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CPTICAL~D§VICE BACKGROUND OF THE I NVENTI ON The pr esent i nvention
an optfcal® device for use i.n receiving and detecting returned |

reflected on an optical- recording nedi umsuch as an optical disk or a
magnet ooptical disk at. its portion irradiated with light froma
light-emtting portion. Heretofore, in oRticaI devi ces such as an opti cal
di sk drive for a conpact disc (CD) or an~optical pickup for a

magnet oopti cal disk drive, optical QRPIPCAIRMBVIKIRh as a.grating or a beam
splitter are fabricated individually, and hence the optical device becones

| arge and conplicated in arrangenent. Moreover, when such optica
conponents are fabricated on a base of optical device as hybrid chips, they
have to be optically positi orBACRGRAVNI OFcREEYIRVERTEONgnnent accuracy.
FIG 1 of the -acconpanying draw ngs schematically shows a |ight path of

i nci dent ‘1 ght and aThegpresent savertiepiealateghttiam deyige for
reflection point on a,recording nmedium e.g., opfical disk. As shown in
FIG 1, ac¥SediRgreceiNiBg: #ed| Ity dF FF§1§9§FﬁaBPe?n

i nci dent
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l'ight, LLerr nv.ergggigk/\ gl?cr(l)b; ecti-ve

l.ens 7.
optical reLo%glng s an optf%éi dﬁsk?or a

magnetooptical disk at its portion irradiated with light from a
light-emitting portion.

Heretofore, in optical devices such as an optical disk

drive for a compact disc (CD) or an optical pickup for a
magnetooptical disk drive, optical cdmponents such as a grating
or a beam'splitter are'fabricated individually, and henée the
bptical device becomes large and complicated_in-atranggment.
Moreover, when such optical components are fabricated on a base

of optical device as hybrid chips, they have to be optically

‘ positioned with extremely high alignment accuracy.

FIG. 1 of the accompanying drawings schematically

shows a light path of incident light and a light path of

" reflected light with respect to a reflection point on a

recording medium, e.g., optical disk. As shown in FIG. 1,
according to an optical pickup 70 now commercially available,

incident light Lg convergea.by an objective lens 71 is

introduced into an o@tical recording medium, e.g;, optical disk

71 at its recording pit, whereat it is reflected and diffracted
to three beam spots of zeroth-order diffracted light, + first-
order diffracted light, and - first-order diffracted light,

thereby forming reflected light.LR. Beams of diffracted light
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-
- introduced into an optical recording nmedium e.g., optical disk 71 at its
recordi;ng pit, whereat it is reflected and diffracted to three beam spots
of *zeroth-order diffracted light, + first- order diffracted Iight, and -
first-order diffracted light, thereby formng reflected |light LR Beans of.
diffracted |ight 2 interfere with2ach other to change intensity of
light of far field pattern fornmed by the refl ected-back |light LR returned

from t he; gpbi¢aledirskh /dacBt Hdie @D ichadlgepiinkensi@yr opr dilyreson sagnal
recorded on the optical disk 72 by use of the change of intensity of 1ight.

When a beaanapghtebrhi sbiméd Gylaitie veflketed-baek Nighkti By Muthirad rom a
track or a pit, the + first-order diffracted light and the - first-order

diffract edol O ba¥gear iidEIAACHR thll Bptibu1PpoENasd7d hespREdIGED 4 0 |

produce an asymre I el d patterns. push-pul | method,” which is one

S onel - SEBHRR, EASHLAUSE oty g, enptse pLeonarmangdeser s

intensity of light. '

When a beam spot of light incident on the optical disk
is shifted from a track or a pit, the + first-order diffracted
light and the - first-order diffracted light have a difference
of intensity produced therebetweén to produce an asymmetric far
field patterns. A push-pull méthod, which is one of well-known
tracking servo methods, uses the above phenomenon, generates
signals corresponding to the asymmetric far field patterns by
fwo detectors A and B, and-detects an offset of'a beam séot by
calculatin§ these signals by a calculator (not shown).

FIG. .2 schematically shows an example of an optical
pickup. As shown in FIG. 2, an optical pickup 91 comprises a
semiconductor laser 92, a collimator lens 93, a grating 94, a
polafiziﬁg beam splitter 95, a quarter-wave plate 96, a focusing
lens 97, a cylindrical lens.98, and a light-receiving element 99
composed of a-photodiode (PD). .Laser beam I. emitted from the
semiconductor laser 92 is traveled through the collimatbrllens
93, the grating 94, the polarizing beam splitter 95, the
quarter-wave plate 96, and the focusing lens 97 and irradiated
on an optical lens 100. Returned light reflected on the optical
disk 100 is reflected by the polarizing beam splitter 95, and
received by the light-receiving element 99.through the

cylindrical lens 98.



Two detectors A and B, and detects an offset of a beam spot by calcufating
thege sisgnal s by a calculator (not shown). FIG .2 schematically shaws an
exanpl e of an optical pickup. As shown in FIG 2, an optical pickup 91
conprises a sem conductor |aser 92, a _collimator lens 93, a grating 94, a
pol ari zi ng beamsplitter 95, a quarteﬁimave pl ate 96, a focusing lens 97, a
cylindrical lens-98, and a light-receiving el enent 99 conposed of
a- phot odi ode (PD). Wwaear theaoptieal tdevlide alotidotss ¢hiec amdiokting kegeo 92 is
travel ed through the collimtor lens 93, the grating 94, the polarizing
beam spl i signa®5baséd gnatherpushrouylllamethdd,angtibalf compongntenka®d wamnd
irradiated on an optical lens 100. Returned light reflected on the optical
di sk 100 be-as$émbled with Heigolpositiionalecaecypecyt eAndsa Batgivcaygaymsty
the light-receiving element 99 through the cylindrical lens 98. 3 Wen
t he opti chhedbateratomevenerheof rkang oF Jatialsskaul obacriicalt deskuth- pul |
nmet hod, optical conponents have to :

reduced.

In the optical pickup, optical components are
fabricated individually, and sizes of optical components are
large, requiring high alignment accuracy.

When light is returned to a light-emitting portion and
returned light is detected, light has to be divided by a beam
splitter or a hologram, and therefore an amount of light
received at a light-receiving portion is decreased.

SUMMARY OF THE INVENTION

In view of the aforesaid aspect, it is an object of
the present invention to provide an optical devicé, such as an
optical pickup,.in which the number of assemblies can be
reduced, and alignment required to adjust optical components of
‘the optical device for proper interrelationship can be
simplified.

It is another object of the present invention to
provide an optical device which can be simplified and
miniaturized in arrangement.

It is still another object of the present invention to
provide an optical device which can be manufactured with ease.

It is a further object of the present invention to

provide an optical device which can reduce a power consumption

by increasing a ratio of light returned to a light-receiving



“g!!gssenb]ed wi th high positional accuracy, and a nmargi n against the
| ateral smovenent of lens or radial skew of optical disk is reduced. In the
optical pickup, optical conponents are fabricated individually, and sizes
of optical conponents are large, requifing high alignnent accuracy. \Wen
light is returned to a light-emtting portion and returned light is
detected, |light has to be divided by a beamsplitter or a hologram and
t her ef or e portarount of |ight received at a light-receiving portion is
decreased. SUMVARY OF THE I NVENTION In view of the aforesaid aspect, it is
an object of the prebtnts ishiddt @ofurshgropbdectnobpthe dprersitanvantiicn an
optical pickup, in which the nunber of assenblies can be reduced, and
al i gnnent te@rowide ana@ptrdcadpdpvirecdhpBhifhsa F19nl GR0 &8 r@dviadd yf or
proper interrelationship can be sigglified. It.is anot her object of the

present | rARtRGERA RY 3 BUShePahloBerRad Whth RiYh RS R Sldgnmendd and

m ni.aturized in arrangenent. |t is skLII anot he qggect of(ihe resent
i nvent i on §hps enabling a stable tracking servo to carried out.

Accqrding to an aspect of the present invention, there
is provided an optical device whiéh is comprised of a light-
émitﬁing’portion, a converging means, and a 1ight—recei§ing
portion, wherein 1ight.emitted'frog the light-emitting portion
is converged and irradiated by the converging means on an
irrédiated portion and returned light from the irradiated
portion is converged by the converging means, tpe light-~
receiving portion is disposed near a confocal of the converging
means with respect to the returned light from the ifradiating
meén$, light emitted from the light-emitting portion is passed
through a light path of the same axis and received by the light-

receiving portion before and after it is reflected on the
irradiated portion, and tﬁe light-receiving portion detects a
signal based on a push-puli method.

