; e3eHHF$6ZTy(31 MAR 2003 OPTI CAL Pl CKUP AND OPTI CAL REPRODUCI NG APPARATUS
TECHNI CAL FI ELD The present invention relates to an optical pickup, for

exanpl e " eti ng an optical recordi ng medi um such a n i
di sc w “““M@(‘J\“‘;mmm“iom alight emtting part and receiving gng Mﬂcm%
the ret |ght reflected by the optical recording nmedium and an
opti cal repF%ﬂﬂcing appar atus. Mor BESEBEPTIOGHI |y, it relates to an optica
pi ckup preferably adopted to the case of detecting a tracking error signal
w th respect to eRTDEAL CEICKIUSANR\VOPIIGAL REFRODUCING adepRATUSNd an
optical reproducing apparatus. BACKGROUND ART Since optical parts such as
gr ati ngsraggnbesam sppndters are assenbl ed i ndependently in conventiona
opti cal pickups, such as optical disc drives including conpact disc (CD)
players, and nagfgtoppesérel i fiart fin aslatdie Pl BPaldadn pabkupe for
apparatus as a whole is conplicated and | arge. Mireover, in'the Case of the
assenbl y ub : ri g, St I u s heen
eﬂﬂmﬁééhsf%# a%lﬁrfcﬁ@tﬂy drf! op?:lﬁiafl %cﬂfﬁ%&&hd@ﬁ@%&éﬁaﬁé af

required In e optical position setting.

configura] i Jﬁﬁﬁﬁpl QRL. s s dicated for
reprBgﬂcgb*é%g%?lg‘g%%nm\’/%\l%ia%na corr%-aég{ %ﬁsl%wc%ﬁl%égggtaggakﬁgi ckup 81
conprises_a_semnm conduct or ser diffragt.i on gratin 3,...a, heam
T6b160 2ele T IE HbASter (Y e Bdindd gl T2 Rl BRI 1 gne
receiving elenent 86 conprising a photo digde. .Alaser. li.ght L fromthe
sem condfBESFa} ALErORBRG mediitiyy And A RPYISAY SSPEeAUFHg,REPERa g
converged by the_objective |ens, 85 so as, to be irradi ated _to .an opti cal

di sc 90, The ret HPRRSPPGRELFRIIECI LY XRLATRS iRt (AMIORHICA Lo BICKERSM t 5 ¢ he
bean1sp|itterﬁ£%ate 84 so_as to be received and ,detected by the |ight

recei vi nBrefershty sedorkrib 9  the£a5i8 idhdehiactdpas f (’:‘Gﬂﬁlkil§gse5rpgr ge

nunber of parts so as to be very bulky as well as a high positionin

S y / 2 A
accur acy SignRd gtk dresRegt el A1 ORHCH SHRS ARG &y eptigpad Héghod for
the tracking servo in an optical apparatus such as an optical pickup, in
general,dﬁﬁghpuéhdpﬁmI°Pﬁ%¢ﬂktr%9ﬁ9 Uiy RPRAGAAYSod, and the heterodyne
nmet hod, or the |ike, are used. Anong them the conventionally executed
push- pul BAGEEROUNDtART zes generation of the strength difference in the
first order diffracted Iight generated by the disc in the case the |ight
spot of the inci 8§énce| Pphicat pAFts huch sk ratingsiandbepmyispd iderRat
the far-ffield i mage becones asymmetrical. Mdrre specifically, it is a
met hod ofrdeasgeinhied hindepepndentiantinfcanwerndponed] opydcafly pickupsyrack by
taking out a signal corresponding to the asymetry by two detectors and
cal cul at enght e epyhedl disendhiveswoingshusting sonipaeta disicc (CR)oplagets, 9A
and FIG 9B show schematic configuration 2

and magneto-optical disc drives, the configuration of the

apparatus as a whole is complicated and large. Moreover, in the
case of the assembly on a substrate as a hybrid, a strict
alignment accuracy has been required in terms of the optical
position setting.

| FIG. 8 shows a configuration diagram of an example of an
optical pickup dedicated for reproduction of a conventional
compact disc (CD). The optical pickup 81 comprises a

semiconductor laser 82, a diffraction grating 83, a beam

1 *166166*

ITARHEA



31 MAR 2003 di agranms of a tracking servo using the push-pull nethod. As
showmn in FIG 9B, a mark or a space is recorded by the rugge e
pit on the surface of the disc 52. If the pit is irradi ateﬂ ﬁmcﬁmjﬁ:t
the light is diffracted by the ruggedness so as to be divided into the
zero-order_diffracted Iight (main beam B) and the t first-order diffracted
i ghts (spbitkerspinye |84} mriahjartise denssBSeaanddandigbtt heceivadgati on
spots of the zero-order diffracted light and the first-order diffracted

| i ghts. &bement offdcdmpaisgfa tplotapetiades oA flhsewbjléghitvh Feom. the this
case, as shown in FIG 9A half-split photo di odes PDR, PDL are di sposed
and for neémbsondectoghlaseced ¥ iy meflletddy byheheabedmatpdtitpeecpsatef a

signal received by the photo di odes PDR PDL, for exanple, of (PDL - PDR),
with a dgifesgdtichvargdd fhertidBbidduisid aledd) 85060t B8 kbkBe a tracking
error signal TE can be obtained as a tracking signal. In the case the track

and the beagyfkedOfto CHh 'Eﬂt)@ﬁ?al e doe TRl rethtRbdl ii@ﬁfc E{aﬁgwééi ng
line of the half-split photo diodes, a positive or negative value Is
ODLET MedbPeeRe p0LLeL (e dl S ELATLIEC Heah Wpl FRUELSBILELY hRISIE =

S
(PDL P ccordingly, e di spl acerent direction-or annuﬁ respect

et hoa cah B3 PRATFOSRvE A P RaRdd ot WA BN KB 1V RO LrERBHET D e

at a Iomh ost. 3 31 MAR 2003 However, a problemis involved in that the
returned F'fght fromthe disc is shifted perpendicular to the dividing Iine
of the light recgiving el nt_on the Jight receiving surface in the case
t he objective Ieﬁgw?ggghigﬁ%doﬂf%?ﬁikgﬁﬁﬁﬁpté}tﬂﬂ?ﬂﬁﬁ%ﬁ?aﬁ ingeSEuPﬁﬁF a

| arge offget is generated in the tracgking errqQr signal. As shown in FIG
10A i n PhPREER FRADLFRR? ST E LY (% Ml 8§ Pnhifl PREFAPRIRFect | on,
the spots of the |ights received by the photo di odes PDL, PDR are shifted
accor di n§FFUEICE nbT eFUiFrRd bhr AR 15SRELE rafde; RECIBGEA VLY A8 LPUeking i s
made i nmmedi atel y_above the track, the tracking errar signal does not
satisfy TE = 0. RBracPerhodsferotihe | trasking sisrva 4o an opticade the
objective lens 51 is tilted with respect to the disc 52, the spots of the

| i ghts taPBRrakkd sech2% amiReCak RIIWP by §ENBrdten thenbdshaRB L hus
even if the tracking is made i nmredi ately above the track, the trackin
error siBabhodoethaothsee|kegm pethed, mnd the §ﬁ6ﬁ§oﬂﬁéeiW?Fbéﬁceoéftgﬁe
above-nmentioned |l ens shift on the tracking error signal in the case of the
convent | bk, paEQ-p8ed- si gnal . The vertical axis denotes a relative val ue.
The cal cul ation was executed with the prem se that the disc has a 1.60 pm
groove pitch, a WaoBUchhem, sthe oovrverpionakin exesseduppshepiyll meshedti o
between the groove and the track w dth). Mreover, the |aser wavel ength was
set to butilizes generation of the strength difference in the % first

order diffracted light generated by the disc in the case the
light spot of the incident light is off the track or the pit on
a disc so that the far-field image becomes asymmetrical. More
specifically, it is a method of detecting the displacement of
the optical spot from the track by taking out a signal
corresponding to the asymmetry by two detectors and calculating
the signals from the two detectors with a calculator.

FIG. 9A and FIG. 9B show schematic configuration



31 MAR 2003 0.78 Nm As shown in FIG 11, in the conventional push-pul
signal, the tracking error signal generates the offset accqr(di 0

shift of the objective fens. Moreover, in the push-pull ma&gdWAh Qbagcase
the pit depth of the disc 52 is [err],/4n with the prem se that the’

wavel ength of the laser for reproduction is [err] and the refractive index
of the tdtiappanemi substackiagfsanve disd®gszhespushsputéé mathefignal becones
O due to the interference between the zero-order diffracted |ight and the t
first-order diffasicdlesim iightRIG priBicigpaldnk, drha dpheet ienretotrtdedtbpcki ng
error signal is disabled. Therefore, it cannot be used for a disc 52 with a

speci f i cetie afudfedndssy Idf /the piitt deptthe BarfaxanpiferhehaifyDs5¢Di gif athe
Versatil e Disk)-ROM and DVD- Vi deo have a.specification with a pit depth in

the vi cipy¢ yiofiteldiated wildte apusiyhiyl leneethgfitcasnal feaadeat B¢ text,
the three beam nethod will be explained. In the three beam nethod, a |ight

s divi degogbddbdt did dd B GHAioRa IRceS the LAEBLAABENabERMAR [ WO Sub
[0} Sl de

beans on s thereof. FIG 12 shows spot positions on the disc

surface e égig ngﬁFﬁ The V. t ' t . SC S

I rradi at g%g%t%ﬁégrggoot E)g )by g:hr?ai nf%.é:%% 85%%]:5%%{' gkéi%%zf%ﬂﬁe‘ su

beans o . 2003 h Si des eLeo T f ted .l .S,0f the

t wo subr%%%lprss%r) et ec eigfa‘r eg'so‘pe(‘,’t Fbgl é,l %ancoh tyed{cf%féesfe%&gee 15:%21&1%1:'1?n

obt ai ned so as to execute the tracking servo, using the difference signal.
spots of the =zero-order diffracted light and the * first-order

diffracted lights. Sy is round because of the aperture of the

objective lens.
In this case, as shown in FIG. 9A, half-split photo

diodes PDg, PD; are disposed and formed as the light receiving

parts. By the calculation process of a signal received by the

photo diodes PDg, PD;, for example, of (PD, — PDg), with a

differential amplifier (not illustrated), or the like, a
tracking error signal TE can be obtained as a tracking signal.

In the case the track and the beam are not coincided,
since the spot center is off the dividing line of the half-split
photo diodes, a positive or negative value is obtained according
to the displacement direction without satisfying TE = (PDL -
PDR). Accordingly, the displacement direction or amount with
respect to the track can be detected.

