1 DESCRI PTI ON DOUBLE- WAVELENGTH LI GHT SOURCE UNI T AND OPTI CAL HEAD DEVI CE
5 TECHNI CAL FI ELD The present invention relates to a doubl e-wavel ength

| f ght source unit and an optical head device, in particular to a

doubl e-wavel ength i ght source unit to be 10 used for an optical head device
for recording or reproducing an information fromat |east two types of
optical recording nedia such as optical disks, and to an optical head
device enploying it. 15 BACKGROUND ART Heriet of ore, CD type optical disks
such as CD-Rs or CD-RW have been used as optical recording nedia. In
recent years, DVD type optical di sk®HEFERIPFION arge capacity such as

DVD- RAMS or DVD-Rs are nore popularly 20 used as optical recording nedia.
Under the circunstances, a CD/DVD conpati bl e optical head device has been
practically used for recording or reproducing an information of CD and DVD
optical disks d2OURETWAYELENGFRi ICHEdPAQURGY I WYL i ANRr @Rt ISpecHERRBaAt i on, 25
with a single optical head device. In particular, in a case of recording
and reproducing an information in e.g.PEGI@D- R enpl oyi ng a nedi um havi ng
high light-absorptivity 2 in a 650 nmwavel ength band for an optical
recordi ngP

TECHNICAL FIELD
The present invention relates to a double-wavelength
light source unit and an optical head device, in
particular to a double-wavelength light source unit to be
10 used for an optical head device for recording or
reproducing an information from at least two types of
optical recording media such as optical disks, and to an

optical head device employing it.

15 BACKGROUND ART

Heretofore, CD type optical disks such as CD-Rs or
CD-RWs have been used as optical recording media. In
recent years, DVD type optical disks having a large
capacity such as DVD-RAMs or DVD-Rs are more popularly

20 used as optical recording media.

Under the circumstances, a CD/DVD compatible optical
head device has been practically used for recording or
reproducing an information of CD and DVD optical disks as
optical recording media having different specification,

25 with a single optical head device. In particular, in a
case of recording and reproducing an information in e.g.

a CD-R employing a medium having high light-absorptivity



medi um | ayer, the optical head device needs to be provided with a |aser

di ode of 790 nm wavel ength band for CDin addition to a | aser diode of 650
nm wavel ength band 5 for DVD. Fig. 5 shows an exanple of the construction
of a conventional CD/DVD conpatible optical head device in which a |ight
source unit 46 for CDin which a |laser diode 35A of 790 ri mwavel ength
band, photodetector 35B 10 and a diffraction grating 35C are integrally
formed, and a light source unit 45 for DgD in which a | aser diode 34A of
650 nm wavel ength band, a photodetector 34B and a diffraction element 34C
are integral iy RoPREdnMapavedepgicht Spddifegosad orts ceilgheaseahgiceni tted from
the | aser diodes 34A and 35A are transmtted through the diffraction
gratings 34chmegagmisdevend EHFbPREG CRrt HepRe SeaeSopSess taXie by a

wavel engt h- combi ni_ng prism 33, converted into parallel . beans by a

col l'i mator | @ﬁ@VBQng&’léén@eﬁLﬁé&roﬁhe?ﬁeZ@fi AP8r REt WY SleasHd RFst &i%F of an
optical disk 30 by an. gbjective_lens 31. The enmitted |ight beans ref]ected
by the infoFRatfoASFeEdrai #§ Bl aREBefdrESsidn&P O MgheVaiEnIdhRaked
again to parallel beans by the objective lens 31, converged by a collinator
|l ens 30, andiparP¥Dof the 25 reflected signal lights are converged on

pl anes of detectaors 338 %g)d 35B respectivel y_ by the di ffr,acticgﬂ el enent s
34C and 35C to b& ¥ -ect SYS Gy f3iadP$ 9 tﬁ%.coéﬁStcﬁWq‘tr%?i Yratings for

generating conventional CD/DVD compatible optical head device in

which a light source unit 46 for CD in which a laser
diode 35A of 790 nm wavelength band, photodetector 35B

10 and a diffraction grating 35C are integrally formed, and
a light source unit 45 for DVD in which a laser diode 34A
of 650 nm wavelength band, a photodetector 34B and a
diffraction element 34C are integrally formed, are
separately disposed.

15 Light beams emitted from the laser diodes 34A and
35A are transmitted through the diffraction gratings 34C
and 35C and combined into the same optical axis by a
wavelength-combining prism 33, converted into parallel
beams by a collimator lens 32 and converged on an

20 information-recording plane of an optical disk 30 by an
objective lens 31. The emitted light beams reflected by
the information-recording plane become signal lights and
converted again to parallel beams by the objective lens
31, converged by a collimator lens 30, and parts of the

25 reflected signal lights are converged on planes of
detectors 34B and 35B respectively by the diffraction

elements 34C and 35C to be electrical signals.



tracking beans are fornmed on a light-source side of the diffraction

el enents 34C and 35C, and hol ographic beam splitters for converging the
signal lights on photo 5 receiving planes of the detectors 34B and 35B are
formed. on the optical-disk side of the diffraction gratings 34C and 35C.
Further, such a construction is proposed, which enploys a nonolithic

doubl e-wavel ength | aser diode in lo which a | aser diode of 790 nm wavel engt h
band and a | aser diode of 650 nm wavel ength band are formed in one chip,

or a doubl e-wavel ength | aser_diode in which |aser chips for the two

wavel engt h bands Ty & idi s pos el ffgradfaton reratdingsarfod angedtIei r eni ssi on
points is about from 100 15 to 300 ~im whereby the nunber of parts can be
reduced and tdewdisioz sgren@rcododdsd ©n ahed i~Spedcss sadtpatedhfi th
conventional optical head devices in which each of the |aser chips are

di sposed i n @Adfraspdon wdamants 3BH $n¢bReG ueichhalesyraphic &aa® in which
a 20 nonolithic doubl e-wavel ength | aser diaode in which a |laser diode of 790
nm wavel engt EPBa#de&ifd TN £&SEVEFIGEHE 650 90%h Vid@dltengih Bwi®-are for ned
in one chip, or a double- wavel ength |aser diode in which | aser chips of

these wavel ERGERVARSI®@NEsdidp ASE T St RERIPRa RS 25 HOREER t hei r

em ssion points i s abouyt frao 00 to 300 .jim, and a photo-receiving el enent
are integral P} F@tené’@.tlcﬁ"}“t‘ﬁ sase Otfhé'fh](ﬁ g‘lrfg(ﬁchzr’rogﬁ‘r &Latg S Ré¢Used for
conventi onal 3-b%§ met hod or differential push-pull nethod and a

hol ogr aphi c BEEm i tter for conver gi ng

Further, such a construction is proposed, which
employs a monolithic double-wavelength laser diode in
10 which a laser diode of 790 nm wavelength band and a laser
diode of 650 nm wavelength band are formed in one chip,
or a double-wavelength laser diode in which laser chips
for the two wavelength bands are disposed so that the
distance between their emission points is about from 100
15 to 300 pm, whereby the number of parts can be reduced and
down-sizing and low cost can be achieved as compared with
conventional optical head devices in which each of the
laser chips are disposed in the respective units.
This construction uses an element in which a
20 monolithic double-wavelength laser diode in which a laser
diode of 790 nm wavelength band and a laser diode of 650
nm wavelength band are formed in one chip, or a double-
wavelength laser diode in which laser chips of these
wavelength bands are disposed so that the distance
25 between their emission points is about from 100 to 300
um, and a photo-receiving element are integrally formed.

In this case, the diffraction grating to be used for



light to the photodetector, generate diffraction |ight of each of incident
Il i ght beans of 790 nm wavel ength band 5 for CD and of 650 nm wavel engt h band
for DVD, and the excess diffraction |light becones stray |ight and
interfuses into the photodetector. Therefore, these arises a problemthat
recordi ng and reproducing of signal can not be stably carried out. 10
Further, when only a diffraction grating is provided to be used for 3-beam
method for CD, a light beamfor DVD is diéffracted by the diffraction
grating for CD. Accordingly, the light intensity of |ight beamreaching to
the opti cal @@@kengleéahcgdge@mi@ﬁtb@@v@ﬁt@liéeré@tbahcpﬁghopuﬂécording of
DVD type optical disk. Further, when the diffraction grating to be used for
t he 3- beam nid¢hRbedanddaa phasedprahec ppesnderli bEer cHAEI AHNVEETLRE | i ght to
m ni mze the_variation of |aser Eomer, are respectively disposed, wavefront
aberrations bighhetoothespietpdetpares. afenstarediupiranbiaeceiahhgPy, there
occurs a problemthat the total wavefront aberration is_ increased. Under
the above ci®eehsPhntBeidprt| sightobpare of 7?HeBrEaBatepaiBnPRrBA to

provi de a doubl e-wavel ength_25 |ight source unit which _enabl es %o stably
detect a %ighat CHt2BReoti ARl ofM E_RBRUFRGRr PFRPr 68t cPHY  aARfnFBFmat i on

froma CD type opti a% gis .and; a ﬁwt%t geopt'cgl fisF 5 din an optica
head devi ce gﬁﬁ? ?lﬁb BrachbhrR- Wa9khe ﬁgﬁ Fa§t¥ st 39PFgAPdsour ce, and to
provide an OPAng%ugggdinto the photodetector. Therefore, these
arises a problem that recording and reproducing of signal
can not be stably carried out.
10 Further, when only a diffraction grating is provided
to be used for 3-beam method for CD, a light beam for DVD
is diffracted by the diffraction grating for CD.
Accordingly, the light intensity of light beam reaching
to the optical disk is reduced, which prevents
15 reproducing or recording of DVD type optical disk.
Further, when the diffraction grating to be used for
the 3-beam method and a phase plate provided for reducing
return light to minimize the variation of laser power,
are respectively disposed, wavefront aberrations of the
20 respective parts are summed up, and accordingly, there
occurs a problem that the total wavefront aberration is
increased.
Under the above circumstances, it is an object of
the present invention to provide a double-wavelength
25 light source unit which enables to stably detect a signal

at the time of recording or reproducing an information

from a CD type optical disk and a DVD type optical disk,



device enploying it. 5 DI SCLOSURE OF THE | NVENTI ON The present invention
provides a doubl e-wavel ength [|ight source unit conprising a

doubl e-wavel ength Iight source emtting two |ight beans of different

wavel engths fromdifferent em ssion points, a photo detector and a 10
doubl e-wavel ength diffraction elenment for transmtting the two |ight beans
with different wavel engths, wherein the doubl e-wavel ength diffraction

el enent conprises: a first diffraction gbkating which transmts a light 15
beam of one wavel ength of the two emtted_fromthe doubl e-wavel ength |ight
source, withént a8 PPLacerilngeand deyifrer g8 oyt Nide s Coabllisghavisd@Adtdyi ng a
pol ari zation_plane in the |ight beam of the other wavel ength and converts
it to a trackPs§rbeésm? 209%htseosreedi PRCado BFOYLES R WRtdsadi ffeeskt s at

| east a |ight beam having a pqglarization plane in a |light beam of the one
wavel engt h aR@Va6RvEFPLOVingo 14 -tracking beam and transnits the |ight beam
of the other wavelength without diffracting, and 25 a diffraction grating
which diffracts a detectable anmount of at |east a |ight beam of either one
of the two wavel engths. Further., the present invention provides the

6
doubl e wavel EdgERO %%ﬁtogbGW@nyNFNTJPybrding to the above- mentioned,

wherein the two %ﬁgﬂpégﬁgﬁ:%%Qgggﬁﬁfghovides a double-wavelength

light source unit comprising a double-wavelength light
source emitting two light beams of different wavelengths
from different emission points, a photo detector and a

10 double-wavelength diffraction element for transmitting

the two light beams with different wavelengths,

wherein the double-wavelength diffraction element
comprises:

a first diffraction grating which transmits a light

15 beam of one wavelength of the two emitted from the
double-wavelength light source, without diffracting and
diffracts at least a light beam having a polarization
plane in the light beam of the other wavelength and
converts it to a tracking beam,

20 a second diffraction grating which diffracts at
least a light beam having a polarizatidn plane in a light
beam of the one wavelength and converts it to a tracking
beam, and transmits the light beam of the other
wavelength without diffracting, and

25 a diffraction grating which diffracts a detectable
amount of at least a light beam of either one of the two

wavelengths.



wavel engths are a |ight beam of wavelength X1, and a 5 |light beam of ~12,
whi ch conprises: the first diffraction grating which transmts a |ight beam
of wavelength X, without diffracting and diffracts at |least a |ight beam
having a polarization plane in a |ight beam of wavel ength X2 and converts
it to 10 a tracking beam the second diffraction grating which diffracts at
| east a |light beam having a polarization plane in the |ight beam of

wavel ength X, and converts it to a trackisag beamand transmts the |ight
beam of wavel ength X2 15 without diffracting, a third diffraction grating
whi ch transnits Faetherghthpeanesenfaiavengtanxpraividest téef Soabtlieng and
diffracts a detectable amount of at |east the |ight beam having a

pol ari zat i orveyehenghht heght gheubeanvoit2acoavéieagth Zhe akavea fourth
diffraction grating which transmits a linearly polarized |ight beam of
wavel engt h Xnemgipngia Whersinpbhar Fyat Loahpl haansdpff faéfsrandet ect abl e
anount of a linearly polarized, |jght beam of mavelength X, 25 having a
second poIafW%%@l%%g%m%n%r%e?p%h@hgubaﬁmt6ftW@V61?F§F pdl ard®&td on pl ane,
and transmts, a linearly ol ari zed Iight beam of wavel ength X2 having the
first 7 5poI]a¥$}2‘ét]P%W“p‘P§n£2.' Pt HercomRel §fisent i nvention provides the

doubl e- wavel ength |ight squrce uni,t according t he above-
gtﬂe fgrst gf%raction grathggwh?ch transm?ts a

light beam of wavelength A; without diffracting and

diffracts at least a light beam having a polarization

plane in a light beam of wavelength A; and converts it to
10 a tracking beam,

the second diffraction grating which diffracts at
least a light beam having a polarization plane in the
light beam of wavelength A; and converts it to a tracking
beam and transmits the light beam of wavelength A;

15 without diffracting,

a third diffraction grating which transmits the
light beam of wavelength A; without diffracting and
diffracts a detectable amount of at least the light beam
having a polarization plane in the light beam of

20 wavelength A;, and

a fourth diffraction grating which transmits a
linearly polarized light beam of wavelength A; having a
first polarization plane, diffracts a detectable amount
of a linearly polarized light beam of wavelength A;

25 having a second polarization plane perpendicular to the
first polarization plane, and transmits a linearly

polarized light beam of wavelength A, having the first



menti oned, which conprises: 5 the first diffraction grating which transmts
a light beam of wavelength X, without diffracting and diffracts a |[ight
beam of wavel ength X2 and converts it to a tracking beam the second
diffraction grating which diffracts the 10 |ight beam of wavel ength X, and
converts it to a tracking beamand transmts the |ight beam of wavel ength
X2 wthout diffracting, the third diffraction grating which conprises a
grating material form ng a concavo-convex7shaped grating 15 and a filler
filling the concavo-convex _portion of the grating material, wherein the
refractive iRalesdzetiphRePrlgngting material and the filler for the |ight
beam of maveleng;h X, are_equal so as to transmt the |ight beam w thout
diffracting and Hétb@frrfaéhev@nwn@eymemtﬁ@nz@@vmeﬁgtﬁm&qt&l%d t he
filler are different for an incident |ight beam of wavel ength of X2 so as
to diffract WeHelPPghP BeghtoFCHTEEt BRL&DPECRFEIRS, tandhEné yidt h
diffraction grating which transmts a linearly polarized |ight beam of
wavel engt h XeREVPR§Ia WH5CH FEFPE3F&Siizati on plane, diffracts a linearly
pol ari zed |ight beam_ of wavel ength X, having a second pol arizatiqn . plane
per pendi ¢l ar totPﬁefFF?EtdbégﬁgFEéPPoﬁrBFégg ¥ 15hg traeraitahite lafimt, and
transmts a |inearl ol ari ze i ght. bea wavel engt h_X2,having the first
pol ari zati on eﬁpaﬁgngve ength A; %PthoutnAEEfractgnggand 51? racts a :
light beam of wavelength A; and converts it to a tracking
beam,
the second diffraction grating which diffracts the
10 light beam of wavelength A; and converts it to a tracking
beam and transmits the light beam of wavelength A,
without diffracting,
the third diffraction grating which comprises a
grating material forming a concavo-convex shaped grating
15 and a filler filling the concavo-convex portion of the
grating material, wherein the refractive indices of the
grating material and the filler for the light beam of
wavelength A; are equal so as to transmit the light beam
without diffracting and the refractive indices of the
20 grating material and the filler are different for an
incident light beam of wavelength of A; so as to diffract
the light beam of a detectable amount, and
the fourth diffraction grating which transmits a
linearly polarized light beam of wavelength A; having a
25 first polarization plane, diffracts a linearly polarized

light beam of wavelength A; having a second polarization

plane perpendicular to the first polarization plane of a



Further, the present invention provides the double- 5 wavel ength |ight
source unit according to the above- nentioned, wherein a |ight-output side
of the doubl e- wavel ength diffraction elenent is provided with a phase

pl ate which generates a phase difference of an odd nunber times of Xi/4 for
a light beam of wavel ength X1. 10 Further, the present invention provides

t he doubl e- wavel ength |ight source unit according to the above- nentioned,
wherein the first diffraction grating andsthe second diffraction grating
constitute a doubl e- wavel ength-sel ection diffraction grating, and wherein:
15 the firstddtecEablroangrati ngnds taapsmatszifng ingptflva®rilesigest i ng which
transmts a |linearly polarized |ight beam of wavel ength X, having a first
pol ari zat i onlighhnbeaint Réuvadrleraéhi hg adlay f fRract srat| PabariyapaPari zed

| i ght beam of wavel ength X2 having a second 20 diffraction plane

per pendi cul aPl@Bethe first diffraction plane and converts it to a tracking
beam the second diffraction grating i,s a paolarizing diffraction grating
which diffracts &YEithear| yhsoPxes 1NveRt 1pSa Rrer Jaere It fgtdP weleravi ng t he
first diffraction 25 Rlane and converts it to a . tracking beamand transmts
a linearly ﬁ@VﬁﬂFE@& I#@HPtbéSHFSF H&&éléﬁﬁPFdX29h§9iﬁgetﬁéov§écond

pol ari zati on plane w_thout diffra tig .9 Further, the_ present invention
provi des t he™@BlbPBeRav¥PERGLR P ghf gGBPEBan?PdECESr&PﬁgdPBbﬂﬁé above-

mentioned, whereh 1 L08 GiEeladthbnagiiennd ek 9,328t Sitn a phase

plate which generates a phase difference of an odd number
times of A;/4 for a light beam of wavelength A;.

