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SEM CONDUCTOR DEVI CE, AND OPTI CAL | NFORMATI ON RECORDI NG DEVI CE 5 LOYI
THE SAME TECHNI CAL FI ELD The present invention relates generally to an
optical information processing device that perforns the recordi n
reproduction, erasure, etc. of 10 information with respect to an " "”"ul“rllm"(ﬂulm”
i nformation recordl ng medi um sucDBSCRIPAYON di sk. The present™inve
particularly relates to an optical sem conductor device errpl oyed in #ifo
optical head device, which has a function of detecting reproduction signals
igde:ar(i ousNDKDﬁdéI@AIsEhlEMEﬁﬂal SEMECON®DUGTORID E\éheitd, ABHI t her ei nd
GRQU guration an
principl e of op%alﬁ.gg‘/ﬂ‘ mmmN mﬁc@hm@%ﬁlﬁ@ devi ce used
in an gptical information pEMBEOYINEGITHE $AMEhas a function of
detecting 20 reproduction signals and various kinds of servo signals) while
referring to FIG 10. A light beamenmtted froma sem conductor |aser
el enent 10RE@HNNICAJhFIBLDrce is diffracted in a Y direction as viewed in
the figure by a 4hree-beam gengrati di ffragiion grating.elenment 102, so
that & zeroth or oy BFTC TBrebnen cafieparnhatlv,fat tPHeARmthrFEtoRe 11 - o
order | i ghpcessing)deveecthnt penfdresnthe fdvosding) reprodeatisnpbtasuredetsy of
di vi si f.or objectlve
ens 105 anipaFHa st s@hck'ed ibbralin 60 bolAE heRbERyBE oBReE™) T
enter a hopdinad disk. en‘Bhe plesentﬁh&entlbugraamculaaﬂmmelatexato gngpticl r act i on
grating C%’Epﬁ)ﬁ ef | ect ed
| i ght beam roSﬂd Iéto?n e%?‘%atl ?}oyre ggglr B]@ gﬁ éfeﬁP%%l@I&S&ygid\ﬁ laé%ab
hol ogr am duagtion d@bteméenwéucnmnrsma iafrd vaiews kingds ofigrroi s Subj ect ed
to a convesighin, §hi&6lan S‘f%ﬂ:ﬁ él@ﬁlenjc L@EQQhef’élﬁf racted light 107Bis
subjected t0 a diverging ef and they are gui ded to phot odetector
el enerts 104A and 104B, respectl vely. 35 The +1-order diffracted light 107A
i nci dent %Amg;gmgpmam or element 104A is focused before a

| i ght-receiving su t hereof, wher the -1- er diffracted, l.ight 107B

i nci dent on the f)h f‘ﬁ&é’l’ CB‘IPé’f?é‘nWﬁigﬁ @%ﬁ’g{%\‘ra tipn gndpYinggle 2 | s

]1: ocused bejfigp@ratibh @fta- écﬁﬁ;@t mﬂtoml Sptlﬁapﬁaxﬁﬁﬁhdﬁétorwwué‘éd fnasi gnaldsl anﬁ
ocus error nals are detected from a eam,angn ected |ight

boams o ngisS Ao PESEREma: At FERtch IS & SN D e B0, whil s

trackizeg efepoodsctingsiprale ahddeirtniskindsafsemn Sgaaks, avﬂnmegréfemmgrﬂe Focus

Servo i s o diso.that the .rl-o0.der diffra Q t he

o ey PGP i ey ¥anh B b o S it ERor 108} steRE R BT g o

el ement 108light eourgghis difftactedfinsulstizention myvtelv&dsmrﬁlesﬁgere)hytahe

phot odet o496 HeiRBE forabilf HifCHERI R e BELAThoR 0o tHat asBofipams have

equal quantitres € posTtio Jective I'ens 1s

control | ecprldyrﬂm@fstbe\ﬁeme be¢romes/a apaiadysam While the firstroxster ightspt i cal
sem ceRduqlL.9y bgé‘d&hﬁ%uﬁ%éﬂné’pt’l‘ﬁé’ée tkﬁfegrﬂéﬁfxﬂé’&ﬂ%‘ixﬁ’&&ﬁ?'d}%sﬁﬁi’hﬁ? can be
Ao eV e P ased on an Hdbimation retording metiuns 106 by an objective lens 105°" 1M
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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sane photodetector el enents 104A and 104B are used for detectin

reproduction signals and focus error signals. Since the 1-ordergL£?J)§£;ggﬂz
i ght having been subjected to the conv@rgi ng and di vergi ng effects,
respectively, at the hologramelenment |03 have to be received in a
def ocused state by the photodetector elenments 104A and 104B, the

