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RECORDI NG APPARATUS EQUI PPED W TH THE SAME 5 BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present =nvention relates to an opti cal
rébroduction apparatus that is used to read information from opti cal

recording 10 nedia, an optical recording apparatus that is used to wite
infornaﬁiﬁﬂgmﬁﬂliﬁﬁikgzﬁﬂﬁﬁﬁﬁding medi a, an optical pickup, and a

phot odet ect or uni t ._Description of the Related Art 1 recent years,
vari ous stand@ﬁﬂ?QREEEQ%BdeﬁigreﬁNQﬂﬂ%ﬁ%ﬁ@f.?B?HH%S §§§3C n created

for optical recordin Ear. o] di a based on
di fferent stanaapggtﬁ§5§%affﬁﬁﬁgﬁ¥k §$Rg8égﬁgkp gggkgﬂﬁguggnerates
demand for a nufti-st U a tus 20 that can
reproduce vari ous typgggg#%ﬁﬁg(éﬁﬂ¥e§gbdﬁnghn§@¢% ng different

physi cal formats. A nulti-standard optical reproduction apparatus, which
reproduces optical recording nedia having different recording densities, is

dISC|OS§E ent 25 Application No. H9-180212. In
this coRy e i F-epT i on apparatus, ~aw-~~~~

1. Field of the Invention

Thepresent inventionrelatestoanoptical reproduction

apparatus thatisusedtoreadinformationfromoptical recording

10 media, an optical recording apparatus that is used to write
information onto optical recording media, an optical pickup,

and a photodetector unit.

2. Description of the Related Art
15 In recent years, various standards adopting different
physical formats have been created for optical recordingmedia,
For instance, optical recording media b;sed on different
standards have different recording densities. This generates
demand for a multi-standard optical reproduction apparatus
20 that can reproduce various types of optical recording media
having different physical formats.
Amulti-standard optical reproduction apparatus, which
reproduces optical recording media having different recording
densities, is disclosed by Japanese Laid-Open Patent
25 Application No. H9-180212.

In this conventional optical reproduction apparatus,
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25 February 2003 a photodetector unit for receiving returning 1 fight
ref1ected by an optical recording nediumincludes a pluralitas dpruary 2003
phot odet ectors to obtain received light signals for a three-beam nethod and
received light signals for a differential phase 5 detection nethod. Here,
each of these nethods is used to detect a tracking error signal for driving
a tracking servo. The three-beam nethod is used For | owdensity opti cal
recor di rig PlRsdicdq torvent ibhsl LCD- ROVELViMG IFe turn ¢ fbighti nefphased
detection nethod is used for high-density optical recording 10 nedia

(DVD- ROW) . afhecppiFraadl reproddcid onedppar atnsltidest eecplusésldtpseots
speci fication showi ng whet her an optical recording nedi um pl aced therein
has a hPgetcstefrer heradssPbyainfradrl vodildaht séorailvg ped Uhrdasbaam gh
recordi ng density, the 15 optical reproduction apparatus detects a tracking
error sF“@ﬁé‘IOdac%fbﬁidFﬁﬁeﬂ-SePﬁe“cﬁ}ﬁ efeAnpadls difkea détédereniedhoBhake t he
optical recordi ng nediumhas a | ow recording density, ,the optical

r eprodulEitEs TIPSt e Yet EECE raCBFARE Fé e BR LSO 1‘~sé’cﬁﬁ?(§i°n‘§e'ﬁécﬁ5he

t hr ee- beam net.hod. The opti.cal re rodgctiqn 20 aggargpus then drives its
trackin§ SEARKIRT ngFFRE SR Aedt PF aBRiNG 16 rdr CERGRART HPSEPect ThEI y

Go1n9, U ok seean e hod apdouhe A e enil l  phase dehecly o et fod to

efr ooughien 7 anpat plusaiciodien ool Lk delBbL gRLiSal g ooro g
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10 media (DVD-ROMs).

The optical reproduction apparatus first receives a
user's specification showing whether an optical recording
medium placed therein has a high recording density. If the
optical recording medium has a high recording density, the

15 optical reproduction apparatus detects a tracking error signal
according to the differential phase detection method. If the
optical recordingmediumhasa lowrecordingdensity, theoptical
reproduction apparatus detects a tracking error signal
according to the three-beam method. The optical reproduction

20 apparatus then drives its tracking servo using the detected
tracking error signal.

By selectively using the three-beam method and the
differential phase detection method to detect tracking error
signals in this manner, the conventional optical reproduction

25 apparatus reproduces both of low~density optical recording

media, such as CD-ROMS, and high~density optical recording



recording media (such as CD-ROMs and DVD-ROMs) having different 5 recording
dersities. However, it is difficult for this reproduction appa&ebiuds 1003
support ot her types of optical recording nedia that have recently y becone
avai lable . Mre specifically, because recent optical recording nmedia adopt
various physical formats having different track J.0 pi tches and different
track shapes (pit sequences or continuous grooves), it is difficult to

r epr odutiedtildesswoph i 28 DVBcBPMisng nedia with a single optical reproduction
apparatus . As a result, a plurality of opt| cal reproduction apparat uses
need to be usedPBo répeE6aLbEdt he2PTeer erlthe ypEePTHie TRt PRBL 1 &FTEEHY 1
medi a, whi ch puts, an enornous ecqnom ¢ burden ypon consungrs . The sarre

pr obl eﬁ&&ﬁlqdé?ﬁﬂo%pﬁp@%rar%%r&lsngc%@ﬁ&l% u%g IeRIAESA TR FRE 3 IFVENTI ON
The first object of the present invention.is to row de 20 phot odet ect or
uni t thaﬁcpéjd&mqas@ear 6?‘1?1%@&5&8@&4&?69 QYD5ROM éé&ad%géﬁ{ %% o

types of optical cordi.ng nedi g that have differ nL tra pes and

di ff5ereﬁFcP|r§cIP§b| g@ﬁés'" IRt sedGHtE 6 ect tof 1he JpFeéEHg ng%’ﬁt |t6‘r+5i s to
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medCumi PR %@%@bﬁ?ﬁifﬁ%t?é?éﬁ‘%%éﬁ?‘ét Lﬁﬁ?ﬁgﬁ@% e
opti calgrgeoed) Nai FBd Wif A& B kher @prbe@dice these optical recording
mediawithasingleoptical reproduction apparatus. Asaresult,
a plurality of optical reproduction apparatuses need to be
used to reproduce the different types of optical recording

15 media, which puts an enormous economic burden upon consumers.

The same problem applies to optical recording apparatuses.

SUMMARY OF THE INVENTION

The first object of the present invention is to provide

20 a photodetector unit that is suitable for the reproduction
Of or recording onto various types of optical recording media
that have different track shapes and different track pitches.

The second object of the present invention is to provide an
optical pickup that is equipped with the photodetector unit

25 and is capable of reproducing or recording onto various types

of optical recording media. The third object of the present



10 pickup is constructed to (1) divide the | aser beaminto a main beam a
precedi ng sub-beam and a succeedi ng sub-beam (2) direct thg;qghﬂnpg

t he precedi ng sub-beam and the succeedi ng sub-beamtoward the optica
recording nmedium and (3) divide returning lights of the main beam the
precedi ng sub-beam 15 and the succeedi ng sub-beam respectively into
first-fourth main returning lights, first-fourth precedi ng returning

| i ght's, iawenftiirest ifsotiothir sut deezin rptristal memrddght Senanppé hatphotivalet ect or
unit includes: first-fourth main photodetectors that respectively receive
the firds- Bourttablmifor dthe niepr @dutighns p £ff vesticuurapes exbdintgcal

phot odet ectors that respectively receive the first-fourth preceding

returni mgdorghitrey mefld i r SThé ofpuhtsuckeditng fpkseodseseroy sirvettion
respectively receive the first-fourth succeeding returning lights. 25 This
const ruési ba prbvidet e phoicddt serordima arpaiuitees Hat dastsuifradsl e ypes
of tracking error signals by conbining 4 25 February 2003 the received

| i gt sfgaaize reeaE Pl aPAILS Ya bl cpRdiGues et eFt §Fsdprecanéiagaiadia he
optical pickup equipped with this photodetector unit appropriately drives
the focusing seFi8 &rdstr abdarf et A- et vedi RY & oPRRECELIGGIRY elyidy

si gnal corresponding to the type ,of the optical recordi ng nmedium Here,
the fi rgp-rfaiﬁethwhﬁ?n%&ho%ﬁé% t BAShREy Hekkr rEFGEt 3 TR S 3Pr9@54wl
straight line, and gach of hhe first-fourth main photodetectors . may include
at | east *FR0 PGk BEELED TP b A6 s 8P Pt & St pemt < s 19 art
arrangepent _direction.of the first-fourth main.photodetectors. The

hot odetBEL8F Ca Ponal s SRS T R e (e S 8 T PREES: 505" PRELS el udes
finst sign Li pe I Lts r ecei j ' t.0 rforma
pudh por FERepbR CoRsEr bR AD | PR B et M S B

t he ph tecti tLons,.af. th P rste [ A te rs, the
fi rst-?%%gﬁh %r g%ﬁ%%ﬁo%%%e?%c drga,rt%n F&%E}glte'@sltaa B'T'Jr ﬁgggﬁéeggﬁng

phot od ' i Iy ; W0 es de Sl . l.i-nes and
e Bk e L e R s Ll T

det ect i on,oBERRAd L olvBE S @SN AQ & 9NAlcd 1 di8sg brb AGungSRREt i 9¢! Y1 ¢opaect ed
to the photodetecting portions of the flrst-?ourth mai n phot odetectors; and

a thirdatitAgngr QUyHRtof nehedas itthidshg) 9PBE birkes oty t s@PSBebA, @
received light signal used to performa three-beamnnethod, the third signa

i p6s heidigthesperidesd yngosnpebednt Qéé’pﬁe@@ifréﬂﬁt imew thi psecedifgh
phot odet ectors and the first-fourth succeedi ng photodetectors. 5 25
Februame20@3tnrninglights, first-fourthprecedingreturninglights,
and first-fourth succeeding returning 1lights, and the
photodetector unit includes: first-fourth main photodetectors
that respectively receive the first-fourth main returning
20 lights: first-£fourth preceding photodetectors that
respectively receive the first-fourth preceding returning
lights; and first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning
lights.

25 This construction allows the photodetector unit to

detectatleastthreetypesoftrackingerrorsignalsbycombining



Wth this construction, the first-third wring groups output received |ight
signal s respectively appropriate to the push-pull nethod, differential
phase detection method, and three-beam nethod that are track$ FRgbmafa2003
signal detection 5 nethods. Here, the photodetector unit may further
include: a first circuit that generates a first tracking error signal from
the received light signal, which is transmtted fromthe first wiring
group, according to the push-pull nethod; a second 10 circuit, that

gener at 88€aT86€AH TR rE I s W92 dE ST EAMI 2 PLBAPLAE Y 8EePREFASHRE ST Hnal |
which is t itted f th d W ring. , , di . t he.
0111 or REPHP s AEEE0EFon YA hORCiaRG Bo1 HKRE BARRES hat Berrit es a
third ;rﬁckin error signﬁ! fron]the re eiéed i g% §i?nal,.mhich i S
t r ansni PREECEE YSONPT hBPE i ARRATE TP UF o¥ip STadES ditly T9CPRETEhSSEYR am

met hod. _W.th this.construction irst-thir IL,r.cui ts_i ndepende

. f : I
generat%n?hI?%?%f???ﬁﬁ&qﬂwﬁﬁ$ﬁ%QngoF%H%%3Ig%%%%?%ﬁngrfﬁrtﬁifngﬁ g
ﬁéf%&ﬁf‘i%?%ﬁ%ar':&g o octd) PP SRR %%ja?%ﬁa{%c%% it for h
2 aser boam ariorSee Tan. FaROT AR 1ont Hor | Eoe b B S pr redl oo

recor di 0g-ORdieum s whel e (hhe pij pals ol ckun: 19 seqnstoygl ed, b (J) ding de the

c@g [
| aser beanllﬁto a main 25 beam -“a preced ng Sub- eam and a succeeéﬁng

sub- beam £ @) rdifRG HAEn TRHD RRAM OS5 BT §G8AI N0 SUBabeaM 1 d0d: thE o
succeedi ng 6 25 February 2003 sub-beam toward the optical recording

medi UM pRddofdk cdthirde r 8bYkRbRG | | ghtangbdt herdmbandeafinatthe fs ecedi ng
sub- beam and t he succeedi ng sub-beam respectively into first-fourth main
retor nifgrihgbhead 41 sbcteuntdr Rhecedi 88 -FRlutH RYLhigHY SodétaBtors.
first-fourth succeeding returning lights, and the phot odetector unit

i ncl udesthd i plsbtbaetic vt nmrphotdet egtens rt halclaide :ard anpest i wigivigrtual Iy
straight line and respectively receive the first-fourth main returning

| i ght s;gfoupsteiotiintjyrdaeding tphotndet bthes sridatr aqistriag s angecde i fed
virtually 1.0 straight line and parallel to an array of the first-fourth
mai n pHdtget ed¢goed orsed sidepetfvhe & rmysh+pelli methiayr ttherfieditng
phot odet ectors respectively receiving the first-fourth preceding returning
| i ght s;signal lines hedngoeatpegt phol ydmnne ot edttivat haph crodetyedt inga
virtually 15 straight line and parallel to the array of the first-fourth
el h pESIRREt 0P ofingn SpFeditiowre oraine mhpipdettsctors, the
first-faourthsucceedi ng photodetectors resgectively recei ving the

first- fFORIH S0BEEBIPAE SREEMG PP 1INE-CTATEur RBAL L6l g Tfirie¥&hon
circuit rqg; that converts current signals, \Wich 20 are obtained fromthe
phot odét”%ﬁ d1BGPRAFPLEPBAECE S rR SECRIE MFRGRN TaFBaHPst DA A GletdeFed

i ght signals representing voltage values corres ding to the_ received
i ght SRS SiBH3T SETAT ARG GF BOF A STSRFTES L ONF 1L qRERARRE] | ght
signal _group used to.performa push-pull,, _nethod, the fir recei ved |ight
2500 ohll BEEARE & Aete e TE e b RO P B st EEEF R L BrERSIY Y ReCond
gt - Gayrh T8ha AL e HeU v d I ol A LY 888988 Lt ing
portions of the first-fourth main photodetectors; and a third
wiring group that includes third signal lines and transmits
a received light signal used to perform a three-beam method,
the third signal lines being respectively connected to the

25 first~-fourth preceding photodetectors and the first-fourth

succeeding photodetectors.



25 February 2003 photodetectors, and the first-fourth succeedi ng
phot odet ectors: a second wiring group that transmts a second received
l'ight signal group used to performa different=al phase det estFebuarRpibodl,
the second received light signal group 5 corresponding to the

phbt odet ecti ng portions of the first-fourth main photodetectors; and a
third wiring group that transmts a third received |light signal group used
to performa three-beam nethod, the third received |ight signal group
correspondi ng t Bithe thiss COPSHRUF Hretedii®y 20 phot bdEHctt 5EBIHECHRE
first-fourthsucceedi ng photodetectors, where the_photodetectors, the

cur r ent SHEPUEgEEEHIVES TRt sd@na bt FREPREL VR YV PPRGPERG (S tar Bhe
integrally formed on a single sem conductor substrate., Wth this
construeyﬁgﬁpqﬁe ppthedr HtRERR AL 1BPASFardR LRCRGPPPETREh BRE
present photodetector unit is capable of using a plurality of tracking
error sFHR8e - RABLITRRDRE FOEE RE R ohBRRAKAG S HEFeEesvanalli fiRtasHhals of
t he phot odetector groups. This allows the optical reproduction apparatus to
sup rtmGEgpéﬁs types of optical recording nmedia 20 having different track
shapes and different track pitches, Al so, because the photaqdetectors,
current-voltageﬁﬁﬁﬁveﬁﬁﬁnPé§Y%€?EéﬁFSEpP%%ﬁjWﬁYi#ﬁr§B86p§Q%%¥ Stefrally
formed on_the sane senjcopductor substrate with a sem conductor ,processing
techniqﬁéfsfhgﬁ%%h%ﬁg%%%FoPﬁﬂﬁ§aﬁ%ﬁpﬁogﬁfé&1%335#&5% 55C8Fa8ﬁ3ﬁfgnd t he
nunmber : f e det ect Uni re re ed, 25
Febr uar §£ a)g(a)gﬁéb?gge g(}?gc g % gthrsi e %Rg%tr?gtd C Itwglr%' Clq-gsl (Lagp tglaglr?e n’tt %@ %eorg utr}% fer
provi deég; t Lconductan 1l l, t jtting
B P aser boam Vi TEoa ot e o o 0 SR e aAL 1 fEEhoB; R | D

fingt apd-sgeond e condrstels 3 |as8in &l RRRKS QMidiidg éi‘gﬁélb% of

different wavel engths. Wth this construction, the photodeté&ctor unit uses

two sentgoORAEKd Ofed qsi?h@'s@@ﬁls,- whhich 2k|1oMgn sM0rt¥Besr Oh tHAGKIRG LT T or
signals to be detected according to each tracking error signal detection
met hod.wfﬁiﬂgrﬁ&@hb, the-drdbes €6 4Ret ¥RETOferapid Taphse60nELRG LR A
supported by the present photodetector unit is increased, and a

sem comirchod ; | aner acheniend , cibéeht eghks Lhedrassss heath DEdarvav@liengt h
appropriate to the type of the optical recording nedium is selected during
recor diewgror siemaddfietnahe 16cdheesicdcingite slijpactl ,stal el iavoyensmigthkideved by
an optical pickup that irradiates an optical recording mnediumwth a | aser
beam arftkomdcéievesiedohi ritgrgriony,| 2gbhbrddafierbathdyhtree -tatancme t hedar di ng
medi um including: a first sem conductor |aser element that emts the | aser
beam a first d¥fhadthion gatstgp@0iohat thei desrstethasdr beagufitem t he
first sem conductor |aser elenent into a nain beam a precedi ng sub-beam
and a suxteRemAgnELy-geasraie the fhasthabirket nachibganrrpresednags
sub-beam and, the succeedi ng sub-beam converge on the optical recording
medi umA SFERHRA th FRe RUS TP ot Aftetd Achat i £ S eFeahicelPhrFes 1§ PECBar al | el
to the first diffraction g&ﬁting %Pd generates first-fourth main returning
| i ght s &5 - 1 3¢t FREPECEEHATy PR February 2003 retu=ni ngli ghts
angfirst-fourthsucceedi ngreturninglights by.dividing each of, returning
lights of the E§Q1€i§ﬂﬁ ??%eﬁFe%gd?ﬂ§°sﬁB¥B§§ﬁF d & RS GRISKTFRGT

The 1 PEY 5 87 08cRA nAP SR aRRAL | Lo EadE: T 2Aas KoYt Gt BREhr uni ¢
recording mediumwith a laser beam and receives returning light
reflected by the optical recording medium, where the optical
pickup is constructed to (1) divide the laser beam into a main

25 beam, a preceding sub-beam, and a succeeding sub-beam, (2)

direct themain beam, the preceding sub-beam, and the succeeding



that includes first-fourth main photodetectvrs that respectively receive
the first-fourth main returning lights, first-fourth preceding

phot odetectors that respectively receive the first-fourth prer@ngy 2003
retuxning lights, and 10 first-fourth succeedi ng photodetectors that
respectively receive the first-fourth succeeding returning |lights, where
phot odet ecting surfaces of the photodetectors are arranged within virtually
the sanme plane, and the photodetector unit is arranged so that the

phot odetsadrihmpm Ut $e2ed Bhe ppEirednsgcrsding medivparan@el 3t Ciniede| rst
diffraction gratinga Wth this construction, the optical reproduction

appar at 5§ taqui ppedlaehE st Wk Upei Baknpt@aip i sheapasrednausiHy2edlural ity
of tracking error signal detection nmethods by combining the received |ight
si gnal s 28 {4 pRBEEEELCEADrS Y ORBEM. T8 PR s W hY ev88Cart it T U pF e kup
that suppqrts variqus types of optical recording nmedia having different
track sE‘é&@sr%fﬁH:BilPﬂéf t%é&»@ﬁ;ﬁw%&%@?ﬁ@%ﬂw aﬁ]:%fuggaki&ba%ove is

achigved By 1 optical feproduct Lon apparatus (hal neags and Leprodues
25 Fobr Q3R SR TGRAT L ROCORITR TGRSRt OR RAPAPHESO A RA SR T o
detectigB nit for detegﬁin fiLﬁK:EEird+traCF%n .error, si nal%faCQP[ding
to diff&F&M=hEtIoERS98%ARE Hib® BRPL ¥of -F BAgr b  WRiTHE 6REPSF TinE Y
irst-thi : i . ' I s_ | ' e 5.1 t [

accor di R 6 EBTa 439 Tiover ¢P0F Tkt TP e R Reh el o R RS SR
det ect il ' ' ff ti 1)
dot oct el JdIechREERRARD Lol Bk pupBbRoti P UL Oy

. A | N . S ) —
he ecer o8 T~ 3 GHals Par "CHG DHOY GBt SeTer o DU of -FRe Eht-chot ect o

unit, tﬂé%noghio%@dét?e@tf@ﬁy&?rh@P@éaéf'stliaé §99§§L6t9£ E3bg-@cRlnal ity

of tracking error signal detection nmethods. Wth e constr:~ction stated
above, pheceplinggl mHYSEEEEERcRBPAr @i BEdBya | PetbdGkhBy erXaf
signal detection nethod, which is appropriate to the type of the optical
recor di pgreedifeliztAs preesuding t heetpirindalg r epEBAYGt | opfi appafalzsh
precisely controls the focusing and tracki ng operations of the optical

pi ckup smdceepiodugEsotodeteatoas ahatheaopt ecabhngecorii g medtumlwyt h 20
accuracy. The fourth object stated above is achieved by an optical

r edd=di sigrappartatlis: & featd rprozdielntor thei arrenyt ofArtiomtftattrEourdhng
medi um by perform ng tracking servoing for an optical pickup according to a
tracki mpenr phodigpetecthesopn ¢l dBpeoedtrdisigappér ahes axrmdwdi hhe a
detection unit for detecting first-third tracking error signals according
to diff&kest-fourtissyepeadipgzoostagensdsors Faspeagivamily Toeeiudngang

whi ch one of the first-third tacking error signals is suitable for a

t r ack=righ @ EA¥s trlcOt T g ues eadina reeuradans igh e neafqumrentivyal t2@eki ng
error signals de tected while the tracking servo is of f; and a selection
unit 5 YPVIEPALR RYTEHETCoFXPHR FRALICIRYPALEr kTRt S FBR24FgndPsChor t he

tracki ng servo according to judgenent result of the j edging ;:nit
58 a eo%taine froﬁ%he;%gtoéktectorsandcorrespéndt ré%eived

light amounts, into received light signals representingvoltage
values correspending to the received light amounts:; a first
wiring group that transmits a first received light signal group
used to perform a push-pull method, the first received light
25 signal group corresponding to photodetecting portions of the

first~fourth main photodetectors, the first-fourth preceding



By conmbining the received light signals of the photodetector groups of the
phot odet ector unit, this optical 10 recording apparatus is capabl e of using
a plurality of tracking error signal detection nethods. vvtpspg@umy2003
construction stated above, the optical recording apparatus is capably of
selecting a tracking error signal detection nmethod, which is appropriate to
the type of the optical recording nmedium As a result, 15 the opti cal
recordi ng apparatuspreci sely control sthe fgpusing and tracki ng operations
of the @%ﬂﬁﬂﬂeqﬁQﬂ@ﬁﬁand r886r ds iWior nat ¥ bRSBAEBLERS opt iISHICFEEOI i ng
medi um wi th accuracy. BRI EF DESCRTPTI ON OF THE DRAW NGS 20 These and, ot her
obj ect s PhAPCARTRIEOERY § SRIARS WITIRE FFRBRITRAC GT37HBLbAe? SRt from
the foll owi ng description thereof taken in conjunction mﬁthfthe o1
acconpafFicid ek FST wAREREY 1952 Rt BS8ds 5t iHG Tt B ofli Mgt Sdtet e
invention. In the drawings; 25 Fig. 1 is .a block diagram show t he main
construESFéﬁ @FEﬁEﬁP?ndngﬁoﬁpthgl5?888ﬁd?ﬁﬁeéﬂagTﬁgngh%%g%%f Btus 12
25 February 2003 according tg the _first, enbodi nent of .t.he present
invéﬁtiSﬁF¥ﬁﬁﬁo 1 a FBngjﬂUﬁinE qg&ﬁﬁ?ﬁﬁﬁ19$ewaﬂrﬁﬁ?Qé;i8 | gitkup of
the opti.cal_ recording and reproduction paratus Fi.g._ 3 | | ongi t udi na
section F‘r?ite\?b% rdctrhgm%bgi Eggt@agits%%ﬁgg'tﬁgdo%titg%‘%i !éiﬁgng e it he
mai N copgtructi | t f th cal ysystem. hown: _Fi.g. hows
ow phob Bt SCRTTaTe Br FARGSd T3 B Hrat Vbt botart i (S YRR, U8edhsR the
construgkLli Lof Ja Il EQQ-l- 0 0. j ‘0 Ll hustra
situatigék%ﬁég%alFé%%%bggns g#gg%%%idgﬁ% %%Egh|$%%?lgﬁﬁiﬁf§ﬁ§ %gﬁgg}anland

the ret QEBE%Q iU 09 8% Fi go.  713ROVS dihes £LHON LekRbaangbet ween

acircurt 1 systeﬁland*the phot odetector unit in the optical pickup; Fig.

B showspRBt8uamRlct o¥d AAE -t 1 81 @ st Wt SUEEEBHI NG Cfsmeoaeeé@tgir@o _
circuits, the photodetectors, and wires are connected to each other; Fig. 9

shows aphexanptige CPhdtadtO8t8ks3 foReS Qi¥LEn€Oveakagleat beAverseUnt ; Fig.
10 shows an exanpl e construction of a differential push-pull circuit; Fig.