10 Further, the present invention provides the double-
wavelength light source unit according to the above-
mentioned, wherein the first diffraction grating and the
second diffraction grating constitute a double-
wavelength-selection diffraction grating, and wherein:

15 the first diffraction grating is a polarizing
diffraction grating which transmits a linearly polarized
light beam of wavelength A; having a first polarization
plane without diffracting and diffracts a linearly
polarized light beam of wavelength A, having a second

20 diffraction plane perpendicular to the first diffraction
plane and converts it to a tracking beam,

the second diffraction grating is a polarizing
diffraction grating which diffracts a linearly polarized
light beam of wavelength A; having the first diffraction

25. plane and converts it to a tracking beam and transmits a
linearly polarized light beam of wavelength A; having the

second polarization plane without diffracting.



second diffraction grating constitute a double 5 wavel ength-sel ection
diffraction grating, and wherein: the first diffraction grating conprises a
grating material form ng a concavo-convex shaped grating and a filler
filling the concavo-convex portion of the grating nmaterial, wherein the
refractive indices of the grating io material and the filler are equal for
an incident light beamof wavelength X, so as to transmt the |ight beam
wi thout diffracting and the refractive indices of the grating material and
the filler are different for an incident |ight beam of wavel ength of X2 so
as to diffract i Furhéddrn ghthehaarasant conerttian prevadesadkinglddalmg- t he
second diffraction grating conprises a grating material formng a
concavo- convervsigpotihglagihtg sangce uhillt] eccpiridiingg tiohé heorbave—convex
portion of the grating material, wherein the refractive indices of the
grating 20 naecatignegdndwhiegefiin [tée digséqdalf firectarn geiedemg leinghtthebeam of
a wavel ength X2 so as to transmt the |ight beam wthout diffracting and
t he refracti ¢econdi ad fohctien gratilng eenetilgutgnd eebilie- er are different
for an incident |ight beam of wavel ength of X, so as to diffract 25 the
| i ght beam aWavedsrsth-iselestd oy dikifagchéam Iratiter anchaheredant
i nvention provides an optical head device which conprises the .
doubl e- wavel engt kPri AT SE0A1SEGEREE10R OTRE1IPE GOBRTILSSSoRDPRALIHS with at
| east an objective_| ens. BRI EF DESCRI PTI ON OF THE DRAW NGS
material forming a concavo-convex shaped grating and a
filler filling the concavo-convex portion of the grating
material, wherein the refractive indices of the grating
10 material and the filler are equal for an incident light
beam of wavelength A; so as to transmit the light beam
without diffracting and the refractive indices of the
grating material and the filler are different for an
incident light beam of wavelength of A; so as to diffract
15 the light beam and convert it to a tracking beam,
the second diffraction grating comprises a grating
material forming a concavo-convex shaped grating and a
filler filling the concavo-convex portion of the grating
material, wherein the refractive indices of the grating
20 material and the filler are equal for an incident light
beam of a wavelength A; so as to transmit the light beam
without diffracting and the refractive indices of the
grating material and the filler are different for an
incident light beam of wavelength of A; so as to diffract
25 the light beam and convert it to a tracking beam.

Further, the present invention provides an optical

head device which comprises the double-wavelength light



Fig. 1 is a cross-sectional view showi ng an exanple of the construction of
t he doubl e-wavel ength |ight source wunit of the present invention, wherein
(a) shows a case where a |light beam of wavelength ~,, is incident, and (b)
shows a case where a |ight beam of wavelength X2 is 10 incident. Fig. 2 is a
cross-sectional view show ng an exanple of the doubl e-wavel ength sel ection
diffraction grating of the present invention, wherein (a) shows a case
where a |ight beam of wavelength X, is ilcident, and (b) shows a 15 case
where a |ight beam of wavelength ~12 is incident. Fig. 3 is a

cross-sect i oAQRr¢EeWns ol ngearnsefet @Q@hbﬂétéPntWétgoaﬁléeﬂé@e?@ngth
selection diffraction grating of the present invention, wherein (a) shows a
case where acbPightiveahrBF-wavel ength X, is incident, and 20 (b) shows a
case where a |light beam of wavelength ~12 is incident. Fig. 4 is a side
view schematically showi ng an optical head device enploying the
double-mavelength | i source unit of the present invention. 25 Fig. 5is

ht
a side view BB EﬁaPEgQRF§T§QHmPﬁgT§E EBAUENEPonal optical head device. BEST
MODE FOR CARRYI NG OUT _THE | NVENTI ON The first Enbodi ment of the present
i nventi orP concefRY -alddSbPeRAFEM ERGERCPAGhY IEWUFERYAREt ANSEHE™ Pdfanpl es of

the first Enbodiment are described gz 5oLl ovs, The doubl e wavelength I ght
unit of the present invention, wherein (a) shows a case
where a light beam of wavelength A; is incident, and (b)
shows a case where a light beam of wavelength A; is
10 incident.

Fig. 2 is a cross-sectional view showing an example
of the double-wavelength selection diffraction grating of
the present invention, wherein (a) shows a case where a
light beam of wavelength A; is incident, and (b) shows a

15 case where a light beam of wavelength A, is incident.

Fig. 3 is a cross-sectional view showing another
example of the double-wavelength selection diffraction
grating of the present invention, wherein (a) shows a
case where a light beam of wavelength A; is incident, and

20 (b) shows a case where a light beam of wavelength A; is
incident.

Fig. 4 is a side view schematically showing an
optical head device employing the double-wavelength light
source unit of the present invention.

25 Fig. 5 is a side view schematically showing a

conventional optical head device.



present invention conprises a doubl e-wavel ength |ight

| i ght beans of different wavel engths fromdifferent em ssion points,
phot odet ector and a 10 doubl e-wavel ength diffraction elenment transmtting
two |ight beans of different wavel engths. The doubl e-wavel ength |ight
source nmeans a light source emtting two |ight beans of different

wavel engt hs,

in which a doubl e-wavel ength | aser diode is mainly used

source emtting two

15

and- t he doubl e-wavel engt h | aser di ode inciudes a nonolithic type and a type

in which two | aser chips for

one of thes®ESah MO@EeAPIRoYERRRYENG KBIT, T&s: t(ThAYENIGtddet ect or, a
photo-recei ving el enent such as a photodi ode or a 20 phototransistor can be
enpl oyed. The dolliee-flavad dndddidfy axht itdre @radent i interdesontwo types i.e.

a diffraction grating generating a

di fferent wavel ength bands are bonded, and any

tracking beamand a diffraction grating

gener ati ng acodeteanisi en deiugnial-waNsrhsing th R aliduisicaingsgy elrgrigt hS28edi f f ract i on
el ement conprises a first diffraction grating which transmts a |ight beam
of either oneXsmrtles ofo theafdlrstgtHrbashimerdd afneoasss idwmgblas wavel engt h
light 12 source, without diffracting and diffracts at |least a |ight beam
havi ng a pol &9ldgMson plane in a light beamof the other one of the
wavel engt hs and converts it to a trackinqlbeanl a second diffraction

grating which 5 dih§ ikl enwaeakanath i hint

eI i WYy ta Pol @S zat i on

in alight beam of the one .of the wavel engths_and

10

15

20

25

present invention comprises a double-wavelength light
source emitting two light beams of different wavelengths
from different emission points, a photodetector and a
double-wavelength diffraction element transmitting two
light beams of different wavelengths.

The double-wavelength light source means a light
source emitting two light beams of different wavelengths,
in which a double-wavelength laser diode is mainly used
and the double-wavelength laser diode includes a
monolithic type and a type in which two laser chips for
different wavelength bands are bonded, and any one of
these can be employed. Further, as the photodetector, a
photo-receiving element such as a photodiode or a
phototransistor can be employed.

The double-wavelength diffraction grating includes
two types i.e. a diffraction grating generating a
tracking beam and a diffraction grating generating a
detection signal. Namely, the double-wavelength
diffraction element comprises a first diffraction grating
which transmits a light beam of either one of the two

wavelengths emitted from the double-wavelength light

pl ane



converts it to a tracking beam and transmts a light beam of the other one
of the wavel engths without diffracting, and a diffraction grating which
diffracts 10 only a detectable anpbunt of at |east a |ight beam of either
one of the two wavel engths. The nunber of diffraction gratings for
diffracting only a detectable anount nay be one or two. Nanely, in the
| i ght source unit, the double- 15 wavel ength diffraction el enent may
conprise three diffraction gratings in total, including a single
diffraction grating generating a detection signal in addition to the first
diffracti on gearfag whthehe defdndctdntf aadt dahfygratisngtgdmesst iang track
beans fromthe two 20 |ight beans having different wavel engths, or na
conpri se fobigldtfbeant haviggani pgdarazesian phehediingaf dighér bega o
diffraction gratings for generating detection signals for the respective
wavel engt hs, tha agberi enet eft kbef Wpyelenpthraenfomogivatiteg 14n§ ot ke second
diffraction grating. 25 In a case where the total three diffraction gratings
are provi dedtrackhBd| PgAR sdupeecndi fiffKackdanrt vsp&EnIdWPLLECt i on grati ng
may, for exanple, be a concavo-convex 13 %yge diffraction grating, a

e

pol ari zi iy dftffBEEEBnatglaerhgausifltaPBrPePAVAGENt RRLEF &R P A

wavel engt h- silectlon d'tfrac%ion rating fornmed by conbinin% material s
havi ng di f f ePefRer &fr ct 9B REER- RavERENGRR 51dit8eaVeisnarhst RS case,

h larizin iffr ion rati r th vel engt h- sel iQn_diffr ion
;rgtrgga cgngertsag% go agtggcﬂgng b%a%,wgn% %rg%smi%se%tl?gh% actio

beam of the other one of the wavelengths without
diffracting, and a diffraction grating which diffracts

10 only a detectable amount of at least a light beam of
either one of the two wavelengths. The number of
diffraction gratings for diffracting only a detectable
amount may be one or two.

Namely, in the light source unit, the double-

15 wavelength diffraction element may comprise three
diffraction gratings in total, including a single
diffraction grating generating a detection signal in
addition to the first diffraction grating and the second
diffraction grating generating track beams from the two

20 light beams having different wavelengths, or may comprise
four diffraction gratings in total including further two
diffraction gratings for generating detection signals for
the respective wavelengths, in addition to the first
diffraction grating and the second diffraction grating.

25 In a case where the total three diffraction gratings
are provided in the light source unit, the additional

diffraction grating may, for example, be a concavo-convex



may be outside of the |ight source unit and used in conbination with the
objective lens in the sane manner. By nmaking a construction in which the
diffraction grating 10 diffracting only a detectable anobunt of a |ight beam
of one of the wavelengths is separated, it becones possible to
i ndi vidual Iy adjust each of the diffraction gratings to obtain a sufficient
detection signal even in a case where error of em ssion points occurs in
manuf acturing 15 the type of doubl e-wavel®hgth [ight source in which two
| aser chips having_different wavel engt hs are bonded. The doubl e-wavel engt h
diffracti on svepefiffsagssanedratanbe eorstirraradaby@iffduacdiifory acti on
gratings. Nanmely, they are the first diffraction grating which transnmts a
20 |ight bea#irafisfieusinghe bwsehavapengt Aateriletle@rf Roafied ength-
double-mavelength | i ght source, without diffracting and_ diffracts at |east
a |light beanPR&®FR§CR PofArpe&LPBnITRLARE fRTAESH §At COSMHRNGR Yt her one of
t he wavel engths and_ converts it to a trackin%,beanl 25 the second
di ffraction @Pé??h@lﬁhhéﬁlagfﬁﬁééﬁ§e§F reéasf évﬁidH@Q&§¥%W%%ﬁ
pol ari zation plane in a light 2 beamof the one_of  the mgyelengths and
converts it H6SReEFAERPng HeaMEACIFansHEE SPALRT YRt Beaht 6F2Eh&OBt her one
of the wavel engths w thout diff actigg, g third di.ffraction grati.ng which
transmits a PEGREDIHEAMBE WR¥SIRBIGH Bhc SHav8Pe Mgt A% tHRGuE 16 acting 5
and diffracts _a etec%able agnﬁgtngt %% | east a IL%ht eam having a
pol ari zati on™B¥aRE PHEEFFgR anr o thE°USERe dite 40F 7€ | engt hs, and
combination with the objective lens in the same manner.
By making a construction in which the diffraction grating
10 diffracting only a detectable amount of a light beam of
one of the wavelengths is separated, it becomes possible
to individually adjust each of the diffraction gratings
to obtain a sufficient detection signal even in a case
where error of emission points occurs in manufacturing
15 the type of double-wavelength light source in which two
laser chips having different wavelengths are bonded.
The double-wavelength diffraction element is assumed
to be constituted by four diffraction gratings. Namely,
they are the first diffraction grating which transmits a
20 light beam of one of the two wavelengths emitted from the
double-wavelength light source, without diffracting and
diffracts at least a light beam having a polarization
plane in a light beam of other one of the wavelengths and
converts it to a tracking beam,
25 the second diffraction grating which diffracts at

least a light beam having a polarization plane in a light

beam of the one of the wavelengths and converts it to a



a fourth diffraction grating which transmts a |light beamof any one of the
two wavel engths having a first 10 polarization plane wthout diffracting,
diffracts a detectable anobunt of a |ight beam of the wavel ength having a
second pol ari zation plane perpendicular to the first polarization plane,
and transmts a |ight beamof the other one of the wavel engths having the
first 15 pol arization plane wthout diffracting. Further, when the |ight
beam of the other one of the wavel engthslhas the second pol ari zation pl ane,
the fourth diffraction grating may transmt the |ight beam w t hout
di ffracti ng bragkingabeal dedetrapFBlafpantighti beapoofiefbe gtiheghtnSeam
havi ng a pol ari zation plane neans _a |light beamin which the polarization
plane is notOfth@nWéHeﬂﬁnatgﬁeUFFhéuHi8é§ﬁréﬁFl§Heh as a randonly
pol ari zed |light beam Further, a,light beamhayving a first polarization

a

pl ane or the secenbpbfafizatpehipRafeadsnte¥isch FrgRemMbEanti AL@RTtCh t he

pol ari zation plane _is, oriented jn a specific direction. ., To convert it to a
tracking beahr#Banf tBegeRer afetacp¥anrreRIthackiafothedi5ireGEfREe of an
optical recordi_ng, nedium which incluydes a 3-beam conversion.,by splitting a
li ght beam i ARY 8h£§€aCB§aﬁs?eBFC§§Ei§nPElBH¥}Er ngﬁtb e85 ft #ﬁg}fl‘& |i ght beam
into five beans. Further, it is preferred to_dispose the first

i ffract on GPaTi RGYiPHeRsBOORE: APFFPHCPIORgRat PrgsobheDopRi g PRt ract i on
grating and épﬁeioggghoginga%gbgeengths, and

a fourth diffraction grating which transmits a light
beam of any one of the two wavelengths having a first

10 polarization plane without diffracting, diffracts a
detectable amount of a light beam of the wavelength
having a second polarization plane perpendicular to the
first polarization plane, and transmits a light beam of
the other one of the wavelengths having the first

15 polarization plane without diffracting.

