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Structures and operations of a conventional optoelectronic device are
described below referring to FIGs. 17, 18 and 19.

15 FIG. 17 shows a cross section of an optical system and an
information-recording medium of a conventional optoelectronic device. In
FIG. 17, a broken line indicates how a light beam emitted from a
semiconductor laser 1 and a light beam reflected at an information-recording
medium 5 spread. In FIGs. 17 and 19, cross sections are not hatched for

20  specifically indicating the light paths. _

The light beam emitted from the semiconductor laser 1 as a light ,
source enters a hologram optical element 2 having a diffraction grating region
8 as shown in FIG. 18. The 0%-order diffracted light is converged on the
information-recording medium 5 by a collimator lens 3 and an objective lens 4,

25  and reflected. The light beam reflected on the information-recording
medium 5 is guided by the objective lens 4 and the collimator lens 3 to the
diffraction grating region 8 of the hologram optical element 2. The reflected
light is diffracted again there so that the first-order diffracted light enters
photodetectors 6. The reflected light beam guided to the photodetector 6 is

30  detected and calculated so as to detect a reproduction signal and various servo
signals.

In FIG. 17, an alternate long and short dash line indicates an optical
axis 10 of the light emitted from the semiconductor laser 1. FIG. 18 shows an.
effective light beam 9 of the emitted light passing through the diffraction

35 grating region 8.

In the above-identified conventional optoelectronic device, various

signals are detected by selecting among light beams emitted from the
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(the Oth-order diffracted light of a light beam emitted from the semiconductor
15 laser 1) becomes stray light 20 to enter the photodetector 6, a signal/noise
ratio (S/N ratio) deteriorates during reproduction of the
information-recording medium 5, resulting in degradation in the reproduced
signal and instability of the various servo controls. ‘

“:

In view of the above problems, the object of the present invention is
20  to provide an optoelectronic devicé that obtains an excellent reproduction
signal while allowing a stable servo control by providing a means for
preventing deterioration of the S/N ratio caused by stray light.

Disclosure of Invention _ o

25 For achieving the above-noted object, the present invention provides.
an optoelectronic device comprising a light emitter for emitting' light beams
on a reflection medium, a light-beam-dividing element having a first
diffraction grating region and located between the light emitter and the
reflection medium, and a photodetector for receiving light that is reflected at

30  the reflection medium and diffracted at the diffraction grating region of the
light-beam-dividing element, wherein the light-beam-dividing 'element
comprises a second diffraction grating region in the vicinity of the first
diffraction grating region, and the second diffraction grating region prevents
stray light from entering the photodetector, where the stray light is other

- 86 than diffracted light from the first diffraction grating region, among
returning light beams reflected by the reflection medium.
In this structure, a second diffraction grating region is provided in
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apply light for recording, reproducing and erasing information.
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It is preferable in the structure that the optoelectronic device

‘ comprises a plurality of photodetectors, each of which is located between a

25  spot of m*t-order diffracted light and a spot of (m + Dth-order diffracted light
of the returning light beam provided by the diffraction grating of the second
diffraction grating region located in an optical aﬁs direction of the returning
light 'beam w_ith respect to the other photodetector, where m denotes an
integer. 7

30 ' Accordingly, a higher-order diffracted light (diffracted light other
than Ot-order diffracted light) provided by the diffraction grating of the
second diffraction grating region is prevented from entering the _
photodetectors, and thus, deterioration of S/N ratio can be suppréssed more
effectively. | | '

35 - It is preferable in the structure that the light-beam-dividing element
has a lens at a side opposite to the light emitter, and the second diffraction
grating region is provided so as to satisfy the following formula:



formed on the hol ogramoptical elenent 2, and it passes throwghapdecos

hol ogram optical elenent 2 so as to enter the photodetectors 6. For 10
clarification, FIG 19 shows only +firstyorder diffracted |ight received by
the photodetector 6, anong +first-order |ight beans that are generated at
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grating 10” ?%P&ﬁall@efr@m@ daffieientlyti f fracti on grating having a Oth- or der
diffraction. It is preferable in the structure that a three-beam-generating
25  diffraction grating is provided in an optlcal path between the light emitter
and the light-beam-dividing element.

Accordingly, a tracking servo signal can be detected by a three-beam
method, whereby an optoelectronic device with a stable servo control can be
provided.

30. It is preferable in the structure that the light emitter, the
photodetector and the light-beam- d1V1d1ng element are provided within one
single package. ‘

Accordingly, reduction in size and thickness of the optoelectronic .
device as well as reduction in cost can be achieved.
‘35 : It is preferable in the structure that the light emitter and the
photodetector are integrated on one substrate, the substrate is located inside
the package, and the package is sealed with a member provided with the



efficiency of the reflected |ight beamthat is 5% or |ess. Agoustiinghy,
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25 Itis preft_arable in the structure that the three-beam-generating
diffraction grating and the light-beam-dividing element are integrated in one
optical member, - o ' '

_Accordingly,‘reduction in size and thickness of the optoelectronic
device as well as reduction in cost can be achieved.