According to another aspéct of the present invention,
there is provided an optical device which is comprised of a
lighﬁ—emitting'portion composed of a horizontal resonator type
laser, and a reflection portion disposed in confronting oné exit
end face of the laser, and.a light-receiving portion formed on
the reflection portion, wherein the light-receiving portion is
disposed near a-confocal.position of returned light from the

‘laser, and the light-receiving portion detects a signal based on



proVidé'an opti cal devi ce which can be manufactured with ease. It is a
furthersobject of the present invention to provide an optical device which
can reduce a power consunption by increasing a ratio of light returned to a
| i ght-receiving 4 portion. It is still a further object of the present
invention to provide an opticatl device®in which a signal can be reliably
detected by a push-pull nethod with highly-accurate alignnment, thus
enabl i ng @ mAisAblpulT aRdched.servo to be carried out. According to an aspect
of the present invention, there is provided an optical device which is
conprised of a |ightn smdtdanceovitiorchen abowrecagyraggement, whenathe
light-receiving portion, wherein light emtted fromthe light-enmtting
portion ikighinveecslving portddindeteotst Resignadrigy rchenpush-pnlkh
irradiated portion and returned light fromthe irradiated portion is
conver gednashade kighterigiciglandaen, theeirrgdiated peLtHON pok (9 on the di sposed
near a confrocal of the converging . .. ) '
position which the light emitted from the light-emitting portion
irradiates the irradiated portion can be detected.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram showing reflection and
diffraction of light in an optical pickup system;
FIG. 2 is a schematic diagram showing an optical
system of an optical pickup;
FIG. 3 is a schematic diagram showing reflection and
diffraction of light in an dptical pickup system according to
the present invention;
FIGS. 4A and 4B are schematic diagrams showing
':elationship between irradiated position of beam spot on the
oétical disk and a distribution of reflected and diffracted
light;
| FIG. 4C is a graph showing relationship between the
position of the center of irradiated beam spot and the output
power difference of the light-receiving portion;
FIG. 5 is a schematic diagram showing light reflected
and diffracted on the optical disk;
FIG. 6 is a schematic perspective view showing an
thicalldevice according to an embodiment of the present

invention;

FIG. 7 is a graph showing relationship between offset



means with respect to the returned Ilight fromthe irradi ating neans, |ight
emtted fromthe light-emtting portion is passed through a Iight path of
the sane axis and received by the light- receiving portion before and after
it is reflected on the irradiated portign, and the |ight-receiving portion
detects a signal based on a push-pull nethod. According to another aspect
of the present invention, there is provided an optical device which is
conpri sedofif lansi positiohtand @hfsenamenpoodd torcingosezynt aiignadpnat or
type laser, and a reflection portion disposed in confronting one exit end
face of the |aser, &IG.a8l igha-graphsheying tiedptiensddnbatweaneiisik i on
portion, wherein the light-receiving portion is disposed near a confocal
posi ti on skeweandnedfsefhameurin @hLragkng SeFVOhE10PgAt- ABLei vi ng portion
detects a signal based on . 5 a push-pull nmethod. In accordance with the
above arrangenent, W& Phés| R FELPBRELS | PRESRATT IR TSN IDYAR by the

ush-pul | - . .
P P optical device according to another embodiment of the present

invénfion.
DETAILED DESCRIPTION‘OF THE PREFERRED EMBODIMENTS

" Prior to describing an optical device according to the
present invention, a manner in which a tracking servo signal is
"detected by an optical system, i.e., a confocal optical system
used when the optical device according to the preseﬂt invention
'is applied to an optical-systém for reéding a recorded signal
from a recording medium, e.g., an optical disk will be described
below.

FIG. 3 schematically shows a light path of incident

light and é light path of reflected light with respect to a
reflection point on a recording medium, e.é., an optical disk.
As shown in FIG. 3, in an opticél pickup 60 accofding to the

present invention, incident light Ly converged by an objective

lens 61 is inﬁroduced into an opiical recording'medium, e.g.,
optical disk 62 at its recording pit;'whereat it is reflected
and diffradted to_proauce three beam spots of zeroth-order
diffracted light, + first-order diffractéd light, and - first-

order diffracted light, thereby producing reflected light Iy

similarly to FIG. 1. Beams'of diffracted light interfere with
each other to change intensity of light of a far field pattern

produced by the reflected light Ly returned from the. optical



met hod, light incident on the irradiated portion, i.e., the position which
the light emtted fromthe light-emtting portion irradiates ‘the irradi ated
portion can be detected. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
schemati c diagram showi ng reflection gnd diffraction of light in an optical
pi ckup system FIG 2 is a schematic di agram.showi ng an optical system of
an optical pickup; FIG 3 is a schematic diagram show ng reflection and
di ffract Adskob2Li ght in an optical pickup systemaccording to the present
i nvention; FIGS. 4A and 4B are schematic diagranms showi ng rel ati onship
bet ween i rradi at ed Aseoirding 60 bhanpsesenoninventojun calhaliopgtiaal pickup
distribution of reflected and diffracted light; FIG 4Cis a graph show ng
rel ati onsAFpusesnaehlerelbeyief cletsctars centgr, d¢hel deddicxioas Beab spot and

t he outpugﬂgimer difference of the light-receiving portion; FIG 5 is a
schemat | E18LagF4 §R0REGRg 1i And ridie datactarns &.f Br azecdosatedeatpei cal

disk; FIG .6, .s a_sche _'tiCé)ers ective view showi ng an
position at which the reflected light Lz is converged and

focused by converging means such as an objective lens 61, i.e.,
near a confocal as shown in FIG. 3; thus forming a confocal
optical system.

At that time, the spot diaﬁeter of the reflected light

Ip irradiated on the detectors A, B is reduced and the beam spot

becomes small compared with the case shown in FIG. 1, and hence
the tracking servo signal can be detected by smaller detectors.

The optical pickup according to the pfésent invention
detects the tracking servo signal based on the push-pull method,
and the manner in which the tracking servo signal is detected by
the push-pull method will be described.

The push-pull method is able to detect the tracking
servo signal by calculating light reflected and diffracted on
the irradiated portion on the optical disk at its traéking guide
groove as an output difference between two light-receiving |
portions symmetrically positioned on a binary photodiodé PD.

FIGS. 4A and 4B schematically show a relationship
between a position of a beam sbot irradiated on the optical disk
and a distribution of reflected and diffracted light. When the
center of the irradiated beam spot and the center of the guide
groove (gropve portion), as shown in FIG. 4A} there can be

obtained a symmetric distribution of reflected and diffracted



optical device according to an enbodi ment of the present invention; FIG 7.
Is.a graph show ng rel ationshi p between offset 6 of lens position and

of fset anmpunt of tracing servo signal; FIG 8 is a graph show ng

rel ationship between di sk skew and of f set amount of tracki ng servo signal.
and FIG 9 is a schematic perspective &i ew showi ng an optical device
accordi ng to anot her enbodi nent of the present invention. DETAI LED

DESCRI PTHiQ¥tOF afidE iPRieRSRRER sSEBCDERENT SeRsedr by otmsphd)mdl@m (e:ei BE(EY
device according to the present invention, a manner in which a tracking
servo silynd@re agisest midhbpagh ophecral Iaygaem theecenteeopf dehe opti cal
system used when the optical device according to the present inventionis -
appl i ed ¥Fragiiafrd hgam goosm tbe géadﬁngIQOV@eoﬁl%cﬁ%l-"@ﬂﬁﬁrWQ%‘%ﬁ recordi ng

medium e.g., an optjical-disk will be descrijbed bel ow.
portion (land portion) are agreed, there can be obtained a’

symmetric distribution of reflected and diffracted light
similarly to fIG. 4A, and intensities of beams received by the
two photodiodes PD are agreed with each other. When oﬁ the
other hand the center of the irradiated beam spot is not agreed
with the center of the groove portion or the land portion, there
is obtained an asymmetric distribution of aiffracted iight, and
hence intensities of beams received by the two photodiodes PD
are not agreed with each other.

