;e3er |~ 6 Tr - SCRIPTION - 6 JAN 2~3 Integrated Optical El enent,
Opti cal W “u Optical Disc Device Technical Field This inventi on
rel ate

rated optical elenment used for an optical Ph *Alllﬁ
recordi ng aewoor reproduction of signals by irradiating with t beam a

si gnal recordrng surface of an optrcal type di sc (hereinafter referred to
as optical disc) such as a mni disc a magneto-optical disc (M), a
conpact di Hﬂﬁmmwﬂm CD ROM an optrcal pi ckup using this integrated
opti cal eI optrcal di sc device having this optical pickup.

Background Art+@eventional ly, an DESGRIPTH®up constituted, for exanple,
as shown in Fig. | is proposed as an optical pickup for an optical di sc.

The optical piEitéprated 1 Eldthént, lOptidul Piclaip, a8 (stiod] Dids Pevgt@ment 2 as
a light source, a%raoptr Iarrenber 3 r‘gtde ofl a tragsparent mat eerr al such as

gl ass or plastics, an objective le o} verging a light, and a
phot odetector 5 for receiving a Iigﬁtﬁﬁﬁafggﬁ@erting the light to an

electric signal. O these elenents constitut] nlg the optical pickup |, the
i ght - eni t t i ng hds Bwvention relakes topsmi iptagratsdisptical elementiesedrior suepleslpiclaimar e
integrated as an integrated el ement, which is provided in the state of

bei ng fi ferlréoordinpaarl/ontdpretiovtion Brﬁelg@ialsebjr irygdibeng wAth & lighobeamda signahe
base via a bi axi al actuator, not shown. As the biaxial actuator is dri ven

the obj eﬁ&é&:ﬁﬂggﬁ é &f %B@B@%ﬁq@i@ﬁ& Hbr@ﬁ'@fﬂeﬁtcfgi‘{eﬁgfw ag.'b?ticgl ﬁlsé) sich

2003 2 t I n t e dre rad tic

as' the oA TEnt gire WAL a hRERsPcop el i (RS atrp'éﬂsér Bsf R BT e

driving of a thread feed notor, not shown, a desired recording track on the
opti cal &@M,cam opéicak pikaipdusing thes stegratedhiopprakelsments ared @p: optigal diswer

3 has two surfaces in parallel to
device having this optical pickup.

Background Art R

Conventionally, an optical pickup constituted, for example, as shown in Fig.1
is proposed as an optical pickup for an optical disc. The optical pickup 1 shown in
Fig.1 has a semiconductor laser element 2 as a light source, an optical member 3 made
of a transparent material such as glass or plastics, an objective 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,



each other. These two surfaces are arranged to be substantially

perpendi cular to the optical axis of the light beamfromthe s%q]quﬂuctor

| aser element 2. On a first surface (lower-center side in Fig'®l 6 of the
optical nenber 3 on the side of the sem conductor |aser elenent 2, a
grating 3a for diffracting a light beamdirected toward the optical disc D
into the direction corresponding to the direction along the recording track
on the optical disc D and for splitting2he Iight beaminto a plurality of
beans including at |east a main beam and two side beans is forned on the

optical aAtSsOm the&dikdIHon SEAMIGY 8k BPtieETdize T HAY o thAgRecRbLWBRArLand
Al so, on a second surface (upper-center surface in Fig. | ) of the optical

menber 3 the sjde of t tical disc D, a hologram 3b for diffracting a
return | iag‘gﬁy %8%ﬂ+ee?é)té%qlgﬁscf0$0m the signal recording surface of the
optical disc D and for guiding the return light hbeamto the photodetector 5
is formed on tméhwmptm?paslw,@s the\basq igifednn she directiom of sadinig of theceptical

| aser el enent 2. The hol ogram 3b functions as optical path branchi ng neans

for brandisaD %@&w&tiva@ ofratiiead fédtemiogdry mot showh, Hdepired rexeirdihg wael ont he
phot odet ect or fromthe - 6 JAN 2003 3 optical path of the Iight beam

directed i I D, by diffracting the return |ight beam
fromthe %‘%i@?zgf‘t gfsc t?éaéc%'s%d.

I'sc incident ‘on the second surface of the optical
menber 3 and thug.directing,the return.|jght beamtoward the photod ctor
5 "The ol ogr a4 thiS ARBCELRICKYP dy (s Oatisab Rmbeianhas i Ssiced ik PREISGOL ne
incident return Ii%ht beam by different diffraction angles, respectively,
as shown dachrither.| Theshewpsurfages anscarvanged toche substanfially perpgsdemlar terthe
3b-2 is formed on the second surface of the optical nenber 3 so as to be

subst ant i gptical exidnof dealight beairhfroth tke tseniiconductop daudir kfeiient De Onraefitgton
of radius of the optical disc D. The return |ight beamfromthe optical

di sc D be%gtf@m%%ep%&%t&n s{dzehm@% P g% Qbﬁ@%}i hfengsa! 8" on Qﬁ%‘ts‘?@e QF e

boundary e two hol ogramareas an -2, and 1s bisected

al ong the_boundary. The bisect portions jarg diffract ed KWfferagnt

i 1 Pact; SRLRGRREtor B pRRv, 2 e RE 33 fur WsHEERRE m B boof Alkrisds
as return |ight beamsplitting ans, for bisecting.the incident return

i ght beaﬁﬁwérree@pémafdm@ Infanthe GireqHonIPPrESPAIing £ s diartien faipnegq@le
direction of radius of the optical disc D. The photodetector 5 has a center
| i ght - r ecrdcording s\ackiomth8aoptmal discdd ahd donsplatimgrthe light bedmtihte aplurabtyaof
fromanong the plurality of beans generated by the grating 3a, and

|'i ght - r ecBéath éhl8iriglatdedst Aliflain Bedin AR By isite Bens i3 fohebd Sndhe dbpxec Al iastes
beans, provided on both sides of the center light-receiving section 5 a,

speci fi calfhe thpgéﬁn%(%ﬁsthgzsﬁﬁﬁ@omd&ﬁ%?ig% &ponding to the direction

al ong the recording track on e optica , as shown in Fig.1. The

center light-regeiving sectjon.Sa, further has 6 .J Z 4 fouyr

Taht - ecel vi nISan BsRoond SireE (PSS ERs rfact i iad SEye oAl esmbes ne
d1linthe direction corresponding to, the direction of radius of the
optical dBsan thesside fdhe optigal disad).phologram 3h fercdifbacting agetura gt hegarng
track on the optical disc D. The division line d 1 on the center

| i ght - r ece¢fl¢ctgd frorhithe sigiml eecerding isnrfabe ofithe optioal disc 2andfdr guiding the
direction of radius of the optical disc D along the direction of

di ffracti egweh H&Hﬁb&ﬁ’n% 'ﬁ;ﬁé’pﬁ@tdd@_té&éﬁs id forffedVSithedpRicabPbYio Bf fHe beam
deviation of the focusing error signal level of a light spot in a Tocused

state due h [ il ati wavel engt h of the sem conduct or

| aser eIeé%ﬁP%ngggﬁﬁghﬁg&g ¥ﬁ§ﬁ§@hﬁﬁh?¥e refractive index of the optica
nmenber 3 by a tenperature change, In this optical pjckup 1, the |ight beam
e Lted from t HhelaiogsHB.th Brutiess s optical path branthing meatis for branéhing the

optical path of the return light beam directed toward the photodetector 5 from the



el ement 2 becones incident on the optical nmenber 3 fromits first surface,
then is split into a plurality of beans by the grating 3a, and then passes
t hrough the optical nenber 3. The optical beam which has passed-fghyswatnit he
optical nenber 3 is converged by the objective lens 4 and is cast as a fine
| i ght spot onto the signal recording surface of the optical disc D. In this
case, three light spots are forned on the signal recording surface of the
optical disc D by the main beam and two jsi de beans generated by the grating
3a. In Fig.l, only the main beamis shown. The |ight beanms cast on the

signal recording,s ac h t] I | gcted t |

*ecor di norisr aau of UL Beft b Afte i o WhtEuR iGT AP by I fe@itne 1.
return |ight beans pass again through the, objective lens 4 and cone,

i nci dent TBRIrR ﬂ@héb@mé"romghg@ptlsalf éjléﬁérn meident ondhs seeonrdsurface kthgapticalht
beans 6 JAN 2a03 5 incident on the optical nmenber 3 are diffracted by

t he hol ognamibdb 3fandnthds dirdchiagthe eetirs lighabeawf toiaed eh¢ phatodeesdter 53.
Specifically, the return |ight beans becone incident on the hol ogram 3b

with their ce t 3 LRAS
3b-1 and sb- 2. o] REAEEIpiifis B RBKRARRY L IART froP b aP foIBREnE BES
3b-1 and .3b-2 are diffracted Lfferent. diffi action angles, .
ospect | vagtent rerurfighh beRinbY debirenl o HraRticaRgles HE RO s hoNn 3B, 1
and 3b-2 of the hol ogram 3b pass through the optical nenber 3 so as to_be
di r ect ed Kigvlar The houpdary betwearmthesoholdgrameansan b hland Bdards fiomeed ed the
toward the photodetector 5, the return light beamwhich is a return |ight

of the majerohaanrfued dfthdidpticaLiintyt 3 Be 2916 bedubgtantiallyedistidéntvithithe
hol ogram 3b becones incident on the two |ight receiving Sections a and b of

t he centeg: L1 = | Vi ' f - nh e ry; urn
| ght beanz R ePRGRHARE Fiht MkenfofR of AR IGF LSRRG ity T} Thichizh
which is return.light of.the. mgin beamand,is diffracted by the .ot her

ol ogr am BBPeSht B0t e tinal it PeEPmes Biadert st i ho kg amtb WafdR Sier wo
l'i ght receiving sections ¢ and d of the center |ight-receiyvi naafe tion ba
of the phiocatast enttbe bounglarynbetweeenr thel twmholegrasn areascbul @BRa?Rr2: AEd 1s
phot odet ector 5, the return |ight beans of the side beans becone incident
on t he | ilbistetedcalonignthes ouindary.a Hel Hisexted lportibng adet diffracted. bifhdifferent
phot odetector S converts the lights incident on the |ight-receiving

sections @iffifictibn dhglds, 88speltivelyel ectric signals, and supplies the
resultant signals to a signal processing circuit, not shown. The detection

signals fromt Hﬁg? isﬁl? El’l)éjﬁ)l%ﬁ% 3b Q156 fundiohsNs £9%en ﬁgﬁggéé&'sggf% gﬁgﬂg fga,

anplifiers in t gnal “prrocessing Circuit so as out

Sh, Sc, , Se and St, .and predeter,m ned arjthnetic.processing s perforned
Cher con bYissRUnE: eneidens PRGAR. e, Beam” plantha, soitines fgRant g AECCHS
generated. Also, a focusing error signal FEO is generated by a so-called
Foucaul t pemesporditigso the direstjonofsaduispfthe ppocakdigeder at ed by a

t hr ee- beam net hod. The reproduction signal RFO is cal cul ated, for exanple,
by the arit hneflihe phiotedetéctons huk agenter light-réusieingseption §a fomngceavig 4 heturn
follow ng equation ( 1 ). RFO = (Sa+Sb) + (Sc+Sd) ... (1) The focusing

error sig ﬁght ERe Ram®eath Hr6sh aﬁ@ﬁaﬂ%@q?f bEQﬁs?"ehEﬁﬂ@& bg ﬂ}féz ( 3a(,)r

carrying ot arithnetic processing | om ng equati o ,

(4). FEO =_3a- . (2) FEQ = Sc-Sd .o (3). FEO = ( Sa+ - C+ .
(4] The « PSGIG-SepiYiRE sSrUPRS BGHIL £ JoF JGPSREE PP iaih of thEsigp peans,
arithmetic circuit carrying qut arithnetic processi ith the follown
eq:J ati Onl pg;?\Ijideﬁl on both gildeg of lfhe celllter ligilI —rec?eivhg selcg%nvg a, speciﬁcaﬁ , on bo%h

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 5a further has



TRO = Se-Sf ... (5) On the basis of the focusing error signal 3\5/&&
generated, the optical pickup 1 carries out focusing servo for d éﬂ@he
bi axi al actuator to mnutely nove the objective lens 4 in the direction
toward and away fromthe optical disc D and thus controls the focal point
of the Iight beam converged by the objective lens 4 so as to be constantly
| ocated on the signal recording surface of the optical disc D S ~~rv
20~a |In addition, on the basis of the t4acking error signal TRO generated
in the above descri bed manner, the optical pickup 1 carries out tracking

servo forfodr lighttg:deving isautichs ad, ¢aindrd whidh aetdividedbwen divisioi]iaedlva thens
4 in the direction of radius of the optical disc D and thus causes the spot

of the Ii e i ng
track on cﬁ.ﬂ% (ﬁt | ca%i%l ¢ Obté ucgﬂgaﬁx??ﬂ%é out'© é}éft}s?i ggécggra &ged &ﬁ?ﬁéﬂ
tracklng ser record ng/ produgi nals tolf e optical disc
D, the o&ﬂ%‘ﬁ Hb\m&g’ﬁe@%ﬁ '519 fswr%awgwk @lesqlgmi dc !
recordi ng/ reproduction even in the case where the optical disc Dis

fluctuated or The dedsiovelneidll en tha delnterchght-mrdoenangisgodbn S5a extends in the
recordi ng/ reproduction is to be carried out with the optical disc Din the

optical plisdtonl cobB8pdiditgiesthel8irbétigt Jraddiuy Bhﬁl@bpﬁeal aica 4ledpUheof

t he optlcal disc to access a predeterm ned recording t as descrl bed

above, r servo off . The obje ens

o ovi ded GBS, BF it REthorl 0P S, IS8R Ae5in® Bider, o PRy cbbra i of sl
Ther efore vyhen t e i,s fed in the directjon of radius of_ the qptical

di sc D ordgiaton g th@%@cwég ﬁfroarslg@liwgip&a lighfespsg dn @ %@uéqd State 8\5%@@1 ve
|l ens with respect to the base is deviated in the direction of radius of the
opti cal déelsangP ifitthetdseillatioar wavelength ofither seshdendfictiondasptdlambnd? ©¢ dde tor om

t he normal position because of
a change 1n the refractive index of the optical member 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



inertia, as shown in Fig.2. The deviation of the objective lens 4 fromthe
normal position is elimnated with the | apse of a predeterm ned_ku 2003
period. However, during this tune period for ~, -. S SAN ~ g recovering
the position of the objective |ens 4, recording/reproduction of signals
to/fromthe optical disc cannot be carried out. This is one el enent that
substantially disturbs the high-speed access property of the optical pickup
1. To realize the high-speed property ofssuch optical pickup |, the
position of the objective lens 4 may be i nstantaneously recovered by

detectin

Chen_f codnsideph B 1Be tichl mfuAPs S i GaR 1Y ledRibReaf AT RirnRREOh RE:
controlling the d IVI? of the biaxi a ctuator. tqQ elimnate the deV| ation
of the omeeeﬂd\sgr 60,61 Jhe optigalBembend. peraiGally, erfqmnbﬁ kihqapas begpmg
fromthe nornal position, there is considered, for exanple, a technique of

at t achi ngneidens iohithe hedogam B8b witk thdiy eehieveldoansd dnshe bsundaxg'ebesto.teenhhe
actual position of the objective lens 4 by the position sensor and thus

posi ti LR%‘@"&?@E{J&%&%@‘P?&L g 2“&? Wﬁl@"%ﬁ*ﬁfﬁ?“%?ﬂf deg““é ‘*‘%%@&%ase

Mo .

oo 11 on RAIOBFRGBIRaR: b 1AHb 3b-Po abb GEBATERePY FIEURBLAIFRATRY G Es

pi ckup 1, and therefore causes problens such as the i ncrease in the number

of conporkespestivelgr dheareturnclighs bsamsdifpeteddly thiedialpgram areasi e 1 ian
Di sclosure of the Invention In view of the foregoing status of the art, it

i's an obj éfthedolbpeanpBdgris throughtthe ptieabmewitde 3a5o frbiteadirgvted tpwadd e
realizes the high-speed access property by appropriately and sinply

detecti ”gpﬁ&%dgfé%'téx‘ on deviation of the objective lens as the 6 JAN 20D3
9 .

Of the return light beams directed toward the photodetector 5, the return light
beam which is a return light of the main beam and is diffracted by the one hologram
area 3b-1 of the hologram 3b becomes incident on the two light receiving sections a
and b of the center light-receiving section 5a of the photodetector 5. Of the return
light beams directed toward the photodetector 5, the return light beam which is a
return light of the main beam and is diffracted by the other hologram area 3b-2 of the
hologram 3b becomes incident on the remaining two light receiving sections ¢ and d
of the center light-receiw:ng section Sa of the photodetector 5. Of the return light
beams directed toward the photodetector S, the return light beams of the side beams
become incident on the light-receiving sections e and f of the photodetector 5.

The photodetector S converts the lights incident on the light-receiving sections
a, b, c, 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



| i ght beam converging means at the tine of access w thout adding any new
conponent, an integrated optical elenent used therefor, and an Q&%@g@ di sc
device having this optical pickup. An integrated optical el eneh %ing
to the present invention, used for an optical pickup for carrying out
recordi ng and/or reproduction of signals by irradiating a signal recording
surface of an optical disc with a Iight beam includes: a |ight source for
emtting the |ight beam a photodetectorg having a |ight-receiving section
far receiving a return light beamreflected by the signal recording surface

of the opti (SC: . L hg:. I he
phot odet anifiedhy Bead aRHIRRS iR SenaitrotPUThEBirkie 50 a9 1) bR SULAR SRS (0,
transmttj ng,,t | i ght be mtied fromthe light source and for

transm ttdaﬁébﬁ, Ilghr ) éﬁ alnﬁgnsg ‘H&LW gterngd; tﬂ%@r%f‘@@%’cse%rcf?r;mﬁ@d
optical path branching neans integrally forned with the optical nenber for
separ at i nthetdoa Wypdn arthmetid crtuithd busghtepreducton sigrdl RIFOasgeheratédhAlso,
source and the optical path of the return Iight beamdirected toward the
phot odet i lsfor Iy ' Lenrat iHodl fackin

br anchi ngﬂr?ggﬁlslé%gtg?gtﬁqagg? 1t§ \%EH%%?% ggtld isgn ar gal?soqclg?ltgﬁﬂhr%gcaﬂ% ?%e g
return |ight beqgi f.lected by,the.signal recqrdjng surface of the optical
di sc, int%“&ﬁ glgﬂ@lrella}{{S& SSE?F%?fiPYPe%%%B %’@I’V,eﬁgﬁd t he boundary between the
diffraction areas is inclined at_a predeterm ned angle with respect to the
direction cor rEkprapipdyction sigaaldRFQsnqabenlated; fariexemirleshietheprithmetigicyeuitat

| east one light-receiving section of the photodetector is divided into a
portion feurryiageutiafighmetietprotedsighivithedie fdlibiviag eqdatiyn ¢be di ffraction
area of the optical path B JAN 2~3 is branching neans and a portion for

receiving a return hipght FW)dj_f(ggaga)ad by the ot hg@ diffraction area. In
n

the integrated optical elenent” according to the present invention, the

| i ght source is;hqused inside the kage nd em ts the li beam
for i rradi ati nohE RECEgEAT ouePal REOsnrACHoRA. dAE xpinsy buiras bR,
beamemtted fromthe light source is transmtt t hy ough the opti_cal

menber preEEEQABHINEHRULAE 1GRrASEFSING Yath thmgcﬂlq\gwg mﬁﬁm@ss@t%(&)-

t hrough the optical nmenber is converged by |ight beam convergi ng neans of
the optical pickup EEO *BafSlzast onto the signal re€?)yding surface of the
optical disc. The Iight beam cast on the signal recording surface of the
optical disc is ref Fgotedclydt he signal recordi ng._s,lqgj ace of the optical

di sc and thus becones a return |ight beam i ncluding a signal conponent. The

return |ight beam pggsges &t 9,%;% the |ight be convergi ng nmeans and
t hen becones i nci degiﬁon(?%gsg)ptrgcal nber. The r'étig? n light beam i nci dent
on the opti cal nber, .has its .optj ath separated fromthe tical path
of the I\ ght bdl CRTEDEEToLAERNL TR Qs RRBEE b orampls: B3R aimb
branchi ng means fornmed integrally with the optical nenber. Specifically,
the opti caIFCplcATTYiRg oHt adthraeie Procassmesvithdhe dolaping equatdmiam f or ned
on the surface of the optical nenber. As the return |ight beamis

diffracted by the hdIRQr8e-Sfit o t he direction towar.d5)he photodetector, the
optical. path of the return |ight beamis separated fromthe optical path of

the light beammiHelipdid &OMetfBBudihgBirotira® 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.



Since the optical path branching nmeans has at |east two diffraction areas
for - s SAN Zoo3 11 diffracting the return light beamin different
directions, the return Iight beans incident on the respective di+grpnN 288
areas of the optical path branching nmeans are dif~acted into difterent
directions by the diffraction areas of the optical path branching neans,
then transmtted through the optical nenber, and directed toward the
phot odet ect or housed in the package nenper. Since at |east one |ight
receiving section of the photodetector is divided into the portion for
recei ving t han@itidh, londhb LRERBIM haGhEHnRY sG] TRO gl iR iRfatffvel e
t I on recei

optical path branchiig neans an e por Ing the return |ight

beam di ffracted by the other di.ffraction ar he return |ight TS .

G 11 1 acdsionheamamen e oPRFaGRikiR caiiesthiackita ko Whan BBb TP ERial o
the optical path branching neans are received by the correspondi ng portions
of the lactmtor tepiinutely smoeitha objeative lohsdaushedirectiompfisadive of Hee opistal of

the detection signal fromthe |ight-receiving section of the photodetector,

a reproisé Doshdsthas ahudes tHeRPOALE thelightthdads Usherged s theidbjédtivesletigdapat ed
by a so-call ed Foucault nethod. Meanwhile, in the casé wheré the position

of the Ig r.gi ] . ect to the integrated opti cal
el enent ‘Togl%"eg‘fe:‘]t%ngttﬂ‘ié%g?m%ﬁwpd‘%ggfus of the optical disc fromthe
nor mal positign ahyt he tinme of accg,ss t.o a desired ecorEi ng track on.the
optical disc, BYheh®i§otcasryinge PRt ufACYSIBBt $56%M i3kt dERCKEIE ¢ BRVopt Mhule
menber is deviated in the direction corresponding to the direction of

radi us afecohdingfrepomducingsignals toHfeomythe opticaldibe by, theodpticpl pemp 1 cancagyJ AN
2003 12 In the integrated optical elenment according to the present

i nventi ogut 4giRopHhicCsibnddeBoRdinpaBh A BRRMSe RASInahe LaaS whey® ¥ dptict disn
areas for diffracting the return light beaminto different directions, and

t he bou_n@airs)ﬂ&%mgrbrttpﬁe%e diffraction areas is inclined at a predeterm ned

angle with respect to e direction corresponding to the direction of
radi us of the tical disc. Therefore, in the. case ere th ositi.on o
The I aht beaMiaRIe it saln svhess senebissorpine Raroraian o e cairdedt
the optical disc fromthe normal pgsition, the return |ight beamis split
asynmet r withi the pptiealedisptD oa theaeptiealapickingl.ntharkasetmast bgi firdutad puthe of
the return |light beam generated by asymetrical splitting by the optical
pat h br adirbttion wfaadiudraf theagituerl diyc thaccessrepredetérngnpdrecomting trackgeas

| i ght-receiving section of the photodetector. Therefore, the position

devi at | ogeglribdiPald #in HRARaRO WHRES HAGIIMARTVYS BEE eSPeCt to the i ntegrat ed

optical elenent can be detected on the basis of the detection signal from

e ar oo Sone die i 160 406 pk8F dRU P QG S he bAGE PlathBidBal difnator as

integrated optica e prese vent | si'ncé pOSI
devi ation of .the ]ight, heam. converqgi means W, t.h respect. to the,.int at ed
opt 1 cal Besiribet abovhe Thertoss, ol B bsa 18 det i he dbtmetiongot e of e
optical disc can be detected in the above-described manner, the optical
pi ckup usptigakdise D on whenthe fenst operationdsstoppedtheqasitien ofithawbjectylsas
access. property.
with respect to the base is deviated in the direction of radius of the optical disc D (to
the inner side or outer side of the optical disc D) from the normal position because of
inertia, as shown in Fig.2.