30 It is preferable in the structure that the optoelectronic device




| ight beam can be irradiated efficiently on a reflection ne@ag&numxms
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end-face |ight emtter the substrate has a concavity for locating the
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FIG. 4 is a perspective view showing a positional relationship between
the hologram optical element and the photodetector in the optoelectronic
device,

25 FIG. 5 is an explanatory view showing a positional relationship
between the hologram optical element and the photodetector.
FIG. 6 is a graph showing a diffraction efficiency property of a
diffraction grating used for the hologram optical element.
FIG. 7 is a cross-sectional view showing another structural example of
30  the hologram optical element.
FIG. 8 is a cross-sectional view showing a third structural example of
the hologram optical element.
FIG. 9 is a cross-sectional view showing a fourth structural example of
the hologram optical element.
35 FIG. 10 is a cross-sectional view showing a fifth structural example of
the hologram optical element. '
FIG. 11 is a cross-sectional view showing a structure of an



15 light emtter. Accordingly, the output of the l'ight. em ttaraganobe

adj usted, whereby power consunption is reduced. It is preferable in the
structure that an integrated circuit for’ processing an electric signal
fromthe photodetector is mounted on the 20 substrate. Accordingly,
external noises caused by wire-routing can be reduced. when conpared to a
case of providing a circuit for processing electric signals outside the
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20  Best Mode for Carrving Out the Invention
Embodiments of the present invention are described below referring
to the attached drawings. In the cross-sectional views referred to in the
description, hatching is omitted for specifying the optical paths.
(First Embodiment)

25 An optoelectronic device in a first embodiment of the present
invention comprises, as shown in FIGs. 1 and 2, a semiconductor laser 101 as
a light source, a hologram optical element 102 having diffraction grating
regions 107 and a diffraction grating region 108, a colhmator lens 103, an
objective lens 104, and photodetectors 106.

30 A light beam emitted from the semiconductor laser 101 enters the
diffraction grating region 108 of the hologram optical element 102, providing
0%-order diffracted light that is converged by the collimator lens 103 and the
objective lens 104 as a converging means on an information-recording medium
105. Thereby, the reflected light is guided back by the converging means to

35  the diffraction grating region 108 of the hologram optical element 102,

Here, an enlarged view of a cross section of the hologram optical
element 102 is shown in FIG. 3. The diffraction grating regions 107 and 108



25 FIG 5 is an explanatory view show ng a positional relati Gisdpfl 200ét ween
t he hol ogram optical el enent and the photodetector. FIG 6 is a graph
showing a diffraction efficiency property of a diffraction grating used
for the hologramoptical elenent. FIG 7 is a cross-sectional view show ng
anot her structural exanple of 30 the hologramoptical elenent. FIG 8 is a
cross-sectional view showng a third structural exanple of the hol ogram

optical el eiyerformbldGith diffrabtdnostt ﬁ%%tdiﬁﬂﬁént\/ﬂrﬁﬂ éa'EHVMtHQI ﬁl H?é'ﬂé}lf'ths

structural ex I f the hol ogram optical el enent. FIG 10 1s
cross-sect iaé}fgirﬂpeﬁgﬁ?%how ng a fifth structural exarrpl e of the hol ogram

optical el enent. 'Ph@dlfﬁfhctlsngratmg%gﬁmt 108# conmpmed vd\wi sﬁﬁ E@tglu@apre of

| doe f th
SPEZ’Snﬁpf'nven 2idn B BEIEBS pheIGEe 1 Rt HEGRT REMRAS Tl o e
rel ati ofAshilp ormmﬁe@rdmg)@redmmpwﬁ;ml dmidenlmttthanﬂffaaqﬂmt gudimg ragionn an
opt oel ectr quSCsodﬁél tEprffidd Qﬁrﬁe&t‘a@g JRIRRAL ght tl‘i_’a @Peﬁ?&oiﬁe ed af. the

cross-secti Vi ew show cture 0 ect ron| evice in a
third enbodﬁ’r?gﬂ@et@f’ Oﬁ'ﬂg)%r Q’S@ZJ(ECF kght beam Qﬂl@d Xthg pRopdetectorlO8hswi ng
a struct ur eatdulated aé deticest fnratele &P aTepoduttioaniiordlestd PRk6us ¥e Of
the third ?%ngqgrrent FIG 15 is a cross-sectional view showing a structure
of an 10 op ctronic device in.a fourth enbodi nent of the present

i nvent i8n.  FI G Tie diffhationigeatisgoegivg H)Bhasatdiffeactionagraititeegithi £d boar d

conposi g (RS tRRIASEHHHD e ﬂ?z¢lce1)3fmm§;ﬂ@wa%@1e%geﬂ%rHﬁaéer b 17 15 @

cross-sectional d]-%;%ShOV\A ng a ructure o onve ectronic

devi ce. 15 ¢ppge e gegroondyctay laperd Oy s thet adightd e@mant&;m@ﬂaen opti cal
el enent confiffgadtipd @fatimg‘li/@ﬁbm@ ney vﬁllhﬂﬁ';ﬁfsb &deLFg}ﬂMs%ﬁntlﬁllga Bi@ré Sp@

gt ent el P DRPSAr AR el s GpoRhin eoticaly b, 5 ot s

of thelpr evxder tlpnmfﬁmendseeﬁthebédfrbeﬂlwgrmHg régigns 10 7tvnes Abt Avked
drawi ngs. kRah@4Cross-secti onal VI ews referred to in the description,
hatching is omténﬁ’fr speC|f the opti cal fgﬂl:tl (First Enbodi rrent) 25
An opt oel ect r oni Wn%lr %@f‘dﬁﬁﬁﬁ‘ﬂ efectiveclight beamyent i on