Since the tracking servo using the push-pull method can
be realized with the half-split photo diodes, it can be provided

at a low cost.



Here, in the case the spot So of the main beamis off the track center, the
reflected Lights by the sub beam spots S1, S2 becone asymmetri cal
the tracking error signal by the difference signal changes fr3)r$ Mi& hﬁéé
t he change anount of the tracking error signal changes according to the
di spl acenent anount of the spot. So of the_main beamfor the track center,
the tracking serHQWRVET het e kady 1sTHAVOAVEECiBdthaghthef reherRedn beamis
used for the detection of a disc recording signal. In this case, it can
cope wi thighte fsw dheestisonds sbjidtedy perpasdsaularwie hblve diswiding ng t he
of fset. However, since it is necessary to pass through a diffraction
grating kumh & theyrlatghty reded viimighed eivestdosathanl agkts irecéieingicr ease of
t he nunber of parts, increase of the power consunption due to the need of
i ncr easi sgrfdvee liasathd igde alid dbigcaiveniieasCosdsngfted redelst fespadt t he
i ght anmpbunt of the main beam and conplication of the adjustnment so as to
need t heePrall Bt 00 iNed tHake aPhasgedbtEgeencs gehesiton fRtdpd will
be expl ained. The phase difference detection nmethod is effective, in 6 31
VAR 2003 paditi !l ¥ rod %ri‘irﬂaq_tracki ng servo of a disc with a specification
of a[err]/4n pit depth. "The phase difference detection nethod is realized
by a net hod of : ti of; di a d ;

rhgslﬁ EWV\H :euijeéﬁ: I%Herl#ﬁ’e 'céége £he oPE?SELiﬁE“ Pé?é 51

t wo- di nensi onal an RF (hig arnoni c) signal “as the reference,

| gistal Iyl gt : i I d
R R

opti cal n ase rence detectTon ne f
shown i , t o di qdes, .P , .and. R re fornmed Ln the

f our re&%én%'%ef]t?e{)ﬁp%&% c?gp I s%&%%’sagggft?%} at]% %@H%lregdggfé’&ﬁ%&ﬁ;ydga W th
the optical axis as the center in the longitudinal and | ateral directions,
for exanphewn by tthe thuaken ildnesi,r ead shus, ewanchfi the herackingwislimade i on,
and the direction perpendicular to the direction T so as to be disposed in
t he far -inmediatejiyvaboteerthe haack,urthed tragkingr enrohes bpnak adoels smot s
detected with the four-split photo diodes PDa to PDd. In FIG 13, the
circle isatisfy ¢t et Qorresponding to the pupil of the lens corresponds to
the spot of the zero-order diffracted |ight. The eight circles in the
vicinity correspéiockewer heas pitawofin BIG.i 198 ,0rdep dnf thaccasel thét s.

Mor eover, the dot line portion in the center is an inmage corresponding to
the pit ébpéctiwee diess SN tis reddpect wiaht mespeati gartheodist She floar - split
phot o di odes PDa to PDd, for exanple, the signal process is 7 31 MAR 2003
execut edspotd cf atee IhHyhtsF to pealrecetiveld atet Shifbédl asushodn tine led ect ed

broken lines, and thus even if the tracking is made immediately
above the track, the tracking error signal does not satisfy TE =
0.

FIG. 11 shows the influence of the above-mentioned lens
shift on the tracking error signal in the case of the
conventional push-pull signal. The vertical axis denotes a
relative value. The calculation was executed with the premise
that the disc has a 1.60 um groove pitch, a wavelength/8 groove
depth, and a 65% duty (duty: the ratio between the groove and

the track width). Moreover, the laser wavelength was set to be



signal of each photo diode (PDa + PDb + PDc + PDd), and the signal obtained
by calculating the detected signal of each photo diode (for exanple, PDa +
PDc - PDb - PDd) are heterodynedetected in consideration of

The content of the calculation signal is showm in the foll oé%”nﬁngﬂga
(1). Calculation signal = (PDa + PDc) - (PDb + PDd) - C sin (2nw/vp) sin
(2nam¢IV%ﬁ7q1¥?'mherein Vt: detracking anount Vp: cycle of the pit row a:
radius of the reading position cu: angular velocity of the optical disc,
and C. const ant . AHhown ih Béhsilder 4 dhe wonvepsirnadi gaah-pwbh + PDb +
PDc + PDd) is cos (2nawt/Vp), the portion of Csin(2rtVt/Vp) in the formula
1 is theshymplal tWist dinesking ehreorasd donlt genpsatesdihe défsetiarscafding
calculation signal having it as the reference. Fromthe signal obtained by
t he het et sieitfactabhd lobjeetriveklegpsamount Vt can be cal cul ated. As
menti oned above, in the phase difference detection nethod, the offset of

the tracking errsredgng narthwrpgish-pmlgenentiodd by the tass ehéfpitand
further, it is effective for a 8 31 MAR 2003 disc with a specification of

wth roctith of e At e GE yuTh RO B PR ERRE g s Ocnerat el

consequently, the offset is generated. Therefore, with respect to a disc

other ! hafydidiilcrl lof Sdldlddeinaidsy ragaéalctdonanse),,  hfaokheet of the

| ow- pass conponent by providing a p e conpensation circuit, or the like.
In contrast, as a neans for inproving the disadvantages of the

above- nmene f ol ve nveles afalthepttiraals pageatasubstratecaf| the Glis¢ chnhf iz al

| aser coupler) configuration, wherein a light emtting part is disposed at
t he confogadimpmsithersisgfnal duoomey g dueato, thachnaerfierense betwéaen ni ng
the light receiving part in the vicinity of the confocal position with the
| i ght enthé i 2er@esitders dioffmiotadd d ifght tamel phepasEiostibedst ngiffraatedn
and a small size of the apparatus as a whol e by enabling the cutback of the
number ofidghies opirtmdipeellys, thed detepitionc alfi @heotrabkingi gnrentsbdgndhe
time of the optical position setting. The present applicant has al ready
proposedigndigid. Therefore, it cannot be used for a disc 52 with a

specification of a A/4n pit depth.

For example, the DVD (Digital Versatile Disk)-ROM and

DVD-Video have a.specification with a pit depth in the vicinity

of A/4n, the push-pull method cannot be adopted.

Next, the three beam method will be explained.

In the three beam method, a light is divided with a
diffraction grating so as to form a main beam and two sub beams
on both sides thereof.

FIG. 12 shows spot positions on the disc surface by the
three beam method.

The groove or the pit of the disc 52 is irradiated with

a spot Sy by the main beam, and spots S;, S; by the sub beams on



apparatus wherein split photo diodes providing a light receiving part are
di sposed at the above-nentioned confocal position for usin |1
nmet hod, or the like, so as to execute the tracking servo ig i):]mtsibdéj
elimnate the offset of the tracking error signal derived fromthe
above ment i oned Iens shift or the 9 R 2003 tilt of the disc (see
"opti cal P F RS therepfpandde Eétféﬁptﬁﬁpllﬂegi:?oﬂf(QheAFW?\Iosu -ReaAny) |
According to the optical apparatus, since the tracking error signal is
det ect edd¥g dekeqhed. Faspastived y,cARdne: Hadferoncaesignal iecebtairedar t
in the vicinity of the confocal position, stable detection of the tracking
error sig@a&Sc@wlQxeqn#enthajtﬂankimgtBemwgpeusing the differentet he | ens or
the warp of the disc, and thus the alignnment at the tine of assenbly can
drasti casigndk. sinplified. Mreover, since the light emtting part and the
i ght receiving part are forned on the sanme substrate, cutback of the

nunber of parts Eére peimcihe\ibs HNalpdth®,r 6dUEhé OfaDih Béem PIHIEL | On
cost or a higher reliability can be realized. However, the above- nentloned

CPP et h h di s dvant e ul i ar cal_pptical s ste
partlculgﬁ é% ?& %ﬁ%ﬂfﬁ%l#% %fteﬁ ﬁﬁghgﬁsé i%ﬁ?ssﬂ tb?ﬁmj

that is, not in the state with a light spot in focus on an optlcal

recordi n@z hegiomg asymmetsiicght sbothatdibel bracking verrom sidgnadalbydegteh i s
generated. FIG 14 shows an exanple thereof. FIG 14 shows an exanple of a

nuner i cajj ¥ebHEn &l ST hdiRdd teroal oW NgihRe £ﬁéa& galgma 9 the

tracﬁlng error signal” and the detracklngdannunt accor P nmet hod
Shape. asCihe Mg Pird t%?ﬂj Shies ionh?%#%ﬁaeﬁgﬁgﬁé ué%%ﬁl%@né%ﬁeym
2003 F ,

crror dePRoPR o i difey, W BROshIThatR BERR'cof GPUAN cchidlh GRE T

or l'ess, mhlch is alnost the sane as in the focal depth, or in the focal
dept h (stﬁ@%k%m% Je55fR SpbibasiexequEefot changed in the focal depth, in
general, it is not described as the defocus is generated. However,

since-the focus Bhe oretlepted | kidHamfedhe majia g@éé‘r igeused for the

conveni ence). Mreover, as the case of the defocus = -0.50 Nm shown by the
curve G featericion of soisiedardiag ¥dgaadi-gnal having a frequency
d|fferent fromthat of the original tracking error signal (the case of the
def ocus = 0. 00 ulmstibih ®3se heltegare cope atithf theerhopeementienedi ng error
si gnal haV|ng a doubl e frequency. Furthernore, like the curve H and the
curve | ,objrechpine tlans mhifithovitdpart \g@n@rratttiagstgﬁabféaatbe reversed. In
contrast, in recording or reproducing a signal in the optical systemof an
optical disc, inHedeverprsinceoit rigi nefcassaclyi g, pessat tbirovght e focus is
needed. In general, in the focus control, the defocus anobunt is restrained
to the ediffiracfiomegrfaiciig domthh asf at lgeraslinget the imehbodrhagss according to
the spot size nmethod, the astigmati sm nethod, the knife edge nethod, or the
| i ke. Hodésadvantegekefiocushanmarease odt thewaysberi of apaets at ifcneabeit a
slight fluctuation in the focal depth is always generated. Therefore, in

t he caseoffthx geowendrimuniptaicdd rigel to the WABJd26§3increasiiryethée ohaser
according to the CPP nethod, before discussing the pit depth, a
conpensal i gt nenteri ey ansleiecidovrdipighed redecesbhesst the Dighbeanaintience
of the defocus needs to be adopted. DI SCLOSURE OF THE | NVENTI ON

of the main beam, and complication of the adjustment so as to

need the production cost.
Next, the phase difference detection method will be
explained.