The deviation of the objective lens 4 from the normal position is eliminated with

the lapse of a predetermined time period. However, during this time period for



Also, in this integrated optical elenment, the optical path branching nmeans
for separating the optical path of the return Iight beamdirected toward

t he photodetector fromthe optical path of the Iight beanlemttextjgﬁﬂht

| i ght source and for generating - 6 JAN 2003 13 a focusing errof sigha

by the Foucault nethod is used for detecting the position deviation of the
| i ght beam convergi ng neans with respect to the integrated optical elenent,
i nstead of additionally providing any ngans for detecting the position
deviation of the |light beam convergi ng neans. Therefore, the optical pickup

usi ng t Resoydifetid %sﬁfﬁﬂ oF! the! §B7RetivE 3Bng _ﬁ?'ré&ﬁ'd réﬂrﬂﬂu@t&ﬁ?%faﬁ%ﬁﬂgf

property by appropriately and sinply detecting the position deviati

the |ight , beam converging neans, W thoyt causing the.  ncrease in th unmber
of corrpgﬂé{tﬁ)‘?@%t@q%g fiésg:sceaan?%tblffecaé'{lf 06‘?‘ ﬁﬁ’és %eqﬂec%lemegg aeiangsttaﬂga Vse
in cost. In the integrated optical elenment according to the present

i nvent i alisturbs the bigh-spredi degess pooperteafithepoptical paclipahs for diffracting
the light beamdirected toward the optical disc and for splitting the |ight

beaminto a pryradlizethefhi ed bp&'ﬁg of suclopti 1,tthe pesithorbeftlR i s
formed integrally with thgﬁ‘c%)gtéi cgl? menber. As l?‘he iglﬁitiﬁbeamp?plitti ng

means for..dif j LLti e |i ir

opt i cal hERllE i Bl te BRI b B ARCLASE RS L AR I 0Be
integrated optical gelenment according.to the present invention.for ots
of the rRbIEChEalmS AR m@a}?ﬁsgaﬂ@dhpﬂége;ﬁ% e dteetedideyiatinn Bk B
the optical disc and detects the return |ight beans thereof. Thus, a

t r acki ngtherbiaxiad aguator; and bentretlengthedditiving of thebiakid actwager toedimmeatéthe:
Moreover, as the light beamsplitting neans is forned integrally with the

optical geyiRebn Fxhedbjédthrdeabdve, the integrated optical elenment
according to the present invention can realize mniaturization of the

integrated Opt[ioC@éte@ﬂ BREvidtiGEbE ﬂ?@gbjective lens 4 from the normal position, there

is considered, for example, a technique of attaching a position sensor to the objective
lens 4 so as to detect the actual position of the objective lens 4 by the position sensor
and thus detecting the position deviation of the objective lens 4 from the actual
position of the objective lens 4 and the quantity of feeding of the base.

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



6 JAN 20D3 14 m niaturization of the optical pickup using this integrated
optical elenment. Also, in the integrated optical elenent according JAN 2008
present invention, it is desired that at |east one |ight-receiving section
of the photodetector is divided by division Iines substantially parallel to
t he boundary of the diffraction areas of the optical path branching neans.
As at |east one light-receiving section of the photodetector is divided by
the division lines substantially parall & to the boundary of the
diffraction areas of the optical path branchi ng neans, as descri bed above,
t he i nt edight ®daRiRionVetgifg RIFANS atthe ikl HPadcRsé Retheeaddihgiafy @R edinpafient,

effectively restrain generation of any deviation of the signal |evel of the

f ocusi ng i -due it e . Ug Q<L . ..and
det ect aLEPRl L BhPH It BRRL AR R bpliof, BRkAdics Bl i
position of .the return light spot of the |light beamin a focused state on

t he photdﬁéﬂ@é@&ﬂ“ﬂ% sonewhat changed by a change in the oscillation

wavel ength of the light source or by a change in the refractive index of
the opti cal rreAheinte@meﬂ@paichbehemattlmeonﬁngge.thé\lfpoédmt mvempmuedd dpt anal
el ement according to the present invention, used for an optical pickup for

carrying :

o anal | <o REA) 129 oBRGIoR o FBL AL RIOP ermodEn Bf sigaf btk Batns
|l ight source for emitting.the.light. be a,phot pdet ect.or . havi ng.

|1 ont - reckrgabTesERing softaee Peeb Ppling G5 afufnReRtRcRiiis dlieBtsayrcene
signal recording surface of the optical disc; a_ package nenber for housing
t he |i ghtfosoemubingnthet hghpbeanyea photedetecter hanimda hight-resesiing sestiopt faral
menber arranged on the package nenber for transmitting the |ight beam

em tted freegivihg alieairn Isghtrbeanarefléaed byahs rigral necdddeng surface bf did opreah
directed toward the photodetector; optical path branching nmeans integrally

fonned wi aﬁctbggﬁ%ﬁémwﬁhﬁm&emﬁ@q{ isBﬂrJehﬁld)cﬂE?&%g?d@&&oi)fthér@ﬁl;'dng ht

beamenitted f e I'rght source an e optical pa the return 1ight

beam refl . t.he signal, in rfac f tical .di gci

eturn' | SROCH AT, B ARG GRIRE HaRBaBdmeiRBer bl M PRI uis ikl BRemoc,
for splittin he retur i ght beam passed through the optical path.

br anchi ngeFeed framothe ﬁglahg@ S fransmytung E@Pﬁ%i‘aﬁsm@hﬂﬂected
el ement, the return light beam spl'ittiar;g means has at |east two surfaces
havi ng di tdwansithe pbotadetector;and opticdl path boancldng means mtegrallycfoemedvwith the i s
inclined at a predeterm ned angle with respect to a direction correspondi ng

to the di 69&{:51&ﬂeﬁfbe_f?&islé?a1€aftmfghhe opticabpatHiofthe Bihi vReh efifited from the light
| i ght-recelving section of the photodetector is drvided into a portion for

recei Vi ngs Qi el 90&)5@%94?8%?‘51?@%2@? ﬁ@n@éaﬁxﬁﬁg%ﬁ%?‘?&bf(ﬂmeﬁ}ﬁﬁﬁa tector.

splitting neans and a portion ving t return 't ght beam In
thi s anot her integrated ical .el,enmen ccor.din t he .present ;i nv jon,
the | ght sour dbiRe EEEE! pfvalleIEmERt A7 SBCHIRh BrigihiBk RGeS ¥’
beam for irradiating the signal_ recording surface of the optical disc, The
li ght beakve nfgréenenm@sqéoq 3@&%@5&@6 fefuRy ﬁgbh&w@drqﬂ?ﬁ%ﬁéﬁma@ é’&iazal
menber -provi ded on the package nenber. Then, the |light beamtransmtted

t hrough t hecarding siirfaeerbfthe spticalvdisgantdyifferznt diregtionsprespegiivgyendshof
the optical pickup and then cast onto

boundary between the diffraction areas is 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 is divided into a portion for

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



~: 8 JAN 2003 16 the signal recording surface of the optical disc. The light
beam cast on the signal recording surface of the optical disc is reflected
by the signal recording surface of the optical disc and thus beagrgaNa003
return |ight beamincluding a signal. conponent. The return |ight beam
passes again through the |ight beam convergi ng neans and then becones

i ncident on the optical nenber. The return |ight beamincident on the
optical nenber has its optical path sepgpated fromthe optical path of the
light beamemtted fromthe |ight source, by the optical path branching

means fo B | | i . .G 1 1 LG ical
path br antaoH Bl Ao TP Rigel Ao iebE e iftidcted by Ppcbled
surface of the optical nenber. As the return |light beamis diffi acted by

t he holoéhﬁﬁﬁQHﬂﬂdﬂﬁﬁe direction toward the photodetector, the optical path
of the return light beamis separated fromthe optical path of the |ight
beam emi tted flnahetihegratgltomival ebemditeagceirding toithé tprésarmihestien,ithe light
optical path branched by the optical path branching neans is then split
into at | : s arRESM | {:51 e E Iy
f or med wiSt8 ﬁf‘%%fg\q%bﬁ{% ?ggﬁ Slﬁé%g‘?.a E%%%%glﬁ%}r eturn t? :ﬂ]éﬂlg%ggenﬁ gﬁs %Iltr?(?llg’ah ans
has at |east.t surfaces havi different n | ctors,. retyrn.light
beam i noitHE BB EREd G S E GhE otiAL et hgat BERE Snided FpL s ligtithe
boundary between the surfaces. The beans generated by splitting proceed in
di f f er entsovreeis transmittedadrongh tlie onptical membespravided amthe pAckage membates
on which they are incident, and are directed toward the phot odetector

housed i IMThég thadigigbhemirbensmitt8d ihduphdthkofidat enathbeedstooneged diytlight
receiving section of the photodetector 1s divided into the portion tor

recei ving, e cbﬁ%&r&fﬂ?% L R %@Fﬁ%?@éﬁﬁuﬁhﬁhﬁeﬁ a4t dhtd itﬂ@&i{@??‘g%&or%iélgm

splitting neans an e portion el ving the other retur

the return Light.beans. erated by the return |light beamsplitting nmeans
are recei%ta‘%yoﬁﬁ’g %Fc%’i ding portions of the |ight-receiving section
of the photodetector. Thus, on the basis of the detection signal, fromthe

| i ght - r ecei vi n§hedeghtobean ¢asé qihbhe gignad irecording syriggacel the wgﬁa{ disg 1s
generated and a focusing error signal is generated by a so-called Foucault
met hod. Nedleched by thersighel reaoedmigesuefach ef os oplical didc ardbthisdiwcobeesm return
converging means with respect to the integrated optical elenment is deviated
in the dlﬁgsﬁbéumﬁclﬁaﬁig@sighar S6mpRhehe ! Thé ﬁ&&ﬂp@twﬁe&a i9il thi QA

the tune of access to a desired recording track on the optical disc, the

spot of t d [ i Nci -J Cal ' [ in
the. di r ectitofiElicidheh cBterdiAT b ls "G 3R ol ihERenPBIYL b BolitiepieR, |
on the optical .path branching neans., In this another integrated optig¢al

ol emront accor dG Resuniept BeaRt Heident phrihe, Al eber g 5e.optical Bath ng
means has at |east twy surfaces of different normal_ vectqrs and the
boundary Senateted frpestheqptioal path of thedightdeam enutied-Gonthe light senrges byithe,
respect to the direction corresponding to the direction of radius of the
opti cal dopticalipath bfanching meane foaned witegmltyheitiptis dptival nfemiver. ISpegbifidatym
converging neans is deviated in the direction of radius of the optical disc

fromthe g Hgﬁtcﬂ athi anchiig flans TnbhdBs, Rﬁaegaag%égi hblo%%ﬁﬁ&%h%h@y

the return |i eamsplitting neans. The 003 I ndi vi dua

part s oF, SHEuESAi bb S EABSE S B PRV L SR et
B o b o e B BaThSE 5 onmmchhch i

the integrated optical elenent can be detected on the basis of the

det ect i onisepahtdd front tie optadal patle of thehighebeamrenaitedfeomthe dijgdtt soticce.
According to this another integrated optical elenent of the present

i nvention, sin 0! Braftl L i JEERYS
wi th respect tgﬁ?ﬁgg?ﬁgégﬁgﬂggﬁoptl%%?@gﬁgﬁgﬁgag?gpﬁgp??ﬁgﬁo Mﬁ%@%?%bto a
desired recording track on the optical disc can be detected in the
above-descri bed manner, the optical pickup using this integrated optical

el ement can realize the high-speed access property. Al so, in this another
integrated optical elenment, the return |light beamsplitting



means for generating a focusing error signal by the Foucault method is used
for detecting the position deviation of the |ight bean1convergiqg%q§ﬁ 3
with respect to the integrated optical elenent, instead of additi ﬂ@m
provi di ng any neans for detecting the position deviation of the |ight beam
convergi ng nmeans. Therefore, the optical pickup using this integrated
optical elenent can realize the high-speed access property by appropriately
and sinply detecting the position deviatjjon of the |ight beam convergi ng
means, W thout causing the increase in the nunber of conmponents, the

I ncreas e.diff‘fréé‘&%géereaimtlf&t BeNHGR diﬁ‘éf‘éng .dﬁ%@gbﬁg, the ?&u}ﬁ‘ligﬂ%emﬁ{‘ﬂcm&t
anot her integrat optical” el'enent according to t’he present invention, 1t

- 6 JAN 2003 19 is desirged that lig beam splittin ans for dif.ftracti,ng
he 11 ghiobimespeaivattiastion areas KR omtical petatebinatneses pegiaciedo
beaminto a plurality of beans including a main beam and two side beans is
forned i nntyddifergntidirections bpthe diffraetivarareasof the dptifal phthebrasphing means,
nmeans for diffracting and splitting the light beamdirected toward the

optical dhef tfﬁisﬂﬁ@teﬁ'tﬂf&léh’ thedptRed ierhBeP 2AY! (ﬁfébte&f%ﬁﬁﬁpﬂfegﬁbt%@fé@tor

this another integrated optical "el enent according to the pres i nvention
forms sp fyd mai p.beam and two side beans onto the signal recording
surface ﬁ&i%g%gﬁf'c?&f;ﬂﬁ%%@eé’ﬁ Tdetects the return | i ght beans thereof.
Thus, a tracki gg err?r signal . can be generated by a so-called. thyee-beam
met hod. Mor eoveHiceat @%éonfsgght e sgctionRf the phetodetedpnisdlividedgnto the
with the optical nenber, as described above, this another integrated
optical epertmn faaecenimg therdthen pighs deam diffrictahby amerdiffractéon area of the
mniaturization of the integrated optical elenent itself and

M niaturi %ﬁg%ﬂ”p@ch Bﬁﬁcgﬁiog't ﬁfém@ieﬁi@ﬂlégbﬁi’or{ IFbS réé&ﬁ%gaﬁl%dre% Gght beam

el enent . inthis her integrated optical elenent according to the

present i j ¢ it t | eastqi:ong 1i ght~keceivi ction
b “the. phtBak Ll diel itadtah Ate, Mo i M i ARG R HREGRE T
the boundary of the return light.beamsplitting neans. As, at | east one
light-r ecavéman%gxﬁbwwcw%gbﬁﬁr@paeetaéew»f the eptisad patiphranching weans are
lines substantially parallel to the boundary of the diffraction areas_of

t he opti cegcepegdh h)ratgshicﬂgeﬁmmb,ngapougmsr idfe theaHighd:rechivingt saptiome f the
optical elenment according to the present invention can effectively restrain
gener at i ophofodetactdevi ation - 6 JAN 2~ 20 of the signal |evel of the
focusing error signal due to a position change of the return

Thus, on the basis of the detection signal from the light-receiving section of the

photodetector, a reproduction signal is generated and a focusing error signal is
generated by a so-called Foucault method.

Meanwhile, 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.



| i ght 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 the photodetector is sonewhat changed by a change in the -§ JAN 2003
oscillation wavel ength of the Iight source or by a change in the refractive
i ndex of the optical nenber due to a tenperature change. An optical pickup
according to the present invention for carrying out recordi ng and/or
reproduction of signals by irradiating &signal recording surface of an
optical disc with a light beamincludes: a |light source for emtting the
l'ight beam | [glHe R@@%Pa?é&‘dﬁﬁ@dl%ﬂ@ﬁﬁ_&cb?dh@%%?fd%gnf fifvehtioh the’iptical

emtted fromthe lig source and for irradiating the signal recording

h
surface t ical di i{h th ver. i ght . h or
navi ng. apritbifneBiraBealt Bas i st 8o ARBARIBRAreasr dRiPIinR REaLAPR12ht
reflected by the signal recording surface of the optical djsc; an optical
menber abgaryitohf] directiong, and dhe hwuadary hetvicrs these diffraciian afegs 1and
the |ight beam convergi ng neans on the other side, for transmtting the
l'i ght beamclérsd dtedlpfederetrhiied angleghith yespece tadee diectiomodiebpondingiie the
return |ight beamdirected toward the photodetector; optical path branching
nmeans in | A ] i fd ,cal
pach of thEcfoif BARbIME Bliafl 8RL: TiterdERPh hOEaSERAEA O Bobion T ke
of the return |ight beam directed,towar,d the phot.odetector; d a bipaxi al
ot uat or e Deai R EmE Ban Bk GBRdanghe diretine ftadnsofthgopucal ist
directions, that is, the direction of radius of the optical disc and the
di r ect i orfremvilie doamal paaition, the rgmn bight bearmris sphihasyspmietragallyi by the eptieals
optical pickup, the optical path branching neans has at |east two
di ffiractpath bragelinganesnd.f Mhetinddvidhel patyof the goturhdightrivdahe geaeratyd biye
signal recording surface of the optical disc, into different directions,
respecti v, ) i act | r I Tos at
o edet cyfbungfial WpIRGHECR, MODHRET sl iahChAG itin® 18 reBivelr by (R
direction _of radius of  the ical,disc.. At | east.gne,light-receikyin
sectt on GOSOR R Rtiole st the fhy Ferdiving g ST b AR ek RET s hare,
return light beamdiffracted by one djffraction area of the_optical path
br anchi ngt%ﬁeaﬁ%tlaﬁdd@wpapﬂi of therlighickeamnpgonverging meanghwithe 598PELt 1t athced
by the other diffraction area. In the optical pickup according to the
present iimvegratedptided elamént dandre detected dnfthe msikefthed¢teston signiabfrom the
transmtted through the optical nenber and directed toward the |ight beam

conver gi mgivﬁggeéﬁ&hbflﬂq»@ghb&,d@t@ﬁoﬁonver ged by |ight beam converging
means and then cast onto the signal recording surface of the optical disc.

In the case mﬁ%@ofcﬁﬁg?@ﬂtxe ﬁ{teél%‘?ed nggal]?&émenl:eﬂh esOfft 3 gﬂﬁﬁnrsgﬁcg% #eng

surface of the opticaf disc 1s”devia roma pre erm ned recordi

track on the..sigpal recordin rface of the optical. disc ,h the cas
where no PUSHRDHBinddSF e aohedth GoByeigine Aitans arith rEerhla i infFpele
optical discg, the biaxial actuator is driven on the basis_of a trackin

error si gPBiicalrelement attheytime of acgegn 0 a destredirecording tisskpan the optical disc

can be detected in the above-described manner, the optical pickup using this integrated
optical element can realize the high-speed access property.

Also, in this integrated optical element, the optical path branching means for
separating the optical path of the return light beam directed toward the photodetector

from the optical path of the light beam emitted from the light source and for generating



converging neans is noved by the biaxial actuator into the direction of

radi us of the optical disc or into the direction toward and avvay_fd'gmlt
optical disc. Thus, the spot 6 JAN 2003 22 of the |ight beam converged by
the |ight beam convergi ng neans and cast onto the signal recording surface
of the optical disc constantly follows a predeterm ned recording track on
the signal recording surface of the optical disc and forns a focal point on
t he signal recording surface of the optiggl disc. The |light beam cast on
the signal recording surface of the optical disc is reflected by the signal
recording surface of the optical disc gnd thus .beco a return _|ight. beam
i ncl udi ng@ Oﬁpﬁﬁgleré%"rrﬁ’&*i’ém’y '%?ef‘i?lé?"}]ﬁh “F‘?tgﬁa 15%955@’5 Seteciing the %P%‘lﬁ’é)ﬁ‘
the |Iight beam convergi ng neans and then becones incident on the optical
menber . THeviatibnrof thedighteam converging meanbavidpresyrct te tive inthgmsatéd optical
optical path separated fromthe optical path of the light beamemtted from

the 1ight ehpiifte i ﬁ)én%% :’t?f Qﬁﬂftfb@ﬂallgﬁ?fb\}?ﬂ%gc%%?i@rgm%‘of Qfef@diiﬁ#mgg @Eiti/on

1n
with the optical ne Specific y, t ath branchin ans

i ncl udes, for exami e,. hol ogram f or ned on e surface of the.optical,, .
renber - AdeTLOR At ths lipfRears SRV petid Fieads, DASwote, B omtial MR st bis
direction toward the photodetector, the optical path of the return |ight
beam i s sdpaerated optionh elpmenpearraaligathe ightspsediagpessipraperybytappropmately e
| i ght source. Since the optical path branching neans has at |east two

di ffracti andadingdy fdetectiid tie tpositidhdeviationnof tghlighe d@airh cdhVérgitnimeans,
directions, the return |ight beans incident on the respective diffraction
areas of td ' j teed - | r

i oot  ond R <abSingtfl dnticRE I 1 dlpNY A Grthndre, S thileaclnl M 828 of
t hen trangm tited t.hr h, t;he .optical nenber, and directed toward the
photodeteiﬁ%p9V§FﬁE@ﬂ§%“*gﬁ%?s%ch?$ght recei ving section of the

phot odet ector is divided into the - 6 JAN 2D03 23 portion for receivin
the return |igHtheareearated optieal elgmentacsordingdoithepresent ipventian, diysidgsaire
path branchi ng neans and the pqrtion for receiving the return |ight beam
di f f r act edhétylighebeamesplittihfrmeansfonrdiffradthmg thet light begint divected tdivfai-d abeed
into different directions by the respective diffraction areas of the
optical pajphidal afehindosor Eﬁﬁﬁin?rtﬁefl eb¥ash idvo b phurality 8FBeasisi8cingirgd #ifaiRf
t he Iight-#gceiving section o the&%hotodetector. TE%S, on the bas#% of the
det ect | 0”.b%a9ﬁ‘§£dft{v8@i&@8e&h9*}§ Torméd 1t g%ltﬁ’lh%phﬁﬁl Hl*%fl{& etector, a
reproduction srgnal "i's generated and a Tocusing error signal 1S generated
by a so-called Foucaul t hod... Meanwhi |l e, i he.case where the position
of The 1 i oht - nehniie eb BeR: sRIHDBRemS B Bkacine Ad Sprreas tiohest bran
deviated in the _direction of radius of the optical disc fromthe norng
posi tion adiregted tpwardtheyeptieal disc antges iplurality of brangs is provided,tasedessribed)
di sc, the spot of the return |ight beamincident on the optical nenber is
devi at ed iabdveethd integrated opticalsglement ge¢ardinetalthecptesent miventidn dsrm$ spoes
optical disc, on the optical path branching neans. In the optical pickup

accordi ng éﬂh%hﬁai&r%@tanhﬁ%rﬁdéﬂemhb%nﬁpfﬂecﬁgnﬂ%lioﬁﬁﬁg%hﬂﬁge GEARS opfisalat
| east two diffraction areas for diffracting the return Irght beaminto

di fferent gl i on n ~hes i {fr an. i
'l i ned 015 s fbects TS otrin HRUPHRhs AERISET THR7F 4PAGKAB ENGR it Bin vk
corresponding to the directi,on of radius of the optical disc. Therefore, in
t he case maﬁeﬁebbbwprqaiwdégr%bem@ﬂwéam convergi ng means i s deviated
in the direction of radius of the optical disc from ~- 6 JAN 2003 24 the
nor mal positi onMdrkever asthe lighttheabesplitting spdants isfoymmest inkegrhally vhth thheptical
optical path branching neans. The individual parts of the return |ight beam

generat ed RendsetHRHESGe b, (tRE itégidied %gli}:ﬁpéleﬁ&tn@ aBESRINE RO tHEPfES et ©

recei ved by the correspondi ng portions-of th I ght-receiving Section of

t he phot odet ect.or. Thergfore,. the .positi deviation,of .th i ght, be
conver gi nauhveation,geh Bl Binia) SRRt dt i shrated Spcisal sBEhe 158T andk
basis of the detection signal fi omthe light-receiving section of the
phot odet ector. According to the optical pickup of the present invention,
since the position deviation of the |ight beam converging neans with
respect to the optical nmenber at the tinme of access to a desired recording
track on the optical disc can be detected in the above-descri bed nmanner,
the position of the |ight beam convergi ng neans 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 neans for separating the optical path of the return
| i ght beam directed toward the photodetector fromthe optical path of the
|ight beamenitted fromthe light source and for generating a fdebslAty2003
error signal by the Foucault nmethod is used for detecting the position
devi ation of the |ight beam converging neans with respect to the optical
menber, instead of additionally providijgg any neans for detecting the

posi tion deviation of the |ight beam convergi ng neans. Therefore, the

opti cal .pi - Lan 1 i Yelals : - propriately
and o iy gnR RO e dpticaf plLiStn BRRE SR AR Bl Cfichl elot P PECT Y O
beam conver gi ng neans,.w t hout cau iri t he i ncrease in the nunber. of . .
conmponent's, t % A MG UHCETate @PQF;\? ePhaCeAEFMEL0; the resery anyention, dtls;
cost. Another optical pickup according to the present invention for

car ryi ngdesxted that radileastaonsy ﬁghtmaiﬂimgt Sactionfo’gt@nphetokﬂptéatomﬁ divided by
signal recording surface of an optical disc with a |ight beamincludes: a
1ot Sodiegioh AneRubistatiARCphidlie] theRETboundlty BEAHE CREYANH i AtHieO!
converging the Iight beame ted fromthe |ight source and for irradiating
the signal..rqcordin urface of the optical disc with the converged |ight
beam a %%?%@&gbf%cmgm%' | i ght-receiving section for receiving a
return |ight heamreflected by the signal recordin urface of the optical
disc: an opti &dlatigapconehghiRaeivag sesHon tﬁpg}ho%@é@rﬁéwraﬁ %ﬂd@gd%ﬂ&t or
on one side and the |ight beam convergi ng neans on the other side, for

t ransmi t divigiohHiénds gitistinettatlye patdlled torthenidumdaryg lotf the diffeactich ingas of the
transmtting the return light beamdirected toward the phot odet ector;

optical g EiBalbﬁé’ﬂhCdeﬂﬂhgg?ﬁ%edd%t Q9" PskHibEQ AR M iﬁﬁé?;ét@&idégiﬁamﬁénf or

separating the optical h of the Iight beamemtted omt i ght source

and the ' f ' . vt Si .
Fecor di nabetritis B ke Tot Bl e oG o Rlnif EpBea o ey B ion
integrally formed wt e tical nmenber r splitting the return |ight
boan pas b REsableveher 85 REcsigseron Seh tHg thadrRsinar GhanEs bhGe §

beans; and a biaxial actuator for noving the |ight beam converging neans

i nto bi akight spotranut detest anlappropriateocusingerfarsighalrexginia the cabe vojere ¢ae
disc and the direction toward and away fromthe optical disc. 6 JAN 2pQ-
26 1 n thipssitivin ofl thel edtupn ltiglﬂ spdviiof theghpghbdransihi at forvusedanatehan ahe

| east two surfaces having different normal vectors, and the boundary

bet ween %ﬁ?@d&é&t@??@%&éﬁh’&?H}gﬁged%y a d?faﬁggh‘r?gg@; BEHIIEBtSﬁ%vé’Vc‘léhcg;ﬁ%gﬁﬁé to

a direct corresponding to ITection us o e optl i sc.

