disc.11 cap,be, obt ained he. r.ange
which ar 1 SHEuheaiafs HEhhedl SR Pt miaagisinef8d by The Bl R B s BREF o
deviation of the objective lens, 27 in the direction of radjus, of the

opti cal di(ﬁtecpp% iadies of thecapficad discoarinte the Asesfion twandandaweydrom the

i ndi vi dual nenbers constituting the optical pickup 20. In general, as |ong

as t he bowptaay disdc Thus) thelspoedf tie lightdegneesnverged by the light bsprconverging
direction corresponding to the direction of " 6 JAN 2003 74

means and cast onto the signal recording surface of the optical disc constantly follows



radius of the optical disc 11, the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radi ug HiN 2003
the optical disc 11 can be obtained satisfactorily. Therefore, it is
desired that the boundary 53c between the two surfaces 53a and 53b of the
Foucault prism53 is inclined at 15 degrees or nore with respect to the
direction corresponding to the directionjgf radius of the optical disc 11.
The operation for reproducing the signals recorded on the optical disc 11
by using the tical disc device 10 gf the.,second enhoedi consti & ut ed, as
dusor bed “ne0EteprpechistopdRa st o fle i R GR SP4G-COhe RN iRt SLG
on the optical disc 11 by using the optical disc device 10, first, the
optical difermsa fosahpoint on the signal speording swrfase abthemnsisal disct he spindl e
notor 12 is rotationally driven at a predeterm ned nunber of rotations

under the cont rghe diight rzagpicastibndihecsigaalt redordingl durfadre ofthe catichl disd Isi s
rotated. Alight beamis emtted fromthe sem conductor |aser elenent 41

provi ded i i r i i i

Then, as tRACPRALRERIRnH cpRoiAy < SUREEOE v brklcal (Rc B AR bRy LPa lum
under the.control of the opticgl disc conttroller 14 he optical pickup 20
e roved: e e i Ariendl comaentn T be rr i debs bendasss galh GoBet
so as to access a predeterm ned recording track on the signal recording
surface oftheight peamatontiesgingimeaneand gran becomemincidant fonahetapsical member.
sem conductor | aser element 41 is reflected by the inclined surface 42a of

the prism 42 anphdeeeirfslighcbéant ineiddnt e id @gﬁcﬁfleiﬂ%@ﬁber Bas) A cfsiibal Patlel
fromits first surface 517 a via the aperture 45 a of the package nenber 45.

The |i ght L A G . i . - | $a ol li.L Y
of beans .%@?@&F@g‘l‘gﬁ% ﬁﬁgégﬁ%ﬁéfﬁ?ﬁ%l@ g%g%legl%\%&%%ﬁte l#e{hﬁlrl%kﬁﬁg“%#w’ tht
provided on  the Tjrst surface 51.a of,.the tical, nenber, 5 |1, then .

Pr amsm tt PG BT AEHertRea TEmad i @eiIBaiB e BRath membeh SHes i e
optical elenment 50. The light beamemtted fromthe integrated optical

el enent 50heORtwl pathe Branching mesnsdaelugdas.sior examploa bplagrany fosmed prdhe32
and becones incident on the objective lens 27. The |light beam i nci dent on

t he obj ectsurfadessfsth2 dpticat nrevebaye Adthetrbrirnbight bemm ik diffra2te dimgthensosl ogesh
onto the predeterm ned recording track on the signal recording surface of

the opti cahialRg dirdetibf 16Whid BRSFhotolERRIASHIIo SR Dol BF U FEtinPllghtBeam

signal recording surface of the optical disc 1 y the nain beam and two
onto the SrgRBTed ol HHC ohbPATE B HE H3hF bedh ifietffopl MR
The return light beam having its optical path branched by the optical path
branching means is then split into at least two beams by the return light beam splitting
means integrally formed with the optical member.
Since the return light beam splitting means has at least two surfaces having
different normal vectors, the return light beam incident on the return light beam
splitting means is split along the boundary between the surfaces. The beams generated

by splitting proceed in different directions in accordance with the normal vectors of

the surfaces on which they are incident, and are directed toward the photodetector.



reflected by the signal recording surface of the optical disc 11 ggkmgﬁNtzma
be a return Iight beamincluding a signal conponent, which is tran tted
agai n through the objective |l ens 27 and becones incident on the optical
menber 51 fromits second surface 51b. The return |ight beam i nci dent on
the optical nenber 51 fromits second surface 51b is diffracted by the

hol ogram 52 forned on the second surface,51b of the optical nenber 51, and
the optical path of this return |ight begl is thus separated fromthe
optical path of .the |ight beamincident on the optical nmenber 51 fromits
first surface SUACEaedshe tpq;:emgg,sgqtmrhoﬁbgmthoég Fcﬁfﬁrﬂf’r‘ihé(&qeé{}“@/ﬂl%e
hol ogram 52 fornmed on the second surface 51b of the optical menber 51, is
t ransni t t gurtibndogreceheng phe cetiirmb ghicve afii gemetates] Iypthietreturh dightbedim aphitting

the Foucault prism53 formed on the first surface 5la of the optical nenber

51. The pahbaddidiBRpdiloh Tsr RRgivitE IRCQHEAR(GI FEIR HeAHE At forld R beai

the part inci t on'the other su b travel I f’ferent diTections
in accordance with the nornal ctors.of the respective surfaces and_are

i v oct od ABRERIeA B HEF SRR dieht BEHE itine Mihnbs aterseh Gl ML cpf s
beans of the return |ight beam generated by splitting by the Foucault

pri sm 53, Mutiens of tle bght-rensiving speldra ¢é thephetodeteolora t he aperture 45a of
t he package nenber 45, then reach the photodetector IC 44, and are received

respectively byThéetufglightteaaisteogived by itlentespdctivportidns 8fthdigltdeCewing he
phot odet ect or section of the photodetector 1C 44. O the return |ight beans

having r G%Qtﬁggtdﬁh@Bﬁbquﬁrt&ﬁ%fiéﬁerﬁﬁogéeleéﬁfgﬁgg c'ohggﬁe@%?rfﬁe Bhotd#Rtdter ﬁ/djgy

I

beans genera by splitting e gratin are recerved respective
the light-receivin ection B.,and the |light-receiving.section Cof the.
phot odet e cBPIEH 28 dsfectian Ygaals 3o dhe Sienabirossiae fusity THebg edel poceSsing
phot odet ectoor |1 C 44, a return |ight beam of the main beam whjch is_inci dent
on the onecismit, predseamuredianishngtie aroqespingdscdzied antiondhe basis by thadetection
l'ight-receiving sections A3 and A4 on one side of the division |ine d4 of
t he |i ght -signa] therapysganterating\a réprodhetion signal Andjgéndrating atfaviising eeac kaghal he

by a so-called Foucault method.

Meanwhile, in the case where signals are to be recorded to and/or reproduced
from the optical disc in this optical disc device, first the optical pickup is moved in the
direction of radius by the access mechanism so as to access a desired recording track,
as described above. In this case, the position of the light beam converging means of
the optical pickup with respect to the optical member may be deviated into the
direction of radius of the optical disc from the normal position because of inertia.
When the position of the light beam converging means with respect to the optical
member is deviated in the direction of radius of the optical disc from the normal

position, the spot of the return light beam incident on the optical member is deviated

in the direction corresponding to the direction of radius of the optical disc, on the



6 JAN 2003
phot odetector IC 44, a return |light beamof the main bean1mh|8h is incident
on the - 6 JAN t003 77 other surface 53b of the Foucault prism53 is
received by the light-receiving sections AL and A2 on the other side of the
division line d4 of the light-receiving section A The return |ight beans
received by the respective light-receiving sections Al, A2, A3, A4, B and C
of the phot odetector section are detect g as current values based on the
| ight quantities by these Ilght-rece|V|ng sections A 1l, A2, A3, A4, B and
C. The curren l.Lues .based on the light quantities of the return |ight
beans ar @PUGA E@&Q%QP@“QSFPS@E;vaIueS by the voltage conversion circuit and
are supplied as light-receivin nals to the signal processing CIrCUIt
15. Then, the Isithisanorasopsiciah 81sc| idetaceording to the presenfrindentimngtheergturn
arithnetic processi ng based on the light-receiving signals, thereby

generati h@b@@ﬁmﬂuﬁh %aﬁis%ﬂhe%‘fﬁlcaﬁhﬁﬂtup%afs%ﬂ&dsﬂﬁv@%ﬁﬁﬁic@ @mqlffd?sﬂt i s
gener at ed the so-call ed Foucault nethod and a tracking error signal

RS AT T

pr edet er m gi% arlthrretlc proce55| ng based on, the Ilght-recel vin S|g als a
si gnal S2NgHIVEH Ferpechio g idiresHonriarempondingoto theedippiaen of aadiay

generated. The reproduction signal RF2 is found by the signal proce55| ng
circuit Uptral discndllerefae irhthet ¢asepwheresthe pysitidnnof thepleght Weam benverigimgi ng
equation ( 12), where SAl, SA2, SA3 and SA4 represent the light-receiving

signal s Rassek %ndé{ﬂl%téc?hi”tﬁe |d1fﬁ'tttlol?196fnrﬁalu%h@f fHE Bgﬁgﬁnﬁfsﬁcﬁbﬁleﬁl@hohﬂﬁl

light-receiving sections Al, A2, A3 and A4 of hot odet ect or secti on of

e i s R T RO

clreult 1m§arllss. The individual parts of the return light beam generated by asymmetrical
splitting by the return light beam splitting means are received by the corresponding
portions of the light-receiving section of the photodetector. Therefore, the position
deviation of the light beam converging means with respect to the optical member can
be detected by carrying out predetermined arithmetic processing in the signal
processing circuit on the basis of the detection signal from the light-receiving section
of the photodetector.

According to this another optical disc device of the present invention, since the
position deviation of the light beam converging means with respect to the optical
member at the time when causing the optical pickup to access a desired recording track
on the optical disc can be detected in the above-described manner, the position of the

light beam converging means can be instantaneously recovered to secure the accuracy

and stability of the access operation and to realize the high-speed access property.



processed by error correction and then transmtted to an external conputer
or the like via the interface 17. Thus, the external conmputer orwghaN 2Kk
can receive the signal recorded on the optical disc 11 as the reproduction
signal. The focusing error signal FE2 is found by the signal processing
circuit 1 S carrying out arithnmetic processing with respect to the
following equations ( 13), ( 14) or ( 13, where SAl, SA2, SA3 and SA4
represent the light-receiving signals based on the return |ight beam of the

;EE;? 935 g‘:{s Eﬁ@é@? P?f%%*?%%%ﬁ%ﬁ%ﬁ@f&%‘g?é ?@dﬁf&@hﬁ%ﬁfﬁ%@&@ﬁ& g e
error si d’léﬁ%m'#@t b(gamzﬁmgt%méléqa@s ;’§§Pﬁ)apptﬁ)‘g ﬁé@l&»éféeﬁéf(ﬁtg)gl%&&%%cﬂéggut

arithmetic processing with respect to the follow ng equation ( 16), where

SB and SGigesirtasthetFdutaultirgbthodds ased figr doteutigthearudtimndéeviatiorofithe liphht
beans of the two side beans received by the light-receiving sections B and

Cofthew &?%nﬁ%ﬁl : : o ..
(16) The ocuggﬁ{é rror si grfg]l% E%sé}egﬁ‘é(?%Qﬁ%égﬁflﬁxélbgﬁléémggg%%ﬁﬂd%ﬁly
gener at ed_by.t.he signal ogessi.ng . circuj.t 15 are s | j.ed to the servo
dontr ol - SRRVidinE #By HensoP Sete3ti fonition Byl Baotafe LERUidam Faveiaite o
the basis of the focusing error signal FE2 and the tracking error signal
TR2, the means Ehenefore, the opvealibsadevies cameealizetha higltspeadaccess propary
optical pickup 20 under the control of the optical disc controller 14. As

the bi axily a@k@@ﬁﬂélﬂ&nﬁssﬂmﬁlyedetbytiﬁ@&hag%dsitiﬁﬂrdewﬂlti@ecdﬂ the light rbeam
accordance with the focusing error signal 2 and the tracking error signal

TR2, the Qiaxi : I Si

(he ob] et P mRasH R iR Re BRIGAE MR IncrEienin hehiREKB, B EbBitoRcHT e
direction. toward d awa r t he, signal .recordi ng surface of the optical
di sc 11, Pﬁﬁ%ﬂ%%?ﬁ%ﬁ#ﬁﬁ‘ﬁggf/&@dmﬁmﬂls?rﬂ%fhgl? ht beam converged by
the objective lens 27 so as to be constantly |ocated on the signal
recording surface of the optBuefDgreription Oﬂ'ﬁ'@ Brawmgs act uator 28 al so
carries out tracking servo to mnutely nove the objective | ens 27 held by
t he | ens hol di Rig. bsapersp&ivientiow stlendaticatlyishownig a eciventional dyticg) pidaip.
disc 11, thus controlling the spot of the Iight beam converged by the

obj ective | enSF%.z&Oaaﬁ:v& forf Xpl Ainirid e RYUHIGE 4 86jective 1R iARhé RtcHbAC
11, By thus reading the reproduction signal while carrying out the focusing

hus rea on i gnal while carryin he T
7 epr oduccol FRt) Ral SBYEALBAE s0Rh fifle & Aol By TR SBYERRARAR Pl c ot

wh h ical ,di 11.is. fl d ilted. Meanwhile, | .h
wher 6 the o gnblE3 ibactlsk Basiafe sBriee en fiemiley SEUBTh ST L PBHGRL A by

this optical, disc device 10, first the optical pickup 20 is noved at a 8
JAN 2() 03device to which the present invention is applied.

Fig.4 is a perspective view schematically showing an optical pickup to which
the present invention is applied.

Fig.5 is a side view schematically showing the state inside the optical pickup for
explaining the positional relation of an integrated optical element to which the present
invention is applied in the optical pickup.

Fig.6 is a side view schematically showing the state inside the integrated optical



80 high speed into the direction of radius of the optical disc 11 mdddfW3
on the spindle notor 12 so as to access a predeterm ned recording track on
the signal recording surface of the optical disc 11, as described above. In
this case, the tracking servo is off. The objective |lens 27 of the optical
pi ckup 20 is held by the | ens holding section 31 novably supported to the
fixed portion 29 of the biaxial actuator 4,28 via the suspension 30, as
descri bed above. Therefore, when the optical pickup 20 is noved at a high
speed into,the directiion of radi.us of the optical disc 11, or when this
movement i SSCLER @eﬂ?ﬂc{}h@eﬁﬁﬁ?? VERLQH, LS Hﬂﬁbe‘tfﬁl ve lens 27 with respect to
the fixed portion 29, that is, the position of the objective lens 27 with
respect to the Higskis2a perspassiveptiewaschsimatigallyoshovwinghbepposiiionalinelasion of
thereto is deviated into the direction of radius of the optical disc 11
from t he radfEludlageinbess c@xﬁ'ﬁﬁﬁtihﬁ@hé optivginsiekep to Peiith the prudent invehtion is
optical disc device 10 to which the present invention is applied, the
position of i@% objective lens 27 is instantaneously recovered to realize

t he high-sﬁ%’ access property, by detecting the deviation of the objective
l ens 27 fromthe normal _position as position information, then causing fhe
servo control d888i eﬁqtq&&sgom ¢ aclagientiesween theqasHien oban @beDFHECg‘?ﬂSilBé e
pi ckup 20 on the basis of the position information of the objective |ens
27, and t hepticd pigkupmtowhicotlmaptesdniindpntion is eppbed and ¢he pesitiongfi hecturn
position deviation of the objective lens 27. In the optical disc device 10

to which thehtpRs eimed AN holbgramadhisedshyis thd BatdPRblerd e MHjethiee lens is
objective lens 27 with respect to the base 21 of the optical pickup 20 8

~pN 2003 rHian. f - j hat f -l

posi 1 on i merRadd il Rl g LA SRR I Rite o fPe e pRER SR ot
disc 11 inqgcated by .a arrqy X in Figs.12B and 12C, the spot of the return
| i ght bean? FFFY%B?@ngﬁvﬁﬁ%-hologran152 formed on the second surface 51b
of the optical nenber 51 of the integrated optical elenent 50 is deviated
into the directFigP toa sskpord sehematidablydihosangdhe state aukide andthenantsgrated|
disc 11, on the Foucault prism5 3 forned on the first surface 51 a of the

optical nespital zlem¥tierd Whictofhjegmekste iheastidyid ppiled he normal position,
the Foucault prism53 is divided into the two surfaces 53a and 53b by the

boundary 53c papgl 1Wid A ] t I : i : :
mai n beam di f f rg 'gg‘ig p?ﬁgﬁﬁgﬁ@gg\ﬁgﬁ s%%eﬁfgﬁ%gﬁﬁgﬁg%ug%ggﬁégg%gg% fggﬁaﬁﬁg
two surfaces;.-53a_and 53b is incl.ined at a predeterni ned. le sqo as _nhot. to
co et de- viEHVRRa BEmEers EintghlbEA0aRengoRE S RERUR IR hi B prodaf futtiobh.
optical disc 1}, Thus, when the position of the objective lens 27 with
respect tolStaPI8dse 21 of the optical pickup 20 and the portion fixed
thereto is deviated into the direction of radius of the optical disc 1 |
from t he nor nmal Figkl is amenlanged penspectiveyviewbshmwing esbentiad iporthemof arcopiaeal
on the Foucault prism53 is asymmetrically split by the boundary 53c

bet ween t hgemiergiolRidsinattiérbpnal pickupao khichthé pReseatib@ntion is apﬂlied.
Specifically, when the objective lens 27 1s at the normal position, the