- FIG. 4C is a characteristic graph showing a
relationship between the position of the center of the
irradiated beam spot and the output difference of the light-
receiving portions. As shown in FIG. 4C, a difference between
outputs outputted from the two light-receiving portions when the
irradiated beam, spot crosses the track becomes a sigmoid curve.

The manner in which the trécking servo signal is
detected according to the push-pull method as described above
will be described more fully below with reference to FIG. 5.

FIG. 5 is a schematic diagram of reflected and diffracted 1ight
from the optical disk. When a track pitch P becomes the same as
the size of the beam spot, -the guide groove looks like the
diffraction grating. Specifically, at that time, phase of light

beams are overlapped in the direction satisfying Psin 6 = NA (N

is an integer), and hence an-intensity of light is increased. In



FIG 3 schematically shows a light path of incident Iight and a |ight path
.of reflected light with respect to a reflection point on a recording
medi'um e.g., an optical disk: As shown in FIG 3, in an optical pickup 60
according to the present invention, incjdent light L[err] converged by an
objective lens 61 is introducedilnC)eupoptical recordi ng nmedium e.g.
optical disk 62 at its recording pit, whereat it is reflected and
di f f r act edtherpwotds £l t in ashed@amas int whdthzeepohheodderddiffaaceed| i ght, +
first-order diffracted light, and - first- order diffracted Iight, thereby
produci nglightecthd +ightst-Rrier Iddffiracked Gight 8sdns firstférdexed |i ght
interfere with each other to change intensity of light of a far field
pattern pdiafifitadted 1ight cdtecawarlapped tR- eechr atber; ohehdntprs by 7
di sk 62. According to the present invention, the optical pickup includes a
pl ural i t yddstudbetiensof cthe beak spatedsochanges dpfi tarf) ipterferanceng
the detectors A B are | ocated at a . .

effect achieved by a displacement of track. Therefore, if the

detector comprising the binary photodiode PD is disposed in the
above area to detect a difference between these-outputs, then
the tracking servo signal can be detected. At that time, a

strength of the tracking servo signal becomes largest when the

depth of the guide groove is A/8n, and when the depth of the

guide groove is A/4n, light beams of diffracted light, which

interfere with each other, are canceled each other out, thereby
the strength of the tracking servo signal becomes zero.
Subsequently, an optical device aécording to the
_ present.invention will be. described with reference to the
drawings. | |

Inventive example 1

FIG. 6 is a fragmentary perséective view schematically
illustrating an optical device according to the present
invention. In this inventive example 1, a regbrding medium is
an optical disk with an irradiated portion 2 having recording
pits, and the optical device according to the present invention
is applied to an optical b@ckup for reading out a recorded |
signal by irradiating laser beams on this optical disk.

As.shown in FIG. 6, the optical device includes an
optical element 10 comprising a semiconductor substrate 1, a.

light-emitting portion 4 composed of a semiconductor laser LD



o
" position at which the reflected light LRis converged and focused by
convergi ng means such as an objective lens 61, i.e., near a confocal as
shown in FIG 3, thus form ng a confocal optical system At that tine, the
spot dianeter of the reflected Iight Berr] irradiated on the detectors A,
B is reduced and the beam spot becones“snmal| conpared wth the case shown
in FIG 1, and hence the tracking servo signal can be detected by smaller
det ect or witlhétepeavity plengih sdgecdiionp estendegr ateng theepubshrateect s

t he trackin% servo signal based on the push-pull nethod, and the manner in
whi ch t heurfacri f§ tee\eemicpniuqtor)subetaatey 1t ARdpaskeflertABINBATHPEI be
descri bed. The push-pull nethod is able to detect the tracki servo signal
by cal cuMafiifBOFREnPD @Re KXy el fdcer PAc B8 ﬁﬁm%ﬁgnPPFﬁﬁFaEgﬁeﬁongoﬁ on
the optical disk at its trackin i de grqove as_an_output difference

bet ween FREVELGANI BEBRT %f%‘%%ﬁ?% B cgf’f“FoBS&&% Sﬁlg%‘ 8% % bi nary
phot odi ode PD. _FL.GS., 4 nd 4B schenati.cal | w_a _relationship between a
position §1S4 ngn?sb%$h€%¥%ﬁﬁ%ﬁ%ﬁg(ﬂ?ﬁﬁﬁ?nbﬁtﬁggpogﬁgkogn 8g.distribution

of refl 'e%b%g °§§§P§irsf %?aﬁlglqglﬁnggt' . aXEEei‘l&ﬁ]@ SEIEd @(r&ntﬂ%ﬂer rlejx_cjj'lﬁ_l_ed beam

spot and
emitting portion 4 is converged and irradiated by the converging
means 3 on the irradiated portion 2 of the optical disk or the

like. Returned light Ly .reflected from the irradiated portion 2

is converged by the common converging means 3, and returned to
the optical element 10. The light-receiving portion 5 in the

optical element 10, i.e., the photodiodes PD;, PD: are disposed

in the semiconductor substrate 1 on its opposite side of the
semiconductor laser LD near the confocal across the reflecting
mirror M.

The returned light LRlis converged by the converging
means'é up to substantially a light diffraction limit (ife.,
diffraction limit of lens), and the light-receiving portion 5 is
disposed such that at least a part of light—receiving‘surface of

each of the photodiodes PD;, PD, lies within this light .

diffraction limit, i.e., a distance of light emitted from the
light~emitting portion 4 crossing the reference plane for

disposing the light-receiving surface from its optical axis

becomes 1.22A/NA where A represents a wavelength of light

emitted from the light-emitting portion 4, and NA represents a

numerical aperture of the converging means 3.
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" groove (groove portion), as shown in FIG 4A, there can be obtained a
.symmetric distribution of reflected and diffracted 8 light, and
intensities of beans sensed by two photodi odes PD (C, D) are agreed with
each other. In case the center of the irradi ated beam spot, the guide
groove, and an internediate portion (l¥ahd portion) are agreed, there can be
obtained a symetric distribution of reflected and diffracted |ight
simlarly to FIG 4Mlsapdaidianstér esf dfightalis received dry the tight-
phot odi odes PD are agreed with each other. Wen on the other hand the

center of dfeiy{hg 'ﬁféb@%?fﬂai_éotlibata%cégwﬁg pbi-bibhes cerd®rer the

groove portion or"the land portion, "there is obfained an asymetric’

di-stributi pehelefiftingigsrtiont4 ianehaldenepalibenshahes diahees® seagieed
by the two phot odi odes” PD are not agreed with each other. FIG 4Cis a
char act erj $§he @i fPhaction Ndindid,claad anséfpeveiveehi gie-pecseiviog of the
center of the irradi ated beam spot and the output difference of - the |ight-
surface of the light-receiving portion 5 is positioned out of

the diameter of the emitted light Ly. If the light-emitting

portion 4 uses a semiconductor laser as its light source, then .

light emitted from-such light-emitting portion 4 has a diameter

of about 1 to 2 pum. If the converging means 3 has the numerical

aperture NA of about 0.09 to 0.1 and emitted light has the

' ﬁaﬁélength A of about 780 nm, then the diffraction limit becomes

about 1.22A/NA = 10 pm.

A manner in which the optical element 10 is
manufactured by selective MOCVD (metal organic chemical vapor
deposition) will be described. |

Semiconductor layérs comprising the semiconductor
laser LD are epitaxially depoéited on the first-cénductivity
type semiconductor substrate 1. Specifically, alihough not
shown, on the semiconductor substrate 1 is formed a laminated
semiconduétor layer 6 on which a fifst cladding layer of the
same conductivity type as that of the semiconductor substrate 1,
an active layer, and a second cladding layer of a second
conductivity type differen; from that of the first cladding
layer are sequentially epitaxially deposited by a suitable
method such as MOCVD.

Then, the laminated semiconductor layer 6 is etched



ol
" receiving portions. As shown in FIG 4C, a difference between outputs
outputted fromthe two |ight-receiving portions when the irradi ated beam
spot crosses the track becones a signoid curve. The manner in which the
tracki ng servo signal is detected according to the push-pull nethod as
descri bed above will "be described norelBully below with reference to FIG
5 FIG 5 is a schematic diagramof reflected and diffracted light fromthe

optical diwdy byViak qreaeekivpi ieh EtéREngpsat hits portbod hheviez atolletbe
beam spot, -the "gui de groove | ooks |ike the diffraction grating.