At | east Light-recelvin ectd f the.photodat ector i s divi into a
or t on. HERE spif, of $5oh Ehalef IR he JrBaun bk PEMOBGEak Defier i
beam splitting means and a portion for receiving the other return |ight
beam Int?mraéﬁfﬁa@n&ﬁpti cal nenber according to the present invention,
the light beamemtted fromthe |ight source is transmtted through the
optical menberAnothedintegtatet opticalelemhent dapbrdingamthbopraseyt myentiansusetfon,
the light beamis converged by |ight beam convergi ng neans and t hen cast

onto the aw gptital picka Tor Sarfyfig Ot tdtdrabl aal/dt feprodictitie sfasignwhkeby

the spot of the Iight beam cast on the signal recording surface of the

optical d4i.sq;d i e ] r i : n; L gnal
Fecor di nar e Ytk food Ay RERIES UL RRERL BEC LT HERE Tk, T
is for rreci.éln t he sifgnal recor quﬁ su‘gfac.e of the optical .disc..{he biaxial
act uat or 18ItAUFEs Toh epptting ¢he [ight-beamy pinhptedetsptar; Raving & light-srasiying
error signal, and the |ight beam converging neans is noved by the biaxial
act uat or sestiontfhe retieneing oretufn light beamfreflected by the signal recording surface of

o0

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



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 di*skJAN 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 disc. The |ight beam cast on the
signal recording surface of the optical jgisc is reflected by the signa
recording surface of the optical disc and thus becones a return |ight beam
i ncl udi ng_a_signal_..c gngnt. The retukn |ight be .0 thr

the |1 gnidel AR RuERRRGTR: st N npoSin SRR I0N FopdnRayt REAS
menber. The return |ight beamincident _on the optical nenber has k%s
optical peam emisteddren the hight seugsstandsfor geansmattingiheiregwn light heamidiresged r om
the light source, by the optical path branching neans fornmed integrally

wi th thetowttddle pltodetectipgapticd|gagh brineciong mednspiatdpralinfonned witkanke
i ncl udes, for exanple, a hologramformed on the surface of the optical

menber . : i i i ity '

i roct | onPESARPATE o AtaactiE B Sp il BaBF b Eth et AR Bl ey
beamis separated.fromthe aqpti.cal FF'E)ath.o ‘t)he Iiﬂht amem.tted fromthe
li ght sodPBEe arKbtheaniiGal paghot tﬁmilsét samgptieetsd byt sigual dreerdine he
optical path branching neans is then split into at |east two beans by the
return | isynfackefthesqptical disg; andireguimliglaprbianyspluting tneanshntegealypforomid with
menber. Since the return |light beamsplitting nmeans has at |east two

sur f aces thaptigalinkinder fir splithink theetwis lighhBedBipassed tirbugheRdopicalqaith on
the return light beamsplitting neans is split along the boundary between

t he Surfa&‘iﬁchﬂg%é’%ﬁa&'ﬁt@%ﬁa@% eo@éaﬁﬁ' itting proceed in different

directions I n actco nce w nornal vectors of the surfaces on which

t hey are incide and are, directed to d the ph det ector.. . S, JAN ~~
98 % nce ot | dadhisicamal SpUEEl Jmsnbahe remreMebh B BoRte caans 1S
divided into the partion for receiving one return |ight beam %enerat ed by
t he ret urlpastityiet suséagesimving idifferent 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. 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



means and the portion for receiving the other return |ight beam the return
| i ght beans generated by the return |ight beam splitting neans are.ggﬁ&jmﬁg
by the correspondi ng portions of the light-receiving section of t

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 is generated by a so-called Foucault
met hod. Meanwhile, in the case where thg position of the |ight beam
converging neans with respect to the optical nenber is deviated in the

directi ofe g@é@?%dbzdgf&%&r}gaﬁ“%mﬂg&? digcom the normal position at the

time of ac ecor rack on the optical disc, the spot
of the return.ligh eam i nci dent on the optical nber .i,s deviated in the
Gi recti on corriss BEhEBEAT 55t andheclena PNz 98 Tare ohdbe sl Sstds' on
the optical path branching neans. In this another optical pickup according
to the pefseted bhynthersignal reconding surface ofythie aptinal dist iandithys Eemmeh asetrn

| east two surfaces of different nornmal vectors and the boundary between

t hese suidiatRan mchifihp A&terdl cdniporeat. STHE FetnRlIghebeth has&ERRain HobpR

direction corresponding to the direction of radius of the optical discC.
Ther ef or i he case where the position of the lLight bgam cen i

reans. | d0g e beant orveLEe ke RE hork B dhome Sicideh o B DGR St HPk 1
normal positign, the return light beamis split asymetrjcally by the
return |ight beafeapnightlbearaansidenteon Hes pptigal meanber has iy’ optagal-path of
the return |ight beam generated by asymmetrical splitting by the return

| i ght besmpasgéd fitdm gherepiisalgrach o€ tlee light taant bmitted feap dnellipht gmirte dnsthef
the light-receiving section of the photodetector. Therefore, the position

devi at i ogpi@fal pheh brxaRhitdaABASOH iRt AP Sithithe opBEMEAEmMbRY t S AHEARA

nmenber can be detected on the basis of the detection signal fromthe

i ght - r el 4oy SR LAl Flind REeRROLBKIGCEE ex ARR! 4 R8obuh TomBR A le

opti cal pickup pres I nvention, posi evi ati on of
the |ight heam convergi ans with respec o the optical. nme r,at the
Lime of HECHEOL BeoRitel Mo dhtADGErRAIIENS hopmas épﬁlmféﬁcli by 4he Balotisam
detected in the above-described manner, the position of the |ight beam
conver gi mjo thadirection feward thamphotdgtdopor, sho optied pash ofdhe setunn light beasy
and stability of the access operation and to realize; the high-speed access
proper t yis 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

housed in the package member.



Al so, in this another optical pickup according to the present invention,
the return |ight beamsplitting neans for generating a focusing error

signal by the Foucault nethod is used for detecting the position géwAN 203
of the Iight beam convergi ng neans with respect to the optical nenber,

i nstead of additionally providing any neans for detecting the position

devi ation of the |ight beam converging neans. Therefore, the optical pickup
can realize the high-speed access property by appropriately and sinply
detecting the position deviation of the'light beam convergi ng neans,

wi t hout causi the incre in the nunber copponents, the increase in
the size of tﬁglcﬂé'gl"@ét P‘E“:E&t ISHEVieeSaotion qoffr’fhEBEB?OdEﬁe“éB’E }SéﬁVI@ﬁéetQj\z\?i ce
according to the present invention includes: disc rotatin rgJAN-~ 30
nmeans f oportismdfor neseavingmmieaaturdilight baamgemiecated by ke petion ﬁghtrqun gphtiing
recordi ng and/or reproduction of signals by irradiating with a |light beam a

signal 1 gkandand trpdiivh O rbdEviiy the ¥thétrefurh® g&géglléb}/tﬁé‘&n%ﬂ HtHedins"d

means; a signal processing circuit for processi ection signal from

t he opti ' 1..and an.acGess ani sm for noving,he.,optical pi,ckup
i the qEpu Bl e R0 n TREREE Slhafir RETRY R GpoButi
device, the. optical pickup includes a |light source for emtting the |ight
beam Li BAttionsef thedightyeneivinssestian ot thehaipdetectas. | i ght beam eni tt ed
fromthe light source and for irradiating the signal recording surface of
the optical dilhasyén thet besicofitherdpectiorpdignblefom the pight-ectstivinpcection ofithe

| i ght-receiving section for receiving a return light beamreflected by the

signal r i r i i n t, :
g ?ﬁ@f(ﬂie@&téﬂ a%grﬁluéﬁigﬁlot 2835 slfateNaridPld ?@éusgﬁg%g@?g@tﬁagw

bet ween the |ight sourc et ectdr on one side an eam
conver gi ng.on the other si for,transmtting the |ight beamemtted
fromt he%?Pg‘rE??ech}iracsé’ ‘éﬂgﬂ‘?g?u‘ﬁ‘gﬁg}ﬁﬂ}??-ng the return |ight beam directed
toward the phQtodetectar, optical path branching nmeans integrally forned
with the opti YE Anithe cagg,whsre the Rastigmef the lightteas COMEETEINEMeRBA M
emtted fromthe |ight source and the optical path of the return |ight beam
di r ect ed withwegspettte thisdntegrated: apticahetementi iaxdeaiated tn theodiréciomof radjus bé

| i ght beam converging neans into biaxial directions, that is, the direction

of radi ughebptibsl disé iffuth tBE fermalpbéitioflidtehé tidie bPWEIdEs 0@ @Mdfréemdﬁﬂ%_
optical disc. The optical path branching neans has at |east two diffraction

areas fon,dif i e i I | e
Fecor di ne P TEt GpBepLAisr i Rpdf Rt FAR Hahf Uchih Meldafic 3hHR! optical
respectivel and .t he boundary. .. JAN 2~3. 31 between the diff.ractipon
areas is ‘?ﬂ\éPFﬁé%d%Ylaaﬂ%nng& éﬁrﬁ?%‘éﬂ%&ﬁfﬂsgo ﬂgtroeﬁ’ﬁ eGhpn | r%‘;l}‘é@tf:tgﬁ
corresponding . to the direction of radius of the optical disc. At |east one
| i ght -re(,(mtlﬁahglsfre@tlitb%Oﬁﬂcﬁk@tblhfﬂ%i@ﬂg@%ﬂﬁ-s divided into a portion for
receiving a return light beamdiffracted by one diffraction area of the
optical path dHnghistanotherdnteprated optical ¢lenrent accordig toithgpresent imvention)the
beam diffracted by the other diffraction area. In the optical disc device

-accor di ngeh@ntlipght begfedplitting Biandhas af Lea3Ptw6 alirfdb8€ o Piflerb AERG T A1 FBstisUM
is rotated by the disc rotafing neans. Then, when signals are to be

recor ded ¢ i-cal:  di r ( [

ot at i ng LA bindER BREET e PRt iBBlindtl 3 picb MG R AR P AR
optical pickup to,the optical disc fotat y the disc . rotaji.ng neans,. The
optical JeSRER Pbfsliestion corespanding & thg drsafioa ofrodhs eémecaptleﬁ Hsgy
the access nechanismso as to access a desired recording track. The |ight
beam eni tThereforsmin the |Gaghtwhener the pesitioansfirthe Hght beanybonkergimg imedns is
menber and directed toward the |ight beam convergi ng neans. The |ight beam

is then cdsvigtedsd te ditétfond6PAdIAN GEHE HPtiFaRdiscAfont R n6RRAl PoXiGoh e
signal recording surface of the optical disc. In the case where the spot of

the Iight : t - t Lanal 1. r gdi surfa f the.optical di IS
devi at oo Tera Ut ealisishfi abAPReHERRY by e RIGHERRL Cenlh SR BhE e The
surface of the optical disc, or in the case where no focal point is fornmed
on the signal recording surface of the optical disc, the biaxial actuator
is driven on the JAN 2003 32 basis of a tracking error signal or a
focusing error signal fromthe signal processing circuit, and the |ight
beam converging neans is noved by the biaxial actuator into the direction
of radius of the optical disc or into the direction toward and away from

t he




optical disc. Thus, the spot of the |ight beam converged by the |ight beam
convergi ng neans and cast onto the signal recording surface of the optical
di sc constantly follows a predeternined recording track on the s8gh
recording surface of the optical disc and forns a focal point on the signal
recording surface of the optical disc. The |light beam cast on the signal
recordi ng surface of the optical disc is reflected by the signal recording
surface of the optical disc and thus beggnes a return |ight beam i ncl udi ng
a signal component. The return |ight beam passes again through the |ight

beam conyek.gi nmeans d en conmes _incident.on the optical,.enber., The
eturn | E RIS AR fR, RES O £ Re R b e Min et BpubY hd
separated fromthe optical path of the |light beamemtted fi omthe |ight
sour ce, 59hmg}g}mhe@m spizitmgungarh arRyreesiyesd by the gormespepdingypostions ofdhe
optical nenber. Specifically, the optical path branchi ng neans incl udes,
for exampight-racdioimuseutionasfrag ghgtédlﬁeétdfrf Jarerefore e qivsition deviation.ofAlet he

return light beamis diffracte the holograminto the direction toward

y
t he phot [ ] : retu i i d
From t he Mo eeaftt cohétgff hfebhs R c8indct to ik ikt Ol optRATH TP ELTHE
Since the, optical path branchi ng neans ,has at |eas} two diffraction as
for diff rdfég‘?tﬁé amihe basis ot they Aetastam signak froet i {lehfr@@@mﬁg,seﬁﬂen <dithen
| i ght beans incident on the respective diffraction areas of the opti cal
pat h br arpitotodeteetors are diffracted - 6 JAN 2003 33 into different
directions by the diffraction areas of the optical path branchi ng neans,

then transmi ttggdcérdiny edtHif anoter GrdegiBieEIptical dlefthdif fabte s ihbéntion,
phot odet ector. Since at |east one light receiving section of the

phot odet i LYol I i (o) I.Vi -he J

beam di fiact B pgbitiod idtich bP Gud Bl BRaor REGE e fichietbloe foHlle.
and the portion for..receiving the return |light begin diffragted by the

ot her i RFarateh Shridal STement et the,fife,af ageitmto Aerised Berarains Atk arcthe
directions by the resgective diffraction areas of the optical path i

br anchi ngPRtEeahslise ean be detastedin theeahyier-deseoingedimgamaen themeptacaltpiekup using

| i ght-receiving section of the photodetector. The return |ight beans

recei ved thys iftegratsd opticaleelgment oms redlizenthel Highispeed acodsspropeityon of the
phot odet ect or are photoel ectrically converted by the photodetector and
supplied as depgd, i@ thiSiagbtet iﬁ&tgg{ﬂt%d%gﬂf&h eRIPGRSH Y i Iigh beabd sgﬁﬁin

signal processing circuit, predetermned arithnmetic processing Is carried
out on t [ f . de [ si.gnal. there enerating.a eprodyetion
si gnal an ege%gs%%e Hélh%r%o% ﬁ%ﬁ%ﬁgrﬁ?lag{%lﬁgﬁ)yb aﬁgggq:lgf Iné%thlﬁ’gu{?aﬂﬁ&j%or
met hod. nwhile, in.t.he case wh d | s are to, be recorded to and/or
r epr oducetiErane Hirpesifios 46 Viation ahibe Hight bem canveIBing med T withresRact (pthe
optical pickup is noved in the direction of radius by the access nechani sm
so as to utegratedhopealralement; anstead of additjonallyderovidibganytmeans for deftécting

case, the position of the |ight beam convergi ng neans of the optical pickup

Wi th resptiai positidnededaticalofrstigtht ibeand @ odlevigih g tnédnis0 Theredores thé @ptiehl
radi us of the optical disc fromthe normal position because of inertia.

26 AN : i ! _ - o . it h
respect tBNRLR teiiai iemBRed Sh@eh Blerhit carlepliACEHIINNEE S AT BRI 1
optical disc fi_omthe nofmal positiaon e spot of,the.ret | i. beam
*hei dont bR anroBfialels AL AueRY delfditia e iRt devittion ot LER kAT
to the direction of radius of the optical disc, on the optical path

br anchi ngCa¥arging 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



In the optical disc device according to the present invention, the optical
pat h branchi ng nmeans of the optical pickup has at |east two diffragtjiagn2003
areas for diffracting the return |light beaminto different directions, and
t he boundary between these diffraction areas is inclined at a predeterm ned
angle with respect to the direction corresponding to the direction of
radi us of the optical disc. Therefore, in the case where the position of
the |ight beam converging nmeans is devigged in the direction of radius of
the optical disc tomthe normal position, the return light beamis split
asymmetri.cal |. tical,.path branghin ans, .fThe.indiyi dual, parts of
Chor ot uis drsitpd thpb BEheBinsn Splifiiginetihft ditaliRg e HeR ety direB Bak
pat h branchi ng nmeans are recei ved by the corresponding portions _of the

| i ght - r edb¢ ephgakdisciand for sphitting theolightdeam intha pbrahty, of heaps dnelnging a
deviation of the |light beam converging neans with respect to the opti cal

menber canaipebeden aatdatonide deasig forhed indgtAlywwithdhabptidakinembyrocessi ng
in the signal processing circuit on the basrs of the detection signal from

the |ight-recejyi : i fi: ol oflet . r.: (¢ ca
di sc device ofA%ng@lﬁ ggé% |sgj\¥1§{r11$§ cl)lggﬁssl fnz)ge&?%g&gl)ncéﬁﬁ?cs)ﬂhggl\ﬁt gﬁ 12?“ %‘Fé#ﬁe

| i ght beam conyergi ng nmeans wi t.h respect to the optical nenper at_ the, - 6
JAN 2~ 35lirscted fmward thespptice S‘éb@tioc?apilﬁiag%[ég bsa@édéﬁoaf@ééiase#scnbed
recording track on the optical disc can be detected in the above-described
manner , tdboveodiis amothef irttbgratédbptidad alamemhaecgrding teethepresemt revention forms

i nst ant aneously recovered to secure the accuracy and stability of the

access opgiotd b thefithih BehRPhnd BwbReddbeding PRes RS §igaal RicOREnEsurficeof the
this optical disc device according to the present Invention, the optical

path bra g 3%59 ﬂgyg' l1: B | 981 i : th
ot he ret l%i‘?a?g %Z%%Etcﬁc?sgc egk\g@\/\%&cf%{) Str%(gg'?fé@#o%g?%om g%ﬁ%ﬁ%&@%‘l
path of the J]ight beamemtted,frogmthe |ight spurce and for generating a
f ocusi ng %@r%? ggpgﬁq atsr?éc‘glﬁi F?'I%ﬁ%'ffh‘g@ﬂ?%fused for detecting the
position deviation of the |ight beam converging neans with respect to the
optical nmenberMadragverads tie laémheammhtgmg nesand ihfpraneyd integrally withdbe epticalg
the position deviation of the |ight beam convergi ng neans. Therefore, the

optical dnembseyasdewribedestovesttiv anbihgh istegeriedoptssl ¢gempat ahycdiing to the
appropriately and sinply detecting the position deviation of the |ight beam

conver gi 1 'qghﬁ i &G - pratalesel] S,
the i ncrrelggégelﬁﬂﬁ%vhégtfg?géeﬁ% t%g ev?l?gziaﬁgglf aﬁgn%e%gatre?s |cfalpélost. EFI%![P%’]GI’

optical dj Vi C >cor din he present knvention jncludes:. disc

ot at | ng HEERERASEAZRIGE oA RS ot IR eRUARERE G Sitwelkd GRiIERmERES, ()i ng
out recording gnd/or reproductian of si.gnal.s by irradiati wth a |ight
beam a signal AUSrH SaiSs ARothEE Bfearaedopprical element; accardihento the Braient
rotating means; a_signal processing circuit for processing a detection

si gnal f r byvenbionpitis gamr thatmt least ona light-wsecivimgseactiomdfdhe phbotedgtector is
optical pickup in the direction of radius of the optical disc. 8 JAN 2009
36 In thidivigéd baldivision lies substdntiall9paraid] toitdkkbeundaey bt Rtindightdeance
for em.tting the |light beam |ight beam convergi ng means for converging the

| i ght bea ﬁﬁ%@? omthe light source and for irradiating the signal
recordingggur 8@93§§the optical disc with the converged |ight beam a

phot odet ect or havi | i ght srecei.ving section.for, recejving. a,re | ght
oo 1ot | oot ed Ayat aStond Heht EERimacs 2o, Qs Bttt i g Eled By h
optical nepher arranged between the |ight source and_ photodetector on one

si de and fiHgsionghnessubstantially panlel toathe boundasy nfithe diffractipnareas of the

transmtting the light beamemtted fromthe Iight source and for

transni tt bpgicahpattebtanthing hhedgnmsddeseeibed ilsova, dhe ﬁﬂtd@@ﬁeddﬁﬁb@@éloélement
optical path branching neans integrally forned with the optical nenber for

separatin . | gal : : i L L ts I J ‘gl
Sour co andctraield R preSiit iBhelith bl A FELL AR Roblrdtfid Oy dlation
signal recording surface of the optical disc, return Iight beamsplitting
means integrally fornmed with the optical nmenber for splitting the return
| i ght beam passed through the optical path branching neans into at | east
two beans, and a biaxial actuator for noving the |ight beam convergi ng
means into biaxial directions, that is, the direction of radius of the
optical disc and the direction toward and away fromthe optical disc. The
return light beamsplitting neans has at | east two surfaces having
different normal vectors, and the boundary between these surfaces is
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

. Y Y o, o L Y




s ~nN 200 38 a predeterm ned recording track on the signal recording
surface of the optical disc and forns a focal point on the signqlsugﬁpﬂgjng
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
the optical disc and thus beconmes a return |ight beamincluding a signal
conponent. The return |ight beam passes again through the |ight beam
convergi ng nmeans and then becones inciggpt on the optical menber. The
return |ight beamincident on the opti menber has its optical path
separated fromthe optical path of the light beamentted fromgthe |ight
sour ce, ®ftherugng:level og OSHSINGHATFRF sigaglsc&u%M@osm%e 8¢ qfi the repEn
optical nenber. Specifically, the optical path branchi ng nmeans incl udes,
for exanhgle spothueidodgtace imappld)é)@imté fiec\sing acrer gigrnabeventn ¢ld casenwhere the t he
return light beamis diffracted by the holograminto the direction toward

t he phot t are, at.h i€ h.efat.h t l:1. ght i epar ated
fromt heﬁggitﬁglaf&pgltteh?%% hﬁ) ti %t Bga%%eﬁg{lfeﬂé ;,_ﬁ ﬂémgtﬁ?gﬁ?{'% hs:t%ats%ogf}cgfe The
return Iight beam having.its ticgl,_path branched by,the optical ,pa

br anchi nBiROsEaTr Sarewha Hhaneed by s chared Wothcaseiiash HavHERghS} thene
beam splitting neans integrally fornmed with the optical nenber, Since the
return | light semen epbita thangeeanthehzedrantiviecinsext wpticad snérabendue to a
different normal vectors, the return |light beamincident on the return

l'i ght be%n%ﬁgllaﬁﬁeimn@eans is split along the boundary between the
surfaces. e beans generated by splitting proceed in different directions

i n accordance ) £ k. . i

i dont - and s S0t BiOR Rsot BetRang procdfit e o ToP brtinprinds bEdorRiy
at least o i ght, receiving segtion of .the photodetector is diyided into
The por t PO argeDFedistme HHBAIADLATRARGPE aisLgHAl JETRIRG utfo8 Ab aRaReA!

i ght beam splitting nmeans and the portion for receiving the other return

| i ght bedstsc with a lightrbean innludesadigivsonseetorigmitting the hight beagnt lightdhaam
splitting neans are received by the corresponding portions of the

| i ght - r ecehvergng andane fopéoveagipahe dighe beam. entitted fedni thellighb solnearmd for
received by the respective portions of the light-receiving section of the

phot odet qﬁiagg?éﬁfggﬂﬁl‘ggﬁgl Fe%lt)f&iﬁgl JuYFaeR %&eﬂl}eﬁgtmﬂ & RAGL ﬂﬁe&ﬁﬁfe‘i’%ec? E%ht

supplied as tion-signals to the signa ocessing circuit. |

signal processing, Chrcult redat gr.m ned.arit hnetd r i i | ed
out on t HEARLARIRLFdstRetos baling aliglrfReivi sectiBh ol R iRE A st Behhert on
signal and _generating g focusing. error, signal by a so-call ed Fougaul t
method. WEARGHA By the vimealoEoTding: sufach At sther Spticalndise s a8, egfical gnsidhes:
reproduced fromthe optical disc in this optical disc device, first the
optical mrrdngedibetweondhe highhsoulice edi plhrotofletestionen bye iside and thsslighttbeamsm
so as to access a desired recording track, as described above. In this
case, thedeidinginédns dietid Glhier brRRITEOMRYRIttiag MRalighobedrhemitteidcdmithekup
wth respect to the optical nenber may be deviated into the direction of
radi us ofy;de jaC di n Sty a [ '

1}%@ sORfdeC and efafi%{,i@ﬁaﬁ&ﬁrﬁ Cgﬁg%ﬁ ligh bORAAMRSRN hORaEd dhe

Wen the itron of th bea g ans wth respect to the

opti cal erp, 1s deviated in,the direction of radiusof the gptical disc

£ Fom ¢ ne BIRAF(eEts odcal s Bachice mehs, keIl ESimedwill HenppBtAL ne
optical nenber is deviated _ in the direction, corresponding to the, direction
of radi usmemberéonsapasatingthecoptingl path of the Jight beammﬁtchﬁpnp@@ﬁlm sPBIFeNg
means. In this another optical disc device according to the present

i nvent i orand tie optical path ghitheoeammslighttidang direates tofwdrd ¢hephotodeteptak apdaas
at | east two surfaces of different nonnal vectors and the boundary between
t hese surg; c&yd | Sinie ' AR difecti
directi onﬁlggﬁgggédggfﬁ%@gvtﬂ#eﬂigﬂ E%g?% on OP i=alr %mﬁééf%t%ﬁ%fﬁ‘u caltld]%cg?.ﬁs’
Therefore, in the case where,the sition,of. the,ljght beam,convergin
roans. | b i diFeRil of Rdi of Pgrontil s And the FirecRan GRaES pild dihe
normal position, the return Iight beamis split asymretrically by the
return |ight beamsplitting neans. The individual parts of the return |ight
beam generated by asymmetrical splitting by the return |ight beamsplitting
means are received by the corresponding portions of the |ight-receiving
section of the photodetector. Therefore, the position deviation of the

| i ght beam converging neans with respect to the optical nenber can be
detected by carrying out predeterm ned arithnetic processing in the signal
processing circuit on the basis of the detection signal fromthe

i ght-receiving section of the photodetector. According to this another
optical disc device of the present invention, since the position deviation

o o oy Y o - Y o,




~ $ JAN 41 Also, in this another optical disc device according to the
present invention, the return |ight beamsplitting nmeans of the opti cal

pi ckup for generating a focusing error signal by the Foucault nethgdjAm 2003
used for detecting the position deviation of the |ight beam converging
means wth respect to the optical nenber, instead of additionally providing
any neans for detecting the position deviation of the |light beam converging
means. Therefore, the optical disc devige can realize the high-speed access
property by appropriately and sinply detecting the position deviation of
the I'ighf beam convergi ng neans, w thout causing the increase in the

ni unber BPNE 15G-he increase in the size of the device itself and
the rise in cost. Brief Description of the Drawings Fig. | is a perspective
vi ew schemat i halthis spualnpickuporthe raptivahl pathtbraathmigclneans fiag. &t least twicew
for explaining the deviation of an objective lens in the direction of
radi us of; i I SIE ; ' : ' ' :

Frg. 3 i o ifRapRBh afs SO RERcththd (ARLRliaREGERA rofler 8 bt Snallectiing
device to i ch the present invent.i.on is..applied. Fig,.4 is a,perspective

o ow SchEWHAPE SEIDE SRGARgrsen Mg diEtarens iphans. pamettively, pRd 26 BBRREE on
is applied. Fig. Sis a side view schematically showing the state inside

t he opt i batwesncthepdiffyactecap hesiasiis inclinedas i predatdrminedangle with aespact g the ed
optical elenment to which the present invention is applied in the optical

pi ckup. Qirgcioh TorrespOfditicciy BeddiratticRlolfradhigvofNthel bpticdlatisc.i Agildast! bige

I ntegrated optical gJ ~ 42 elenent to which the present invention is

Ted. i : . i ' ; |
el at i onlipherdesiOirk: SERRCEL PO BIRERTTR' iR e a3 b ifioh 18r PARIHAAE,
present return tﬂg%? blesén?%%ﬁ'aecdtéd 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.