Cur P aces 93a andaR i 1Ag PotrRl RRARTESeREhME b SEM olfiellf 1atn
Shown 1 FrRESRODECE! Bakin b Siia B Presen i entina fueriapiadond o, 86 Ron Bt

the objective lens 27 ig deviated _into the direction of radius of the
optical di Etum lighhspphfermed wmea fauganlt prign. Jagm sk shawsrthe Stasawhons &g
is incident on the one surface 5 3 a of the Foucault prism5 3 is greater
than the pabjectivelesns lavatédet ®hognalposittoe Biys, 128 asd d@C show-tlg: stafs where
the part of the return |ight beam of the nmain beam which is incident on the
ot her surf f I i : is greater than the part

i ncident ont gﬁﬁggcgﬁg g§g&§§§}kggiiééggﬁﬁdh Fig.12C. Thus, the return

| i ght beam of the main beamis asymetrically split by the boundary 53c

bet ween the two surfaces 53a and 53b. OF the respective parts of the return
| i ght beam of the main beam asymetrically split by the boundary 53c
between the two surfaces 53a and 53b of the Foucault prism53, the part

i ncident on the one surface 53a of the Foucault prism53 is received by the
i ght-receiving sections A3 and A4 on one side of the division |ine d4 of
the light-receiving section A of the photodetector 1C 44, and the part

i ncident on the other surface 53b of the Foucault prism53 is received by
the light-receiving sections AL and A2 on the other side of the division
line d4 of the light-receiving section A Thus, when the position of the
objective lens 27 is deviated into the direction of radius of the optical

Ly Y " oy Y




| i ght-receiving section A of the photodetector 1C 44, and a bright spot is

formed on the |ight-receiving sections A3 and A4 on the other side of the
division line d4 of the lightreceiving section A of the photodetector IC
44. Then, by finding the difference in the light quantity between the |ight
received by the light-receiving sections AL and A2 and the |light received
by the light-receiving sections A3 and A%B the position information of the
obj ective |l ens 27 can be detected. Meanwhile, when the position of the
objective lens 27.is. devi.ated intq the.diyection of radius of, the,opti.cal
i sc 11 and" t nETBARLISOR Sifle View hamgiallye ShoBIme He FEath Beiensih B0t
incident on the other surface 53b of the Foucault prism53 is greater than
the part integoed opticahelenrent $owhick tiBpresast wivontionns #ppliakC, a dark spot
is formed on the light-receiving sections A3 and A4 on the other side of
the division | ipjg 1d4saf ?éﬂsgebai@mfer\@@auemmcaqgcghmm@ b phric0trerebacsor

| C 44, and a bright spot is fornmed on the |ight-receiving sections Al and

A2 on the, . 81 de t he div].si |k f | i - | V| S ' A
of the phopoifial Tnpmpters sohiyin sl andhed oiriBln PRl 18 SPhithhe Pkt
gquantity hetween the |jght received by the |light-receiving sections Al and
A2 and thénYWQHﬂlﬁéﬁﬁﬂ d by the light-receiving sections A3 and A4, the
position information of the objective | ens 27 can be detected. In the
optical disc device 10 of Belt Meadeofodi QanyingeOsi thedinvemdoxat i ng t he position
information of the objective lens 27 is generated by carrying out

predeterm ned giefE] éxﬁbBHﬁﬁ@ﬁt%idflghé)}érés@ﬁt $iveRabn KR RW$bedesdrived ih dbeail

based on the light-receiving signals fromthe light-receiving sections Al,
A2, A3 and_, he t oget or - 6 JAN 200a 84 section. The signal S2
i ndi cati ng"ﬁég%s‘gfr%‘g’ﬁ?ﬁerﬂd’g?" Yon of the objective lens 27 is found by

t he signal,prggégsing circuit 15 carrying out arithnetic processing with
respect t g equation ( 17), where SAl, SA2 SA3 and SA4
represent the |ight-receiving signals based on the return |ight beam of the
mai n beam r eceiligd showshthel ograll stmeture nd anexeimplaryropticsd disddemide ttwhich
respectively, of the photodetector section of the photodetector IC 44. S2 =

(SAL+SA2) the piAdnE¥Ention i€ dppliddEThisGpticaldist ddiizatliotastdeindiivhbr 12 for
information of the objective lens 27, generated by the signal processing

circuit 1 ' ' I O, Mia. apt i 6l

i socont o SR Richie R drtitaP sk 1 B0t eRbrSg M Afudy o Gprlcaoickl 90 for

t he servo .control segtio 9.drives the biaxial actuator of 1.h tical
bl ckup. 20 30T, ML achefhbearyfin swBal i Bind gurtaee e ortirs BBhaf T on
of the objective lens 27. As the hjaxial actuator 28 is, driven by, the servo
control sdetatinnally drvenr dyothsespigdienmaipyddl ansd o gecaivingga rairp dight;keam
information of the objective | ens 27, the biaxial actuator 28 carries out

m dpoi nt geflecteidoby thersigna) reaording surdacsbptthe opticalndis@1 1hssl 8 try redderdcond
hol di ng section 31 into the direction of radius of the optical disc 11 so

as to i nstagh#lseessrided o ﬂlﬁ@i%ﬁd‘l&eﬁ@ﬂiﬁg Siirfdey bftheddptacaltdisc O &8d h\entehs
27 with respect to the base 21 of the optical pickup 20 and the portions

congt ant Iy SHoFa 106 PARER fleginfe M4 T7 170 €8 Yptice] Bickfp 20 A Sigwn in

devi ce 10 fﬁ hi s enbodi nent, since the access operation of the optical
pi ckup 20 ¥¥tarried out while the midpoint servo is carried out as

descri bed above, the high-speed access property is realized. Al so, in the
optical disc deth@@omuogsemm 18rhascamepticalsdise sontrellen dds iangjgaak procesyngl
FE2 is detected by the so-called Foucault nethod, the spot of the return

| i ght beansifarites] amintdifade Yhtaheadeiceéssronti seutionf 18, hadpisetrvsleteeslsectith 44
has a small dianmeter. Therefore, it is possible to reduce the distance

bet ween thg;respective spots when the main beam and two side beans
generated by splitting by the grating 47 are cast onto the signal recording
surface of the optical disc 11. Thus, the tol erance of the angle made by
the direction of the recording track on the optical disc 11 and the |ine
connecting the respective spots can be increased, and appropriate tracking
servo and hence accurate signal recording/reproduction can be carried out
even in the case where any defect such as scratch is generated on the
optical disc 11. Third Enbodi nent Still another enbodi nment of the optical

di sc device to which the present invention is applied wll now be

descri bed. This optical disc device has the basic structure simlar to that
of the optical disc device 10 of the first enbodinent and is characterized
inthat it is adapted to detect a tracking error signal by a so-called
pushpul I nethod. Therefore, in the follow ng description, only this

T ) - N . S r M



6 JAN 2009 86 nunerals and will not be described further in detmlﬁﬁ#*
optical disc device 10 of the third enbodi nent, an opti cal plckup as an
integrated optical elenment 60 as shown in Fig.13. The integrated opti cal

el ement 60 shown in Fig.13 has the structure simlar to that of the
integrated optical elenent 40 of the first enbodi nent, except for an
optical nenber 61 in place of the optic menber 43 of the integrated
optical elenment 40 of the first enbodi t and for a photodetector IC 62 in
pl ace of the photodet | C 44 f t he integrated tical el enent 40, of
the first emb &herfﬁmcaf%ﬁé ceptmélar tepptrolsthedsiving qspladtsatlatqrehl\wtﬁte
shape made of a transparent plastic material or glass and having a first
surface Gpredetarinmed aaniter ofrdacions,ldnddontivlatle qreratidebf ¢achggarhimsidethe
This optical nmenber 61 is joined onto the package nenber 45 so as to cl ose
the apert ﬁ&oﬂ§§x9ﬁ1¥§e package nenber 45 by the first surface 6la. On the
first sur ace a of the optical nenber there is formed no grating 47
such as the o inte aﬁﬁ% f.ormed on %he flrst sur f oflthe aptlca
nenber 43 of t'H¥ ¥ER SHUPFATCHS | ) genpritesa, reﬁﬂﬁ-’é‘rPGPeSIg%all? e Pedm
incident on the optical nenber 61 fromits first surface 61 a is

t ransni t detectioncugaltfhemdhe opticalpinkep 26;1and transmith thegenphied repradugtion
plurality of beans. On the second surface 61b of the optical nenber 61, a

hol ogr ams#had tavan éxteiral thmpner drahatifte 9 theants frd 7% UTHhis @l o43hh o kxteral
optical nenber 43 of the first enbodinment is integrally fornmed This

hol ogr am, ey © i
DAN 3003 CHIHUEO ok s HIGNESrkSeivihe! dhal iR diéacbﬂe‘EE mléalp(an Fuc‘f.st cam
directed to d the disc, 11, and diffr t he ht i_nci ent
on' the- optPERIuCHEHsis TheHehRkoiceSHine StiepiscD b Benaates sORRRLSER

l'i ght beantreflected by the signal recording surface of the opti cal dISC
11, int o stpk asi 2 seackmg eonarsignalea fhousingtasterosigng and apsignaleindeeaiing theght
beamreflected by the signal recording surface of the optical disc 11 is

di f f r act gabsivjort in€oriedtigr afrard 8bjettwetléres on tlecbaginof theedetettien pipnabfenetiicor
|C 62, the optical path of the return |ight beamis separated fromthe

opti cal fxaPhidkhp 20 §hd shsSlids ﬂh@%ﬁ@fﬁte&)@lgﬂa& t%ﬁhb%%kwﬁ?ﬂﬁ@rcoﬁﬂroilépmt he

first surface b1 a Thi's hologram bi sected al ong a boundary 48a

passing thr Othlh ?a@f#ee??ko%bfse@tﬁh L}?Hﬁo{/%%%ptfcg V\#I Qﬁﬁ@oogt atﬂlglagﬁé&i

beam and t hus ogram areas hologra

gratings .of differen iffraction angles are forned, ectlv

shown i n mtcg&fz&quqtert&a r@@t B thegpnficah §sscolrls%@ert‘he e seidaldlie ang
48c are constituted by a plurality of grooves extendlng in a substantially
per pendi sgingroligrldeoiasrtowauie thespizeal pockups binaetesy a peedetPrvingd seeording:
return |light beamincident on the hologram48 is split into two beans by

t he boundedck di8theddfigiidleebeiding sumfdde ofithd optical dise bl fog esiemipla bytthackomenp

hol ogram area 48b and a portion incident on the other hologramarea 48c are

diffractegd @bk 1fliefferent diffraction angles into the direction along the
boundary 48a. The diffracted beans are directed to different positions on

t he phot odete 6 f or i Lal ] '- I S
as indicated gi;;ﬂé B%r@g o&rbig@g@g 12 dpﬁ% %ﬂﬁﬂaﬁ%h@t&%ef@{g &%)t c%kg%Was
the individ port s of the return |ight began 88 gen ted
by split t‘?fhé‘ Dasis of ﬁwﬁa@wgmr&l%ﬂmﬁrswﬁsrﬁw SgAIGReiiba ol aF
different positions on the photodetector 1C 62 are received by the

cor r esportheraptipal discnesomifolidrel 4 5glas o0 enmiutelygneee tthe mbypéctivecleph hiebdiby dls¢ or

| C 62, a focusing error signal can be detected by the so-called Foucault

met hod. | Blaki¥ aBRLRGTHO Sxial Sive ORI Bl 1§$1ee BRbvESof HRIIGYGS thelopaicaldias eas

48b and 48c is inclined at a predetermned inclination wth respect to the

o' that thb WEanIAT Btk o G Biectlor] ROVARY Bhet BfaZehbEE I ot o

the direction of radius of the optical disc 11 indicated by an arrow X in
Fig. 4. Specifically, the boundary 48a between the two hol ogram areas 48b
and 48c of the hologram 48 is inclined at approximately 45 degrees with
respect to the direction corresponding to the direction of radius of the
optical disc 11. In Fig. |4, to sinplify the description, the direction
corresponding to the direction of radius of the optical disc 11 is the sane
as the direction of radius of the optical disc 11. As descri bed above, in
the case where the boundary 48a between the two hol ogram areas 48b and 48c
of the hologram 48 is not coincident with the direction corresponding to
the direction of radius of the optical disc 11, when the position of the
objectlve Iens 27 mnth respect to the optlcal nenber 61 that is, the

) Y o ~ - e e e - T 1



JAN 2003 89 direction of radius of the optical disc 11 fromthe mﬁm ol
position, the return |ight beam passed through the objective |lens 27 and
i ncident on the hologram 48 is asymretrically split by the boundary 48a
bet ween the two hol ogram areas 48b and 48c of the hol ogram 48. The
respective parts of the return |ight beam generated by the asynmetri cal
splitting are received by the corresponggng portions of the |ight-receiving
section of the photodetector IC 62. Thus in the optical pi ckup 20, the

t d t t 27 t he . di t di
Phe opti ddPotiaE SHifaespThe dEgel Bcnll Tk afori R PP RGT ae PRI PRGh

quantity of the respectlve parts of the return |ight beamreceived by the
cor r esporf@icngingservoard sfackig $arydt - r ecei vi ng secti on of the photodet ect or
I C 62. In the above description, the boundary 48a between the two hol ogram

areas 48b and B¢ sefvd Bentrel 9&tRdh 49 AlSo idibldsnde BibxRPRIcRXdtOROE the ‘Bi)tlcal
degrees with respect to the direction corresponding to the direction of

boundar y BRIREPRRE b3 Of i siERiRABleerbh ThEPRilaRinfoRE LR bR R sk lfe

of radius of the optical, disc 11 may be suitably set wi.thin such a, ranﬁee
that a sdBFEPASY MEnEsbampveshe pbyeettventsnsthel %byu the driagia) agtuaer o ¢

objective lens 27 in the direction of radius of the optical disc 11 can be
obt ai ned. diféetioresigedinkiof thedptice didut B, thugcdrhgingens so-culled nmdpems aerwoffor
detecting the position deviation of the objective lens 27 in the direction

of radi usc@redt %tﬁd%ﬁhorgﬂé@laﬂién'o‘f tHR LB Rhiveasss GRS '@l%@hoﬁ'bftrﬁ&us of the
per f or mance of e i ndividual nenbers constltutlng the optical pickup 20.

I n genera r I| 002 90 at 1 S

degr ees oé?ptrlr‘fa)ﬁ?1 dl%n&tﬁgégggﬁ#}nt%{% ‘ﬁ’“c?%m 88??338%%#‘% 0 the

di rection of ius of th ical dis he sensitjvit ecessar

detecting the ﬁgg opHs#l meﬁmgbéﬁs apaspdl a%l;ueétls cennesied i e OH?rr%féI“Pon

of radius of the optical disc 11 can be obtained satisfactorily. Therefore,

it is deshemblatdeas cohrobsentibar |8 #8na Hecaddaed bhaft @8, Aoblhgwam digds 48b and

48c of the hologram 48 is inclined at 15 degrees or nore with respect to

t he The base 21 is made of a metal material such as aluminum or the like shaped
in a plate-like form, and a through-hole 23 penetrating in the direction of width is
provided at one end thereof. As the thread feed shaft 22 is inserted into the through-
hole 23, the base 21 is connected to the thread motor of the head access control section
18 via the thread feed shaft 22 and is made movable in the direction of radius of the
optical disc 11 indicated by an arrow X in Fig.4 by the driving of the thread motor.

As the base 21 is moved in the direction of radius of the optical disc 11 by the

driving of the thread motor of the head access control section 18, the optical pickup
20 can access a predetermined recording track on the signal recording surface of the

optical disc 11.

