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AND OPTI CAL | NFORVATI ON RECORDI NG DEVI CE 6 EMPLOYI NG THE SW '[

FIELD The present invention relates geperally to an optical MEMJ’M
processing device that performs the recording, reproduction, erasuie, etc.
of 10 information with respect to an information recording nedi um such as
an optical disk. The present i ularly relates to-an optical
sem conduct or devi ce enpl oyed m%bgﬁﬁib]ﬁead devi ce, which has a
function of detecting reproduction signals and various kinds of servo

Follow ng o FIEA kLM EN e SEMITON Aok YT, sy ™

Opferatlon of a@WHUMgIINF@ERMATI@N R&E@@R@IN@P%\HE@E in 38 opti cal
i nformation processing dev n of detecting

repro@luct i on signals and vgmgk%mgfmﬁg%@gnal S, while referring to
FIG 10. Alight beamemtted froma sem conductor |aser elenent 101 as a
i ght so ' L F ted in a Y direction as viewed in the figure by a

t hr ee- beiﬁgm%rﬁ&%gfﬁfraction grating elenment 102, so that a zeroth
order light of miwpmmtmmmMémgMdebpﬁcal nsbrmadien | i ghts 26
(t1) becone_sub hre a Vi sl a focused
on | PSP AP Ues SRR B er RSP Rde oy ik, BOROdREEhy bstbt of

ref | @at ednformdtéon mfith mﬂpetatl to anandhmgatmd iracorting mediunhenckmsean a

oo an 0P Bleke VS Beedae ST ARi6h SRR ALpiy Foladof'td BRI O 7| O

conposed mgl eac ectéed light beam
f r om t he senficomdudton deemeramnl@ynddnmn apidcalshesid dersige by hidhehnslaogr am

el ement %91?10?}“9 of ﬁe%é?%}ne&rﬁfﬂﬁ%gﬁg?éfsﬁél%ﬁ%ﬂd PN 0119 Ehdsofsdivected to a

converging e fracte ht 107B is subjected to
a di ver gisigpad \Sf%@ﬂ to anqontieal ‘FI@GQE“GQ h@“ﬂﬁot odet ector el ements 104A and
104By5respectively. 36 The +1-order diffracted Iight 107A incident on the

phot odet is focused before a |light-receiving surface

t her eof m&&g%&mbwder diffracted |ight 107B i ncident on the

phot od et ect or aenfilowifgRlescription Wit depitt taeéﬁﬂﬁklﬁakio@iﬁnd peficipleg surface

t her eof . ﬁ? EBOdUCtI n si gnal.s apd f.ocus error S q_ are detected froma
8 Rt

mai n bea Ff1om Q1 ARONXEREGNA] gRtIC ICHEW‘ r’lcegl}is Pt the
phot odet eptizal ﬁhﬁmﬂt’mrﬁﬁfdbeamhgm&e whhich hdsa IfUﬁgilelli bﬁdeﬁeqlmfg s are 5

det df be F t hat
he A oRaRFUTH P RBALS FBA v arte e EoH T SmelsaThiE sefelfit 85, ' 167
resul ti ng'IiG.di0.t h light IhBIadm ejittedefroml @ genvicaidmbon laﬂéB chement i1Atasspot s of

subst ant | ailé“ &?}:ﬁ:@qgﬁ1 Re@nlde ﬁ%gﬂ?&&e%ﬁefir? O(?Tﬁ%bxr{{'bﬁ' ng servo

S perfor ne eam; have antitires The
posi t i on three-heanbgenerating élfﬁranc@oa(mtartmg mgntt H¥® sodhas gszerghler eby an

appr opr i %ﬁe@ﬁgh@ f Che tsgﬁaeolpédoﬁi’és ATObEHIA WhilE %Hé Qﬁ's@@r&’é} Bghical

i nf or mation cessi ng device can he ac |eve f.or egoi ng
conv@ht i dad) wme,au g&@% dlaess thregiheams plbt @aﬁé by {H¥VHaeR 8%€or el enent s

104A and fa0dd3 Bé1e ansiadorhtioR r8édrdiflg medium 106 by an objective lens 105
and reflected by the information recording medium 106, and then enter a

hologram element 103.
The hologram element 103 is a diffraction grating composed of
30 gratings, each in a curved line form. A reflected light beam from the
information recording medium 106 is divided by the hologram element 103,
where the +1-order diffracted light 107A is subjected to a converging effect,
while the —1-order diffracted light 107B is subjected to a diverging effect,
and they are guided to photodetector elements 104A and 104B, respectively.
35 The +1-order diffracted light 107A incident on the photodetector element
104A is focused before a light-receiving surface thereof, whereas the
—~1-order diffracted light 107B incident on the photodetector element 104B
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15 reproduction signals and focus error signals. Since the 1-order
diffracted |ight having been subjected to the convergi ng and di vergi ng
effects, respectively, at the hol ogramel emrent 103 have to be received in a
def ocused state by the photodetector elements 104A and 104B, the

phot odet ector el ements 104A and 104B nust have large |light-receiving 20

areas, approxi ely 30Q0Q ~, n2 each. |.n the case where the photodetect or

el enent s%%%&&lj@!‘&@ﬁ%&%ﬂlﬁg S&Féﬁ%,t%ﬁ%‘%t ric capacitances associated

with the phot odRprelattieh SIEHIS andfoeas _errdrfbegﬁm dréfivitedted fiha fui ck