In the optical pickup according to the present invention, the light beam emitted
ﬁ'om 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
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



Figs.BA to 8C show the relation between the position of an objective |ens
in the optical pickup to which the present invention is applied a;giﬁﬂﬁzmw
position of a return light spot formed on a hologram Fig. BA sho e
state where the objective lens is |ocated at a normal position. Figs.BB and
8C show the state where the position of the objective |lens is deviated.
Fig.9 is a side view schematically show ng the state inside another
integrated optical elenent to which thezpresent invention is applied.
Fig.10is a perspective view schematically showi ng the positional relation
of indi yrgyak B’B&ﬁﬁc&ﬁ!&gé& %'S_(! the lrg’!ﬁtﬂé%h QBBbﬁgingg?é‘dfﬁ i Yk Oed e
present invention Is applid. Fig. I'S an enlatg perspective vi ew
showi ng essenti al ,.porti gns of. an opt.i cal,. menber provided i n anqgther .opti cal
o1 okup ST EROTdiBEN udace G Bk OPHRAT distnforualy HONsR HeSsRriatd  ne
relation between the position of an obj ective Lens in another optical

pi ckup trecewding trahk qm theenignalimecarding susfagp pifithel optidak disc sl forms aofocal
return light spot formed on a Foucault prism Fig.l2A shows the state where

the obj gintén 'tl@é‘ﬁghﬁl f&%@&ﬁi‘é s%irfa%e@tﬁ@'op@i‘éﬁi fisen. Figs.12B and 12C show
the state where the position of the objective lens is deviated. 43 Fig.13

Is a side vi S tical |y, show n stake inside std hl anot heg... :

i ntegrated op ﬁ%ﬁgfibee@ghtca’égo ﬁ\i\fghgighgleﬁ?ceoggmg F‘ﬁ&fé‘r“ﬁ i nt 0 tb%{ll @18? 15
Fig.14 is _a perspective view schematically showi ng the positional relation
of i ndi vPligate SigRd TeE Pk gﬁgrafgw of theentical dissranddhup bexeipes 8 r¢Rh
the present invention is applied. Best Mde for Carrying Qut the Invention
Pr ef er r diglarideadi mehadingfa sigealpromspoderitn Téwetretumn hight beaw passebeayain Hedugh
detail with reference to the drawi ngs. First Enbodi nent

the light beam converging means and then becomes incident on the optical member.

Tile return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
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
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 inci\dent
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



Fig.3 shows the overall structure of an exenplary optical disc d9¥%3ﬁN“ﬂB
whi ch the present invention is applied. This optical disc device a
spindle notor 12 for rotationally driving an optical disc 11 as a recording
medi um an optical pickup 20 for irradiating with a |ight beamthe signal
recordi ng 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 133s0 as to read record signals
recorded on the signal recording surface of the optical disc 11, and a

control section:.-13 for.coptrollin spi e tor 12 d t.he opti

o ckup. 20 OrtioR IR tredHuini et Akt Bodh Gftedoeh bhont aiiaclif 28 ofithe
controller 14, a signal processing circuit 15,  an interface 17, a head
access cantiegl pad branching means asdrthe pastionoforsweseivang the return lght beos 44
The optical disc controller 14 controls the driving of the spindle notor 12
with a praifeacst bpehe othvreliffedcticii alchOthe realitl lipht bees difftaced irttbidifferdnt

each part inside the control section 13. The signal processing circuit 15

gener at esjy;: rgguﬁ i i . ks I :

opti cal pﬂhgi"rﬁfp?%ﬁ , atﬁd'gg?gdr%g;rzﬁ S ? ﬁ@%%@?ﬁﬁ%@@%‘?%ﬁ%@@h@%g}& g%lc? i
external conputer or. the like vja the interface 17. This allows.the

ext er nal @Sg@ﬁfle E’ythet H@rF"?SlPé)r{‘i&“g cB@itims; o€ @'{eg ri‘ﬁht'rréﬁfiﬁ’lﬂ&j SSRtPROE Hhec al
disc 11 as the reproduction signal. The signal processing circuit 15 al so
gener at esphatodetectasi gnal s such as a tracking error signal, a focusing error
signal and a signal indicating the position information of an objective

l'ens on the baghgs,oh th8®adRicTthé dBteztiondigal Fomh fige HPhi-fetleidhg kbdtigDof eied
supplies the generated signals to the optical disc controller 14. The head

-access co J t ptJ [ 2 . Ni ifndo
fho di r ecb1Rsfefr, A cdikodit oy HEna i Bhe s 4BaS Roudind Hip BFEHL
optical disc controller 14 as to cguse the optical pickup 20 to access a
pr edet er nBHda Gisﬁ'gcékgi[go‘%ﬁ?“ﬁ%eg}%ﬁal recordi ng surface of the
optical disc 11, for exanple, by track junp or the |ike. The servo control
section 19 dri Mganavhileasn the easeuahene the posionef thellightbeam canverginganpars s
of the tracking error signal or focusing error signal under the control of

t he opti cwlithiiespectadtthe bpticalitesbenss devimedinahy directionluf rathjusatfitiie opeical
hel d by the biaxial actuator into biaxial directions, that is, the

di recti ondpt fr&aitHe n%fn;l]{('jaﬂ' g\?vagiéfd.frfﬁl thlitdGe o aé?es@ 10 atckéﬁléﬁ%c&idh?g:ﬁfﬁ&@%n el

tpe girectlonltomard a f omthe signa _bs Ek 45 recordi ng surface
- ) 11 (0. ew ; : ) ) .
P ocusi ng. RRAGHL I 114, shPh Sfatboi i bl begt, it agt 8RR ptiea? sfehber if o
he bi axi al f i cal pick 2Q. .th J h i I
| i ot naevited B GrectineREEsRARRS thohe BirectpD 1TSSt tHE SRR el y
nove the objective |l ens held by the biaxial actuator into the direction of

radi us of onithe @pticebpath branching meensar ryi ng out so-cal | ed ni dpoi nt servo
for correcting the position deviation of the obj ective lens in the

direction of radithe epti¢dlepieRiipcadcotiliig 8 thbepriebemt whasntione thetdptial pathup
i s operated for access.

branching means has at least two diffraction areas for diffracting the return light beam

into different directions, and the boundary between these diffraction areas 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 optical pickup 20 has a base 21 which is connected to a thread notor of
t he head access control section 18 via a thread feed shaft 22, as shown in
Fig.4. The base 21 is nade of a netal material such as al um numeg JAN 2608 ke
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 notor of the head access contro? section 18 via the thread feed
shaft 22 and is nmade novable in the di gction of radius of the optical disc
11 indicated by an.arrow X in F.g.4 by the driving of the thread.notor,. As
the basdhe BOpAla0uboR, e st e it bsatais Salth asvirareicallschy s iRt b3 by
the driving of the thread notor of the head access control section 18, the
opti cal hranthipg2meansn aThesimdavidnedgiastsnof ¢be rretwmdlight theank gemerated shygnal
recording surface of the optical disc 11. At the other end of the base 21,

an enga j : ] Ta \vedi af t
R S R N B A P A T

engaged with the. gui de sha 2 t he hase 21.ca intain,its i tude and
oo abISPriIPRRdisE RATEOR pe Mefieht eteiane sciohatPe phhRidhutqifraThbletGe,

bi axi al actuator housing section 26 is provided which opens in a main

sur f ace the@ossiorr deviation o6 thplishtbeamsonyerging megas vvith bespechio e eritasl
housi ng section 26, a biaxial actuator 28 is housed which is adapted for

m nut el ymembiengaabeaddtected \om thertsas?y of thieodétbetich siganl fronvthe Hghtiseceivinpe
optical disc 11 indicated by an arrow X in Fig.4 and into the direction

t oward : ignal recording surface of the optical disc 11
SYHORE b Pt ReEl R

i ndi cat y an ar 1g.4. The biaxial actuator 28 has a fixed
portion 29 fixed t theﬁgase 21, a,lens holdin ortion 31.npvabl "

B bported to AgordiagdS sB8 HRsiabafin e 8K pLiEnb i om it fHR Fotion
portion 32 having a coil and a nagnet for m nutely noving the | ens hol ding
port i on eviatomehihiedighgbeamqasysrepgameansarith sspgfitoithe optical HTFHQ’%B} et ve
|l ens 27 is held by the lens holding portion 31 of the biaxial actuator 28.

I n this tunexofdccass tona desizéd redrending track entthbapédabdisa dandok degpctad v the
signal and a focusing error signal is supplied to the coil of the driving

portion @ovd-aadritRdSRianfet, ohier Posifieh tdOthe Pghtt bintl dorivefiAg the s 32n be
generates an el ectromagnetic force to mnutely nove the | ens hol ding

portion 314 i axl i i i M I e
urrent Dogafareds Fbercit (h3eLfihe dboBRRY SRR REHIFpd ¥l Boplatich
hol di ng 8@égion131 LS ninute%l noved in the biaxial directions, that is, in
the diret®§ bnreplizedhe Maehspeed a6eRSSPAPPEt¥c 1 | and in the direction toward
and away fromthe optical, _~- g JAN 2~~ 47 disc 11, in accordance with the
tracki ng err oAlse,gnshisopticehpickyp ancegdiagte theprgsent inxentipa, therpticahpaly
the base 21, an integrated optical elenment 40 is nounted
branching means for separating the optical path of the return light beam directed
toward the photodetector from the optical path of the light beam emitted from the light
source and for generating a focusing error signal by the Foucault method 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



which is formed as a one chip including a sem conductor |aser elenment as a
| i ght source and a photodetector integrated therein. In this optgggl gh%kup
20, the integrated optical elenment 40 is nounted on the base 21" AN,
light beamis emtted in a direction substantially parallel to the 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.S. In this
optical pickup 20, a light bea~.n emtted fromthe integrated optical
elenment 40 is reflected by a reflectionZdurface 32a of a rise mrror 32,

t hereby bending the optical path by approxjimately 90 degrees to | eading the
optical pesiionodeviationiofthe Vight desipqonvesginganeang withoumhcansingdheinergaste
integrated optical element 40 is caused to proceed substantially in

parai | el ifithé hembeg 08 ongRAAI)Ghe tidrase: i thehezedf thealevitiesieself and kige rise
optical pickup 20 can be reduced in thickness while an optical path |length
necessarﬁ?%gétthe | i ght beamis secured. The integrated optical elenment 40
has a sem conductor | aser elenent 41 as a |ight source, a prism42 having a

function to bend {he op%%@ial_ path of the |ight beam ,em'tt,edffi romthe

sem conduct or AJA‘%‘«SE\@T Opdiaahpighup @ﬁceﬁ:{msép nEFEeIY ANYEAEOR fIOf CRAFYARS Mint
material for transmtting the |aser beamw th its optical path bent by the
pri sm 42 raoording andforseptédungion ofsignald by htadiating nefigealtredotding sarface od]
recording surface of the optical disc 11, and a photodetector IC 44 as a

phot odet egf gp%éaaerisc wﬁwaAl\ﬂ%BQQéalﬂﬁinemk:V& Nght SGurteyF Bkt theQRRt bRam,;

shown in Fi he sem conductor | aser eleifent 41, the prism42 and the

phot odet g¢t,qry. | C 44 _are.provi dede.on hoard 46 anr.anged insi
rember adEikbeal SouPhiR ALARTER B eeaing (R B ARRRS chliBd Smiie AR
aperture |45a is provided, On the pmain surface portion of the ckage nber
45 wher e &Q\gcw@dtﬁarmslaamgg B vigmad re¢ording, suidage ﬁlb%ppmsaloglﬁcowﬁb& y
an adhesive or the like so as to close the aperture 45a. That is, the
i nt egr at ecomyergedlight beant a4thdtedetentirihavimg a dightwecelmgesectiondondecegvinige
i ndi vi dual menbers integrated therein. This integrated optical elenment 40
S mount eg et IgHb Seame e bottd &y \gidlsecbitidg aiacalofithelonicad dige dus

e s

held in a fixed state thereon. T em conductor | aser elenent 41 is a

L R SO Gl i
' ' . [ ' L1 ' .42 .
el ned G REREbSEY BRSeFeing Heah of e aiies Sieoforpputias 4o Helt heahes

with respect to the hoard 46. This inclined surface 42a reflects the |ight
beam eni t ewudtted dromnthes ight sautee and |fas dransmthing the rethm Light beame dimested
substantially parallel to the board 46 and bends the optical path of the
| i ght beatowditdethepphateteteetdre optidal pattobnathimg aqaas dhtegirally domnedaypith texle
of a transparent plastic material or glass and having a first surface 43a

and a secegpficslthtatRr foiseparstingile Aticil path dPthRaipht BeAemiti¥dsiromithe Hght
menber 43 ?scj oi ned Bntoétﬁﬁg pa%kagcgﬁirre er 6 J% 2(33 eé?flal 45 so as tgh

cl ose the r.t 5 '
on’the. 11 PORCE S huital pify B BCRRUFBRE bty B¥AREI Wy b il 36 ortife
beam splitti ns is integrally.formed at.a positian on the optjcal path
of the |1 shrtageanitmantivel discorstunt Lahtheam ol moansintearally fombed RS
optical nenber 43.

g 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.



This grating 47 is a diffraction grating for diffracting the |light incident
thereon, and has a plurality of grooves extending in a direction slightly
inclined with respect to the direction corresponding to the di rect.‘l'GldAszmg
radius of the optical disc 11. The grating 47 has a function to split the

| i ght beamincident on the optical nmenber 43 into a plurality of beans
including at | east a main beam nade up of a Oth-order diffi acted |Iight and
two side beans made up of plus and m nu§61 st-order diffracted |ights by
the diffraction effect of these grooves“”O the plurality of beans
generated by splitting by the grating 47, the main beamis cast opto a
predet er m ned Incay epggaltmkupothqmum ljght beara sphiftiRg meanscaasat ast two
optical disc 11 . O the plurality of beans generated by splitting by the
grating 4urfades hawingdifferbmtanermadlevevasts, and hesidundasy bétvedenathese sutfaces sy
away fromthe position irradiated with the main beam al ong the recording
track an i r.e %@rﬁ% I %w I e : i

track bnggg{rl%é]iaﬁaat g{k@’e& rggc%l n lftfé rés’éﬁgetrc]:gi?o (rée%%%}ll% Céfl}r%]s g@g&gg ttB ﬁtge
optical disc 11. Thusg, three |ight ots,are for on t he .signal. recording
sur f ace o‘i‘r?q{@rbﬁgiréa}usdi) ghe.L?P%?ﬁ]eaE;Por At least qug; ightr fe&eb‘m}%gsfﬁ{lf’g o&ﬁtbgm e
of detecting a tracking error signal by a so-called three-beam nethod. The
si ze of tpleotgdatecher i dividedantcsa pontaon for eecerving ogh retven hghtibeani generated
reflected by -- s .~ar~ 2~~3 so the signal recording surface of the
opti cal db?@héieﬂﬁﬂﬂ@h@&éﬁﬁ%ﬁlﬁﬁﬁ%@ﬁeéxﬁ%ﬁbh pottiote fdrereeeviflg ithe btesitreagai n
on the optical nenber 43 and which is diffracted by a hol ogram 48, | ater
descri bedli fﬂhrect ed toward the photodetector |IC 44 does not becone

i nci dent . ¥ second surface 43b of the optical nenber 43, the hol ogram
48 as optical path. branchi ng.nmeans i.s integt.all orned at. a pasiti.on,.on

t he opti cal pafrht}élls %ﬁ?ret)g?ﬁa I%mb%mmgﬁ%ié‘er@ﬁ%@t ’@HCBVOPh@%PgM
recording surface of the optical disc 11, then passed through the objectjve
| ens 27 ahdamremited fogaithe bight seurgst iscaansmittsdr thagughrthe opsicaymembrg and
directly transmts the |ight beamincident on the optical nmenber 43 from

t he first diectedaowatdthe light beaum cbavéngiiy nizansn Theacthediglovmadt isheometgedhl
disc 11, and diffi-acts the |light beamincident on the optical nmenber 43
fromthe f @GR { ! F&lih%fﬁl?fdc

t he si gnalg?(r}%ggp ?Hri?g sure ?%%g %?ﬁ%sh%ﬂotghh?glgte%liﬁg?l %L?L&B?lr#o%t he ~di recfe ?)é‘g}(e
toward the phot edetector 1C 44. As the return light beamreflected by the
si gnal regBﬁﬁic’%@lsgurface of the optical disc 11 is diffracted by the

hol ogram 48 into the direction towa h hot odet ector | C 44, the optjcal
path of the retBibe ¢asgiwheseshe ﬁgog@éfgﬁitggagpm&m %W‘%é‘lmﬁﬁﬂﬂﬂgﬁ Aee

| i ght beam incident on the optical nenber 43 fromthe first surface 43a.
Thi's hol ogfahe 4pticed dise ihdevigtednfrom s prsistenminad aeoprding dracks on thel signal

bi secting al ong a boundary 48a passing through the optical axis O of the
return |i gb¢ording 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
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



beam of the main beam and in which hol ographic gratings of di f_féar gntmmi n
diffraction .- ~ ,~Ar~ zoo~~~ 51 angles are forned, respecti vel"y, as
shown in Fig.7. The hol ographic gratings of the hol ogram areas 48b and 48c
are constituted by a plurality of grooves extending in a substantially

per pendi cul ar direction with respect to the boundary 48a. Therefore, the
return |ight beamincident on the hologram48 is split into two beans by

t he boundary 48a of the hol ogram 48, and2?A portion incident on the one

hol ogram area 48b and a portion incident on the other hologramarea 48c are
di ffract egecirdflig fr@cleBh tHe 'sigmg rb oy dinyg h&&‘awbptﬁé@%@émﬁ&é and $HANY alfdeal

boundary 48a. The diffracted beans are directed to different positions on

t he photo ctop | C 44 a form o nt.ially semcircul ar spots
as indi caggiﬁﬁb@l %ﬁ@ége?oﬁﬁﬁ%ﬁcﬁ‘c@?@égpﬁ%ﬂ 4’—‘?% 7, only the main beam
is showmn. In the optical pickup 20, as the individual portions of the
return |ight bdde hghebgamdcast epithetsigrplnsecordingosidagey ofighe giptiaad disc is
hol ogram 48 and directed toward different positions on the photodetector IC

44 are reeeflocdd by thbeiginil resordity sigfay ¢f theopeical dieclandhhus becdnied@return
section of the photodetector I1C 44, a focusing error signal can be detected

D 0, YA SR ATl L08Rt SRR O
e L B b G5RS el Sehe 55 D GSLSRPERRY ]S,

the direction corresponding to the direction of radius of the optical disc
11 i ndi cat ed bylhenreturaighti beangngidegpeni the aptigal membrruhakarty cgticabqratken
the two hol ogram areas 48b and 48c of the hologram 48 is inclined at "6
JAN 2~3 53epanited fromt ehe/opticalgmtiees thailight braftrahittal b die'lgtttisenrce, b%/_the
corresponding to the direction of radius of the optical disc 11. In this
case, the 4§ j ; i . ' ' . j . ical
ae 11 S e A O S B F e Bpric A hemngs, SERifElhGS
of the optical .disc 11, with.respect .tg the keturn ligh eam i pci dent

Che. ot ogrtfonstcal et brrlchif € BREAE ihFuiAe oiof eXamele < hoRieann Bauind heiten:
on the hol ogr.am 48 noves when the spot of the_ |light beam casi onto the
signal r ec%\"é%%’@l}? ppéisabmembere A @mremrgglgbi beamads diffracted by thehologram

radius of the optical disc 11. In Fig.7, to sinplify the description, the
ri se mrrant@the diractios bowarditiiecphotodatectory dik bpticadgath bf theiregrmlight beam
optical element 40 and the objective lens 27 so that the direction

cor r espondisi@phfitéd €rodh te€ bpeibalopathastiths light bB&mOsthited frhd thellightSsdubge.same

as the direction of radius of the optical disc 11. In Fig.7, the

sem conduct or L i A2 -0nt 1 cal .

phot odet ect or ?Eﬁg‘}eg’lrlé lgﬁlgd\j\nﬁe% Eé%légalgsteeﬁg%e?gtﬁ ‘Zk‘rcgﬁgg?{‘ﬁﬁﬁﬁé\}ge{épﬁ P%tgse
respective optjical elenments arg integrated as the integrated optical ... ..

c onent  acraRehimEriLR thip shi b AEleRH BuiBens by e Rt hatent sulitine
boundary 48a between the two, hol ogram areas 48b and 48c of the hol ogram 48
i s not coivennetitegrally fommedi withithe opsisal memhati ng to the direction of
radius of the optical disc 11, when the position of the objective | ens 27
wi th respect toSidve et fetain highbbeas3splitting meanst hes goksast owo alurfases having
objective lens 27 with respect to the integrated optical elenent 40 and the

base 21 of g4 of@hl RA barugh it | bl [ S
devi ated i ntfg@?ﬁ‘e)hb G%Xﬁaggg’ gge di rec?i%gtrtlr%‘ah?g%?ggﬁg n?tﬁfee opt | cgl d?’?gmll

o act i ve Tengptedy i Rt Aok he bolud Y bR B AR I e AT PediF pongppred

by the boupdary 48a between the two_hol ogram areas 48b and 48c of the

hol ogr am 4bY spltingprraeedva differentdliraationsdnacaordagce wish the saanal vecteys ofie