Further, whenvthe light beam of the other one of the
wavelengths has the second polarization plane, the fourth
diffraction grating may transmit the light beam without
diffracting or diffract a detectable amount of it.

20 Here, a light beam having a polarization plane means
a light beam in which the polarization plane is not
oriented in a specific direction, such as a randomly
polarized light beam. Further, a light beam having a
first polarization plane or the second polarization plane

25 means a light beam in which the polarization plane is

oriented in a specific direction. To convert it to a

tracking beam means to generate a beam for tracking the



grating in this order so that the fourth diffraction .grating is at the
side of an optical recording nediumto 10 reduce the diffraction pitches of
the third and the fourth diffraction gratings. However, the first and the
second diffraction gratings can be exchanged and the third and the fourth
diffraction gratings may be exchanged. Further, the first and the third
diffraction 15 gratings may al so be exchanged. Further, the two |ight beans
of different wavelengths are defined as ¥ 1ight beam of wavel ength X1 and
a light beam of wavel ength X2 respectively. The double-wavel ength |ight
source unit shrfheeppésent oROiravenerondéngphedesm; hehiichsingilibescEi on
grating which transmts a |ight beam of wavel ength X1 without diffracting
and di f fract 3-RepgRPnNBeaALOn RHvEPEAGLANACa ApghtoReam: dnite t&rget racki ng
beam the second diffraction grating which diffracts a 25 |ight beam of
wavel engt h APeamd. ceiiverbsam CopvareiaekPiigSrbéaimiagdat Fasdi ©§a@ | i ght beam
of wavelength A2 without diffracting, 16 the third diffraction grating
whi ch conpri 38§0afdvsat PR§MFat erial forning a concavo-convex shaped grating
and a filler filling_the concavo-cqonvex portiqgn of the rating material,
wherei n the refr &8P nditcds SrefRETsey et CHPRECeRe Tdddtthe filler are
equal for a IL%Et beam of wavel ength ~, | ao a% to transmt the Ii%Pt beam
wit hout diffPAEEFRGEARD PRECLBAr abfiPvEeFRArcEdtbrarféon grating, the

third diffraction grating and the fourth diffraction
grating in this order so that the fourth diffraction
~grating is at the side of an optical recording medium to
10 reduce the diffraction pitches of the third and the
fourth diffraction gratings. However, the first and the
second diffraction gratings can be exchanged and the
third and the fourth diffraction gratings may be
exchanged. Further, the first and the third diffraction
15 gratings may also be exchanged.

Further, the two light beams of different
wavelengths are defined as a light beam of wavelength A;
and a light beam of wavelength A, respectively. The
double-wavelength light source unit of the present

20 invention comprises the first diffraction grating which
transmits a light beam of wavelength A; without
diffracting and diffracts a light beam of wavelength A,
and converts 1t to a tracking beam,

the second diffraction grating which diffracts a

25 light beam of wavelength A; and converts it to a tracking
beam and transmits a light beam of wavelength A, without

diffracting,



grating material and the filler are different for an incident |ight beam of
wavel ength of ~12 so as to diffract 10 a detectable anmount of the |ight
beam and the fourth diffraction grating which transmts a linearly

pol ari zed |ight beam of wavelength ~,j having a first polarization plane,
diffracts a detectable amount of a linearly polarized |Iight beam of

wavel ength 2\'1 15 havi ng a second pol ari zati on pl ane perpendi cular to the
first polarization plane, and transmits dadinearly polarized Iight beam of
wavel ength A2 having the first polarization plane w thout diffracting. The
fourth diffractibhegihirdgdebhrarfipacgrat2ng| vheahl goppraseged | i ght beam
of wavelength A reflected by the optical recording nedium.and converted to
have the segbabdipel BpLeatiprdniprBABIbY EABCPHASECBVGKeShaprar graang
phot odet ector, when a_phase_plate for producing an odd nunber tines of
2\1/4 is di spBded BétwesnfihéiBpt FBEI COBCRE¥ROFANHGXnBAFGACENA Lt BBeuUnit. By

t hus constituting the doubl e-wavel ength |ight source unit, a Ii%ht beam of
wavel engt h 29¥aEaRgr BaERrapl17vhepeitalireE6EERAGIHRILDM GRENBEL THEI ng
diffracted for excess diffraction, which provides an effect_that the
utilization €FpFePEnBRtEFiplgapdaths £ikkest aFecBAHRhgIOkaR BdINkcr eased.
Further, since the_light _bea of 5 wavel engths X, and 1\2 reagh an opti cal
recordi ng neH?BW1°&AW%889eH8E IéSSS%i??r%%t'{ﬁP%W&FI{%ﬁnlh%%ﬁs ¢t ected by

the optical recording;mediumare diftracted oty Y t88ces of the
grating material and the filler are different for an
incident light beam of wavelength of A, so as to diffract

10 a detectable amount of the light beam, and

the fourth diffraction grating which transmits a
linearly polarized light beam of wavelength A; having a
first polarization plane, diffracts a detectable amount
of a linearly polarized light beam of wavelength A;

15 having a second polarization plane perpendicular to the
first polarization plane, and transmits a linearly
polarized light beam of wavelength A; having the first
polarization plane without diffracting.

The fourth diffraction grating can diffract a

20 linearly polarized light beam of wavelength A; reflected
by the optical recording medium and converted to have the
second polarization plane by the phase plate, toward the
photodetector, when a phase plate for producing an odd
number times of A/4 is disposed between the optical

25 recording medium and the unit.

By thus constituting the double-wavelength light

source unit, a light beam of wavelength A; can reach an



third are the fourth diffraction gratings towards optical detectors so that
unnecessary diffraction |ight does not 10 incident into the photodetectors,
there is an effect that a reproduction or recording of an information can
be stably perfornmed when this unit is enployed in an optical head device.
Now, the present invention wll be described with 15 exanples shown in the
drawings. Fig. 1 is a cross- sectional view showi ng an exanple of the
construction of the doubl e-wavel ength |ight source unit of the present

i nvention, wherein_(a) shows a case where a |ight beam of wavelength X, is

( .
i nci dent and°Pb)-C8RoRECRTEATE RIRELA M, Wit holGh PBEIMIGHE ERAFISEh dtaF X2 i s
i nci dent. The doubl e- wavel ength Lg$$ sour.ce unit 100 coqg;%ie a doubl e-
wavel engt h s&FEEEFoRIditFACE O on % | BgOY 1965 afhistd e f 5 grating
and the fourth di.ffractio ratin integrated in _a package not_.shown. 25
Here, a phot BHiddERIRRG BHLEIEREYsogn 1abhe At £0  0Bmpr: 265 Jiler di ode
| A of X1=650 nm wavel engt h hand | aser . di ode | B. of . X2=790 nm_wavel engt h
band and a 16°MpK6t GHCEEECSE 1T PBIIPECaF TG BRS| HRERE) PEAES BFl octed by
an opticaé dusk ﬁ? Fﬁﬁthig’atﬁeAdOUbl -mavelqu%ﬁ seqution d'ﬂjraction
grating 3°is"GSRsERETEd By PHe 2 17X aHY Vet Stedritt W AT ON Yr at i ngs
gener at i ng at,.5.| east Oth O (3GLLON 1 0L ARd Ast dLLEr agtion. Lt bears
in which, for “examnpl e,” T'inéar "gratings are or e onag}ansparen sudstrat es
2 and 4. the optical recording medium are diffracted only by the
third are the fourth diffraction gratings towards optical
detectors so that unnecessary diffraction light does not
10 incident into the photodetectors, there is an effect that
a reproduction or recording of an information can be
stably performed when this unit is employed in an optical
head device.
Now, the present invention will be described with
15 examples shown in the drawings. Fig. 1 is a cross-
sectional view showing an example of the construction of
the double-wavelength light source unit of the present
invention, wherein (a) shows a case where a light beam of
wavelength A; is incident and (b) shows a case where a
20 light beam of wavelength A, is incident. The double-
wavelength light source unit 100 comprises a double-
wavelength selection diffraction grating 3, the third
diffraction grating and the fourth diffraction grating
integrated in a package not shown.
25 Here, a photo-receiving photo-emission element 40

comprises a laser diode 1A of A;=650 nm wavelength band,

a laser diode 1B of A;=790 nm wavelength band and a



The third diffraction grating is, for exanple, formed on a transparent
substrate 4 and constructed so 10 that the grating material formng a

concavo- convex shape grating 5A and a filler 5B for filling the

concavo- convex type grating 5A have an equal diffractive index for a |[|ight
beam of wavel ength X, anong signal lights reflected by an optical disk 8,
so that the light beamis 15 transmtted wi thout being diffracted, and is
constructed so that they have different Ir®fractive indices for a |ight

beam of wavel ength X2 so that the |ight beam of wavelength X2 refl ected by
the opti cal rheto@etector f 1¢ afPBIr eBREY HNE %h@%@n@écéighﬁgrﬁﬁéﬁétéﬁ the 20
phot odetector, whereby the third diffraction grati gk functions as a beam
splitter. TheYfduremt#Feiradiskod - grEtthponhs taubkervavkerseh a
transparent substrate 7, a grating 6A made_of a ratlng naterlal of a
blrefrlngentS%%%@Eh?$o@h§§r%ﬁt%ﬁ% ?Baﬁ%%ﬁs%a%énF°§ﬁBéFP g€ PyahBea filler 6B
for filling the grating whi_ch functlons as pol ari zing beam splitter
whi ch transnftsSh ??ﬂe%??ysﬁﬁ?%?lééﬁ ¥?@E%O%eﬁﬁ?5¥nqg IGRFEREAGPhEK, havi ng
a first poI i zati p%a and., emtted fr er _di ode 1A ang a linearly
pol ari zed %ﬂ?tbggﬁ1 fggﬁ %Féﬂﬁt 195t hay ng?F g?ﬁﬁgﬁcﬁbPQr}ia fon plane
emtted fro a | aser dla dﬁ mﬁthoHt dlfiractlng dlffracts a
ret ur ned Iig%?a%%ah?c% YeP t et oS %P fiear EPOI f?EéBgﬁlaﬁ? 8&FRavi ng a
second polagization plane perpendicylar tg yhe first
The third diffraction grating is, for example,
formed on a transparent substrate 4 and constructed so
10 that the grating material forming a concavo-convex shape
grating 5A and a filler 5B for filling the concavo-convex
type grating 52 have an equal diffractive index for a
light beam of wavelength A; among signal lights reflected
by an optical disk 8, so that the light beam is
15 transmitted without being diffracted, and is constructed
so that they have different refractive indices for a
light beam of wavelength A, so that the light beam of
wavelength A, reflected by the optical disk 8 is
diffracted toward a photo-receiving plane of the
20 photodetector, whereby the third diffraction grating
functions as a beam splitter.
The fourth diffraction grating comprises, for
example, a transparent substrate 7, a grating 6A made of
a grating material of a birefringent medium formed on the
25 transparent substrate 7 and a filler 6B for filling the

grating 6A, which functions as a polarizing beam splitter

which transmits a linearly polarized light beam of



pol ari zati on pl ane, towards the photo-receiving plane of the photodetector.
10 By thus constructing the doubl e-wavel ength |Iight source unit,

m niaturization can be realized as conpared w th the case of using |ight
source units for the respective wavel engths and position adjustment of the
components in this unit can be omtted. 15 Fig. 1 shows a construction in
whi ch the doubl e- wavel ength selection diffraction grating, the third
diffraction grating and the fourth diffrat®ion grating are integrally
formed. However, they may be individually forpmed as three diffraction
gratings andWPH@AeP9¥BdAﬁnh%VlQ@ Ppatkhge. PThert RRE4CHI PLRREt #BA grating and
the fourth diffraction grating will be described.in npre detail. _In the
third diffrabfibhegr &EPRg2 LBSEE Frefer léd PRl areditd YoPAlRe igrest i ng
material of the_concavo- 25 convex %%pe ﬁrating 5A formed on the syrface of
the transparefttsfram sfeavedrgoithe i PRE+INEBERE| FLR§TaPClPEdSR LBRcave

portions of the grati.n A, contains a 2Q _ight-absorbi ani.c pignent.
For exanple,pgﬁn r&&ﬁ?ge LB e &8ﬁ@§i%&8dﬁngph§ﬁ§_ tn?iﬁﬁé%ﬁ%ﬂqgkan
genere 2, \8bonydfignedce el ueen,Lhe Lebiasll 2 dex Al gl ot X
cbnor el o ehetaleg, ShLash ety APRLOLSbelh aglectng, the

polarization plane perpendicular to the first

polarization plane, towards the photo-receiving plane of

the photodetector.

10 By thus constructing the double-wavelength light
source unit, miniaturization can be realized as compared
with the case of using light source units for the
respective wavelengths and position adjustment of the
components in this unit can be omitted.

15 Fig. 1 shows a construction in which the double-
wavelength selection diffraction grating, the third
diffraction grating and the fourth diffraction grating
are integrally formed. However, they may be individually
formed as three diffraction gratings and then fixed in a

20 package.

The third diffraction grating and the fourth
diffraction grating will be described in more detail.

In the third diffraction grating, it is preferred
that any one of the grating material of the concavo-

25 convex type grating 5A formed on the surface of the

transparent substrate 4, and the filler 5B filling at

least concave portions of the grating 5A, contains a



the grating 5A and the filler 5B at wavel ength X, can be equalized, and at
the sanme tine, the difference in these 10 refractive indices at wavel ength
X2 can be nade large. By using this nmethod and by appropriately selecting
the materials of the grating 5A and the filler 5B, for an incident |ight
beam of wavel ength X1, the incident light beamis transmtted w thout
generating diffraction light 15 since the refractive indices of both of
these materials are equal. on the other 2fand, when an incident |ight beam
of wavelength X2 is transmitted, Oh diffraction |light_ and 1st diffraction
li ght beans hiehfepefarBinIsPRERNLRePLSNPREL i VEPT MTERL®f HotPrFthese
materials 20 ,are different. Here, "refractive indices are equal at

wavel engt h X?igmﬁ%ﬁngoPﬁaﬁn?ﬂe}ndghﬁogrﬁﬁﬁﬁgtBaEErhﬁﬁerFéal9?n€6ﬁﬁ?eﬁely
equal, and tﬂgg nagagiffer to, the extent th?t a_lLight _beam of wavel ength
z\1 is transh?t98dW FREGECHI PEFYEET R85 GFTBCEY Gr TREBFE B8F the i nci dent
light. Further, "the .refractiyve ind&ces are different at | i ght beam
having a  vaVerShEPATE) b AT HetL et T FRTt ot YT o2 21 1 st
diffraction I%g?é beanF.is at Ieag& % Thg fourtT giffraction grat%ng IS
made of & bPfe ?naﬁﬁ lﬁ%dlﬁﬁ?ﬁévinéyaﬁnor8P85W? r 8¢ PREFPURY REERC Cof n,
and an extragrdinary, refr pve_jpndex . _Fo X l a_grating 6A
havi ng a coﬁ@%@%?¥0n9¥xaP§%épF§a£8? s%ggggg%gﬁ %Eéfﬁ?ﬁéglg%stﬂg gh?face of a

transparent  Sypshiatg Inq@PfledrihhLer BB PAYI DArR,PPYDLCRREYSRes of

the grating 5A and the filler 5B at wavelength A; can be
equalized, and at the same time, the difference in these
10 refractive indices at wavelength A, can be made large.

By using this method and by appropriately selecting
the materials of the grating 5A and the filler 5B, for an
incident light beam of wavelength A;, the incident light
beam is transmitted without generating diffraction light

15 since the refractive indices of both of these materials
are equal. On the other hand, when an incident light
beam of wavelength XA; is transmitted, Oth diffraction
light and *lst diffraction light beams are generated
since the refractive indices of both of these materials

20 are different.