11 shovsiagugxagiousonstd ueheowiafirgy phasepsorper iisredrd Uy atbenedi rcui t;

25 Fig. 12 shows an exanple construction of a three-beam cal cul ation
circuitonld siggleeberdrooiilStor substrate.

With this construction, the optical reproduction
15 apparatus equipped with the present photodetector unit is
capable of using a plurality of tracking error signal detection
methods by combining the received light signals of the
pPhotodetector groups. This allows the ¢ptical reproduction
apparatus to support various types of optical recording media
20 having different track shapes and different track pitches.
Also, because the photodetectors, current~voltage conversion
circuit group, and wiring groups are integrally formed on the
same semiconductor substrate with a semiconductor processing
technique, the photodetectorunit is producedwithhighaccuracy

25 and the number of parts and cost of the photodetector unit

are reduced.



Figs. 13A and 13B are flowharts showi ng the judgenment precess~ng of a
judgenent ci=cuit in detail; Fig. 14 shows an exanple table where each
conbi nation of anplitude judgenment results concerning trackkebruady 2603

signals is associated w th one physical shape, one nedia type, one
sem conductoz | aser el enent, and one tracking error signal; Fig. 7.5 shows
the optical systemof the optical pickup and the construction of a
phot odet ect or devi ce using a photodetector unit whose construction el enents
are all 'ornmed H9ren 2 3RCERAS HEATBHRED B 2RFse + BFRN LMY Pagug
t he photodetectors fornmed on the sem conductor substrata are arranged; Fig.

17 is aPpevsped: idre GhewSHPSE 1B 0d&NECctDPCORFL SERECIRAYT B9 déd SRt h a

depressi on having.a reflection plane 15 Wth an angle of around 45 degrees
to the SHFFEEE BRI o i d

of the
an exa

compon
I oggit
shows

to the
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how

Vi ew

19 shows

hot od ' K | J . . _Fl..Q.
Y ARSPELEPROR RIS o ‘CARE 20 15E MpOSEFBY SERLPBBRIRSEH: | ool

t daf f .the phot odet ect device. Fig, 20 i
REF SEETPBnS SDFBRLGP SAOOBUPCRT oo EkTPL B7E 8 hott TPOPERS Fi g 21
Cecond dibai MBS SCRE U Ehah TRGeRTIBRCapeC oF GALE B3Ry AN

two semiconductor laser elements. This allows two types of
tracking error signals tobe detected according to each tracking
error signal detectiocn method. As a result, the number of
types of optical recording media supported by the present
photodetector unit i1s increased, and a semiconductor laser
element, which emits the laser beam of a wavelength appropriate
to the type of the ocptical recording medium, is selected during
recording or reproduction.

The second ¢bject stated above is achieved by an optical
pickup that irradiates an optical recordingmediumwith a laser
beam and receives each returning light reflected by the optical
recording medium, including: a first semiconductor laser
element that emits the laser beam; a first diffraction grating
that divides the laser beam from the first semiconductor laser
element into amain beam, a preceding sub~beam, and a succeeding
sub-beam; a lens that has the main beam, preceding sub-~beam,
and the succeeding sub-beam converge on the optical recording
medium; a second diffraction grating that is provided virtually
parallel to the first diffraction grating and generates

first-fourth main returning lights, first-fourth preceding



25 February 2003 Fig, 22 shows the construction of a photodetector unit
according to the second enbodi nent of the present invention. Fig. 23 shows
the construction of the main part of an optical pickup accoitFelruary 2003
nodi fication of the second 5 enbodi nent, where the op~ical pickup is
equi pped with a photodetector unit in which sem conductor |aser elenents
and phot odetectors for reproducing information are nounted on the sane
substrate; Fig. 24 shows hogg;he construction ments o

(= F

ot odeEBSHEhI < OaAr RRYH ot s S9PaPE Lo § Sngeac PR e SHEPeng DoRhct i ve
e | eot Fan SpIGeL b RO&R &I %8 Dt TBEBlng LAS Tegt beshEoTBLS. SR Foe BF ¢ he
part o PERRAT S preRTp GAGr 68 BSFPERTIR GED PTEPI SEPch FHERE, and
PREFERREBENBEBMERRS 50 R e S0 B 20T BorehF Ut Toho Fi g.
recat di ABSaNECPE BRDE PERPE PAL Q1 L (FETET Dt 1o STRT T &1 €17 Ea Tht ac t he
L opt calycgprodyc 0025 2RRaLAHron ACRYLH NIptRddifeddLsl grbadigEnt of
respectively receive the first~fourth main returning lights,

first-fourth preceding photodetectors that respectively
receive the first-fourth preceding returning lights, and
10 first-fourth succeeding photodetectors that respectively
receive the first-fourth succeeding returning lights, where
photodetecting surfaces of the photodetectors zre arranged
within virtually the same plane, and the photodetector unit
is arranged so that the photodetecting surfaces are positiocned
15 wvirtually parallel to the first diffraction grating.
With this construction, the optical reproduction
apparatus equipped with this optical pickup is capable of using
a plurality of tracking error signal detection methods by
combining the received light signals of the photodetector groups.
20 This achieves an optical pickup that supports various types
of optical recording media having different track shapes and
different track pitches.
The third object stated above is achieved by an optical
reproduction apparatus that reads and reproduces information
25 recorded on an optical recording medium by performing tracking

servoing for an optical pickup according to a tracking error

10



15 - 25 February 2003 As shown in this drawing, this optical reproduction
apparatus includes an optical pickup 1, a focus error calculation circuit
28, a differential push-pull circuit 29, a phase conpari soreTberuamt2088
circust 30, a three-beamcalculat~.on 5 circuit 31, a judgenent circuit

301, a selecticn circuit 302, a tracking servo circuit 303, a focus servo
circuit 309, a disc notor 3D5, a disc notor control circuit 306, a traverse

09, a disc mtor 305 tor c .. a travers
det oct :cggtgggrlg;; E5000P zgia_éna%%%fg?sﬁrﬁogl 1andte S5 R T A
SPEHS? CFRERG HDL AL ar éﬁé%&ﬁ%ﬁ%éféﬁ??éaéﬁpﬁd%E%sg%ﬁ?lé i 2—? 3 1 ne
(Tl o REBRA G (ROt 18 SER QT HBSE: bofer e 1205 FPav e i Tl or s11
i ncl udi g a,s6eR0l DG IOLOL L WLLY LNk, CRISLT UELLON, ; Lhe1 ORI Gals shokuip 1
reads in 6I;I'TB. iron Yrom t'ﬁe opt’i ¢cal” recordi r?g I'TE8I um or wites ITntormation

ont 3, ey8ei ey SRR L TctooThe | shgswLgy Sl e i on

ron Si°g an address signal

(sub-coglh Bg}. - Pﬁ%@tfﬁ%ﬂéﬁﬁf%&”@ﬁﬁé% 4L0OLLDR ORI LA PLELR thpnd

outputs the information si to t out si de . Also, e |nforn§t
signal gderest iQN LHf CUidd 3D9sOUERYE BNt g 1adH 88 Ss &1 gbal nfOoohBe od $et Or

control circuit 306 and the traverse notor control 25 cifcuit 307. The disc
not or centgelthiiri £r30R1a8d dlteodt r 3¥8HSe s16for the tracking servo
according to a judgement result of the judging unit.

10 By combining the received 1light signals of the
photodetector groups of the photodetector unit, this optical
reproduction apparatus is capable of using a plurality of
trackingerror signal detectionmethods. Withtheconstruction
stated above, the optical reproduction apparatus selects a

15 tracking error signal detection method, which is appropriate
to the type ¢f the optical recording medium. As a result,
the optical reproduction apparatus precisely controls the
focusing and tracking operations of the optical pickup and
reproduces information on the optical recording medium with

20 accuracy.

The fourth object stated above is achieved by an optical
recording apparatus that records information onto an optical
recordingmedium by performing tracking servoing for an optical
pickup according to a tracking error signal, the optical

25 recording apparatus including: a detection unit for detecting

first-third tracking error signals according to different

1l



25 February 2003 notor control circuit 307 respectively control the disc
not or 305 and the stepping notor of the sliding nechanisn1tﬁﬁg ve the |aser
beam LB fromthe optical pickup 1 appropriately trace the i PIRRNBIYAPO3
recordi ng Sequences o the cptical recording 5 medium The optical pickup
i ntl udes an optical system and a photodetector unit. The optical system
splits a laser beaminto three beans (a nmain beam a precedi ng sub-beam

Fecor di Hi TR Girel CIRG GO Lol S CER RSB SEl T4 EdchP Ath ot T o gh
opt cal SYAAETERFAES (1ERTERI o FT OHE O “CRE TP BE AmATerSiHaftor .
7S et e TS i Bl g el e (AT PP B S ng”
returni A ITT o v H e e A Ot Rer el Rarterre (e SUCCERA ng
o Baeris Hidci 189 She Dl thl GiAd MiceeedlPOckebly Ul (el Il 20

phot ddet'ec uni ei'ves these returning shown in

phot Bde e Ui fig Stown i G
phot 0deCoA G7E FEAN S GRr o STl CHNA D1 o) o T eEpect I vEI I raRbi vi ng

t he firﬁqﬂidygéfhﬁgglw returninglights, thefirst-fourth precedi ng 25

phot odet'ectors” (18a, 19a, 20a, and 2la) for respectively receiving the
first-fourth pregediBARA@UWHA Rhd | gRlcei v LA ghe25 Sebiamsy 0 Hde
first-fourth sucCeedi ng photodetectors (18e, 19e, 20e, and 21le) for
respect ppeltbdeacai o P tdepi 6 St ciOUsh b sdeeeediorgungityr ribig lopghical Each
mai n photodetector is divided into three photodetectors to enploy a

so-Ial | ed B33 irSpepplirac S Detezpabhe otizdchd arpumea Hetgadf araatkifmacus
error signals. More specifically, the first Train photodetectcr is divided
into a phatadetgabdr dé8ecarianged hatdst.he Waenit eheandnphateddaieTsartetBb and
18d arranged at both sides of the photodetector 18c. 10 The focus error

cal cul agbowegi thaitpRBcabtretsrdihgapparabussigraiparonred aglecttihg SSD
met hod. When doing so, the focus error calculation circuit 28 uses the
recei ved t¥gpkingomer ar guitanabddtanht 1 e e thwd f elrditdh dg APpHopPadetect ors.
This focus error signal detection is perfornmed for any types 15 of optical
recor di B B¢ FY¥R])PEI BBS sPRifAY Feaekddegsieictidrand AF a@kr§RypEs. The
differential push-pull circuit 29 detects a tracking error, signal according
t 0 l®@ sotREIIRI: GR + FECORTIANGS BEPRIFHIS REERGECLWRANBBPAE e LPRES1NG
differential push-pull circuyit 20 29 uses the recelv&d [ Q% si gnal s

obt ai nelfr GRAHIE Y r SPEFBEICRIERE PRBL G e br BLERERY |F21 - FBRPERS
precedin hot odet ectors, _and the first-fourt?~ succeedi hot odet ectors .
Thi's t roBRPRBAGHO8 SPBal- i LRI FESHERTRS (IR ¥3 BHeRErSF2pYsh- pul |

method is suitable for high-density optical recording nmedia 25 and
write-once optical recording nedia.

BRIEF DESCRIPTION OF THE DRAWINGS

20 These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompanying
drawingswhichillustrateaspecificembodiment of the invention.

In the drawings:
25 Fig. 1 is a block diagram showing the main construction

elements of an optical recording and reproduction apparatus

12



The phase conparison calculation circuit 30 detects J. 8 25 February 2003
a tracking error signal according to a so-called di fferentjal phase
detection net hod. Wen doing so, the phase conparison cal c AT EREHAY 0P t
30 uses received light signals obtained fronthe first-fourth main

phot odet ectors. Thistracking error 5 sigr_al detection according to the
differential phase detection nethod is suitable for optical recording nedia

havi ng Q%E%gﬂlgﬁf Rasss dPPI:?rEeé{nﬁro‘ai i & ﬂ&cﬁtﬁeé@ﬁé%h@néi@n:

wavel eng aser beam €e- beam ca atton circuit 31 detects a

tracking 10 errpgesignal focougingatasa sacealdart Wiediean woshos . When

doing so, the t eamcalculfation circuit 31 uses received ght signals

obt ai neeit:m? bie ofd S 0ut § hrPESCATHRY RROLAGH SO Of $8Adapparatus;
thefirst-fourthsucceedi'ng photodetectors. This tracking error signal

detection accorgigg 30 4 hellaghihieeermdrm: shod) i skidakihe ber iyl cal
recordi ng nedi a whose tracks are pit sequences or continuous grooves. The
judgemegysebmCWa 804 bt fpi BRubl aGkid¥e SERYO nE it Ubbn 3823 uwhearn he
optical recording medium4 is placed in the optical reproduction apparatus.
Then, ustenehhe e@ndind abpZlcahespgstba apkl gdowmscording medium 9 is
rotating, the judgenent circuit 301 obtains tracking error signals fromthe
differential pushgpuld shswsi ho29,plideogibaseteaspartsonrecanaddatian £ircuit
30, and the three-beamcalculation circuit 31. Finally, the judgenent

ci rcui tpRfloadgescirhatnizx t racki ng error signal, 25 whose anplitude |eve
exceeds a threshold value, is an optimum signal, controls the selection
circuit 302 to Betechb tshewsmptimencddstrethaen uafya20e3 urmokd nd iehrtor
signal, and turns on the tracking servo circuit 303. As described above,

t hé0j udyehegrasircuit 301 finds an opti mumtracking error signal using
amplitude levels of 5 tracking error signals obtained while the tracking
servo is turnefFigf GnllnetEpErcar FaETRFHRP M IAnIchBUP9RRE. aBEcause
the tracking servo is turned off when these tracking error signals are

det ect eCIERIERR SofLFNTa8BL 15EARS PRVOIOT FhER LRSI R ERTAERGsE1ght
plurality ef tracks due to the 10 eccentricity inherent in the optical
recormqﬁ;?ﬁﬁﬁ%ﬁIand the eccentricity caused when the opti cal

recordi nga~edi yni s pl aced. ﬁﬁ a resul% t he ir cki rear signal  detected
usi ng an appr o#’l’gat &nﬁﬁﬁﬁ&b Bl RS AR RS B2 5F G4 eﬁﬁ%?ﬁgaa 2t ude
bel det ey mi I I d. the. K [ . ted
otha. AV TTRDFER: FaFcBRRERO sdon odtat offccie, Bbetgh PATHERY fas an
i | ows, ' I i : i :
Al {1 e bel O Pr St SHNIET LEYelay oS! 908 05U L en

differentd ntP—”é%‘%gHIg%rEEEGQEEi% - ciBeARAse 20 %@%@%&%g@ﬁ“'%&o”

circuit . and ée-beam cal culation ‘circu ect's one of

the tragkidlo £5d 0LoRhORREE RECUUN Gt Ne judgenent result of the
j udgenent circult %OI.
Fig. 9 shows an example construction of a focus error
20 calculation circuit;
Fig. 10 shows an example construction of a differential
push~pull circuit;
Fig. 11 shows an example construction of a phase
comparison calculation circuit;

25 Fig. 12 shows an example construction of a three-beam

calculation circuit;

13



The tracking servo circuit 303 drives a tracking servo 25 using the
tracking error signal selected by the selection circuit 302. 20

February 2003 The focus servo circuit 304 drives a focus se?@BeMH?ﬂ@Kmﬁe
zocus error signal obtained fromthe focus error calculation circuit 28. As
descri bedabove, the judgenent circuit 301 determnes 5 the type of an
optical recording nediun1according to the tracking error signals obt ai ned

cal ol aci on i rEGRE 20 R RACL HEE (T & B ST BT At oa? o b e e
sel ect'gg Csw dq ¥P §e#383%m§ﬁt0@f%-r@ ifagkingerror Si gnal accor di ng

to the et~ Xesu e judgenent circart 301. In this manner,

the optlcal repg-ggucmo hBRRAG te§a§§éteheaer1es%@:@T@%@me%b%w&e

vari ous types o ptlca recor |ng ia. The present optical reproduction

appar at B?Sr?géggesag nﬂ%ﬁ@%&h@ﬂ oes&besowasz@évﬁfﬁg{j%ﬂscﬁﬁﬁgu'aﬂr@&

records ormatio 0 the optical recording ium 4 by driving the

Lracki ng 9840 23060613 230/ A11LR bhe SRABSEATe96AbEe AR 2 ’gtf'%)a? 5" from

i nformati e optical recording um4 is reproduced S

t he ph%a@eé@fﬁieénaabttdzméBerMéxﬁ@ﬁtZQrm Bh'éptﬂaélkﬁn?ré’@:?éﬁ%d dNa 1 he
i nformation signal detection circuit 309 and are out pufted as reprodhctlon

signals. Wen ipfgrnesioiows t1esggtete HntH, 4 hem apt ittrdl opeaeial B gmgh um 4,
information inputfed fromthe outside is converted into a signal, whose
format hfdsuth@blesdotrtibeiopt i 68l 4 eedrcdidde tedtom Le2bcdy \Id‘]ﬂ'l@l gnal
processing cixcuit 310 and is sent to the laser control unit 308. Then,
accor di pgotedelte cicgnaln ige mércatee d ok t ri: e ralamye 209 3 by allie Zsirgresd
processing circuit 310, the laser control unit 308 drives the sem conductor
| adér conpthentsaime tsweniopmndattprckupstriaderecord the information. onto the
optical recording nedium4. During recording, the |laser control unit 308
sets 5 the optiEay.pdwerstoiws hpowetihcormhrtodetassorsorfoomed ©b HF&cone
hi gher than that during reproduction. Tt should be noted here that as
descri beemigpaductiesr Gbserape cRUp ArrABKEdds two seni conductor | aser
el ement s havi ng dlfferent wavel engt hs. According to an instruction 10 from
the judgenent ci$#@uil”? 303 2 (RRXIREeEiventieY ohia HIRtedetersofndndti ves a
senlconq%ctor | aser ose \wavel en th i S, 1531 riate to i ¥ge f the
cur rent“BpEi L8 PFBESFEFnY~ BuRFBZES R %faciﬁ# &ftpPekBp3™E5 Fig.
2 a Ion t udi nal sect onal vi,ew_of the o tical icku 1 desc d above
:@ sh‘fﬂnﬁ R I‘ﬁ%g{ﬁa\?n gar‘?‘ﬁréd \gu%ﬁ%?% up®1 HiR ﬁu u%f gr%evvnere a
phatodetecto gev%ce 15 3: X|ng n~e~nber 101, a colllnator lens 5, a
mrror ABCERFUE TS & VAR L hDunted on an optical base 100, and a

bl e 20 I '
Tl 20,y 5% 8 AR S O S Tl e

102. Irkéﬁgﬁ gf@gg ggg g(&u ifgﬁg tlfg,nenbers mhich are each an elastlc

metal wre, axe u ecause sectional view, only two

supporting neM%g&_aigaggg%gmgﬁmgggmple construction where a case
20 is composed of a hologram optical component and a frame of
the photodetector device;
Fig. 20 is a longitudinal sectional view of an optical
pickup of a modification;
Fig. 21 shows the ceonstruction of the main part of
25 an optical pickup according to the second embodiment of the

present invention;
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25 are shown in this draw ng. This construction allows the objective lens 6
to-be displaced in a direction parallel to 22 25 February. 2003 the
optical axis of the obj ective lens 6 (in a focusing direct?DR§Prd#d 203 a
direction perpendicular to the optical axes of the collimator lens 5 and
thé objective lens 6 (in a tracking direction). 5 A coil unit 105 incl udes
a tracking coil and a focusing coil. The Lorentz power is generated by

2 nd. oi I The Lor s generated by
bair of magnet s 167 CApRAPYEaBS TS VORECT0E  Tro ARG o her T ber 103 (3
pai 1 . y THe" yoke “166. “Tie it K

R e e R L L S g e AL

conpor _ent 23, ue Sejs Condyet @k aétﬁ{sffﬁ abs b ‘3}{@0:3]2?:-1 Al aQI’%e

phot odetector unit 10 that I ncludes a plurality of photodetectors.

aser DEAM.LR 1B 1 LOML k0 LR r b3 n9P L AN UNGA OF 1 LABEERCLEMRRL 1 < the

sem ccnduct or | aser” elenent 17b 1s converted into para rays e

col I3 matpbokeRfe s, Slhidkes the MBE+0e2104H1hr0ugh 2 shhe;#@&a feeAed, at

approximately the center of the fixing menber 101, is’reflected by the

mrror AR8tbaddeaanelr UVEE din aitth d15 Sanvestedchy lnﬁs%Q ebiegeld 0 drtls 6 to

forma spot on the recording surface of the optical re cording nedium4

The ret phBtode tld g ss iz eciabdicite iTetorh Ao F aGurh 8¢l orf heyeopt i cal
pat h descri bed above in the reverse direction and are detected by the

phot ode$ gaeok ubitirali® ,0f t he phot odetector device 15. 25 The tracking errox
signals and focus error signal described above are generated fromthe
signals detecteBiby 23 sHowd kebr ey 2H03truthéophetledesirecs oo funihe 10

The tracking servo circuit 303 and the focus servo circuit 309 generate
sel¥o sphobbdefeamarhertitackiown einoFigi.gBd exmnafmnupedrror signal and
the coil unit 105 is driven according to the servo signals. In This 5
manner, the objF&gti ¥ e Rispeotivedvievans apEhoprode teptoict anén and
the | aser beam LB traces the information recordi ng sequences of the optical
r ecor di HeR Bredls uRFOViieR wé&lr dcderressHion aelnoteddbiecthan phznki s
enbodi nent, the supporting nenbers 102 double as feeding paths to the
tracki -0 & 12ngheef 8&uA TRPRDi K Sofdagreedi tourtite 188X Lakes @hveBet he
need to additiqnally cor nect 1 eads to the novable nenber 103 and to route

t he Ieéﬁ?“%6°FﬂBc§8FéFE§$E$?§?# Ft, the novable mer.~ber 103 noves
smpgthly and the inf gEmati on racor ding. S84eGes, of L e gRt gal g egordi ng
an optical pickup where a beam splitter, a reflection plane,

and & polarization divider are integrated into one piece.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 <First Embodiment>
<Overview of Construction>
Fig. 1 is a block diagram showing the main construction
elements of an optical recording and reproduction apparatus
(hereinafter simply referred to as the "optical reproduction
25 apparatus") according to the first embodiment of the present

invention.
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15 high accuracy. <Construction of Optical Systenm> Fig. 3. I hi4ldi nal
sectional view of the optical systemof the optical pi ckuES?e%%ngég of

explanation, this 20 drawi ng shows only the main construction el enents of
the optical systemand omts, for instance, the mrror 104 shown in gig. 2.
The objective lens 6 is, for instance, a two-focus |lens conpatible with CDs
B L I ool et ot S N P YA PRl oo eanh
0] cc Ity dienrsn i nPAGKADRE PEHE ThPREEIRE 1 e 8 DAL ar Teront Tocal
(fransroitediti ) anduARETHT LR br QA I THact con Tighe 5 The o

el udi agrseni condaeLsn JAGET™ (LR E 192 End"1vn Siranced At the bottom
Te- 31 tomicaie 41 ahgUESRRERE Bot LT o Hhet 13 me: 16 and on the 10 both
Chat i o2 of FaRBeRal S HRRrCHRESEFang To rtl |2 made of 4 1ransparent -

material, such as | ags jor. _a_resj,n,.. a4 ol r&gLiant0pt i eat ravapssent 23
pl aced @hSFh@OFPénSBgl’eﬁt d%&t‘):sfnrogt?elnfz 15 The sem conductor |aser el enment

17a enits red laser |ight sqgnavel engided scaheuto1550nnfy aftB t hén
seni conBeEPEr "T%'E%TC’LI% rn‘{' r1];b%(gm"ts infrared |aser |ight (whose

wavel ength i s _about i¥n the e Gartduat sighadepreFreReArS 17a
and 17bng°§@P§&t°@dsggg’%;%Frel§%% he track shape, track density, 20 and
type of the optiGal. .r digg, medium 4. By selectively using these
serﬁoconabﬁf:bl?‘%l gg@l" engacm%r'nts having different wavel engths, two types of
tracking error Agﬁgkicaﬁc deicactady fosd banhd t i ackehaterr BY SPgnar-=c
detecti on net hod. a result, the nunber of types of optical rg&ocgad_‘_l ng

nmedia s gggrt%sbya@%tgge@égémﬁ_n@m ircala tiepradugPEeR - appafall
i ncreas®d.”°Thi’s aspect will be descri bed in detail |at er.. t%g ootical
pickup 1 is displaced in the radius direction © P

recording medium 4 by a publicly known sliding mechanism (not

15 shown) whose power source is a traverse motor 311 including

a stepping motor. With this construction, the optical pickup

1 reads information from the optical recoxding medium 4 or

writes information onto the optical recording medium 4.

The information signal detection circuit 309 detects

20 a information signal and an address signal (sub-coding) from

a detection signal sent from the optical pickup 1 and outputs

the information signal to the outside. Also, the information

signal detection circuit 309 outputs the address signal to

the discmotor control circuit 306 and the traverse motor control

25 circuit 307.