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



asymmetrical splitting are received by the correspondi ng portions f'éggms
| i ght-receiving section of the photodetector IC 44. Thus, in the bgv’

pi ckup 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 light quantity of the respective parts of the return |ight beam

recei ved by the corresponding portions of the light-receiving section of

t he photodetector 1C 44. In the above dgscription, the boundary 48a between
the two hol ogram areas 48b and 48c of the hologram 48 is inclined at

apPr O T 5 SEWLSESRU A ARG o Rk e PRCHIGRI LG SRR D e P
e e Uy 02 L oSt L0yt e, At eciln, cor Laspond no

within such a range that a sensitivity necessary for detecting the position
devi at i ameahs ahé tloebportioni foe ré@nsing the nthdraetiirn dight beamf theasitura light beems
optical disc 11 can be obtained. The range which all ows obtaining the

sensi { i viinierAREES Aorehih g tRhhi eplitiigiashid 4R devivedignnelcoiaphiag! | ve

|l ens 27 Thn the diTtection of radi us ‘of optical disc 11 is nore or |€ss
dependent _gn th er.f r mance. of the i ndivi dual ers constituting the
opti cal B?’g}&iﬁ . eﬂ}{ﬁﬁgﬁg?lg{}qg %Fsc“loé]nﬁp R%Pgoﬁ‘%gggﬁry 48a is inclined 6
JAN 2003. 54 at 1 S degrees or npre with respect_ tg the direction

cor r espondi ng Thes: orethe bases ofthesletectton signal from the lightireceiypg sectiomef the
sensitivity necessary for detecting the position deviation of the objective
| ens 27 photddetelitogca ireprafuctiodi signai it hgenepatedadndlias fochibimnerive sighal red
satisfactorily. Therefore, it is desired that the boundary 48a between the
two hol o%éﬁéga@g@g§ 430 AN P&scAMt tRehdp! ogram 48 is inclined at 15 degrees

or nore th respect to the direction corresponding to the direction of

radi us of the,qpti ' T hot odet ec 1 or
section for r é‘@gﬁ‘?ﬁg"ﬁ@ﬁ? §%§ﬁ¥‘{ﬂ%"8‘ﬁ‘% poogétﬁﬁlb%)fﬁeal&gtgtgneggf?(ﬁlﬁ%gfn r %%1%‘48
and transnm.tted through the optical. nenber 43, and a.vol fage copyersion
circuit FAi ESSRESE 10 e optical PiembaTis Hevated b thsadrection ok Bl the optical
vol tage. These section and circuit are integrated as one elenent. The

phot odet discofrogete morms] polsgiqhat thddinae pbacdess toa desired secding trackpg the a
center light-receiving section A, and two |light-receiving sections B and C
ar r anged opticabdidd, ahs spot @t thy btetratight beanpindiient ofther gnial imembectis on
Ainto the direction corresponding to the direction along the recording

track on deRe,opth 8 dibSord %ﬁg‘égg)bﬂﬁihngtﬂf ired B0 dfP4d? cf: & ﬂe%apﬁcagg?stcﬁe

direction corresponding to t rectFon along the recording tr

optical dise 11 i5s i t suhstantially equivalent to the direction

al ong th%nrtglgo&péi%é%P&héﬁ%%ﬁhﬁk@egﬂ%'i cal disc 11 with respect to the return
| i ght beaminci dent on the photodetector section of the photodetector, |[C
44. 1t is the Iaitﬁﬁm%hmqptmfm paceerdingtq thgpresead mysntione e 15 t
phot odet ect or section noves when the spot of the ° 6 JAN 2003 55 |i ght
beam castbeam tshhttingymeans dasratilagststwd auefacés ofi diffigrtent glormial vedtbrsaudghe
along the recording track on the optical disc 11. O these |ight-receiving

sections Ky pealesielRsé urfagéd isdficlihéd af & prédeteimaitedem@le with reepédtas A

is divided by division lines which are parallel to the boundary 48a between
the two r 4 i; LSl on
e d3 Mgl ATt SR e Brogdn PLAMEBE Ak opdey! dify, THHR.CY
correspondi to the directioon of.radiys . ,of the optical disc 11 and a
vt o; on 1Pt cale sYhent gum apSitgn, g eIt Ksam Fauvarsinimmean ds dfuated By the
| ight-receiving sections Al, A2, A3 and A4. ) i

direction of radius of the optical disc from the normal position, the return light beam

1s split asymmetrically by the return light beam splitting means. The individual parts



In the photodetector section of the photodetector 1C 44, the -BJANm
| i ght-receiving section B and the light-receiving section C of these

| i ght-receiving sections receive the return |ight beans of the two side
beans generated by splitting by the grating 47. Al so, in the photodetector
section of the photodetector 1C 44, the light-receiving sections Al and A2
on one side of the division line d4 of the center |ight-receiving section A
receive the part of the return |ight beap of the main beam which is
diffracted by one hol ogram area 48b of the hol ogram 48, and the

i ght -  ecgiki e I c ST i ne
d4 of th?q‘élé%?er ;ﬁgﬁ?ﬁ?@%ﬁéﬂ%@é% n Rerecéisélé&t}é %g?'tero tﬁ% re%dd{rln

|l i ght beam.of the main beam.whjch is diffracted by the o r .hql ogram.area
482 ot RBURIMS Gieaeulre SeRBYad, Ry e Shrve s ndats ORI S5 fe AheoRoeNing
receiving the return light diffracted by one hol ogram area 48b of the

hol ogr ams¢gtionraf theephotgrdetectori vilarefure: tham posdionndeviation ofithy lightr bee A4
for receiving the return light diffracted by the other hol ogram area 48c of

the hol owoiefidingifiesisWithdeSect 16 tik ¥p@cAlinémBer 8zn bBidetectsd BathE bakistef
t he boundary a between the two hol ogram areas 48b and 48c of the hol ogram

48. In this ti.cal .pi 2 descr.i.be bove, it h e [ve parts of
the r ot urie Bt BB g Bat the Min B2 E Nk S RGN S P BRRRE ) he

hol ogram 48 are recgived by the two |light:-receiving sections separated_ by
the division |fREOTEINGAP éﬁls angfherppirak picknp ofothedpregentsinvsntioRe sHCoCam
48. Therefore, for exanple, even when the position on the photodetector IC
44 of t heposition devigthin oéahe dgitt tefam lkeniverging meeansi withnespectusethesbptieal s
slightly changed in the case where a change of the oscillation wavel ength

i's gener aimRehtieh dt HBe $iMe 6PAEUEIsAD 4 ASHFe®IRUPNgAtack oh thd BptiEASEHs¥REh DA
change in the refractive index is generated in The optical nmenber 43

because o enat L i . 1 r Al
genor at i odeBrS BN Gy E4RBHTod bndneb WRistsfiOF of chE bt Bl £l dthe,
due to the positiqn change of the return |ight beam spot, and [og.detegt an
appropri a’?‘@g?%é’ﬁgi INSFPRANGS F?cq‘f?f?ﬁéo ﬁ%%‘ﬂrﬁd@‘ﬁé’tﬂc aqy. ,Stq?ﬂ‘rlgtycﬂﬁ%t
val ues based on the light quantities of the return lights received by the
| i ght - r ec@¢agish@pseattdand 1 reaize the high-sperdiagcass gpiropérdy phot odet ect or
section are converted to voltage values by the voltage conversion circuit
and are suppl i dds@sinl thd$tanoelear vptigalspighap accordihg tei theqprepemcessntion, the
circuit 15 of the optical disc device 10. Then, the signal processing

circuit | rqufdlibt e ] } f ﬁ%ﬁﬁﬁﬁl Qﬁgﬁ
light-r eclél Vi ngé}sniqgenagflfg?mt%d r eg{ilﬁggfgﬁ théférﬁg@%b‘rgo uct i oﬁnggéllg al eggu%i’tﬂt

Also, af ] r ] I 4 . . SO- ed
Foucaul ¢ ASPOSRARGATOr Pofhe e dolifof BREI-BHRD L gtk fpl AR ERs
so-cal | ed t.hree-beam npet hod. Moregver, a signhal,.i.ndicating.the positio

i nf or mat i SfttbrespRet tofhecopheal mambsy, mteg@rf%?%ddéepnqlﬁé%ag%a iy magans for
reproducing the signals recorded on the optical disc 11 by using t he

opti cal didstectiogitbe positimmdeviatiosdfdbe dight beamocateveingimeansowl herefore, the
described. In reproducing the signals recorded on the optical disc 11 by

using the opﬁbhlqﬁbkdig 26n deMizethé higlispedd addess ?Eéfb@l? byl approbtidtelymidigplon

t he spindl e notor Then, as the spindle notor is rotationally driven
at a pred ﬁ#ﬁﬁ] : i -gﬂg@ gﬂﬁﬁ t REHeRt L .

di sc cont ?% er @?ﬁe‘ﬁtﬂ e 3p‘?élxggﬁ6§|bgg%]f I'S é%‘{lgt%gg g%%sbeamgpgbgﬁ%l{lged
fromthe m conduct ot | as elenent 41 provi.ded in.the i.ntegpated.opti

el onent 480G INGTRASCCH; e AUmber fCompongRLt, the indrease in BEFizh Shihedevir el
access control section 18 is driven under the control of the optical disc
cont r ol | eand4he rise ipmostal pi ckup 20 is noved at a high speed in the

direction of radius of the optical disc 11 so as to access a predeterm ned
recording trackAgptibsl dis@daevice ;aewam?tcsﬂhrefp%e@exﬁﬁn&élﬂidmhbmbs.ddi§@ rdﬂitinghe
uc y

| ight beamemtted fromthe sem cond or |aser elenent 41 is reflected

U




the inclined surface 42a of the prism 42 and becones incident on the
optical nenber 43 fromits first surface 43a via the aperture 45a OBA@QEn
package nenber 45. The |ight beamincident on the optical menber *£34
split into a plurality of beans including a main beam and two side beans by
the grating 47 provided on the first surface 43a of the optical nenber 43,
then transmtted through the optical nenber 43, and emtted g JAN 2GD3
58 fromthe integrated optical element 49. The |light beamenmtted fromthe
integrated optical element 40 is reflected by the reflection surface 32a of

beam | ncPeie ToRORENBaREARRE o et BPlicB s RGn POt SR B e Ry dinadfybr ™

27 and then cast, onto .the predeterm ned recordi ng track on the signal
r ecor di n§eRi@dugtensH signals pyitradiaing-with a ight bgam @aﬁé@}altrﬁe@@%amr}gﬁ%%
are formed on the signal recording surface of the optical disc 11 by the

mai n beanhagticab didcdrothrd by ghe elist ectativigankatd;i ngigmal precawsaty ogedit. fofhe
| i ght beam cast onto the signal recording surface of the optical disc 11 is

reflecte [ : [ fo . i ' o]
be o 1ot broteseifs EERRAAERRR APl S pithfh Mid ffacitSmichaffior
agai n through the objectiye l.e 7 and becones inci dent .the opti cal
menber 43“‘?%6‘&'1?’?501334@9@&{? r‘flgﬁﬁ ggﬁgowécrpgfqﬁqﬂﬁpém%%ga}ﬁci nci dent on
the optical menber 43 fromits second surface 43b is diffi-acted by the
hol ogr am 48 f dnvthis apticahdise devicd, therdpitsel pRkupiineludesplightsoursaferematingnd
the optical path of this return |ight beamis thus separated fromthe

optical phthight belf, IHghttbdags doh Pergiten incans e convérging thhiglit Behuh eamitiets

first surface 43a. In this case, the return light begin is split into two

parts by ghe tﬂ%g@%g rﬁ%ur%gaanﬂffo} H‘Facﬂgggg H‘?‘@%i@'ﬁﬁl r-EBGﬁigi?é E%{'fg&j: gete cggi\’%g Bisc

hol ogram area 4 the part 1nci ton~the othel ogr am ar CcC are

HMIAER H IR LR REAL RIS R
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 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 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



r~JAN 7.092 59 photodetector IC 44. The return |ight beans, diffracted by
the hol ogram 48 and transnitted through the optical nenber 43,.¢pgad

i ncident on the package nmenber 45 via the aperture 45a of the package
menber 45, then reach the photodetector IC 44, and are received
respectively by the light-receiving sections A1, A2, A3, A4, B and C of
t he phot odet ector section of the photodetector IC 44. O the return |ight
begi ns havi ng reached the photodetector 31C 44, return |ight begins of the
two side beans generated by splitting by the grating 47 are received

respect i iieB thd@iffiagtion’ 684 16 1181iS6E hi @PréictBanidd gl wifteRep¥ittd the

section C of the photodetector section. O 'the return light beans having

reached t ot odef ect oy returns~ligh . . nai ich
o r e CERE Sk T e rdeBoHoY A o B SRVishl sty At ROSE M
the light-receiving sections AL and A2 on one side of the division |ine d4
of the |ilight-reeeiving aectsa of the photodetensor i divided e BHPEFHPTHERF TRESVARE Bed
t he photodetector 1C 44, a return |ight beam of the nain beamwhich is

di ffract egtion Liflet beaardiffaewdaby aneadfiactdn tahea gl ther eptickl pash eastheg by

the light-receiving sections A3 and A4 on the other side of the division

i ne d4 i ght - recel . | : et | cel

by the r aeey (A BRATAL AP HeRERAAER SonhiiNidt, Uhdly UfifaclRRG HRCBHIE
photodetg&%ar section are detected as current val ues based on the |ight
quantiti eSIHPCUARAEES]R | ght - r ecei vi ng sections Al, A2, A3, A4, B and C. The
current val ues based on the |ight quantities of the return |ight beans are
converted to Inthenmticabdiss|devigse acdondingty the pressint inpentiony thesoptical idisquas
and are supplied as light-receiving signals to the signal processing

circuit lfreddidihg tedighdpabtapedbeihe dicqotaitig mkans.aMhefswheh signals are to
predetenni ned arithnetic processing based on the |ight-receiving signals,

t hereb ' ' [ |1, Ry , ' ;
Signal” FEOT TS (B RAGEFUFRURRed BTS i Fioplical I, g Y R RE I8 ot

error sigpal, IR bR BENS" 1150 MMt dPad% B 1S5 SRr8E oREEL Bptical 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



method. In the optical di s c device 10 to which the present invention is
applied, as the signal processing ci-rcuit 15 carries out predetern1ned 3
arithnmetic processing based on the light-receiving signals, a S|gh AN %m

i ndicating the position information of the objective lens is generated. The
reproduction signal RF 1 is found by the signal processing circuit 1 S
carrying out arithnmetic processing with respect to the foll ow ng equation
(6), where SAl, SA2, SA3 and SA4 represent the light-receiving signals
based on the return |light beamof the main begin recei ved by the

light-r %ﬁ?ﬂs%ﬂlﬂﬁﬁ@lﬁi&g@?ﬁoﬂl?%r @?oafﬁné\é IMQHETS q)r ré@@s‘xﬂ’g‘ of
t he phot odet ect or = (SAL+SA2) (SA +SA4) ..

or ocossalchy SFBR g thalr SR Briia et istofe] bt ﬁ%ﬁss'%%c@mé{“ g o1

or the Ijke via the interface 17. Thus, the external conputer or the |ike
can recdirgstioneofsadivs ofrthemtical disa mnmth%dmeqti@ttmardsartdw@waﬁﬁfmdbm on

si gnal . ~s ~aN ~~ 61 The focusing error signal FE 1 is found by the
si gnal ppeicabdis®gThus,alespdt &f day lightteaentomvdrgbd botthe hghobeaﬁlc@ﬂvu %
respect to the follow ng equatlons (7), (8) or (9), where SA1, SA3 and

SAd 1 enigsaloddic,d bﬂig}tg%‘a”'a‘{ ot ﬁggma&aéﬁﬁe gnwledlg?wggtahgg'%u m of

t he nai eamrecel ve celrving sectlons

t he phot odet ect or. cti t ot adet.ect or . F ( )
FE1 © SAPIGAgtermingdiecer &&qﬁﬂﬁ Rt SR ging surfice o theppteabike AR
error S|tgnal TRL is found by the signal processing circuit 15 carrying out
ar i t hnetformgractoesbpoigt wint therssgnal qecording eurfoce oftgopiealtdion (10), where SB
and SC represent the light-receiving signals based on the return |ight

beans of the Th® liphdecaettast enctheedighul réeordighisutfaceiof tie ﬁbalodchisand
C of the photodetector section of the photodetector IC 44. T = SB- SC

(10) Th r
Gener at aS Bot AU Sﬁglﬁalgjrgg%mcessg BP0 R ik G bREGRRY o Feburm
control sgl%tﬂe%?n mch\fciifalg a s1gnal component. The return light beamn passes again through

i

the light beam converging means and then becomes incident on the optical member.
The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
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
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



optical disc controller 14. On the basis of the focusing error signal FEl
and the tracking error signal TRl, the servo control section 19 drives the
bi axi al actuator 28 of the optical pickup 20 under the control of & #aN 203
optical disc controller 14. As the biaxial actuator 28 is driven by the
servo control section 19 in 6 JAN 2043 62 accordance with the focusing
error signal FE1 and the tracking error signal TRl, the biaxial actuator 28
carries out focusing servo to mnutely B8ve the objective |l ens 27 held by
the I ens holding section 31 into the direction toward and away fromthe

si gnal rdfgy diffgtefitdiréatoryf by B @iffracdbn @t&@ ofthe bpticaLpathisthheliagiheardgcal

point of the |ight beam converged by the objective lens 27 so as to be

The- b m P S GHSPE sird5iel AR Rorl-RERICHONY, Bi0 IRECeReobFq o} HiMochiteiin™

the objective |ens 27 held by the |ens hal di section 31 intQ the.
direction of r@cestleastone leeghtireféﬁlvmgeszs‘f<=!130n,oIil hetodetastorn nsgilwﬁégé%f@tthsf
the |Iight beam converged by the objective lens 27 so as to follow the

r ecor di ngpéntivnkfopret iwing the attuth $ight bealydiffrasteddndong diffeactrpr ardaafi the
signal while carrying out the focusing servo and tracking servo, the

Che opti CRoA A DralcliRR ARARORNUTAS MoRRA RS KR obiifia I8 ey o) GERY BESOT

the optic even i°n e case wh

fluctuated.or ti,lted. anwhile,. in the case re the signal §.rec ed on
the opt 1 cSittiapted byitis ol et giraf o B B YimH e Gppreinaed up SEREen
first the optical pickup 20 is npved at a high speed into the direction of
radi us of direetions by the ispective diffiaction @neasef thpioptice! pathdrranghing meanspare
access a predeterm ned recording track on the signal recording surface of

t he opti cedceiived By, thascomespomdidgapowtons ft thes ligitaecéiveng reeckiong of etheo
is off. The objective lens 27 ofthe optical pickup 20 is held by the |ens
hol ding sgRbidMtector.

The return light beams received by the respective portions of the light-receiving
section of the photodetector are photoelectrically converted by the photodetector and
supplied as detection signals to the signal processing circuit. In the signal processing
circuit, predetermined arithmetic processing is carried out on the basis of the detection
signal, thereby generating a reproduction signal and generating a focusing error signal
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.



- 6 J AN 2003 63 31 novably supported to the fixed portion 29 of the

bi axi al actuator 28 via the suspension 30, as described above. Theg%f%&ﬁ,lm
when the optical pickup 20 is noved at a high speed into the directio of2
radius of the optical disc 11, or when this novenent 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 portid# fixed thereto is deviated into the
direction of radius of the optical disc 11 fromthe normal position, under
t he i nf Whes ehefpositivnt 6fithd lighhbesinatenwrging ifeanobirk tresredt eothe dptal
deviated fi omthe normal position in this nmanner, appropriate

L ! 01 110 r. appr

car 1 ea AT oChRC UEHAR B i ANELRoRLE R OF (8 it SRk TDAGHmaE
iti is.elimnated.wth the,l f d ' ti j od.

Fowever Pasttioth s Bpogh GSmerim g Heans I LASARIER! Hianes indRaiated o

the deviation of the objective lens 27, a relatively long tune is required
until the thechbretitiog capesphncing o dhe dirpraion ¢forddiuoof theooptiealedistnen the
recording track on the optical disc 11 is started, thus substantially

Sgi? Eécidk?‘?ié‘?vﬁ%‘?hﬁ?‘ﬁ’ﬁﬁe BReaRse vent "on 15 appi | ed. the position of ne
aceess. pr opertymesgptival S HEPER b BEREIhEbroshat BRcktiErl s BRECISARRG .
a

the normal position as_position jnformation, then gausing the, seryo control
sect | on brentBingrpeans o opsical piskupdisat lasttve aéﬁaﬁﬁlpeareq@ifekakfﬁ%ﬂaa t he
basis of the position information of the objective |ens 27, and then

car ryi ngheutetam dipht debam dptwi different odifectionsy; randt thegbohedary, beveenAthse3 64
position deviation of the objective lens 27. In the optical disc device 10

to whi chdifhacRbR s isehe@mti & p@&wtbﬁﬁmemlé ReitlP @8dpece o Ahe Idikection

objective lens 27 with respect to the base 21 ot the optical pickup 20 and

L BT 8l U el b par i, g e
e, VP B S oF o L O P R SRR

surface 43h is deviated on the hologram 48 into the direction_ corresponding
to the diadaas iofrthefoptical discoframdhepiomseal ppsition,1the\yeswrn hight brawy isysplitens

27 is at the normal position, the hologram48 is divided into the two

hol ogr anasymartdillyedndthédptionl pih branchinpymddn. Taedndyidial pagis of e mptirc al

axis Oof the return light beam of the main beamincident on the optical

rember ABehebekihRnReaed byasRanRataIitiey byhe obaBsPRARIRARCHHR etnd 8C

is inclinéed at a predeterim néd angle sO as hot to coincide with

directiop.c j t | i ragi f -0pt J di 1.
Thus, Bt PRESEETS] B SprietBoBliE RoDRoRL £y faireb Bt ceF Bopraf ud
21 of the optjcal pigku 0 gnd the poyrtion fixed thereto is deviated into
the_di r obhpmdeieotoBy Thietespro, B ppuiiohideyiation of e lighi bEAR HORRIEIEIOE RPN
the return |ight beam of the main beamincident on the hologram48 is
asymet r Witl rgspept ta the optieabmemiberycarg hedetented bynearryinghaitopriedeteanmined 48b
and 48c of the hologram 48. Specifically, when the obj ective lens 27 is at

t he nor matitip@stici procedsits bethe Rigrial Probessih@irchit dratle bagisofbdeodssction
uniformy incident on the two hologram areas 48b - 6 JAN Z~ 65

signal from the light-receiving section of the photodetector.

According to the 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



and 48c of the hologram 48 and split into two parts substantially uniformy
by the boundary 48a between the two hol ogram areas, as shown in Fig.BA On
t he ot her hand, when the position of the objective lens 27 is devi=§ d&Ni
the direction of radius of the optical disc 11, the part of the return
i ght beam of the main beam which is incident on one hol ogram area 48b of
the hologram 48 is snmaller than the part incident on the other hol ogram
area 48c, as shown in Fig.BB, or the pant of the return |ight beam of the
mai n beam which is incident on the other hol ogram area 48c of the hol ogram
48 is s I dtiAE1 - hgl rshown
”%hh%%m, ity B &ﬁtﬁagh{t%ﬁbhg 18ckER LAY RO6AM L rBEk S he @ﬁuﬁ]y

in Fig. BC et ur amof the nmain beam 13 asynmetrica

split by t.he boyndary 48a between the two . hol ogram areas. 48b.and,.43c,
The r eopdlifs 980 1 Gboiedina et - Ao sHbCH ARMOH, EHe PRANIO GG He light bedm
asymmetrically split by the boundary 48a between the two hol ogram areas 48b
and 48c ofonvieegingl oxpans c®, behinstratanetiusty aecanersy tohsecwme thol agpusasyaasd
48b of the hologram 48 is received by the light-receiving sections Al and
A2 on onestﬁbi@fes{@fftm@scéusv,lojje%ﬁéﬂ AAd 94 rédlidthe Highispe 64 aL¥eRPropéityon A of
t he photodetector 1C 44, and the part diffracted by the other hol ogram area

48c i s receive .the |i ej_Vik ) i Ad e . 5 de
of the di vi si oyt i s cpPieh ARF ki BRbingd (B¢ pPBlenfin Rhelot” iRt ABfied
position of the objective |lens 27 is .deviated into the direction_.qf radius
of the opP2th ravadslagmeamwﬂtﬁ@ow%l Riekamfor separatng thneptieamash of e ToRim
beam which is incident on the one hologram area 48b of the hologram48 is
smal | er thght beéwm phrectedizivdandt the phiotedetetter frooh dlye apticalgeathad, thadighbbeam n
Fig.BB, a dark spot is forned 6 JAN 2~3 66 on the |ight-receiving

sections éhiteedifrOh B8 lighes@tRe ahdFoPhendiatifll ¥ ifSé\ing ef@r §ignal by tiRe Foucault
| i ght-receiving section A of the phofodetector I1C 44, and a bright spot is

fornmed on | LV ' . '

i vi 51 on TIoREo e e KL ite BEERO ARG B2 AR S ftig bR Bl R dihenei e
44. Then, by findin he di.fference i.n the |Jight.quantity.between the 1ight
ecel ved Bt iRsPerhih thecouiical FaeEber Bstead of At o pr it i medtsifota
by the Iight-[eceiving_sectiqns A3 and A4, the position information of the
obj ect i vedgtertingthe pasisionddedatien of thehght beamvgomvergisgpneans. ohhereforee the
objective lens 27 is deviated into the direction of radius of the optical
di sc 11 aogtithkedpardevide tdere¢atizerthel hightspbedmcoésstprepestyrbybappropedately asd

i ncident on the other hol ogram area 48c of the hologram 48 is smaller than

the part Eﬁﬁnjélge%@te@t'ihé fige ﬂ?ﬁtiﬂﬁ'd&!izﬁiﬂ@b?ﬁ;e“@@t Beant EBWex‘g‘rﬂ]ngh%aﬁg withdat K

spot is for n the light-receiving sections A3 and A4 he ot her side

of the diyjsi: ' f. ' - YA ' . .