Here, ‘“refractive indices are equal at wavelength A"
means that they do not have to be numerically completely
equal, and they may differ to the extent that a light
beam of wavelength A; is transmitted without diffraction

25 of 0.5% or more of the incident light. Further, “the
refractive indices are different at a light beam having a

wavelength A;” means that the diffraction efficiency of



refractive index of n. fills at |east concave portions of the grating 6A,
and the fourth diffraction grating is 10 lamnated with the third
diffraction grating having a concavc-convex type in cross-section. Here,
if, faor exanple, the ordinary refractive index n. of the birefringent
medi um and the refractive index n. of the filler are nmade substantially
equal, the fourth is diffraction grating transmts an ordinarily polarized
incident light without diffracting and canldiffract an extraordinarily

pol ari zed incident |ight. Further, a double-wavel ength selection diffraction
grating is céﬁ§¢i@&ﬁé@a§%lpﬁelﬂ9@§th@ﬁﬂﬁr&@tﬁénlgﬁﬁgi@&- 20 and the second
diffraction grating, and the first diffraction grating of the

doubl e- wavel engt Fhsefurntdh didi Fractdtqrow itatichd S é“aaigepcﬂfarar zing diffraction
grating which transmts a ljnearly polarized |ight beam of, wavel ength ~, ]
havi ng a fir SLG5dranoeat RGP SaWNtRodt 25 dPPrvadeifgctan® ditdsact s a
linearly polarized light beam of wavel ength ~12 having a_second

pol ari zat i on 9 &ee2nPefPeRUFEAPRALERTY NESFFFSELYBI aPFSEL PON pl af®T Furt her,
22 the second diffraction qfating of .t he doubl e-wavel ength sel.ection
diffraction GG i & FEFGES AnGadifer &ctCPalﬁaV&r‘&PFW&gw‘ﬁYa? di%fracts a
linearly polarized |ight beam_ of %@vel th \, having the first

pol ari zat i on G1°&Te © %l§ntﬁ§n§ﬁqﬁ§ aOPi%§ rﬁyr58F§rP%e&Iqﬁﬂﬂ§9i£ﬁﬂ9ﬁ

wavel ength X2 .havin he secaond..pqgl arization plane wthout diffracting.
The doubl e - i&&l éfr?gt%%ri &ﬁ&%c Ourl(@(caielfni6f75 i ?Vln% " hotlogicous

refractive index of ng fills at least concave portions of
the grating 6A, and the fourth diffraction grating is
10 laminated with the third diffraction grating having a
concavo-convex type in cross-section.
Here, i1f, for example, the ordinary refractive index
n, of the birefringent medium and the refractive index ng
of the filler are made substantially egqual, the fourth
15 diffraction grating transmits an ordinarily polarized
incident light without diffracting and can diffract an
extraordinarily polarized incident light.
Further, a double-wavelength selection diffraction
grating is constituted by the first diffraction grating
20 and the second diffraction grating, and the first
diffraction grating of the double-wavelength selection
diffraction grating is a polarizing diffraction grating
which transmits a linearly polarized light beam of
wavelength A, having a first polarization plane without
25 diffracting, and diffracts a linearly polarized light
beam of wavelength A; having a second polarization plane

perpendicular to the first polarization plane. Further,



preferably provided with such a doubl e-wavel ength selection diffraction
grating. Now, an exanple of the 10 first enbodinent will be described with
drawi ngs. Fig. 2 schematically shows a cross-sectional view of an exanple
of the doubl e-wavel ength selection diffraction grating 3 in the
doubl e-wavel ength Iight source unit of the present invention, wherein (a)
shows a case where a is light beam of wavelength 2\1 is incident, and (b)
shows a case where a |ight beam of wavelZnhgth ~12 is incident. on the
transparent substrate 10, for exanple, an organic _thin filn1havin% a
phase- di f f er ER€esgepefatiiA§rrGRéPROATaE4NPaRT nsheddayldepaselenatt® 12 with
an adhesive 11, A 20 first diffraction grating including a_concavo-convex
type gratin§eisatinnedsdtiaaptienr PRgEANINREi BnPRARIFAGLRE Bfdrasgtyon
refractive index n. and an _extraordinary refractive . index . n, is formed on
the surface SF2thBY WRaRBpIrEATastBstr B2 E1YaRE 14 EEFPet 1958 REF™g a 25
refractive index n._substa tiallﬁ?eqTal o the ordinpary, ref{activedindex n
fills at | eaSt WBNEAGBIFS 0 PRVEET the HETF it B 23hHPR hl #7F s
diffraction gratin tis Zi. Ian&nate on tge ﬁhgse | ate _12. Alsec%Eg
di fraction GFAPFAGCEoApiiBRATIE PONEAVESIcondes PEAD GEaPPNGLEEA ade of a
bi ref ri ngent dium having an ordipary refractive ind n. and an 5
ext r aor dinar {* TEFY HeT | UR | neawnsh POT S Y27 o ovl 918 U BAB C of ¢ he
t ranspar ent ug trate 14, osite to the surface. .on which the.first
diffraction é% ?Fﬁ Eﬁggforﬁgg_é%yble waveléngth fﬁght source unit 1s

preferably provided with such a double-wavelength

selection diffraction grating. Now, an example of the

10 first embodiment will be described with drawings.

Fig. 2 schematically shows a cross-sectional view of
an example of the double-wavelength selection diffraction
grating 3 in the double-wavelength light source unit of
the present invention, wherein (a) shows a case where a

15 light beam of wavelength A; is incident, and (b) shows a
case where a light beam of wavelength A; is incident. On
the transparent substrate 10, for example, an organic
thin film having a phase-difference-generating function
is laminated as a phase plate 12 with an adhesive 11. A

20 first diffraction grating including a concavo-convex type
grating 13A made of a birefringent medium having an
ordinary refractive index n, and an extraordinary
refractive index n. is formed on the surface of the
transparent substrate 14, and a filler 13B having a

25 refractive index ng substantially equal to the ordinary

refractive index n, fills at least concave portions of

the grating 13A, and the first diffraction grating is



filler 15B having a refractive index n. substantially equal to the ordinary
refractive index n. fills at |east 10 concave portions of the grating 15A,
and the second diffraction grating is lam nated on an organic thin film
havi ng a phase-di fference-generation function as a phase plate 16. Further,
the phase plate 16 is lamnated on a transparent substrate 18 with an
adhesive 17. 15 Further, the phase plate 12 and the phase plate 16 have a
function of generating a phase difference&2®df an integer times for an

i ncident |ight beam of wavel ength ~12 and _generating a phase difference of
hal f int eger L&P#BatefoPRaflPnERa&Rt PLAGRt 1Beam of wavel ength ~, 1, and they
are 20 disposed so that their fast axes are perpendicular to each other. By
making their fasf éﬁ&?nﬁegﬁéﬁJPEGPQP {952 tddon &S H¥efe GRISHAY 6T f ect t hat
the light beans of _both of thesg yavel.engt hs ar.e UtBUt from._t.he phase
plate 16 wi tAYRE 5¥RE BORAFFatPon™AFPEnBS &sPrRGIEIPHEPGeAEFH™ 25 the
phase pl ate éz..kbre, thg.diffrac%ion grathg 13A and.the diffraction
grating 15A BF¥1BPspBs8UYSBAFNat 23aCEFadPrRary #R%raktive i ndex axis

di rections of birefringent gedi?.constituting t he graténg 13A ang t he
grating 15A SFETSPOPiBRANpFEITBEFpERdIEHFAr Peo AchoBTRAr O aRdS 1T 67 Bxanpl e,
450 to the f8§ttﬁée§r8f t he R@agebgt 5%%e3412 and 1 pasi ng the

op5051§§i%% %%%Ssgk%athe f ast

naPare
angl es between ~“extraor nary rerractive | ndex~axi’ s rectirons "an

axes, the pogﬁr%ﬁ§ghoghgl?@?gtogi%?ggcggohhgrating is formed. A
filler 15B having a refractive index ng substantially
equal to the ordinary refractive index n, fills at least

10 concave portions of the grating 15A, and the second
diffraction grating is laminated on an organic thin film
having a phase-difference-generation function as a phase
plate 16. Further, the phase plate 16 is laminated on a
transparent substrate 18 with an adhesive 17.

15 Further, the phase plate 12 and the phase plate 16
have a function of generating a phase difference of an
integer times for an incident light beam of wavelength A;
and generating a phase difference of half integer times
for an incident light beam of wavelength Ai;, and they are

20 disposed so that their fast axes are perpendicular to
each other. By making their fast axes perpendicular to
each other, there is an effect that the light beams of
both of these wavelengths are output from the phase plate
16 with the same polarization planes as those incident in

25 the phase plate 12.

Here, the diffraction grating 13A and the

diffraction grating 15A are disposed so that



wavel engths and the refractive index axis directions formng the gratings
becone equal. 10 For exanple, the phase plate 12 and the phase plate 16 are
made so as to give a phase difference of 5X/2 to a |ight beam of wavel ength
X, and give a phase difference of substantially 2X to an incident [|ight
beam of wavel ength X2. Here, the reason of making the phase 15 difference
of 5X/2, is that since the thickness of the phase plate for the phase

di fference is made mnimum the dependery of the phase difference on

i nci dent angle and the dependency of the phase difference on wavel ength
becone snul | exWhearfdinesy| yepspraciyedinfgnt apeansiseczaongyeifength \, and
wavel ength X2 emtted from a doubl e- wavel ength |ight source constituted by
| aser di odesbanafrihageny pefani canFbhtpringstpar arpsingol8acAnest k&S are
transmtted through the phase plate 12, the |ight beam of wavelength X, is
output with 9¥atpbPalPRabFen BPENEX2BOLEt aPEEPEYPAO0D 1Ak ke EREN PFRETbeam of
wavel ength X2 is output with its polarization plane unchanged. By the
grating 13A #Rdwhfer ?HémE%?vaéﬁaiE@r?hESfaﬁéfﬁ§€§i9§ thge®Rhasies direction
of the birefringent nediumis adjusted_so that the polarization of a |ight
beam of WavePeABER A2 BBEomEs &Y ofRih1FEPHIRAr PR PRI gHt PCBWEPRNt beam
of wavel ength ~12 becones 5 extraordinarily pol ari zed Li%ht since its

pol ari zat i on®*pFanRedi8ap¥r pendPEGEYF in?ﬁeagéﬁaﬁFfﬁFFéﬁ 51 2re &fa 1 ght

beam of mave%gggtgxé%: gﬂg SBEL£§%5%90£°p9§HSEaE% each of the

wavelengths and the refractive index axis directions
forming the gratings become equal.

10 For example, the phase plate 12 and the phase plate
16 are made so as to give a phase difference of 5A/2 to a
light beam of wavelength A; and give a phase difference
of substantially 2A to an incident light beam of
wavelength A;. Here, the reason of making the phase

15 difference of 5A/2, is that since the thickness of the
phase plate for the phase difference is made minimum, the
dependency of the phase difference on incident angle and
the dependency of the phase difference on wavelength
become small. When linearly polarized light beams of

20 wavelength A; and wavelength XA; emitted from a double-
wavelength light source constituted by laser diodes and
having polarization planes parallel to each other, are
transmitted through the phase plate 12, the light beam of
wavelength A; is output with its polarization plane

25 rotated by 90° while the light beam of wavelength A, is
output with its polarization plane unchanged.

By the grating 13A in which the extraordinary



Oh diffraction light and Ist diffraction Iight beans, while an incident

|l i ght beam of wavel ength 2~1 is 10 transmtted. Since the grating 15A and
the grating 13A are nade of birefringent medi um having extraordi nary
refractive index axis directions perpendicular to each other, a polarized

| i ght 'beam of wavel ength 2\2 beconmes an ordinarily polarized |ight beam and
transmtted while a 15 |ight beam of wavel ength 2~1 becones an
extraordinarily polarized |ight beam andyss diffracted to generate Ot h
diffraction light and Ist diffraction |light beans. Since the fast axis of

t he phase pl atérd6tand tiheekasikisaxiiseof ibheofhate pliatdrilgant
perpendi cul ar to each 20 other, light beans of wavel ength 2\1 and wavel ength
X2 are out pmedasml iseadiyspeldasiozéthalti ghe bedes ikaviiog e asdnght

pol ari zati on planes as those of incident |ight beans into the

doubl e- wavel bagtnh ofeWwavkilengdhf f\i abetomegrani agddar Flyt hetartihed

doubl e-wavel ength selection diffraction 25 grating is constituted by

| ami nati ng t heghitr st ldghtr detmor fgwaviedgnant thebsecmad di ffraction
grating. The first diffraction grating is conposed of a grating 26

mat eri al ¥ or gixhgaardéneavdycpatex igkdpéd gptasiingeand sa poflialrigr tfionl i ng t he
concavo-convex portion of the grating material, the refractive indices of
the grating pageei as parPente cliliretoatbeeggariigatarn pdiadentofl iaght beam of
5 wavel ength )\1 so as to transmt the |light beamw thout diffracting, and
t he refractivéghidbees of wawedengithgMinadedi difondctad £pl genenpeedifferent

for an incident ) . , , )
0th diffraction light and *lst diffraction light beams,

while an incident light beam of wavelength A; is

10 transmitted. Since the grating 15A and the grating 13A
are made of birefringent medium having extraordinary
refractive index axis directions perpendicular to each
other, a polarized light beam of wavelength A, becomes an
ordinarily polarized light beam and transmitted while a

15 light beam of wavelength A; becomes an extraordinarily
polarized light beam and is diffracted to generate 0th
diffraction light and #1lst diffraction light beams.
Since the fast axis of the phase plate 16 and the fast
axis of the phase plate 12 are perpendicular to each

20 other, light beams of wavelength A; and wavelength A, are
output as linearly polarized light beams having the same
polarization planes as those of incident light beams into
the double-wavelength selection diffraction grating 42.

Further, the double-wavelength selection diffraction

25 grating is constituted by laminating the first

diffraction grating and the second diffraction grating.

The first diffraction grating is composed of a grating



i ght beam o
second diffr
concavo- conv
portion of t
mat eri al and
X2 SOas to
refractive

for an incid
beam It is

f wavelength X2 so as to diffract this Iight beam Further, the
action grating is 10 conposed of a grating material formng a

ex shaped grating and a filler filling the concavo-convex:
he grating material, the refractive indices of the grating

the filler are equal for an incident |ight beam of wavel ength

transmt 15 the light beamw thout diffracting, and the

indices of the grating materigd and the filler are different
ent |ight beam of wavelength N, so as to diffract this |ight

preteiréd fbemimkea aodoabbecnavekeshbbeli gittdagr e@duri t

provided with such 20 a doubl e-wavel ength sel ection diffraction grating.
Now, an exafipléeof fiihéihor sheegbodhrentonvedeporiched wift hhedgawitngs. Fig. 3

schemat i cal

y shows a cross-sectional view of another exanple of the

doubl e- wavel magehiseél echeomeZBadicfiteacnidonegr afi hhei grokeéndomblcerwadel engt h

| i ght source

unit of the present invention, wherein (a) shows a case

wher e

a light beanmofi wheelfeddelr Xrei squndi demt aandnthbyen? lsbbws baavasd where a

i ght beam o

f wavelength 1\2 is incident. It is preferred that a

transpar ent webvsieaggh 29 oh ahith brémsmit dilié¢ rheehonbegarmt whghowel uding a
ex shaped grating 20A is forned, and a 5 transparent substrate
22 on whi ch disérendianf f pact tbs rgfapchigvenénddicrg afcsheavsacanvex shaped
is fornmed, are provided and at | east concave portions of the

concavo-conv

grating 21A

10

15

20

25

material and the filler are different for an incident
light beam of wavelength A, so as to diffract this light
beam. Further, the second diffraction grating is
composed of a grating material forming a concavo-convex
shaped grating and a filler filling the concavo-convex
portion of the grating material, the refractive indices
of the grating material and the filler are equal for an
incident light beam of wavelength A, so as to transmit
the light beam without diffracting, and the refractive
indices of the grating material and the filler are
different for an incident light beam of wavelength A; so
as to diffract this light beam. It is preferred to make
a double-wavelength light source unit provided with such
a double-wavelength selection diffraction grating. Now,
an example of the first embodiment is described with
drawings.

Fig. 3 schematically shows a cross-sectional view of
another example of the double-wavelength selection
diffraction grating in the double-wavelength light source
unit of the present invention, wherein (a) shows a case

where a light beam of wavelength A; is incident and (b)



gratings 20A and 21A are filled with a filler 20B and a filler 21B
respectively, and the first diffraction 10 grating and the second
diffraction grating are lam nated. By thus constructing, there is an effect
that the unit can be mniaturized. Further, in the same manner as the
third diffraction grating, any one of the material formng the grating 20A
or the material of the filler 20B 15 and any one of the material formng the
grating 21A or the material of the fille&721B preferably contain a

| i ght -absorbi ng organic pignment. For exanple, grating materials of the
grating 20A shadst Becgssat W%Qrzm aighisbepmdotowaysignatinder ganic 20
pignment. An incident |ight beam of wavelength ~,j is transmtted w thout

bei ng dif fraéneddsnfice thels ep¥akerved fhrlk cestiAnsprrerat $ugshaabei a
formng the grating 20A and the filler 20B are substantially equal for the
wavel engt h, aAdocanwhaehdanfirp§heibéancsionadepreagehinNgleging @i ffracted to
generate O h diffraction light and 1st diffraction |light beans since the
refractive i A@R€a¥ooronyvRE §haPefgdratenPak 0foifi Agrige. gradi Ag 20A and t he
28 filler 20B are different for the mavelength 1\ 2. Further, the incident
| i ght beam ofrA@FERERFGENSRPSEEadPf BLabheinicl gefieFane GiRfdpcfigdtion |ight
and I st diffraction |ight  beans since the refractive indices of the grating
5 material f8FAFAGSL RBCGHALPAg22ERANSARYCT RENVPKI ERaPeR Jrétiapst féPedf at t he
wavel ength X1, and the incidegt i ght of mavelength X2 is transmtted

Wi t hout beinaoapﬁﬁraéggdpr0V1 ed a at least concCave portions of the

gratings 20A and 21A are filled with a filler 20B and a
filler 21B respectively, and the first diffraction

10 grating and the second diffraction grating are laminated.
By thus constructing, there is an effect that the unit
can be miniaturized. Further, in the same manner as the
third diffraction grating, any one of the material
forming the grating 20A or the material of the filler 20B

15 and any one of the material forming the grating 21A or
the material of the filler 21B preferably contain a
light-absorbing organic pigment.