The phase difference detection method is effective, in



In order to solve the above-nentioned problens-, the present invention is
for enabling cutback of the nunber of optical parts and sinplification of
the alignnment in the optical position setting in an opti caa 1pmtz@0 uch
as an optical pickup so as to achieve the sinplification aMd'a I si ze
of the apparatus as a whole as we]l as for obtaining a tracking error

si gnal sPabFiCcWlah, rkQpeehe ter3Ptindset R fy I8¢ ¥t B all kinds of pit
depths so as to facilitate production in the sem conductor process. That

is, an obpecifidfatien ppesent/dmveitt ideptls. to provi de an optical pickup
characterized in conprising a sem conductor |aser, a reflecting nmeans for
guiding an outputted |ight fromthe sem conductor |aser to an optical disc,
an obj ective | enSheophase| deffererpe drEoriien metdid der regddgedy byhe
reflecting means on the optical disc, a |light receiving neans disposed in

t he rangmethodt@fit heteyodyne ietentioy it £he dif factied spegtrvn PEght from
the optical disc, and a tracking error signal generating neans for

gener at i hgoadimenkiomakrpit wiignan RE echigharhdamaidndct)ed ignght asr bhet he
end part of at |least one of a mark and a space on the optical.disc detected
12 31 peReZ6A8epyoi he meé¢idd ref adig gh esiscoulfatiiione proces sangt bachobj ect
of the present invention is to provide an optical reproduci ng apparatus
conpri si gfigAallr detegeddate dwroptivahydte-tdy.ective lens in the tracking

di rection gased on the tracking error signal generated by the tracking
error signal genghath8JpRR88SALPféLPIEE Udéter i idtid, difetr ERAimpTey th a
mark or a space fornmed on the nedium According to the above-nentioned
configurgki 8Ro@h 1REFPEESEN} pHYEN dBueSiPIRE EDD ORDKCakndebpat hpg el ement
is disposed and fornmed at a position within the convergence limt of the
returnedebi-gby i w@l ¥oet ntét%i&is (O LPYCHalPBidd 8B al p;aregeﬁ' ¥abbe

returned li1ght Is applied wth the band Ii'mt, and thus influence of the
excessive

ghhisachedalvohda Wi eéh@y%ﬁ%afrhsciséﬁiafst +he' chlﬂfﬁeg; R, ¢han be

I
reduced. Eurt%er nor e, %y detecting the tracking error signa recel vi ng

and det eghhng ﬁ&fnéf.té’x?&efia\%éﬂﬁ.@ff@é@i byedh% 1881 0k phhe pit or
t he regl on, vxﬁerem Intormati on 1s recor ed', a Ssta tr’aclr<1|ng error
i |, i h idqaf . f :
o onal YAhGag8e, At e Bl Y | RDSR G DAL G £ B UANOR e
DESCRI PTHONCF 5. ﬂ@nﬂ%l%r'éo atﬁ%%d i P 1Y L @ndi ﬁ%g%ed
0 an e odl

(perspecti Ve Vi ew) ment of an optlcal” apparatus according to

the presept. jinvenii I S I j f.th i peipal part
of the. opti P EREREI1d Shofely TR U TANANATIpnc B BREP D
of the pringcipal rt.of e optical ratu f- «Fl . RBLGS. 4 nd_4H
are scheﬁggfgggi %g?%n’bgo?égecp?%é e“c’jlg%h ?%?eae’%p‘f%is%lﬁd: é’Jt&efl ac anégs ?ﬁe
pit edge_ EIG 5 is a graph showing the tracking error signal
characteFP8tics in the case the pit depth of the disc is [err],/4n. Anong

them FIG 5A is_a ph,show ng t he. chan of the tracking ery.or signal by
the lens shift iA% ﬂ&zaraaSal %?rgt‘fﬂ)ﬁ.lﬁgﬁle 5‘?‘&6‘5 N9 “Che
change of the tracking eryor signal b he defocus. Fl Cis _a graph
showi ng the EWBA eogfg}i‘ﬂei??%c E@e@%bés styrhe b'iPotthé’%dlfg'? &erf’ﬁgrag&.
FIG 6 is,a graph_show ng the tracking, error signal characteristics in the
case t hedpffraepe dighhe JTRE ?égTEr‘g}F?%?ﬁ YHGHPIEYGEOEAEFRORYyr aph
showi ng the change of the tracking error_signal by the lens shift in the
radi al dtPethpospPots @f GBflﬁasfhr@?a‘bFﬂ%ﬁd%fwgﬁqT@%Hal@éisof HR&ePVEEKi ng
error signal by the defocus. FIG 6Cis a graph showi ng the change of the

t racki ngtber dptsignal poytioe imtthefcemeer bt arF|image coryegpopHidgokng
the tracking error signal characteristics in the case the pit depth of the
di sc i s EhenpifnBngfthben dEsS 7A is a graph showi ng the change of the
tracking error signal by the lens shift in the radial direction. FIG 7B is
a graph show ng whehclhespecef tbhehér aokfiguestbon sofndie fourespddftocus.

FIG 7Cis a graph showi ng the change of the tracking error signal by the

duty of phetdi 86odesPDE t6 BDE&FhESRtégamPlé ) Gthiatd phadi qgov@sef id
conventional optical 14




3 ~ MAR 2003 apparatus. FIGS. 9A and 9B are di agrans for explaining the
tracki ng servo by the push-pull nethod. FIG 10 is a diagram for expl aining
the problens in the push-pull nethod. Anong them FIG 10Mi ) m
showi ng the offset in the case the lens is shifted, and F%FMR 2993

di agram showi ng_the offset in the case the lens is tilted. FIG 11 is a
graph she¥eFitethas fiqldase of the lens shift to the tracking error signal
in the conventional push-pull nmethod. FIG 12 is a diagramfor expl aining

t he tracki ng ser¥ke BF tsignak eavlvigth ifetthed totad sus pg 4hei dgtaatedr

expl aining the tracking servo by the phase difference detection nethod.

FIG 14 ssgmaljrepreatiophara biodel {PDenghiPPbbét RBen+t RBAY) ; aghdngher r or
signal and the defocus amount in the CPP nethod. REST MODE FOR CARRYI NG OQUT
THE | NVESEGRAL Tdlet uirese by icalentliaiing aheddetentedt stghadppsirahos photo
conprising a sem conductor |laser, a light emtting part having a reflecting
surface §oodéeffeeténgngld, GBa autapd te®phbr cmpblg sedl Bevdyédphel aser, a

| ight receiving part conprising a |light detecting el enent, and a converging
means f Ofe€OBVEd Ui ToHM dirASld G RheOphageked |ight fromthe |ight
emtting part onto an optical recording medium and further, converging the
returned |ight rehbeshecede ot Uik apticiAladiReOdRA1Ted! URbuihehekRe! he
light emtting part and the [ight receiving part "are fornmed on the sane
sem condyg confocus of the converging nmeans is set on the

a L
sem conduc%‘géwgt%:ﬁ’g{“%atgé 15 31 MAR 2003 light detecting elenent is

posi tioned aﬁ?l%‘giﬁl%rﬁsﬁ’ﬁi;u i%é'eq_crgr?%aggn\(gbgggcgnhhm t of the

returned lig e Vic of al ‘position by the converging
means by the returned light and the returned |ight generated by the end
part of the pit Brctﬁ%nrgﬁﬁ%mﬁﬁﬂh§iéiﬁzﬂﬂ@B(kaion i€l kecorded, of the
optical recording nediumis received and detected by the |ight detecting

el ement so as toygetesdy he @kﬁgﬂe%&gﬁngignal. An enbodi ment of an
optical apparatus accordinhg to the present invention is shown in FIGS. 1 to
3. As shown in FILG 1, the optical, apparatus 10 is the case adopted in an
optical pickup h¥ed Yk iR pdt §P?wopti cal disc 2 with a recording pit
as the optical recording nediumat the portion to be irradiated so that a

| aser |ight is dateradius oof hehepteadingipxsitifoor readi ng out the record.
Moreover, FIG 2 is an enlarged perspective view of the optical apparatus,
and FIG 3 is a alannyheds VEROERLY V6 Yehd\ORIML idisd Canky Lhe optical
apparatus 10 conpriseS an optical sem conductor elenent 7 with a

sem conductor |aser LD fornmed, and an objective |lens 3 as a converging
means for conver@tngoastartsecti ng the outputted light LF fromthe

sem conductor | aser LD onto the optical disc 2 as a portion to be

i rradi ated. MoreBerein; hin oppreideration thats YheoRFied gnadh (PRat +t RBb +
returned light LR of the outputted light LF reflected by the optical disc 2
i's convepped+appdfli iecéesl (Drddre/ DL, ¢hle portidh YARC280] (AW onY)duat or
elenment 7. That is, the optical apparatus 10 has the so-called C
(confocal |aser coupler) configuration, wherein the light emtting part is
di sposedthe fermebafbckd HinisipmlofoRtadneshdar Fhegcasanef theh as a |ens,
and the returned light reflected by the portion to be irradiated is

conver geletadodyne cdete¢ hiomot | theiqalarlattionc §4gnedl hpydingi 4k AAvERY t he
light emtting part. At the time, the returned light LR is converged to the
vi ci ni t yreferarcéi ghframfthacignmal ichttainedaby thet heteirbfiyaetion linit of
the lens) by the objective lens 3. The light diffraction [imt is described
as 1. 22 fetettidh, Ahei ddttdekivay dmngtth Wof cahebeutplittatédght LF fromt he
sem conductor |aser LD as [err] and the numerical aperture of the objective

o Dsas N oo B8 RBAKSohBaTakbyd, NP itk MTANUNGE dorB8CRTBN |

conprises a sem con aser e In I'ng part, having a

resonat or ngth_direction in the directi .t S t urface as
wel | as B‘ﬁ&ngéltg% ?ﬁ%s?%n%gn’itfealt %qoo%rﬁ‘l?%g% thﬂglo%?ﬁcéﬁkgﬁgcbé, a
reflecting surfage, Mforned as an_oblique surface . faging_to one of the

out put t | BENEFAtPACRY B (TRNE R oo il TUTIEE /L Y df PAEPEEEVRgIPFeR
outputted light LF fromthe sem conductor laser LD, and a |ight detecting
el enent conprising two photo di odes PDlB PD2 as the |ight