Speci f i caile/ ,reftl ddtdiing mirrorhssandf the gphotedindes ®peare &imedlyn t he
direction satisfying Psin [err] = N-err] (Nis an integer), and hence an

i nt ensi t yEoifmdd gitiles d paréasfdtheénsemiconducter dayers ¢ompsr isiag thewhi ch
zeroth-order diffracted light, the + first-order diffracted Iight and -
first-ordeamihdtedcenidongctore layer §ppedledt afithe Femiconduckosnsity

di stribution of the-beam spot is changed due to an interference effect

achi eved Iaser GikplBhaheshsusfaceseki-ener VO rk2CeES (Qfe T @RS i si ng

-the binary photodiode PDis disposed in the .
_ semiconductor layer 6 are resonator facets, and a horizontal

resonator of the semiconductor laser LD is fabricated between
. the two facets. 1In this case, cur;ent-blocking regions are
formed.across the region in which the horizqntal resonator of-
" the semiconductor laser LD is finally formed by implanting ions
of impurity. |
Then, a mask layér of an insulating layer for
selective MOCVD is deposited on the semiconductor substrate 1
so as to mask the semiconductor layer 6 left on the
semiconductor substrate 1, i.e., the portion in which the
- semiconductor laser LD is formed.
A first semiconductor layer of a first conductivity
type, for example, is deposited'on the semiconductor substrate 1
at its portion, which is not masked by the mask layer, by
selective MOCVD, and a seqond semiconductor layer of a second
conductivity type is sélectively deposited on the upper surface
of the firéf seﬁiconductor layer by diffusing impurities. The '
first and second semiconductor layers comprise the photodiodes
PD (PD;, PD;) composing the light-receiving portion 5. '
In-that case, when the fifsf semiconductqr layer is
selectively epitaxially deposited, the reflécting mirror M is

produced as a specific crystal plane, and formed as an inclined



" above area to detect a difference between these oufputs, t hen the tracking
- serwvo signal can be detected. At that tinme, a strength of the tracking
servo signal becones | argest when the depth of the guide groove is
[err]/8n, and when the depth of the guide groove is [err]/4n, |ight beans
of diffracted light, which interfere vt¥h each other, are cancel ed each
other out, thereby the strength of the tracking servo signal becones zero.
Subsequepliape of apt atamnidesurface ovith mraed liend: pospbologyvefhevafare, be
described with reference to the.drawings. Inventive exanple 1 FIG 6 is a
f ragment &he pefdectingemirsar s¥nbastar alngd natian &fi agpardeperainedevi ce
according to the present invention. In this inventive exanple 1, a
r ecor di n@N9@ bRtiWeean ispandathe sUctaqe of the serdceadysteronubshaatag
recording pitﬁh and the_o iical,device, ccording to .the gresent i nvention
s appl i dd t SBiR GEYFEAR BieRSpi? FOTHRM AR, oaPes LT FaYAtaLgRARTE DY
I rradi ating | aser ans_on_this_optical .disk. .As shown in FIG .6, the
opt | cal GRIECEIRA, FHRePRNT (BT EATe PRI SHP GRSy SHDSEAEBNdLRRS
substrat gpd qdrklb@ibnBe! LhanOPII00 1 SUTNGE Y 2n2CIbRIRINGQLL25e"
laser LD.

The optical element 10 may be manufactured by other
methods. That is, after the laminated semiconductor layer 6 has
béen formed on the semiconductor substrate 1, a groove with one
surface formed as a vertical plane and the other surface formed
as an inclined plane is formed by a suitable method such as RIE.
This vertical plane is used as one facet of the horizontal
resonator of the semiconductor laser LD. Moreovef, after the
groove has been formed, the reflecting mirror M of a metal film
of a dielectric multilayer f£ilm is formed on the inclined plane.

In the optical device thus arranged so far, light
emitted from the semiconductor laser LD is reflected by the

reflecting mirror M, and becomes light Ly emitted from the
light-emitting portion 4. The light Ly is converged by the

converging means 3, irradiated on the irradiated portion 2 of
.the optical diék, and reflected and diffracted on the recording
pits formed on the irradiated portion 2 6f the optical disk in
the same manner as that of the example shown in FIG. 3. Then,
‘reflected and diffracted light travels through a light path of

the same axis'of the emitted light Ly which is not reflected

' yet. Returned light Ly from the irradiated portion-2 has a beam



10 with its cavity length direction extended al ong the substrate surface of
the sem conductor substrate 1 and a reflecting mrror M disposed on one
exit end face of the sem conductor. | aser LD, a convergi ng neans 3 conposed

of optical

conmponents such as a lens, and a light-receiving portion 5

conposed of two photodi odes PD (PD[err} PD[err]), and light emtted from

the light-

emtting portion 4 is converged and irradi ated by the convergi ng

neans 3 epotheiithr addaametenrdetermingd the digifirastt iging R igvityhandi ke.
Returned light L[err] reflected fromthe irradiated portion -2 is converged
by the cam#enve@hhwrghaglhﬁhhsrgceéwnmgeﬂQﬁtﬁQﬂtﬁ)ﬁ9¥@e§pﬁﬁ9ﬁpdetbﬁent 10.
The light-receiving portion 5 in the optical elenment 10,

phot odi oddghtpemitiing pogtippsédd iThe @%@ﬁm@%ﬂ’?@bsﬂw é’flté\? its
opposite side of the sem conductor |aser LD near the confocal across the
ref | ect i 1g ght~reiceivifige poetionell arghiidpoged mwbegeemliszonded;onver gi ng
means 3 up to substantially a light diffraction limt (i.

: substrate 1 at its position near the semlconductor laser LD,

'e.g-, on the semiconductor substrate 1 at its side in which the

reflectihg mirror M is disposed. In this case, the photodiodes

PD;, PD, are lying within the position of the beam spot with the

diameter determined by the diffraction limit.

Signals generated from the two photodiodes PD;, PD;

when the photodiodes PD;, PD; are irradiated with the returned

light Ly are calculated, and a tracking servo s'i.gnal is detected -

by the push-pull method. Also, recorded information is read out

from the optical disk, i.e., an RF signal is detected from the

optical disk by the whole of the photodiodes PD;, PD,.

The optical device having the optical element 10 in

which the light-emitting portion 4 and the 1iéht—receiving

portion 5 are formed on the one semiconductor substrate 1 as

shown in FIG. 6 and the optical device in which the

semiconductor laser 82 of the light-emitting portion and the

light-receiving element 99 of the light-receiving portion are

separately disposed as shown in FIG. 2 are compared with each

other, i.e., amounts of offset generated (offset from a correct

tracking servo signal) in the tracking servo signals from the

above two optical devices when the lens position is offset or

the optical disk is curved or skewed are compared with each



diffraction limt of lens), and the light-receiving portion 5 is disposed
such that at least a part of light-receiving surface of each of the
phot odi odes PD[err], PDlerr] lies within this light diffraction limt,
i.e., a distance of light emtted fromthe light-emtting portion 4
crossing the reference.plane for dispobbng the Iight-receiving surface from
Its optical axis becones 1.22[err]/NA where [err] represents a wavel ength
of lightotherted fromthe light-emtting portion 4, and NA represents a.
‘nunerical aperture of the convergi ng neans 3. Al so, a dianeter of |ight
L[ err] received onInigikildly, - amoustsi 0§ effsek gerenatked jighttheeteiackigg
portion 5 fromthe light-enitting portion 4 is nmade smaller than a di ameter
of the | fgRVOdsigralsithatihave hern galawlated, dromgkher deteotly surface of
the light-receiving portion 5 is_positioned_out of the diameter of the
em tted FPHRELIELREr Fhe | ¥we Rhotediedes HlingPReRY éh PuSsivuld &gkhodhduct or
| aser as its light source, then light enmitted fromsuch light-enmitting
portion whéeasthedlem®; ei.®f, divaitcanver@irjemeans Bf isheffseteigi theneans 3
has the nuneri cal '

lateral direction, i.e., in the direction shown by an arrow "x"-

in FIG. 6 were compared. FIG. 7 is a graph showing measured

results obtained by such comparison.