The disc motor control circuit 306 and the traverse

16



25 February 2003 The hol ogram opti cal conponent 23 is disposed in the
optical path of outgoing light fromthe sem conductor | aserassRp@a9Rbo3 7,
and includes a 1 fight splitting hol ogran24 arranged on the surface of the
hol ogram opti cal conmponent 23 facing 5 the sem conductor |aser conmponent 17
and a returning light hologram 25 arranged on the opposite surface of the
conmponent 23. The light splitting hologram 24 spl its the |ight beam

eni t t ed miotam tloa tsen cdmuct o3 0 heerseotpbviedy AFntned bheediscpobesdm a
precedi ng sub-beam and a succeedi ng sub-beam These bearis are incident on
t he opti3®d ametorhk ngtepdinm motirowsh thre sbidinat pechems s &inl Raee
objective lens 6, are reflected by the optical recording nedium4, and
travel tdethasestiveandp [firgm thel OB daR2F 1 ¢uPhk ARREATT Pt €1 YHR *®SF ogr am
25 splits each returning light reflected by the optical recording medium4
i nto th&heetnfivartatofor JredrdiRaf segrenrgsr ofi theaeptdsal gacoxdhEngeft
hal f of a negative first-order diffraction light, the right half of the
posii veeriugt %order diffraction light, and 20 the right half of the
negative first-order diffraction light. Here, the principal ray of the

out goi ng i ght FREmMPEE fehi RbPkiet bRCLEEES Ehpilentad7SHatEHeSthe?
optical axes of the collimator |lens 5 agd t he obj ec:ILive |l ens 6) ILn Fig. 3,

the |i gRPOLELRALERTIRAP1bm t Hee sBRFL6RGU ST §RsIR L tbipBneAt S35 PEAN 5
o B, SI0h AR IR RO, LR RS OR  {1e
The | t € n |
core}polngn 1(73 i.s . diyi %gg [) tgg hol taé' ‘E@leosot' gal Psrth~$E ;%ll#g s:r
gain bei%ccﬁeﬁr‘é’geﬁ}l g 55%‘% a‘i’jn la‘tﬁeg{a suceceeeél ngssu‘g‘p%eam Seh o fhe

. . i ' di ¢ . i 1 h ¢ .
e T R st
ROt 00! 2K eRL LR tgﬁ@g%%@%ﬁga%yreh@fa e Al Lo d-@Psbt k@ i & - or der

diffraction g of “a negafive first-order “diffraction

l'i ght, riggif~ h f t Skki verHdr rgdar g ct [ and
the ri g%llt%?\alfg%f ?%%mgega?iﬁbﬁpl%%f'i %s%é or%gg?'%iqi‘ fggéiziégn sl%?%it:& o

<Phot odgi e6tAk nlgni {gndBeE %Qﬁﬁ&%&:@ghéﬂbﬁng&é&i @HeWﬂrﬂQéﬁu&ﬂ@.;gl -

sem conductor | aser” conmponent 17 and four photodetector sets 15 18-

provi dedi @bt heipobt ARt ke frmerdf. nldih 4etmrdipli nighews,of thize
phot odetector unit 10 when viewed from above. As shown in this draw ng,
whes visyedrhtam theght @8 e tgiagesife ehbt-beasenimzorstiicd Stekbasehe

conponent 17, the 20 photodetector set 18, the photodetector set 19, the
sen cornpltetedihgsez aomionenl 14t ) t Hatwhotlosdefeesar foetrt20, preceding
returning lights, and the returning light of the succeeding
sub-beam (hereinafter, the succeeding returning light) into
the first-fourth succeeding returning lights. The
20 photodetector unit receives these returning lights.

As shown in Fig. 4 described later, the photodetector
unit includes the first-fourth main photodetectors (18b-d,
19b~d, 20b-d, and 21b-d) for respectively receiving the
first-fourthmain returning lights, the first-fourth preceding

25 photodetectors (18a, 1%a, 20a, and 2la) for respectively

receiving the first-fourth preceding returning lights, and
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and the photodetector set 21 are arranged in this order fromthe left of

t he photodetector unit 10. Each of the photodetector sets - i nel S

t hree 25 photodetectors that have substantially the sane S%%g%%ﬁgﬁgggsf
arranged perpendicular to the arrangenent direction of the 27 25 February
2003 photodetector sets. Note that the photodetector at the center of each
phot odet ector set is divided into three photodetectors arranged

per pendithd afi £ ot ¢ Feusrhangeresdd th g ephiotdeft d deo pot 08et, ectx, sebs, The
phet odet ec~ors of the photodetector 5 set 18 are given reference signs 18a,
16b, 16@ndl8ie)aukr t8epbaivdiey repeiThing tsetfier sanfot ot himiqiwe dilegect or
sets 19-21. The photodetectors 18a-2la are the first-fourth preceding

phot odetrechetrsi rpsti ghed .ab®@eerank 1 @ cphve oides gurteme di sig distivied nonto ght
fromthe optical recording medium 10 The phot odetectors 18a-2la

respect ithelee retetvdetkbetioafst tal &mpflloy possbi-ce lflierdstS PP ddSpaitf f$hzei on
light, the right half of the positive first-order diffraction light, the

ri ght halefteaftitdre) megahodefbicr sheoddgreati fém acfi bachbghtrrecanditdrel=ft hal f
of a negative first-order diffraction light of 15 the preceding returning

' _ight. Mbge, stpes ighiotalky ectbes I18ist18@in habekereptedd isand 2iide@1d are
the first-fourth nmain photodetectors descri bed above and respecti vel

recei veinfie | @f t dimfodgtacposit l8e fiarmangeldr atffihéti eentigght ,an%e
right half of the positive first-order diffraction light, 20 the right half
of the REgaLCRt«43ta%s older andfR8ct ivrranghd, andbehd Isfdehadfofthe
negative first-order diffraction |ight of the main returning |ight.

Fur t her PhekedsHeISRE el Brs 18e-21e are respectively the first-fourth

succeedi ng phot odet ectors descri bed aboye and respectively receive the 25
| ef40 hal f of a PoE] %‘ésf'%’f%?!cﬁ%@ﬁ??’r?ac?’rsﬁu#?gf}é AgHRCEF FhE AU of

th Pt first-ord djff ti li.ght, the 28 25 Feb 03 right
nal 1 of SERE FnBURt P FEPECHI G GP CSEL e Amt FRa St oF A9 of a

negati Ve, L=ty YdereH L1 86t han Ji s ©7 24 NEs2UC R NOL BHUENL A gt
signals obtained from the first-fourth main photodetectors.
This focus error signal detection is performed for any types
15 of optical recording media regardless of their track densities
and track shapes.

Thedifferential push~-pull circuit29detectsatracking
error signal according to a so~-called differential push-pull
method. When deing so, the differential push-pull circuit
20 29%usesthereceivedlightsignalsobtainedfromthe first-£fourth
mainphotodetectors, the first-fourthprecedingphotodetectors,
and the first-fourth succeeding photodetectors. This tracking
error signal detection according to the differential push-pull
method is suitable for high-density optical recording media

25 and write-once optical recording media.

The phase comparison calculation circuit 30 detects
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Wth the stated nunber and arrangenent of the 5 photodetectors, tre

phot odet ector unit 10 can detect at |east three types o; ”Z%cf-kéb%r bh
signals as well as a focus error signal by appropriately ccrbining Srgnals
fromthe photodetectors. More specifically, as described using Fig. 1, the
nuri ber and arrangenment of the photodetectors of the 10 phot odetector unit
7.0 is suitable for detecting a focus error signal according to the SSD

met hod andrhekiget ectriong stihmed typesdifig nacki sg-erldredidgidlexearrioating to
the differential push-pull nethod, differential phase detection nethod, and
t hr ee- bpamsre tdeack ¢ thhen aefietieodt heWperséaingpsio akheb phepreodwsiriaon sppar at us
equi pped with this photodetector unit can selectively use the three types
of tackicagd cerlreori e gnatsuitAsOausesulnecaivsd opt ghal sigpréductitarirsppar at us
can easily support various types of optical recording nedia having

di f f er efitropihytse €alr sftorfratstf sadh @so todé seenbrtar.acKhslsapesc ROngred oo f er ent
track pitches)) As described above, in the photodetector unit 10, the
semTondagned tHatectdiomanenrding whitdre didiskenthel povdisoAdtecdricat enent s
1?a and 17b and emts a | aser beam approxi mately perpendicular to the

ar r angeneshogl drfe Biitables foanaAnticed bnrerersitnyg diedir PABLBAerddtor unit
10, is provided at the center of the arrangenent of the photodetectors. 29
25 Febr HAPYSoDDBS §1RGRELF &X' ﬁéCBr%%rﬁafﬂr%&;r op/ Aher b GorayerrgRit i o ' the
optical recording ~nedi u~-n approxi mately matches that of the returning

li ght fP8nft h&SER iR&ATrecording medium As a result, a small optical

Component 23> 111G 215 99 TR BRaC i A8 UL £ BN St o8 F P ORI BERRFERS 1 edl
SpILtL ¢ | RS HBI GoF A 2T P PR 1 RO FRONES FBEFSSERd By SEne BRErLal

ot or i B REGRY ho S A S SO RE Py 1AL 8 Bra oPordPaTTG FTORPESaRESHITER s t he
1 ot Sht2ET nTHRPAS) anvS LESth QT aaton TGrat! ni Toc ek ” G8ng Aes

three H9RdEoalRLe RRACLLLARl Vi L e L L g, ?&é&é&aﬂgg*bq{&%%‘&@été%i.t s a

| i ght omthe sem conductor |aser conponent into three

beans ang, Bat @r‘écﬂ‘ﬁ%e OLPOE WM onife ?@EéE@theCQEQEBHi@dL:‘tb%éhEO form

spots between which there is an interval of an odd nmultip

appsoXidrt £ Yot ho@fid Baipkbalk sbzefidde xle!afdydi&t% peqgrieceresRy
sequences of the optical recording nedium4. In Fig. 6, Tor convenience in
illustrafddgs argogast seigirth oot ScéhpyAubisagraicdes Which is s~.ightly
shifted rightward, of the light splitting hologra.Tn 24. In reality,
however, the 2Xtspdtuduenert aidtanet &01 augers bidnthbecradkiisgadethe | i ght
splitting hologram?29 is formed on the center of the |ight

circuit 303 when the optical recording medium 4 is placed in

the optical reproduction apparatus. Then, under the condition
20 where the optical recording medium 4 is rotating, the judgement
circuit 301 obtains trackingerror signals fromthedifferential
push~pull circuit 23, the phase comparison calculation circuit
30, and the three-beam calculation circuit 31. Finally, the
judgement circuit 301 judges that a tracking error signal,
25 whose amplitude level exceeds a threshold value, is an optimum

signal, controls the selectioncircuit 302 toselect the optimum
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30 25 February 2003 splitting hol ogram 24. The returning |ight hol ogram
25-is divided into two hol ogram areas 26 and 27 by a divi si in

shown in Fig. 5. The division |line extends along a direcﬂ<%$¥#m¥$'é@§30n 5
the optical recording nmedium4, that is, perpendicular to the radius
ditection of the optical recording nedium 4. These hol ogram areas 26 and 27
respectively diffract the lef ~ had f and right half of each returning

li ght frzﬁﬁaéwfnﬁrﬁiﬁf Ji0p04 1) nthdedi-wy 4raededt Feekihhesditbracttontl i ghts
toward the 10 photodetectors. each of the hol ogram areas. 26 and 27 i ncl udes
a diffraggdion grating, arid the dif fzaction grooves of the hol ogram area
26 are approximately parallel to those of the hol ogram area 27. The pitch
of the diffractixn dHsdtigelinabbeehology andfenent 28 ricuiset30D bendess
than that in the hologramarea 27 to obtain different diyfraction angl es.
That is,art hephohogr 8feakdd26e oyt ngignkasidirdd ranplonugeatinnge s telf has a
greater diffraction angle than the hologramarea 27. As a result, the

posi bi ve sk negaé tyerf i ghalredenul ffedcthbbe Lt bt s rirakn2) ddwevdoisgram
area 26 are respectively received by the photodetector sets 18 and 21

arr angedunriemir df farghd hehposopt yez Andeegadivg frecsitumor der iddtracgi on
lights fromthe hol ogram area 27 are respectively received by the

phot odetBectanrs s atrse 1ramklii 26 sersngéd tnwaed. 025 Béeausdhdde tiddkargi on
grating in each oz the hologram areas 26 and 27 has a curvature, as shown
in Fig. fsroacigialdy arexdebbctiady 2063splegésefarcdeszd SedmZTgavdbem a
wavefront conversion function (a lens effect). As a result, the positive
and neg¥tioke &ndstfortler afitdsce oplhrghisyi mEadirastke heugol bgr M Qr eas
26 and 27 have different focal lengths . As shown by the dashed 5 ~ fines
in Fg. escemte foksy IRFentiin fd9eatical MacRrdive MR Wr AT F¢i ght
is shorter than that of the negative firsi-order diffraction light. The

di f f er eRERECAL FnGERYSEA WhRN FHS TR 2T AAF SRAFAT R TEAHN bF Fdr2 c2 -

diffracti i net hod to be us detect focus error

on _lights. all t he SSD, dt ot .
i gnals B¢ HRTELEs R Joes FrihReraach TaTiBoN (EHE G phE CRodiheen
and the_nunber .of diffraction grooves of the .li splitti l.Qgr.am 24
and (2) SPRESE TR SHBeFEPR AR TT T St o r 85 s R At S ERa g
however he I ght. splLitLi |_ogr I [ L.ght ogr am
25 are QP%a(r?fgeéLacnga s%ip%{%lttg%ﬁ‘g%ae%ga%qe%n?ggitggcttﬁ%é#}gfg?ﬁékdlg?'??%c ion
9r0VeSyetected using an inappropriate method becomes a sine wave
signal, which has an amplitude below a predetermined level,
or a signal close to direct current.
The selecticn circuit 302 receives tracking errocr
signals from the differential push-pull circuit 29, the phase
20 comparison calculation circuit 30, and the three-beam
calculation circuit 31, and selects one of the tracking error
signals according to the judgement result of the judgement
circuit 301.
The tracking servo circuit 303 drives a tracking servo

25 usingthetrackingerrorsignal selectedbytheselectioncircuit

302.
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of the light splitting hologram 24 is perpendicular to that of the

returning |ight hologram 25 and approximately parallel to thergh tiopg of
the major axis of the far-field pattern of the Iight bean1en1ttég&$ron1t he

sem conductor |aser element 20 17a or 17b. In Fig. 6, circles Rl, R2, and
R3 respectively represent the spots of the main returning |light, preceding
returning light, and succeeding returning |ight. Each of the main,
precedi ng, and Shec€edungseetar niwgulitgitd dsivesi defivcon sdeva@Susengr ni ng
i ght hol ogram 25, is diffracted therein, and strikes the first-fourth

phot odetget Do csetes A 2L gnallsobt Bl nardf B2m3he f235uBedrvar a8l shden usi ng
chain lines represent the positive and negative first-order diffraction

| i ghts ofixtchet &, half (the lower half in Fig. 6) of the preceding
returning light. Further, B3 and H4 represent the positive and negative
first-order 5 dhbfdestiDnediajiutve otheheddemnhalifrcltite3dpdetdrhinea Fig.
6) of the succeeding returning light. Qher diffraction lights are omtted
in Fg. the typmgidt bpﬁa@alonebpghins&gcﬁedhemmmmhggrt@ttuhmtrtgﬂkglhg from
the f first hol ogramarea 26, for ins Lance, the positive 10 first-order

di f fracerger s ganaBs-obtained from Protsddesaniabrurmh el } Ivd TRghE| ve
first-order diffxzction light H2 strikes_the photodetector set 21. Al so,
among d? P r &dt§ oRDRISGht SOBP2E AE OSuCERER A8 TEOFUrFi L g0 f r 8RFt HeR8econd
hol ogram area_ 27, the paositive first-order diffragtion light B3, st es the
15 phot BEE?@CP@@%&Pl@l%?%é%ﬁa"g%?\?el firdg s TIRR IS bR Mght B4

trikes t hot odet ect. t 20 . Al th h th t f t
or cooal BT S5Rd. ATbCHBhE Y™ ATATEHE| FOREE o ISROWA AT HBaGe! - % ed

hdSar chegForRe L ER APATAF 209 P8 9%#1%8?3%%?“%@2 Ea‘fﬁﬂedsgfa Fif for med
hol ogr SR BE - B At B PRE T o BIRAiBr1oras ThE BHREPRbcErBR dandtt bed
above, é&pBSEQQE%sfygﬁg*%§5¥st8faSbH§Ea1'@eég%dﬁh rmedla.
The present optical reproduction apparatus reproduces
information on the optical recording medium 4 or records
15 information onto the optical recording medium 4 by driving
the tracking servo and focus servo in the manner described
above.
When informatiecn on the optical recording medium 4
is reproduced, signals fromthe photodetectorunit intheoptical
20 pickup 1 are processed by the information signal detection
circuit 308 and are outputted as reproduction signals. When
information is recorded onto the optical recording medium 4,
informationinputted fromtheoutsideisconvertedintoasignal,
whose format is suitable for the optical recording medium 4,
25 by the signal processing circuit 310 and is sent to the laser

control unit 308. Then, according to the signal generated
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25 of |~ ,zm the positions of the construction elenents of the optical
pickup 1 to bring returning lights into focus on the 33 2 I 003
phot odet ec~ors. That is, it is enough to bring the returni nzg) 'ﬁ&gﬁ%@ 2%083
strike the respective areas of the returning light hologram25. This
results in the h_gh adjustnent tol erance of several ten ~.~m Also, in the
optical pickup 1, a plurality 5 of photodetectors are arranged on both

si des Ofbﬁrh@‘xéeﬂ@ﬁadugt:@t:ds%i@fg conpanent3 17, tohéetesye bohhrefll Lhat
positive and negative First-order diffraction lights =romthe returning

| i ght hopograpi#ds Afed seefitdndhtgbt Lasvsedonmpldndnghierthei epeycial
conpari son with a conventional conponent where sem conductor 10 | aser

el ement spaakuphDtseteend vd sthee el refiomaetionFomtbethetdpt dpelcatcprdimy 1 i s
capable o generating a focus error signal according to the SSD nethod and a
pluralityedfuhypes Dliringckengreingr, srgndlasercowmtngltontibhe3dBf Eerenti al
push-pul | nethod, differential phase detection nethod, and three-beam
met héd. tibs Albtd cdiepawse viitheusexbopodents rat 2s e nteguabdreent rtobenemei ece
in the optical pickup Z, this optical pickup can be mniaturized and
mass- pr ddiugleslr we b Aputhditf ducilntg . regoedecttonon of Crcuit Systenr 20 Fig.
7 shows the connection relation between the circuit systemshown in Fig. 1
and the phot odetldctsdrowd tbaon¢hedhbespt thalt pisc gy cnied shaweri nthhi s
drawi ng, the photodetectounit 10 includes a current-voltage conversion
circuit Qpougrhnaiagkipr & 2Brgledps The cemrxmnaertage lecRfersiomerFbcuit
group converts a current value, which regresent,s t he received |ight anount
34 25 MESHmidr 156635t ARl eRGENEac hAERSIESHARCEOr 2T HE e Wok + @fe
val ue. The wire gro transmits receiyed 1 fight signals, which are
obt g&ne&’ﬁz‘brﬁ}f?\ej Eggﬁ@ﬁt"‘-tvcﬁ“?%tcémer ﬁh@n%@lﬁ%{li EOBESRY, Wo-t hePPocus
error c%le(iul tion &ic{cuit 28, _the differential pust)l- pul | .

ects an rives a’'semiconductor laser whose wavelength is

appropriate tothe type of the current optical recording medium.

<Construction of Optical Pickup>

15 Fig. 2 is a longitudinal sectional view of the optical
pickup 1 described above. As shown inthis drawing, the optical
pickup 1 has a construction where a photodetector device 15,
a fixing member 101, 2 collimator lens 5, a mirror 104, and
a yoke 106 are mounted on an optical base 100, and a movable

20 member 103, cnwhich an objective lens 6 ismounted, is supported
by the fixingmember 101 using a plurality of supporting members
102, 1In this embodiment, four supporting members, which are
each an elastic metal wire, are used. Because Fig. 2 is a
sectional view, only two supporting members arranged backward

25 are shown in this drawing. This construction allows the

objective lens 6 to be displaced in a direction parallel to
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5 circuit 29, the phase conparison calculation circuit 30, and the

t hree-beam cal culation circ~~it 31. Tn this drawi ng, term Bal

sl -s12, pl-p20, h1l-h8, and tl-t8 are respectively connecteggfggﬁ%ﬂyg%%hs
error calculation circuit 28, the differential push-pull circuit 29, the
phase conparison 10 cal cu~.ation circuit 30, and the three-beam cal cu
ation circuit 31. Fig. 8 shows an exanple wiring state where the

current tdeldragiec £DB®EIsSh it hel sisiie 51 velee 6t Qdes eciowrssi nadd relee iwirrles ar e
connected to each other. In this drawing, each 15 termnal is given a

term nakndaim acedpaitied pethehbe cudier encerlse gpoical phatadetfecths t hat
outputs a received light signal to the termnal. The output signal from
each photbitmetiox lemssaScuandentheabbg ercgdineselenagfa (Heced vedalkikgmg anount
and is outputted 20 to a corresponding current-voltage conversion circuit.
Each cudireettvohtiage conversion circuit receives an output signal froma
correspondi ng photodetector and outputs a received light signal that
repesents the keodilvenid g anclndegsarackbhgagellandka fochsihg
connections shown in Fig. 8, the received 25 |light signal from each
currentcedbl t agEheodwsrssitoh povewni tsi ganammite@dbyoPatsSigusta operrenti nal .
35 25 February 2003 <Focus Error Calculation Crcuit 28> Fig. 9 shows an
exanpl etkeoraghueheorobt whetf R Ysiedr B ddg s fliedd doramed 2B2a paishown in
this drawing, the fo~us 5 error, calculation circuit 28 includes adders

801- 804 L SFHE®YDS Lhd B4BPCAKREIsHYt FREt ¥PEesbBE andI B drovigRl e pERPEEe

ni nal s &%Lhe adders 8Q1-804 are connected to tge ermpal s.s7-s12 shown in
Fig. 8 & slas‘éﬁcaﬂﬂ RVt RBHOTYREF AN T gt T Fgﬁ%‘F%Sb’a{J FHETCFHBM t he
phot.odet ect.ors_0 1gb 1?&, | Bd, 21b, 21c, and 21d. These photodetectors

ret8i vk he ' ef F2hEFRIFIIREEAS0n returning light, that is, the positive

?Eit ”;:ﬁ‘é“ ol t ad S BRGE G :eféféoiif 7 SRR doarnedeArp e s
: . . ' 1 1 1 .
Ee?te?ngé%%géee#ér?‘é\,{d]egzg"olage%gﬁ%o%%rt?%s%%ggé, gtlﬁggpét%eilyead%?%)hw% gnal

obt ai nethd  Mis ROL QOELECLAH BP18" a1 1FERERALNG CBE2AY 1LY t88e

photodetectors. The laser beam LB emitted Ifrom the

15 semiconductor laser element 17a or the semiconductor laser
element 17b is converted into parallel rays by the collimator
lens 5, strikes the mirror 104 through a clip 10la formed at
approximately the center of the fixing member 101, is reflected
by the mirror 104 to travel upward, and is converged by the

20 objective lens 6 to form a spot on the recording surface of
the optical recordingmedium4. The returninglights reflected
by the recording surface travel the optical path described
above in the reverse direction and are detected by the
photodetector unit 10 of the photodetector device 15.

25 The tracking error signals and focus error signal

described above are generated from the signals detected by
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circuit is hereinafter referred to as Sgl 8b. The adders 801-809 and the

subtracter 805 calculate 20 the first SSD signal F~1 accordi la 1
gi ven below. tFormula 1) FE1=(Sgl Bb+Sgl Bd+Sg2l c) - ( Sgl 8C+Sgc2%5tr)%s%%rg?bg§
Simlarly, the input termnals of the adders 806-809 are connected to the
termnals sl-s6 shown in Fig. 8 and are 36 25 February 2003 applied with
the received light signals obtained fromthe photodetectors 19b, 19c, 19d,

20b, 20aheaansh@dddetbeserphaiptiel oct oTRer ecaicia idieserght diatduipt BDE main
returning light, r.hat is, the positive and negative first-oxder 5

di f f r actaineh dHe@ghf scd ¢ csarvbe cialcagra T30 Argen@ra t#he eadderssi BHL 0Oramd t he
subtracter 810 cal cul ate the second SSD signa ~ FE2 according to Fornula 2
gi ven bahev: r@ledimg ar2)prl 6 ieEz3(sSgingb £Sgh@de Sg2a@c i 8gll9e n8gRHb+Sy2Dd) The
adder 811 adds the first SSD signal FE1 to the second SSD signal FE2

accor di mgitto A nid ad 81 gyener dod i reapd- o ut pet seamocadd-grid bs. r eulthas a
signal representing a focus error. 15 (Calculation 3) FE=FE1+FE2 Thi s

si gnal FBnner tbewdjeamivsilgnalé Dbilaickeddin bnpphes SEBtretdwid: ion
<Differential Push-Pull Crcuit 29> Fig. 10 shows an exanpl e construction
of the dnfifthediiser pash-IRiklr aciescthe i2fomma shomrdariding dreguianges he 25
differential push-pull circuit29 includes thefirst push-pull signal

detecti 6f ghet c¥OUicaherseesadngusieddum &ivgitdt eteraryn

It should be noted here that in this embodiment, the

supporting members 102 double as feeding paths to the tracking

10 coil and focusing coil of the coil unit 105. This saves the
need to additionally connect leads to the movable member 103

and to route the leads to the outside, As a result, the movable
member 103 moves smoothly and the information recording
sequences of the optical recording media 4 are traced with

15 high accuracy.

<Construction of Optical System>
Fig. 3 is a longitudinal sectional view of the optical
system of the optical pickup 1. For ease of explanation, this
20 drawingshows only themain constructionelements of theoptical
system and omits, for instance, the mirror 104 shown in Fig.
2.
The objective lens 6 is, for instance, a two-focus
lens compatible with CDs and DVDs. In this embodiment, a
25 hologram area, which splits each returning light into the

zeroth-orderdiffraction light and the first~order diffraction
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37 25 February 2003 unit 920, the third push-pull signal detection unit

930, multipliers 941 and 942, and subtracters 943 and 99~. i
push-pul | signal detection unit 900 :~ncludes adders 901- 90%?5%-5§0?£03and

97.1, and subt=acters 905 and 910. The 5 second push-pull signal detection
unit 920 includes adders 921 and 922 and a subtracter 923. The third
push-pul | signal detection unit 930 includes adders 931 and 932 and a

subtractlgrgf33. idhedduidedpuah- pild ségnat det egie oobyeict i9R0 Tathsulgat es 10
the first push-pull signal TE1 according to Formula 4 given below. The
first poSlensddsé gnahéEbbdpreesiand stdres db fhesedd e feetamerfddeel | Bétghalsf and
the right half of the main returning light, that is, the di fference

bet ween atnlten nmier 1.0atlu e piexyg Udegh £ ofrr tine tzdeer dioh ogrderad AL 26ctiba Léoghitved

| ight signals from 15 the photodetectors 18b-18d and 23b-21d) and the nain
ret ur ni ng daingmiftredn Lhehhol egarmter e 257t tdheeredeif\fed dtiight kighals from
t he phot odetectors 19b-19d and 20b-20d). (Forrmula 9) 20

TE1=f Sgl Bb+Sgl 88k8y|muxSydebesyrct8y2lal 15 includes a frame 16, a

- (Sgl 9b+Sgl 9c+Sgl 9d+Sg20b+Sg20c+Sg20d) The second push-pul | si gnal

det ect i §8mddcn eal fmpereihe sbcandmadinpulsiensigpriudEdrackasding to
Formula 25 5 given bel ow. The second push-pull signal TE2 represents the
differ eﬁéém@@t%\ﬁeelnkt rend ef Tb harraaaddt A8 EnghboRaiom ¢ff e &Eiﬂl’%bl Gary

2003 the preceding returning light, that is, the difference between the
pr ecedi ﬁgbrrce‘%@ﬁﬁzﬁstmrglﬁf%rmpﬁéuﬁéln&gﬁ aurdretodeterEoresersekf 121 ght
signal s %ronlthe phot odet ectors 1Ba and 21a) and the greceding re~ur ni ng
i ght f ERATL ﬁé%(ﬁ’bﬁ?%\ﬁ?gréz& Fpe bottom of the frame 16 and on the

10 bothsidesofthesemiconductor laser component 17, atransparent
substrate 22 that 1s arranged to cover the frame 16 and is
made of a transparent material, such as a glass or a resin,
and a hologram optical component 23 placed on the transparent
substrate 22.