For example, grating materials of the grating 20A

and the grating 21A are assumed to contain an organic

20 pigment. An incident light beam of wavelength A; is
transmitted without being diffracted since the refractive
indices of the grating material forming the grating 20A
and the filler 20B are substantially equal for the
wavelength, and an incident light beam of wavelength A,

25 is diffracted to generate 0th diffraction light and flst
diffraction light beams since the refractive indices of

the grating material forming the grating 20A and the



since the refractive indices of the grating material formng the grating
21A and the filler 21B are made 10 substantially equal at the wavel ength
1\2- Further, it is preferred that a phase plate producing a phase

di fference of an odd nunber tinmes of 2\1/4 for an incident |ight beam of
wavel ength X1 is integrally fornmed at the |ight-output side of the double
15 wavel ength diffraction grating in the doubl e-wavel ength |ight source
unit. In Fig. 1, it is preferred to constigute a double- wavel ength |ight
source unit in which a phase plate providing a phase difference of an odd
number tinmesfolled X0B toe dafifpriedéntoli ghe wWeamlehawhvebendturtiier s
integrally fornmed at the |ight-output side of the double- wavel ength
diffracti on ehenéncideok Lhehpubpemeodf wavrilenghy adj Lstdehirattednponents
and reducing the total wavefront aberration. An odd nunber times includes 1
25 time, 3 tgempsratet Pivbsdahfdractimpslight asdpréser dbffrsctipnedighfice such
a phase plate provides a phase difference of an integer times O 1\2 for an
i nci dent 29 bppght shaam shewapéranginelindipeseofathpngegéingi mes incl udes
1time, 2tinmes and 3 tines. 1 tine is preferred since the de endency of
the phasé di PREFERBE SATILAGI §BAt JAARGLEIOR 1Anandyehengihles A8l Rrenot
shown). 5 The optical head device_as the second enbodi nent of_  the present

i nvention wi AEEEBTEBECAFhERS VWEVRICREE et edPRD ERRsiREEEeRh bp¥REaPt head

devi ce
wavelength A, is transmitted without being diffracted

since the refractive indices of the grating material
forming the grating 21A and the filler 21B are made
10 substantially equal at the wavelength A,.

Further, it is preferred that a phase plate
producing a phase difference of an odd number times of
AM/4 for an incident light beam of wavelength A; is
integrally formed at the light-output side of the double-

15 wavelength diffraction grating in the double-wavelength
light source unit.

In Fig. 1, it is preferred to constitute a double-
wavelength light source unit in which a phase plate
providing a phase difference of an odd number times of

20 A/4 for an incident light beam of wavelength A; is
integrally formed at the light-output side of the double-
wavelength diffraction element, for the purpose of
omitting adjustment of components and reducing the total
wavefront aberration. An odd number times includes 1

25 time, 3 times, 5 times and 7 times, and is preferably 5
times since such a phase plate provides a phase

difference of an integer times of A, for an incident



whi ch conpri ses the above-nentioned doubl e-wavel ength 1|ight source unit and
used in conbination with at |east 10 an objective lens, for the reason that
a stable recording or reproduction can be perforned since unnecessary
diffraction light is not generated, and recording of good efficiency can be
performed since the utilization efficiency of light is high. 15 Fig. 4 is a
side view showi ng an exanple of an optical head device including the

doubl e-wavel ength light source unit 44 o029the present invention. The
doubl e- wavel ength |ight source unit 44 is constituted by integrating a
double-maveléﬁggﬁ bgsar ofi vae<ignR tis Xa - 20Heiovibl &R wavViee@eigt hineght source, a
phase plate 26 providing a phase difference of an odd nunber tinmes of X4
for an inci depcludgst lbé&ameof 2nwdidleengitd X1 taFsivg t wotimeght beans of

wavel ength X, and wavel ength X2 emtted fromthe doubl e-wavel ength | aser

di ode 29AB aR#cpesviedi S3NZ% &hghaspegidensvende téfe @hase egdfananse an 1\ 2
for a light beam of wavel ength X2, a _doubl e-wavel ength sel ection

di ffracti on &P&Ldeyt28n@drsOit leWaDp lenEiths i sasdad 130 node &R f f r act i on
gratings as diffraction gratings. for ,  generating 3 beans for, detecting a
tracking rror sigaloPorcaED Ak ISt TVIFRS REC UL H I RRRY et h
selection diffraction beamsplitter, %z constituted by a third 5 diffraction
grating and &PPoBFER eSSt ARSI gMatiinge C&FEE &g as hol ogr aphi ¢ beam

splitters conver g.[itn%s Spirger}%—:!rrleiéphgo rcecjnlsetcrtuecdt bgn %riotoipéailcq'lxeadé Sé(ev?igcé °a
which comprises the above-mentioned double-wavelength
light source unit and used in combination with at least

10 an objective lens, for the reason that a stable recording
or reproduction can be performed since unnecessary
diffraction light is not generated, and recording of good
efficiency can be performed since the utilization
efficiency of light is high.

15 Fig. 4 is a side view showing an example of an
optical head device including the double-wavelength light
source unit 44 of the present invention. The double-
wavelength light source unit 44 is constituted by
integrating a double-wavelength laser diode 29AB as a

20 double-wavelength light source, a phase plate 26
providing a phase difference of an odd number times of
A/4 for an incident light beam of wavelength A; among two
light beams of wavelength A; and wavelength A; emitted
from the double-wavelength laser diode 29AB and providing

25 a phase difference of an integer times of A, for a light
beam of wavelength A;, a double-wavelength selection

diffraction grating 28 constituted by a first and a
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the optical disk. 10 Here, the doubl e-wavel ength | aser d
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aeﬁ§n1istilégaé?tFPQhErQGlBQEnﬁS ®hé Lrpghi obe giAGH N@gy dlodng
transmtted _through the doubl e-wavel ength sel ection diff
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|$k 23 of DVD t jectlve | ens 24. Th Jight be
dEhEr3ETiPRf Fﬁét FBEXFEE& nﬁoﬁﬁéﬁéut§d i A PAShi tted

seBseith e sp3,dfantt e e i s 25, oo

ime _of 5 emssjio e phase 26, diffracted by t
%gﬂaﬁogépgc?ﬁoh SPPFPREt FoRCABaRPLREEEESr SV RRE  onver
|V|ng1ph re%?%c%gatggeggcggglcal disk 23 to a
photodetector 29C, and the photodetector 29C for
detecting the signal light reflected by the optical disk.
Here, the double-wavelength laser diode 29AB emits light
beams of a A;=650 nm wavelength band for DVD and of a
A=790 nm wavelength band for CD.

The optical head device is constituted by the
double-wavelength laser light source unit 44, a
collimator lens 25 and an objective lens 24. A light
beam of wavelength A; emitted from the double-wavelength
laser diode 29AB is incident into the double-wavelength
selection diffraction grating 28 and from 5% to 10% of
the incident light is diffracted as z1st order light
beams. The light beam of wavelength A; is further
transmitted through the double-wavelength selection
diffraction beam splitter 27 and converted to be a
circularly polarized light beam by a A/4 plate as the
phase plate 26, converted to be a parallel light beam by
a collimator lens 25 and converged on an information

recording plane of an optical disk 23 of DVD type by an

objective lens 24. The light beam reflected by the

engt h
l'i ght
th X
raction
am by a
eam by

am

to a
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29C. on the other hand, a |ight beam of wavelength 2~2 10 emtted fromthe
doubl e-wavel ength | aser diode 29AB, is incident into the doubl e-wavel ength
selection diffraction grating 28 and from5 to 20% of the incident |ight
beam is diffracted as Ist order |ight beans. The |ight beam of wavel ength
1\2 is further transmtted through the 15 doubl e-wavel ength sel ecti on
diffraction beamsplitter 27, <converted to a linearly polarized |ight beam
by the phase plate 26, converted to a pathallel light by the collinator

| ens 25 and converged on an information recording track K of an_information
recordi ng pl Zpéoshaiiep repergprPchilapg dssrRIaanbyransbiéed] FEIrLERY 24 as
three beans corresponding to Gh diffraction_lLight and Ist diffraction

| i ght gener atB@ B?J?ﬁélHéuﬁﬁéswééeﬁéﬁgFHe selééPpsATdilEREadtion grating. A
light beamreflected by the information recording plane is transntted
again 25 thr 69@Herﬁ@dogpeet L }BeRERY QQléﬁ&Z?ﬁel&SgFl REEBr NPYABI2S,
converted into_a linearly polarized Ilght havi ng % pol arizati,on plane in
par al | el mntﬁogﬁaﬁzaFlPﬁe EPHE BETRSN éﬁP§3F0ﬁ0b§ Fﬁea§h§§€ ﬁP&@e°§6 and
diffracted by the. doubl e-wav Iengtg sel %n glffra on gl %Iltter

to be coﬁ%er@@ﬂsﬁhoa KotBer BB&FGi R aﬁ?a if §acﬁﬁ HeF &t GPURIE™ 5

Here, the |i ean1 f vel engt is diff acted also o the way toward
the opti cal ?gﬁ BQQFﬁ Smﬁﬁfalo EF??EPFB&OBr EPRgSBE 2 EhETd6Ub PEdwazelength

sel ection converged on a photo-receiving plane of the photodetector
29C.
On the other hand, a light beam of wavelength XA,

10 emitted from the double-wavelength laser diode 29AB, is
incident into the double-wavelength selection diffraction
grating 28 and from 5 to 20% of the incident light beam
is diffracted as *lst order light beams. The light beam
of wavelength A; is further transmitted through the

15 double-wavelength selection diffraction beam splitter 27,
converted to a linearly polarized light beam by the phase
plate 26, converted to a parallel light by the collimator
lens 25 and converged on an information recording track
of an information recording plane of a CD type optical

20 disk 23 by an objective lens 24 as three beams
corresponding to Oth diffraction light and zlst
diffraction light generated by the double-wavelength
selection diffraction grating. A light beam reflected by
the information recording plane is transmitted again

25 through the objective lens 24 and the collimator lens 25,
converted into a linearly polarized light having a

polarization plane in parallel with that at the time of



beamsplitter 27 to generate diffraction |light. However, by determ ning the
grating pitch so as not to enter the 10 diffraction light into the effective
area of the collimator lens 25, it is possible to prevent the diffraction
|l i ght from being converged on the optical disk to be stray light. Thus, in
t he case of an optical head device 15 including the doubl e-wavel ength |ight
source unit of the present invention, in a DVD systemusing a |light beam of
wavel ength ~, 1, detection of focus signal3and detection of pit signal from
an |nfornat|on recordi ng ane of an ptical disk are performed by an
astlgnatlsn1ﬁ@ﬂﬁé&020b§nﬁﬁ6ypﬁésﬁh€lﬁﬁ8tBéeté8§0ﬂ1§§€aﬁﬁ@éhhwst@@V|ded into
a pIurallty of Rhoto recei ving portions. A differential push-pull _nmethod
of det ecti ngdPeblaireraderanty ﬁﬁﬁﬁ-ctaeanélééracwaekPﬁsmergp&rltgegnéﬁs Wit h

t he photodetector 29C s plied. 25 on the other hand, .in a CD system
using a I|ghFObQ§nFOBVe%ﬁ§gI8ﬁg?hp BO30-48CELVIBH BLafScQE &h§nal and

detection of p|t S|%nal fr an i nformation recordi ng plane of an 33
optical di skPPOEREFEEFIRA B§ an astlgnatlsn1nethod enploying t he

hot odet ect or 29C whi ch_i s _di d intqQ the _sa nber hot o- rece|V|n
BOFtIOﬂS As t hos&Sof ¢ fi&e 5@@ % YoNedR §é§25?Fﬁ§ st 5 ’

20C 1 o appl | B4SCFOTT RBF, TB¥ SPUARTe ffﬁ.r Rerirmn g&ﬁ%“g%g 5&1535@?* qodetector

diffraction grating of the double-wavelength selection
beam splitter 27 to generate diffraction light. However,
by determining the grating pitch so as not to enter the

10 diffraction light into the effective area of the
collimator lens 25, it is possible to prevent the
diffraction light from being converged on the optical
disk to be stray light.

Thus, in the case of an optical head device

15 including the double-wavelength light source unit of the
present invention, in a DVD system using a light beam of
wavelength A;, detection of focus signal and detection of
pit signal from an information recording plane of an
optical disk are performed by an astigmatism method

20 employing the photodetector 29C which is divided into a
plurality of photo-receiving portions. A differential
push-pull method of detecting *lst diffraction light
beams as a tracking error signals with the photodetector
29C is applied.

25 On the other hand, in a CD system using a light beam
of wavelength A;, detection of focus signal and detection

of pit signal from an information recording plane of an



di fference-generation function, for exanple, a birefringent nmedi um such as
pol ycarbonate in which the 10 optical axis is uniform is enployed as the
phase plate 26. As a result, since the change of phase difference by the
di fference of incident angle of incident |light beam is small as conpared
wi th a conventional quartz phase plate, even in a construction that the
phase plate is 15 disposed in the vicinity of the doubl e-wavel ength |ight
source in which the diffraction light is 3%cident into the

doubl e-wavel ength diffraction el enent, a constant and uniform phase

di fference cartBeagdedarkt d6. PrAforEer Pyt agoablréoNarésEngER 98l ecti on
diffraction 20_grating_ 42 %Fig. 2), since it _becones a poal ari.zi ng

di ffracti on §FRELPHENSUREE BRPEGIGHRES tPEr 28Rke VB Cthds HavershgtiRs hyhfaki ng
the pol arization planes of an incident |ight beamof \1 and an incident

l'i ght bean1oﬁamﬁavémgﬁgtHfX?hPﬁoﬁéﬁéﬁPEPnﬁ PRI&ACRSoEReChosRe O tdie 25
flexibility of adjusting the efficiency._ratig between O h diffraction |ight
and | st diff Py S¥SteMght 2 depBre ngebRodt fie %%?%%Eén%yi%ﬁénging the grating
depth of the 3; birefriqﬁegé gpdiunl In particular, this feature.is

eff ecti ve® f oPLANTEFEOR ThE &G Se ol TRESOPEI RGTPA SWAREH St e Eh

transm ttance. of h diffracti li,ght i5. preferably set at |east 70%

Furt her, the%aﬁa? OﬁP%Féef °F 2§ﬁ B Sﬁpﬁﬁgﬁ‘by nmeki ng the pol ari zation
planes of linear]y holarized |ight beams enitted fromthe |aser diodes 1A
and 1B in the photo- ecéiV|né’éﬁ%SS|on &) ement AVIRg @ phase

difference-generation function, for example, a
birefringent medium such as polycarbonate in which the

10 optical axis is uniform, is employed as the phase plate
26. As a result, since the change of phase difference by
the difference of incident angle of incident light beam
is small as compared with a conventional quartz phase
plate, even in a construction that the phase plate is

15 disposed in the vicinity of the double-wavelength light
source in which the diffraction light is incident into
the double-wavelength diffraction element, a constant and
uniform phase difference can be generated.