In FIG. 7, a horizontal axis represents 'a ratio (%) of
offset observed in the tracking servo signal relative to the

correct tracking servo signal calculated by the push-pull

method, and a horizontal axis represents an offset amount (um)

of lens position. Open circles in.FIG. 7 indicate measured
results of offset in the tracking servo signal of the optical
device according to the inventive example 1, and solid circles
indicate measured results of offset in tﬂe tracking servo signal
of the optical device according to the prior art.

A study of FIG. 7 shows that the amount of offset
generated in the tracking servo signal from the optical device

according to the inventive example 1 when the lens position was

offset 200 um was zero while the amount of offset generated in

the tracking servo signal from the conventional optical device
when the lens position was-offset 100 pumi.
Further, when the optical disk is skewed as described

above, offset is generated in the tracking servo signal.

Amounts of offset generated in the tracking servo signals



aperture NA of about 0.09 to 0.1 and emtted |ight has the wavel ength [err].
of .about 780 nm then the diffraction |imt beconmes about 1.22[err]/NA =
10 [err]m A manner in which the optical elenment 10 is manufactured by
sel ective MOCVD (netal organic chenici vapor deposition) wll be

descri bed. Sem conductor |ayers conprising the sem conductor |aser LD are
epitaxially deposited on the first conductivity type sem conductor

subst r atealiculsperd fhy dihe) Pusih-Reddh meshoshdram bhe t ernvent tomrfiamyrical
substrate 1 is forned a | am nated sem conductor | ayer 6 on which a first

cl addi nfigsice and t‘h‘ke Jdventdveu optica) fiﬁYéc&sWPﬁBt the opklaakdistkiua or
S e A Kol B0 I GhasL R L e Bl ocrone
Lo A e S 8L B
6 were compared with each other. FIG. 8 is a graph showing
measured results obtained by such comparison. |

In FIG. 8, a horizontal axis indicates an inclination
(degrees) of the optical disk with respect to the horizontal
direction, and a vertical axis indicates a ratio (%) of offset
observed in the tracking servo signal relative to the correct
tracklng servo signal calculated by the push-pull method.

Open circles in FIG. 8 indicate measured results of offset in
the tracking servo signal of the optical dev1ce~accord1ng to the
inventive example 1, and solid circles indicate measured results
of offset in the tracking servo signal of the optical device
according to the prior art.

It is to be understood from FIG. 8 that the amount of
offset generated.in the tracking servo signal from the inventive
optical device is considerably small compared with that of the
conventional optical device, and has an increased margin against
the radial ékew of optical disk. | |

' As,qescribed above, the optical'device accordiﬁg to
the inventive examéle 1 can increase a margin against offset of
lens position and the curving or radial skew-of the optical disk
compared with the conventional optical disk. Therefofe, thc
optical device according to the inventive example 1 can stably

'accﬁrately detect a variety of signals, such as the tracking




“away by RIE (reactive ion etching) at its portion where at |east the

- reflecting mrror Mand the photodi odes PD are finally formed while a part
of the sem conductor |ayers conprising the |am nated sem conductor | ayer 6
is left as the sem conductor |aser LD.  Etched surfaces, i.e., tw facets of
the | am nated sem conductor | ayer 6 ar & resonator facets, and a horizontal
resonator of the sem conductor |aser LD is fabricated between the two
facets. BRIVl signed oruthenkF igtahghiah giesudits faomdeadisds the region
i n which the horizontal resonator of the sem conductor laser LD is finally
formed byecosdes: inforsasion £rEMRg optHanl Aifksk | ayer of an insulating
| ayer for selective MOCVD is deposited on the senj condyctar, sybstrate 1 s
as to mask the senmACSRRHENG tpagB? Bregent olnyeRt 1y c%ﬁc‘t‘ﬁ’r%’ﬁmg’tﬁge 1,
i.e., the portio

in, ywhich th | conduct or . | Y A first

(e bondBORRLoFogor She.THohETragRUTERg er 19 E SRUISANR Op Ok 0ci ted
th ' duct bstrate 1 It ' | | d th

sk | ay SPIIGP AT, ARCRce fhe vRaRE of Hhe BllAT TR eRRTLe The

second CQ%EN&&&WEhysEXRS.iS sel ectively deposited on the upper surface

Further, the returned light from the irradiated.
portion travels through the same light path as that of the
emitted light. Therefore, alignment of optical components can
be adjusted with ease, and a ratio of lightiwhich will be
returned to the light-emitting portion can be increased.

Furthermore, the_optical device according to the
present inventioh can increase the margin against the offset of
lens position and the curving or skew of the optical disk, and
stably detect the tracking servo signal.

The optical device accdrding to the inventive example
1 has single light-emitting portion and single light-receiving
portion fabricated on the one sehiconductor substrate. Howéver,
the principle of the present invention can be similarly applied
to such a variant that a pluraliﬁy of light-emitting portions
and light-receiving portions are fabricated on one semiconductor
substrate. |

InVentive example 2

FIG. 9 shows an optical device according to other
embodiment of the present invention.
As shown in FIG. 9, three optical elements 21, 22, 23

-each having a light-emitting portion comprising a semiconductor



of the first semi conductor layer by diffusing inpurities. The first and
second sem conductor |ayers conprise the photodiodes PD (PDerr], PDlerr])
conposing the light-receiving portion 5. In that case, when the first
sem conductor layer is selectively epitgxially deposited, the reflecting
mrror Mis produced as a specific cryStal plane, and formed as an inclined
13 pl ane_of an_atomic surface with excellent norphol ogy. Therefore, the

refl ecti A8SAEr FHBranfl rareleGcin Rigi0oM a0y 8dtighhrRedeiNine Berhaen it
and the surfacge,of the sem conductor substrate 1. This_crzétal glane S

formed aSCBPEABLNG; Phetgdiages Bl Ay faamed OFgOPReSEPREPRLUFEALe of the

senjconducﬁog sgbs#éate 1 and the direction of the horizontal resonator of
t he seni BBRUGERGF fAser LD. The optical elenent 10 nay be nanufactured by

ot her nmethods. That, | ter .the | am nat ed sem d L | I as been

formed on the sem g&n*&ﬁ%tﬁ)o %‘B%?&%?Zgﬁ,coé“pgorsolﬁye%%%t l%&fgglg—s%%\ré%&gg‘ or med

as a VeTbbfékoHLaﬁﬁeaaﬁkiéﬁi‘Ei&ﬁeﬁ%”ifﬂﬁhéiﬁaggda photodiode PD;, the
optical e_lemént 22 includes two'photodiodes PD,p, PDog, and the

optical element 23 includes a photodiode PDj.

The optic#l element 22 located at the center of the
light-receiving portion is in the form of two components
obtained by equally dividing the photodiode PD half for
detecting a tracking servo signal based on the push-pull method,
and also used to detect the RF signal.

The optical elements 21, 23 located at respective ends
of the light-receiving portion are used to detect a focus servo
signal based on a so-called distance-difference method.

The optical elemenfs 21, 22, 23 are manufactured in
the same manner as to manufacture the optical elément 10 of the
optical device according to the inventive example 1.
Specifically, tﬁe laminated semiconductor layer with
semiconductor layers sequentially formed thereon for comprising
the light-emitting portion, the reflecting mirror M aﬁd the
first and second semiconductor layers comprising the photodiodes
PD of the light-receiving portion are formed on the
semiconductor substrate 20; although not shown.

Laser beams Ly (shown by broken lines in FIG. 9)

emitted from the respective light-emitting portions are

converged by the converging means 3 composed of lens or the like



as ‘an inclined plane is forned by a suitable nethod such as RIE. This

. vertical plane is used as one facet of the horizontal resonator of the

sem conductor | aser LD. Mreover, after the groove has been forned, the
reflecting mrror Mof a netal film of dielectric nultilayer filmis
formed-on the inclined plane. In the o ?ical device thus arranged so far,
light emtted fromthe sem conductor laser LD is reflected by the

refl ecti agdnirradidtednoh bewonierddigited postiioned ¢fobheheptigal-@k$kting
portion 4. The light LF is converged by the convergi ng neans 3, irradi ated
on the iorathatkikeor tAbrtlmbftimes @st sbowndiskFIgGnd9relpsercheany Ir
diffracted on the recording pits fornmed on the irradiated portion 2 of the

optical giskiipalilleteansn netiweiraaiidirid porttienc2aapl étshvhmeen FI G 3.
Then, reflected and diffracted light travels through a li.ght path of the
sane axi posfitibasentaser beahs tHues rirnadiateds smofarefrecreflgeted @at ur ned
light LR fromthe irradiated portion 2 has a beam 14 spot with a

di anet er tHet érradédteqd poftiont2 and ibecomeameturned laser beams Ly

(shown by fine lines in FIG. 9).