15 The semiconductor laser element 17a emits red laser
light (whose wavelength is about 650nm) and the semiconductor
laser element 17b emits infrared laser light (whose wavelength
is about 800nm). COne of the semiconductor laser elements 17a
and 17b is selected according to the track shape, track density,

20 and type of the optical recording medium 4. By selectively
using these semiconductor laser elements having different
wavelengths, two types of tracking error signals are detected
for each tracking error signal detection method. As a result,
the number of types of optical recording media supported by

25 the present optical reproduction apparatus is increased. This

aspect will be described in detail later.
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5 (the received light signals from ~he photodetectors 19a and 20a) .
(Formul a 5) TE2=(Sgl 8a+Sg2l a) - (5g19a+Sg20a) to The third puggFthhr ﬁ@ﬁ?ﬂ
detection unit 930 calculates the third push-pull signal TE3 according to
Forrmula 6 given below. The third push-pull signal TE3 represents the
difference between the left half and the right half of the succeeding 15
returning light, that is, the difference between the succeedi ng returning

light fromthe hohedrelbvgkasm bgat(itdhel resebygdnki @Bt isi dagpbe Jadmd e

phot odet ectors 18e and 2le) and the succeeding returning light fromthe
hol ogr ambpt &aa7 phtthe afeeri vesli hgght ghitgFalcen furum 4 diei pbakodebectiarseA9¢e
and 20e). zo (Formula 6) TE3=(Sgl Be+Sg2l e) - (Sgl 9e+Sg20e) The multipliers

991 and 8d@pandnthe? sahtiriant bide 8431 2ohase 1944 iraf Rollage snhed birkahgleacki ng
error signal TESL fromthe first-thizd push-pull signals according to

For nul a dngtkens8efadeel ofv. thEohmllog fAm SoESt a1 ElcchakhzehT EZY 28 chealky uary
2003 In this fornula, a and b respectively refer to constants given to the

mul t Spl i ehs Sdtiandd@2oMhkseeronsimauirerar €l Coapdnsatieomcoehdi tights used
to correct the first push--pull sigr_al TE1l, which is obtained fromthe
mai n r ethwhdgpaihi ghta raangedngnt hize seeposdi ardsthfedepushthel tompgnahs,

whi ch are obtair_ed from ~he precedi ng and succeeding returning lights. The
first trétking error signal TESL obtained by the differential push-pul
circuit 29 is hereinafter referred to as DPP TESL. 15 <Phase Conpari son

Cal cul ation Cir i H@hiFisplitt spgvwecbpo sranpA eSpbassr tbei bhght baamphase

emitted from the semiconductor laser component 17 into a main

10 beam, a preceding sub-beam, and a succeeding sub-beam. These
beams are incident on the optical recording medium 4 through
the collimztor lens 5 and the objective lens 6, are reflected
by the optical recording medium 4, and travel to the returning
light hologram 25.

15 The returning light hologram 25 splits each returning
light reflected by the optical recording medium 4 into the
left half of a positive first-order diffraction light, the
left half of & negative first-order diffraction light, the
right half of the positive first-order diffraction light, and

20 the right half of the negative first-order diffraction light.

Here, the principal ray of the outgoing light from
the semiconductor laser component 17 matches the optical axes
of the collimator lens 5 and the objective lens 6. In Fig.
3, the light beamemitted from the semiconductor laser component

25 17 is shown using chain lines and returning lights are shown

using dashed lines. The light beam emitted from the
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conparison calculation circuit 30. As shown in thi s drawi ng, the phase
conparison calculation circuit 30 includes adders 20 951- 956 rapflzy PhESe
conparat oz 32. The adders 9S4-956 cal cul ate an out put signal Pl according
to Fornula 8 given below. The out put signal Pl represents the total
received [ight anbunt in two spot areas of a main beam Here, the mai n
beamis divided into four spot 25 areas (the upper right area, upper 1 eft
area, |eemigdmghtcooeralaased commoresit Hf ehdy davitied byo tdpothregsanxe

di agonal Iy 40 25 February 2003 opposed. (Formnula 8)

P1=Sg| Bbp3glced- SgfiokSeg2t b258 Theocaddea $nob2adh3acpregkdiia s nrtpansi gnal
P2 according to Formula 9 given below. The output signal P2 represents the
total rend aeduticgld iampenb-iyearemifdaty afvirepor iar easwomine Ifght beam
10 (Formul a 9) P2=Sgl Bd+Sgl 9b+Sg20b+Sg2l d The phase conparator 32 detects
t he phapeediefidior@ncetbFnistgwebhghhe cuthususicgralingPlratdr P2ngnd iggitiput s
the detected phase different as the second tracking error signal TES2. For
i nstanceefilles thad dut Sdheplopdd af ¥ fraegwdingpredewnsd How diarideid e ddre he
phase of P2 is with respect to P1. The second tracking error signal

obt ai netiobpgriEd phide HomeatiHN RE T and@ dhicoheérrkal f B0 g powartdiviraf t er
referred to as PH TES2. <Three-Beam Cal cul ation Crcuit 31> Fig. 12 shows
an exanpfEsEowstdaictd bl 6ecthen Hristhheabhealditathidor ¥ cai FEFRTLAE shown

in this_draw ng, the 25 three-beamcalculation circuit 31 includes adders
961- 9665 ARE A PR GARY St T oW He R hi st*a:%ﬁsit%*ctﬁadr#, ath&henPasifedid o1

first-orderdiffractionlight, andtherighthalfof thenegative

10 first-order diffraction light.

<Photodetector Unit>
The photodetector unit 10, which includes the
semiconductor laser component 17 and four photodetector sets
15 18-21, is provided at the bottom of the frame 16. Fig. 4 is
a plain view of the photodetector unit 10 when viewed from
above.
As shown in this drawing, when viewed from the light
emitting side of the semiconductor laser component 17, the
20 photodetector set 18, the photodetector set 19, the
semiconductor laser component 17, the photodetector set 20,
and the photodetector set 21 are arranged in this order from
the left of the photodetector unit 10.
Each of the photodetector sets 18-21 includes three
25 photodetectors that have substantially the same size and are

arranged perpendicular to the arrangement direction of the
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25 February 2003 calculation circuit 31 calculates a difference betweer.

the received ' fight amount oz a preceding retuxning |ight aneLdhay o8h3a
succeeding returning light zccording to r ormula 10 given beIOM/ané u?puts

the difference as the third tracking error 5 signal TES3. (Fornula 10)
TES3=( Sgl 8a+Sgl 9a+Sg20a+Sg2l a) - ( Sgl Be+Sgl 9e+Sg20e+Sg2l e) 10 The third
tracking error signal obtained by the three-beamcalculation circuit 31 is

her ei nafdrgyr JBf L& £ €Otk 88, SBIJESTh A HReepBbt odet@titio BA>the Fegser 13A
and 13B are flowharts showi ng the j udgenen processing of the judgenent

circuit ;30dakR grbabletthe dideeneatd ¥ 0868 Sirnge Thpe phdtdidethanbpg i s
performed i mredi ately before an optical reproduction apparatus accesses the

opti cal areeeifidgpeedetttphdead tdetRenat@andewnadk f dl sectiimm dbrehe
specifically, this processing is perfornmed, for instance) when an opti cal

recor di pgotedidiiadsopl S€€d. | ke disctdbet ebrolr sshdwtheobhidtdyiécadr
reproduction apparatus . As shown in Fig. 13A the judgenent cixcuit 301
firss teiees 180 ajredgd vdie deypereficéheiopki tak, r adhr,dilby mEBdm aeg ol Bleng 25
to the shape of part of the ca=tridge (or the caddy) containing the optical
recor di figomethemdst eTHiE Y s thetdwmng ndgeheha@odeécEer siaty 12900381 .
The photodetectors 18a-2la are the first-fourth
preceding photodetecters described above and receive the
preceding returning light from the coptical recording medium.

10 The photodetectors 18Ba-2la respectively receive the
left half of a positive first-order diffraction light, the
right half of the positive first-order diffraction light, the
right half of the negative first-order diffraction light, and
the left half of a negative first-order diffraction light of

15 the preceding returning light. 2Also, the photodetectors
18b-18d, 19b-19d, 20b-20d, and 21b-21d are the first-fourth
main photodetectors described above and respectively receive
the left half of a positive first-order diffraction light,
the right half of the positive first-order diffraction light,

20 the right half of the negative first-order diffraction light,
and the left half of a negative first-order diffraction light
of the main returning light. Further, the photodetectors
18e~2le are respectively the first-fourth succeeding
photodetectors described above and respectively receive the

25 left half of a positive first-order diffraction light, the

right half of the positive first-order diffraction light, the
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in step 101 has not succeeded, the judgenent circuit 301 then have the

sem conductor |aser ele~~nent 17a em t a red |aser beam ( isgreptiy 2809

j udges whether the anplitude of the focus error signal F~, which I§
detected while the focus servo is off, is not below a predeterm ned val ue
K1" (step 103). In this specification,.the anplitude of a signal is, for

i nstance, the difference between the nmaxi mu. ~n peak val ues of the signal in
a posit righdi hedtfi of thd négseive &imegabinde mididcinat idhel ditst anced

bet ween the optical pickup 1 and the 10 information recordi ng surface of

t he opt thal leécohdilifg ofedi mag tsiveghfiys thandes dhiflfeatdte aptliichit of
recording medium4 is rotating due to the optical recordi ng nedium 4 bei ng
war ped ahdt besgisrd: regvabdt i ngdogi Aggdttat i on. Therefore, the signal FF
usual | y changes cyclically under the condition where the 15 focus servo is
off. If the waveithgt hher shéetad r entmbexeram@ansrsasgierabite fodr tthee f ocus
error signal detection fcr the optical recording nedium4, an appropriate
anplSi t upkotedelt ok utr aithel et adrt e¢gaal WmEt 19 qame dafirderfgt Resfst he
current | aser beamis not suitable for the_focus error signal detection, 20
the | eveRree t¥Resi @hal T FEKHBEOREECFoSLGRALENRS ipl1 AR [TOFRIS BF TGe
signal F E alsqg becones low, |f the judgenent result [n step 103 is that
the anpfifide | Rl GPRIRPSIYRALYFE SASEIBEI ov?-'z%%aiﬁed i néd'Sval ue

K1, the judgenent circuiéﬂBOl j udges.th E the xed | aser 8ean125 is suitable
for t hePhOERSCERFGPR g ot iRe Fori SR ¥ar AS GPITRIRSRLGS LBy B Londer a
diti t he | b I t 9 25 2003 17 i
colect et (LPEn iy TAY) AR aREeTRr i EUF P E SRR SRR R O EnG R
it f f P TESL, PH.T 33-TES3. i |
obER: el r P oAERRR Bl RO 0nt = E e ERRRE S ARt TR0 i thg BREEE EEE S ur | Yon
Loul at i : . ) ! . ; i
ey i ohetekathe 20 LUE Shtesdamm cabavca e ALy AR,

sem CO@B&Q%* - c}?iﬁ?%‘%&?asi Lie & 'Egg]ﬁgcaartﬁgs&{fféf@ﬁe&a b and

have t sem conduct or elenent 10 1 an infrared [ aser beam

(step - h ow | Sq ¢ i i L CM th
Gpl | t 0 BT ahon s s Tha TR e e A TR Do vl

obt ai nadh fgemtbe difdensati al pesbrpYbleSi rcuhb 29%rébenBhaseoeoppari son
calculation circuit 30, and thethree-beamcalculation circuit 15 31 (step

1193. Idephedhodgeneapphesithis causieRd Q3 415 tHial g cdetédévde heyel of
the signal FE is bel ow the predeterm ned value K1, the judgenent circuit
301 j udgsas silaictiheely.use nescehrerot9pes of tracking error signals.
As a result, this optical reproduction apparatus can easily
support various types of optical recording media having
different physical formats (such as different track shapes
20 and different track pitches),

As described above, in the photodetector unit 10, the
semiconductor laser component 17, which includes the
semiconductor elements 17a and 17b and emits a laser beam
approximately perpendicular to the arrangement plane of the

25 construction elements of the photodetector unit 10, is provided

at the center of the arrangement of the photodetectors.

29



(red) of the sem conductor |aser elenent 17a is not suitable 20 for the
facus error signal detection for the optical recording medi2gpedrufty 2603
result, the processing proceeds to step 105 and the judgenent circuit 301
switches the |light source fromthe sem conductor |aser elenent 17a to the
sem conductor | aser elenment 1?b and have the sem conductor |aser el enent
17b emt 25 an infrared | aser beam The judgenent circuit 301 then judges
whet her THer it é | e Pfihbepailgnay offt lodbaivwed fol ighe totharest 4dal 25
February 2003 | aser beamis not below a predeterm ned value K2 (step 106)

| f the jredgertbirg mesdd dm-~apstepib@Gely patidhiase,tHde ¢ liddesrerdtwcimcogt 301
turns on the focus servo (step 107) ar~d neasures the anplitude of each of
DPP- T~S1igPHt TESD thrdcof8itEI3resrep imgli@divnf tweaj ndgedentarssall in
step 106 is negative, the judgenment circuit 301 judges that there is no

| aser beaniasdr qordlate {5 eheiepteidalittecth s nphotddemestand wispl Bys an
error nessage on a display unit (not shown) (step 113) to 10 termnate the
j udgenent processing. Note that the values K1 and K2 are predetern ned by
experinment and are prestored in an internal menory. In the flowhart shown
in Fig. <ERAcgreen tOritkealy €empenengnal3s obt ai ned when the seni conduct or

| aser element 17a emts 15 a red |aser beamare referred to as TES a,
TES2a, and TES3Bigirf siépsragitemd sitaatsekvhg rere of abitgnad® edtttdisred when
t he sem conductor | aser elenent_17b emts an infrared | aser beam are

ref err edTPB &5CTESIHE COTERYH: OAntR TESIGOTPARNENEy 1716 ingddaife Athe it acki ng
servo ifaturned of f when t hese tr%ckin 20 error, signals are detected, the

spot of 1a9P&s &P WHMRT Vet QIBETK 24nd H6r MR T DT al hPRFESl FEY 18 hcks
codtht r ¥, E5ocaHssan R e o e PR chrth ket i FSCRFacod TAGTE
%Eé?%h??é?ggtfﬁ ? %ﬁlﬁ%ﬁfé%@r@aﬁgﬁﬁ 8%2@&%&%@%?”@5%@%%&%?; y
and T hecie AR ot R b S R R E e ap s Tha oy o v

inapprogﬁga%ﬁokgdkg% f‘%ﬂtéef@fdgﬁ? diiggkf%ﬁgnes a sine wave signal
e eter

whi ch has anh anplitude | ow a pre m' ne evel, or a signal close to

di rect current-r@@qugpggttﬁ&%_g%wsr%ztms%oa&@éga;&q%d&egt%gi um a

singl e tracking error signal havi'ng an”anplitude not below a predetérm ned
leygl i6hobt }ehRddutSOERreasase a8, 8 Rbvealddecofisythyt r agkd nyighkor

signals are d6btained in other cases.
splitting hologram 24 splits a light beam emitted from the
semiconductor laser component 17 into three beams and gathers
these beams onto the optical recording medium 4 to form spots
between which there is an interval of an odd multiple of
20 approximately cne-half of the pitch size of the information
recording sequences of the optical recording medium 4. In
Fig. 6, for convenience in illustrating, a modest-sized spot
is shown in an area, which is slightly shifted rightward, of
the light splitting hologram 24. In reality, however, the

25 spot having a diameter larger than the radius of the light

splitting hologram 24 is formed on the center of the light
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The judgenent circuit 301 judges the physical shape 10 of the optical
recording medium that is, whether the track shape is conti2srdksudly 204®S Or
pit sequences, whether the phase depth of each groove or pit is ~/4 of the
wavel ength of a =ed |l aser and an infrared | aser, and whether the track
density is high or |ow. Wen doing so, the judgenent circuit 301 uses 15
t:~~e anplitude levels of the six tracking error signals described above.
The j udg@mEt idig cwblodbamt Ban determnes the type of the optical recording
medi um according to the judgenent results (step 111). It should be noted
here that a singhe mediwntipe Lsghel botledifar 2heisptivakededaortd ngvoredi um
in 20 sonme cases and several nedia types are selected as the candida tes

f or t he hoyog s tamwe aptd Cang ebiagi vy ddwdisum{ sleves al2 posSsIwt ekmEdi B: t ypes
are selected) in other cases. Mre specifically, the judgenent circuit 301
prestor @s aThebBévdisdwan iIirk extendndz dengr ai désechd phydi caladkmpar 25 and
type of the optical recording nmediumby referring to this table according
to the &hpl pridealeveico nsfinhamediun rlackingg 46, PRI PRSIHRHIADODI 619 or
signals. In the table, each conbination of tre six tracking error signals

i s asso&pdiad Wireoreophydi ddie strpecahd T6Fe nfEdI A BePeun| f .seddede nedi a
types are selected as .the candidates 5 for_the type of the _optical _

r ecor di RLlAEFETMATRED A0 B2NND)2 7 (HRSRAGERS8L Hgdpfdceeds the R “operddt i ons
in the flowhart shown_in Fig. 13B and the judgenent circuyit 301 judges
whet her 2B8dH HT PR Sp & e@&&bg%h@rawarlkquhélrg : %%egﬁ’t&ﬁ&rtﬁoﬁﬁf:%@ﬂl li t ude
| evel in a, predeterm.ned. order t he | rocessing, 10 fromstep. 119 to
step 121?5’81&3% egsp%’aijfi LFeGr t‘('l%ej u@ibgg\gﬂgtépf"cuhﬁ%ﬁ?@f cGRPES FI%’@
amil'tudg gf DPP "[_ESIa nmeasured in step 108 with a threshold value Al a
(stidp 1BBPEOREFET 2% eshol d val ue J~ix (i=1-3, x=a or b) for each of the
six tracking ertor,signals is estored 15 in e_lud n ireuit 301.
The threshold v%?ﬁlé X it € f%§ ?ﬁ%ﬁé‘nceéfeas%t Ztaé; alnéor |or31‘tn g‘réi%%l fa, for

i nstanc {. |.qum val t Cely |J t Lned as a
focus et e 2rgsTarTeTnY’ iy Phe SO R flar e 207 HHlg A0} B8

t hresho 0, yal ' h LG Ui | eet l.genduct or
| aser e gﬁéntz\éﬁgg( ?ﬁﬁ%ﬁ%&#%gﬁﬁﬁ?ggéragg %g%e%nfflghaégﬁ?%sgk%gd beam

, contr@lsathe, sehectdaniwiduhe 392rtaceelpClrikShd namhbendibberpnti al
push-pull circuit 29 (step 121y, turns on the "tracki'ng servo of fhe
tracki ngregrye ekl glitt NP2 dsStePad22hat, iandHeldgaoghel ere s hey
anplitude or an information recording signal is not below a threshold val ue
Hla (step obAPin UE fepkn Fealirifarac 2008 anfg ide. | tdgeyrent, thReHdlodrshep 123
is negative, the judgenent circuit 301 has the tracking servo circuit 303
rever seatdé@ 26 arkvingg pollbes $ Wi epciPdn)grapbng) pligeh hbstheyré¢deer
anplitude of the information recording signal is not below the threshold 5
val ue Blfbnachibst gmglikb)thad the awpldgnede amfes&h@7i.nf dzzr-até mmltecor di ng
signal is not below the threshold value Bla in step 123 or step 125,

the positive and negative first-order diffraction lights from

20 the hologram area 26 are respectively received by the
photodetector sets 18 and 21 arranged outward, and the positive
and negative first-order diffraction lights from the hologram
area 27 are respectively received by the photodetector sets
19 and 20 arranged inward.

25 Because the diffraction grating in each of the hologram

areas 26 and 27 has a curvature, as shown in Fig. 5, each of
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the judgenent circuit 301 term nates the processing under a condition where
the current tracking error signal remains 10 selected. If tiheraqphltingg of
the information recording signal is below the threshold value Bla in step
125, the judgenent circuit 301 tenporarily turns off the tracking servo
(step 126) and returns to step 120 to performthe sane processing for the
next TESIi x. 15 Tn this manner, a tracking error signal having a required
anpl it udchd¢ eved réss s et @ T pemfiden s watveddonty canmozr signafgnctiena
result, an appropriate tracking error signal is selected for any type of
optical tecbedisngeidedum pl &=edai metshd topt thal peegprodeet 2o appazative. 20
If the anplitude of every tracking error signal (TESix) is found bel ow the
t hr eshol i wat terdex ¢3f fpat2Ciavo)l iggitk ¢ hey aepth tafie v hdkoynéoraueeen
recording signal of every tracking error signal is found bel ow the
t hr eshol2¥ waldu2 7Bixtstdpf A@Bennd stah 12ty g . ( Ahehewrs byothppiaphéedt e
tracking error signal. 25 Therefore, the judgenent circuit 301 displays an
errob nesisege itro Riarnidnathe Ko jalddematth priotéss prg itsitvp fisstroFdgr 13A)
. 4B 25 February 2003 This error nessage is displayed, for instance, when
an unexpdcifoe aedbtm i isgpt aded, shomdEMtngrer £8ASousSFy Phracatrdptive down,
or no nediumis placed. If one nedia type is selected for the optical
Yecor di g S TREEeE Ahlidrastion dridiep Fhe dhelprafEndRcCaRl &RIth91
sel ects a sen conduct or Iaier el enent_.and a tracking_error, signal that are
appr opr %% &% BRI bpY § caPdr BEFRFING Hedim P%teh ﬁig)"?‘aﬁtl&é’rt Hpet at i cns
in steps , 122-125, e | enent_circuiit 301 then checks whet her_ the
1 or naErH 06 GSAGPEEGRE TRHRS 17 0 S R IS 1, o B A B
119:117), ar_d rm nates the judgement .pr.qcessing. <Ju nt qf. Physi cal
Shabt ahd Wedi a SRR LS (RRTEATS. OF LB Sihyad B4 ST o hape hivd HRAAL ¢ ype
15 in s S ' ' re.descri [ i1 _be it
referen%::?%[w(])e% gé}?éfgx_;hg Rl AT 81 FESCELREH IF IR | oRelaw Witdhe
splitting hologram 24 and (2) those of the returning light

hologram 25. 1In this embodiment, however, the light splitting

hologram 24 and the returning light hologram 25 are arranged
15 so that the arrangement direction of the diffraction grooves

of the light splitting hologram 24 is perpendicular to that

of the returning light hologram 25 and approximately parallel

to the direction of the major axis of the far-field pattern

of the light beam emitted from the semiconductor laser element
20 17a or 17b.