conpri ses, passisigothiroiigh Eh@@lfﬁﬂaoﬁm EratBhSRIFGO 108.Ct Phe b&é@t’ivelﬁéhﬁﬁeaﬁ l'i ght
source, a Gol0gha0) 9PiL&R mlkteﬁ%m% 2 dadichfadieht 126H 100 P09
20  obtained as light reflected at the information-recording medium 105 and it is
' obtained from the 0"-order diffracted light passing through the hologram
optical element 102. -
As described above, the diffraction grating regions 107 are provided in
the vicinity of the diffraction grating region 108 where the effective light beam
25 enters. The diffraction grating regions 107 function as stray-light-removing
regions for removing stray light other than the above-identified effective light
~ beam, among the reflected light beams from the information-recording
medium 105,
The diffraction gratmg regions 107 are formed to meet the following
30 Formula 1:
r > d*tan(sin(NA)) - Formulal
where ‘d’ denotes an air conversion distance from a light-emitting point of the
semiconductor laser 101 to a face of the hologram optical element 102 where
the diffraction grating regions 107/108 are formed along an optical axis 110
35  connecting the light-emitting point of the semiconductor laser 101 and a
~ converging spot on the information-recording medium 105, NA denotes a
numerical aperture of the collimator lens 103 at a side facing the hologram



regions 107 and a diffraction grating region 108, a collimt @0 A@ii20083, an
obj ective lens 104, and photodetectors 106. 30 A light beamemtted from

t he sem conductor |aser 101 enters the iffraction grating region 108 of
the hol ogram optical element 102, providing Oth-order diffracted |ight
that is converged by the col limator lens 103 and the obj ective lens 104 as
a convergi ng nmeans on an information- recording medium 105. Thereby, the
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When a plurality of photodetectors 106 are provided as shown in this

embodiment, it is preferable that any higher-order diffracted light (diffracted
25  light other than 0™order diffracted light) from the diffraction grating regions
107 positioned above the photodetectors 106 is prevented from entering any
other photodetectors 106. For this purpose, as shown in FIG. 5, directions
and pitches of diffraction gratings of the respective diffraction grating regions
107 are designed so that the higher-order diffracted light is prevented from
30  entering a photodetector 106 located below another diffraction grating region
107. In other words, the direction and pitches of the diffraction grating of
each diffraction grating region 107 are determined so that each photodetector
106 is positioned between a spot of m®-order diffracted light and a spot of (m +
1)*-order diffracted light with respect to reflected light from the information-
35 recording medium 105.
Thereby, higher-order diffracted light generated at the diffraction
grating regions 107 can be prevented as well from turning into stray light and




30 Formula 1: r > d- tan(sin7' (NA)) Formula 1 where “d' denot3@sAmii 2004
conversion distance froma light-emttin lg’ point of the sem conductor | aser
101 to a face of the hol ogram opti cal ment 102 where the diffraction
grating regions 107/108 are formed al ong an optical axis 110 35 connecting
the light-emtting point of the sem conductor |aser 101 and a converging
spot on the information-recordi ng nedium 105, NA denotes a -nunerical
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grating of m denotes an odd number. Accordingly, a transmittance of 0®-order light at
the diffraction grating region 107 can be decreased to 5% or less, and this can
256  prevent the reflected Light from partially turning into stray light and entering
a photodetector 1086.
Description concerning the first embodiment refers to an infinite
optical system comprising both a collimator lens 103 and an objective lens 104.
Similar effects are obtainable by using a finite optical system using an
30 -objective lens 104 alone.
A stray-light-removing region of the present invention is not limited to
the above-described diffraction grating region 107, but it can be a shielding
region formed of a shielding material. For example, the diffraction grating
regions 107 can be replaced by shielding regions 122 as shown in FIG. 7 that
36  are formed of a reflective material such as a metal. Alternatively, as shown
in FIG. 8, shielding regions 123 can be formed of a light-absorbing material.
The diffr_action grating regions 107/108 can be shaped arbitrarily




each diffraction grating region 107 are determ ned so that eathApril 2004

phot odetector 106 is positioned between a spot of nth-order diffracted
light and a spot of (m+ 1)'h-order di ¥k act ed light with respect to
reflected light fromthe information- 35 recording medi um 105. Thereby,
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25 Similar to the first embodiment, the stray-light-removing region of the
hologram optical element 102 is not limited to the diffraction grating region
107, but it can be a shielding region 122 of a reflective material like a metal or
a shielding region 123 of a light-absorbing material as shown in FIGs. 7 and 8.
(Third Embodiment)
30 An optoelectronic device in a third embodiment of the present
invention has a structure as shown in FIGs. 13 and 14. Specifically, a
semiconductor laser 101 and photodetectors 106 are mounted integrally on
the same substrate (substrate 113) and located in a package 112, and the
package 112 is sealed with an optical part 124 prepared by integrating a
35 three-beam-generating diffraction grating element 111 and a hologram optical
element 102,