At the other end of the base 21, an engagement piece 25 to be engaged with a



direction corresponding to the direction of radius of the opticat disc 11.
The phot odetector |IC 62 has a photodetector section for receiving the
return light beamdiffracted by the hol ogram 48 and transmtted through the
optical nenber 61, and a voltage conversion circuit for converting a
current fromthe photodetector section to a voltage. These section and
circuit are integrated as one elenent. T, phot odet ect or section of the
phot odetector 1C 61 has, as shown in Fig.14 four Iight-recei vi ng sections

D, E, F and G ar I.OI’I|II’le whi ch ar. tebou ary
Dbt vl PR R S AR T A RS, SRSl ibgL%

a division line d5 inclined at apprOX| mately 45 degrees vmth respect to the
di r ect i oniscergagedavith thg guade shafii2dethe basedi | camastam ithattispde aad baistably 1
and a division line d6 orthogonal to the division line d5. In the

phot odet efifnfedigctheadrivihgtofehe lateadeheror | C 62, the |ight-receiving
sections D and of these | i ght-receiving sections on one side of the

division line a §

diffracted by t e&gﬁgsgitoaﬁgﬁ@ %fr)g‘e%th%b h%?'lg?%egdﬁgpo ram Afgm c}b ﬁ]h:h opens
light-receiving s ions F n the o he S, JAN zo~~ 91 t

i o1 51 on MBS SWAE ST AFINGING ORBCHLIS IEFQC %@m s housing
diffracted by the other hol ogram area 48c of the hol ogram 48. I n the

phot odet eseatror 26,62 bidxial anmaten 2 8via hoeseth adudh onadapged ifghminutsly inawsg ah
the return lights received by the light-receiving sections D, E, F and G of

the phot odpjehverlea€QYiiAf ﬁ[@df‘r@@MSﬁtcﬁ@aﬁﬁJsV@f flROSptYcH] Wse bY m@&at@.@ byaa
conversion tircuit and are supplied as light-recei'ving signals to the

signal progesskng Fi Lfi'nttd xitgostl?é dhHBEHGR tbGatd g{ﬂ QS JB& Et?e;mépgﬁecw&ng

si gnal proce55| ng CI carrl es out™ predetermi

processin sed.an the I| signal s eby generating a
repr oduct gB#aaE?Qh epptgcq;ld 601 ”fl %@8@5@‘%?91}? PE3 i s generated by
t he socal |l ed Foucault nethod and a trackl ng error_si gnal TR3 is generated

by the so-cal | ddhepbierigladtuater RSahasverdgedmortoniZghiikeddoithaibuaei g & kans

position information of the objective lens 27 is gener at ed. The

repr oduct holdifig o atiorRF B mevably aepputtéde thedhald purton29ivig asuspetisiond 50, and
carrying out arithmetic processing with respect to the foll ow ng equation (

18), wherg 1ﬁ§'5ror§5nepql§ﬁl%%ﬁ%@ta ggu ﬂtttmﬁﬁ@ewh@ﬁngm@?élﬁ ARG

t he return I beam o in beamreceived by the |1 gh rece|V|ng

sections t ode or_s e

52 RE3 %egﬁ%é)l %ee%‘)lg&y S ET A 3brn TRERBRABLTEA R o

by the si roc ing.circuit ed b or correction and

t hen trangﬁﬂpgdh? ﬂlﬁg%wl@ﬁbﬁfg& @‘raxt &°y %ré a the interface 17.

Thus, the external conputer or the |ike can receive the sjignal 6 JAN 2pp2

92 recorded on Inkbisdpaxiahhctiiatar 28, velzert & eurrept bakedtdra tl@plgn@ QITAthgh ng

error signal FE3 is found by the signal processing circuit 15 carrying out

ari t1 unet iacfopuemgsatardsighdlis scepplied td thet dudl dbtHeaivigg @ouadn 6AsrémitBe sef\dD)
control section 19, the driving portion 32 generates an electromagnetic force to
minutely move the lens holding portion 31 in the biaxial directions in accordance with
the value of the current supplied thereto. Thus, the objective lens 27 held by the lens

holding portion 31 is minutely moved in the biaxial directions, that is, in the direction

of radius of the optical disc 11 and in the direction toward and away from the optical



or (21 ). FE3 = SD-SE ... ( 19) FE3 = SF-SG ... (20) FE3 = (SD+SF) -

(SE+SG) ... (21) The tracking error signal TR3 is found by the si greag JAN 2003
processing circuit 15 carrying out arithnetic processing with respect to
the follow ng equation (22). TR3 = (SD+SE) - (SF+SG) ... (22) The focusing

error signal FE3 and the tracking error signal TR3 generated by the signa
processing circuit 15 are supplied to tgg servo control section 19 via the
optical disc controller 14. On the basis’of the focusing error signal FE3

and the tracking error signal] TR3, the servo contrpol section 19 dr.ives the
bi axi al 4H8GAlon woaqlan%walatth% aqactsxmowg%l and the @&P?lygcﬁifoﬁ‘% i ng

servo and tracking servo under the control of the optical disc controller
14. By thus reAdthegothiee endprfatiadtase? Isagrategnitiedeoptaral plemgemti40 ishmountedsi ng
servo and tracking servo, the optical disc device 10 can appropriately

repr oduc [ : : [ - G [
wher et ho" Bt 5 SRR 4 e Chifnt RIS Snjcdrffcloh IIVElelhen ag R gt
signal S3 indicati nﬁﬁlagggosi t.ion i n%‘lgﬁmat ion of the objective lens 27 is

found by SOMECSREMA iR e UFAANGIEIL o v i ng out arithmetic
processing wth respect to the follow ng equation (23). S3 = (SD+SE) -
(SF+SG ... ( 2Imth1mepacajrmckt3320nmecmwrgtq%@ptm ieiemenﬁ 4} tr meuntad on thee
obj ective |l ens 27 generated by the signal processing circuit 15 is supplied
to the sdsase 2ogy thalt adiit beaniemiitted e a didtaceioh sdbstantally patdll td he main
surface portion of the base 21, that is, substantially parallel to the signal recording
surface of the optical disc 11, as shown in Fig.5. In this optical pickup 20, a light beam
emitted from the integrated optical element 40 is reflected by a reflection surface 32a
of a rise mirror 32, thereby bending the optical path by approximately 90 degrees to
leading the optical path to the objective lens 27.
As the light beam emitted from the integrated optical element 40 is caused to
proceed substantially in parallel to the signal recording surface of the optical disc 11,
the optical pickup 20 can be reduced in thickness while an optical path length
necessary for the light beam is secured.
The integrated optical element 40 has a semiconductor laser element 41 as a
light source, a prism 42 having a function to bend the optical path of the light beam
emitted from the semiconductor laser element 41, an optical member 43 made of a
transparent material for transmitting the laser beam with its optical path bent by the

prism 42 and for transmitting a return light beam reflected by the signal recording

surface of the optical disc 11, and a photodetector IC 44 as a photodetector for



Under the control of the optical disc controller 14, the servo QDSRLQNZNB
section 19 drives the biaxial actuator 28 of the optical pickup 20 on the
basis of the signal S3 indicating the position information of the objective
| ens 27. As the biaxial actuator 28 is driven by the servo control section
19 in response to the signal S3 indicating the position information of the
obj ective lens 27, the biaxial actuator, 28 carries out m dpoint servo for

m nutely noving the objective | ens 27 ﬂ%ld by the | ens hol ding section 31
into the direction of radiys of th optjﬁgécgisc 11 so as to

i nst ant éﬁ%@ﬂm&th@ciﬁﬂé'@tllgh{ G985 a5 SHAVIeN %N of the objective lens 27
wWth respect to the base 21 of the optical pickup 20 and the portions fixed
t hereto, and Thusemohdatoriiserebjment 4l the paist7d2 andothelphotd detectondCatd | y
at the normal position. In the optical disc device 10 of this enbodi nent,
since 1 hoaf6eRRdopeaibon 98 AhngRliheRle #pakkiiclhehfbdars.l h ek ivaid ©

t he m dpoi servo is carried out escri ove, the high-speed access

property is realj.zed.. Also,, in the,opti.cal disc devi.ce 10. .0f i '

D ri6d! moNrTaceTREOR L (s Rakkads HAGRT 45,8 abeRfiedi s §30 Ullita Ot s AR be

detected by the so-called push-pull nmethod, the grating 47 for splitting a
i ght besmfagadpartion| ofythe- pankege imembex: # 5 ombereotherapesture Mg asis growisteds the! i t
by the grating 47 are no | onger necessary, thus enabling sinplification of

the strugititad meabelesT id ot BPYR adhbsitBorehd likeko 8é frcldsyilreagertubiqsa. t he
present invention is applied, the position deviation of the objective |ens

27 at t p; f: i r Ik i - R IS
det oct cdtPAHY PR SRR AR iciad (4cds e ab O SRER! inkhRAtE (9
objective, Jens 27 in the direction.of radius of the.optjcal dihsc 11 so,as
Co £t dRdhitansber Deetd BRtR: SHisnolreralest iR pisffint 4035 motlfd 5
wWth respect to the base 21 of the optical pickup 20 and the portions fixed
t her et 0. OTHeg bagsy 21 oflthe ab@w:zd@ycrah@é) eptipal pickup20tand wchald 9n gplixed state of
the optical pickup 20 can be secured and the hi gh-speed access property can
be real ithegeorAl so, in the optical disc device 10 to which the present
invention is applied, the position deviation of the objective lens 27 is

detected by ushoG%dnhiRoRaloQamkés e%méﬁt%'fol!é,caqlkglgoéxhﬁfmg%leﬁlehh%tgpzﬂl%al

pi ckup 20 for generating a focusing error signal by the Foucault netho

wi t hout rat el. rovi.di ng..,any _neans. for de LN Sit | i,ation
of the. oconnargm P8O 1R LY PR A Fglt Al BeBf gty
obj ective | ens can be, defected. appraqpri |y and, gj npl.y, and the hi gh-speed
access pPoFatiante she pigna 5‘1’90{8@8&????@’&0%69%4 a’égﬁ crease in the nunber
of conponent %artsh the increase in size of the device itself and the rjse
in cost. Moredberprism #Rehantanc anclinedc sadface ¢ 2p0 indlingd; 8h anhénglmation of
invention is applied, the center light-receiving section of the
phot odet gpproxithatedy 4 568egreesliwitld egkpeyt to thesbddi £0 Q15 indlmed suiface 4Rane
d3, d5 parallel to the boundary 48a of the hol ogram 48 or the boundary 53a
of the Friprai &h@uﬂgpfnb%gm ERfibA FrERMRIINR R Or Thsdr ARV A1 Lritgthebeam
It by the d the two

of the main beam s ol ogram 48 are recelve

by
| i ghtrecegiving section enen d by, di wision di yi si | i 3 ..d5
par al | el gltr 8“3‘%?9 Sﬁ%ﬁﬂﬁ%@g%ﬁ?@i ?cg ﬂ?y%?ﬁrgﬁa?ﬂ%gg%&h@ﬁeopgﬁaﬁgﬁl&og@gqightt he
Foucaul t_ prism53. Therefore, for exanple, even when the position on the
photodetb@FBr | C 44, 62 of the return |ight beam spot of the light beamin
the focused state is slightly changed in the case where a change of the
osci | | ati on wdheloptigahmiesbprddrisfennédin dparadei-plateishapenmadesefia teanrapanent4 1
or in the case where a change in the refractive index is generated in the

optical priEHEmMAA8riabdr glads RESREvIAgQA it sTRES 4341Rd & Bedoad surfacest3poshichl e
to effectively restrain generation of any deviation of the signal |evel of

a focusi [ i gnal e t LI 10 9] f ' eam
apot . antraiotralib B AR ofi” s ppeRORekitR BT oREe guly e ickale pifther”
optical disc device 10 to which the present invention is applied, the
grating 47 as the light beamsplitting neans, the hol ogram 48, 52 as the
optical path branching neans, and the Foucault prism53 as the return |ight
beam splitting nmeans are integrally formed in the optical nenber 43, 51

61. Therefore, alignnent of these nenbers is not necessary. Thus, it is
possible to sinplify the operation of assenbling the optical pickup 20 and
to reduce the nunmber of conponent parts and the cost. The optical nenber
43, 51, 61 can be easily prepared by injection-nolding of a resin materi al
or by glass press nol ding.



~ JAN 2QQ~ 96 In the optical disc device 10 to which the present invention
is applied, the sem conductor |aser elenent 41 of the optical pickup &0AN 2003
t he photodetector 1C 44, 62, and the optical nenber 43, 51, 61 are
constituted as the integrated optical elenent 40, 50, 60. Therefore,

al i gnment of these nenbers is not necessary. Thus, it is possible to

further sinplify the operation of assenbling the optical pickup 20 and to
further reduce the nunber of conponent pﬁ?ts and the cost. Also, reduction
in size and thickness of the overall device can be realized. In the above
descri pti d, sa aetoplhose the aperturgelacef thapaskagpmeraerpt Thy phofirg surface 43a.
nonpol ari zati on optical systemfor recordi ng/reproducing signals to/from a

conpact disc (Dt fizstErfIM 43OVENRY optiddlsmembRAYUR0R cgrﬁtiﬂg)wdsrﬁgmqoetam
t he above-descri bed enbodi nents and can al so be applied an optical disc

devi ce havj mng,- i j | ari zat ion optlcal f

recor di ngrPug Ry 1€ by Rlralttofthe 8 aP  pRSIER of Pre Bhiinat BRAE Tt ram
like. Industrija plicability Accqording to the integrated optical el enent
of the pr SUBIGh 1P ACHREEADY W rismt g ARuPEIdamt OBharUsabMerEr4ght - boam
converging nmeans With respect to the integrated optical element at the tine
of access to a Hesigrating 4¢as adiffractianlgranmng ber diffractahg thiedight arcidentdhersnned,
the optical pickup using this integrated optical elenent can realize the

hi gh- speedyREERSS pRESRES bidihBiis al oA LSPgheR ihSlte PR pedt 6
optical path br angﬁ{rng n%ﬁé%-g%%xﬁéeﬂqlg tﬁ?%‘ﬁ%ﬁl{bﬁbe lr}?gpli&t tei ng rne*an%e IS
used for tecti t he _positj.on deyi at.ion. of the,. "~ JAN. ZOQ~ 97 .11 .ght
boam convelh b SouTRPIdiaR R the iriioPn ok idins o feT Rl disre ;| The

i nstead of additionalu%gpnoviding anﬁ means for detecting the posjtion,

devi at i on gRtipngd 7 hagigfupetion tospltithe Hghhbeas inqidenken the optiel spmben 4bintRup
using this integrated optical elenent can realize the high-speed access
property byphwphtypof tamhyinzhadisg mpleastiemeaihibegm hmdeagi of @ Atldevdeatdiffinacted
the |ight beam converging means, w thout causing the increase in the nunber
of conponeRia aridvd §ide dRassirHaddp @&‘Eﬁ;scﬁnd AeneeVitcardet afffifacailiging byithe

in cost. According to the optical pickup of the present invention, since

t he positi@@ﬁgﬁ%%?%§%@¥ﬁgﬂ%ggé&ég@gsbean1converging means with respect to
|

the optica access to a desired recording track on
the optical disg.can be detecteed, the posifjon af .the |ight beam_convergi ng
mans, can be. | OFARE AIGY i e BEadiatrd by debting by i eGSR Shasin y
of the access operation and to realijze the high-speed access property.

Al so, in theamapcasantpiagregdetstoonet regordingitraqk e he signekrecovsdingtsnetace of
optical path branching nmeans or the return |ight beamsplitting neans is
used for deteaaptioad diseel poOSf theopluddvtiyatfibeanns gérneeateddivt spinting bynhe goitnrg 47,
means with respect to the optical nenber, instead of additionally providing
any neans {RItviesidetidathd it RBtd E@ﬁti@ﬂy eicRMre vettiéally Hhhy BRAMIEOPYSitidnNg
means. Therefore, the optical pickup can realize the hi'gh-speed access
property b fat ' j ecti ng: b i akl:

Phe 11 ght BLABRISEEA i Sk RME iR o i adO R vSS 516 FbHEBnBN.
of conponents, the jncrease.n the 3jze of. the devi.ce itsilf agd t he hiSﬁ
REPL ACEVENEWAY fiqepthe centsr of thyseagrdigg track,by Arpeayamately; 1At track on thesigna
integrated optical el ement used for an optical pickup for carrying out
recor di ng ERe@rdingr sypfack of ithm opticali disalld . b¥hns,rthaealight spotsiage £ormed endiheg
surface of an optical disc with a |ight beam conprising: a |ight source
for em ttisignaheedorghig hadaae of fhwbpdedladitorl IhaVhagferd, itE@bptieﬁbﬁ')i\ckﬂg 20 is
section for receiving a return |ight beamreflected by the signal recording

surface of ;L0 0BFdeRlctigSFiracking error signal by a so-called three-beam method.