17 31 MAR 2003 receiving part. Moreover, on the upper surface of the
optical sem conductor elenent 7, as shown in the plan view of FIG 3, the
above-nenti oned two photo diodes PD1, PD2 included in the |#aght T LE LS
part are formed in the region in the light diffraction |i rri3 tfmezmsl
returned |ight LR The photo diodes PD1l, PD2 are divided in two by the

di vi di ngdisqevith tehespemigdimeitdlondiofeat AdAnTpitvbdepter, the opti cal

sem conductor elenment 7 is disposed such that the pit row direction of the
optical disc 2, that is, the tangential dj.rection T of the disc and,the
stripe directi of¥e¥He S fRaSe, SdSPLACERPRE| 48. IgRPEALEY Wikl €,
In the case the wavel ength of the sem conductor |aser LD is ?80 nmthe
sem condredmects Mrsta atiescl hayifngr me@iwi depGhAsthéhethabyAf4m i ng t he
reflecting surface Mwith a QL11} crystal plane, a reflecting surface with

a 54.7 angle wth respect to the substrate surface can be provided. The
opti cal %‘g‘?ﬁ%’rﬁilfc]tyor tSleer%fr’f-tseF d&n g@@eﬁla58§ced'1'59r%f%’é?i géligh respect

sem conduct or production step according to the so called wafer batch

pr ocess, tateerdist otar ahany Aofin,hdtofisi addiseonabhyuneeded| eoerdscdl ar e
formed sinultaneously on a wafer. By form ng the optical sem conductor
element 7 in e .sen cqondyct or production step, the, optical apparatus 10,
such as de‘%ﬁﬁ ??1) ct&l?p Vfwaﬁsspﬁﬂ\pé’nﬁajtuggngﬁ?vé‘ﬁgngi?tﬂ’l’égg?‘;i ng change,
capable of utilizjing the advantaqﬁf of, . the confocal 18 31 MAR 2003
optical SYFRYVMALIQM PEWidvi ®qthe like.

In contrast, as a means for improving the disadvantages

of the above-mentioned conventional optical apparatus, a so-
called CLC (confocal laser coupler) configuration, wherein a
light emitting part is disposed at the confocal position of a
converging means, such as a lens, and forming the light
receiving part in the vicinity of the confocal position with the
light emitting part is conceivable for the purpose of the
simplification and a small size of the apparatus as a whole by
enabling the cutback of the number of the optical parts, and
simplification of the alignment at the time of the optical
position setting.

The present applicant has already proposed an optical
apparatus wherein split photo diodes providing a light receiving
part are disposed at the above-mentioned confocal position for
using the push-pull method, or the like, so as to execute the
tracking servo in order to eliminate the offset of the tracking

error signal derived from the above-mentioned lens shift or the



Mor eover, since the reflecting surface Mcan be fornmed in the planer state,

it can be forned easily. - In the optical apparatus 10, thep0 tm%éaght
LF reflected by the reflecting surface Mis converged and dar C e

objective lens 3 to the optical disc 2, and the-returned light LR of the
outputted light LF reflected by the optical disc is converged again by the
obj ect i vE1lengf 3the @&kse ol gre digRtcicad EPpPaFatysti éal Japanesadpatentel ement
7. Furthernmore, as shown in FIG 2, the returned light LRis in focus

( conf ocuppi ncabiope(Ip+ie)y No of 74355 248f. ecti ng surface M of the optical
sem conductor elenment 7 so as to be received and detected by the two photo
di odes PDl1l, PD2 Aocoeding tdiethe comiigalofapdeeratmsf,0cinceFtthehetraekeéngsi nce
the two photo diodes PDl, PD2 are forned in the light diffraction limt of
the retuepedr! sighal Ris tdecdstti Ibyhithd puampipudd metheangceb iBehsaycey For
above-nentioned formation of the two photo diodes PD1, PD2 in the |ight

diffracttpa 1ight fédebeingaddacdipraE Micallitybwrhanenaohgcalea range of
two photo detectors within a circle substantially corresponding to the Airy

two_ph ors wi thin < dpli gh
B e R

corresponding to a cir er [err n 1 1 MAR t he

optical BLpGrnb@PAESSEth Beddlicd Yd PULGARIGE: rFiel18RsXokCkhd: (rhfp The

band i erms of e ’'sp or ‘uniformy elTmnatingt

arter s B8 DRSPS AN bEach epdbty E4F,

wavel engthaBssshon ot ik {1 “Herdivess” saherCna LyobFr SREHUE PN (he
case the_ leps sgi{ltéeiﬁigﬁnerated.. Furth rnore, si nce thf‘_ hal fafnsplit_ phot o
di odes PBRLEpRRBYa i 3 ’?ﬁccefjn‘{ltrﬁg HLhé (?orf‘f%g'g BBSl PFoﬁ, Even in the

case the |lens shift i ner ated, change of the detected _sjgnal .can be
restrai néHg§Br?E%' e‘}‘(‘t‘é‘% f’gh‘gﬁ '}“é&eﬂq: ;ﬂf: PALTR AR hﬁv\é‘ﬁbg?"?ﬂesﬁush- pul |
signal, that is, the CPP signal,  in the half-split photo.djodes PDl, PD2

di sposedtgﬁttﬁéeﬂ% Wi”t"’ymbf‘?ﬁ H"é‘eccﬂﬁ‘??g’ﬁt%i 55n°§sarrgl’rf3}‘8iﬁed above has a
di sadvantage jn_that it is easi]Jy influenced by the disc paraneters such as
t he di spFﬁgéﬁBH—lBY MR PR IR2IEZ®Ltion in the focal depth and the pit
depth. Here, the push-pull_ signal to be detected on the halfsplit photo

di odes PD1, PD2 HPYB¥eEd FThetdrevedrertirngd (¢RP meiachhasodition is

di scussed fromthe pit forpmed on the optical disc 2_as a recording signal,

or a onedd8pAEaREAA? nBLTRELAE -0 THhe IneniecHlyPRtigade EYSERMFrchani sm

corresponds to the 20 L ) . o
In particular, it is revealed directly in the case it is

not in just focus, that is, not in the state with a light spot

in focus on an optical recording medium, but a slight focal

displacement within a focal depth is generated.

FIG. 14 shows an example thereof. FIG. 14 shows an

‘ekample of a numerical value calculation result, showing the

relationship between the tracking error signal and the

detracking amount according to the CPP method in the case the

defocus is generated. A disc of the model with the same shape

as the one used for the calculation in FIG. 11 was used.

10



31 M AR 2003 above-nenti oned proposed optical apparatus. In the prior
proposed optical apparatus, the sem conductor structure is_disposed at the
confocal position so that the returned light is reflected 3y1tﬁd§ 2003

sem conductor structure so as to be propagated to a photo di ode away from

t he confocal position_by apout.several tens to 100 um for receipt and
detection. In coﬁF?%sF?grnffhepr%ﬁdHF“ﬁﬁ%gﬁﬁFﬁéaEOGEFOFhF§ grbsIRkeAt, the
returned light LR is received and detected by the half-split photo diodes
di sposedinnth@ctrackng yepFor Hetenirisgnbypddie: CBR. mghhod| evenehBetBegnal
conponent obtai ned fromthe subtraction between the detected signals of the
hal f - spl casehof ca dieflesusPiuf PR i agubdstssnt whlich danelinpsththeasamef ashe
present enbodi nent and the case of the prior proposed optical apparatus
confi gur ahi the fochbndgptine aanmin tulde, famall ldepithk¢sihsesthghlighdi §petent .
This is because the state of the superinposition of the diffracted lights

fromthespeé ¢ encit féleimgdd i in belid asAs ddpth,i Ancgeheasl, ibeigonpenents
of the diffracted Iights as the constituents are the same. Therefore, in

the optigakcPPbad aas/StHd dersil N tgeidtiateTbodoweibryNEeF8ESBhY £68H&! S
are elimnated by limting the size of the half-split photo di odes PDl1, PD2

lbi%m_ I of néﬁ&?' Sighdt SPRRaREEU ) ONE Ui dTRIRA Hel! 8ot 88! LBt diffraction
convenience).

Moreover, as the case of the defocus = -0.50 ym shown by
the curve G in FIG. 14, sometimes it can be a signal having a
frequency different from that of the original tracking error
signal (the case of the defocus = 0.00 ym shown by the curve E),
or, for example, a tracking error signal having a double
frequency. Furthermore, like the curve H and the curve I, the
positive and the negative of the signal can be reversed.

In contrast, in recording or reproducing a signal in the
optical system of an optical disc, in addition to control of
tracking, control of the focus is needed. 1In general, in the
focus control, the defocus amount is restrained to the extent of
the focal depth of the objective lens or less according to the
spot size method, the astigmatism method, the knife edge method,
or the like.

However, the defocus amount is not always maintained at

0 um but a slight fluctuation in the focal depth is always

generated. Therefore, in the case of executing the tracking

11



31 MAR 2003 ternms of the space. Furthernore, in the optical apparatus 10 of
this enbodi nent, the tracking error signal is received and ge taal, | ng
the returned light LR at the pit edge of the optical disc 2§'i§ﬁ&ﬂ€éﬁﬁﬁ$it
edge denotes the change point fromthe mark to the space, or fromthe space
to the mark in.the case of recordin binari z i gital sigpnal onto an

opt | cal | PEEBF AHEREaTS mesoning i che G wethetler hrfgriotLReusa 86 at i on
described later with respect to a signal obtained fromthe photo_diodes
PD1, PD2tR9 Bit 2Py theCOMRIASHIQN tho]d ©F endefrEtaoni BaEkogpin ppy,
various signals such as the tracking error signal and the RF (higher

har noni c§oBS §haratien mf deirerifdnencs gdctihgedpforngt npedsgeaebati on of the
tracking error signal in the optical apparatus 10 can be realized, for
exanpl e, adeptedt he following fornmula (2), with the tracking error signal as
STE, the light receiving amounts of the photo di odes PDl1, PD2, each as

| PD1, | PDRSCEOSURE (OFPMHE INRDNTTIGNIge 1 (or *edge 2) (2) *edge 1 or *edge 2
in the forrmula (2) each denotes detection of the pit edge at rising and
falling. As descrhbegdéates,sblvesting dsiveinairt itinetl pioblemst hehei sing pit

edge or the falling pit edge, a preferable tracking error signal can be

obt ai nedprédent 3inM¥t Z6W3is for enabling cutback of the number of
optical parts and simplification of the alignment in the optical
position setting in an optical apparatus such as an optical
pickup so as to achieve the simplification and a smaller size of
the apparatus as a whole as well as for obtaining a tracking
error signal stably with respect to optical recording media with
all kinds of pit depths so as to facilitate production in the
semiconductor process.