The substrate 113 is dented by means of a semiconductor fine




regions 107 can be replaced by shielding regions 122 as shows30iAp:F2G04 7
that 35 are fornmed of a reflective material such as a netal. Alternatively,
as shown in FIG 8, shielding regions 123 can be formed of a

| i ght-absorbing. material. The diffraction grating regions 107/108 can be
shaped arbitrarily 30 April 2004 11 when viewed in the optical axis
direction of the effective light beam 10.9 as long as the diffraction
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package 11¥ePIRAYCHAR, PIxEkingan aptoelectartie dovice tthathcarppravade paraxcallent
pr epar ed byepzﬁtiagﬁaﬁls@maa%‘él éBfeﬁﬂe Reaf-ates1at i ng diffraction grating
element 111 and fur aner%loe}:g] S E: %ﬁe semiconductor laser 101 and the
25 photodetectors 106 are located together in a package 112 and the package 112
is sealed with an optical part 124 formed by monolithically integrating the
three-beam-generating diffraction grating element 111 and the hologram
optical element 102, the reliability of the optoelectronic device can be
improved considerably.
30 Particularly, since the semiconductor laser 101 and the photodetectors
106 are monolithically integrated on the same substrate 113, a small and thin
optoelectronic device can be provided. _
As shown in FIG. 14, integrated circuits 121 can be integrated on the
substrate 113 so as to convert or calculate the current and voltage of the
35  electric signals from the photodetectors 106 by using the semiconductor fine
processing technology.

Accordingly, any external noises caused by wire-routing can be




el ement 102. The substrate 113 is dented by means of a sem c@odumil®@004i ne
30 April 2004 12 processing technol ogy ‘[%,he sem conductor |aser 101 is

chi p-bonded to the bottom of the concav]1 I'n a typical exanple where an
end-face light emtter is used for the sem conductor |aser 101, I|ight
emtted fromthe end face of the sem conductor |aser 101 should be
directed to the informati on-recording 5 nedium 105. For this purpose, the

concavity hedused hdﬁnfmaﬂ%ﬁ%b RechaB)6f p%Bﬂ‘dBnéﬁQ:lf@'ui ‘SﬁB@ééts Jﬁ%el%?ﬁ-m i de

bottom an o, the |1l

I
face so -as %ﬁ%“%ﬁer’)ﬂﬁtﬁdﬁt ?%ﬁhﬂrﬁfﬁ" ng]ﬂndﬁﬁﬁgeﬁfgf}é%ﬂgi@mmiowﬂmfﬁgl i s
aﬂ eng Iacelll e amred. n@ay FI ght 10 emyqtptte?j@t owar d a15| de opposite to
phot ode ec&ﬁftlﬁe}iﬁﬁ%véfgﬁwgﬂg "

the mcro-mrror just the output of the sem conductor |aser
101. ThPs struct Urs dntegeation caujbegterfireedipt a hybridtpunesfi.d gy forming

semi Conducmrph&%ﬁéte%@érstmﬁi?ﬁﬁﬁ sfélglﬁ) %Hs%w telt | Ca?n(%%%or pUPPT €SS

t S 15 Sim | ar
Co the f1r BEOCHRTIGEESAROLRBAY ”Sralgp boningithq semicondugicatinser 1059 ons
e Dot ot aaetoRe arRcUoN didtog h?térbr@ﬁ*d’?@#ﬁ?ﬁwé%%fﬂ‘?f“%?‘%ﬁ forn?
ed to ent. fi
goner at ed- apigothd SREBARR 1aTer MoPREYER Y. AN the srmhicoRgurGailarTLON
from B@i ndOdisnstiall phokadedestors 106 aan be fhimbd oardthet asitigoh Mubstiatayr bi ght

t teri or ation of
the SIN 'racg%p%%‘aﬁse“ﬁgiﬁ%‘%‘?‘gstgp o ?%S“e}’?%é‘(ﬁﬁ’uﬁ? Hin ubS e Slobs
opt oel ect rbf'ﬁ é’n&ﬁl@ﬁlﬁq‘l‘&d seaHepRectas laverds csed don momebtbn‘.taﬂyl on si gndl

and a stabmt&geauﬂgcthﬁfséﬁilczlosiglifctdIGFaﬁ@f ?Ol%hﬂc‘ﬂlﬂgf Iﬁﬁwd%pactﬁle Illgsgadlgﬁe
d the 25 photo rs cate 0

ggckage 112p is g@é?é% W?’H‘“&H%Hﬁ‘f‘i §F’erpg? aggigﬁ Qfﬁlﬁ?c%ﬁgpﬁtaﬁﬁcal ly

i nt egrb? i nintegeatedhingehpbeich: annelathagelﬂ:uédmhmtmdlasgf a01 l@gneiem 11l and
h ﬁ I ¥ 9,; 113 & St g t ectronl c

t he hol ogr

devi ce anﬁ v lltﬁg\%e consf:q& f 3% Jﬁ}ﬁ{é céﬁ sﬁ.x.rf ] ngg ?’f‘F‘e

sem conducF@® n?lﬁ spaier 114 an dasteng g5 the mmmxdummlasemehm y
i nt egr at edchm-bm@hmzsubﬁghabmmﬁ facesa@ééteariﬂw&ﬂd&, opt oel ectronic