In the first double-wavelength selection diffraction

20 grating 42 (Fig. 2), since it becomes a polarizing
diffraction grating functioning only for one of the
wavelengths by making the polarization planes of an
incident light beam of A; and an incident light beam of
wavelength A; in parallel with each other, there is a

25 flexibility of adjusting the efficiency ratio between 0th
diffraction light and *1st diffraction light depending on

the purpose by changing the grating depth of the



40 (Fig. 1) perpendicular to each other. in the second doubl e-wavel ength
selection .10 diffraction grating 43 (Fig. 3), two phase plates and one
transparent substrate can be onitted as conpared with the first
doubl e-wavel ength selection diffraction grating, and the intensity of
diffracted |ight does not depend on the polarization direction of the
linearly polarized 15 incident |ight beam Therefore, the second doubl e-
wavel ength selection diffraction grating 33 has the flexibility that there
is no restriction in the position to dispose the doubl e-wavel ength
sel ection diPiFaEribacngracfinglandi? AT ESG AT i tihihafedherefisciency ratio
of 20 the first doubl e-wavel ength selection diffraction grating, between Oh
diffraction ffHRECANE ST anfPPRéFRrdNLPRghECVEER beradpGStedndepBndi ng on
purposes. Fig. 4 shows an exanEIe of phase plate 26 having a  construction
that a birefVRagRnERei FRABEMBEF§RERDBAaYED d1E55266R0Bd1E8hE dFass substrate
wi th an adhesive. However, an organic thin filmhaving a
phase- di f f erBReESERAEY afFbnatt lReEFoAOfmy B di¢ect 15° rRhaee RIRte gl Ass
substrate. 35 ecifically, a cpating liquid for alignoent filmis coated
on a glass SOBRLPStENEECRGT AY aRAAERnRBRt SPLRRT Z2ERBNT PLRTFS Stbj ected to a
desired alignment treatnent nd.then, a polyneric Liquid, crystal as a
birefringentTﬁnﬁﬁﬁiﬁn?ngfbé?gdgbﬁﬂghge?wgn?%aﬁé?§b§rgﬁeg8ﬁti@ﬁ?raxis
direction of .th ol yneri.c %iqui crystal is aligned_ in__the alignment
di rection ofd%ﬂgegléénﬁﬁﬁtl iﬁﬁ]gpﬁr¥ﬁ8 © recelvgng emission e&eﬂeg%
40 (Fig. 1) perpendicular to each other.
In the second double-wavelength selection
10 diffraction grating 43 (Fig. 3), two phase plates and one
transparent substrate can be omitted as compared with the
first double-wavelength selection diffraction grating,
and the intensity of diffracted light does not depend on
the polarization direction of the linearly polarized
15 incident light beam. Therefore, the second double-
wavelength selection diffraction grating 43 has the
flexibility that there is no restriction in the position
to dispose the double-wavelength selection diffraction
grating and the flexibility that the efficiency ratio of
20 the first double-wavelength selection diffraction grating
between Oth diffraction light and zlst diffraction light
can be adjusted depending on purposes.
Fig. 4 shows an example of phase plate 26 having a
construction that a birefringent film of polycarbonate is
25 bonded to a glass substrate with an adhesive. However,

an organic thin film having a phase-difference-generation

function may be directly formed on a glass substrate.



a phot opol yneri zation curing agent is contained in the polyneric liquid
crystal in advance, and the polyneric 10 liquid crystal is irradiated with
light froma light source for photopol ynerization to be cured, whereby a
phase pl ate can be obtai ned wi thout using adhesive agent. As already
partially explained in the above, for the grating nade of birefringent
medium a polyneric liquid 15 crystal or an organic film having
bi refringency by stretching can be enploy2d. As the filler, an adhesive of
e.g. acryl type or epoxy type can be enployed._ The transparent substrate on
which a grating iPEGritesd nasy, @ 1R enshpl sk L1 B owdE rht ¥ o¥Spl asti ¢
substrate, 20 and fromthe viewpoint of e.g. durability, a glass substrate
i s preferabl fO8HSCoYEd 2 BHESE FANSETHTE Rt GG Th& e Sigisd’s it He grating
material or the filler, may, for exanple, he pi.gnment of i roropyrol type,
azo type or pRendIE AT FFFEEDEOTRRe Jc?ogr?srtera%@t]ilmﬂ?“lﬁntt rfépeatmer@/
doubl e-wavel ength_Ii ght squrce .unit, enp] oying the first. and the second
Goubl o "y e BNy CHeE! GoEtay TRIrA AN Lttt 8 19 e S ats 11 cal |y
descri bedsi n ttérel f ol.l ow ”%ﬁ%é%%%ﬁfé ,[\J,Ebé\%gpl s w |l e descri bed as follows.
EXAVPLE 1° W R F&pedt 96 e- | (Y B it of the
present invention, .the first diffract.ion. r.adrt]i n tr]ﬁ secand diff.raction
grating, the%Ilﬁierc&loaji Tofflr atz)ﬁ é)r?la’gnaetﬁlﬁgqé?gljt ecrg/cﬁtfrat iR la(%ﬂ?({or%ngrati ng

the alignment direction of the alignment film. Further,

a photopolymerization curing agent is contained in the

polymeric liquid crystal in advance, and the polymeric

10 liguid crystal is irradiated with light from a light

source for photopolymerization to be cured, whereby a

phase plate can be obtained without using adhesive agent.

As already partially explained in the above, for the

grating made of birefringent medium, a polymeric liquid

15 crystal or an organic film having birefringency by
stretching can be employed. As the filler, an adhesive
of e.g. acryl type or epoxy type can be employed. The
transparent substrate on which a grating is formed may,
for example, be a glass substrate or plastic substrate,

20 and from the viewpoint of e.g. durability, a glass
substrate is preferably employed.

The organic pigment to be contained in the grating
material or the filler, may, for example, be a pigment of
piroropyrol type, azo type or phthalocyanine type.

25 The construction of the double-wavelength light

source unit employing the first and the second double-

wavelength selection diffraction gratings will be



will be described in this order. At first, a case where the first

doubl e-wavel ength 2.0 selection diffraction grating is enployed will be
described enploying Fig. 1 and Fig. 2. As shown in Fig. 2, for the first
doubl e-wavel ength selection diffraction grating, a phase plate 12 was

| am nated on a gl ass substrate enployed as a transparent 15 substrate 10
with an acryl type adhesive agent enployed as an adhesive 11. A
pol'ycarbonate filmwas enployed as a phase plate 12 which is a birefringent
organic thin filmin_which optical axis is uniformy in a stretching

di recti on an@rehRiléACpréducesciiprasandithreferdewangsipampdest- a wavel ength

XI =650 nm The fast axis of the phase plate 12 was adjusted to be at 450 to
the pol ari zati onExgreres of ld 'bgid@ﬁqmgﬁmd B&arf® ldPWravel ength X, and

wavel ength 1\2 emtted froma double -wavel ength | aser diode enpl oyed as

t he doubl e- wB¥8MBREt h 1i ght source and 25 having pol ari zation pl anes
parallel with each other. Wen a_polycarbonate film producing a phase

di fference of 52WAEbaresngsteltondtir Hore30 MRvSlengti e i3 FOUES he phase
pl ate 12, since thg Rase plate 12 provides _a phase difference of

subst ant i &l | ek € b eXPLESERLWATYRPBAGOR \ Eé?gglﬁﬁf SLEEIRESHERm of

wavel ength X ttansni%ted t hr u%$ t he Ehase | at.e 12 is og&péa as a b5
subst anti al | §TRERBEr | YR5oPEFPREd I ESRECEERM IRE6SE ™ polteS 286N plane is

per pendi cul af, 10, LhRt a5 el g8 WL SoLlerPehE22te] Bhate g
will be described in this order.

At first, a case where the first double-wavelength

10 selection diffraction grating is employed will be
described employing Fig. 1 and Fig. 2.

As shown in Fig. 2, for the first double-wavelength
selection diffraction grating, a phase plate 12 was
laminated on a glass substrate employed as a transparent

15 substrate 10 with an acryl type adhesive agent employed
as an adhesive 11. A polycarbonate film was employed as
a phase plate 12 which is a birefringent organic thin
film in which optical axis is uniformly in a stretching
direction and which produces a phase difference of 5A/2

20 at a wavelength A;=650 nm. The fast axis of the phase
plate 12 was adjusted to be at 45° to the polarization
planes of emission light beams of wavelength A; and
wavelength A, emitted from a double-wavelength laser
diode employed as the double-wavelength light source and

25 having polarization planes parallel with each other.

When a polycarbonate film producing a phase

difference of 5A/2 at a wavelength A;=650 nm, is employed



wavel ength 2\2 is unchanged. Further, since the polycarbonate filmitself
enpl oyed as the phase plate 12 10 is a thin filmhaving a thickness of from
20 ~imto 80 jim and the filmthickness distribution is not uniform the
variation of transmtted wavefront aberration was |arge when it was

enpl oyed alone. A first diffraction grating including a grating 13A 15 nade
of a polyneric liquid crystal as a birefringent medium having an ordinary
refrractive index of n,=1.5 and an extraoydi nary refractive index of

n,=1.65, was formed on the surface of a glass substrate enployed as a
transparent gsbsheapbass rdade Rdy wened genabedeomlefe 2@ phrasddsisate 12
with an acryl type adhesive enployed as a filler 13B having a refractive

i ndex of n. subseset Calfifpreagsalcft subsdamtdiaddy thafocactli ve aitndex n. .
Provided that the grating degth of the grating 13A of the first diffraction
grating is desvgaene§had2d39 QEIs@nééggheb@amsoﬁowéVﬁi@ﬁ@ﬁbekbetmeen t he
refractive indices of the grating material and the filler for an ordinarily
pol ari zed in@Fé@ﬁWlﬁﬁﬁﬁtt@§5ﬁ¥%ﬁ%%5Véﬁ@ﬁﬁ%ﬁl§$e A2, 1o OPiRYE &iSf Perence is
generated and the light beam is_straightly transmtted w thout being
diffracted. OHPStRELIEHEY HARGTHYr P& Zedordiohdr PR p#hQsezed i nci dent

i ght of wavel ength A2, a phase .difference of 2nx(ne_5 ns)xd3/ A is generated
and di ffract PORAIGRE D FeRErartiE€d PETPRECELHLEr by &dittsiSng ¥ HEHtrect i on

of extraordinary refractive index axis of the grat.in
wh?l% t%e po&afﬁzagion plane of an ncidé%t light beam of

wavelength A; is unchanged. Further, since the
polycarbonate film itself employed as the phase plate 12
10 is a thin film having a thickness of from 20 um to 80 um
and the film thickness distribution is not uniform, the
variation of transmitted wavefront aberration was large
when it was employed alone.
A first diffraction grating including a grating 13A
15 made of a polymeric liquid crystal as a birefringent
medium having an ordinary refractive index of n,=1.5 and
an extraordinary refractive index of n.=1.65, was formed
on the surface of a glass substrate employed as a
transparent substrate 14, and they were laminated on the
20 phase plate 12 with an acryl type adhesive employed as a
filler 13B having a refractive index of ng substantially
equal to the ordinary refractive index n,.
Provided that the grating depth of the grating 13a
of the first diffraction grating is designated as ds,
25 since there is no difference between the refractive
indices of the grating material and the filler for an

ordinarily polarized incident light beam of wavelength



material so that an incident polarized |Iight beamof wavel ength Al =650 nm
for DVD system corresponded to an 10 ordinary light and an incident

pol ari zed |ight beam of wavel ength A2=790 nm for CD system corresponded to
an extraordinary light for the first diffraction grating including the
grating 13A, a polarizing diffraction grating which transmtted an incident
polarized |ight 15 beam of wavel ength Al wi thout diffracting and generated
di f'fraction light of an incident polarizeilight beamof wavel ength A2, was
obtai ned. By nmaking the grating depth d3 of the grating 13A of the first
diffracti on grathagrase dnffarenestigogenerabedi andgrhei Agohni bham
transmtted an incident |ight beam of wavel ength Al =650 nm and had about
70% of trangsi staaéehtdy Grangmitige: Wakhpughteang abddtacyecof On
diffraction efficiency for 1st diffraction |ight _of an incident |ight beam
of wavel engt fha2etdernhpidas £25 aghp&feEaordinpre lyuprade 1 Aaciceidpar ent
substrate 14_opposite to_the surface on which the grating 13A was 39
present, a sédohd Qiff FRYELEBAtYr dei ng PRRFEdTIhEEargraei A§ 245 emde of the
same birefringent mediumas the gratin materjial of the grating 13A and
havi ng an’ exfsadfdiharsy gerr@%‘f\faéqq 236t Sl riedhont PRt ar to
the 5 extraordinary refractive index .axis direction of the grating naterial
of the grating 1§Rerr%é‘¥ley MYdE&PHsEing dhemoilesqtden ioq{]i d crystal was

for . Then, th . . . . .
or med € éx&r%%rdlnary refractive index axis of the grating

material so that an incident polarized light beam of
wavelength A1=650 nm for DVD system corresponded to an
10 ordinary light and an incident polarized light beam of
wavelength A;=790 nm for CD system corresponded to an
extraordinary light for the first diffraction grating
including the grating 13A, a polarizing diffraction
grating which transmitted an incident polarized light
15 beam of wavelength A; without diffracting and generated
diffraction light of an incident polarized light beam of
wavelength A, was obtained.
By making the grating depth d; of the grating 132 of
the first diffraction grating 0.92 um, a first
20 diffraction grating which transmitted an incident light
beam of wavelength A;=650 nm and had about 70% of
transmittance for Oth diffraction light and about 10% of
diffraction efficiency for *lst diffraction light of an
incident light beam of wavelength A;=790 nm, was
25 achieved.
On the surface of the transparent substrate 14

opposite to the surface on which the grating 13A was



were | am nated on an organic thin filmhaving a phase- difference-generation
function enpl oyed as a phase plate 10 16 with a filler 15B having a
refractive index n, substantially equal to the ordinary refractive index
n.. Further, the phase plate 16 was | am nated on a glass substrate

enpl oyed as a transparent substrate 18 with an adhesive agent 17. 15 Wen
the grating depth of the grating 15A of the second diffraction grating is
d4," there is no difference between the r&ractive indices of the grating
material and the filler for an ordinarily polarized incident |ight beam of
wavel engt h NRregRBtac@oreFrRgFy difhEaricgrn Beaming 20cdufanghel grecangni tt ed

W t hout belng diffracted. On the other hand, there is a ghase di fference of
2ri x(ne-n,)x éﬁlmadﬁopfaﬁhéx?ﬁﬁér@Pﬁ&ﬁFP?gﬁﬁFamﬁgé&mlﬁél& ft IregAfiSheam of
wavel ength Y\j, and_the light beamis diffracted to generate diffraction

l'ight. 25 Th@ﬁéﬁéﬂél Pértpﬁe9§éééﬁa &ﬁﬁfP&étP@HlﬁgaﬁpnQXtéaoﬁgﬂéﬁFiéd

i ncident |ight beam of wavel ength 2~1=65Q0 nmfor DVYD s sten1corresponds to
an extraordlﬁﬁﬁﬁaF gHE 58§ﬁ%aﬁ§l§0d15666P8P|E@HPFPSHFuﬂéé t6f th&vel engt h
~12=790 nin for CD s sten1c%rresponds to an ordinary I| ht beg

Accor di ngl y, SXRTPREFABATY| FGhHE 36EAHFof PiEFe PEAGH AIPEStioR DEARE ¢ t ed

w t hout being diffracted while an i nci dent 5 §|ght be§n1of mav%len gth X, is
diffracted t r@éﬁ&?apéteaﬁ r 85t it8R Brghtn9) By AmakPRG LY hB2gralting depth d4

a the gratlggg mo?ecular liquid crystal was formed. Then, they
were laminated on an organic thin film having a phase-
difference-generation function employed as a phase plate

10 16 with a filler 15B having a refractive index ng
substantially equal to the ordinary refractive index n,.
Further, the phase plate 16 was laminated on a glass
substrate employed as a transparent substrate 18 with an
adhesive agent 17.

15 When the grating depth of the grating 15A of the
second diffraction grating is ds, there is no difference
between the refractive indices of the grating material
and the filler for an ordinarily polarized incident light
beam of wavelength A;, and accordingly, the light beam is

20 straightly transmitted without being diffracted. On the
other hand, there is a phase difference of 2nx(ne-ng)xds/A
for an extraordinarily polarized incident light beam of
wavelength A;, and the light beam is diffracted to
generate diffraction light.

25 Therefore, for the second diffraction grating, a
polarized incident light beam of wavelength A;=650 nm for

DVD system corresponds to an extraordinary light beam and



t he second diffraction grating 0.6 ~im a second diffraction grating which
has a transm ttance of about 10 80%for O h diffraction |ight and a
diffraction efficiency of about 7% for Ist diffraction light for an
incident |ight beam of wavel ength 2~1=650 nm was achi eved. As the phase
plate 16, a birefringent organic thin 15 filmwth the optical axis being
uniformy in a stretching direction obtained by stretching a polycarbonate
fil'm was enployed in the sane manner as 4 he phase plate 12. The fast axis
of the phase plate 16 _which generates a phase difference of an integer
times 20 ford aH’PJr%Jr%I%‘ﬁtlJrg]ghtb%@an?gfwﬁ\ié%]a@éﬂﬁbmﬁ@%rfél“g@?ﬂér%‘? es a phase
difference of half integer tines for an_incident ht beam of wavel ength
2\1, is adj USYEHER CHeretPARAS ahgl 87 0PTALRRTY beQFlgéﬁmon pl anes of

i nci dent Ilght beanms_ of wavel epngth \'1 and wavel ength 1\ 2 havi ng 25

pol ari zati o ?ﬂ%%@%n%%¥pe%@|hﬁ$é eRb tigRC OPRRF. OfnwﬁﬁﬁéenaégeAZa?$lnearly
polarized light beamof ~, 1 incident into_ the phase plate, 12 i s output as a
substantialIgr???m%ﬁY?d4ﬂltB%V5r?§éﬂgI@bﬁfrﬁééﬁghﬂbiﬁﬁ anpdPeifeati on pl ane

per pendi cul to the polarizat e as j.ncident while a Ilnearly
bol arized i nEigRNOTAGHE el FaPhvky o T i ate

substantial ly. Linearl | arized |ight beam having a polarization plane in
paral l el wit l%%@ %B+§?|£g bh plane as incident, whereby the linearly

polarized Iight Q?aﬁéﬁﬁn&a¥ﬁéeggggi%ézdéﬁth dy of the grating 15A of

the second diffraction grating 0.6 um, a second
diffraction grating which has a transmittance of about

10 80% for 0Oth diffraction light and a diffraction
efficiency of about 7% for *lst diffraction light for an
incident light beam of wavelength A;=650 nm, was
achieved.