phot odet el qho RleTRIHiRdLOAGhPOLeIOHR sRiThcdiBiiiebr € |1 ght - ecel i ng 20

areas, approxinmately 3 I'n the case where the phot odet ect or
el ements have |aR@érqdwngnrse§@a1§|qwi facugerray denplsarentertedizem associ at ed

with the nﬁa&&ﬁeaﬁpaa&m@lt%%hgcwaqﬁg@tsseaﬁawa%wg bEPRIUIA (Ui CK
responsi vegess si gni f| cant I y Thi s r@?rtl cul ar]ly has. been a si gnl ficant

probl em 1948, »hile{ragkingerrar siEnalgarepeed, for
I nst ange, @éteét%uq&ain éwseﬁﬁnstdxﬁsﬁ &H@saﬁfenalFo%ag%érvcﬁsrﬁémmé&sothere has
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DI SCL CSUREYck e sé1NH e%rﬂ'@f@cf thigs su b@aﬁm@%d‘v‘ér&ﬁﬂl RghanBitidset, 1t is an
obj ect, of ltklP pr.esent g‘r‘) r} 6?:l?on to solve the ﬁg;{) %ascrl bed probl ens of
the prifor BgRt Pesifiopntdbe ahiestitveclensde sprtyrte &G SEEY®Bapabl e of

r epr oduci n,ghafebynzi@ lafﬂpt‘omﬁateemlidh Gﬂthﬁédpumladen&cbn@ﬁbtﬁﬁd@dm@% &Pt ai ni ng
reproduct| Q an.excellent S/N ratio, and an

opti cal g?%t‘?ﬁﬂﬁ%"&b%m%as ecvéceeﬁ%‘i‘ gﬁl B804 same. An opti cal
sem conduct or debn tle fmfregdsmgpmasentlonal/ephcairselmmcbﬂdiMM deivﬁ:ssetheel ement > an

emtted be [ onf ht beam fromthe
| aser el ene%g#)hpgédz}q% r§ |IP R4 1(?){,)( dng)«%age Péé(fg%rt%e&e ég% di vi di ng
portidf f mepdodmazmmg smgads hadtfechd elg‘m' sigmadsf r Bincarthierd loorderi diffraetedr di ng

di t i . | - det ect
e um | gl R R AL PR ot oL
t he divi sm@ﬁpbﬁ}tl‘f&lﬁ, atewheehmleermaaiemam&%dlmm lemreveived im alef ocused state
a first diddpasldatag By 'ie gHitbddiick: géx?l‘éﬁﬁé RoiRe. e ddcipeam di vi di ng

portion an acts the reflecte aV| ng passed through

t he refl edthatodetoston elemengs JOAA and AQQBansxstghave dragedighigreshvtinget ect or
el emenf f%reh@%%ﬁfdi@mh%lérﬁﬁ(ﬁﬁ) Im@@hcﬂearﬁ tH@%hé@w‘Pﬁ?@tﬁé’bl ected to the

dlffractlte){ré} e first actlon t|n 15 This configuration allows
the diffrRRUE ﬁegmr?}smamé agg lprge HERToRbiviag BPasHECREIS ect ed i ght

beam f r omdafpacitahesdrasdceintedGeitHithe F‘ﬂﬁﬂb&léﬁebtbrtélemfehwin&bﬁéé ,ahbidby grating
to substantial.ly fqocus op the re uc -SI% Tgﬁt ecté Mﬂoflodet ector
el ement, tHRAR %‘é‘cﬂtmﬁl‘}%’ﬁl ?lée§s031gg&f@g £ PALYE 3% ea of the
20dr epr odwmmsmﬁeindpfdﬂémnghphcﬂbdé@%d)?mﬁmm etdhare aI I lows
r educt,.on t.h the ot odet ect el enent,
[ hor oB0° o aehrod et AAE HIBR 55088 YBF LA Rl Al ey AT PR I HAERS Phe o
Fur t her normormalsspeeduc tiurthedmores thesnhas beem the[ﬁmlhvmtg mbhlgrwsl welBt ecti ng
phot odet eqhof el LaEPh ﬂee&g;p e s e

or ec repro

i ncident on t et ec? Pion o ghal s,
t her eby alsigiilschaepd ghin rtmegsnagsamm shray lmht@pnmmesxwmadmtto be
obt ai ned. iharop (&&br&ﬁfﬁw%ﬁfe@é s‘i‘%y'reﬂe&floﬁ)hi%cpéaf‘s%efﬁeﬂewe““ on that has

anot her copfiguration i nc aser el enent first optlcal _eSerrent
throudf wifleceaging thesagnal; @h&lmsgaﬁfflpf(bﬁirmne qeagefer@%%% SHgetie) af 30
second optghealepebdadidn Eipnals.vi ding the reflected |ight beamfrom an
information recording nmediuminto light beams in different focused states
and a first diffraction grating that is provided in the first optical

el enent arPISOROSURE @EUFHENENVENEIONd | | ght beam havi ng passed t hrough
the second opti el.enment. An optical nt of ,t.h sent | vent| on
ol udes: T r SThergtoEmith Bhe freghine Runipduide ababin tehR iieeen)

t r ans3ar ennvantibartoaolvd thet aboval- dekesiledr miobdet s ©f the gridi fafrt ,camid tm gr at| ngs

and a Sec%l%vﬁ?et Lk %lptl%lafgglﬂticonductor device capable of reproducing an
information recording medium at a high speed and obtaining reproduction