The size of the grating 47 is set so that a return light beam which is reflected by



a package nenber for housing the light source and the photodetector

therein; an optical nenber arranged on the package nenber for transnigtjhRI2G03
the light beamemtted fromthe |ight source and for transmtting the

return |ight beamdirected toward the photodetector; optical path branching
means made up of a hologramintegrally forned with the optical nenber for
separating the optical path of the light beamemtted fromthe |ight source
and the optical path of the return Iighﬁobean1directed toward the

phot odet ector; and |ight beamsplitting neans integrally formed with the
optical nthetsegnal secatiding surfaee)of Hee Optyal chemhl ,cﬁhee@tae@bc{ thnavigh theeolbjsctival
disc and for splitting the light beaminto a plurality of beans including a

mai n beanjedlhridMhcidéle BeAfBon ithe feptitrd wenitRe 43 kel Whidhade diffrdchal Gt 4 cal

menber; the optical path branching neans having at |east two diffraction

areas fory i ffr i [e n.ligh m.r ec t }

recordi ngh(g]ﬁg{aéﬁgtgoﬁﬁfbﬁgﬁ(gwﬁgél ancﬂ @'5%“?@?8\7"8? 4 héq' éﬁ&ogﬁ%gﬁl @18,&%065 not
respectively, the boundary between the diffraction areas ~EPE. ACEMVENT
SHEET ~ gbe&gamg incident- 6 JAN 2~2 140 being inclined at a predetermn ned
angle with respect to the direction corresponding to the direction of

radi us of the Optthestcatidaurfade 43nsf theopticabientbes 4B yiheh ddegtano48 as optieal
phot odet ect or being divided into a portion for receiving a return |ight
beam di f f t ; hEfi [ -4 t ' ans
and a por{)?tgln&fqgrg r ceie\‘%ih%\é§ gﬂreg?dt}})ﬁfmﬁ a%?%%?ﬁ?&c?%d%@% e o?ﬁetgg
diffractign ar wher ei.n i he tical nbher Jhas a.surface o i

1 ght - beatereih PR PR HH o3RG0 T Ehat R ol ARG SOdHetital e
which is substantially parallel to the first surface and on which_ the
return |i §hitheenasseditheoughitheyobiectivg lgnal” and srcidens agamyonhespticabmgpbesal
disc is incident; and wherein a hol ogramas the optical path branching
means i s #8rned on the second surface. 2. The integrated optical elenment as
claimed in claiml, wherein the optical path branching neans is forned so

that the boundyhis helopesm BRedigddthy aahimitsaheassttshdans lihdiRnélonlthelgptiesls
or nore with respect to the direction corresponding to the direction of

radi us of Pk 4 hsSC ) i tij gal < i in
Ciai m 1 GEdtpds IR et qutlite HETHAL 50 ABUAR beif PEROAPIALAATRE
is divided by .a,diyision lLines substantially .garallel to.the boundary,
bot ween 1 ARUSAISG L1 AR aiiiets e Reltheate sWiBgh fom foe-orvice) Sneer 35fom
REPLACEMENT SHEET ) . . )

the second surface 43b, that is, the return light beam reflected by the signal recording

surface of the optical disc 11, into the direction toward the photodetector IC 44.

As the return light beam reflected by the signal recording surface of the optical
disc 11 is diffracted by the hologram 48 into the direction toward the photodetector IC
44, the optical path of the return light beam is separated from the optical path of the
light beam incident on the optical member 43 from the first surface 43a.

This hologram 48 has two hologram areas 48b and 48c which are formed by
bisecting along a boundary 48a passing through the optical axis O of the return light

beam of the main beam and in which holographic gratings of different main diffraction



~ g SEA' 1~1 10l - 8 JAN 2002 4. An integrated optical elenent used for an
optical pickup for carrying out recording and/ or reproduction of SifghiN Wy
irradiating a signal recording surface of an optical disc with a |ight

beam conprising: a light source for emtting the |light beam a

phot odet ector having a light-receiving section for receiving a return |ight
beam refl ected by the signal recording sd face of the optical disc; a
package nmenber for housing the |ight source and the phot odetector therein;

ti | nb d 1 Kk . t 1.tti th I ght
beam e { BT G OREERT GHPOCHLS Ve baREo Ot Brs i 14 AISE ROLF EFBLREY SGHIE
beam directed toward t he photodetector; optical path branchi ng neans

i nt egr al | holegnasyagas i Snandb A8t exe comstituted by agdpeality iof grooesoprtprdingjatan
of the light beamemtted fromthe |ight source and the optical path of the

return |i ghbsheaallypehnaideulay dirbeticn oilrespettsirbindass 432f Thaefor! tiral

disc; and return |l1ght beamsplitting neans integrally fornmed with the

opti cal B i ! K

opti cal parhrn el ReREhGRR: S e RYSEEuh et SPEOMERRS Bt ey,
splitting ans hgving at | east two surfaces having different nor

vect ors, i %@%3&1931%@\%@@“@%?@“% MERNteR the enecholgramarea 78 and a
predeterm ned angle with respect to a direction corresponding to the

di r ect i on pefrtioadncident on hiee ofiter halogtarcarea 43eRiradiffitastedmEtTierery diffradtion
200f 6 JAN 2002 102 at |east one light-receiving section of the

phot odet ecirpile PRitd thlHirbeigsh alt ﬁaenﬂfddd%( 485, rmfealivirAgicdtRahit dteMitdcodt
beam generated by the return |ight beamsplitting nmeans and a portion for

recei ving {n&eALBS ph&HALE dd o pﬂg%ﬁetector IC 44 as beams forming substantially

semicircﬁlar spots as indicated by spots SP1 and SP2 in Fig.7. In Fig.7, only the main
beam is shown.

In the optical pickup 20, as the individual portions of the return light beam
generated by splitting by the boundary 48a of the hologram 48 and directed toward
different positions on the photodetector IC 44 are received by the corresponding
portions of the light-receiving section of the photodetector IC 44, a focusing error
signal can be detected by the so-called Foucault method.

In the hologram 48, the boundary 48a between the two hologram areas 48b and
48c is inclined at a predetermined inclination with respect to the direction
corresponding to the direction of radius of the optical disc 11 so that the boundary
does not coincide with the direction corresponding to the direction of radius of the
optical disc 11 indicated by an arrow X in Fig.7. Specifically, the boundary 48a

between the two hologram areas 48b and 48c of the hologram 48 is inclined at



5. The integrated optical elenent as clained in claim4, wherein the
optical path branching neans is nade of a hol ogram forned on the sur® B8 N0 2003
optical nenber. 6, The integrated optical elenent as claimed in claim4 ,
wherein [ight beamsplitting nmeans for diffracting the Iight beam directed
toward the optical disc and for splitting the light beaminto a plurality
of beans including a main beam and two §%de beans is fornmed integrally with
the optical nmenber. 7. The integrated optical elenment as clained in claimb5
, Wherein the .optic nber has a surface,on which the |j.gh eam em tted
From t e ARPERXIRESH A SE PR e case to S ABReAA ot ePundiato B Hiredton
substantially parallel to the first surface and on which the return |ight
beam r ef lafoadusmf theepsicghdiscridcor di ng surface of the optical disc is

i ncident, and wherein the return Iight beamsplitting nmeans is formed on
the first SUVfIﬁQEis%@Qe,ttBQdﬁ‘ébﬁgh%%Péxﬁ’tﬁngﬁétlﬁadiré@idh Of RAALY d&h@%glﬁéal' S

formed on the second surface. ntegrated optical elenent as ai ned

. | . 7 .. .. h b .' | . - . f . . ff . '.

beam di r dbee AT PSR clig e RRang dgbialthtBAng gidbribh g iRt b Bekis . o
TR e R R B

2U01 6 JAN 2DD2 103 9. The integrated optical elenment as clained in claim

4, wher eidirgdtinaptwliah tharétubon ightibexgn meadention therhroddgiamn #Bahovdsewhenititar y
is inclined at 15 degrees or nore with respect to the direction

correspo reggjoreg)ffttﬁe tﬁ@ﬁlt BehRCEAR rbr{%'g itfr#ggi%ﬁ%l gi%cdrﬁﬁlg%v\%fé@é oFItRE opteal AR 11

i ntegrat optical el enent as c aim erein at least one

l'i ghtrecejving. sgcti.on. of the photpdetector s divided by a division line
subst ant (EPYE EEHE digfor R RATRBRR S A L s n T ght “beam spl 1Tt ng
means. 11. An gptical pick for carrying out, recordi ng.and/ or repr.duction
of signals by knrlﬁlsgdlatpisaf@pﬁ%xﬁ%é@smm%%gm cle 19R0bERowR WhirFk as
with a |ight beam conprising: a light source for emtting the Iight beam

| i ght beaarangeddrasivegn tbartegmted optrealydlagenh 40 landithe wbgentire lened 7fsodimat he
| i ght source and for irradiating the signal recording surface of the

optical dihgcliMgctiontcoeresponeingad the directierRof ralindof hdaiRiaddisba\iis thedsame
light-receiving section for receiving a return light beamreflected by the

: | : ¢ : . disc: .
between { o SR R S e g SRR RIey S SERRRE

i . h th id f t ift] t Lght b itted
rom the ThoRe Mt de. Baoparal Farthire 13 AT ERoPheldsieatop it Heash Biovatata
toward the photodetector; optical path branching nmeans_ nade up of a

hol ogr am $&Rasdte amembersy ddually.howeyesghpianespegtiyeontinal elepanis agantegeated

optical path of the light beamenmitted fromthe |ight source and the
opti cal pas theahtagratededptiaal eleghenttrhasdlesenbedlabaowar d t he phot odet ect or

As described above, in the case where the boundary 48a between the two
hologram areas 48b and 48c of the hologram 48 is not coincident with the direction
corresponding to the direction of radius of the optical disc 11, when the position of the
objective lens 27 with respect to the optical member 43, that is, the position of the
objective lens 27 with respect to the integrated optical element 40 and the base 21 of

the optical pickup 20 holding the integrated optical element, is deviated into the
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REPLACEMENT ~M~~r z 9 s t ~ zae~ 104 |light beamsplitting neans integrally
formed wth the optical nmenber for diffracting the |light beam directed
toward the optical disc and for splitting the light beaminto a plurality
of beans including a main beam and two side beans is formed on the first
surface of the optical menber; and a biaxial actuator for noving the |ight
beam convergi ng neans into biaxial di rec%é ons, that is, the direction of
radi us of the optical disc and the direction toward and away fromthe

optical disc; .the tj.cal th hrancghi ansg havi ng at .l.east t .
Al 111 acti direstioReof Badics pf Rt epRgal discrid: PR M RomBepesitphetest b lighs
signal recording surface of the optical disc, into different directions,

respect i véiepm phsseidotindugh thet olejeativerdents 27r and iionidenéacn the plogram Wddisat

a predeterm ned angle with respect to the direction corresponding to the

direction a@?rrﬁﬁéifi@ﬁll?&;?ﬁﬁtgf t%‘lio%ﬁa%@ 4%4 betlveeAdsd tvahBoldghthar €421 81 4iHl 48¢
section of the photodetector being divided into a portidn for receiving a

return |i beam di f fracted by one diffractjon area. of ,the optical,path
br anchi ng i SO 487 (s RepBEiut nub 35 the PefieR et e, SEd iR BElR
by the other diffraction area wherein the optical nmenber has a surface, on
whi ch t he asygaeretpealspliting awe reeeived b the eprresponding pertions ofthalightaeseyatdnd
surface which is substantially parallel to the first surface and on which

t he ret ur sethighobfheaphoeideestterI®w4t he signal recording surface of the
optical disc is incident; and wherein the hologramas the optical path

br anchi ng. meansTiis, FRMHRRSptR bRSuBERRR psidON dORROHHSH BS BbjectRETEACEMENTS

the direction of radius of the optical disc 11 can be detected by finding the difference
in the liéht quantity of the respective parts of the return light beam received by the
corresponding portions of the light-receiving section of the photodetector IC 44.

In the above description, the boundary 48a between the two hologram areas 48b
and 48c of the hologram 48 is inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11. However, the
angle of inclination of the boundary 48a with respect to the direction corresponding
to the direction of radius of the optical disc 11 may be suitably set within such a range
that a sensitivity necessary for detecting the position deviation of the objective lens 27
in the direction of radius of the optical disc 11 can be obtained.

The range which allows obtaining the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radius of the optical disc
11 is more or less dependent on the performance of the individual members

constituting the optical pickup 20. In general, as long as the boundary 48a is inclined



a JAN 20~ 105 12. An optical pickup for carrying out recording,ggﬁNOﬁma
reproduction of signals by irradiating a signal recording surface” of an
optical disc with a Iight beam conprising: a light source for emtting the
i ght beam |ight beam convergi ng neans for converging the |ight beam
emtted fromthe light source and for irradiating the signal recording
surface of the optical disc with the cogxerged | i ght beam a phot odet ect or
having a |ight-receiving section for receiving a return |ight beam

refl ected he signal recardin rf.ace. of .the optical. disc: an optical
rerber  aritabARETEEs batote ROt remect B it disfctiom craBindiing o e fledion S8 ng
the |ight beam converging nmeans on the other side, for transmtting the

| i ght beamdars of ébe fopdieat ldesd i1dhthe sensitivigpondasssanyafiyniletecting tthe pasttiom

| i ght beam directed toward the photodetector; optical path branchi ng neans
i ntegral | devigtioRdf he SbjebeveneACay inEddedtitn SERAG bhthe dsticaddiseal 1 pad h

of the Iight beamemtted fromthe |ight source and the optical path of the
return Li by the signal recording surface of the optical
di sc; ret%hbﬁﬁgiﬁgaggg@égﬁtti ng nmeans integrally formed with the opti cal
menber for spljijting the return Light beam passed through th ptical path
br anchi ng rreanJgf'l?WEQfeatt 15 dgsire &hﬁtgg@h@png]m @%bemesn tﬁ%ﬁuaﬁ@fogram #8695 ng
the |Iight beam converging neans into biaxial directions, that is, the

di recti o4& anddi8oofahe hobogpami 48lis diclinedrad 1Shdegieesemt inore titharedpectdoahay
fromthe optical disc;  REPLACEMENT SHEET ~ g SEP ZOO 6 JAN 20n 106 the
return |i ghécth@rBdsBspdiding toeRN8irbavdnef 24dil§aFthd ¥ptisalrdiac ¢s. havi ng

The photodetector IC 44 has a photodetector section for receiving the return
light beam diffracted by the hologram 48 and transmitted through the optical member
43, and a voltage conversion circuit for converting a current from the photodetector
section to a voltage. These section and circuit are integrated as one element.

The photodetector section of the photodetector IC 44 has, as shown in Fig.7, a
center light-receiving section A, and two light-receiving sections B and C arranged at
positions slightly distanced from the light-receiving section A into the direction
corresponding to the direction along the recording track on the optical disc 11, as
indicated by an arrow Y in Fig.7.