That is, an object of the present invention is to

provide an optical pickup characterized in comprising a
semiconductor laser, a reflecting means for guiding an outputted
light from the semiconductor laser to an optical disc, an
objective lens for collecting the outputted light reflected by
the reflecting means on the optical disc, a light receiving
means disposed in the range substantially in the convergence
limit of the returned light from the optical disc, and a
tracking error signal generating means for generating a tracking

error signal based on the reflected light from the end part of

at least one of a mark and a space on the optical disc detected

12



Here, wth reference to FIG 4, detection at the pit edge will be

expl ained. FIG 4A shows the detecting position of the rising pit edge (1),
and FIG 4B shows the detecting position of the falling pit

respectively. In the figures, the arrowin the vertical di reﬁsgﬁn“a%@e@
the noving direction-of the recording nmedium and the arrow in the

hori zontBY Bhecbiglth XRERYENG Met-ecti ng position. According to novement
of the beam spot S, detection can be executed at each pit edge (1) or pit
edge (2). Accor dFagthermoxe caanether obigct iof therpreseny, invantion by
receiving the returned light LR at the pit edge of either rising or falling
and exectoi pgovide can ceptai¢ain mEprndindiorgmalppaiarnst bemprasknggaedrbvisggnal
STE has a sufficient margin with respect to the lens shift in the radial

di rect i onefhastbdat @rivitsg ritieedbjevtiRe diegsalinc sheberdekenyedibyction
addition signal of the two photo di odes PDl1, PD2. Moreover, the focus error
signal cpasbe 6ftersé eeradieiny erndt IslghRin gdpleeatieanbyethedePickergi Vi ng
and detecting the returned I1ght LR after being separated hal fway.

Further ngigorf 8ighde gBiOLE DNy Heddte iR repPRAuching 8x2BBLEcaiN@isc
conventional ly uSed nethods, such as the phase difference detection nethod
can be ungdiumi WEen ! A5dak foP Rl idpitoiioicarien BRL mBHEudre lim ted 23 31

MAR 2A03 1 n terns of the space, the excessive diffracted light is not

recei ved as nent | vV §§§E- f I ek rper.signal
can be obtai ned %%??Qg?ﬁ@e %c?@%gé e ?%%&?ﬁggﬁffgﬁFﬁgﬁg?ﬁg°§i?Eeﬁéé of

ei ther f i o] J, SJ | t f- SRl .0 _dj Dy, PD2 are
formed t %%%g%nj;éné%@%ﬁ?% S%f{}?sel A!eheel % 16 T gt&F %ﬁt'l %}Lﬁgt %ggﬁgﬂge%ﬂ al
directio. T w [esp he j.gal axj.s..qf [ light LR as
shown | n0LARSRed AEFEEStRSE 4 s W (el e 18  EOBYER R b b S,
edge or the fallli i dae is re adequate for . obtaining,a preferable

Cr acki ngPBrFBF tefiieied FEae TN REMIR o' o8y bRpRPREL CPPETEERR be
det ect ed using either of the pijt edges. Accardi.n -the design
conditioﬁggofe?ﬁgvsPi%,r fFug cihQQEﬂfguﬁﬁﬂ%&Fﬁswfﬁg %gemﬁFEﬂ g?ﬁlﬁdge t he
signal is detected n be deferm ned. As, nent.igned, ahoye,.since_the

el f - spl AR HBES PELSRNEROT PP BACadR B uf LERGCRRT filibr oREEPSEL Y egi on
of the rebur ed Iighé LR in the optical aratus 10 according to this
enbodi mefit® 8RS oFRILE. (Ferhatbths m 4k B deWredhe pit depth ot her than
[err],/4n) in the tracking error _signal] in the case the lens shift is

gener at ed outsidEuFﬁBeHF?g?aCPYdQQFé%ﬁ%nqeﬁﬂQN¥§§%¥H&§ ErEREn§i88adoPY hat
the influence of the lens shift to the tracking error signal_ can be nade
extrenel§e§ﬁ&V+99'aRBr@Eﬁ@ﬁ?lgﬁrﬁﬂ?t4ﬁ¥qqﬂﬁﬂd¥%§h§r98pe§ﬁ fd| bYstheteRted by
receiving the returned light LR by the pit edge of the optical 24 31 MAR
2003 di sBartpgfthbenalt-Qp|the grRA‘Pny Jthereim ingprmatienefpEecgrded,
strengthening the tracking error signal itself can be_obtained.

Accor di ngl §tabke trackbng eX%rX LA siviHAD Fadobaredyt bet Apfivensedt ate
in the focal depth can be nade snaller relatively. Therefore, the influence
by the db¥othe defeeved on ehrngPmygradulagdtyl, Gorithecdikge Pévnkhed, and
thereby, a preferable tracking error signal can be obtained. Specifically,
as showndiscFpa&ragetehe, tcamkbaoktainedi gnal can be obtai ned by binari zi ng
the RF signal, which is the addition signal of the signal of PDl1 and the

si gnal OBRPEER, DESORTRTPON nQF t DRAWIINGSr ence signal of the PD1 signal and the

PD2 signal at the rising edge or the falling edge.
FIG. 1 is a schematic configuration diagram (perspective

view) of an embodiment of an optical apparatus according to the
present invention. FIG. 2 is an enlarged diagram of the

principal part of the optical apparatus of FIG. 1. FIG. 3 is a

13



Furthernore, the reproducing apparatus for an optical recording nedi um can
be realized by applying the tracking error signal accordi nglé obtained to

the above-nentioned actuator coil via a power anplifier for §rq M@%ﬂa
actuator coil, and executing the servo in the tracking direction.” The power

amplifier, nay be provided with a_phase ¢ nsatin ircuit according to
the act (PR3N YEH Rt e BROCIRAL PATE SEdBRS; BPLRATA t MEPRFAERT Rerb: of

t he opti cal a(garatus of the present invention, the tracking error signal
is cal culat or 4arshidifc Areasehenagdcidisgsamsi af @ asit 1edge o r st
the calculation results of the tracking error signal in consideration of

t he charexpkrining Shedlaigiatgomatr adicapiyi edger onFI@nsS shé fa graph
characteristics, the focus 25 31 MAR 2003 dependency, and the duty
dependenshowind thes packingeraer cdgndilschhaachgrastics ] i drheicasepth are
shown in FIG 5. FIG 5A shows the change of the tracking error signal by
the len i j fighh tshesradi al AghheCli I ows the
change é?ﬁ(?h[geitf %cﬁlzéihntéﬁgr@ggéhsgr&né]@ %figﬁe ﬁﬂggﬁa{égﬁghﬁ% '&%5#0%5
(hereinafter referred to as defocus) to the extent of the focal depth with
a 65% di graph tshbwing i Eh@ngeCothdlre tireckhaggeruvbdrt sitgnahdiy nigheer r or
signal by the change of the disc pit duty. FIGS. 5A to 5C show the

cal cul atlems redsifitt sin rtheheradded dirdetdoni.onFaG.t BB posat goaphi slowirey best
nmodul ati on degree in the vicinity of the rising pit edge. Simlarly, the

cal cul atthe dlemgd off dhartrepking otiree Biagnal byl eheldébfocws! depth soe
showmn in FIG 6 (FIGS. 6A 6B, 6C), and the calculation results for an

opti cal ﬂé%_cﬁ!@é@lﬂ@hlﬁ)&i@fgk’t& Phand@Pof &he travRihg &tfer s{qdS by A 7B,
7C), respectively. FromFIGS. 5to 7, it is |learned that a preferable S

shaped t{pekdugy &f AheS iR . CaTARe Ohkaiangsdapht Bhbﬁ&ﬁ?cﬁhé%fi@kﬂ%i cal
discs with any pit depth with little influence to the tracking error signal

even if tPese dSyrfal Arardtiddriigtildae it thel adbal tHer BELi @8R &¢ dafocus.
Moreover, it is also |earned that a preferable tracking error signal can be

obt ai ned,r egar dl.e of .the disc du val.ye. It is_fur r.learned that the
Tl e of ST Ry > g, iR 09 e o 156 P RERPHC SRS G Bifie
sign of the defocus so that the tilt of the tracking error signal is
enl ar gedofistlidecxieilQiaids drxran stikmat iyt &bkl densnshlittcanetid pvadidl depth
other than [err],/4n.

direction. FIG. 6B is a graph showing the change of the

tracking error signal by the defocus. FIG. 6C is a graph

showing the change of the tracking error signal by the duty of

the disc. FIG. 7 is a graph showing the tracking error signal

characteristics in the case the pit depth of the disc is A/8n.

Among them, FIG. 7A is a graph showing the change of the
tracking error signal by the lens shift in the radial direction.
FIG. 7B is a graph showing the change of the tracking error
signal by the defocus. FIG. 7C is a graph showing the change of
the tracking error signal by the duty of the disc. FIG. 8 is a

schematic configuration diagram of a conventional optical

14



Mor eover, since the tracking error signal can be detected for the discs
with any pit depth as nentioned above, if the optical systen1is adopted in
an optical apparatus using a red material in the sem condut (2003)
for exanple, it can be used, for exanple, as the optical prc up comon to
t he DVDROM and the DVD-RAM According to the above-nenti oned opti cal

appar at UBPEICFUS he TiGSseRh andoditnade, ddaorgneofoReeshinipingi theécs in
detection of.the tracking error signal, the foll ow ng advantages can be
provi dedtri\iQJ}iﬂtj‘nesemIhmg:l@erpnslb@mlﬂemappbded FOGt htOopsi gaflidgsam with
any pit depth or groove depth. (2) since the confocal optical systemis
utilizedfot hexplainking tdre @rahilems imathkee pdshaphizlvwinébhodsperiohng the | ens
shift or the paraneter change of the optical systemfor the optical discs

of any pthefigptic Orl@x cay e deiRidran( 3hoWinge thBeo@pseeain pehé Scagdeghé or
detection of the tracking error signal are not required, a sinple optical