~ 2 DE C 2002 4 that is provided on the other surface of the t S )
menber and that divides a reflected |ight beaminto |ight beams?g EFEB[?UUZ
different focused states, wherein the f8rst and second diffraction gratings
are juxtaposed in a first direction, and gratings of the first diffraction
grating are arranged in a 5 direction different fromthe first direction.
BRI EF DESGRERA1sGMithFan tkcellRAVNSNSS dfidzant ais opticabadesmatioanalocysstng

i1l ustrat i{leq,.a schimat i G caonf iﬁﬁgrat ion of an optical sem conductor device
accor di ng Y975 PMPLYIRE thESAMSent of the present invention and an optical

i nf ormati on pr ocks sphgabssmienduptarydavicd bftlapreseft Gavéhtion inqihides\a ew of

1ttt b di vi di ti ing.th tical L cagnduct ' h
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i | | ust Bat i Inghtabddmffromtthdila$eradeimemtdntd apduralitynef leghtt hexdnbieam di vi di ng
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grating. FAn®ribatienaaceding gediphamtoilightdpams i diffgrent foatsedtstatpsan 20
. C . t

the opt1 cae e BTG EEhLRIR G AT UGehh b} SpBARLE AICR R TTED 11
i 11 ustr at i Inghtakeasms obtainbé by thewdisisign pyrthieaeflentesnbeginidinidingportioduct or
devi ' ' ' t.han. 26 FIG 7
e an T & BB dBRECR fn ARG, ackilaniiSe SRbVIRAIR A", =000 cal
seni conducemittedbeam divedinginngtion and Hhatoddirpets me@ctqdwbgbt beamt
. O on. v Bl . ; BOOUDA - Crati
' angenori pE Jassed PR ARSI MR Myl Ree ,Eﬁﬁ%ﬁfﬁ&éﬁ B onont 1 30

the opti catignakflelsstingudotedstesoralement for reserviasimefleatedilbglt beamsof the
P esent | BV honindobto W kSiARA ) e pcnARG g,
sem cdfduct or delhiecontigyratipg allow et‘%ﬁ‘é“é%’b’é@h‘n&ﬁ@i’é?é Bﬂéﬁgr esent
i nvention. difaktién ot Phé Seffect6@Fighs HehhPRdm Yhe Mhfokidstidrptdcagdidgconvent i onal
onpl oy ng BRAERY the 55 EffeRgion gatbps bR phPET I REB RORTR O
reproduction-signal-detecting photodetector element, thereby making 1t
possible to reduce a light receiving area of the
20 reproduction-signal-detecting photodetector element. This allows
reduction of the capacitance associated with the photodetector element,
thereby ensuring high-speed response of the reproduction signals.
Furthermore, the reduction of the area of the reproduction-signal-detecting
photodetector element leads to a decrease in stray light components
25 incident on the detecting 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.
35 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



First Enbodinent FIG 1 schematically illustrates an opti cal
device 1 5 (basic cross-sectional configuration) according to tmcx Bgeozoﬂz

enbodi nent of the present invention, and an optical information processing
device 2 in which the optical sem conduct or device 1 is enployed. The
optical information processing device 2 includes an optical sem conductor
devi ceI 1, tamtdbjpectlidvéd dretite dthed subfacy if nhe a?-dﬂ@atrehemaxﬁbéﬂ had thbgm t he
optical 10,.se con ct on, hce 1.into i nf ormat i.on r or|n medi um 3
(Por F st dHEEPS Pelieiegd it ot it fithatos LR Get Fodiss Salle
mechani sm Wheferml tﬂalert‘gwsaohdcmaomd dtﬂfmcﬁmﬁagﬁaansg ae ythpodedinn & fissgnal
processi ng,.ci r.cuit t ho &9 tical sem conduct or
device 1 ?‘HE?‘EPHE& %I“g%tﬁté d?fu t3‘(?rfn % (ﬁf}‘)}?’\{.@ﬁn 15865%?55%’1%£19130rp0rati ng
t he sape, dinection différeat fmine thatfirst direotibed on t he package 21. By sealing
the sem conductor elenent 11 in the package 21 and the optical elenent 31,
the optical sem conductor device 1 has an integrated configuration.