responsi ven.esgﬁsl gnificaptly, Thi iég%lrtl cul ar hﬁs been si gni ficant

probl em R REARABINE R@ﬂ/&‘_}te@t htheams hayine, guded foriieh speed, for

i nst ance phatodetsetorlclé@Rat®10LANMRR 10£B hikl trasleiag. errd¥ bip@alPafe there has
in the se where t he_ phot pdet ect or

been the followihg probl emas well; _

of omeht  (SEeRiBRdERIRyD RAATBA ARG RA EHIEs HRGURSPLHAGE NarGITORLER] vi ng
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le saosuaﬁo@:oﬂsrd&dthndﬁggmueﬂmm@ﬁmmn the bh@ﬂr?defegst@g@lgmﬂusbmand, Iblt is a][l
obj ect ofnthe. present. nvention t.o ve the abovesdescribed problens o
Che’or | ot aF Rt G 9B 4e BerlRiEar that el ens H5vA HaGl THBTHIES A bl e o

r epr d@ucilightan Thef positivh @f the objedtive lendiscomtiroHedbgtthepesarasgd obt ai ni ng
reproduct] 3 signals.wth an exgellent SIN.ratio.. and an optical

i nf or mat ik%lg&ﬁ chaé% %ﬁﬂg"l’&é*\%’ﬁec%“b%?fé@}en ett‘(ffg 88%86(;&%&85?%% &t conduct or
devi ce ofopticel mfesermtiampmeessingideviicedemn ba achiswvedel enent an enmitted beam
di viding porti re-di Vi-di ] -6 4] r h aser o
el enment into aqgl %’%aff)?%%ldlgk%?Pgﬁ?ﬁ%%@é&rle%ﬁ?@é?lg%gr%ggllf%i glléng portion
for di vi 8amp hetddesecter elementshkdA AndriG4B ard usedhfarodeteetingdi ng medi um

intogki ggg?gﬁﬂ[efi%idrﬁsi%hﬁgse&ﬁ&tfo&%%ﬁﬁf' ?%‘grlgs Sﬁk\é&lﬁ%ﬁﬁ%&%@ﬁ&%ﬂ%&

phot odet ements TQr recelving efl ecte eans obtai ned by

the divi 3igd havingdeenrqubiectad se he grnvensine gad; dizaraineieffegteief ocused state

Sl on %@?ﬁﬁiﬂﬁﬁt@f *%L““slgi*g‘éﬁ‘eé‘%‘?géﬁqghﬁfﬂ#% R B D aet t hr ough
t he ref | defasgdstats fﬂaflﬁg m@qteﬁoaﬁieraeggﬁi%ﬁe@@em&gﬂmot odet ect or

el ement fphiotodstectorlennlte10ad dridho4Banust havé MrgederhtsrdebRahed to the
diffraction by the first djffraction .railng. 16 T?lls nfiguration allows
the d0f f ARERSEARTOXImAEeL A0P0ME BACK: ¢ 10 81 cate BREFRERS of Pected | i ght
beam L r omhdnejle%ﬂeé?rrrmémms ﬁ@@édhf@ Hgld@-uénebyintgffregb,r@lbcﬁid fracti gn grating
t o subst ant.i ocus on the roquct L on-si al - tectin ot et ect or
tfemnt . SphaflpYedOebibetitol Wieh TP SHEOI ARG UBeREG Sfdrkatt ASHIREL 0 1 e
20 repro dumairimbgsﬁh;rmhigheemnsigemﬂustaigntﬁmkmly. e Thre partidhlaslyahhsws
reducti O%eQLéE&gngﬁ‘Q %@dﬁgé?m%ﬁ%'é’ﬁﬂfo%é %%%QM% et et or el ement,

I gh-spee 0

t hereby ensurin S resfgonse e Teproduct’i on signals.
Fur t Ber n@eprodunedraiva biglhapedd, ifor ingteace at saverabtessinfitimas thgnal - det ect i ng

phot odet g f{al%lpRRRNt FifeliSrrhOred tﬂ?ﬁar RAs Bebfl thé Téll'ovl/i.r%}ﬁrdb%mo&e@%?: 26
i nci dent .on_the detecting portion for detecting reproduction signals,
t her eby anIthgicage vehrrsdibetphntodetgstarselgmentfar gﬁte@rcqr@rﬁepspﬂwtawo to be

obt ai nedsié’ﬁbl@Md@@la@@?%@&iﬁhﬁ%&b?@trﬁﬂf Hélﬁ d@hﬁﬁﬁiéhté E‘ﬂ(ﬁﬂéh@n that has
anot her nf i U{?atlon |nﬁ}udes: a laser .element a first optical elenent