As the phase plate 16, a birefringent organic thin

15 film with the optical axis being uniformly in a
stretching direction obtained by stretching a
polycarbonate film, was employed in the same manner as
the phase plate 12. The fast axis of the phase plate 16
which generates a phase difference of an integer times

20 for an incident light beam of wavelength A; and generates
a phase difference of half integer times for an incident
light beam of wavelength A;, is adjusted to be at an
angle of 45° to polarization planes of incident light
beams of wavelength A; and wavelength A, having

25 polarization planes perpendicular to each other. 1In this
case, a linearly polarized light beam of A; incident into

the phase plate 12 is output as a substantially linearly



output with the same pol arization plane as that of the incident |ight beam
into the doubl e-wavel ength selection 10 diffraction grating 42. Use of a
pol ycarbonate film as the phase plate 16, providing a phase difference of
5X/2 for a light beam of wavelength ~, 1=650 nmin the sane manner as phase
plate 12, provides a phase difference of twice as large as ~12 is for a
| i ght beam of wavel ength )\2=790 nm whereby a |ight beam of wavel ength ~, |
transmtted through the phase plate 16 i4l output as substantially polarized
| i ght beam having, K a _polarization plane perpendicul ar to_the polarization
pl ane as i ncPEéAFiz@Ai FéghkebpBMabrYAROA Epéﬁéléfittlﬁél Pdapieght beam of
wavel ength )' 12 is _unchanged. As shown in Fig. 1, the third diffraction
grating di fP?éE?P%C%aFnEPdéﬁﬁ PPéﬁFlEééﬁPBf Phanel 8fglRCifEnt ncl udes a
grating 5A made_of a_col or _resi st havi_ng refractive_index nl=1.7 at a
wavel engt h \Whahe & ésnﬁérﬂgcppéérilﬁaéx1ﬁ§4§eee atoftukeerer§th 2\ 2 and
containing a pignent red 254 as a red organic gnrent, _and fornmed on a
gl ass substrﬁ?@eéﬁﬁ959e62a%sa???%%%p%?e%tSQQSt%%%é%}éYelHneQH%Yconcave
portions of th thlrg ctlo ratlng are filled mngh a filler 5B nmade
of hi gh-T ef PACRTVES néé? Br Sﬁpc ﬁggl Ip8%a£lﬁ8ﬁ&68n8 g8e A ractive
i ndex materi al g g Prov ded that th ratin t h of ating
SAof the tHRFALAFLT FRER: BRegPRLARGZRE 0T, BLAREe SEndrr eRERte: YRSTERY ces of
the grating gﬁéaﬂgnggglgl%E?arlzegrﬁlght beam of wavelength A; is

output with the same polarization plane as that of the

incident light beam into the double-wavelength selection

10 diffraction grating 42.

Use of a polycarbonate film, as the phase plate 16,
providing a phase difference of 5A/2 for a light beam of
wavelength A;=650 nm in the same manner as phase plate
12, provides a phase difference of twice as large as A,

15 for a light beam of wavelength A,;=790 nm, whereby a light
beam of wavelength A; transmitted through the phase plate
16 is output as substantially polarized light beam having
a polarization plane perpendicular to the polarization
plane as incident, while the polarization plane of the

20 light beam of wavelength A; is unchanged.

As shown in Fig. 1, the third diffraction grating
diffracting an incident light beam of wavelength A,
includes a grating 5A made of a color resist having a
refractive index n;=1.7 at a wavelength A; and a

25 refractive index n;=1.66 at a wavelength A, and

containing a pigment red 254 as a red organic pigment,

and formed on a glass substrate employed as a transparent



substantially equal (1.7) for an incident |ight beamof wavelength Al, the
| ight beamis straightly transmtted 10 without being diffracted. On the

ot her hand, since the phase difference beconmes 2nx(n2-ns)xdl/ A2 for an
incident [|ight beam of wavel ength A2, the light beamis diffracted to
generate diffraction light. By making the grating depth of the grating 5A
3.8 15 Tim a third diffraction grating was achi eved which transmtted an
i ncident |ight beam of wavel ength Al =650 4nm and had a transm ttance of
about 78% for Oth diffraction light and a diffraction efficiency of about
8% for 1st dpibpaterendli ghte oforeayacheenions ghf BPeanth2odof A2=790 nm On
the surface of a glass substrate as a transparent substrate 7, a polyneric
liquid crystdifizsagthppreprphgeat arpedidheHavifl a &idilear pBr #pfgcoifve i ndex
axis direction equal to polarization directions of incident |ight beanms 25
of wavel engt high=656TrARFalHE hadeKeREERNAZ=PO0CKARANES RalPRgISASOME nary
refractive index no=1.5 and an extraordinary refractive index ne=1.65 for a
| i ght beam 43efspchavel eRgER matsssinmf Ps=%r60essed to forma grating 6A
as a concavo-convex type polarizing diffraction rating, and the concave
portions are fil FEQVHOER éﬁataébfl9F96é“§dﬁ§?¢@e°%g§ﬁ@ <2519 198y 9B havi ng
a 5 honogeneous refracti i ndex n. substantiaglly equal to the ordinary
refractive iﬁg@xt 1r§féﬁ¥grBFFéPPiﬁﬁ@ﬁﬁngné8i§h1 since the repraCtlve

indices of the grating 5A and the filler 5B are
substantially equal (1.7) for an incident light beam of
wavelength A;, the light beam is straightly transmitted

10 without being diffracted. On the other hand, since the
phase difference becomes 2nx(n;-ng)xd;/A; for an incident
light beam of wavelength A,;, the light beam is diffracted
to generate diffraction light.

By making the grating depth of the grating 5A 3.8

15 um, a third diffraction grating was achieved which
transmitted an incident light beam of wavelength A;=650
nm and had a transmittance of about 78% for Oth
diffraction light and a diffraction efficiency of about
8% for zlst diffraction light of an incident light beam

20 of A3=790 nm.

On the surface of a glass substrate as a transparent
substrate 7, a polymeric ligquid crystal as a birefringent
medium having a ordinary refractive index axis direction
equal to polarization directions of incident light beams

25 of wavelength A1=650 nm and wavelength A;=790 nm and
having an ordinary refractive index ny,=1.5 and an

extraordinary refractive index n.=1.65 for a light beam



Provided that the grating depth of the grating 6Ais d2, since the
refractive indices of the grating material 10 and the filler 6B are
substantially equal for an ordinarily polarized incident |ight beans of

wavel ength X1=650 nm and wavel ength 1\2=790 nm the |ight beans are
transmtted without being diffracted. On the other hand, for an
extraordinarily polarized incident |ight beam of 15 wavel ength X, a phase

di fference of 2nx(ne-n,)xd2/X is generat&d and the |ight beamis
diffracted. Therefore, since the polarized |light beans of wavel ength X1=650
nm for DVD s9&t éavahandabebenerh M2=rHEIre¢eFsN TD 5950 etn $hfEiRd fromthe
doubl e-wavel ength [ight 20 source were ordinary |ight beanms for the

bi r ef ri ngent 6fe@Fuf BPRERECF6ARVRXdI¥YPFaBPLBkh1g§AalI A§LfnEartdrRg the grating
6A, no diffraction was occurred to these |ight beans. Further, by a phase
pl ate of pol §EaFbBaat 8nfi Fht PPBGRUPNECATpABSe2dPf féléREeWaERSRNA f or

wavel ength 25 \1=650 nm _di sposed between an optical disk and the |ight

sour ce unit,aﬁrﬁélEVPEeédpﬁéﬁVebéaﬁPBfaﬁa@eﬁéﬁgﬁﬁ 5B1B8¥0NInm f or DVD system
reflected by the optical disk was 44 _converted to be an extraordinary |ight
beam for % hePOBPPERRPHGeRE LREAFUNET SPAFKGRE MR DA F 31 Y re@td bntO gr at i ng.
Further, by the phase plate_of pol ycarhonate ilm a polarized |ight beam
of wavel engt fi ?25§86nﬁgyf5ﬁf§a t4ystB ﬁagod%%vE??é%F{%%E&P%ﬁ?ﬁnary li ght
beam for the airefringent medium formng the fourth diffraction grating.
By this constPFtietion, a wavel ength-sel ection

Provided that the grating depth of the grating 6A is

d,, since the refractive indices of the grating material

10 and the filler 6B are substantially equal for an
ordinarily polarized incident light beams of wavelength
A1=650 nm and wavelength A,=790 nm, the light beams are
transmitted without being diffracted. On the other hand,
for an extraordinarily polarized incident light beam of

15 wavelength A, a phase difference of 2nx(n.-ng)xd,/A is
generated and the light beam is diffracted.

Therefore, since the polarized light beams of
wavelength A;=650 nm for DVD system and wavelength A;=790
nm for CD system emitted from the double-wavelength light

20 source were ordinary light beams for the birefringent
medium of the fourth diffraction grating including the
grating 6A, no diffraction was occurred to these light
beams. Further, by a phase plate of polycarbonate film
providing a phase difference of 5A/4 for wavelength

25 A1=650 nm disposed between an optical disk and the light
source unit, a polarized light beam of wavelength A;=650

nm for DVD system reflected by the optical disk was



diffraction beamsplitter which does not diffract light beans of wavel ength
Xl =650 nm and wavel ength X2=790 nin on 10 the way to the optical disk and
diffracts only the light beam of wavel ength X1=650 nm on the way back from
the optical disk, was obtained. By nmaking the grating depth d2 O the
grating 6A of the fourth diffraction grating 2.2 pin, a wavel ength 15
selection diffraction beamsplitter which has a transmttance of about 0%
for h diffraction light and a diffractdodn efficiency of 38%for Ist
diffraction light of an incident |ight beam of wavel ength X1=650 nin, was
achi eved. 20CPRVERt§IEkANPPeansPREEAPREITRAI Vel 195 sRRAM EREIEARd bonded
bet ween gl ass ;substrates excellent in thickness accuracy and flatness and
unlikely to BérgérdraeRt MeraHBnfPtBdNdalBrr 6ALTBePLALTERtAP™ i ght emitt ed
from the doubl e-wavel ength |ight source unit_becones stable 25 and snal
val ue. Speci BFEAERY. ORI FRGRt Péare FPRIRE P bt O X, PAhICaaoRfBRgt h X2,
root mean square val ue_of ‘wave [OBt 45 aberratign becanme at nost 0.03 A
doubl e- wavel éagth Pi GRL2EGREe LLARE REaMpPoduE¥aleRgtPntegfal i My Bor
phot o-recei ving em ssion elenentt48 co ris&ag a Iisehtd'ode A of
wavel ength 2SP=6BECRM WaS5PRYEF tGRobe 3B BFMAFEYendPRt2PE3L786 N ENnd a
phot o-di ode ., 1C, _and a_doubl.e- wayel engt h giffrac jon.element 41 formed by
ani nati ng 1 POREERG PEPS: TaFt PPatoFOn gr AP nGORG gl & Fraction
grating. By this construction, a wavelength-selection
diffraction beam splitter which does not diffract light
beams of wavelength A;=650 nm and wavelength A;=790 nm on
10 the way to the optical disk and diffracts only the light
beam of wavelength A1=650 nm on the way back from the
optical disk, was obtained.
By making the grating depth d; of the grating 6A of
the fourth diffraction grating 2.2 um, a wavelength-
15 selection diffraction beam splitter which has a
transmittance of about 0% for Oth diffraction light and a
diffraction efficiency of 38% for *lst diffraction light
of an incident light beam of wavelength A;=650 nm, was
achieved.
20 In this Example, since the filler i1s sandwiched and
bonded between glass substrates excellent in thickness
accuracy and flatness and unlikely to be deformed,
transmitted wavefront aberration of light emitted from
the double-wavelength light source unit becomes stable
25 and small value.

Specifically, for light beams of wavelength A; and

wavelength A;, root mean square value of wavefront



fourth diffraction grating, wth enploying a plastic cap not shown. 10
EXAMPLE 2 The second doubl e-wavel ength selection diffraction grating of the

doubl e-wavel ength Iight source unit of the present invention will be
described with reference to Fig. 3. 15 On a glass substrate as a
transparent substrate 19, in the sane manner as the grating 5A of Exanple

1, a first diffraction grating including a grating 20A nmade of a col or
resist having a refractive index of nl=1.45at a wavelength N, and a
refractive index n2=1 .66 at a 20 mavelen%th X 2 containing a pignment red
254 as a redabgrgahiienplgreRe, aWadofér fed>and t he concave portions were
filled wth a filler 20B made of high-refractive index organic nmaterial, as
a honpogeneous refr 86HP}E MRYEL et rlilgh tofSON e, BN ids Waso \IRsiagtht t he
grating depth of the grating 20A of the first diffraction grating is db,
since the r&¥raBtrPyEafadscésPdPtondegratving 2OASEAO™ K FeliteA020B 46 are
substantially equal (n=1.7) for an incident |ight beam of wavel ength X1,
the |ight beSRTPEIEARASA LBEGT WLORGutl2peitnyadrlergtted =bR0t AR  ofher hand,
since the phase diff econmes 2Ti x(n2-pn.)xd5/2~2 for,_an incident 5

| i ght bedﬁ1oﬂaﬁﬁ€egéﬁ§%ﬁg%§9 tW@Vﬁﬁﬁﬁptﬁeéﬁ?7g dPRf PRCt IPRPBO gEReTEL e

diffraction Light, ,By making e 8RR da;9t e arathig 2043 2.0M.4 he
by laminating from the first diffraction grating to the
fourth diffraction grating, with employing a plastic cap
not shown.

10 EXAMPLE 2

The second double-wavelength selection diffraction
grating of the double-wavelength light source unit of the
present invention will be described with reference to
Fig. 3.

15 On a glass substrate as a transparent substrate 19,
in the same manner as the grating 5A of Example 1, a
first diffraction grating including a grating 20A made of
a color resist having a refractive index of n;=1.7 at a
wavelength A; and a refractive index n;=1.66 at a

20 wavelength A; containing a pigment red 254 as a red
organic pigment, was formed and the concave portions were
filled with a filler 20B made of high-refractive index
organic material, as a homogeneous refractive index
material of ng=1.7.

25 Provided that the grating depth of the grating 20A
of the first diffraction grating is ds, since the

refractive indices of the grating 20A and the filler 20B



transmttance of G h diffraction light was 80% and the diffraction
efficiency of each of 1st diffraction light 10 beans was 5% for an incident

| i ght beam of X2=790 nm Further, a first diffraction grating was achieved
in which the transmttance of O h diffraction |ight was 95% and the
diffraction efficiency of 1st diffraction |ight beans and hi gher order
diffraction light beans were each 15 at nost 0.5% for an incident |ight beam
of wavel ength N =650 nm Then, on a gl asé6 substrate as a transparent
substrate 22, a second diffraction_grating including a,  grating 21A nade of
a col or resi§rehavbﬁgaatﬁ-éﬁ-ﬂacﬁwélzanﬁdgk fox12ap4 1acigdapgvdlieidth 2\ 1 and
a refractive index n2=1.7 at_a wavel ength ~12 containing a, pignent red 254
as a red or§8ANCcOpi YAERLSABFE Phant2hat1edht BPHBJLF NC¥ARSMABESE grating 5A
or the grating 20A, was forned and the concave portions were filled with a
filler 21B nHdéheptabesngi ghffeprieti-veOrntek oFyahi anat eftafreathg
honogeneous refractive index material of n,=1.7. Provided that the grating
depth of thePHREE AGLEEASA?S BPCORESs e85 die F1ed e 0RO r ARi HGCEEeBB, since
the refractive indices of the grating 21A and.the filler 21B__are
substanti%lIglgaﬁageﬁﬁrOgnWPNEQgEHFhI%@htt Bam 9Rt RBTBI eRgehTiBacERE 1 ght
beamis tran?nitted mﬁthgu% 5 bELnﬁ gLf racted. On the other hand, since the
phase diff eF8n8& 5EE6ReS 2FFRENOR, }¥d6611 for an incident Iight beam of

wavel ength NI, t%@'%E%g%gb%@gIé%ﬁ&Jtﬂagkeghgograting 20A 3.2 um, the

transmittance of Oth diffraction light was 80% and the
diffraction efficiency of each of *1st diffraction light

10 beams was 5% for an incident light beam of A,=790 nm.
Further, a first diffraction grating was achieved in
which the transmittance of Oth diffraction light was 95%
and the diffraction efficiency of zlst diffraction light
beams and higher order diffraction light beams were each

15 at most 0.5% for an incident light beam of wavelength
A1=650 nm.