r t ed rcujts 121 can be
?ﬁrggfatcgg gﬁ ELZM ofl S&@Pﬁe’% %@%L‘GPB r‘é’a’r?l‘fg?t&e ‘%ﬁgo%ﬁf@éﬁ ng’]é’gif% current
and votQ ag@PEﬂaltﬁl@mmdDSGE mot listigedtesthe difftabtion ig@hﬂﬂgtxegidi’fssl(ﬂ?% Iby using
the senmi copgh %ﬂl&)r{ée%lelah?gf‘ég%ﬂ@ %Eﬁ?&?ﬂé&g}’ a reAERIY A% idriaPNaexL §7 nal
noi ses caug e%ﬂ.{) rwhltﬁdlrxfgu;['(alg%ns 123 formed of a light-absorbing material as shown
in FIG. 7 or 8 regarding the first embodiment.
(Fourth Embodiment)
25 An optoelectronic device according to a fourth embodiment of the
present invention has a structure as in the third embodiment, and it further
comprises a polarized-light-beam-dividing means 116, a reflector 117, a
polarized-light-separating means 118 and a polarization-signal-detecting
photodetector 119, which are shown in FIGs. 15 and 16 respectively.
30 The polarized-light-beam-dividing means 116, the reflector 117 and
the polarized-light-separating means 118 are integrally formed as an optical
member 126. The polarized;ﬁght-beam-dividing means 116 can be a
polarized-light-beam splitter or the like, the reflector 117 can be a mirror or
the like, and the polarized-light-separating means 118 can be a Wollaston
35 prism or the like. -
The semiconductor laser 101, the photodetector 106 and the
polarization-signal- -detecting photodetector 119 are integrated on a substrate



30 April 2004 13 reduced when conpared to a case of providi nglaAgilrageidt for
processing electric signals outside the,substrate 113 and connecting the
circuit and the substrate 113 using wr 4. As a result, the obtained
optoel ectronic device will- have a further inproved SINratio. 5 This
integration can be perforned in,a hybrid manner, i.e., by forning al

phot odetectors 106 on a silicon substrate by the sem conductor fine

processi ng Imhﬁphé)sub&%w ﬂ@&'}}l&é’o@ﬁ%@lé&‘ﬁ gi?”"f}?é gliagagée

Al ternative ﬁg @Hacon uci et er o- epi tax I'que’ C

form a conﬁ%& VAEHAR GRdGat BRY beprorswef ibyinsegragingm dhrdeebeams conductor
|aser 10 10dermudtindifffatiistepeet %)gi%ﬂ@ﬁd@s@ﬁoﬂ@@riﬁrdﬁﬂzaﬁl’@leﬁhéﬁ'@ioﬁ SThé CON
substrate o C nduct or nativ no silicon
substrat es ¢ rtgca&sl,lg%gg ?Zéh‘f%“gl ’@'&?FBBGFR&EEW@SH %?emﬁi}@g the ahewer f or
monol i t B catid!SjcrlbledtIE)glﬂlaZed?bghh-beam?dmdﬂlgmh@ank 436 antOthediiee ak mdied

phot odet ectgf ghdl +4bg sem conductor |aser 101 and t he phot odet ect or s

106 are 15 i nte at I'n"a hybrid manner, the sem conductor |aser 101 can
be a face ||ght-%mceta+méaw h‘gchrtk@mdnwémg'gmmisr]dﬁxarreﬂamoerllﬁ’uaface.

In this cagslarizb@lizhé separ ndekth 9%9&1

sem conduc'?ﬁ)r allflgster]j@i1 p z{tﬁﬂ’% (gosﬁﬂrsdg\?\ﬁltgwoﬁﬁg?ﬁ%t arfel ng%f%ce

di rect ed uﬁ%& etectpr; sarset’f}’ii'epg? In thie BAPRYT. I @‘m%ﬁ%ﬁﬁiwgﬁélﬁ@mbﬂ t he
hol ogr dth 2letegiedcal el ement 102 is not limted to the diffraction grating
regions 107. It i ng e forme reflective
materi al such as ?@ﬂéﬁj@&ﬁ)%éﬁ &* g ﬁ‘gbre %d%ﬁgd %% r?éﬂf{hm €8s an

| i ght - abs ordFn BherRreduciionseoss rambe riedupedsby 1) onte@raaggm oup Sudestiatest13

enbodi ment .a sdiidohAubiRadsdeTd), 25 h&ﬁ&d@ﬁ&c@@ﬂﬁ@éﬁﬁ&'&yﬁﬂiz&ﬁoﬁcﬁgﬁ Lng 1o a

fourth enbo nvent 1 on

eml:J)odl ment (Pegrﬁ%mil% pLﬂﬁoth%E‘?‘Ro’&ii%rz)lslége%f I galﬂ%&joﬂ'ﬁl‘@ﬂtpaﬁééﬁﬁ(ﬁ thrée'ng means
116, albef I@@Mmgem&ﬂatmg dxfﬁiaatmn@-atmgl‘ﬁleﬁﬁna nal ianeg ABalEr

e a6 ?Te‘%%%??‘b’%f’ EhE 3 ol R ARLIS S aling S ald '&rﬁw—ﬁﬁaﬁ?ﬁ%ﬁ% 816 the
refl ector aripefl é‘ bgamadividmg mmsgﬁaaaeﬂe@om&'ﬁ,sa poBiriged-Tightegr al | y

formed as aepapitisd hledﬂ%nm 126. The poI ari zed-1ight-beamdi vi di ng neans
116 can be a pol r| ed- Ilght beam splitter or the like, the reflector 117

can be a nirror thgEmPYY, sincethe opticsd part 125 spalgibe smsknge i1Ag havimg 118
can beza Wbhe asbetratés1din she tnterive dfitke pathags aN2 CsvedisgdpalSfichyl, the

phot odet ectigp géﬂﬁcﬁﬂﬂl lasBf llgg aizg& ﬂf ng%g%ﬂaﬁec S1S0d Oh B }'gt%géeec\lcitror 119

are |ntegrae on. a_substrate
changes in hum1 dity and temperature and from dust pollution. Accordingly,

reliability of the optoelectronic device can be improved considerably.
Photo-magnetic signals can be detected using this-optoelectronic
25 device. Specifically, a reflected light beam from the information-recording
medium 105 enters the polarized-light-beam-dividing means 116 so as to be

divided and directed to the hologram optical element 102 and to the reflector -
117. ' '