I
_-through APESPILIexternaldight, ynnegessary reflpetien) ingesass Ypasses a 30
secosd oplecesdsing ¢henighdlFtochoisdiratiot(hersiahftee refbrreditd al SAN fativnofin
i nformat|$ reco(idl n(ﬁ_bn:edl minto light beans in different focused states
and a fi 8P IEPFOFULh gL ‘ing that is provided in the first optical
el ement and that diffracts the reflected |ight beam havi ng passed through
t he seco j I ical elenment of the present invention
i ncl udesmp@%&(ﬁm& mm is provided on one surface of a
transparent nefisrefore, with thefdredeingd ir atindnit is amoslgjecti ¢ff thegiresengr at i ngs
and seg i,cal 1.el . ' hOVi e ot urface of
t he ?anggg?%ﬁp}l&é%ﬁle‘r% %%%Vaet é%élc\glﬁ} éfss %O%rl %’%Fg’?? légg’ﬁoghatr%b%géntlgnt o |light
beans i npabvider amopticelisemiconsuetor déwicecapable dfireprodaringavond di ffracti on
gratings; j < 4 id:efntd | i rst
i 11 ao; Ao tbARARRAiNE niedihi? b HigH droBd ACaMiaIRphabid T E
direction.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional view
Illustrating a schematic configuration of an optical sem conductor device
according to a first 10 enbodi ment of 4 he present invention and an opti cal
i nformati on processing device enploying the sane. FIG 2 is a plan view of
an emtted beamdividing portion in the optical sem conductor device shown

in FIG 1, FI,G .3.is an anl d cr 2CL VY] ifi
st Eﬁy;ﬂ;;ﬁwi BBl BPAVET G AER info BB PRbERIY | o g
portion emp g 2he Bafde.4 i s an enl arged cross-sectional view
specifically ilJustr.atin n ' - £ ' .
orating. Fi G ot ShUFM S OBH0Gr HEVRE SERe Festhifinvdritiof pdRddLOn
?[1 r angte_rrﬂaa;eméle;immmn reguittect bean divridlin_g@@trtinntfhledb{idnw_en@mitfe(bI ement in
e opti e ¢ Vi [
i1l us raﬁ@t}s"ae?“g%[ﬁqﬁhgé%%ﬁ%é&g’\?ﬁe&?gmpé‘og’tl‘%agﬁy n]Otgi c};p |d(%fﬁasgmago\r/1:jﬁ\(l:vt or
devi ceI aaeﬂpcﬁedga&amalisidﬁ:mgmpoetdmd@m&vﬁdhfg a heflented dightihepamdiam arG FIG 7
s apla : ; . N \ ; “ontical
o conadBiReHoR SRR el ieb HEHt 3RS 1 BltkeBE KR dhafih; OP1 ! C
i nvent i omerv-eigralidstentingibhotpsletentan elamentsforireceizing the refiectedi ng an
?Lreaggf{ré%ht%;rﬁqﬁoﬁd@tﬁ%? ?&%I:%Zﬁ%%ﬁ%@ %ege%%%@ﬂﬁ% HAEREEORT the
presdft iimeedefoonsed-stateia figstadi oyeara iiswrepisterringter y
|1 ust T aldniva{1BLA dio AR ¥R Honndth APiEALtOlR Rilectel 1iBRt BBhNT
sem conduyctor device according to the thi r&i, e(g,‘godl ment of the present
i nvent i orhavingpagsed thyongh theorpflested beamy diyidipg nqrgiony &lnidn‘b a conventi onal
o) C AR s Ao ks g by o o2
— rs odi men
e horm e pePRisubiocie A L0 Ahe 9@%%%@%%%%& difrag PEFAYNE (pasi ¢
Eii:%ﬁfﬁ%;ﬂ?!'ﬂlﬁm%g%ﬂ@gw et i pEeroemie ge e 2 n whi ch
.on, c i nformat ipn.processing deyice 2 in whic
the opt i cfiragisR oh Bk reflecibd Hght beput tram e itoFmAtion FecPding o1
p[)pcefsi ng?dmthdi;rfﬁhei ?lﬁétuiiﬁba@tmxf)gtétﬁﬁg teeugst}mtm:l' ipf?oammm&&, o;nma on
obj ective |len .for. focusing. t ) i.cal 10
ser conddepepauiniierai R0dif phifacrrat SLbLAE herily HadREiEH
i nst anﬂa_,pcmihip;tbcraduch alight reegivet@angs ofthe di sk, etc.), and a mechani sm
contr, [ 3 1 ' ' [
cirodft, EROReRn sl ey bRoRMaEMEENALAE Phll @kl PC0] M
i ncl udes redsetipnefdbe copatitanteassociated withdbeagwtodetestan ¢lomentng t he
Samne, an%l@?e@f%h&ﬂin@ﬁ@ﬁ@peé& r@%e%doﬂhetl%?r@&ﬁ&ﬁ&?s%al@y sealing the

opt] cal  JENTBERBEEOeTodUSHOR afdbe AR N dhp FEBEO LI HERAIRUEIH easi ng
the ef f eginot8AEERLSN elohifontdahddto hravcsdBR inerap lightidoniporeints he
sem (:Z%ndui%tmo en%lo%niﬁmnet de:;Lt%'cting portion for detecting reproduction signals, thereby
allowing reproduction signals with an excellent S/N ratio to be obtained.
An optical semiconductor device of the present invention that has
another configuration includes: a laser element; a first optical element
through which an emitted light beam from the laser element passes; a
30 second optical element for dividing the reflected light beam from an
information recording medium into light beams in different focused states;
and a first diffraction grating that is provided in the first optical element
and that diffracts the reflected light beam having passed through the
second optical element.
36 An optical element of the present invention includes: a first optical
element that is provided on one surface of a transparent member and that

includes first and second diffraction gratings; and a second optical element



20 The sem conductor elenment 11 includes a photodetector el enent 41 having
a plurality of detecting portions 43, 45, and 47 that are provided by
thermal diffusion or the Iike on a siljcon substrate, and a sem conduct or
| aser el enment 51 formed on the sane silicon substrate. The sem conduct or

| aser el enent 51 is nade of a chem cal conmpound provided at a bottomof a

e _ . conp( R
o1 § con I8t B8 Rronfigh JRIRYTINRR KLPROE LS Hdlihartht ARbCORIRINGE (TE |
a | aser hhwidesia reflected Hght peamointadight:lieeane iy differens feousedrstaes, i ght beam

is emtt L. i i ] . I 1,

refl ect e%@&lﬁéxfegys?%ég%g ﬁéégtﬁﬁ}%g%%%g%ﬁgﬁ gﬁésleﬁi lanfgﬁt{ilstrsect ion.