| ncr easi ndSthEFelDESﬁRI\Eéﬁ’iéHﬁQﬁ"It}hE BRAWIrT@;GSnproves the reliability of the
sem conduct or el ng.11. 2 con ct ar ement 11.includes a

phot odet ect or elglﬁ'ni 1% AR T 93“%%@& S%?“ﬁét ¥ eﬁ‘é %8”. ons 43, 45,
and 47 t hatondigairptioni afech dpticdl senstonidddtos demoeract:bn&hhglto aofirst silicon
substr te, d . . sjlicon
subst 13 o cifEdaSRbCAR ek ahe LRSI ST U SpbiCal IR RO RriREEinY
conmpound pleoncelethpdoyingiibetsamef a 25 recessed part (not shown) havi ng an

i nclined surfac § At The

sem conduct or | :Ee(fﬁoéeF@%S %g;@vﬁfhh%qﬂ tg%&eﬁé ea‘%"\%ﬁ e?rtr\ﬁ{/a?vghengt h of

appr oxi matanticadcemicombortandeyice shawpisakiGslenitted in a Y direction from
the sem conduct opyiasgd aﬁ'eﬁ!%@ed@:l-ossf §éétﬁﬁfa§%&¥ %)B&ﬂca éuﬂ%gtlsalﬁﬁ Ee% SO

as to be directed in a Z directjon. e note suc a
inclinéd distaitiractiomaentdng i fhe ﬁmltt@dcte@én \rtherieng reridenishewauin BIG| aser
el ement 5lgis of a plane em ssion type. Thus, by integrating the

sem conduct or el enment .51 and the phot det ector, el ement 41 on one
silicon subst ra?ﬁféﬁtlé‘r an gylangedcrpgs-pemtin ?é’l%‘f‘r&lp%‘rﬁc@ lyallystiatme

sem conducdythde entiodimiént REEHD figst ﬂifﬁtahﬁoﬁ?atwgere 35 the relative
positional rel at# ns |§ bet en t e _seni con {lf: @%b&‘ﬁ eI errent 51 and the
phot odet ect or el eh&n? %41 € RedeV FPERECE, Brocess for

pr oce20i ntarrhagsiment of datdmsixrg&teet(ohermbhﬁltednnethemhotodetea& dlefmer}GR 6
form ng trlri1 dettect1| n .For%i Qns and tplfe) rece d part by usi ng mask

al i gnment )’ G @ 68 ¥t “ﬁ%rfi%%'ﬁﬁé 'r of steps, thereby

shorteni ng the t¥FHe. 6 egaiplaal view ﬂ&esleahhrgrzgl emdtted dheaimndivideng pettioms
conpar ed t her d then
they are ‘ghf:%l;x(gaﬁ@?fw .1@9#%339? }‘%rr%&’ ﬁigﬁﬁéﬁ, pd?‘g]ng | us?ﬁ'%yﬂ?en
Fur t her norRgesenkinkendian.ng portions and the integrated circuit either for

curren-vol tage FRFV’?'ES'Sb%Tal’Pfsné%{' téﬂratmggnagﬁnﬁetwegﬁﬁ dtrlamé gﬁft@% ecting

portions or for calculation of sane e provi Inte on a
silicon subsan gpHcalsgmicendustorid eyy&@%toedm o g thizd em

device. It I@Q@ﬂt;hmtil&, noted that the |ight source |s not I|mted to t he
sem conduct or (5 and a aser qf anot her ¢ instance, a laser in
which SHG i s usgﬁf {5 BR eplarged plan vigyspeg yi t’@dt’i‘%ﬁp el ement 31 is
conposed @frrﬁn@éﬁﬁnﬁ@ddeﬁctﬁx@ée@ﬁﬁm?rm@hfd@ﬂi in ahphbtwlesetitsf elﬁdm@lht in 4 i di
transpare Wt spect,t wavel en te i viding
porti %ﬁ 6% S P&r‘tt\% gﬁcomitbcﬁgr ?VlgﬁraF‘é n%?‘)?h%%ggg %ﬁ%’ a |ight

beam em tt;ntésénbm\tdlmmem conductor | aser elenent 51, and a ref | ect ed beam

di viding portio J oi ng
surface, for di leé s‘)fs Qﬁ%ﬁ?}ﬁ%&dgﬂaﬁe ‘Ict%gg ﬁ%g@?t H@St n Mk}ia{“l?%%gr ecor di ng
medi um 3. dmbodignem @ﬁa.xdopeamlr elemeaitig the opdical semédondarctior devicei on grati ng
is provid am havi ng passed