As mentioned above, the reflected light beam divided in the direction

30  to the hologram optical element 102 is diffracted and converged at the
photodetector 106 by the diffraction grating region 108 of the hologram optical
element 102 so that the servo-signals are calculated and detected. On the
other hand, a part of returning light divided by the polarized-light-beam-
dividing means 116 is directed to the reflector 117. The light beam is

35  reflected at the reflector 117 and further polarized at the polarized-light-
separating means 118 into P polarized light and S polarized light to be guided
to the polarization-signal-detecting photodetector 119 where the reproduction



113. The substrate 113 is located inside a package 112. The packageodd2 is
sealed with an optical part 125 prepared by integrating a three-beam
generating diffraction grating 111 and é5hologran1optical el enent 102. The
optical nmenber 126, which is prepared by integrally assenbling the above 5
descri bed pol ari zed-1i ght-beamdividing nmeans 116 and the like, is nounted
on the optical part 125. Since a pol arized-Iight-beamdividing neans 116, a

reflector Lihaidsc hﬂtba%%d&&gk fegeparating neans 118 and a

pol ari zat i on Si gna a g Stodetector 119 are arranged in this
manner, phot o- mad¥ethiowns iy Fa(s 18 aan pategratedatvntie 21 Thr hepnbedrated oni c

devi ce canthesub (o) tion
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| aser 101, lengeseanvertingedentria
Ezzxgigfsﬁns;ﬂﬁr"w“WMH‘J?@MC@MO&? G e s 1
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ol ari zed- DP pal eJewendil2dis themanted td diffrefctientgratihk 7 107. It
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t he packagEZ‘e(i; %FP%&W& 3 demned of & hight@bserhinganaterialssrshbom and

t he phtf OdﬁiF(IGOWS)rEﬁbga&tﬂi Hyﬁﬁ@@n@%({]ﬁg@t changes in humdity and
tenperature and fﬂl%m dust

0 i on.. Accor di r.eli y of the
opt oel ectroni c devi ngl%g?fl{gléct S&&&(@cﬁ%‘ﬁgﬂﬂg thipg %?%H&ﬁ ahsj gnal s
can be det endddcalightiemiiting p¢metonchuictorilaser25 Tleyicasa. beﬁmﬂaéeldcw h¥aced

hol art vod. | EEponRRTK LEAR A?‘*P“Wﬁrg’?%%%s&wﬂ*%%t 0 eltBoblReth T, oo
to the hol &REY é&Fcr@P:@WF;WE 1}4oam kg oppitiadeas lom geftﬁt‘ihe semizondgctoent i oned

above,1% helasef Ileatledhip bbﬁd@iawmmtw dnmﬁh fiéd @5bERA upWatd. t he
hol ogram opti cal nt 102 |§% fract qﬁgo con er ed at t he.

phot odet ect or 10 %QCtHrefeFP RS EIAYR 4O Adte ?1"?19 B8l ogr am
opti cal eODﬁ@ﬂitSlms drom zat inforanstionoesirgiag metiam: al Mowatves thagraghect ed.

On the ot |

pol ari zed- Pﬁfeﬁmﬁgfej?mb%lﬁ%]&%gﬁeﬁ%@%%&% iaﬁg}cﬂ% ggl(at&g%te E'S%?JI ector 117.
The i ght FRptionprogassing sstamsiafeWellef | ector' 117 and further pol ari zed
at t h&@ol arized-1ight- separ ating neans 118 into P polarized light and S
pol ari zed B 59 RS to the polarization-signal -detecting

phot odet ecTC Ter e | ""-“- reproduction 30 April 2004 15 signal is
cal cul ated and déSem@midonedsabmmhe préde@t idGention cah pyeedeitleterioratiod 21 can

be i ntegr asEg/NPatio caused by stray light, and thus an optoelectronic device according

to the present invention can provide improved quality of a reproduction signal
25 - and a stable servo control.




the substrate 113 by using a seniconductor fine processing tephugiiogys and
the integrated circuit 121 is used for current/voltage-converting. electric
5 signals provided by the photodetector 106. In this structure, the
stray-light-renoving region of the hologéam optical elenent 102 is not
limted to the diffraction grating regions 107. It can conprise shielding
regions 122 formed of a reflective material such as a netal, or shielding
regions 123 fornmed of a light- absorbl(gmrlal as shown 10 in FIG 7 or 8
regarding the first enbodi ment. The uctor laser 101 exenplified in
this enbodiment is an end-face light-emtting sem conductor |aser. This
can be replaced by a face |jight-emtting sem conductor |aser as described
in the thirl enb6aiertaelecirpnictdavice semprising ailight emittenforiamitting abighi t t ed
as long as I i