It 30 shdlitettion, mordegiratings ofithie fiwstidiffractioh grating are arvanmgasksary in t he
case er b t 51 is of a plane em ssion type.
Thus)g,rt])y ‘ﬁﬁ%@é%’ggfﬁfgggﬁg‘%ﬁﬁnhéﬁgﬁg S’(réﬂﬁg'ser el ement 51 and the

phot odet ector el enment 41 on one silicon substrate, it is possible to obtain
a smal | erppi tﬁ%ﬁ)ml ' Furthernore, in the case where
36 the re?%@g‘eﬁggy [1ona mgﬁgﬁg%ﬁ?j&gﬁﬁeen t he sem conductor | aser

el ement 61 and Fﬁb bioa suesesechional iasillustratingea eehamaticin the

Sem Cond%hﬁ?tﬁ?ﬁgﬁiﬂ arCSp e GRATI O h e r elideUbes iR BILAit4Or | NSt ance,

by 6 form 3 et ect’l ng portions ana the recessed part by usjng mask
al i gifentembedimentyefstdieuesent uwniion and amertical infarapahion REOGEsHINg

short eni npiliCeiplByingdhe sathd.Or assenbling and reducing the cost, as
conpared with a _case. where these el enents %re assenbl ed separately and then
I

they are 5 fixeBlGf% iy aphen vigwof engmrtted bapmoRyiding Rortign A the

Fur t her myiRticall R ntlededidtos dBeickishasRiIFIGe 1i ntegrated circuit either for
current-vol tag nyersion.of electric signal.s obtained fromthe detecting
portions or fo‘raFﬁ(gI%Eﬁ %Pie&ﬁa’iﬁe%tWQ%Qﬁ‘équ@‘H@Wp?p&%%@gl}I “fu(?&ﬁ 1&2%n a
siliaen Hihstdiffrgctichatig s the epoistddbeamalitidihbeortionishiowm neFlGe
device. |4 should be 10 noted that the light source is not limted to the

sem conduttor |aser, and a |aser of another type (for instance, a laser in
whi ch SHG i s usEH}. 4y ahenlsegdasroassegfivnaloviewespetifecadlyt ilbaitrattiegent 31 is

conposed 0 f I Sj i ng substanti al

t ranspar e%i?ﬁﬁ?%%??@%geé@ Otfghg %gg@n%F%%u@&WS an emtted beam dividi ng
portion 61 is pFii 8éslanendargedf plouwr Vigwespesifically Hhusdratiog aai vi ding a |i ght
beamggm t ] | ficied beam
di vi (?I% ng %lgrqp%%ﬁi%%?g% g‘%%@%g%%oﬁ{samgaﬁeégie&%%g%ge?éy ?ﬂgfe%ér egol ng
surface, theropficaldiengicendugtnr desion shorin &Gt dom t he i nformation recording
nmedi um 3. I n thpr@nsid §H1REFRWiiNudirdgirdda R emtiteil BdamaididihgpoktieA grating
is provided that, fs described |ater, divides a ligh g&%ﬁéhaw ngaﬁassed
through tiean epkicat semirondugten davige pesarding 1 afeeoRd o meat ok ghe i ght

beam f r onpiidaent Mhwsdtdn.on recordi ng nedium 3. The em tted beam di vi di ng
portion 61 and efl ect ed .beam dj vi di ng portjon 71 .pe provided in

t he 4 m of sepgr(gt éds f“iprclgf‘ Vagy ‘@é‘@ I%gpfﬂlt%ﬁ?%‘ﬁgﬁ%‘@ngmﬁBPmr e,
the em t tindahopbicdl vélicomduetdr devied aoenrdirg t¢oafthird eshbsdimbut obHthe ansmi t
the |ight beafr&/erritted fromthe sem conductor |aser 51, wi thout having a
function REESEG Y enitted |ight beam from the seni conductor I|aser

el enent 51. A | FiBt 8lie amenlatrgestipfarovievhspeeficalin dinstoatingser el enent 51 30
passes th el . Vi di i ted beam
G vi di ng Barrieski Gy U ddEing Bt SNGaBPES hhdibadiabhds Mokt I8 T, 03
by t 189 obfhecoptieal semsicandwctorfderiqecatcording tecthe thindenthediweot shthen
recordin i i ivided by diffraction in the X direction by the
reflecte fb%g%tl?lwo‘elgﬁ%lg portion 71, and l-order diffracted |ight 36 beans
83 and 85 thus BbtaPieansmlaggediptanevienesproifealinglydratipaansthend 45 of

t he phot Oéiﬁg@ﬁ%ﬂg%{l ngg:’b?ti%l el@iﬁéﬂ@fﬂ‘ﬂi@opﬁ&@ﬁ reiceRfueliorfdedsdecd | i ght

(transmtte a enters the tted beam di viding portion 61, 7

and is diagooxdingitgthesthird §mbﬂ(ﬁ¥nreé’é'tq%& e JrteHyINYeHo8ed on the enitted

beamg} vi di ng pPIGi 20 64 cros-séctichdlview! ilik@tiatingg coavestibngl estiddlon 47.
As shown in FIG, 2, the emtted beam dividin gortlon.Gl i ncl udes 5
semiconductor device and an optical information processing device

employing the same.