The returned laser beams Lz are returned to the

optical elements 21, 22, 23 through the light paths each with

the same optical axis as that of each of emitted laser beams Ly,

and introduced into the light-receiving portion. A~light path

of laser beam Ly emitted from the central optical element 22 and
a light path of returned laser beam Ly returned to the central

optical element 22 become substantially equal to each other.
At that-fime, in the central optical element 22, the .
light-receiving portion is located near the confocal of the

returned laser beam Ly from the irradiated portion 2.

Further, the central optical element 22 can detect a
tracking servo signal by calculating signals detected'by its two

photodiodes PD,,, PD,p according to the push-pull method.

The optical elements 21, 23 at the respectivé ends can
detect a focus servo siéhal baséd on the distance-difference
method.'The focus servo signal, i.e., a ménner in which laser
beams are focused on the irradiated portion 2, composed of the
optical recording medium such as the optical disk, of the |
central optical element 22 can be detected by detecting amounts

of light received at the optical elements 21, 23 disposed at the



recei ved by the light-receiving portion 5 formed around the light-emtting
porition'4. The phot odi odes PD (PD[err], PDlerr]) of the light-receiving
portion 5 are disposed on the sem conductor substrate 1 at its position
near the sem conductor |laser LD, e.g.,_on the sem conductor substrate 1 at
its side in which the reflecting mrrofO®Mis di sposed. In this case, the
phot odi odes PD1, PD2 are |ying within the position of the beam spot wth

t he di andesSPeFadenPREg bi-ehe didittrrense |hehvweensithelontputsr sreom them
the two phot odi,odes PD1, PD2 when the phot odi pdes PD1, PD2 are irradi ated
with the esi ERus 18PnPE theclighboresdiving RRXFHP servo signal is
detected by the push-pull nethod. Al so, recorded information is read out
fromthe optical diSpecificallyn RResophatalselemented2l s dd tdispmsadat di sk
by the whole of the photodiodes PD{err], PDerr]. The optical device having
t he opti &die sePePertiye PRASHAER asrumeditc hHave ithg peme daghtangcehwing
light-receiving portign 5 are forned on the one sem conductor substrate 1
as shown 3LR3-ERL §egRAViRG BPEERed deighte Irm WhPeh thRe Samechbigiitor | aser
82 of the light-emtting portion and the light-receiving elenent 99 of the
| i ght - r ececeing.ngoampuntar £.eepatix ed amedidiesatd outipan whenFefei t2edr e
conpared with each

. light Ly from the central optical element 22 is properly focused

on the irradiated portion 2. With the above arrangement, when

the light Ly emitted from the central optical element 22 is not

properly focused on the irradiated portion 2, one beam spot of

returned light Ly focused on the effective light-receiving area

from one optical element 21 becomes large and another beam spot

" of returned light Ly focused on the effective light-receiving

area ftom another optical element 23 becomes small énd vice
versa. In other words,. intensities of'detecﬁed outputs from the
ligthreceiving portions of the optical elements 21, 23 are
changed reciprocally.

The manner in which the light Ly emitted from the

central optical element 22 is focuséd on the irradiated portion
2 can be detected by detecting the difference between the‘
detected outputs, and the detected signal can be used as the
focus servo signal.

In the optical device shown in FIG. 9, when the
semiconductor substrate 20 with the optical elements formed
thereon is inclined relative to the irradiated portion 2 and the

converging means 3, the returned light I; is introduced with an



otHer, I .'e., anmpbunts of offset generated (offset froma correct tracking
servo signal) in the tracking servo signals fromthe above two optical
devi ces when the lens position is offset or the optical disk is curved or
-skewed are conpared with each 15 otgfr. Initially, amounts of offset
generated in the tracking servo signal% that have been cal culated fromthe
detector conprising the two photodi odes PDl, PD2 by a push-pull nethod when
the | ensinglénatigl iukQckRe A Fhimieceiving systfarg eficthatphotodiodet i on,
i.e., in_the direction shown q¥ an arrow "x" in FIG 6 were conpared. FIG
7 is a grapReinbGr nfheetIRer SRWINI Fed /8 bhesampuebrphrrecpived FIG
7, a horizoptal axis represen a.atio (.9 of.f set , observed i.n the
tracki ng %gﬁéoch %quig%ﬁ§ ipblPﬁ§%§§ cngrQ%ﬁ?ﬁbeEe?%dgg?dﬁﬁ?“
calculat§§ ﬁy p - #ﬂé' qﬁ% d hgr.i z al__axis represents an
of fset anBint % 'g&r"r#é f(; etgé g’m ol%n&r?d%sCth’ g‘lﬂé:‘cf)@s hﬁ pp%lcﬁi ndi cat e
measur ed '
elements 21, 22 disposed at the respective ends to detect the
focus servo signal more accurately.
In the optical device according to the inventive
example 2, since the light-emitting portion and the light-
receiving portion are formed on one semiconductor substrate and
the light-receiving portion is_formed near the confocal of the
returned light from the irradiated portion similarly to the
optical device according to the inventive example 1, the optical
pickup can be reduced in scale, alignment of optical components
can be simplified, and the tracking servo signal can be detected
stably; i.e., similar effects to those of the inventive example
1 can be achieved. |
In the optical device according to the present
invention, the optical elements disposed at the respective ends
can detect the focus servo signal, and the semiconductor
substrate is inclined, thus énabling returned light to be
introduced into the light-receiving surface with an inclination.
Therefore, the amount of received light can be increased, and
hence the focus servo signal can be detected stably accurately.
Further, since the distribution of intensity of light
can be detected by a plurality of light—reéeiving portions, a

signal has an increased information amount, and various signals

can be detected.



results of offset in the tracking servo signal of the optical device
accordi'ng to the inventive exanple 1, and-solid circles indicate neasured
results of offset in the tracking servo signal of the optical device
according to the prior art. A study of;41G 7 shows that the anount of

of fset generated in the tracking servo signal fromthe optical device
according to the inventive exanple 1 when the |ens position was offset 200
[err] mwas zero whhs$ edeswr Hred baye ofakcsetrdjegetat thlei preésentracki ng servo
signal fromthe conventional optical device when the | ens position was

of f set 1DOv¢rkidm sinacdihe Wightt-ifecepvingl patrsion siskbignpses @easr i bed.
above, offset is generated in the tracking servo signal. Amounts of offset
gener at ckhe reemeoeal 9ff AJdHdr ¥etyrgadl 0 the clightoamiitdaing RO IQR ROgy| |
met hod fromthe conventjonal optical .device, and the jnventive optica

devi ce viFed YRRk Ing fentdon aRdqther IRt TreIRtdRg POHYRR 25 ot ary
axis of L0 Ra5S O NBSSUS, Phe' 052805k Bhe Uik 8% £ 19 k20,2 OV
pickup caﬁ be reduced, and the number of optical components can
be lessened, therebj-enabling the optical device to be
miniaturized.
| Emitted light and returned light travel through the
light path of the same optical axis, and ﬁence the optical
system can be simplified. In addition, positioning adjustmeﬁt
can be simplified. Moreover, a ratio of'light returned to the
light-receiving portion can be increased compared with the case
that light path is divided by a beam splitter or the like, and
henée’an amount of received light can be increased.

Therefore, the same amount of received light can be
realized by lower laser power, and a power consumption of the
optical device can be decreased.

Further, since light is recgived near the confocal of
returned light, a'signal can be detected stably and accurately |
by a push-pull method compared with the_cése that a éignal is
detected based on the far field pattern. Thereforé, a trécking
servo signal can be detected stably. At that time, if a
plurality of light-receiving portions are provided to dividé
returned light, then a variety of signals such as focus servo
signal can be detected, and information amount of signal can be

increased.