i ght-em ttlit)ér]flgn g(r:gel% &Eﬂfgdﬁﬁn gggﬁt %%% Cﬁ‘é@g{ llgg{éﬂgﬂ%wgk%e&lif ?técf ate to
a use for nganhg rdgﬁoﬁcztndn@:camrltbeﬂ:wbers tignkglst émattorand the geflagtiennieddandi ng

di Ho th t tical
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20 I ndust ri @bidipRft GRO! hgﬁ%éﬁnm higg“ Iggﬁﬁ’eamtoﬁg F nﬂg 'thF”lBéa‘ﬂ‘i‘s can
of SIN ratio cause y I ght, “an

prevent deterloration stra [t hus an
opt oel ect r omiflecttdiyctheaefiectiimgedium, tvhhzerpnesent i nventi on can provide

i mpr oved quallty of..g .r,eproducti on Si 25. and a Servo control
30 Apr 1| 2004 1608 BENESRTY R inR e AT SRRIPTIRED it SO ERFOS Y
emtter forre@fdd ih NHe &nblnﬁl?t of RE&TISN d@fffa%ﬁbﬁcgﬂaﬁﬁg idﬂn arﬁl the second
l'ight- beamd|V|d|n el e having a diffraction 8 i on and

| ocat ed betd@éﬁﬁctmegratgvgt regiAn p@arveatsdstme light Ifeomp .e@tf:rnm otgdgtegtor,

Grating rogns e FRE ebd @l I GREERSElehl Tdods Fbre SRR on
beams ref | grating régiohh@mong H&Clteiﬂ@meﬁﬁfglm e €tcen thé fReflectighimduitant: di vi di ng
el enent conprises a second diffraction grating region in the vicinity of

the first diffraction grating region, and the second diffraction grating

regi on prevents 0, I : p det e
stray i ghtfl S o?%%?}bttéu ﬁ&%ﬂ?r; ?rg@c‘{;%%lblbglﬂitlﬁé]?gma?hﬁ ? i Sﬁe% %%’%‘?%éldﬁ
grating reglifiactinmogptingaegiohl is dooded gt a effrectionq@rating haeihlgea:ﬂ‘hﬂndmedi um
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O h -order madisffraction efficiency of light reflected by the reflection
mediumthat is 5% at nost. g

3. The optoelectronic device according to claim 2, wherein the diffraction
grating composing the second diffraction grating region has a convexity and a
concavity different from to each other in the optical path length by m/2 times a

wavelength of the reflected light, where m denotes an odd number.

4. The optoelectronic device according to claim 2, comprising a plurality of
photodetectors each of which is located between a spot of m™-order diffracted
light and a spot of (m + 1)™order diffracted light of the returning light beam
provided by the diffraction grating of the second diffraction grating region
located 1n an optical axis direction of the returning light beam with respect to the

other photodetector, where m denotes an integer.



3. The optoel ectronic device according to claim 2, wherein the gilf2084ti on
grating conposing the second diffraction grating region has a convexity and
a concavity different fromto each other in the optical path length by m 2
times a wavelength of the reflected |idft, where m denotes an odd nunber.
4. The optoel ectronic device according to claim2, conprising a plurality
of photodetectors each of which is | ocated between a spot of m h-order

diffracted clig and. a,spot.of, (m+ 1 ).-order.diffracted.ligh f the
et urming 1 ght PREAPIGIERRbiG gy % hedonding Kl Lr aBiei i Mehe-Beactng
di ffracti onregiciihg ®1érfghtoORas aokeat el 4 Rid oppddiato B Jight repsitteRNarf thde
returning Iight beamw th respect to the _other photodetector, where m
denot es an §a§pBgddiffragtiopgratingizgion iz povired sesde sadstydhe fomawlpce accordi ng

to claiml1, whereint i- eam renoving elenment has a lens at a side
opposite to the igﬁhtﬂalg%“t‘gg%ﬁand the second diffraction grating region

ids provi dedwherea'd' tiencted ia.ﬁl(‘jzgir bbﬁvér@i;omldliatanlc_e >ﬁr*](dn 4 ﬁghﬁém‘ittiﬁig)poin?ef ?e‘: d'
enotes an ai,f conversio i st anc om ight-em tting point of the

i ght enit tght;gnitter fo @ grahergthe sk d ﬁﬁpﬁ%tgir%}mggar%&l?%@naégﬁ SReMl t he
second difj; ; ati-ng: i rﬁ@rﬂyt i

aperture at&gﬁg(?t%idgpgl%gg ﬁggﬁoﬁgﬁ}e?‘gﬁ?éﬁe@%} di Viﬁgﬁ@'{%ﬁﬁgﬁ?ﬁe rgir%lg% P%deenot es
a di st ance faoingntharlighttbeemn-divading efernent, had st denatesiiafdistantd tmamyaehitragy

region froman, ijtersection .of..an .optical axis of the |ight beam provi ded
byt he. |1 gRSIBHiE, PBr e, qpeandoisBeticth 2réfing FeRoamom Al seriiE o
side with thgsicearidofid li%ﬁi beamIprvidid b aheNight-enlifier QRHOL IFRE HP M

devi ce according to claimI, wherein at |east one part of the )

phot odet ectldghtrbeapr-dbading slementedfi ovide witi hesepgnd diffraetiom grating region.
stray-light- renoving region along with the optical axis of the returning

| i ght beam 7. The optoel ectronic device according to claiml, wherein the
di ffractions. gralThegptoelicomonindetibe astarding togbliaim eymherginr stdean oneepdrpcat ed