t hr ou%rg tﬁ% P%E]Bgct??g@@gfr% %ﬁl@f)g?%gﬁ gfrdﬂlyéoﬂte%fﬁglrlr%%ghtl e reflected |ight
beam Bfom t he i nfErnil 1w cr@@cﬂeatlngafrmmﬂitastrarﬁeg@rﬁqnveotm&pamab| ng
portion 6leailohBcto?deidetthd8aBplical hidgnRAidd cZésﬁgyde%eor ovided in
the formof s parated first and second optical 25 elenents. Furthernore,
the emitt &3MB Wllb?d?‘ﬁ’tj portion 61 may be configured sinply to transnmit
the Iight beamemtted fromthe sem conductor |aser 51, w thout having a
function to divide the emtted |ight beamfromthe sem conductor | aser

el emrent 51. A light beamemtted fromthe sem conductor |aser elenent 51 30
passes through the emtted beam dividing portion 61 and the refl ected beam
dividing portion 71, and is focused on the information recordi ng nmedi um 3
by the Ob] ect| ve Iens 4 A reflected | i ght beamfromthe i nforrratl on

. . o
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35 beans 83 and 85 thus obtained are guided to the detecting portions 43
and 45 of the photodetector elenent 41. Furthernore, the O- order fpg[ztzﬂbz
light (transmitted |ight) again enters fhe emtted beamdividing p

61, ~z DE c zooz and is diffracted by a first diffraction grating

provi ded on the emtted beamdividing portion 61, so as to be guided to the
detecting portion 47. As shown in FIG 2, the enmtted beam dividing portion
61 includ iffraction grating 63, a second
diffracti gﬁE&?g%ﬁ@@SéFrﬁﬂgww@mgffractl on grating 67, thereby

conposi ng BirkhEashdl enerating diffraction grating elenment. In the

drawi ng, respect] attern t.he d| fractian gratin a | Lustrated
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further. Wﬁr@lceedflp@yrmppw fenpracessing thy silicon subgtrate @rtlﬁe afces PYct i on
efficiency of the +1-order diffracted |ight beam 88 incident on the
reproducti on-si gnal -detecting detecting portion 47 with




25 priority to the diffraction efficiency of the -1-order di ffraqltdeIE@rg[]Uz
beam 89. Therefore, the quantity of the signal l|ight incident on the
reproducti on-si gnal -detecting detecting6portion 47 increases, thereby

all owi ng reproduction signals with an excellent S/Nratio to be obtained.
The step-like grating 63A can be fornmed by, for instance, carrying out 30
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speci fi callager pf asotheritype (for idstascei adassoriniwhic s usdi nolay be

r epr oduct i &fﬁ |ng 10 detecting portion 47 of the optical
el enent 41‘.9 éeigggitgg{gt%%ﬁéi%ort ion 43 includes three detecting sections 433,

435, and 437 extEhepnticahelamentdl iscompesetind adeaseomiadg of ecglasnonas i s
di vi ded i nfe@j} B%@ﬁl&@ﬁl?éitggﬁfﬁgﬁﬁlspﬁgéﬂcy #dh A3Pect b & wavdlésstt @&d, The

detecting portion detecting portiqn 43, inpclude$ the detecting
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secti dfts 45Bemitied hegan goviding porfaon 6 a8 Providee on ee absurtaces ofithed into
three por th Qs fod@ridihg3PligRD Bedm3Omitted HonY tHb SBRTiEGHHUIOE ise®! T OF Signal s
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ST 2 Sulloalmile o0 AR bk i ot St of 1
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437, 4B3a,poidin 6153 diffréebonardtidfEishroeidedetdnt daadeSiriidgh)ateS(ddile),
SCEIIE (OINCE N i e e )
det ect i ng gmongdhefreflected lightrbdzenfrdmdhe ibframtian recortinsmedivmzd, t hat
e .
sub beans prioreqlaay bgprovidedintthedormmfseparateddinss andsesgnd opsigal sf i ed:
{ S(43%5+S(dements S( f’ﬁ@hﬁﬁﬂ'ﬁ@ tifemitted beam dividing portion 61 may be
configured simply to transmit the light beam emitted from the
semiconductor laser 51, without having a function to divide the emitted
light beam from the semiconductor laser element 51.
A light beam emitted from the semiconductor laser element 51
30 passes through the emitted beam dividing portion 61 and the reflected
beam dividing portion 71, and is focused on the information recording
medium 3 by the objective lens 4. A reflected light beam from the
information recording medium 3 is divided by diffraction in the X direction
by the reflected beam dividing portion 71, and +1-order diffracted light
35 beams 83 and 85 thus obtained are guided to the detecting portions 43 and
45 of the photodetector element 41. Furthermore, the 0-order diffracted
light (transmitted light) again enters the emitted beam dividing portion 61,