6 were conpared with each other. FIG 8 is a graph showi ng neasured results
obt.ai ned by such conparison. In FIG 8, a horizontal axis indicates an
inclination (degrees) of the optical disk with respect to the horizontal
direction, and a vertical axis indicates a ratio (% of offset observed in
the tracking servo signal relative to 2Be correct tracking servo signa
cal cul ated by the push-pull nethod. Open circles in FIG 8 indicate
measur ed resul ts offusftheamore,t whenr bh&i prpsenty disigmalomfis lappdiede &b
device according to the inventive exanple 1, and solid circles indicate
neasuredane§9t@§aéfd@Vi@@tu$$PgrﬁﬁtQEiﬂqai;dgékvoaspgﬂae change optical
devi ce ‘according to the prior art, is to be understood fromFI G 8 that
the amoufdsks O5f psBaIBRHePREEER] rfiJefHé as Ak PR§isadysespgAangs nediune a
i nventive optical devicge is_considerabl mal | conpared with that of the
convent i BRYPToFPRERMPGLONRL Eﬁﬁlqﬁﬁﬁﬁﬁi/i%y I8 EANNRRyIRSEEBPAst thee radi al

skew of @ |ca scribed above thedga Fcal g$V|ce according to
a

t he inveﬂ &gaé aﬁgFgelciﬁﬁb?rmﬁQ%ﬂﬁaEﬁ%ﬁﬁgyﬂ? 903t F8Bt P8t | ens

Poc! 1 ngRBRcheR, oUT KL 1006 bAGAD G AT BT LSRR SE 1L
p0351b1e to realize a highly-efficient optical device.’

Having described preferred embodiments of the

invention with reference to the accdmpanying drawings, it is to
be understood that the invention is not limited to those precise _
embodiments and that various changes and modifications could be
effected therein by one skilled in the art without departing

from the spirit or scope of the invention as defined in the

appended claims.



‘opti'cal device according to the inventive exanple 1 can stably accurately
det | -stgnal s, such as the tracking 17 servo signal or the

RF sign | ts fromreading recorded information fromthe optica
di sk“i m MED‘ e present invention,,the light-emttin ortion and
the I8 ; sng«portion are fabricated on one sem qOMiSIYH e

the whole of the optical pickup can be reduced in scal ¢. Fur EEE@
returned light fromthe irradi aWbatpast cdaimedviss t hr dugh—td H
path as that of the emtted Iight. Therefore, alignnent of optical
conponents can be adjusted with ease, and a ratio of light which will be
returned to the light-emtting portion can be increased. Furthernore, the
optical device accohdi A PRtigel Hesiss GORRISI®I:can increase the margin
agai nst the offset of _| ens gosition and t he curving or skew of the optical

di sk, and stably defettIPheePEEERPRP IR i gnal .

converging means; and

a light-receiving portion, wherein light emitted from
said light-emitting portion is convergéd and irradiated by said
converging means on an irradiated portion and returned light
from said irradiated portion is converged by said converging
means, said light-receiving portion is disposed near a confocal
of said converging means with respect to said returned light.
from said irradiating means, light emitted from said light-
emitting portion is passed through a light path of the same axis
and received by said light-receiving portion before and after it
is reflected on said irradiated portion, and said light- |

receiving portion detects a signal based on a push-pull method.

2. An optical device comprising:

a light-emitting portion composed of a horizontal
resonator type laser, and a reflection portion disposed in
confronting one exit end face of said laser; and

a 1ight-receiving portion formed on said reflection
portion, wherein said light-receiving portion is disposed near a
confocal position of returned light from said laser,land said
light-receiving portion detects a signal based on a push-pull

method.

\. .
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" The optical device according to the inventive exanple 1 has single

I i ght I _ i and single light-receivi ortion fabricated on the
ones]emumn}nmﬂlll"lﬂm rate. However, the princiffiHes QHEE GHA%rﬁ .

i nventi*ontcan be ssm+ arly applied to sgch a vafi ant g p ity. of
light-emtting portions and |ight-recei ?ng por t AC Bricatbd on one
sem conduct or substrate. Inventive exanple 2 FIG 9 shows an optical device
accordi ng ta ot her 3enbdPpekcabidenice raaqording diqt idaimd ,swheweiin FI G 9,
three optical_ elements 21, 22, 23 each having . a light-em tting portion .
conpri si 7S LRI RRLEE g Portan aid EBléng18hFeF?€§ﬂVﬁggnP@¥bi0n4@n@ a
Iight-reﬁeivigqagortion coqprising phot odi odes PD are forned on one

sem condt@BrY SIDRIAELEFT3E +t he phot odi odes PD conposi ng t he

| ight-receiving portion, the optical elenent 21 includes a photodi ode PD1,

t he : ' :

4. An optical device according to claim 2, wherein -
said light-emitting portion and said Iight-receiving portion are

formed on one substrate.

\
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optical elenent 22 .includes two photodiodes PD[err], PDlerr], and the
optical etement 23 includes a phot.odiode PO err]. The optical elenent 22

| ocated at the center of the light-receiving portionis in the formof two
conponent s obtained by equal ly-dividing_ihe photodi ode PD half for
detecting a tracking servo signal based“®on the-push-pull nethod, and al so
used to deOBEACALeDRVISCEgnal . The optical elenents 21, 23 | ocated at
respective ends of the |ight ABSTRACINOFPTHEI DISGE@SUREd t o detect a focus
servo signal based on a so-called distance-difference method. The opti cal
elements 21, 22, 23 are manufactured in the same manner as to manufacture’
the optical elenment 10 of the optical device according to_the inventive
exanmpl e 1. Speci fi caAn pphigal geviseegospFiseidact BhtgBithing portion
sem conductor | ayers sequentially forned_thereaon for conprising the

i ght - eni t{t4)ng 3pEORVEXILNGeMLBRE £ ) ng? R 1 oHMETREIH 309 £°rg:r$dms d&0nd

Dor 1 on aMBESTbA 16 e b HEEH T GUise B -89 S BIREAE Lhbun.

Laser beans L[err] (shown hy broken lines in FIG 9) emtted fromthe

respect i véds icgmvegged iang psraddatedrby the converging means (3) on an
irradiated portion (2) and returned light (Lg) reflected from
-the irradiated portion (2) aiso'is_converged by the converging
meéns (3), the light-receiving portion (5) is disposed near a
confocal position of returned light (Ly) from the irradiated
portion (2) of the converging means (2), light (Ly) emitted from
the light-emitting portion (4).is passed through a light path of
the same axis and received by the light-receivind portion (5)
before and after it is reflected on the irradiated portion (2),
and the light-receiving pdrtion (5) detects a signal based on a
push-pull method. In the optical device such as an optical
pickup, the humber of bptical componenté can be reduced, and
alignment réquiréd to adjust.opticai components of £he'optica1
device for proper inter;elationship can be simplified. Thus,
the optical device can be simplifiéd and miniaturized. Also, a
tracking servdtsignal éan be stably detected by utilizing push-

pull method.

Figure 6



converged by the convergi ng neans 3 conposed of lens or the |ike 19 and
irradiatéd on the irradi ated portion 2:of. theoptical disk or the |ike. At
that time, as shown in FIG 9, laser beans L[err] are irradiated on the
irradiated portion 2 at its three positions. Laser beans thus irradi ated so
far are reflected on the irradiated portion 2 and becone returned | aser
beans LR (shown by fine lines in FIG 9}/8The returned | aser beans LR are
returned to the optical elenments 21, 22, 23 through the |ight paths each
with the sane optical axis as that of each of emtted | aser beans L[err],
and introduced into the light-receiving portion. Alight path of |aser beam
Ll[err] emtted fromthe central optical elenment 22 and a |ight path of
returned | aser beam LR returned to the central optical elenment 22 becone
substantially equal to each other. At that tine, in the central optical

el ement 22, the light-receiving portion is |ocated near the confocal of the
returned | aser beamL[err] fromthe irradi ated portion 2.