The direction corresponding to the direction along the recording track on the
optical disc 11 is a direction substantially equivalent to the direction along the
recording track on the optical disc 11 with respect to the return light beam incident on

the photodetector section of the photodetector IC 44. It is the direction in which the

return light beam incident on the photodetector section moves when the spot of the



di fferent normal vectors, the boundary between these surfaces being
inclined at a predeterm ned angle with respect to a direction correspondi ng
to the direction of radius of the optical disc; at |east one =6 JAN 2003

| i ght-receiving section of the photodetector being divided into a portion
for receiving one return |ight beam generated by the return |ight beam
splitting neans and a portion for recei v'5ng the other return |ight beam

13. An optical disc device conprising: di'sc rotating neans for rotating an
optical dj.sc;, an optjcal, pi.ckup for,.carryin t recordi.ng, and/ or

Fopr oauct [t b CaMs ths) i EnalTar GRdiRg Sutend o Hiepptin dincal CRimeb alanedbai ng
surface of the optical disc rotated by the disc rotating neans; a signal
processi ntecording tragloon phoopicilrdisa ldiet ecti on signal from the opti cal

pi ckup; and an access nechani smfor noving the optical pickup in the
direction of r@i‘thés@ﬁgﬁthﬁc@ﬁﬁhg%ctﬁlﬁcdf thBS}bh@Rfdéfé’dtoPSéTdﬂd@l, geereentet ligh

g
i ght source for emtting the |Tight beam |ight beam convergi ng nmeans for
converging. the light beamenitted t.omthe |ight ;source for.irradi ati ng
The s gnafeaetBnrarrion e Flidshth Ao Bar Hher G asalatouRt bladty Xen
beam a photodetector having a light-receivi ng section for receiving .a
return | i BRtwesshthe 879 Belaggamyareps 48b giwd 43eebihe hrjogiam 48 that 18h@ dbfsioaal
di sc, an optical nenber REPt , . ACEMENT SHE! ~' ~ ~gSEP~~~ - 6 JAN 2002 lo7
arranged hetwd8nindlmdd gitt approximaselgt gliiotdededesctwith ospeet $6 dtheardirdcihion
|'i ght beam converging neans on the other side, for transmtting the |ight
beam e { bgfrelpObihao!the iretAth O ralfhs! OF thel GHIRA HisklOL bHE ol ikich lihelay

beam directed toward the photodetector, optical path branching nmeans nade

up of a haolegramidintearally for Wi t he optiGgal  nember for.. ting
the opt corTRRBLY Edtvision RAERT, Ahd Aubsifes Bine R TR ng et DR AL
opti cal p%h 0(5 ‘the return |ight beamdirected toward t he photodetector,

| i ght bea 35%111 M-ng nmeans integrally fornmed with the optical nenber for
diffracting the Iight beamdirected toward the optical disc and for
splitting the [hght fimdodétaciorseptianaifi the pliotodatestomiT ddi, e dightiracdivmy
and two side beans is fornmed on the first surface of the optical nenber,

and a bi axeatior@Btandthe light-réapiving sebeoh CUbE thbSShpIRORY 8lvih § Se diRAITetdlVOthe
bi axial directions, that is, the direction of radius of the optical disc

and the dieehiiihy RRoR e BBYsiLE HLERCGARIER bl oMty K bidln B9

branchi ng neans "having at least two ditfraction ar

return light beamrefl ecied by the si | recordin face, of,. the optical
e i nt sy TR Bhafadelcoesh sectort st dRe T OacteE s ol i dishiarebiis
diffraction areas being inclined at a predeterm ned angle with respect. to
the dir ectS%%O%Arle%rpfb%e?a oy ong stdreofithedivisyending déanstg@fceﬂm lightiressivingc;
at | east one light-receiving section of the photodetector being divided
into a porstcnon Aarecenedhe pag of thetatum liglyttieaheafithdinifin beardwhichdsdiffracted
diffraction area of the optical path branching neans and a portion for

r ecei vi ng by st hologhdrlated w8 oGS aeh 18, drtbthellfiph-rébdil irCidceiona HFand
wherein the optical nenber has a surface on which the |ight beamenitted

fromthe |4 i« Sia DEIERd, ; i i :
substanti é%?;@hp%r%gﬁgtﬁgf S_tﬁic?I ?ﬁ{eﬁf %é?agt}r i@ggﬂgéﬁkﬁﬁé _tl‘r;egeirvzl_tl%rsﬁé ?Ibﬁst
ibﬁgim d;ﬁ: l ergélege %ﬁé@%&g&é@%bgg@%u t&%%%al%f béarllg wiith$é hif%l!asc:%ed gy the
other hologram area 48¢ of the hologram 48.
The light-receiving sections Al and A2 for receiving the return light diffracted

by one hologram area 48b of the hologram 48, and the light-receiving sections A3 and



108 6 JAN 2002 wherein the hologramas the optical path branching neans is
formed on the second surface. 14. An optical disc device conpri Siﬂ@%ﬂ%ﬁ%
rotating means for rotating an optical disc; an optical pickup fo*¥c yI'ng
out recording and/ or reproduction of signals by irradiating with a |ight
beam a signal recording surface of the optical disc rotated by the disc
rotati ng neans; a signal processing ci I’(‘Sléit for processing a detection
signal fromthe optical pickup; and an access nmechani smfor noving the

optical pic¢k inthe direction. of radiys,of the optical disc; t optJ cal
o ckup cobioBihgelins Hha retu dight fifEaste B bRt Gfomain e 4k Shahi
convergi ng neans for converging the |ight beamemtted fromthe |ight

sour ce arlmolbgralnﬁrfiaa;mdwndgd%yet idgvigion ke ddiwlyck is paralicbfo thiedamdaraft8ai sc
with the converged |ight beam a photodetector having a |light-receiving

section flestweraah¥ it dlogtam Arddst8b HeddBE of kigchelbgpynt4® si gnal recording
surface of the optical disc, an optical nenber arranged between the |ight

source and pho . Sj i, ght V. i on
the ot hor s\ delt 5% SPHERAAFIER 30 b de ek oyl BRI RHFI e S0
source and for transmtting the return |ight beamdirected toward the

phot odet gt beasn of the mpan %egnag@rmrn@dn@aﬁghmmé@f the Bolpgram ¢ Svarerreesiaed
optical nenber for separating the optical path of the light beamenmtted
from the by ¢gie two ligherecedvingesestivhs s¢parated of thehdivistdtine Id3ghhichaaparallel
reflected by the signal recording surface of the optical disc, return |ight

beam spl i td ¢ bHﬁﬁﬂa&yi B8 LFahb ol 49 T PhédREoRPIDE BkampRERRARENVER the
SH-E' ~ 3 g S E P 200 6 JAN 2002 109 nenber for splitting the return |ight

beam passgd.:t:hra t Lcal i.0g: ' .
poams. - anpostipRaPthe it ey IRHD o RN V5l e it FRRL bEA in
into biaxi.al .diregtions, that, is, the .direction of radjus of .the opt, cal
di'sc and BRefRfUsedStE 1@&5\}33&5/ gﬁﬁynftﬁlsrﬁaﬁﬁé’vl&fﬁ %aha%%eaf t}tl%ésglil@UPH
i ght beam splitting neans having at | east two surfaces having different

normal vewavekngthes ganenstedyinsbe semrcanductordasdradementd hgrimthe casd vetera a
predeterm ned angle with respect to a direction corresponding to the

di recti onchingadh e @bfhbEvORidsals ghricated! inl hasdptivad rhérfiBer 418 dRIcHLEWof a
section of the photodetector being divided into a portion for receiving one

return i %ﬁ?g%%?egﬁﬁﬁgﬁ,t it siolterd ceftf&{tﬁs:??'{ Q{Qtralﬁ‘? g%ég{lkh>t9¥%gy g@@f?ﬁioﬁ’&' a

porti on for ecel vl ng e ot'her return eam

A Aa. A Ay, AuS. . : . .
Lat e aral TEAR Layebof afogusing eries signaksug o the Rositian shangr O URGHY A
CA&FLAA h.ASS.AS.A.ASU.A.%A‘.A.A.AA.A CA3.A@A A A AAALAA.A3A.A
& ALu. A . Beam §pok(ng yo detegban@ppIaprieioacusing erassigRahs. AA9. A3. A{1 9. A
5% A9. A 9. A. A% A A % AS% A y. A . A9. AL. A u9. AFu9. Au% A9. A{ % A

In the photodetector IC 44, the current values based on the light quantities of

the return lights received by the light-receiving sections Al, A2, A3, A4, B and C of
the photodetector section are converted to voltage values by the voltage conversion
circuit and are supplied as light-receiving signals to the signal processing circuit 15 of
the optical disc device 10. Then, the signal processing circuit 15 carries out
predetermined arithmetic processing based on the light-receiving signals, thereby

generating a reproduction signal RF1. Also, a focusing error signal FE1 is generated
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from the integrated optical element 40.

The light beam emitted from the integrated optical element 40 is reflected by
the reflection surface 32a of the rise mirror 32 and becomes incident on the objective
lens 27. The light beam incident on the objective lens 27 is converged by the objective
lens 27 and then cast onto the predetermined recording track on the signal recording
surface of the optical disc 11. In this case, three beam spots are formed on the signal
recording surface of the optical disc 11 by the main beam and two side beams
generated by splitting by the grating 47.

fhe light beam cast onto the signal recording surface of the optical disc 11 is
reflected by the signal recording surface of the optical disc 11 so as to be a return light
beam including a signal component, which is transmitted again through the objective
lens 27 and becomes incident on the optical member 43 from its second surface 43b.

The return light beam incident on the optical member 43 from its second surface
43b is diffracted by the hologram 48 formed on the second surface 43b of the optical
member 43, and the optical path of this return light beam is thus separated from the
optical path of the light beam incident on the optical member 43 from its first surface
43a.

In this case, the return light beam is split into two parts by the boundary 48a of
the hologram 48. The part incident on one hologram area 48b and the part incident on
the other hologram area 48c are diffracted at different diffraction angles in the

direction along the boundary 48a and are directed toward different positions on the
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The return light beams, dlffracted by the hologram 48 and transmitted through

the optical member 43, become incident on the package member 45 via the aperture
45a of the package member 45, then reach the photodetector IC 44, and are received
respectively by the light-receiving sections Al, A2, A3, A4, B and C of the
photodetector section of the photodetector IC 44,

Of the return light beams having reached the photodetector IC 44, return light
beams of the two side beams generated by splitting by the grating 47 are received
respecti\./ely by the light-receiving section B and the light-receiving section C of the
photodetector section.

Of the return light beams having reached the photodetector IC 44, a return light
beam of the main beam which is diffracted by one hologram area 48b of the hologram
48 is received by the light-receiving sections Al and A2 on one side of the division
line d4 of the light-receiving section A. Of the return light beams having reached the
photodetector IC 44, a return light beam of the main beam which is diffracted by the
other hologram area 48¢ of the hologram 48 is received by the light-receiving sections
A3 and A4 on the other side of the division line d4 of the light-receiving section A.

The return light beams received by the respective light-receiving sections Al,
A2, A3, A4, B and C of the photodetector section are detected as current values based
on the light quantities by these light-receiving sections Al, A2, A3, A4, Band C. The

current values based on the light quantities of the return light beams are converted to
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Then, the signal processing circuit 15 carries out predetermined arithmetic
processing based on the light-receiving signals, thereby generating a reproduction
signal RF1. Also, a focusing error signal FE1 is generated by the so-called Foucault
method and a tracking error signal TR1 is generated by the so-called three-beam
method.

In the optical disc device 10 to which the present invention is applied, as the
signal pfocessing circuit 15 carries out predetermined arithmetic processing based on
the light-receiving signals, a signal S1 indicating the position information of the
objective lens is generated.

The reproduction signal RF1 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the followiné equation (6), where
SA1,SA2, SA3 and SA4 represent the light-receiving signals based on the return light
beam of the main beam received by the light-receiving sections Al, A2, A3 and A4 of
the photodetector section of the photodetector IC 44,

RF1 = (SA1+SA2) + (SA3+SA4) .. (6)

The reproduction signal RF1 generated by the signal processing circuit 15 is

processed by error correction and then transmitted to an external computer or the like

via the interface 17. Thus, the external computer or the like can receive the signal

recorded on the optical disc 11 as the reproduction signal.
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return light beam of the main beam received by the light-receiving sections Al, A2,

A3 and A4 of the photodetector section of the photodetector IC 44.

FEI = SA1-SA2 (D
FE1 = SA3-SA4 .. (8)
FEI = (SA1+SA3) - (SA2+SA4) . (9)

fhe tracking error signal TR1 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following e;quation (10), where
SB and SC represent the light-receiving signals based on the return light beams of the
two side beams received by the light-receiving sections B and C of the photodetector
section of the photodetector IC 44.

TR1 = SB-SC .. (10)

The focusing error signal FE1 and the tracking error signal TR1 generated by
the signal processing circuit 15 are supplied to the servo control section 19 via the
optical disc controller 14,

On the basis of the focusing error signal FE1 and the tracking error signal TR1,
the servo control section 19 drives the biaxial actuator 28 of the optical pickup 20
under the control of the optical disc controller 14,

As the biaxial actuator 28 is driven by the servo control section 19 in
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accordance with the focusing error signal FE1 and the tracking error signal TR1, the
biaxial actuator 28 carries out focusing servo to minutely move the objective lens 27
held by the lens holding section 31 into the direction toward and away from the signal
recording surface of the optical disc 11, thus controlling the focal point of the light
beam converged by the objective lens 27 so as to be constantly located on the signal
recording surface of the optical disc 11. The biaxial actuator 28 also carries out
tracking servo to minutely move the objective lens 27 held by the lens holding section
31 into the direction of radius of the optical disc 11, thus controlling the spot of the
light bea.m converged by the objective lens 27 so as to follow the recording track on
the optical disc 11.

By thus reading the reproduction signal while carrying out the focusing servo
and tracking servo, the optical disc device 10 can appropriately reproduce the signals
recorded on the optical disc 11 even in the case where the optical disc 11 is fluctuated
or tilted.

Meanwhile, in the case where the signals recorded on the optical disc 11 are to
be reproduced by this optical disc device 10, first the optical pickup 20 is moved at a
high speed into the direction of radius of the optical disc 11 mounted on the spindle
motor 12 so as to access a predetermined recording track on the signal recording
surface of the optical disc 11, as described above. In this case, the tracking servo is

off.

The objective lens 27 of the optical pickup 20 is held by the lens holding section
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at a high speed into the direction of radius of the optical disc 11, or when this
movement is stopped, the position of the objective lens 27 with respect to the fixed
portion 29, that is, the position of the objective lens 27 with respect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated into the direction of
radius of the optical disc 11 from the normal position, under the influence of inertia.

In the state where the objective lens 27 is deviated from the normal position in
this manﬁer, appropriate recording/reproduction of signals to/from the optical disc 11
cannot be carried out. The deviation of the objective lens 27 from the normal position
is eliminated with the lapse of a predetermined time period. However, if
recording/reproduction is carried out after the elimination of the deviation of the
objective lens 27, arelatively long time is required until the recording/reproduction of
signals to/from a predetermined recording track on the optical disc 11 is started, thus
substantially obstructing the high-speed access property.

Thus, in the optical disc device 10 to which the present invention is applied, the
position of the objective lens 27 is instantaneously recovered to realize the high-speed
access property, by detecting the deviation of the objective lens 27 from the normal
position as position information, then causing the servo control section 19 to drive the

biaxial actuator 28 of the optical pickup 20 on the basis of the position information of

the objective lens 27, and then carrying out so-called midpoint servo for correcting the
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position deviation of the objective lens 27,

In the optical disc device 10 to which the present invention is applied, when the
position of the objective lens 27 with respect to the base 21 of the optical pickup 20
and the portion fixed thereto is deviated from the normal position indicated in Fig.8 A
into the direction of radius of the optical disc 11 indicated by an arrow X in Figs.8B
and 8C, the spot of the return light beam incident on the optical member 43 of the
integrated optical element 40 from the second surface 43b is deviated on the hologram
48 into the direction corresponding to the direction of radius of the optical disc 11.

When the objective lens 27 is at the normal position, the hologram 48 is divided
into the two hologram areas 48b and 48c by the boundary 48a passing through the
optical axis O of the return light beam of the main beam incident on the optical
member 43, and the boundary 48a between the two hologram areas 48b and 48c¢ is
inclined at a predetermined angle so as not to coincide with the direction
corresponding to the direction of radius of the optical disc 11.

Thus, when the position of the objective lens 27 with respect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated into the direction of
radius of the optical disc 11 from the normal position, the return light beam of the
main beam incident on the hologram 48 is asymmetrically split by the boundary 48a
between the two hologram areas 48b and 48c¢ of the hologram 48.

Specifically, when the objective lens 27 is at the normal position, the return light

beam of the main beam becomes uniformly incident on the two hologram areas 48b
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boundary 48a between the two hologram areas, as shown in Fig.8A.

On the other hand, when the position of the objective lens 27 is deviated into
the direction of radius of the optical disc 11, the part of the return light beam of the
main beam which is incident on one hologram area 48b of the hologram 48 is smaller
than the part incident on the other hologram area 48c, as shown in Fig.8B, or the part
of the return light beam of the main beam which is incident on the other hologram area
48c of the hologram 48 is smaller than the part incident on the one hologram area 48b,
as shown in Fig.8C. Thus, the return light beam of the main beam is asymmetrically
split by the boundary 48a between the two hologram areas 48b and 48c.

Of the respective parts of the return light beam of the main beam
asymmetrically split by the boundary 48a between the two hologram areas 48b and 48¢
of the hologram 48, the part diffracted by the one hologram area 48b of the hologram
48 is received by the light-receiving sections Al and A2 on one side of the division
line d4 of the light-receiving section A of the photodetector IC 44, and the part
diffracted by the other hologram area 48c is received by the light-receiving sections
A3 and A4 on the other side of the division line d4 of the light-receiving section A.

Thus, when the position of the objective lens 27 is deviated into the direction
of radius of the optical disc 11 and the part of the return light beam of the main beam
which is incident on the one hologram area 48b of the hologram 48 is smaller than the

part incident on the other hologram area 48c, as shown in Fig.8B, a dark spot is formed
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on the light-receiving sections Al and A2 on the one side of the division line d4 of the
light-receiving section A of the photodetector IC 44, and a bright spot is formed on the
light-receiving sections A3 and A4 on the other side of the division line d4 of the light-
receiving section A of the photodetector IC 44. Then, by finding the difference in the
light quantity between the light received by the light-receiving sections Al and A2 and
the light received by the light-receiving sections A3 and A4, the position information
of the objective lens 27 can be detected.

Meanwhile, when the position of the objective lens 27 is deviated into the
direction of radius of the optical disc 11 and the part of the return light beam of the
main beam which is incident on the other hologram area 48c of the hologram 48 is
smaller than the part incident on the one hologram area 48c, as shown in Fig.8C, a dark
spot is formed on the light-receiving sections A3 and A4 on the other side of the
division line d4 of the light-receiving section A of the photodetector IC 44, and a
bright spot is formed on the light-receiving sections Al and A2 on the one side of the
division line d4 of the light-receiving section A of the photodetector IC 44. Then, by
finding the difference in the light quantity between the light received by the light-
receiving sections Al and A2 and the light received by the light-receiving sections A3
and A4, the position information of the objective lens 27 can be detected.