Then, on a glass substrate as a transparent
substrate 22, a second diffraction grating including a
grating 21A made of a color resist having a refractive

20 index n;=1.74 at a wavelength A; and a refractive index
ny,=1.7 at a wavelength A, containing a pigment red 254 as
a red organic pigment more than that contained in the
above grating 5A or the grating 20A, was formed and the
concave portions were filled with a filler 21B made of a

25 high-refractive index organic material as a homogeneous
refractive index material of ng=1.7.

Provided that the grating depth of the grating 21A



generate diffraction light. By nmaking the depth dé6 OF the grating 21A 2.6
lam the 10 transmttance of Oh diffraction |light was 78% and the
diffraction efficiency of each of Ist diffraction light beans was 6% for an
incident |ight beamof '~1=650 nm Further, a second diffraction grating
was achieved in which for an incident |ight beam of wavel ength N1=650 nm
15 the transparency of the Oh diffraction light was 95% and the
diffraction efficiency for +lst diffractivoh |I|ight, -Ist diffraction |ight
and each of higher-order _ diffraction light are all at nost 0.5% A

doubl e- wavel ehgthedprFPaEt Pdh fEPEREAT T 2Wa5920 SpPedugéBCBy tham nating on
the first diffraction grating and the second diffraction grating thus

pr epar ed, onr?ﬁéaCFHVﬁdl&ﬁﬂ?@éc??oﬁhﬁrgﬁﬁﬁ@ngna1@hé“ﬁo&@@h%ﬂﬂﬂ#¥héﬁﬁbn
grating prepared in the sane manner as in Exanple 1. In_ the sane manner as
in Exanpl e 13T8nSHPBRENGIPECY GAHG 125 08nPEsioN Erfedt G eafhith a | aser
di ode I A of wavel ength_~, 1=650_ hm | aser dji ode 1B of -wave| ength X2=790
nm and a phoWSHFE&EQ % ﬁéret?%r%%%?t:b%%%b+% H@anﬁﬁﬁEF@ﬂgWﬁthPF raction

clement 44 e Lt saraLly Lot g, i enpl ouLng 2 PLaslLE.cag.nel show, (o
the prosent THOSRELBRS RCOBRE! Qo BF enertCinAvi G- ani # rAGERon GFBFI ng
function forbeam of wavelength A;, the light beam is diffracted to
generate diffraction light.
By making the depth d¢ of the grating 21A 2.6 um, the
10 transmittance of Oth diffraction light was 78% and the
diffraction efficiency of each of *xlst diffraction light
beams was 6% for an incident light beam of A;=650 nm.
Further, a second diffraction grating was achieved in
which for an incident light beam of wavelength A;=650 nm,
15 the transparency of the 0th diffraction light was 95%,
and the diffraction efficiency for +1st diffraction
light, -1st diffraction light and each of higher-order
diffraction light are all at most 0.5%.
A double~wavelength diffraction element 41 was
20 produced by laminating on the first diffraction grating
and the second diffraction grating thus prepared, on the
third diffraction grating and the fourth diffraction
grating prepared in the same manner as in Example 1. In
the same manner as in Example 1, on a photo-receiving
25 emission element 40 in which a laser diode 1A of

wavelength A;=650 nm, a laser diode 1B of wavelength

A2=790 nm and a photodiode 1C were formed, a double-



generating three beans froma |ight beam of specific | o wavel ength, and a
function of converging a signal light reflected by an optical disk on e.qg.
a photodetector, wthout deteriorating a wavefront aberration, is
achieved. Further, in an optical head device enploying the 15 _

doubl e-wavel ength Iight source unit of the present invention, reduction of
t he nunber of conponents of the device and miniaturization can be realized
by "enpl oyi ng a doubl e-wavel ength |aser, &hd at tinmes of recording or
reproduci ng of an information in an optlcal di sk of CD 20 _type and an
optical di skwavebemothpelifsrapréoregorBrng 4anuaﬁeﬁpéaeéﬁAQYpépﬁwﬁéance Wi th
high light-utilization  efficiency,can be realjzed. 49 Al M5 1

doubl e- mavel@h@bhempbﬁylgguPcElaﬁ PccﬁﬁﬁrP@Fn@hawndéebpél%évéléﬁﬁpﬁerlght
source emtting i ght peanms of different wavel engths fromdifferent

eni ssi on poi NE¥S gnﬁtbhﬁﬂtheFQEFS? HRdta doubl e-wavel ength diffraction
elenment for transmtting the two |light beans of different wavel engths,
wherei n the doubl e-wavel ength diffraction el ement conprises: 10 a first

di ffraction i x@i E a ] a light beam of one wavelength of the
two enitted g&@ﬁ#?%é d% BLE &ggL#2thh i ght source, without diffracting
and diffracts af | east ap9RhoReamPauig 868" tRk" double-
wavelength light source unit of the present invention, an
optical element having a diffraction grating function for
generating three beams from a light beam of specific
10 wavelength, and a function of converging a signal light
reflected by an optical disk on e.g. a photodetector,
without deteriorating a wavefront aberration, is
achieved.
Further, in an optical head device employing the
15 double-wavelength light source unit of the present
invention, reduction of the number of components of the
device and miniaturization can be realized by employing a
double-wavelength laser, and at times of recording or
reproducing of an information in an optical disk of CD
20 type and an optical disk of DVD type, stable recording
and reproducing performance with high light-utilization

efficiency can be realized.



pol ari zation plane in a |light beam of the other one of 15 the wavel engt hs
and convert it to a tracking beam a second diffraction grating which
diffracts at |east a |light beam having a certain polarization plane in a
| i ght _beam of the one wavel ength and convert it to a tracking beam and
transmts a |ight beam of the other 20 wavel ength without diffracting, and a
diffraction grating which diffracts a detectable anount of at least a |ight
beam of either one of the two wavel engtds. 2. The doubl e-wavel ength |i ght
source unit according to 25 claim1, wherein the two |ight beans of
different wavel engths are a |ight bedm®M3avel ength X, and a |ight beam
of wavel ength ~12, which conprises: 50 the first diffractiagn grating which
transmts a Ligh® BedRlerwadEaesagth LightwiseNgGe i §OMPRd Sdm@ adiffracts
at least a light bean1having a_pol ari zation plane anong_a |ight beam of
wavel engt h ~42uBhg-vBKGerRIFR 15906 §OHFSEKPRythERH ttVRe 14886NHSGMEf r act i on
grating which diffracts at |east a light heam having a pql ari zati on pl ane
anong a |igRf BeARFEERhaVerehgRatbe1EaRl Eohterentt SPeSE1PPaPRARG S beam and
transmts a Iig?t beam of mavelﬁpgtg Z\i mﬁthoit 18 &%ffracthg, athird
d!ffract!%n gr Pﬁa FERCPFafBfi £s9quPi gAY 2VEeSsREb ééFéﬁ&ﬂﬁ ~% Wi t hout
diffracting apd,di LM Eag! 8. 8nedeLEShaPLRTRE 1 Ghe Phebf®h Rl gL Bam
wavelengths,
wherein the double-wavelength diffraction element
comprises:
10 a first diffraction grating which transmits a light
beam of one wavelength of the two emitted from the
double-wavelength light source, without diffracting and
diffracts at least a light beam having a certain
polarization plane in a light beam of the other one of
15 the wavelengths and convert it to a tracking beam,
a second diffraction grating which diffracts at
least a light beam having a certain polarization plane in
a light beam of the one wavelength and convert it to a
tracking beam, and transmits a light beam of the other
20 wavelength without diffracting, and
a diffraction grating which diffracts a detectable
amount of at least a light beam of either one of the two
wavelengths.
2. The double-wavelength light source unit according to
25 Claim 1, wherein the two light beams of different

wavelengths are a light beam of wavelength A; and a light

beam of wavelength XA;, which comprises:



pol ari zation plane anong a |ight beam of wavelength 1\2, 15 and a fourth
diffraction grating which transmts a linearly polarized |ight beam of
wavel ength \'1 having a first polarization plane, diffracts a detectable
amount of a linearly polarized |ight beam of wavel ength ~\j 20 having a
second pol ari zation plane perpendicular to the first polarization plane,
and transmts a linearly polarized Iight beam of wavel ength X2 havi ng the
first polarization plane. 3. The doubl ésavel ength |ight source unit
according to 25 Claim2, which conprises: the first diffraction grating

whi ch transmits &hel ifGHE thedisRAPS EAGEHNY, Whiichh SFETEITifSad i ng and 51
diffracts a light beam of wavelength N2 and converts it to a tracking beam
the second ditfhacPPr8R @ﬁaW?N@lﬁﬁgéﬁ éﬁfW¥%§?%tadlffﬁ%?tb%%n§%@ wavel engt h
X, and converts it to a trackin 5 beamand transmts a |ight beam of

wavel engt h 82 FhF BR&GL atdﬂ-ﬁﬁﬁécg. hgSPtheSERi Pavares F‘aE’Plléﬁlﬁlaétlioﬁlg whi ch
conprises a gratin nater o%nlng % concavo-c¢ n ex s$ ratlng and a
filler filliRg2tRedt8REafo- &8ﬁ&e €A8r ProW2sF ?H@t 04gr &t 5 EFlé

wherein the refractlv% indices of the grating material and the flller for a
li ght beam of°® @RaVERERJPH R°%8re equal so as to transmit the |ight beam

Wi t hout dlffraCtk % %%%oggadfgffggefg%I&%%E%%% O%lC% diffracts at

least a light beam having a polarization plane among a
light beam of wavelength A; and convert it to a tracking
beam and transmits a light beam of wavelength A, without

10 diffracting,

a third diffraction grating which transmits a light
beam of wavelength A; without diffracting and diffracts a
detectable amount of at least a light beam having a
polarization plane among a light beam of wavelength Aj,

15  and

a fourth diffraction grating which transmits a
linearly polarized light beam of wavelength A; having a
first polarization plane, diffracts a detectable amount
of a linearly polarized light beam of wavelength A;

20 having a second polarization plane perpendicular to the
first polarization plane, and transmits a linearly
polarized light beam of wavelength A, having the first
polarization plane.

3. The double-wavelength light source unit according to

25 Claim 2, which comprises:

the first diffraction grating which transmits a

light beam of wavelength A; without diffracting and



grating material and the filler are different for a 15 incident |ight beam
of wavelength of N2 SO as to diffract the |ight beam of a detectable
anount, and the fourth diffraction grating which transmts a Ilinearly

pol arjzed |ight beam of wavelength z\1l having a first polarization plane,
diffracts a linearly polarized 20 |ight beam of wavel ength X, having a
second pol arization plane perpendicular to the first polarization plane of
a ‘detectable amount, and transnits a |liFkearly polarized |ight beam of
wavel ength X2 having the first polarization plane. 25 4. The .

doubl e- wavel éa§fharrghe $bghtebgamt cAcWaValagIth Ag ah¢h QEBYEBESwWhErein a

| i ght - out put side of the double- wavel ength diffraction element is provided
with a phasetsS2a prackinfii PRaBenerates a phase difference of an odd number
times of X1/4 for _a light beam of wavel ength X1. S. The doubl e-wavel ength

| i ght source uni thgc&6£aRAlg Sid frecaiipr 93 tangs whiesr il frRets st
diffraction E{ating 5 and the second diffraction grating constitute a
doubl e- waveléfBEnbsareeti vaVELEREABt PorPRA aEPRGET BRd WhEeP e ntraghengi r st
diffraction grating_is a polarizing diffractigon grating which {ransmts a
li nearly ol BFRPedNd FYRPSBéEM Bf 1nEPEI BRFPNOK, RANFLRGIETF Pe YL pBPYFi zati on
| o pl ane mﬁtgo§% diffracting and diffracts a linearly polarized |ight beam
of wavel engt A1X2¥RSVRE a second diffracti on plane perpendicul ar to the

first diffraction, plane and converts it 19,2 (racking beam, .

grating material forming a concavo-convex shaped grating
and a filler filling the concavo-convex portion of the

10 grating material, wherein the refractive indices of the
grating material and the filler for a light beam of
wavelength A; are equal so as to transmit the light beam
without diffracting and the refractive indices of the
grating material and the filler are different for a

15 incident light beam of wavelength of A; so as to diffract
the light beam of a detectable amount, and

the fourth diffraction grating which transmits a

linearly polarized light beam of wavelength A; having a
first polarization plane, diffracts a linearly polarized

20 light beam of wavelength A; having a second polarization
plane perpendicular to the first polarization plane of a
detectable amount, and transmits a linearly polarized
light beam of wavelength A; having the first polarization
plane.

25 4. The double-wavelength light source unit according to
Claim 2 or 3, wherein a light-output side of the double-

wavelength diffraction element is provided with a phase



t he second diffraction grating is a polarizing 15 diffraction grating which
diffracts a linearly polarized |ight beam of wavel ength X, having the first
diffraction plane and converts it to a tracking beamand transnmts a
i nearly pol arized |ight beam of wavel ength X2 having the second
pol ari zation plane without diffracting. 20 6. The doubl e-wavel ength |i ght
source unit according to any one of Clains 2 to 5, wherein the first
diffraction grating and the second diffFaction grating constitute a
doubl e-wavel engt h-sel ection diffraction grating, and wherein: 25 the first
di ffracti on glatenghéehpPrsesasegr at PhgsendtELPERNESr A ngna c8en8aleSEonvex
shaped grating and a filler filling the concavo-convex portion of the
grating 53 HRafnefi af, Awheredh @ hblglet rlegamnvef wriyekandththe grating
material and the filler are equal for an incident |ight beamof wavel ength
X1 so as to PranShet Jon®le-yRv BeRARTPWILNEGH SPUrTeadilty 3&TPTHES &Y act i ve
indices of the 5 grating material and the filler are different for an
i nci dent |ightabBady of RAVElIeHGERSOR the Sdras fétdrerracr IrRELIRPght beam
and convert it to a tracking,%ganl the second diffracgtion ratin conpri ses
a grating n&PerFaf FEFRPAgSA 6&8&&8%859&%%58@&%?:&{5:%8 REPZe-10 filler
filling the concavo-cponve rtion.af. the.grating.material,.wherein the
refractive_iWﬁV@Z?ngggfﬁgiﬁggﬂpﬁggl%ﬁf@F?égnaﬁaagﬁggfiFpgrwgﬁﬁeéaual for an
nident 1ight  heam:of, avsleenath X2 0:33440 5L 9Ly Ot Peam
diffraction grating which transmits a linearly polarized
light beam of wavelength A; having a first polarization
10 plane without diffracting and diffracts a linearly
polarized light beam of wavelength A, having a second
diffraction plane perpendicular to the first diffraction
plane and converts it to a tracking beam,
the second diffraction grating is a polarizing
15 diffraction grating which diffracts a linearly polarized
light beam of wavelength A; having the first diffraction
plane and converts it to a tracking beam and transmits a
linearly polarized light beam of wavelength A; having the
second polarization plane without diffracting.
20 6. The double-wavelength light source unit according to
any one of Claims 2 to 5, wherein the first diffraction
grating and the second diffraction grating constitute a
double-wavelength-selection diffraction grating, and
wherein:
25 the first diffraction grating comprises a grating

material forming a concavo-convex shaped grating and a

filler filling the concavo-convex portion of the grating



wi thout diffracting and the refractive indices of the 15 grating materi al
and the filler are different for an incident |ight beam of wavel ength of X
so as to diffract the |ight beamand convert it to a tracking beam 7. An
optical head device which conprises the double- wavel ength |ight source unit
as defined in any one of 20 clains 1 to 6, to be used in conbination with at
| east an objective |ens.

53

material, wherein the refractive indices of the grating
material and the filler are equal for an incident light
beam of wavelength A; so as to transmit the light beam
without diffracting and the refractive indices of the

5 grating material and the filler are different for an
incident light beam of wavelength of A; so as to diffract
the light beam and convert it to a tracking beam,

the second diffraction grating comprises a grating

material forming a concavo-convex shaped grating and a

10 filler filling the concavo-convex portion of the grating
material, wherein the refractive indices of the grating
material and the filler are equal for an incident light
beam of wavelength A; s0 as to transmit the light beam
without diffracting and the refractive indices of the

15 grating material and the filler are different for an
incident light beam of wavelength of A; so as to diffract
the light beam and convert it to a tracking beam.
7. An optical head device which comprises the double-
wavelength light source unit as defined in any one of

20 Claims 1 to 6, to be used in combination with at least an

objective lens.