InFig. 6, circles Rl, R2, and R3 respectively represent
the spots of the main returning light, preceding returning
light, and succeeding returning light. Each of the main,
preceding, and succeeding returning lights is incident on the

25 returninglight hologram25, isdiffracted therein, and strikes

the first~fourth photodetector sets 18-21. Also, Bl and BZ
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Fig. 14 shows an exanpl e table where each conbi nati on of judgenent results
of- the judgenent circuit 301 for the six tracking error si @BdHebridry 2003
associ ated with one physical shape, 20 one nedia type, one sem conduct or

| aser el enent, and one tracking error signal. This table is prestored in
the judgenent circuit 301 and is referred to during the judgenents of the
physi cal shape and nedia type in step 111. Tn this draw ng, the "judgenent
result @hdwrackd 19y 26h&Lhol iniegnalepnd et gheeposigive’ ¥nd nddative”,
"“0". and . Each of the sa.gns "X' and "*" indicates that the anplitude 49
25 Febr ddrms203deof tbhéfeamtdspontigqigt 6r ackithge exeOr kadgdal( tihe befwew t he
threshol d value. Al so, each of the signs "~", "~", and "D' indicates that

t he anphiatlifde.rofFide 6br odsphediome dedickg ngeenroing dgnglhti s Fuwttiet ow t he
threshold value. Note that the sign 5 also ir_dicates that an anplitude not
bel ow t B8 tdndsBél deratasetnthe gusihedef exd hegot iespdidisig-ardeki ng
error signal by adjust-ng the beam positions. Also, it is preferable to
sequent dalfifyrassiiezt Yhghtsacki hpeerrghtshgidl (cover eppermihegl ant RBLgi gn
"DO', that corresponding to the sign "~", and 10 that co_responding to the
sign "D®) ohtivei suordeding xetvenihg I¥aleki nPeeawdlfiffracplysiléahshape”
col um gives physical shapes corresponding to respective conbinations of

t he j udgesentitd®ad tin . Fi®e Pphysical shapes in this colum relate to

whet her 15 p:eég%ts (pit_ sequences_w thout grooves) or continuous grooves

are forned, whefReRSt Kd ffivaset Hept hightar edndNe Srefribey FREVTEESHHI ng
Oen L L5l A Lo AN MLt e JE0L Lye: Lo 8 ML g s Pt 2!
R 2 L5, S o deBeLLY, LU, e Useloalioh L prpund L Sk o
oo b S Do S A R SR B TR 8 e sty
LL2eer S SR 0, IES, A0t LAt B4 L9081 YBhE S 2
the succeeding returning light from the second hologram area
27, the positive first-order diffraction light B3 strikes the
15 photodetector set 19 and the negative first-order diffraction
light B4 strikes the photodetector set 20. Although the spots
of the main, preceding, and succeeding returning lights are
shown using modest-sized circles R1-R3 in Fig. 6, the actual
size of each spot exceeds one-third of the area of the returning
20 light hologram 25. Also, each spot is formed to be symmetric
with respect tothedivisionline of the returning light hologram
25.
Because the optical pickup 1 has the construction
described above, it becomes unnecessary to adjust, in the order

25 of lum, thepositions of the constructionelements of theoptical

pickup 1 to bring returning lights into focus on the
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25 February 2003 error signal detection nethod that should be selected for
each conbi nation of the judgenent results. In the "laser selsgtdy @ty 2003
colu.~nn, ".red" nmeans that the sem conductor |aser elenent 17a should be
sel ected, "infrared" means that the sem conductor 5 |aser elenent 17b
shcul d be selected, and "(red)" neans that the sem conductor | aser el enent
17a that emts a red | aser beanrnay be sel ec~ed instead of the

sem congihitsdd esetoesenehhat 7bs | hiat Esridrsowgh ivd tariedy IAserdieamintg step
111 descri bed above, the judgenent circuit 10 301 judges the physical shape
and typdiefhtihe opttrite rievar e sige aedivemabgasebdr thengettaxtrhirsy tlabdhet and
informs other circuits, which are included in the optical reproduction
appar at i, Llcafrde2 physicas sbapétandanediea Hiygle. adhistiradge redte qaTORESSI r_g
is perfornmed using the anplitude |evels of the six tracking 15

error si gfakevetzdr ékor ppal t Abaghnbn behagprapadl aof ¢krelgi hg 2 bé ushaisial
shapes and nedi a types of all optical recording nedia including new nedi a
t hat5 wi OIf pippeadebacthe smr &kt rangeseon bodhes L dde oftdyraent condadto301 i s
applicable to alnost all representative optical recording nedia. If the

t abl e gitase2gompPoERdt iont P greddieve hatéhe fcordinngdbiveard nggetde
results of the six tracking error signals, the judgenent circuit 301

sel ect s L& red&misHiu c dof fraeti et emeinBnd A adkiengretism idigndiighthi ch
correspond to the conbination of the judgenment results, fromthe "I aser

sel ect | BRLOGHZD 2y afd BhECSHES/ 25188Cedfi BASICBE DL ARt eIt SBRECYW th

t he construction, descr.ihed above ircuit 51 25 Februarédzo 3 _system

e s PR il S

ofngth aEFFgﬁ#Fmgﬁgféﬁp I%€°§898§F§t§rﬁgﬁF§IFP of**ype u&FhF%écsﬁﬁg errcr
Shase dZPBGEPanEREERBA Hhd IHRbthih BB s (TREe Frasi aiertor
i ar cACFagi T R et R T R TN By SR A PR O

and a tée%irngiﬁﬁs% $L983hi nl0 ¥hi gl B -é‘P@ﬂ?Eéhg%@?gs Pgﬁorgéxtt.ﬁset,.

optical recordi ng nmedium according to the anplitu e SiXx

tracki ngj rEQentii@Nalghasd et e 4E9SABMEL RO, C Uy 3R Al 90 det R phoes the
physi cal shape and type of the current optical recording nedi um according

toishe aipssdf wlerdevehs BfodNeohbéndrAkhRe Bt &Frst8halrsto bhefsigescri bed
above, in the photodetector unit of the present enbodinent, a plurality of

phot odei gelre spaieadrpasged 1 nthie spoDes Ll Piykup Rah Pe ik ek d bl sed
arrangenment is suitable for the detection of three types of tracking error
si gnal sand® mdestpandueea fwicarsowt rdtf8iguadty.As a result, this 20
phot odet ector unit is conmpatible with various types of optical recording
media. Also, as shown in Fig. 3, the main part of the optical pickup of the
present enbodi ment has a construction where the fra--ne 16 including the
phot odet@at ot ruattion0 ofs GimamyrtatSgs tem>
20 Fig. 7 shows the connection relation between the circuit
system shown in Fig. 1 and the photodetector unit 10 in the
optical pickup 1.
As shown in this drawing, the phctodetector unit 10
includes a current-voltage conversion circuit group and a wire

25 group. The current-voltage conversion circuit group converts

a current value, which represents the received light amount
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25 with the transparent substrate 22 ar~d the hol ogram opti cal conponent

23. Also, the principal ray of the outgoing |ight 52 25 E%h%mﬂhﬂyéﬁﬁﬁ
front hesem conduct or | aser conponent | 7appr oxi nat el y nmat ches the principal ray
of the returning light fromthe optical recording nmedium4. The=efore, the
har dwar e scal e of the present optical. pickup can be reduced. Al so, the
positicnal 5 relations between the photodetector unit at the bottom of the

frame 16btiaie dd drmareath spibst vdeee22prand nithe zholedgraage optliwval cdmponent
23 are predeterm ned to have each returning |ight converge on a

cor r espetdiengr phpttotat ot be . rekdu svedveghthe igeedfsor whbdopld oated aposid i onal
adj ustnents during assenbling. 20 Further, because both cf positive and
negat i vérbmrstie endererdi$¥oategercdigdr sibnom tdel t atnoup ;. £¢ thphtfamisogr am
25 are received in the optical pickup, light is used with high efficiency
i n conparrsan owlhulatdmventivaal tcohpondite wHefésewindaraducposhaserl

el enents andphotodetectors are integrated into one piece . 15 with the

opt ical cpickit: B9, nthedphg stche pipsE Dideer otk Cuhit idascrirlbad taBdve a2niche
optical reproduction apparatus of the present enbodi nent detects three
types other adkiegrkeanr o ipalataesordinnpi® Ble di Irertérits afrpudhgpul |

nmet hod, the differential phase detection nethod, and the three-beam nethod
20 whi | BEM&NEAr v TOIRS f . Sﬁhéléptléérpﬁ@pumhknhQW|a@@@ra@hstﬁheﬁ”§elects
a tracking error signal and a_| aser ght, which are appropriate tq the
curr entr%ﬁPﬁéﬁFvﬁédoFﬂ’Pﬁ&% Gﬁn t&éc%?ﬂPﬁgeFBOFh‘éa%%EFF&&@ ‘FéFEP%tof t he

iietsiffée s Phe S Paiehs : el PRecEorsos B HREaRrentr SRR
3P ar S E03e ARG FORECRBETS 0t Fhsg@a?%%?éa% £kPho=BRebroLrBHts

~|Vbd|f| tions> Modifications of the present enbodi nent are described 5
bel ow. ) Steps 101, 111, 112, and 1Z3-Z17 in the flowhart shown in : ig

1 3A may be ggftedy ang e QperahifBSe RiSUGRS 142tl?’where the
current-voltage conversion circuits, the photodetectors, and
the wires are connected to sach other. 1In this drawing, each

15 terminal isgiven aterminal name accompaniedwith the reference
sign of a photodetector that outputs a received light signal
to the terminal.

The ocutput signal from each photodetector is a current
value representing a received light amount and is outputted

20 to a corresponding current-voltage conversion circuit. Each
current-voltage conversion circuit receives an output signal
froma corresponding photodetector and outputs a received light
signal that represents the received light amount usinga voltage
value. With the connections shown in Fig. 8, the received

25 light signal from each current-voltage conversion circuit is

outputted to at least one terminal.
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shown in Fig. 13B rnay be perforned after step 110. In this case, the |
udgenment ci rcuit 301 does not | udge 20 the physical shapespsbroggizaosype
ef an optical recording nmediumbut a tracking error signal having an
anplitude | evel necessary for the tracking servo is appropriately selected
fromthe six tracking error signals by the | oop processing fromstep 119 to
step 127. During this selection, the anplitude |levels o 15 DPP_TES],

PH TES2, and 3B TES3 generated by a red | aser light are sequentially
checked in this order. Also, the anplitude |evels of DPP_TESl1l, PH TES2, and
3H TES3 genenat Edrby dalicnfliatdreed Glaseriti B> are sequentially checked in
this order. This is because it is expected that high-density optical

recordi ng 20 nediiay widl $hoes i extamie censtecder uee whdhehdorpackFngTerr or
signal detected with a nethod that is nore appropriate to high-density

opti cal gslbonbanhyonediaciidtgRBen Ashishhen pni Ghiltsy dndedever , theefocuski ng
error signal detected with the three-beam nethod nay be given the highest
pri obi t & heraesd AvHe thom cgir 25 § g8 iméudetsr@@degsﬁrﬁélsg%r i#28-8APs0, the
type of each optical recording nediumthat was previously placed nay be
recor dedr8d 8105 Fodrsabyrac08randthenthbll: appropriate to the nedia type
that was nore frequently used is_given a higher priority. (2 ) To j udge

t he physical shdye éﬁﬂu¥y1b%f%lnaﬁsd?)f it aidééélsdé)gb‘ﬁﬁéiaa?e CONHP QP 17. 1,
the judgenent circuit 301 pay_5 al so use the judgenent result, ipn step 101
wher e t @ md £e5p1a LS | HdgedZushrYnt A §H5peBoﬁnﬁaFFeoﬁHﬂ%%?%wY¥?ﬁge.

Thi | h di j ud d th Ki [ I

ol octi GRS & e PEFE o hERCvL ATRIG 5 AU Loy E o 3} P nBRPRAG RN = 27 cui |

301, ~r~ I flectivit 0 j udge _th hysi cal _shap d

rype0 of TER opEreal 57 o g et AR ngTiARE PEPIEATAAT S TR ORE SLve
ificall j : ' t .G [ z l.qul th

oo S R B B LR R S e el 207 Ty et e the

Opti cal JhecAEdng JIPYh uILUYNG £ G Feafd SeL iyl e I s o1 o2

al | ows € nedi a typé judgenent” t6 be per of e Wi T h I gher accuracy. ( 4 )

An opt ok HIET : ¢ . :
h op 'Q%ISeaDQ@.uDNé‘BQ%aH‘tgbgglo%%%gén@é/l@@.d{sgd:séé@%@%@ 1%%}&@%1@@1"“ In

Fig. 3. can be understoo aring Figs. and 15, e opt’ cal

plekun Shawn Ay By 15phaclules, 202 ol gl ect en ainls praduond

. MY it it O Mo oiar T o n eaner o On T haTaPTT of Shces,

The presfagt zphed odeltRCt Gleddlited S Pighiticesidyal obtained from the
photodetectorl8boracorrespondingcurrent-voltage conversion
circuit is hereinafter referred to as Sgl8b.

The adders 801-804 and the subtracter 805 calculate

20 the first SSD signal FEl according to Formula 1 given below.

(Formula 1)

FE1=(Sgl8b+Sgl8d+Sg2lc)~(Sgl8c+Sg2lb+Sg21ld)

25 Similarly, the input terminals of the adders 806-809

are connected to the terminals sl-s6 shown in Fig. 8 and are
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25 form ng photodetectors on the substrate 33 with a sem conduct or
processing technique. Fig. |6shows the substrate 33 arrangegs Sépruard2003
February 2003 at the bottomof the frame 16. As can be seen fromthis

drawi ng, the photodetectors of this nodification are arranged in ~he sane
manner as those shown in Fig. 4. In this case, it does not ma ter whether
~he 5 sem conductor |aser elenents 17a and 17b are provided on ;. he
substratapBRied aitgybrilde neered vad i bightordgridlis obnrenedrdfromstaerce,
the sem conductor | aser elenments 17a and 17b are flat light-emtting

sem condelcitordé teetoglsenkbs fldawed 1Wid,h 20benm 20nductrar BPdecessThgse
technique. in terns of nmass 10 productivity and cost, it is preferable to

f or m ph@toder@et ecs ool Fesiaigie e cbpitichal fsalfsttihat enads destwrhédgabove.
In this case, photodetectors are fornmed at appropriate positions with

hi gher ddahtacy usdhg dssentbendpesdtiprocessi ngegedhinique i Zstsoradsnl t,
the nunber of steps for adjusting 15 the positions of the photodetectors is
r eduted dif fmagpaeh sbhghtsh fxiee ddue wiledezmpereal 2gi.ckup shown in Fig. 3.
Al so, because the photodetector unit 10 is produced as a single conponent
by forning ever fhshadirEeck8P-8A%t Rads (B retlet BBCteRe SAdntsarl Bilate
assenbling steps and cost can be 20 reduced in conparison with the case
wher e t FESESCOIEt &R A IgNat FF3 GrUHed 1 Za¥enbt ng Sidan fKelov.
phot odet ectors on the frane. Further, if the sem conductor |aser elenents
17a and 17b are also fornmed on the substrate 33, the sem conductor 25 | aser

el enent 7a_and 17b and the photodetectors are all integrated into a
singl e igkﬁmﬁ;ﬁ.fﬁn this case, the 56

10 FE2=(S5g18b+5g19d+5g20c)~(Sgl9c+5g20b+Sg20d)
The adder 811 adds the first SSD signal FEl to the
second SSD signal FE2 according to Formula 3 given below and
outputs an addition result as a signal representing a focus

error.

(Calculation 3)

FE=FE1+FE2

This signal FE is a focus error signal obtained with

20 the S$SD method.

<Differential Push-Pull Circuit 25>
Fig. 10 shows anexampleconstructionofthedifferential
push-pull circuit 289, As shown in this drawing, the
25 differential push-pull circuit 29 includes the first push-pull

signal detectionunit 900, the second push~-pull signal detection
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25 February 2003 adjustnent cost, assenbling cost. and the nunber of parts
are further .educed. (5) :ig. 17 shows a case where the phps&dbtuant 2003uni t
10 shown in Fig. 16 is nodified by providing the sem conductor 5 |aser

el enents 17a and 17b in a zybrid manner. As shown in Fig. 17, a depression
35 is fornmed at the center of the sLbstrate 33 wth a sem conduct or
processing technicue. The depression 35 has a reflection plane (a mrror

pl ane) Wntls a2 @ngltéeof thtsdnPushtegtbesitanahedsteradorofurhe Adbtrate
33 and end-face 10 light-emtting sem cor_ductor |aser elenents 17a and 17b
are providédpliate @igbr 854 & 35)ami gsub8risstersecid dnandvidd -t akdre al ong
line A-A of =ig. 17. As shown in Fig. 18, the sem conductor |aser el enent
17a or f#Es&mirsshheul bséd Peem Esteshara thel § ePLPEctinghl yiahe 294e 5fhi ch
then directs the | aser. 15 beam LB toward an optical recording nmedium Wth
this cof8Er§edirof 0 &1 Hosind ol randtsubhzapéewsed ithansefildondd&eEor

| aser elenents 17a and 17b and_t he photodetectors can be adjusted in a

t wo-di mBRSPEFaP YRR bySEARAdI K HIFE 7R BB bN 980 thrAetc®s BRESHSI nci pal
ray reflected 20 by the reflection plapne 34. That is, by nmerely adjusting

t he pos?ggoﬁgdogz?h%ngéﬁf¥8ﬁﬁﬁ%?5?rl%ggr ef &%e %IQﬂﬁl%%HPT%g &t 9PRe bott om
of the depression 35 i .t wa- di nensj onal nner,, e principal ray of a
Taser  bRSRFRELERORRRE T30 AR AT SR S ee 34 Rebp) SebFoaibAe 6 and
t he Ieng%% of the optical 25 path fromthe Sight-emtting point of the

sem condUtTtor |aser elenent 17a or |7b to the objective lens 6 is adjusted.

As 57 = 25 Febrl"i‘f{’éh%&@%}%ﬁfﬁéi@ﬁgﬁ% 08%%%[:1% g%fﬂ‘%bscadi’é&fgte

assenbl i ng becone” eas _ €0S I -manufacturing 7s feduced. Note
Thar. 1o ErR £ B BRaT BRI NP BS £6btraRy s of HTORE I
I nci derde 08§ herhd ght-sSRU4RLPE11 signal TE1 represents thedifference
between the left half and the right half of the main returning
light, that is, the difference between the main returning light
from the hologram area 26 (the received light signals from
15 the photodetectors 18b-18d and 21b-21d) and the main returning
light from the hologram azrea 27 (the received light signals

from the photodetectors 19b-19d and 20b-20d).

(Formula 4)
20 TEl=(Sgl8b+Sgl8c+Sgl8d+Sg2lb+Sg2lc+Sg21d)
- (Sgl9b+5g19¢c+Sg19d+5g20b+Sg20c+8g20d)

The second push-pull signal detection unit 920
calculates the second push-pull signal TE2 according to Formula
25 5 given below. The second push-pull signal TEZ represents

the difference between the left half and the right half of
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hol ogram 24 . \Wen doing so, t!~e light em sting angles of the

sem conductor |aser elenents 1'7a and 17b al so need to be bakepruait 2003
account. Also, instead of providing the sem conductor |aser 10 elenents 17a
and 17b in a hybrid manner, a two-wavel ength sem conductor |aser el enment
formed on a single substrate may be provided on the substrate 33. (6) The
current-vol tage conversion circuitsand wresshown in Fig. B are al so

provi detherptéeedihgtraterginghbivghtn Frays. 135 the dadferenpgebetween
current-vol tage conversion circuits and wires can be forned w t hout

di ffi cutk¢ Bsergdangemesorciictorl ghtebspmgthechalgaeam araadrti diheat is
preferable to formall or sone of tr~e focus error calculation circuit 28,
the diffefFeivied lggstt pdgnals ciirem2ghet pbopiedat evnpasi £6a andcdlladl ation
circuit 30, the three-beamcalculation circuit 31, the judgenent circuit
301, angh€hbhsebseriesi nd reqiturndngshoghti frem, the dwobegranegraged’circuit
on the substrate 33 wi_ith a sem conductor processing technique. In this
case, thehphsesaeves: dridith tSiFrabshEroRi cbgi PhoImdatesheeyrabadasd the
substrate 33. As a result, the nunber of assenbling steps, the nunber of
adj usti%%a)steps, and the 5B 25 February 2003 manufacturing cost are
reduced. Because the nunber of assenbling steps and the nunber of adjusting
steps are reduced, the reliability of the optical reproduction apparatus is
increasgéd. S (7 As shown in Fig. 19, the frane 1 S may be covered w th
t he hol g‘?’%‘fbit? al conponent 23 instead of the transparent substrate 22.
That is, the transpar _S tg.at N .hal.ggram optical conponent 23
may be integrated intgggﬁe (§§;§aé?%ﬁig5%g§§fg g%&ﬁse a case i s conposed
of .yhe hol ogram 10 optical conponent 23 and the frame 16, the positional
refati ons between the hol ogram opti cal conponent 23 and the phot odet ector
unit 10 in the 1 i I U | L i f A CHb R '
construction ali%eag%%ﬁréi but e %%ﬂjrsgg’h%g %%Qgﬁ%%grur%f&gé?%salgrydﬁaﬁ%s nunber
of manuyfiactdy 4 t eps an :opt41C tign Mat Us,q 4

conpar :tsr%fl évxfn'['t'flwt%ueﬂgagg&\%hg#%&{éh'eali‘gralagas%g?%ﬁ?i{guEgt rfglt%g%%ga ﬁlc?it‘f:ben

hol ogr /@1 .| Calh<LONPOAYPH s AKEsSBRANAIES EPRRRRMS thédY iF fle@dHde an

i nexpensi ve optical reproduction apparatus can be achi eved. Al though the
hol ogr detadc ath& op@Re Ma 133 £HHd t Hre 0P ighal N 7 ePr ogHE! isQR caRRAMY us of
the present enbodi nent can be nade of an optical glass or resin, it is

pref er abltaidminp @ ightesthar s, the dbfterahcefbétweesahmweasteddinkhis is
because the shape of the hol ogram optical conponent 23 can be freely

desi gnee twidniindd irghsi rE rdrorchendicdrerr art rerda &6 gahentr eswlistacatie @ 25 and
t he hol ogram opti cal conponent 23 can be integrated into one piece. Al so,
becauseigha dofogmaprepticddevapboentl DS 250 2185 Fedrtier yulte8diay be
formed using a mold if this conponent is nmade of a resin, hologram optical
corrponéﬁfislrlﬂd\ngwéigféblfé%méb@gg@rliognmae-’zﬁa B ribe- peodared. llghs

achi eves an i nexpensive optical reproduction acharat us. 5 (B) As shown in
Fig. 2SipRatie M ddie ppertpdetertons plesand effldi ment, only the obj ec
rive lens 6 is provided on the novable nenber 1 03 and noves according to

t H® servo si gnals sent fromthe focus servo circuit 304 and the tracking

servo ﬂ,rcui 30?5. 10 Wth this cor_structzon, the focal point is adjusted
ormula 6

TE3=(S5glB8e+Sg2le)~(Sgl9e+Sg20e)

The multipliers 941 and 942 and the subtracters 943
25 and 8944 calculate the first tracking error signal TES1 from

the first-third push-pull signals according to Formula 7 given
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and the information recordi ng secruences are traced by noving only ;. he
objective lens 6. Therefore, in this case, the principal r&pRebraary26es
beamemtted froma sem conductor |aser elenent rnay deviate fromthe
optical axis of the ob j ective 15 lens 6. This results in |eas aberrations
and degrades the optical characteristics of .the optical pickup 1. As a
result, information recording signals cannot be witten onto or read from

t he opt bedlow.ecordi ng nedium 4 with accuracy. To overcone this problem the
sem conductor | aser 20 elenents and collimator lens, in addition to the
objective lens 6, may al so be provided on the novabl e nenber 103. Wth this
construction, the positional relations between these construction el enents
can rendf®T e iant and the optical deviations in the optical system of
the optical pickup 1 can 25 be avoided. Fig. 20 is a |longitudinal sectional
~r:iew of the optical 60 ﬂ?ﬁiﬁﬁ@%ﬂ&aﬁﬁéngFéﬁup 1 modified in this
manner. Note that the same construction el enments as in Fig. 2 are assigned
t he sane nunbers . The follow ng description centers on the differences

bet ween the optical pi %gf shown i;~ Fi ~herefare, 5

i ck s. 2.and 20 and,
o e e S e SO oA b2 Biap SBac fi R Ly e AF o BPBS CATHS hi s

modi fication has cons@ uchhon W e tae Ejec Lve lens 6, the

phot odef2&E8r “hhitRa0™H %ép &%ﬁﬁ%gfi M igg ‘co EntCOBS TR S B Srirror

109 ided .wi_t hi : -lik ble_10 103 d _thi bl

i e e PR T v SR R S e

t] ] Z0 t t : iR ki

i Poot | SadpH BR1TRRin 1R RS TR e S et S BB B4 e LT
) s . ) : ¢ ; 0 q

Eha T o b Labiie Be Rt na R LR ELTG $ IORRTS I X e OB dirklD an

appr oprE gl ¥naehrld e i GHL’s 180 4RS! SbRbrhughen Ginidie signal ines

and power ing lines .” This saves the need to additional [y connect |eads
to the novabl e praber-103:apdkt 9o QU 1t RE Jreadsre ) thor QUL8RIBY- the @
result, 20 the novabl e nenber 103 noves snoothly and the infornation

recor diqpr seqeances ghshhreuant icGalcdecargdiing nadinArosce téaeeded ki hi gh
accuracy. By providing all construction elenents of the optical system of

t he optasabppi tkep.within the novabl e nmenmber 103 25 in this nmanner, the
positional relTations between the objective |lens 6 and the sem conduct or

| a3ér el enents 17a and 17b can 61 25 February 2003 renmain invariant even
du=i ng the focusing operation and the tracking operation. As a result, the
opt i cal<BhzkeipCompéhi.som afliccdts tororex®ibcw st sBabl e opti cal

characteristics, in conparison with the optical pickup shown in Fig) 2, and
5 reproducti on B retosbiong @rerexampeacensdrfuoriveehn wotth tdec phege (9)
The present enbodinent relates to an optical recording and reproduction
appar atafsiP3pheoBca AU APBAPEL 8 §[§éé—|tag PzedA$ nshewen rige gyt Hf AW bNGpt i cal
recording nedia or the r eproduc tion

the phase comparison calculation circuit 30 includes adders
20 831-956 and a phase comparator 32.

The adders 954-856 calculate an output signal Pl
according to Formula 8 given bkelow. The output signal Pl
represents the total received light amount in two spot areas
of a main beam. Here, the main beam i3 divided into four spot

25 areas (the upper right area, upper left area, lower right area,

and lower left area) and the two spot areas are diagonally
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10 of opt:.cal recording nedia may be constructed according to this

enbodi ment. <Second ~' nbodi ment> <Construction> 15 Fig. 21 28mwmuiahe003
construction. of the main part of an optical pickup 7. according to the
second enbodi nent of the present invention. As can be understood by
conparing Figs. 3 and 21, the present.optical pickup 1 further includes a
beam splitter 37, a reflection plane 38, and a pol ari zati on di vider 20 39.
Al so, tmprFesae.16 is enlarged to further include photodetectors 40 and 41
as construction elenents of the photodetector unit 10. The foll ow ng
description centers on the differences between the optical pickups of the
first and second enbodi nents and, therefore, omts the sane aspects. 25

Al so, th&Jardbi By description centers on the differences between the
circuit systens of the first and second enbodi nents 62 25 February 2003

and, therefore, onmits thePkakelBapeaedd-~feLldsiigamipg 1 fight fromthe

cptical recording nedium 4 passes through the objective lens 6 and the
coll?fmator lens 5 and is divided by the beamsplitte= 37 into a reflection
The

5 light, which is bent by 90 decrees, and a transmtted |ight.

Dot ont i om | L onhe Rereke RehtoB g aalabe AR | RUTRER eiRR i Bhe 38
and strikes the polarizati on divider 39, ich en divides the ref] ection
ot | Ao ators Formile e vars Delbuct To0) SHEdens an a2

hot odet t 90 d 10 41. Th Ct.i f t .phot odet 1 it 10
Uh the FEBRESRRES CRRORRCTAR FFEe 928 AS TR BROBRHGLEt 682 AT ng

Figs . d t he: p 0 ctors 40 and 41 are additionally used in this
%ﬁgg'ﬁg%%ﬁmﬁ%dgﬁéc@gag %gagh

enbodi e ors d 41 are 1S arranged to receive two
retygning lights fromthe polarization

(Formula 39)

P2=5g18d+5g19b+Sg20b+Sg21d

The phase comparator 32 detects the phase difference

15 Dbetween the output signals Pl and P2 and outputs the detected
phase different as the second tracking error signal TESZ.