In the optical disc device 10 to which the present invention is applied, a signal
indicating the position information of the objective lens 27 is generated by carrying out

predetermined arithmetic processing by the signal processing circuit 15 based on the
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light-receiving signals from the light-receiving sections Al, A2, A3 and A4 of the
photodetector section.

The signal S1 indicating the position information of the objective lens 27 is
found by the signal processing circuit 15 carrying out arithmetic processing with
respect to the following equation (11), where SA1, SA2, SA3 and SA4 represent the
light-receiving signals based on the return light beam of the main beam received by the
light-receiving sections Al, A2, A3 and A4, respectively, of the photodetector section
of the photodetector IC 44.

 S1=(SA1+SA2) - (SA3+SA4) (1)

The signal S1 indicating the position information of the objective lens 27,
generated by the signal processing circuit 15, is supplied to the servo control section
19 via the optical disc controller 14,

Under the control of the optical disc controller 14, the servo control section 19
drives the biaxial actuator 28 of the optical pickup 20 on the basis of the signal S1
indicating the position information of the objective lens 27.

As the biaxial actuator 28 is driven by the servo control section 19 in response
to the signal S1 indicating the position information of the objective lens 27, the biaxial
actuator 28 carries out midpoint servo for minutely moving the objective lens 27 held
by the lens holding section 31 into the direction of radius of the optical disc 11 so as

to instantaneously correct the position deviation of the objective lens 27 with respect

to the base 21 of the optical pickup 20 and the portions fixed thereto, and thus controls
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the objective lens 27 to be located constantly at the normal position.

In the optical disc device 10 to which the present invention is applied, since the
access operation of the optical pickup 20 is carried out while the midpoint servo is
carried out as described above, the high-speed access property is realized.

Also, in the optical disc device 10 of this embodiment, since the focusing error
signal FE1 is detected by the so-called Foucault method, the spot of the return light
beam formed on the light-receiving section of the photodetector IC 44 has a small
diameter. Therefore, it is possible to reduce the distance between the respective spots
when the main beam and two side beams generated by splitting by the grating 47 are
cast onto the signal recording surface of the optical disc 11. Thus, the tolerance of the
angle made by the direction of the recording track on the optical disc 11 and the line

connecting the respective spots can be increased, and appropriate tracking servo and

hence accurate signal recording/reproduction can be carried out even in the case where

any defect such as scratch is generated on the optical disc 11.
Second Embodiment

Another embodiment of the optical disc device to which the present invention
is applied will now be described. This optical disc device has the structure similar to
that of the first embodiment except for the optical member of the integrated optical
element, which is slightly different from that of the optical disc of the first
embodiment. Therefore, the parts similar to those of the first embodiment are denoted

by the same numerals and will not be described further in detail. Only the parts
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different from those of the first embodiment will be described in detail.

In the optical disc device 10 of the second embodiment, an optical pickup 20
has an integrated optical element 50 as shown in Fig.9. The integrated optical element
50 shown in Fig.9 has the structure similar to that of the integrated optical element 40
of the first embodiment, except for an optical member 51 in place of the optical
member 43 of the integrated optical element 40 of the first embodiment.

The optical member 51 is formed in a parallel-plate shape made of a transparent
plastic material or glass and having a first surface 51a and a second surface 51b which
are parailel to each other. This optical member 51 is joined onto a package member
45 so as to close an aperture 45a of the package member 45 by the first surface 51a.

On the first surface 51a of the optical member 51, a grating 47 as light beam
splitting means is integrally formed at a position on the optical path of the light beam
which is reflected by a prism 42 and incident on the optical member 51.

This grating 47, similar to the grating 47 of the integrated optical element 40 of
the first embodiment, has a plurality of grooves extending in a direction slightly
inclined with respect to the direction corresponding to the direction of radius of the
optical disc 11. The grating 47 has a function to split the light beam incident on the
optical member 51 into a plurality of beams including at least a main beam made up
of a Oth-order diffracted light and two side beams made up of plus and minus 1st-order
diffracted lights by the diffraction effect of these grooves.

On the second surface 51b of the optical member 51, a hologram 52 as optical
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path branching means is integrally formed at a position on the optical path of the
return light beam which is reflected by the signal recording surface of the optical disc
11, then passed through an objective lens 27 and incident again on the optical member

51.

Unlike the hologram 48 of the integrated optical element 40 of the first
embodiment, this hologram 52 as a whole is one hologram area. This hologram area
is made of a holographic grating constituted by a plurality of grooves extending in a
direction inclined at approximately -45 degrees with respect to the direction
correspdnding to the direction of radius of the optical disc 11 indicated by an arrow
X, as shown in Fig.10.

This hologram 52 directly transmits the light beam incident on the optical
member 51 from the first surface 51a, that is, the light beam directed toward the
optical disc 11, and diffracts the light beam incident on the optical member 51 from
the second surface 51b, that is, the return light beam reflected by the signal recording
surface of the optical disc 11, into the direction toward a photodetector IC 44.

As the return light beam reflected by the signal recording surface of the optical
disc 11 is diffracted by the hologram 52 into the direction toward the photodetector IC
44, the optical path of the return light beam is separated from the optical path of the
light beam incident on the optical member 51 from the first surface 51a.

Also, on the first surface 51a of the optical member 51, a Foucault prism 53 as

return light beam splitting means is integrally formed at a position on the optical path
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of the return light beam diffracted by the hologram 52, as shown in Figs.10 and 11.

This Foucault prism 53 includes two surfaces 53a and 53b which have different

normal vectors. In this Foucault prism 53, a boundary 53¢ between the two surfaces
53a and 53b is formed on the first surface 51a of the optical member 51 so as to pass
through the center of the return light beam of the main beam diffracted by the
hologram 52 and so as not to coincide with the direction corresponding to the direction
of radius of the optical disc 11, that is, so as to be inclined at a predetermined
inclination with respect to the direction corresponding to the direction of radius of the
optical disc 11, Specifically, the boundary 53¢ between the two surfaces 53a and 53b
of the Foucault prism 53 is inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11, as shown in
Fig.10.

In Fig.10, it is assumed that the direction corresponding to the direction of
radius of the optical disc 11 is the same as the direction of radius of the optical disc 11.

Of the two surfaces 53a and 53b of the Foucault prism 53, the normal vector of
the one surface 53a forms the same angle as the diffraction angle of the hologram 52,
with respect to the normal vector of the other surface 53b. Moreover, the normal
vector of the other surface 53b has the same component as the normal vector of the
first surface 51a of the optical member 51.

The return light beam, diffracted by the hologram 52 and incident on the

Foucault prism 53, is split into two beams by the boundary 53¢ between the two



10( 10( 10(Y+#10% & ()-~\: 10 10! #10%b& ()- ! #10%b& ()- #10% & [ -AN 2003
910%& ()-!' 10%b& ()- 10" 10" 10"Z{\= 10 10! y#10% & ()- ss10% & ()-!
(10% (& ()- 10b 10b 10b )#10%& ()- & #10%b& ()- ZF5dE{\= 10 10!
109% & ()- 3y#109% & ()- 3y#109% & ()- LH#10% & ()- 10%& ()- S10%& ()-
55 dE{\= 10
72
surfaces 53a and 53b of the Foucault prism 53, and a portion incident on the one
surface 53a and a portion incident on the other surface 53b travel into different
directions and are directed toward different positions on the photodetector IC 44.
Thus, in the optical pickup 20 having this integrated optical element 50, as the
individual portions of the return light beam generated by splitting by the boundary 53¢
between the two surfaces 53a and 53b of the Foucault prism 53 and directed toward
different positions on the photodetector IC 44 are received by the corresponding
portions of the light-receiving section of the photodetector IC 44, a focusing error
signal can be detected by the so-called Foucault method.
Also, since the boundary 53¢ between the two surfaces 53a and 53b of the
Foucault prism 53 is formed so as not to coincide with the direction corresponding to
the direction of radius of the optical disc 11, the position information of the objective
lens 27 can be detected by finding the difference in the light quantity of the return light
beam split by the boundary 53¢ between the two surfaces 53a and 53b of the Foucault
prism 53.
That is, in the case where the Foucault prism 53 is constituted as described
above, when the position of the objective lens 27 with respect to the optical member
51, that 1s, the position of the objective lens 27 with respect to the integrated optical
element 50 and the base 21 of the optical pickup 20 holding the integrated optical

element, is deviated into the direction of radius of the optical disc 11 from the normal

position, the return light beam passed through the objective lens 27, then diffracted by
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the hologram 52 and incident on the Foucault prism 53 is asymmetrically split by the
boundary 53¢ between the two surfaces 53a and 53b of the Foucault prism 53. The
respective parts of the return light beam generated by the asymmetrical splitting are
received by the corresponding portions of the light-receiving section of the
photodetector IC 44,
Therefore, in the optical pickup 20, the position deviation of the objective lens
27 into the direction of radius of the optical disc 11 can be detected by finding the
difference in the light quantity of the respective parts of the return light beam received
by the cc.)rresponding portions of the light-receiving section of the photodetector IC 44.
In the above description, the boundary 53¢ between the two surfaces 53a and
53b of the Foucault prism 53 is inclined at approximately 45 degrees with respect to
the direction corresponding to the direction of radius of the optical disc 11. However,
the angle of inclination of the boundary 53¢ with respect to the direction corresponding
to the direction of radius of the optical disc 11 may be suitably set within such a range
that a sensitivity necessary for detecting the position deviation of the objective lens 27
in the direction of radius of the optical disc 11 can be obtained.
The range which allows obtaining the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radius of the optical disc
11 is more or less dependent on the performance of the individual members

constituting the optical pickup 20. In general, as long as the boundary 53c is inclined

at 15 degrees or more with respect to the direction corresponding to the direction of
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radius of the optical disc 11, the sensitivity necessary for detecting the position
deviation of the objective lens 27 in the direction of radius of the optical disc 11 can

be obtained satisfactorily.

Therefore, it is desired that the boundary 53¢ between the two surfaces 53a and
53b of the Foucault prism 53 is inclined at 15 degrees or more with respect to the
direction corresponding to the direction of radius of the optical disc 11.

The operation for reproducing the signals recorded on the optical disc 11 by
using the optical disc device 10 of the second embodiment constituted as described
above will now be described.

In reproducing the signals recorded on the optical disc 11 by using the optical
disc device 10, first, the optical disc 11 is mounted on the spindle motor 12. Then, as
the spindle motor 12 is rotationally driven at a predetermined number of rotations
under the control of the optical disc controller 14, the optical disc 11 is rotated.

A light beam is emitted from the semiconductor laser element 41 provided in
the integrated optical element 50 of the optical pickup 20. Then, as the thread motor
of the head access control section 18 is driven under the control of the optical disc
controller 14, the optical pickup 20 is moved at a high speed in the direction of radius
of the optical disc 11 so as to access a predetermined recording track on the signal
recording surface of the optical disc 11.

The light beam emitted from the semiconductor laser element 41 is reflected by

the inclined surface 42a of the prism 42 and becomes incident on the optical member
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51 from its first surface 51a via the aperture 45a of the package member 45. The light
beam incident on the optical member 51 is split into a plurality of beams including a
main beam and two side beams by the grating 47 provided on the first surface 51a of
the optical member 51, then transmitted through the optical member 51, and emitted
from the integrated optical element 50.

The light beam emitted from the integrated optical element 50 is reflected by
the reflection surface 32a of the rise mirror 32 and becomes incident on the objective
lens 27. The light beam incident on the objective lens 27 is converged by the objective
lens 27 and then cast onto the predetermined recording track on the signal recording
surface of the optical disc 11. In this case, three beam spots are formed on the signal
recording surface of the optical disc 11 by the main beam and two side beams
generated by splitting by the grating 47.

The light beam cast onto the signal recording surface of the optical disc 11 1s
reflected by the signal recording surface of the optical disc 11 so as to be a return light
beam including a signal component, which is transmitted again through the objective
lens 27 and becomes incident on the optical member 51 from its second surface 51b.

The return light beam incident on the optical member 51 from its second surface
51b is diffracted by the hologram 52 formed on the second surface 51b of the optical
member 51, and the optical path of this return light beam is thus separated from the

optical path of the light beam incident on the optical member 51 from its first surface

51a.
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The return light beam, diffracted by the hologram 52 formed on the second
surface 51b of the optical member 51, is transmitted through the optical member 51
and is split into two beams by the Foucault prism 53 formed on the first surface Sla
of the optical member 5S1. The part incident on the one surface 53a of the Foucault
prism 53 and the part incident on the other surface 53b travel in different directions
in accordance with the normal vectors of the respective surfaces and are directed
toward different positions on the photodetector IC 44.

The two beams of the return light beam, generated by splitting by the Foucault
prism 53, become incident on the package member 45 via the aperture 45a of the
package member 45, then reach the photodetector IC 44, and are received respectively
by the light-receiving sections Al, A2, A3, A4, B and C of the photodetector section
of the photodetector IC 44,

Of the return light beams having reached the photodetector IC 44, return light
beams of the two side beams generated by splitting by the grating 47 are received
respectively by the light-receiving section B and the light-receiving section C of the
photodetector section.

Of the return light beams having reached the photodetector IC 44, a return light
beam of the main beam which is incident on the one surface 53a of the Foucault prism
53ais received by the light-receiving sections A3 and A4 on one side of the division
line d4 of the light-receiving section A. Of the return light beams having reached the

photodetector IC 44, a return light beam of the main beam which is incident on the
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Al and A2 on the other side of the division line d4 of the light-receiving section A.

The return light beams received by the respective light-receiving sections Al,
A2, A3, A4, B and C of the photodetector section are detected as current values based
on the light quantities by these light-receiving sections Al, A2, A3, A4, B and C. The
current values based on the light quantities of the return light beams are converted to
voltage values by the voltage conversion circuit and are supplied as light-receiving
signals to the signal processing circuit 15.

Then, the signal processing circuit 15 carries out predetermined arithmetic
processing based on the light-receiving signals, thereby generating a reproduction
signal RF2. Also, a focusing error signal FE2 is generated by the so-called Foucault
method and a tracking error signal TR2 is generated by the so-called three-beam
method.

In the optical disc device 10 of this embodiment, as the signal processing circuit
15 carries out predetermined arithmetic processing based on the light-receiving signals,
a signal S2 indicating the position information of the objective lens is generated.

The reproduction signal RF2 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equation (12), where
SA1, SA2, SA3 and SA4 represent the light-receiving signals based on the return light
beam of the main beam received by the light-receiving sections Al, A2, A3 and A4 of

the photodetector section of the photodetector IC 44.
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The reproduction signal RF2 generated by the signal processing circuit 15 is
processed by error correction and then transmitted to an external computer or the like
via the interface 17. Thus, the external computer or the like can receive the signal
recorded on the optical disc 11 as the reproduction signal.

The focusing error signal FE2 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equations (13), (14)
or (15), where SA1, SA2, SA3 and SA4 represent the light-receiving signals based on
the return light beam of the main beam received by the light-receiving sections Al, A2,

A3 and A4 of the photodetector section of the photodetector 1C 44.

FE2 = SA1-SA2 .. (13)
FE2 = SA3-SA4 .. (14)
FE2 = (SA1+SA3) - (SA2+SA4) .. (15)

The tracking error signal TR2 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equation (16), where
SB and SC represent the light-receiving signals based on the return light beams of the
two side beams received by the light-receiving sections B and C of the photodetector
section of the photodetector IC 44.

TR2 = SB-SC ... (16)
The focusing error signal FE2 and the tracking error signal TR2 generated by

the signal processing circuit 15 are supplied to the servo control section 19 via the
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optical disc controller 14.

On the basis of the focusing error signal FE2 and the tracking error signal TR2,
the servo control section 19 drives the biaxial actuator 28 of the optical pickup 20
under the control of the optical disc controller 14.

As the biaxial actuator 28 is driven by the servo control section 19 in
accordance with the focusing error signal FE2 and the tracking error signal TR2, the
biaxial actuator 28 carries out focusing servo to minutely move the objective lens 27
held by the lens holding section 31 into the direction toward and away from the signal
recordiﬂg surface of the optical disc 11, thus controlling the focal point of the light
beam converged by the objective lens 27 so as to be constantly located on the signal
recording surface of the optical disc 11. The biaxial actuator 28 also carries out
tracking servo to minutely move the objective lens 27 held by the lens holding section
31 into the direction of radius of the optical disc 11, thus controlling the spot of the
light beam converged by the objective lens 27 so as to follow the recording track on
the optical disc 11.