As descri bed above, the O-order diffracted |ight beam 87 fromthﬁzzg‘]:,ée&tfﬁh
beam di viding portion 71 is incident on the first diffraction 2
2002 i0 grating 63 of the emitted beam dividing portion 61) and the

+1-order diffracted |ight beam 88 obtained therefromis incident in a
substantially focused state on the reproduction-signal -detecting detecting
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confi gér atirem the fArsrdi ﬁ@fémil 4 ?’ﬁégéﬁu pheained ge thepainb &fb‘lﬂ@]t R ]é\'é‘bl y a

conver gi n%Pbr&éN&ffﬂhBﬁbdeﬁ Bt oBt@ind DitonP B Beco@n Bt Rigd Hiffta@sded by the
first d|ffract|on 8. Ther(gfor S possible to change freely a

posi tion ofrafiRgsy §i§ hare ehtageedas wh@ﬁtﬁ@@ ARdi4 KespestiieRat i on
recording mbbwbalﬁ:g/col%cmdlmﬁohﬂle%my@iw Rnef4 49 foéwinBgnédmes. This
makes it possiblge to make the refle ht beam fromth ormati on
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modi figd Sﬂlr%ﬁﬁhoa R4Sy tw b rgl VI Rz@%d&;%ft}%l&?emﬁﬁx Fh#thér, 18t 8 Pl an view

illustratin emtted beam portion 62A accordlﬁ%tothe pr esent
enbodi mantnupqegcaﬂ; apertyye of the obJect1ve lens 4 be represented by

Furthermore, let a distance in an X direction measured from a point at
which the optical axis and the emitted beam dividing portion 61 cross on
the emitted beam dividing portion 61 be represented by r. Here, the first

30 diffraction grating 63 is formed so as to have an area that includes at least
an area satisfying:

r < dxtan(sin'{(NA)) (Formula 1]
35 The reflected light dividing portion 71 is made of a hologram

element composed of gratings, each in a curved line form. Among the
three beams reflected from the information recording medium 3, as to each



enl arged plan view specifically illustrating the photodetector 3 .
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48a, 48b, 48c, and 48d for detecting refroduction signals have the same 10
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in a broad i n C a .so optical pickup 25 device in
whi ch ¥he @b‘?‘t"@gﬁ %"@ﬁ‘?‘é’cﬁfb‘ﬁﬁ ‘@‘Fnﬁé’\ﬁlb‘éaﬁ% ‘t’ﬁté fective lens 4, and a part
of t heI control gEI:(Buacmmaﬁ e&ﬂ@rgmohrbes smebrmlsnewasp@eithgmlm ]Mh tmingteh .
optical sem conduct t i nvent i t he er hand,
in the cas%n%rﬂﬁs‘%*’e ftglﬁ%{i&?t ?nﬂa ?gabolgtl (TG RES Rddpendent I v,
it is cal Imblﬁhmmngcamdamgularlcmea sei:dammcarepravﬂegta&dlﬁrecmmgrdtangse,
whi ch al so_i a i a uct or
devi ce of (’E%Igep 831}1% ffr%gg%f?ca%ti%kr_%%[tﬁgég f lrsq’%ﬁgﬁﬂ%%(?ﬁn%%gg&g%escrl bed
enbodlaﬁentishesﬁrmgadar 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



30 exanple in which an area of the detecting portions for detect i‘ﬁn@ DEC 2002
reproduction signals is reduced, this invention is also applicable to a
detecting portion that is required to p&rform hi gh-speed processing for a
different reason. | NDUSTRI AL APPLI CABILITY Wth the present invention, it

I's possible to reduce an area of a 35 reproduction-signal-detecting

phot odet eqgthmtosnsitivd matesmal apta diel. ik configutation aldocmakEiiispossilee it
possi bl e t,0.provide, an.@ptical jd.nformatd.on processi. evyicq that i

Popabl e oftoBrarhEhe Bl e il et G g e 85GS iR it Py 6B

obt ai ni ng ineieat vatthereprodadtsonsignalmletoatiig detectinlg patiom 47 with~ D E C

2002 CLAING. 1.. An tigal ;sem.£0on tor, devi LI.SIAg..a | aser el ement
5 an em ttpéf'(lj‘;lr tl)té’ér%t T Pﬁ%erp@fﬁgS%lﬁ%&%g?glgﬁgg%gﬁpeﬁ ?]?E'ié“}% ght beam from
t he | aser repeorbrtionngignalspwithahn eycellenti rdieate ba obédinedt ed beam di vi di ng
portion for divigdj . : I: r Fly Wolt cordin
ot um i nto |1 grtenanbdiftchGion Bratiflies BAY b AR AUl AMalf o1 € 1O
ser vo- si gnattadeudar diffraption@retimesor el enents for receiving the reflected

| i ght beans obt g; fy, YRS : : jvidin ortion
in a defocused ?}Igﬁg’.% q’rli Eg{eﬂgggi}%@ﬁ%%@%@%ﬁgﬂgg@gﬁgtgi\?l ded ignpt he
em tted beleteating portionsodd and 4ndndtthe répraduntion-signal-detestingd | i ght beam
havi ngapa t S i vipgi '