adj acent to ch, other with no spacing, 8. The qQptoelecironic devjce
accor di ng of aah%l}t%m léime%mmlééﬁgwbtgwﬁé?%ngecasngfthscsmﬁﬂlaﬁvati ng
i's provided.l 4 YPh } Wit t he

i ght-beamqgm%gégé?lgﬁek)r?@gwﬁ%e optltggfse(gqtggtﬁ?tg?@g%il?gt gg%g'rdi ng to
claiml1, wherein the light emtter, the photodetector and the

| i ght - beam di vi di.ng e| epent ar rovided,.wi thin.on i ngl e package. 10.
The opt o6l et 1 oS QBAEIE oot AaYIRS dGORHE AP 1ohdr STHFTORCER, CHESGIRT ¢ o
and the phofatfteesion aidetHendtRl AERdrediovng repidht 4r8tlBcates Adpiehnd dach he
package that iS scaled with a nenber provided with the |ight-beamdividing

el enent . 300th9¢withzm05@a@i31g11. The optoel ectronic device according to claim
10, wherein the light emtter

8. The optoelectronic device according to claim 1, wherein a three-beam-
generating diffraction grating is provided in an optical path between the light

emitter and the light-beam-dividing element.

0. The optoelectronic device according to claim 1, wherein the light emitter,
the photodetector and the light-beam-dividing element are provided within one

single package.

10.  The optoelectronic device according to claim 9, wherein the light emitter
and the photodetector are integrated on one substrate located inside the package

that is sealed with a member provided with the light-beam-dividing element.



is an end-face light enmitter, the substrate has a concavity firApdlC®04Ng
the light emtter on the bottomwhile the side-face of the concavity
conprises a mrror inclined by about 45 wth respect to its bottomso as
to reflect a light beam emtted fromtA& light enmitter. 12. The

opt oel ectroni c device according to claim211l, further conprising a nonitor
el ement for receiving a light beamemtted fromthe |ight emtter to an

The opt oel ekt onThe Sl thnRTai b ieth i Byabifisin h¥glsmifiey =
circuit f orlsmmemad@ghgn @hitedr) il sitghate ﬁésnmcbheaxﬁﬂpr@dlebeﬁﬁgm fighpunt ed
on the substrate he opt gel ectronic device accordi ng to claims,

wher ein t heemm@bmoig@ﬁewm ¢ e giderfageafdhe foRcayigy samprises a mirror

l'i ght - beam rat: Wg}]hh I 15.
The opt oel e1(fl:il!tdrﬂcl)%=l IggdeV| ce ac‘?g%e%&g 8 Fsdbo ) é&a?ﬁﬁsxféﬁ%&tcﬁl ltgmrg%gfgld-

| i ght - beam ehitteddiromdhe diight emitgera part of |i ght ref | ect ed by the reflection
medium a reflector for reflecting light divided by the

pol ari zed-1ight-beam divider, a polarized-light separator for separating
light reflepsed Py ?oél@étfcﬁﬁé‘?{ i@Ndecbrdit@! 7 bR 91 RirkRe! cAEhiRahE o

phot odet ector for %e ecting |1 e"Emseparzlarte by the polarize ﬁﬁ 5

separ at or . memtcmeleomefbemqemng adléghitcdeeant covidéd §rom tbd light Qﬁ;tttwﬁerzm n the
pol ari zed- ht.- be vi der ector .a zed l'i ght

separ at or a(? Sﬁﬁﬁ eqtﬁhgéﬁupip‘r aﬂaé‘&}‘ﬁ@é o[ugp tcﬂ&ﬂl‘%ﬂghg menber. 30
April 2004 19 ABSTRACT An opt oel ectroni c device that pI’OVI des an excel | ent
reproductlon‘ nal and a stable servo control while preventing

det eri or atibh of lg npmﬂmr%ueéegr@@ apgordipgyo|glegim 107 Rehespinoan sxegsied

i or mat + orc Tk RO e stk ol ARl (P ERIRY A of e

havi ng a didubstratei on grati ng region (108) and |ocated between the
sem conductor |aser (101) and the information-recording nedium(105), and
a photodetector (106) for receiving light that is diffracted 10 at the

diffractiongrattpdo %ié&'&oﬁi@&w@é ab&Gdiiy Rﬂél@ﬁhoﬂmw Emeih%ffgfkie -bdig) .

anmong returning light beanms fromthe Information- réco |ng I um (105),
and the optgescetingodiiffracténn gratingsand tho lighttbeamadividing gkmnerrt@re agegmte{dw?)
inthe vig of the dlffractl on grating region (108) of the hol ogram
optical el e‘ﬁ@hﬂortel% é Efo prevent stray light other than diffracted
light fromthe 15 diffraction grating region (108) fromentering the

phot odet ect or (106).
15. " "Thé optoelectronic device according to claim 8, comprising a polarized-

light-beam divider for dividing a part of light reflected by the reflection medium,
a reflector for reflecting light divided by the polarized-light-beam divider, a
polarized-light separator for separating light reflected by the reflector, and a
polarization-signal-detecting photodetector for detecting light separated by the

polarized-light separator.

16.  The optoelectronic device according to claim 15, wherein the polarized-
light-beam divider, the reflector and the polarized-light separator are

monolithically integrated to form one optical member.