phot odet e PR HicfEase n sHE slrbls bE BB RS ShetRoall ih Mg size of e
sections Al and Aigon t.he .one side of the division |line d4 of the

i ght - r ec SeVIcsgtaslEand thearise 1M eStohot odet ect or | C 44. Then, by finding the
di-fference in the light quantity between the |ight received by the ]

| i ght r ecei vi ng Arathepoptichl disd devietacedrding tehther presemteivientiphancludes: disc
i ght-receiving sections A3 and A4, the position information of the

obj ect i ve rbebingdhic@asfobeotieingainasptidal disegan ppiical picks fetedairting But recohding
the present i~rivention is applied, a signal indicating the position

i nformati b j L : Vi :

or cdet or ol DERARUEE O AR by frA i BRR Uth 1 B8RS Rl repording
based on the S N zo~~,6¢. | ight-recej,Vi signals fromthe .
Fant - recentfasg ‘odotie SRieatidisnrBtaiad Hiathe e ol M actignalmracessing
The signal (Sl indicating the position_information of the objective |ens 27
i s found toyrouite fer gredespinge asddtaction rsignal freny she wiptigabpickup;t Andtanc access
processing with respect to the follow ng equation (11), where SAl, SA2, SA3
and SA4 1 epéetaRIISmifBEMJIviRg thegstiodl pickaititahe direa8nT rhdiasofithe opticadisc,
beam of the main beamreceived 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) ... (11) The signal S 1 indicating the
position information of the objective |lens 27, generated by the signal
processing circuit 1 S, 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 S &6 JAN 2003
i ndicating the position information of the objective |lens 27. As the

bi axi al actuator 28 is driven by the servo control section 19 in response
to the signal S 1 indicating the position information of the objective |ens
27, the biaxial actuator 28 carries oujg m dpoint servo for mnutely noving
the objective lens 27 held by the I ens holding section 31 into the

direction of L WS ' J: [ correct
the positi onhg@$ g@i‘%:l]d%sp %l[eﬁ/gééo je?: |l€ggp#é(r@q?§ﬁ{/§e§ r‘i‘@@%@%@?y? hétto e 21
of the gptjcal, picku 0 and the portions fixed thereto,,.and thus controls
- 6 JaN tefim by eaih OBV PAE TOAS 06 CPBVGHEEHS thsightbsamami

normal position. In the optical disc device 10 to which the present

i nvent i from thedpglitisedrcesamtfortiiradmtmesthe sjpmabtécondin sunfacemtfitbabppeaidige 20
is carried out while the mdpoint servo is carried out as descri bed above,

the hi gﬁfiﬂpﬂﬁd%ﬁﬁ&?%%d PghRPBEAN, :afpﬁcﬁéﬁ'b?e%fjor Raviflg 4 H%E@Pecﬁéwihg%éﬁﬁbﬁ For

device 10 of this emrbodi'nment, since the focusing-error signal "FE1 is

det ected by the sq-cal.l Foucaul t t hgd, .the spot,of the return |igh
beam fof"?ﬁ%wﬁlﬁat BEEEP%@EF\?%F@&EI& ﬂeﬁ]sls'flgwg‘)bfim{%o%'éfaéét rhp@p& aLas a
smal | diameter. Therefore, it is possible to reduce the distance between

t he resp@sst AnOptisel mempker arranged betwsemthe dightwowicgangepliaiogdetest e eiong
splitting by the grating 47 are cast onto the signal recording surface of

t he opt st ardl g light bEhtisconveeging weans endlhie bilreraidd, dorradasinyttingethdilighet i on
of the recording track on the optical disc 11 and the |ine connecting the

r espect ihkgnSifitteE ABnPhe NI SBRED mw%ﬁpﬁfsgfg&igg @iegrgﬁﬁhilfg%t pehMPdirddedence

accurate signal recording/Teproduction can out even in the case
where any_defeact su s . scrateh,is ner at.ed on the opti.c di 5c_ 1.
Second- i R PRAFAEROE SRR IR ERALRE RPul SufBeliy ol uthithey,
the present jnventign is applied will now be described. This, gptical,.. disc
devi ce. Kpticalmemhendon sepashing the RHiaalPatibe! tediant beamirmitacEam Bedight f or
the optical nenber of the integrated optical elenment, which is slightly

di f f er ersoufceand the opticalipath of itheretirs dight beara reflesteddmp it srgnal rethedingor e,
the parts simlar to those of the first enbodi mrent are denoted by the sane

nuner al suafiideWfithe opticdldiste setutwHEh{ bedrh SplittihgdAtand intégthlly f6medwtith the 6
JAN 2~~ 69 different fromthose of the first enbodi nent will be descri bed

0, 0o idgih GBS S BN, ey ASEA SR ca,

e, A eGPl TSR 5 OB o e BB BE L A BB =
t f ticgal nb 51. i | f th i cal nb 4 f . th

e I SR ORI I i S G

51 is forned in a parallel-plate shape nmade of a transparent )
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



plastic material or glass and having a first surface 5la and a second
surface 51b which are parallel to each other. This optical nenber 51 is
joined onto a package nenber 45 so as to close an aperture 45a of tHé JAN 2003
package nmenber 45 by the first surface 5la. On the first surface S |la of

the optical nmenber 51, a grating 47 as light beamsplitting neans is
integrally formed at a position on the optical path of the |ight beam which
is reflected by a prism42 and incidentypn the optical nenber 51. This
grating 47, simlar to the grating 47 o% the integrated optical elenent 40

of the first .enbhpdi nent,  has. |urality of grooves extending in a
directi oW@FY‘B%ﬁ?Oﬁ?Iqemﬁ&é}tﬁ)mpect to the direction corresponding to

the direction_of radius of the optical disc,11. The gratjng 47 has a .,
function to spnthisanether ghticalalise derdreaecording todhe préseat inventien, the optical a
plurality of beans including at | east a main beam made up of a Oth-order

di ffract gdikcldsHtecapdingWhediushe i@ d Hydae WsOfotding nivads NTTheA, Wheh siitds

diffracted lights by the diffraction éffect of these grooves. On the second

surface g%%)ﬁg et &%ﬁ?@égd ﬁ@lanﬁ%pleerprrlg&ucegq ?r?,)ln? hée rgﬁig:fl?gis%pltdt‘é@d b%ﬁthF ﬁdeigé'\'

2003 70 bran ans 1s tntegr onne position
optical path of the retuyrn light beamwhjch is reflected by, the sign
recor di n§OHNgIBeans, aﬁwixtbs@mmﬁraﬁ %iﬁltﬁed ﬁ'o’ﬂ@ﬁ ligh §Qﬂrcter9f§b§ HPHﬁaldB}?]Ié'& ive
| ens 27 and incident again on the optical menber 51. Unlike the hol ogram 48
of the i o ¢ae aptidalafise catiated byt di40 rofatingemeanss t Therbpdcatgmekup s motwed agyr am
52 as a whole is one hologramarea. This hologramarea is nmade of a

hol ogr aplthg diregtibn SfGaaAls dLiRbtIcaR dRc bR Yciss Tahubisne $beRdbEcess &
direction inclined at approximately -45 degrees with respect to the

directio [ I the direction of radius of the optical disc 11
i ndi cat egieggeéﬁégﬁag@g%atcgs shown in Fig.10. This hologram 52 directly
transmts the ]ight, heamincident on the optical nenmber 51 fromthe first
surface 51 a, Jf%ﬂ@%,c%&mﬁgﬁ%%@hﬁpm Souire is HM@%%@%&&Q}@ pucali,
and diffracts the |ight beamincident on the optical nenber 51 fromthe
'second sunember and girectest tomeard theelighttheam cogrargingmenaes.| Bae bghtheannts thiegnal
recordi ng surface of the optical disc 11, into the direction toward a

phot odet epindergdd By light Helam éeﬁ‘mgiﬂg' gidank emd thehl et edtdoshet dignal gratding
recording surface of the optical disc 11 is diffi-acted by the hol ogram 52

into the s‘#{f Reld tdﬁ%ﬁ:‘"ﬂd‘i&‘? phot odetector |1C 44, the optical path of the
return |ight be%fr#iles segarated fromthe optical path of the |ight beam

st surface BECare FRET M Rt ob RPN She b S amhd edhosdii B, n°

L:O? |h EaFe?& ﬁl%l :)Hli:g gﬂp“s%%idei;viatiegtggrrnag lp%‘ectigtrennggneadt recor 1'§1igt tirgc on t&lgesignal
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
basis of a tracking error signal or a focusing error signal from the signal processing
circuit, 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



of the return light beamdiffracted by the hol ogram S2, as shown in Figs. 10
and 11. This Foucault prism53 includes tw surfaces 53a and 53b whi ch have
di fferent normal vectors. In this Foucault prism53, a boundary 53c =thiNelild
the two surfaces 53a and 53b is fornmed on the first surface 5 la of the
optical nenber 51 so as to pass through the center of the return |ight beam
of the main beamdiffracted by the hol ogram 52 and so as not to coincide
wi-th the direction corresponding to thesgirection of radius of the optical
disc 11, that is, so as to be inclined at a predeterm ned inclination with

respect t i.I: ' i 1 0. i ' r adi.
opt | cal i RipdBetifE et FaRCRR kiR REaRIiBE At BFaletiiea b il
53a and b of fhe Foucault prism53 is inclined_.at apprqxj.mately 45
degr ees Sraeé%@&immf thébecﬁl {TIEGATHBE SB Sﬁﬁifgl@e PBg?*ﬂeAl&‘?-r ection of
radius of the optical disc 11, as shown in Fig. 10. In Fig.1Q it is

assumed that tThe dightchéam cast roesfendigngl recdrdinglisuefate awf tife optealsdist ishe
optical disc 11 is the sane as the direction of radius of the optical disc

11. O t [ | & '

vect or op% tﬂLe\g&gIrsEy %ﬁ%@?@g%ﬁ%@:@%@@ gﬁ;@gﬁg@ﬁéﬁ %Ogérécﬁgﬂ%ﬁefcéggts i%gﬁﬁg‘lrrllgl e
of the hal.qgr,am 52, .wWi,th respect to th rmal vect,or, of the other surface
53b. Nor cAgErbcan BiGltg A JeBatcompoRsil- diirchetur ightbedmpeises e rqueh
conponent as the normal vector of the first surface 51 a of the optical
menber S the light beamycanvenging means aadrthen beeemisy 1n¢identorn thepptcal ygnember.

i ncident on the Foucault prism53, is split into two beans by the boundary

53c between t hFheweturnSlighN b2afs indldeny daahe dpticad measber Hasats opaicalopatul t
prism5 3, and a portion incident on the one surface 53a and a portion

i nci dent a*?‘}dﬁ."?‘?[ m%%tﬁt%%gpéé%ﬂth@ﬁght b&if it Rt tHb ight é&ﬁ%e,awiitlﬁer €

directed towa eren tions on"the photodetector |1C744. Thus,

t he optical,.pi,ck 20 having thi.s integratad optical el enent, 504 as.qt h
i v duasPrEHBAR bre e Riahs e P Sals B e dnuaE e Rhar, SpRGasH iy e
boundary 53c between_ the two surfaces 53a gnd 53b of the Foucault prism 53
and di r ecthejopealipathibranchung means mek Qﬁn%%éx%fﬁafe@éeh@@g@m%@nﬂgaﬁbthe
received by the corresponding portions of the |ight-receiving section of

t he phot osetfect of theptdgalanémbesi Ag the ranrslightbeanans diffraeted byatie hylogram
so-cal l ed Foucault nethod. Also, since the boundary 53c between the two

surfaces pita thediksdhiodf totedithy phickddaretten) the dptichbpatoftheasniatlight beam
coincide with the direction corresponding to the direction of radius of the

optical di j ot j i i i n be
detected g@ﬁéﬁ%e&]ﬂ;ﬁ ?ﬁf;ﬁig I (lf)lﬁgcrdé cg{ ?ﬁil%eﬁ!gglﬁf %‘fﬁfﬁgﬁgﬁ? ?%dﬁé? h% E%BF ggﬂlfc%

| i ght beam spl i, by the.b dary ,53¢c_ bet ween the it syrfaces, 53a and 5

of the Foucault %élg?#k aulxgnyavphg ftﬁeoéécsai Mﬁwﬁgﬁgx 8|?Ptb‘iﬂ?m%'§3
is constituted as described ahove, when the position of the, gbjective, |l.ens
27 with rbsprehing seans is thercsplitintanrtleast twoheamshby theaepusilight heam sphiting
objective lens 27 with respect to the integrated optical elenent 50 and the
base 21 ofm¢ds inptgraly fpimedpvizh tibpiical hembient egr at ed optical elenent, is
deviated into the direction of radius of the optical disc 11 fromthe

normel positiosint8¢hé @bt liglt Beane PlRAFS ALahS TR 1EAR W S&ifhods hoviag
27, then diffracted by
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.



B JAN 2008 73 the hol ogram 52 and incident on the Foucault prism53 is
asymmetrically split by the boundary 53c between the two surfaces.@SANdww
53b of the Foucault prism53. The respective parts of the return |1ght beam
generated by the asymmetrical splitting are received by the correspondi ng
portions of the light-receiving section of the photodetector |C 44.
Therefore, in the optical pickup 20, the position deviation of the
objective lens 27 into the direction of ,gadius of the optical disc 11 can
be detected by finding the difference in"the light quantity of the

respective pard.s of the return |ight beamregei ved b he cornre ndi n
bor 1 ons. of "t nine? aieasiut i sechineroipn o Biominatietedords ShaaRs Htp Bl 1.
above description, the boundary 53c between the two surfaces 53a and 53b of
t he Foucaertiopdperacsving onacetumelight begp generatedby thesregamylight bepmsplistipgct
to the direction corresponding to the direction of radius of the optical

disc 11. rhexeyaid tHelioraibgifor féceiiﬂﬁ{gitn@bﬂféar&hrﬁ tighbeerid ahy ré@en Wghbbeanpect

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

disc 11 ' I tr: Wi i e . AR :
necessar P PSRt el ekt G DR AR b MiesiPag B¢ blrblhonding
the direction of rﬁd',u?l of the optical dLSC 11 can be obtai ned. The range
whi ch al | RRESLOBS it Phl‘@ t-Hecelvng sectionyof @@b@&‘?‘&t?‘éﬁpfdet ecting the position
deviation of the obj ective lens 27 in the direction of radius of the
optical disc 1Théesetomm hghtbdamsredepeddgrthe oespetivp poftoomseofithe Light-texeiving

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

as the boymdidnofaBe photddetbitapdrephdtoc R QAR QinviRicd BY iR pRIeESECR ahide
direction corresponding to the direction of 6 JAN 2003 74 radius of the

devi Sf‘i oEél%@fﬂe#ea%%‘?%%?ﬂg%i%iﬂé%%%ﬁg%%fﬂ%‘éy%éeﬁéi@%eﬁﬁc‘?%i " S0 {%gé%smf
i ' J1 . . [ ily.. , Lt | ir.
Pt 1 he SBOHARG S SEMMA ST Hrope il B calisdauksmithadinsitokthe SRRSAR 1

prism53 is inclined at 15 degrees or nore with respect to the direction
cor r esponsignal, therebjegeneratingarepfoduntionsigialngd geperatilg alfastising errpresignal
operation for reproducing the signals recorded on the optical disc 11 by

usi ng thebypatsoceallell Boustmlt aethéd.of the second enbodi ment constituted as
descri bed above will now be described. In reproducing the signals recorded

on the optical ngl : I heRl ardi } varld
opti cal gi sc 1%@&7%ﬁ?§ %ﬁﬁ%}%%ré’ﬁgnﬁﬁ arglté%f%.%&}ﬁ%&lt% aﬂd/?ll:}eg[g?%eed

e spi ndl e notor as t
notor 12 s r@qtatieonaldy .driven at.a.predeterdn ned nunber. of rotatigns
inder ¢ heEoB SRR it 5hischnint BTt s HATRS oBYEREPispp SRR e | ¢
rotated. A.light Eea ii’ eHitted fromthe sem conduct or Iase(f el erent 411(
provi ded FAHCFHERO F%‘?Pé ¥dhe BeFest merhamisn soRsdp ackesshpHEs fﬁP%ﬁ’gg?@P J
Then, as the thread notor_of the head access control section 18 is driven
under theasdascrobecdbabove bptliis ahsajitbe positionodf the light behm omvergingpnetnspof0
is nmoved at a high speed in the direction of radius of the optical disc 11
so as to deceoptical picds) enth Reshece o thieneptidadaeibdrnfay BoAeviftedniflid the
surface of tﬁgﬁopt ipcal di sc 1?@ The i g@ beamem tted afg;'lr omthe

sen cond Uagf%&gtﬁgscgf radiyBPthé §g'ﬁ§a1f Sis{p ﬁ‘f&ﬁdt[h%g%éﬁﬁn%l%nﬁgﬂiBﬁ%e%%§é‘8f iftériaOf

the prism econes I ncident on e optl

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 2a03 75 51 fromits first surface 5 la via the apertuq§64ﬁﬁlgp3the
package nmenber 45. The |ight beamincident on the optical nenber 51 is
split into a plurality of beans including a main beam and two side beans by
the grating 47 provided on the first surface 51 a of the optical nenber 51,
then transmtted through the optical nenber 51, and emtted fi omthe
integrated optical elenent 50. The light beamemtted fromthe integrated
optical elenent 50 is reflected by the g4gfl ection surface 32a of the rise
m nor 32 and becones incident on the objective |lens 27. The |ight beam
i nci dent | i 27 is converged by the objective |l ens 27 and
t hen cas?Bgﬁggﬁgﬁzk%%%gégééﬁgﬁ%d recordi ng track on the signal recording
surface of th ptical disc, .In this casg, three beam.spots are forned
on the signal T diisanether opficabdiseevie 2560TAAE e DTE S RV eTtioRa e TUH and
two side beans generated by splitting by the grating 47. The |ight beam
cast ont Hghtbeangplitting ovsatisraf thaojpticel pickupdiasat least twlo surfades of ddfdrent ed
by the signal recording surface of the optical disc 11 so as to be a return

li ght beﬁBhinﬁP'bélﬂbf&%ﬂtﬁE%ﬁde@hthmisﬁPfaicés 1siASERed derhredaiepmiRng PUh

t he objective |lens 27 and becones I ncident on the optical nmember 51 from
its second surf.ace 5 | b he ;eturn |ight bgam ] ngi dent on the tical
renber S BIBRH M LesBatb i P26 ABEHOR dastiipoRi e st bt o Sadfis.af e
formed on the second surface 51b of the optical nmenpber 51, and the optical
path of ©Bfialdisgr nlhergfarepimthe ¢aserwheresthig posttian of the hight basm canversing of
the light beamincident on the optical nmenber 51 fromits first surface 51
a. s ~Mnearwonsdeviaibdein ehelrdirddt@nt ob eadiusdof thenoptdalbdischiroho thg mamia?
formed on the second surface 51b of the optical nenber 51, is transmtted

thr ough gagicent kikeu RSN SRhrA LR aSphiblettiBilly bYMORARR Iitht bignFaHE

prismS 3 forned on the Tirst surface 1 a of the optical

o el T RO DUAEH O, Sl RSB RO B A

accordance ., w.th_the nornal. yectors of the respective. syr,fages and are,.
di r ect ed splitting by the Teturn hg\ﬁt%eam splitting meand are Teceived 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.



toward different positions on the photodetector IC 44. The two beans of the
return |ight beam generated by splitting by the Foucault prism 53, becone
i ncident on the package nmenber 45 via the aperture 45a of the pa@ggﬁm
menber 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
phot odet ect or section of the photodetector IC 44. O the return |ight beans
havi ng reached t he photodetector IC 44,,,return |light beans of the two side
beans generated by splitting by the grati ng 47 are received respectively by
the light-rec secti helr -re ving section C of. th

phot odat ect or AL i S aepties Sofge e deufie asearnk 40 thgpressatiayeRtien the
phot odet ector | C 44, a return | i ght beam of the main beam which is incident
on the gludmaﬁssphttmrghnemrnﬁhbtomakmckap fos geraretingd fhgusing error

l'i ght-receiving sections A3 and A4 on one side of the division line d4 of

the |i ghgigh QFB* W Boe@hillt ﬁiétlfed i us‘c'defof ﬁbtébﬂn itHE poSieidvEddvigtiditof @rclght t he

phot odet eCtor 1C 44, a return |ight beam of e rral n beam whi ch i s incCident
on the 6 JAN 2003 77 ot surf

Fecel ved R GNETERE Pl U greée%%rr@é&f%ﬁ& B Bt REAOURRIAY | e
division line,d4 of the lLight-receiving,sectiaon A The return | i ght beans

r ecei ved PESVIlnG anycrpeans for dqt@qrmg@@éromtr@l desgation of the light beam converginghd C
of the photodetector section are detected as current val ues based on the

l'i ght quandansi Ghebyforbethe dptival disealevidengarsreatize tlse Righ-sfftedARcedsiprdpeatyd C.

The current val ues based on the |ight quantities of the return |ight beans

are conveggt %ﬁ)ﬁt rafdty 28ed Vs%'n?‘?)ﬁ &Yeét?% VR GRBRIGP MRt of! t!h%ull%h@'ﬁféaﬁ{ €

supplred as -reteiving Signals t he srgnal processing circuit 1
Then, nal ocessi. ircudt rr| det enni n t tic
processi S9sARE Elaeafﬁevrﬁgrrﬁ ‘i 8 8 o i W Bl GERRREP Rl T
repr oducti on si‘gn RF2. a foc SI g, er xor, si gnal FE2 i s generated by
the so- caR¢reasebuthe gize ﬁﬁﬁ!ﬁ)geﬁﬁﬁ itgek r@g@ﬁg‘@rmﬁos& gnal TR2 is generated
by the so-called three-beam nethod. In the optical disc device 10 of this
enbodi ment, as the signal pBriefddesegipdioncel thelBravangses out predet ernii ned
arithmetic processing based on the |light-receiving signals, a signal S2
i ndi cati ng t h&ipdsk hpeispedtioe widhw suheaiatichlty showird ¥/corvensional dpaitil pickap.
Fig.2 is a view for explaining the deviation of an objective lens in the direction
of radius of an optical disc at the time of access by the optical pickup.
Fig.3 is a block diagram showing an exemplary structure of an optical disc
device 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



The reproduction signal RF2 is found by the signal processing CIrCUIt 15
carrying out arithnmetic processing with respect to the foll ow ng Qq& qﬁS
(12), where SAl, SA2, SA3 and SA4 represent the light-receiving signals
based on the return Iight beam of the main beam received by the

| i ght-receiving sections Al, A2, A3 and A4 of the photodetector section of
t he phot odetector |C 44. ~ 6~, AHN2(~13 78 RF2 = ( SA1+SA2) + ( SA3+SA4)
(12) The reproduction sigaal RF2 generat?d by the signal processing circuit
15 is processed by error correction and then transmtted to an external

conputer qor the like a the interf Thus, the external conputer or
the |ike CEREALIOW béc Eﬁeéﬁ%‘iUWSEﬁP’aé%aBPlh? e optical disc 11 as the

reproduction signal. The focusing error signal FE2 is found by the signal
processi ng ci rkigit 1518 pesspedtivg view sehiematically showmgsthegpoesitinnalerglation of
the follow ng equations ( 13}, ( 14) or ( 15), where SAl, SA2, SA3 and SA4

r epr esentindh§dhalahenmtees wnﬂ@tuahgrtﬁb %ph@ﬁpﬁlckﬂpttbwl@huhggkes@m ibestioRf ist he
mai n beam received by the light-receiving sections A1l A3 and A4 of

t he photo&i ehecgt or section of the photodetector 1C 44, FE2 = SAl- SA2
(13) FE2 —péf *SA4 ... ( 14) FE2 = (SA1+SA3) - (SA2+SAd4) ... (15) The
tracking error_signal TR2 is found by the signal proceSS| n C|rCL1|t 15
carrying out arigsffbia 8Csherethsinglptignbetesn daq pesition of s obikgtivg lensid then (
16), where SB and SC represent the light-receiving signals based on the

return |igticdlgaokupto widch the pretenb aaventioncisiapplietdandnthel position of eireturm

sections B and C of the photodetector section of the photodetector |C 44.

TR2 = SB-6ht spot f3fhed on a hologram. Fig.8A shows the state where the objective lens is
located at a normal position. Figs.8B and 8C show the state where the position of the
objectivé lens is deviated.

Fig.9 is a side view schematically showing the state inside another integrated
optical element to which the present invention is applied.

Fig.10 is a perspective view schematically showing the positional relation of
individual members constituting another optical pickup to which the present invention
is applied.

Fig.11 is an enlarged perspective view showing essential portions of an optical
member provided in another optical pickup to which the present invention is applied.

Figs.12A to 12C show the relation between the position of an objective lens in
another optical pickup to which the present invention is applied and the position of a
return light spot formed on a Foucault prism. Fig.12A shows the state where the

objective lens is located at a normal position. Figs.12B and 12C show the state where

the position of the objective lens is deviated.