Si gnalqp det%%ggﬁt@ Eﬁl(t)tt%gggg edg? lg{ra% Flgrgrgaﬁfté or riej'ce’lr\ﬂiél3 ﬁgt%ﬁéeg@etgﬂﬁght beans
havi ng bedncladip ébresidetecting agictipna dB8BoA3byand 437 iexéendingfingst Xon grati ng.
20 2. The M ot=1 ) } i ; ' bdRtdonsMipgLi n the
ot ect od o IHE SQREHEE oo Bk £ RXRREITRS I dpuone g

di f f r act edt33p, apd 433cdn ay¥rdrectiaron Hhedetngtingorariion 49, ike haises on a
surface ofddtéatisg porlion aBeRidfdePIN QEREHREYeCcHbARERBB; 485, shd db%. opti cal

sem conducgt.or .devi.ce acgordj t im1, wherein t
15 qlt'he detecting secﬁon zfgégls d(ivfde?i into three portlnonsvf53a, 453b, and

453c in the Y direction. Focus error signals are detected from a main

beam 81 among the reflected light beams having been guided to the
detecting portions 43 and 45, while tracking error signals are detected from
sub beams 82 and 84 among the same. Spots formed on the detecting

20 sections are shown schematically in FIG. 5.

Here, let signal quantities detected at the detecting sections 433a,
433hb, 433c, 435, 437, 453a, 453b, 463¢, 455, and 457 be expressed as
S(433a), S(433b), S(433c), S(435), S(437), S(453a), S(453b), S(453c), S(455),
and S(457), respectively.

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(433a)+S(433c)+S(453b)}-{S(433b)+S(453a)+S(453¢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)+S(455)}-{S(437)+S(457)}=0
35

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



diffracted |ight beanms of the sane order diffraction by the first‘][z DEC 2002
diffraction grating are subjected to the diffraction with differen
diffraction efficiencies, and the diffridted |ight beam havi ng the higher
diffraction efficiency.is received by the signal-detecting photodetector

el enment. 30 4. The optical sem conductor device according to claimS3,

wher ei n eagtatgig68 nlgtliﬁmetdi&eﬂibe&tm di\fiﬂir@:tr)]bﬁrimgsat ang the +af-orteri ncl i ned
type having..a_s = L cr -.sectippna ape or .a triangula )

o bos- sect Tttt At Both I naie it BORR fe Birifet i A UPBlantialY i ng 1o
clai m 1 orfo2usedstate ontthe deipredudidd-signtal det@tirig dgtdcsinpopmoiedddf A
gratings) ea of I Gh is,in,a ved .l ne form 15,~ 2 D E C 2002 6.
The optica poggﬂf%‘é%é’c%rﬁd85(?ec,re‘ﬁg%88tte&li1 ttlbead:f’aﬁ%r?’i%h? 2, wherein the
first & ffreprodoctigi-aigrad-desectomyp dedtinie porpiow 47 i yhodndichématidadly grati ng
regi ons hayi the sa | ffractio ffigie .. 5 T,o:The opti cal

sem conduc]tnoﬁp%'e@‘i cémar;r%ct dﬁ%&r(ieg @#ﬁ??ﬁeﬁ lbé}ﬁbzll,’e%egrseﬁsﬁnf:&nﬁ:ﬁﬁgfeon

di ffracti om ghreatubsjantabypfposed sshtegttht eaptoduabiohi-§ignadidietectiyrgat i ng regi ons
that diffegf t ' directign in [ arati:n are arranged.
108, “The- SsiebA BER0oR A hay hatech FEE R D BODEE HE S 2 et ei
the first cinhiparectwith theanthey detectvgpeectivnsi438, MB35aandotB Tfoattsenvp.r egi ons
havi n h | ]fbelé L Conk r ) The optical sem conductor