For instance, the detected phase difference represents how

far advanced the phase of P2 is with respect to P1. The second
tracking error signal obtained by the phase comparison

20  calculation circuit 30 is hereinafter referred to as PH_TES2.

<Three-Beam Calculation Circuit 31>
Fig. 12 shows an example construction of the three-beam
calculation circuit 31. As shown in this drawing, the
25 three-beam calculation circuit 31 includes adders 961-966 and

a subtracter 867. With this construction, the three-beam
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di vider 39. The photodetectors 40 and 41 are used to read information
recording signals frflma magneto-optical recording nmedi um2&Februap0oal
recording mediumof a reflectivity nodul ation type. 20 If the optical re
cordi ngmedi un® i s amagneto-optical recording nedium an information
reproduction circuit (not shown) reproduces information recording signals
by cal culating differences between _outputs fromthe photodetector 40 and
those freftEneapheRoFEtEtor 21, CALEE 1T 2 BpELeARNCEC SIRFURER5REdI um 4
i-s an optical recording nmedi um _on which Ere-pits ar.e fgrned, or ag opti cal
recor di ngE PRV B of AT rFPPRELI 9F 1§ BEceding FRbFEALDPI2669 oabAat P8R t ype,
such as a,phase change recordin dium the i,nformation reproduction
hrcut Tof SHRARE T by b Gh P Cht B e STGRARE o) CcaP EARSE! PG ShESBurs of
out puts from the, phot odetector .9Q _and t hose from.the otodetector 41. 5
.gin addi$toh 309 AL RY Ed%Sf d%%éeffﬁf‘ﬁe &b & l,rgpir&pﬁqflc%ﬁi error

reprpduct. on ﬁpﬁgégtus equi pped with the present optical pickup having this
constructiBifta Fectively reproduce a nagneto-optical recordi ng nmedi um
and an optical recording nmediumof a reflectivity nodul ation type by 10
respectively calculating differences between andsunsof output s=gnats of

two returdi lig ge: ~erated by the polarization divider 39.
<Nbdifig§ﬁ%ﬁkéélg6ft shoul d be noted here that the effect described above

can al so chi t ' di . Gatl f Jo Y
reproduct?gﬁgagggﬁggﬁgéﬁé%%ééég%ﬁ%ggé odﬁﬁéﬁfg%ggééﬁéigaé%éé%ﬁéfgs. 23
and 24, the sem conductor Laser elenents 17a and 17b, the phot odet ector

units 18-21, and the 20 photodetectors 90 and 41 may be integrally forned

on posubstrate 4Be AtROrdi trdgeringt sRLber yWehher dhes sgaicangdugtyy |aser
el ements 17a and 17b are fornmed on'the substrate 42 in a hybrid manner or

in a norelddetine dMyTcu ot i bASE 2Rt Be $enheppdHEkek  aed Bl s 17a
and 17b may be fl at

as 3B_TES3.

<Judgement Circuit 301>
15 Figs. 13A and 13B are flowcharts showing the judgement
processing of the judgement circuit 301 in detail.

The judgement processing shown in this drawing is
performed immediately before an optical reproduction apparatus
accesses the optical recording medium placed therein for the

20 first time. More specifically, this processing is performed,
for instance, when an optical recording medium is placed in
a disc unit (not shown) of the optical reproduction apparatus.

As shown in Fig. 13A, the judgement circuit 301 first

tries tojudge the type of the optical recordingmediumaccording
25 to the shape of part of the cartridge (or the caddy) containing

the optical recording medium (step 101). If the judgement
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25 light-emtting sem conductor |aser elenents formed with a sem conduct or
processi ng techni que. 64 25 February 2003 Al so, as showm3 Februgry 2263 i n
addition to the photodetector sets 18-21 and the photodetectors 90 and 41,
a depression 44 having a reflection plane 43 with an angle of around 95
degrees to the su=face of the substrate 42 may 5 be formed on the substrate
42 with a sem conductor processing techniaue. In obis case, end-face

| i ght - ebiit3tem Sehivandet Guteseded) chkat 3udgamgnd cibcads gldvided in the
depression 44. These sem conductor | aser elenents 17a and 17b emt |ight
beans thawmedthdesamwiterduonopl dases3elenesh 10atereht B rest ¢2sk& Pegt beans
toward an optics 1 recording nmedium Wth this construction, in addition to
t he senfgbaBEUktd} dndondaspotharhay thhamedfiteids @f phenéogysferror
reflecting the light beamemtted fromthe sem conductor |aser conponent 17
i s proviHgaEbnFEhe Whilsst ras edapectréel efiorle BYeadpaesi fFo the dffection
of travel of the _principal “ay fromthe reflection plane 43, the positional
rel ti ohs PeEwRERPhe JeRfeBhauBLsed akue| BiedBseind Qe phidt oblei&ct or s
can be cont,rgl, | ed,in a two-dinensiqgnal manney. Al'so, usjing a seniconductor

processIPRCIEERAFHGB, (THES ATRRSERERE Pdn %l THERRS ¢8n BSorietF28C8n t he

sane suhstrate with high accuracy. Therefore, \in this case, the nunber of

2 st 1T SHCEE TR PRODBFOREE: COF BRGNS MRt Ll O dF (TS Hahber of

parts aof an o tical?rggrod rat us. can be reduced r(‘92’? At_| east one
c

P e i o S R ARG AP AL 451 £20 REGLECUEC L £

1 .
agce Thversi on,

calou ation. eadgehectiop-odagtsscrrer slonale muduracing e
cuf §entivial & ic?z?@’é’éé%&fné@uf%&?' SE 1400, %fnﬂi@ﬁ(’%dsd;fgftﬁ%éﬁ%s' gnal s

may be formed on the substrate 4 n thi's case east one of

these integratedy Scabrigls Sy o1d OffEdoRR IS SURSIIaL £ Redilier @ 105 N0 need

to use an external Intégrated circult r each 1ntegrated circuit rmed on

the subeidatiimdiue ThhScABKES cLRAIOMIGA 1 PrAIELEOR BREAGALUT &SI St ant

to external nolise, such as floating noise, and reduces the hardware scal e

of theaopi t k@kpigRNeiMebb2NndalRe abdg tiieel UdTRE KR At egE atiephLi rcui ts.
(3) The beamsplitter 37, the reflection plane 38, and the pol arization

di vi deFE3Q sl he ¢ ge st edelitalane pidee thorconsienen, wasrghame in Fig.
26, a conbi nation p=ism 45, into which the functions of these construction
el Enenteclié Ik rhfo al® oofbi nEfl. cheywheelsethAlED, tlas showentn lulsier
draw ng’eam is suitable for the focus error signal detectiocn fer the
optical recording medium 4, an appropriate amplitude level
is obtained for the signal FE. If the wavelength of the current
laserbeam is not suitable for the focus error signal detection,
20 the level of the signal FE becomes low and the amplitude level
of the signal FE also becomes low.
If the judgement result in step 103 is that the amplitude
level of the signal FE is not below the predetermined value
Kl, the judgement circuit 301 judges <hat the red laser beam

25 is suitable for the focus error signal detection and turns

on the focus servo under a condition where the laser beamelement
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the frame 16 may be covered with the hol ogram optical conponent 23 instead
of. the transparent substrate 22. Further, the hol ogram optixgatent@ipQoest 23
may be made of a resin, a base 46 that supports the conbination prism 95
may be formed in 20 the hol ogram optical component 23, and the

co. ~nbination prism95 may be placed directly on the hol ogram opti cal
conponent 23. In this case, because the beamspl:.tter 37, the reflection
pl ane 38,7anrkmienpotal ezatidon stiepg ded4 B9 are 25 integrated into one piece,
t-he nunber of parts of the optical reproduction apparatus is further
reduced. Al so, [Téraysegererdt ci2bifedUhnhe00@dwnlogs amheommnghl todaponent
23 is made of a resin, it is possible to freely design the hol ogram opti cal
conponentf 2acandf &djluskiEs he HHeMEIR ofaniché@3ofEisSSathpttdre Alesspedhivhily case,
because the functions of the beam5 splitter 37, the reflection plane 38,
and t he gbdieaim gatfizom thei def f8¢eartd adopusbi-pnadd Eatrcutite 20onbhraphesepri sm
45, it becones unnecessary to adjust the positions of these construction

el enent $c@PBY. s Thi scathiévsscan optiwslt repP oduenfontigpardtnse chasni s

i nexpensive and his stable optical 10 characteristics. (9) The present
enbodi msatl called ke geecedbtadlopsitéd YUor di ng and reproducti on appar at us.
However. an apparatus specialized in_the recording onto optical recording
nedi a or the repREdiRAgOReBE Giptdwht 30dcohan fy oS e bbobsfRvTeted 15
according to this enbodi ment. Although the present ipventign has been fully

descri b&d 9By th&y S 8P L ELRRFANCEL XikEF e PeEAIFTE- 10 & h8 EBEORFEMARFRCTAFi ngs,

i i b dth i h d difj i il

o oSSR R (O S SRS U it
S S B R T BERE a8 e AT
(55121 IR Lschehe A SHOLOE” SEAOL L LT et 12008 Sl ckor

ecel veBprenui ngyl gy " ghiesedasy e coptLealsogootde s,

wherein e optical —pi pIs censtruc Vi

nto a grbp deam s2opertading, slsheam: andit b susesedingeauleam ( 2)

direct the main bears, the preceding B sub-bears, an e sucteedi ng

sub- beagyt eyand sihecQPELSR! 38, TR LHieNgh FBAL R 1AR4] 13 2k iV bde &l ni ng
lights of the main 10 beam t he precedi ng sub-beam and the succeedi ng

sulp-sbeasr lireespecti,vely into first-fourth main returning lights, 12
first-fourth preceding returning lights, and first-fourth 13 succeedi ng

returning |ightsf tdRkjudgement result instep 103 is that the amplitude

level of the signal FE is below the predetermined value K1,

the judgement circuit 301 judges that the luminescent color

(red) of the semiconducteor laser element 17a is not suitable

20 for the focus error signal detection for the optical recording

medium 4., As a result, the processing proceeds to step 105

and the judgement circuit 301 switches the light source from

the semiconductor laser element 17a to the semiconductor laser

element 17b and have the semiconductor laser element 17b emit

25 an infrared laser beam. The judgement circuit 301 then judges

whether the amplitude of the signal FE obtained for the infrared
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19 the photodetector unit conprises: 15 first-fourth main photodetectors
that respectively '6 xeceive the first-fourth main returni 2§ Hebglarg20d3
first-fourth precedi ng photodetectors that 1B respectively receive the
first-fourth preceding returning 19 lights; and 20 first-fouxth succeeding
phot odet ectors that 21 respectively receive the first-fourth succeeding
returning 22 lights, . Z 2. The photodetector, unit of Claim1l, 68 25

Febr uar y-238%093 B2 3iher 2iHPE He® 4 P st - PEEFLR SAEitMSth ot ket det ofS-&R ! 5 hr r anged
i.n a virtually straight |ine, 1and 4 each of ,the first-Fourth in

phot odet &t BRE 1HRFEMBBLEr@EULEaSR SLRP P& b3 FAYeporR e INESETeMyed

per pendi cul ar, 5 to an arrangenent _direction of the f: rst-fou=th main 7
bhot odefad it 30 Y 4ia® (8, baBt EeFBP SRFE ol AR MY GRS i ng:

oo B SRR AL 0 el R ©
Si gnﬁle Ifl:llrbjs bei ng respectively conected 5 to the photodetecting portions

of t t-fourth main 6 photodetectors, the first-fourth precedi ng
phot vdet ect or s, urth_succe hot odet ect.or s:

second Wi ring gF%uggghgp%ii%{%%?%%%gﬁdl%i ﬁﬁgipngio ed 597558 “V s i eg a
et hod. JeRe R P L AT 30 S TUs Y, s e Ve P L oRR et eh S ¢ e
i r P epreRs aed, (CPRche, Bl Fobgraihh  ARRNe) 20 BRI 0 Ca
Conal TrneebE e e L B M) TP R AR e ng
phatodet gehehs taNE HNG yigdrhd ot -ﬁpy%éssﬁﬂgqe_eﬁb@g eggtcoeéﬁbe%%@s k14. The

phot odetector unit of "Clairn 3 further conprising:

and K2 are predetermined by experiment and are prestored in

an internal memory.
In the flowchart shown in Fig. 13A, the tracking error
signals cbtained when the semiconductor laser element 17a emits
15 a red laser beam are referred to as TESla, TES2a, and TES3a
(in step 10B) and the tracking error signals obtained when
the semiconductor laser element 17b emits an infrared laser
beam are referred to as TESlb, TES2b, and TES3b (in step 110).
Because the tracking servo is turned off when these tracking
20 error signals are detected, the spot of a laser beam travels
back and forth across a plurality of tracks due to the
eccentricity inherent in the optical recording medium and the
eccentricity causedwhentheoptical recordingmediumisplaced.
As aresult, the trackingerror signal obtainedwithadetection

25 method appropriate to the optical recording medium becomes

a sine wave signal having an amplitude not below a predetermined
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25 February 2003 2 a first circuit that generates a first tracking error 3
signal fromthe received |ight signal, which is transnitte¢5¢€wmmwgbg3
first wing group, according to the push-pull nethod; 5 a second circuit
that generates a second tracking error 6 signal fromthe received |ight
si-gnal, which is transmtted 7 fromthe second wiring group, according to
the differential 8 phase detection nethod; and 9 a third circuit that
gener at eseeel iad thadkiagkengorrtgrss janklf eokpinedr esshvadderghtisingnal
which is transmtted 11 fromthe third wiring group, according to the

t hr ee- besatmed hotlappr5priag ephict det oftdrcahine @frdi vy madi unt hegomes
conprising a laser 2 emtting neans for emtting the |aser beam 1 6. The
phot odet@6stiore wave sofgrd ai mhB,cipha svie B8ImL 1 Hed ¢ Pesov e agdeme Amined
photodetectors are 3 arranged in a virtually straight line, and 4 the |aser
em ttingteeahs ¢35 arsianeld ko riealizeqt scernert - of Depeading oh the
first-fourth main photodetectors. 1 7. The photodetector unit of Claimb5, 2
wher 8i n {ifRA ettd@ R Isdk F&C 1RGN RouBded eThRF 5e F B3 ek aRFafEHEEZWI t hi n
virtually the same plane, and the laser emtting means emts the | aser beam
5 perpeﬁﬂ%ﬁﬂ%uhﬁﬁlgﬁeaﬁiéﬂ?l#@Udezﬁoﬁeﬁﬁkﬁw 30p5edese I shot ¥Rt ect or

unit of Caiml1l, 2 wherein the photodetectars e forned on single 3
seni condut Ut SEBELT dhe SRGASR BRE SURISES 1Tl 088 S a0t BA . an
i nside 5 wal s a_mrror, plane inclined at a certain degree 6 to

| f which i
a sur&ai&?ﬁrtéhgﬂﬁ%gt?% eogﬁ&lFﬁQMﬁ??PEP%Enf%ﬁﬁﬁﬂct?r 7 laser element is
i t i t.he 8 m s .
Blﬂgtvl)dgt ector e o B ?%E\%ﬁgﬁ:ei%igtwé&%% *to8' BB%sabad s aser
CTE B R £ FESREAIRATRCs | OALD 3 YRVERERALNS o U & ALENIRC 4

hot od | ] t L : 3
1I‘Oi ‘r-"’sf gtes,%“a?g]gsaéén{?ﬁx%’gs &ééggfsﬁ.gf/?ggg@ggﬁé,%hé’c‘ﬂ%ﬁ@ﬂ@ a

uctor Taser elenent is the su stratgz the first

sen condeie Jragstlcreh@RAte &8 Etiiﬁwg.s%t/he Jagele 1%@%%&%@'55 a red

perpendi cul ar to a surface of the 6 substrate. 1 1 e ‘phot odet ect or uni t
of O ai mel@r ZnMeigi Indraeeend sadn CoaddCLOkthaserc il epRatki sehuritther 3

provi ded on the substrate, the second sem conductor |aser 4 el enment
em ttingsanfgnesrbesm vintarldds merendineiHad detndrite chkcui?b FEbrisdrsy 2003
15 theamplitude levelsof thesixtrackingerror signals described
above. The judgement circuit 301 then determines the type
of the optical recording medium according to the judgement
results (step 111). It should be noted here that a single
media type is selected for the optical recording medium in
20 some cases and severalmedia types areselectedas the candidates
for the type ¢f the optical recording medium (several possible
media types are selected) in other cases.
More specifically, the judgement circuit 301 prestores
a table shown in Fig. 14 and determines the physical shape

25 and type of the optical recording medium by referring to this

table according to the amplitude levels of the six tracking
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5 surface of the substxate, the first and second sem conductor 6 | aser
el.ements emtting | aser beans of di=ferent wavel engths. 1 25February 2003

phot odet ector unit for use wi th an optical pickup that 2 irradiates an
optical recording nediumw th a | aser beam and 3 receives returning |ight
reflected by the optical recording 4 nedium 5 wherein the optical pickup
is constructed to (1) divide 5 the |laser beaminto a main beam a preceding
sub- beamrrand Fignalsceedimgtseibtbodr), (22¢hdcrabinEte ami dibsam she
preceding 8 sub-beam and the succeedi ng sub-beamtoward the cptical 9

r ecor di tigamkdingme rovk (B)gnid Ve desresseaiageld ghtd ohet poysdicr G IRRe the
precedi ng sub-beam and the succeedi ng sub-beam 11 respectively into
first-fend kneaimedia BYPag |ights, 12 first-fourth preceding returning
lights, and first-fourth 13 succeeding returning lights, and 14 the

phot odet ect or uﬁftseﬁﬁﬁﬁﬂs@§¢l§5tvpﬁ§tarﬁoﬁﬁﬂﬁ&%ﬁdﬂaﬁhéb@déﬁééﬂéﬁﬁﬂimat are
arranged 16 in a virtually straight line and respectively receive the 17
first-f&art Bheatiyneetaf it PPERESL I8CRinking duedispr é8BePngl2:No),

phot odetectors that are 19 arranged in a virtually straight |ine and paral
el to ahb&r PAPCES TNT hBTPFESEST ARt H FraPREBRSLOGSt eldt oF 22 oRlaWEdE of t he

, 21 the first-f th i hot odet ect, ti 2
Fecol vi ABOYRGLFI FSd « Foif (P i BeoarAg R Mg a4 ignes: 3 B40e SOBEER h
di h tect t hat, 72 25, Feb 2003 24 d i
Tt ual FRBE A GHLe | PHE SreAGEFS| BFEPS (IO y e G (REPFPPELoRSur th-
[ hot t i, t ' 6_of, the, t ' - f th
Succeodt NG pRORSIL EetorE 5P ipestroBrs Paaar i Ao REOPI F R hBRT
su%ﬁeedﬁ?gmggEgénil@gE§3éﬂéﬁ“fﬁ7?9 a current-voltage co:lversion circuit
a ¢ n

group t nvérts current Signals, which are obtair_ed fromthe 31

phot odet ect or s 1A0de gt eopoBd1 19, T 08! YEAoLERE ATRUNLS, 3Dl Coppaeiyed

l'ight signals representing vol e val corresponding to the received
| Tont ek Hade Dl 5EPWIESNG A6 2URrEBALn SEARSTD b A brird R Yed 35

l'ight signal "group used to~performa push-pull thod, the 36 first

recei veghlhghh18i andedrp2ig) cOr HESBONG NhAdsBd1 @hokadet eGhi ng:i HPLBI, onsof

the first-fourth main photodetectors, 3B the first-fouzth preceding

phot odet-egtoars) ik bhehi 6 StcHeoul kit BdcBig Ratt A sPlkelaadet e s Srodlda
second wiring group that transmts a second received 41 |ight signal group

used tairpetheor pudgenferfterenttal tpbase datectilorediZoldceblod Aihe segond
received |ight signal group corresponding 43 to the photodetecting portions
of the flax simévantk,n@Eat %Hs paopodetiect ofcgiednal O5 AorrhZmd twirrdany gfoup
that transmts a third received 46 |ight signal group used to performa

t hr ee- bdem max hmdm  viad we7 ghi tler eeckevedd ilgighsi gnabngr ol acoregdspsndi ng
to the 98 first-fourth preceding photodetectvrs and the first-fourth 49
succeed fp@prdteoecscssgnals3 25 February 2003 50 wherein the

phot odet ectors, the curren~-voltage 51 conversion circuit group, and the

wiring groups dfethatestpll tyderf BPRpdESA 22l sinefl bedewi tomdhareothaldst rat e.
20 wvalue Ala, the judgement circuit 301 selects the semiconductor
laser element 17a (has the semiconductor laser element 17a
emit a red beam), controls the selection circuit 302 to select
TES1 from the differential push-pull circuit 29 (step 121),
turns on the tracking servo of the tracking servo circuit 303

25 (step 122), and judges whether the amplitude of an information

recording signal is not below a threshold value Bla (step 123).
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1 13. The photodetector unit of Caim212 further conprising: 2a first
circuit that generatesa first tracking error3signal from the5fRebatary 20@3 ved
| i ght si gnal group accordi ng9to thepush-pull. nethod;a second circuit that
generatesa second tracking errorb5signalfromthe second received 1
frghtsignal group according7to thedifferential phase detection nethod,

and8a third circuit that generatesa third tracking error95|gnalfron1the
third reddiveed Judgenepharegd blipl ECARILRF1O6 e Pt hvee- Pegniudgement

met hod, 11mhere|n thefirst-third CIrCUItS are integrally_fornedl2on

t hesen EaAEMor3@LibBeFatdie tnackIng Eﬁéﬁﬁﬁﬁ%iﬁ%#tuﬁﬁﬁ WEW§%§%1EQQ 2
wherein the substrate includes a depreSS|on i nside 3 wa of which is a
mrror PEEFEINEPPASE Y 4 SE&R aPA ) degPeed ‘ﬂdgﬁsa"%%ﬁ]f’aEet}b? at“}i?ells%‘lbg?rat e
and in mhlch a, sem conductor 5 | aser elenent is provided to emt the |aser
beam t oRar dh?hJe“%OW?FéP“pFﬁﬁ@rdPESSl?ﬁé-phét%%lgt%%%%‘r’ e there et 19, 2
mheriln at | east two senlcondu crar | aser elenents, 74 25 February 2003 3
whi ¢ eﬁﬁrufa (RS of SH?Pferéﬁt wavel engt hs, are arranged 4 in the

depr essi on. ho Qdetector ?2nit, of Cajm

senlconductor g%eF &l WB £ SR Qﬁﬁi%ﬂF?FTﬁElgﬂb§FF§ﬁ§lW9u?*9“%&

er pendLSunaF lli’g §5’s§br=§§§r8f5ﬂ%d Pl dia 87 p P Tk PhareRATor unit
br ovi ded3n RS BT 1155 ho- BacbRATSEM SO dULY OF* T5e8F Lo B &
subst r aPRReRath P8 a%h@%?'é%rg%#i%%’&w{ﬂgtQFE-{?% e Rl

lasgy beghactladl f herail puahengl b crle sHEo A AL Gl dkup stiialay

irradi ates an optical recording medi um w aser beam

each reiHrBém8w|%%Qtﬁ%ﬂéﬁﬂéﬂéeﬂabMetEQaOEh'%%eﬂ*%?%dlﬁﬂe”?daﬁghen*
conprising: 4 a first sem conductor |aser el enent that emts the 5 | aser

beam 6cartiist 3dilf foagdd par 91 gt g Ashais €i vhedes rhlkeilrapese Fvbeqrrlerom t he
first sem conductor |laser elenment into a main 8 beam a precedi ng sub-beam

and a slzépedndgratiyriteato Steed enB0t bat phasoldre thw nsdreanprpcesedinig
sub-beam 10 and the succeedi ng sub- beam converge on the optical recording
75 for the next TESix.

15 Inthismanner, atrackingerror signal havinga required

amplitude level is selected fromthe six tracking error signals.
As a result, an appropriate tracking error signal is selected
for any type of optical recording medium placed in the opticeal
reproduction apparatus.

20 If the amplitude of every tracking error signal (TESix)
is found below the threshold value Aix (step 120:No) and the
amplictude of the information recording signal of every tracking
error signal is found below the threshold value Bix({step 123
and step 125:No), there is no appropriate trackingerror signal.

25 Therefore, the judgement circuit 301 displays an error message

to terminate the judgement processing (step 118 in Fig. 133).
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25 February 2003 11 nedium 12 a second diffraction grating that is
provided virtually 13 parallel to the first diffraction grasirgnarg2003
generates 14 first-fourth rain returning lights, first-fourth precedi ng 15
returni ngl =ghts, and first-fourth succeeding returninglights 16 by
di-vidir_g each of returning lights of the main bean, the 17 precedi ng
sub- beam and the succeedi ng sub-heaminto a first 18 half beam and a
second hZhfisbegnrand wéssadgag eackicPlaiedi r o3 anatsacsnd WaeR bans
i-nto two beans; and 20 a photodetector unit that includes first-fourth main
21 phot saet@Estared thedlvas pecPilesiad r e 1@l thet Br SETPHGOMIF hyhif ped
returning lights, first-fourth preceding photodetectors that 23

r espect PSS &l e IRenNP| FEELHBUAT Hrae®di ng rettarning 24 |ights, and
first-fourth succeedi ng photodetectors that 25 respectively receive the
first-fourth sué&cye My ﬁ&rﬂ%@szﬁeiﬁﬁﬁte& Toy thee P8 Prot6deréitithg
surfaces of the photodgtectors 'g Sre arnag%ed Wi thin ertiﬁﬂly t he sane
plame, BRELIG IASTRRIBdtBST6R thrt SRe AFCHSTER SO FRaE ftHt S lects

phot odet ecti ng surfaces_are o§itioned virtually parallel to 31 the first
i 111 acti SHPUPLAHG OF 195 SPhBLEBErtar "Hi EKiTF OV LAY £ TAAB SFFiTerhat
conprising a _case 2 that_contains, the.photodetector unit and_th

sem conButt GPP3 GPAedt B Wrehte AoMhER 3ot wad Bepart, TRaren iiddes the
phot odet r Eeghr.uar, jt d ] o er
corrponeng,g}(%ftg%eogéggtiq‘s n%af%‘r ?r?g%%wsstlhﬁﬁa Jf?%hs%ﬁ?eﬁ?%ﬁggrg Eg%glugsct he
first a S d_di.tfracti i id 1t hes spar.ent
rember 20 S e AP o o R T B Rer o FOERe FrPeR Barth 2

iy phot 8%&521%{% Salrﬁé:%gﬁ&é”%@él” B Ve pLuahlgxgtnal gef;.d | £ 8en3nard seach

mai'n phot es at |east two photodetecting t portions arranged
per pendigul ap, 3hQnRM+AN ,ﬁﬁg@g@pﬁ direction 5 of the main photodetectors, 6
E ﬁpig R er co ?

t he opti cal kup furt mprising: 7 a first circuit that generates a
first tracking error 8 signal froma received light signal, which is
transmtted from9 a first wiring group, according to a push-pull nethod 10

a secondreigenbht! bat mIRNLAT 4 PSSRagecend Meagl or 11 signal froma
received light signal, which is transmtted from 12 a second w ring group,

according to a Théfgndgemahtphase tlde dehesical shikpedarahdnddia thped
circuit that generatES a third tracking error 15 signal froma received
i gbt simgnstepwhildhshewrr ansmiig edl 3A oar&6desthriibediiim e rdligpe howor di ng
to a three-beam nmethod. 1 21. The optical pickup of Caim20 further
conpri sidgh reference to Fig. 14.
Fig. 14 shows an example table where each combination
of judgement results of the judgement circuit 301 for the six
tracking error signals is associated with one physical shape,
20 onemediatype, one semiconducteor laserelement, andone tracking
error signal. This table is prestored in the judgement circuit
301 and is referred to during the judgements of the physical
shape and media type in step 111.