By thus reading the reproduction signal while carrying out the focusing servo
and tracking servo, the optical disc device 10 can appropriately reproduce the signals
recorded on the optical disc 11 even in the case where the optical disc 11 is fluctuated
or tilted.

Meanwhile, in the case where the signals recorded on the optical disc 11 are to

be reproduced by this optical disc device 10, first the optical pickup 20 is moved at a
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high speed into the direction of radius of the optical disc 11 mounted on the spindle
motor 12 so as to access a predetermined recording track on the signal recording

surface of the optical disc 11, as described above. In this case, the tracking servo is
off.

The objective lens 27 of the optical pickup 20 is held by the lens holding section
31 movably supported to the fixed portion 29 of the biaxial actuator 28 via the
suspension 30, as described above. Therefore, when the optical pickup 20 is moved
at a high speed into the direction of radius of the optical disc 11, or when this
movement is stopped, the position of the objective lens 27 with respect to the fixed
portion 29, that is, the position of the objective lens 27 with respect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated into the direction of
radius of the optical disc 11 from the normal position, under the influence of inertia.

Thus, in the optical disc device 10 to which the present invention is applied, the
position of the objective lens 27 is instantaneously recovered to realize the high-speed
access property, by detecting the deviation of the objective lens 27 from the normal
position as position information, then causing the servo control section 19 to drive the
biaxial actuator 28 of the optical pickup 20 on the basis of the position information of
the objective lens 27, and then carrying out so-called midpoint servo for correcting the
position deviation of the objective lens 27.

In the optical disc device 10 to which the present invention is applied, when the

position of the objective lens 27 with respect to the base 21 of the optical pickup 20
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and the portion fixed thereto is deviated from the normal position indicated in Fig. 12A

mto the direction of radius of the optical disc 11 indicated by an arrow X in Figs.12B

and 12C, the spot of the return light beam diffracted by the hologram 52 formed on the

second surface 51b of the optical member 51 of the integrated optical element 50 is

deviated into the direction corresponding to the direction of radius of the optical disc

11, on the Foucault prism 53 formed on the first surface 51a of the optical member 51.

When the objective lens 27 is at the normal position, the Foucault prism 53 is

divided into the two surfaces 53a and 53b by the boundary 53¢ passing through the

center of the return light beam of the main beam diffracted by the hologram 52, and

the boundary 53¢ between the two surfaces 53a and 53b is inclined at a predetermined

angle so as not to coincide with the direction corresponding to the direction of radius

of the optical disc 11.

Thus, when the position of the objective lens 27 with respect to the base 21 of

the optical pickup 20 and the portion fixed thereto is deviated into the direction of

radius of the optical disc 11 from the normal position, the return light beam of the

main beam incident on the Foucault prism 53 is asymmetrically split by the boundary

53c between the two surfaces 53a and 53b of the Foucault prism 53.

Specifically, when the objective lens 27 is at the normal position, the return light

beam of the main beam becomes uniformly incident on the two surfaces 53a and 53b

of the Foucault prism 53 and split into two parts substantially uniformly by the

boundary 53¢ between the two surfaces, as shown in Fig.12A.
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the direction of radius of the optical disc 11, the part of the return light beam of the
main beam which is incident on the one surface 53a of the Foucault prism 53 is greater
than the part incident on the other surface 53b, as shown in Fig.12B, or the part of the
return light beam of the main beam which is incident on the other surface 53b of the
Foucault prism 53 is greater than the part incident on the one surface 53a, as shown
in Fig.12C. Thus, the return light beam of the main beam is asymmetrically split by
the boundary 53¢ between the two surfaces 53a and 53b.

Of the respective parts of the return light beam of the main beam
asymmetrically split by the boundary 53¢ between the two surfaces 53a and 53b of the
Foucault prism 53, the part incident on the one surface 53a of the Foucault prism 53
is received by the light-receiving sections A3 and A4 on one side of the division line
d4 of the light-receiving section A of the photodetector IC 44, and the part incident on
the other surface 53b of the Foucault prism 53 is received by the light-receiving
sections Al and A2 on the other side of the division line d4 of the light-receiving
section A,

Thus, when the position of the objective lens 27 is deviated into the direction
of radius of the optical disc 11 and the part of the return light beam of the main beam
which is incident on the one surface 53a of the Foucault prism 53 is greater than the
part incident on the other surface 53b, as shown in Fig.12B, a dark spot is formed on

the light-receiving sections Al and A2 on the one side of the division line d4 of the
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light-receiving section A of the photodetector IC 44, and a bright spot is formed on the
light-receiving sections A3 and A4 on the other side of the division line d4 of the light-
receiving section A of the photodetector IC 44, Then, by finding the difference in the
light quantity between the light received by the light-receiving sections Al and A2 and
the light received by the light-receiving sections A3 and A4, the position information
of the objective lens 27 can be detected.

Meanwhile, when the position of the objective lens 27 is deviated into the
direction of radius of the optical disc 11 and the part of the return light beam of the
main beam which is incident on the other surface 53b of the Foucault prism 53 is
greater than the part incident on the one surface 53a, as shown in Fig.12C, a dark spot
is formed on the light-receiving sections A3 and A4 on the other side of the division
line d4 of the light-receiving section A of the photodetector IC 44, and a bright spot
is formed on the light-receiving sections Al and A2 on the one side of the division line
d4 of the light-receiving section A of the photodetector IC 44. Then, by finding the
difference in the light quantity between the light received by the light-receiving
sections Al and A2 and the light received by the light-receiving sections A3 and A4,
the position information of the objective lens 27 can be detected.

In the optical disc device 10 of this embodiment, a signal indicating the position
information of the objective lens 27 is generated by carrying out predetermined
arithmetic processing by the signal processing circuit 15 based on the light-receiving

signals from the light-receiving sections Al, A2, A3 and A4 of the photodetector
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section.

The signal S2 indicating the position information of the objective lens 27 is
found by the signal processing circuit 15 carrying out arithmetic processing with
respect to the following equation (17), where SAl, SA2, SA3 and SA4 represent the
light-receiving signals based on the return light beam of the main beam received by the
light-receiving sections Al, A2, A3 and A4, respectively, of the photodetector section
of the photodetector IC 44.

S2 = (SA1+SA2) - (SA3+SA4) .. (17)

'fhe signal S2 indicating the position information of the objective lens 27,
generated by the signal processing circuit 15, is supplied to the servo control section
19 via the optical disc controller 14.

Under the control of the optical disc controller 14, the servo control section 19
drives the biaxial actuator 28 of the optical pickup 20 on the basis of the signal S2
indicating the position information of the objective lens 27.

As the biaxial actuator 28 is driven by the servo control section 19 in response
to the signal S2 indicating the position information of the objective lens 27, the biaxial
actuator 28 carries out midpoint servo for minutely moving the objective lens 27 held
by the lens holding section 31 into the direction of radius of the optical disc 11 so as
to instantaneously correct the position deviation of the objective lens 27 with respect
to the base 21 of the optical pickup 20 and the portions fixed thereto, and thus controls

the objective lens 27 to be located constantly at the normal position.
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In the optical disc device 10 of this embodiment, since the access operation of
the optical pickup 20 is carried out while the midpoint servo is carried out as described

above, the high-speed access property is realized.

Also, in the optical disc device 10 of this embodiment, since the focusing error
signal FE2 is detected by the so-called Foucault method, the spot of the return light
beam formed on the light-receiving section of the photodetector IC 44 has a small
diameter. Therefore, it is possible to reduce the distance between the respective spots
when the main beam and two side beams generated by splitting by the grating 47 are
cast onto the signal recording surface of the optical disc 11. Thus, the tolerance of the
angle made by the direction of the recording track on the optical disc 11 and the line
connecting the respective spots can be increased, and appropriate tracking servo and
hence accurate signal recording/reproduction can be carried out even in the case where
any defect such as scratch is generated on the optical disc 11.

Third Embodiment

Still another embodiment of the optical disc device to which the present
invention is applied will now be described. This optical disc device has the basic
structure similar to that of the optical disc device 10 of the first embodiment and is
characterized in that it is adapted to detect a tracking error signal by a so-called push-
pull method.

Therefore, in the following description, only this characteristic point will be

described. The parts similar to those of the first embodiment are denoted by the same
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numerals and will not be described further in detail.

In the optical disc device 10 of the third embodiment, an optical pickup 20 has
an integrated optical element 60 as shown in Fig.13. The integrated optical element
60 shown in Fig.13 has the structure similar to that of the integrated optical element
40 of the first embodiment, except for an optical member 61 in place of the optical
member 43 of the integrated optical element 40 of the first embodiment and for a
photodetector IC 62 in place of the photodetector IC 44 of the integrated optical
element 40 of the first embodiment.

The optical member 61 is formed in a parallel-plate shape made of a transparent
plastic material or glass and having a first surface 61a and a second surface 61b which
are parallel to each other. This optical member 61 is joined onto the package member
45 s0 as to close the aperture 45a of the package member 45 by the first surface 61a.

On the first surface 61a of the optical member 61, there is formed no grating 47
such as the one integrally formed on the first surface 43a of the optical member 43 of
the first embodiment is not formed. Therefore, a light beam incident on the optical
member 61 from its first surface 61a is transmitted through the optical member 61
without being split into a plurality of beams.

On the second surface 61b of the optical member 61, a hologram 48 similar to
the one formed on the second surface 43b of the optical member 43 of the first

embodiment is integrally formed.

This hologram 48 directly transmits the light beam incident on the optical



10< 10< 10<F+#10%& ()-! f#10%<& ()-Z f#10%& ()- Z!

f#10%<<& ()-f#10%& ()-B}"<SH= | @10%z& ()- @10%& ()-! - 8 JAN 2003

, #10%2z&' () -, #10%u& ()-910%& ()-! &L0%IME' () -">?@\VWPr S4

L'10%& ()-& 10%& ()-4 10zz 10zz 10zz!

f)#10%z& ()-f)#10%& ()-! @109 ()-P6}}"<. 4 10<<! F #10%<& ()-F

#109%& () - ! By#L0US<&' () - 3y#10%& () -! f#IPI<& ()- M #10%& () - M %dE4 10<<!
@10%4& () - ! @#10%—"—!&' ()- @10 () - PL0%K ()-f& 10%4& () - 10<< 10<<yuV4

10 VE10%6 40 o] ;@?{wﬁl@{@agIm‘zﬁ%g@%ﬁfﬂga}wﬂewmowm the

#10%ba (OPHcal disdn 870 iFedhe HEDOPakBHRLFD On domopcal seribsel ferm

100Y% 10% . ()- 10b 10b 10b

+#109% & ( )thé SHasdsrdce 6%y 1hats (the Y&ﬂtﬂ‘lfﬂg&t beani@EflEgtediby the signal recording
surface of the optical disc 11, into the direction toward the photodetector IC 62.

As the return light beam reflected by the signal recording surface of the optical
disc 11 is diffracted by the hologram 48 into the direction toward the photodetector IC
62, the optical path of the return light beam is separated from the optical path of the
light beam incident on the optical member 61 from the first surface 61a.

This hologram 48 is bisected along a boundary 48a passing through the optical
axis O of the return light beam of the main beam and thus has two hologram areas 48b
and 48c in which holographic gratings of different main diffraction angles are formed,
respectively, as shown in Fig.14. The holographic gratings of the two hologram areas
48b and 48c are constituted by a plurality of grooves extending in a substantially
perpendicular direction with respect to the boundary 48a. Therefore, the return light
beam incident on the hologram 48 is split into two beams by the boundary 48a of the
hologram 48, and a portion incident on the one hologram area 48b and a portion
incident on the other hologram area 48c are diffracted at different diffraction angles
into the direction along the boundary 48a. The diffracted beams are directed to
different positions on the photodetector IC 62 as beams forming substantially

semicircular spots as indicated by spots SP3 and SP4 in Fig.14.

In the optical pickup 20, as the individual portions of the return light beam
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different positions on the photodetector IC 62 are received by the corresponding
portions of the light-receiving section of the photodetector IC 62, a focusing error
signal can be detected by the so-called Foucault method.

In the hologram 48, the boundary 48a between the two hologram areas 48b and
48c is inclined at a predetermined inclination with respect to the direction
corresponding to the direction of radius of the optical disc 11 so that the boundary
does not coincide with the direction corresponding to the direction of radius of the
optical disc 11 indicated by an arrow X in Fig.14. Specifically, the boundary 48a
between the two hologram areas 48b and 48¢ of the hologram 48 is inclined at
approximately 45 degrees with respect to the direction corresponding to the direction

of radius of the optical disc 11.

In Fig.14, to simplify the description, the direction corresponding to the
direction of radius of the optical disc 11 is the same as the direction of radius of the
optical disc 11.

As described above, in the case where the boundary 48a between the two
hologram areas 48b and 48c of the hologram 48 is not coincident with the direction
corresponding to the direction of radius of the optical disc 11, when the position of the
objective lens 27 with respect to the optical member 61, that is, the position of the
objective lens 27 with respect to the integrated optical element 40 and the base 21 of

the optical pickup 20 holding the integrated optical element, is deviated into the
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beam passed through the objective lens 27 and incident on the hologram 48 is
asymmetrically split by the boundary 48a between the two hologram areas 48b and 48¢
of the hologram 48. The respective parts of the return light beam generated by the
asymmetrical splitting are received by the corresponding portions of the light-receiving
section of the photodetector IC 62.

Thus, in the optical pickup 20, the position deviation of the objective lens 27 in
the direction of radius of the optical disc 11 can be detected by finding the difference
in the liéht quantity of the respective parts of the return light beam received by the
corresponding portions of the light-receiving section of the photodetector IC 62.

In the above description, the boundary 48a between the two hologram areas 48b
and 48c of the hologram 48 is inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11. However, the
angle of inclination of the boundary 48a with respect to the direction corresponding
to the direction of radius of the optical disc 11 may be suitably set within such a range
that a sensitivity necessary for detecting the position deviation of the objective lens 27
in the direction of radius of the optical disc 11 can be obtained.

The range which allows obtaining the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radius of the optical disc
11 is more or less dependent on the performance of the individual members

constituting the optical pickup 20. In general, as long as the boundary 48a is inclined
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at 15 degrees or more with respect to the direction corresponding to the direction of
radius of the optical disc 11, the sensitivity necessary for detecting the position
deviation of the objective lens 27 in the direction of radius of the optical disc 11 can

be obtained satisfactorily.

Therefore, it is desired that the boundary 48a between the two hologram areas
48b and 48c of the hologram 48 is inclined at 15 degrees or more with respect to the
direction corresponding to the direction of radius of the optical disc 11,

The photodetector IC 62 has a photodetector section for receiving the return
light beam diffracted by the hologram 48 and transmitted through the optical member
61, and a voltage conversion circuit for converting a current from the photodetector
section to a voltage. These section and circuit are integrated as one element.

The photodetector section of the photodetector IC 61 has, as shown in Fig.14,
four light-receiving sections D, E, F and G arranged by division lines which a;re parallel
to the boundary 48a between the two hologram areas 48b and 48¢ of the hologram 48,
that is, a division line d5 inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11 and a division
line d6 orthogonal to the division line d5.

In the photodetector section of the photodetector IC 62, the light-receiving
sections D and E of these light-receiving sections on one side of the division line d6
receive a part of the return light beam which is diffracted by the one hologram area

48b of the hologram 48, and the light-receiving sections F and G on the other side of
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the division line d6 receive a part of the return light beam which is diffracted by the

other hologram area 48c of the hologram 48.

In the photodetector IC 62, the current values based on the light quantities of
the return lights received by the light-receiving sections D, E, F and G of the
photodetector section are converted to voltage values by the voltage conversion circuit
and are supplied as light-receiving signals to the signal processing circuit 15 of the
optical disc device 10. Then, the signal processing circuit 15 carries out predetermined
arithmetic processing based on the light-receiving signals, thereby generating a
reproduc;tion signal RF3. Also, a focusing error signal FE3 is generated by the so-
called Foucault method and a tracking error signal TR3 is generated by the so-called
push-pull method. Moreover, a signal S3 indicating the position information of the
objective lens 27 is generated.

The reproduction signal RF3 is found by the signal processing circuit 15
carrying out arithietic processing with respect to the following equation (18), where
SD, SE, SF and SG represent the light-receiving signals based on the return light beam
of the main beam received by the light-receiving sections D, E, F and G of the
photodetector section of the photodetector IC 62.

RF3 = (SD+SE) + (SF+SG) .. (18)

The reproduction signal RF3 generated by the signal processing circuit 15 is

processed by error correction and then transmitted to an external computer or the like

via the interface 17. Thus, the external computer or the like can receive the signal
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recorded on the optical disc 11 as the reproduction signal.
The focusing error signal FE3 is found by the signal processing circuit 15

carrying out arithmetic processing with respect to the following equations (19), (20)

or (21).
FE3 = SD-SE .. (19)
FE3 = SF-SG ... (20)
FE3 = (SD+SF) - (SE+SQ) .. (21)

The tracking error signal TR3 is found by the signal processing circuit 15
carrying- out arithmetic processing with respect to the following equation (22).
TR3 = (SD+SE) - (SF+SG) .. (22)
The focusing error signal FE3 and the tracking error signal TR3 generated by

the signal processing circuit 15 are supplied to the servo control section 19 via the

optical disc controller 14.