10 regions serving as a first diffraction grating 63, a second diffraction
grating 65) and a third diffraction grating 67, thereby conposing a

t hree- beam generating diffraction gratgng elenment. In the draw ng,
respective patterns of the diffraction gratings are illustrated with a
plurality of lines. Furthernore, effective regions on the emtted beam
dividing portion 61 corresponding to the beans to be collected-into the
objective lens 4 are indicated as 'a main beam 81 (r representing a radius
of the sddESCRIRTION QEAREINVENTION T The enitted |ight beam fromthe
sem condug; Sey: ment 67, is 15 diffracted by the emtted beam

di vi di ngLiﬁ%iQELFuu i‘“.%f‘.‘%a Y direction shown in the drawing. As a result of
di vi sion, a 0- df{@rl ecligmaticeldy illystratast an opticak samideaductaytdeyied Lact i on

rati [ t Qi i ' - looddin £ & li ghts
gbt ai gd @?gfr&n %ﬂggg%@gor#c? ﬁ%ﬁgﬁgﬁf"?@&g %&Pﬁ@ﬁ%ﬁ) %‘regft‘lgsﬁg%g léé&lan tg arg

obt ai ned the presestinvesdion, 8ndaan opical indfprnation nrocesmngideving hin col | ect ed
into the i gcii ve . ' "Bals an ' axi s extendin
bet ween a?gmec% tEslisel @?I‘J“gég?sﬁfj’lgﬁ?“‘?‘}%‘geti}g_ga{é@géo senP lcogr%chtlgfg‘i)lg@l‘éarl el enent 51 )
and a maiinforyaatioparocessinipdevien 2 includesprmaptionl seinoaidugtoredavies 3, et an

ai r-equi v, St i | ! duct or | aser
el enent 6 ?gfetcﬁigéelﬁlﬂggefgf gde%%% g:nl ngwgﬁgﬁgﬁteglﬂggﬁ%%%%%ﬂ ed by d.

Her e 10t heseapiconduetesideviced] dntorrp 1nfermation zacoading medvyny3 Uar vi di ng a

di stance jgfstdhd)ant SEAREATESE, O nidpneYs-op ticAEiskiehy), arldeh miédHatisinndex of
the medium Fuytrther, let a nunerical aperture of the objective. |lens 4 be
r epr esent@ntglling agtipnsifthgsame 4 servgime S PIERAYPreESFHYE neasur ed

froma paijptuittetehithbuiRfotRho®d). axi s and the em tted beam dividing
ortion 61 crosg, on the emtted beamdividi.n ortion 61 he represented b
Iro. Here, the fi'f ?OBEIFF}%&‘P?"GH Eﬂr{a?d’l%gi“églf’aeﬁ@ds%mgggf‘ﬁ&ﬁgve an ar eay
% gatT h1i5ncl éldﬁﬁetmtu:, gqﬁsetckggegﬂc’il_eiamamdr&wigw?f gameﬁﬁmra?sdptri]dal(lwmewor mul ? 1]
e ref] ected Li i vi.di ng,portion i,s made of ;a I enen
conposed Jf nb?“a‘%efjrdng‘ hﬁa‘&?\dﬂge%gu r}%% gerlifg tﬁ% © ﬁpl'ﬁ%(%c‘;?_ ﬁ & Pe[qﬂ?xé%e ﬂbeams
refl egt ed'm‘tlmm&cﬂmg’erﬁbandtthemprtieabetﬁxzngﬂn&ﬂiulmdptmd; semicanductos of bt he o3
mai n bea . u a e +l- ot eam
s ubj ocyeof 3 ety HEATE A Ahlhdtinrloll ThoRldpiie fhe oBBEGfnededl N
beam 85 i thesadgling bopravea thewelighilityaifithetsemigondneipr glementilded, and t hey
are jded to t i o) . r1 6
mai N beamM@Wingfa p ¥l mgyper o; i 2 ! atpee g y the
ref | ect edyeataidiivhudidifoPeid 1iRE ohla sARBNUbRLRIS, ik £88hiRadueesp di vi di ng
portion 61. Thys Iltght beamis diffracted |nl‘the X direction, b}/ldthe ffrst
di ffracti egpiﬁmﬂ@ 8% foymed endhiersagpe sliconFUhstrats. pdhe SmwendRetors | ¢ ¢
10 di f fr agigbpBldthaht BY it AlCof A16hémlken] Voenpuuiid grovided at tahiedttémenfidl - or der
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9 photosensitive material as a die. This configuration also nakes it
possible to increase the diffraction efficiency of the +1-order diffracted
| i ght beam 88 incident on the reproducgion-signal -detecting detecting
portion 47 with priority to the -1-order diffracted |ight beam 89, thereby
all'owing b reproduction S|gnals with an excellent S/Nratio to be obtained.
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the plurality of diffraction grating regions 69a, 69b, 69c, and 69d
conposing the first diffraction grating 69. Therefore, when the first
diffraction grating is formed by etchigyg or the like, variation in

manuf acture, such as variation of depth of the gratings, is mnimzed. 10
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20 the first diffraction grating 63 in the emitted beam dividing portion 61. In
each diffraction grating in the first diffraction grating 63, gratings 63Ain a
step-like form are provided further. This configuration makes it possible
to increase the diffraction efficiency of the +1-order diffracted light beam 88
incident on the reproduction-signal-detecting detecting portion 47 with
25  priority to the diffraction efficiency of the —1-order diffracted light beam 89.
Therefore, the quantity of the signal light incident on the
reproduction-signal-detecting detecting portion 47 increases, thereby
allowing reproduction signals with an excellent S/N ratio to be obtained.
The step-like grating 63A can be formed by, for instance, carrying out
30 photolithography and etching a pllurality of times.