In this drawing, the "judgement result of tracking

25 error signal" column gives signs "X", "*%", "@", "O", and

"A". Eachofthesigns"X"and"*®" indicates that the amplitude
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2 a judging neans for judging which one of the first-third 3 tracking error
si.gnals is suitable for a tracking servo according 9 to anpsipdifear)euess of
the first-third tracking error si gnals 77 25 February 2003 5 detected
while the tracking servo is off: and 6 a selection circuit that selects one
of the first-third 7 tracking exror signals for the tracking servo
according to 8 a judgenent result of the judging neans. 1 22. The opti cal

pi ckup aff thaicurk® $pordien g ok isigg raosesigma 2 isend tondbetthré sgedel
enent, the first and second | aser elenents 3 e~ itting | aser beans of

di f~" erepfiy@veland headh 2% e QpRidcalQpi,ck@rof aghait M 22An@i sbeegi n the
j udgi ng neans judges which one of the 3 first-third tracking error signals
i's suitdilat frdre eneltirtasleé of 4£hseces recemding tor agplhgwrerésvelgnal the
first-third tracking 5 error signals that are detected for respective | aser
beans 6 i@f b foeeBlv wheelwge HisoMi ba lifee t nacdd nghaer ¢be siofd . * % 29. The
optical pickup of Ca=m 18, 2 wherein the photodetector unit includes a
depressiadiso 3ndd datsicdéhwdl Rnoamphishdesnatnbetor ratdjehohddatva
certain 4 degree to the photodetecting surfaces and in which a 5

sem con@@ét &re I%‘é&lféﬂ?%ngﬁf EBepROTIESP A b t tFAEKLASe £ XBE@IM B 3Ahr d t he
mrror plane, 1 25. The optical pickup of Claim24, 1 wherein a second

4

sen conéhYcBsH YsisE g et kfreRe aMs PRFHHER D- provdded F nifhBL8EFFESTiOLO t he
first and second sem co:{]duct or 7ﬂ§_r 35 Febr uaré/ 2003 | aser el ements

emi tti n§ RSNt I VFLYFF EREN TEhRTR T 199982 ART5FERCAC1T
reproduction apparatus that reads and reproduces 2 informati recorded on
an opti &8 thecotdimg” R UI uFRE FPEFe IR ARAGNIr F&kiHRE se1FBI NG or 3

opti cal pickup according 9 to a_tracking

t eror. _signal, 5 the optjcal
eﬂr%du@gia&n SRS RIREBEDPIPs (TG B detect idn t?‘?éﬁs"?%?rd*éf’e@ﬁlﬁ’&
first-thbhird q] ' or signals according to different nmethods; 8 a
j udgi ngmr%gar?gafacor :j{%cfgellﬁééi/\hi ch one of the first-third 9 tracking error

signals is sui tgghet.a;pg{géiééfclghré%eser gPlg%or i 995 1%}1&%%3&3& i EHg?aelsevel S

of the first-thir King error “signals 11 detecte e the tracking

ser ;’?aLE?%frfe;sﬁhddi]r?g at|§e|r]‘fe%t§&:ﬁti‘@é‘n§o§n%rin%eéie§ﬁ§ ng £0R&, Of ] bAgehiehst - third

g efror signals for the tracking servo according to
results. The physical shapes in this column relate to whether

15 pre-pits (pit sequences without grocves) or continuous grooves
are formed, whether the phase depth is around A/4, whether
the recording density is high or low, aand whether the media
type is a write~once optical recording medium that includes
unused areas. Hexre, 1f an optical recording medium is a

20 low-density medium, the track pitch is around 1.5~1.64m; if

an optical recording medium is a high-density medium, the track

pitch is around 0.6-1.04m.
The "media type" column gives media types that may
correspond to respective combinations of the judgement results.

25 The "laser selection" column and "TES selection” column

respectively give a semiconductor laser element and a tracking
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14 a judgenent result of the judging neans. 1 27. The optical reproduction
apparatus of Claim26 further 2 conprising two | aser el enmeps Sebiuaty 2003t

| aser beans of different 3 wavel engths, 9 wherein the judging neans judges
whi ch one of the S first-third tracking error signals are suitable for the
tracking 6 servo according to anplitude levels of the first-third tracking
7 error signals that are detected for respective |aser beanms 8 of different
wavel en§tEexwhi o2l e te GEAPRGNSEPPE FBabfIhoyod beosedanipg foxeach 28.
The optical reproduction apparatus of C aim26, 2 wherein the judging nmeans
f ur ~her CPRA&B3 td PG Eitdf I 3dgRAE oFeEHe Lopt | éAITReCPEaTyS ARAFGACECCOr di ng
to the anplitude 4 level s of the first-third trackjing error signals

det ect eBOWHPE a2 5EFNeMERRSKITHG ts &R SR IFFPNAUCHOT FThEeEpeL 8RR Cegr/'Gduct i on
apparatus o aim26, 2 wherein the judging neans further, judges a type of
3 the o%??Bi@%%cﬁ? Big Sdi Lﬁﬁ%?ag‘épecf“gaéén&ih@aﬁ &g o?erﬂh%oag’t"iﬁé’rof t he
opti_cal. recordjng nedi accordjng to.the apmplitude 5 leyels of the

fire - (hRFE-t FLERERE &FPof DSTRAEE GEIERRR wATS 6 TH) | rAeRPAGE88RvO | s
off. 1 30. The.optical repyoduction apparatus_of O aim 26, 2 rein the
opt | cal S CRAD: PRI S O SABLBERAE 5 1/ Tit hab Hetect S3St SFAPAG | oht
fromthe optical recording 4 di and is constructed,to (1), divide a

| aser Ebe ﬁ?lnﬁtyagg %ejﬁ%?hegelanré@ agg&é Fn%e@ﬁﬁgﬂggl;,“oanﬁaﬁe(s'u%Jc%lBﬁf’%g

sub- be 6 irect th i a e cedi ng sub-beam and the 7
succeeg?n% %%%%b%%%? oﬁ%rgngﬁgﬂﬁ%figé.é?eggégrng medium and 8 (3) divide

returning |ight (gtééelqgi%%§§¥q%%§efgg%%pdk¥?%3?gﬂeéggg@ and.the

succeedi ng sub-beam respectiv firs mal n returning

(1ot P CRSTecest i T erarn ol T o o 2 Wher 1 Ehe- SRS EB uni
CONpri $fsdi s by k8¥=r@Uld t#Rt A1 BNOADUET e£4 Tish £dMah s TRINSL T uRINA 88,
which are included in the optical reproduction apparatus, of
the physical shape and media type. This judgement processing
is performed using the amplitude levels of the six tracking
15 errorsignals. Therefore, althoughnotbeingcapableof judging
the physical shapes and media types of all optical rgcording
media including new media that will appear on the market in
the future, the judgement circuit 301 is applicable to almost
all representative optical recordingmedia. If the table gives
20 information for the current combination of judgement results
of the six tracking error signals, the judgement circuit 301
selects a semiconductor laser element and a tracking error
signal, which correspond to the combination of the judgement
results, from the "laser selection" column and the "TES
25 selection” column in the table.

With the construction described above, the circuit
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25 February 2003 14 receive the first-fog 15 first-fourth 16 respectively
receive 17 lights; znd 1$ first-fourth 19 respectively recesrebafary 2obs s.
:rth main returning lights; precedi ng photodetec:ors that the first-fourth
preced: :ng returning succeedi ng photodetectors that the first-fourth
succeeding returning 1 31. The optical reproduction apparatus of C aim 26,
2 wherein the optical pickup irradiates the optical 3 recording nediumwth
a | aser seammddteets ¥ So@as e rmpusigrge D adahtdief Itecthd HD et hopd i cal
rrecording nmedium 5 the optical pickup conprising: 6 a first sem conductor

| aser ehedmgt boltdt odiviat setchd atdaskigheaandean fnfsh reid flased diigrtati ng
that divides the |aser 9 beamfromthe first sem conductor | aser el enent
into a nihaleGleigackang eesuprigp sfif- beaenciamb it systesdd hgosigtrdntan 11 a
| ens that has the main beam preceding sub-beam 12 and the succeeding

sub- beaf PéHvEAGEYorR & ey RPT i @Al tracdidion ¢ TIre hreti} e L s42gcogsdmy did
fraction grating that is provi ded virtually 15 parallel to the first
(ﬁff@actﬂ@nqyﬁﬁg¢ﬁpﬁhﬁlgéW@hﬂR%liGmﬁﬁhﬁdﬁoﬁhﬁhqﬁﬂﬁﬁﬂ%mb$ﬁln@Hﬁ%ﬁns,
first-fourth preceding 17 returning Lights, and first-fourthsucceedi ng

ret urni AHERFERCE T8 PP 3 o¢ n@hsagﬁr@ﬁ-ﬁéw Mg PHght ThéF tHaCKdiNg beam
the 81 25 February 2003 19IPrece in sub;bean1 and t::etgﬁcceeding

sub- beafF FAF0S29PPAs £e36 A6 9Y HearR ResiesigdhafFi tFedmtah® ddidvit&hg each

of the first 21 and second hal f ans i nt.o.two ars; .and 22 a, ,
phot ode %ﬁ%BHJdﬁ? ap%%;ni ﬂﬁ%%gf'q%?égdﬁ¥¥h'ngl 3§dﬁﬁ6F65éFéEFBF§ t hat

o E??E%%f {Fe bR sed BT ottt s ol BFACRAE 55 t%ga%ﬁ{éz?{%%%gﬁé%éwalg ne
Tt i Hrcrtésiihat 35 aertd Vit |
pheCoacl EET LT ACE PR R MBS rurBRbE oREC FhpcCr o e IR R g

retur nié‘&cggdhhggtcé’ A2 Wagrel JJPQOEQQ&EECEEnQy%UrSfi%Qﬁ—aOQ %ﬁg err

phot odet ectors are arranged wthirn virtuall'y thé sane p ahd-31 the

p Oto‘%fﬁﬂQisgmfhé5u@?§ﬂ%§@c§9chlwﬁd?§l§%%ﬁ#%fﬁ%ﬁgg%wgb %%eg ? gre

positioned virtually”pa to 33 the first raction grat 32
An opt il pé BRAM NP8 oF ,é%d&éﬁ@bﬂt%‘&ldiebagfar'rﬁ%tmé?&i%m%@oﬁaiﬂgé' cal

recor di ngnedi unbyperform ng tracking servoing 3 for an optical pick
accor dify £19e darkpBckiA8 2erRLsSidiNalhe 4siheroptkedly @eQdidGaPpar at us

conprising: 5 a detection neans for detecting first-third tracking

15 As described above, in the photodetector unit of the

present embodiment, a plurality of photodetectors are arranged

in the manner shown in Fig. 4 and this arrangement is suitable

for the detection of three types of tracking error signals

in addition to a focus error signal. As a result, this

20 photodetector unit is compatible with various types of optical
recording media.

Also, as shown in Fig. 3, the main part of the optical

pickup of the present embodiment has a construction where the

frame 16 including the photodetector unit 10 is integrated

25 with the transparent substrate 22 and the hologram optical

component 23. Also, the principal ray of the outgoing light
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5 error signals according to different nethods a judging neans for judging
whi ch one of the first-third 8 tracking error signals is s@btRebheanf 2003
tracki ng servo according 9 to anplitude levels of the first-third tracking
error signals 10 detected while the tracking servo is off; and 82 25
February 2003 11 a selection neans for selec-.i ng one of the first-~hird
12 tracking error signals for the tracking servo according to 13 a

j udgenefitr omesug ts eFfl QI Y QHGE AR IATAASTPPNER L Tha R IHHN2 FeEHPGitrges
apparatus of Caim32 fu=then 2 conprising two 1 aser elenents that emt

| aser b&ass pintipetedry3 QfvERenq ringel d0h tt Her GudERAg OREaFS ] udges
which one of the 5 first-t:zird tracking error signals are suitable for the
t r acki nge6osetivng arediumnd « o Baprefade | &hg sharcvaeef s Le hffd theacki ng
7 error signals that are detected fo= respective_|aser beans 8 of different
vavel en§EES SR 0P tiea 4 rReRkkAP GeRVBe|se@rfedt 3B1sPnethpt PEERtieEGdi ng
apparatus_of Caim32, 2 wherein the judging neans rurther judges a

physi caFe3asiape &r Rt ARIQIY %&ﬁé&lﬁ%%&&%i%qw e *ARpl i t ude
9 levelg of the first-third tracki ng error ignagns, detected while the
Lracki ng T 8BRS $T61 1521585 7o htes WBE FEaF S0Pt S R BPCeraim 32, 2

wh i he | udaqi f | ud f 3 the i . di

wher i thechdal oo man [urhet Luddes o upe o2 i, optical ecord
i to th Litud ; | he first-thi.rdt k

um accoLdbng.te Uie FTELUe 5 ool ool chie Lt Uil Ugslongugrer

35. Th i .di at. f ai i i I

25 nengB 63l e sl o Al Az c2nberd b optLcal

e (0Dt i gk < hEEOr Heid 3 Tl N o Nl v 0B BLUC LR fol) iyl doy g Laser

beaminto 5 a main beam a precedinhg sub-beam and a succeedi ng sub-beam 6

(2) direckrtBe+ARin 10848 s Ff‘for['?r@HSdE99u§Hgﬁ!§e@rﬂg}'?cnq1§:J(h%17a | usgegding

sub-bea..rn toward the optical recording nedi'um -and vi de returning

l'ights pdckhoelmid:RedBL itdel PI L] NG gh S Y8 uRRRIW 1 aRd 1 bhe suceaest ¢
sub- beam respectively into
in comparisonwith a conventional component where semiconductor
laserelements andphotodetectors are integrated intoone piece.
15 With the optical pickup including the phctodetector
unit described above, the optical reproduction apparatus of
the present embodiment detects three types of tracking error
signals according to the differential push-pull method, the
differentizl phase detectionmethod, and the three-beammethod
20 while the servo is off. The optical reproduction apparatus
then selects a tracking error signal and a laser light, which
are appropriate to the current optical recording medium,
according to the amplitude levels of the detected tracking
error signals. The optical reproduction apparatus also judges

25 the physical shape and the type of the current optical recording

medium with considerably high accuracy according to the
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10 first-fourth ma=n returning lights, first-fou=t~'~ preceding 11
returninglights, andfirst-fou~thsucceeding returning |ightsgFedrydtgpesn the
phot odet ectcr unit conprises: 13 first-fourth nmai n photodetectors that
respectively 14 receive the first-fourth main returning lights; 15
first-fourth precedi ng photodetectors that 16 respectively receive the
first-fourth preceding retu=ping 17 lights; and B first-fourth succeedi ng
phot odetampbitudhal evelseofedttievadgt e etedvraké inior strricguraigrakeeedi ng
rreturning 20 lights. 1 37. The optical recording apparatus of Caim32, 2
wherein the optical pickup irradiates the optical 3 recording nediumw th a
| asei beam and receives each returning 4 light re lected by the optical
recor di rigfateidf u@at EoRAE optical pickup conprising: $4 25 February 2003 6
a fi.rs~ semconductor |aser elenment that emts the 7 |aser beam 8 a first
di ffraction gratiofd firataeopdes the AnawenD 9kad Mot t4ie [dasaribed

sem conduct or | aser elenent into a main 10 beam a px' ecedi ng sub-bezm and
a sueced®4Ry sub-beas~n; 11 a lens that has the main beam preceding
sub-beam 12 and the Succeedi ng sub-beam_converge on the optical recording
13 medi Uh)4 a s&&6RE 4PEhratty ohl gr &Nhd ldvakl 1 anprleeidarshzFhaigvas
parallel to.the_first diffraction grating and generates 25 "first-fourth

mai n retdr AtAg EPGHERY B% rPtiFBRF IR ridte RRRFAT-FRE vrhiSt®RS gt 1ahd
first--fourth succeedi returgin lights 18 py divi ding each of returning
| i ghts &f°Re 11 %Ebegﬁ? PRE P§ éEgHFWﬁ}S%b-%EaﬁreBna Phe succeedi ng
sub-beaminto a.first_2 | f m an econd hal eam and . di.vi di hg each
of the first 21Ién ﬁ%%c%%%gha??g@e%%%g?%Pg %ﬁﬁcﬁggng’s?Padﬁochzfoatd j\ﬁddge °
hotpdetgct ‘ tg]@ah;‘ | A - f i ; : trot

rpeglp(gct i°5%l§ﬂ¥%gglg\37e t eé %ﬁr%ﬁgﬁéélﬁﬁrgfﬁjékgﬁeﬁ% ﬁi%r%rﬁq‘lilgﬂf%%%l%
first-f t i d t ; e hyel I e
Firot-f ourih Breeadl he returnine 20 O e IR0 T e oo heEtetia g

phot odekget ohs wa&kzﬁgr gepeet &!eépﬁ?E%f:%ji\éec_etl@ﬁ sfeilre%t'é(d)‘f][rtc{?nh;t‘l'fé;%eiqé ng

returning 28 lights, 29 wherein photodetecting surfaces o

phot odet eEERAES 3R i AT @MgEd Wit bha !id6w§ﬂdbé§'§ix§g7‘n?r&ha§9epaﬂ(193l the
phot odet ector unit is arranged so that the 85
to step 127. During this selection, the amplitude levels of
15 DPP_TES1, PH_TES2, and 3B_TES3 generated by a red laser light
are sequentially checked in this order. Also, the amplitude
levels of DPP_TES1, PH_TES2, and 3B_TES3generatedbyaninfrared
laser light are sequentially checked in this order. This is
because it is expected that high-density optical recording
20 media will be mainstream in the future and the tracking error
signal detected with a method that is more appropriate to
high-densityoptical recordingmedia isgivenahigherpriority.
However, the trackingerror signal detectedwith the three-beam
method may be given the highest priority because the control

25 forthismethodisthe simpliest. Also, the type of eachoptical

recording medium that was previously placed may be recorded
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25 February 2003 32 photodetecting surfaces are positioned virtually
parallel to 33 the first diffraction grating. 1 38. An opt p8&kbpiank2(®3t hat
reads information froman optical 2 recording nediumby di~iding a |aser
beaminto a vain beam 3 a preceding sub-beam a::d a succeedi ng sub-beam
directing 4 the beans toward an optical recording nediu_Tn, and receiving 5
each returning light refl ected by the optical record_ng nmedium 5 the

opti cal 3pPcking AiPrPai ABPIPEL 13 %ht t @i Yhai Agddenpdredt Chakt wast Mg y

di vides each 8 returning light into four divided beans; and 9 a

phat odefE8gB%NEAN USRI ubF nGLlVeRse- PéGNEF REIPREYhot odet ectors t hat
respectively receive the divided beans Z1 of the returning light of the nma
n bears/2first-TOulLRSS dcetii REYE2 CAtotTTRR 2 cRBMs SRR especPPFdSE Y ecei ve
the divided beans 13 of the returning |light of the greceding gﬁp-beanl and
14 firsFeFBHEPERIs NESHRER g phbEBdet et 578 DNSIERPectt TEFYESIPec8@e t he

e Son SLaP e RS g emtnger e 80 ol n SR A B S RE et umen,
i1 s 3 Biged Bt Era e S BE REIRar SO BAGE HRe i TR SRt ovd
o e e Bhoel i RiGAReRE At FRSR AL AN8o S oA b g LA EROT L
Ot e AR T 0 L A B LRt e ARG L
(ot o3, 2 Prie ifader by MO £ SaRabL e et e SNEALEORNLYE
PRI £HaPudne the Iy satehEre PY REE 0T A RFICH TESOA A Ay, A
CAF L A Aufils sAl o A1 e AS1 By AY \ADe ASEZ 1A AV, | 208, ASEnde, AT, E.

AS. A . AS2. A E. A I “ASY. AS2. AyA@. AS. A. @. AT E. AyA@Y. AT 2. AT CATT U AS E. AT T A S2. A
. SE. Ay Aim A 06 SSHBn AUGE rAN@A(3 (Y ASe 1B Ya Aeht EeAdS SARUBA@AUGE . ALT . AA

S.AyhS. A{ @ AYAS. A. y. A y. Ay. A Aly) / 01 OXZK=v{| I g{ val gb] X] ca] ca] ca] ca] ca] ca] ca
] ca] cg]a%@fl@atm}'.c&] eald aj cageatna] papedlolalned s eakicalerl eaf cahcal chal
Ca]ca.%pticai_recordingxnediUﬂxusing the reflectivity distribution.
15 This allows the media type judgement +o be performed with
higher accuracy.
(4) An optical pickup shown in Fig. 15 may be used instead
of that shown in Fig. 3. As can be understood by comparing
Figs. 3 and 15, the optical pickup shown in Fig. 15 includes
20 a photodetector unit produced by forming photodetectors on
a substrate 33. Other aspects of the optical pickup shown
in Fig. 15 are the same as those of the optical pickup shown
in Fig. 3, so that the following description centers on the
differences. The present photodetector unit is produced by

25 forming photodetectors on the substrate 33 with a semiconductor

processing technique. Fig. 16 shows the substrate 33 arranged
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(5) Fig. 17 shows a case where the photodetector unit 10

shown in Fig. 16 is modified by providing the semiconductor
5 laser elements 17a and 17b in a hybrid manner. As shown in
Fig. 17, adepression 35 is formed at the center of the substrate
33 with a semiconductor processing technigue. The depression
35 has a reflection plane (a mirror plane) with an angle of
around 45 degrees to the surface of the substrate 33 and end-face
10 light-~emitting semiconductor laser elements 17a and 17b are
provided in the depression 35. Fig. 18 is a sectional view
taken along line A~-A' of Fig. 17. As shown in Fig. 18, the
semiconductor laser element 17a or 17b emits the laser beam
LB toward the reflection plane 34, which then directs the laser
15 beam LB toward an optical recording medium.

With this construction, the positional relations
between the semiconductor laser elements 17a and 17b and the
photodetectors can be adjusted in a two-dimensional manner
bychangingthedirectionoftravel of theprincipalrayreflected

20 by the reflection plane 34. That is, by merely adjusting the
positions of the semiconductor laser elements 17a and 17b at
the bottom of the depression 35 in a two-dimensional manner,
the principal ray of 2 laser beam is brought tomatch the cptical
axis of the objective lens 6 and the length of the optical

25 path from the light-emitting point of the semiconductor laser

element 17a or 17b to the objective lens 6 is adjusted. BAs
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semiconductor laser elements 17a and 17b 2150 need to be taken

into account.
Also, instead of providing the semiconductor laser
10 elements 17a and 17b in a hybrid manner, a two-wavelength
semiconductor laser element formed on a single substrate may
be provided on the substrate 33.
(6) The current-voltage conversioncircuits andwizres shown
in Fig. B8 are alsc provided on the substrate 33 shcwn in Figs.
15 16 and 17. The current-voltage ccnversion circuits and wires
can be formed without difficulty using a semiconductor
processing technique. In addition, it is preferable to form
all or some of the focus error calculation circuit 28, the
differential push-pull circuit 29, the phase comparison
20 calculation circuit 30, the three-beam calculation circuit
31, the judgement circuit 301, and the selection circuit 302
shown in Fig. 7 as an integrated circuit on the substrate 33
with a semiconductor processing technique.
In this case, the photodetector unit and other circuits
25 are integrated on the substrate 33. As a result, the number

of assembling steps, the number of adjusting steps, and the
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increased.

5 (7) As shown in Fig. 13, the frame 16 may be covered with
the hologram optical component 23 instead of the transparent
substrate 22. That is, the transparent substrate 22 and the
hologram optical component 23 may be integrated into one piece.

In this case, because a case is composed of the hologram

10 optical component 23 and the frame 16, the positional relations

between the hologram optical component 23 and the photodetector

snit 10 in the frame 16 can be adjusted without difficulty.

This construction also contributes to reduce the number of

parts and the number of manufacturing steps of an optical

15 reproduction apparatus, in comparison with the case where the

transparent substrate 22 and the hologram optical component

23 zre separate components. Asaresult, aninexpensive optical
reproduction apparatus can be achieved.

Althoughthehologramoptical component 23 of theoptical

20 reproduction apparatus of the present embodiment can be made

of an optical glass or resin, it is preferable to use a resin

as the material of this component 23. This is because the

shape of the hologramoptical component 23 canbe freely designed

with the resin. For instance, the transparent substrate 22

25 and the hologram optical component 23 can be integrated into

one piece. Also, because the hologram optical component 23
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5  (8) As shown in Fig. 2, in the optical pickup 1 of the
present embodiment, only the objective lens € is provided on
the movable member 103 and moves according to the servo signals
sent from the focus servo circuit 204 and the tracking servo
circuit 303,

10 With this construction, the focal point is adjusted
and the information recording sequences are traced by moving
only the objective lens 6. Therefore, in this case, the
principal ray of a laser beam emitted from a semiconductor
laser element may deviate from the optical axis of the objective

15 lens 6. This results in lens aberrations and degrazdes the
optical characteristics of .the optical pickup 1. As a result,
information recording signals cannot be written onto or read
from the optical recording medium 4 with accuracy.