system wi i aid eshicecb UGS FafG PalES i&2@ G&a@i:&i{\' Qﬁéwﬁ(&eﬁﬁé 05ffséfein

assenbly step and the adjustnent step can be Sinplif (4) Accordlng to

the cutbagk Gfed Nend Ry & Wi Ang8l 1 13;%&(,359% LRGuShgPLGI cat i on

of the steps, e production cost can be reduced I nce op cal parts

oo LSO of S A Y & LB 8e ke Wb shokhare
T Ao AR b gt 30EgC S@?%gg%ﬁﬁ%ﬁgredﬁﬂgéreby
ZDoel bir?%g%“rélﬁ%&“ﬁcﬁhvgziﬁ | °”a'gs"%ﬁ’§ 2R TBL Bor b BEE, HF, e
sori concgt o puBsld o, 4 0 WU BIAR] BRRSUPLY LioRe A tPover
difference detection method. FIG. 14 is a graph showing the
relationship between the tracking error signal and the defocus
amount in the CPP method.
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention provides an optical apparatus
comprising a semiconductor laser, a light emitting part having a
reflecting surface for reflecting a light outputted from the
semiconductor laser, a light receiving part comprising a light
detecting element, and a converging means for converging and
directing the outputted light from the light emitting part onto
an optical recording medium, and further, converging the
returned light reflected from the optical recording medium,
wherein the light emitting part and the light receiving part are
formed on the same semiconductor substrate, the confocus of the

converging means is set on the semiconductor substrate, the
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expl ai ned as the optical recording mediumin the above-nentioned

enbodi nent, the present invention can be adopted to an opti cal r

usi ng an optical recordi ng nedi um havi ng anot her recording %e@l wﬂ fﬁdﬁ
corresponding to the pit. For exanple, in an optical apparatus using a

phase chan tyne optical; di SG, .utili zi t he a hange record in
recordi nﬁliﬁ%a%%%‘?&é{‘g& cegdeilg:prl s@ﬁtsilﬁg'%flﬁe aﬁgi ?‘lgfléﬁgb at yp%"?%tle?n t he
end part, of the region, wherei.n information is _recorded by the phase change
s used B FHR GHIIHNES, didfitg Fo Hife FEEIFBSHehEFBRtN pHRS SR hat
the returned |ight 28 31 MAR 2003 generated by the end part is received
and det e®f cbh®\CAHLGalgROPdriam ibyy tg‘?eﬁ’@ﬁf"e§el&§ 1eapst by rthe tretugnrd
error signal. That is, a returned light with a changeable reflection factor
with resg'e@lutt@d Hehe ixghumnad Jiighd deserated byhthenendi parpef  theenerat ed
by the vicinity of the boundary (edge part) of the region of the optical

r ecor di npiveds urhe wesrism, iwiferrain iioformatdoor dedrecandéd, usédchdhe opti cal
apparatus of the present invention is not limted to the above-nenti oned
enbodi meaptidal meromiingireetiumonfs gecatived aad Heteatéddey whé hiiglite
scope of the gist of the present invention. | NDUSTRI AL APPLI CABI LI TY

Accor di ngetect ey adiemtenterso aedodtett appargheRing ébeopresemdl.
invention, since the light detecting elenent is positioned and forned at a
position in the gRru@@ENEent idk tarpfopgtivdietappagdtuisghbcbrdifg ¥bCinety of
t he confocal position so that the receivable returned light iS applied with

the bandpiéddht fiferfedsipsis/ sHbv HacFads.i ahkoggnerated by the lens shift,
or the ITke, is not received,” and thus the influence of the change of the

conver gi ng NMeansag SgrGwRSiRFRP) e it |RSicdi Rippasates 10 [8echs acksdg
error signal can be nmade snaller. Furthernore, by detecting the tracking

i i vino: anyd i . .gh d by th
ond par  J0pted LECAL GOl AIC IChRA) i i, el BRRiplepTan BEPEIALED DY he
trackin i , i -har, e Ak n : . MAR
2003 :je? %%éoé o‘?i‘%}ﬁgélli’{%ﬂga{f?a %@%&%?‘#&d@%&gggf grsg?pgéégr fg(gbm%c??% he

tical f t L] i d ki o i I
o bo oERETPELHEGR ed Mo uisiltardled Wil B 3h8R:P1GRE 1SN e O

the optiggl tﬁ%?@é@i{%’lﬁﬂ@ M 4d} 3L iy %g{%t Rp@r r8e80d < dept h.

Furt hernore, Si racki ng error si‘gn i's detected by the |ight

i gnal are not rIBEreRtEr arRP c i et R R oL ECk g 8E Fhe oy
Aecor di ngPYLCEL [ SRP TSR (B S of he SpercXoHepSPRPRee Bl Ee achi eved
power consurpti oi TBPEBEY MG e W SR sbhetasiR 3P itpelere”
P BEEAAE A W OB, PSR
appar at USTRER L RS, SR TRE T B JRIE Spa 3 STFaved B8A58 FO educe t he
cont ocal CORYPERIIG ARE A LS dbe GHHEGHEc JH0HE For HeRPTHE he

sem conduct or process step, production with a high reproductivity and a
good yi ekemtaondecternl lassk IIP onto the optical disc 2 as a portion to

be irradiated.
Moreover, the objective lens 3 is provided such that the

returned light Ly of the outputted light Iy reflected by the

optical disc 2 is converged and directed to the optical
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31 MAR Z003 CLAIMS 1. An optical pickup characterized in conprising: a
sem conductor |aser, a reflecting neans for guiding an outputted |ight from
the sem conductor |laser to an optical disc, an objective |egs,for
collecting the outputted Iight reflected by the reflecting ‘larMﬁcR Zﬂﬂﬁ
optical disg, a Iight receiving nmeans divided at least in two, for
recei vi n§eBACPNERETPEL BLRBEFi Gt in the Airy disc size fromthe optical
disc, and a tracking error signal generating nmeans for generating a
tracki ng error sT§a&l iBastbeofPtheat cAppaxatkls jfhihas dhe mo-oed LIesk CI6F at
| east one of a mark and a space on the optical disc detected by the |ight
recei vi ngcopdpsal2lagar opupler) prtexijguratsiaii ngherednaitinel 1igh&r act eri zed
in that the sem conductor |aser, the reflecting neans and the |ight
recei vi ngmitanngapertoisedigposdd atanehes exorcimuahic tpars itilost et €he3. The
optical pickup according to claim1, characterized in that the mark or the
space i scbakeegiby Mefhs, Sich as a lens, and the returned light

reflected by the portion to be irradiated is converged- and

directed in the vicinity of the confocal position having the

light emitting part.

At the time, the returned light Ly is converged to the

vicinity of the light diffraction limit (that is, the

diffraction limit of the lens) by the objective lens 3. The

light diffraction limit is described as 1.22 A/N. A. with the
wavelength of the outputted light Ly from the semiconductor
laser LD as A, and the numerical aperture of the objective lens

3 as N. A.

As shown in FIG. 2, the optical semiconductor element 7
comprises a semiconductor laser LD as the light emitting part,
having a resonator length direction in the direction along the
substrate surface as well as parallel to the tangential
direction T of the optical disc 2, a reflecting surface M formed
as an oblique surface facing to one of the outputting end faces
of the semiconductor laser LD for reflecting the outputted light

Ly from the semiconductor laser LD, and a light detecting

element comprising two photo diodes PD1, PD2 as the light
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31 MAR 2003 4. The optical pickup according to claim1, characterized in
that the mark or the space is fornmed by the phase change. 5. An opti cal
reproduci ng apparatus for reproducing a signal froman optical .dj di um
with a mark or a space forned on the nedium characteri 2%1 MAﬁéﬁﬂgeng: a
sem conductor | aser, a reflecting neans for guiding an outputted Iight from
the sem¥@GRAEIG Bedder to an optical disc, an objective lens for
collecting the outputted light reflected by the reflecting neans on the
optical disc, aMaxgavercdnithe mpper guritaee af tbasepticalw, for
receiving only the returned light in the Airy disc size fromthe optical

di sc, a demiciandpotomelsimgndl 7geasr showy hGpahbefplagensewatahF@IG .4 rxeki ng
error signal based on the reflected Iight fromthe end part of at |east one
of a martherabovesimarr iomadhewopphotb diededePbt} ePDbyindibidedhin rerei vi ng
means, and a driving neans for driving the objective lens in the tracking
di recti opidias akc@iviigy paatkiate €oreedsignehe Pedien opi i Iwpoduci ng

apparatus according to claimb5, characterized in that the mark or the space
is formegi fpractlidn 13fit of the returned light Ig.

The photo diodes PD1l, PD2 are divided in two by the
dividing line in the tangential direction T.

Moreover, the optical semiconductor element 7 is
disposed such that the pit row direcéion of the optical disc 2,
that is, the tangential direction T of the disc and the stripe
direction of the semiconductor laser LD coincide.

Here, for example, in the case the wavelength of the
semiconductor laser ID is 780 nm, the semiconductor substrate 1
is formed with GaAs. Then, by forming the reflecting surface M
with a {111} crystal plane, a reflecting surface with a 54.7°
angle with respect to the substrate surface can be provided.

The optical semiconductor element 7 can be produced by a
series of a semiconductor production step according to the so-
called wafer batch process, wherein a plurality of the optical
semiconductor elements 7 are formed simultaneously on a wafer.

By forming the optical semiconductor element 7 in the
semiconductor production step, the optical apparatus 10, such as
an optical pickup with a simple adjustment and little aging

change, capable of utilizing the advantages of the confocal
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31 MAR zoo3 7. The optical reproduci ng apparatus according to claimb5,
characterized in that the mark or the space is forned by the phase change.
8. The optical reproducing apparatus according to claim5b, characterized in
that the tracking error signal generating neans conprises: at |east two
i ght receiving neans for receiving the returned light, a f gha
detecting neans for detecting a difference signal fromt hesjtf MAQ@OS
recei ving means, an addition signal detecting neans for detecting an
addi tion signal fromthe two |ight receiving neans, a binarizing neans for
obt ai ni ngCREEF RISy Hhefifal CRPoRPt RECRHIi on signal, an edge detecting nmeans
for detecting the edge of a risi signal or a falllng signal fromthe
bi nary signal, ant®EI&p] é1W6PdF%@ FeRIRCHing sarpRee | ermdea Heorgeflf er ence
signal based on the detection timng of the edge. 33
A A&y. ATA. BhAPIINCTIAG ARG AR %P% ﬁ@&a@dAeASAéaq AL. A A . A9[ & A&9. A&H. A9
S. A& . A AL. A9L. A&9. Al L. A99. A?. ALY. AS=MzU_dVz({
| wr mhc~Y] ca] ca] c( AR c’al}%eﬂRﬁa]C@&] é&Pé’éTE‘a‘] @a‘]rcﬂ‘@a]’éta]l‘é’a‘f‘éa}%ﬁ]tcé]ma] cal]calc
aJca] ca] ca]cal cal]ca]ca]caljc*al c*a]c*a! q%&+, + U "c}xsni d_Z]]ca] ca] ca] ca] ca]
ca] ca] ca) eeftattad day ctle aelfdatcihgadwafce) talisatoayerded]ani erlrealeal cal ca
] ca] ca] ca!
M>u* Rde} xdyi dh&] doidcalven]leakca) ta] tid cgjtdajadalidat ca) cand ajlodiealueaka* a] cal
ca] ca] caj] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca!-a; |
" #=#|Light! B ahitheZphtplhiteéd al icaite af caé Chdatadd djyc ahe* aptatah]diacca] ca

ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca"$X$|$}$$$$$$$E&F&L&N&O
&& ' is converged a?aln by the objective lens 3 so as to be dlrected

'
(3(d(CCCCC((Fxsmi

((.(2 ~Z]]ca]lca]ca]ca] ca]ca]ca]ca]ca]calca]c*a]ca]ca]ca]ca
] ca] ca] caleakba] 6pt £ed T alcrdilcontiaal62] €rdmeitcal.cal cal (((((€)))
)F)1))))))))))))))))****A*o*| *}xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
| cal cal ca] ca] ca] caheehenhsnl cakeahorhcsd cmicalzaknal eakasheal pajie To *  +
++++, oy s s

- -?-D-

(a] caj ca] cg] ca]r ﬁ:‘:g g&aﬁ&?% clz]i'r ?élalf ca cafg’aﬁga%%%%%gg%g%gg%g

536666677E%Z§%8é M of the tical semiconductor element 7
<<(=.=:=}xsnid_Z]]c*a]cal c§] caJ cal ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] cajcalc

ERRHHHTH
ﬁ] cr:na] CKE]FCK%%M%@%&@A&@@%@] eabCedé Yriilo dlichieK>BBi GERBPERERR

QQS} xsni d_th] Q&b@ﬁiﬁ?]@ﬂ]&@]&ﬁk@éhﬁﬁ] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca! SSSSTTTUV+X, XXXXX8YIYRYSYYYYYYZZazZb

ZzZ[ [ Z[\[\} xsni d_Ehkenbendea) calmer] enkCcels s aicakeakoa] cbol cajeal cal cal
ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calc*alcalcalcal\\I\J\b\i\j\n\s\\]
formed in the light diffraction limit of the returned light Lg,

-

the band limit is applied in terms of the sbace.

For above-mentioned formation of the two photo diodes
PD1, PD2 in the light diffraction limit can be realized
specifically by having the area range of two photo detectors
within a circle substantially corresponding to the Airy disc
size.

The Airy disc size here denotes the size of the

returned light corresponding to a circle having a diameter ¢ on
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'l’\1<’\a’\b’\’\’\’\’\’\’\’\’\’\’\$ " "}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*a]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ' ' " MAR:
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Csa? Cmg]%gq%a] .

"h” " a=a>aJaaaaaaaaxbbb/ cnccc! dZd[ d] dcdoddd} xsni d_Z] ] ca] ca] c

a)jcal ca calca ajca o a alcalca ca) calca]calc

a}ddle+£€§%e§é%% %§f%ékﬁ£%§f%§%ﬁ%%%k§bgﬁ%%3%5%?&@H%d_éf?%§%%a]La]La]La]La

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca

] ca] cal 2hAhBhFhGh=ibi2@ lkk vANA i iitj kkkkkkol plyl 111111 mmxsnid_Z]]ca]ca]cal

fa]fa]fa]fa]fa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*a]ca]ca]ca]ca]ca
ca] ca] ca] ca] cal n MoNo\ 00000 #pI u ~gh xsnid_Z]]ca]c

a]fa]fa]ca]ca]ca??%]%%?@2?35¥gdfla‘?5%5&%%g%@%%%%%%ﬁ%%gfgﬁ?gg%caLcaTcL}ca}c

*a].ca] calcalcalcalcalcg rXrrrr(s2sfsssssssss t; .

Chect s SnBboTR i EE RS P e e i er tatatby) 8i9Ra} cde afRa] ca ca

]calca]c*a ca]ca]ca]ca]ca]ca]ca]ca]ca]gg}ca]qa cal cal.cal uuvvvev7yv;

V<V >V XV yeE v E R ek R NG RRWREWEWRRSE fZ]F@é%é&FESFC&}EB}c%?@9$€%$ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! wwwixFx

~xxxxxxxwWiLthdkhe/ ¥ of ixgt49ndey racted light in the region outside

~}xsni d_Z] ] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

c* a] ca] ctheal tght ad t&f vadtced & et 8a @sz toogenErpxenadhighcwhvel endgtla) ca) ¢

aJ ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] catéfiponent, or the like, and it is particularly effective in the

[ amE.FGU} xsni d_Z] ] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] cCaseatha] Tens adlebftc als ajersdaetjerh] ca! t uP] ~8vY} xsni d_Z] ] ca] c*a] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]

ca] ca] ca] ca! \ uWKFétthermbeé Y] siea] €lad ded I spd]idapholto* dliodkeappa) cebgal ca]

ca] ca] ca] ca] c*a] ca] ca] ca] ca] caU] ca]ca]ca]lca]c,a]caljcalcal)f|0\F3t, a

} xsni d_Zhtreajnatke] eid Dedep|on] e erirofdand] palsdalion) cavefiajratie] sageal cal c

aJca] ca] ca]ca] ca]ca]ca] ca]ca]ca] cal Témlq, -;

K" #Sh} xsehd_Zéhs ag kot € ai € afard e fcthealleabedbaas cgha®] 6ad cal ca]

calc*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EHémLq, - ;

K" #Sh} xspbdrdbi £al fad ced Cale adﬁ@&éﬁl@ﬂ]&ﬂlqah%&]eqa}?ﬁhe@bsﬂyal ca] ca] ca] ca]

cal c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca=MeUf H*L! 10% & () -

10% & ()-9S"10% ﬁb&éverz%éﬂ&@ Buéh=pPf1 @A (Jrhatl AW, &thb- cPP signal
@$10%z& ()-UdVi J*L! 10% & ()-L4 1%% @ ()- 2 10% & ()-

010% & (jnltRE 1R £ P18 phdOdidded 'A% $D0) dikposed_in the vicinity
uVAL!&S#lO%&'()--&S#l‘W&(R--&Z“lO@ﬁ&f()-iY"y 10@88‘()-2 10MN 10MN 10M

f; 10% " &) the>¥bnfocal Z[L(E)ﬁtl:-ioﬂ-cgs mentioned above has a disadvantage

\

l'$

in that it is easily influenced by the disc parameters such as
the displacement of the focus direction in the focal depth and
the pit depth.

Here, the push-pull signal to be detected on the half-
split photo diodes PD1, PD2 disposed in the vicinity of the
confocal position is discussed from the pit formed on the
optical disc 2 as a recording signal, or a one corresponding
thereto.

The basic signal detection mechanism corresponds to the

20
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9) g#109%& ()-M & F"109%&' () - @ &f F'10%5& ()- @ y#109%B5& () - yaor/&gn 2003
109%6& ()-F+_U~-_@! Y'10%& ()-F F10%& ()-#3109%& ()-Z 105 166 %1 :
s109%& ()-! 9)g#109%%5& ()-MJ "cdE~ @.!
&' 1095& %‘?9‘&%#%‘% J&“’te)% g&?ﬁ?ﬁé&‘d PPT%P%O%’E‘T‘E??“ESN%&' () - F1L09%& () -
MIE~_@! &F7"10%& ()-& "109%& () - *‘10%&&'8}-& f#109%%& () -
1096& () - &109%6&' £ - e | PRRE Epq9ed nseal) appeyedas) Lp3109%6& () - m 105
105 105@s109%& ()->u*RdEbCL! &@
109%%& () SenFONBE {Ir FromBRYre ISk UiwEpRser- atlth8econfeoealeEos it Romdd CL!
9-"10%& ()- +310%& ()- )Z10%& ()-9' S109%&' ()-&$"10%& ()- "S10%& ()-;
| ~dE:/ that the returned light is reflected by the semiconductor
structure so as to be propagated to a photo diode away from the
confocal position by about several tens to 100 um for receipt
and detection.
In contrast, in the optical apparatus 10 of this

embodiment, the returned light Lz is received and detected by

the half-split photo diodes disposed in the vicinity of the
confocal position.

The difference signal component obtained from the
subtraction between the detected signals of the half-split photo
diodes PD1, PD2 is substantially same in the case of the present
embodiment and the case of the prior proposed optical apparatus
configuration, and only the amplitude, or the like, is slightly
different.

This is because the state of the superimposition of the
diffracted lights from the pit are different in both cases, but
in contrast, the components of the diffracted lights as the
constituents are the same.

Therefore, in the optical apparatus 10 according to this
embodiment, unnecessary signals are eliminated by limiting the
size of the half-split photo diodes PD1, PD2 by, for example,

the above-mentioned methods into the light diffraction limit in
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105 105@ s109%%& ()-98"109%%& ()- 5s10%& ()-9310%& ()-
1°109%& ()-9/10%& ()-M= $'rP1l/ & f#10% & ()-g! & #10900& ()- ! & #109&' () -
I & #10% " & ()- & #10%W & ()- Y'310% & ()-Z 105%"c""""""""{\5n &9 '
"L310%& ()-Z 10" 10" 10",;s10% & ()-! & f#10%BnB& ()-g! 3 % ﬂ%ﬁba
& f#109%&' () - g" #=#| ##! $XSAE{\ = & 10%& ()- Lt 10%& ()-9Z" 109%& ()-9Z" 109%&' () -
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urthermore, in the optical apparatus 10 of this
embodiment, the tracking error signal is received and detected,

using the returned light Ly at the pit edge of the optical disc

2.

Here, the pit edge denotes the change point from the
mark to the space, or from the space to the mark in the case of
recording a binarized digitallsignal onto an optical recording
medium as a mark or a space.

According to the calculation described later with
respect to a signal obtained from the photo diodes PD1, PD2 by

directing the returned light Ly to the photo diodes PD1l, PD2,

various signals such as the tracking error signal and the RF
(higher harmonic) signal can be generated, respectively.

That is, generation of the tracking error signal in the
optical apparatus 10 can be realized, for example, as in the
following formula (2), with the tracking error signal as STE,
the light receiving amounts of the photo diodes PD1, PD2, each
as IPDl, IPD2.

STE = (IPD1l - IPD2) *edge 1 (or *edge 2) (2)

*edge 1 or *edge 2 in the formula (2) each denotes
detection of the pit edge at rising and falling.