The focusing error signal FE2 and the tracking error signal TR2 gehgrjanezil3.
by the signal processing circuit 15 are supplied to the servo control
section 19 via the v 6 JAN 20Q % 79 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
pi ckup 20 under the control of the optical disc controller 14. As the

bi axi al actuator 28 is driven by the seyyo control section 19 in accordance
with the focusing error signal FE2 and the tracking error signal TR2, the

bi axi al actuatQr ,38.carr.i.es out focusi.n e . 1N | v move, th

obj ective | enﬁ%‘?l%hlﬁ g %‘getwg“i éﬁge]ﬂ%h&glr% S@émgr}ﬂ]\%l&%ﬁt ﬁ'sﬁ%%gilr i‘&?ﬁhSﬁ
toward and away fromthe signal recording surface, of, the optical disc 11
thus contiptagrated aptisal eleanentdonvhish the eresegtinvestioncis appligdd by t he
objective lens 27 so as to be constantly | ocated on the signal recording

surface of theFigptd fwh Pdi’éifeciii/e view siahania&banytshawm%&& bsitional relesorn bf
tracking servo to mnutely nove the objective lens 27 held by the | ens

hol di ng je 31 . t ' [ i [ f Whalh 4

t hus contgﬁr?1 gﬂlgﬁﬁl %ﬁ%ﬂ@egét&g’ﬁﬁﬂtg‘% isgﬂt %Oégghld? gﬁ‘\‘i@r B{é%ﬁ 83‘%{ he olbjﬂé?:ﬁllr%gemltens
27 so as to follom/tqf ecording track on the optical disc 11. By thus

r eadi ng ﬂﬁ@e?%%PGH%EE signal while carrying out the focusing servo and
tracking servo, the optical disc device 10 can appropriately reproduce the
signal s recorded on the dpestddbddiferCatryaneutthe laverdion where the opti cal
disc 11 is fluctuated or tilted. Meanwhile, in the case where the signals

recorded on thprefedred @mbbidifnehls of thelprefatinpaaibicRill Rywlby desefibed ah détiasic
device 10, first the optical pickup 20 is noved at a 8 JAN 2003 80 high

speed i ntQ.: j i Lus of the optical disc 11 nounted on the
spi ndl e ré%Q£}%§§%é§ggga?%agggggg'a predeterm ned recording track on the
signal regording surface of the optical disc 11, as described above. In
this caser servo is of The objective lens 27 of the optica

pi ckup 20 is held bg the |l ens hol ding section 31 novably supported to the
fixed portion Pm.3shows the everall strectireef 2w exemplary optispbdiscsievars togwhich
descri bed above. Therefore, when the optical pickup 20 is noved at a high
speed i nt thetpresatitirvdrition Bfapphddu s optiealahisc daticell 6 had 4, spardlemsstot b2 for
novenent is stopped, the position of the objective lens 27 with respect to

the fi xedrqafibhely dflyidd'il obficaldiSe PP8S hiréébreling HRIRICA bificdl Picags 20461

respect to the base 21 of the optical pickup 20 and the portion fixed
thereto i j.ated.intq.t jreeti f j e i.cal..dise
fromthe ﬁﬁg‘ﬁéhﬁ%o‘g}tbi %ﬁlghgﬁ‘&%mttﬁ% ﬁ%*l?lug,{]cé%gﬂ%% ?‘%rgé% gi%ﬁu@u%r% @ﬁ%jﬂ
optical disc, ,devjce, 10 t ich.the prese i nvention.i,s applied,.th

oS! ¢ on BrtatiBalys depien, By 1B Spndie RORE LA ab S0 5o B v Petti JighE deasn

t he hi gh-speed access property, by detecting the_ deviation of the objectjve
| ens 27 frefleated bcfoﬁhmamgp@lstqcmﬂmgsslpfmet@ﬁﬁ%ei onttinaldiscoh] sorasntocepadi iegordhe
servo control section 19 to drive the biaxial actuator 28 of the optical

pi ckup 20smmaldrecoeddd onfthé Biprabsedording sirdacesf the @itidab@imb] Bodrid/e cbatnsl
27, and then carrying out so-called mdpoint servo for correcting the

posi tion Eat | Betd . ' h@C Ief 1110
o whi ch FRigh 13TaPbohtoBliRia (6lpHRIISHARGF (2, thRBoBEhl fiRkupapCap o wH i
objectivePLegs 27 with respect to the base 21 of the optical pickup 20 6
JAN ~f 81T3d"t he portion fixed thereto is deviated fromthe norma

position indicated in Fig.12A into the direction of radius of the optical

di sc 11 i ndi catldie egntsel sgatin k3 jhas mAngepticad disgcontrollerd 45 gotighal presessingr n
| i ght beamdiffracted by the hol ogram 52 forned on the second surface 516
of the optircait I'fgahéntebfacefll 2, hdeadiaegesstoeitiobtdation 18, andatseHd ¢enteisl\seatien
into the direction corresponding to the direction of radius of the optical
disc 11, gm the Foucault prism5 3 fornmed on the first surface 51 a of the

optical nenber 51. Wen the objective lens 27 is at the normal position,
the Foucault prism53 is




divided into the two surfaces 53a and 53b by the boundary 53c passing
through the center of the return |ight beam of the main beam di {fg g&iui3dy
t he hol ogram 52, and t he boundary 53c between the two surfaces 53a and 53b
is inclined at a predetennined 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 wth respect to the base
21 of the optical pickup 20 and the posgion fixed thereto is deviated into
the direction of radius of the optical disc 11 fromthe normal position,
the return | ight beam,of th in,beam i ngi dent. on the Foucaul ' 53 is
asymet ri cal @esoﬂlﬁc?%’f’ctcﬁggﬁg@ﬁgéﬂpngg § (ﬁkvéﬂgloﬁ ?anfﬁw&%'gf%%g&‘and
53b of the Foucault prism53. -Specifically, when the objective, lens 27 is
at the apredetepumiedinumberiod rotations, amdgcmntmlatheo@petra@oxmifJ eachpantpeddethe
uniformy incident on the two surfaces 5 3 a and 5 3b of the Foucault prism
53 and gphirbl kédtiod YW parts substantially uniformy by the boundary 53c

bet ween the two surfaces, as shown in Fig.12A ~ JAN Z00 82 On the other

hand, when t RE f..the..ohij- iV ' ' i

direction of %%?%b&%ﬁ&%gs@&q@%fg?s%e%flieﬁ% ﬁ(é%Bgé?@drf%@ﬂP Ie%%ré pﬁg"ht
beam of the pain begin ich js_ incident on the one surface 53a of, the
Foucaul derqtion ssgnalgﬁ@m\éhh@ Spticabpicknp el@aa@d fransmaisithe sea%t%ff Faroduction
53b, as shown in Fig.12B, or the part of the return light beam of the main
beam whisignal o amextdenal computer ot thedikewis doeindStfiac l’l’.hTé‘?LFxnlkaus thepritemab3 i s
greater than the part incident on the one surface 53a, as shown in Fig.12C.

Thus, t fé%n'ilﬁitéf BrltheNikdegireceive! R §iphil RRVIMES oRSHHETBpfitsladisy SPhs ithoy
t he boundary 53c between the two surfaces 53a and 53b. t he respective

parts of e[ et ur 119 nal i.cal | d: t he
boundar Jeé%%dl{g:z&o%esg%ﬁ %lhzf ‘E‘%ﬁg@&ﬁ’%‘%% S@gaﬁﬁcﬁgﬁg%?%%%h%ué%%ﬁ épl)élll 2;szigr% 53,
the part ipcident on the one suyrface 53a of the Foucgult. prism53.is

recei ved I8 TIKRG CECE SIeEry) dtocnsing eror signak agd 3 signal dudigpting dhe
division line d4 of the light-receiving section A of the photodetector IC
44, and pasitigminformatioe of anobjecsivs lens onthe basissdithedetassionsigral fromrthem 53
is received by the light-receiving sections Al and A2 on the ot her side of
t he di vigtival EiicflﬁlpiZD,thtsthlibgﬁie gareatedrigirads to tie dptiddlulisc vdetnolidrel 4.
position of the objective lens 27 1s deviated into the direction of radius

of the opticaypgd hégd &éc%@@ohﬁ%l 9@6tion0¥8 ﬁﬂﬁzegﬁw?ﬁtti%éel%%la@g%?‘af)ﬁ hid}PsgBRn

beam which is I ncident on the one surface 53a o t prismb3is

greater than the part pnci-den n _the .ot.nher,surf ace 53b S, shown. i m 4.

2 o 56, 6 Hhe dFefiiR ok PRdERS B obfibalishl 1 bidef B Soal P M Wical disgy o1
the one side of the division |ine d4 of th = 6 JAN 208 83 .
light-r etmwﬁg k@%@ Anip gause ﬁ@pﬁﬁaltmakmgpdp aceespp PreternBped reosding | o
formed on the |ight-receiving sections A3 and A4 on the other side of the
di vi si ontrack endhe signakwecbrdingrsuctace iofighsepti¢ad diss 1df, fohexahpleo by teaskgumipC
44, Then, by finding the difference in the light quantity between the |ight
recei vedopthd hike.| i ght -recei ving sections Al and A2 and the |ight received
by the light-receiving sections A3 and A4, the position information of the
obj ective |len T, d iv-e. - i 44

obj ective | en?h%fe@ggﬁgf%%%loﬁlt %)9 E&ﬁg@%’j‘?rﬂé@%&g@ {é}godﬁtgsé ijdft Rta Lg{c(l)%l ?coal
disc 11 and, the part,of the return.|ight beam of the.nain am which is
ot dent OBt BEsBtfah® Sracking S5 Signal At FROMAE erios ST SmaoE tig Sattpl 58,
the part incident on the one surface 53a, as shown in Fig.12C, a dark spot

i s formetheooptital disglontreler Ay axtn imomatel meve the objechivedensheld by the

the division line d4 of the light-receiving section A of the photodetector

| C 44, abthxdaldtedtbr Bpebiakdalidireteidnsthatie, tHedditedtird fitiadihssefthe opticAlidisnd
A2 on the one side of the division line d4 of the light-receiving section A

o e, DRSLEE! kg Gyt i LR, Gt A0S it U i,

A2 and the light received 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 this enbodinment, a signal indicating the position
information of the obj ective lens 27 is generated by carryi ng out
predeterm ned arithnmetic processing by the signal processing circuit 15
based on the light-receiving signals firomthe |ight-receiving sections Al,
A2, A3 and A4 of the photodetector - 6 JAN 2l It~y 84 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 follow ng equation (17), where SAl, SA2, SA3 and SA4

oy o o B Y M



The signal S2 indicating the position infonnation of the objective IeggNagn
generated by the signal processing circuit 15, is supplied to the %

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

bi axi al 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

bi axi al actuator 28 is driven by the segvo control section 19 in response
to the signal S2 indicating the position information of the objective |ens

27, the hj t i - ' I . i ng
the obj elctg:tc ?g%lﬂkensfagg ??‘Pé%éﬁ?‘{a% d?%e t(hg;’ gpg‘léﬁ}sl%gﬁ%ﬁogi’ tih%or?:lé%ﬁleﬁ{grml\f

directiop of radius of th ptical disc 11 so as to instantaneously correct
t he posi QEYSINESAN%e 2B t(ﬁii%s%‘moective l ens 27 with respect to the base 21
of the optical pickup 20 and the portions fixed thereto, and thus controls
the obj ecti veThernerdy contriod seotiah €9 alyosdrned yhabiddisl actuetdr gbtia bptical ~
JAN 20L1 85 In the optical disc device 10 of this enbodi nent, since the

access OBFc'kﬁP PthetaSis h@?ignl&ﬁig ﬁ%ﬂ%ﬁp‘b%ft spe&‘gﬁatﬂﬂéﬂh@b BjdEtHROl Nt

servo i s car out as descr access pro erty i's
realized, Al so, |n the optical devi el f i s, enb nge the
f ocusi ngle@rsrs&asstcbmipu n?%vedg{ é‘g 8“89 P’E@ F}Feehl% ?toﬁé{‘lﬂ) ®the
spot of the return |ight beamforrred on the Ilght-recel ving. sectlon of the
phot odet dyeetion of mdiusenf the optical disekbs thus carying ewteo-¢alladmpdnaintyesve for

reduce the di stance between the respective spots when the main beam and two

si de beaverrgeting dicpoditionmlevidtiorgoPthet dtgegtiné long i theadieectiait ofrddiug b€ the
signal recording surface of the optical disc 11. Thus, the tol erance of the

angl e mag?tlgéﬂ dise agﬂ{éeﬁﬁie%h&fl thd'6 ﬁ@é’l%lgkﬁ'g idb té?PférnfccQPst' cal disc 11

and the |ine connectlng th respec I ve ‘'spot be |ncreased and

appropriate t hence at.e. si car lre ctl on
can be carri e Q&?ZH’%‘WP% ﬁaﬁf‘é’%é is @?z&ggtegl& g E%&? ﬁ%e
generate the optic di,sc 11.. Third Enbodi nen till aaother  enbodi nent
of t he og\ﬁaaam%ﬁsw .S@en% 1§viar theead feedeshafy ﬁ\%eeamwrwlﬁmaﬁh ed will
now be described. This optical disc device has the basic structure simlar
to that of th&hepbasedll ti maddefixmetdl materiad shich as abrhonimenthelileishaped
characterized in that it is adapted to detect a tracking error signal by a

so- cal | eqn puphapsHike Toimodnd eirelighshole 23 pendtPitimivin ehéld&ettigh iofwidihliy

this characterlstlc p0| nt will be described. The parts simlar to those of
the firsiyg HDLRRS 5k e APEFRER choh AN 208 BB
wi |l not scrl urt er in ta

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



In the optical disc device 10 of the third enbodi ment, an opticelé %ﬂ@% 20
has an integrated optical elenent 60 as shown in Fig) 13. The integrated
optical element 60 shown in Fig. |13 has the structure simlar to that of
the integrated optical elenment 40 of the first enbodi ment, except for an
optical nenber 61 in place of the optical nmenber 43 of the integrated
optical elenent 40 of the first enbodi nent and for a photodetector I1C 62 in
pl ace of the photodetector IC 44 of the4d ntegrated optical elenent 40 of
the first enbodi ment. The optical nenber 61 is forned in a parallel-plate

shape maggidef shaft 7ABE R §pficdlldisd 46vieBON ik Provided! mh@%tgagafneﬁt giet:'brﬁ
surface 61 a and a second surface 61b which are parallel to each other.

he apor KLALe4Ea0 aih ek RBA 2 E PBEPhIE DEA HERp R RS arftRgB By Safihyhe
first surface 61 a of the optical nmenber 61, there is fornmed no grating 47

such as mMwveshy the dgving of theitheeadomotore first surface 43a of the optical
menber 43 of the first enbodinent is not forned. Therefore, a |light beam

i ncident on tI@n iy base!2 ITertiaxiab dcfuatemhdising sectiors26 iapovidedwhich opens
transmtted through the optical nmenber 61 without being split into a

pluralit . : L a
ol ogr am 38 2R Eacp oot AEEAMhUIIAL B 11, Tholilt PNl o R tq R ine
optical nenber .43 qof the first odinment js,integrally forned. This

ol ogr amPABIGH 2bepijatiabaciketer ThE ot which i actaed tos ey npuRie an 6
JAN 208 87 nenber 61 fromthe first surface 61 a, that is, the |ight beam
di r ect ed obgertive lene Wpinte ghe diresction ofiratlius of the opticakedisi gt inskeated thyi aent
on the optical nmenber 61 fromthe second surface 6 Ib, that is, the return

li ght beamrgwefX ¢6 g 4band fitothgtitectidotoard andr Hwee fedmithe sigidl gatordiiag 1
|, into the direction toward the photodetector 1C 62. As the return |ight
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diffracte _ ogram into t direction toward the photodetector
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first su rﬂo?gjig%lor?ibn 31 movably supported to the fixed portion 29 via a suspension 30, and
a driving portion 32 having a coil and a magnet for minutely moving the lens holding
portion 31 in biaxial directions by an electromagnetic force. The objective lens 27 is
held by the lens holding portion 31 of the biaxial actuator 28.
In this biaxial actuator 28, when a current based on a tracking error signal and
a focusing error signal is supplied to the coil of the driving portion 32 from the servo
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



Thi s hol ogram 48 is bisected al ong a boundary 48a passing through the
optical axis Oof the return |ight beam of the main beam and t hus Dng&@QﬂB
hol ogram areas 48b and 48c in which hol ographic gratings of differe in
diffraction angles are fornmed, respectively, as shown in Fig.14. The

hol ographi c gratings of the two hol ogram areas 48b and 48c are constituted
by a plurality of grooves extending in a substantially perpendicul ar
direction with respect to the boundary #8a. Therefore, the return |ight
beam i ncident on the hologram48 is split into two beans by the boundary
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portions of the return light beam ~ JAN 2Qy 88 generated by splitting by
. the boungiirte 48d PphdtodcdrOintéBrateditéréin’ ect ed toward different positions

on the photodetector 1C 62 are received by the correspondi ng portions of
the light-recel Wi: ) f phat odetiect.ary 14C 62 £ i er hor
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48, the poungdary 48a hetween the two, hol ggram areas 48Q and 48¢ i inclined
at a preg@seeﬁﬁﬁ%laaw ghheamyis snitted iashduection sukstant Hpaﬁﬁsﬁmé@gﬁam ng
to the direction of radius of the optical disc 11 so that the boundary does

not coi nsurfecevpottiomefdhe dasé @i, dmtriessaubsdantealtyoparialetto due signabfecoading of
the optical disc 11 indicated by an arrow X in Fig. |4. Specifically, the

boundary sdfac®6f esptidae dised 1Nak IREWIAFRAS. HitthiastiddGitug 1@, 41 i Heafn 48

is inclined at approxinately A5 degrees with respect to the direction
correspongdi: r . .
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boundary_48a between the two hol ogram areas 48b and 48c of the hol ogram 48
i s not cleadingdwe optical path taithe objastivedens2dondi ng to the direction of

radius of the optical disc 11, when the position of the objective | ens 27

with respect tAs theclighpt besah ensiotedrfrérh, thiehategratedtdpgicabslement 44f istdamsed to
objective lens 27 with respect to the integrated optical elenent 40 and the
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by the boundary 48a be éﬁ&&the t wo h&l ogram areas 48b and 48c of the
hol ogr amM§°SSARY 9%@%?9{.5 ANt 8°ACehe return |ight beam generated by the

asymmetrical splitting are received by the correspondi ng portions of the
| i ght - r ecei vi nthe sgegmatedopticel plemand dilcbasa semigmductor laser element 41 as a

light source, a prism 42 having a function to beﬂd 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



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 glgArQiBd
by finding the difference in the Iight quantity of the respective parts of
the return light beamreceived by the correspondi ng portions of the

| i ght-receiving section of the photodetector IC 62. In the above
description, the boundary 48a between the two hol ogram areas 48b and 48c of
the hologram 48 is inclined at approxijgately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11.
However, the apgle of j.ncli nation,of thecboyndary 48a with respect to the
di rectifgﬁewmgg%p@ﬁ%fdglﬂtob?%%ﬁwghnﬁ'gr adius of the optical disc 11
may be suitably set within such a range that a sensitivity necessary for
det ecti ng t hEheenicandugtan laserlement hé, thsjpstsm §2 and the rzhotpdetqwéordﬁd ddtion
of radius of the optical disc 11 can be obtained. The range which allows

obt ai ni4¢ privideRehtd bohd d6casmired imiddatprkape nmdiabppdst i On 68y in@dihon of
the objective lens 27 in the direction of radius of the optical disc 11 is
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recordi ng and/or reproduction of signals by irradiating a signal recording
sur f aceopticdmember 4B isljcinediblyransadhieghite drethe likemomsitei thelapgtturesdba.ce

for emtting the |ight beam a photodetector having a light-receiving

secti onThaf is! BxLintégrated bptisalelbinght 40 eavAaithead floky elehtertiisdladingdy di ng
surface of the optical disc; a package nenber for housing the Iight source

and t he; { - her ei.n; t+cal. . e
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for transnmtting_the.retyrn |Iight beam directed war,d th hot odet ect or ;
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the optical menber for separating the optical path of the Iight beam

eni tt edtligreom t he 1ight source and the optical path of the return light

beam directed toward the photodetector; and
The semiconductor laser element 41 is a light-emitting element utilizing

recombination radiation of the semiconductor, and emits a laser beam (light beam) to
be cast onto the signal recording surface of the optical disc 11.

The prism 42 has an inclined surface 42a inclined at an inclination of
approximately 45 degrees with respect to the board 46. This inclined surface 42a
reflects the light beam emitted from the semiconductor laser element 41 into the
direction substantially parallel to the board 46 and bends the optical path of the light
beam.

The optical member 43 is formed in a parallel-plate shape made of a transparent
plastic material or glass and having a first surface 43a and a second surface 43b which

are parallel to each other. This optical member 43 is joined onto the package member



i ght beam splitting neans integrally formed with the optical nenber for
diffracting the Iight beamdirected toward the optical disc and for 2003
splitting the light beaminto a plurality of beans including a main ﬁeaﬂ¥
and two side beans; is fornmed on the first surface of the optical nenber;
the optical path branching neans having at |east two diffiraction areas for
diffracting the return light beamreflected by the signal recording surface
of the optical disc, into different diregtions, respectively, the boundary
between the diffraction areas C~EPI . ~~EMENT SHE~, T ,~ ~ S ~7r1 ZIPr 6 JAN
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| i ght-receiving sectjon of_ the_phaqtodetector being divided into ortion
for receiving nrtgﬁfifﬁt prigace 6aam%dh¢ ppHsabmembeft3.dt gratmgt4 oAs gggbi)éﬂmt he
optical path branching neans and a portion for receiving a return |ight

bean di f fgplittiag nwarishis intelpeallydfdrinedcitiaqrositien onwhe optioal pathaifithe dighvbeher

has a surface on which the light beamemtted fromthe |1ght source is
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integrated optical element as clainmed in claim1l, wherein the optical path
br anchi nganéhas aipluralityrefigeaoves axtendmgoomduegtitreshgaly iredingdwitlacespesat to

areas is inclined at 1 ~ degrees or nore with respect to the direction

cor r espongiendirtotib & otitespehdidig &f theadirdstion dfhadai bf ehe diptical discThE The
integrated optical elenment as clained in claim1, wherein at |east one
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carrying m recordi ng and/or reproduction of signals by irradiating a
signal re aﬁw@ twosideckeasns madgpin efplugiand minus Istorder dibbasteddighss byithe:
a light source for emtting the |ight beam a photodetector having a
| i ght - r ecdiffravgioneefféctrofithese gradwesng a return i ght beamreflected by the
signal recording surface of the optical disc; a package menber for housing
the |ight sour @f @iiphirsliRNeF BEakRdedleratBaI8) Bplitting by the grating 47, the main
beam is cast onto a predetermined recording track on the signal recording surface of
the optical disc 11. Of'the plurality of beams generated by splitting by the grating 47,
the two side beams are cast to positions which are vertically away from the position
irradiated with the main beam along the recording track and which are horizontally
away from the center of the recording track by approximately 1/4 track on the signal
recording surface of the optical disc 11. Thus, three light spots are formed on the
signal recording surface of the optical disc 11. Therefore, the optical pickup 20 is
capable of detecting a tracking 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



an optical nmenber arranged on the package nmenber for transmtting the |ight
beamemtted fromthe |ight source and for transmtting the return |ight
beam directed toward t he photodetector; optical path branchi ng neansg JAN 2003
integrally formed with the optical nmenber for separating the optical path
of the light beamemtted fromthe |ight source and the optical path of the
return |light beamreflected by the signal recording surface of the optical
disc; and return light beamsplitting ﬁﬁfns integrally fornmed with the
optical nenber for splitting the retur i ght beam passed t hrough the
optical path branching neans into at |east two _beans; the rg%urn | i ght beam
spl i tti nderignd reeending surfase of theweptioakdised lnthenpasaed thuosgh the obigctive
vectors, the boundary between these surfaces being inclined at a
pr edet er lengeshdhigdident apainesneidie dpticaldinedstéron3 card edrohnds ndiffractetdeby a
direction of radius of the optical disc; REPLACEMENT SHEET 2 g S E p ~Op~
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by the return Ligat beam splitting means and a portion for receiving the
ot her reP&FOMEHECBeam 5. The integrated optical elenent as claimed in
claim4, wherein the optical path branching neans is nade of a hol ogram
formed on t heGsuheaeeond surface4Bb oéthivsoptica] nimebént % ghaheldgoanid@as aptieaknt
as claimed in claim4:, wherein |ight beamsplitting neans for diffracting
the |'i ghpatieb € heshnkOWahtbdrilly @8fmedlatH position 6190the RIptichl patH bE the ght
beaminto a plurality of beans 1ncluding a nain beamand two side beans is
fornmed i ' he - ' . The i nt G .
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which the. ljight beamemtied from.the |light source is.incident and a second
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the return light beamreflected by the signal recording surface of the
optical dBsc is incident, and wherein the return light beamsplitting means
is formed on the first surface and the hol ogram as the optical path
branchi ng neaffhis holegraed 48ndirbetly emmdﬂwmaﬁght Beabhindidémgontthd apidatal
elenent as clainmed in claim7 , wherein |ight beamsplitting nmeans for
di ffi acty | § ' 0 t ' d
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splitting the |ight aminto a plura Including a main beam
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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 S EP 2001 6 JAN 2002 103 9. The integrated optical elenent as clained
in claim4, wherein the optical path branching neai~~ is forn~ed so that
the boundary is inclined at 15 degrees or nore with respect to thef JAN 2003
direction corresponding to the direction of radius of the optical disc. |
0. The integrated optical elenent as clained in claim4, wherein at |east
one lightreceiving section of the photodetector is divided by a division
line substantially parallel to the boundgry of the return Iight beam
splitting nmeans. 11. An optical pickup for carrying out recordi ng andl or
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surface of the optical disc with the converged |ight beam a photodetector

havi ng a balgdtantisiteperipeadioedin diredtion witheespecgtethedoundaty 48¢. Dlegrefore, the
reflected by the signal recording surface of the optical disc; an optical

menber ar : | . ' d
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made up of a hologramintegrally formed with the optical nenber for
separ at i ngorthen tpdent| orpthehotber i;nb:gra@mreb é@maeerﬂﬂ%redtddr atrdiffieeenitidyfiractan ce
and the optical path of the return |ight beamdirected toward the

phot odet eahgles intd ¥ A& M along the bousideryE4 8a. ZBBe diffadtedYeairaire ditdctéd ng
nmeans integrally forned with the optical nmenber for diffracting the Iight
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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 1is 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



directions, that is, the direction of radius of the optical disc and the
direction toward and away fromthe optical disc; the optical path bLsgﬁn&ng
means having at least two diffraction areas for diffracting the retu

| ight beamreflected by the signal recording surface of the optical disc,
into different directions, respectively, the boundary between the
diffraction areas being inclined at a predeterm ned angle with respect to
the direction corresponding to the dirggtion of radius of the optical disc;
at | east one light-receiving section of the photodetector being divided

into a | [ VI . | 4. ghyt ' p .
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receiving.a retu i ght  heam diffracted by the other diffraction area
wher ei n AHadB}SQ POrPgWﬁE lsﬁgisl-a surface on which the light beamenitted
fromthe light source is incident and a second surface which is

subst ant i al | yinpthisadase) the ditelcéiohi costespondmpeodheldractabn ofiradias oftheroptidaght
beamreflected by the signal recording surface of the optical disc is

| nci dentdisand s 8 dARRATRMRIRIR écﬂﬁé@@hf)ﬂfﬂf@&&&@P{’gﬁdﬁ@?{ﬁq@fg s

branchi ng nmeans is tornmed on the“se surface. ~
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optical disc with a |light beam conprising: a light source for emtting the
li ght be@lmctlorngbE@rﬁ%@dﬁmdlghgbmnncmnt en thehologgam 8 moyks whearthe
emtted fromthe |ight source and for irradiating the signal recording

surface spottdfethedigitdjeath sastwoiito theesigoalvecgadingi syitfadecafitheaoplicdl alist ¢t or
having a light-receiving section for receiving a return |ight beam

reflect eghggs i th BB or BF PAGILE BIHE bPFiBaldist ¢, Opti cal disc;

In Fig.7, to simplify the description, the rise mirror 32 is not shown which is
arranged between the integrated optical element 40 and the objective lens 27 so that
the direction corresponding to the direction of radius of the optical disc 11 1s the same
as the direction of radius of the optical disc 11. In Fig.7, the semiconductor element
41, the prism 42, the optical member 43 and the photodetector IC 44 are shown as
separate members. Actually, however, these respective optical elements are integrated
as the integrated optical element 40, as described above.