FIG. 4 is an enlarged cross-sectional view specifically illustrating
another configuration of the first diffraction grating 64. Gratings 64A,
each having a triangular cross section, are provided as diffraction gratings
composing the first diffraction grating 64. It is possible to directly form

35 the triangular gratings 64A with an electron beam (EB) whose intensity
can be varied stepwise, or alternatively, it is possible to form the same by
exposing and developing a photosensitive material and using the obtained



a reflected beamdividing portion for dividing a reflected |ight beamfrom
an information recording nmediuminto light beans in different focused
states 10 servo-signal -detecting phot oglet ector el enents for receiving the
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25 The focus servo is performed so that the spot on the detecting
portion for the main beam has substantially the same size, that is, the
following is satisfied:

| {S(4332)+5(433c)+5(453b)}-{S(433b)+5(453a)+S(463¢c)} = 0
30

The tracking servo is performed so that the sub beams have equal light
quantities, that is, the following is satisfied:
{S(435)+5(466)}-{S(437)+S(457)}=0
36

As described above, the 0-order diffracted light beam 87 from the
reflected beam dividing portion 71 is incident on the first diffraction



a second optical element for dividing the reflected |ight beam from an

I nformation recording nmediuminto light beans in different focused 26
states and a first diffraction gratingothat is provided in the first

optical elenment. and that diffracts the reflected |ight beam havi ng passed
t hrough the second optical elenment. 30 11. The optical sem conductor device
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62 according to the second embodiment. The present embodlment is an

20 example of another embodiment of the emitted beam dividing portion 61
used in the first embodiment.

The emitted beam dividing portion 62 is characterized in that a
first diffraction grating 68 is composed of gratings, each in a curved line
form. The other parts of the configuration are the same as those of the

256 emitted beam dividing portion 61, and the same elements are designated
with the same reference numerals. The configuration with gratings in the
curved line form is able to apply a converging or diverging effect to light
beams when being diffracted by the first diffraction grating 68. Therefore,

| it is possible to change freely a position of a focus of the reflected light

30 beam from the information recording medium 3 by varying the curvature of
the grating lines. This makes it possible to make the reflected light beam
from the information recording medium 3 in a substantially focused state
on the reproduction-signal-detecting detecting portion 47, irrespective of
the distance between the surface of the photodetector element and the

36 emitted beam dividing portion 62.

The same effect as that of the first embodiment can be achieved by
providing step-like gratings similar to those in the first embodiment in



16. An optical information processing device conprising: 35 a | aser el enent
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the |aser elenment into a plurality of jhi ght beans 17 an optical system
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equally divide a spot of a reflected light beam from the information

recording medium 3.

20 As shown in FIG. 8, a plurality of the detecting portions 48a, 48b,
48c, and 48d are provided to receive light beams diffracted by the
diffraction grating regions 69a, 69b, 69¢c, and 69d. They are arranged so
that light beams diffracted by the diffraction grating regions 69a, 69b, 69c,
and 69d substantially focus on the detecting portions 48a, 48b, 48¢c, and

25  48d for detecting reproduction signals, respectively.

With this configuration, the reflected light beam of the main beam
81 from the information recording medium 3 is diffracted by the plurality of
diffraction grating regions 69a, 69b, 69c, and 69d composing the first
diffraction grating 69, and is incident on the detecting portions 48a, 48b,

30 48c, and 48d for detecting reproduction signals, respectively. Thus, the
use of signals detected by the plurality of detecting portions 48a, 48b, 48c,
and 48d corresponding to the respective spots makes it possible to obtain a
push-pull signal or a phase difference signal. Therefore, this makes it
possible to subject the tracking error signal to an optimal method selected

35 from among the three-beam method, the push-pull method, and the phase
difference method according to the type of the information recording
medium 3 used.’



18 signal -detecting photodetector elenent is provided in substantially a
sane plane as the em ssion point. 21. The optical sem conductor device
according to claim 18, wherein the 5 ghgnal -detecting photodetector elenent
is divided into a plurality of detecting sections having substantially
equal areas. .A3 E.A . AFa 9. AYL9. Al ; LL. AFNs% AY 9. A s% AFL9. AYNL% AL;

sL. AF(L9. A999

R} xsni d_Z] ca] cal¥ 5?%%?@%%&%55& ﬁf@?gg?%ﬁt%fhﬁ%ﬁf%eﬁ B]é]]ncg]e@Qa] ca] ca] C

a] ca] ca] epecificaly dHhsaheajeciiecpliatodbtditor element, the detecting portions

v cal APl A 1 o CAE PG S OAY TR B CL30TS

| 8: 3 L; - g}): ’?qual dlStaf:l(gj frlant the emission point. This configuration allows the
ooy PR 0% K ciptarill VR IR e B
UmuU! VDY plivkad ] ¢f d 1ffr§1ctmn graﬁlﬁgq'p 69rcand 68ca] ca] ca] ca] ca] ¢

|
SRR e e e R R
:% i%;al\ll]{ chj‘fnaqtua; ga%t@ng wfcn‘a}@h]ma}da}lga?]rdé)]edd}@a]&mqfcia} ta] ca) ciat] ciat] ciat] ciat] c
, caJca]ca]ca
] ca] ca] C%{féé f G]} slx]@ ﬁ%ca ca%ieérz? féh% BP}}%{ étlﬁg% gg]lgg']]giai %gl PIG N
[ dTZT0} x rwea}lpndyca]le@pea tefe nlaguifaefure)the]soane il ptahlea] ca] ca) ca] ca] ca
] ca] ca] c gﬂ fajcajcalca]ca]ca]cajcal +1 G N