On the basis of the focusing error signal FE3 and the tracking error signal TR3,
the servo control section 19 drives the biaxial actuator 28 of the optical pickup 20 so
as to carry out focusing servo and tracking servo under the control of the optical disc
controller 14.

By thus reading the reproduction signal while carrying out the focusing servo
and tracking servo, the optical disc device 10 can appropriately reproduce the signals

recorded on the optical disc 11 even in the case where the optical disc 11 is fluctuated

or tilted.
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The signal S3 indicating the position information of the objective lens 27 is
found by the signal processing circuit 15 carrying out arithmetic processing with
respect to the following equation (23).

S3 = (SD+SE) - (SF+SG) .. (23)

The signal S3 indicating the position information of the objective lens 27
generated by the signal processing circuit 15 is supplied to the servo control section
19 via the optical disc controller 14,

Under the control of the optical disc controller 14, the servo control section 19
drives the biaxial actuator 28 of the optical pickup 20 on the basis of the signal S3
indicating the position information of the objective lens 27.

As the biaxial actuator 28 is driven by the servo control section 19 in response
to the signal S3 indicating the position information of the objective lens 27, the biaxial
actuator 28 carries out midpoint servo for minutely moving the objective lens 27 held
by the lens holding section 31 into the direction of radius of the optical disc 11 so as
to instantaneously correct the position deviation of the objective lens 27 with respect
to the base 21 of the optical pickup 20 and the portions fixed thereto, and thus controls
the objective lens 27 to be located constantly at the normal position.

In the optical disc device 10 of this embodiment, since the access operation of
the optical pickup 20 is carried out while the midpoint servo is carried out as described

above, the high-speed access property is realized.

Also, in the optical disc device 10 of this embodiment, since the tracking error
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splitting a light beam and the light-receiving sections for receiving side beams split by
the grating 47 are no longer necessary, thus enabling simplification of the structure.

As described above, in the optical disc device to which the present invention is
applied, the position deviation of the objective lens 27 at the time of access operation
or the like of the optical pickup 20 is detected, and the midpoint servo is carried out
for minutely moving the objective lens 27 in the direction of radius of the optical disc
11 so as to instantaneously correct the position deviation of the objective lens 27 with
respect to the base 21 of the optical pickup 20 and the portions fixed thereto.
Therefore, the accuracy and stability of the access operation of the optical pickup 20
can be secured and the high-speed access property can be realized.

Also, in the optical disc device 10 to which the present invention is applied, the
position deviation of the objective lens 27 is detected by using the hologram 48 or the
Foucault prism 62 of the optical pickup 20 for generating a focusing error signal by the
Foucault method, without separately providing any means for detecting the position
deviation of the objective lens 27. Therefore, the position deviation of the objective
lens can be detected appropriately and simply, and the high-speed access property can
be realized without causing the increase in the number of component parts, the
increase in size of the device itself and the rise in cost.

Moreover, in the optical disc device 10 to which the present invention is

applied, the center light-receiving section of the photodetector IC 44, 62 is divided by
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beam of the main beam split by the hologram 48 are received by the two light-
receiving sections generated by division by the division line d3, d5 parallel to the
boundary 48a of the hologram 48 or the boundary 53a of the Foucault prism 53.
Therefore, for example, even when the position on the photodetector IC 44, 62 of the
return light beam spot of the light beam in the focused state is slightly changed in the
case where a change of the oscillation wavelength is generated in the semiconductor
laser element 41 or in the case where a change in the refractive index is generated in
the optical member 43, 51, 61 because of a temperature change, it is possible to
effectively restrain generation of any deviation of the signal level of a focusing error
signal due to the position change of the return light beam spot, and to detect an
appropriate focusing error signal.

Also, in the optical disc device 10 to which the present invention is applied, the
grating 47 as the light beam splitting means, the hologram 48, 52 as the optical path
branching means, and the Foucault prism 53 as the return light beam splitting means
are integrally formed in the optical member 43, 51, 61. Therefore, alignment of these
members is not necessary. Thus, it is possible to simplify the operation of assembling
the optical pickup 20 and to reduce the number of component parts and the cost.

The optical member 43, 51, 61 can be easily prepared by injection-molding of

a resin material or by glass press molding.
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In the optical disc device 10 to which the present invention is applied, the
semiconductor laser element 41 of the optical pickup 20, the photodetector IC 44, 62,
and the optical member 43, 51, 61 are constituted as the integrated optical element 40,
50, 60. Therefore, alignment of these members is not necessary. Thus, it is possible
to further simplify the operation of assembling the optical pickup 20 and to further
reduce the number of component parts and the cost. Also, reduction in size and
thickness of the overall device can be realized.
In the above description, the optical disc device has an optical pickup of a non-
polariza.tion optical system for recording/reproducing signals to/from a compact disc
(CD) or a CD-ROM. However, this invention is not limited to the above-described
embodiments and can also be applied an optical disc device having an optical pickup
of a polarization optical system for recording/reproducing signals to/from a magneto-
optical disc (MO) or the like.
Industrial Applicability
According to the integrated optical element of the present invention, since the
position deviation of the light beam converging means with respect to the integrated
optical element at the time of access to a desired recording track on the optical disc
can be detected, the optical pickup using this integrated optical element can realize the
high-speed access property.

Also, 1n this integrated optical element, the optical path branching means or the

return light beam splitting means is used for detecting the position deviation of the
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light beam converging means with respect to the integrated optical element, instead of
additionally providing any means for detecting the position deviation of the light beam
converging means. Therefore, the optical pickup using this integrated optical element
can realize the high-speed access property by appropriately and simply detecting the
position deviation of the light beam converging means, without causing the increase
in the number of components, the increase in the size of the device itself and the rise
in cost.

According to the optical pickup of the present invention, since the position
deviation of the light beam converging means with respect to the optical member at the
time of access to a desired recording track on the optical disc can be detected, the
position of the light beam converging means can be instantaneously recovered to
secure the accuracy and stability of the access operation and to realize the high-speed
access property.

Also, in this optical pickup according to the present invention, the optical path
branching means or the return light beam splitting means is used for detecting the
position deviation of the light beam converging means with respect to the optical
member, instead of additionally providing any means for detecting the position
deviation of the light beam converging means. Therefore, the optical pickup can
realize the high-speed access property by appropriately and simply detecting the

position deviation of the light beam converging means, without causing the increase

in the number of components, the increase in the size of the device itself and the rise
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CLAIMS -
1. An integrated optical element used for an optical pickup for carrying out
recording and/or reproduction of signals by irradiating a signal recording surface of
an optical disc with a light beam, comprising:
a light source for emir:ting the light beam;
aphotodetector having a light-receiving section for receiving a return light beam
reflected by the signal recording surface of the optical disc;
a package member for housing the light source and the photodetector therein;
an optical member arranged on the package member for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector;
optical path branching means made up of a hologram integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam directed toward the photodetector;
and
light beam splitting means integrally formed with the optical member for

diffract;ng the light beam directed toward the optical disc and for splitting the light

beam into a plurality of beams including a main beam and two side beams,

is formed on the first surface of the optical member;
the optical path branching means having at least two diffraction areas for
diffracting the return light beam reflected by the signal recording surface of the optical

disc, into different directions, respectively, the boundary between the diffraction areas
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being inclined at a predetermined angle with respect to the direction corresponding to

the direction of radius of the optical disc;

at least one light-receiving section of the photodetector being divided into a
portion for receiving a return light beam diffracted by one diffraction area of the
optical path branching means and a portion for receiving a return light bean diffracted
by the other diffraction area, wherein the optical member has a surface on which the
light beam emitted from the light source is incident and a second surface which is
substantially parallel to the first surface and on which the return light beam reflected
by the signal recording surface of the optical disc is incident; and

wherein a hologram as the optical path branching means is formed on the second

surface.

2. The integrated optical element as claimed in claim 1, wherein the optical path
branching means is formed so that the boundary between the diffraction areas is
inclined at 15 degrees or more with respect to the direction corresponding to the
direction of radius of the optical disc.

3. The integrated optical element as claimed in claim 1, wherein at least one light-
receiving section of the photodetector is divided by a division lines substantially
parallel to the boundary between the diffraction areas of the optical path branching

means.
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an opticﬂ disc with a light beam, comprising:
a light source for emitting the light beam;
aphotodetector having a light-receiving section for receiving a return light beam
reflected by the signal recording surface of the optical disc;
a package member for housing the light source and the photodetector therein;
an optical member arranged on the package member for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed

toward the photodetector;
optical path branching means integrally formed with the optical member for

separating the optical path of the light beam emitted from the light source and the
optical path of the return light beam reflected by the signal recording surface of the
optical disc; and

return light beam splitting means integrally formed with the optical member for
splitting the return light beam passed through the optical path branching means into

at least two beams;

the return light beam splitting means having at least two surfaces having
different normal vectors, the boundary between these surfaces being inclined at a
predetermined angle with respect to a direction corresponding to the direction of radius

of the optical disc;
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portion for receiving one return light beam generated by the return light beam splitting

means and a portion for receiving the other return light beam.

5. The integrated optical element as claimed in claim 4, wherein the optical path

branching means is made of a hologram formed on the surface of optical member.

6.  The integrated optical element as claimed in claim 4 , wherein light beam
splitting means for diffracting the light beam directed toward the optical disc and for
splitting the light beam into a plurality of beams including a main beam and two side
beams is formed integrally with the optical member.

7. The integrated optical element as claimed in claim 5, wherein the optical

member has a surface on which the light beam emitted from the light source is incident
and a second surface which is substantially parallel to the first surface and on which
_ the return light beam reflected by the signal recording surface of the optical disc is

incident, and

wherein the return light beam splitting means is formed on the first surface and

the hologram as the optical path branching means is formed on the second surface.
8.  The integrated optical element as claimed in claim 7 , wherein light beam
splitting means for diffracting the light beam directed toward the optical disc and for

splitting the light beam into a plurality of beams including a main beam and two side

beams is formed on the first surface of the optical member.
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respect to the direction corresponding to the direction of radius of the optical disc.
10. The integrated optical element as claimed in claim 4, wherein at least one light-
receiving section of the photodetector is divided by a division line substantially parallel
to the boundary of the return light beam splitting means.
11.  An optical pickup for carrying out recording and/or reproduction of signals by
irradiating a signal recording surface of an optical disc with a light beam, comprising:
a light source for emitting the light beam;
light beam converging means for converging the light beam emitted from t};e
light source and for irradiating the signal recording surface of the optical disc with the
converged light beam,;
a photodetector having a light-receiving section for receiving a return light beam
reflected by the signal recording surface of the optical disc;
an optical member arranged between the light source and photodetector on one

side and the light beam converging means on the other side, for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed

toward the photodetector;
optical path branching means made up of a hologram integrally formed with the
optical member for separating the optical path of the light beam emitted from the light

source and the optical path of the return light beam directed toward the photodetector;
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light beam splitting means integrally formed with the optical member for
diffracting the light beam directed toward the optical disc and for splitting the light
beam into a plurality of beams including a main beam and two side beams is formed
on the first surface of the optical member; and
a biaxial actuator for moving the light beam converging means into biaxial
directions, that is, the direction of radius of the optical disc and the direction toward
and away from the optical disc;
the optical path branching means having at least two diffraction areas for
diffracting the return light beam reflected by the signal recording surface of the
optical disc, into different directions, respectively, the boundary between the
diffraction areas being inclined at a predetermined angle with respect to the direction
corresponding to the direction of radius of the optical disc;
at least one light-receiving section of the photodetector being divided into a
portion for receiving a return light beam diffracted by one diffraction area of the
optical path branching means and a portion for receiving a return light beam
diffracted by the other diffraction area wherein the optical member has a surface on
which the light beam emitted from the light source is incident and a second surface
which is substantially parallel to the first surface and on which the return light beam
reflected by the signal recording surface of the optical disc is incident; and

wherein the hologram as the optical path branching means is formed on the second

surface.
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12 An optical pickup for carrying out recording and/or reproduction of signals by

irradiating a signal recording surface of an optical disc with a light beam, comprising:

a light source for emitting the light beam;

light beam converging means for converging the light beam emitted from the
light source and for irradiating the signal recording surface of the optical disc with the
converged light beam,;

aphotodetector having a light-receiving section for receiving areturn light beam
reflected by the signal recording surface of the optical disc;

an optical member arranged between the light source and photodetector on one
side and the light beam converging means on the other side, for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector;

optical path branching means integrally formed with the optical member for
separating the optical path of the light beam emitted from the light source and the
optical path of the return light beam reflected by the signal recording surface of the
optical disc;

return light beam splitting means integrally formed with the optical member for
splitting the return light beam passed through the optical path branching means into
at least two beams; and

a biaxial actuator for moving the light beam converging means into biaxial
directions, that is, the direction of radius of the optical disc and the direction toward

and away from the optical disc;
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portion for receiving one return light beam generated by the return light beam splitting
means and a portion for receiving the other return light beam.

13.  An optical disc device comprising:

disc rotating means for rotating an optical disc; _

an optical pickup for carrying out recording and/or reproduction of signals by
uradiating with a light beam a signal recording surface of the optical disc rotated by
the disc rotating means;

a signal processing circuit for processing a detection signal from the optical
pickup; and

an access mechanism for moving the optical pickup in the direction of radius
of the optical disc;

the optical pickup comprising a light source for emitting the light beam, light
beam converging means for converging the light beam emitted from the light source
and for irradiating the signal recording surface of the optical disc with the converged
light beam, a photodetector having a light-receiving section for receiving a return light

beam reflected by the signal recording surface of the optical disc, an optical member
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arranged between the light source and photodetector on one side and the light beam
converging means on the other side, for transmitting the light beam emitted from the
light source and for transmitting the return light beam directed toward the
photodetector, optical path branching means made up of a hologram integrally formed
with the optical member for separating the optical path of the light beam emitted from
the light source and the optical path of the return light beam directed toward the
photodetector, light beam splitting means integrally formed with the optical member
for diffracting the light beam directed toward the optical disc and for splitting the light
beam into a plurality of beams including a main beam and two side beams is formed
on the first surface of the optical member, and a biaxial actuator for moving the light
beam converging means into biaxial directions, that is, the direction of radius of the
optical disc and the direction toward and away from the optical disc;

the optical path branching means having at least two diffraction areas for
diffracting the return light beam reflected by the signal recording surface of the optical
disc, into different directions, respectively, the boundary between the diffraction areas
being inclined at a predetermined angle with respect to the direction corresponding to
the direction of radius of the optical disc;

at least one light-receiving section of the photodetector being divided into a
portion for receiving a return light beam diffracted by one diffraction area of the
optical path branching means and a portion for receiving a return light beam diffracted
by the other diffraction area wherein the optical member has a surface on which the
light beam emitted from the light source is incident and a second surface which is
substantially parallel to the first surface and on which the return light beam reflected

by the signal recording surface of the optical disc is incident; and
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wherein the hologram as the optical path branching means is formed on the second

surface.
14.  An optical disc device comprising:

disc rotating means for rotating an optical disc;

an optical pickup for carrying out recording and/or reproduction of signals by
irradiating with a light beam a signal recording surface of the optical disc rotated by
the disc rotating means;

a signal processing circuit for processing a detection signal from the optical
pickup; and

an access mechanism for moving the optical pickup in the direction of radius
of the obtical disc;

the optical pickup comprising a light source for emitting the light beam, light
beam converging means for converging the light beam emitted from the light source
and for irradiating the signal recording surface of the optical disc with the converged
light beam, a photodetector having a light-receiving section for receiving a return light
beam reflected by the signal recording surface of the optical disc, an optical member
arranged between the light source and photodetector on one side and the light beam
converging means on the other side, for transmitting the light beam emitted from the
light source and for transmitting the return light beam directed toward the
photodetector, optical path branching means integrally formed with the optical
member for separating the optical path of the light beam emitted from the light source
and the optical path of the return light beam reflected by the signal recording surface

of the optical disc, return light beam splitting means integrally formed with the optical
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member for splitting the return light beam passed through the optical path branching
means into at least two beams, and a biaxial actuator for moving the light beam
converging means into biaxial directions, that is, the direction of radius of the optical
disc and the direction toward and away from the optical disc;

the return light beam splitting means having at least two surfaces having
different normal vectors, the boundary between these surfaces being inclined at a
predetermined angle with respect to a direction corresponding to the direction of radius
of the optical disc;

at least one light-receiving section of the photodetector being divided into a

portion for receiving one return light beam generated by the return light beam splitting

means and a portion for receiving the other return light beam.