To overcome this problem, the semiconductor laser

20 elements and collimator lens, in addition to the objective
lens 6, may also be provided on the movable member 103. With
this construction, the positional relations between these
construction elements can remain invariant and the optical
deviations in the optical system of the optical pickup 1 can

25 Dbe avoided.

Fig. 20 is a longitudinal sectional view of the optical
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construction elementsasinFig. 2 areassignedthe same numbers.

The following description centers on the differences between

the optical pickups shown in Figs. 2 and 20 and, therefore,
5 omits the same aspects.

As shown in Fig. 20, the optical pickup 1 of this

modification has a construction where the objective lens 6,

the photodetector unit 10, the hologram optical component 23,

and the mirror 104 are provided within a case-like movable

10 member 103 and this movable member 103 is attached to the fixing
member 101 using a plurality of supporting wires 102 so that
the movable member 103 can move in a tracking direction or
in a focusing direction. Eere, the supporting wires 102 double
as signal lines or power feeding lines to the photodetector

15 unit 10 and the coil unit 105. Therefore, the number of the
supporting wires 102 is appropriately set to be greater than
the total number of the signal lines and power feeding lines.

This saves the need toadditionally connect leads to themovable
member 103 and to route the leads to the outside. As a result,

20 the movable member 103 moves smoothly and the information
recording sequences of the optical recording media 4 are traced
with high accuracy.

By providing all construction elements of the optical
system of the optical pickup within the movable member 103

25 in this manner, the positional relations between the objective

lens 6 and the semiconductor laser elements 17a and 17b can
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(9) The present embodiment relates to an optical recording
and reproduction apparatus. However, anapparatus specialized
intherecordingontooptical recordingmediaorthe reproduction

10 of optical recording media may be constructed according to

this embodiment.

<Second Embodiment>
<Construction>

15 Fig. 21 shows the construction of the main part of
an optical pickup 1 according to the second embodiment of *the
present invention. As can be understood by comparing Figs.
3 and 21, the present optical pickup 1 further includes a beam
splitter 37, a reflection plane 38, and a polarization divider

20 38. Also, the frame 16 1s enlarged to further include
photodetectors 40 and 41 as construction elements of the
photodetector unit 10. The following description centers on
the differences between the optical pickups of the first and
second embodiments and, therefore, omits the same aspects.

25 Also, the following description centers on the differences

between the circuit systems of the first and second embodiments
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5

10

15

20

25

4 passes through the objective lens 6 and the collimator lens
S5 and is divided by the beam splitter 37 into a reflection
light, which is bent by 90 degrees, and a2 transmitted light.
The reflection light is further bent by 50 degrees by the
reflection plane 38 and strikes the polarization divider 38,
which then divides the reflection light into two beams. These
beams are respectively incident on the photodetectors 40 and
41,

The construction of the photodetector unit 10 in the
frame 16 is shown in Fig. 22. As can be understood by comparing
Figs., 4 and 22, the photodetectors 40 and 41 are additionally
used in this embodiment. The photodetectors 40 and 41 are
arranged to receive two returning lights from the polarization
divider 39,

The photodetectors 40 and 41 areused toread information
recording signals from a magneto-optical recording medium or
an optical recording medium of a reflectivity modulation type.

Iftheoptical recordingmediumdg is amagneto-optical recording
medium, an information reproduction circuit (not shown)
reproduces information recording signals by calculating
differences between outputs from the photodetector 40 and those
from the photodetector 41. Also, if the c¢ptical recording
medium 4 is an optical recording medium, on which pre-pits

are formed, or an optical recording medium of a reflectivity
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IT#3940%\ & ()-LZ%0% & ()-f!LZ%0%\& ()-f!hLZ9%A0%n\ & ()-f!

33%$20% \ & () - MItB3Fddis L en( LoVt ¢ geffect of the first embodiment,

an optical reproduction apparatus equipped with the present
optical pickup having this construction can selectively
reproduce a magneto-optical recording medium and an optical
recording medium of a reflectivity modulation type by
10 respectivelycalculatingdifferencesbetween and sums of output

signals of two returning lights generated by the polarization

divider 39,

<Modifications>

15 It should be noted here that the effect described above
can also be achieved by the following modifications of the
optical reproduction zpparatus of the second embodiment.

(1) As shown in Figs. 23 and 24, the semiconductor laser
elements 172 and 17b, the photodetector units 18-21, and the

20 photodetectors 40 and 41 may be integrally formed cn a substrate
42. Also, it does not matter whether the semiconductor laser
elements 172 and 17b are formed on the substrate 42 in a hybrid
manner or in a monolithic manner. For instance, the
semiconductor laser elements 1l7a and 17b may be £lat

25 light-emitting semiconductor laser elements formed with a

semiconductor processing technigue.
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a depression 44 having a reflection plane 43 with an angle

of around 45 degrees to the surface of the substrate 42 may

5 Dbe formed on the substrate 42 with a semiconductor processing

technigue. In <his case, end~-face light-emitting

semiconductor laser elements 17a and 17b are provided in the

depression 44. These semiconductor laser elements l7a and

17b emit light beams toward the reflection plzne 43, which

10 thendirects the light beams towardanoptical recordingmedium.

Withthisconstruction, inadditionto the semiconductor

laser component 17, the reflection plane 43 for reflecting

the light beam emitted from the semiconductor laéer component

17 is provided on the substrate 42. Therefore, by adjusting

15 thedirectionof travel of the principal zay from the reflection

plane 43, the positional relations between the semiconductor

laser elements and the photodetectors can be controlled in

a two-dimensional manner. Also, using 2 semiconductor

processing techniqgue, these construction elements can be formed

20 on the same substrate with high accuracy. Therefore, in this

case, the number of adjusting steps during production and the

hardware scale and the number of parts of anoptical reproduction
apparatus can be reduced.

(2) At least one of an integrated circuit for performing

25 the current-voltage conversion, calculation, and selection

of focus error signals and tracking error signals and an
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WO0%' ()-& ~ @In this case, because at least one of these integrated
5 «circuits is formed on the substrate 42, there is no need to
use an external integrated circuit for each integrated circuit
formed on the substrate 42. Thismakes theoptical reproduction
apparatus resistant to external noise, such as floating noise,
and reduces the hardware scale of the optical reproduction
10 apparatus including the integrated circuits.
(3) The beam splitter 37, the reflection plane 38, and
the polarization divider 39 may be integrated into one piece.
For instance, as shown in Fig. 26, a combination pxrism 45,
into which the functions of these construction elements 37-38
15 are combined, may be used. BAlso, as shown in this drawing,
the frame 16 may be covered with the hologram optical component
23 instead of the transparent substrate 22. Further, the
hologram cptical component 23 may be made of a resin, a base
46 that supports the combination prism 45 may be formed in
20 the hologram optical component 23, and the combination prism
45 may be placed directly on the hologram optical component
23.
In this case, because the beam splitter 37, the
reflection plane 38, and the polarization divider 39 are

25 1integrated into one piece, the number of parts of the optical

reproduction apparatus is further reduced. 2Also, because the
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5 splitter 37 the reflection plare 38, and the polarization
divider 39 are combined intothecombinationprism45, it becomes
unnecessary to adjust the positicns of these constructicn
elements 37-39, This achieves an optical reproduction
apparatus that i1s inexpensive and has stable optical
10 characteristics.
(4) The present embodiment also relates to an optical
recording and reproduction apparatus. However, an apparatus
specialized in the recording onto optical recording media or
the reproduction of optical recording media may be constructed
15 according to this embodiment.
Although the present invention has been fully described
by way of examples with reference to the accompanying cdrawings,
it is to be noted that variocus changes and modifications will
be apparent to those skilled in the art. Therefore, unless

20 otherwise such changes and modifications depart from the scope

of the present invention, they should be construed as being

included therein.
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2 irradiates an cptical recording medium with a laser beam and

3 receives returning light reflected by the optical recording

4 medium,

5 wherein the optical pickup is constructed to (1) divide

6 the laser beam into a2 main beam, a preceding sub-beam, and

7 a succeeding sub-beam, (2) direct the main beam, the preceding
8 sub-beam, and the succeeding sub-beam toward the optical

9 recording medium, and (3) divide returning lights of the main
10 beam, the preceding sub-beam, and the succeeding sub-beam
11 respectively into £first-fourth main returning lights,
12 first-fourth preceding returning lights, and first-fourth
13 succeeding returning lights, and

14 the photodetector unit comprises:

15 first-fourth main photodetectors that respectively
"6 receive the first-fourth main returning lights:

17 first-fourth preceding photodetectors that

18 respectively receive the first-fourth preceding returning

19 lights:; and

20 first-fourth succeeding photodetectors that

2l respectively receive the first-fourth succeeding returning

22 lights.

1 2. The photodetector unit of Claim 1,
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4 each of the first~-fourth main photodetectors includes

5 at least two photodetecting portions arranged perpendicular

& to &an arrangement direction of the first-fourth main

7 photodetectors.

1 3. The photodetector unit of Claim 2 further comprising:

2 a first wiring group that includes first signal lines
3 andiransmitsareceivedlight signal usedtoperformapush-pull
4 method, the first signal lines being respectively connected
5 to the photodetecting portions of the first-fourth main
€ photodetectors, the first-fourth preceding photodetectors,

7 and the first-fourth succeeding photodetectors;

8 a second wiring group that includes second signal lines
9 and transmits a received light signal used to perform a
10 differential phase detection method, the second signal lines
11  being respectively connected to the photodetecting portiens
12 of the first-fourth main photodetectors; and

13 a third wiring group that includes third signal lines
14 andtransmitsareceivedlightsignalusedtoperformathree-beam
15 method, the third signal lines being respectively connected
16 to the first-fourth preceding photodetectors and the

17 first-fourth succeeding photodetectors.

1 4. The photodetector unit of Claim 3 further comprising:
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5 a second circuit that generates a second tracking error

6 signal from the received light signal, which is transmitted

7 from the second wiring group, according to the differential

8 phase detection method: and

9 a third circuit that generates a third tracking error

"7 signal from the received light signal, which is transmitted

11 fromthe thirdwiringgroup, according to the three-beammethod.

1 5. The photodetector unit of Claim 1 further comprising a laser

2 emitting means for emitting the laser beam.

1 6. The photodetector unit of Claim 5,

2 wherein the first-fourth main photodetectors are

3 arranged in a virtually straight line, and
4 the laser emitting means is arranged at virtually a

5 center of an array of the firgst-fourth main photodetectors.

1 7. The photodetector unit of Claim 5,

2 wherein photodetecting surfaces of the photodetectors

3 are arranged within virtually the same plane, and

4 the laser emitting means emits the laser beam

5 perpendicular to the plane.
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2 wherein the photodetectors are formed on a single

3 semiconductor substrate,

4 wherein the substrate includes a depression, an inside
5 wall of which is a mirror plane inclined at a certain degree
6 to a surface of the substrate and in which a semiconductor

7 laser element is provided to emit the laser beam toward the

8 mirror plane.

1 9. The photodetector unit of Claim 8,

2 wherein at least two semiconductor laser elements,
3 which emit laser beams of different wavelengths, are arranged

4 in the depression.

1 10. The photodetector unit of Claim 1,

1 wherein the photodetectors are formed on a single

2 semiconductor substrate, and

3 a first semiconductor laser element is provided on
4 the substrate, the first semiconductor laser element emitting

5 the laser beam virtually perpendicular to a surface of the

6 substrate.

1 1l. The photodetector unit of Claim 10,

2 wherein a second semiconductor laserelement is further
3 provided on the substrate, the second semiconductor laser

4 element emitting a laser beam virtually perpendicular to the
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1 12. A photodetector unit for use with an optical pickup that
2 irradiates an optical recording medium with a laser beam and
3 receives returning light reflected by the optical recording
4 medium,
5 wherein the optical pickup is constructed to (1) divide
% the laser beam into a main beam, a preceding suk-beam, and
7 a succeeding sub-beam, (2) direct the main beam, the preceding
8 sub-beam, and the succeeding sub-beam toward the optical
8 recording medium, and (3) divide returning lights of the main
10 beam, the preceding sub-beam, and the succeeding sub-beam
11 respectively into first-fourth main returning lights,
12 first-fourth preceding returning lights, and first-fourth
13 succeeding returning lights, and
14 the photodetector unit comprises:
15 first~-fourth main photodetectors that are arranged
16 in a virtually straight line and respectively receive the
17 first-fourth main returning lights;:
18 first-fourth preceding photodetectors that are
19 arranged in a virtually straight line and parallel to an array
20 of the first-fourth main photodetectors on a side of the array,
21 the first-fourth preceding photodetectors respectively
22 receiving the first-fourth preceding returning lights;

23 first-fourth succeeding photodetectors that are
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124 arranged in a virtually straight line and parallel to the array
25 of the first-fourth main photodetectors on an opposite side
26 of the array, the first-fourth succeeding photodetectors
27 respectively receiving the first-fourth succeeding returning
28 lights;
29 a current-voltage conversion <circuit group that
30 converts current signals, which are obtained Zfrom the
31 photodetectors and correspond to received light amounts, into
"7 received light signals representing voltage values
33 corresponding to the received light amounts;
34 a first wiring group that transmits a first received
35 light signal group used to perform a push-pull method, the
36 first received 1light signal group <corresponding to
37 photodetectingportionsofthe first-fourthmainphotodetectors,
38 thefirst-fourthprecedingphotodetectors, andthe first~-fourth
39 succeeding photodetectors;
40 a second wiring group that transmits a second received
41 lightsignalgroupusedtoperformadifferential phasedetection
42 method, the second received light signal group corresponding

43 to the photodetecting portions of the first-fourth main

44 photodetectors; and

45 a third wiring group that transmits a third received
46 light signal group used to perform a three-beam method, the
47 third received 1light signal greup corresponding to the

48 first-fourth preceding photodetectors and the first-fourth

49 succeeding photodetectors,
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B sormed on a single semiconductor substrate.

1 13. The photodetector unit of Claim 12 further comprising:
2 a first circuit that generates a first tracking error
3 signal from the first received light signal group according
4 to the push-pull method;

3 a2 second circuit that generates a second tracking error
6 signal from the second received light signal group according

7 to the differential phase detection method: and

8 a third circuit that generates a third tracking error
9 signal from the third received light signal group according

10 to the three-beam method,

11 wherein the first-third circuits are integrally formed

12 on the semiconductor substrate.

1 14. The photodetector unit of Claim 12,

wherein the substrate includes a depression, an inside

w N

wall of which is a mirror plane inclined at a certain degree
4 to a surface of the substrate and in which a semiconductor

5 laser element is provided to emit the laser beam toward the

€ mirror plane.

1 15. The photodetector unit c¢f Claim 14,

2 wherein at least two semiconductor laser elements,
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1 16. The photodetector unit of Claim 12,
2 a first semiconductor laser element is provided on
3 the substrate, the first semiconductor laser element emitting

4 the laser beam virtually perpendicular to a surface of the

5 substrate.

1 17. The photodetector unit of Claim 16,

2 wherein a second semiconductor laser element is furthex
3 provided on the substrate, the second semiconductor laser
4 element emitting a laser beam virtually perpendicular to the
5 surface of the substrate, the first and second semiconductor

& laser elements emitting laser beams of different wavelengths.

1 18. An optical pickup that irradiates an optical recording
2 medium with a laser beam and receives each returning light
3 reflected by the optical recording medium, comprising:

4 a first semiconductor laser element that emits the

5 laser beam;

6 a first diffraction grating that divides the laser
7 beam from the first semiconductor laser element into a main
8 beam, a preceding sub-beam, and a succeeding sub-beam:

9 a lens that has the main beam, preceding sub-beam,

10 and the succeeding sub-beam converge on the optical recording
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12 a seconddiffractiongrating that is previded virtually

13 parallel to the first diffraction grating and denerates
14 first-fourth main returning lights, first-fourth preceding
15 returninglights, andfirst-fourth succeeding returning lights
16 by dividing each of returning lights of the main bean, the
17 preceding sub-beam, and the succeeding sub-beam into a first
18 half beam and a second half beam and dividing each of the first

3 and second half beams into two beams; and

20 a photodetector unit that includes first-fourth main
21 photodetectors that respectively receive the first-fourthmain
22 returning lights, first-fourth preceding photodetectors that
23 respectively receive the first-fourth preceding returning
24 lights, and first-~fourth succeeding bphotodetectors that
25 respectively receive the first-fourth succeeding returning
26 lights,

27 wherein photodetecting surfaces of the photodetectors
"% are arranged within virtually the same plane, and

29 the photodetector unit is arranged so that the
30 photodetecting surfaces are positioned virtually parallel to

31 the first diffraction grating.

1 19. The optical pickup of Claim 18 further comprising a case

that contains the photodetector unit and the semiconductoer

w N

laser element,

4 wherein at least a part, which faces the photodetector
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6 formed with a transparent member, and

7 the first and second diffraction gratings are provided

8 on the transparent member.

1 20. The optical pickup of Claim 18, wherein the first-fourth
2 main photodetectors are arranged in a virtually straight line
3 andeachmainphotodetectorincludes at least two photodetecting
1 portions arranged perpendicular to an arrangement direction
5 of the main photodetectors,
6 the optical pickup further comprising:
7 a first circuit that generates a first tracking error
B signal from a received light signal, which is transmitted from
95 a first wiring group, according to a push-pull method;
10 a second circuit that generates a second tracking error
11 signal from a received light signal, which is transmitted from

12 a second wiring group, according to a differential phase

13 detection method; and

14 a third circuit that generates a third tracking erroxr
15 signal from a received light signal, which is transmitted from

16 a third wiring group, according to a three-beam method.

1 21. The optical pickup of Claim 20 further comprising:
2 a judging means for judging which one of the first-third
3 trackingerrorsignalsissuitableforatrackingservoaccording

4 to amplitude levels of the first-third tracking error signals
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1 22. The optical pickup of Claim 18 further comprising a second

2 semiconductorlaserelement, the firstandsecondlaserelements

3 emitting laser beams of different wavelengths.

1 23. The optical pickup of Claim 22,

2 wherein the judging means judges which one of the
3 first-thirdtrackingerror signals is suitable for the tracking
4 servoaccording to amplitude levels of the first-third tracking
5 error signals that are detected for respective laser beams

6 of different wavelengths while the tracking servo is off.

1 24. The optical pickup of Claim 18,

2 wherein the photodetector unit inc¢cludes a depression,
3 an inside wall of which is a mirrox plane inclined at a certain
4 degree to the photodetecting surfaces and in which a
5 semiconductor laser element is provided to emit the laser beam

6 toward the mirror plane.

1 25. The optical pickup of Claim 24,
1 wherein a second semiconductor laser element is further

2 provided in the depression, the first and second semiconductor
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1 26. Anoptical reproduction apparatus that reads and reproduces
2 infermation recorded on an optical recording medium by
3 performing tracking servoing for an coptical pickup according
4 to a tracking error signal,
5 the optical reproduction apparatus comprising:
6 a detection means for detecting first-third tracking
error signals according to different methods;
8 a judgingmeans for judging which one of the first~third
9 trackingerrorsignalsissuitable foratrackingservoaccording

10 to amplitude levels of the first-third tracking error signals

11 detected while the tracking servo is off; and

12 a selection means for selecting one of the first-third
13 tracking error signals for the tracking servo according to

14 a judgement result of the judging means.

1  27. The optical reproduction apparatus of Claim 26 further
2 comprisingtwo laser elements that emit laser beams of different
3 wavelengths,

4 wherein the judging means judges which one of the
S first-thirdtrackingerrorsignalsaresuitable forthetracking
6 servo according toamplitude levels of the first-third tracking
7 error signals that are detected for respective laser beams

8 of different wavelengths while the tracking servo is off.
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1 28. The optical reproduction apparatus of Claim 26,

2 wherein the judging means further judges a physical

3 shapeof theoptical recordingmediumaccording to the amplitude

4 levels of the first—-thizd trackingerror signals detected while

5 the tracking servo is off.

1 29. The optical reproduction apparatus of Claim 26,

wherein the judging means further judges a type of

ro

3 the optical recording medium or selects candidates for the
4 type of the optical recording medium according to the amplitude
5 levels of the first-third tracking error signals detectedwhile

€ the tracking servo is off.

1 30. The optical reproducticn apparatus of Claim 26,

2 wherein the optical pickup includes a photodetector
3 unit that detects returning light from the optical recording
4 medium, and is constructed to (1) divide a laser beam into
5 a main beam, a preceding sub-beam, and a succeeding sub-beam,
6 (2) direct the main beam, the preceding sub-beam, and the
7 succeeding sub-beam toward the optical recording medium, and
8 (3) divide returning lights of the main beam, the preceding
9 sub-beam, and the succeeding sub-beam respectively into
10 first-fourth main returning lights, first-fourth preceding
11 returninglights, andfirst-fourthsucceedingreturninglights,
12 wherein the photodetector unit comprises:

13 first-fourth main photodetectors that respectively
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16 respectively receive the first-fourth preceding returning

17 lights; and

18 first-fourth succeeding photodetectors that
19 respectively receive the first-fourth succeeding returning

20 lights.

1 31. The optical reproduction apparatus of Claim 26,

wherein the optical pickup irradiates the optical

384

3 recording medium with a laser beam and receives each returning
4 light reflected by the optical recording medium,

5 the optical pickup comprising:

6 a first semiconductor laser element that emits the
7 laser beam:

8 a first diffraction grating that divides the laser
9 beam from the first semiconductor laser element into a main

"0  beam, a preceding sub-beam, and a succeeding sub-beam;

11 a lens that has the main beam, preceding sub-beam,

12 and the succeeding sub-beam converge on the optical recording

13 medium;

14 a seconddiffractiongrating that is provided virtually
15 parazllel to the first diffraction grating and generates
16 first-fourth main returning lights, first-fourth preceding
17 returning lights, and first-fourth succeeding returning lights

18 by dividing each of returning lights of the main beam, the
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19 preceding sub-beam, and the succeeding sub-beam into a first
20 half beam and a second half beam and dividing each of the first
21 and second half beams into two beams; and
22 a photodetector unit that includes first-fourth main
23 photodetectors that respectively receive the first-fourthmain
24 returning lights, first-fourth preceding photodetectors that
25 respectively receive the first-fourth preceding returning
26 lights, and first-fourth succeeding photodetectors that
7 respectively receive the first-fourth succeeding returning
28 lights,
29 wherein photodetecting surfaces of the photodetectors
30 are arranged within virtually the same plane, and
31 the photodetector wunit is arranged so that the

32 photodetecting surfaces are positioned virtually parallel to

33 the first diffraction grating.

1 32. An optical recording apparatus that records information

N

ontoanoptical recordingmediumbyperforming trackingservoing
3 for an optical pickup according to a tracking error signal,

4 the optical recording apparatus comprising:

5 a detection means for detecting first-third tracking
6 error signals according to different methods;

7 a judging means for judging which one of the first-third
8 trackingerrorsignalsissuitableforatrackingservoaccording

8 to amplitude levels of the first-third tracking error signals

10 detected while the tracking servo is off; and
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1 33. The optical recording apparatus of Claim 32 further

2 comprisingtwo laserelements that emit laser beams of different

3 wavelengths,

4 wherein the judging means judges which one of the

5 first-thirdtrackingerror signalsaresuitable forthe tracking

6 servoaccording to amplitude levels of the first-third tracking

7 error signals that are detected for respective laser beams

8 of different wavelengths while the tracking servo is off.

1 34, The optical recording apparatus of Claim 32,
2 wherein the judging means further judges a physical
3 shapeof theoptical recordingmediumaccording to the amplitude

4 levels of the first~third tracking error signals detectedwhile

the tracking servo is off.

Ut

1 35. The optical recording apparatus of Claim 32,

2 wherein the judging means further judges a type of
3 the optical recording medium or selects candidates for the
4 type of the optical recording medium according to the amplitude

5 levels of the first-third trackingerror signals detectedwhile

6 the tracking servo is off.
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12 wherein the photodetector unit comprises:

13 first-fourth main photodetectors that respectively
14 receive the first-fourth main returning lights:
15 first-fourth preceding photodetectors that

16 respectively receive the first-fourth preceding returning

17 lights:; and

8 first-fourth succeeding photodetectors that
19 respectively receive the first-fourth succeeding returning

20 lights.

1 37. The optical recording apparatus of Claim 32,

wherein the optical pickup irradiates the optical

~n

3 recording medium with a laser beam and receives each returning
4 light reflected by the optical recording medium,

5 the optical pickup comprising:
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25 respectively receive the first-fourth preceding returning
26 lights, and first-fourth succeeding photodetectors that
27 respectively receive the first-fourth succeeding returning
28 lights,
29 wherein photodetecting surfaces of the photodetectors

30 are arranged within virtually the same plane, and

31 the photodetector unit is arranged so that the
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1 38. An optical pickup that reads information from an optical

2 recording medium by dividing a laser beam into a main beam,

3 a preceding sub-beam, and a succeeding sub-beam, directing

4 the beams toward an optical recording medium, and receiving

5 each returning light reflected by the optical recording medium,

5 the optical pickup comprising:

7 a light dividing component that optically divides each

8 returning light into four divided beams; and

9 a photodetector unit including first-fourth main
10 photodetectors that respectively receive the divided beams
11 of the returning light of the main beam, first-fourth preceding
12 photodetectors that respectively receive the divided beams
13 of the returning light of the preceding sub-beam, and
14 first-fourth succeeding photodetectors that respectively

"5 receivethedividedbeamsofthereturninglightofthesucceeding

16 sub-beam.

1 39. The optical pickup of Claim 38,

2 wherein the light dividing component includes two light
3 diffraction elements that respectively receive and diffract
4 a first half and a second half of each returning light, and
5 each photodetector 1is arranged to receive one

6 diffraction light from the light diffraction elements.
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40. The optical pickup of Claim 39,

wherein the light diffraction elements are each a
hologram element and respectively diffract a received half
of each returning light intoca positive first-order diffraction
light and 2 negative first-order diffraction light to divide

each returning light into four beams.
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