devi cgmtacgggggﬁ(é tgédcﬁg? m é@??gﬁeh\r/\%gr%?% ofz.h?he first diffraction grating
i s conposettpspductonrsignial esecting fletectingrpaption 4§ allogisdire aapacitdinee de a
spot of th ' The opti cal
sem conduc%sos:ogfglég(?g‘g%lct:%%pt‘i’?ﬁgﬁ%&gfgéﬁﬁx ?Lﬂto%sé(?g?%%kiv‘\gg% thech é(rlﬁ tted beam
di vi di ng perereby ensupipgihipbispgedmesponsptafdhe repredustiangignglvet wveen an
em ssi on th%e?fno&@,?tﬂi@?@idseﬂo%@éreﬁ,@giﬁsfﬁ‘y’liéﬁ?@éorﬁﬂﬁﬂ?ﬁjt Vlth@%ﬁ'ﬁt ective

for egdiing ThA EADRANEHOT LB deieting S%ﬁ“e?sinfg&?@&fcfmgfitﬁ%ge%ﬁs AJapiBEying A
formul a sh@proletitvn bipndily Wil ah @xeslidmt SN ¢2tibe6 RDLINRAIMNRE
signal -detgct i hot,odet ect or el enent: 16 r s dxtan(sin'1(NA)) where: 12
D E C 200 —%@&&8&-@2&% air-equival ent distance fromthe em ssion point
of 5 the |aser eFHEE®is 4 plaheiamillasttatiagmnmeinitieddbdat dividing portion
62 according to the second embodiment. The present embodiment 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
25 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
35 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



NA represents a nunerical aperture of the objective lens and r repae S
di stance froma point at which the optical axis and the emtted geznbﬁé Zoaﬂz
di vi di ng portion cross each other on thd enmitted beam dividing portion. 10
12. An optical elenment conprising: a first optical elenment that is provided
on one surface of a transparent nenber and that includes first and second

di ffracti csacly gdatirgsofthd fifstaliffesaivh gpitie@bs8el enent that is provi ded on

t he ot her rf ebof.the transparent nenber and that divides a reflected

|i ght beamgiﬂi—&m%%ns in different focused states, wherein the first
and second di f f r'Eké thirdgmbodigserarie anlegaappleasn which the einided debnon, and
gratings of. the first diffractpo rati.n r.e ar ed in 20 a dj.f,ection

i freront difiPemortiondt i R g PRBiRE S BhARG ALK Rate BHlIRg 0o
claim b2, aethereohfigufaticd. dFIGr add & phayvidw ildustradingsan entteddbany pe
havi ng a st.epy.li ke crossssectiqnal, shape or tri angul ar Sg-secti onal
Shape. o5 AiTRIiRedefioR A BFlorE i HRRB Rl PR FAGT RS T o

di ffracti canlgrgdd phan siesosmaifichlbyf ilhrsitatigg tkaphotddatheton element.a cur ved

it ai fipideeis oHfEy PRy atef ERERYERIe L0 AU RihE o BBRE 7oy g

regi ons t hifla,dishi dBcf amdd8ddor deteetinigreproductir signiads hhve hhesamiengs are

d | ; ot '. : ; AL
35 o M A hieHIERUAL s oBELE AR alE GRRLEA P BARHRG W RARERTPL ) T,
| i ght beanwithothet spame seferentecenameralst o a plurality of light beams ~ 2 DE

C 2002 17 an optyLale %%t‘é@&“b%glfnv%{iﬂidggﬁ%ﬁ)d éﬂ&%c@&faﬁ%?mﬁé g?é’se'?% the
o

division by the emtt eam ding rtion to an mat1 on recordi ng
medi um a réhbedireents shenfiast liffragtionrarpbmer@t istompesed of a pluratiteef | i ght
beam 5 fr ofrtrhetibR bPAtTRE reBidnBGRitH! g1t U #ThEei@nk IdgftctdadMffbrbid T T er ent

focused states servo-signal-detectjng photodefector. el ements. for receiving
the 15 om each other. ~"In the first diffraction grating 69 shown in FIG. 7, four

diffraction grating regions 69a, 69b, 69¢, and 69d with the grating
arrangement directions different from each other are provided so as to
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¢, 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, 48c, and

256  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, 69¢, 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.
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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
35 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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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
156  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 3. 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 5. 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.
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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.

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

10. (cancelled)

20 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
25 entering a region satisfying a formula shown below is divided so as to be
collected on the signal-detecting photodetector element:
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5 the laser element to the emitted beam dividing portion;
NA represents a numerical aperture of the objective lens; and
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

15 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.

26
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.(amended) 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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reflected light beams obtained by the division by the reflected beam

receiving the

dividing portion in a defocused state;

10 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
light beams having been subjected to the diffraction by the first diffraction

156 grating.

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

20 photodetector elements.

18. The optical semiconductor device according to claim 1, wherein:
a pair of the servo-signal-detecting photodetector elements are
arranged symmetrically with respect to an optical axis; and
25 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,
wherein the pair of the servo-signal-detecting photodetector
30 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
servo-signal-detecting photodetector elements.

35
20. The optical semiconductor device according to claim 18, wherein the
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