[dTZCu}x caj ca ca] cal] cal ca] ca] ca] caJ.ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] ca] ca] ca] cd}l shpuld bapetg gg}%taqlbté]ecgptwal information processing device

| r cDL0%: )Favn%&e hi@AARHER ey MOERE ol thd OB eémiiiielon D) <<l a3
}X<| \ F%#%@&?‘)e&f g9 as t;) /@twite %ntegraﬂy T 1J§ 10 )n(%eé&s f@a %IT;#O ?1/& O-@&Y
'p’ %Igi’gl/ ﬁm@,ht % g M&Fﬂl&&%&b@l&dd& @ich b@%ﬁdﬁhS&Yﬂ#ﬁ@%ﬁg&d}BYgg?;9
p~ 0 0 0 0 v8i 8i --<
o (B epit o oeeopBben thpaogave JensisAstystet 3 & () -1 S
#2\1/0 }/&‘(Vﬁ(lﬁﬂépéﬂddw TDHerefér, (u)rFs Ii]v‘dposgﬂﬂe(t;@bll:?%%}g‘gfc;ellghlt?u rﬁ?ﬂ%ﬁ%& (L )S Tk
Tover () et A SEhRAEA Gt anr b 0055 () - s65100 & () - RUBUVIL L F
#10% . & ()- !'f 'H1d¢(1ﬁ9{o:a]8ée(n}ucohdu6tor device according to the present invention

20 can be defined in a broader sense. For instance, a so-called optical pickup

device in which the optical semiconductor device 1, the objective lens 4, and
a part of the control mechanisms are modularized also is categorized as the
optical semiconductor device of the present invention. On the other hand,
in the case where the semiconductor element 11 is dealt with independently,
25 it is called a semiconductor laser device or a light-receiving device, which
also is categorized in a broad sense as the optical semiconductor device of
the present invention.
Furthermore, although the above-described embodiments show an
example in which an area of the detecting portions for detecting
80 reproduction signals is reduced, this invention is also applicable to a
detecting portion that is required to perform high-speed processing for a
different reason.
INDUSTRIAL APPLICABILITY
With the present invention, it is possible to reduce an area of a
385 reproduction-signal-detecting photodetector element in an optical
semiconductor device. This makes it possible to provide an optical
information processing device that is capable of performing high-speed
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focused states;
10 servo-signal-detecting photodetector elements for receiving the
reflected light beams obtained by the division by the reflected beam
- dividing portion in a defocused state;
a first diffraction grating that is provided in the emitted beam
dividing portion and that diffracts the reflected light beam having passed
16 through the reflected beam dividing portion; and
a signal-detecting photodetector element for receiving reflected
light beams having been subjected to the diffraction by the first diffraction
grating.

20 2. The optical semiconductor device according to claim 1, wherein the
reflected light beam from the information recording medium that is
diffracted by the first diffraction grating substantially focuses on a surface
of the signal-detecting photodetector element.

25 8. The optical semiconductor device according to claim 1, wherein two
diffracted light beams of the same order diffraction by the first diffraction
- grating are subjected to the diffraction with different diffraction efficiencies,
and the diffracted light beam having the higher diffraction efficiency is
received by the signal-detecting photodetector element.

30
4. The optical semiconductor device according to claim 3, wherein
each grating in the first diffraction grating is of an inclined type having a
step-like cross-sectional shape or a triangular cross-sectional shape.

3 b. The optical semiconductor device according to claim 1 or 2, wherein

the first diffraction grating is composed of gratings, each of which is in a
curved line form.



10PP 10PP! p’ 3L3S#10%PP&' () - T! k3L3SHI0UK(K(& ()-T 110% & () -

"#10%& () -t NOO, P] PPPa?aS4! I\ F&#109%&' () - 10%& ()-910%& ()-  10%& ()-

CL#10% ()- ! L#10%& ()- PGRSSTTT}~?aSft' 109& ()-$ 109%& ()-y

y#10%& () -  F&#10%6 & ()-!a F&#10%& ()-1\  F&#10%j & ()-T UrlUU VDVdEaSA4!
6s109%& ()- 1Y109%& ()-zY010%& ()- .10%& ()- *10%& ()-zY,)

109 () - DVOWMWAMMWBC! * - 1 109 () - yL109%' ()- 10 10 10: 10%& () -

910%& ()-1710%& ()-WYZ3[ E[[ 7\xY7bCl | pY Z"109%& ()-  yl0%& ()

p*YL#10%& () - The\dp%ikﬁ%s;a&1®ndu(mo1‘(d#wm’&c¢c)rdmg1VQ#lmm&l or 2, thpm \"}~?bC

5100 () the it diffEagion deatingrislapntotal it o ESRHRR St Gitagtit s ifhel )Y
& () - 4s1p9gions hai!mg%é.eaﬂb&im’r@t-mﬂn Rifidpréy. hwa];!1d " L$10% ()-4
LS10%& ()-4!V L$10%
7. The optical semiconductor device according to claim 1 or 2, wherein
the first diffraction grating is composed of at least two diffraction grating
regions that differ from each other in a direction in which gratings are
arranged.
.10

8. The optical semiconductor device according to claim 1 or 2, wherein
the first diffraction grating is composed of diffraction grating regions
having the same grating periodic interval.