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



an optical menber arranged between the light source and phot odet e@bdJANN003
one side and the |ight beam convergi ng neans on the other side, for
transmtting the light beamemtted fromthe Iight source and for
transmtting the return light beamdirected toward the phot odet ector;
optical path branching neans integrally forned with the optical nenber for
separating the optical path of the light beamemtted fromthe |ight source
and the optical path of the retain |ightggbeamreflected by the signal
recording surface of the optical disc; return |light beamsplitting neans
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beans; and a bi axi al actuator for novjng e |ight beam cqnvergi ng ns
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disc and the direction toward and away firomthe optical disc;
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splitting neans having at |east two surfaces having different nornal
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return |ight beam generated by the return |ight beamsplitting neans and a
portion fesctioacd themhotodetoetosdG44.urn 1ight beam 13. An optical disc

devi ce conprising: disc rotating neans for rotating an optical disc; an
optical pi ckupThaos, ifah¢ gptigalgitkip20] theqdsitich deviaton odided bbjectiVe 3Rl f by

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



irradiating with a light beama signal recording surface of the optica

disc rotated by the disc rotating nmeans; a signal processing ci mduJANTHI
processing a detection signal fromthe optical pickup; and an access
mechani sm for noving the optical pickup in the direction of radius of the
optical disc; the optical pickup 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 if64adiating the signal recording
surface of the optical disc with the converged |ight beam a photodetector
havi ng aat il Shfept&adrinBee §8EH teapetfo Rt Sort&@ipdnding ththeddiaédtion of
refl ected by the signal recording surface of the optical disc, an optical
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toward the photodetector, optical path branching nmeans made up of a

hol ogr ambendtstgireldl satisfaoredlyn t h the optical nmenber for separating the
optical path of the light beamemtted fromthe |light source and the
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and two side beans is formed on the first surface of the optical menber,

and a bi gliregtioncearsespontling tathendireetzon pfradine afthoontsealidise hbans into

bi axial directions, that is, the direction of radius of the optical disc

and the directThe phovaletector IGvkd hhs amplidiedeptiot akctios ¢or tévenanpgithalrefuehh
branchi ng neans. having at |least two diffraction areas for diffracting the
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diffraction area of the

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



optical path branching neans and a portion for receiving a return |ight
beam diffracted by the other diffraction area wherein the optical nenber
has a surface on which the light beamemtted fromthe |ight source is

i nci dent and a second surface which is substantially parallel t&&#Nip®Bst
surface and on which the return Iight beamreflected by the signal
recording surface of the optical disc is incident; and REPLAACFMENT SHEET
~ 9 S EP 200i 108 6 JAN 2002 wherein ghe hol ogram as the optical path
branching neans is fornmed on the second surface. 14. An optical disc device
cornri si Rg e Gl i . - disc,

o1 cicup' A HeAh &8 3 P AT Focchlirg AL RGP (sE, FiomaEs Bt e
irradiatin .th a |ight beam a si | recording surface of the optical

di sc rot JPS@%gﬂ?@k&?E&‘e&R@@fﬁbscggﬁns; a signal processing circuit for
processing a detection signal tomthe optical pickup; and an access

mechani sm f or @bthesg light-regiving septioks pf the phetodeteetdr sectioh, thedtartenlightie
optical disc; the optical pickup conprising a light source for emtting the

li ght be%%%g?aﬁﬁmqe AKea&d Bg d?’%@ﬂﬁl Iﬁﬁ’édsl WRHEL S }ﬁ)@.ﬁallél‘%o khIBbuRBAPYU8a

emtted fro I ght source an r irradiating the signal recording

surface qgf .the tical, disc with t CORVEr g | i,ght bea hot odet.ect or
avi ng a pethisenBedi bilobut abrns B RBH 45 e HhlberAt B, a8 A Risin
reflected by the signal recording surface of the optical disc, an gptical
menber arlinghg@d inslinednat apnrpymatalyir 48 degreshovatherespent & thee difegtionnd
the Iight beam convergi ng neans on the other side, for transmtting the

| i ght beacoreespaneling tothd deettionof sadins @fahd opocal dBodrii and aglivizéorn Bheidd

| i ght beam directed toward the photodetector, optical path branchi ng neans

integrall drtﬁ@%@ﬁ»‘éi tWthe difisioRRinLas, zlﬁﬁﬁﬁﬁfs R fore ll’i%h@-'r@f:}&ﬁv cRPlohs 2 1,pe4 N

of the light beamemtted fromthe l1ght source and the opti cal pat h’of the
return |ight tae reflected by the signal recording surface of the opti cal
di sc, ret{rfd ‘gm beam splitting nmeans integrally formed with the optical

REPLACEMENT ~H-E~" 3.9 s . ~ ~ zoos, 6 J 20 09 . .
n the ph%todetector section ofA ge ph%ztocjletector IC 44, the light-receiving

section B and the light-receiving section C of these light-receiving sections receive the
return light beams of the two side beams generated by splitting by the grating 47.
Also, in the photodetector section of the photodetector IC 44, the light-receiving
sections Al and A2 on one side of the division line d4 of the center light-receiving
section A receive the part of the return light beam of the main beam which is diffracted
by one hologram area 48b of the hologram 48, and the light-receiving sections A3 and
A4 on the other side of the division line d4 of the center light-receiving section A
receive the part of the return light beam of the main beam which is diffracted by the
other hologram area 48c 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



menber for splitting the return |ight beam passed through the optical path
branching neans into at | east two beans, and a biaxial actuator for noving
the |Iight beam converging neans into biaxial directions, that i s_g% 2003
direction of radius of the optical disc and the direction toward*and away
fromthe optical disc; the return Iight beamsplitting neans having at

| east two surfaces having different normal vectors, the boundary between
these surfaces being inclined at a predgfermned angle with respect to a
direction corresponding to the direction of radius of the optical disc; at

or t1 on F4riof deariyiife i EetRER st BEreABIT B ST SFlodSm areL ¥hF 3 g
beam splitting means and a portign for_receiving the other return |ight

beam  lologramd@amgalividedbyythe division lingdd wiich is paradlel te the beunfargddaon
corresponding to the direction of radius of the optical disc 11, the

sensi t i Vbétweenctbedaiovhdlograiataeeds 48b uhd 48eufithe hotsrani 4®n of the objective
|l ens 27 in the direction of radius of the optical disc 11 can be obtained

satisfactoril . Y L t r t he
two hol ogram gr} %%ggigﬁﬂa‘ﬁ&kﬁlég b?g?%géﬁ%%ﬁ’%%ﬂg%?ﬁﬁégf&%ﬁ egr ees
or nore Ww resp to.the direction,corresponding to, the djJfection.of
radi us oflmgktlﬂhe%}atqef@ e mainbepm eeRerateh by g Bt by fee 591%%4%& BeetEd or
section for receiving the return l'ight beamdiffracted by the hol ogram 48
and t r anbyithe ¢éwotlighturgbeiving squtionalseperated bg the divisian hslet dywhiciniseparaliel

circuit for converting a current fromthe photodetector section to a

vol t age. td ke douadhihpn8ast thiellislopraahel8. neerefops] Ry cxaenplk eswd whbiethe
phot odet ect or section of the photodetector IC 61 has, as shown in Fig. 14,
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d 48c ¢f t.he "hal 8, .that is, | i 5 inclined at, ..
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direction of radius of the optical disc 1 |1 and a division |line d6

or t hogonaYavelength igigoneratad in the sgmiconductor laser element 41 or in the case where a

change in the refractive index is generated in the optical member 43 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.

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



In the photodetector section of the photodetector I1C 62, the

| i ght-receiving sections D and E of these |ight-receiving sections on one
side of the division |ine d6 receive a part of the return |ight Hgﬂg%mﬁﬁﬁﬁ
is diffracted by the one hol ogram area 48b of the hol ogram 48, ameé®Tie -

| i ght-receiving sections F and G on the other side of S SAN zo~~ 91 the
division line d6 receive a part of the return |ight beamwhich is
diffracted by the other hol ogram area 48¢ of the hologram48. In the

phot odetector 1 C 62, the current val ues based on the |ight quantities of

the phot S3epe P EERNRolIR ai BhracRSG il uR5Ef TRI geokrabd POGYE

conversion ciycuit apd are supplied as light-yeceiving,signals taq the,

si gnal pregeed g-peanimethodk leeeqyst; 2 saznal indicatingthe positiopiniorpation
signal processing circuit 1 S carries out predetennined arithnetic
processi ief thasbgeativet leas R7gbtgeneratedi ng si gnal s, thereby generating a
reproduction signal RF3. Also, a focusing error signal FE3 is generated by

t he socal |l ed Fplgg t . { | I i d
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osition information.of the .objective |lens 27 i enerated. Th .
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carrying out arithnetic processing with respect to the follow ng equation (
18), where SD,Ingeprefucing thssignaterssardeden thegnpticalchse 1 hyysisipathe opyeal on

the return |ight beamof the nain beamreceived by the |Iight-receiving

secti ons disc Bevicedlq fisspthd bptipaldisgiel ecinduntalon e §indlranptuatieThen s | C
62. RF3 = (SD+SE) + (SF+SG) ... (18) The reproduction signal RF3 generated

by the siggal iﬂgl%cl%%xngz G ES%itfogéHg drivél 9F Sﬁgéﬁ?t%ﬁnﬁ{édoﬁwg‘%f SFtrb i A

then transmtted to an extern uter or t evia t Interface 17.
Thus, the_extegnal co ter or. the |ike can ceive the ;sighal ‘.3 6 JAN
2002 92 rWidstdg Sontf ot afic ppliealfise contralley 14, the opneal drsnl Cisgotptedrne
focusing error sjgnal FE3 is.found by the signal processing circuit 1 S
carrying out afil qaéﬂp&@%@%@é’ﬁr@lwtmsmm&ucm leser ¢lemeahAd preyidad ns
(19), (20) or (21). FES = SD-SE ... (19) FE3 = SF-SG ... (20) FE3 = (SD+SF)
- ( SE+SG ) the. intdgtatedTbptidal @bdment 40 obthesopmed] piddup 20.f Then, dsythietthred dymaitor
processing circuit 15 carrying out arithnetic processing with respect to
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error signal FE3 and the tracking error signal TR3 generated

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
43 from its first surface 43a via the aperture 45a of the package member 45. The light
beam incident on the optical member 43 is split into a plurality of beams including a

main beam and two side beams by the grating 47 provided on the first surface 43a of

the optical member 43, then transmitted through the optical member 43, and emitted



t he signal processing circuit 15 are supplied to the servo control section
19 via the optical disc controller 14. On the basis of the qufgkngwﬁiror
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
focusi ng 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, sghe optical disc device 10 can
appropriately reproduce the signals recorded on the optical disc 11 even in

t he Caseﬁ&‘ﬂﬁgﬁ@&%%ﬁicﬁﬁ{caﬁkﬁ?ﬂéﬁ 4os fluctuated or tilted. ~ 6 JAN ZppZz

93 The sign i'ndi cat'ing the position information of the objective |ens

27 is found t he, sjgnal processing circuit ;1 S.carryin t arqth i C
o1 ocessi ng.wi LI NELphERt csiRaFam G inlrdhted onficl slgme Aty RlgeciFby
(SF+SG . .. é23)_ The signal S3 indicati n% t he 805i tion information of the
obj ect ithe reHactiay syeface 322 ofitlye rike mirtpna2 andbecomesgneidentipn theobjective
supplied to the servo control section 19 via the optical disc controller

14. Undefent D, Thetight beamliieident b the dhjeetive Mris@7 8 conderged HyiRe vbjectiver ol
section 19 drives the biaxial actuator 28 of the optical pickup 20 on the
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19 in respanse t he. signal, S3 indicating the position jnformation.of the
obj ect i v %Oét%e Qmticabise b, Huiseae, ﬁneegﬁﬁmép%w oapsdran ther gl

m nutely noving the objective |lens 27 held by the I ens holding section 31

i nt o t heregiordingi surfade ofidhasoptical hdisoptli byl thei smid besm andt two side beams

i nst ant aneously correct the posirion deviation of the objective | ens 27

Wi th respesdrated by Spheifr Byl ghafiggapnt i cal pi ckup 20 and the portions fixed

thereto, and thus controls the objective |ens 27 to be |located constantly
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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



Al'so, in the optical disc device 10 of this enbodi nent, since the tracking
error 94 signal TR3 can be detected by the so-called push-pull n?%QOd’
the grating 47 for splitting a |ight beam and the Iight-rece@ﬁhﬁﬁq tions
for receiving side beans split by the grating 47 are no | onger necessary,

t hus enabling sinplification 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 thg tinme of access operation or the

| i ke of the optical pickup 20 is detected, and the m dpoint servo is

carried Oﬂﬁq{fgaétgﬁoggtﬁeéx noving the objective lens 27 in the direction of

radi us of I'sc 11 so as to instantaneously correct the position
devi ation of the objective lens 27 with respect .to e hase 21 of the
optical pi ckuplberefm light b@mnﬁd%l§ﬁﬁ¢tﬁg@%‘iéﬁl@ﬂwa¢hi§éﬂgﬁ@;nsﬂﬂge‘éél&f@ﬂl&by
and stability of the access operation of the optical pickup 20 can be

secured athg dpteahngdimbered, bevvess invidaerdry theapadkage eadmber4 S Alisthe apertine
optical disc device 10 to which the present invention is applied, the
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obj ective |l ens 27. Therefore, the position deviation of the objective |ens
can be dephotoddtepor sqution: ef thesplbtodenoctor &t he hi gh- speed access
property can be realized wthout causing the increase in the nunber of
conmponent part §f theeetuff lighs BehimsHadthPfeached dey phstodetsdtdr KDd4{ haurd Hghi n
cost. Mreover, in the optical disc device 10 to which the present

i nventi ong| i i 5 i 'tt,@&Q % 1.0 t .
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d3, d5 parallel. to.the b dary.48a of .t he ho r 48 ok .the boundary ,53a
of the PoraRsrtvelyinheieRiiraeidng sepion B 8% 1% BEhfrackivingserion Roht Bam
of the main beamsplit by the hol ogram 48 are received by the two |ight

r ecei vi ngPBetadetprfonsemidi-ed by division by the division line d3, d5
parallel to the boundary 48a of the hol ogram 48 or the boundary 53a of the
Foucaul t pri smCfthe Toraralighe bedms havagnkacheethe phiverddtbetop 6Si44i, ametmmn light
phot odetector 1C 44, 62 of the return Iight beam spot of the light begin in
the focusgdaml G¥tthentaiflcabl Whihafladtad bydredislo Grea F8PEEMetold

oscillation wavelength is generated in the sem conductor |aser elenent 41
or in the ! j r.ef WMe. i
opt i cal  magaareyaReR By B et IRe SELIGE Mal LA SnOSI LA AP
to effectively, rgstrai ener.ati on.of .a eviatiqn.of the .signal |evel, of
a focusi némr?r((‘to?{e@leglﬁfr}'%ﬁ@l%g il [@ Bﬂ‘e(}'ﬁ 1%3 b[eﬂ.gnsrl'&vgp% f?ch‘ﬁﬁ theam
spot, and to detect an agpropri at e focusi ngherrqr signal, AlsQ, in the
optical diphetersteeter 1€ 44, awatam light baas efithe masnbeam whichys|ditfsacted by the
grating 47 as the light beamsplitting neans, the hol ogram 48, 52 as the
optical paithetdicglogtimarea48s of tirchdlbgramd8asitéceivedsy the 1aghtirbeeivaaigisectiong ht
beam splitting means are integrally fornmed in the optical nenber 43, 5 |,
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possible to sinpli e operation o ssenbling the optical pickup 20 and

to reduce the nypber, of 1igRi'BaAIRS LelLIVid b§ e }gsel)e%g%% 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



The optical nmenber 43, S 1, 61 can be easily prepared by injection-nolding
of a resin material or by glass press nolding. ~ JAN ~ 96 In the optical
di sc device 10 to which the present invention is applied, the sem conductor
| aser el ement 41 of the optical pickup 20, the photodetector | @ gdANCZpyand
the optical nmenber 43, 51, 61 are constituted as the integrated optical

el ement 40, SO, 60. Therefore, alignnment 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 parts and

t he cost so, iredyction kn si nd t hickness, o h eral, devi an
be.r oa VAL VRIBFE B b dolfhe? o Bon BB R G SEBUREikh (B in
optical pickup of a non polarjzation optical systemfor

recor di ridgnalptothe sighakprpesssingsirauitohd.a conpact disc (CD) or a CD- ROM
However, this inventionis not limted to the above-descri bed enbodi nents
and can al so Phempthlei ignalnpegdiessialg clrqmit dSvéareiel it ngredeteppiined laritheletio of
a polarization optical systemfor recording/reproducing signals to/froma

magnet o [ - di AThE A | rg j il @ﬁo%r. gto
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devi ation of | i.,ght heam.convergin ns withr ect to the .integyated
opt 1 cal “EaRkhF T Alfnen FoqBes oer el BEL W esheeued BY Sheshgalleddionsatine
optical disc can be detected, the optical pickup using this integrated

opti cal mietnehandantracking ertoresignalhT Bleiscgenecated yr thpesoscallasthred-heami s
integrated optical elenent, the optical path branching neans or the return

i ght beg@tisgditting neans is used for detecting the position deviation of
t he "~ 8 JAN ?,pp~ 97 |light beam converging neans with respect to the
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detecting the position deviation of the |ight beam convergi ng neans,

wi t hout hghgrqq%vmgc%a@b, iansignal Sl nipdicasng: thppasition, mfpemptiencekthe n
the size of the device itself and the rise in cost. According to the
optical pbydctivedénd lsegemeestedt i nvention, since the position

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.



deviation of the |light beam converging neans with respect to the opti cal
menber at the tinme of access to a desired recording track on the optical

di sc can be detected, the position of the |ight beam convergi ng nmeans can
be instantaneously recovered to secure the accuracy and stabili t%?’""&nﬁw
access operation and to realize the high-speed access property. so, ‘I rfd
this optical pickup according to the present invention, the optical path
branchi ng means or the return |ight beaglsplitting neans is used for
detecting the position deviation of the |ight beam converging neans with
respect to ther H@Té&%ﬁng‘gﬁlﬁr sighﬁ‘lfSFEQdisofmﬁiﬁdw Ithé %Eéryal gﬁ@h‘éé@h@ cHOMiItTERNS

for detecting the position deviation of the |ight beam converging neans.

Therefore he optical pi.ckup can realize th i gh-speed access ty by
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converglgg means, W thout causing the increase in the nunber of conponents,

the i ncr d93.evheretSul 342, SA3tand S representthe light-repeivingssignals bgsed on theo

98 mcost. According to the optical disc device of the present invention,

si nce t heepasiligtrbeday bfith®maih belm tdcehtedipp theipherateidngeadtiond All, A2,
respect to the optical nenber at the tine when causing the optical pickup

Lo accessas ok 6 (e pROAINGbACI R LI bakidigacean be detect ed.

the positio eam convergi n e 1 nstant aneously

recovered to secur EFEE?— gﬁugggy and stability of t access operation and
to realize the highspéee C s property. Also, in\this optical disc

devi ce according to th;ﬁgresent i nvention, the optical path branching neans
or the return |ightFBéamd&3-BA4i ng means of the opt(®al pickup is used for
detecting the position deviation of the |ight beam converging neans with

respect to the optiEBI =nEShg+SA3)sBaAR+FALddi tional9y providing any nmeans
for detecting the position deviation of the |ight beam convergi ng neans.

Therefore, th tel - di i . i i -acC .
broper ty by aphig trEdking difol SEhAETHA{ Sud by {He Heflr PRABCAR SRt 1

e R R B AT O A
e SRiind S repiospit the Tigtitreceiving sighals based on the retuim 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 =8B-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 be@ converged by the objective lens 27 so as to follow the recor&ing 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 ata
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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the optical pickup 20 and the portion fixed thereto is deviated into the direction of

p-ﬁ

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 48¢ 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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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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light-receiving sections A3 and A4 on the other side of the division line d4 of the light-
recetving 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 48¢, 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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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 A1, A2, A3 and A4, respectively, of the photodetector section
of the photodetector IC 44.

Sl =(SAI+SA2) - (SA3+SA4) .. (11)

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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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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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 S1a 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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10%| & (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 Sla, 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 5la.

Also, on the first surface S1a 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 S1a 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
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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 is, 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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10" 10" 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 53¢ 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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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 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 51 from its second surface 51b.

The return light beam incident on the optical member 51 from its second surface
51b 1s 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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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 51a
of the optical member 51. 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
53a s 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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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.

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 valﬁes 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 IC 44.

FE2 = SA1-SA2 .. (13)
FE2 = SA3-SA4 .. (14)
FE2 = (SAI+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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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 ciisc 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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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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into 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 1s
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 pﬁsﬁ 53is
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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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 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,
S2 = (SA1+SA2) - (SA3+SA4) - (A7)
'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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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 so 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
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member 61 from the first surface 61a, that is, the light beam directed toward the
optical disc 11, and diffracts the light beam incident on the optical member 61 from
the second surface 61b, that is, the return light beam reflected by 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
mcident 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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generated by splitting by the boundary 48a of the hologram'48 and directed toward
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 ciisc 11 indicated by an arrow X in Fig.14. Specifically, 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.

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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direction of radius of the optical disc 11 from the normal position, the return light
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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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 enu';ting the light beam;

a photodetector having a light-receiving section for receiving areturn light beain
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
difﬁactzng 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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4. 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 0ptic:<11 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

ipredetermined angle with respect to a direction corresponding to the direction of radius

of the optical disc;
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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.

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 retumn 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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9. The integrated optical element as claimed in claim 4, wherein the optical path

branching meaus is formed so that the boundary is inclined at 15 degrees or more with
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 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 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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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.  Anoptical 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;

a photodetector 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 liéht
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 sblitting 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;



f#10%&' ()- S&#10%&' ()- 10%&' ()- 001[ 111U2dEnb@ 1 @I #10%&' ()- @ 10%&' () -
109& ()- 109 ()- #109& ()- y#109%& ()- U23Mi44+5y5z5aB7@ 1 10y5 109%& () -

93109& ()- O#100& ()- .#109& ()- !y, 39409%& ()-! #109& ()z

1004109 ()-! LO#10%& () - LO#L0%& () - FLO% () - ! $9f 10%%?%@@[?%9%@5*

.7 ;;:}OP1OF10%& ()-'L10%& ()-4 10 10 10!{Of,, ZY40%& ()-

| #109%&: () -1 #10% () - ; * <ws<=w==dEOP10F10%0%& ()- " #10%& ()-#10% z;

#10%& ()- #10%& ()- L#109%& ()- ==G>>>>?: AdEOPLOF109 #10%& () - Q%N P

f110%& ()- 9#10%& ()- #10%&' ()- s 10028 ()- : AAA BBBBBerrb@)Fll\&l

10% ()- 10z 10z 10z5#10%& ()- " 3#10%& ()- 1#10%& ()- . 10%& ()- BBB
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.
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
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;

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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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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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 op;tical 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 ofradius
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.
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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 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 bez;.m 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 48c¢ of the hologram 48,
that is, a division line d5 inclined at approximately 45 degrees with respect to the
direction corresponding t;) 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

48D 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
reproduétion 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 arithmetic 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+5G) .. (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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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+SG) - (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+SQG) ... (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, 1n the optical disc device 10 of this embodiment, since the tracking error
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signal TR3 can be detected by the so-called push-pull method, the grating 47 for
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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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 eléxnent 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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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-
polarizaﬁon 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, in 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

i the number of components, the increase in the size of the device itself and the rise
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in cost.

According to the 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, the position of the light beam converging means can be
mstantaneously 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
path braﬁching means or the return light beam splitting means of the optical pickup 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 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 nise in cost.