FIG. 1
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" Further, the central optical elenment 22 can detect a tracking servo signal
by cal cul ating signals detected by its two photodi odes PD[err], PDerr]
according to the push-pull nethod. The optical elenents 21, 23 at the
respective ends can detect a focus servo signal based on the

di stance-di fference nethod. The focus servo signal, i.e., a manner in which
| aser beans are focused on the irradi akg® portion 2, conposed of the
optical recording nediumsuch as the optical disk, of the central optica

el ement 22 can be detected by detecting amounts of |ight received at the
optical elements 21, 23 disposed at the 20 respective ends, i.e.; a

di ff.erence between the outputs fromthe photodi odes PDl1, PD3 of the

| ight-receiving portion. Specifically, the optical elenments 21, 23 disposed
at the respective e%ﬁ assuped to have the same |ight-receiving area
for receiving returned I(Ekz rr], i.e., the sane light receiving anount,
i.e., the sane detected output when emtted l[ight LF fromthe centra
optical element 22 is properly focused
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on the irradiated portion 2. Wth the above arrangenment, when the light LF
emtted fromthe central optical element 22 is not properly focused on the
irradiated portion 2, one beam spot of returned light L[err] focused on the
effective light-receiving area fromone optical element 21 becones | arge
and anot her beam spot of returned |ight LR focused on.the effective

i ght-receiving area from anot her opticaV el emrent 23 becones small and vice
versa. In other words, intensities of detected outputs fromthe

| i ght-receiving portions of the optical elenents 21, 23 are changed

reci procally. The manner in which the light LF emtted fromthe central
optical elenment 22 is focused on the irradiated portion 2 can be detected
by detecting the difference between the detected outputs, and the detected
signal can be used as the focus servo signal. In the optical device shown
in FIG 9, when the sem conductor substrate 20 with the optical elenents
formed thereon is inclined relative to the irradiated portion 2 and the
converging neans 3, the returned light LR is introduced.with an
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"21 i'nclination into the light-receiving surface of the photodi ode.
Therefore, the light-receiving area and the anount of received |light can be
i ncr eased by increasing the dianmeter of the beam spot, thus enabling the
phot odi odes PD1, PD3 on the optical elenments 21, 22 disposed at the
respective ends to detect the focus servo Si gnal nore accurately. In the

optical device according to the i nvent i4% exanple

Iight-emttrngEt/Eo 49 he 1ight- receiving pf/sﬁareé d on one
sem conduct or as the |ight-receiving por is f d near the
confocal of the returned light fromthe irradiated portion simlarly to the

optical device according to the inventive exanple 1, the optical pickup can
be reduced in scal Q;_ap gnment of optical conponents gansbp sinplified, and
I gnal

t he tracking servo can be detected stably, i.e., gimlar effects to
t hose of the |nvent| \% srrpl e 1 can be achieved. Ip the optpcal devi ce
according to the resent ¥nvention, the optical el edents]|di sgosed at the
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substrate is inclined, thus enabling
the light*receiving surface wwth an i
received |light can be increased, and
detected stably accurately. Further,
light can be detected by a plurality
has an increased information anmount,

returned light to be introduced into’
nclination. Therefore, the anpunt of

hence the focus servo signal can be
since the distribution of intensity of
of l'ight-receiving portions, a signal

and 5/& i ous signals can be detected.

22 As described above, according to the present invention, since the

i ght-receiving portion is disposed near the confocal of light returned to
the light-emtting portion and the light-emtting portion and the

| i ght-receiving portion are formed on one substrate, the size of the whole
of the optical pickup can be reduced, and the nunber of optical conponents
can be | essened, thereby enabling the optical device to be mniaturized.
Emtted light and returned light travel tEgough t he
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i ght path of the same optical axis, and hence the optical system can be
simplifiéd. In addition, positioning adjustment can be sinplified.
Moreover, a ratio of light returned to the l'i ght-receiving portion can ‘be
.increased conpared with the case that light path is divided by a beam
‘splitter or the like, and hence an anount of received |ight can be

i ncreased. Therefore; the sanme anount of6/8ceived |ight can be realized by
| ower | aser power, and a power consunption of the optical device can be
decreased. Further, since light is received near the confocal of returned
light, a signal can be detected stably and accurately by a push-pull nethod
conpared with the cas ggia 515 is detected based on the far field
pattern. Therefore, ‘a th ieng dervo signal can be detected stably. At
that tinme, if a pIurallty of light-receiving portions are provided to
divide returned light, then a variety of signals such as focus servo signa
can be detected, and-information anount of signal can be increased.
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23 Furthernore, when the present invention is applied to an optical device
usi ng an«optical disk, a phase-change optical disk or a magnetooptical disk
‘as an optical recording nedium a power consunption of the optical device
_can be | essened, the optical device can be miniaturized, and a signal can
‘be detected, i.e., reproduced or recorded stably. Therefore, it is possible
torealize a highly-efficient optical dé#Bce. Having described preferred
enbodi nents ofCt nverrion with refete . q;@qpqnnanying dr awi ngs,
it is to be uéadpzséod hat the invenﬁ?oggﬁg&ﬁ%%@linited to those precise
enbodi nents and that various changes &d REARi 88T ons coul d be ef fect ed

therein by one skilled in the artwthewt—geparthg—fromthesprrrtyor
scope of the invention as defiined{in the appended dl ai ns. 24 CLA| Ms: | 1.
An optical device configured §o irfradiate p nmedium|wi th
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-l'ight and to receive refl ect ed light returned fromthe nmedium. conprising:
a light-emtter which emits the light; a light receptor configured to

receive the reflected light returned fromthe nedium and converging means

‘for converging the light enmitted by the light enmitter onto an irradiated
;portion of the nmedium the converging ngﬁ?s converging the returned |ight
onto the light receptor, wherein the lig receptor receives the returned
| i ght undivided and detects a position of the irradiated portion using a
puch-pul | nethod. 2. In_an optical device according to claim1l1, wherein
said light emtter gfﬁ [ Iight receptor are fornmed on one substrate. 3.
The optical device | &'nr1l,“wherein the light enmtter conprises

hori zontal resonator type laser, and a reflector facing an end face of the
l'aser. 4. The optical device of claim3, wherein the light emtter and
the |ight receptor are fornmed on one substrate. 52 An optical device,
conprising: a laser which emts a |ight beam and fvhich has a mirror
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whi ch_refl| ect ‘rom t he | aser
medi um both '3 (“\E“ I r“ mm niryor -being f,
phot odi ode r e« @r whieh seceives light refle

the optical recording medi um and whi ch2f8ocused thgpli4eht * gidedcl € gyal._t_’he
optical reaxidg nediun1onto t he phot odi ode I ght
reflected fron1the opti.cal recording medi ym.

phot odi odé- T ecépt eyl&‘@chPéF‘rﬁur& el P 2

i s divi dediighto ahdl eta@t riete ip@ t refseceagh pifdgMI irtétd%haat Sfféﬁe'tme Of t he
| i ght reflec ed fromthe o tlcal recordi ng medium the receptor conparing
the |ight recmqﬁﬂfqﬂpﬁﬁ% “least two portions to detect a signal. 6. An
optical devi ce ackighti remittet arhmch ednsreithesditbHtaser and sai d receptor

are formed on qQne; ppst fa8klptor configured to receive the reflected
light returned from the medium;
and converging means for converging the light emitted
by the 1light emitter onto an irradiated portion of the
medium, the converging means converging the returned light
onto the light receptor, wherein the light receptor receives
the returned light undivided and detects a position of the
irradiated portion using a puch-pull method.

2. In an optical device according to claim 1, wherein said
light emitter and said light receptor are formed on one
substrate.

3. The optical device of c¢laim 1,  wherein the light
emitter comprises horizontal resonator type laser, and a
reflector facing an end face of the laser.

4. The optical device of claim 3, wherein the 1light
emitter and the light receptor are formed on one substrate.

5. An optical device, comprising:

a laser which emits a light beam and which has a mirror
which reflects the light beam from the laser onto an optical
recording medium, both the laser and the mirror being formed
on a substrate;

a photodiode receptor which receives light reflected from
the optical recording medium;

and a lens which focuses the light from the mirror onto
the optical recording medium and which focuses the light
reflected £from the optical recording medium onto the
photodiode receptor, wherein the light reflected from the
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25
optical recording medium is received by the photodiode
receptor as undivided light, and wherein the photodiode
receptor is divided into at least two portions, each of
which detects receipt of the light reflected from the
optical recording medium, the receptor comparing the light
received by the at least two portions to detect a signal.

6. An optical device according to claim 5, wherein said
lager and said receptor are formed on one substrate.
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