15 9. The optical semiconductor device according to claim 1 or 2, wherein
the first diffraction grating is composed of a plurality of diffraction grating
regions that divide a spot of the reflected light beam equally. '

10. An optical semiconductor device comprising:
20 a laser element;
a first optical element through which an emitted light beam from
the laser element passes:;
a second optical element for dividing the reflected light beam from
an information recording medium into light beams in different focused
256 states; and
a first diffraction grating that is provided in the first optical
element. and that diffracts the reflected light beam having passed through
the second optical element.

30 11. The optical semiconductor device according to claim 1, wherein:
when the emitted beam dividing portion is positioned on an optical
axis extending between an emission point of the laser element and a main
spot formed via an objective lens on the information recording medium, the
reflected light beam from the foregoing information recording medium
36 entering a region satisfying a formula shown below is divided so as to be
collected on the signal-detecting photodetector element:



& ()-41V L$10% | | & ()-4! Le L$10988& ()- 4! H L$S10%& () - 4

hi 6j 7] 8j 9j <j | j \ krS1!"10%&' ()-y  10%& ()-L109%& ()- 10'' 10"°

10" ' 1S L$10% " & ()-4!d L$10%& () - 4\ kkigl mvaBr S1! " 10109%& () - 9109%&' () - F- #1
0%& ()-!NF-#10% & ()-

10%& ()- "109% ()-yVmm- op  ppz[ 9r S1!! aF' $109%& () - SS& 109%& ()-!fF! #10%
& ()- 109%& ()-1 " . XFZ" 10%& () - @_qqqrrrz[<r Sl &610%& ()-
4g10%. ()-'p F. é{%'i%%&é%(QN F.F'10% & ()-- -T10% ()-!f F $10% H

H& ()-Srhsssssstttt~ TI>! 10z 10z 102&10% & ()-f910%& ()- 10 10

10: 6100/&“&% 1aY7! 109U ()-f tttNtttuaB~ TI>! 1-&0%& ()- S10%& ()-9
109 ()- " L10%& ()- @L10% () - 910% () - ucuuvRvvwaB~ TI>! 1

109%&' ()-I | | F* 109@pgysents an air-equivalent distance from the emission point of

0
vove 1) PAg e ?ﬁﬁer%%ffih i R I ) varnon
& ()-zN{" {a{ b{ A epresedn a'numm%l@me urqoﬁ/& objectivodeng)andio 10
r represents a distance from a point at which the optical axis and
the emitted beam dividing portion cross each other on the emitted beam
dividing portion.

10
12. An optical element comprising:

a first optical element that is provided on one surface of a
transparent member and that includes first and second diffraction
gratings; and

16 a second optical element that is provided on the other surface of the

transparent member and that divides a reflected light beam into light
beams in different focused states,
wherein the first and second diffraction gratings are juxtaposed in
a first direction, and gratings of the first diffraction grating are arranged in
20 a direction different from the first direction.

13. The optical element according to claim 12, wherein the first
diffraction grating is of an inclined type having a step-like cross-sectional
shape or a triangular cross-sectional shape.

25
14. The optical element according to claim 12, wherein the first
diffraction grating is composed of gratings each of which is in a curved line
form.

30 15. The optical element according to claim 12, wherein the first
diffraction grating is composed of at least two diffraction grating regions

* that differ from each other in a direction in which gratings are arranged.

16. An optical information processing device comprising:

35 a laser element;

an emitted beam dividing portion for dividing an emitted light
beam from the laser element into a plurality of light beams;
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from the information recording medium into light beams in different

focused states;

servo-signal-detecting photodetector elements for receiving the

reflected light beams obtained by the division by the reflected beam
10 dividing portion in a defocused state;

a first diffraction grating that is provided in the emitted beam
dividing portion and that diffracts the reflected light beam having passed
through the reflected beam dividing portion; and

a signal-detecting photodetector element for receiving reflected

15 light beams having been subjected to the diffraction by the first diffraction
grating.

17. The optical information processing device according to claim 16,
wherein the signal-detecting photodetector element has a light-receiving

20 area smaller than a light-receiving area of the servo-signal-detecting
photodetector elements.

18. The optical semiconductor device according to claim 1, wherein:
a pair of the servo-signal-detecting photodetector elements are
25 arranged symmetrically with respect to an optical axis; and
the signal-detecting photodetector element is arranged at a shorter
distance from the optical axis than the servo-signal-detecting photodetector
elements and has a light-receiving area smaller than a light-receiving area
of the servo-signal-detecting photodetector elements,
30 wherein the pair of the servo-éignal'detecting photodetector
elements and the signal-detecting photodetector element are integrated.

19. The optical semiconductor device according to claim 18, wherein the
signal-detecting photodetector element is positioned closer to one of the

36 servo-signal-detecting photodetector elements.

20. The optical semiconductor device according to claim 18, wherein the
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