As described later, by using detection at either of the
rising pit edge or the falling pit edge, a preferable tracking

error signal can be obtained.
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LS109%6& ()-& SH10%& ()- S10%& ()- 10%& ()-!9310%& ()-2)))**A*o*dEVK@ &
10 "sl1l0%& ()- :109%& ()- F 10%& ()- 910%& ()- 310%& ()-

SI F109%%& ()-o*| ***+, N, dEVK@ & 1096! 109%%& () -

3f10%%& ()-9+"109%& ()-9(!10%& ()- &L0%& ()- $109%& ()-N, 31 MARI:ZB@
T109%& () -F109%& ()-"9 109%& ()-m 105 105 105@ 109%%& ()-9,8"10%& ()- -
-D--.001"?bC Here, with reference to FIG. 4, detection at the pit

edge will be explained.

FIG. 4A shows the detecting position of the rising pit
edge (1), and FIG. 4B shows the detecting position of the
falling pit edge (2), respectively. In the figures, the arrow
in the vertical direction denotes the moving direction-of the
recording medium, and the arrow in the horizontal direction
denotes the detecting position.

According to movement of the beam spot S, detection can
be executed at each pit edge (1) or pit edge (2).

According to the calculation of the formula (2), that

is, by receiving the returned light Ly at the pit edge of either

rising or falling and executing the calculation of the formula
(2), the tracking error signal STE has a sufficient margin with
respect to the lens shift in the radial direction R as later
described.

The RF signal can be detected by the addition signal of
the two photo diodes PD1, PD2.

Moreover, the focus error signal can be detected, using
a well known detection method by receiving‘and detecting the

returned light Lrp after being separated halfway.

Furthermore, for the detection of the pit edge, for
example, the conventionally used methods, such as the phase
difference detection method can be used.

Since the half-split photo diodes PD1 ,PD2 are limited
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light at the pit edge of either falling or rising.
Since the half-split photo diodes PD1l, PD2 are formed
toward one side (right side in the figure) in the tangential
direction T with respect to the optical axis of the returned

light Lz as shown in the plan view of FIG. 3, although either

one of the rising pit edge or the falling pit edge is more
adequate for obtaining a preferable tracking error signal in
some cases, basically the tracking error can be detected by
using either of the pit edges.

According to- the design condition, or the like, of the
optical apparatus 10, by which pit edge the signal is detected
can be determined.

As mentioned above, since the half-split photo diodes
PD1, PD2 are formed in the diffraction limit region of the

returned light Ly in the optical apparatus 10 according to this
embodiment, the offset (generated in the case of the pit depth

other than A/4n) in the tracking error signal in the case the

lens shift is generated outside the diffraction limit region can
be eliminated so that the influence of the lens shift to the
tracking error signal can be made extremely small.

Moreover, since the tracking error signal is detected by

receiving the returned light Iy by the pit edge of the optical
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focus state in the focal depth can be made smaller relatively.
Therefore, the influence by the defocus observed in the CPP
signal (see FIG. 13) can be lowered, and thereby, a preferable
tracking error signal can be obtained.

Specifically, as shown in FIG. 2, the tracking error
signal can be obtained by binarizing the RF signal, which is the
addition signal of the signal of PDl1 and the signal of PD2, and
sampling the difference signal of the PD1l signal and the PD2
signal at the rising edge or the falling edge.

Furthermore, the reproducing apparatus for an optical
recording medium can be realized by applying the tracking error
signal accordingly obtained to the above-mentioned actuator coil
via a power amplifier for driving an actuator coil, and
executing the servo in the tracking direction.

The power amplifier may be provided with a phase
compensating circuit according to the actuator characteristics.

Next, in order to show the effectiveness of the optical
apparatus of the present invention, the tracking error signal is
calculated for the optical apparatus 10 shown in FIGS. 1 to 3.

First, the calculation results of the tracking error

signal in consideration of the characteristics including the

radial direction lens shift characteristics, the focus
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FIG. 5A shows the change of the tracking error signal by
the lens shift LS of the disc in the radial direction R, FIG. 5B
shows the change of the tracking error signal by the
displacement of the focus (hereinafter referred to as &efocus)
to the extent of the focal depth with a 65% disc pit duty, and
FIG. 5C shows the change of the tracking error signal by the
change of the disc pit duty.

FIGS. 5A to 5C show the calculation results in the case
of detection at the position with the best modulation degree in
the vicinity of the rising pit edge.

Similarly, the calculation results for an optical disc

having a A/6n pit depth are shown in FIG. 6 (FIGS. 6A, 6B, 6C),

and the calculation results for an optical disc having a A/8 pit

depth are shown in FIG. 7 (FIGS. 7A, 7B, 7C), respectively.

From FIGS. 5 to 7, it is learned that a preferable S-
shaped tracking error signal can be obtained with respect to the
optical discs with any pit depth with little influence to the
tracking error signal even if there is a lens shift in the disc
radial direction or a defocus.

Moreover, it is also learned that a preferable tracking
error signal can be obtained regardless of the disc duty value.

It is further learned that the tilt of the tracking
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is in the + direction in the case of a pit depth other than

A/4n.

Moreover, since the tracking error signal can be
detected for the discs with any pit depth as mentioned'above, if
the optical system is adopted in an optical apparatus using a
red material in the semiconductor laser LD, for example, it can
be used, for example, as the optical pickup common to the DVD-
ROM and the DVD-RAM.

According to the above-mentioned optical apparatus 10 of
the present embodiment, owing to the characteristics in
detection of the tracking error signal, the following advantages
can be provided.

(1) The tracking servo can be applied to the optical
discs with any pit depth or groove depth.

(2) since the confocal optical system is utilized, the
tracking error signal can be durable with respect to the lens
shift or the parameter change of the optical system for the
optical discs of any pit depth or groove depth.

(3) Since the optical parts added for detection of the
tracking error signal are not required, a simple optical system
with a reduced number of parts can be provided. Therefore, the

assembly step and the adjustment step can be simplified.

(4) According to the cutback of the number of parts and
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(5) Since optical parts to be added is not required so
that the optical loss is small, a low power consumption can be
realized.

(6) Since a small size and a light weight can be
realized, the improvement of the response speed can be achieved
thereby.

(7) Recording and reproduction of an optical disc having
a higher linear speed is enabled with the conventional power
consumption.

(8) Since the semiconductor laser and the light
detecting elements are formed on the same semiconductor
substrate, the aging change after assembly is small.

Although the optical disc 2 having a pit has been
explained as the optical recording medium in the above-mentioned
embodiment, the present invention can be adopted to an optical
apparatus using an optical recording medium having another
recording region corresponding to the pit.

For example, in an optical apparatus using a phase
change type optical disc, utilizing the phase change record in
recording a mark or a space representing the digitized binary
state, the end part of the region, wherein information is
recorded by the phase change is used as the one corresponding to

the above-mentioned pit edge so that the returned light
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emitting part, generated by the vicinity of the boundary (edge
part) of the region of the optical recording medium, wherein
information is recorded, can be used.

The optical apparatus of the present invention is not
limited to the above-mentioned embodiment, but various other
configuration can be included within the scope of the gist of
the present invention.

INDUSTRIAL APPLICABILITY

According to the above-mentioned optical apparatus of
the present invention, since the light detecting element is
positioned and formed at a poéition in the convergence limit of
the returned light in the vicinity of the confocal position so
that the receivable returned light is applied with the band
limit, the excessive diffracted light generated by the lens
shift, or the like, is not received, and thus the influence of
the change of the converging means, such as an objective lens
with respect to the tracking error signal can be made smaller.

Furthermore, by detecting the tracking error signal by
receiving and detecting the returned light generated by the end

part of the pit or the region with the information recorded, the

tracking error signal, which can hardly be influenced by the
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obtained.

Moreover, the tracking error signal can be detected for
the optical recording media with any pit depth or groove depth.

Furthermore, since the tracking error signal is detected
by the light detecting element and thus optical parts to be
added for detection of a signal are not required, a simple
optical system with a reduced number of parts can be provided.
Therefore, the adjusting step can be simplified.

Accordingly, a low production cost of the optical
apparatus can be achieved as well as the light amount loss can
be reduced so as to achieve a low power consumption.

Moreover, in the case a confocal optical system is
adopted, since the light emitting part'and the light detecting
element are formed on the same semiconductor substrate, the
number of parts can be reduced so as to achieve a small size and
a light weight of the optical apparatus. Furthermore, the
response speed is improved so as to reduce the aging change
after assembly of the optical apparatus.

In the case a confocal optical system is adopted, since

it can be formed in the semiconductor process step, production

with a high reproductivity and a good yield can be realized.
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1. An optical pickup characterized in
comprising:
a semiconductor laser,
a reflecting means for guiding an outputted light from
the semiconductor laser to an optical disc,
an objective lens for collecting the outputted light
reflected by the reflecting means on the optical disc,
a light receiving means divided at least in two, for
" receiving only the returned light in the Airy disc size from
the optical disc, and
a tracking error signal generating means for generating -
a tracking error signal based on the reflected light from the
end part of at least one of a mark and a space on the optical

disc detected by the light receiving means.

2. The optical: pickup according to claim 1,
characterized in that the semiconductor laser, the reflecting
means and the light receiving means are formed on the same

semiconductor substrate.

3. The optical pickup according to claim 1,

characterized in that the mark or the space is formed by a pit.
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4. The optical pickup according to claim 1,

characterized in that the mark or the space is formed by the

phase change.

5. An optical reproducing apparatus
for reproducing a signal from an optical disc medium with a mark
or a space formed on the medium, characterized in comprising:

a semiconductor laser,

a reflecting means for guiding an outputted light from
the semiconductor laser to an optical disc,

an objective lens for collecting the outputted light
reflected by the reflecting means on the optical disc,

a light receiving means divided at least in two, for
receiving only the returned light in the Airy disc size from
the optical disc,

a tracking error signal generating means for generating
a tracking error signal based on the reflected light from the
end part of at least one of a mark and a space on the optical
disc detected by the light receiving means, and

a driving means for driving the objective lens in the

tracking direction based on the tracking error signal.

6.. The optical reproducing apparatus according to claim
5, characterized in that the mark or the space is formed by a
pit.
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phase change.

8. The optical reproducing apparatus according to claim
5, characterized in that the tracking error signal generating
means comprises:

at least two light receiving means for ‘receiving the
returned light,

a difference signal detecting means for detecting a
difference signal from the two light receiving means,

an addition signal detecting means for detecting an
addition signal from the two light receiving means,

a binarizing means for obtaining a binary signal from
the addition signal,

an edge detecting means for detecting the edge of a
rising signal or a falling signal from the binary signal, and

a sample holding means for sample holding the difference

signal based on the detection timing of the edge.
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